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1 A scientist viewing -cells in the islets of Langerhans with a light microscope found that many of 
these cells contained very large nucleoli. 
 
Which of these organelles would be found in large quantities in the cytoplasm if these cells were 
viewed with an electron microscope? 
 

1. Mitochondria 
2. Rough endoplasmic reticulum 
3. Vesicles  

 
A 1, 2 and 3 

B 1 and 2 only 

C 1 and 3 only 

D 2 and 3 only 
 

2 Which of the following regarding embryonic stem cells and blood stem cells is true? 

A As embryonic stem cells develop, they turned into blood stem cells as they lose their 
ability to differentiate into all types of cells. 

B Embryonic stem cells have more genes than blood stem cells and thus are able to form 
more types of cells.  

C Under normal conditions, embryonic stem cells express more of their genes compared to 
the blood stem cells. 

D Both stem cells are derived from the zygotic stem cells with the blood stem cells having a 
lowered telomerase activity compared to the embryonic stem cells. 

 

3 Which of the following options correctly matches the functional and structural features of 
cellulose, collagen, glycogen and triglycerides?  
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4 The figure below shows the structure of a biomolecule extracted from a cell.   

                                             
Below are some statements regarding the structure, property and function of biomolecules with 
structures similar to that shown above. Which of the following statements are true? 
 

1 This biomolecule has both hydrophilic and hydrophobic properties. 

2 This kind of biomolecule plays a role in blood group determination. 

3 This biomolecule is contained within the secretory vesicle. 

    4 When completely hydrolysed, all the monomers of this biomolecule are soluble in water. 

 A 1  and 3 only 

 B 2  and 4 only 

 C 1, 2  and 4 only 

 D 2, 3  and 4 only 

 

5 A peptide section of an insulin molecule was hydrolysed by two proteases, trypsin and 
chymotrypsin.  

 Trypsin breaks the peptide bonds at the carboxyl terminals of lysine (lys) and arginine 
(arg). 

 Chymotrypsin breaks the peptide bonds at the carboxyl terminals of phenylalanine (phe), 
tryptophan (trp) and tyrosine (tyr). 

 
The hydrolysis was performed separately using: 

(i) Both enzymes, or 
(ii) Trypsin only, or 
(iii)Chymotrypsin only. 

 
The sequence of amino acid residues in the peptide is shown below: 
 

tyr-leu-val-cys-gly-glu-arg-gly-phe-phe-tyr-thr-pro-lys-ala 
 

 
Which statement concerning the products of hydrolysis is correct? 

 A Fewer than half of the fragments from hydrolysis (i) are single amino acids.  

 B Hydrolysis (ii) yields one few fragment than hydrolysis (iii)  

 C Hydrolysis (ii) yields one more dipepetide than hydrolysis (iii)  

 D With hydrolysis (i), all fragments formed are seven or fewer amino acid residues long.  

amino 
terminal 

carboxyl 
terminal 
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6 The diagram shows an enzyme molecule with its normal substrate and products.  P and Q are 
other molecules that can bind to the enzyme. 

 

 
The graph shows the effect of P and Q on the rate of reaction of the enzyme at different 
substrate concentrations. 

 
Which statement correctly describes the activity of the enzyme? 

 
 A P is a competitive inhibitor that binds to the active site, resulting in curve R.  

 B P is a non-competitive inhibitor that distorts the shape of the enzyme, resulting in  
curve S.  

 C Q is a competitive inhibitor that distorts the shape of the enzyme, resulting in curve R.  

 D Q is a non-competitive inhibitor that binds to the active site, resulting in curve S.  
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7 Chlamydomonas is a small, unicellular, green alga that undergoes asexual and sexual 
reproduction as part of its life cycle, as shown in the diagram.  
 

 
What can be deduced from this information? 

 A Fusion of gametes restores the diploid number of the vegetative cell. 

 B Gametes for sexual reproduction are always formed as the products of meiosis. 

 C Vegetative cells from haploid daughter cells in asexual reproduction.  

 D Vegetative cells undergo meiosis to form gametes for sexual reproduction. 
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8 The mechanism of action of four drugs that inhibit DNA replication is stated below. 
 
 Aphidicholine inhibits DNA polymerase 
 Cytarabine is converted into a molecule that can substitute for a DNA nucleotide and also 

inhibits DNA repair mechanisms 
 Epirubicin inhibits an enzyme involved in the unwinding of DNA and separation of strands 
 Hydroxycarbamide inhibits an enzyme involved in the production of deoxyribonucleotides 

 
   Which row correctly matches a drug to an explanation of the mechanism of action? 
 

 

9 A bacterium produces a normal protein with the following amino acid sequence: 
 

Met – Val – His – Lys – Arg – Thr – Leu - Val 
 
After irradiation, a mutant strain is produced that synthesises a mutant protein from the same 
coding region on DNA with the following sequence: 
 

Met – Val – His – Lys – Glu – Pro 
 
The mRNA codons for some amino acids are shown as follows: 
 

Arg Glu Leu Pro Thr Val 
AGA GAA 

GAG 
UUA CCU 

CCC 
ACC 
ACG 
ACA 

GUU 
GUA 
GUG 

 
Which of the following mutations have occurred in the template DNA strand encoding the 
protein? 
 

A Substitution of T by A at the 13th nucleotide position. 

B Deletion of T at the 13th nucleotide position. 

C Insertion of C at the 13th nucleotide position. 

D Substitution of A by T at the 20th nucleotide position. 
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10 The diagram shows the results of DNA profiling using gel electrophoresis. 

 
 
What conclusion can be drawn about the DNA in bands I and II? 
 

A The DNA in the two bands had the same base sequence. 

B The DNA in the two bands had the same ratio of bases. 

C The DNA in the two bands came from the same source. 

D The DNA in the two bands have the same charge to mass ratio.  

  

 

11 Which of the following statement comparing the human immunodeficiency virus (HIV) and 
lambda phage is incorrect?  

 

 A The HIV enters by receptor-mediated endocytosis, but the lambda phage infects bacterial 
cells by injecting its DNA. 

 B The capsid of the HIV enters the host cell, but the capsid of the lambda virus does not. 

 C The genome of the HIV must be processed before it is integrated into the host 
chromosome, but the genome of the lambda virus can be directly integrated. 

 D New HIV are released from the host cell via budding, but new lambda virus are released 
via cell lysis. 
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12 The diagram below shows the reproductive cycle of the herpes virus which causes cold sores 
on the mouth. With reference to the diagram below, which of the following statements best 
describes the herpes virus? 

 
 

 
 

A It is not a retrovirus as it does not contain RNA as its genetic material 

B Its mode of replication is similar to that of influenza virus. 

C Its replication cycle includes a lysogenic phase. 

D It carries its own enzymes and ribosomes to make viral proteins. 

 

 

13 What are the correct characteristics for a prokaryotic genome? 
 

Promoters DNA always bound 
to histone proteins 

Plasmids often 
present 

Repeat sequences 
absent or 

uncommon 
A     

B     

C     

D     
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14 A mutant strain of E. coli has been isolated in which the lac operon is not expressed in the 
presence of lactose. This mutant strain was mated so that it now contains an F plasmid 
containing a normal lac operon. The mutant and mated strain with regard to their -
galactosidase activities in the presence and absence of lactose was compared. The following 
results were obtained: 
 

Strain Addition of lactose Amount of -galactosidase 
(percentage of parent strain)

Parent No 0 

Parent Yes 0 

Mated No 0 

Mated Yes 100 

 
With respect to the results shown in table, which part of the bacterial DNA most likely is 
mutated? 
 

 A lac A 

 B lac I 

 C Promoter of lac operon 

 D Operator of lac operon 

    

 

15 Which comparative statements about prokaryotic and eukaryotic gene expression are correct? 
 

1 DNA methylation is a feature of prokaryotes but not eukaryotes. 
2 Eukaryotes and prokaryotes both use ribosomes to translate mRNA. 
3 Eukaryotes have introns, most prokaryotes do not. 
4 Prokaryotes have genes organized into operons, most eukaryotes do not.  

 
 A 1, 2 and 3 

 B 1, 2 and 4 

 C 1, 3 and 4 

 D 2, 3 and 4  
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16 Which of the following diagrams shows the correct process of eukaryotic translation? 
 

A

 

B

 
C

 

D

 
 

17 During PCR, the amount of DNA synthesised can be traced using fluorescent primers and the 
measurements are shown in the following plot. The process initially goes through an exponential 
phase, followed by a plateau phase eventually. 
 
 
 

 
 
Which of the following statements is true? 
 
A During the exponential phase, the number of DNA molecules synthesized after 15 cycles 

is 152.  
B During the exponential phase, the temperature is always maintained at the optimum 

temperature of 72oC hence there is rapid amplification.  
C During the plateau phase, the reaction mixture is being depleted of ribonucleotides.  

 D During the plateau phase, Taq polymerase may be denatured. 

 
 
 

Amount of DNA 

Time
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18 Which of the following is true about both cyclic and non-cyclic photophosphorylation? 
 
1 Establishes an electrochemical gradient across the thylakoid membrane 
2 Involve photosystem II 
3 Require oxygen as the final electron acceptor 
4 Photolysis of water occurs  

 

A 1 only 

B 1 and 2 only 

C 2 and 4 only 

D 1, 3 and 4 only 

 

 

19 The experimental setup below was created by homogenizing leaf cells to break their cell walls. 
The leaf suspensions containing the cytoplasm and organelles were then placed in test-tubes 
containing non-labeled water (H216O) and 18O-labeled water (H218O) respectively. A few drops of 
DCPIP, a hydrogen acceptor, were added to each test-tube. DCPIP will turn from blue to 
colourless when it is reduced and this colourless DCPIP can be reoxidized to blue. 

 
 
The test-tubes were then exposed to blue light for 30 minutes. Which of the following shows the 
results of the two test-tubes after 30 minutes? 
 
 Tube A Tube B 
 Gas evolved DCPIP colour Gas evolved DCPIP colour 
A C16O2 Blue C18O2 Blue 

B 16O2 Blue 16O2 Blue 

C C16O2 Colourless C18O2 Colourless 

D 16O2 Colourless 18O2 Colourless 
 

20 From which substrate is the first carbon dioxide molecule released during cellular respiration? 

A Glucose 

B Pyruvate

C Acetyl-coA 

D Citrate  
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21 Four tubes containing preparations from animal tissue were set up as shown in the table. 
 

Tube              Contents 
1 
2 
3 
4 

Glucose + homogenized cells 
Glucose + cytoplasm lacking organelles
Pyruvic acid + homogenized cells 
Pyruvic acid + mitochondria 

 
After incubation, in which tube/ tubes would at least 36 ATP be produced? 
 
A 1 only 

B 1 and 3 only 

C 1, 2 and 4 only 

D 1, 3 and 4 only 

22 A plant is known to be heterozygous at two gene loci, X and Y. The pollen grains from this plant 
are used to fertilise another plant of the same genotype. What is the probability that an embryo 
will be homozygous dominant at one locus. 
 
A 1 in 4 

B 3 in 8 

C 5 in 8 

D 1 in 16 

 

23 Barring in chickens is due to a sex-linked dominant gene.  The sex of chicks at hatching is 
difficult to determine but barred chicks can be distinguished from nonbarred at that time. What 
cross would you make such that all chicks of one sex are barred? 
In chicken, the male is the homogametic sex. 
 
A Barred males x barred females 

B Barred males x nonbarred females. 

C Nonbarred males x barred females 

D Nonbarred males x nonbarred females 
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24 Birds, such as cockatoos, have a species of louse (an insect parasite) that lives on their 
feathers. White sulfur-crested coackatoos have pale lice on their wings and bodies while yellow-
tailed black cockatoos have dark lice on their wings and bodies. Both of these cockatoos have 
black lice of this species on their heads. In order to rid themselves of these parasites, cockatoos 
preen their wings and bodies with their beaks but have to use their feet to preen their heads. 
 
What best explains how this species of louse has diversified into two colour variants on the 
birds’ wings and bodies, but has remained dark on the birds’ heads? 
 
A Cockatoo beak preening results in selection pressure on wing and body lice. 

B Cockatoos are unable to see the lice while preening their heads. 

C Cockatoos notice badly camouflaged lice on their wings and bodies while preening. 

D Cockatoos use different preening techniques on different parts of their bodies resulting in 
natural selection. 
 

25 In the mosquito, there is a gene locus which has two alleles, RR and RS, involved in resistance to 
the insecticide DDT. RR  represents the allele for DDT resistance and RS represents the allele for 
DDT sensitivity. The graph shows the number of mosquitoes of three genotypes collected from 
1965, when DDT was first used, through to 1970, two years after the spraying of DDT stopped. 
 

 
From the data, it is possible to conclude that  
A the frequency of the RS allele is greater than the frequency of the RR allele in 1968. 

B many generations after the removal of DDT, the RR allele would disappear from the 
population. 

C after removal of DDT from the environment in 1968, having the RRRR genotype reduces the 
chance of survival. 

D in the presence of DDT in the environment between 1967 and 1968, mosquitoes with the 
RRRS genotype are most likely to survive. 
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26 Which of the following shows the correct sequence of events? 
 

1 adaptation of a 
population 

 competition and 
predation leading 

to natural 
selection 

 behavioural 
isolation 

 allopatric 
speciation

2 adaptation of a 
population 

 competition and 
predation leading 

to natural 
selection 

 physiological 
isolation 

 allopatric 
speciation

3 competition and 
predation leading to 

natural selection 

 physiological 
isolation 

 adaptation of 
isolated 

populations 

 sympatric 
speciation

4 competition and 
predation leading to 

natural selection 

 geographical 
isolation 

 adaptation of 
isolated 

populations 

 allopatric 
speciation

A 3 only 
 

B 1 and 2 only
 

C 3 and 4 only 

D 1, 3 and 4 only 

 

27 Which of the following statements regarding a B cell expressing both IgM and IgD on its 
membrane is incorrect? 

 A The L chains of the IgM and IgD have identical amino acid sequences. 

 B The constant parts of the H chains of the IgM and IgD have different amino acid sequences.

 C The IgM and IgD have different antigenic specificities. 

 D If it is triggered by antigen and T-cell signals to proliferate and differentiate, it may 
differentiate into a plasma cell that may secrete IgG, IgE, or IgA antibodies.
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28 The diagram shows the effect of vaccination of children on the prevention of infection.  
 

 
What can be concluded about the effect of vaccination of children from this data? 
 

1. When approximately 80% of children are vaccinated, the cycle of disease transmission 
in children is broken.  

2. Vaccination of children reduces the percentage of infections in both adults and children.  
3. The effect on adult infection is less than that on infection in children, because adults will 

have been vaccinated as children  
4. The effect on children infection is less than that on infection in adults, because more 

children are not suitable candidates for vaccination.  
 

 A 1 and 2 only 

 B 1 and 4 only 

 C 2 and 3 only 

 D 1, 2 and 4 

 

29 What contributes to the enhanced greenhouse effect? 

A Ozone from violent thunderstorms  

B Carbon particles in diesel engine exhaust  

C Methane from agricultural sources 

D Carbon dioxide from active volcanoes around the world  
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30 The graph shows the impact of climate change on C3 and C4 plants. C3 and C4 are the 
different types of photosynthetic methods used by different plants. 
 

 
 
Which of the following statement is supported by the graph? 
 
A Both C3 and C4 plants photosynthetic rate are only limited by carbon dioxide concentration 

currently.  
B C3 and C4 plants react to environmental stress caused by an increase in carbon dioxide 

differently. 
C Farmers may want to consider growing more C3 crop plants in future 

D Global warming increases the yield of crop plants for both cattle and human. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



BIOLOGY               
9744/02
Paper 2 Structured Questions                                                                    12 September 2017 

Tuesday
       
                   2 hours

                   
Additional Materials: Answer Paper   

READ THESE INSTRUCTIONS FIRST 

Write your name and PD group on all the work you hand in. 
Write in dark blue or black pen. 
You may use a soft pencil for any diagrams, graph or rough working. 
Do not use paper clips, highlighters, glue or correction fluid. 

Answer all questions. 

All working for numerical answers must be shown. 
At the end of the examination, fasten all your work securely together. 
The number of marks is given in brackets [ ] at the end of each question or 
part question. 

Calculators may be used  

This document consists of 22 printed pages.
                                               

For Examiner’s Use 

1

2

3

4

5

6

7

8

Total 100 

H2 ANDERSON JUNIOR COLLEGE 
HIGHER 2  

PDG
INDEX NUMBER  PDG

CANDIDATE  
NAME  

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



2

             Answer all the questions.

1 Lactose intolerance in humans is the inability to hydrolyse lactose due to the lack of the enzyme 
lactase in the alimentary canal. As a result, bacteria in the large intestines feed on the lactose and 
produces fatty acids and methane which lead to diarrhoea and flatulence.  

Bacteria have been used to produce lactase (Fig. 1.1) on an industrial scale as a dietary 
supplement for people who are lactose intolerant. Human lactase consists of a single 160 kDa 
polypeptide chain that localizes to the brush border membrane of intestinal epithelial cells.  

(a) With reference to the Fig. 1.1,
 (i) state the levels of organization seen in the structure of lactase.    

[1] 

(ii) Describe structures X and Y.

[2] 

Structure X    
Structure Y

Fig. 1.1 
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(b) Fig. 1.2 shows the hydrolysis of lactose. 

Fig. 1.2 

Describe the hydrolysis of lactose, naming the bond that is broken and product X.

[2] 

(c) Lactase and lactose are protein and carbohydrates respectively.  
Explain why there are fewer types of carbohydrate polymers compared to protein polymers.  

[3] 
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Cell organelles can be separated by centrifuging a cell extract in a sucrose density gradient. The 
organelles settle at the level in the sucrose solution which has the same density as their own. 

The cells used to synthesized lactase were lysed and the cell extract centrifuged in a sucrose 
density gradient. Three distinct fractions of nuclei, mitochondria and ribosomes (in no particular 
order) were obtained. The three fractions A, B and C are shown in the Fig. 1.3.

Fig. 1.3.

(d) Identify the organelle in each fraction and describe its role in the synthesis of lactase. 

[4] 
[Total: 12 marks]
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2 Recently, scientists discovered the presence of a population of bone-marrow derived stem cells 
that have the ability to form heart muscles cells when transferred to the heart. The stem cells were 
removed from the bone marrow and cultured so that they divided by mitosis. It was proposed that 
these stem cells resembled embryonic stem cells.   

 (a) (i) Describe two similarities between these bone-marrow derived stem cells and 
embryonic stem cells.  

[2] 

 (ii) Describe how the rate of mitosis is controlled.  

[4] 

(iii) State an advantage of using bone marrow derived stem cells rather than heart stem 
cells for the treatment of heart diseases.

[1] 

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



6

(c) Troponin is a protein that is integral to muscle contraction in heart muscles. Fig. 2.1 shows 
part of its DNA sequence. The entire sequence is 63 base pairs. 

Fig. 2.1 

PCR can be used to confirm presence of troponin DNA sequence. The following pair of 
primers are used. 

Primer Primer sequence 
1 5’ AATTCATGGGCATCG 3’ 
2 5’ GAATTCTTAGTTACA 3’ 

 (i) In the boxed area in Fig. 2.1, circle and label the DNA sequences where Primers 1 
and 2 will anneal. 

[1] 

(ii) Explain how results of gel electrophoresis of the PCR products are able to show that 
troponin DNA has been successfully amplified.  

[1] 

(iii) Besides the use of PCR, nucleic acid hybridisation can also be used to determine 
presence of troponin DNA. 

Outline how nucleic acid hybridisation can be used to identify troponin DNA.

[4] 

[Total: 13 marks]
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3 The pie chart in Fig. 3.1 shows the relative length of time of each of the stages that occur during a 
particular eukaryotic cell cycle. This complete cycle takes 15 hours.  

Fig. 3.1 

(a) Using the information provided above, calculate how long interphase lasts.  

You will lose marks if you do not show your working or do not use appropriate units.  

[2] 

(b) During the cell cycle there are a number of checkpoints.  

State one function of these checkpoints and explain what might occur as a result of 
dysregulation of these checkpoints.   

[3] 
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 (c) Colorectal cancer is one of the most common cancers in Singapore. Cancer of the colon and 

rectum – colorectal cancer – begin as polyps (also known as adenoma) that grow on the inner 
lining of the large intestine. 

Most sporadic cases of colorectal cancer are believed to develop from benign adenomas 
(polyps) to carcinoma by the accumulation of genetic abnormalities as shown in Fig. 3.2.  

Fig 3.2 

(i) Using the Fig. 3.2, explain why the development of cancer is a multi-step process. 

[5] 
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  (ii) The majority of all colorectal cancers occur sporadically without any known cause, but 
certain groups of people have a predisposition to the development of cancer of the large 
intestine. These people may carry specific genetic mutations or have relatives with the 
condition.  

Approximately 15% of all colorectal cancer cases are familial, with the most common 
inherited conditions being familial adenomatous polyposis (FAP).  Patients with FAP have 
a lifetime risk of the development of colon cancer that approaches 100%. Patients with 
FAP have a germline inactivation of one APC allele. Adenoma formation is faster, but 
progression from adenoma to carcinoma has the same rate as sporadic colorectal cancer 
as shown in Fig. 3.3. 

Fig. 3.3

    
   Using the information above and your own understanding of the development of cancer, 

suggest why patients with FAP form adenoma faster.  
   

[2] 
   

[Total: 12 marks]
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4 Genome editing is the process in which a DNA target sequence is replaced by a desired sequence. Fig. 
4.1 shows how the process is being done by Cas9 enzyme which makes use of a guide RNA to achieve 
the editing effect. This can be done in embryos so that those children who are born from parents with the 
genetic disease alleles would not suffer from the genetic disease. 

Fig. 4.1 

(a) With reference to Fig. 4.1, describe how the guide RNA and Cas9 enzyme are used to cut both 
strands of DNA. 

[3] 

(b) (i) Explain why gene editing done on embryos help to prevent children born from suffering from 
the genetic disease.  

[2] 
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 (ii) Suggest and explain if the mutation introduced by gene editing as shown in Fig. 4.1 should be 
dominant or recessive.  

[2] 

(c) Describe how mutations in DNA arise in nature. 

[2] 

RNA plays a very important role in many biological processes. One of them is transfer RNA (tRNA) 
which has extensive intramolecular hydrogen bonds. 

(d) (i) State two importance of having such bonds.  

[2] 

 (ii) Relate the structure of tRNA to its functions. 

[2] 

[Total: 13 marks]
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5 Fig. 5.1 represents a bacteria DNA and a eukaryotic chromosome in metaphase of mitosis, not 
drawn to scale.  

Fig. 5.1 

(a) State two ways in which the organization of genes found in these two structures differ and 
suggest one advantage of this to the bacterium.   

[3] 

(b) In 1946, Joshua Lederberg and Edward Tatum proposed that bacterial cells undergo genetic 
recombination. To test their hypothesis, they conducted experiments using two bacteria 
strains of Escherichia coli (E.coli), A and B, with different nutritional requirements.  

Strain A, B and a mixture of both strains were grown on culture plates containing minimal 
medium that does not contain essential amino acids. The results are shown in Fig. 5.2. 

Mutant genes ( ) do not code for enzymes that synthesize amino acids. Note that all five 
amino acids are required for bacterial growth. 

Bacterial strains Genes for biosynthesis of amino 
acids 

Mutant genes for biosynthesis of 
amino acids 

A thr+ leu+ thi+ met  bio

B met+ bio+ thr  leu  thi
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Fig. 5.2 

Another researcher, Bernard Davis also worked with the same hypothesis. In his experiment 
he constructed a U-tube in which the two arms were separated by a fine filter. The pores of 
the filter were too small to allow bacteria to pass through but large enough to allow easy 
passage of the fluid medium, any dissolved substances and free DNA. The results are shown 
in Fig. 5.3. 

Fig. 5.3 
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(i) Using the results of the two experiments shown in Fig. 5.2 and Fig. 5.3 and your 
understanding of genetic recombination in bacteria, state the genetic recombination 
that has taken place between Strain A and B. Explain your answer.    

[6] 

(c) In 2016, a pathogenic strain of E.coli found on unwashed salad caused food poisoning in 151
people in Britain, leaving two of them dead.  

Describe how such pathogens are usually treated using a named example.  

[3] 

[Total: 12 m]
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6 In anaerobic respiration in yeast, the pyruvate molecules are broken down to produce ethanol and carbon 
dioxide. The release of carbon dioxide can be used to investigate the rate of anaerobic respiration.  

Fig. 6.1 shows an experiment which was set up to find the rate of anaerobic respiration.  

Fig. 6.1 

The meniscus moves down the tube as carbon dioxide is released.  

Table 6.1 shows the distance moved by the meniscus from the start point. This was recorded every 10 minutes. 

Table 6.1 

Time/ min 0 10 20 30 40 50 60 70 80 90 
Distance travelled by meniscus 

from start point/ mm 0 1 2 5 9 14 21 45 73 98 

 (a) The rate of anaerobic respiration can be calculated by using the rate of movement of the meniscus. 

Calculate the rate of anaerobic respiration between 70 and 80 minutes.  

You will lose marks if you do not show your working.  

[2]
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 (b) This experiment was repeated three more times. Each time, the glucose (a monosaccharide) was 

replaced with a different disaccharide sugar: 
 Maltose – a disaccharide of glucose and glucose 
 Sucrose – a disaccharide of glucose and fructose 
 Lactose – a disaccharide of glucose and galactose.  

Tables 6.2 (a), (b) and (c) show the results of these experiments.  

Table 6.2 (a): Using maltose 

Time/ min 0 10 20 30 40 50 60 70 80 90 
Distance travelled by 

meniscus from start point/ 
mm 

0 0 0 0 0 2 3 6 9 12 

Table 6.2 (b): Using sucrose 

Time/ min 0 10 20 30 40 50 60 70 80 90 
Distance travelled by 

meniscus from start point/ 
mm 

0 0 0 1 3 11 22 37 48 61 

Table 6.2 (c): Using lactose 

Time/ min 0 10 20 30 40 50 60 70 80 90 
Distance travelled by 

meniscus from start point/ 
mm 

0 0 0 0 0 0 0 0 0 0 

With reference to the information provided in Tables 6.2 (a), (b) and (c) and your biological 
knowledge: 

(i) Describe the difference in the results for maltose and sucrose, and suggest one explanation for this 
difference,  

[2]
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(ii) Suggest two explanations for the results for lactose.  

[2]

(c) An electron micrograph of yeast, Candida albicans, is shown in Fig. 6.2.  

 Fig. 6.2 

(i) On Fig. 6.2, label site of  
i. Glycolysis 
ii. Oxidative phosphorylation [2]

(ii) State one visible structure of mitochondria from Fig. 6.2 and describe how it supports mitochondria’s 
function.  

[1]
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(ii) Besides location, compare between oxidative phosphorylation and photophosphorylation.  

[4]

  [Total: 13 marks]
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7 Pigment production in onions is controlled by two enzymes resulting in three different coloured bulbs - 
red, yellow and white. 

A pure-white strain crossed with a pure-red strain produces an all-white offspring (F1). Two F1 onions 
with white bulbs were crossed.  The F2 generation was found to consist of 2170 white, 530 red and 180 
yellow-bulbs. 

The alleles are represented by the following symbols: 

I:  no production of pigment        i: production of pigment 
R:  red pigment           r:  yellow pigment 

(a) State the mode of inheritance in the onion bulb colour. 

[1] 

(b) Explain the results of the cross by drawing a genetic diagram in the space below. [5] 
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(c) Explain how different genotypes give rise to different phenotypes. 

[4] 

(e) Suggest how a farmer may determine if a red onion is homozygous in both loci. 

[2] 

[Total: 12 marks]
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8 Antibodies against tuberculosis are produced by plasma cells during an immune response. 

Fig. 8.1 shows a diagram of an antibody molecule. 

Fig. 8.1 

(a) Explain the functions of the parts labelled A, B and C. 

(i) A 

[2] 

(ii) B 

[1] 

(iii) C 

[1] 
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(b) Explain why tuberculosis (TB) is known as an infectious disease.  

[3] 

(c) Outline the roles of antibiotics in the treatment of infectious diseases, such as TB.  

[3] 

(d) While TB is a bacterial infectious disease, HIV is a viral infectious disease.  

Explain how HIV cause diseases in humans through the disruption of host tissue and 
functions. 

[3] 

[Total: 13 marks]
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Section A 

Answer all the questions in this section. 

1 Cyanobacteria are a group of photosynthetic, nitrogen-fixing bacteria that live in a wide variety of moist 
soils and water either freely or in a symbiotic relationship with plants. Some cyanobacteria float in 
water by forming gas vesicles that are bounded by a protein sheath. 

Fig. 1.1 below shows a generalized drawing of a cyanobacterium. The plasma membrane of 
cyanobacterium consists of an outer and inner membrane which is not represented in Fig. 1.1. 

Fig. 1.1 

 (a) From Fig. 1.1, state two structural features that are expected in a typical prokaryote and two 
structural features that are not expected in a typical prokaryote.  
Expected:

Not expected: 

[2]
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 (b) Process of photosynthesis that occurs in cyanobacterium is largely similar to photosynthesis in 
chloroplast. Fig. 1.2 shows the effect of carbon dioxide concentration on the light-independent 
stage of photosynthesis in Synechococcus genus of cyanobacterium. The following steps were 
carried out in a study: 

 a cell suspension of Synechococcus was illuminated using a bench lamp. 
 the suspension was supplied with carbon dioxide at a concentration of 1% for 200 

seconds. 
 the concentration of carbon dioxide was then reduced to 0.03% for a further 200 

seconds. 
 the concentration of RuBP and glycerate-3-phosphate (GP) were measured at regular 

intervals.
 the temperature of the suspension was maintained at 25 oC throughout the investigation. 

Fig. 1.2 

  (i) With reference to Fig. 1.2, explain why the concentration of RuBP changed between 200 
and 275 seconds. 

   

[2]
   

concentration / 
arbitrary units 
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  (ii) Suggest how the decrease in the concentration of GP leads to an increase in the 
generation time (time it takes for the population to double) of Synechococcus.

   

[3]

  (iii) Scientists have suggested that chloroplast may have originated as cyanobacterium that 
continued to function after becoming engulfed by primitive eukaryotic cells, in a process 
similar to endocytosis.  

Describe two features of chloroplast that provide support for this hypothesis.  
   

[2]
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 (c) In the study of evolution of Man, the theory of natural selection is widely used to understand how 
speciation of humans has occurred. The study of fossils and genetic sequences are now 
commonly used to help us understand more about human evolution. It is widely believed that 
humans are closely related to the Great Apes – chimpanzees, gorillas and orang utan, and share 
a common ancestor millions of years go.  

Fig. 1.3 below shows some comparisons of skull structure between the Great Apes and modern 
Man (Homo sapiens).

Fig. 1.3 

  (i) Using Fig. 1.3, state two features that support the hypothesis that modern Man shares a 
common ancestor with the Great Apes.  

   

[2]
   
   
   Neanderthals (Homo neanderthalensis), another primate similar to modern humans is our 

closest human relative. Fig. 1.4 below shows a comparison between the fossilized skull of 
a Neanderthal and modern Man.
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Fig. 1.4 

   
  (ii) Disagreement exists as to whether the scientific name for Neanderthals should be Homo

sapiens or Homo neanderthalensis.

With reference to four different species concepts, explain why it is difficult to assign a 
scientific name to Neanderthals.  

   

[4]
   
   
  (iii) Discuss one advantage of using genetic sequences to study evolution of Man.   
   

[2]
   
   [Total: 17] 
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2 B-lymphocytes respond to the presence of a non-self antigen by dividing as shown in Fig. 2.1. 

Fig. 2.1 

 (a) During an immune response, cells divide by mitosis. Describe how mitosis is involved in an 
immune response. 

[3]
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 (b) The cells labelled P on Fig. 2.1 continue to divide to give rise to many cells that differentiate into 
short-lived plasma cells. The plasma cells release antibody molecules. 

(i) Outline how plasma cells produce antibody molecules.  

[4]

(ii) Describe how antibody molecules are released from the plasma cell.  

[2]

 (c) Both B and T lymphocytes are part of adaptive immunity. Describe the mode of action of T-
lymphocytes during an immune response. 

[4]
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 (d) Immune response is mounted against pathogen such as bacteria. Explain why phagocytes act 
only against the bacteria and not against human cells. 

[4]

[Total: 17]
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3 The olive tree, Olea europaea, is a small tree native to the Mediterranean area of Europe, Africa and 
parts of Asia, where it has been cultivated for several thousand years. In 1993, Beerling and Chaloner 
carried out estimates of stomatal density on preserved olive leaves. The oldest of these were obtained 
from the tomb of the Egyptian King Tutankhamun who died over 3000 years ago. The results of the 
study are summarised in Fig. 3.1. 

Fig. 3.1 

 (a) (i) Describe the results shown by the data in Fig. 3.1.  
   

[2]

   
  (ii) Explain why it is difficult to reach a valid conclusion about changes in stomatal density 

over time
   

[4]
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Over the last 10 years, Kenya has made progress in malarial control. However, the country is still far 
from defeating the disease.  

Fig. 3.2 shows how prevalence of malaria is across the country.

Fig. 3.2 

 (b) (i) With reference to Fig. 3.2, explain the two determining factors that lead to uneven 
prevalence of malaria across the country.  

   

[4]
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  (ii) Suggest why it is difficult to control malaria worldwide, apart from reasons associated with 
global warming. 

   

[2]
   
 (c) Besides mosquito-borne diseases, describe two other problems caused by a change in insect 

population as a result of climate change. 
   

[4]

[Total: 16]
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Section B 

Answer one question in this section 

             Write your answers on the lined paper provided at the end of this Question Paper. 

             Your answer should be illustrated by large, clearly labelled diagrams, where appropriate. 

             Your answer must be in continuous prose, where appropriate; 

             Your answer must be set out in parts (a), (b) etc., as indicated in the question. 

4 (a) Describe the production and folding of a functional enzymatic protein that is used within a 
cell. [12]

 (b) Discuss the importance of anaerobic respiration, and why it produces few ATP.  
[13]

[Total: 25]
 OR 

5 (a) Discuss the importance of membranes in the reproductive cycle of the influenza virus. [12]

 (b) Distinguish the differences in transcriptional control between E. coli and yeast cell, and 
explain the significance of post-translational control in yeast cell. [13]

[Total: 25]
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Answer all the questions. 

1 The enzyme lipase catalyses the hydrolysis of triglycerides into fatty acids and glycerol. 

You are required to investigate the effect on the lipase-catalysed reaction of the independent 
variables:

 enzyme concentration 
 presence of calcium ions 

The substrate for lipase will be the triglycerides present in milk. 

The progress of this hydrolysis can be monitored by using an indicator, T, which changes colour due 
to the production of fatty acids.  

You are provided with the following solutions; 

25cm3 of milk containing calcium ions, labelled M+C,
25cm3 of milk without calcium ions, labelled M,
25cm3 of indicator solution, labelled T,
30cm3 of sodium carbonate solution, labelled A,
20cm3 of 10% lipase solution, labelled E10,
20cm3 of 5% lipase solution, labelled E5,

Lipase is an irritant. You are advised to wear the eye protection provided. Contact of the 
solution with your skin should be avoided. If it touches your skin, wash it off with tap water. 

Proceed as follows. 

 (a) Stage 1 

Use the beaker or container provided to make a water-bath with warm water, between 380C and 
420C.

Stage 2 

Label four boiling tubes, B1, B2, B3 and B4.

Using the syringes, put: 

 2cm3 of solution M+C into each of the boiling tubes labelled B1 and B2,
 2cm3 of solution M into each of the boiling tubes labelled B3 and B4,
 2cm3 of solution T into each of the boiling tubes labelled B1, B2, B3 and B4 and gently 

shake, 
 3cm3 of solution A into each of the boiling tubes labelled B1, B2, B3 and B4 and gently 

shake so that all the mixture turns blue. Minor variations in colour between the tubes can 
be ignored as long as the contents are blue. 

Put the four boiling tubes into the water-bath for at least three minutes, before progressing to 
Stage 3.

Stage 3 

After the boiling tubes have been in the water-bath for three minutes, start a stopwatch, which 
will be left running continuously throughout the investigation. Start and end times will be taken 
from this stopwatch. 
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Stage 4 
Remove the boiling tubes labelled B1 and B3 from the water-bath and put them in a boiling tube 
rack. Use a syringe to put 2cm3 of solution E10 into each of these two boiling tubes and mix well. 
Record the start times in Table 1.1, below. 

Stage 5

Observe the boiling tubes B1 and B3 and record the times at which the colour changes (end 
times) in Table 1.1. If the time taken for the colour to change for any boiling tube is longer than 
five minutes, record ‘no change’. 

Stage 6 
Remove the boiling tubes labelled B2 and B4 from the water-bath and put them in a boiling tube 
rack. Use a syringe to put 2cm3 of solution E5 into each of these two boiling tubes and mix well. 
Record the start times in Table 1.1. 

Stage 7 
Observe the boiling tubes B2 and B4 and record the times at which the colour changes (end 
times) In Table 1.1. If the time taken for the colour to change for any boiling tube is longer than 
five minutes, record ‘no change’. 

Stage 8 
Calculate the time taken for the colour to change for each of the boiling tubes B1-B4, and record 
this in Table 1.1. If the time taken for the colour to change for any boiling tube is longer than five 
minutes, record ‘no change’. 

Table 1.1 
B1 B2 B3 B4 

Start time/s 
Time at which 

colour changes 
(end time)/s 

    

Time taken for 
colour to 
change/s

    

[3]

   

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



4

 (b) Prepare a table in the space below to show the effect of enzyme concentration and presence of 
calcium ions on the hydrolysis of triglycerides in milk. [6]

 (c) Describe how you could set up a control for the effect of lipase on triglycerides.  

[1]
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 (d) Identify one significant source of error in measuring the dependent variable in this investigation.  

[1]

 (e) State two ways in which the experimental procedure could be improved.

[2]

 (f) Explain why the method used in this investigation is not suitable for investigating the effect of pH 
on the activity of lipase. 

[2]

Some students carried out an investigation using lipase and found that its activity was affected by the 
concentration of copper sulfate solution. All other variables were kept constant. 

The results of their investigation are shown in Table 1.2. 

Table 1.2 
Copper sulfate concentration/ x10-3 moldm-3 Lipase activity/arbitrary units 

1.0 26.0 
2.0 12.0 
3.0 5.0 
4.0 2.5 
5.0 1.5 

(g) Plot a graph of the data shown in Table 1.2, on the grid on the next page. 
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[4]

 (h) Describe and explain these results.  

[2]

 [Total: 21]
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2 K1 and K2 are stained, transverse sections of leaves from two different species of plant.  
(a) (i) Make a large, labelled, plan drawing of K1 to show the distribution of tissues in the leaf lamina 

(avoiding the midrib). Details of individual cells are not required. 

[3]

 (ii) Make a labelled, high-power drawing to show the detailed structure of three adjacent cells from 
the palisade mesophyll layer. 

[3]
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 (iii) Use the stage micrometer to determine the area of the field of view under high power. Calculate 
the average density of palisade mesophyll cells. State the magnification used and show your 
working.

Magnification used: ________________ 

Average density of palisade mesophyll cells: __________________ [3]

 (iv) Calibrate the eyepiece graticule using the stage micrometer so that you can use it to measure 
the length along one palisade mesophyll cell under a suitable magnification. Repeat until you 
have three measurements. State the magnification used and show your working in 
calculating the average length.

Magnification used: ________________ 

Average length of palisade mesophyll cell: __________________ [3]

(b) The plant species from which K2 was taken grows in a dry habitat.  
Examine K2, using your microscope.  
State four observable features that distinguish K2 from K1 and present the differences in a suitable 
format.

[4]
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(c) You are required to investigate some aspects of the water. 
 (i) Label four test tubes B1, B5, B10 and C5 respectively. 

Using a syringe or pipette, prepare the three concentrations of sucrose using the water and 1.0 
mol dm-3 sucrose solution provided. Record the volume of water and 1.0 mol dm-3 sucrose 
solution used in the table below. The total volume of different concentrations of sucrose should 
be 10cm3. Then place 10 cm3 of sucrose solution into each of these tubes. 

Tube B1 B5 B10 
Concentration of sucrose 
solution/ moldm-3

0.1  0.5  1.0  

volume of water/ cm3    

volume of 1.0 mol dm-3 sucrose 
solution/ cm3

   

[2]

Transfer all 10 cm3 0.5 mol dm-3 sucrose solution from B5 into a test tube labelled C5 and add three 
drops of the dye, methylene blue (labelled MB) to it. Shake tube C5 to make the colour uniform. Suck 
up a little of this blue 0.5 mol dm-3 sucrose solution into a pipette and then, with the tip of this pipette 
held stationary, half way down the solution in tube B1 (see diagram below), very gently release three 
drops from the pipette. Do not squirt these drops into the solution. Withdraw the pipette slowly. 

Carefully observe the movement of the blue liquid. Repeat the procedure for B10.
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 (i) Record your observations in a suitable format for B1 and B10.

[2]

[Total: 20]
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3 Planning question 

Yeast undergoes aerobic respiration, breaking down glucose into carbon dioxide and water. This 
process is catalyzed by enzymes. 

Methylene blue is an artificial hydrogen acceptor which is blue in the oxidised form and 
colourless when reduced. 

       coloured methylene blue           colourless methylene blue   

A colorimeter can be used to measure the absorbance of light at 550 nm by methylene blue 
solution. When methylene blue is reduced and becomes colourless, its absorbance reading will 
become 0 arbitrary units. Yeast suspension has an absorbance value of 15 arbitrary units. The 
colorimeter is shown in Fig. 4.1 below. 

Using this information and your own knowledge, design an experiment to test the hypothesis that: 

“The rate of respiration in yeast cells is dependent on the concentration of glucose 
solution.”

Your plan should:  
have a clear and helpful structure such that the method you use is able to be repeated by 
anyone reading it, 
identify independent and dependent variables, 
describe the method with scientific reasoning used to decide the method so that the results are 
as accurate and reliable as possible, 
include layout of results tables and graphs with clear headings and labels, 
use the correct technical and scientific terms, 
include reference to safety measures to minimize any risks associated with the proposed 
experiment. 

% absorbance 
shown by meter 

Light sensor 

Cuvette holding 
yeast solution 

Filter that allows light of 
550nm to pass through 
th h

Bulb 

Fig. 4.1 

Colorimeter

Cover

reduction 
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Your planning must be based on the assumption that you have been provided with the following 
equipment and materials which you must use: 

 active yeast suspension 
 1.0 mol dm-3 glucose solution 
 methylene blue 
 test tubes 
 stopwatch 
 colorimeter 
 2 cuvettes 
 beakers 
 a variety of different sized measuring cylinders, syringes and pipettes for measuring volumes 

[14]
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Answers 

1 A 16 C 
2 D 17 D 
3 B 18 A 
4 C 19 D 
5 D 20 B 
6 A 21 A 
7 C 22 B 
8 D 23 C 
9 B 24 D 

10 D 25 C 
11 A 26 C 
12 A 27 C 
13 D 28 A 
14 C 29 C 
15 D 30 C 

C CCC CC 292929292 CCCC 
D DDD 3030333 C C C C CCC
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 Answer all the questions. 

1 Lactose intolerance in humans is the inability to hydrolyse lactose due to the lack of the enzyme 
lactase in the alimentary canal. As a result, bacteria in the large intestines feed on the lactose and 
produces fatty acids and methane which lead to diarrhoea and flatulence.  

Bacteria have been used to produce lactase on an industrial scale as a dietary supplement for 
people who are lactose intolerant. Human lactase consists of a single 160 kDa polypeptide chain 
that localizes to the brush border membrane of intestinal epithelial cells.  

(a) With reference to the Fig. 1.1, 
 (i) state the levels of organization seen in the structure of lactase. 

primary, secondary, tertiary structure; 
[1] 

(ii) Describe structures X and Y
 structure X- alpha helix, Structure Y- beta pleated sheets 
 repeated coiling/ folding of polypeptide chain, intrachain hydrogen bond between N-H 

group of a peptide bond on one fold and C=O of a peptide bond on four amino acids away 
(alpha helix)/ another fold (beta pleated sheets); [2] 

(b) Fig. 1.2 shows the hydrolysis of lactose. 

Structure X   
Structure Y

Fig. 1.1 

de bond on one fold and C=O of a peptide bond o
noththerer ffooldd (betetaa pleaeatetedd shsheetsts);))  
olysissiiisss s ofofofofof lacacctoooooseseseses . 
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Fig. 1.2 

 
 Describe the hydrolysis of lactose, naming the bond that is broken and product X.  
 Use of water to break -1,4-glycosidic bond; 

to form (either) galactose and  -glucose;
[2] 

  
(c) Lactase and lactose are protein and carbohydrates respectively.  

Explain why there are fewer types of carbohydrate polymers compared to protein polymers.  
 

 1. lactose (carbohydrate) is made up of two monomers, glucose and galactose but lactase 
(proteins) are made up of many different types/ 20 types of monomers, amino acids; 

2. amino acids differ by their R groups; 
3. the different sequences and number of amino acids making up proteins give rise to the large 

number of different types of proteins / ref to various types of amino acids in a single 
polypeptide chain vs in a carbohydrate polymer, the same monomer makes up the polymer;

 
 
 
 
 
[3] 

  
 Cell organelles can be separated by centrifuging a cell extract in a sucrose density gradient. The 

organelles settle at the level in the sucrose solution which has the same density as their own. 
 
The cells used to synthesized lactase were lysed and the cell extract centrifuged in a sucrose 
density gradient. Three distinct fractions of nuclei, mitochondria and ribosomes (in no particular 
order) were obtained. The three fractions A, B and C are shown in the Fig. 1.3. 

 
 

Fig. 1.3.

 

(d) Identify the organelles in each fraction and describe its role in the synthesis of lactase.  
 A: Ribosomes – translate genetic message carried by messenger RNA into a polypeptide chain; 

 
B: Mitochondria – sites of cellular respiration, producing energy in the form of ATP which can then 
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4
be used for peptide bond formation / amino acids activation / exocytosis; 
 
C: Nucleus – contains nucleolus which is responsible for synthesis of ribosomal ribonucleic acids 
(rRNA) which is a component of ribosomes;  OR contains genetic materials (DNA) and the genes 
found on DNA contains information on how lactase is synthesized; 
 
[1 mark for correct identification of all fractions and 1 mark each for each correct function] 

 
 
 
 
 
 
[4] 

 [Total: 12 marks]
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2 Recently, scientists discovered the presence of a population of bone-marrow derived stem cells 
that have the ability to form heart muscles cells when transferred to the heart. The stem cells were 
removed from the bone marrow and cultured so that they divided by mitosis. It was proposed that 
these stem cells resembled embryonic stem cells.   

 (a) (i) Describe two similarities between these bone-marrow derived stem cells and 
embryonic stem cells. 

 Unspecialised cell with no specific structure and function;  
 Ability to self-renew via mitosis  
 Ability to differentiate into specialised cell types  under suitable conditions 
 Exhibit pluripotency: ability to differentiate into almost any cell types except cell of 

extra-embryonic membranal cells [2] 

(ii) Describe how the rate of mitosis is controlled.  
 External growth factors serve as ligands that bind to receptors of cell surface 

membrane; 
 fully- activated receptor activates relay protein which activates a series protein kinases 

in the phosphorylation cascade; 
 Cellular response is the switching on genes that code for transcription factors which 

will bind to promoter of cyclin genes/ genes that promote or slow down cell cycle; 
 Increase transcription and translation of proteins that promote or slow down cell 

division/ M,S, G1 cyclins/CDKs which control checkpoints in cell cycle; 
 G1 checkpoint checks that cell size is adequate/ There is sufficient nutrients are 

available to support daughter cells/ Growth factors (Extracellular signal proteins that stimulate 
a cell to grow or divide) are present. 

 G2 checkpoint checks that cell size is adequate/ DNA replication is complete and 
successful/ there is no DNA damage. 

 Metaphase (M) checkpoint checks that chromosomes are under bipolar tension (in 
other words, properly attached to kinetochore microtubules originating from the two 
different poles of the cell)/ chromosomes are aligned at the metaphase plate. 

 Cell cycle checkpoints prevent premature progression of the cell cycle/ E.g. 
prevent the segregation of chromosomes before DNA replication is completed. 

 Provides time for cell machinery to be repaired should there be any damage/ 
E.g. To repair incorrectly replicated DNA sequence. 

 Tumour suppressor genes code for proteins that preventing the stimulating activity of 
cellular proto-oncogenes or oncogenes/ activating DNA repairing genes /activating 
apoptosis (programmed cell death), preventing uncontrolled cell division.  

[4] 

(iii) State an advantage of using bone marrow derived stem cells rather than heart stem 
cells for the treatment of heart diseases. 

 Idea of bone marrow stem cells are easier to isolate / extract  by direct aspiration from 
the bone marrow in the spinal cord 

OR 
 Idea of isolation/ extraction of bone marrow stem cells are less less risky/ may puncture 

major blood vessels in removing heart stem cells. 

[1] 

programmed cell death), preventing uncontrolled ce

vananantagegegegege oooofff ff uuusuu ingggggg bobobobobooneneneneneenen mmmmmarararararrrrorororororr ww w dedeeee iriririveveeveveeveveedddddd stststststemememememem ccccceleee ls
treaeaaaaatmtmtmmtmenenenenent tttt ofofooof hhhhheaeaeaeaeartrtrrt dddddisisisisiseaeaeaeaeae sesesesesees.s.s.s.s.s
arrrrowow sstetemm cecelllls s arree eaeasis erer tto isololololataaa e /// / eeextract  

i th i l d
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(c) Troponin is a protein that is integral to muscle contraction in heart muscles. Fig. 2.1 shows 

part of its DNA sequence. The entire sequence is 63 base pairs. 

Fig. 2.1 

PCR can be used to confirm presence of troponin DNA sequence. The following pair of 
primers are used. 

Primer Primer sequence
1 5’ AATTCATGGGCATCG 3’ 
2 5’ GAATTCTTAGTTACA 3’ 

 (i) In the boxed area in Fig. 2.1, circle and label the DNA sequences where Primers 1 
and 2 will anneal. 

[1] 

(ii) Explain how results of gel electrophoresis of the PCR products are able to show that 
troponin DNA has been successfully amplified. 

 If cloning is successful, a band corresponding to a DNA fragment of 63 bp would be 
observed; 

[1] 
(iii) Besides the use of PCR, nucleic acid hybridisation can also be used to determine 

presence of troponin DNA. 

Outline how nucleic acid hybridisation can be used to identify troponin DNA. 
 Extract DNA from heart cells, add restriction enzyme and perform gel electrophoresis to 

separate DNA fragments by size and charge/ Heart cells pressed against a special filter 
paper;  

 which is treated with chemical (NaOH) to burst/lyse the cells and denature the double-
stranded DNA to obtain single-stranded DNA on the filter; 

 (Solution containing) chromogenic / labelled / radioactive single-stranded nucleic 
acid/DNA probe complementary to (part of) the troponin DNA is added, probe will 
hybridise/ bind/anneal to troponin DNA sequence if it is present at areas on the filter 
paper; 

 Carry out/perform autoradiography by placing filter paper on a photographic film; [4] 
[Total: 13 marks]

/annnen alal to o tropopono in DDNANA seqqueu nce if it is pppprerereresenf

rmm aaututoro adadioogrgrapaphyhy bby y plp acacingg filtlttltltttttterererererererererererere ppppppppapapapaapppapapapaapppeererereeeee  onnnn aaa a pho
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3 The pie chart in Fig. 3.1 shows the relative length of time of each of the stages that ovvur during a 
particular eukaryotic cell cycle. This complete cycle takes 15 hours.  

Fig. 3.1 

(a) Using the information provided above, calculate how long interphase lasts.  

You will lose marks if you do not show your working or do not use appropriate units. 
 Total interphase = 150 + 120 + 60/ 360 – 30 = 330 ° 
 Time in interphase= 330/360 x 15 = 14 hr (to 2 sf) 

[2] 

(b) During the cell cycle there are a number of checkpoints. 

State one function of these checkpoints and explain what might occur as a result of 
dysregulation of these checkpoints.  

Function: 
 Ensure that environmental signals (e.g. growth factors) are present for cell division + enough 

nutrients to support cell division; 
 Check that DNA has been replicated without mistakes + DNA repair enzymes to ensure no 

mutation in cell; 
 Ensure there is bipolar tension for every chromosomes so that sister chromatids can separate 

to opposite pole/ maintain chromosome number; 
(any 1) 

Dysregulation: 
 Cell divides even without growth factor/ mutation during DNA not detected or repaired and 

passed on to daughter cells/ sister chromatids not separated to opposite poles leading to 
changes in chromosome number or gain of function mutation of protooncogene to oncogene;  

 Uncontrolled cell division; [3] 

 (c) Colorectal cancer is one of the most common cancers in Singapore. Cancer of the colon and 
rectum – colorectal cancer – begin as polyps (also known as adenoma) that grow on the inner 
lining of the large intestine. 

Most sporadic cases of colorectal cancer are believed to develop from benign adenomas 
(polyps) to carcinoma by the accumulation of genetic abnormalities as shown in Fig. 3.2.  

ithohoutut groowwthh fafactoror// mumutaation dddddddddddururruruuurururininininininingggggggg DNDNDNA A A nonon t tt de
hteerr cecelll s// ssisisteter r chchromamatitids nnotttttttt sssssssssssepepepepepararaaaraaaaa ataatata eddd ttto op
ommee nunumbmberer or gagainin ooff ffuncctitioon mutatttioioionnn ofoff ppprororotototoon
sioon;n;
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Fig 3.2 

  (i) Using the Figure 3.2, explain why the development of cancer as a multi-step process. 
   Requires accumulation of mutation in a single cell/ same lineage; 

 Mutation of APC activates Wnt signaling pathway that leads to uncontrolled cell division, 
forming early adenoma; 

 Accumulation of mutation in KRAS activates EGFR signaling pathway induces cell to 
divide even without growth factor/ Smad2/4 inactivates TGF  response which causes 
increase cell proliferation/ cell division is uncontrolled and excessive; 

 Loss of function mutation of tumor suppressor gene p53 results in formation of a 
carcinoma; 

 Further genetic mutations causes metastasis; [5] 

(ii) The majority of all colorectal cancers occur sporadically without any known cause, but 
certain groups of people have a predisposition to the development of cancer of the large 
intestine. These people may carry specific genetic mutations or have relatives with the 
condition.  

Approximately 15% of all colorectal cancer cases are familial, with the most common 
inherited conditions being familial adenomatous polyposis (FAP).  Patients with FAP 
have a lifetime risk of the development of colon cancer that approaches 100%. Patients 
with FAP have a germline inactivation of one APC allele. Adenoma formation is faster, 
but progression from adenoma to carcinoma has the same rate as sporadic colorectal 
cancer as shown in Fig. 3.3. 

Fig. 3.3 

 Using the information above and your own understanding of the development of cancer, 
suggest why patients with FAP form adenoma faster.  

FiFFFF g.gg  3.33333
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 FAP patients only need to have one more copy of their APC allele to undergo a loss-of-
function mutation; 

 Ref. to APC as tumor suppressor gene; 
 Need to accumulate less mutations for adenoma formation and therefore formation is faster; 

[2] 

4 Genome editing is the process in which a DNA target sequence is replaced by a desired sequence. Fig. 
4.1 shows how the process is being done by Cas9 enzyme which makes use of a guide RNA to achieve 
the editing effect. This can be done in embryos so that those children who are born of parents with the 
genetic disease alleles would not suffer from the genetic dsease. 

Fig. 4.1 

(a) With reference to Fig. 4.1, describe how the guide RNA and Cas9 enzyme are used to cut both 
strands of DNA. [3] 
 Hydrogen bonds form between single-stranded guide RNA with complementary bases to 1 

target DNA strand; 
 Cas9 has active site which binds to guide RNA; 
 Cleaves both strands of DNA by breaking phosphodiester bonds; 
 Additional marking point: Active site of Cas9 is complementary in shape to target base 

sequence; 

(b) (i) Explain why gene editing done on embryos help to prevent children born from suffering from 
the genetic disease.  [2] 

 All organs and tissues are derived from the embryos by mitosis and differentiation; 
 All daughter cells are genetically identical to the edited embryos; 
 Additional marking point: Embryonic stem cells are pluripotent; 

rm between single-stranded guiddddddddeeeeeeee e RNRNRNRNRRNRNRNRNA AAAAAAAA wiwiwiwithththth ccccomomomompl

e which binds to guide RNA;
ds of DNA by breaking phosphodieststststererere bbonononondsdsdsds;
g point: Active site of Cas9 is complementary in sh
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 (ii) Suggest and explain if the mutation introduced by gene editing as shown in Fig. 4.1 should be 
dominant or recessive.  [2] 

 Dominant mutation; 
 Codes for a functional protein to mask the effect of recessive allele; 

(c) Describe how mutations in DNA arise in nature. [2] 
 A named factor (e.g.UV light, ionizing radiation, tar in cigarette smoke) as cause; 
 Proof-reading by DNA polymerase or DNA repair mechanisms did not correct mutation; 
 Any valid point 

RNA plays a very important role in many biological processes. One of them is transfer RNA (tRNA) 
which has extensive intramolecular hydrogen bonds. 

(d) (i) State two importance of having such bonds.  [2] 
 Confers stability; 
 Confers a 3D shape; 

 (ii) Relate the structure of tRNA to its functions. [2] 
   Has 3’ CCA end to form covalent bond with amino acid; 

 Its 3D shape allows it to fit into the active site of amino-acyl tRNA synthetase; 
 Has anticodon which forms complementary base pair with mRNA codon; 

(Any 2) 
[Total: 13 marks]

5 Figure 5.1 represents a bacteria DNA and a eukaryotic chromosome in metaphase of mitosis, not 
drawn to scale.  

Fig. 5.1 

(a) State two ways in which the organization of genes found in these two structures differ and 
suggest one advantage of this to the bacterium.  
Feature Eukaryotic Prokaryotic  
Gene organization Monocistronic genes Polycistronic genes / 

operons 

Advantage to bacteria Simultaneous expression of closely-related genes 
organised in an operon 

Association between 
DNA and histones 

Association with 
histones / scaffolding 

No association with 
histones 

tioonn MMoonnooccissttrroonnicc ggeeeennnnnnnnnnnnnneeeeeeeeesssss PPPooolyyycis
ooopppeeero

tageggggg oof f this to o the baaaaaactctctctctterium.  
EEuukkaarryyoottiicc PPPrrroookkkar
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Proteins 

- allows for increased 
structural 
complexity/folding to 
higher degree of 
condensation e.g. 
between euchromatin 
and heterochromatin 
states 

- does not achieve same 
level of condensation 
complexity as eukaryote 

 

[3] 

(b) In 1946, Joshua Lederberg and Edward Tatum proposed that bacterial cells undergo genetic 
recombination. To test their hypothesis, they experiments using two bacteria strains of 
Escherichia coli (E.Coli) with different nutritional requirements.  

Strain A, B and a mixture of both strains were grown on culture plates containing minimal 
medium that does not contain essential amino acids. The results are shown in Fig. 5.2. 

Mutant genes ( ) do not code for enzymes that synthesize amino acids. Note that all five 
amino acids are required for bacterial growth. 

Bacterial strains Genes for biosynthesis of amino 
acids 

Mutant genes for biosynthesis of 
amino acids 

A thr+ leu+ thi+ met  bio  

B met+ bio+ thr  leu  thi  

Fig. 5.2 

Another researcher, Bernard Davis also worked with the same hypothesis. In his experiment 
he constructed a U-tube in which the two arms were separated by a fine filter. The pores of 
the filter were too small to allow bacteria to pass through but large enough to allow easy 
passage of the fluid medium, any dissolved substances and free DNA. The results are shown 
in Fig. 5.3. 

FFiFiFFig.g.g.g.g. 55555.2 

r, BeBeBeB rnnrnrnnararararardddddd DaDaDaDDavivv s ss allalalsoooooo wwwwwororororororkekkekekeked d d dd wiww th ttttthehehhehehe ssamamamamma e e e e e hhhhypoth
-tube in which the two aarms were separated by a fin
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Fig. 5.3 

(i) Using the results of the two experiments and your understanding of genetic 
recombination in bacteria, state the genetic recombination that has taken place 
between Strain A and B. Explain your answer.   

 Conjugation; 
 Second experiment shows transduction and transformation did not take place; 
 Because no colonies grew on minimal medium agar; 
 genetic recombination occurs only when physical contact is possible between 2 strains; 
 In first experiment, bacteria that grew on minimal medium has DNA that encodes for all 

essential amino acids/ ref. recombinant bacteria has grown on minimal medium 
 Showing the genes from Strain A have transferred to Strain B / converse through 

formation of conjugation tube/ ref. to conjugation tube [6] 

(c) In 2016, a pathogenic strain of E.Coli found on unwashed salad caused food poisoning in 151 
people in Britain, leaving two of them dead. 

Using a named example, describe how such pathogens are usually treated. [3] 
 Antibiotics  
 Penicillin 
 Competitive inhibitor to transpeptidases, prevent cell wall synthesis; 
 Resulting in bacterial cell lysis; 

[Total: 12 m]

ibitoror ttoo trraanspspepeptidadaseess, ppreveventntntntntttt cccccelelelele llll wawawaw llll sssynynynthhesee i
ctereriaiall cec ll lysysisis;;
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6 In anaerobic respiration in yeast, the pyruvate molecules are broken down to produce ethanol and carbon 
dioxide. The release of carbon dioxide can be used to investigate the rate of anaerobic respiration. 

Fig. 6.1 shows and experiment which was set up to find the rate of anaerobic respiration.  

Fig. 6.1 

The meniscus moves down the tube as carbon dioxide is released.  

Table 6.1 shows the distance moved by the meniscus from the start point. This was recorded every 10 minutes. 

Table 6.1 

Time/ min 0 10 20 30 40 50 60 70 80 90 
Distance travelled by meniscus 

from start point/ mm 0 1 2 5 9 14 21 45 73 98 

 (a) The rate of anaerobic respiration can be calculated by using the rate of movement of the meniscus. 

Calculate the rate of anaerobic respiration between 70 and 80 minutes. 

You will lose marks if you do not show your working. 
Rate of Anaerobic Respiration  = (73-45) mm / (80-70) min 

= 28 mm / 10 min 
 = 2.8 mm min-1 

[2]
 (b) This experiment was repeated three more times. Each time, the glucose (a monosaccharide) was 

replaced with a different disaccharide sugar: 
 Maltose – a disaccharide of glucose and glucose 
 Sucrose – a disaccharide of glucose and fructose 
 Lactose – a disaccharide of glucose and galactose. 

Tables 6.2 (a), (b) and (c) show the results of these experiments. 

ou ddddddooooo nnot ssshowowowowowo yyyyyouuuuur rr r r wowowowoworkrkkrkr ing.  
pirratatioonn == ((7373-4- 5)5) mmmm / (880--------7070707707777707077770777 )))))) mimimimmimimmmmim nnnnn

= 2828 mmmm // 100 mmiin 
== 2.2.88 mmmm miminn-1-1
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Table 6.2 (a): Using maltose 
 

Time/ min 0 10 20 30 40 50 60 70 80 90 
Distance travelled by 

meniscus from start point/ 
mm 

0 0 0 0 0 2 3 6 9 12 

 
Table 6.2 (b): Using sucrose 

 
Time/ min 0 10 20 30 40 50 60 70 80 90 

Distance travelled by 
meniscus from start point/ 

mm 
0 0 0 1 3 11 22 37 48 61 

 
Table 6.2 (c): Using lactose 

 
Time/ min 0 10 20 30 40 50 60 70 80 90 

Distance travelled by 
meniscus from start point/ 

mm 
0 0 0 0 0 0 0 0 0 0 

 
With reference to the information provided in Tables 6.2 (a), (b) and (c) and your biological knowledge: 

   
  (i) Describe the difference in the results for maltose and sucrose, and suggest one explanation for this 

difference,  
 

    Glucose is the respiratory substrate for glycolysis; 
 Maltose: meniscus only starts moving at 50 min vs sucrose at 30 min/ movement of sucrose 

more than maltose + data; 
 Enzyme to break down sucrose is more readily available/at higher concentration than enzymes 

to break down maltose; [2]
     
  (ii) Suggest two explanations for the results for lactose.   
  Yeast does not have proteins channels that allows uptake of lacotse; 

 Yeast does not encode for lactase that breaks down lactose to glucose and galactose; 
 AVP; [2]

   
 (c) An electron micrograph of yeast, Candida albicans, is shown in Fig. 6.2.  
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Fig. 6.2 
  (i) On Fig. 6.2, label site of 

i. Glycolysis
ii. Oxidative phosphorylation [2]

  (ii) State one visible structure of mitochondria from Fig. 6.2 and describe how it supports mitochondria’s
function.  
 Highly folded inner membrane + Increase surface area for embedment of more ETC/ ATP 

synthase to increase rate of ATP production 
 Membrane bound/ double membrane + Enclose matrix that contains enzymes for link reaction 

and Kreb’s cycle/ compartmentalizes matrix for optimum conditions for enzymes to work; [1]

  (ii) Besides location, compare between oxidative phosphorylation and photophosphorylation. [4]
Features Oxidative phosphorylation Photophosphorylation 

Functions in the presence 
of..

oxygen light

Source of energy 
NADH and FADH2 

light 

No. of electron transport 
chain  

1 2

Electron flow linear – one-way linear or cyclic 

Final electron acceptor oxygen NADP (non-cyclic)  
PSI reaction center (cyclic)  

Involvement of water water produced photolysis of water 

Establishment of proton 
gradient

protons pumped outwards 
from matrix across inner 
mitochondrial membrane into 
intermembrane space 

protons pumped inwards 
from stroma across thylakoid 
membrane into thylakoid 
space  

Products ATP, water ATP, NADPH, oxygen 

water water prooooduced phot

lililiiineararararar – oooonenneene-wayaayyay lililillinennnn a

ccceeeptototototor rrrr oxxoxoxoxygygygygygeeenee NAD
PSPSPSPSSSI 
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                                                                                                                                 [Total: 13 marks] 
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7 Pigment production in onions is controlled by two enzymes resulting in three different coloured bulbs - 
red, yellow and white. 

A pure-white strain crossed with a pure-red strain produces an all-white F1. Two F1 onions with white 
bulbs were crossed.  The F2 generation was found to consist of 2170 white, 530 red and 180 yellow-
bulbs. 

The alleles are represented by the following symbols: 

I:  no production of pigment  i:  production of pigment 
R:  red pigment       r:  yellow pigment 

(a) State the mode of inheritance in the onion bulb colour. [1] 
 (Dominant) epistasis 

(b) Explain the results of the cross by drawing a genetic diagram in the space below. [5] 
Parental phenotypes: White bulb X Red bulb 
Parental genotypes: IIrr X iiRR 
Gametes: Ir  X iR  [1]

F1 phenotypes: White bulb X White bulb 
F1 genotypes: IiRr X IiRr [1] 
Gametes: IR Ir  IR Ir [1]

iR ir  iR ir

Punnett Square: 
IR Ir iR ir

IR IIRR IIRr IiRR IiRr

Ir IIRr IIrr IiRr Iirr

iR IiRR IiRr iiRR iiRr

ir IiRr Iirr iiRr iirr

F2 genotype ratio: 12 I_ _ _ : 3 iiR_ : 1iirr [1] 

F2 phenotype ratio: 12 White : 3 Red : 1 Yellow [1] 

pe ratio: 12 I_ _ _ : 3333 iiiiiiiiR_R_RR_ : 1

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



18
 (c) Explain how the different phenotypes results. [4] 
   Allele I is dominant over the R/r locus; 

 I codes for an inhibitor as a first step; 
 In absence of inhibitor allows R allele codes for an enzyme that results in red pigment; 
 In absence of inhibitor allows rr genotype results in a different enzyme that results in 

yellow intermediate;  
   

 
 (e) Suggest how a farmer may determine if a red onion is homozygous in both loci. [2] 
   Cross a red onion with a yellow onion (iirr); 

 If it is homozygous in both loci, only red onion offsprings will result;  
  [Total: 12 marks]
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8 Antibodies against tuberculosis are produced by plasma cells during an immune response. 

Fig. 8.1 shows a diagram of an antibody molecule. 

Fig. 2.1 

(a) Explain the functions of the parts labelled A, B and C. 
(i) A 
Variable region forms the antigen-binding sites; 
Binds/attaches/combines, to antigen; 
Each antigen-binding sites (has a specific 3D shape) is specific to the shape of one 
antigen.  

[2] 

(ii) B 
Disulphide bond holds polypeptides/heavy chains together; 
Maintains tertiary/quarternary/3D shape/structure; 
The ‘hinge’ region gives the flexibility for the antibody molecule to bind around the antigen; [1] 
(iii) C 
Constant region binds to receptors/ cell surface membrane on phagocytes/ macrophages; 
Antigen marking/tagging for phagocytosis/macrophage action; 
Opsonisation - Many phagocytic cells bear receptors for the Fc portion of the antibody and 
adhere to the antibody-coated bacteria, leading to engulfing and destruction of the 
microorganism. 
Agglutination/ precipitation of antigen - Insoluble antigen-antibody complexes are easily 
phagocytized and destroyed by phagocytic cells 

 

 
[1] 

(b) Explain why tuberculosis (TB) is known as an infectious disease. [3] 
1. Caused by a pathogen, bacterium, mycobacterium tuberculosis; 
2. Transmits easily from infected individual to other uninfected individual via various mode of 

transmission - aerosol/airborne droplet from infected person
exhaling/coughing/sneezing/shout/sing; 

3. Depending on the environment, these tiny particles can remain suspended in the air for
several hours;

4. Transmission occur when a person inhales and the droplet nuclei transverse the mouth or nasal
passages, upper respiratory tract, and bronchi to reach the alveoli of the lungs.

5. Person drinks unpasteurized milk/ eats meat from infected cattle;

y y g y

rcuuulosososssisisisisis (TBTBB) ) ) ) ) isisiisi kkkkknononononowwwnww aaaaasss ss ananananan infnfnfnffnffecctitititittitttititiitt ououooouououoo s ssss didididiididd sssses asasasasase.eeeee
hogegen,n, bbacacteeririumum, mymycocobabactctereriuium tubebebercrcrcululu osososiisi ;
fromom iinfnfecectetedd inindidi ividudualal ttoo ooththeer uniniinfnffecee teteteddd ininindividu
rosol/airborne droplet frf om infected person
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(c) Outline the role of antibiotics in the treatment of infectious diseases, such as TB. 
1. Kill bacteria/bactericidal/ cause bacteria to lyse/ swell and burst;
2. (or) bacteriostatic/prevents bacterial growth/prevents bacterial replication;
3. Antibiotics interferes with the modulation of chromosomal supercoiling through

topoisomerase-catalyzes strand breakage and rejoining reactions is required for DNA
synthesis, mRNA transcription and cell division.

4. Prevents protein synthesis (Initiation and elongation)/ inhibit RNA polymerase;
5. Antibodies may also result in protein mistranslation by promoting tRNA mismatch with

mRNA codon.
6. Antibiotics may also Inhibit cell membrane function which result in leakage of important

solutes essential for the cell’s survival.
7. Prevent spread of bacteria within body/ prevents formation of pathogen reservoir for re-

infection;
8. Do not affect human cells/ tissues/ not toxic to humans;
9. Prevents death/ consequences may be fatal if no antibiotic treatment/ alleviate symptoms/

faster recovery;
10. Prevent transmission/ spread of disease (do not confuse with mp 4);

[3] 

(d) While TB is a bacterial infectious disease, HIV is a viral infectious disease. 

Explain how HIV cause diseases in humans through the disruption of host tissue and 
functions. 

HIV infection causes destruction of T helper cells by the following mechanisms: 

1. Hijacking of cellular machinery and resources towards producing new virus disrupts normal
activities needed for cell survival, eventually causing cell death.

2. Budding of a large amount of viruses from the cell surface might also disrupt the cell
membrane sufficiently for host cell to die.

3. HIV may induce adjacent T helper cells to fuse together forming giant multinucleated cells or
syncytia.

4. Shortly after syncytia formation occurs, the fused cells lose immune function and die.
5. functional T helper cell levels decline to a critical point

Uninfected cells bind to a virus 
infected cell.

The uninfected and infected cells 
fuse forming a multinucleated giant 
cell or syncytium.

The syncytium eventually becomes 
too large and ruptures.

Fig 36: Formation of a syncytium (singular). 

[3] 

[Total: 13 marks]

virusuusu  ThThThT eee ununununinfeeeectctctctctedededed aaaaandndndndnd iiiiiinfnnfnnfeeected cececececelllllll s 
fuse forming a multinucleated giant

TTTThT e syncy
too large
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Answer all the questions. 
1 Cyanobacteria are a group of photosynthetic, nitrogen-fixing bacteria that live in a wide variety of moist 

soils and water either freely or in a symbiotic relationship with plants. Some cyanobacteria float in 
water by forming gas vesicles that are bounded by a protein sheath. 

Fig. 1.1 below shows a generalized drawing of a cyanobacterium. The plasma membrane of 
cyanobacterium consists of an outer and inner membrane which is not represented in Fig. 1.1. 

Fig. 1.1 

 (a) From Fig. 1.1, state two structural features that are expected in a typical prokaryote and two 
structural features that are not expected in a typical prokaryote.  

Expected:

Not expected: 

[2]
Expected: 70S ribosome, nucleoid/ DNA not bound by envelope, peptidoglycan cell wall (any 2) 
Not expected: presence of membrane bound thylakoid lamella, gas vacuole  
[1 mark for each] 

 (b) Process of photosynthesis that occurs in cyanobacterium is largely similar to photosynthesis in 
chloroplast. Fig. 1.2 shows the effect of carbon dioxide concentration on the light-independent 
stage of photosynthesis in Synechococcus genus of cyanobacterium. The following steps were 
carried out in a study: 

 a cell suspension of Synechococcus was illuminated using a bench lamp. 
 the suspension was supplied with carbon dioxide at a concentration of 1% for 200 

seconds. 
 the concentration of carbon dioxide was then reduced to 0.03% for a further 200 

seconds. 
 the concentration of RuBP and glycerate-3-phosphate (GP) were measured at regular 

intervals.
 the temperature of the suspension was maintained at 25 oC throughout the investigation. 

sis ss s s in SySySySySyS nenennenechhhhhococococcoccucucucucusssss gggggeneennenuss ooof cyanobacteeeeririririrriumumumumumu . 

ionnnnn ooooff f ff SySySySySynenenenenechchchchchococococo ocococococccucucucucussssss wwwwwasasasasas iiiiillllumuuuuu inatatatatatededededed uuuuuusisisisisingngngngnng a be
n waawaass ss sususususuupppppppliiliededd wwwititititth hhhh cacacacacarbrbrbrbrbonoonono  dioooooxixixixix dddded aaaaaat ttt a conc
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Fig. 1.2 

(i) With reference to Fig. 1.2, explain why the concentration of RuBP changed between 200 
and 275 seconds. 

  concentration of RuBP increases from 1 a.u to 1.6 au when CO2 concentration is 
lowered to 0.03%; 

 decrease in frequency of effective collision between CO2, RuBP and rubisco; 
 rate of carbon fixation decreased, less RuBP is used/ RuBP accumulates; [2]

(ii) Suggest how the decrease in the concentration of GP leads to an increase in the 
generation time (time it takes for the population to double) of Synechococcus.

  less glyceraldehyde-3-phosphate will be produced;  
 so less conversion to carbohydrates / amino acids / proteins; 

less glucose for respiration to produce ATP for binary fission/ less amino acids to 
produce proteins for binary fission/ less raw materials for DNA binary fission; [3]

(iii) Scientists have suggested that chloroplast may have originated as cyanobacterium that 
continued to function after becoming engulfed by primitive eukaryotic cells, in a process 
similar to endocytosis.  

Describe two features of chloroplast that provide support for this hypothesis. 
 presence of DNA/ ribosomes OR ability to synthesize proteins starting with DNA; 
 DNA is circular; 
 Idea of cyanobacterium is also double membrane like chloroplast/ idea of double membrane 

linked to endocytosis/ vesicle; 
 Presence of 70S ribosomes; 
 Multiply by binary fission; 
 AVP [2]

 (c) The acquisition of photosynthetic bacterium would have provided the plants with nutritional 
independence, afforded by the ability to photosynthesize. It is hypothesized that these 
endosymbiotic associations were highly advantageous and thus naturally selected for in the 
course of evolution.  

In the study of evolution of Man, the theory of natural selection is widely used to understand how 
speciation of humans has occurred. The study of fossils and genetic sequences are now 
commonly used to help us understand more about human evolution. It is widely believed that 

concentration / 
arbitrary units 

um m isis aalssoo dooububle mmemembrbranee like chlororo opoplalalaststs / ididide
s/ vvesesicicle; 
osoomeses;;
sioon;n; 
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humans are closely related to the Great Apes – chimpanzees, gorillas and orang utan, and share 
a common ancestor millions of years go.  

Fig. 1.3 below shows some a comparison of skull structure between the Great Apes and modern 
Man (Homo sapiens).

Fig. 1.3 

(i) Using Fig. 1.3, state 2 features that support the hypothesis that modern Man shares a 
common ancestor with the Great Apes.  

  Moveable lower jaw; 
 Upper and lower sets of teeth; 
 Position of cranial space/ brain same/ behind the eyes/ any other suitable description; 
 Presence of eye sockets; 
 AVP [2]

 Neanderthals (Homo neanderthalensis), another primate similar to modern humans is our 
closest human relative. Fig. 1.4 below shows a comparison between the fossilized skull of 
a Neanderthal and modern Man.

Homomomommo nnneaannndererererere thththththalaaaa enenenenensisisisiss sss)),)) aaaanoththhhererererereerrerereeree pppppppppriririririririmamamamamamammmmmm tetetetete ssssssimimimimimmililillilaraaaaa  t
elaaatttitt veveveveve.... FFig.g.g.. 11111 44.4 bbbbbeleleele owowowowow ssssshohohohohowsssss aaaaaa cccccccccccccomomoooooomomomomooo paaapapapaaapaaaaaririririrrisososonnnnn bbbbebb twe
nd d dd d mommmmm ddded rn MMMMannnn..
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Fig. 1.4 

(ii) Disagreement exists as to whether the scientific name for Neanderthals should be Homo
sapiens or Homo neanderthalensis.

With reference to four different species concepts, explain why it is difficult to assign a 
scientific name to Neanderthals.  

 Any three from: 
 Biological species concept: cannot directly test whether humans and Neanderthals 

could interbreed to produce viable and fertile offsprings; 
 Ecological species concept: cannot determine if they share same niche/ idea that 

humans outcompeted Neanderthals therefore did share same niche; 
 Morphological species concept: incomplete knowledge of Neanderthal morphology 

from fossilized bones/ no easy way to quantify how much morphological changes 
defines a different species; 

 Genetic species concept: hard to quantify how much genetic difference defines a 
different species/ hard to get complete sequence data from Neanderthal; 

 Phylogenetic species concept: limited data to determine phylogeny/ hard to decide if 
split in phylogeny is at species level;  [4]

(iii) Discuss one advantage of using genetic sequences to study evolution of Man.   
  Analysis of molecular data is objective since differences in DNA/RNA/ amino 

acid sequences can be quantified and compared by analyzing nucleotide and 
amino acid sequences. 

 So that able to differentiate two fossils/ earlier species of man with similar 
morphologies based on molecular differences.

 So that Scientists are able to use both living and dead specimen material in 
classification of organisms.

[2]
[Total: 17] 

on of organisms.
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2 B-lymphocytes respond to the presence of a non-self antigen by dividing as shown in Fig. 2.1. 

Fig. 2.1 

 (a) During an immune response, cells divide by mitosis. Describe how mitosis is involved in an 
immune response. 
1. Occurs in both primary and secondary immune response; 
2. Clonal selection and expansion - Selected B and T lymphocytes divide by mitosis; 
3. Mitosis in memory cells for rapid secondary response; [3]

 (b) The cells labelled P on Fig. 2.1 continue to divide to give rise to many cells that differentiate into 
short-lived plasma cells. The plasma cells release antibody molecules. 
(i) Outline how plasma cells produce antibody molecules.  
1. Using DNA as a template, gene is transcribed to mRNA; 
2. Small ribosomal subunit binds to ribosome binding site at 5’ end of mRNA, followed by 

attachment of large ribosomal subunit; 
3. tRNA with complementary anticodon to mRNA codon carries specific amino acid to the 

ribosome;
4. formation of peptide bonds between adjacent amino acids; 
5. synthesized polypeptide enters RER to fold into secondary and tertiary structure; 
6. vesicle containing polypeptide buds off from RER and fuse with Golgi body; 
7. undergoes further modification such as glycosylation/ formation of quaternary structure and 

disulphide bonds in Golgi apparatus;      

[4]

(ii) Describe how antibody molecules are released from the plasma cell.  
Vesicles migrate/move and fuse with to cell surface membrane; 
Release antibodies via exocytosis; 
Movement of vesicle/exocytosis requires ATP;  

[2]

 (c) Both B and T lymphocytes are part of adaptive immunity. Describe the mode of action of T-  

ge ribosomal subunit; 
emmenentataryy aantticicoodonon ttoo mRmRNAA codon cccararririeseses spepepec

idee boondndss bebetweeeenn adadjajacecentnt aaminononononono aaaaacicicccccc dsds;;
pepeptitidede eentnterers s RERERR toto ffololdd inintoto seccononondadadaryryry aaand ter
g popolylypepeptptididee bubudds ooffff ffroromm RER R anananddd fuuusesese with Go
r modification such as glycosylation/ formation of
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lymphocytes during an immune response. 
T cells are activated when they encounter antigen in association with MHC II on another APC 
eg.macrophage;
Those T cells that have receptors complementary to the antigen respond by dividing by mitosis
and undergo clonal selection and clonal expansion to produce clones of T cells; 
T helper secrete cytokines to activate B- lymphocytes to divide and differentiate into plasma cells 
which will secrete antibody; 
Increase antibody levels for agglutination, neutralisation, opsonisation, ADCC, complement 
activation, immobilization of bacteria (any 2) 
Some T helper cells secrete cytokines that stimulate macrophages to carry out phagocytosis 
more vigorously; 

Some helper T cells secrete cytokines that stimulate killer T cells to divide by mitosis and to 
differentiate by producing vacuoles full of toxins; 
Cytotoxic T cells attach to kill infected cells by release of cytotoxic substances; 
Or by releasing perforin which will induce pores in the infected cell surface membrane for cell 
lysis/ granzymes which will trigger cell apoptosis; 

Memory helper T cells and memory killer T cells are produced, which remain in the body and 
become active very quickly during the secondary response to antigens; 

Natural killer (NK) cells - The Fab portion of IgG binds with the target cell (microorganism or 
tumour cell) and the Fc portion binds with specific Fc receptors (structure) that are found on 
natural killer (NK) cells. NK cells destroy the target by releasing toxic substances contained in 
its cytoplasm granules and not by phagocytosis 

[4]

 (d) Immune response is mounted against pathogen such as bacteria. Explain why phagocytes act 
only against the bacteria and not against human cells. 
1. bacterial’s antigens are non-self/foreign and human cells have self antigens; 
2. non-self and self antigens are proteins of different amino acid sequence/ self antigens are 

encoded by genes in the body; 
3. non-self antigen will trigger phagocytosis by APCs (macrophages and dendritic cells); 
4. phagocytes bind to antibodies complexed with non-self antigens/ human cells will not have 

bound antibody; 
[4]

[Total: 17]
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3 The olive tree, Olea europaea, is a small tree native to the Mediterranean area of Europe, Africa and 
parts of Asia, where it has been cultivated for several thousand years. In 1993, Beerling and Chaloner 
carried out estimates of stomatal density on preserved olive leaves. The oldest of these were obtained 
from the tomb of the Egyptian King Tutankhamun who died over 3000 years ago. The results of the 
study are summarised in Fig. 3.1. 

Fig. 3.1 

 (a) (i) Describe the results shown by the data in Fig. 3.1. [2]
 mean stomatal density decreases (cite data); 
 stomatal density has decreased steeply since 196 BP ; 
 no change between >2346 BP and 196 BP ; 

 (any 2) 

(ii) Explain why it is difficult to reach a valid conclusion about changes in stomatal density 
over time

[4]

 error bars show variation within samples / large variation within samples ; 
 overlapping errors bars indicates no significant difference between (most) means / 

samples ; 
 error bars for 3341 BP and 23 BP do not overlap ; 
 there is a significant difference over, 3318 years / period of study ; 
 a very long period / approximately 3500 years, represented by only five means ; 
 second sample, could be any age from 2346 BP / might be older than the first 

sample ; 
 large periods of time between samples / changes could have taken place between 

sampling dates ; 
 historical samples, are / likely to be, very small / non-representative ; 
 Any valid point; 

(Any 4) 

Over the last 10 years, Kenya has made progress in malaria control. However, the country is still far 
from defeating the disease. 

Fig. 3.2 shows how prevalence of malaria is across the country. 

g , y p
ng period / approximately 3500 years,,, rereprprresesesesenenenente
sample, could be any age from 2323232232323232323232323233346464646464664 BBBBBBBBBBBPPPPPPPPP / / // mimimimighghghghttt t be

riods of time between samples / chaaaangngngngeseseses ccccouooo ldddld ha
g dates ; 
l samples are / likely to be very small / non-repre
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Fig. 3.2 

(b) (i) With reference to Fig. 3.2, explain the two determining factors that lead to uneven 
prevalence of malaria across the country.  

[4]

 Water
 Higher prevalence near lake area (20-40%)/ Semi-arid areas only have seasonal risk 

during the rainfall seasons. Hence prevalence is less than 5% 
 Due to breeding area for mosquitos; 

Temperature
 Highland or central highland has less % prevalence than coast (all year long)  
 Due to warm temperature needed to complete the mosquito life cycle – state 1 e.g. 

egg laying; or metabolism 

(ii) Suggest why it is difficult to control malaria worldwide, apart from reasons associated with 
global warming. 

[2]

  Poor awareness of how mosquito spreads/ how to prevent being bitten/ effective 
government programme; 

 Resistance of mosquito to insecticide; 
 Resistance of plasmodium parasite to antibiotics; 
 Any valid reasons 

(Any 2) 

 (c) Besides mosquito-borne diseases, describe two other problems caused by a change in insect 
population as a result of climate change. 

[4]

  Increase in named insect attacks on named crop;
 affects crop yield which affects food security/ cattle feed; 

Migration of insects to higher altitude; 
 Affects food chains/ food webs of ecosystem; 

[Total: 16]

ness of how mosquito spreads/ how to prprprprevevee en
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Free-response question 

Write your answers to this question on the separate answer paper provided. 

Your answer: 

 should be illustrated by large, clearly labelled diagrams, where appropriate; 
 must be in continuous prose, where appropriate; 
 must be set out in sections (a), (b) etc., as indicated in the question. 

Free-response question 

Write your answers to this question on the separate answer paper provided. 

Your answer:

 should be illustrated by large, clearly labelled diagrams, where appropriate; 
 must be in continuous prose, where appropriate; 
 must be set out in sections (a), (b) etc., as indicated in the question. 

4 (a) Describe the production and folding of a functional enzymatic protein that is used within a 
cell. 

[12]4 (a) Describe the production and folding of a functional enzymatic protein that is used within a
cell.

[12]

Describe transcription: (max 5m) 
 Ref. to transcription of gene on template strand
 Ref. to RNA polymerase binding to promoter region  
 Ref. to RNA polymerase adding free ribonucleotide triphosphates and are joined 

together by phosphodiester bonds
 Ref. to elongation of mRNA in a 5’ to 3’ direction 
 Ref. to transcription stops after RNA polymerase reads the termination signal  (in 

prokaryotes) / polyadenylation signal  (in eukaryotes) 
 Ref. to pre-mRNA undergoes post-transcriptional processing of 5’capping, splicing and 

poly-A tailing (any 1 e.g.) to form mature mRNA; 

Describe translation: (max 5m) 
 mature mRNA translocates from nucleus to cytoplasm through nuclear pores; 
 Ref. to initiation of translation at 5’ end of mRNA by assembling small and large 

ribosome and initiator tRNA; 
 Ref. to tRNA with complementary anticodon forms complementary base pairs with codon 

sequences, bringing specific amino acids to ribosome; 
 Ref. to formation of peptide bonds catalysed by peptidyltransferase in large ribosomal 

subunit; 
 Ref to stop codon and addition of release factor to A site; 
 Ref. to hydrolysis of ester bond between amino acid and tRNA, releasing polypeptide 

chain from ribosome; 

Describe protein folding: (max 5 m) 
 Enzymes are globular proteins with unique three-dimensional conformation / tertiary / 

quaternary structure; 
 Ref to primary structure being the unique sequence and number of amino acids in a 

polypeptide linked by peptide bonds; 
 Ref to secondary structure being the regular coiling and folding/pleating of the 

polypeptide held by hydrogen bonds between CO and NH groups of the peptide bonds / 
polypeptide backbone; 

 In alpha helix, hydrogen bonds form between CO and NH groups 4 a.a. apart, forming a 
3D helical structure

 In beta pleated sheet, hydrogen bonds form between CO (or NH) group of one 
region/segment and NH (or CO) group of an adjacent region/segment of a single 
polypeptide chain, forming a flat/pleated sheet;

 Tertiary structure refers to the folding of polypeptide into a specific conformation, held by 
bonds between R-groups* of structural amino acids within same polypeptide, maintained 
by hydrophobic interaction, hydrogen bonds, ionic bonds, disulfide bridges; 

 Ref to quaternary structure: more than 1 polypeptide chain to form functional protein 
held by hydrophobic interaction, hydrogen bonds, ionic bonds, disulfide bridges
between R groups between polypeptide chains;

 Folding gives rise to a specific cleft / groove - active site that is complementary in shape 
and charge to its substrate.

Describe transcription: (max 5m) 
Ref. to transcription of gene on template strand

 Ref. to RNA polymerase binding to promoter region 
 Ref. to RNA polymerase adding free ribonucleotide triphosphates and are joined

together by phosphodiester bonds
Ref. to elongation of mRNA in a 5’ to 3’ direction 

 Ref. to transcription stops after RNA polymerase reads the termination signal  (in 
prokaryotes) / polyadenylation signal  (in eukaryotes) 

 Ref. to pre-mRNA undergoes post-transcriptional processing of 5’capping, splicing and 
poly-A tailing (any 1 e.g.) to form mature mRNA;

Describe translation: (max 5m) 
 mature mRNA translocates from nucleus to cytoplasm through nuclear pores; 
 Ref. to initiation of translation at 5’ end of mRNA by assembling small and large 

ribosome and initiator tRNA; 
 Ref. to tRNA with complementary anticodon forms complementary base pairs with codon 

sequences, bringing specific amino acids to ribosome; 
 Ref. to formation of peptide bonds catalysed by peptidyltransferase in large ribosomal 

subunit; 
 Ref to stop codon and addition of release factor to A site; 
 Ref. to hydrolysis of ester bond between amino acid and tRNA, releasing polypeptide

chain from ribosome; 

Describe protein folding: (max 5 m)
 Enzymes are globular proteins with unique three-dimensional conformation / tertiary /

quaternary structure; 
Ref to primary structure being the unique sequence and number of amino acids in a 
polypeptide linked by peptide bonds; 

 Ref to secondary structure being the regular coiling and folding/pleating of the
polypeptide held by f the peptide bonds / 
polypeptide backbo

 In alpha helix, hydro a.a. apart, forming a 
3D helical structure

 In beta pleated sh NH) group of one 
region/segment and NH (or CO) group of an adjacent region/segment of a single 
polypeptide chain, forming a flat/pleated sheet;

 Tertiary structure refers to the folding of polypeptide into a specific conformation, held by 
bonds between R-groups* of structural amino acids within same polypeptide, maintained 
by hydrophobic interaction, hydrogen bonds, ionic bonds, disulfide bridges; 

 Ref to quaternary structure: more than 1 polypeptide chain to form functional protein 
held by hydrophobic interaction, hydrogen bonds, ionic bonds, disulfide bridges
between R groups between polypeptide chains;

 Folding gives rise to a specific cleft / groove - active site that is complementary in shape 
and chargegg  to its substrate.

structure being the regular coiling and fold
y hydrogen bonds between CO and NH groups of
one; 
ogen bonds form between COO andndnd NNHH H groups 4 a

heet, hydrogen bonds form between CO (or
d NH (or CO) group of an adjacent region/se

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



11

 Folding brings catalytic amino acids and binding amino acids far apart in the primary 
structure / polypeptide close together in the active site 

Overall max 12m. 

 Folding brings catalytic amino acids and binding amino acids far apart in the primary 
structure / polypeptide close together in the active site 

Overall max 12m. 
 (b) Discuss the importance of anaerobic respiration, and why it produces few ATP. 

[13]
(b) Discuss the importance of anaerobic respiration, and why it produces few ATP. 

[13]
Importance of anaerobic respiration (max 4) 

 Produces ATP even though no oxygen is available; 
 Ref to heart pumping at maximum rate, and not delivering enough oxygen to 

mammalian muscle
 Importance to human: Yeast produce alcohol for use. 
 Reference to death/ ATP used for cellular processes/ allow ATP to be made, so few 

ATP is better than none. 
 AVP; 

Why it produces few ATP (max 10) 
 No oxygen as final electron acceptor; 
 No oxidative phosphorylation, no Krebs cycle and no link reaction; 
 Only glycolysis takes place; 
 Produces 2 ATP per glucose; 
 By Substrate level phosphorylation; 
 19 times lesser compared to aerobic respiration/ aerobic respiration makes 38 ATP 

per glucose; 
 Due to NAD and FAD not regenerated by Oxidative phosphorylation; 
 Aerobic respiration produces a lot of ATP because 1 NADH and 1 FADH2 give 3 ATP 

and 2 ATP respectively per glucose. 
 However, NAD is regenerated by fermentation/ NADH made in glycolysis is 

regenerated to NAD in fermentation; 
 Energy is still trapped in ethanol and lactate; 

[ ]
Importance of anaerobic respiration (max 4) 

 Produces ATP even though no oxygen is available;
 Ref to heart pumping at maximum rate, and not delivering enough oxygen to 

mammalian muscle
 Importance to human: Yeast produce alcohol for use. 
 Reference to death/ ATP used for cellular processes/ allow ATP to be made, so few 

ATP is better than none. 
 AVP;

Why it produces few ATP (max 10) 
 No oxygen as final electron acceptor; 
 No oxidative phosphorylation, no Krebs cycle and no link reaction; 
 Only glycolysis takes place;
 Produces 2 ATP per glucose; 
 By Substrate level phosphorylation; 
 19 times lesser compared to aerobic respiration/ aerobic respiration makes 38 ATP 

per glucose; 
 Due to NAD and FAD not regenerated by Oxidative phosphorylation;
 Aerobic respiration produces a lot of ATP because 1 NADH and 1 FADH2 give 3 ATP 

and 2 ATP respectively per glucose. 
 However, NAD is regenerated by fermentation/ NADH made in glycolysis is

regenerated to NAD in fermentation;
 Energy is still trapped in ethanol and lactate; gy pp ;

[Total: 25][Total: 25]

5 (a) Discuss the importance of membranes in the reproductive cycle of the influenza virus. [12]5 (a) Discuss the importance of membranes in the reproductive cycle of the influenza virus. [12]
1. Envelope/ cell membrane of viruses contains haemagglutinin (HA/H); which mediates

the binding of the virus to specific receptor sites containing sialic acid sugars on the cell
surface membrane of epithelial cells;; (especially in the nose, throat and lungs of
mammals and intestines of birds);

2. Importance: allows the virus to recognize and attach to specific host cells;
3. The virus enters by endocytosis  as the host cell membrane invaginates,  forming a

endocytic vesicle / endosome;
4. Importance of membrane: fluid nature of the membrane allows formation of vesicles;
5. Within the endosome, the acidic pH causes the hemagglutinin protein to undergo a

conformational change; 
6. Importance of membrane: allow the setting up of an acidic medium within the

endosome (with the help of proton pumps on endosome membrane);
7. Resulting in the fusion of the viral envelope  with the endosome membrane;
8. releasing the nucleocapsid into the cytoplasm;
9. (During synthesis of the new viruses) glycoproteins(HA and NA) are first synthesized in

the rER; and then chemically modified in the Golgi apparatus (both are single
membrane bound organelles in the host cells);;

10. The glycoproteins are then transported to the cell membrane via (secretory) vesicles
(pinched off the Golgi apparatus);

11. These vesicles then fuse with the host cell membrane, thereby
incorporating/embedding the glycoproteins into the (host) cell surface membrane;

12. These sites then serve as exit point for viral release;

( ) p p y [ ]
1. Envelope/ cell membrane of viruses contains haemagglutinin (HA/H); which mediates

the binding of the virus to specific receptor sites containing sialic acid sugars on the cell
surface membrane of epithelial cells;; (especially in the nose, throat and lungs of
mammals and intestines of birds);

2. Importance: allows the virus to recognize and attach to specific host cells;
3. The virus enters by endocytosis  as the host cell membrane invaginates,  forming a

endocytic vesicle / endosome;
4. Importance of membrane: fluid nature of the membrane allows formation of vesicles;
5. Within the endosome, the acidic H causes the hem utinin protein to undergo a

conformational cha
6. Importance of membrane: allow the setting up of an acidic medium within the

endosome (with the help of proton pumps on endosome membrane);
7. Resulting in the fusion of the viral envelope  with the endosome membrane; 
8. releasing the nucleocapsid into the cytoplasm;
9. (During synthesis of the new viruses) glycoproteins(HA and NA) are first synthesized in

the rER; and then chemically modified in the Golgi apparatus (both are single
membrane bound organelles in the host cells);;

10. The glycoproteins are then transported to the cell membrane via (secretory) vesicles
(pinched off the Golgi apparatus);

11. These vesicles then fuse with the host cell membrane, thereby
incorporating/embedding the glycoproteins into the (host) cell surface membrane;

12. These sites then serve as exit ppoint for viral release;

mbrane: fluid nature of the membrane allows form
ome, the acidic pH causes theee hhhemememagglutinin p
ange; 

membrane: allow the setting up of an acidic
he help of proton pumps on endosome membrane
sion of the viral envelope  with the endosome me
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13. New viruses leave the host cells through budding; thereby acquiring the host cell
membrane (=envelope);

14. Neuraminidase (NA/N), present on cell membrane helps in the release of new viruses
by  infected cells by cleaving off the sialic acids present on the host cells;

13. New viruses leave the host cells through budding; thereby acquiring the host cell
membrane (=envelope);

14. Neuraminidase (NA/N), present on cell membrane helps in the release of new viruses
by  infected cells by cleaving off the sialic acids present on the host cells;

 (b) Distinguish the differences in transcriptional control between E. coli and yeast cell, and 
explain the significance of post-translational control in yeast cell. [13]

(b) Distinguish the differences in transcriptional control between E. coli and yeast cell, andi
explain the significance of post-translational control in yeast cell. [13]

Point of 
comparison

E. coli Yeast cell 

Operon Allows bacteria to coordinately 
regulate a group of genes that 
encode gene products with 
related functions. 

Group of genes that encode gene 
products with related functions are 
located on different chromosomes. 

Regulatory 
gene – 
repressor and 
binding site 

Codes for a repressor which 
binds to operator 

repressor protein binds to silencer 
(distal control element) 

activator and 
binding site 

Catabolite Activator Protein (CAP) 
binds to CAP binding site on 
promoter. 

Activator protein binds to enhancer 
(distal control element) 

Promoter One promoter controlling a group 
of structural genes coding for 
enzymes involved in the same 
metabolic pathway 

One promoter for each gene 

mRNA Polycistronic mRNA 
one mRNA code for more than 1 
protein

Presence of several start and stop 
codons

Monocistronic mRNA  
one mRNA code for 1 protein 

1 start codon 1 stop codon 

Accessibility 
of RNA 
polymerase to 
promoter

Inducible – inducer binds to active 
repressor allosterically to change 
its conformation such that it 
becomes inactive as its binding 
site is no longer complementary 
to operator sequence, therefore 
RNA polymerase is able to bind to 
promoter/ repressible operon – 
co-repressor (trp) binds 
allosterically to inactive repressor 
to change its conformation such 
that it becomes active as its 
binding site is now 
complementary to operator 
sequence, therefore RNA 
polymerase is no longer able to 
bind to promoter. 

State at least two: 
Histone Acetylation / Histone 
methylation/ DNA methylation 

Number of 
chromosomes
involved

Operon is within the bacterial 
chromosome

More than one chromosome 
involved resulting in a coordinated 
response.

(8 maximum from above) 

p g p y [ ]

Point of 
comparison

E. coli Yeast cell 

Operon Allows bacteria to coordinately 
regulate a group of genes that 
encode gene products with
related functions.

Group of genes that encode gene
products with related functions are 
located on different chromosomes.

Regulatory 
gene – 
repressor and
binding site 

Codes for a repressor which
binds to operator 

repressor protein binds to silencer 
(distal control element) 

activator and
binding site 

Catabolite Activator Protein (CAP) 
binds to CAP binding site on 
promoter. 

Activator protein binds to enhancer 
(distal control element) 

Promoter One promoter controlling a group
of structural genes coding for 
enzymes involved in the same 
metabolic pathway 

One promoter for each gene 

mRNA Polycistronic mRNA 
one mRNA code for more than 1
protein

Presence of several start and stop
codons

Monocistronic mRNA 
one mRNA code for 1 protein

1 start codon 1 stop codon 

Accessibility 
of RNA 
polymerase to 
promoter

Inducible – inducer binds to active 
repressor allosterically to change 
its conformation such that it 
becomes inactive as its binding 
site is no longer complementary 
to operator sequence, therefore 
RNA polymerase is able to bind to
promoter/ repressible operon – 
co-r
allo
to c
that
bind
complementary to operator 
sequence, therefore RNA
polymerase is no longer able to
bind to promoter.

State at least two:
Histone Acetylation / Histone
methylation/ DNA methylation 

Number of 
chromosomes
involved

Operon is within the bacterial 
chromosome

More than one chromosome 
involved resulting in a coordinated
response.

(8(  maximum from above)) 

moter/ repressible operon – 
repressor (trp) binds 

osterically to inactive repressororo  
change its conformation such
t it becomes active as its 
ding site is now

mplementary to operator
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Importance of post-translational control: 

a) Cleavage and/or covalent modification  
 Give 1 suitable example - glycosylation, disulfide bond formation, attachment of 

prosthetic groups etc. is required. 

b) Form functional protein - newly synthesized proteins need to be modified for proper 
assembly / functioning 

c) Regulate - control cellular activity / influence biological activity 

d) Eg: phosphorylation/dephosphorylation may activate/inactivate proteins (e.g. 
kinases in phosphorylation cascade)  

e) Degrade proteins allows control of protein activities OR prevent aberrant activities 
so that proteins will not stay too long in cytoplasm and still be active  

f) E.g. Proteins are linked to ubiquitin that will target a protein for degradation.  

g) (Save/recycle resources) - proteins not needed can be hydrolysed to amino acids, to 
be used for synthesis of new proteins 

h) (Heterogeneity) - many different proteins modified from one polypeptide serve 
different function so smaller no of proteins/ small genome needed 

i) (Localisation) – direct proteins to particular locations inside and outside cell  

j) Eg: modifications at terminus of amino acid chain help target proteins for 
transporting to final destination in the cell / move across membranes/ tag proteins to 
be incorporated in various cellular and organelle membranes 

(7 maximum from above) 

Importance of post-translational control: 

a) Cleavage and/or covalent modification 
Give 1 suitable example - glycosylation, disulfide bond formation, attachment of 
prosthetic groups etc. is required.

b) Form functional protein - newly synthesized proteins need to be modified for proper 
assembly / functioning 

c) Regulate - control cellular activity / influence biological activity

d) Eg: phosphorylation/dephosphorylation may activate/inactivate proteins (e.g. 
kinases in phosphorylation cascade)  

e) Degrade proteins allows control of protein activities OR prevent aberrant activities 
so that proteins will not stay too long in cytoplasm and still be active  

f) E.g. Proteins are linked to ubiquitin that will target a protein for degradation. 

g) (Save/recycle resources) - proteins not needed can be hydrolysed to amino acids, to 
be used for synthesis of new proteins

h) (Heterogeneity) - many different proteins modified from one polypeptide serve 
different function so smaller no of proteins/ small genome needed

i) (Localisation) – direct proteins to particular locations inside and outside cell  

j) Eg: modifications at terminus of amino acid chain help target proteins for 
transporting to final destination in the cell / move across membranes/ tag proteins to 
be incorporated in various cellular and organelle membranes 

(7 maximum from above) 
[Total: 25]

( )
[Total: 25]
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Answer all the questions. 

1 The enzyme lipase catalyses the hydrolysis of triglycerides into fatty acids and glycerol. 

You are required to investigate the effect on the lipase-catalysed reaction of the independent 
variables: 

 enzyme concentration 
 presence of calcium ions 

The substrate for lipase will be the triglycerides present in milk. 

The progress of this hydrolysis can be monitored by using an indicator, T, which changes colour due 
to the production of fatty acids.  

You are provided with the following solutions; 

25cm3 of milk containing calcium ions, labelled M+C, 
25cm3 of milk without calcium ions, labelled M, 
25cm3 of indicator solution, labelled T, 
30cm3 of sodium carbonate solution, labelled A, 
20cm3 of 10% lipase solution, labelled E10, 
20cm3 of 5% lipase solution, labelled E5, 

Lipase is an irritant. You are advised to wear the eye protection provided. Contact of the 
solution with your skin should be avoided. If it touches your skin, wash it off with tap water. 

Proceed as follows. 

 (a) Stage 1 

Use the beaker or container provided to make a water-bath with warm water, between 380C and 
420C. 

Stage 2 

Label four boiling tubes, B1, B2, B3 and B4. 

Using the syringes, put: 

 2cm3 of solution M+C into each of the boiling tubes labelled B1 and B2, 
 2cm3 of solution M into each of the boiling tubes labelled B3 and B4, 
 2cm3 of solution T into each of the boiling tubes labelled B1, B2, B3 and B4 and gently 

shake, 
 3cm3 of solution A into each of the boiling tubes labelled B1, B2, B3 and B4 and gently 

shake so that all the mixture turns blue. Minor variations in colour between the tubes can 
be ignored as long as the contents are blue. 

Put the four boiling tubes into the water-bath for at least three minutes, before progressing to 
Stage 3. 

Stage 3 

After the boiling tubes have been in the water-bath for three minutes, start a stopwatch, which 
will be left running continuously throughout the investigation. Start and end times will be taken 
from this stopwatch. 

Stage 4 
[3] 

on T into each of the boiling tubes labelled B1, B

on AAAAA iiiiintnnnn o eaeaeaaachchchchc ooooof fff thththhheeeeee boboboboboiling tttut bebebebeebebebebebebebebebebebeeeessss s ss lalalalalalaaabebebebebebebeeelllllllllledededed B1B1B1B1B1B , B
all ttthe mimimimm xtxtxtxtxtururururu e tuuuuurnrnrnrnrnsssss blblblblbbbb ueueueueue. MiMiMiMMiMMM nnnonn r vavavvav iririririataatatataaata iiioioii nsnsnsnsnss iiiiinnnn n cococococ lo
longngngnngg aaaaasssss ththhththe eeee cococococontntntnn enenenenentststststs aaaaaarereerere bbbbblululululue.e.e.e.e.e  

b i t th t b th f t l t th i t
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Remove the boiling tubes labelled B1 and B3 from the water-bath and put them in a boiling tube 
rack. Use a syringe to put 2cm3 of solution E10 into each of these two boiling tubes and mix well. 
Record the start times in Table 1.1, below. 

Stage 5 

Observe the boiling tubes B1 and B3 and record the times at which the colour changes (end 
times) in Table 1.1. If the time taken for the colour to change for any boiling tube is longer than 
five minutes, record ‘no change’. 

Stage 6 
Remove the boiling tubes labelled B2 and B4 from the water-bath and put them in a boiling tube 
rack. Use a syringe to put 2cm3 of solution E5 into each of these two boiling tubes and mix well. 
Record the start times in Table 1.1. 

Stage 7 
Observe the boiling tubes B2 and B4 and record the times at which the colour changes (end 
times) In Table 1.1. If the time taken for the colour to change for any boiling tube is longer than 
five minutes, record ‘no change’. 

Stage 8 
Calculate the time taken for the colour to change for each of the boiling tubes B1-B4, and record 
this in Table 1.1. If the time taken for the colour to change for any boiling tube is longer than five 
minutes, record ‘no change’. 

Table 1.1 
B1 B2 B3 B4

Start time/s 
Time at which 

colour changes 
(end time)/s 

Time taken for 
colour to 
change/s [3] 

 Time recorded to nearest second; 
 Time recorded to whole numbers; 
 B1 and B2 takes shorter time than B3 and B4, reject if B3 records as no change; 

 (b) Prepare a table in the space below to show the effect of enzyme concentration and presence of 
calcium ions on the hydrolysis of triglycerides in milk. 
Lipase concentration/ 
% 

Presence of calcium 
ions 

Time taken for colour 
to change/ s 

Rate of hydrolysis / 
s-1 

5 Present
5 Absent
10 Present
10 Absent

T1 - Well presented - fully ruled table;  
T2 - Heading with lipase concentration and correct units; 
T3 - Heading with presence of calcium ions, no units; 
T4 - Time taken or rate of hydrolysis recorded with appropriate units; 
T5 - Values brought over and filled in correctly + correct calculation of rate; 
T6 - Consistent number of dp: time and lipase concentration in whole numbers, rate to 3 sf; [6] 

 (c) Describe how you could set up a control for the effect of lipase. 
Replace lipase with equal volume/ 2 cm3 of distilled water, subject the tube to same experimental 

ionsns too change/ s 
PrPreesenent
AbAbses ntnt
PPrese tnt
AAbsbsenentt 
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conditions. This shows that a shorter time taken/ no colour change is due to enzymatic action of 
lipase in breaking down triglycerides. 

Also accept: boiled and cooled lipase 

 (d) Identify one significant source of error in measuring the dependent variable in this investigation. [1] 
Determination of extent of green colour as end point is subjective via visual inspection. 

 (e) State two ways in which the experimental procedure could be improved. 
 Use a colorimeter/ spectrophotometer/ pH probe to determine a fixed absorbance value/ 

wavelength of light/ fixed pH vale as end point; 
 Use an electrostatically controlled water bath and monitor temperature using a 

thermometer; 
 Equilibrate temperature of enzymes E5 and E10 separately first before mixing with M and 

M+C; 
 Use a white tile as background for clearer observation of colour change; 
 Use a colour chart with end point colour to compare for clearer observation of end point; 
 Prepare a negative control boiling tube to compare the colour change against experimental 

tubes for clearer observation of end point; 

Reject: 
 Do replicates/ repeats 

 (f) Explain why the method used in this investigation is not suitable for investigating the effect of pH 
on the activity of lipase. 
 Triglycerides will yield fatty acids and glycerol as products upon hydrolysis/ Fatty acids will 

reduce the pH of the solution; 
 The variable being manipulated (pH) and that being measured (amount of fatty acids to 

indicate lipase rate of reaction) is the same/ fatty acids will change the pH of the boiling tubes 
and therefore not possible to keep a constant pH to investigate its effects; 

Some students carried out an investigation using lipase and found that its activity was affected by the 
concentration of copper sulfate solution. All other variables were kept constant. 

The results of their investigation are shown in Table 1.2. 

Table 1.2 
Copper sulfate concentration/ X10-3 moldm-3 Lipase activity/arbitrary units 

1.0 26.0
2.0 12.0
3.0 5.0
4.0 2.5
5.0 1.5

 (g) Plot a graph of the data shown in Table 1.2, on the grid below. 

G1 – appropriate scale + graph occupies at least half of graph paper in both x and y axis 
direction + origin labeled + last y-axis label beyond last plotted point; 
G2 - Correctly labelled X and Y axis + correct units + x and y axis values labeled to one dp; 
G3 - Plot individual points precisely using a cross 
G4 - Line of best fit, Sharp, clear line through/close to the plotted points. 

Reject: 
 Extrapolated beyond the data 
 Unsuitable scale on x and y axis 

ta ssshohohoohownwnwnwwn iiiiinnn TaTaTaTaTablbbb eeeee 1.1.1.1..222,222 oooooon nnnnn thththththt eeeeee grid bbbbbbelelelelelelowowowow....

12
5
2
1
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 Lacked precision in plotting data. 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[4] 
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 (h) Describe and explain these results. 

 [Total: 21]

theeeseesee resesesessuulululu tsttsts. 
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2 K1 and K2 are stained, transverse sections of leaves from two different species of plant.   
(a) (i) Make a large, labelled, plan drawing of K1 to show the distribution of tissues in the leaf 

lamina (avoiding the midrib). Details of individual cells are not required. 
 

   

 
 

 [3] 
    
 (ii) Make a labelled, high-power drawing to show the detailed structure of three adjacent cells 

from the palisade mesophyll layer. 
 

   

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[3] 
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 (iii) Use the stage micrometer to determine the area of the field of view under high power. 
Calculate the average density of palisade mesophyll cells. State the magnification used and 
show your working.   

Density = Average number of cells/ Area of field of view  
(NOT mass/volume!!) 

To calculate the area of the field of view under high power (i.e. x400 or x600 only), 

Use the stage micrometer divisions.  
At x400, you can see there are 44 or 45 of stage micrometer divisions in diagram below.  
Each division is 0.01 mm. Hence the diameter of the field of view is 0.44 mm. 
Radius = 0.22 mm at x400 

Area =  r2 =  (0.22)2 = 0.152 mm2 (1 mark) 

Count the number of palisade mesophyll at least twice. Then get average number of cells. 
Say you got 112 cells. (1 mark) 

So density  
= Average number of cells/ Area of field of view 
= 112/ 0.152 = 737 mm-2. (1 mark) 

At x600 magnification, diameter = 30 stage micrometer divisions = 30 x 0.01 = 0.3 mm 
Hence radius = 0.15 mm. 

[3] 

 (iii) Calibrate the eyepiece graticule using the stage micrometer so that you can use it to measure 
the length along one palisade mesophyll under a suitable magnification. Repeat until you have 
three measurements. State the magnification used and show your working in calculating 
the average length.   

  X400 

Calibration (1 mark) 
40 eyepiece graticule units = 10 divisions on stage micrometer 
1 division on stage micrometer = 0.01 mm 
Hence 40 eyepiece graticule units = 10 x 0.01 = 0.1 mm 
1 eyepiece graticule = 0.1/40 = 0.0025 mm = 2.5 m (1 mark) 
(1 mm = 1000 m) 

Measurement of average palisade mesophyll cell length 

Readings Eyepiece graticule units
1 19
2 18

Average 18.5 (1 mark) 

18.5 x 2.5 m = 46.25 m (1 mark for accuracy) 

Note: At x 600, 

Calibration (1 mark) 
1 eyepiece graticule = 1.6 m or 1.6 m (1 mark) 
(1 mm = 1000 m) 

(b) The plant species from which K2 was taken grows in a dry habitat. 

19
1818

agee 1818.5.5 (11 mamarkrk)) 

5 mm ((11 mamarkrk fforor aaccccururacacy)y)
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Examine K2, using your microscope. 
State four observable features that distinguish K2 from K1 and present the differences in a suitable 
format. 
Any 4 below: 

Features K1 (Ficus) K2 (Marram grass) 
Shape of leaf Leaf is flat Leaf is curled/ rolled 
Hair-like structures Absent Present 
Protrusions Absent Present
Stomata number More Fewer 
Location of stomata More exposed to air/ lower 

epidermis 
Not exposed/ sunken/ within 
grooves 

Air spaces between cells More Little 
Mesophyll cells Elongated (palisade) or round 

(spongy) 
Round 

Cuticle layer 2 layers/ on both sides of leaf 1 layer on one side 

[4] 

(c) You are required to investigate some aspects of the water relation of living plant cells. 
 (i) Label three test tubes B1, B5, B10 and C5 respectively. 

Using a syringe or pipette, prepare the three concentrations of sucrose using the water and 1.0 
mol dm-3 sucrose solution provided. Record the volume of water and 1.0 mol dm-3 sucrose 
solution used in the table below. The total volume of different concentrations of sucrose should 
be 10 cm3. Then place 10 cm3 of sucrose into each of these tubes. 

Tube B1 B5 B10
Concentration of sucrose 
solution (10 cm3) 

0.1 mol dm-3 0.5 mol dm-3 1.0 mol dm-3 

volume of water 9.0 5.0 0.0

volume of 1.0 mol dm-3 sucrose 
solution 

1.0 5.0 10.0

[2] 

Transfer all 10 cm3 0.5 mol dm-3 sucrose solution from B5 into a test tube labelled C5 and add three 
drops of the dye, methylene blue (labelled MB) to it. Shake tube C5 to make the colour uniform. Suck 
up a little of this blue 0.5 mol dm-3 sucrose solution into a pipette and then, with the tip of this pipette 
held stationary, half way down the solution in tube B1 (see diagram below), very gently release three 
drops from the pipette. Do not squirt these drops into the solution. Withdraw the pipette slowly. 

dmmmmm-3-3-3-33 sssssuccrororooosesseses sssssoooloo utututututionnn nn frrrfrfrooomoo  BBB5B5BBB iiiiiiiiiiintntnntnnntnntntnnnnn oooooo aaaaaaaaaaaaaaaa tetetetetetestttttt ttttttuuuubuu e l
e blblblblb ueueuee ((((lalalalabebebeeellllllled MBMBMBMBMBM )))) ) totototot  it. SSSSShahahahahake tt bububbbe e e e ee C5C5C5C5C5 tttttooooo mamamamamake
ol dddddmmmmm-3-3-3-3-3 ssssucucuucucrororororoseseseses sssssolololololututututututioooiooon nnnn inininininntototototoo aaaaa pippppppetetetetetttetetetetet aaaaandndndndndn  then,
wn tthhheh  s lloll tuttion iiini  tubbbbeeee B1BB1B1B1 ((((see didiiiaaaaga rammmmmm below), 
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 Carefully observe the movement of the blue liquid. Repeat the procedure of B10.  
   
 (i) Record your observations in a suitable format for B1 and B10.  
   B1 B10 

Observations Blue liquid disperses and 
sinks/ remain suspended 

Blue liquid disperses and 
sinks to the bottom/ float. 

 

 
 
 

[2] 
  [Total: 20] 
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3 Planning question 

Yeast undergoes aerobic respiration, breaking down glucose into carbon dioxide and water. This 
process is catalyzed by enzymes. 

Methylene blue is an artificial hydrogen acceptor which is blue in the oxidised form and 
colourless when reduced. 

       coloured methylene blue         colourless methylene blue  

A colorimeter can be used to measure the absorbance of light of 550 nm by methylene 
blue solution. When methylene blue is reduced and becomes colourless, its absorbance 
reading will become 0 arbitrary units. Yeast suspension has an absorbance value of 15 
arbitrary units. The colorimeter is shown in Fig. 4.1 below. 

Using this information and your own knowledge, design an experiment to test the hypothesis that: 

“The rate of respiration in yeast cells is dependent on the concentration of sucrose 
solution.” 

Your plan should: 
 have a clear and helpful structure such that the method you use is able to be repeated by 

anyone reading it, 
 identify independent and dependent variables, 
 describe the method with scientific reasoning used to decide the method so that the results are 

as accurate and reliable as possible, 
 include layout of results tables and graphs with clear headings and labels, 
 use the correct technical and scientific terms, 
 include reference to safety measures to minimize any risks associated with the proposed 

experiment. 

Your planning must be based on the assumption that you have been provided with the following 
equipment and materials which you must use: 

% absorbance 
shown by meter 

Light sensor 

Cuvette holding 
yeast solution 

Filter that allows light of 
550nm to pass through 
th h

Bulb 

Fig. 4.1 

Colorimeter 

Cover 

reduction 

pfuuul sssstrtrtrtrt uctutuureeeee sssssuuucuu h hhhh thththtthatatatatat tttthhheh mmmmmetetetetettttthohohhohohhohohodddddd d yoyoyoyoyoyoyyyyyy uuuu usususususu eee e ee isisisisss a

nd vararaaraa iaiaiaiaiaaablblblblbblles,,,,ddddepepepepeependent
withhhh usususususu ededededed ttto deeeeeeciciciciciideddddd ttttthehehehehee mmmmmethodsscicicicicicicienenenenentitittitititififififificccc rerereasasasasonnnnninininininggggg

e as possible
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 active yeast suspension 
 1.0 mol dm-3 glucose solution   
 methylene blue 
 test tubes 
 stopwatch 
 colorimeter 
 2 cuvettes 
 beakers 
 a variety of different sized measuring cylinders, syringes and pipettes for measuring volumes 
  

Theoretical considerations (max 1m): 
 During respiration, NAD+ and FAD are reduced to form NADH and FADH2 during glycolysis, 

link reaction and Krebs cycle; 
 Methylene blue replace NAD+ and FAD, it changes colour from blue to colourless when it is 

reduced; 

Measurable Quantity (1m): 

 The time taken for methylene blue to reach absorbance value of 15 a.u can be used to 
measure the rate of respiration; 

Predicted Trend (1m): 
 As concentration of glucose increases, time taken for methylene blue to decolorise and reach 

absorbance value of 15 a.u. decreases; 
 Increase in frequency of effective enzyme-substrate collision between glucose and enzyme, 

increasing the rate of reaction; 

Dependent variable (1m): 
 Concentration of glucose solution/ moldm-3.  

Independent variable (1m): 
 Time taken for methylene blue to decolorise and reach 15 a.u of absorbance value/s.  

Control (1m): 
 Replace glucose solution with same volume of distilled water, subject to same experimental 

conditions to see that decolorisation is due to respiration when glucose is available; 

Procedure: 

 Carry out simple/ serial dilution of 1.0 mol dm-3 glucose solution with at least 5 different
glucose concentration;  

 Shows dilution table with correct calculation + correct headings + total volume same in all 
tubes + vol recorded to 1 dp; 

Concentration of glucose/ mol 
dm-3 

Vol. of glucose solution/ cm3 Vol. of distilled water/ cm3 

1.0 10.0 0.0

0.8 8.0 2.0

t decolorisation is due to respiration when glucos

 diilulutit on off 11.0 momoll dmdm-3 gluluccose solutututioioion n n wiwiwiththt aaat le
  
th correct calculation ++ correct headings + total vo
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0.6 6.0 4.0 

0.4 4.0 6.0 

0.2 2.0 8.0 

 
 Add stated volume (not exceeding 3 cm3) of methylene blue solution to stated volume (equal or 

more) of glucose solution; 
 Ensure yeast suspension is stirred before adding to glucose solution to (scientific reasoning) 

ensure that yeast is well suspended/ not at the bottom of beaker; 
 Add stated volume of yeast (equal volume/ more than glucose) to mixture;  

Total volume should not exceed 15 cm3.  
 Stir with a glass rod to (scientific reasoning) mix well; 
 Pour mixture into cuvette provided and place cuvette into colorimeter (set to 550 nm);  
 Start the stopwatch immediately and stop when absorbance reading on meter reaches 15 a.u. 
 Record the time taken in a suitable table;  
 Repeat experiment for the rest of the glucose solution; 
 Rinse cuvette with distilled water and dry in between each measurement; 
 Perform 2 replicates for each glucose solution to ensure accuracy; 
 Repeat the experiment twice to ensure reproducibility;  

 
Results and Graph (2 m: 1m table; 1 m graph) 
 

Concentration 
of glucose/ mol 

dm-3 

Time taken for methylene blue to decolorize/ s Rate of respiration/ 
s-1 Time 1 Time 2 Time 3 Average 

1.0      
0.8      
0.6      
0.4      
0.2      

 
 Table with appropriate headings and units; 

 
Graph 
 

 Graph with appropriate axes: 
X-axis: concentration of glucose/ mold m-3 
Y-axis: rate of respiration/ s-1 

 Correct shape of graph sketched 
 
Safety considerations: 
 (Precaution) Dry your hands before switching the colorimeter on or off to (risk) avoid 
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being electrocuted. 

 (risk) Methylene blue solution can be harmful / a skin irritant.  (Precaution) Wear glove and 
goggles;  
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Additional Material: Multiple Choice Answer Sheet 

READ THESE INSTRUCTIONS FIRST 

Write in soft pencil. 
Do not use staples, pencil clips, highlighters, glue or correction fluid. 
Write your name, centre number and index number on the Answer Sheet provided. 

There are thirty questions in this paper.  Answer all questions.  For each question there are four 
possible answers, A, B, C and D.
Choose the one you consider correct and record your choice in soft pencil on the separate answer 
sheet. 

Read the instructions on the Answer Sheet very carefully.

Each correct answer will score one mark. A mark will not be deducted for a wrong answer. 
Any rough working should be done in this booklet. 

Calculators may be used. 

This question paper consists of 23 printed pages.
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1 The electron micrograph shows root cells from the duckweed plant. 

Which of the following options about structures 1 to 5 is correct? 

Contain ribosomal 
subunits Contain tRNA Contain phospholipids 

A 1, 2, 3 3 only 1, 4 
B 1, 3, 4 1, 3 2, 5 
C 1, 3, 5 1, 2, 4 2, 4, 5 
D 2, 4, 5 2, 4, 5 1, 3, 4, 5 

1

2
3

4

5
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2 Plants are able to regulate their thylakoid membrane fluidity at different seasons of the year. 
In an investigation on thylakoid membrane fluidity in spinach leaves, three variables which 
influence membrane fluidity were measured at winter and summer. 

Variable Season X Season Y 
Percentage of saturated fatty acids 15.5 13.9
Average number of double carbon bonds per 
lipid 

4.71 4.76 

Lipid to chlorophyll ratio 2.9 2.1

Which of the following correctly identifies season X, with the most possible explanation? 

A Winter; a higher lipid to chlorophyll ratio increases proportion of weak hydrophobic 
interactions resulting in a more fluid membrane at lower temperatures 

B Summer; a higher proportion of saturated fatty acids prevents phospholipids from 
moving too far apart at higher temperatures 

C Winter; a higher proportion of saturated fatty acids prevents phospholipids from packing 
too closely at lower temperatures 

D Summer; a higher number of kinks per lipid allows phospholipids to pack closely together 
at higher temperatures 

3 The diagram shows the relationship between the size, lipid solubility and ability of molecules 
to cross the mammalian cell surface membrane. The diameter of the black circles in the 
diagram is proportional to the size of the molecules.    

Which of the following could molecules W to Z represent? 

W X Y Z 
A calcium chloride methane cholesterol glucose 
B glucose water carbon dioxide cholesterol 
C calcium chloride water glucose cholesterol 
D glucose methane carbon dioxide calcium chloride 

W

Y

 Z 

X

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



4

ACJC 9744/01/Prelim 2017 [Turn Over

4 Dextrins are a group of carbohydrates with low molecular weight, and are produced by 
hydrolysing starch or glycogen. Which of the following is/are not likely to be a segment from 
a dextrin molecule? 

1 2

3              4 

A 1, 3 and 4 only 
B 1 and 4 only 
C 2 and 3 only 
D 4 only 

5 The diagram below shows the initial rate of reaction at different temperatures, using constant 
substrate and enzyme concentrations. 

Which of the following is/are possible reason(s) for the decline shown in region X? 

1 End product inhibition occurs to inhibit enzyme activity  
2 Depletion of substrate at the end of the enzyme catalysed reaction 
3 Disruption of intramolecular bonds in the enzyme  
4 Change in ionic charges at the active site of the enzyme  

A 1, 2, 3 and 4 
B 1 and 2 only 
C 3 and 4 only 
D 3 only 

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



5

ACJC 9744/01/Prelim 2017 [Turn Over

6 The diagram shows an electron micrograph of a bacterial cell. 

Which of the following correctly identifies the functions of structures W, X, Y and Z? 

W X Y Z 

A Maintains shape of 
bacterial cell 

Protects bacterial 
cell against 
desiccation 

Contains antibiotic 
resistance genes 

which may be 
beneficial to the 

bacterial cell 

Serves as the site 
of protein 
synthesis

B Controls the 
passage of 

substances into 
and out of the cell 

Maintains shape of 
bacterial cell 

Contains genetic 
information which 
is essential to the 

survival of 
bacterial cell 

Serves as the site 
of translation of 

mRNA 

C Controls the 
passage of 

substances into 
and out of the cell 

Maintains shape of 
bacterial cell 

Contains antibiotic 
resistance genes 

which may be 
beneficial to the 

bacterial cell 

Protects bacterial 
cell against 
desiccation 

D Protects bacterial 
cell against 
desiccation 

Protects bacterial 
cell from the action 

of phagocytes 

Contains genetic 
information which 
is essential to the 

survival of 
bacterial cell 

Maintains shape of 
bacterial cell 

X

W
Z

Y
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7 The diagram below shows the enterobacteria phage P22 which is a bacteriophage that 
infects the bacterium Salmonella typhimurium. The genetic material and replication cycle of 
P22 are similar to the lambda phage.

Which of the following statements can be inferred? 

A It is a virulent phage which contains double-stranded RNA and undergoes the lytic cycle.
B It has a spherical envelope that is obtained when the phage buds from the host cell. 
C It forms a prophage, which is replicated and passed to the daughter bacterial cells during 

cell division.
D It has tail fibres which allow the phage to attach to various species of host bacteria. 
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8 Gene therapy is a technique for correcting defective genes responsible for disease 
development. It involves introducing a copy of a normal functional gene into target cells with 
non-functional genes. A vector is a vehicle usually required to deliver the functional allele 
into the patient’s target cells. 

Gene therapy was conducted on three patients to treat a neurological disease. The 
percentage of transformed stem cells introduced into their brains was monitored over a 
period of 360 days after the gene therapy. However, there was no improvement in their 
neurological condition. 

Which of the following would be the most appropriate investigation to carry out in view of the 
unsuccessful clinical trial? 

A Regulation of neurone-specific genes in transformed stem cells 
B Effectiveness of vector to deliver the gene into stem cells 
C Modification of stem cells to reduce immune reaction to transformed stem cells 
D Activation of telomerase gene in transformed stem cells 
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9 Many of the most effective antibiotics used in modern medicine are compounds made by 
fungi that inhibit bacterial protein synthesis. Among the most commonly used drugs are 
Chloramphenicol, Cycloheximide and Rifampicin. The results of the exposure to eukaryotic 
and prokaryotic cells to the above three drugs are shown. 

Anti-microbial drug Chloramphenicol Cycloheximide Rifampicin 

Eukaryotic Animal 
Cell

Truncated
polypeptides were 

found in 
mitochondria only 

Truncated
polypeptides were 

found in cytosol 

No protein 
synthesized 

Prokaryotic Cell 
Truncated

polypeptides were 
found in the cytosol 

Truncated
polypeptides were 

found in the cytosol 

No protein 
synthesized 

Which of the following shows the correct combination of the possible drug mechanisms of 
the above drugs?  

Chloramphenicol Cycloheximide Rifampicin 

A Inhibits the peptidyl 
transferase activity of the 

70S ribosomes 

Inhibits elongation by 
binding the E site of the 

ribosome hence 
preventing the release of 

tRNA 

Inhibits the transcription of 
DNA by blocking the 
movement of RNA 

polymerase on DNA 

B Inhibits the peptidyl 
transferase activity of the 

80S ribosomes 

Inhibits elongation by 
binding the E site of the 

ribosome hence 
preventing the release of 

tRNA 

Inhibits the transcription of 
DNA by blocking the 
movement of RNA 

polymerase on DNA 

C Inhibits elongation by 
binding the P site of the 

ribosome hence 
preventing the formation of 

peptidyl tRNA 

Inhibits elongation by 
binding the A site of the 

ribosome hence 
preventing the release of 

tRNA 

Inhibits translation by 
binding to the small 
ribosomal subunit 

D Inhibits elongation by 
binding to mRNA and 
preventing ribosomal 

translocation 

Inhibits elongation by 
binding the P site of the 

ribosome hence 
preventing the release of 

polypeptide

Inhibits translation by 
binding to the binding site of 

large ribosomal subunit  
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10 The list shows the stages in the cellular replication of DNA. 

1 Formation of phosphodiester bonds between Okazaki fragments 
2 Dissociation of DNA from histone proteins 
3 Synthesis of RNA primers 
4 Addition of deoxyribonucleotides 
5 Separation of DNA double helix  

Which is the correct sequence? 

A 5  4  3  1  2 
B 2  5  4  3  1 
C 5  2  3  1  4 
D 2  5  3  4  1 

11 Proteins X and Y play a role in regulating gene expression. 

Protein X forms a complex with GTP and mediates the binding of methionyl aminoacyl-tRNA 
to the small ribosomal subunit which then binds to the 5’ end of mRNA and scans for the first 
AUG codon. When an AUG codon is recognised, protein X hydrolyses bound GTP to GDP 
and it is released from the small ribosomal subunit. A complete ribosome then forms and 
protein synthesis begins.

Protein Y is required to cause GDP release from protein X so that it can be reused. The 
reuse of protein X is inhibited when it is phosphorylated because phosphorylated X binds to 
protein Y tightly and inactivates protein Y.  

Which of the following statements can be concluded? 

1 Proteins X and Y control gene expression by regulating translational control. 
2 Protein X is a translational initiation factor that has catalytic activity. 
3 Inactivation of protein Y will inhibit translation. 
4 Active protein kinases will decrease overall protein synthesis. 

A 1, 2, 3 and 4 
B 1 and 2 only 
C 1 and 3 only 
D 2 and 3 only 
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12 Which of the following correctly matches the state of the lac operon to the presence/absence 
of the molecule(s)? 

State of lac operon Glucose Lactose cAMP

1 On Present Present Absent 

2 On Absent Present Absent 

3 Off Present Absent Absent 

4 On Absent Present Present 

A 1, 2, 3 and 4 
B 1, 3 and 4 only 
C 1 and 2 only 
D 2 and 3 only 

13 Which of the following correctly matches the step involved in Southern blotting to its purpose?

Step Purpose 

A Transferring DNA fragments from a gel to 
a nitrocellulose paper with the use of 

alkaline solution 

To permanently attach the DNA 
fragments to a surface and to separate 
the two complementary DNA strands 

B Adding a radioactive probe To bind to all DNA fragments for 
visualisation of the DNA bands 

C Adding restriction enzymes To digest each DNA sample into 
fragments of similar lengths 

D Electrophoresis To separate DNA fragments based on 
the amount of negative charges the 

fragment has 
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14 mRNA was isolated from a normal individual and a patient suffering from cancer. The mRNA 
was allowed to hybridise with the p53 gene. The schematic diagram shows the results of the 
hybridisation process under the electron microscope.  

Which of the following could be a possible explanation why the patient is suffering from 
cancer?

A A point mutation had occurred in the intron leading to the failure to excise one intron, 
hence leading to a longer dysfunctional protein being translated. 

B A point mutation had occurred in the intron leading to an exon being excised, hence 
leading to a shorter dysfunctional protein being translated. 

C A point mutation had occurred leading to the failure of spliceosome to recognise splice 
sites leading to the excision of the wrong intron, leading to a dysfunctional protein being 
translated.

D Gene amplification had occurred leading to the multiple copies of a trinucleotide repeat 
in an intron, hence causing splice site to be misread due to frameshift mutation, leading 
to a longer dysfunctional protein being translated. 

15 A cell, in the midst of actively dividing cells in a lilium root tip, was found to be arrested in its 
cell cycle with an intact nucleus. Which of the following is/are the likely cause(s)? 

1 Damaged DNA or incomplete replication of DNA. 
2 Homologous chromosomes are unable to pair up. 
3 Incomplete formation of the mitotic spindle resulting in some chromosomes not attached 

to fibres.  
4 Centrioles fail to replicate. 

A 2, 3 and 4 only 
B 1, 2 and 3 only 
C 1 and 2 only 
D 1 only 
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16 Which of the following mutations would increase the probability of getting cancer in an 
individual? 

1 Gain-of-function mutation in a copy of the p53 gene.  
2 Somatic mutation in the second copy of the p53 gene. 
3 Deletion of a single nucleotide at the third position in a copy of the Ras gene. 
4 Gene amplification of the Ras gene, leading to multiple copies of the gene. 

A 1, 2, 3 and 4 
B 2, 3 and 4 only 
C 1 and 3 only 
D 2 and 4 only 

17 Haemophilia and red-green colour blindness are both sex-linked genetic disorders caused 
by recessive alleles. The following pedigree chart shows a family’s history of the two 
disorders. 

Assuming that the alleles for haemophilia and colour blindness were found on the same 
chromosome in generation I, which of the following individuals’ phenotype is a result of 
recombination between the haemophilia and colour blindness genes? 

A II-3 and III-1 
B II-3 and III-3 
C III-1 and III-2 
D III-2 and III-3 
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18 Three different medical therapies have been used for the treatment of influenza infection. 
Each therapeutic agent targets a different stage of the viral replicative cycle. The effects of 
each therapy is described as follows. 

Therapeutic agent Effects 

Ribavirin Competitive inhibitor which is 
structurally similar to a nucleoside 

Peramivir Inhibitor of viral neuraminidase 

Seasonal flu 
vaccine Artificially induces active immunity 

Which of the following correctly arranges the therapies in order of the stages of the replicative 
cycle they exert their effects, sorted in order of the earlier stages to the later stages? 

A Peramivir, ribavirin, seasonal flu vaccine 
B Ribavirin, peramivir, seasonal flu vaccine 
C Ribavirin, seasonal flu vaccine, peramivir 
D Seasonal flu vaccine, ribavirin, peramivir 
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19 Salmonella typhi bacteria is known to be a viable host for a newly discovered temperate 
phage, but the site of prophage integration is unknown. The following gene map shows the 
loci of four genes on the S. typhi chromosome – arg, his, leu and cys – responsible for the 
biosynthesis of four essential amino acids. Four possible prophage integration sites, W, X, 
Y, Z are indicated. 

The phages are allowed to replicate using a strain of S. typhi capable of synthesising all four 
amino acids (arg+ his+ leu+ cys+), and the replicated phages are then added to a mutant strain 
of S. typhi of genotype arg – his – leu – cys –.

After a short incubation, samples of these bacteria are plated on four different media 
supplemented with different amino acids. The following table shows whether colonies were 
observed on the various media (+ indicates the presence of an amino acid in the medium 
while – indicates its absence). 

Medium Supplementation of amino acids in medium Presence of 
coloniesArg His Leu Cys 

1 – + + + No 

2 + – + + No 

3 + + – + Yes 

4 + + + – Yes 

Which of the following is the most likely prophage integration site? 

A Site W 
B Site X 
C Site Y 
D Site Z 

W

X Y

Z
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20 Which of the following statements explains the mechanism for chemiosmosis in the synthesis 
of ATP? 

A The energy released by the reduction and subsequent oxidation of components of the 
electron transport chain is transferred to ATP synthase for the synthesis of ATP. 

B Phosphorylation of ADP is linked to the proton gradient established by the electron 
transport chain. 

C The difference in pH between the intermembrane space and the cytosol drives the 
formation of ATP. 

D The flow of H+ through ATP synthase into the intermembrane space drives the synthesis 
of ATP. 

21 The diagram below shows the rate of photosynthesis of four different plants at different 
concentrations of carbon dioxide. 

Which of the following conclusions can be made? 

1 At CO2 concentrations below 150 μl l-1, CO2 concentration is the main limiting factor for 
all the plants. 

2 CO2 compensation point is around 40 μl l-1 for sunflower and red clover, and it measures 
the light intensity when the rate of CO2 uptake equals to the rate of CO2 given off. 

3 Rate of CO2 uptake was zero for maize at CO2 concentration of 0 μl l-1 as the amount of 
CO2 released from respiration is used for photosynthesis. 

4 Of the four plants, maple has the lowest amount of organic compound produced at CO2
concentration of 200 μl l-1.

A 1, 2 and 3 only 
B 1, 3 and 4 only 
C 1 and 2 only 
D 3 and 4 only 
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22 Dinitrophenol is a metabolic poison that can lodge within the thylakoid membranes of 
chloroplasts.  It then provides an alternative route for H+ ions to diffuse across the thylakoid 
membranes. In what way will the Calvin cycle be affected in chloroplasts poisoned by 
dinitrophenol? 

A No change in rate as Calvin cycle occurs in the stroma and not at thylakoid membranes.
B The rate of Calvin cycle will increase as pH in the stroma will decrease towards the 

optimum for enzymes involved in the cycle. 
C The rate of Calvin cycle will decrease with the accumulation of glycerate-3-phosphate. 
D The rate of Calvin cycle will decrease with the accumulation of glyceraldehyde-3-

phosphate. 

23 The diagram below shows a cell signalling pathway involved in plant cells. 

Which of the following sequences regarding the activation of the above signaling pathway is 
correct? 

A Dimerization of CLV1 and CLV2 leads to the binding of CLV3 which in turns causes 
phosphatase to phosphorylate the residues in the cytoplasmic tails, causing the 
activation of Rho-like GTPase that brings about transcription. 

B Dimerization of CLV1 and CLV2 leads to activation of CLV3 that causes 
autophosphorylation of the residues in the cytoplasmic tails which in turn activate Rho-
like GTPase that results in DNA replication. 

C Binding of CLV3 to both CLV1 and CLV2 causes dimerization that leads to 
autophosphorylation of the residues in the cytoplasmic tails resulting in activation of 
phosphatase enzyme which in turn phosphorylates proteins needed for protein 
synthesis. 

D Binding of CLV3 to both CLV1 and CLV2 causes dimerization that brings about 
autophosphorylation of the residues in the cytoplasmic tails which in turn activates Rho-
like GTPase that results in transcription. 
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24 The mechanisms of natural selection leads to changes in the frequency of alleles in the gene 
pool of a population over many generations. When a new allele arises due to mutation, the 
trait coded for by the new allele may be selected for if it confers a selective advantage. The 
rate at which this new allele approaches fixation – the condition where the allele is found in 
all individuals of a population – depends on whether it acts in a dominant or recessive 
manner. 

The following graph shows how a dominant allele of gene X (allele X) approaches fixation 
over time as compared to a recessive allele of another gene Y (allele y). Both alleles confer 
advantageous traits to the host organism. 

Which of the following explains the differences in rate at which the two types of alleles 
approach fixation? 

A The initial increase in frequency of the recessive allele y is slower as heterozygotes have 
a selective advantage over homozygotes. 

B The initial increase in frequency of the dominant allele X is faster as the effects of the 
allele is expressed in the phenotype of heterozygotes. 

C Fixation of the dominant allele X takes a greater number of generations due to the 
mechanisms of genetic drift. 

D Fixation of the recessive allele y takes a smaller number of generations due to 
mechanisms which preserve heterozygosity in a population. 
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25 The cichlid family of fishes living in Africa’s Lake Victoria have undergone extensive adaptive 
radiation. In the cloudy waters of Lake Victoria, the shallow parts of the lake are dominated 
by blue light. The depths of the lake, however, are dominated by red light due to the 
absorption by sediment particles. Cichlids with colour vision sensitive to blue light prefer to 
dwell in shallow waters of the lake, while cichlids with colour vision sensitive to red light dwell 
in the deeper waters. Light sensitivity is thought to correlate with the cichlid’s ability to survive.

Male cichlids also display a wide variation of body coloration. Males with blue body coloration 
appear brighter in the shallow waters and have greater reproductive success there, while 
males with red body coloration appear brighter in the deeper waters and experience greater 
reproductive success at these depths. 

The following figure summarises the observations made about these cichlids. 

How many of the following statements regarding the speciation process of cichlids is true? 

1 Disruptive selection has occurred due to variations in light sensitivity in cichlids. 
2 Speciation is driven by preferential mate selection by female cichlids. 
3 Allopatric speciation due to geographical isolation has taken place. 
4 The mechanisms for reproductive isolation in these cichlids are pre-zygotic. 

A 1
B 2
C 3
D 4
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26 The phylogenetic relationship of four different species – human, whale, pigeon and the house 
lizard – was investigated. Part of the amino acid sequence for the cytochrome c protein found 
in the different species was analysed and is shown in the following table (the letters denote 
different amino acids). 

Species Amino acid sequence of cytochrome c 
Human I F V G I K K K E E R A D L I A Y L K K A T N E 

Whale I F A G I K K K G E R A D L I A Y L K K A T N E 

Pigeon I F A G I K K K A E R A D L I A Y L K Q A T A K 

House Lizard I F A G I K K K A E R A D L I A Y L K D A T S K 

Which of the following phylogeny of these four species agrees with the available evidence? 

A C

B D

Human 

Pigeon

Whale

Pigeon

House lizard 

Human 

House lizard 

Whale

Pigeon

Whale

House lizard 

Pigeon

Human 

Human 

Whale

House lizard 
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27 As shown in the following map, in the regions between the islands of Indonesia and Australia, 
two biogeographical lines were drawn up by European naturalists Alfred Russel Wallace and 
Richard Lydekker. During the Pleistocene Epoch, lasting from 2 million years till 10,000 years 
ago, periods of ice ages had lower sea levels. The Pleistocene coastline during ice ages is 
also indicated in the map. 

The islands found west of the Wallace’s line are rich in biodiversity, represented by many 
species common with the Southeast Asian mainland such as tigers, rhinoceros, apes and 
other placental mammals. To the east of Lydekker’s line, many marsupials and birds 
exclusive to Australia populate these regions. 

The islands of Wallacea found between the two lines, including Sulawesi and nearby islands, 
is relatively species-poor. Only some birds, reptiles and insect species of Asian or Australian 
origin are found there. Flightless birds and freshwater fishes common to Asia or Australia are 
not found on these islands. 

Which of the following statements does not explain the geographical distribution of biological 
species in this region in the present day? 

A Placental mammals from the Southeast Asian mainland were able to populate the 
islands of Borneo, Sumatra and Java during the Pleistocene ice ages. 

B The islands of Wallacea were geographically isolated from Southeast Asia and Australia 
even during Pleistocene ice ages due to the presence of deep water bodies. 

C Not all bird species found in this region are able to overcome geographical isolation due 
to the presence of water bodies.  

D Before the Pleistocene Epoch, the land masses of Southeast Asia and Australia were 
joined together as a single continent. 
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28 In an investigation into the immune response, a volunteer was exposed to two different 
antigens, X and Y. The relative antibody concentration in the blood was measured at regular 
intervals over 60 days. The graph shows the time when the volunteer was exposed to each 
antigen and the antibody concentration against time for antigens X and Y. 

Which of the following is a valid explanation for the results displayed on the graph? 

A The innate immune response is activated from day 5, which triggers the activation of the 
adaptive immunity against antigen X from day 27. 

B The adaptive immune response against antigen Y is not activated due to the lack of a 
second exposure to antigen Y at day 60. 

C Memory B cells specific to antigen X produced by the adaptive immune response 
enabled a secondary immune response to occur between day 27 and 60. 

D Memory B cells that remains at the end of day 27 undergo rapid clonal selection to 
produce antibody against antigen X and Y. 
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 29 The World Health Organization (WHO) publishes data on the vaccination programmes for 
infectious diseases. Each health authority in a country reports its success in vaccinating 
children in their district. The WHO collects statistics on mortality rates of children under the 
age of 5 from all causes, including infectious diseases. The figure shows these statistics for 
24 countries for the year 2007. 

Which of the following can be concluded from the information provided above?  

A Vaccination of 90% of the entire population is recommended as countries with more than 
90% of districts reporting 90% of children vaccinated have very low death rates. 

B The mortality rate of children is inversely correlated to the percentage of districts in each 
country vaccinating 90% of children against measles. 

C Variation between countries with similar percentage of districts reporting 90% of children 
vaccinated could be attributed to deaths due to infectious diseases. 

D When 90% of children in a district is vaccinated, mortality rate of the children is reduced.
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30 Investigations into the possible current and future impacts of climate change need to be put 
into the context of the well-documented and on-going impacts of other drivers of change, 
such as population growth. The statements below are effects of climate change and 
population growth. 

1 More intensive land use results in degradation of soils and more rainfall run-off 
2 Food and feed shortages 
3 Greater frequency of water deficit in soil for crops and pasture growth 
4 More frequent dry years experienced 
5 Increase food demand and competition for pastures 

Which of the following diagram correctly illustrates the relationship between climate change 
and population growth? 
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2 For
examiner’s 

use 1 Fig. 1.1 shows part of a cell.

Fig. 1.1 

(a)  (i)  Outline the role of the organelle labelled X.   

[2]

(ii) Explain the importance of the double membrane enclosing organelle X for the reactions 
that occur in the region labelled Y. 

[2]

(b)  (i) Plant cells are unable to carry out endocytosis due to the energy needed to overcome 
the turgor pressure in the plant cell. However, lysosome-like organelles can be found in 
the plant cells. Suggest reasons for their presence in plant cells.   

[2]

Y

X
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3 For
examiner’s 

use (ii) Outline how the lysosome is formed by the endomembrane system in a eukaryotic cell. 

[3]

The chloroplast is a member of a larger family of plant organelles called plastids. All plastids, 
including chloroplasts, develop from proplastids. Fig. 1.2 shows the process of chloroplast 
development from a proplastid. 

Fig. 1.2 

(c)  With reference to Fig. 1.2, suggest how thylakoid membranes are formed.   

[2]

[Total: 11 m] 

Proplastid 

Etioplast 
Dark 

Outer membrane 

Inner membrane 

Tubular Internal 
Membrane  

Chloroplast 
Light

Thylakoid 
membrane  
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4 For
examiner’s 

use 2 Fig. 2.1 shows the formation of a bond in the synthesis of starch. 

Fig. 2.1 

(a) (i)  Describe the formation of the bond in Fig. 2.1.   

[2]

  (ii)  Explain how enzyme Q could lower the activation energy of the bond formation. 

[3]

molecule A molecule B 

molecule A 

molecule B 

enzyme Q 
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5 For
examiner’s 

use Graph X shows the amount of product formed over time for an enzyme-catalysed reaction  
(Fig. 2.2). 

Fig. 2.2 

(b) (i)  Draw a graph, labelled Y, on Fig. 2.2 to show how a small amount of non-competitive 
 inhibitor affects the amount of product formed over time.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        [1] 

(ii) Explain the difference between graphs X and Y.  

[2]

[Total: 8 m] 

X

Time

Amount of 
product formed
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6 For
examiner’s 

use 3 The diagram below shows the structure of a mature tRNA for the amino acid alanine.  

Fig. 3.1 

(a) (i)  Explain the roles of hydrogen bonds in the proper functioning of tRNA.   

[4]
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7 For
examiner’s 

use (ii) The length of the tRNA gene is longer than that of the mature tRNA. Outline how a tRNA 
molecule is synthesised in eukaryotes.  

[3]

An experiment was carried out to investigate the effects of various cytokines on a culture of  
CD34 cells. CD34 cells are hematopoietic progenitor cells which are produced in the early stage 
of differentiation to form mature immune cells from stem cells. Three types of cytokines,  
KF36EG, K36EG and F36EG, were used in the experiment as shown in Fig. 3.2. 

Fig. 3.2 

(b)  (i)  With reference to Fig. 3.2, describe the effects of the types of cytokines on CD34 cells.   

[3]
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8 For
examiner’s 

use (ii) With reference to Fig. 3.2, comment on the role of cytokines on the CD34 cells.  

[2]

(c) Discuss the accuracy of the following statement:

“Stem cells and cancer cells are able to divide indefinitely as there is no end replication 
problem due to the presence of active telomerase.”  

[4]

[Total: 16 m] 
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9 For
examiner’s 

use 4 The coat colour of Norwegian cattle is mainly determined by the distribution of two pigments: red 
and black. Both pigments are produced by the action of the enzyme tyrosinase in cells called 
melanocytes. Low enzyme activity leads to the production of red pigment, while high enzyme 
activity brings about black pigment production.  

The activity of the enzyme is increased when melanocyte stimulating hormone (MSH) combines 
with a MSH receptor. The receptor is coded for by the gene, R, which has three alleles, RD, RA

and r. RD and RA each codes for a receptor with a different activity. No receptor is produced by 
the recessive allele, r.

The dominant allele of a second gene, B, codes for a protein which binds to and blocks the MSH 
receptors coded for by RA, thus preventing stimulation of tyrosinase activity in a melanocyte. The 
receptors coded for by RD is insensitive to the protein coded by B. The recessive allele, b, does 
not produce a functional protein. 

(a) (i)   State the name given to the interaction between the R and B gene loci.  

[1]

(ii) Explain why animals with the genotype RARABB have red coats. 

[1]

(iii) A red cow, with genotype RARABB is mated with a bull which is homozygous recessive at 
both gene loci. Draw a genetic diagram in the space below to show the expected 
genotypes and phenotypes and their ratios in the F1 and F2 generations. 

                            

[5] 
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10 For
examiner’s 

use During a health screening exercise of cattle in a farm, the height of the bulls was measured and 
the data collected is shown in Table 4.1. 

Table 4.1 

Height/cm Number of bulls 
131—135   3 

136—140   9 

141—145 21 

146—150 12 

151—155   2 

(b)    Distinguish between the two types of variation as seen in coat colour and height in the 
Norwegian cattle.   

[3]

In the honey bee colony, the queen bee is solely responsible for laying eggs and the drones for 
fertilizing her. The worker bees have well-developed mouthparts and structural adaptations for 
collecting nectar and pollen to gather food and to perform other duties in the hive. Male bees are 
developed from haploid eggs while both queen and worker bees develop from fertilized eggs. 

(c) Explain how the phenotypic differences between the queen and the worker bees come 
 about despite both being developed from fertilized eggs.

[2]

[Total: 12 m] 
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11 For
examiner’s 

use 5 Normal cells rely on oxidative phosphorylation in the mitochondria to generate the energy 
needed for cellular processes. In contrast, cancer cells undergo a phenomenon termed the 
“Warburg effect”. This is characterised by an increased glucose uptake and reliance on 
glycolysis for ATP production despite the availability of oxygen for oxidative phosphorylation. 
Most of the pyruvate is converted to lactate instead of being broken down in the mitochondria 
(Fig. 5.1). 

Fig. 5.1 

(a)  (i)  Outline the role of glycolysis in normal cells.   

[3]

(ii) With reference to Fig 5.1 and your own knowledge, suggest why the “Warburg effect” 
may seem disadvantageous to the survival of the cancer cell. 

[1]

Bloodstream 
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12 For
examiner’s 

use In cancer cells, the “Warburg effect” is constitutively upregulated even under normal levels of 
oxygen. It is thought to be due to the reprogramming of metabolic genes to increase glucose 
consumption. In a research experiment, the mean glucose consumption rate of MCF-7 breast 
cancer cells is compared with that of the relatively more aggressive MDA-MB-231 breast cancer 
cells under normal and low oxygen levels (Fig. 5.2). 

Fig. 5.2 

(b)    Describe the differences in the mean glucose consumption rate between MCF-7 and 
MDA-MB-231 cancer cells.   

[3]

M
ea

n 
)
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13 For
examiner’s 

use The mTOR intracellular signalling pathway is critical for control of cell growth. Fig. 5.3 shows the 
signalling system that drives cell growth through greatly stimulating glucose uptake and 
utilisation in a normal cell. 

Fig. 5.3 

(c)  (i)  Describe how the binding of the growth factor to the receptor tyrosine kinase leads to the 
cellular responses in Fig. 5.3.   

[3]

(ii) Cancer cells are able to proliferate in the absence of growth factors. Suggest how the 
ability to do so can lead to the “Warburg effect”. 

[1]

[Total: 11 m] 
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14 For
examiner’s 

use 6 Fig. 6.1 shows the different stages of meiosis in a cell. 

Fig. 6.1 

(a) (i)   Arrange the stages in chronological order.    [1] 

D B

(ii) With reference to Fig. 6.1, identify a stage which is critical for a reduction division and 
explain why. 

[2]

(iii) Explain how reduction division contributes to variation in diploid organisms. 

[2]
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15 For
examiner’s 

use Some patients with the Prader-Willi syndrome have both chromosomes 15 from their mother due 
to an error in meiosis. Fig. 6.2 shows the possible combinations of chromosomes 15 that could 
be present in the gametes of the mother. 

Fig. 6.2 

(b) Explain how a gamete with heterodisomy of chromosome 15 could have been formed.    

[3]

[Total: 8 m] 

Pair of chromosome 
15 homologues in 

germ cell of mother 

Heterodisomy 

Possible combinations of 
chromosomes 15 in 
gametes of mother 

meiosis 

Isodisomy

or
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16 For
examiner’s 

use 7 The structure of a G-protein-linked receptor (GPLR) is shown from two different views in Fig. 7.1 
below. Fig. 7.1a shows a GPLR from a cross section of the plasma membrane while Fig. 7.1b 
shows the top view of a GPLR. 

 Fig 7.1a   Fig 7.1b 

(a) (i) State and explain the highest level of organization of the GPLR. 

[2]

(ii) Identify a hydrophilic domain of the GPLR and describe its corresponding function.  

[2]
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17 For
examiner’s 

use Recent studies have found that GPLRs have alternative binding sites other than the ligand-
binding sites. Allosteric molecules bind to these alternative binding sites to change cellular 
response levels. One such molecule has been found to bind to the GPLR specific to glucagon. 

One of the normal cellular responses of glucagon binding is the inhibition of glycogenesis. The 
rate of glycogenesis with and without the allosteric molecule is shown in Fig. 7.2. 

Time

Fig. 7.2 

(b)  (i)  Based on the information above, state if the allosteric molecule is an activator or an 
inhibitor of GPLR.   

[1]

(ii) Explain the effect of the allosteric molecule on the rate of glycogenesis. 

[5]

[Total: 10 m] 

With allosteric molecule

Without allosteric molecule

Rate of glycogenesis
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18 For
examiner’s 

use 8 Speciation events have been observed to occur very frequently in bacteria. It was suggested 
that the high rate of speciation is due to the high level of variation in bacteria.

(a) Transformation and conjugation are two processes which increase the level of variation in 
 bacteria. 

 Distinguish these two processes.   

[3]

Bacterial evolution is one of the most dynamic and exciting areas in current biological research.  

Over the years, a barrier in this field of research is the difficulty in classifying bacterial species. 
However, in recent times, new analytical tools in molecular biology have offered new insights 
into the classification of bacterial species.

(b)  (i) Suggest why scientists had difficulties in the classification of bacterial species.   

[2]

(ii) Explain how analytical molecular tools have helped overcome this barrier in research.

[2]
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19 For
examiner’s 

use (c) The outer layers of the two types of bacteria with peptidoglycan cell walls known as Gram-
positive and Gram-negative bacteria are shown in Fig. 8.1 below.  

Penicillin is an antibiotic that is known to be effective against only one of the two types of 
bacteria above.

With reference to the information given and your own knowledge, deduce which type of bacteria 
is susceptible to the action of penicillin and explain why. 

[3]

Gram-negative bacteria Gram-positive bacteria 

Fig. 8.1 
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20 For
examiner’s 

use 

(d) Explain how antibiotic-resistant bacteria can become increasingly common in a population 
of bacteria. 

[4]

[Total: 14 m] 
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21 For
examiner’s 

use 9 Cyanobacteria are aquatic blue-green bacteria which are highly similar to algae as they can 
obtain their energy through photosynthesis. They are typically found in tropical waters due to 
their ability to thrive in bright and warm areas. Generally found on the surface of lakes and 
oceans, they can reproduce exponentially and cause a rapid increase in their population known 
as blooms. Certain genera of blooming cyanobacteria such as Microcystis can produce 
cyanotoxins which, in high concentrations, can poison and even kill animals and humans.  

A study was conducted to find out the effects of temperature on the maximum growth of 
Microcystis aeruginosa as well as three other harmless green algal species (P, Q and R) which 
are a main source of food for aquatic animals (Fig. 9.1). The global mean sea surface 
temperature anomalies, which indicate differences in temperature when compared to the 
baseline temperature in 1880 were also recorded (Fig. 9.2). 

Fig. 9.1 

Fig. 9.2 

Algal Species P 
Algal Species R 

Algal Species Q 
M. aeruginosa 
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22 For
examiner’s 

use (a) Describe the effect of temperature on the maximum growth of M. aeruginosa.

[2]

(b) Explain how human activities could have contributed to an increase in sea surface 
temperatures.  

[3]

(c) With reference to the information provided, discuss the impact of M. aeruginosa on the 
global food supply of humans in the future.  

[5]

[Total: 10 m] 
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Section A 
 

Answer all the questions in this section. 
 

1 Dengue viruses (DENV) are responsible for millions of infections each year in tropical and 
subtropical areas of the world. According to the World Health Organization, dengue incidence has 
increased significantly over the past 50 years, turning this infection into the most important 
mosquito-borne disease in the world and a global health challenge. Fig. 1.1 shows the general 
global distribution of dengue fever in the year 2005. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1.1 

 
(a)  (i) Climate is one of the important factors that affects the distribution of dengue.  
 
   Predict and justify the expected distribution of dengue by the end of the 21st century.  

[3]

Areas infested with Aedes aegypti 
Areas infested with Aedes aegypti and dengue epidemic activity 
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(b)  (ii) Symptoms of dengue such as fever usually develop within 4 to 7 days after being bitten by 
an infected mosquito and is often associated with joint pain. 

Explain how DENV may cause these symptoms.  

[3]
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During an infection, DENV will elicit a primary humoral immune response which involves B cell 
activation as shown in Fig. 1.2.

 

Fig. 1.2 
 
(b) (iii) With reference to Fig. 1.2 and your own knowledge, explain the significance of mitosis in B 

cell activation.  

[3]
 
(a) (iv) Memory B cells have long life spans because they do not actively undergo cell division. 

However, upon activation, a memory B cell can undergo many rounds of proliferation.  
 

Suggest why activated memory B cells can undergo multiple rounds of cell division without 
dying.  

[1]

 
 

Antigen 
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(b) Bacteria has a natural defence system against viral infections involving RNA sequences known 
as clustered regularly interspaced short palindromic repeats (CRISPR). 

When the bacteriophage infects a bacterial cell, the viral genome released into the bacterial 
cell is cleaved. Subsequently, a cleaved portion of the viral genome is integrated into the 
bacterial genome. The bacterial cell detects the phage DNA integrated within its genome and 
produces a type of RNA known as the CRISPR RNA. The CRISPR RNA contains a sequence 
that is complementary to that of the integrated phage DNA. When the next phage infects the 
same bacterial cell, the CRISPR RNA will bind to its target sequence in the viral genome and 
a nuclease is recruited to cut the phage DNA, disabling the invading phage.

The sequence of the CRISPR RNA can be edited and subsequently used to cut any DNA 
sequence at a precisely chosen site in eukaryotic cells. This gives rise to the possibility of 
correcting mutations associated with genetic disorders. Fig. 1.3 shows how the sequence of a 
defective allele can be replaced with the sequence of a normal allele from a donor DNA via 
homologous recombination using the CRISPR technology. 

Fig. 1.3

(b)  (i) The specificity of CRISPR-mediated immunity in prokaryotes could be applied to eukaryotic 
cells to make precise changes in the genes of organisms.  

Explain why the CRISPR RNA in prokaryotes can also be used in eukaryotic cells. 

[2]

(1) Excision and removal 
of defective sequences by 
nuclease 

(2) Insertion of normal 
sequences via homologous 
recombination Donor DNA 

Nuclease
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(b)  (ii) Another technology that can be used to treat genetic disorders is gene therapy. Similar to 
the CRISPR technology, gene therapy involves the introduction of normal alleles into 
patients. However, it does not involve the excision and removal of defective alleles. Hence, 
it can only be used to treat recessive genetic disorder.  

 
With reference to Fig. 1.3, explain the advantages of using CRISPR technology to treat 
genetic disorders over gene therapy. 

[3]
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Polymerase Chain Reaction was used to amplify a gene of 1000 bp. Fig. 1.4 shows the resultant 
DNA fragment produced. A CRISPR RNA is designed to target a specific sequence found within 
the gene. The sites of excision by the nuclease are indicated by the arrows. Gel electrophoresis 
can be used to verify if the target sequence is cut at the precise sites by the nuclease. 

 
 
 
        

Fig. 1.4
 

(b)  (iii) On the electrophoregram below, draw the expected results after the cut fragments are 
separated if there is specific binding of CRISPR RNA to target sequence in Lane 1. 
Indicate the charge of the electrodes clearly in the circles on the side of the 
electrophoregram. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
1. A single band at 600, 300, 100 bp position; 
2. Correct labelling of the terminals;        [2] 

300bp 100bp 

oriori
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Fig. 1.5 shows an electrophoregram obtained by a student following excision of the same gene 
by a nuclease. 

Fig. 1.5

 (b)  (iv) Suggest how the smear is obtained in Fig. 1.5. 

[1]

(b)  (v) Geneticists attempted to edit the gene responsible for -thalassaemia, a potentially fatal 
blood disorder, in human embryos using the CRISPR technology. However, the experiment 
was terminated prematurely due to a number of unintended mutations and numerous 
ethical controversies.

Discuss the ethical implications of the application of CRISPR technology on genes in 
embryos.  

[2]
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(c)  One of the three tenets of the cell theory states that all living organisms are composed of one 
or more cells. Non-cellular life forms such as viruses challenge this tenet as they possess both 
living and non-living characteristics. The recent discovery of giant viruses, known as 
Mimiviruses, led scientists to rethink the origin of life and viral evolution. The features of the 
Mimivirus are as described. 

 
1. It contains a double-stranded DNA genome of approximately 1.2 million base pairs which is 

significantly larger than the genomes of any other known virus and comparable to a cell. 
2. It has some genes which show a high degree of homology to those in bacteria, while some 

show a high degree of homology to those in eukaryotes.  
3. It contains a number of protein-coding genes showing high degree of homology to genes 

coding for products involved in translation, such as aminoacyl-tRNA synthetases and 
translation initiation factors. It also contains genes associated with metabolic pathways, 
DNA repair, and protein folding. However, it is still dependent on its host for translation. 

Suggest how Mimiviruses evolved and use the above statements to support your hypotheses.  

[4]
 

  [Total: 24] 
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2 Prebiotics is defined as ‘an ingredient that results in specific changes in the composition and 
activity of microbials in the gut thus improving host health’. Prebiotics are non-digestible 
oligosaccharides that can be selectively fermented by gut bacteria. Currently, most prebiotics are 
derived from the hydrolysis of simple polysaccharides. Therefore, to develop novel prebiotics, an 
alternative resource of polysaccharides that supplies oligosaccharides with more diverse and 
complex structures is required. One of these polysaccharides is pectin.  

Fig. 2.1 shows the schematic diagram and natural occurring configuration of D-galacturonic acid, 
the monomer of pectin. The structure of pectin, a polysaccharide is shown in Fig. 2.2. 

  Schematic diagram   Natural occuring configuration 

Fig. 2.1 

Fig. 2.2 
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(a) With reference to Fig. 2.1 and 2.2, state two structural differences between cellulose and pectin.   

[2]
 

Rhamnogalacturonan I (RG I) is a type of pectin present in the plant cell wall. The schematic 
diagram of RG I found in plant cell walls is shown in Fig. 2.3. 'Ac' represents acetyl groups added 
to RG I. 
 
 

 
 
 

 
 

Fig. 2.3 

(b)  With reference to Fig. 2.3 and your knowledge of carbohydrates, suggest how the structure of 
monosaccharides allow for complexity in the pectin structure. 

[2]
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When pectin is consumed by humans, it is digested into oligosaccharides. These oligosaccharides 
are used by gut bacteria in the process of anaerobic respiration.  

(c)  Explain why a small yield of ATP can still be achieved with anaerobic respiration. 

[3]

In the presence of oxygen, both glucose and triglycerides can be oxidised to yield large amounts 
of ATP. Fig. 2.4 shows some steps involved in respiration of triglycerides. Respiration of 
triglycerides involves the hydrolysis of triglycerides into fatty acid chains which are then broken 
down into acetyl CoA molecules. These acetyl CoA molecules will then enter the Krebs cycle.  

Fig. 2.4 
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 (d)  (i) Using the information from Fig. 2.4, calculate the total ATP yield from the complete 
oxidation of a 14-carbon fatty acid chain. Each NAD yields 2.5 molecules of ATP and each 
FAD yields 1.5 molecules of ATP. Show your calculation and answer in the space provided.   

14-carbon fatty acid chain will yield 7 x 2 carbon chains; 
No. of ATP from a 2 carbon-chain = 3 x 2.5 + 1.5 + 1 = 10; 
Hence, total ATP yield will produce 7 x 10 ATP molecules = 70 ATP; 

[3] 

(b)  (ii) Explain why fatty acid chains can be completely oxidised only under aerobic conditions. 

[3]

 [Total: 13] 
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3 CpG islands are regions of DNA where a cytosine nucleotide is followed by a guanine nucleotide 
in the linear 5’ to 3’ sequence. CpG islands are typically 300 to 3000 base pairs in length. These 
CpG islands have been found to be in or near approximately 40% of promoters of mammalian 
genes. Humans have a higher percentage of promoters with high CpG content.  

Fig. 3.1 

(a)  (i) With reference to the information provided, explain the significance of the presence of CpG 
islands in many of the genes in the mammalian genome.  

[4]

HDAC: Histone Deacetylase 
MeCP: Methyl-CpG-binding protein  

Commented [WU1]: Make the protein binding more 
complementary  
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McGhee and Ginder conducted an experiment that examined the effects of inhibiting methylation 
on gene expression. The experiment was performed using 5-azacytidine in mouse cells.               
5-azacytidine is one of many chemical analogs that are structurally similar to the nucleoside 
cytidine from which cytosine is formed. When these analogs are integrated into growing DNA 
strands, some, including 5-azacytidine, severely inhibit the action of the DNA methyltransferase 
enzymes that normally methylate DNA. Interestingly, other analogs, like Ara-C, do not negatively 
impact methylation.  
 
Scientists hypothesized that if they inhibited methylation by flooding cellular DNA with                   
5-azacytidine, then they could compare cells before and after treatment to see what impact the 
loss of methylation had on gene expression. The amount of methylation measured in each 
treatment is relative to the control. The results are shown in Table 3.1.  
 

Table 3.1 

Chemical Added Number of Differentiated 
Cells 

Amount of Methylation 
Measured 

cytidine (control) 0 100% 

Ara-C 0 127% 

5-azacytidine 22141 33% 
 
 

(b)  (ii) Explain what the experimental results show about the effects of methylation on gene 
expression. 

[4]
 

(b) (iii) Explain how confidence in the experimental results could be increased. 

[1]
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(b)  In 2010, a 10 year old boy with a damaged trachea (windpipe) was given a trachea transplant. 
A donor trachea was obtained and enzymes were used to remove all the cells, leaving only 
the collagen as shown in Fig. 3.2.  

 
 
 
 
 
 
 
 

Fig. 3.2 
 
 Some bone marrow was removed from the boys’ pelvis and about 2.5 million stem cells were 

isolated from this bone marrow. These stem cells were then treated with chemicals to stimulate 
proliferation and injected into the collagen.  

 
 The collagen, with the injected stem cells, was then immediately used to replace damaged 

trachea in the boy. Over a period of time, a fully functioning trachea was formed.  
 
 Suggest how the properties of the bone marrow stem cells allow for the formation of a fully 

functioning trachea.  

[4]
 

[Total: 13] 
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Section B 

Answer one question in this section. 
 

Write your answers to this question on the separate writing paper provided. 
 

Your answers should be illustrated by large, clearly labelled diagrams, where appropriate. 
 

Your answers must be in continuous prose, where appropriate. 
 

Your answers must be set out in sections (a), (b) etc., as indicated in the question. 
 
4 (a) Using two named examples, explain the importance of bonds to the function’ of two 

different classes of biomolecules.                                                                              [13] 
 

 (b) With reference to named examples, describe the range of roles performed by lipids in 
living organisms.                                                                                                        [12] 

[Total: 25]
   

5 (a) Outline the processes that result in genetic variation in nature and explain the 
significance of such processes.                                                                                 [13] 
 

 (b) “The endomembrane system is critical in the synthesis of proteins”. Discuss.          [12]  
 

[Total: 25]

END OF PAPER 
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1 During anaerobic respiration, yeast cells use glucose and release carbon dioxide and ethanol. 
Ethanol is known to disrupt enzymes involved in the respiration pathway.  

In this experiment, you will investigate the effect of different concentrations of ethanol on the 
rate of respiration in yeast cells.  

(a) Sketch a fully-labelled graph to show the expected relationship between the rate of respiration 
and the concentration of ethanol, as ethanol concentration increases. 

Explain the shape of your graph.     [4] 
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Methylene blue is a dye which, under certain conditions, is easily reduced to a colourless 
compound. In the presence of reduced NAD which is produced during glycolysis, methylene turns 
from blue to colourless. 
 
In your investigation, you are to dilute the given ethanol solution to obtain different concentrations 
of ethanol solution.  
 
You are provided with: 
 

 30 cm3 of 5.0% yeast solution, Y
 20 cm3 of 100% ethanol, E
 25 cm3 of glucose, G
 6 cm3 of methylene blue, M 

Proceed as follows: 
 
1. Label 5 boiling tubes 1, 2, 3, 4, 5. Place 5 cm3 of suspension Y into each of the boiling tubes. 

Ensure Y is well-suspended. Place all the boiling tubes into a water bath of 60°C for 5 minutes. 
 

2. While waiting, carry out a dilution to make up 5 cm3 of different concentrations of ethanol 
solutions using the vials provided. When preparing the solutions, add distilled water first before 
adding ethanol. This is to ensure better mixing of ethanol and distilled water.  
 
Complete Table 1.1 to show how you will make the different concentrations of ethanol solution.
                                                [2] 

Table 1.1 
 

vial concentration of ethanol / % volume of distilled water / cm3  volume of ethanol / cm3 

1 100 

2    

3    

4    

5    
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Read through steps 3 to 10 to prepare a table to record your results in (b), before starting the 
investigation.  

3. After 5 minutes, lower the temperature of the water bath to 45°C. Leave the boiling tubes in the
water bath for 1 minute.

4. Place 2 cm3 of the ethanol solution from vial 1 into boiling tube 1 then add in 2 cm3 of G.

5. Use a dropper to add 1 cm3 of M into boiling tube 1 immediately.

6. Shake the boiling tube sufficiently to mix the contents well. The mixture should turn pale blue.

7. Carefully place the boiling tube back into the water bath and start the stopwatch. Do not shake
or stir the boiling tubes from this point onwards as it may affect the results.

8. Stop the stopwatch when the blue mixture has been decolourised. The surface of the mixture
in the boiling tube may remain blue. Record the time taken and hence the rate of respiration in
the table prepared in (b). If the mixture does not decolourise within 12 minutes, record ‘more
than 720’ as the time taken and the rate as ‘0’.

9. Repeat steps 4 to 8 with boiling tubes 2, 3, 4, and 5, in turn.

10. After completing the experiment, shake boiling tube 5 vigorously about 10 times. Record your
observations in part (d).

(b) Record your results for each concentration of ethanol in a suitable format in the space below.     
[4] 
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(i) Use the grid below to display your results from (b).                [4] 
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         (ii) Discuss what these results suggest about the relationship predicted in part (a).    [2] 

(c) State and explain your observations from step 10.              [1] 

(d) Suggest how adding glucose solution to the mixture increases the validity of the results.        [2] 

(e) One way to increase confidence in the conclusions of this investigation would be to repeat the 
experiment several times.  

Describe two other modifications to the method that would increase confidence in the 
conclusions, and explain how these modifications would achieve this.                                     [2] 

[Total: 21] 
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2 Section A  

You are required to carry out an investigation to estimate the water potential ( ) of the cells of the 
plant material with which you have been provided. 

You are provided with stems of a plant sample and different concentrations of sucrose solution. 

Proceed as follows: 

1. Using a sharp scalpel, cut a 5 cm long, straight piece, from near the middle region, of one of
the specimens provided. Hold this piece of plant in a vertical position and cut it longitudinally
downwards for a distance of approximately 4 cm (Fig. 2.1).

Fig. 2.1 

2. You should find that the specimen has curved as shown in Fig. 2.2. Check that the distance A,
between the cut pieces is at least 1 cm. If not, repeat the procedure using another specimen.
Place the piece of plant tissue horizontally in the base of a clean and dry petri dish. Taking
care not to squash the plant material, gently but firmly fix it to the dish using a small roll of
plasticine, which you press down at X and Y (Fig. 2.2).

Fig. 2.2 
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3. Prepare three further dishes, using 5 cm long pieces of tissue, cut from roughly corresponding 
positions of three other stalks. Label your dishes 1, 2, 3 and 4.  
 

4. Place the four dishes on the separate sheet of graph paper provided and measure, to the 
nearest millimeter, the distance A in each dish. Record these observations in the table below. 
                                   [2] 
 

 
Dish 1 

(for S1) 

Dish 2 

(for S2) 

Dish 3 

(for S3) 

Dish 4 

(for S4) 

Initial value of A / mm     

Value of A after 10 
minutes / mm 

    

Difference between 
initial and final value 

of A / mm 
    

Change / %     

 

5. You have been provided with the following sucrose solutions: 

 

S1 is 0.2 mol dm-3 

S2 is 0.4 mol dm-3 

S3 is 0.6 mol dm-3 

S4 is 0.8 mol dm-3  

6. Gently, in order to avoid dislodging the plant tissue, pour S1 into dish 1, so that the piece of 
plant is completely covered by the solution. As quickly as possible, pour the other solutions 
into their respective dishes. 

 

7. Leave the dishes for 10 minutes. During this time you may begin with Section B. 

8. After 10 minutes, measure (to the nearest mm) the distance A in each of the dishes. Record 
these measurements in the table in Step 4. 
 

9. For each dish, calculate the percentage change in A, and also record this in the table (Step 4). 
State, in each case, if the value is positive or negative. 
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10. Plot a graph of the percentage change in A against molarity of sucrose solution.                    [3] 
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11. The following table shows the solute potentials ( s) of different concentrations of sucrose 
solutions, at the approximate temperature at which you have been working. 

 

Concentration / mol dm-3 Solute potential ( s) / kilopascals 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

-260 

-540 

-820 

-1120 

-1450 

-1700 

-2170 

-2580 

  

 

12. Use the graph you have drawn, and the table above, to estimate the solute potential of the 
cells of this plant material. Explain fully how you arrived at your answer.                                 [3] 
 

Answer: 

Explanation: 
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Section B 

In this section, you will require access to a microscope and slide K1. 
  
K1 is a stained, longitudinal section of a young onion root tip in which some cells are undergoing 
mitosis. Fig. 2.3 shows a plan diagram of K1. 
 
Examine K1 carefully, in the region labelled A in Fig. 2.3, using low- and high- power objectives of 
your microscope. 
  

 
 

. 
Fig. 2.3 

1. Make a labelled, high power drawing of a cell in anaphase from region A.                         [4] 
 
 
 
 
 
 

A

B
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2. Using the eyepiece graticule fitted in the eyepiece lens of your microscope, and the stage
micrometer, find the actual length, in μm, of the cell that you have drawn.

Show the measurements that you made and your working.        [3] 

Length of cell = _________________ μm  

3. Measure and calculate the average length of the cells from both regions A and B. Record
your results and measurements in a suitable table below.                                                  [2]

4. Decide a statistical test that you can use to determine if there is a significant difference
between the length of the cells in regions A and B.       [1] 

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



13

ACJC                                                                  9744/04 Prelim 2017                                                           [Turn over]             

For 
Examiner’s 

Use 

5. A student made some measurements of the length of cells of a garlic root tip undergoing 
mitosis in regions A and B. A summary of the student’s results is shown in Table 2.1.  
 

Table 2.1 
 

Length of Cells / μm Significance of 
difference Region A Region B 

32 58 P<0.05 
 

 
Comment on what these results show and suggest an explanation for any pattern.          [2] 

 

[Total: 20] 
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3 The rate of photosynthesis can either be measured by the rate at which carbon dioxide is 

taken in or the amount of oxygen that is given out. Some water plants release bubbles of gas 
from a freshly cut stem when illuminated. Light intensity is controlled using five filters, F1, F2, 
F3, F4, F5. 

 

 
 

Different water plants are adapted to different light intensities. A sun-loving water plant is 
adapted to high light intensities while a shade-loving water plant is adapted to low light 
intensities.  

 
Using this information, the set-up above and your own knowledge, design an experiment to 
investigate the effect of light intensity on photosynthesis in sun and shade plants.  
 
Your planning must be based on the assumption that you have been provided with the 
following equipment and materials which you must use: 
 Sun plant 
 Shade plant 
 Bench lamp with 60 W bulb  
 5 filters (F1, F2, F3, F4, F5) which can be adjusted to allow different amounts of light to 

pass through  
 1% sodium hydrogencarbonate solution 

 
You may select from the following apparatus and use appropriate additional apparatus: 
 Normal laboratory glassware, e.g. a variety of different sized beakers, measuring cylinders, 

and syringes for measuring volumes 
 Forceps 
 Timer, e.g. stopwatch 
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Your plan should: 

 have a clear and helpful structure such that the method you use is repeatable by 
anyone reading it 

 be illustrated by relevant diagram(s), if necessary, to show, for example, the 
arrangement of the apparatus used 

 identify the independent and dependent variables 
 describe the method with the scientific reasoning used to decide the method so that the 

results are as accurate and repeatable as possible 
 include layout of results tables and graphs with clear headings and labels 
 use the correct technical and scientific terms 
 include reference to safety measures to minimize any risks associated with the 

proposed experiment.  
 

[Total: 14] 
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2017 Prelim Paper 4 

PREPARATION LIST 
Question 1 

Material  Per Student 
Prepared yeast (5%) labelled Y 30ml
Ethanol labelled E 25ml
Glucose (0.2M) labelled G 20ml
Methylene blue (0.025%) 6ml
Hot water 80°C (Point to student: either at the side bench in front 
or at the back of the lab. Lab staff will inform)

Per lab

Apparatus/Item Per Student
Boiling tubes 5
Small vials 5
Glass beaker for water bath (500ml)  1
Plastic beaker (100ml)  1
Plastic beaker (500ml) 1
Thermometer 1
Stopwatch 1
Syringe (5 cm3) 4
Dropper (3ml) 1
Distilled water 1
Boiling tube rack  1
Glass rod 1
Marker  1

Question 2 

Material Per Student 
Spinach stem ~2 strips 
Sucrose solutions: 
S1 (0.2), S2 (0.4), S3 (0.6), S4(0.8) mol dm-3

Enough for a Petri dish 

Apparatus/Item Per Student
Plasticine Enough to secure 4 stems 
Graph paper 1
Knife 1
White tile 1
Petri dish (without cover) 4
Stopwatch (From Qs 1) 1
Ruler 1
Marker (From Qs 1) 1
Tissue paper 1 roll 
Microscope 1
Stage micrometer 1
K1 sample slide Instr to student: Shared per bench. Odd Seating index no. 

will use for the first 1hr 15 min followed by the even seating 
index no. the next 1 hr 15 min.

Instr to students: Extra Reagent can be found on the teacher’s bench. Raise your hands to 
ask for permission before coming to the front to take the reagent.
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Question Answer Question Answer

1 B 16 D

2 B 17 C

3 B 18 D

4 B 19 A

5 D 20 B

6 B 21 B

7 C 22 C

8 A 23 D

9 A 24 B

10 D 25 C

11 A 26 D

12 B 27 D

13 A 28 C

14 A 29 B

15 D 30 D

A 29

DDD 333033033030303303033
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Fig. 1.1 

(a) (i)  Outline the role of the organelle labelled X.

1. Contain photosystem/ pigments for the synthesis of ATP and reduced NADP
via light dependent reaction/ photophosphorylation;

2. For carbon fixation/ synthesis of glucose/ GALP via the Calvin cycle/ light-
independent reaction;

[2]

g p p p p y ;

2. For carbon fixation/ synthesis of glucose/ GALP via the Calvin cycle/ light-
indepeppppp ndent reaction;;;;;

[2]

(ii) Explain the importance of the double membrane enclosing organelle X for the reactions
that occur in the region labelled Y.

1. Increases the concentration of enzyme and/or substrate for higher rate of
Calvin cycle;

2. Maintain optimum conditions for the enzymes in Calvin cycle;
yyy ;

3. Separate reactions of the Calvin cycle from incompatible reactions (in the
cytoplasm like glycolysis);

ppp yyy yyy ;

R! reference to thylakoid membrane for production of H+ pool
[2]

y p g y y );
R! reference to thylakoid membrane for production of H+ pool

[2]

(b) (i) Plant cells are unable to carry out endocytosis due to the energy needed to overcome
the turgor pressure in the plant cell. However, lysosome-like organelles can be found in 
the plant cells. Suggest reasons for their presence in plant cells.   

1. Digest/ carry out autophagy of old and worn out organelles;

2. Break down macromolecules (by hydrolysis)/ digest ingested particles;

ggg yyy ppp gggyyy ggg ;

3. Autolysis/ apoptosis of cell; [2]

( y y y ) g g p ;

3. Autolysis/ apoptosis of cell; [2]

(ii) Outline how the lysosome is formed by the endomembrane system in a eukaryotic cell.

1. Transcription of genes coding for lysosomal proteins in the nucleus;
2. Synthesis of lysosomal proteins by ribosomes via translation on the RER;
3. Folding/post-translational chemical modification in the RER;

yyy yyy

4. Transport of lysosomal proteins via transport vesicles from RER to GA
ggggg ppp

5. Post-translational chemical modification/modification, sorting and packaging
of lysosomal proteins in the GA;

p y

6. Vesicles containing lysosomal proteins pinches off GA to form lysosome;
[3]

yyy ppp ;
6. Vesicles containing lysosomal proteins pinches off GA to form lysosome;

[3]

Y

X

ormmmmmedeeeee bbbby yyy yy thtttt eeeee endooooomemmmm mbbbbbrararararanenenenene ssssyssssteteetem innnn a eukaryotic cell.

codddininininnggggg foffff r lysososoosososososomamamamamal llll prppp otototototteieieieieinsnsnsnsns innn the nnnuclcllclclclllclcclclcccleeeueueeueeueueueeuee s;s;s;s;s;s;
prorooteinnnnnssss byyy ririribobobobobosomememememes ssss viviviviv aaaaa ttrtrttranananananslslslslslatatatatata ioioioioionnnn nn onnnnn ttttttttheheheheheheheh RRRRRRRRRRREEREREREREEEREREE ;

nal cccccheheheeeemical modificccccatatatatatioioioioioon iiin the RRRREEERERER;
ppp yyyyyyyy ;

prorootetteteininininns ss s s vivivivivia a a a a trttrtrt anananananspspspsppororrrrt tttt vevevevevesisisssicclclcleseseseses fffffrororororor m mmmmm RRRERRRR R toooo GGGGGAAAAA
;

micaaaall momomoodididiidififififificacacacacaatitititit ononon///momomomodificacacacacatitititionononnn, sooooortrtrtrtrtinnng anddddd papapapapackagagagagagagininininni g
n the GA;

p pp
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use The chloroplast is a member of a larger family of plant organelles called plastids. All plastids, 
including chloroplasts, develop from proplastids. Fig. 1.2 shows the process of chloroplast 
development from a proplastid. 

Fig. 1.2 

(c) With reference to Fig. 1.2, suggest how thylakoid membranes are formed.

1. * Pinching / invagination + fusion of the inner membrane / budding of the inner
membrane of proplastids;

2. Stimulated by transition from light to dark to form a tubular internal
membrane / membrane tubules / vesicle;;

p p ;

3. Light stimulates the tubules to form thylakoid membrane;
;;

4. Elongation of tubules to form thylakoid membranes;
ggg yyy ;

(Max. 1 from pts 1-2)
[2]

g y ;
(Max. 1 from pts 1-2)

[2]

[Total: 11 m] 

Proplastid 

Etioplast 
Dark 

Outer membrane 

Inner membrane 

Tubular Internal 
Membrane  

Chloroplast 
Light

Thylakoid 
membrane  

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



ACJC 9744/02/Prelim 2017  [Turn over

4 For
examiner’s 

use 2  Fig. 2.1 shows the formation of a bond in the synthesis of starch. 

Fig. 2.1 

(a) (i)  Describe the formation of the bond in Fig. 2.1.

1. -1,6-glycosidic bond formed;
2. Between -OH groups of C1 of a glucose monomer in molecule A and C6 of a

glucose monomer in molecule B;
3. Release of a water molecule via condensation reaction;

ggg ;

4. Catalysed by an enzyme Q;
[2]

4. Catalysed by an enzyme Q;
[2]

(ii) Explain how enzyme Q could lower the activation energy of the bond formation.

1. Enzyme Q has an active site which is complementary/ specific to the
substrates molecules A and B;

2. Resulting in the formation of an enzyme-substrate complex;
;

3. Orientates molecules A and B accurately for bond formation/ Increases
proximity of molecules A and B for bond formation/ Active site provides
suitable environment for condensation reaction/ distortion of bonds within
molecule A and B;

ggg yyy ppp ;

4. Reactants require less energy to reach transition state;
[3]

;
4. Reactants require less

molecule A molecule B 

molecule A 

molecule B 

enzyme Q 

s A and B for bond formation/ Active site provides
forrr cccononnndedededed nsssaaationnnnn rrrrreaeeee ctttttioioioioon/n/n/n/n/ dddddissstooortiooonn of bondsssss wwwwiiiiththththinininininn

ennergrgy y toto reaeachch ttraransnsittioion ststaatee;
[3[3]]
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use 

Graph X shows the amount of the product formed over time for an enzyme-catalysed reaction 
(Fig. 2.2). 

Fig. 2.2 

(b) (i)  Draw a graph, labelled Y, on Fig. 2.2 to show how a small amount of non-competitive
inhibitor affects the amount of product formed over time. [1] 

(ii) Explain the difference between graphs X and Y.

1. Graph Y has a gentler gradient/ Lower rate of product formation / takes longer
for final amount of product to be formed

2. Less free enzymes available as inhibitor binds to a site other than the active
site (R! allosteric site);

ppp

3. Causing 3D conformation of enzyme to change, and enzyme active site is
no longer complementary to the substrate; [2]

( );
3. Causing 3D conformation of enzyme to change, and enzyme active site is

no longeggggg r compppppplementary yyyy to the substrate;;; [2]

[Total: 8m] 

Am
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use 3 The diagram below shows the structure of a mature tRNA for the amino acid alanine. 

Fig. 3.1 

(a) (i)  Explain the roles of hydrogen bonds in the proper functioning of tRNA.

1. Hydrogen bonds are formed between complementary base pairs allows
folding of tRNA into (specific) 3D conformation / looped structures / clover-
shape;

2. For stability (during activation and translation);
p ;

3. To fit into the complementary binding site of ribosome (P/A site) / active site
of aminoacyl-tRNA synthase;

y ( g );

4. Hydrogen bonds form between anticodons on tRNA with complementary
codons on mRNA;

yyy yyy ;

5. To translate codon sequence into amino acid sequence;
[4]

;
5. To translate codon sequence into amino acid sequence;

[4]
Note: mark once for concept of complementary base pairing 

(ii) The length of the tRNA gene is longer than that of the mature tRNA. Outline how a tRNA
molecule is synthesised in eukaryotes.

1. RNA polymerase binds to promoter of tRNA gene to transcribe tRNA;
2. Introns are excised and exons are spliced together;

p yyy p ggg ;

3. Folding of tRNA into clover shape via the formation of H bonds between
complementary base pairs;

ppp ggggg ;

4. Addition of 3’CCA sequence by enzymes / addition and removal of 5’ cap;
(additional info) [3]

p y p
4. Addition of 3’CCA sequ

(additional info)

clover shappppe via the formation of H bonds between
airrrs;;;;;

uenncece bby ennzyymemess // aadddititioionn anandd remomovavall ofo  5’ cacap;p;/
[3[3]]
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use An experiment was carried out to investigate the effects of various cytokines on a culture of 
CD34 cells. CD34 cells are hematopoietic progenitor cells which are produced in the early stage 
of differentiation to form mature immune cells from stem cells. Three types of cytokines, 
KF36EG, K36EG and F36EG, were used in the experiment as shown in Fig. 3.2. 

Fig. 3.2 

(b) (i)  With reference to Fig. 3.2, describe the effects of the types of cytokines on CD34 cells.

1. * All three cytokines led to an increase in telomerase activities (from day 0 to
day 7) + All three cytokines led to an increase in cell expansion from day 3 to
day 7;

2. KF36EG caused the highest increase in telomerase activities as compared to
K36EG and F36EG + KF36EG caused the highest rate of cell expansion at 35
a.u. as compared to K36EG (24 a.u) and F36EG (11 a.u);

yyy ;

3. Reference to data with comparison; Refer to data (max. 1 m)
Telomerase activity increases from 3% to 90% from day 2 to day 7 for KF36EG
+ Telomerase activity increases from 3% to 60% from day 2 to day 7 for
K36EG / Telomerase activity increases from 3% to 52% from day 2 to day 7 for
F36EG;
4. Rate of increase of telomerase activities decreased from day 4 to day 7;

;
yyy yyy ;

[3][3]
* Compulsory point

(ii) With reference to Fig. 3.2, comment on the role of cytokines on the CD34 cells.

1. Cytokine is a signalling molecule;
2. That promotes mitosis/proliferation/cell expansion (and differentiation) of

CD34 cells;

y g g

3. By increasing the rate of transcription / activity of telomerase in CD34 cells;
;

4. Allows CD34 cells to lengthen telomeres for subsequent rounds of DNA
replication; [2]

y g
4. Allows CD34 cells to le

replication;

g mmmoooleccececulululuule;
s/prprprrololoolo ififififi eratioioon/cececececelllll eeeeexpananananansisisisis onoooo (and dddififfffffffffefefefefeffefefefefefefererererererrererrr ntntntntntiaiaaaiaiaiatitititit ononononon) o) o) o) o) offfff

g ;

of trtrtraaansccccriririipttptioioioioionnn / actiiiiivivivivivityyyyy oooooooof fffff tetetetetelomememememeerarararararrr sssses  in CDCCCDCD343434434444 ccccceleee lsssss;;;;;p y ;
nggthehenn tetelolomemereres s foforr susubsbseqequeuentnt rrououndn s of DNDNAA

[2[2]
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use (c) Discuss the accuracy of the following statement:

“Stem cells and cancer cells are able to divide indefinitely as there is no end replication
problem due to the presence of active telomerase.”

1. Stem cell and cancer cells are able to divide indefinitely due to the presence
of active telomerase is accurate;

2. So as to prevent triggering of replicative senescence as length of telomeres is
maintained;

;

3. However, there is end replication problem in both cells;
;

4. As DNA polymerase cannot synthesise a complementary DNA strand from
scratch / DNA polymerase requires a primer / an free 3’ OH end of an existing
strand to synthesise a complementary strand;

, p p ;

5. Hence the 3’ end of the leading strand will not be fully replicated (forming an
overhang);

yyy ppp yyy ;

6. Active telomerase can only lengthen the 3’ end for DNA replication to prevent
erosion of genes due to end replication problem;

ggg);))

7. Cells would also require other factors such as ATP and nutrients for
replication / AVP; [4]

ggg p p ;
7. Cells would also require other factors such as ATP and nutrients for

replppppp ication / AVP; [4]

[Total: 16 m] 
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use 4 The coat colour of Norwegian cattle is mainly determined by the distribution of two pigments: red 
and black. Both pigments are produced by the action of the enzyme tyrosinase in cells called 
melanocytes. Low enzyme activity leads to the production of red pigment, while high enzyme 
activity brings about black pigment production.  

The activity of the enzyme is increased when melanocyte stimulating hormone (MSH) combines 
with a MSH receptor. The receptor is coded for by the gene, R, which has three alleles, RD, RA

and r. RD and RA each codes for a receptor with a different activity. No receptor is produced by 
the recessive allele, r.

The dominant allele of a second gene, B, codes for a protein which binds to and blocks the MSH 
receptors coded for by RA, thus preventing stimulation of tyrosinase activity in a melanocyte. The 
receptors coded for by RD is insensitive to the protein coded by B. The recessive allele, b, does 
not produce a functional protein. 

(a) (i)   State the name given to the interaction between the R and B gene loci.

Epistasis; [1]p ;

(ii) Explain why animals with the genotype RARABB have red coats.

Inhibitor / Protein that blocks MSH receptor coded for/produced and hence
MSH unable to bind to its receptor to increase/stimulate tyrosinase / enzyme
activity;

[1]
yyy;

(iii) A red cow, with genotype RARABB is mated with a bull which is homozygous recessive at
both gene loci.

Draw a genetic diagram in the space below to show the expected genotypes and
phenotypes and their ratios in the F1 and F2 generations.

Parent phenotypes     Red bull   x    Red cow 

Parent genotypes         rrbb   RARABB 

Gametes       rb  RAB 

F1 genotype        RArBb 

F1 phenotype        All red 

F1 cross        RArBb    x      RArBb 

F1 gametes    RAB    RAb     rB    rb 

 Nucleus

 STAT3 

 STAT3
P

RAbbb rrrBBrB rbrbrbrbbbrbbbbb
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use Punnett Square: 

RAB RAb rB rb

RAB RARABB 
Red 

RARABb 
Red 

RArBb 
Red 

RArBb 
Red 

RAb RARABb 
Red 

RARAbb 
Black 

RArBb 
Red 

RArbb 
Black 

rB RArBB 
Red 

RArBb 
Red 

rrBB 
Red 

rrBb 
Red 

rb RArBb 
Red 

RArbb 
Black 

rrBb 
Red 

rrbb 
Red 

 F2 phenotypic ratio   13 red coat     :      3 black coat 

[5] 

Mark allocation: 
1. Correct parent gametes;
2. Correct F1 phenotype and genotype;
3. Correct F1 gametes;
4. Correct F2 phenotypes and genotypes in Punnett square;
5. Correct F2 phenotypic ratio;

During a health screening exercise of cattle in a farm, the height of the bulls was measured and 
the data collected is shown in Table 4.1. 

Table 4.1 

Height/cm Number of bulls

131—135   3 

136—140   9 

141—145 21

146—150 12

151—155   2 

0 12121212121

5   22 22 
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use (b) Distinguish between the two types of variation shown in coat colour and height in the
Norwegian cattle.

1. * Coat colour shows discontinuous
variation

While height shows continuous variation;

2. Discrete phenotypic classes and no
intermediates are observed

A range of phenotypes are observed;

3. Coat colour is controlled by one or
two major genes, which may have
two or more allelic forms.

Height is controlled by a large number of 
genes (polygenes); 

4. Effect of individual genes can be
observed.

Effect of individual genes cannot be 
observed; 

5. Effect of genes is not additive. Effect of genes is additive;

6. The environment has a small effect
on the phenotype.

Environment has a large effect on the 
phenotype;  

* Compulsory point;
[3] 

In the honey bee colony, the queen bee is solely responsible for laying eggs and the drones for 
fertilizing her. The worker bees have well-developed mouthparts and structural adaptations for 
collecting nectar and pollen to gather food and to perform other duties in the hive. Male bees are 
developed from haploid eggs while both queen and worker bees develop from fertilized eggs. 

(c) Explain how the phenotypic differences between the queen and the worker bees come
about despite both being developed from fertilized eggs.

1. The different diets brought about differences in gene expression in cells,
resulting in the phenotypic differences;

2. Larvae fed on diet of royal jelly throughout development become queen
bees while those fed on worker jelly become worker bees; [2]

g p yp ;
2. Larvae fed on diet of royal jelly throughout development become queen

bees while those fed on worker jjjjjellyyyyyy become worker bees;; [2]

[Total: 12 m]
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use 5 Normal cells rely on oxidative phosphorylation in the mitochondria to generate the energy 
needed for cellular processes. In contrast, cancer cells undergo a phenomenon termed the 
“Warburg effect”. This is characterised by an increased glucose uptake and reliance on 
glycolysis for ATP production despite the availability of oxygen for oxidative phosphorylation. 
Most of the pyruvate is converted to lactate instead of being broken down in the mitochondria 
(Fig. 5.1). 

Fig. 5.1 

(a) (i)  Outline the role of glycolysis in normal cells.

1. Produces net gain of 2 ATP;
2. By substrate-level phosphorylation;
3. Reduced NAD for oxidative phosphorylation;

yyyyy ppp ppp yyyyy ;

4. Breaks down glucose into (two molecules of) pyruvate which can enter the 
mitochondria and is further broken down in link reaction / Krebs cycle;

[3]

p p y ;

4. Breaks down glucose into (two molecules of) pyruvate which can enter the 
mitochondria and is further broken down in link reaction / Krebs cyyycle;

[3]

(ii) With reference to Fig 5.1 and your own knowledge, suggest why the “Warburg effect”
may seem disadvantageous to the survival of the cancer cell.

1. Only net gain of 2 ATP produced as compared to 32 / many ATP under
complete oxidation of glucose;

2. Consistent acidification of bloodstream due to H+ which might result in
cellular toxicity; [1]

p g
2. Consistent acidificatio

cellular toxicity;y;y;yyy
Note: 1 reduced NAD and 1 reduced FAD yields 2.5 and 1.5 ATP respectively. 

Bloodstream 

glucose;g ;
n oof f blloooodsstrt eamm dud e toto HH+ whwhich  mim ght result in

[1[1]]
eduuucecececec d dddd FAFFFF DD yyyieleleleleldsssds 22222.555.55 aaaaandndnd 11111.55.5.5.5 AAAAATPTPTPTP resssspppepppp ctctctcttctcttcttttttivivivivivivivivvivvivvivviivelelelelelele y.y.yyy.y. 
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use In cancer cells, the “Warburg effect” is constitutively upregulated even under normal levels of 
oxygen. It is thought to be due to the reprogramming of metabolic genes to increase glucose 
consumption. In a research experiment, the mean glucose consumption rate of MCF-7 breast 
cancer cells is compared with that of the relatively more aggressive MDA-MB-231 breast cancer 
cells under normal and low oxygen levels (Fig. 5.2). 

Fig. 5.2 

(b) Describe the differences in the mean glucose consumption rate between MCF-7 and
MDA-MB-231 cancer cells.

1. Mean glucose consumption rate of MDA-MB-231 cells is higher than that of
MCF-7 cells under both low and normal oxygen levels;

2. [Quote data] Under normal O2 levels, MDA-MB-231 cells consume an average
of 32 nmol min-1 which is higher than 7 nmol min-1 OR 25 nmol min-1 higher;

ygygygygyg ;

3. [Quote data] Under low O2 levels, MDA-MB-231 consume an average of 42
nmol min-1 is higher than 15 nmol min-1 OR 27 nmol min-1 higher; [3]

g g ;
3. [Quote data] Under low O2 levels, MDA-MB-231 consume an average of 42

nmol min-1 is highggggg er than 15 nmol min-1 OR 27 nmol min-1 higgggggher;;;; [3]

M
ea

n 
)
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use The mTOR intracellular signalling pathway is critical for control of cell growth. Fig. 5.3 shows the 
signalling system that drives cell growth through greatly stimulating glucose uptake and 
utilisation in a normal cell. 

Fig. 5.3 

(c) (i)  Describe how the binding of the growth factor to the receptor tyrosine kinase leads to the
cellular responses in Fig. 5.3.  

1. Receptor tyrosine kinase dimerises and is activated;
2. then crossphosphorylates tyrosine residues on cytoplasmic tails;
3. Phosphorylates protein kinases such as PI 3-kinase / Akt protein kinase and

activating them, and activated Akt protein kinase;
4. Which activates other protein kinases via a phosphorylation cascade;

p p y y y p ;

5. Last protein kinase in phosphorylation cascade activates mTOR protein,
increasing glucose transport / glycolysis; [3]

ppp ppp ppp yyy ;
5. Last protein kinase in phosphorylation cascade activates mTOR protein,

increasingggggg gggggglucose transpppppport / glggg ycyyyyy olysyyyyy is;; [3]

(ii) Cancer cells are able to proliferate in the absence of growth factors. Suggest how the
ability to do so can lead to the “Warburg effect”.

Gene for receptor tyrosine kinase / PI-3 kinase / Akt / mTOR is mutated such
that it is constitutively/always activated / AVP; [1]yyyy

[Total: 11 m] 

iferararaararate in nn n n thtttt eeeee abseeeeencncnnn e offfff gggggrorororoowtwwww hhhh fafff ctoroorors.sss  Suggest how theeeee
e “WaWWaaarbrbrbrburururu g eefffeect”””.”

 kinaaaseeeee / //// PIPP -3-33 kkkkkinininnnasee ee e / //// AkAkAkAkAkt t ttt / mTmTmTmTmTOROROROROR is s s ss mmmummmm taaaaaaateteteteetetetettteddddd susuuusuusuusuuuuchchchchcchhc
aysss aaactccc ivatteddddd ///// AAAAAVP; [1[1[1[11]]]]yyy ;
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use 6 Fig. 6.1 shows the different stages of meiosis in a cell. 

Fig. 6.1 

(a) (i)   Arrange the stages in chronological order. [1]

K A D J C B G E I H F 

Need to get all correct to be awarded 1 m 

(ii) With reference to Fig. 6.1, identify a stage which is critical for a reduction division and
explain why.

1. C – metaphase I;
2. Bivalents/ homologues line up along metaphase plate in 2 rows/

homologous pair line up along metaphase plate, allowing only one
homologue to be present in each daughter cell at the end of meiosis I/
chromosome number is halved;

p ;

OR 
;

3. B/G – anaphase I;
4. Separation of homologues/ homologous chromosomes results in only one

homologue in each daughter cell at the end of meiosis I / chromosome
number is halved;

[2]

p ;
4. Separation of homologues/ homologous chromosomes results in only one

homologue in each daughter cell at the end of meiosis I / chromosome
number is halved;;;

(iii) Explain how reduction division contributes to variation in diploid organisms.

1. Independent assortment results in different combinations of paternal and
maternal chromosomes in the gametes;

2. Crossing over results in different combinations of alleles in the gametes;
3. Random fusion of haploid gametes will increase variation;

[2]

g
3. Random fusion of haplo

@1m, max 2 

s in the gametes;
n difffeffeererererennntn ccombiiiiinananananattittt onsssss ffofoff aaaaallllllllleeleees in thhe gameteeeees;s;s;s;

ggggg ;

[2[2[2[2[2[ ]]]]]

gg ;;
oid ggamametess wwillll inincrcreeasee vvarariai ttioon;
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Some patients with the Prader-Willi syndrome have both chromosomes 15 from their mother due 
to an error in meiosis. Fig. 6.2 shows the possible combinations of chromosomes 15 that could 
be present in the gametes of the mother. 

Fig. 6.2 

(b) Explain how a gamete with heterodisomy of chromosome 15 could have been formed.

1. Non-disjunction/ both homologues moved to the same pole;
2. In meiosis I / anaphase I of meiosis (where one daughter cell contains both

homologues at the end of meiosis I and the other has no chromosome 15);
3. In meiosis II / anaphase II, chromatids of each homologue separate (and

both daughter cells contain both homologues at the end of meiosis II); [3]
3. In meiosis II / anaphase II, chromatids of each homologue separate (and

both daughgggggg ter cells contain both homologggggues at the end of meiosis II););););))) [3]

[Total: 8 m]

Pair of chromosome 
15 homologues in 

germ cell of mother 

Heterodisomy 

Possible combinations of 
chromosomes 15 in 
gametes of mother 

meiosis 

Isodisomy

or
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use 7 The structure of a G-protein-linked receptor (GPLR) is shown from two different views in Fig. 7.1 
below. Fig. 7.1a shows a GPLR from a cross section of the plasma membrane while Fig. 7.1b 
shows the top view of a GPLR. 

 Fig 7.1a   Fig 7.1b 

(a) (i) State and explain the highest level of organization of the GPLR.
1. Tertiary structure;
2. A single polypeptide chain (shown by one NH2 COOH group) is folded into

a globular structure / 3D conformation. [2]

y ;
2. A single polypeptide chain (shown by one NH2 COOH group) is folded into

a glgggggg obular structure / 3D conformation. [2]

(ii) Identify a hydrophilic domain of the GPLR and describe its corresponding function.

1. The binding site for signal molecule (facing exterior of the plasma membrane)
2. This allows signal molecule to bind and trigger conformational change in

GPLR, activating it.

ggg gggg (((( gggg p ))))

3. The binding site for G protein (facing cytoplasmic face of the plasma
membrane).

, ggggggg

4. Activated GPLR binds to G protein and activates G protein when GTP
displaces GDP.

)))))

* Points 1 & 2, or points 3 & 4
[2]

p
* Points 1 & 2, or points 3 & 4

[2]
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use Recent studies have found that GPLRs have alternative binding sites other than the ligand-
binding sites. Allosteric molecules bind to these alternative binding sites to change cellular 
response levels. One such molecule has been found to bind to the GPLR specific to glucagon. 

One of the normal cellular responses of glucagon binding is the inhibition of glycogenesis. The 
rate of glycogenesis with and without the allosteric molecule is shown in Fig. 7.2. 

Time 

Fig. 7.2 

(b) (i)  Based on the information above, state if the allosteric molecule is an activator or an
inhibitor of GPLR.  

Inhibitor; [1];

(ii) Explain the effect of the allosteric molecule on the rate of glycogenesis.

1. With the binding of the allosteric inhibitor, the rate of glycogenesis steadily
increases;

2. When the allosteric inhibitor binds, 3D conformation of GPLR changes;
;

3. G protein (is no longer complementary to and) will not be able to bind to and
activate adenyl cyclase;

, gggg ;

4. Adenyl cyclase will not produce cAMP, the second messenger;
yyyy yyyy ;

5. cAMP will not be able to bind and activate Protein Kinase A and the
phosphorylation cascade will not occur;

yyyy yyyy pppp

6. Glycogen phosphorylase will not be activated, thus glycogenolysis will not
occur; [5]

p p y
6. Glycogen phosphorylase w

occur;

[Total: 10 m] 

With allosteric molecule

Without allosteric molecule

Rate of glycogenesis

roduce cAMP, the second messenger;
binddd annnnnddddd aaaca tttit vvvatee PPPPPrororororoteinnnnn KKKKKinininininaaaasa eee A annnddd the

will nnnnnooototoo  occccuuur;

, g ;

;
willl noot t beb aacctivivatateded, ththusu glylycocoggenoolyysiss wiw ll nnotot

[5[5]]

[T t l 10 ]
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use 8 Speciation events have been observed to occur very frequently in bacteria. It was suggested 
that the high rate of speciation is due to the high level of variation in bacteria.

(a) Transformation and conjugation are two processes which increase the level of variation in
bacteria.

Distinguish these two processes.

Conjugation Transformation
Genetic material 
being transferred 

1. Transfers the F plasmid or R
plasmid

1. Transfers fragments of the bacterial 
chromosome;

Donor cell 2. Donor cells are F+ cells /
carries the F plasmid or R
plasmid;

2. Donor cells may be lysed cells that
releases its DNA;

Recipient cell 3. Recipient cells are F- cells / 
do not carry the F plasmid 
or R plasmid;

3. Recipient cells must be competent / 
secrete the competence factor; 

Physical contact 4. Direct physical contact
required between two cells
through sex pilus; 

4. No physical contact required between 
cells / exogenous DNA taken up
directly by recipient cell;

[3] 

Bacterial evolution is one of the most dynamic and exciting areas in current biological research.  

Over the years, a barrier in this field of research is the difficulty in classifying bacterial species. 
However, in recent times, new analytical tools in molecular biology have offered new insights 
into the classification of bacterial species. 

(b) (i) Suggest why scientists had difficulties in the classification of bacterial species.

1. Bacteria reproduce asexually / by binary fission;
2. Unable to determine between species according to biological species

concept / bacteria are unable to interbreed to produce fertile viable
offspring;

pppp yyyy yyyy yyyy ;

3. Horizontal gene transfer/transformation/conjugation between relatively
distantly related bacteria / different bacterial species (OWTTE);

pppp g;ggg

4. Results in high rates of recombination, making it difficult to determine a
single species;

yyyy p (((( ))));

5. Different species may be morphologically similar;
[2]

g p ;
5. Different species may be morphologically similar;

(ii) Explain how analytical molecular tools have helped overcome this barrier in research.

1. Molecular tools have helped determine genetic sequences of bacteria / compare
genetic sequences of bacteria;
2. Allowing scientists to classify bacteria according to genetic distance /
phylogenetic distance;

ggggggg qqqq

3. Provides an objective method (to determine genetic distance);
p yyyy gggg ;

4. Data obtained is quantitative;
5. Hence more sensitive to differences between species / data could be used

for statistical analyses;

jjjj

[2]

y ;

ed determine ggenetic seqqqqueueuueuences of bacteria / compare/
a;
sifyyy babababab cctccc eriaa aaaccccccoooroo dididididingnnnn tttttooooo gegegegegenenenenn ttit ccc dissstaaannnnnnnnnnncecececceeececeeeceeceeeee //////

;

thododod (to ddddetetete ereererrmimimimimine geeeeennnenn tititititicccccccc didididididdd sstss annnnncecececececeee);););););
ive;e;;;;

diffferererennnenncececececesssss bebebebebetwtwtwtweeeeen nn spss ecccccieieieieiesssss / dadadadadatatatatata cccccouo ld bee e e e usususususeed

((((( gggg );)))
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use (c) The outer layers of the two types of bacteria with peptidoglycan cell walls known as Gram-
positive and Gram-negative bacteria are shown in Fig. 8.1 below.

Penicillin is an antibiotic that is known to be effective against only one of the two types of 
bacteria above.

With reference to the information given and your own knowledge, deduce which type of bacteria 
is susceptible to the action of penicillin and explain why. 

1. Penicillin is effective only against gram-positive bacteria;
2. Gram-negative bacteria have an outer membrane (and lipoproteins) (that
surrounds the peptidoglygan layer of the cell wall) / penicillin can directly access
the peptidoglycan cell wall in gram-positive bacteria;

yyyy gggg gggg p ;

3. Preventing the action of penicillin as penicillin inhibits the crosslinks in
peptidoglycan cell wall; [3]

p p g y g p ;
3. Preventing the action of penicillin as penicillin inhibits the crosslinks in
peptidoggglyyycan cell wall; [3]

(d) Explain how antibiotic-resistant bacteria can become increasingly common in a population of
bacteria.

1. Horizontal gene transfer (transformation, transduction, conjugation) occurs
which increases genetic variation in the bacteria;

2. Genetic variation exists in the form of antibiotic sensitivity and antibiotic
resistance;

g ;

3. Antibiotics act as selection pressure;
;

4. Non-resistant bacteria are selected against / bacteria which are resistant to
antibiotics are selected for / they have a selective advantage;

pppp ;

5. Allele coding for antibiotic resistance passed down to subsequent generations
of bacterial cells (during binary fission);

6. Over many generations, frequency of allele coding for antibiotic resistance
increases in the gene pool;

((( gggg

[4]

gggg p

[Total: 14 m] 

Gram-negative bacteria Gram-positive bacteria 

Fig. 8.1 

g
or / ththhthhthey hhhhhavavavavaveeeee a seeeeeleleleeectiveeee adadaadadvavavavav nttttagaaa e;
c rrressssisisisisistatatatat ncee passsssssssss ededededed dowowowowown tototototo sssuuubsequqquenenenentttt t gegegegeggg nenenenenenerararararar titititit ononononnsssss

binarararrryyyy y fififififissss ioonnn);

yy g ;

freeqqquenenenenencycycycyc ooof aaaaallele ce ce ce ce codododododininininingggggg fofofofofor rr ananananantititittibbbbibbb otticicicicicicicciic rrrresesesesiisisssisiiisissttttatt nccccceeeeee
ol;

yyyy ))));

;

[4[4]
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use 9 Cyanobacteria are aquatic blue-green bacteria which are highly similar to algae as they can 
obtain their energy through photosynthesis. They are typically found in tropical waters due to 
their ability to thrive in bright and warm areas. Generally found on the surface of lakes and 
oceans, they can reproduce exponentially and cause a rapid increase in their population known 
as blooms. Certain genera of blooming cyanobacteria such as Microcystis can produce 
cyanotoxins which, in high concentrations, can poison and even kill animals and humans.  

A study was conducted to find out the effects of temperature on the maximum growth of 
Microcystis aeruginosa as well as three other harmless green algal species (P, Q and R) which 
are a main source of food for aquatic animals (Fig. 9.1). The global mean sea surface 
temperature anomalies, which indicate differences in temperature when compared to the 
baseline temperature in 1880 were also recorded (Fig. 9.2). 

Fig. 9.1 

Fig. 9.2 

Algal Species P 
Algal Species R 

Algal Species Q 
M. aeruginosa
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use (a) Describe the effect of temperature on the maximum growth of M. aeruginosa.

1. Maximum growth increases from 18% to 100% from 16 to 33ºC;

2. And decreases from 100% to 84% from 33 to 37ºC; [2]

g ;

2. And decreases from 100% to 84% from 33 to 37ºC; [2]

(b) Explain how human activities could have contributed to an increase in sea surface
temperatures.

1. Burning of fossil fuels such as coal, natural gas and oil releases greenhouse

gases such as CO2 and CH4, causing global temperatures to rise;

gggg , gggg gggg

2. Deforestation leads to diminishing carbon sink, and burning of trees and soil

g 2 4, g g p ;

disturbance releases CO2;

gggg , gggg

3. Due to increased meat consumption, more livestock is reared which releases

2;

CH4 due to enteric fermentation;

p ,

4. Hence increases in global temperatures will lead to increase in sea surface
temperatures; [3]

4 ;
4. Hence increases in global temperatures will lead to increase in sea surface

tempppperatures;;;; [3]

(c) With reference to the information provided, discuss the impact of M. aeruginosa on the
global food supply of humans in the future.

1. May adversely affect food supply;

2. Fig. 9.1 shows increasing trend of maximum growth of M. aeruginosa

yyyyyyy yyyyyyy pppppppp y;yyyyyy

with increasing temperatures before 33ºC;

g g g gggg

3. Where SST is increasing as shown in Fig. 9.2 by an increase of 1.4ºC / 1.0ºC
from 1880 to 2016;

gggg p ;

4. Cyanotoxins produced by blooming M. aeruginosa harm fishes, hence affecting

;

fisheries and fish supply for humans;

yyyy p yyyy gggg gggg , gggg

5. Cyanobacterial distribution will expand polewards and affect more fisheries in

pppppppp yyyy ;

temperate areas as well;

yyyy ppp pppp

6. Blooms of M. aeruginosa may also act as competition with other algal species
which may be a food source for other fish;

pppp ;

7. May not adversely affect food supply;

yyyy ;

8. Fig. 9.1 shows decreasing maximum growth of M. aeruginosa beyond 33ºC;

yyyy yyyy

9. Due to denaturation of enzymes and hence metabolic rate;

ggg gggg

10. As M. aeruginosa  is unable to survive at higher temperatures; [5]10. As M. aerugggginosa  is unabl

[Total: 10 m] 

Commented [LKM1]: Students must be able to identify different 
parts of the graph and explain them, while identifying trends 
(increasing trend) 

Commented [LKM2]: Direct recall from LO – students have to 
phrase their answers in the context of SST 

Commented [LKM3]: Similar to CA2 Q phrasing, where student 
can try to provide evidence where global food supply may be 
increased or decreased / assess validity of information in making such 
a claim 

ood dd d d supppppppppplylylylyl ;;;;;

maaxixixixix mumumumumum grgrrowwwwwththththt ooooof ffff M. aaererereererugugugugugininnooosa bbbeeeyyononononnnnononononoononndd d dddddddd 333333333333ºCºCººCºCºCCCCCC;;;;;;

ppppppppppppp yyyy;;

zymmmmmeseseses and hence metetetetetabababababbolllllliiiic rate;

gggggggggg ggggggggggg yyyyyyy ;;

y ;

le ttoo susurvrvivivee atat hhigigheher tempmpererataturreses;; [[5]
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Section A 

Answer all the questions in this section. 

1 Dengue viruses (DENV) are responsible for millions of infections each year in tropical and 
subtropical areas of the world. According to the World Health Organization, dengue incidence has 
increased significantly over the past 50 years, turning this infection into the most important 
mosquito-borne disease in the world and a global health challenge. Fig. 1.1 shows the general 
global distribution of dengue fever in the year 2005. 

 Fig. 1.1 

(a) (i) Climate is one of the important factors that affects the distribution of dengue.

Predict and justify the expected distribution of dengue by the end of the 21st century. 

1. Geographical range of Aedes mosquito (vector) and dengue will expand towards
the two poles/ to areas infested with mosquitoes;
2. As global temperature is predicted to rise (by 4°C)/ global warming/ climate
change due to (increase in greenhouse gas emission);

ppp qqq ;

3. resulting in favourable temperatures for mosquito breeding/ suitable breeding
places in the temperate regions/ increased viral load/ higher rate of DENV
replication;

gggg (((( gggg gggg )));

[3]

Areas infested with Aedes aegypti 
Areas infested with Aedes aegypti and dengue epidemic activity 

[3][3]
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(b)  (ii) Symptoms of dengue such as fever usually develop within 4 to 7 days after being bitten by 
an infected mosquito and is often associated with joint pain. 

Explain how DENV may cause these symptoms.  

1. Virus stimulates/ activates innate/ non-specific immune response/ immune cells
(e.g. dendritic cells) in the first four days; 
2. Interferons/ cytokines/ histamine released result in inflammation, causing pain;
((( gggg ))) yyyy ;

3. Pyrogen released by activated macrophages leads to rise in systemic body
temperature resulting in dengue fever;  

yyyyyy , gggggg ppp ;

pppp gggg gggg ;

*Award mark only when reference is made to respective symptoms

[3][3]
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During an infection, DENV will elicit a primary humoral immune response which involves B cell 
activation as shown in Fig. 1.2.  

Fig. 1.2 

(b) (iii) With reference to Fig. 1.2 and your own knowledge, explain the significance of mitosis in B
cell activation.  

1.* Clonal expansion occurs via mitosis to produce genetically identical daughter 
cells; 
2. This results in increased/ faster production of antibodies/ memory cells/ plasma
cells

;

3. which can bind to complementary/ specific antigen present;
4. to mediate fast clearance/ destruction of pathogen/ increased rate of
phagocytosis/ faster response during secondary infection;

p yyyy p gggg p ;

5. Somatic hypermutation during clonal expansion results in antibodies with
increased affinity to antigen;

ppp ggg yyy ppp ggg yyy ;

*Compulsory pointpppp yyyy pppp

[3]

Antigen 

[3][3]
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(a) (iv) Memory B cells have long life spans because they do not actively undergo cell division. 
However, upon activation, a memory B cell can undergo many rounds of proliferation.  

 
Suggest why activated memory B cells can undergo multiple rounds of cell division without 
dying.  

 
1. Length of telomeres maintained due to active telomerase/ expression of 
telomerase upon activation;
R! Length of telomere very long 

[1]

p ;
R! Length of telomere very long 

[1]
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(b) Bacteria has a natural defence system against viral infections involving RNA sequences
known as clustered regularly interspaced short palindromic repeats (CRISPR).

When the bacteriophage infects a bacterial cell, the viral genome released into the bacterial
cell is cleaved. Subsequently, a cleaved portion of the viral genome is integrated into the
bacterial genome. The bacterial cell detects the phage DNA integrated within its genome and
produces a type of RNA known as the CRISPR RNA. The CRISPR RNA contains a sequence
that is complementary to that of the integrated phage DNA. When the next phage infects the
same bacterial cell, the CRISPR RNA will bind to its target sequence in the viral genome and
a nuclease is recruited to cut the phage DNA, disabling the invading phage.

The sequence of the CRISPR RNA can be edited and subsequently used to cut any DNA
sequence at a precisely chosen site in eukaryotic cells. This gives rise to the possibility of
correcting mutations associated with genetic disorders. Fig. 1.3 shows how the sequence of a
defective allele can be replaced with the  sequence of a normal allele from a donor DNA via
homologous recombination using the CRISPR technology.

Fig. 1.3 

(b) (i) The specificity of CRISPR-mediated immunity in prokaryotes could be applied to eukaryotic
cells to make precise changes in the genes of organisms.  

Explain why the CRISPR RNA in prokaryotes can also be used in eukaryotic cells. 

1. Universal/ similar types of nucleotides (A, U, C, G)/ nucleic acid/ Eukaryotes also
contain DNA as its genome; (mark for identify nature of genome)
2. where A is paired with U and C is paired with G via complementary base pairing;

ggg ; ((( yyy ggg )))
p p p y p g;

[2]

(1) Excision and removal
of defective sequences by
nuclease

(2) Insertion of normal
sequences via homologous
recombinationDonor DNA 

Nuclease

[2][2]
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(b)  (ii) Another technology that can be used to treat genetic disorders is gene therapy. Similar to 
the CRISPR technology, gene therapy involves the introduction of normal alleles into 
patients. However, it does not involve the excision and removal of defective alleles. Hence, 
it can only be used to treat recessive genetic disorder.  

 
With reference to Fig. 1.3, explain the advantages of using CRISPR technology to treat 
genetic disorders over gene therapy. 
 
1. CRISPR technology can be used to treat both dominant and recessive genetic 
disorders; 
2. as nuclease creates a double stranded break in the DNA to remove the dominant 
alleles (and gene function is restored when normal alleles are inserted via 
homologous recombination); 
R! dominant genes 

;

3. However, insertion of normal alleles in gene therapy is unable to treat dominant 
genetic disorders as only a copy of dominant allele is required to show its effect in 
patients; 

gggggg

4. Normal alleles introduced during gene therapy can be degraded overtime/ 
temporary/ may not be integrated in the genome vs. long lasting treatment/ one 
treatment required for CRISPR; 

p ;

5. CRISPR successfully correct the genetic disorder such that subsequent 
generations of cells are normal while gene therapy can only affect one generation 
of cells; 

qqqq ;

6. Gene therapy has a risk of insertional mutagenesis (if retrovirues are used as a 
vector) while CRISPR does not have this risk;  
7. as in gene therapy, insertion is not specific while in CRISPR, insertion is 
specific/ precise; 

;

 
  [3]

p p ;

 [3]
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Polymerase Chain Reaction was used to amplify a gene of 1000 bp. Fig. 1.4 shows the resultant 
DNA fragment produced. A CRISPR RNA is designed to target a specific sequence found within 
the gene. The sites of excision by the nuclease are indicated by the arrows. Gel electrophoresis 
can be used to verify if the target sequence is cut at the precise sites by the nuclease. 

Fig. 1.4 

(b)  (iii) On the electrophoregram below, draw the expected results after the cut fragments are 
separated if there is specific binding of CRISPR RNA to target sequence in Lane 1. 
Indicate the charge of the electrodes clearly in the circles on the side of the 
electrophoregram. 

1. A single band at 600, 300, 100 bp position of similar thickness; R! width of band is double
2. Correct labelling of the terminals; [2] 

300bp 100bp 

oriori

poositiononononon ofoooo similmilmilmilmi ar thihithithihickncknckncknknessessessessesss ; R; R; R; R; R! w! w! w! wwididtidtidtid hhhh ohhh f bbbbbbbbbandandandanddandaandaaand iisisisisiisiiiisiisi dddoubublublublubleee eee
; [2][2][2][2]]2  
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Fig. 1.5 shows an electrophoregram obtained by a student following excision of the same gene 
by a nuclease. 

Fig. 1.5 

(b) (iv) Suggest how the smear is obtained in Fig. 1.5.

1. Fragments of varied sizes are produced;
2. due to non-specific excision of target sequence;
3. as CRISPR RNA designed is not specific;

[1]

ggg p ;

[1]

(b) (v) Geneticists attempted to edit the gene responsible for -thalassaemia, a potentially fatal
blood disorder, in human embryos using the CRISPR technology. However, the experiment 
was terminated prematurely due to a number of unintended mutations and numerous 
ethical controversies.

Discuss the ethical implications of the application of CRISPR technology on genes in 
embryos.  
1. Permanently changes the genetic makeup of an individual / and future
generations;
2. may result in human trait selection/ genetic enhancement/ ref. eugenics by
selecting characteristics of offspring;

g ;

3. Unintended killing of embryos which is considered a life;
gggg

4. Source of embryos may be obtained from donors which did not give their
consent;

g

5. Failure to make informed decisions due to inadequate understanding of the risks
associated with technology;

;

6. Exploitation of women for their oocytes (R! embryos);
gy;gygygy

7. Experiments using embryos may lead to the killing of embryos and this can
desensitize community; [2]

p
7. Experiments using embryos may lead to the killing of embryos and this can
desensitize communityyyy;;; [2]

rait selection/ genetic enhanhanhnhancement/ ref. eugenics by
offffspripriir ng;ngnggn

bryooos ws ws ws ws which is cs cs ccconsonsonsonsonsidddded rededededed aaa aa lifllil ee;e
pppppp g;gg

y be bebee obtobtobtobtobtainneeed frofroffrof m dm dm dm dm donoonononon rsssss whiwhwhwhwh ch dddiddddd nononononnnonononoot gt gt gt gt giveiiveiveiveiiveveiviiviivi theireireireirir
y ;

dececcccisiisiisiisionsonsonsonsons dududududue te te tte to io io io io inadnanadnadnadequequequequequateateateateatt unununununderderderderderstastastastastaanding of of of of of thethethethethe riririririsksskssksskskssks
;
r their oocytes (R! embryos);
;

y ( y );
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(c) One of the three tenets of the cell theory states that all living organisms are composed of one
or more cells. Non-cellular life forms such as viruses challenge this tenet as they possess both
living and non-living characteristics. The recent discovery of giant viruses, known as
Mimiviruses, led scientists to rethink the origin of life and viral evolution. The features of the
Mimivirus are as described.

1. It contains a double-stranded DNA genome of approximately 1.2 million base pairs which is
significantly larger than the genomes of any other known virus and comparable to a cell.

2. It has some genes which show a high degree of homology to those in bacteria, while some
show a high degree of homology to those in eukaryotes.

3. It contains a number of protein-coding genes showing high degree of homology to genes
coding for products involved in translation, such as aminoacyl-tRNA synthetases and
translation initiation factors. It also contains genes associated with metabolic pathways,
DNA repair, and protein folding. However, it is still dependent on its host for translation.

Suggest how Mimiviruses evolved and use the above statements to support your hypotheses.  

1. From statement 1: The size and nature of mimivirus genome is similar to a cell;
2. suggesting that it may have evolved from cells;

gggg ;

3. From statement 2: Mimivirus have similar genes/ high degree of homology as
genes from as bacteria and eukaryotes;

gggggggg gggg yyyy ;

4. suggesting that mimivirus may acquire genes from cells via horizontal gene
transfer;
5. that may have preceded eukaryotes and prokaryotes/ share a common ancestor as
eukaryotes and prokaryotes;

gggg yyyy ;

5. From statement 3: Mimivirus still depends on the host for translation despite
having genes that encodes certain components of translation;

yyyy p yyyy ;

6. suggesting that some of the genes coding for previously complete processes may
be lost as it becomes more dependent on its host;

ggg ggg ppp ;

[4]

p ;

[4]

[Total: 24] 
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2 Prebiotics is defined as ‘an ingredient that results in specific changes in the composition and 
activity of microbials in the gut thus improving host health’. Prebiotics are non-digestible 
oligosaccharides that can be selectively fermented by gut bacteria. Currently, most prebiotics are 
derived from the hydrolysis of simple polysaccharides. Therefore, to develop novel prebiotics, an 
alternative resource of polysaccharides that supplies oligosaccharides with more diverse and 
complex structures is required. One of these polysaccharides is pectin.  

Fig. 2.1 shows the schematic diagram and natural occurring configuration of D-galacturonic acid, 
the monomer of pectin. The structure of pectin, a polysaccharide is shown in Fig. 2.2. 

  Schematic diagram   Natural occuring configuration 

Fig. 2.1 

Fig. 2.2 FigFigFigFigFig. 22. 2.22 2 2 2
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(a)  With reference to Fig. 2.1 and 2.2, state two structural differences between cellulose and 
pectin.  

1. Alternating cellulose monomers inverted but pectin monomers all in same
orientation;

2. D-galacturonic acid monomer in pectin vs beta glucose in cellulose;
3. Beta configuration of glucose monomers in cellulose vs alpha configuration of D-

galacturonic acid monomer in pectin/ OH group on C1/anomeric carbon below the
plane in pectin but in cellulose it is above the plane;

4.  (1 4) glycosidic bonds in cellulose while  (1 4) glycosidic bonds in pectin;

;

5. Monomers in pectin are esterified/modified to carry methyl groups but not in
cellulose; 

(((( ))) g yg yg yg y (((( )))) g yg yg yg y p ;

[2]

;

[2]

Rhamnogalacturonan I (RG I) is a type of pectin present in the plant cell wall. The schematic 
diagram of RG I found in plant cell walls is shown in Fig. 2.3. 'Ac' represents acetyl groups added 
to RG I. 

Fig. 2.3 Fig. 2.3
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(b) With reference to Fig. 2.3 and your knowledge of carbohydrates, suggest how the structure of
monosaccharides allow for complexity in the pectin structure.

1. There are different number of C in the ring which gives rise to diversity in
monomers used in pectin;

2. e.g. L- Aceric acid, D-Galacturonic acid;
3. Each ring has multiple OH groups at different/ multiple C position enable the

formation of multiple bonds;
4. for branching in pectin;

pppp ;

5. A variety of monomers can be attached to a single monomer, allowing for
diversity and complexity;

gggg p ;

6. The monomers structure also allow for acetylation, allowing for diversity and
complexity;

yyyy p yyyy;

[2]

p y;yyyy

[2]

When pectin is consumed by humans, it is digested into oligosaccharides. These oligosaccharides 
are used by gut bacteria in the process of anaerobic respiration.  

(c) Explain why a small yield of ATP can still be achieved with anaerobic respiration.

1. Glycolysis continues for the synthesis of some ATP via substrate-level
phosphorylation;

2. this is achieved by regenerating NAD+ from the reduced NAD produced;
3. Pyruvate accepts the hydrogen atoms from reduced NAD and is reduced to lactate

(which contains a lot of trapped energy);

yyyy gggg gggg p ;

4. 1 molecule of glucose is oxidised/ converted to (2 molecules of) pyruvate with the
net yield of 2 ATP (and 2 reduced NAD);

(((( pp gygygygy);)))

yyyy (((( );)))

[3][3]
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In the presence of oxygen, both glucose and triglycerides can be oxidised to yield large amounts 
of ATP. Fig. 2.4 shows some steps involved in respiration of triglycerides. Respiration of 
triglycerides involves the hydrolysis of triglycerides into fatty acid chains which are then broken 
down into acetyl CoA molecules. These acetyl CoA molecules will then enter the Krebs cycle.  

Fig. 2.4 
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(d)  (i) Using the information from Fig. 2.4, calculate the total ATP yield from the complete 
oxidation of a 14-carbon fatty acid chain. Each NAD yields 2.5 molecules of ATP and each 
FAD yields 1.5 molecules of ATP. Show your calculation and answer in the space provided.   

  
 14-carbon fatty acid chain will yield 7 x 2 carbon chains (7 cycles); 
 No. of ATP from a 2 carbon-chain = 3 x 2.5 + 1.5 + 1 = 10; 
 Hence, total ATP yield will produce 7 x 10 ATP molecules = 70 ATP; 
 

 
 

 
 
 
 
 
 
 

   
[3] 

 
(b)  (ii) Explain why fatty acid chains can be completely oxidised only under aerobic conditions. 
 

1. Fatty acids need to be converted first to acetyl CoA;  
2. that is only oxidised in the Krebs cycle/ bypasses glycolysis and the link 

reaction;  
3. In order to be completely oxidised, oxygen is required as the final electron and 

proton acceptor in the process of oxidative phosphorylation;

;

 
p p p p p y ;

 
 
 

[3][3]
 

 [Total: 13] 
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3 CpG islands are regions of DNA where a cytosine nucleotide is followed by a guanine nucleotide 
in the linear 5’ to 3’ sequence. CpG islands are typically 300 to 3000 base pairs in length. These 
CpG islands have been found to be in or near approximately 40% of promoters of mammalian 
genes. Humans have a higher percentage of promoters with high CpG content.  

Fig. 3.1 

(a) (i) With reference to the information provided, explain the significance of the presence of CpG
islands in many of the genes in the mammalian genome.  

1. CpG islands are sites of DNA methylation;
2. Addition of methyl group changes the 3D configuration of the promoter;
3. DNA methylation at/near promoter recruits Methyl-CpG-binding protein which

in turn recruits and binds to histone deacetylase;
4. Complementary binding of Methyl-CpG-binding protein to Histone Deacetylase;
5. Histone Deacetylase removes acetyl group from histone restoring positive

charge (on lysine tail);
6. causes condensation of chromatin;
7. preventing access of RNA pol and general transcription factor to/ formation of

TIC at promoters;

y g p g g p ;

8. *Allows specific genes to be silenced during regulation/ switched on when
needed;

p ;

*Compulsory
[4]

;
*Compulsory

[4]

HDAC: Histone Deacetylase 
MeCP: Methyl-CpG-binding protein  

Commented [WU1]: Make the protein binding more 
complementary  
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McGhee and Ginder conducted an experiment that examined the effects of inhibiting methylation 
on gene expression. The experiment was performed using 5-azacytidine in mouse cells. 
5-azacytidine is one of many chemical analogs that are structurally similar to the nucleoside
cytidine from which cytosine is formed. When these analogs are integrated into growing DNA
strands, some, including 5-azacytidine, severely inhibit the action of the DNA methyltransferase
enzymes that normally methylate DNA. Interestingly, other analogs, like Ara-C, do not negatively
impact methylation.

Scientists hypothesized that if they inhibited methylation by flooding cellular DNA with 
5-azacytidine, then they could compare cells before and after treatment to see what impact the
loss of methylation had on gene expression. The amount of methylation measured in each
treatment is relative to the control. The results are shown in Table 3.1.

Table 3.1 

Chemical Added Number of Differentiated 
Cells 

Amount of Methylation 
Measured 

cytidine (control) 0 100% 

Ara-C 0 127% 

5-azacytidine 22141 33% 

(b) (ii) Explain what the experimental results show about the effects of methylation on gene
expression. 

\  
1. The decrease in methylation resulted in an increase in the number of

differentiated cells;
2. Inhibition by 5-azacytidine decrease amount of methylation from 100 to 33%

leads to increase the number of differentiated cell from 0 to 22141 cells;
3. While the presence/ increase in methylation of 127% due to Ara-C resulted in 0

differentiated cell OR While the  presence of 100% methylation in control
resulted in 0 differentiated cell;

Max 2 

4. Methylation (of CpG region at promoter) causes condensation of chromatin,
preventing access of RNA pol (and general TF) to promoter/ Demethylation of
genes causes unpacking of chromatin, allowing access of RNA pol to
promoter;

5. This allows for gene expression leading to expression of specific proteins in
the process of differentiation / shows that specific gene involved in
differentiation are methylated;

p ;

yyyyyy ;

[4]

(b) (iii) Explain how confidence in the experimental results could be increased.

1. Repeat experiment to increase reliability of results;
2. (Add another chemical which will) induce 0% methylation as a positive
control/ to ensure that methylation arises are due to the effect of Ara-C or 5-
azacytidine;
3. AVP

[1]

p p
2. (Add another chemical wh
control/ to ensure that meth
azacytidine;
3. AVP

[4]4][

exppperierierierir mememenmeme tal rrresulsulsulsulsults tsts cooouoco ld bebebe bebeb incincincincn rearere seddd.

creaseaseasaase reeeee eliability of rrrresuesuesuesuesuesuults;y ;
hichch wilwill) l) indinduceuce 0%0% memethythylatlationion asas aa ppositiveve
ylatiationon ariarisesses ara e de dueue to thethe efeffecfect ot of Af ra-C oC orr 5- [1]
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(b) In 2010, a 10 year old boy with a damaged trachea (windpipe) was given a trachea transplant.
A donor trachea was obtained and enzymes were used to remove all the cells, leaving only
the collagen as shown in Fig. 3.2.

Fig. 3.2 

Some bone marrow was removed from the boys’ pelvis and about 2.5 million stem cells were 
isolated from this bone marrow. These stem cells were then treated with chemicals to stimulate 
proliferation and injected into the collagen.  

The collagen, with the injected stem cells, was then immediately used to replace damaged 
trachea in the boy. Over a period of time, a fully functioning trachea was formed.  

Suggest how the properties of the bone marrow stem cells allow for the formation of a fully 
functioning trachea.  

1. Bone marrow stem cells are multipotent stem cells;
2. They are able to undergo indefinite mitosis due to active telomerase;
3. To form/ maintain a constant pool of stem cells for differentiation;

p ;

4. Bone marrow stem cell are undifferentiated cells;
5. Which can respond to different environmental factors to change the expression of

the bone marrow stem cell into cells in the trachea;

pppp ;

;

[4][4]

[Total: 13] 
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Section B 

Answer one question in this section. 

Write your answers to this question on the separate writing paper provided. 

Your answers should be illustrated by large, clearly labelled diagrams, where appropriate. 

Your answers must be in continuous prose, where appropriate. 

Your answers must be set out in sections (a), (b) etc., as indicated in the question. 

4 (a) Using two named examples, explain the importance of bonds to the function of two 
different classes of biomolecules.    [13] 

(b) With reference to named examples, describe the range of roles performed by lipids in
living organisms.   [12] 

[Total: 25]

5 (a) Outline the processes that result in genetic variation in nature and explain the 
significance of such processes.                [13] 

(b) “The endomembrane system is critical in the synthesis of proteins”. Discuss.     [12]  

[Total: 25]
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Essay Question 4a 
Using two named examples, explain the importance of bonds to the function of two different 
classes of biomolecules. [13] 

Nucleic Acid (e.g. DNA/ RNA) 
1. The role of DNA is to store information;
2. and pass it on / transmit information from one generation to the next;
3. To ensure that DNA is stable;
4. *numerous hydrogen bonds can found between the nitrogenous bases; 
5. *Strong covalent bonds e.g. phosphodiester bonds between adjacent nucleotides in 

sugar-phosphate backbone; 
6. *Hydrophobic interactions between stacked nitrogenous bases; 
7. Weak hydrogen bonds between nitrogenous bases can be easily broken to allow

separation of DNA;
8. for DNA replication, transcription and DNA repair (at least 1);
9. Complementary base pairing by hydrogen bonds;
10. allow for accurate transmission of information;
11. The sugar phosphate backbone that is negatively charged allows association with

positively charged histone via ionic interactions;
12. to allow for condensation;
13. Hence, preventing the breakage of DNA/ lost of genetic information during nuclear

division;
14. Condensation also allows for the DNA to be packaged in the nucleus of the cell;

Protein – Enzyme/ antibody
15. *Amino acids join together by (strong covalent bonds known as) peptide bonds; 
16. The presence of hydrogen bonds formed between the –CO and –NH groups of the

polypeptide backbone to form -helices and B pleated sheets; 
17. The 3D conformation of the protein is maintained by ionic, hydrogen bonds and

hydrophobic interactions and disulfide bonds between R-groups (at least 2 bonds); 
18. For proteins with quaternary structure, the 3D conformation of the protein is

maintained by ionic, hydrogen bonds and hydrophobic interactions and disulfide 
bonds between R groups of different polypeptide chain (at least 2 bonds); 

19. This allow formation of active site complementary to substrate;
20. for specificity in catalysis;
21. This allow formation of binding sites/ sites other than the active sites

complementary to activator/ inhibitor/ cofactors;
22. For regulation of reactions;
23. R groups of binding amino acid residue form transient bonds with substrate;
24. Allow formation of enzyme-substrate complex;

cid residue form transient bonds with substrate;
ubstttrateateateate complmm ex;x;ex;ex;ex;
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Protein - Collagen 
25. *Amino acids join together by (strong covalent bonds known as) peptide bonds (to 

form the alpha chain); 
26. which has a repeating tri-peptide sequence of glycine-X-Y;
27. where X is often proline and Y is often hydroxyproline or hydroxylysine;
28. Polymerisation allows for the formation of a long molecule that allows collagen to

function as a structural protein;
29. Collagen is insoluble in water due to absence of hydrogen bonds with water;
30. As glycine and proline are hydrophobic;
31. Collagen has high tensile strength;
32. *Due to covalent cross-links between different tropocollagen molecules; 
33. *Cross linking by hydrogen bonds between alpha chains/ within triple helix/ 

tropocollagen (R! within collagen); (award mark if linked to insolubility and tensile 
strength); 

34. Bundling for the formation of a fibril and subsequently fibres;

Protein - Haemoglobin 
35. Amino acids join together by (strong covalent bonds known as) peptide bonds (to

form the alpha and beta chains which are 141 amino acid and 146 amino acid long);
36. The presence of hydrogen bonds formed between the –CO and –NH groups of the

polypeptide backbone to form -helices;
37. The 3D conformation of the protein is maintained by ionic, hydrogen bonds and

hydrophobic interactions between R-groups (at least 2 bonds);
38. (Relatively weaker) ionic bonds/ and hydrogen bonds occur between dimer pairs (in

the deoxygenated state);
39. (Relatively stronger) hydrophobic interactions/ and hydrogen bonds between  chain

and  chain form (stable)  dimers;
40. This allows for the arrangement of hydrophobic amino acid residues within the

interior of the globular structure;
41. allowing for the formation of a haem binding pocket/ hydrophobic environment /

deep hydrophobic cleft for the haem group to bind to oxygen;
42. Hydrophilic amino acid residues are found at the surface of the globin;
43. Allowing hydrogen bonds to be formed between the water and hydrophilic amino

acid residues;
44. Allows for solubility in a aqueous medium/ allows it to be a good transporter of

oxygen in blood;
45. The hydrogen bonds between the two dimers allow for cooperativity to occur;
46. Increase rate of loading or unloading of oxygen on/ off Hb;
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Protein - G-Protein Linked Couple Receptor 
47. *Amino acids join together by (strong covalent bonds known as) peptide bonds (to 

form the alpha chain); 
48. *The presence of hydrogen bonds formed between the –CO and –NH groups of the 

polypeptide backbone to form 7 -helices; 
49. *The 3D conformation of the protein is maintained by ionic, disulfide, hydrogen 

bonds and hydrophobic interactions between R groups (at least 2 bonds); 
50. *This allows for the arrangement of hydrophobic/ non-polar R groups of amino acids 

facing exterior of  helices to interact with hydrophobic/ hydrocarbon tails of the 
phospholipid bilayer;  

51. hence allowing for embedment of the protein in the membrane;
52. This also allows for the formation of a binding site to allow binding of a signal

molecule/ ligand;
53. And the formation of a binding site to allow binding of the G protein;
54. Hence allowing for the signal molecule to bind and trigger conformation change in

GPLR;
55. And activated GPLR can bind to the G protein and activate G protein when GTP

displaces GDP;
Mention 3 out of 4 compulsory points

Carbohydrates: Starch and/ or glycogen 
56. Glycosidic bonds (are strong covalent bonds that) join many -glucose monomers

together to form starch / glycogen;
57. Which can be released upon hydrolysis as respiratory substrates;
58. This also forms a large molecule so that the molecule is insoluble in water;
59. * -1,4-glycosidic bonds forms a helical structure; 
60. which causes the molecule to be compact for storage;
61. Hydroxyl groups of glucose residues that project into the interior of the helices;
62. Hence, absence of hydrogen bonds with water causing starch / glycogen to be

insoluble in water;
63. Hence, they can be stored in large quantities without affecting the osmotic potential

of cells;
64. * -1,6-glycosidic bonds allows for amylopectin / glycogen to be highly branched; 
65. Hence, a greater amount of carbohydrates can be stored per unit volume;
66. It also allows for many enzymes to act on it at the same time;
67. Allows for quick release of glucose (for an increased rate of respiration);
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Carbohydrates - Cellulose 
68. Glycosidic bonds (are strong covalent bonds) join many -glucose monomers

together to form cellulose; 
69. This also forms a large molecule so that the molecule is insoluble in water;
70. *B 1,4 glycosidic bonds allow the formation of straight chains; 
71. *Hydrogen bond cross links between hydroxyl groups of adjacent chains  
72. prevent the hydroxyl groups from forming hydrogen bonds with water hence

allowing it to be insoluble in water; 
73. Also allows for formation of microfibrils and macrofibrils
74. which allows cellulose to have tremendous tensile strength;
75. Allowing it to perform its function as a structural molecule;
76. To help prevent cells from bursting / maintain shape of cell / allows for cell turgidity;

Lipid - Triglycerides
77. Ester bonds allow for the joining of three fatty acids and one glycerol group;
78. Presence of long hydrocarbon chain results in a hydrophobic molecule that is

insoluble in water;
79. The presence of multiple energy rich C-H bonds;
80. Great amount of energy to be released during oxidisation during respiration to

produce ATP;
81. Triglycerides contain much more energy per gram than either carbohydrates /

proteins i.e. 1 gram of fat respired produces twice as much ATP as 1 gram of
carbohydrate or protein;

82. Triglycerides can be compacted together for storage;
83. via hydrophobic interactions between the hydrophobic hydrocarbon tails;

Lipid - Phospholipids
84. *Ester bonds join two fatty acids, one phosphate group and one glycerol together to  
85. *Phosphate head is negatively charged and hydrocarbon chains are non-polar;  
86. Hence giving rise to its amphipathic nature;
87. *Hydrogen bonds formed between the phosphate head and water/ aqueous medium; 
88. *and hydrophobic interactions between the hydrophobic hydrocarbon tails; 
89. Allow for the formation of cell membrane with phospholipid bilayer;
90. Prevent polar molecules/ ions to pass through the hydrophobic core/ allows for

regulation of specific molecules/ions to move into and out of the cell interior;
91. The presence of C=C bonds/ unsaturated hydrocarbon tails causes kink;
92. cannot pack so closely together;
93. Increase the fluidity of the cell membrane at low temperatures;
94. Phospholipids with saturated hydrocarbon tails/tails without C=C bonds;
95. can pack together closely;
96. so that membrane remains stable at high temperatures;
Mention 3 out of 4 compulsory points 

ell membrane at low temperatures;
d hydyyddrocococrocarbaarbarba on taiaiaiaiails/s/s/s/s/taittt lsssss witwitwitwitwithouhouhouhoho t C=CCC bbonds;

tabbbleee at tttt hihighihighigh th h tempemememem erarararaaturturturturtures;es;es;eses
pointstntsnnts 
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Lipid derivative – Cholesterol (to be marked under lipids) 
97. Covalent bonds allow the formation of cholesterol which consists of a carbon 

skeleton with four fused rings and hydroxyl group at one end; 
98. *Ionic bonds/ hydrogen bonds between the hydroxyl group on cholesterol interacts 

with the polar phosphate group of membrane phospholipids;  
99. *Hydrophobic interactions between cholesterol and hydrocarbon chain; 
100. Allows it to be embedded in the membrane; 
101. Hence, at relatively warm temperatures, cholesterol makes the membrane 

less fluid;  
102. by restraining the movement of phospholipids; 
103. At low temperatures, cholesterol prevent solidification; 
104. by disrupting the regular packing of phospholipids; 

 
QWC: Candidates should discuss points from two different categories of biomolecules with 
an example each with a coherent and logical flow; 
 
Max 7m per category 
Mark first 2 named examples if more than 2 named examples are given  
 
To include antibodies, general proteins
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Essay Question 4b 
With reference to named examples, describe the range of roles performed by lipids in living 
organisms. [12] 

Triglycerides 
1. Serve as long term energy store;
2. As there are many energy rich C-H bonds which can be oxidized;
3. during respiration to produce ATP;
4. They contain much more energy per gram than carbohydrates or proteins/ higher

calorific value;
5. They are only oxidised after carbohydrates are depleted;
6. Especially important for hibernating animals;
Max 2m for pt 1 - 6 
7. Serve as excellent heat insulator underneath the skin;
8. prevent excessive loss of heat;
9. important for aquatic mammals and mammals living in cold climates;
10. Provide buoyancy;
11. because they are less dense compared to water;
12. this is important for aquatic animals.;
13. Provide mechanical protection because they are found around vital organs;
14. and helps to cushion them against physical trauma and impact;
15. Serve as a source of metabolic water;
16. During respiration, the same mass of triglycerides releases twice as much water as

carbohydrates;
17. this is important for desert mammals;
18. Solvent for fat-soluble vitamins;
19. For absorption and storage of vitamins A, D, E and K in the body;
Max 4m for pt 7 - 19 

Phospholipids 
20. Amphipathic nature allows them to form a phospholipid bilayer;
21. which is the main component of the cell membranes/ named example of membrane

e.g. cell surface membrane, thylakoid, nuclear membrane;
22. This allows for regulation of specific molecules/ions to move into and out of the cell

interior;
23. The degree of saturation in fatty acid chains regulates fluidity of cell membrane;
24. Phospholipids with saturated hydrocarbon tails;
25. ensure that membrane does not become too fluid at high temperatures;
26. Phospholipids with unsaturated hydrocarbon tails/ C=C bonds in the tails form

kinks;
27. to ensure that membrane remains fluid even at low temperatures;
28. Fluid nature of phospholipid membrane also allows for embedding of membrane

proteins/ named example of membrane protein and roles e.g. ATP synthase for ATP
synthesis;

29. Sphingomyelin, a type of phospholipid is found abundantly in the myelin sheath of
neurons;

30. facilitates rapid conduction of nerve impulses;
31. Oligosaccharides can associate with phospholipids to form glycolipids;
32. Which in turn are involved in cell-cell recognition;

of nernnee veveve ve impimimpmpim uuulses;s;s;s;s; 
ate we we wwwitthththt  phosposs holhohohoho ipiipiipiipiipids to toto toto forfoforforfo m gm gg glycoliooliipidpidpiddpiddiididdddds;s;s;s;s;sss;ssss;sss
ceeell-l-ll-celcelcelelcell rl l ll ecocoognignigngnignitiotiotion;n;n;n;n;
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Cholesterol 
33. Cholesterol helps to maintain the fluidity of cell membranes;
34. At warm temperatures, it makes the membrane less fluid by restraining the

movement of phospholipids
35. At low temperatures, it hinders solidification by disrupting the regular packing of

phospholipids;
36. It is a precursor for the synthesis of other steroids e.g. sex hormones such as

testosterone and oestrogen;
37. It is a precursor for the synthesis of bile salts which aids in the digestion of fats;

QWC: Candidates should discuss points from at least 2 examples of lipids to cover a range 
of functions in a coherent flow; 

Max 6m for each categories 
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Essay Question 5a 
Outline the processes that results in genetic variation in nature and explain the significance of 
such processes.                                                                                                                     [13] 

Mutation 
1. Mutation results in genetic variation;
2. Mutation can be brought about by errors in DNA replication due to DNA

polymerase;
3. Mutation can be brought about by environmental factors / chemical agents;

Sexual Reproduction  
4. Crossing over between non sister chromatids of homologous chromosomes;
5. Where homologous chromosomes pairs up to form a bivalent;
6. during prophase I;
7. Results in different combination of alleles in gametes;
8. Independent assortment of homologous chromosomes during metaphase;
9. Results in different combination of paternal and maternal chromosomes;
10. Random fusion of haploid gametes during fertilization;

Significance (for mutation and sexual reproduction) 
11. These increases genetic variation in the gene pool of subsequent generation;
12. for natural selection to take place;
13. where individuals with advantageous traits to be selected for;

Immune system 
14. Somatic/ VDJ recombination occurs on the B cell (and T cell) receptors genes/

antibody genes/ in undifferentiated B (and T cells);
15. Random selection and joining of 1 V, (1 D,) 1 J segments in the light/ heavy chain;
16. result in a variety of different variable regions/ antigen binding site;
Significance  
17. Brings about a large variation/ vast repertoire of B (and T cell) receptors/

antibodies;
18. Allows immune cells to recognise a vast repertoire of antigens found on

pathogens;
19. for adaptive immune response/ destruction and clearance of pathogen;

20. Somatic hypermutation occurs in antibody gene coding for V region of activated
B cells; 

Significance  
21. Allows for the production antibodies / antigen receptors with higher affinity to

antigen;

22. Class switching occurs in antibody gene coding for c region/ heavy chain in
activated B cell;

Significance (for immune system) 
23. Allow it to activate different effector cell for immune response;ent effector cell for immune nenne ne resr ponppp se;;;
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Horizontal gene transfer 
24. Genetic variation also arises due to horizontal gene transfer in bacteria;
25. Transformation occurs where competent bacteria takes up foreign naked DNA

from the environment;
26. *Homologous regions undergo genetic recombination via crossing over/ 

homologous recombination; 
27. Bacteriophage transfer DNA fragment from host to recipient bacteria via

specialised due to error in packing of bacteria DNA;
28. or generalised transduction due to excision of bacteria DNA;
29. *Homologous regions undergo genetic recombination via crossing over/ 

homologous recombination; 
30. In conjugation, plasmid DNA is transferred;
31. from F+ cell to F- cell through a mating bridge/ conjugation tube (R! sex pilus);

Significance (for horizontal gene transfer) 
32. These allows bacteria to gain new genes for metabolism / synthesis amino acid;
33. Allows for evolution into different strains via natural selection;

Mutation and recombination in viruses 
34. In viruses, mutation can result in antigenic drift;
35. In viruses, recombination occurs when two or more strains infected the same

host cell result in antigenic shift;

Significance (mutation and recombination in viruses) 
36. Allows viruses to evade the host immune response;
37. For antigenic shift: and infect new host cells;

QWC: At least 2 categories, processes linked coherently to the appropriate significance; 

*Mark once for pt 26 and 29
Max 7m for each categories (min 1 significance in each category)  
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Essay Question 5b 
“The endomembrane system is critical in the synthesis of proteins” Discuss.    [12] 

1. The endomembrane system is confers several benefits in the synthesis of protein;
2. In the eukaryotes, endomembrane systems such as the nucleus, rough endoplasmic

reticulum, Golgi apparatus (at least 2) are present;
3. The nucleus is an organelle where the genetic material in the form of DNA are

surrounded by the nuclear envelope;
4. This nuclear envelope protects the genetic material from degradation by nuclease

present in the cytoplasm;
5. Hence maintaining the integrity of the DNA / prevent mutation caused by oxidative

agents;
6. Nuclear envelope also allows for regulation of protein synthesis at the post

transcriptional level;
7. via the export of the mRNA to the cytoplasm;
8. Rough endomembrane reticulum provides a large surface area for the attachment of

ribosomes for the translation of mRNA to polypeptide;
9. RER provides an optimal condition for the folding of the polypeptide/ post

translational chemical modification by enzymes;
10. GA lumen provides an optimal condition for post translational chemical modification

by enzymes;
11. It also provides an optimal conditions for the enzymatic reactions in post

translational chemical modification;
12. Increasing the rate of reaction due to compartmentalization which increases the

local concentration of enzyme and substrate:
13. Hence the RER and the GA allows for the synthesis of proteins that are complexed

with carbohydrates / lipids/ producing glycolipids and glycoproteins;
14. It also allow the synthesis of lysosomes, membrane bound organelles that contains

hydrolytic enzymes;
15. involved in autophagy/ intra-cellular digestion/ apoptosis;
16. It also allow synthesis of membrane bound proteins;

17. However the endomembrane system is not necessary in the synthesis of
intracellular proteins;

18. mRNA of intracellular proteins are translated by free ribosomes in the cytoplasm;
19. which are in turned folded in the cytoplasm into their native conformation (by with

the help of chaperone proteins);
20. The endomembrane system is also not necessary in the synthesis of protein in the

bacteria;
21. Membrane bound proteins/ lactose permease in bacteria can be synthesized despite

the absence of endomembrane system;
22. Bacteria do not have membrane bound organelles;
23. (As the genetic material of the bacteria are not bounded by the nuclear envelope,)

transcription of the gene and translation of the mRNA can occur simultaneously;

24. However, in the absence of nuclear envelope, genes in the bacteria are also
subjected to a higher rate of mutation;

25. Regulation of protein synthesis occurs predominantly at the transcriptional level;

QWC: Good spread of knowledge communicated from both sides; 

Pt 1 to 16, 24 and 25: max 7 
Pt 17 to 23: max 5 

mutation;;;;
sisss occooccccccururrursu prprredoedoooominminminminminantttttly y yy yy atatatatat thethethethth tttransssccriptip onal llllleveeveeeveevel; l;l;l;

ommmmunmunmunnnicicicaicic tededd frfrfrfrfromomoomo bobobotbobo h sh sh sh sh ideeeeesss;ss
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1 During anaerobic respiration, yeast cells use glucose and release carbon dioxide and ethanol. 
Ethanol is known to disrupt enzymes involved in the respiration pathway. 

In this experiment, you will investigate the effect of different concentrations of ethanol on the 
rate of respiration in yeast cells.  

(a) Sketch a fully-labelled graph to show the expected relationship between the rate of respiration 
and the concentration of ethanol, as ethanol concentration increases.  

Explain the shape of your graph.    [4] 

1. Y-axis labelled rate of respiration and x-axis labelled ethanol concentration;
2. Line / Curve with negative gradient;

3. As ethanol concentration increases, rate of respiration decreases;

4. Active site of enzyme is lost/disrupted with one possible reason, e.g.
competitive/non-competitive inhibitor, 3D conformation of enzyme is
changed;

, pppp ;

5. Enzymes in glycolysis/respiration cannot form enzyme-substrate
complexes;                                                                                 Max. 2

ggg ;

5. Enzymes in glycolysis/respiration cannot form enzyme-substrate
complexes;                                                                                 Max. 2
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Methylene blue is a dye which, under certain conditions, is easily reduced to a colourless 
compound. In the presence of reduced NAD which is produced during glycolysis, methylene turns 
from blue to colourless. 

In your investigation, you are to dilute the given ethanol solution to obtain different concentrations 
of ethanol solution.  

You are provided with: 

 30 cm3 of 5.0% yeast solution, Y
 20 cm3 of 100% ethanol, E
 25 cm3 of glucose, G
 6 cm3 of methylene blue, M 

Proceed as follows: 

1. Label 5 boiling tubes 1, 2, 3, 4, 5. Place 5 cm3 of suspension Y into each of the boiling tubes.
Ensure Y is well-suspended. Place all the boiling tubes into a water bath of 60°C for 5 minutes.

2. While waiting, carry out a dilution to make up 5 cm3 of different concentrations of ethanol
solutions using the vials provided. When preparing the solutions, add distilled water first before
adding ethanol. This is to ensure better mixing of ethanol and distilled water.

Complete Table 1.1 to show how you will make the different concentrations of ethanol solution.
     [2] 

Table 1.1 

vial concentration of ethanol / % volume of distilled water / cm3  volume of ethanol / cm3 

1 100 0.0 5.0

2 80 1.0 4.0

3 60 2.0 3.0

4 40 3.0 2.0

5 20 4.0 1.0

1. Correct concentration (Equal intervals across an appropriate range – max lowest
concentration = 40%, R! 0%);

2. Correct volumes and precision (1dp);

R! total volume less or more than 5.0 cm3 0 cm

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



4 

ACJC     9744/04 Prelim 2017   [Turn over] 

 For 
Examiner’s 

Use 

Read through steps 3 to 10 to prepare a table to record your results in (b), before starting the 
investigation.  

3. After 5 minutes, lower the temperature of the water bath to 45°C. Leave the boiling tubes in the
water bath for 1 minute.

4. Place 2 cm3 of the ethanol solution from vial 1 into boiling tube 1 then add in 2 cm3 of G.

5. Use a dropper to add 1 cm3 of M into boiling tube 1 immediately.

6. Shake the boiling tube sufficiently to mix the contents well. The mixture should turn pale blue.

7. Carefully place the boiling tube back into the water bath and start the stopwatch. Do not shake
or stir the boiling tubes from this point onwards as it may affect the results.

8. Stop the stopwatch when the blue mixture has been decolourised. The surface of the mixture
in the boiling tube may remain blue. Record the time taken and hence the rate of respiration in
the table prepared in (b). If the mixture does not decolourise within 12 minutes, record ‘more
than 720’ as the time taken and the rate as ‘0’.

9. Repeat steps 4 to 8 with boiling tubes 2, 3, 4, and 5, in turn.

10. After completing the experiment, shake boiling tube 5 vigorously about 10 times. Record your
observations in part (d).

(b) Record your results for each concentration of ethanol in a suitable format in the space below.    
[4] 

Table showing effects of ethanol concentration (%) on the rate of respiration of yeast (%) 

Boiling tube Ethanol concentration 
/ % 

Time taken / s Rate of 
respiration / s-1

1 100
2 80
3 60
4 40
5 20

1. Table layout: Independent variable to occupy leftmost column;
2. Appropriate column headings + Units;
3. Precision of data: Raw data: to the nearest second, rate of respiration: 3sf if time

taken is in hundreds (consistency);
4. Complete set of data (including rate – increasing rate as ethanol concentration

decrease) + Correct calculation + correct trend (accept more than 720 for 100% and
80%);

For tubes with ‘more than 720’, since rate is 1/ , hence rate is 0. 
Reject ‘-‘   

ce rrrateatetetea isisisisi  1/ , hencencencencen e re re re re rateeee isisisisss 0000.0.
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(i) Use the grid below to display your results from (b).       [4] 

1. Independent variable (concentration of ethanol) on x-axis (no need to mark for units);
2. Both axes correctly labelled with units (concentration of ethanol/% on the rate of

respiration/s-1);  
3. Sensible scale with graph occupying at least ½ the grid on both x- and y- axes +

equidistant divisions on axes + accurate plotting of points to nearest half a small 
square; 

4. Line of best fit drawn, without extrapolation beyond plotted points (appropriate
where data gives confidence in underling relationship) / dot-to-dot plot joined by a 
straight line; 

hout extrapopppp lation beyononnonond pd d d d lotted poppp ints (appropriate 
ce iniinn unnunundedederdede lininng relaelaelaelaelatttiott nshshshshship)ip)ip)ip)ip) / //// dotddoo -to-do--d t plot joineineinineined bd bd bd by ay ay ay ay ay a 
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       (ii) Discuss what these results suggest about the relationship predicted in part (a).     [2] 

1. No clear pattern in the results/results do not match at high ethanol
concentrations

2. Decreases confidence in the predicted relationship / further results will need to
be collected in order to further evaluate the relationship

OR (if experiment was conducted and matches predicted results) 
1. Pattern of results shows same pattern as predicted in (a);

2. Which increases the confidence in the hypothesis / proposed relationship;

OR (if pattern of results initially matches predicted pattern if plateau is present) 
1. Pattern of results shows same pattern as predicted in (a) initially, but no plateau

is reached; 
2. Decreases confidence in the predicted relationship / further results will need to

be collected in order to further evaluate the relationship; 

;
2. Decreases confidence in the predicted relationship / further results will need to

be collected in order to further evaluate the relationship;

R! confirming results… / concluded that results are… / results are true/valid 

(c) State and explain your observations from step 10.    [1] 

1. Mixture turns blue again as oxygen was reintroduced into the mixture, reoxidising
methylene blue; yyy ;

(d) Suggest how adding glucose solution to the mixture increases the validity of the results.      [2] 

1. Glucose is required (as the raw material / substrate) for respiration / glycolysis;
2.So substrate / glucose is not / less likely to be limiting;

3.The concentration of ethanol would thus be the only variable in the experiment / 
Changes in rate of respiration will be due to changes in concentration of ethanol; 
3.The concentration of ethanol would thus be the only variable in the experiment / 
Changes in rate of respiration will be due to changes in concentration of ethanol; 

(e) One way to increase confidence in the conclusions of this investigation would be to repeat the 
experiment several times.  

Describe two other modifications to the method that would increase confidence in the 
conclusions, and explain how these modifications would achieve this.                                     [2] 

1. Repeat with a control using boiled and cooled yeast to check if the results are
due to (anaerobic) respiration of yeast;

2. Repeat with a control using 0% of ethanol solution / 2 cm3 of distilled water to
check if the results are due to presence of ethanol; 

3. Add methylene blue before adding glucose to prevent problem of yeast using
glucose for respiration before time taken for decolourisation is recorded; 

4. Use a thermostatically-controlled water bath to ensure the temperature is kept
constant;

g p

5. Use a colourimeter to determine end-point (to measure absorbance of solutions
at regular intervals);

5. Use a colourimeter to determine end-point (to measure absorbance of solutions
at regular intervals);

boiled and cooled yeast to check if the results are
n ofofoffofof yeeastastastastasts ;
0%%% ofoofoff etetetete hanhhanol sooolooo utiutiutiutiution oooo / 2/ 2/ 2/ 2/ 2 cmmmmm33333 ooofof disttillleeeeel d wd wd wwd wdd w ateateateeeateater tr tr tr tr trr o oo ooo 
to pppresresresresesenenenceen e ooof eeeeethahahahah nononolnono ; 
adddinnng glugluglugluglucososose te te te te to prevrevrevrevrevententententent prprprprproblobloblobloblem emem ememm of of of ofof yeayeay st ststststssssstst iusiusiusiusiusiusingngngngngnggngnnnn
re tititit me meemeeme taken for decolcolcololoolourououoouoo iiiisai tion iis recorded;

ppppppp ;

olledededdd wawawawawaterteterterter bababababathththhh to tototoo ensensensensnsureureureureure thtththtt e te te te te tempempempempempem eraeraeraeraerae ture iiiiis ks ks ks ks ks keptepteptepteept
;

( f
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6. Use a lid/parafilm to minimize changes in concentration of ethanol solutions due 
to evaporation of water; 
(Note: rate of evaporation is affected to a similar extent for most experiments 
involving solutions; however, for this experiment, the range of ethanol 
concentration is large and discrepancies in evaporation might be magnified) 

7. Repeat experiment with smaller intervals of ethanol concentration, e.g. 10% 
difference between each solution;

g p p g g )
7. Repeat experiment with smaller intervals of ethanol concentration, e.g. 10% 

difference between each solution;

 
[Total: 21] 
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2 Section A 

You are required to carry out an investigation to estimate the water potential ( ) of the cells of the 
plant material with which you have been provided. 

You are provided with stems of a plant sample and different concentrations of sucrose solution. 

Proceed as follows: 

1. Using a sharp scalpel, cut a 5 cm long, straight piece, from near the middle region, of one of
the specimens provided. Hold this piece of plant in a vertical position and cut it longitudinally
downwards for a distance of approximately 4 cm (Fig. 2.1).

Fig. 2.1 

2. You should find that the specimen has curved as shown in Fig. 2.2. Check that the distance A,
between the cut pieces is at least 1 cm. If not, repeat the procedure using another specimen.
Place the piece of plant tissue horizontally in the base of a clean and dry petri dish. Taking
care not to squash the plant material, gently but firmly fix it to the dish using a small roll of
plasticine, which you press down at X and Y (Fig. 2.2).

Fig. 2.2 

3. Prepare three further dishes, using 5 cm long pieces of tissue, cut from roughly corresponding
positions of three other stalks. Label your dishes 1, 2, 3 and 4.

FigFiFigFigFigFFiF 2. 22.222
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4. Place the four dishes on the separate sheet of graph paper provided and measure, to the
nearest millimeter, the distance A in each dish. Record these observations in the table below.

  [2] 

Dish 1 

(for S1) 

Dish 2 

(for S2) 

Dish 3 

(for S3) 

Dish 4 

(for S4) 

Initial value of A / mm 

Value of A after 10 
minutes / mm 

Difference between 
initial and final value 

of A / mm 

Change / %

1. Correct precision for A: whole number + Correct precision for percentage
change: 1/2 sf;

2. Complete set of data + Correct trend: more negative percentage change (negative
gradient);

5. You have been provided with the following sucrose solutions:

S1 is 0.2 mol dm-3 

S2 is 0.4 mol dm-3 

S3 is 0.6 mol dm-3

S4 is 0.8 mol dm-3

6. Gently, in order to avoid dislodging the plant tissue, pour S1 into dish 1, so that the piece of
plant is completely covered by the solution. As quickly as possible, pour the other solutions
into their respective dishes.

7. Leave the dishes for 10 minutes. During this time you may begin with Section B.

8. After 10 minutes, measure (to the nearest mm) the distance A in each of the dishes. Record
these measurements in the table in Step 4. 

9. For each dish, calculate the percentage change in A, and also record this in the table (Step 4). 
State, in each case, if the value is positive or negative. 

 nearest mm) the distance A in each of the dishes. Record
n SSSSteptteet 4.44.4. 

ntageaagee chchchchchaanangana e ie n An An An An A aa, andndndndnd alsalsalsalsalso recoecoecoecoecordrdrdrdrd this is is iis is inn tnn he he hehehhheeee tabtabttabtabtable e e le leleleeeeee (St(St(St(St(S(S ep pp 4).4).4).4).4).)
positsitsitive orororo neneenegatgatgatgatgatiiivei .
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10. Plot a graph of the percentage change in A against molarity of sucrose solution.       [3] 

1. Independent variable (sucrose concentration) on x-axis (no need to mark for units) +
Both axes correctly labelled with units (percentage change in A (%) against 
sucrose concentration (mol dm-3);  

2. Sensible scale with graph occupying at least ½ the grid on both x- and y- axes +
equidistant divisions on axes; 

3. Line of best fit drawn, without extrapolation beyond plotted points (appropriate
where data gives confidence in underling relationship) / dot-to-dot plot; 
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11. The following table shows the solute potentials ( s) of different concentrations of sucrose 
solutions, at the approximate temperature at which you have been working. 

 

Concentration / mol dm-3 Solute potential ( s) / kilopascals 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

-260 

-540 

-820 

-1120 

-1450 

-1700 

-2170 

-2580 

  

 

12. Use the graph you have drawn, and the table above, to estimate the solute potential of the 
cells of this plant material. Explain fully how you arrived at your answer.                                 [3] 
 

Answer: 1. Accept solute potential from -260 to -820 s;
R! water potential 

Explanation: 2. There is no change when [sucrose] = ____mol dm-3; (refer to 
Q10 graph); 

3. It is the point at which there is no net movement of H2O via osmosis; 

(4. Given that W = S + P, the cells here are at incipient plasmolysis, where P of 
the cell = 0 kPa;) 

(Point 4 is not in the syllabus) @ 1m(Point 4 is not in the syllabus) @ 1m
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Section B 
 
In this section, you will require access to a microscope and slide K1. 
  
K1 is a stained, longitudinal section of a young onion root tip in which some cells are undergoing 
mitosis. Fig. 2.3 shows a plan diagram of K1. 
 
Examine K1 carefully, in the region labelled A in Fig. 2.3, using low- and high- power objectives of 
your microscope. 
  

 
 

. 
Fig. 2.3 

 
1. Make a labelled, high power drawing of a cell in anaphase from region A.                         [4] 

 
Accuracy of drawing; 1. Show all the structures (chromosomes, plasma membrane, 

cytoplasm, cell wall) that can be seen in the defined part of a 
specimen;  

R! double-arm structure of chromosomes 
2. Direction of chromosome separation: to opposite poles; 

Clarity of drawing; 1. Use of sharp HB pencil  
2. Clear single neat lines  

Scale of drawing; 1. Use at least 2/3 of space provided  
2. Correct proportion (Chromosomes and cell is drawn to the 

same scale - same magnification) 
Label of drawing; 1. Clear straight lines  

2. Correct labels (chromosomes*, plasma membrane, 
cytoplasm, cell wall) 

* Compulsory point 
 
 
 
 
 

A

B
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2. Using the eyepiece graticule fitted in the eyepiece lens of your microscope, and the stage
micrometer, find the actual length, in μm, of the cell that you have drawn.

Show the measurements that you made and your working.                                                [3]

1. PDO: Shows division of stage micrometer measurement by number of eyepiece
graticular divisions (+ what power is used);

2. MMO: Shows measurement of cells from slide in eyepiece graticular division (5 to
23);

3. ACE: Conversion of measurement from graticular division to answer in μm;

Length of cell = _________________ μm 

3. Measure and calculate the average length of the cells from both regions A and B. Record
your results and measurements in a suitable table below.                                                  [2]

1. At least 3 counts for each region in whole numbers + Average in whole number/1
dp;

2. Length of A is between 12.5-57.5 um, length of B is between 37.5-75 um;

4. Decide a statistical test that you can use to determine if there is a significant difference
between the length of the cells in regions A and B.     [1] 

T test; 

@ 1m@ 1m
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5. A student made some measurements of the length of cells of a garlic root tip undergoing 
mitosis in regions A and B. A summary of the student’s results is shown in Table 2.1.  
 

Table 2.1 
 

Length of Cells / μm Significance of 
difference Region A Region B 

32 58 P<0.05 
 

 
Comment on what these results show and suggest an explanation for any pattern.          [2] 

1. * Results shows that there is a significant difference between the length of 
cell B and A where B is longer in length that A;  

2. Cells in region A are the resultant daughter cell after mitosis / Cells in region 
B have not yet undergone mitosis; 

3. Mitosis in plant cell involved the formation of a cell plate via vesicles from 
the Golgi apparatus (instead of cell elongation followed by cleavage furrow 
in cytokinesis of animal cells);  

4. Hence cells in region A is about half the length of cells in region B;  

* Compulsory point* Compulsory point

 

[Total: 20] 
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3 The rate of photosynthesis can either be measured by the rate at which carbon dioxide is 

taken in or the amount of oxygen that is given out. Some water plants release bubbles of gas 
from a freshly cut stem when illuminated. Light intensity is controlled using five filters, F1, F2, 
F3, F4, F5. 

 
 

 
 

Different water plants are adapted to different light intensities. A sun-loving water plant is 
adapted to high light intensities while a shade-loving water plant is adapted to low light 
intensities.  

 
Using this information, the set-up above and your own knowledge, design an experiment to 
investigate the effect of light intensity on photosynthesis in sun and shade plants.  
 
Your planning must be based on the assumption that you have been provided with the 
following equipment and materials which you must use: 
 Sun plant 
 Shade plant 
 Bench lamp with 60 W bulb  
 5 filters (F1, F2, F3, F4, F5) which can be adjusted to allow different amounts of light to 

pass through  
 1% sodium hydrogencarbonate solution 

 
You may select from the following apparatus and use appropriate additional apparatus: 
 Normal laboratory glassware, e.g. a variety of different sized beakers, measuring cylinders, 

and syringes for measuring volumes 
 Forceps 
 Timer, e.g. stopwatch 
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Your plan should: 

 have a clear and helpful structure such that the method you use is repeatable by 
anyone reading it 

 be illustrated by relevant diagram(s), if necessary, to show, for example, the 
arrangement of the apparatus used 

 identify the independent and dependent variables 
 describe the method with the scientific reasoning used to decide the method so that the 

results are as accurate and repeatable as possible 
 include layout of results tables and graphs with clear headings and labels 
 use the correct technical and scientific terms 
 include reference to safety measures to minimize any risks associated with the 

proposed experiment.  
 

 [Total: 14] 
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Marking scheme 

Compulsory 
1 Broad 

outline  
C 1m 

General idea  
How would you measure the dependent variable?  

(Oxygen is given off during light dependent stage via photolysis.) The 
experiment involves measuring oxygen evolved in response to different 
light intensities over a set period of time. 
OR 
Mark will be awarded if the broad outline of experiment is reflected in the 
procedure.  

2 Independent 
variable  
C 1m 

State what the independent variable is, use at least five different 
values with regular intervals, good range, units 

Independent variable: Light intensity (20%, 40%, 60%, 80%, 100% 
transmission)  

A! Highest low limit: 30% 
Lowest high limit: 90% 

A! Lux 
R! Au 

3 Method 
(How to 
Vary IV) 
C 1m 

Plan suitable method to vary the independent variable.   

Place filters with the different light transmissions in front of the lamp.  

4 Table 
C 1m 

Shows how results are to be presented in the form of a table with 
independent and dependent variables in appropriate columns / rows. 
Units must be correct. 

Type 
of 

plant Light 
intensity 

/ % 

Distance moved / Volume of 
oxygen evolved in 10 

min/cm3 

Average rate of 
photosynthesis/
Average rate of 
oxygen evolved 

/ cm3 s-1  Try 
1 

Try 
2 

Try 
3 Average

Sun 
plant 

20

40

60

80

100
Shade 

plant 
20

40

60

80

100
A! Separate table for sun and shade plant 
No need control 
Units: To follow raw data collected 

Commented [THA1]: To teach students considerations when 
deciding range 

r sun and hshahhh ddedd plall tnt t
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5 Risk/ safety 
C 1m 

Risk / safety 

What are the hazard and precaution?  
1. Take care when cutting plants. Use forceps to hold plants so as to

prevent cutting fingers; 
2. Sodium hydrogen carbonate is an irritant. Wear gloves when handling;
3. Avoid touching the electrical socket with wet hands as there may be a

risk of electrocution;
4. Bulb of lamp will be hot, do not touch when lamp is in use;
5. (Low priority) Take care when handling glassware to prevent breakage

which may cause injury;

Max 9m from any of the below points 
6 Method + 

Scientific 
reasoning  
(Overall)  
1m 

Plan a suitable method that involves monitoring/measuring the 
DV in response to the varied ID over a period of time/ set interval  

If experiment is fundamentally wrong, do not award for this mark. 

Theory (1m) 
How would the independent variable affect the dependent variable? 
An increase light intensity will increase the rate of 
photophosphorylation as more electrons are excited. In order to fill the 
electron gap, the rate of photolysis of water increases, where water is 
broken down to form of H+ and oxygen, which is given off. The higher 
the light intensity, the higher the rate of oxygen formation. 

(The sun plant would have higher rate of photosynthesis at high light 
intensities while shade plants would have a higher rate of 
photosynthesis at low light intensities.) 

7 Dependent 
variable 
(1m) 

State what is the dependent variable. 
Dependent variable: (Rate of photosynthesis measured by) volume of 
oxygen evolved / distance of meniscus moved;  

8 Method 
(1m) 
How to 
measure / 
monitor DV 

Specifies method of measuring / monitoring DV  
Record the change in liquid level / volume of gas over a period of (10 
min);  

9 Controlled 
variables to 
improve 
accuracy or 
reliability 
(1m)  

Identifies at least two variables to control; (Mark if specified in 
diagram) 
Controlled variable 

1. Distance of lamp from plant;

2. Distance of filter from lamp; 

3. Length of plant / number of leaves / number of plants / size of 
leaves;

4. Duration of exposure to light;

5. Volume of sodium hydrogen carbonate added to the water;

6. Temperature; 

R! Concentration of sodium hydrogen carbonate (Given in question) 

Commented [THA2]: To teach in class: Write controlled variable

Commented [THA3]: Accept “amount” but circle and highlight 

e of filter from lamp; p;pp;p

of ppplantantantanant //// / nummbbber ofofofofof leleleleleaveaveaveaveaves /s /s /s //s / nununun mbembembembmber of ppplaannnnnnnanntststsststtststs ts / s/ s/ s/ s// s/ s/ sizeizeizeeizeeeizeizeize ofofofofo  

n of f ff expeexpexppposusususure ee toto ototo lllight;

of sossodiudiudiuuum hm hm hm hm hydrydrydrydrydrogeoogegen c ccarbbarbarbarbonaonanaonaonanate ttee addaddaddaddaddaddededededed tototo tot the wawawawawaterterterterterr;; 

ature;
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10/11 Controlled 
variables 
(2m) 

Describes how two identified variables are controlled. 
(Must specify appropriate value) 

1. Place a lamp of 60 W bulb at a distance of 15 cm away from
the beaker of water;

2. Cut a branch of plant 2 cm long and place it in a glass filter
funnel;

3. Turn on the lamp for a period of 10 min;

4. Add 2 cm3 of sodium hydrogencarbonate added;

5. Use a thermostatically-controlled water bath;

12 Control 
(1m) 

Conduct a control or * experiment using boiled and cooled sun and 
shade plant / no plant / plant without leaves (*with the same set up / 
experimental conditions.)  

(This is to ensure that the changes in volume of oxygen is due to the 
change of rate of photosynthesis.) 

R! Zero light intensity is not a good control because gas will still be 
produced. (Specific to photosynthesis) 

13/14 Method 
(2m)  

Steps to take that would ensure the validity of the experimental 
results. (Not the same as controlled variable) 

1. Adding excess sodium hydrogen carbonate into the water (to
ensure sufficient concentration of CO2).

2. Use a fresh solution of sodium hydrogencarbonate for each
replicate (to ensure sufficient concentration of CO2);

3. Conduct experiment in a dark room / eliminate all other light
sources / ensure all other light sources are constant (to prevent
heating effect);

4. Use a cool light source / water screen in front of the lamp / use
thermostatically-controlled water bath (to prevent heating effect
of lamp)*unless about thermostatically controlled water bath;

5. Ensure the water level of thermostatically-controlled water bath
is above the water level in the beaker (to ensure homogenous
temperature of liquid);

6. Pick actively bubbling plants (for observable displacement of
water)

7. Ensure sufficient number of leaves (for observable
displacement of water);

8. AVP;

15  Method 
(1m) 

Plan a method for equilibration 
Immerse the plant in the sodium hydrogen carbonate solution and 
illuminate it for fixed time (10) minutes for equilibration before starting 
to collect oxygen;  

16 Reliability  
(1m) 

Reference to repeating at least two more time with different 
experimental subjects. 

Perform experiment for another 2 times using another branch / plant; 

ant in the sodium hydry ogen carbonate solution and 
fixedeedd timmmme e e (e e 10)00)) mi  fororororo eqeqeqeqequiluiluiluilu ibibibrii aaatinununutnunu eees ee on before startingingininging
n;  
peaatitintt g ag ag ag ag at leaseast tttwo wo wwo w momomormomo e te te te te timeeeee wwwiww th thththth differerererrerreentententttttttttt 

ubjeeeccctsc .  

mententent fffor ar ar ar ar anotnotnotnotnoto herherherher 22 timimmeees usiusiusiusisisingngng ngng ran t;t;t;t;anoanoanoanoanoan thethethethehther br br br br ranch h hh h / p/ p/ p/ p// plalalaalanla tttt

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



20 

ACJC     9744/04 Prelim 2017   [Turn over] 

For 
Examiner’s 

Use 

17 Accuracy 
(1m)  

Repeating experiment with smaller intervals  
Repeating the experiment with filters of smaller interval of light 
transmission at 10% intervals / any suitable interval;  

18 Graph 
(1m) 

Axes drawn must be correct, two graphs on the same axes 

 

Look out for  
Shape: Shade > Sun at low light intensities, Sun > Shade at
high light intensities, Plateau on both graphs
A! Rate of photosynthesis and light intensity

Light intensity

Sun 

Shade 

Average rate of 
photosynthesis
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1 The figure below shows an electron micrograph of a cross-section of an animal (rat) cell. 

 
 
Which of the following describes organelle A? 
 

i. 9 triplets of microtubules arranged in a ring.  

ii. Inner membrane folded into cristae. 

iii. Synthesizes spindle fibres during nuclear division. 

iv. Involved in aerobic respiration. 

 
 
A i only 

B i and iii only 

C ii and iii only 

D ii and iv only 

 
 

Organelle A

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



3 

9744/01/PRELIM2017 

2 Keratin is a fibrous protein in skin, hair and nails. The diagram below shows -keratin molecules in 
cross section of a hair follicle. 
 

 
 
 

The features of one form of keratin are listed below: 
 

i. The peptide chain has mainly small amino acid residues. 

ii. Each peptide chain forms into an -helix. 

iii. Two helices coil together. 

iv. Covalent bonds link adjacent helices. 

 
 
Which features are different from that of collagen molecules? 

 
A i and ii 

B i and iv 

C ii and iii 

D iii and iv 

 
 
3 How many different types of oligopeptides, each made up of 8 amino acids, may be synthesized 

using the 20 common amino acids?
 

A 144 480 

B 208 

C 820 

D 160 
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4 The graph shows the results of an investigation using invertase, an enzyme that breaks down 
sucrose into glucose and fructose. 

1 g of sucrose was dissolved in 100 cm3 of water and 2 cm3 of a 1% invertase solution was added. 

Which conclusion can be drawn from this information? 

A Between 0 and 60 min, the concentration of the substrate remains constant. 

B After 60 min, the concentration of enzymes becomes the limiting factor. 

C At 140 min, some of the enzyme molecules are denatured. 

D Between 60 and 140 min, the concentration of the substrate is the limiting factor. 
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5 Human and mouse cells were fused to make hybrid cells. Anti-human and anti-mouse antibodies, 

carrying different coloured fluorescent dyes, were added. The antibodies bind to the proteins of the 
cell surface membrane.
 

 The fused cells were incubated for 40 minutes. The locations of the human and mouse membrane 
proteins were identified at intervals using the fluorescent dyes. 

 
 The diagram represents the results of the experiment by showing the positions of the human and 

mouse proteins on the surface of the cells. 
 

 
  
 What does this experiment show? 

 
A Movement of the phospholipids pushes the membrane proteins apart. 

B Some membrane proteins move through the phospholipids to different places. 

C The phospholipids of the human and mouse cell surface membranes do not mix. 

D The proteins of human cell surface membranes can move further than those of mouse cells. 

 

 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



6 

9744/01/PRELIM2017 

6 Which process involves one stem cell giving rise to two distinct daughter cells: one copy of the 
original stem cell as well as a second daughter cell programmed to differentiate into a non-stem cell?
 
A asymmetric replication 

B differentiation

C potency 

D self renewal 

  
7 DNA replication in eukaryotes involves the following processes.

 
 RNA primer molecules are attached to each strand at points of origin of replication.

 DNA polymerase attaches to primers and synthesises new strands of DNA in a 5’ to 3’ 

direction.

 One strand, called the leading strand, is synthesised in continuous long sections. 

 The other strand, called the lagging strand, is synthesised in short sections.

 RNA primers are replaced by DNA nucleotides on both strands.

 
Which statement explains the difference in the way in which the two strands of a DNA molecule are 
synthesised? 

 
A DNA polymerase enzymes can only synthesise DNA in one direction.  

B Fewer RNA primers are needed on the leading strand.  

C The lagging strand has more binding points for RNA primers.  

D The replication of DNA is semi-conservative. . 

 
 
8 Which statement is not true about the transcription in eukaryotes?

 
A Transcription occurs in the nucleus.  
 
B There are 3 different types of RNA polymerase for the synthesis of mRNA, rRNA, and tRNA. 
 
C The binding of RNA polymerase to TATA box initiates the transcription process. 
 
D No primers are involved during transcription. 
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9 The diagram below shows a particular stage of protein synthesis.

 

 
 
Which of the following statements is true of molecules X and Y? 

A The coiling of molecule Y is a direct result of the information on molecule X.  

B Molecule X is double-stranded whilst molecule Y is single-stranded. 

C In both molecules X and Y, the bonds between adjacent monomers of each molecule are 
phosphodiester bonds. 

D The monomers of molecule X interact with the monomers of molecule Y through temporary 
hydrogen bonds.  

 
10 A cell with one pair of chromosomes (2n = 2) undergoes meiosis. Which nucleus is formed at the end 

of meiosis I?
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

C DA B
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11 Cell cycle is a highly regulated process. The figure below shows the overview of the different stages 
and checkpoints in cell cycle. 
 

 

What happen when G1 checkpoint does not function properly? 
 
A The cell will progress to prophase even when there is mistake during DNA replication.  

B The probability of non-disjunction during anaphase increases.  

C DNA replication may not occur properly due to the absence of necessary raw materials such as 
deoxynucleoside triphosphates. 

D There will be a decrease in the amount of growth factors secreted.  

 
12 What advantages are there in associating eukaryotic DNA with histones to form chromatin?  

A Allows large amount of DNA to be packaged into the small space of the nucleus. 

B Allows control of gene expression by modulating degree of packaging.

C Protect DNA from degradation which may lead to mutation or death of the cell. 

D All of the above.

 
13 Proteins that are ubiquitinated will be transported to proteasome for degradation. Which level of 

control of gene expression is this? 

A Translational level  

B Transcriptional level  

KiasuExamPaper.com
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C Post-translational level 

D Post-transcriptional level 

14 Which of the following statements about bacterial chromosome structure is/are true?

i. Not associated with histone proteins.

ii. Single-stranded chromosome.

iii. Located in the nucleoid region of a nucleus.

iv. Most genes are separated by intergenic DNA sequences.

A i only 

B i and ii only

C  ii and iii only

D ii and iv only

15 When a mutant strain of Escherichia coli that has lost the regulatory gene of its tryptophan operon is 
placed in a medium that contains all nutrients the cell need to grow except tryptophan, which of the 
following will occur?

A The cells will grow even though there is no tryptophan in the medium. 

B The cells will grow until excessive tryptophan arrests the expression of the operon. 

C The cells will not grow until enough tryptophan has been synthesised to make the repressor 
active. 

D The cells will never grow unless tryptophan is added to the medium. 
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16 The diagram below shows how two species of bacteria reproduce when placed together in a growth 

medium. The bacteria that are shaded are resistant to the antibiotic penicillin. 

Which one of the following statement(s) is/are likely to be true? 
 

i. Bacteria B and C are resistant to penicillin as a result of binary fission of Bacterium A.  
 

ii. Bacteria C, D and F are resistant to penicillin as a result of random mutation. 
 

iii. Bacterium D is resistant to penicillin as a result of conjugation process which transfers the 
F plasmid carrying penicillin resistance gene from Bacterium A. 

 
iv. Bacterium D is resistant to penicillin through transduction from Bacterium A where there is 

transfer of the complete F plasmid.  
 
 

A iii only 

B i and iii  

C i and iv  

D ii, iii and iv  

17 Which of the following is true of influenza and HIV viruses?
 

A Genetic shift causes variation in influenza but not in HIV. 

B Both HIV and influenza are virulent upon budding off from their respective host cell. 

C Influenza viruses have DNA genomes that are templates for transcription. 

D HIV viruses have genomes that are readily inserted into the host genome. 
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Please note that Question 18 and 19 are related. 

 
18 Fig 18.1 shows the base sequence of a normal human beta-globin gene and a mutant variant which 

causes a blood-related disease.
 

 
Normal 
Non-template strand  5’ CAC GTG GAC GGA GGA CTC CTC  3’ 
 
 
Mutant 
Non-template strand 5’ CAC GTG GAC GGC GGA CAC CTC  3’ 

 
Fig. 18.1 

 
 

Which of the following is correct? 
 
A The blood-related disease is caused by 1 point mutations with more than one amino acid 

changed. 
 

B The blood-related disease is caused by 1 point mutations with one amino acid changed. 

C The blood-related disease is caused by 2 point mutations with more than one amino acid 
changed. 
 

D The blood-related disease is caused by 2 point mutations with one amino acid changed. 

19 Fig. 19.1 shows the southern blot of the co-dominant blood-related disease shown in Fig. 18.1. Only 
one restriction enzyme MstII was used and the blot was hybridized with a probe specific for the beta-
globin gene.
 

Individual            1           2           3           4         5 
Phenotype   lives      lives      lives    dies     lives 

 
Fig. 19.1 
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With reference to Fig. 19.1 and Fig. 18.1; which of the following statements is correct? 
 
A Individuals 1, 2 and 5 are normal. 

B Individuals 1, 2 and 5 are homozygous at the loci for beta-globin gene. 

C Individuals 4 and 5 are homozygous and heterozygous at the loci for beta-globin gene 
respectively. 
 

D Individuals 3 and 4 are homozygous and heterozygous at the loci for beta-globin gene 
respectively. 

 
20 A tall green stemmed plant with genotype TTrr was crossed with a short red stemmed plant with 

genotype ttRR. The F1 plants were allowed to self fertilise. A X2 test was carried out on the results 
obtained for the F2 generation. Part of the values for X2 are shown:

   
Deg. of freedom p= 0.5 p= 0.1 p= 0.05 p= 0.01 p= 0.001 

1 0.46 2.71 3.84 6.64 10.83 
2 1.39 4.6 5.99 9.21 13.82 
3 2.37 6.25 7.82 11.34 16.27 
4 3.36 7.78 9.49 13.28 18.46 
5 4.35 9.24 11.07 15.09 20.52 

 
The value of X2 was 7.6 in this investigation. 
 
What is the probability of this value of X2 and do the results fit the expected ratio? 

 
 Probability Results fit expected ratio 

A Between 0.01 and 0.05 No 
B Between 0.01 and 0.05 Yes 
C Between 0.05 and 0.1 Yes 
D Between 0.05 and 0.1 no 

 
 
21 Which of the following is true about gene interactions?

 
A Gene interactions involve two genes controlling one character. 

B Gene interactions involve masking and follow mendelian phenotypic ratios. 

C Gene interactions are a form of co-dominance 

D Gene interactions restrict the number of phenotypes seen. 

 
22 Sodium azide is a strong inhibitor to the ETC in mitochondria. An experiment was conducted with 

isolated mitochondria, 2 molecules of glucose, 10 molecules of pyruvic acid along with oxygen, ADP 
and NAD+ which was supplied in excess. 
What would be the expected production of ATP from the experiment? 
 
A 2 

B 4 

C 10 

D 22 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



13 

9744/01/PRELIM2017 

 
 

23 Which of the following is not true of photosynthesis.
 
A The spectra of light in which photosynthesis is most efficient is in the red and violet region. 

 
B Rate of ATP synthesis depends on the differential proton gradient across the thylakoid 

membrane.   
 

C Photosynthesis starts first with the photolysis of water. 

D Oxygen concentration affects the efficiency of the light independent reaction. 

24 The Fig. 24.1 represents a G-protein coupled receptor on the cell surface membrane. A peptide 
hormone ligand is bound to the receptor and initiates the production of a second messenger.

 

 
Fig. 24.1 

What is the second messenger?  
 
A a peptide hormone. 

B ATP 

C cyclic AMP 

D Kinase 

 
 
25 Birds, such as cockatoos, have a species of louse (an insect parasite) that lives on their feathers.

 
White, sulfur-crested cockatoos have pale lice on their wings and bodies while yellow-tailed black 
cockatoos have dark lice on their wings and bodies. Both of these cockatoos have black lice of this 
species on their heads. In order to rid themselves of these parasites, cockatoos preen their wings and 
bodies with their beaks but have to use their feet to preen their heads. 
 
What best explains how this species of louse has diversified into two colour variants on the birds' 
wings and bodies, but has remained dark on the birds' heads? 
 
A Cockatoo beak preening results in selection pressure on wing and body lice. 

B Cockatoos are unable to see the lice while preening their heads. 

C Cockatoos notice badly camouflaged lice on their wings and bodies while preening. 

D Cockatoos use different preening techniques on different parts of their bodies resulting in 
natural selection. 
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26 Bacteria in the genus Wolbachia infect many butterfly species. They are passed from one generation 
to the next in eggs, but not in sperm, and they selectively kill developing male embryos.
 
In Samoa in the 1960s, the proportion of male blue moon butterflies fell to less than 1% of the 
population. However, by 2006, the proportion of males was almost 50 % of the population. 
 
Resistance to Wolbachia is the result of the dominant allele of a suppressor gene. 
 
Which statements correctly describe the evolution of resistance to Wolbachia in the blue moon 
butterfly population? 
 

i. Wolbachia acts as a selective agent. 

ii. The selective killing of male embryos is an example of artificial selection. 

iii. When infected with Wolbachia, male embryos that are homozygous for the recessive allele 

of the suppressor gene die. 

iv. All male embryos that carry the dominant allele of the suppressor gene pass that allele to 

their offspring. 

v. The frequency of the dominant allele of the suppressor gene rises in the butterfly 

population. 

 
A i and iv 

B i, iii and v 

C ii and iii 

D ii, iv and v 

 
 
27 Which of the following statements correctly relate to molecular phylogenetics?

 
i. Lines of descent from a common ancestor to present-day organisms have undergone 

similar, fixed rates of DNA mutation. 
ii. Organisms with similar base sequences in their DNA are closely related to each other. 

iii. The number of differences in the base sequences of DNA of different organisms can be 

used to construct evolutionary trees. 
iv. The proportional rate of fixation of mutations in one gene relative to the rate of fixation of 

mutations in other genes stays the same in any given line of descent. 
 

A i and ii  

B i and iv  

C ii and iii  

D iii and iv  

 
 
 
 
 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



16 

9744/01/PRELIM2017 

 
28 Which statement about vaccination is true? 

A Vaccination of a small proportion of the population can break the disease transmission cycle. 

B Vaccination can prevent and control disease, but it is unable to eradicate the disease. 

C Vaccination stimulates body’s innate immune system, thus protecting the individual from future 
infection by the same pathogen.  

D Vaccination stimulates immunity without causing the disease. 

 
29 Fig 29.1 illustrating the effects of elevated CO2 on growth and development of soybean.

 

 
Fig. 29.1 

 

With reference to Fig. 29.1. Which of the following can be inferred from the elevated levels of CO2. 

 
A Plant photosynthetic rates will increase as CO2 levels increase. 

B Plant biomass increases but dispersal range decreases. 

C Plant respiration will outweigh that of photosynthesis. 

D Plants are now better able to ensure their own survival and continuation. 
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30 Which of the following is not true about climate change and biodiversity?
 

A Climate change results in specific selection pressures that may be disadvantageous to most 
species causing a decrease in biodiversity. 

B Climate change over a short time may result in different selection pressures which may 
promote speciation and promote biodiversity. 

C Climate change may negatively affect keystone species which then affect ecosystems 
eventually affecting biodiversity. 

D Climate change may cause a lowering of temperatures and may push species to physiological 
limits and eventually lower biodiversity. 

END OF PAPER 
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Answer all questions. 

1 Fig. 1.1 is a schematic diagram showing the transport pathways of extracellular and intracellular 

materials for digestion in a mammalian cell. Depending on the types of digested material, three 

possible pathways are initiated to deliver these materials for digestion within lysosomes, of which one 

is labelled as A.

Fig. 1.1 
(a) (i) Identify precisely process A.
              

…………………………………………………………………………………………………… [1] 

  (ii) State one property of the plasma membrane and explain how it enables process A to be  

   carried out by a cell.  

              
………………………………………………………………………………………………………

………………………………………………………………………………………………………

……………………………………………………………………………………………………….

…………………………………………………………………………………………………… [2] 
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(b) Degradation of worn out organelles such as mitochondria occurs inside most cells via 

autophagy. With reference to Fig.1.1, describe the process of autophagy.   

           

………………………………………………………………………………………………………………

……………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

…………………………………………………………………………………………………………….[3] 

(c) Lysosomes are able to hold a large amount of enzymes. Lysosomal membrane contains a large 

amount of highly glycosylated integral proteins facing the interior of the lysosome.   

  Suggest how this high amount of glycosylated protein prevents self-digestion of the 
lysosome.               
…………………………………………………………………………………………………………… [1] 

 Fig.1.2 shows an electron micrograph of parts of the endomembrane system. 

Fig. 1.2 

X

rough
endoplasmic
reticulum

A
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(d) Explain how X regulates the movement of materials in protein synthesis.   
      

……………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………

…………………………………………………………………………………………………………… [2] 

(e) Explain how the functions of region A and rough endoplasmic reticulum are related.  
              

……………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………

…………………………………………………………………………………………………………… [2] 

 (f) During the early stages of oogenesis (formation of egg) in Xenopus laevis (frog); there are as 

many as 1000 of region A within a single oocyte (egg cell). Suggest the significance of this.  

             

…………………………………………………………………………………………………………… [1] 

   [Total: 12] 
                              

2 (a) In beer-making, barley is malted with enzymes which hydrolyse starch into sugar, ready for 

fermentation. The graph below shows the production of sugar during beer-making at three 

different temperatures over a period of 60 minutes. All other conditions were controlled.  

Fig. 2.1 
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(i) With reference to Fig. 2.1, explain the effect of increasing temperature on enzyme activity 
for the first 10 minutes of the reaction.

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

……………………………………………………………………………………………………. [3] 

(ii) Explain why the final concentration of sugar produced at 70oC   is lower than the reaction 

incubated at 60oC.

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

……………………………………………………………………………………………………. [2] 

(iii) State the enzyme used in the reaction above. 

……………………………………………………………………………………………………. [1] 

(iv) Explain how the enzyme stated in (iii) plays its role in hydrolysis of starch to glucose.  

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

……………………………………………………………………………………………………. [3] 

(b) What structural differences exist between starch and cellulose, and how these are related to 
their different roles in plants.            
     

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………
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………………………………………………………………………………………………………

…………………………………………………………………………………………………….[3] 

[Total: 12]            
3 Fig. 3.1 below shows DNA replication in an eukaryotic organism. 

Fig. 3.1 

(a) (i) What evidence in Fig. 3.1 shows that the  process is DNA replication in an eukaryotic cell. 
             
………………………………………………………………………………………………………

……………………………………………………………………………………………………. [1] 

(ii)  Within structures K in Fig. 3.1, there are no occurrences of end-replication problem. 

Explain why.             

………………………………………………………………………………………………………

……………………………………………………………………………………………………. [1] 

(b) (i)  The DNA replication at each replication fork is sometimes described as ‘asymmetrical’

replication as there are differences in the way the daughter strands are being 

synthesized.  State two such differences.       

   ………………………………………………………………………………………………

……… 

……………………………………………………………………………………………………… 
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………………………………………………………………………………………………………

……………………………………………………………………………………………………. [2] 
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(ii)  Suggest two reasons for the ‘asymmetrical’ replication.     
       
……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

………………………………………………………………………………………………………

……………………………………………………………………………………………………. [2] 

(c) Describe the unique features of hematopoietic stem cells which are common in all stem cells. 
               

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

………………………………………………………………………………………………………

…………………………………………………………………………………………………… [3] 

(d) Fig. 3.2 shows a graph showing the relationship between age and the telomere length in 3 

different kinds of cell; 

 - hematopoietic stem cells 

 - somatic cells from a healthy individual (normal) 

 - somatic cells from an individual suffering premature aging syndromes (PAS)  

       

Fig.3.2
With reference to Fig.3.2; 

 (i)  account for the difference in telomere length in hematopoietic stem cells and somatic cells 

from healthy individual.             

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

Te
lo

m
er

e 
le

ng
th

Age

hematopoietic
stem  cells

normalPAS

Health

Disease
telomere
critical length
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………………………………………………………………………………………………………

……………………………………………………………………………………………………. [2] 

 (ii)  suggest the cause of premature aging syndrome       
      
……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

………………………………………………………………………………………………………

……………………………………………………………………………………………………. [2] 

 [Total: 13]

4 Root tissue from a barley seedling was prepared and its chromosomes were observed under a 

microscope. Fig. 4.1 shows a cell from the root tissue at the metaphase stage of mitosis.  

Fig. 4.1 

 Fig. 4.2 shows the changes in amount of DNA at different stages of the barley life cycle.  
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Fig. 4.2 

(a) Mark out clearly with an arrow,   , on Fig. 4.2, the part of the graph which corresponds to the 

stage shown in Fig. 4.1.          

 [1] 

(b) With reference to Fig.4.2, 

(i) state which of the stages, from A to D has/ have the same number of chromosomes as 

shown in Fig.4.1. 

……………………………………………………………………………………………………. [1] 

  (ii) Explain why a mutation which occurs during Y is considered as a hereditary 
mutation.

……………………………………………………………………………………………………. [1] 

(c) Explain the significance of the event occurring at X.        
         

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

………………………………………………………………………………………………………

…………………………………………………………………………………………………… [2] 

(d) Fig. 4.3 shows the formation of Philadelphia chromosome which is commonly found in chronic 
myelogenous leukemina (CML) cells.         
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Fig. 4.3 
       

(i) With reference to Fig.4.3, describe the chromosome aberration which results in the 
formation of Philadelphia chromosome. 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

………………………………………………………………………………………………………

…………………………………………………………………………………………………… [2] 

The protein product of bcr gene (BCR protein) is a protein involved in signaling pathway and 
possesses tyrosine kinase activity. In the presence of growth factors, BCR protein is activated and is 
found to promote cell growth and proliferation.  

The results of a study conducted using chronic myelogenous leukemina (CML) cells to show the 
effect of Philadelphia chromosome on the activity of BCR protein is shown in Table 4.1.  

Table 4.1 
The variable being studied normal cells CML cells 

Concentration of BCR protein / mg cm-3 29.8 29.5 

Tyrosine kinase activity of BCR protein in the absence of 
growth factor / a.u. 

0 40 

Tyrosine kinase activity of BCR protein in the presence of 
growth factor/ a.u. 

40 40 

(ii)  With respect to its effect on cell growth and proliferation, name the group of genes which 
bcr gene belongs to.    

……………………………………………………………………………………………………. [1] 
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 (iii)  With reference to Fig. 4.3 and Table 4.1, explain how Philadelphia chromosome 
contributes to the onset of chronic myelogenous leukemia (CML).     

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

……………………………………………………………………………………………………..[4] 

[Total: 12] 
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5 In a particular variety of tomato plant, the allele for red fruit colour is dominant to the allele for yellow 

fruit colour and the allele for hairy stems is codominant with the allele for hairless stems. A true 

breeding plant with red fruit and hairy stems was crossed with another true breeding plant with yellow 

fruit and hairless stems. The resulting F1 were selfed to produce one hundred tomato plants with their 

ratios shown in Table 5.1.  

Table 5.1 
Frequency and phenotype of offspring Genotype 

37 red fruit and short hairs on stem 

18 red fruit and very hairy stem 

19 red fruit and hairless stem 

13 yellow fruit and short hairs on stem 

7 yellow fruit and very hairy stem 

6 yellow fruit and hairless stem 

(a)  Using the letters R for red fruit and r for yellow fruit, H for hairy stem and L for hairless stem, fill 

in the genotypes for each phenotype of the offspring in the Table 5.1 above.   [2] 

(b)  From Table 5.1, explain how codominance brings about the trait “short hairs on stem”.  
    

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

…………………………………………………………………………………………………………….[2] 

(c)  Draw a genetic diagram to explain this cross.
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[5]

 [Total 9] 
6 Microalgae have been extensively studied for various purposes, such as the production of biomass as 

a source of valuable chemicals of health foods and for wastewater treatment. Recently, microalgal 

photosynthesis was considered to be an effective means to reduce the emission of carbon dioxide, a 

major greenhouse gas, in the atmosphere. Light is the most important factor affecting microalgal 

photosynthesis kinetics. In general, most microalgal mass culture systems are limited by light, 

because light is easily absorbed and scattered by the microalgal cells. Therefore, understanding and 

quantification of light dependence of microalgal activity is of great importance in designing an efficient 

photobioreactor, in predicting process performance, and in optimizing operating conditions. 

Fig. 6.1
The volumetric photosynthetic activity 
as a function of incident light intensity at 
different light types and cell 
concentrations. Data points and error 
bars were average values and standard 
deviations of three replicated 
experimental results. Solid lines 
represent the calculated results from 
the photosynthesis–irradiance model. 
The light types and cell concentrations 
were:  
( ) simulated daylight and 0.215 g L 1;
(   ) simulated daylight and 0.123 g L 1;
(   ) red light and 0.123 g L 1; and  
( ) green light and 0.123 g L 1. 

Jeon et al 2005 Measurement of microalgal 
photosynthetic activity depending on light intensity 
and quality. Biochemical Engineering Journal 27 
(2005) 127–131 

(a) Explain the trends seen when red, green and daylight (at 0.123gL-1) are compared.  
        

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………
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………………………………………………………………………………………………………………

…………………………………………………………………………………………………………….[5] 
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 Fig. 6.2 shows a schematic  showing the functional relationship between light harvesting complexes 

(LHC)  and photosystems II & I. Regulatory complexes are also shown comprising of kinases and the 

regulation of excess energy between PS II and I.

Gollan et al 2015 Photosynthetic light reactions: integral to chloroplast retrograde signalling. Current Opinion in Plant Biology 27:180-191modified.

Fig. 6.2 
(b) Explain what is the LHC and its role in photosynthesis.      
    

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

…………………………………………………………………………………………………………….[2] 

(c) With reference to Fig. 6.2 explain the role of electrons in the photosynthesis as they move from 
Photosystem II to Photosystem I.         
………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

…………………………………………………………………………………………………………….[3] 

(d) With reference to Fig. 6.2 suggest the implications of the role of LHC and PSII core protein 
phosphorylation  from Photosystem II to Photosystem I.     
    
………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

…………………………………………………………………………………………………………….[3] 

[Total: 13]
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7 The Isthmus of Panama is the narrow strip of land that lies between the Caribbean Sea and the 

Pacific Ocean, linking North and South America. It contains the country of Panama and the Panama 

Canal. The isthmus was formed around 2.8 million years ago. This major geological event separated 

the Atlantic and Pacific Oceans and caused the creation of the Gulf Stream.  

The genus Anisotremus shown in Fig. 7.1b comprises 9 described species which occur 

predominantly on coral reefs and subtropical rocky reefs in the Neotropics of the Tropical Eastern 

Pacific the Caribbean and adjacent waters. In this study, the phylogenetic relationships for all 

described species were examined based on one mitochondrial gene (cytochrome b) and one nuclear 

marker (the first intron of the ribosomal protein S7). 

Fig 7.1a 

Molecular ecology, speciation, and evolution of the reef fish genus Anisotremus 

Bernardi et al Molecular Phylogenetics and Evolution 48 (2008) 929–935 

  Fig 7.1a         Fig 7.1b 
(a)  Name two methods by which evolution can take place. 

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

…………………………………………………………………………………………………………….[2] 
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(b)  With reference to Fig. 7.1b explain the type of speciation that would have seen to the derivation 

of the two fish A. virginicious and A. taeniatus.  

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

…………………………………………………………………………………………………………….[2] 

 (c)  With reference to your answer in (b) explain the how micro evolution would have taken place.  

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

…………………………………………………………………………………………………………….[4] 

 (d)  Suggest how it was determined that A. virginicious and A. taeniatus were phylogenetically 

descended from  A. dovii and A. pacifici.  

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

…………………………………………………………………………………………………………….[2] 

 (e)  In this study it was proposed that A. virginicious and A. taeniatus took a shorter time to speciate 

from one another compared to A. dovii and A. pacifici. Suggest with evidence from Fig. 7.1a 

how this might be true.  

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

…………………………………………………………………………………………………………….[2] 
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[Total: 12] 

8 Transpeptidase is a bacterial enzyme that cross-links cell wall peptides during the formation of 

bacterial cell walls.  The antibiotic penicillin inhibits the activity of transpeptidase. Fig. 8.1 shows part 

of each of the molecular structures of a cell wall peptide and penicillin.  

Fig. 8.1 
(a) Comment on the structure of cell wall peptides and penicillin.     

…………………………………………………………………………………………………………….[1] 

(b) Suggest why the penicillin molecule is an effective inhibitor of transpeptidase.  
     

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

…………………………………………………………………………………………………………….[2] 

(c) Fig.8.2 shows an electron micrograph of an alveolar macrophage isolated from a tuberculosis 

patient. 
M. tuberculosis
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Fig. 8.2 

(i) Describe the mode of transmission of Mycobacterium tuberculosis.

………………………………………………………………………………………………………... 

……………………………………………………………………………………………………. [1] 

 (ii)  Explain the appearance of the alveolar macrophage in Fig. 8.2. 

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

…………………………………………………………………………………………………….[2] 

(d) Tuberculosis patients are commonly treated with antibiotics, isoniazid and rifampicin.  Recently, 

there is an increase in number of multi-drug resistant tuberculosis cases.  

  State one reason why multi-drug resistant tuberculosis continues to emerge.  

……..……………………………………………………………………………………………………. [1] 
[Total 7]

9 Dengue is the most rapidly spreading mosquito-borne viral disease in the world. In the last 50 years, 

incidence has increased 30-fold with increasing geographic expansion to new countries and, in the 

present decade, from urban to rural settings (Fig. 9.1). An estimated 50 million dengue infections 

occur annually and approximately 2.5 billion people live in dengue endemic countries.  
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Fig. 9.1   Shaded areas are countries at risk of dengue fever due to presence of Aedes mosquito, as of 2008. The 
contour lines are range of January/July isotherm indicating the potential range of Aedes aegypti.

 (a) Describe the developmental stages (including duration) in the life cycle of the Aedes mosquito.
             
………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

…………………………………………………………………………………………………………….[4] 

(b) Explain why the range of dengue fever is the same as that of the Aedes mosquito.  
           

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

…………………………………………………………………………………………………………….[2] 

 (c) To some extent the range of the Aedes mosquito has also followed human expansion, explain 
how this may be true.             

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

…………………………………………………………………………………………………………….[2]

(d) With reference to Fig. 9.1, explain how climate change may affect the spread of dengue beyond 

the tropics.             

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………
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………………………………………………………………………………………………………………

…………………………………………………………………………………………………………….[2] 

[Total: 10] 
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Section A 
Answer all questions in this section. 

1 Milk is an important source of diet for most infant. For many adults, milk is an important source of 

dietary calcium. Milk contains many biological molecules; one of them is lactose. Therefore, it is not 

surprising that most infant will have a mechanism to digest lactose. While for adults, it is not normal 

for their body to be able to digest lactose. However, there is an increasing trend of lactose tolerant 

(also known as lactase persistent) individual in the adult population. 

 Here, we will discuss 3 types of conditions; namely Congenital Lactase Deficiency (CLD), lactose 

allergy, and lactose tolerance (lactase persistence).  
Silanikove et al The Interrelationships between Lactose Intolerance and the Modern Dairy Industry: Global Perspectives in Evolutional and Historical Backgrounds Nutrients 2015, 7, 7312-7331 

(a) Fig. 1.1 shows the structure of lactose.  

 
Fig. 1.1  

Name the bond joining the 2 monomers in lactose 

…………………………………………………………………………………………………………… [1] 

(b) Fig. 1.2 shows the catalytic residues found in the active site of lactase.  

 
Fig. 1.2 

One of the catalytic residues; glutamic acid (circled in Fig. 1.2) is substituted by glycine which is 

shown in Fig.1.3 below. 

 
Fig. 1.3 

Glutamic acid
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Explain how lactase catalytic activity is affected by the substitution above.    

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

…………………………………………………………………………………………………………….[2] 

 
(c) Lactose intolerance in infant is also known as Congenital Lactase Deficiency (CLD). It is an 

autosomal recessive disorder.

 Studies have shown that CLD is caused by mutation in LCT gene coding for lactase.  The most 

commonly observed mutation is a single nucleotide substitution in LCT gene which results in 

the production of truncated lactase.   

 Other mutation such as a single nucleotide deletion in LCT gene has also been detected in a 

few patients which also results in the production of truncated lactase. 

(c)(i)  Explain how two different types of mutations; single nucleotide substitution and single 

nucleotide deletion in LCT gene can lead to the production of truncated lactase. 

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

…………………………………………………………………………………………………… [2] 

 (c)(ii) A small amount of DNA is isolated from infants suffering CLD resulted from a single 

nucleotide substitution. The DNA was subjected to process Y to ensure enough DNA for 

the subsequent Southern Blotting process.  

   
Name the process Y.  

……………………………………………………………………………………………………. [1] 
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(c)(iv) Based on the position of the NdeI restriction sites in wild type and mutant LCT gene in 

Fig. 1.4 as well as the band patterns in Fig.1.5, indicate on the wild type LCT below where 

the probe will anneal to (use a ruled line and label).         [1] 

 
 
 
(c)(v) Based on the information provided in part (c) as well as Fig. 1.4 and Fig. 1.5; explain 

which infant is suffering from CLD.   

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

……………………………………………………………………………………………………. [2] 

(d) Another condition known as lactose allergy results in more severe symptoms than lactose 

intolerance. The symptoms of allergy are due to the action of Immunoglobulin E (IgE) which 

activates mast cells, which subsequently secrete a chemical signal X.

(d)(i)  Name X.  
……………………………………………………………………………………………..…..…. [1] 

Fig. 1.6 shows the structure of IgG and IgE.  

 
 
 
 
 
 

Fig. 1.6 

(d)(ii)  The number, type, and position of Q on IgG and IgE are different. Name precisely the 

process which attaches Q on IgG and IgE. 

4 kb 10 kb 25 kb

NdeI RE NdeI RE

Wild Type 
LCT

Q
A B

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



7

9744/03/PRELIM2017 

…………………………………………………………………………………………………… [1] 
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 (d)(iii)  Describe structures of IgE that allow it to perform its role in eliciting allergy response 

towards lactose. 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

……………………………………………………………………………………………………. [2] 

(d)(iv)  With reference to Fig. 1.6; suggest what will happen to an individual with lactose allergy 

when part B of all his IgE is replaced with part A of his IgG

………………………………………………………………………………………………………... 

……………………………………………………………………………………………………. [1] 

Some human adults continue to produce the lactase enzyme throughout their adulthood (lactase 

persistent). Therefore, they are able to digest lactose effectively (lactose tolerant) and will not develop 

symptoms such as bloating, flatulence, or diarrhoea after consuming milk.  

However, most adult mammals stop producing the lactase enzyme (lactase non-persistent). 

Therefore, they are unable to digest lactose effectively (lactose intolerant) and will usually develop 

symptoms such as bloating, flatulence, or diarrhoea when consuming milk. 

Fig. 1.7 shows the pattern of inheritance of lactose intolerance in Family A. 

Fig. 1.7 
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(e)(i) With reference to Fig. 1.7; explain the mode of inheritance of lactose intolerance and 

where the gene is probably located. Provide evidence to support your claim.   

………………………………………………………………………………………………………

……………………………………………………………………………………………………… 

………………………………………………………………………………………………………

……………………………………………………………………………………………………… 

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

…………………………………………………………………………………………………….[4] 

 Humans learned to exploit ruminants as a source of milk about 10,000 years ago; particularly the 

European population. Since then, the use of domesticated ruminants as a source of milk and dairy 

products has expanded until today when the dairy industry has become one of the largest sectors in 

the modern food industry, including the spread at the present time to countries such as China and 

Japan.

Widespread lactose intolerance among the adult population is a considerable drawback to dairy-

based foods consumption. Over the centuries, three factors allowed humans to overcome limitations 

imposed by lactose intolerance: (i) mutations, which occurred in particular populations, most notably 

in the north European Celtic societies and African nomads, in which carriers of the lactose intolerance 

gene converted from being lactose intolerant to lactose tolerant; (ii) the ability to develop low-lactose 

products such as cheese and yogurt; and (iii) colon microbiome adaptation, which allow lactose 

intolerant individuals to overcome its intolerance.  

Fig. 1.8 shows the pockets of lactase persistence shown in pie charts.     

       

Pockets of lactase persistence shown in pie charts. Ingram et al, Hum Genet 124:579–591, 2009.
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Fig. 1.8 

(e)(ii) With reference to Fig. 1.8; apart from the genetic factors, suggest what other factor could 

have contributed to the spread of lactase persistence. 

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

…………………………………………………………………………………………………….[2] 

 (f)(i) Explain how Darwin’s principles of evolution may be applied in understanding the type of 

evolution that would have had to take place in the spread of lactose tolerance.    

………………………………………………………………………………………………………

……………………………………………………………………………………………………… 

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

…………………………………………………………………………………………………….[3] 

 (f)(ii) Suggest how the scenario described in (f)(i) is an example of macro or micro evolution. 
        
………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

…………………………………………………………………………………………………….[2] 

 (g)(i)  Define anthropomorphic climate change.   

………………………………………………………………………………………………………

…………………………………………………………………………………………………….[1] 

(g)(ii)  Explain how the above scenario of increased lactase persistence may contribute to 

anthropomorphic climate change.   

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

………………………………………………………………………………………………………

………………………………………………………………………………………………………
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………………………………………………………………………………………………………

…………………………………………………………………………………………………….[3] 

[Total: 30] 
2 All mammalian cells express three closely related Ras proteins: H-Ras, K-Ras and N-Ras that 

promote oncogenesis when mutationally activated at codons 12, 13 or 61. Despite a high degree of 

similarity between the isoforms, K-Ras mutations are far more frequently observed in cancer. 

AGTGGC GLY12 SER 

CGTGGC GLY12 ARG 

TGTGGC GLY12 CYT 

GATGGC GLY12 ASP 

GCTGGC GLY12 ALA 

GTTGGC GLY12 VAL 

GGTAGC GLY13 SER 

GGTCGC GLY13 ARG 

GGTTGC GLY13 CYT 

GGTGAC GLY13 ASP 

GGTGCC GLY13 ALA 

GGTGTC GLY13 VAL 
 Location of K-RAS codon 12 and 13 mutations and PCR amplicons / products. Exon 2 of K-RAS is shown from the ATG 

without the untranslated region. The position and size of the PCR amplicons used in the High Resolution Melting HRM 

assays in relation to exon 2 of K-RAS is indicated. All possible mutations at codon 12 and 13 are listed along with the 

corresponding amino acid changes from Glycine (GLY) are shown.   
Krypup et al. High resolution melting analysis for the rapid and sensitive detection of mutations in clinical samples: KRAS codon 12 and 13 mutations in non-small cell lung cancer BMC 

Cancer 2006, 6:295

Fig. 2.1 

(a) With reference to Fig. 2.1; explain the type of mutation experienced in K-RAS codon 13.  
             

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

…………………………………………………………………………………………………………….[2] 
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(b) With reference to Fig. 2.1; suggest why oncogenesis in codon 13 is caused by only 6 possible 

changes in amino acid and not more.   

       
………………………………………………………………………………………………………………

……………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………

……………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………

……………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………

…………………………………………………………………………………………………………….[4] 

Ras proteins are the products of proto-oncogenes that are frequently mutated in human cancers. 

They are encoded by three ubiquitously expressed genes: H-Ras, K-Ras and N-Ras. These proteins 

are GTPases that function as molecular switches regulating pathways responsible for proliferation 

and cell survival.  

             

Fig. 2.2 
 

(c) How does Ras protein act as a molecular switch in initiating cell proliferation?   
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………………………………………………………………………………………………………………

…………………………………………………………………………………………………………….[1] 

 
 
 
 
(d) With reference to Fig. 2.2; explain how Ras protein is normally used to terminate cell 

proliferation.        

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

…………………………………………………………………………………………………………….[2] 

(e) With reference to Fig. 2.2; suggest how a mutation in Ras gene results in uncontrolled cell 
division.        
………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

…………………………………………………………………………………………………………….[1] 

 
(f) With reference to (a) to (e); explain the development of cancer .    
    

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

………………………………………………………………………………………………………………

…………………………………………………………………………………………………………….[2] 

[Total: 12] 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



15

9744/03/PRELIM2017 

3 Cyanobacteria are a group of bacteria that obtains their energy through photosynthesis.  They carry 

an operon known as phycocyanin operon which controls the expression of phycocyanin.  

Phycocyanin is a protein complex which serves as accessory pigment to chlorophyll in cyanobacteria. 

Without phycocyanin, light harvesting process is halted. The amount of phycocyanin increases from 

very low level to high level in the presence of light.  

 Fig. 3.1 below shows the structure of phycocyanin operon in the Cyanobacterium  Anacystis nidulans. 

P O CPCB1 CPCA1 Intergenic region P O CPCB2 CPCA2 

  
 Legend: 
 P    : promoter 
 O    : operator 
 CPCB1 and CPCA1  : structural genes coding for  – subunit of phycocyanin 
 CPCB2 and CPCA2  : structural genes coding for  – subunit of phycocyanin 

 
Fig. 3.1 

 
(a) Compare the lac operon to the phycocyanin operon.      
           

………………………………………………………………………………………………………………

……………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………

……………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………

…………………………………………………………………………………………………………….[3] 

(b) Describe how the CPCA2 gene could be transferred to another bacterium by a prophage.   
             

………………………………………………………………………………………………………………

……………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………

……………………………………………………………………………………………………………… 
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………………………………………………………………………………………………………………

…………………………………………………………………………………………………………….[3] 

 (c) Cyanobacterium  Anacystis nidulans has thylakoid which contain the same photosystems as the 
thylakoid of plant cells. Fig. 3.2 shows a hybrid phycocyanin operon. 

trp P O CPCB1 CPCA1 Intergenic region trp P O CPCB2 CPCA2 

Legend: 
 trp P : trp promoter 

Fig. 3.2 
Explain the rate of production of oxygen in the Cyanobacterium  Anacystis nidulans carrying the 
hybrid operon when light is present and tryptophan is present.  

………………………………………………………………………………………………………………

……………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………

…………………………………………………………………………………………………………….[2] 

 [Total: 8] 
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Section B 
Answer one question in this section 

Write your answers on separate answer paper provided. 
Answer each part on a separate piece of paper. 

Your answer should be illustrated by large, clearly labelled diagrams, where appropriate. 
Your answer must be in continuous prose, where appropriate. 

Your answer must be set out in sections (a), (b) etc., as indicated in the question.

4 (a) Explain the fluid mosaic model and the roles of the constituent biomolecules in functions of 

membranes at the cell surface and of membranes within the cell. [13] 

 (b) Explain how genetic variation arises in a natural population and its significance in allowing the 

population to adapt and evolve.  [12]  

[Total: 25] 

5  (a) With reference to named examples, describe the roles of proteins in bringing about cell 

signalling in living organisms. [13] 

(b) Gene expression in eukaryotes is regulated at many different stages of the process. 

Explain how gene expression is regulated in eukaryotes and the significance of this at each 

stage.              [12] 

[Total: 25] 
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QUESTION 1 

Preparation List 

Apparatus / Reagents / Chemicals Quantity per candidate 

1 In a capped container, labelled E, 10% urease solution at least 15 cm3

2 In a capped container, labelled U, 10% urea solution at least 15 cm3

3 In a beaker, labelled W, distilled water At least 100 cm3

4 Red litmus paper One length 
approximately 20 cm or  
4 X 5 cm strips from a 

book

5 Test-tube rack, suitable for holding 6 test-tubes 1

6 Test-tubes 6

7 Small beakers to hold up to 50 cm3 6

9 10 cm3 syringes 2

10 5 cm3 syringes 2

11 White tile or paper or card 1

15 Ruler (mm) 1

16 Container, labelled ‘Waste’ 1

Preparation of Solutions 

E, 10% urease solution at room temperature. This is prepared by dissolving 10 g of urease active meal 
or three crushed tablets of urease (according to manufacturer’s instructions) in a beaker with 50 cm3 of 
distilled water. Make up to 100 cm3 with distilled water. Mix well. The solution may remain cloudy.  

U, 10% urea solution at room temperature. This is prepared by adding 10 g of urea to 80 cm3 of distilled 
water in a beaker. Make up to 100 cm3 with distilled water. Mix well. 
Testing the activity of the urease 

Before the examination, put a small piece of red litmus paper into a dry test-tube. Add 2 cm3 of E then 2 
cm3 of U and start timing. Time how long it takes for the paper to start turning blue. 

If this is longer than 5 minutes, increase the concentration of urea to 15%. 

It is not necessary to inform the students that the concentration is different from that given in the 
question paper. 
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QUESTION 2 

Per Student 

Solution for Each Candidate Volume / cm3

0.1 mol dm-3 potassium chloride solution, adjusted to pH 7.0.
Solution should be sufficient to cover one piece of Tradescantia (spiderwort) leaf, in a 
beaker or container labelled X.

25

0.1 mol dm-3 sodium chloride solution, adjusted to pH 7.0.
Solution should be sufficient to cover one piece of Tradescantia leaf, in a beaker or 
container labelled as Y

25

0.1 mol dm-3 potassium chloride solution, adjusted to pH 4.5.
Solution should be sufficient to cover one piece of  Tradescantia leaf, in a beaker or 
container labelled as Z

25

Apparatus for each candidate should be clean. Syringe needles are not required and must not be given 
to candidates. 

Apparatus for each candidate Quantity

Pipette, plastic or glass with teat 1 1

Paper Towel 8

Forceps (blunt) 1

Glass rod 1

Scissors 1

Glass Marker Pen 1

Scalpel or sharp blade 1

Stopwatch 1

Safety Glasses / Goggles 1

Microscope 1

Microscope slides with cover slips 5

Access to a sink and tap water 
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Leaf Tissues: 
Leaves from Tradescantia spp. (common name: Wandering Jew; Spiderwort). 

Prepare the leaves by immersing in their different solutions and exposed to light for at least an hour 
before dispensing out to students. There should be sufficient leaves to provide at least 3 per candidate.  
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CATHOLIC JUNIOR COLLEGE 
JC2 PRELIM EXAMINATION 
Higher 2 

CANDIDATE 
NAME    CLASS 2T 

CENTRE 
NUMBER s     INDEX

NUMBER     

BIOLOGY                                                                                                                         9744/04 
Paper 4   PRACTICAL                       14th AUGUST 2017 
            2 hours 30 minutes
Candidates answer on the Question Paper. 
Additional Materials: As listed in the Confidential Instructions. 

READ THESE INSTRUCTIONS FIRST 

Write your Index number, name and class on all the work you hand in. 
Give details of the practical shift and laboratory, where appropriate, in the boxes provided. 
Write in dark blue or black pen. 
You may use a HB pencil for any diagrams or graphs. 
Do not use staples, paper clips, glue or correction fluid.  
DO NOT WRITE IN ANY BARCODES. 
 

Shift

Laboratory

For Examiner’s Use 

1

2

3

TOTAL 

Answer all questions in the spaces provided on the Question Paper. 
 
The use of an approved scientific calculator is expected, where appropriate. You may lose marks if 
you do not show your working or if you do not use appropriate units. 
 
At the end of the examination, fasten all your work securely together. 
The number of marks is given in brackets [  ] at the end of each question or part question. 
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1 Investigation into the effect of changing the concentration of an enzyme on enzyme activity. 

 The biological molecule, U, reacts with water to form aqueous ammonium carbonate. The enzyme 
urease catalyses this reaction. 

 
 Aqueous ammonium carbonate produces ammonium ions. These form an alkaline solution which 

causes red litmus paper to turn blue. The time taken for red litmus paper to turn blue can be used 
to monitor the progress of the reaction. 

 
 You are required to investigate the effect of enzyme concentration on this reaction. 
 
 You are provided with the following: 
 

 15 cm3 of 10.0% urease solution, E, which is an irritant  
 100 cm3 of distilled water, W 
 25 cm3 of a solution of the biological molecule, U 
 Red litmus paper, total length of about 20 cm

 It is recommended that you wear safety goggles / glasses. 

1 Carry out a serial solution of the urease solution, E, to reduce the concentration of the 
enzyme by half between each of the four successive dilutions, and set up a control. 

 
 Label four small beakers, D1, D2, D3 and D4, for the serial dilutions and label another small 

beaker, C, for the control. 
 
 Complete Table 1.1 to show how you will make the different concentrations of urease 

solution and how you will set up the control, C. 
 

                                                                      Table 1.1 

Solution E D1 D2 D3 D4 

concentration of urease / % 10.00 5.00 2.50 1.25 0.650 

volume of urease solution to 
be diluted / cm3   3.0 3.0 3.0 3.0 

Volume of distilled water, W / 
cm3   3.0 3.0 3.0 3.0 

description of the control, C:      

........................................................................................................................................................

........................................................................................................................................................

[3] 
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2 In order to monitor the progress of the reaction, in step 4 red litmus paper will be added to 
each mixture of enzyme (urease) and substrate, U, in a test-tube. To prevent the paper 
sticking to the wall of the test-tube, you will need to use the glass rod to add it, as follows. 

Cut a piece of red litmus paper so that it is a little shorter than the circumference of the glass 
rod. Moisten the paper and stick it to the end of the glass rod as shown in Fig. 1.1. The glass 
rod can then be lowered into the mixture of urease enzyme and substrate, U. The red litmus 
paper will slip off into the mixture and the glass rod can be removed. 

Fig. 1.1 

3 Prepare a table in the space on page 4 (step 7) to record the results of this investigation at 
various concentrations of urease solutions, including the control. 

Proceed as follows: 

4 To test the activity of the highest concentration of urease solution, put 2 cm3 of the substrate, 
U, into a test-tube then add 2 cm3 of E and mix well. The reaction will start as soon as E is 
added. 
Immediately, put one piece of red litmus paper into the test0tube as described in step 2 and 
start timing. 

5 Record, in the table that you have prepared on page 4 (step 7), the time taken for the piece 
of red litmus paper to turn blue. If the piece of red litmus paper does not turn blue in ten 
minutes, record ‘more than 600’. 

6 Record steps 4 and 5 for the other concentrations of urease solution, D1, D2, D3 and D4, 
and the control, C. The red litmus paper used each time should be of the same size. 
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7 Use the space below to record your results. 

[3] 

8 Calculate the rate of reaction, using your result for the 10.0% concentration of the urease 
solution, E. 

rate of reaction .......................................................................... [1] 
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9 Lack of repeats is one limitation of this procedure. Describe one significant source of error in 
this procedure that also acts as a limitation. 

 .................................................................................................................................................... 

 ............................................................................................................................................... [1] 

10 Suggest how you would make one improvement to this procedure to reduce the effect of the 
significant source of error identified in step 9.  

 .................................................................................................................................................... 

 .................................................................................................................................................... 

 .................................................................................................................................................... 

 ............................................................................................................................................... [1] 

The effect of pH on the activity of two proteolytic enzymes, A and B, was compared. The substrate 
for the enzyme was coloured jelly, which is made of protein.  

The apparatus of each pH was set up as shown in Fig. 1.2. 

Fig. 1.2 

The block of coloured jelly get smaller as it is digested by the enzymes. 

11 State two variables which would need to be controlled. Suggest how each variable would be 
controlled.  

 .................................................................................................................................................... 

 .................................................................................................................................................... 

 .................................................................................................................................................... 

 .................................................................................................................................................... 

 .................................................................................................................................................... 

 .................................................................................................................................................... 

 ............................................................................................................................................... [3] 
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The results of the investigation are shown in Table 1.2. 

Table 1.2 

pH 
area of jelly present after 90 minutes / mm2 

enzyme A enzyme B 

4.0 10 134

6.4 76 124

7.4 128 76

8.0 138 52

9.0 140 6

12 Plot, on the grid opposite, the data shown in Table 1.2. Draw lines of best fit for enzyme A
and enzyme B. 
[4]

13 (a) Describe the effect of pH on the activity of enzymes A and B. 

........................................................................................................................................... 

........................................................................................................................................... 

........................................................................................................................................... 

...................................................................................................................................... [1] 

 (b) Suggest and explain why changes in pH affect the activity of these two enzymes 
differently. 

........................................................................................................................................... 

........................................................................................................................................... 

........................................................................................................................................... 

........................................................................................................................................... 

........................................................................................................................................... 

........................................................................................................................................... 

...................................................................................................................................... [3] 

[Total: 20] 
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CANDIDATE 
NAME CLASS 2T 

2 Stomata, in the epidermis of leaves, are responsible for the exchange of gases and the release of 
water vapour. A pair of guard cells controls the opening and closing of each stoma. In the guard 
cell membrane there is a transport protein. During the opening of the stomata, this protein uses 
energy from the hydrolysis of ATP to move protons (H+) out of guard cells. This has two effects. 

 Because protons are positively charged, their removal from the guard cells causes the 
interior of the cells to become negatively charged relative to the exterior. Because of this, 
some positive ions such as K+ move into the interior of the cells lowering the water potential 
inside the cells. 

 The pH inside the cell is increased. 

You are provided with leaf samples that are soaking in the following solutions. 
solution X: 0.1 mol dm–3 potassium chloride at pH 7.0 
solution Y: 0.1 mol dm–3 sodium chloride at pH 7.0 
solution Z: 0.1 mol dm–3 potassium chloride at pH 4.5 

 Proceed as follows: 

1 Use a pair of forceps to remove the leaf from solution X and use scissors to cut out an area 
up to 1 cm × 1 cm. Transfer this to a slide ensuring that the lower epidermis is uppermost. 
Use a dropping pipette to add a drop or two of solution X to the leaf surface. Lower a cover 
slip over the leaf being careful to exclude any air bubbles. 

2 Use the 10X objective of a microscope to locate the stomata. Count the total number of 
stomata that are visible and the total number that are fully open in the same field of view. 
Ignore any that you are doubtful about. Repeat this for another two areas of the leaf. 
Calculate the mean percentage of open stomata. 

3 Repeat steps 1 and 2 for leaves from solutions Y and Z using clean slides and cover slips on 
each occasion. You must keep slide Z in order to answer (b) on page 11. 

(a) (i) Record your results in an appropriate format in the space provided below. 

[4] 
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(ii) Explain your results. 

X ..............................................................................................................................
. 

.................................................................................................................................

. 

.................................................................................................................................

. 

.................................................................................................................................

. 

.................................................................................................................................

. 

Y .......................................................................................................................... 
[2] 

.................................................................................................................................

. 

.................................................................................................................................

. 

.................................................................................................................................

. 

.............................................................................................................................. 
[2] 

Z ..............................................................................................................................
. 

.................................................................................................................................

. 

.................................................................................................................................

. 

.................................................................................................................................

. 

.............................................................................................................................. 
[2] 

(iii) Guard cells, unlike other cells in the epidermis, have chloroplasts. These 
chloroplasts have grana but lack the enzymes necessary for the light-
independent stage of photosynthesis (Calvin cycle). 

With reference to your results, suggest why guard cells have chloroplasts if they 
do not carry out the light-independent stage of photosynthesis. 

.................................................................................................................................

. 
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.................................................................................................................................

. 

.................................................................................................................................

. 

.................................................................................................................................

. 

.............................................................................................................................. 
[2] 
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(b) Make a high power drawing of two guard cells and the epidermal cells on either side of each 
guard cell from the leaf in solution Z.  

[3] 

(c) Fig. 2.1 shows a diagram of a stage micrometer scale that is being used to calibrate an 
eyepiece graticule. 

One division, on either the stage micrometer scale or the eyepiece graticule, is the distance 
between two adjacent lines. 

The length of one division on this stage micrometer is 0.1 mm. 
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Fig. 2.1 
(i) Using this stage micrometer, where one division is 0.1 mm, calculate the actual length 

of one eyepiece graticule divison, using Fig. 2.1. 

Convert your answer to a measurement units most suitable for use in light microscopy. 
Show the steps and units in your calculation. 

[2] 

Fig. 2.2 shows a photomicrograph of plant cells some of which have lost water by osmosis. 

Fig 2.2 
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A student, using a prepared slide from which this photomicrograph was taken, measured the 
total length of the seven chloroplasts, labelled in cell Z in Fig 2.1. 

Fig. 2.3 shows the view that the student saw when using the eyepiece graticule, calibrated in 
c(i) at the high-power of a microscope. 

Fig 2.3 

 (ii) Using this and the information in c(i), calculate the actual mean length of one 
chloroplast as shown in Fig 2.3. 

Show the steps and units in your calculation. 

actual mean length of one chloroplast ......................................... [2] 
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(d) Fig. 2.4 and Fig. 2.5 are photomicrographs of the lower surface of the leaf from two different 
plants, with the same field of view, using the same objective lens. 

     Fig. 2.4                Fig. 2.5 

Complete the table below to record 2 observable differences between the surface of each 
leaf shown in Fig. 2.4 and Fig. 2.5. 

Feature Fig. 2.4 Fig. 2.5 
Number of s 

Tomata 

More (or an example of a 
number) closer packed / nearer 
each other / gap between 
stomata narrower / more 
clustered 

Few(er) (or an example of a 
number) 

Size of stomata / 
epidermal cells / guard 
cells 

Small(er)  Large(r) 

[2] 

[Total: 22] 
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CANDIDATE 
NAME CLASS 2T 

3 The enzyme urease is a catalyst of the hydrolysis of urea in solution, forming ammonia and carbon 
dioxide, for example in the breakdown of urea in soils by microorganisms. 

You are required to plan an investigation to compare the activity of urease free in solution and 
urease immobilised in alginate beads. 

As the reaction proceeds, the ammonia released dissolves, causing the pH to increase. 

You are provided with the following equipment which you may use or not in your plan, as you wish. 
You may not use any additional equipment in your plan. 

 an unlimited supply of calcium alginate beads, all of uniform size, prepared with a     
50 g dm-3 urease solution (you may call this immobilised urease) 

 an unlimited volume of 50 g dm-3 urease solution (you may call this free urease) 
 an unlimited volume of 1.0 mol dm-3 urea solution 
 an unlimited volume of distilled water 
 beakers and flasks of different sizes 
 stopwatch  
 broad and narrow range of pH papers and liquids with appropriate colour charts, pH 

probes and meters 
 colorimeter and tubes/cuvettes 
 thermometer 
 thermostatically-controlled water baths  
 graduated pipettes and pipette fillers 
 filter funnels 
 syringes 
 glass rods for stirring 
 test-tubes and boiling tubes  
 test-tube racks 

Your plan should: 

 have a clear and helpful structure such that the method you use is able to be repeated 
by anyone reading it 

 include a clear statement of the hypothesis or prediction 

 identify the independent and dependent variables 

 be illustrated by relevant diagram(s), if necessary, to show, for example, the 
arrangement of the apparatus used 

 describe the method with details and explanations of the procedures that you would 
adopt to ensure that the results are as accurate and repeatable as possible 

 include layout of results tables and graphs with clear headings and labels 

 use the correct technical and scientific terms 

 include reference to safety measures to minimise any risks associated with the 
proposed experiment 

[Total: 14] 
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[Turn over 
1 The figure below shows an electron micrograph of a cross-section of an animal (rat) cell. 

Which of the following describes organelle A? 

i. 9 triplets of microtubules arranged in a ring.

ii. Inner membrane folded into cristae.

iii. Synthesizes spindle fibres during nuclear division.

iv. Involved in aerobic respiration.

A i only 

B i and iii only 

C ii and iii only 

D ii and iv only 

ANS A [L1] (H2 SAJC/2016/P1/Q1) [1] 

Organelle A

200161 /P/P1/1 Q1Q ) 
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2 Keratin is a fibrous protein in skin, hair and nails. The diagram below shows -keratin molecules in 
cross section of a hair follicle. 

The features of one form of keratin are listed below: 

i. The peptide chain has mainly small amino acid residues.

ii. Each peptide chain forms into an -helix.

iii. Two helices coil together.

iv. Covalent bonds link adjacent helices.

Which features are different from that of collagen molecules? 

A i and ii 

B i and iv 

C ii and iii 

D iii and iv 

ANS C  [L1] (H1 A Levels /2014/P1/Q4 modified)               [1] els /2014/P1/Q4 modified) 
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3 How many different types of oligopeptides, each made up of 8 amino acids, may be synthesized 
using the 20 common amino acids?

A 144 480 

B 208 

C 820 

D 160 

ANS B [L2] (H2 SAJC/2016/P1/Q5 - modified)               [1] 

4 The graph shows the results of an investigation using invertase, an enzyme that breaks down 
sucrose into glucose and fructose. 

1 g of sucrose was dissolved in 100 cm3 of water and 2 cm3 of a 1% invertase solution was added. 

Which conclusion can be drawn from this information? 

A Between 0 and 60 min, the concentration of the substrate remains constant. 

B After 60 min, the concentration of enzymes becomes the limiting factor. 

C At 140 min, some of the enzyme molecules are denatured. 

D Between 60 and 140 min, the concentration of the substrate is the limiting factor. 

ANS  D [L2] (H2 RI/2016/P1/Q6) [1] 

140 min, the concentration of the substrate is the 

16/P/P1/1/QQ6) 
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5 Human and mouse cells were fused to make hybrid cells. Anti-human and anti-mouse antibodies, 
carrying different coloured fluorescent dyes, were added. The antibodies bind to the proteins of the 
cell surface membrane.

The fused cells were incubated for 40 minutes. The locations of the human and mouse membrane 
proteins were identified at intervals using the fluorescent dyes. 

The diagram represents the results of the experiment by showing the positions of the human and 
mouse proteins on the surface of the cells. 

What does this experiment show? 

A Movement of the phospholipids pushes the membrane proteins apart. 

B Some membrane proteins move through the phospholipids to different places. 

C The phospholipids of the human and mouse cell surface membranes do not mix. 

D The proteins of human cell surface membranes can move further than those of mouse cells. 

ANS B [L2] (H2 A Levels/2015/P1/Q29)      [1] 

e ppprotoototteieieieie nsnns mmmovovovovove ee ee thrororororougugugugughhhhh thtthhe phpphososphphpp olo ipipipipipidididids s ss tototototo ddddififififififfe

s oof ttttthehehehehe hhumumummmaan aaaaandndndndnd mmmmmmououououousesesesese ccccceeeleeee l sususususuususussurfrfrfrfrfacacaccacacaccaccccce e eeee mememememembmbmbmbmm rararrr n

umamamammannnnn cecececcelllllllll ssssurururururfafafafafacecececece mmmmmemememememembrbrbrbrbrrananananana esesessessese  cannnnnn mmmmmmovovovovo e e e e e fufufufufuurther t

els/2015/P1/Q29)
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6 Which process involves one stem cell giving rise to two distinct daughter cells: one copy of the 
original stem cell as well as a second daughter cell programmed to differentiate into a non-stem cell?

A asymmetric replication 

B differentiation

C potency 

D self renewal 

ANS A  [L1] (H2 NJC/2016/P1/Q27) [1] 

7 DNA replication in eukaryotes involves the following processes.

 RNA primer molecules are attached to each strand at points of origin of replication.

 DNA polymerase attaches to primers and synthesises new strands of DNA in a 5’ to 3’ 

direction.

 One strand, called the leading strand, is synthesised in continuous long sections. 

 The other strand, called the lagging strand, is synthesised in short sections.

 RNA primers are replaced by DNA nucleotides on both strands.

Which statement explains the difference in the way in which the two strands of a DNA molecule are 
synthesised? 

A DNA polymerase enzymes can only synthesise DNA in one direction. 

B Fewer RNA primers are needed on the leading strand. 

C The lagging strand has more binding points for RNA primers. 

D The replication of DNA is semi-conservative. . 

ANS A [L3] (H1 A Levels/2016/P1/Q10)      [1] 

8 Which statement is not true about the transcription in eukaryotes?

A Transcription occurs in the nucleus. 

B There are 3 different types of RNA polymerase for the synthesis of mRNA, rRNA, and tRNA. 

C The binding of RNA polymerase to TATA box initiates the transcription process. 

D No primers are involved during transcription. 

ANS C [L1] (Novel)   [1] 

voloolollvevvvvv dddd dududududud rirrrr nggggg tttrarrrr nssssscrcrccrcripipipipiptittt onoonnon. 
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9 The diagram below shows a particular stage of protein synthesis.

Which of the following statements is true of molecules X and Y? 

A The coiling of molecule Y is a direct result of the information on molecule X.  

B Molecule X is double-stranded whilst molecule Y is single-stranded. 

C In both molecules X and Y, the bonds between adjacent monomers of each molecule are 
phosphodiester bonds. 

D The monomers of molecule X interact with the monomers of molecule Y through temporary 
hydrogen bonds. 

ANS A [L2] (H2 ACJC/2015/P1/Q8)   [1] 

10 A cell with one pair of chromosomes (2n = 2) undergoes meiosis. Which nucleus is formed at the end 
of meiosis I?

ANS B [L1] (H2 DHS/2016/P1/Q4)   [1] 

A B C D

0116/6/P1P1/Q/Q4)4) 
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11 Cell cycle is a highly regulated process. The figure below shows the overview of the different stages 
and checkpoints in cell cycle. 

What happen when G1 checkpoint does not function properly? 

A The cell will progress to prophase even when there is mistake during DNA replication.  

B The probability of non-disjunction during anaphase increases.  

C DNA replication may not occur properly due to the absence of necessary raw materials such as 
deoxynucleoside triphosphates. 

D There will be a decrease in the amount of growth factors secreted. 

ANS C [L1] (Novel)                               [1] 

12 What advantages are there in associating eukaryotic DNA with histones to form chromatin?  

A Allows large amount of DNA to be packaged into the small space of the nucleus. 

B Allows control of gene expression by modulating degree of packaging.

C Protect DNA from degradation which may lead to mutation or death of the cell. 

D All of the above.

ANS D [L1] (Novel)                               [1] 

genenenee eeeeexprereesssssssiooooonnnnn byyyyy mmmmodododododuulu atinnngg gggg dedededdeddeddedegrgrgrrrgrgrgrgrg eeeeeeeeeeeeeee oooof f f f papapapapapackckckckkkaaaagaa

degegegegraararar daddadad titiononononon whihihihhih chchchchch mmmmmmmmaaayaa lllleaeaeaeaeaeaaaddddd to m ttututtatatatatatatttioioioioionnnnn ororororor ddddeeaeaeaeath
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13 Proteins that are ubiquitinated will be transported to proteasome for degradation. Which level of 
control of gene expression is this? 

A Translational level  

B Transcriptional level  

C Post-translational level 

D Post-transcriptional level 

ANS C [L1] (Novel)    [1] 

14 Which of the following statements about bacterial chromosome structure is/are true?

i. Not associated with histone proteins.

ii. Single-stranded chromosome.

iii. Located in the nucleoid region of a nucleus.

iv. Most genes are separated by intergenic DNA sequences.

A i only 

B i and ii only

C  ii and iii only

D ii and iv only

ANS A [L1] (H2 SAJC/2016/P1/Q12)                             [1] 
15 When a mutant strain of Escherichia coli that has lost the regulatory gene of its tryptophan operon is 

placed in a medium that contains all nutrients the cell need to grow except tryptophan, which of the 
following will occur?

A The cells will grow even though there is no tryptophan in the medium. 

B The cells will grow until excessive tryptophan arrests the expression of the operon. 

C The cells will not grow until enough tryptophan has been synthesised to make the repressor 
active. 

D The cells will never grow unless tryptophan is added to the medium. 

ANS A [L1] (H2 AJC/2016/P1/Q12)   [1] 

16 The diagram below shows how two species of bacteria reproduce when placed together in a growth 
medium. The bacteria that are shaded are resistant to the antibiotic penicillin. 

er gggggrororororow wwww unleeeeessssssssss ttttryryryryryptptptpttopopopopopo hahahahah nnn is aaaaddddddddddddddddddedededededeeedeeeeeeeeeee tttttoooooooooooo thththththththt eeeeee mememeeeedididididd um

016/6/P1P1/Q/Q1212) ) 

ows how two species of bacteria reproduce when
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Which one of the following statement(s) is/are likely to be true? 

i. Bacteria B and C are resistant to penicillin as a result of binary fission of Bacterium A.

ii. Bacteria C, D and F are resistant to penicillin as a result of random mutation.

iii. Bacterium D is resistant to penicillin as a result of conjugation process which transfers the
F plasmid carrying penicillin resistance gene from Bacterium A.

iv. Bacterium D is resistant to penicillin through transduction from Bacterium A where there is
transfer of the complete F plasmid.

A iii only 

B i and iii  

C i and iv  

D ii, iii and iv  

ANS B [L2] (H2 AJC/2016/P1/Q11)   [1] 

17 Which of the following is true of influenza and HIV viruses?

A Genetic shift causes variation in influenza but not in HIV. 

B Both HIV and influenza are virulent upon budding off from their respective host cell. 

C Influenza viruses have DNA genomes that are templates for transcription. 

D HIV viruses have genomes that are readily inserted into the host genome. 

ANS A [L2] (Novel)   [1] 

enza are virulent upppppon budding off from their resp

haveveveee DDDDDNAA gggggenenenenenomomomomomeseseeses tttthahahahahat aaara e teeeeeempmpmpmpmpppmpmpmpmpmmpmppmpmplalalaalateteteeteeees s ss ss s fofofofofof r trtrrrraaaanaa scr

gennnnnnomomomommesesesese ttttthahahahahat ttt t araaraa eeeee rerererereadadadadadadilillilly y y y y inininininnseseseseseertrrrrrr ed iiiiintntntntntto o oo oo thhhhheeeee hohohohohost ge
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Please note that Question 18 and 19 are related.

18 Fig 18.1 shows the base sequence of a normal human beta-globin gene and a mutant variant which 
causes a blood-related disease.

Normal 
Non-template strand  5’ CAC GTG GAC GGA GGA CTC CTC 3’ 

Mutant 
Non-template strand 5’ CAC GTG GAC GGC GGA CAC CTC 3’ 

Fig. 18.1 

Which of the following is correct? 

A The blood-related disease is caused by 1 point mutations with more than one amino acid 
changed. 

B The blood-related disease is caused by 1 point mutations with one amino acid changed. 

C The blood-related disease is caused by 2 point mutations with more than one amino acid 
changed. 

D The blood-related disease is caused by 2 point mutations with one amino acid changed. 

ANS B [L2] (Novel)                              [1] 

19 Fig. 19.1 shows the southern blot of the co-dominant blood-related disease shown in Fig. 18.1. Only 
one restriction enzyme MstII was used and the blot was hybridized with a probe specific for the beta-
globin gene.

Individual            1           2           3           4         5 
Phenotype   lives      lives      lives    dies     lives 

Fig. 19.1 

With reference to Fig. 19.1 and Fig. 18.1; which of the following statements is correct? 

A Individuals 1, 2 and 5 are normal. 

B Individuals 1, 2 and 5 are homozygous at the loci for beta-globin gene. 

C Individuals 4 and 5 are homozygous and heterozygous at the loci for beta-globin gene 
respectively. 

FiFiFiFiF g.g.g.g.g.g 11119.999999 1 

9 1 and Fig 18 1; which of the following statemen
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D Individuals 3 and 4 are homozygous and heterozygous at the loci for beta-globin gene 
respectively. 

ANS C [L2] (Novel)   [1] 

20 A tall green stemmed plant with genotype TTrr was crossed with a short red stemmed plant with 
genotype ttRR. The F1 plants were allowed to self fertilise. A X2 test was carried out on the results 
obtained for the F2 generation. Part of the values for X2 are shown:

Deg. of freedom p= 0.5 p= 0.1 p= 0.05 p= 0.01 p= 0.001 
1 0.46 2.71 3.84 6.64 10.83 
2 1.39 4.6 5.99 9.21 13.82
3 2.37 6.25 7.82 11.34 16.27
4 3.36 7.78 9.49 13.28 18.46
5 4.35 9.24 11.07 15.09 20.52 

The value of X2 was 7.6 in this investigation. 

What is the probability of this value of X2 and do the results fit the expected ratio? 

Probability Results fit expected ratio 
A Between 0.01 and 0.05 No 
B Between 0.01 and 0.05 Yes 
C Between 0.05 and 0.1 Yes 
D Between 0.05 and 0.1 no 

ANS C [L1] (N2005/1/22 modified)    [1] 

21 Which of the following is true about gene interactions?

A Gene interactions involve two genes controlling one character. 

B Gene interactions involve masking and follow mendelian phenotypic ratios. 

C Gene interactions are a form of co-dominance 

D Gene interactions restrict the number of phenotypes seen. 

ANS A [L1] (Novel)   [1] 

22 Sodium azide is a strong inhibitor to the ETC in mitochondria. An experiment was conducted with 
isolated mitochondria, 2 molecules of glucose, 10 molecules of pyruvic acid along with oxygen, ADP 
and NAD+ which was supplied in excess. 
What would be the expected production of ATP from the experiment? 

A 2 

B 4 

C 10 

D 22 

ANS C [L3] (Novel)   [1] 

nggggg inhnhhnhhnhibibibibbbittttoroooo tttttoooo o the e e ee ETETETETETTC CCCC iniii mmmmmiti ochondria. AAAAAAnnnnnn exeeee p
2 mmmmmololololleeeecee uleees ooooofff ff ggglgg ucccccososososose,eeee 10 mommoooleleleleeeeeeeeeeeecucucucucccucccccuccccc lllelelelelees s sssss ssssss ofofofofof ppppppyryryryryryruvuvuvuvuvuviiici
upplp ieeeeed dd d d inn eeexcxcxcxcxcesesesssss.s.s.s. 
ectttttededdedded ppppproductionnnnn ofofofofofof AAAAAAAATPTPTPTPTPTTT  from the exxxxxpepepepepperiririririmememememementntntntn ????
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23 Which of the following is not true of photosynthesis.

A The spectra of light in which photosynthesis is most efficient is in the red and violet region. 

B Rate of ATP synthesis depends on the differential proton gradient across the thylakoid 
membrane.   

C Photosynthesis starts first with the photolysis of water. 

D Oxygen concentration affects the efficiency of the light independent reaction. 

ANS C [L2] (Novel)                              [1] 

24 The Fig. 24.1 represents a G-protein coupled receptor on the cell surface membrane. A peptide 
hormone ligand is bound to the receptor and initiates the production of a second messenger.

Fig. 24.1 
What is the second messenger? 

A a peptide hormone. 

B ATP 

C cyclic AMP 

D Kinase 

ANS C [L1] (2007 9744 P1.Q30)                           [1] 

25 Birds, such as cockatoos, have a species of louse (an insect parasite) that lives on their feathers.

White, sulfur-crested cockatoos have pale lice on their wings and bodies while yellow-tailed black 
cockatoos have dark lice on their wings and bodies. Both of these cockatoos have black lice of this 
species on their heads. In order to rid themselves of these parasites, cockatoos preen their wings and 
bodies with their beaks but have to use their feet to preen their heads. 

What best explains how this species of louse has diversified into two colour variants on the birds' 
wings and bodies, but has remained dark on the birds' heads? 

4 P1P1.Q.Q3030) )                       

os, haahaaveveveve aaaaa sssspepepecicc eseee ooooof ffff lollololoususuuu e eeee (a(a(a(( n insesesesesecccctc pppppararararararaasite) tha
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A Cockatoo beak preening results in selection pressure on wing and body lice. 

B Cockatoos are unable to see the lice while preening their heads. 

C Cockatoos notice badly camouflaged lice on their wings and bodies while preening. 

D Cockatoos use different preening techniques on different parts of their bodies resulting in 
natural selection. 

ANS D [L2] (H1 A Levels/2015/P1/Q23)      [1] 

26 Bacteria in the genus Wolbachia infect many butterfly species. They are passed from one generation 
to the next in eggs, but not in sperm, and they selectively kill developing male embryos.

In Samoa in the 1960s, the proportion of male blue moon butterflies fell to less than 1% of the 
population. However, by 2006, the proportion of males was almost 50 % of the population. 

Resistance to Wolbachia is the result of the dominant allele of a suppressor gene. 

Which statements correctly describe the evolution of resistance to Wolbachia in the blue moon 
butterfly population? 

i. Wolbachia acts as a selective agent.

ii. The selective killing of male embryos is an example of artificial selection.

iii. When infected with Wolbachia, male embryos that are homozygous for the recessive allele

of the suppressor gene die.

iv. All male embryos that carry the dominant allele of the suppressor gene pass that allele to

their offspring.

v. The frequency of the dominant allele of the suppressor gene rises in the butterfly

population.

A i and iv 

B i, iii and v 

C ii and iii 

D ii, iv and v 

ANS B [L2] (H1 A Levels/2011/P1/Q23)      [1] 

27 Which of the following statements correctly relate to molecular phylogenetics?

i. Lines of descent from a common ancestor to present-day organisms have undergone 

similar, fixed rates of DNA mutation. 
ii. Organisms with similar base sequences in their DNA are closely related to each other.

iii. The number of differences in the base sequences of DNA of different organisms can be

used to construct evolutionary trees.

iv. The proportional rate of fixation of mutations in one gene relative to the rate of fixation of

mutations in other genes stays the same in any given line of descent.

staaateeeeememememm nttsss coooooorrrrrrrrrreeecee tllllly yy y y reeeeelaalaaatetteee to mmomooomolelellelecucucuuuculalalalalalar r r rr phphphphhylylylylyly ogogogogogogeneeeee e

ceeeentntntn fffffrorororommmmm aaaaa cooooommmmmmmmmmmonononononnoo aaaancncncncncccesesesesestor tttto pppppprererereresesesesesesentntntntntnt-d-d-d-daaayaa

rattttesesess ooooof ff f f DNDNDNDNDNDD A A A mumumuutttatititititiiononononono .

ith i il b i th i DNA l
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A i and ii  

B i and iv  

C ii and iii  

D iii and iv  

ANS C [L2] (H2 VJC/2015/P1/Q31)                                           [1] 
 

 
 

28 Which statement about vaccination is true? 

A Vaccination of a small proportion of the population can break the disease transmission cycle. 

B Vaccination can prevent and control disease, but it is unable to eradicate the disease. 

C Vaccination stimulates body’s innate immune system, thus protecting the individual from future 
infection by the same pathogen.  

D Vaccination stimulates immunity without causing the disease. 

ANS D [L1] (Novel)                               [1] 
 
 

29 Fig 29.1 illustrating the effects of elevated CO2 on growth and development of soybean.
 

 
Fig. 29.1 

 

With reference to Fig. 29.1. Which of the following can be inferred from the elevated levels of CO2. 

 
A Plant photosynthetic rates will increase as CO2 levels increase. 

B Plant biomass increases but dispersal range decreases. 

KiasuExamPaper.com
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C Plant respiration will outweigh that of photosynthesis. 

D Plants are now better able to ensure their own survival and continuation. 

ANS B [L2] from L1 (Novel)                             [1] 
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30 Which of the following is not true about climate change and biodiversity?

 

A Climate change results in specific selection pressures that may be disadvantageous to most 
species causing a decrease in biodiversity. 

B Climate change over a short time may result in different selection pressures which may 
promote speciation and promote biodiversity. 

C Climate change may negatively affect keystone species which then affect ecosystems 
eventually affecting biodiversity. 

D Climate change may cause a lowering of temperatures and may push species to physiological 
limits and eventually lower biodiversity. 
 

ANS B [L2] (Novel)                              [1] 

END OF PAPER 
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Answer all questions. 

1 Fig. 1.1 is a schematic diagram showing the transport pathways of extracellular and intracellular 

materials for digestion in a mammalian cell. Depending on the types of digested material, three 

possible pathways are initiated to deliver these materials for digestion within lysosomes, of which one 

is labelled as A. 

Fig. 1.1 
(a) (i) Identify precisely process A. 

ANS [L1] (adapted from H2 ACJC/ 2015/ P2/ Q1)   [1] 

1. pinocytosis

(ii) State one property of the plasma membrane and explain how it enables process A to be

carried out by a cell. 

ANS [L2] (adapted from H2 ACJC/ 2015/ P2/ Q1)               [2]  

1. Membrane is fluid; 
2. Ref. to invagination of plasma membrane / fusion of 2 ends of plasma membrane to form

endocytic vesicle. 
3. Ref. to phospholipid is amphipathic.
4. OWTTE

p y p p

by aaaa cccceeelele l. 

m H2H2 ACJCJC/ 201015/5/ PP22/ QQ1)1)  

d;
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(b) Degradation of worn out organelles such as mitochondria occurs inside most cells via 

autophagy. With reference to Fig.1.1, describe the process of autophagy.   

           

ANS [L2] (adapted from H2 ACJC/ 2015/ P2/ Q1)         [3] 

1. Isolation membrane (derived from SER) encloses mitochondria to form a (membrane bound) 
autophagosome; 

2. Fusion of membrane of autophagosome with membrane of lysosome;  
3. Digestion of mitochondria by hydrolytic enzymes [Reject: digestive enzymes] found in 

lysosome, (which are activated by low pH within lysosome).  
 

(c) Lysosomes are able to hold a large amount of enzymes. Lysosomal membrane contains a large 

amount of highly glycosylated integral proteins facing the interior of the lysosome.   

 
  Suggest how this high amount of glycosylated protein prevents self-digestion of the 

lysosome.               
ANS [L3] (adapted from H2 ACJC/ 2015/ P2/ Q1)         [1] 

1. Large amounts of glycoproteins acting as a molecular shield / hindering access of enzymes with 
substrates (e.g. membrane proteins). 

 

  

Fig.1.2 shows an electron micrograph of parts of the endomembrane system. 

 

 
Fig. 1.2 

 

X

rough
endoplasmic
reticulum

A
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(d) Explain how X regulates the movement of materials in protein synthesis.   
      
ANS [L2] (Novel)                               [2] 

1. X is nuclear envelope with nuclear pores; therefore it allows/ regulates; 
 

Any 1: 
2. mRNA to leave the nucleus to be translated to the proteases by ribosomes on RER. 
3. tRNA made to leave the nucleus to attach to amino acid for the proteases synthesis.  
4. RNA polymerase, RNA nucleotide and ATP to enter the nucleus for transcription of the 

gene coding for proteases. 
5. AVP 

(e) Explain how the functions of region A and rough endoplasmic reticulum are related.  
              
ANS [L2] (Novel)                      [2]        

1. A is nucleolus which contains the gene coding for rRNA. 
2. rRNA forms the structural components of ribosome; which are found on RER for 

translation process. 
3. rRNA contributes to the tRNA and mRNA binding sites of ribosome; which are found on 

RER for translation process. 
4. rRNA contributes to peptidyl transferase catalytic activity of ribosome; which are found on 

RER for translation process. 
 
(f) During the early stages of oogenesis (formation of egg) in Xenopus laevis (frog); there are as 

many as 1000 of region A within a single oocyte (egg cell). Suggest the significance of this.  

             

ANS [L3] (Novel)             [1]            

1. Early stages of oogenesis requires high amount of protein; gene amplification in region A / 
nucleolus increase the rate of production of rRNA.  

 
   [Total: 12] 
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2 (a) In beer-making, barley is malted with enzymes which hydrolyse starch into sugar, ready for 

fermentation. The graph below shows the production of sugar during beer-making at three 

different temperatures over a period of 60 minutes. All other conditions were controlled.  

Fig. 2.1 

(i) With reference to Fig. 2.1, explain the effect of increasing temperature on enzyme activity 
for the first 10 minutes of the reaction.

ANS [L2] (adapted from H2 NJC/ 2015/ P2e/ Q1)       [3]

1. Reaction at 70oC had the highest concentration of glucose formed per unit time followed by
at 60oC, and 50oC respectively. Ref: Rate of enzyme reaction increases as temperature
increases.

2. Increase in kinetic energy of enzymes and substrate molecules; increase in frequency of
effective collisions between enzyme and substrate / ref: Increase in molecules with
sufficient energy to overcome activation energy.

3. Ref: Increase in concentration of enzyme-substrate complexes produced per unit time;
increase in concentration of products formed per unit time;

(ii) Explain why the final concentration of sugar produced at 70oC   is lower than the reaction

incubated at 60oC.  

ANS [L2] (Novel) [2] 

1. At higher temperature, there is higher kinetic energy. The interactions and bonds maintaining
the 3-D conformation of the enzyme active site will be disrupted at higher rate.

2. At 70oC, all of the enzymes were denatured earlier (about 12 min) whereas at 60oC, all the
enzymes were denatured later (about 18 min).

(iii) State the enzyme used in the reaction above. 

ANS [L1] (adapted from H2 NJC/ 2015/ P2/ Q1)  [1] 
1. Amylase

atuurere,, ttherere isis hhigheher kkinenetic eennererrgygygygygygy.. ThTheee ininnteeerrar c
tionon ooff thee enenzyzymeme aactctivivee sitee wwwilililililililllilllllll l lll bebebebbebebebe dddddddddddddisisisisisisssrurruptpttededed at 
e eenzyzymemes s werere ddenenaaturureded earrliliilililierreerer (((((((((abaa ououutt t 12122 m
nataturureded llataterer ((ababouout t 1818 mminin).).

d i th ti b
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(iv) Explain how the enzyme stated in (iii) plays its role in hydrolysis of starch to glucose. 

ANS [L2] (adapted from H2 NJC/ 2015/ P2/ Q1)  [3] 

1. Amylase binds to starch via either:
a. Lock and Key hypothesis: shape of substrate is complementary to the shape of the

active site of enzyme.
b. Induced Fit hypothesis: initial binding of substrate to enzyme causes a conformation

change in the shape of the enzyme active site which leads to more effective binding.
2. Formation of enzyme-substrate complex, lower the activation energy by (any 1 of below):

a. Serve as template to position substrate molecules in correct orientation for catalysis.
b. Induces stress in bonds of substrates.
c. Increases substrate reactivity.

3. Release of glucose from the active site of the amylase as the shape of glucose is not
complementary to the active site.

(b) What structural differences exist between starch and cellulose, and how these are related to 

their different roles in plants.  

ANS [L2] (adapted from H2 NJC/ 2015/ P2/ Q1)            [3]            

Features Starch Cellulose
1 The 

arrangement 
of hydroxyl 
groups  

Hydroxyl groups of glucose 
subunits are projected into 
interior; making starch insoluble. 
This allows starch to be stored in 
large amounts without affecting 
water potential of cells. 

Hydroxyl group are projected outwards in all 
direction. This allows the formation of 
numerous intermolecular bonding between 
cellulose. As a result, cellulose has high 
tensile strength and therefore suitable as 
the structural support in plant 

2 Branching Present of branching in 
amylopectin. Allow more a 
compact structure and therefore, 
more molecules per cell. Suitable 
for storage role. 

No branching. The straight chain allows the 
hydrogen that projects in all direction to 
form numerous hydrogen bonds with the 
adjacent chains resulting in high tensile 
strength. Thus, suitable for structural 
support in plant.  

3 Glycosidic 
bond 

Starch comprises many -
glucose joined together by -1,4 
glycosidic bond as well as -1,6 
glycosidic bond. These 2 bonds 
are relatively easier to be 
hydrolysed to release large 
amount of glucose when it is 
needed. Therefore, good for 
storage purposes.  

Cellulose comprises many -glucose joined 
together by -1,4 glycosidic bond which is 
relatively harder to be hydrolysed. 
Therefore, good for structural support in 
plant. 

[Total: 12] 

untnt ooff glglucosose whwhenen it iss
dedd. Theerefefororee, ggoooodd foorr 
agee pupurprpososeses.  
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3 Fig. 3.1 below shows DNA replication in an eukaryotic organism. 

 
Fig. 3.1 

(a) (i) What evidence in Fig. 3.1 shows that the  process is DNA replication in an eukaryotic cell. 
             

ANS [L2] (adapted from H2 PJC/ 2015/ P2/ Q2)         [1] 
1. Eukaryotic as there is more than 1 origins of replication (multiple replication bubbles). 

 (ii)  Within structures K in Fig. 3.1, there are no occurrences of end-replication problem. 

Explain why.             

ANS [L2] (adapted from H2 PJC/ 2015/ P2/ Q2)         [1] 
1. The primers in structure K will ultimately be replaced by nucleotides.  

(b) (i)  The DNA replication at each replication fork is sometimes described as ‘asymmetrical’ 

replication as there are differences in the way the daughter strands are being 

synthesized.  State two such differences.        

ANS [L2] (adapted from H2 PJC/ 2015/ P2/ Q2)         [2] 

 Aspect of comparison Leading strand Lagging strand 
1 Type of synthesis continuous Discontinuous 
2 Direction of synthesis of 

daughter strand with respect to 
replication fork 

towards the replication 
fork 

away from the replication 
fork 

3 Number of primers involved 1 primer  Many primers involved 
4 Involvement of ligase  Ligase is not required 

as the there is no nick at 
the sugar phosphate 
backbone 

Ligase required as to seal
the nick at the sugar 
phosphate backbone  
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(ii)  Suggest two reasons for the ‘asymmetrical’ replication. 

ANS [L3] (adapted from H2 PJC/ 2015/ P2/ Q2)  [2] 
1. DNA polymerase can only add incoming free deoxynucleoside triphosphate to the free 3’

OH group of the pre-existing chain.
2. DNA is anti-parallel.

(c) Describe the unique features of hematopoietic stem cells which are common in all stem cells. 

ANS [L1] (Novel)   [3]            
1. Hematopoietic stem cells are unspecialised cells.  There is an absence of tissue-specific

structures.  
2. Hematopoietic stem cells are able to proliferate; capable of continually self-renewing and

dividing through mitotic cell division for long periods. 
3. Hematopoietic stem cells are capable of differentiating into specialized cells type under

appropriate conditions. 

(d) Fig. 3.2 shows a graph showing the relationship between age and the telomere length in 3 

different kinds of cell; 

 - hematopoietic stem cells 
 - somatic cells from a healthy individual (normal) 
 - somatic cells from an individual suffering premature aging syndromes (PAS) 

Fig.3.2
With reference to Fig.3.2; 

 (i)  account for the difference in telomere length in hematopoietic stem cells and somatic cells 

from healthy individual. 

ANS [L2] (adapted from H2 PJC/ 2015/ P2/ Q2)   [2] 

1. As the age increases, the telomere length in somatic cells from healthy individual 
decreases linearly whereas the telomere length in hematopoietic stem cells remains 
constant. 

2. After each round of DNA replication, there is a shortening of telomere / end-replication 
problem in all cells. Telomerase is active in hematopoietic stem cell to maintain the 
length of the telomere whereas telomerase activity is not present in normal somatic cells.  

(ii)  suggest the cause of premature aging syndrome 

ANS [L2] (Novel)   [2] 
1. Telomere length shortens at much faster rate, resulting in the length of telomere to reach its

critical length at a much early age.  

Te
lo

m
er

e 
le

ng
th

Age

hematopoietic
stem  cells

normalPAS

Health

Disease
telomere
critical length

m H2H PPJCJC/ 200151 / P2P2/ / Q2Q2))

reaasesess,, ththee tetelolomemeree lleengtgth iiiiiiiiiiiinnnnnnnnnnn soososoososoooomamm tititiccc cell
rlyy wwheh reas thee tetellomere lengthh ininin hhhememematattop

d of DNA replication, there is a shorttening of
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2. Therefore, cells undergo senescence / apoptosis at much early age.

 [Total: 13] 

4 Root tissue from a barley seedling was prepared and its chromosomes were observed under a 

microscope. Fig. 4.1 shows a cell from the root tissue at the metaphase stage of mitosis. 

Fig. 4.1 
Fig. 4.2 shows the changes in amount of DNA at different stages of the barley life cycle.  

Fig. 4.2 

(a) Mark out clearly with an arrow,   , on Fig. 4.2, the part of the graph which corresponds to the 

stage shown in Fig. 4.1.            [1] 

ANS [L2] (adapted from H2 RI/ 2015/ P2/ Q1)  [1] 

(b) With reference to Fig.4.2, 

(i) state which of the stages, from A to D has/ have the same number of chromosomes as 

shown in Fig.4.1. 

ANS [L2] (adapted from H2 RI/ 2015/ P2/ Q1)  [1] 

g. 4.44444 1....       

m HH2 RRI/I/ 2201015/ PP2/2/ QQ1)1)

Fig 4 2
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1. A and B

(ii) Explain why a mutation which occurs during Y is considered as a hereditary mutation.  

ANS [L2] (Novel)  [1] 

1. The mutation occurs during meiosis / formation of gametes, it will be inherited to the next
generation.

(c) Explain the significance of the event occurring at X. 

ANS [L2] (adapted from H2 RI/ 2015/ P2/ Q1)  [2] 

1. X refers to fertilisation; it allows for the restoration of the diploid number of chromosomes;
2. Random fusion of gametes results in greater variation/varied offspring with different

genotypes and phenotypes;

(d) Fig. 4.3 shows the formation of Philadelphia chromosome which is commonly found in chronic 
myelogenous leukemina (CML) cells.    

Fig. 4.3 

(i) With reference to Fig.4.3, describe the chromosome aberration which results in the 
formation of Philadelphia chromosome. 

ANS [L2] (Novel)             [2] 

1. The chromosome aberration is translocation; where chromosomes break occurs at one end
of chromosome 9 and at one end of chromosome 22.

2. Part of the chromosome 9 containing abl gene is translocated / attached to chromosome
22 resulting in the abl gene situated adjacent to bcr gene on the resulting chromosome 22;
known as Philadelphia chromosome.

FiFFiig. 444.3 

nccce eeeee tototototo FFFFFigigigigig.444.4.4.3.3.3.3.3, dededededescscscscsccriririribebebebebe tttttheheeheheee chrromomomomomososososossomomomommome e abe
f PPPPhihhihhihilaalaalalaadededededeelplplplplplpphihihihhh aaa chchhrrror momomomomosososososomemememememe.
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The protein product of bcr gene (BCR protein) is a protein involved in signaling pathway and 
possesses tyrosine kinase activity. In the presence of growth factors, BCR protein is activated and is 
found to promote cell growth and proliferation.  

The results of a study conducted using chronic myelogenous leukemina (CML) cells to show the 
effect of Philadelphia chromosome on the activity of BCR protein is shown in Table 4.1.  

Table 4.1 
The variable being studied normal cells CML cells 

Concentration of BCR protein / mg cm-3 29.8 29.5

Tyrosine kinase activity of BCR protein in the absence of 
growth factor / a.u. 

0 40

Tyrosine kinase activity of BCR protein in the presence of 
growth factor/ a.u. 

40 40

(ii)  With respect to its effect on cell growth and proliferation, name the group of genes which 
bcr gene belongs to.    

ANS [L1] (Novel)             [1] 

1. Proto-oncogene

(iii)  With reference to Fig. 4.3 and Table 4.1, explain how Philadelphia chromosome
contributes to the onset of chronic myelogenous leukemia (CML).     

ANS [L3] (Novel)  [4] 

1. In Philadelphia chromosome, the bcr gene is directly adjacent to abl gene. As a result the
gene product of this bcr-abl gene is a hyperactive protein / tyrosine kinase which is
constitutively / continuously activated even in the absence of growth factors.

2. This can be inferred from Table 4.1 which shows the constant level of tyrosine kinase
activity of BCR gene in CML cells which is independent of the growth factors.

3. This lead to an uncontrolled growth and proliferation of white blood cells.
4. The translocation of abl adjacent to bcr does not increase the expression of bcr gene as

shown in Table 4.1 that the concentrations of BCR protein in normal and CML cells are
similar at 29.8 mg cm-3 and 29.5 mg cm-3 respectively.

[Total: 12] 
5 In a particular variety of tomato plant, the allele for red fruit colour is dominant to the allele for yellow 

fruit colour and the allele for hairy stems is codominant with the allele for hairless stems. A true 

breeding plant with red fruit and hairy stems was crossed with another true breeding plant with yellow 

fruit and hairless stems. The resulting F1 were selfed to produce one hundred tomato plants with their 

ratios shown in Table 5.1.  

Table 5.1 
Frequency and phenotype of offspring Genotype 

37 red fruit and short hairs on stem 

18 red fruit and very hairy stem 

19 red fruit and hairless stem 

fruiuiuiiuiuit annanannddddd hahhhh iry y yy y stsss emmmmmsssss wawawwawassss crosoososossed with anothththththherereee  tr

. ThThThhhe e e e rerrr sultinnnnnggggg FFF1FF wwwwwererererere eeeee seseselfed ttoooooooooooooo prprprprpprppprpppppp ododdddodododdducucucucucuuu e e ee e e onnnnnneeeee hhhhuh n

.1..  

TaTaTaTaTaT blblblblblee eee 5.1 
d phenotype of offspring
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13 yellow fruit and short hairs on stem 

7 yellow fruit and very hairy stem 

6 yellow fruit and hairless stem 

(a)  Using the letters R for red fruit and r for yellow fruit, H for hairy stem and L for hairless stem, fill 

in the genotypes for each phenotype of the offspring in the Table 5.1 above. 

ANS [L2] (H2 Nov 01, P3.Q4 modified)                          [2] 
Frequency and phenotype of offspring Genotype Mark

37 red fruit and short hairs on stem RRSHSL

Any 3 
correct

1 mk

18 red fruit and very hairy stem RRSHSH

19 red fruit and hairless stem RRSLSL

13 yellow fruit and short hairs on stem rrSHSL

7 yellow fruit and very hairy stem rrSHSH

6 yellow fruit and hairless stem rrSLSL

(b)  From Table 5.1, explain how codominance brings about the trait “short hairs on stem”.  
    
ANS [L3] (H2 Nov 01, P3.Q4 modified)                            [2] 
     
 
1. Both alleles SH  and SL are fully expressed neither have dominance over the other 
2. Intermediate condition because of the additive effects of alleles 
   

(c)  Draw a genetic diagram to explain this cross. 

 

[1]
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Let R represent the allele for red fruit (dominant) 
Let r represent the allele for yellow fruit (recessive) 

Let SH represent the allele for hairy stem (co-dominant) 
Let SL represent the allele for hairless stem (co-dominant) 
 
Parent phenotypes         Red fruit, short hair 

stem 
X 

(selfed)
     Red fruit, short hair 
     stem 

      
Parent genotypes (2n) RrSHSL  RrSHSL 
    
meiosis       
      
gametes(n) 
 

RSH   RSL  rSH    rSL  RSH   RSL   rSH   rSL 

      
 
 
 
 

  
RSH 

 
RSL 

 
rSH 

 
rSL 

  
RSH 

RRSHSH 
red fruit 

hairy stem 

RRSHSL 
red fruit 

short hair 
stem 

RrSHSH 
red fruit 

hairy stem 
 

RrSHSL 
red fruit 

short hair 
stem 

  
RSL 

 

RRSHSL

red fruit 
short hair 

stem

RRSLSL

red fruit 
hairless 

stem

RrSHSL 

red fruit 
short hair 

stem 

RrSLSL

red fruit 
hairless 

stem 
F1 genotypes and 
phenotypes  
(listed in each square) 

 
rSH 

RrSHSH

red fruit 
hairy stem 

RrSHSL

red fruit 
short hair 

stem

rrSHSH 

yellow fruit 
hairy stem 

rrSHSL

yellow fruit 
short hair 

stem 
  

rSL 
 

RrSHSL

red fruit 
short hair 

stem

RrSLSL

red fruit 
hairless 

stem

rrSHSL 

yellow fruit 
short hair 

stem 

rrSLSL

yellow fruit 
hairless 

stem 
    
F1 phenotypic ratio 6 red fruit, short hair stem :  

3 red fruit, hairy stem :  
3 red fruit, hairless stem :  
2 yellow fruit, short hair stem :  
1 yellow fruit, hairy stem :  
1 yellow fruit, hairless stem 

[5] 
 

 [Total 9] 

[1]

[1]
geno
[1]
pheno
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6 Microalgae have been extensively studied for various purposes, such as the production of biomass as 

a source of valuable chemicals of health foods and for wastewater treatment. Recently, microalgal 

photosynthesis was considered to be an effective means to reduce the emission of carbon dioxide, a 

major greenhouse gas, in the atmosphere. Light is the most important factor affecting microalgal 

photosynthesis kinetics. In general, most microalgal mass culture systems are limited by light, 

because light is easily absorbed and scattered by the microalgal cells. Therefore, understanding and 

quantification of light dependence of microalgal activity is of great importance in designing an efficient 

photobioreactor, in predicting process performance, and in optimizing operating conditions. 

Fig. 6.1
The volumetric photosynthetic activity 
as a function of incident light intensity at 
different light types and cell 
concentrations. Data points and error 
bars were average values and standard 
deviations of three replicated 
experimental results. Solid lines 
represent the calculated results from 
the photosynthesis–irradiance model. 
The light types and cell concentrations 
were:  
( ) simulated daylight and 0.215 g L 1;  
(   ) simulated daylight and 0.123 g L 1;  
(   ) red light and 0.123 g L 1; and  
( ) green light and 0.123 g L 1. 

Jeon et al 2005 Measurement of microalgal 
photosynthetic activity depending on light intensity 
and quality. Biochemical Engineering Journal 27 
(2005) 127–131 

(a) Explain the trends seen when red, green and daylight (at 0.123gL-1) are compared. 

ANS [L2] Novel    [5] 

1. Comparing at 1500μEm-2s-1 red light yields the highest Photosynthetic rate 5.5 mgL-1h-1
due to the presence of P680 and P700 absorbing best at those wavelengths.

2. Comparing at 1500μEm-2s-1 Green light yields 3.0 mgL-1h-1  the lowest absorption as green

light is reflected.

3. Comparing at 1500μEm-2s-1 daylight yields a moderate Photosynthetic rate 4.5 mgL-1h-1 due

to the presence of P680 and P700  but subject to the efficiency of light capturing. 

4. General trend within graph, at low light intensity, all three showed that Light was a Limiting 
Factor.

5. At higher intensities there is a plateau in all three graphs where light is no longer a limiting
factor.

00μEμEmm-2s--1 ddayaylilighghtt yiyieleldsds a momodededededeededededededeeeeeeerarararararatettetetetetteeeee PPPPPPPPhohohotototosynt
f PP686800 anandd P7P70000  bubut t susubjbjecect t to thehehe eeefffffficicicieieiency o
hin graphh, at low lighhtt iinteensnsiity, alalallll threreeee showe
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Fig. 6.2 shows a schematic  showing the functional relationship between light harvesting complexes (LHC)  

and photosystems II & I. Regulatory complexes are also shown comprising of kinases and the 

regulation of excess energy between PS II and I.

Gollan et al 2015 Photosynthetic light reactions: integral to chloroplast retrograde signalling. Current Opinion in Plant Biology 27:180-191modified.

Fig. 6.2 
(b) Explain what is the LHC and its role in photosynthesis. 

ANS [L1] Novel   [2] 
1. LHC is the Light Harvesting Complex comprising mainly of Carotenoids and special

chlorophyll; 
2. Role is to consolidate / channel energy to the photosystems in this way helps in the

promotion of electrons within Photosystems; 

(c) With reference to Fig. 6.2 explain the role of electrons in the photosynthesis as they move from 
Photosystem II to Photosystem I. 

ANS [L1] Novel   [3] 

1. electrons are of a higher energy state once promoted, are then passed down the ETC where
energy lost in the transfer is used to pump protons into the thylakoid space;

2. Chemiosmosis of H+ then drives the synthesis of ATP using ATP synthase. ATP will then
be used in the Calvin cycle.

3. Electrons passed from PSII through the ETC reach and replenish PSI.

 (d) With reference to Fig. 6.2 suggest the implications of the role of LHC and PSII core protein 
phosphorylation  from Photosystem II to Photosystem I. 

ANS [L3] Novel                              [3] 

1. LHC and PSII core protein help with the distribution of energy between PSII and PSI.
2. At high light intensity there is a redistribution of energy so that bleaching does not occur.
3. At low light intensities, there is a channeling of energy so that photosynthesis will 

continue.

[Total: 13]

ensities, there is a channeling of energygygy so
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7 The Isthmus of Panama is the narrow strip of land that lies between the Caribbean Sea and the 

Pacific Ocean, linking North and South America. It contains the country of Panama and the Panama 

Canal. The isthmus was formed around 2.8 million years ago. This major geological event separated 

the Atlantic and Pacific Oceans and caused the creation of the Gulf Stream.  

The genus Anisotremus shown in Fig. 7.1b comprise of 9 described species which occur 

predominantly on coral reefs and subtropical rocky reefs in the Neotropics of the Tropical Eastern 

Pacific the Caribbean and adjacent waters. In this study, the phylogenetic relationships for all 

described species were examined based on one mitochondrial gene (cytochrome b) and one nuclear 

marker (the first intron of the ribosomal protein S7).  

Fig 7.1a 

Molecular ecology, speciation, and evolution of the reef fish genus Anisotremus 

Bernardi et al Molecular Phylogenetics and Evolution 48 (2008) 929–935 

Fig 7.1a Fig 7.1b 
(a)  Name two methods by which evolution can take place. 

ANS [L1] Novel  [2] 
1. Divergent evolution; 
2. Adaptive radiation; 

tioonn;
on;
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(b)  With reference to Fig. 7.1b explain the type of speciation that would have seen to the derivation 

of the two fish A. virginicious and A. taeniatus.  

ANS [L2] Novel                              [2] 
1. allopatric speciation;
2. caused by the formation of a geographical barrier the panama isthmus formed 2.8 mya
3. each species experienced different selection pressures e.g. A virginicious encountering the

newly formed Gulf stream
4. advantageous traits / characteristics were selected for, arising from their advantageous

genes that allowed each species to survive and reproduce and over time evolve to become
separate species.

 (c)  With reference to your answer in (b) explain the how micro evolution would have taken place. 

ANS [L2] Novel  [4] 
1. Micro evolution comprising of 4 components, mutation within the population which contributes

to increased variation in the gene pool of the population. 
2. selection pressure which selects for the advantageous trait / advantageous gene.
3. Genetic drift which over time, sees a change in allele frequency that favors the population

being more distinct from other populations of Anisotremus fish.
4. the lack of gene flow which allows the population to remain distinct because there is no

immigration or emigration of individuals in or out of the population.

(d)  Suggest how it was determined that A. virginicious and A. taeniatus were phylogenetically 
descended from  A. dovii and A. pacifici. 

ANS [L3] Novel   [2] 

1. The use of molecular homology; using one mitochondrial gene and the S7 intron as a
nuclear marker is an objective one.

2. Both are regions would be expected to have higher conservation
thus the more differences found compared to ancestral species Plectorhinchus
chaetodonoides the more further decended these individuals would be. or
the fewer differences found compared to ancestral species Plectorhinchus chaetodonoides the
more closely decended these individuals would be.

 (e)  In this study it was proposed that A. virginicious and A. taeniatus took a shorter time to speciate 

from one another compared to A. dovii and A. pacifici. Suggest with evidence from Fig. 7.1a 

how this might be true. 

ANS [L3] Novel  [2] 
1. A. virginicious and A. taeniatus which both live in the same region in shore and sandy bottoms

probably underwent Sympatric speciation however due to gene flow it probably took a long 
time before speciation from each other took place.

2. A. dovii and A. pacifici which were separated by the pana ismuth probably underwent
Allopatric speciation and with the geographical barrier preventing gene flow it probably
took a shorter time before speciation from one another.

[Total: 12] 
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8 Transpeptidase is a bacterial enzyme that cross-links cell wall peptides during the formation of 

bacterial cell walls.  The antibiotic penicillin inhibits the activity of transpeptidase. Fig. 8.1 shows part 

of each of the molecular structures of a cell wall peptide and penicillin.  

 

 
Fig. 8.1 

 

(a) Comment on the structure of cell wall peptides and penicillin.     
  
ANS [L1] (Novel)             [1] 
 2] Shape  similar configuration   ring structure   
1. Both have similar functional groups C=O [Carbonyl] and COOH [carboxylic groups] 
2. Both have similar shape / configuration  

(b) Suggest why the penicillin molecule is an effective inhibitor of transpeptidase.  
     
ANS [L2] (Adapted from H2 JJC/ 2017 MYE/ Q4bii)         [2] 
 
1. As the penicillin molecule/competitive inhibitor is structurally similar to the cell wall 

peptide/actual substrate, the penicillin molecule can enter and bind/competes with 
the cell wall peptide for binding at the active site of the transpeptidase;;  

2. When the penicillin molecule is bound at the transpeptidase’s active site, it prevents
the cell wall peptide from entering the site, preventing the formation of E-S 
complexes and formation of products, hence decreasing the rate of reaction. 
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(c) Fig.8.2 shows an electron micrograph of an alveolar macrophage isolated from a tuberculosis 
patient. 

Fig. 8.2 
(i) Describe the mode of transmission of Mycobacterium tuberculosis. 

ANS [L1] (Novel)  [1] 

1. Mycobacterium tuberculosis is carried through air in the infectious droplets produced when
individual with active TB cough/speak/sneeze/spit.

(ii)  Explain the appearance of the alveolar macrophage in Fig. 8.2. 

ANS [L2] (Novel)   [2] 

1. Many M. tuberculosis in the macrophage. These bacteria were taken into the macrophage
via phagocytosis.

2. In the macrophage, M. tuberculosis prevents fusion of the phagosome with lysosome. The
bacteria are able to survive and divide within the macrophage.

(d) Tuberculosis patients are commonly treated with antibiotics, isoniazid and rifampicin.  Recently, 

there is an increase in number of multi-drug resistant tuberculosis cases.  

State one reason why multi-drug resistant tuberculosis continues to emerge.  

ANS [L1] (Novel)             [1] 

1. Inappropriate or incorrect use of antimicrobial drugs.
2. Use of ineffective formulations of drugs. 
3. Premature treatment interruption.

[Total 7] 
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9 Dengue is the most rapidly spreading mosquito-borne viral disease in the world. In the last 50 years, 

incidence has increased 30-fold with increasing geographic expansion to new countries and, in the 

present decade, from urban to rural settings (Fig. 9.1). An estimated 50 million dengue infections 

occur annually and approximately 2.5 billion people live in dengue endemic countries.  

Fig. 9.1   Shaded areas are countries at risk of dengue fever due to presence of Aedes mosquito, as of 2008. The
contour lines are range of January/July isotherm indicating the potential range of Aedes aegypti.

 (a) Describe the developmental stages (including duration) in the life cycle of the Aedes mosquito.

ANS [L1] Novel                               [4] 

1. Eggs are laid on surface of stagnant water and subsequently dry out.
2. Larvae hatch from eggs upon being submerged in water again, undergo 3 instars / moults

over 5 days.
3. Pupa stage follows for another 3 days
4. emergence of adult which fed on nectar, females take a blood meal to aid in the production

of eggs.

(b) Explain why the range of dengue fever is the same as that of the Aedes mosquito. 

ANS [L1] Novel    [2] 

1. Dengue Virus has evolved and is adapted to its vector Aedes aegypti. 
2. insect physiology is greatly affected by changes in temperature due to its size. Therefore 

where the vector thrives so does the dengue virus. 

s eevolveded andd is addapapted to its vector Aedeseses ae
gy is s grgreatly afaffefecteded bbyy cchanngegegeessss iiiinnn n tetetet mpmpmperererataturuu e
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(c) To some extent the range of the Aedes mosquito has also followed human expansion, explain 
how this may be true.             

 
ANS [L2] Novel                               [2] 

1. Aedes mosquito adapted to human urban habitats. 
2. where human activity provide viable habitats e.g. stagnant water for Aedes to thrive. 
3. In colder latitudes or altitudes, large cities provide a warmer habitat. 

 
(d) With reference to Fig. 9.1, explain how climate change may affect the spread of dengue beyond 

the tropics.             
 

ANS [L2] Novel                               [2] 

1. Current range limit is restricted by a 10oC temperature barrier, anthropomorphic climate 
change may speed up increased global temperatures as a result of global warming e.g. due 
to increased green house gases /. 

2. increased global temperature see more favourable physiological conditions for the vector
Aedes mosquito and subsequently for the dengue virus. 
 

[Total: 10] 
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Section A 
Answer all questions in this section. 

1 Milk is an important source of diet for most infant. For many adults, milk is an important source of 

dietary calcium. Milk contains many biological molecules; one of them is lactose. Therefore, it is not 

surprising that most infant will have a mechanism to digest lactose. While for adults, it is not normal 

for their body to be able to digest lactose. However, there is an increasing trend of lactose tolerant 

(also known as lactase persistent) individual in the adult population. 

Here, we will discuss 3 types of conditions; namely Congenital Lactase Deficiency (CLD), lactose 

allergy, and lactose tolerance (lactase persistence).  
Silanikove et al The Interrelationships between Lactose Intolerance and the Modern Dairy Industry: Global Perspectives in Evolutional and Historical Backgrounds Nutrients 2015, 7, 7312-7331 

(a) Fig. 1.1 shows the structure of lactose. 

Fig. 1.1  
Name the bond joining the 2 monomers in lactose 

ANS [L1] (novel)   [1] 
1. -1,4-glycosidic bond

(b) Fig. 1.2 shows the catalytic residues found in the active site of lactase. 

Fig. 1.2 
One of the catalytic residues; glutamic acid (circled in Fig. 1.2) is substituted by glycine which is 

shown in Fig.1.3 below. 

Fig. 1.3 

Glutamic acid 

FiFiFiFiFig.g.g.g.g.g 11111.2 
tic rrrresessessesididididdueueueueues;s;sss; gggggluluululutatattatamimimimimimm c c cc acaccacacidiii (((((ciccicircrcrcrcrcled innnnn FiFiFiFiFig.g.g.g.g. 11111.2.2.2.22))) iisis s

belelowwoww.
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Explain how lactase catalytic activity is affected by the substitution above.    
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ANS [L3] (novel)                              [2] 
 
1. Glutamic acid has an R-group that is negatively charged whereas glycine has an R-group 

that is non-polar.  
2. This causes the change in the interaction between the catalytic residues and the substrate 

at the active site; therefore; lactase catalytic activity will be greatly reduced / lost.  
 
(c) Lactose intolerance in infant is also known as Congenital Lactase Deficiency (CLD). It is an 

autosomal recessive disorder.  

 Studies have shown that CLD is caused by mutation in LCT gene coding for lactase.  The most 

commonly observed mutation is a single nucleotide substitution in LCT gene which results in 

the production of truncated lactase.   

 Other mutation such as a single nucleotide deletion in LCT gene has also been detected in a 

few patients which also results in the production of truncated lactase. 

(c)(i)  Explain how two different types of mutations; single nucleotide substitution and single 
nucleotide deletion in LCT gene can lead to the production of truncated lactase. 

 
ANS [L3] (novel)                              [2] 
 
1. Single nucleotide substitution may cause the codon to become a stop codon, resulting in a 

nonsense mutation which leads to the production of truncated lactase. 
2. Single nucleotide deletion may cause frameshift mutation, resulting in an early encounter of 

stop codon downstream the deletion which leads to the production of truncated lactase. 
 

(c)(ii) A small amount of DNA is isolated from infants suffering CLD resulted from a single 

nucleotide substitution. The DNA was subjected to process Y to ensure enough DNA for 

the subsequent Southern Blotting process.  

Name the process Y.  
ANS [L1] (novel)                              [1] 
 
1. Polymerase chain reaction (PCR)  
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Fig. 1.4 shows wild type LCT gene and mutant LCT gene. The mutation result in the loss of NdeI restriction 

site (NdeI RE) at position 4 kb as shown by the arrow          . 

Fig. 1.4 

Fig. 1.5 shows the band patterns of the nitrocellulose membrane obtained from the Southern Blotting 

of DNA sample from 3 infants.  

Fig. 1.5 
(c)(iii) On the box on the right side of Fig. 1.5, indicate the position of the positive terminal and 

negative terminal during the gel electrophoresis which results in the band pattern in Fig. 

1.5.  [1] 
ANS [L2] (novel)   [1] 

4 kb 10 kb 25 kb

NdeI RE NdeI RE 

Wild Type 
LCT 

14 kb 25 kb 

NdeI RE 

Mutant 
LCT 

Loss of NdeI 
restriction site 

 

50 kb 

40 kb 

30 kb 
25 kb 

14 kb 

12 kb 

10 kb 

DNA 
Ladder Infant A Infant B Infant C

on the right side of Fig. 1.5, indicate the position
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(c)(iv) Based on the position of the NdeI restriction sites in wild type and mutant LCT gene in 

Fig. 1.4 as well as the band patterns in Fig.1.5, indicate on the wild type LCT below where 

the probe will anneal to (use a ruled line and label).         [1] 

ANS [L3] (novel)   [1] 

(c)(v) Based on the information provided in part (c) as well as Fig. 1.4 and Fig. 1.5; explain 
which infant is suffering from CLD.  

ANS [L3] (novel)   [2] 

1. Infant B is an infant with CLD as infant B is homozygous for mutant LCT / carries 2 copies of
mutant LCT.

2. When digested with NdeI, the LCT gene produced 14 kb and 25 kb fragments only / double
band thickness at 14 kb and 25 kb.

(d) Another condition known as lactose allergy results in more severe symptoms than lactose 

intolerance. The symptoms of allergy are due to the action of Immunoglobulin E (IgE) which 

activates mast cells, which subsequently secrete a chemical signal X.  

(d)(i)  Name X.  
ANS [L1] (Novel)   [1] 
1. histamine

Fig. 1.6 shows the structure of IgG and IgE.  

 
Fig. 1.6 

(d)(ii)  The number, type, and position of Q on IgG and IgE are different. Name precisely the 

process which attaches Q on IgG and IgE. 

ANS [L1] (Novel)                              [1] 

4 kb 10 kb 25 kb 

PROBE 

NdeI RE NdeI RE 

Wild Type 
LCT 

Q
A B 

Q
AAAAA
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1. glycosylation

(d)(iii)  Describe structures of IgE that allow it to perform its role in eliciting allergy response 

towards lactose. 

ANS [L2] (Novel)                              [2] 
1. The variable region of IgE is complementary to lactose allowing it to recognise lactose.
2. The constant region of IgE is able to interact with mast cell to activate it and elicit allergy

response towards lactose.

(d)(iv)  With reference to Fig. 1.6; suggest what will happen to an individual with lactose allergy 

when part B of all his IgE is replaced with part A of his IgG   

ANS [L3] (Novel)                              [1] 

1. IgE will still be able to bind to lactose to elicit response that is usually elicited by IgG.

Some human adults continue to produce the lactase enzyme throughout their adulthood (lactase 

persistent). Therefore, they are able to digest lactose effectively (lactose tolerant) and will not develop 

symptoms such as bloating, flatulence, or diarrhoea after consuming milk.  

However, most adult mammals stop producing the lactase enzyme (lactase non-persistent). 

Therefore, they are unable to digest lactose effectively (lactose intolerant) and will usually develop 

symptoms such as bloating, flatulence, or diarrhoea when consuming milk. 

Fig. 1.7 shows the pattern of inheritance of lactose intolerance in Family A. 

Fig. 1.7 

(e)(i) With reference to Fig. 1.7; explain the mode of inheritance of lactose intolerance and 

where the gene is probably located. Provide evidence to support your claim.  

  ANS [L2] (novel)  [4] 

1. Lactose tolerance is recessive
2. GIII5 x GIII6 [both Lact tolerant]  >>GIV6 Lact Intolerant
3. Location of gene: Autosomal

gggg
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4. Given that both male and females inherit equally.

Humans learned to exploit ruminants as a source of milk about 10,000 years ago; particularly the 

European population. Since then, the use of domesticated ruminants as a source of milk and dairy 

products has expanded until today when the dairy industry has become one of the largest sectors in 

the modern food industry, including the spread at the present time to countries such as China and 

Japan.  

Widespread lactose intolerance among the adult population is a considerable drawback to dairy-

based foods consumption. Over the centuries, three factors allowed humans to overcome limitations 

imposed by lactose intolerance: (i) mutations, which occurred in particular populations, most notably 

in the north European Celtic societies and African nomads, in which carriers of the lactose intolerance 

gene converted from being lactose intolerant to lactose tolerant; (ii) the ability to develop low-lactose 

products such as cheese and yogurt; and (iii) colon microbiome adaptation, which allow lactose 

intolerant individuals to overcome its intolerance.  

 Fig. 1.8 shows the pockets of lactase persistence shown in pie charts. 

Pockets of lactase persistence shown in pie charts. Ingram et al, Hum Genet 124:579–591, 2009. 
Fig. 1.8 

(e)(ii) With reference to Fig. 1.8; apart from the genetic factors, suggest what other factor could 
have contributed to the spread of lactase persistence. 

ANS [L3] (novel)  [2] 
1. genetic trait influenced by Cultural factors
2. There is a relationship between the frequency of lactase deficiency in a population and

whether or not the population was involved in intensive dairy farming. OWOTTE
3. Low levels of lactase deficiency are found in European populations with a long history of dairy

farming, and highest levels in populations of Asian /American ancestry who were not dairy
farmers.

 (f)(i) Explain how Darwin’s principles of evolution may be applied in understanding the type of 

evolution that would have had to take place in the spread of lactose tolerance. 

ANS [L2] (Novel)   [3] 

1. Natural selection is the first principle in Darwin’s Evolution that would be seen taking place,
where the selection pressure is the availability of dairy produce.

2. Variation in the gene pool aided through mutation that allowed the continuation of the gene
lactase ie lactase persistence, instead of natural loss of function [lactase non-persistent];

Russia Canada 
USA Europe

USA 

Africa

South 
America 

hee ppopopulu ata ion n waw s s ininvovolvlvedd in intensive dadadaiririry f
asee ddeeficieienccyy aare fofounundd in EEuurrropopopopopopopopopopopopppopeaeaeaeaeaeaeaee n n n n nnnnn popopop pupupulaalatititionoo s
esst levevele ss inn ppopopululatationsns oof AsAsiannnnnnnnnnn /A/A///A/A/A////A//A//// memememmemmmm ririr caaannn aana ce

w DDDarararwiwiwiwiwin’n’n’n’n’sss ss prpprpp innncicc plplplplplesesesesess oooof f f f f f evevevevevevololololo uttuttu ion mamamamamamayyyy bebebebebe aaaaaapplied

at would have had to take place in the spread of l
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3. Allowing these advantageous trait [lactase persistence] to be selected for and allow 
individuals to survive better as they were now able to exploit the additional resource to their 
advantage, and reproduce so that the Advantageous trait is passed on to the offspring and 
the next generation ; 

4. divergent evolution took place and over time allowed the evolution of lactose tolerant 
individuals ; 
 

 (f)(ii) Suggest how the scenario described in (f)(i) is an example of macro or micro evolution. 
        

ANS [L3] (Novel)                              [2] 
1. microevolution; 
2. distinct changes in allele frequency within the population making it more distinct, allowing 

lactase persistence the advantage over lactase non-persistance; 
 

 (g)(i)  Define anthropomorphic climate change.   

 
ANS [L1] (Novel)                              [1] 
1. refers to the production of greenhouse gases emitted by human activity.  
 

(g)(ii)  Explain how the above scenario of increased lactase persistence may contribute to 

anthropomorphic climate change.   

 
ANS [L2] (Novel)                              [3] 
 
1. Lactase persistence confers and evolutionary advantage in being able to exploit a wider 

range of food especially dairy products. This indirectly contributes to anthropomorphic 
climate change in terms of the human choice of food, increased demand of dairy products. 

2. Impact [max 1] 
2a] deforestation –  arable land is created for crop feed and raising of cattle, there is the 

loss of terrestrial carbon sink 
2b] cattle industry –  increased production of methane and CO2 
2c] Dairy industry –  use of fossil fuel in the processing of dairy products e.g.  

pasteurization / and as a result releasing more CO2 / carbon foot 
print larger. 

3.  Green house gas emissions especially CO2 [Green house Warming Potential (GWP):1] 
and Methane  GWP 24 contribute to global warming and impact climate change. 

[Total: 30] 
2 All mammalian cells express three closely related Ras proteins: H-Ras, K-Ras and N-Ras that 

promote oncogenesis when mutationally activated at codons 12, 13 or 61. Despite a high degree of 

similarity between the isoforms, K-Ras mutations are far more frequently observed in cancer. 

KiasuExamPaper.com
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Location of K-RAS codon 12 and 13 mutations and PCR amplicons / products. Exon 2 of K-RAS is shown from the ATG 

without the untranslated region. The position and size of the PCR amplicons used in the High Resolution Melting HRM 

assays in relation to exon 2 of K-RAS is indicated. All possible mutations at codon 12 and 13 are listed along with the 

corresponding amino acid changes from Glycine (GLY) are shown.  
Krypup et al. High resolution melting analysis for the rapid and sensitive detection of mutations in clinical samples: KRAS codon 12 and 13 mutations in non-small cell lung cancer BMC 

Cancer 2006, 6:295 

Fig. 2.1 
(a) With reference to Fig. 2.1; explain the type of mutation experienced in K-RAS codon 13.  
ANS [L2] (Novel)                             [2] 

1. all mutations found on codon 13 are base pair substitutions / missense mutations,
N37 GGC to N37 AGC;

2. resulting in a change of one amino acid,
from GLY to SER;
NB: Minus one mark for no example cited

(b) With reference to Fig.2.1; suggest why oncogenesis in codon 13 is caused by only 6 possible 

changes in amino acid and not more. 

ANS [L3] (Novel)  [4] 
1. due to base pair substitutions on the 1st and 2nd bases of codon 13, subsequently causing

change in one amino acid; 
2. base pair substitution on 3rd base of codon 13 would have a silent mutation, i.e. not result in

any change in amino acid ; 
3. due to the genetic code being degenerate;
4. deletion or addition point mutations result in frame shift and subsequent loss of function of

RAS which would not result in cancer. / stunted cell division.

FFFiggg.22222.1.1.1.1.1; sususuuugggggg essssstt ttt whwhwhwhwhy y y yyy onononononcococococogegegeegeegeneeeeeeeeesisissisisisissss s ssss ininninininininnnnnn ccododdddonononononon 111113 

acicicicccidddd anananananddddd nononononot ttt t momomomomorerererere. 
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Ras proteins are the products of proto-oncogenes that are frequently mutated in human cancers. 

They are encoded by three ubiquitously expressed genes: H-Ras, K-Ras and N-Ras. These proteins 

are GTPases that function as molecular switches regulating pathways responsible for proliferation 

and cell survival.  

Fig. 2.2 

(c) How does Ras protein act as a molecular switch in initiating cell proliferation?  

ANS [L2] (Novel)  [1] 
1. RAS is activated by Tyrosine kinase which includes a GTP within RAS / replacement of GDP

with GTP, which turns the switch on activating protein kinases Raf, MEK and ERK. 

(d) With reference to Fig. 2.2; explain how Ras protein is normally used to terminate cell proliferation. 

ANS [L2] (Novel)  [2] 
1. When no growth factors / cytokines is bound to RTK, Ras acts as a GTPase which causes

the hydrolysis of GTP to GDP therefore inactivating RAS and  
2. Phosphorylation cascade involving Raf, MEK, and ERK cannot continue and phosphatases

are recruited to remove the phosphate; inactivating the protein kinases which terminate cell 
proliferation. 

(e) With reference to Fig. 2.2 suggest how a mutation in Ras gene results in uncontrolled cell 
division. 

ANS [L3] (Novel)  [1] 

1. Gain of function mutation in Ras gene results in Ras protein which is constitutively active /
hyperactive; requiring no activation by RTK that is bound by growth factors / cytokines.
As a result the signaling pathway involving Raf, MEK, and ERK that lead to cell proliferation is
constitutively activated;     OR

2. Mutation in RAS would result in a gain of function which results in GTP remaining within RAS
due to a loss of its GTPase function, allowing RAS to remain turned on / active even after the
growth factors / cytokines has been removed from RTK. As a result the signaling pathway
involving Raf, MEK, and ERK that lead to cell proliferation is constitutively activated.

Figigggg. 2.22.2.2.2 susuuggggggggggesesessst t t t t hoooowwww ww a aa a a mumm taaatiiionnnnnnnnnnnnnn iiiiiiiiiiinn nn nn RaRaRaRaRaRaRaRRaRRaaRaRaR sssssssss ggggggenenennnne ee e e rrrrerr su

mutation in Ras gene results in Ras protein wh
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(f) With reference to (a) to (e); explain the development of cancer .    
    
ANS [L3] (Novel)                             [2] 
    
1. Development of cancer as a multistep process 
2. requiring the mutual activation of codons 12, 13 and 61. OWTTE 
3. requiring the accumulation of mutations in these codons 
4. acquiring a gain of function such that system is independent of the growth hormone 

[Total: 12] 
 

KiasuExamPaper.com
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3 Cyanobacteria are a group of bacteria that obtains their energy through photosynthesis.  They carry 

an operon known as phycocyanin operon which controls the expression of phycocyanin. 

Phycocyanin is a protein complex which serves as accessory pigment to chlorophyll in cyanobacteria. 

Without phycocyanin, light harvesting process is halted. The amount of phycocyanin increases from 

very low level to high level in the presence of light.  

Fig. 3.1 below shows the structure of phycocyanin operon in the Cyanobacterium  Anacystis nidulans. 

P O CPCB1 CPCA1 Intergenic region P O CPCB2 CPCA2 

Legend: 
 P : promoter 
 O : operator 

CPCB1 and CPCA1 : structural genes coding for  – subunit of phycocyanin 
CPCB2 and CPCA2 : structural genes coding for  – subunit of phycocyanin 

Fig. 3.1 
(a) Compare the lac operon to the phycocyanin operon. 

ANS [L3] (Novel)   [3] 

Features lac operon phycocyanin operon 
Similarity: 

Type of operon Inducible operon Inducible operon 
Differences: 

Number of 
promoter 

1 promoter controlling the 
expression of 3 structural 
genes; lacZ, lacY, and lacA 

2 promoters controlling the expression 
of 2 structural genes for -subunit of 
phycocyanin and 2 structural genes 
for -subunit of phycocyanin. 

Inducer Allolactose Light

(b) Describe how the CPCA2 gene could be transferred to another bacterium by a prophage.   

ANS [L2] (Novel)   [3] 

1. When the prophage viral DNA is excised from the chromosome, it takes with it CPCA2 gene
located adjacent bacterial DNA due to improper excision. OWTTE

2. CPCA2 gene is injected, along with the phage’s genome, into the next host cell. This DNA
remains double-stranded during transfer.

3. Both strands are integrated and may subsequently replace the homologous region found
on the chromosome of its new host.

j , g p g g
stranded during transfer.
e integrated and may subsequuuuuuuuuuueeneneneeneneneneee tltltltltltly y y y yy rerereplplplacacaceee ttthe

ome of its new host.
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(c) Cyanobacterium  Anacystis nidulans has thylakoid which contain the same photosystems as the 
thylakoid of plant cells. Fig. 3.2 shows a hybrid phycocyanin operon. 

trp P O CPCB1 CPCA1 Intergenic region trp P O CPCB2 CPCA2 

Legend: 
 trp P : trp promoter 

Fig. 3.2 
Explain the rate of production of oxygen in the Cyanobacterium  Anacystis nidulans carrying the 
hybrid operon when light is present and tryptophan is present.  

ANS [L3] (Novel)   [2] 
SC: Explain rate of production of oxygen hybrid operon light, trp present 
OR: Describe with reason very low or negligible  controlled by trp P  trp co-repressor 

the operon is off 

1. The rate of production of oxygen is very low or negligible; the hybrid operon is under the
control of trp promoter which is off when tryptophan is present.

2. No expression of phycocyanin; photoactivation halts. Therefore, photolysis cannot occur
to produce oxygen.

[Total: 8] 

Section B 

Answer one question in this section 
. 

Write your answers on separate answer paper provided.  
Answer each part on a separate piece of paper.  

Your answer should be illustrated by large, clearly labelled diagrams, where appropriate. 
Your answer must be in continuous prose, where appropriate. 

Your answer must be set out in sections (a), (b) etc., as indicated in the question. 

4 (a) Explain the fluid mosaic model and the roles of the constituent biomolecules in functions of 

membranes at the cell surface and of membranes within the cell. [13] 

 (b) Explain how genetic variation arises in a natural population and its significance in allowing the 

population to adapt and evolve.      [12] 

[Total: 25] 

5  (a) With reference to named examples, describe the roles of proteins in bringing about cell 

signalling in living organisms. [13] 

(b) Gene expression in eukaryotes is regulated at many different stages of the process. 

Explain how gene expression is regulated in eukaryotes and the significance of this at each 

stage.              [12] 

o nannaamememememedddddd exeexe amamamplpllplplesesesesess,,,, dedededededescscscscscrirrrr bebb  thehehehehe rolololololeseseseses ooof pro

i

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



16 

9744/03/PRELIM2017 

[Total: 25] 

4 (a) Explain the fluid mosaic model and the roles of the constituent biomolecules in functions of 

membranes at the cell surface and of membranes within the cell. [13] 

ANS [L3] Novel    [13] 

FLUID MOSAIC MODEL (Max 2) 

1. Fluid - ‘Fluid’ refers to the fact that individual phospholipid and protein molecule is able to

diffuse laterally within the bilayers. It also refers to phospholipids being able to diffuse
transversely across the bilayers.

2. Mosaic - ‘Mosaic’ describes the assorted pattern produced by the scattered integral and
peripheral protein molecules which differ between each bilayer.

PHOSPHOLIPIDS (Max 4) 
3. Arrange themselves in a layer 2 molecules thick  bilayer;

4. 4a] Arrangement confers stability;

4b] where the polar hydrophilic phosphate head interacting with aq. medium in/s and o/s

cell;

4c] non-polar hydrophobic fatty acid tails help enclose a non-polar hydrophobic interior away 

from the surrounding aqueous medium; 

5. 5a]  Acts as a control for movement of substances into and out of cell as the hydrophobic

core restricts movement of ions, large polar molecules;  

5b] forcing these molecules to enter via selective channels conferring selectivity to membrane; 

5c] act as a barrier to separate the content of the cell from the external cell environment. 

6. Regulate membrane fluidity, hence permeability through proportion of the saturated fatty
acids to unsaturated fatty acids. Saturated fatty acids are closely packed together, causing

the membrane to be rigid; Unsaturated fatty acids have spaces between them due to the double

bonds and this increases membrane fluidity.

7. Also regulate membrane fluidity through length of the fatty acids. Fluidity increases due to

the presence of more short fatty acid chains. 

CHOLESTEROL (Max 3) 
8. regulates fluidity by regulating the movement of phospholipids. Prevents phospholipid

bilayer from becoming too fluid or too rigid and also help maintain membrane stability.

9. decrease fluidity by partially immobilising unsaturated fatty acid tails;

10. increase fluidity by spacing out saturated fatty acid chains;

embmbraranene ffluididitity ththrorougughh leenngggth of ththt e e fafafatttttty y acaa
morere sshohortt fatattyty aacicidd chhaainsns. 

3) 
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11. low temperatures  cholesterol disturbs the close packing of phospholipids & keeps them

more fluid / increasing permeability
12. high temperatures  cholesterol prevents membranes from breaking up and makes

membrane less fluid by restraining the movement of phospholipids / decreasing permeability

MEMBRANE PROTEINS (Max 4) 
13. Include Peripheral and Integral proteins;

14. Function in Transport. Transmembrane protein that spans the membrane provides a
hydrophilic channel across the membrane that is selective for a particular solute.  E.g.

aquaporins (water channels) found on the collecting duct on the kidney nephron.

15. Other transport proteins hydrolyze ATP as an energy source to actively pump substances

across the membrane.  E.g. sodium-potassium pump on the neurone that utilizes ATP to pump

2 K+ ions in for every 3 Na+ ions out.

16. Function as Enzymes. A protein built into the membrane may be an enzyme with its active site

exposed to the substances in the adjacent solution needed to carry out sequential steps of a

metabolic pathway.  E.g. mitochondrial ATP synthase.

17. Function in Cell Singalling. A membrane protein that has a binding site complementary in

shape to the chemical messenger which upon binding causes a conformational change in the

protein that relays message to the inside of the cell.  E.g. insulin receptors on the hepatocytes

of the liver.

18. Function in Intercellular joining. Membrane proteins of adjacent cells may be hooked together

in various kinds of junctions. E.g. Tight junctions on the proximal convoluted tubule of the

nephron.

19. Function in Cell to cell recognition. Glycoproteins (proteins with short chains of sugar) that

serve as identification tags and are recognized by other cells.  E.g. antigens on erythrocytes

that confer specificity.

20. Function in Attachment to the cytoskeleton and the extracellular matrix. Attachment of

microfilaments or other elements of the cytoskeleton to help maintain cell shape and fix the

location of certain membrane proteins.  These proteins can coordinate extracellular and

intracellular changes.

CARBOHYDRATES, GLYCOLIPIDS AND GLYCOPROTEINS (Max 2) 
21. Oligosaccharides that are covalently bonded to lipids formed glycolipids; Oligosaccharides that

are covalently bonded to proteins formed glycoproteins.

22. As recognition sites for cell-to-cell recognition (cell identity markers); receptor sites for
chemical signals

23. For cell-to-cell adhesion  Helps cells maintain structural relationships with neighbouring cells

24. As Antigens for RBC / MHC or surface Ag for immune response;

ges.s

GLYYCOCOLLIPIP DDS AANDND GGLLYCOCOPPROTEIEIINSNSNNS (((MaMaMaxxx 2)22  
thahat t araree cocovavaleentn ly bbonondededd toto lipiddds s s ffformrmrmededed glyco
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QWC:  Scientific argumentation exemplified by: 
Two or more examples of constituent biomolecules of membranes linked coherently functions of 
membranes at the cell surface and of membranes within the cell 

  

KiasuExamPaper.com
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4 (b) Explain how genetic variation arises in a natural population and its significance in allowing the 

population to adapt and evolve.      [12] 

ANS [L2] Novel   [12] 

Causes of genetic variation in a population. (Max 8) 

Gene Reshuffling (Max 2) 

1. Gene reshuffling is the rearrangement of genes and alleles to produce a new combination of
alleles within the gene pool of a population.

2. Independent Assortment during Metaphase I allows for new combination of alleles to be

formed within a gamete. The possible number of combinations of gametes produced by one

human would then be 2 23 = 8388608 (8 million) combinations.

3. Crossing over during Prophase I between non-sister chromatids of homologous
chromosomes allows for a recombinant chromatid to be formed, forming new
combinations of alleles within a gamete.

4. Random Fertilization of gametes allows for a new combination of alleles within a zygote.

Gene Mutation (Max 2) 

5. Gene mutation is a form of mutation where there is a change in the nucleotide sequence or

nucleotide number of the alleles of a gene. This includes Substitution, Duplication,

Insertion/addition, Deletion and Inversion.

6. Gene mutation gives rise to new alleles and increases the gene pool of a population.

Chromosomal Structural Aberration (Max 2) 

7. Structural aberration includes Deletion, Duplication, Inversion and Translocation. Structural
aberration gives rise to new alleles and increases the gene pool of a population.

8. Structural aberration occurs during crossing over in meiosis. In crossing over, non-sister

chromatids sometimes exchange unequal-sized segments of DNA, so that one partner gives

up more genes than it receives.  The products of such a nonreciprocal crossover are one

chromosome with a deletion and one chromosome with a duplication.

Chromosomal Numerical Aberration (Max 2) 

9. Numerical aberration refers to the change in the number of chromosomes, leading to either

aneuploidy or polyploidy. 
10. Numerical aberration occurs when there is a non-disjunction during meiosis, where members

of a pair of homologous chromosomes do not move apart properly during meiosis I or

sister chromatids fail to separate during meiosis II.

Environmental Influence (Max 2) 

 a dedelelettiono aandnd onene cchhromo ossoome withthth aa dududuplplp iciccat

caall AbAberrattion ((MaMaxx 2)2) 

ation refers to the chana ge in the numbbber of chrr
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11. Common environmental factors (Light, Diet and Temperature) may influence the degree of
phenotypic expression or in some cases, change the phenotype entirely.

12. 1 example of environmental factor influencing phenotype cited

significance in allowing the population to adapt and evolve by natural selection (Max 6)

13. Natural Selection is the mechanism which acts on individual organisms in a population

and those with favourable phenotypes which are morphologically, physiologically and

behaviourally better adapted to the prevailing selection pressure within the existing
environment are at a selective advantage and hence are more likely to survive to
reproductive age to produce viable offspring / greater reproductive success and in doing so

pass down their favourable alleles.

14. Those individuals with unfavourable phenotypes that are not so well adapted are at a

selective disadvantage and either fail to reproduce or die before they can reproduce. Over

many generations, the proportion of the favourable alleles INCREASES in the population.

This then leads to ADAPTIVE EVOLUTIONARY CHANGE.

15. Genetic variation within a population provides the raw material on which natural selection
works (i.e. variation is a pre-requisite for evolution by natural selection)

16. When environmental changes occur, variations allow some individuals with certain

favourable characteristics to survive better and reproduce more successfully than others,

to produce fertile offspring.

17. If there is no variation in the population, all will be equally susceptible to the effects of

environmental change and it is possible that the entire population will be wiped out. Variation

thus helps to ensure perpetuation of species and safeguard species from extinction.

18. Citing example to illustrate significance of variation in wild varieties or related organisms being

useful in agriculture (e.g. Teosintes, evolutionary cousins of corn, carry genes for resistance to

diseases affecting domesticated corn and have been used to produce disease-resistant corn

varieties.)

QWC:  Scientific argumentation exemplified by: 
Two or more examples illustrating how genetic variation can from sexual reproduction / meiosis and 
genetic mutation linked coherently how these variations are important in allowing the population to 
adapt and evolve by natural selection that to the correct stages of the process 

o illuuststraratee siggninifificaancnce e ofof varriaatititiononnon iinnnn wiwiw ldldd vvvaraa ieeetitt e

uree (e(e.g.g.. TeTeososiintetess,, evevoolututioionanary cccccccccccccououououoououoo ssisisssssis nsnn ooof f f cococornrr , 

g ddomomesestiticacatetedd cocornrn aandnd hhavave beeeenenen useseseddd to pro
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5  (a) With reference to named examples, describe the roles of proteins in bringing about cell 

signalling in living organisms. [13] 

ANS [L2] (H2 JC2 CJC MYE/2011/P2/Q8(a) Modified)             [13] 

Each stage of cell signalling must be clearly stated.  

Stage: Ligand-Receptor Interaction (Max 5) 

Cell Surface Receptor Proteins  
1. Certain cell surface membrane proteins function as specific receptor proteins with binding

sites complementary in conformation (shape) to particular chemical signal molecules (called

ligands) - ligand-receptor interaction (binding of ligand to receptor) initiates a signal
transduction pathway INSIDE the cell

G-Protein Linked Receptor (GPLR) 
2. Binding of extracellular ligand (signal) molecule such as glucagon, adrenaline to the

binding site of the G-Protein Linked Receptor (GPLR) cause it to undergo a conformational
change.

3. Activated GPLR binds to the G  subunit of inactive G-protein, inducing a conformational

change and cause attached GDP to be displaced (from the G  subunit) and replaced by a

GTP molecule; G  subunit dissociates from the G  subunit.

4. Activated G protein (or activated G  subunit) then binds with and activate other effector

membrane proteins within the cell.

GTPase Enzyme 
5. Present as part of the G-protein that is associated with GPLR (G-protein-linked receptors)

or GPCR (G-protein-coupled receptors);
6. Once specific cellular responses have been carried out, GTP attached to an activated G protein

is rapidly hydrolysed to GDP by the intrinsic GTPase enzyme (in the G  subunit, causing G

subunit to dissociate from the effector membrane protein and reassociate with the G  subunit).

This inactivates the G-protein and switches off the function of the activated G-protein / ref.

to role of the G-protein in signal transduction;

7. Allows whole system can be shut down quickly when the extracellular signal molecule is no

longer present.

Adenylyl Cyclase 
8. Found in the plasma membrane; in close association with G-proteins;

ysed to GDP by the intrinsic GTPase enzyme (in

atee frfromo  thehe eeffffeectotorr mememmbraanneeeeeeeeeeee pppppppppppppppprororrorororoteeteteteteeininininninin aaandndd rreaee s

thee GG-pprotteiin anndd swiwitchehess off theee fufufuncncnctititionono ooof t
roteteinin iinn sisigngnala ttraranssduductctioion;n;
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9. Activated by the binding of activated G-proteins; G-proteins are activated as a result of the

binding of hormones / ligands (e.g. adrenaline / glucagon) to G-protein linked receptors;

10. Upon activation, catalyses ATP to cAMP which acts as a second messenger, (diffuses through

the cell and) activates protein kinase A (a serine/threonine kinase), which phosphorylates other

proteins;

Tyrosine-Kinase Receptors 
11. Present as sections of the 2 TKR (tyrosine-kinase receptor) polypeptides;

12. Enzymes activated by the binding of ligands to both of the receptor polypeptides and

subsequent dimerization;

13. Activated tyrosine kinase on one polypeptide adds phosphates to the tyrosine tails of the

other polypeptide;

14. The fully-activated receptor proteins activate a variety of specific relay proteins that bind to

specific phosphorylated tyrosine molecules.

Phospholipase C. 
15. Activated when a signal molecule binds to the G-protein linked membrane receptors or

tyrosine kinase receptors;

16. Upon activation, cleaves a membrane phospholipid (PIP2), into 2 by-products -

diacylglycerol (DAG) and inositol trisphosphate (IP3);

17. the IP3 acts as a second messenger to activate a gated-calcium channel, releasing Ca2+ from

the cell’s endoplasmic reticulum, thereby increasing the cytosolic Ca2+ concentration;

Ion-channel Receptors 
18. Transmembranal ligand-gated ion channel proteins with hydrophilic channels and an

extracellular ligand-binding site.

19. The hydrophilic channels / pores open or close (due conformational change in channel protein)

in response to binding by ligand molecules such as acetylcholine to regulate (i.e.to allow or

prevent) the passage of specific ions, e.g. Ca2+, into or out of the cellsaggee ofof sspep ciifific c ioonsns, e..g.g Caa2+, into or outt ooof f f the
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Stage: Signal Transduction (incl. phosphorylation and signal amplification) (Max 5) 

Protein Kinase A / Protein Kinase 
20. Activated by second messenger, cyclic AMP (cAMP);
21. Upon activation, brings about phosphorylation of other inactive protein kinases (ref. to

mostly the serine or threonine amino acids of these protein kinases being affected), activating

them;

22. The subsequent phosphorylation of other inactive protein kinases by these activated protein
kinases leads to a ‘phosphorylation cascade’ which brings about a widespread cellular

mechanism for regulating protein activity;

23. Each protein phosphorylation changes the shape of the protein kinase (due to the

interaction between the phosphate group and charged or polar amino acids) that typically

converts it from an inactive form to an active form which in turn activates the subsequent

kinase;

Protein Phosphatases 
24. Remove phosphate groups from activated protein kinases, inactivating them;

25. causing the signaling pathway and the subsequent cellular response to shut down;

26. responsible for turning off a signal-transduction pathway in the absence of the extracellular

signal molecules;

Stage: Cellular Response (Max 5) 

Intracellular Receptors 
27. Ref. to intracellular receptors that interact with ligand molecules that are steroidal in nature

(e.g. sex hormones) and able to dissolve through the cell surface membrane

28. Activated protein receptors (in the form of hormone-receptor complex) in turn act as

transcription factors that control which genes are turned on and are transcribed into

messenger RNA (mRNA) in cellular response

29. Ref. to proteins such as transcription factors, RNA polymerase to bring about transcription

30. Ref. to proteins such as ribosomal proteins as part of ribosomes to bring about translation

(mmRNR A)A) in n cellllulu ar rresespoponsn e

uchh asas ttraransnscrcripiptitionon ffacactotorsrs,, RNRNA popopolylyymememerararasess  to b

uch as ribosomal proteeiins as part off ribosomes to 
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5 (b) Gene expression in eukaryotes is regulated at many different stages of the process. 

Explain how gene expression is regulated in eukaryotes and the significance of this at each 

stage.              [12] 

ANS [L3] (modified from specimen paper /P3/Q5b)             [12] 

Regulation of gene expression / protein synthesis – at various stages 
Any seven from below: 

1. Chromatin Level / Chromatin modification – by Methylation of DNA

2. Histone modification of DNA

3. Specific Transcription Factors / Repressors & Activators

4. Control Elements, incl. promoters, silencer / enhancer, DNA sequences

5. Post-transcriptional control / pre-mRNA processing

6. RNA / intron splicing / polyadenylation / 5’ caping

7. Translational Control

8. Half-life of mRNA / initiation of translation

9. Post-Translational control

10. Biochemical modification to make functional protein, including protein degradation

11. AVP

Advantages of regulating gene expression 

Any four from: 

12. Chromatin level

 idea of longer term switching genes on or off to restrict active genes to cells that required
(by the cell line), do more efficient / less waste of resources Reject: inactivation / 
imprinting 

13. Transcriptional Level

 allows rate of production to be regulated to, match short term requirements / allows

flexibility 

14. Post-transcriptional level

 allows for production of different variants / regulates stability of process

15. Translational level

 idea of affecting how long the process takes to stop

16. Post-translational level

 allows rapid production of product from stored precursor / product can be activated where
it is needed / allowing, safe transport / storage of, inactive form / ref. to phosphorylation 
for immediate responsiveness to cell conditions / AVP 

17. AVP

QWC:  Scientific argumentation exemplified by: 

Two or more advantages of regulating gene expression / protein synthesis linked coherently to the 

correct stages of the process 

ctingng hhowow llong g tht e prprococesss s taakek s to stop

levevelel

d prprodoductition of prprododucuctt fromm stored prprprecececururursososor rr / / pro
d / aallllowowining,g, ssafafee trtrananspsporort t / / ststoragagage e e ofofof,, inininacaa tive f
te responsiveness to cecell conditions / AVAVVP
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1 Investigation into the effect of changing the concentration of an enzyme on enzyme activity. 

The biological molecule, U, reacts with water to form aqueous ammonium carbonate. The enzyme 
urease catalyses this reaction. 

Aqueous ammonium carbonate produces ammonium ions. These form an alkaline solution which 
causes red litmus paper to turn blue. The time taken for red litmus paper to turn blue can be used 
to monitor the progress of the reaction. 

You are required to investigate the effect of enzyme concentration on this reaction. 

You are provided with the following: 

 15 cm3 of 10.0% urease solution, E, which is an irritant  
 100 cm3 of distilled water, W 
 25 cm3 of a solution of the biological molecule, U 
 Red litmus paper, total length of about 20 cm

It is recommended that you wear safety goggles / glasses. 

1 Carry out a serial solution of the urease solution, E, to reduce the concentration of the 
enzyme by half between each of the four successive dilutions, and set up a control. 

Label four small beakers, D1, D2, D3 and D4, for the serial dilutions and label another small 
beaker, C, for the control. 

Complete Table 1.1 to show how you will make the different concentrations of urease 
solution and how you will set up the control, C. 

       Table 1.1 

Solution E D1 D2 D3 D4 

concentration of urease / % 10.00 5.00 2.50 1.25 0.650 

volume of urease solution to 
be diluted / cm3 5.0 5.0 5.0 5.0 

volume of distilled water, W / 
cm3 5.0 5.0 5.0 5.0 

description of the control, C:

........................................................................................................................................................

........................................................................................................................................................

[3] 

E DD1D11 D2D2D2D2D2D2

aseee / %%%%% 100.0.000 5.5.00 222.5.5.5000

utttioioiooionnn totototototot  5.0 5.0 
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Mark Allocation 

[1] –  for selecting 10.0, 5.00, 2.50, 1.25 and 0.625 for concentration of urease; expressed 
consistently in 3 sig. fig.  
[Accept: if all concentrations are expressed consistently in 3 dec. pl.]  

[1] –  for correct volumes in serial dilution, including 
 (i)  final volume of each concentration must be equal, i.e. volume of urease and distilled 

water must add up to give the same final volume 
[Accept: any final volume between 6 to 10 cm3] 

 (ii)  values are recorded consistently and to appropriate precision, i.e. 1 dec. pl. 

[1] –  for citing use of distilled water to replace the urease solution for control, C; volume of distilled 
water cited must be consistent with the volume of enzyme / diluted solution.

2 In order to monitor the progress of the reaction, in step 4 red litmus paper will be added to 
each mixture of enzyme (urease) and substrate, U, in a test-tube. To prevent the paper 
sticking to the wall of the test-tube, you will need to use the glass rod to add it, as follows. 

Cut a piece of red litmus paper so that it is a little shorter than the circumference of the glass 
rod. Moisten the paper and stick it to the end of the glass rod as shown in Fig. 1.1. The glass 
rod can then be lowered into the mixture of urease enzyme and substrate, U. The red litmus 
paper will slip off into the mixture and the glass rod can be removed. 

Fig. 1.1 

3 Prepare a table in the space on page 4 (step 7) to record the results of this investigation at 
various concentrations of urease solutions, including the control. 

Proceed as follows: 

4 To test the activity of the highest concentration of urease solution, put 2 cm3 of the substrate, 
U, into a test-tube then add 2 cm3 of E and mix well. The reaction will start as soon as E is 
added. 
Immediately, put one piece of red litmus paper into the test0tube as described in step 2 and 
start timing. 

Figg. 1.1 

in thththhthee eee spspspspspacacaaaceeeee onononnoo pppppppagagagaagageeee 44444 (s(ss(s( tetetttepppppp 7) tooooo rrrrrecececececorororororo dddddd thttththe re
rattttioioioiooionsnsnssns ooooof f f f ff ururururu eaeaeaseseese solololololutututututioioooonsnsnsnsnsn ,,,,, inininnincludininininininggggg thhhhheeeeee cococococonntrol. 
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5 Record, in the table that you have prepared on page 4 (step 7), the time taken for the piece 
of red litmus paper to turn blue. If the piece of red litmus paper does not turn blue in ten 
minutes, record ‘more than 600’. 

6 Record steps 4 and 5 for the other concentrations of urease solution, D1, D2, D3 and D4, 
and the control, C. The red litmus paper used each time should be of the same size. 

7 Use the space below to record your results. 

Concentration of urease solution / % Time taken for red litmus to turn blue / s

10.0 71

5.00 141

2.50 313

1.25 More than 600 

0.625 More than 600 

0.00  
(control, C) 

More than 600 

[3] 
Mark Allocation 
[1] –  for results recorded in table format with appropriate column / row heading titles and units 

 Leftmost column: Concentration of urease solution / % 
 Adjacent column: Time taken for red litmus paper to turn blue / s 

[1] –  for expected trend:  
 Shortest time for highest concentration of urease solution
Longest time for lowest concentration of urease solution
‘More than 600’ for Control C 

[1] –  for values recorded consistently and to appropriate precision, including: 
(i) 3 sig. fig. / 3 dec. pl. for urease concentration 
(ii) time taken in whole number, consistent as per ‘more than 600’ 

[Accept: If time recorded in 2 dec. pl. as per precision of stopwatch used] 

hest concentration of urease sosososososossosolululullululutittitititionononoooo
est concentration of urease sooooooolulululululululuuluutitiitittitiononnonononnonnn

Control C

onsistently and to appropriate precicicisiss on, ininincluding:
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8 Calculate the rate of reaction, using your result for the 10.0% concentration of the urease 
solution, E. 

For 10.0% concentration of urease solution, E 

rate of reaction = 1 / time taken 

      = 1 / 71 

      = 0.014 s-1 

rate of reaction .....0.014 s-1............. [1] 

Mark Allocation 
[1] –  for correct calculation of rate using 1 / time for E / 10.0% urease concentration and units s-1 

[Accept: Answer up to 2 sig. fig. / 3 dec. pl.] 

9 Lack of repeats is one limitation of this procedure. Describe one significant source of error in 
this procedure that also acts as a limitation. 

 .................................................................................................................................................... 

 ............................................................................................................................................... [1] 

Mark Allocation 
For any ONE of the following: 

 difficulty in starting the stopwatch at the same time as the start of reaction / delay due to difficulty 
with inserting litmus paper; OWTTE 

 difficulty in judging when the red litmus paper changes colour from red to blue; OWTTE 
 AVP 

[Reject: for size of litmus paper; temperature; pH or evaporation of water that affects urease 
concentration or any errors which affects all test-tubes equally] 

10 Suggest how you would make one improvement to this procedure to reduce the effect of the 
significant source of error identified in step 9.  

 .................................................................................................................................................... 

 .................................................................................................................................................... 

 .................................................................................................................................................... 

 ............................................................................................................................................... [1] 

Mark Allocation 
For any ONE of the following: 

 Use second person to start time or to add red litmus paper; OWTTE 
 Use pH meter / liquid pH indicator with colorimeter / pH sensor with datalogger, in place of the red 

litmus paper 
 AVP  

[Reject: for citing use of colorimeter or liquid pH indicator alone] 

................. ............... ....................................................................... ...

............................ ...... ..................................................................... ...............................................

........................ .............................................. ...... ..................................... ...................
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The effect of pH on the activity of two proteolytic enzymes, A and B, was compared. The substrate 
for the enzyme was coloured jelly, which is made of protein.  

The apparatus of each pH was set up as shown in Fig. 1.2. 

Fig. 1.2 

The block of coloured jelly get smaller as it is digested by the enzymes. 

11 State two variables which would need to be controlled. Suggest how each variable would be 
controlled.  

 .................................................................................................................................................... 

 .................................................................................................................................................... 

 .................................................................................................................................................... 

 .................................................................................................................................................... 

 .................................................................................................................................................... 

 .................................................................................................................................................... 

 ............................................................................................................................................... [3] 

Mark Allocation 

[1] – for citing TWO correct variables from the following: 
(i) volume of buffer solution or volume of enzymes A and B  
(ii) concentration of enzymes A and B  
(iii) dimension / size of jelly block  
(iv) temperature  
(v) AVP 

[2] –  for citing TWO methods of control that match the 2 identified variables, from the following: 
(i) To use suitable measuring apparatus e.g. syringe, measuring cylinder, graduated pipette - to

transfer / dispense volume 
(ii) To describe how to make up (e.g. using distilled water to make up to same final volume) – for

enzyme concentration 
(iii) To measure jelly block using ruler or Vernier calipers or grid and cut to size using scalpel or 

knife 
(iv) Use an incubator / thermostatically controlled water-bath, set at a fixed temperature  
(v) AVP 

ds of control that match the 2 identifieddd vavaririr ababableleles,ss  
meeasasuru ingg apappaparar tutuss e.e g.g. syrringegegegegegegeeeggegegeeegegee,,,,,,, memeemeemeememememeeasasasasaaa uruu innnggg ccyli
see volulumeme

w to o mamakeke uupp (e(e.g.g. ususiningg didiststili leled waateteter r r tototo mmmakaa e up
traatitionon
y block using ruler or Vernier calipers or grid and ck
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The results of the investigation are shown in Table 1.2. 

Table 1.2 

pH 
area of jelly present after 90 minutes / mm2 

enzyme A enzyme B 

4.0 10 134

6.4 76 124

7.4 128 76

8.0 138 52

9.0 140 6

12 Plot, on the grid opposite, the data shown in Table 1.2. Draw lines of best fit for enzyme A
and enzyme B. 
[4]

13 (a) Describe the effect of pH on the activity of enzymes A and B. 

........................................................................................................................................... 

........................................................................................................................................... 

........................................................................................................................................... 

...................................................................................................................................... [1] 

Mark Allocation 
[1] –  for citing / description of the effect of (increasing) pH on activity of both enzyme A (decreases) and 

enzyme B (increases), e.g. reference to comparison of optimum pH of enzyme A and enzyme B) 

 (b) Suggest and explain why changes in pH affect the activity of these two enzymes 
differently. 

........................................................................................................................................... 

........................................................................................................................................... 

........................................................................................................................................... 

........................................................................................................................................... 

........................................................................................................................................... 

........................................................................................................................................... 

...................................................................................................................................... [3] 

Mark Allocation 
[1] - any change in pH / concentration of hydrogen ions, changes / affects ionic bonding / ionisization of 

(acidic / basic) amino acids  
[1] - different amino acids / amino acid side chains, present in enzyme A and B 
[1] – 3D structure / shape / conformation of active site therefore changes at different pH values for 

enzymes A and B 

................................... ...... ...................................... ............................ ............. ......................... ...

................................................ ......................... ......................................................... .......

................................................................. ...............
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[Total: 20] 
 
 

 Area of jelly present after 90 minutes / mm2 

KiasuExamPaper.com
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140 
 
 
 
 

120 
 
 
 
 

100 
 
 
 
 

80 
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        3.0                4.0                5.0                6.0                 7.0               8.0                9.0                 

Mark Allocation 

[1] –  for appropriate scale used for both axes, with intervals clearly labelled 
         X-axis: 2 cm (or 10 squares) to 0.5 units interval; log10 2.0 at origin  
         Y-axis: 2 cm to 1.0 units; 5.0 ms-1 at origin  
 
 [1] –  for correct orientation of axes; with appropriate axes titles and units indicated 
        X-axis: pH  
        Y-axis: area of jelly present after 90 minutes / mm2 

 
[1] – for correct plotting of all data points (as small cross or dot in circle) + half a square, for 

enzymes A and B  

[1] – for data plots joined by smooth lines of best fit, both sets of data distinguished by 
appropriate labels / key / legend  

  

 pH 

KiasuExamPaper.com
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CANDIDATE 
NAME CLASS 2T 

2 Stomata, in the epidermis of leaves, are responsible for the exchange of gases and the release of 
water vapour. A pair of guard cells controls the opening and closing of each stoma. In the guard 
cell membrane there is a transport protein. During the opening of the stomata, this protein uses 
energy from the hydrolysis of ATP to move protons (H+) out of guard cells. This has two effects. 

 Because protons are positively charged, their removal from the guard cells causes the 
interior of the cells to become negatively charged relative to the exterior. Because of this, 
some positive ions such as K+ move into the interior of the cells lowering the water potential 
inside the cells. 

 The pH inside the cell is increased. 

You are provided with leaf samples that are soaking in the following solutions. 
solution X: 0.1 mol dm–3 potassium chloride at pH 7.0 
solution Y: 0.1 mol dm–3 sodium chloride at pH 7.0 
solution Z: 0.1 mol dm–3 potassium chloride at pH 4.5 

 Proceed as follows: 

1 Use a pair of forceps to remove the leaf from solution X and use scissors to cut out an area 
up to 1 cm × 1 cm. Transfer this to a slide ensuring that the lower epidermis is uppermost. 
Use a dropping pipette to add a drop or two of solution X to the leaf surface. Lower a cover 
slip over the leaf being careful to exclude any air bubbles. 

2 Use the 10X objective of a microscope to locate the stomata. Count the total number of 
stomata that are visible and the total number that are fully open in the same field of view. 
Ignore any that you are doubtful about. Repeat this for another two areas of the leaf. 
Calculate the mean percentage of open stomata. 

3 Repeat steps 1 and 2 for leaves from solutions Y and Z using clean slides and cover slips on 
each occasion. You must keep slide Z in order to answer (b) on page 11. 

(a) (i) Record your results in an appropriate format in the space provided below. 

Solution Content Sample 
/ Area 

Total Number 
of Stomata 

Total Number of 
Open stomata 

Mean Percentage of 
open stomata / % 

X
0.1 mol dm-3

potassium
chloride at 
pH 7.0 

1 
2 
3 

Y
0.1 mol dm-3

sodium
chloride at 
pH 7.0 

1 
2 
3 

Z
0.1 mol dm-3

potassium
chloride at 
pH 4.5 

1 
2 
3 

[4] 

Sample
// ArAreea

Tootatal Number 
oof SStotommatata 

Total Numbmm er
OpOpOpO ennen sssttomamm

m-33

m
at

1 
22 
33 

3
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Mark Allocation 
[1] – results recorded in suitable table form at with appropriate headings  
[1] – results recorded for 3 sam ples / counts (total num ber and total open stom ata) of each of X, Y and Z 
[1] – correct calculation of m ean %  for open stom ata
[1] – results show expected trend (m ore stom ata open in X than in Y or Z)

(ii) Explain your results. 

X ..............................................................................................................................
. 

.................................................................................................................................

. 

.................................................................................................................................

. 

.................................................................................................................................

. 

.................................................................................................................................

. 

Y .......................................................................................................................... 
[2] 

.................................................................................................................................

. 

.................................................................................................................................

. 

.................................................................................................................................

. 

.............................................................................................................................. 
[2] 

Z ..............................................................................................................................
. 

.................................................................................................................................

. 

.................................................................................................................................

. 

.................................................................................................................................

. 

.............................................................................................................................. 
[2] 

Mark Allocation [Max 2 for each] 

Results with most stomata open (X or Z) 

................ ... ................. ..............................................................................

.................... ......................... ...... ............................................. ... ...... .........
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1. (relatively) high concentration of, K+ / potassium ions, outside cells; K+ ions moves into guard cells,
by facilitated diffusion - reduces water potential

2. water enters by osmosis (down water potential gradient), making (guard) cells turgid - opening
stomata

Results in Y (with less opened stomata) 
1. (relatively) high concentration of, Na+  / sodium ions, outside cells but Na+ enters guard cells slowly

/ Na+ does not enter guard cells; 

2. Less water enters by osmosis, making (guard) cells less turgid – less opened stomata

3. AVP; e.g. selective channels / channel proteins in guard cell membranes - more for K+ ions than
Na+ ions; Na+ ions acts as competitive inhibitor with K+ for same channel proteins

Result in Z 
1. (relatively) high concentration of, H+ / hydrogen ions, outside cells; - slows down / prevents removal

of, H+ / hydrogen ions, from guard cells;
OR
2. low pH affecting ionic bonds between R groups of am ino acids in enzym es - distorts conform ation

of active site / denaturation of enzym e

3. no [H+] gradient / respiration reduced; therefore less ATP available for active transport;

(iii) Guard cells, unlike other cells in the epidermis, have chloroplasts. These 
chloroplasts have grana but lack the enzymes necessary for the light-
independent stage of photosynthesis (Calvin cycle). 

With results to your results, suggest why guard cells have chloroplasts if they do 
not carry out the light-independent stage of photosynthesis. 

.................................................................................................................................

. 

.................................................................................................................................

. 

.................................................................................................................................

. 

.................................................................................................................................

. 

.................................................................................................................................

. 

.............................................................................................................................. 
[2] 

Mark Allocation 

[1] – chloroplasts carry out light-dependent stage, producing ATP (by) photophosphorylation 
[Reject:  phosphorylation] 

[1] – ATP hydrolysed to provides energy for removal of H+ ions

............................................. ................. ..........................................................

..............................................................................
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(b) Make a high power drawing of two guard cells and the epidermal cells on either side of each 
guard cell from the leaf in solution Z.  

                       
[3] 

Mark Allocation 
[1] – clear continuous lines, not too faint / bold, not overlapping; cellulose walls as double lines 
[1] – correct shape - of guard cells (e.g. touching with rounded ends); of epiderm al cells (e.g. square or 

rectangular) 
[1] – chloroplasts in guard cells and not in epiderm al cells; guard cells have thicker inner wall; 

 
 

 

KiasuExamPaper.com
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(c) Fig. 2.1 shows a diagram of a stage micrometer scale that is being used to calibrate an 
eyepiece graticule. 

One division, on either the stage micrometer scale or the eyepiece graticule, is the distance 
between two adjacent lines. 

The length of one division on this stage micrometer is 0.1 mm. 

Fig. 2.1 

(i) Using this stage micrometer, where one division is 0.1 mm, calculate the actual length 
of one eyepiece graticule divison, using Fig. 2.1. 

Convert your answer to a measurement units most suitable for use in light microscopy. 
Show the steps and units in your calculation. 

Number of eyepiece graticule divisions in 1 stage micrometer division = 24 

Length of 1 stage micrometer division = 0.1 mm 

Actual length of 1 eyepiece graticule division = 0.1 / 24   mm 

     = 0.1 / 24  X 103   μm 

     = 4 μm   ( or 4.1 μm ) 

[2] 

Mark Allocation 
[1] –  correct calculation for 1 eyepiece graticule division, by dividing 0.1 mm by 24 
[1] –  correct conversion to μm, by multiplying by 1000, answer expressed to whole number AND with 

appropriate units  
[Accept: Answer up to 1 dec. pl.] 

1 stage micrometer division = 0.1 mm 

gthh ofof 11 eyey pipiececee grgrataticicuulee divivisiiiiiionononononononononononononnonno ====== 00000000000.1.1.111 /// 2444   mm

=== 000 1.11 /// 2224 44 X 10

4 μm ( or 4
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 Fig. 2.2 shows a photomicrograph of plant cells some of which have lost water by osmosis. 
 

 

Fig 2.2 
 
 
 
 
 A student, using a prepared slide from which this photomicrograph was taken, measured the 

total length of the seven chloroplasts, labelled in cell Z in Fig 2.1. 
 
 Fig. 2.3 shows the view that the student saw when using the eyepiece graticule, calibrated in 

c(i) at the high-power of a microscope. 
 
 

 
 

Fig 2.3 
 
 
 
 
 
 
 
 
 

KiasuExamPaper.com
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 (ii) Using this and the information in c(i), calculate the actual mean length of one 
chloroplast as shown in Fig 2.3. 

 
 Show the steps and units in your calculation. 
 
 

Total length of 7 chloroplasts = 8 X 4 μm                         ( or  8 X 4.1 μm ) 
 
Actual mean length of 1 chloroplast = (8 X 4) / 7 μm        ( or  (8 X 4.1) / 7 μm )  
 
                                                         = 5 μm                       ( or 4.6 μm )   

 
 
 

actual mean length of one chloroplast ...5 μm....(or 4.6 μm)....... [2] 
 

Mark Allocation 
[1] – expressing the total length of 7 chloroplasts: using answer in c(i) multiplied by 8 (eyepiece graticule 

divisions) 
[1] –  correct calculation for mean length of one chloroplast, by dividing total length (of 7 chloroplasts) by 

7, expressing answer correct to whole number AND with appropriate units  
 [Accept: Answer up to 1 dec. pl.] 

 
 
 

 

KiasuExamPaper.com
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(d) Fig. 2.4 and Fig. 2.5 are photomicrographs of the lower surface of the leaf from two different 
plants, with the same field of view, using the same objective lens. 

     Fig. 2.4                Fig. 2.5 

Complete the table below to record 2 observable differences between the surface of each 
leaf shown in Fig. 2.4 and Fig. 2.5. 

Feature Fig. 2.4 Fig. 2.5 
Number of s 

Tomata 

More (or an example of a 
number) closer packed / nearer 
each other / gap between 
stomata narrower / more 
clustered 

Few(er) (or an example of a 
number) 

Size of stomata / 
epidermal cells / guard 
cells 

Small(er)  Large(r) 

 [2] 

[Total: 21] 

uarrdd
Smmmallll(((ererr) )) LaLaLaLLarrrge(
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Mark Allocation 
 
Any TWO of the following: 

 
Marking 
Point 

Feature Fig. 2.4 Fig. 2.5 

1 

Number of stomata More (or an example of a 
number) closer packed / 
nearer each other / gap 
between stomata narrower / 
more clustered 

Few(er) (or an example of a 
number) 

2 
Size of stomata / 
epidermal cells / 
guard cells 

Small(er)  Large(r) 

3 shape of stomata / 
guard cell 

Oval or slit or elongated Round(er) or circular or more 
curved 

4 Appearance of 
stomata 

More closed or fewer open Less closed or more open 
 

5 

Shape of epidermal 
cell  
or  
pattern of lines 

Very irregular or not clear 
 
 
Folded 

Clear or anular or corners;  
 
 
Smoother 

6 Thickness of 
epidermal cell walls 

Thin(ner) Thick(er) 
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CANDIDATE 
NAME CLASS 2T 

3 The enzyme urease is a catalyst of the hydrolysis of urea in solution, forming ammonia and carbon 
dioxide, for example in the breakdown of urea in soils by microorganisms. 

You are required to plan an investigation to compare the activity of urease free in solution and 
urease immobilised in alginate beads. 

As the reaction proceeds, the ammonia released dissolves, causing the pH to increase. 

You are provided with the following equipment which you may use or not in your plan, as you wish. 
You may not use any additional equipment in your plan. 

 an unlimited supply of calcium alginate beads, all of uniform size, prepared with a     
50 g dm-3 urease solution (you may call this immobilised urease) 

 an unlimited volume of 50 g dm-3 urease solution (you may call this free urease) 
 an unlimited volume of 1.0 mol dm-3 urea solution 
 an unlimited volume of distilled water 
 beakers and flasks of different sizes 
 stopwatch  
 broad and narrow range of pH papers and liquids with appropriate colour charts, pH 

probes and meters 
 colorimeter and tubes/cuvettes 
 thermometer 
 thermostatically-controlled water baths  
 graduated pipettes and pipette fillers 
 filter funnels 
 syringes 
 glass rods for stirring 
 test-tubes and boiling tubes  
 test-tube racks 

Your plan should: 

 have a clear and helpful structure such that the method you use is able to be repeated 
by anyone reading it 

 include a clear statement of the hypothesis or prediction 

 identify the independent and dependent variables 

 be illustrated by relevant diagram(s), if necessary, to show, for example, the 
arrangement of the apparatus used 

 describe the method with details and explanations of the procedures that you would 
adopt to ensure that the results are as accurate and repeatable as possible 

 include layout of results tables and graphs with clear headings and labels 

 use the correct technical and scientific terms 

 include reference to safety measures to minimise any risks associated with the 
proposed experiment 

[Total: 14] 
ANS [L3]  
Step 1: Outline structure and set priority [which to be done first #1….] 

e indepeppppp ndent and dededededepeppppp ndent variables

ateeed d dd bybybybyby relellllevevevevevananananant dididididid agagagagagraararam(s)s)s)s))s)), ififififfiffififffffififififfiffiif nnnnnnecececececeeecceeceseseseseeesessasaaaryryryryryry, tofffffffffff
ent tt oof tttttheheheheh aaaaapppppppppparataatatatususususus uuuuuusseseseses ddddd

he ee mememeethththththhododododododo wwwitiithhh detatatatataiililii s s s ss ananannnd dddd eeexplananananna atiooooonsnsnsnsnsn  of the 
th t th lt t d t
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Awful                      H.I.V.                              are        probably    still    residing      inside 
[AIM]      [Hypothesis/Introduction/Variables] [Apparatus]  [Procedure] [Safety]  [Results]     

[Insights/conclusn] 
   #1            #2              #3               #4           #10      #5 Control     #8      #6 Graph          #11 

          #9 Procedure       #7 Table 

*The above strategy saves time as ensures all essential parts of Planning are covered.

#1 _ AIM / HYPOTHESIS _           [ MAX 1][Total 1] 
  1  1a] Rate of hydrolysis is faster using free enzyme 

1b] quantity of urea hydrolysed over time is greater with free enzyme 

1c] immobilised urease catalyses reaction over much longer period of time 

#2#3 _ Introduction / Theory to support hypothesis           [ MAX 1][Total 2]

  2  Reference to enzyme active site refs to accessible active sites 

diffusion of substrate into alginate beads 

stability of enzyme in alginate beads 

#4 _ Variable           [ MAX 2][Total 4] 
3. Independent Variable

3a] Concentration of Urase [Free]

3b] Concentration of Urase [immobilized]/[Alginate]

4. Dependent Variable 

4a] pH as a measure of ammonium carbonate [or outline in procedure]

5. At least two control variables : [any 2]

5a] temperature,

5b] concentration of urea solution.

5c] volumes used.

3d] number of beads

#10 Apparatus [   nil   ] 
cite apparatus  

  Procedure Control [Max 1][Total 5] 
#5  6.   Negative control: denatured Urase  

trooll  
contntrorol:l: ddenenataturureded UUrarasese
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#9  Procedure Protocol             [Max 3][Total 8] 
7. method of following the reaction taking samples at intervals and calculating the initial

rate

8. Justification/evaluation. of strategy ; e.g. can only alter concentration of immobilised
enzyme by changing number of beads /limitations of colour comparison these could be
awarded at the end of the plan

9. Method of determining. pH / (the concentration) of ammonium carbonate, at intervals ;
e.g. use of pH indicator, to follow colour change

10. use range of concentrations of urea [Colour standard];

11. use range of concentrations of urease ; to find suitable concentrations to make
comparison [at least 5 concentrations]

12. dilution table(s) included ;

13. method to ensure concentration of urease in reaction mixtures is the same for both
free and immobilised enzyme ;

14. urea solution mixed with pH indicator ;

15. equilibration in water bath ;

16. mixing. urease/beads. and urea solution at time = 0 ;

17. staggered start ;

18. samples taken at stated intervals ;

19. repeats/replicates (calculate average in table)

#8  Safety            [Max 1][Total 9] 
20. ref to hazards and precautions [may be taken from a diagram or a flow or sequence
diagram] 

10a] Reagents (irritants) use of Gloves
10b] Glassware fragile handle with care

#6  Results Graph          [Max 2][Total 11] 
21. Line of best fit : plot results on appropriate graph (bar or line) ;
22. takes gradient to give rate of each Urase [Free / Immobilized];

#7  Results Table          [Max 2][Total 
13] 
23. Headings with Units / no units in table / data present

24. Replicates / repeats  

25. Time taken (t) to reach colour standard recorded ; 

26. rate = 1/t ; A 1000/t. etc.

27. colour standard set up at known pH ;

28. colour change followed in colorimeter ;

#11 Conclusion            [Max 1][Total 
14] 

29. calculate, standard deviation/standard error ;

withth UUnin tss / nnoo ununitts s inn ttabable // ddattttttttttaaaaaaa aa a aaaaaaaa prprprrprprpreseseseeeseseeeese eneneee t

s / rerepepeatats s 

n (t( )) to rea hch collour tstana dda drd recorrrdedd d ;;
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30.  ref to use of t-test to see if rates are significantly different ; 

31.  uncertainty/precision. of results ; 

[Max 14] 
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2

Multiple Choice Questions (30 marks) 
Answer all questions in this section. 

1 The diagram shows a drawing of an electron micrograph of an animal cell. 

Which of the following describes the corresponding properties of the labelled structures? 

 undergoes doubling 
during cell division contain enzymes contains nucleic acids 

A 2 6, 8 2, 5, 8 

B 2, 4, 8 5, 6, 8 2, 3, 8 

C 1, 2, 8 2, 4, 6, 8 1, 2, 7, 8 

D 1, 2 2, 3, 4, 5, 6 2, 3, 8 

2 Which statement is TRUE for phospholipids, but not for protein? 

A It has hydrophilic and hydrophobic components. 

B It is synthesized from non-identical sub-units. 

C It can form a barrier to water soluble molecules. 

D It is found in cell membranes. 

1 

2 

3 

4 

5 

7 

6 

8 
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3 Fractionation is a process used to separate cell components according to their size and 
density. The diagram shows the main stages in fractionation of a plant cell. 

 

DCPIP and buffer solution (containing glucose, fructose, sodium bicarbonate) were 
added to each of the sediments, and the mixtures were exposed to light for fifteen 
minutes. Sediment 2 caused the DCPIP to be reduced. 

Which organelle present in Sediment 2 caused reduction of DCPIP?  

A chloroplast 

B mitochondria 

C chloroplast and mitochondria 

D ribosomes 
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4 The diagram shows a circular oligosaccharide molecule. 

 

 

 

 

 

 

 

 

 

 

 

In which other molecule can a similar glycosidic bond be found? 

A lactose 

B maltose 

C sucrose 

D cellulose 

5 The hydrolysis of triglycerides leads to _______________________. 

1      formation of products which are more soluble in water than triglycerides. 
2      formation of products which are less soluble in water than triglycerides. 
3      an increase in pH. 
4      a decrease in pH. 

Choose the correct statements to complete the sentence. 

A 1 and 4 

B 2 and 3 

C 2 and 4 

D 1 and 3 
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6 The graph below shows the rate of an enzyme catalyzed reaction occurring in lysosome 
with increasing substrate concentration. The reaction is carried out at 37oC and a pH of 
4 for all substrate concentrations.   

 

Which of the following(s) would result in a decrease in the rate of reaction at W? 

1 Addition of co-factor 

2 Decrease in temperature to 27oC 

3 Increase in pH to 9 

4 Addition of competitive inhibitor 

 
 

A 1 and 4  

B 2 and 3  

C 2 , 3 and 4  

D 1, 2, 3 and 4  
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7 Some inhibitors of enzyme reactions bind to the enzyme-substrate complex. Which 
statements about this type of inhibition are correct? 

 
1 The active site changes shape. 
2 The inhibitor is non-competitive. 
3 The initial rate of reaction is reduced. 
4 The maximum rate of reaction (Vmax) is increased. 

 

A 1 and 2 only 

B 1 and 3 only 

C 2 and 3 only 

D 2, 3, and 4 only 

8 An insertion mutation occurs in the gene coding for an enzyme, tyrosinase. Nucleotide 
sequences of the gene (the non-template strand), as well as the corresponding amino 
acid sequence of tyrosinase, are shown below. 

Wild-type allele ATG AAG TTG GCT AAA TGG GGA 

Wild-type 
protein

Met Lys Leu Ala Lys Trp Gly 

Mutant allele ATG AAG TTA GGC TAA ATG GGG 

Mutant protein Met Lys Leu Gly -   

       

Which feature of the genetic code cannot be observed based on the information given? 
 

A The genetic code is degenerate. 

B The genetic code is punctuated. 

C The code is non-overlapping. 

D The code is universal. 

Insertion of adenine 
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9 A 19-base pair long DNA molecule was analysed to find the number of nucleotide bases 
in each of the polynucleotide strands. Some of the results are shown. 

 
number of nucleotide bases 

A C G T 

strand 1    4 

strand 2  7  5 
 

How many hydrogen bonds are present in this DNA molecule? 

A 31 B 48 C 39 D 57 

10 When DNA replicates, new nucleotides containing the common isotope of nitrogen (14N) 
are used to build new nucleic acids. 

In the laboratory, nucleotides can be synthesised using the heavy isotope of nitrogen 
(15N). Cells grown in 14N nucleotides for many generations are allowed to replicate once 
using these 15N nucleotides, then twice more using 14N nucleotides. 

What will be the percentage of 14N nucleotides in the final molecules? 

A 50% B 75% C 83% D 87.5% 
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11 The diagram shows a DNA template with the lagging strand prior to the removal of the 
RNA primers.  

 
Which row correctly shows the events taking place during the synthesis of the lagging 
strand? 

 

first Okazaki fragment synthesised site of phosphodiester bond 
formation catalysed by DNA ligase 

A O1 L1 

B O1 L2 

C O3 L1  

D O3 L2 

12 The following statements describe various steps in translation. 

1 Large ribosomal subunit binds to mRNA. 

2 Small ribosomal subunit binds to mRNA. 

3 Anticodon of activated tRNA base pairs with codon AUG at the A site. 

4 Anticodon of activated tRNA base pairs with codon AUG at the P site. 

Which of the following statements describe the initiation phase? 

A 1 and 2 only 

B 1, 2 and 3 

C 1, 2 and 4 

D All of the above 
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13 Pithovirus was recently discovered and classified as a species of giant virus. It is 
approximately 1.5 μm in length, larger than the smallest known eukaryotic cell and larger 
than any known giant virus. It carries double stranded DNA and replicates in the 
cytoplasm of amoeba, a single cell animal. It carries the genes for transcribing DNA to 
RNA and genes required for protein synthesis.  

Which of the following explains why this organism was classified as a virus? 

A It is only able to replicate within amoeba. 

B It is too large to be known as a eukaryotic cell.  

C It carries double stranded DNA, similar to bacteriophages. 

D Similar to HIV and influenza virus, it carries enzymes that transcribes its genome.  

14 The figure below shows a growth cycle of a T4 phage. 

 
Which of the following statements about X, Y and Z of the growth cycle is correct? 

A Y is the period where there is just active viral DNA replication and protein 
production. 

B X is the eclipse period where the phage just infected the host cell. 

C X corresponds to the period where the phage exists as a prophage.  

D Period Z will correspond to the death of host cells. 
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15 When trypsin converts chymotrypsinogen to chymotrypsin, some molecules of 
chymotrypsin bind to a repressor, which in turn binds to the operator and prevents 
further transcription of trypsin gene. This is most similar to which of the following 
operons? 

A trp operon during lack of tryptophan 

B trp operon during abundance of tryptophan 

C lac operon during lack of lactose 

D lac operon during abundance of lactose 
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16 The diagram shows a mechanism by which gene expression is controlled during 
translation. 

Which statements are correct? 

1 Phosphorylation by eIF2  protein kinase changes the conformation of and 
activates eIF2 . 

2 The concentration of eIF2B affects the rate of translation by inhibiting translation 
initiation. 

3 This regulation results in decreased rate of mRNA translation under stress 
conditions. 

4 The eIF2 -eIF2B complex is recognised by proteasomes for selective 
degradation due to the presence of the phosphate group. 

  

A 1 and 2 

B 1 and 4 

C 2 and 3 

D 3 and 4 
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17 The table compares the genomes of various organisms. 

organism classification number of 
chromosomes

size of 
genome
/ Million 

base
pairs

approximate
number of 

protein-
coding
genes

Haemophilus 
influenzae 

bacteria 1 1.8 1700 

Saccharomyces 
cerevisiae             
(yeast) 

eukarya 16 12.1 5900 

Drosophila
melanogaster
(fruit fly)

eukarya 4 180 13000 

Oryza sativa         
(rice) 

eukarya 12 440 50000 

Canis familiaris 
(dog) 

eukarya 39 2400 19000 

Homo sapiens      
(human) 

eukarya 23 3000 19000 

 

Which statement can be inferred from the table? 

A On average, each gene in Haemophilus influenzae is about 1000 base pairs. 

B On average, each gene in Saccharomyces cerevisiae is about 2000 base pairs. 

C The more chromosomes there are in an organism, the larger the genome size. 

D The difference in the number of genes between Canis familiaris and Homo sapiens    
is due to the difference in size of genome. 
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18 Two populations of wild turnip growing next to large fields of a cultivar of oil-seed rape 
were studied. Seeds were collected from these plants and their DNA analysed using gel 
electrophoresis.  
 
Plants S and T were suspected to be interspecies hybrids of oil-seed rape (P), and wild 
turnip plant 1 (Q) or wild turnip plant 2 (R).  
 
Using the key provided below, determine  
 

(i) whether plants S and/or T are interspecific hybrids and 
(ii) the parental plants they are derived from 

 

 
 

 (i) Interspecific hybrid (ii) Parent plants 

A Both S and T S: P x R 

T: P x Q 

B Both S and T S: P x Q 

T: P x R 

C T only Q x R 

D S only P x R 
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19 Yeast cells without a cdc25 gene cannot divide. This gene is active throughout the cell 
cycle, steadily building up the concentration of a protein, p80cdc25. This protein 
activates a kinase which regulates other proteins involved in cell division, but does not 
seem to affect other cell processes. When the p80cdc25 protein reaches a critical 
concentration, mitosis starts. 

Which changes will be seen if p80cdc25 is produced at a faster rate than usual? 

1 faster cell cycle 

2 slower cell cycle 

3 smaller cells 

4 larger cells 

A 1 and 3 

B 1 and 4 

C 2 and 3 

D 2 and 4 

20 Observations of cancer development show the following.  

 Control genes code for the synthesis of proteins that act at different points of the 
cell cycle to promote or block its completion.  

 There are a number of genes involved in the control of cell division. 

 The risk of cancer developing increases with age.  

 Cancer cells no longer respond to signals that regulate cell division and growth of 
most cells.  

Which statement could explain why cancer occurs?  

A Mutated alleles of control genes produce proteins that inhibit the proteins produced 
by the normal alleles of these genes.  

B Mutation of an allele of any of the genes involved in the cell cycle allows faulty cells 
to be replicated leading to a tumour.  

C Mutations of control genes that accumulate in a cell over time slow down the cell 
cycle.  

D Mutations of genes that code for cell surface receptors prevent the cell from 
receiving signals that stimulate cell division.  

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



15

21 Purple buds of the morning glory flower, Ipomoea, open into blue flowers.  As the flower 
opens, the pH on the vacuoles of the flower epidermal cells increases and this results in 
a change of colour from purple to blue. 

A mutant purple-flowered morning glory plant carries recessive alleles of a gene B/b, 
coding for a membrane-bound ion pump, and is unable to increase the pH of the 
vacuole. 

Both normal blue flowers and mutant purple flowers have the same anthocyanin 
pigment, coded by the dominant allele of the gene A/a.  Plants with aa cannot produce 
anthocyanin and they have white flowers. 

The genes A/a and B/b are on different chromosomes. 

A blue-flowered morning glory plant was crossed with a purple-flowered plant.  Their 
offspring consisted of plants which are blue-flowered, purple-flowered as well as white-
flowered.  

What were the genotypes of the blue-flowered and purple-flowered parents? 

Blue-flowered parent Purple-flowered parent 

A AABB AaBb 

B AaBb Aabb 

C AaBB Aabb 

D AABb aabb 
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22 Colour blindness is controlled by a gene on the X chromosome. The allele for colour 
blindness, Xb, is recessive to the allele for normal colour vision, XB. The gene controlling 
the presence of a white streak in the hair is not sex-linked, with the allele for the 
presence of a white streak, H, being dominant to the allele for the absence of a white 
streak, h. 

The diagram shows a pedigree in which some of the individuals have colour blindness or 
have a white streak present in the hair.  

What is the probability that individual 8 is a male with the same phenotype as individual 
7? 

A 0.125 

B 0.25 

C 0.5 

D 0.75 

 1  2

 5

 3

 6

 4

 7

 ?

male with white streak

normal male

colour blind male

key

 8
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23 The graph shows the results of increased concentrations of carbon dioxide on soy bean 
photosynthesis at various leaf temperatures. Carbon dioxide concentration is measured 
in ppm (parts per million). Light intensity was at an optimum level.  

Which conclusion concerning the data in the graph is valid? 

A At all temperatures up to 15ºC, carbon dioxide concentration is limiting. Above 
15ºC, temperature becomes the limiting factor.  

B Supplementing plants with carbon dioxide is only effective at temperatures above 
25ºC. 

C The photosynthetic rate obtained at the optimum temperature for 370ppm CO2 
could be achieved at a temperature 5ºC lower using an increased concentration of 
CO2.  

D When light intensity and temperature are limiting, increased carbon dioxide 
concentration increases the rate of photosynthesis.  
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24 Some apples can be stored in controlled atmospheric conditions for up to a year. Taste 
and texture are maintained by using conditions that reduce the production of a fruit-
ripening plant hormone while limiting the build-up of ethanol. Ethanol damages the fruit. 

The storage conditions needed include low temperature (1ºC), high carbon dioxide 
concentration (1.2%) and low oxygen concentration (0.9%). 

Why are these conditions needed? 

1 Low oxygen concentration favours anaerobic respiration. 

2 Enzyme activity is reduced. 

3 Conversion of sugar to ethanol is minimised. 

4 High carbon dioxide concentration promotes photosynthesis.  

A 1, 2 and 3 

B 1, 2 and 4 

C 2 and 3 only 

D 3 and 4 only 

25 The concentration of second messenger is regulated during cell signalling process. 

Which of the following statements support cAMP as an effective second messenger? 

1 Activated adenyl cyclase converts ATP to cAMP. 

2 Adenyl cyclase synthesizes many cAMP molecules.  

3 cAMP is soluble in the nucleus. 

4 Phosphodiesterase breakdown cAMP to AMP. 

A 2 and 3 only 

B 1 and 2 only 

C 1, 2 and 4 only 

D 1, 3 and 4 only 
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26 In humans, Severe Acute Respiratory Syndrome (SARS) is a serious form of 
pneumonia. SARS is caused by a coronavirus that was first identified in 2003.  

Scientists suspected that the virus had been transmitted to humans from some other 
animal. Testing was completed on several animal species. Strains of the coronavirus 
similar to those found in humans were identified in different species of horseshoe bats 
(genus Rhinolophus) and palm civets (Paguma larvata). Samples were taken from the 
different sources and the virus’s RNA from each sample was sequenced. 

The molecular information enabled the scientists to draw an evolutionary tree for 
different strains of the coronavirus. 

The following evolutionary tree was drawn. Strain 7 is found in palm civets, and strains 5 
and 6 in humans. All other strains are found in different species of horseshoe bats. 

 

Which suggestion could provide an explanation for the evolution of strains 5, 6 and 7? 

 

A Strains 5, 6 and 7 share the most recent common ancestor, suggesting that strain 7 
evolved into strains 5 and 6 over time.   

B Strains 5, 6 and 7 belong to the same genus and species but different families. 

C Strains 5, 6 and 7 possess a shared derived character that distinguishes them from 
strain 8.   

D Strain 1 is the most distant common ancestor of strains 2 to 8 as it underwent 
allopatric speciation in the process of evolution.  

strain 1 

strain 2 

strain 3 

strain 4 

strain 5 

strain 6

strain 7 

strain 8 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



20

27 The diagram below shows an antibody.  

Which statement correctly match the structure to its function? 

A Structure P has a unique antigen binding site that recognise the antigen on the 
bacteria.  

B Structure Q is the constant region which binds to receptors on the macrophages 
and induce phagocytosis of the bacteria.   

C Structure R ensures flexibility of the antibody to coat surface of the bacteria.  

D Structure S is the variable region that determines the isotype of the antibody.  

28 LD50 (lethal dose 50) is the concentration of a substance that kills 50% of a population. 
The LD50 was assessed in a population of bacteria constantly exposed to an antibiotic.  

 
What explains the results shown in the graph? 

A Sudden mutations occur in all bacteria in the population. 

B The bacteria develop an enzyme to destroy the antibiotic. 

C The bacteria develop metabolic pathways to destroy the antibiotic. 

D Bacteria that survive pass on genes for resistance to the next generation. 
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29 A small town depends on a river for water supply. The graph shows the projected water 
availability from the river and the demand for water in the town. The winter months are 
from July to September and the summer months are from January to April.  

 

 
Which of the following cannot be concluded from the information given? 

A The town faces severe water stress in the months of June and July. 

B Climate change will increase the water stress on the town by causing the winter ice 
to melt more rapidly than normal in December and January. 

C The increase in temperature will result in more precipitation to occur as rain rather 
than snow thus the town will suffer from low water supplies by summer's end. 

D The town faces no water shortage as it is natural for the river to change its volume 
and water level due to the seasons. 
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END OF PAPER 

30 The diagram shows the topographical profile of two mountains in the tropics during 
natural warm and cool phases in the Earth’s climate. The shape of the lines corresponds 
to a vertical section through the mountains to show their height and shape. The 
distribution of rain forest vegetation is also shown.  

 

 

Which of the following statement is correct? 

A The rain forest vegetation moves to stay in the suitable range of temperatures of 21 
to 27oC. 

B The lower altitudes are too hot during the warm phase in the Earth’s climate for the 
growth of the rain forest vegetation. 

C Climate change causes the rain forest vegetation distribution to increase in altitude 
when the cool phase changes to the warm phase.

D The changing rain forest vegetation distribution decreases evolution as selection 
pressure remains the same. 
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2017 Y6 Preliminary Exam H2 
MCQ Answer Scheme 

1 D 16 C
2 C 17 A
3 C 18 D
4 B 19 A
5 A 20 A
6 C 21 B
7 C 22 A
8 D 23 C
9 B 24 C
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Structured Questions (100 marks) 
Answer all questions in this section. 

 

For 
Examiner’s 

use

Question 1 

Collagen is the main structural protein of the various connective tissues in animals. As 
the main component of connective tissue, it is the most abundant protein in mammal, 
making up from 25% to 35% of the whole-body protein content. Fig. 1.1 shows the 
structure of a collagen fiber and collage fibrils. 

Fig. 1.1 

(a) Describe the primary structure of a collagen polypeptide. [2] 

 

 

 

 

 

 

 

 

 

Collagen fiber 

Collagen fibril 
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(b) With reference to Fig. 1.1, For 
Examiner’s 

use
(i) Describe two ways how the structure of a collagen fiber differs from that of a

DNA molecule. [2]

(ii) Draw a diagram to show why a collagen fibril has high tensile strength.
Annotate your diagram appropriately. [2]
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(c) Fig. 1.2 shows two membrane-bound organelles commonly found in animal cells. 

 

Fig 1.2 

For 
Examiner’s 

use

Describe two other functions of organelle Y not shown in Fig. 1.2. [2] 

 

 

 

 

 

Total: [8]
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Question 2 For 
Examiner’s 

use
A research group discovers a hydrolytic enzyme in the aleurone of the barley seed that 
converts lipids to simpler molecules and begins to characterize it. Aleurone is a protein 
found in protein granules of maturing seeds and tubers.  

The researchers found that the three essential catalytic groups in the active site are 
contributed by histidine 57, aspartate 102 and serine 195, where the numbers denote the 
position of the amino acid in the amino acid sequence. 

(a) (i) Describe one advantage of storing lipids rather than starch in a seed. [1] 

 

 

 

(ii) Explain what determines the precise position of these three amino acids in the 
structure of the hydrolytic enzyme. [3] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The researchers discovered that the seed germinates best if the soil is cool at close to 
For 
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5 C. In an investigation into the properties of the hydrolytic enzyme, they set up three 
water baths at 15, 20 and 25 C. Into each bath was placed a tube containing 1 cm3 of the 
enzyme solution and a tube containing 10 cm3 of concentrate substrate solution. On 
reaching the required temperature, the enzyme and substrate were quickly mixed and 
kept in the water bath. 

There was a large excess of the substrate, so that the substrate concentration was not a 
limiting factor. 

Samples were taken from each tube at regular intervals and the concentration of the 
product in these samples was determined. The results are shown in Fig. 2. 

Fig. 2 

Examiner’s 
use

(b) (i) Account for the curve at 15 C in Fig. 2. [3] For 

concentration
of product/ 
arbitrary units  
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 Examiner’s 
use

 

 

 

 

 

 

(ii) Predict and explain the effect of carrying out the procedure at 5 C. Sketch 
your prediction on Fig. 2. Label it as Y. [3]

  

 

 

 

Total:[10]

Question 3 For 
Examiner’s 
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use
(a) Fig. 3 shows replication of a part of the glucagon receptor gene. 

 

 

Fig. 3 

(i) Name the bases labelled X and Y on Fig. 3. [1] 

X
 

Y
 

 

(ii) Explain how Fig. 3 shows semi-conservative replication DNA. [3] 

 

 

 

 

 

 

 

 

 

 

(b) DNA replication involves a number of enzymes including DNA polymerase.  For 
Examiner’s 
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Describe two other enzymes and their functions in DNA replication. [2] use

(c) Contrast the elongation stage in DNA replication with translation. [3]

Total:[9]

Question 4 For 
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Examiner’s 
use

A student wanted to introduce ampicillin resistance gene (AmpR) to a strain of bacteria. 
Fig. 4.1 shows a drawing done by the student to summarize his experimental procedure 
and expected results.  

Fig. 4.1 

(a) (i) What is process X? [1]

(ii) What is the significance of the plate with no colonies? [2]

(iii) When the student carried out the experiment, he did not obtain any colonies
on either plates. Explain why. [1]

For 
Examiner’s 

use
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In bacteria, genes coding for enzymes involved in the same metabolic pathway are 
arranged into operons. Fig. 4.2 shows the changes in the concentration of enzymes that 
synthesise tryptophan and utilise lactose in a bacteria cell after the addition of tryptophan 
and lactose.  

 

Fig. 4.2 

(b) (i) Describe the difference in the shape of the graph after the introduction of 
tryptophan and lactose. [2] 

 

 

 

 

 

 

 

 

 

(ii) Explain the change in concentration of tryptophan synthesizing enzyme after 
the introduction of tryptophan. [3] 

For 
Examiner’s 

use
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(c) Name one lactose utilisation enzyme and suggest why the bacteria cells maintain
some of this enzyme before the introduction of lactose? [2]

Total: [11]
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Question 5 For 
Examiner’s 

use
Fig. 5 shows the early development of a human embryo after fertilisation.  

 

Fig. 5 

(b) (i) Name the type of cell division undergone by the zygote to form the four-cell 
stage. [1] 

 

 

(ii) Plot accurately, in the graph below, the number of chromosome per cell for 
the four stages of development and complete with a line graph. [2] 
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Hematopoietic stem cells divide asymmetrically to give specialized cells such as the red 
blood cells.  

For 
Examiner’s 

use

(b) (i) Explain the term “asymmetrically”. [1]

(ii) How are hematopoietic stem cells different from their specialized cells? [2]

(c) Haemoglobin A (HbA) is the oxygen carrier protein that is found in normal red blood
cells. HbS is found in sickle-shaped red blood cells.

Table 5.1 

Hb A  globin thr – pro – glu ….. 

Hb S  globin thr – pro – val ….. 

(i) Table 5.1 shows a segment of the HbA and HbS polypeptide sequence.
Identify this mutation. [1]
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Table 5.2 shows the DNA triplet code. 

Table 5.2 

With reference to Table 5.1 and 5.2, 

For 
Examiner’s 

use

(ii) explain the minimum number of mutation that resulted in HbS. [2]

(iii) Identify the maximum number of gene mutations HbA can undergo such that
the polypeptide sequence shown in Fig 5.1 is unchanged. [1]

Total: [10]
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Question 6 For 
Examiner’s 

use
(a) Fig. 6.1 shows the methylation pattern of a segment of DNA from a human

chromosome taken from three different cell types.

Fig. 6.1 

(i) With reference to the Fig. 6.1, describe and explain the effect of DNA
methylation on gene expression in the neuron. [4]
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(ii) Gene D codes for melanin which is a type of pigment found in most organisms.
Melanin is produced only in skin cells and functions as the primary determinant
of skin colour.

Explain why the pattern of DNA methylation in gene D differs in the three cell
types. [3]

For 
Examiner’s 

use

(iii) Suggest why gene A is not methylated in all the cell types and hence suggest a
possible identity of gene A. [2]
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(b) Methylation of DNA always occurs on the cytosine base of a CG dinucleotide. The 
methylation pattern is heritable when a cell divides by mitosis. Fig. 6.2 illustrates this 
process.  

 

Fig. 6.2 

For 
Examiner’s 

use

Using information in Fig. 6.2, suggest how it is possible for the methylation pattern to 
be inherited. [2] 

 

 

 

 

 

Total:[11]
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Question 7
 

For 
Examiner’s 

use
Cats possess a gene for producing tails. The tailless Manx phenotype in cats is produced 
by an allele that is lethal in the homozygous state. The Manx allele ML severely interferes 
with normal spinal development. In heterozygotes (MLM), this results in the absence of tail. 

Female cats are homogametic while male cats are heterogametic. The gene for 
black/orange/tortoiseshell coat colour is located on X chromosome and has two alleles XO 
and Xo. Table below shows the genotypes of cats of different colours. 

XoXo, XoY Black coated female, male 

XOXO, XOY Orange coated female, male 

XOXo 
Tortoiseshell (intermingled black and 

orange in fur) in female only 

 

The table below shows the genotypes of two cats.  

Female cat Male cat 

Coat colour Orange black 

tail No tail No tail 

Genotype XOXOMLM XoYMLM 

(a) List down all possible genotypes of their zygotes if these two cats were to 
mate. [2] 
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48 offspring were obtained from the above cross and the phenotype of the 
offspring were as follow: 

Number Phenotype 

17 Tortoiseshell female with no tail 

7 Tortoiseshell female with tail 

14 Orange male with no tail 

10 Orange male with tail 

John and Mary were studying the genetic inheritance of Manx and coat colour 
in cats and each of them came to a different conclusion about the expected 
ratio of phenotypes of offspring from the cross of these two cats. Below are 
their respective conclusions. 

John’s conclusion 
Ratio Phenotype 

3 Tortoiseshell female with no tail 

1 Tortoiseshell female with tail 

3 Orange male with no tail 

1 Orange male with tail 

Mary’s conclusion 
Ratio Phenotype 

2 Tortoiseshell female with no tail 

1 Tortoiseshell female with tail 

2 Orange male with no tail 

1 Orange male with tail 

For 
Examiner’s 

use 
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Degree of freedom 
Probability, p

0.1 0.05 0.02 0.01 0.001 

1 2.71 3.84 5.41 6.64 10.83 

2 4.61 5.99 9.21 9,21 13.82 

3 6.25 7.82 11.35 11.35 16.27 

4 7.78 9.49 13.28 13.28 18.47 

 

2  = 
E

)EO( 2

     v = c – 1 

where  = ‘sum of…’                  O = observed ‘value’ 

 v = degrees of freedom                  E = expected ‘value’ 

 c = number of classes 

 

Using the formula for the 2 test and the table of 2 values above, 
 

For 
Examiner’s 

use

(b) (i) Calculate the value of the 2 test based on John’s conclusion. Show your 
working in the space provided below. [2] 
  

 

 

 

 

 

(ii) Calculate the value of the 2 test based on Mary’s conclusion. Show your 
working in the space provided below. [2] 
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(c) In your opinion, who do you think is MORE CORRECT? Explain your choice. [2] For 
Examiner’s 

use

Total:[8]
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Question 8 For 
Examiner’s 

use
Studies were carried out on soil-dwelling aerobic bacteria. Soil samples were taken at two 
depths, A and B. The samples were taken at intervals over six years to determine the 
activity of dehydrogenases, involved in the Krebs cycle. 

Fig. 8 shows the mean dehydrogenase activity of the bacteria in these samples. 

Fig. 8 

(a) (i) Explain the importance of Krebs cycle dehydrogenase in ATP synthesis. [3]
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(ii) With reference to Fig. 8 and your knowledge on enzymes, explain which 
samples, A or B, were taken from a greater depth. [4] 

For 
Examiner’s 

use

 

 

 

 

 

 

 

 

 

(b) Dehydrogenase is also required for anaerobic respiration. Describe the process 
catalysed by the lactate dehydrogenase. [2] 
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(c) Photosynthetic bacteria can be found in the ocean. Samples of bacteria were 
collected at the same depth from different locations and the activity of the enzyme 
RUBISCO was studied. Results obtained show that the samples collected near 
factories had higher RUBISCO activities than samples collected near forests.      

For 
Examiner’s 

use

(i) Identify the factor which explains the differing result. [1] 

 

 

(ii) Explain how the factor mentioned in (c)(i) affects the activity of RUBISCO in 
samples near factories. [2] 

 

 

 

 

 

Total: [12]

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



28 

BLANK PAGE 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



29 

Question 9
 

For 
Examiner’s 

use
In Lake Tanganyika in Africa, there are six species of fish of the genus Tropheus and a 
much larger number of distinctly coloured subspecies of each of the six species.  
Tropheus species are small fish that are confined to isolated rocky habitats around the 
shores of Lake Tanganyika. 

The six species evolved during the primary radiation phase when the lake was first filled, 
about 1.25 million years ago. They arose from river dwelling ancestors and then filled all 
available niches in the lake. 

Secondary radiations into the many subspecies occurred during the last 200 000 years. 
Sometime during this period, the water level in the lake fell, resulting in the formation of 
three separate lake basins. These basins persisted for many thousands of years before 
the water level rose again. 

Fig. 9 shows an outline map of the lake and the location of the three temporary basins 
caused by lowering of lake levels. 

Fig. 9 
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Explain how natural selection could have caused the evolution of the six closely 
related species in the primary radiation. [4] 

For 
Examiner’s 

use
 

 

 

 

 

 

 

 

 

Total:[4]
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Question 10 For 
Examiner’s 

use
Fig. 10 shows the infection of Mycobacterium tuberculosis in latent Tuberculosis infection 
(LTBI). 

Fig. 10 

(a) Describe how M. tuberculosis is transmitted. [2]

(b) (i) With reference to Fig. 10A, explain why the monocytes and dendritic cells
migrate to the lymph nodes. [2] 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



32 

(ii) With reference to Fig. 10B and using your own knowledge, describe how the 
tubercle is formed. [3] 

For 
Examiner’s 

use

 

 

 

 

 

 

 

Total: [7]
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Question 11 For 
Examiner’s 

use
Surface ocean carbon dioxide concentration can be determined by recording the 
concentration of carbon dioxide, in a closed volume of air that was circulated with a 
constantly renewed supply of water obtained two to three meters below the surface of the 
ocean. 

Fig. 11.1A and B are graphs showing the changes in concentration of carbon dioxide in the 
air and changes in pH in the oceans of Bermuda and Hawaii from 1990 to 2010.  

Fig 11.1A 

Fig 11.1B 

Bermuda 

Hawaii 

Hawaii 

Bermuda 
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(a) (i) Explain three human activities that have resulted in increased emission of 
carbon dioxide into the atmosphere. [3] 

For 
Examiner’s 

use

 

 

 

 

 

(ii) With reference to Fig. 11.1A and B, describe and explain the relationship 
between atmospheric CO2 concentration and ocean pH for both Hawaii and 
Bermuda. [3] 
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(b) The increase in carbon dioxide in the atmosphere causes warming of the Earth. The
ocean absorbs most of these excess heat from the atmosphere. The top few meters
of the ocean stores as much heat as Earth's entire atmosphere.

Fig. 11.2 shows examples of reefs from the Great Barrier Reef in different
concentrations of surface ocean carbon dioxide.

For 
Examiner’s 

use

A B C
Temperature 
increase / oC 

+1 +2 +3

Concentration 
of surface 

ocean carbon 
dioxide / ppm 

375 450-500 >500

Fig. 11.2 

With reference to Fig 11.2, describe and explain the effect of increasing 
concentrations of surface ocean carbon dioxide on coral reefs. [4] 

Total:[10]

END OF PAPER 
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DUNMAN HIGH SCHOOL 
PRELIMINARY EXAMINATION 2017 

YEAR SIX 
H2 BIOLOGY (9744) 

Suggested Answers 
Question 1 
(a)

Primary structure made up of amino acids joined together by peptide bonds
Contains proline and glycine, hydroxyproline and hydroxylysine
very third amino acid in the polypeptide sequence is glycine

(b)(i)
A collagen fiber is made up of amino acids while DNA molecule is made up of
deoxyribonucleotides
A collagen fiber is made up of the aggregation of many polypeptide chains cross-linked
together while DNA molecule is made up of 2 strands of DNA

(b)(ii)
Staggered arrangement of tropocollagen, label tropocollagen
Label covalent cross-linkages between tropocollagen

(c)
fuse with endocytotic vesicles/ food vacuole to digest the materials within
Release hydrolytic enzymes resulting in self-digestion of the cell / autolysis

Question 2 
(a)(i)

For the same weight/mass, lipid has a higher / twice the amount of energy than starch
thus allowing less amount of fats to be stored for the same amount of energy

(a)(ii)
due to a specific amino acid sequence which result in precise/specific folding into
secondary and tertiary structure
Bringing R groups of amino acids far apart to close proximity in the active site
Interactions between R groups results in formation of hydrogen, ionic and disulphide
bonds and hydrophobic interactions

(b)(i)
Linear increase of concentration of product from 0  to 3.8 a.u as time increase from 0 to
2hr
enzyme is still working at 15 0C even though optimum temperature is 5 0C

beyond 2hr, curve starts to level off and plateau at 3 hr and  concentration of product
remain at 4.3 a.u
at this point, the enzyme is denatured, because at 15 0C, heat energy causes the ionic
and hydrogen bonds to be broken

conononnncececececeentraationononononon oooooof ffff prprprprpprododododododucucucucu tt t frommmmm 0000000  ttototo 333333.8.8 aa.uu aas s tim

kinnnggggg ataatataaa 1155 000CCC evenenenenen tthohohhohohoh ugggggh oppppptimum tetempmpereratatururee is

starts to level off andddd plateau at 3 hr and con
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(b)(ii)
Explanation: [2] 

Rate of reaction is slower because lower kinetic energy compared to the other
temperatures. Lower number of effective collisions between enzyme and substrate,
resulting in less enzyme-substrate complexes formed and hence less product formed
Concentration of product is higher than for the other temperatures because it is the
optimum temperature at which the hydrolytic enzyme works
Graph: [1]

Rate of reaction slower than15 C, should not show plateau

Question 3 
(a)(i)
X – Cytosine  
Y – Thymine  

(a)(ii)
parental strand acts as template for the synthesis of the new strand
parental strand CAGAGATCA will result in the newly synthesised strand with sequences
GTCTCTAGT
newly synthesised daughter DNA molecule consists of one original strand and one newly
synthesised strand

(b)
Helicase is involved in breaking of hydrogen bonds between the two DNA strands
DNA ligase catalyses phosphodiester bond

(c)
The enzyme required for elongation in DNA replication is DNA polymerase while the
enzyme involved in translation is peptidyl transferase
The bonds catalysed between subunits of monomers in DNA replication is
phosphodiester bond while the bonds catalyzed for translation is peptide bonds
The monomers used for DNA replication is deoxyribonucleotides while the monomers for
translation is amino acids

Question 4 

(a) (i) Transformation

(a) (ii)
It is a negative control
to show that bacteria with no ampicillin resistance gene will not grow / multiply

(a) (iii)
bacteria strain is not competent

(b) (i)
The concentration of tryptophan synthesising enzymes deceases while that of lactose
utilisation enzymes increases
The concentration of lactose utilisation enzymes plateau at a higher level than
tryptophan synthesizing enzymes

ntrrrrolooooo
eriaaa wiwwiwiwiwitttht nnooo amamamamampipipipipicilllllllllinininninin rrrrresesesse isssstancnnccceee e eeeeeeeee ggggegeggegegegggegegggggggg neneeeneneneneeeee wwwwwilililillllll nonononononot t t t tt grgrgrgrgrg ow

ott t coccoompmpmpmpmpetetetetete enenenee tt
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(b) (ii)
Tryptophan binds to trp repressor proteins and activates it
Trp repressor protein binds to the operator region on the trp operon and turns off the
operon.
Existing tryptophan enzymes are degraded by enzymes

(c)
Permease. ;
So that the lactose, when present, can be transported into the cells to induce the lac
operon and turn on the transcription of more lactose utilisation enzymes. ;

Question 5 

a(i)
Mitosis  

a(ii)
1M correct plot
1M joining the 4 correct dots with a straight line

(b) (i)
The parental stem cell divides to give 2 different cells. One remains as a stem cell while
the other differentiate into a specialized cell.

  
(b) (ii)

Hematopoietic stem cell is undifferentiated  while its specialised cells are differentiated to
have a specific function / structure
Stem cell can divide and renew itself indefinitely / without limit but red blood cells cannot
divide

c(i)
missense mutation 

c(ii)
1 nucleotide change from A to T.
Changes the codon from GAA / GAG, coding for Glu, to GTA / GTG, coding for Val.

c(iii)
7  

Question 6 
(a)(i)

the genes C, D and F are methylated which results in long-term silencing of genes
Methylated DNA recruits histone deacetylase which removes acetyl group from lysine
and arginine residues on histone tail, restores positive charge
Ionic bonds form between positively-charged histone tails and negatively charged DNA
Methylation of DNA also changes the conformation of the DNA such that transcription
factors and RNA polymerase cannot recognise and bind to access promoter of gene

d F are methylated which results in long-term sile
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(a)(ii)
 Methylation of gene D for neuron and -cell but not skin cell allows only the skin cell to 

produce melanin  
 Since all somatic cells contain the same set of genes 
 There is differential methylation / gene expression for each specific cell type to carry out 

its specific function 
 
 
(a)(iii)
 Gene A is an essential gene that is required for normal functioning of all cell types 
 For example, gene A codes for RNA polymerase / aminoacyl tRNA synthetase  

 
(b)
 The daughter molecule consist of one parental strand with methylated cytosine and one 

daughter strand.  
 Parental strand with methylated cytosine of CG serves as a signal for DMT to methylate 

the cytosine of CG on the daughter strand 

Question 7 
(a)
XOXoMLML  XOXoMLM   XOXoMM 

XOYMLML   XOYMLM    XOYMM 
1M for every 3 correct  

(b)(i)

2 = (17-18)2 + (7-6)2 + (14-18)2 + (10-6)2 

 18       6             18            6

  3.78 

(b)(ii)
2 = (17-16)2 + (7-8)2 + (14-16)2 + (10-8)2 

 16       8             16            8

 0.94 

c

 Mary is correct. Although both calculated 2 values are smaller than the critical 
value, Mary has the smaller calculated 2 value.  

 There is a higher probability, that any a difference between the observed and 
expected number is due to chance, there is a higher probability that the difffernce 
is not significant.  

Alththhthhthouuououughghghghghgh bbbbbotooto hhhhh cacc lclclccculululululatatatatatededededede  22222 valueueueueueessss ss ararararara e e e e e smssss alle
the smaller calculateddd 2 value
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Question 8 
(a) (i)

Dehydrogenase reduces NAD+ to NADH
when isocitrate is converted to -ketoglutarate / succinyl-CoA; OR when malate is
converted to oxaloacetate.
NADH carries the electron and proton to electron transport chain for ATP
synthesis via oxidative phosphorylation.

OR 

Dehydrogenase reduces FAD2+ to FADH2

when succinate is converted to fumerate.
FADH2 carries the electron and proton to electron transport chain for ATP
synthesis via oxidative phosphorylation.

(a)(ii)
Depth B

Mean dehydrogenase activity was lower, ranging from 1.5-2.5AU, while that of
depth A was higher, ranging from approximately 3.2-5.5AU.
At a greater depth, oxygen concentration is lower. Hence, rate of oxidative
phosphorylation is lower.
Regeneration of NAD+ / FAD2+ is slower hence there is lesser substrates for
effective collision.

(b)
lactic acid fermentation
Pyruvate converted to lactate, NADH oxidised to NAD.

(c)(i)
Carbon dioxide concentration 

(c)(ii)
Carbon dioxide concentration is higher near factories
More CO2 for fixation with Ribulose Bisphosphate

Question 9 
Variations in population due to random mutation resulting in different alleles;
primary radiation phase, different niches in the lake with different selection
pressure;
fish with at selective advantage survive and reproduce viable offspring, passing
on advantageous genes/alleles to the next generation;
accumulation of many genetic changes over a long period of time to evolve into
different species;
geographical isolation/ accept hundreds of km apart thus no gene flow between
different populations;

4 max 

pulalalaaaationonononnn dddddueuuuu tttttooooo randndndndndomomomomo mmmmutatattaation resultingngngngngng iiiiinnnnnn d
 phphphhhasasassase, dddifffffferererererenenenenent nininininichchchchchesesses in tthhhhhtt eeee e e ee e eeeeee lalalalalalal kekekeekekekekekeeee wwwwwwwititititith hhhhh dididididd ffffffffffere

tiveveeeee aaaaadvdvdvdvdvananananantatatatatagegegegege sssssurururururvivvvvv vvvvveeeee anananananddddd reprrrrrodododododducucucucucce e e ee vvivivv able o
s geggeg nenenenenes/s/s/s/s//alalalalala leeeleleleessss to tttttthehehhehe nnnnnexexexexxxttt tt gggeneeeeerararararationonononoon;;;;;

ti h l i d f t
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Question 10 
(a)
 airborne transmission / contact via respiratory droplets.  
 when one who is infected with M. tuberculosis sneeze / cough and another 

person inhales the respiratory droplets.  
 Only people suffering secondary/reactivated tuberculosis  

2max 

(b)(i)
 The monocytes and dendritic cells are able to present the antigens of M. 

tuberculosis / the bacteria to the CD4 T cells in lymph nodes  
 Activated T cells will elicit the adaptive immune response against the bacteria. 

(b)(ii)
 Cytokines released by infected epithelial cells and macrophages 
 Attracts T cells and B cells to the lung parenchyma. ; 
 These white blood cells tightly appress the macrophages which are infected by  

Question 11 
(a)(i)
 increasing energy usage which requires the combustion of fossil fuels to generate 

electricity 
 Deforestation results in the removal of forests which are the carbon sink. Burning 

the forest releases the stored organic carbon back into atmosphere as CO2 
 Increasing consumption of meat means that carbon dioxide is released indirectly 

by the agriculture industry rather than the consumers into the atmosphere.  

(a)(ii) 
 atmospheric carbon dioxide increases from 355 to 390ppm, the ocean surface 

CO2 concentration for both Hawaii and Bermuda increases from 325 to 360μatm 
and 335 to 360μatm  

 ocean surface CO2 concentration for Bermuda increases from 335 to 360μatm, 
pH decreases from 8.105 to 8.078. ocean surface CO2 concentration for Hawaii 
increases from 325 to 360μatm, pH decreases from 8.115 to 8.078 

 Ocean surface CO2 dissolves into the ocean water and forms a weak acid which 
decreases the pH  

(b) 
 increase of surface ocean carbon dioxide from 375ppm to 450-500ppm causes 

an increase of 2oC water temperature while increase of more than 500ppm 
causes an increase of 3oC in water temperature 

 photosynthesis process in the zooxanthellae is disrupted at higher temperature, 
and it produces an excess of products that become toxic to itself 

 The metabolism of the coral polyp is damaged and expels the zooxanthellae, 
leaving the coral skeleton ‘bleached’  

 When there’s an increase of 3oC in water temperature, the corals will eventually 
die from starvation and massive death  

ce ocean carbon dioxide from 375ppm to 450
oCCC wawwawawateteteteter tttempmpmpmpmpeeeree atatatataturururureeeee whwww ileee innncrcrcrccreaeaeaaaeasesesesesee oooof f f fff mommmm rererrrr  t
aseee ooooof f f ff 3oCCC ininininin wwwwwatatatataterererere tttttememememempppepp raaaaaaatuturererererererererereereeererrre 
prococococesesesesee ssss innn ttttthhhehh zzzzzzoooooooooooxaxaxaxaxaxaxaxannntnn heheheheellllllllllaaaeaa  is didididisrsrsrsrsrrupupupupuptetetetetet d d d ddd atatattatt hig
annnn eeexcxcxcccesesesesesssssss ofofofofof pppproroooodududududuuccctcc ssssss tttttthahahahahah t tttt bbebbbbb cooooomemememememe ttttoxoxoxoxoxicicicicicc to its
of the coral polyp is daddd maged and expels the
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Section A: Long Structured Questions (50 marks) 
Answer all questions in this section. 

For 
Examiner’s 

use 

Question 1 

(a) Describe how influenza virus infect cells. [4]

Influenza virus infected cells secretes interferon. Fig. 1.1 shows the functions of 
interferon.  

Fig. 1.1 

KiasuExamPaper.com
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(b) Using your knowledge, explain why the secretion of interferon is NOT considered an 
adaptive immune response. [2] 

For 
Examiner’s 

use

(c) (i) Suggest the importance of destroying RNA in virus infected cells. [2] 

(ii) Interferon induces the expression of RNase L, the enzyme that degrades RNA. 
This enzyme also degrades mRNA and reduces protein expression. Infected cells 
are induced to undergo apoptosis due to low protein synthesis and high protein 
degradation. Name TWO molecules required for protein degradation. [2]  
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Fig. 1.2 shows the binding of interferon to Tyk2 and Jak1 tyrosine kinase receptors 
which led to the production of RNase L, enzyme which degrades RNA.  
 

Fig. 1.2 
 

For 
Examiner’s 

use

(d) With reference to Fig.1.2, explain how extracellular interferon binding led to the 
intracellular expression of RNase L. [6] 
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(e) Outline how cells develop into cancer cells which divide uncontrollably. [4] For 
Examiner’s 

use
  

  

  

  

  

  

  

  

  

(f) Interferon also has anti-tumour activity. It can increase expression of MHC class I 
molecules in tumour cells. 
 
(i) Suggest one tumour-specific antigen presented on these MHC class I molecules. 

[1] 
  

  

(ii) Explain how interferon lead to cancer cell being destroyed.  [4] 

  

 

 

 

 

 

 

 

 

Total: [25]
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Question 2 For 
Examiner’s 

use 
Cholera is a disease caused by the bacterium Vibrio cholera. The disease symptoms are 
caused by a toxin, produced by the bacterium.  
 
The cholera toxin is a large globular protein with a mass of 84 kilodalton (kDa) and is 
composed of two domains, A and B. Enzymatic domain A is made from one polypeptide 
chain and receptor binding domain B is made up of five identical polypeptides. 
 
Fig. 2.1 shows the structure of the cholera toxin. 

 

Fig. 2.1 

(a) (i) Describe how the structure of domain A of the cholera toxin is maintained. [2] 

  

  

  

  

  
 
 
 
 
 
 
 
 
 
 

domain B  

domain A  
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(ii) Explain how a globular protein like cholera toxin differs from a fibrous protein 
such as collagen. [2] 

For 
Examiner’s 

use

(b) During an infection, the cholera toxin enters epithelial cells in the human intestine by 
interacting with receptors on the cell surface membranes. Suggest how the cholera 
toxin enters epithelial cells. [2]       
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(c) There are over 26 strains of Vibrio cholerae, which are pathogenic and the cause for 
cholera disease.  
 
Among Vibrio spp., Vibrio mimicus seemed to be genetically related to V. cholerae, 
since it was originally reported as an atypical biochemical group of V. cholerae strain. A 
clearer appreciation of the relationship came from the genome-based phylogenetic 
analysis, where both V. cholerae and V. mimicus were found to represent two 
genomically different groups of bacteria that correspond to separate species.  
 
Two Vibrio strains, V. rc341 and V. rc586, originally isolated from water samples in 
Chesapeake Bay, USA represent two novel phyletic lineages within the same clade as 
V. mimicus. These isolates are genetically different from V. mimicus, so they have been 
suggested of being two novel species. However V. rc341 shows more genomic 
homology to V. mimicus than V. rc586. 

 

For 
Examiner’s 

use

 (i) Using the information above, complete the phylogenetic tree diagram. [2] 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 (ii) Suggest how it is possible for there to be “over 26 strains of Vibrio cholerae”. [2] 
 

  

  

  

  

  

Total: [10]
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Question 3 For 
Examiner’s 

use
A new mosquito vector control method involves the dominant lethal genetic system known as 
(Release of insects carrying a dominant lethal) RIDL. A genetically engineered RIDL system 
was first demonstrated in the mosquito Aedes aegypti which is responsible for the 
transmission of dengue and malaria. 

In RIDL, the mosquito produces activator protein tTA which is toxic to the cell when 
accumulated in high levels. The regulation of tTA gene is shown in Fig. 3.1. 

Fig 3.1 
 

(a) (i) Define the term control elements. [2] 

 

 

 

 

 

(ii) Contrast the regulation of RIDL and tryptophan operon. [3] 

 

 

 

 

 

 

 
 

Tetracycline 

without tetracycline with tetracycline
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Fig 3.2 shows the numbers of mosquito larvae in traps set up in a control area and in an 
area where males of the transgenic OX513A strain containing the RIDL system of Aedes
aegypti were released in Piracicaba county, Brazil in 2015. 

Tetracycline is an antibiotic which is generally used in the treatment of infections of the 
urinary tract, respiratory tract, and the intestines. Tetracycline is not found naturally in the 
environment. 

 

Fig 3.2 
 

For 
Examiner’s 

use

(b) (i) With reference to Fig 3.1 and 3.2, describe and explain the effect of releasing 
transgenic Aedes aegypti on the number of mosquito larvae in April. [2] 
 

 

 

 

 

(ii) The RIDL mosquitoes are bred to be homozygous dominant for the tTA gene. 
These mosquitoes have similar mating competitiveness as compared to wild type
mosquitoes. 

Suggest the benefits of releasing only male homozygous dominant RIDL 
mosquitoes. [3] 
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(c) A field study was done to determine the distribution of RIDL mosquitoes after it was 
released into the wild. To identify RIDL mosquitoes from wild type mosquitoes, samples 
of mosquito DNA was extracted and tested for the presence of tTA gene. 

For 
Examiner’s 

use

(i) Describe the process of polymerase chain reaction which specifically amplifies 
the tTA gene from the DNA sample. [3] 

 

 

 

 

 

 

 

(ii) Describe two limitations of polymerase chain reaction in amplifying the tTA gene. 
[2] 

 

 

 

 

 

Total: [15]
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Section B: Free-Response Question (25 marks) 

Answer only one question. 
Write your answers on the writing paper provided. 

Answer each part (a) and (b) on a fresh piece of writing paper. 
 

Your answers should be illustrated by large, clearly labelled diagrams, where appropriate. 
Your answers must be in continuous prose, where appropriate. 

Your answers must be set out in sections (a), (b) etc., as indicated in the question. 
A NIL RETURN is required. 

 
 

 
Question 1 

(a) Describe the various roles of RNA in eukaryotes. [12]

(b) Describe ATP synthesis in respiration.   [13]

Total: [25]

OR 

Question 2 

(a) Describe the various bonds and their importance in carbohydrates.  [13]

(b) Describe the differences between Calvin and Krebs Cycles. [12]

Total: [25]

END OF PAPER 
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DUNMAN HIGH SCHOOL 
PRELIMINARY EXAMINATION 2017 

YEAR SIX 
H2 BIOLOGY (9744) 

Paper 3 
Suggested Answers  

Long Structured Questions 

1a
 Hemagglutinin bind to sialic acids on host cells.  
 The virus enter the host cell by endocytosis forming an endosome.  
 Acidic pH in the endosome induces the virus membrane to fuse with the endosome 

membrane, releasing the nucleocapsid into the cytoplasm.  
 Capsid proteins are digested releasing the viral RNA genome into the host cell.  

1b
 Secretion of interferon is not a specific response against influenza virus.  
 There is no memory formed against influenza virus to give a faster response that is of 

higher affinity against the virus.  
 There are no B and T lymphocytes involved in the removal of influenza virus.  

Any 2 

1c (i) 
 Virus has RNA genome.  
 Destroying RNA will prevent virus from replicating / synthesizing viral proteins  

1c (ii) 
 Proteosome  
 Ubiquitin  

1d
 binding of interferon to the extracellular binding sites of Tyk2 and Jak1 receptors, 

causing the receptors to dimerize.  
 Tyk2 and Jak1 on the cytoplasmic/intracellular side receptor tails cross-phosphorylate  
 Tyk2 and Jak1 adds phosphate group to tyrosine residues on their own tail  
 receptor tails are recognised and bind by SH2 domain of STAT1 and STAT2 proteins.  
 Tyk2 and Jak1 phosphorylated STAT2 and STAT1 
 Phosphorylated STAT1 and STAT2 proteins are activated upon dimerization.  
 STAT1 and STAT2 dimer move into the nucleus and bind to interferon response element 

of RNase L.  
 RNase L expression is increased/turned on.  

Any 6 

1e
 Gain of function mutation in at least one allele 
 resulting in overexpression of proteins that stimulates cell division.  
 Loss of function mutation in both alleles/copies of tumour suppressor genes  
 resulting in no inhibition of cell cycle.  

 
 

ospspsppphoryryryyrylaaatett d STSSSS AT22222 anaaaaa ddd STATA 1 
TATATATTT1111 aaana dd STTTTTTATATATATATAT2 prprprpprprotototttoteeeieee nsnnssns arerreee aaaaaactctcctctivivivivatatatateded uupopon n did m
2 dddimimimimmmerererererer mmovovovvvveeeeee inninininntototototoo tttthehehehehe nnnnnnucucucucucucleusususususus aandndndndndndd bbbbbinininninnndddd toto iintnterfer

onn n isiiisis iiiiincncncncncncrererererereasasasssedededededd/t//t// ururururururneneneneneneddd ddd onononononon.....  
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1f (i) 
 Telomerase / mutated oncogene  

1f (ii) 
 Interferon increases expression of MHC class I molecules on the surface of tumour cells, 

Cytotoxic T lymphocytes with T cell receptors bind complementary to the antigen.  
 CD8 glycoproteins bind complementary to MHC class I molecules.  
 Any 1 of Cytotoxic T lymphocytes action; 

o Secretes perforin which forms pores in the cell membrane.  
o Secretes granzymes which hydrolyses proteins.  
o Secretes granulysin which induce apoptosis.  

2a (i) 

 primary structure folds into  helix and  pleated, maintained by hydrogen bonds formed 
between C=O and NH group 

 further folding into a tertiary structure, maintained by hydrogen bonds, ionic bonds, 
disulfide bonds and hydrophobic interactions between R-groups of amino acid residues 

 
2a (ii) 

1. cholera toxin is soluble in water while collagen is insoluble 
2. cholera toxin is made up of non-repetitive specific sequence of amino acids, 

while collagen is made up of repetitive sequence of amino acids  
3. cholera toxin is compact in shape while collagen is elongated in shape/forms 

multimolecular parallel filament to strands/ collagen fibrils and collagen fibres   
2max 

2b
 receptor binding domain B of cholera toxin binds to receptors on cell membrane 
 resulting in a conformational change in receptor      
 cholera toxin enters by endocytosis, formation of a vesicle enclosing cholera toxin   

2c (i) 

2c (ii) 
 Variation within a population is a result of random gene mutations; 
 Result in different e.g. cholera toxin, surface antigens,  
 in addition, conjugation / transduction / transformation, it is possible that a strain 

of V. cholerae can acquire other forms of variation  
max 2 

V. rc586
Vibrio cholerae  

Vibrio mimicus

V. rc341

a population is a result of random gene mutati

e 
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3a (i) 
 Control elements are segments of non-coding DNA that help regulate 

transcription by binding transcription factors 
 Promoter, silencer and enhancer are examples of control elements which are 

bound by RNA polymerase, repressors and activators 

3a (ii) 
 Negative feedback in tryptophan operon as compared to positive feedback in 

RIDL 
 Trp operon uses repressor proteins to decrease the expression of the operon 

while RIDL uses activator protein tTA to increase the expression of tTA gene 
 In trp operon, tryptophan acts as the co-repressor to activate the repressor 

protein while in RIDL tetracycline binds and inactivates the regulator protein tTA 
 Trp operon is negatively regulated by repressor protein while RIDL is positively 

regulated by tTA activator protein.  

3b (i) 
 number of mosquito larvae per trap has dropped from 16 larvae per trap in April 

to 8 per trap 
 As RIDL mosquitoes do not receive tetracycline in the natural environment, RIFL 

mosquito larvae die  

3b (ii) 
 Male mosquitoes do not bite and hence they do not transmit diseases 
 Releasing homozygous dominant RIDL mosquitoes ensures that all the offspring 

will carry the RIDL gene  
 Male RIDL mosquitoes and wild type male have equal chance to successfully 

mate with wild type female mosquitoes  

3c (i) 
 The temperature is increased to 95oC so that the DNA denatures and the 

hydrogen bonds are broken, separating the double stranded DNA into single 
stranded DNA;  

 The temperature is cooled to 55oC so that primers can anneal  to the sequences 
flanking the tTA gene and hybridize to the single-stranded DNA template via 
complementary base pairing; 

 The temperature is cooled to 72oC so that Taq polymerase recognises the 3’ –
OH group on the 3’ end of the annealed DNA primer and starts the synthesis of 
complementary DNA strand; 

3c (ii) 
 Taq polymerase used in most PCR lacks a proofreading mechanism, which 

results in a relatively high copy error rate 
 PCR can only amplify DNA sequences of lengths 0.1 to 5 kb 

 is ss s s cooooololoololo edeedded to o oo o 727777 oC C C C C sososososo thahhh t TaTTT q polyyyymerasesesesesese rrec
 333’ eeeennnndnn oofff thhhhhheeeee aanaaa nenenenenealalalaaledededed DNANANAAAAAA ppprprppprprprpprprpppp iiimimimimimmererererereeeeeeee aaaaandndndndndnd sssssstatatatatatart

DNNNAAA stststststrarar ndndnddd;;;;;

d i t PCR l k f di h
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Free Response Questions 
1a Describe the various roles of RNA in eukaryotes. [12] 

mRNA 
1. role in transferring genetic information from nucleus to cytoplasm 
2. DNA triplet codes are carried in the form of codons in mRNA 
3. Each codon corresponds to one amino acid 

tRNA 
4. role in carrying the corresponding amino acid to ribosome to match with the condon in 

translation 
5. 3’end binds to corresponding amino acid via covalent bond Attached by to amino acid by 

aminoacyl tRNA synthetase 
6. Contains anti-codon which is complementary to codon on mRNA for translation 

 
rRNA 
7. Role in forming ribosome for translation 
8. makes up peptidyl transferase which catalysed peptide bond between adjacent amino 

acid 
9. align tRNA and mRNA in ribosome 

RNA primer 
10. providing 3’OH group for addition of complementary deoxyribonucleotide to growing DNA 

strand  
11. Synthesize by primase 

 
RNA template in telomerase 
12. Role in lengthening telomere  
13. Expressed in stem cells/gametes 

QWC: 2 points from 3 sections 
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1b Describe ATP synthesis in respiration. [13] 

1. ATP is synthesized by substrate level photophosphorylation and oxidative 
phosphorylation. 
 

Substrate level photophosphorylation 
2. ATP is synthesized during glycolysis, in the cytoplasm, and during Kreb cycle in the 

mitochondrial matrix.  
3. 4 ATP / 2 nett ATP is synthesized per glucose molecule during glycolysis.  
4. In anaerobic respiration, ATP is synthesized only by substrate level phosphorylation in 

glycolysis.  
5. In the Kreb cycle, 2 ATP is synthesized per glucose when succinyl-CoA is converted to 

succinate.  
 

Oxidative phosphorylation: 
6. NAD and FAD are reduced during glycolysis, link reaction and Kreb cycle.  
7. Reduced NAD and FAD donates electrons to the electron transport chain on the inner 

mitochondrial membrane.  
8. As electrons are transported along a series of electron carriers of progressively lower 

energy levels, some energy is used to pump H+ from the matrix to the intermembrane 
space, against its concentration gradient  

9. This creates a proton gradient across the inner mitochondrial membrane, driving protons 
to diffuse down its concentration gradient via ATP synthase on the inner mitochondrial 
membrane.  

10. ATP synthase harness the proton motive force for phosphorylation of ADP to ATP, in the 
mitochondria matrix.  

11. O2 is the final electron carrier of the electron transport chain.  
12. 3 ATP is synthesized per reduced NAD and 2 ATP per reduced FAD.  
 
QWC: at least 3 points each from Substrate level photophosphorylation and Oxidative 
phosphorylation
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2a Describe the various bonds and their importance in carbohydrates. [13] 
 
1. Form glycosidic bond by condensation with elimination of one water molecule 

Starch/glycogen 
(1 4) glycosidic bond 

2. Form between between anomeric carbon 1 of  glucose and carbon 4 of the other 
3. Chain coils helically  
4. (10) resulting in a more compact shape for storage 
 
hydrogen bond 
5. intra-chain H-bonding between hydroxyl groups helps stabilise helical structure  
 

(1 6) glycosidic bond 
6. Form between between anomeric carbon 1 of  glucose and carbon 6 of the other 
7. occurs at branch points 
8.  (4) resulting in a more compact shape for storage 
9. Also, the many branch ends allow a number of amylase to act on starch/glycogen at any 

one time so it can be easily broken down 
 
Cellulose 

(1 4) glycosidic bond 
10. form between  glucose which has180º rotation of alternating glucose residues 
11. forms linear structure of cellulose chain 
 
hydrogen bond 
12. Hydroxyl groups project outwards, alternately from both sides of each chain, allowing for 

the formation of hydrogen bonds between adjacent chains, thus establishing a rigid 
cross-linking between the chains.  

13. Microfibrils can be twisted into a threadlike fibril which further coiled and arranged in 
larger bundles to form macrofibrils.  

 

QWC: at least 2 points from 3 bonds 
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2b Describe the differences between Calvin and Krebs cycles. [12] 

 

Marking 
Point  Krebs cycle Calvin cycle 

1 Location Mitochondrial matrix Chloroplast stroma 
2 Substrate Acetyl-CoA and oxaloacetate 

combines to form citrate 
CO2 and Ribulose 

bisphosphate (RuBP) 
3 

Products 

Each glucose molecule gives 
rise to: 

6 NADH 
2 FADH2 

2 ATP 
4 CO2 

For every 3 molecules of 
CO2 that enter the cycle, one 

triose phosphate / G3P is 
made 

4 
Regenerated / 

Starting material 

Oxaloacetate is the starting 
material that is eventually 

regenerated 

Ribulose bisphosphate 
(RuBP) is the starting 

material that is eventually 
regenerated 

5, 6 

ATP Produced via susbstrate level 
phosphorylation 

Used in reduction of 
glycerate-3-phosphate 

where energy Is required 
through hydrolysis of ATP 

7, 8 

Electron carriers 
/ donors 

Use NAD+ and FAD for the 
oxidation of the intermediates 

of the cycle by serving as 
electron acceptors 

Uses NADPH / reduced 
NADP+ to reduce glycerate-

3-phosphate to triose 
phosphate by serving as 

electron donors  

9 
 

Overall 
 

 
Catabolic 

 

 
Anabolic 

 
10, 11 

Role of CO2 
CO2 is released as a result of 

decarboxylation reactions 

Required for carbon fixation. 
CO2 is used to convert 
Ribulose bisphosphate 

(RuBP) to form an unstable 
6C compound that breaks 
down to form glycerate-3-

phosphate 
12 Role of O2 

Occurs only when O2 is 
present Does not require O2 

QWC: 5 or more comparisons.  paaririririiisoooonsnsnsnsnsns.  
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Write your name, class index number and class on all the work you hand in. 
Write in dark blue or black pen on both sides of the paper. 
You may use a soft pencil for any diagrams, graphs or rough working. 
 
Answer all questions.  
 
Write your answers in the space provided in the question 
paper.  
 
The use of an approved scientific calculator is expected, 
where appropriate.  
You may lose marks if you do not show your working or if 
you do not use appropriate units. 
 
Give details of the practical shift and laboratory in the 
boxes provided. 
 
At the end of the examination, fasten all your work 
securely together. 
The number of marks is given in brackets [  ] at the end of 
each question or part question. 
 
 

Shift Laboratory
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List of Apparatus and Materials 
Please note that items 1 – 5 are only available to you for the first 75 minutes of this 
examination.  
 
PLACE ITEM 1-5 BACK IN THE BASKET AFTER 75 MINUTES.  
 
Item Apparatus / Reagents / Chemicals Quantity  Time 

allocation 
1   Toothpick  2 0 – 75 minutes
2 Clean slide 2 
3 Cover slip 2 
4 Sun shade slide 1 
5 Stage micrometer 0.01mm 1 
6 Pipe cleaner 4 
7 White wire 1 
8 Label  4 
9 Transparent tape 1 

 

Item Apparatus / Reagents / Chemicals Quantity  
10 Dried yeast 1 vial 
11 Glucose powder 1 vial 
12 250cm3 beaker 1 
13 Boiling tube 2 
14 Bung and delivery tube 2 
15 Test tube 2 
16 Test-tube rack 1 
17 10 cm3 syringe 1 
18 Styrofoam cup 1 
19 Glass rod 1 
20 Thermometer 1 
21 Stop watch 1 
22 Marker pen 1 
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Prepare wet mount of your cheek cells.  
 
Carefully use a toothpick to scrape the inside of your cheek. Transfer the scraping 
directly onto a clean slide. Add a very small drop of water onto the slide. Then cover 
with the cover slip. 
(a) (i) Make a large, labelled, high-power drawing to show three cheek cells. [3]

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
   
 (ii) Describe the procedure, including the use of the eyepiece graticule, to 

determine the ratio between the diameter of cheek cells and that of their 
nuclei from (a)(i). [4] 
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You are given a microscope slide of a sun leaf. Examine the slide under the high-
power objective lens of your microscope and locate palisade mesophyll cells.  
 
(b) (i) Make a detail, labelled drawing in the space below of three adjacent 

cells. [3] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (ii) Using the eyepiece graticule fitted in the eyepiece lens of your microscope, and 
the stage micrometer, find the actual length, in μm, of one of the cells that you 
have drawn. 
 
Show the measurements that you have made and your working. [4] 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 

            Length of one of the cells = __________________ μm

For
Examiner’s 
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(c) Use the pipecleaners with which you have been provided to construct a model 
which shows the structure of a bivalent (i.e. a pair of homologous 
chromosomes at the end of the prophase stage of meiosis I). 
 

 (i) Use appropriately coloured pipecleaners to represent the parts of the 
bivalent derived from each different chromosome of the homologous pair 
and white wire to represent centromeres. [2] 
 

 (ii) Show one chiasma on your model by twisting the pipecleaners around 
each other. [1] 

  
Assume that two different genes, A and B, are carried on these chromosomes 
and that the organism is heterozygous at these loci.   

 (iii) 
 

Write down the genotype of this organism. [1] 
 
__________________________________________________________

   
 (iv) Add appropriate sticky labels to your model to show a possible location 

for the relevant alleles if the gametes which result from this meiosis are 
of four different genotypes. [2] 
 

  At the end of the examination, use the transparent tape provided to 
securely stick your model in the space below.  

 
 
 

 
 
 
 

 
 
 
 
 

 
[Total: 20 marks]  
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Enzymes in respiring yeast convert glucose to carbon dioxide and water. You are 
required to investigate the effects of temperature on these enzymes by measuring 
the rate of carbon dioxide production.  
 
Prepare a water-bath by half-filling a 250 cm3 beaker with water and maintain is 
temperature between 35 ºC and 40 ºC.  
 
Label two boiling tubes T1 and T2 respectively.   
 
You are provided with 1 vial of dried yeast, and 1 vial of glucose powder. Add them 
into boiling tube T1 and add 10 cm3 of water to make the yeast suspension. Stir 
thoroughly with a glass rod until you get a homogenous yeast suspension. Fit the 
bung and delivery tube provided.  
 
Add 10 cm3 of tap water to T2 and fit the bung and delivery tube provided. Ensure 
that the bungs are of a sufficiently tight fit to make them airtight. 
 
Place the boiling tubes in the water-bath with the delivery tubes in test-tubes of cold 
water, as shown in Fig. 1.1. 
 

 
Fig. 1.1 

 
You will soon notice bubbles of gas appearing from the ends of the delivery tubes.  
 
Wait three minutes. 
 

For
Examiner’s 
use
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(a) (i) Count the number of bubbles produced by T1 in 30 seconds. Enter your 
reading in Table 1.1. Wait 30 seconds and then count the bubbles 
produced by T2 in the next 30 seconds. Repeat this procedure twice 
more. This will give you three readings for each boiling tube.  
 

Table 1.1 
 

 bubbles / 30 sec 

 35 ºC – 40 ºC 45 ºC – 50 ºC 

reading T1 T2 T1 T2 

1     

2     

3     

mean     
 

   
 

 (ii) Increase the temperature of the water-bath to between 45 ºC and 50 ºC 
and repeat the experiment.  
 
Enter your readings in Table 1.1.  

   
 

 (iii) Calculate the mean bubbling rates for all four sets of figures and enter 
your results in Table 1.1. [4] 

   
 

   
(b) Explain why you waited three minutes before counting the gas bubbles. [2] 
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(c) With reference to your results, explain the effect of raising the temperature of 
T1 to between 45 ºC and 50 ºC. [4] 

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

   
 

(d) State the purpose of T2 in your experiment and explain how it could be used 
to make your results more reliable. [2] 

 
  

 
  

 
  

 
  

   
 

(e) Explain how you could improve the procedure even further to ensure that your 
results were even more reliable. [3] 
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(f) 

 
In another experiment, different carbohydrate sources were added to the 
yeast suspension. The amount of gas produced in 20 minutes was measured 
at 35 ºC – 40 ºC. The results are shown in table 1.2.  
 

Table 1.2 
 

Carbohydrate 
added  

Amount of gas emitted in 
20 min / cm3 

 

glucose 2.7  

sucrose 2.9  

lactose 0.0  

  
 (i) Calculate the rate of gas production and enter your results into Table 

1.2. [2] 
   

 
 (ii) Explain the results. [3] 
   

   

   

   

   

   

[Total: 20 marks] 
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The enzyme amylase breaks down starch into maltose. There are several types of 
amylases, such as ,  and  amylase which are used in the food and beverage 
industry. 
 
Two newly identified  amylase and  amylase have yet to be tested for their 
activities at a range of enzyme concentration and temperatures. The optimal enzyme 
concentration is the lowest concentration of enzyme needed to reach the maximum 
rate of reaction. 
 
Using your own knowledge, design an experiment to determine the greatest rate of 
activity for each of the two amylases  and  when used at its optimal enzyme 
concentration and temperature when subjected to the same pH. 
Your planning must be based on the assumption that you have been provided with 
the following equipment and materials, which you must use:

 5%  amylase,  
 5%  amylase,  
 Distilled water, 
 2% starch suspension, 
 3% Iodine solution, 
 timer, e.g. stopwatch 
 thermostatically controlled water-bath and thermometer. 

 
You may select from the following apparatus and use appropriate additional 
apparatus: 
 a variety of different sized beakers, measuring cylinders or syringes for 

measuring volumes. 
 a range of buffer solutions between pH 2 and pH 9, 
 pH probe and digital meter. 

 
Your plan should: 

 have a clear and helpful structure such that the method you use is able to be 
repeated by anyone reading it, 

 be illustrated by relevant diagrams, if necessary, 
 identify the independent and dependent variables, 
 describe the method with the scientific reasoning used to decide the method so 

that the results are as accurate and reliable as possible, 
 show how you will record your results and the proposed layout of results tables 

and graphs, 
 use the correct technical and scientific terms, 
 include reference to safety measures to minimise any risks associated with the 

proposed experiment. 
[Total: 15 marks] 

For
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DUNMAN HIGH SCHOOL 
Preliminary Exam 
Year 6 

H2 Biology    9744/04
Paper 4  Practical 

Answer Scheme 

1
(a)(i)

 3 large cheek cells with nucleus drawn 
 drawing quality – clear continuous line with no shading, cell wall show 

as double line 
 Label – cytoplasm, nucleus, membrane (at least 3) 

(a)(ii)
 Record number of eyepiece unit of the 3 cheek cells from (i) 
 Record number of eyepiece unit of their nuclei  
 Find average of both 
 Find ratio 

(b)(i)
 3 adjacent palisade mesophyll cells drawn 
 drawing quality – clear continuous line with no shading, cell wall show 

as double line 
 Label – cytoplasm, nucleus, membrane, chloroplasts, vacuole (at least 

3) 

(b)(i)
Calibration 
Length of cell in eyepiece unit 
Actual length 
Answer in μm 

                                    
(c)
(i)

 Homologous chromosomes represented by 2 sets of same colour wires 
 Centrosome at same position 

 cytoplasm, nucleus, membrane, chloroplas

piece u ininininittttt
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(ii)
Chiasma 

(iii)
AaBb 

(iv)
 AA/aa/BB/bb on same chromosome (same X) 
 B/b below crossing over 

2 (a) (iii)

Values for T2 columns stated as 0  
Values for T1 (35-40 ºC) column lower than T1 (45-50 ºC)  
Mean values correctly calculated to whole number  

1 (b) 

To allow content in the boiling tubes to acclimatize to the temperature in the water 
bath  
This is to ensure the that number of bubbles counted is representative of the rate of 
respiration at that temperature  

1 (c) 
Quote data 
Hence with raising the temperature from 35-40 ºC to 45-50 ºC, the rate of respiration 
increased  
More CO2 is released  
 
increased temperature, the enzymes have higher kinetic energy. Rate of effective 
collision between the enzymes and its substrates are higher and hence there are 
more enzymes-substrate complexes 

1 (d) 
T2 is a negative control to show that the set-up itself will not emit gas / cause 
bubbles to be formed 
Instead of tap water, 20 cm3 of water with the same amount of glucose added to 
yeast suspension S1 should be used. This ensures that presence of yeast is the only 
dependent variable between T1 and T2.  

1 (e) 
At step (a) (ii), new yeast suspension should be used 
After performing the experiment on the yeast suspension at 35-40 ºC, some glucose 
in the suspension would be used for respiration, changing the concentration of 
glucose  
As a result, glucose concentration might become limiting when rate of respiration is 
measured on the same yeast suspension at 45-50 ºC, causing the measured rate to 
be lower than the actual rate.  

, 20 cm3 of water wiwiwwiwith the same amount ooooof fff glu
1 shshshhhououououo ld bbbe usususususededededed. ThThThThhisisisiis eeeensssuurrrrrurreseseseeseese ttttthahahahahahahatt t t t prprprprresesesesesesenennennncce
betetettweweweweweeneneee TTTT11111 anananannddddd T2T2T2T2T2.  

yeast suspension shoooould be used
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1 (f) (i) 
Appropriate heading with units (e.g. rate of gas production / cm3 min-1) ; 
Correctly calculated rate recorded to 3sf 

1 (f) (ii) 
glucose is the primary respiratory substrate 
Yeast is able to respire with sucrose because it has the enzyme sucrose to 
hydrolyse the disaccharide into glucose and fructose, which are monosaccharides 
Yeast is unable to respire lactose because it has no enzyme lactase to hydrolyse the 
disaccharide to monosaccharides glucose and galactose 

3. Planning 

Theory Enzymes such as amylase are often made of proteins. Enzyme concentration 
determines the amount of active site available for formation of enzyme-substrate 
complex and hence the rate of reaction. Temperature affects the structure and shape 
of active site of the enzyme and hence the rate of reaction. 
 
At low concentrations of enzyme, enzyme is the limiting factor as there are more 
active sites than substrate. As enzyme concentration increases, the number of active 
sites available for formation of enzyme-substrate complex increases and rate of 
reaction increases. At high concentrations of enzyme, substrate is the limiting factor 
as there are empty active sites.  
 
As temperature increases towards the optimum temperature, the rate of reaction 
would increase, doubling for every increase of 100C. The rate of reaction of an 
enzyme is highest at its optimum temperature. After the optimum temperature, the rate 
would decrease sharply as the hydrogen and ionic bonds in the enzyme’s active site 
are broken by the increase in kinetic energy and the enzyme is said to be denatured. 
 
The rate of reaction within each factor (enzyme concentration and temperature) can 
be compared by the amount of time required to digest starch into maltose which is 
indicated by the colour change of iodine from blue-black to yellow. The shortest time 
indicate fastest rate. 
After obtaining the optimum of each factor for both enzymes, the experiment is carried 
out at each enzyme’s optimum enzyme concentration and temperature to obtain its 
highest rate of reaction. 
 

Variables Independent variable to obtain optimum enzyme concentration:  
5 enzyme concentrations of : 1, 2, 3, 4, 5% 
Independent variable to obtain optimum temperature:  
5 temperatures of: 10, 20, 30, 40, 500C. 
 
Dependent variables:  
Time taken for iodine to change from blue-black to yellow. 
 
Controlled variables for all experiments:  
pH of reaction mixture, kept constant at pH 7 
Volume of substrate starch solution, kept constant at 5 cm3 
Volume of  and  amylase used in reaction, keep constant at 1 cm3 

 
Controls A negative control can be set up by replacing  and  amylase with distilled water and 

carrying out the experiment.  
 

Procedure  To determine optimum enzyme concentration: 
 

1. Prepare 5 test tubes with 5 cm3 of 2% starch suspension each using a 5 cm3 
syringe. 

enttt vavvavavaririririr ablelees:  
kennn fffffororororr iiiiiodininne e e e totototo cccchahahahahangngngngngeeeee frfrfrfrfromomomomom bluuuuueee-ee blblblblbbblbblblbbbllblacacacaaaaacacaacaaaaackkkk kk totototototoooooo yyyyyyeleleeee looow.wwwww  

ed vvvvvvararararriaiaiaiaiablblblbbleseseseses fffororororor aaaaall eeeeexpxpxpxpxperererere imimmimmenenenenentststststs:  
actititit onononn mmmmmixixixixxtututututurerrere, kekeekeppptp ccccconononono stststststanananaana ttt tt ataatatata pppH 7
of substrate starch solution kept constant at 5 cm3
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2. Prepare enzyme solutions of 5 different concentrations using simple dilution 
according to the table below. Label the beakers accordingly. 
 
Label Concentration 

of  amylase / 
% 

Volume of 5% 
 amylase 

stock / cm3 

Volume of 
distilled 

water / cm3 

Total 
volume / 

cm3 
1 5 10.0 0.0 10.0 
2 4 8.0 2.0 10.0 
3 3 6.0 4.0 10.0 
4 2 4.0 6.0 10.0 
5 1 2.0 8.0 10.0 

 
3. Add 2 cm3 of pH 7 buffer using 5 cm3 syringe to the mixture and ensure that 

the pH is constant by monitoring with the pH meter.  
4. Add 1 cm3 of the enzyme into the substrate and immediately start the stop 

watch. 
5. After every 1 minute, remove 0.5 cm3 of mixture for iodine test. 
6. Put the mixture on a white tile and add 3 drops of iodine using a dropper onto 

the mixture and mix well. 
7. Record the time it takes for iodine test to give a yellow result in the table 

below. 
 

Enzyme  amylase 
Enzyme concentration Time taken for iodine to turn yellow / s 

Reading 1
 

Reading 2 Reading 3 Average 

5     
4     
3     
2     
1     

 
8. Repeat steps 1- 7 for enzyme  amylase. 
9. Conduct 2 replicates and 3 repeats for both enzymes to ensure consistency 

and reproducibility. 
 
For determining optimum temperature: 

1. Prepare 5 test tubes with 5 cm3 of 2% starch suspension each using a 5 cm3 
syringe. 

2. Add 2 cm3 of pH 7 buffer using 5 cm3 syringe to the mixture and ensure that 
the pH is constant by monitoring with the pH meter.  

3. Prepare 10 cm3 of 5% enzyme using a 10 cm3 syringe. 
4. Equilibrate temperature of the substrate and enzyme by putting them into the 

thermostatically-controlled water bath of 10oC for 5 minutes. 
5. Measure the temperature of substrate and enzyme solution using the 

thermometer to check the desired temperature is reached. 
6. Add 1 cm3 of the enzyme into the substrate and immediately start the stop 

watch. Ensure that test tube with mixture is in water bath. 
7. After every 1 minute, remove 0.5 cm3 of mixture for iodine test. 
8. Put the mixture on a white tile and add 3 drops of iodine using a dropper onto 

the mixture and mix well. 
9. Record the time it takes for iodine test to give a yellow result in the table 

below. 
 
 
 
 
 
 

Meaeaeaaeaeasuurerererere ttthehhhh  temememememperaaaaatututtuturerererere ooooff ff subsbbssbstrate and enzymememememem sol
therererrrmomomomoomeeteeer tototototot ccccchehhhh ckckckckckk ttthehehehehe ddddeeese iredeedd ttttttttemememeemeemeemempepepeeepepepeperararararaatutututut rererereee iiiis s s s s s rerereeereaaaaca h
Addddddd 1111 cccccm33 ofofof tttttheheheheh eeeeenznznznzzymymymymyme eeee ininnininttooto theheheheeehee subububububbbububububuububbststststrarararararaaatttttttteeeeeeeee aaaanaa dd imimimimimimmed
waaaatctctch. EEEEEnssnsnssuruuruureee ee thataatata tesesesesessst ttttt tututututut bebebebee wwwwwwwiiiiiththththth mixxtttuturereereeee iiiiissssss innnnn wwwwwwatatataatatererererer ba
Afttererereeer eeeeeveveveveveryryyryry 1 mmmmminininininutututu e,e,e,e,e, rrrrremememememmovovovovove e e e e 0.0000 55555 cm3 ofofofofof mmmmmixixxxtutututututurerererere for iod
Putututu tthehehehehehee mmmmmixixixixixixixxtutututut reee oooonnnn a whwhwhwhwhiitititi e ee e e titttt lelelelee aaaaannndn  adddddddddd 3333 33 drrrrropopopopopopssssss of iodin
the mixture and mix well
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Enzyme  amylase 

Temperature
/oC 

Time taken for iodine to turn yellow / s 
Reading 1
 

Reading 2 Reading 3 Average 

10     
20     
30     
40     
50     

 
10. Repeat steps 1 – 9 for enzyme  amylase.  
11. Conduct 2 replicates and 3 repeats for both enzymes to ensure consistency 

and reproducibility. 
 
To determine the greatest rate of activity for each enzyme: 

1. Prepare 1 test tube with 5cm3 of 2% starch suspension. 
2. Add 2 cm3 of pH 7 buffer and ensure that the pH is constant. 
3. Prepare 1 test tube with 5cm3 of optimum concentration of  amylase as 

determined earlier. 
4. Equilibrate both enzyme and substrate to the optimum temperature 

determined earlier by using the water bath. 
5. Add 1 cm3 of enzyme into the substrate and immediately start the stop watch. 
6. After every 1 minute, remove 0.5 cm3 of mixture for iodine test. 
7. Put the mixture on a white tile and add 3 drops of iodine using a dropper onto 

the mixture and mix well. 
8. Record the time it takes for iodine test to give a yellow result in the table 

below. 
9. Repeat steps 1 – 8 for enzyme  amylase. 

 
 Time taken for iodine to turn yellow / s  

Reading 1 Reading 2 Reading 3 Average Rate of reaction 
/ s-1 

 amylase      
 amylase      

 
10. Plot the bar graph of rate of reaction against each type of enzyme. 

 

 amylase                      amylaseamamamamamylaylayylaylal se sese e                  ammmmmmylaylaylaylaylasssses
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Prep List (Confidential) 
 

Item Apparatus / Reagents / Chemicals Quantity  
1 Dried yeast, labelled yeast 0.5 g 
2 Sucrose powder, labelled glucose 1 g 
3 250cm3 beaker 1 
4 Boiling tube 2 
5 Bung and delivery tube 2 
6 Test tube 2 
7 Test-tube rack 1 
8 10 cm3 syringe 1 
9 Styrofoam cup 1 
10 Glass rod 1 
11 Thermometer 1 
12 Stop watch 1 
13 Marker pen 1 
14 Hot water at 60 ºC 2 tanks per lab 

  
15 Toothpick  2 
16 Clean slide 2 
17 Cover slip 2 
18 Sun shade slide 1 
19 Stage micrometer 0.01mm 1 
20 Pipe cleaner 2 each color 
21 White tie 1 
22 Label  4 
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1 The diagram shows a single-celled organism with structures P to S labelled.

Which statement(s) correctly describes the structures P to S?

1 Structure P is double membranous with infoldings called cisternae and functions 
in metabolism of glucose.

2 Structure Q is double membranous with flattened sacs called cristae and functions 
to modify and package products of the endoplasmic reticulum.

3 Structure R is composed of phospholipids, proteins and carbohydrates and 
functions to prevent cell lysis.

4 Structure S is composed of microtubules and provides cell motility.

A 3 only B     4 only C      1 and 4 D     2 and 3

2 Viruses are a major class of microorganisms, but they are not cells. 

Which statement about viruses supports the view that viruses are not cells? 

1 Viruses are very small in size.

2 Viruses are only able to replicate in a host cell.

3 Viruses have no metabolic activities of their own.

4 Viruses have protein capsids.

5 Viruses contain only a single form of nucleic acid.

6 Viruses can evolve by genetic recombination.

A     1, 2 and 3 B    1, 5 and 6 C     2, 3 and 5 D     3, 4 and 6

P
Q

R S
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3 The graphs show the rate of uptake of sugars by a culture of animal cells under different
conditions.

Which statements correctly describe the uptake of sugars by the animal cells?

1 3-carbon sugar passes through the phospholipid bilayer down a concentration 
gradient.

2 3-carbon sugar passes through channel proteins against a concentration gradient.

3 6-carbon sugar passes through carrier proteins against a concentration gradient.

4 6-carbon sugar passes through the phospholipid bilayer down a concentration 
gradient.

A     1 and 3 B     2 and 3 C     2 and 4 D     1 and 4

oxygen gas bubbled through the culture

nitrogen gas bubbled through the culture

3-carbon sugar

6-carbon sugar

3-carbon sugar

6-carbon sugar
rate of 
uptake

0

rate of 
uptake

0

0 10 20

0 10 20 30

30

temperature / °C

temperature / °C
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4 - and -amylase enzymes can break the - ,4-glycosidic bonds of polysaccharides, but not 
the -1,6-glycosidic bonds.

-amylase acts randomly within polysaccharides and can produce glucose, maltose, 
trisaccharides and short, branched chains.

-amylase acts at the ends of polysaccharides to remove successive maltose molecules.

Which statement about polysaccharide digestion is correct?  

A Both -amylase and -amylase are required for the complete digestion of starch to 
produce only glucose molecules.

B Digestion of amylose by -amylase will produce only branched molecules.

C Digestion of amylose using -amylase will yield a higher proportion of disaccharides 
than digestion using -amylase.

D Disaccharides can be produced from the digestion of cellulose using -amylase, but not 
using -amylase.
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5 Phosphatidylcholines are phospholipids that have choline as part of the polar head section.

A high proportion of phospholipids in erythrocyte (red blood cell) membranes are 
phosphatidylcholines.

The table shows the results of an analysis to determine the four most abundant component 
fatty acids of human erythrocyte phosphatidylcholines.

fatty acid molecular formula
palmitic acid C16H32O2 CH3(CH2)14COOH
linoleic acid C18H32O2 CH3(CH2)4(CH=CHCH2)2(CH2)6COOH
oleic acid C18H34O2 CH3(CH2)7CH=CH(CH2)7COOH
steric acid C18H36O2 CH3(CH2)16COOH

The diagram shows a phosphatidylcholine. The site of action of four different phospholipases, 
A1, A2, C and D, are indicated.

In phosphatidylcholines,
saturated fatty acids are more commonly found in position R1 than unsaturated fatty 
acids, and 
unsaturated fatty acids are more commonly found in position R2 than saturated fatty 
acids.

Which statement about enzyme action on isolated erythrocyte phosphatidylcholines is
correct?

A The action of phospholipase A1 is likely to yield a higher proportion of oleic acid than 
stearic acid.

B The action of phospholipase A2 is likely to yield a higher proportion of linoleic acid than 
palmitic acid.

C The products of the combined action of phospholipases A1, A2 and D will be free fatty 
acids, glycerol and choline.

D The action of phospholipases A1, A2 and C will cause an increase in the pH of the 
reaction medium.

choline
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6 Isocitrate dehydrogenase catalyses the following reaction in the Krebs cycle:

isocitrate + NAD+ -ketoglutarate + CO2 + NADH

The curves in the graph are obtained when the initial rate of reaction is plotted against 
isocitrate concentration in the presence of various levels of ADP and excess NAD+.

Which statement about this system is correct?

A ADP competes with isocitrate for the active site of isocitrate dehydrogenase.

B ADP binds to an allosteric site of isocitrate dehydrogenase and prevents binding of 
isocitrate to the active site.

C ADP binds to isocitrate and makes it easier for isocitrate to bind to the active site.

D ADP binds to an allosteric site of isocitrate dehydrogenase and makes it easier for 
isocitrate to bind to the active site.

7 Which is a correct statement about obtaining human embryonic stem cells for research?

A Removal of these cells is considered to be ethically acceptable as normal development 
of the embryo is not inhibited.

B The cells must be removed at an early stage of development from a region of the 
blastocyst known as the inner cell mass.

C The cells must be removed within a day following the successful fertilisation of the ovum 
by the sperm, and after checking for normal mitotic division.

D The region of the blastocyst from where the cells are removed is an area that develops 
at a later stage into the placenta. 
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8 In the classic paper that demonstrated the semi-conservative replication of DNA, scientists 
Meselson and Stahl began by showing that DNA itself will form a band when subjected to 
density gradient centrifugation.  

Escherichia coli grown in 15N DNA were switched to 14N and then harvested at eight different 
time points.  The DNA was centrifuged resulting in the banding pattern shown.

0min 6min 14min 20min 22min 30min 38min 50min 60min

Which statements correctly explain the results?

1 At 20 min, the entire DNA of E. coli exists as hybrid with 100% 15N DNA.

2 At 20 min, DNA of E. coli is 50% hybrid with 50% 15N DNA.

3 At 38 min, there are two bands consisting of 50% hybrid DNA and 50% light DNA.

4 At 60 min, there is 25% hybrid DNA and 75% light DNA.

A 1 and 2 B     3 and 4 C     2, 3 and 4 D     1, 2, 3 and 4

14N

15N

14N

15N

1st generation 3rd generation2nd generation

Time elapsed 
since switching 
from 15N to 14N:

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



8

©       Hwa Chong Institution 2017                          9744 H2 Biology / JC2 Preliminary Examinations / Paper 1    

9 The diagram shows the rRNA gene undergoing transcription in the nucleolus of a cell with 
regions X and Y labelled.

Which row is correct?

presence of 
nucleosomes direction of transcription presence of ribosomes

A X to Y

B Y to X

C X to Y

D Y to X

X

Y
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10 The morphology of chromosomes changes with the stages of cell cycle as shown in the 
diagram.

Which statements explain the changes in morphology of the chromosomes?

1 DNA replicates during S phase to produce an identical copy of itself in which the 
sister chromatids are joined together by two centromeres. 

2 At G2 phase, the centromere comprises many tandemly repeated DNA sequences 
that exist as heterochromatin.

3 Chromosomes at M phase is highly coiled and folded around histone-like scaffold 
proteins.

4 From anaphase to next G1 phase, chromosomes have only one DNA molecule 
which coils around the histone core.

A   2 and 4 B     3 and 4 C     1, 2 and 3 D     1, 2, 3 and 4

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



10

©       Hwa Chong Institution 2017                          9744 H2 Biology / JC2 Preliminary Examinations / Paper 1    

11 The diagram shows the time course of events in a T4 phage infection. 

     

         

Which statements correctly describe the events taking place in stages W to Z?

1 During Stage W, T4 phage tail fibres bind to specific molecules on the bacterial 
cell and the viral DNA penetrates into the cell via contraction of the tail sheath. 

2 During Stage X, T4 phage replicates its own RNA genome. 

3 From 13 minutes to 20 minutes, structural proteins including the head, tail, base 
plate and tail fibre proteins for Stage Y are synthesized. 

4 From 13 minutes to 20 minutes, mRNA coding for enzymes required to liberate 
the mature phage particles in Stage Z are synthesized.

A 1 and 3 B     2 and 3 C     1, 2 and 4 D     2, 3 and 4

12 Escherichia coli cells are first grown in a medium containing glucose and all twenty amino 
acids. Subsequently, these cells are transferred to another medium for one hour, in which 
the only source of sugar is lactose and the only source of nitrogen is ammonium ions.  

Compared with the cells grown in the first medium, which statements about the cells grown 
in the second medium are correct? 

1 The lac repressor binds to the lac operator.

2 Catabolite-activator protein (CAP) binds to the CAP binding site.

3 The trp repressor binds to the trp operator.

4 RNA polymerase binds to the trp promoter.

A 1 and 3 only B     2 and 4 only C     1, 2 and 3 D     2, 3 and 4

0 5 10 15 20 25
minutes

Stage W Stage X

early mRNA middle mRNA late mRNA Stage Y

early proteins middle proteins late proteins Stage Z
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13 To analyse the control elements of the human insulin gene, a researcher deleted different 
regions of the DNA upstream of its transcription start site in vitro.  Each of the upstream 
regions was separately fused with the coding region of the green fluorescent protein (GFP)
gene, forming different fusion gene constructs.  These constructs were then separately 
introduced into human pancreatic cells. The following results were obtained.

fusion gene construct transcription start 
site

expression of GFP
gene / %

A B C D 100

A C D 200

A B D 20

B C 95

Which region, A, B, C or D, binds a repressor protein?

14 The following is the DNA sequence on the template strand of a gene, from the 3’ to 5’ 
direction. The gene has 37 codons in total, and the table shows the first 7 codons. 

codon 1 2 3 4 5 6 7

DNA CAC GTG GAC TGA GGA CTC CTC

Three different gene mutations can occur and are described as follows:

1 insertion of two adenines in between codon 2 and 3

2 deletion of the thymine in codon 4

3 substitution of thymine for adenine in codon 6

Which row correctly identifies the possible effects of these gene mutations?

frameshift mutation premature ending of a 
polypeptide

polypeptide could be 
non-functional

A 1, 3 2 only 1, 2

B 2 only 2, 3 1, 2, 3

C 2, 3 1, 3 2, 3

D 1, 2 1 only 1, 2, 3
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15 Mutations in either BRCA1 or BRCA2 genes are responsible for the majority of hereditary 
breast cancer in humans.

The proteins produced by the two genes migrate to the nucleus where they interact with other 
proteins, such as those produced by the tumour suppressor gene, p53 and the DNA repair 
gene, RAD51.

Which combination of gene activity is most likely to result in breast cancer?

gene

BRCA1 or BRCA2 p53 RAD51

A encoding normal protein encoding normal protein encoding abnormal 
protein or no protein

B encoding normal protein encoding abnormal 
protein or no protein encoding normal protein

C encoding abnormal 
protein or no protein

encoding abnormal 
protein or no protein encoding normal protein

D encoding abnormal 
protein or no protein

encoding abnormal 
protein or no protein

encoding abnormal 
protein or no protein
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16 The diagram shows a series of electronmicrographs depicting the different stages in meiosis,
in the order in which they occur.

Which statements are incorrect?

1 The 11 bivalents line up along the equatorial plate in the stage shown in image 8.

2 During the stage shown in image 9, sister chromatids separate.

3 Cells after the stage shown in image 10 are haploid.

4 During the stage shown in image 11, DNA is replicated.

5 Homologous chromosomes pair up in the stage shown in image 12.

A 1 and 3

B 2 and 5 

C 1, 2 and 4 

D 2, 4 and 5 
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17 The table shows the results of a series of crosses in a species of small mammal.

coat colour phenotype
male parent female parent offspring
dark grey light grey dark grey, light grey, albino
light grey albino light grey, white with black patches
dark grey white with black patches dark grey, light grey
light grey dark grey dark grey, light grey, white with black patches

What explains the inheritance of the range of phenotypes shown by these crosses?

A one gene with a pair of codominant alleles

B one gene with multiple alleles

C one sex-linked gene with a dominant and recessive allele 

D two genes, each with a dominant and recessive allele

Use the following information to answer Questions 18 and 19.

18 In a family, a genetic disorder occurs in some individuals as shown in the pedigree. 

Individual III-2 marries a phenotypically normal male. 

What is the probability that their first child will be affected with the genetic disorder?

A 1/4

B 1/8

C 1/12

D 1/16

1 2

1 2 3 4 5 6

1 2 3 4

III

II

I
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19 Consider the identical twins, individuals III-3 and III-4. Neither individual has the genetic 
disorder. A study of many other traits expressed by these two individuals when they were 
aged 20 was carried out.

What would the likely findings of such a study reveal?

A All the traits are the same as the twins are genetically identical. 

B Some of the traits are the same as the twins are genetically identical while some other 
traits are also different due to the influence of the environment.

C Some of the traits are the same when the twins have the same alleles while some other 
traits are also different when the twins have different alleles.

D All the traits are different due to the influence of the environment.

20 Duroc Jersey pigs are typically red, but a sandy variation is also seen. When two different 
varieties of true-breeding sandy pigs were crossed to each other, they produced F1 offspring 
that were red. When these F1 offspring were crossed to each other, they produced red, sandy 
and white pigs in a 9:6:1 phenotypic ratio. 

Which row correctly shows the possible genotypes for each phenotype?

red sandy white

A AABB AAbb aaBB

B AaBb AaBB aabb

C Aabb aaBB aabb

D AaBB Aabb aabb
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21 The diagram shows the action spectrum and absorption spectra of chlorophylls a and 
chlorophyll b. 

Which statements are correct?

1 Both chlorophyll a and b have little absorption in the range of wavelength which 
corresponds to green light. 

2 Both chlorophyll a and b have higher absorption spectra peaks at the range of 
wavelength which corresponds to blue light as compared to that which 
corresponds to red light.

3 There is absence of an exact match between absorption and action spectra in the 
middle region due to presence of carotenoids and accessory pigments. 

4 The action peaks correspond to the absorption peaks, where the rate of 
photosynthesis is the highest at the range of wavelength which corresponds to 
red light.

A 1 and 3

B 2 and 4 

C 1, 2 and 3 

D 2, 3 and 4

wavelength of light / nm

100

90

80

70

60

50

40

30

20

10

0

rate of 
photo-

synthesis

action spectrum

chlorophyll b

chlorophyll a

0

60

50

40

percentage 
light 

absorption

400             450            500             550             600            650             700
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22 The diagram shows part of a chloroplast and part of a mitochondrion.

Which row correctly shows the mode and direction of proton movement and the location of 
ATP synthesis in these two organelles?

proton movement
location of ATP synthesis

mode
direction

chloroplast mitochondrion chloroplast mitochondrion

A

active 
transport

stroma to 
thylakoid 

membrane

matrix to inner 
membrane

stroma matrix
facilitated 
diffusion

thylakoid 
membrane to 

stroma

inner membrane 
to matrix

B

active 
transport

thylakoid space 
to stroma

intermembrane 
space to matrix

thylakoid space intermembrane 
spacefacilitated 

diffusion
stroma to 

thylakoid space

matrix to 
intermembrane 

space

C

active 
transport

stroma to 
thylakoid space

matrix to 
intermembrane 

space stroma matrix
facilitated 
diffusion

thylakoid space 
to stroma

intermembrane 
space to matrix

D

active 
transport

stroma to 
thylakoid space

intermembrane 
space to matrix

stroma intermembrane 
spacefacilitated 

diffusion
thylakoid space 

to stroma

matrix to 
intermembrane 

space

stroma
matrix

thylakoid 
membrane

thylakoid 
space

chloroplast mitochondrion

intermembrane space

outer membrane

inner membrane
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23 Ethylene gas is a plant hormone that regulates plant growth, development and response to 
environmental stress. It is produced from leaves, roots, stems, flowers and especially ripened 
fruits. 

Plants have various ethylene receptors, which are located in the endoplasmic reticulum (ER) 
and are all structurally related. The diagram shows the ethylene signalling pathway. Ethylene 
receptors are dimeric, transmembrane proteins, with a copper-containing ethylene-binding 
domain and a domain that interacts with a cytoplasmic protein called CTR1.

Which statements provide the most direct evidence that the ethylene gas signalling 
mechanism functions to mediate gene expression?

1 In the absence of ethylene, active CTR1 stimulates the ubiquitination and 
degradation in proteasomes of EIN3.

2 In the absence of ethylene, the active ethylene receptors halts transcription of 
ethylene-responsive genes through degradation of EIN3. 

3 In the presence of ethylene, its binding inactivates the receptor, altering their 
conformation so that they no longer activate CTR1. 

4 In the presence of ethylene, the EIN3 protein does not undergo selective 
degradation and can now activate the transcription of the large number of 
ethylene-responsive genes. 

A     1 and 2 B     2 and 3 C     2 and 4 D     3 and 4

Absence of ethylene Presence of ethylene

active ethylene 
receptor

copper ions

ER membrane
CYTOSOL

CTR1

inactive
CTR1

active 
kinase 
domain

inactive 
ethylene 
receptor

ethylene 

polyubiquitin
chain

EIN3

EIN3
degradation in 
proteasomes

DNA DNA
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24 Tiburon is an isolated island off the coast of Mexico. Desert bighorn sheep became extinct 
on this island hundreds of years ago. In 1975, 20 desert bighorn sheep were taken from a 
population in the American state of Arizona as shown in the figure and were re-introduced to 
Tiburon Island. By 1999, the population of desert bighorn sheep on Tiburon Island had risen 
to 650.

Which statement about the 1999 population of desert bighorn sheep on Tiburon Island is 
correct?

A The gene pool of this population will be identical to the gene pool of the Arizona 
populations.

B This population is more homogenous with less genetic variation than the Arizona 
populations as it is an example of the founder effect.

C This population will have become a new species because the mutation rate on Tiburon 
Island will be much higher than in Arizona.

D Having been through a population bottleneck, the current population will now show 
increased genetic variation compared to the Arizona populations.
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25 DNA-DNA hybridization has been used to study the evolutionary placement of red and giant 
pandas. A perfect match between two hybrid strands will yield the highest melting 
temperature (Tm) due to optimal hydrogen bonding between the bases while mismatches will 
lower the Tm leading to less than ideal hybridization. 

The table shows the melting temperature of hybrid pairs of DNA ( C).

Red panda Raccoon Giant panda Spectacled 
bear

Red panda 80 68 52 44

Raccoon - 82 53 42

Giant panda - - 83 75

Spectacled bear - - - 81

Based on the results in the table, which phylogenetic tree would provide the most reasonable 
inference to the evolutionary relationships among these species?

A C

B D

Red panda
Racoon
Giant panda

Spectacled bear

Red panda

Racoon

Giant panda
Spectacled bear

Red panda

Giant panda
Racoon

Spectacled bear

Red panda

Racoon
Giant panda

Spectacled bear
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26 A study was carried out over a 12-year period on the rate of evolutionary change in the anole 
lizard populations found in a group of Caribbean islands.

It determined the average colouration pattern in a certain population changed from 
predominantly brown with green flecks to predominantly green with brown flecks. 

This occurred during a prolonged pattern of above average annual rainfall between 1971 and 
1983. During that time, there was an increase in the broad-leaved green plants. 

Which effects might the introduction of a predator that hunts anoles using motion, rather than 
colour, to detect its prey have on the anole lizard population?

A A new mutation would emerge that introduced a grey colour to the anole population. 

B The numbers of brown versus green anoles in the population would shift to a less 
balanced ratio over time.

C The number of green anoles in the population would increase further.

D The anole population would become highly endangered. 

27 Read the following statement.

“At first, all giraffes had short necks because they all ate leaves close to the ground, but when 
all those leaves were gone, some giraffes started being born with long necks.”

Which statement would be most helpful in correcting this misconception?

A Phenotypic variations occur through spontaneous mutations and are subsequently
selected for or against.

B The phenotype for neck length changed in giraffes so that the species did not go extinct.

C Short-necked giraffes developed long necks in response to increased competition for 
food.

D When the environment changed, the struggle to exist created new mutations in the gene 
pool and natural selection acted on them. 
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28 The diagram shows the process of phagocytosis of a pathogen by a neutrophil. 

Which row is correct?

P Q R S body’s line of defence

A antibiotic extensions 
of cell wall lysozyme lysosome innate immunity

B antibiotic
extensions 

of cell 
membrane

phagosome
antigen-

presenting 
cell

cell-mediated immune 
response

C antigen extensions 
of cell wall

antigen-
presenting 

cell
lysozyme humoral immune 

response

D antigen
extensions 

of cell 
membrane

lysosome phagosome innate immunity

P

Q 

R 

S 

pathogen
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30 Many studies in recent years have investigated the effects of climate change on biodiversity.

Which statements about the impact on climate change on the level of biodiversity are correct?

1 At the population level, climate change is able to decrease genetic diversity due 
to mutation and directional selection.

2 At the community level, climate change has led to phenological shifts in flowering 
plants and insect pollinators, causing mismatches between plant and pollinator 
populations that lead to the extinctions of both the plant and the pollinator.

3 At the biome level, large portions of Amazonian rainforest in tropical South 
America could be replaced by tropical savannahs.

A 1 and 2 only B     1 and 3 only C     2 and 3 only D     1, 2 and 3
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BOOKLET I 

QUESTION 1 

The cell theory was developed in the 1830s. At the same time, it was proposed that living things 
arose spontaneously from non-living materials. This theory of “spontaneous generation” was later 
disproven, but the cell theory has stood the test of time to become widely accepted in the scientific 
community today. 

(a) Outline the cell theory.          

[2]

Fig. 1.1 shows Louis Pasteur’s famous swan neck flask experiment that disproved the spontaneous 
generation theory and supported the cell theory. 

Fig. 1.1

(b)(i) With reference to Fig. 1.1, explain how Pasteur’s experiment supports the cell theory.

[2]
   

Short time

Long time

Liquid remains 
microbe-free indefinitely

Microorganisms 
grow in liquid

Microorganisms trapped 
in bend

Flask remains 
upright

Flask tipped so that 
microorganisms contact 
sterile liquid 

Steam forced 
out open end

Liquid sterilised by 
extensive heating

Non-sterile liquid 
(nutrient broth)  
poured into flask
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(a)(ii) Suggest a reason for the universal acceptance of the cell theory in our world today.    

[1]

Pseudomonas syringae is a pathogen that can enter plants through wounds and cause disease in 
a wide variety of plants.  Fig. 1.2 is an electronmicrograph of a cell belonging to the same domain 
as P. syringae.

Fig. 1.2 

(c)(i)  State the name and chemical composition of the structures labelled A to C.

A

B

C [3]

(c)(ii) P. syringae colonises a host plant and obtains nutrients from the plant tissue.  It can cause 
damage to the leaves of its host plant by secreting toxins and cell wall degrading enzymes, 
without causing harm to itself.  

Explain why this is so.   

[2]

A

B

C

×100 000

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



4 

©   Hwa Chong Institution 2017                                            9744 H2 Biology / JC2 Preliminary Examinations / Paper 2 

When two organisms live in close association with each other, the following are three different 
possible outcomes:

parasitism occurs in the host-pathogen interaction between P. syringae and the host plant 
because the pathogen benefits while the host is damaged. 

mutualism occurs when both host and pathogen benefit.

commensalism occurs when the pathogen benefits but the host neither gains nor loses. 

Based on the endosymbiotic theory, mitochondria in eukaryotes originated from free-living oxygen-
metabolising eubacteria that were engulfed by an ancestral eukaryotic cell, which was otherwise 
unable to use oxygen. 

(d) State and explain which of the three types of interactions best describes the relationship 
between the ancestral eukaryotic cell and its endosymbiont. 

[2]

 [Total: 12] 
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QUESTION 2 

Fig. 2.1 is an electronmicrograph of a lymphocyte in the process of cell division during an immune 
response. 

Fig. 2.1

(a) With reference to Fig. 2.1, 

(i)  name the stage of mitosis. 

[1]

(ii)  describe what is happening during this stage of mitosis. 

[2]
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Stem cells from human bone marrow that are involved in blood cell formation are described as 
multipotent, rather than totipotent.

(b) Distinguish between multipotent cells and totipotent cells. 

[2]

Treatment of leukaemia using bone marrow transplants from donors with matching tissue types was 
first carried out in 1968.  Treatment with adult stem cells extracted from the patient’s bone marrow 
is a much more recent treatment.  After removal of the stem cells, the remaining bone marrow cells 
and white blood cells in the patient, including the cancer cells, are killed. The stem cells are 
separated from the cancer cells in the extract.  The remaining stem cells are returned to the patient’s 
body.  This procedure is still rarely used as it currently gives a greater risk of cancer in the future.  

Several lines of research involving stem cells have shed some light on the causes of cancer.  In 
some cases, the use of stem cells in treatment appears to increase the risk of cancer. 

(c)  Suggest why there might be a connection between the use of stem cells in treatment and 
cancer. 

[3]
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In another line of research, scientists have discovered the formation of cybrids (cytoplasmic hybrid 
cells).  Stem cells may be harvested from cybrids for research or medical purposes. 

Fig. 2.2 shows the steps in the production of a cybrid.  The DNA of such a cybrid is 99.6% human.  

         

Fig. 2.2 

Ovum taken from a cow.

Remove intact nucleus and discard. 

Insert intact nucleus of human cell 
to produce a cybrid.

The cybrid then transferred to a 
Petri dish containing culture 

medium. The cell divides to the 
blastocyst stage. Under UK 

regulations the blastocysts may not 
be allowed to develop beyond 14 

days. 

Cybrids now grow and divide to 
produce stem cells.

Add different chemical substances 
to cause differentiation into different 

cell types for research, e.g. into 
Parkinson’s disease. 

cytoplasm

nucleus

nerve 
cellsblood 

cells
heart 
cells
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(d)  When the Human Fertilisation and Embryology Bill was considered by the UK Parliament in 
2008, some people argued that it is unethical to allow the production of cybrids. 

State whether you agree or disagree that this is unethical and explain why you reached this 
decision. 

[3]
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QUESTION 3 

G-protein linked receptors (GPLRs) play a critical role in glucose homeostasis in mammals.  Fig. 3.1 
shows a GPLR on a section of the cell membrane of a liver cell. 

Fig. 3.1

(a)(i) State the identity of ligand X. 

[1]

(a)(ii)  Explain why ligand X cannot diffuse directly into the liver cell to trigger a cellular response.  

[2]

(b) With reference to Fig. 3.1, describe how the structure of GPLR enables it to function as a 
membrane-bound receptor. 

[3]

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



11

©   Hwa Chong Institution 2017                                            9744 H2 Biology / JC2 Preliminary Examinations / Paper 2 

If a mammal is in a fasting state, the ligand X binds to GPLR on liver cells to trigger the breakdown 
of stored glycogen into glucose that is released into the bloodstream.  Fig. 3.2 shows part of the 
structure of the polymer glycogen. 

Fig. 3.2

(c) Explain how the structure of glycogen is adapted to its function as an efficient storage 
biomolecule.  

[3]

 [Total: 9] 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



12

©   Hwa Chong Institution 2017                                            9744 H2 Biology / JC2 Preliminary Examinations / Paper 2 

QUESTION 4 

Semi-conservative DNA replication results in the formation of genetically identical DNA molecules.
Fig. 4.1 shows a replication fork involved in DNA replication. 

Fig. 4.1 

(a) Describe two structural differences between helices A and B. 

[2]

(b)(i) Describe how a primer strand is synthesised. 

[3]

A

B

5’

5’ 

5’

3’

3’

primer

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



13

©   Hwa Chong Institution 2017                                            9744 H2 Biology / JC2 Preliminary Examinations / Paper 2 

(a)(ii) With reference to Fig. 4.1, explain if the primer is priming the synthesis of the leading strand 
or lagging strand. 

[2]

The gene encoding insulin receptor is located on chromosome 19 and contains 22 exons.  There 
are two forms of the insulin receptor (IR) that differ by 12 amino acids.  These two forms of the 
receptor are: 

IR-A, which binds insulin and insulin-like growth factor 2, and is expressed in the brain and 
ovary. 

IR-B, which binds only insulin, and is expressed in the skeletal muscle and liver. 

Fig. 4.2 is a schematic diagram that illustrates the pre-mRNA sequence and the mRNA sequences 
for the two forms of IR. 

IR pre-mRNA: 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

IR-A mRNA: 

1 2 3 4 5 6 7 8 9 10 12 13 14 15 16 17 18 19 20 21 22

IR-B mRNA: 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Fig. 4.2 

(c) Explain the role of splicing in the structure and function of the two forms of IR. 

[3]

  
[Total: 10]
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QUESTION 5 

A geneticist is studying the pattern of inheritance of glucose-6-phosphate dehydrogenase (G6PD) 
deficiency in a family, as shown in Fig 5.1.
                    

Fig. 5.1 

(a)  With reference to Fig. 5.1, predict and explain the most likely mode of inheritance of G6PD 
deficiency.

[3]
  

I-1 I-2

II-1 II-2 II-3 II-4

III-2 III-3 III-4 III-5

IV-1 IV-2 IV-3 IV-4 IV-5 IV-6

III-1
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Individual II-3 has blood group O and individual II-4 has blood group AB. The ABO gene locus is 
located on chromosome 9.  

(b) Using suitable symbols, draw a genetic diagram to show the expected phenotypic ratio of 
the ABO blood group and G6PD production in offspring of II-3 and II-4. 

[6] 
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The geneticist carried out another investigation on 200 couples where both partners have the blood 
group AB.  The blood groups of their children are shown as follows: 

99 children with blood group A
155 children with blood group AB
106 children with blood group B

The expected phenotypic ratio of a cross between a couple where both partners have the same 
blood group AB is 1 blood group A : 2 blood group AB : 1 blood group B. 

The chi-squared ( 2) test is used to determine if the results of this investigation are in accordance 
with the expected results. The formula for 2 and the table of probabilities are given as follows: 

degrees of 
freedom

probability
0.10 0.05 0.01

1 2.71 3.84 6.64
2 4.69 5.99 9.21
3 6.25 7.82 11.35
4 7.78 9.49 13.28

(c)(i) Using the information provided, calculate the 2 value for the observed results.  Show your 
working clearly. 

[2] 

(c)(ii) Deduce if the observed results follow the expected phenotypic ratio of 1 blood group A : 2 
blood group AB : 1 blood group B.  

Explain your answer. 

[3]

[Total: 14] 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



19

©   Hwa Chong Institution 2017                                            9744 H2 Biology / JC2 Preliminary Examinations / Paper 2 

Candidate Name:                  CT Group: 16S7 ____ 

BOOKLET IV 

BLANK PAGE 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



20

©   Hwa Chong Institution 2017                                            9744 H2 Biology / JC2 Preliminary Examinations / Paper 2 

QUESTION 6 

Fig. 6.1 shows the outer layers of two different bacteria X and Y.

           bacterium X                  bacterium Y 
Fig. 6.1

(a)  Describe how the outer layers of bacterium Y differs from those of bacterium X.

[2]

Gram staining is a technique used to classify bacteria based on the structures of their outer layers. 
One of the two bacteria shown in Fig. 6.1 turns purple when stained with the Gram stain.

(b)(i) Identify the bacterium which turns purple when stained with the Gram stain.

[1]

  
(b)(ii) Explain your answer to (b)(i). 

[2]
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Antibiotics such as penicillin are commonly used to treat bacterial infections.  However, their effects 
on different bacteria may be different.

(c) Explain the different effects of penicillin on bacteria X and Y.   

[3]

The bacterium that causes cholera, Vibrio cholerae, releases a toxin.  Fig 6.2 shows the mode of 
infection of V. cholerae.

Fig. 6.2
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(d) With reference to Fig. 6.2, describe and explain the mode of infection of V. cholerae.

[4]
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QUESTION 7 

Fig. 7.1 shows how influenza viruses attack the cells on the inside of the nose. 

Stage 1 Viruses attached to protein receptors
on host cell membranes

Stage 2 RNA of virus released in cell as 
protein capsid is lost

Stage 3 RNA of virus translated at ribosome 
forming two enzymes, S and U

Stage 4 New viruses formed using viral 
enzyme S and host enzyme T

Stage 5 New viruses released as a result of 
the action of enzyme U

Fig. 7.1

(a) Explain why influenza viruses can only attack the cells on the inside of the nose. 

[2]

(b) Suggest why enzymes S and T are needed at Stage 4. 

[2]
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(c) Suggest how enzyme U might catalyse the breakdown of the host cell membrane at Stage 
5.

[2]
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When an organism is infected with two different strains of the influenza virus, different segments of 
single-stranded RNA can sometimes be transferred between the two strains, forming a new viral 
strain, as shown in Fig. 7.2.   

In 1957, a new virus caused an influenza pandemic, known as the Asian influenza, in human 
populations. 

Fig. 7.2

9
2

1111
4
5
14
15
16

new virus

1
2
3
4
55
6
7

H2N2 avian virus

8

9
10
11
12
13

14

H1N1 human virus

15
16

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



27

©   Hwa Chong Institution 2017                                            9744 H2 Biology / JC2 Preliminary Examinations / Paper 2 

(d) Most people in 1957 were susceptible to influenza caused by the new virus.   

Explain why. 

[4]

[Total: 10] 
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QUESTION 8 

Biologists have identified about 1.8 million species of extant (currently living) organisms and 
estimate that several million more remain to be discovered.  In the 18th century, Carolus Linnaeus 
developed a system for biological classification.  

(a) Define biological classification.              

[2]

The genetic code is the information encoded within the mRNA sequence that is translated into 
proteins by living cells. The codon table is shown in Fig. 8.1. 

Fig. 8.1 

The first part of the cytochrome b protein sequence alignment of mold fungus (Neurospora), horse 
(Equus), human (Homo), corn (Zea) and rice (Oryza) is shown in Fig. 8.2 using the amino acids as 
a one letter code. 

Neurospora     AIGTVILILMMATAFLGYVLPYGQMSLWGATVITNLISAIPWIGQDIVEFIWGGFSVNNA 
Equus          NIGIILLFTVMATAFMGYVLPWGQMSFWGATVITNLLSAIPYIGTTLVEWIWGGFSVDKA 
Homo           NIGIILLLATMATAFMGYVLPWGQMSFWGATVITNLLSAIPYIGTDLVQWIWGGYSVDSP 
Zea            CLGVVIFLLMIVTAFIGYVPPWGQMSFWGATVITSLASAIPVVGDTIVTWLWGGFSVDNA 
Oryza          CLGVVIFLLMIVTAFIGYVPPWGQMSFWGATVITSLASAIPVVGDTIVTWLWGGFSVDNA 
                :* ::::  :.***:*** *:****:*******.* **** :*  :* ::***:**:.  

Fig. 8.2 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



31

©   Hwa Chong Institution 2017                                            9744 H2 Biology / JC2 Preliminary Examinations / Paper 2 

(b)(i) Explain how multiple sequence alignment can be used in biological classification of the five 
genera of organisms.    

[3]

(b)(ii) Identify the longest amino acid sequence where there are no differences amongst the five 
genera.     

[1]

(b)(iii) Suggest, with a reason, whether the DNA coding for the amino acid sequence identified in 
(b)(ii) must be identical for the five genera.

[2]
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International agreement limits the hunting of whales.  Only the meat of the Minke, Fin and Humpback 
whales from Southern Hemisphere populations is allowed to be sold on the domestic market in 
Japan.  

Scientists obtained five samples of food that were being sold as “whale meat” in a Japanese market 
place.  In this study, the gene for cytochrome b at the mitochondrial DNA was used for sequence 
alignment to obtain a cladogram of these organisms.  

The scientists identified the species and probable geographic origin of the meat using genetic 
analysis.  The results were used to construct the cladogram in Fig. 8.3. 

Fig. 8.3 

(c) Describe what a cladogram represents. 

[3]
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(d) State a reason each for illegal sale of the respective meat samples in Japan: 

(i) sample 1 

[1]

(ii) sample 4 

[1]

[Total: 13] 
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QUESTION 9 

The poison ivy plant, Toxicodendron radicans, when handled or damaged, releases an oily 
substance, known as urushiol, onto the outside of its roots, stems, leaves and fruits. 

On first skin contact with urushiol, a person will not notice any ill effects, but if the person is sensitive 
to urushiol, second and subsequent contacts will cause poison ivy rash. This is an itchy, often 
painful, red rash that can become blistered. 

On contact with human skin, urushiol diffuses through to the deeper skin layers, where it stimulates 
a series of changes. 

 It enters skin cells, known as keratinocytes, and immune system cells, known as Langerhans 
cells, and is oxidised to quinones. 

 Quinones become attached to the exterior surface of cell surface membrane proteins of the 
two cell types, forming complexes known as haptens. 

 The Langerhans cells presenting the haptens migrate to nearby lymph nodes, where T-cells 
are located. 

 The keratinocytes presenting the haptens are induced to produce and release cytokines. 

The keratinocytes presenting the haptens have a short life span. 
 
These events are summarised in Fig. 9.1. 

 
Fig. 9.1 

urushiol

many layers 
of dead skin 

cells

epidermis
keratinocytes 
with haptens

cytokines

Langerhans cell with haptens

dermis

urushiol
hapten

to lymph node

T-cell with 
hapten receptors 
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(a) Outline one possible mechanism by which urushiol could enter the keratinocytes and 
Langerhans cells.    

[2]

(b) Poison ivy rash occurs as a result of destruction, by an immune system response, of 
keratinocytes displaying haptens. Langerhans cells, T-cells and macrophages, but not B-
cells, are involved in this immune response. 

(i)   Describe and explain the events that are likely to occur during an immune response to 
bring about poison ivy rash.                                                                                   

[6]

(ii)   Suggest one reason why some people are not sensitive to skin contact with urushiol.  

[1]

[Total: 9] 
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BOOKLET I 

SECTION A 
QUESTION 1 

Plants harvest light energy from the sun for photosynthesis, producing biomass that is used as food.  
Such biomass can also be used as ‘biofuels’, which include wood, ethanol, biodiesel and biogas.  
Biofuels offer plant-based solutions to the Earth's growing energy problems.  

Oats and wheat, commonly grown in temperate regions, are C3 plants.  Most plants are C3 plants 
and are so-called because their first photosynthetic product is a three carbon compound. 

Corn, sorghum and sugarcane are C4 plants.  They are common food crops of tropical regions. 

The enzyme ribulose bisphosphate carboxylase oxygenase (rubisco) catalyses the fixation of carbon 
dioxide in the Calvin cycle and is used by both C3 and C4 plants. Each molecule of rubisco is made 
up of eight large polypeptides and eight small polypeptides. Fig. 1.1 shows a side view of the 
molecule. 

Fig. 1.1 

(a) (i)  State why rubisco is said to have quaternary structure.  

[1]

(a)(ii)  Explain what makes a molecule such as rubisco soluble. 

[2]

small polypeptide

large polypeptide
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(b) In the absence of light, rubisco changes shape from an active form to an inactive form. 

Explain why rubisco does not need to be in an active form in the absence of light.

[3]

(c) The active sites of rubisco accept ribulose bisphosphate (RuBP) and either carbon dioxide 
or oxygen and can catalyse the two reactions shown: 

either 

RuBP + CO2  unstable intermediate compound  2GP (PGA) 

or

RuBP + 2O2  unstable intermediate compound  GP (PGA) + 2CO2

Explain the consequences to the plant of the reaction involving oxygen.  

[3]
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Fig. 1.2 shows the temperatures and carbon dioxide concentrations at which growth of C3 or C4 
plants are favoured, based on the yield of photosynthesis.  

Fig. 1.2 

The annual mean carbon dioxide concentration measured at Mauna Loa Baseline Atmospheric 
Observatory, Hawaii, has increased over the last 50 years to 404.21 ppm in 2016.  

(d) With reference to Fig. 1.2, predict whether C3 or C4 plants are favoured in the context of 
global warming in the tropics. Explain how these plants are better adapted physiologically.            

[5]
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Biofuels have been around as long as cars have.  At the start of the 20th century, Henry Ford planned 
to fuel his Model Ts with ethanol, and early diesel engines were shown to run on peanut oil.

Discoveries of huge petroleum deposits kept petrol and diesel cheap for decades, however, and 
biofuels were largely forgotten.  With the recent rise in oil prices, along with growing concern about 
global warming caused by carbon dioxide emissions, biofuels have been regaining popularity. 

Corn is a crop grown in the ‘Corn Belt’ of the United States Midwest for food and biofuel.

Fig. 1.3 shows the industrial process of manufacturing ethanol from corn starch. Ethanol can be 
mixed with petrol to make gasohol.  

Fig. 1.3

(e) (i) Describe how yeast converts glucose to ethanol.

[2]

   (ii) Explain why it may be better in the long term to use ethanol made from corn starch, rather 
than petrol, as a fuel for cars.

[2]
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Transport in Britain accounted for 21% of all greenhouse gas emissions in 2007.  In order to reduce 
greenhouse gas emissions, the UK Government has set a target of 10% of transport energy to come 
from sustainable sources by 2020.  Biofuels, including biodiesel, are expected to provide a significant 
part of this 10%.  

Reliance on biofuels is controversial for the following reasons:
 Some carbon dioxide is still released because energy is used during the production 

(cultivation, harvesting, processing) and distribution of biofuels. 
 Large areas of land may need to be taken out of food production to grow the crops. It is 

estimated that all such land in the UK would only meet about 10% of its total diesel needs.  
 The change in land use, such as from tropical rainforest to palm plantation, may release large 

amounts of carbon dioxide. 

Table 1.1 is an assessment of the carbon dioxide released during the cultivation, processing and 
distribution of plant-derived biodiesel as well as the annual emissions from any change of land use, 
assuming these are spread over 20 years.  In Britain all diesel, now must include 3.3% biodiesel.  As 
Table 1.1 shows, there is a wide range of sources. 

Table 1.1 

crop country

grams carbon dioxide equivalent released / MJ biodiesel produced

emissions due to change of land use
emissions from cultivation, 
processing and distributionexisting 

crop land grassland forest

oilseed rape UK 0 154 583 79

soy Brazil 0 683 2466 71

soy USA 0 122 1127 53

palm Indonesia 0 127 224 41

palm Malaysia 0 57 176 41

(f) (i) With reference to Table 1.1, suggest the source of biodiesel chosen by an oil company if 
reduction of greenhouse gas emissions were the sole criterion. 

[1]

(g)(ii) Explain your answer to (f)(i). 

[2]
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(g) Identify two criteria, apart from cost, that should also be considered in choosing a source of 
biodiesel.  Explain the significance of each criterion. 

[4]

[Total: 25] 
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QUESTION 2 

Li-Fraumeni syndrome is a rare disorder that greatly increases the risk of developing several types 
of cancer, particularly in children and young adults. 

In a pedigree study by a genetic counsellor, it was suggested that Li-Fraumeni syndrome runs in 
Jane’s family.  Jane provided a sample of blood to conduct DNA analysis on the p53 gene.  Fig. 2.1 
shows her DNA with p53 gene amplified using PCR and digested with a restriction endonuclease at 
the mutated site. 

Fig. 2.1 

The pre-digested samples were separated by gel electrophoresis and stained. Fig. 2.2 shows the 
DNA profiles obtained from an unrelated normal individual, Jane and tumour tissue from a family 
member suffering from breast cancer.  

Fig. 2.2

1 2 3 4

Key
Lane 1:  DNA markers
Lane 2:  Unrelated normal individual
Lane 3:  Jane
Lane 4:  Jane’s family member with 

cancer

region of DNA treated with 
restriction endonuclease

mutated 
   p53
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(a) Outline how gel electrophoresis separates DNA fragments.     

[4]

(b) With reference to Fig. 2.1 and 2.2, explain the DNA profile of Jane.    

[3]

(c) With reference to development of cancer as a multi-step process, describe how Jane might 
develop breast cancer.    

[3]

                 [Total: 10] 
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QUESTION 3 

The total number of antibody specificities available to an individual is known as the antibody 
repertoire. In humans, the antibody repertoire is at least 1011.

Fig. 3.1 is a schematic diagram of the production of a heavy chain polypeptide for an antibody. At 
the top is the chromosomal arrangement found in an immature B cell, at the bottom is shown the 
heavy chain polypeptide.  

Fig. 3.1

(a) With reference to Fig. 3.1, explain how somatic recombination during B cell development 
results in the formation of millions of different antibody molecules.      

[4]

V segments

promoter

D segments J segments constant segment

transcription 
terminator

stop codon

DNA rearrangement

transcription

RNA splicing

translation

constant region

= intron regionsvariable region

ATG

AUG stop codon
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Whooping cough is a disease that is particularly serious in young children. Whooping cough is 
caused by the bacterium Bordetella pertussis. Children may be vaccinated against whooping cough. 

In an investigation, a group of rats was vaccinated. Sixty days later, these rats were infected with B.
pertussis. In this investigation, the levels of antibodies raised against antigen X and antigen Y in the 
blood of the rats were measured. Fig. 3.2 shows the mean levels of anti-X antibodies and anti-Y 
antibodies. 

Fig. 3.2

(b) (i) Compare the increase in mean level of anti-X antibodies after vaccination and after infection 
with B. pertussis.     

[2]

     (ii) Explain the changes in mean level of anti-X antibodies after infection with B. pertussis.  

[2]

anti-X antibodies
anti-Y antibodies

time after 
vaccination / days 

infection with B. pertussisvaccination

0 10 20 30 40 50 60 70 80 90 100
0

10

20

30

mean 
level of 

antibodies
in blood / 
arbitrary 

units

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



16

©   Hwa Chong Institution 2017                                            9744 H2 Biology / JC2 Preliminary Examinations / Paper 3 

(c) (i) Suggest why anti-Y antibodies were not present in the blood of these rats until after infection 
with B. pertussis.     

[1]

     (ii) Place a tick in the box next to the term that describes the type of immunity that results in the 
production of anti-Y antibodies.        [1]
  

� artificial active

� artificial passive

� natural active 

� natural passive

  
  
Early in the immune response to antigen X, B cells express immunoglobulin M (IgM). Later, in the 
response to the same antigen, class switching allows for the formation of IgG.

(d) Explain how class switching allows for formation of IgG.  

[3]

(e) Comment on the reliability of the data shown in Fig. 3.2.     

[2]

      [Total: 15]
--- END OF SECTION A ---
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SECTION B

Answer one question in this section.

Write your answers on the lined paper provided at the end of this Question Paper. 

Your answer should be illustrated by large, clearly labelled diagrams, where appropriate. 

Your answer must be in continuous prose, where appropriate. 

You answer must be set out in parts (a), (b) etc., as indicated in the question. 

QUESTION 4 

(a) Describe and explain gene mutation and chromosomal aberration. Using a suitable named 
example, explain how chromosomal aberration can result in a diseased phenotype in 
humans.                                                          [13]

(b) The genotype of an organism is not always directly expressed in the phenotype. Gene 
expression and the resultant phenotype are often modified through the interaction between 
an individual’s particular genotype and the environment. 

Discuss how the genotype of an organism is linked to its phenotype and using suitable named 
examples, explain how the environment may affect the phenotype of an organism.                [12]

[Total: 25] 

QUESTION 5 

(a)  Using a named example each, describe and explain directional and disruptive selection. 
Suggest, with reasons, which of these two forms of natural selection might contribute to the 
emergence and subsequent development of a new species.                                                            [13] 

     
(b) The fossil record reveals that the evolutionary history of life on Earth has been episodic, with 

long, relatively stable periods punctuated by brief, cataclysmic ones. During these upheavals, 
macroevolutionary events occur where new species are formed through adaptive radiation 
and others die out in great numbers through mass extinctions.   

Discuss mechanisms that trigger adaptive radiation and mass extinctions, and explain how 
microevolution can be linked to these macroevolutionary events.                                                  [12]                   
                                 

[Total: 25] 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



19

©   Hwa Chong Institution 2017                                            9744 H2 Biology / JC2 Preliminary Examinations / Paper 3 KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



20

©   Hwa Chong Institution 2017                                            9744 H2 Biology / JC2 Preliminary Examinations / Paper 3 KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



21

©   Hwa Chong Institution 2017                                            9744 H2 Biology / JC2 Preliminary Examinations / Paper 3 KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



22

©   Hwa Chong Institution 2017                                            9744 H2 Biology / JC2 Preliminary Examinations / Paper 3 KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



23

©   Hwa Chong Institution 2017                                            9744 H2 Biology / JC2 Preliminary Examinations / Paper 3 KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



24

©   Hwa Chong Institution 2017                                            9744 H2 Biology / JC2 Preliminary Examinations / Paper 3 

--- END OF SECTION B ---

--- END OF PAPER---
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Preparation list for 2017 JC2 H2 Biology Prelim Paper 4 -- Practical 2017

Question 1

Apparatus/Reagents/Chemicals Quantity per student
Potato extract, labelled T, at room temperature 30 cm3

1.0% amylase solution in a container,

labelled E, at room temperature
10 cm3

1.0% starch solution in a container,
labelled S, at room temperature

30 cm3

1 moldm-3 sulfuric acid in a container,

labelled A, at room temperature
20 cm3

0.1% potassium manganate (VII) solution in a container,

labelled P, at room temperature
20 cm3

Iodine solution in container with a dropping pipette 

or means to remove it, labelled iodine, at room temperature
15 cm3

10 cm3 syringe with the means to wash them out 1

3 cm3 or 5 cm3 syringes with the means to wash them out 2

Spatula 1

Dropping pipettes 2

Glass microscope slides 1

Coverslips 2

Sieve 1

Beaker or container, capacity sufficient to hold approximately 100

cm3 solution
2

Test tubes, small 6

Test tube rack to hold 6 test tubes 1

Glass rod 1

Mounting needle 1

Spotting tile or white tile 1

15 cm ruler 1

Paper towels 5

Glass marker pen 1

Stopwatch 1

Suitable eye protection 1
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Question 1 

It is advisable to wear suitable eye protection when handling chemicals. 

Preparation of solutions 

(i) T, potato extract 
    This is prepared by juicing well washed potatoes. 
    T must be prepared immediately before the examination. 

(ii) E, 1.0% amylase solution 
This prepared by putting 1 g of amylase powder into a beaker and making up to 100 cm3

with distilled water and mixing well. 
E must be prepared immediately before the examination. 

(iii) S, 1.0% starch solution 
This is prepared by putting 1 g of starch into 25 cm3 of warm distilled water in a beaker and 
mixing to a paste, making up to 100 cm3 with boiling distilled water, Mix well and allow to 
cool. 

(iv) A, 1.0 moldm-3 sulfuric acid 
This is prepared from (98%) sulfuric acid, by adding 5 cm3 of this sulfuric acid to 500 cm3

of distilled water and making up to 1 dm3 with distilled water. 
This is an exothermic reaction, add acid to water. 

(v) P, 0.1% potassium manganate (VII) solution 
This is prepared by putting 1.0 g of potassium manganate (VII) into a beaker and making 
up to 100 cm3 with distilled water. This is to make a 1.0% solution. 
Then put 10 cm3 of this 1.0% solution into a beaker and make up to 100 cm3 with distilled 
water. 
This solution must be made up immediately before the start of the examination and kept 
out of sunlight. 

(vi) iodine, iodine solution (0.1 moldm-3) 
This is prepared by putting 8 g of potassium iodide into a beaker. Moisten the potassium 
iodide with a few drops of water. Add 2.54 g of iodine to the potassium iodide and stir well. 
Make up to 100 cm3 adding small volumes of distilled water and stir well. Continue to stir 
until the iodine has dissolved.  
This solution must be made up immediately before the start of the examination and kept 
out of sunlight. 

Question 2 

Each candidate must have sole, uninterrupted use of a microscope for 1 hour 15 minutes only. 

Apparatus Quantity per student 

Stage micrometer with divisions down to 0.1mm or 0.01mm at least 1 between 2

Prepared slide of Leaf of Rosemary (TS), labelled S1 at least 1 between 2
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QUESTION 1 

Many plants store starch in specific organs such as the bases of stems (e.g. potato tubers) or in 
roots before and during a dormant period.  This provides the energy for growth the following year.  

You are to investigate the activity of the enzyme starch phosphorylase on an extract of 
potato, Solanum tuberosum. The breakdown of stored starch within cells is catalysed by starch 
phosphorylase:  

starch + phosphate glucose phosphate 

You are provided with 30 cm3 of potato extract, T. Pieces of potato tuber were chopped, mixed with 
a small volume of water and ground up in order to obtain T. 

1 Stir T with a glass rod and filter it by pouring into a 100 cm3 beaker through the sieve.  Place the 
sieve on top of the opening of the beaker to allow the filtration process to complete.  

2 Using a small plastic spoon, obtain a spoonful of the filtration residue from the sieve and place 
it into another 100 cm3 beaker.  Re-suspend the residue (termed as re-suspended T) in 30 cm3

of distilled water. Ensure that you stir thoroughly.  

3 Using a clean plastic pipette, remove a small sample from the re-suspended T and place it on 
the white tile.  Test the sample for starch and record your result below.  Using a paper towel, 
wipe away the sample from the white tile.

Different plant species manufacture distinctive starch grains, morphologically varying in size and 
shape. Each individual starch grain is composed of growth rings called lamellae and a central core 
called hilum.

4 Using the same plastic pipette from step 3, place a few drops of re-suspended T on a clean glass 
slide.  Carefully lower a coverslip over the glass slide.  You are to ensure there are no air bubbles 
present.  Now examine the mounted glass slide under the light microscope for the presence of 
starch grains.  

Make a large labelled detailed drawing, in the space below, of two adjacent starch grains. 

[4] 

Colour of extract on adding iodine solution: [1]
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5 The potato extract was prepared by crushing and filtering some storage tissue.  
      Explain the result obtained in step 3 when iodine solution was added to the re-suspended T. 

[1]

You are required to investigate the progress of this enzyme-catalysed reaction by both 
 testing for the disappearance of starch, and 
 testing for the appearance of glucose phosphate by finding the time taken for the decolourisation 

of potassium manganate(VII) solution. 

To test for the production of glucose phosphate, the change in the colour of potassium 
manganate(VII) solution is: 

purple  colourless 

where the formation of a colourless solution indicates end-point.  

You are provided with: 

labelled contents hazard volume / cm3

E starch phosphorylase harmful
irritant 10

S starch solution none 40
A sulfuric acid irritant 20

P potassium manganate (VII) 
solution harmful 20

You are advised to wear suitable eye protection, especially when using the starch phosphorylase 
solution, E and the sulfuric acid, A.  If either E or A come into contact with your skin, wash off with 
cold water. P may stain your skin.

Proceed as follows: 

6 Label the test-tubes with the sampling times of your choice. You should not sample for longer 
than 15 minutes. 

7 Dispense 2.5 cm3 of A into each test-tube. Add 1 cm3 of P into each test-tube and gently shake 
to mix with A. 

Read step 8 to step 12 and note that the stopwatch should not be stopped until you have the last 
end-point recorded. The reaction will start as soon as E is added to S. 

8 Dispense 30 cm3 of S into a plastic vial. Add 4 cm3 of E into the plastic vial containing S.
Immediately stir the mixture in the beaker and start the timer. 

9 At each of your sampling times, 
 test for the disappearance of starch as described in step 3, and 
 test for the appearance of glucose phosphate by removing 3 cm3 of the mixture and putting 

it into the appropriately labelled test-tube, mixing well. 
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10 Record, in (a) below, the time shown on the stopwatch when the colourless end-point is reached 
(raw result). Do not stop the stopwatch. 

11 Repeat step 9 for each of the times decided in step 6 until you have recorded the end-point for 
the last sample, removed at 15 minutes. 

12 Calculate the time taken to reach each end-point (processed results). 

(a) Prepare the space below to record your results for 
 the test for starch,
 the raw results for the appearance of glucose phosphate, and 
 your processed results for the appearance of glucose phosphate. 

[5] 
(b) Account for the results obtained in (a). 

[3]
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(c) Identify one limitation of this investigation and suggest a way in which the experiment can 
be improved to give more accurate and reliable results. 

[2]

(d) This procedure investigated the progress of the hydrolysis of starch by starch phosphorylase.  
To modify this procedure for investigating a different variable, the time for the hydrolysis 
would be standardised.  

Consider how you could modify this procedure to investigate the effect of pH on the activity 
of starch phosphorylase.

Describe how the independent variable, pH, could be investigated. 

[3]
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(e) A student investigated the effect of starch concentration on the initial rate of reaction of starch 
phosphorylase.  Table 1.1 shows the results for this investigation. 

Table 1.1 

percentage concentration of starch
initial rate of reaction of starch 
phosphorylase / arbitrary units

0.00 0

0.05 100

1.25 215

1.75 285

2.50 340

3.25 340

(i) Use the grid provided to plot a graph of the data shown in Table 1.1. 

            [4] 
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(ii) Use the graph to estimate the Michaelis-Menten constant (Km).
 Show your working on the graph and in the space below. 

Km = [2]

[Total: 25] 
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QUESTION 2 

During this question you will require access to a microscope, slide S1 and a stage micrometer. 

Leaves require carbon dioxide and water for photosynthesis.  For carbon dioxide to enter, the 
stomata on the surface of leaves must be open. However, the plant must not lose too much water.  
The plant must strike a balance between conserving water and bringing in sufficient amounts of 
carbon dioxide for photosynthesis. 

S1 is a slide of a stained transverse section through a xerophytic plant leaf, which is adapted to 
conserve water. 

You are not expected to be familiar with this specimen. 

(a)(i) Examine the slide under the low-power objective lens of your microscope. 
Observe the cells found immediately below the upper epidermis in the shaded area shown 
in Fig. 2.1. 

Fig. 2.1 

Select one group of four cells found immediately below the upper epidermis.  Examine this 
group of cells under the high-power objective lens.  Each cell in the group should touch two 
of the other cells and at least one cell should be capable of making starch. 

Make a large labelled detailed drawing, in the space below, of this group of four cells. 

[5] 
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(a)(ii) Examine slide S1 under the low-power objective lens of your microscope again.  Make a 
large plan drawing of the part of the leaf indicated by the shaded area in Fig. 2.1. 

On your drawing, use one ruled label line and label to identify one feature that adapts the 
plant to living in a dry habitat. 

Annotate this label to explain how the feature you have identified adapts this plant to living 
in a dry habitat. 

[3] 

(a)(iii) Using the eyepiece graticule fitted in the eyepiece lens of your microscope, and the stage 
micrometer, find the actual width, in m, of the leaf. 

 Show the measurements that you made and your working. 

width of leaf  = m [2]
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(b) Fig. 2.2 is a photomicrograph of a stained transverse section through a leaf of a different 
xerophytic plant species. 

 You are not expected to be familiar with this specimen. 

Magnification 175   

Fig. 2.2 

Use the magnification and the lines in Fig. 2.2 to find the actual width of the leaf, in m, at positions 
labelled P, Q, and R. 

Show the measurement that you made and your working for the width at position Q. 

P m, Q m, R m [2]

P

Q

R
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(c) Leaves of xerophytic plants have morphological adaptations that facilitate conservation of water. 

A student hypothesises that xerophytic plants have narrower leaves than mesophytic plants, 
which grow in areas where water is more readily available.  The student measured the width of 
30 leaves from a mesophytic plant species, X, and that of 30 leaves from a xerophytic plant 
species, Y. 

(i) State how narrower leaves allow xerophytic plants to conserve water. 

[1]

A summary of the student’s results is shown in Table 2.1. 

Table 2.1 

plant species
width of leaves / m

mean, standard deviation, 

X 1012.5 186.1 1012.5 372.2

Y 562.0 14.8 562.0 29.6

(ii) Comment on what these results show and explain if the results support the student’s 
hypothesis. 

[3]

 [Total: 16] 
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QUESTION 3 

The rate of respiration of an organism is an indication of its demand for energy. Respiration rate 
may be measured by means of a respirometer. 

A student used a respirometer to compare the rate of respiration amongst three organisms 
 single-celled green algae, immobilised in sodium alginate beads, 
 germinating seeds, and
 insect larvae. 

After putting the single-celled green algae, immobilised in sodium alginate beads, into the air-filled 
container and attaching the graduated tube, the respirometer was lowered into a water trough as 
shown in Fig. 3.1.  The green algae respired and water moved into the graduated tube.  The 
procedure was repeated for the other two organisms. 

Fig. 3.1 

Using this information and your own knowledge, design an experiment to compare the rates of 
respiration of single-celled green algae, germinating seeds and insect larvae.

You must use: 
 single-celled green algae, immobilised in sodium alginate 
 germinating seeds 
 insect larvae 
 half-filled water trough 
 carbon dioxide absorbent 
 air-filled container with rubber bung 
 graduated tube 
 weighing balance 

You may select from the following apparatus: 
 normal laboratory glassware, e.g. boiling tubes, beakers, measuring cylinders, graduated 

pipettes, glass rods, etc. 
 thermometer 
 petroleum jelly 
 stopwatch 
 marker 
 white card  

graduated tube half-filled water trough carbon dioxide absorbent

support air-filled container with rubber bung plastic mesh

organism
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Your plan should: 
 have a clear and helpful structure such that the method you use is able to be repeated by anyone 

reading it, 
 identify the independent and dependent variables, 

describe the method with the scientific reasoning used to decide the method so that the results 
are as accurate and reliable as possible,
show how you will record your results and the proposed layout of results tables and graphs,
use the correct technical and scientific terms,
include reference to safety measures to minimise any risks associated with the proposed 
experiment.

[Total: 14] 
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HWA CHONG INSTITUTION (COLLEGE SECTION) 
2017 JC2 9744 H2 BIOLOGY 

PRELIMINARY EXAMINATIONS PAPER 2 MARK SCHEME 

STRUCTURED QUESTIONS 

Question 1 

(a)(i)  Outline the cell theory.            [max 2] 

any two: 
1. living organisms composed of cells
2. cells form most basic unit of life 
3. cells arise from other cells

(a)(ii)  With reference to Figure 1.1, explain how Pasteur’s experiment supports the cell theory.              
                                [2] 

1.  description of what happens to the nutrient broth (ref to stimulus)  
2.   shows that cells must come from pre-existing cells

(a)(iii) Suggest a reason for the universal acceptance of the cell theory in our world today.          [1] 

any one: 
1. tested / scrutinized by other scientists  
2. reproducible  
3. overwhelmingly supported by scientific community 

(b)(i) State the name and chemical composition of the stuctures labelled A to C.                       [3] 

name chemical composition 
A 1a. cell wall  1b. peptidoglycan  

B 2a. cell membrane  2b. phospholipids and proteins  
C 3a. nucleoid  3b. DNA  

KiasuExamPaper.com
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(c) P. syringae can cause disease in the leaves of its host plant by secreting toxins and cell wall 
degrading enzymes, without causing harm to itself. Explain why this is so.  

[2]

1. ref to toxins affect the functioning of membranous organelles
2. ref to different composition of cell wall
3. ref to specific 3D conformation of enzymes

(d)   State and explain which of the three types of interactions best describes the relationship 
involved in the endosymbiotic theory.                          [2] 

1. mutualism
2. prokaryote produces ATP, host cell provides shelter / nutrients

[Total: 12] 
Question 2 

(a) With reference to Fig. 3.1, 

(i) name the stage of mitosis shown.            [1] 

 (late) anaphase 

(ii) describe what is happening during this stage of mitosis.            [2] 

1. centromere divide, forming daughter chromosomes
2. migrate to poles, centromere leading
3. pulled by kinetochore microtubules

(b) Distinguish between multipotent cells and totipotent cells.    [max 2] 

1. multipotent more specialized
2. multipotent cells cannot give rise to organs but totipotent cells can
3. correct example of multipotent cell and totipotent cell

(c)  Suggest why there might be a connection between the use of stem cells in treatment and 
cancer.              [max 3] 

1. stem cells may undergo uncontrolled cell division
2. telomerase active  
3. risk of developing tumour where stem cells implanted
4. ref to exposure to carcinogens
5. appropriate ref in context to cancer critical genes

(d) State whether you agree or disagree that this is unethical and explain why you reached this 
decision.                     [3] 

A1 agree  
A2 human animal hybrid would not happen in nature 
A3 ref to disrespect for human life  
A4 few examples of success in medical applications  
A5 may lead to abuse in future 
A6 possibility of unforeseen consequences  
A7 unnecessary / there are alternative techniques  

e 
 tuuumomomomomoour whwww ererereree eeeee ssstss ememememem cccccele lsss impplaaaaaaaaaaaaantntntnntntntnntntntntntttt dededdedededede

o caaarcccccinininininogogooo enenennns s ss s
cooooontntntntexeeeee tt t to canceeeeeer rrrr crccccc itittititititiiiicii al ggggeeeeeenes

u agree or disagree thaaaat this is unetttthicallll and expl
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D1 disagree   
D2 the amount of non-human DNA is negligible  
D3 protocol limits keeping ‘embryo’ to 14 days  
D4 more ethical alternative to ESC  
D5 provides more stem cells than possible from ESC  
D6 can relieve human suffering  
D7 idea of rejection at implantation  

[Total: 11]

Question 3 

(a)(i) State the identity of ligand X.                              [1] 

glucagon    

(a)(ii)  Explain why ligand X cannot diffuse directly into the liver cell to trigger a cellular response.  
[2]

1. Ref to: glucagon as a large and hydrophilic molecule  
2. Ref to: hydrophobic core of cell membrane 

(b) With reference to Fig. 3.1, describe how the structure of GPLR enables it to function as a 
membrane-bound receptor.                                  [3] 

1. Hydrophilic amino acid residues on inter-helical loops are soluble in aqueous medium  
2. Hydrophobic amino acid residues on transmembrane helices enable embedding of GPLR within 

cell membrane 
3. Ref. to specific 3D conformation of binding sites  

(c) Explain how the structure of glycogen is adapted to its function as an efficient storage 
biomolecule.                                [3] 

Any three: 
1. Ref. to (1,4) glycosidic bonds that result in coiling 
2. Ref. to (1,6) glycosidic bonds that result in branching 
3. Ref. to glycogen having several hundreds to thousands of glucose monomers  
4. Ref. to anomeric carbon being involved in glycosidic bond formation 
5. Ref. to glycosidic bonds being easily hydrolysed to release glucose monomers 

[Total: 9] 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



4

HWA CHONG INSTITUTION / 2016-2017 H2 BIOLOGY / Preliminary Examinations / Paper 2 / MS                    4

Question 4 

(a) Describe two structural differences between helices A and B.              [2] 

1. Ref to: double-stranded vs single-stranded 
2. Ref to: deoxyribonucleotides vs made of amino acids 
3. Ref to: phosphodiester bonds vs peptide bonds  
4. Ref to: Hydrogen bonds formed between complementary bases vs hydrogen bonds formed 

between NH and CO groups  

(b)(i) Describe how a primer strand is synthesised.                [3] 

1. Ref to: DNA template 
2. Ribonucleotides form complementary base pairs with the DNA template 
3. Ref to: formation of phosphodiester bonds.   
4. Ref to: synthesis in the 5’ to 3’ direction 

 (b)(ii) With reference to Fig. 4.1, explain if the primer is priming the synthesis of the leading strand 
or lagging strand.                                         [2] 

Leading strand is synthesised towards the replication fork  

(c) Explain the role of splicing in the structure and function of the two forms of IR.             [3] 

1. Ref to. different combinations of exons,   
2. Ref to. different amino acid sequences and different specific 3D conformation of binding sites   
3. Ref to. specific ligands IR-A and IR-B can bind, to different degrees / with different efficacy 

 [Total: 10] 
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Question 5 

(a) With reference to Fig. 5.1, predict and explain the most likely mode of inheritance of G6PD 
deficiency.                        [3] 

1. sex-linked recessive
2. all affected individuals in the family are males, indicating that males display disease

phenotype more often than females as males are hemizygous
OR
approximately half of the sons of carrier females are affected, as every son has a 50%
chance of receiving the X chromosome with recessive allele

3. unaffected parents can produce affected offspring such as II-1 / III-4 / IV-3 / IV-6, indicating
that the mothers must have a dominant allele to mask the effect of the recessive allele
OR
if fathers are not affected, daughters will not be affected but may be carrier, as they will
receive the X chromosome with dominant allele from their father

(b) Using suitable symbols, draw a genetic diagram to show the expected phenotypic ratio of the 
ABO blood group and G6PD production in offspring of II-3 and II-4.                           [6] 

Let D be the dominant allele for production of G6PD 
d be recessive allele for no production of G6PD  
IA be the (codominant) allele for production of A antigen 
IB be the (codominant) allele for production of B antigen 

      IO be the recessive allele for no production of antigen  

   II-4  II-3 
Parental phenotypes: No G6PD deficiency, No G6PD deficiency, 

   Blood group AB x      Blood Group O 

Parental genotypes :            XDYIAIB x XDXdIOIO

Parental gametes :  XDIA XDIB YIA YIB            XDIO XdIo   

Random fertilization (as shown in the Punnett Square) 

male gametes 

XDIA   XDIB YIA YIB

female
gametes

XDIO XDXDIAIO XDXDIBIO XDYIAIO XDYIBIO

 XdIO XDXdIAIO XDXdIBIO XdYIAIO XdYIBIO

expected
genotypic
ratio

2
(1XDXDIAIO +
1XDXdIAIO) : 

2
(1XDXdIBIO + 
1XDXdIBIO) : 

1XdYIAIO : 1XDYIBIO : 1 XdYIAIO : 1XdYIBIO

expected
phenotypic
ratio

2 normal, 
blood group 
A female :

2 normal, 
blood group 
B female :

1 normal, 
blood
group A 
male :

1 normal, 
blood
group B 
male :

1 G6PD 
deficient,
blood
group A 
male :

1 G6PD 
deficient,
blood
group B 
male    

O +++
O) ::

22222
(1(1(1((1XXXXXDDDDXXXXXdddddIBIO +++++
1X1X1X1X1XDDDDDXXXXXdddIIIIIBBBBBIIIIIOOOOOO) ))) ::::

1X1X1X1XXddddddYIYIYIYIYIAIO : 1X1X11X1X1X1 DDDDDDYIYIYIYIYIYIYYYYYIYY BBBBBIIIIOOOOO : 1 X

2 l 1 l 1 l 1 G
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(c)(i) Using the information provided, calculate the 2 value for the observed results. Show your 
working clearly.                                                         [2]  

2 cal = (99-90)2 + (155-180)2 + (106-90)2

        =     90              180              90 
= 7.22  

(c)(ii) Deduce if the observed results follow the expected phenotypic ratio of 1 blood group A: 2 
blood group AB: 1 blood group B.  

Explain your answer.                         [3] 

1. No
2. Since 2 calculated (= 7.22) > 2 critical (= 5.99)
3. there is less than 5% probability that there is difference between observed and expected

results is due to chance alone, indicating that the deviation is significant

 [Total: 14] 
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Question 6 

(a) Describe how the outer layers of bacterium Y differs from those of bacterium X.            [2] 

1. Y has an outer membrane / channel proteins which is / are absent in X
2. Y has a thinner peptidoglycan wall compared to X
3. X has the peptidoglycan wall exposed on the surface while Y has an outer membrane

exposed on the surface / AW describing location of peptidoglycan wall

(b)(i)  Identify the bacterium which turns purple when stained with the Gram stain.                [1] 

X

(b)(ii) Explain your answer to (b)(i).            [2] 

1. Bacterium X is Gram positive as it has a thicker peptidoglycan wall
2. which helps to retain / trap crystal violet dye / prevent crystal violet dye from being washed

away when alcohol is added, thus staining peptidoglycan wall blue / purple

(c) Explain the different effects of penicillin on bacteria X and Y.             [3] 

1. Penicillin is able to reach the peptidoglycan wall of X
2. where it binds and blocks transpeptidases, preventing formation of the cross-links between

NAM residues in the transpeptidation step in cell wall synthesis in X
3. while the outer membrane of Y stops penicillin getting through to reach the peptidoglycan

wall, thus penicillin exerts no effect on Y

(d) With reference to Fig. 6.2, describe and explain mode of infection of V. cholerae.               [4] 

1. The B subunit of cholera toxin binds to ganglioside receptor on the surface of the epithelial
cells of the small intestine, enabling entry of cholera toxin subunit A via receptor-
mediated endocytosis into the cell

2. Cholera toxin subunit A binds to and activates the G protein, resulting in one of the G protein
subunits to dissociate and bind to adenylate cyclase, activating it

3. Activated adenylate cyclase generates high levels of intracellular cAMP from ATP, which
activates the protein kinase

4. stimulating secretion of chloride ions, with associated sodium ions and water secretion,
resulting in acute diarrhoea

  [Total = 12] 
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Question 7 

(a) Explain why influenza viruses can only attack the cells on the inside of the nose.             [2] 

1. Specific glycoproteins haemagglutinin on the viral membrane
2. They recognise and bind to sialic acid containing receptors on the membrane of the nose

(b) Suggest why enzymes S and T are needed at Stage 4.            [2] 

1. To synthesise (-) viral RNA using (+) sense RNAs as templates to be packaged into new
viral particles as their nucleic acid using replicase / RNA-dependent RNA polymerase

2. For amino acids to bind to tRNA using host aminoacyl tRNA synthetases
3. For peptide bond formation between amino acids using host peptidyl transferase

(c) Suggest how enzyme U might catalyse the breakdown of the host cell membrane at Stage 
5.                      [2] 

1. Neuraminidase is a hydrolytic enzyme that breaks glycosidic bonds
2. The active site binds to and cleaves sialic acid residues on the receptor

(d) Most people in 1957 were susceptible to influenza caused by the new virus.  Explain why. 
 [4] 

1. Antigenic shift
2. A sudden change in the antigenicity of a virus due to reassortment combination of the

segmented virus genome with another genome of a different antigenic type
3. New viral strain has RNA segments 2, 4 and 5 from H2N2 avian virus and segments 9, 11,

14, 15 and 16 from H1N1 human virus

4. New combination of RNA segments causes the virus to change its 3D conformation of HA
and/or NA

5. New 3D conformation of the new virus binds more effectively to receptors on the cells of
lungs and airways of humans

6. New 3D conformation of the new virus cannot be recognised by antibodies / memory cells /
B cells

[Total: 10] 
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Question 8 

(a) Define biological classification.           [2] 

1. Organizing / arranging into groups of organisms / species
2. Ref to shared / morphological, characteristics / similarities / traits

(b)(i) Explain how multiple sequence alignment can be used in biological classification of the five 
genera of organisms.                                                                                                       [4] 

1. The DNA / amino acid sequence of a sample from the tissue of an organism of each genus
2. The aligned sequences of all five genera are homologous
3. The percentage similarity of sequences used to, estimate / establish, evolutionary

relationship
4. The greater the degree of homology in the sequences, the more closely related the species are

(b)(ii) Identify the longest amino acid sequence where there are no differences amongst the five 
genera.                                                                                                                     [1]

WGATVIT

(b)(iii) Suggest, with a reason, whether the DNA coding for the amino acid sequence identified in 
(b)(ii) must be identical for the five genera.                                                                     [2] 

1. No
2. Degeneracy of the genetic code

(c) Describe what a cladogram represents.                  [4] 

1. A type of phylogenetic tree
2. Inferred by shared derived characters
3. Shows the presence of clades
4. Ref to Fig. 8.3 to illustrate examples of clades for example

(d) State a reason each for illegal sale of the respective meat samples in Japan: 

(i) Sample 1  [1] 
It is from a North Atlantic population of whales 

(ii) Sample 4  [1] 
It is from a species that is not in the same clade as the, Minke / Humpback / Fin, whales 

[Total: 15] 

p p
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Question 9 

(a) Outline one possible mechanism by which urushiol could enter the keratinocytes and 
Langerhans cells.                      [2] 

1. endocytosis
2. (further detail) e.g. membrane invaginates

OR
1. diffusion
2. (further detail) e.g. across phospholipid bilayer across hydrophobic core of the cell

membrane

(b)(i) Describe and explain the events that are likely to occur during an immune response to bring 
about poison ivy rash.                                                                                       [max 6] 

1. Langerhans cell / keratinocyte / macrophage, as antigen-presenting cell
2. Ref to T-cells recognition through binding with complementary receptors
3. Activation of T-cells
4. Proliferation / mitosis of activated T-cells
5. T memory cell formation
6. Description of T-cytotoxic cell action
7. Explanation of faster response for second and subsequent contacts
8. T-helper cells secrete cytokine to stimulate, T-cytotoxic cell response/macrophages

(b)(ii) Suggest one reason why some people are not sensitive to skin contact with urushiol.      [1] 

Any one: 
1. immunocompromised / described
2. may not have, specific T-cells / T-cells with, quinone / hapten, receptors
3. may have T-cells but low in number and not come across APC
4. may need several doses to build up sufficient numbers of T-cells
5. inability of cells to convert urushiol

 [Total: 9] 
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HWA CHONG INSTITUTION (COLLEGE SECTION) 
2017 JC2 9744 H2 BIOLOGY 

PRELIMINARY EXAMINATIONS PAPER 3 MARK SCHEME 

SECTION A 

Question 1 

(a)(i)  State why rubisco is said to have quaternary structure.             [1] 

Ref to: more than one polypeptide 

(a)(ii)  Explain what makes a molecule such as rubisco soluble.                [1]

1. Ref to: globular protein
2. Ref to: hydrophilic / polar / charged amino acid residues at the surface of the molecule
3. Ref to: hydrophobic / non-polar / non-charged amino acid residues at the inside of the

molecule
4. Ref to: hydrogen bonds with water (molecules)

(b) Explain why rubisco does not need to be in an active form in the absence of light.                   [3] 

1. Ref to: no light dependent reaction and no light independent reaction
2. Ref to: no ATP / reduced NADP
3. Ref to: no need to fix CO2

(c) Explain the consequences to the plant of the reaction involving oxygen.             [2] 

1. Ref to: no CO2 being fixed
2. Ref to: no (new) PGA / GP being made
3. Ref to: no (new) TP / glucose being made
4. Ref to: no (new) RuBP being (re)generated
5. Ref to: ATP  used in making RuBP being wasted
6. Calvin cycle / light independent reaction / Photosynthesis decreased

(d) With reference to Fig. 1.2, predict whether C3 or C4 plants are favoured in the context of 
global warming in the tropics.  Explain how these plants are better adapted physiologically.

[4]

1. Ref to: C4 plants being favoured over C3 plants at high temperatures above 26 C
2. Ref to: Plants closing their stomata, resulting in reduced CO2 diffusion into the leaf
3. Ref to: risk of O2 competing with CO2 for rubisco in C3 plants / AW
4. Ref to: less CO2 fixed, resulting in lower yield of C3 plants / AW

(e)(i)    Describe how yeast converts glucose to ethanol.            [2] 

1. Ref to: anaerobic conditions
2. Ref to: pyruvate forming ethanal
3. Ref to: reduction of ethanal

(e)(ii)   Explain why it may be better in the long term to use ethanol made from corn starch, rather 
than petrol, as a fuel for cars.                   [2] 

1. Ref to: corn as renewable resource
2. Ref to: uptake of CO2 by corn in photosynthesis
3. AVP

O2 competing with CO2 for rubisco in C3 plants / A
O22 ffffffixxxxededdededed, rreeeesululuulu titititiingn iiiinnnnn lolololoowwewewew r yielee d of C3 3 3 3 plplplplananananntstststss ///// AAAAAW

asttt cococonvnvnvnvnvere tststsss ggggglllucococococosesesesese ttttttoooooo etetetetethahahahahanonononoonool. 

robbbbiciic cccccononononondididididid titititit onononsss 
ate forming ethanal
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(f)(i)    With reference to Table 1.1, suggest the source of biodiesel chosen by an oil company if 
reduction of greenhouse gas emissions were the sole criterion.               [1]

palm oil from Malaysia 

(f)(ii)    Explain your answer to (f)(i).             [2]

1. Ref to: lowest emission due to change of land use and from cultivation, processing and
distribution

2. Cite appropriate values

(g)    Identify two criteria, apart from cost, that should also be considered in choosing a source of 
biodiesel.  Explain the significance of each criterion.                           [4] 

1. Ref to: impact on environment / wildlife / biodiversity
2. Ref to: impact on food supply
3. Ref to: loss of carbon sink / carbon dioxide emission
4. Ref to: ownership of land
5. AVP

[Total: 25] 
Question 2 

(a) Outline how gel electrophoresis separates DNA fragments.            [4] 

1. Gel electrophoresis separates a mixture of DNA fragments on the basis of size /
molecular weight

2. Negatively-charged DNA fragments are loaded into wells at negatively-charged
electrode, migrate towards the positively-charged electrode under application of an
direct current

3. Size of the pores in the gel matrix act as a molecular "sieve" to resist / retard the
movement of the molecules

4. Smaller / shorter DNA fragments are less impeded by the pores than longer ones and
migrate faster and further forming a series of discrete size-fractionated bands

(b) With reference to Fig. 2.1 and 2.2, explain the DNA profile of Jane.             [3] 

1. Jane’s is a heterozygous / carrier  with 1 normal allele and 1 mutant allele on the
homologous chromosomes

2. Restriction digestion of the normal allele generates 1 fragment that has moved least from
the cathode and digestion of the mutant allele generates 2 fragments that have moved
further from the cathode

3. Due to the presence of restriction site caused by gene mutation of p53 in the mutant
allele

(c)  With reference to development of cancer as a multi-step process, describe how Jane might 
develop breast cancer.                              [3] 

1. There is an accumulation of mutations in a single cell lineage, ref. to BRCA 1 and BRCA
gene mutations 

2. Activation of telomerase resulting in lengthening of telomeres, thus evading apoptosis /
replicative cell senescence 

3. Angiogenesis resulting in formation of new blood vessels, supplying nutrients and oxygen
and removing toxic waste products 

4. Cancer cells acquired ability to invade to directly migrate and penetrate into neighbouring
tissues leading to metastasis 

[Total: 10] 
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Question 3 

(a) With reference to Fig. 3.1, explain how somatic recombination during B cell development 
results in the formation of millions of different antibody molecules.              [4] 

1. Ref to process by which different segments of V, D, J ligated to form gene encoding
different variable regions in heavy chain of the antibody

2. Ref to idea that only 1 segment from each is chosen
3. Ref to idea that remaining gene segments removed
4. Ref to number of gene segments in context of question
5. Ref to different mRNA sequences leading to different amino acid sequences, and

subsequently different specific 3D conformation of variable region

 (b)(i)  Compare the increase in mean level of anti-X antibodies after vaccination and after infection 
with B. pertussis.                     [2] 

 Any two: 
1. Ref to levels of antibody rise earlier after infection
2. Ref to levels of antibody rise faster after infection
3. Ref to levels of antibody rise higher after infection
4. credit comparative manipulation of data

(b)(ii) Explain the changes in mean level of anti-X antibodies after infection with B. pertussis.         [2] 

1. Ref to secondary immune response
2. Ref to memory cells / immunological memory
3. Ref to idea that (on infection / second exposure) memory cells are activated / stimulated

(c)(i) Suggest why anti-Y antibodies were not present in the blood of these rats until after infection 
with B. pertussis.                        [1] 

 Any one: 
1. Ref to idea that antibodies will only be present if antigen present
2. Ref to idea that antigen Y is not present in vaccine
3. Ref to vaccination failed to stimulate immune response

(c)(ii) Place a tick in the box next to the term that describes the type of immunity that results in the 
production of anti-Y antibodies.                   [1] 

Natural active 

(d) Explain how class switching allows for formation of IgG.             [3] 

1. Ref to one constant region gene segment from IgM is replaced with another of a different
segment from IgG

2. Ref to gene segment coding for constant region of IgG is ligated with other exons
3. Ref to somatic recombination in activated B cells

(e) Comment on the reliability of the data shown in Fig. 3.2.            [2] 

Any two:
1. Ref to no indication of number of rats used
2. Ref to no data points indicated
3. Ref to no error bars (on graph) / no indication of variability
4. Ref to idea that no indication of experimental details / control group
5. Ref to idea that mean has been used therefore there must have been some repeats

carried out

[Total: 15] 
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SECTION B 

Question 4 

(a) Describe and explain gene mutation and chromosomal aberration. Using a suitable named 
example, explain how chromosomal aberration can result in a diseased phenotype in 
humans.                              [13] 

1. Ref. to gene mutation as a change in one or a few bases in the DNA sequence of one
gene

2. Ref. to base substitution
3. and effects
4. Ref. to base addition or deletion
5. and effects
6. Ref. to chromosomal aberration as a change in the structure of a chromosome
7. Ref. to chromosomal deletion, duplication, inversion, translocation
8. and effects
9. Ref. to chromosomal aberration as a change in the number of chromosomes
10. Ref. to aneuploidy and polyploidy
11. and effects
12. Ref. to relevant named example, e.g. Down syndrome
13. and link to chromosomal aberration

(b) Discuss how the genotype of an organism is linked to its phenotype and using suitable 
named examples, explain how the environment may affect the phenotype of an organism.[12]

1. Ref. to genotype as the genetic makeup
2. Ref. to  phenotype as a measurable or distinctive character
3. Ref. to how genotype dictates phenotype
4. Ref. to dominant and recessive alleles
5. and their effects in phenotypes
6. Ref. to role of environment on phenotype
7. Ref. to relevant named example 1
8. e.g. temperature on coat / fur colour in Himalayan rabbits 
9. and how phenotype is affected
10. Ref. to relevant named example 2
11. e.g. diet on differentiation in honey bees 
12. and how phenotype is affected

           [Total: 25]

Question 5 

(a) Using a named example each, describe and explain directional and disruptive selection. 
Suggest, with reasons, which of these two forms of natural selection might contribute to the 
emergence and subsequent development of a new species.        [13]

Directional selection 
1. Ref to a correct named example
2. Ref to idea of this form of selection favouring one extreme phenotype and eliminating the

other extreme phenotype in the population 
3. Correct identification of selection pressure
4. Correct sketch of distribution graph with appropriate labelled axes

Disruptive selection 
5. Ref to any correct named example
6. Ref to idea of this form of selection eliminating intermediate phenotypes and favouring

extreme phenotypes
7. Correct identification of selection pressure

sonononnonons,,, wwwwwwhiiiichcccc ooooofff thesesssseeeee twtwtwtwtwo ooo formmmmms of natural selelelelele ececececece tio
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this form of selection faaaavouring one extreme phen
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8. Correct sketch of distribution graph with appropriately labelled axes

Emergence and development of new species (speciation) 
9. Disruptive selection
10. The possibility that the gene pool of one population may become split into two distinct

gene pools over time / disruptive selection would result in two distinct populations
11. Ref to presence of geographical barrier / isolation
12. Ref to generation of reproductive isolating mechanisms

(b) The fossil record reveals that the evolutionary history of life on Earth has been episodic, with 
long, relatively stable periods punctuated by brief, cataclysmic ones. During these upheavals, 
macroevolutionary events occur where new species form through adaptive radiation and 
others died out in great numbers through mass extinctions.   

            Discuss mechanisms that trigger adaptive radiation and mass extinctions, and explain how 
microevolution can be linked to these macroevolutionary events.            [12] 

Mechanisms that trigger adaptive radiation 
1. Ref to availability of new resources through ecological opportunities
2. Ref to an original colonizing group encountered no competitor and diversified
3. Ref to adaptations that can make the organisms better adapted for the habitat they

occupy
4. Ref to succeeding generations diversify into new species

Mechanisms that trigger mass extinctions 
5. Major changes in climate could have adversely affected those plants and animals
6. Ref to changes in the environment due to catastrophes
7. Ref to natural / biological factors
8. Ref to some animals / plants unable to adapt

Linking microevolution to the macroevolutionary events 
9. Ref to defining microevolution
10. Ref to defining macroevolution
11. Ref to mechanisms / processes that bring about microevolution like natural selection,

mutation, genetic drift and gene flow
12. Ref to mass extinctions create new ecological opportunities that can be exploited by

surviving organisms to evolve
13. Ref to difference in scale for microevolution and macroevolution
14. Ref to macroevolution occurring as a result of microevolution

[Total: 25]
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HWA CHONG INSTITUTION (COLLEGE SECTION) 
2017 JC2 9744 H2 BIOLOGY 

PRELIMINARY EXAMINATION PAPER 4 MARK SCHEME 

Question 1 

3 Colour of extract on adding iodine solution [1] 
blue-black

4 Make a large labelled detailed drawing of two adjacent starch grains. [4] 

High power / detailed drawing of 2 adjacent starch grains from potato, 
Solanum tuberosum (whole mount, 400x) 

1. Drawing quality that includes clear continuous lines with no shading
2. Draw 2 adjacent starch grains
3. Correct shape of starch grains
4. Correct drawing of lamellae and hilum
5. All 3 correct labels: membrane, lamellae, hilum

5 Explain the result obtained in step 3 when iodine solution was added to the re-suspended T. [1] 
1. crushing ruptures potato cells / cell walls / releases starch grains

OR 
2. starch grains / amyloplasts are too large to pass through sieve and remain in residue / re-

suspended T thus turning iodine solution blue-black. 

membrane

lamellae

hilum

urning iodine solution blue-black. 
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12 Calculate the time taken to reach each end-point (processed results). 
(a) Prepare the space below to record your results for: 

 the test for starch 
 the raw results for the appearance of glucose 
 your processed results for the appearance of glucose. [5] 

time / min 
A: s 

test for starch test for glucose 
time shown on stopwatch 
when end-point is reached 

time taken to reach end-
point / s 

3 blue-black 4 min 17 s 77
6 blue-black 6 min 54 s 54
9 blue-black 9 min 50 s 50

12 blue-black 12 min 32 s 32
15 yellowish-brown 15 min 30 s 30

1. correct choice of equal time intervals which must span entire 15 min
2. correct column headings and units: time / min, test for starch, time shown on stopwatch, time

taken to reach end-point / s
3. appropriate colours recorded for starch test for at least four times;
4. correct pattern of results for glucose test – time taken to reach end-point decreases with

increasing time
5. processed times recorded as whole seconds

(b) Account for the results obtained in (a). [3]
1. as time increases, a greater proportion of / more starch is broken down by starch

phosphorylase into glucose phosphate 
2. resulting in an increase in glucose phosphate concentration which leads to a shorter time

taken to decolourise the potassium manganate (VII) solution / reach the colourless end-
point

3. until all starch is broken down into glucose phosphate at the end of 15 minutes which
leads to the iodine solution remaining yellowish-brown / negative results for starch test, 
indicating absence of starch 
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(c) Identify one limitation of this investigation and suggest a way in which the experiment can 
be improved to give more accurate and reliable results.      [2] 

Limitation Method to overcome limitation 
L1. Use of naked eye to observe colour of 

achromic point / end-point OR visual 
comparison is subjective, resulting in 
inaccurate determination of colour of 
achromic point / end-point 

M1. Use a colourimeter / spectrophotometer to 
determine colour intensity of reaction 
mixture 

L2. Use of dropper / plastic pipette to withdraw 
reaction mixture OR different size / volume 
of drops of iodine solution / reaction mixture 
could contribute to differences in colour 
intensity for starch test 

M2. Use a micropipette to withdraw a fixed 
precise volume of iodine solution / reaction 
mixture 

L3. The contents of tubes were mixed manually 
OR rigour of manual shaking may be 
inconsistent, leading to inconsistent mixing 
of the tubes contents 

M3. Use a mechanical shaker / vortex to mix the 
contents of tubes thoroughly to ensure a 
homogenous mixture; 

(d) Consider how you could modify this procedure to investigate the effect of pH on the activity 
of amylase. Describe how the independent variable, pH, could be investigated.  [3] 
1. at least five pH with stated values
2. use of buffers;
3. remove sample after set time / example of time and test with iodine and idea of looking

for a colour change / test with potassium manganate (VII) and time taken to decolourise
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(e)(i)Use the grid provided to plot a graph of the data shown in Table 1.1.  [4] 

Effect of percentage starch concentration on initial rate of reaction of starch phosphorylase / au 

1. correct choice of axes with independent variable (percentage concentration of starch) on x-
axis

2. both axes correctly labelled including units
3. axes scaled appropriately so that graph takes up at least 50% of the grid and divisions are

equidistant
4. Correctly plotted points and points joined by appropriate line of best fit (curve) as required by

the data, showing plateau from 2.50% starch onwards, with no extrapolation beyond extreme
measured data

   (ii) Use the graph to estimate the Michaelis-Menten constant (Km).
Show your working on the graph and in the space below. [2] 

1. shows on the graph Vmax line at top of curve to the y-axis from the maximum rate of
reaction 

2. shows on the graph how Km is read off at half Vmax

3. correct answer for Km from graph with correct units

 [Total: 25] 

      0               0.50    1.00     1.50             2.00    2.50           3.00            3.50 
percentage concentration of starch 

350

300

250

200

150

100

  50 

in
iti

al
 ra

te
 o

f r
ea

ct
io

n 
of

 s
ta

rc
h 

ph
os

ph
or

yl
as

e 
/ a

u 340

170

opriately so that graph takes up at least 50% of 

pooointntntntntsssss annddd popopopopoinininntststststs jjjjjjoioioioioineneneneneddddd bbby aaappppppppppp rorororororororooooorororororrooprprprprprprp iaiaaiaiaaatetetetetetetetee lllllininininine ofofofofof bes
 plplplp ataateaeaeaauuuu frfrfrrromomomomom 2.5.5.5.550%0%0%0%0%%%% sssssstttat rcrcrcrcrchhhhhhh oooono waa drdrds,s,s,s,s, wwwwwittttthhhhhh nononononno eeeeext

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



5

cell wall 

cell membrane 

cytoplasm

vacuole

chloroplast

Question 2 

(a)(i) Make a detailed, labelled drawing in the space below of this group of four cells. [5] 

Detailed drawing of four cells found immediately below the  
upper epidermis (t.s., 400)

(ii) Examine slide S1 under the low-power objective lens of your microscope again.  Make a large, 
plan drawing of the part of the leaf indicated by the shaded area in Fig. 2.1. 
On your diagram, use one ruled label line and label to identify one feature that adapts the plant 
to living in a dry habitat. 
Annotate this label to explain how the feature you have identified adapts this plant to living in a 
dry habitat.               [3] 

1. Accurate title
2. Quality of drawing
3. Position of cells
4. Shape and proportion of cells
5. Correct labels

1. Correct number and
proportion of layers

2. Curving of lamina
3. Correct label and annotation

propo
2.2.2.2.. CCCCCCuuuuru v
3333.33 CCCCCCoooro re
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(iii) Using the eyepiece graticule fitted in the eyepiece lens of your microscope, and the stage 
micrometer, find the actual width, in m, of the leaf. 

Show the measurements that you made and your working.      [2] 

1. Divide stage micrometer measurement by number of eyepiece graticule divisions
2. Measure width of leaf in eyepiece graticule divisions
3. Correct working and final answer in m

(b) Show the measurement that you made and your working for the width at position Q. [2] 

P 577 m, Q 697 m, R 726 m

1. Measure width of leaf
2. Divide by 175 and multiply by 1000
3. Correct answer to appropriate degree of accuracy

(c) (i) State how narrower leaves allow xerophytic plants to conserve water. [1] 

Narrower leaves presents a lower surface area   

(ii) Comment on what these results show and explain if the results support the student’s 
hypothesis. 

[3]
1. Leaves of xerophytic plant species Y (562.0 m) are significantly narrower than those of

mesophytic plant species X (1012.5 m)
2. Range of width of leaves of plant species X is not overlapping with that of plant species Y
3. Ref. to larger standard deviation as a larger spread of values around the mean width for

leaves of plant species X compared with those of plant species Y.
 [Total: 16]

Question 3 

1. Ref to different organisms have different rates of respiration
2. ATP is synthesised with the production of carbon dioxide and water
3. Higher rate of respiration, the more oxygen consumed per unit time
4. Measure about 5 g of each organisms
5. Using a respirometer, measure the distance moved by the meniscus in a fixed time
6. Use petroleum jelly to seal between the graduated tube and the airtight container
7. Incubate respirometer in the water trough for 5 min
8. Setup equilibrate at room temperature for 1 minute
9. Repeat experiment for the other two organisms 
10. Measure distance moved by meniscus
11. Calculate rate of respiration 
12. Carbon dioxide absorbent corrosive / irritant, wear gloves and goggles to protect oneself.
13. AVP

[Total: 16] 
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1 The figure below shows an electron micrograph of an eukaryotic cell. 

Which of the following option correctly matches the structures R, S and T to their respective 
functions? 

R S T

A Involved in proteins 
glycosylation Site of lipid synthesis To convert light energy to 

chemical energy 

B Site of protein synthesis Site of detoxification 
reaction Supplying cellular energy 

C Site of detoxification 
reaction 

Involved in protein 
glycosylation

Remove worn out 
organelles

D Site of protein synthesis Contains proteins to be 
secreted Supplying cellular energy 
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2 The diagram shows a haemoglobin molecule. 

Which identifies the different parts of the molecule? 

1 2 3 4 

A prosthetic group beta pleated sheet alpha helix hydrophilic amino 
acid 

B hydrophobic amino 
acids beta pleated sheet prosthetic group binding site 

C prosthetic group hydrophilic amino 
acids alpha helix hydrophobic amino 

acids

D prosthetic group hydrophilic amino 
acid binding site hydrophobic amino 

acids

3 Which of the following statements about enzymes are false?

1 All enzymes are globular proteins. 

2 Enzymes catalyse reactions by decreasing the activation energy. 

3 A prosthetic group is tightly bound to the enzyme, while a coenzyme is a loosely 
bound to the enzyme. 

4 The effect of competitive inhibitors can be reduced by increasing substrate 
concentration.  

5 An allosteric binding site refers to the active site that has undergone an induced fit. 

A 1 and 3 

B 1 and 5 

C 2 and 4 

D 3 and 5 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



4
 

@IJC 2017              9744/01/Preliminary Examination                                          [Turn over
 

4 Curve P shows the rate of a reaction catalysed by lactate dehydrogenase under optimum 
conditions. A change was made to the reaction and curve Q shows the effect of this change 
on the reaction rate. 

Which factor, operating to a constant extent throughout the experiment, could result in curve 
Q?

A Addition of a compound that competes for the same binding site as pyruvate 

B Addition of an inhibitor that differs in 3D configuration from pyruvate 

C Addition of a co-enzyme such as NAD+

D An increase in enzyme concentration 

5 During the mitotic cell cycle, which of the following would result if cytokinesis does not occur 
after mitosis is completed?

A Cells with two nuclei 

B Cells with insufficient organelles 

C Cells with twice the amount of genetic material but without nuclei 

D Cells which are unusually small in size 

Q

 P 

KiasuExamPaper.com
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6 The diagram shows the life cycle of an organism. The numbers show how many 
chromosomes are present in one cell at each stage of the life cycle. 

Which of the following correctly shows the type of division and number of chromosomes? 

Type of cell division Number of chromosomes 
T X Y 

A Mitosis 16 8  

B Meiosis 16 16  

C Mitosis 32 32  

D Mitosis 32 16  

KiasuExamPaper.com
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7 The table shows the relative amounts of the bases adenine, thymine, guanine and cytosine 
in DNA from different organisms. 

Which statements account for the importance of the ratios of A to T and G to C to the structure 
of DNA? 

1 Complementary base pairing can occur. 

2 Mutation will occur when pairing ratio is lost. 

3 Semi-conservative DNA replication can occur to copy DNA strands. 

4 Phosphodiester bonds helps to hold two strands together. 

5 Purines and pyrimidines have different sizes and shapes. 

A 1 and 3 only 

B 1, 2, 3 and 5 only  

C 2, 3, 4 and 5 only 

D 1, 2, 3, 4 and 5 

KiasuExamPaper.com
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8 Bacteria were grown in a medium containing 15N. After several generations, all of the DNA 
contained 15N. Some of these bacteria were transferred to a medium containing the common 
isotope of nitrogen, 14N. The bacteria were allowed to divide once. The DNA of some of these 
bacteria was extracted and analysed. This DNA was all hybrid DNA containing equal 
amounts of 14N and 15N.

Some bacteria from the medium with 15N were transferred into a medium of 14N. The bacteria 
were allowed to divide twice. The graph shows the percentages of 14N and 15N in the DNA of 
these bacteria. 

Some bacteria from the medium with 15N were transferred into a medium of 14N. The bacteria 
were allowed to divide three times. 

What would be the percentages of 14N and 15N in the DNA extracted from these bacteria?  

KiasuExamPaper.com
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9 The following statements illustrate the processes that occur during translation, although not 
necessarily in this order. 

1 The large subunit of the ribosome binds and forms the translation initiation complex.
2 The second amino acyl-tRNA complex now binds to mRNA at the “A” site of the 

ribosome.
3 The small ribosomal subunit, with initiator tRNA bound, binds to the 5’ cap of the 

mRNA and scans for the first start codon. 
4 Soluble protein called release factor recognises the stop codon and binds at the “A” 

site.   
5 Formation of a peptide bond between the first and the second amino acids by peptidyl 

transferase. 
6 The second amino acyl-tRNA complex moves from the “A” site to the “P” site. 

Using the information provided above, deduce the order in which these processes occur.0
8
A 1  3  2  5  6  4 

B 1  3  2  6  5  4 

C 3  1  2  5  6  4 

D 3  1  2  6  5  4 
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10 The following table shows the mRNA codons for six different amino acids. 

mRNA codons amino acid 
AAA   AAG lysine
AGA   AGG   CGG arginine 
GGU   GGA   GGC   GGG glycine 
CCU   CCA   CCC   CCG proline 
UGG tryptophan 
UAU   UAC tyrosine

The base sequence of mRNA coding for part of a polypeptide is shown below. 

U   A   U   A   A   G A   G    G    C     C   U     U     G    G 
1    2    3   4    5 6    7    8    9    10   11   12   13    14   15 

  start reading 

From the information provided, which of the predictions stated below is not true?

A The insertion of a nucleotide between positions 3 and 4 is expected to result in a greater 
change in the amino acid sequence than an insertion between positions 12 and 13. 

B The deletion of a nucleotide at position 5 would result only in an alteration of the second 
amino acid in the chain. 

C The substitution of a different nucleotide at position 12 would produce no alteration in 
the amino acid chain. 

D The substitution of a different nucleotide at position 13 would result in the alteration of 
one amino acid. 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



10
 

@IJC 2017              9744/01/Preliminary Examination                                          [Turn over
 

11 Some statements about the phages are listed as follows: 

1 All types of phages are capable of undergoing lytic and lysogenic cycles. 
2 A phage usually undergoes lysogenic cycle because a larger number of progeny 

phages can be produced rapidly as compared to the lytic cycle.  
3 The release of lysozyme upon rupturing of lysosome leads to the osmotic lysis of 

host bacterium. 
4 The phage gene codes for a repressor protein that prevents the expression of 

prophage.

Which of these statements about the reproductive cycles of a phage are not true?

A 1 and 2 only 

B 3 and 4 only 

C 1, 2 and 3 only 

D 2, 3 and 4 only 

12 The dengue virus is spherical, membrane-bound with a similar reproduction cycle as the 
influenza virus. However, unlike the influenza virus, its genetic material consists of one single 
positive sense strand of RNA. 

Using the information above, which one of the following statements about the reproduction 
cycle of dengue virus is false?

A RNA-dependent RNA polymerase is required to complete its cycle. 

B The viral envelope fuses with the cell surface membrane of the host cell. 

C The viral genome is directly used for translation of viral protein. 

D Uncoating process involves fusion with endosome membrane. 

KiasuExamPaper.com
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13 The diagram shows a length of DNA responsible for metabolising lactose in prokaryotes. A 
mutation occurred in X such that its protein product became non-functional. 

What is a possible outcome of the mutation if the bacteria cell is grown in a culture medium 
containing only lactose? 

Sequence bound 
by functional 

protein X 

Positive control of 
gene regulation 

Negative control of 
gene regulation 

Transcription of 
structural genes 

A W absent present no 

B Y absent present no 

C W present absent yes 

D Y present absent yes 

14 About 12,000 genes are expressed in both chick liver and oviduct. However an estimated 
additional 5,000 genes are expressed only in liver, while an additional 3,000 genes are 
expressed only in oviduct.

Which of the following could explain these observations? 

1 The additional genes may have different methylation patterns in different tissues. 

2 The concentrations of transcriptional enhancer elements for the additional genes vary 
in different tissues. 

3 The number of genome copies is different in different somatic cells. 

4 A common set of genes are expressed for normal functions in liver and oviduct. 

A 1 only 

B 2 and 3 only 

C 1 and 4 only 

D 2 and 4 only 
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15 RNA transcribed from a length of DNA of a chromosome was found to code for two different 
proteins that function as enzymes, as shown in the diagram. 

Which of the following best describes the two proteins? 

A Protein 1 and protein 2 are a result of control of gene expression at translational level.  

B Protein 1 and protein 2 are a result of the cleavage of a polyprotein. 

C Protein 1 and protein 2 function sequentially in the same metabolic pathway.  

D Protein 1 and protein 2 usually perform similar functions in different cell types. 

16 Which of the following scenario has the highest risk of cancer? 

proto-oncogene tumour-suppressor gene 
A gain of function in one allele loss of function in both alleles 

B gain of function in both alleles loss of function in one allele 

C loss of function in both alleles gain of function in one allele 

D loss of function in one allele gain of function in one allele 

KiasuExamPaper.com
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17 In a comparative study of brinjal plants, a test cross was made between the variety of plant 
producing purple and long brinjal and the variety producing green and short brinjal. The 
results of the following F1 generation are shown below:

Which of the following statements is false?

Phenotypes  Number

Purple, Long 28 

Purple, Short 30 

Green, Long 26 

Green, Short 34 

Total number 118 

degrees of 
freedom

probability, p 

0.10 0.05 0.02 0.01 0.001 

1 2.71 3.84 5.41 6.64 10.83 
2 4.61 5.99 7.82 9.21 13.82 
3 6.25 7.82 9.84 11.35 16.27 
4 7.78 9.49 11.67 13.28 18.47 

A The probability that the difference between observed and expected values is due to 
chance is greater than 10%. 

B The two genes coding for the colour and shape are not linked. 

C The difference between the expected number and the observed number of the 
phenotypes occurred by chance. 

D The calculated 2 value is greater than the critical 2 value. 

KiasuExamPaper.com
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18 An insect collection contains 102 specimens of a species of butterfly. This specimen is 
sexually dimorphic, meaning that the males and females look different from each other. A 
student examined the specimens and collected the following data. 

Observation Frequency 

Blue wing colour (male) 64
Brown wing colour (female) 38 
Wing span 35-37 mm 15
Wing span 37-39 mm 68
Wing span 39-41 mm 19

How should this variation be classified? 

continuous discontinuous 

A sexual dimorphism colour 

B colour sexual dimorphism 

C sexual dimorphism wingspan 

D wingspan sexual dimorphism 

19 In certain breeds of mice, the two allelic pairs, C/c and A/a are known to regulate the 
formation of coat colour. Coloured coat is produced in the breed carrying at least one copy 
of C allele and two copies of a alleles, whereas agouti coat is produced when the breed 
carries at least one copy of C and A alleles. Albino coat is derived from the breed 
homozygous for c allele. 

Which of the following description is valid when two agouti mice heterozygous for both C and 
A genes are crossed?  

A The expected ratio of agouti mice to coloured mice and to albino mice is 9:6:1. 

B The phenotypic effect coded by the allele A is masked in the mice homozygous for 
allele c.

C The production of coat colour is regulated sequentially first by gene A and then gene C.

D Agouti is an intermediate coat colour resulting from the codominant effect between gene 
A and gene C.
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20 Two separate experiments were conducted to investigate the production of oxygen in 
photosynthesizing plants. 

In experiment 1, an illuminated suspension of photosynthesizing algae Chlorella was given 
carbon dioxide containing a heavy isotope of oxygen, 18O. The amount of radioactively 
labeled oxygen (18O2) produced from the Chlorella suspension was then measured. 

The experiment was then repeated but with Chlorella suspension given water molecules 
containing 18O (experiment 2). 

The results are shown in the table below. 

Time after 
introducing 18O / min 

Amount of 18O2 produced / arbitrary units 
Experiment 1 (with C18O2) Experiment 2 (with H2

18O) 
0 0 0 

5 0 0.05 

10 0 0.24 

15 0 0.44 

20 0 0.77 

Which of the following conclusions can be inferred from the above experimental results? 

A Oxygen atoms in the carbon dioxide molecule is incorporated into Calvin cycle 
metabolites and subsequently sucrose molecules produced from photosynthesis. 

B Water is the source of oxygen evolved during photosynthesis. 

C Oxygen is the final electron acceptor of the non-cyclic photophosphorylation. 

D The rate of photosynthesis increases with time. 

21 The diagram below shows a mitochondrion as seen under the electron microscope. 

What is the advantage of having a small volume inside the inter-membrane space of the 
mitochondrion?

A A high electron concentration is rapidly developed. 

B A high proton concentration is rapidly developed. 

C Protein electron carriers are highly concentrated. 

D ATP synthase is highly concentrated. 

Intermembrane
space 

Matrix
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22 The figure below shows a protein receptor on a cell membrane. 

Which statement correctly describes how this receptor responds upon binding to a ligand? 

A It enters the nucleus, undergoes a conformational change and binds to DNA. 

B It undergoes a conformational change, enters the nucleus and binds to DNA. 

C It undergoes conformational change and binds to G-protein. 

D It undergoes dimerisation, and hence a conformational change. 

23 Which molecule maintains the fluidity of the cell surface membrane?  

A Cholesterol

B Glycolipid

C Glycoprotein

D Phospholipid
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24 The histogram represents the proportions of a population of new-born mammals falling into 
various birth weight classes. The line graph represents mortality. 

From the information given, which conclusion is correct? 

A Birth weight is undergoing stabilising selection.  

B Birth weight is an example of discontinuous variation. 

C Birth weight is genetically linked to mortality. 

D Mortality is undergoing disruptive selection. 

Percentage m
ortality/%
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25 The cladogram below shows the classification of a group of spiders found on the Hawaiian 
islands. An asterisk (*) indicates that this species of spider has yet to be assigned a scientific 
name.

Based on information from the diagram above, deduce which of the following spiders are the 
most closely related species. 

A T. filiciphilia and “eurylike” 

B T. hawaiensis and “emerald ovoid” 

C T. stelarobusta and T. eurychasma

D T. stelarobusta and T. filiciphilia

*

*
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26 Calcitonin is a protein hormone found in humans, fish, birds, and mammals. It is 32 amino 
acids long. The table below shows the amino acid sequence of calcitonin in various 
organisms and the number of amino acid differences when compared with human calcitonin.

Organism Amino acid sequence of calcitonin 
Number of 
amino acid 
differences

Human  CGNLSTCMLGTYTQDFNKFHTFPQTAIGVGAP-NH2 - 
Salmon  CSNLSTCVLGKLSQELHKLQTYPRTNTGSGTP-NH2 16 
Eel  CSNLSTCVLGKLSQELHKLQTYPRTDVGAGTP-NH2 16 
Rat  CGNLSTCMLGTYTQDLNKFHTFPQTSIGVGAP-NH2 2 
Chicken  CASLSTCVLGKLSQELHKLQTYPRTDVGAGTP-NH2 17 

What conclusion can be drawn from the data above? 

A Humans and salmon are more closely related than salmon and eel. 

B Humans are most closely related to rats. 

C Salmon and chicken share a recent common ancestor. 

D Salmon and eel are more closely related than salmon and chicken. 

27 The following events occur when a phagocyte responds to the presence of a pathogen. 

1   endocytosis  

2   vesicle formation 

3   exocytosis

4 phagocytosis  

5 enzymatic digestion 

Which is the correct sequence of events? 

       first                                                         last 

A 1 5 2 3 

B 3 2 5 1 

C 4 2 5 3 

D 4 5 3 1 
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28 In an investigation into the immune response, a volunteer was exposed to two different 
antigens, X and Y. The relative antibody concentration in the blood was measured at regular 
intervals over 60 days.

The graph shows the time when the volunteer was exposed to each antigen and the antibody 
concentration against time for antigens X and Y.

What is the explanation for the results displayed on the graph? 

A A primary and secondary immune response against antigen X occurred, with the 
memory B-lymphocytes inhibiting the secondary immune response against antigen Y.

B A primary immune response to antigen Y occurred and memory B-lymphocytes specific 
to antigen Y enhanced the secondary immune response to antigen X.

C Memory B-lymphocytes specific to antigen X enabled a secondary immune response to 
occur; different B-lymphocytes were activated for a primary immune response for 
antigen Y.

D Plasma cells remaining from the first exposure to antigen X undergo rapid clonal 
selection to produce high levels of antibody against antigen X and lower levels of 
antibody against antigen Y.
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29 The bar chart shows the production of greenhouse gases (carbon dioxide and methane) from 
agriculture in the European Union (EU) from 2000 to 2011, measured in millions of tonnes. 

Which of the following could contribute to the trend seen between 2003 and 2009? 

A Conversion of intensive farmland into woodland reserves. 

B Greater use of agricultural machinery for harvesting. 

C Increased consumption of meat-based products. 

D Increased import and export of crops between EU countries. 

30 Rice crops in Japan are damaged by the green rice leafhopper (Nephotettix cincticeps), a 
pest that reduces crop yield. 

In a study of the effect of climate change on crop damage by the green rice leafhopper, it 
was found that an increase in winter temperatures caused an increase in crop damage, while 
an increase in summer temperatures caused a decrease in crop damage. 

Which of the following are possible explanations for these findings? 

1 Increased temperatures in the summer cause a rise in metabolic rate that results in 
the pests reproducing more rapidly. 

2 Increased temperatures in the summer raise the metabolic rate above the range that 
the pests can tolerate. 

3 Increased temperatures in the winter disrupt the pests’ life cycle and results in fewer 
being able to reproduce. 

4 Increased temperatures in the winter allow more pests to survive and results in an 
increase in the pest population. 

A 1 and 3 only 

B 1 and 4 only 

C 2 and 3 only 

D 2 and 4 only 
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Answer all questions. 

1 Fig. 1.1 shows a ligand binding to the G protein-coupled receptor (GPCR) which is 
embedded on the cell surface membrane.  

Fig. 1.1

 (a) (i) Identify the ligand in Fig. 1.1.  

[1]

  (ii) Explain why ligand mentioned in (a)(i) unable to pass through the cell surface 
membrane. 

[2]

 (b) With reference to Fig. 1.1, describe what happens when the ligand binds to the 
GPCR. 

 [3]
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 (c) With a named example, define “second messengers”.  

 [2]

 (d) Explain how intracellular signal is terminated when ligand is released from the 
receptor.

 [2]

 (e) One of the side effects of a particular drug includes non-responsiveness of GPCR 
to ligands.  

Suggest how the drug could have caused such non-responsiveness of GPCR to 
ligands.

 [2]

[Total: 12]
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2 Fig. 2.1 is a photomicrograph of plants cells, with some undergoing mitosis.  

Fig. 2.1 

 (a) On Fig. 2.1, use labels and label lines to indicate one cell in anaphase stage of 
mitosis.                                                                                                                      [1]

 (b) The longest stage of the mitotic cell cycle, interphase, is divided into three phases, 
G1, S and G2.

  (i) Describe what happens in the G1 phase. 
   

   

   

   

   

   
[3]

   

  (ii) There are various checkpoints in the mitotic cell cycle. One of them is present 
in the G1 phase called the G1 checkpoint.  

Describe the function of G1 checkpoint.  
   

   

   

   
[2]
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  (iii) When cell cycle checkpoints are defective, cancer could arise.  

With reference to two named genes, outline the development of cancer. 

[4]

 (c) Stem cells go through mitosis as well. But they go through asymmetrical division, 
where the fate of the two daughter cells are different.  

  (i) State the potency level of adult stem cells and their function in our body.  

[2]

  (ii) Suggest one similarity between stem cells and cancer cells. 

[2]

[Total: 14]
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3 Pure breeding sweet pea plants with purple flowers and long pollen grains were crossed 
with pure breeding plants with red flowers and round pollen. All the F1 plants had purple 
flowers and long pollen grains. These F1 plants were then allowed to self-pollinate and the 
seeds produced were grown.  

The following results were obtained in this F2 generation.  

4831 purple flowers and long pollen grains 
390 purple flowers and round pollen grains 
393 red flowers and long pollen grains 

1338 red flowers and round pollen grains 

 (a) Explain what is meant by the term “pure breeding”. 

[1]

 (b) State the expected phenotypic ratio of the F2 generation. 

[1]

 (c) Using suitable symbols, draw a genetic diagram to explain the observed results of 
the F2 generation.  

[5]
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 (d) Suggest how similar crossing experiments with many different pairs of characters 
could be used to map the position of genes on the chromosomes of sweet pea plants.

 [3] 

[Total: 10]
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4 Fig. 4.1 shows the life-cycle of Aedes aegypti, which are often vectors of viral diseases 
like dengue fever, chikungunya and yellow fever.  

Fig. 4.1 

 (a) With reference to Fig. 4.1, name the four stages in a Aedes aegypti life-cycle. 

[2]

 (b) The following is an extract from an article “Record 2,441 dengue cases reported in 
Singapore for January” published on Singapore’s The Straits Time website on 2nd

Feb 2016. 

“SINGAPORE - A total of 636 dengue cases were reported for the week of Jan 24 
to 30 - the same number as the previous week - according to the latest figures 
released by the National Environment Agency (NEA) on Tuesday (Feb 2). 

This brings the total number of cases for the first four weeks of the year to 2,441, 
an unusually high number for January given that it is traditionally the low season for 
dengue.”

Fig. 4.2 shows the weekly number of dengue cases in Singapore from 2013 to 2016

Fig. 4.2
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  (i) With reference to Fig. 4.2, describe the general trend in dengue cases in 
2013.

 [2]

Fig. 4.3 shows average monthly temperature in Singapore in Year 2013.  

Fig. 4.3 

  (ii) With reference to Fig. 4.3, describe the temperature trend in Singapore in 
2013.

   

   

   

   
 [2] 

   

Te
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  (iii) With reference to both Fig. 4.2 and 4.3, account for the relationship between 
temperature and dengue cases in Singapore in 2013.  

   

   

   

   

   

   
 [3]

   

 (c) Fig. 4.4 is a diagram of a dengue virus. 

Fig. 4.4 

  (i) Describe the viral genome of dengue virus. 
   

   
[1]

   

  (ii) The dengue virus and influenza virus are quite similar in terms of their 
structure and reproductive cycle. 

Describe one structural similarity between dengue virus and influenza virus. 
   

   
[1]
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  (iii) Compare the reproductive cycles of dengue virus and influenza virus.  

Giving one difference and two similarities.   
   

Difference:
   

   
Similarities:

   

   

   
[3]

   

  (iv) Currently, there are no specific antiviral drugs for the treatment of dengue 
fever, due to the prevalence of drug resistance in dengue viruses.  

Suggest one reason how drug resistance can arise in dengue viruses. 
   

   
[1]

   
   [Total: 15]
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5 Fig. 5.1 and 5.2 are diagrams showing transcription and translation.  

Fig. 5.1 

Fig. 5.2 
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 (a) Identify the structures A to C.

A:

B:

C: [3]

 (b) Describe what happens to D after it is being synthesized to form a functional product.

[2]

 (c) Describe three ways in which the process of transcription differs from translation. 

 [3]

 (d) Briefly describe how the structure of F differs from the structure E.

 [2]
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 (e) Fig. 5.3 shows a proteasome degrading a protein. 

Fig. 5.3 

With reference to Fig. 5.3, describe what happens during proteasomal degradation 
of proteins.  

[3]

[Total: 13]
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6 The marine threespine sticklebacks, Gasterosteus aculeatus is a freshwater fish living in 
the lakes of British Columbia, Canada as shown in Fig. 6.1. 

Fig. 6.1 

In order to investigate the process of speciation in these populations, three small lakes 
were studied. Each lake contained two varieties of stickleback: a large, bottom-dwelling 
variety that fed on invertebrates near the shore and a small, plankton-eating variety that 
lived in the open water. The probability of breeding between pairs of individuals was 
measured under laboratory conditions in the following breeding combinations: 

I different varieties from the same lake 

II different varieties from different lakes 

III same variety from different lakes 

IV same variety from the same lake 

The data are summarized in Fig. 6.2 below. 

Fig. 6.2 
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 (a) With reference to Fig. 6.2, 

  (i) identify the highest and lowest probabilities of breeding for individuals of the 
same variety; 

   
[1]

   

  (ii) describe the differences in probability of breeding between individuals from 
different lake; 

   

   

   

   
[2]

   

  (iii) describe the evidence that speciation is taking place in these populations and 
explain the type of speciation; 

[3]

  (iv) explain why all the individuals are still considered the same species. 

[2]
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 (b) The freshwater lakes also contain many different types of parasites that infect the 
different varieties of marine threespine sticklebacks.  

Explain why these parasites enable speciation of the marine threespine sticklebacks 
to occur.

[4]

[Total: 12]
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7 Fig. 7.1 shows how innate immune system protects the body against pathogens. 

Fig. 7.1

 (a) With reference to Fig 7.1, 

  (i) state the name of the white blood cell and organelle A.
   

   
[1]

   

  (ii) describe the role of organelle A in the defence against pathogen. 
   

   

   

   
[2]

   

bacterium

white
blood cell 

organelle A

organelle A

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



          19                    For 
Examiner's 

Use 

@IJC 2017                                                                   9744/02/Preliminary Examination                                                   [Turn over

It is found that ingested Mycobacterium tuberculosis (M. tuberculosis) is able to survive 
within the macrophage and cause tuberculosis in humans. 

Bacillus Calmette–Guérin (BCG) is a vaccine primarily used against tuberculosis. It 
consists of live attenuated bacteria. In countries where tuberculosis is common, one dose 
is recommended in healthy babies as close to the time of birth. Babies 
with HIV/AIDS should not be vaccinated. 

 (b) (i) Explain how BCG vaccination provides long term immunity against tuberculosis.

[4]

  (ii) Suggest why babies with HIV/AIDS should not be vaccinated. 

[1]
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A test as shown in Fig. 7.2 has been developed to find if a person has antibodies against 
M. tuberculosis. 

Fig. 7.2 

 (c) Predict and explain if the color of the solution will change if the patient is infected with 
influenza virus. 

[4]

[Total: 12]

Well in test 
dish 

Antigen Antibodies

Step 1: Antigen is 
attached to a well 

in a test dish 

Step 2: Sample of 
patient’s blood is added 
to the well. If antibodies 
are present, they bind to 

the antigen 

Enzyme

Second
antibody

Step 3: The well is washed. 
Then a second antibody 

with an enzyme is attached 
is added. This binds 

specifically to the first 
antibody

Step 4: The well is washed. 
A solution is added which 

changes colour if the 
enzyme is present. A colour 

change shows that the 
person has antibodies 
against M. tuberculosis
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8 Corals are simple marine animals and usually exist in colonies of thousands of individuals. 
Zooxanthellae are group of unicellular algae that can photosynthesize. They live within 
cells if the coral and have a symbiotic relationship. 

Corals absorb calcium carbonate from the sea to build their skeletons which provides 
structural support. Coral reefs provide home for about 25% of known fish species. 

Corals are sometimes mistaken for members of plant kingdom. 

 (a) State one way in which coral cells differ from plant cells 

[1]

Coral reefs are at risk of damage by human activities. A study was conducted to see the 
effects of climate change on coral reefs.  

Coral reef sites were subjected to two different environmental conditions i.e. exposed site 
and sheltered site. Coral reefs in exposed site was exposed to climate change 
environmental conditions. Coral reefs in the sheltered site was exposed to normal 
environmental conditions. 

Table 8 shows coral cover area at exposed and sheltered sites.  

Table 8 

Experimental site Area of healthy coral 
reef/m2

Average area of healthy 
coral reef/m2

Exposed Site 
Site 1 120
Site 2 100
Site 3 150

Sheltered Site 
Site 1 82
Site 2 75
Site 3 69

 (b) With reference to Table 8, 

  (i) complete Table 8 by calculating the average area of healthy coral reef in 
exposed and sheltered site. Show your working below.                                       

[1]
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  (ii) conduct a t-test on the given data and determine if the difference in mean area 
of healthy coral reef in exposed and sheltered site are statistically significant.  

[4]

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



          23                    For 
Examiner's 

Use 

@IJC 2017                                                                   9744/02/Preliminary Examination                                                   [Turn over

  (ii) Explain two ways how climate change damages coral reefs. 

[6]

[Total: 12]
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Section A 

Answer all the questions in this section. 

1 Fig. 1.1 shows the influenza virus. 

Legend
PA, PB1, PB2 are RNA polymerases 

Fig. 1.1 

 (a) (i) Identify structures A and B.
   

A
   

B [2]
   

  (ii) Explain why the influenza virus needs its own RNA polymerase. 
   

   

   

   
[2]

   

nucleoprotein

A

M2 ion 
channel for H+

transport

neuraminidase 

B

viral genome 
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 (b) With reference to B and T cells, describe the adaptive immune response upon 
primary exposure to influenza virus. 

[5]

 (c) Vaccine for influenza is readily available in many countries including Singapore. It is 
advised that members of the public get vaccinated yearly. 

  (i) Describe the benefits of vaccination. 
   

   

   

   

   

   
[3]

   

  (ii) Describe what happens when a person vaccinated for influenza is 
subsequently infected with the same strain.  

   

   

   

   
[2]
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  (iii) Explain why yearly vaccination is recommended for influenza. 
   

   

   

   
[2]

   

Doctors sometimes prescribe antibiotics to patients who are infected by influenza to 
combat secondary bacterial infections. Gramicidin A is an example of an antibiotic. Fig. 
1.2 shows the molecular structure of Gramicidin A. 

Fig. 1.2 

 (d) Illustrate the reaction that forms the peptide bonds between two amino acids. 

[2]
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Gramicidin A folds into a 3-dimensional configuration that inserts itself into the bacterium's 
cell surface membrane. It allows non-specific movement of ions which eventually cause 
the bacterial cell to die. Fig. 1.3 shows the interaction of Gramicidin A with the bacterium's 
cell surface membrane. 

Fig. 1.3 

 (e) (i) Describe how the Gramicidin A shown in Fig. 1.2 folds into the 3-dimensional 
structure shown in Fig. 1.3.  

   

   

   

   
[2]

   

  (ii) Using the information provided and Fig. 1.3, explain how Gramicidin A kills the 
bacterium. 

   

   

   

   
[2]

   

Gramicidin A 
molecules 

phospholipid 
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 (f) Upon prescription of antibiotics, doctors often advise patients to complete the course 
of antibiotics even if symptoms of disease have ceased. One of the reasons cited 
was that not completing the course of antibiotics may increase the chance of 
antibiotic resistant bacteria to evolve.  

With reference to natural selection, explain the basis for the need to complete the 
prescribed course of antibiotic. 

[3]

[Total: 25]
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2 A researcher investigated the pathway by which carbon dioxide is converted to organic 
compounds during photosynthesis. The apparatus used is shown in Fig. 2.1. 

Fig. 2.1 

While the apparatus was in the dark room, the researcher supplied the algal cells with 
14CO2. The contents of the apparatus were thoroughly mixed and light was switched on 
subsequently. At five-second intervals, a few of the cells were released into hot alcohol, 
which killed the cells very quickly. The intermediates of the reactions were subsequently 
analysed and the chromatograms in Fig. 2.2 showed the results of the analysed 
intermediates by chromatography (a separation technique) at different timings. 

Fig. 2.2 

 (a) (i) Identify molecules X and Y.

X

Y [2]

chromatogram 
after 5 seconds 

chromatogram 
after 15 seconds

chromatogram 
after 60 seconds

carbonate solution 
containing radioactive 

carbon (14C)

alcohol 

air in 

algae 

air out 

Commented [A1]: need to have an “air out” textbox? ok

Commented [A2]: Need to explain what chromatogram is? 
Are students expected to know chromatographic separation? 
This similar question also appeared in our PS tutorial. Also 
chromatogram is taught in Chem? 
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  (ii) Explain your answer in part (i).

[4]

  (iii) Explain why sucrose and amino acids are identified in the chromatogram only 
after 60 seconds. 

[1]

Dinitrophenol is a metabolic poison that can embed within the thylakoid membranes of 
chloroplasts and provide an alternate route for H+ to diffuse across the thylakoid 
membranes. 

 (b) Explain how the concentration of intermediates of the Calvin cycle is affected by 
dinitrophenol. 

[3]

Commented [A3]: To give then idea that these molecules 
are synthesized later? So with the word only here will suffice? 
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Another experiment was carried out by another student to determine the concentration of 
carbon dioxide in the leaves of plants at different times of the day. The results are shown 
in Table 2.3 

Table 2.3

Mean carbon dioxide concentration (ppm) 

8pm to 4am 8am to 4pm 

328 106 

 (c) Using knowledge on Calvin cycle and Krebs cycle, account for the difference in 
concentration of carbon dioxide in the leaves for the two periods shown in Table 2.3.

[4]

 (d) Explain the effect of higher concentration of carbon dioxide on the rate of carbon 
fixation during the period 8am to 4pm. 

[2]
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Studies were carried out on soil-dwelling aerobic and anaerobic bacteria. Samples were 
taken from different depths at intervals of one month and six months after the soil was put 
into a large heap for storage. 

Table 2.4 shows the numbers of aerobic and anaerobic bacteria at different depths in the 
stored soil. 

Table 2.4 

depth in soil 
store / m 

mean number of bacteria per gram of stored soil 107

aerobic bacteria anaerobic bacteria 
after one 

month 
after six 
months

after one 
month 

after six 
months

0.0 12.4 12.5 0.4 0.6 
0.5 10.1 8.3 0.6 1.0 
1.0 9.8 5.9 0.8 3.8 
1.5 9.7 3.1 0.8 7.6 
2.0 10.5 0.8 0.7 8.1 
2.5 10.8 0.7 0.8 8.5 
3.0 10.2 0.9 0.6 8.8 

(e) (i) Account for the trends shown by the distribution of the two types of bacteria after 
six months.

[3]

 (ii) Suggest how aerobic bacteria are structurally adapted for cellular respiration. 

[2]
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In a further study, soil samples were taken at two depths, A and B, in the soil store. The 
samples were taken at intervals over six years. Soil samples of equal mass were used to 
determine the activity of dehydrogenases in aerobic bacteria. 

Fig. 2.5 shows the mean dehydrogenase activity of the bacteria in these samples. 

Fig. 2.5 

(f) (i) State with evidence from Fig. 2.5 which depth, A or B, were samples taken from 
a greater depth. 

[2]

 (ii) Explain the roles of dehydrogenase in Krebs cycle of the aerobic bacteria. 

[2]

[Total: 25]

Commented [A4]: Students may be confused as bacteria do 
not have mito. They may wonder why Krebs cycle is still 
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Section B 

Answer one question in this section. 

Write your answers on the lined paper provided at the end of this Question Paper. 
Your answers should be illustrated by large, clearly labelled diagrams, where appropriate. 

Your answers must be in continuous prose, where appropriate. 
Your answers must be set out in parts (a), (b), etc., as indicated in the question. 

3 (a) Greenhouse gases are key contributors to climate change affecting animals and 
plants in the environment they live in. 

Discuss the effects of climate change in the global environment.                         [13] 

 (b) After viruses infect host organisms, they are able to make use of host cell machinery 
to replicate and reproduce thereby causing diseases in the host organism. 

Describe how dengue causes viral disease in humans.                                        [12]

[Total: 25]

4 (a) Effector molecules are responsible for the regulation of transcriptional units in 
prokaryotes. 

Using named examples, explain the roles of these effector molecules in the negative 
feedback regulation of transcriptional unit in a prokaryote such as Escherichia coli.     

[12]

 (b) Protein production in eukaryotes is controlled at all stages of the process. 

Explain how protein production is controlled in eukaryotes and the advantages of 
regulating protein production at different stages                                                                      [13]

[Total: 25]

Commented [A5]: what is the expected answer? the 
pathology of infection  ? Yes. Perhaps change to “Describe 
how dengue causes viral disease in human” 

Commented [A6]: Should we state "using a named 
example"? Ok. 

Commented [A7]: do the students know about the 
advantage at each stage? This is a question from specimen 
paper. Hence, need to let them know. 
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Great care should be taken to ensure that any confidential information, including the 
identity of material on microscope slides where appropriate, does not reach the 
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Question 1 

Preparation List 

SN Apparatus/ Reagents / Chemicals Quantity per student

1 5 cm3 syringes 1

2 1 cm3 syringe 3

3 dropper 1

4 container / beaker labelled For washing 1

5 test-tubes 7

6 test-tube rack 1

7 50 cm3 beaker 2

8 glass rod 1

9 white paper (as background for visualising colour) 1 sheet

10 stop watch 1

11 marker pen 1

12 safety goggles 1

13 distilled water, labelled E 5 cm3

14 10% glucose, labelled S1 10 cm3

15 2%, 4%, 6%, 8%, 10% glucose, labelled G1, G2, G3, G4, G5 5 cm3 each

16 1M H2SO4, labelled A 10 cm3

17 0.01% KMNO4, labelled P 5 cm3

18 distilled water, labelled W 10 cm3

.
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Instructions for preparation 
To prepare E
Provide distilled water, labelled E. 

To prepare S1 
10 % glucose solution, labelled S1. 
This is prepared by dissolving 10 g of glucose in 75 cm3 of distilled water and making up to 100 
cm3 with distilled water. 

To prepare G1 – G5
2%, 4%, 6%, 8%, 10% glucose, labelled G1 – G5. 
G1 is prepared by dissolving 2 g of glucose in 75 cm3 of distilled water and making up to 100 cm3

with distilled water. 

G2 is prepared by dissolving 4 g of glucose in 75 cm3 of distilled water and making up to 100 cm3

with distilled water. 

G3 is prepared by dissolving 6 g of glucose in 75 cm3 of distilled water and making up to 100 cm3

with distilled water 

G4 is prepared by dissolving 8 g of glucose in 75 cm3 of distilled water and making up to 100 cm3

with distilled water. 

G5 is prepared by dissolving 10 g of glucose in 75 cm3 of distilled water and making up to 100 cm3

with distilled water 

To prepare A
1 mol dm–3 sulfuric acid, labelled A. 
This is prepared from (98%) sulfuric acid by adding 55 cm3 of the sulfuric acid to 500 cm3 of 
distilled water and making up to 1 dm3 with distilled water 

This is an exothermic reaction, add the acid to the water. 

To prepare P 
0.01% potassium permanganate, labelled P. 
This is prepared by dissolving 1.0 g of potassium permanganate in 100 cm3 of distilled water. Then 
take 1 cm3 of this solution and add to 99 cm3 of distilled water. 

Sulfuric acid is harmful and corrosive; potassium permanganate is harmful and should be 
disposed of with care to the environment. 

It is advisable to wear safety glasses/goggles when handling these chemicals. 

E, S1 and P can be made up the day before the examination and stored in a refrigerator. 
However, these must be at room temperature for the examination.
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Question 2

Preparation List 

SN Apparatus/ Reagents / Chemicals Quantity per student

1 light microscope with an eyepiece graticule, set up on low power
objective lens

1

2 stage micrometer 1

3 Prepared slide of young root tip e.g. Allium, labelled K1 1
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READ THESE INSTRUCTIONS FIRST 

Write your name and class on all the work you hand in. 
Give details of the practical shift and laboratory, where appropriate, in the boxes provided. 
Write in dark blue or black pen on both sides of the paper. 
You may use an HB pencil for any diagrams or graphs. 
Do not use staples, paper clips, glue or correction fluid. 

Answer all questions in the spaces provided in the Question Paper. 

The use of an approved scientific calculator is expected, where 
appropriate. You may lose marks if you do not show your working or 
if you do not use appropriate units. 
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Answer all questions 

1 The enzyme E catalyses the hydrolysis of sucrose to produce fructose and glucose. 

The products of the hydrolysis of sucrose will reduce potassium permanganate from purple to 
colourless as follows: 

purple  colourless 

You are required to investigate the effect of sucrose concentration on the progress of this 
enzyme-catalysed reaction by finding the time taken for the decolourization of potassium 
permanganate.

You are provided with 

 1% enzyme solution, labelled E

 10% sucrose solution, labelled S1

 2%, 4%, 6%, 8%, 10% glucose solution, labelled G1 – G5 

 1 mol dm-3 sulfuric acid, labelled A

 0.01% potassium permanganate solution, labelled P

 distilled water labelled, W

Sulfuric acid and potassium permanganate are harmful. 
If any comes into contact with your skin wash immediately under cold water. 
It is recommended that you wear safety goggles. 

Proceed as follows: 

 1 Prepare an appropriate volume of 5% sucrose and label it S2.

 2 Put 1 cm3 of A into a test-tube. 

3 Add 1 drop of P into the same test-tube. Gently shake to mix. 

4 Add 1 cm3 of G1 to the test-tube. Start the stopwatch. 

 5 Record the time taken for P to decolourise in step 12.

6 Repeat step 2 to 5 for G2 to G5. You may perform the test simultaneously. 

7 Put 5 cm3 of S1 into a small beaker. 

8 Add 1 cm3 of E into the small beaker containing S1.

9 Stir to mix the solutions. Allow the reaction to take place for 2 minutes. 

10 Perform step 2 to 5 for reaction mixture of E and S1.

 11 Repeat step 7 to 10 for S2 you have prepared in step 1.
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 12 Record your data in a suitable format in the space provided below. If P does not 
decolourise, record 'more than 600'. 

[5]

 (a) (i) Using your results in step 12, estimate the concentration of reducing sugar in the 
reaction mixture with 

   S1 [1]
    
   S2 [1]
      

 (ii) With reference to enzyme action, explain your observations for S1 and S2.

[2]
   

 (b) Describe a suitable control for this investigation. 

[2]

(c) Identify two significant sources of error in this investigation. 

[2]
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 (d) Table 1.1 shows the results for a similar investigation which measured the mass of 
reducing sugars produced over a period of 400 seconds. 

Table 1.1 

time / s mass of reducing 
sugars / mg ml-1

60 0.32 

120 0.64 

180 0.95 

300 1.55 

400 2.05 

 (i) Plot a graph of the data shown in Table 1.1. 

 [4]
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 (ii) Using your graph, find the rate of hydrolysis of the sucrose. 
Show on your graph where you took the readings to calculate the rate.           [1]

Show all working in your calculation. 

rate of enzyme activity  [1]

 (iii) Describe how results shown in Table 1.1 can be obtained if you are provided with 
Benedict's solution, 3 mg ml-1 reducing sugar solution and a colorimeter. 

[5]
   

[Total: 24]
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2 K1 is a stained, longitudinal section of a young root tip. 

Use your microscope to examine carefully the regions labelled X and Y in Fig. 2.1. 

Fig 2.1 

(a) Make a large, labelled, high-power drawing of a single cell at 

 (i) metaphase

      Magnification  = 

 [3]

 (ii) anaphase 

      Magnification  = 

 [3]
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(b) (i) Using the eyepiece graticule fitted in the eyepiece lens of your microscope, state 
the objective lens you are using and the number of eye piece divisions equivalent to 
length of the cell you have drawn in (a)(i) and (ii).
               

objective lens
    

number of eyepiece graticule divisions for (a)(i) = [1]

number of eyepiece graticule divisions for (a)(ii) = [1]

 (ii) Using the stage micrometer, determine the length of one division on your eyepiece 
graticule at the objective stated in (b)(i).

Show the measurements you have made and your working. 

[2]

 (iii) Using your results in (b)(i) and (ii), find the actual length, in m, of the length of the 
cells that you have drawn in (a)(i) and (ii).

Show your working in the space provided. 

[2]

 (iv) Indicate the actual length of the cells in an appropriate manner on your diagram in 
(a).                    [1]

 (v) Calculate and state the magnification of your drawing in (a). Show your working.[2] 

(c) Describe two differences observed between cells at region X and Y.

[2]

[Total: 17]
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3 Respiratory quotient (RQ) is a measurement of the ratio of carbon dioxide given out to oxygen 
taken in. The RQ value acts as an indication of the respiratory substrate used. 

       CO2 given out 
    RQ  =   
         O2 taken in 

Carbohydrates often give a RQ of 1.0, while protein and fats give 0.8 and 0.7, respectively. 

Yeast are unicellular eukaryotic organisms that respire using a range of substrates. 

You are required to plan, but not carry out, an experiment to investigate the RQ when yeast is 
metabolising different carbohydrates in respiration. 

You must use: 

 active yeast suspension in small conical flask 

 5% glucose 

 5% sucrose 

 rubber bung with delivery tube 

 soda lime in syringe 

 T-shaped connecting tube 

 capillary tube 

 blue ink 
Fig. 3.1 shows part of the experimental setup. 

Fig. 3.1 

syringe 

soda lime T-shaped connecting 
tube

conical flask 

rubber bung 
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You may select from the following apparatus and use appropriate additional apparatus: 

 normal laboratory glassware, e.g. test-tubes, boiling tubes, beakers, measuring cylinders, 
graduated pipettes, glass rods, etc. 

 syringes 

 timer, e.g. stopwatch 

 thermostatically regulated electrical water bath 

Your plan should: 

 have a clear and helpful structure such that the method you use is able to be repeated by 
anyone reading it 

 be illustrated by relevant diagram(s), if necessary, to show, for example, the arrangement of 
the apparatus used 

 identify the independent and dependent variables 

 describe the method with the scientific reasoning used to decide the method so that the 
results are as accurate and repeatable as possible 

 include layout of results tables and graphs with clear headings and labels 

 use the correct technical and scientific terms 

 include reference to safety measures to minimise any risks associated with the proposed 
experiment 

[Total: 14]
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Section A 
Answer all questions. 

1 Fig. 1.1 shows a ligand binding to the G Protein-coupled receptor (GPCR) which is 
embedded on the cell surface membrane.  

Fig. 1.1

 (a) (i) Identify the ligand in Fig. 1.1.  

 glucagon;; [1]

(ii) Explain why ligand mentioned in (a)(i) unable to pass through the cell surface 
membrane. 

1. glucagon is a peptide hormone/ prot

which is a large macromolecule/ contains amino acids with charged R 
groups;; 

2. it is unable to pass thru small temporary gaps in CSM/ will be repelled
by the hydrophobic core;; 

ggggggg ppppppp ;;

/ no tpt prot (carrier/ channel) large enough to facilitate its tpt 
across CSM;; [2]

yyyyyyy yyyyyyy p ;;

;;

 (b) With reference to Fig 1.1, describe what happens when the ligand binds to the 
GPCR. 
1. when ligand binds to GPCR, receptor is activated & undergoes

conformational  

activated receptor then interacts with  G prot bound with GDP;; 

2. causing it to exchange its bound GDP with GTP

activating G prot, causing  &  subunits of G prot to dissociate from 
subunit;; 

3.  subunit together with bound GTP then binds to enz to activate it

;;

activated enz will then activate 2nd messengers involved in signal
transduction;;  [3];;

tionononnononal 

reeecececececeptptptptptorr tttheeeeennnnn inininininteeeeerarararararactctctctc sss wiw thhh GGGG G GGGG G G GGGGG prprprprpprprppppppp otootototottototoooto bbbbbbbouououououo ndndndndndd wwwwwit

t tooooo eeeexcxcxcxcxchahahahahangngngngnge e e ee itttititii s ss s bobobobobob unununununu d dddd GDGDGDGDGDG P PPPPPPP withhhhh GGGGGGTPTPTPTPTPP 

g G prot, causing &&&&  subunitttts s of GGGGGG prot to
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 (c) With a named example, define “second messengers”.  

1. 2nd messengers are small, non-prot, water soluble mols

that relays signals from cell surface receptors to target mols in cell;;

2. e.g. cyclic AMP (adenosine monophosphate)/ Ca2+/ cyclic GMP 
(guanosine monophosphate)/ diacylglycerol;;  [2][ ]

 (d) Explain how intracellular signal is terminated when ligand is released from the 
receptor.

1. GTPase in  subunit of G prot will hydrolyse bound GTP to GDP;;

2.  subunit will associate together with  &  subunits of G prot which forms
inactive G prot;;

3. cAMP will be converted back to AMP by phosphodiesterase;;  [2]

p ;;

 (e) One of the side effects of a particular drug includes non-responsiveness of GPCR 
to ligands. 

Suggest how the drug could have caused such non-responsiveness of GPCR to 
ligands.

1. (competitive inhibitor) drug has a similar 3D config as ligand
(glucagon)

competes with ligand for ligand binding site ® active site

(g(g(g(g(g(gg ggggggg )))))))

2. drug binds permanently to GPCR binding site / via strong
permanent bonds
therefore, ligands unable to bind to GPCR to initiate signal
transduction;;  [2]

p

@ non-competitive inhibition  binds to al___ site   3D config of GPCR  
l___ b___ s___  compl to ligand 

;;

[Total: 12]
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2 Fig. 2.1 is a photomicrograph of plants cells, with some undergoing mitosis.  

Fig. 2.1 

 (a) On Fig 2.1, use labels and label lines to indicate one cell in anaphase stage of 
mitosis. [1]

 (b) The longest stage of the mitotic cell cycle, interphase, is divided into three phases, 
G1, S and G2.
(i) Describe what happens in the G1 phase. 

1. synthesis of organelles e.g. ER, mito etc

2. synthesis of prots (needed for S phase – replication of DNA);;

3. increase in cytoplasmic vol resulting in an increase in cell size;;

4. nucleolus actively synthesises ribosomal RNA for formation of
ribosomes;; [3];; [[[ ]]

(ii) There are various checkpoints in the mitotic cell cycle. One of them is present 
in the G1 phase called the G1 checkpoint. 

Describe the function of G1 checkpoint. 

1. checks for presence of growth factors;;

2. checks for DNA damage;;

3. checks for appropriate cell size and sufficient nutrients;; [2]

anaphase 
metaphase 

prophase 

e the function of G1 checkpoint. 

ks foffofofor r r rrr presessenenennnencecececece offff f grgrgrgrgrg owowowwo tttht fffacacaccctototootototoototottoototooorsrsrsrsrsrsrr ;;;;;;;;;;;;;;;

ks fofofofof r rrrrr DNDNDNDNAAAA ddadd mamammamagegegegegegg ;;;;;;;;

ks for appropriate celllllll size and sufficiiiiei nt nutrie
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(iii) When cell cycle checkpoints are defective, cancer could arise. 

With reference to two named genes, outline the development of cancer. 

1. gain-of-function mutation of proto-oncogene to oncogene (Ras gene)

loss-of-function mutation of normal TSG to mutated TSG (p53 gene);;

2. cells with mutations are able to evade apoptosis resulting in
proliferations of cells with mutations

telomerase genes are activated in cells which prevents shortening of
telomeres;;

3. resulting in cells having limitless replicative potential

leading to uncontrolled cell division & over-proliferation resulting in
formation of a mass of overlapping cells – tumour;;

4. as tumour grows in size, activation of genes involved in angiogenesis
results in proliferation of blood vessels to tumour cells

activation of genes involved in invasion & metastasis allows
tumour to migrate to distant sites;; [4][ ]

 (b) Stem cells go through mitosis as well. But they go through asymmetrical division, 
where the fate of the two daughter cells are different.  

(i) State the potency level of adult stem cells and their function in our body.  

1. multipotent;;

2. serve to maintain steady-state functioning of cells

by generating replacements for cells lost through disease/
tissue injury;; ®cell repair [2]jjjjjjjjjj y;yyyyyyyyy ; ppppppppp

(ii) Suggest one similarity between stem cells and cancer cells. 

1. both have active telomerase gene to pdc active telomerase ® active
telomerase gene only

to prevent shortening of telomeres;;

gggggggg yyyyyyyyy

2. thereby enabling both stem cells & cancer cells to divide
indefinitely;; [2]

[Total: 14]

finitely;;yyyyyyyy;;
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3 Pure breeding sweet pea plants with purple flowers and long pollen grains were crossed 
with pure breeding plants with red flowers and round pollen. All the F1 plants had purple 
flowers and long pollen grains. These F1 plants were then allowed to self-pollinate and the 
seeds produced were grown. The following results were obtained in this F2 generation.  

4831 purple flowers and long pollen grains 

390 purple flowers and round pollen
grains

393 red flowers and long pollen grains 
1338 red flowers and round pollen grains 

 (a) Explain what is meant by the term “pure breeding”. 
homozygous for all genes (involved)/ having identical alleles for all genes 
(involved);; [1](((( ))));;

 (b) State the expected phenotypic ratio of the F2 generation. 

9 purple flowers & long pollen grains : 3 purple flowers & round pollen grains 

3 red flowers & long pollen grains : 1 red flowers & round pollen grains [1]

 (c) Using suitable symbols, draw a genetic diagram to explain the observed results of 
the F2 generation. 
Legend: 
Let F represent the dominant allele for purple flowers. 
Let f represent the recessive allele for red flowers. 
Let L represent the dominant allele for long pollen grains. 
Let l represent the recessive allele for round pollen grains. 

F1 
Phenotype: 

Purple flower,  
long pollen grains 

x Purple flower,  
long pollen grains 

F1 
Genotype: 

FfLl x FfLl 

Crossing 
over 
during 
meiosis 
After 
meiosis, F1 
Gametes: 

;;

;;

f f

l l 

F F 

L L 

f f

l l 

F F

L L

F F 

L l 

f f

L l 

F F

L l 

f f

L l 

f

l

f

L

F

l

F

L

f

l

f

L

F

l

F

L

F F 

L L L LL l l ll 

f f

L lLLLL

F

L lL lL lL lL l

F f

fffffFFFFFFFFFFF FF
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By random 
fertilization,
Punnett 
Square: FFLL FFLl FfLL FfLl 

FFLl FFll FfLl Ffll 

FfLL FfLl ffLL ffLl 

FfLl Ffll ffLl ffll 

F2 
Genotype: F_L_ F_ll ffL_ ffll

F2 
Phenotype: 

Purple 
flower, long 

pollen 

Purple 
flower, 
round 
pollen 

Red flower, 
long pollen 

Red flower, 
round 
pollen 

Expected 
Phenotypic 
Ratio: 

9: 3: 3: 1 

Observed 
phenotype 
numbers 

4831 390 393 1338

Observed 
phenotypic 
ratio 

12: 1: 1: 3

;;

;;

;;

[5]

 (b) Suggest how similar crossing experiments with many different pairs of characters 
could be used to map the position of genes on the chromosomes of sweet pea 
plants. 

1. if expected phenotypic ratio of 9:3:3:1 is observed

there is no linkage b/w two genes for that pair of characters are found on
diff chr;;

2. if not, recombination freq which reflects dist of 2 genes on chr can be
calculated;

;;

using formula: no. of org showing recombinant phenotypes/ total no. of
offspring x 100%

;

3. further apart two genes, higher possibility of crossing over;

p ggggg

higher recombination frequency; @vice versa  [3]

[Total: 10]

FL Fl fL fl

FL

Fl

fL

fl

arttttt ttttwowwwww gggggenes, ,,,, hihihihihih ghghghghghgher pppppos iisibility ooooof f ff f crcrcrcrcrosososososssisisisiisinggngng ov

;
muuula:aa::: nnnnno. oof orororororg gggg shshshshshowowowowowinnnng rerrecombininnnnanananant t tt phphphphphphenenenennnot
x 101010000%0%0%0%0%

;

ombination frequencyyyy; @vice versa
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4 Fig. 4.1 shows the life-cycle of Aedes aegypti, which are often vectors of viral diseases like 
dengue fever, chikungunya and yellow fever.  

Fig. 4.1 

 (a) With reference to Fig 4.1, name the four stages in a Aedes aegypti life-cycle. 

eggs, larva, pupa, adult [2]
 

 (b) The following is an extract from an article “Record 2,441 dengue cases reported in 
Singapore for January” published on Singapore’s The Straits Time website on 2nd

Feb 2016 

“SINGAPORE - A total of 636 dengue cases were reported for the week of Jan 24 
to 30 - the same number as the previous week - according to the latest figures 
released by the National Environment Agency (NEA) on Tuesday (Feb 2). 

This brings the total number of cases for the first four weeks of the year to 2,441, an 
unusually high number for January given that it is traditionally the low season for 
dengue.”

Fig 4.2 shows the weekly number of dengue cases in Singapore from 2013 to 2016 

Fig. 4.2 

KiasuExamPaper.com
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(i) With reference to Fig 4.2, describe the general trend in dengue cases in 2013.
1. in 2013, no. of dengue cases in SG shown a general increase in first

half of the year; 

then it started to decrease & fluctuated in second half of the year;; 

yyyyy ;

2. from about 140 cases in beginning of year, it then increased to a peak
of 842 cases in Week 25;

then it decreased to about 410 cases at end of the year;  [2] 

;

[ ]

Fig 4.3 shows average monthly temperature in Singapore in Year 2013.  

Fig 4.3 
(ii) With reference to Fig 4.3, describe the temperature trend in Singapore in 2013. 

1. temp increased from Jan 2013 to May 2013 then started to decrease
till Dec 2013;;  

2. from 26.8ºC in Jan, it increased to highest in May at 28.7ºC then
it decreased back to 26.8ºC in Dec;;     [2]

;;

;;

(iii) With reference to both Fig 4.2 and 4.3, account for the relationship between 
temperature and dengue cases in Singapore in 2013.  

1. when temp was highest at 28.7 ºC/ 28.6 ºC in May/ June,

no. of dengue cases was also highest at  842 in Week 25 (end May/ 
early June);; 

2. increase in temp increases amt of kinetic energy possessed by enz &
substrates,  

yyyy

thereby increasing rate of many metabolic processes;;

3. shortens time taken to develop from egg to adult in Aedes aegypti,

increases survival rate & contributes to increase in no.  of
Aedes aegypti which helped to spread dengue virus more
rapidly;;  [3]ppppp y;yyyy ; [ ]

 (c) Fig 4.4 is a diagram of a dengue virus. 

/ º
C

 

offf ddddenenennenguggueee cacacacacasssess s wawawawawass s s s alaallso hhigggggheststttt aaaat t tt 888888424242424242 iiiiin 
y JuJuJuuunenenenene);;;
reasasase ininininin tttemememememp innnnncrcrcrcrcreaeaeaeaeaaaasesesesesesss s ssss amamamamamamammtttt tt offfff kkkkkkkkkkiiininininetetetetetettteeee iiiciii eeeeenenenenenenergrgrgrgrggy yyy p
strtrrrattatatateseseseses,  

yyyyy );))))) ;;

eby increasing rate ofoofof many metat bolililililic proces

,
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Fig. 4.4 

(i) Describe the viral genome of dengue virus. 

1 single-stranded, positive-sense RNA;; [1][ ]

(ii) The dengue virus and influenza virus are quite similar in terms of their structure 
and reproductive cycle. 

Describe one structural similarity between dengue virus and influenza virus. 

1. both dengue & influenza virus are enveloped virus/ surrounded by
viral envelope;;

2. both possess viral glycoprots/ prots on their envelopes;; [1]

p ;;

[ ]

(iii) Compare the reproductive cycles of dengue virus and influenza virus. 

Giving one difference and two similarities.  

Difference: 
translation takes place immediately using host 
ribosomes with +ve-sense RNA genome in dengue virus

in influenza virus, synthesis of mRNA (+ve sense) have to take place first 
using viral RNA-dependent RNA pol before translation using host 
ribosome can occur;; 

Similarities:  
(any 2) 

1. both enter their host cells via receptor-mediated
endocytosis;;

2. acidification of endosome resulting in fusion of viral envelope with
endosomal memb occurs during uncoating in both;; 

3. both viral assembly occurs at host cell’s rER, where both
envelope prot are inserted into rER memb;; [3][ ]

  (iv) Currently, there are no specific antiviral drugs for the treatment of dengue 
fever, due to the prevalence of drug resistance in dengue viruses. 

h viiviviv rararararal ll l l asasssesesesesembmbmbmbblylylylylyy occccccccccurururururs ataaaaaa hhhhhhhhhhhhhoooososoooosoososo ttt tt t cecececececcc llllll ’ssssss rER,
velooooooppepepee pppprorororoot tttt aaara e ininininini sesesesesesees rtrtrtrtrttrtteedee iiiiintntntntntnttooo oo rER mememememeembmbmbmbmbb;;;;;;;;;;

dification of endososososome resulting in fusionnn of 
dosososooomammamaal memm mbmbmbmbmb occccccccccurrrrrsss ss duddd ringngnggg uuuuuncncnccncoaoaoaoaoaoatitititit ngngngngngg iiiiinnn nn bobbbbb t

ppppp pppppp ;;;;
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Suggest one reason how drug resistance can arise in dengue viruses. 

   1. dengue virus has high rate of mutation, due to lack of proofreading 
activity of viral RNA-dependent RNA pol, (resulting in high rate of 
errors during replication);; OR 

   2. genetic recombination could occur when a host cell is infected 
by more than one serotype, resulting in recombinant strains of 
virus;; [1]

 
[Total: 15]

5 Fig 5.1 and 5.2 are diagrams showing transcription and translation.  

KiasuExamPaper.com
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Fig 5.1 

Fig 5.2 

 (a) Identify the structures A to C. 

A deoxyribonucleic acid ® abbrev. DNA

B ribonucleotide / ribonucleoside triphosphate ® nucleotide bases

C messenger ribonucleic acid ® abbrev. mRNA [3]

 (b) Describe what happens to D after it is being synthesized to form a functional product.

1. D will fold to form 2o struct  of -helices & -pleated sheets

maintained by H bonds b/w peptide bonds

2. further coil & fold to form globular 3o struct

maintained by hydrophobic interxns, H bonds, ionic bonds & disulfide
bridges b/w R grps [2]g

 (c) Describe three ways in which the process of transcription differs from translation. 

d bbbyyy y hyhyhyhyydrdrdrdd ooophohohohohobbbibb c inininininteteteteterxrxrxrr nnns, H HH bonds,s,s,s,s, iiiiononononicicicicici bbbbbbonooooo d
w R R R R R grgrgrgrgrpssggggggg pp
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transcription translation

1. template 1 strand of DNA (mature) mRNA 

2. enz RNA pol peptidyl transferase in ribo 

3. bonds phosphodiester peptide 

4. monomers ribonucleotides aa 

5. product RNA polypeptide 

6. location nucleus ribosome in cytoplasm 

7. initiation TATA box of core promoter start codon at 5' end 

8. termination after polyadenylation signal after stop codon  [3]

 (d) Briefly describe how the structure of F differs from the structure E.
1. F is made up of 2 subunits, 1 large & 1 small subunit while E is only

composed 1 entire unit / multiple subunits / enz complex
2. F consists of ribosomal RNA & ribosomal prots while E consist of only

prot  [2] 

p p p

ppppp

® comparison of binding sites 
® comparison of initiation complexes (process shown is clearly at elongation)

 (e) Fig 5.3 shows a proteasome degrading a protein. 

Fig. 5.3 
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With reference to Fig 5.3, describe what happens during proteasomal degradation of 
proteins.

1. multiple ubiquitin are added to target prot by enz in cytosol

to form ubiquitin-tagged prot

2. ubiquitin-tagged prot is recognised by proteasome, unfolded & enters core
of proteasome

ubiquitin is released back into cytosol

ppppp

3. proteasome catalyse hydrolysis of peptide bond in polypep chain

into short peptide fragments  release into cytosol for recycling [3]

[Total: 13]
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6 The marine threespine sticklebacks, Gasterosteus aculeatus is a freshwater fish living in 
the lakes of British Columbia, Canada as shown in Fig. 6.1. 

Fig. 6.1 

In order to investigate the process of speciation in these populations, three small lakes 
were studied. Each lake contained two varieties of stickleback: a large, bottom-dwelling 
variety that fed on invertebrates near the shore and a small, plankton-eating variety that 
lived in the open water. The probability of breeding between pairs of individuals was 
measured under laboratory conditions in the following breeding combinations: 

I different varieties from the same lake 
II different varieties from different lakes 
III same variety from different lakes 
IV same variety from the same lake 

The data are summarized in Fig. 6.2 below. 

Fig 6.2 

 (a) With reference to Fig 6.2, 
(i) identify the highest and lowest probabilities of breeding for individuals of the 

same variety 
 highest prob is  0.58 & lowest prob is 0.25;; [1][ ]

FFiFiFF gg g gg 666.66 22222

e tooo FFFiiggggg 6.6.6.6.6.2,2,2,2,2,
he highest and lowest prppp obabilities of breeding for
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(ii) describe the differences in probability of breeding between individuals from 
different lake. 

1. individuals from diff variety have lower breeding prob

prob b/w 0.18 – 0.22;; 

2. individuals from same variety have higher breeding prob

prob b/w 0.25 - 0.58;; [2]

(iii) describe the evidence that speciation is taking place in these populations and 
explain the type of speciation 
1. prob of diff varieties interbreeding is low even if they are in the same

lake 

    probability b/w 0.13 – 0.16;; 

2. sympatric speciation

behavioural or physiological isolation within same habitat;;

3. accumulation of genetic differences b/w varieties

resulting in reproductive isolation/barriers (can be pre-zygotic or
post-zygotic barriers);; [3]pppppppp ygygygygygygg ))))));;

  (iv) explain why all the individuals are still considered the same species. 

1. based on biological species concept, both varieties can still interbreed

to produce viable, fertile offsprings;;

2. probability of breeding of different variety from same lake is 0.13-0.16

probability of breeding of different variety from different lake is
0.18-0.22;; [2];;

 (b) The freshwater lakes also contain many different types of parasites that infect the 
different varieties of marine threespine sticklebacks. 

Explain why these parasites help to speed up speciation of the marine threespine 
sticklebacks.

1. diff type of parasites have specificity to infect diff varieties of animal 

presence of parasites acts as a selection pressure;;

2. animals with alleles which confer resistance to parasite infection are
selected for

they have high survival & reproductive rate;;

3. pass down favourable alleles to next generation

changes allelic frequency in popn of diff varieties;;

4. as genetic differences increase b/w popn of animals results in reproductive
isolation

4. as genetic differences increase b/w popn of animals results in reproductive
isolation

wittthhhhhh alalalalalleleleleleleleleleless s whwhwhwhwhicicicicichhhhh cococoooonfnfnfnfnfnfererererere rresisssssstatatatataancncncncnn e e e e e tototototo para
or

f papapaararararasisissiiss teeess hahahahahah vvvevv ssssspepepepepecicicicic fifificicc tyyy ttto infectctcctct ddddifififffiff f ff f vavavavavavaririririririet

of f ppparararararasisisiss teeeees s s s s acccctststststs aaaaasss ss aaaaaa seseseseselelelelelectcttcttctction nnnnnnnnnn prprprprpprpresesesesesesesseeeee sususuurererererere;;;;;;;;;;;
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   prevents gene flow b/w popn & causes speciation to occur;; [4]

[Total: 12]
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7 Fig. 7.1 shows how innate immune system protects the body against pathogens. 

Fig. 7.1

 (a) With reference to Fig 7.1, 
(i) state the name of the white blood cell and organelle A. 
 white blood cell: macrophage/dendritic cell

 organelle A: lysosome;; [1][ ]

(ii) describe the role of organelle A in the defence against pathogen. 

1. lysosomes fuse with phagosome

to form phagolysosome/secondary lysosome;;

2. lysosome has hydrolytic enz which digests pathogen

in an acidic environment within lysosome;; [2]

It is found that ingested mycobacterium tuberculosis is able to survive within the 
macrophage and cause tuberculosis in humans. 

Bacillus Calmette–Guérin (BCG) is a vaccine primarily used against tuberculosis. It 
consists of live attenuated bacteria. In countries where tuberculosis is common, one dose 
is recommended in healthy babies as close to the time of birth. Babies 
with HIV/AIDS should not be vaccinated. 

(b) (i) Explain how BCG vaccination provides long term immunity against tuberculosis.

1. attenuated virus retain ability to stimulate immune response

due to presence of specific surface Ags;;

2. APC take up virus by phagocytosis to present peptides of Ag

naïve helper T cell binds to Ag complex to be activated to effector T
cell;;

3. effector T cell bind to Ag on naïve B cell to activate

;;

clonal expansion of activated B cell OR clonal expansion of activated
helper T cell;;

4. memory B cells & memory T cells formed via mitosis

p ;;

4. memory B cells & memory T cells formed via mitosis 

bacterium

white
blood cell 

organelle A

organelle A

ow BCCG G vaacccinationnnnn prprprprp ovides long term immunununununity 

uatatatededededded virruuus rrrrretetetetetaaaiaa n nnn abababababa ilililiilittttyyy y to sssstititititiiiiiiiiimummmmumummumummummmmmmmmmm lalaaaalalalaaaaatetetetetettete iiiiimmmmmmmmmmmmunununununune r

o prprprprpp eseseseesesenenenenenceccecce oooooffff f spspspspspecececececee ififififficcccc ssssurururururfafaafafacecccc  Agsgsgsgsgs;;;;;;;;;;

take up virus by phagocytosis to present pept
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when exposed to same pathogen, memory cells can trigger a 
secondary immune response;; [4]yyyyyyy ppppppp ;;

(ii) Suggest why babies with HIV/AIDS should not be vaccinated 
1. HIV/AIDS leads to weak immune system/ reduced immunity due to

reduced no. of helper T cells/ B cells / action of phagocytes

2. bacteria in vaccine, can multiply faster/ are not destroyed;; [1]

p p gggggg yyyyyyy

A test as shown in Fig. 7.2 has been developed to find if a person has antibodies against 
M. tuberculosis. 

Fig. 7.2 

 (c) Predict and explain if the color of the solution will change if the patient is infected with 
influenza virus. 
1. No. colour of solution will not change if patient is infected with influenza

virus;;

2. antigen binding site in Ab would be specific to Ag in M. tuberculosis

;;

will not bind to any other Ags;;

3. second Ab thus will not be able to bind to 1st Ab

which would have been washed away;;which would have been washed away;;

Well in test 
dish 

Antigen Antibodies

Step 1: Antigen is 
attached to a well 

in a test dish 

Step 2: Sample of 
patient’s blood is added 
to the well. If antibodies 
are present, they bind to 

the antigen 

Enzyme

Second
antibody

Step 3: The well is washed. 
Then a second antibody 

with an enzyme is attached 
is added. This binds 

specifically to the first 
antibody

Step 4: The well is washed. 
A solution is added which 

changes colour if the 
enzyme is present. A colour 

change shows that the 
person has antibodies 
against M. tuberculosis

FiFFiFF g.gggg  7.2

plaiaiaiaia nnn ifffff tttheheheh cccccooolo or ooooof ffff thththththheeeeeee ssssos lululululutititititiononononono  willllllllll hhhchchhhhananananana gegegegegee iiiif fffff ththththtt eeeee pa
. 
r off s lollluttttttiioiii n wiiiill n ttott chhhahh nge iff pppppatieeeeeentntntntntn  is infec

against M. tu
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4. thus there would be no presence of enz

   colour of soln will not change without enz;; [4]

[Total: 12]
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8 Corals are simple marine animals and usually exist in colonies of thousands of individuals. 
Zooxanthellae are group of unicellular algae that can photosynthesize. They live within cells 
if the coral and have a symbiotic relationship. 

Corals absorb calcium carbonate from the sea to build their skeletons which provides 
structural support. Coral reefs provide home for about 25% of known fish species. 

Corals are sometimes mistaken for members of plant kingdom. 

 (a) State one way in which coral cells differ from plant cells 
1. coral cells do not photosynthesize/do not have chloroplasts;; OR

coral cells do not have cellulose for structural support;;  [1] [ ]

Coral reefs are at risk of damage by human activities. A study was conducted to see the 
effects of climate change on coral reefs.  

Coral reef sites were subjected to two different environmental conditions i.e exposed site 
and sheltered site. Coral reefs in exposed site was exposed to climate change 
environmental conditions. Coral reefs in the sheltered site was exposed to normal 
environmental conditions. 

Table 2.1 shows coral cover area at exposed and sheltered sites. 

Table 2.1 

Experimental site Area of healthy coral 
reef/m2

Average area of healthy 
coral reef/m2

Exposed Site 
Site 1 120
Site 2 100
Site 3 150

Sheltered Site 
Site 1 82
Site 2 75
Site 3 69

 (b) With reference to Table 2.1,  
  (i

)
complete Table 2.1 by calculating the average area of healthy coral reef in 
exposed and sheltered site.

x1 = (120 + 100 + 150)/3 
     = 123.3m2 

x2= (82 + 75 + 69)/3 
    = 75.3m2 

[1]

0 +++ 111100000000000 + 111500000)/)/)/)/))/3 33 3 3 
.3mmmmm2222

+ 75755555 +++++ 666669)9)9)9)9)/3/3/3/3/3 
m22222
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(ii) conduct a t-test on the given data and determine if the difference in mean area 
of healthy coral reef in exposed and sheltered site are statistically significant.  

Null hypothesis: There is no significant difference between mean area of 
healthy coral reef in exposed and sheltered site 

x1 = 123.3m2 
x2= 75.3m2 

s1 = 25.166 
s2 = 6.506 ;; 

n1 = 3 
n2 = 3 

tcalculated = 3.198;; 

Df = 6 – 2 
     = 4 

tcritical = 2.776;; 

tcalculated (3.198) is greater than tcritical (2.776), null hypothesis is rejected. 
Conclusion: The difference in the mean area of healthy coral reef in 
exposed site and sheltered site is statistically significant ;;                     [4]

= 3333.11119898989898;;;;;;;;;;

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



    23    For 
Examiner's 

Use 

@IJC 2017 [Turn over

(ii) Explain two ways how climate change damages coral reefs. 

1. increase in green house gasses emission in atmosphere

traps heat in atmosphere warms atmospheric temp & absorbed by water
bodies/ocean;;

2. at higher water temp, increased photosynthesis rate of zooxanthellae

;;

leading to excess product which is toxic;;

3. this damages coral causing coral polyp to expel zooxanthellae

which results in coral being bleached;;

4. ocean absorbs increased amt of carbon dioxide in the air

causes ocean acidification/drop in pH of the ocean;;

5. corals will not be able to absorb calcium carbonate

thus unable to maintain their skeleton;;

6. skeleton that provides structural support to coral dissolves

leading to death of corals;; [6]

[Total: 12]
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Section A 
Answer all the questions in this section. 

1 Fig. 1.1 shows the influenza virus. 

Legend
PA, PB1, PB2 are RNA polymerases 

Fig. 1.1 

 (a) (i) Identify structures A and B.

A matrix prot 

B haemagglutinin [2]

pppppp

ggggggggggggggg

(ii) Explain why the influenza virus needs its own RNA polymerase. 

1. needed to transcribe negative sense viral RNA into positive sense viral
RNA
to act as mRNA for translation into new viral prot / templates for syn
of new viral genome

2. host cell RNA pol transcribes DNA template to RNA / is DNA-dep RNA
pol

ggggggg

virus need RNA-dep RNA pol [2]

p

 (b) With reference to B and T cells, describe the adaptive immune response upon 
primary exposure to influenza virus. 

1. influenza virus is engulfed by macrophages / dendritic cells

Ag is processed into short peptides / epitope

2. Ag / epitope is presented on MHC-II to Th / CD4+ cell at TCR

Th cell is activated

3. activated Th cell secretes interleukin / cytokines3. activated Th cell secretes interleukin / cytokines

nucleoprotein 

A

M2 ion channel 
for H+ transport 

neuraminidase 

B

viral genome 

e tttooo BBB BB ananaaa ddd T TT T T cececececelll s,s,s,s,s, dddddesesesesescrcrcrcrcribeeeee thhhheee e eeeeeee e eee adadadadadadadapapapapapaaaaaapa ttttiveveveee iiiiimmu
ureee tttto ooooo infflff uenza vivivivivv rururururuuus. 

virusuusu iiiiissss s enenenenennguggugug lflflfedededed by yyyy mamamamamacrcrcrcrc opopopopopo hhhageeeeess sss //// dedededededendndndndndndritic ce
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and bind B cells (with Ag at MHC-II) to activate it 

4. activated B cells proliferate and differentiate into plasma cells

that secretes Ab that binds Ag to precipitate / opsonise / neutralise virus

5. activated Tc cells enz / chemicals / perforin

to trigger apoptosis / cause lysis of / kill infected cells [5]

 (c) Vaccine for influenza is readily available in many countries including Singapore. It is 
advised that members of the public get vaccinated yearly. 

(i) Describe the benefits of vaccination. 

1. confer immunity to individuals not previously exposed to the virus

prevents / protects against death / illness / disabilities caused by
disease

2. confer immunological memory / long term / lifetime immunity to
individual

due to production of memory B and T cells

3. reduce spread of virus within human popn

by conferring herd immunity / since virus relies only on human
as host [3]

(ii) Describe what happens when a person vaccinated for influenza is 
subsequently infected with the same strain. 
1. more rapid / lag phase is shorter, more intense & prolonged immune

response / high & steady levels of Ab
 due to immunological memory 

p gggggggg yyyyyyyy

2. memory B cells rapidly undergo clonal expansion  plasma cells  
large no. of Ab which bind and inactivate virus
Ab produced remain in circulation longer to ensure infection is
eliminated OR

gggggggg

BCR has higher affinity for Ag thus responding more rapidly [2]

(iii) Explain why yearly vaccination is recommended for influenza. 
1. due to antigenic drift  accumulation of mutations in the viral genome

during replication ® antigenic shift (does not occur as frequently) 
 due to the lack of proofreading mechanisms of RNA pol

ggggg q y)y)y)y)y)y)y)

2. leading to  in 3D config of HA & NA

which is no longer recog / complementary to Ab, BCR & TCR on
memory cells [2]yyyyyyy

has higher affinity for Ag thus responding mo

why y y yy yeyyyy ararararlyyy vvvvaaacaa cinananananan tittititionononononononon iiiiis rereeeeecocococococcc mmendedededeededdddd fofoofofor r rr inininininnflflflflueuuuu n
o ananantititiitigegegegegenininininic ccc drdrdrdrdrififififift t ttt aaaaaaccccccccccumumumumummuluulululaataa ionnnnn ofofofofof mmmmutututututtatatatataations i
g replica itiiion ® ® antititiiigeeeennic hhshift (dddddooooeo s nnnnnot occurgggggggg ppppppp ggggggggg ((((((
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Doctors sometimes prescribe antibiotics to patients who are infected by influenza to 
combat secondary bacterial infections. Gramicidin A is an example of an antibiotic. Fig. 
1.2 shows the molecular structure of Gramicidin A. 

Fig. 1.2 

 (d) Illustrate the reaction that forms the peptide bonds between two amino acids. 

1. indicate carboxylic grp + amine grp as rxting grps
2. condensation
3. loss of H2O
4. label peptide bond in dipeptide (C=O and NH must be in trans position)
(any 2 MP for 1m) 

 [2]

Gramicidin A folds into a 3-dimensional configuration that inserts itself into the bacterium's 
cell surface membrane. It allows non-specific movement of ions which eventually cause 
the bacterial cell to die. Fig. 1.3 shows the interaction of Gramicidin A with the bacterium's 
cell surface membrane. 

Fig. 1.3 

 (e) (i) Describe how the Gramicidin A shown in Fig. 1.2 folds into the 3-dimensional 
structure shown in Fig. 1.3.  

1. forms -helix of spiral shape (with 3.6 aa per turn) 
 held by H bonds 

2. btw H of NH and O of CO of peptide bonds

n+4 aas away

3. 2 molecules assoc. with each other at N-ter

folded such that hydrophobic R grps face o/s to interxt with FA
tails / hydrophilic R grps in/s facing channel to interxt with ions [2]yyyyyyyy p ggggggg p ggggggg

Gramicidin A 
molecules

phospholipid

howowowwowow ttttheheheheheh GGGGGramimimmm cidiidiiinnnnn A A AA A shhhhownnnnn in Fig. 1.2 foldlddddds sssss ini to
shhhowowowowwown inn FFigggggg.... 1.1.1.1.1.3.  

s ---helelelellixixixixix ooooof ffff ssspss irrrrralalalalal ssssshahahahahahapepepepepe (((((wiwiwiwiwitthttt 333333 66.66666666 aaaaaaaaa aa a aaa pepepepeper r rr r r tutututututurnrnrnrnnrn))))

by yyy H HH bobobobobondndndndnds sss
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(ii) Using the information provided and Fig. 1.3, explain how Gramicidin A kills the 
bacterium.

1. Gramicidin A forms hydrophilic channel

allows non-specific / unregulated movement of ions in or out of
bacterium (down conc. grad.)

2. disrupting ionic balance in the bact cell

(((((( gggggggg ))))))

cause disruption metabolic fn leading to cell death [2]
® osmotic lysis as cell walls are not weakened 

(f) Upon prescription of antibiotics, doctors often advise patients to complete the course 
of antibiotics even if symptoms of disease have ceased. One of the reasons cited 
was that not completing the course of antibiotics may increase the chance of 
antibiotic resistant bacteria to evolve.  

With reference to natural selection, explain the basis for the need to complete the 
prescribed course of antibiotic. 
1. not completing prescribed course of antibiotics may leave small nos. of

bact remaining 
a mutation that confers antibiotic resistance may occur in the remaining 
bact popn 

gggggg

2. presence of antibiotics (in patient's circulation) act as a selection pressure

p p

selecting for mutant resistant strain with favourable phenotype which
experience er survival rate & repro success

3. thus completing the antibiotic course ensures that all susceptible bact in
the patient dies

p p

and leave no bact popn for mutation to occur in presence of antibiotic in
the bact's env

pppppp

4. mutant resistant bact strain may not be selected for in env without
antibiotics
as resistant strains may be outcompeted by susceptible strains due
to o/r selection pressures [3]

(any 3 MP) 
pppppp

[Total: 25]
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2 A researcher investigated the pathway by which carbon dioxide is converted to organic 
compounds during photosynthesis. The apparatus used is shown in Fig. 2.1. 

Fig. 2.1 

While the apparatus was in the dark room, the researcher supplied the algal cells with 
14CO2. The contents of the apparatus were thoroughly mixed and light was switched on 
subsequently. At five-second intervals, a few of the cells were released into hot alcohol, 
which killed the cells very quickly. The intermediates of the reactions were subsequently 
analysed and the chromatograms in Fig. 2.2 showed the results of the analysed 
intermediates by chromatography (a separation technique) at different timings. 

Fig. 2.2 

 (a) (i) Identify molecules X and Y.

X
glycerate-3-phosphate;; 
@glycerate phosphate 
@3-phosphoglycerate 

® short form 

Y glyceraldehyde-3-phosphate;;
@triose phosphate [2]

@@@@@@@@ p p gggggg yyyyyyyy
glyceraldehyde-3-phosphate;;
@triose phosphate 

chromatogram
after 5 seconds 

chromatogram
after 15 seconds

chromatogram
after 60 seconds

carbonate solution 
containing radioactive 

carbon (14C)

alcohol

air in 

algae

air out 
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(ii) Explain your answer in part (i).
1. 14CO2 combines with 5C RuBP during carbon fixation

catalyzed by Rubisco / RuBP carboxylase;;

2. forming an unstable 6C intermediate

which is broken down to form molecule X, 3PGA (with 14C
incorporated);;

14

3. 3PGA is phosphorylated to form 1,3-bisphosphoglycerate

p );)))) ;

and undergoes reduction;;

4. using red NADP

to form molecule Y, G3P/ TP (with 14C incorporated);; [4]
Part (i) must be correct in order to be awarded full marks for part (ii) 

(iii) Explain why sucrose and amino acids are identified in the chromatogram only 
after 60 seconds. 
1. with every 6 G3P/ TP (with 14C incorporated) produced, 1 G3P/ TP

exits the Calvin cycle 
to be converted into other carbohydrates and organic 
compounds (with 14C incorporated);; [1]

y

p ((((( p );)))) ;

Dinitrophenol is a metabolic poison that can embed within the thylakoid membranes of 
chloroplasts and provide an alternate route for H+ to diffuse across the thylakoid 
membranes. 

 (b) Explain how the concentration of intermediates of the Calvin cycle is affected by 
dinitrophenol. 
1. less H+ diffuse through ATP synthase

@proton gradient less steep 

less ATP produced (during light-dept rxn);; 

2. less ATP for use in Calvin cycle

during carbon reduction and regeneration of RuBP;; 

3. accumulation of 3PGA

 production of 1,3-bisphosphoglycerate / G3P/ TP/ RuBP;; [3]

atiooon nn n n ofofofoo 33PPGPGGA A A A AA

onnnn ofooo 1111 3,33 bb-bbbisisisisisphhhhhososososossphphphphphphhhoooogo lylylylylycecececececc rate / GGGGG3P3P3P3P3P3 / //// TPTPTPTPTPTP//// // RuRuRuRuRuB
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Another experiment was carried out by another student to determine the concentration of 
carbon dioxide in the leaves of plants at different times of the day. The results are shown 
in Table 2.3 

Table 2.3

Mean carbon dioxide concentration (ppm) 

8pm to 4am 8am to 4pm 

328 106 

 (c) Using knowledge on Calvin cycle and Krebs cycle, account for the difference in 
concentration of carbon dioxide in the leaves for the two periods shown in Table 2.3.

1. more CO2 produced from 8pm to 4am compared to 8am to 4pm

QV;;

2. 8pm to 4am – no light

light-dept rxn of photosynthesis  occur   produce ATP and red
NADP;;

3. Calvin cycle  occur  CO2  used up during carbon fixation

;;

CO2 produced in Krebs cycle during oxidative decarboxylation;;

4. 8am to 4pm – presence of light

CO2 produced during Krebs cycle taken up during Calvin cycle;; [4]
(accept reverse argument) 

 (d) Explain the effect of higher concentration of carbon dioxide on the rate of carbon 
fixation during the period 8am to 4pm. 

1.  CO2   [S]

 freq of effective collisions between CO2 (& RuBP) and active site of
Rubisco;;

2.  ES complex formation per unit time   products formed (i.e. 3PGA) per
unit time

;;

 rate of carbon fixation;; [2]

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



    9   For 
Examiner's 

Use 

@IJC 2017 [Turn over

Studies were carried out on soil-dwelling aerobic and anaerobic bacteria. Samples were 
taken from different depths at intervals of one month and six months after the soil was put 
into a large heap for storage. 

Table 2.4 shows the numbers of aerobic and anaerobic bacteria at different depths in the 
stored soil. 

Table 2.4 

depth in soil 
store / m 

mean number of bacteria per gram of stored soil 107

aerobic bacteria anaerobic bacteria 
after one 

month 
after six 
months

after one 
month 

after six 
months

0.0 12.4 12.5 0.4 0.6 
0.5 10.1 8.3 0.6 1.0 
1.0 9.8 5.9 0.8 3.8 
1.5 9.7 3.1 0.8 7.6 
2.0 10.5 0.8 0.7 8.1 
2.5 10.8 0.7 0.8 8.5 
3.0 10.2 0.9 0.6 8.8 

(e) (i) Account for the trends shown by the distribution of the two types of bacteria after 
six months.
1. aerobic bacteria decrease with depth from mean number of bacteria per

gram of stored soil of 12.5 x 107 to 0.9 x 107

anaerobic bacteria increase with depth from mean number of bacteria 
per gram of stored soil of 0.6 x 107  to 8.8 x 107;;

ggggg

2. aerobic bacteria requires oxygen for respiration

p ggggg ;;

oxygen content of soil decreases with depth;;

3. less oxygen available as the final electron acceptor in ETC

decrease in ATP synthesis for use in cellular functions;; [3]

(ii) Suggest how aerobic bacteria are structurally adapted for cellular respiration. 

1. presence of cytoplasmic membranes in aerobic bacteria

increase surface area;; 

2. for more embedding of electron transport chain and ATP synthase

to allow electron transfer / to drive oxidative phosphorylation;; [2]

ow aerobic bacteria are structurally adapted for ce

enccce ee ee ofofofofoof cytyy opppppplalalalalasmsmsmsmsmicicicicici mmmmmemeemmembrrraannnnnanneseseseeseese iiiinnnnnnn aeaeaeaeaea rorororooobibibibibib c cccc babbbbb c

seeeeee ssssurrururu fafafafaf cecececece aaaaarea;a;a;aa;a ; ;; ; ;

re embbbeb dddddddddinii g of elellll ctctctcttron transppppooooro t chchchchchchain and 
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In a further study, soil samples were taken at two depths, A and B, in the soil store. The 
samples were taken at intervals over six years. Soil samples of equal mass were used to 
determine the activity of dehydrogenases in aerobic bacteria. 

Fig. 2.5 shows the mean dehydrogenase activity of the bacteria in these samples. 

Fig. 2.5 

(f) (i) State with evidence from Fig. 2.5 which depth, A or B, were samples taken from 
a greater depth. 

1. depth B;;

2. bacteria in samples taken from depth B shows a lowered mean
dehydrogenase activity with 1.5 to 2.4 au

compared to 3.2 to 5.7 au in samples taken from depth A;;

yyyyy ggggg yyyyy

[2]

(ii) Explain the roles of dehydrogenase in Krebs cycle of the aerobic bacteria. 

1. catalyze oxidation reactions in Krebs cycle;

loss of protons and electrons; 

2. reduction of NAD and FAD;

to form reduced NAD and reduced FAD; [2]

[Total: 25]

of prpprp otototototononononons sssss anaanand ddd eeele eccccctrtrtrtrtronononononns;s;s;s;; 

e rororoooleleleleleesssss of dddehhhhhydydydydydrorrrr gegegegegenananananaseseseses  in KrKKrrebebebebbbeebebebebssssss s cycycycyycycycycyyyclclclclcc e eeee ofofofofof tttttthehehehehee aaaaae

yzee oxxxxxididididdatatatioioioioionnn nn reeeeeacacacacactititititiononononono sss s inininininn KKKKKKrrrer bsbsbsbsbssbbssss ccccccycycycycycycycyyyy llllel ; ; ; ; ;
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Section B 

Answer one question in this section. 

Write your answers on the lined paper provided at the end of this Question Paper. 
Your answers should be illustrated by large, clearly labelled diagrams, where appropriate. 

Your answers must be in continuous prose, where appropriate. 
Your answers must be set out in parts (a), (b), etc., as indicated in the question. 

3 (a) Greenhouse gases are key contributors to climate change affecting animals and 
plants in the environment they live in. 

Discuss the effects of climate change in the global environment.                       [13] 

1. due to increase in global ave temp as GHGs trap heat from sun’s radiation
causing accumulation of heat in atm;;

2. results in melting of polar ice caps causing faster water surface run-off on
land towards the sea (reduction of water infiltrating into aquifers as
freshwater supplies & contribute to rise in sea levels);;

3. results in rising sea levels due to warming of ocean waters leading to vol.
expansion;;

4. due to melting of ice (ice sheets & sea ice) resulting in loss of habitat &
food source for animals such as polar bears;;

5. results in reduction of freshwater supplies due to saltwater intrusion
where salt water mixes with freshwater stores;;

6. due to increased demand from humans as popn increases & increased
freq & duration of droughts;;

7. results in more freq. extreme unpredictable weather events such as heat
waves & heavy rains/ higher evaporation rate in water cycle resulting in
faster cloud formation (major fluctuations in precipitation – rain, snow);;

8. causing flash floods on land surface leading to large vol of water surface
run-off towards large bodies of water/ sea causing effects to residential
areas, loss of crops, cattle;;

9. results in death of coral reefs due to coral bleaching (corals lose their
colours back to their white/brown original state);;

10. loss of symbiotic algae (zooxanthallae) from coral tissue & dissolving of
coral skeleton;; 

11. due to ocean acidification by absorption of carbon dioxide by ocean
waters to form carbonic acid;;

12. results in habitat migration of fish & insects to higher latitudes & altitudes
with cooler temp to survive & thrive;; 

13. loss of biodiversity in current location, affecting food web (loss of prey
for predators), change in plant distribution & adaptations;;

14. increase in competition for resources with natives, increase in species
variety in new habitat;;

15. results in release of carbon dioxide & methane;;

ymbmbmbmbmbbiooooootitititiiic c cc alaaa gaaaaae eeee (zooooooooooxaxaxaxax ntntntthalllllllaeaaa ) from coralallalal tttttisiiii s
letonononononn;;;; 
ceeaaan aaaaaccic dididididififififificatititititiononononon bbbbbbyyy yy abababababsososoososorptitititititiitititiononononoonon oooooooof cacacacacacarbrbrbrbrbrbonooooo

o foooooormrmrmrmrm cccccarararararbobobobobonininininiccc cc acacacaccacididididid;;;;;;;;;;
n hhh babititititatttt miigi ratitiition offf f fififififi hhshh &&&&& insececccctttstt to ooooo hhhhihh gher la
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16. from melting frozen organic matter (permafrost) in soil due to
decomposition by microbes;;

17. increase in metabolic rate among insects such as mosquitoes due to
higher kinetic energy b/w enzymes & substrates;;

18. shorter life cycle, faster devt (mature faster) & reproduction of
mosquitoes, higher population, more transmission of dengue virus as
Aedes aegypti are vectors, spread of dengue;;

19. spread to temperate regions (now exposed) not only tropical regions due
to migration of mosquitoes;;

 (b) After viruses infect host organisms, they are able to make use of host cell machinery 
to replicate and reproduce thereby causing diseases in the host organism. 

Describe how dengue causes viral disease in humans.                                     [12] 

Infection of host cell (reproductive cycle of DENV) 
1. infected mosquito injects DENV into bloodstream infecting keratinocytes

& dendritic cells;;
2. E glycoprot of DENV binds to receptors on host cell & enters host cell via

receptor-mediated endocytosis (RME);;
3. acidification of endosome  conformational  where fusion of viral env

with endosomal memb  release of nucleocapsid into host cytoplasm;;
4. viral RNA translated by host ribosomes on rough ER  produce viral

polypeptides which are cleaved by host & cellular protease to pdc 10
prots;;

5. viral RNA is transcribed to form –ve sense RNA which acts as templates
for synthesis of more viral genome;;

6. viral RNA associate with capsid prots forming nucleocapsid at surface of
rER, nucleocapsid buds into ER forming an env containing E & M
glycoprots on surface;;

7. immature viruses travel through Golgi body & undergoes maturation
where furin cleaves b/w pr & M prots;;

8. fusion of vesicle memb with host cell memb releasing mature virions to
infect other cells;;

Pathogenesis (devt of disease) 
9. infected dendritic cells travel to lymph node & present viral Ag  activate

monocytes  monocytes infected;;
10. monocytes travel to site of infection via lymphatic system infecting more

cells  viremia (presence of viruses in blood) causing fever;;
11. infection & apoptosis of monocytes & macrophages causes low WBC

count/ leukopenia;;
12. infection & apoptosis of endothelial cells resulting in thinning/ weakening

of endothelium lining blood vessels  haemorrhage (escape of blood
from ruptured blood vessel);;

[Total: 25]

deeeendnnnnn ririiriirititititititic cc c c ceccc llllllssss s travvvvveleleelell tttto lylll mpmppph node & preeseseseseses ntnnn  
esss mmmonnnoccccccytytytytyteeesee iiiiinfnfnfnfnfececececectetteeted;; 
ess tttravavavavavelelelee tttoo ooo sssis teeeee ooooof f f ff ininininininfefefefefectctctctctioioioioion n n nn via aaaaaaaaaa lylylylyllylylyllympmpmpmpmpmpmppmmmmm hahaaaaatititititiic cc c cc sysysysysysyst
irememmmmmiaiiaiaiaia (((((prprprprpresesesesesenenenenencecececece ooooof f f f f vivivivivirururururuseseseseses s s s s iniiii  blolooooododododod))) )) cacacacaacausuuuu iing 
& && apopttttot siiis of monnnnocyttttes & mmmmmaccrororororor phages
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4 (a) Effector molecules are responsible for the regulation of transcriptional units in 
prokaryotes.

Using named examples, explain the roles of these effector molecules in the negative 
feedback regulation of transcriptional unit in a prokaryote such as Escherichia coli.    

[12]

lac operon: allolactose 
1. effector molecule: allolactose (an inducer) for lac operon, formed from

isomerization of lactose by -galactosidase;;
2. lactose from env bacteria tpted into bacteria via lactose permease;;
3. allolactose binds to active lac repressor prot bound to operator of lac

operon  changes 3D config of lac repressor, no more complementary to
operator site;;

4. lac repressor dissociates from operator site, RNA pol binds to promoter
site;;

5. initiates transcription of structural genes, lacZ, lacY & lacA, lac operon is
switched on;;

6. in absence of allolactose, lac repressor remains bound to operator site,
RNA pol cannot access promoter site/ blocked from initiating
transcription, lac operon is switched off;;

trp operon: tryptophan 
7. effector molecule: tryptophan (a co-repressor) for trp operon, synthesised

when trp operon is switched on;;
8. tryptophan present in bacteria env will bind to trp repressor,  changes

3D config of trp repressor becoming active;;
9. trp repressor DNA binding site complementary to operator site, binds to

operator site preventing RNA pol binding;;
10. no initiation of transcription of structural genes trpE, trpD, trpC, trpB &

trpA, trp operon is switched off;;
11. in absence of tryptophan, trp repressor is inactive, trp repressor does not

bind to operator site, RNA pol can bind to promoter site,
12. initiates transcription of structural genes to form mRNA to synthesise

enzymes for biosynthesis of tryptophan, trp operon is switched on;;
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 (b) Protein production in eukaryotes is controlled at all stages of the process. 

Explain how protein production is controlled in eukaryotes and the advantages of 
regulating protein production at different stages.                                                    [13]

Stages of Protein Production Control (max 9m) 

chromatin remodelling/ chromatin level regulation (max 2m)  
1. DNA methylation  covalent addition of a methyl grp to DNA catalysed by

DNA methyltransferase decreases transcription rates;;
2. histone acetylation  adding an acetyl grp to lysine residues at N-terminal

of histone tails, catalyzed by HATs increases transcription rate;;
OR histone deacetylation of histone involves removal of an acetyl grp from
lysine residues at N-terminal of histone tails catalysed by HDACs decreases
transcription rate;;

transcription control (max 2m) 
3. core promoters (TATA box)  found upstream of gene bound by general

TFs (trans-acting element) & RNA pol forming transcription initiation
complex to initiate transcription;;
proximal promoters (CAAT/ GC box)  found further upstream of core
promoters bound by various TFs to promote transcription;;

4. enhancers (distal acting element)  regulatory DNA seq bound by
activators (specific TF)  enhance transcription initiation;;
silencers (distal acting element)  regulatory DNA seq bound by repressors
(specific TF)  inhibit activators & reduce transcription initiation;;

5. trans-acting elements located on diff chromosome as gene they regulate 
code for specific TFs (activators & repressors);;

post-transcription control (max 2m) 
6. 5’ capping  methylated guanine added to 5’end pre-mRNA forming a 5’

cap;; 
3’ polyadenylation  multiple adenine residues added to 3’end of pre-mRNA 
forming a poly(A) tail at AAUAAA seq (polyadenylation signal);; 

7. RNA splicing (constitutive & alternative)  introns removed & exons joined
by spliceosomes at splice sites;; 

translational control (max 2m) 
8. mRNA stability  mRNA stability depends on length of poly(A) tail  5’ cap

of mature mRNA poly(A) tail shortened by exonucleases in cytoplasm 
resulting in mRNA degradation, length of poly(A) tail can be lengthened by 
cytoplasmic enz to increase its lifespan;; 

9. initiation of translation  blocked by regulatory prots that bind to 5’ or 3’
UTR) prevents attachment of small subunit of ribosomes to initiate
translation initiation complex;;

10. miRNA regulates gene expression in cytoplasm by repressing translation of
mRNAs and/or degrading mRNAs  miRNA complexes with RISC  binds

soooooomemmmmm s ss s s atatatatat splllllicicicicce sisiiiitetetetetes;s;s;s;s ; 

contn roooool l l l l (m(m(m( axaxaxaxax 2m)m)m)m)m)
bilitititty yy mmmmmRNRNRNRNRNAAAAA ststststs abababababililililililitititiii y y y y y y dedededededepepepepepenndnn s s s s onononononn lenenenenngtgtgtgtgtgth hhhh of p

mRRNANANANA p lolly(A)A))A) taiiiiillll shshshshhorttened d bbbbyb eeeeeexxxxonuclea
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to target mRNA & degrades it/ binds to 3  UTR leading to an inhibition of 
translation;; 

post translational control (max 1m) 
11. protein stability  prots undergoing proteolytic degradation conjugated

with ubiquitin  recognised & degraded by proteasome  lower conc of
prot needed;;

12. protein processing  prots become functional via cleaving of prots (e.g.
cleaving of preproinsulin to form insulin, biochemical modification (e.g.
phosphorylation/ glycosylation of prots);;

Advantages of Regulating Protein Production (max 4m) 

chromatin remodelling/ chromatin level regulation  
13. switching genes on & off to restrict active genes to those only req’d by

specific cells, more efficient/ less wasteful of resources;;

transcriptional level 
14. allows regulation of rate of prot pdtn, match short term requirements/allow

flexibility;;

post-transcriptional level (max 1m) 
15. allows for pdtn of diff prot variants from same pre-mRNA via alternative

splicing/ increases coding capacity of genome;;
16. facilitate export of mRNA to cytoplasm  prevent enzymatic degradation

of mRNAs by exonucleases  controls mRNA stability;;
17. removal of introns prevents extra aas from being incorporated during

translation;;
translational Ievel 
18. affecting timeliness of prots to be translated from mature mRNA

depending on conc of prots present in cell;;

post-translational level  
19. allows rapid pdtn of active prot from inactive form via phosphorylation &

glycosylation where it is needed, safe transport/ storage of produced prots
when not needed immediately;;

QWC 
scientific argumentation exemplified by two or more advantages of regulating 
protein production linked coherently to the correct stage of the process 

[Total: 25]

tiooooon nnnnn whwhwhwhwhererererere ittttt iiis ssss neeeeeedededededededeeded,,, sasss feffeefe transport/ storororororragagaaaa e
neeeeeeeedededededd d imimmmememememem dddidd atatatatateleleleely;y;y;y;y ;;; ;

ummmmenenentatatatatatititititionononoo eeeeexexexeex mpmpmpmpmplilililililififififififiededededede bbbbbby y y y y twtwtwttwt o orororororo mmmmmmororororre e ee e adaaaaa vant
ction linked coherenttttlylylyly to the coooorrrrrr ecttttt t stage of
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Answer all questions 

1 The enzyme E catalyses the hydrolysis of sucrose to produce fructose and glucose. 

The products of the hydrolysis of sucrose will reduce potassium permanganate from purple to 
colourless as follows: 

purple colourless 

You are required to investigate the effect of sucrose concentration on the progress of this 
enzyme-catalysed reaction by finding the time taken for the decolourization of potassium 
permanganate.

You are provided with 

 1% enzyme solution, labelled E

 10% sucrose solution, labelled S1

 2%, 4%, 6%, 8%, 10% glucose solution, labelled G1 – G5 

 1 mol dm-3 sulfuric acid, labelled A

 0.01% potassium permanganate solution, labelled P

 distilled water labelled, W

Sulfuric acid and potassium permanganate are harmful. 
If any comes into contact with your skin wash immediately under cold water. 
It is recommended that you wear safety goggles. 

Proceed as follows: 

 1 Prepare an appropriate volume of 5% sucrose and label it S2.

 2 Put 1 cm3 of A into a test-tube. 

3 Add 1 drop of P into the same test-tube. Gently shake to mix. 

4 Add 1 cm3 of G1 to the test-tube. Start the stopwatch. 

 5 Record the time taken for P to decolourise in step 12.

6 Repeat step 2 to 5 for G2 to G5. You may perform the test simultaneously. 

7 Put 5 cm3 of S1 into a small beaker. 

8 Add 1 cm3 of E into the small beaker containing S1.

9 Stir to mix the solutions. Allow the reaction to take place for 2 minutes. 

10 Perform step 2 to 5 for reaction mixture of E and S1.

11 Repeat step 7 to 10 for S2 you have prepared in step 1.

1 ininninninto aaaaa sssssmammmm llllll bbbbbeakekekekekerrr.r  

E intototototo ttttthehhhh sssmamamamamallllllll bbbbbeaeaeaeaeakekekekekerrr rr cococococontnnnn aaaia nnninnnnn ngngnggngngggggggggg S1S1S1S1S1S1S ....

sooolullulutiitititiononononons.s.s.s.s. AAAAAllllllllowowowo tttthehehehehe rrrrreaeaeaaaactctctctcttioioioioioonnnnn tottototo takkkkkke e e e e plppppp acacacacce ee e e fofofofofof r 2 m
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12 Record your data in a suitable format in the space provided below. If P does not 
decolourise, record 'more than 600'. 

1. [L] layout ®if rate is calculated
2. [H] headings with units
3. [G] time taken for P to decolourise for glucose standards in seconds
4. [T] with correct trend (decreasing timing with increasing conc.)
5. [S] time taken for P to decolourise for S1 and S2 in seconds, S1 < S2

®if S1 > S2 

Solution Reducing sugar 
conc. / % 

Time taken for P to decolourise 
/ s 

CBL GAR WMY 

G1 2 180 120 210 

G2 4 130 150 120 

G3 6 110 120 105 

G4 8 95 120 80

G5 10 90 75 60

S1 unknown 16 15 20

S2 unknown 20 18 30

-1 for table in pencil. Table must be in black or blue ink. 
® time taken 

 [5]

 (a) (i) Using your results in step 12, estimate the concentration of reducing sugar in the 
reaction mixture with 

 S1 corresponding range [1]pppppppp ggggggggg gggggggg

 S2 in % [1]
 @ ranges between 2 – 10% 

® value between 2 – 10% 
® values smaller than 2 and greater than 10 
® if missing units (%)

(ii) With reference to enzyme action, explain your observations for S1 and S2.

1. S1 with higher [S]

thus more ES cplx formed

2. higher rate of sucrose hydrolysed to monosacc / RS / glucose & fructose

thus faster rate of reduction of KMnO4, lesser time taken for colour
change [2]ggggggg

essssss betetetettwewewewewew eneeee 222222 –––– 10%0%0%0%0%%
e bebebeebetwtwtwtwwweenn 2 –––– 101010101010%%%%%%
es sssmamamaamamalllllll ererr tttttthahahahhh nnnn nn 222 222 anananananand d d d d d grgrgrgrgrgreeeaeee teteteeteteterrrr rr ththththhththhhhhanaaanananaan 111111111110 0 0 0 000
ssiiiiiingnngngnggng u iniiitttts ((((((%))))))

ference to enzyme actioooon, explain your observatio

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



4         

@IJC 2017 9744/04/PreliminaryExamination [Turn over 

   
 (b) Describe a suitable control for this investigation. 

1. replace E with 1 cm3 of boiled and cooled E / distilled water 
@ replace S with 5cm3 of distilled water 
2. keeping the rest of the conditions the same as experimental set up 
®point 2 not awarded if point 1 is incorrect [2]

@@@@@@@@ p

pppppppp ppppppp

(c) (i) Identify two significant sources of error in this investigation. 

1. determination of end-point is subjective 

2. temp of enzyme reaction not kept constant [2]

 (d) Table 1.1 shows the results for a similar investigation which measured the mass of 
reducing sugars produced over a period of 400 seconds. 

Table 1.1 

time / s mass of reducing 
sugars / mg ml-1

60 0.32 

120 0.64 

180 0.95 

300 1.55 

400 2.05 

 (i) Plot a graph of the data shown in Table 1.1. 

KiasuExamPaper.com
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1. [A] correct axes (y-axis: mass of reducing sugars, x-axis: time
2. [U] correct axes labels with units (y-axis: mg ml-1, x-axis: s)
3. [S] appropriate scale (> ½ total no. of grids provided) AND correct data points plotted

Also, need to show regular intervals on both x-axis & y-axis
4. [L] best fit line or dot-to-dot plot AND no extrapolation (no extension of line graph

beyond 1st & last point)                                                                                                     [4]

(ii) Using your graph, find the rate of hydrolysis of the sucrose. 

Need to show on graph how gradient is obtained from 2 points on the line 
graph (with dotted lines extended to scale on y-axis & x-axis shown) 

Show on your graph where you took the readings to calculate the rate.           [1]
Show all working in your calculation. 

1. calculates gradient (advisable to use 2 points on line graph)(show
working)

2. state rate in mgml-1 s-1 to 3 s.f.

rate of enzyme activity [1]

oururur ggggrararararaphphppp , fififififindndnndnd ttttthehehehehee rrrrrattttteeeee oofofoof hydydydydyddrrorr lylylylylyllylyylyyysisisissisisisssss s s sss ofofofoofofofofoofooo ttttttheheheheh sssssuuuucuu ros

o shshshshowowowoww oooooon nnn grgrgrgrapapapaphhhhh hohohohohow www w w grgrgrgrgrg adadadaddadiieiiii nttttt iiiiis s s sss obobobobbtatatatatainininininined fr
(with dotted lines exteneee ded to scacale oon y-axis &
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(iii) Describe how results shown in Table 1.1 can be obtained if you are provided with 
Benedict's solution, 3 mg ml-1 reducing sugar solution and a colorimeter. 

1. dilute 3 mg ml-1 reducing sugar (RS) solution with water

to obtain RS solutions of 1, 1.5, 2, 2.5 mg ml-1 as colour glucose standards;;

2. conduct Benedict's test using 2 cm3 of 1, 1.5, 2, 2.5 and 3 mg ml-1 RS

with equal vol of Benedict's soln, place in boiling water bath for 2 min;;

3. record absorbance by ppt formed using a colorimeter

plot a graph of absorbance agst RS conc.;;

4. conduct Benedict's test on2 cm3 of reaction mixture at 60, 120, 180, 300,
400s

3

using 2 cm3 of Benedict's soln;;

5. record absorbance using colorimeter

locate RS conc. corresponding to absorbance at each sampling
times;; [5];;

[Total: 24]

2 K1 is a stained, longitudinal section of a young root tip. 

Use your microscope to examine carefully the regions labelled X and Y in Fig. 2.1. 

Fig 2.1 

(a) Make a large, labelled, high-power drawing of a single cell at 

 (i) metaphase

1. [N] draws correct no. of cell with clean, continuous lines
2. [S] of appropriate shape
3. [CW] with thin (proportional) cell wall
4. [C] appropriate chromosomal arrangement
(any 2 MP1-4 for 1m) 

5. [L1][L2] with at least 2 labels
cell wall, cytoplasm, cell surface memb

Magnification  = 
 [3]

labelled, high power drawing of a single cell at 

assseeeee

draraaawswswswwsws cccccorororororrerereerectctctctct nnnnno.o.o.o.o ooooof ffff cececececelllllll wwwwwititititth hhhh cleaaaaan,n,n,n,n, ccccccononononnontititititinuou
of ff approp iriii ttate shape
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(ii) anaphase 

1. [N] draws correct no. of cell with clean, continuous lines
2. [S] of appropriate shape
3. [CW] with thin (proportional) cell wall
4. [C] appropriate chromosomal arrangement
(any 2 MP1-4 for 1m) 

5. [L1][L2] with at least 2 labels
cell wall, cytoplasm, cell surface memb

Magnification  = 
 [3]

(b) (i) Using the eyepiece graticule fitted in the eyepiece lens of your microscope, state 
the objective lens you are using and the number of eye piece divisions equivalent to 
length of the cell you have drawn in (a)(i) and (ii).

objective lens x40 x60 

number of eyepiece graticule divisions for (a)(i) = 5 to 8 to [1]

number of eyepiece graticule divisions for (a)(ii) = 12 20 [1]

(ii) Using the stage micrometer, determine the length of one division on your eyepiece 
graticule at the objective stated in (b)(i).

Show the measurements you have made and your working. 

1. 100 eyepiece graticule div = 17 stage micrometer div
2. .: 1 eyepiece graticule div = 0.17 stage micrometer div

   = 0.17 x 0.01 mm 
   = 0.0017 mm 
   = 1.7 m

[2]

(iii) Using your results in (b)(i) and (ii), find the actual length, in m, of the length of the 
cells that you have drawn in (a)(i) and (ii).

Show your working in the space provided. 

no. of eye piece graticule div x length of 1 eyepiece graticule division 
1. for (a)(i)
2. for (a)(ii)
(A) ECF from (b)(i) and (ii) 

NB: 10 m < cell size < 50 m
[2]

our results in (b(( )(i) and (ii), find the actual lengnggggth, 
at yyyouoououou hhhhhavveee drdrdrdrdrawawawawawn innnnnn (a(a(a(a(a)()()())(i)))) andnnd (i(i(i(i((( i)i)ii)i))))....

ouurrr wooooorkrkrkrkrkinnnnnggggg iiini  thehehehehe ssssspapapapapapapapacccecc ppppprororororororooviviviviv dedddddddddd. 

eyeeee ppieieieieieieiececececee gggggrararatitticucucuculeeee dddddiviviviviv xxxxx llllleneenenee gggtg h ofofofoffof 1 eeeeeeyeyeyeyeyey piece g
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 (iv) Indicate the actual length of the cells in an appropriate manner on your diagram in 
(a).                    [1]
@ ECF from (b)(iii) i.e. label the wrong actual size but in a correct manner 

 (v) Calculate and state the magnification of your drawing in (a). Show your working.[2] 
@ ECF from (b)(iii) i.e. correct calculation using wrong actual size 
® drawing size measurement of >  0.2 cm diff 

(c) Describe two differences observed between cells at region X and Y.

1. many cells in region X are undergoing cell division / mitosis 

but few / no cells in region Y are dividing 

2. cells in region X are small 

cells in region Y  are larger 

3. cells in region X are squarish in shape 

cells in region Y are elongated [2]
® cells in region X has no nucleus, cells in region Y has nucleus 

[Total: 17]

KiasuExamPaper.com
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3 Respiratory quotient (RQ) is a measurement of the ratio of carbon dioxide given out to oxygen 
taken in. The RQ value act as an indication of the respiratory substrate used. 

CO2 given out 
RQ  = 

    O2 taken in 

Carbohydrates often give a RQ of 1.0, while protein and fats give 0.8 and 0.7, respectively. 

Yeast are unicellular eukaryotic organisms that respire using a range of substrate 

You are required to plan, but not carry out, an experiment to investigate the RQ when yeast is 
metabolising different carbohydrates in respiration. 

You must use: 

 active yeast suspension in small conical flask 

 5% glucose 

 5% sucrose 

 rubber bung with delivery tube 

 soda lime in syringe 

 T-shaped connecting tube 

 capillary tube 

 blue ink 

Fig. 3.1 shows part of the experimental setup. 

Fig. 3.1 

syringe 

soda lime T-shaped connecting 
tube

conical flask 

rubber bung 

cocoocococ nininiccccal f
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You may select from the following apparatus and use appropriate additional apparatus: 

 normal laboratory glassware, e.g. test-tubes, boiling tubes, beakers, measuring cylinders, 
graduated pipettes, glass rods, etc. 

 syringes 

 timer, e.g. stopwatch 

 thermostatically regulated electrical water bath 

Your plan should: 

 have a clear and helpful structure such that the method you use is able to be repeated by 
anyone reading it 

 be illustrated by relevant diagram(s), if necessary, to show, for example, the arrangement of 
the apparatus used 

 identify the independent and dependent variables 

 describe the method with the scientific reasoning used to decide the method so that the 
results are as accurate and repeatable as possible 

 include layout of results tables and graphs with clear headings and labels 

 use the correct technical and scientific terms 

 include reference to safety measures to minimise any risks associated with the proposed 
experiment 

[Total: 14]

[T] 1. explains that O2 is taken in as final e- acceptor in ETC

CO2 is given out in link rxn & Krebs cycle

[IV] 2. states indep var is type of carbohydrate

[DV] 3. states dep var is RQ 

measured by O2 uptake and CO2 given out 

4. describes how O2 uptake is measured e.g. distance moved by ink droplet in
presence of soda lime 
explain CO2 given out is absorbed by soda lime thus  in air vol is solely
due to O2 taken in

ppppppppp

5. describes how CO2 given out is measured e.g. distance moved by ink
droplet in absence of soda lime
explain CO2 given out is no longer absorbed thus ink movement is due to
net diff in O2 taken in & CO2 given out

pppppppppp

6. calculate CO2 given out as difference in distance travelled by ink droplet
with & without soda lime

[CV] 7. identify controlled var e.g. vol of yeast & resp substrate 

describes how to control it e.g. using 5 cm3 and 10 cm3

8. identify controlled var e.g. temp8. identify controlled var e.g. temp 

n CO2 given out is absorbed by soda lime thus2
OOOOO22 takakakakkkenenene  in22

besesesss hhhhhowowoo CCCOOOOO2222 gggggiiivii enenenenenn oooooututututu iiiis memm asasasasasasasassasasassasssassssasurururururuuredeeddededdedededede eeeeee.g.g.g.g.g. . didididididistsssss an222
t ininn absbsbsbsbsenenencecececece of f f f f sososososodadadadadada lllllimimimimimeee eee
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describes how to control it e.g. 35oC in thermostatically-regulated electrical 
water bath 

[CS] 9. describe control e.g. replace active yeast with boiled and cooled yeast of
same vol, all other conditions same as experimental setup

state purpose of control

, ppppppppp ppppppppppp

[P] 10. equilibration at desired temp

acclimatisation after adding resp substrate to yeast 

11. logical, coherent seq of steps

reasonable duration of rxn e.g. 2 min

12. diagram of setup e.g. fitting of capillary tube, water bath etc.

[R+R] 13. 3 replicates 

2 repeats

[R] 14. results table with appropriate layout

headings and units 

[S] 15. identify hazard, its corresponding risk and describes safety precaution

e.g. HCO3 is skin irritant, wear gloves when handlinge.g. HCO3 is skin irritant, wear glo3 ves when handling
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1 An actively growing cell is supplied with radioactive amino acids. 

Which cell component would first show an increase in radioactivity? 

A Golgi body 

B mitochondrion 

C nucleus 

D rough endoplasmic reticulum 

2 When mucus is secreted from a goblet cell in the trachea, these events take place. 

1 addition of carbohydrate to protein 

2 fusion of the vesicle with the plasma membrane 

3 secretion of a glycoprotein 

4 separation of a vesicle from the Golgi body 

What is the sequence in which these events take place? 

A 1 4 2 3 

B 1 4 3 2 

C 4 1 2 3 

D 4 1  3 2 

3 Which combination is found in a prokaryotic cell? 

endoplasmic 
reticulum DNA RNA nucleus

A X X X 

B  X X  

C

X   X D

X X   
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4 Threonylvaline is a dipeptide formed from the two amino acids, valine and threonine. 
A peptide bond forms between the amine group of valine and carboxyl group of 
threonine.  

The side-chains (R groups) of the two amino acids are shown. 

Which molecular structure is threonylvaline? 

5 Which roles of the cell surface membrane are a result of the properties of the 
phospholipids? 

1 to allow cytokinesis to occur in mitotic cell division 

2 to allow entry and exit of oxygen and carbon dioxide 

3 to allow the phagocytosis of a bacterium into a cell 

A 1, 2 and 3 

B 1 and 2 only 

C 1 and 3 only 

D 2 and 3 only 
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6 Which set of statements correctly describes haemoglobin? 

1 2 3 4 

A

four polypeptide 
chains, each 

containing a haem 
group 

iron ions can 
associate with 

oxygen forming 
oxyhaemoglobin 

in each chain, 
hydrophobic R 

groups of amino 
acids point towards 

the centre of the 
molecule 

B
polypeptide chains 
interact to produce 

a globular chain 

each chain 
contains a haem 
group of amino 

acids surrounding 
an iron ion 

consists of two 
identical alpha 
chains and two 
identical beta 

chains 

C

polypeptide chains 
interact to produce 
an almost spherical 

molecule 

an iron ion is 
present within each 

haem group 

quaternary 
structure has two 
alpha chains and 
two beta chains 

D

polypeptide chains 
produce a loose 
helical shape, 

which folds to form 
a spherical 
molecule 

iron ions in the 
molecule can bind 

reversibly with 
oxygen 

in each chain, 
hydrophobic R 

groups of amino 
acids surround the 

iron ion 

at 50 % saturation, 
two oxygen 

molecules are 
transported by the 

molecule 

each chain can 
transport an 

oxygen molecule 

each molecule can 
transport a total of 
four oxygen atoms 

each molecule can 
transport a total of 

eight oxygen 
atoms 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



Jurong JC/JC2 H2 Biology/Prelims/2017 

5

7 Two enzymes, X and Y, were used in an experiment.  

Enzyme X was from bacteria that live in rivers and lakes at temperatures from 5°C to 
20°C.  

Enzyme Y was from bacteria that live in hot water springs at temperatures from 40°C to 
85°C.  

The experiment measured the concentration of product produced by each enzyme at 
temperatures between 0°C and 100°C after 5 minutes.  

Which graph shows the results? 

8 Within its own environment a particular cell line cannot be induced to produce a cell from 
a different cell line. 

Which statement explains this? 

A Genes not required for a particular cell line are methylated. 

B Genes not required for a particular cell line are removed by enzymes.  

C Only pre-mRNA that is required for a particular cell line is processed. 

D Stem cells have only the genes required for their particular cell line. 
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9 Bacteria were cultured in a medium containing heavy nitrogen (15N) until all DNA was 
labelled. These bacteria were then grown in a medium containing only normal nitrogen 
(14N) for 5 generations. The percentage of 14N DNA strands in each generation was 
estimated. 

Which curve provides evidence that DNA replication is semi-conservative? 

10 An unidentified single-stranded molecule was described as having the following 
features. 

complementary base pairing along some of its length

an area that can attach to a ribosome

a site to which a specific amino acid attaches

What is the unidentified molecule? 

A ribosomal RNA 

B messenger RNA 

C RNA polymerase 

D transfer RNA 
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11 Some antibacterial drugs can affect the synthesis of proteins. 

antimicrobial 
drug rifampicin streptomycin tetracycline

mode of 
action 

binds to RNA 
polymerase 

genetic code misread 
during translation 

prevents binding of 
tRNA to ribosome 

Which is the correct set of immediate effects of these drugs?  

antimicrobial 
drug rifampicin streptomycin tetracycline

A mRNA does not bind 
to ribosome 

amino acids not added 
to growing chain 

B
defective protein 

synthesised 
amino acids not added 

to growing chain 

C mRNA does not bind 
to ribosome 

transcription 
prevented 

D

defective protein 
synthesised 

mRNA not 
synthesised 

mRNA not 
synthesised 

transcription 
prevented 

defective protein 
synthesised 

mRNA does not bind 
to ribosome 

12 Which statement about prokaryotes and chloroplasts is correct? 

A Prokaryotes and chloroplasts have circular DNA where genes carrying the code for 
cell walls are located. 

B Prokaryotes and chloroplasts have 70S ribosomes that are the sites for translation 
and polypeptide synthesis. 

C Prokaryotes and chloroplast have an outer membrane and a separate inner, folded 
membrane where ATP synthesis occurs. 

D Prokaryotes and chloroplast have double-stranded linear DNA where genes carrying 
coded information are located. 
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13 Human immunodeficiency virus (HIV) is a retrovirus. After infecting a host cell, viral DNA 
is produced which is incorporated into the DNA of the host cell. The modified host 
genome now codes for the production of new HIV particles.  

Which could be used as a potential treatment to slow down the spread of HIV?  

1 inhibitors of restriction endonucleases  

2 inhibitors of reverse transcriptase 

3 restriction endonucleases 

4 reverse transcriptase 

A 1 and 4 only 

B 1 only 

C 2 and 3 only 

D 2 only 

14 Which of the following does not occur during bacterial conjugation? 

A direct contact between donor and recipient cells 

B shortening of the pilus 

C unidirectional transfer of both DNA strands 

D enzymatic cleavage of one strand at the origin of transfer 
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15 Transcriptional control in eukaryotic cells can be accomplished at several levels.  

What may be involved in such control?  

1 The same combination of DNA binding proteins regulate the activity of all 
genes.  

2 Enhancers may be involved in the promotion as well as regulation of gene 
transcription.  

3 Phosphorylation of transcriptional factors by a kinase may occur. 

4 Enhancers may be some distance from the promoter sites they control.  

A 1, 2, 3 and 4 

B 1, 2 and 3 only 

C 1, 3 and 4 only 

D 2, 3 and 4 only 

16 Multiple copies of a wanted DNA fragment can be made by the polymerase chain 
reaction (PCR).  

Which description of this procedure is not correct? 

A After ‘n’ turns of the PCR cycle, up to 2n copies of the wanted DNA are produced. 

B Using a heat-stable enzyme, such as Taq polymerase, means that the enzyme does 
not lose activity over time. 

C Using an enzyme with a high optimum temperature allows DNA polymerisation
above the annealing temperature. 

D Using specific primers means that only the wanted DNA is replicated. 
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17 Down’s syndrome can be caused by a trisomy of chromosome 21, but can also result 
from the translocation of chromosome 21 into chromosome 13, forming a single 
chromosome 13-21. 

The diagram shows chromosomes 13 and 21 in the nucleus of a diploid (2n) testis cell 
from a phenotypically normal male carrier of a 13-21 translocation. This cell has a 
chromosome number of 45. 

Which is not a likely outcome of fertilisation of normal oocytes by sperm from this male? 

chromosomes in sperm embryo 

A 13 and 21 

B 13-21

C 13-21 and 21

D 13-21 and 21

2n =46 normal phenotype 

2n =45 normal phenotype 

2n =46 Down’s syndrome 

2n =47 Down’s syndrome 
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18 The photomicrographs show cells in various stages of the cell cycle. 

Which cells contain twice as many DNA molecules as a cell from the same organism 
after cytokinesis? 

A 1, 2, 3 and 4 

B 1, 2 and 4 only 

C 1 and 3 only 

D 2 and 4 only 

19 Gene mutations in either the BRCA1 or the BRCA2 genes are responsible for the 
majority of hereditary breast cancer in humans. 

The proteins produced by the two genes migrate to the nucleus where they interact with 
other proteins, such as those produced by the tumour suppressor gene, p53, and the 
DNA repair gene, RAD51. 

Which combination of gene activity is most likely to result in breast cancer? 
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20 What maximum number of different genotypes and phenotypes are possible among the 
children of a mother with blood group A and a father with blood group B? 

genotype phenotype

A 2 2

B 2 4

C 4 4 

D 4 2

21 A test cross resulted in these recombinants: 

Which was the parental test cross? 

A

B

C

D
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22 Isolated chloroplasts, suspended in buffer solution, are often used to study the light 
dependent stage of photosynthesis. 

During this stage, electrons (e-) are transferred by carriers and provide energy so that a 
proton (H+) gradient can be formed. Protons diffuse through membrane proteins that are 
linked to synthase enzymes.  

Three compounds that can be added to isolated chloroplasts are: 

1 DCMU, which inactivates a carrier that accepts electrons from photosystem 
II 

2 DCPIP, which can act as a final electron acceptor 

3 ammonium hydroxide solution, which absorbs protons 

Which compounds, when added separately to isolated chloroplasts, would allow the light 
dependent stage of photosynthesis to occur and which would inhibit it? 

allow inhibit

A 1 2 and 3 

B 1 and 3 2 

C 2 1 and 3 

D 2 and 3 1 
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23 The rate of photosynthesis in pondweed was measured when one variable was changed 
and all others were standardised. 

The graph shows the rate of photosynthesis at different values of a variable, X. 

Which variables could be represented by X? 

1 carbon dioxide availability 

2 light intensity 

3 oxygen availability 

4 temperature 

5 leaf area exposed to direct light 

A 1, 2 and 5 

B 1 and 2 only 

C 2, 4 and 5 

D 3 and 4 
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24 The diagram below shows the link reaction and stages of the Krebs cycle.  Which 
molecules are represented by the letters W, X, Y and Z? 

W X Y Z

A acetyl CoA pyruvate 

B pyruvate ADP 

C ADP pyruvate 

D acetyl CoA 

carbon dioxide 

acetyl CoA 

carbon dioxide 

pyruvate 

ADP 

carbon dioxide 

acetyl CoA 

carbon dioxide ADP 

25 The function of phosphatases in signal transduction is to 

A move the phosphate group of the transduction pathway to the next molecule of a 
series. 

B prevent a protein kinase from being reused when there is another extracellular 
signal.  

C amplify the second messengers such as cAMP. / amplify the transduction signal so it 
affects multiple transducers. 

D inactivate protein kinases and turn off the signal transduction. 
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26 Which statements are acceptable parts of Darwinian evolutionary theory?  

1 Advantageous behaviour acquired during the lifetime of an individual is likely 
to be inherited. 

2 In competition for survival, the more aggressive animals are more likely to 
survive. 

3 Species perfectly adapted to a stable environment will continue to evolve. 

4 Variation between individuals of a species is essential for evolutionary 
change. 

A 1, 2 and 4 only 

B 2 and 3 only 

C 3 and 4 only 

D 4 only 

27 Before the settlement of California in the 1800s, the elk population was very large. By 
about 1900 there were only a few dozen elk left. 

Owing to protection, there are now about 3000 elk living in a small number of isolated 
herds.  

Unfortunately, some of the elk in all the herds have difficulty grazing due to a shortened 
lower jaw.  

Which statements best explain this? 

1 The early settlers only hunted elk that could graze. 

2 There was a mutation affecting jaw size in one of the herds. 

3 There is random mating within each herd.  

4 The current elk population demonstrates a founder effect. 

5 There was directional selection favouring short jaws. 

A 1, 2 and 4 only 

B 2, 3 and 5 only 

C 2 and 5 only 

D 3 and 4 only 
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28 Darwin’s view of the process of evolution to form new species (speciation) has been 
reinforced by more recent discoveries in genetics and cell biology.  

In this view, which sequence of events is considered most likely to lead to speciation? 

A adaptation to 
population  

competition and 
predation leading 

to natural 
selection 

behavioural
isolation

sympatric
speciation

B adaptation to 
population  

competition and 
predation leading 

to natural 
selection 

behavioural
isolation

allopatric
speciation

C
competition and 

predation leading 
to natural 
selection 

geographical
isolation  

adaptation 
of isolated 
populations 

sympatric
speciation

D
competition and 

predation leading 
to natural 
selection 

geographical
isolation 

 
adaptation 
of isolated 
populations 

allopatric
speciation

29 Apart from the ABO blood groups, humans can also be Rhesus positive or Rhesus 
negative.  

People with the Rhesus antigen are Rhesus positive. When a Rhesus negative person is 
given Rhesus positive blood in a transfusion there is no problem. However, a second 
transfusion of Rhesus positive blood to this Rhesus negative person will result in a 
reaction between the two types of blood.  

Which statements explain this? 

1 A Rhesus negative person naturally has anti-Rhesus antibodies. 

2 Exposure to Rhesus antigen causes anti-Rhesus antibody production. 

3 B-cells make anti-Rhesus antibodies.

4 Anti-Rhesus antibody production begins after the second exposure. 

A 1, 2, 3 and 4 

B 1 and 2 only 

C 2 and 3 only 

D 3 and 4 only 
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Answer all questions.

1 The plasma membrane Ca2+ ATPase (PMCA) is a vital transport protein that regulates
the amount of Ca2+ within eukaryotic cells. In humans, there is a very large 
transmembrane electrochemical gradient of Ca2+ driving the entry of Ca2+ into cells, yet 
low intracellular concentrations of Ca2+ are maintained by PMCA.

Fig. 1.1 shows two conformations that PMCA interconverts between, depending on 
whether Ca2+ is bound.

Fig. 1.1 

(a) Explain why Ca2+ cannot freely cross the plasma membrane. [2]

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

(b) Describe how low intracellular concentrations of Ca2+ are maintained by PMCA. [3]

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
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Various forms of PMCA are expressed in different cell types, including erythrocytes (red 
blood cells). Erythrocytes rely on Ca2+ dependent signalling during their differentiation 
from hematopoietic stem cells in the bone marrow. The process of erythropoiesis 
(production of mature red blood cells) is illustrated in Fig. 1.2.

Fig. 1.2

(c) Describe the potency of these hematopoietic stem cells and explain their normal
functions. [4]

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

In addition to the loss of the nucleus, cellular organelles such as the endoplasmic 
reticulum, Golgi apparatus and mitochondria are also lost from the reticulocytes shown in 
Fig. 1.2. 

(d) Outline the structure of the endoplasmic reticulum and Golgi apparatus in typical
eukaryotic cells. [2]

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
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(e) Since mature mammalian erythrocytes lack mitochondria, suggest how these cells
derive energy from glucose. [1]

______________________________________________________________________

______________________________________________________________________

[Total: 12] 
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2 Fig. 2.1 shows two animal cells in different stages of the mitotic cell cycle.

Fig. 2.1 

(a) With reference to cell 1,

(i) identify the stage of nuclear division taking place. [1]

______________________________________________________________________

(ii) describe the events occurring at this stage. [2]

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

(b) A pair of rod-like structures can be found in region A. Outline the roles of these
structures during mitosis in animal cells. [2]

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
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(c) Region B of the chromatid contains non-coding repetitive nucleotide sequences.

(i) Account for the progressive shortening of these sequences after repeated rounds
of DNA replication. [2]

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

(ii) Describe two functions of these non-coding DNA in eukaryotes. [2]

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
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(d) In 2006, Yamanaka and his colleagues demonstrated in an experiment with mice that
induced pluripotent stem (iPS) cells could be produced by genetically reprogramming
fully differentiated adult cells. There has been evidence to suggest that these iPS
cells exhibit high telomerase reverse transcriptase (TERT) activity and are capable of
dividing indefinitely.

Fig. 2.2 

(i) Discuss the role of TERT in enabling the iPS cells to divide indefinitely. [2]

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

(ii) Suggest an advantage of using iPS cells in research and medical applications. [1]

______________________________________________________________________

______________________________________________________________________

[Total: 12]
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3 Antibiotic resistance is rising to dangerously high levels in all parts of the world. A
growing list of infections – such as pneumonia, tuberculosis, blood poisoning and 
gonorrhoea – are becoming harder, and sometimes impossible, to treat as antibiotics 
become less effective. 

Some bacteria are naturally resistant to certain types of antibiotics. However, bacteria 
may also become resistant either by a genetic mutation or by acquiring resistance from 
another bacterium.

(a) Outline the process of how a bacterium is able to acquire resistance from another
bacterium. [3]

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
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More than 2 million Americans each year are infected by antibiotic-resistant bacteria, and 
at least 23,000 die annually from those infections. Antibiotic-resistant bacteria have 
become a global health crisis and alternative treatments such as Phage Therapy are 
being considered for combating bacterial infections.  

Phage Therapy involves the targeted application of bacteriophages that, upon encounter 
with specific pathogenic bacteria, can infect and kill them. Phages are currently being 
used therapeutically to treat bacterial infections that do not respond to conventional 
antibiotics.  

Fig. 3.1 is an electron micrograph showing a phage infecting a bacterium during Phage 
Therapy.

Fig. 3.1

(b) Suggest the reproductive cycle of a phage used for Phage Therapy. [1]

______________________________________________________________________

(c) Describe how a structural feature of the phage allows for targeted application to
specific pathogenic bacteria. [2]

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

(d) Explain how the use of phages can prevent the spread of bacterial infection. [2]

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
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(e) Suggest characteristics of phages that make them attractive therapeutic agents. [2]

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

 [Total: 10] 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



4 Sickle cell anaemia is a recessive genetic disease caused by a mutation that commonly
occurs in the DNA, resulting in hydrophobic valine replacing hydrophilic glutamic acid at 
the 6th amino acid position of the β chain.

(a) State the type of mutation that commonly occurs to result in sickle cell anaemia. [1]

______________________________________________________________________

(b) Describe the effects of this change in amino acids on the red blood cells of an
individual with the disease. [4]

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
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To detect if individuals are afflicted with sickle cell anaemia, restriction fragment length 
polymorphism (RFLP) analysis can be carried out using gel electrophoresis and 
Southern Blotting. Restriction enzymes are used to digest the DNA before RFLP analysis 
and the mutation removes a recognition site of the restriction enzyme MstII, as shown in 
Fig. 4.1. The enzyme’s recognition sites on the normal allele and the mutant allele are 
shown by arrows. 

Fig. 4.1

(c) Draw, on Fig. 4.2, the expected band patterns produced by DNA from individuals with 
sickle cell anaemia. [1] 

Fig. 4.2

(d) Suggest why it is necessary to carry out Southern Blotting after gel electrophoresis.
[2]

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

(e) Outline the role of the DNA probe in Southern Blotting. [1] 

______________________________________________________________________

______________________________________________________________________

[Total: 9] 
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5 Fig. 5.1 shows awned and awnless rice strains. A long awn is one of the distinct
morphological features of wild rice species. It is a long needle-like appendage that is 
thought to aid in seed dispersal and prevent predation by animals. 

The genes DROOPING LEAF (DL) and OsETTIN2 (OsETT2) are involved in awn 
formation. Genetic analysis experiments indicate that DL and OsETT2 act independently 
in awn formation.  

Fig. 5.1

A cross between pure-breeding awned and awnless strains produced awned plants in 
F1.  

The F1 plants were then self-pollinated. 

In the F2 generation, 658 awned plants and 48 awnless plants were produced. 

This control of awn development is an example of epistasis resulting in a ratio that is 
close to 15:1.  

(a) Define the term locus. [2]

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

(b) Explain the term epistasis in this context. [3]

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
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(c) Use the symbols A, a and B, b to draw a genetic diagram to explain the results 
shown in the F2 generation. [4]  
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A chi-squared test was carried out on the results of the second cross. 

Table 5.1 

phenotype observed 
number (O)

expected 
number (E)

awn 658

awnless 48

total number 706 706 ᵡ2 =

(d) Complete the five missing values in Table 5.1. [3] 

(e) Table 5.2 shows part of the table of probabilities for the chi-squared test.  

Table 5.2 

Use Table 5.2 and your calculated value for the chi-squared test to find the 
probability that the observed ratio of phenotype does not deviate significantly from 
the expected ratio. [1] 

______________________________________________________________________

(f) State what conclusions may be drawn from the probability found in (e). [2]  

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

[Total: 15] 
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6 Fig. 6.1 shows some stages in mammalian respiration. 

glucose 

hexose phosphate 

triose phosphate 

pyruvate 

carbon dioxide and water 

Fig. 6.1 

(a) Name the processes taking place during Stage D and state precisely where they 
occur. [3] 

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

A

B

C

D
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(b) Intermediates produced at the end of Stages B and C are important in the conversion 
of carbohydrates to lipids such as triglycerides. Some of the triose phosphate can be 
converted into glycerol-3-phosphate, while pyruvate can undergo further reactions to 
form intermediates required for the synthesis of fatty acids.  

(i) Describe the formation of triglycerides. [3] 

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

(ii) State two roles of triglycerides in living organisms. [2] 

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
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(c) The first reaction in Stage A is catalysed by the enzyme hexokinase. It has been 
observed that hexokinase is bound to the outer mitochondrial membrane in muscle 
cells which undergo high rates of glycolysis. 

Fig. 6.2 

With reference to the role of mitochondria and Fig. 6.2, suggest how the association 
of hexokinase with mitochondria can lead to high rates of glycolysis. [2] 

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
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Fig. 6.3 shows an electron micrograph of a mitochondrion. 

Fig. 6.3 

(d) With reference to features visible in Fig. 6.3, outline how the structure of the 
mitochondrion is adapted for its function. [2] 

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

[Total: 12] 
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7 Fig. 7.1 shows a flower of Lilium polyphyllum, a lily that grows in the Himalayan 
mountains. This species is cross-pollinated by insects. 

Fig. 7.1 

(a) Plants of this species that grow at low altitudes produce flowers 60 days before the 
plants of the same species that grow at high altitudes. Scientists think that plants of 
L. polyphyllum growing at high altitudes may evolve into a new species. 

Explain how natural selection could lead to the evolution of a new species of lily. [5] 

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
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(b) In order for natural selection to occur a population must show phenotypic variation. 
Explain why variation is important in natural selection. [2] 

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

(c) Fungi were often classified as different species according to their visible reproductive 
structures. Penicillium dodgei and Eupenicillium brefeldianum were classified as 
different species because they had different types of spores.  

However, recently it was recognised that the spores of P. dodgei were asexual 
spores, while those of E. brefeldianum were sexual spores. A comparison of the DNA 
of these two fungi shows that they are the same species. This fungus is now known 
as Penicillium brefeldianum.

Outline how DNA analysis can show that P. dodgei and E. brefeldianum are the 
same species. [2] 

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

(d) Describe the advantages of using DNA analysis in determining homology between  
P. dodgei and E. brefeldianum. [3]

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

[Total: 12] 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



8 Fig. 8.1 shows part of the immune response to the first infection by a bacterial pathogen 
that has entered the body through the lining of a bronchiole. J and K are stages in the 
immune response. 

Fig. 8.1 

(a) (i) State the process happening at stage J. [1] 

______________________________________________________________________

(ii) Explain the role of cell L at stage K in the immune response. [2] 

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
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(b) With reference to Fig. 8.1, explain how the response to a second infection by this 
bacterial pathogen differs from the first. [3] 

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

B-lymphocytes have antibodies located on their external surface. When B-lymphocytes 
become plasma cells they then secrete antibodies.  

Fig. 8.2 shows how the enzyme papain digests an antibody to obtain three fragments. 

Fig. 8.2 

(c) The three fragments, A, B and C still retain their ability to function. 

State the function of: 

(i) fragments A and B [1]

______________________________________________________________________

______________________________________________________________________

(ii) fragment C. [1] 

______________________________________________________________________

______________________________________________________________________
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(d) There are various ways in which the effectiveness of immune responses can be 
reduced. 

Suggest how each of the following reduces the effectiveness of an immune 
response. 

(i) Some pathogens are covered in cell surface membranes from their host. [1]

______________________________________________________________________

______________________________________________________________________

(ii) B-lymphocytes do not mature properly and do not recognise any antigens. [1] 

______________________________________________________________________

______________________________________________________________________

[Total: 10] 
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9 Reef-building corals are marine invertebrates closely related to jellyfishes and are found 
in shallow, clear tropical seas. The corals secrete an exoskeleton of calcium carbonate 
that becomes the underlying structure of the coral reef.

Zooxanthellae are a group of unicellular photosynthetic algae that live inside the cells of 
reef-building corals. The relationship is beneficial to both the zooxanthellae and the 
coral. 

(a) Evidence shows that the relationship between zooxanthellae and reef-building corals 
has evolved by free-living algae invading corals that did not contain algae. [1]

(i) Corals that do not need zooxanthellae can live at a greater depth that reef-
building corals. 
Explain why. [3] 

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

(ii) Suggest how the zooxanthellae may benefit in two ways from their association 
with the corals. [2] 

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



Under conditions of environmental stress, the relationship between the reef-building 
corals and zooxanthellae can break down. Loss of zooxanthellae and the subsequent 
whitening that occurs, as shown in Fig. 9.1, is known as coral bleaching. Coral 
bleaching can lead to the death of the coral. 

Fig. 9.1 

(b) State one reason why permanent loss of zooxanthellae can lead to death of the 
coral. [1] 

______________________________________________________________________

______________________________________________________________________

(c) One type of environmental stress that can cause coral bleaching is an increase in 
sea temperature. 

Suggest why areas of sea with reef-building corals are particularly susceptible to 
increased temperature as a result of global climate change. [2] 

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

[Total: 8] 
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Section A

Answer all the questions in this section.

1 The lac operon is an operon required for the uptake and metabolism of lactose in 
Escherichia coli and many other bacteria. Glucose is the preferred carbon source for most 
bacteria, as glucose requires fewer steps and less energy to break down than lactose. 
However, if lactose is the only sugar available, the E. coli uses it as an energy source and 
the lac operon allows for the effective digestion of lactose when glucose is not available.  

To use lactose, the bacteria must express the lac operon genes, which encode key 
enzymes for lactose uptake and metabolism. Fig. 1.1 shows the results of an experiment 
carried out to determine the effects of adding lactose on the expression of some of the 
genes involved in the breakdown of lactose. 

The initial gene expression was measured by determining the mRNA produced at time 0. 
This was taken as 10% (black bars). All the other values are relative to this initial value 
taken every 30 seconds over the next 2 minutes. 

Fig. 1.1 

(a) Suggest why operons are necessary in bacteria. [2]  

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
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(b) Using data from lacA, lacY and lacZ in Fig. 1.1 and your knowledge of how different 
types of operons are regulated, explain how lactose is able to control the expression 
of these genes. [4] 

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

It has been suggested that not all genes involved in lactose hydrolysis are organised into 
one single operon.  

(c) Use evidence from Fig. 1.1 to support the statement above. [3]

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

(d) A series of mutations was introduced into the lac operon, resulting in the inversion of 
the operator and the promoter regions. 

Suggest the effect on the transcription of the lac genes when lactose is absent. [2] 

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
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Owing to E. coli’s rapid growth rate, E. coli has been an expression host of choice in the 
biotechnology industry for large-scale production of anti-freeze proteins (AFPs). AFPs is a 
class of polypeptides that help to stop ice forming inside the Arctic and Antarctic fishes thus 
permitting their survival in sub-zero environments. 

In the Arctic and Antarctic, environmental temperatures can reach low to freezing levels. 
These fishes indigenous to these habitats are presented with potential desiccation, which 
can lead to potentially detrimental challenges such as decreased enzymatic rates and 
freezing. Besides hindering cellular processes, sub-zero temperatures induce ice crystals 
formation, which can lead to cell death by rupturing cells either physically or through 
osmotic pressure changes.  

Commercially, there appears to be countless applications for AFPs:  

 as additives to frozen foods to lengthen the shelf life 

 for incorporation with the genome of the raw foods to retard ice crystal growth 

 to prevent damage to agricultural crops by increasing freeze tolerance of crop plants 
and extending the harvest season in cooler climates 

 for introduction into ice cream and yogurt products to allow the production of very 
creamy, dense, reduced fat ice cream with fewer additives. 

(e) Outline how the genome of E. coli and the genome of the fish are similar and how they 
are different. [4] 

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
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(f) Anti-freeze glycoprotein (AFGP) is one type of anti-freeze protein. Messenger RNA 
coding for AFGP is translated at a ribosome to produce a polypeptide. Describe how 
this polypeptide is then processed to make AFGP. [4] 

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
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Some fish produce another anti-freeze protein, called AFP II. The tissues of these fish were 
tested for the presence of AFP II and the mRNA coding for AFP II. The results are shown 
in Table 1.1. 

Table 1.1 

molecule present in 

AFP II protein all tissues 

AFP II mRNA liver tissue only 

(g) Explain the distribution of the AFP II protein and AFP II mRNA. [4] 

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

(h) With reference to named examples, describe the roles performed by proteins involved 
in transport in fishes. [2]  

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
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Table 1.2 shows Earth’s ice ages over the last 850 million years. 

Table 1.2 

Fig. 1.2 shows how the number of families of fishes has changed over time. 

Fig. 1.2 

(i) Many different types of AFPs are produced by ray-fin fishes. Analyse the data to 
explain when these ray-fin fishes are likely to have evolved the ability to produce AFPs. 
[2]

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

 [Total: 27] 
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2 Measles is a highly contagious, serious disease caused by Morbillivirus, a single-stranded 
enveloped RNA virus. Envelope glycoproteins mediate transmission of the virus into host 
cells in the human respiratory tract. Once inside the host cell, the viral RNA genome is 
transcribed into mRNA, which undergoes translation to manufacture viral proteins. These 
viral proteins function to form capsid proteins for new viruses which eventually leave the 
host cell.  

(a) With reference to the information given, outline how viruses challenge the concept of 
what is considered living. [2] 

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

In the 1980s, measles caused an estimated 2.6 million deaths each year, and the disease 
remains one of the leading causes of death among young children globally. 

The number of cases of measles is reported to the World Health Organisation (WHO) by 
countries throughout the world so that global data is collected.  

 Fig. 2.1 shows the global data collected between January 2008 and December 2012. 

Fig. 2.1 
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(b) Use the data in Fig. 2.1 to describe the pattern shown in the number of cases of 
measles reported to the WHO between January 2008 and December 2012. [3] 

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

(c) Routine measles vaccination for children, combined with mass immunisation 
campaigns in countries with high case and death rates, are key public health strategies 
to reduce global measles deaths. By 2016, about 85% of the world’s children received 
one dose of the measles vaccine by their first birthday, and the global push to improve 
vaccine coverage resulted in a 79% reduction in deaths. 

(i) State precisely the type of immunity gained by receiving a measles vaccine. [1] 

______________________________________________________________________

______________________________________________________________________

(ii) Outline one benefit of vaccination. [1] 

______________________________________________________________________

______________________________________________________________________

(iii)Outline one risk of vaccination. [1] 

______________________________________________________________________

______________________________________________________________________
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(d) Unlike measles for which an effective vaccine has been developed, it has been 
extremely difficult to design an effective vaccine against malaria. Malaria is a disease 
caused by the parasite Plasmodium falciparum. P. falciparum multiplies in liver cells of 
the host before emerging after 9-30 days wrapped in the liver cell surface membrane. 
They enter red blood cells, multiply and then cause rupture of the host cells, resulting 
in the release of more parasites every 36-48 hours, in a manner that has some 
similarity to that of viruses. 

Use the information given and your own knowledge to suggest why it has been 
extremely difficult to design an effective vaccine against malaria. [2] 

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

(e) Another infectious disease, Tuberculosis (TB), is one of the top ten causes of death 
worldwide. Name the bacterium that causes TB and describe how TB is transmitted. 
[3]

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

 [Total: 13] 
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3 Dengue fever is a disease spread by a particular species of mosquito, Aedes aegypti. The 
incidence of this disease and the numbers of this species of mosquito have increased 
dramatically in recent years, spreading beyond the tropics. This has been attributed to 
global warming. 

(a) Explain how global warming has resulted in the spread of dengue beyond the tropics. 
[2]

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

In an attempt to reduce the numbers of A. aegypti, male mosquitoes infected with the 
Wolbachia bacteria have been produced and released into the wild to mate with females. 
Wolbachia naturally occurs in up to 60% of all insect species, but not in A. aegypti. 
Wolbachia induces a conditional sterility that occurs within the mosquitoes due to 
cytoplasmic incompatibility, shown in Fig. 3.1, a concept first introduced in a paper 
published by Dr. Hannes Laven in 1967. 

Fig. 3.1 
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(b) The cytoplasmic incompatibility genes are DNA in nature. DNA is a double helix 
consisting of two polynucleotide strands held together by phosphodiester bonds 
between the adjacent nucleotides. Each strand contains a sugar-phosphate backbone 
and hydrogen bonds are formed between the complementary strands via 
complementary base pairing.  

Describe two other structural features of DNA. [2]   

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

There are three possible matings between the male and female mosquitoes in the wild as 
shown in Table 3.1. 

Table 3.1 

 male female results 

cross 1 infected uninfected lay eggs that are not viable and 
do not hatch 

cross 2 infected infected infected offspring 

cross 3 uninfected infected infected offspring 

Embryonic development aborts when sperm from an infected male fertilises an uninfected 
egg and the paternal genome does not contribute to the development of the embryos that 
are not viable. 

(c) Based on the information provided and Cross 1, suggest how Wolbachia induces
sterility. [1] 

______________________________________________________________________

______________________________________________________________________

In 1970, Erich Jost repeated Laven’s earlier work.  

(d) Explain why repeating the work of others is an important part of science research. [2] 

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
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In 2016, hundred thousands of male mosquitos with Wolbachia were released at 3 
selected sites in Singapore: Braddell Heights, Nee Soon East, and Tampines West. 

(e) State why releasing such large numbers of male mosquitoes did not immediately 
increase the risk of transmission of dengue fever in these estates. [1] 

______________________________________________________________________

______________________________________________________________________

Another method employed in Australia involves the release of both male and female 
mosquitoes with Wolbachia into the wild. An advantage of this method is that there is no 
need for further releases of mosquitoes with Wolbachia. 

(f) With reference to Table 3.1, explain why there is no need for further releases with this 
method. [2] 

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

 [Total: 10] 
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Section B 

Answer one question in this section. 

Write your answers on the lined paper provided at the end of this Question Paper. 

Your answers should be illustrated by large, clearly labelled diagrams, where appropriate. 

Your answers must be in continuous prose, where appropriate. 

Your answers must be set out in parts (a), (b) etc., as indicated in the question. 

4 (a) Describe the reproductive cycle of the influenza virus and explain how new strains of 
the virus may arise as a result of mutation. [13] 

(b) Describe the process of transduction and its advantages to prokaryotes. [12] 

[Total: 25] 

5 (a) Describe the roles of the proteins involved in the process of DNA replication and 
compare the advantages of PCR with the advantages of DNA replication.  [13] 

(b) Outline the structure of G-protein linked receptor and describe the action of glucagon 
on liver cells in the regulation of blood glucose concentration.  [12] 

[Total: 25] 

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
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______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
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hh JURONG JUNIOR COLLEGE
JC 2  PRELIMINARY EXAM 
Higher 2

CANDIDATE 
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BIOLOGY 9744/04
Paper 4  Practical 

CCONFIDENTIAL INSTRUCTIONS 
15 August 2017

2 hours 30 minutes

Great care should be taken to ensure that any confidential information, including the identity 
of material on microscope slides where appropriate, does not reach the candidates either 
directly or indirectly. 

This document consists of 7 printed pages. 
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Question 1 

Preparation list 
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Instructions for preparation 

Buffer solution, pH 7.5 

4.5g disodium hydrogenphosphate (Na2HPO4.12H2O) 
1.7g potassium dihydrogenphosphate (KH2PO4)
500cm3 water 

Dissolve the disodium hydrogenphosphate and potassium dihydrogenphosphate in 450cm3

distilled or deionised water.  
When the solids have completely dissolved make the volume up to 500 cm3 with distilled or 
deionised water. 
Check the pH of the buffer and adjust if necessary. Adding potassium dihydrogenphosphate 
will lower pH, adding disodium hydrogenphosphate will increase pH. 

2,6-dichlorophenolindophenol (DCPIP) solution, labelled D

0.2 g DCPIP 
0.9 g potassium chloride 

Dissolve in 250 cm3 of buffer solution. 
This can be made before the examination and stored in a refrigerator. 
The concentration being used by candidates does not constitute a hazard. 

Extraction solution 

13.7 g sucrose 
0.1 g potassium chloride 

Dissolve in 100 cm3 of buffer solution. 
Refrigerate until needed. 

Leaf extract, labelled L and with hazard symbol for irritant 

This should be prepared on the day on which the practical is to be carried out. 

Use approximately 15 g spinach leaves (or any soft, dark green leaves) for each 100 cm3 of
the extraction solution. 

Use scissors to cut the midrib and any large veins from the leaves. Cut the remaining leaf 
material into small pieces and add to the extraction solution. Use a liquidiser or blender to 
separate and disrupt the cells. Filter the leaf extract through muslin or fine mesh fabric to 
remove leaf debris. Store the filtrate in a beaker in a refrigerator before dispensing to 
candidates. 

This should be provided to students in a beaker of ice. 
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Filters

These should be obtained from a photographic supplier and should allow light of the 
approximate wavelengths required to pass through without large differences in overall 
absorption.

Lee Filters (obtainable from www.hwarta.com) provide a range of suitable filters other than the 
codes stated in the preparation list. 

Specified Codes Examples of Alternatives 

purple   136   052, 170 

blue   140   144, 117 

green   139   124 

orange   105   021 

red   164   022 
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Question 2 

Preparation list 

Each candidate must have sole, uninterrupted use of a microscope for 1 hour 15 minutes only. 

For each candidate: 

 the microscope must be set up on the low-power objective lens 
 the slide must not be left in the stage or n the microscope 

 Yeast cell suspensions provided to the candidates should be supplied in a container, 
suitable for the removal of a drop of suspension using a glass rod or teat pipette. 

Prepare a 7.0% yeast cell suspension. The glucose should be added to the yeast 10 to 15 
minutes before the candidates start Question 2. Each candidate should have fresh 
yeast cell suspension. 

As the yeast cell suspension will froth, it should be prepared in a large container. 

7.0 g of dried yeast (for baking) is added to 80 cm3 of warm distilled water, stirred and made 
up to 100 cm3 with warm distilled water. This should be kept at a temperature between 35°C 
and 40°C. 

10 to 15 minutes before the candidates start Question 2 add the glucose. 

Sprinkle 20 g of glucose, a little at a time, onto the surface of the yeast cell suspension, stirring 
continuously. Keep warm between 35°C and 40°C until needed.  
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Put 50 cm3 of the 7.0% yeast suspension (that you have prep above) into a beaker or container 
and make up to 100 cm3 with warm distilled water. The yeast needs to be actively frothing. 

This makes the 3.5% yeast suspension needed for the samples S2 and S3.

S1 could be prepared the day before and stored in a refrigerator. 

Summary of solutions and reagents: 

labelled contents hazard volume
/ cm3

S1
3.5% boiled yeast 

cell 
suspension 

none at least 5 

S2
3.5% active yeast 

cell 
suspension 

none at least 5 

S3 mixture of S1 and 
S2 none at least 5 

M 1% methylene blue 
solution 

[H]
harmful at least 5 

It is advisable to wear safety glasses/goggles when handling chemicals. 
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Each candidate will require: 

(i) S1, at least 5 cm3 of 3.5% boiled yeast cell suspension in a small container, labelled S1.
For example: put 20 cm3 of 3.5% yeast cell suspension into a container and put this into a 
boiling water-bath for 10 minutes. 

To check that all the yeast cells are dead: 
• place a drop of suspension onto a microscope slide 
• add 1 drop of methylene blue as made up below 
• mix with a glass rod and leave for 5 minutes 
• add a coverslip and observe using the high-power objective lens of the microscope. 
• Nearly all the cells should be blue. If this is not the case then boil for an extra 5 minutes. 

Repeat if necessary. 

S1 could be prepared the day before and stored in a refrigerator.

This is sufficient for 4 candidates. 

(ii) S2, at least 5 cm3 of 3.5% yeast cell suspension (active) as diluted above from active 7.0% 
yeast suspension. 

(iii) S3, at least 5 cm3 of 3.5% yeast cell suspension made up of equal volumes of S1 and S2.
For example, put 10 cm3 of S1 into a small container. Add 10 cm3 of S2 to the small 
container and mix well. 

This is sufficient for 4 candidates. 

(iv) M, at least 5 cm3 of freshly prepared 1% methylene blue solution in a container with a   
pipette, labelled M.

This is prepared by dissolving 1.0 g of methylene blue and 0.6 g of sodium chloride in    
80 cm3 of distilled water and making it up to 100 cm3 with distilled water. 

This is sufficient for 20 candidates. 

(Safety: Be careful not to inhale the powder. If methylene blue comes into contact with 
your skin, rinse with cold water.) 

Apparatus for each group of candidates should be clean. 

Question 3 

No materials are required for this question. 
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Answer all questions.

1 During the light dependent stage of photosynthesis, hydrogen ions and electrons are 
transferred to hydrogen acceptor molecules, including NADP.  
 
DCPIP (2,6-dichlorophenolindophenol) is a blue dye, which acts as a hydrogen ion and 
electron acceptor. As DCPIP accepts hydrogen ions or electrons it is reduced and 
becomes colourless. 
 
You are required to investigate the effect of different wavelengths of light on the rate of 
the light dependent stage of photosynthesis in a leaf extract containing chloroplasts. 

 
You are provided with: 
• a leaf extract in buffered solution, labelled L, in a beaker with ice, 
• DCPIP solution, labelled D, 
• filters that allow light of specific wavelengths to pass through, as shown in Table 1.1. 

 
Table 1.1 

The leaf extract is an irritant. It is recommended that you wear safety 
goggles/glasses and gloves. 

Proceed as follows. 
 

1. Stir the leaf extract, L, using the glass rod. 
 

2. Use a syringe to draw up 0.5 cm3 of L. 
 

3. Wipe the outside of the syringe to remove any liquid. 
 

4. Put the syringe at the centre of a white tile. This will be used as a colour standard. 
 

5. You are required to add enough DCPIP solution, D, to change the colour of the 
remaining leaf extract, L. The change in colour must be sufficient to be observable in 
the 0.5 cm3 sample transferred to a syringe in step 8. 
• Using a Pasteur pipette, put about 0.5 cm3 of DCPIP solution, D, into the 

remaining leaf extract, L, in the specimen tube. 
• Shake the specimen tube gently so that the colour spreads evenly. 
• Tilt the specimen tube and view the colour against a white background. 
• If there is no noticeable colour change, add DCPIP solution, D, drop by drop until 

a noticeable colour change is achieved. 
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6. Immediately wrap the specimen tube containing the mixture of L and D in foil. Cover 
the specimen tube with a foil lid, as shown in Fig. 1.1. This should be easy to remove 
to obtain the mixture of L and D. Put back the covered specimen tube containing the 
mixture of L and D in the beaker with ice. 

 

 
Fig. 1.1 

 
7. Place the bench lamp 10 cm from the syringe on the white tile. Do not switch the 

lamp on. 
 

The next steps have to be carried out very quickly one after another, so read 
steps 8–15 and refer to Fig. 1.2 before proceeding. 

8. Remove the foil lid and use a clean syringe to draw up 0.5 cm3 of the mixture of L
and D in the specimen tube. Replace the foil lid immediately. 
 

9. Wipe the outside of the syringe and place it next to the colour standard on the white 
tile. This is the test syringe. 

 
10. Immediately cover both syringes with the purple filter, P, as shown in Fig. 1.2 on 

page 4. 
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11. Switch on the bench lamp and immediately start a stopwatch or stop clock.

Fig. 1.2 

12. In the space provided in (a), record the time taken for the colour in the test syringe to
match that of the colour standard. If the colour does not match after 300 seconds
then record ‘more than 300’.

13. Switch off the bench lamp.

14. Expel the contents of the test syringe into the beaker labelled waste. Rinse the
syringe.

15. Repeat steps 8–14 using each of the four remaining coloured filters in turn (blue,
green, orange and red).

(a) Record these results in a suitable table in the space provided to show the effect of 
wavelength on the time to decolourise DCPIP. [3] 
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(b) (i)   Give one reason to explain why the leaf extract was kept on ice. [1] 
 

______________________________________________________________________ 

______________________________________________________________________ 

(ii)  State why the leaf extract containing DCPIP was kept covered by foil. [1] 
 

______________________________________________________________________ 

______________________________________________________________________ 

(iii) Describe a suitable control that could have been set up for this investigation. [1] 
 

______________________________________________________________________ 

______________________________________________________________________ 

(c) Suggest why the rate of photosynthesis is different at different wavelengths. [2] 
 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

(d) Suggest two significant sources of error in this experiment and describe two 
corresponding improvements that could be made to reduce the effects of these 
errors. [4] 

 
______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 
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In another similar investigation, a student collected leaves from two varieties of the same 
species of a garden plant that has different coloured leaves. 

Variety A dark red leaves 
Variety B  green and white striped leaves 

The student made a chloroplast extract from the leaves of each variety and measured 
the rate of photosynthesis for each extract in different wavelengths of light. 

Table 1.2 shows the rates of photosynthesis calculated by the student from her results. 

Table 1.2 

wavelength of light / nm 

rate of photosynthesis / s-1 

source of chloroplasts 

dark red leaf green and white striped 
leaf 

425 0.097 0.081

450 0.071 0.063

525 0.023 0.023

625 0.030 0.039

675 0.057 0.058

(e) Use the grid provided to plot line graphs showing the effect of wavelength on the rate 
of photosynthesis. [4] 
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(f) Use your graph to estimate the rate of photosynthesis at a wavelength of 430 nm in 

plants with dark red leaves. [1] 
 

______________________________________________________________________ 

(g) Explain how light of wavelength 430 nm leads to the decolourisation of DCPIP. [1] 
 

______________________________________________________________________ 

______________________________________________________________________ 
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(h) The photosynthetic pigments of the leaves from the two varieties of plants were 
extracted and were separated by two-way chromatography. The pigments were first 
separated by one solvent and then separated again by a second solvent at right 
angles to the first solvent. Fig. 1.3 shows the results for the two different varieties. 
 

 
Fig. 1.3 

 
Different photosynthetic pigments absorb different wavelengths of light. Table 1.3 
shows some information about the pigments, P, Q, R, S and T, found in the 2 
varieties, including the wavelength of light at which maximum light absorption occurs. 

 
Table 1.3 

 
 

One of the varieties lacks one of the pigments. 
Using the information in Table 1.3 and Fig. 1.3: 

 
(i) identify the variety that lacks one of these pigments and state the letter of the 

missing pigment. [1] 
 

______________________________________________________________________ 

(ii) state the evidence that supports your answer to (i). [2] 
 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

 
 [Total: 21] 
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2 Methylene blue stains dead cells blue.  
Living cells are not stained blue so they will appear white or clear.  
 
You are provided with:  
• methylene blue solution, M, (handle carefully as it will stain your skin)  
• suspensions of yeast cells, labelled S1, S2 and S3.  
 
Each suspension, S1, S2 and S3 has been heated for ten minutes at 45°C or 80°C or 
100°C.  
 
You are required to:  
• use the microscope to observe the colour of the yeast cells from S1, S2 and S3, after 

M has been added  
• record your observations by using annotated drawings of three yeast cells from each 

of S1, S2 and S3  
• identify the temperature at which each of S1, S2 and S3 was heated.  
 
1. Label three microscope slides S1, S2 and S3.  

 
2. Place one drop of S1 onto slide S1 and add one drop of M. Mix carefully using a 

glass rod. (If M comes into contact with your skin rinse with cold water.)  
 

3. Repeat step 2 with S2 and S3.  
 

4. Leave for five minutes.  
 

5. Add a coverslip to each slide.  
 

6. Use the paper towel to dry off any excess liquid around the coverslip.  
 

7. Use the microscope to observe the yeast cells on each slide, then select cells which 
you can draw and annotate to describe the effect of the methylene blue, M. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) (i) Prepare the space below and record your observations by: 
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(a) (i)   Prepare the space below and record your observations by: 
• making drawings of three cells from each of the slides in the boxes provided  
• annotating your drawings to describe the effect of methylene blue, M on the 

cells. [4] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

S1

S2

S3
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(ii) Use your observations to identify the temperature that was used to heat each of 
the suspensions S1, S2 and S3.  
Complete the table. [1] 

 
suspension temperature / °C

S1 

S2 

S3 
 
 

(iii) Explain how you identified the yeast cells that had been heated at 100 °C. [1] 
 

______________________________________________________________________ 

______________________________________________________________________ 

(b) Using the eyepiece graticule fitted in the eyepiece lens of your microscope, and the 
stage micrometer, find the actual length, in μm, of one of the yeast cells that you 
have drawn in S2. 

 
Show the measurements that you made and your working. [3] 
 

                                                
Actual length of a yeast cell = ………………………….... μm 

 
(c) Draw a straight line on your drawing across the yeast cell to show where you took 

your measurement. [1]  
 

Use your knowledge of the actual size of the yeast cell to calculate the magnification 
of your drawing. [1] 
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(d) The yeast Rhodotorula glutinis produces an enzyme, -arabinofuranosidase, that 
could be used in the production of compounds to enhance the flavour and smell of 
fruit juices. The effect of the initial pH of the culture medium on the growth rate of this 
yeast was tested. Three continuous culture systems were set up, each with a 
different initial pH. The cultures were sampled at hourly intervals for 20 hours at each 
pH. The mean growth rate was then calculated.  
 
The mean growth rates with their standard deviations are shown in Table 2.1. 

 
Table 2.1 

 
pH mean growth rate / arbitrary units h-1 

4.0 0.156 + 0.001 

5.2 0.197 + 0.013 

7.0 0.037 + 0.011 
 
 

A t-test was carried out on the results for pH 4.0 and pH 5.2 and gave the value,  
 

t = 2.4 
 
The degree of freedom is 38. 
 
Based on the findings of the t-test, a student concluded that pH 5.2 was optimum for 
the production of the enzyme -arabinofuranosidase by R. glutinis. Suggest two 
reasons why this conclusion may not be valid. [2] 

 
______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 
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(e) A student carried out t-test on the results to compare the lengths of yeast cells when 
grown in different media. 
 
A number of t-test was carried out to find out if, after 70 minutes, the difference in 
mean yeast cell length is significant: 
 
1.  between medium A and medium B  t = 2.50 
 
2.  between medium A and medium C  t = 3.56 
 
3.  between medium B and medium C  t = 1.94 
 
Table 2.2 shows the critical values for the t-test.  
 
The number of degrees of freedom is 18. 
 

Table 2.2 
 

 
 
State what conclusions can be drawn about the significance of the differences in 
mean lengths from the three values of t given above. [3] 

 
______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

 
 
 
 
 
 
 
 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



Jurong JC/JC2 H2 Biology/Prelims/2017  - 14 -

(f) Fig. 2.1 is a photomicrograph of a stained transverse section through part of a plant 
leaf. This plant species is native to part of Asia.  
 
You are not expected to have studied this leaf. 
 

 
 

Fig. 2.1 
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Draw a large plan diagram of the part of the leaf shown in Fig. 2.1. On your diagram, 
use a ruled label line and label to show the vascular bundle. [4] 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[Total: 20]
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3 A number of plant tissues are coloured because the cells contain chemicals called 
betacyanins.  
 
You are provided with beetroot which contains betacyanins which colour the beetroot red.  
 
In this experiment, you will test the effect of two different alcohols – methanol and ethanol on 
beetroot membranes. Ethanol is found in alcoholic beverages. Methanol, sometimes referred 
to as wood alcohol, can cause blindness and death. 
 
If beet membranes are damaged, the red pigment will leak out into the surrounding 
environment. The intensity of color in the environment should be proportional to the amount 
of cellular damage sustained by the beet. 
 
Plan an investigation to find out whether or not betacyanin leakage for beetroot occurs at the 
same intensity using ethanol and methanol. 
 
You must use: 
 beetroot 
 40% ethanol 
 40% methanol 
 colourimeter and cuvette 
 
You may select from the following apparatus and use appropriate additional apparatus: 
 normal laboratory glassware e.g. test-tubes, boiling tubes, beakers, measuring cylinders, 

graduated pipettes, glass rods etc. 
 stopwatch 
 distilled water 
 white tile 
 scalpel 
 forceps 

 
Your plan should: 
 have a clear and helpful structure such that the method you use is able to be repeated by 

anyone reading it 
 be illustrated by relevant diagram(s), if necessary, to show, for example, the 

arrangement of the apparatus used 
 identify the independent and dependent variables 
 describe the method with the scientific reasoning used to decide the method so that the 

results are as accurate and repeatable as possible 
 include layout of results tables and graphs with clear headings and labels 
 use the correct technical and scientific terms 
 include reference to safety measures to minimise any risks associated with the proposed 

experiment. 

[Total: 14]
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______________________________________________________________________ 

______________________________________________________________________

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



Jurong JC/JC2 H2 Biology/Prelims/2017  - 18 -

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



Jurong JC/JC2 H2 Biology/Prelims/2017  - 19 -

______________________________________________________________________ 

______________________________________________________________________

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

______________________________________________________________________

______________________________________________________________________ 

______________________________________________________________________ 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



9744 / 01 

JURONG JUNIOR COLLEGE 
JC 2 PRELIMINARY EXAMINATIONS 
Higher 2  
 

 
CANDIDATE 
NAME 
 

 
 
 
 

 
 

 

 
CLASS 
 

 
 
 
 

  

 
 

  
    

   

BIOLOGY 9744/01
Paper 1  Multiple Choice 15 September 2017

 1 hour
Additional Materials:   Multiple Choice Answer Sheet  
  

READ THESE INSTRUCTIONS FIRST 

Write in soft pencil. 
Do not use staples, paper clips, glue or correction fluid. 
Write your name and class on the Answer Sheet in the spaces provided unless this has been done for you. 
 
 
There are thirty questions on this paper. Answer all questions. For each question there are four possible 
answers A, B, C and D. 
Choose the one you consider correct and record your choice in soft pencil on the separate Answer Sheet. 
 
 
Read the instructions on the Answer Sheet very carefully. 
 
 
Each correct answer will score one mark. A mark will not be deducted for a wrong answer. 
Any rough working should be done in this booklet. 
The use of an approved scientific calculator is expected, where appropriate. 
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1 An actively growing cell is supplied with radioactive amino acids. 

Which cell component would first show an increase in radioactivity? 

A Golgi body 

B mitochondrion 

C nucleus 

D rough endoplasmic reticulum 

2 When mucus is secreted from a goblet cell in the trachea, these events take place. 

1 addition of carbohydrate to protein 

2 fusion of the vesicle with the plasma membrane 

3 secretion of a glycoprotein 

4 separation of a vesicle from the Golgi body 

What is the sequence in which these events take place? 

A 1 4 2 3 

B 1 4 3 2 

C 4 1 2 3 

D 4 1  3 2 

3 Which combination is found in a prokaryotic cell? 

endoplasmic 
reticulum DNA RNA nucleus

A X X X 

B  X X  

C X   X 

D X X   

XXXX

X XXXX X X X XX 
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4 Threonylvaline is a dipeptide formed from the two amino acids, valine and threonine. 
A peptide bond forms between the amine group of valine and carboxyl group of 
threonine.  

The side-chains (R groups) of the two amino acids are shown. 

Which molecular structure is threonylvaline? ANSWER: A 

5 Which roles of the cell surface membrane are a result of the properties of the 
phospholipids? 

1 to allow cytokinesis to occur in mitotic cell division 

2 to allow entry and exit of oxygen and carbon dioxide 

3 to allow the phagocytosis of a bacterium into a cell 

A 1, 2 and 3  

B 1 and 2 only 

C 1 and 3 only 

D 2 and 3 only 

ow eeeeeentttryryryryryy aaaaandnnn eeeeexixxxxit offfff oooooxyxyxyxyxygegegegegen annnnd carbon dioxiiiiidededededee 

ow ttthehehehehe ppppphaagogogoogocycyccytototototosisisisisis s s ss offfff aaaaa bbbbbacacacteteteteeteeriumumumumumuuumumumumummmm iiiiiinttntnttttntnttttttoooooooo aaaa cececececellllllllllll
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6 Which set of statements correctly describes haemoglobin? 
 

1 2 3 4 

A
four polypeptide 

chains, each 
containing a haem 

group 

iron ions can 
associate with 

oxygen forming 
oxyhaemoglobin 

in each chain, 
hydrophobic R 

groups of amino 
acids point towards 

the centre of the 
molecule 

at 50 % saturation, 
two oxygen 

molecules are 
transported by the 

molecule 

B
polypeptide chains 
interact to produce 

a globular chain 

each chain 
contains a haem 
group of amino 

acids surrounding 
an iron ion 

consists of two 
identical alpha 
chains and two 
identical beta 

chains 

each chain can 
transport an 

oxygen molecule 

C
polypeptide chains 
interact to produce 
an almost spherical 

molecule 

an iron ion is 
present within each 

haem group 

quaternary 
structure has two 
alpha chains and 
two beta chains 

each molecule can 
transport a total of 
four oxygen atoms 

D

polypeptide chains 
produce a loose 
helical shape, 

which folds to form 
a spherical 
molecule 

iron ions in the 
molecule can bind 

reversibly with 
oxygen 

in each chain, 
hydrophobic R 

groups of amino 
acids surround the 

iron ion 

each molecule can 
transport a total of 

eight oxygen 
atoms 
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7 Two enzymes, X and Y, were used in an experiment.  

Enzyme X was from bacteria that live in rivers and lakes at temperatures from 5°C to 
20°C.  

Enzyme Y was from bacteria that live in hot water springs at temperatures from 40°C to 
85°C.  

The experiment measured the concentration of product produced by each enzyme at 
temperatures between 0°C and 100°C after 5 minutes.  

Which graph shows the results? ANSWER: B 

8 Within its own environment a particular cell line cannot be induced to produce a cell from 
a different cell line. 

Which statement explains this? 

A Genes not required for a particular cell line are methylated. 

B Genes not required for a particular cell line are removed by enzymes.  

C Only pre-mRNA that is required for a particular cell line is processed. 

D Stem cells have only the genes required for their particular cell line. 

quuuirrrrrededededdd forr aaa ppppppararararartitititit cuuuuulaalalalar rrr cececececell lineee arararararrrrreeeeeeee e mememeeememememethththththhylylylylylattatatatatedededededd....

quuuuuiriririredee ffforororo aaaaa pppppartiiiiiicucucucuculalalalalaaaarrrrrr cccecc llllll llllinininininininneee e are reemomomomomom veveveveveedddddd bybybybyby eeeeenz

NA AAA thhththhthattttt is requiired fffffor aaaa partttit cular ccccec ll linininininee is proce
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9 Bacteria were cultured in a medium containing heavy nitrogen (15N) until all DNA was 
labelled. These bacteria were then grown in a medium containing only normal nitrogen 
(14N) for 5 generations. The percentage of 14N DNA strands in each generation was 
estimated. 

Which curve provides evidence that DNA replication is semi-conservative? ANSWER: A 

10 An unidentified single-stranded molecule was described as having the following 
features. 

 complementary base pairing along some of its length 

 an area that can attach to a ribosome 

 a site to which a specific amino acid attaches 

What is the unidentified molecule? 

A ribosomal RNA 

B messenger RNA 

C RNA polymerase 

D transfer RNA 

asesesee 
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11 Some antibacterial drugs can affect the synthesis of proteins. 

antimicrobial 
drug rifampicin streptomycin tetracycline

mode of 
action 

binds to RNA 
polymerase 

genetic code misread 
during translation 

prevents binding of 
tRNA to ribosome 

Which is the correct set of immediate effects of these drugs?  

antimicrobial 
drug rifampicin streptomycin tetracycline

A defective protein 
synthesised 

mRNA does not bind 
to ribosome 

amino acids not added 
to growing chain 

B mRNA not 
synthesised 

defective protein 
synthesised 

amino acids not added 
to growing chain 

C mRNA not 
synthesised 

mRNA does not bind 
to ribosome 

transcription 
prevented 

D transcription 
prevented 

defective protein 
synthesised 

mRNA does not bind 
to ribosome 

12 Which statement about prokaryotes and chloroplasts is correct? 

A Prokaryotes and chloroplasts have circular DNA where genes carrying the code for 
cell walls are located. 

B Prokaryotes and chloroplasts have 70S ribosomes that are the sites for translation 
and polypeptide synthesis. 

C Prokaryotes and chloroplast have an outer membrane and a separate inner, folded 
membrane where ATP synthesis occurs. 

D Prokaryotes and chloroplast have double-stranded linear DNA where genes carrying 
coded information are located. ation are located.
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13 Human immunodeficiency virus (HIV) is a retrovirus. After infecting a host cell, viral DNA 
is produced which is incorporated into the DNA of the host cell. The modified host 
genome now codes for the production of new HIV particles.  
 
Which could be used as a potential treatment to slow down the spread of HIV?  

 
1 inhibitors of restriction endonucleases  

 
2 inhibitors of reverse transcriptase 

 
3 restriction endonucleases  

 
4 reverse transcriptase 

 

A 1 and 4 only 

B 1 only 

C 2 and 3 only 

D 2 only 

 
 
14 Which of the following does not occur during bacterial conjugation? 

 

A direct contact between donor and recipient cells 

B shortening of the pilus 

C unidirectional transfer of both DNA strands 

D enzymatic cleavage of one strand at the origin of transfer 
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15 Transcriptional control in eukaryotic cells can be accomplished at several levels.   
 
What may be involved in such control?  
 

1 The same combination of DNA binding proteins regulate the activity of all 
genes.  
 

2 Enhancers may be involved in the promotion as well as regulation of gene 
transcription.  
 

3 Phosphorylation of transcriptional factors by a kinase may occur. 
 

4 Enhancers may be some distance from the promoter sites they control.  

A 1, 2, 3 and 4 

B 1, 2 and 3 only 

C 1, 3 and 4 only 

D 2, 3 and 4 only 

 
 

16 Multiple copies of a wanted DNA fragment can be made by the polymerase chain 
reaction (PCR).  

 
Which description of this procedure is not correct? 
 

A After ‘n’ turns of the PCR cycle, up to 2n copies of the wanted DNA are produced. 

B Using a heat-stable enzyme, such as Taq polymerase, means that the enzyme does 
not lose activity over time. 

C Using an enzyme with a high optimum temperature allows DNA polymerisation 
above the annealing temperature. 

D Using specific primers means that only the wanted DNA is replicated. 
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17 Down’s syndrome can be caused by a trisomy of chromosome 21, but can also result 
from the translocation of chromosome 21 into chromosome 13, forming a single 
chromosome 13-21. 

 
The diagram shows chromosomes 13 and 21 in the nucleus of a diploid (2n) testis cell 
from a phenotypically normal male carrier of a 13-21 translocation. This cell has a 
chromosome number of 45. 
 

 
 

Which is not a likely outcome of fertilisation of normal oocytes by sperm from this male? 
 

chromosomes in sperm embryo 

A 13 and 21 2n =46 normal phenotype 

B 13-21 2n =45 normal phenotype 

C 13-21 and 21 2n =46 Down’s syndrome 

D 13-21 and 21 2n =47 Down’s syndrome 
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18 The photomicrographs show cells in various stages of the cell cycle. 
 

 
 
Which cells contain twice as many DNA molecules as a cell from the same organism 
after cytokinesis? 
 

A 1, 2, 3 and 4 

B 1, 2 and 4 only 

C 1 and 3 only 

D 2 and 4 only 

 
 

19 Gene mutations in either the BRCA1 or the BRCA2 genes are responsible for the 
majority of hereditary breast cancer in humans. 
 
The proteins produced by the two genes migrate to the nucleus where they interact with 
other proteins, such as those produced by the tumour suppressor gene, p53, and the 
DNA repair gene, RAD51. 
 
Which combination of gene activity is most likely to result in breast cancer? ANSWER: D 
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20 What maximum number of different genotypes and phenotypes are possible among the 
children of a mother with blood group A and a father with blood group B? 

 

genotype phenotype 

A 2 2 

B 2 4 

C 4 4 

D 4 2 

21 A test cross resulted in these recombinants: 
 

 
 

Which was the parental test cross? 
 

A

 

B

 

C

 

D
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22 Isolated chloroplasts, suspended in buffer solution, are often used to study the light 
dependent stage of photosynthesis. 
 
During this stage, electrons (e-) are transferred by carriers and provide energy so that a 
proton (H+) gradient can be formed. Protons diffuse through membrane proteins that are 
linked to synthase enzymes.  
 
Three compounds that can be added to isolated chloroplasts are: 
 

1 DCMU, which inactivates a carrier that accepts electrons from photosystem 
II 
 

2 DCPIP, which can act as a final electron acceptor 
 

3 ammonium hydroxide solution, which absorbs protons 
 
Which compounds, when added separately to isolated chloroplasts, would allow the light 
dependent stage of photosynthesis to occur and which would inhibit it? 
 

allow inhibit 

A 1 2 and 3 

B 1 and 3 2 

C 2 1 and 3 

D 2 and 3 1 
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23 The rate of photosynthesis in pondweed was measured when one variable was changed 
and all others were standardised. 
 
The graph shows the rate of photosynthesis at different values of a variable, X. 

 
 

Which variables could be represented by X?  
 

1 carbon dioxide availability 
 

2 light intensity 
 

3 oxygen availability 
 

4 temperature 
 

5 leaf area exposed to direct light 
 

A 1, 2 and 5 

B 1 and 2 only 

C 2, 4 and 5 

D 3 and 4 

 
 

  

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



Jurong JC/JC2 H2 Biology/Prelims/2017 

15

24 The diagram below shows the link reaction and stages of the Krebs cycle.  Which 
molecules are represented by the letters W, X, Y and Z? 

W X Y Z

A acetyl CoA carbon dioxide ADP pyruvate 

B pyruvate acetyl CoA carbon dioxide ADP 

C ADP carbon dioxide acetyl CoA pyruvate 

D acetyl CoA pyruvate carbon dioxide ADP 

25 The function of phosphatases in signal transduction is to 

A move the phosphate group of the transduction pathway to the next molecule of a 
series. 

B prevent a protein kinase from being reused when there is another extracellular 
signal. 

C amplify the second messengers such as cAMP. / amplify the transduction signal so it 
affects multiple transducers. 

D inactivate protein kinases and turn off the signal transduction. 

ecooondndndnd meseesseeeeengngngngn eeeree sss sususususuchchchchch aaas cAcAAMPMPMPMPMPMPMPMPPPMPMPPPMPMPPPPMP. /// / // amamamamamaaamaama plplplp iifi y y thththe tr
le tttransnsnsnnsdududud cececececers.

.teininin kkkkkininininasasasasesesesees aaandndndnd turrrrrnnnnn ofofoffoff ffff thththththe eee ssignalalla tttransnsnsnsdudududuction
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26 Which statements are acceptable parts of Darwinian evolutionary theory?  

1 Advantageous behaviour acquired during the lifetime of an individual is likely 
to be inherited. 

2 In competition for survival, the more aggressive animals are more likely to 
survive. 

3 Species perfectly adapted to a stable environment will continue to evolve. 

4 Variation between individuals of a species is essential for evolutionary 
change. 

A 1, 2 and 4 only 

B 2 and 3 only 

C 3 and 4 only 

D 4 only 

27 Before the settlement of California in the 1800s, the elk population was very large. By 
about 1900 there were only a few dozen elk left. 

Owing to protection, there are now about 3000 elk living in a small number of isolated 
herds.  

Unfortunately, some of the elk in all the herds have difficulty grazing due to a shortened 
lower jaw.  

Which statements best explain this? 

1 The early settlers only hunted elk that could graze. 

2 There was a mutation affecting jaw size in one of the herds. 

3 There is random mating within each herd.  

4 The current elk population demonstrates a founder effect. 

5 There was directional selection favouring short jaws. 

A 1, 2 and 4 only 

B 2, 3 and 5 only 

C 2 and 5 only 

D 3 and 4 only 

p p

 wawawaaassss dddireeccctioooooonananananalllll seeeeelelelelelectctctctctiioionnn favovvoooururururuururrururuuururininininininininnnnnnnnngggggg shshshshshshsssssshs ororororortt t t t jajajajajaj wswswswswsws.

ly 

ly
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28 Darwin’s view of the process of evolution to form new species (speciation) has been 
reinforced by more recent discoveries in genetics and cell biology.  

In this view, which sequence of events is considered most likely to lead to speciation? 

A adaptation to 
population  

competition and 
predation leading 

to natural 
selection 

 behavioural
isolation  sympatric

speciation 

B adaptation to 
population  

competition and 
predation leading 

to natural 
selection 

 behavioural
isolation  allopatric

speciation 

C
competition and 

predation leading 
to natural 
selection 

 geographical 
isolation  

adaptation 
of isolated 
populations 

 sympatric
speciation 

D
competition and 

predation leading 
to natural 
selection 

 geographical 
isolation  

adaptation 
of isolated 
populations 

 allopatric
speciation 

29 Apart from the ABO blood groups, humans can also be Rhesus positive or Rhesus 
negative.  

People with the Rhesus antigen are Rhesus positive. When a Rhesus negative person is 
given Rhesus positive blood in a transfusion there is no problem. However, a second 
transfusion of Rhesus positive blood to this Rhesus negative person will result in a 
reaction between the two types of blood.  

Which statements explain this? 

1 A Rhesus negative person naturally has anti-Rhesus antibodies. 

2 Exposure to Rhesus antigen causes anti-Rhesus antibody production. 

3 B-cells make anti-Rhesus antibodies. 

4 Anti-Rhesus antibody production begins after the second exposure. 

A 1, 2, 3 and 4 

B 1 and 2 only 

C 2 and 3 only 

D 3 and 4 only 

s mammm kekekekee aaantnn i-RhRhRhRhRheseee ususususus aaaaantnnnn ibbbbodieees. 

Rheesususus ssss anananaa tttibobobobobodydydyyy ppppprororororodudududududuccctcc ioioioioonnn nnn bebebeebeebeginsnsnsnsnsnsnsnnnns aaaaaaftftftftftftftfttttttftterereereeee  thehehehehee ssssssecececeeecon
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30 The graph shows the predicted change in global temperatures using three different 
models, P, Q and R. Model Q assumes that no new factors act to influence the rate of 
climate change. 

The predictions based on models P and R can be explained using some of the following 
statements. 

1 An increased global temperature and reduced rainfall will lead to an increase 
in forest fires. 

2 Permanently frozen soil and sediment in the Arctic will begin to thaw as 
global temperatures rise. 

3 Rising sea temperatures will cause increased growth of photosynthetic 
algae. 

4 Rising sea temperatures will reduce the solubility of greenhouse gases in 
the oceans. 

Which of these statements support predictions P and R? 

statements that support prediction P statements that support prediction R 

A 1, 2 and 4 3 

B 1 and 3 2 and 4 

C 2 1, 3 and 4 

D 3 and 4 1 and 2 

s that supppport prpp ediction P statements that s

1,11, 22222 andnnd 44444 

111 ananananand dddd 33333 2 

2 1 3
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Answer all questions.

1 The plasma membrane Ca2+ ATPase (PMCA) is a vital transport protein that regulates 
the amount of Ca2+ within eukaryotic cells. In humans, there is a very large 
transmembrane electrochemical gradient of Ca2+ driving the entry of Ca2+ into cells, yet 
low intracellular concentrations of Ca2+ are maintained by PMCA.

Fig. 1.1 shows two conformations that PMCA interconverts between, depending on 
whether Ca2+ is bound.

Fig. 1.1 

(a) Explain why Ca2+ cannot freely cross the plasma membrane. [2] 

1. (Hydrophobic) non-polar fatty acids make up the hydrophobic core of the
plasma membrane, therefore the membrane is impermeable to Ca2+;;

2. Ca2+ are charged and are repelled by the hydrophobic core of the plasma
membrane, thus Ca2+ cannot cross the plasma membrane freely;;

(b) Describe how low intracellular concentrations of Ca2+ are maintained by PMCA. [3]

1. Ca2+ recognises and binds to the specific binding site of PMCA/the carrier
protein;; (extra pt)

2. PMCA undergoes a conformational change and releases Ca2+ to the
extracellular/other side of the membrane;;

3. Ca2+ is transported across the plasma membrane via active transport;;
4. against a concentration gradient;;
5. ATP is hydrolysed/required;;

orted across the plppppppp asaaaaaaa ma membrane via acctit ve
ceeeentntnttnttrararararararattttit onoonn gggggggrarararararaaraaddiddddddd enenenenenennentttttttt;;;;;;;;
yssssededdeddededed/r/r/r/r/r//r/reqeqequuuirererererererered;d;dd;d;d;;;;;;;;
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Various forms of PMCA are expressed in different cell types, including erythrocytes (red 
blood cells). Erythrocytes rely on Ca2+ dependent signalling during their differentiation 
from hematopoietic stem cells in the bone marrow. The process of erythropoiesis 
(production of mature red blood cells) is illustrated in Fig. 1.2.

Fig. 1.2

(c) Describe the potency of these hematopoietic stem cells and explain their normal 
functions. [4] 

1. These hematopoietic/blood stem cells are multipotent;;
2. They have the ability to differentiate into a limited range of cell types and so

are not pluripotent or totipotent;;

3. To maintain and repair the specific tissue (blood) where they are found/where
they reside (by replacing worn-out or damaged cells);;

4. Can undergo differentiation to form the different types of blood cells – red
blood cells and white blood cells (e.g. B lymphocytes, T lymphocytes, natural
killer cells, macrophages, platelets etc.);;

5. To replace worn-out or damaged red blood cells and white blood cells;;
6. Will constantly divide to replace cells such as the red blood cells that are worn

out in three to four months;;

In addition to the loss of the nucleus, cellular organelles such as the endoplasmic
reticulum, Golgi apparatus and mitochondria are also lost from the reticulocytes shown in 
Fig. 1.2. 

(d) Outline the structure of the endoplasmic reticulum and Golgi apparatus in typical 
eukaryotic cells. [2] 

1. The (rough) endoplasmic reticulum consists of a network of sheets called
cisternae;;
OR

2. The (smooth) endoplasmic reticulum consists of a network of tubules/tubes
called cisternae 

3. The Golgi apparatus consists of a stack of flattened membrane-bound sacs
called cisternae (together with a system of associated vesicles called Golgi 
vesicles);;

endndnddopopopopopopoplasmssmmicicccicccc rrrrrrreticiciciciciciciccululullullumuumumumuuuu  conoonnnsisiststss ofof aa nnetetwow

) eneennnndododododododooplplplplplplplplasasasasasasaaasa mimimimimimimmmim c c c cc ccc rererererereeetitititititititicucucucucucucucuc luuululululuummmmmmmmm cocococoococooconsisststs of f a a netwo
ae 

t i t f t k f fl tt d
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(e) Since mature mammalian erythrocytes lack mitochondria, suggest how these cells 
derive energy from glucose. [1] 

1. Mature erythrocytes can still obtain ATP (via substrate level phosphorylation) 
from glycolysis;;

[Total: 12] 
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2 Fig. 2.1 shows two animal cells in different stages of the mitotic cell cycle. 

Fig. 2.1  

(a) With reference to cell 1, 

(i) identify the stage of nuclear division taking place. [1] 

1. Telophase;;

(ii) describe the events occurring at this stage. [2]

1. Daughter chromosomes pulled by spindle fibres attached to centromeres reach
opposite poles of the cell;;

2. Spindle fibres disintegrate;;
3. Nuclear envelope reforms around the chromatin (accept: chromosomes) in

each daughter cell;;
(any 2)

(b) A pair of rod-like structures can be found in region A. Outline the roles of these 
structures during mitosis in animal cells. [2] 

1. (The two pairs of) centrioles move to the opposite poles of the cell (during
prophase) and determine the polarity of the cell;;

2. Centrioles act as the microtubule-organising centre (MTOC) – the centrioles
produce spindle fibres at the poles towards the equator of the cell;;

3. Centrioles organise the synthesis of spindle fibres which lead to the separation
of chromatids during cell division;;

t as the microtubule-organising centre (MTO
dleee fifiiiibrbbrbrbrbrbrbresssss at ththththththththhe eeee poopopopopopopoolelellelelelelees s s ss s s s tottoowaaarrrds the eqequauatotor oof t
gaaaninniininiisesesesesesesese thehhee ssssssssynynynynynynynynthththththththhesssssssisisisisisssis oooooooofff ssspinnnndllllllleee eee eeee fifififififfibrbrbrbrrbrbrreseseseseese wwhihichch le
s dudduuduringngngngngngngn ccceleleelelelele lllllll divivivivivivivv sisisisisisisisionononononononn;;;;;;;;;;;;;; 
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(c) Region B of the chromatid contains non-coding repetitive nucleotide sequences.  

(i) Account for the progressive shortening of these sequences after repeated rounds 
of DNA replication. [2] 

1. DNA polymerase can only add DNA nucleotides to the free 3’ (-OH) end of an 
existing strand;; 

2. With the removal of the RNA primer from the 5’ end of the newly synthesised 
DNA strand, there is no free 3’ (-OH) end for DNA polymerase to add (free) 
nucleotides to,;; 
OR

3. With the removal of the RNA primer from the 5’ end of the newly synthesised 
DNA strand, the RNA primer at the 5’ end of the (newly synthesised) DNA 
strand is removed but not replaced;;

4. This results in a daughter strand that is shorter than the parental/template DNA 
strand. 

(ii) Describe two functions of these non-coding DNA in eukaryotes. [2] 

1. Telomeres ensure genes are not lost or eroded due to the end replication 
problem with each round of DNA replication, preventing loss of important 
genetic information;;

2. Telomeres protect and stabilise the terminal ends of chromosomes by forming 
a loop which confers stability to linear chromosomes by preventing accidental 
fusion of the single-stranded end of one chromosome to the single-stranded 
end of another chromosome via complementary base pairing;;  
OR

3. Telomeres protect and stabilise the terminal ends of chromosomes. Telomeric 
DNA is bound by specific telomere-specific binding proteins which protect the 
chromosomal ends from degradation by exonucleases;; 

4. Telomeres that are critically short trigger apoptosis (programmed cell death);;  
5. Telomeres allow their own extension, by providing an attachment point for the 

correct positioning of telomerase;;  
(any 2) 
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(d) In 2006, Yamanaka and his colleagues demonstrated in an experiment with mice that 
induced pluripotent stem (iPS) cells could be produced by genetically reprogramming 
fully differentiated adult cells. There has been evidence to suggest that these iPS
cells exhibit high telomerase reverse transcriptase (TERT) activity and are capable of 
dividing indefinitely. 

Fig. 2.2 

(i) Discuss the role of TERT in enabling the iPS cells to divide indefinitely. [2] 

1. TERT catalyses the elongation of telomeres / maintain length of telomeres /
maintain number of telomere repeat sequences by adding telomere repeat
sequences to the 3’ end of the DNA strand/telomeres;;

2. Therefore, the cells do not enter replicative senescence / apoptosis is not
triggered;;

(ii) Suggest an advantage of using iPS cells in research and medical applications. [1]

1. Since iPS cells are derived from adult cells, the use of iPS cells overcomes
ethical issues pertaining to the destruction of human embryos as a source of 
(pluripotent) stem cells;; 
OR

2. Since iPS cells can be derived from adult cells of the patient, the use of iPS
cells presents no/low risk of immune rejection;; 

[Total: 12]
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3 Antibiotic resistance is rising to dangerously high levels in all parts of the world. A 
growing list of infections – such as pneumonia, tuberculosis, blood poisoning and 
gonorrhoea – are becoming harder, and sometimes impossible, to treat as antibiotics 
become less effective. 

Some bacteria are naturally resistant to certain types of antibiotics. However, bacteria 
may also become resistant either by a genetic mutation or by acquiring resistance from 
another bacterium.

(a) Outline the process of how a bacterium is able to acquire resistance from another 
bacterium. [3]

1. bacterial conjugation;;  
2. F+ cell/donor bacterial cell with F factor produces sex pilus to attach itself to F- 

cell/recipient cell;; 
3. A temporary cytoplasmic mating bridge is formed between the two bacterial 

cells which allows F+ cell to transfer its F plasmid containing the antibiotic 
resistance gene to the F- cell (by rolling circle mechanism);; 

Or

4. bacterial transformation;; 
5. A bacterium takes up foreign DNA containing antibiotic resistance gene;;
6. The foreign DNA is incorporated into bacterium’s own DNA via homologous 

recombination/through crossing over with a homologous region found on the 
bacterial chromosome;; 
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More than 2 million Americans each year are infected by antibiotic-resistant bacteria, and 
at least 23,000 die annually from those infections. Antibiotic-resistant bacteria have 
become a global health crisis and alternative treatments such as Phage Therapy are 
being considered for combating bacterial infections.

Phage Therapy involves the targeted application of bacteriophages that, upon encounter 
with specific pathogenic bacteria, can infect and kill them. Phages are currently being 
used therapeutically to treat bacterial infections that do not respond to conventional 
antibiotics.  

Fig. 3.1 is an electron micrograph showing a phage infecting a bacterium during Phage 
Therapy.

Fig. 3.1

(b) Suggest the reproductive cycle of a phage used for Phage Therapy. [1] 

lytic cycle 

(c) Describe how a structural feature of the phage allows for targeted application to 
specific pathogenic bacteria. [2]

1. attachment sites on its tail fibres;;
2. complementary in shape to specific receptor sites on the specific host

bacterial cell wall, recognise and adsorb to specific receptor sites on the
specific host bacterial cell wall;; (mark for ‘specific receptor sites on the specific
host bacterial cell wall’ once) 

(d) Explain how the use of phages can prevent the spread of bacterial infection. [2] 

1. enzymes coded by the genome of the phage shuts down the bacterium’s
macromolecular (i.e. DNA, RNA and protein) synthesis;;
OR

2. phage nucleases hydrolyse the bacterial chromosome;;
OR

3. lysozyme breaks down peptidoglycan cell wall;;
4. new bacteria cells cannot be synthesized;;
5. lysis (death) of host cell occurs upon the release of new phage particles;;

ary in shape to specific receptor sites on
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(e) Suggest characteristics of phages that make them attractive therapeutic agents. [2] 

1. highly specific / more specific than antibiotic;; 
2. very effective in lysing targeted pathogenic bacteria;;  
3. typically harmless;;  
4. will not develop resistance;; 
5. rapidly modifiable to combat the emergence of newly arising bacterial threats;; 

[Total: 10] 
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4 Sickle cell anaemia is a recessive genetic disease caused by a mutation that commonly 
occurs in the DNA, resulting in hydrophobic valine replacing hydrophilic glutamic acid at 
the 6th amino acid position of the β chain.

(a) State the type of mutation that commonly occurs to result in sickle cell anaemia. [1]

1. (single) base-pair substitution;;

(b) Describe the effects of this change in amino acids on the red blood cells of an 
individual with the disease. [4]

1. This results in a change in the tertiary structure/3D conformation of
haemoglobin to produce haemoglobin S (HbS) instead of HbA;;

2. This decreases the solubility of deoxygenated HbS and at low oxygen
concentration, hydrophobic areas of different HbS would stick together;;

3. HbS molecules will polymerise and precipitate out of solution to form rigid
fibres;;

4. the change from HbA to HbS would result in changes to the shape of the red
blood cells from circular biconcave shape to become sickle shape;;

To detect if individuals are afflicted with sickle cell anaemia, restriction fragment length 
polymorphism (RFLP) analysis can be carried out using gel electrophoresis and 
Southern Blotting. Restriction enzymes are used to digest the DNA before RFLP analysis 
and the mutation removes a recognition site of the restriction enzyme MstII, as shown in 
Fig. 4.1. The enzyme’s recognition sites on the normal allele and the mutant allele are 
shown by arrows. 

Fig. 4.1

(c) Draw, on Fig. 4.2, the expected band patterns produced by DNA from individuals with 
sickle cell anaemia. [1] 

Fig. 4.2

4.2, the expected band patterns produced by DNA
emiimimmiia.... [[[[[[[[1]11]1]111  
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(d) Suggest why it is necessary to carry out Southern Blotting after gel electrophoresis.
[2]

1. After gel electrophoresis is carried out to separate DNA fragments according to 
size, there might be too many bands to be distinguished individually;;  

2. Hence, Southern blot is usually carried out to identify the DNA fragment of 
interest;;

(e) Outline the role of the DNA probe in Southern Blotting. [1] 

1. The probe is single-stranded to hybridise/complementary base pair with DNA 
fragments/specific nucleotide sequences on the nitrocellulose paper;;  

2. The probe is radioactively-labelled so that the DNA fragments will show up as 
bands after autoradiography/on the photographic X-ray film;;  

[Total: 9] 
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5 Fig. 5.1 shows awned and awnless rice strains. A long awn is one of the distinct 
morphological features of wild rice species. It is a long needle-like appendage that is 
thought to aid in seed dispersal and prevent predation by animals.  

The genes DROOPING LEAF (DL) and OsETTIN2 (OsETT2) are involved in awn 
formation. Genetic analysis experiments indicate that DL and OsETT2 act independently 
in awn formation.  

Fig. 5.1

A cross between pure-breeding awned and awnless strains produced awned plants in 
F1.  

The F1 plants were then self-pollinated. 

In the F2 generation, 658 awned plants and 48 awnless plants were produced. 

This control of awn development is an example of epistasis resulting in a ratio that is 
close to 15:1.  

(a) Define the term locus. [2] 

1. the position of a gene;; 
2. on a chromosome or within a DNA molecule;; 

(b) Explain the term epistasis in this context. [3] 

1. The awn formation is controlled by two genes occupying different loci;;
2. when either gene has a dominant allele at the gene loci;; (it hides the effect of

the other gene) 
OR

3. a copy of dominant allele at either gene results in awn development;;
4. homozygous for the recessive allele at both genes results in awnless

plants/character;;
(Such gene interaction is also known as duplicate dominant epistasis)

of aaaaaaa gggggenennenenenenne;e;ee;e ;;;;;
somememememememee or wiwww thhhhhhhhininininnininin aaaaaaa DDDDDDDDNANANANANANANANAA mmmmooolecccccculullllllleeeeeeeeeeee;;;;;;;;;;;;;;
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(c) Use the symbols A, a and B, b to draw a genetic diagram to explain the results 
shown in the F2 generation. [4]  

F1 phenotypes: awned plants X awned plants

F1 genotypes: AaBb X AaBb ;;

Gametes AB Ab AB Ab ;;

aB ab aB ab

Fertilization 

AB Ab aB ab

AB AABB AABb AaBB AaBb

Ab AABb AAbb AaBb Aabb

aB AaBB AaBb aaBB aaBb

ab AaBb Aabb aaBb aabb

F2 genotype : AABB
AABb 
AaBB
AaBb 
Aabb
AAbb 
aaBB
aaBb

: aabb ;;

F2 phenotype : awned plants : awnless 
plants

;;

F2 phenotypic ratio : 15 : 1
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A chi-squared test was carried out on the results of the second cross. 

Table 5.1 

phenotype observed 
number (O)

expected 
number (E)

awn 658 661.9 0.0229793 ;;

awnless 48 44.1 0.339381 ;;

total number 706 706 ᵡ2 =
0.3623603

;;

(d) Complete the five missing values in Table 5.1. [3] 

(e) Table 5.2 shows part of the table of probabilities for the chi-squared test. 

Table 5.2 

Use Table 5.2 and your calculated value for the chi-squared test to find the 
probability that the observed ratio of phenotype does not deviate significantly from 
the expected ratio. [1] 

Value of p is between 0.5 - 0.9

(f) State what conclusions may be drawn from the probability found in (e). [2] 

(Value of p is between 0.5 -  0.9, more than p = 0.05) 
1. Do not reject the null hypothesis, there is no significant difference between the

observed and the expected ratio;; 
2. The observed ratio of phenotype does not deviate significantly from the

expected ratio, any deviation from the expected is due to chance;;

[Total: 15] 
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6 Fig. 6.1 shows some stages in mammalian respiration. 

glucose 

hexose phosphate 

triose phosphate 

pyruvate 

carbon dioxide and water 

Fig. 6.1 

(a) Name the processes taking place during Stage D and state precisely where they 
occur. [3] 

1. Link reaction – mitochondrial matrix;;
2. Krebs cycle – mitochondrial matrix;;
3. Oxidative phosphorylation – inner mitochondrial membrane;;

(b) Intermediates produced at the end of Stages B and C are important in the conversion 
of carbohydrates to lipids such as triglycerides. Some of the triose phosphate can be 
converted into glycerol-3-phosphate, while pyruvate can undergo further reactions to 
form intermediates required for the synthesis of fatty acids.  

(i) Describe the formation of triglycerides. [3] 

1. A triglyceride is formed by condensation reactions between 1 glycerol and
3 fatty acids;; 

2. Each of glycerol’s hydroxyl/–OH groups condenses with the carboxyl/
–COOH group of a fatty acid;;

3. In each condensation reaction, one water molecule is removed, resulting in the
formation of an ester bond/linkage;;

A

B

C

D

he fffororororormammmmmm tttit oono oooooooof fffffff trttttttt iggggggglylylylylylylyycecececececeeeerirrrrrrr deddees. [3333]] 
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(ii) State two roles of triglycerides in living organisms. [2] 

1. Triglycerides serve as a good energy source;;
2. Triglycerides are a weight efficient means for organisms to store energy / serve

as good energy storage molecules;;
3. Triglycerides serve as a good source of metabolic water;;
4. Triglycerides are good thermal insulators that reduce / prevent excessive heat

loss from the body;;
5. Provide buoyancy to aquatic animals;;

(any 2)

(c) The first reaction in Stage A is catalysed by the enzyme hexokinase. It has been 
observed that hexokinase is bound to the outer mitochondrial membrane in muscle 
cells which undergo high rates of glycolysis. 

Fig. 6.2 

With reference to the role of mitochondria and Fig. 6.2, suggest how the association 
of hexokinase with mitochondria can lead to high rates of glycolysis. [2] 

1. Mitochondria are the site of aerobic respiration to synthesise ATP;;
2. Due to the close proximity of hexokinase to the mitochondria, ATP produced

by the mitochondria can easily be used by hexokinase to phosphorylate 
glucose;; increasing the rate of glycolysis.

with mitochondria can lead to high rates of glycoly
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osssseee prprprprprprprroxoxoxoxooo immmmmmimmiiitiiii y ofoofofofofofof hhhhhhhhexexexexexexxexxokokokokokokokokininininininnnnasasasasasasasase totototootoooo ttttthhehehehehhh mmititocochohon
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reaaaaaaasissisissingngngngngngngngnn tttttttttthehehehehehehehehee rrrrrrataatatattateee eeee offfffff gggggggglylylylylylylycocococococococcolylylylylylyyysissississis.

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



Fig. 6.3 shows an electron micrograph of a mitochondrion. 

Fig. 6.3 

(d) With reference to features visible in Fig. 6.3, outline how the structure of the 
mitochondrion is adapted for its function. [2] 

1. The inner mitochondrial membrane is highly folded, providing a large surface 
area where stalked particles, enzymes and electron carriers of the electron 
transport chain (ETC) (any 1 e.g.) needed for aerobic respiration can be 
located;; 

2. The mitochondrion is enclosed by double membranes separated by (an 
extremely narrow fluid-filled space) intermembrane space, allowing for 
compartmentalisation within the mitochondrion / specialised metabolic 
pathways to take place in different areas;; 

[Total: 12] 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



7 Fig. 7.1 shows a flower of Lilium polyphyllum, a lily that grows in the Himalayan 
mountains. This species is cross-pollinated by insects. 

Fig. 7.1 

(a) Plants of this species that grow at low altitudes produce flowers 60 days before the 
plants of the same species that grow at high altitudes. Scientists think that plants of 
L. polyphyllum growing at high altitudes may evolve into a new species. 

Explain how natural selection could lead to the evolution of a new species of lily. [5] 

1. The subpopulations / low and high altitudes of L. polyphyllum become
physiologically isolated leading to sympatric speciation;;

2. The subpopulations did not interbreed (reproductive isolation due to differing
flowering times) and thus gene flow was disrupted (resulting in different
species);;

3. The subpopulations were exposed to different environments and were thus
subjected to different selection pressures;;

4. Since there was variation within the subpopulations due to spontaneous
mutation,;;

5. individuals with favourable characteristics were at a selective advantage and
can survive to maturity, (undergo fertilisation / mate), reproduce and passed on
their favourable alleles / genes (R:traits) to their offspring (or vice versa);;

6. Over successive generations, evolutionary changes occurred independently in
each subpopulation;;

7. New species of lily have thus arisen by descent with modifications from
ancestral species by accumulation of modifications as the population of lily
adapt to the new environment;;

ulaaatiiiiononononnononss wewww rerererereerere eeeeeeexppppppppooosooooo edededededededede  to ddddifffffererenent t enenviviroronmn
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(b) In order for natural selection to occur a population must show phenotypic variation. 
Explain why variation is important in natural selection. [2] 

1. Variation describes the differences in characteristics shown by individuals 
belonging to the same species due to presence of different alleles in the 
individuals;; 

2. Variation is the raw material, presence of different alleles leading to difference 
in characteristics, for natural selection to act on;; 

3. Resulting in differential reproductive success;;

(c) Fungi were often classified as different species according to their visible reproductive 
structures. Penicillium dodgei and Eupenicillium brefeldianum were classified as 
different species because they had different types of spores.  

However, recently it was recognised that the spores of P. dodgei were asexual 
spores, while those of E. brefeldianum were sexual spores. A comparison of the DNA 
of these two fungi shows that they are the same species. This fungus is now known 
as Penicillium brefeldianum.

Outline how DNA analysis can show that P. dodgei and E. brefeldianum are the 
same species. [2] 

1. (Homologous DNA sequences) have few differences in DNA bases / 
sequences;;

2. Homologous DNA sequences are identical / more similar in length;;  
3. Genes are same;;  

(d) Describe the advantages of using DNA analysis in determining homology between  
P. dodgei and E. brefeldianum. [3]

1. Unambiguous and objective. A, T, G, C are easily recognized / one cannot be 
confused with another. They are not dependent on subjective judgements / 
observations involving qualitative differences;;

2. Quantifiable and can be converted to numerical form and open to statistical and 
analysis;;

3. Homologous regions of DNA from different species provides many points of 
comparison as each nucleotide position is a point of comparison;;  
(Each nucleotide position along a stretch of DNA represents an inherited 
character in the form of one of four DNA bases.) 

[Total: 12] 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



8 Fig. 8.1 shows part of the immune response to the first infection by a bacterial pathogen 
that has entered the body through the lining of a bronchiole. J and K are stages in the 
immune response. 

Fig. 8.1 

(a) (i) State the process happening at stage J. [1] 

1. Phagocytosis / endocytosis;; 

(ii) Explain the role of cell L at stage K in the immune response. [2] 

1. Digestion of bacteria to destroy bacteria;; 
2. Antigen presentation on cell surface;; 
3. Clonal selection / activation of specific B / T-lymphocytes;; 

s / endocytosis;;  

e roooleeleleleleee oooooof cecceell LLLLLLLL aaaaaaaat tttttt sttttttagagagagagagagage eee eeee K K K K in thehheeehe iiiiimmmmmmmmmmmmmmmmmmmunnunnnununnnneeeeee rerespspononsse
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on / activation of specific B / T-lymphocytes;;
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(b) With reference to Fig. 8.1, explain how the response to a second infection by this 
bacterial pathogen differs from the first. [3] 

1. Memory (B / T) cells quickly divide by mitosis to form large numbers of effector
B / T-lymphocytes (e.g. B-lymphocytes and helper / cytotoxic T-lymphocytes)
upon re-exposure to the same antigen;;
OR

2. There is an increased in number of helper / cytotoxic T-lymphocytes specific
for this pathogen;;

3. There is faster response (for second and subsequent contacts);;
4. which increases chances of coming across more pathogens / APCs;;
5. Faster production of B-lymphocytes / plasma cells / antibodies / helper T-

lymphocytes / cytotoxic T-lymphocytes / cytokines;;
6. Greater concentration of antibodies or greater numbers of B / plasma cells;;
7. Pathogen removed / killed faster;;
8. Person does not become ill / no symptoms;;

B-lymphocytes have antibodies located on their external surface. When B-lymphocytes 
become plasma cells they then secrete antibodies.  

Fig. 8.2 shows how the enzyme papain digests an antibody to obtain three fragments. 

Fig. 8.2 

(c) The three fragments, A, B and C still retain their ability to function. 

State the function of: 

(i) fragments A and B. [1]

1. Antigen binding sites / bind to antigen / both bind to same (type of) antigen;; 

(ii) fragment C. [1] 

1. Binding to phagocyte / monocyte / macrophage / neutrophil / B-lymphocyte /
named cell type with Fc receptor;;

tionnnnn of:f:f::f:f  
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(d) There are various ways in which the effectiveness of immune responses can be 
reduced. 

Suggest how each of the following reduces the effectiveness of an immune 
response. 

(i) Some pathogens are covered in cell surface membranes from their host. [1]

1. Pathogens not recognised as non-self / foreign (or vice versa);; 

(ii) B-lymphocytes do not mature properly and do not recognise any antigens. [1] 

1. No antibodies / plasma cells / memory B cells produced;;
2. No humoral response;;
3. No antigen presentation by B-lymphocytes;;

[Total: 10] 
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9 Reef-building corals are marine invertebrates closely related to jellyfishes and are found 
in shallow, clear tropical seas. The corals secrete an exoskeleton of calcium carbonate 
that becomes the underlying structure of the coral reef.

Zooxanthellae are a group of unicellular photosynthetic algae that live inside the cells of 
reef-building corals. The relationship is beneficial to both the zooxanthellae and the 
coral. 

(a) Evidence shows that the relationship between zooxanthellae and reef-building corals 
has evolved by free-living algae invading corals that did not contain algae. [1]

(i) Corals that do not need zooxanthellae can live at a greater depth that reef-
building corals. 
Explain why. [3] 

1. Corals without zooxanthellae do not need to rely on light;;
2. The corals may have different feeding methods;; 
3. Reef-building corals with zooxanthellae need light for them to 

photosynthesise;; 
4. As depth increases, less light penetration/more light absorbed by the water;; 

(ii) Suggest how the zooxanthellae may benefit in two ways from their association 
with the corals. [2] 

1. The corals provide zooxanthellae with carbon dioxide for photosynthesis;;
2. Protection from predation;;
3. Protection from extreme conditions;; 
4. The corals provide a physical support for zooxanthellae to absorb light;; 
5. Nitrogen from the coral’s nitrogenous waste supports algal growth;;
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Under conditions of environmental stress, the relationship between the reef-building 
corals and zooxanthellae can break down. Loss of zooxanthellae and the subsequent 
whitening that occurs, as shown in Fig. 9.1, is known as coral bleaching. Coral 
bleaching can lead to the death of the coral. 

Fig. 9.1 

(b) State one reason why permanent loss of zooxanthellae can lead to death of the 
coral. [1] 

1. Loss of major food source/decreased source of food;;
2. Less organic compounds (e.g. sugars);;
3. Loss of protective algal layer for corals from harmful effects of sunlight;;

(c) One type of environmental stress that can cause coral bleaching is an increase in 
sea temperature. 

Suggest why areas of sea with reef-building corals are particularly susceptible to 
increased temperature as a result of global climate change. [2] 

1. Coral reefs grow in shallow/tropical seas;;
2. Shallow water heats up more rapidly/surface waters are warmer than deeper

water;;
3. Temperature increases may be greater near the equator;;

[Total: 8] 
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Jurong JC/JC2 H2 Biology/Prelims/2017 

Section A  

Answer all the questions in this section. 

1 The lac operon is an operon required for the uptake and metabolism of lactose in 
Escherichia coli and many other bacteria. Glucose is the preferred carbon source for most 
bacteria, as glucose requires fewer steps and less energy to break down than lactose. 
However, if lactose is the only sugar available, the E. coli uses it as an energy source and 
the lac operon allows for the effective digestion of lactose when glucose is not available.  

To use lactose, the bacteria must express the lac operon genes, which encode key 
enzymes for lactose uptake and metabolism. Fig. 1.1 shows the results of an experiment 
carried out to determine the effects of adding lactose on the expression of some of the 
genes involved in the breakdown of lactose. 

The initial gene expression was measured by determining the mRNA produced at time 0. 
This was taken as 10% (black bars). All the other values are relative to this initial value 
taken every 30 seconds over the next 2 minutes. 

Fig. 1.1 

(a) Suggest why operons are necessary in bacteria. [2]  

1. Operons allow for the simultaneous regulation of related genes of related functions
which are involved in the same metabolic activity;;

2. Genes coding for the proteins/enzymes of a single biochemical pathway / of related 
functions / same metabolic activity, (such as the catabolism of carbohydrates) are 
grouped together into an operon for easier control;; 
OR 

3. Operons allow/enable the simultaneous regulation of related genes to adapt/in
response to environmental changes;; 

4. The genes on the operons are only expressed when required / the bacteria only
produce the proteins/enzymes that are required to increase efficiency / 
conserve/prevent the waste of energy and resources;;  

5. Thus the bacteria are at a selective advantage;;

r the simultaneous sss s rererereregug lation of related gegegegegenen s
edd iiiinnnn thtththththe sssamememememem  metetettetetabbbbboloololo icc actcctivivivvitititity;y;y;y;y;y;y;;;;;;;;;
r thhheeeee prprprprprotteeeinsnsnsnsn /ee/e/e/enznznznznzymymymymymeseseseses oooof aaaaa sssissss ngngngngngngnngnggngngnggngngnnnglelelelelele bbbbbbbbbbbioioioioioioioiooi chchcccc ememememmmiical
mmmeeetabababbbolololo icciccc aaaaactivvvvvititititity,yyyy ((((((sssuss chchchchch aaaaass thhhhhee cacacaacacaatatatatatat bobobobobob lilililililismsmsmsmsm o

r intntntnnntooooo ananananan ooooopepepepeperororororonnnnn fofofofofor r rrr eaeaeaeaeae sisisisisis ererererere ccccccooonooo trrrrrololololoo ;;;;;;;;;;;  

bl th i lt l ti f l t d
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(b) Using data from lacA, lacY and lacZ in Fig. 1.1 and your knowledge of how different 
types of operons are regulated, explain how lactose is able to control the expression 
of these genes. [4] 

1. Gene expression increased from 10% at 0 min to 100% at 2 min;;
2. Operon is turned on / need to be turned on / a inducible system where expression

of lacA, lacY and lacZ are inactive / not constitutively active (10% at time 0);;
3. lactose binds to the repressor (and act as a inducer) / allolactose binds to the

allosteric site of the lac repressor, the lac repressor protein changes to inactive
conformation, thus the repressor protein is unable to bind to the operator;;

4. RNA polymerase is able to recognise and bind to the promoter, and transcription
of the (structural) genes of the operon led to formation of mRNA;;
(resulting in an increase in gene expression)

It has been suggested that not all genes involved in lactose hydrolysis are organised into 
one single operon.  

(c) Use evidence from Fig. 1.1 to support the statement above. [3]

1. lacA, lacY and lacZ respond to lactose (inducer) to the same extent;;
2. percentage expression for lacA, lacY and lacZ increases from 10% at 0s to 100%

at 2 min;;
3. suggesting that lacA, lacY and lacZ are under the control of the same promoter

and operator;;
OR

4. lacI does not respond significantly to lactose in the same period of time;;
5. percentage expression for lacA, lacY and lacZ increases from 10% at 0s to 100%

at 2 min compared to lacI which decreases from 80% at 0s to 60% at 2 min (data
tbu);;

6. suggesting that lacI must be found in a different region of the bacterial
chromosome, under the control of a different promoter;;
OR

7. Gene expression of lacA, lacY and lacZ increase whereas lacI decrease;;
8. percentage expression for lacA, lacY and lacZ increases from 10% at 0s to 100%

at 2 min compared to lacI which decreases from 80% at 0s to 60% at 2 min (data
tbu);;

9. suggests that lacI is not transcribed simultaneously, lacI may be controlled by a
different promoter;;
Mark once for promoter

(d) A series of mutations was introduced into the lac operon, resulting in the inversion of 
the operator and the promoter regions. 

Suggest the effect on the transcription of the lac genes when lactose is absent. [2] 

1. In the absence of lactose, lac repressor protein binds to the operator region, 
which is now upstream of the promoter / lac repressor protein does not 
physically block RNA polymerase;;
Accept ref to the effect of the inversion;;

2. Hence, RNA polymerase can bind to the promoter, transcription of lac genes is
now always on / cannot be turned off;;

p ,
ndddd ttttttheeee pppppprooooomomm teteteteter rrrr reeeegigigigigiononononons.s.s.s. 
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w upstream of the pppromoter / lac represso
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Owing to E. coli’s rapid growth rate, E. coli has been an expression host of choice in the 
biotechnology industry for large-scale production of anti-freeze proteins (AFPs). AFPs is a 
class of polypeptides that help to stop ice forming inside the Arctic and Antarctic fishes thus 
permitting their survival in sub-zero environments. 

In the Arctic and Antarctic, environmental temperatures can reach low to freezing levels. 
These fishes indigenous to these habitats are presented with potential desiccation, which 
can lead to potentially detrimental challenges such as decreased enzymatic rates and 
freezing. Besides hindering cellular processes, sub-zero temperatures induce ice crystals 
formation, which can lead to cell death by rupturing cells either physically or through 
osmotic pressure changes.  

Commercially, there appears to be countless applications for AFPs:  
 as additives to frozen foods to lengthen the shelf life 
 incorporation with the genome of the raw foods to retard ice crystal growth 
 to prevent damage to agricultural crops by increasing freeze tolerance of crop plants 

and extending the harvest season in cooler climates 
 introduction into ice cream and yogurt products to allow the production of very 

creamy, dense, reduced fat ice cream with fewer additives. 

(e) Outline how the genome of E. coli and the genome of the fish are similar and how they 
are different. [4] 

Similar: 
1. both have double-stranded DNA;

Differences (max 3) 
Feature Prokaryotic  Eukaryotic  

1. Linearity/
circularity

Circular / Looped chromosome Linear chromosomes ;; 

2. Association with
proteins

Naked / Associated with H-NS 
proteins (nucleoid-associated 
proteins) 

Associate with histones 
and scaffolding 
proteins 

;; 

3. Introns Absence of introns Presence of introns ;; 
4. Genome Size /

Number of genes
Small / Fewer genes present Large / Many more 

genes present 
;; 

5. Number of
chromosomes

Single chromosome  Multiple chromosomes  ;; 

6. Origin of
replication

One per chromosome Many per chromosome 

7. Operons Presence of operons Absence of operons 

AVP: (pt 5-7) [max 1] 
Extra: prokaryotic, in cytoplasm / not membrane bound vs eukaryotic, membrane 
bound/in nucleus; 

PrPrPrPrP eseseesesennnnncecccc  of f f f opopopopopererrronooo s Abbbbbsesesss nc

] 
in ccccytytytytyy oopopoplalalaaasssmss ////// nnnnnotototototott mmmmemmmmmmmbrbrbrbrbb ane bobobobobooununununund d d d dd vsvsvsvsv eeeeu
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(f) Anti-freeze glycoprotein (AFGP) is one type of anti-freeze protein. Messenger RNA 
coding for AFGP is translated at a ribosome to produce a polypeptide. Describe how 
this polypeptide is then processed to make AFGP. [4] 

1. In the rER, the AFGP polypeptide will coil and fold into (the geometrically 
regular) secondary structures/ -helix and -pleated sheet (held together by 
hydrogen bonding between C=O and –NH groups of the amino acids);; 
OR 
The AFGP polypeptide will undergo further bending, coiling, folding, to form the 
(specific) tertiary structure/3D conformation;; 

2. biochemical modification/ glycosylation takes place / AFGP may be modified by 
enzymes in the ER lumen that add carbohydrate chains to them;; 
OR 

3. the protein is released into the lumen of the Golgi body for further modification, 
sorting and packaging into vesicles;; 

4. The AFGP is packaged into transport vesicles / Golgi vesicles and transported 
towards the Golgi body / other parts of the cell;; 

5. movement from rER to GA;; 
 

 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



Jurong JC/JC2 H2 Biology/Prelims/2017 

Some fish produce another anti-freeze protein, called AFP II. The tissues of these fish were 
tested for the presence of AFP II and the mRNA coding for AFP II. The results are shown 
in Table 1.1. 

Table 1.1 

molecule present in 

AFP II protein all tissues 

AFP II mRNA liver tissue only 

(g) Explain the distribution of the AFP II protein and AFP II mRNA. [4] 

1. AFP II gene/allele is activated only in liver cells / deactivated in cells other than
liver cells;;
ALLOW “switched on/off”

2. activation could be due to DNA demethylation/histone acetylation/activator
protein binding to enhancer;;
OR

3. deactivation could be due to DNA methylation/histone deacetylation/repressor
protein binding to silencer;;

4. transcription and translation/protein synthesis of AFP II occurs/takes place only
in liver cells;;
Ref to liver cells required only once if context / chain of argument is clear.

5. the protein/AFP II is secreted from liver cells / transported around the body,
presence of protein;;

6. AFP II in all tissues prevents freezing/ice forming in all parts of the body;;

(h) With reference to named examples, describe the roles performed by proteins involved 
in transport in fishes. [2] 

1. haemoglobin/ myoglobin, for oxygen transport/ storage;;
2. membrane carriers/ channels, with role in passive transport;;
3. example of carrier/ channel protein, with specific role;;

GLUT/glucose transporter for glucose transport / aquaporin for water
molecules transport / H+ channel in stalked particle 

4. membrane pumps/ AW with role in active transport;;
5. example of pump/ AW with role;;

Na+/K+ pump for transporting Na+ (out of the cell) and K+ (into the cell), H+

pump along ETC 
6. further example of membrane transport protein with contrasting role;;
7. electron carriers/electron transport chain, components for chemiosmosis/ ATP 

synthesis/redox reactions;; 

g ETC 
plelelele oooof fff f f memmem mbbbbbbrararararaneeeee tttttrararararansnsnsnn ppporttt pppproteinn wwwwitititith h h hhh cocococcoc nnnntnn ra

riersssss/e/e/e/e/elecctroroooonnnnn trtrtrtrtraaanaa spspspspsppororororortt ccchaaainnn, ccccccccccccccccccccccomomomoomomomooooo popopopopoppppopooppoppp nenenenenen ntntntntttsssss ffffoff r 
dooooxxx reeeeeacacacaca tititiononononons;;;;;

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



Jurong JC/JC2 H2 Biology/Prelims/2017  - 7 -

Table 1.2 shows Earth’s ice ages over the last 850 million years. 
 

Table 1.2 

 
 

Fig. 1.2 shows how the number of families of fishes has changed over time. 

 
Fig. 1.2 
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(i) Many different types of AFPs are produced by ray-fin fishes. Analyse the data to 
explain when these ray-fin fishes are likely to have evolved the ability to produce AFPs. 
[2]

 
1. (sea) ice is a selection pressure for AFPs / AFPs are advantageous (only) when 

there is (sea) ice;; 
ALLOW AFPs allow fish to survive the ice age 
OR 

2. so AFPs are likely to have appeared/increased in frequency during an ice age;; 
OR 

3. the only ice ages since the existence of the ray-fin fish are the Quaternary and 
Karoo;; 

4. therefore ray-fin fish producing AFPs are likely to have evolved in the last 2.6 
million years / between 260 and 360 million years ago;; 
ALLOW during the Karoo / Quaternary (ice age) 

[Total: 27] 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



Jurong JC/JC2 H2 Biology/Prelims/2017  - 9 -

2 Measles is a highly contagious, serious disease caused by Morbillivirus, a single-stranded 
enveloped RNA virus. Envelope glycoproteins mediate transmission of the virus into host 
cells in the human respiratory tract. Once inside the host cell, the viral RNA genome is 
transcribed into mRNA, which undergoes translation to manufacture viral proteins. These 
viral proteins function to form capsid proteins for new viruses which eventually leave the 
host cell.  

(a) With reference to the information given, outline how viruses challenge the concept of 
what is considered living. [2] 

1. Viruses are acellular and do not contain cytoplasm or cellular organelles;; 
2. Viruses contain only one type of hereditary material / either DNA or RNA but 

never both;;  
3. Viruses must replicate using the host cell’s (metabolic machinery) ribosomes, 

amino acids, enzymes, nucleotides, energy – any 1 e.g.;; 
OR 

4. Outside of host cells, viruses do not carry out any metabolism / grow or divide;; 
OR 

5. The new viral components are synthesised and assembled within the infected 
host cell;;  
(any 2) 
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In the 1980s, measles caused an estimated 2.6 million deaths each year, and the disease 
remains one of the leading causes of death among young children globally. 

The number of cases of measles is reported to the World Health Organisation (WHO) by 
countries throughout the world so that global data is collected.  

Fig. 2.1 shows the global data collected between January 2008 and December 2012. 

Fig. 2.1 

(b) Use the data in Fig. 2.1 to describe the pattern shown in the number of cases of 
measles reported to the WHO between January 2008 and December 2012. [3] 

1. Number of cases fluctuated between 2008 to 2012 / in all years;;
2. Number of cases tends to be higher at the beginning of each year (than at the

end of each year), except in 2010;;
3. Number of cases in the rest of the world are greater than in Africa each year (or

vice versa), except in 2010;; 
4. Number of cases (much) higher in 2010;;
5. with the highest peak/highest total number of quote number between

41 875 - 42 143 cases in (May) 2010;; 
OR 

6. with the highest number of 30 000 cases in Africa in (July) 2010;;
7. Epidemic lasted longer in 2010;;
8. There has been 5 (accept: 4 since no data before Jan 2008) outbreaks/epidemics

between Jan 2008 and Dec 2012;; 

p ;;
sesesesseses ((((mumumumumum chchcchch) hihihhih ghgggg ererererer iiiinnnnn 2020202010;;;;

ghesesesese tt ttt peeakakakkk/h/h/h/h/h/ igigigigigheeeeeststststs ttttotoottotal nnnnnnnumumumumumumuumumumumumummmmmmmbebebeebebebebeeeerrr r rr ofofofofoff ququququququoooote
3 ccccassssseseseseses innn (M(M(M(M(Mayyayayy) ))))) 2020202020100000;;;;;;;;;  3

esttt nuuunuumbmbmbmbmbbereerere ooof 3030300 0000000000000000 ccccccasasasasasa eseseseses in AfAfAfAffAfriririririccacacacca iiiiinnnnn (J(J(J(J(J( uly) 2
ed longer in 2010;;

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



Jurong JC/JC2 H2 Biology/Prelims/2017  - 11 -

(c) Routine measles vaccination for children, combined with mass immunisation 
campaigns in countries with high case and death rates, are key public health strategies 
to reduce global measles deaths. By 2016, about 85% of the world’s children received 
one dose of the measles vaccine by their first birthday, and the global push to improve 
vaccine coverage resulted in a 79% reduction in deaths. 

(i) State precisely the type of immunity gained by receiving a measles vaccine. [1] 

1. (Adaptive) Acquired active immunity;; 

(ii) Outline one benefit of vaccination. [1] 

Benefits of Vaccination 
1. Protect the individual against disease by conferring immunity to the individual 

without prior exposure to a specific pathogen;; 
2. Confer lifelong immunity to the individual by providing secondary immune 

response against subsequent encounter with the same pathogen;; 
3. Confer herd immunity to unvaccinated individuals in a community (e.g. pregnant 

women and people with allergies/weakened immune system), reducing 
possibility of transmission between individuals / unvaccinated individuals have 
a very low risk of becoming infected;; 

4. Contribute to the elimination / eradication of infectious diseases within human 
population (if pathogen relies only on human as host);; 

(iii) Outline one risk of vaccination. [1] 
 
Risks 

1. Side effects/adverse reactions after vaccination have been observed in small 
numbers of individuals (e.g. life-threatening allergic reaction, fainting and 
rashes etc.);; 

2. Some individuals are more susceptible to vaccination risks than others (e.g. 
individuals with weakened immune systems);; 

3. (for live attenuated vaccines) Pathogen used in vaccines may regain its 
virulence and cause disease;; 
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(d) Unlike measles for which an effective vaccine has been developed, it has been 
extremely difficult to design an effective vaccine against malaria. Malaria is a disease 
caused by the parasite Plasmodium falciparum. P. falciparum multiplies in liver cells of 
the host before emerging after 9-30 days wrapped in the liver cell surface membrane. 
They enter red blood cells, multiply and then cause rupture of the host cells, resulting 
in the release of more parasites every 36-48 hours, in a manner that has some 
similarity to that of viruses. 

Use the information given and your own knowledge to suggest why it has been 
extremely difficult to design an effective vaccine against malaria. [2] 

1. The parasite mostly stays inside host cells, thus evading the host immune 
system;; 

2. The parasite mostly stays inside host cells/uses liver cell membrane as 
‘covering’ and is therefore disguised as ‘self’/non-foreign;; 

3. Difficulty in designing a vaccine which stimulates both cell-mediated and 
humoral responses to bring about parasite clearance and provide future 
immunity against the parasite;; 

4. Diversity/large degree of variation/change in parasite antigens such that existing 
antibodies targeting the old antigens bind poorly/cannot recognise and bind to 
the new antigenic sites, allowing parasites with new antigens to evade 
immunological memory against the original parasite;; 
(Any 2) 

(e) Another infectious disease, Tuberculosis (TB), is one of the top ten causes of death 
worldwide. Name the bacterium that causes TB and describe how TB is transmitted. 
[3]

1. Mycobacterium tuberculosis;; (penalise for spelling) 
2. The bacteria are transmitted from person to person through fine aerosol 

droplets;; (accept: airborne)
3. formed when an infected person with the active disease sneezes/coughs/ 

breathes (accept: spits/talks);;
OR

4. droplets are inhaled by an uninfected person;;

[Total: 13] 
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3 Dengue fever is a disease spread by a particular species of mosquito, Aedes aegypti. The 
incidence of this disease and the numbers of this species of mosquito have increased 
dramatically in recent years, spreading beyond the tropics. This has been attributed to 
global warming. 

(a) Explain how global warming has resulted in the spread of dengue beyond the tropics. 
[2]

1. Global warming results in increase in geographical/distribution range of A.
aegypti as they have increased survival in its new location (that used to be too 
cold) / are extending increasingly into temperate zones;; 
 

2. Also results in increase in number of mosquito vectors as higher temperatures 
lead to increased metabolism / accelerates their development;; 
OR 

3. Increases activity of female mosquitoes and reduce the incubation time for them 
to become infectious / transmit DENV;; 
OR 

4. Rate of viral replication within vector will increase and extrinsic incubation 
period (before DENV becomes transmissible to another host) will shorten;; 
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In an attempt to reduce the numbers of A. aegypti, male mosquitoes infected with the 
Wolbachia bacteria have been produced and released into the wild to mate with females. 
Wolbachia naturally occurs in up to 60% of all insect species, but not in A. aegypti. 
Wolbachia induces a conditional sterility that occurs within the mosquitoes due to 
cytoplasmic incompatibility, shown in Fig. 3.1, a concept first introduced in a paper 
published by Dr. Hannes Laven in 1967. 

Fig. 3.1 

(b) The cytoplasmic incompatibility genes are DNA in nature. DNA is a double helix 
consisting of two polynucleotide strands held together by phosphodiester bonds 
between the adjacent nucleotides. Each strand contains a sugar-phosphate backbone 
and hydrogen bonds are formed between the complementary strands via 
complementary base pairing.  

Describe two other structural features of DNA. [2]   

1. The two strands coil around each other in a right-handed double helix;;
2. The strands are antiparallel/run in opposite directions/one strand runs in the 5’ to 3’

direction while the complementary strand runs in the 3’ to 5’ direction;;
3. Each nucleotide comprising of a deoxyribose, a phosphate group and one of the

four nitrogenous bases - Adenine, Thymine, Cytosine or Guanine;;  
4. The nitrogenous bases are arranged as side groups of the chains (oriented toward

the central axis);;   
5. The width between the 2 sugar-phosphate backbones is constant at 2nm, equals to

the width of 1 base pair i.e. 1 purine + 1 pyrimidine;;  
6. One complete turn of the double helix measures 3.4nm in length and comprises 10

base pairs;;

antiparallel/run in opposite directions/one stran
he cocococompmpmpmpm leeeemeeeeentntntntntaryyyy y stststststrararararandnnn  runuu s in thehehhehe 3333’ totototototo 555555’’’’’ di
comomommmpprppp issinnnggg gg ofofofofof a dddddeoeoeoeoeoe xyxyxyxx rrir booossseeeeeeeeeee,,,,,, a a aaaaa phphhhhhphphphphhosososososooo phphphphphatatatatatateeeeee g
baaaseseseseses - AAAdededededeninenenenene,,, ThThThThThhymymymymyminininininne,e,e,e,e, Cytytytytyttytyttyyttososososooososininininininninnnnnneeeeee ororororr GGGGGGuauauauaauani
basasaaseseseseeses aaaaarerererere aaaaarrrrrrrrrranaananangegegegegegg ddddd asasasasas sssssidididdde eee e grouuuuupspspspsps oooooof f ff f ththththhe cha
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There are three possible matings between the male and female mosquitoes in the wild as 
shown in Table 3.1. 

Table 3.1 

male female results 

cross 1 infected uninfected lay eggs that are not viable and 
do not hatch 

cross 2 infected infected infected offspring 

cross 3 uninfected infected infected offspring 

Embryonic development aborts when sperm from an infected male fertilises an uninfected 
egg and the paternal genome does not contribute to the development of the embryos that 
are not viable. 

(c) Based on the information provided and Cross 1, suggest how Wolbachia induces
sterility. [1] 

1. Cytoplasmic incompatibility genes in Wolbachia are transcribed and translated
to form proteins / Wolbachia secretes a (DNA binding) protein that binds to the
sperm/paternal DNA/chromosome;;

In 1970, Erich Jost repeated Laven’s earlier work.  

(d) Explain why repeating the work of others is an important part of science research. [2] 

1. To test/check results/findings;;
2. (if results support) to build scientific consensus / increase confidence (A:

reliability, R: accuracy) in the findings;;
3. (if results different) to revise/refine the theory/model/hypothesis;;

In 2016, hundred thousands of male mosquitos with Wolbachia were released at 3 
selected sites in Singapore: Braddell Heights, Nee Soon East, and Tampines West. 

(e) State why releasing such large numbers of male mosquitoes did not immediately 
increase the risk of transmission of dengue fever in these estates. [1] 

1. Only females spread dengue;;
2. Males do not bite / feed on blood;;

Another method employed in Australia involves the release of both male and female 
mosquitoes with Wolbachia into the wild. An advantage of this method is that there is no 
need for further releases of mosquitoes with Wolbachia. 

(f) With reference to Table 3.1, explain why there is no need for further releases with this 
method. [2] 

1. Infected female mosquitoes can mate with both uninfected and infected males
to produce infected offspring;;

2. Passing the bacteria from generation to generation;;
3. Over time, the percentage of mosquitoes carrying Wolbachia grows until it

remains high without the need for further releases;;
[Total: 10] 

empmpmpploololoyyyey ddd in AAAAAusuuuu ttrtrtt alalaaaliaiaiaiaa invnnvvolvevves s ss ththththeeeee rerererereelelelelel asasasasasse eeee ofofofofof b
Wooolblblblblbacacacacachiaa intntntntn o ooo ththhththeeeee wiwiwiwiw ldldldldld. AnAA aaaaadddvdd ananananannnanananananaanannanaanntatataatagegegegegegeeeeee oooooof ffff ttththisissss met
eleaeaeaseeessss ofofofoff mmmmmosququuquuititttitoeoeoeoeoeeees sssssss wiwiwiwithththththh WoWWWW lbbacacaaca hihihihiihiiiaaaa.a.a.a.a.a  
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Section B 

Answer one question in this section. 

Write your answers on the lined paper provided at the end of this Question Paper. 

Your answers should be illustrated by large, clearly labelled diagrams, where appropriate. 

Your answers must be in continuous prose, where appropriate. 

Your answers must be set out in sections (a), (b) etc., as indicated in the question. 

4 (a) Describe the reproductive cycle of the influenza virus and explain how new strains of       
the virus may arise as a result of mutation. [13] 

Adsorption  
1. The haemagglutinin glycoproteins (on the viral envelope) recognise and bind to

(sialic acid containing) receptors on the host cell plasma membrane;; 

Penetration and Uncoating 
2. The influenza virus enters the host cell by receptor-mediated endocytosis;;
3. whereby the host cell membrane invaginates (and pinches off), engulfing /

placing the virus in an endocytic vesicle;;
4. Acidification causes the viral envelope to fuse with the endocytic vesicle

membrane;; 
5. releasing the nucleocapsid into the cytoplasm of the cell;;
6. The capsid is then degraded by cellular enzymes, releasing the viral nucleic

acid;;

Replication
7. The viral genome functions as the template for synthesis of complementary RNA

strand (cRNA);;
8. using the viral RNA-dependent RNA polymerase (and host RNA nucleotides in

the nucleus);;
9. This cRNA acts as a template for the synthesis of new copies of viral RNA

(genome);;
10. and functions as mRNA which undergoes translation to produce viral proteins

(e.g. capsid proteins and glycoproteins for the viral envelope);;

Maturation
11. The glycoproteins synthesised (by ribosomes on the ER) are transported to the

(host cell’s) plasma membrane via vesicles and incorporated into the plasma
membrane;;

12. The capsid is assembled around the viral RNA genome and the RNA-dependent
RNA polymerase;;

Release
13. The new influenza viruses bud off from the host cell’s plasma membrane / ref. to

budding, resulting in the new viruses acquiring their lipid bilayer from the
plasma membrane of the host cell, with viral proteins and glycoproteins
embedded;;

14. Neuraminidase catalyses the cleavage of sialic acid residues from
haemagglutinin, facilitating the release of the newly replicated viruses (for the
next round of infection);;

[max 11m]

teins synthesised (by ribosomes on the ER) ar
plasasassmamamamaa mmmemememmmbrbrbrbrbrannnneeeee viviviviviaaaaa vvvesiiiiclc es anddddd iiiincncncncccororororrrpopopopopopora

asssesesembmbmbmbm leleled d d dd arouououououndndndndnd tttttthehehehehe vvvvviririririri alalalllalal RNANANANANANNANANNNNA ggggggggggggeneeeeeee omomomommme e e e ee anananaaand
aseseee;;;;;;;;;;
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Antigenic drift 
15. Point mutations in haemagglutinin gene in influenza virus occur during the 

replication of viral RNA;;  
16. Accumulation of mutations results in slight changes to the shape of 

haemagglutinin;; 
17. leading to antigenic drift;; 
18. Shape of the new haemagglutinin is now complementary to other membrane 

receptors found on new types of host cells;; 
 

QWC 
Good spread of knowledge communicated without ambiguity to include: 
at least 1 MP from each of the 2 sections – reproductive cycle of virus (pt 1-14) and antigenic 
drift (pt 15-18);; 
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(b) Describe the process of transduction and its advantages to prokaryotes.                [12] 

 
1. Transduction is the process by which bacterial DNA / genes is transferred from 

one bacterium (host cell) to another (recipient cell) via a bacteriophage;; 
 

2. Generalised transduction requires infection of a bacterium by a virulent 
bacteriophage (and any random portion of the bacterial DNA transferred);; 

3. During the assembly of the newly replicated phage genome within the phage 
capsid, a small piece of the host cell’s degraded DNA gets mistakenly packaged 
within the capsid (defective phage);; 

4. Specialised transduction requires infection of a bacterium by a temperate 
bacteriophage (and only bacterial genes adjacent to the integrated prophage 
transferred);; 

5. When a temperate phage enters into lytic cycle from lysogenic cycle / 
spontaneous induction occurs;; 

6. Small region of the bacterial DNA that was adjacent to the prophage is excised;; 
7. The phage-host hybrid DNA is packaged within a capsid (defective phage);;  

8. The defective phages infect / attach to other bacterial cells and inject the piece 
of host bacterial DNA into the newly infected bacterial cell cytoplasm;; 

9. (Generalised & Specialised transduction) Foreign bacterial DNA is incorporated 
into the recipient / bacterial cell’s chromosome through homologous 
recombination;;  
OR 

10. (Generalised & Specialised transduction) If there is sufficient homology between 
the DNA fragments and bacterial chromosome, crossing over occurs, and 
segments of the original chromosomal DNA will be replaced;; 

11. (Specialised Transduction) Phage-host hybrid DNA integrates into the recipient 
cell’s chromosome, as phage enters the lysogenic cycle;; 
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Advantages 
12. New alleles can then be incorporated into the bacterial genome of recipient cell;; 
13. Recipient cell will subsequently express new characteristics / show change in 

phenotype;; 
14. Generate genetic diversity / variation;; 
15. (Example of new allele) Gain antibiotic resistant alleles from other bacteria;; 
16. (How it confers selective advantage) Antibiotics less effective against the 

bacteria;; 
17. Thus the bacteria is at a selective advantage;; 

QWC: 
scientific argumentation exemplified by: 
two or more advantages to prokaryotes (pt 12-17) linked coherently to the correct stage of 
the process;; 

KiasuExamPaper.com
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5 (a) Describe the roles of the proteins involved in the process of DNA replication and compare 
the advantages of PCR with the advantages of DNA replication.  [13] 

1. Helicase causes the DNA molecule to unwind and unzip;;
2. hydrogen bonds between complementary bases break, causing the 2 parental DNA

strands to separate;; 
3. single-strand DNA binding proteins bind to the 2 separated parental DNA strands;;
4. to stabilise the single-stranded DNA formed;;
5. Primase catalyses the formation of a short RNA primer (– the start of a new strand

in the 5’ to 3’ direction);;
6. DNA polymerase (then binds to the RNA primer and) adds nucleotides to the free 3’

end of the RNA primer/existing strand;;
7. DNA polymerase catalyses the formation of phosphodiester bonds between the

nucleotides;;
8. RNA nucleotides of all the RNA primers are replaced with DNA nucleotides by

another DNA polymerase;;
9. DNA ligase seals the gaps between the DNA fragments;;
10. by catalysing the formation of phosphodiester bonds between adjacent nucleotides

(to form a continuous strand);;

Similarities 
11. Both processes allow for the production of large amounts of DNA;;
12. PCR can be fully automated as Taq polymerase can withstand high temperatures

without being denatured, DNA replication also do not require replacement of
enzymes / OWTTE;;

13. It is easy to set up and use a thermal cycler for PCR, DNA replication also takes
place in the nucleus easily;;

Differences 
14. PCR has high sensitivity and can amplify sequences from minute amounts of target

DNA while replication require the entire template/cannot amplify sequences from
minute amounts;;

15. Millions of copies of target DNA can be obtained in a relatively short period of
time/in a few hours in PCR while DNA replication requires a longer period/10 to 12
hours;;

16. PCR is robust and can amplify specific sequences from material in which the DNA
is badly degraded/embedded in a medium while DNA replication cannot replicate
badly degraded DNA;;

17. PCR is a specific process which amplifies only target sequences while DNA
replication results in the entire DNA sequence being replicated;;

QWC: 
Scientific argumentation exemplified by: 
Two or more direct comparisons of the advantage of PCR and/or DNA replication, each clearly 
set out to show its similarity with, or difference between, both PCR and DNA replication;; 

onnn eeeeexexexexexemppllifiededededed bbbbby:yyyy
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(b) Outline the structure of G-protein linked receptor and describe the action of glucagon 
on liver cells in the regulation of blood glucose concentration. [12] 

Structure of G-protein linked receptor 
1. G-protein linked receptor consist of a single polypeptide chain coiled and folded

into a tertiary structure;;
2. held together by hydrogen bonds, ionic bonds, disulfide bonds and hydrophobic

interactions;;
3. comprised of seven transmembrane -helices;;
4. has different binding sites for signal molecule/ligand and G protein;;

OR
5. extracellular part/domain of G-protein linked receptor serve as the binding site for

(specific) signal molecule/ligand;;
6. intracellular parts/domain of G-protein linked receptor serves as binding site for G-

protein;;
pt 4 or pt5&6: award once

7. embedded in and span the plasma membrane, held by weak hydrophobic
interactions;;

8. Non-polar R groups of amino acid residues on the receptor form hydrophobic
interactions with non-polar hydrocarbon tails of the membrane phospholipid
molecules;;

9. The extracellular parts of G-protein linked receptors may be glycosylated (as they
serve as the binding site for ligands);;

Action of glucagon on liver cells 
10. Glucagon recognises and binds to the specific binding site of G-protein linked

receptor on the liver cell membrane;;
11. and induces a conformational change in the receptor;;
12. The receptor now binds to G protein and activates it;; (A molecule of GTP replaces

the GDP on the G protein)
13. The activated G-protein dissociates from the receptor and activates adenyl cyclase;;
14. Adenyl cyclase catalyses the conversion of ATP to cyclic AMP (cAMP);;
15. The cAMP then acts as a second messenger;;
16. and triggers downstream signalling events/phosphorylation cascade such that

glycogen phosphorylase is activated;;
17. Glycogen phosphorylase will catalyse the breakdown of glycogen to

glucose/glycogenolysis;;
18. Glucagon also stimulates an increase in the rate of conversion of amino acids and

glycerol to glucose/ gluconeogenesis;;
19. so that the blood glucose concentration increases and return back to normal levels.

QWC 
Good spread of knowledge communicated without ambiguity to include: 
at least 2 MP from each of the 2 sections – structure of G-protein linked receptor (pt 1-9) and 
action of glucagon on liver cell (pt 10-18);; 
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Answer all questions. 

1 During the light dependent stage of photosynthesis, hydrogen ions and electrons are 
transferred to hydrogen acceptor molecules, including NADP.  

DCPIP (2,6-dichlorophenolindophenol) is a blue dye, which acts as a hydrogen ion and 
electron acceptor. As DCPIP accepts hydrogen ions or electrons it is reduced and 
becomes colourless. 

You are required to investigate the effect of different wavelengths of light on the rate of 
the light dependent stage of photosynthesis in a leaf extract containing chloroplasts. 

You are provided with: 
• a leaf extract in buffered solution, labelled L, in a beaker with ice,
• DCPIP solution, labelled D,
• filters that allow light of specific wavelengths to pass through, as shown in Table 1.1.

Table 1.1 

The leaf extract is an irritant. It is recommended that you wear safety 
goggles/glasses and gloves. 

Proceed as follows. 

1. Stir the leaf extract, L, using the glass rod.

2. Use a syringe to draw up 0.5 cm3 of L.

3. Wipe the outside of the syringe to remove any liquid.

4. Put the syringe at the centre of a white tile. This will be used as a colour standard.

5. You are required to add enough DCPIP solution, D, to change the colour of the 
remaining leaf extract, L. The change in colour must be sufficient to be observable in 
the 0.5 cm3 sample transferred to a syringe in step 8.
• Using a Pasteur pipette, put about 0.5 cm3 of DCPIP solution, D, into the

remaining leaf extract, L, in the specimen tube. 
• Shake the specimen tube gently so that the colour spreads evenly.
• Tilt the specimen tube and view the colour against a white background.
• If there is no noticeable colour change, add DCPIP solution, D, drop by drop until

a noticeable colour change is achieved.

e atatattatat theheheheee cccceneeee tre e ee e ofoooo aaaa wwwwwhihihihih tetetete ttttile. TTTThis will be usedededededed aaaaas 

redededd ttttto o ooo addddd eneneene ouououououghghghghgh DDDDDCPCPCPCPCPIPIPIPIP sssssssollututututtututtuuutututtioioiioioion,n,n,n,n,,n,n, DDDDDD, tototototoo cchan
exxxxxtrtrtrtracaaaaa t,t,,, LLLLL. TThe chchchchchanananana gegegegeg  in colour musususususst t tt t bebebebebeb ssssssufufufufu fififificicccc e
mplplplplp ee trtrtrtrtrananananannsfsfsfsfs ereere rerered d  tototototo aaaaaa ssssyryryryryryrininininini gegegegege in stttttepepepepep 88888..
asteur pipette, put abbbbout 0.5 cm3 offfff DCPIP 
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6. Immediately wrap the specimen tube containing the mixture of L and D in foil. Cover 
the specimen tube with a foil lid, as shown in Fig. 1.1. This should be easy to remove 
to obtain the mixture of L and D. Put back the covered specimen tube containing the 
mixture of L and D in the beaker with ice. 

 

 
Fig. 1.1 

 
7. Place the bench lamp 10 cm from the syringe on the white tile. Do not switch the 

lamp on. 
 

The next steps have to be carried out very quickly one after another, so read 
steps 8–15 and refer to Fig. 1.2 before proceeding. 
 

8. Remove the foil lid and use a clean syringe to draw up 0.5 cm3 of the mixture of L 
and D in the specimen tube. Replace the foil lid immediately. 
 

9. Wipe the outside of the syringe and place it next to the colour standard on the white 
tile. This is the test syringe. 

 
10. Immediately cover both syringes with the purple filter, P, as shown in Fig. 1.2 on 

page 4. 
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11. Switch on the bench lamp and immediately start a stopwatch or stop clock.

Fig. 1.2 

12. In the space provided in (a), record the time taken for the colour in the test syringe to
match that of the colour standard. If the colour does not match after 300 seconds
then record ‘more than 300’.

13. Switch off the bench lamp.

14. Expel the contents of the test syringe into the beaker labelled waste. Rinse the
syringe.

15. Repeat steps 8–14 using each of the four remaining coloured filters in turn (blue,
green, orange and red).

(a) Record these results in a suitable table in the space provided to show the effect of 
wavelength on the time to decolourise DCPIP. [3] 

Table showing the effect of wavelength on the time to decolourise DCPIP 

Wavelength / nm Time to decolourise DCPIP / s 
425 (purple) 113 
450 (blue) 241 

525 (green) more than 300 
625 (orange) 155 

675 (red) 142 

1. Suitable column / row headings with correct units;;
2. Recording time in whole number of seconds;;
3. Record 425 nm (purple) is fastest and 525 nm (green) is slowest or ‘more than

300’ and results recorded for all five filters;;

0 (b(bb(bb(bluue)e)e)e)e) 241 
5 (gggrererereeeeene ) momomomomomomoomomommomomoorerererererererr ttttttthahahahahhahhhh nnnnn 303030303000 00 0 0 

(ooorrrangngngngnge)e) 155155555555151515555 5 55 5 55
75 (r(r(r(r( edeeedeed) ) ) )) 141414141422222

mn / row headings wiiittth correct units;;
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(b) (i)   Give one reason to explain why the leaf extract was kept on ice. [1] 

1. To prevent the enzymes in the extract from damaging the chloroplasts;;

(ii)  State why the leaf extract containing DCPIP was kept covered by foil. [1] 

1. To prevent photosynthesis / light dependent reaction occurring and
decolourising the DCPIP;;

(iii) Describe a suitable control that could have been set up for this investigation. [1] 

1. Description of a tube containing DCPIP and water / boiled leaf extract only;;
2. Description of a tube containing DCPIP and leaf extract in the dark;;

(c) Suggest why the rate of photosynthesis is different at different wavelengths. [2] 

1. Some wavelengths are used more effectively than others for photosynthesis or
uses data to make the same point, e.g. purple / red / orange wavelengths are
the most effective;;

2. Chlorophyll absorbs some wavelengths of light more than others or uses the
data to make the same point, e.g. chlorophyll absorbs purple / blue
wavelengths and orange / red / long wavelengths;;

3. Some wavelengths release more H+ ions / electrons than others, e.g. purple /
red / orange wavelengths;;

(d) Suggest two significant sources of error in this experiment and describe two 
corresponding improvements that could be made to reduce the effects of these 
errors. [4] 

1. Difficulty in matching the colour of the standard by eye;;
2. Use a colorimeter;;

3. Difficulty in observing the colour all the time because of keeping the filter in
place;;

4. Filter in front of the syringes so colour can be seen from behind;;

5. Leakage of light through the ends of the folded filter;;
6. Remove all other light sources;;

7. There is warming up / increase in temperature as experiment proceeds due to
the heating effect of the lamp;;

8. Use of a heat filter or cool light source;;
ffect of the lamp;;
fillltetteet r r r r orororor ccccoool ll ll lililiilighggg t t t tt sososososoururuu ccce;;
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In another similar investigation, a student collected leaves from two varieties of the same 
species of a garden plant that has different coloured leaves 

Variety A dark red leaves 
Variety B  green and white striped leaves 

The student made a chloroplast extract from the leaves of each variety and measured 
the rate of photosynthesis for each extract in different wavelengths of light. 

Table 1.2 shows the rates of photosynthesis calculated by the student from her results. 

Table 1.2 

wavelength of light / nm 

rate of photosynthesis / s-1 

source of chloroplasts 

dark red leaf green and white striped 
leaf 

425 0.097 0.081

450 0.071 0.063

525 0.023 0.023

625 0.030 0.039

675 0.057 0.058

(e) Use the grid provided to plot line graphs showing the effect of wavelength on the rate 
of photosynthesis. [4] 

1. Axes correctly labelled with correct units;;
2. Scaled appropriately with ascending scale and equidistant intervals, with a

scale such that plotted points occupy at least 50% of the graph paper in both
the x and y directions;;

3. All values from student’s calculations of rate plotted correctly to + half a small
square on the graph paper provided;;

4. Line graph showing best-fit line + 2 clearly labelled graph drawn;;howing best-fit line + 2 clearly labelled graphppp  d
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Graph of rate of photosynthesis s-1 against wavelength of light / nm 

(f) Use you graph to estimate the rate of photosynthesis at a wavelength of 450 nm in 
plants with dark red leaves. [1] 

1. 0.090 s-1;;

(g) Explain how light of wavelength 450 nm leads to the decolourisation of DCPIP. [1] 

1. Light energy causes release of electrons from chlorophyll / from photolysis of
water and electrons reduce the DCPIP;;

ght of wavelength 450 nm leads to the decolourisa

caaausususususeeesee rreeeleaeaeaeaeasesesesese oooof f ff f elelelelele ececececectronnnnssss frfrfrfrfrfrfrfrfrfrrrrrrrrrooooomooomoomomomoomoooo ccccccccccchlhlhlhlhlhhhh ooooroo opopopoppphhhhyhh ll
ctrrrooonsssss rererer dududududuce ttttthehehehehe DDDDDDDDCPCPCPCPCPC IPIPIPIPIPP;;;;;;;;;;;;;; 
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(h) The photosynthetic pigments of the leaves from the two varieties of plants were 
extracted and were separated by two-way chromatography. The pigments were first 
separated by one solvent and then separated again by a second solvent at right 
angles to the first solvent. Fig. 1.3. shows the results for the two different varieties. 

Fig. 1.3 

Different photosynthetic pigments absorb different wavelengths of light. Table 1.3 
shows some information about the pigments, P, Q, R, S and T, found in the 2 
varieties, including the wavelength of light at which maximum light absorption occurs. 

Table 1.3 

One of the varieties lacks one of the pigments. 
Using the information in Table 1.3 and Fig. 1.3: 

(i) identify the variety that lacks one of these pigments and state the letter of the 
missing pigment. [1] 

1. Variety B and pigment S;;

(ii) state the evidence that supports your answer to (i). [2] 

1. Chromatogram for Variety B has a pigment / spot / number 4 missing;
2. At about Rf 0.91 (in solvent 1) / Rf 0.19 ( in solvent 2) / it has the highest Rf

in solvent 1 / a low Rf in solvent 2;;
[Total: 22] 

ieties lacks one of the pigmgg ents.
rmataata ioioioioioonnn nn inn TTTababbbbblelelelele 1.333333 andndndndnd FFFig. 11.3:3:3:3: 

e vvvaaarieeeeetytytytyy ttttthahahahahatt t lackckckckcks ssss onononononnoo eee e ofofofofofff ttttthhhehh seeeee pppigigigiggiggggmemmmmm ntntntntntnts s s s s ananananandddd
gmmmeneneneeent.t.t.t.t [[[[[1]1]1]1]1]

d i t S
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2 Methylene blue stains dead cells blue.  
Living cells are not stained blue so they will appear white or clear.  
 
You are provided with:  
• methylene blue solution, M, (handle carefully as it will stain your skin)  
• suspensions of yeast cells, labelled S1, S2 and S3.  
 
Each suspension, S1, S2 and S3 has been heated for ten minutes at 45°C or 80°C or 
100°C.  
 
You are required to:  
• use the microscope to observe the colour of the yeast cells from S1, S2 and S3, after 

M has been added  
• record your observations by using annotated drawings of three yeast cells from each 

of S1, S2 and S3  
• identify the temperature at which each of S1, S2 and S3 was heated.  
 
1. Label three microscope slides S1, S2 and S3.  

 
2. Place one drop of S1 onto slide S1 and add one drop of M. Mix carefully using a 

glass rod. (If M comes into contact with your skin rinse with cold water.)  
 

3. Repeat step 2 with S2 and S3.  
 

4. Leave for five minutes.  
 

5. Add a coverslip to each slide.  
 

6. Use the paper towel to dry off any excess liquid around the coverslip.  
 

7. Use the microscope to observe the yeast cells on each slide, then select cells which 
you can draw and annotate to describe the effect of the methylene blue, M. 

      
(a) (i) Prepare the space below and record your observations by: 

• making drawings of three cells from each of the slides in the boxes provided  
• annotating your drawings to describe the effect of methylene blue, M on the 

cells. [4] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

S1 
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1. At least 9 separate cells in total drawn in boxes S1, S2 and S3 + size at least
10mm across smallest cell, in any box;;

2. Drawing and quality: Do not give mark for any shading, any ruled lines, or
any line is too thick, has any feathery or dashed lines or gap in line, has
any overlaps;;

3. Drawn only 3 cells in each of the three boxes;;
4. At least one colour stated for each of the cells in the boxes S1, S2 and S3;;

(ii) Use your observations to identify the temperature that was used to heat each of 
the suspensions S1, S2 and S3.  
Complete the table. [1] 

suspension temperature / °C

S1 100 

S2 45 

S3 80 

(iii) Explain how you identified the yeast cells that had been heated at 100 °C. [1] 

1. Yeast cells blue + therefore inactive or dead;;

S2 

S3 

nsions S1, S2 and S3. 
theeee tababababbblelelelel . [1] 

sususususussspss ennnnsisisisisionononononnn ttttttemememememeee perattuturererererere ///// °CCCCCC

S1S1S1S1S1 100000000000
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(b) Using the eyepiece graticule fitted in the eyepiece lens of your microscope, and the 
stage micrometer, find the actual length, in μm, of one of the yeast cells that you 
have drawn in S2. 

 
Show the measurements that you made and your working. [3] 
 

1. shows division of stage micrometer measurement by number of eyepiece 
graticule divisions;; 

2. shows measurement of yeast cell from S2 in eyepiece graticule divisions;; 
3. (conversion of measurement from S2, in eyepiece graticule divisions, to) 

correct answer to calculation in μm;; 
 

x40 objective 
20 graticule units = 10 micrometer divisions 

 
= 
= 

10 x 0.01 mm 
0.10 mm = 100 μm 

So 1 graticule unit = 5.00 μm (3 sf);; 

Length of a yeast cell =  ________ of graticule units;; 
Length of a yeast cell =  ________ m;; 

Actual length of a yeast cell = ………………………….... μm 

 
(c) Draw a straight line on your drawing across the yeast cell to show where you took 

your measurement. [1]  
 

Use your knowledge of the actual size of the yeast cell to calculate the magnification 
of your drawing. [1] 

 
1. Magnification of drawing = Length of the drawing / actual length of guard cells  

                                                    =                 ;; 
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(d) The yeast Rhodotorula glutinis produces an enzyme, -arabinofuranosidase, that 
could be used in the production of compounds to enhance the flavour and smell of 
fruit juices. The effect of the initial pH of the culture medium on the growth rate of this 
yeast was tested. Three continuous culture systems were set up, each with a 
different initial pH. The cultures were sampled at hourly intervals for 20 hours at each 
pH. The mean growth rate was then calculated.  

The mean growth rates with their standard deviations are shown in Table 2.1. 

Table 2.1 

pH mean growth rate / arbitrary units h-1 

4.0 0.156 + 0.001 

5.2 0.197 + 0.013 

7.0 0.037 + 0.011 

A t-test was carried out on the results for pH 4.0 and pH 5.2 and gave the value,  

t = 2.4 

The degree of freedom is 38. 

Based on the findings of the t-test, a student concluded that pH 5.2 was optimum for 
the production of the enzyme -arabinofuranosidase by R. glutinis. Suggest two 
reasons why this conclusion may not be valid. [2] 

1. Only three pH values tested / only 2 pH values (used for t-test);;
2. No data between pH 4 and 5.2 / 5.2 and 7;;
3. Only growth measured;;
4. Yield of enzyme might be higher at different pH than optimum growth;;
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(e) A student carried out t-test on the results to compare the lengths of yeast cells when 
grown in different media. 

A number of t-test was carried out to find out if, after 70 minutes, the difference in 
mean yeast cell length is significant: 

1. between medium A and medium B t = 2.50 

2. between medium A and medium C t = 3.56 

3. between medium B and medium C t = 1.94 

Table 2.2 shows the critical values for the t-test.  

The number of degrees of freedom is 18. 

Table 2.2 

State what conclusions can be drawn about the significance of the differences in 
mean lengths from the three values of t given above. [3] 

1. Critical value (at p >0.05) is 2.10;;
2. A + B (1) and A + C (2) have values greater than the critical value / 2.10 /

p<0.05
OR
B + C (3) has value less than critical value / 2.10 / p>0.05;;

3. A + B / A + C results are significant / not due to chance / caused by an
environmental factor
OR
B + C results are not significant / due to chance;;

4. (A + B / A + C) Differences due to chance is less than 1 in 20 / 0.05
probability;; 

5. A + C (also) significant at >p = 0.01;;

A +++ C)C)C)C)C)C) DDDDDiffeeeeererrrr nccccceseseseses dueuuu tttto ooo chance is lelelelelessssss
y;;;;
o) sisisiss gngngngngnificccanananananttt t atatatatat >>>>>p pppp === 000.00 000100 ;; 
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(f) Fig. 2.1 is a photomicrograph of a stained transverse section through part of a plant 
leaf. This plant species is native to part of Asia. 

You are not expected to have studied this leaf. 

Fig. 2.1 

Draw a large plan diagram of the part of the leaf shown in Fig. 2.1. On your diagram, 
use a ruled label line and label to show the vascular bundle. [4] 

1. At least 2 lines for upper epidermis and 2 lines for lower epidermis + one
enclosed area + size at least 80mm for depth of midrib + no shading;;

2. No cells + one enclosed area (vascular bundle);;
3. Correct proportion of vascular bundle in relation to distribution of tissues

in midrib;;  
4. Uses label line and label to vascular bundle;;

lineneneenenes fofofofofoor upuuuu pepepepeper rrr epppppididdididerererere mimmiim s anaannand 2 lines for lolololololowewwwww r
areeeaaaa ++++++ sizezee aaaaattt tt leleleleleasssssttt t 8080808080mmmmmmmm foroo ddddddddddddddddepepepepeeepeeeeepeeeeeee thththththththththhhhh oooooof f f f f mimimimimim drdrdrdrdrdribibibibibib +
onnne enenenenencclc osososososeeedee aaaaarererererea aa aa (v(v(v(v(v( asasasasascucucucucuc lalalaalalar bubububububububbbundnddndndnddndlllelelelelelllelee))));) ;;;;

ropopopopportrtrtrtrtioioioioionnnnn ofofofofof vvvvvasasasasascucucucuculalaalalar rrrrr bubububub ndndndndndn leleleleeeee in reeeeelalalalalaatititititionononononon tttttto oooo distr
;  
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Low power / Plan drawing of transverse section through part of a plant leaf 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[Total: 20]

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



Jurong JC/JC2 H2 Biology/Prelims/2017 

3 A number of plant tissues are coloured because the cells contain chemicals called 
betacyanins.  

You are provided with beetroot which contains betacyanins which coloured the beetroot red.  

In this experiment, you will test the effect of two different alcohols – methanol and ethanol on 
beetroot membranes. Ethanol is found in alcoholic beverages. Methanol, sometimes referred 
to as wood alcohol, can cause blindness and death. 

If beet membranes are damaged, the red pigment will leak out into the surrounding 
environment. The intensity of color in the environment should be proportional to the amount 
of cellular damage sustained by the beet. 

Plan an investigation to find out whether or not betacyanin leakage for beetroot occurs at the 
same intensity using ethanol and methanol. 

You must use: 
 beetroot 
 40% ethanol 
 40% methanol 
 colourimeter 

You may select from the following apparatus and use appropriate additional apparatus: 
 normal laboratory glassware e.g. test-tubes, boiling tubes, beakers, measuring cylinders, 

graduated pipettes, glass rods etc. 
 stopwatch 
 distilled water 
 white tile 
 scalpel 
 forceps 

Your plan should: 
 have a clear and helpful structure such that the method you use is able to be repeated by 

anyone reading it 
 be illustrated by relevant diagram(s), if necessary, to show, for example, the 

arrangement of the apparatus used 
 identify the independent and dependent variables 
 describe the method with the scientific reasoning used to decide the method so that the 

results are as accurate and repeatable as possible 
 include layout of results tables and graphs with clear headings and labels 
 use the correct technical and scientific terms 
 include reference to safety measures to minimise any risks associated with the proposed 

experiment. 

[Total: 14]

g p g
t tececeechnhnhnhnniciciciccalalalala  andndndndnd sssscienenenenentitititififfifific ccc tetetermmsss

nceee ttttto o o oo safeffetyyyyy mmmmmeaeaeaeaeasuuuuurererereess sss tooo minimmmmmmmmmmmisisisisisisisssssississe e eeee ananannaananna y yy yyyy riririsksksks s ss asaaa so
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(a) Independent and dependent variables 
1. State and describe independent variable;;
2. State and describe dependent variable;;

 Independent variable is concentration of alcohols – 0%, 10%, 20%, 30%, 40% 
ethanol and methanol. 

 Dependent variable is absorbance. 

(b) Controlled/fixed/standardised, variables to improve accuracy or reliability 
3. Identifies at least two variables to be controlled;;
4. Describes how two identified variables are controlled;;

 Size / shape / number of beetroot pieces used. 
o Use a fixed number of pieces for each experiment.

 Source / age of beetroot pieces 
o All beetroot pieces must come from the same beetroot.

 Volume of alcohol used 
o 10 cm3 used for each experiment.

 Duration 
o 5 min for each experiment.

 pH 
o Use a constant volume of pH buffer for all experiments.

 Temperature 
o Use a constant temperature of 35°C by placing test-tubes in a

thermostatically controlled water bath. 

(c) Scientific reasoning
5. Describe the method with the scientific reasoning used to decide the method

so that the results are as accurate and repeatable as possible;; 

 Reference to phospholipids / proteins of membrane being affected + Explanation of 
how membrane component is affected e.g. movement or solubility of phospholipids / 
denaturation of proteins leading to effect on the permeability of the membrane (cell or 
vacuole);;

 Suitable trend suggested for stated factor e.g. Increasing alcohol concentration 
increase membrane permeability + Result in more betacyanins / pigment / red colour 
leaking from the cells / vacuoles;;

 Membrane permeability can be measured by measuring the extent of leakage of 
pigment using a colourimeter to give an absorbance value;;
(Max 2)

(d) Describe the experimental procedure (method)
6. Plans suitable method to vary the concentration of ethanol and methanol;;

 Describe simple dilution methods + Table showing how to dilute 40% ethanol and 
methanol to get 10%, 20%, 30%.  

7. Plans suitable method to get equal amounts of beetroot pieces for ethanol /
methanol and experiment;;

8. Wash and rinse beetroot in distilled water to remove any pigments which may
leak out during cutting;;

xppperererere imimimimimenntalllll prprprprp ocococococedededededururururureeeee (m(mm(m(methohohohoohood)d)d)d)))))))))))
e memmethhhthhodoodoo tttttooooo varyryryry ttttthehehehehehe ccccononononncececececec nntn rattititionnnn ooof etetetethahahhanonon l 

ple ddiill tutttiiion meththththods ++++ TTTaTT blblbble showwwiini g hohohohow to dil
10% 20% 30%
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1. Cut beetroot to cubes of 1cm by 1cm by 1cm (or any reasonable fixed sizes).
2. Wash and rinse beetroot in distilled water to remove any pigments which may leak

out during cutting.
3. Place 5 beetroot cubes (any reasonable numbers) into a test tube containing 10 cm3

of 10% ethanol.

9. Specifies how to ensure all beetroot pieces are exposed to the alcohols / are
submerged in the alcohols;;

4. Carefully agitate the tube to make sure that the beetroot pieces do not stick together /
Ensure that all beetroot pieces are submerged in the alcohols.

10. Plans a suitable procedure that involves monitoring the betacyanins leakage in
response to different concentration of alcohols over a set period of time;;

11. Devises a method that uses tubes, beetroot pieces, ethanol and methanol;;
12. Specifies method of monitoring and recording betacyanins leakage;;

5. Place test-tube in a waterbath / thermostatically controlled waterbath maintained at
35-40°C (to choose only one temperature).

6. Immediately start timing for 5 minutes using a stopwatch.
7. After 5 minutes, transfer 1 cm3 of solution from test-tube to a cuvette and measure

the colour intensity using a colorimeter. Record the absorbance values.

8. Repeat step 1-7 to obtain another 2 readings.
9. Repeat step 1-8 for 20%, 30%, 40% and 0% (control) ethanol.
10. Repeat entire experiment twice.
11. Repeat step 1-10 for the different concentrations of methanol.
12. Plot a graph of absorbance / A.U. against concentration of ethanol and methanol / %.

(e) Draw and annotate relevant diagram(s) – marking points may be credited from 
diagrams. e.t.c. 

(f) Ensuring reliability and accuracy 
13. Describe how to ensure reliability (replicates and repeats);;
14. Describe how to ensure accuracy (more or wider range of concentrations

used);;

(Reliability)
 Repeat two more times with different / new beetroot pieces and alcohols. 

(Accuracy)
 Repeating with more or wider range of alcohol concentrations. 

For teacher perusal  
 Insufficient number of values of independent variables e.g. only at 0%, 10%, 20%, 

30% and 40%, so lack of results between intervals, changes could be missed so 
making conclusions about trends are less valid. 
Modification: Include intermediate concentrations within the range e.g. 5%,15% 
,25%, 35%. 

 Insufficient range of independent variables (0-40%), lack of results beyond the range 
investigated could make it difficult to identify a trend or pattern.  
Modification: extend the range e.g. 0-60%. 

h more or wider range of alcohol concentrations. 

al 
mbbbber ooooof fff vavavavavaluuluuues ooooof ffff inininininndededededed pepepepeendndndndndeeenee t vvavavava iiriiririririabababababababaaaaa leesssss e.e.e.e.e.e g.g.gg.g. on

%, ssssssoooo lalalalalackckckckck oooof f ff f rererereresususususultltltltltsssss bebebebeetwtwtwtwtweeeeeeeeeennnnnn inteeervrvrvrvrvalalalalala s,sss ccccchahhhh nges
usioooonssnsss aaaaaboboboboboboutututuu tttrerereendnnn s ararararareee e lelelelelesssssssssss vvvalid. 
Include intermediate concentrations within the
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(g) Recording 
15. Shows how results are to be presented in the form of tables with independent

(alcohols concentration) and dependent variables (absorbance) in appropriate 
columns / rows;; 

Table showing absorbance value with increase concentration of ethanol 

Concentration of ethanol / % Absorbance value / A.U. 
0 

10 
20 
30 
40 

Table showing absorbance value with increase concentration of methanol 

Concentration of methanol / % Absorbance value / A.U. 
0 

10 
20 
30 
40 

(h) Risks/safety 
16. Refers to hazards and precaution;;

Risks Safety Precautions 
Thermometer and test tube breakage. Remove the thermometer / test tube from the 

water bath immediately after use and place it in 
a safe place e.g. drawer / test tube rack, to 
prevent it from rolling onto the floor. 

Scalpel are sharp objected that should be 
handle carefully. 

Place the sharp objects away from the main 
work area after use. 

Ethanol and methanol are highly 
flammable.  

Ensure that there is no naked flame nearby. 

Methanol can cause blindness when 
splashed into the eyes. 

Wear goggles and wash eyes immediately with 
cold water when methanol splashed into the 
eyes. 

(i) Control 
17. refers to control experiment without alcohols;;

 10cm3 of distilled water to replace 10cm3 alcohols.  

(j) Finding if  pigment leakage occurs at the same intensity using ethanol and methanol 

18. Description that if the 2 graphs do not superimposed on each other then
pigment leakage do not occur at the same intensity (vice versa);;

es...
g gg

cocoocold wwwwwater when memememeththththan
eyeyyeyes.

rooooolll exxexxxpepepeppeririririimememmem ntnntnt wwwittttthohohohohoututututut aaaalclclclcohoo ols;s;s;s ;;;
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QUESTION 1  
Cell fractionation is a method used to study cell components. It is achieved by taking a number of 
cells and breaking their cells surface membranes to release the contents of the cells into a buffer 
solution, and then subjecting the contents to gentle homogenization to preserve the integrity of the 
organelles. 

In zonal centrifugation, the suspension of cell contents is placed on top of a sucrose density 
gradient. The tube is then placed in a centrifuge and spun at high speed.  

Which of the following options shows the positions of the organelles after centrifugation from the 
top to the bottom of the sucrose density gradient? 

top bottom

A. S R Q P
B. R S P Q
C. P R S Q
D. Q S R P

  

Q 

R S 
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QUESTION 2 
The diagram shows a stage micrometer on which the small divisions are 0.1 mm. It is viewed 
through an eyepiece containing a graticule. 

The stage micrometer is replaced by a slide of a plant cell.  

What is the diameter of a chloroplast? 

A. 0.5 mm  B.   10 μm  C.   50 μm  D.   100 μm

QUESTION 3  
An antibiotic inhibits the formation of cross-links between the molecules that form cell walls in 
bacteria. 

Which statement(s) explain(s) why bacteria are killed by the antibiotic? 

1. The bacterial cell is destroyed by osmotic lysis. 
2. The cellulose molecules cannot form hydrogen bonds. 
3. The cell wall is no longer selectively permeable. 

A. 1 and 2 only  B.   2 and 3 only  C.   1 only  D.   2 only 

.

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



JC2 Prelim 2017 Biology 9744   4 

QUESTION 4 
The diagram shows the cell surface membrane of an actively respiring cell in a tissue that has been 
placed in a solution of glucose with a lower water potential than that of the tissue cells. 

What correctly describe the movements of molecules across the cell surface membrane shown by 
arrows P, Q and R? 

QUESTION 5 
Which biological molecules always contain the element nitrogen? 

A. glycine, cellulose, mRNA 
B. collagen, DNA, lipids 
C. enzymes, mRNA, HIV genome 
D. membrane proteins, starch, tRNA 

QUESTION 6 
Which features allow a cellulose molecule to be adapted for its function? 

1. Long chains of β-glucose molecules have multiple branches. 
2. Many hydrogen bonds are formed between adjacent chains. 
3. It is insoluble in water. 
4. There is a high proportion of the amino acid glycine, which has a very small side chain. 

A. 2 and 3 only  B.   3 and 4 only C.   1, 2 and 3 only       D. 2, 3 and 4 only

P Q R

A. diffusion of glucose diffusion of oxygen diffusion of water

B. diffusion of oxygen diffusion of water diffusion of glucose

C. diffusion of water active transport of glucose diffusion of oxygen

D. diffusion of oxygen facilitated diffusion of glucose diffusion of water

KiasuExamPaper.com
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QUESTION 7 
The diagrams show the structures of two amino acids, each of which has two carboxylic acid 
groups (–COOH). 

Which groups form the bonds that maintain the configuration of α-helices? 

A. 1 and 4   B.  1 and 5   C.  2 and 3   D.  2 and 5 

QUESTION 8 
Two enzymes, X and Y, were used in an experiment. 

Enzyme X was from bacteria that live in rivers and lakes at temperatures from 5 C to 20 C.

Enzyme Y was from bacteria that live in hot water springs at temperatures from 40 C to 85 C.

The experiment measured the concentration of product produced by each enzyme at temperatures 
between 0 C and 100 C after 5 minutes. 

Which graph shows the results?  

KiasuExamPaper.com
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QUESTION 9 
Which statements about the cell cycle are correct?  

1 Heterochromatin takes a longer time than euchromatin to replicate during S phase. 
2 Different cells have different durations of the cell cycle because the length of G1 phase is 

the most variable.  
3 DNA is repaired in each checkpoint to ensure the integrity of DNA molecules.  

A. 1, 2 and 3  B.   1 and 2 only C.   1 and 3 only D.   2 and 3 only 

QUESTION 10
The ends of a eukaryotic chromosome contains a special sequence of DNA called a telomere. 
Human telomeres consist of repeating TTAGGG sequences which extend from the ends of the 
chromosomal DNA.  

Then cells undergo mitotic division, some of these repeating sequences are lost. This results in a 
shortening of the telomeric DNA.  

In some cells, telomerases are present as a counter-measure.  

Which description of the consequence of the loss of telomeres and of the role of telomerase reverse 
transcriptase is correct? 

Consequence of the loss of telomeres Role of telomerase reverse 
transcriptase

A. The cells will synthesise different proteins. Uses RNA as a template to make single-
stranded DNA.

B. Mitosis will be halted at the G2 checkpoint. Inhibits the loss of telomeres from DNA 
during semi-conservative replication.

C. The number of mitotic divisions the cell can 
undergo will be limited.

Uses RNA as a template to make single-
stranded DNA.

D. Lead to the end-to-end fusion of 
chromosomes together. 

Inhibits the loss of telomeres from DNA 
during semi-conservative replication.
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QUESTION 11 
Bacteria were grown in a medium containing 15N. After several generations, all of the DNA 
contained 15N. Some of these bacteria were transferred to a medium containing the common 
isotope of nitrogen, 14N. The bacteria were allowed to divide once. The DNA of some of these 
bacteria was extracted and analysed. This DNA was all hybrid DNA containing equal amount of 
14N and 15N.  

Some bacteria from the medium with 15N were transferred into a medium of 14N. The bacteria were 
allowed to divide twice. The graph shows the percentage of 14N and 15N in the DNA of these 
bacteria.  

Some bacteria from the medium with 15N were transferred into a medium of 14N. The bacteria were 
allowed to divide three times.  

What would be the percentage of 14N and 15N in the DNA extracted from these bacteria? 
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QUESTION 12 
Ribonuclease is an enzyme that digests RNA. The first five amino acids of the functioning molecule 
of ribonuclease are:  

lys-glu-thr-ala-ala 

The mRNA of the gene coding for ribonuclease, for the first 15 nucleotides, has the following 
sequence.   

AUGAAGGAAACUGCU 

A genetic code, showing mRNA codons, is shown below. 

Which event(s) occur(s) to explain the information given above? 

1 The first amino acid on the polypeptide chain is removed in post-translational 
modification.  

2 The first codon is removed from the mRNA transcript in post-transcriptional modification.  
3 The mRNA binds to the rRNA in the second codon position during translation. 
4 There is no tRNA with an anticodon complementary to the first codon.  

A.   1 only   B.  3 only  C.  1 and 2   D.  1, 2 and 4

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



JC2 Prelim 2017 Biology 9744   9 

QUESTION 13 
Figure below shows two aminoacyl-tRNA and two corresponding complementary regions on the 
mRNA based on the Wobble hypothesis.  
  

Which of the following are possible conclusions that can be made from the above figure? 

1 The third nucleotide on the anticodon may be modified to complementary base pair to 
different nucleotides.  

2 A base-pair substitution at the third nucleotide of a triplet can result in the same amino acid 
being coded for.  

3 Less than 20 different aminoacyl-tRNA synthetases are required to code for the naturally 
occurring amino acids.  

4 All amino acids are coded for by more than one codon.  
5 The genetic code is redundant but not ambiguous.  

A.  1, 2 and 5  B. 1, 3 and 4  C.  2, 3 and 5  D.   1, 2, 4 and 5 

QUESTION 14 
The following statements describe gene mutation.  

1 It can occur in both somatic and sex cells. 
2 It can cause sickle-cell anemia and Down syndrome in humans. 
3 It can change the number of base pairs in a gene.  
4 It can change a dominant allele into a recessive allele, but not a recessive allele to dominant 

allele.  

Which statements are not correct? 

A. 3 and 4  B. 2 and 4  C.   1 and 3   D.  1, 2 and 4
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QUESTION 15 
A length of DNA from one of a pair of homologous chromosomes is shown. The target sites of 
EcoRI are shown by arrows and the length of DNA between the target sites is given in kilobases 
(kb). 

A mutation alters one base of the coding sequence of the site marked with an asterisk (*). This 
also results in the loss of a target site for EcoRI.

DNA from two individuals are cut with EcoRI and the DNA fragments separated according to size, 
and viewed subsequently by autoradiography.  

Which of the following corresponds to the band patterns for individuals who are homozygous and 
heterozygous for this mutation respectively? 
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QUESTION 16 
The figure below shows a growth cycle of bacteriophages. 

Which of the following is true about X, Y and Z of the growth cycle for T4 bacteriophage and 
lambda phage? 

T4 bacteriophage Lambda phage

A. Period X is when the phage injects its viral 
RNA into host cell. 

Period X is when the phage infects host 
cell and integrates its viral DNA into the 

host chromosome

B. Period Z is when phage lysozymes digest 
the host’s cell wall. Cell lysis occurs in Period Z.

C. Period X is when hydrolysis of host cell 
occur. Period X is where the prophage replicates.

D. Period Y is when host cell’s DNA is 
hydrolysed into fragments Period Y is when there is phage assembly.

QUESTION 17 
Human immunodeficiency virus (HIV) is a retrovirus. After infecting a host cell, viral DNA is 
produced which is incorporated into the DNA of the host cell. The modified host genome now codes 
for the production of new HIV particles.  

Which could be used as a potential treatment to slow down the spread of HIV? 

1 Inhibitors of restriction endonucleases
2 Inhibitors of reverse transcriptase
3 Reverse transcriptase

4 ( ) single-stranded RNA of HIV 

  A. 2 only  B. 1 and 2  C. 1 and 3  D.   2 and 4 
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QUESTION 18 
The photomicrographs below show two different processes occurring in bacteria.    

     
Which of the following statements are false? 

1 Both requires a protein appendage to take place.  
2 In both process, semi-conservative replication of DNA occurs.  
3 In both processes, replication of the bacterial chromosomal DNA occurs. 
4 Both involved the transfer of a single-stranded DNA to another bacterial cell.  

A.   1 and 2  B.  3 and 4  C. 1, 2 and 3  D.  1, 3 and 4 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



JC2 Prelim 2017 Biology 9744   13 

QUESTION 19
Malvidin is a plant pigment responsible for the colours of red grapes, cranberries and blueberries. 
The dominant allele, M, codes for an enzyme involved in the biosynthesis of malvidin. The 
presence of dominant allele, D, of another unlinked gene, results in the absence of malvidin 
production in plants, even when the enzyme is present whilst the recessive allele, d, does not affect 
malvidin production.  

A plant heterozygous at both loci was self-pollinated and gave rise to the following progeny:  

Plants with no malvidin production 160
Plants with malvidin production 40

The formula for the chi-squared ( 2) test is given as follows: 

  

degrees of 
freedom

probability
0.05

1 3.84
2 5.99
3 7.82
4 9.49

Which conclusions may be drawn? 

1 The expected phenotypic ratio for the self-pollination is 15:1.  
2 The expected phenotypic ratio for the self-pollination is 3:1.  
3 Difference between the observed and expected results is not significant. 
4 The two genes controlling flower colour assort independently. 
5 The difference is due to some factor such as linkage of the genes concerned. 

A. 1, 4 and 5   B.  2, 3 and 4  C. 3 and 5  D. 3 and 4 

QUESTION 20 
Which of the following statement(s) is/are true with regards to cyclic and non-cyclic 
photophosphorylation? 

1 Only cyclic photophosphorylation produces oxygen. 
2 Only cyclic photophosphorylation can function in the absence of photosystem II. 
3 Only non-cyclic photophosphorylation will be affected in the absence of NADP reductase. 
4 The plant switches from cyclic to non-cyclic photophosphorylation when only ATP is 

required. 

A. 1 only 
B. 1 and 4 only 
C. 2 and 3 only 
D. 2 and 4 only 
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QUESTION 21 
The effect of light intensity on photosynthetic rate was investigated in sun-grown and shade-grown 
leaves. The results obtained from this investigation are shown in the graph below. 

Which of the following statement is a conclusion that can be drawn from the graph? 

A. There are more chloroplast-containing cells in sun-grown leaves than shade-grown leaves, 
thus light saturation point for sun-grown leaves is higher.  

B. Shade-grown leaves are more efficient at harnessing light energy at high light intensity. 
C. Compensation point of sun-grown leaves is higher than shade-grown leaves as sun-grown 

leaves require less carbon dioxide to carry out photosynthesis. 
D. Rate of Calvin cycle is faster in sun-grown leaves than shade-grown leaves at very low light. 

QUESTION 22 
An experiment was conducted to investigate respiration of yeast cells. 

Tube 1: Radioactive glucose solution + suspension of yeast cells + oxygen  

Tube 2: Radioactive glucose solution + suspension of yeast cells + oxygen + antimycin 

All the six carbon atoms of the radioactive glucose were 14C. The initial radioactivity measured in 
each test tube was 60 arbitrary units. 

Antimycin is an electron transport chain inhibitor. 

After all the glucose was metabolized, the amount of radioactivity in the gaseous product and the 
content of the tubes were measured. Which of the following shows the expected result? 

tube 1 
(radioactivity / arbitrary units)

tube 2 
(radioactivity / arbitrary units)

Content in tube 1 gaseous product Content in tube 2 gaseous product

A. 40 20 0 60

B. 0 60 20 40

C. 0 60 40 20

D. 60 0 40 20
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QUESTION 23 
Vision is based on the absorption of light by photoreceptor cells in the eye. Detection of light by the 
photoreceptor cells is mediated by a transmembrane receptor protein, rhodopsin. Absorption of 
light by rhodopsin initiates a cascade of events that closes an ion-channel, resulting in a change 
the voltage (difference in charges) across the cell membrane, thus producing a signal which is 
communicated to the brain. 

The figure below illustrates the signaling events that take place in a photoreceptor cell upon light 
stimulation. 

Key: 
GMP = guanosine monophosphate 
cGMP = cyclic guanosine monophosphate 

Which of the following correctly describes the role of the proteins in rhodopsin signaling? 

Rhodopsin Transducin Phosphodiesterase cGMP-gated ion 
channel

A.

a G-protein linked 
receptor which 

changes 
conformation upon 

light absorption

a G-protein which is 
activated when the 

bound GDP 
replaced by GTP

activated by GTP-
bound transducin

and converts cGMP 
to GMP to terminate 

the transduction

closes when cGMP 
dissociates from it, 

preventing ions from 
entering the 

photoreceptor cell

B.

a G-protein linked 
receptor which 

changes 
conformation upon 

light absorption

a relay protein 
which is activated 
when the bound 
GDP replaced by 

GTP

converts cGMP to 
CMP, which is a 

second messenger 
that brings about a 

response

closes when cGMP 
dissociates from it, 

preventing ions from 
entering the 

photoreceptor

C.

a G-protein linked 
receptor which 

changes 
conformation upon 
binding to G protein

a G-protein which is 
activated when the 

bound GDP is 
phosphorylated to 

GTP

activated by GTP-
bound transducin 

and converts cGMP 
to GMP to terminate 

the transduction

opens when cGMP 
dissociates from it, 

allowing ions to
enter the 

photoreceptor cell

D.

a G-protein linked 
receptor which 

changes 
conformation upon 
binding to G protein

a relay protein 
which is activated 
when the bound 

GDP is 
phosphorylated to 

GTP

converts cGMP to 
CMP, which is a 

second messenger 
that brings about a 

response

opens when cGMP 
dissociates from it, 

allowing ions to 
enter the 

photoreceptor cell
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QUESTION 24
Which statement(s) are proposed by the Darwinian evolutionary theory? 

1 Advantageous behaviour acquired during the lifetime of an individual is likely to be 
inherited. 

2 In competition for survival, the more aggressive animals are more likely to survive. 
3 An individual most adapted to a stable environment will stop evolving. 
4 Variation between individuals of a species is essential for evolutionary change. 

A.  1, 2 and 4 only B.   2 and 3 only C.  3 and 4 only D. 4 only 

QUESTION 25
Human activity often results in habitat loss. The remaining habitat in an area become fragmented 
forming smaller patches of habitat, through for example, construction of new roads and 
deforestation. 

Which statements describe how a small habitat patch differs from a larger patch of the same habitat? 

1 biodiversity decreases 
2 competition from surrounding habitats increases 
3 gene pool increases 
4 populations of large animals decrease 

A. 1 and 2 only 
B. 2 and 3 only 
C. 3 and 4 only
D. 1, 2 and 4 only 
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QUESTION 26
The primrose, Primula vulgaris, is a small herbaceous, yellow-flowered plant which is common in 
cooler areas of the Northern hemisphere including alpine and Arctic areas. 

The flowers of the primrose have different flower shapes (polymorphic), which are adaptations for 
pollination. ‘Thrum-eyed’ primroses have a short style. ‘Pin-eyed’ primroses have much longer 
styles. The anther position also varies among the primrose. 

Some populations of primrose consist almost entirely of plants with intermediate flowers. These 
populations are common where there are fewer winged insects. 

Anthers produce pollen (male gametes) which land on the stigma, leading to fertilization. 

The diagrams show polymorphic flowers of primroses. 

Which statements are correct? 

1 Cross-pollination will be favoured between pin-eyed and thrum-eyed primroses. 
2 Primroses with pin-eyed flowers are likely to show more genetic diversity than primroses 

with intermediate flowers. 
3 Primroses with thrum-eyed flowers are likely to be more able to adapt to changing 

environmental conditions than pin-eyed primroses. 
4 Self-pollination is more likely to occur in primroses with intermediate flowers. 

A.  1 and 2 only B.  1, 2, 3 and 4 C.   1, 2 and 4 only D.  3 and 4 only 
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QUESTION 27
Two areas of molecular biology that have received considerable attention in evolutionary studies 
are the genetic code and cytochrome c. Cytochrome c is an essential component of all respiratory 
electron transport chains. 

Which statements lend evidence to the ideas that 

 all living organisms are related, and 
 there is a single, rather than a multiple, origin of life? 

1 The almost universal nature of the genetic code is a result of evolutionary convergence from 
multiple lineages. 

2 The sequence of amino acids in cytochrome c is similar in organisms that are from similar 
environments or with similar metabolic demands. 

3 The majority of organisms have the same, or similar, amino acid sequences for cytochrome c. 
4 When transferred into a very dissimilar organism, a gene coding for cytochrome c will lead to 

the expression of a protein that will function in the other organism. 

A. 1 and 2 only B.  2 and 3 only C.  3 and 4 only D.  1, 3 and 4 only 

QUESTION 28
Which statement about immunity is correct? 

A. Antibody donation, but not antibody production, occurs with artificial active and artificial 
passive immunity. 

B. Artificial active immunity lasts for a greater length of time than natural passive immunity. 
C. Natural active immunity provides a faster response to infection than artificial active immunity. 
D. Recognition and binding by specific B-lymphocytes only occurs with natural immunity.

QUESTION 29
A student wrote down five statements about antibodies. 

1 Their structure depends on peptide, hydrogen and disulfide bonds. 
2 They are protein molecules with both tertiary and quaternary structure. 
3 Four polypeptides are coded for by two different genes.  
4 The great variation in antigen specificity is a result of alternative RNA splicing. 
5 Four polypeptides provide four antigen binding sites of the same specificity. 

Which statements are true? 

A.   1, 2 and 3 only B.  1, 3 and 4 only C.  2, 4 and 5 only D.  2, 3 and 5 only 
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QUESTION 30 
Forests usually provide habitats for a great number of species. The loss of species from 
ecosystems as a result of anthropogenic climate change is likely to affect food webs. However, 
ascertaining how the removal of one species from a food web might affect others is a challenge. 

Which of the following statements explain why it might be difficult to ascertain such effects? 

1 The loss of one species might affect multiple connections in food web. 
2 Organisms can switch their diet when their primary food source is scarce. 
3 The consequences on a food web might take a long time to occur. 
4 It is difficult to identify trophic levels in a food chain because of the diverse feeding 

behaviours. 

A.   1, 2, 3 and 4 B. 1, 2 and 3 only C.   2 and 4 only D.  3 and 4 only 

THE END  
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QUESTION 1 
(a) In 1934, two biologists Davson and Danielli published their suggestion for the structure of the 

cell surface membrane, as shown in Fig. 1.1.  

Fig. 1.1
 

(i) State one way in which the Davson-Danielli structure is similar to the fluid mosaic structure 
and one way in which it differs from the fluid mosaic model.  [2] 

 
Similarity …………………………………………………………………………………………….. 

 
………………………………………………………………………………………………………... 

 
Difference …..………………………………………………………………………………………. 
 
………………………………………………………………………………………………………... 

 
(ii) Suggest two problems that the Davson-Danielli structure of the membrane would pose to 

the functioning of the cell.  [2] 
 

1. .…………………………………………………………………………………………………... 
 

…………………………………………………………………………………………………… 
 
2. ………………………………………………………………………………………….………... 
 

…………………………………………………………………………………………………… 
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(b) Transport of substances across membranes involve many different mechanisms. 
 

Fig. 1.2 is a diagram showing the transport of protein-rich solid particles into an animal cell.  
 

 

Fig. 1.2 

(i) Describe the process at A.  [2] 
 

…………………………..…………………………………………………………………………… 
 
……………………………………………………………………………………..………………… 
 
…………………………………………………………………………………………..…………… 
 
……………………………………………………………………………………………..………… 

 
(ii) Describe what happens to the protein-rich solid particle between B and C.  [2] 

 
…………………………..…………………………………………………………………………… 
 
……………………………………………………………………………………..………………… 
 
…………………………………………………………………………………………..…………… 
 
……………………………………………………………………………………………..………… 
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(iii)  Name the organelles D and E and briefly describe their roles in the formation of C.   [4] 
 

Name of organelle D …………………………………………………………………..……………….. 
 
Role of organelle D …………………………………………………………………………..…...……. 
 
…………………………………………………………………………………………………………….. 
 
Name of organelle E …………………………………………………………………..……………….. 
 
Roles of organelle E ………………………………………………………………………..…...……. 
 
…………………………………………………………………………………………………………….. 
 
…………………………………………………………………………………………………………….. 
 
…………………………………………………………………………………………………………….. 
 

 [Total: 12] 
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QUESTION 2 
Glucose is phosphorylated at the start of glycolysis by the tetrameric enzyme, hexokinase.  
 
There are multiple hexokinase isozymes (I-IV) for the phosphorylation of glucose, enabling specific 
organs to regulate carbohydrate metabolism in a unique way. Hexokinase IV, also called 
glucokinase, is the predominant isozyme in the liver, while hexokinase I is found in almost all other 
tissues.  
 
Fig. 2.1 shows the difference in fractional saturation between glucokinase and hexokinase I, which 
represents the fraction of binding sites that are occupied by glucose.  
 

 
Fig. 2.1 

 
(a) With reference to Fig. 2.1 and using your knowledge of enzymes, account for the shape of the 

curve for glucokinase from 0 to 10mM of glucose concentration.  [4] 
 

…………………………………………………………………………………………………………….. 
 
…………………………………………………………………………………………………………….. 

 
…………………………………………………………………………………………………………….. 
 
…………………………………………………………………………………………………………….. 

 
…………………………………………………………………………………………………………….. 
 
…………………………………………………………………………………………………………….. 

 
…………………………………………………………………………………………………………….. 
 
…………………………………………………………………………………………………………….. 
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(b) Suggest an advantage to most cells in the body of containing hexokinase I rather than 
glucokinase.  [2] 

 
…………………………………………………………………………………………………………….. 
 
…………………………………………………………………………………………………………….. 

 
…………………………………………………………………………………………………………….. 
 
…………………………………………………………………………………………………………….. 
 

(c) During a sporting event, muscle cells of an athlete may have to carry out respiration in 
anaerobic as well as aerobic conditions to produce sufficient ATP. 

 
(i) Name the membrane-bound enzyme responsible for producing ATP from ADP and 

inorganic phosphate.  [1] 
 

………………………………………………………………………………………………………... 
 
(ii) Explain how anaerobic respiration helps to meet the demand for sufficient ATP.  [2] 

 
………………………………………………………………………………………………………... 

 
………………………………………………………………………………………………………... 

 
………………………………………………………………………………………………………... 

 
………………………………………………………………………………………………………... 

 
[Total: 9] 
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QUESTION 3 
In vertebrates, sister chromatid cohesion is dependent on a complex of proteins called cohesin, 
which binds to and joins sister chromatids at the centromere until the onset of anaphase. 
 
Sister chromatid separation is initiated by cleavage of cohesin by the enzyme separase. Prior to 
anaphase, a protein called securin binds to separase and maintains it in the inactive form. 
Anaphase is initiated when securin is degraded, freeing the enzyme separase. 
 
Fig. 3.1 illustrates the transition from metaphase to anaphase during a mitotic cell cycle.  
 

 
Fig. 3.1 

 
(a) State a feature of centromeric DNA. [1] 

 
………………………………………………………...…………………………………………………... 

 
(b) Explain how a mutation to the centromeric DNA can lead to aneuploidy.  [3] 

 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 
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(c) State the class of enzyme to which separase belongs. [1] 
 
………………………………………………………...…………………………………………………... 

 
(d) Explain how securin maintains separase in the inactive form.  [3] 

 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 

 
(e) Explain how securin is degraded at the onset of anaphase.  [1] 
 

………………………………………………………...…………………………………………………... 
 

………………………………………………………...…………………………………………………... 
 

[Total: 9] 
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QUESTION 4 
Takahashi and fellow scientists had successfully reprogrammed human fibroblasts into a 
pluripotent state, known as induced pluripotent stem cells (iPS cells).  
 
(a) Define the term pluripotent stem cells.  [1] 
 

………………………………………………………...…………………………………………………... 
 

………………………………………………………...…………………………………………………... 
 
(b) The generation of iPS cells made use of four protein factors (non-enzymatic proteins), which 

are introduced into differentiated cells by retroviruses. Research has proven their function in 
upregulating “stemness” genes, while suppressing differentiation-associated genes in human 
iPS cells. 

 
(i) State the general name given to proteins such as those four protein factors.  [1] 

 
………………………………………………………...……………………………………………... 

 
(ii) Explain why the protein factor involved in upregulating “stemness” genes will contain both 

a DNA-binding domain and a protein-binding domain.  [2]  
 

………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 
 

(iii) Explain how an amino acid substitution within the DNA-binding domain can affect the 
function of the protein factor in (b)(ii).  [3] 

 
………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 

 
………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 

 
………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 

 
(iv) Explain why it is important that the scientists ensure high telomerase activities in the iPS 

cells.  [3] 
 

………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 

 
………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 

 
………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 
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(c) Further studies had shown that some iPS cells developed tumors, which is often attributed to 
the use of retrovirus. This issue of tumourgenesis must be overcome before iPS cells can be 
used in human therapies.  
 
(i) Suggest why the development of tumor in the iPS cells may be attributed to the use of 

retrovirus.  [2] 
 

………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 

 
………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 

 
(ii) With reference to the benefits and problems of iPS cells, discuss whether research on iPS 

cells should be continued.  [2]

………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 

………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 

[Total: 14] 
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QUESTION 5 
In May 2014, the Middle East respiratory syndrome coronavirus (MERS-CoV), which was first 
reported in Saudi Arabia in 2012, infected two Americans who travelled to Saudi Arabia. 
 
Coronaviruses are enveloped RNA viruses that infect and cause lower respiratory tract disease in 
a broad array of animals and humans. Virus particles range from 70 to 120 nm in diameter and are 
surrounded by characteristic spike-shaped glycoproteins, as shown in Fig. 5.1. Coronaviruses 
contain the largest single-stranded, positive-strand RNA genomes currently known, which range 
from 25.5 to nearly 32 kb in length. 
 
 

 
Fig. 5.1 

 
(a) Describe two structural differences between the genome of the coronavirus and the influenza 

virus.  [2] 
 

1. .……………………………………………………………………………………………………….. 
 

………………………………………………………………………………………………………... 
 
2. ………………………………………………………………………………………….…………….. 
 

………………………………………………………………………………………………………... 
 

(b) Describe how the coronavirus enters its host cell.  [3] 
 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 
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(c) Describe the process which allows the coronavirus to infect a broad array of animals and 
humans overtime.  [2] 
 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 

 
(d) Unlike the human immunodeficiency virus, the coronavirus genome is not integrated into its 

host DNA. 
 
Suggest how the coronavirus produces more copies of its genome.  [2] 
 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 

 
(e) The fatality rate of coronavirus infections is approximately 60%. 

 
Briefly explain how the coronavirus can cause death in humans.  [1] 

 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 

 
[Total: 10] 

  

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



JC2 Prelim Exam 2017 Biology 9744/02 13

QUESTION 6 
(a) Fig. 6.1 is an electron micrograph of a process that bacterial cells undergo which results in the 

formation of two daughter cells.  
 

 
Fig. 6.1 

(i) Name the process above and state the main component making up structure A.  [1] 
 

Process          …………………………………………………. 
 
Component making up Structure A       …………………………………………………. 

 
(ii) “The process above will always produce two genetically identical daughter cells”.  

 
Comment on the validity of this statement.  [1] 

 
………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 
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(b) The xyl operon is a catabolic operon involved in the breakdown of the sugar xylose. Fig. 6.2 
shows how a xyl-lac fusion operon is constructed, which consist of 2 structural genes from lac 
operon, regulatory sequences and the regulatory gene of the xylose operon. The arrows 
indicate the direction of transcription.  

 
To test its effects, the fusion operon was constructed and packaged into bacteriophages. The 
fusion operon was then inserted into the chromosomes of these bacterial cells upon infection. 

 
 

Fig. 6.2 
 

(i) State the process of this gene transfer. [1] 
 

………………………………………………………...……………………………………………... 

(ii) Suggest and explain one advantage of the process stated in b(i) over transformation in 
bacteria.  [2] 

………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 

 
………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 

 
(iii) Explain the condition required for lacZ gene to be expressed in bacteria cells in which the 

xyl-lac fusion operon has been introduced.  [3] 
 

………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 

 
………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 

 
………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 

 
(iv) Suggest why the direction of transcription of the regulatory and structural genes may differ.

 [2]  
 

………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 

 
………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 
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(c) Colibacillosis is a fatal condition caused by E. coli in poultry. In a study to examine the 
effectiveness of bacteriophages in treating colibacillosis, broiler chickens were first subjected 
to an aerosol spray containing bacteriophages on day 0.  They were then separated into five 
treatment groups.  Each treatment group was subsequently injected with E.coli on days 0, 1, 
2, 3 and 4 respectively. The mortality rate for each treatment group was determined after 21 
days.  The result of the study is represented by Fig. 6.3 below. 

 

 
Fig. 6.3 

With reference to Fig. 6.3 above,  
 

(i) Compare the trends observed in the control group and the groups that have been treated 
with bacteriophages, and comment on the effectiveness of such treatment.  [3] 

 
………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 

 
………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 

 
………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 

(ii) Suggest why the use of bacteriophages is a better alternative to antibiotic therapy for the 
chickens.  [1] 

 
………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 

 
[Total: 14]
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QUESTION 7 
(a) To analyse specific DNA sequences, various molecular processes are carried out. Fig. 7.1 

below shows one possible way in which the gene for colour vision can be obtained for analysis.  
 

 

Fig. 7.1 
 

(i) Describe what is added to process A to identify the DNA fragment containing the gene for 
colour vision.  [1]

 
………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 

(ii) Explain how process B ensures that many copies of the target sequence is produced.  [1] 
 

………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 
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(b) The inheritance of colour vision and ABO blood group was analysed in an extended family.  
 
The gene for colour vision is sex-linked.  
 
The gene for the ABO blood group system is on chromosome 9. There are three alleles 
controlling blood group. These three alleles give four possible phenotypes.  

 
Fig. 7.2 shows the inheritance of these two genes in the extended family. Colour blindness is 
a rare condition, and can be assumed that the disease allele is not present in phenotypically 
normal individuals from other families. 
 

 
Fig. 7.2 

 
(i) State a possible genotype for each of the following people in the family shown in Fig. 7.2.  

 [2] 
Individual I-2   …………………………………………………. 

 
Individual II-9 …………………………………………………. 

 
(ii) With reference to Fig. 7.2, explain why one grandson (III-12) of individual I-1 has inherited 

colour blindness but the other (III-10) has not.  [3] 
 

………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 

 
………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 

 
………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 
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(c) Nail-patella syndrome is a rare autosomal dominant trait that affects fingernails, toenails, 
elbows and kneecaps. The locus of the gene for nail-patella syndrome, N / n, is 10 map units 
from the ABO locus on chromosome 9. 

 
A man with nail-patella syndrome and blood group AB has a family of five children with his wife 
who does have the syndrome and is blood group O.  

 
Three children do not have the nail-patella syndrome and are blood group A.  

 
Two children have nail-patella syndrome and are blood group B.  

 
(i) Use a genetic diagram to illustrate the above cross between the man and his wife.  [3] 

 
 
  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(ii) Suggest why there is only a 5% probability of these parents having a child with both blood 
group A and nail-patella syndrome.  [2] 

 
………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 
 
………………………………………………………...……………………………………………... 

[Total: 12] 
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QUESTION 8 
Fig. 8.1 shows how a rise in blood glucose concentration stimulates the beta cells in the pancreas 
to secrete insulin, a protein hormone. 

 
Fig. 8.1 

(a) Explain the significance of an existing pool of insulin-rich vesicles in the -cell.  [2] 
 

………………………………………………………...…………………………………………………... 
 

………………………………………………………...…………………………………………………... 
 

………………………………………………………...…………………………………………………... 
 

………………………………………………………...…………………………………………………... 
 
(b) Outline the events leading to the release of insulin.  [4] 
 

………………………………………………………...…………………………………………………... 
 

………………………………………………………...…………………………………………………... 
 

………………………………………………………...…………………………………………………... 
 

………………………………………………………...…………………………………………………... 
 

………………………………………………………...…………………………………………………... 
 

………………………………………………………...…………………………………………………... 
 

………………………………………………………...…………………………………………………... 
 

………………………………………………………...…………………………………………………... 
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Insulin released by -cells reaches their target cells, such as liver and muscle cells. One of the 
responses of insulin is glycogen synthesis, as shown in Fig. 8.2. 
 

 
 
 

Fig. 8.2 
 
(c) Describe how protein kinase B triggers glycogen synthesis.  [3] 
 

………………………………………………………...…………………………………………………... 
 

………………………………………………………...…………………………………………………... 
 

………………………………………………………...…………………………………………………... 
 

………………………………………………………...…………………………………………………... 
 

………………………………………………………...…………………………………………………... 
 

………………………………………………………...…………………………………………………... 
 

[Total: 9] 
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QUESTION 9 
A recent study of populations of the house mouse, Mus musculus, on the island of Madeira resulted 
in the following observations: 
 
 There are six distinct populations. 
 The mice are associated with human migration and settlements. 
 The populations are located in different valleys separated by steep mountains. 
 Each population has a different diploid number of chromosomes 

 
As a result of these observations, it has been suggested that speciation is taking place. 
 
Fig. 9.1 is a schematic representation of Madeira showing the distribution of the six populations. 
 

 

Fig. 9.1 
 
(a) Using the information in Fig. 9.1, state the likely isolating mechanism and the type of speciation 

taking place.  [1] 
 

isolating mechanism …………………………………………………. 
 
type of speciation  …………………………………………………. 
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(b) ‘It has been suggested that speciation is taking place.’ 
 
Explain how this process is occurring in the house mouse populations of Madeira.  [5] 
 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 
 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 
 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 
 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 
 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 
 

(c) Explain the likely outcome of individuals from two separate populations being mated in captivity. 
 [2] 
 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 
 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 

 
(d) House mouse is classified as class Mammalia, phylum Chordata, kingdom Animalia. 
 

State one feature of the cells of the kingdom Animalia that distinguish them from the cells of 
other multicellular eukaryotes.  [1] 
 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 
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(e) The evolutionary relationship between organisms is based on the hypothesis that the rate of 
mutation of DNA stays constant. The rate of mutation can be estimated by comparing the 
differences in amino acid sequences between species whose time of speciation is 
independently determined from the dating of fossils. 

 
Explain why amino acid sequences of proteins could reveal useful evolutionary data for 
taxonomists.  [2] 
 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 

 
………………………………………………………...…………………………………………………... 

 
[Total: 11] 

 
 END OF PAPER 
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Section A 
Answer all the questions in this section. 

QUESTION 1 
Some types of snake kill their prey and defend themselves by means of a poisonous bite. Fangs 
(hollow teeth) inject venom from specialized glands into the victim. The venom contains a protein, 
which is a toxin. 

Different species of snake have toxins that act in different ways. Hemolytic toxins are enzymes that 
hydrolyze phospholipids. They damage tissues, including heart muscle, which lead to cardiac arrest. 
Neurotoxins, such as the one produced by green mamba snakes, bind to receptor proteins on the 
surface membranes of nerve cells or muscle fibers. This interferes with the transmission of nerve 
impulse, leading to muscle paralysis and heart failures. 

Fig. 1.1 shows the molecular structure of fasciculin-2, a neurotoxin produced by the green mamba 
snake. 

Fig. 1.1 

a) Describe the molecular structure of fasciculin-2.                [2] 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

b) With reference to hemolytic toxins and neurotoxins, explain why snake venom, which has been 
heated to 100 C for several minutes, would likely lose its toxicity.             [4] 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 
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c) State how enzymes which hydrolyze phospholipids damage tissues.             [1] 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

d) Some antibodies bind to toxins and inactivate them. These antibodies are known as anti-toxins. 
The human immune response is far too slow to be effective in making anti-toxins against snake 
venom. 

Injecting a very small, non-lethal quantity of venom into a horse produces anti-toxin. The horse 
produces anti-toxins that can be extracted from horse blood and used as an emergency 
treatment for those bitten by the same species of snake. Each time the horse is injected with 
venom, it is able to tolerate larger doses and the concentration of the specific anti-toxin in its 
blood is greater. 

i) Explain why the human immune response is too slow to protect a person from a snake bite.
                     [3] 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

ii) Explain why a horse is injected more than once with a small amount of venom when it is 
being prepared for use as a source of anti-toxin.                 [2] 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

iii) It was observed that upon injection with the toxin, different types of anti-toxins are produced. 
Each type of anti-toxin is different at the variable region, but they are equally effective against 
the toxin. 

Suggest why different anti-toxins are produced.               [2] 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 
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iv) Explain why treatment with the horse anti-toxin will not produce long-term protection against 
snake bites.                    [3] 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

e) In recent years, contortrostatin, a protein found in the venom of the southern copperhead snake, 
has been extensively demonstrated to hold great promises in cancer treatment. Contortrostatin 
binds to and disrupt the function of integrins, causing tissue damage. Integrins are 
transmembrane proteins that serve as bridges for cell-to-cell interactions, which is important in 
adhering endothelial cells of blood vessels to our body tissues. 

Using the information above and your knowledge on the characteristics of cancer cells, suggest 
why contortrostatin can be used as a medicine in cancer treatment.              [3] 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 
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f) Mice and monkeys have been successfully immunised against several important infectious 
diseases using experimental DNA vaccines, in the form of plasmids. Plasmids are small circular 
DNA molecules. 

During the 1990s, researchers found that mouse muscle and other mouse tissues were able to 
absorb plasmids which had been injected into the animals. Any genes that were part of this 
plasmid DNA were transcribed and translated. The resulting polypeptides were presented on the 
cell surface in complex with host receptor molecules, which allow the immune system to 
recognise the polypeptide as non-self. Proteins that are presented at the cell surface in this way 
stimulate the lymphocytes of the immune system very effectively. 

This discovery allows plasmid DNA to be used as a vaccine, even though the DNA does not itself 
act as an antigen. Most vaccines contain proteins, or fragments of proteins, that are extracted 
from the surface of pathogens. It is a complex and costly procedure to purify these protein 
antigens. 

Fig. 1.2 shows a simplified diagram of a DNA vaccine. This plasmid codes for two antigens, A
and B.

Fig. 1.2 

i) Suggest why proteins presented at the cell surface of antigen-presenting cells are able to 
stimulate an immune response more effectively than proteins dissolved or suspended in the 
blood or tissue fluids.                   [1] 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 
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ii) Sequences of nucleotides, labelled G on Fig. 1.2, code for groups of amino acids at the 
beginning of each polypeptide. These amino acid sequences direct the newly-synthesised 
polypeptides to the rough endoplasmic reticulum of the muscle cell. 

Suggest how this makes the vaccine effective.               [2] 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

iii) Suggest why it may be advantageous to include nucleotide sequences coding for more than 
one antigen in a DNA vaccine.                 [1] 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

[Total: 24]
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QUESTION 2 
In an attempt to control the spread of dengue, using genetic modification, a piece of DNA is inserted 
into the Aedes aegypti mosquito genome at the embryonic stage. This DNA contains a lethal gene 
(tTAV gene) which codes for a protein called tTAV. This protein acts as a molecular switch to shut 
down the expression of all other genes, leading to death of the insect. In order to shut down all other 
genes, the tTAV protein concentration in the cell must reach a high concentration. To achieve that, 
the tTAV proteins that are initially synthesized also function to increase the expression of its own 
gene, thereby producing even more tTAV proteins, demonstrating what is known as a positive 
feedback. 

This tTAV protein, however, is inactivated by a compound called tetracycline, which is incorporated 
into the food that the developing larvae feed on. Hence, the genetically-modified (GM) larvae survive 
to adulthood, with much of the tetracycline still remaining in them. Male GM mosquitoes are then 
selected to breed with females to produce large number of offspring. The male GM offspring are 
selected and fed with tetracycline until they reach adulthood. They are then released into the wild to 
mate with wild-type females. Any offspring larvae produced will contain the tTAV gene, which is 
expressed to cause death of the larvae. 

a) Explain how tTAV protein increases the expression of its own gene.             [2] 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

b) Suggest a reason why a high concentration of tTAV proteins would shut down the expression of 
all other genes.                    [2] 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

c) Suggest two advantages of using GM mosquitoes over the use of pesticides in controlling the 
spread of dengue.                    [2] 

1. ………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

2. ………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 
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Male GM mosquitoes have been used in open field trials in countries such as Cayman Islands. The 
town where the Aedes aegypti mosquitoes predominate was divided into three areas, as shown in 
Fig. 2.1. 

Area A – the treatment site where male GM mosquitoes are released 
Area B – buffer zone 
Area C – the non-treated control site 

The mosquito populations in area A and area C were measured using an ovitrap – a device that is 
attractive as an egg-laying site for female mosquitoes. 

Fig. 2.1 

d) State why the release of male GM mosquitoes in area A will not increase the risk of transmission 
of dengue.                     [1] 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

e) Suggest the purpose of area B.                  [1] 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 
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The number of ovitraps that contain eggs were recorded every week for 6 months. Fig. 2.2 shows 
the ovitrap index, which is calculated based on the percentage of ovitraps containing eggs.  

Fig. 2.2 

f) Comment on the trend observed for both the treated and control site.             [4] 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 
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g) Global warming is the unusually rapid increase in Earth’s average surface temperature over the 
past century primarily due to the greenhouse gases released as a result of anthropogenic 
activities. The global average surface temperature rose by 0.6 to 0.9 C between 1906 and 2005, 
and the rate of temperature increase has nearly doubled in the last 50 years. Temperatures are 
certain to go up further. 

i) Explain how global warming has encouraged the spread of dengue.            [3] 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

ii) Apart from the spread of mosquito-borne diseases, global warming is already putting 
pressure on ecosystems (the plants and animals that co-exist in a particular climate zone), 
both on land and in the ocean. Warmer temperatures have already shifted the growing 
season in many parts of the globe. Spring is arriving earlier in both hemispheres, causing the 
growing season in parts of the Northern Hemisphere becoming two weeks longer in the 
second half of the 20th century. 

This change in the growing season also affects the broader ecosystem. Migrating animals 
have to start seeking food sources earlier. Furthermore, the shift in seasons may already be 
causing the life cycles of pollinators, like bees, to be out of sync with flowering plants and 
trees. This mismatch can limit the ability of both pollinators and plants to survive and 
reproduce, which would reduce food availability throughout the food chain. 

Describe how global warming has impacted other biotic factors.             [3] 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

[Total: 18] 
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b) Explain why photorespiration will reduce the rate of the Calvin cycle.             [2] 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

c) Rubisco has been described as a classic example of ‘unintelligent evolutionary design’.

Explain why.                    [3] 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

[Total: 8]
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Section B 
Answer ONE question in this section. 

Write your answers on the lined paper provided at the end of this Question Paper. 
Your answers should be illustrated by large, clearly labelled diagrams, where appropriate. 

Your answers must be in continuous prose, where appropriate. 
Your answers must be set out in parts (a), (b), etc., as indicated in the question. 

QUESTION 4 
a) DNA molecules replicate with a high degree of accuracy, yet not always perfectly. 

Describe how this occurs and discuss why the survival of a species depends on DNA molecules 
being stable, yet not absolutely stable.               [13] 

b) Discuss the view that all life forms depends on phosphate.            [12] 

[Total: 25] 

QUESTION 5 
a) It is observed that cancer cells share similar characteristics as stem cells, yet there are 

characteristics which distinguish them. 

Describe the above observations and explain the molecular basis of cancer.          [13] 

b) Discuss the importance of hydrogen bonding in ensuring the continuity of life.          [12]

[Total: 25] 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 
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…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 
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Preparation List – QUESTION 1 

No. Reagents/Apparatus/Chemicals Quantity per pax 

1 Mung bean seeds (Vigna radiata) previously soaked for 24 hours in 
tap water 20

2 Soda lime pellets in a capped container labelled: 
“Soda lime, harmful, corrosive” 10 g 

3 Respirometer 1
4 Stopwatch 1
5 30 cm ruler (mm) 1

6 Colored solution in a small container labelled “dye”
 Water with red or blue food dye added 5 cm3

7 Marble-size ball of Plasticine® 1
8 Small ball of cotton wool (50-cent coin size) 1
9 Blunt forcep 1
10 Access to mass balance (0.01g accuracy) 8 per lab 
11 Safety glasses 1
12 Latex gloves 1 pair 
13 Spatula 1
14 Paper towels 5
15 Glass rod 1

Instruction for preparation 

Mung beans 
 Container used to be large enough for the expansion of the beans 
 Water height just enough to cover the beans 

Soda lime 
 Pellets of soda lime can be packed in advance in air-tight plastic containers 

Respirometer
 20-cm3 syringe 
 20-cm length capillary tube of 1mm bore 
 Plastic tubing 

 Syringes used should be air-tight plunger that does not leak when tested by immersing in water. 
 Tubing must be tight enough to prevent air leakage. This can also be tested by immersing the 

joint in water. 
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Preparation List – QUESTION 2 

No. Reagents/Apparatus/Chemicals Quantity per pax 
1 In a capped container, labeled K, 10% urease solution 25 cm3

2 In a capped container, labeled U, 10% urea solution 25 cm3

3 In a beaker, labeled W, distilled water 100 cm3

4 Red litmus paper (6 x 1 cm) 4
5 Test-tube rack, suitable for holding 6 test-tubes 1
6 Test-tubes 6
7 Small beakers to hold up to 50 cm3 6 
8 Paper towels 8
9 10 cm3 syringe 2

10 5 cm3 syringe 2
11 White tile 1
12 Glass rod 1
13 Blunt forceps 1
14 Scissors to cut litmus paper 1
15 Ruler (mm) 1
16 Container, labeled ‘waste’ 1 
17 Stopwatch 1
18 Marker 1
19 Safety glasses 1
20 Access to sink and tap water -

Preparation of solutions 

Solution E – 10% urease solution at room temperature 
 Dissolve 10 g of urease active meal or three crushed tablets of urease (according to 

manufacturer’s instructions) in a beaker with 50 cm3 of distilled water 
 Make up to 100 cm3 with distilled water 
 Mix well 
 The solution may remain cloudy. 

Solution U – 10% urea solution at room temperature 
 Add 10 g of urea to 80 cm3 of distilled water in a beaker 
 Make up to 100 cm3 with distilled water 
 Mix well 

Testing the activity of urease 

 Before the practical, put a small piece of red litmus paper into a dry test-tube. Add 2 cm3 of E
then 2 cm3 of U and start timing. Record time taken for the litmus paper to start tuning blue. 

 If this is longer than 5 minutes, increase the concentration of urea to 15%. 
 It is not necessary to inform students that the concentration is different from that given in the 

question paper. 
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Answer all questions. 

QUESTION 1 
Fig. 1.1 shows the structure of a dormant seed that has been cut in half (longitudinal section).

Fig. 1.1 

Dormant seeds have a very low rate of respiration. When water is absorbed by dormant seeds, 
growth hormones are activated. These hormones activate genes that code for the synthesis of 
enzymes. These enzymes are used to hydrolyze the food reserves so they can be used for 
respiration and growth. The respiration rate can be measured using a respirometer. 

Fig. 1.2 shows the respirometer. 

Fig. 1.2 

As the seeds respire, oxygen is removed from the air and carbon dioxide is released. This carbon 
dioxide is absorbed by the soda lime. As the oxygen is used by the seeds, the pressure falls, 
causing the coloured dye to move along the capillary tube. 

You are required to investigate the rate of oxygen uptake by respiring seeds. 

Soda lime is harmful and corrosive. Safety glasses and gloves should be worn. 
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1. Sketch a fully-labelled graph to show the expected relationship between the volume of oxygen 
uptake and time.                    [1] 

Proceed as follows: 

Fig. 1.2 shows the respirometer that you will be setting up and using. 

2. Place a small plug of cotton wool in the respirometer and use a glass rod to gently push it to 
the bottom. The cotton wool must NOT be compacted. 

3. Using a spatula, add soda lime pellets on top of the cotton wool plug in the respirometer. The 
soda lime pellets should form a layer of about 1 cm deep. 

4. Add another small plug of cotton wool to the respirometer and gently push it down until it is just 
above the soda lime pellets. Do NOT compact the cotton wool. 

5. Take 10 mung beans and briefly dab them dry with paper towels. Find and record their mass. 

Mass: ……………………. g 

6. Add the 10 mung bean seeds to the respirometer. Place the plunger. Leave the respirometer 
for 5 minutes. 

Explain the purpose of leaving the respirometer for 5 minutes.              [1] 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

7. Read through the remaining steps up to step 15 and decide on the results that you will be 
recording. Prepare a table to record all of these results in the space provided under step 15.

8. Place the end of the capillary tube into the dye solution and use the syringe plunger to pull in 
about 1 cm length of the dye. Wipe off any excess dye on the outside of the capillary tube. 

9. Place a ruler alongside the capillary tube and use a support, such as Plasticine® or Blu Tack®, 
to keep the capillary tube horizontal and aligned with the ruler. 

10. Record the cumulative distance moved by the dye at every 30-second intervals for 5
minutes. Do not start the stopwatch until the dye has started to move. 
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11. If the dye has reached the end of the capillary tube before 5 minutes, pause the stopwatch but 
do not reset it to zero. Make a note of the cumulative distance moved by the dye up to this 
point. Reset the respirometer by pushing the plunger to move the coloured dye to the start 
position. As soon as the dye starts moving again, restart the stopwatch and continue recording 
the cumulative distance moved by the coloured dye at the completion of each 30-second 
interval, up to 5 minutes. These measurements will need to include both the cumulative 
distance noted when the respirometer was reset and the distance moved subsequently. 

12. After 5 minutes, carefully expel the coloured dye onto a piece of paper towel by pushing in the 
plunger. 

13. Carefully pull the plunger out of the syringe completely, without disturbing the contents. 
Replace the plunger and leave for 5 minutes. While waiting, proceed to step 16.

14. After 5 minutes, repeat steps 8 to 11 to measure and record a second set of results for these 
seeds. 

15. Record all of your results in the table you have prepared below.             [5] 

KiasuExamPaper.com
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16. Suggest an advantage of recording the cumulative distance moved by the coloured dye every 
30 seconds, instead of only recording the total distance moved after 5 minutes.           [1] 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

17. Assuming that a 10 mm length of capillary tubing has a volume of 8.0 mm3, calculate the mean 
rate of oxygen consumption of the mung bean seeds per gram of tissue in mm3s 1g 1 over the 
entire 5 minutes.                    [3] 

Show all the steps in your calculation, including relevant units at each step. 

Mean rate of oxygen consumption: ……………………… mm3s 1g 1

18. Describe a control for this experiment and explain the rationale for this control.           [2] 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 
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19. Table 1.1 shows the results from an experiment to measure the rate of oxygen consumption of 
15 pea seeds at different temperatures. The experiment was repeated three times for each 
temperature, and the average rate was calculated.  

Table 1.1 

Temperature / C Average rate of oxygen 
consumption / mm3s 1

Average rate of oxygen consumption 
per gram of tissue / mm3s 1g 1

10 8.30 
…………………………

15 11.0 
…………………………

20 15.8 
…………………………

25 20.0 
…………………………

30 33.5 
…………………………

(a) The mean mass of one pea seed is 50.0 mg. 

Complete Table 1.1 by calculating the average rate of oxygen consumption per gram of 
tissue in mm3s 1g 1.

Show your working for the result at 10 C, in the space below.             [2] 

(b) State and explain the most important variable that needs to remain constant throughout the 
experiment.                    [2] 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 
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(c) The average rate of oxygen consumption was compared between 10 C and 15 C using 
Student’s t-test. The calculated t-value was determined to be 1.740. 

Degrees of 
freedom

Significance level 
0.50 0.20 0.10 0.05 0.02 0.01 

1 1.000 3.078 6.314 12.706 31.821 63.657 
2 0.816 1.886 2.920 4.303 6.965 9.925 
3 0.765 1.638 2.353 3.182 4.541 5.841 
4 0.741 1.533 2.132 2.776 3.747 4.604 
5 0.727 1.476 2.015 2.571 3.365 4.032 
6 0.718 1.440 1.943 2.447 3.143 3.707 

Using the t-distribution table above, explain what conclusions can be drawn from the 
calculated t-value.                   [3] 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

(d) In a further investigation, using the same respirometer at 20 C, the soda lime was removed 
and the experiment repeated. The dye did not move. 

Suggest why the dye did not move.                 [1] 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

[Total: 21] 
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QUESTION 2 
Urea, U, reacts with water to form aqueous ammonium carbonate. Aqueous ammonium carbonate 
produces ammonium ions. These form an alkaline solution which causes red litmus paper to turn 
blue. The time take for red litmus paper to turn blue can be used to monitor the progress of the 
reaction. 

K is known to play a role in the above reaction. You are required to investigate the effect of 
concentration of solution K on this reaction. 

You are provided with: 

 25 cm3 of 10.0%, K, which is an irritant. 
 100 cm3 of distilled water, W.
 25 cm3 of a solution of urea, U.
 Red litmus paper, each about 6 cm in length. 

It is recommended that you wear safety goggles. 

1. Carry out serial dilution of solution K, to reduce the concentration of the solution by half 
between each of four successive dilutions, and set up a control. 

Label four small beakers, D1, D2, D3 and D4, for the serial dilutions, and label another small 
beaker, C, for the control. 

Complete the table below to show how you will make the different concentrations of solution K
and how you will set up the control, C.

Record the values to 3 significant figures.                [2] 

Label K D1 D2 D3 D4 

Concentration of K / % 
……….. ……….. ……….. ……….. ………..

Volume of solution K taken from 
the previous dilution / cm3 ……….. ……….. ……….. ………..
Volume of distilled water, W / 
cm3 ……….. ……….. ……….. ………..

Description of the control, C:

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 
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2. In order to monitor the progress of the reaction, in step 4, red litmus paper will be added to 
each mixture of solution K and solution U, in a test-tube. To prevent the paper from sticking to 
the wall of the test-tube, you will need to use the glass rod to add it as follows: 

Cut a piece of red litmus paper so that it is a little shorter than the circumference of the glass 
rod. Moisten the paper and stick it to the end of the glass rod as shown in Fig. 2.1. The glass 
rod can then be lowered into the mixture of K and U. The red litmus paper will slip off into the 
mixture and the glass rod can then be removed. 

Fig. 2.1 

Proceed as follows: 

3. To test the activity of the highest concentration of solution K, put 2 cm3 of U into a test-tube, 
then add 2 cm3 of K and mix well. The reaction will start as soon as K is added. 

Immediately put one piece of red litmus paper into the test-tube as described in step 2 and start 
timing.

4. Record the time taken for the piece of red litmus paper to turn blue. If the piece of red litmus 
paper does not turn blue in 10 minutes, record as ‘more than 600’.

5. Repeat steps 3 and 4 for the other concentrations of solution K, and the control, C. The red 
litmus paper used each time should be of the same size. 

6. Using an appropriate format, record the results of this investigation for the various 
concentrations of solution K, including the control, in the space provided (in step 7).
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7. Use the space below to record your results.                [3] 

8. From the results of your investigation, suggest the identity of K.  [2] 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………….. 

9. Calculate the rate of reaction using your result for 10.0% concentration of solution K. Show 
your workings clearly.  [1] 

Rate of reaction: ……………….. s 1

KiasuExamPaper.com
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10. (a) Lack of replicates is a limitation of this procedure. 

Describe one other limitation.                  [1] 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

(b) Suggest how you would make one improvement to this procedure to reduce the effect of 
the limitation identified in 10(a).                 [1] 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 
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11. The effect of pH on the activity of two proteolytic enzymes, A and B, was compared. The 
substrate of the enzymes was coloured jelly, which is made of proteins. It is known that both 
enzymes work best at 38 C. 

The apparatus for each pH was set up as shown in Fig. 2.2. 

Fig. 2.2 

The block of coloured jelly gets smaller as it is digested by the enzymes. 

(a) State two variables which would need to be controlled and suggest how each variable would 
be controlled.                    [2] 

1. ……………………………………………………………………………………………………. 

……………………………………………………………………………………………………. 

2. ……………………………………………………………………………………………………. 

……………………………………………………………………………………………………. 

The results of the investigation are shown in Table 2.1. 

pH
Area of jelly present after 90 minutes / mm2

enzyme A enzyme B 
4.0 10 134 
6.4 76 124 
7.4 128 76 
8.0 138 52 
9.0 140 6 

Table 2.1 

KiasuExamPaper.com
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(b) Plot, on the grid below, the data shown in Table 2.1.  Draw lines of best fit for enzyme A
and enzyme B.                   [3] 

KiasuExamPaper.com
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(c) Describe the effect of pH on the activity of enzymes A and B.             [1] 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

(d) Explain why changes in pH affect the activity of these two enzymes differently.           [4] 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

………………………………………………………………………………………………………... 

[Total: 20] 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



Prelim 2017, H2/9744 Biology, Paper 4
15

QUESTION 3 
You are required to plan an investigation to find out the effect of surface area-to-volume ratio on 
the rate of diffusion of hydrochloric acid into agar blocks containing phenolphthalein.  

Phenolphthalein is an indicator which appears pink at pH higher than 7, and colourless at pH less 
than 7.

You must use: 

 Sixteen 2cm x 2cm x 2cm phenolphthalein-containing agar blocks at pH 8  

 10 g dm-3 hydrochloric acid  

You may select from the following apparatus and use appropriate additional apparatus: 

 normal laboratory glassware, e.g. test-tubes, boiling tubes, beakers, measuring cylinders, glass 
rods, etc. 

 syringes 

 timer, e.g. stopwatch 

 white tile  

 scalpel 

 15-cm ruler 

Your plan should: 

 have a clear and helpful structure such that the method you use is able to be repeated by 
anyone reading it. 

 be illustrated by relevant diagram(s), if necessary, to show, for example, the arrangement of 
apparatus used.  

 identify the independent and dependent variables. 

 describe the method with scientific reasoning used to decide the method so that the results are 
as accurate and repeatable as possible. 

 include the layout of result tables and graphs with clear headings and labels. 

 use the correct technical and scientific terms. 

 include reference to safety measures to minimise any risks associated with the proposed 
experiment. 

[Total: 14] 
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QUESTION 1 
Cell fractionation is a method used to study cell components. It is achieved by taking a number of 
cells and breaking their cells surface membranes to release the contents of the cells into a buffer 
solution, and then subjecting the contents to gentle homogenization to preserve the integrity of the 
organelles. 

In zonal centrifugation, the suspension of cell contents is placed on top of a sucrose density 
gradient. The tube is then placed in a centrifuge and spun at high speed.  

Which of the following options shows the positions of the organelles after centrifugation from the 
top to the bottom of the sucrose density gradient? 

top bottom

A S R Q P
B R S P Q
C P R S Q
D Q S R P

Q 

R S 
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QUESTION 2 
The diagram shows a stage micrometer on which the small divisions are 0.1 mm. It is viewed 
through an eyepiece containing a graticule. 

The stage micrometer is replaced by a slide of a plant cell. 

What is the diameter of a chloroplast? 

A. 0.5 mm B. 10 μm C. 50 μm D. 100 μm
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QUESTION 3  
An antibiotic inhibits the formation of cross-links between the molecules that form cell walls in 
bacteria. 

Which statements explain why bacteria are killed by the antibiotic? 

1. The bacterial cell is destroyed by osmotic lysis.
2. The cellulose molecules cannot form hydrogen bonds.
3. The cell wall is no longer selectively permeable.

A 1 and 2 only B    2 and 3 only C    1 only D    2 only

QUESTION 4 
The diagram shows the cell surface membrane of an actively respiring cell in a tissue that has been 
placed in a solution of glucose with a lower water potential than that of the tissue cells. 

What correctly describe the movements of molecules across the cell surface membrane shown by 
arrows P, Q and R? 

QUESTION 5 
Which biological molecules always contain the element nitrogen? 

A. glycine, cellulose, mRNA
B. collagen, DNA, lipids
C. enzymes, mRNA, HIV genome
D. membrane proteins, starch, tRNA

P Q R

A diffusion of glucose diffusion of oxygen diffusion of water

B diffusion of oxygen diffusion of water diffusion of glucose

C diffusion of water active transport of glucose diffusion of oxygen

D diffusion of oxygen facilitated diffusion of glucose diffusion of water

s aaalwwayayayayayayayysssssss cocoooooontntntntntntntn iiainn nnnnnn ththththththhtheeeeeeeee elelelelelelele emememememememe eneneneneenene ttt ttttttt nnnninnnnnn trtrrrrrrogogogogogogogo enenennnenenenenn??

NAAAAAAAA
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QUESTION 6 
Which features allow a cellulose molecule to be adapted for its function? 

1. Long chains of β-glucose molecules have multiple branches. 
2. Many hydrogen bonds are formed between adjacent chains. 
3. It is insoluble in water. 
4. There is a high proportion of the amino acid glycine, which has a very small side chain. 

A. 2 and 3 only B. 3 and 4 only C.   1, 2 and 3 only      D. 2, 3 and 4 only

QUESTION 7 
The diagrams show the structures of two amino acids, each of which has two carboxylic acid 
groups (–COOH). 

Which groups form the bonds that maintain the configuration of α-helices? 

A. 1 and 4 B. 1 and 5 C. 2 and 3 D. 2 and 5
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QUESTION 8 
Two enzymes, X and Y, were used in an experiment. 

Enzyme X was from bacteria that live in rivers and lakes at temperatures from 5 C to 20 C.

Enzyme Y was from bacteria that live in hot water springs at temperatures from 40 C to 85 C.

The experiment measured the concentration of product produced by each enzyme at temperatures 
between 0 C and 100 C after 5 minutes. 

Which graph shows the results? (B)

QUESTION 9 
Which statements about the cell cycle are correct? 

1. Heterochromatin takes a longer time than euchromatin to replicate during S phase.

2. Different cells have different durations of the cell cycle because the length of G1 phase is 
the most variable.

3. DNA is repaired in each checkpoint to ensure the integrity of DNA molecules.

A 1, 2 and 3 B     1 and 2 only C     1 and 3 only D     2 and 3 only

e diddididddid ffffff erreneenennennt tt ttt duraaaaaatittttt onsssss ofofofofofofofof thehehhee celelelelll l cycle becausee tht e 

eaaaaaaaaachcchccchh ccccccchehehehhehheh ckckckckkckckckppppoppp int t t ttttt tototototototoot eeeeeeeeeensnsnsnsnsnsnssnsn urrrrrrreeeeeeeee ththththththttht e intetttttt grgriittititittty y ofof DDNANA m

1 andddddddd 2222 22222 onlllyl CCCCCCCC     1111111 anddddddd 3 onlyly DD     2 an
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QUESTION 10
The ends of a eukaryotic chromosome contains a special sequence of DNA called a telomere. 
Human telomeres consist of repeating TTAGGG sequences which extend from the ends of the 
chromosomal DNA.  

Then cells undergo mitotic division, some of these repeating sequences are lost. This results in a 
shortening of the telomeric DNA.  

In some cells, telomerases are present as a counter-measure.  

Which description of the consequence of the loss of telomeres and of the role of telomerase reverse 
transcriptase is correct? 

Consequence of the loss of telomeres Role of telomerase reverse 
transcriptase

A. The cells will synthesise different proteins. Uses RNA as a template to make single-
stranded DNA.

B. Mitosis will be halted at the G2 checkpoint. Inhibits the loss of telomeres from DNA 
during semi-conservative replication.

C. The number of mitotic divisions the cell can 
undergo will be limited.

Uses RNA as a template to make single-
stranded DNA.

D. Lead to the end-to-end fusion of 
chromosomes together. 

Inhibits the loss of telomeres from DNA 
during semi-conservative replication.
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QUESTION 11 
Bacteria were grown in a medium containing 15N. After several generations, all of the DNA 
contained 15N. Some of these bacteria were transferred to a medium containing the common 
isotope of nitrogen, 14N. The bacteria were allowed to divide once. The DNA of some of these 
bacteria was extracted and analysed. This DNA was all hybrid DNA containing equal amount of 
14N and 15N.  

Some bacteria from the medium with 15N were transferred into a medium of 14N. The bacteria were 
allowed to divide twice. The graph shows the percentage of 14N and 15N in the DNA of these 
bacteria.  

Some bacteria from the medium with 15N were transferred into a medium of 14N. The bacteria were 
allowed to divide three times.  

What would be the percentage of 14N and 15N in the DNA extracted from these bacteria? 
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QUESTION 12 
Ribonuclease is an enzyme that digests RNA. The first five amino acids of the functioning molecule 
of ribonuclease are:  

lys-glu-thr-ala-ala 

The mRNA of the gene coding for ribonuclease, for the first 15 nucleotides, has the following 
sequence.   

AUGAAGGAAACUGCU 

A genetic code, showing mRNA codons, is shown below. 

Which event occurs to explain the information given above? 

1 The first amino acid on the polypeptide chain is removed in post-translational 
modification.  

2 The first codon is removed from the mRNA transcript in post-transcriptional modification.  
3 The mRNA binds to the rRNA in the second codon position during translation. 
4 There is no tRNA with an anticodon complementary to the first codon.  

A. 1 only B. 3 only C. 1 and 2 D. 1, 2 and 4
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QUESTION 13  
Figure below shows two aminoacyl-tRNA and a corresponding complementary region on the 
mRNA based on the Wobble hypothesis.  

Which of the following are possible conclusions that can be made from the above figure? 

1 The third nucleotide on the anticodon may be modified to complementary base pair to 
different nucleotides.  

2 A base-pair substitution at the third nucleotide of a triplet can result in the same amino acid 
being coded for.  

3 Less than 20 different aminoacyl-tRNA synthetases are required to code for the naturally 
occurring amino acids.  

4 All amino acids are coded for by more than one codon. 
5 The genetic code is redundant but not ambiguous.  

A. 1, 2 and 5 B. 1, 3 and 4 C. 2, 3 and 5 D. 1, 2, 4 and 5

QUESTION 14 
The following statements describe gene mutation. 

1 It can occur in both somatic and sex cells. 
2 It can cause sickle-cell anemia and Down syndrome in humans. 
3 It can change the number of base pairs in a gene.  
4 It can change a dominant allele into a recessive allele, but not a recessive allele to 

dominant allele.  

Which statements are not correct? 

A. 3 and 4 B. 2 and 4 C. 1 and 3 D. 1, 2 and 42 anananddddd 44444444 C.C.C.C.CC.CCC.C 11111111 anaannd 333 DD. 1,1 22 a
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QUESTION 15 
A length of DNA from one of a pair of homologous chromosomes is shown. The target sites of 
EcoRI are shown by arrows and the length of DNA between the target sites is given in kilobases 
(kb). 

A mutation alters one base of the coding sequence of the site marked with an asterisk (*). This 
also results in the loss of a target site for EcoRI.

DNA from two individuals are cut with EcoRI and the DNA fragments separated according to size, 
and viewed subsequently by autoradiography.  

Which of the following corresponds to the band patterns for individuals who are homozygous and 
heterozygous for this mutation respectively? 
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QUESTION 16  
The figure below shows a growth cycle of bacteriophages. 

Which of the following is true about X, Y and Z of the growth cycle for T4 bacteriophage and 
lambda phage? 

T4 bacteriophage Lambda phage

A. Period X is when the phage injects its 
viral RNA into host cell. 

Period X is when the phage infects host 
cell and integrates its viral DNA into host 

chromosome

B. Period Z is when phage lysozymes 
digest the host’s cell wall. Cell lysis occurs in Period Z.

C. Period X is when hydrolysis of host cell 
occur.

Period X is where the prophage 
replicates.

D. Period Y is when host cell’s DNA is 
hydrolysed into fragments

Period Y is when there is phage 
assembly.

QUESTION 17  
Human immunodeficiency virus (HIV) is a retrovirus. After infecting a host cell, viral DNA is 
produced which is incorporated into the DNA of the host cell. The modified host genome now codes 
for the production of new HIV particles.  

Which could be used as a potential treatment to slow down the spread of HIV? 
1 Inhibitors of restriction endonucleases
2 Inhibitors of reverse transcriptase
3 Reverse transcriptase
4 ( ) single-stranded RNA of HIV 

A. 2 only B. 1 and 2 C. 1 and 3 D. 2 and 4

pototototoooto entittititialaaaaaa tttttttrerr atttttttmemmmmm ntttt tttttttooooo ooo slsssss owoowoow dowoowwoo n the spread oof f HI
strictcttcttioioiooooonnnnnnn ennndododooooonunununununununuuccclcccc eaaaaaaassesssss ssssss
versrrsrsssseee trtrtrtrtrtrrrananaaaa sscrrrirrrrr ptptptppp asasasasasassasa eeeeeee
riptptptptptpppptasaasasaasseeeeeee
dededededdd RRRRRRRRNANANANAANANANANA ofoofofoooo HHHHHHHHIVIVIVIVIVIVVIV 
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QUESTION 18  
The photomicrographs below show two different processes occurring in bacteria.    

     
Which of the following statements are false? 

1 Both requires a protein appendage to take place.  
2 In both process, semi-conservative replication of DNA occurs.  
3 In both processes, replication of the bacterial chromosomal DNA occurs. 
4 Both involved the transfer of a single-stranded DNA to another bacterial cell.  

A. 1 and 2 B. 3 and 4 C. 1, 2 and 3 D. 1, 3 and 4
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QUESTION 19
Malvidin is a plant pigment responsible for the colours of red grapes, cranberries and blueberries. 
The dominant allele, M, codes for an enzyme involved in the biosynthesis of malvidin. The 
presence of dominant allele, D, of another unlinked gene, results in the absence of malvidin 
production in plants, even when the enzyme is present whilst the recessive allele, d, does not affect 
malvidin production.  

A plant heterozygous at both loci was self-pollinated and gave rise to the following progeny: 

Plants with no malvidin production 160
Plants with malvidin production 40

The formula for the chi-squared ( 2) test is given as follows: 

  

degrees of 
freedom

probability
0.05

1 3.84
2 5.99
3 7.82
4 9.49

Which conclusions may be drawn? 

1 The expected phenotypic ratio for the self-pollination is 15:1.  
2 The expected phenotypic ratio for the self-pollination is 3:1.  
3 Difference between the observed and expected results is not significant. 
4 The two genes controlling flower colour assort independently. 
5 The difference is due to some factor such as linkage of the genes concerned. 

A. 1, 4 and 5 B. 2, 3 and 4 C. 3 and 5 D. 3 and 4

QUESTION 20 
Which of the following statement(s) is/are true with regards to cyclic and non-cyclic 
photophosphorylation? 

1 Only cyclic photophosphorylation produces oxygen. 
2 Only cyclic photophosphorylation can function in the absence of photosystem II. 
3 Only non-cyclic photophosphorylation will be affected in the absence of NADP reductase. 
4 The plant switches from cyclic to non-cyclic photophosphorylation when only ATP is 

required. 

A. 1 only 
B. 1 and 4 only 
C. 2 and 3 only
D. 2 and 4 only 

hospspspppphohohohohooohorylalalationononononononn pppppppprodududududududucececececeess sssss oooxyggggeeenn..
hospssphohohohohohohoryryryryrrryr lalaatiiiiiiiionoonooono cccccccccanananananananan fffffffffunununnunununncctctctcccc ioioioioioioion nnnnnn ininininnninn theeeeeeeeee aaaaaabssbsbsbsbsbsbsbsenencee oof f phpho
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QUESTION 21 
The effect of light intensity on photosynthetic rate was investigated in sun-grown and shade-grown 
leaves. The results obtained from this investigation are shown in the graph below. 

Which of the following statement is a conclusion that can be drawn from the graph? 

A. There are more chloroplast-containing cells in sun-grown leaves than shade-grown leaves, 
thus light saturation point for sun-grown leaves is higher. 

B. Shade-grown leaves are more efficient at harnessing light energy at high light intensity. 

C. Compensation point of sun-grown leaves is higher than shade-grown leaves as sun-grown 
leaves require less carbon dioxide to carry out photosynthesis. 

D. Rate of Calvin cycle is faster in sun-grown leaves than shade-grown leaves at very low light. 

QUESTION 22 
An experiment was conducted to investigate respiration of yeast cells. 

Tube 1: Radioactive glucose solution + suspension of yeast cells + oxygen 

Tube 2: Radioactive glucose solution + suspension of yeast cells + oxygen + antimycin 

All the six carbon atoms of the radioactive glucose were 14C. The initial radioactivity measured in 
each test tube was 60 arbitrary units. 

Antimycin is an electron transport chain inhibitor. 

After all the glucose was metabolized, the amount of radioactivity in the gaseous product and the 
content of the tubes were measured. Which of the following shows the expected result? 

tube 1 
(radioactivity / arbitrary units)

tube 2 
(radioactivity / arbitrary units)

Content in tube 1 gaseous product Content in tube 2 gaseous product

A 40 20 0 60

B 0 60 20 40

C 0 60 40 20

D 60 0 40 20

ansport chain inhibitor.

meeetaaaaaabobobobobobobobolizeeeddd, ttttthehehehehehehehe amomomomomomomomom ununununununununnt ooof radadddadioioooooooooaacacacacacacaaacaactititititiiviivivvivivvv tytytytytytyy iinn ththee gag s
meeeeaaasururururururururedededeeee .... WhWWhWhWWWW icicicccccchhh hhhhh ofofofofofofofof ttttthehehehehehehehe fffffffffolololooololo lolololoolooowiwwwwwwwww ngggggg ssssssshohohoohoohoooowswsww tthehe eexpxpe

tuuuuuuuuubeeebebeeee 111111111
vity / arbitrary units)

tube 2
(radioactivity / arb
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QUESTION 23 
Vision is based on the absorption of light by photoreceptor cells in the eye. Detection of light by the 
photoreceptor cells is mediated by a transmembrane receptor protein, rhodopsin. Absorption of 
light by rhodopsin initiates a cascade of events that closes an ion-channel, resulting in a change 
the voltage (difference in charges) across the cell membrane, thus producing a signal which is 
communicated to the brain. 

The figure below illustrates the signaling events that take place in a photoreceptor cell upon light 
stimulation. 

Key: 
GMP = guanosine monophosphate 
cGMP = cyclic guanosine monophosphate 

Which of the following correctly describes the role of the proteins in rhodopsin signaling? 

Rhodopsin Transducin Phosphodiesterase cGMP-gated ion 
channel

A.

a G-protein linked 
receptor which 

changes 
conformation upon 

light absorption

a G-protein which is 
activated when the 

bound GDP 
replaced by GTP

activated by GTP-
bound transducin 

and converts cGMP 
to GMP to terminate 

the transduction

closes when cGMP 
dissociates from it, 

preventing ions from 
entering the 

photoreceptor cell

B.

a G-protein linked 
receptor which 

changes 
conformation upon 

light absorption

a relay protein 
which is activated 
when the bound 
GDP replaced by 

GTP

converts cGMP to 
CMP, which is a 

second messenger 
that brings about a 

response

closes when cGMP 
dissociates from it, 

preventing ions from 
entering the 

photoreceptor

C.

a G-protein linked 
receptor which 

changes 
conformation upon 
binding to G protein

a G-protein which is
activated when the 

bound GDP is 
phosphorylated to 

GTP

activated by GTP-
bound transducin 

and converts cGMP 
to GMP to terminate 

the transduction

opens when cGMP 
dissociates from it, 

allowing ions to 
enter the 

photoreceptor cell

D.

a G-protein linked 
receptor which 

changes 
conformation upon 
binding to G protein

a relay protein 
which is activated 
when the bound 

GDP is 
phosphorylated to 

GTP

converts cGMP to 
CMP, which is a 

second messenger 
that brings about a 

response

opens when cGMP 
dissociates from it, 

allowing ions to 
enter the 

photoreceptor cell

GDGDDGDDGDGDGDP PPP P replpplpplppp acaaaaaaa edddddddd bbbbbbbbby yy yy yy y
GTGTGTGTGTGTGTGTPPPPPPPP

g
thhhhataaaaa  brings about t a a

rererererererererereeespspspspspspononoooooooooo sese

a aaaa GGGG-prppppppp otototeeein whwhwhwhwhwhwhhwhww icicicicicicici hhhhhhh isisisisis
accacaccccctitititititititivavavaavavavavavvateteteteteted ddd dd hwhwwhwhenenee tttttttthehehehehhehhe 

bound GDP is 

activatedd byby GGTPTP-
bobboob und d trtranansdsducucin

and converts cGMP
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QUESTION 24
Which statements are proposed by the Darwinian evolutionary theory? 

1. Advantageous behaviour acquired during the lifetime of an individual is likely to be 
inherited. 

2. In competition for survival, the more aggressive animals are more likely to survive. 
3. An individual most adapted to a stable environment will stop evolving. 
4. Variation between individuals of a species is essential for evolutionary change. 

A. 1, 2 and 4 only B. 2 and 3 only C. 3 and 4 only D. 4 only

QUESTION 25
Human activity often results in habitat loss. The remaining habitat in an area become fragmented 
forming smaller patches of habitat, through for example, construction of new roads and 
deforestation.

Which statements describe how a small habitat patch differs from a larger patch of the same habitat? 

1. biodiversity decreases 
2. competition from surrounding habitats increases 
3. gene pool increases 
4. populations of large animals decrease 

A. 1 and 2 only 
B. 2 and 3 only 
C. 3 and 4 only
D. 1, 2 and 4 only

KiasuExamPaper.com
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QUESTION 26
The primrose, Primula vulgaris, is a small herbaceous, yellow-flowered plant which is common in 
cooler areas of the Northern hemisphere including alpine and Arctic areas. 

The flowers of the primrose have different flower shapes (polymorphic), which are adaptations for 
pollination. ‘Thrum-eyed’ primroses have a short style. ‘Pin-eyed’ primroses have much longer 
styles. The anther position also varies among the primrose. 

Some populations of primrose consist almost entirely of plants with intermediate flowers. These 
populations are common where there are fewer winged insects. 

Anthers produce pollen (male gametes) which land on the stigma, leading to fertilization. 

The diagrams show polymorphic flowers of primroses. 

Which statements are correct? 

1. Cross-pollination will be favoured between pin-eyed and thrum-eyed primroses. 
2. Primroses with pin-eyed flowers are likely to show more genetic diversity than primroses 

with intermediate flowers. 
3. Primroses with thrum-eyed flowers are likely to be more able to adapt to changing 

environmental conditions than pin-eyed primroses. 
4. Self-pollination is more likely to occur in primroses with intermediate flowers. 

A. 1 and 2 only B. 1, 2, 3 and 4 C. 1, 2 and 4 only D. 3 and 4 only

KiasuExamPaper.com
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QUESTION 27
Two areas of molecular biology that have received considerable attention in evolutionary studies 
are the genetic code and cytochrome c. Cytochrome c is an essential component of all respiratory 
electron transport chains. 

Which statements lend evidence to the ideas that 

 all living organisms are related, and 
 there is a single, rather than a multiple, origin of life? 

1. The almost universal nature of the genetic code is a result of evolutionary convergence from
multiple lineages.

2. The sequence of amino acids in cytochrome c is similar in organisms that are from similar
environments or with similar metabolic demands.

3. The majority of organisms have the same, or similar, amino acid sequences for cytochrome c.
4. When transferred into a very dissimilar organism, a gene coding for cytochrome c will lead to

the expression of a protein that will function in the other organism.

A. 1 and 2 only B. 2 and 3 only C. 3 and 4 only D. 1, 3 and 4 only

QUESTION 28
Which statement about immunity is correct? 

A. Antibody donation, but not antibody production, occurs with artificial active and artificial 
passive immunity. 

B. Artificial active immunity lasts for a greater length of time than natural passive immunity.
C. Natural active immunity provides a faster response to infection than artificial active immunity. 
D. Recognition and binding by specific B-lymphocytes only occurs with natural immunity.

QUESTION 29
A student wrote down five statements about antibodies. 

1. Their structure depends on peptide, hydrogen and disulfide bonds.
2. They are protein molecules with both tertiary and quaternary structure.
3. Four polypeptides are coded for by two different genes.
4. The great variation in antigen specificity is a result of alternative RNA splicing.
5. Four polypeptides provide four antigen binding sites of the same specificity. 

Which statements are true? 

A. 1, 2 and 3 only B. 1, 3 and 4 only C. 2, 4 and 5 only D. 2, 3 and 5 only

prooooovivvv dedededededeee fffffffouououuouuo r anaanaanaaa titttttttt geeeeeeennnnnnnn bibibibibibibibindndndndnnnn iniinng sissiiiiites of thehe ssamame e sps e

? 

1, 333333 aaaandndndndndndndndd 4444444444 oooooonlnnlyyyyy C.C.CC.C.C.C. 2,2,2,,2,2,2,, 44444444 aaaaaaandndndnnnnd 5 oonlnlyy D.D. 2, 3 a
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QUESTION 30 
Forests usually provide habitats for a great number of species. The loss of species from 
ecosystems as a result of anthropogenic climate change is likely to affect food webs. However, 
ascertaining how the removal of one species from a food web might affect others is a challenge. 

Which of the following statements explain why it might be difficult to ascertain such effects? 

1. The loss of one species might affect multiple connections in food web. 
2. Organisms can switch their diet when their primary food source is scarce. 
3. The consequences on a food web might take a long time to occur. 
4. It is difficult to identify trophic levels in a food chain because of the diverse feeding 

behaviours. 

A. 1, 2, 3 and 4 B. 1, 2 and 3 only C. 2 and 4 only D. 3 and 4 only

THE END  
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QUESTION 1 
(a) In 1934, two biologists Davson and Danielli published their suggestion for the structure of the 

cell surface membrane, as shown in Fig. 1.1. 

Fig. 1.1

(i) State one way in which the Davson-Danielli structure is similar to the fluid mosaic structure 
and one way in which it differs from the fluid mosaic model.  [2] 

[Similarity – max 1] 
 Phospholipids are arranged in a bilayer 
 Both contain peripheral proteins on both sides of the membrane  

[Difference – max 1] 
 The proteins in the Davson-Danielli structure are peripheral / outside the bilayer while the 

proteins in the fluid mosaic model are both integral and peripheral to the bilayer 

 Idea that Proteins in the Davson-Danielli structure are in uniform locations across the 
surface of the membrane but proteins in the fluid mosaic model are found in different 
locations and numbers across the membrane  

 In the fluid mosaic model, the membrane contains other molecules like cholesterol but the 
membrane in the Davson-Danielli structure does not. 

 In the fluid mosaic model, the membrane contains glycoproteins / glycolipids but the 
membrane in the Davson-Danielli structure does not. 

(ii) Suggest two problems that the Davson-Danielli structure of the membrane would pose to 
the functioning of the cell.  [2] 

 Limited regulation of membrane fluidity in the absence of cholesterol 

 Not able to transport hydrophilic substances across the membrane as there are no
transmembrane proteins present 

 No transmembrane receptors to transmit signals from the extracellular environment  

 No glycoproteins for cell-to-cell recognition / adhesion 

 AVP 

emsmsmssmsms thaahahaat tttt thththththe DaDaDaDaDavsononononon-D-D-D-DDannnnielli stsss ructure of theeeee mmmmmem
he ccccceleelelelllll.l   
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port hydrophilic subsstances across ththt e memb
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(b) Transport of substances across membranes involve many different mechanisms. 

Fig. 1.2 is a diagram showing the transport of protein-rich solid particles into an animal cell. 

Fig. 1.2 

(i) Describe the process at A.  [2] 

 Phagocytosis - the cell surface membrane extends outwards to form pseudopodia that 
surrounds the solid particle 

 The pseudopodia then fuse to form a phagosome / phagocytic vesicle around the 
particle 

(ii) Describe what happens to the protein-rich solid particle between B and C.  [2] 

 The primary lysosome fuses with the phagosome to form a secondary lysosome  

 The protein-rich solid particles are hydrolysed by lysosomal enzymes/proteases into 
many amino acids that are transported / released out of C to the cytosol 

some fuses with the phagosome to form a secon

olidd paparticclees s araree hyhydrdrolo ysy edd bbbbbbbbbbyyyyyyyyyyyyy lylylylylyysosoososososososooososososossss mamamal ll eene z
s thahat araree trtrananspporortetedd // rereleleasasedd oooooutttututututt ooof CCC ttto o o ththhee c
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(iii)Name the organelles D and E and briefly describe their roles in the formation of C.   [4] 
 

[Organelle D] 
 The mitochondria  

 
 Produces ATP is needed as an energy source for the movement of (primary) lysosomes 

and phagosomes so that they can fuse 
 
 

[Organelle E] 
 The Golgi apparatus  

 
 is the site of biochemical modification e.g. phosphorylation / cleavage of lysosomal 

enzymes to make them functional  
 

 It also sorts and packages the lysosomal enzymes at the trans face into primary 
lysosomes   

 
 [Total: 12] 
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QUESTION 2 
Glucose is phosphorylated at the start of glycolysis by the tetrameric enzyme, hexokinase. 

There are multiple hexokinase isozymes (I-IV) for the phosphorylation of glucose, enabling specific 
organs to regulate carbohydrate metabolism in a unique way. Hexokinase IV, also called 
glucokinase, is the predominant isozyme in the liver, while hexokinase I is found in almost all other 
tissues.  

Fig. 2.1 shows the difference in fractional saturation between glucokinase and hexokinase I, which 
represents the fraction of binding sites that are occupied by glucose.  

Fig. 2.1 

(a) With reference to Fig. 2.1 and using your knowledge of enzymes, account for the shape of the 
curve for glucokinase from 0 to 10mM of glucose concentration.  [4] 

 [data citation] From 0-5mM glucose concentration, the fractional saturation of glucokinase 
increases gradually from 0 to 0.1 then from 5 to 10mM glucose concentration, fractional 
saturation increases sharply from 0.1 to 0.65 (accept 0.6 to 0.66) 

 This is because glucokinase is an allosteric enzyme comprising four subunits / 
tetrameric

 Glucokinase has low affinity for glucose / usually in its inactive form 

 Cooperative binding of glucose: As glucose concentration increases from 5 to 10mM, the 
binding of glucose to the active site of one subunit causes a conformational change to all 
the other subunits to their active forms  

(b) Suggest an advantage to most cells in the body of containing hexokinase I rather than 
glucokinase.  [2] 

 Ref. to high affinity of hexokinase I for glucose 

 This allows hexokinase I to phosphorylate glucose even when glucose concentrations in 
the cell are low.  

g oof glglucucosose: AAs glglucucosose e concncentratioonn inincrcrcreaeaeasess s
to thhe e activve ssitite e off oonene ssuubunnit cccccccccccauauauauauauaaauaaaa seeeseseseeesesesssssss a aa cococonfnfnforoo m
to thheieir r acacttiveve fforormsms

e to most cells in the body of containing hexo
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(c) During a sporting event, muscle cells of an athlete may have to carry out respiration in 
anaerobic as well as aerobic conditions to produce sufficient ATP. 

 
(i) Name the membrane-bound enzyme responsible for producing ATP from ADP and 

inorganic phosphate.  [1] 
 

 ATP synthase 
 
 

(ii) Explain how anaerobic respiration helps to meet the demand for sufficient ATP. [2] 
 

 Pyruvate is converted to lactate by lactate dehydrogenase to regenerate NAD+ 
 

 This allows glycolysis to continue to produce 2 net ATP via substrate-level 
phosphorylation. 

 
[Total: 9] 
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QUESTION 3 
In vertebrates, sister chromatid cohesion is dependent on a complex of proteins called cohesin, 
which binds to and joins sister chromatids at the centromere until the onset of anaphase. 

Sister chromatid separation is initiated by cleavage of cohesin by the enzyme separase. Prior to 
anaphase, a protein called securin binds to separase and maintains it in the inactive form. 
Anaphase is initiated when securin is degraded, freeing the enzyme separase. 

Fig. 3.1 illustrates the transition from metaphase to anaphase during a mitotic cell cycle.  

Fig. 3.1 

(a) State a feature of centromeric DNA. [1] 

 Non-coding repetitive sequence of DNA 

(b) Explain how a mutation to the centromeric DNA can lead to aneuploidy.  [3] 

 Change in sequence of centromeric DNA 

 Shape of mutated centromeric sequence is no longer complementary to kinetochore 
protein complex, hence they cannot bind, 

 Microtubules / spindle fibres are unable to attach to the centromere via the kinetochore 

 Nondisjunction occurs, where sister chromatids are not separated properly, giving rise 
to cells with extra or missing chromosome(s) / 2n+1 and 2n-1. 

OR 

ceentntroromeerric seseququenencece iiss noo lononnongegegegg r rr cocompmpmpllememm
encee ttheh yy cacannnnotot bbinind,d,
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 Change in sequence of centromeric DNA 
 

 Shape of mutated centromeric sequence is no longer complementary to cohesin 
proteins, hence cohesin cannot bind. 
 

 Sister chromatids are not held together prior to anaphase and so spindle fibres from 
one pole may attach to both sister chromatids. 

 
 Nondisjunction occurs when two sister chromatids are pulled to one pole, giving rise 

to cells with extra or missing chromosome(s) / 2n+1 and 2n-1. 
 
 
(c) State the class of enzyme to which separase belongs. [1] 

 
 Proteases

 
(d) Explain how securin maintains separase in the inactive form.  [3] 

 
 Allosteric / non-competitive inhibitor which binds to a site away from the active site / 

allosteric site 
 

 Changes conformation of separase and hence the shape of its active site 
 

 Active site no longer complementary in shape to its substrate cohesin and hence cannot 
bind 

 
 
(e) Explain how securin is degraded at the onset of anaphase.  [1] 
 

 Securin is tagged with ubiquitin proteins / are ubiquitinated and sent to the proteasome 
for degradation. 

 
[Total: 9] 
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QUESTION 4 
Takahashi and fellow scientists had successfully reprogrammed human fibroblasts into a 
pluripotent state, known as induced pluripotent stem cells (iPS cells).  

(a) Define the term pluripotent stem cells.  [1] 

 Have the ability to differentiate into almost any cell type to form any organ / except cells 
of the extraembryonic membranes. 

(b) The generation of iPS cells made use of four protein factors (non-enzymatic proteins), which 
are introduced into differentiated cells by retroviruses. Research has proven their function in 
upregulating “stemness” genes, while suppressing differentiation-associated genes in human 
iPS cells. 

(i) State the general name given to proteins such as those four protein factors.  [1] 

 Specific transcription factors 

(ii) Explain why the protein factor involved in upregulating “stemness” genes will contain both 
a DNA-binding domain and a protein-binding domain.  [2]  

 DNA-binding domain binds to specific DNA/nucleotide sequences that makes up the 
enhancer. 

 Protein-binding domain binds to and stabilizes the transcription initiation complex, 
to increase the rate of transcription. 

(iii) Explain how an amino acid substitution within the DNA-binding domain can affect the 
function of the protein factor in (b)(ii).  [3] 

 The amino acid substituted has a different R group with different properties.

 This will affects R group interactions / bonds between the amino acids that 
maintains the 3D conformation / structure of the protein. 

 Tertiary structure/ 3D conformation of DNA-binding domain no longer 
complementary to the shape of specific DNA sequences/ nucleotides of enhancer.  

(iv) Explain why it is important that the scientists ensure high telomerase activities in the iPS 
cells.  [3] 

 (Induced) pluripotent stem cells needs to undergo continuous cell division / cell 
renewal. 

 Idea that Telomerase must be present to elongate the telomeres which are shortened
after every round of (DNA) replication. [R: “Prevent end-replication problem”] 

 This allows telomere length to be maintained / prevents the loss of genes through 
erosion at chromosomal ends / prevents telomeres from reaching critical length, 
preventing apoptosis. 

merasasee mustt bbee prpresesenent t toto eloonnggggatatatatatatatatatatatatatatatate e ee eee thththhthhthhthththheeeeee tetetet llol memem res
undd off ((DNDNA)A) repplilicacatitionon.. [R[R[R[R[R[R::::: “Prerereveveventntntntntntntnn  endndndndnd-r-r-r-r-repepepepeplil ca

omemerere llenengtgthh toto be e mamainintatainined / prprprevvvenenentstst  the lo
mosomal ends / prevents telomeres from reac
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(c) Further studies had shown that some iPS cells developed tumors, which is often attributed to 
the use of retrovirus. This issue of tumourgenesis must be overcome before iPS cells can be 
used in human therapies.  
 
(i) Suggest why the development of tumor in the iPS cells may be attributed to the use of 

retrovirus.  [2] 
 

 Retroviruses are capable of random integration of (viral) DNA into the host genome, 
disrupting proto-oncogenes / tumour suppressor genes.  
 

 Result in the gain of function mutation of proto-oncogene / loss of function mutation 
of tumor suppressor gene.  Resulting in uncontrolled cell division, forming tumor.  

 
(ii) With reference to the benefits and problems of iPS cells, discuss whether research on iPS 

cells should be continued.  [2]

Mark for ideas 

No [1]
 Higher risk of tumor formation due to the use of retroviruses. 
 Other logical reason. 

Yes [1]
iPS cells possess development potential of the embryonic stem cells….

 Can be differentiated into all cell types (except embryonic membrane) and use for 
stem cell therapy. 

 Can also be used to differentiate into disease-specific cell type for drug / toxicity 
testing on the effectiveness and risks involved when using the drug.  

 Able to differentiate into patient-specific cell type for drug / toxicity testing to test the 
effectiveness and possible reaction of patient’s cells to the drugs.

 Use of iPS cells avoid ethical issues as embryos are not used / no destruction of 
embryos.  

 Tissue rejection can also be avoided/lower chances of immune response, since the 
iPS cells can be induced from differentiated cells of the patient (patient-specific cell 
type. 

[Total: 14] 
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QUESTION 5 
In May 2014, the Middle East respiratory syndrome coronavirus (MERS-CoV), which was first 
reported in Saudi Arabia in 2012, infected two Americans who travelled to Saudi Arabia. 
 
Coronaviruses are enveloped RNA viruses that infect and cause lower respiratory tract disease in 
a broad array of animals and humans. Virus particles range from 70 to 120 nm in diameter and are 
surrounded by characteristic spike-shaped glycoproteins, as shown in Fig. 5.1. Coronaviruses 
contain the largest single-stranded, positive-strand RNA genomes currently known, which range 
from 25.5 to nearly 32 kb in length. 
 
 

 
Fig. 5.1 

 
(a) Describe two structural differences between the genome of the coronavirus and the influenza 

virus.  [2] 
 

 Genome in influenza virus is negative-strand RNA, while that in coronavirus is positive-
strand RNA. 

 
 Eight, separate single-stranded RNA in influenza virus, while there is only one continuous 

long RNA strand in coronavirus 
 

  

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



JC2 Prelim Exam 2017 Biology 9744/02 12

(b) Describe how the coronavirus enters its host cell.  [3] 

[Entry by fusion] 
 Spike protein / Glycoprotein is complementary in shape to certain cell surface receptor 

on the host cell.  
[Reject if the idea that the receptor is on the host cell is unclear/not present] 

 Binding triggers conformational change to the viral envelope protein which in turn result in 
the fusion of the viral envelope with the host cell surface membrane is triggered. 

 The nucleocapsid/RNA genome released into the cytosol. 

OR 

[Entry by RME] 
 Spike protein / Glycoprotein is complementary in shape to certain cell surface receptor 

on the host cell. 
[Reject if the idea that the receptor is on the host cell is unclear/not present] 

 Virus then enters the host cell via receptor-mediated endocytosis, where the host cell 
membrane forms an endosome/endocytotic vesicle around the virus.  

 Fusion of the viral envelope with the endosomal membrane releases the 
nucleocapsid/RNA genome into the cytosol. 

(c) Describe the process which allows the coronavirus to infect a broad array of animals and 
humans overtime.  [2] 

 Antigenic drift occurs: Gene coding for spike protein/glycoprotein undergoes mutation.  

 Changes in conformation to the spike protein which can bind to various receptors of 
different cell types / species. 

(d) Unlike the human immunodeficiency virus, the coronavirus genome is not integrated into its 
host DNA. 

Suggest how the coronavirus produces more copies of its genome.  [2] 

 (+)RNA acts as a template to produce (-)RNA, which in turn acts as a template to produce 
many copies of the (+)RNA genome… 

 …by viral RNA-dependent RNA polymerase. 

[catalysed by replicase, accept if student mention viral RNA-dependent RNA polymerase] 

(e) The fatality rate of coronavirus infections is approximately 60%. 

Briefly explain how the coronavirus can cause death in humans. [1] 

 Since CoV infects and damages epithelial cells of the lower respiratory tract  
Suffocation / respiratory failure leading to death.  

[Total: 10] 

pendent RNA polymerase.
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coronavirus can cause death in humans
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QUESTION 6 
(a) Fig. 6.1 is an electron micrograph of a process that bacterial cells undergo which results in the 

formation of two daughter cells. 

Fig. 6.1 

(i) Name the process above and state the main component making up structure A.  [1] 

Process: Binary fission

Component making up Structure A: Peptidoglycan cell wall 

[Both correct – 1m] 

(ii) “The process above will always produce two genetically identical daughter cells”.  

Comment on the validity of this statement.  [1] 

[Not always true] 

 No mechanism for equal division of plasmids during binary fission, hence plasmids may 
not be equally divided between daughter cells. 

 No formation of spindle fibers in prokaryotes to pull chromosomes to opposite poles 
of the cell, hence may result in unequal division of chromosome. 

[True]

 Idea that Bacterial chromosome has a point of attachment to the bacterial membrane 
which ensures equal separation of bacterial chromosomes during binary fission. 

chhrromomosoomeme hhasas aa ppoiointnt oof atattachchcccchcchchcchchcc memeeemeemeemeentntn tto o o thtthee b
al sesepaparation of babactcterial chchromosomememesss dududuririringng bin
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(b) The xyl operon is a catabolic operon involved in the breakdown of the sugar xylose. Fig. 6.2 
shows how a xyl-lac fusion operon is constructed, which consist of 2 structural genes from lac 
operon, regulatory sequences and the regulatory gene of the xylose operon. The arrows 
indicate the direction of transcription.  

To test its effects, the fusion operon was constructed and packaged into bacteriophages. The 
fusion operon was then inserted into the chromosomes of these bacterial cells upon infection. 

Fig. 6.2 

(i) State the process of this gene transfer. [1] 

 Specialised Transduction 

(ii) Suggest and explain one advantage of the process stated in b(i) over transformation in 
bacteria.  [2] 

 In transduction, the operon can be integrated into the chromosome of bacteria but it may 
not be integrated in transformation. 

 Idea that Hence operon replicate when bacteria chromosomes replicate, hence all 
daughter bacterial cells possess the operon.  
OR 

 Idea that Hence not easily degraded, ensuring more stable expression. 

 In transduction, operon is packaged into phage capsid but in transformation, operon 
remains as naked DNA. 

 Idea that Hence phage capsid protects the operon from degradation (by nucleases outside 
the bacteria cells) 

 The rate of successful gene transfer is higher in transduction than in transformation. 
 Idea that Phages target bacterial cells specifically / by nature. 

(iii) Explain the condition required for lacZ gene to be expressed in bacteria cells in which the 
xyl-lac fusion operon has been introduced.  [3] 

 Presence of xylose  

 **Xylose act as inducer, which bind to and inducing a conformation change to 
inactivate xyl repressor. 

 Inactive repressor cannot bind to operator, allowing RNA polymerase to bind to 
promoter to transcribe the lacZ gene. 

*Award max 1m (3rd point only) if student identified presence of lactose.

see

innduducer, whichh bibindnd to anand induuciciicingngng aaa cococonnfo
resssosorr. 
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(iv) Suggest why the direction of transcription of the regulatory and structural genes may differ. 
KU-3 [2]  

 Idea that Different strands was used as template for transcription. 

 Since the strands (used) are antiparallel, the two strands are read in 3’ 5’ direction in 
opposite orientations. 

(c) Colibacillosis is a fatal condition caused by E. coli in poultry. In a study to examine the 
effectiveness of bacteriophages in treating colibacillosis, broiler chickens were first subjected 
to an aerosol spray containing bacteriophages on day 0.  They were then separated into five 
treatment groups.  Each treatment group was subsequently injected with E.coli on days 0, 1, 
2, 3 and 4 respectively. The mortality rate for each treatment group was determined after 21 
days.  The result of the study is represented by Fig. 6.3 below. 

Fig. 6.3 

With reference to Fig. 6.3 above,  

(i) Compare the trends observed in the control group and the groups that have been treated 
with bacteriophages, and comment on the effectiveness of such treatment.  [3] 

[max 2] 
 For injection days 0 – 3, the mortality rate for control group is consistently high, but low 

for treatment group.  

 Mortality rate for control group ranges from 50-55% / averages 53 % (accept 52%) while 
mortality rate for treatment group ranges from 7(8)–10% / averages 8% (accept 9%). 

 On Day 4, there is a spike in mortality rate for the treated chicken to 50% which is 
comparable to that of control which is 53% 

(Accept and award pt 1 &/or 2 if students compared day 0-3 individually) 

 [compulsory] Bacteriophages is effective in reducing mortality rate caused by colibacillosis 
for only 3 days before another dose is needed. [1] 

,

0 –– 3, tthehe mmoortatalilityty rratate e fofor r coconntroooooooooooolllllllll grgrgrgrgrgrg oooouououoooo p issis cococonsnn i
p. 

ontrol group ranges from 50-55% / averages 53 %
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(ii) Suggest why the use of bacteriophages is a better alternative to antibiotic therapy for the 
chickens.  [1] 

 
Idea that: 
 Bacteriophage is more specific in targeting their host bacteria (complementary receptors), 
while antibiotics tend to have wider host range.  

 
 Possible emergence of antibiotic resistant bacteria due to prolonged/inappropriate use of 
antibiotics, but no / low possibility of bacteriophage-resistant bacteria since they naturally 
infect bacteria.  
 

 Bacteriophages are harmless to chicken/human, while antibiotic may trigger allergy 
response.  

 
(Also applicable to humans since humans are consumer of the chickens.)

 
[Total: 14]

KiasuExamPaper.com
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QUESTION 7 
(a) To analyse specific DNA sequences, various molecular processes are carried out. Fig. 7.1 

below shows one possible way in which the gene for colour vision can be obtained for analysis.  
 

 

Fig. 7.1 
 

(i) Describe what is added to process A to identify the DNA fragment containing the gene for 
colour vision.  [1]

 
 Radioactively-labelled / Fluorescently-labelled, single-stranded probe, 

complementary to the gene for colour vision. 

(ii) Explain how process B ensures that many copies of the target sequence is produced.  [1] 
 

 (DNA) primers added is complementary to the 3’ region of the target sequence, 
flanking the gene for colour vision.  

 
 

  

KiasuExamPaper.com
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(b) The inheritance of colour vision and ABO blood group was analysed in an extended family. 

The gene for colour vision is sex-linked. 

The gene for the ABO blood group system is on chromosome 9. There are three alleles 
controlling blood group. These three alleles gives four possible phenotypes.  

Fig. 7.2 shows the inheritance of these two genes in a family. Colour blindness is a rare 
condition, and can be assumed that the disease allele is not present in phenotypically normal 
individuals from other families. 

Fig 7.2 

(i) State a possible genotype for each of the following people in the family shown in Fig. 7.2.  
[2] 

Individual I-2  IBIO XRXR or  IBIO XRXr 

Individual II-9 IBIO XRY  

[Reject: if symbols for blood groups are wrong / if colourblindness is not represented as sex-
linkage] 
[Reject: if symbol A, B and O is used to represent gene for colour vision] 

(ii) With reference to Fig. 7.2, explain why one grandson (III-12) of individual I-1 has inherited 
colour blindness but the other (III-10) has not.  [3] 

 (Grandson) III-12 inherited the Xr allele / colour-blindness from his mother II-7, who is a 
carrier/heterozygote. 

 She has inherited the Xr allele from her father, I-1.  

 Idea that Grandson III-10 however is not able to inherit the Xr allele from the paternal 
line.  

Fig. 7.2,,,, explain why y y yy ononononone grggg andson (III-12) of iiiiindnnnn iv
ut ttthehheehee oooottht ererr (IIIIIIIII-I-I-I-I-111011 ) hhhhahh s ssss nonnonon t.  

nhererititeded tthehe XXr aallllelelee r / / cocololourur-bli dnddneneenesssss fffrororommm hihh s
otee.
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(c) Nail-patella syndrome is a rare autosomal dominant trait that affects fingernails, toenails, 
elbows and kneecaps. The locus of the gene for nail-patella syndrome, N / n, is 10 map units 
from the ABO locus on chromosome 9. 

A man with nail-patella syndrome and blood group AB has a family of five children with his wife 
who does have the syndrome and is blood group O.  

Three children do not have the nail-patella syndrome and are blood group A.  

Two children have nail-patella syndrome and are blood group B.  

(i) Illustrate the above cross between the man and his wife with a genetic diagram. [3] 

 Correct parent genotypes 
 Gametes (with labeling of parental (large no) & recombinant (small no). 
 Offspring’s genotypes and phenotypes (accept w/o indicating large/small no) 

(*penalize 1m if symbols used is incorrect – for either or both genes)  

otypes
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(ii) Suggest why there is only a 5% probability of these parents having a child with both blood 
group A and nail-patella syndrome.  [2] 

 
 In the father, IA allele and n allele are linked / IB allele and N allele are linked [Reject:

just saying that the two loci are linked]  
 

 [mechanism] Since the two loci are 10 map units apart, the recombination frequency 
between the two loci is only 10%  / 10% chance of crossing over. 
 

 [outcome] Since there are two recombinant phenotypes, each phenotype comprises 
half of the 10% recombinant phenotypes.  
 

[Total: 12] 
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QUESTION 8 
Fig. 8.1 shows how a rise in blood glucose concentration stimulates the beta cells in the pancreas 
to secrete insulin, a protein hormone. 

Fig. 8.1 

(a) Explain the significance of an existing pool of insulin-rich vesicles in the -cell.  [2] 

 Time is needed for insulin gene to be expressed and the insulin to be packaged into 
secretory vesicles 

 -cell need to respond very quickly to the sudden rise in blood glucose 

(b) Outline the events leading to the release of insulin. [4] 

 Glucose taken into the -cell via glucose transporter 4 by facilitated diffusion [mark 
once] 

 Glucose undergo aerobic respiration to produce ATP, which is transported out of 
mitochondria into cytosol to increase in cytosolic ATP / increase ATP:ADP ratio. 

 ATP binds to ATP-gated potassium channel, causing it to close, leading to an 
accumulation of positive charge inside the cell 

 This increased voltage causes voltage-gated calcium channel to open, and calcium ions 
enter the cell by facilitated diffusion [mark once] 

 An increased in cytosolic calcium ions stimulate the insulin-rich vesicles to undergo 
exocytosis to release insulin. 

o the -cell via glucose transporter 4 by facilit

aererobbicic rerespspiratatioionn ttoo prprododuceeee ATATATTATATATATTP,PPP wwwhihihichchch is
cyytotososoll ttoo inincrcreaeasese in n cycytotosos lic ATATATPPP /// ininincreas

P gated potassium channel causing it to c

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



JC2 Prelim Exam 2017 Biology 9744/02 22

Insulin released by -cells reaches their target cells, such as liver and muscle cells. One of the 
responses of insulin is glycogen synthesis, as shown in Fig. 8.2. 
 

 
 
 

Fig. 8.2 
 
(c) Describe how protein kinase B triggers glycogen synthesis.  [3] 
 

 PKB phosphorylates (active) glycogen synthase kinase (GSK), changing its 
conformation and inactivating it. 
 

 Inactive GSK unable to phosphorylate and inactivate glycogen synthase (GS). 
 

 GS remains active and hence convert polymerizes glucose to form glycogen. 
 

[Total: 9] 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



JC2 Prelim Exam 2017 Biology 9744/02 23

QUESTION 9 
A recent study of populations of the house mouse, Mus musculus, on the island of Madeira resulted 
in the following observations: 
 
 There are six distinct populations. 
 The mice are associated with human migration and settlements. 
 The populations are located in different valleys separated by steep mountains. 
 Each population has a different diploid number of chromosomes 

 
As a result of these observations, it has been suggested that speciation is taking place. 
 
Fig. 9.1 is a schematic representation of Madeira showing the distribution of the six populations. 
 

 

Fig. 9.1 
 
(a) Using the information in Fig. 9.1, state the likely isolating mechanism and the type of speciation 

taking place.  [1] 
 

isolating mechanism geographical isolation 
 
type of speciation  allopatric speciation 

 
 
  

KiasuExamPaper.com
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(b) ‘It has been suggested that speciation is taking place.’ 

Explain how this process is occurring in the house mouse populations of Madeira.  [5] 

1. Variation exists within the ancestral population due to random mutations.

2. Due to association with human settlements, the mouse population was scattered into
6 different populations.

3. Steep mountains serves as geographical barriers for the scattered populations, hence
no breeding / gene flow between the separated populations.

4. Different selection pressures in each area where each population resides

5. Mice with alleles that confer selective advantage survive to reproductive age, and pass on
these alleles to offspring (viable and fertile).

6. Results in change in allele frequency / gene pool.

7. Different mutations occur independently in the 6 different populations, eventually develop
different chromosome numbers.

8. Accumulation of sufficient genetic differences, hence unable to interbreed to produce
viable and fertile offspring.

(c) Explain the likely outcome of individuals from two separate populations being mated in captivity. 
[2] 

 [Compulsory] Due to different chromosome number / diploid number 
 No homologous chromosomes, hence no pairing takes place. Meiosis cannot take place, 

thus no gametes will be produced by offspring, hence viable but infertile. 

(d) House mouse is classified as class Mammalia, phylum Chordata, kingdom Animalia. 

State one feature of the cells of the kingdom Animalia that distinguish them from the cells of 
other multicellular eukaryotes.  [1] 

[Comparing to the kingdom Plantae] 
 Presence of centrioles/centrosomes / No cell wall / No large central vacuoles 

(e) The evolutionary relationship between organisms is based on the hypothesis that the rate of 
mutation of DNA stays constant. The rate of mutation can be estimated by comparing the 
differences in amino acid sequences between species whose time of speciation is 
independently determined from the dating of fossils. 

Explain why amino acid sequences of proteins could reveal useful evolutionary data for 
taxonomists.  [2] 

 Since DNA codes for amino acids, mutations result in altered DNA sequences, which 
results in differences in amino acid sequences 

 Hence, large (small) difference in amino acid sequence between two species reflects 
distant (close) evolutionary relationship 

[Total: 11] 
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Section A 
Answer all the questions in this section. 

QUESTION 1 
Some types of snake kill their prey and defend themselves by means of a poisonous bite. Fangs 
(hollow teeth) inject venom from specialized glands into the victim. The venom contains a protein, 
which is a toxin. 

Different species of snake have toxins that act in different ways. Hemolytic toxins are enzymes that 
hydrolyze phospholipids. They damage tissues, including heart muscle, which lead to cardiac 
arrest. Neurotoxins, such as the one produced by green mamba snakes, bind to receptor proteins 
on the surface membranes of nerve cells or muscle fibers. This interferes with the transmission of 
nerve impulse, leading to muscle paralysis and heart failures. 

Fig. 1.1 shows the molecular structure of fasciculin-2, a neurotoxin produced by the green mamba 
snake. 

Fig. 1.1 

a) Describe the molecular structure of fasciculin-2.               [2]

 Composed of only five antiparallel -pleated sheets as the secondary structures, held
by hydrogen bonds between C=O and NH of the peptide region. 

 The single polypeptide further folded into a tertiary/globular structure, held by ionic 
bonds, hydrogen bonds, disulfide bonds and hydrophobic interactions between R 
groups. 

[Award 1m if point 1 and 2 are mentioned without bonds] 

b) With reference to hemolytic toxins and neurotoxins, explain why snake venom, which has been
heated to 100 C for several minutes, would likely lose its toxicity.            [4]

[General effect of heat on proteins]
 Heat breaks hydrogen bonds and ionic bonds that hold the toxin in its intact 3D structure 
 Loses tertiary / globular / 3D structure, hence denatures the toxin

[Effect of heat on hemolytic toxins]
 Hemolytic enzymes loses the shape of its active site, hence no longer complementary

in shape [mark once] to phospholipids, hence unable to bind and hydrolyze 
phospholipids 

[Effect of heat on neurotoxins]
 Shape of neurotoxin is no longer complementary to the receptors on nerve/muscle cells, 

hence will not interfere with nerve impulse transmission.

at onononno ppppproteteeinnnnnns]s]s]s]s]s]
genen bbono dsd aandnd ioionin c bobonndss tthaaaaaaaaatttttttt tttttt hohohohohoh ldldldddlddddldd ttttttthehhh tttoxoxoxin in

obuulalar // 3D3D strucctuturere, hencncee denatuuurereesss ttthehee ttoxoxoxin

molytic toxins]
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c) State how enzymes which hydrolyze phospholipids damage tissues.           [1] 

Disrupts cell membrane integrity leading to lysis of cells.

d) Some antibodies bind to toxins and inactivate them. These antibodies are known as anti-toxins.
The human immune response is far too slow to be effective in making anti-toxins against snake
venom.

Injecting a very small, non-lethal quantity of venom into a horse produces anti-toxin. The horse
produces anti-toxins that can be extracted from horse blood and used as an emergency
treatment for those bitten by the same species of snake. Each time the horse is injected with
venom, it is able to tolerate larger doses and the concentration of the specific anti-toxin in its
blood is greater.

i) Explain why the human immune response is too slow to protect a person from a snake bite.
          [3] 

Toxin acts too fast for antitoxin to develop 

Time is needed to [max 2]
o Internalization of toxin by B cells and macrophages
o Antigen presentation in complex with MHC class II by B cells and macrophages to

helper T cells
o Proliferation and differentiation of B cells into plasma cells
o Antibody synthesis and secretion from plasma cells

 Human unlikely to have been bitten before, hence no prior exposure to the toxin, thus 
has no memory B and T cells to immediately respond to the toxin 

ii) Explain why a horse is injected more than once with a small amount of venom when it is
being prepared for use as a source of anti-toxin.                [2]

First injection stimulates a primary immune response to produce anti-toxin-specific
memory B cells and plasma cells, where only a small amount of anti-toxin are 
produced. 

Second injection stimulates secondary immune response, where many memory B 
cells differentiate into many plasma cells, hence a large amount of anti-toxin is 
secreted. 

AVP e.g. a single large dose would kill the horse 

iii) It was observed that upon injection with the toxin, different types of anti-toxins are produced. 
Each type of anti-toxin is different at the variable region, but they are equally effective 
against the toxin. 

Suggest why different anti-toxins are produced.           [2] 

 Toxin is an antigen with different epitopes.

Each (naïve) B cell only recognize a single epitope, thus, each B cell differentiate 
into plasma cells that  produce antitoxin specific to that epitope

gle large dose would kill the horse

t uuupopopopoponnnnn injeeectttttioioioioionnnnn wwwiww thhhhh tttttthehehehehe tttoooxin, ddiiiid fffffffffffffffffffffffff erereeerereeeeereeeeeeeere enenennnenennnennt t t t t t ttt tytytytytttytyypepepepepep s sss ofofofofofo  ant
toxxin isisisisis dddiffffefefefeferrrerr nttttt aaaaat t t t t thhthththheeeee vavavavavaririririr ababababbabble rrrrrrregegeegegegegioioioioioioioioooooonnn,nnn bbbbbbutututututut ttttthehehhhh y

ent anti-toxins are produced
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iv) Explain why treatment with the horse anti-toxin will not produce long-term protection against 
snake bites.                 [3] 

Ref to. Passive immunity 
 

 Anti-toxin remains in the blood only for a short time / eventually destroyed

 The person’s immune system is not stimulated to produce anti-toxin, hence no memory 
B cells produced 

AVP e.g. different snakes have different toxins

e) In recent years, contortrostatin, a protein found in the venom of the southern copperhead snake, 
has been extensively demonstrated to hold great promises in cancer treatment. Contortrostatin 
binds to and disrupt the function of integrins, causing tissue damage. Integrins are 
transmembrane proteins that serve as bridges for cell-to-cell interactions, which is important in 
adhering endothelial cells of blood vessels to our body tissues. 

Using the information above and your knowledge on the characteristics of cancer cells, suggest 
why contortrostatin can be used as a medicine in cancer treatment.             [3] 

 Prevents angiogenesis / formation or attachment of new blood vessels in a tumour… 

 …hence cuts off the delivery of oxygen and nutrients to cells of the tumour, preventing 
growth

Idea that Since these vessels provide the principal route by which cancer cells exit the 
primary tumour and enter the circulation, metastasis, the spread of cancer cells, is hence 
prevented.

KiasuExamPaper.com
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f) Mice and monkeys have been successfully immunised against several important infectious
diseases using experimental DNA vaccines, in the form of plasmids. Plasmids are small circular
DNA molecules.

During the 1990s, researchers found that mouse muscle and other mouse tissues were able to
absorb plasmids which had been injected into the animals. Any genes that were part of this
plasmid DNA were transcribed and translated. The resulting polypeptides were presented on
the cell surface in complex with host receptor molecules, which allow the immune system to
recognise the polypeptide as non-self. Proteins that are presented at the cell surface in this
way stimulate the lymphocytes of the immune system very effectively.

This discovery allows plasmid DNA to be used as a vaccine, even though the DNA does not
itself act as an antigen. Most vaccines contain proteins, or fragments of proteins, that are
extracted from the surface of pathogens. It is a complex and costly procedure to purify these
protein antigens.

Fig. 1.2 shows a simplified diagram of a DNA vaccine. This plasmid codes for two antigens, A
and B.

Fig. 1.2 

i) Suggest why proteins presented at the cell surface of antigen-presenting cells are able to
stimulate an immune response more effectively than proteins dissolved or suspended in
the blood or tissue fluids.                [1]

 Proteins presented on the cell surface are able to remain in the body for a long period
of time, compared to antigens in blood, which could be rapidly degraded

 Proteins presented on cell surface is able to activate T cells, leading to cell-mediated 
immunity, but free proteins is unable to do so. 

red to antigens in blood, which could be rapidly d

nteed d onon cele l susurfrfacace isis aabblee too acacccccccccctititititiitititititiittiit vavavvavavavavvav teteteeteteteteteee TTTTT ccellllslsls, lea
reee prooteteinnss isis unanablblee toto ddo o soso. 
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ii) Sequences of nucleotides, labelled G on Fig. 1.2, code for groups of amino acids at the 
beginning of each polypeptide. These amino acid sequences direct the newly-synthesised 
polypeptides to the rough endoplasmic reticulum of the muscle cell. 

Suggest how this makes the vaccine effective.               [2] 

 The polypeptide is able to be loaded onto the major histocompatibility complex
molecules embedded in the RER membrane

 The polypeptide-MHC complex can then can packaged into ER vesicles to be 
transported to the cell surface for presentation. 

iii) Suggest why it may be advantageous to include nucleotide sequences coding for more 
than one antigen in a DNA vaccine.                [1] 

Idea that protection against more than one pathogen
Idea that activate more than one B cells that recognize more than one antigen
Idea that reduces the number of vaccination needed
AVP

[Total: 24]
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QUESTION 2 
In an attempt to control the spread of dengue, using genetic modification, a piece of DNA is inserted 
into the Aedes aegypti mosquito genome at the embryonic stage. This DNA contains a lethal gene 
(tTAV gene) which codes for a protein called tTAV. This protein acts as a molecular switch to shut 
down the expression of all other genes, leading to death of the insect. In order to shut down all 
other genes, the tTAV protein concentration in the cell must reach a high concentration. To achieve 
that, the tTAV proteins that are initially synthesized also function to increase the expression of its 
own gene, thereby producing even more tTAV proteins, demonstrating what is known as a positive 
feedback. 

This tTAV protein, however, is inactivated by a compound called tetracycline, which is incorporated 
into the food that the developing larvae feed on. Hence, the genetically-modified (GM) larvae 
survive to adulthood, with much of the tetracycline still remaining in them. Male GM mosquitoes 
are then selected to breed with females to produce large number of offspring. The male GM 
offspring are selected and fed with tetracycline until they reach adulthood. They are then released 
into the wild to mate with wild-type females. Any offspring larvae produced will contain the tTAV
gene, which is expressed to cause death of the larvae. 

a) Explain how tTAV protein increases the expression of its own gene.            [2]

 Functions as an activator that binds to enhancer region of tTAV gene

 Subsequent bending of DNA brings the enhancer close to the promoter to stabilize the
transcription initiation complex, which upregulate transcription. 

b) Suggest a reason why a high concentration of tTAV proteins would shut down the expression
of all other genes.                  [2]

 tTAV proteins binds to transcription factors / RNA polymerase to make them
unavailable for transcription.

 Because there are high amount of transcription factors / RNA polymerase, high 
concentration is needed. 

OR 
 tTAV proteins binds to promoter to block the binding of transcription factors…

 Because there are many genes, high concentration is needed. 

c) Suggest two advantages of using GM mosquitoes over the use of pesticides in controlling the
spread of dengue.                  [2]

Idea that Highly species-specific: the released male GM mosquitoes only mate with the
females of their own species. This means that no other insects are affected, unlike the use 
of pesticides that affects all insects 

Idea that Male GM mosquitoes does not pose any harmful environmental effects, unlike 
the chemicals found in pesticides. 

Idea that Mosquitoes can develop resistance against pesticide 

AVP

peeccieses-s-spepecifific:c: thee rreleleaeassed mmale GMMM momoosqsqsquiuiuitoe
n sspepecic ess. ThThisis mmeaeansns tthahat noo oooooooooooththththththththhthhererereererere iiiiinsnsnnsnnsnsnsececece tts aaarerer  a
ffecects aalll iinsnseectss 

M momosqsquiuitotoeses ddooes nonott poposese any hhharaa mfmfmfululul eenviron
d in pesticides
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Male GM mosquitoes have been used in open field trials in countries such as Cayman Islands. The 
town where the Aedes aegypti mosquitoes predominate was divided into three areas, as shown in 
Fig. 2.1. 

Area A – the treatment site where male GM mosquitoes are released 
Area B – buffer zone 
Area C – the non-treated control site 

The mosquito populations in area A and area C were measured using an ovitrap – a device that is 
attractive as an egg-laying site for female mosquitoes. 

 
Fig. 2.1 

d) State why the release of male GM mosquitoes in area A will not increase the risk of 
transmission of dengue.                   [1] 

Idea that Only female mosquitoes feed on human blood to transmit the dengue virus. 

e) [HI-1] Suggest the purpose of area B.                 [1] 

Idea that Ensure GM mosquitoes were unlikely to fly to non-treated control site, which could 
interfere with the results. 

KiasuExamPaper.com
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The number of ovitraps that contain eggs were recorded every week for 6 months. Fig. 2.2 shows 
the ovitrap index, which is calculated based on the percentage of ovitraps containing eggs.  

 
Fig. 2.2 

f) Comment on the trend observed for both the treated and control site.            [4] 

 For both sites, ovitrap index fluctuates from Apr to Oct.

Rises due to females laying eggs, falls due to the hatching of the eggs

 For control site, upward trend from Apr to Oct, but for treated site, upward trend from 
Apr to mid-Jun to Aug, then downward trend till Oct.

 By 1 Oct, ovitrap index stands at 40% at control site, but only 2% at treated site

 Male GM mosquitoes pass on the tTAV gene to offspring, causing the larvae to die before 
reaching adulthood, hence less adult mosquitoes mate to lay eggs. 
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g) Global warming is the unusually rapid increase in Earth’s average surface temperature over
the past century primarily due to the greenhouse gases released as a result of anthropogenic
activities. The global average surface temperature rose by 0.6 to 0.9 C between 1906 and
2005, and the rate of temperature increase has nearly doubled in the last 50 years.
Temperatures are certain to go up further.

i) Explain how global warming has encouraged the spread of dengue.           [3] 

[Effect of temperature] 
 Higher temperature hasten the life cycle of mosquitoes due to increased metabolism,

hence producing more offspring 

 Higher temperature causes female mosquitoes to feed more frequently due to increased 
rate of digestion, this increases transmission intensity 

Temperate countries are now experiencing a warmer temperature, thus encouraging 
mosquitoes to migrate to higher latitudes  

[Effect of precipitation] 
 Global warming has also caused increased precipitation, hence increases the number 

of breeding sites for mosquitoes. 

ii) Apart from the spread of mosquito-borne diseases, global warming is already putting
pressure on ecosystems (the plants and animals that co-exist in a particular climate zone),
both on land and in the ocean. Warmer temperatures have already shifted the growing
season in many parts of the globe. Spring is arriving earlier in both hemispheres, causing
the growing season in parts of the Northern Hemisphere becoming two weeks longer in the
second half of the 20th century.

This change in the growing season also affects the broader ecosystem. Migrating animals
have to start seeking food sources earlier. Furthermore, the shift in seasons may already
be causing the life cycles of pollinators, like bees, to be out of sync with flowering plants
and trees. This mismatch can limit the ability of both pollinators and plants to survive and
reproduce, which would reduce food availability throughout the food chain.

Describe how global warming has impacted other biotic factors.           [3] 

[Death of coral reefs]
 Warmer sea, more CO2 dissolved, more acidic, dissolves away CaCO3 exoskeleton of

coral reefs. 
 Warmer sea, coral reefs expel photosynthetic zoothanthellae, leading to coral bleaching

[Threat to global food supply] 
Ref to. livestock death due to heatwaves / increased prevalence of parasites and 
diseases / decreased forage area due to drought / AVP 
Ref to. drop in fisheries due to lesser fishes in warmer water / competition of local
species with invading species / AVP 

[Reduction in rich biodiversity] 
Ref to. loss of genetic diversity for food 
Ref to. loss of biomedicines – some plants contain bioactive compounds that can be 
used for pharmaceutical purposes 
Ref to. the loss of habitats leading to extinction of certain species 

[Total: 18] 
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QUESTION 3 
Ribulose bisphosphate carboxylase-oxygenase, better known as rubisco, is a massive protein 
made up of 16 subunits, and is an important enzyme that all life forms depend on. It has a low 
affinity for carbon dioxide and fixes only 3–10 molecules of carbon dioxide per second, compared 
to other enzymes which convert hundreds to millions of substrates per second. The consequence 
is that photosynthetic cells synthesize a large amount of rubisco. About half of all proteins in green 
leaves consist of rubisco, making this enzyme the world’s most abundant protein. 

In addition to carbon dioxide, the same active site of rubisco that binds carbon dioxide also binds 
oxygen, hence this enzyme has ‘oxygenase’ in its name. The oxygenase activity of rubisco 
combines oxygen to RuBP, which is split into 3-phosphoglycerate and a two-carbon compound 
called 2-phosphoglycolate, as shown in Fig. 3.1. 

2-phosphoglycolate is converted into 3-phosphoglycerate in a series of reactions, but this pathway 
consumes oxygen and releases carbon dioxide, hence the name photorespiration is given to this 
pathway. The rate of photorespiration is usually about one-third that of the Calvin cycle, but this 
rate is predicted to increase with global warming, reducing plant productivity. 

Fig. 3.1 

a) Explain why all life forms are dependent on rubisco.              [3]

 First enzyme in Calvin cycle that combines carbon dioxide with RuBP / carbon fixation
to form two molecules of 3-phosphoglycerate.

 Calvin cycle synthesizes glyceraldehyde-3-phosphate which is then used to make 
glucose.

Idea that glucose is used by the plant itself for growth as well as by primary consumers 
and subsequent consumers (for respiration). 

hesisizezess gglyccereraaldeehyhydede--3-pphhooospspspspssppphahahatetete wwwhihihicchc  is 

is uusesed d byby tthehe pplalantnt iitstselelf f foforr ggrowwwththth asss wewewell as b
nsumers ((ffor respirattioio )n). 
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b) Explain why photorespiration will reduce the rate of Calvin cycle.            [2] 

 Photorespiration uses ATP…

 …which deprives Calvin cycle of it in the reaction, where 3-phosphoglycerate is converted 
to 1,3-bisphosphoglycerate / needed for RuBP regeneration.

c) Rubisco has been described as a classic example of ‘unintelligent evolutionary design’.

Explain why.                    [3] 

Low affinity for carbon dioxide (substrate) as compared to other enzymes 

Low catalysis rate of 3-10 carbon dioxide per second as compared to other enzymes 
which catalyzes thousands to millions of substrates per second. 

Idea that Deprives itself of binding to carbon dioxide by also binding to oxygen, which 
produces 2-phosphoglycocate and 3-phosphoglycerate. 

Idea that When 2-phosphoglycocate is converted to 3-phosphoglycerate, carbon dioxide is 
lost in photorespiration, rather than being fixed. 

[Total: 8]
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Section B 
Answer ONE question in this section. 

Write your answers on the lined paper provided at the end of this Question Paper. 
Your answers should be illustrated by large, clearly labelled diagrams, where appropriate. 

Your answers must be in continuous prose, where appropriate. 
Your answers must be set out in parts (a), (b), etc., as indicated in the question. 

QUESTION 4 
a) DNA molecules replicate with a high degree of accuracy, yet not always perfectly.

Describe how this occurs and discuss why the survival of a species depends on DNA molecules 
being stable, yet not absolutely stable.             [13] 

[How DNA replication takes place accurately] – max 3 
1. DNA is double-stranded, each strand is complementary to the other
2. Each strand acts as the template for synthesis of daughter strand by complementary base

pairing (A=T, C G)
3. DNA polymerase III with proofreading function / 3’ 5’ exonuclease activity
4. Able to excise previous nucleotide that is wrongly paired and replace with the correct

nucleotide
5. DNA polymerase I with proofreads newly-synthesized daughter strand / 5’ 3’ exonuclease

activity

[Why DNA replication is not always perfect] – max 3 
6. Exposure to radiation / chemical carcinogens / AVP
7. Causes structural damage to DNA + cite an example below

o e.g. UV light causes thymine dimer formation 
o e.g. chemicals (such as nitrous acid) chemically reacts with base 
o e.g. ethidium bromide intercalates into DNA 

8. Such structural damage causes wrong nucleotide(s) / extra nucleotide(s) / missing
nucleotide(s) to be added during DNA replication.

9. Spontaneous mutation – DNA polymerase adds the wrong base, and is not being rectified.

[Why survival of offspring depends on DNA being stable] – max 3 
10. Idea that Ensures sequence of DNA in genes is intact so that (normal amount of) functional

proteins can be made
11. Idea that Mutation results in non-functional / hyperactive / overproduction / underproduction

of proteins
12. Ref to Sickle-cell anemia – Single-base substitution to -globin gene that causes Hb to

crystallize, forming sickle-cell RBC which clogs blood vessels / inefficient O2 transport
13. Ref to Cancer – a result of gain-of-function mutation to proto-oncogenes and loss-of-

function mutation tumor-suppressor genes, leading to uncontrolled cell division.

[Why survival also depends on DNA being not absolutely stable] – max 4 
14. Ref. to role of mutation in natural selection

a. Mutations allow for formation for new alleles
b. Provides variation between individuals in a population to allow the population to

respond to environmental change 
c. Survival of the fittest to allow population to evolve, hence prevents extinction of a

species
15. Ref. to [for mammals] role of somatic recombination of antibody genes in B cells (and T

cells)
a. Generate millions of different B cells, each with a B-cell receptor specific for an

antigen
b. Ready to combat against any pathogen to prevent damage to body

16. Ref. to [for mammals] role of somatic hyper-mutation during affinity maturation of B cells
a. High rate of mutation to the rearranged V(D)J segment after activation by an antigen
b. Results in B cells that possess increased affinity to the antigen

epeneeee dsdsdsdsss ooooon nnnn DNNNNNA AAAA beeeeeinininininggggg nonnoonot abababbabbsolutelyyyyy stablblblblblle]e]e]e]e]e] – yyyy
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QWC: Argue that continuation of a species and its continued evolution relies on a balance 
between accurate transmission of nucleotide sequences and the need for random change to 
provide the variation needed to allow continued evolution, thus responding to environmental 
change 

 
b) Discuss the view that all life forms depends on phosphate.            [12] 

[Nucleic acids] 
1. Phosphate being one of the component of a nucleotide 
2. Needed to form phosphodiester bonds in a polynucleotide 
3. DNA: contains genetic information needed to synthesize proteins for cells to function 
4. mRNA: conveys genetic information from nucleus to the cytoplasm 
5. tRNA: carries amino acids to the ribosome for synthesis of polypeptide 
6. rRNA: forms part of ribosome, the translation machinery 
7. telomerase RNA: forms part of telomerase, where it is a template for extension of telomere 
8. snRNA: part of spliceosome, needed for RNA splicing to produce mature mRNA 
 
[Phospholipids in biological membranes] 
9. Forms phospholipids, which is the building blocks of biological membranes 
10. Due to its hydrophilicity, membrane forms a bilayer, where the phosphate group faces the 

aqueous external environment and aqueous cytosol 
11. Membranes are fluid, which is important for substances to be transported in and out of cell 
12. Phosphate of phospholipids also interact with proteins to allow their embedment 
13. Phosphate of phospholipids also interact with cholesterol to regulate membrane fluidity 

[ATP] 
14. Energy molecule that releases energy upon hydrolysis of phosphate bond 
15. For phosphorylation of glucose and fructose during glycolysis 
16. To convert glycerate-3-phosphate to 1,3-bisphosphoglycerate in Calvin cycle 
17. For active transport of substances against concentration gradient 
18. Named example: e.g. pump protons from cytosol into lysosomes to maintain acidic pH 
19. For movement of vesicles within the cell 
20. As a substrate for adenyl cyclase to produce the second messenger cyclic AMP (cAMP) 
21. AVP  

[GTP] 
22. To activate G-protein 

[Protein activation via phosphorylation by kinases] 
23. Needed by kinases to phosphorylate and hence activate proteins e.g. during 

phosphorylation cascade in signal transduction 
 

[Total: 25] 
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QUESTION 5 
a) It is observed that cancer cells share similar characteristics as stem cells, yet there are

characteristics which distinguish them. 

Describe the above observations and explain the molecular basis of cancer.         [13] 

[Similar characteristics] – max 2 
1. Unspecialized/undifferentiated – lack of tissue-specific structures which allows them to

perform specialized function. 
2. Capable of dividing for an indefinite period of time
3. Telomerase genes are expressed – high telomerase activity

[Distinguishing characteristics] – max 2 
4. Controlled vs uncontrolled cell division
5. Stem cells can differentiate into specialized cells, but cancer cells remain undifferentiated.
6. Ref to. loss of cell cycle checkpoints in cancer cells, but checkpoints intact in stem cells.

[Molecular basis of cancer] – max 9 
7. Gain-of-function mutation to proto-oncogenes to become oncogene

a) Normal proto-oncogene codes for proteins that drive normal cell division
b) Oncogene codes for hyperactive proteins / excessive amount of normal proteins,

leading to over-stimulation of the cell cycle
c) Oncogene is a dominant allele – one copy is sufficient to induce cancer formation
d) Example: ras gene that codes for a G-protein that leads to the expression of proteins

that stimulate the cell cycle

8. Loss-of-function mutation to tumor-suppressor genes
a) Normal TSG codes for proteins that inhibit uncontrolled cell division
b) Mutated TSG codes for proteins that are nonfunctional or in reduced amount
c) Mutated TSG is a recessive allele – both copies must be mutated to induce cancer

formation
d) Example: p53 gene codes for the an activator that initiates transcription of genes

involved in apoptosis / halting of cell cycle / repair of DNA.

9. Multi-step process – a single cell needs to accumulate mutations in both tumour
suppressor genes and proto-oncogenes to become cancerous.

10. Ref. to causative factors that increases chances of DNA mutations (e.g. carcinogens,
radiation, infection by some viruses).

11. Ref. to genetic predisposition to cancer if inherit one copy of oncogene or mutated TSG
from parents

12. Ref. to angiogenesis and metastasissis ana dd mmete asstatasis
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b) Discuss the importance of hydrogen bonding in ensuring the continuity of life.        [12] 

[Role of H-bonds between complementary base pairs]
1. Allows complementary base pairing to occur in nucleic acid interactions

[DNA] 
2. Stabilizes two DNA strands to form double helical DNA molecule
3. Ref. to role of DNA (e.g. storing genetic information)

[tRNA] 
4. Intra-molecular hydrogen bonding in tRNA allows tRNA to fold into a clover-leaf structure
5. Ref. to role of tRNA – carries amino acids to the ribosome for synthesis of polypeptide

[rRNA] 
6. Intra-molecular hydrogen bonding in rRNA allows rRNA to fold into a precise 3D structure

to complex with ribosomal proteins to form ribosome 
7. Ref. to role of ribosome – translation machinery

[snRNA] 
8. Intra-molecular hydrogen bonding in snRNA allows snRNA to fold into a precise 3D

structure to complex with spliceosomal proteins to form spliceosome 
9. Ref. to role of splicesome – splicing of primary mRNA transcript to produce mature mRNA

[Telomerase RNA] 
10. Intra-molecular hydrogen bonding in telomerase RNA allows telomerase RNA to fold into a

precise 3D structure to complex with TERT to form the telomerase enzyme 
11. Ref. to role of telomerase – restore telomere length to ensure infinite division in stem cells

[During DNA replication] 
12. Important in DNA replication, where daughter DNA strand is synthesized via adding

complementary deoxyribonucleotides to template DNA to ensure accurate 
transmission of genetic information. 

[During transcription] 
13. Important in transcription, where RNA is synthesized via adding complementary

ribonucleotides to template DNA 

[During translation] 
14. Important in translation, where codons on mRNA complementary base pair with anticodon

on tRNA to ensure correct sequence of amino acids forms the polypeptide 

[Role in maintaining protein structure] 
15. Ref. to maintaining secondary structures ( -helices and -pleated sheets) in proteins,

formed between peptide regions.
16. Ref. to maintaining tertiary/quaternary structure of proteins, formed between R groups.
17. Idea that Shape of proteins dictates their specific functions (e.g. in DNA replication and

gene expression)

[Role in enzyme-substrate interaction] 
18. Ref. to allow substrate to bind weakly to the active site of enzyme

[Role in solubility] 
19. Ref. to allows hydrophilic substances to be soluble in aqueous environment to allow

reaction to take place 

20. AVP
[Total: 25] 
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Answer all questions 

QUESTION 1 
Fig. 1.1 shows the structure of a dormant seed that has been cut in half (longitudinal section).

Fig. 1.1 

Dormant seeds have a very low rate of respiration. When water is absorbed by dormant seeds, 
growth hormones are activated. These hormones activate genes that code for the synthesis of 
enzymes. These enzymes are used to hydrolyze the food reserves so they can be used for 
respiration and growth. The respiration rate can be measured using a respirometer. 

Fig. 1.2 shows the respirometer. 

Fig. 1.2 

As the seeds respire, oxygen is removed from the air and carbon dioxide is released. This carbon 
dioxide is absorbed by the soda lime. As the oxygen is used by the seeds, the pressure falls, 
causing the coloured dye to move along the capillary tube. 

You are required to investigate the rate of oxygen uptake by respiring seeds. 

Soda lime is harmful and corrosive. Safety glasses and gloves should be worn. d co os e Sa ety g asses a d g o es s ou d
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1. Sketch a fully-labelled graph to show the expected relationship between the volume of oxygen
uptake and time.                    [1]

[1] Axes labelled correctly, straight line starts at origin (0,0), positive gradient, and 
does not plateau. Do not mark for absence of units 

Proceed as follows: 

Fig. 1.2 shows the respirometer that you will be setting up and using. 

2. Place a small plug of cotton wool in the respirometer and use a glass rod to gently push it to
the bottom. The cotton wool must NOT be compacted.

3. Using a spatula, add soda lime pellets on top of the cotton wool plug in the respirometer. The
soda lime pellets should form a layer of about 1 cm deep.

4. Add another small plug of cotton wool to the respirometer and gently push it down until it is just
above the soda lime pellets. Do NOT compact the cotton wool.

5. Take 10 mung beans and briefly dab them dry with paper towels. Find and record their mass.

Mass: 4.8 g

6. Add the 10 mung bean seeds to the respirometer. Place the plunger. Leave the respirometer
for 5 minutes.

Explain the purpose of leaving the respirometer for 5 minutes.              [1]

 Allow the soda lime to completely absorb/remove all CO2 in the syringe chamber.

7. Read through the remaining steps up to step 15 and decide on the results that you will be 
recording. Prepare a table to record all of these results in the space provided under step 15.

8. Place the end of the capillary tube into the dye solution and use the syringe plunger to pull in
about 1 cm length of the dye. Wipe off any excess dye on the outside of the capillary tube.

9. Place a ruler alongside the capillary tube and use a support, such as Plasticine® or Blu Tack®,
to keep the capillary tube horizontal and aligned with the ruler.

leaeaeaaaviviviv nnngnn  theh rrrrrresesesesespppipp rooooomememememeteeteerrr r for 5555 mimimimmimimimmiminununununununuteteteteteteteteteeees.s.s.s.ss.s    
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10. Record the cumulative distance moved by the dye at every 30-second intervals for 5
minutes. Do not start the stopwatch until the dye has started to move.

11. If the dye has reached the end of the capillary tube before 5 minutes, pause the stopwatch but
do not reset it to zero. Make a note of the cumulative distance moved by the dye up to this
point. Reset the respirometer by pushing the plunger to move the coloured dye to the start
position. As soon as the dye starts moving again, restart the stopwatch and continue recording
the cumulative distance moved by the coloured dye at the completion of each 30-second
interval, up to 5 minutes. These measurements will need to include both the cumulative
distance noted when the respirometer was reset and the distance moved subsequently.

12. After 5 minutes, carefully expel the coloured dye onto a piece of paper towel by pushing in the
plunger.

13. Carefully pull the plunger out of the syringe completely, without disturbing the contents.
Replace the plunger and leave for 5 minutes. While waiting, proceed to step 16.

14. After 5 minutes, repeat steps 8 to 11 to measure and record a second set of results for these
seeds.

15. Record all of your results in the table you have prepared below.           [5] 

Teacher’s trial results on 06/10/2016 for reading 1 
Cumulative distance travelled by the coloured dye / mm 

Time interval / s Reading 1 Reading 2 Average 
30 17 19 26.5 or 27 
60 36 34 35.0 or 35 
90 61 60 60.5 or 61 

120 74 81 77.5 or 78 
150 93 90 91.5 or 92 
180 110 117 113.5 or 114 
210 126 127 126.5 or 127 
240 140 143 141.5 or 142 
270 150 151 150.5 or 151 
300 166 163 164.5 or 165 

[1] Correct heading for independent variable: in first column, time in s or in min. 
[1] Correct heading for dependent variable: distance in either mm or cm. 
[1] Records 2 readings, each comprises 10 intervals 
[1] Readings recorded to nearest mm or 0.5mm or 3 s.f. / nearest 0.05cm or 0.1cm or 3 s.f. 
[1] Correctly calculate average reading, in nearest mm or 0.5mm or 3 s.f. / nearest 0.05cm or
     0.1cm or 3 s.f. 

16. Suggest an advantage of recording the cumulative distance moved by the coloured dye every
30 seconds, instead of only recording the total distance moved after 5 minutes.           [1] 

Ref to. Checking that the rate if constant/steady 

, each comprises 10 intervals 
to nnnneaeaeaeaarrer ststt mmmmmmm mmm orooooo 000000 55555.5mmmmmmmmm  r or 33 ssss.f.f.ff.f..... ///// neneneenearararara esesesesst t tt t 0000.0 0505050505cr
avvererererragagagagagage rereeadadadaddadininininii g,g,g,g,g,g, innn nenenenenenearaararara eseee t mmmmmmmmmmmmm  ooororororooooooro 000000.55.5.55555mmmmmmmmmmmmm  rrrr ororororor 33333 s.r

f di th l ti di t d b th
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17. Assuming that a 10 mm length of capillary tubing has a volume of 8.0 mm3, calculate the mean 
rate of oxygen consumption of the mung bean seeds per gram of tissue in mm3s 1g 1 over the 
entire 5 minutes.                    [3] 

Show all the steps in your calculation, including relevant units at each step. 

Volume of oxygen consumed 
= (8.0 mm3/10mm) x 165mm 
= 132.0 mm3 [1]

Rate
= 132.0 mm3 / 4.8g / 300s [1]
= 0.0917 mm3s 1g 1 [1] 

[1] calculation of volume from the distance travelled by the dye 
[1] dividing volume by mass of seeds and time (marking for working)
[1] calculation of mean rate of oxygen consumption and recorded to 3 s.f. (allow e.c.f.)

Mean rate of oxygen consumption: 0.0917 mm3s 1g 1

18. Describe a control for this experiment and explain the rationale for this control.           [2] 

 Replace soaked seeds with seeds that have not been soaked in water 
 To show that only germinating seeds undergo respiration to take up oxygen 

OR 
 Replace soaked seeds with boiled seeds. 
 To show that only germinating seeds undergo respiration to take up oxygen 

OR 
 Replace soaked seeds with glass beads. 
 To show that only germinating seeds undergo respiration to take up oxygen 

KiasuExamPaper.com
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19. Table 1.1 shows the results from an experiment to measure the rate of oxygen consumption of
15 pea seeds at different temperatures. The experiment was repeated three times for each
temperature, and the average rate was calculated.

Table 1.1 

Temperature / C Average rate of oxygen 
consumption / mm3s 1

Average rate of oxygen consumption 
per gram of tissue / mm3s 1g 1

10 8.30 11.1

15 11.0 14.7

20 15.8 21.1

25 20.0 26.7

30 33.5 44.7

(a) The mean mass of one pea seed is 50.0 mg. 

Complete Table 1.1 by calculating the average rate of oxygen consumption per gram of 
tissue in mm3s 1g 1.

Show your working for the result at 10 C, in the space below.           [2] 

[1] for calculation 
 Mass of one seed = 50 mg = 0.05 g 
 Mass of 15 seeds = 0.75 g 

Rate = 8.3 mm3s 1 / 0.75g = 11.0666 mm3s 1g 1 = 11.1 mm3s 1g 1

[1] for completing table to 3 s.f. (e.c.f. for not converting to grams) 

(b) State and explain the most important variable that needs to remain constant throughout the 
experiment.                    [2] 

 Number of seeds 
 More seeds  more oxygen taken in  will not be a true reflection of the effect of 

temperature
yg
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(c) The average rate of oxygen consumption was compared between 10 C and 15 C using 
Student’s t-test. The calculated t-value was determined to be 1.740. 

Degrees of 
freedom

Significance level 
0.50 0.20 0.10 0.05 0.02 0.01 

1 1.000 3.078 6.314 12.706 31.821 63.657 
2 0.816 1.886 2.920 4.303 6.965 9.925 
3 0.765 1.638 2.353 3.182 4.541 5.841 
4 0.741 1.533 2.132 2.776 3.747 4.604 
5 0.727 1.476 2.015 2.571 3.365 4.032 
6 0.718 1.440 1.943 2.447 3.143 3.707 

Using the t-distribution table above, explain what conclusions can be drawn from the 
calculated t-value.                   [3] 

 At df = 4, calculated t-value is smaller than the critical t-value of 2.776 at 0.05
significance level.

 The probability that the difference between the rate of oxygen consumption at 10 C and 
15 C being due to chance is between 0.1 to 0.2, which is more than 0.05 (cut-off).

 The difference is hence not significant and is due to chance.

Idea that the increase in temperature from 10 C to 15 C did not affect the average rate 
of oxygen consumption. 

(d) In a further investigation, using the same respirometer at 20 C, the soda lime was removed 
and the experiment repeated. The dye did not move. 

Suggest why the dye did not move.                 [1] 

Idea that volume of oxygen uptake equals volume of carbon dioxide release, therefore 
no change in overall volume in the respirometer / air pressure unchanged

[Total: 21] 

KiasuExamPaper.com
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QUESTION 2 
Urea, U, reacts with water to form aqueous ammonium carbonate. Aqueous ammonium carbonate 
produces ammonium ions. These form an alkaline solution which causes red litmus paper to turn 
blue. The time take for red litmus paper to turn blue can be used to monitor the progress of the 
reaction. 

K is known to play a role in the above reaction. You are required to investigate the effect of 
concentration of solution K on this reaction. 

You are provided with: 

 25 cm3 of 10.0%, K, which is an irritant. 
 100 cm3 of distilled water, W.
 25 cm3 of a solution of urea, U.
 Red litmus paper, each about 6 cm in length. 

It is recommended that you wear safety goggles. 

1. Carry out serial dilution of solution K, to reduce the concentration of the solution by half
between each of four successive dilutions, and set up a control.

Label four small beakers, D1, D2, D3 and D4, for the serial dilutions, and label another small
beaker, C, for the control.

Complete the table below to show how you will make the different concentrations of solution K
and how you will set up the control, C.

Record the values to 3 significant figures.           [2] 

Label K D1 D2 D3 D4 

Concentration of K / % 10.0 5.00 2.50 1.25 0.625 

Volume of solution K taken from 
the previous dilution / cm3 10.0 10.0 10.0 10.0 

Volume of distilled water, W / 
cm3 10.0 10.0 10.0 10.0 

Description of the control, C:

Replace solution K with 10 cm3 distilled water, i.e. 10 cm3 distilled water + 10 cm3

distilled water 

[1] correct concentrations to 3 s.f., + correct volume in dilution table 
[1] description of control with appropriate volumes quoted [Reject: equal volume] 

ateeer,rr,rr, 

takkkeneenenen ffffrom mm
cmmmm33333 100.000000000 110.0.0 0 0 0

WWWWWW /// 1010.0 1110.0.0 00 0

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



Practical Exam, H2/9744 Biology, Prelim 2017 9

2. In order to monitor the progress of the reaction, in step 4, red litmus paper will be added to
each mixture of solution K and solution U, in a test-tube. To prevent the paper from sticking to
the wall of the test-tube, you will need to use the glass rod to add it as follows:

Cut a piece of red litmus paper so that it is a little shorter than the circumference of the glass
rod. Moisten the paper and stick it to the end of the glass rod as shown in Fig. 2.1. The glass
rod can then be lowered into the mixture of K and U. The red litmus paper will slip off into the
mixture and the glass rod can then be removed.

Fig. 2.1 

Proceed as follows: 

3. To test the activity of the highest concentration of solution K, put 2 cm3 of U into a test-tube,
then add 2 cm3 of K and mix well. The reaction will start as soon as K is added.

Immediately put one piece of red litmus paper into the test-tube as described in step 2 and start
timing.

4. Record the time taken for the piece of red litmus paper to turn blue. If the piece of red litmus
paper does not turn blue in 10 minutes, record as ‘more than 600’.

5. Repeat steps 3 and 4 for the other concentrations of solution K, and the control, C. The red
litmus paper used each time should be of the same size.

6. Using an appropriate format, record the results of this investigation for the various
concentrations of solution K, including the control, in the space provided (in step 7).

, g
ionnnnn K,,,, ininininini clclclclcluduu innnnng gggg theeeee cococococontnnn roroorol, in nnnn the space prppp ovovovovovvidididididded
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7. Use the space below to record your results.           [3] 

Teacher’s trial on 18/10/2016 

Concentration of solution K / % Time taken for red litmus paper to turn blue / s 

10.0 29.1
5.00 40.3
2.50 54.4
1.25 71.4

0.625 102.5
0.00 More than 600 

 Correct headings with units [Reject: D1, D2, D3, D4] 
 Complete data (from 0%-10% urease) + correct trend (shortest time for highest conc., 

longest time for lowest conc., ‘more than 600’ for control) 
 Values recorded to appropriate precision of the stopwatch (i.e. 1 d.p.) 

8. From the results of your investigation, suggest the identity of K.  [2]

 K is urease.

K increases the rate of reaction   time taken for ammonium carbonate to be produced to
turn red litmus paper blue decreases from 102.5s to 29.1s when (enzyme) concentration 
of solution K increases from 0.625% to 10.0%.  

9. Calculate the rate of reaction using your result for 10.0% concentration of solution K. Show
your workings clearly.  [1]

Rate = 1 / time 
= 1 / 29.1s 
= 0.0344 s 1 (3 s.f.) 

[1] Rate recorded to 3 s.f. 

Rate of reaction: ……………….. s 1Rate of rererererereacaaaaa ti
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10. (a) Lack of replicates is a limitation of this procedure. 

Describe one other limitation.                 [1] 

 Difficulty in judging when litmus paper changes colour from red to blue 

(b) Suggest how you would make one improvement to this procedure to reduce the effect of 
the significant source of error identified in 10(a).               [1] 

 Use a pH meter to measure the time taken for pH to reach a particular pH 

KiasuExamPaper.com
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11. The effect of pH on the activity of two proteolytic enzymes, A and B, was compared. The
substrate of the enzymes was coloured jelly, which is made of proteins. It is known that both
enzymes work best at 38 C.

The apparatus for each pH was set up as shown in Fig. 2.2.

Fig. 2.2 

The block of coloured jelly gets smaller as it is digested by the enzymes. 

(a) State two variables which would need to be controlled and suggest how each variable would 
be controlled.                    [2] 

Dimensions / Size of jelly block at the start of experiment. Measure exact length and width
using ruler and knife. 

Concentration of enzymes A and B. (Idea that) Make a master concentration of enzyme 
A and B to be used throughout the experiment. 

Volume of buffer OR enzymes A and B. Use syringe/ measuring cylinder/pipette to 
ensure consistent volume. 

Temperature at 38 C. Use a thermostatically-controlled incubator.

The results of the investigation are shown in Table 2.1. 

pH
Area of jelly present after 90 minutes / mm2

enzyme A enzyme B 
4.0 10 134 
6.4 76 124 
7.4 128 76 
8.0 138 52 
9.0 140 6 

Table 2.1 

14141414140 6666

TaTaTaTaTaablblblblbb eee ee 2.2222 11111
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(b) Plot, on the grid below, the data shown in Table 2.1.  Draw lines of best fit for enzyme A
and enzyme B.                   [3] 

[1] No awkward scale (e.g. 3:10) AND graph occupies at least half the graph paper AND 
Points joined by smooth line of best fit  

[1] Correct choice of axes AND complete with labels & unites 
[1] Data plotted accurately without extrapolation AND key/label to distinguish the 2 sets of 

data (plotted with a x or dot with O)  

KiasuExamPaper.com
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(c) Describe the effect of pH on the activity of enzymes A and B.             [1] 

 For enzyme A, as pH increases from 4.0 to 9.0, the area of jelly present after 90 minutes 
increases from 10 to 140 mm2, while for enzyme B, decreases from 134 to 6 mm2,

(d) Explain why changes in pH affect the activity of these two enzymes differently.           [4] 

(idea that) Enzyme A works best in alkaline pH 9, enzyme B in acidic pH 4.

 Any changes in pH from their optimum, changes amount of protons/H+.

 Neutralization of charged and polar R groups, leading to breaking of ionic and 
hydrogen bonds that holds the enzyme in its 3D conformation 

Loss of 3D conformation of the enzymes, hence loss of specific shape of active site

 Active site no longer complementary to substrate, reduce enzyme-substrate 
complexes form, enzyme activity decreases.  

OR
 Neutralization of charged and polar R groups at the active site, hence affecting the 

formation of ionic and hydrogen bonds  between the enzyme and substrate. 

Reduce enzyme-substrate complexes form, enzyme activity decreases.  

[Total: 20] 
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QUESTION 3 – Planning Question 
You are required to plan an investigation to find out the effect of surface area-to-volume ratio on 
the rate of diffusion of hydrochloric acid into agar blocks containing phenolphthalein.  

Phenolphthalein is an indicator which appears pink at pH higher than 7, and colourless at pH less 
than 7.

You must use: 

 Sixteen 2cm x 2cm x 2cm phenolphthalein-containing agar blocks at pH 8  

 10 g dm-3 hydrochloric acid  

You may select from the following apparatus and use appropriate additional apparatus: 

 normal laboratory glassware, e.g. test-tubes, boiling tubes, beakers, measuring cylinders, glass 
rods, etc. 

 syringes 
 timer, e.g. stopwatch 
 white tile  
 scalpel 
 15cm ruler 

Your plan should: 

 have a clear and helpful structure such that the method you use is able to be repeated by 
anyone reading it. 

 be illustrated by relevant diagram(s), if necessary, to show, for example, the arrangement of 
apparatus used.  

 identify the independent and dependent variables. 

 describe the method with scientific reasoning used to decide the method so that the results are 
as accurate and repeatable as possible. 

 include the layout of result tables and graphs with clear headings and labels. 

 use the correct technical and scientific terms. 

 include reference to safety measures to minimise any risks associated with the proposed 
experiment. 

[Total: 14] 
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[Background] 
Simple diffusion of hydrochloric acid is a process where hydrochloric acid moves down a 
concentration gradient without the input of energy. It is affected by the surface area through which 
diffusion can occur. 

Description of (simple) diffusion [1] 

[Hypothesis] 
The larger the surface area to volume ratio, the faster the hydrochloric acid will diffuse though the 
agar block, taking less time for the agar block to turn from pink to colourless [accept: white]

Correct hypothesis [1] 
[Independent and dependent variables]

Independent variable: surface area to volume ratio (no units)
Dependent variable:  time taken for agar blocks/phenolphthalein to turn colourless / s 

[Accept min]
Both independent and dependent variables [1] 

[Variables to be controlled] 
 Total volume of agar blocks for each surface area-to-volume ratio obtained 
 Concentration of hydrochloric acid 
 Volume of hydrochloric acid 
 Temperature  
 Initial pH of agar blocks 

Rationale:
Variables are kept controlled as these variables affect the rate of diffusion and/or time taken for the 
agar blocks to decolourise and hence can affect the accuracy of each independent variable 
examined.

At least 2 variables + rationale [1] 

[Methods]
1. Using the scalpel and white tile, prepare the agar blocks of 5 different surface area-to-volume

ratios according to the table below from the given 2cm x 2cm x 2cm agar blocks. 

[Keeping total volume constant]
Number of 

blocks
Dimensions of 
each block /cm 

Total surface 
area /cm2

Total volume 
/cm3 SA:V ratio 

1 2 x 2 x 2 24 8.0  3:1 
2 2 x 2 x 1 16 x 2 = 32 4.0 x 2 = 8.0 4:1 
4 2 x 1 x 1 10 x 4 = 40 2.0 x 4 = 8.0 5:1 
8 1 x 1 x 1 6 x 8 = 48 1.0 x 8 = 8.0 6:1 

16 1 x 1 x 0.5 4 x 16 = 64 0.5 x 16 = 8.0 8:1 

OR [per block] 
Dimensions /cm Surface area /cm2 Volume /cm3 SA:V ratio 

2 x 2 x 2 24 8.0 3:1
2 x 2 x 1 16 4.0 4:1
2 x 1 x 1 10 2.0 5:1
1 x 1 x 1 6 1.0 6:1

1 x 1 x 0.5 4 0.5 8:1

1 x 1 6 x 8 = 48 1.0 x 8 = 8.00
x 0.0 55 44 x 1616 = 6644 0.0.0.00.0.0.000 55 5 555 xxx x xxxxx 16161 === 888.0.0.0

Surrfafacece aarereaa /c/cmm2 VoVolulume ///cmcc 3
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2. Place the sixteen 1x1x0.5cm blocks into a 50cm3 [accept 100, 500cm3] beaker.

3. Ensure that all agar blocks do not overlap each other.

4. The starting colour of the agar blocks should be pink.

5. Fill the beaker with 20cm3 of 10 g dm-3 hydrochloric acid. The hydrochloric acid solution should 
cover all the blocks in the beaker. 

6. Start the stopwatch.

7. As soon as all the blocks in the beaker turn colourless, stop the stopwatch and record the 
time taken.

8. Repeat steps 2-7 for the other agar block dimensions. 

9. Set up a control beaker by replacing hydrochloric acid with distilled water for any of the 
block dimensions. 
Rationale: This is to ensure that the colour change from pink to white in the agar blocks is due 
to hydrochloric acid diffusing into the agar blocks and no other factors.  

10. Repeat steps 2-8 another two times to obtain 3 replicates. Calculate the average time taken
to minimize error.

11. Repeat the entire experiment to ensure reproducibility of the trend obtained.   

Any 3: 
Keeping total volume of blocks in one beaker constant [1] 

Using an appropriate and constant volume of HCl AND using appropriate vessel [1] 
State that agar blocks should not overlap each other AND should be fully submerged [1] 
State that the initial colour of blocks is pink AND using a stopwatch to measure the time 

taken for blocks to decolourise [1] 

Compulsory: 
Table with appropriate block dimensions + 5 different SA:V ratios [1] 

Control and rationale [1] 
Replicates and repeats of the experiment + rationales [1] 

[Experimental set-up] 

Labelled diagram of the set-up [1] 

KiasuExamPaper.com
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[Results – table]

Surface area-to-volume ratio Time taken for agar blocks to turn colourless / s 
R1 R2 R3 Average 

3:1     
4:1     
5:1     
6:1     
8:1     

Correct headings with units; all SA:V ratios included [1] 

[Results – graph] 

 Correct graph trend [1]

 [Risks & Precautions] 
Risk Precaution 
Hydrochloric acid is an irritant / corrosive 
to the skin/eyes 

Wear latex gloves/ goggles. Wash off with water 
immediately if it comes into contact with skin. 

Phenolphthalein in the agar blocks is 
carcinogenic Wear latex gloves 

Scalpel is sharp and may cut hands Handle with care / wear thick gloves / use a blunt 
knife 

Risk and corresponding precaution [1]
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1. The electron micrograph below shows the structures found in a cell.                          
 
 

 
 

Which of the following statements is true for structures X, Y and Z?  
 

X Y Z 

A
Contains reduced NAD+ 

and reduced FAD 

Transcription of gene 
coding for ribosomal 

RNA  

Contains 
heterochromatin which 

is transcriptionally 
inactive 

B Involved in oxidative 
phosphorylation 

Transcription of gene 
coding for ribosomal 

protein 

Contains 
heterochromatin which 

is transcriptionally active 

C Contains reduced NAD+ 
and reduced FAD 

Involved in assembly of 
ribosomal subunits 

Contains euchromatin 
which is transcriptionally 

inactive 

D Involved in oxidative 
phosphorylation Involved in synthesis of 

ribosomal subunits 

Contains euchromatin 
which is transcriptionally 

active 
 

 

Y

Z

X
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2. Fractionation is a process used to separate cell components according to their size and 

density. 

 

The diagram shows the main stages in fractionation of a plant cell. 

 

 

DCPIP and buffer solution (containing glucose, fructose, sodium bicarbonate) were 

added to each of the sediments, and the mixtures were left in the dark for fifteen 

minutes. Sediment 2 caused the DCPIP to be reduced. 

Which organelle present in Sediment 2 caused reduction of DCPIP? 

A Chloroplast 

B Mitochondrion 

C Nucleus 

D Ribosome 
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3. The figure shows water and ion channels that are found in the cell surface membrane 

of all cells. 

 

 
 
 
Which of the following statements is true? 

 

A Movement of water molecules through the water channel requires energy provided 

by the hydrolysis of ATP as water molecules are polar while the phospholipid bilayer 

of the membrane is hydrophobic. 

B Common amino acid residues found on the protein surface surrounding the pores 

of both channels include valine and phenylalanine. 

C Only the ion channel allows for the regulation of ion movement across the cell 

surface membrane. 

D The ion channel is an example of a carrier protein as it is able to switch between 

two different conformations to allow the movement of ions. 
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4. Collagen is the main structural protein of the various connective tissues in animals. As 

the main component of connective tissue, it is the most abundant protein in mammal, 

making up from 25% to 35% of the whole-body protein content. The diagram below 

shows the structure of a collagen fibre and collagen fibrils. 
 

 
 

Which of the following correctly accounts for the banded appearance of collagen fibril? 
 
A Intermolecular hydrogen bonds between polypeptide chains within tropocollagen. 

B Covalent cross-linkages between tropocollagen chains. 

C Staggered arrangement of collagen fibres.  

D Sequence motif of Gly-X-Y where Gly is glycine, X is proline and Y is hydroxypoline 

or hydroxylysine.  

 
 
 
5. Some foods contain ‘hydrogenated vegetable oils’. These are unsaturated fats that have 

been converted to saturated fats.  

 
Which property of the fats will have changed? 
 
A Their hydrocarbon chains will pack together more closely. 

B Their solubility in water will increase. 

C They will have more double bonds in their molecules. 

D They will remain liquid at room temperature. 
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6. Most wild plants contain toxins that deter animals from eating them. A scientist 

discovered that a toxin produced by a certain plant was also toxic to the same plant if it 

as applied to the roots of the plant. As the first step on finding out why the plant was not 

normally killed by its own toxin, he fractionated some plant cells and found that the toxin 

was in the fraction that contained the largest cell organelle. He also found that the toxin 

was no longer toxic after it was heated.  

 

Which of the following statements are consistent with the scientist’s observations? 

 

I  The toxin was stored in the central vacuole. 

II  The toxin cannot cross the membrane of the organelle in which it is stored. 

III  The toxin was stored in chloroplast. 

IV  The toxin is likely to be lipid-soluble. 

V  The toxin may be an enzyme. 

 
A I, II and V 

B I, IV and V 

C II, III and IV 

D III, IV and V 
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7. Lactic dehydrogenase catalyses the conversion of lactic acid as shown in the following 

equation. 

 

 
 
Two forms (isomers) of lactic acid exist, (-) and (+), as shown below. 
 

 
 
Reduced NAD absorbs ultraviolet light. NAD+ does not. The activity of bacterial lactic 

dehydrogenase on two different isomers of lactic acid was compared. The absorbance 

of ultraviolet light was measured using an ultraviolet spectrophotometer. The graphs 

show the results. 

 

 
What can be concluded about bacterial lactic dehydrogenase? 

 

A Molecules of both isomers fit the active site. 

B Molecules of neither isomer fit the active site. 

C The enzyme is specific to the (-) isomer. 

D The enzyme is specific to the (+) isomer.  
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8. In an experiment to study the effect of heat treatment on the digestibility of protein 

substrate and the effect of raw bean extract on protease activity, various reaction 

mixtures were prepared and were incubated for 30 minutes. 

 

The protein concentration of each reaction mixture at the beginning and at the end of 

the incubation period was determined by the colorimetric method which measures colour 

intensity of these reaction mixtures. The results were shown in the table below. 

 

Incubation
period /min 

Colour intensity of the reaction mixture / arbitrary unit 

Tube A Tube B Tube C Tube D 
Protease + 

heated
protein

substrate

Protease + 
unheated
protein

substrate

Protease + 
unheated protein 

substrate + heated 
raw bean extract 

Protease + 
unheated
protein

substrate + raw 
bean extract 

0 10 10 10 10 

30 4 6 7 9 

 
The standard graph obtained by using colorimetric method for determining 

concentration of protein solutions is shown below. 

 
 
Which of the following combinations is correct? 

 

Test tube Decrease in protein concentration / % 

A Tube A 4.0 

B Tube B 2.0 

C Tube C 3.0 

D Tube D 4.5 
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9. The flow chart shows processes which takes place inside animal cells.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Which processes require the activity of lysosomes? 

A W and X only 

B X and Y only 

C Y and Z only 

D All of the above 

 

 

10. A student obtained a sample of DNA molecule. mRNA was transcribed from this DNA 

molecule. He then separated the two strands of the DNA sample by adding sodium 

hydroxide. The base compositions of each strand, that of the mRNA and a foreign DNA 

strand were analysed. The results of the analysis are shown in the table below. 

 
 A G C T U 

DNA strand 
1 19.1 26.0 31.0 23.9 0.0 

DNA strand 
2 24.2 30.8 25.7 19.3 0.0 

DNA strand 
3 20.5 25.2 29.8 24.5 0.0 

mRNA 19.0 25.9 30.8 0.0 24.3 
 
         Which strand of DNA serves as a template for mRNA synthesis? 
 

A Strand 1 

B Strand 2 

C Strand 3 

D Strand 2 and 3  
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Use the diagram below to answer Questions 11 and 12  

The micrographs below show nuclei of cells at various stages during nuclear division in 

a flowering plant. 

 
 
 
11. Which of the following combinations is the correct arrangement of letters in accordance 

with the chronological sequence of events for the above nuclear division process? 

 

 

A  

 

B  

 

C  

 

D  

 

 
 

 

D E B C I G H A F 

E D A H I F G B C 

D E A F I G H B C 

C B H G I F A E D 

A B C

D E F

G H I
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12. With reference to micrograph F, which of the following combinations is correct? 

 

 Number of sets 
of chromosomes 

Number of 
centromeres 

Number of 
chromatids

Number of 
DNA strands 

A 2 14 28 56 

B 7 7 14 28 

C 2 7 28 28 

D 7 14 14 56 

 

 
13. DNA replication is illustrated in the figure below. 

 
 

Which of the following correctly describes the addition of the next nucleotide(s) to the 

DNA strands undergoing replication? 

 

A Nucleotide X will be added to the leading strand, which is strand 1. 

B Nucleotide Y will be added to the leading strand, which is strand 1. 

C Nucleotide X will be added to the lagging strand, which is strand 2. 

D Nucleotide Y will be added to the leading strand, which is strand 2. 
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14. The figure below shows a diagram of a ribosome bound to a mRNA strand during 

translation.  

 

 
 

Using the codon table provided, which of the following options correctly identifies amino 

acids P and T?  

 

P T 

A Serine Histidine 

B Serine Tyrosine 

C Arginine Methionine 

D Arginine Leucine 
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15. The ends of eukaryotic chromosome contain a special sequence of DNA called a 

telomere. Human telomeres consist of repeating TTAGGG sequences which extend 

from the ends of the chromosomal DNA. 
 
When cells undergo mitotic division, some of these repeating sequences are lost. This 

results in a shortening of the telomeres. 
 
The diagram shows a eukaryotic chromosome. 

 

 
 

What is a consequence of the loss of repeating DNA sequences from the telomeres? 

 
A The cell will begin the synthesis of different proteins. 

B The cell will begin to differentiate as a result of the altered DNA. 

C The number of mitotic divisions the cell can make will be limited.  

D The production of mRNA will be reduced. 
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16. The table shows a comparison of some aspects of the genomes and protein-coding 

genes between the prokaryote Escherichia coli and the eukaryote fungus 

Saccharomyces cerevisiae. 

 
 E.coli S.cerevisiae 

Genome length/base pairs 4 640 000 12 068 000 

Number of protein-coding genes 4300 5800 

Proteins with roles in:   

Metabolism 650 650 

Energy release/storage 240 175 

Membrane transport 280 250 

Transcription 240 400 

Translation 180 350 

Cell structure 180 250 
 

What could not account for the differences in the number of protein-coding  genes? 
 
A Many catabolic pathways for using carbon compounds in prokaryotes. 

 
B The presence of introns in the DNA of eukaryotes. 

 
C The presence of membrane-bound organelles in eukaryotes. 

 
D The use of histones to package DNA in eukaryotes. 
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17. The following are characteristics of eukaryote transcription. 

 
•  Promoters are activated by transcription factors that recognise specific DNA 

sequences and other sequences that are very similar. 

•  Within a promoter, there may be recognition sites for more than one 

transcription factor. 

•  Similar specific DNA sequences can be recognised by more than one 

transcription factor. 

•  Each transcription factor may be capable of recognising a number of promoter 

recognition sites. 

 
What explains the different levels of expression of a eukaryotic gene? 
 
A Competition between recognition sites present in the promoter for transcription 

factors. 
 

B Competition between transcription factors that recognise the same sites of a 
promoter. 

 
C The number of transcription factors that recognise the same sites of a promoter. 

 
D The number of different types of transcription factors. 
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18. The figure below shows a human karyotype. 
 

 
 

What can be concluded from the karyotype provided? 
 

 
A There was non-disjunction during meiosis I in the mother. 

B There was non-disjunction during meiosis II in the father. 

C One contributory gamete to the zygote is an egg with an X and a Y chromosome. 

D One contributory gamete to the zygote is a sperm containing two X chromosomes. 
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19. Below are some statements related to cancer: 
 

I. Oncogenes can be detected by introducing fragmented DNA from cancer cells 

into suitable cell lines and isolating colonies that display cancerous properties. 

II. Individuals who inherit one inactive copy of tumour suppressor gene are more 

likely to develop cancer than individuals with two non-mutant copies. 

III. Viruses and other infectious agents play no role in human cancers. 

IV. In the cellular regulatory pathways that control cell growth and proliferation, the 

products of oncogenes are inhibitory components and the products of tumour 

suppressor genes are stimulatory components. 

V. When analysed, cancer cells are often found to have only one mutation in a 

regulatory pathway that controls cell proliferation. 

 

Which of the following statements are true? 

 

A I and II only. 

B I, II and III only. 

C I, III and V only. 

D I, II, IV and V only. 
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20. Bacteria can undergo genetic recombination, a process by which genetic information 

from one bacterium is transferred to, and then recombined with, that of another 

bacterium. 

 
 
The Davis U-tube, shown above is an apparatus used to investigate possible genetic 

recombination between bacteria. In the experiment, researchers placed Salmonella 

typhimurium strains A and B in the U-tube separated by a filter, thus preventing direct 

cell contact but allowing growth to occur in a common medium. When samples were 

removed from both sides of the filter, recombinants (containing genetic material from 

both strain A and B) were recovered only from the side of the tube containing strain A 

bacteria. Researchers postulated that a filterable agent was released by the strain B 

cells and was responsible for transferring the new genetic information.  

 

Three subsequent observations were useful in identifying the filterable agent: 

1. The filterable agent was released by the strain B cells only when they were 

grown in association with strain A cells. 

2. The addition of DNase, which enzymatically digests naked DNA, did not render 

the filterable agent ineffective. 

3. The filterable agent could not pass across the filter of the Davis U-tube when the 

pore size was reduced below the size of bacteriophages. 

 
 
Which process has occurred?  

A Transduction 

B Conjugation 

C Transformation 

D Binary fission 
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21. An experiment was conducted to examine the effects of glucose and lactose on the 

levels of -galactosidase in E.coli. Lactose and glucose were added to a culture of 

bacteria at the start of the experiment and the levels of each were measured at specific 

time intervals. The results are shown in graphs below.  
 

 
 

Which of the following statements could possibly account for period X to Z?  

 

A Binding of cAMP to the CAP-binding site enhances binding of RNA polymerase to 

the promoter for gene transcription in period Y.  

B Allolactose binds to the lac repressor, allowing it to assume an active configuration 

such that it can bind to the operator in period X. 

C CAP is inactive and disengages from the CAP binding site, hence increasing the 

affinity of RNA polymerase to the promoter for gene transcription in period Y. 

D mRNA of -galactosidase has been degraded by nucleases in period Z. 
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22. The graph below shows HIV copies and CD4+ T lymphocytes counts over the course of 

a typical HIV infection.  

 
Which of the following statements are false about how HIV infects the cell? 

 
I Complementary binding of the gp120 to specific CD4+ receptors on the T cells 

and HIV enters the host cell via receptor-mediated endocytosis. 

II RNA released into cytoplasm where reverse transcriptase uses negative- 

sense viral RNA as a template to synthesise a strand of cDNA and then form a 

double stranded viral DNA. 

III The DNA enters the nucleus and ligase catalyses the integration into the 

chromosome DNA to form a provirus. 

IV The provirus DNA is transcribed to form viral mRNA which are used as a 

template for translation of viral proteins such as nucleocapsids, viral envelope 

and viral enzymes.  

V Neuraminidase cleaves the long chains of polyproteins when newly assembled 

HIV bud out of host cells.  

 

A I and III only 

B I, II and III only 

C I, IV and V only 

D All of the above 

 
 
 
 
 
 

CD4+ T lymphocytes HIV RNA copies 
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23. Middle East respiratory syndrome (MERS) is a viral respiratory illness that was first 

reported in Saudi Arabia in 2012. Symptoms may range from fever, cough to shortness 
of breath.  
 
This infection is caused by the MERS-coronavirus (MERS-CoV) shown in the diagram 
below.  
 
Which of the following components of MERS-CoV is not present in Escherichia coli 
bacterium?  
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Use the diagram below to answer Questions 24 and 25.  
 

Hunter’s syndrome is a serious genetic disorder. It interferes with the body's ability to 

break down and recycle specific mucopolysaccharides, also known as 

glycosaminoglycans or GAG. The visible signs and symptoms of Hunter syndrome in 

younger people are usually the first clues leading to a diagnosis. In general, the time of 

diagnosis usually occurs from about 2 to 4 years of age. 
 

 
 
24. With reference to the pedigree diagram, which of the following is the correct mode of 

inheritance for Hunter’s syndrome? 

 

A Autosomal recessive 

B Incomplete dominance 

C Sex-linked recessive 

D Codominance 

 

 

25. Mariah (M) married Nick (N) and had three children. One of the children had Hunter’s 

syndrome. 
 

What is the probability of their next child being an affected son? 
 

A 0.5 

B 0.375 

C 0.25 

D 0.125 
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26. The figure below outlines a process that occurs in plant cells.  

 

 
 

Which of the following combinations is correct? 

 

  
 E F G H J 

A NADH NAD+ Ethanal Ethanol CO2 

B NAD+ NADH Ethanol Ethanal CO2 

C NADPH NADP+ Lactate Lactose O2 

D NADP+ NADPH Lactate Lactose O2 
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27. A suspension of mitochondria was isolated from liver tissue. Various substances were 

added to the suspension at different time intervals and the amount of oxygen remaining 

in the preparation was monitored over some time. The graph below shows the results 

as well as the times at which different substances were added. 

 

 
 

Which of the following statement(s) could possibly be true?  
 

I Glucose is the respiratory substrate added. 

II Between X and Y, oxidative phosphorylation occurred and oxygen acted as the 

final electron acceptor.  

III Between Y and Z, chemiosmosis occurred where ATP synthase utilizes the 

proton-motive force to phosphorylate ADP to form ATP. 

IV After Z, anaerobic respiration occurred as oxygen levels did not decrease even 

though ADP is added.  

V After Z, inorganic phosphates, NADH and FADH2 have been depleted.  

 

A I, III and IV only 

B II, IV and V only 

C II, III and V only 

D All of the above 
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28. The diagram below is a transmission electron micrograph of a labelled organelle. 

 

 
 

Which of the following combinations is correct? 

 

 X Y Z 
A Consists of more 

amylopectin branches 

than amylose chains. 

Contains low 

concentrations of 

protons and has an 

alkaline pH. 

Site of non-cyclic and 

cyclic 

photophosphorylation. 

B Large central vacuole 

surrounded by a 

tonoplast and contains 

cell sap. 

Site of Calvin cycle 

processes of carbon 

fixation, reduction and 

RuBP regeneration. 

Site of ATP and 

NADPH synthesis. 

C Insoluble in water as 

hydroxyl groups are 

projected inwards into 

helical structures and 

unable to form hydrogen 

bonds with water.  

Site of oxidation of 

NADPH to form 

NADP+ as well as 

expenditure of ATP.  

Photolysis of water 

occurs to generate 

protons, oxygen and 

electrons.  

D Consists of monomers 

joined together by    

(1 4) and (1 6) 

glycosidic bonds.  

Consists of chlorophyll 

pigments with 

photosystems to 

facilitate light-

dependent reactions.  

Consists of cristae that 

increases surface area 

to volume ratio for 

more efficient ATP 

production. 
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29. Two groups of white mustard plants, Sinapis alba, were grown, one group under high 

illumination, the other under low illumination. When fully grown, the effect of increasing 

light intensity on the rate of photosynthesis in the two groups of plants was measured.         
 

 
 

Which of the following statements can be concluded from the graph? 
 

A Below the compensation point, plants grown at high illumination give out less carbon 

dioxide than plants grown in low illumination. 

B The compensation point for plants grown in high illumination occurs at a lower light 

intensity than those grown in low illumination.  

C Light intensity is no longer a limiting factor for photosynthesis for light intensity above 

150x10-4 Jcm-2 s-1 for plants grown in high illumination. 

D For light intensity from 20 x 10-4 Jcm-2 s-1 to 50 x10 -4 Jcm-2 s-1, carbon fixation for the 

plants grown in high illumination is similar to that grown in low illumination. 
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30. Four proteins isolated from a human cell were investigated for their involvement in cell 

signalling pathways. 

 

 Protein A Protein B Protein C Protein D 
Transmembrane domain - + + - 

DNA binding domain - - - + 

Enzymatic domain + - + - 

 

Key: (+) = present , (-) = absent  

 

Which of the following shows the correct identity of these four proteins? 

 

 Protein A Protein B Protein C Protein D 

A GPCR Ras protein RTK Testosterone receptor 

B Ras protein RTK GPCR Testosterone receptor 

C Testosterone 

receptor 

GPCR RTK Ras protein 

D Ras protein GPCR RTK Testosterone receptor 
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31. GABA is a neurotransmitter which inhibits the production of action potential. The figure 

below shows how the release of GABA from a pre-synaptic neurone affects the 

membrane potential of a post-synaptic membrane. 

 

 
 

Which of the following options correctly explains why an action potential is less likely to 

occur if GABA is released? 

 

A GABA opens ligand-gated K+ ion channels in the post-synaptic membrane, allowing 

K+ to diffuse out of post-synaptic neuron, causing hyperpolarization. 

B GABA closes voltage-gated Na+ ion channels in the pre-synaptic membrane, 

allowing K+ to diffuse out of pre-synaptic neuron, causing repolarization. 

C GABA opens voltage-gated K+ ion channels in the post-synaptic membrane, 

allowing K+ to diffuse into the post-synaptic neuron, causing repolarization. 

D GABA opens voltage-gated Na+ ion channels in the post-synaptic membrane, 

allowing Na+ to diffuse out of post-synaptic neuron, causing hyperpolarization. 

 

 

32. The resting potential of a nerve axon is essential for action potential generation.  

 

Which of the following, when instantaneously removed, would most rapidly bring the 

resting potential of a nerve axon close to 0 mV? 

 

A  Active transport of K+ ions into the cell 

B Active transport of Na+ ions out of the cell 

C High membrane permeability to Na+ ions 

D High membrane permeability to K+ ions 
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33. The table shows the amino acid differences in the cytochrome b protein between various 

vertebrates. 

 
The phylogenetic tree below is based on differences between the cytochrome b proteins. 

 
Which of the following combinations are correct? 
 

W X Y Z 

A Lungfish Coelacanth Ostrich Elephant 

B Lungfish Ostrich Coelacanth Elephant 

C Coalacanth Lungfish Ostrich Elephant 

D Coalacanth Lungfish Elephant Ostrich 
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34. The graph below shows the evolution of two different proteins against the evolutionary 

time that has passed. 
 

 
 

Which of the following statements can be deduced from the graphical data? 
 
 

A The difference between the amino acid sequences of protein A and protein B shows 

how much evolution has happened in the 800 million years. 

B The evolution of protein A is by natural selection while that of protein B is mostly 

neutral changes that make no difference to how the protein works. 

C Protein A has a higher proportion of possible changes that are neutral and hence 

evolved at a higher rate. 

D Protein B has a higher proportion of possible changes that are neutral and hence 

evolved at a slower rate. 
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35. Escherichia coli. bacteria are infected with laboratory-cultured lambda phage. The 

bacteria are initially cultured in a nutrient medium without X-gal. The bacteria colonies 

produced are replica plated onto two agar plates, one containing X-gal and lactose and 

the other containing X-gal without lactose.  

 

There is no glucose in either plates. The agar plates below show the results of this 

experiment. 

 
 

Which of the following explanations for colonies 1, 2 and 3 are correct?    

 

A Colony 1 is blue in both plates because transcription of Lac Z gene is turned on all 

the time so  galactosidase is continuously translated to break down X-gal into a 

blue compound. 

B Colony 2 is white in both plates because transcription of lac Z gene results in  

galactosidase being produced to break down X-gal into a white compound.  

C Colony 3 is blue in plate A and white in plate B because viral DNA is integrated into 

lac Z gene and lac Z gene is disrupted leading to insertional inactivation. 

D Colony 3 is blue in plate A and white in plate B because phage DNA is integrated 

into the operator by transduction and repressor cannot find to operator. 
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36. Plants have developed defence mechanisms against pathogens such as bacteria, fungi 

and viruses. Chemicals released by these pathogens can trigger a defence response in 

infected plant cells. For example, the production of hydrogen peroxide (H2O2) which 

reacts with pathogen membranes and cellular chemicals eventually kills both the cell 

and pathogen.  
 
The OSRac1 gene from another plant species was isolated and introduced into a 

number of rice plant (Oryza spp.) lines to study its role in disease resistance of plants to 

blast fungus. Experiments were carried out to see if the OSRac1 gene was part of the 

signalling pathway for hydrogen peroxide production. A control (C) and four other 

genetically modified rice plant lines (A1, A2, D1 and D2) grown in vitro from calluses 

were exposed to chemicals known to initiate a defence response by producing hydrogen 

peroxide. A1 and A2 are rice plants with the OSRac1 gene always turned on. D1 and 

D2 are rice plants with the OSRac1 gene suppressed. The results are shown in the 

graph below.  

 

 
Which of the following statements can be concluded from the graph? 
 

A OSRac1 gene is not involved in disease resistance as both D2 showed a lower 

increase in H2O2 production by 40% as compared to control which showed an 

increase in H2O2 production of 150%. 

B OSRac1 gene is involved in disease resistance as A2 showed a higher increase in 

H2O2 production by 300% as compared to control which showed an increase in H2O2 

production of 50%. 

C OSRac1 gene is not involved in disease resistance as both A1 and A2 genetically 

modified plants showed lesser change in the number of times of H2O2 production. 

D OSRac1 gene is involved in disease resistance as both D1 and D2 genetically 

modified plants with OSRac1 gene suppressed showed smaller change in the 

number of times of H2O2 production.      
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37. In a maternity ward at a local hospital, a mix-up involving three couples and three babies 

caused a lot of confusion. Based on phenotypic characteristics, the nurses were unable 

to correctly identify the parents of the babies. In order to solve the case, a scientist was 

called in to carry out a DNA test to identify the parents of the babies. The test was based 

on the principle that different individuals have a different number of repeating units at a 

particular locus in a chromosome. 

 

Chromosome 13 was isolated from the DNA samples that were obtained from the three 

couples and three babies and used for further analysis. The sequence below shows a 

segment of chromosome 13, which was used in the analysis where (TTAGGAT) is the 

repeating unit and n is the number of repeats. 

 

5’ …GCTAAGTATTGCTCAAGA… (TTAGGAT)n…GATAAATAACTGGCTAGTA…-3’ 

3’ …CGATTCATAACGAGTTCT… (AATCCTA)n… CTATTTATTGACCGATCAT…-5’ 
 

 
The diagram below shows the results of the DNA test obtained from each individual. 

 

 
 

Based on the results above, which couple does Baby B belong to? 
 
A Couple 1 

B Couple 2 

C Couple 3 

D Not enough information 
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38. The DNA sequences of the normal and mutated versions of a gene are shown below. 

 

Normal DNA sequence: 

GAGAATCCTTGAGCTCTTAAGCTTATT 
 

Mutated DNA sequence: 

GAGAATCCTTGAGGTCTTAAGCTTATT 
 

The table below shows the recognition sequences of four restriction endonucleases. 

 
Restriction endonuclease Recognition site 

BamHI GGATCC 

EcoRI GAATTC 

HindIII AAGCTT 

SacI GAGCTC 

 
Which of the restriction endonucleases would produce different number of fragments 

when used to digest normal and mutant DNA? 

 

A BamHI 

B EcoRI

C HindIII

D SacI

 

 
39. Which of the following is not true of adult stem cells during tissue repair? 

 
A The stem cells must have active telomerase.

B The different checkpoints in the cell cycle of the stem cells are activated.

C Mitosis of the stem cells is induced without any stimulus. 

D The stem cells will stop dividing after the damaged cells are replaced.
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40. Equal masses of tobacco plant callus were cultured for four weeks on media containing 

different concentrations of two plant growth regulators: auxin and cytokinin. 

 

Which of the following combinations is not possible?  

 

Treatment Concentration of plant growth regulators  
/ mgdm-3

Effect of plant 
growth regulators 
on callus growth Auxin Cytokinin 

A 2.00 0.00 No growth 

B 2.00 0.50 Growth of roots 

C 2.00 2.00 Increased growth of 

callus with no 

differentiation 

D 2.00 3.50 Growth of roots 
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Section A 

Answer all questions in this section.  

1. Fig. 1.1 shows a series of micrographs of animal cells undergoing cell and nuclear 

division.

Fig. 1.1 

(a) Arrange the letters in Fig. 1.1 in a correct sequence to show the events 

occurring in the cell and nuclear division process.  

….....……………………..…………………………………………………………[2] 
 
 

(b) Describe the processes occurring in A.

 
….....………………….....…………………………………………………………….. 
 
….....………………..…..……………………………………………………………..

….....…………………….…………………………………………………………….. 
 
….....……………………..…………..……………..………………………………[2]
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(c) State one similarity and one difference between process C and J.

 
….....………………….....…………………………………………………………….. 
 
….....………………..…..……………………………………………………………..

….....…………………….…………………………………………………………….. 
 
….....……………………..…………..……………..………………………………[2]
 
 
 

(d) Explain the significance of process H.

 
….....………………….....…………………………………………………………….. 
 
….....………………..…..……………………………………………………………..

….....…………………….…………………………………………………………….. 
 
….....……………………..…………..……………..………………………………[2]
 

(e) Suggest how the cell and nuclear division process would be affected if 

centromeric DNA is deleted from a chromosome.  

 
….....………………….....…………………………………………………………….. 
 
….....………………..…..……………………………………………………………..

….....…………………….…………………………………………………………….. 
 
….....……………………..…………..……………..………………………………[2]

 [Total 10]
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2. In bacteria, the production of the amino acid tryptophan is catalyzed by five specific 

enzymes (simply named as E, D, C, B and A in this question) encoded by specific 

genes trpE, trpD, trpC, trpB and trpA. The trp operon is transcriptionally regulated by 

a repressor protein, (named R in this question), encoded by the trpR gene. Expression 

of the trpE, trpD, trpC, trpB and trpA genes is controlled by a promoter region and an 

operator region.

When levels of tryptophan are high, tryptophan binds to the repressor protein, R. The 

tryptophan-repressor protein complex binds to the operator region and prevents 

expression of the trpE, trpD, trpC, trpB and trpA genes.

(a) Draw a simple diagram to show the trp operon.       
 
 
 
 
 
 
 
 
 
 
 
 

[1]

(b) Explain why it is useful for a bacterial cell to decrease expression of the trp

genes when tryptophan is present.  

….....………………….....…………………………………………………………….. 
 
….....………………..…..……………………………………………………………..

….....…………………….…………………………………………………………….. 
 
….....……………………..…………..……………..………………………………[2]
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Table 2.1 below indicates the activity levels of the functional enzymes E, D, C, B and 

A in wild type bacterial cells in the presence and absence of tryptophan (Trp).  

Table. 2.1 

  Activity level of enzymes/units 

Enzyme Trp absent Trp present 
E 700 0 
D 700 0 
C 700 0 
B 700 0 
A 700 0 

 

Researchers have managed to obtain several bacterial mutants. Each mutant is the 

result of a single base-pair substitution in a single component of the trp operon. The 

activity level of functional enzymes E, D, C, B and A in the bacterial cells having these 

individual mutations is shown in Table 2.2. 

Table. 2.2 

 Activity level of enzymes/units 
 Mutant 1 Mutant 2 Mutant 3 

Enzymes Trp 
absent 

Trp 
present 

Trp 
absent 

Trp 
present 

Trp 
absent 

Trp 
present 

E 700 700 700 0 0 0 
D 700 700 0 0 0 0 
C 700 700 700 0 0 0 
B 700 700 700 0 0 0 
A 700 700 700 0 0 0 

(c) With reference to Table 2.1 and Table 2.2, identify the mutant bacteria that has 

a phenotype that is consistent with a loss-of-function mutation in the trpR gene 

and explain your choice. 

….....………………….....…………………………………………………………….. 
 
….....………………..…..……………………………………………………………..

….....…………………….…………………………………………………………….. 
 
….....……………………..…………..……………..………………………………[2]
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(d) Assuming mutant 3 experienced a loss-of-function mutation, account for its 

phenotype.

….....………………….....…………………………………………………………….. 
 
….....………………..…..……………………………………………………………..

….....…………………….…………………………………………………………….. 
 
….....……………………..…………..……………..………………………………[2]

(e) If the phenotype of mutant 3 is caused by a mutation in the trpR gene, explain 

how this mutation would affect the structure and function of the repressor 

protein. 

….....………………….....…………………………………………………………….. 
 
….....………………..…..……………………………………………………………..

….....…………………….…………………………………………………………….. 
 
….....……………………..…………..……………..………………………………[2]

[Total: 9] 
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3. Researchers are constantly investigating the effects of limiting factors on the rate of 

photosynthesis on various plants. Fig. 3.1 show how three main limiting factors, carbon 

dioxide concentration, light intensity and temperature can affect the rate of 

photosynthesis in cactus plants.  

       Fig. 3.1 

(a) Define the term ‘limiting factor’.

….....……………………..……………………………………………………………. 
 
….....……………………..…….……………………………………………………[1] 

(b) With reference to Fig. 3.1, 

(i)    explain for the effect of light intensity on rate of photosynthesis. 

….....……………………..……………………………………………………………. 
 

….....……………………..……………………………………………………………. 
 
….....……………………..…………………………………………………………….
 
….....……………………..…………………………………………………………….
 
….....……………………..…………………………………………………………….
 
….....……………………..…………………………………………………………….
 
….....……………………..…………………………………………………………….
 
….....……………………..…………………………………………………………….
 
….....………………..…..……………………………………………………….….[5] 
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(ii)    justify if carbon dioxide concentration or temperature is a greater limiting  

        factor on the rate of photosynthesis. 

….....……………………..……………………………………………………………. 
 
….....……………………..……………………………………………………………. 
 
….....……………………..…………………………………………………………….
 
….....……………………..…………………………………………………………….
 
….....……………………..………………………………………..…………….….[3] 
 

(c) Suggest why water is not considered a limiting factor for the rate of 

photosynthesis.

….....……………………..……………………………………………………………. 
 
….....……………………..………………………………………………………….[1] 

Fig. 3.2 illustrates a graph showing how varying light intensity affects the net carbon 

dioxide uptake and release in sun and shade plants.  

Fig. 3.2 
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(d) With reference to Fig. 3.2,  

(i)    state the compensation points of sun and shade plants.   

….....……………………..…………………………………………………………….
 
…....……………………..…………………………………………………………..[1] 

(ii)    account for the graph differences between sun and shade plants.   

….....……………………..…………………………………………………………….
 

….....……………………..……………………………………………………….…… 
 
.…....……………………..…………………………………………………………….

 
….....……………………..……………………………………………………….…… 
 
.…....……………………..…………………………………………………………….

 
….....……………………..…………………………………………………………….
 
….....…..………………..…………………………………………………………..[4] 

 [Total: 15] 
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4. A study was conducted to study the inheritance of coat colour in mice, in which one of 

the allele is also known to affect normal embryonic development. A cross between 

agouti mouse (with agouti coat colour) and yellow mouse (with yellow coat colour) 

resulted in half of the F1 progeny being agouti mice and the other half being yellow. 

Mating of F1 yellow mice resulted in the following F2 generation.

Agouti mice   98 

Yellow mice 202 

(a) Using the symbols A and a for the two alleles involved, draw a genetic diagram 

in the space below to show how the F1 cross resulted in the F2 progeny.     

[3] 
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In another experiment involving deer mouse, pure breeding pink-eyed mice with wild-

type fur was crossed with pure breeding dark-eyed albino mice. The resulting progeny 

all had wild-type fur and dark eyes. These F1 mice were then crossed with pink-eyed 

albino mice. The results are shown in Table 4.1. It was difficult to distinguish between 

mice that are dark-eyed albino and pink-eyed albino, so these two phenotypes were 

counted together. 

Table 4.1 

Phenotype Number of progeny 

Wild-type fur, dark-eyed 12
Wild-type fur, pink-eyed 62
Albino, dark-eyed  
Albino, pink-eyed 78

Total 152

(b) In the blank space below, calculate the chi-square value. 

[2]

Table 4.2 shows a portion of the chi-square table. 

Table 4.2 

distribution of 2 

number of  
degrees of  
freedom (v) 

probability 

0.1 0.05 0.01 

1 2.71 3.84 6.64 

2 4.60 5.99  9.21 

3 6.25 7.82 11.34 

4 7.78 9.49 13.28 
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(c) Using the values in Table 4.2, draw appropriate conclusions as to whether the 

results of the cross followed the expected ratio you have predicted in (b).

….....……………………..…………………………………………………………….
 
….....……………………..……………………………………………………………. 
 
….....……………………..…………………………………………………………….

 
….....…..………………..…………………………………………………………..[2] 

(d) Using E/e to represent alleles for eye colour and A/a to represent alleles for fur 

coat colour, explain the result of the F1 cross in the deer mouse experiment 

using a genetic diagram.  

 [4] 

 [Total: 11] 
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5. Bungarus multicinctus, also known as the Taiwanese Krait, is a species of venomous 

snake endemic to Asia and is predominantly found in forests from Taiwan to Southeast 

Asia. In order to better understand the venomous snake’s physiological pathways, 

researchers have been conducting extensive research on the mechanism of action of 

Taiwanese Krait venom which consists primarily of neurotoxins. 

Fig. 5.1 shows a diagram of the kappa-bungarotoxin, a neurotoxin found in the venom 

of the Taiwanese Krait. Kappa-bungarotoxin is a highly stable protein molecule that is 

capable of withstanding harsh chemical reactions. 

Fig. 5.1 

(a) Explain how the protein structure of kappa-bungarotoxin is maintained.

….....……………………..……………………………………………………………. 
 
….....……………………..……………………………………………………………. 
 
….....……………………..……………………………………………………………. 

 
….....……………………..……………………………………………………………. 

 
….....……………..……..…………………………………………………………..[3] 
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People bitten by Bungarus multicinctus suffer from neuromuscular paralysis and 

respiratory failure. Research shows that the venom causes serious health 

complications due to the effects of kappa-bungarotoxin at the neuromuscular junctions 

at the muscle cells of the lungs as shown in Fig. 5.2. 

Fig. 5.2 
 

(b) Name the parts of the neuromuscular junction shown in Fig 5.2 labelled A, B,

C, D and E.

A: ....................................................................... 

B: ....................................................................... 

C: ....................................................................... 

D: .......................................................................     
 
E: ....................................................................... 

       [2] 
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In Fig. 5.2, F is an enzyme important in synaptic signalling.  

(c) Describe the function of F.

….....……………………..……………………………………………………………. 
 

….....…………..………..…………………………………………………………..[1] 
 

(d) Explain how the transmission of nervous impulse shown in Fig. 5.2 differs from 

electrical transmission of action potentials.  

….....……………………..……………………………………………………………. 
 
….....……………………..……………………………………………………………. 

 
….....……………………..……………………………………………………………. 

 
….....…………..………..…………………………………………………………..[2] 

(e) Explain how kappa-bungarotoxin causes respiratory failure among humans 

bitten by Bungarus multicinctus.

….....……………………..……………………………………………………………. 
 
….....……………………..……………………………………………………………. 
 
….....……………………..……………………………………………………………. 
 
….....……………………..……………………………………………………………. 
 
….....……………………..……………………………………………………………. 

 
….....……………………..……………………………………………………………. 

 
….....……………..……..…………………………………………………………..[4] 

Antivenom is a medication used to treat venomous bites and is recommended 

for use via injection if the venom from the snake is of high risk of toxicity.  

(f) Suggest how antivenom can alleviate the effects of kappa-bungarotoxin.

….....……………………..……………………………………………………………. 
 

…....……………………..…………………………………………………………..[1] 

[Total: 13] 
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6. Fig. 6.1 shows a tyrosine kinase receptor. The effect of insulin binding to this 

complementary receptor is shown in Fig. 6.2. The boxed regions in Fig. 6.1 and Fig. 

6.2 are cysteine-rich domains. 

Fig. 6.1 

Fig. 6.2 
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(a) Explain how the structure of the tyrosine kinase receptor is suited for its role in 

insulin mediated cell signalling.

….....……………………..……………………………………………………………. 
 
….....……………………..……………………………………………………………. 
 
….....……………………..……………………………………………………………. 

 
…....……………………..…………………………………………………………..[2] 

Fig. 6.3 shows how blood levels of glucose, insulin and glucagon change after a meal. 

 
 

Fig. 6.3 
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(b) Describe the components of a homeostatic control system and explain the 

principles of homeostasis.  

….....……………………..……………………………………………………………. 
 

….....……………………..……………………………………………………………. 
 
….....……………………..……………………………………………………………. 

 
….....……………………..……………………………………………………………. 

 
….....……………………..……………………………………………………………. 
 
….....………………..…..…………………………………………………………..[3] 

(c) With reference to Fig. 6.3, explain the relationship between glucose and 

glucagon levels from 0 to 120 minutes. 

….....……………………..……………………………………………………………. 
 
….....……………………..……………………………………………………………. 
 
….....……………………..……………………………………………………………. 
 
….....……………………..……………………………………………………………. 

 
....……………………..…………………………….…………………………………. 

 
….....……………………..……………………………………………………………. 

 
....……………………..…………………………….…………………………………. 
 
…....……………………..…………………………………………………………..[4] 

Diabetes mellitus is a disease in which high blood glucose cannot be regulated back 

to normal set point within the body. The hormone insulin is commonly used in the 

treatment of diabetes. There are two forms of diabetes mellitus: Type 1 and Type 2. 

Type 2 diabetes mellitus is characterized by insulin resistance whereby the body 

tissues do not respond effectively to insulin.

(d) Suggest why the body tissue is insensitive to insulin in Type 2 diabetes mellitus.

….....……………………..……………………………………………………………. 
 
…....……………………..…………………………………………………………..[1] 
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Glucagonoma is a rare tumour of the -cells of the islet of Langerhans which results 

in an overproduction and secretion of glucagon.  

(e) Suggest how glucose metabolism is affected when an individual has a 

glucagonoma.

….....……………………..……………………………………………………………. 
 

….....……..……………..…………………………………………………………..[1] 
 
 
 

Cancer development occurs in stages. The advanced stage of cancer is characterized 

by the spread of cancer development to other parts of the body via the circulatory 

system to form secondary tumours by a process known as metastasis. 

(f) Explain the properties of cancer cells required for metastasis.

 
….....……………………..……………………………………………………………. 
 
….....……………………..……………………………………………………………. 
 
….....……………………..……………………………………………………………. 

 
….....……………………..……………………………………………………………. 

 
….....……..……………..…………………………………………………………..[2] 

[Total: 13] 
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7. In New Zealand, there are two species and three sub-species of native bush robins. It 

is believed that the robins evolved from a common ancestral stock, members of which 

flew from Australia across the Tasman Sea and became established in New Zealand 

over a million years ago. This ancestral form is considered to be similar to the present 

day Australian flame robin, Petroica multicolor, a bird with a brightly coloured red 

breast. The New Zealand birds do not have this red colour. Some characteristics of the 

birds and their distributions are shown in Fig. 7.1. 

Fig. 7.1 

(a) State the scientific name of the two species of native bush robins in New 

Zealand. 

….....…..………………..…………………………………………………………. [1] 

(b) Explain why the robins in locations 1, 2 and 3 are similar but different from 

those in location 4.

….....……………………..…………………………………………………………….
 
….....……………………..…………………………………………………………….
 
….....……………………..…………………………………………………………….

 
….....……………………..…………………………………………………………….
 
….....……………………..…………………………………………………………….

…....……………………..…………………………………………………………..[3] 
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Based on earlier research, the native bush robin species and subspecies were 

distinguished based on a number of phenotypic differences such as plumage and 

breast colour. However, with modern technology, researchers have been using 

molecular methods such as direct DNA and amino acid comparison to further 

determine the phylogeny between the native bush robin species. 

(c) Explain why molecular homology is better than anatomical homology in 

determining evolutionary relationship between species of native bush robins. 

….....……………………..……………………………………………………………..
 
….....……………………..……………………………………………………………..
 
….....……………………..……………………………………………………………..
 
…......……………………..……………………………………………………….…[2] 

Differences in the cytochrome b DNA sequence of several native bush robins from 

different regions of New Zealand were measured and plotted against time since 

divergence from the primitive ancestor as seen in Fig. 7.2.

Fig. 7.2 
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(d) Describe how the differences in the number of nucleotide substitutions support 

the neutral theory of molecular evolution.   

….....……………………..…………………………………………………………….
 
….....……………………..…………………………………………………………….

 
….....……………………..…………………………………………………………….

….....…………………..………………………………..…………………………..[2] 

(e) Suggest why New Zealand robins do not have the red breast trait even though 

it is present in its Australian robin ancestors. 

 
….....……………………..…………………………………………………………….

…....……………………..…………………………………………………………..[1] 

[Total: 9] 
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Section B 
 

Answer one question.

Write your answers on the separate answer paper provided. 
Your answers should be illustrated by large, clearly labelled diagrams, where appropriate. 

Your answers must be in continuous prose, where appropriate. 
Your answers must be set out in sections (a), (b) etc., as indicated in the question.

8. 
  

(a) Compare between DNA replication and transcription.        [6]
 

(b) Describe how differences in the structure and organization of prokaryotic and 

eukaryotic genomes affect their control of gene expression.                                [7]      

(c) Outline the viral reproduction cycle of HIV.          [7]
 

[Total: 20] 
 

9. 
  

(a) Contrast the structures of viral, prokaryotic and eukaryotic genome.   [5]
 

(b) Relate the structure of ribosome to its role in protein synthesis.   [7]
 

(c) Outline the processes involved in oxidative phosphorylation.   [8]

[Total: 20] 

 
 
 
 
 
 
 

 
End of Paper 
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1. The ability to model human diseases using cultured pluripotent stem cells (PSCs) has 

revolutionized the ways in which we study monogenic, complex and epigenetic 

disorders, as well as early- and late-onset diseases. Several strategies are used to 

generate such disease models using either embryonic stem cells (ES cells) or patient-

specific induced PSCs (iPSCs), creating new possibilities for the establishment of 

models and their use in drug screening. Fig. 1.1 shows strategies for generating 

human pluripotent stem cells (hPSCs) carrying a genetic disorder for research 

purposes. Disease-specific ES cells can be identified during the in-vitro fertilization 

(IVF) process by pre-implantation genetic diagnosis (PGD) or pre-implantation genetic 

screening (PGS). 

 

 
Fig. 1.1 
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(a) Describe one similarity and one difference between a blastocyst and embryo.   

 

….....……………………..……………………………………………………………. 
 
….....……………………..……………………………………………………………. 
 
….....……………………..……………………………………………………………. 

 
  ….....……………………..……………………………………………………….…[2] 
 

(b) Describe one advantage and one limitation of using somatic cell nuclear 

transfer (SCNT) to generate human PSCs carrying a genetic disorder.  

 

….....……………………..……………………………………………………………. 
 
….....……………………..……………………………………………………………. 
 
….....……………………..……………………………………………………………. 

 
  ….....……………………..……………………………………………………….…[2] 
 

In order to optimise the conditions and increase the chances of creating iPSCs from 

somatic cells, extensive research has been conducted on 4 main genes, Oct4, Sox2,

Nanog and Lin28 using M4 cell cultures. Fig. 1.2 shows the effect of different 

combinations of genes in the reprogramming mixture on the number of induced-

pluripotent stem cell colonies formed. 

 

 
Fig. 1.2 
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(c) With reference to Fig. 1.2,  

(i) explain the purpose of the control.  
 

………………………………………………………………………………………….. 

……………………………………………………………………………………….[1] 
 
 

(ii) describe the results produced from varying gene combinations in the 

reprogramming mixture.  
 

………………………………………………………………………………………….. 

………………………………………………………………………………………….. 

………………………………………………………………………………………….. 

……………………………………………………………………………………….[2] 
 

 
(d) Describe one possible regulatory process at the chromosomal level that could 

increase the expression of Oct4, Sox2, Nanog and Lin28 genes. 

 
………………………………………………………………………………………….. 

………………………………………………………………………………………….. 

………………………………………………………………………………………….. 

……………………………………………………………………………………….[2] 
 
 

(e) Suggest one reason why the number of cell colonies with minimal differentiation 

differs from the total number of cell colonies produced. 

 
………………………………………………………………………………………….. 

……………………………………………………………………………………….[1] 
 

 
 

X-linked Severe Combined Immunodeficiency (SCID) is a rare congenital disorder 

characterised by improper development of immune cells which has been treated by 

gene therapy. The ability to generate iPS cells that have similar characteristics with 

embryonic stem cells has provided a promising alternative to the use of haematopoietic 

stem cells for gene therapy to treat X-linked SCID.  
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Fig 1.3 shows a possible process of using iPS cells for gene therapy. 

 

Fig. 1.3 

 
(f) Besides difficulties with de-differentiating somatic cells to iPS cells, explain one 

other factor that could prevent this method of gene therapy for X-linked SCID 

from becoming an effective treatment.  

 
………………………………………………………………………………………….. 

………………………………………………………………………………………….. 

………………………………………………………………………………………….. 

……………………………………………………………………………………….[2] 

(g) Justify if you agree or disagree that use of iPS cells can address the ethical 

concerns of using embryonic stem cells for treatment of genetic diseases.  

 
………………………………………………………………………………………….. 

………………………………………………………………………………………….. 

………………………………………………………………………………………….. 

……………………………………………………………………………………….[2] 

    [Total: 14]
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and approximate quantification of linear double-stranded DNA fragments in agarose 

and non-denaturing polyacrylamide gels for research purposes. The markers are 

composed of lambda phage DNA digested to completion with the appropriate 

restriction enzyme(s), purified and dissolved in storage buffer. The DNA fragments 

contain blunt or sticky ends depending on the restriction enzyme used for the marker’s 

preparation. Fig. 2.1 shows the genome of Lambda DNA with the restriction sites 

corresponding to six different restriction enzymes.  

 

 
Fig. 2.1 
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Table 2.1 
EcoRI HindIII NcoI BmrI 

    

    

    

    

    

    

    

    

 

 

(a) With reference to Fig. 2.1, fill in the columns of Table 2.1 with the respective 

DNA fragments generated from their corresponding restriction enzymes. List 

each fragment from the largest to the smallest.                                              [2] 

(b) Explain two factors that would influence a researcher’s decision in choosing a 

restriction enzyme for the restriction digest step of the gene cloning experiment.  

 

….....……………………..……………………………………………………………. 
 
….....……………………..……………………………………………………………. 
 
….....……………………..……………………………………………………………. 

 
  ….....……………………..……………………………………………………….…[2] 
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                       Marker          EcoRI            NcoI 
         + HindIII        + BmrI 

Fig. 2.2 

(c) Complete Fig. 2.2 below by drawing the DNA band patterns after gel 

electrophoresis.          [2]
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(d) Explain how DNA bands can be visualized after gel electrophoresis.  

 
….....……………………..……………………………………………………………. 
 
….....……………………..……………………………………………………………. 
 
….....……………………..……………………………………………………………. 

 
  ….....……………………..……………………………………………………….…[2] 
 

 

(e) Suggest a method to improve the separation of DNA bands during gel 

electrophoresis. 

 
….....……………………..……………………………………………………………. 

 
  ….....……………………..……………………………………………………….…[1] 
 

 
Besides being used for DNA fragment separation, gel electrophoresis can also be 

conducted to separate protein fragments for agricultural research purposes in order to 

study relationships between polypeptide band patterns and phenotypic traits.  

 

Barley (Hordeum vulgare) is an important crop in southern Brazil where its production 

is used in the brewing industry. Hence, the malting quality of different barley plant 

cultivars must be continuously researched and improved upon. Cultivars are new plant 

species obtained via artificial selecting breeding processes. 

 

Malt is germinated cereal grains that have been dried via malting. Malting grains 

develop the enzymes required for modifying the starch in the grains into various types 

of sugars such as maltose and glucose. Characteristics of importance for malting 

quality, which can differ considerably among barley cultivars, include grain size, grain 

protein concentration and nitrogen content in the seeds. 

 

Recently, researchers are researching on how the quality of a particular storage protein 

named hordein could affect the malting quality of barley plants. Barley is highly 

polymorphic regarding the hordein polypeptide composition. Electrophoresis is used 

as a screening test to differentiate barley plant cultivars and to determine malting 

quality of each variety. By comparing the total hordein pattern from barley cultivars of 

different malting quality, researchers can investigate the relationship between malting 

quality and band patterns and to explore the feasibility of using hordein protein 

electrophoresis to assist in the selection of barley plant cultivars for malting. 
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species. On the right of the gel, a polypeptide fragment ladder showing the band 

positions of 26 different hordein polypeptide sizes serves as a reference point for 

comparison. 

 

 
Fig. 2.3 

 

(f) With reference to Fig. 2.3, complete the phylogenetic tree shown in Fig. 2.4.  

      Fig. 2.4                                                            [2]
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Table 2.2 shows the correlation of each polypeptide band with the malting quality of 

barley varieties studied. The number of + / - in Table 2.2 indicates the strength of 

correlation between the polypeptide band and malting quality.  

Table 2.2 
Band Correlation Band Correlation 

1 - 17 - 
5 - - 18 - 
6 + 19 - - - 
7 - 20 + 
8 - 21 - 
9 - 22 - 

10 + 23 + 
11 + 24 - 
12 - - 25 + 
13 + 26 + 
14 - 27 + 
15 + 28 - 
16 + 29 + 

 

Table 2.3 shows the frequency of the hordein polypeptide bands (in percentage) in 

each barley variety studied.  

 
Table 2.3 
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barley variant would have the best malting quality.  

….....……………………..……………………………………………………………. 
 
….....……………………..……………………………………………………………. 
 
….....……………………..……………………………………………………………. 

….....……………………..……………………………………………………………. 

….....……………………..……………………………………………………………. 
 
….....……………………..……………………………………………………………. 

….....……………………..……………………………………………………………. 
 

  ….....……………………..……………………………………………………….…[4] 
 

[Total: 15] 
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3. Rice is the staple diet in many parts of the world. It lacks a number of important 

nutrients, including  carotene, from which vitamin A is synthesised. Adequate 

concentrations of vitamin A give protection from night blindness. Higher concentrations 

act as an antioxidant that may give some protection from cancer and heart disease. 

Golden rice, which contains  carotene, was developed in Switzerland by genetically 

modifying rice using genes from a daffodil (a flowering plant) and a bacterium.  
 

Fig. 3.1 shows an artificial DNA sequence used. 

Key: 

pro – promoter sequence for polymerase enzymes  

ter – termination signal for polymerase enzymes  

Hyg resist – Hygromycin B antibiotic resistance gene from a bacterium 

Fig. 3.1 

 

Fig. 3.2 shows the main events involved in obtaining a transgenic rice plant. 

 
Fig. 3.2 

(a) Define the term ‘transgenic’.  
 
….....……………………..……………………………………………………………. 

 
  ….....……………………..……………………………………………………….…[1] 
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………………………………………………………………………………………….. 

………………………………………………………………………………………….. 

………………………………………………………………………………………….. 
 

……………………………………………………………………………………….[2] 
 

(c) With reference to Fig. 3.1 and Fig. 3.2, 

(i) outline the processes involved from stage 2 to stage 3.  
 
………………………………………………………………………………………….. 

 
………………………………………………………………………………………….. 

 
………………………………………………………………………………………….. 

………………………………………………………………………………………….. 
 

………………………………………………………………………………………….. 
 

………………………………………………………………………………………….. 
 

………………………………………………………………………………………….. 

……………………………………………………………………………………….[4] 

(ii) outline the processes involved from stage 3 to generate a full-grown 

transgenic plant.  
 
………………………………………………………………………………………….. 

 
………………………………………………………………………………………….. 

 
………………………………………………………………………………………….. 

………………………………………………………………………………………….. 

………………………………………………………………………………………….. 
 

………………………………………………………………………………………….. 

………………………………………………………………………………………….. 
 

………………………………………………………………………………………….. 
 

……………………………………………………………………………………….[4] 

[Total: 11] 
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4. A pineapple plantation owner wants to find out the amount of ascorbic acid (vitamin C) 

in the pineapples cultivated in the plantation. He believes that his pineapples produce 

the most vitamin C compared to the standard pineapple breeds which typically contain 

40.0 – 48.5 %. 

 

The amount of ascorbic acid present in a sample can be determined using a bioassay 

method.  At pH 7 and above, ascorbic acid reduces solutions of the dye dichlorophenol 

indophenol (DCPIP) from blue to colourless. For this experiment to work, the pH of the 

samples must be adjusted to pH 9. Ascorbic acid does not chemically change when 

neutralised by sodium hydroxide or when boiled. 

 

Using this information and your own knowledge, design an experiment to determine 

the validity of the plantation owner’s claim that the pineapples from his plantation 

contain higher concentrations of ascorbic acid. 

 

Your planning must be based on the assumption that you have been provided with the 

following equipment and materials which you must use: 

 
 100 cm3 of 5.0 % stock solution of ascorbic acid, adjusted to pH 7 

 100 cm3 distilled water 

 100 cm3 molten agar containing DCPIP 

 Sterile petri dishes 

 1ml syringes 

 Plastic straw to create wells in the agar plate 

 Labels  

 Stopwatch 

 Forceps  

 Normal laboratory glassware e.g. test tubes, beakers, graduated pipettes, droppers, 

glass rods etc 

 10 cm3 pineapple juice, supplied by the plantation owner 

 Sodium hydroxide 

 pH meter 
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 have a clear and helpful structure such that the method you use is able to be repeated by 

anyone reading it,  

 be illustrated by relevant diagrams, if necessary, 

 identify the independent and dependent variable, 

 describe the method with the scientific reasoning used to decide the method so that results 

are as accurate and reliable as possible, 

 show how you will record your results and the proposed layout of tables and graphs, 

 use correct technical and scientific terms, 

 include references to safety measures to minimize any risk associated with the proposed 

experiment. 

[Total: 12] 
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Write your answers to this question on the separate answer paper provided. 
 
Your answer: 

• should be illustrated by large, clearly labelled diagrams, where appropriate; 
• must be in continuous prose, where appropriate; 
• must be set out in sections (a), (b) etc., as indicated in the question. 

 
5.  

 (a) Describe the use of restriction fragment length polymorphism analysis in creating 
a linkage map.           [6]

 
    (b) Outline the processes involved in PCR.                                           [6] 

    (c)    Discuss the goals and benefits of the Human Genome Project.               [8] 
 

            [Total: 20]  

End of Paper 
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2017 Preliminary Examination 2 
Pre-University 3

H2 Biology 9648/01
 

Paper 1 Multiple Choice  21 September 2017

  1 hour 15 min 
 
Additional material: Multiple Choice Answer Sheet 
 

READ THESE INSTRUCTIONS FIRST 

Write in soft pencil. 
Do not use staples, paper clips, highlighters, glue or correction fluid. 
Write your name and Admission No. on the Answer Sheet in the spaces provided unless this 
has been done for you. 
 
There are forty questions on this paper. Answer all questions. For each question there are 
four possible answers A, B, C and D. 
 
Choose the one you consider correct and record your choice in soft pencil on the separate 
Answer Sheet. 
 
Read the instructions on the Answer Sheet very carefully. 
 
Each correct answer will score one mark. A mark will not be deducted for a wrong answer. 
Any rough working should be done in this booklet. 
 
The use of an approved scientific calculator is expected, where appropriate 
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1. The electron micrograph below shows the structures found in a cell.                          
 
 

 
 

Which of the following statements is true for structures X, Y and Z?  
 

X Y Z 

A
Contains reduced NAD+ 

and reduced FAD 

Transcription of gene 
coding for ribosomal 

RNA  

Contains 
heterochromatin which 

is transcriptionally 
inactive 

B Involved in oxidative 
phosphorylation 

Transcription of gene 
coding for ribosomal 

protein 

Contains 
heterochromatin which 

is transcriptionally active 

C Contains reduced NAD+ 
and reduced FAD 

Involved in assembly of 
ribosomal subunits 

Contains euchromatin 
which is transcriptionally 

inactive 

D Involved in oxidative 
phosphorylation Involved in synthesis of 

ribosomal subunits 

Contains euchromatin 
which is transcriptionally 

active 
 

 

Y

Z

X
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2. Fractionation is a process used to separate cell components according to their size and 

density. 

 

The diagram shows the main stages in fractionation of a plant cell. 

 

 

DCPIP and buffer solution (containing glucose, fructose, sodium bicarbonate) were 

added to each of the sediments, and the mixtures were left in the dark for fifteen 

minutes. Sediment 2 caused the DCPIP to be reduced. 

Which organelle present in Sediment 2 caused reduction of DCPIP? 

A Chloroplast 

B Mitochondrion 

C Nucleus 

D Ribosome 
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3. The figure shows water and ion channels that are found in the cell surface membrane 

of all cells. 

 

 
 
 
Which of the following statements is true? 

 

A Movement of water molecules through the water channel requires energy provided 

by the hydrolysis of ATP as water molecules are polar while the phospholipid bilayer 

of the membrane is hydrophobic. 

B Common amino acid residues found on the protein surface surrounding the pores 

of both channels include valine and phenylalanine. 

C Only the ion channel allows for the regulation of ion movement across the cell 

surface membrane. 

D The ion channel is an example of a carrier protein as it is able to switch between 

two different conformations to allow the movement of ions. 
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4. Collagen is the main structural protein of the various connective tissues in animals. As 

the main component of connective tissue, it is the most abundant protein in mammal, 

making up from 25% to 35% of the whole-body protein content. The diagram below 

shows the structure of a collagen fibre and collagen fibrils. 
 

 
 

Which of the following correctly accounts for the banded appearance of collagen fibril? 
 
A Intermolecular hydrogen bonds between polypeptide chains within tropocollagen. 

B Covalent cross-linkages between tropocollagen chains. 

C Staggered arrangement of collagen fibres.  

D Sequence motif of Gly-X-Y where Gly is glycine, X is proline and Y is hydroxypoline 

or hydroxylysine.  

 
 
 
5. Some foods contain ‘hydrogenated vegetable oils’. These are unsaturated fats that have 

been converted to saturated fats.  

 
Which property of the fats will have changed? 
 
A Their hydrocarbon chains will pack together more closely. 

B Their solubility in water will increase. 

C They will have more double bonds in their molecules. 

D They will remain liquid at room temperature. 
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6. Most wild plants contain toxins that deter animals from eating them. A scientist 

discovered that a toxin produced by a certain plant was also toxic to the same plant if it 

as applied to the roots of the plant. As the first step on finding out why the plant was not 

normally killed by its own toxin, he fractionated some plant cells and found that the toxin 

was in the fraction that contained the largest cell organelle. He also found that the toxin 

was no longer toxic after it was heated.  

 

Which of the following statements are consistent with the scientist’s observations? 

 

I  The toxin was stored in the central vacuole. 

II  The toxin cannot cross the membrane of the organelle in which it is stored. 

III  The toxin was stored in chloroplast. 

IV  The toxin is likely to be lipid-soluble. 

V  The toxin may be an enzyme. 

 
A I, II and V 

B I, IV and V 

C II, III and IV 

D III, IV and V 
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7. Lactic dehydrogenase catalyses the conversion of lactic acid as shown in the following 

equation. 

 

 
 
Two forms (isomers) of lactic acid exist, (-) and (+), as shown below. 
 

 
 
Reduced NAD absorbs ultraviolet light. NAD+ does not. The activity of bacterial lactic 

dehydrogenase on two different isomers of lactic acid was compared. The absorbance 

of ultraviolet light was measured using an ultraviolet spectrophotometer. The graphs 

show the results. 

 

 
What can be concluded about bacterial lactic dehydrogenase? 

 

A Molecules of both isomers fit the active site. 

B Molecules of neither isomer fit the active site. 

C The enzyme is specific to the (-) isomer. 

D The enzyme is specific to the (+) isomer.  

 

 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



 8

9648/01/PU3 Prelim 2/2017 
 

 

8. In an experiment to study the effect of heat treatment on the digestibility of protein 

substrate and the effect of raw bean extract on protease activity, various reaction 

mixtures were prepared and were incubated for 30 minutes. 

 

The protein concentration of each reaction mixture at the beginning and at the end of 

the incubation period was determined by the colorimetric method which measures colour 

intensity of these reaction mixtures. The results were shown in the table below. 

 

Incubation
period /min 

Colour intensity of the reaction mixture / arbitrary unit 

Tube A Tube B Tube C Tube D 
Protease + 

heated
protein

substrate

Protease + 
unheated
protein

substrate

Protease + 
unheated protein 

substrate + heated 
raw bean extract 

Protease + 
unheated
protein

substrate + raw 
bean extract 

0 10 10 10 10 

30 4 6 7 9 

 
The standard graph obtained by using colorimetric method for determining 

concentration of protein solutions is shown below. 

 
 
Which of the following combinations is correct? 

 

Test tube Decrease in protein concentration / % 

A Tube A 4.0 

B Tube B 2.0 

C Tube C 3.0 

D Tube D 4.5 

 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



9

9648/01/PU3 Prelim 2/2017 
[Turn over 

 

 

 

9. The flow chart shows processes which takes place inside animal cells.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Which processes require the activity of lysosomes? 

A W and X only 

B X and Y only 

C Y and Z only 

D All of the above 

 

 

10. A student obtained a sample of DNA molecule. mRNA was transcribed from this DNA 

molecule. He then separated the two strands of the DNA sample by adding sodium 

hydroxide. The base compositions of each strand, that of the mRNA and a foreign DNA 

strand were analysed. The results of the analysis are shown in the table below. 

 
 A G C T U 

DNA strand 
1 19.1 26.0 31.0 23.9 0.0 

DNA strand 
2 24.2 30.8 25.7 19.3 0.0 

DNA strand 
3 20.5 25.2 29.8 24.5 0.0 

mRNA 19.0 25.9 30.8 0.0 24.3 
 
         Which strand of DNA serves as a template for mRNA synthesis? 
 

A Strand 1 

B Strand 2 

C Strand 3 

D Strand 2 and 3  
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Use the diagram below to answer Questions 11 and 12  

The micrographs below show nuclei of cells at various stages during nuclear division in 

a flowering plant. 

 
 
 
11. Which of the following combinations is the correct arrangement of letters in accordance 

with the chronological sequence of events for the above nuclear division process? 

 

A  

 

B  

 

C  

D E B C I G H A F 

E D A H I F G B C 

D E A F I G H B C 

C B H G I F A E D 
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D  

 

 
 

 

 

12. With reference to micrograph F, which of the following combinations is correct? 

 

 Number of sets 
of chromosomes 

Number of 
centromeres 

Number of 
chromatids

Number of 
DNA strands 

A 2 14 28 56 

B 7 7 14 28 

C 2 7 28 28 

D 7 14 14 56 

 

 
13. DNA replication is illustrated in the figure below. 

 
 

Which of the following correctly describes the addition of the next nucleotide(s) to the 

DNA strands undergoing replication? 

 

A Nucleotide X will be added to the leading strand, which is strand 1. 

B Nucleotide Y will be added to the leading strand, which is strand 1. 

C Nucleotide X will be added to the lagging strand, which is strand 2. 

D Nucleotide Y will be added to the leading strand, which is strand 2. 

 

  

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



 12

9648/01/PU3 Prelim 2/2017 
 

 

14. The figure below shows a diagram of a ribosome bound to a mRNA strand during 

translation.  

 

 
 

Using the codon table provided, which of the following options correctly identifies amino 

acids P and T?  

 

P T 

A Serine Histidine 

B Serine Tyrosine 

C Arginine Methionine 

D Arginine Leucine 
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15. The ends of eukaryotic chromosome contain a special sequence of DNA called a 

telomere. Human telomeres consist of repeating TTAGGG sequences which extend 

from the ends of the chromosomal DNA. 
 
When cells undergo mitotic division, some of these repeating sequences are lost. This 

results in a shortening of the telomeres. 
 
The diagram shows a eukaryotic chromosome. 

 

 
 

What is a consequence of the loss of repeating DNA sequences from the telomeres? 

 
A The cell will begin the synthesis of different proteins. 

B The cell will begin to differentiate as a result of the altered DNA. 

C The number of mitotic divisions the cell can make will be limited.  

D The production of mRNA will be reduced. 
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16. The table shows a comparison of some aspects of the genomes and protein-coding 

genes between the prokaryote Escherichia coli and the eukaryote fungus 

Saccharomyces cerevisiae. 

 
 E.coli S.cerevisiae 

Genome length/base pairs 4 640 000 12 068 000 

Number of protein-coding genes 4300 5800 

Proteins with roles in:   

Metabolism 650 650 

Energy release/storage 240 175 

Membrane transport 280 250 

Transcription 240 400 

Translation 180 350 

Cell structure 180 250 
 

What could not account for the differences in the number of protein-coding  genes? 
 
A Many catabolic pathways for using carbon compounds in prokaryotes. 

 
B The presence of introns in the DNA of eukaryotes. 

 
C The presence of membrane-bound organelles in eukaryotes. 

 
D The use of histones to package DNA in eukaryotes. 

 
 

  

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



15

9648/01/PU3 Prelim 2/2017 
[Turn over 

 

 

17. The following are characteristics of eukaryote transcription. 

 
•  Promoters are activated by transcription factors that recognise specific DNA 

sequences and other sequences that are very similar. 
•  Within a promoter, there may be recognition sites for more than one 

transcription factor. 
•  Similar specific DNA sequences can be recognised by more than one 

transcription factor. 
•  Each transcription factor may be capable of recognising a number of promoter 

recognition sites. 
 

What explains the different levels of expression of a eukaryotic gene? 
 
A Competition between recognition sites present in the promoter for transcription 

factors. 
 

B Competition between transcription factors that recognise the same sites of a 
promoter. 

 
C The number of transcription factors that recognise the same sites of a promoter. 

 
D The number of different types of transcription factors. 
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18. The figure below shows a human karyotype. 
 

 
 

What can be concluded from the karyotype provided? 
 

 
A There was non-disjunction during meiosis I in the mother. 

B There was non-disjunction during meiosis II in the father. 

C One contributory gamete to the zygote is an egg with an X and a Y chromosome. 

D One contributory gamete to the zygote is a sperm containing two X chromosomes. 
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19. Below are some statements related to cancer: 
 

I. Oncogenes can be detected by introducing fragmented DNA from cancer cells 

into suitable cell lines and isolating colonies that display cancerous properties. 

II. Individuals who inherit one inactive copy of tumour suppressor gene are more 

likely to develop cancer than individuals with two non-mutant copies. 

III. Viruses and other infectious agents play no role in human cancers. 

IV. In the cellular regulatory pathways that control cell growth and proliferation, the 

products of oncogenes are inhibitory components and the products of tumour 

suppressor genes are stimulatory components. 

V. When analysed, cancer cells are often found to have only one mutation in a 

regulatory pathway that controls cell proliferation. 

 

Which of the following statements are true? 

 

A I and II only. 

B I, II and III only. 

C I, III and V only. 

D I, II, IV and V only. 
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20. Bacteria can undergo genetic recombination, a process by which genetic information 

from one bacterium is transferred to, and then recombined with, that of another 

bacterium. 

 
 
The Davis U-tube, shown above is an apparatus used to investigate possible genetic 

recombination between bacteria. In the experiment, researchers placed Salmonella 

typhimurium strains A and B in the U-tube separated by a filter, thus preventing direct 

cell contact but allowing growth to occur in a common medium. When samples were 

removed from both sides of the filter, recombinants (containing genetic material from 

both strain A and B) were recovered only from the side of the tube containing strain A 

bacteria. Researchers postulated that a filterable agent was released by the strain B 

cells and was responsible for transferring the new genetic information.  

 

Three subsequent observations were useful in identifying the filterable agent: 

1. The filterable agent was released by the strain B cells only when they were 

grown in association with strain A cells. 

2. The addition of DNase, which enzymatically digests naked DNA, did not render 

the filterable agent ineffective. 

3. The filterable agent could not pass across the filter of the Davis U-tube when the 

pore size was reduced below the size of bacteriophages. 

 
 
Which process has occurred?  

A Transduction 

B Conjugation 

C Transformation 

D Binary fission 

 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



19

9648/01/PU3 Prelim 2/2017 
[Turn over 

 

 
21. An experiment was conducted to examine the effects of glucose and lactose on the 

levels of -galactosidase in E.coli. Lactose and glucose were added to a culture of 

bacteria at the start of the experiment and the levels of each were measured at specific 

time intervals. The results are shown in graphs below.  
 

 
 

Which of the following statements could possibly account for period X to Z?  

 

A Binding of cAMP to the CAP-binding site enhances binding of RNA polymerase to 

the promoter for gene transcription in period Y.  

B Allolactose binds to the lac repressor, allowing it to assume an active configuration 

such that it can bind to the operator in period X. 

C CAP is inactive and disengages from the CAP binding site, hence increasing the 

affinity of RNA polymerase to the promoter for gene transcription in period Y. 

D mRNA of -galactosidase has been degraded by nucleases in period Z. 
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22. The graph below shows HIV copies and CD4+ T lymphocytes counts over the course of 

a typical HIV infection. 

 
Which of the following statements are false about how HIV infects the cell? 

 
I Complementary binding of the gp120 to specific CD4+ receptors on the           T 

cells and HIV enters the host cell via receptor-mediated endocytosis. 

II RNA released into cytoplasm where reverse transcriptase uses negative- 

sense viral RNA as a template to synthesise a strand of cDNA and then form a 

double stranded viral DNA. 

III The DNA enters the nucleus and ligase catalyses the integration into the 

chromosome DNA to form a provirus. 

IV The provirus DNA is transcribed to form viral mRNA which are used as a 

template for translation of viral proteins such as nucleocapsids, viral envelope 

and viral enzymes.  

V Neuraminidase cleaves the long chains of polyproteins when newly assembled 

HIV bud out of host cells.  

 

A I and III only 

B I, II and III only 

C I, IV and V only 

D All of the above 

 
 
 
 
 
 

HIV RNA copies CD4+ T lymphocytes 
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23. Middle East respiratory syndrome (MERS) is a viral respiratory illness that was first 

reported in Saudi Arabia in 2012. Symptoms may range from fever, cough to shortness 
of breath.  
 
This infection is caused by the MERS-coronavirus (MERS-CoV) shown in the diagram 
below.  
 
Which of the following components of MERS-CoV is not present in Escherichia coli 
bacterium? 
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Use the diagram below to answer Questions 24 and 25.  
 

Hunter’s syndrome is a serious genetic disorder. It interferes with the body's ability to 

break down and recycle specific mucopolysaccharides, also known as 

glycosaminoglycans or GAG. The visible signs and symptoms of Hunter syndrome in 

younger people are usually the first clues leading to a diagnosis. In general, the time of 

diagnosis usually occurs from about 2 to 4 years of age. 
 

 
 
24. With reference to the pedigree diagram, which of the following is the correct mode of 

inheritance for Hunter’s syndrome? 

 

A Autosomal recessive 

B Incomplete dominance 

C Sex-linked recessive 

D Codominance 

 

 

25. Mariah (M) married Nick (N) and had three children. One of the children had Hunter’s 

syndrome. 
 

What is the probability of their next child being an affected son? 
 

A 0.5 

B 0.375 

C 0.25 

D 0.125 
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26. The figure below outlines a process that occurs in plant cells.  

 

 
 

Which of the following combinations is correct? 

 

  
 E F G H J 

A NADH NAD+ Ethanal Ethanol CO2 

B NAD+ NADH Ethanol Ethanal CO2 

C NADPH NADP+ Lactate Lactose O2 

D NADP+ NADPH Lactate Lactose O2 
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27. A suspension of mitochondria was isolated from liver tissue. Various substances were 

added to the suspension at different time intervals and the amount of oxygen remaining 

in the preparation was monitored over some time. The graph below shows the results 

as well as the times at which different substances were added. 

 

 
 

Which of the following statement(s) could possibly be true?  
 

I Glucose is the respiratory substrate added. 

II Between X and Y, oxidative phosphorylation occurred and oxygen acted as the 

final electron acceptor.  

III Between Y and Z, chemiosmosis occurred where ATP synthase utilizes the 

proton-motive force to phosphorylate ADP to form ATP. 

IV After Z, anaerobic respiration occurred as oxygen levels did not decrease even 

though ADP is added.  

V After Z, inorganic phosphates, NADH and FADH2 have been depleted.  

 

A I, III and IV only 

B II, IV and V only 

C II, III and V only 

D All of the above 
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28. The diagram below is a transmission electron micrograph of a labelled organelle. 

 

 
 

Which of the following combinations is correct? 

 

 X Y Z 
A Consists of more 

amylopectin branches 

than amylose chains. 

Contains low 

concentrations of 

protons and has an 

alkaline pH. 

Site of non-cyclic and 

cyclic 

photophosphorylation. 

B Large central vacuole 

surrounded by a 

tonoplast and contains 

cell sap. 

Site of Calvin cycle 

processes of carbon 

fixation, reduction and 

RuBP regeneration. 

Site of ATP and 

NADPH synthesis. 

C Insoluble in water as 

hydroxyl groups are 

projected inwards into 

helical structures and 

unable to form hydrogen 

bonds with water.  

Site of oxidation of 

NADPH to form 

NADP+ as well as 

expenditure of ATP.  

Photolysis of water 

occurs to generate 

protons, oxygen and 

electrons.  

D Consists of monomers 

joined together by    

(1 4) and (1 6) 

glycosidic bonds.  

Consists of chlorophyll 

pigments with 

photosystems to 

facilitate light-

dependent reactions.  

Consists of cristae that 

increases surface area 

to volume ratio for 

more efficient ATP 

production. 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



 26

9648/01/PU3 Prelim 2/2017 
 

 
29. Two groups of white mustard plants, Sinapis alba, were grown, one group under high 

illumination, the other under low illumination. When fully grown, the effect of increasing 

light intensity on the rate of photosynthesis in the two groups of plants was measured.         
 

 
 

Which of the following statements can be concluded from the graph? 
 

A Below the compensation point, plants grown at high illumination give out less carbon 

dioxide than plants grown in low illumination. 

B The compensation point for plants grown in high illumination occurs at a lower light 

intensity than those grown in low illumination.  

C Light intensity is no longer a limiting factor for photosynthesis for light intensity above 

150x10-4 Jcm-2 s-1 for plants grown in high illumination. 

D For light intensity from 20 x 10-4 Jcm-2 s-1 to 50 x10 -4 Jcm-2 s-1, carbon fixation for the 

plants grown in high illumination is similar to that grown in low illumination. 
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30. Four proteins isolated from a human cell were investigated for their involvement in cell 

signalling pathways. 

 

 Protein A Protein B Protein C Protein D 
Transmembrane domain - + + - 

DNA binding domain - - - + 

Enzymatic domain + - + - 

 

Key: (+) = present , (-) = absent  

 

Which of the following shows the correct identity of these four proteins? 

 

 Protein A Protein B Protein C Protein D 

A GPCR Ras protein RTK Testosterone receptor 

B Ras protein RTK GPCR Testosterone receptor 

C Testosterone 

receptor 

GPCR RTK Ras protein 

D Ras protein GPCR RTK Testosterone receptor 
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31. GABA is a neurotransmitter which inhibits the production of action potential. The figure 

below shows how the release of GABA from a pre-synaptic neurone affects the 

membrane potential of a post-synaptic membrane. 

 

 
 

Which of the following options correctly explains why an action potential is less likely to 

occur if GABA is released? 

 

A GABA opens ligand-gated K+ ion channels in the post-synaptic membrane, allowing 

K+ to diffuse out of post-synaptic neuron, causing hyperpolarization. 

B GABA closes voltage-gated Na+ ion channels in the pre-synaptic membrane, 

allowing K+ to diffuse out of pre-synaptic neuron, causing repolarization. 

C GABA opens voltage-gated K+ ion channels in the post-synaptic membrane, 

allowing K+ to diffuse into the post-synaptic neuron, causing repolarization. 

D GABA opens voltage-gated Na+ ion channels in the post-synaptic membrane, 

allowing Na+ to diffuse out of post-synaptic neuron, causing hyperpolarization. 

 

 

32. The resting potential of a nerve axon is essential for action potential generation.  

 

Which of the following, when instantaneously removed, would most rapidly bring the 

resting potential of a nerve axon close to 0 mV? 

 

A  Active transport of K+ ions into the cell 

B Active transport of Na+ ions out of the cell 

C High membrane permeability to Na+ ions 

D High membrane permeability to K+ ions 
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33. The table shows the amino acid differences in the cytochrome b protein between various 

vertebrates. 

 
The phylogenetic tree below is based on differences between the cytochrome b proteins. 

 
Which of the following combinations are correct? 
 

W X Y Z 

A Lungfish Coelacanth Ostrich Elephant 

B Lungfish Ostrich Coelacanth Elephant 

C Coalacanth Lungfish Ostrich Elephant 

D Coalacanth Lungfish Elephant Ostrich 

  

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



 30

9648/01/PU3 Prelim 2/2017 
 

 
34. The graph below shows the evolution of two different proteins against the evolutionary 

time that has passed. 
 

 
 

Which of the following statements can be deduced from the graphical data? 
 
 

A The difference between the amino acid sequences of protein A and protein B shows 

how much evolution has happened in the 800 million years. 

B The evolution of protein A is by natural selection while that of protein B is mostly 

neutral changes that make no difference to how the protein works. 

C Protein A has a higher proportion of possible changes that are neutral and hence 

evolved at a higher rate. 

D Protein B has a higher proportion of possible changes that are neutral and hence 

evolved at a slower rate. 

 

 
 

 

  

0.00

0.05

0.10
0.15

0.20

0.25

0.30

0.35
0.40

0.45

0.50

0 200 400 600 800 1000

Millions of years of evolution

  n
o.

 o
f a

.a
 c

ha
ng

es
  

 n
o.

 o
f a

.a
. i

n 
pr

ot
ei

n
Protein A
Protein B

Rapidly 
evolving

Slowly 
evolving

0.00

0.05

0.10
0.15

0.20

0.25

0.30

0.35
0.40

0.45

0.50

0 200 400 600 800 1000

Millions of years of evolution

  n
o.

 o
f a

.a
 c

ha
ng

es
  

 n
o.

 o
f a

.a
. i

n 
pr

ot
ei

n
Protein A
Protein B

Rapidly 
evolving

Slowly 
evolving

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



31

9648/01/PU3 Prelim 2/2017 
[Turn over 

 

 

35. Escherichia coli. bacteria are infected with laboratory-cultured lambda phage. The 

bacteria are initially cultured in a nutrient medium without X-gal. The bacteria colonies 

produced are replica plated onto two agar plates, one containing X-gal and lactose and 

the other containing X-gal without lactose.  

 

There is no glucose in either plates. The agar plates below show the results of this 

experiment. 

 
 

Which of the following explanations for colonies 1, 2 and 3 are correct?    

 

A Colony 1 is blue in both plates because transcription of Lac Z gene is turned on all 

the time so  galactosidase is continuously translated to break down X-gal into a 

blue compound. 

B Colony 2 is white in both plates because transcription of lac Z gene results in  

galactosidase being produced to break down X-gal into a white compound.  

C Colony 3 is blue in plate A and white in plate B because viral DNA is integrated into 

lac Z gene and lac Z gene is disrupted leading to insertional inactivation. 

D Colony 3 is blue in plate A and white in plate B because phage DNA is integrated 

into the operator by transduction and repressor cannot find to operator. 
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36. Plants have developed defence mechanisms against pathogens such as bacteria, fungi 

and viruses. Chemicals released by these pathogens can trigger a defence response in 

infected plant cells. For example, the production of hydrogen peroxide (H2O2) which 

reacts with pathogen membranes and cellular chemicals eventually kills both the cell 

and pathogen.  
 
The OSRac1 gene from another plant species was isolated and introduced into a 

number of rice plant (Oryza spp.) lines to study its role in disease resistance of plants to 

blast fungus. Experiments were carried out to see if the OSRac1 gene was part of the 

signalling pathway for hydrogen peroxide production. A control (C) and four other 

genetically modified rice plant lines (A1, A2, D1 and D2) grown in vitro from calluses 

were exposed to chemicals known to initiate a defence response by producing hydrogen 

peroxide. A1 and A2 are rice plants with the OSRac1 gene always turned on. D1 and 

D2 are rice plants with the OSRac1 gene suppressed. The results are shown in the 

graph below.  

 

 
Which of the following statements can be concluded from the graph? 
 

A OSRac1 gene is not involved in disease resistance as both D2 showed a lower 

increase in H2O2 production by 40% as compared to control which showed an 

increase in H2O2 production of 150%. 

B OSRac1 gene is involved in disease resistance as A2 showed a higher increase in 

H2O2 production by 300% as compared to control which showed an increase in H2O2 

production of 50%. 

C OSRac1 gene is not involved in disease resistance as both A1 and A2 genetically 

modified plants showed lesser change in the number of times of H2O2 production. 

D OSRac1 gene is involved in disease resistance as both D1 and D2 genetically 

modified plants with OSRac1 gene suppressed showed smaller change in the 

number of times of H2O2 production.      
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37. In a maternity ward at a local hospital, a mix-up involving three couples and three babies 

caused a lot of confusion. Based on phenotypic characteristics, the nurses were unable 

to correctly identify the parents of the babies. In order to solve the case, a scientist was 

called in to carry out a DNA test to identify the parents of the babies. The test was based 

on the principle that different individuals have a different number of repeating units at a 

particular locus in a chromosome. 

 

Chromosome 13 was isolated from the DNA samples that were obtained from the three 

couples and three babies and used for further analysis. The sequence below shows a 

segment of chromosome 13, which was used in the analysis where (TTAGGAT) is the 

repeating unit and n is the number of repeats. 

 

5’ …GCTAAGTATTGCTCAAGA… (TTAGGAT)n…GATAAATAACTGGCTAGTA…-3’ 

3’ …CGATTCATAACGAGTTCT… (AATCCTA)n… CTATTTATTGACCGATCAT…-5’ 
 

 
The diagram below shows the results of the DNA test obtained from each individual. 

 

 
 

Based on the results above, which couple does Baby B belong to? 
 
A Couple 1 

B Couple 2 

C Couple 3 

D Not enough information 

 
 
 

 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



 34

9648/01/PU3 Prelim 2/2017 
 

 
38. The DNA sequences of the normal and mutated versions of a gene are shown below. 

 

Normal DNA sequence: 

GAGAATCCTTGAGCTCTTAAGCTTATT 
 

Mutated DNA sequence: 

GAGAATCCTTGAGGTCTTAAGCTTATT 
 

The table below shows the recognition sequences of four restriction endonucleases. 

 
Restriction endonuclease Recognition site 

BamHI GGATCC 

EcoRI GAATTC 

HindIII AAGCTT 

SacI GAGCTC 

 
Which of the restriction endonucleases would produce different number of fragments 

when used to digest normal and mutant DNA? 

 

A BamHI 

B EcoRI

C HindIII

D SacI

 

 
39. Which of the following is not true of adult stem cells during tissue repair? 

 
A The stem cells must have active telomerase.

B The different checkpoints in the cell cycle of the stem cells are activated.

C Mitosis of the stem cells is induced without any stimulus. 

D The stem cells will stop dividing after the damaged cells are replaced.
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40. Equal masses of tobacco plant callus were cultured for four weeks on media containing 

different concentrations of two plant growth regulators: auxin and cytokinin. 

 

Which of the following combinations is not possible?  

 

Treatment Concentration of plant growth regulators  
/ mgdm-3

Effect of plant 
growth regulators 
on callus growth Auxin Cytokinin 

A 2.00 0.00 No growth 

B 2.00 0.50 Growth of roots 

C 2.00 2.00 Increased growth of 

callus with no 

differentiation 

D 2.00 3.50 Growth of roots 

 

 

 

End of Paper 
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Section A 

Answer all questions in this section.  

1. Fig. 1.1 shows a series of micrographs of animal cells undergoing cell and nuclear

division.

Fig. 1.1 

(a) Arrange the letters in Fig. 1.1 in a correct sequence to show the events 

occurring in the cell and nuclear division process.  

….....……………………..…………………………………………………………[2] 
 

(b) Describe the processes occurring in A.

….....……………………..………………………………………………………….. 

….....……………………..…………………………………………………………..

….....……………………..………………………………………………………….. 
 
….....……………………..…………………………..……………………………[2]
 

b

A, F, C, D, G, H, B, J, I, E.

; 5 letters in correct sequence for 1 mark, max is 2 mark

 Pairing of homologous chromosomes to form bivalents / synapsis occurs;  
 Crossing-over of alleles at chiasmata; 
 between non-sister chromatids of the homologous chromosomes; 
 creates new combination of alleles and giving rise to genetic variation in the gametes 

and hence offspring; 
The chromatids / euchromatin condense to form chromosomes; 
The nucleolus and nuclear envelope disintegrate;
Centrioles migrated to poles and spindle forms;

be ttthehehehehe pproocececeeesssssssssseseseseses occcccccccccurururururrirrrr ngnn  innn AAA.

…………………………………………………… ………………..…………………………… ………………………………………… …………………………………………………………… ……

ect sequence for 1 mark, max is 2 mark
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(c) State one similarity and one difference between process C and J.

….....……………………..………………………………………………………….. 
 
….....……………………..…………………………………………………………..

….....……………………..………………………………………………………….. 
 
….....……………………..…………………………………………………..……[2] 
 
 

(d) Explain the significance of process H.

 
….....……………………..………………………………………………………….. 
 
….....……………………..…………………………………………………………..

….....……………………..………………………………………………………….. 
 
….....……………………..…………………………………………………..……[2] 
 

(e) Suggest how the cell and nuclear division process would be affected if 

centromeric DNA is deleted from a chromosome.  

 
….....……………………..………………………………………………………….. 
 
….....……………………..…………………………………………………………..

….....……………………..………………………………………………………….. 
 
….....……………………..…………………………………………………..……[2] 

 [Total 10]

 Chromatids are not held/joined together; 
 Kinetochores cannot form on chromosome; 
 Spindle fibres cannot attach/bind to chromosomes;
 chromosomes cannot align along equatorial plane / metaphase plate during metaphase; 
 Ref. to random movement of sister chromatids / chromatids not separated to opposite poles 

(idea of opposite poles is important) ;
 Daughter cells will not have complete set of chromosomes/ have extra or less chromosomes / 

will not be genetically identical to parent cell / ref. to aneuploidy; 
 mitosis may not proceed past metaphase / anaphase cannot occur;     
 Non-disjunction can occur; 

 Similarity 1: Chromatids are separated; 
 Similarity 2: Shortening of the microtubules / spindle fibres; 
 Similarity 3: Genetic material migrate towards opposite poles of the cell / towards centrioles;   

 Difference 1: The number of chromosomes in anaphase II is half of that in anaphase I;  
 Difference 2: The centromeres in process C do not divide but the centromeres in process J divides; 
 Difference 3: Homologous chromosomes separate during C but chromatids separate during J;  

 Prevent the doubling of chromosome number in the organism; 
 Reduction of the number of chromosome number by half for gametes;  
 So that when the gametes fuse, the original chromosome number of the cell will be 

restored; 

R! Haploid 

 

KiasuExamPaper.com
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2. In bacteria, the production of the amino acid tryptophan is catalyzed by five specific

enzymes (simply named as E, D, C, B and A in this question) encoded by specific

genes trpE, trpD, trpC, trpB and trpA. The trp operon is transcriptionally regulated by

a repressor protein, (named R in this question), encoded by the trpR gene. Expression

of the trpE, trpD, trpC, trpB and trpA genes is controlled by a promoter region and an

operator region.

When levels of tryptophan are high, tryptophan binds to the repressor protein, R. The 

tryptophan-repressor protein complex binds to the operator region and prevents 

expression of the trpE, trpD, trpC, trpB and trpA genes.

(a) Draw a simple diagram to show the trp operon.   [1]

Reject: if operator not within promoter 
Reject: if the structural genes are not in order of sequence; all or none 

(b) Explain why it is useful for a bacterial cell to decrease expression of the trp

genes when tryptophan is present. 

….....……………………..………………………………………………………….. 

….....……………………..…………………………………………………………..

….....……………………..………………………………………………………….. 
 
….....……………………..…………………………………………………..……[2] 

trpE trpD trpC trpB trpA

Structural genes 

 Operator 

   Promoter 

 Trp genes code for enzymes (involved in/necessary for) (anabolism/synthesis) of 
tryptophan; 

 Decreased expression helps to conserve resources that could be diverted for other 
uses; accept idea of preventing wastage of resource; 

Reject: ONLY mention of energy and not resources 

2012 RI Prelim 2 Q4 

s codoodododdeeeee forr enzyzyzyzyzyzymemememememes (i(i(i(ii( nvnnnn olololooo vevevevevv ddd d in///nneeeeen cececeececececessssssssssssssararararaarrary y yyyyyy fofofofor)r)r)r)) (((((anananananabbbbboooolo is
n;
d eeeeexpxpxppreeeessssssssioooonn nn hhhehhh lps s s tottotototo cccccconononononononsssesss rvvvvvveeee eee rererereer sources ththththththhhaatatata cccccouououououldldldldld bbbbeeeee d
eppt iiidedededeeeaaaaaa ofofofofofof pppppprerererereveveveveveventntnnntntinnnng g gg gg wawawawawawastsssss agagagagagage eeeee ofofofofofof rrrrresesesesesessource;e;e;e;e; 

NLY i f d
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Table 2.1 below indicates the activity levels of the functional enzymes E, D, C, B and 

A in wild type bacterial cells in the presence and absence of tryptophan (Trp).  

Table. 2.1 

 Activity level of enzymes/units 

Enzyme Trp absent Trp present 
E 700 0 
D 700 0 
C 700 0 
B 700 0 
A 700 0 

Researchers have managed to obtain several bacterial mutants. Each mutant is the 

result of a single base-pair substitution in a single component of the trp operon. The 

activity level of functional enzymes E, D, C, B and A in the bacterial cells having these 

individual mutations is shown in Table 2.2. 

Table. 2.2 

Activity level of enzymes/units 
Mutant 1 Mutant 2 Mutant 3 

Enzymes Trp 
absent 

Trp 
present 

Trp 
absent 

Trp 
present 

Trp 
absent 

Trp 
present 

E 700 700 700 0 0 0 
D 700 700 0 0 0 0 
C 700 700 700 0 0 0 
B 700 700 700 0 0 0 
A 700 700 700 0 0 0 

(c) With reference to Table 2.1 and Table 2.2, identify the mutant bacteria that has 

a phenotype that is consistent with a loss-of-function mutation in the trpR gene 

and explain your choice. 

….....……………………..………………………………………………………….. 
 
….....……………………..…………………………………………………………..

….....……………………..………………………………………………………….. 

….....……………………..…………………………………………………..……[2] 

 Mutant 1; 
 The normal / wild type trpR activity is repression of the trp operon / codes for repressor 

protein (e.g. zero enzyme activity in the presence of tryptophan); 
 A loss of the repression / lack of repressor will lead to constitutive expression of the trp

genes (700 units of enzyme activity even in the presence of tryptophan);

ypppp ppp yyyy pppp ppppwildlld ttttypypypypypy eeeeee trrpRpRpRRR aaaaaacttctctiviviviivitititititty y yy yy isiiiii  repepepepepepreeeeesssssss ionnn nnn of tttttttttthehhhehhheheheheh  RRRR trtrtrtrtrpppppppppppp ooooooooppppep rooooonn n n n / cod
eroooo eenzzzzymymymymymyme ee acacacacaca tttittt vityy iiinnn nnn thththththheeeeeee pprprprprpresesesessenenenenenenncecececececec  of trypypyptototopphphphphphhaaaana ););););); 
repppprerrreresssssssssssioioioioioionnnnn / // / // laaaaaackckckckckck oooooofff rerereerereprprprprprpresesesesesessosososososorr rrr r wiwiwiwiwiwilllllllllll llleaeeeeee d to ccccconononononstststststitititititutututututivivivivve expre

nitsssss ooof f enenenenenenzyzyzyzyzyzymemememememe aaactcc ivivvivitittity evvvvvvenenenenenen innnnnn ththththththe e e e ee prprprpp esencecececece ooooof trrrrrypypypypyptototototoppphpp an);
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(d) Account for the phenotype of mutant 3 assuming that it experienced a loss-of-

function mutation.  

….....……………………..………………………………………………………….. 
 
….....……………………..…………………………………………………………….

….....……………………..………………………………………………………….. 
 
….....……………………..…………………………………………………..……[2] 

(e) If the phenotype of mutant 3 is caused by a mutation in the trpR gene, explain 

how this mutation would affect the structure and function of the repressor 

protein. 

….....……………………..………………………………………………………….. 
 
….....……………………..…………………………………………………………..

….....……………………..………………………………………………………….. 
 
….....……………………..…………………………………………………..……[2] 

[Total: 9] 

 A loss of function of the promoter; 
 0 units of enzyme activity regardless whether tryptophan is absent or present;  
 Transcription factors are not able to the bind to the promoter to form transcription initiation complex;  
 RNA polymerase is unable to bind to the promoter to initiate transcription and thus block / prevent expression 

of the trp operon; 

Reject: operator as a loss of function in that component would not allow the repressor to bind, causing expression 
of the trp genes. 
Reject trpR loss-of-function mutation since there would be no functional repressor and the phenotype would be 
the same as mutant 1.

 Gain of function mutation which causes a change in amino acid / Missense mutation in the 
trpR gene;

 which causes the protein to fold into the same conformation as the active repressor / trp-
bound wild type R protein; (only awarded if it leads to correctly stated altered repressor 
function as stated below); 

 trp repressor is always existing in an active conformation / constitutively active;  
 Permanently bound to operator / binds to operator even in absence of tryptophan;
 Prevent binding of RNA polymerase to the promoter and inhibit transcription of genes; 

KiasuExamPaper.com
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3. Researchers are constantly investigating the effects of limiting factors on the rate of

photosynthesis on various plants. Fig. 3.1 show how three main limiting factors, carbon

dioxide concentration, light intensity and temperature can affect the rate of

photosynthesis in cactus plants.

Fig. 3.1 

(a) Define the term ‘limiting factor’.

….....……………………..………………………………………………………….. 
 
….....……………………..…….…………………………………………………[1] 

(b) With reference to Fig. 3.1, 

(i)    explain the effect of light intensity on rate of photosynthesis. 

….....……………………..………………………………………………………….. 
 
….....……………………..………………………………………………………….. 
 
….....……………………..…………………………………………………………..
 
….....……………………..…………………………………………………………..

….....……………………..…………………………………………………………..
 
….....……………………..…………………………………………………………..
 
….....……………………..…………………………………………………………..
 
….....……………………..…………………………………………………………..

….....……………………..…………………………………………………….….[5] 

 As light intensity increases from 0 to 6 arbitrary units, rate of oxygen production increases / 
rate of photosynthesis increases proportionally with increasing light intensity;  

 At low light intensities, light intensity is the limiting factor; 
 Light is needed for photolysis of water to provide electrons for photophosphorylation; 
 Light directly affects light-dependent stage / non-cyclic + cyclic photophosphorylation of 

photosynthesis which is responsible for synthesis of ATP and NADPH; 
 More ATP and NADPH produced per unit time would lead to increase rate of Calvin cycle; 
 More G3P converted to glucose per unit time;  

 As light intensity increases above 6 arbitrary units, rate of oxygen production remains 
constant at the maximum rate; 

 Light intensity is no longer a limiting factor, other environmental factors like carbon dioxide 
concentration or temperature or other factors may be limiting; 

 When the light saturation point being reached, any further increase in light intensity will have 
no effect on the rate of light dependent reaction / rate of oxygen production;  

 Rate of photosynthesis is limited by the slowest reaction in the series and when the rate of 
photosynthesis is limited by more than one factors;  

 the rate is limited by the factor which is in the shortest supply;  
 This factor determines the rate of reaction, ie. when this factor is increased in concentration, 

the rate increases too; 

sis increases proportionally with increasing light intensity; 
es, lligigghthththt ininiinnntteetensity y yy yy issss tttthe lllllimimimimimmitititittininininning faaactoor; 
phoootooooolylylylylyyssssiss s of wwwatatatatatatererererere toooooo prorororororovivivivvidededededede eeeleeectrooonnsssn fffffffffooororororoororooo pppppphoooohohohohoohotototototototoophphphphphosososososphphphphphorororororyla

liggght-deddededeepeppppp ndnddenenenenenentttt tt stststagagagagagageeeeee /// /// non-n-n-n-n-n-cycycycycycyccclccc ic +++++++ cycyccccccclililililililililic ccccc phphphphphootototototoo oooopo hooooospspspspsphoryla
h isssss rererereeesppononsiss blbblbblee for sysysysysyyntntnttntnthehehehehehehessisisss s ofofoffff AAAAAAATTTTPTT  and NADADADADDDADPHPHPHPHPH;;;;;
PHH prppprprprododododododucucucuucucedededededed ppppppererererre uuuuuniniiittttt tittitititimemememememe wwwwwwououououououldldldldldld lllllleaeaeaeaeaeaddd ddd to incncncncncrerererereaase e e e e rararararatetetetete of Cal
d toooo ggluululuuulucoccocoosesesesesee ppppperee uuunin t t timeeeeee;;;;;  
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(ii)    justify if carbon dioxide concentration or temperature is a greater limiting  

factor on the rate of photosynthesis. 

….....……………………..………………………………………………………….. 
 
….....……………………..………………………………………………………….. 
 
….....……………………..…………………………………………………………..
 
….....……………………..…………………………………………………………..
 
….....……………………..………………………………………………………..[3] 
 

(c) Suggest why water is not considered a limiting factor for the rate of 

photosynthesis.

….....……………………..………………………………………………………….. 
 
….....……………………..……………………………………………………….[1] 

Fig. 3.2 illustrates a graph showing how varying light intensity affects the net carbon 

dioxide uptake and release in sun and shade plants.  

Fig. 3.2 
 

 Carbon dioxide; 

 A 0.3% increase in carbon dioxide increases rate of photosynthesis by 25au at 15°C / 40au 
at 25°C but a 10°C increase in temperature increases rate of photosynthesis by 5au at 0.1% 
CO2 concentration / 20au at 0.4% CO2 concentration;  

 Increasing the temperature to 25°C will increase rate of photosynthesis to 20au but 
increasing the carbon dioxide concentration to 0.4% will increase the rate of photosynthesis 
to 60au; 

 Carbon dioxide is needed for carbon fixation during Calvin cycle when combining with RuBP; 
 Temperature affects mainly light-independent stage and rate of photosynthesis doubles for 

each rise of 10°C until optimum temperature is reached; 
 However, rate of photosynthesis decreases at higher temperature as enzymes start to 

denature; 

 Amount of water needed for photosynthesis is very little; 
 When plants do not have enough water, stomata on leaves will close and limit amount of 

carbon dioxide entering the plant; 
 Plants wilt when there is insufficient water;  
 AVP; 

KiasuExamPaper.com
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(d) With reference to Fig. 3.2,  

(i)    state the compensation points of sun and shade plants.   

….....……………………..…………………………………………………………..
 
….....……………………..………………………………………………………..[1] 

(ii)    account for the graph differences between sun and shade plants.   

….....……………………..…………………………………………………………..
 
….....……………………..……………………………………………………….…. 
 
.….....……………………..………………………………………………………….

 
….....……………………..…………………………………………………………..
 
.….....……………………..………………………………………………………….

 
….....……………………..…………………………………………………………..

 
….....……………………..…………………………………………………………..
 
….....……………………..………………………………………………………..[4] 

 [Total: 15] 
 
  

 Sun plants: 19 lux; 
 Shade plants: 11 lux; 

 Compensation point is lower for shade plants by 9 lux as compared to sun plants; 
 Net carbon dioxide uptake is higher for sun plants than shade plants by 2.5 – 3 au; 
 Shade plants reaches maximum net carbon dioxide uptake of 4 au at 28 lux whereas 

sun plants reaches maximum net carbon dioxide uptake of 7 au at 37 lux; 

Max 2 marks 

 Kreb cycle occurs more at low light intensities from 0 – 20 lux for sun plants;  
 Carbon fixation during Calvin cycle occurs more at higher light intensities from 19 lux 

and above for sun plants;  

OR

 Shade plants have more chloroplast; 
 Can absorb light even at low light intensities; 
 and light-dependent reactions can still occur at low-light intensities;  
 Rate of photosynthesis is higher than rate of respiration at low light intensities from 

10 lux and above;  

KiasuExamPaper.com
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4. A study was conducted to study the inheritance of coat colour in mice, in which one of 

the allele is also known to affect normal embryonic development. A cross between 

agouti mouse (with agouti coat colour) and yellow mouse (with yellow coat colour) 

resulted in half of the F1 progeny being agouti mice and the other half being yellow. 

Mating of F1 yellow mice resulted in the following F2 generation.

Agouti mice   98 

Yellow mice 202 

(a) Using the symbols A and a for the two alleles involved, draw a genetic diagram 

in the space below to show how the F1 cross resulted in the F2 progeny.     

Key: A represents the dominant allele for yellow coat 
colour. 

a represents the recessive allele for agouti coat colour. 
 

F1 phenotypes 

F1 genotypes 

Yellow          x             Yellow 

Aa        x       Aa 

F1 gametes 

A       a       x       A       a 

F2 genotypes  AA     Aa       Aa       aa 

F2 phenotypic ratio 202 Yellow : 98 Agouti 

2 Yellow : 1 Agouti

 AA died

[3] 
 

2012 MJC Prelim 2 Q6  

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



11 

 [Turn over

For
Examiner’s  

Use 

In another experiment involving deer mouse, pure breeding pink-eyed mice with wild-

type fur was crossed with pure breeding dark-eyed albino mice. The resulting progeny 

all had wild-type fur and dark eyes. These F1 mice were then crossed with pink-eyed 

albino mice. The results are shown in Table 4.1. It was difficult to distinguish between 

mice that are dark-eyed albino and pink-eyed albino, so these two phenotypes were 

counted together. 

Table 4.1 

Phenotype Number of progeny

Wild-type fur, dark-eyed (recombinant) 12 
Wild-type fur, pink-eyed (parental) 62 
Albino, dark-eyed (parental)
Albino, pink-eyed (recombinant) 78

Total 152

(b) In the blank space below, calculate the chi-square value. [2]

Phenotype Observed (O) Expected (E) (O-E)2 / E 

Wild-type fur, dark-eyed  12 38 17.7 
Wild-type fur, pink-eyed 62 38 15.2 
Albino, dark-eyed 
Albino, pink-eyed  

78 76 0.05 

Chi Square Value 32.95 

Table 4.2 shows a portion of the chi-square table. 

Table 4.2 

distribution of 2 

number of  
degrees of  
freedom (v) 

probability 

0.1 0.05 0.01

1 2.71 3.84 6.64 

2 4.60 5.99  9.21 

3 6.25 7.82 11.34 

4 7.78 9.49 13.28 

edom (v) 

1 2.717171717 3333333333333.8.8.8.88.8.8..8...8. 444 44 444 6.66666 64

222 2 4.4444 60606060600 555 999.999999999999999 999999.2

3 33 666.66 252525252525 7.8888882 2 2 22 11.3

4 7 78 9 49 13 2
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(c) Using the values in Table 4.2, draw appropriate conclusions as to whether the 

results of the cross followed the expected ratio you have predicted in (b).

….....……………………..…………………………………………………………..
 
….....……………………..………………………………………………………….. 
 
….....……………………..…………………………………………………………..

….....……………………..………………………………………………………….[2] 

(d) Using E/e to represent alleles for eye colour and A/a to represent alleles for fur 

coat colour, explain the result of the F1 cross in the deer mouse experiment 

using a genetic diagram.  

Key: E represents the dominant allele for dark-eyed.  

e represents the recessive allele for pink-eyed.  

A represents the dominant allele for wild-type fur. 

a represents the recessive allele for albino 

F1 Cross: 
Phenotype of  

parents:   dark-eyed, wild type fur x pink-eyed, albino 

Genotype of 

parents: x 

Gametes produced (n):  x 

Genotype of offspring: 

Phenotype of offspring:    pinked-eyed       dark-eyed         pink-eyed        dark-eyed 

  wild-type fur       albino     albino wild-type fur 

    Parental type        Recombinant type  

  Phenotypic ratio:  62        :       78   :     12 

[4] 

 [Total: 11] 

e         a 

e         a 

e          A 

E       a 

e         A E      a e       a 

e       a E     A 

e         A 

e         a 

E      a 

e         a 

e         a 

e         a 

E      A 

e         a 

 P(difference occurring by chance) <0.05 for df of 2; 
 Critical value < calculated chi-square value of 32.95; 
 difference between observed and expected results is significant / not due to chance; 
 Does not conform to the expected phenotypic ratio of 1:1:1:1 / 1:1:2; 
 Hence the two genes do not segregate independently / the two genes are linked; 

ng:gg:g  

ringngngnn :: pppippp nknnknkedededd-e-eeeyeeeeeedddddd   daddadadd rk-eyeyeyeyeyeddddd   pink-e

e         A

eeeee         aaaaaa

E      a

e eeeee     aaa 

ee

eeeee
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5. Bungarus multicinctus, also known as the Taiwanese Krait, is a species of venomous

snake endemic to Asia and is predominantly found in forests from Taiwan to Southeast

Asia. In order to better understand the venomous snake’s physiological pathways,

researchers have been conducting extensive research on the mechanism of action of

Taiwanese Krait venom which consists primarily of neurotoxins.

Fig. 5.1 shows a diagram of the kappa-bungarotoxin, a neurotoxin found in the venom 

of the Taiwanese Krait. Kappa-bungarotoxin is a highly stable protein molecule that is 

capable of withstanding harsh chemical reactions. 

Fig. 5.1 

(a) Explain how the protein structure of kappa-bungarotoxin is maintained.

….....……………………..………………………………………………………….. 
 
….....……………………..………………………………………………………….. 
 
….....……………………..………………………………………………………….. 

….....……………………..………………………………………………………….. 

….....……………………..………………………………………………………..[3] 

 Secondary structures include beta-pleated sheets held together by intramolecular 
hydrogen bonds along the polypeptide backbone; 

 Tertiary structure: 3D configuration held together by bonds such as hydrophobic 
interactions, disulphide bridges, ionic bonds and hydrogen bonds between R-groups;  

 Quaternary structure: 2 subunits are held together by hydrophobic interactions / covalent 
bonds;  

n hohohooow w w w w thtttht e prprprrrotototototeiieieieinnnnn ststssts rurururuructctctctctururururu eeee offfff kkkakakk pppppppppppppppppppppppppp a-a-a-a-bubububbuub nngngngngngn arrrotototototoxin

y strtrtrucuuctututututuurerererereres s s sss ininininininccclclududdee bebb taaaaaa-p-p-p-p-p-pleeeeeeatatatatatatedededededed sssssshehheheh ets heheeeeldldldldld ttogggggetetetetetheheheheherrrr r by intra
bonds along the polypeptideeee backbone; 
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People bitten by Bungarus multicinctus suffer from neuromuscular paralysis and 

respiratory failure. Research shows that the venom causes serious health 

complications due to the effects of kappa-bungarotoxin at the neuromuscular junctions 

at the muscle cells of the lungs as shown in Fig. 5.2. 

Fig. 5.2 

(b) Name the parts of the neuromuscular junction shown in Fig 5.2 labelled A, B,

C, D and E.

A: ....................................................................... 

B: ....................................................................... 

C: ....................................................................... 

D: ....................................................................... 

E: ....................................................................... 
 [2] 

A: Myelin sheath; 
B: Presynaptic knob; 
C: Voltage-gated calcium ion channels; 
D: Secretory / Synaptic vesicles (containing acetylcholine); 
E: Cholinergic receptors / Post-synaptic receptors / Ligand-gated ion channel; 

2 correct – 1 mark
5 correct – 2 marks 

theee pararararartstttt ooof f f f ththththt eee neneneneneurururururomommmmusususususcucucucuculalalalaalaar jujuuuuuuuuuuncncnnncncncnn tititititioononononoononooonoo  shohohohohoownwnwnwnwnwn in 

nd EEEE...
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In Fig. 5.2, F is an enzyme important in synaptic signalling. 

(c) Describe the function of F.

….....……………………..……………………………………………………………. 

….....…………..………..…………………………………………………………..[1] 

(d) Explain how the transmission of nervous impulse shown in Fig. 5.2 differs from 

electrical transmission of action potentials. 

….....……………………..………………………………………………………….. 

….....……………………..………………………………………………………….. 

….....……………………..………………………………………………………….. 

….....……………………..………………………………………………………….[2] 

(e) Explain how kappa-bungarotoxin causes respiratory failure among humans 

bitten by Bungarus multicinctus.

….....……………………..………………………………………………………….. 

….....……………………..………………………………………………………….. 
 
….....……………………..………………………………………………………….. 
 
….....……………………..………………………………………………………….. 
 
….....……………………..………………………………………………………….. 

….....……………………..………………………………………………………….. 

….....……………………..………………………………………………………..[4] 

 Kappa-bungarotoxin competes with acetylcholine for the binding site of the cholinergic receptor;  
 Permanently binds to the binding site of the cholinergic receptor causes action potentials to be 

always generated at the post-synaptic membrane; 
 Voltage-gated sodium ion channels are always opened and influx of sodium ions will always flux 

into the axon;  
 Depolarization of the post-synaptic neuron will always occur; 
 Hence, always triggering the contraction of contractile elements within the muscle fibers and 

causing respiratory failure as the muscle fibres cannot relax;  

 Aceylcholinesterase breaks down acetylcholine into acetyl group and choline; 
 to prevent over-generation of action potentials at the post-synaptic terminal;  

by BuBBuungngngnn arruuus mmmmmuuluuu ticicicicc ncnncncnctututututusss.

………………………………… ……………….......………………… ………………………………………………………………… ……

oxin competes with acetylchhhhholine for the bibibibibinnding gggg ssite of the c
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Antivenom is a medication used to treat venomous bites and is recommended 

for use via injection if the venom from the snake is of high risk of toxicity.  

(f) Suggest how antivenom can alleviate the effects of kappa-bungarotoxin.

….....……………………..………………………………………………………….. 
 

….....……………………..………………………………………………………..[1] 

[Total: 13] 

 It binds to the kappa-bungarotoxin and changes its conformation such that it can no longer 
bind to the binding site of the cholinergic receptor;  

 It is an enzyme that degrades the kappa-bungarotoxin into simpler substances;  
 AVP; 

KiasuExamPaper.com
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6. Fig. 6.1 shows a tyrosine kinase receptor. The effect of insulin binding to this 

complementary receptor is shown in Fig. 6.2. The boxed regions in Fig. 6.1 and Fig. 

6.2 are cysteine-rich domains. 

Fig. 6.1 

2010 MJC Prelim 2 Q3 
+ 2010 RI Prelim 2 Q5 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



18 For
Examiner’s  

Use 

Fig. 6.2 
(a) Explain how the structure of the tyrosine kinase receptor is suited for its role in 

insulin mediated cell signalling.

….....……………………..………………………………………………………….. 

….....……………………..………………………………………………………….. 

….....……………………..………………………………………………………….. 

….....……………………..………………………………………………………..[2] 

Fig. 6.3 shows how blood levels of glucose and glucagon change after a meal. 

Fig. 6.3 

 Cysteine-rich extracellular domain of receptor is complementary to insulin to facilitate binding; 
 Transmembrane helices relays signal to cell interior; 
 Dimerisation of intracellular tyrosine kinase domains results in phosphorylation of the tyrosine tails; 
 which in turn activate specific relay proteins to elicit cellular responses; 

FiFiFiF g.g.g.g.g. 66666.3.3.3.3.3
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(b) Describe the components of a homeostatic control system and explain the 

principles of homeostasis.  

….....……………………..……………………………………………………………. 

….....……………………..………………………………………………………….. 
 
….....……………………..………………………………………………………….. 

….....……………………..………………………………………………………….. 

….....……………………..………………………………………………………….. 

….....……………………..………………………………………………………..[3] 

(c) With reference to Fig. 6.3, explain the relationship between glucose and 

glucagon levels from 0 to 120 minutes. 

….....……………………..………………………………………………………….. 
 
….....……………………..………………………………………………………….. 
 
….....……………………..……………………………………………………………. 

….....……………………..………………………………………………………….. 
 
….....……………………..………………………………………………………….. 

….....……………………..………………………………………………………….. 
 

….....……………………..………………………………………………………….. 
 
….....……………………..………………………………………………………..[4] 

Diabetes mellitus is a disease in which high blood glucose cannot be regulated back 

to normal set point within the body. The hormone insulin is commonly used in the 

treatment of diabetes. There are two forms of diabetes mellitus: Type 1 and Type 2. 

Type 2 diabetes mellitus is characterized by insulin resistance whereby the body 

tissues do not respond effectively to insulin.

(d) Suggest why the body tissue is insensitive to insulin in Type 2 diabetes mellitus.

….....……………………..………………………………………………………….. 

….....……………………..………………………………………………………..[1] 

 From 0 – 60 mins, glucagon levels decrease from above 120pg/ml to 95pg/ml as glucose levels 
increase from below 90mg/100ml to above 120mg/100ml; 

 From 60 - 120mins, glucose levels gradually decreases from above 120mg/100ml to about 
110mg/100ml as glucagon levels decrease from above 120pg/ml to 90pg/ml; 

OR

 From 0 – 120 mins, glucagon levels decrease from above 120 pg/ml to 90 pg/ml as glucose levels 
increases from 85mg/100ml to above 120mg/100ml before dropping to 110mg/100ml; (2 marks) 

Max 2 marks 

 As glucose levels increase and deviate from set point reference, there is negative feedback due to 
diminished stimulus to alpha-cells of Islets of Langerhans of pancreas / alpha-cells of Islets of 
Langerhans of pancreas stops releasing glucagon;  

 Decreased secretion of glucagon to blood stream would lead to less glucagon binding to GPCR;  
 Conversion of glycogen to glucose (glycogenolysis and gluconeogenesis) is inhibited; 

 A homeostatic control system would include a receptor / detector to detect stimulus, a control 
centre to process information from the receptor and effector to carry out the response;  

 Self-regulation which refers to the fact that the control mechanism is triggered by the very 
entity that it serves to regulate.  

 Negative feedback - Any deviation from the reference point triggers mechanisms that serve 
to eliminate that deviation and return to the reference point. 

 The three dimensional configuration/shape of the receptor for insulin may be 
changed/defective/mutated, hence insulin cannot bind/non-complementary to 
receptor. 

 Receptor-mediated endocytosis of insulin receptors / reduce number of insulin 
receptors on target cells; 

point within the body. The hormone insulin is c

iabebebeeeteteteteeess.s TTheheheererererere aaaaareeeee tttttwowoowowo fffforooo msss ofofofofofffff dddddddiaiaiaiaiaiaiabebebebebebebbb tetetetetes s s s s mememememeellllllll itititititi us

tess memeeeelllllllll itttusususss iiiis chchchchcharararararacacacacaccteteteteteririririr zezezezezeed d d dd byy iiiiiiiiiinsnsnsnsnsnsuululuuululuululuuluu inininini rrrrresesesesesesisisisisi tatatatattanc

resesespoopopopondndndndnd eeeeeffffffff ececececectitititit veveveveelylylylyly tttttoooo o ininnnnsusususususulililliliin.nnnnn
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Glucagonoma is a rare tumour of the -cells of the islet of Langerhans which results 

in an overproduction and secretion of glucagon.  

(e) Suggest how glucose metabolism is affected when an individual has a 

glucagonoma.

….....……………………..………………………………………………………….. 
 

….....……………………..………………………………………………………..[1] 
 
 
 

Cancer development occurs in stages. The advanced stage of cancer is characterized 

by the spread of cancer development to other parts of the body via the circulatory 

system to form secondary tumours by a process known as metastasis. 

(f) Explain the properties of cancer cells required for metastasis.

….....……………………..………………………………………………………….. 

….....……………………..………………………………………………………….. 

….....……………………..……………………………………………………………. 
 

….....……………………..………………………………………………………….. 
 

….....……………………..………………………………………………………..[2] 

[Total: 13] 

 Ability to evade white blood cells and prevent them from being degraded;  
 No anchorage dependence allows cancer cells to migrate to other parts of the body. 
 Angiogenesis/stimulate growth of blood vessels towards itself allows cancer cells to gain access 

to circulatory system. 
 Invasion of surrounding tissue cells allow cancer cells to form secondary tumours in other parts 

of the body. 
 Cancerous cells can adhere to walls of capillary blood vessel; 

 Increase breakdown of glycogen to glucose / glycogenolysis  (high blood glucose levels); 
 Increase conversion of amino acids and pyruvate to glucose / gluconeogenesis; 
 Increase lipolysis; 

KiasuExamPaper.com
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7. In New Zealand, there are two species and three sub-species of native bush robins. It

is believed that the robins evolved from a common ancestral stock, members of which

flew from Australia across the Tasman Sea and became established in New Zealand

over a million years ago. This ancestral form is considered to be similar to the present

day Australian flame robin, Petroica multicolor, a bird with a brightly coloured red

breast. The New Zealand birds do not have this red colour. Some characteristics of the

birds and their distributions are shown in Fig. 7.1.

Fig. 7.1 

(a) State the scientific name of the two species of native bush robins in New 

Zealand. 

….....……………………..…………………………………………………………. 
[1] 

(b) Explain why the robins in locations 1, 2 and 3 are similar but different from 

those in location 4.

….....……………………..…………………………………………………………..
 
….....……………………..…………………………………………………………..
 
….....……………………..…………………………………………………………..

….....……………………..…………………………………………………………..

….....……………………..…………………………………………………………..

….....……………………..………………………………………………………..[3] 

Petroica australis; Petroica traversi

 Birds in locations 1, 2 and 3 are capable of interbreeding (because of the) short distances 
between the islands; 

 (similar environment and so) subjected to similar selection pressure / gene flow is not interrupted / 
shared a common gene pool for a long time; 

 Birds on location 4 could not interbreed with the other birds; 
 Allopatric speciation / geographically isolated; 
 mutation such as the genes for black plumage would tend to be confined within the isolated 

inbreeding population;                                         

2008 ACJC Prelim 2 Q7

ons 1,,,, 2222 aaannnd 3 aaaaaareeeee cappppppabababababableleleeee ooooof innnterbbbrreeding (bbbbbececeececauauauausesesesese ooooofffff thththththe)
slaaandndndndndds;s;s;ss; 

onmmeeentttt tt aaanaaa dd sososoooo) ))) subjbjbjbjbbjececececececteteteeeted toooooto sssssimmimimimimilarrararrr ssssssseleeeeeeeectctctctcctctctctioioioioonnnnn pprprprprprpp eeeese suuuuurerererere / gggggene
mooooonnnnn geggggg ne pool for aaaaaa lolololooongngngngggg tttttiimimi e; 

tionn 4444 ccccccououououououldddddd nnnnnotototttt iiiintntntntntntererererrbrbrbrbrrbreeeeeeeeeeeedddddd wiwiwiwiwiw thththththth ttttthehhehehehe oooootthtttt er bbbbbiririririrdsdsdsdsds;
ciaaaatitionnonn ////// ggggeoeoeoeoeoeogrgrgrgg apapaphihihicacaacally issisissisoooolo atatatatatatedededede ;;;; ;

h as the genes for black plumage would tend to be confined w
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Based on earlier research, the native bush robin species and subspecies were 

distinguished based on a number of phenotypic differences such as plumage and 

breast colour. However, with modern technology, researchers have been using 

molecular methods such as direct DNA and amino acid comparison to further 

determine the phylogeny between the native bush robin species. 

(c) Explain why molecular homology is better than anatomical homology in 

determining evolutionary relationship between species of native bush robins. 

….....……………………..……………………………………………………………..
 
….....……………………..……………………………………………………………..
 
….....……………………..……………………………………………………………..
 
….....……………………..……………………………………………………….…[2] 

Differences in the cytochrome b DNA sequence of several native bush robins from 

different regions of New Zealand were measured and plotted against time since 

divergence from the primitive ancestor as seen in Fig. 7.2.

Fig. 7.2 

 Similarity in anatomical features could be due to convergent evolution;  
 Study of anatomical homology is not possible between morphologically different species;  
 Using molecular method, organisms can be compared even if they are morphologically very different + all 

organisms have certain molecular traits in common, e.g. rRNA sequences or certain fundamental proteins; 
 Using morphological features as a benchmark is subjective and non-quantifiable; 
 Molecular data is quantifiable and objective. Nucleic acid and amino acid sequence data are precise and easy 

to quantify, hence allows an objective assessment of evolutionary relationships; 
 Fossils obtained from ancestral species may be incomplete thus comparative study of anatomy is not possible; 
 Compare molecular divergence of ancestral species with incomplete/no fossil record with that found in other 

lineages with more complete fossil records; 

; for 1 mark, max is 2 marks 

KiasuExamPaper.com
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(d) Describe how the differences in the number of nucleotide substitutions support 

the neutral theory of molecular evolution.   

….....……………………..…………………………………………………………..
 
….....……………………..…………………………………………………………..

 
….....……………………..…………………………………………………………..

….....……………………..………………………………………………………….[2] 

(e) Suggest why New Zealand robins do not have the red breast trait even though 

it is present in its Australian robin ancestors. 

 
….....……………………..…………………………………………………………..

….....……………………..………………………………………………………..[1] 

[Total: 9] 

 The plot of the line is straight, indicating that the rate of mutation is constant; 
 Changes in the nucleotide sequence arise through neutral mutation; 
 for e.g. silent mutation or missense mutation where the change in amino acid does not 

occur in a critical region of the enzyme; 
 There is no effect on the phenotype and fitness of organism and thus allowed to 

accumulate; 
 Small number of changes over millions of years indicating that rate of mutation is slow as  
 Cytochrome b gene is a crucial gene in living organisms for cellular respiration; 

; for 1 mark, max is 3 marks

 Australian robins might have gained the red breast by a mutation (which occurred in 
the Australian population); 

 after the colonization of New Zealand by forms which did not possess it / ref to 
Founder effect; 

 Red-breasted forms might have reached New Zealand where the characteristic was 
at a selective disadvantage / vice versa; 

 Frequency of red breast allele decreased and eventually disappeared from the gene 
pool; 

 Ref. to genetic drift such that red breast individuals accidently die;                       

KiasuExamPaper.com
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Section B 

Answer one question.

Write your answers on the separate answer paper provided. 
Your answers should be illustrated by large, clearly labelled diagrams, where appropriate. 

Your answers must be in continuous prose, where appropriate. 
Your answers must be set out in sections (a), (b) etc., as indicated in the question.

8. 
 (a) Compare between DNA replication and transcription.  [6] 

Similarities 
1. Both involve unwinding of the double helix DNA;
2. Both involve breaking of the weak hydrogen bonds between complementary bases;
3. Both involve formation of phosphodiester bonds between neighbouring nucleotides;
4. Both involve aligning free nucleoside triphosphates through complementary base pairing;
5. Both products elongate in 5’ to 3’ direction;
6. Both occur in the nucleus;

Features  DNA replication Transcription 
(Main) Enzyme involved 
in polymerisation 

DO NOT LIST DOWN ALL 
ENZYMES as it is not a 
fair comparison. You are 
afterall comparing 
processes with different 
functions! Will you ever 
ask a child to wrestle 
with a full grown adult? 
Common sense must 
prevail during exams 
too. 

DNA polymerase  
- binds to the parental DNA molecule @ 
the origin of replication  

RNA polymerase  
- binds to the promoter. a region 
near the beginning of the gene to be 
transcribed  

Enzyme used for 
unwinding the double 
helix 

Helicase RNA polymerase 

Binding site for start of 
process 

Origin of Replication Promoter sequence 

Raw Material  Deoxyribonucleotides  Ribonucleotides  

Template  Both strands of DNA molecule act as a 
template
Whole DNA molecule is being 
replicated  

One strand of DNA molecule acts 
the template  
The anti-sense / non-coding / 
template strand of DNA molecule is 
being transcribed; the other strand 
is not transcribed 

Base Pairing Adenine with thymine and vice verse  
Cytosine with guanine and vice versa 

Adenine with uracil and vice verse  
Cytosine with guanine and vice 
versa

Presence of  
proofreading  
property on  
enzyme involved 

DNA polymerase proofreads the  
newly synthesized daughter strand, 
ensuring precise complementary base 
pairing  

NIL

replppp icated  template stra
bebebebeinininning g g g g trtrtrtrt anannnnscr
isissisis nnnnnototototot tttttrararararannnnsn cr
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Products  2 DNA molecules.
Each DNA molecule comprises of 1 
parental strand and 1 complementary 
daughter strand  
Products remain in the nucleus  

1 RNA molecule  
Products leave the nucleus  

When the  
process occur  

Prior to nuclear division (mitosis and 
meiosis)

Prior to translation  

Purpose  Double the amount of DNA so that:  
after mitosis - the 2 daughter cells will 
have the same amt of DNA (2n) as 
parental cell  
after meiosis - the 4 daughter cells  
each will have half (n) the amt of DNA  

Protein synthesis  

KiasuExamPaper.com
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(b) Describe how differences in the structure and organization of prokaryotic and 

eukaryotic genomes affect their control of gene expression.                               [7]     
Prokaryotic Genome Eukaryotic Genome 

Structure Level of 
condensation 

 DNA not highly condensed 
/ Not bound to histones 
Because genome size is 
smaller

Many levels of 
condensation of DNA / DNA 
bound to histones 
Because genome size is 
larger  

Significance No need to decondense 
chromosome / uncoil DNA 
from histones before 
transcription can occur 

Chromatin must be 
decondensed / have a 
looser conformation for 
transcription to occur so 
that RNA polymerase & 
transcription factors can 
bind to DNA 

Changes in chromosome 
structure not used as 
method to regulate 
transcription

Rate of transcription can be 
regulated by histone 
acetylation 
resulting in conversion 
between euchromatin and 
heterochromatin,  
affecting the ease of 
transcription

Structure / 
Organisation 

Chromosomes / 
Genomes bound by 
membrane

Not bound by membrane  / 
genome in nucleoid 

Bound by the nuclear 
membrane / genome in 
nucleus 

Significance Transcription and 
translation occur 
simultaneously 

Transcription occurs before 
translation / transcription 
occurs within the nucleus 
and translation outside the 
nucleus / transcription and 
translation occur in different 
locations in the cell 

Post-transcriptional control 
of gene expression not 
possible 

Thus mRNA is more easily 
degraded / less stable 

Post transcriptional control 
of gene expression is 
possible 
Eg. Alternative splicing / 
mRNA modifications before 
translation – 5’ cap or poly-
A tail 
Thus mRNA is less easily 
degraded / more stable 

Structure / 
Organisation 

Presence / 
Absence of introns 

No introns Presence of introns 

Need for mRNA 
splicing & allows for 
alternative splicing 

No splicing of mRNA is 
needed 

Splicing of pre-mRNA is 
needed / exons / coding 
regions must be spliced 
together 

No alternative splicing 
possible 
Only one mRNA / protein 
product per gene 

Allows for alternative 
splicing 
giving rise to varying 
mature mRNA molecules 
and hence multiple possible 
protein variants from the 
same gene 

Organisation Presence / absence 
of operon 

Genes coding for enzymes 
with related function 
grouped in an operon 

Dispersed genes coding for 
enzymes with related 
function each controlled by 
an individual / separate 
promoter 

Need for coordinate 
control, eukary 
genes having 

Produces polycistronic 
mRNA 

Produces monocistronic 
mRNA 

tog

NoNoNoNoNoo aaaaaaltltltltltltererereee naaativeee ssplplplplplplplllicicicciciciciccicininininini g gg g gg
popopopopoossssssssssssibibibibblelelelelle 
OnOnOnOnOnOnO lylylyyy oooonenennenen mmmmmmRNNNNNA A / protototototeieieieie n n nn n
prprprprrododododododucucucucucct pepepepepeper r r gegegeggg ne 

Allo
spsss l
giv
ma
and
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shared control 
elements 

Allows coordinated control 
of metabolic enzymes 
involved in the same 
pathway  

Coordinated control occurs 
via binding of transcription 
factors to control elements 
shared by genes with 
related functions (when 
genes are on diff chrom) 
Coordinated control also 
occurs by DNA methylation 
/ histone acetlyation that 
causes all the genes in the 
same region to be made 
available or unavailable for 
transcription (when genes 
w related fns are close 
together on the same 
chrom) 

All gene products of an 
operon are produced in the 
same amount 

Each gene product can be 
produced in different 
amounts or not at all 

Organisation Presence / 
Absence of (distal) 
control elements 

No distal control elements 
or its regulatory sequences 
are close to promoter 

Presence of distal control 
elements 

Allows for more 
fine-tuned control of 
transcription

Simple control possible, 
either transcription 
switched on or off 
Level of expression cannot 
be finely tuned / regulated 
as specifically 

Allows for fine tuned control 
of gene expression / allows 
for different levels of 
expression of a particular 
gene  
depending on the activators 
and repressors present in 
the cell at a specific time 

KiasuExamPaper.com
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(c) Outline the viral reproduction cycle of HIV.  [7]

Stage Description
Attachment / 
Adsorption  gp120 glycoproteins on the surface of the HIV binds to CD4 receptors on 

T helper cells and macrophage. 

o CD4 (cluster of differentiation 4) is a glycoprotein expressed on
the surface of T helper cells, regulatory T cells, monocytes, 
macrophages, and dendritic cells. 

 Binding of gp120 to CD4 is mediated by conformational changes in the 
gp120 protein but such conformational change is not sufficient for fusion. 

 The co-receptor CCR5 produces a conformational change in gp41 on HIV 
virion which allows fusion of HIV to host cell membrane. 

Penetration  The viral envelope of HIV fuses with the host cell membrane, releasing 
the nucleocapsid into the host cell, leaving the viral envelope outside the 
host cell 

Uncoating 
 The capsid is degraded, releasing the viral enzymes (integrase, protease 

and reverse transcriptase) as well as the viral RNA genome into the host 
cell cytoplasm.  

Synthesis / 
Replication  HIV’s reverse transcriptase uses viral RNA as a template to form a 

complementary strand of DNA. This forms an RNA-DNA hybrid.  

 Next, the RNA strand is degraded and reverse transcriptase proceeds to 
use the remaining DNA strand as a template to form another 
complementary DNA strand. This forms a dsDNA molecule.  

 The dsDNA enters the nucleus and is integrated into the host genome 
using the enzyme integrase and the integrated viral DNA is known as a 
provirus; 

 When the provirus is activated, the host RNA polymerase transcribes the 
viral DNA into viral RNA molecule. 

 The new RNA genomes serve as nucleic acid for new HIV. 

 Proviral DNA is also transcribed into viral mRNA, which is then translated 
by the host cell machinery to produce a single long chain of HIV protein 
(polyprotein). 

 Capsid proteins and the various viral enzymes are synthesized by free 
ribosomes in the cytosol. 

 Viral glycoproteins (gp 120 and gp 41) are synthesized by fixed ribosomes 
of the RER and are transported to the GA for chemical modification before 
incorporation into the host cell membrane. 

Max 2 marks 

Assembly  Vesicles embedded with viral glycoproteins migrate towards and fuse 
with the cell surface membrane.  

 Assembly of two single-stranded RNA molecules associated with 
reverse transcriptase, integrase and protease occurs within an 
assembled capsid. 

Maturation & 
Release  Viral maturation occurs when the polyprotein is cleaved into smaller 

functional proteins by viral protease. 

 The virus leaves the host cell via budding, with the host cell membrane 
forming the new viral envelope.  

[Total: 20] 

Vesesesesesesicicicicicicleeeeees emememememembebebebebebedddddddddd ed withhh vivivivivivvvirararararararararallllll lglglglggllglg ycycycycycycyyy opopopopoprororooroteteteteteinininininssss s mimmmm g
wiwiwiwiwiwithhhhhh ttthehehehehehe cccccceleleleeell suuuuuurffffffacacaccacace e mememeememmbmbbbbbbmm rarararararraararar nenenenene....
AAAAAAssemblbbllblblyy y y y yy ofofofofofof tttttwwwwoww  sinininininnglglglglgg e-strandededededd RRRRRNANANANANA mmmmmololololo ecececececuuuulu e
rerereeveveveveveversssse e trtrtrtrrt ananananananscscscsss rrriptptptptpttasasasasasase,e,e,e,e,e, intntnntntegraaaaasesesesese aaaaanddddd ppppprororororotttett ase oc

Max 2 marks 

assembbbled capsppspsiddidii .
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9. 
 (a) Contrast the structures of viral, prokaryotic and eukaryotic genome.   [5]

Viral genome Prokaryotic genome Eukaryotic genome
Genetic material  Either DNA or RNA;  DNA; DNA; 

Either double-
stranded;  
or single-stranded; 

Double-stranded; Double-stranded; 

Either linear;  
or circular ; 

Circular; Linear; 

Either segmented;  
or single;  

Singular chromosome segmented / many different 
chromosomes; 

Presence of telomeres May or may not be 
present; 

None; Present 

Presence of origin of 
replication 

May or may not be 
present; 

One present Yes / many present 

DNA enclosed in … capsid; Nucleoid body nucleus; 
DNA associated with 
histones 

No; No; Yes; 

Amount of noncoding 
DNA 

Little ; Little; Large amounts; 

Introns Absent; Absent; Present; 
Amount of repetitive DNA / 
centromeres 

Absent Absent Large amounts/ 
Present 

spacer DNA between 
genes 

Little Little Large amounts 

Presence of introns in 
genes 

No (in most cases); No Yes;

Size Smallest; Smaller Larger; 

1 mark per row. Max 6 marks. 
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(b) Relate the structure of ribosome to its role in protein synthesis.   [7]
 

 Made out of ribosomal RNA and proteins. 

 Consists of a small subunit and a large subunit 

 Prokaryotes have 70S ribosomes, each consisting of a small (30S) and a large (50S) subunit. 

OR

 Eukaryotes have 80S ribosomes, each consisting of a small (40S) and large (60S) subunit. 

 small sub-unit allows attachment of mRNA to form initiation complex 

 large sub-unit contain ‘P’ site: peptidyl-tRNA site, ‘A’ site: aminoacyl-tRNA site, ‘E’ site: exit site  

 large subunit of the ribosome contains peptidyl transferase, for formation of peptide bond/elongation of 
polypeptide chain 

 A site for receiving the aminoacyl-tRNA complex 

 P site holds the 1s aa-tRNA complex/elongating polypeptide chain 

 the ‘E’ site is where the tRNA released into the cytoplasm  

 freely floating Ribosomes in the cytosol – produce proteins that function within the cytosol 

 Ribosomes attached to the endoplasmic reticulum -  synthesise proteins that are meant for insertion into 
the membrane, for packaging within certain organelles e.g. lysosomes or for secretion out of the cell 
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(c) Outline the processes involved in oxidative phosphorylation.    [8]

 Oxidative phosphorylation is the process where ATP is generated using the energy released during 

transfer of electrons from NADH or FADH2 to oxygen via a series of electron carriers; 

 NADH and 2 FADH2 are responsible for donating electrons to the electron transport chain (ETC) during 

oxidative phosphorylation; 

 As electrons move from one carrier to the next, they are moving from a higher energy level to a lower 

energy level, therefore they lose potential energy; 

 At the end of the ETC, electrons combine with the final electron acceptor oxygen and H+ in the 

mitochondrial matrix  oxygen is reduced to water; 

 This energy is used by ETC carriers to pump H+ from the matrix into the intermembrane space; 

 The pumping of H+ across the inner mitochondrial membrane against its concentration gradient generates 

a proton gradient; 

 The potential energy contained in this electrochemical gradient is known as the proton-motive force; 

 Chemiosmosis is an energy-coupling mechanism that uses the proton-motive force to drive generation of 

ATP from ADP and Pi;

 Due to the proton-motive force, H+ tends to diffuse down its gradient and leak back from the 

intermembrane space into the matrix; 

 H+ can pass through a channel in ATP synthase and the energy released from the movement of H+ down 

its gradient is used to form ATP; 

 ATP synthase can use the exergonic flow of H+ to drive the phosphorylation of ATP from ADP and Pi.; 

 34 ATP molecules formed from 1 glucose molecule after oxidative phosphorylation;  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
End of Paper 
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1. The ability to model human diseases using cultured pluripotent stem cells (PSCs) has 

revolutionized the ways in which we study monogenic, complex and epigenetic 

disorders, as well as early- and late-onset diseases. Several strategies are used to 

generate such disease models using either embryonic stem cells (ES cells) or patient-

specific induced PSCs (iPSCs), creating new possibilities for the establishment of 

models and their use in drug screening. Fig. 1.1 shows strategies for generating 

human pluripotent stem cells (hPSCs) carrying a genetic disorder for research 

purposes. Disease-specific ES cells can be identified during the in-vitro fertilization 

(IVF) process by pre-implantation genetic diagnosis (PGD) or pre-implantation genetic 

screening (PGS). 

 
Fig. 1.1 
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(a) Describe one similarity and one difference between a blastocyst and embryo.   

 

….....……………………..……………………………………………………………. 

 ….....……………………..…………………………………………………………….. 

 ….....……………………..…………………………………………………………….. 

  ….....……………………..……………………………………………………….…[2] 
 

(b) Describe one advantage and one limitation of using somatic cell nuclear 

transfer (SCNT) to generate human PSCs carrying a genetic disorder.  

 

….....……………………..……………………………………………………………. 

 ….....……………………..…………………………………………………………….. 

 ….....……………………..…………………………………………………………….. 

  ….....……………………..…………………………………………………….…[2] 

In order to optimise the conditions and increase the chances of creating iPSCs from 

somatic cells, extensive research has been conducted on 4 main genes, Oct4, Sox2,

Nanog and Lin28 using M4 cell cultures. Fig. 1.2 shows the effect of different 

combinations of genes in the reprogramming mixture on the number of induced-

pluripotent stem cell colonies formed.  

 

 
Fig. 1.2 

 

 Both blastocysts and embryos are a cluster of undifferentiated cells;  
 Both are pluripotent; 
 Both have high telomerase activity; 
 Both have self-renewal property that can undergo indefinite rounds of replication; 

 
 Blastocysts are earlier stage of embryo; 
 Blastocysts consist of inner cell mass but an embryo does not have an inner cell mass; 
 Blastocysts consist of cells that will form the placenta but embryo does not have those cells;  

 Easier to isolate nucleus with defective allele from somatic cells;  
 Easier to harvest eggs and somatic cells;  
 Pluripotent stem cell is genetically identical to the patient;  
 Able to harvest pluripotent stem cells without the need to kill embryos;  

 
 Low success rate;  
 Cells obtained from SCNT may have additional abnormalities and chromosome 

aberrations due to incorrect reprogramming;   
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(c) With reference to Fig. 1.2,  

(i) explain the purpose of the control. 

………………………………………………………………………………………….. 

……………………………………………………………………………………….[1] 

(ii) describe the results produced from varying gene combinations in the 

reprogramming mixture. 

………………………………………………………………………………………….. 

………………………………………………………………………………………….. 

………………………………………………………………………………………….. 

……………………………………………………………………………………….[2] 

(d) Describe one possible regulatory process at the chromosomal level that could 

increase the expression of Oct4, Sox2, Nanog and Lin28 genes. 

………………………………………………………………………………………….. 

………………………………………………………………………………………….. 

………………………………………………………………………………………….. 

……………………………………………………………………………………….[2] 

(e) Suggest one reason why the number of cell colonies with minimal differentiation 

differs from the total number of cell colonies produced. 

………………………………………………………………………………………….. 

……………………………………………………………………………………….[1] 

X-linked Severe Combined Immunodeficiency (SCID) is a rare congenital disorder 

characterised by improper development of immune cells which has been treated by 

gene therapy. The ability to generate iPS cells that have similar characteristics with 

embryonic stem cells has provided a promising alternative to the use of haematopoietic 

stem cells for gene therapy to treat X-linked SCID.  

 Oct4 and Sox2 are the more important genes with significant effect in reprogramming somatic 
cells to iPSCs as M4 without Oct4 and M4 without Sox2 shows zero colony of iPSCs.; 

 Lin28 is the least significant gene in reprogramming somatic cells to iPSCs as 25 
undifferentiated iPSC colonies / 180 total colonies can still be obtained even though M4 does 
not have Lin28; 

 Demethylation of DNA where methyl groups of certain DNA sequences are removed.  
 Histone methyltransferase causes methylation of histone tails;  
 allowing the DNA segment containing the 4 genes to be more accessible for RNA polymerase to bind to for transcription; 

 Acetylation of histone tails lead to weaker binding between DNA and histones by Histone Acetylase (HAT); 
 allowing the DNA segment containing the 4 genes to be more accessible for RNA polymerase to bind to for transcription; 

 Demethylation of histone tails lead to weaker binding between DNA and histones by histone demethylase; 
 allowing the DNA segment containing genes to be more accessible for RNA polymerase to bind to for transcription;  

The control group in this experiment are somatic cells that are not treated with any 
reprogramming genes to investigate the extent of each of the 4 genes that can reprogram 
somatic cells to form iPSCs; 

 There are other genes involved in reprogramming somatic cells into undifferentiated 
iPSCs that are not included in the mixture;  

 Reprogramming of the nucleus is not always successful for all the somatic cells;  

re CooCooCoCoombmbmbmbmbmbininininini edeedee IImmmmununununununodododododefefefefefe icicicicicieieieeiency (S(S(S(S(SSCICCCCC D)D)D)D)D)) iiiiis ssss a rar

b i d l t f i ll hi hf

are not included in the mixture;  
mingngngngg of ff ff ththththththhe nnucleeeueee sss ss is nnnnnnotototototot aaaaalwlwlwlwwwaaayyys sucuucccessful foorr alalallll tht e e e e e sososososomammmm t
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Fig 1.3 shows a possible process of using iPS cells for gene therapy. 

Fig. 1.3 

(f) Besides difficulties with de-differentiating somatic cells to iPS cells, explain one 

other factor that could prevent this method of gene therapy for X-linked SCID 

from becoming an effective treatment.  

………………………………………………………………………………………….. 

………………………………………………………………………………………….. 

………………………………………………………………………………………….. 

……………………………………………………………………………………….[2] 

(g) Justify if you agree or disagree that use of iPS cells can address the ethical 

concerns of using embryonic stem cells for treatment of genetic diseases.  

………………………………………………………………………………………….. 

………………………………………………………………………………………….. 

………………………………………………………………………………………….. 

……………………………………………………………………………………….[2] 

    [Total: 14]

Use of liposome as vector 
 Lower probability of liposomes binding to cell surface membrane of iPS cells and membrane fusion occurring to release DNA 

into target cells; 
 therefore not all target cells receive normal IL2RG allele, some still express non-functional IL2RG protein; 

OR

 Normal IL2RG allele not integrated into the iPS cell’s DNA, unless retroviral vector is used;
 this leads to transient expression of normal functional proteins and multiple treatments are required;

OR

Gene therapy does not offer complete cure 
 Difficult to control the expression of the normal IL2RG alleles 
 Expression of proteins may be unstable – there may be too much or too little proteins being expressed  immune cells may 

have insufficient cytokine receptors/are abnormal, cannot carry functions; 

Against use of ES cells  
 involves removal of inner cell mass from blastocyst  destruction of embryo which has the potential/ability to develop into a 

foetus/a human being  akin to murder/killing of a life for own benefit/to treat own disease; 
 ES cells are able to divide continuously via mitosis  potential of developing tumours, causing more harm to the patient; 
 ES cells could potentially develop into individuals and they did not give their consent for experimental use;  

AND  

 Disagree  iPS cells have characteristics of ES cells and hence have the potential of developing into a develop into a foetus/a 
human being; 

OR  

 Agree   iPS cells were not harvested from embryos but were obtained from de-differentiation of somatic cells  no destruction 
of human life so it is acceptable; 

 Agree -> Donors of IPS cells would be able to give their consent for experimental use;  

y g

aracacca teririririststststststiciii ss s ofofofofofo EEEEEES cececececcelllll s sssss anananaanandddddd hehehehehehencncncncncnceeeeee hhhahhhh veee ttttttthehhhehhheh ppppppppotototototoo enntititititiaalalalal ooooof fff dededededeve
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and approximate quantification of linear double-stranded DNA fragments in agarose 

and non-denaturing polyacrylamide gels for research purposes. The markers are 

composed of lambda phage DNA digested to completion with the appropriate 

restriction enzyme(s), purified and dissolved in storage buffer. The DNA fragments 

contain blunt or sticky ends depending on the restriction enzyme used for the marker’s 

preparation. Fig. 2.1 shows the genome of Lambda DNA with the restriction sites 

corresponding to six different restriction enzymes.  

 
Fig. 2.1 
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Table 2.1 
EcoRI HindIII BamHI NcoI BmrI StuI 

21226 23130 16841 19329 18170 19044 

7421 9416 7233 16370 14083 12434 

5804 6557 6770 4572 7054 7888 

5643 4361 6527 4264 4641 6995 

4878 2322 5626 3967 4554 1519 

3530 2027 5505   604 

 564    18 

 125     

(a) With reference to Fig. 2.1, fill in the columns of Table 2.1 with the respective 

DNA fragments generated from their corresponding restriction enzymes. List 

each fragment from the largest to the smallest.                                              [2] 

(b) Explain two factors that would influence a researcher’s decision in choosing a 

restriction enzyme for the restriction digest step of the gene cloning experiment.  

 

….....……………………..…………………………………………………………….
. 

 ….....……………………..…………………………………………………………….. 

 ….....……………………..…………………………………………………………….. 

  ….....……………………..……………………………………………………….…[2] 
 

 

 

 

 

 

 

 

 

 

 

 The position of the restriction site of the restriction enzyme as the researcher would not choose a 
restriction enzyme that can target a sequence within the gene of interest as a restriction site;  

 Proximity of restriction site to the gene of interest as the researcher would choose a restriction 
enzyme that can excise the gene at restriction sites that a flanking right next to the gene;  

 Restriction enzyme must be able to target restriction sites on both the vector and gene of interest;  
 Restriction enzyme would be preferred if it generates sticky ends because if it generates blunt ends, 

it requires additional steps of adding linker DNA;  
 Restriction enzyme chosen should make a single and unique cut to the vector as the researcher 

would not want to fragment the vector / gene of interest is not incorporated into multiple sites;  
 Availability of the restriction enzyme; 
 Cost of the restriction enzyme;  
 AVP; 

KiasuExamPaper.com
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         + HindIII        + BmrI 

Fig. 2.2 

(c) Complete Fig. 2.2 below by drawing the DNA band patterns after gel 

electrophoresis.          [2]
 
 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



9 

 [Turn over 

For
Examiner’s  

Use 

(d) Explain how DNA bands can be visualized after gel electrophoresis. 

….....……………………..…………………………………………………………….. 

….....……………………..…………………………………………………………….. 

….....……………………..…………………………………………………………….. 

….....……………………..……………………………………………………….…[2] 

(e) Suggest a method to improve the separation of DNA bands during gel 

electrophoresis. 

….....……………………..…………………………………………………………….. 

 ….....……………………..……………………………………………………….…[1] 

Besides being used for DNA fragment separation, gel electrophoresis can also be 

conducted to separate protein fragments for agricultural research purposes in order to 

study relationships between protein band patterns and phenotypic traits.  

Barley (Hordeum vulgare) is an important crop in southern Brazil where its production 

is used in the brewing industry. Hence, the malting quality of different barley plant 

cultivars must be continuously researched and improved upon. Cultivars are new plant 

species obtained via artificial selecting breeding processes. 

Malt is germinated cereal grains that have been dried via malting. Malting grains 

develop the enzymes required for modifying the starch in the grains into various types 

of sugars such as maltose and glucose. Characteristics of importance for malting 

quality, which can differ considerably among barley cultivars, include grain size, grain 

protein concentration and nitrogen content in the seeds. 

Recently, researchers are researching on how the quality of a particular storage protein 

named hordein could affect the malting quality of barley plants. Barley is highly 

polymorphic regarding the hordein polypeptide composition. Electrophoresis is 

particularly attractive as a screening test to differentiate barley plant cultivars and to 

determine malting quality of each variety. By comparing the total hordein pattern from 

barley cultivars of different malting quality, researchers can investigate the relationship 

between malting quality and band patterns and to explore the feasibility of using 

hordein protein electrophoresis to assist in the selection of barley plant cultivars for 

malting. 

 Decrease voltage during gel electrophoresis;  
 Increase the concentration of agarose used to cast the gel;  
 Add glycerol to the DNA samples in the loading well;  
 Cast an agarose gel that is longer in length;  
 AVP; 

 R! Increase duration of electrophoresis 

o Ethidium bromide / Bromophenol blue / xylene cyanol is added to the gel in order to facilitate
visualization of DNA after electrophoresis; 

o Ethidium bromide / Bromophenol blue / xylene cyanol binds to only DNA;  

o DNA bands are viewed under UV light;  

ntration and nitrogen content in the seeds. 

archccherrrrrssss ararararreeeee rrrerr seeeearaarararchchchchchhhhinninninninnggggg ononononon hhhhhhhhooowoo thhhehehhhhhehehe qqqqqquuuauauauauauau litytytytytyy oooooofff f ff aaa a a pappp r

n coccoulululululddddd afafafafaffefefeectctctt tttthehehehee mmmmmmalaalalala titititititingngngngnng qqqualitytytytyty ooooof bababababarlrlrlrlrr ey pla

regarding the hordein polypeptide composition
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species. On the right of the gel, a polypeptide fragment ladder showing the band 

positions of 26 different hordein polypeptide sizes serves as a reference point for 

comparison. 

 

 
Fig. 2.3 

 

(f) With reference to Fig. 2.3, complete the phylogenetic tree shown in Fig. 2.4.  

      Fig. 2.4                                                            [2]

KiasuExamPaper.com
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Table 2.2 shows the correlation of each polypeptide band with the malting quality of 

barley varieties studied. The number of + / - in Table 2.2 indicates the strength of 

correlation between the polypeptide band and malting quality.  

Table 2.2 
Band Correlation Band Correlation 

1 - 17 - 
5 - - 18 - 
6 + 19 - - - 
7 - 20 + 
8 - 21 - 
9 - 22 - 

10 + 23 + 
11 + 24 - 
12 - - 25 + 
13 + 26 + 
14 - 27 + 
15 + 28 - 
16 + 29 + 

Table 2.3 shows the frequency of the hordein polypeptide bands (in percentage) in 

each barley variety studied.  

 
Table 2.3 

 

KiasuExamPaper.com
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barley variant would have the best malting quality.  

 

….....……………………..……………………………………………………………. 
 
….....……………………..……………………………………………………………. 
 
….....……………………..……………………………………………………………. 
 
….....……………………..……………………………………………………………. 

….....……………………..……………………………………………………………. 

….....……………………..……………………………………………………………. 

….....……………………..……………………………………………………………. 

  ….....……………………..……………………………………………………….…[4] 
 

[Total: 15] 
 

 
 

 
 
  

 MN668; 
 The presence of the hordein bands 5, 12 and 19 can be useful as molecular indicator of a low malting quality / Bands 5 and 

12 and 19 strongly correlated negatively with malting quality scores; 
 According to the phylogenetic tree diagram, MN688 also belongs to the family of barley plant variants of high malting quality;  
 Lowest frequency of polypeptides band 12 and 19 at 0% and relatively low frequency of polypeptide band 5 at 18%;  
 Presence of hordein band 29 is positively correlated to malting quality and MN668 has the highest frequency of polypeptides 

band 29 at 27% compared to the other variants;  
 Bands 11, 16 and 19 correlate positively with malting quality scores and MN668 has 100% frequency of those 3 bands; 

KiasuExamPaper.com
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3. Rice is the staple diet in many parts of the world. It lacks a number of important

nutrients, including  carotene, from which vitamin A is synthesised. Adequate

concentrations of vitamin A give protection from night blindness. Higher concentrations

act as an antioxidant that may give some protection from cancer and heart disease.

Golden rice, which contains  carotene, was developed in Switzerland by genetically

modifying rice using genes from a daffodil (a flowering plant) and a bacterium.

Fig. 3.1 shows an artificial DNA sequence used. 

Key: 

pro – promoter sequence for polymerase enzymes  

ter – termination signal for polymerase enzymes  

Hyg resist – Hygromycin B antibiotic resistance gene from a bacterium 

Fig. 3.1 

Fig. 3.2 shows the main events involved in obtaining a transgenic rice plant. 

Fig. 3.2 

(a) Define the term ‘transgenic’.  

….....……………………..…………………………………………………………….. 

….....……………………..……………………………………………………….…[1] 

Relating to or denoting an organism that contains genetic material into which DNA from an 
unrelated organism has been artificially introduced. 

FiFFiFiFiF g.gg.g. 3.2

theeeee ttttereeeee m ‘t‘t‘t‘transgegeggegenininnninn c’c’’c’c’’.  

ting an organism that contains genetic material into which D
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………………………………………………………………………………………….. 

………………………………………………………………………………………….. 

………………………………………………………………………………………….. 

……………………………………………………………………………………….[2] 

(c) With reference to Fig. 3.1 and Fig. 3.2, 

(iii)outline the processes involved from stage 2 to stage 3. 

………………………………………………………………………………………….. 

………………………………………………………………………………………….. 

………………………………………………………………………………………….. 
 

………………………………………………………………………………………….. 

………………………………………………………………………………………….. 

………………………………………………………………………………………….. 

………………………………………………………………………………………….. 

……………………………………………………………………………………….[4] 

(iv)outline the processes involved from stage 3 to generate a full-grown 

transgenic plant. 

………………………………………………………………………………………….. 
 

………………………………………………………………………………………….. 
 

………………………………………………………………………………………….. 

………………………………………………………………………………………….. 

………………………………………………………………………………………….. 
 

………………………………………………………………………………………….. 

………………………………………………………………………………………….. 

………………………………………………………………………………………….. 

……………………………………………………………………………………….[4] 

[Total: 11] 

 Genes in the virulence region code for the enzymes responsible for mediating conjugative transfer of T-DNA to plant cells. 
 T-DNA region consists of genes such as auxin, cytokinin and opine that code for plant growth regulators that alter the 

development and metabolism of the host plant cell; 
 Ori which represents origin of replication where helicase would bind to to unwind DNA for DNA replication; 
 Ti plasmids contain selectable marker allows for identification of transformed cells; 

 Ti plasmids have multiple restriction sites, to allow introduction of genes; 

The explant is then aseptically transferred to culture vessels containing aseptic culture medium that contains nutrients and 
plant growth regulators;  
Auxin and cytokinin in equal ratio is added to the nutrient agar to stimulate the cells of the explant to divide by mitosis to 
form a callus; 
As callus increases in size, it can be subcultured into many calli by placing them in separate culture vessels containing 
culture medium with plant growth regulators; 
The cells of a callus can be induced to either proliferate or differentiate into particular tissues  
Low level of cytokinin and high level of auxin triggers formation of roots growth / High level of cytokinin and low level of 
auxin triggers shoot growth / Auxin and gibberellin stimulates cell differentiation; (any one e.g.) 
With differentiation of cells of callus into particular tissues, a plantlet can form; 
Plantlets are then allowed to acclimatized before transfer to soil to grow into a whole plant; 

 Bacterial transformation via calcium chloride treatment + heat shock / electroporation to facilitate uptake of recombinant 
Ti plasmid into agrobacterium;  

 Hyg resistance gene is also inserted into the recombinant Ti plasmid to enable selection of the transgenic cells such 
that only the bacterial cells with the new DNA can grow in the presence of Hygromycin B; 

 The modified agrobacterium is placed in a liquid suspension to the leaves of susceptible plants, infecting them; 
 The T-DNA is excised from Ti plasmid, transferred into nucleus and integrated into the plant genome; 

, it can be subcultured into many calli by placing them in se
growoowwthhh rrrregegegege uululaaatorrrrs;ss;s;s;s;  
e indnndddducucucuccu eedeee  too eeeithhhhhhererererere pppppproliiiiifefefefefeferararararaatetetetetet ooorr r difffereerrenenennnennnnttititititititiititiiatatatatata eeeeee innnninininninntototototototo pppppararararartititititicucucucuculalalalalar tis
higgghhh leeeeeevevevevevevel ofoff aaaaaauxuxuuxuu ininin tttttrirrrrr ggggggggggggersss ss s fofofofofoformmrmrmrmrmatitititiionononononoon ooffff f ff ff rorrrororororootototototsss sssssss grgrgrgrgrowwwwththththth ///// High
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4. A pineapple plantation owner wants to find out the amount of ascorbic acid (vitamin C)

in the pineapples cultivated in the plantation. He believes that his pineapples produce

the most vitamin C compared to the standard pineapple breeds which typically contain

40.0 – 48.5 %.

The amount of ascorbic acid present in a sample can be determined using the dye 

dichlorophenol indophenol (DCPIP).  At pH 7 and above, ascorbic acid reduces 

solutions of the dye dichlorophenol indophenol (DCPIP) from blue to colourless. The 

pH of the samples must be adjusted to pH 9 for this experiment to work. Ascorbic acid 

does not chemically change when neutralised by sodium hydroxide or when boiled. 

Using this information and your own knowledge, design an experiment to determine 

the validity of the plantation owner’s claim that the pineapples from his plantation 

contain higher concentrations of ascorbic acid. 

Your planning must be based on the assumption that you have been provided with the 

following equipment and materials which you must use: 

 100 cm3 of 5.0 % stock solution of ascorbic acid, adjusted to pH 7 

 100 cm3 distilled water 

 100 cm3 molten agar containing DCPIP 

 Sterile petri dishes 

 1ml syringes 

 Plastic straw to create wells in the agar plate 

 Labels  

 Stopwatch 

 Forceps  

 Normal laboratory glassware e.g. test tubes, beakers, graduated pipettes, droppers, 

glass rods etc 

 10 cm3 pineapple juice, supplied by the plantation owner 

 Sodium hydroxide 

 pH meter 

orararaaraatoryryryryy gggglallaalasswawawawaware eeee gggg.g..... teeestsss  tubbbbes, beakers, gggrararararadudddd a

etctctcc 

eaaaaapppppppppppleeee jjjjuiuiicecececece, suppppppppppp lililililiedededededededed bbbby thththththheeeeeee plantatititititiononononono ooooownwnwnwnwnw erererer 

drrroxooxo idididddiddeee ee
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Use Your plan should: 

 have a clear and helpful structure such that the method you use is able to be repeated by 

anyone reading it,  

 be illustrated by relevant diagrams, if necessary, 

 identify the independent and dependent variable, 

 describe the method with the scientific reasoning used to decide the method so that results 

are as accurate and reliable as possible, 

 show how you will record your results and the proposed layout of tables and graphs, 

 use correct technical and scientific terms, 

 include references to safety measures to minimize any risk associated with the proposed 

experiment. 

[Total: 12] 

…………......……………………..……………………………………………………………. 

…………......……………………..……………………………………………………………. 

…………......……………………..……………………………………………………………. 

…………......……………………..……………………………………………………………. 

…………......……………………..……………………………………………………………. 

…………......……………………..……………………………………………………………. 

…………......……………………..……………………………………………………………. 

…………......……………………..……………………………………………………………. 

…………......……………………..……………………………………………………………. 

…………......……………………..……………………………………………………………. 

…………......……………………..……………………………………………………………. 

…………......……………………..……………………………………………………………. 

…………......……………………..……………………………………………………………. 

…………......……………………..……………………………………………………………. 

…………......……………………..……………………………………………………………. 

…………......……………………..……………………………………………………………. 

…………......……………………..……………………………………………………………. 

…………......……………………..……………………………………………………………. 

…………......……………………..……………………………………………………………. 

……………………………………………………………………..………………………………………………………………………………………………… …………………………………………………………………

………………………………..……………… ………………………………………………………………… ……

……………………..……………………………………
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Introduction 
 Ascorbic acid reduces blue DCPIP to colourless. . 
 Increase in concentration of ascorbic acid will increase the rate of decolourisation of 

DCPIP 
 Different concentrations of ascorbic acid can be created from the stock solution. A 

standard curve of the amount of decolourisation of DCPIP by the different 
concentrations of ascorbic acid can be created. The amount of ascorbic acid in 
pineapple can be determined by reading off the standard curve 

Explain how to 
determine 
concentration of 
ascorbic acid in 
pineapples using the 
standard curve [1m] 

Procedure 
1. Obtain 10cm3 of different concentrations of ascorbic acid solution by dilution.

Concentration of ascorbic 
acid solution / mmolL-1 

Volume of 5.0 mmolL-1 
ascorbic acid  solution / 

cm3 

Volume of distilled 
water / cm3 

5 10 0
4 8 2
3 6 4
2 4 6
1 2 8
0 0 10

1. Pour the molten agar containing DCPIP into the petri dishes and allow the agar to
cool.

2. Once the agar is cooled, use the plastic straw to make eight equal sized wells in the
agar gel plate. Ensure that the wells are well-spaced.

3. Prepare a control experiment using boiled and cooled pineapple juice, following the
same experimental procedures and conditions, to show that the decolourisation of
DCPIP is due to the action of ascorbic acid and not due to the action of any enzymes
in the juice.

4. Add 10% sodium hydroxide solution to the boiled and cooled pineapple juice, drop by
drop with a dropper, until the pH is between 7 to 9. Check the pH by removing a drop
of solution with a clean glass rod and placing it on indicator paper.

5. Neutralise the fresh pineapple juice in the same manner as described in step 4.

6. Using the 1 ml syringe, place 0.2 ml of each of the ascorbic acid solutions prepared
according to the dilution table, 0.2 ml of pineapple juice and 0.2 ml of boiled and
neutralised pineapple juice into one well each. Label the wells.

7. Replace the lid of the petri dish and leave the plates on the table for one hour.
8. After one hour, place the dish on the graph paper and measure the diameter of each

of the rings where the blue DCPIP has been decolourised
9. Repeat step 1 to 7 three times.

Describe how to 
obtain different 
concentrations of 
ascorbic acid [1m] 

Describe the settling 
up of the DCPIP 
agar plates and wells 
in the plates[1m] 

Describe control to 
prove reaction is due 
to ascorbic acid in 
the pineapple juice 
and is not enzyme 
catalysed  [1m] 

Describe 
neutralisation of 
fresh pineapple 
juice.[1m] 

State appropriate 
volumes scorbic acid 
[1m] 

Describe the 
measurement of ring 
of decolourisation 
[1m] 
Describe repeats 
[1m] 

Draw a labelled 
diagram [1m] 

well
Diameter of 
decolorised area wewwwww ll dededededecocccc loooorirrr sed ddd araaa ea 
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Use 10. Record the results in the table below and calculate the area of decolorisation 

Concentration of 
ascorbic acid 

 
Diameter of ring of decolourisation / mm 

Area  decolourised/ 
mm2 

Experiment 
1 Experiment 2 Experiment 3 Average  

5      
4      
3      
2      
1      
0      

Sample of 
neutralised 

pineapple juice 

     

Sample of boiled 
and cooled  

pineapple juice 
which has been  

neutralised 

     

[1m] 
 

 
 
 
 
 
 
 
 

[1m] 
 
 
 
 
 
 
From the standard curve drawn, calculate the concentration of ascorbic acid found in the sample of pineapple juice 
from the area of decolorisation obtained from the experiment with the sample of pineapple juice. If the concentration 
is higher than 0.8 to 1.6 mmolL I, the plantation owner’s claim of his breed producing a higher concentration of 
Vitamin C than standard pineapple breeds is valid. [1m] 

Safety 
Sodium hydroxide and ascorbic acid may cause irritation when in contact with skin. Wear gloves when handling 
these reagents. [1m]  

Concentration of ascorbic 
acid / mmolL-1

Area  
decolourised  / 
mm2
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Free-response question 

Write your answers to this question on the separate answer paper provided. 

Your answer: 
• should be illustrated by large, clearly labelled diagrams, where appropriate; 
• must be in continuous prose, where appropriate; 
• must be set out in sections (a), (b) etc., as indicated in the question. 

 
5.  

 (a) Describe the use of restriction fragment length polymorphism analysis in creating 
a linkage map.         [6]

 
 Using RFLP with known physical location on a chromosome; 
 Construct map using recombination frequency to determine order/sequence of genes and 

relative distance between different genes and genetic markers along a chromosome; 

; for 1 mark, max is 1 mark 

 A linkage map shows the relative location or the order of genes along a chromosome; 
 constructed based on the assumption that the probability of a crossover between two genetic 

loci/RFLP markers is proportional to the distance separating the loci; 
 Linkage maps are usually constructed with several thousand known genetic markers spaced 

evenly throughout the genome; 
 The RFLP markers can be any genes or any other identifiable DNA sequences, such as variation 

number tandem repeats (VNTR) and short tandem repeats (STR);  

; for 1 mark, max is 2 marks 

How to carry out linkage mapping using RFLP: 

 Linkage map must be done based on experimental crosses;  
 After mating/fertilization, RFLP from parental and offspring organisms are obtained and analysed; 
 Using gel E & Southern blot/nucleic acid hybridisation; 
 RFLP pattern obtained are used to calculate the total percentage of recombinant offspring; 
 Give an indication of the distance between the RFLP markers/sequences based on the 

recombination frequencies obtained; 
 the farther apart the two RFLP markers/sequences are, the higher the probability that a crossover 

that generates genetic variation will occur between them and therefore the higher the 
recombination frequency;  

 For example, if 70% of the progeny produced are parental and 30% were recombinant, the two 
RFLP loci are 30 centi-Morgans (cM) apart from each other;    

; for 1 mark, max is 3 marks. 

KiasuExamPaper.com
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[6] 

Stage 1: Denaturation 
a) DNA denaturation by heating to 900C; [accept 90 – 1000C] in a thermocycler; 
b) DNA is separated into single strands by breaking of hydrogen bonds;  

     Stage 2: Annealing of primers 
c) Annealing of primers to gene of interest by cooling to 540C;  [accept 30 – 650C] 
d) primers/ oligonucleotides bind to single (DNA) strands / 3’ ends; 
e) by annealing/hybridise to their complementary sequences on either side of the target sequence; 

 
     Stage 3: Extension 

f) DNA synthesis by heating to 720C; [accept 60 – 750C] 
g) optimum temperature (for Taq polymerase); 
h) new strands (of DNA) are synthesised by Taq/ DNA polymerase; 
i) starts at position of DNA primers; 
j) addition of free deoxyribonucleotide to the free 3’OH end; 
k) through the formation of phosphodiester bond between the nucleotides; 
l) using the single strand DNA (target sequence) as a template; 
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(c)         Discuss the goals and benefits of the Human Genome Project.  
[8] 

Goals 

1. Construct a detailed genetic map (i.e. map formed using recombination frequencies and measured in terms
of cM) of the entire human genome.; 

2. Determine the nucleotide sequences of all 24 human chromosomes (i.e. the physical map of the genome
as measured in base pairs) by the year 2005.;

3. Identify all the approximately 20,000-25,000 genes in human DNA.;

4. Improve technology for DNA sequencing and studying the function of DNA on a genomic scale.;

5. Sequence genomes of model organisms (E. coli, budding yeast, C. elegans, Drosophila, and mouse) in
order to compare genomes.;

6. Develop bioinformatics support – to (a) create and operate databases for easy access to data and (b)
develop and improve tools for data analysis eg. Comparing and interpreting genome information.;

7. Address the ethical, legal and social issues that may arise from the project.;

Max 4 marks 

Benefits

A. Molecular medicine (no marks for heading; max 2 mks, @ 1 mk) 
1 Earlier diagnosis/detection of genetic diseases; 
2 Gene therapy; 
3 Rational drug design/control systems for drugs/rational drug design/pharmacogenomics & custom drugs; 

B. Energy and Environmental Applications (max 1 mk, @ 1 mk) 
4 Use microbial genomics research to create new energy sources (biofuels); 
5 Use microbial genomics research to develop environmental monitoring techniques to detect pollutants ; 
6 Use microbial genomics research for safe, efficient environmental remediation; 

C. DNA Forensics (max 3 mk, @ 1 mk) 
7 Identify potential suspects whose DNA may match evidence left at crime scenes; 
8 Exonerate persons wrongly accused of crimes; 
9 Identify crime and catastrophe victims; 
10 Establish paternity and other family relationships; 
11 Identify endangered and protected species as an aid to wildlife officials (could be used for prosecuting 
poachers); 
12 Detect bacteria and other organisms that may pollute air, water, soil, and food; 
13 Match organ donors with recipients in transplant programs; 
14 Determine pedigree for seed or livestock breeds; 
15 Authenticate consumables such as caviar and wine; 

D. Agriculture, Livestock Breeding, and Bioprocessing (max 1 mk, @ 1 mk) 
16 Healthier, more productive, disease-resistant crops/ farm animals / higher yield; 
17 More nutritious produce ; 
18 Edible vaccines incorporated into food products; 
19 New environmental cleanup uses for plants like tobacco; 

E. Bioarchaeology, anthropology, evolution and human migration (max 1 mk, @ 1 mk) 
20 Study human evolution (through germline mutations in lineages); 
21 Study of migration of diff pop groups based on female genetic inheritance/lineage and migration of males via 
Y chromosomes; 
22 Compare breakpoints in the evolution of mutations with ages of populations and historical events; 

F. Risk assessment (@ 1 mk) 
23 Assess health damage and risks caused by radiation exposure/mutagenic chemicals/ cancer-causing toxins; 

Max 4 marks 

[Total: 20]  

p ;
anupupuppupupup usesesesees sssss foffofor plananaanaa tsttttt  likkkkke e ee ee tototototoobabbabbb ccccccccco; 
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1 A student has drawn a cell structure as seen using a light microscope. 

The magnification of the drawing is 600. 

The length of the structure on the drawing is 6mm. 

 

What is the actual length of the cell structure? 

A  1  10-1 m  B  1  100 m   C  1  101 m   D  1  102 m 

2 The electron micrograph shows part of a eukaryotic cell. 

Which of the labelled organelles is a site of protein synthesis?  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3 The table shows some information about four carbohydrate polymers. 

 
 
Which two polymers form starch? 
 
A 1 and 2  B 1 and 4  C 2 and 3   D 3 and 4 
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4 When proteins are mixed with some organic solvents, hydrophobic interactions and hydrogen 
bonding are changed in the protein molecules.  
 
Which levels of protein structure would be affected?  
 

 

 
5 Which row correctly links molecules in the cell surface membrane with their roles?  

  
 
 
 
 
 
 
 
 
 
 
 

 1 2 3 4 

A glycolipid cholesterol glycoprotein phospholipid 

B glycolipid glycoprotein phospholipid cholesterol 

C glycoprotein phospholipid cholesterol glycolipid 

D phospholipid cholesterol glycolipid glycoprotein  
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6 The table below shows additional information about the enzymes that catalyse some of the 

reactions in respiration. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A student made the following deductions using the information provided in the table: 
 

 Phosphoglucose isomerase, when secreted, can have a non-catalytic role. 

 Only three of the six enzymes display quaternary protein structure.  

 The active site of phosphofructokinase will change shape to allow the enzyme to 
act as a regulator in glycolysis.  

 Each enzyme is coded for by one gene.  

 The reaction catalysed by hexokinase is an induced-fit mechanism.  

How many of the student’s deductions are correct and can be supported using the information 
provided? 

A 1  B 2  C 3   D 4 
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7 Polypeptide synthesis is based on sequences of three nucleotides, each specific for an amino 
acid. 

Which row shows the correct nucleotide sequences for an amino acid? 
 

 
 nucleotide sequence of 

 non-transcribed DNA 
strand mRNA codon tRNA anticodon 

A GGT CCA GGU 

B GGG CCC CCC 

C CCG CCG GGC 

D CCT CCU CCU 
 
 
8 DNA is said to replicate in a semi-conservative way. 

Results of Meselson and Stahl’s experiments gave overwhelming support to this theory. They 
used E. coli which has a generation time of 20 minutes. 

 
Here are the steps in their experiment but they are in the wrong order. 

 
 P All bacteria contain 15N DNA. 
 Q All bacteria contain hybrid DNA (15N DNA and 14N DNA). 
 R Bacteria contain either all 14N DNA or hybrid DNA. 
 S Bacteria grown in a 15N medium for many generations. 
 T Bacteria transferred to a 14N medium and sampled every 20 minutes. 
 
  Which sequence of letters shows the correct order of the steps in the experiment? 
   

A P Q R S T 

B P→S→T→R→Q 

C S→P→T→Q→R 

D S→P→T→R→Q 
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9 The table shows the mode of action of two antibacterial drugs that can affect the synthesis of 
proteins. 

antibacterial drug rifampicin streptomycin 

mode of action binds to the RNA polymerase causes errors in translation 
 

If bacteria are treated with both drugs, what will be the immediate effects? 
 

1 Transcription will stop, but faulty proteins may continue to be synthesised. 
 

2 If translation has started, proteins may be faulty. 
 

3 Translation will be inhibited. 
 

A 1, 2 and 3  B 1 and 2 only  C 1 and 3 only  D 2 and 3 only 
 
 
10 The diagram shows a mechanism by which gene expression is controlled during translation. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Which statements are correct? 

 
1 Phosphorylation by eIF2  protein kinase changes the conformation of and activates 

eIF2 . 
2 The concentration of eIF2B affects the rate of translation by inhibiting translation 

initiation. 
3 This regulation results in decreased rate of mRNA translation under stress conditions. 
4 The eIF2 -eIF2B complex is recognised by proteasomes for selective degradation due 

to the presence of the phosphate group. 
 

A 1 and 2  B 1 and 4  C 2 and 3  D 3 and 4 
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11 The diagram represents a length of DNA from a prokaryote that includes a structural gene. 
 
Parts of the length of DNA are labelled W, X and Y. They have different functions in the control 
of transcription of the structural gene.  

 
 
 

What identifies the functions of parts W, X and Y? 
 

 W X Y

A operator regulator promoter 

B promoter regulator operator 

C regulator promoter operator 

D promoter operator promoter 
 

 
12 Which of the following statements concerning lac operon is true? 

1 Transcription of lac operon takes place all the time. 

2 There is one single mRNA transcribed from the lac operon. 

3 There is one start and one stop codon in the mRNA of lac operon. 

4 The repressor molecule binds to the operator to turn off lac operon. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A 4 only 

B 1 and 3 

C 2 and 4 

D 2, 3 and 4 
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13 Some events that take place during generalised transduction are listed below. 
 

1 Bacterial host DNA is fragmented. 
2 Bacterial DNA may be packaged in a phage capsid. 
3 Recombination between donor bacterial DNA and recipient bacterial DNA. 
4 Phage infects a bacterial cell. 
5 Phage DNA and proteins are made. 

  
 Which sequence of events is correct? 

A 4 1 3 5 2 

B 4 1 5 2 3 

C 4 5 2 3 1  

D 4 5 1 3 2 

 
14 What are the conditions in a human cell just before the cell enters prophase? 

 

 number of molecules 
of DNA in nucleus 

spindle 
present 

nuclear envelope 
present 

A 46 yes no 

B 46 no yes 

C 92 yes yes 

D 92 no yes 
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15 The following table shows the chromosome numbers in the hybrids formed between cabbage 
(Brassica oleracea) and radish (Raphanus sativus).  

type of cell no. of chromosomes per cell 

parental cabbage 18 

parental radish 18 

parental gametes 9 

F1 hybrids 18 

F1 gametes 18 

F2 hybrids 36 

F2 gametes 18 

F3 hybrids 36 
 

During which of the following stages can the occurrence of non-disjunction explain the 
results? 

 
A formation of the F1 gametes 

B formation of the F2 gametes 

C fusion of the parental gametes 

D fusion of the F1 gametes 

 
 
16 The statements are about genes and proteins, involved in breast cancer. 

 
 The main protein coded by BRCA1 gene inhibits the growth of breast cancer cells. 
 The protein coded by the p53 gene suppresses tumours. 

 

Which combination of genes is most likely to result in breast cancer? 

 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 

 gene 

BRCA1 p53 

A   

B   

C   

D   

key 
 = normal active gene 
 = mutated gene 
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17 The following table shows the mRNA codons for six different amino acids. 
 

mRNA codons amino acid 

AAA   AAG lysine 

AGA   AGG   CGG arginine 

GGU   GGA   GGC   GGG glycine 

CCU   CCA   CCC   CCG proline 

UGG tryptophan 

UAU   UAC tyrosine 

 
The base sequence of mRNA coding for part of a polypeptide is shown below. 

 
U   A   U   A   A   G   A   G    G    C     C    U     U     G    G 
1    2    3   4    5   6    7    8    9    10   11   12   13    14   15 

  
    start reading 
 

From the information provided, which of the predictions stated below is not true? 
 

A The insertion of a nucleotide between positions 3 and 4 is expected to result in a greater 
change in the amino acid sequence than an insertion between positions 12 and 13.

B The deletion of a nucleotide at position 5 would result only in an alteration of the second 
amino acid in the chain. 

C The substitution of a different nucleotide at position 12 would produce no alteration in the 
amino acid chain. 

D The substitution of a different nucleotide at position 13 would result in the alteration of 
one amino acid. 

 
18 Skin colour in onions is controlled by two pairs of alleles Ss and Rr, which segregate 

independently. The allele S is dominant and must be present to allow development of pigment 
in the skin. In its absence, the onion skin is white. Allele R is dominant and gives red colour; 
the recessive r gives yellow colour. 

What will be the ratio of phenotypes in the offspring of a cross between plants of genotypes 
SsRR and ssrr? 
 

A all red 

B 1 red : 1 yellow 

C 1 red : 1 white 

D 1 white : 2 red : 1 yellow 
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19 Which of the following would cause phenotypic variation among organisms of the same 

genotype? 

A continuous variation within the species 

B different varieties of the same species 

C exposure to different environments 

D mutation 

 
20 A tall, green-stemmed plant with the genotype TTrr was crossed to a short, red-stemmed 

plant with the genotype ttRR. The F1 plants were allowed to self-fertilise. A 2 test was carried 
out on the results obtained for the F2 generation. 

Part of the table of values for 2 is shown. 

 
 

The value of 2 in this investigation was 7.6. 
What is the probability of this value of 2 and do the results fit the expected ratio? 

 
 probability results fit expected ratio 

A between 0.001 and 0.01 no 

B between 0.01 and 0.05 yes 

C between 0.05 and 0.1 yes 

D between 0.1 and 0.5 no 
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21 In a series of experiments, actively photosynthesizing plants were supplied with labelled 

reactants. 

1 water containing 18O isotope 

2 carbon dioxide containing 17O isotope 

3 carbon dioxide containing 13C isotope 

Where in the chloroplast would the products of photosynthesis from these reactants be 
formed? 

 
18O 17O 13C 

A stroma stroma thylakoids 

B stroma thylakoids stroma 

C thylakoids stroma stroma 

D thylakoids stroma thylakoids 

 
 

22 In an experiment, four tubes were set up as shown in the table below. 

tube contents 

1

2

3

4

Glucose + homogenized animal cells 
 
Glucose + mitochondria 
 
Glucose + cytoplasm lacking organelles 
 
Pyruvate + homogenized animal cells 

    

If all other conditions are kept constant, which of the following shows the amount of ATP 
produced in each tube in increasing order?    

 
A 1 – 3 – 4 – 2 

B 2 – 3 – 4 – 1 

C 4 – 2 – 3 – 1 

D 3 – 2 – 1 – 4 
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23 Which of the following correctly describes the function of second messenger in signal 

transduction pathway?   

A They relay the signal from the outside to the inside of the cell. 

B They serve as transcription factors to activate the transcription process. 

C They amplify the message by directly phosphorylating the cascades of proteins. 

D They relay the message from the inside of the membrane throughout the cytoplasm. 

24 Darwin’s view of the process of evolution to form new species (speciation) has been reinforced 
by more recent discoveries in genetics and cell biology.  

In this view, which sequence of events is considered most likely to lead to speciation?  

  
 
 
25 Natural selection acts 

A directly on an individual’s genetic make-up, thereby changing the survival probability of 
the individual.  

B on individuals by changing their genes so they are better able to adapt to their 
environment. 

C on the structures, physiologies and behaviours expressed by individuals in a population 
to change allele frequencies. 

D on phenotypes of individuals so that they change to adapt to their environment and pass 
on these changes to their offspring. 
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26 The map shows the distribution (shaded area) of the lizards belonging to the family Iguanidae. 
Most species of iguana are found in America but a few species inhabit Madagascar and the 
islands of Fiji (arrows at the bottom centre and bottom right of map).

 

 
Two observations were made about the different species of iguana: 
  
1 The various American iguana species shared more similar characteristics among 

themselves than with those iguana species on the island of Fiji. 
 
2 The Madagascar iguana species was only distantly related to other lizard species on the 

African mainland.  
 
Which observation and explanation best support the Darwinian concept of descent with 
modification? 
 

 Observation Explanation for the observation 

A 1 
The various American iguana species had a more recent common 
ancestor as compared to those iguana species on the island of Fiji that 
had diverged a longer time ago. 

B 1 The various American iguana species shared more similarities among 
themselves as the degree of homology in their DNA was higher. 

C 2 
The Madagascan iguana species was reproductively isolated from the 
lizard species on the African mainland and thus diverged a long time 
ago. 

D 2 The superficial similarities shared among the Madagascan iguana and 
the lizards on the African mainland were analogous, not homologous.  
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27 Two people, G and H, were each given an injection to protect them against a particular 
pathogen. 

One person was injected with antibodies. The other person was injected with a vaccine. The 
graph shows the concentrations of the antibody against this pathogen in the blood of the two 
people, G and H, over a period of 20 days following the injection. 

 
 
Which row correctly describes the type of immunity shown by G and H? 

 
 G H 

A artificial active immunity artificial passive immunity 

B artificial passive immunity artificial active immunity 

C natural active immunity natural passive immunity 

D natural passive immunity artificial active immunity 
 
 
28 Which of the statements could describe both B-lymphocytes and T-lymphocytes? 
 

1 They contain specific protein receptors in their cell surface membranes. 
2 They differentiate into plasma cells. 
3 They divide by mitosis. 

A 1 and 3  

B 1 only  

C 2 and 3 

D 2 only 
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29 What is the best definition of the greenhouse effect in the Earth’s atmosphere? 
 

A A naturally occurring effect by which shorter wavelength radiation is trapped 

B A naturally occurring effect by which longer wavelength radiation is trapped 

C An effect of pollution by which shorter wavelength radiation is trapped 

D An effect of pollution by which longer wavelength radiation is trapped 

 
 
30 Global warming caused by the enhanced greenhouse effect is likely to have major 

consequences for arctic ecosystems. Which of the following are likely to occur in the arctic if 
the Earth’s surface temperature rises? 

 
I Decreased rates of decomposition of detritus 

II Increased range of predators from temperate regions 
III Increase in numbers of pest species and pathogens 

 
A I and II only 

B I and III only 

C II and III only 

D I, II and III 
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Answer all the questions in this section. 

1 Table 1 shows some features of four biological molecules that are all polymers. 

(a) Complete Table 1 by using a tick ( ) to indicate the features that apply to each polymer. 

Table 1 

feature amylopectin cellulose RNA polypeptide

synthesised from amino 
acid monomers     

contains glycosidic bonds  

polymer is branched 

contains nitrogen 

can be found in both 
animal and plant cells     

[4]

(b) Fig. 1 is a simple diagram of a phospholipid molecule. 

Explain how the structure of a phospholipid molecule makes it suitable for its function in 
cell membranes. You may label and annotate Fig. 1 as part of your answer. 

Fig. 1 

[3]
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(c) State two components of a cell surface membrane other than phospholipid molecules 
and describe their function. 

component 1 

function 

component 2 

function 

[4]

The fluid mosaic model of membrane structure was first proposed in 1972 by Singer and 
Nicolson. The model describes in detail how the components of a membrane are organised. 

(d) Suggest why ‘fluid mosaic’ is an appropriate term to use to describe membrane structure. 

 [3] 
[Total: 14] 
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2 Erythropoietin, also known as EPO, is a large glycoprotein synthesised by specialised cells 
in the kidney. These cells are very sensitive to changes in oxygen concentration in the blood 
passing through the kidney and respond to a low oxygen concentration by increasing the 
synthesis of EPO. 

EPO acts at the surface of particular target cells, such as cells in the bone marrow. These 
bone marrow cells are stimulated to produce red blood cells. 

(a) A low oxygen concentration leads to an increase in the quantity of mRNA in the 
specialised cells in the kidney by activating hypoxia-inducing factors (HIFs) which 
regulates gene expression at the transcriptional level. 

Explain how the activation of HIFs results in an increase in EPO mRNA in the cells. 

 [3] 
(b) All cells of the body are exposed to circulating blood plasma containing EPO, but only 

particular target cells respond. 

(i) Suggest why EPO acts on target cells and not other cells.  

 [2] 
(ii) EPO cannot pass through the cell surface membrane to enter the bone marrow 

cells. Suggest one reason why this is so. 

 [1] 
(c) Red blood cells originate from undifferentiated cells in the bone marrow that are capable 

of continuous mitotic cell division.  
State the name of this type of undifferentiated cell. 

 [1] 
[Total: 7] 
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3 (a)   Fig. 3 is a diagram of an ATP molecule.

Label Fig. 3 to show the components of an ATP molecule. 

 Fig. 3 [3]

(b) ATP is used during translation in amino acid activation, when an amino acid becomes 
attached to its specific tRNA molecule having a particular anticodon. The reaction 
requires an enzyme called aminoacyl tRNA synthetase. 

(i) Explain why a particular amino acid needs to be linked to a specific tRNA molecule. 

 [2] 
(ii) Explain how the structure of an enzyme such as aminoacyl tRNA synthetase would 

be altered if the pH of the cytoplasm became too acidic. 

 [2] 
(iii) Aminoacyl tRNA synthetase uses the induced fit mechanism. 

Explain the induced fit mechanism. 

 [2] 
[Total: 9] 
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4 Morbillivirus causes measles. The structure of Morbillivirus is shown in Fig. 4.

Haemagglutinin (H) and fusion protein (F) are glycoproteins embedded in the viral envelope.

Fig. 4 

Morbillivirus only infects cells that have a membrane glycoprotein known as signalling 
lymphocyte activation molecule (SLAM). 

When Morbillivirus infects a cell, H acts before F. After the virus binds to the host cell, only 
the nucleoprotein with the viral polymerase enters the host cell and the virus is replicated. 

Morbillivirus replicates its genetic material in the same manner as influenza virus. 

New viral particles leave the host cell by budding from the cell surface membrane of the cell. 
This forms the main part of their envelope. 

(a) List two ways in which the structure of Morbillivirus:

(i) is similar to HIV 

 [2] 
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(ii) differs from the HIV 

 [2] 

(b) With reference to Fig. 4.1 and the information provided, 
(i) suggest how Morbillivirus infects a cell with SLAM glycoproteins so that only 

nucleoprotein and viral polymerase enter. 

 [2] 

(ii) suggest the role of viral polymerase in Morbillivirus.

 [3] 

(c) Measles has only one serotype. Within this serotype, there are 24 genotypes recognised 
to date.  

Describe how these 24 genotypes could have arisen. 

 [2] 
[Total: 11] 
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5 An Allium cepa root was cut into ten transverse sections at different distances from the tip. 
The sections were stained and viewed under the microscope. The number of cells in mitosis 
were counted in each section and the results were used to determine the mitotic index.

This is calculated as follows: 

Fig. 5.1 shows the mitotic index for the ten sections. 

Fig. 5.1 

(a) Using the information in Fig. 5.1, describe how the mitotic index changes along the 
length of the root.

 [2] 
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(b) Explain how the events in the mitotic cell cycle ensure that all the cells in the root are 
genetically identical. 

 [3] 

(c) Two genes, A/a and B/b are linked on the same pair of homologous chromosomes in 
Allium cepa, as shown in Fig. 5.2.

Fig. 5.2 

With reference to Fig. 5.2,

(i) draw a diagram to show the effect of crossing-over between the homologous 
chromosomes.

[2]
(ii) state the effect of linkage and crossing-over on the proportions of gametes with 

different genotypes that are produced. 

 [2] 
[Total: 9] 
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6 CFTR, the cystic fibrosis (CF) gene, encodes for the CFTR protein that plays an essential 
role in anion regulation and tissue homeostasis of various epithelia. In the gastrointestinal 
tract CFTR promotes chloride and bicarbonate secretion, playing an essential role in ion and 
acid-base homeostasis.

Gene mutations responsible for cystic fibrosis can be classified into 6 different classes. 

Class I mutations can result from nonsense and frame-shift mutations, as well as 
mRNA splicing defects.  

Class III and IV mutations are typified by aberrant channel function, rather than 
reduced quantities of CFTR. 

(a) Explain how Class I mutations result in a reduction in the quantity of functional CFTR 
protein. 

 [2] 

(b) Explain how Class III and IV mutations result in aberrant channel function. 

[2]
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CFTR, has been identified as a candidate driver gene for colorectal cancer in mice and 
humans. Further, recent epidemiological and clinical studies indicate that CF patients are at 
high risk for developing tumours in the colon. Investigations suggest that CFTR is a tumour
suppressor gene in the intestinal tract as CFTR mutant mice developed significantly more 
tumours in the colon and the entire small intestine. 

(c) Explain why a mutation in the tumour suppressor gene, such as the CFTR gene, may 
lead to significantly more tumours in mice. 

 [3] 

(d) Suggest how tumours can eventually become malignant, leading to cancer. 

 [2] 
[Total: 9] 
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7 (a)   Sometimes a gene has more than two alleles, termed multiple alleles.

The ABO blood group system in humans is controlled by a gene with three alleles, IA, IB
and Io. Alleles IA and IB are codominant and Io is recessive to both. 

The blood group AB is the result of codominance. 

Explain what is meant by codominance in this context. 

 [3] 

(b) In humans, a gene that codes for the production of a protein, called factor VIII, is located 
on the X chromosome. The dominant allele for this gene produces factor VIII, but the 
recessive allele does not produce factor VIII. 

A person who is unable to make factor VIII has haemophilia in which the blood fails to 
clot properly. 

Explain why a man with haemophilia cannot pass haemophilia to his son but may pass 
haemophilia to his grandson. 

 [3] 
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(c) A gene for feather colour in chickens is carried on an autosome. This gene has two 
alleles, black (CB) and splashed-white (CW). When a male chicken with black feathers is 
mated with a female chicken with splashed-white feathers, all the offspring have blue 
feathers. This also occurs when a male chicken with splashed-white feathers is crossed 
with a female with black feathers. 

Fig. 7.1 

Another gene may cause stripes on feathers (barred feathers). This gene is carried on 
the X chromosome. The allele for barred feathers (XA) is dominant to the allele for 
nonbarred feathers (Xa).

In chickens, the male is homogametic and has two X chromosomes while the female is 
heterogametic and has one X chromosome and one Y chromosome. 

Fig. 7.2 
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(i) A male chicken with black, non-barred feathers was crossed with a female chicken 
with splashed-white, barred feathers. All the offspring had blue feathers, but the 
males were barred and the females were non-barred. 

Using the symbols given above, draw a genetic diagram to show this cross. 

 [3] 

(ii) Explain how a farmer could use a breeding programme to find out the genotype of 
a male chicken with blue, barred feathers. 

 [3] 
[Total: 12] 
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8 Heart muscle cells and epidermal cells were extracted from Chinese hamsters. The cells were 
lysed and the mitochondria and cytosol were isolated. The mitochondria and cytosol were 
then mixed and re-suspended in a culture of essential nutrients. This suspension system was 
used to study the process of cellular respiration.  

At time 0, glucose was added to the system. At Time X, digitonin, a detergent which disrupts 
membranes was introduced to the suspension system. A probe was used to measure the 
concentrations of ATP as well as the pH level in the mitochondria.  

The experimental results are recorded in the graphs shown.  
Fig. 8.1 shows the rate of ATP production for heart muscle cells and epidermal cells.  
Fig. 8.2 shows the pH level of the mitochondria in both heart muscle and epidermal cells.  

(a) Account for the difference in the level of ATP production in both tissues after glucose 
was added. 

 [1] 

Fig. 8.2 

Fig. 8.1 
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(b) With reference to Fig. 8.1, explain the changes in ATP production over time for the heart 
muscle cell suspension. 

 [3] 

(c) With reference to Fig. 8.2, state which region of the mitochondrion the pH probe was 
measuring. Explain your conclusion. 

 [2] 

(d) Suggest why cytosol was used to re-suspend the mitochondria. 

[1]
(e) From your biological knowledge, explain the adaptation of the double membrane for its 

role in the production of energy.   

 [2] 
[Total: 9] 
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9 The camel family, Camelidae, are well-known for their ability to survive the hot and dry 
conditions of the desert, but studies have found that they once thrived in colder climates. A 
recent finding by a group of scientists unearthed fossilised remains of a giant species of camel 
in North America. This giant species of camel is closely-related to the one-humped 
Dromedary camel now found in Africa (Fig. 9.1). The distinctive humps of both camels are fat 
stores. 

Fig. 9.1 

(a) Suggest how the presence of hump in both the ancestral Giant camel and modern-day 
Dromedary camel allow them to adapt to their respective habitats.  

 [2] 

Dromedary camel Giant camel
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Until only about two or three million years ago, the Camelids were largely confined within 
North America. Following the formation of the Bering Land Bridge and the Isthmus of Panama, 
camels migrated from North America to Asia and South America respectively. Today, camels 
are no longer found in North America.  

Three modern-day groups of species survive today:  
 the one-hump Dromedary camel of north Africa and southwest Asia,  
 the two-hump Bactrian camel of central Asia and  
 the South American Camelids group which has diverged into four 

species:  llamas, alpacas, guanacos, and vicuñas.  

Fig. 9.2 shows the distribution of modern-day camels in the world.  

Fig. 9.2 
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The various species of the modern-day camels evolved from the ancestral population in North 
America.

(b) With reference to Fig. 9.2, describe how natural selection could have occurred to give 
rise to the various species of camels in the world today.  

 [4] 

(c) The Arabian camels in Australia typically have sand coat colour. However, there is a 
small percentage of camels which have albino coat. It is known that the albino coat is a 
recessive condition and it reduces the life-span of the camel. The population of the sand 
coat and albino coat camels in a region was documented. 

(i) Explain why population is considered the smallest unit of evolution. 

 [2] 

(ii) Explain whether it is likely that the albino camel will disappear completely from the 
population over time. Assume there is no introduction of new albino camels into 
the population.

 [2] 
[Total: 10] 
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10 (a)   The infectious disease tuberculosis (TB) is caused by a bacterium. 

Each of the descriptions A to C describes a cell structure found in prokaryotic cells and 
in plant cells. 

For each of the descriptions A to C:

 name the cell structure described 
 state one difference in this structure between a prokaryotic cell and a plant cell. 

A  the site of polypeptide synthesis 

cell structure  

difference

B  the genetic material of the cell 

cell structure  

difference

C  the structure that provides a rigid shape to the cell and prevents osmotic lysis 

cell structure  

difference

[3]

(b) Describe how TB is transmitted from an infected person to an uninfected person. 

 [2] 
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(c) Outline how the use of vaccine can give protection against diseases such as 
tuberculosis.

 [5] 
 [Total: 10] 
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Section A 
Answer all the questions in this section. 

1 About one third of the injuries to racehorses involve tendon damage. In 2006, bone marrow 
stem cells were taken from injured racehorses and cultured so that they divided many times 
by mitosis. Each horse’s cells were then injected into its damaged tendons. 80% of the treated 
horses returned to racing, compared with 30% of those treated conventionally.

(a) Adult stem cells such as these are described as multipotent.  

Explain what is meant by the term multipotent.

 [1] 

(b) In these treatment procedures, the bone marrow stem cells are stimulated to increase their 
rates of cell division so as to produce large enough numbers of cells to be injected into the 
horses. 

Using your knowledge of cell signalling, describe how the rate of mitosis can be controlled.  

 [4]

(c) Suggest how it is possible that bone marrow stem cells could differentiate into the range 
of cell types needed for repairing injuries.  

 [2] 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



9744 / H2 Biology / 03 

3

Like most mammals, T cell (T lymphocytes) in horses differentiate inside the thymus gland. 
During T cell differentiation, specific cell surface proteins known as CD proteins are produced 
and inserted into the cell surface membrane. 

Fig. 1 shows the stages involved in the synthesis of a CD protein in a T cell. 

Fig. 1 

(d) Explain the function of the promoter region of the DNA.  

 [2] 
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(e) Using Fig. 1 as a guide, describe the events that occur in the nucleus of the T cell to 
produce a pre-mRNA encoding a CD protein.  

 [3] 

(f) Explain why the cuts made in pre-mRNA are necessary for the T cell to produce a 
functional CD protein.  

 [3] 

(g) Explain the functions for the ‘cap’ and the poly-A region attached to the mRNA.  

 [2] 

[Total: 17] 
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2 Lactate dehydrogenase (LDH) is an enzyme found in many organisms. Within the same 
organism, it can be found in different forms, called isoenzymes. The isoenzymes are 
structurally different but all catalyse the same reaction.

(a) Fig. 2.1 shows a reaction catalysed by lactate dehydrogenase that occurs during 
anaerobic respiration in muscle tissue. 

(i) Complete Fig. 2.1 by identifying the compounds A, B and C.

Fig. 2.1 
[2]

(ii) State where in the cell this reaction takes place.  

 [1] 

(iii)  Explain the importance of this reaction in mammalian muscle tissue.  

 [3] 
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Lactate dehydrogenase isoenzymes are globular proteins, each consisting of four 
polypeptides.

(b) Explain how the structure of an enzyme, such as lactate dehydrogenase is suited to its 
role.

 [4] 

Lactate dehydrogenase isoenzymes are made up of two types of polypeptide:  
 polypeptide M, which is coded for by the LDH-A gene and
 polypeptide H, which is coded for by the LDH-B gene.

Table 2 shows the composition of different human lactate dehydrogenase isoenzymes and 
examples of tissues and organs where each can be found. 

Table 2 
isoenzyme polypeptide composition of enzyme example of isoenzyme location 

LDH-1 HHHH heart
red blood cells 

LDH-2 HHHM heart
red blood cells 

LDH-3 HHMM brain
lungs

LDH-4 HMMM kidneys
placenta 

LDH-5 MMMM liver
skeletal muscles 

(c) With reference to Table 2, suggest how red blood cells of the same individual can 
produce different isoenzymes. 

 [2] 
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Besides lactate dehydrogenase, another extensively studied protein which is also involved in 
respiration is cytochrome c. Cytochrome c plays an important role in oxidative phosphorylation 
as an electron carrier of the electron transport chain.  

(d) Fig. 2.2 shows the amino acid sequence of a section of the cytochrome c polypeptide 
chain retrieved from a human and the other species. The dashes shown in the figure 
indicates that the amino acid present at the position is identical to that of the human 
species. 

Fig. 2.2 

(i) Suggest what the data in Fig. 2.2 indicate about the evolutionary relationships 
between humans and the other species.  

 [3]

(ii) Explain why any such conclusions in (i) need to be treated with caution.  

 [2] 

Molecular homology of cytochrome c
    1         6       10       14     17 18   20     

Human   Gly Asp Val Glu Lys GlyLys Lys Ile Phe Ile Met Lys Cys Ser Gln Cys His ThrVal Glu Lys
Pig   - - - - - - - - - - Val Gln - - Ala - - - - - - - 

Chicken   - - Ile - - - - - - - Val Gln - - - - - - - - - - 
Dogfish   - - - - - - - - Val - Val Gln - - Ala - - - - - - Asn

Drosophila <<< - - - - - - - - Leu - Val Gln Arg - Ala - - - - - - Ala
Wheat <<< - Asn Pro Asp Ala - Ala - - - Lys Thr - - Ala - - - - - Asp Ala
Yeast <<< - Ser Ala Lys - - Ala Thr Leu - Lys Thr Arg - GluLeu - - - - - - 
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(e) Suggest how the differences in the amino acid sequences shown in Fig. 2.2 may have 
come about.

 [2] 

(f) Suggest why the cytochrome c protein was chosen to compare amino acid sequences 
across the different species.  

 [1] 

[Total: 20] 
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3 Dengue fever (DF) is a disease caused by infection with a virus transmitted by the Aedes
aegypti mosquito. It is an acute viral infection characterized by fever, rash, headache and 
muscle and joint pain. Occasionally, dengue virus infections progress to dengue haemorrhagic 
fever (DHF) and dengue shock syndrome (DSS). 

There are 4 known serotypes of the disease-causing dengue virus. Individuals who become 
infected with one serotype obtain lifelong immunity against that serotype but not the other 
three.

Female Aedes mosquitoes are responsible for human-to-human transmission of the dengue 
virus. During blood feed, they acquire the proteins necessary for them to develop eggs. As a 
result of their short life cycle, they are able to multiply quickly, allowing dengue to spread.

(a) (i)  State one reason why blood is a good source of protein. 

 [1] 

(ii)  Outline the life cycle of the Aedes aegypti.

 [4] 
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Aedes aegypti originated in Africa but migrated to other continents via the slave trade in the 
1500s and 1600s. The estimated range of the mosquito is primarily the tropics and sub-tropics 
but they have also been detected in countries with temperate climate such as parts of Europe 
and North America. As a result of the spread of Aedes vector across the globe, worldwide 
incidences of dengue have also been on the rise, posing huge public health concerns.  

Fig. 3.1 shows the annual average number of both DF and DHF reported to the World Health 
Organisation (WHO) and the average annual number of countries reporting these cases from 
1955 to 2007. The upward trend continues today.  

Fig. 3.1

While increased human population and global movement of people and cargo via air travel 
have undoubtedly assisted the spread of dengue, some scientists have attributed it to the effect 
of global warming.  

Fig. 3.2 shows the global temperature departure (0F) from the long-term average from 1880 to 
2010. An additional trend line was plotted for the departure values between 1950 and 2010.  

Fig. 3.2 
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(b) Using evidence from Fig 3.1 and Fig. 3.2 and your own knowledge of global warming, 
(i) explain how the increase in global annual average number of DF / DHF could be 

caused by global warming.

 [3] 

(ii) suggest how global warming can lead to the spread of DF / DHF beyond the tropics 
into the temperate regions.  

 [1] 

(c) Wolbachia is a natural bacterium present in up to 60% of insect species, but  it is not 
usually found in the Aedes aegypti mosquito. Research has shown that when introduced 
into the Aedes aegypti mosquito, Wolbachia can stop the dengue virus from replicating 
inside the mosquito and hence prevent transmission to humans.  

One possible way in which Wolbachia is used to suppress the Aedes aegypti mosquito 
population is through the release of male Wolbachia-Aedes aegypti mosquitoes. When 
these mosquitoes mate with the female wild-type Aedes aegypti that do not have 
Wolbachia, those females will lay eggs that do not hatch.  

Country X released these male Wolbachia-Aedes aegypti mosquitoes in several housing 
estates as a form of vector control. Following three months of releases at the study site, 
the eggs were collected using ovitraps placed at several sites within the estate. The 
percentage of unhatched eggs were recorded for both the study and control sites.  

(i) State a statistical test that could have been used to determine whether the difference 
in the mean percentage of unhatched eggs between the study and control sites is 
significant.

 [1] 
(ii) Suggest how a suitable control site was selected for the study. 

 [1] 
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(iii) A summary of the results is shown in Table 3.

Table 3
mean percentage unhatched eggs 

probablity 
study site  control site

62.2 15.7 p < 0.00001 

 Comment on what these results show and suggest an explanation for any pattern.  

 [2] 

[Total: 13] 
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Section B 
Answer one question in this section. 

Write your answers on the separate answer paper provided. 
Your answers should be illustrated by large, clearly labelled diagrams, where appropriate. 

Your answers must be in continuous prose, where appropriate. 
Your answers must be set out in sections (a), (b) etc., as indicated in the question. 

4(a) Outline the role of ATP in living organisms using named examples. [13]
 (b) Discuss how the survival of species depends on DNA molecules being stable yet 

not absolutely stable. 
[12]

[Total: 25]

5(a) Outline how variation can arise in any population of living organisms. [13]
(b) Discuss the suggestion that all living organisms on Earth depend on phosphate. [12]

[Total: 25] 
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Confidential Instructions: 

Candidates are advised to spend no more than: 

60 minutes on Question 1.
50 minutes on Question 2.
35 minutes on Question 3.

Question 1

i. 15 cm3 of 0.1% 2,6-dichlorophenol indophenol (DCPIP) solution in a corked, labelled 
container. Dissolve powder in distilled water. 

ii. 5 cm3 of each of four standard solutions of ascorbic acid prepared as follows: 

Dissolve 400 mg of ascorbic  acid powder in 100 cm3 distilled water. Add 15 drops of BDH 
Universal Indicator solution and adjust the pH to between 7 and 8 by adding 5% sodium 
hydroxide solution drop by drop. This is 4.0mgcm-3 ascorbic acid solution. Take 50 cm3

of this solution and to it, add 50cm3 of distilled water (the 2.0mgcm-3 ascorbic acid 
solution). Repeat this procedure to obtain 1.0mgcm-3 and 0.5mgcm-3 ascorbic acid. Any 
variations in the colours of the solution can be ignored, but the pH of the most dilute 
solution should be checked with indicator paper. If it is found to be below 7 it should be 
adjusted to pH 7-8 by adding further drops of  5% sodium hydroxide solution.  

The solution should be dispensed to students in a corked, labelled tubes from which 1cm3

volumes can be withdrawn.

iii. 5 cm3 of fresh orange juice. Dispense to students in corked tube labelled orange juice.  
iv. Approximately 10cm3 of 4% glucose solution; 100cm3 of distilled water, and 50cm3 of 

Benedict’s solution in appropriately labelled, corked containers. 
v. Three 2 cm3 syringe, and  two 5 cm3 syringe; a glass rod; 4 small beakers; 12 test tubes 
vi. Test tube rack; Bunsen burner; test tube holder; 250cm3 beaker; marker; tripod 

Question 2
i. A 10 cm length of deeply pigmented purple onion. The plant material should not be allowed 

to dry out 
ii. About 5cm3 of each of the following in stoppered container labelled appropriately: distilled 

water, 1 moldm-3 sucrose solution and 1 moldm-3 [O,T] potassium nitrate solution 
iii. 2 clean dry microscope slides and cover slips; 4 droppers; circle of filter paper; pair of fine 

forceps; fine scissors 
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Apparatus List 

Candidates will require: 

Question 1 

1 DCPIP 
2 Ascorbic acid (AA) labelled

0.5 mgcm-3 ,
1.0 mgcm-3 ,
2.0 mgcm-3 and
4.0 mgcm-3

3 4% glucose 
4 Distilled water 
5 Benedict’s solution 
6 Orange juice 
7 12 Test tubes 
8 1 test tube rack 
9 1 test tube holder 
10 3 2-ml syringes 
11 2 5-ml syringes 
12 1 Glass rod 

13 1 dropper
14 4 50-ml beakers 
15 1 250ml beaker 
16 1 500ml beaker 
17 1 stopwatch 
18 1 wire gauze 
19 1 Bunsen burner 
20 1 tripod stand 
21 1 lighter 
22 1 wash bottle labelled as distille

water 
23 1 pair of goggles 
24 1 permanent marker 

Question 2 

1 Red onions 
2 1M Sucrose
3 1M Potassium nitrate (oxidising, toxic)
4 1 Petri Dish
5 2 microscopic glass slide 
6 2 cover slips 
7 4 droppers 
8 2 filter papers 
9 1 pair of scissors 
10 1 forceps 
11 1 mounted needle 
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Answer all the questions.  

 
1 You are required to determine the concentration (in mgcm-3) of ascorbic acid (Vitamin C) 

and glucose in a sample of orange juice.  
 

Proceed as follows: 
 
I. The ascorbic acid test 
 
You have been provided with standard solutions containing 0.5, 1.0, 2.0 and 4.0 mgcm-3 of 
ascorbic acid respectively. These solutions reduce the dye dichlorophenol indophenol 
(DCPIP) from blue to colourless: 

 
DCPIP (blue)   reduced DCPIP (colourless) 

 
Using a syringe, place 2 cm3 of DCPIP solution in a test tube. Place the test tube in a rack. 
Fill a 2 cm3 syringe with 4.0 mgcm-3 ascorbic acid solution. Add this solution, drop by drop, 
to the DCPIP solution, stirring gently with a glass rod after each drop. Determine the number 
of drops needed to decolourise the DCPIP solution. 
  
(a) (i) Note this number in the table 1 below. 

 
Table 1 

Concentration of ascorbic acid  
/ mgcm-3 

number of drops needed to 
decolourise DCPIP 

4.0  

2.0  

1.0  

0.5  

Orange juice  
 

 

Repeat this procedure, using fresh samples of DCPIP each time, with the other three 
solutions of ascorbic acid and, finally, with the orange juice with which you have been 
provided.  

 
(ii) Add these results to the Table 1. [2] 

 

 
(iii) Plot a graph using the data in Table 1.  [4] 

ascorbic acid 
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(iv) Use the data you have obtained to determine the ascorbic acid concentration in the 

sample of orange juice. Explain how you arrive at your answer.  

 

 

 

 [2] 
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II. The ascorbic acid test 
 
You have been provided with a 4% (by mass) solution of glucose, distilled water and 
Benedict’s solution. Using only the apparatus provided, devise and carry out a procedure by 
which you can make the Benedict’s test quantitative in order to determine the glucose 
concentration (in mgcm-3) of orange juice. You should work with five different glucose 
solutions covering the range from 0.1% to 4% by serial dilution. 
 
Note: In your tests you are advised to use 5 cm3 of Benedict’s solution to 0.5 cm3 sample of 
all solutions. 
 
(b) (i) Describe your method and show the results you obtained in a table. 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 [5] 
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(ii) Estimate the glucose concentration of the orange juice in mgcm-3.  
 
 
 
 

[2] 
 

(iii) Describe two other modifications to your method that would increase confidence in the 
conclusions and explain how these modifications would achieve this.  

1

 

 

 

2

 

 

 

[4] 

To a clean test-tube, add 2 cm3 of DCPIP solution. Using a 2 cm3 syringe as before, add the 
same number of drops of 4% glucose solution as you did of the 0.5 mgcm-3 ascorbic acid 
(which you have recorded in Table 1). 
 
(c) Note your observations. 

 
[1] 

Carry out Benedict’s test using the 4.0 mgcm-3 ascorbic acid solution. 
(d) Note your results. 

 
[1] 
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(e) State the significance of the procedures which you carried out in (c) and (d) for the 
interpretation of your results in (a) and (b).  

 

 

 

 

 

 

[3] 
[Total: 24] 
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2 You are required to investigate the effects of sucrose and potassium nitrate (KNO3) solutions 
on the cells of the plant material supplied. Peel off several pieces of epidermis from the 
pigmented areas of the plant tissue, taking care to remove as little as possible of the 
underlying tissue. Cut the pieces of epidermis so that you have four squares of tissue each 
approximately 0.5 x 0.5cm. Place these in a dish of distilled water. 
 
Take one piece of epidermis and mount it in distilled water on a microscope slide. Cover with 
a cover slip. Using your microscope, find an area of the tissue where pigmented cells can be 
seen clearly, preferably as a single layer of cells.  
 
(a) Describe the distribution of the coloured contents within the cells. 

 

 

[1] 
 
 

 
(b) Mount another piece of epidermis in 1 mol dm-³ sucrose solution. Blot off excess water 

with filter paper before you add the solution.  

(i) After about one minute, make a large labelled drawing to show the detailed 
structure of one epidermal cell which is typical of the most deeply coloured cells 
which you can see. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 [4] 
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(ii) Describe and explain for the appearance of the cells when placed in 1 mol dm-³ 

sucrose solution.  

 

 

 

 

[3] 
 

(c) Mount another piece of epidermis in 1 mol dm-³ potassium nitrate solution. Immediately 
observe the detailed structure of a typical pigmented cell. 

(i) Compare the appearance of this cell with that drawn in (b)(i).  

 

 

 

[2] 

(ii) Suggest a reason for the differences in the appearances of the two cells in the two 
solutions.  

 

 

 

 

[2] 
 

(d) Several chemicals are known to affect membrane permeability.  

Suggest how ethanol may have an effect on onion epidermis. 

 

 

 

 

[2] 
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(e) Fig. 2 is a stained transverse section through part of the stem of a different plant species. 

You are not expected to be familiar with this specimen. 

 

Fig. 2 

A student calibrated the eyepiece graticule in a light microscope using a stage micrometer 
scale so that the actual length of the vascular bundle could be found. 
The calibration was: one eyepiece graticule division equal to 11 m. 

Fig. 2 shows a photomicrograph taken using the same microscope with the same lenses as 
the student. Use the calibration of the eyepiece graticule division and Fig. 2 to calculate the 
actual length of the vascular bundle, shown by line Y. 
 
You may lose marks if you do not show all the steps in your working and do not use 
appropriate units. 

 
 
 
 
 
 
 
 
 
 
 
 

 [3] 
[Total:17]
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3 All green plants photosynthesise in the light, taking in carbon dioxide and releasing oxygen. 
They also respire continuously, taking in oxygen and releasing carbon dioxide. The light 
intensity at which photosynthesis and respiration occur at the same rate, so that there is no 
net gas exchange, is called the compensation point.  
 
Compensation points can be investigated using hydrogencarbonate indicator solution. This 
is harmless to living organisms but changes colour over a range of concentrations of carbon 
dioxide due to changes in pH, as shown in Table 3.1. 

 
Table 3.1 

increasing CO2 in indicator 
 

atmospheric CO2 level decreasing CO2 in indicator  
 

yellow  orange  red  magenta  purple 
pH 7.6 pH 7.8 pH 8.0 pH 8.2 pH 8.4 pH 8.6 pH 8.8 pH 9.0 pH 9.2 

Hydrogen carbonate indicator is red in equilibrium with atmospheric air. It changes from red 
to magenta to deep purple as carbon dioxide concentration decreases. It changes from red 
to orange to yellow as carbon dioxide concentration increases 
 
Monitoring the colour of hydrogencarbonate indicator solution in sealed vessels containing 
plant material can show whether carbon dioxide is being taken in or given out. 
 
One factor that can affect the compensation point is whether a leaf is adapted for low light 
intensities (shade leaf) or high light intensities (sun leaf). Shade leaves would be expected to 
reach their compensation points at a lower light intensity than sun leaves.  

Light intensity = 1/d2, where d represents the distance from the light source 
 
Some plants produce both shade and sun leaves depending on where the leaves develop. 
For example, an aquatic plant can produce sun leaves at the top where they are in direct 
sunlight and produce shade leaves lower down where light intensity is reduced. 
 
Using this information and your own knowledge, design an experiment to find the light 
intensity at which shade leaves and sun leaves from an aquatic plant reach their light 
compensation points. 
 
Comparison of the results would then allow testing of the hypothesis that shade leaves reach 
their compensation points at a lower light intensity than sun leaves. 
 
You must use: 
 hydrogencarbonate indicator solution 

 colourimeter and cuvette 

 sun and shade leaves from an aquatic plant.  
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You may select from the following apparatus and use appropriate additional apparatus: 
 normal laboratory glassware, e.g. test-tubes, boiling tubes, beakers, measuring cylinders, 

graduated pipettes, glass rods, etc. 

 syringes 
 timer, e.g. stopwatch 

 bungs 

 bench lamp with 60W bulb 
 

Your plan should: 

 have a clear and helpful structure such that the method you use is able to be repeated by 
anyone reading it 

 be illustrated by relevant diagram(s), if necessary, to show, for example, the arrangement 
of the apparatus used 

 identify the independent and dependent variables 

 describe the method with the scientific reasoning used to describe the method so that the 
results are as accurate and repeatable as possible 

 include layout of results tables and graphs with clear headings and labels 

 use the correct technical and scientific terms 

 include reference to safety measures to minimise any risks associated with the proposed 
experiment.  

[Total:14]
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1 A student has drawn a cell structure as seen using a light microscope. 

The magnification of the drawing is 600. 

The length of the structure on the drawing is 6mm. 

 

What is the actual length of the cell structure? 

A  1  10-1 m  B  1  100 m   C  1  101 m   D  1  102 m 

 

2 The electron micrograph shows part of a eukaryotic cell.  

Which of the labelled organelles is a site of protein synthesis? B 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3 The table shows some information about four carbohydrate polymers. 

 

 
 
Which two polymers form starch? 
 
A 1 and 2  B 1 and 4  C 2 and 3   D 3 and 4 
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4 When proteins are mixed with some organic solvents, hydrophobic interactions and hydrogen 
bonding are changed in the protein molecules. 

Which levels of protein structure would be affected? D 

5 Which row correctly links molecules in the cell surface membrane with their roles? 

 1 2 3 4

A glycolipid cholesterol glycoprotein phospholipid

B glycolipid glycoprotein phospholipid cholesterol

C glycoprotein phospholipid cholesterol glycolipid 

D phospholipid cholesterol glycolipid glycoprotein  
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7 Polypeptide synthesis is based on sequences of three nucleotides, each specific for an amino 
acid. 

Which row shows the correct nucleotide sequences for an amino acid? 
 

 
 nucleotide sequence of 

 non-transcribed DNA 
strand mRNA codon tRNA anticodon 

A GGT CCA GGU 

B GGG CCC CCC 

C CCG CCG GGC 

D CCT CCU CCU 
 
 
8 DNA is said to replicate in a semi-conservative way. 

Results of Meselson and Stahl’s experiments gave overwhelming support to this theory. They 
used E. coli which has a generation time of 20 minutes. 

 
Here are the steps in their experiment but they are in the wrong order. 

 
 P All bacteria contain 15N DNA. 
 Q All bacteria contain hybrid DNA (15N DNA and 14N DNA). 
 R Bacteria contain either all 14N DNA or hybrid DNA. 
 S Bacteria grown in a 15N medium for many generations. 
 T Bacteria transferred to a 14N medium and sampled every 20 minutes. 
 
  Which sequence of letters shows the correct order of the steps in the experiment? 
   

A P Q R S T 

B P→S→T→R→Q 

C S→P→T→Q→R 

D S→P→T→R→Q 
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9 The table shows the mode of action of two antibacterial drugs that can affect the synthesis of 
proteins. 

antibacterial drug rifampicin streptomycin 

mode of action binds to the RNA polymerase causes errors in translation 

If bacteria are treated with both drugs, what will be the immediate effects? 

1 Transcription will stop, but faulty proteins may continue to be synthesised. 

2 If translation has started, proteins may be faulty. 

3 Translation will be inhibited. 

A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 2 and 3 only 

10 The diagram shows a mechanism by which gene expression is controlled during translation. 

Which statements are correct? 

1 Phosphorylation by eIF2  protein kinase changes the conformation of and activates 
eIF2 . 

2 The concentration of eIF2B affects the rate of translation by inhibiting translation 
initiation. 

3 This regulation results in decreased rate of mRNA translation under stress conditions. 
4 The eIF2 -eIF2B complex is recognised by proteasomes for selective degradation due 

to the presence of the phosphate group. 

A 1 and 2  B 1 and 4  C 2 and 3  D 3 and 4 

arerree ccccoorororreeecct? 

atioooonnn by eeIFIFIFFF22222 ppppprorororootetetetet inininin kinasasasasasaseeee changegegeesss thththhee coconnfn o

tration of eIF2B affects the rate of translation
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11 The diagram represents a length of DNA from a prokaryote that includes a structural gene. 
 
Parts of the length of DNA are labelled W, X and Y. They have different functions in the control 
of transcription of the structural gene.  

 
 
 

What identifies the functions of parts W, X and Y? 
 

 W X Y 

A operator regulator promoter 

B promoter regulator operator 

C regulator promoter operator 

D promoter operator promoter 
 

 
12 Which of the following statements concerning lac operon is true? 

1 Transcription of lac operon takes place all the time. 

2 There is one single mRNA transcribed from the lac operon. 

3 There is one start and one stop codon in the mRNA of lac operon. 

4 The repressor molecule binds to the operator to turn off lac operon. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A 4 only 

B 1 and 3 

C 2 and 4 

D 2, 3 and 4 
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13 Some events that take place during generalised transduction are listed below. 
 

1 Bacterial host DNA is fragmented. 
2 Bacterial DNA may be packaged in a phage capsid. 
3 Recombination between donor bacterial DNA and recipient bacterial DNA. 
4 Phage infects a bacterial cell. 
5 Phage DNA and proteins are made. 

  
 Which sequence of events is correct? 

A 4 1 3 5 2 

B 4 1 5 2 3 

C 4 5 2 3 1  

D 4 5 1 3 2 

 
14 What are the conditions in a human cell just before the cell enters prophase? 

 

 number of molecules 
of DNA in nucleus 

spindle 
present 

nuclear envelope 
present 

A 46 yes no 

B 46 no yes 

C 92 yes yes 

D 92 no yes 
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15 The following table shows the chromosome numbers in the hybrids formed between cabbage 
(Brassica oleracea) and radish (Raphanus sativus).  

type of cell no. of chromosomes per cell 

parental cabbage 18 

parental radish 18 

parental gametes 9 

F1 hybrids 18 

F1 gametes 18 

F2 hybrids 36 

F2 gametes 18 

F3 hybrids 36 

During which of the following stages can the occurrence of non-disjunction explain the 
results? 

A formation of the F1 gametes 

B formation of the F2 gametes 

C fusion of the parental gametes 

D fusion of the F1 gametes 

16 The statements are about genes and proteins, involved in breast cancer. 

 The main protein coded by BRCA1 gene inhibits the growth of breast cancer cells. 
 The protein coded by the p53 gene suppresses tumours. 

Which combination of genes is most likely to result in breast cancer? 

gene

BRCA1 p53

A   

B   

C   

D   

key 
 = normal active gene 
 = mutated gene 

CA1 p5ppp 3  norm
 = mmmmutututu at
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17 The following table shows the mRNA codons for six different amino acids. 

mRNA codons amino acid 

AAA   AAG lysine 

AGA   AGG   CGG arginine 

GGU   GGA   GGC   GGG glycine 

CCU   CCA   CCC   CCG proline 

UGG tryptophan

UAU   UAC tyrosine 

The base sequence of mRNA coding for part of a polypeptide is shown below. 

U   A   U   A   A   G   A   G    G    C     C    U     U     G    G 
1    2    3   4    5   6    7    8    9    10   11   12   13    14   15 

 start reading 

From the information provided, which of the predictions stated below is not true? 

A The insertion of a nucleotide between positions 3 and 4 is expected to result in a greater 
change in the amino acid sequence than an insertion between positions 12 and 13. 

B The deletion of a nucleotide at position 5 would result only in an alteration of the second 
amino acid in the chain. 

C The substitution of a different nucleotide at position 12 would produce no alteration in the 
amino acid chain. 

D The substitution of a different nucleotide at position 13 would result in the alteration of 
one amino acid. 

18 Skin colour in onions is controlled by two pairs of alleles Ss and Rr, which segregate 
independently. The allele S is dominant and must be present to allow development of pigment 
in the skin. In its absence, the onion skin is white. Allele R is dominant and gives red colour; 
the recessive r gives yellow colour. 

What will be the ratio of phenotypes in the offspring of a cross between plants of genotypes 
SsRR and ssrr? 

A all red 

B 1 red : 1 yellow 

C 1 red : 1 white 

D 1 white : 2 red : 1 yellow 

atio of phpp enotypypyppes in the offsprppp ing of a cross betw

ellow
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19 Which of the following would cause phenotypic variation among organisms of the same 
genotype? 

A continuous variation within the species 

B different varieties of the same species 

C exposure to different environments 

D mutation 

 
20 A tall, green-stemmed plant with the genotype TTrr was crossed to a short, red-stemmed 

plant with the genotype ttRR. The F1 plants were allowed to self-fertilise. A 2 test was carried 
out on the results obtained for the F2 generation. 

Part of the table of values for 2 is shown. 

 
 

The value of 2 in this investigation was 7.6. 
What is the probability of this value of 2 and do the results fit the expected ratio? 

 
 probability results fit expected ratio 

A between 0.001 and 0.01 no 

B between 0.01 and 0.05 yes 

C between 0.05 and 0.1 yes 

D between 0.1 and 0.5 no 
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21 In a series of experiments, actively photosynthesizing plants were supplied with labelled 
reactants. 

1 water containing 18O isotope 

2 carbon dioxide containing 17O isotope 

3 carbon dioxide containing 13C isotope 

Where in the chloroplast would the products of photosynthesis from these reactants be 
formed? 

18O 17O 13C 

A stroma stroma thylakoids

B stroma thylakoids stroma

C thylakoids stroma stroma 

D thylakoids stroma thylakoids

22 In an experiment, four tubes were set up as shown in the table below. 

tube contents

1 

2 

3 

4 

Glucose + homogenized animal cells 

Glucose + mitochondria 

Glucose + cytoplasm lacking organelles 

Pyruvate + homogenized animal cells 

If all other conditions are kept constant, which of the following shows the amount of ATP 
produced in each tube in increasing order?    

A 1 – 3 – 4 – 2 

B 2 – 3 – 4 – 1 

C 4 – 2 – 3 – 1 

D 3 – 2 – 1 – 4 

2 

1 

1 
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23 Which of the following correctly describes the function of second messenger in signal 
transduction pathway?  

A They relay the signal from the outside to the inside of the cell. 

B They serve as transcription factors to activate the transcription process. 

C They amplify the message by directly phosphorylating the cascades of proteins. 

D They relay the message from the inside of the membrane throughout the cytoplasm. 

24 Darwin’s view of the process of evolution to form new species (speciation) has been reinforced 
by more recent discoveries in genetics and cell biology.  

In this view, which sequence of events is considered most likely to lead to speciation? D 

25 Natural selection acts 

A directly on an individual’s genetic make-up, thereby changing the survival probability of 
the individual.  

B on individuals by changing their genes so they are better able to adapt to their 
environment. 

C on the structures, physiologies and behaviours expressed by individuals in a population 
to change allele frequencies. 

D on phenotypes of individuals so that they change to adapt to their environment and pass 
on these changes to their offspring. 

alsss bbbby y yy chchhchaangigigigingngngngn ttttheheheheheiririririr ggeeenesess so theyeyey aarererer bbbbeteee t
t.

tureres,s,s,ss, ppppphyhyhyhyhysisiss olooloologogogogogieieeiei s sssss ananananandddd bebebebehahhahavivvv ours eeexpxpxprerereresssssss ded by
lelelelle fffffrererererequququququenenenene ciccieseseses..
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26 The map shows the distribution (shaded area) of the lizards belonging to the family Iguanidae. 
Most species of iguana are found in America but a few species inhabit Madagascar and the 
islands of Fiji and Tonga (arrows at the bottom centre and bottom right of map). 

Two observations were made about the different species of iguana: 

1 The various American iguana species shared more similar characteristics among 
themselves than with those iguana species on the island of Fiji. 

2 The Madagascar iguana species was only distantly related to other lizard species on the 
African mainland. 

Which observation and explanation best support the Darwinian concept of descent with 
modification? 

Observation Explanation for the observation 

A 1 
The various American iguana species had a more recent common 
ancestor as compared to those iguana species on the island of Fiji that 
had diverged a longer time ago. 

B 1 The various American iguana species shared more similarities among 
themselves as the degree of homology in their DNA was higher. 

C 2 
The Madagascan iguana species was reproductively isolated from the 
lizard species on the African mainland and thus diverged a long time 
ago. 

D 2 The superficial similarities shared among the Madagascan iguana and 
the lizards on the African mainland were analogous, not homologous.  

ThThThThTheeee MaMMM dadadadaadagagagaggascccccananananan iiiiigggugug anaaa sppppecies s ss s wawawawassssss rererreer prprprprprp od
lilililizazazazazardd spepepepepecccicic eeesee ooooonnnnnn thththththee e Afrrriccaaaaaaaaaaannnnnnnnnnnnnnnnnn mamamamamamaaainininininininnlalalalaaannnndn aaaannnndn  t
agggggo.o.o.oo. 

ThThThThheeee sususususupeppeperfrrfficcicicial sisisisisimimimimimilalalalalaririririritititititit eseeses shaaaaaarerererered amamamamamamooong the
the lizards on the African mainland were analo
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27 Two people, G and H, were each given an injection to protect them against a particular 
pathogen. 

One person was injected with antibodies. The other person was injected with a vaccine. The 
graph shows the concentrations of the antibody against this pathogen in the blood of the two 
people, G and H, over a period of 20 days following the injection. 

Which row correctly describes the type of immunity shown by G and H? 

G H

A artificial active immunity artificial passive immunity 

B artificial passive immunity artificial active immunity 

C natural active immunity natural passive immunity 

D natural passive immunity artificial active immunity 

28 Which of the statements could describe both B-lymphocytes and T-lymphocytes? 

1 They contain specific protein receptors in their cell surface membranes. 
2 They differentiate into plasma cells. 
3 They divide by mitosis. 

A 1 and 3  

B 1 only  

C 2 and 3 

D 2 only 

e by mitosis. 
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29 What is the best definition of the greenhouse effect in the Earth’s atmosphere? 
 

A A naturally occurring effect by which shorter wavelength radiation is trapped 

B A naturally occurring effect by which longer wavelength radiation is trapped 

C An effect of pollution by which shorter wavelength radiation is trapped 

D An effect of pollution by which longer wavelength radiation is trapped 

 
 
30 Global warming caused by the enhanced greenhouse effect is likely to have major 

consequences for arctic ecosystems. Which of the following are likely to occur in the arctic if 
the Earth’s surface temperature rises? 

 
I Decreased rates of decomposition of detritus 

II Increased range of predators from temperate regions 
III Increase in numbers of pest species and pathogens 

 

A I and II only 

B I and III only 

C II and III only 

D I, II and III 
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Answer all the questions in this section. 

1 Table 1.1 shows some features of four biological molecules that are all polymers. 

(a) Complete Table 1.1 by using a tick ( ) to indicate the features that apply to each polymer. 

Table 1.1 

feature amylopectin cellulose RNA polypeptide 

synthesised from amino 
acid monomers 

contains glycosidic bonds     

polymer is branched     

contains nitrogen     

can be found in both 
animal and plant cells 

[4]
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(b) Fig. 1.1 is a simple diagram of a phospholipid molecule. 

Explain how the structure of a phospholipid molecule makes it suitable for its function in 
cell membranes. You may label and annotate Fig. 1.1 as part of your answer. 

Fig. 1.1 

Hydrophilic / polar, phosphate, head / group faces aqueous medium and 
hydrophobic / non polar, hydrocarbon / fatty acid, tails / chains faces each other / 
interior of the cell membrane; R if labelled correctly but incorrectly described in the 
text 

Forming the phospholipid bilayer resulting in partially permeability / ability to act as a 
barrier to, hydrophilic substances / water soluble substances / polar 
substances / ions / AW ; 

Presence of unsaturated hydrocarbon tails results in kinks, preventing the close 
packing of phospholipids, thus regulating fluidity of membrane; 

[3]

(c) State two components of a cell surface membrane other than phospholipid molecules 
and describe their function. 

max two components, one mark each 
one mark for function to match the stated component 

Glycolipid / glycoprotein; 
Receptors for cell signalling / cell-cell recognition / cell-cell adhesion; 

Cholesterol; 
Regulate membrane fluidity; 

Protein;
Receptor for cell signalling / enzyme / channel protein / carrier protein for facilitated 
diffusion / active transport 

[4]

emmbrbranane fluididityty;;

r ccelell l sisigngnala liingng // eenznzymymee / / chchanannel prprprotototeieiein n n / // carrie
ctiveve ttraransnspoportrt
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The fluid mosaic model of membrane structure was first proposed in 1972 by Singer and 
Nicolson. The model describes in detail how the components of a membrane are organised. 

(d) Suggest why ‘fluid mosaic’ is an appropriate term to use to describe membrane structure. 

Fluid refers to phospholipids and proteins being able to move freely within the 
phospholipid bilayer; 

Phospholipids are also being able to move laterally within a layer; 

Mosaic – protein molecules are embedded and scattered among the phospholipids; 

[3]
[Total: 14] 
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2 Erythropoietin, also known as EPO, is a large glycoprotein synthesised by specialised cells 
in the kidney. These cells are very sensitive to changes in oxygen concentration in the blood 
passing through the kidney and respond to a low oxygen concentration by increasing the 
synthesis of EPO. 

EPO acts at the surface of particular target cells, such as cells in the bone marrow. These 
bone marrow cells are stimulated to produce red blood cells. 

(a) A low oxygen concentration leads to an increase in the quantity of mRNA in the 
specialised cells in the kidney by activating hypoxia-inducing factors (HIFs) which 
regulates gene expression at the transcriptional level. 

Explain how the activation of HIFs results in an increase in EPO mRNA in the cells. 

HIFs are activators which bind to enhancer; 
Cause DNA to loop through protein-protein interaction and stabilizes the transcription 
initiation complex; 
Enhance binding of RNA polymerase to promoter to increase rate of transcription; gggggggg p yyyyyyy p p ;

[3]

(b) All cells of the body are exposed to circulating blood plasma containing EPO, but only 
particular target cells respond. 

(i) Suggest why EPO acts on target cells and not other cells. 

Target cells have cell surface receptors specific for EPO; 
Binding sites of receptors are complementary in shape to EPO; 

[2]

(ii) EPO cannot pass through the cell surface membrane to enter the bone marrow 
cells. Suggest one reason why this is so. 

Large protein, therefore cannot pass through the gaps between phospholipids; 
Hydrophilic molecule, therefore is repelled / cannot pass through the hydrophobic 
core of the phospholipid bilayer; 
No specific membrane transport protein to transport EPO; 

[1]

(c) Red blood cells originate from undifferentiated cells in the bone marrow that are capable 
of continuous mitotic cell division. 

State the name of this type of undifferentiated cell. 

stem cell ; A haematopoietic stem cell 
treat as neutral adult / non-embryonic / multipotent / stromal yyyyyyyy p

[1]
[Total: 7] 

lls oroorrigigigiginininninaaate frrrrromomomomom uuuuundndndndndififififffefefefefererreentiaaatted cellsssss inininin ttttheheheheheh bbbbbbononoooo e
 mmmitotototototititititic cc ceceell ddddivivivivi isssisioooon.n.nn.  

me ooof fff thththththisisisisi tttttypypypyppeeeee ofoofo uuuuundndndndddififififii fefefeeererererereentntntntntn iaiaiaaiaattetttted cececececeelllllllllll. 

A haematopoietic stem cell
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3 (a)   Fig. 3.1 is a diagram of an ATP molecule.

Label Fig. 3.1 to show the components of an ATP molecule. 

Fig. 3.1 

phosphate ; 
ribose / pentose sugar ; R deoxyribose 
adenine;

labels pointing to correct components 

[3]

(b) ATP is used during translation in amino acid activation, when an amino acid becomes 
attached to its specific tRNA molecule having a particular anticodon. The reaction 
requires an enzyme called aminoacyl tRNA synthetase. 

(i) Explain why a particular amino acid needs to be linked to a specific tRNA molecule. 

Anticodon on tRNA binds to codon on mRNA via complementary base pairing; 
In order to bring the correct amino acid to the ribosome for translation / give correct 
sequence of amino acids; 
tRNAs bring amino acids, adjacent to each other for peptide bond formation; 

[2]

(ii) Explain how the structure of an enzyme such as aminoacyl tRNA synthetase would 
be altered if the pH of the cytoplasm became too acidic. 

Ionic bonds and hydrogen bonds between R groups are disrupted; 
Distorts specific 3-dimensional conformation of protein and hence active site is 
distorted, resulting in denaturation; , gggggg ;

[2]

 hooow www ththththt e sts ruuuuuuctctctctctuuuruu e ofofofofofof aaaaannn eneennenzymememeeemeemee sssssssssucucucucucucuchhhhhhh asasasasasa aaaaamimimimmim nonononononoacaaaaa y
reddd if fff thththththe e pHpHpHHH ooooofff thththththeeeee cycycyccytototototoplpplplplaaasaa mmm mm bebebeeeeeecacacacacaacccccacacacaaccameeememememeeeeee tttttttoooooo aaaaaciccccc dic. 

anndd hyhydrdrogogenen bbonondsds bbetetweweenen R grorooupupups ss arara ee e disru
cifificc 3-3 didimemensnsioonan l coconfnforo mamatit on oooff f pprp ottteieieinnn and he
sulting in denaturation;
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(iii) Aminoacyl tRNA synthetase uses the induced fit mechanism. 

Explain the induced fit mechanism. 

Active site is not perfectly complementary / not precise fit to substrate (amino acid 
and tRNA); 
Upon binding / formation of bonds with substrate, enzyme changes conformation and 
active site becomes perfectly complementary / precise fit to substrate; 

[2]
[Total: 9] 

4 Morbillivirus causes measles. The structure of Morbillivirus is shown in Fig. 4.1.

Haemagglutinin (H) and fusion protein (F) are glycoproteins embedded in the viral envelope.

Fig. 4.1 

Morbillivirus only infects cells that have a membrane glycoprotein known as signalling 
lymphocyte activation molecule (SLAM). 

When Morbillivirus infects a cell, H acts before F. After the virus binds to the host cell, only 
the nucleoprotein with the viral polymerase enters the host cell and the virus is replicated. 

Morbillivirus replicates its genetic material in the same manner as influenza virus. 

New viral particles leave the host cell by budding from the cell surface membrane of the cell. 
This forms the main part of their envelope. 

FFFig. 444.1 

innnfeefefectttttssss cececeeelllllll sss ss thhhhhaaataa hhhhhhavavavavavaaa eee aaaaaa mmmemm mbmbbbbraranenenenenenen gggggglylylylylycocococococ prprprprp ot
tiooon n n nnn momomomomolelelelecucccuculelelelele (((((SLSLSLSLAMAMAMAMAMM).)))))
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(a) List two ways in which the structure of Morbillivirus:
(i) is similar to HIV 

Both have viral envelope (studded with glycoprotein); 
Both contains RNA as nucleic acid; 
Both contain fusion protein on the viral envelope; 

[2]

(ii) differs from the HIV 

1 copy of genome vs 2 copies of genome; 
Negative sense RNA genome vs Positive sense RNA genome 
viral polymerase vs protease + reverse transcriptase + integrase 
haemagglutinin vs gp120 embedded in viral envelope; 
conical capsid  / enclose entire genome vs nucleoprotein

[2]

(b) With reference to Fig. 4.1 and the information provided, 
(i) suggest how Morbillivirus infects a cell with SLAM glycoproteins so that only 

nucleoprotein and viral polymerase enter. 

haemagglutinin / H / (viral) glycoprotein, binds to / fits into / complementary to, SLAM 
/ receptor ; 
viral envelope fuses with cell surface membrane; 

[2]

(ii) suggest the role of viral polymerase in Morbillivirus.

replication of RNA / to make copies of genes / AW ;  
convert negative sense RNA to positive sense RNA / production of mRNA ; 
detail ; e.g. to make viral proteins ; 

[3]

(c) Measles has only one serotype. Within this serotype, there are 24 genotypes recognised 
to date. 

Describe how these 24 genotypes could have arisen. 

by antigenic drift / mutation 
RNA genome mutation due to lack of proof reading by viral polymerase 
(Change in haemaglutinin molecule greater infectivity)

[2]
[Total: 11] 

onnnnnnlylyylyyly onenenenene sssssere otototottypyyyy e. WWWWWititititthihhh nnnn thissss serotype, thereeeee aaaaare 

w thehehehhhesesesessese 2222244444 gegeegegenononononotytytytytyt pepepepepepp sssss cocoococouluuu ddddd hahahahaaave ariririririsesesesesen.n.nnn  

drift / mutation
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5 An Allium cepa root was cut into ten transverse sections at different distances from the tip. 
The sections were stained and viewed under the microscope. The number of cells in mitosis 
were counted in each section and the results were used to determine the mitotic index.

This is calculated as follows: 

Fig. 5.1 shows the mitotic index for the ten sections. 

Fig. 5.1 

(a) Using the information in Fig. 5.1, describe how the mitotic index changes along the 
length of the root.

MI decrease from 0.11 to 0.016, as distance from tip increases/from 0.1 to1.9mm; 
Other description with ref to quoted data; 

[2]

ormation in Fig. 5.1, describe how the mitotic i
rootoottt....

e frroom 00.111 toto 0.001616,, asas ddisistatannce fffrfffffrffrfrf ommomoommm tttip iiincncncrerereasaa e
pttioonn wwithth refef ttoo ququototeded ddatata;a;
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(b) Explain how the events in the mitotic cell cycle ensure that all the cells in the root are 
genetically identical. 

semi-conservative DNA replication during, interphase/S phase; 
During metaphase, centromeres of chromosomes align at the metaphase plate; 
During anaphase, genetically identical sister chromatids are separated/move to 
opposite poles/go into 
separate cells”; 
After cytokinesis, new cells have same number, and kind of chromosomes/AW e.g. 
same,genes/DNA/chromosomes as parents; 

[3]

(c) 2 genes, A/a and B/b are linked on the same pair of homologous chromosomes in Allium 
cepa, as shown in Fig. 5.2.

Fig. 5.2 
With reference to Fig. 5.2,
(i) draw a diagram to show the effect of crossing-over between the homologous 

chromosomes.

Cross over in between two gene loci; 
Outcome;

[2]
(ii) state the effect of linkage and crossing-over on the proportions of gametes with 

different genotypes that are produced. 

large number of, parental types / Ab and aB and small number of, recombinant types 
/ AB and ab; 
more recombinants further loci are apart / ora; 

[2]
[Total: 9] 

n bebetwtweeeenn twtwoo gegenene lococi;; 
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6 CFTR, the cystic fibrosis (CF) gene, encodes for the CFTR protein that plays an essential 
role in anion regulation and tissue homeostasis of various epithelia. In the gastrointestinal 
(GI) tract CFTR promotes chloride and bicarbonate secretion, playing an essential role in ion 
and acid-base homeostasis.

Gene mutations responsible for cystic fibrosis can be classified into 6 different classes. 

Class I mutations can result from nonsense and frame-shift mutations, as well as 
mRNA splicing defects.  

Class III and IV mutations are typified by aberrant channel function, rather than 
reduced quantities of CFTR. 

(a) Explain how Class I mutations result in a reduction in the quantity of functional CFTR 
protein. 

Nonsense mutation results in a truncated protein being formed, which will not be able 
to fold into a functional protein ; 
Frame-shift mutation results in a extensive change in amino acid sequence, resulting 
in a non-functional protein being formed ; 
mRNA splicing defects will not result in a mature mRNA formed/does not have the 
correct continuous coding sequence, hence resulting in a non-functional protein being 
formed ;   
Only one normal allele coding for functional protein instead of two;    
        
[max 2 marks]

[2]

(b) Explain how Class III and IV mutations result in aberrant channel function. 

Substitution of a single nucleotide in the CFTR gene, results in change in amino acid 
in the polypeptide chain; 

Different interactions between different R groups, result in change in specific 3-
dimensional conformation of protein, hence loss of function; 
Different interactions between different R groups, result in change in specific 3-
dimensional conformation of protein, hence loss of function; 

[2]
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CFTR, has been identified as a candidate driver gene for colorectal cancer (CRC) in mice 
and humans. Further, recent epidemiological and clinical studies indicate that CF patients are 
at high risk for developing tumours in the colon. Investigations suggest that CFTR is a tumour 
suppressor gene in the intestinal tract as CFTR mutant mice developed significantly more 
tumours in the colon and the entire small intestine. 

(c) Explain why a mutation in the tumour suppressor gene, such as the CFTR gene, may 
lead to significantly more tumours in mice. 

ref to normal function of TSG; 
LOF mutation;  
In both alleles of the gene such that no functional protein is produced; 
resulted in loss of control of cell cycle/ uncontrolled proliferation of cells leading to 
tumour formation; 

[3]

(d) Suggest how tumours can eventually become malignant, leading to cancer. 

ref to angiogenesis/ blood vessels supplying nutrients and oxygen to tumour; 
ref to tissue invasion / metastasis/ loss of density dependent inhibition anchorage thus 
cells break away to establish themselves in other organs/ tissues; 

[2]
[Total: 9] 
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7 (a)   Sometimes a gene has more than two alleles, termed multiple alleles.

The ABO blood group system in humans is controlled by a gene with three alleles, IA, IB
and Io. Alleles IA and IB are codominant and Io is recessive to both. 

The blood group AB is the result of codominance. 

Explain what is meant by codominance in this context. 

IA allele codes for A antigen and IB allele codes for B antigen; 
Individual with genotype IAIB will have both A and B antigens and therefore, AB blood 
group;
Phenotype of heterozygote different from either homozygote whereby IAIA gives A 
blood group and IBIB gives B blood group; 

[3]

(b) In humans, a gene that codes for the production of a protein, called factor VIII, is located 
on the X chromosome. The dominant allele for this gene produces factor VIII, but the 
recessive allele does not produce factor VIII. 

A person who is unable to make factor VIII has haemophilia in which the blood fails to 
clot properly. 

Explain why a man with haemophilia cannot pass haemophilia to his son but may pass 
haemophilia to his grandson. 

son receives Y chromosome from father / did not inherit X chromosome containing 
haemophilia allele from father ; 
father will pass haemophilia allele to daughter(s) ; 
daughter may pass allele to, her son / his grandson ; accept on diagram

[3]
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(c) A gene for feather colour in chickens is carried on an autosome. This gene has two 
alleles, black (CB) and splashed-white (CW). When a male chicken with black feathers is 
mated with a female chicken with splashed-white feathers, all the offspring have blue 
feathers. This also occurs when a male chicken with splashed-white feathers is crossed 
with a female with black feathers. 

Fig. 7.1 

Another gene may cause stripes on feathers (barred feathers). This gene is carried on 
the X chromosome. The allele for barred feathers (XA) is dominant to the allele for 
nonbarred feathers (Xa).

In chickens, the male is homogametic and has two X chromosomes while the female is 
heterogametic and has one X chromosome and one Y chromosome. 

Fig. 7.2 

KiasuExamPaper.com
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(i) A male chicken with black, non-barred feathers was crossed with a female chicken 
with splashed-white, barred feathers. All the offspring had blue feathers, but the 
males were barred and the females were non-barred. 

Using the symbols given above draw a genetic diagram to show this cross. 

1 mark for parental genotype; 
1 mark for gametes; 
1 mark for offspring genotype and matching; 

[3]
(ii) Explain how a farmer could use a breeding programme to find out the genotype of 

a male chicken with blue, barred feathers. 

with non-barred female ; 
if all offspring barred, must be XAXA / homozygous ; 
if some offspring non-barred, must be XAXA / heterozygous ;

[3]
[Total: 12] 

al gegenonotypepe; 
es;
ng ggenenototypype e anandd mamatctchihingng;;

ho a farmer co ld se a breeding programme to
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8 Heart muscle cells and epidermal cells were extracted from Chinese hamsters. The cells were 
lysed and the mitochondria and cytosol were isolated. The mitochondria and cytosol were 
then mixed and re-suspended in a culture of essential nutrients. This suspension system was 
used to study the process of cellular respiration.  

At time 0, glucose was added to the system. At Time X, Digitonin, a detergent which disrupts 
membranes was introduced to the suspension system. A probe was used to measure the 
concentrations of ATP as well as the pH level in the mitochondria.  

The experimental results are recorded in the graphs shown. Fig. 8.1 shows the rate of ATP 
production for heart muscle cells and epidermal cells. Fig. 8.2 shows the pH level of the 
mitochondria in both heart muscle and epidermal cells.  

(a) Account for the difference in the level of ATP production in both tissues after glucose 
was added. 

Heart cells produce a higher level of ATP as it contains more mitochondria than 
epidermal cells; 

[1]

Fig. 8.2 

Fig. 8.1 

hee didiidiidifffffffffferererererenenenenenceeecece iiiinnnnn thththhhhhe e e ee lelleleevevevvevel ofofofofo AAAAATP ppppprororororodudududuductctctctcctioioioiooion iiin b
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(b) With reference to Fig. 8.1, explain the changes in ATP production over time for the heart 
muscle cell suspension. 

2 marks max for the first 3 marking points 

High energy electrons from reduced coenzymes are passed down a series of electron 
carriers on the ETC, each with an energy level lower than the one preceding it; 

Energy from the flow of electrons is used to actively pump protons from matrix to 
intermembrane space, through conformational change of proteins in ETC; 

Rate of ATP production increases with time before addition of X due to protons diffuse 
down the electrochemical proton gradient back into mitochondrial matrix through ATP 
synthase/ stalked particles, synthesizing ATP from ADP and Pi; 

Ref to effect resulting from the membrane damage e.g. no ETC / ATP synthase / 
electrochemical gradient etc 

Initial lag in ATP production because glycolysis is occurring to produce 2 ATP per 
glucose by substrate level phosphorylation; 
OR 
Rate of ATP production levels off because glycolysis can still occur and decreases to 
zero when glucose is used up; 

Initial lag in ATP production because glycolysis is occurring to produce 2 ATP per 
glucose by substrate level phosphorylation; 
OR 
Rate of ATP production levels off because glycolysis can still occur and decreases to 
zero when glucose is used up;

[3]

(c) With reference to Fig. 8.2, state which region of the mitochondrion the pH probe was 
measuring. Explain your conclusion. 

Intermembrane space; 

Ref to pH4 + protons are actively pumped from matrix into intermembrane space; Ref to pH4 + protons are actively pumped from matrix into intermembrane space; 

[2]

(d) Suggest why cytosol was used to re-suspend the mitochondria. 

Enzymes involved in glycolysis are present in the cytosol; 

[1]
(e) From your biological knowledge, explain the adaptation of the double membrane for its 

role in the production of energy.   

Membrane is impermeable to protons, creating electrochemical proton gradient across 
the inner mitochondrial membrane; 

Highly folded inner membrane increase surface area for stalked particles containing 
ATP synthase and electron carriers to be embedded; 

Compartmentalisation so that reactions can occur in different locations (ref. to 
provision of optimal conditions for enzymes such as that for Krebs’ Cycle to work); 
Compartmentalisation so that reactions can occur in different locations (ref. to 
provision of optimal conditions for enzymes such as that for Krebs’ Cycle to work); 

[2]
[Total: 9] 

ologogogggicccccalalalala kknononooowlwlwlwwleddedededgegegegege,,,,, exxxxxplplplplplaaaiaa n ththththhhthhe adadadadadadadadadaddadadapapapapapaptatatatttatatatattatt titititittt onononon oooooof ffff the 
oducucucuuctittttt on off ff energygygygygyg .....
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9 The camel family, Camelidae, are well-known for their ability to survive the hot and dry 
conditions of the desert, but studies have found that they once thrived in colder climates. A 
recent finding by a group of scientists unearthed fossilised remains of a giant species of camel 
in North America. This giant species of camel is closely-related to the one-humped 
Dromedary camel now found in Africa (Fig. 9.1). The distinctive humps of both camels are fat 
stores. 

Fig. 9.1 

(a) Suggest how the presence of hump in both the ancestral Giant camel and modern-day 
Dromedary camel allow them to adapt to their respective habitats.  

Ancestral Giant camel in the cold Arctic: Fats in hump used as food store to release 
energy in the form of ATP / Fats used to keep the camels warm as insulator of heat ; 

Dromedary camel in the desert: Fats in hump mainly used to release metabolic water 
when oxidised in respiration ; 
Dromedary camel in the desert: Fats in hump mainly used to release metabolic water 
when oxidised in respiration ; 

[2]

Dromedary camel Giant camel
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Until only about two or three million years ago, the Camelids were largely confined within 
North America. Following the formation of the Bering Land Bridge and the Isthmus of Panama, 
camels migrated from North America to Asia and South America respectively. Today, camels 
are no longer found in North America.  

Three modern-day groups of species survive today:  
 the one-hump Dromedary camel of north Africa and southwest Asia,  
 the two-hump Bactrian camel of central Asia and  
 the South American Camelids group which has diverged into four 

species:  llamas, alpacas, guanacos, and vicuñas.  

Fig. 9.2 shows the distribution of modern-day camels in the world.  

Fig. 9.2 
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The various species of the modern-day camels evolved from the ancestral population in North 
America.

(b) With reference to Fig. 9.2, describe how natural selection could have occurred to give 
rise to the various species of camels in the world today.  

Different environments resulting in different selection pressures; 

By natural selection, individuals who are better adapted survive till maturity and 
produce offspring who inherit the beneficial / favourable / advantageous alleles; 

As North America and Asia are not continuous/ separated by sea, there is geographical 
isolation /
There is behavioural / physiological isolation resulting in two populations arising in 
North America and South America; 

Isolation in different continents results in prevention of interbreeding and hence there 
is no gene flow between sub-populations and over time (and space) evolved into 
separate species due to accumulation in genetic differences; 

when reproductive isolation/ of two or more populations of the same species occurs/ 
when two populations are no longer able to interbreed to form fertile and viable 
offspring, new species arise; 

2 marks for natural selection + 2 marks for speciation 2 marks for natural selection + 2 marks for speciation

[4]

(c) The Arabian camels in Australia typically have sand coat colour. However, there is a 
small percentage of camels which have albino coat. It is known that the albino coat is a 
recessive condition and it reduces the life-span of the camel. The population of the sand 
coat and albino coat camels in a region was documented. 

(i) Explain why population is considered the smallest unit of evolution. 

Population refers to a group of interbreeding individuals of the same species; 

Evolution is the genetic changes / change in allelic frequency that occur in the 
population of organisms through time, leading to differences amongst them. 

But a population can have variation in traits / characteristics and individual cannot 
acquire variation; 

thus be subjected to forces of natural selection, and can undergo all the changes in 
genotypes and phenotypes associated with evolutionary change. 

dergo all the changes in thus be subj
genotypes and phenotypes associated with evolutionary change.

[2]

atioon; 

jected to forces of natural selectititiononon,, anaa d can und
nd phenotypes associated with evolutionary chan
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(ii) Explain whether it is likely that the albino camel will disappear completely from the 
population over time. Assume there is no introduction of new albino camels into 
the population.

Unlikely;

Reference to diploidy where recessive allele is protected in the heterozygote condition 
(i.e. heterozygote protection) ;   

When two heterozygote interbreed, there is 25% chance of producing a homozygote 
recessive camel (gg) showing the albino coat [1/2] 
When two heterozygote interbreed, there is 25% chance of producing a homozygote 
recessive camel (gg) showing the albino coat [1/2] 

[2]
[Total: 10] 
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10 (a)   The infectious disease tuberculosis (TB) is caused by a bacterium. 

Each of the descriptions A to C describes a cell structure found in prokaryotic cells and 
in plant cells. 

For each of the descriptions A to C:

 name the cell structure described 
 state one difference in this structure between a prokaryotic cell and a plant cell. 

A  the site of polypeptide synthesis 

cell structure ribosomes

difference 70S ribosomes vs 80S ribosomedifference 70S ribosomes vs 80S ribosome

B  the genetic material of the cell 

cell structure DNA/ chromosome

difference circular DNA vs linear DNA / no histone proteins vs histone proteins / not 
surrounded by nuclear envelope vs surrounded by nuclear envelope
difference circular DNA vs linear DNA / no histone proteins vs histone proteins / not 
surrounded by nuclear envelope vs surrounded by nuclear envelope

C  the structure that provides a rigid shape to the cell and prevents osmotic lysis 

cell structure cell wall

difference peptidoglycan cell wall vs cellulose cell walldifference peptidoglycan cell wall vs cellulose cell wall

[3]

(b) Describe how TB is transmitted from an infected person to an uninfected person. 

1 infected person, coughs / sneezes / breathes out/AW, droplets containing, bacteria/ 
pathogen/ M. tuberculosis ; 
2 aerosol / airborne droplets / droplets in air / moist air, inhaled/ inspired/ breathed in 
(by uninfected person) ; 

[2]

(c) Outline how the use of vaccine can give protection against diseases such as 
tuberculosis.

1 vaccine contains (bacterial) antigen(s); 
2 During primary immune response, naïve B-lymphocytes @ B cells are activated and 
formation of plasma cells that secrete antibody / immunoglobulin (against TB 
antigens)/ antitoxins; 
3 T-helper lymphocytes secrete cytokine and (cytokine) increases humoral response / 
stimulates cytotoxic T cells / stimulates macrophages; 
4 memory B cell production; 

thhheee usususususeee ofofofofof vacacacacaccicicicicinenenenenenenene cccccananananannn gggggive eeee prprprrprrrrototoototooooooto ececccctititititionononononon aaaaaga

t i (b t i l) ti ( )
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5 During secondary (immune) response, response on further infection is faster; 
6 memory B cell quickly undergo clonal expansion and higher levels of antibodies 
produced (during further infection); 
7 active artificial immunity (against cholera); 
8 AVP e.g. idea of specific antibody against each of the different vaccine antigens; 

[5]
 [Total: 10] 
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Section A 
Answer all the questions in this section. 

1 About one third of the injuries to racehorses involve tendon damage. In 2006, bone marrow 
stem cells were taken from injured racehorses and cultured so that they divided many times 
by mitosis. Each horse’s cells were then injected into its damaged tendons. 80% of the treated 
horses returned to racing, compared with 30% of those treated conventionally.

(a) Adult stem cells such as these are described as multipotent.  
Explain what is meant by the term multipotent.  

multipotent cells can differentiate into a limited number of cell types (but not into whole 
organism) ; 

 [1] 
(b) In these treatment procedures, the bone marrow stem cells are stimulated to increase 

their rates of cell division so as to produce large enough numbers of cells to be injected 
into the horses. 
Using your knowledge of cell signalling, describe how the rate of mitosis can be controlled. 

Ref to ligand-receptor interaction: 
external growth factors (first messengers) / mitogens / cytokines / signal molecules/ 
AW ;
receptors on cell (surface) membrane ;  

Ref to signal transduction: 
activate kinases, kinases phosphorylate enzymes (and alter their activity) ;  
ref to idea of a phosphorylation cascade leading to signal amplification; 

Ref to response: 
activate, transcription factors / promoters ; 
increase production of cyclins/ proteins controlling cell cycle/ expression of POGs ; 
cyclins / kinases control stages of, cell cycle / mitosis ;  

A ref to checkpoints during cell cycle 

 [4] 
(c) Suggest how it is possible that bone marrow stem cells could differentiate into the range 

of cell types needed for repairing injuries. 

Compulsory point: 
stem cells are genetically identical and contains the complete genome/ all the genes; 
(example of cell types required to rebuild tendon), blood vessel cells, connective tissue 
cells, fibroblasts; 

different (sets) genes are turned on in different cell types/ different genes will be 
expressed in different cell types/ under different conditions; 

gene expression alters the possibility of expression of further genes; 
reference to influence from microenvironment/ influence of signals from adjoining cells 
as well as from distant cells; 

 [2] 

poiintn : 
e ggeneneteticaally iidedentn iccalal aandnd connttaaainininninininnininsssssss thththththththe eeeeee cococompmpmpleleetetete g
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Like most mammals, T cell (T lymphocytes) in horses differentiate inside the thymus gland. 
During T cell differentiation, specific cell surface proteins known as CD proteins are produced 
and inserted into the cell surface membrane. 

Fig. 1.1 shows the stages involved in the synthesis of a CD protein in a T cell. 

Fig. 1.1 

(d) Explain the function of the promoter region of the DNA. 

RNA polymerase binds to promoter region ; 
transcription factors also required ; 
starts transcription ; 
upstream of gene to be transcribed ; 
ref to at 5’ end ; 

 [2] 

ctionoonnn ooooofff ff thhhee prprprprprp omomomomomototototo ererererer rrrrregegegee ion ofo the DNANANNANA..

asese bbinindsds too promomototerer rregegioionn ;;
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ene to be transcribed ;
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(e) Using Fig. 1.1 as a guide, describe the events that occur in the nucleus of the T cell to 
produce a pre-mRNA encoding a CD protein.  

transcription/ assembly of nucleotides/ nucleoside triphosphates ; 
RNA polymerase ; 
base pairing / e.g. (A – T / U – A / C – G / G – C) ; 
phosphodiester bonds ; pppppppp pppppppp ;

 [3] 
(f) Explain why the cuts made in pre-mRNA are necessary for the T cell to produce a 

functional CD protein.  

introns are non coding  
have to be excised, remaining exons are ligated to produce a continuous coding 
sequence/ only exons are to be translated; 
ref to correct amino acid sequence that can fold to give the specific 3D structure; 

 [3] 
(g) Explain the functions for the ‘cap’ and the poly-A region attached to the mRNA.  

prevent breakdown of, mRNA / exons ; 
directs mRNA to ribosome / AW ; 

cap identifies ‘start’ of mRNA ; 
assembly point for small and large subunits of ribosomes ; 
AVP ; e.g. distinguished from viral RNA / identifies host RNA 

 [2] 
[Total: 17] 
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2 Lactate dehydrogenase Lactate dehydrogenase (LDH) is an enzyme found in many 
organisms. Within the same organism, it can be found in different forms, called isoenzymes. 
The isoenzymes are structurally different but all catalyse the same reaction.

(a) Fig. 2.1 shows a reaction catalysed by lactate dehydrogenase that occurs during 
anaerobic respiration in muscle tissue. 

(i) Complete Fig. 2.1 by identifying the compounds A, B and C.

Fig. 2.1 
[2]

(ii) State where in the cell this reaction takes place.  

Cytoplasm / cytosol; 

 [1] 
(iii)  Explain the importance of this reaction in mammalian muscle tissue. 

regenerates NAD and allows glycolysis to continue (during oxygen deficit) ; 
allows ATP production (to continue) for (muscle) contraction ;   

accept details of ATP involvement in contraction: 
e.g. temporary storage of hydrogen/ hydrogen transferred prevents accumulation of 
reduced NAD/AW 
 e.g. lactate transported areas with (more) oxygen (for oxidation) 
 e.g. lactate prevents damage to muscles by overexertion/AW 

 [3] 
Lactate dehydrogenase isoenzymes are globular proteins, each consisting of four 
polypeptides.

(b) Explain how the structure of an enzyme, such as lactate dehydrogenase is suited to its 
role.

Tertiary/ quaternary structure held in place by, bonds /interactions between R groups ; 
Forming specific 3D structure with active site complementary to substrate; 
Ref to active site being complementary in terms of shape, size, charged, orientation; 
E-S complex formation lowers activation energy for catalysis; 
(Globular) protein with hydrophilic amino acids on the exterior allowing protein to be 
soluble; 
(soluble), reactions in aqueous medium/ ref to transport of enzyme; 

 [4] 

A: pyruvate; 

B: reduced NAD / 
NADH + H+ 

C: oxidised NAD / 
NAD+ 
B and C one mark

e stststttruruuuucctccc urreee ofofofofof aaannnnn enenenenenzyzyyyymememememe, succchccccc aaaaaaaaaaaaaaaaasss ssssss ss ssss lalalalalalactctctctctccctctctatatatataaataaa eeee dededededeehydro

ernanaryry sstrtrucuctuturee hhelldd inin pplaacece by, bbbonoo dsss ///inininteractio
ific 3D structure with active site complementary to
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Lactate dehydrogenase isoenzymes are made up of two types of polypeptide: polypeptide M, 
which is coded for by the LDH-A gene and polypeptide H, which is coded for by the LDH-B
gene.

Table 2.1 shows the composition of different human lactate dehydrogenase isoenzymes and 
examples of tissues and organs where each can be found. 

Table 2.1 
isoenzyme polypeptide composition of enzyme example of isoenzyme location 

LDH-1 HHHH heart 
red blood cells 

LDH-2 HHHM heart 
red blood cells 

LDH-3 HHMM brain 
lungs

LDH-4 HMMM kidneys 
placenta 

LDH-5 MMMM liver 
skeletal muscles 

(c) With reference to Table 2.1, suggest how red blood cells of the same individual can 
produce different isoenzymes. 

genome of red blood cell contains both genes ; 
control of assembly of transcribed polypeptides to produce different proteins/ description 
of the different chains that make up the different protein; 
different R group interactions between the different polypeptide chains, resulting in 
different quarternary structure / specific 3-dimensional structure qqqqqqqq yyyyyy pppppppp

[2]
Besides lactate dehydrogenase, another extensively studied protein which is also involved in 
respiration is cytochrome c. Cytochrome c plays an important role in oxidative phosphorylation 
as an electron carrier of the electron transport chain.  

(d) Fig. 2.2 shows the amino acid sequence of a section of the cytochrome c polypeptide 
chain retrieved from a human and the other species. The dashes shown in the figure 
indicates that the amino acid present at the position is identical to that of the human 
species. 

hydrogenase, another extensively studied protein
hromomommme e e e ccc.c CCCCytococococochhhrhh ommmmme ccc cc ppplaaays aannn iiiimpmpmppporororororo tatatatatat ntntntnt rrrrrololololole iiini  o
errr oooooffff f thththththe eeelececececectrtrtrtrononononon tttttraraararansnsnsnsnspopopopoport chahhhh inininininnnnnnnnn... . 

theheheee aaaaammmimm nonononono aaaaacicicicic ddddd seseseseseququququuuenenenenenencececececee ooooof ff fff aaaaaaa sectctctctctc ioioioioioonnnn n ofofofoff tttttthehehhh  cyto
from a hhhhhuman and tttthehehehe othhhhher speccccieieieieies. TTTTTThhhhheh  dashes
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Fig. 2.2 

(i) Suggest what the data in Fig. 2.2 indicate about the evolutionary relationships 
between humans and the other species. 

all the species share a (recent) common ancestor ; 
the smaller the number of differences the more closely related/more recently divergence 
occurred ; 
example + data quoted; 
e.g. pigs and chickens are phylogenetically closest to humans 
e.g. yeast, is the most distantly related to humans (compared to any of the other sp.) 
e.g. number of differences / description of bases at certain positions – see table below 

Table of number of differences 

Human Pig Chicken Dogfish Drosophila Wheat Yeast 
Human 0 3 3 5 6 10 11 
Pig 3 0 2 2 3 9 11 
Chicken 3 2 0 4 5 10 11 
Dogfish 5 2 4 0 3 10 12 
Drosophila 6 3 5 3 0 10 10 
Wheat 10 9 10 10 10 0 11 
Yeast 11 11 11 12 10 11 0 

 [3]
(ii) Explain why any such conclusions in (i) need to be treated with caution.  

Ref to cyt being a large protein and only a small fraction is compared: 
the compared sequences are only a small fraction of the whole genome + (figures) e.g. 
22 amino acids shown in the table; 
cytochrome is likely to be a larger, polypeptide/protein; 

Ref to variation within each species: 
these sequences come from one individual from each species, there will be variation 
within each species ; A small sample size/ use of amino acid sequences does not allow 
for detection of silent mutations in the genome due to degeneracy of genetic code; 

Ref to changes not fully observed in amino acid sequence: 
amino acid sequence only reflects the coding region of the DNA sequence thus changes 
in the non-coding regions will not be detected; 

 [2] 

Molecular homology of cytochrome c
1 6 10 14 17 18 20

Human Gly Asp Val Glu Lys GlyLys Lys Ile Phe Ile Met Lys Cys Ser Gln Cys His ThrVal Glu Lys
Pig - - - - - - - - - - Val Gln - - Ala - - - - - - - 

Chicken - - Ile - - - - - - - Val Gln - - - - - - - - - - 
Dogfish - - - - - - - - Val - Val Gln - - Ala - - - - - - Asn

Drosophila <<< - - - - - - - - Leu - Val Gln Arg - Ala - - - - - - Ala
Wheat <<< - Asn Pro Asp Ala - Ala - - - Lys Thr - - Ala - - - - - Asp Ala
Yeast <<< - Ser Ala Lys - - Ala Thr Leu - Lys Thr Arg - GluLeu - - - - - - 

y g p yp p p

on wwitithhin eaeachch ssppecicieses::
ceess cocomeme ffroromm ononee inndidivividuduala frororoorororororooooom mmmmm eeeaeaeaeeeee chc ssspepepecies

peccieies ;; AA small sasampmplle siz /e/ use of amamamininooo acaacididd se
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Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



8

(e) Suggest how the differences in the amino acid sequences shown in Fig. 2.2 may have 
come about.

 (point mutation), change in a single base/ substitution ; R addition/ deletion/ frame shift
mis-pairing during DNA replication ; 
mutagen/named mutagen ; A UV/X-rays / ionising radiation/AW; gggggggg ggggggg ; yyyyyyyy gggggggg ;

 [2] 
(f) Suggest why the cytochrome c protein was chosen to compare amino acid sequences 

across the different species. 

Cytochrome c protein is ubiquitous / will be present in all organisms because all 
organisms need to respire which serves as a good basis of comparison between 
organisms;

Essential / important gene which changes very slowly, useful for estimating time of 
divergence that occurred long time ago; 

accumulates mutations at a constant rate and therefore can be used to calibrate a 
molecular clock for the estimation of time of divergence between species; 

 [1] 
[Total: 20] 

3 Dengue fever (DF) is a disease caused by infection with a virus transmitted by the Aedes
aegypti mosquito. It is an acute viral infection characterized by fever, rash, headache and 
muscle and joint pain. Occasionally, dengue virus infections progress to dengue haemorrhagic 
fever (DHF) and dengue shock syndrome (DSS). There are 4 known serotypes of the disease-
causing dengue virus. Individuals who become infected with one serotype obtain lifelong 
immunity against that serotype but not the other three. 

Female Aedes mosquitoes are responsible for human-to-human transmission of the dengue 
virus. During blood feed, they acquire the proteins necessary for them to develop eggs. As a 
result of their short life cycle, they are able to multiply quickly, allowing dengue to spread.

(a) (i)  State one reason why blood is a good source of protein. 

Blood comprises red blood cells which contain haemoboglobin / 
Blood plasma contains soluble proteins such as antibodies / protein hormones / 
clotting factors / enzymes / 
Blood has white blood cells that contain / secrete proteins such as major 
histocompatibility complexes / cytokines / perforins / granzymes ; 
AVP 

[1]

prisees s redd blooood d ceelllls s whwhicch cocontntntntntntnttntntnn aiaiaiaiaiaaiaiaiaaiaaa nnnnnn hahahahahahhhh emememe obobobogogogllol b
maa conontataininss soolulublble e prp ototeieinsns sucucucucucuchhhhhhh aasaasaaaa aaantntntibibibodododie
torsrs // eenznzymymeses // 

white blood cells ththat containnn / ssecrete pr
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(ii)  Outline the life cycle of the Aedes aegypti.
Egg: Female Aedes aegypti mosquito lays eggs singly in moist places, such as inner 
walls of artificial containers, above the waterline;  

Larva: When the water level rises (for e.g. rain), and the eggs get submerged in water, 
the eggs hatch and the larvae emerge after 1 – 2 days ;  

Larvae feed on micro-organisms and particulate organic matter  and breathe through 
a siphon at the water surface 

The larvae go through larval stages (four instars and moult four times), after which 
they become pupa that do not feed and will develop into the mosquitoes’ adult body 
form in two days ; 

Adult: The newly form adult will emerge after breaking the pupal skin, resting on the 
water surface to dry and harden their exoskeleton before flying ;  
Adult: The newly form adult will emerge after breaking the pupal skin, resting on the
water surface to dry and harden their exoskeleton before flying ;  

[4]
Aedes aegypti originated in Africa but migrated to other continents via the slave trade in the 
1500s and 1600s. The estimated range of the mosquito is primarily the tropics and sub-tropics 
but they have also been detected in countries with temperate climate such as parts of Europe 
and North America. As a result of the spread of Aedes vector across the globe, worldwide 
incidences of dengue have also been on the rise, posing huge public health concerns. Fig. 3.1 
shows the annual average number of both DF and DHF reported to the World Health 
Organisation (WHO) and the average annual number of countries reporting these cases from 
1955 to 2007. The upward trend continues today.  

Fig. 3.1 

While increased human population and global movement of people and cargo via air travel 
have undoubtedly assisted the spread of dengue, some scientists have attributed it to the effect 
of global warming.  
Fig. 3.2 shows the global temperature departure (0F) from the long-term average from 1880 to 
2010. An additional trend line was plotted for the departure values between 1950 and 2010.  

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



10

Fig. 3.2 

(b) Using evidence from Fig 3.1 and Fig. 3.2 and your own knowledge of global warming, 
(i) explain how the increase in global annual average number of DF / DHF could be 

caused by global warming.

Hypothesis supported: 
As the global temperature departs more and more (positively), from 00F to 1.20F
away from the long term average (denoted by 00F), the higher the annual average 
number of DF / DHF (increase from about 900 in 1955-1959 to about 970,000 in 
2000-2007) ;

Explain: Global warming results in increase in global temperatures resulting in 
faster transmission of dengue virus from any one of the following : 

 cold-blooded animals, hence body temperatures could increase with global 
warming  increase metabolic rate / shorten life cycle  faster growth and 
development / 

 increase activity of female mosquitoes (increase biting rates) / 
 increase egg-laying rates and more eggs laid per female / 
 reduce the extrinsic incubation period of the virus within mosquito, so 

mosquito has a greater chance of infecting a human before it dies ; 

Explain: Global warming results in increase in global temperatures resulting in
faster transmission of dengue virus from any one of the following :

 cold-blooded animals, hence body temperatures could increase with global
warming  increase metabolic rate / shorten life cycle  faster growth and 
development / 

 increase activity of female mosquitoes (increase biting rates) /
 increase egg-laying rates and more eggs laid per female / 
 reduce the extrinsic incubation period of the virus within mosquito, so

mosquito has a greater chance of infecting a human before it dies ; 

[3]

crease activity of female mosquitoes (increase bit
crease egg-laying rates and mororreeee egegeggsgsgs laid per fe
duce the extrinsic incubation perererioioddd of the vir
osquito has a greater chance of infecting a huma
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(iii) suggest how global warming can lead to the spread of DF / DHF beyond the tropics 
into the temperate regions. 
Global warming can lead to warmer winter temperatures in the temperate regions: 
which may lead to the pole-ward range expansion of the mosquitoes, arriving in the 
now-warmer temperate regions earlier /
which may decrease mosquito mortality, causing them to survive the now-warmer 
winter season in the temperate regions, allowing them to continue multiplying 
throughout winter ;

(and leading to more rapid transmission of the dengue virus) (and leading to more rapid transmission of the dengue virus) 

[1]
(c) Wolbachia is a natural bacterium present in up to 60% of insect species, but  it is not 

usually found in the Aedes aegypti mosquito. Research has shown that when introduced 
into the Aedes aegypti mosquito, Wolbachia can stop the dengue virus from replicating 
inside the mosquito and hence prevent transmission to humans.  

One possible way in which Wolbachia is used to suppress the Aedes aegypti mosquito 
population is through the release of male Wolbachia-Aedes aegypti mosquitoes. When 
these mosquitoes mate with the female wild-type Aedes aegypti that do not have 
Wolbachia, those females will lay eggs that do not hatch.  

Country X released these male Wolbachia-Aedes aegypti mosquitoes in several housing 
estates as a form of vector control. Following three months of releases at the study site, 
the eggs were collected using ovitraps placed at several sites within the estate. The 
percentage of unhatched eggs were recorded for both the study and control sites.  

(i) State a statistical test that could have been used to determine whether the difference 
in the mean percentage of unhatched eggs between the study and control sites is 
significant.

t-test ; 

[1]
(ii) Suggest how a suitable control site was selected for the study. 

same population density/ same housing type/ AVP; 

[1]

(iii) A summary of the results is shown in Table 3.1.

Table 3.1 
mean percentage unhatched eggs 

probablity 
study site control site

62.2 15.7 p < 0.00001 

Comment on what these results show and suggest an explanation for any pattern.  

at 0.05 level of significance, the difference between the mean  percentage of 
unhatched eggs in the study site and the control site is significant ;  

aryyyyy of thththththe eee rerrrr suuuuultltlttts is ssssshohohohoownwwnnwn in TaTTT ble 3.1.

TaTaTaTaTableeeeee 3.1111111111111111
eannnnn pppppperererere cececececentntntntagagagagageeeee unununununnnhahahahahatcctctccheheeheheddd dd egeeee gs

udy iisiiiiitttetttt   ccontttttrol sitetetetete
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The released male Wolbachia-Aedes aegypti mosquitoes have successfully 
mated with the wild-type female Aedes ; / control of mosquito using Wolbachia is 
effective;

[2]
[Total: 13] 
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Section B 
Answer one question in this section. 

Write your answers on the separate answer paper provided. 
Your answers should be illustrated by large, clearly labelled diagrams, where appropriate. 

Your answers must be in continuous prose, where appropriate. 
Your answers must be set out in sections (a), (b) etc., as indicated in the question. 

4(a) Outline the role of ATP in living organisms using named examples. [13]
 (b) Discuss how the survival of species depends on DNA molecules being stable yet 

not absolutely stable. 
[12]

[Total: 25]

5(a) Outline how variation can arise in any population of living organisms. [13]
(b) Discuss the suggestion that all living organisms on Earth depend on phosphate. [12]

[Total: 25] 
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QUESTION 4 

(a) Outline the role of ATP in living organisms using named examples. [13] 

Introduction: 
1. Ref to ATP as the universal energy currency / carrier in cells of living organisms;
2. (Explain why) It is small and water soluble, hence can be transported within the

cell easily / a lot of chemical energy is stored in the bonds of ATP / hydrolysis of
the third phosphate group releases large amount of energy ;

In cellular/aerobic respiration: 
3. Activation of glucose to glucose-6-phosphate via phosphorylation using ATP

during the energy investment phase of glycolysis. This process is catalysed  by
hexokinase ;

4. ATP is required for the phosphorylation of fructose-6-phosphate to fructose-1,6-
bisphosphate catalysed by phosphofructokinase ;

5. ATP also serves as an allosteric inhibitor to the phosphofructokinase enzyme ;

Uses in cellular activities: 
6. Movement of secretory vesicles from the Golgi apparatus to the cell surface

membrane along the cytoskeleton requires energy from the hydrolysis of ATP ;
7. Active transport of molecules against concentration gradient across the cell

surface membrane via the action of a specific carrier proteins called “pump” which
use ATP to change its conformation. E.g. is sodium-potassium pump ;

8. Bulk transport such as endocytosis and exocytosis involves the transport of large
molecules like proteins and polysaccharides which require ATP. E.g. secretion of
antibodies by plasma cells ;

9. ATP required for amino acid activation prior to translation for the covalent
attachment of the amino acid to the 3’ acceptor stem of the corresponding tRNA,
catalysed by amino acyl tRNA synthetase;

In photosynthesis: 
10. Energy from hydrolysis of ATP during Calvin cycle of the light-independent stage

of photosynthesis in stroma of chloroplasts in plant cell is required to convert
glycerate-3-phosphate (GP) to glyceraldehyde-3-phosphate (GALP) ;

11. Energy from hydrolysis of ATP is also needed to regenerate ribulose bisphosphate
in Calvin cycle ;

Role of ATP as a nucleotide: 
12. ATP is a ribonucleotide and is incorporated into mRNA acid during transcription ;

Role of ATP in cell signalling: 
13. ATP is required as a substrate for the adenylyl cyclase enzyme, which upon

activation by the activated GTP-bound G-protein, catalyses the conversion of ATP
to cAMP, which serves as a second messenger in the signal transduction pathway
;

14. ATP is also the substrate for the kinases in the phosphorylation cascade, which
catalyses the addition of phosphate groups from the ATP molecules to the
subsequent kinases in the cascade ;

onn bby ththe aca tivaated GTGTP-bound G-protein, catata alaa ys
P, wwhihicch sseervevess ass aa ssececoond mmeeeeesssssssss enenenengegegegggg r r ininin tttheheh sssig

alslsoo ththee susubbstratatee foforr ththee kikinnases iiinnn ttthehe ppphohohospsps h
ess ththee adaddidititionon ooff phphososphphatatee grrrouououpspsps fffrororom the
ue tnt kkinases in tht e cacascscadadee ;
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(b) Discuss how the survival of species depends on DNA molecules being stable yet 
not absolutely stable. [12] 

DNA as a stable molecule: 
1. In the DNA double helix, the nitrogenous bases are held together by extensive /

numerous hydrogen bonds ; 
2. Complementary base-pairing via two hydrogen bonds between adenine and

thymine, and three hydrogen bonds between cytosine and guanine ;
3. Extensive hydrophobic interactions between the stacked bases, stabilise the

structure of the double helix ;  
4. The adjacent nucleotides within each polynucleotide strand are held together by

strong covalent phosphodiester bonds, which are not easily broken. In this way, the 
integrity of the DNA base sequence is maintained ;  

5. Proof-reading ability of DNA polymerase ensures DNA molecule is replicated
correctly and accurately / nucleotide sequences are intact ; 

(Note: Idea of “numerous/extensive” bonds must be mention at least once in this 
part for students to attain the full 5 marks for this section) 

Why DNA may not be absolutely stable: 
6. Affected by mutagens that damage DNA or introduce random mutations ;
7. For e.g. physical factors such as ionising radiation like gamma rays / X-rays which

cause formation of chemically active ions in the cells which are capable of damaging
and breaking DNA OR Absorption of UV light causes DNA to increase in energy
level, causing damage to DNA double helix by creating kinks ;

8. For e.g. chemical factors (carcinogens) such as ethidium bromide that cause
chemical changes in bases resulting in incorrect base pairing, results in insertion or
deletion of base pair ;

9. Allow small changes in nucleotide sequences through point mutations, generating
new alleles and hence genetic variation in a population ;

Survival of species:
10. With genetic variation, there is heritable variation for natural selection to act upon in

a population ;  
11. Due to different proteins/gene products generated that could confer selective

advantage for some individuals ; 
12. Ref to selection pressure, only individuals best able to adapt will survive and produce

fertile and viable offspring ; 
13. Passing down beneficial alleles from parents to offspring ;
14. If DNA totally stable, no new alleles / mutations / traits, which will reduce survival

ability of the species ;  
15. Ref to how DNA not being totally stable allows heterozygote advantage, e.g.

heterozygotes / carriers of sickle-cell anaemia individuals are malaria-resistant
(greater fitness) than homozygous dominant or homozygous recessive individuals ; 

Conclusion:
16. Ref to continuation of a species and its continued evolution  relies on a balance

between accurate transmission of nucleotide sequences and the need for random 
change to provide the variation needed to allow continued evolution, depending on 
selection pressure ;

d viable offspring ; 
doownwn bbenneeficciaall allelelel s s frfroom ppaarrrenennentstststs tttto o o ofoffsfssprprprinnggg ; 
otaallyly sstat bble,e, nnoo neneww alallelelees // muuuuuuuuuuuuuuutatatattattatattttt tititititit onononooononooono s ssss // trtrtraiaa ts, w
thee sspep icies ; 

howw DDNANA nnotot bbeieingg ttototalallyly sstablleee alaa looowswsws hetero
gotes / carriers of sickle-cell anaemia individua
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QUESTION 5 
(a) Outline how variation can arise in any population of living organisms. [13] 

In sexually reproducing population 
1 Meiosis and fertilisation generates the genetic variation within a sexually reproducing 

population; 
2 During prophase I, crossing over occurs between the non-sister chromatids of 

homologous chromosomes; 
3 leading to new allelic combinations on a chromosome; 
4 During metaphase I, independent assortment* of homologous chromosomes* occurs

where the orientation of bivalents is random, as chromosomes line up along the metaphase 
plate; 

5 leading to different chromosomal combinations in different gametes; 
6 2n different combinations of (chromosomes in) gametes, where n represents the haploid 

number of chromosomes in the species, can be obtained as a result of meiosis; 
7 Random fusion / fertilisation of these gametes carrying different combinations of 

chromosomes adds to genetic variation of the zygote formed; 

In asexual reproducing population (Bacteria) 
Transformation  
8 Bacterial cells take up foreign DNA from the surrounding medium via a cell surface receptor  
9 Incorporating / integration of foreign DNA into its own DNA (via homologous recombination)  
Transduction  - Award marks either for generalized or specialised transduction only 
10 A phage infects and injects its DNA into a bacterium and replicate in the cell.  
11 Due to mistakes in the phage’s reproductive cycle, a small piece of bacteria DNA was 

incorporated into the phage capsid 
12 The resulting transducing phages infect other bacteria and newly infected cell acquires the 

original bacterial DNA / original bacterial DNA integrates into the DNA of the recipient 
Conjugation  
13 Attachment of F+ and F- bacterium via sex pilus made by F+ cell. Sex pilus retracts, the two 

bacteria cells come into physical contact via conjugation tube/mating bridge  
14 Single strand of F plasmid breaks at origin of transfer and move into recipient bacterium 

through conjugation tube 
In both populations 
15 Mutations occurs to generate new alleles reference to gene mutation or chromosomal 

mutation
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(b) Discuss the suggestion that all living organisms on Earth depend on phosphate. 
[12]

Cell membranes (max 4) 
1 All living organisms have cell membranes require phosphate for phospholipids; 
2 Phospholipids help to regulate what enter or leaves the cell or the organelles (idea of 

partial permeability); 
3 Phospholipids contribute to the fluidity of cell membrane; 
4 Allowing processes such as endocytosis / exocytosis to occur; 
5 ref to phosphate being negatively charged allowing interaction with aqueous medium/ 

allowing bilayer to form; 
6 allowing embedding of proteins in membrane; 

Nucleic acids (max 3) 
7 The genetic code depends on nucleic acids; 
8 The backbone of nucleic acids is a sugar-phosphate chain / nucleic acid are made up of 

nucleotides comprise phosphate group, pentose sugar and nitrogenous base 
9 Therefore without nucleic acids no storage of genetic information; 

ATP (max 3) 
10 Most energy are stored in the bonds of ATP; idea of ATP is energy currency within the 

cell; 
11 The hydrolysis of the third phosphate group releases large amount of energy/ ATP more 

energy reach than ADP; 
12 ref to use of ATP in a specific eg. (transcription, amino acid activation, active transport, 

endo- exocytosis, AVP) 

Photosynthesis (max 3) 
13 NADP is a coenzyme which can be reduced as it can carry high energy electrons and 

protons; 
14 Oxidised NADP is the final proton and electron acceptor during non-cyclic 

photophosphorylation in light-dependent reaction; 
15 Reduced NADP provides the reducing power to convert glycerate-3-phosphate to 

glyceraldehyde phosphate in the Calvin cycle; 

Cell signaling (max 3) 
16 When RTK dimerises, the tyrosine kinase function is activated resulting in 

autophosphorylation of tyrosine residues in the tails of the RTK, activating the receptor/ 
Activation of G-protein by GTP; 

17 Each activated protein kinase will initiate a sequential phosphorylation and activation of 
other kinases, resulting in a phosphorylation cascade. 

18 At each catalytic step in the cascade, the number of activated products is much greater 
than those in the preceding step resulting in signal amplification. 

19 reference to cAMP as second messenger in signal transduction pathway; 

AVP; 
20 GTP used in translation; 
21 GTP used in substrate level phosphorylation in Krebs cycle 

p y ;
pproroteeinin kkini assee willl iininititiatate e a sesequential pphospspsphohoh ry
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Answer all the questions.  

1 You are required to determine the concentration (in mgcm-3) of ascorbic acid (Vitamin C) 
and glucose in a sample of orange juice. 

Proceed as follows: 

I. The ascorbic acid test 

You have been provided with standard solutions containing 0.5, 1.0, 2.0 and 4.0 mgcm-3 of 
ascorbic acid respectively. These solutions reduce the dye dichlorophenol indophenol 
(DCPIP) from blue to colourless: 

DCPIP (blue)  reduced DCPIP (colourless) 

Using a syringe, place 2 cm3 of DCPIP solution in a test tube. Place the test tube in a rack. 
Fill a 2 cm3 syringe with 4.0 mgcm-3 ascorbic acid solution. Add this solution, drop by drop, 
to the DCPIP solution, stirring gently with a glass rod after each drop. Determine the number 
of drops needed to decolourise the DCPIP solution. 

(a) (i) Note this number in the table 1 below. 

Table 1 

Concentration of ascorbic acid 
/ mgcm-3 

number of drops needed to 
decolourise DCPIP 

4.0 10 

2.0 18 

1.0 35 

0.5 67 

Orange juice 30 – 40 drops 

The higher the concentration of ascorbic acid, lesser the number of drops needed to decolourise 
DCPIP; 
Orange juice number of drops = 30- 40 drops; 

Repeat this procedure, using fresh samples of DCPIP each time, with the other three 
solutions of ascorbic acid and, finally, with the orange juice with which you have been 
provided.  

(ii) Add these results to the Table 1. [2]

ascorbic acid 

O a ge ju ce 30 0 d ops

ntraatitionon off asascocorbrbic aacicid,d, leesseer ththththththththheeeeee e eeeeeeee nunuunununununumbmbmbmmmmbmmm eree oooff f drdd op

of ddroropsps == 3030-- 4040 ddroropsps;;
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(iii) Plot a graph using the data in Table 1.  [4] 
 

 
1 Correct orientation of the axes and correct labels with units; 

x-axis: concentration of ascorbic acid solutions / mgcm-3 

y-axis: number of drops of ascorbic acid added 
2 Appropriate scale and no awkward scale; 
3 all points accurately plotted; 
4 best fit curve; 
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(iv) Use the data you have obtained to determine the ascorbic acid concentration in the 
sample of orange juice. Explain how you arrive at your answer.  

Using the number of drops of orange juice needed to decolourise DCPIP, find the 
corresponding ascorbic acid concentration from the graph; 

Ascorbic acid concentration in orange juice = _________ mgcm-3   (read off the graph 
accurately) ; 

[2] 

II. The ascorbic acid test

You have been provided with a 4% (by mass) solution of glucose, distilled water and 
Benedict’s solution. Using only the apparatus provided, devise and carry out a procedure by 
which you can make the Benedict’s test quantitative in order to determine the glucose 
concentration (in mgcm-3) of orange juice. You should work with five different glucose 
solutions covering the range from 0.1% to 4% by serial dilution. 

Note: In your tests you are advised to use 5 cm3 of Benedict’s solution to 0.5 cm3 sample of 
all solutions. 

(b) (i) Describe your method and show the results you obtained in a table. 

Carry out serial dilution of the stock solution / 4% of glucose using the table below; 

Carry out Benedict’s Test for known glucose concentration and orange juice and 
place into boiling water bath for 2 minutes ; 

Compare the colour of the Benedict’s test of orange juice with the colour standards; 

Concentration of glucose 
/% 

Volume of distilled water/ 
cm3 

Volume of previous 
glucose / cm3 

4 0.0 10.0

2 5.0 5.0

1 5.0 5.0

0.5 5.0 5.0

0.1 8.0 2.0

on ofof gglucocosee
% 

VoVolulumeme of didistststtttttttttilililiiliiliilillelelelelelelellleel ddddddd wawawawawwwww teteter/r/r/ 
cmcm3

4 0.0.0 

2 5 0
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Concentration of glucose /% Observations 

4.0

2.0

1.0

0.5

0.1

Table heading; 
Description of colour and suspension; 

[5] 

(ii) Estimate the glucose concentration of the orange juice in mgcm-3.

greater than 4%; 

greater than 40mgcm-3 (4/100 * 1000); greater than 40mgcm-3 (4/100 * 1000);

[2] 

(iii) Describe two other modifications to your method that would increase confidence in the 
conclusions and explain how these modifications would achieve this.  

1

Dilution of the orange juice and ref to [glucose] multiply by the dilution factor / 
Increase range of glucose concentration and match according 

As glucose concentration of orange falls out of the range of the colour standards 

2

Use colourimeter to determine quantitatively the amount of glucose present. 

Difficulty in judging the colour differences between the Benedict’s Test results of test 
solutions and the standard solutions / cannot find match with colour standards 

@ repeats experiment twice + increase reliability of results;; @ repeats 

[4] 

To a clean test-tube, add 2 cm3 of DCPIP solution. Using a 2 cm3 syringe as before, add the 
same number of drops of 4% glucose solution as you did of the 0.5 mgcm-3 ascorbic acid 
(which you have recorded in Table 1). 
(c) Note your observations. 

DCPIP remains blue 
[1] 

experiment twice + increase reliability of results;; 

beee,,, adadadaddddddd 2 2222 cmcmcmcmcm33333 ooooof ff f DCDCDCDCDCPIPPPPP PPPPP sososososolululululutititititionoooooo . UsUsUsUssinininininnggg a a a a a 2 2 2 2 2 cm3 s
drooopsspss oooof ffff 4%4%4%4%4%%44 ggglulucccoc sesesesese ssssolololololutututututioioioioi nnn as yyyyyooouoo dddddididididd of the 0
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Carry out Benedict’s test using the 4.0 mgcm-3 ascorbic acid solution. 
(d) Note your results. 

Ascorbic acid produce a positive Benedict’s Test (blue with a tinge of red); 
[1] 

(e) State the significance of the procedures which you carried out in (c) and (d) for the 
interpretation of your results in (a) and (b).  

To check if glucose will affect DCPIP decolourisation and ascorbic acid will affect 
Benedict’s Test 

Glucose, will not decolourise DCPIP solution 
Ascorbic acid, like glucose will produce a positive Benedict’s Test 

Able to determine the concentration of ascorbic acid and but not glucose 
concentration in orange juice; 

 

[3] 
[Total: 24] 
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2 You are required to investigate the effects of sucrose and potassium nitrate (KNO3) solutions 
on the cells of the plant material supplied. Peel off several pieces of epidermis from the 
pigmented areas of the plant tissue, taking care to remove as little as possible of the 
underlying tissue. Cut the pieces of epidermis so that you have four squares of tissue each 
approximately 0.5 x 0.5cm. Place these in a dish of distilled water. 
 
Take one piece of epidermis and mount it in distilled water on a microscope slide. Cover with 
a cover slip. Using your microscope, find an area of the tissue where pigmented cells can be 
seen clearly, preferably as a single layer of cells.  
 
(a) Describe the distribution of the coloured contents within the cells. 

pigment is uniformly / evenly distributed in all cells / coloured content filled the entire 
cell; 

 

[1] 
 
 

Mount another piece of epidermis in 1 mol dm-³ sucrose solution. Blot off excess water with 
filter paper before you add the solution.  

 
(b) (i) After about one minute, make a large labelled drawing to show the detailed structure 

of one epidermal cell which is typical of the most deeply coloured cells which you can see. 
Max four from: 

1 Use clear continuous lines (quality of line) with no shading, cellulose cell wall shown 
as double lines; 

2 only one cell drawn + shows expected degree of plasmolysis (with detached cell 
membrane from cell wall with some intact attachment points) ; 

3 Correct relative proportion of thickness of cell wall to cell / cell shape typical of onion 
cell (longish, rectangular); 

4 At least 3 correct labels: cell wall, cell surface membrane, cytoplasm, external solution 
/ sucrose solution , vacuole  

 

 

 
[4] 
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(ii) Describe and explain for the appearance of the cells when placed in 1 mol dm-³ 
sucrose solution. 

(description) cell surface membrane pulled away from cell wall ; 

(description) purple pigment looks denser/darker within the cell; 

water moved from a region of less negative water potential (inside the cell) into a 
region of more negative water potential (the surrounding sucrose solution) through a 
partially permeable membrane via osmosis; (ref to direction of movement and 
process) 

pigments retained within vacuole because of high molar mass; pigments retained within vacuole because of high molar mass;

[3] 

Mount another piece of epidermis in 1 mol dm-³ potassium nitrate solution. Immediately 
observe the detailed structure of a typical pigmented cell. 

(iii) Compare the appearance of this cell with that drawn in (b)(i).

more extensive plasmolysis; 

pigment/ purple colour looks more intense; 

cell content looked broken/ fragmented/ “dried up” in some cells cell content looked broken/ fragmented/ “dried up” in some cells

[2] 

(iv) Suggest a reason for the differences in the appearances of the two cells in the two 
solutions. 

KNO3 dissociates in water to give twice the solute concentration/ K+ and NO3- 

more negative water potential in the external solution compared to inside cell; 

gradient is steeper, more water moves out of cell via osmosis; 

[2] 

(c) Several chemicals are known to affect membrane permeability.  
Suggest how ethanol may have an effect on onion epidermis. 

Ethanol: It dissolves the phospholipids; 
Or As the polar –OH group in ethanol can form interactions with polar phosphate 
head of the phospholipid; 

Purple pigments will leak out of the cell as tonoplast & cell surface membrane is 
disrupted 

caaals ss s s arararaare knknnowowowowownnnnn ttotototo aaafffffffff ececececect t mmmembmmbrarararaaaaaaaaaaaaaaanenennnenenennnnennn ppppppppererererererereerrmemememmm ababababbbilillililiiitii y. 
ethahahaanononoollll mamamamaay yyyy haveveveveve aaaaannnnnnnn efefefefefeee ffefef ctctctctcttt ooooooonnnnn oniiiion epepepepepe idddddererererere mimimimmimis.s.s.s.s  

dissolves the phospholliipids; 
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[2] 

(d) Fig. 2 is a stained transverse section through part of the stem of a different plant species. 
You are not expected to be familiar with this specimen. 

Fig. 2 

A student calibrated the eyepiece graticule in a light microscope using a stage micrometer 
scale so that the actual length of the vascular bundle could be found. 
The calibration was: one eyepiece graticule division equal to 11 m. 

Fig. 2 shows a photomicrograph taken using the same microscope with the same lenses as 
the student. Use the calibration of the eyepiece graticule division and Fig. 2 to calculate the 
actual length of the vascular bundle, shown by line Y. 

You may lose marks if you do not show all the steps in your working and do not use 
appropriate units. 

72 (±1) division x 11 m = 792 m  
records correct number of eyepiece graticule units ; 

shows multiplication by 11 ;  
correct answer + units ; 

[3] 

[Total:17]

722 ((±1±1) didivivisisionon x 1111 mmmmmmmmmmm ===== 79797979222 m m m  
rerecoordrdss cocorrrecctt nunumbmberer oof f eyeyeppppppppppppieieieieieieieiieececeececececeee gggratititicucuculele un

shshowows s mumultltipiplilicacation bbby y y 111111 ;;;
ccorrrecectt ananswsweer + uuuninin ts ;; 
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3 All green plants photosynthesise in the light, taking in carbon dioxide and releasing oxygen. 
They also respire continuously, taking in oxygen and releasing carbon dioxide. The light 
intensity at which photosynthesis and respiration occur at the same rate, so that there is no 
net gas exchange, is called the compensation point.  

Compensation points can be investigated using hydrogencarbonate indicator solution. This 
is harmless to living organisms but changes colour over a range of concentrations of carbon 
dioxide due to changes in pH, as shown in Table 3.1. 

Table 3.1 

increasing CO2 in indicator 
 

atmospheric CO2 level decreasing CO2 in indicator  
 

yellow  orange red  magenta purple 
pH 7.6 pH 7.8 pH 8.0 pH 8.2 pH 8.4 pH 8.6 pH 8.8 pH 9.0 pH 9.2 

Hydrogen carbonate indicator is red in equilibrium with atmospheric air. It changes from red 
to magenta to deep purple as carbon dioxide concentration decreases. It changes from red 
to orange to yellow as carbon dioxide concentration increases 

Monitoring the colour of hydrogencarbonate indicator solution in sealed vessels containing 
plant material can show whether carbon dioxide is being taken in or given out. 

One factor that can affect the compensation point is whether a leaf is adapted for low light 
intensities (shade leaf) or high light intensities (sun leaf). Shade leaves would be expected to 
reach their compensation points at a lower light intensity than sun leaves.  

Light intensity = 1/d2, where d represents the distance from the light source 

Some plants produce both shade and sun leaves depending on where the leaves develop. 
For example, an aquatic plant can produce sun leaves at the top where they are in direct 
sunlight and produce shade leaves lower down where light intensity is reduced. 

Using this information and your own knowledge, design an experiment to find the light 
intensity at which shade leaves and sun leaves from an aquatic plant reach their light 
compensation points. 

Comparison of the results would then allow testing of the hypothesis that shade leaves reach 
their compensation points at a lower light intensity than sun leaves. 

You must use: 
 hydrogencarbonate indicator solution 

 colourimeter and cuvette 

 sun and shade leaves from an aquatic plant. 

nts.ssss  

e rerereresusuusultlltlttsss s wowowowowouuulu d thhhhhhenenenenen aaaaaaalllllllllowowowoo tttttesesesesesee tttitt ng offff thththththhhhhe ee e e hyhyhyhyhyypopopopopoththththtt eeeeesis
on pppoiooo ntntntntnts ss s s atatatatat aaaaa lowowowowowererererer llllligigigigigghththttht iiiiiintntntntntenenenenennsssiss ty tthahahahahannnnnn susususuun n nn n leleleleleleaves.
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You may select from the following apparatus and use appropriate additional apparatus: 
 normal laboratory glassware, e.g. test-tubes, boiling tubes, beakers, measuring cylinders, 

graduated pipettes, glass rods, etc. 

 syringes 
 timer, e.g. stopwatch 

 bungs 

 bench lamp with 60W bulb 
 

Your plan should: 

 have a clear and helpful structure such that the method you use is able to be repeated by 
anyone reading it 

 be illustrated by relevant diagram(s), if necessary, to show, for example, the arrangement 
of the apparatus used 

 identify the independent and dependent variables 

 describe the method with the scientific reasoning used to describe the method so that the 
results are as accurate and repeatable as possible 

 include layout of results tables and graphs with clear headings and labels 

 use the correct technical and scientific terms 

 include reference to safety measures to minimise any risks associated with the proposed 
experiment.  

[Total:14]
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Suggested answer: 
 
Theory (1m max) 

 Respiration: Reference to decarboxylation during Krebs cycle, release carbon dioxide
 Photosynthesis : Ref to carbon fixation during Calvin cycle catalyzed by Rubisco

Independent variable: 

 light intensity and uses at least five different light intensities uniformly spaced or derived, 
e.g. regularly increasing distance from light source. 

 
Dependent variable 

 Absorbance / Light transmission measuring the colour change in hydrogencarbonate 
indicator solution.

Variables kept constant: 
 size / area of leaves used (e.g. mass / length / same species), 

 Temperature, 

 fixed duration of light exposure
 Volume of indicator, 

 
 
 
Procedure: 

 Annotated diagram 
 

 Control:  
1. Repeat the experiment replace leaves with glass beads (inert object) 

 
 Repeats/replicates: 

1. Repeat the experiment at least two more times with fresh sun and shade leaves 
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 Key steps: 
 

1. Select and carefully remove 1 sun leaf and 1 shade leaf of similar leaf area from the 
same aquatic plant.  

2. Label two boiling tubes, “sun” and “shade”.  
3. Using a syringe, measure 10 cm3 of hydrogencarbonate indicator into each of the boiling 

tubes.  
4. Ensure that the starting colour of the indicator solution is red. 
5. Fit each tube with a rubber bung and wrap both tubes with aluminium foil.  
6. Set-up a 28.00C water bath using a large beaker as shown in the diagram. Place the 

boiling tubes in the water bath and let it equilibrate for 2 minutes.  
7. Using a metre ruler, measure a distance of 25 cm from the beaker and place the bench 

lamp with 60W bulb at the spot.  
8. Place the sun and shade leaves into the respective boiling tubes and make sure that 

them are fully submerged. Ensure that both test tubes are tightly sealed using 
petroleum jelly around the rubber bungs. 

9. Remove the foil from the boiling tubes. Turn on the bench lamp and start the 
stopwatch. Record the colour change of the hydrogencarbonate indicator at the end of 
5 minutes.  

10. Set up a control test tube using steps 1-9, replacing the leaf with a glass bead of similar 
mass. 

11. Calibrate the colorimeter to green light using the solution from the control test tube. 
12. Transfer 1ml of the hydrogencarbonate indicator solution into a cuvette after 5 min and 

measure the colour intensity of the solution using a particular wavelength (green light). 
13. Repeat steps 4 – 10 with the bench lamp placed at varying distances in decreasing 

order from 20, 15, 10 and 5 cm away from the beaker.  
14. Repeat steps 1 – 11 twice using a fresh set of sun and shade leaves to obtain two 

more readings to calculate mean.  
15. Record the data in a suitable format. Calculate the mean light intensity for the sun and 

shade leaves to reach light compensation point. 
 
Data recording and processing: 
 

distance of the lamp 
from the beaker / cm 

Light intensity, 1/d2 

/cm-2 
Absorbance / % 

1 2 3 Mean 
25      
20      
15      
10      
5      

 
Graph with axes drawn correctly; 
 
Risks and precautions: (reference to hazard and precaution) 

 Be careful when handling the bench lamp and avoid touching the hot light bulb with your 
bare hands. 

 Be careful when plugging in the electric cable that connects to the bench lamp to avoid 
electric shock. 

 

KiasuExamPaper.com

  
  
   
  

   

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



9744 / H2 Biology / 04 

16

Confidential Instructions: 

 
Candidates are advised to spend no more than: 
 

 60 minutes on Question 1. 
 50 minutes on Question 2. 
 35 minutes on Question 3. 
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Apparatus List 

Candidates will require: 

Question 1 

1 DCPIP 
2 Ascorbic acid (AA) labelled  

0.5 mgcm-3 , 
1.0 mgcm-3 ,  
2.0 mgcm-3 and 
4.0 mgcm-3  

3 4% glucose 
4 Distilled water 
5 Benedict’s solution 
6 Orange juice 
7 12 Test tubes 
8 1 test tube rack 
9 1 test tube holder 
10 3 2-ml syringes 
11 2 5-ml syringes 
12 1 Glass rod 

13 1 dropper 
14 4 50-ml beakers 
15 1 250ml beaker 
16 1 500ml beaker 
17 1 stopwatch 
18 1 wire gauze 
19 1 Bunsen burner 
20 1 tripod stand 
21 1 lighter 
22 1 wash bottle labelled as distille

water 
23 1 pair of goggles 
24 1 permanent marker 

Question 2 

1 Red onions 
2 1M Sucrose  
3 1M Potassium nitrate (oxidising, toxic) 
4 1 Petri Dish  
5 2 microscopic glass slide 
6 2 cover slips 
7 4 droppers 
8 2 filter papers 
9 1 pair of scissors 
10 1 forceps 
11 1 mounted needle 

mm nnnnititititraraarar tee (oxxoxoxoxidididididisssssininnnnggggg,, tottooxiccc))) 

ic ggggglalalaaaass sliiiidededede 
s 
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1 The electron micrographs show various organelles labelled P to T in a liver cell. 

 

 
Radioactive amino acids are supplied to the liver cell to synthesise insulin receptors. 
 
Which sequence shows the correct order in which these amino acids would be detected in the 
organelles during the synthesis of insulin receptors? 

 A Q  T  P  S 

 B Q  T  R  P  S 

 C T  P  S  R  

 D T  S  P  
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3 The diagram shows the structural formulae of three polysaccharides. 

 

 
 
Which row is correct? 
 

1 2 3  

A amylose cellulose glycogen  

B amylose amylopectin cellulose 

C cellulose amylose amylopectin  

D glycogen cellulose amylose  

 

 

 

 

 

 

 

 

2 Which statements about the cell theory are correct? 
 

1 All cells contain nucleus.  
 

2 All cells divide from pre-existing cells. 
 

3 All cells divide to form new daughter cells. 
 

4 Cells are the smallest unit of life. 
 

5 Living organisms are composed of cells. 
 

 A 1, 2 and 3 

 B 1, 2 and 4 

 C 2, 4 and 5  

 D 3, 4 and 5 
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4 Many eukaryotic cells have proteins as part of their plasma membranes. An experiment was 
performed on two different animal cells. The diagram shows the positions and shapes of two 
proteins on the plasma membranes of the two different cells. 

 
These cells were then fused. After one hour, the plasma membrane of the resulting living cell 
was observed. The diagram shows the changed positions of the proteins. 

 
What best explains the redistribution of proteins on the plasma membrane? 
 

 A the amphipathic nature of the phospholipid bilayer 

 B the fluidity of the phospholipid bilayer 

 C the presence of cholesterol at high temperature in the plasma membrane 

 D the presence of saturated fatty acid chains of phospholipids in the plasma membrane 

KiasuExamPaper.com
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5 The diagram shows the action of a liver enzyme called catalase, which breaks down 

hydrogen peroxide into water and oxygen. 

The rate of this reaction can be determined by measuring the volume of oxygen produced in 
a given length of time. Students added small cubes of fresh liver tissue to hydrogen peroxide 
solution of varying concentrations and measured the volume of oxygen produced.  
 
The graph shows how the concentration of hydrogen peroxide affected the rate of oxygen 
production. 
 

 
Which statements are correct? 
 

1 At P, the rate of reaction is limited by the concentration of enzyme. 
 

2 At Q, all of the enzyme active sites are occupied by substrate molecules. 
 

3 At Q, the rate of reaction is limited by the concentration of the substrate. 
 

4 At S, all of the enzyme active sites are occupied by substrate molecules. 
 

 A 1 and 4 

 B 2 and 4 

 C 1, 2 and 3 

 D 1, 3 and 4 

 
 

 

 

 

 

 

 

 

2 H2O2 2 H2O + O2
catalase

rate of oxygen production 

concentration of hydrogen peroxide 
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7 Mesenchymal stem cells can differentiate into several types of cells belonging to our skeletal 

tissue, such as cartilage, bone and fat. 
 
Which statement correctly describes mesenchymal stem cells? 
 

 A They are specialised cells that can give rise to a variety of cell types. 

 B They can be stimulated by chemical signals to express certain genes. 

 C They lose genetic information as they differentiate. 

 D They occur in large numbers in the bone marrow. 

 
 
8 What is an accurate description of the coding of protein structure by DNA? 

 
 A 64 different complementary codons used in transcription to make the three-dimensional 

shape of the tertiary structure 

 B a code, with several triplets for each amino acid, determining the shape of the -helix 
for the secondary structure 

 C a degenerate, non-overlapping code for the primary structure, determining the location 
of the folding sites involved in tertiary structure 

 D amino acids coded for by three consecutive bases, used with tRNA anticodons in 
translation to determine the quarternary structure 

 
 
 
 
 
 
 
 
 
 
 

6 Ethylene glycol is a chemical used to prevent water from freezing. If ethylene glycol is 
swallowed accidentally, it is metabolised by an enzyme found in liver cells to produce a toxic 
product.  
 
The enzyme normally catalyses the oxidation of ethanol to a harmless product.  
 
People who have swallowed ethylene glycol are treated with large doses of ethanol. This 
prevents formation of a toxic product and allows the body to excrete the ethylene glycol.  
 
Which statement describes why this treatment works? 
 

 A Ethanol binds near the active site on the enzyme, altering its shape.  

 B Ethanol binds permanently to the active site of the enzyme, blocking it. 

 C Ethanol changes the tertiary structure of the enzyme, denaturing it.  

 D Ethanol is more likely to bind to the active site on the enzyme. 
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9 An mRNA codon for the amino acid arginine is CGG. 

How many arginine molecules are present in part of the polypeptide, containing eight amino 
acids, coded for by the following DNA template? 

TCGGCCTACCGGGCCCATGCCAAT 

 A 0 

 B 1 

 C 2 

 D 3 

10 What increases the possibility of antigenic shift in influenza virus? 

 A infection of multiple individuals with the same strain of influenza virus 

 B lack of proofreading ability in viral RNA polymerase 

 C presence of herd immunity 

 D simultaneous infection of one individual with two different strains of influenza virus 

11 Which event is most likely due to bacterial conjugation? 

 A A gene encoding resistance to gentamicin in the Escherichia coli chromosome appears 
in the genome of a bacteriophage that has infected Escherichia coli. 

 B A strain of Corynebacterium diphtheriae produces a toxin encoded by a prophage. 

 C A strain of Pseudomonas aeruginosa produces -lactamase encoded by a plasmid 
similar to a plasmid of another Gram-negative bacterium. 

 D An encapsulated strain of Streptococcus pneumoniae acquires the gene for capsule 
formation from an extract of DNA from another encapsulated strain. 
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12 Which rows correctly compare generalised and specialised transduction? 

 

 generalised transduction specialised transduction 

1 Any donor gene can be 
transferred by the phage. 

Only certain donor genes can be 
transferred by the phage. 

2 
The transducing phage  

contains a hybrid  
chromosome in its capsid. 

The transducing phage 
contains only bacterial  

chromosome in its capsid. 

3 Phage genome is transcribed. Phage genome is not transcribed. 

4 The donor cell lyses,  
releasing the phages. 

The donor cell lyses,  
releasing the phages. 

 

 
 A 1 and 3 

 B 1 and 4 

 C 2 and 3 

 D 2 and 4 

 
 
13 Which statement correctly describes the control of transcription of the genes involved in the 

breakdown of lactose in Escherichia coli? 
 

 A A repressor protein binds to the operator and the genes are switched on. 

 B A repressor protein binds to the operator and the genes are switched off. 

 C A transcription factor binds to the promoter and the genes are switched on. 

 D A transcription factor binds to the promoter and the genes are switched off. 

 
 
14 A region of eukaryotic DNA consists of over fifty tandem repeats of the same sequence of 

twelve bases.  
 
Where is this repetitive region least likely to be found? 
 

 A an exon 

 B an intron 

 C centromere  

 D promoter 
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15 Cyclins are regulatory proteins that associate with cyclin-dependent kinases (CDKs) to 

control the different stages of the cell cycle. The right type and amount of cyclins and CDKs 
must be present at the different stages to ensure regulation of the cell cycle.  
 
The diagram shows the concentrations of the different CDKs. 
 

 
 
How could the levels of the different CDKs be regulated during these stages? 
 

1 binding of repressor to operator 
 

2 formation of heterochromatin 
 

3 length of mRNA poly(A) tail 
 

4 ubiquitination of CDKs 
 

 A 1 and 2 

 B 1 and 3 

 C 2 and 4 

 D 3 and 4 

 
 
16 Which group of genes are common tumour suppressor genes? 

 
 A genes involved in DNA synthesis 

 B genes involved in maintenance of cell cycle checkpoints 

 C genes involved in signal transduction 

 D genes involved in stimulation of cell division 
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17 Chromosomal mutations were induced to produce a fertile hybrid species from cabbage and 

radish. 
 
The table shows the chromosome numbers in the parental species and the hybrids. 
 

type of cell number of chromosomes per cell 

parental cabbage 18 

parental radish 18 

parental gametes 9 

F1 hybrids 18 

F1 gametes 9 

F2 hybrids 18 

F2 gametes 18 

F3 hybrids 36 
 
At which stage did the chromosomal mutation occur? 
 

 A during the formation of the F1 gametes 

 B during the formation of the F2 gametes 

 C during the fusion of the parental gametes 

 D during the fusion of the F1 gametes 

 
 
18 Which observation would rule out an X-linked trait in an extended family pedigree? 

 
 A females expressing the disease  

 B female-to-male transmission 

 C males expressing the disease 

 D male-to-male transmission 
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19 The pedigree shows the inheritance of a disease in a family for four generations. 

 

 
 
 
What is the probability that individual IV-3 is a carrier of the disease? 
 

 A 0% 

 B 50% 

 C 75% 

 D 100% 
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20 A student measured the biomass that was produced by bacterium A and bacterium B in 

shake flasks containing glucose as substrate. For each type of bacterium, there were four 
replicate flasks. 
 
The mean biomass that was produced by bacterium A and bacterium B is 487.5 mg and 
257.5 mg respectively. The standard deviations of the biomass that was produced by 
bacterium A and bacterium B are 27.5 mg and 22.2 mg respectively. 
 
The student then performed a t-test with the null hypothesis that there is no significant 
difference between the biomass that was produced by bacterium A and bacterium B. 
 
The following formula was used to calculate the t statistic. 
 

 
Keys to symbols: 
s = standard deviation     x = mean       n = sample size 
x = observation      v = degree of freedom 
 
Part of the t table is shown below. 
 

 
 

Which conclusion is correct? 
 

 A t calculated is much higher than t critical so it is not statistically significant. Hence, we accept 
the null hypothesis.

 B t calculated is much higher than t critical so it is statistically significant. Hence, we reject the 
null hypothesis. 

 C t calculated is much lower than t critical so it is not statistically significant. Hence, we accept 
the null hypothesis. 

 D t calculated is much lower than t critical so it is statistically significant. Hence, we reject the 
null hypothesis. 
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21 The graph shows the absorption spectrum for chlorophyll a and the photosynthetic action 
spectrum of a plant. 

Why are they different? 

 A Chlorophyll a absorbs different wavelengths of light to different extents.  

 B Chlorophyll a is not present in the plant. 

 C Chlorophyll a is not the only pigment in the plant that absorbs light. 

 D Chlorophyll a is the main pigment responsible for photosynthesis in the plant. 
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22 The diagram summarises the pathway of glucose breakdown. 

 

 
 
Which two steps result in a net increase of ATP? 
 

 A 1 and 4 

 B 2 and 4 

 C 2 and 5 

 D 3 and 5 

 
 
23 What is the main purpose of the second messengers in signal transduction pathways? 

 
 A allow for long distance signalling between cells 

 B amplify the signal by phosphorylating proteins 

 C relay a signal from the outside to the inside of the cell  

 D relay a signal from the plasma membrane to the cytoplasm 

 
 
24 Why has evolution resulted in the appearance of antibiotic resistant bacteria? 

 
 A Bacteria develop resistance due to the incomplete course of antibiotic. 

 B Bacteria learn the ability to neutralise the effect of antibiotic and they pass on this 
characteristic to their next generation. 

 C Bacteria modify their metabolism to cope with the presence of antibiotics. 

 D Bacteria that are resistant to the antibiotic survive and pass on this characteristic to their 
next generation. 

 
 
 
 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



©NJC 2017 9744/01/SH2/H2/Biology/Preliminary Examination      [Turn over

15
 
25 Australian Eucalyptus trees characteristically have two types of leaves, a juvenile (young) 

form and an adult form. As shown in the diagram, the juvenile leaves are held horizontally 
and are relatively large and broad, while the adult leaves hang vertically and are long and 
narrow. 
 

 
 

What is a selection pressure that is likely to have the greatest influence on the evolution of 
the juvenile leaf shape and position? 
 

 A competition for light 

 B consumption by herbivores  

 C high ambient temperatures 

 D nutrient availability 

 
 
26 The various taxonomic levels of the hierarchical classification system differ from each other.  

 
How are they different? 
 

 A inclusiveness of the different taxonomic levels 

 B morphological characters that are applicable to all organisms 

 C relative distribution of organisms throughout the environment 

 D relative genome sizes of the organisms 

 
 
27 A park ranger was injected with antivenom immunoglobulins to treat a snake bite. The 

treating doctor explained that the injection would not protect him against future snake bites. 
 
What type of immunity does the antivenom immunoglobulin confer? 
 

 A active and artificial immunity 

 B active and natural immunity 

 C passive and artificial immunity 

 D passive and natural immunity 
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28 The diagram shows the structure of an antibody IgG. 

 

 
 

Which statement about the structures labelled 1 to 3 is incorrect? 
 

 A Structure 1 differs in the different classes of antibodies produced by the same cell. 

 B Structure 1 is highly variable and specific to the epitope of the antigen that it binds to. 

 C Structure 2 allows flexible movement of the two arms of the antibody for binding to 
antigens. 

 D Structure 3 is important for interaction with effector cells and molecules. 

 
 
29 Which statement about climate change is true? 

 A As average global temperature rises, average precipitation increases. 

 B Melting sea ice has a greater effect on global sea level rise than melting land ice.  

 C Shrinking sea ice in the Artic is fully offset by growing sea ice in the Antarctic.  

 D Water vapour, carbon dioxide, methane and nitrogen are greenhouse gases.  

 
 
30 Levels of carbon dioxide in the atmosphere fall during summer in the northern hemisphere. 

 
What best explains this trend? 
 

 A seasonal decrease in the use of fossil fuel and wood for heating   

 B seasonal increase in the amount of carbon dioxide dissolved in the oceans  

 C seasonal increase in the rate of decay of organic matter  

 D seasonal increase in the rate of photosynthesis in the northern hemisphere 
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Section A 

Answer all the questions in this section. 

1 Fig. 1.1 shows the process of collagen synthesis in a fibroblast cell. 

Fig. 1.1 

(a) Identify organelles A and B in Fig. 1.1. 

Organelle A:

  Organelle B: [1]

(b) Collagen has hydroxylproline and hydroxylysine, which are not present in many other
proteins. Based on Fig. 1.1, deduce how these modified amino acids are incorporated 
into collagen. 

[2]
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(c) Describe the bonds formed between the polypeptide chains of procollagen. 

[2]

(d) Procollagen needs to be transported out of the cell via process 1.  

 (i) Describe process 1. 

[3]

 (ii) Suggest why it must be transported out of the cell via process 1 and cannot be 
transported across the membranes out of the cell directly. 

[2]

(e) With reference to Fig. 1.1, suggest why tropocollagen is less soluble than
procollagen. 

[2]

[Total: 12]
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2 Mutations can be inherited or acquired in a person’s lifetime. Inherited mutations must be
present in the parent’s germ cells in order to be passed on to the child. On the other hand,
acquired mutations arise due to environmental factors or errors in the cell cycle.  

(a) Identify three specific phases in the cell cycle where different types of mutations are
likely to happen. 

[1]

(b) Explain how mutations occur in the phases identified in (a).

[3]

(c) In some cases, a mutation in the coding sequence of a gene does not change the
amino acid sequence of the protein.  

Explain why such a mutation has no effect on the amino acid sequence of the protein.

[3]
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(d) Distinguish between gene mutation and chromosome structural mutation. 

[3]

(e) The accumulation of mutations may increase the chances of cancer. One of the 
causative factors of cancer is loss of immunity.  

Explain the role of the immune system in preventing cancer. 

[2]

[Total: 12]
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3 Fig. 3.1 shows the development of B cells and the fate of a specific B cell after
encountering an antigen.  

Fig. 3.1 

(a) With reference to Fig. 3.1, 

 (i) describe the genetic mechanism that occurs during process P, and explain its
biological significance, 

[3]

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



7

© NJC 2017 9744/02/SH2/H2 Biology/Preliminary Examination  [Turn over

 (ii) explain how process Q leads to process R.

[3]

(b) After eliminating the antigens, the plasma cells would undergo apoptosis. Only a
small number of memory B cells would persist in the blood for a long period of time
after the infection.  

Memory B cells have similar properties to haematopoietic stem cells. Compare
memory B cells and haematopoietic stem cells. 

[2]

[Total: 8]
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Section B 

Answer all the questions in this section. 

4 The rate of respiration in cells can be controlled by regulating the activity of various
enzymes involved in respiration.  

Phosphofructokinase (PFK), an important enzyme in glycolysis, can be regulated by 
adenosine triphosphate (ATP) and adenosine monophosphate (AMP). It catalyses the 
phosphorylation of fructose-6-phosphate (F-6-P) to fructose-1,6-bisphosphate. 

Fig. 4.1 shows the T and R states of PFK under high and low concentrations of ATP 
respectively.

Fig. 4.1 

 (a) With reference to Fig. 4.1, 

 (i) describe two roles of ATP in the PFK-catalysed reaction, 

[2]

 (ii) explain the effect of AMP on the rate of glycolysis. 

[4]
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Fig. 4.2 shows the results of an experiment investigating the effect of temperature on a 
reaction catalysed by PFK. The same starting concentration of substrate and the same
starting concentration of enzyme were used for each temperature tested. Reactions were
kept at different temperatures for periods of one, two and five hours, after which the
quantities of product formed were determined. 

Fig. 4.2 

(b) Explain the effect of increasing temperature on the quantity of product formed from 
the reactions kept at different temperatures for one hour. 

[4]
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(c) Explain the difference in the optimum temperature for the reactions after one, two 
and five hours. 

[2]

[Total: 12]
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5 In cats, coat colour is determined by the X-linked, codominant alleles: black (B) and 
orange (O). A calico female, which is the homogametic sex, is bred many times with a 
black male. They produced the following offspring: 

black female    27 

calico female   20 

black male       31 

orange male    18 

(a) Explain the meaning of the terms: 

 (i) X-linked,

[1]

 (ii) codominant.

[1]
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(b) Draw a genetic diagram in the space below to show the expected phenotypic ratio of
the offspring from the cross described. 

[5]
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(c) Carry out a chi-squared ( 2) test to determine whether the observed data fits the 
expected phenotypic ratio of the offspring from the cross described. 

Table 5.1 shows part of the table of probabilities for the chi-squared test. 

Table 5.1 

Show your working clearly and state your conclusion in the space below. 

Conclusion:

[5]

[Total: 12]
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6 During photosynthesis, carbon dioxide reacts with ribulose bisphosphate (RuBP) to form 
two molecules of glycerate 3-phosphate (GP). This reaction is catalysed by the enzyme
Rubisco.

Rubisco can also catalyse a reaction between RuBP and oxygen to form one molecule of
GP and one molecule of phosphoglycolate. However, phosphoglycolate cannot be used 
in the light-independent reaction of photosynthesis. 

Fig. 6.1 shows both the reactions catalysed by Rubisco. 

Fig. 6.1 

(a) (i) State exactly in a cell where the enzyme Rubisco is found 

[1]

 (ii) Use the information provided to give the number of carbon atoms in one
molecule of phosphoglycolate. 

[1]
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(b) A scientist investigated the effect of different concentrations of oxygen on the rate of
absorption of carbon dioxide by leaves of soya bean plants. His results are shown in 
Fig. 6.2. 

Fig. 6.2 

 (i) Use Fig. 6.1 to explain the results shown in Fig. 6.2. 

[2]

 (ii) Using the information provided and your knowledge of the light-independent 
reaction, explain why the glucose yield from soya bean plants is decreased at
higher concentrations of oxygen.  

[3]
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(c) Another scientist investigated the uptake of radioactively labelled carbon dioxide in
chloroplasts. She used three tubes, each containing different components of
chloroplasts.  

Table 6.1 shows the uptake of radioactively labelled carbon dioxide in each tube. 

Table 6.1 

 (i) Explain why the result in tube B is similar to that in tube A.

[1]

 (ii) Use the information in Table 6.1 to predict the uptake of radioactively labelled 
carbon dioxide if tube A was placed in the dark. Explain your answer. 

[2]

[Total: 10]
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7 A student investigated respiration in a population of yeast growing in a sealed container. 

Fig. 7.1 shows the results of his investigation. 

Fig. 7.1 

(a) Calculate the rate of oxygen uptake in arbitrary units per hour between 2 and 4 hours.

[1]
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(b) With reference to Fig. 7.1, explain the changes in oxygen uptake and ethanol
production by yeast during this investigation. 

[6]

(c) Sodium azide is a substance that inhibits the electron transport chain in respiration.
The student repeated the investigation but added sodium azide after 4 hours. 

Suggest and explain how the addition of sodium azide would affect oxygen uptake 
and ethanol production by yeast. 

[3]

[Total: 10]
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Section C 

Answer all the questions in this section. 

8 The endocrine system facilitates the communication between different cells through the
release of hormones into the bloodstream. Binding of hormones to receptors on or within 
target cells initiates signal transduction, which may result in a change in gene expression.

(a) Fig. 8.1 shows the signalling pathway of glucocorticoid receptor (GR) mediated gene 
expression. GR is activated when it is bound to glucocorticoids (S), which is a of
steroid hormone. Activated GR binds to glucocorticoid response elements (GREs)
within the promoter of target genes. This results in the recruitment of the chromatin
remodelling complex, BRG1 complex.  

Fig. 8.1 

 (i) GRs are known to have highly conserved regions that are structurally important 
for its function.  

With reference to Fig. 8.1, describe two structural features of GR that allows it 
to carry out its role.

[4]
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Fig. 8.2 shows the effect of BRG1 complex binding to the promoter of a target gene.

Fig. 8.2 

 (ii) With reference to Fig. 8.2, describe the effect of BRG1 complex binding to the 
promoter on gene expression.

[2]

 (iii) Briefly describe one other mechanism that may bring about a similar effect on
gene expression as described in (ii).

[1]
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(b) The signal transduction pathway in Fig. 8.3 is initiated by the binding of the growth 
factor (GF) to the receptor tyrosine kinase (RTK). This pathway controls the
fundamental cellular processes such as growth, proliferation and differentiation. 

Fig. 8.3 

With reference to Fig. 8.3, 

 (i) describe how RAS, a G protein, is activated by GF, 

[4]

 (ii) explain one significance of the series of events that occur after the activation of
RAS. 

[2]

[Total: 13]
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9 Reef-building corals are marine invertebrates found in shallow, clear, tropical oceans. The
corals secrete an exoskeleton of calcium carbonate that becomes the underlying structure 
of the coral reef ecosystem. 

Zooxanthellae are a group of unicellular algae from the genus Symbiodinium that live 
within the cells of reef-building corals. The relationship has been described as mutualistic
since it is beneficial to both the corals and the zooxanthellae. 

(a) Evidence shows that the mutualistic relationship between reef-building corals and 
zooxanthellae has evolved from free-living algae invading corals that initially did not 
contain algae. 

 (i) Corals are usually found in shallow areas at depth of less than 40 metres.
However, some coral reefs extend even deeper, up to about 130 metres.  

Explain why this is possible for deep-sea corals.

[2]

 (ii) Suggest the benefits to the zooxanthellae of their association with the corals.

[2]

 (iii) During stressful conditions, coral bleaching may occur where zooxanthellae are
expelled from coral. Coral bleaching can lead to death of the coral. 

Suggest one reason why permanent loss of zooxanthellae can lead to death of
the coral.

[1]
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(b) The temperature range for healthy survival of reef-building coral is 25 °C – 29 °C. 
Increased sea temperature associated with global climate change is known to be an
environmental stress that can cause coral bleaching. 

 (i) Suggest why the areas of sea containing coral reefs are susceptible to
increased temperature resulting from global climate change.

[1]

 (ii) Raw sewage released into the oceans may contain bacteria that cause disease 
in corals. 

Suggest how global warming increases the rate of coral bleaching caused by
bacterial disease.

[1]

(c) Recently, the International Union for Conservation of Nature (IUCN) has assessed
over 47% of reef-building coral species as threatened, or near-threatened, with a 
global risk of extinction.  

Explain how the loss of reef-building corals reduces biodiversity at different levels. 

[4]

[Total: 11]
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Section A 

Answer the question in this section. 

1 Fig. 1.1 shows two electron micrographs of cells A and B, both of which are not shown to 
scale. 

                               cell A                                                        cell B

Fig. 1.1 

(a) Name the structures labelled W to Z in Fig. 1.1. 

 W

X

Y

Z

[2]
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(b) Some scientists support the theory that structure W in cell A originated from cell B.

 (i) Give two pieces of evidence that support this theory. 

[2]

(ii) Explain why it is advantageous for cell A to have many copies of structure W.

[2]

(c) Outline the process in which cell B divides into two cells. 

[3]
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(d) A scientist investigated the effect of a specific drug on two strains of the same
species of cell B.

 One strain, SR, shows a stringent response in the presence of this drug. 
Part of the response involves stopping cell division. This gives this strain a
greater resistance to the effect of this drug. 

 The other strain, non-SR, cannot carry out a stringent response. 

The scientist grew cultures of the SR strain and the non-SR strain containing the 
same number of cells. He then stopped each strain from dividing and exposed them
to different concentrations of the drug. After a fixed time, he estimated the number
of living cells remaining in the cultures. 

Fig. 1.2 

(i) With reference to Fig. 1.2, describe the differences in the effect of increasing the
concentration of drug on the SR strain and the non-SR strain.                                    

[3]
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(ii) The scientist concluded that stopping cell division is not the only way in which the
stringent response gives resistance to this drug. 

Explain how Fig. 1.2 supports this conclusion. 

 [1]

(e) Another scientist attempted to sequence the genome of cell A. Due to the sheer size of
the genome, the chromosomes could not be sequenced directly. Each chromosome
must first be digested by a restriction enzyme into smaller fragments. Each purified 
restriction fragment is then sequenced – a process that involves two procedures.  

Fig. 1.3 shows the first procedure of the sequencing process, which is a modified
Polymerase Chain Reaction (PCR). The DNA sample is divided into four separate 
sequencing reactions, each containing all four of the standard deoxynucleotides and the
DNA polymerase. Only one of the four dideoxynucleotides (ddG, ddA, ddT, or ddC) is 
added to each reaction. 

Fig. 1.3 

Fig. 1.4 shows the structure of a dideoxyribonucleotide. 

Fig. 1.4 

radioactive primer
denatured
template

template / product
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The second procedure of the sequencing process produces a result shown in 
Fig. 1.5, from which the DNA sequence can be read. 

Fig. 1.5 

(i) On Fig. 1.3, label the 5’ and 3’ ends of the DNA marked with an asterisk (*). [1]

(ii) Describe four features that distinguish the process in Fig. 1.3 from that of in vivo
DNA replication. 

[4]

radioactive strands
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(iii) With reference to Fig. 1.4, explain the need to use dideoxyribonucleotides in the
sequencing process.                                                                                                     

[2]

(iv) Describe the procedure that would give rise to the result shown in Fig. 1.5.                

[5]

[Total: 25]
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Section B 

Answer the question in this section. 

2 (a) First seen as poisons, then as life-forms, then biological chemicals, viruses today 
are thought of as being in a grey area between living and nonliving.

State three characteristics of life and for each, explain how dengue virus (DENV) 
challenges the concept of what is considered living. 

[4]

(b) DENV infects its host cell through interaction with specific receptors. Human
monocytes and mouse neural cells are main targets of DENV infection.  

Fig. 2.1 shows the reproductive cycle of DENV, a single-stranded positive-sense
RNA virus. 

Fig. 2.1 
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With reference to Fig. 2.1, describe the differences between the reproductive cycles 
of  DENV and human immunodeficiency virus (HIV). 

[3]

(c) When a pathogen like DENV invades the human body, the main defence against 
such pathogen is the immune system.  

Briefly explain one advantage and one disadvantage of the innate and adaptive 
immune responses against invading DENV. 

[4]
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(d)  DENV is a member of the genus Flavivirus, which contains a number of important 
human pathogens, usually vector-borne. DENV is particularly notable in that it 
exists as four antigenically distinct serotypes (denoted as DENV-1 to DENV-4), 
within which there is considerable genetic variation in the guise of phylogenetically
defined “genotypes”. 

Fig 2.2 shows a phylogenetic tree of DENV serotypes based on the analysis of  
non-structural-5 (NS-5) gene from DENV using molecular methods. 

Fig. 2.2 

 (i) Explain the advantages of using molecular methods in classifying viruses. 

[3]
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(ii) Describe the phylogenetic tree of DENV serotypes shown in Fig. 2.2. 

[3]

 (iii) A different research group published another version of phylogenetic tree of DENV 
serotypes.

Fig. 2.3

 Suggest one reason why the phylogenetic tree in Fig. 2.3 is different from that in
Fig. 2.2. 

[1]
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(iv) One question on the origin of DENV is why it exists as four distinct serotypes. This 
can be explained in two ways: 

 through geographical partitioning in different primate populations 
 evolution in sympatry (within a single population)  

Using your knowledge in evolution, explain how DENV has evolved into four distinct 
serotypes through geographical partitioning. 

[4]

(v) Suggest how evolution into the four DENV serotypes can take place through 
sympatry.

[1]

 (vi) Suggest and explain one possible selection pressure for the evolution into the four
DENV serotypes. 

[2]

[Total: 25]
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Section C 

Answer one question in this section. 

Write your answers on the separate answer paper provided. 

Your answers should be illustrated by large, clearly labelled diagrams, where appropriate. 

Your answers must be in continuous prose, where appropriate. 

Your answers must be set out in section (a), (b) etc., as indicated in the question. 

3 (a) With reference to named examples, explain how the gene expression in
prokaryotes can be regulated using inducible and repressible systems. [13]

 (b) Explain the advantages of regulating gene expression at different levels in
eukaryotes and suggest why prokaryotes have fewer levels of gene regulation. [12]

[Total: 25]

4 (a) Explain the need for a large amount of non-coding sequences in eukaryotes. [13]

 (b) Explain the normal functions of embryonic stem cells (ESCs), distinguish between 
ESCs and induced pluripotent stem cells (iPSCs), and compare the pros and cons
of their use in research and medical applications. [12]

[Total: 25]
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1 In this question, you will investigate the effect of the colour of light on the rate of 
photosynthesis. 

 

The light-dependent reaction of photosynthesis can be examined by the reduction of 
an artificial electron acceptor, 2,6-dichlorophenolindophenol (DCPIP). DCPIP is blue 
when oxidised, and turns colourless when reduced. 

oxidised DCPIP (blue)  reduced DCPIP (colourless) 

 

In this experiment, chloroplast suspension will be mixed with oxidised DCPIP solution, 
which will give a blue-green solution.  

chloroplast + oxidised DCPIP (blue-green)  chloroplast + reduced DCPIP (green) 

 

You are provided with: 

 chilled chloroplast suspension in a brown vial with lid 

 oxidised DCPIP solution 

 5 cm2 cellophane papers of two different colours (red and green) 

 access to spectrophotometer (wavelength set at 620 nm) 

 

Read through steps 1 to 11 and prepare a table to record your results in (a), before 
starting the investigation. 

 Proceed as follows: 

 1 Wrap the bottom part of a test tube with a red cellophane paper and secure it 
with a rubber band near the top edge of the cellophane paper. 

 2 Repeat step 1 with a green cellophane paper. 

 3 Prepare a chloroplast-DCPIP mixture by adding 2 cm3 of DCPIP solution to 18 
cm3 of chloroplast suspension in a 50 ml beaker. Gently swirl the beaker to 
ensure homogeneity. The mixture should appear blue-green. If the mixture 
appears light green, add another 1 cm3 of DCPIP solution. 

 4 Wrap the 50 ml beaker containing the chloroplast-DCPIP mixture with aluminium 
foil to prevent exposure to light. 

 5 Add 3 cm3 of chloroplast-DCPIP mixture into each of the two test tubes prepared 
in steps 1 and 2, and another test tube not wrapped with coloured cellophane 
paper. 

 6 Place all three test tubes at a distance of 10 cm from the lamp and switch on the 
lamp for five minutes. 

 7 After five minutes, decant the solution in each test tube to a plastic cuvette.  

 8 Blank a spectrophotometer with about 3 cm3 of chloroplast suspension (without 
DCPIP) at 620 nm, and then measure the absorbance of the solution in each 
cuvette. 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



3

© NJC 2017 9744/04/SH2/H2 Biology/Practical Examination [Turn over 

 9 Repeat steps 5 to 8 with clean test tubes to obtain a second set of readings. 

 10 Prepare a boiling water bath. Add 18 cm3 of chloroplast suspension to a boiling 
tube and boil it for about three minutes. Allow the chloroplast suspension to cool 
to room temperature. 

 11 Repeat steps 3 to 9 with the boiled chloroplast suspension. 

 

 

 (a) Record your results in a suitable form in the space below. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  [5]
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 (b) Use the grid below to display your results from (a). 

[4] 
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 (c) Describe the purpose of having a test tube not wrapped with coloured cellophane 
paper in the given procedure. 

  

  [1]

   

 (d) Discuss the need for step 11. 

  

  

  

  

  

  [3]

   

 (e) Discuss what your results from (a) suggest about the effect of the colour of light 
on the rate of photosynthesis. 

  

  

  

  [2]

   

 (f) (i) Identify one significant source of error in the given procedure. 

  

  [1] 

   

 (ii) Suggest one modification to the given procedure to reduce the errors 
identified in (f) (i). 

  

  [1]
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 (g) One student did a similar experiment with eight replicates to determine the effect 
of red light and blue light on the rate of photosynthesis.  

Table 1.1 shows the results obtained by the student. 

Table 1.1 

absorbance of the solution at 620 nm / Abs 

red light blue light 

0.047 0.040 

0.055 0.044 

0.049 0.032 

0.045 0.045 

0.050 0.039 

0.044 0.042 

0.060 0.050 

0.052 0.036 

Carry out a t-test to determine if red light and blue light have the same effect on 
the rate of photosynthesis at 5% level of significance, assuming a normal 
distribution and equal variance. 

 
Keys to symbols: 
s = standard deviation     x = mean       n = sample size 
x = observation      v = degree of freedom  

(Please refer to the t-table given to you separately.) 

 You may continue your workings in the space on the next page. 
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  [4]

  

 [Total: 21]
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2 In this question, you will investigate the water potential of potato tissue and onion 
epidermis.  

 

You are provided with known concentrations of sucrose and distilled water as shown 
in Table 2.1. 

Table 2.1 

solution concentration of sucrose solution / mol dm-3 

W 0.0 

S1 0.3 

S2 0.6 

S3 1.0 
 

 

You are also provided with: 

 potato cylinders 

 methylene blue solution 

 onion scale leaf incubated in solution S3 

 

Read through steps 1 to 9 and prepare a table to record your results in (a), before 
starting the investigation. 

 Proceed as follows: 

 1 Add 6 cm3 of distilled water into a test tube and label it “W”. Place another 3 cm3 
of distilled water into a vial and label it “W-blue”. Add one drop of methylene blue 
into the vial W-blue and mix well. This would colour the distilled water blue 
without significant alteration of the water potential.  

 2 Repeat step 1 to dispense sucrose solution S1, S2 and S3 into appropriately 
labelled test tubes and vials. 

 3 Using a scalpel, ensure that any potato skin present is trimmed off. Cut the 
potato cylinders into 5 mm thick discs 

 4 Place 10 potato discs into the test tube W and leave it to incubate for 25 minutes. 
Ensure that the discs are completely soaked in the solution. During this time, you 
may proceed on to part (f) or other parts of the Question Paper. 

 5 After 25 minutes, decant the liquid in test tube W into a suitably labelled clean 
test tubes. 

 6 With a Pasteur pipette, collect a small amount of the coloured solution in the vial 
W-blue.  
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 7 Very gently, by squeezing on the Pasteur pipette, introduce one drop of the 
coloured liquid into the centre of the decanted liquid from W as shown in Fig. 2.1. 
Be careful not to disperse the coloured liquid with any sudden squeezing of the 
Pasteur pipette. Withdraw the pipette slowly. 

 

 

Fig. 2.1

 8 Observe whether the drop of coloured liquid remains in the same position, floats 
or sinks, and how fast it occurred. Release another drop of coloured liquid and 
continue until you are certain you have made the correct observation about the 
behaviour of the drop of coloured liquid. 

 9 Using clean pipettes, vials and test tubes, repeat steps 4 to 8 with solution S1, 
S2, and S3 in turn. In a similar manner, introduce one drop of coloured liquid 
from S1-blue, S2-blue, and S3-blue into the decanted liquids of S1, S2, and S3 
respectively, after incubating the potato discs for 25 minutes.  
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 (a) . Record your observations in the space below. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  [4]

   

 (b) If the coloured drop sinks, it implies that the coloured drop is denser than the 
decanted liquid. Suggest why the decanted liquid becomes less dense after the 
incubation with potato discs. 

  

  

  

  [2]
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 (c) Explain the behaviour of the coloured drop in the liquid decanted from tube S1 in 
terms of movement of water molecules and water potential of the potato tissue. 

  

  

  

  

  

  

  

  [4]

   

 (d) A student wanted a more accurate estimation of the range of sucrose 
concentration of the potato tissue. 

Describe two modifications to the method that can increase the accuracy of the 
estimated range of sucrose concentration found in the potato cells. 

  

  

  

  [2]
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 (e) Another student conducted a similar experiment to investigate the effect of 
placing pieces of potato tissue in varying concentrations of sucrose solution 
by measuring the change in mass of the potato tissue after incubation. 

 
At the start, each potato tissue was weighed to obtain the initial mass. Each 
sample of potato tissue was then incubated in a different concentration of 
sucrose solution for a set time. After the incubation time, the potato tissue 
was removed and the final mass of the potato tissue was recorded. 

 
The results of his investigation were tabulated and a graph was drawn as 
shown in Fig. 2.2. 

 

Fig. 2.2 

 

 

 (i) Circle the data point that is likely to be an anomaly. [1]

   

 (ii) Based on your understanding of water potential, state and explain why this 
data point was chosen to be an anomaly. 

  

  

  

  [2]
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 (f) You are required to observe the effects of treating onion epidermal cells with 
sucrose solution. You are provided with a scale leaf from the bulb of a red onion 
that has been incubated in solution S3. 

  

 10 Make a shallow cut on the outer surface of the scale leaf. Using a pair of forceps, 
peel off a thin sheet of epidermis.  

 11 Place the epidermal peel on a microscope slide with a drop of solution S3 that 
was used to keep the onion leaf moist in the petri dish. Using forceps and 
mounting needle, spread out the epidermis flatly without tearing the peel. Cover 
with a cover slip. 

 12 Observe the onion epidermal cells under an appropriate objective lens of the 
microscope. 

 In the space below, make an accurate and labelled drawing of three adjacent 
pigmented cells that are clearly visible in the field of view. Calculate the 
magnification of your drawings. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  [5]

  

 [Total: 20]
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3 Human activities over the past centuries have led to increased emission of carbon 
dioxide, resulting in rising atmospheric carbon dioxide concentration. Since carbon 
dioxide is the raw material for photosynthesis in green plants, it is important to 
understand how elevated carbon dioxide concentration would affect the rate of 
photosynthesis.  

 

There are three types of photosynthetic mechanisms in green plants: C3, C4, and 
CAM. Most agricultural crop plants either use the C3 or C4 mechanism.  

The C3 pathway involves the use and subsequent regeneration of ribulose 
1,5-biophosphate (RuBP) in a cyclic series of reactions called the Calvin cycle. The 
first product of photo-assimilation of carbon dioxide is 3-phosphoglycerate, a three-
carbon sugar, hence the term C3 pathway of photosynthesis. 

The C4 plants begin their carbon dioxide uptake in mesophyll cells of leaves, forming 
a four-carbon molecule, oxaloacetate. This four-carbon molecule is changed into 
aspartic acid or malic acid, which is then transported immediately to bundle sheath 
cells. Here, the carbon dioxide is released and utilised in the C3 biochemical pathway. 
Thus, the C4 plant mechanism first traps carbon dioxide in the mesophyll cells, and 
then transports and concentrates the carbon dioxide in the bundle sheath cells, where 
it is utilised in the C3 pathway. Since C4 plants have a mechanism for concentrating 
carbon dioxide in the bundle sheath cells of leaves, it is hypothesised that their 
photosynthetic rates will not respond to rising carbon dioxide concentration to the 
same extent as C3 plants. 

 

Using this information and your own knowledge, design an experiment to determine 
the effect of different concentrations of carbon dioxide on the rate of photosynthesis of 
C3 and C4 plants.  

Comparison of the results would then allow the testing of the hypothesis that elevated 
carbon dioxide concentration has a greater effect on C3 plants than on C4 plants. 

 

You must use: 

 fresh green leaves from C3 and C4 plants 

 plastic straw (for cutting out  leaf discs) 

 0.1% sodium hydrogen carbonate solution (you need to remove the gas from 
the air spaces in the leaf discs so that they will sink in sodium hydrogen 
carbonate solution) 

 

You may select from the following apparatus and use appropriate additional 
apparatus: 

 normal laboratory glassware, e.g. test-tubes, boiling tubes, beakers, measuring 
cylinders, syringes, glass rods, white tile, etc. 

 bench lamp 

 stopwatch 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



15

© NJC 2017 9744/04/SH2/H2 Biology/Practical Examination [Turn over 

 

 

Your plan should: 

 have a clear and helpful structure such that the method you use is able to be 
repeated by anyone reading it 

 be illustrated by relevant diagram(s), if necessary, to show, for example, the 
arrangement of the apparatus used 

 identify the independent and dependent variables 

 describe the method with the scientific reasoning used to decide the method so 
that the results are as accurate and repeatable as possible 

 include layout of results tables and graphs with clear headings and labels 

 use the correct technical and scientific terms 

 include reference to safety measures to minimise any risks associated with the 
proposed experiment. 

[Total: 14]
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2
 
1 The electron micrographs show various organelles labelled P to T in a liver cell. 

 

 
Radioactive amino acids are supplied to the liver cell to synthesise insulin receptors. 
 
Which sequence shows the correct order in which these amino acids would be detected in the 
organelles during the synthesis of insulin receptors? 

 A Q  T  P  S 

 B Q  T  R  P  S 

 C T  P  S  R  

 D T  S  P  
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3

3 The diagram shows the structural formulae of three polysaccharides. 

Which row is correct? 

1 2 3

A amylose cellulose glycogen 

B amylose amylopectin cellulose

C cellulose amylose amylopectin

D glycogen cellulose amylose

2 Which statements about the cell theory are correct? 

1 All cells contain nucleus.  

2 All cells divide from pre-existing cells. 

3 All cells divide to form new daughter cells. 

4 Cells are the smallest unit of life. 

5 Living organisms are composed of cells. 

 A 1, 2 and 3 

 B 1, 2 and 4 

C 2, 4 and 5 

 D 3, 4 and 5 

y p
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4

4 Many eukaryotic cells have proteins as part of their plasma membranes. An experiment was 
performed on two different animal cells. The diagram shows the positions and shapes of two 
proteins on the plasma membranes of the two different cells. 

These cells were then fused. After one hour, the plasma membrane of the resulting living cell 
was observed. The diagram shows the changed positions of the proteins. 

What best explains the redistribution of proteins on the plasma membrane? 

 A the amphipathic nature of the phospholipid bilayer 

B the fluidity of the phospholipid bilayer 

 C the presence of cholesterol at high temperature in the plasma membrane 

 D the presence of saturated fatty acid chains of phospholipids in the plasma membrane 

 theheheee rrrrredeeee isstribbbbbutututututioioioioion ofofofofoff ppppprorororor tetteteinsss ooonnnnnnnnnnn tttttttttttttttttthehehehehhhe ppppppppppppppplalalalalalalalasmsmsmsmsms a aaa mememememem m

hic c cc naanaanatutututuurereerere oooff ff f thththththeee e phphphphphosososososphphphphphololololipipipipipiddddd bilayyyyyererererer

rthhe hhphhos hhphh lloliiipidididid billllayereee  
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5
 
5 The diagram shows the action of a liver enzyme called catalase, which breaks down 

hydrogen peroxide into water and oxygen. 

The rate of this reaction can be determined by measuring the volume of oxygen produced in 
a given length of time. Students added small cubes of fresh liver tissue to hydrogen peroxide 
solution of varying concentrations and measured the volume of oxygen produced.  
 
The graph shows how the concentration of hydrogen peroxide affected the rate of oxygen 
production. 
 

 
Which statements are correct? 
 

1 At P, the rate of reaction is limited by the concentration of enzyme. 
 

2 At Q, all of the enzyme active sites are occupied by substrate molecules. 
 

3 At Q, the rate of reaction is limited by the concentration of the substrate. 
 

4 At S, all of the enzyme active sites are occupied by substrate molecules. 
 

 A 1 and 4 

 B 2 and 4 

 C 1, 2 and 3 

D 1, 3 and 4 

 
 

 

 

 

 

 

 

 

2 H2O2 2 H2O + O2
catalase

rate of oxygen production 

concentration of hydrogen peroxide 
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6

7 Mesenchymal stem cells can differentiate into several types of cells belonging to our skeletal 
tissue, such as cartilage, bone and fat. 

Which statement correctly describes mesenchymal stem cells? 

 A They are specialised cells that can give rise to a variety of cell types. 

B They can be stimulated by chemical signals to express certain genes. 

 C They lose genetic information as they differentiate. 

 D They occur in large numbers in the bone marrow. 

8 What is an accurate description of the coding of protein structure by DNA? 

 A 64 different complementary codons used in transcription to make the three-dimensional 
shape of the tertiary structure 

 B a code, with several triplets for each amino acid, determining the shape of the -helix 
for the secondary structure 

C a degenerate, non-overlapping code for the primary structure, determining the location 
of the folding sites involved in tertiary structure 

 D amino acids coded for by three consecutive bases, used with tRNA anticodons in 
translation to determine the quarternary structure 

6 Ethylene glycol is a chemical used to prevent water from freezing. If ethylene glycol is 
swallowed accidentally, it is metabolised by an enzyme found in liver cells to produce a toxic 
product.  

The enzyme normally catalyses the oxidation of ethanol to a harmless product. 

People who have swallowed ethylene glycol are treated with large doses of ethanol. This 
prevents formation of a toxic product and allows the body to excrete the ethylene glycol.  

Which statement describes why this treatment works? 

 A Ethanol binds near the active site on the enzyme, altering its shape.  

 B Ethanol binds permanently to the active site of the enzyme, blocking it. 

 C Ethanol changes the tertiary structure of the enzyme, denaturing it.  

D Ethanol is more likely to bind to the active site on the enzyme. 

y
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9 An mRNA codon for the amino acid arginine is CGG. 

How many arginine molecules are present in part of the polypeptide, containing eight amino 
acids, coded for by the following DNA template? 

TCGGCCTACCGGGCCCATGCCAAT 

 A 0 

 B 1 

 C 2 

D 3 

10 What increases the possibility of antigenic shift in influenza virus? 

 A infection of multiple individuals with the same strain of influenza virus 

 B lack of proofreading ability in viral RNA polymerase 

 C presence of herd immunity 

D simultaneous infection of one individual with two different strains of influenza virus 

11 Which event is most likely due to bacterial conjugation? 

 A A gene encoding resistance to gentamicin in the Escherichia coli chromosome appears 
in the genome of a bacteriophage that has infected Escherichia coli. 

 B A strain of Corynebacterium diphtheriae produces a toxin encoded by a prophage. 

C A strain of Pseudomonas aeruginosa produces -lactamase encoded by a plasmid 
similar to a plasmid of another Gram-negative bacterium. 

 D An encapsulated strain of Streptococcus pneumoniae acquires the gene for capsule 
formation from an extract of DNA from another encapsulated strain. 
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12 Which rows correctly compare generalised and specialised transduction? 

 

 generalised transduction specialised transduction 

1 Any donor gene can be 
transferred by the phage. 

Only certain donor genes can be 
transferred by the phage. 

2 
The transducing phage  

contains a hybrid  
chromosome in its capsid. 

The transducing phage 
contains only bacterial  

chromosome in its capsid. 

3 Phage genome is transcribed. Phage genome is not transcribed. 

4 The donor cell lyses,  
releasing the phages. 

The donor cell lyses,  
releasing the phages. 

 

 
 A 1 and 3 

B 1 and 4 

 C 2 and 3 

 D 2 and 4 

 
 
13 Which statement correctly describes the control of transcription of the genes involved in the 

breakdown of lactose in Escherichia coli? 
 

 A A repressor protein binds to the operator and the genes are switched on. 

B A repressor protein binds to the operator and the genes are switched off. 

 C A transcription factor binds to the promoter and the genes are switched on. 

 D A transcription factor binds to the promoter and the genes are switched off. 

 
 
14 A region of eukaryotic DNA consists of over fifty tandem repeats of the same sequence of 

twelve bases.  
 
Where is this repetitive region least likely to be found? 
 

 A an exon 

 B an intron 

 C centromere  

D promoter 
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15 Cyclins are regulatory proteins that associate with cyclin-dependent kinases (CDKs) to 
control the different stages of the cell cycle. The right type and amount of cyclins and CDKs 
must be present at the different stages to ensure regulation of the cell cycle.  

The diagram shows the concentrations of the different CDKs. 

How could the levels of the different CDKs be regulated during these stages? 

1 binding of repressor to operator 

2 formation of heterochromatin 

3 length of mRNA poly(A) tail 

4 ubiquitination of CDKs 

 A 1 and 2 

 B 1 and 3 

 C 2 and 4 

D 3 and 4 

16 Which group of genes are common tumour suppressor genes? 

 A genes involved in DNA synthesis 

B genes involved in maintenance of cell cycle checkpoints 

 C genes involved in signal transduction 

 D genes involved in stimulation of cell division 

d iiiinnnnnn signgngngngng alalaalal traaaaansnsnssductctctctctioioiooon nnn

d innnnn stststststimulullatttttioioioioionnnnn ofoooo cccccelelelelele lllll didddd vivv siononn 
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17 Chromosomal mutations were induced to produce a fertile hybrid species from cabbage and 

radish. 
 
The table shows the chromosome numbers in the parental species and the hybrids. 
 

type of cell number of chromosomes per cell 

parental cabbage 18 

parental radish 18 

parental gametes 9 

F1 hybrids 18 

F1 gametes 9 

F2 hybrids 18 

F2 gametes 18 

F3 hybrids 36 
 
At which stage did the chromosomal mutation occur? 
 

 A during the formation of the F1 gametes 

B during the formation of the F2 gametes 

 C during the fusion of the parental gametes 

 D during the fusion of the F1 gametes 

 
 
18 Which observation would rule out an X-linked trait in an extended family pedigree? 

 
 A females expressing the disease  

 B female-to-male transmission 

 C males expressing the disease 

D male-to-male transmission 
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19 The pedigree shows the inheritance of a disease in a family for four generations. 

 

 
 
 
What is the probability that individual IV-3 is a carrier of the disease? 
 

 A 0% 

 B 50% 

 C 75% 

D 100% 
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20 A student measured the biomass that was produced by bacterium A and bacterium B in 
shake flasks containing glucose as substrate. For each type of bacterium, there were four 
replicate flasks. 

The mean biomass that was produced by bacterium A and bacterium B is 487.5 mg and 
257.5 mg respectively. The standard deviations of the biomass that was produced by 
bacterium A and bacterium B are 27.5 mg and 22.2 mg respectively. 

The student then performed a t-test with the null hypothesis that there is no significant 
difference between the biomass that was produced by bacterium A and bacterium B. 

The following formula was used to calculate the t statistic. 

Keys to symbols: 
s = standard deviation     x = mean       n = sample size 
x = observation      v = degree of freedom 

Part of the t table is shown below. 

Which conclusion is correct? 

 A t calculated is much higher than t critical so it is not statistically significant. Hence, we accept 
the null hypothesis.

B t calculated is much higher than t critical so it is statistically significant. Hence, we reject the 
null hypothesis. 

 C t calculated is much lower than t critical so it is not statistically significant. Hence, we accept 
the null hypothesis. 

 D t calculated is much lower than t critical so it is statistically significant. Hence, we reject the 
null hypothesis. 

uch higgher than t criticala  so it is not statistically y sign
heeesssis s.s.s.s.
uchhh hhhhhigigigiggheer r thththththananan ttttt cricricricricritictttt al sssssooo oo it isssss stttttttttatatatatatatatatatattatatisisisisisistitititititicacacacacacccacaccaaacc lllllllllll yyyy sisisisisignggggg ifica
s. 

uchhhh llowowowowowerererererr ttttthahhahannn ttt criticcccalalalalal sssso oo o oo ititititit iiiiisssss not stststststs atatatatattistitititit cacacacacallllllllll yyy signi
hesis
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21 The graph shows the absorption spectrum for chlorophyll a and the photosynthetic action 
spectrum of a plant. 

Why are they different? 

 A Chlorophyll a absorbs different wavelengths of light to different extents.  

 B Chlorophyll a is not present in the plant. 

C Chlorophyll a is not the only pigment in the plant that absorbs light. 

 D Chlorophyll a is the main pigment responsible for photosynthesis in the plant. 
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22 The diagram summarises the pathway of glucose breakdown. 

Which two steps result in a net increase of ATP? 

 A 1 and 4 

 B 2 and 4 

C 2 and 5 

 D 3 and 5 

23 What is the main purpose of the second messengers in signal transduction pathways? 

 A allow for long distance signalling between cells 

 B amplify the signal by phosphorylating proteins 

 C relay a signal from the outside to the inside of the cell  

D relay a signal from the plasma membrane to the cytoplasm 

24 Why has evolution resulted in the appearance of antibiotic resistant bacteria? 

 A Bacteria develop resistance due to the incomplete course of antibiotic. 

 B Bacteria learn the ability to neutralise the effect of antibiotic and they pass on this 
characteristic to their next generation. 

 C Bacteria modify their metabolism to cope with the presence of antibiotics. 

D Bacteria that are resistant to the antibiotic survive and pass on this characteristic to their 
next generation. 

reesusultltltltededededed iiinnn thhhhhee eee apaaaa pepepepepearararararanananaa ccce ooof antibiottttticiciicic rrrresesesesssisissisisstatatatttantnnnnn  b

loppp resesesessisisisisisstatatancncncncnce duddududue e e ee tototototo ttttthehehehehe iiiiincncncncncn omoooo plplplpllllleteteteteeeteteeeeee cococococococcccc urrrrrsesesesesese ooooof f f f ff ana

n ttthehehehe aaaaabibibibibililllil tytytytyty ttttto oo neneneneneutututututrarararar lilililiisesesesesee ttttthehehehehe effffffecececececect ttttt ofofofoff aaaaannnntnn ibiotic
to their next generation.nnn  
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25 Australian Eucalyptus trees characteristically have two types of leaves, a juvenile (young) 
form and an adult form. As shown in the diagram, the juvenile leaves are held horizontally 
and are relatively large and broad, while the adult leaves hang vertically and are long and 
narrow. 

What is a selection pressure that is likely to have the greatest influence on the evolution of 
the juvenile leaf shape and position? 

A competition for light 

 B consumption by herbivores  

 C high ambient temperatures 

 D nutrient availability 

26 The various taxonomic levels of the hierarchical classification system differ from each other.  

How are they different? 

A inclusiveness of the different taxonomic levels 

 B morphological characters that are applicable to all organisms 

 C relative distribution of organisms throughout the environment 

 D relative genome sizes of the organisms 

27 A park ranger was injected with antivenom immunoglobulins to treat a snake bite. The 
treating doctor explained that the injection would not protect him against future snake bites. 

What type of immunity does the antivenom immunoglobulin confer? 

 A active and artificial immunity 

 B active and natural immunity 

C passive and artificial immunity 

 D passive and natural immunity 

s innnnnjejejejeectcccc ed wwwwwitiititi hhh hh ananantititititivevevevevenonononn m imiimmmmumumumumuumuumumumumumummumuumummmunonononononoglglglglglgglgllggg oboboboboboooobuuuulinnnnnnsss to
ainnnedd thththththatatattt ttttthhhehh  injnjnjnjnjececececectitititititiionononononooo wwwwwouououououuuuldldldldld notottttttttt ppprororoorooootetetetetetet cttttt hhhhhhimimimimimim aaaaaaga

nittttyy dododoodoeseseseses tttttthehehehh aaantntntntivenenenenenomomomomom iiiimmmmmmmmmmuuunoggggglolololoobbbbub liiiiinnnnnn ccccoc nfer?
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28 The diagram shows the structure of an antibody IgG. 

Which statement about the structures labelled 1 to 3 is incorrect? 

A Structure 1 differs in the different classes of antibodies produced by the same cell. 

 B Structure 1 is highly variable and specific to the epitope of the antigen that it binds to. 

 C Structure 2 allows flexible movement of the two arms of the antibody for binding to 
antigens. 

 D Structure 3 is important for interaction with effector cells and molecules. 

29 Which statement about climate change is true? 

A As average global temperature rises, average precipitation increases. 

 B Melting sea ice has a greater effect on global sea level rise than melting land ice. 

 C Shrinking sea ice in the Artic is fully offset by growing sea ice in the Antarctic.  

 D Water vapour, carbon dioxide, methane and nitrogen are greenhouse gases.  

30 Levels of carbon dioxide in the atmosphere fall during summer in the northern hemisphere. 

What best explains this trend? 

 A seasonal decrease in the use of fossil fuel and wood for heating   

 B seasonal increase in the amount of carbon dioxide dissolved in the oceans  

 C seasonal increase in the rate of decay of organic matter  

D seasonal increase in the rate of photosynthesis in the northern hemisphere 

 thhhis s s s trtrtrtrt end?d  

reasasasaseeee inininin thehehehehe use ooooof ffff fofofofofoooosssssssssssss il fffffueueueueueeeelllll and wooooodododododod fforororororo hhhhhheaeaeaeattttit ng
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Section A 

Answer all the questions in this section. 

1 Fig. 1.1 shows the process of collagen synthesis in a fibroblast cell. 

Fig. 1.1 

(a) Identify organelles A and B in Fig. 1.1. 

 Organelle A: Rough endoplasmic reticulum 

Organelle B: Golgi apparatus [1]

(b) Collagen has hydroxyproline and hydroxylysine, which are not present in many 
other proteins. Based on Fig. 1.1, deduce how these modified amino acids are 
incorporated into collagen. 

1. Proline and lysine amino acids are incorporated to polypeptide chain during 
translation by ribosomes; 

2. Polypeptide chains enter the rER where they are chemically modified;

3. Addition of hydroxyl groups to R groups (hydroxylation) of proline
and lysine; 

[2]

s hhhydydydydydrorrrr xyyprprrrrololololo innininneee ee ananananannddddd hyhyhyhh dddroxxxyyylysysysysysysysysysysysyssyssysysysssyssyy inininininine,e,e,e,e,e, wwwwwwwwwhihihihihih chchchchchh aaaaaare
ns. Baaaasesesesesed dd ononononon FFFFigigigigig. 1.1.1.1.1.1 1,1,1,1,1 dddddedededededucucucucuce hhhohohhhohohow www ww w ttttht esesesesesse e e e ee momommomom di

intnttto oooo cococococolllllll agagagagagennnenen...

ne and lysine amino acids are incorporated to pol
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(c) Describe the bonds formed between the polypeptide chains of procollagen. 

1. Disulfide bonds between sulfudryl (–SH) groups of cysteine residues;

2. Hydrogen bonds between –NH group of glycine on one strand and –CO
group of amino acid residues on another strand;

[2]

(d) Procollagen needs to be transported out of the cell via process 1. 

 (i) Describe process 1. 

1. Exocytosis;

2. Secretory vesicle containing procollagen buds off from the trans
face of the Golgi apparatus;

3. Moves along microtubules towards cell surface membrane;

4. Membrane of the vesicle fuses with the cell surface membrane;

[3]

(ii) Suggest why it must be transported out of the cell via process 1 and cannot
be transported across the membranes out of the cell directly. 

1. Procollagen molecule is too large to pass through the cell surface
membrane;

2. Lack of protein channels/carriers to transport it across the
membrane; 

[2]

(e) With reference to Fig. 1.1, suggest why tropocollagen is less soluble than
procollagen. 

1. Ends of the procollagen are hydrophilic/contains -OH groups and can
interact with water;  

2. As the ends of the procollagen are cleaved to form tropocollagen,
tropocollagen can no longer interact with water;

[2]

[Total: 12]

he enendds of ththe prprococolollagegennn aaarerere cccleleavavavedee  to
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2 Mutations can be inherited or acquired in a person’s lifetime. Inherited mutations must be
present in the parent’s germ cells in order to be passed on to the child. On the other
hand, acquired mutations arise due to environmental factors or errors in the cell cycle.  

 (a) Identify three specific phases in the cell cycle where different types of mutations are
likely to happen. 

 Synthesis (S) phase of interphase, metaphase/anaphase, prophase I of meiosis;

 [1]

  

(b) Explain how mutations occur in the phases identified in (a). 

1. S phase:  

 incorrect nucleotide incorporated into DNA due to errors in 
complementary base-pairing by DNA polymerase during DNA replication 
resulting in a nucleotide-pair substitution mutation; OR 

 additional nucleotide incorporated into DNA by DNA polymerase during 
DNA replication resulting in a nucleotide-pair insertion mutation; OR 

 DNA polymerase skip a nucleotide during DNA replication resulting in a 
nucleotide-pair deletion mutation; 

 Errors in proofreading by DNA polymerase; 

 2. Metaphase/Anaphase: 

 Non-disjunction occurs whereby a pair of homologous chromosomes to 
fail to separate in during anaphase I OR sister chromatids fail to 
separate during anaphase II OR sister chromatids fail to separate
during mitosis resulting in aneuploidy; 

 due to improper attachment of microtubules to kinetochore proteins on 
centromere; (metaphase) 

 cohesin protein complex not cleaved/degraded; (anaphase) 

Prophase I:  

 Misalignment of homologous chromosomes during prophase I  
 leads to unequal crossing over, resulting in an insertion/deletion of a 

segment of the chromosome 
 crossing over of non-homologous chromosomes 

  [3]
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(c) In some cases, a mutation in the coding sequence of a gene does not change the
amino acid sequence of the protein. 

Explain why such a mutation has no effect on the amino acid sequence of the
protein. 

1. Due to degeneracy/redundancy of the genetic code;

2. Same amino acid can be coded for by more than one codon;

3. Due to the wobble base effect on the 3rd base of many codons;

4. Mutation to the 3rd base of these codon leads to an altered codon for the
same amino acid;

[3]

(d) Distinguish between gene mutation and chromosome structural mutation. 

Gene mutation Chromosomal structural mutation 
1. Changes in DNA/nucleotide
sequence of a gene 

Changes in chromosome 
structure/exchange chromosome 
segments/ DNA/nucleotide sequence 
of gene (mostly) unchanged 

2. Alters a single gene locus on a
chromosome 

Alters more than one loci on 
chromosomes  

3. Caused by deletion, insertion,
substitution or inversion of one / 
several nucleotides 

Deletion, inversion, translocation or 
duplication of chromosomal fragments / 
several gene loci  

4. Give rise to new alleles Rearrangement of loci of genes / 
alleles / reshuffling / recombination / 
new combination of alleles 

5. May change amino acid sequences
or form non-functional proteins/ silent, 
missense, nonsense mutation 

Amino acid sequences usually 
unchanged but changes the level of 
expression of genes / inactive, 
hyperactive, underproduction or 
overproduction of gene product 

6. Play more important role in evolution
than chromosomal mutations because 
new alleles increases variation in the 
gene pool for natural selection to 
operate 

Play a less important role in evolution 
than gene mutations because 
chromosomal mutations involve only 
reshuffling of alleles that already exist 
in gene pool 

7. Example: sickle cell anaemia Cri-du-chat syndrome/ Chronic 
myelogenous leukaemia (CML) 

8. More frequent Less frequent 

. [3]

e iimpmpoortaannt rrolole e in eevooluluttioon
osomomalal mmututatatioionsns bbeccauauses  
incrcreaeaseses s vavariattioionn inin tthe 
or nanatuurarall seselelectctioionn toto 

PlPP ayayayayyyy aaaa lllesese s s imimmpopoportrr a
thhhhhhhhhananananananaanananaanaaa gggggggeneneneneeeneeeene eee mumumuttat tion

p g
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in gene pool 
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 (e) The accumulation of mutations may increase the chances of cancer. One of the 
causative factors of cancer is loss of immunity.  

Explain the role of the immune system in preventing cancer. 

 Ref. to natural killer cells/antibodies bind and recruit NK cells which bind to 
germline encoded receptors / cytotoxic or CD8+ T cells bind to specific antigens 
on cancer cells;  

 Ref. to release cytotoxic granules and induce apoptosis/programmed cell 
death; 

 [2]

  

[Total: 12]
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3 Fig. 3.1 shows the development of B cells and the fate of a specific B cell after
encountering an antigen.  

Fig. 3.1 

(a) With reference to Fig. 3.1, 

 (i) describe the genetic mechanism that occurs during process P, and explain its
biological significance, 

1. Somatic recombination of V, D and J gene segments of the
variable region of the immunoglobulin genes / of V, D and J gene
segments at heavy chain locus and V and J segments at a light chain
locus; 

2. This results in combinatorial diversity which generates a wide 
diversity of B cells such as B1-B3; 

3. Each B cell has a distinct/ specific BCRs which recognises a single
specific antigen/epitope that is complementary to its antigen binding-
sites;

4. Allow binding to and elimination of a wide range of different
antigens;

[3]

g
vaarir abblele rrege ioonn off tthehe immm ununoglobulin geg nenenesss / 
seegmgmentsts aat t heheavvy y chchaainn looccuuusssssssssssss anananananananaaa ddd d dddd V V VV anananddd JJJ sess g
locus;s; 

Thihis s reresusultts s inin ccomombibinanatotoririal dddiviviveree sisitytyty which
diiveversrsitity y ofof BB ccellss ssucuchh asas B1-B3B3B3;
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  (ii) explain how process Q leads to process R. 

 1. Binding to a specific antigen, which is phagocytosed, and fragments of 
antigen are presented on MHC (ref to antigen presentation); 

2. Recognised by helper T cells, causing the naïve B cell (B2) to become 
activated;  

3. This causes B2 to undergo clonal expansion / expand in numbers by 
mitosis; 

 4. and differentiation to produce plasma cells and memory B cells; 

5. Plasma cells secrete antibodies that are specific to the same 
antigen; 

 [3]

  

(b) After eliminating the antigens, the plasma cells would undergo apoptosis. Only a
small number of memory B cells would persist in the blood for a long period of time
after the infection.  

Memory B cells have similar properties to haematopoietic stem cells. Compare 
memory B cells and haematopoietic stem cells. 

 1. Similarity:  

 Both are able to self-renew  
 Both undergo differentiation 
 Both are not specialised to perform specific functions; 
 Both have telomerase activity (reject long telomeres) 

 

 2. Difference: 

 Memory B cells can only differentiate into plasma cells whereas HSC can 
differentiate into all types of blood cells; 

 Memory B cells are unipotent vs HSCs are multipotent; 
 Memory B cells have undergone somatic recombination hence their

genomes are different from each other whereas HSCs are genetically 
identical; 

 

  [2]

   

 [Total: 8]
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Fig. 4.2 shows the results of an experiment investigating the effect of temperature on a 
reaction catalysed by PFK. The same starting concentration of substrate and the same
starting concentration of enzyme were used for each temperature tested. Reactions
were kept at different temperatures for periods of one, two and five hours, after which the 
quantities of product formed were determined. 

Fig. 4.2 

(b) Explain the effect of increasing temperature on the quantity of product formed from 
the reactions kept at different temperatures for one hour. 

1. Increase temperature up to optimum results in increase kinetic energy;

2. increase frequency of effective collisions;

3. Increase formation of enzyme-substrate complexes and hence products;

4. Further increase in temperature beyond optimum results in breaking of
weak bonds such as hydrogen bonds, ionic bonds, hydrophobic
interactions; (at least two bonds) 

5. Change three-dimensional conformation of active site of enzymes,
resulting in denaturation of enzymes; 

[4]

asee foformrmatationn ofof ennzyzymeme--subbsststs raraatetete cccomomo plplplexee eseses a

er iinccrereasasee iin ttemempeperaratuurere bbeyooooooooooondndndndndnnndnd ooooptptimimmumumum re
k bbonondsds ssucuchh asas hhydydrorogegenn booondndnds,s,s, iiionoo iic b
acttioionsns;; (a(att leeasastt twwoo bobondnds)s)
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 (c) Explain the difference in the optimum temperature for the reactions after one, two 
and five hours. 

 1. Optimum temperature is lower when reactions are incubated for a longer
period of time; 

 2. Longer period of incubation results in more denaturation hence less 
(effective) enzyme available to catalyse the reaction; (effective = correct 
conformation of active site to bind to the substrate catalyse reaction) 

  [2]

    

 [Total: 12]
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5 In cats, coat colour is determined by the X-linked, codominant alleles: black (B) and 
orange (O). A calico female, which is the homogametic sex, is bred many times with a
black male. They produced the following offspring: 

black female    27 

calico female   20 

black male       31 

orange male    18 

 

 (a) Explain the meaning of the terms: 

  (i) X-linked,   

 Found on the X chromosome; [1]

   

  (ii) codominant.  

 Relating to two alleles of a gene that are both fully expressed in a
heterozygote; 

  [1]

   

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



14

© NJC 2017 9744/02/SH2/H2 Biology/Preliminary Examination  [Turn over

 (b) Draw a genetic diagram in the space below to show the expected phenotypic ratio
of the offspring from the cross described. 

 

 

  [5]
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(c) Carry out a chi-squared ( 2) test to determine whether the observed data fits the 
expected phenotypic ratio of the offspring from the cross described. 

Table 5.1 shows part of the table of probabilities for the chi-squared test. 

Table 5.1 

Show your working clearly and state your conclusion in the space below. 

Calculated 2 value = 4.58 (3 sf); 

Clear working shown; 

Degree of freedom = 4 - 1 = 3; 

Calculated 2 value (4.58) < critical 2 value (7.82) at p = 0.05 
OR 
Probability that the deviation from expected ratio is due to chance is more than 
0.05, i.e. p > 0.05; 

Conclusion: 

The difference between observed ratio and expected ratio is not statistically 
significant. 

OR  

The observed data fits the expected phenotypic ratio of the offspring from the cross 
described; 

[5]

[Total: 12]
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6 During photosynthesis, carbon dioxide reacts with ribulose bisphosphate (RuBP) to form 
two molecules of glycerate 3-phosphate (GP). This reaction is catalysed by the enzyme
Rubisco.  

Rubisco can also catalyse a reaction between RuBP and oxygen to form one molecule
of GP and one molecule of phosphoglycolate. However, phosphoglycolate cannot be 
used in the light-independent reaction of photosynthesis. 

Fig. 6.1 shows both the reactions catalysed by Rubisco. 

Fig. 6.1 

 (a) (i) State exactly in a cell where the enzyme Rubisco is found 

 Stroma of chloroplast; [1]

   

  (ii) Use the information provided to give the number of carbon atoms in one
molecule of phosphoglycolate. 

 Two; [1]

   

KiasuExamPaper.com
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(b) A scientist investigated the effect of different concentrations of oxygen on the rate
of absorption of carbon dioxide by leaves of soya bean plants. His results are 
shown in Fig. 6.2. 

Fig. 6.2 

 (i) Use Fig. 6.1 to explain the results shown in Fig. 6.2. 

Rate of absorption of CO2 decreases as concentration of oxygen increases; 

Oxygen competes with carbon dioxide for the active site of Rubisco; 

As concentration of oxygen increases, less Rubisco / RuBP binds / reacts
with carbon dioxide; 

Less RuBP would be regenerated to join with carbon dioxide; [2]

(ii) Using the information provided and your knowledge of the light-independent 
reaction, explain why the glucose yield from soya bean plants is decreased at
higher concentrations of oxygen.  

Less glycerate 3-phosphate / GP would be produced; 

Less glyceraldehyde 3-phosphate / G3P / triose phosphate would exit the
Calvin cycle as raw material for glucose synthesis; 

Less RuBP would be regenerated; 

[3]

the information provided and your knowledge of
n, exee plplplplplaiaiaiaaa nnn whwhwhy y y y y thtttt e glglglglglg ucucucucucosososoo eee yiiielee d from ssssoyoyoyoyaaaaaa bebebebebeb aaaanaa  p
cononnnncececececentnn raatttionononono ssss ooofoo oooooxyxyxyxyxyygegegegegen.n.n.  

lycecerarate 33-pphhospsphahatet // GPP would bee ppprororoduduucecec d;d; 

lyceralddehh dyde 33-phhosphphatte // G333PPP / trtrrioioiose phos
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 (c) Another scientist investigated the uptake of radioactively labelled carbon dioxide in
chloroplasts. She used three tubes, each containing different components of 
chloroplasts.  

Table 6.1 shows the uptake of radioactively labelled carbon dioxide in each tube. 

 

Table 6.1 

  (i) Explain why the result in tube B is similar to that in tube A. 

 ATP and reduced NADP are produced by grana / thylakoids OR present in
both tubes A and B; 

  [1]

  

  (ii) Use the information in Table 6.1 to predict the uptake of radioactively labelled 
carbon dioxide if tube A was placed in the dark. Explain your answer. 

 4000 counts per minute OR same as in tube C; 

 Light-dependent reaction does not occur OR ATP and reduced NADP are not
produced; 

  [2]

  

 [Total: 10]
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7 A student investigated respiration in a population of yeast growing in a sealed container. 

Fig. 7.1 shows the results of his investigation. 

Fig. 7.1 

 (a) Calculate the rate of oxygen uptake in arbitrary units per hour between 2 and 4 
hours. 

 (2.8 - 1.2) / (4 - 2) = 0.8 arbitrary units per hour; 

  [1]

  

KiasuExamPaper.com
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 (b) With reference to Fig. 7.1, explain the changes in oxygen uptake and ethanol
production by yeast during this investigation. 

 1. (Describe the changes in oxygen uptake with values correctly quoted from 
at least one axis); 

2. (Describe the changes in ethanol production with values correctly quoted
from at least one axis); 

3. (Explain why oxygen uptake increases from 0 to 17.2 hours)  
Aerobic respiration / Oxidative phosphorylation / Reproduction of yeast 
cells; 

4. (Explain why oxygen uptake decreases from 17.2 to 24 hours)  
Oxygen concentration decreases / becomes limiting; 

5. (Explain why ethanol production increases as oxygen uptake decreases)
Anaerobic respiration / Ethanol or alcoholic fermentation; 

6. (Explain why ethanol production decreases from 23 to 24 hours)  
Glucose concentration decreases / becomes limiting / Ethanol reaches toxic
level and kills the cells; 

  [6]

  

 (c) Sodium azide is a substance that inhibits the electron transport chain in respiration. 
The student repeated the investigation but added sodium azide after 4 hours. 

Suggest and explain how the addition of sodium azide would affect oxygen uptake
and ethanol production by yeast. 

 (compulsory point) Oxygen uptake decreases / stopped; 

 Oxygen is the final electron acceptor in the electron transport chain; 

 (compulsory point) Ethanol production starts earlier / More ethanol produced; 

 Yeast switches to anaerobic respiration / ethanol or alcoholic fermentation; 

  [3]

   

 [Total: 10]
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Section C 

Answer all the questions in this section. 

8 The endocrine system facilitates the communication between different cells through the
release of hormones into the bloodstream. Binding of hormones to receptors on or within
target cells initiates signal transduction, which may result in a change in gene 
expression. 

(a) Fig. 8.1 shows the signalling pathway of glucocorticoid receptor (GR) mediated 
gene expression. GR is activated when it is bound to glucocorticoid (S), which is a 
steroid hormone. Activated GR binds to glucocorticoid response elements (GREs)
within the promoter of target genes. This results in the recruitment of the chromatin
remodelling complex, BRG1 complex.  

Fig. 8.1 

 (i) GRs are known to have highly conserved regions that are structurally 
important for its function.  

With reference to Fig. 8.1, describe two structural features of GR that allows it 
to carry out its role. 

1. DNA binding site 
2. Complementary in shape and charge to the sequences at the GRE,

allowing it to bind to GRE 
3. Binding site for steroid hormones/S
4. Complementary to shape of S, to allow change in conformation of

GR to activate GR/ allow binding to GRE in promoter
5. Small and hydrophilic
6. Pass through nuclear pore
7. Binding site for BRG1 complex
8. To allow binding/recruitment of BGR1 regulate gene expression
9. GR-GR binding site
10. To recruit RNA polymerase and transcription factors for the formation

of the transcription initiation complex

[4]

DNA binding site 
Coompmplelemem ntntarary inin sshahappe aannd chargrgrge e totoo ttthehehe se
alloowiwing itt too bibinnd ttoo GRGREE
Binndining g sisitete foror ssteteroroidid hhorormmoonenenennnnenenennenes/s/s/s/s/s//s//SSS SS SSS
Coompmplelemementntarary y toto sshahapepe oof f S, tooo aaallllllowowow chcc ange
GRR tto o acactitivavatete GGR// aalllowow bbinindding tttooo GRGRRE E E inin prom
Small and hydrophilic
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 Fig. 8.2 shows the effect of BRG1 complex binding to the promoter of a target 
gene. 

Fig. 8.2 

  (ii) With reference to Fig. 8.2, describe the effect of BRG1 complex binding to the 
promoter on gene expression. 
 

 1. Glucocorticoids increases the rate of transcription/gene expression 

 2. Glucocorticoids binds to/activates GR which then binds to GRE 

 3. BRG1 / chromatin remodeling complex which causes the negatively 
charged  DNA to be less tightly coiled around the positively 
charged histones 

4. RNA polymerase and transcription factors can access / bind to the
promoter to initiate transcription / promote assembly of TIC at the
promoter 

[2]

   

  (iii) Briefly describe one other mechanism that may bring about a similar effect on
gene expression as described in (ii). 
 

 
1. Demethylation of DNA at cytosine nucleotides decondenses chromatin
2. Acetylation of histones at lysine residues, decreases interaction

between DNA and histones allows chromatin to decondense 
3. Activators binds to enhancers, promoting assembly of TIC 

R: enzyme inhibition 

  [1]
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(b) The signal transduction pathway in Fig. 8.3 is initiated by the binding of the growth 
factor (GF) to the receptor tyrosine kinase (RTK). This pathway controls the
fundamental cellular processes such as growth, proliferation and differentiation. 

Fig. 8.3 

With reference to Fig. 8.3, 

 (i) describe how RAS, a G protein, is activated by GF, 

1. GF binds to extracellular ligand-binding site of specific
transmembrane receptor which causes the dimersiation of two
receptor subunits 

2. Conformational change in the intracellular domain of receptor results
in activation of intrinsic tyrosine kinase

3. Intrinsic kinase activity of each subunit in the intracellular domain
cross-phosphorylates / autophosphorylates the tyrosine residues

4. Grb2 binds to the phosphorylated tyrosine residues which in turn
binds to the SOS protein OR Grb2-Sos complex is activated and

5. In turn activates Ras when GDP is displaced with GTP

[4]

In tut rnn actit vatetes RaRas s when GDP is displaceeced w
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(ii) explain one significance of the series of events that occur after the activation 
of RAS. 

1. Allows signal transduction when activated ras protein triggers a
phosphorylation cascade via kinases / allows signal transduction
where Ras activates Raf which in turn phosphorylates Mek and then
phosphorylates Erk

2. ERK relays the signal to the nucleus, where it induces the
expression of gene leading to cell proliferation/growth/differentiation

OR 

3. Signal amplification occurs where one activated protein activates
several others resulting in a large number of activated molecule, an
example required such as ERK

4. Large cellular response it induces the expression of gene
leading to cell proliferation/growth/differentiation

[2]

[Total: 13]
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9 Reef-building corals are marine invertebrates found in shallow, clear, tropical oceans.
The corals secrete an exoskeleton of calcium carbonate that becomes the underlying 
structure of the coral reef ecosystem. 

Zooxanthellae are a group of unicellular algae from the genus Symbiodinium that live 
within the cells of reef-building corals. The relationship has been described as
mutualistic since it is beneficial to both the corals and the zooxanthellae. 

(a) Evidence shows that the mutualistic relationship between reef-building corals and 
zooxanthellae has evolved from free-living algae invading corals that initially did not 
contain algae. 

 (i) Corals are usually found in shallow areas at depth of less than 40 metres.
However, some coral reefs extend even deeper, up to about 130 metres.  

Explain why this is possible for deep-sea corals. 

1. No reliance on light;

2. (reef-building corals) algae/zooxanthellae, photosynthesise;

3. depth limit to penetration by light / light absorbed as penetrates water;

4. AVP; e.g. different feeding methods / deeper waters (may be)
nutrient rich

[2]

(ii) Suggest the benefits to the zooxanthellae of their association with the corals. 

1. Physical structure to obtain light for coral reefs that are located in
shallower waters;

2. Carbon dioxide from respiration of coral polyps can be used as raw
material for photosynthesis by zooxanthellae;

3. Inorganic nitrogen and phosphorous from the waste products of the
coral polyps’ metabolic processes serve as nutrients for zooxanthellae
(since low conc. Of nitrates and phosphate ions in the sea);

4. Ref. coral and food caught / suspension feeding / catching prey,
provides nutrients / needed for growth of algae;

5. Protection from predation;

6. Protection from too much ultraviolet radiation as corals make
compounds which act as sunscreens;

[2]

. 

Proroteectctioionn frfromom ttoooo mmuchh ultraviooolelet t rararadididiataa io
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(iii) During stressful conditions, coral bleaching may occur where zooxanthellae 
are expelled from coral. Coral bleaching can lead to death of the coral. 

Suggest one reason why permanent loss of zooxanthellae can lead to death
of the coral. 

1. Decreased source of food in the form of sugars and other compounds;
accept nutrients if qualified by ref. to photosynthesis or production by
zooxanthellae

2. Lack of organic compounds / named compound ; accept no carbon
fixation

3. Loss of (main) source of (chemical) energy;

4. Loss of inorganic ions for deposition of skeleton that algae obtain from
sea;

5. Loss of protective algal layer from harmful effects of sunlight;

[1]

(b) The temperature range for healthy survival of reef-building coral is 25 °C – 29 °C. 
Increased sea temperature associated with global climate change is known to be
an environmental stress that can cause coral bleaching. 

 (i) Suggest why the areas of sea containing coral reefs are susceptible to 
increased temperature resulting from global climate change. 

Idea that shallow bodies of water, heat up quicker / more susceptible to
extreme temperature fluctuations, than deeper water; 

[1]

(ii) Raw sewage released into the oceans may contain bacteria that cause 
disease in corals. 

Suggest how global warming increases the rate of coral bleaching caused by
bacterial disease. 

1. Increased bacterial multiplication thus bacterial infectivity increases;

2. Leading to stress conditions for coral, causing corals to expel the 
zooxanthellae;

[1]Leaeadidingng too ststreress cconondid ttioonss for coraaal,l, ccauauausisisingngg c
zoooxoxaanthheellaae;e;
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 (c) Recently, the International Union for Conservation of Nature (IUCN) has assessed
over 47% of reef-building coral species as threatened, or near-threatened, with a 
global risk of extinction.  

Explain how the loss of reef-building corals reduces biodiversity at different levels. 
 

 
1. Levels of biodiversity affected are, genetic, species, community, ecosystem,

loss of reservoir for biomedicines; 
 

2. Genetic biodiversity  
a. which is the loss of genomes / loss of genes (if species become

extinct) 
b. Loss of aquatic genetic resources and alleles within a species; 

 
3. Reduced species biodiversity 

a. loss of different coral species;  
b. loss of species within the genus Symbiodinium,  
c. loss of species that are reliant on coral 

 
 

4. Reduced community biodiversity if more than one species is lost; 
 

5. Reduced ecosystem biodiversity;  
a. Loss of primary producers / autotrophs 
b. Effect on energy flow / food web, accept example 
c. Loss of habitat for, other species / fish / marine invertebrates;  
d. Reduced / affected interactions 
e. Recycling of matter altered 

 
 

6. Corals have evolved chemical defences to protect themselves from
predators or pathogens  loss of coral species also mean loss of such 
reservoir to develop useful drugs / pharmaceuticals; 

  [4]

   

 [Total: 11]
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Section A 

Answer the question in this section. 

1 Fig. 1.1 shows two electron micrographs of cells A and B, both of which are not shown to 
scale. 

           cell A cell B 

Fig. 1.1 

(a) Name the structures labelled W to Z in Fig. 1.1. 

 W Mitochondrion   (Reject: Mitochondria) 

X  Centrioles   (Reject: Centriole, Centrosome) 

Y Peptidoglycan cell wall   (Reject: Cell wall) 

Z Nucleoid   (Reject: DNA, Chromosome) 

4 correct – 2 marks 

2-3 correct – 1 mark 

0-1 correct – 0 mark 

[2] 
ct –– 22 mam rkrks

recctt – 11 mamarkrk 

recct t – 0 0 mamarkrk 
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 (b) Some scientists support the theory that structure W in cell A originated from cell B. 

  (i) Give two pieces of evidence that support this theory. 

   Circular DNA 
 70S ribosomes 
 No introns 
 No histones 
 Similar size (1 to 10 microns) 
 Similar shape (oval / oblong) 
 Use oxygen in ATP production 
 Multiply by binary fission 
 W has double membrane 

   [2]

   

 (ii) Explain why it is advantageous for cell A to have many copies of structure W. 

  (role of mitochondria)  
able to respire aerobically 

 (advantage of having many mitochondria)  
can produce more ATP / release more energy 

  [2]

   

 (c) Outline the process in which cell B divides into two cells. 

 1. Binary fission 
 

2. (description of DNA replication) 
 

3. (description of chromosome segregation) 
 

4. (description of cell separation) 

  [3]
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(d) A scientist investigated the effect of a specific drug on two strains of the same
species of cell B. 

 One strain, SR, shows a stringent response in the presence of this drug. 
Part of the response involves stopping cell division. This gives this strain a
greater resistance to the effect of this drug. 

 The other strain, non-SR, cannot carry out a stringent response. 

The scientist grew cultures of the SR strain and the non-SR strain containing the 
same number of cells. He then stopped each strain from dividing and exposed them 
to different concentrations of the drug. After a fixed time, he estimated the number
of living cells remaining in the cultures. 

Fig. 1.2 

(i) With reference to Fig. 1.2, describe the differences in the effect of increasing the
concentration of drug on the SR strain and the non-SR strain.

  In general (from 0 to 50 μg/cm3 of drug), the difference between the number of 
living cells of SR strain remaining and that of non-SR strain increases with 
increasing concentration of drug. 

  From 0 to 10 μg/cm3 of drug, non-SR strain shows a greater decrease (109.8 to 106.4 

cells) in the number of living cells remaining than SR strain (109.8 to 105.1 cells). 

  From 10 to 50 μg/cm3 of drug, number of living cells of SR strain remaining stays
constant at 106.4 cells while that of non-SR strain descreases from 105.1 to 103.2 cells.

  Bonus mark: Correct number of living cells remaining stated when describing the
decrease for SR or non-SR strain 

[3]
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(ii) The scientist concluded that stopping cell division is not the only way in which the
stringent response gives resistance to this drug. 

Explain how Fig. 1.2 supports this conclusion. 

  Even though cell division of both strains was stopped by the scientist at the start of
the experiment, there was still more living cells of SR strain than non-SR strain 
remaining regardless of the drug concentration. 

 [1]

(e) Another scientist attempted to sequence the genome of cell A. Due to the sheer size of 
the genome, the chromosomes could not be sequenced directly. Each chromosome
must first be digested by a restriction enzyme into smaller fragments. Each purified 
restriction fragment is then sequenced – a process that involves two procedures.  

Fig. 1.3 shows the first procedure of the sequencing process, which is a modified
Polymerase Chain Reaction (PCR). The DNA sample is divided into four separate 
sequencing reactions, each containing all four of the standard deoxynucleotides and the
DNA polymerase. Only one of the four dideoxynucleotides (ddG, ddA, ddT, or ddC) is 
added to each reaction. 

Fig. 1.3 

Fig. 1.4 shows the structure of a dideoxyribonucleotide. 

Fig. 1.4 

radioactive primer
denatured
template

template / product

5’ 3’

FiFiFig.gg  1.3

ws ttthhe sssstrtttt ucucucucuctututututure ooooof ffff aaaaa dididididiidd dedededed oxoxoxoxoxxxyryryryryryyy ibibibibibonucuucucleleleleleeleeootototototiddddde.e.e.e.e.e  
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The second procedure of the sequencing process produces a result shown in 
Fig. 1.5, from which the DNA sequence can be read. 

 

 
 

Fig. 1.5 

 

 (i) On Fig. 1.3, label the 5’ and 3’ ends of the DNA marked with an asterisk (*). [1]

 

 

radioactive strands

KiasuExamPaper.com
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 (ii) Describe four features that distinguish the process in Fig. 1.3 from that of in vivo
DNA replication. 

   

feature of comparison modified PCR in vivo DNA replication 

DNA polymerase used Taq polymerase  
(heat-resistant) 

(lacks proofreading 
ability) 

DNA polymerase 
(not heat-resistant) 

(has proofreading ability) 

primers used radioactive  
DNA primers 

non-radioactive  
RNA primers 

DNA replication continuous continuous for leading 
strand, discontinuous for 

lagging strand 

temperature three different 
temperatures  

(94oC  64oC  72oC) 

one temperature 

location within PCR tube in 
thermocycler 

within cell 

separation of the two 
strands of DNA by heat by helicase 

nucleotides four types dNTPs and 
one type of ddNTPs 

four types of dNTPs 

template strand only one of the two 
parental strands is used 

both parental strands 
are used 

specificity of DNA 
replication 

selective 
(specified by primer) 

non-selective  
(whole DNA strand) 

 

 [4]
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 (iii) With reference to Fig. 1.4, explain the need to use dideoxyribonucleotides in the 
sequencing process.                                                                                                     

  Absence of 3’-OH group in the deoxyribose 

  Cannot form phosphodiester bond between adjacent nucleotides 

  DNA chain elongation stopped 

  DNA fragments of varying length can be separated and analysed to determine the
DNA sequence. 

   [2]

 (iv) Describe the procedure that would give rise to the result shown in Fig. 1.5.                

  Gel electrophoresis    

  An agarose gel was submerged in a buffer solution containing ions that will conduct
electricity. 

  DNA fragments were loaded into wells close to the cathode / negative electrode. 

  A direct current was applied at opposite ends of the gel. 

  Negatively charged DNA moved toward the anode / positive electrode. 

  Shorter DNA fragments moved faster and further than longer ones. 

  Autoradiography / X-ray film was used to see the radioactive DNA bands. 

   [5]

   

 [Total: 25]
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Section B 

Answer the question in this section. 

2 (a) First seen as poisons, then as life-forms, then biological chemicals, viruses today 
are thought of as being in a grey area between living and nonliving.

State three characteristics of life and for each, explain how dengue virus (DENV) 
challenges the concept of what is considered living. 

 Characteristic of life Virus as non-living 

 1. Organisation Viruses lack organelles and cellular 
structures, hence are considered 
acellular. 

 2. Metabolism 
Viruses cannot generate or store energy 
and lack metabolic machinery e.g. 
mitochondria, ribosome.  

 

 3. Growth Viruses do not grow in size. 

 4. Homeostasis 
Viruses do not have the ability to carry 
out homeostasis. 

 

 5. Adaptation  

 6. Response to stimuli 
Viruses do not respond to stimuli outside 
a host cell. Many viruses do not have a 
latency phase in their life cycles. 

 

  [4]
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(b) DENV infects its host cell through interaction with specific receptors. Human
monocytes and mouse neural cells are main targets of DENV infection. 

Fig. 2.1 shows the reproductive cycle of DENV, a single-stranded positive-sense
RNA virus. 

Fig. 2.1 

With reference to Fig. 2.1, describe the differences between the reproductive cycles 
of  DENV and human immunodeficiency virus (HIV). 

DENV HIV 

Entry DENV enters by receptor-
mediated endocytosis. 

Fusion of viral envelope and 
host cell membrane 

Fusion of 
membranes

within host cell
Fusion of viral envelope and 

endosomal membrane No fusion within host cell 

Integration No integration of viral genome Integration of viral genome 

Replication of 
viral genome

Viral (+)ssRNA genome 
replicated by viral RNA-

dependent RNA polymerase, 
using viral (+)ssRNA as template

Proviral DNA is replicated as 
infected T-cell replicates. 

Viral (+) ssRNA genome is 
transcribed from the integrated 

proviral DNA by host RNA 
polymerase. 

Release Exocytosis Budding 

[3]

n of 
Viral (+)ssRNA genome
replicated by viral RNA-
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 (c) When a pathogen like DENV invades the human body, the main defence against 
such pathogen is the immune system.  

Briefly explain one advantage and one disadvantage of the innate and adaptive 
immune responses against invading DENV. 
 

  Advantage Disadvantage 

Innate Immunity 

rapidly recognizes and 
responds to pathogens 

ability to recognise a large 
range of antigen through  

non-specific binding 

does not provide a person 
with long-term immunity 

against an invading pathogen

Adaptive immunity 

produces T and B cells that 
specifically and efficiently 

target the pathogen and 
infected cell, e.g. antibody-

secreting B cells and cytotoxic 
T cells 

long-term immunity through 
development of memory cells

takes longer to respond to an 
invading pathogen than the 

innate immune response 

 [4]
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(d) DENV is a member of the genus Flavivirus, which contains a number of important 
human pathogens, usually vector-borne. DENV is particularly notable in that it 
exists as four antigenically distinct serotypes (denoted as DENV-1 to DENV-4), 
within which there is considerable genetic variation in the guise of phylogenetically
defined “genotypes”. 

Fig 2.2 shows a phylogenetic tree of DENV serotypes based on the analysis of 
non-structural-5 (NS-5) gene from DENV using molecular methods. 

Fig. 2.2 

 (i) Explain the advantages of using molecular methods in classifying viruses. 

1. Analysis of molecular data is objective since the comparison of bases
A,T,C,G present is unambiguous, whereas criteria for comparisons involving
the shape of a structure may be difficult to standardise. Therefore,
classification based on observable characteristics like anatomy may be
subjective.

2. Less difficulty in defining characters for molecular data as compared to
structural features / differentiate two organisms with similar morphologies or
very different morphologies

3. Molecular data are readily available for analysis and can be easily
interpreted

4. Allow us to compare neutral changes in organisms

5. For molecular data, differences in DNA / amino acids can be quantified by
analysing nucleotide and amino acid sequences. The degree of relatedness
can be inferred and quantified by calculating the nucleotide differences
between species. 

6. Conversely, small genetic differences, may result in major phenotypic
differences. In such instances, vast differences in morphology can
exaggerate the evolutionary distance between two species

[3]

nterpreted

Allow us to compare neutral chhanananananananaa gegegeegegegeg sssssssss iiinnnn ororororgagagaganinininisssms
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(ii) Describe the phylogenetic tree of DENV serotypes shown in Fig. 2.2. 

1. DENV-4 first diverge

2. Followed by DENV-2 and the

3. final split between DENV-1 and DENV-3

[3]

(iii) A different research group published another version of phylogenetic tree of DENV 
serotypes.   

Fig. 2.3 

Suggest one reason why the phylogenetic tree in Fig. 2.3 is different from that in
Fig. 2.2. 

1. Use of different gene segment during nucleotide analysis

2. DENV 1, 2 and 3 are too closely related to each other, molecular
analysis not able to distinguish them with confidence

[1]
analysis not able to distinguish them with confiden
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(iv) One question on the origin of DENV is why it exists as four distinct serotypes. This 
can be explained in two ways: 

 through geographical partitioning in different primate populations 
 evolution in sympatry (within a single population)  

Using your knowledge in evolution, explain how DENV has evolved into four distinct 
serotypes through geographical partitioning. 

1. Dengue viruses infects primates

2. Primates move to different geographical regions/presence of physical
barrier  resulting in geographical isolation  genetically isolated

3. Dengue viruses accumulates mutation independently through antigenic drift

4. Differential selection pressure  Alleles more adapted will have higher
chance of being passed on to the next generation / differential reproductive
success

5. no gene flow to allow for genetic recombination and reassortment (antigenic
shift)  evolved into different serotypes through time

[4]

(v) Suggest how evolution into the four DENV serotypes can take place through 
sympatry.  

1. Mutation in the DENV receptor resulting in binding of DENV to different
cell types, preventing antigenic shift

[1]

 (vi) Suggest and explain one possible selection pressure for the evolution into the four 
DENV serotypes. 

1. Neutralizing antibodies and other specific host immune response
2. Explain: negative selection pressure, e.g. removal of virus from the body,

unable to replicate in host cell

3. Non-neutralizing antibodies
4. Explain: positive selection, e.g. unable to neutralized virus, DHF  increase

infectivity of virus

5. Presence of sufficient vector (e.g. mosquitoes)
6. Explain: negative / positive selection, e.g. more mosquitoes increase

transmission of DENV

7. Temperature of host
8. negative / positive selection, e.g. increase temperature in the environment

will affect mosquito reproduction/DENV reproduction in mosquito

 [2]

[Total: 25]

Non neutralizing antibodies
Explplain: positive selection, e.g. unableeee tttooo neneneneututututrarararaliz
nfeectivity of virus
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ransmission of DENV
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Section C 

Answer one question in this section. 

Write your answers on the separate answer paper provided. 

Your answers should be illustrated by large, clearly labelled diagrams, where appropriate. 

Your answers must be in continuous prose, where appropriate. 

Your answers must be set out in section (a), (b) etc., as indicated in the question. 

3 (a) With reference to named examples, explain how the gene expression in
prokaryotes can be regulated using inducible and repressible systems. [13]

A. Inducible [max 9] 

1. E.g. lac operon;
2. Lac operon controls the expression of genes that encode proteins involved

in the breakdown of lactose / an inducible system controls the expression
of genes that encode proteins involved in a catabolic pathway;

3. Transcription is usually turned off, and is turned on only in the presence
of lactose / an inducer;

4. Negative control by Lac repressor coded by lacI gene which is
constitutively expressed;

5. In the absence of lactose, Lac repressor is in active form and binds to
operator;

6. RNA polymerase cannot bind to promoter, preventing transcription;
7. In the presence of lactose,

a. lactose is transported into the cell via lactose permease;
b. and -galactosidase converts lactose to allolactose;

8. Allolactose binds to lac repressor;
9. changes its three dimensional conformation, inactivating the Lac

repressor; 
10. Lac repressor can no longer bind to the operator,
11. RNA polymerase can now bind to promoter, allowing transcription of

lacZ, lacY, and lacA genes; 
12. Positive control by catabolite activator protein (CAP);
13. In the presence of lactose, when glucose levels is high, cAMP levels is

low;
14. CAP is inactive and cannot bind to CAP site, hence rate of transcription

is low;
15. When glucose level is low/absent, cAMP levels increases;
16. cAMP binds to CAP;
17. changes its three dimensional conformation, activating CAP;
18. Active cAMP-CAP complex binds to CAP site, increasing rate of

transcription by RNA polymerase; 

e pprer sesencncee off llactoosese,, whw enn glucose levelelsss isi  

is innacactit veve aandnd cacannn otot bbini dd tto CCCCCCCCCCCCCCCCAPAPAPAPAPA sssititititi e,, hehehence
w;
n glglucucososee levevele is s lolow/w/ababsesentnt, cAAAMPMPMP levevevelelels ss incre
P binds to CAP;
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B. Repressible [max 6] 

19. E.g. trp operon;
20. trp operon controls the expression of genes that encode proteins involved in

the synthesis of tryptophan / a repressible system controls the expression
of genes that encode proteins involved in an anabolic pathway;

21. Transcription is usually turned on, and is turned off when tryptophan / co-
repressor is in excess;

22. Negative control by Trp repressor coded by trpR gene which is
constitutively expressed;

23. At low levels of tryptophan, Trp repressor is in inactive form and cannot
bind to operator;

24. RNA polymerase can bind to promoter, allowing transcription of trpE,
trpD, trpC, trpB, and trpA genes; 

25. When levels of tryptophan is high, tryptophan binds to Trp repressor;
26. changes its three dimensional conformation, activating the trp

repressor; 
27. Active Trp repressor binds to the operator;
28. RNA polymerase cannot bind to promoter, prevent transcription;

Award once only:  

 6 and 28 
 11 and 24 

QWC [1] 

Clear, organised flow without ambiguity to include separate sections on inducible
and repressible systems; 

 (b) Explain the advantages of regulating gene expression at different levels in
eukaryotes and suggest why prokaryotes have fewer levels of gene regulation. [12]

Advantages: [at least 1 per level, max 8] 

1. Chromatin Level

a. Longer term switching genes on and off to restrict expression of genes;

b. Allow for specialisation/differentiation of cells;

c. More efficient / less wasteful of resources as only genes required for
cellular functions are expressed; (only awarded at chromatin level – most
significant) 

2. Transcriptional Level

a. Rate of transcription can be regulated to meet shorter term requirement of 
the cell; 

b. Combinatorial control allow flexibility in regulation of transcription in
response to changes in signals or stimuli spatially and temporally,
when the appropriate combination of specific transcription factors are
present;

c. Coordinate control allow simultaneous transcription of genes with related
functions/involved in the same metabolic pathway in the presence of the
activators;

ar functctioons are expxpreressed; (o( nly awarded atatat ch
icanant)t) 

tiononalal LLevevelel

off ttraransnscrcripiptitionon ccanan bbee reregugulalatted tooto memem etetet ssshhoh rter
ell; 
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3. Post-Transcriptional Level

a. Alternative splicing allow for production of different proteins variants from
a single gene;

b. Degradation of unprocessed or incompletely processed mRNAs
prevent wastage of resources in translation of these mRNAs;

4. Translational Level

a. Half-life of RNA will affect how long translation of the mRNA can occur
and hence the amount of protein produced, preventing continuous
translation of mRNA and production of proteins that may not be needed;

b. Polyribosomes can translate mRNA at the same time to make multiple
copies of a polypeptide very quickly;

5. Post-translational Control

a. Allow for rapid production of functional protein from stored precursor
by phosphorylation/cleavage for immediate responsiveness to cell
conditions / signals; (accept able to convert between active and inactive
form quickly in response to signals)

b. Allow for activation of protein where it is needed ensuring safe transport /
storage of inactive form of protein;

c. Allows recycling of amino acids from proteins that are no longer required
for cellular functions;

Fewer levels in prokaryotes: 

6. Prokaryotes are unicellular or colonial / do not organise into tissues, organs,
and systems hence they do not specialise in any particular function, and there is 
no need long term switching on and off of genes controlled at the chromatin
level; 

7. Control of gene expression in prokaryotes occurs mainly at the transcriptional
level to allow each cell express different genes at different times in response 
to the transient resources available in the environment (to meet short term
requirement); 

8. Operon systems in prokaryotes enable coordinate control of related genes by
clustering and regulating them under a single promoter unlike in eukaryotes where
related genes are scattered and usually on different chromosomes, hence their
transcriptional level of control is less complex; 

9. Prokaryotes lack introns, hence unable to have (alternative) splicing; 

10. Prokaryotes lack nuclear envelope/nucleus, hence transcription and
translation occur simultaneously, and they cannot have post-transcriptional 
control and translational control is limited; 

11. Prokaryotes lack membrane-bound organelles required for many post-
transcriptional modification, hence they have limited post-translational control; 

QWC [1] 

d rrege ululatatining ththem uundnderr a siningle promoter uuunlnn ike
es araree sccaatteereredd anandd ususuuallyy onononoonoonnon dddddififififfefefeff rererentntnt ccchrrroomo
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Scientific argumentation is exemplified by having 

 At least one advantage of regulating gene expression linked 
coherently to the correct stage of the process 

 At least one characteristic of prokaryotes that is different from
eukaryotes linked coherently to why prokaryotes have fewer levels of
control

 

[Total: 25]
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4 (a) Explain the need for a large amount of non-coding sequences in eukaryotes. [13]

1. Centromeres

a. Centromeres are the constricted regions on chromosomes where two sister
chromatids are attached during nuclear division;

b. Centromeres allow attachment of spindle fibres/microtubules via
kinetochore proteins;

c. This enables the separation of sister chromatids or homologous
chromosomes to opposite poles of the cell during nuclear division;

2. Telomeres

a. Telomeres are the ends of linear eukaryotic chromosomes;
b. At one of the two ends of chromosomes, there is a single-stranded 3’

overhang which folds back and hybridises with the same
complementary sequence in the opposite strand, stabilised by
telomere-binding proteins; 

c. Telomeres prevent the ends of chromosomes from degradation by
exonucleases;

d. Telomeres prevent fusion of the ends of different chromosomes;
e. Telomeres provide a counting mechanism for the number of cell division a

cell has undergone, thus preventing unlimited cell proliferation in adult
tissue;

3. Introns

a. Introns are non-coding sequences interspersed between exons in genes;
b. After transcription, introns are excised through RNA splicing;
c. Introns allow alternative splicing to occur, producing different mRNAs

which give rise to different proteins, using a single gene;

4. Promoters

a. Promoters are found upstream of the transcription start site of genes;
b. Promoters serve as recognition sites for the binding of general

transcription factors and RNA polymerase to initiate transcription;

5. Enhancers and silencers

a. Enhancers and silencers are regulatory elements, usually found distal
from the promoter,;

b. Enhancers can be bound by activators which increases the rate of
transcription;

c. Silencers can be bound by repressors which decreases the rate of
transcription;

QWC 

Clear, organised flow without ambiguity and to include at least 4 different types of
non-coding sequences and their roles; 

cription; 
cerers ccanan bee bob unundd byby reprp essorsss wwhihhichchch dedd c
crriptptioion;
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 (b) Explain the normal functions of embryonic stem cells (ESCs), distinguish between
ESCs and induced pluripotent stem cells (iPSCs), and compare the pros and cons 
of their use in research and medical applications. [12]

A. Normal functions of ESCs [at least 2] 

1. ESCs are derived from cells of the inner cell mass of blastocyst, about 4
to 5 days post fertilisation;

2. The inner cell mass will eventually develop into the fetus;
3. They are pluripotent and can give rise to any type of cells in the body,

except extra-embryonic cells;
4. They lack self-organising ability to form an entire organism;

B. Distinguish ESCs and iPSCs [1] 

1. ESCs are pluripotent stem cells derived from inner cell mass of
blastocyst; same as A1 – award once only

2. iPSCs are normal adult somatic cells that are reprogrammed to be
pluripotent;

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



23

© NJC 2017 [Turn over

C. Pros and Cons of ESCs vs iPSCs 

Similarities: [at least 2] 

1. Pros: Both are pluripotent and are able to be induced to differentiate to
any type of cells in the body;

2. Cons: Both have the potential of continued self-renewal, hence both have
risks of resulting in uncontrolled cell division / formation of tumour;

3. Cons: Differentiation of cells is difficult to control and cells may change into
unintended types of cells in the body;

4. Pros: Both can be easily cultured in laboratories in large quantities;

Differences [at least 3] 

ESCs iPSCs 

1. Need to ensure match in antigens
/ immunocompatibility since donor’s 
antigens will be different from patients 

No need to ensure match in antigens 
/ immunocompatibility since cells are 
from patient and will have same 
antigens 

2. Has risk of rejection by immune
system 

No risk of rejection by immune 
system 

3. Need for immunosuppressant to
prevent rejection, which might lead to 
weakened immune system 

No need for immunosuppressant to 
prevent rejection 

4. Lower risk of uncontrolled cell
division / tumour formation as 
genome is not altered / cells obtained 
from inner cells mass is in the early 
developmental stages and have less 
accumulation of mutations 

Higher risk of uncontrolled cell 
division / tumour formation as 
genome is artificially reprogrammed by 
insertion of genes / cells obtained from 
adult somatic cells which is late in the 
developmental stages and may have 
accumulated mutations 

5. The harvest of ESCs involved usage
and destruction of human embryo 
which would raise ethical concerns 
as it violate the sanctity of life and is 
tantamount to murder 

Overcomes the ethical issues 
caused by the use of ESCs as cells are 
obtained from patients themselves 

6. More costly due to the need to
ensure successful in vitro fertilisation 
and check for immunocompatibility 

Less costly as cells are obtained from 
patients 

QWC [1] 

Scientific argumentation is exemplified by having 

 Direct comparison with one similarity and one difference of pros
and/or cons of ESCs and iPSCs of their use in research and medical
applications 

[Total: 25]
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1 In this question, you will investigate the effect of the colour of light on the rate of 
photosynthesis.

The light-dependent reaction of photosynthesis can be examined by the reduction of 
an artificial electron acceptor, 2,6-dichlorophenolindophenol (DCPIP). DCPIP is blue 
when oxidised, and turns colourless when reduced.

oxidised DCPIP (blue) → reduced DCPIP (colourless)

In this experiment, chloroplast suspension will be mixed with oxidised DCPIP solution, 
which will give a blue-green solution. 

chloroplast + oxidised DCPIP (blue-green) → chloroplast + reduced DCPIP (green)

You are provided with:

chilled chloroplast suspension in a brown vial with lid

oxidised DCPIP solution

5 cm2 cellophane papers of two different colours (red and green)

access to spectrophotometer (wavelength set at 620 nm)

Read through steps 1 to 11 and prepare a table to record your results in (a), before 
starting the investigation.

Proceed as follows:

1 Wrap the bottom part of a test tube with a red cellophane paper and secure it 
with a rubber band near the top edge of the cellophane paper.

2 Repeat step 1 with a green cellophane paper.

3 Prepare a chloroplast-DCPIP mixture by adding 2 cm3 of DCPIP solution to 18
cm3 of chloroplast suspension in a 50 ml beaker. Gently swirl the beaker to 
ensure homogeneity. The mixture should appear blue-green. If the mixture 
appears light green, add another 1 cm3 of DCPIP solution.

4 Wrap the 50 ml beaker containing the chloroplast-DCPIP mixture with aluminium 
foil to prevent exposure to light.

5 Add 3 cm3 of chloroplast-DCPIP mixture into each of the two test tubes prepared 
in steps 1 and 2, and another test tube not wrapped with coloured cellophane 
paper.

6 Place all three test tubes at a distance of 10 cm from the lamp and switch on the 
lamp for five minutes.

7 After five minutes, decant the solution in each test tube to a plastic cuvette. 

8 Blank a spectrophotometer with about 3 cm3 of chloroplast suspension (without 
DCPIP) at 620 nm, and then measure the absorbance of the solution in each 
cuvette.

g

mmml bbbbbbeaeeaeaeaeaakeeerrr coooooooontntntntntntntntntaiaaaaa nnninnn ngngngngngngn tttttttthehehe chloooorropopppplalastst--DCDCPIPIPP mim x
t eeeexpxppxpxpxppxposososososoossurreee totototototototo llligigiggggghththththththth .

f cccchlhlhlhlh orororororororropopopopopopopoplalalalalalalaastststsststst-DCDCDCDCDCDCCCDCPIPIPIIPIPIIIIP P P PPP PP mimmmmmimim xtxtxtxtxtxxtxturrrrrrreeeeeee innninninnnnnto eacachh ofof tthehe ttwo 
ndddddd 2222,,,,, anananananananannddddddddd anaanaanannaana otototootothehhhhhhh r tetetetetetetetet stststststststs ttttttttubububububububube eeeeee not wrwrapappepedd with c
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9 Repeat steps 5 to 8 with clean test tubes to obtain a second set of readings.

10 Prepare a boiling water bath. Add 18 cm3 of chloroplast suspension to a boiling 
tube and boil it for about three minutes. Allow the chloroplast suspension to cool 
to room temperature.

11 Repeat steps 3 to 9 with the boiled chloroplast suspension.

(a) Record your results in a suitable form in the space below.

Table of absorbance of chloroplast-DCPIP mixture containing unboiled or boiled 
chloroplasts under different colours of light

chloroplasts colour of light
absorbance of the solution at 620 nm / Abs

reading 1 reading 2 average

unboiled

red

green

white / 
colourless

boiled

red

green

white / 
colourless

Data:
There should be a total of 12 raw data recorded in the table.

Average:
Any recorded average absorbance must be calculated correctly.

Precision:
All recorded absorbance must be written in 3 decimal places.

Trends:
For unboiled, absorbance should be the highest for green light and lowest for 
white light. For boiled, all absorbance should be similar or higher than that for 
unboiled, green light.

Headings:
(as shown in the table above)

[5]

absorbance must be written in 3 33 dedecicimamall plplacaceses.

, absorbance should be the highehestst fforor ggreen l
For boiled, all absorbance should be siimilar or h

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



4 

© NJC 2017 [Turn over 

(b) Use the grid below to display your results from (a).

Type of graph:
Since colours of light are discrete categories, a bar graph should be drawn rather 
than a line graph. Bars should have equal width and all six bars should not stick 
together like a histogram.

Axis labels and orientation:
y-axis: dependent variable (average absorbance)
x-axis: independent variable (colours of light)
The x-axis label and markings should make sense.

Scale for both axes:
At least half the grid (i.e. 35 out of 70 big squares) should be occupied by the 
bars drawn. Bars should be evenly spaced out. Markings on the y-axis should 
also be equidistant. Precision of average absorbance should be consistent (same 
for all y-axis markings and same as in table).

Points plotted:
All points must be accurately plotted with a sharp pencil and within the grid area. 
If the value of the point is at the grid line, the point should be plotted on the grid 
line and not above/below it.

[4] 

(c) Describe the purpose of having a test tube not wrapped with coloured cellophane 
paper in the given procedure.

It acts as a positive control to show that photosynthesis will occur in the presence 
of light, therefore any change in the rate of photosynthesis is solely due to the 
change in the colour of light available for photosynthesis.

[1]

(d) Discuss the need for step 11.

It acts as a negative control to show that reduction / decolourisation of DCPIP will 
only occur when chloroplasts carry out photosynthesis.

Boiling denatures proteins / enzymes required for photosynthesis.

Just need to do one tube with boiled chloroplasts under white light (rather than 
three tubes with boiled chloroplasts under red/green/white light).

[3]

egative control to show that reductionn // ddececololououris
hen chloroplasts carry out photooosysysyntntnthehehesisis s.s

tures proteins / enzymes required foor r phphototososyntthe

do one tube with boiled chloroplal sts under whit
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(e) Discuss what your results from (a) suggest about the effect of the colour of light 
on the rate of photosynthesis.

Rate of photosynthesis is higher under red light than green light.

Accept: Correct description of trend obtained by the student in (a)

Reference to photosynthetic pigments / light absorption / DCPIP reduction

e.g. More red light is absorbed by the photosynthetic pigments in the chloroplasts 
/ Green light is reflected by the chloroplasts / Greater reduction in the blue-green 
colour intensity of the chloroplast-DCPIP mixture under red light.

[2]

(f) (i) Identify one significant source of error in the given procedure.

The lamp is not the only source of light for photosynthesis.
Heat is emitted from the lamp.

[1]

(ii) Suggest one modification to the given procedure to reduce the errors 
identified in (f) (i).

Perform the experiment in dim light.
Place a beaker of water / clear glass block to serve as a heat shield 
between the lamp and the tubes.

[1]
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(g) One student did a similar experiment with eight replicates to determine the effect 
of red light and blue light on the rate of photosynthesis. 

Table 1.1 shows the results obtained by the student.

Table 1.1

absorbance of the solution at 620 nm / Abs

red light blue light

0.047 0.040

0.055 0.044

0.049 0.032

0.045 0.045

0.050 0.039

0.044 0.042

0.060 0.050

0.052 0.036

Carry out a t-test to determine if red light and blue light have the same effect on 
the rate of photosynthesis at 5% level of significance, assuming a normal 
distribution and equal variance.

Keys to symbols:
s = standard deviation     x̅ = mean       n = sample size
x = observation      v = degree of freedom 

(Please refer to the t-table given to you separately.)

You may continue your workings in the space on the next page.

bols:s:s:ssss
devevevevvviaiaiaiaiaaiaatititititttit onn     xxxxxxxxxx̅̅̅̅̅̅ = memememememememeannnnnnn       n ==== saaaaaaaampmpmpmpmmpmpmmmpmmm leleleleleleeleeeee sssssssizize
onnnnnnnnn      vvvvv ==== dededededededed greeeeeeeeeeeeee oooooooofff ffff frfrfrfrfrfrfrfrfrf eeeeeeeeee dodododododododooommmmm mmmmm

r tooooooo ttttheheheheeehehe tttttttt------tatatatatatatataablblblblbbbb e eeeee gigg vevvvvvvv nnnnnnn totototootototo yyyyyyyouououououououoou ssssssssepeeee aratatelely.))
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Let μ1 represent the population mean of the absorbance of the solution under 
red light.
Let μ2 represent the population mean of the absorbance of the solution under 
blue light.

H0: μ1 = μ2 
H1: μ1 ≠ μ2 

[1 mark awarded for correct hypotheses]

Using GC, 
1̅ = 0.05025
2̅ = 0.041
1 = 0.005338539
2 = 0.005580579

t-value = 3.387719986 = 3.39 (2 dp)
p-value = 0.0044195444
Degrees of freedom = 14 
[1 mark awarded for stating correct sample means, standard deviations and 
t-value or p-value]

From the t-table, 
At p = 0.975, critical t-value is 2.145.
Calculated t-value > critical t-value
OR
p-value from GC < 0.05 
[1 mark awarded for making the above comparison relating to t-value / p-value]

We reject H0 / accept H1 and conclude that at 5% significance level, there is 
significant difference in the effect of red light and blue light on the rate of 
photosynthesis. Any difference is not due to chance or sampling error. 
[1 mark for correct conclusion]

[4]

[Total: 21]
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2 In this question, you will investigate the water potential of potato tissue and onion 
epidermis.

You are provided with known concentrations of sucrose and distilled water as shown 
in Table 2.1.

Table 2.1

solution concentration of sucrose solution / mol dm-3

W 0.0

S1 0.3

S2 0.6

S3 1.0

You are also provided with:

potato cylinders

methylene blue solution

onion scale leaf incubated in solution S3

Read through steps 1 to 9 and prepare a table to record your results in (a), before 
starting the investigation.

Proceed as follows:

1 Add 6 cm3 of distilled water into a test tube and label it “W”. Place another 3 cm3

of distilled water into a vial and label it “W-blue”. Add one drop of methylene blue 
into the vial W-blue and mix well. This would colour the distilled water blue 
without significant alteration of the water potential. 

2 Repeat step 1 to dispense sucrose solution S1, S2 and S3 into appropriately 
labelled test tubes and vials.

3 Using a scalpel, ensure that any potato skin present is trimmed off. Cut the 
potato cylinders into 5 mm thick discs

4 Place 10 potato discs into the test tube W and leave it to incubate for 25 minutes.
Ensure that the discs are completely soaked in the solution. During this time, you 
may proceed on to part (f) or other parts of the Question Paper.

5 After 25 minutes, decant the liquid in test tube W into a suitably labelled clean 
test tubes.

6 With a Pasteur pipette, collect a small amount of the coloured solution in the vial 
W-blue.

lpel, ensure that anyyyyy potato skin present is tri
ersss intntntntntoooo oo 555 55 mmmmmmmmmmmmm ttttttthhhihhhhhh ckkkkkkkk dddddddddisisisisisisisiscscscsccccc

atooo o diiiiiiscscscscscscscscs inntototottototott tttheheheheheheehe tttttttttesesesesesesese t tututututututuubebebebebebebebe WWWWWWWW and d ddd d d dddddd lelleleleavavvavavava ee it ttoo inincuc b
the ee eeee e didididdiscs ara e compmpmppmpmpmpmmmppleeeeeeeetetetetetetettt lyyyyyyyy soaked in tthehe sosolulutitionon. D
d onoonoononn tttto o o oooo o papapapapapapapartrtrtrtrtrrrr  (f(f(f(ff(f(f(( ))))))) orororo othththththththt ererereerererer ppppppparararararararara tstststststststts oooof the e QuQuesestitionon Pape

t d t th li id i t t t b W i t it
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7 Very gently, by squeezing on the Pasteur pipette, introduce one drop of the 
coloured liquid into the centre of the decanted liquid from W as shown in Fig. 2.1. 
Be careful not to disperse the coloured liquid with any sudden squeezing of the 
Pasteur pipette. Withdraw the pipette slowly.

Fig. 2.1

8 Observe whether the drop of coloured liquid remains in the same position, floats 
or sinks, and how fast it occurred. Release another drop of coloured liquid and 
continue until you are certain you have made the correct observation about the 
behaviour of the drop of coloured liquid.

9 Using clean pipettes, vials and test tubes, repeat steps 4 to 8 with solution S1,
S2, and S3 in turn. In a similar manner, introduce one drop of coloured liquid 
from S1-blue, S2-blue, and S3-blue into the decanted liquids of S1, S2, and S3
respectively, after incubating the potato discs for 25 minutes. 
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(a) Record your observations in the space below.

concentration of sucrose 
solution / mol dm-3 observation

0.0 floats slowly

0.3 sinks very slowly

0.6 sinks slowly

1.0 sinks quickly

H1: Correct heading for independent variable (name of solution / concentration of 
sucrose with units)

H2: Correct heading for dependent variable (observation)

O: records four observation for S1 to S3 and W

T: records W as “floats” and S3 as “sinks”

R: records relative rates of movement

[4]

(b) If the coloured drop sinks, it implies that the coloured drop is denser than the 
decanted liquid. Suggest why the decanted liquid becomes less dense after the 
incubation with potato discs.

Max two from:

1. Relationship between density, mass and volume

2. Volume of water surrounding potato / incubating liquid increased

3. Mass of sucrose remained the same [2]

  

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



11

© NJC 2017 [Turn over 

(c) Explain the behaviour of the coloured drop in the liquid decanted from tube S1 in 
terms of movement of water molecules and water potential of the potato tissue.

Max four from:

1 F Coloured drop in S1 floats because the decanted liquid became more dense;

2 F Potato cells contains more solutes in cytoplasm / cell sap in vacuole than S1

3 F Water potential in potato cells is more negative than S1;

4 F Water molecules move from surrounding S1 into potato cells

5 F Osmosis across cell membrane into potato cells

6 F Liquid surrounding S1 become more dense because mass of sucrose / number 
of molecules of sucrose remains unchanged but volume in surrounding 
decreases

1 S Coloured drop in S1 sinks because the decanted liquid became less dense

2 S Potato cells contains less solutes in cytoplasm/cell sap in vacuole than S1

3 S Water potential in potato cells is more positive than S1

4 S Water molecules moves from potato cells to surrounding S1

5 S Osmosis across cell membrane into the solution

6 S Liquid surrounding S1 become less dense because mass of sucrose / number 
of molecules of sucrose remains unchanged but volume in surrounding 
increase

[4]

(d) A student wanted a more accurate estimation of the range of sucrose 
concentration of the potato tissue.

Describe two modifications to the method that can increase the accuracy of the 
estimated range of sucrose concentration found in the potato cells.

1. Decrease the interval of sucrose concentrations to intervals of 0.01 mol
dm-3 / increase the number of different sucrose concentrations used
between 0.2 to 1.0 mol dm-3

2. Dimensions of potato discs cut may not be accurately obtained using a
ruler and scalpel, use a microtome to minimize variations

3. AVP

[2]

/ increase the number of different sucrose co
een 0.2 to 1.0 mol dm-3

nsions of potato discs cut may nnnototot bbbee acaccucurarate
and scalpel, use a microtome to mininimimizeze vvariiatio

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



12

© NJC 2017 [Turn over 

(e) Another student conducted a similar experiment to investigate the effect of 
placing pieces of potato tissue in varying concentrations of sucrose solution
by measuring the change in mass of the potato tissue after incubation.

At the start, each potato tissue was weighed to obtain the initial mass. Each 
sample of potato tissue was then incubated in a different concentration of 
sucrose solution for a set time. After the incubation time, the potato tissue 
was removed and the final mass of the potato tissue was recorded.

The results of his investigation were tabulated and a graph was drawn as
shown in Fig. 2.2.

Fig. 2.2

(i) Circle the data point that is likely to be an anomaly. [1]

Circle plotted point at the 0.8 mol dm-3 sucrose

(ii) Based on your understanding of water potential, state and explain why this 
data point was chosen to be an anomaly.

1. State: Point is clearly inconsistent with the decreasing trend shown;

2. Explain: Water potential of the 0.8 mol dm-3 sucrose solution is likely
to be more negative than the water potential of the cytoplasm in the
vacuole of potato cell, water from the potato cell will move out into
the surrounding water;

[2]
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(f) You are required to observe the effects of treating onion epidermal cells with 
sucrose solution. You are provided with a scale leaf from the bulb of a red onion 
that has been incubated in solution S3.

10 Make a shallow cut on the outer surface of the scale leaf. Using a pair of forceps, 
peel off a thin sheet of epidermis. 

11 Place the epidermal peel on a microscope slide with a drop of solution S3 that 
was used to keep the onion leaf moist in the petri dish. Using forceps and 
mounting needle, spread out the epidermis flatly without tearing the peel. Cover 
with a cover slip.

12 Observe the onion epidermal cells under an appropriate objective lens of the 
microscope.

In the space below, make an accurate and labelled drawing of three adjacent 
pigmented cells that are clearly visible in the field of view. Calculate the 
magnification of your drawings.

Max five from: 

1. Clear continuous lines with no shading
2. Draws three adjacent epidermal cells
3. Depicts plamolysed plant cells with detached cell membrane from cell wall

with some intact attachment points;
4. Correct relative proportion of thickness of cell wall to cell membrane
5. At least 3 correctly labels from: cytoplasm, cellulose cell wall, cell surface

membrane, vacuole
6. Correct calculations with working

[5]

[Total: 20]
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3 Human activities over the past centuries have led to increased emission of carbon 
dioxide, resulting in rising atmospheric carbon dioxide concentration. Since carbon 
dioxide is the raw material for photosynthesis in green plants, it is important to 
understand how elevated carbon dioxide concentration would affect the rate of 
photosynthesis. 

There are three types of photosynthetic mechanisms in green plants: C3, C4, and 
CAM. Most agricultural crop plants either use the C3 or C4 mechanism. 

The C3 pathway involves the use and subsequent regeneration of ribulose 
1,5-biophosphate (RuBP) in a cyclic series of reactions called the Calvin cycle. The 
first product of photo-assimilation of carbon dioxide is 3-phosphoglycerate, a three-
carbon sugar, hence the term C3 pathway of photosynthesis.

The C4 plants begin their carbon dioxide uptake in mesophyll cells of leaves, forming 
a four-carbon molecule, oxaloacetate. This four-carbon molecule is changed into 
aspartic acid or malic acid, which is then transported immediately to bundle sheath 
cells. Here, the carbon dioxide is released and utilised in the C3 biochemical pathway. 
Thus, the C4 plant mechanism first traps carbon dioxide in the mesophyll cells, and 
then transports and concentrates the carbon dioxide in the bundle sheath cells, where 
it is utilised in the C3 pathway. Since C4 plants have a mechanism for concentrating 
carbon dioxide in the bundle sheath cells of leaves, it is hypothesised that their 
photosynthetic rates will not respond to rising carbon dioxide concentration to the 
same extent as C3 plants.

Using this information and your own knowledge, design an experiment to determine 
the effect of different concentrations of carbon dioxide on the rate of photosynthesis of 
C3 and C4 plants. 

Comparison of the results would then allow the testing of the hypothesis that elevated 
carbon dioxide concentration has a greater effect on C3 plants than on C4 plants.

You must use:

fresh green leaves from C3 and C4 plants

plastic straw (for cutting out leaf discs)

0.1% sodium hydrogen carbonate solution (you need to remove the gas from 
the air spaces in the leaf discs so that they will sink in sodium hydrogen 
carbonate solution)

You may select from the following apparatus and use appropriate additional 
apparatus:

normal laboratory glassware, e.g. test-tubes, boiling tubes, beakers, measuring 
cylinders, syringes, glass rods, white tile, etc.

bench lamp

stopwatch

um m hyyyyydrdrddd ogoogogogggen ccarbooooooonananananananate ssolutuu ion (you need ttoo re
accccesesessess iiiiin thtthhe leleeeleeeeaaafaaaaa ddddddiiiisiii cscscscscscscscsc ssso thtthhhatatt tthehey y yyyyy wiwillll ssiinkk in
sooooluuuuuutititititititit ooonooooo )

from the following apparatus andd use app
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Your plan should:

have a clear and helpful structure such that the method you use is able to be 
repeated by anyone reading it

be illustrated by relevant diagram(s), if necessary, to show, for example, the 
arrangement of the apparatus used

identify the independent and dependent variables

describe the method with the scientific reasoning used to decide the method so 
that the results are as accurate and repeatable as possible

include layout of results tables and graphs with clear headings and labels

use the correct technical and scientific terms

include reference to safety measures to minimise any risks associated with the 
proposed experiment.

[Total: 14]
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Planning Answer Scheme 

Introduction Mark scheme:
Aim
To investigate the effect of different concentrations of NaHCO3 on the rate of photosynthesis of C3 and 
c4 plants.
Role of NaHCO3
Increase in concentration of sodium hydrogen carbonate will increase amount of carbon dioxide 
available for carbon fixation during the light-independent reaction of photosynthesis (R! Calvin cycle). 
Hence, rate of the light-independent reaction would increase, leading to the faster regeneration of ADP 
and NADP+ for light-dependent reaction/ photophosphorylation.
The oxygen produced from photolysis of water would increase buoyancy of leaf discs, causing them to 
float to the surface of the solution.

Explain observation of leaf disc 
floating [T1]

Hence, rate of photosynthesis can be determined by taking the inverse of the time taken for all 
leaf discs to float to the surface of the solution. (The less the time taken for leaf discs to float to the 
surface, the faster the rate of photosynthesis.)
Reject counting of bubbles because bubbles will not form, reject collect gas as gas won’t be released.

Explain how to determine rate of 
photosynthesis [M1]

Variables
Independent variable: concentration of sodium hydrogen carbonate (accept carbon dioxide) + 5 
different values;

State independent variable + 5 values
uniformly spaced or derived [IV]

Dependent variable: time taken for leaf disc to float to surface of solution; (ECF if other method used, 
must give set time)

State dependent variable [DV]

Constant variables: size of leaf discs, light intensity/distance from lamp, volume of sodium,
temperature, AVP (at least 2);

State 2 constant variables [CV]

Procedure
1. Prepare 50.0 cm3 of different concentrations of sodium hydrogen carbonate solution by simple 
dilution.

Concentration of sodium hydrogen 
carbonate solution / %

Volume of sodium hydrogen 
carbonate solution / cm3

Volume of distilled 
water / cm3

0.10 50.0 0.0
0.08 40.0 10.0
0.06 30.0 20.0
0.04 20.0 30.0
0.02 10.0 40.0

0.00% can be counted as a concentration

Describe procedure to vary 
independent variable [M2]

n of sodium hydrogen carbonate (accept carbon dioxide)  5 S
u

eaf discscscscsc tttttttto floaooaat to sssssssuruuuuuuuu fffaffffff ceeeeeeee oooooooof sooooooooooluululuuuutiiion; (EEECCCCFF iif f ototheherr memeththodod uuses dd, S
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2. Use a straw to cut out 100 discs (accept: 20 – 100 discs) from the leaves of C3 and C4 plants and
place them in separate labelled petri dishes. This is to ensure that each discs are of the same size and 
hence would contain similar amount of chloroplast in each disc.

Explain why variables need to be kept 
constant + describe how they are kept 
constant [CV1]

3. Keep the discs in the dark to ensure that leaf discs are not undergoing photosynthesis before the
experiment.

Describe procedure needed to ensure 
same start point [M3]

4. Remove the plunger from the 5cm3 syringe and add 5 leaf discs of C3 plant (accept: 1 – 5 discs) into
the syringe.
5. Replace the plunger and push it into the syringe, taking care not to damage the discs.
6. Fill the syringe with 5cm3 of 0.1% NaHCO3. Ensure that each experiment uses the same volume of
NaHCO3 as changes to the volume will affect the concentration of carbon dioxide.

Explain why variables need to be kept 
constant + describe how they are kept
constant [CV2]

7. Place a finger over the nozzle to point the syringe upwards and create a vacuum environment.
8. Draw the plunger to remove any gas present in the leaf discs. Leaf discs will start to sink to the
bottom. 
9. Repeat steps 6 to 7 to ensure that all the leaf discs sink to the bottom. Discs that float in the
solution would affect the time taken for it to float causing the results to be inaccurate. 

Describe procedure needed to
remove gas in leaf discs to ensure 
accuracy of results. [M4]

10. Place the syringe 10cm (accept: 10 – 50cm) away from the bench lamp and use plasticine to
hold the syringe in place as shown in the diagram. This ensures that the light intensity is constant as 
light intensity will affect the rate of light-dependent reaction of photosynthesis.

Explain why variables need to be kept 
constant + describe how they are kept 
constant [CV3]

.

Well-labelled diagram [D]

11. Before starting the reaction, allow the leaf discs to acclimatise for 3 minutes (accept 1-5min) to
allow leaf discs to stabilise in the set up to ensure reproducibility of results.

Describe procedure needed to
acclimatise before starting to ensure 
reproducibility of results [M5]

f light-dependent reaction of photosynthesis. c
W
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12. After 3 minutes, switch on the lamp and start timing using a stopwatch.
13. Record the time taken for all the leaf discs to rise to the surface.

[M1]

14. Repeat steps 4 to 13 to obtain two more readings (three sets of data) using the same
concentration of NaHCO3 solution to minimise error by calculating average, ensuring reliability of
results.

Reliability: Repeat experiment at least 
two more times and calculate mean 
[M6]

15. Repeat steps 4 to 14 using leaf discs from C4 plant.
16. Repeat steps 4 to 15 using 0.02%, 0.04%, 0.06%, and 0.08% NaHCO3 to obtain results for the
different concentrations.
17. Repeat steps 4 to 13 to using boiled and cooled leaf discs from C3 plants as a control to show
that the rise of leaf discs is due to the oxygen produced when leaf discs undergo 
photosynthesis and not due to other factors. Do the same for leaf discs from C4 plants. 

Describe control experiment [C]

18. Repeat entire experiment twice, using fresh solutions and leaf samples to ensure
reproducibility of the results obtained.

Reproducibility: Repeat entire 
experiment at least two more times
with new reagents [M7]

Other constant variables:
Temperature – place thick clear glass in front of lamp to prevent set up from heating up due to 
the heat from the lamp OR use thermostatically controlled water bath to maintain constant 
temperature as fluctuations in temperature will affect the rate of photosynthesis
Reject pH because NaHCO3 is a pH buffer.

Explain why variables need to be kept 
constant + describe how they are kept 
constant [CV4]

Results
19. Record the results in the table below and calculate the rate of photosynthesis by taking the inverse
of the average time taken for leaf discs to rise.

Type of 
plant

Concentration of 
NaHCO3 / %

Time taken for leaf discs to rise / s Rate of 
photosynthesis / s-1Trial 1 Trial 2 Trial 3 Average

C3 0.02
0.04
0.06
0.08
0.10

C4 0.02
0.04
0.06
0.08
0.10

Show how results are to be presented 
in a table with independent and 
dependent variables in appropriate 
columns/rows [R1]

s a pH buffer.
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20. Plot a best-fit line/curve of rate of photosynthesis/s-1 against concentration of NaHCO3/%. Sketch graph to show relationship 
between independent and dependent 
variable [R2]

Safety precaution

Areas of risk Safety Precautions

1. NaHCO3 is an irritant / allergen Wear gloves when handling it. 
Wash thoroughly when in contact with skin.

2. Bench lamp is a source of electrocution Ensure hands are dry when handling with bench lamp.

3. Scalding during boiling of leaf discs Wear goggles when boiling

4. Bench lamp will become hot after being
switched on for a period of time Do not touch the lamp 

5. Bright light from lamp can cause
damage to retina of eyes Avoid looking directly into the light source

Risks/safety: state the hazard and 
precaution [S]
max 2m

Safeeetyyyy PPPPPPPPPrereereeeerecaacaacaaauuutuuuuuu ionsssssss
WeWWeWeWWeWeWWeaaraaar gggggggglooooooooves whwhwhwhwhwhwhwhenenenenenenenenen hhhhhhhhanananananananndddlddddd innnnnnngggggggg ititititititit. 
Wash thorougugugugugugggggughlhlhlhlhh y yy yy y y yyy when in contact with skiin.n.

cutttttttttttioioioooionnnn EnEnEnEnEnEnEnEnEnE susususususususususurerereererereree hhhhhhhanaanaana dsdsdssssdss are ddddddddddryryryryryryryryr wwwwwwwhehehehehehehehehennnnnnnn hahahahahahahahandnnddndling wwitith h bbencnch h lalammp.
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T = Theory 

IV, DV, CV = Independent Variable, Dependent Variable, Constant Variable 

M = Method 

C = Control 

R = Results 

S = Safety 
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1 The figure below shows an electron micrograph of a cell. 
 

 
 

Which of the following about structures P, Q and R is correct?  
 

 P Q R 

A
provides large surface 
area for attachment of 

ribosomes 

contains demethylated 
DNA  

contains acetylated 
histones 

B transport of proteins to 
Golgi apparatus histones are deacetylated active condensation of 

chromatin 

C
synthesis of 

phospholipids and steroid 
hormones 

transcription of genes 
silenced 

synthesis of proteins on 
free ribosomes 

D synthesis and processing 
of membrane proteins contains methylated DNA active transcription of 

genes 
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2 The following statements have been made about the cell theory.  
 
  1 All cells arise from pre-existing cells by division, with the exception of the first cell that 

came into existence. 
 
  2 All known living things are made up of more than one cell. 
 
  3 All cells contain hereditary information that is passed from cell to cell. 
 
 Which of the following statements about the cell theory are correct? 
 

A 1 and 2 
 
B 1 and 3 
 
C 2 and 3 
 
D All of the above 

 
 
3 Reindeer are well adapted to survive extreme cold winters. One of these adaptations is the cell 

membrane composition at different parts of its body. The graph below shows the percentage 
composition of cell membrane components of cells A and B taken from two different parts of the 
reindeer’s body. 

 

 
 

Which of the following statement best explains the differences in the membrane composition in 
Cell A and Cell B? 
 
A Cholesterol decreases the membrane fluidity and prevents the membrane from breaking up 

by restraining the movement of phospholipids. 
 
B Cell membrane A is taken from a lower part of the reindeer’s leg as the unsaturated 

hydrocarbon tails will prevent the fatty acids from packing close to each other. 
 
C Cell membrane B is taken from a lower part of the reindeer’s leg as the saturated 

hydrocarbon tails will prevent the fatty acids from packing close to each other. 
 
D Transmembrane proteins maintain the osmotic balance between the interior and exterior of 

the cell, hence preventing the cell membrane from solidifying at low temperatures. 
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4 Glucose Transporter (GLUT-1) is found in cell surface membrane of cells (denoted in dotted box) 
throughout the body and its mechanism in transporting glucose is illustrated in the following figure. 

 

 
 

The following statements were made.  
 
 1 Glucose cannot diffuse directly across the membrane as it is a polar and large 

molecule. 
 
  2 There is net movement of glucose from intracellular to extracellular matrix through 

hydrophilic channel of GLUT-1. 
 
  3 GLUT-1 pumps glucose across the membrane via active transport. 
 
  4 GLUT-1 undergoes conformational changes that alternates between high and low 

affinity for glucose molecules. 
 
 
 
Which of the following statements are incorrect? 
 
A 1 and 4 

B 1 and 3 

C 2 and 4 

D 2 and 3 
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5 Which of the following correctly describes starch, glycogen and cellulose?  
 

 Starch Glycogen Cellulose 

A
Can be easily hydrolysed to 

release -glucose 
monomers 

Angle of  1,4 bonds and 
CH2OH side chains 

results in helical chains 

Made up of long linear 
chains due to 180o 

rotation of alternate -
glucose 

B
Insoluble due to the –OH 
groups projecting into the 

interior of helices 

Made up of -glucose 
monomers with 1,4 

glycosidic bonds resulting 
in highly branched chains 

Cellulose chains are 
organised into microfibrils 

and macrofibrils 

C
Highly branched amylose 

due to -1,6 glycosidic 
bonds 

Highly compacted 
molecule that serves as a 
good energy storage in 

animal cells 

Provides structural 
support and prevents cells 
from bursting when turgid 

D
Highly compacted molecule 

that serves as a good 
energy storage in plant cells 

Made up of -glucose 
units with 1,4 glycosidic 
bonds resulting in highly 

branched chains 

High tensile strength is 
due to the accumulative 
strength of the covalent 
cross linkages between 

cellulose chains 
 
 
6 Compared to globular proteins, fibrous proteins are 

 A more resistant to high temperatures. 

 B less regular in structure. 

 C more readily soluble. 

 D more reactive chemically.
 
 
7 Which of the following statement about enzymes is correct? 

 A The high specificity of an enzyme is solely due to its specific 3D conformation. 
 
 B Before binding, the substrate must be exactly complementary to the active site of an 

enzyme in order for enzyme-substrate complexes to be formed.  

 C Formation of enzyme-substrate complex serves to lower the activation energy of the 
reaction. 

 D The Michaelis constant, KM, is the substrate concentration when rate of enzymatic reaction 
reaches maximum, Vmax.
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8 The decomposition of hydrogen peroxide to water and oxygen is catalysed by the enzyme 
catalase. 

 
 During an investigation, 2 cm3 of catalase was added to 20 cm3 of hydrogen peroxide and the 
volume of oxygen released was collected at intervals over a period of time.  

 
 Which bar chart shows the result of this investigation?  
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9 The diagram shows a plant cell (2n=18) at the end of prophase I of meiosis (cell 1), two daughter 
cells just after telophase I (cells 2 and 3) and four daughter cells just after telophase II (cells 4, 5, 
6 and 7). 

 

 
 

 How many DNA molecules are there in the nucleus of cell 1, cell 2 and cell 4?  
 

 Cell 1 Cell 2 Cell 4 
A 18 18 9 

B 18 9 9 

C 36 18 9 

D 36 18 18 
 
 
10 The following diagrams A - H shows some stages in sequence during cell division in Lilium 

grandiflorum (Lily). 
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 Which of the following statements best describes the indicated stage(s)?  
 

A In stage A, condensation of chromatin occurs as centrioles migrate to the opposite poles. 
 
B In stages C & D, chiasmata are formed and crossing over takes place. 
 
C Stage E shows the alignment of 11 chromosomes along a metaphase plate. 
 
D In stage F, sister chromatids separate and migrate towards opposite poles. 
 

 

11 The diagrams show an investigation into semi-conservative replication of DNA.  
 

Which tube shows the position of the DNA after two generations of semi-conservative 
replication in liquid nitrogen (14N)?  
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12 The table below shows a list of characteristics displayed by mutant strains of E. coli during DNA 
replication and the possible reasons.  

 
No Characteristics Enzymes or functions affected by 

mutation
1 Okazaki fragments accumulate and 

DNA synthesis is never completed. 
DNA ligase activity is missing. 

2 Supercoils are found to remain at the 
flanks of the replication bubbles . 

DNA helicase has a low activity. 

3 Synthesis is very slow. DNA polymerase keeps dissociating 
from the DNA and has to re-
associate.  

4 No initiation of replication occurs. A-T rich region at origin of replication 
deleted. 

 
 Which of the reasons correctly explain the characteristics displayed by the mutant E. coli strains?  
 
 A 2 and 3 
 
 B 1 and 4 
 
 C 1, 3, and 4 
 
 D All of the above  
 
 
13 Which of the following statements correctly describes the genetic code?  
 
  1 It is degenerate as there are three codons that act as stop codons, which stops the 

generation of polypeptide during translation. 
 
  2 The codons in the genetic code do not overlap, and are read as distinct reading 

frames during translation.  
 
  3 The genetic code is a triplet code, except in prokaryotes where the bases are read in 

doublets due to the smaller 70S prokaryotic ribosomes.  
 
  4 It is possible that 1 amino acid can be coded for by more than one triplet code.  
 
 
 A 2 and 4 
 
 B 1 and 3 
 
 C 2 and 3 
 
 D 1 and 4 
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14 If the lac operon were to unable to produce any enzymes regardless of the presence or absence 
of lactose, what could be the likely reason for this?  

 
 A LacI has been deleted. 
 
 B Promoter sequence has been deleted. 
 
 C Repressor is unable to bind to the operator. 
 
 D Lactose is always bound to the repressor.  
 
 
15 Which of the following statement(s) regarding viral reproductive cycle is true? 
 

 1 All enveloped viruses contain enzymes embedded in their membranes that 
facilitates the release of viral progeny. 

 
 2 Orthomyxoviruses carry RNA-dependent RNA polymerases that allow the synthesis 

of a complementary DNA from its positive strand single-stranded RNA 
 
 3 HIV is an RNA virus that carries a 2 positive strand single-stranded segmented RNA, 

which acts as a substrate for reverse transcriptase 
 
 4 all viruses complete their maturation by budding from the host cell  

 
 A 1, 2 and 4 
 
 B 2 and 4 
 
 C All of the above 
 
 D None of the above  
 
 
16 Cells taken from a human bone cancer multiplied readily in culture. Analysis showed that the cells 

were unable to produce the protein, Rb.  
 
 Addition of Rb to these cells reduced their rate of division.  
 
 What can be concluded from this investigation?  
 
 A Both chromosomes in the cancer cell carry alleles for tumour suppressor gene. 
 
 B Both chromosomes in the cancer cell have the allele for tumour suppressor gene deleted. 
 
 C Both chromosomes in the cancer cell carry alleles for proto-oncogene. 
 
 D Both chromosomes in the cancer cell have the allele for proto-oncogene deleted. 
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17 Two pure-bred lines of two varieties of maize which differed markedly in cob length were crossed. 
The length of the cobs by the two parental varieties and their offspring were measured to the 
nearest centimetre. The number of cobs in each length category was counted.  

 
 The graph shows the results.  
 

 
Which is the cause of the phenotypic variation shown in cob length within the two parental 
varieties and their offspring? 
 
A segregation and independent assortment of alleles 
 
B linkage and crossing-over at meiosis 
 
C additive effect of different genes 
 
D various environmental factors 
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18 The coat colour of Labrador retrievers is controlled by two genes, B/b and A/a. Allele B codes for 
black coat, while allele b codes for brown coat. The coat colour of a Labrador retriever with a 
genotype aa is yellow.  

 
 A cross between a male black Labrador retriever and a female yellow Labrador retriever produced 

some black puppies and yellow ones.  
 
 What are the genotypes of the parental dogs?  
 

 Black retriever Yellow retriever 

A AaBb aabb 

B AaBb aaBb 

C AaBb aaBB 

D AABb aaBb 
 
 
19 The table below shows the results of a series of crosses in a species of a small mammal.  
 

coat colour phenotype 

male parent female parent offspring 

dark grey light grey dark grey, light grey, albino 

light grey albino light grey, white with black patches 

dark grey white with black patches dark grey, light grey 

light grey dark grey dark grey, light grey, white with black patches
 
 What explains the inheritance of the range of phenotypes shown by these crosses? 
 
 A one gene with a pair of co-dominant alleles 
 
 B one gene with multiple alleles  
 
 C sex linkage of the allele for grey coat colour 
 
 D two genes, each with a dominant and recessive allele  
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20 Which of these statement(s) is/are true? 
 

 1 Royal jelly contains an active ingredient that when fed in alternation with another 
diet to bee larvae will result in the development of queen bees. 

 
 2 The Himalayan rabbit has the genotype for black fur all over its body, but the enzyme 

that produces the black pigment is temperature sensitive. 
 
 3 Height is a polygenic trait, which can be reduced by poor nutrition. 
 
 4 The effect of individual polygenes cannot be observed, but the additive effect can 

be observed. 
 
 A 2, 3, and 4 
 
 B 1, 2, and 4

 C 1 and 3 only 
 
 D 2 and 4 only 
 
 
21 The following diagram shows the activation of the G protein-coupled receptor (GPCR) by the 

binding of adrenaline to the receptor. A mutation leads to constitutive signal transduction. 
 

 
 

 Which of the following is a possible explanation of the mutation? 
 
 A Conformational change in adenylyl cyclase such that it cannot convert ATP to cyclic AMP. 
 
 B Adrenaline cannot bind to the receptor. 
 
 C Cyclic AMP cannot bind to PKA. 
 
 D GTPase in G protein fails to hydrolyse GTP to GDP. 
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22 The diagram shows a summary of aerobic respiration. 

 Which statements are correct? 

  1 Process 1 occurs in cytosol and process 2 occurs in mitochondrial matrix. 
 
  2 Process 2 and 3 occur in mitochondrial matrix. 
 
  3 Process 1 occurs in mitochondrial matrix and process 3 occurs in inner mitochondrial 

membrane. 
 
  4 Process 1 produces 2 ATP and 2 NADH per glucose molecule oxidized. 
 
  5 Process 2 produces 2 ATP, 10 NADH and 2 FADH2 per glucose molecule oxidized. 
 
  6 Process 3 is responsible for producing about 90% of the total yield of ATP from the 

hydrogen carriers reduced per glucose molecule oxidized.  
 
 A 2 and 4 

 B 1 and 5 

 C 3 and 6

 D 1 and 6
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23 Concentrations of glycerate-3-phosphate (GP) and ribulose bisphosphate (RuBP) were measured 
from samples of actively photosynthesising green algae in an experimental chamber.  

 
 Which of the following graphs show how the concentration of these compounds changed when 
the light source was turned off? 

 

A B 

C D 
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24 Isolated mitochondria were incubated with NADH in one experiment and an equal amount of 
FADH2 in another experiment. The mitochondria were initially deprived of oxygen. The pH of the 
intermembrane space was then monitored as a known quantity of oxygen was added. The results 
are shown in the graph. 

 
 Which of the following can be concluded based on the results? 
 
  1 Upon the addition of oxygen, glycolysis and subsequently, link reaction, Krebs cycle 

and oxidative phosphorylation occurred. 
 
  2 Electron transfer was initiated by the addition of oxygen. 
 
  3 The pH drop was greater with NADH than with FADH2, which is consistent with the 

greater ATP yield that accompanies the oxidation of NADH. 
 
  4 The rapid decline in pH indicates that protons were pumped into the intermembrane 

space when oxygen was available. 
 

A 1 only  
 
B 2 and 4 only  
 
C 2, 3 and 4 only  
 
D All of the above 
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25 In the North American catfish Catostomus clarki, two alleles, represented by p and q, control the 
synthesis of a vital enzyme. The three possible genotypes (pp, pq, qq) lead to the synthesis of 
variations of the same enzyme with different optimal temperatures as shown in the graph below.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

When the mean annual temperature is 5°C, which of the following statements is correct? 
 
 A Frequency of allele p in the gene pool will increase.  
 
 B Frequency of allele q in the gene pool will increase.  
 
 C Allele p will become dominant and the allele q will become recessive.  
 
 D The heterozygotes will have an advantage over the homozygotes.  

qq genotype

pq genotype

pp genotype

Temperature/°C
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26 Which of the following statements correctly relate to molecular phylogenetics? 

  1 Lines of descent from a common ancestor to present-day organisms have undergone 
similar, fixed rates of DNA mutation. 

 
  2 Organisms with similar base sequences in their DNA are closely related to each other. 
 
  3 The number of differences in the base sequences of DNA of different organisms can 

be used to construct evolutionary trees. 
 
  4 The proportional rate of fixation of mutations in one gene relative to the rate of fixation 

of mutations in other genes stays the same in any given line of descent.  

A 1 and 2  

B 1 and 4

C 2 and 3

D 3 and 4
 
 

27 Which describes a T-helper lymphocyte?  
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28 The graph shows the amount of antibody produced in response to an antigen.   

 From the graph, which statement is correct? 
 
 A It takes 25 days to achieve active immunity. 
  
 B Memory cells for this antigen are present in the body within 20 days. 
 
 C T-helper lymphocytes are activated on day 12. 
 
 D The second exposure to the antigen occurred on day 25. 
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29 The diagram shows the effect of increasing temperatures on the ice and snow cover at the polar 
regions. 

 

 
 

Which effect of higher temperatures in the polar regions could increase global warming? 
 
A Melting of ice and snow results in less reflection of sunlight and more heat absorption by 

the Earth. 
 
B Increased evaporation leads to more rainfall, which absorbs heat from the land and the sea. 
 
C Melting sea ice causes more cloud formation, which increases absorption of heat in the 

atmosphere. 
 
D Earlier melting of snow allows vegetation cover to increase faster, reducing loss of heat 

from the surface of the Earth. 
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30 Why is it difficult to control the spread of malaria? 

  1 There is an increase in host range beyond mosquitoes that can contribute to the 
spread of malaria. 

 
  2 The mosquito vector rapidly evolves resistance to insecticides. 
 
  3 The plasmodium pathogen shows great antigenic variability. 
 
  4 Civil unrest and poverty results in overcrowded living conditions. 
 

A 1, 2 and 3 
 
B 1, 2 and 4 
 
C 2 and 3 
 
D 3 only 

 
 

END OF PAPER 
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Answer all questions in this paper. 

Question 1 [8 marks] 

Fig. 1.1 illustrates an electron micrograph of a plant cell.  

Fig. 1.1 

(a) With reference to Fig. 1.1, identify organelles labelled A and B and justify your answers. [4] 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

1 m 

A

B

C

D

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



 

© PJC 2017                     H2 Bio/9744/Prelims/P2 
 

3

(b) Explain how the structural features of organelles C and D can contribute to its role in the plant 
cell. [2] 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

Fig. 1.2 is a diagram of the Golgi body, an organelle found in most eukaryotic cells. 

Fig. 1.2 

(c) Besides serving as secretory vesicles, outline another role for the vesicles that are formed at the 
maturing face of the Golgi body. [2] 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 
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Question 2 [11 marks] 

Fig. 2.1 shows the structure of protease. 

Fig. 2.1 

(a) With reference to Fig. 2.1,

(i) explain why an enzyme acts only on a specific substrate. [2] 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

(ii) explain what determines the three-dimensional conformation of protease. [2] 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 
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Sorghum is a staple food in Africa, but the major storage protein that it contains, kafirin, is not easily 
digested by protease enzymes. Upon heating, kafirin can undergo unfolding as shown in Fig. 2.2.

Fig. 2.2 

The digestibility of the protein in two varieties of sorghum was measured when raw, after cooking with 
and without acid. Digestibility was measured as the percentage of the protein that would be broken 
down to amino acids during digestion. 

The results are shown in Fig. 2.3.

Fig. 2.3 

(b) With reference to Fig. 2.3,

(i) difference 1: compare the digestibility of raw and cooked sorghum protein. [1] 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 
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(ii) difference 2: compare the digestibility of cooked sorghum with and without acid. [1] 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

(iii) and using Fig. 2.2 with your knowledge of protein structure and enzyme activity, account for 
the two differences described in parts (i) and (ii). [3] 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

(c) Describe how the bond holding the two amino acids together may be broken to release the two 
amino acids. [2] 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 
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Question 3 [18 marks] 

The production of membrane-bound or secreted immunoglobulin M (IgM) depends on whether the B 
cell is activated. Naïve B cells produce membrane-bound IgM while activated B cells produce soluble 
IgM that is secreted out of the cell.  

In naïve B cells, the gene coding for heavy chain of IgM is expressed to produce a long RNA transcript, 
while the same gene codes for a shorter RNA transcript when the cell is activated (see Fig. 3.1). The 
two different types of RNA are processed differently, resulting in two different types of antibodies upon 
translation.

Fig. 3.1 

Exon 3 Exon 4

Poly(A) signal sequence

Exon 5 Exon 6

Exon 3 Exon 4 Exon 5 Exon 6

pre-mRNA

mature mRNA

AAAAAA

codes for 
membrane anchor

Exon 3 Exon 4

AAAAAA

signal for membrane IgM 
production

signal for soluble IgM 
production

stop codon I stop codon II

stop codon II

stop codon I

stop codon I

Poly(A) signal sequenceDNA
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Fig. 3.2 shows the region of DNA between exons 4 and 5.  

Fig. 3.2 

(a) With reference to Fig. 3.1,

(i) describe how the different types of mRNA produced determine how IgM is membrane-bound 
or secreted out of the cell. [2] 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

(ii) describe how IgM is held in the membrane of B cells. [2] 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

(iii) The membrane anchor in membrane IgM is reported to be associated with several proteins 
on the cytoplasmic side.  

Suggest the function of these associated proteins. [1] 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

Exon 3 Exon 4 Exon 5 Exon 6

AG GTGAGT                                                 CTCTGCAG G5’ 3’

exon 4 exon 5

5’ splice site 3’ splice site

intervening sequence

Poly(A) site

Poly(A) signal sequence
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(b) The activation of a naïve B cell involved the recognition of specific antigens, and mediated by 
helper T cells.

With reference to Fig. 3.1,

(i) describe the events occurring at the promoter of the IgM heavy chain gene locus in both 
naïve and activated B cells. [2] 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

(ii) describe how transcription is terminated when the B cell is activated. [2] 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

(iii) explain how the mature mRNA produced is relatively more stable than the pre-mRNA. [3] 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 
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(c) With reference to both Fig. 3.1 and 3.2, explain the importance of the 5’ and 3’ splice site. [2] 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

In order to understand the process of translation, researchers isolated a clone of activated B cells and 
introduced small interfering RNA (siRNA) into these cells. siRNA is an RNA molecule that can be 
designed and produced in vitro.

In this study, the siRNA introduced was complementary to a short segment of RNA on the 5’ end of the 
mature mRNA. It was found that these activated B cells were unable to produce soluble IgM antibodies. 

(d) (i)    Describe the structural features of the monomers in siRNA. [2] 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

(ii)   Suggest why the introduction of the siRNA did not result in production of IgM antibodies. [2] 
 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 
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Question 4 [8 marks] 

Colon cancer begins when a number of epithelial cells lining the colon proliferate excessively due 
to changes in the several genes. Fig. 4.1 shows the progression of colon cancer from a normal 
epithelium to a metastatic colon cancer. 

Fig. 4.1 

(a) With reference to Fig. 4.1, explain how this supports the multi-step model of cancer. [2] 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

The effectiveness of anti-cancer drugs may be determined by growing different tumours in culture.  

The effectiveness of two drugs on two human tumours (A and B) from different tissues was assessed. 
The two drugs, T138067 and vinblastine, were added to the tumours in the culture on days 5, 12, and 
19. The volumes of the tumours were compared with the volumes of tumours that were not treated with 
any drugs.

The results are shown in Fig. 4.2.
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Fig. 4.2 

(b) Using the data in Fig. 4.2, compare the effectiveness of the two drugs used to treat the tumours.  
[3]

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 
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(c) Vinblastine disrupts the formation of the spindle apparatus during mitosis.  

Explain how vinblastine has its effect as an anti-cancer drug. [3] 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 
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Question 5 [12 marks] 

Fig. 5.1 shows an electron micrograph of H1N1. 

Fig. 5.1 

(a) Identify the components labelled A and B. [3] 

A: …………………………………………………………………… 

B: …………………………………………………………………… 

(b) RNA-dependent RNA polymerase can be found in this virion while reverse transcriptase can be 
found in retrovirus.  

Besides the type of virus, describe one similarity and two differences between RNA-dependent 
RNA polymerase and reverse transcriptase. [3] 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 
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Oseltamivir, better known under its trademark name as Tamiflu, is a recommended medication for 
H1N1. Its mechanism of action is illustrated in Fig. 5.2 and Fig. 5.3.

Fig. 5.2 

Fig. 5.3 

(c) Explain how oseltamivir affects the reproduction cycle of H1N1. [2] 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 
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Many studies were conducted to determine the effectiveness of Oseltamivir.  

In one of these studies, the effects of oseltamivir were studied on patients infected with influenza virus.  
These patients were randomly separated into two groups – one group administered with a placebo (a 
pseudo-drug with no effect) while the other group was administered oseltamivir. Many symptoms were 
evaluated, with cough being one of the symptoms represented in Table 5.4.

Table 5.4 

Facing the wave of flu cases, oseltamivir was stocked up in many medical facilities across countries 
where there was widespread administration of this drug. Thereafter, there were reports of side effects 
that included hallucination, and a flurry of questions rose to challenge the validity of studies such as the 
one above. 

(d) Suggest what could have been done in the above study to increase the confidence of the effects 
of oseltamivir. [1] 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

(e) In a separate case, a patient was treated for both H1N1 and H3N3. During this treatment, he was 
infected with H3N3. Upon testing, it was found that his blood now contains H3N3 and a new strain 
of virus, H1N3.

Explain how this new strain could have arisen. [3] 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

Symptoms Study Groups
Placebo (n=129) Oseltamivir, 75mg (n=124) 

Cough
Duration, hr 55 31
Severity, arbitrary units 110 67
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Question 6 [8 marks] 

Fig. 6.1 shows two bacterial cells, bacterium A and bacterium B involved in process X.

Fig. 6.1 

(a) Describe the process X and elaborate on its significance. [3] 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

A

B
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Fig. 6.2 shows a section of an electron micrograph of bacterium A in Fig. 6.1.

Fig. 6.2 

(b) Explain the role of structure C. [3] 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

(c) State two ways in which structure C differs from the bacterial chromosome. [2] 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

C
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Question 7 [12 marks] 

An experiment was conducted to investigate how various factors affect the rate of photosynthesis in 
cabbage. Fig. 7.1 below shows the results of the experiments conducted. 

Fig. 7.1 

(a) With reference to Fig. 7.1,

(i) state the best conditions for the growth of cabbage. [1] 

……………………………………………………………………………………….…………………. 

(ii) explain the region marked Y. [2] 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

Y

5% CO2, 25oC (Graph D) 

5% CO2, 15oC (Graph C)

0.03% CO2, 15oC (Graph A) 
0.03% CO2, 25oC (Graph B) 

Light intensity/lux 

Mean
mass of 
cabbage
plants/g
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(iii) describe and explain the effect of increasing carbon dioxide concentration on the mean mass 
of cabbage at 25 ºC. [3] 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

(iv) The average carbon dioxide content of the natural environment is 0.035%. Using this fact, 
and the information given in Fig. 7.1, what conclusion can be made about how carbon dioxide 
affects rate of photosynthesis in the natural environment? [2] 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

(b) While photosynthesis is the process by which carbon dioxide and water are used as starting 
materials for the synthesis of glucose using light energy, respiration involves releasing chemical 
energy in organic molecules such as glucose by oxidation and made available to living cells in 
the form of ATP. In particular, the yield of ATP under aerobic and anaerobic respiration are very 
different.

Explain the small yield of ATP from anaerobic respiration in both yeast and animals. [4] 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 
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Question 8 [11 marks] 

In cattle, coats may be solid white, solid brown, or beige. When true breeding solid whites are mated 
with true-breeding solid brown, the F1 generation consists of all solid white individuals. Mating among 
the F1 generation have resulted in the following ratio: 

23 solid white 
6 beige 03
3 solid brown 

(a) (i)    Draw a genetic diagram of the above described cross. [4] 
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(ii)   Explain what is meant by ‘epistasis’ in this context. [3] 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

(iii)  The chi-squared test was later performed on the F2 data.  

Explain what a chi-squared test is used for. [1] 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

Marfan syndrome is a genetic disorder of the connective tissues. People with Marfan tend to be tall, 
and thin, with long arms, legs, fingers and toes. The most serious complications involve 
the heart and aorta.
 
Fig. 8.1 shows the inheritance of Marfan syndrome over three generations in an extended family. 

Fig. 8.1 
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(b) Explain the mode of inheritance of this disease that best explains the pedigree shown above. [3] 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



 

© PJC 2017                     H2 Bio/9744/Prelims/P2 
 

24

Question 9 [12 marks] 

The sensitivity of bacteria to antibiotics can be tested using the disc diffusion method. A small number 
of bacteria is spread onto agar culture plates and then filter discs impregnated with antibiotics are 
pressed onto the surface of the agar. The plates are incubated. Bacteria grow as a ‘lawn’ across the 
agar, but a circular zone (the zone of inhibition) appears around any disc where bacterial growth is 
inhibited.

Two species of bacteria, A and B, were grown on separate culture plates in the presence of three types 
of filter paper disc: 

1 – no antibiotics (control) 
2 – penicillin V, a natural penicillin 
3 – carboxypenicillin, a synthetic penicillin. 

The appearance of the incubated plates is shown in Fig. 9.1.

Fig. 9.1 

(a) With reference to Fig. 9.1, explain the effects of penicillin V on bacterium A. [3] 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 
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Bacteria A and B have different outer layers, as shown in Fig. 9.2.

Fig. 9.2

(b) With reference to Fig. 9.1 and 9.2,

(i) describe how the outer layers of bacterium B differ from those of bacterium A. [2] 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

(ii) account the different effects of penicillin V on bacteria A and B. [3] 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 
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(iii) suggest how the synthetic penicillin, carboxypenicillin, is able to affect the growth of 
bacterium B. [2] 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

……………………………………………………………………………………….…………………. 

(c) Outline two other ways in which antibiotics are effective against diseases caused by bacteria. [2] 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

……………………………………………………………………………………….……………………… 

- End of paper - 
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Section A 

Answer all questions in this section. 

1 Mosquito vectors Aedes aegypti and Aedes aldopictus are main vectors of dengue virus (DENV) 
and chikungunya virus worldwide.  

With about 50-100 million reported cases annually, including 500 000 severe cases of dengue 
haemorrhagic fever (DHF) or dengue shock syndrome (DSS), DENV is the most prevalent 
mosquito-borne human virus worldwide. 

(a) Outline the life cycle of Aedes aegypti. [2] 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

Fig. 1.1 shows a graph on development time of immature mosquitoes to the adult reproductive 
stage. The data is based on studies in a laboratory with mosquitoes taken from a tropical forest. 

Fig. 1.1 
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(b) With reference to Fig. 1.1,  

(i) explain how temperature changes impacts insects’ metabolism. [2] 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

(ii) explain the consequence of the trend on the spread of dengue virus. [2] 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

The immune system is the body's defense against infectious organisms and other invaders. 
Through a series of steps called the immune response, the immune system attacks organisms 
and substances that invade body systems and cause disease. 

(c) (i) Describe how the innate immune system normally responds to a microbial infection 
in the skin tissue, such as DENV. [3] 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 
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(ii) Explain why the normal innate immune responses prove to be ineffective when the 
body is infected with DENV. [2] 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

(d) In response to the DENV infection, the body’s immune response reacts by producing 
antibodies that target the DENV virus.  

(i) Explain how the structure of the antibody allows for the successful recognition and 
binding of DENV virus in blood. [2] 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

(ii) Describe two ways in which the production of antibodies help in removing DENV from 
the body in the primary antibody response. [2] 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 
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(e) Despite the protection offered by the antibodies in the primary infection, the recurrent 
exposure to DENV, particularly of a different serotype, can result in the manifestation of 
severe dengue fever. 

(i) State how the four different DENV serotypes differ. [1] 

……………………………………………………………………………………………………… 

(ii) Explain why the infection by a different serotype can result in severe dengue fever. 
[2]

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

In 2016, the Health Sciences Authority (HSA) has approved the world's first dengue vaccine 
Dengvaxia for use in Singapore. Dengavia is a live, attenuated tetravalent dengue vaccine, and 
has shown to be effective in causing protection against the four DENV serotypes.  

(f) Discuss two advantages of vaccination in the eradication of diseases such as dengue. [2] 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

Besides vaccination, vector control programmes are in widely adopted as a preventive measure. 
Unfortunately, these programmes are facing operational challenges with mosquitoes becoming 
resistant to commonly used insecticides in several areas through the world. 

Spraying insecticide in regions with multiple stagnant water bodies is the main method of 
controlling Aedes aegypti in rural India. One of such insecticides was deltamethrin, which was 
introduced to rural areas in 2007. 

A laboratory study was carried out using mosquitoes collected from two sites – A and B – in 
India. The percentage of mosquitoes killed by deltamethrin was estimated.  
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The results of the study are shown in Table 1.2. 

Table 1.2 

Site Year Percentage of mosquitoes 
killed by deltamethrin

A 2007 100 
2010 90 

B 2007 100 
2010 100 

(g) The researchers concluded that at Site A, the mosquitoes had evolved resistance to 
deltamethrin. Explain how the mosquitoes evolved resistance. [3] 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

India is one of the countries that has already been experiencing extreme weather events – 
extreme heat, droughts – due to climate change. Considering that agriculture play a vital role in 
India’s economy, the impact of climate change on agricultural productivity has been a major 
concern. 

Fig. 1.3 illustrates a prediction on global warming impacts on rice crop yield across India. 

Fig. 1.3 
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In general, the trend is the similar for most plant crops. 

(h) Explain the effects of increased temperature from climate change on plant crops. [2] 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

It has been widely recognised that the effects of climate change have been brought about by 
excessive emission of greenhouse gases (GHG).  

(i) A student made the following comment: ‘If we stop deforestations, the concentration of 
GHG will decrease back to an acceptable level in the atmosphere’. Discuss the validity 
of this statement. [3] 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

 [Total: 28] 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



© PJC 2017                     H2 BIO/9744/PRELIMS/P3 

8

2 Fig. 2.1 shows the two distinct regions of human skin. The dermis is a thick region of living 
tissue below the epidermis, containing blood capillaries, nerve endings, sweat glands, hair 
follicles, and other structures.  

 The epidermis is composed of many different layers of different types of skin cells. These 
different layers of cells arose from the continual division and morphological changes of 
epidermal stem cells that are found in the basal layer of the epidermis.  

Fig. 2.1 

(a) With reference to Fig. 2.1, 

(i) describe the unique features of epidermal stem cells. [2] 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

(ii) state the potency of these epidermal stem cells. [1] 

……………………………………………………………………………………………………… 
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(iii) explain the importance of the epidermal stem cells in the skin. [2] 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

Until recently, burns have usually been treated with skin grafts, which involve taking skin 
sections from uninjured parts of the patient’s body, and grafting them over the burn. These 
grafts can take several weeks or even months to heal, and during the recovery period, patients 
are prone to infections because of the damage to the skin, which is the body’s first line of 
defence against microbes.  

 Scientists have now developed a new technique which involves harvesting the burn patient’s 
skin stem cells, and stimulating them to divide using chemicals. These cells are then sprayed 
onto the burn. This method helps to regenerate the skin quickly, and dramatically reduce 
recovery times. Fig. 2.2 shows an illustration of this process.  

Fig. 2.2 
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Fig. 2.3 shows a photomicrograph of the skin stem cells undergoing repeated cell division in 
culture.

Fig. 2.3 

(b) With reference to Fig. 2.3, 

(i) arrange these stages in the correct sequence. [1] 

……………………………………………………………………………………………………… 

(ii) explain what is happening at stage C. [2] 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

 ………………………………………………………………………………………………………

BA

D

C
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(c) Suggest and explain why these stem cells need to be treated with chemicals to stimulate 
proliferation. [2]

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

[Total: 10] 
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3 Fig. 3.1 shows a Siberian husky. The natural habitat of a Siberian husky is a 
cold, northern climate such as the Siberian Tundra or the wilds of Alaska. Siberian huskies were 
originally bred by the Chukchi people of Siberia to ultimately pull sleds across miles and miles 
of frozen ground. Basically, they were bred to be working dogs, as well as herd animals and 
perform as watchdogs. 

Fig. 3.1 

Fig. 3.2 represents the various birth weights of new-born puppies in a wild population of Siberian 
husky in Siberian Tundra. The line diagram on Fig. 3.2 represents mortality in relation to birth 
weight.

.
Fig. 3.2 

Percentage m
ortality/%

 

Birth weight/kg 
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(a) Using the information provided in Fig. 3.2, account for the type of selection acting on birth 
weight of new-born Siberian husky puppies. [3] 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

(b) Birth weight of new-born Siberian husky puppies is an example of continuous variation. 
Explain why there is a variation of birth weights in the population of Siberian husky. [3] 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

(c) Suggest why percentage of mortality is higher on both ends of the range of birth weights 
of new-born Siberian husky puppies. [2] 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 
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(d) Suggest why Siberian husky and coyote are classified as different species. [2] 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

(e) Some scientist studied the anatomical structures of the golden jackal and hypothesized 
that the golden jackal is more closely related to the Siberian husky than the grey wolf. Fig. 
3.3 shows a segment of homologous DNA sequences from the golden jackal, coyote, grey 
wolf and Siberian husky. 

   
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

golden jackal  A G C T G T C G A T T C C A 
coyote A G C T A T G G A A T C G A 
grey wolf T G C T A T G G A T T C C T 
Siberian husky T G G T A T G G A T T C C A 

Fig. 3.3 

Suggest if the hypothesis that the golden jackal is more closely related to Siberian husky 
than the grey wolf is true. [2]

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

……………………………………………………………………………………………………………... 

[Total: 12] 
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Section B 

Answer ONE question in this section. 

Write your answers on the separate writing paper provided. 

Your answers should be illustrated by large, clear labeled diagrams, where appropriate.  

Your answers must be in continuous prose, where appropriate. 

Your answers must be set out in sections (a), (b) etc., as indicated in the question. 

4 (a) With reference to named examples, describe the range of roles performed by the proteins in 
living organisms. [13] 

(b) Describe how Southern blotting can be used to analyse nucleic acids. [12] 

5 (a) With reference to named examples, describe the range of roles performed by ATP in living 
organisms. [13] 

(b) Compare and contrast between oxidative phosphorylation and photophosphorylation. [12] 

END OF PAPER 
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PIONEER JUNIOR COLLEGE 
JC2 Preliminary Examination 
In preparation for General Certificate of Education Advanced Level 
Higher 2

BIOLOGY 9744/04
Paper 4 Practical  29 August 2017
Junior College Year 2 2 h 30 min
CONFIDENTIAL INSTRUCTIONS 

Question 1 
Fresh G1, W, S1, S2 and Benedict’s are needed for each candidate. 
More of the solutions should be available if requested by candidates. 
Solutions and reagents provided to the candidates should be supplied in a suitable 
beaker, or container, for removal of the solution using a syringe. 

Summary of solutions and reagents 

labelled contents 
hazard

concentration
/ % 

Contents Hazard Concentration 
/ % 

volume
/ cm3 

G1 Glucose 
solution 

none 4 15cm3

S1 Glucose 
solution 

none 1.5 10cm3

S2 Glucose 
solution 

none 0.1 10cm3

W Distilled water none - 50cm3

Benedict’s solution Benedict’s 
solution 

[H] Harmful 
irritant

- 40cm3

It is advisable to wear safety glasses/goggles when handling chemicals. 

Preparation of solutions and reagents 

(i) G1, at least 15 cm3 of 4% glucose solution in a small beaker or container, labelled G1.
This is prepared by dissolving 4 g of glucose in a beaker or container with 80 cm3 of distilled 
water and making up to 100 cm3 with distilled water. 
This is sufficient for 5 candidates. 

(ii) S1, at least 10 cm3 of 1.5% glucose solution in a small beaker or container, labelled S1.
This is prepared by dissolving 1.5 g of glucose in a beaker or container with 80 cm3 of 
distilled water and making up to 100 cm3 with distilled water. 
This is sufficient for 8-9 candidates. 

(iii) S2, at least 10 cm3 of 0.1% glucose solution in a small beaker or container, labelled S2.
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This is prepared by dissolving 0.1 g of glucose in a beaker or container with 80 cm3 of 
distilled water and making up to 100 cm3 with distilled water. 
This is sufficient for 8-9 candidates. 

(iv) W, at least 30 cm3 of distilled water, in a beaker or container, labelled W.

 (v) Benedict’s solution, [H]  at least 50 cm3 of Benedict’s solution, in a small beaker or 
container (so that a 10 cm3 syringe can be used), labelled Benedict’s solution.
These solutions can be made up the day before the examination and stored in a refrigerator. 
However, these must be at room temperature for the examination.  

Apparatus for each candidate 

Apparatus Quantity Quantity 
10 cm3 syringe or one with the means to wash it out  2

Container with tap water, labelled washing 1
Paper towels 4
Glass vials to hold 20 cm3 volume 5
Test-tubes – large suitable for heating 8
Test-tube rack or containers to hold at least eight test-tubes 1
Water-bath equipment 1

Big beaker for water bath 1
Bunsen burner, tripod, gauze, bench mat, at least a 400 cm3 
beaker with water suitable for a water bath (at approximately 70°C), 
matches and a thermometer –10 °C to 110 °C 

1

Stop clock, stop watch or sight of a clock with a second hand 1
Glass marker pen 1
Safety goggles/glasses 1
Glass rod 1

During the examination, the Supervisor should, out of the sight of the candidates, carry 
out Question 1 using the same solutions and reagents as the candidates. These results 
should be written in the Supervisor’s report (not on a spare Question paper) which should 
be enclosed with the candidates’ scripts. Please ensure that if the scripts are in several 
packets that a copy of the Supervisor’s report is enclosed with each packet of scripts. The 
Invigilator should not carry out Question 1.

Question 2 
Apparatus for each candidate 
(i) Slide K2 (supplied by Cambridge) 
(ii) Microscope with: 
• Low-power objective lens, e.g. × 4 AND X 10 
• High-power objective lens, e.g. × 40  
• Eyepiece graticule (supplied by Cambridge) fitted within the eyepiece and visible in focus 
at the same time as the specimen.  
Please check that they are labelled K2 and that all the slides are intact.  

Question 3 
There are no requirements for this question.
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PIONEER JUNIOR COLLEGE 
JC2 Preliminary Examination 
In preparation for General Certificate of Education Advanced Level 
Higher 2

CANDIDATE 
NAME 

CT
GROUP 1 6 S   INDEX 

NUMBER 

BIOLOGY 9744/04
Paper 4 Practical  29 August 2017
Junior College Year 2 2 h 30 min

READ THESE INSTRUCTIONS FIRST 

Write your name, CT group and index number on all the work you hand in.  
Give details of the practical shift and laboratory, where appropriate, in the boxes provided.  
Write in dark blue or black pen. 
You are to use a soft pencil for any diagrams or graphs.  
Do not use staples, paper clips, glue or correction fluid. 

Answer all questions in the spaces provided on the Question 
Paper.

The use of an approved scientific calculator is expected, 
where appropriate.  
You may lose marks if you do not show your working or if 
you do not use appropriate units.  

At the end of the examination, fasten all your work securely 
together.
The number of marks is given in the brackets [  ] at the end 
of each question or part question.  

This document consists of 16 printed pages including the cover page. 

Shift

Laboratory

For Examiner’s Use

1

2

3

Total

22

14

55

19
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1 You are required to investigate the glucose concentrations of solutions S1 and S2.

 Doctors use the analysis of urine to help diagnose some medical conditions. One such 
medical condition is diabetes which results in glucose being released in urine if the 
condition is untreated.  

 You are provided with: 

 15cm3 of 4% glucose, labelled G1

 10cm3 of unknown glucose concentration representing urine, labelled S1

 10cm3 of unknown glucose concentration representing urine, labelled S2

 50cm3 of distilled water, labelled W

 40cm3 of Benedict’s solution, labelled Benedict’s solution 

Proceed as follows: 

1 Carry out a serial dilution of the 4% glucose, G1, to reduce the concentration of 
glucose solution by half between each concentration of four successive dilutions, 
to give G2, G3, G4 and G5. You will also need to set up a control, C.

  You are required to make up at least 5cm3 of each concentration of glucose 
solution in the small glass vials provided. 

  Complete Table 1.1 to show how you will make the concentrations of the glucose 
solutions, G2, G3, G4 and G5, and show how you will set up the control, C.
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Table 1.1 
G1 G2 G3 G4 G5 

Concentration of glucose 
solution / %     

Label of glucose solution 
to be diluted G1    

Volume of glucose 
solution to be diluted / cm3     

Volume of distilled water , 
W, to make the dilution 

/ cm3
     

Description of the control, C:

………………………………………………………………………………………………………

………………………………………………………………………………………………………. 

[4]

  Test glucose solutions and unknowns with Benedict’s solution. Excess Benedict’s 
solution is to be added to the solutions and samples. Then heat the mixture.  

You should record the time taken for first appearance of any different colour 
or precipitate from the blue starting colour. 

  The result of unknown concentration of glucose will be compared with the time 
taken for first appearance of any different colour or precipitate obtained from 
glucose solutions G1, G2, G3, G4 and G5 with Benedict’s solution. 

   
2 State the volume of Benedict’s solution and the volume of the solutions (G1, G2,

G3, G4 and G5) and the unknown samples you are testing (S1 and S2).

  Volume of Benedict’s solution: ………………cm3

  Volume of each glucose solution (G1, G2, G3, G4 and G5):  ………………cm3

  Volume of sample (S1 and S2) : ………………cm3

[2]

3 Set up a water-bath and, test each test-tube separately, test all concentrations of 
G (G1, G2, G3, G4 and G5) and C for the presence of glucose. Start timing when 
the test-tube is placed into the hot water-bath. If there is no colour change after 
300 seconds, record ‘more than 300’ as your result.  
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4 Observe each test-tube very carefully for the first appearance of any different 
colour or precipitate from the blue starting colour and record the timing for this 
change. 

5 (a)  State one variable, other than volume, which needs to be kept constant when 
you do the tests. 

 …………………………………………………………………………………..……[1] 

(b) Describe how you will keep this variable constant.  

…………………………………………………………………………………………..

.…........................................................................................................................

..........................................................................................................................[1]

6 Use the space below to record all your results.  

[4]
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7 Repeat the procedure for S1 and S2. Estimate the concentration of glucose in 
sample S1 and S2 by comparing with the time taken for the first appearance of 
any different colour or precipitate obtained from testing solutions G1, G2, G3, G4 
and G5 with Benedict’s solution.

Time taken for first appearance of any different colour or precipitate from the blue 

starting colour for S1: …………………………… 

Concentration of glucose in S1…………………..[1] 

Time taken for first appearance of any different colour or precipitate from the blue 

starting colour for S2: …………………………… 

Concentration of glucose in S2…………………..[1] 
[1]

8 Identify two significant sources of error in this procedure and for each, suggest 
how you would improve the procedure to minimize the source of error.  

Source of error………………………………………………………………………….... 

……………………………………………………………………………………………... 

Improvement……………………………………………………………………………… 

……………………………………………………………………………………………... 

……………………………………………………………………………………………... 

Source of error…………………………………………………………………………… 

……………………………………………………………………………………………... 

Improvement……………………………………………………………………………… 

……………………………………………………………………………………………... 

………………………………………………………………………………………..…[4] 

[Total: 19] 
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2 During this question you will require access to  

 a microscope fitted with eye piece graticule  

 and slide K2.

K2 is a cross section of a portion of a leaf from plant that grows in full sunlight and are 
adapted to relatively high light intensities (sun leaf).  

(a) Examine the slide under a microscope and locate a suitable cross section for your 
plan diagram as seen in Fig. 2.1. In your view, you should be able to observe the 
distinct categories of different types of cells in a leaf cross section. Choose the 
lens that is most suitable for viewing the cross section of the leaf in the field of 
view. 

Please avoid the mid rib region for your plan diagram seen in Fig. 2.1 

Fig. 2.1 

State which objective lens you have decided to use and give a reason for your 
choice.

……………………………………………………………………………………………

……………………………………………………………………………………………

………………………………………………………………………………………..…[1] 

(b)(i)  Using the objective lens selected in (a) and the eyepiece graticule fitted into 
your microscope, make measurements of the total leaf thickness of K2.

No. of divisions of eyepiece graticule:………………………………………..….[1]

Mid rib region 
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(ii)  Calculate the actual thickness of the leaf of K2 using your data from step 
(b)(i). Let each division on the eyepiece graticule be 0.0025mm.   

Show your working with appropriate units. 

Actual thickness of K2 …………………………………..[2] 

(c) Make a detailed, labelled drawing of a section of the cross section of K2 in the 
space below. 

[5]
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(d) (i)  Table 2.2 shows the effect of light intensity on the number of chloroplasts 
between sun and shade plants.  

Table 2.2 
Light intensity / μmolm-2s-1 Number of chloroplasts per palisade cell 

Sun leaf Shade leaf 
800 110 79 
400 97 69 
200 80 54 
80 52 34 
40 30 20 

Plot the graph using the relevant data shown in Table 2.2. [4] 
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(ii)  Using the graph, describe and explain a relationship between the factors 
investigated. [4] 

 …………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………. 

(e)    In a separate study, a student recorded the stomatal density of two plants of the 
same species.  One plant was not regularly exposed to full sunlight and often show 
adaptations to relatively low light intensities. The leaves of such a plant are known 
as shade leaves. Another plant was grown in full sunlight and are adapted to 
relatively high light intensities and the leaves are called sun leaves. 

A statistical test was carried out to determine whether there was a significant 
difference in the mean stomatal density between shaded and exposed leaves. 

(i)  State a statistical test that could have been used to determine whether the 
difference in the mean stomatal density between the shade and sun leaves is 
significant.

 ………………………………………………………………………………………[1] 

(ii)  A summary of the student’s results is shown in Table 2.3. 

Table 2.3 shows the student’s results.  

Table 2.3 
Mean stomatal density / mm-2 Significance of 

difference 
Total sample size 

Shade leaves Sun leaves 

290 335 p < 0.05 30 
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Comment on what these results show and suggest an explanation for any 
pattern.

 …………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

…………………………………………………………………………………………

………………………………………………………………………………….……[4] 

[Total: 22] 
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3 Fig. 3.1 shows an electrode connected to a data logger that can be used to measure the 
concentration of potassium ions in the water. 

                           
                                  Fig. 3.1                                                                        Fig. 3.2 

Design an experiment, using the electrode to investigate the effect of temperature from 
10 C to 70 C on the permeability of potato cell membranes. Potatoes are rich in 
potassium ions. When small disc-shaped potatoes cut from a core borer as seen in Fig. 
3.2 are placed in water, potassium ions are released from the cell into the water. 

You must use: 

 potatoes, 

 potassium ion-selective electrode which measures in mg/L, 

 a core borer of 10mm in diameter, 

 distilled water. 

You may select from the following apparatus and use appropriate additional apparatus: 

 normal laboratory glassware .e.g boiling tubes, test-tubes, beakers, measuring 
cylinders, graduated pipettes, glass rods, etc., 

 blunt forcep, 

 syringes, 

 scalpel, 

 ruler, 

 timer e.g. stopwatch or stop clock, 

 thermometer, 

 isotonic buffer solution, 

 hot water and ice. 
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Your plan should: 

 have a clear and helpful structure such that the method you use is able to be 
repeated by anyone reading it. 

 be illustrated by relevant diagram(s) to show, for example, the arrangement of 
apparatus used. 

 identify the independent and dependent variables, 

 describe the method with the scientific reasoning used to decide the method so that 
the results are as accurate and reliable as possible, 

 show how you will record your results the proposed layout of results tables and 
graphs, 

 use the correct technical and scientific terms, 

 include reference to safety measures to minimize any risks associated with the 
proposed experiment. 

[Total:14] 
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1 The figure below shows an electron micrograph of a cell. 

Which of the following about structures P, Q and R is correct?  

P Q R

A
provides large surface 
area for attachment of 

ribosomes 

contains demethylated 
DNA  

contains acetylated 
histones 

B transport of proteins to 
Golgi apparatus 

histones are deacetylated active condensation of 
chromatin 

C
synthesis of 

phospholipids and steroid 
hormones 

transcription of genes 
silenced 

synthesis of proteins on 
free ribosomes 

D synthesis and processing 
of membrane proteins 

contains methylated DNA active transcription of 
genes 

s ofofofofoff 
anddd stststststteeere oiddd
esss 

trannnnscscsscscriririrrir ptptptptioioioon ofofoff genes
sisisisisileeeennncn edeedd 

syyyyyntntnntnthes
fffrff e

prococcceseseseesessisisisisingnggngng
prrrrotooteieieieieinsnsnsnsns 
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2 The following statements have been made about the cell theory. 

1 All cells arise from pre-existing cells by division, with the exception of the first cell that 
came into existence. 

2 All known living things are made up of more than one cell. 

3 All cells contain hereditary information that is passed from cell to cell. 

Which of the following statements about the cell theory are correct? 

A 1 and 2 

B 1 and 3 

C 2 and 3 

D All of the above 

3 Reindeer are well adapted to survive extreme cold winters. One of these adaptations is the cell 
membrane composition at different parts of its body. The graph below shows the percentage 
composition of cell membrane components of cells A and B taken from two different parts of the 
reindeer’s body. 

Which of the following statement best explains the differences in the membrane composition in 
Cell A and Cell B? 

A Cholesterol decreases the membrane fluidity and prevents the membrane from breaking up 
by restraining the movement of phospholipids. 

B Cell membrane A is taken from a lower part of the reindeer’s leg as the unsaturated 
hydrocarbon tails will prevent the fatty acids from packing close to each other. 

C Cell membrane B is taken from a lower part of the reindeer’s leg as the saturated 
hydrocarbon tails will prevent the fatty acids from packing close to each other. 

D Transmembrane proteins maintain the osmotic balance between the interior and exterior of 
the cell, hence preventing the cell membrane from solidifying at low temperatures. 

ng sssssstateteteteememememement bbbbbeseeee t exexexexexplplplplp aia nsnnn  thehheehe differences innnnn thththththe 

creeeeeasasasasssessss thehehehehe mmmmemmmmmmbrbrbrbrbrrananananananeeee ee fluiuuiuiuididididididid tytytytyty and pppprerererereeveveveveventntntntntn s s ss thththththeeeee m
heee mmmovovovovovemememememenenennnt t tt t ofoof ppppphohohohohospspspspspphohohohoholilililiipipipipipidsdsdsdsd . 
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4 Glucose Transporter (GLUT-1) is found in cell surface membrane of cells (denoted in dotted box) 
throughout the body and its mechanism in transporting glucose is illustrated in the following figure. 

 

 
 

The following statements were made.  
 
 1 Glucose cannot diffuse directly across the membrane as it is a polar and large 

molecule. 
 
  2 There is net movement of glucose from intracellular to extracellular matrix through 

hydrophilic channel of GLUT-1. 
 
  3 GLUT-1 pumps glucose across the membrane via active transport. 
 
  4 GLUT-1 undergoes conformational changes that alternates between high and low 

affinity for glucose molecules. 
 
 
 
Which of the following statements are incorrect? 
 
A 1 and 4 

B 1 and 3 

C 2 and 4 

D 2 and 3 
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5 Which of the following correctly describes starch, glycogen and cellulose? 

Starch Glycogen Cellulose 

A
Can be easily hydrolysed to 

release -glucose 
monomers 

Angle of  1,4 bonds and 
CH2OH side chains 

results in helical chains 

Made up of long linear 
chains due to 180o 

rotation of alternate -
glucose 

B
Insoluble due to the –OH 
groups projecting into the 

interior of helices 

Made up of -glucose 
monomers with 1,4 

glycosidic bonds resulting 
in highly branched chains 

Cellulose chains are 
organised into microfibrils 

and macrofibrils 

C
Highly branched amylose 

due to -1,6 glycosidic 
bonds 

Highly compacted 
molecule that serves as a 
good energy storage in 

animal cells 

Provides structural 
support and prevents cells 
from bursting when turgid 

D
Highly compacted molecule 

that serves as a good 
energy storage in plant cells 

Made up of -glucose 
units with 1,4 glycosidic 
bonds resulting in highly 

branched chains 

High tensile strength is 
due to the accumulative 
strength of the covalent 
cross linkages between 

cellulose chains 

6 Compared to globular proteins, fibrous proteins are 

 A more resistant to high temperatures 

 B less regular in structure 

 C more readily soluble 

 D more reactive chemically

7 Which of the following statement about enzymes is correct? 

 A The high specificity of an enzyme is solely due to its specific 3D conformation. 

 B Before binding, the substrate must be exactly complementary to the active site of an 
enzyme in order for enzyme-substrate complexes to be formed.  

 C Formation of enzyme-substrate complex serves to lower the activation energy of the 
reaction. 

 D The Michaelis constant, KM, is the substrate concentration when rate of enzymatic reaction 
reaches maximum, Vmax.

g, the substrate must be exactly complementary
er fooor r r r eneenne zyzyymemeeee-s-s-s-s-subuuuu stststststrararararatetetetete cccooomplpplexe eses ttooooo bebebebe fffforororororo mememememeed.ddd  

enznznzymymmmme-e-e-e-e sususuuubsbsbsbsbstratatatatateee ee cocococococoompmmmmm lelelelelexxxx x xx sssess rvveseesees ttttttttoooooo looooowewewewewewerrrrr thththtthe

constant K is the substrate concentration when
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8 The decomposition of hydrogen peroxide to water and oxygen is catalysed by the enzyme 
catalase. 

 
 During an investigation, 2 cm3 of catalase was added to 20 cm3 of hydrogen peroxide and the 
volume of oxygen released was collected at intervals over a period of time.  

 
 Which bar chart shows the result of this investigation? D 
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9 The diagram shows a plant cell (2n=18) at the end of prophase I of meiosis (cell 1), two daughter 
cells just after telophase I (cells 2 and 3) and four daughter cells just after telophase II (cells 4, 5, 
6 and 7). 

 

 
 

 How many DNA molecules are there in the nucleus of cell 1, cell 2 and cell 4?  
 

 Cell 1 Cell 2 Cell 4 
A 18 18 9 

B 18 9 9 

C 36 18 9 

D 36 18 18 
 
 
10 The following diagrams A - H shows some stages in sequence during cell division in Lilium 

grandiflorum (Lily). 
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 Which of the following statements best describes the indicated stage?  
 

A In stage A, condensation of chromatin occurs as centrioles migrate to the opposite poles. 
 
B In stages C & D, chiasmata are formed and crossing over takes place. 
 
C Stage E shows the alignment of 11 chromosomes along a metaphase plate. 
 
D In stage F, sister chromatids separate and migrate towards opposite poles. 
 

 

11 The diagrams show an investigation into semi-conservative replication of DNA.  
 

Which tube shows the position of the DNA after two generations of semi-conservative 
replication in liquid nitrogen (14N)? C 
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12 The table below shows a list of characteristics displayed by mutant strains of E. coli during DNA 
replication and the possible reasons.  

 
No Characteristics Enzymes or functions affected by 

mutation
1 Okazaki fragments accumulate and 

DNA synthesis is never completed 
DNA ligase activity is missing  

2 Supercoils are found to remain at the 
flanks of the replication bubbles  

DNA helicase has a low activity    

3 Synthesis is very slow. DNA polymerase keeps dissociating 
from the DNA and has to re-associate 

4 No initiation of replication occurs. A-T rich region at origin of replication 
deleted 

 
 Which of the reasons correctly explain the characteristics displayed by the mutant E. coli strains?  
 
 A 2 and 3 
 
 B 1 and 4 
 
 C 1, 3, and 4 
 
 D All of the above  
 
 
13 Which of the following statements correctly describes the genetic code?  
 
  1 It is degenerate as there are three codons that act as stop codons, which stops the 

generation of polypeptide during translation 
 
  2 The codons in the genetic code do not overlap, and are read as distinct reading 

frames during translation.  
 
  3 The genetic code is a triplet code, except in prokaryotes where the bases are read in 

doublets due to the smaller 70S prokaryotic ribosomes.  
 
  4 It is possible that 1 amino acid can be coded for by more than one triplet code.  
 
 
 A 2 and 4 
 
 B 1 and 3 
 
 C 2 and 3 
 
 D 1 and 4 
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14 If the lac operon were to unable to produce any enzymes regardless of the presence or absence 
of lactose, what could be the likely reason for this?  

A lac I has been deleted 

 B promoter sequence has been deleted 

 C repressor is unable to bind to the operator 

 D lactose is always bound to the repressor  

15 Which of the following statement(s) regarding viral reproductive cycle is true? 

1 all enveloped viruses contain enzymes embedded in their membranes that 
facilitates the release of viral progeny 

2 Orthomyxoviruses carry RNA-dependent RNA polymerases that allow the synthesis 
of a complementary DNA from its positive strand single-stranded RNA 

3 HIV is an RNA virus that carries a 2 positive strand single-stranded segmented RNA, 
which acts as a substrate for reverse transcriptase 

4 all viruses complete their maturation by budding from the host cell 

A 1, 2 and 4 

B 2 and 4 

C All of the above 

 D None of the above  

16 Cells taken from a human bone cancer multiplied readily in culture. Analysis showed that the cells 
were unable to produce the protein, Rb. 

Addition of Rb to these cells reduced their rate of division. 

What can be concluded from this investigation?  

A Both chromosomes in the cancer cell carry alleles for tumour suppressor gene 

 B Both chromosomes in the cancer cell have the allele for tumour suppressor gene deleted 

 C Both chromosomes in the cancer cell carry alleles for proto-oncogene 

 D Both chromosomes in the cancer cell have the allele for proto-oncogene deleted 

ommmesee iiinnnnn ththththheee caaaaancnncncncerrrrr cccccelelelelelllll caaarry ala leles fooooorrrr tutututumomomomomom urururururur sssssu

ommmeees iiiiinnnnn thththe e e cccacc ncccccererererer cccccelelelelelllllll hahahahahavevevevevev ttttthhhhehhh aaaaaaaaaaalllllllllllllll elellelelelelee ee e ee eeeee fofofofoffof r tutututututumomomomomomouruuu

ommmmesees iiiiinnnnn thththththhe eeee cacacancnccnceer ccccccelelelele l cacacacacac rrrrrrrrrrryyyyy aaalleleeeeeesssss fofoffofof r prprprprprprototototototoo-onco
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17 Two pure-bred lines of two varieties of maize which differed markedly in cob length were crossed. 
The length of the cobs by the two parental varieties and their offspring were measured to the 
nearest centimetre. The number of cobs in each length category was counted.  

 
 The graph shows the results.  
 

 
Which is the cause of the phenotypic variation shown in cob length within the two parental 
varieties and their offspring? 
 
A segregation and independent assortment of alleles 
 
B linkage and crossing-over at meiosis 
 
C additive effect of different genes 
 
D various environmental factors 
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18 The coat colour of Labrador retrievers is controlled by two genes, B/b and A/a. Allele B codes for 
black coat, while allele b codes for brown coat. The coat colour of a Labrador retriever with a 
genotype aa is yellow.  

A cross between a male black Labrador retriever and a female yellow Labrador retriever produced 
some black puppies and yellow ones.  

What are the genotypes of the parental dogs? 

Black retriever Yellow retriever 

A AaBb aabb

B AaBb aaBb

C AaBb aaBB 

D AABb aaBb

19 The table below shows the results of a series of crosses in a species of a small mammal. 

coat colour phenotype 

male parent female parent offspring 

dark grey light grey dark grey, light grey, albino 

light grey albino light grey, white with black patches 

dark grey white with black patches dark grey, light grey 

light grey dark grey dark grey, light grey, white with black patches

What explains the inheritance of the range of phenotypes shown by these crosses? 

A one gene with a pair of co-dominant alleles 

 B one gene with multiple alleles  

 C sex linkage of the allele for grey coat colour 

 D two genes, each with a dominant and recessive allele  

the allele for grggg ey coat colour 

ch wiwiwiwiw ththththth a domommmminininnnananananant t tt ananananand d dd d reeerecessssssssssivvvveeeeeeeeeeeeeeeeee alalalalaalala lelelelelelelelleelelelelellell
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20 Which of these statement(s) is/are true? 

1 royal jelly contains an active ingredient that when fed in alternation with another diet 
to bee larvae will result in the development of queen bees 

2 the Himalayan rabbit has the genotype for black fur all over its body, but the enzyme 
that produces the black pigment is temperature sensitive 

3 height is a polygenic trait, which can be reduced by poor nutrition  

4 the effect of individual polygenes cannot be observed, but the additive effect can be 
observed 

A 2, 3, and 4 

B 1, 2, and 4

 C 1 and 3 only 

D 2 and 4 only 

21 The following diagram shows the activation of the G protein-coupled receptor (GPCR) by the 
binding of adrenaline to the receptor. A mutation leads to constitutive signal transduction. 

Which of the following is a possible explanation of the mutation? 

A Conformational change in adenylyl cyclase such that it cannot convert ATP to cyclic AMP. 

B Adrenaline cannot bind to the receptor. 

C Cyclic AMP cannot bind to PKA. 

D GTPase in G protein fails to hydrolyse GTP to GDP. 

g iis a pos isiiiblblble explanatatatattiiioii n ffof the mmmmmutatatatatatatioioioioion?
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22 The diagram shows a summary of aerobic respiration. 

 Which statements are correct? 

  1 Process 1 occurs in cytosol and process 2 occurs in mitochondrial matrix. 
 
  2 Process 2 and 3 occur in mitochondrial matrix. 
 
  3 Process 1 occurs in mitochondrial matrix and process 3 occurs in inner mitochondrial 

membrane. 
 
  4 Process 1 produces 2 ATP and 2 NADH per glucose molecule oxidized. 
 
  5 Process 2 produces 2 ATP, 10 NADH and 2 FADH2 per glucose molecule oxidized. 
 
  6 Process 3 is responsible for producing about 90% of the total yield of ATP from the 

hydrogen carriers reduced per glucose molecule oxidized.  
 
 A 2 and 4 

 B 1 and 5 

 C 3 and 6

 D 1 and 6
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23 Concentrations of glycerate-3-phosphate (GP) and ribulose bisphosphate (RuBP) were measured 
from samples of actively photosynthesising green algae in an experimental chamber.  

 
 Which of the following graphs show how the concentration of these compounds changes when 
the light source was turned off? 

 

A B 

C D 
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24 Isolated mitochondria were incubated with NADH in one experiment and an equal amount of 
FADH2 in another experiment. The mitochondria were initially deprived of oxygen. The pH of the 
intermembrane space was then monitored as a known quantity of oxygen was added. The results 
are shown in the graph. 

Which of the following can be concluded based on the results? 

1 Upon the addition of oxygen, glycolysis and subsequently, link reaction, Krebs cycle 
and oxidative phosphorylation occurred. 

2 Electron transfer was initiated by the addition of oxygen. 

3 The pH drop was greater with NADH than with FADH2, which is consistent with the 
greater ATP yield that accompanies the oxidation of NADH. 

4 The rapid decline in pH indicates that protons were pumped into the intermembrane 
space when oxygen was available. 

A 1 only  

B 2 and 4 only  

C 2, 3 and 4 only  

D All of the above 
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25 In the North American catfish Catostomus clarki, two alleles, represented by p and q, control the 
synthesis of a vital enzyme. The three possible genotypes (pp, pq, qq) lead to the synthesis of 
variations of the same enzyme with different optimal temperatures as shown in the graph below.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

When the mean annual temperature is 5°C, which of the following statements is correct? 
 
 A Frequency of allele p in the gene pool will increase.  
 
 B Frequency of allele q in the gene pool will increase.  
 
 C Allele p will become dominant and the allele q will become recessive.  
 
 D The heterozygotes will have an advantage over the homozygotes.  

qq genotype

pq genotype

pp genotype

Temperature/°C
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26 Which of the following statements correctly relate to molecular phylogenetics? 

  1 Lines of descent from a common ancestor to present-day organisms have undergone 
similar, fixed rates of DNA mutation. 

 
  2 Organisms with similar base sequences in their DNA are closely related to each other. 
 
  3 The number of differences in the base sequences of DNA of different organisms can 

be used to construct evolutionary trees. 
 
  4 The proportional rate of fixation of mutations in one gene relative to the rate of fixation 

of mutations in other genes stays the same in any given line of descent.  

A 1 and 2  

B 1 and 4

C 2 and 3

D 3 and 4
 
 

27 Which describes a T-helper lymphocyte? C 
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28 The graph shows the amount of antibody produced in response to an antigen.   

 From the graph, which statement is correct? 
 
 A It takes 25 days to achieve active immunity. 
  
 B Memory cells for this antigen are present in the body within 20 days. 
 
 C T-helper lymphocytes are activated on day 12. 
 
 D The second exposure to the antigen occurred on day 25. 
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29 The diagram shows the effect of increasing temperatures on the ice and snow cover at the polar 
regions. 

Which effect of higher temperatures in the polar regions could increase global warming? 

A Melting of ice and snow results in less reflection of sunlight and more heat absorption by 
the Earth. 

B Increased evaporation leads to more rainfall, which absorbs heat from the land and the sea. 

C Melting sea ice causes more cloud formation, which increases absorption of heat in the 
atmosphere. 

D Earlier melting of snow allows vegetation cover to increase faster, reducing loss of heat 
from the surface of the Earth. 

poration leads to more rainfall, which absorbs heat

e cccauauauauausssess s momomooorerererer cccccloududududud ffffforororoo mmmatiooonnnn,,,,,,,,, whwhwhwhwwwwwww iccccicicicccchhhhhhh ininininincreaeaeeaeaeases

of fff snnsnnnowowowowow aaaaallllowowowwssss veeeeegegegegegetatatataatititititt ononononnn cccoverrrrr tttttooooo innnnnncrcrcrcrcrcreeeeaease fas
ce of the Earth
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30 Why is it difficult to control the spread of malaria? 

  1 There is an increase in host range beyond mosquitoes that can contribute to the 
spread of malaria. 

 
  2 The mosquito vector rapidly evolves resistance to insecticides. 
 
  3 The plasmodium pathogen shows great antigenic variability. 
 
  4 Civil unrest and poverty results in overcrowded living conditions. 
 

A 1, 2 and 3 
 
B 1, 2 and 4 
 
C 2 and 3 

D 3 only 
 

 
END OF PAPER 
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Answer all questions in this paper. 

Question 1 [8 marks] 

Fig. 1.1 illustrates an electron micrograph of a plant cell. 

Fig. 1.1 

(a) With reference to Fig. 1.1, identify organelles labelled A and B and justify your answers. [4] 

For A: 
a. Vacuole;;
b. Large single membrane bound organelle at the centre of cell;;

For B: 
c. Nucleus;;
d. Presence of a darkly stained spherical structure which is the nucleolus OR Presence 

of darkly stained regions in the nucleus which is heterochromatin;;

(b) Explain how the structural features of organelles C and D can contribute to its role in the plant 
cell. [2] 

a. Presence of infoldings (cristae) in mitochondrion (organelle C) increases surface area
for the attachment of enzymes, electron transport chains and ATP synthase;

b. thus increasing its efficiency in oxidative phosphorylation (part of aerobic
respiration);

c. In chloroplast (organelle D), presence of thylakoids (which stack up to form grana with
intergranal lamellae between the grana) increases surface area for packing of more
photosystems and ETCs to maximize absorption of light;

d. thus increasing the efficiency of light-dependent reactions of photosynthesis;

1 m 

A 

B

C 

D

arkly stained spherical structure which is the n
d regions in the nucleus which is heeeeteteterororoochchchchrororoom

cturuururalaalaaal fffffeaeaeaeaeatutututut rererereresssss ofofofofofoo oooooorgrgrgrgrgganannananelelelelleleelelessss CCCCC anddddd  DDDDD ccccccanananannan contrib
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Fig. 1.2 is a diagram of the Golgi body, an organelle found in most eukaryotic cells. 

Fig. 1.2 

(c) Besides serving as secretory vesicles, outline another role for the vesicles that are formed at the 
maturing face of the Golgi body. [2] 

a. (mention of) lysosomes;
b. that contain hydrolytic enzymes / acid hydrolases;

choose any two: 
c. (ref. to intracellular digestion) – fusion with autophagosomes / food vesicles and

subsequent hydrolysis / degradation into substances for cell use; 
d. (ref. to autophagy) aid in the removal of worn-out organelles;
e. (ref. to autolysis) aid in cell killing / death, when hydrolytic enzymes are released into

the cytoplasm;
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Question 2 [11 marks] 

Fig. 2.1 shows the structure of protease. 

Fig. 2.1 

(a) With reference to Fig. 2.1,

(i) explain why an enzyme acts only on a specific substrate. [2] 

a. An enzyme has an active site whose 3D conformation is complementary to the protein
/ polypeptide / peptide bonds it binds and acts on;

b. The spatial arrangement of the contact and catalytic residues restrict the type of
substrates it can catalyse;

c. As only certain substrates have chemical groups orientated in a manner that would
allow formation of temporary bonds with the contact residues to form ES complex;

d. (Ref. to ES complex) Substrates must also have chemical groups that are orientated
near catalytic residues to facilitate the breaking and reforming of bonds / conversion
of substrate to product;

(ii) explain what determines the three-dimensional conformation of protease. [2] 

a. Unique sequence of amino acids determines bonds and interactions of R groups
b. Segments of polypeptide chain is coiled into alpha-helices and folded into beta-

pleated sheets
c. Secondary structures fold back on themselves to form spherical / globular structure
d. Tertiary structure stabilised by 4 types of bonds between R groups – hydrogen bonds,

disulphide bridges, hydrophobic interactions and ionic bonds (quote any 2) 

terrrrmimmmmm neeeees ssss thtthhthe thhhhhrerrrr e-didididid mememmm nsnnssnsionannaanal conformationnnn ooooof ffff pr

ce of amino acids determinesee bbbbbbbbbbononononnononondsdsdsdsddsdsdddsds aaandddd inter
polypppeptide chain is coiled into alalalalphphphpha-aaa hehehh liiliiccce

ctures fold back on themselves ss tttot  forororo m spher
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Sorghum is a staple food in Africa, but the major storage protein that it contains, kafirin, is not easily 
digested by protease enzymes. Upon heating, kafirin can undergo unfolding as shown in Fig. 2.2.

Fig. 2.2 

The digestibility of the protein in two varieties of sorghum was measured when raw, after cooking with 
and without acid. Digestibility was measured as the percentage of the protein that would be broken 
down to amino acids during digestion. 

The results are shown in Fig. 2.3.

Fig. 2.3 

(b) With reference to Fig. 2.3,

(i) difference 1: compare the digestibility of raw and cooked sorghum protein. [1] 

a. Cooked protein is more digestible than raw protein;
b. (Quote data) Marcia: 60% digestibility in raw while 70% in cooked OR NK8828: 56%

digestibility in raw while 70% in cooked;

FiFiFiFiFiggg.gg 22222.33.3.3.3

g. 2222.333,
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(ii) difference 2: compare the digestibility of cooked sorghum with and without acid. [1] 

a. Cooked protein with acid is more digestible;
b. (Quote data) Marcia: 70% digestibility in cooked while 84% when cooked with acid

OR NK8828: 70% digestibility in cooked while 80% when cooked with acid;

(iii) and using Fig. 2.2 with your knowledge of protein structure and enzyme activity, account for 
the two differences described in parts (i) and (ii). [3] 

Difference between raw and cooking 

a. Cooking involves heating at high temperatures
b. -> excessive molecular motion may break the bonds present in kafirin

Differences between cooking with and without acid 

c. Presence of high concentration of H+ in acid
d. -> COO- groups of amino acid residues in Sorghum may be neutralised to COOH

OR
e. -> C=O groups of the peptide bond may also be protonated / or C=O becomes

positively charged

Both results in.. 
f. e.g. disruption / breakage of hydrogen bonds and ionic bonds -> denaturation 
g. This results in a change in secondary and tertiary structure, and the protein may

become less compacted 
h. Protease can now easily access and bind to the polypeptides -> increased

digestibility 

(c) Describe how the bond holding the two amino acids together may be broken to release the two 
amino acids. [2] 

a. hydrolysis of peptide bond
b. water molecule is added
c. hydroxyl group will allow the reformation of carboxylic group (-COOH) in one amino

acid
d. the other hydrogen will be gained by the other amino acid to reform its (-NH2) amino

group.
e. Hydrolytic enzymes may also be involved

Max 2m 
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Question 3 [18 marks] 

The production of membrane-bound or secreted immunoglobulin M (IgM) depends on whether the B 
cell is activated. Naïve B cells produce membrane-bound IgM while activated B cells produce soluble 
IgM that is secreted out of the cell.  

In naïve B cells, the gene coding for heavy chain of IgM is expressed to produce a long RNA transcript, 
while the same gene codes for a shorter RNA transcript when the cell is activated (see Fig. 3.1). The 
two different types of RNA are processed differently, resulting in two different types of antibodies upon 
translation.

Fig. 3.1 

Exon 3 Exon 4

Poly(A) signal sequence

Exon 5 Exon 6

Exon 3 Exon 4 Exon 5 Exon 6

pre-mRNA

mature mRNA

AAAAAA

codes for 
membrane anchor

Exon 3 Exon 4

AAAAAA

signal for membrane IgM 
production

signal for soluble IgM 
production

stop codon I stop codon II

stop codon II

stop codon I

stop codon I

Poly(A) signal sequenceDNA

Fig. 3.1 
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Fig. 3.2 shows the region of DNA between exons 4 and 5. 

Fig. 3.2 

(a) With reference to Fig. 3.1,

(i) describe how the different types of mRNA produced determine how IgM is membrane-bound 
or secreted out of the cell. [2] 

a. mature mRNA from naïve B cells contains exons 5 and 6/ORA;;
b. which upon translation results in an amino acid sequence coding for a membrane

anchor (at the C-terminus)  allows anchorage of the IgM into the membrane;
c. Secreted antibodies lack this (membrane anchor) sequence  no anchorage onto PM

 secreted;

(ii) describe how IgM is held in the membrane of B cells. [2] 

a. The surface of the protein next to the phospholipid fatty acid tails is made up of amino
acids that are hydrophobic / with hydrophobic R groups;

b. Thus held in place via hydrophobic interactions with the hydrophobic fatty acid tails;
c. Amino acids forming the surface region of the protein adjacent to the phosphate heads

are hydrophilic;
d. And thus held in place via hydrophilic interactions / hydrogen bonding;

(iii) The membrane anchor in membrane IgM is reported to be associated with several proteins 
on the cytoplasmic side. 

Suggest the function of these associated proteins. [1] 

Choose any answer:

a. relay proteins that transduce signals within the cell upon activation of IgM / binding of 
antigen to IgM / resulting in receptor-mediated endocytosis ;; 

b. proteins that stabilise the IgM antibody onto the PM ;;

Exon 3 Exon 4 Exon 5 Exon 6

AG GTGAGT    CTCTGCAG G5’ 3’

exon 4 exon 5

5’ splice site 3’ splice site

intervening sequence

Poly(A) site

Poly(A) signal sequence

ctionoooo ooooffff f ththththeseeee e asaaaa soocicicicicic atatatatatededede  proteteteeins. [1] 

hata  transduce signals within the e e e cececec lll uuuupopopopon activ
/ resulting in receptor-mediated eeeendoooocytosis ;;
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(b) The activation of a naïve B cell involved the recognition of specific antigens, and mediated by 
helper T cells.

With reference to Fig. 3.1,

(i) describe the events occurring at the promoter of the IgM heavy chain gene locus in both 
naïve and activated B cells. [2] 

a. TBP recognises and binds to TATA box sequence (5’-TATAAA-3’) at the promoter;
b. Which then recruits the binding of other GTFs  subsequent recruitment of RNAPII to

the promoter;
c. Resulting in the formation of transcription initiation complex (TIC);
d. Local unwinding and unzipping of DNA at transcriptional start site;
e. Transcription of antibody gene begins

No marks awarded for (e), but added in for coherence 

(ii) describe how transcription is terminated when the B cell is activated. [2] 

Compulsory points: 
a. B cell activation  signal for soluble IgM present;
b. RNAPII transcribes the polyadenylation sequence located downstream of exon 4;

Any two points: 
c. which is 5’-AAUAAA-3’ on the RNA/ (DNA sequence);
d. which serves as a recognition and binding site for endonucleases;
e. that bind 10-35 nucleotides downstream of the polyadenylation sequence  cleaves

RNA transcript from RNAPII  termination of transcription;

(iii) explain how the mature mRNA produced is relatively more stable than the pre-mRNA. [3] 

a. due to 5’ capping / addition of modified guanine at the 5’ end of mRNA;
b. catalysed by capping enzyme complex;

c. as well as the addition of many adenine ribonucleotides at the 3’ end of the mRNA;
d. catalysed by poly(A) polymerases;

e. both of which prevents / delays the degradation of mRNA by exonucleases;;

(c) With reference to both Fig. 3.1 and 3.2, explain the importance of the 5’ and 3’ splice site. [2] 

a. sequences that flank the ends of the introns;
b. that allow the recognition and binding of snRNPs to the splice sites;
c. due to the complementary base pairing/H bond formation between the snRNA and

splice site sequence;  
d. this further recruits other (accessory/mediator) proteins forming the spliceosome;
e. allowing for the process of RNA splicing excising introns and splicing flanking exons;

Max 2 

th Fig. 3.1 and 3.2, explain the importance of the 

t flank the ends of the introns;;;;
ecognition and binding of snRNPNPNPNNNPNPNPN sssss totototo ttthehehehe ssssplpplp ic

mplementary base pairing/H bonnndddd fofofoformrmrmrmataaa ion b
uence; 
ruits other (accessory/mediator) proteins form
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In order to understand the process of translation, researchers isolated a clone of activated B cells and 
introduced small interfering RNA (siRNA) into these cells. siRNA is an RNA molecule that can be 
designed and produced in vitro.

In this study, the siRNA introduced was complementary to a short segment of RNA on the 5’ end of the 
mature mRNA. It was found that these activated B cells were unable to produce soluble IgM antibodies. 

(d) (i)    Describe the structural features of the monomers in siRNA. [2] 

a. monomers are ribonucleotides;
b. composed of a 5C ribose sugar;
c. linked to one nitrogenous base (A, U, G, C) at the C1’ of the ribose sugar;
d. and three phosphate groups at the C5’ of the ribose sugar;

(ii)   Suggest why the introduction of the siRNA did not result in production of IgM antibodies. [2] 

a. prevents the process of translation;;
b. by preventing the recognition of the small ribosomal subunit at the 5’ end of mRNA;
c. and thus the formation of the translation initiation complex / recruitment of the large

ribosomal subunit;

Question 4 [8 marks] 

Colon cancer begins when a number of epithelial cells lining the colon proliferate excessively due 
to changes in the several genes. Fig. 4.1 shows the progression of colon cancer from a normal 
epithelium to a metastatic colon cancer. 

Fig. 4.1 
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(a) With reference to Fig. 4.1, explain how this supports the multi-step model of cancer. [2] 

a. a single mutation is not sufficient to transform a normal cell to a cancerous one / to
cause cancer / multiple mutations required to transform a normal cell to a cancerous
one;

b. (quote) 4 different mutations in tumour suppressor genes (DCC, p53, APC) and proto-
oncogenes (K-ras);

c. (mention of) LOF of TSG and GOF of proto-oncogene into oncogene;
d. each of these mutations contribute to cancer formation by providing the cell with

greater proliferative capabilities / AW;
e. other mutations also result in the tumour gaining invasive / metastatic capabilities 

spread of cancer;

(Quotation can appear anywhere in the answer) 
Max 2m 

The effectiveness of anti-cancer drugs may be determined by growing different tumours in culture.  

The effectiveness of two drugs on two human tumours (A and B) from different tissues was assessed. 
The two drugs, T138067 and vinblastine, were added to the tumours in the culture on days 5, 12, and 
19. The volumes of the tumours were compared with the volumes of tumours that were not treated with
any drugs.

The results are shown in Fig. 4.2.
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Fig. 4.2 

(b) Using the data in Fig. 4.2, compare the effectiveness of the two drugs used to treat the tumours. 
[3]

Choose any 3 pairs of answers: 

a. both drugs are effective in treating tumours (compared to no drug);
b. (provide comparative data quote, both drugs compared to no drug);

c. T138067 more effective than vinblastine against both tumours (A and B);
d. relevant comparative data quote; e.g. volume of 220 v 160 mm3 at day 25 for tumour A

e. little difference in effectiveness between vinblastine and T138067 against tumour A up
to day 18 / AW;

f. ref. similar effectiveness against tumour B until after day 15 ;

g. ref. to effectiveness of both drugs detectable from about 7–10 days / AW
h. both drugs, not completely effective in stopping growth / tumours continue to grow;

i. AVP ;; e.g. greater effectiveness of, T138067 with B / vinblastine with A with quotation

ffective than vinblastine against both tumomomomouruuu s
rative data quote; e.g. volumeee eeeeeee ofoofofofofofooofo 2222222220202020222222 vvvv 111160606060 mmmmm

in effeff ctiveness bebb tween vinblasttttinininine ee e anananandddd T1T1T1T13338

ctiveness against tumour B until after day 15 ;
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(c) Vinblastine disrupts the formation of the spindle apparatus during mitosis.  

Explain how vinblastine has its effect as an anti-cancer drug. [3] 

a. growth of tumour involves mitosis / mitotic cell division; 
b. which involves the assembly and disassembly of microtubules / spindle apparatus / 

AW; 
 

choose any two (from c to e): 
c. vinblastine prevents the attachment of spindle fibres to the chromosomes at the 

kinetochore / centromeres in prophase; 
d. as well as in aligning the chromosomes at metaphase;  
e. and in the separation of sister chromatids at anaphase; 

f. mitosis cannot proceed  cell cycle is arrested;  
g. thus preventing growth of tumours;  

 
h. AVP / arrested cells then undergo apoptosis  reduce tumour volume;  

KiasuExamPaper.com
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Question 5 [12 marks] 

Fig. 5.1 shows an electron micrograph of H1N1. 

Fig. 5.1 

(a) Identify the components labelled A and B. [3] 

A  
a. Neuraminidase;;
b. Haemagglutinin;;

B 
c. RNA segments; negative / antisense;

(b) RNA-dependent RNA polymerase can be found in this virion while reverse transcriptase can be 
found in retrovirus.  

Besides the type of virus, describe one similarity and two differences between RNA-dependent 
RNA polymerase and reverse transcriptase. [3] 

Similarity:  
a. Both are viral proteins, i.e. they are only coded for by viral genes and not the host

genes. 
b. Both are dependent on RNA as a template

Differences 

Points RdRp Reverse Transcriptase
c. Template
used 

RNA (both positive and 
negative strand) 

RNA template, then using 
the single-stranded cDNA 

d. Products Only formation of RNA – 
sense RNA for translation 
when using negative RNA as 
a template , and negative 
RNA when using positive 

Formation of cDNA-RNA 
strand using RNA as 
template, formation of 
double stranded cDNA when 
using cDNA as a template 

R

roteins, i.e. they are only coded for by viraaaallll gegg n

dent on RNA as a template

T i t
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RNA as a template to create 
more copies of viral genome 

Single stranded RNA Double stranded cDNA 
e. Catalytic
activity 

RNA polymerase – extension 
of RNA using host free 
ribonucleotides 

Reverse transcription – 
extension of cDNA  
Ribonuclease/RNase – 
degrade RNA in cDNA-RNA 
DNA polymerase – formation 
of complementary DNA to 
form double-stranded cDNA 

f. Monomers Ribonucleotides Deoxyribonucleotides 

Oseltamivir, better known under its trademark name as Tamiflu, is a recommended medication for 
H1N1. Its mechanism of action is illustrated in Fig. 5.2 and Fig. 5.3.

Fig. 5.2 

Fig. 5.3 

(c) Explain how oseltamivir affects the reproduction cycle of H1N1. [2] 

a. Oseltamivir has similar conformation as sialic acid
b. And thus acting as an inhibitor
c. It is thus able to bind to the active site of neuraminidase
d. This prevents neuraminidase from cleaving sialic acid
e. Hence virion will not be able to be released via budding to infect other cells, (preventing

the virus from spreading to the rest of the respiratory tract)

FiFFiFiF g.g.g.g.gg 55555.3.3.3.3.3
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Many studies were conducted to determine the effectiveness of Oseltamivir.  

In one of these studies, the effects of oseltamivir were studied on patients infected with influenza virus.  
These patients were randomly separated into two groups – one group administered with a placebo (a 
pseudo-drug with no effect) while the other group was administered oseltamivir. Many symptoms were 
evaluated, with cough being one of the symptoms represented in Table 5.4.

Table 5.4 

Facing the wave of flu cases, oseltamivir was stocked up in many medical facilities across countries 
where there was widespread administration of this drug. Thereafter, there were reports of side effects 
that included hallucination, and a flurry of questions rose to challenge the validity of studies such as the 
one above. 

(d) Suggest what could have been done in the above study to increase the confidence of the effects 
of oseltamivir. [1] 

a. Increase sample size
b. Match the participants
c. Repeat the study with a different sample group

Any 1m for each point 

(e) In a separate case, a patient was treated for both H1N1 and H3N3. During this treatment, he was 
infected with H3N3. Upon testing, it was found that his blood now contains H3N3 and a new strain 
of virus, H1N3.

Explain how this new strain could have arisen. [3] 

a. The new strain of virus could have arisen due to antigenic shift.
b. As H1N1 and H3N3 infect the same cell simultaneously, their protein capsids and lipid

envelopes are removed, exposing their RNA.
c. Influenza virus can undergo genetic shift because it contains a segmented genome 

composed of 8 different segments. 
d. The new strain, H1N3, could have arisen via genetic recombination of the genome 

segments.
e. The random assembly of RNA segments from two different viruses 
f. resulting in a mixture of surface antigens of both H1N1 and H3N3 strains. 

Symptoms Study Groups
Placebo (n=129) Oseltamivir, 75mg (n=124) 

Cough 
Duration, hr 55 31
Severity, arbitrary units 110 67

can undergo genetic shift because it contain
different segments.
, H1N3, could have arisen viaiaiaiaiaiaiaiaiiaa gggggggenenenenennenennenneteteteteee icicicic rrrreceececom

sembly of RNA segments froom twwwwoooo didididiffffffffererererenee t vir
ixture of surface antigens of botototthhhh H1111N1N1N1N1 and H
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Question 6 [8 marks] 

Fig. 6.1 shows two bacterial cells, bacterium A and bacterium B involved in process X.

Fig. 6.1 

(a) Describe the process X and elaborate on its significance. [3] 

a. Conjugation;;
b. F+ donor cell synthesises sex pilus and make direct contact with F- recipient cell;
c. Transfer of F plasmid from donor to recipient cell via formation of conjugation

tube/cytoplasmic bridge (Not through sex pilus); 
d. Allows for genetic recombination to occur in bacteria/contributes to increased genetic

variation in bacteria; 
e. Thus allows for bacteria to adapt to changing conditions;

Fig. 6.2 shows a section of an electron micrograph of bacterium A in Fig. 6.1.

Fig. 6.2 

A 

B 

C 
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(b) Explain the role of structure C. [3] 

a. The F plasmid of the donor cell contains several genes that promote its transfer to
other cells (tra genes)

b. These genes code for the protein subunits that assemble on the surface of the
bacterial cell which forms the sex pilus.

c. The sex pilus extends and attaches to a recipient cell like a grappling hook.
d. The sex pilus retracts and the 2 cells are pulled towards each other so that a

temporary mating/conjugation bridge can be formed. (sex pilus  conjugation bridge)
e. The F plasmid also contain on origin of replication where DNA replication can initiate.
f. The F pasmid also contains oriT whereby one strand of DNA can be transferred to the

F- cell via rolling circle mechanism.
g. The F plasmid may also contain beneficial genes such as antibiotic/xenobiotic

resistance.

(c) State two ways in which structure C differs from the bacterial chromosome. [2] 

Bacterial chromosome  F-Plasmid  
a) Longer with more genes a) Smaller with fewer genes
b) Contain essential genes which are
necessary for bacterial’s survival under 
normal conditions 

e.g. genes are responsible for 
production of enzymes for cell 
metabolism 

b) contains genes that are not essential
but are useful under specific / stressful 
environmental conditions 

e.g. genes code for antibiotic resistance 
ability , tra genes (DNA that encode the 
synthesis of sex pili) 

Question 7 [12 marks] 

An experiment was conducted to investigate how various factors affect the rate of photosynthesis in 
cabbage. Fig. 7.1 below shows the results of the experiments conducted. 

Fig. 7.1 

Y

5% CO2, 25oC (Graph D) 

5% CO2, 15oC (Graph C)

0.03% CO2, 15oC (Graph A) 
0.03% CO2, 25oC (Graph B) 

Light intensity/lux 

Mean
mass of 
cabbage
plants/g

Y
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(a) With reference to Fig. 7.1,

(i) state the best conditions for the growth of cabbage. [1] 

5% carbon dioxide, 25ºC, and (any value between 8.8-10) lux;; 

(ii) explain the region marked Y. [2] 

a. Light intensity is no longer the limiting factor / light saturation is achieved, ;
b. as mean mass of cabbage plants remains constant at 305g (accept range between 300-

310g) beyond 8 lux (accept range between 7.6-8) lux;
c. Mean mass of cabbage plants will only increase if temperature is increased from 15ºC

to 25ºC. ;
d. Rate of photosynthesis is limited by temperature;

(iii) describe and explain the effect of increasing carbon dioxide concentration on the mean mass 
of cabbage at 25 ºC. [3] 

a. As the carbon dioxide concentration increases from 0.03% to 5%, the maximum mass
increases from 70g to 370g of cabbage;;

Max 1.5 for marking points b) to e) 
b. More CO2 is used for more carbon fixation during light independent reaction;
c. Increase in carbon dioxide concentration will increase the frequency of effective

collisions between enzyme, Rubisco and substrates, RuBP and CO2;
d. Hence rate of enzyme-substrate complex formation increases;
e. Rate of formation of glyceraldehyde-3-phosphate increases;

R: product, need to mention which product is responsible for the increase in mass 

f. More glyceraldehyde-3-phosphate molecules are converted to form more glucose and
cellulose which increases the mass of lettuce;

Compare Graph B and D only. Idea of increase/more and rate/per unit time should be 
included throughout 

R: description of light-dependent reactions which does not explain why mean mass of 
cabbage increases 

(iv) The average carbon dioxide content of the natural environment is 0.035%. Using this fact, 
and the information given in Fig. 7.1, what conclusion can be made about how carbon dioxide 
affects rate of photosynthesis in the natural environment? [2] 

a. .035% in the natural environment is close to 0.03% in the experiment,
b. shows that carbon dioxide concentration is a limiting factor on the rate of

photosynthesis in the natural environment;; 
c. At maximum light intensity at 25°C, Graph D showed higher rate of photosynthesis

which resulted in 370g mass of cabbage whereas  
d. Graph B showed lower rate of photosynthesis which resulted in only 70g of cabbage;;

OR 
e. At maximum light intensity at 15°C, Graph A showed higher rate of photosynthesis

which resulted in 30g mass of cabbage whereas  

rbonoo dddddioioioioi xxxiddde cccccooonoo teeeeentntntntnt ooooof ffff thtthhe nannatural envnvnnvnviriririrononononnnmemememememenntnnnn  i
ionnn gigigigigivvvevv n innn FiFiFiFiFigg.ggg 7777.11111, whwhwhwhwhaatat connnccclusususususususussususussusssussssussioioioioioiionnnnnn cacaccacacacacacacacccc nnnnnn bebbebebe mmmmmaaaadaa e
hottooosynynynynynthththtt esesesssisssss in thththththeeeee nananananaattututurararararallllll enenenenenvirororoooooooonmnmnmnmmnmeeeneneeneeene t???? [[[[[2]2]2]2]2]2] 

tural environment is close to 0.03030303% %%% innnn tttthehhehe expe
arbon dioxide concentration is a limiting
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f. Graph C showed lower rate of photosynthesis which resulted in only 305g (accept
range between 300-310) of cabbage;;

(b) While photosynthesis is the process by which carbon dioxide and water are used as starting 
materials for the synthesis of glucose using light energy, respiration involves releasing chemical 
energy in organic molecules such as glucose by oxidation and made available to living cells in 
the form of ATP. In particular, the yield of ATP under aerobic and anaerobic respiration are very 
different.

Explain the small yield of ATP from anaerobic respiration in both yeast and animals. [4] 

a. During anaerobic respiration, there is no oxygen, thus there is no final electron
acceptor for oxidative phosphorylation to take place;

b. This will result in electron flow via electron transport chain being blocked;
c. When this happens, there will be no protons pumped into intermembrane space

from the matrix of mitochondria;
d. Proton gradient (and hence proton motive force) will be dissipated;
e. No chemiosmosis via ATP synthase  no ATP production via oxidative

phosphorylation;
f. NAD+ and FAD will not be regenerated so link reaction and Krebs cycle cannot take

place to generate more ATP, NADH  and FADH2;
g. Only glycolysis can take place to generate a net gain of 2 ATP molecules per

glucose molecule;
h. Anaerobic respiration via lactate fermentation or alcoholic fermentation does not

produce ATP but only regenerates NAD+ for glycolysis to continue;
i. only a net of 2 ATP molecules are synthesized via glycolysis via substrate level

phosphorylation;
j. a large amount of energy is locked in lactate / alcohol;

Question 8 [11 marks] 

In cattle, coats may be solid white, solid brown, or beige. When true breeding solid whites are mated 
with true-breeding solid brown, the F1 generation consists of all solid white individuals. Mating among 
the F1 generation have resulted in the following ratio: 

23 solid white 
6 beige 03
3 solid brown 

(a) (i)    Draw a genetic diagram of the above described cross. [4] 

Let W represent white colour fur 
Let w represent coloured fur 
Let B represent beige fur 
Let bb represent brown fur 

F1 Phenotype          
F1  genotype 
Meiosis  

white 
WwBb X   

white 
WwBb 

Gametes WB Wb wB wb WB Wb wB wb
Offspring genotype and 
phenotype 

 WB Wb wB wb 
WB WWBB WWBb WwBB WwBb 

olour fur 
d fur 
r 
furr 

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



© PJC 2017   H2 Bio/9744/Prelims/P2 

21

white white white White 
Wb WWBb 

white 
WWbb 
white 

WwBb 
white 

Wwbb 
white 

wB WwBB 
white 

WwBb 
white 

wwBB 
beige 

wwBb 
beige 

wb WwBb 
white 

Wwbb 
white 

wwBb 
beige 

wwbb 
brown 

Offspring phenotypic 
ratio 

12 white : 3 beige : 1 brown 

a. Correct legend;
b. Correct F1 genotype
c. correct genotype;
d. correct gametes;
e. gamete circle and arrows;
f. punnett square correct genotypes;;
g. punnett square correct phenotypes;;
h. phenotypic ratio;

(ii)   Explain what is meant by ‘epistasis’ in this context. [3] 

a. Epistasis = two protein products interacting in the same molecular pathway to affect
a characteristic;;

b. Dominant epistasis
c. W is epistatic to B and/or b alleles.
d. dominant allele W could code for an enzyme that catalyses the breakdown/destroys

the brown or beige pigment OR that destroys/denatures an enzyme that is necessary
for pigment formation OR inhibitor that blocks synthesis of brown or beige pigments;
OR inhibitor that prevents deposition of any colour pigment to be deposited on the
fur

e. As long as you have a dominant W allele, it will mask the expression of B/b gene
locus (this is an eg of dominant epistasis)

(iii)  The chi-squared test was later performed on the F2 data.  

Explain what a chi-squared test is used for. [1] 

a. It is a valuable tool to estimate the probability if whether the deviation between
observed and expected results is significant or not

b. It allows one to determine if the deviation between observed and expected results is
due to random change or wrong prediction

Marfan syndrome is a genetic disorder of the connective tissues. People with Marfan tend to be tall, 
and thin, with long arms, legs, fingers and toes. The most serious complications involve 
the heart and aorta.

tool to estimate the probability if whether the d
expected results is significant or noooottt
 determine if the deviation betetetetetetetwewewewewwewewewwwwweenennnenenenenennen oooooobsbsbsbserererervevevev d 
change or wrong predictionn

netttticicic dddddisisisisisorororororrdedededed r rr ofoffof ttheeeee ccccconononononnenenenenectctctctctc ivivive tisssssssssss uuuueu s.s.s.s.s.s. PePePePeople w
ms legs fingers and toes The most seriou
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Fig. 8.1 shows the inheritance of Marfan syndrome over three generations in an extended family. 

Fig. 8.1 

(b) Explain the mode of inheritance of this disease that best explains the pedigree shown above. [3] 

a. Autosomal dominant disease;; 
 
Evidence for dominant 
b. Affected offspring has to inherit the dominant allele from one of his/her parents, thus 

one of his/her parent has to be affected too 
c. as seen in individuals I2 and I5 (quote) 
 
Evidence for autosomal 
d. If the disease was sex-linked and the dominant allele was carried on the X 

chromosome in I2, all of his daughters would be affected. 
e. This is because they would have inherited one of the X chromosome from him. 

However, this is not seen in II2. (quote) 

KiasuExamPaper.com
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Question 9 [12 marks] 

The sensitivity of bacteria to antibiotics can be tested using the disc diffusion method. A small number 
of bacteria is spread onto agar culture plates and then filter discs impregnated with antibiotics are 
pressed onto the surface of the agar. The plates are incubated. Bacteria grow as a ‘lawn’ across the 
agar, but a circular zone (the zone of inhibition) appears around any disc where bacterial growth is 
inhibited.

Two species of bacteria, A and B, were grown on separate culture plates in the presence of three types 
of filter paper disc: 

1 – no antibiotics (control) 
2 – penicillin V, a natural penicillin 
3 – carboxypenicillin, a synthetic penicillin. 

The appearance of the incubated plates is shown in Fig. 9.1.

Fig. 9.1 

(a) With reference to Fig. 9.1, explain the effects of penicillin V on bacterium A. [3] 

a. penicillin inhibits transpeptidase enzyme;
b. thus preventing individual peptidoglycan chains from cross-linking / prevents formation

of cross-linking between peptidoglycan chains;
c. in growing or developing bacteria  thus bacteriostatic;
d. penicillin also causes pore formation on the cell walls by stimulating bacterial holin

proteins;

Effect: 
e. resulting in a weaker cell wall / cell unable to withstand osmotic / mechanical stress/ 

resulting in the cell bursting; 

Compulsory point: 
f. producing a zone of zero bacterial growth around filter paper disc 2;

aker cell wall / cell unable to iwiwiwiwiwiththththththstststsssts annnnd ddd ososososmomm
ell bursting;
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Bacteria A and B have different outer layers, as shown in Fig. 9.2.

Fig. 9.2  

(b) With reference to Fig. 9.1 and 9.2,

(i) describe how the outer layers of bacterium B differ from those of bacterium A. [2] 

a. presence of an additional outer membrane of phospholipid bilayer containing channel
proteins ;;

b. thinner peptidoglycan cell wall layer / ORA ;;

(ii) account the different effects of penicillin V on bacteria A and B. [3] 

a. zone of clearance of zero of bacteria A in filter paper 2 is larger than in B;;
b. A more susceptible to penicillin as compared to B / ORA;
c. as peptidoglycan cell wall in A is exposed  (idea of) penicillin can reach the wall of

the bacteria;
d. outer membrane in B prevents exposure of peptidoglycan cell wall to penicillin;
e. and penicillin cannot diffuse through the transport proteins in outer membrane of B;

(iii) suggest how the synthetic penicillin, carboxypenicillin, is able to affect the growth of 
bacterium B. [2] 

a. drug is able to penetrate the outer membrane ;;
b. as the drug can be transported through the channel protein due to its hydrophilic 

nature ;;

OR 

c. as the drug can directly pass through the phospholipid bilayer due to its hydrophobic
nature ;;

penetrate the outer membrannne ;;;;;;;;;;;;;;;;;   
n be e transported d through the chhhanananannenenenellll prprprp ototottei
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(c) Outline two other ways in which antibiotics are effective against diseases caused by bacteria. [2] 

Choose any two pairs of answers: 

a. by inhibiting protein synthesis (e.g. tetracyclins);
b. where the antibiotic inhibits the ribosome function, thus proteins essential for bacterial

growth / repair / function / metabolism / survival cannot be produced;

c. by inhibiting synthesis of nucleic acids (e.g. quinolones);
d. which inhibits DNA gyrase / topoisomerases  causes supercoiling  no DNA

replication / repair / transcription;

e. are metabolic antagonists (e.g. sulfonamides);
f. which inhibits folate formation  no purine formation  no dNTP for DNA synthesis;
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Section A 

Answer all questions in this section. 

1 Mosquito vectors Aedes aegypti and Aedes aldopictus are main vectors of dengue virus (DENV) 
and chikungunya virus worldwide.  

With about 50-100 million reported cases annually, including 500 000 severe cases of dengue 
haemorrhagic fever (DHF) or dengue shock syndrome (DSS), DENV is the most prevalent 
mosquito-borne human virus worldwide. 

(a) Outline the life cycle of Aedes aegypti. [2] 
a. Female mosquitoes lay (100-200) eggs inside water bodies (over several sites)
b. When the eggs are submerged in water, the eggs hatch and larvae emerges.
c. The larvae are mainly found at the water’s surface, feeding on organic

particulate matter such as algae.
d. (After as little as 5 days) The larvae develop into pupae.
e. After 2 days, adults emerge head-first by ingesting air to expand the abdomen

and thus splitting open the pupal case.

Fig. 1.1 shows a graph on development time of immature mosquitoes to the adult reproductive 
stage. The data is based on studies in a laboratory with mosquitoes taken from a tropical forest. 

Fig. 1.1 

(b) With reference to Fig. 1.1,  

(i) explain how temperature changes impacts insects’ metabolism. [2] 
a. (Quote data) As temperature increases, the developmental time from larvae

to adult decreases 
b. It means that there is faster emergence of adult
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c. Mosquitoes are poikilothermic;
d. Metabolic processes are enzyme-mediated processes;
e. Hence, increase in temperature (towards optimum temperature)

corresponding increases metabolic process that leads to growth and
development;

(ii) explain the consequence of the trend on the spread of dengue virus. [2] 
a. Since developmental time is shortened, greater survival rate of larvae as

less susceptible to predators, diseases and parasitism
b. -> greater population of mosquitoes -> more vectors to carry the virus
c. Global warmer also results in warmer and shorter winters, allowing more

mosquitoes to survive during and through winter as they can be active for
a longer period of time

d. Mosquitoes can also migrate polewards as regions towards the poles are
also becoming warmer -> spread of dengue virus latitudinally

The immune system is the body's defense against infectious organisms and other invaders. 
Through a series of steps called the immune response, the immune system attacks organisms 
and substances that invade body systems and cause disease. 

(c) (i) Describe how the innate immune system normally responds to a microbial infection 
in the skin tissue, such as DENV. [3] 

a. (tissue-resident) DCs / Langerhans cells and macrophages recognise the
PAMPS on the microbes by their PRRs;

b. resulting in (receptor-mediated) phagocytosis of the bound microbe;
c. phagocyte becomes activated � secrete cytokines;
d. which aids in the recruitment of circulating phagocytes (monocytes /

neutrophils) from the blood circulation into the infected tissue;
e. resulting in inflammation;
f. recruited phagocytes assist in the elimination of the microbes at the site of

infection;

(ii) Explain why the normal innate immune responses prove to be ineffective when the 
body is infected with DENV. [2] 

a. Langerhans cells and macrophages are the host / target cells for DENV;
b. (idea of) phagocytosis allows for entry of virus into the host cell;
c. virus able to escape lysosomal degradation and replicate within the host

cell/AW;
d. resulting in increase in DENV rather than eliminating DENV/AW;

(d) In response to the DENV infection, the body’s immune response reacts by producing 
antibodies that target the DENV virus.  

(i) Explain how the structure of the antibody allows for the successful recognition and 
binding of DENV virus in blood. [2] 

a. contains two antigen-binding sites;
b. each is composed of one VH and one VL domain that is precisely folded to

give a 3D conformation; 
c. that is complementary to the antigens / proteins on the DENV;
d. allowing for the formation of weak / reversible bonds to be formed between

the DENV and the antibody;

o the DENV infection, the body s immune respo
at tattaargrgrgrgetetetetet thehhee DDDDDENENENENENV vivivivivirurururuusss.ss  

owwww theeeee sssstrtrtrrrucucucucuctureeeee ooooofff ff ththththththtt e eeee ananananantitititititt bobobobobody aaaallllllllllllowowowowowwwowwowss fofofofofoorrrr rr thththththt ee e eee su
f DDENNENENNENV V V V V vivivvvirurrururus s s s s ininininin bbbbblolololooodododododd.. [2[2[2[2[2]]]]]
tainininii ss twtwtwtwtwtwo ooooo anaananaa titt gegegegen-bibibibibibindndndndndndinininininingggggg sssissites;;
h is composed of one V and one V domain th
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(ii) Describe two ways in which the production of antibodies help in removing DENV from 
the body in the primary antibody response. [2] 

Choose any two pairs of answers: 

a. neutralisation;
b. where the binding of the antibodies to the antigen prevents the interaction

of the DENV to the host cell receptors;
c. opsonisation;
d. where the antibody-bound DENV is recognised by phagocytes, thus

enhancing the clearance of the DENV from the blood;

e. agglutination;
f. where DENV bound by antibodies are concentrated  lesser infectious

units  easier to clear DENV;

g. activation of complement proteins;
h. where the antibody-bound DENV recruits complement proteins that

assemble on DENV surface  lysis;

(e) Despite the protection offered by the antibodies in the primary infection, the recurrent 
exposure to DENV, particularly of a different serotype, can result in the manifestation of 
severe dengue fever. 

(i) State how the four different DENV serotypes differ. [1] 
differ in their composition of their antigens ;; 

(ii) Explain why the infection by a different serotype can result in severe dengue fever. 
[2]

a. due to antibody-dependent enhancement;
b. where the antibodies produced from the primary infection binds to the

infective DENV virus during a subsequent infection / secondary infection;
c. the antibody-bound DENV is then recognised by (circulating) monocytes /

macrophages by the Fc receptors;
d. resulting in entry of virus into the cell  replicate to large numbers 

viremia  severe dengue fever;

In 2016, the Health Sciences Authority (HSA) has approved the world's first dengue vaccine 
Dengvaxia for use in Singapore. Dengavia is a live, attenuated tetravalent dengue vaccine, and 
has shown to be effective in causing protection against the four DENV serotypes.  

(f) Discuss two advantages of vaccination in the eradication of diseases such as dengue. [2] 
Advantage 1:

a. prevents the development of disease in uninfected individuals;
b. especially when in disease-prone areas / infected with the pathogen;

  Advantage 2: 
c. results in a reduction in disease transmission within the population;
d. due to herd immunity  little chances for disease outbreak;

  Advantage 3: 
e. vaccination is far cheaper as a solution to combat diseases;
f. compared to medical care which can incur a higher cost if the medical care

requires an extended period of time;

dvvvananana tatatataagegegegg sss offff vvvvaaacaa cicicicicinananananatititititionononoo  in thhhhhe eradicccccatatatatioioioionnnnnn ofofofofofof ddddddisi e
antnnttttagagagagagage 11:

ventnts ththththththeee dedededededevvvevvv lolololooopmpmpmpmpmpmenenenenenenttt ttt ofofofofofof ddddddissisisisisiseaaaaaaaaasessesesesesese iiiiiiinnnnnn nnnnn unnnnninininininfefefefefectctcctcted
eccciaiiaallllllllly y y yy y whwhwhwhwhwhenennenenen iiiinnnnnn dididiidiisesesesesesseasasasasasse-e-eee prprprprprprononnononone areaeaeaeaeas s sss // /// inininininfefefefefe ttcted

vantage 2:
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Max 2m 

Besides vaccination, vector control programmes are in widely adopted as a preventive measure. 
Unfortunately, these programmes are facing operational challenges with mosquitoes becoming 
resistant to commonly used insecticides in several areas through the world. 

Spraying insecticide in regions with multiple stagnant water bodies is the main method of 
controlling Aedes aegypti in rural India. One of such insecticides was deltamethrin, which was 
introduced to rural areas in 2007. 

A laboratory study was carried out using mosquitoes collected from two sites – A and B – in 
India. The percentage of mosquitoes killed by deltamethrin was estimated.  

The results of the study are shown in Table 1.2. 

Table 1.2 

Site Year Percentage of mosquitoes 
killed by deltamethrin

A 2007 100 
2010 90 

B 2007 100 
2010 100 

(g) The researchers concluded that at Site A, the mosquitoes had evolved resistance to 
deltamethrin. Explain how the mosquitoes evolved resistance. [3] 
a. Mutation gave rise to genetic variation within the mosquitoes
b. -> some mosquitoes are resistant to deltamethrin while others are susceptible
c. Deltamethrin acts as a selection pressure
d. Mosquitoes which are resistant have a selective advantage
e. -> differential survival and reproductive rate
f. Allele coding for resistance is passed on to offspring
g. -> increase in frequency of resistance allele
h. And thus, natural selection has resulted in the evolution of resistance in

mosquitoes.
i.  

India is one of the countries that has already been experiencing extreme weather events – 
extreme heat, droughts – due to climate change. Considering that agriculture play a vital role in 
India’s economy, the impact of climate change on agricultural productivity has been a major 
concern. 

Fig. 1.3 illustrates a prediction on global warming impacts on rice crop yield across India. prerereereredictctctctcttioioioioionnnnn onnnnn ggggglobababababalllll wawawawaw rmrrmmrmingggg impacts on riccccce e ee e e crcccc o
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Fig. 1.3 

In general, the trend is the similar for most plant crops. 

(h) Explain the effects of increased temperature from climate change on plant crops. [2] 

a. As temperatures becomes warmer, crop yield decreases.
b. Extreme heat may impede the growth of plant crops.
c. The range and distribution of crop pests and weeds may increase, leading to

extensive crop damages
d. Prolonged periods of heat may also place a stress on water supplies, which in

turn dries the land and decreases crop yield
e. AVP

It has been widely recognised that the effects of climate change have been brought about by 
excessive emission of greenhouse gases (GHG).  

(i) A student made the following comment: ‘If we stop deforestations, the concentration of 
GHG will decrease back to an acceptable level in the atmosphere’. Discuss the validity 
of this statement. [3] 
a. Yes, the concentration of GHG may decrease;;
b. Forests serve as natural carbon sinks
c. It also prevents over-exposure of the soil to accelerated rates of oxidation and

decomposition which releases CO2 and CH4

d. No, besides deforestations, there are other main sources of emission of GHG;;
e. Burning of fossil fuels for energy required in powering transportations,

machineries, homes 
f. The increase in food consumption has also placed a greater demand on

livestock production 
g. Production and post-production of livestock is also a major source of GHG

emission 
h. It takes time for re-growth of forests that have already been removed, the

current natural carbon sink may not be replenished fast enough 

For pt (d), award 1m if the idea of other sources of GHG is present in the rest of the answer
 [Total: 28] 

sition which releases CO2 and CH4

es ddddddefefefefefeforesesstaaaaaatittititt onononononons, ttttttheheheheheherererer  areee othththththththhhththhererereerrere mmmmmmmmmmaiaiaiaiaiaaa nnnnn sooooourururururce
f fofoof ssssssilililillil fueueueeeelslslslslsls forororooror eeeeeenenenenenenergrgrgrgrgrgy yyyyy rerererererequququuquququiredededdededededed iiiiiiinnn n nn nnnnn popopopopoweweweweweririririr ngngnngng t
es,s,,, hhhhhhhomomomomomomeseseseseses
aseeeee inninnnn ffffffooooooooooooddd ddd cococonsnsnsnsummmmmmptppptptptioioioioioion nnnnn hahhahahh s alsososososo plaaaaacececececedddd d a gre
production
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2 Fig. 2.1 shows the two distinct regions of human skin. The dermis is a thick region of living 
tissue below the epidermis, containing blood capillaries, nerve endings, sweat glands, hair 
follicles, and other structures.  

The epidermis is composed of many different layers of different types of skin cells. These 
different layers of cells arose from the continual division and morphological changes of 
epidermal stem cells that are found in the basal layer of the epidermis.  

Fig. 2.1 

(a) With reference to Fig. 2.1, 

(i) describe the unique features of epidermal stem cells. [2] 

a. unspecialised cell that has no tissue-specific structures and functions;
b. capable of continuous cell division and self-renewal over a long period of

time due to high telomerase levels;
c. producing genetically stable daughter cells / progeny;
d. which undergoes differentiation to give rise to skin cells which are pushed

upwards;

(ii) state the potency of these epidermal stem cells. [1] 
  multipotent;; 

 (iii) explain the importance of the epidermal stem cells in the skin. [2] 
a. maintains the architecture / thickness / structure of the skin tissue by

replacing the cells of the epidermis ;;
b. particularly after injury / damage / abrasion of the upper epidermal layer ;;

Until recently, burns have usually been treated with skin grafts, which involve taking skin 
sections from uninjured parts of the patient’s body, and grafting them over the burn. These 
grafts can take several weeks or even months to heal, and during the recovery period, patients 
are prone to infections because of the damage to the skin, which is the body’s first line of 
defence against microbes.  

p y p [ ]
ent;tt;;t;;;

e impmpmpppororororortaancncnccceee ee ofofofff tttttheheheheheh eeeeepipipipipidededededermrmrmrmrmalaaaaaaa  steteteteteteteteteeemmmmm cccececececececccecellllllllls ininininn tttttthehehehee sk
ntaiaiaaia nsnnsnsnnss tttthehehehehehe aaaaarcrccrcrcrchihihihhihitetetetetetectctctctctururrururre eeee / /// / ththhththiciiii knesesesesess ss s s / //// stststststrururururu tcttcttur
accccciniing g g ggg ththththththe e e e e e cecececcc lls ss ofofofoff tttttthehehehehehe eeeeeepipipipipipidededededederrrmissss ;;;;;;;;;;
icularly after injury / dddddamage / abrasion of the
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Scientists have now developed a new technique which involves harvesting the burn patient’s 
skin stem cells, and stimulating them to divide using chemicals. These cells are then sprayed 
onto the burn. This method helps to regenerate the skin quickly, and dramatically reduce 
recovery times. Fig. 2.2 shows an illustration of this process.  

Fig. 2.2 

Fig. 2.3 shows a photomicrograph of the skin stem cells undergoing repeated cell division in 
culture.
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Fig. 2.3 

(b) With reference to Fig. 2.3, 

(i) arrange these stages in the correct sequence. [1] 
 B  D  C  A ;; 

(ii) explain what is happening at stage C. [2] 
a. anaphase;
b. MTs attached to kinetochore proteins on centromeres shorten;
c. while non-kinetochore MTs lengthen;
d. resulting in the separation of sister chromatids / centromeres holding sister

chromatids separate  move to opposite poles, with the centromeres first;

(c) Suggest and explain why these stem cells need to be treated with chemicals to stimulate 
proliferation. [2]
a. epidermal stem cells are adult stem cells which are generally quiescent;
b. thus require presence of chemical signals to effect cell proliferation in vivo;
c. Removal of epidermal stem cells from patient’s body  absence of growth

factors to stimulate cell division;  
d. Addition of chemicals stimulate cell division by binding to cell receptors and

stimulating cell division pathways;  
[Total: 10] 

BA

D

C

exppppplainnnnnn wwwwwhyhh  theheheheheh se ssssstetetetetemmmmm cecceecells nennn ed to be treatatatatattedededededd w
2]
l sssteteet mmmmmm cececcc llsss sss ararareeeeee adadadadadaduluu tt t t t t ststststststemememeemem cccccccelllslslslslslslsss wwwwwhihihihihihihhhichchchchch aaaaarerererere gggggen
ireeeeee prpprprppresence of f fff f f chchchchchchemicalllll sigggggggnals ttttto oo o o efefefefeffefefefefectctctctct ccceleeee l 
off f eppeppppididididididerererererermamamammm l ststtts emmmmmm ccccceleleleelellslslslslsls fffffrorr m papapapapattttit enenenenent’t’t’t’t’sssss body
stimulate cell divisiono ;
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3 Fig. 3.1 shows a Siberian husky. The natural habitat of a Siberian husky is a 
cold, northern climate such as the Siberian Tundra or the wilds of Alaska. Siberian huskies were 
originally bred by the Chukchi people of Siberia to ultimately pull sleds across miles and miles 
of frozen ground. Basically, they were bred to be working dogs, as well as herd animals and 
perform as watchdogs. 

Fig. 3.1 

Fig. 3.2 represents the various birth weights of new-born puppies in a wild population of Siberian 
husky in Siberian Tundra. The line diagram on Fig. 3.2 represents mortality in relation to birth 
weight.

.
Fig. 3.2 

Percentage m
ortality/%

 

Birth weight/kg 

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



© PJC 2017             H2 BIO/9744/PRELIMS/P3 

11

(a) Using the information provided in Fig. 3.2, account for the type of selection acting on birth 
weight of new-born Siberian husky puppies. [3] 
a. stabilizing selection;;
b. Puppies with high and low birth weight are selected against / lower reproductive

success, hence puppies with high and low birth weight have the lowest
percentage population / highest mortality;

c. [Quote] low birth weight of 1kg -4.5kg  0.5% - 2.5% of population / 98% to 10%
mortality, high birth weight of 8.5kg – 11kg  0.2% - 3% of population / 3% to
18% mortality [nos quoted are flexible]

d. Puppies with median birth weight of 5kg to 8.5kg are selected for / higher
reproductive success. puppies with median birth weight has highest
percentage population / lowest mortality.

e. [Quote] median birth weight of 5kg to 8.5kg  6% increased to 20% and
decreased to 6% population / more than 6% population / less than 5% . [nos
quoted are flexible]

(b) Birth weight of new-born Siberian husky puppies is an example of continuous variation. 
Explain why there is a variation of birth weights in the population of Siberian husky. [3] 

a. Birth weight are controlled by a large number of genes (polygenic) .
b. The polygenes affect the trait in the same way as an additive fashion.
c. Environment has a large effect on such phenotypes. Environmental variations

will tend to smooth out the differences between phenotypic groups so providing
continuous variations.

d. Crossing over during prophase I of meiosis between the alleles of non-sister
chromatids of homologous chromosomes may also increase the recombination
of alleles in the individual

e. The independent assortment and segregation of chromosomes during
metaphase I of meiosis ensures that individuals possess a range of genotype
from any polygenic complex.  This is because of different combination of
maternal and paternal chromosomes from both parents;

f. Fertilisation is also a random process/ random fusion of gamete, with gametes
carrying different combination of alleles fusing with each other non-
discriminately.

(c) Suggest why percentage of mortality is higher on both ends of the range of birth weights 
of new-born Siberian husky puppies. [2] 
a. High birth weight  If these muscles were heavier / high birth weight, they

would cause the puppies to sink into the snow, and cause it to move slower or
get stuck in the snow.  cannot escape from predators.;;

b. Low birth weight  result in premature death  underdeveloped organs 
higher mortality.;; 

 (d) Suggest why Siberian husky and coyote are classified as different species. [2] 
a. They do not have similar morphological / anatomical / physiological features;;
b. thus they are incapable of interbreeding;
c. incapable of producing viable fertile offspring;

g

innnnn ttttttheeeeee ssssssnononnnonow.....  canananananannonnononn t ttt eseeee caccaacaape from predddatatatatatoroooo s
h wwwwwweieieieiggghgg t rrrrrresesesesesesullllllt tttt ininininnin pppprrrer maaatuuuuuuurerererererrere ddddddddeaeaeeaeaee ththththth uuuuunndnn
ortattaaalilililiitytytytytyty.;;

Sibbbbberereriaiaiaiaannnnn huhuhuhuhusksksksksky yyyy anananannddddd cocococococoyoyoyoyoyoyotetetetetete aaaaarerereer  claaasssssssssss ififififfifiieiei dd d d asasasasas differe
not hhave iiisiimiilar morpppphhhohhh logiiiical / //// aaaana atttttooooomical / p
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(e) Some scientist studied the anatomical structures of the golden jackal and hypothesized 
that the golden jackal is more closely related to the Siberian husky than the grey wolf. Fig. 
3.3 shows a segment of homologous DNA sequences from the golden jackal, coyote, grey 
wolf and Siberian husky. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 
golden jackal  A G C T G T C G A T T C C A 
coyote A G C T A T G G A A T C G A 
grey wolf T G C T A T G G A T T C C T 
Siberian husky T G G T A T G G A T T C C A 

Fig. 3.3 

Suggest if the hypothesis that the golden jackal is more closely related to Siberian husky 
than the grey wolf is true. [2]
a. The hypothesis is incorrect / not true;
b. Siberian Husky and grey wolf have 2 nucleotide differences (nucleotide 3 and 14)

while golden jackal and Siberian Husky have 4 nucleotide differences(nucleotide
1, 3, 5, 7);;

c. This indicates that the dog has a greater degree of homology in DNA sequence
with grey wolf than with golden jackal;

OR 
d. indicating that the dog and grey wolf share a more recent common ancestor.
Max 2m 

 [Total: 12] 

Section B 

Answer ONE question in this section. 

Write your answers on the separate writing paper provided. 

Your answers should be illustrated by large, clear labeled diagrams, where appropriate.  

Your answers must be in continuous prose, where appropriate. 

Your answers must be set out in sections (a), (b) etc., as indicated in the question. 

4 (a) With reference to named examples, describe the range of roles performed by the proteins in 
living organisms. [13] 

(b) Describe how Southern blotting can be used to analyse nucleic acids. [12] 

5 (a) With reference to named examples, describe the range of roles performed by ATP in living 
organisms. [13] 

usst bebebebebe ssssettt outttttt iiiinnnnn seeeeectctctctctc ioioioioionsnsnsnn  (a), ((bbbb)))))) eeeetctctctc.,.,.,.,, aaaaaass ss s inininnnindididdidid caaaaaatttettt d

o nnnaaamededededed eeexaxaxaxaxammmpm leleeees,s,s,s,s, ddddddddeseseseseseee crcrrcrribibibibibbbe eeeeeee ththththt e rararraranggnggngggggeeeeee ee offfff rrrrrrololololololeseseseseses ppppe
[113]33]3]3] 

outhern blotting can be used to analyse nucleic ac
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(b) Compare and contrast between oxidative phosphorylation and photophosphorylation. [12] 

4 (a) With reference to named examples, describe the range of roles performed by the proteins in 
living organisms. [13] 

a) enzymes with role in catalyzing chemical reactions;
i. Adenylate cyclase catalyses the conversion of ATP to cAMP

b) description of at least two different types of reactions catalyzed by enzymes e.g.
hydrolysis, polymerization, phosphorylation, oxidation / reduction, etc,

i. GTPase, which hydrolyses its bound GTP on G protein to GDP  causes G
protein to be inactive

ii. activated protein kinase A activates a large number of phosphorylase kinase
iii. Glycogen phosphorylase catalyses the conversion of a large number of

glycogen to glucose-1-phosphate 
iv. A tyrosine kinase is an enzyme that catalyses the transfer of phosphate

groups from ATP to tyrosine (amino acid) residues on a substrate protein, 
activating it. 

c) name example of enzyme with reaction catalyzed;
d) hormone with role as chemical messenger

i.  insulin  binding to insulin receptors RTK ,
ii. glucagon  binding to G-protein coupled receptors

e) Named example of hormone with specific role
i. insulin and glucagon  regulate blood glucose levels

f) antibodies / immunoglobulins and role, e.g. bind to antigens / agglutinate pathogens
etc;

g) transcription factors (activators and repressors)  to regulate transcription
h) haemoglobin  for oxygen transport;
i) carrier / channel proteins with role in passive transport;
j) carrier proteins with specific role
k) pumps with role in active transport
l) pump with role
m) further example of membrane transport protein with contrasting role
n) electron transport chain, components for chemiosmosis / ATP synthesis / redox

reactions;
o) tubulin for flagella, cilia, spindle, cytoskeleton
p) collagen for structure / strength / bone / skin / connective tissue; 
q) G protein for signal transduction at cell surface membrane
r) histones for packaging DNA;
s) AVP e.g. role and named / class of protein
t) glycoprotein and roles  cell surface receptors, cell-cell recognition / attachment

in viral coats / capsids.
QWC communicated clearly without ambiguity to include 6 different roles. (1m) 
1m for each role , 1m for specific examples (6 different roles to be covered) 

gella, cilia, spindle, cytoskeleton
struuuuctctctctuuuruu e // sttttttrerererererennngnnn thththththth ///// bbbbbbonoonone / sskkkinin //// ccconononononneneneneectctctctctiiiivi eeeee ti
sigggnanananananallllll trana sdsdsdsdsdsducucuccucuctiiiiionononono aaaaaat ttttt ceccccc ll ssssssurrrrrrrfafafafafafafafafafafacececeecec mmmmmmmmmmememememembrbrbrbrbrane

packckckcckagagagagaa inininnnggggg DDDNDDD A;A;A;A;;A;
andndnd nnnnnnamamamamamamedededededed ///// ccclalaaasssssssssss ooooofff f prprprprprprototototototeieeieieie n
and roles cell surfffface receptors, cell-cell re
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(b) Describe how Southern blotting can be used to analyse nucleic acids. [12] 

Gel electrophoresis (4m) +2m 
a) Genomic DNA is cut by restriction enzymes into DNA fragments
b) DNA fragments (obtained after digestion by restriction enzyme) are loaded in a well nearest

to the negative electrode of the agarose gel.
c) A DNA ladder is also loaded in another well. (DNA ladder contains DNA fragments of known

sizes for visual comparison with the sample fragments);;
d) DNA being negatively charged, due to its phosphate groups, will move towards the positive

electrode /anode
e) once the electric current is switched on.
f) DNA ladder at the first and last lanes to allow determination of the sizes of the DNA

fragments from the sample DNA
g) A loading dye (Bromophenol blue and glycerol) is added to the solution containing the

DNA fragments  assist in loading of DNA and gives indication of how long gel
electrophoresis have taken place and where the DNA molecules have migrated.;;

h) A buffer solution is used to maintain proper pH and ion concentration as well as to provide
the necessary electrolytes for conducting electricity.

i) Allow gel electrophoresis to run and stop when the dye front reach 2/3 of the gel  to
prevent any small DNA fragments/bands from running out of the gel.

j) Distance travelled by the DNA bands in a given time depends on the molecular
mass/weight of the DNA as the fragments have to maneuver through the pores of the gel

k) Larger DNA fragments travelling slower and smaller fragments travelling faster  larger
fragments, more resistance so slower rate of movement

(2m) 
l) Ethidium Bromide (staining dye) and UV light/ fluorescent dyes are used to visualise the

DNA bands. (may also suggest use of radioactivelly labelled probes and use of 
autoradiography to detect – Southern blotting) ;; 

m) Gel electrophoresis enables the separation & visualisation of DNA fragments obtained
from restriction digestion of alleles present in the sample;; 

Southern blotting (2m) 
n) where a sheet of either nitrocellulose paper or nylon paper is laid over the gel, and the

separated DNA fragments are transferred to the sheet via capillary action;
o) DNA denaturation takes place which disrupts hydrogen bonds between complementary

nucleotide bases;
p) causes the double helix of DNA to be separated into two molecules of single-stranded DNA;
q) using an alkaline solution.

Nucleic acid hybridisation; (3m) 
r) Radioactively labeled single-stranded DNA/RNA probe;
s) anneals / hybridizes to ssDNA at the region complementary to the sequence of probe;
t) hydrogen bonds form via complementary base-pairing to the gene of interest
u) Finally the nitrocellulose membrane is subjected to autoradiography;
v) The DNA which the radioactively labeled probe binds to will show up as bands on the

autoradiograph.;;
w) This yields a band pattern characteristic of gene of interest;
x) Nucleic acid hybridization allows us to determine the size of the band(s) containing the

gene of interest.

y) Required for analysis of alleles of a particular genes  differentiate the alleles based on
the DNA bands / gene of interest obtained

z) Also allow for the isolation of pure DNA fragments from a variety of bands

saatitiitiitiionnnn;;;; (3(3(3(3(33m)mm
d sssinininininnggglggg e--ssstrarararararandndndndndndedededededd DDDDDDNANANANANANA/R//RR/RNAAAA ppppppppprorororoorororoorororobebebebebebe;;;;;;;;;;;
too sssDsDsDsDsDsDNANANANN aaaaaattt ttt thhhhhhe e e eee rerererereregigigigigigionononononon ccccccomomommomomomplememememememeememenennenenennnenenntatatatataryryryryry ttttto o o oo ththththhe 

m vvvviaiaiaiaaaa cccccomomomomomomplplplpllplememememememenennenennentatataaataryryryryr bbbbbbasassasasase-eeee papppppp irinnnnng g g g g tototototo ttttthehehehehe gene
losososoo e e memememememembmmbmbmbmbm rararanenenene is sssss susususususubjbjbjbjbjbjececececececteteteteteted to aaaaaututuuu orororororadadadadadioioioioiograp
radioactively labeledd probe binds to will sho
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[1 – QWC as long as headings are seen] 

5 (a) With reference to named examples, describe the range of roles performed by ATP in living 
organisms. [13] 

a. ATP – adenosine triphosphate, an energy currency in the cell produced by
phosphorylation of ADP + Pi ;;

b. by substrate-level phosphorylation, oxidative phosphorylation, and
photophosphorylation ;;

c. when hydrolysed into ADP + Pi, releases a lot of energy to fuel many anabolic
reactions within the cell ;;

d. Choose any 8 reactions:

e. needed in the endomembrane system i.e. to supply energy needed to power the
migration of vesicles (transport / secretory) between organelles for protein / lipid
trafficking ;;

f. maintaining the ionic gradient inside and outside the cell / across the plasma membrane,
by providing the energy to pump 3 Na+ out, and 2 K+ in via the Na+/K+ ATPase / pump ;; 

g. required for active transport processes i.e. to move substances against concentration
gradient through carrier proteins / in bulk transport processes, endocytosis and
exocytosis ;;

h. synthesis of large biomolecules (proteins, carbohydrates) through formation of bonds
between monomers (peptide bonds, glycosidic bonds / amino acids,
monosaccharides) requires energy ;;

i. phosphorylation of proteins, where a phosphate group from ATP is added to proteins 
activating / inactivating proteins by triggering a 3D conformational change  e.g. 
kinases in signal transduction pathways ;;  

j. phosphorylation of (RTK) receptors  phosphate groups then act as docking sites for
the recognition and binding of relay proteins to trigger signal transduction ;; 

k. can be used to phosphorylate GDP to GTP, allowing for GTP to be used as an energy 
currency to aid in ribosome function during translation (codon recognition / ribosomal 
translocation) ;;  

l. polymerisation of microtubules during cell division requires ATP  MTs can then be 
attached to kinetochores of chromosomes to align them at the metaphase plate / 
elongation of the cell ;; 

m. act as an allosteric inhibitor in respiration i.e. high ATP inhibits glycolysis
(phosphofructokinase enzyme) / Krebs cycle ;;

n. energy from ATP is required in the formation of G3P in Calvin cycle, as well as in the
regeneration of RuBP during light independent stage ;;

phhhosoosossphphphpphphororrylatatatatatateeeeee GDDDDDDPPPPPP totototototo GGGTPPP, alalallolollowiwiwiwingngngngng fffffororororor GGGGGTPTPTPTPTP t
in ribibibibibibooosooo omommeeeeee fufufufufufuncncncnnnctititittit onononononon ddddddurururingggggg trrrrrrranananananannananananslslslslss atatatattatatatattta ioioioioioioioi nnnnn (c(ccccodododododon
 

mmmmiciicrorrorootutututuutububububububulelelesss duddd riririririingngngngngn ccccccelelellellllllll didd visiiiiiononooo rrrrreqeqeqeqequuires A
t h f h t li th t
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o. ATP/AMP ratio acts as a biosensor in bacteria  low levels of ATP corresponding to
high levels of AMP triggers increased transcriptional rates of the lac operon ;;

QWC (2m)  points communicated clearly without ambiguity and with relevant
examples as to how ATP is useful in living organisms (plants, animals, prokaryotes)

(b) Compare and contrast between oxidative phosphorylation and photophosphorylation. [12] 

Similarities 

a) Require protein complexes and (mobile) electron carriers that are embedded in
membranes ;;

b) Requires the flow of electrons down its energy gradient from an electron donor to a
final electron acceptor ;;

c) Require the pumping of H+ ions across membranes to generate a proton motive force
/ region of high H+ electrochemical gradient / proton gradient ;;

d) Require the coupling of the exergonic flow of H+ down its electrochemical gradient to
provide energy for phosphorylation of ADP to ATP via chemiosmosis ;;

e) The phosphorylation of ADP to ATP is mediated by ATP synthase complex ;;

 Differences 

Features Photophosphorylation Oxidative Phosphorylation

f) Location ;;
occurs on thylakoid 
membranes of 
chloroplasts 

occurs on inner 
membranes of
mitochondria  

g) Requirement of 
light energy ;;

light energy required for 
splitting of water (to 
donate electrons) 

independent of light 
energy  

h) Number of 
pathways ;;

2 pathways i.e. cyclic or 
non-cyclic pathways 1 pathway 

i) Identity of 
electron donors ;;

Water (in NCP) AND PSI (in 
CP)  Reduced NAD and FAD  

j) Identity of final 
electron acceptor
;;

NADP (in NCP) AND PSI (in 
CP) Oxygen  

k) Location of 
proton gradient ;;

Between stroma and 
thylakoid space 

Between matrix and 
intermembrane space  

oooooof fff
rs ;;;;;

WaWaaater r r (i(i(i(( nnnnnn NCNCNCNCNCNCN P)P)P)P)P)P)P AANDNDDDDDD PSI (in

p y y
nononnononon n-nnnn cyyyyyyclccccc ic ppppppatatatatatathwhwhwhhwh ayaaaa ssss 1 pathway  

CPCPCPCPCPCP) ) ) )))  ReReReReRedududududucecccc d N
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l) Usage of ATP 
produced ;;

ATP produced is used 
within chloroplast (in light 
independent reaction) 

ATP produced is used 
throughout the cell  

m) Metabolic process
;;

Photophosphorylation 
occurs as part of an 
anabolic process i.e. 
production of sugars 

Oxidative phosphorylation 
occurs as part of a 
catabolic process i.e. 
breakdown of sugars 

QWC(a) ;;   answers address both similarities and differences (at least 2 of each)  

QWC(b) ;;   answers are organised into two headers (similarities and differences), with 
point-to-point comparison being made 

END OF PAPER 
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1 You are required to investigate the glucose concentrations of solutions S1 and S2.

Doctors use the analysis of urine to help diagnose some medical conditions. One such 
medical condition is diabetes which results in glucose being released in urine if the 
condition is untreated.  

You are provided with: 

 15cm3 of 4% glucose, labelled G1

 10cm3 of unknown glucose concentration  representing urine, labelled S1

 10cm3 of unknown glucose concentration  representing urine, labelled S2

 50cm3 of distilled water, labelled W

 40cm3 of Benedict’s solution, labelled Benedict’s solution 

Proceed as follows: 

 1 Carry out a serial dilution of the 4% glucose, G1, to reduce the concentration of 
glucose solution by half between each concentration of four successive dilutions, 
to give G2, G3, G4 and G5. You will also need to set up a control, C.

You are required to make up at least 5cm3 of each concentration of glucose 
solution in the small glass vials provided. 

Complete Table 1.1 to show how you will make the concentrations of the glucose 
solutions, G2, G3, G4 and G5, show how you will set up the control, C.
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Table 1.1 
G1 G2 G3 G4 G5

concentration of glucose 
solution / % 4.00 2.00 1.00 0.500 0.250 

Label of glucose solution 
to be diluted G1 G2 G3 G4

volume of glucose 
solution to be diluted / 

cm3
5.0 5.0 5.0 5.0

volume of distilled water , 
W, to make the dilution 

/ cm3
5.0 5.0 5.0 5.0

Description of the control, C:

(g) (Using a syringe,) transfer 5.0 cm3 of distilled water (into a small container) instead 
of 5.0cm3 of glucose solution;;  

(a) correct precision for both glucose; 
(b) correct precision for volume; 
(c) equal volume of glucose and diluted water; 
(d) minimal volume after transfer is 5cm3; 
(e) correct calculation of concentration of glucose; 
(f) correct label of glucose solution to be diluted; 

[4]

Test glucose solutions and unknowns with Benedict’s solution. Excess Benedict’s 
solution is to be added to the solutions and samples. Then heat the mixture.  

You should record the time taken for first appearance of any different colour 
or precipitate from the blue starting colour. 

The result will be compared with the time taken for first appearance of any different 
colour or precipitate obtained from glucose solutions G1, G2, G3, G4 and G5 with 
Benedict’s solution. 

To do this you need to use the same procedure. 

2 State the volume of Benedict’s solution and the volume of the solutions (G1, G2,
G3, G4 and G5) and the unknown samples you are testing (S1 and S2).

Volume of Benedict’s solution: 3.0cm3

Volume of each glucose solution (G1, G2, G3, G4 and G5): 2.0cm3

Volume of sample (S1 and S2) : 2.0cm3

p pp
precececcececipppppitititittitataataaa e eee e obtatattat iniiii eddddd fffffrorororoom mmm glggg uccccosooo e solutions G1G1G1G1G1G ,,,, G2
s solololollututututtiiioii n.. 

s yyyououououuou needdddd tto uuuuseseseesesee tttttthhhehhhh  same prpppp ocedededededdururururure.e.e.e.e. 

volume of Benedict’s ssssooolution and tthe volume of t
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(a) correct precision (1dp); 
(b) appropriate volume of Benedict’s solution (Max 4cm3); 
(b) higher volume of Benedict’s solution than glucose/sample solution; 
(b) same volume of glucose and sample;; 

No marks awarded if: 
- if 2cm3 of Benedict’s solution used with 1cm3 of sample  rationale ppt or 

colour change might be too insignificant to be observed. 
- if total volume is ridiculously high and would not be feasible in a test tube.

[2]

3 Set up a water-bath and, test each test-tube separately, test all concentrations of 
G (G1, G2, G3, G4 and G5) and the samples S1 and S2 for the presence of 
glucose. Start timing when the test-tube is placed into the hot water-bath. If there 
is no colour change after 480 seconds, record ‘more than 300’ as your result.  

4 Observe the test-tube very carefully for the first appearance of any different colour 
or precipitate from the blue starting colour and record the timing for this change. 

 (a) (i) State one variable, other than volume, which needs to be kept constant when 
you do the tests. [1] 
temperature;;

 (ii) Describe how you will control this variable constant.[1] 

(a) monitor with thermometer / observing the presence of steam / 
observing the presence of bubbles to indicate that water is boiling at 
100C;; 

(b) Use the space below to record all your results. [4] 

Table of time taken for time taken for first appearance of any different colour or 
precipitate from the blue starting colour / s for different glucose concentration / % 

Concentration of glucose solution 
/ % 

time taken for time taken for first 
appearance of any different colour 

or precipitate from the blue 
starting colour / s 

0.00 (C) More than 480 
0.250  
0.500
1.00
2.00
4.00

a) correct headings with units;;
b) correct precision for glucose concentration  3sig fig;
c) correct precision of time  whole numbers;
d) trend (shortest time taken for 1st appearance for 4% glucose solution

 longest time taken for 1st appearance for 0.250% glucose 
solution) ;; 

e) title with units;;
(allow ECF for concentration) 

0.500 
111.0000
22.000000000
4.4.44.000000000000

rectctcttttct hhhhhhheaeaeaeadididididididingngnngn s ss wiww th uuuuuuninininninitststststts;;;;;;;
t i i f l t ti 3 i
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(c) Using your results from step 7, estimate the concentration of glucose in sample 
S1 and S2.

Time taken for first appearance of any different colour or precipitate from the blue 

starting colour for S1: …………………………… 

Concentration of glucose in S1…………………..[1] 

Time taken for first appearance of any different colour or precipitate from the blue 

starting colour for S2: …………………………… 

Concentration of glucose in S2…………………..[1] 
[1]

S1 – 1.5% (actual concentration) 
S2 – 0.1%(actual concentration) 

a) time taken for S1 should be between timing for 1-2% glucose solution;
(trend)  

b) time taken for S2 should be longer than 0.250%; (trend)
c) concentration of glucose for S1 with correct units : 1-2%; R 1.5% with

and time (with units for both conc and time);; 
d) concentration of glucose for S2 with correct units : less than 0.250%,

R 0.1% with and time (with units for both conc and time);; 
Allow ECF 

(d) Identify two significant sources of error in this procedure and for each, suggest 
how you would improve the procedure to minimize the source of error. [4] 

a1) no replicates done  results may not be reliable 
a2) carry out at least 3 replicates 

b1) subjectivity in determining the 1st appearance of ppt or colour; 
b2) use colorimeter / spectrophotometer to determine colour change; 

c1) too few known concentration of glucose; 
c2) increase more glucose standards e.g. 0.125%, 0.0625% etc 

d1) interval between each concentration of glucose is too wide; 
d2) decrease the interval between each concentration e.g. instead of half 
dilution, use a 1:4 dilution so that concentration unknown can be more 
accurately gauged. 

[Total: 20] 

ase the interval between each concentration e
use e e a a a a 1:1:1:1:11:1 4 4 4 diddd luuuuuutitititititionooo ssssssoooooo ththththththatatatt conoonncentraatitittitionononon uuuuunknknknknknnonnn w
y gggauauauauauaugeggggg d.d.. 
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2 During this question you will require access to 

 a microscope fitted with eye piece graticule 

 and slide K2.

K2 is a cross section of a portion of a leaf from plant that grows in full sunlight and are 
adapted to relatively high light intensities.  

(a) Examine the slide under a microscope and locate a suitable cross section for your 
plan diagram as seen in Fig. 2.1. In your view, you should be able to observe the 
distinct categories of different types of cells in a leaf cross section. Choose the 
lens that is most suitable for viewing the cross section of the leaf in the field of 
view. 

Please avoid the mid rib region for your plan diagram seen in Fig. 2.1 

Fig. 2.1 

State which objective lens you have decided to use and give a reason for your 
choice. [1] 

a) 40X objective lens;
b) most accurately measured for total leaf thickness (idea of).

(b) (i)  Using the objective lens selected in (a) and the eyepiece graticule fitted into 
your microscope, make measurements of the total leaf thickness of K2. [1] 

No. of divisions of eyepiece graticule: 40-72 (range allowed);;

(ii)  Calculate the actual thickness of the leaf of K2 using your data from step 
(b(i)). Let each division on the eyepiece graticule be 0.0025mm.  

Show your working with units. [2] 

a) correct working with units;;
b) correct answers with units;; (100μm - 180μm)

(if units missing for workings : -1) 

Mid rib region 

ateee thtththhhe e e e acaca tutuual ttttthihihihihicknenenenenesssssssss ooof f theee leeeafafafa ooooffff K2K2K2K2K2K uuuusisisisisisingngngngng yyyyyyou
Lettt eaeaeaeaeachcccc ddivisisisisisioioioionnnnn ononoon ttttthehehehehe eeeyyyeyy piiiieeeccce eeee e eeee eeeeeeeee ggrgrgrgrgrggggrggggg attattatatticiciciciciciiiculululululuu eeee e bebebebee 00000.00

youur rrrr wowowowoworkrkrkrkrkinininining g  g wiwiwiwiwiththththth uuuuunininininitststststss... [2[2[2[222] ] ]] ]

t ki ith it
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(c) Make a detailed, labelled drawing of a section of the cross section of K2 in the 
space below. [5] 

Drawing of a cross section of K2 leaf (X mag) 

Marking Points 
Award marks for each of the following: 

a) appropriate title given ;
b) mag in title; (ECF allowed)
c) clear continuous lines ;
d) draws at least 2 layers of  palisade cells;
e) correct shape AND proportion of spongy mesophylls and palisade cells ;
f) no shading ;
g) at least three correct labels from: spongy mesophylls / guard cell / 

palisade layers / airspace / cuticle / lower epidermis / upper epidermis;; 
h) magnification calculated using total leaf thickness w units; 
i) scale

 (d) (i)  Table 2.2 shows the effect of light intensity on the number of chloroplasts 
between sun and shade plants. 

Table 2.2 
Light intensity / μmolm-2s-1 Number of chloroplasts per palisade cell 

Sun leaf Shade leaf 
800 110 79 
400 97 69 
200 80 54 

st three correct labels from: spongy mesop
deee layayayayyeeeree sss / aiaiiaiaiairsrsrsrsrsrspaaaaaacececececece ////// cccccutuu iclee / lowerrrrr eeeepipipipidededededermrmrmrmmis
ficacacaaaatititititionoooo cccalalllcucucucucc lalalalaalatedddd dd ususususususinnng tooottaaaataaallllllllll lellelelellelelleeafafafafafaf tttttttthihihihihhhickckckckcknenenenenesssssss  w

2.2 22 shshshhowowowowowssss ss ththththt eee efeffeffefeefecttttt ooooofff ff liiiiighghghghghg tttt t ininininintttensitititititi yyyyy onon ttttthehehehehehe numbe
n sun and shade plants
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80 52 34 
40 30 20 

Plot the graph using the relevant data shown in Table 2.2. [4] 

Marking Points 
Award marks for each of the following: 

a) appropriate title given with units ;
b) appropriate size i.e. at least ¾ of graph paper ;
c) correct choice of axes AND units ;
d) intervals of the graph are equidistant AND no awkward scale ;
e) correctly plotted point to within half a small square for both sun and shade leaf;
f) appropriate line of best fit ;
g) no extrapolation beyond extreme measured data ;
h) use of different symbols for the 2 lines and legend is provided.

(ii)  Using the graph, describe and explain a relationship between the factors 
investigated. [4] 

priate title given with units ;
priate size i.e. at least ¾ of graphphphhphphh ppppppapapapapapapapperererererereree  ;;;;
t choice of axes AND units ;

als of the graph are equidistant t ANDDDD nnnnooo awawawawkwkkk ard 
tly plotted point to within half a smalalalalllll squauauauarererer  for bot
priate line of best fit ;
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a) As light intensity increases from 40 to 800 molm-2s-1, the
number of chloroplasts per palisade cell increases from 30 to 110
in sun leaf and from 20 to 79 in shade leaf;;

b) This shows that in both sun and shade leaves; number of
chloroplasts in palisade cells shows a direct relationship with
light intensity, increasing in number as light intensity increases.

c) The palisade cells of sun leaves contain more chloroplasts than
those of shade leaves at each light intensity. ;

d) This shows that the same light intensity, the rate of
photosynthesis in sun plants is faster than that in shade plants.

e) (quote any one of the light intensity and rate of photosynthesis of
sun leaf and shade leaf).

f) An increase in chloroplast numbers increases the amount of light
energy absorbed which is used in cyclic and non-cyclic
photophosphorylation of the light reaction to synthesise more
ATP and NADPH. ;;

g) These products of the light reaction are then used in the Calvin
cycle/ light independent stages ;

to reduce carbon dioxide to produce more carbohydrates and 
thus increase the rate of photosynthesis. (Thus, a greater 
number of chloroplasts results in a higher rate of 
photosynthesis. ); / (idea of) eventually producing more CHO / 
raw materials --> utilised by cell to produce more chloroplast 
(to capture / harness more light energy) ; 

(e)    In a separate study, a student recorded the length of the stomatal density of two 
plants of the same species.  One plant was not regularly exposed to full sunlight 
and often show adaptations to relatively low light intensities. The leaves of such a 
plant are known as shade leaves. Another plant was grown in full sunlight and are 
adapted to relatively high light intensities and the leaves are called sun leaves. 

A statistical test was carried out to determine whether there was a significant 
difference in the mean stomatal density between shaded and exposed leaves. 

(i)  State a statistical test that could have been used to determine whether the 
difference in the mean stomatal density between the shade and sun leaves is 
significant. [1] 

t-test;;

(ii)  A summary of the student’s results is shown in Table 2.3. 

 Table 2.3 shows the student’s results.  

Table 2.3 

in the mean stomatal density between shaded an

a ssstatatatatatisisisissticaal teteteteteststststt ttttthaaatttt t cococococouuulddd haaaveeeeeeeeeee bbbbbbbbbbbbbbeeeeeeeeeeeennnnnnnnnnn usususususu edededededd tttttooo d
nceee in thththththe ee mememememean ssssstototototomamamamamamaaatatatatatallll dedededededeensnsnsnsnsity bebebbbbbebetwtwtwtwwtwwtwweeeeeeeeeee nnnnn ththththththe eee e shsss a
annnt.tt.t.t. [[[[[1]1]1]1]1]
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Mean stomatal density / mm-2 Significance of 
difference 

Total sample size 

Shade leaves Sun leaves 

290 335 p < 0.05 30 

Comment on what these results show and suggest an explanation for any 
pattern. [4]  

a) stomatal density of sun leaves is higher than shade leaves;
b) the difference is significant;
c) degrees of freedom is 28;
d) probability that difference in means would occur less than 0.05 /

5%;
e) any 2 points:

i. light is likely to be the limiting factor in shade leaves/ light
is not the limiting factor in sun leaves

ii. CO2 concentration / availability is likely to be limiting
factor in sun and not limiting factor in shade

iii. higher stomatal density gives higher rate of uptake of
CO2;

iv. allows sun leaves to make use of more availability light for
photosynthesis / rate of photosynthesis

 [Total: 22] 

3 Fig. 3.1 shows an electrode connected to a data logger that can be used to measure the 
concentration of potassium ions in the water. 

              Fig. 3.1             Fig. 3.2 

Design an experiment, using the electode to investigate the effect of temperature on the 
permeability of potato cell membranes. Potatoes are rich in potassium ions. When small 
disc-shaped potatoes cut from a core borer as seen in Fig. 3.2 are placed in water, 
potassium ions are released from the cell into the water. 

You must use: 

 potatoes, 

Fig.g.g.g.g 3333.1111             

ff
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 potassium ion-selective electrode which measures in mg/L, 

 a core borer of 10mm in diameter, 

 distilled water. 

You may select from the following apparatus and use appropriate additional apparatus: 

 normal laboratory glassware .e.g boiling tubes, test-tubes, beakers, measuring 
cylinders, graduated pipettes, glass rods, etc., 

 blunt forcep, 

 syringes, 

 scalpel, 

 ruler, 

 timer e.g. stopwatch or stop clock, 

 thermometer, 

 isotonic buffer solution, 

 hot water and ice. 

Your plan should: 

 have a clear and helpful structure such that the method you use is able to be 
repeated by anyone reading it. 

 be illustrated by relevant diagram(s) to show, for example, the arrangement of 
apparatus used. 

 identify the independent and dependent variables, 

 describe the method with the scientific reasoning used to decide the method so that 
the results are as accurate and reliable as possible, 

 show how you will record your results the proposed layout of results tables and 
graphs, 

 use the correct technical and scientific terms, 

 include reference to safety measures to minimize any risks associated with the 
proposed experiment. 

[Total:14] 
Suggested Answer 

Aim (1m): 
To investigate the effect of temperature[independent variable] on the permeability of 
cell membranes [ dependent variable] using potatoes via the use of electrode and 
data logger to measure the concentration of potassium ions in the water [method].;; 

Background (3m – including hypothesis): 
a. Ions are charged;

erenenennenenceeee ttttto o oo sass feeeeetytytytyty mmmmmeaeaeaeaeasussss rerreeres totooo minimize any y y y y y riririririr sks s
xppereerererimimimimmment.
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b. Ion channels to provide hydrophilic channel; or repelled by hydrophobic core thus 
cannot diffuse through the membranes 

c. Fluidity of membrane increases when temperature Increases,  
d. more heat energy, phospholipids gain kinetic energy 
e. disrupts hydrophobic interactions 
f. Membrane more fluid and leaky 
g. At high temperatures, membrane disrupted / proteins denature  protein channels 

can be leaky as well, K+ fully released into water 
h. Cell wall is fully permeable to ions 
i. Higher temperature, greater membrane permeability, more K+ diffuse out 
 
Hypothesis:  
Increasing temperature would increase the permeability of the cell membranes as 
the weak bonds in the cell membrane are easily broken thus allowing more pores to 
be formed. Thus resulting in higher concentration of K+ detected. 
 
Experimental procedure(6m): 
1. Set up the experiment in replicates of 3[a].  
2. Cut a potato into cylindrical shapes of diameter 10mm using the core borer[b]. 
3. Cut the cylindrical potato into disc shape of height 3mm[c-consistent height] 

using scalpels. 
4. Place the disc-shaped potatoes into an isotonic buffer[d]. This is to prevent the 

potato from drying up and also to maintain its osmotic pressure. 
5. Add 10ml of fresh de-ionized water into a boiling tube[e] and equilibrate in a 10 C 

water bath for 3 mins[f] until the de-ionized water is at 10 C. Monitor temperature 
using thermometer. 

6. Add 10 discs of potatoes[g] and start the stopwatch[h]. 
7. After 15min (accept range)[i], measure the concentration of K+ with the electrode. 

 

 
 

Diagram of experimental setup[j;; - with labels, correct proportion and logical 
setup] 

 
8. Repeat step 4 to 9 for 20 C, 30 C, 40 C, 50 C, 60 C and 70 C [k]. 

 

KiasuExamPaper.com
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9. Record the data collected in the table below[l;;- table of recording with title, must
have average and units] .

Table showing effects of temperature/ C on the concentration of K+ detected in the 
solution/mgL-1 

Temperature / C Concentration of K+ / mgL-1 
1 2 3 Average

10
20
30
40
50
60
70

10. Repeat the whole experiment using fresh potatoes twice and fresh distilled water
to ensure reproducibility[m] .

11. Plot a graph of average concentration of potassium ions/mgL-1 against
temperature (°C) [n – title and graph showing plateau, with units].

Any 7 points [3.5] 
 a to i and m 

drawing – j [1] 
table of recording -  l [1] 
graph – n [1/2] 

Variables (2m) 
Dependent variable : Concentration of K+ / mgL-1 [a] 

Independent variable : Temperature (10 C, 20 C, 30 C, 40 C, 50 C, 60 C, 70 C) [b- at 
least 5 different temperatures]  

Other variables to be kept constant [c- at least any 3;;]: 
Same size and number of potato discs from the same potato 

l [11]
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Volume of water in all tubes 
Fresh de-ionized water in all tubes 
Time for testing 
Same electrode 

Control (1m): 
For every temperature examined, no potato disc added – to ensure the K+ 
detected is from the potato cells. 
 

Risks and precautions(1m) 

Risk Precaution 

Scalpel is sharp and may cause 
injuries 

Take extra care when handling with the 
scalpel 

70 C water bath is hot enough cause 
scalding Use cloth/ for insulation 
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Answer all questions. 

1 Fig. 1.1 shows an electron micrograph of part of a plant cell.  

 
Fig. 1.1 

(a) Identify region A and state its function. [2]

  

  

  

  

(b) Describe how the structure of the membrane at B allows it to perform its 
function. [3]
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 Cyanobacteria are prokaryotic cells that are capable of carrying out photosynthesis. The 
structure of a cyanobacteria is shown in Fig. 1.2. 

Fig. 1.2

(c) With reference to Fig. 1.1 and Fig. 1.2, compare the visible structures of 
cyanobacteria with that of C. [2]

  

  

  

  

  

  

 Cyanobacteria are considered to be the ancestors of structure C. They continued to 
function after being engulfed by primitive eukaryotic cells and evolved over time. This 
theory is known as the endosymbiont hypothesis. 

(d) State two features of structure C that provide support for this hypothesis. [2]

 

 

 

 

  [Total: 9]
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2 Fig. 2.1 shows the structure of a G-protein coupled receptor (GPCR). 

Fig. 2.1 

(a) Describe how the structure of GPCR is adapted to its function. [3]

  

  

  

  

  

  

 

 One of the cellular events resulting from glucagon binding to GPCR, shown in Fig. 2.1, is 
the activation of glycogen phosphorylase which breaks down glycogen to glucose.  

(b) (i) Describe how binding of glucagon leads to activation of glycogen 
phosphorylase. [3]
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 (ii) Explain why liver cells store glucose in the form of glycogen. [3]

   

   

   

   

   

   

  

 The binding of glucagon to GPCR leads to an increase in blood glucose level partly due 
to the action of glucose transporters. Glucose transporters transport glucose via 
facilitated diffusion. 

(c) (i) Explain what is meant by facilitated diffusion. [2]

  

  

  

  

  

 (ii) Explain why glucose transporters are necessary to facilitate this 
process. [2]

   

   

   

   

 [Total: 13]
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3 Fig. 3.1 shows DNA replication in an Escherichia coli (A) and in a mammalian cell (B).
Diagrams are not shown to scale. 

                               A                                                                       B 
Fig. 3.1

(a) State one way in which the DNA replication in these two organisms differs and 
explain the advantage of this to the mammalian cell. [2]

 

 

 

 

  

(b) Explain why DNA replication is said to be semi-conservative. [2]
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 End replication problem is a fundamental problem associated with replicating DNA in 
eukaryotes.
Some cells contain telomerase, which is responsible for extending the ends of DNA in 
eukaryotes. Fig. 3.2 shows the action of a telomerase enzyme. 

Fig. 3.2

(c) Explain how the end-replication problem arises. [2]

 

 

 

 

  

(d) With reference to Fig. 3.2, state two differences between transcription and the 
process of lengthening of DNA ends. [2]

 

 

 

 

  [Total: 8]
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4 Huntington’s disease is a rare neurodegenerative disorder targeting the central nervous 
system. Transcriptional dysregulation is one of the commonly observed molecular 
abnormalities affected in this disease. Recent evidence suggests the involvement of a 
mutant Huntingtin protein in the processes regulating condensation of DNA, leading to 
activation of DNA damage response and death of nerve cells. DNA in various levels of 
condensation can be observed in the nerve cell nucleus. Fig. 4.1 shows one of the levels 
of condensation of chromatin. 

Fig. 4.1 

(a) It is postulated that mutant Huntingtin protein facilitates packing of DNA into 
structure shown in Fig. 4.1. Describe how the DNA double helix is condensed 
into this structure. [2]

  

  

  

  

  

(b) The chromosomal condensation in (a) is the main reason for the commonly 
observed transcriptional dysregulation in Huntington’s disease. Explain how 
transcription is affected. [3]
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 It is observed that nerve cells could remove Huntingtin proteins via ubiquitination of 
specific amino acids. However, the mechanism that triggers ubiquitination is unclear. In a 
study to determine the mechanism for degradation of Huntingtin proteins, selected amino 
acids were investigated and the results are shown in Table 4.1.  

Table 4.1 

 13th amino 
acid: serine 

16th amino 
acid: serine 

6th amino 
acid: 
lysine 

9th amino 
acid: lysine 

15th amino 
acid: lysine 

Fate of 
Huntingtin 

protein 

Trial 1 de-
phosphorylated 

de-
phosphorylated 

ubiquitin not 
attached 

ubiquitin not 
attached 

ubiquitin not 
attached 

remains 
active 

Trial 2 phosphorylated de-
phosphorylated 

ubiquitin not 
attached 

ubiquitin not 
attached 

ubiquitin not 
attached 

remains 
active 

Trial 3 de-
phosphorylated phosphorylated ubiquitin not 

attached
ubiquitin not 

attached
ubiquitin not 

attached
remains 
active 

Trial 4 phosphorylated phosphorylated ubiquitin 
attached

ubiquitin 
attached

ubiquitin 
attached degraded 

 

(c) With reference to Table 4.1, 

 (i) state the level of control for Huntingtin gene expression.  [1]

   

   

 (ii) describe the events at the selected amino acids that triggers the 
degradation of Huntingtin proteins. [2]

   

   

   

   

  

 (iii) describe how ubiquitination results in the removal of mutant Huntingtin 
protein. [2]

   

   

   

   

  [Total: 10]
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5 Fig. 5.1 shows the structure of a T4 virus. 

Fig. 5.1 

(a) Identify structure Y. [1]

  

  

 The T4 virus cannot reproduce by itself and relies upon a host cell for reproduction. 

(b) State specifically why T4 viruses rely on host cells for their reproduction. [2]
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 T4 viruses use bacteria as its host. Fig. 5.2 shows the results of an experiment in which 
T4 viruses were added to a culture of bacteria. Samples of the culture were then taken at 
intervals to determine the number of free T4 viruses present. 

Fig. 5.2 

(c) With reference to Fig. 5.2, describe and explain the changes in number of 
free T4 viruses 

 (i) in the first 10 minutes; [2]

   

   

   

   

  

 (ii) between 30 and 60 minutes. [3]

   

   

   

   

   

   

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



River Valley High School Pg 12 of 24  Year 6 H2 Biology 9744 Paper 2
2017 Preliminary Examination II

A scientist carried out an investigation using T4 virus and two strains of bacteria: B+ cells 
which can grow in media without lysine and B– cells which only grow when supplied with 
lysine.  The procedure is shown in Fig. 5.3. 

Growth observed on medium 
Fig. 5.3

(d) (i) Explain the observations made by the scientist. [3]

   

   

   

   

   

   

  

 (ii) Suggest one other potential benefit of the process mentioned in (d)(i)
for the recipient bacteria. [1]

   

   
  [Total: 12]

T4 are mixed with B+ cells 

T4 are isolated from the culture and added to B– cells 

B– cells are plated on medium lacking lysine 
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6 The cell cycle is an ordered sequence of events involving two stages that culminates in 
cell growth and division into daughter cells. It is an essential mechanism by which all 
living things reproduce. 

Pearson Education Inc., 2017

Fig. 6.1 

(a) With reference to Fig. 6.1, name the longest stage of the cell cycle and 
discuss the main events in this stage. [3]
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 Fig. 6.2 shows a cell viewed from the spindle pole during cell cycle. 

Fig. 6.2

(b) (i) State the type of nuclear division and name the stage shown in Fig. 
6.2. [1]

  type of nuclear division 

  stage 

  

 (ii) Explain your answer for (b)(i). [2]

 

 

 

 

 

(c) With reference to Fig. 6.2, complete Table 6.1 to show the number of 
chromosomes and mass of DNA in each nucleus during different phases of 
mitosis.  [2½ ]

 Table 6.1

Number of 
chromosomes per 

nucleus 

Mass of DNA per 
nucleus / g 

Prophase of mitosis  170 

Metaphase of mitosis 

Telophase of mitosis 
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 Mutations in ras proto-oncogenes are among the most common events in cancer. Gain-
of-function mutations in ras proto-oncogenes are known to result in dysregulation of the 
cell cycle due to faults in signalling pathways. 

(d) Explain what is meant by proto-oncogenes. [1½]

  

  

  

  

(e) Explain how a mutant Ras protein may lead to cancer. [3]

 

 

 

 

 

 

  

(f) Other than cancer cells, ras gene expression is also upregulated in 
embryonic stem cells. However, the latter does not result in a disease 
phenotype.
Explain what embryonic stem cells are. [2]

 

 

 

 

  [Total: 15]
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7 The coat colour of Labrador retriever dogs are determined by genes at two loci. The 
presence of the dominant alleles B and E results in black coats, whilst the presence of 
only the dominant allele E results in brown coats. Individuals that are homozygous 
recessive at the E/e locus will have golden coats. 
A true breeding male retriever with a black coat was crossed with a female retriever with 
a golden coat. The resulting F1 offspring all had black coats and the same genotype. A 
test cross was conducted for the F1 individuals. 

(a) State the genotype of the F1 individuals. [1]

  

  

(b) Using the symbols for the alleles stated above, draw a genetic diagram to 
explain the test cross. [3]
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(c) Name and describe the type of interaction between the gene loci. [3]

  

  

  

  

  

  

  

 The pedigree shown in Fig. 7.1 shows the inheritance of coat colour in a family of 
Labrador retrievers. 

Fig. 7.1

(d) (i) State the genotype of individual II-1. [1]

   

  

 (ii) Explain your answer in d(i). [2]

   

   

   

   

  [Total: 10]
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8 Fig. 8.1 is an electron micrograph of a mitochondrion. 

Fig. 8.1 

(a) (i) Identify structures J and K. [1]

 J 

 K 

 

 (ii) Describe how structure J is adapted to its function. [1]

 

 

 

(b) (i) State the role of high concentration of protons at L. [1]

   

   

  

J 

K 

L 
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 (ii) Explain how the high concentration of protons is generated at L. [3]

   

   

   

   

   

   

  

 In an investigation to determine the effect of chemical M on respiration, 
mitochondria were incubated in four ways: 

1. with glucose 
2. with pyruvate 
3. with glucose and chemical M
4. with pyruvate and chemical M

The results are summarised in Table 8.1. 
Table 8.1 

CO2 evolution O2
consumption 

ATP production 
by oxidative 

phosphorylation

Glucose x x x

Pyruvate 

Glucose + chemical M x x x 

Pyruvate + chemical M x

(c) (i) Explain why carbon dioxide is produced when mitochondria are 
incubated with pyruvate but not when incubated with glucose. [3]
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 (ii) Suggest why when mitochondria were incubated with pyruvate and 
chemical M, oxygen consumption occurs but not ATP production. [2]

   

   

   

   

   

  [Total: 11]
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9 Tetanus is a disease caused by a bacterium. When the tetanus bacteria enter the body 
they release a toxin which causes muscular rigidity and extreme pain. Children in the 
United Kingdom are routinely vaccinated against tetanus at an early age. 
Fig. 9.1 is a diagram that shows three B lymphocytes (P, Q and R) and the events that 
occur during an immune response to the tetanus toxin. 

Fig. 9.1  

(a) Explain what is happening at stages X and Y in the immune response to 
tetanus toxin. [2]
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 Fig. 9.2 shows an antibody molecule secreted by cell S.

 
Fig. 9.2 

(b) Describe how the antibody is folded from linear polypeptide chains. [4]

 

 

 

 

 

 

 

 

 

variable
region 

variable
region 
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 A study investigated active and passive immunity to tetanus toxin. One person, G, was 
injected with antibodies to the tetanus toxin. Another person, H, was injected with the 
vaccine for tetanus and produced antibodies as a result. Blood samples were taken from 
G and H at regular intervals over the following weeks and analysed for antibodies against 
tetanus. 
The results of the study are shown in Fig. 9.3. 

Fig. 9.3 

(c) Explain why the type of immunity gained by G is described as passive 
immunity. [2]

  

  

  

  

   

(d) With reference to Fig. 9.1 and Fig. 9.3, explain why there is a slow increase in 
antibody concentration in the curve for H.

[2]

 

 

 

 

   

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



River Valley High School Pg 24 of 24  Year 6 H2 Biology 9744 Paper 2
2017 Preliminary Examination II

(e) Explain why person H is considered to be better protected against future 
exposure to the tetanus toxin, compared to person G.

[2]

  

  

  

  

  [Total: 12]
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Section A

Answer all the questions in this section. 

1 The Galapagos Islands is an archipelago approximately 1400 kilometers off the Western 
coast of Ecuador. It consists of more than 40 islands, including the small and isolated 
island Daphne Major. The map of the islands, and its location in relation to mainland 
Ecuador and Cocos Island, is shown in Fig. 1.1. 

Fig. 1.1 
There are now at least 13 species of finches on the Galapagos Islands, each filling a 
different niche on different islands. All of them evolved from one ancestral species, which 
colonised the islands only a few million years ago.
Molecular analysis was carried out on the nucleotide sequences of the Galapagos Islands 
finches and the Cocos finch, found on the island of Cocos, 830 km North-east of the 
Galapagos Islands. Fig. 1.2 shows the phylogeny of these finches as constructed from the 
molecular data obtained.  

Fig. 1.2
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(a) Explain how DNA sequences can be used to determine evolutionary 
relatedness between species. [2]

(b) Suggest how the Cocos finch might be derived from the same common 
ancestor as the Galapagos finches, despite its lack of proximity to the 
Galapagos Islands. [1]

 A long-term study of the medium ground finch, Geospiza fortis, was carried out on the 
island of Daphne Major. Ground finches have bills particularly suited to eating seeds. 
Seeds eaten by the population of G. fortis are of a variety of sizes and are from a range of 
plants. Fig. 1.3 shows a male G. fortis.

Fig. 1.3 
In 1977, a severe drought affected the Galapagos Islands. The number of different plant 
species producing seeds and total seed abundance was greatly reduced for the population 
of G. fortis.
Scientists have postulated that the severity of the drought experienced may have been 
exacerbated by the rise in atmospheric CO2 concentrations due to human activities. 

(c) Explain how the emission of greenhouse gases such as CO2 may be linked to 
the onset of drought. [2]
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 The population size of G. fortis on Daphne Major fell by over 85% as a result of the 1977 
drought.
In years with good rainfall there is an abundance of small, soft seeds that are favoured by 
G. fortis, especially those individuals with smaller bills. In years of drought, small seeds are 
scarce. Individuals of G. fortis with small bills are rarely successful in extracting seeds from 
the large, spiky, tough fruits of Tribulus cistoides (Fig. 1.4), which was the main source of 
seeds at the time. 

Fig. 1.4 
Table 1.1 shows results for mean mass and mean bill size of mature G. fortis before and 
after the drought. The individuals measured after the drought were a subset of the first 
sample, allowing a direct comparison of the changes that occurred. 

Table 1.1 

Date of 
sampling

Sample
size

Phenotypic feature measured 

Mass / g Bill length 
/ mm 

Bill depth / 
mm

Bill width / 
mm

1976 (May) 642 15.79 10.68 9.42 8.68 

1978
(March)

85 16.85 11.07 9.96 9.01 

Percentage change +3.65 +3.80

(d) (i) Complete Table 1.1 to show the percentage change in mass and bill 
depth from 1976 (May) to 1978 (March). [1]

(ii) After the drought, the population of G. fortis had significantly higher 
mean mass and larger mean bill size than the pre-drought population. 
Name the type of natural selection that was occurring. [1]
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(e) Explain how the changes in bill size that occurred in the population of G. fortis 
on Daphne Major provide support for Darwin’s explanation of how natural 
selection operates. [3]

Current temperatures in the Galapagos archipelago rarely exceed 30°C, even in the 
summer months. However, climate scientists have warned that in light of global warming, 
temperatures in the archipelago may soon increase.  
The Intergovernmental Panel on Climate Change has forecasted a rise in global average 
temperatures of up to 5°C over the next century.  

(f) With reference to Fig. 1.1, suggest how global warming may affect the survival 
of the finches in the Galapagos Islands. [2]
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 Scientists have also suggested that changes in carbon dioxide concentration in the 
atmosphere changes the stomatal density of plants.  
43 different species of plants from a range of habitats were grown at normal atmospheric 
carbon dioxide concentration and at increased carbon dioxide concentration. 
The mean stomatal density of each species was determined at both concentrations of 
carbon dioxide. The percentage change in stomatal density at the increased carbon 
dioxide concentration compared to the stomatal density at normal atmospheric carbon 
dioxide concentration was calculated for each species. Table 1.2 summarises the changes 
to mean stomatal density due to increased atmospheric carbon dioxide concentration for 
the species investigated. 

Table 1.2 

Percentage change 
in stomatal density 
(to the nearest 10%) 

Number of 
species

+40 2 

+30 2 

+20 4 

+10 2 

-10 7 

-20 9 

-30 9 

-40 8 

(g) Account for the results shown in Table 1.2.  [5]
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 The experiment showed that plants are able to show significant changes in their 
phenotype in response to changes in the environment. 

(h) Suggest why plants need to be able to show changes in their phenotype within 
their lifetime. [2]

[Total: 19]
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2 Dengue fever is a mosquito-borne disease caused by the dengue virus. Fig. 2.1 shows the 
structure of a dengue virus. 

Fig. 2.1 

(a) List two ways in which the structure of dengue virus is similar to the human 
immunodeficiency virus.  [2]

Dengue viruses consist of four serotypes, DENV-1 to DEV-4. The rapid identification of 
dengue virus serotypes isolated from patients’ blood is important for clinical investigations. 
One of the methods used for identification of serotypes is DNA sequencing, which is a 
process of determining the precise order of nucleotides within a DNA molecule.
One of the DNA sequencing methods is based on the use of chain terminators, which are 
special nucleotides. Fig 2.2 shows the structure of a special nucleotide with a cytosine 
base. 

Fig 2.2
If a special nucleotide is added to a growing DNA strand, the chain is not extended any 
further. Each special nucleotide is labelled with a fluorescent dye, using a different colour 
for each of the four bases. 
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Fig 2.3 shows how a DNA chain ending with one of the special nucleotides is replicated. 

Fig. 2.3 

(b) Suggest why the addition of special nucleotides would lead to the premature 
termination of replication. [2]

 This method of DNA sequencing described in Fig 2.3, can produce many DNA fragments 
terminated by a special nucleotide tagged with a florescent. Fig 2.4 shows a set of such 
fragments, where each fragment differs by 1 nucleotide.  

Fig. 2.4 

These fragments are loaded onto an agarose gel, shown in Fig 2.5, and separated by a 
modified version of gel electrophoresis.  
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Fig 2.5 

 The order in which the fragments reach the light source and detector shown in Fig 2.5 is C, 
A, G, T. 

(c) Explain why the DNA fragments will migrate and reach the detector in this 
order. [3]

Dengue virus is a major threat to health in tropical countries around the world, with 390 
million people infected each year. To date, there are no vaccines for dengue virus. 

(d) Suggest why there is no effective vaccine to protect against dengue. [2]

(e) Antibiotics are not used to treat viral infections.  
Explain why antibiotics do not affect viruses. [2]
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The Aedes aegypti mosquito is the main vector that transmits the viruses that cause 
dengue. The viruses are passed on to humans through the bites of an infective female A.
aegypti mosquito, which mainly acquires the virus while feeding on the blood of an infected 
person. 
Fig. 2.6 shows the monthly number of dengue cases in Sakon Nakhon Province, Thailand, 
from January 2005 to December 2007.

Source: Monthly district level risk of dengue occurrences in Sakon Nakhon Province, 
Thailand. The Science of the total environment. 408 (2010). 5521-8. 

Fig. 2.6 

(f) Explain how temperature affects the number of dengue cases in Thailand. [3]
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(g) Other than climate change, state and explain how two other factors can 
contribute to the increase in the number of dengue cases. [2]

The primary preventative measure to reduce dengue infections is the control of mosquito 
populations. Traditional methods of mosquito control using insecticides are not viable in 
the long term, as new and stronger versions of insecticides must continually be developed. 
Biological approaches are now being used as an alternative to control mosquito 
populations.  
Researchers are experimenting with release of Wolbachia-infected mosquitoes as a 
means of suppressing Aedes mosquito populations. When male mosquitoes with 
Wolbachia mate with wild female mosquitoes without Wolbachia, eggs laid by these female 
mosquitoes will be sterile. The technique requires the release of a large number of male 
mosquitoes to reduce the overall mosquito population. 

(h) State the one advantage and one disadvantage of using the biological 
method. [2]

[Total: 18]
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3 Tuberculosis (TB) is a disease caused by the bacterium Mycobacterium tuberculosis, and 
accounts for more than 1 million deaths annually. Some of the symptoms of infection 
include shortness of breath, fever, chest pains and coughing up blood. 
Fig. 3.1. shows the transmission and infection of M. tuberculosis.

Fig. 3.1 
The immune response to TB results in the formation of granulomas. These cellular 
aggregates restrict the spread of the infection, but fail to kill all of the bacteria. This results 
in a tight interplay between M. tuberculosis and the host cells within the granulomas 
during the latent stage of infection. 
Foamy macrophages are granuloma-specific cells that are characterised by the 
accumulation of large amounts of lipids contained within numerous lipid vacuoles. These 
macrophages are formed as a result of prolonged interaction with M. tuberculosis.

(a) Describe how TB is transmitted. [2]
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(b) With reference to Fig. 3.1 and your own knowledge, describe the formation of 
granulomas in M. tuberculosis infections. [3]

M. tuberculosis have mycobacterial cell walls that are different from other bacterial cell 
walls due to their thick lipid coating. The cell walls consist of arabinogalactan, a 
biopolymer of two monosaccharides, complexed with mycolic fatty acids. Fig. 3.2 shows 
the structure of a M. tuberculosis mycobacterial cell wall, compared with that of a common 
bacteria. 

Fig. 3.2 

(c) With reference to Fig. 3.1 and 3.2, suggest how the persistence of M.
tuberculosis within the granulomas allows it to replicate intracellularly. [2]

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



River Valley High School Pg 16 of 20  Year 6 H2 Biology 9744 Paper 3
2017 Preliminary Examination II

Treatment of TB uses antibiotics to kill the bacteria. Effective treatment with traditional 
bacteriacidal antibiotics such as penicillin are ineffective. Antibiotics such as isoniazid and 
rifampicin are used instead for a prolonged period of time in order to ensure successful 
treatment of TB.

(d) With reference to Fig. 3.2, explain why administering penicillin will not 
effectively treat TB. [2]
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 Isoniazid is administered as a prodrug, and must be activated by a bacterial enzyme 
known as KatG. Upon activation, isoniazid inhibits the action of fatty acid synthase, 
inhibiting the synthesis of mycolic acids and thus preventing the synthesis of the 
mycobacterial cell wall. 
Alarmingly, strains of M. tuberculosis that display resistance to isoniazid have been 
increasingly common. Scientists studied the genome of a resistant strain K131, and noted 
that there were numerous mutations identified in the 2.0-2.5Mb region. Fig. 3.3 shows the 
complete genome of K131.

Fig. 3.3 

(e) Explain how strain K131 is resistant to isoniazid. [4]

[Total: 13]
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Section B 

Answer one question in this section. 
Write your answers on the separate writing paper provided. 

Your answers should illustrated by large, clearly labelled diagrams, where appropriate. 
Your answers must be in continuous prose, where appropriate. 

Your answers must be set out in parts (a), (b), etc. as indicated in the question. 
A NIL return is necessary if you have not attempted this section. 

4 (a) Discuss the role of complementarity in cellular mechanisms. [12]

 (b) Explain how genetic recombination occurs in B lymphocytes and the 
advantages of each process. [13]

   [Total: 25]

5 (a) Explain what is meant by mutation, and outline its advantages and 
disadvantages to animals. [13]

 (b) Describe the role of proteins in the transformation of energy from the 
environment to plant cells for their survival. [12]

[Total: 25]
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RIVER VALLEY HIGH SCHOOL
YEAR 6 PRELIMINARY EXAMINATION II

CANDIDATE 
NAME 

    

     
CENTRE 
NUMBER S          CLASS   INDEX  

NUMBER 
    

H2 BIOLOGY  9744/04
Paper 4   Practical  28 Aug 2017

Candidates answer on the Question Paper. 2 hours 30 minutes
Additional Materials: As listed in the Apparatus and Materials List.

READ THESE INSTRUCTIONS FIRST 

Do not open this booklet until you are told to do so. 
Write your class, index number and name on all the work you hand in. 
Give details of the practical shift and laboratory, where appropriate, in the boxes provided. 
Write in dark blue or black pen. 
You may use an HB pencil for any diagrams or graphs. 
Do not use staples, paper clips, glue or correction fluid. 
DO NOT WRITE IN ANY BARCODES. 

Answer all questions in the spaces provided on the Question Paper. 

The use of an approved scientific calculator is expected, where appropriate.  
You will lose marks if you do not show your working, or if you do not use appropriate units. 

The number of marks is given in brackets [  ] at the end of 
each question or part question.

Shift

Laboratory

For Examiner’s Use 

1 / 22

2 / 19

3 / 14

Total / 55

This Question Paper consists of 16 printed pages. 
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Answer all questions. 

 Question 1

In this question, you will investigate the effect of glucose and sucrose on the rate of 
respiration in yeast cells. 
You are provided with: 

• 40 cm3 yeast cell suspension, labelled Y

• 25 cm3 blue alkaline solution, labelled C

• 25 cm3 hydrochloric acid, labelled H

• 20 cm3 of 0.2 mol dm-3 glucose solution, labelled G

• 20 cm3 of 0.2 mol dm-3 sucrose solution, labelled S

• 20 cm3 of distilled water, labelled W

Read through steps 1 to 12 and prepare a table to record your results in step (c), before 
starting the investigation. 

Stage 1
Perform the following steps to activate the yeast cells in Y to prepare for stage 3 
1 Label 3 boiling tubes B1, B2, and B3. Add 10 cm3 of Y into each of the boiling tubes. 

2 Add 10 cm3 of G, S, W into boiling tubes B1, B2, and B3, respectively. 

3 Start the stopwatch. Leave the tubes aside for at least 15 minutes, before beginning 
on stage 3. During this time, you should attempt the rest of the question. 

Stage 2

C, an alkaline solution, is blue because it contains an indicator. 

Carbon dioxide reacts with C when bubbled into it. When enough carbon dioxide reacts with 
C, the indicator will change from blue to yellow (even if the mixture is cloudy). This is the 
end-point. 

If only a small volume of carbon dioxide is bubbled into C then the indicator will remain blue. 
The end-point can then be reached by adding hydrochloric acid, H, slowly until the indicator 
turns from blue to yellow. The volume of H is then recorded.  

The volume of H added to reach the end-point indicates how much carbon dioxide had 
reacted with C. The lesser the amount of carbon dioxide is bubbled into C, the more volume 
of H will need to be added to C to get the end-point. 

You are required to find the volume of H needed to reach the end-point when no carbon 
dioxide has been bubbled into C.
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4 Put 5 cm3 of C into a test-tube. 

5 Use a 6 cm3 syringe, containing 3 cm3 of H, to put drops of H into C as shown in 
Fig. 1.1. Mix well as you add H, until the end-point is reached. You may need to fill the 
syringe again.

Fig. 1.1 

(a) Record the volume of H needed to reach the end-point. [1]

Volume of H needed = _________ cm3

Stage 3 
You are required to investigate the effect of glucose and sucrose on the release of carbon 
dioxide from a yeast cell suspension using apparatus set up as in Fig.1.2, and the tubes 
prepared in stage 1.

Yeast cells release carbon dioxide from some of their metabolic reactions when provided 
with respiratory substrates. Tube B1 contains glucose as the respiratory substrate, whilst 
tube B2 contains sucrose.  

Fig.1.2

KiasuExamPaper.com
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(b) State which sugar is expected to lead to a higher rate of carbon dioxide release 
by yeast cells. Explain your answer. [2]

Before proceeding with steps 6-12, ensure that 15 minutes have elapsed since  
stage 1.
6 Prepare and maintain a water bath at 40°C. 

7 Label 3 test-tubes T1, T2 and T3. Add 5 cm3 of C into each of the three test-tubes.  

8 Place tube B1 in the water bath and allow it to equilibrate for 2 minutes. 

9 Put the bung containing the delivery tube into tube B1, as shown in Fig. 1.2. Ensure 
that the seal is airtight. 

10 Put the end of the delivery tube into solution C in T1. Using a stopwatch, allow the 
carbon dioxide produced by the yeast to bubble into C for 2 minutes. 

11 After removing the delivery tube, repeat step 5 to determine the volume of H needed 
to reach end-point and record your result in (c). If C has already reached end-point, 
record ‘0’. 

12 Repeat steps 8 to 11 for the tubes B2 and B3.

(c) Record your results for each tube in a suitable form in the space below. [4]

KiasuExamPaper.com
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(d) Discuss what these results suggest about the relationship predicted in part (b). [2]

 The addition of 1 cm3 of H into C is equivalent to 2.2 mg of carbon dioxide. 

(e) Calculate the exact amount of carbon dioxide produced by the yeast 
suspension from boiling tubes B1 and B2 during the experiment. Show your 
working clearly.  [2]

B1  ___________ mg

B2  ___________ mg

(f) State the purpose of including boiling tube B3 in the investigation. [1]

(g) Identify one significant source of error and suggest a modification to the 
method that would overcome this. [2]
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In a separate study, a student used a modified version of the apparatus shown in Fig.1.2 to 
investigate the effect of temperature on the release of carbon dioxide from a yeast cell 
suspension. The results of the study are presented in Table 1.1. 

Table 1.1

Temperature  / °C Volume of carbon 
dioxide evolved / cm3

25.0 93 

30.0 126 

35.0 160 

40.0 180 

45.0 156 

(h) Use the grid provided to plot the data given in Table 1.1. [4]
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(i) Explain the relationship between the variables in yeast respiration. [4]

[Total: 22]
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 Question 2

During this question you will require access to a microscope. 
You are required to investigate the effects of potassium nitrate and lead nitrate solutions on 
cells of the plant material with which you have been supplied. Peel off one or two strips of 
epidermis from the most deeply pigmented areas of the plant tissue. Remove as little of the 
underlying tissue as possible. Cut the epidermis so that you have two squares of tissue, 
each about 5 mm x 5 mm. Place these in a dish of distilled water. 
Mount one piece of tissue on a microscope slide in distilled water under a cover slip. 
Mount the other pieces in 1 mol dm-3 potassium nitrate solution. 
Label your slides appropriately. 
Examine the tissue mounted in distilled water, using your microscope. Find an area of the 
tissue where pigmented cells occur, preferably as a single layer. 

(a) Describe the distribution of the coloured contents within the cells.  [1]

 Observe the piece of tissue mounted in 1 mol dm-3 potassium nitrate solution, using your 
microscope. 

(b) (i) After about one minute, make a large drawing to show the detailed 
structure of one epidermal cell which is typical of the most deeply 
coloured cells which you can see.  
On your drawing, label the positions of the: 

cell wall 
cell surface membrane. [4]
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 (ii) Account fully for the change in appearance of the cells when placed in 
1 mol dm-3 potassium nitrate solution.  [3]

 Heavy metals such as lead and copper are toxic to plants.  

(c) Predict the appearance of the epidermal cells if the epidermis is mounted in 
1 mol dm-3 lead nitrate solution. Explain your predictions. [3]
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 Fig. 2.1 shows the view of a mammalian white blood cell, using an eyepiece graticule and 
the high-power objective lens of a microscope. 

Fig. 2.1

(d) Use a table to record three observable differences between the blood cell in 
Fig. 2.1 and the cell you saw in (a). [3]
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(e) (i) The student calibrated the eyepiece graticule against a stage 
micrometer with the following results: 
Number of eyepiece graticule divisions across 5 stage micrometer 
divisions = 25 
One stage micrometer division = 0.01 mm 
Use this information to calculate the actual length of the cell.  
Show the steps and units in your calculation. [3]

Actual length of the cell ________

 (ii) Calculate the magnification of the blood cell in Fig. 2.1.  
Show your working. [2]

Magnification ________

[Total: 19]
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Question 3

Industrial wastewater contains high concentrations of fats, like oil and grease, which may pollute 
fresh water and influence aquatic environments. The use of lipase enzymes to remove oil and 
grease from the wastewater is an effective and environmentally-friendly treatment method. 
Chemicals are added to the wastewater to emulsify the fats and break them up into smaller fat 
droplets, increasing the surface area for lipase to break them down into fatty acids and glycerol 
at a higher rate. 
In wastewater treatment, enzymes are used on a large scale. However, enzymes are costly and 
most are only commercially available in liquid or dehydrated forms. As such, once added to the 
wastewater treatment mixture, they cannot be recovered to be re-used, thus driving up the cost 
of treatment. 
Researchers postulated that the immobilisation of lipase in alginate beads would allow the 
enzymes to be re-used, leading to cost savings. The enzymes can be added to sodium alginate 
and immobilised in the beads as shown in Fig. 3.1. 

Fig. 3.1 
Full-fat milk can be used as a substrate for the immobilised lipase enzymes. Bile salts act like 
detergents and can be used to emulsify the fats without affecting the pH. Sodium carbonate is a 
base that can be added to standardise the milk to an alkaline pH, prior to treatment with lipase. 
The monitoring of the pH of the reaction mixture from a predetermined start to end-point pH can 
be used to measure the activity of the immobilised lipase. 
Using this information and your own knowledge, design an experiment to find the concentration 
of lipase needed to form immobilised lipase beads with the same activity as free enzymes (non-
immobilised).

lipase and sodium 
alginate 

calcium chloride 
solution 
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You must use: 

 10% lipase solution 

 industrial 3% lipase  

 sodium alginate suspension 

 calcium chloride solution 

 full-fat milk   

 sodium carbonate solution 

 5% bile salts solution 

 a pH meter with a digital display to 2 decimal places 

 stopwatch 

You may select from the following apparatus: 

 normal laboratory glassware e.g. test-tubes, beakers, measuring cylinders, graduated 
pipettes, glass rod, etc. 

 syringes 
Your plan should: 

 have a clear and helpful structure such that the method you use is able to be repeated by 
anyone reading it, 

 be illustrated by relevant diagram, if necessary, 

 identify the independent and dependent variables, 

 describe the method with the scientific reasoning used to decide the method so that the 
results are as accurate and reliable as possible, 

 include layout of results tables and graphs with clear headings and labels, 

 use the correct technical and scientific terms, 

 include reference to safety measures to minimise any risks associated with the proposed 
experiment. 

[Total: 14]
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RIVER VALLEY HIGH SCHOOL
YEAR 6 

PRELIMINARY EXAMINATION II
CANDIDATE 
NAME 

CENTRE 
NUMBER 

S CLASS 
 INDEX 

NUMBER 

H2 BIOLOGY 9744/01
Paper 1  Multiple Choice 22 Sep 2017

1 hour
Additional Materials: Multiple Choice Answer Sheet 

READ THESE INSTRUCTIONS FIRST 

Write in soft pencil. 
Do not use staples, paper clips, glue or correction fluid. 
Write your name, Centre number, index number on the Answer Sheet in the spaces provided 
unless this has been done for you. 
name in the spaces at the top of this page. 
DO NOT WRITE IN ANY BARCODES. 

There are thirty questions on this paper. Answer all questions. For each question there are 
four possible answers A, B, C, and D. 
Choose the one you consider correct and record your choice in soft pencil on the separate 
Answer Sheet. 

Read the instructions on the Answer Sheet very carefully. 

Each correct answer will score one mark. A mark will not be deducted for a wrong answer. 
Any rough working should be done in this booklet.  
The use of an approved scientific calculator is expected, where appropriate.  

____________________________________________________________________________ 
This Question Paper consists of 16 printed pages. 
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1 The figure below shows an electron micrograph with two plant cells.  

Peter v. Sengbusch - b-online@botanik.uni-hamburg.de

Which of the following statements correctly describes the labelled structures? 

1 R contains circular DNA and is found in both prokaryotic and eukaryotic 
cells. 

2 P has a fluid mosaic structure and regulates the movement of substances 
between the two plant cells.  

3 S acts as a selective permeable barrier. 

4 Q contains enzymes which play an important role in cell specialisation.   

A 1 and 3 

B 3 and 4 

C 1, 2 and 3 

D All of the above 

2 Which of the following statements regarding stem cells are not correct? 

1 Stem cells are present within various organs of the adult body. 

2 Stem cells can develop into a whole organism when implanted into the womb. 

3 Stem cells can be grown indefinitely in culture under appropriate culture 
conditions. 

4 Stems cells isolated from a 3-5 day old human embryo can differentiate into only 
one kind of cells. 

P

R

Q

S

owing statements regarding stem cells are not cor

booovevvevee 
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5 Induced pluripotent stem cells have the same developmental potential as 
embryonic stem cells.  

 A 1 and 3 only 

B 2 and 4 only 

C 2, 3 and 5 

D 1, 2 and 3 

3 Graph A shows the transport of molecule X, with the help of carrier proteins, over time. 

 
A student predicted that the alteration of one variable would result in graph B. 

Which row shows the correct transport process and the alteration in variable that would 
result in graph B? 

 Transport process Alteration resulting in graph B 

 A facilitated diffusion increase in environmental temperature to 90 °C 

B active transport increase in concentration of X in cell 

C facilitated diffusion increase in number of carrier proteins 

D active transport increase in availability of ATP 

4
  

A student prepared three solutions of sugars, X, Y and Z, and diluted them to varying 
concentrations. A sample of each was heated with Benedict’s reagent, with or without 
prior acid hydrolysis. The results are shown below.  

 Concentration of solution/moldm-3

 0.0001 0.001 0.01 

litaaaaatettttt ddddd didddddd fffffusuuuu ioooooonnnn increasee inn nunuuuumbmbmbmbmbber

ctivevvee tttttrararararansnsnn popopooortrtrtrtr iiiiiincncncncncrrererererrererrrereaaaasa eeeee inininininin aaaaaava
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 no acid with acid no acid with acid no acid with acid 

X Blue 
solution 

Blue 
solution 

Green 
mixture 

Green 
mixture 

Orange 
mixture 

Orange 
mixture 

Y Blue 
solution 

Green 
mixture 

Blue 
solution 

Green 
mixture 

Blue 
mixture 

Orange 
mixture 

Z Blue 
solution 

Green 
mixture 

Green 
mixture 

Green 
mixture 

Orange 
mixture 

Orange 
mixture 

Based on the results, which of the following conclusions is not correct?  

A Solution Y does not consist of monosaccharides. 

B Solution X and solution Y consists of disaccharides only. 

C Solution X consists of monosaccharides only.  

D Solution Z contains disaccharides.  

5
  

The R groups of two amino acids are shown below. 

Amino acid R group 

Serine -CH2 -OH 

Alanine -CH3 

When placed in aqueous medium, where in a globular protein will these amino acids be 
found? 

A Both serine and alanine will be found in the interior of the globular protein. 

B Both serine and alanine will be found on the exterior of the globular protein. 

C Alanine will be found in the interior, and serine on the exterior of the globular 
protein. 

D Alanine will be found on the exterior, and serine in the interior of the globular 
protein. 

6 The equations below show the relationship between an enzyme (E) and its substrate (S), 
product (P) and an inhibitor (I). 
 

Pathway A: E + S  E + P 

Pathway B: E + S + I  E + S + I
 

In the above reactions, assume that  

 increasing the concentration of S increases the activity of the enzyme, 

eloowwwww shshshshshowowowowow ttthehehehehe rrrrelelelelatatatatatioioioiooonsnsnsnsnsn hihihihihih pppppp bebebebebetttwtttt eeeeeen n n nn anaaaaa eeeeenznznznznnzyymyyy e (E
an ii hhnhhibibibibitititittor (((I).)))  
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 at low substrate concentrations the presence of I reduces rate of reaction velocity, 
and 

 the same maximum rate of reaction can be reached in the presence or absence 
of I. 

Which mechanism is operating in pathway B? 

 A Positive feedback 

B Negative feedback 

C Competitive inhibition  

D Non-competitive inhibition 

7
  

Bacteria were cultured in a medium containing heavy nitrogen (15N) until all their DNA 
were labelled. These bacteria were then grown in a medium containing only light nitrogen 
(14N) for five generations. The percentage DNA strands containing 15N in each generation 
was estimated. 

Which curve provides evidence that each daughter DNA molecule produced consists of a 
parental strand and a newly synthesised daughter strand? C 

 

8 Part of the amino acid sequence in -globin chains of normal and mutant haemoglobin 
are shown. 

Normal haemoglobin thr-pro-glu-glu 
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Mutant  haemoglobin thr-pro-val-glu 

Possible mRNA codons for these amino acids are 

Glutamine (glu) GAA GAG 

Threonine (thr) ACU ACC 

Proline (pro) CCU CCC 

Valine (val) GUA GUG 

Which tRNA molecule is not involved in the formation of this part of amino acid sequence 
in mutant haemoglobin?   

 A B C D 

 

    

9
  

Tay-Sachs disease is characterised by abnormal accumulation of lipid-related 
compounds, which results in deterioration of cognitive and motor abilities.  

It is caused by an autosomal recessive mutation in the allele coding for hexosaminidase 
A (HEXA), an enzyme that regulates the metabolism of phospholipids.  

The base triplets in part of the coding DNA sequences for a normal HEXA allele and a 
mutant Tay-Sachs allele, as well as their corresponding amino acids are shown.  

Normal
HEXA
allele

CGT ATA TCC TAT GCC CCT GAC…  

 Arg Ile Ser Tyr Gly Pro Asp  

Tay-
Sachs
allele

CGT ATA TCT ATC CTA TGC CCC TGA… 

 Arg Ile Ser Ile Leu Cys Pro Thr 

Which combination correctly describes the nature of mutation that results in the Tay-
Sachs allele? 

g IIIIIlelelel SSSSSererererer TTTTTTyryryrryryr GGGGGGGGGGGGlylylylylyly PPPPPro

T ATATATATATTAAAA AA TTTCT T TTTTT ATATATATATA CCC CTCTCTCTCTTA A A A AA TGC
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Changes to nucleotide 
sequences

Alteration of reading 
frame Length of polypeptide 

A Deletion of 2 bases Yes Shorter 

B Insertion of 2 bases Yes Longer 

C Substitution of 4 bases No Unchanged 

D Insertion of 4 bases Yes Longer 

10 Which row correctly identifies the characteristics of the human genome? 

  Promoter Histone proteins 
bound to DNA 

Centromeres Repeated 
sequences

 A Multiple Always Position varies for 
every chromosome 

Absent 

B One Always Position varies for 
every bivalent 

Present 

C Multiple Sometimes Position varies for 
every bivalent 

Present 

D One Sometimes Position varies for 
every chromosome 

Absent 

11 The globin gene family in humans consists of ,  and  genes. These genes code for 
the globin chains that make up haemoglobin and are expressed at different levels during 
different developmental stages. 

The graph shows the expression of the various globin chains during the prenatal (fetal) 
and postnatal (after birth) periods. 
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Which of the following cannot account for the differences in the levels of expression of 
globin chains? 

 A Methyl groups are added to regulatory sequences of -globin genes during the 
postnatal period, allowing for some proteins to bind. 

B A growth factor triggers the expression of a transcription factor that increases the 
rate of -globin gene expression during the postnatal period. 

C Alternative splicing occurs in the mature mRNA of the -globin and -globin genes, 
resulting in differences in the rate of expression of globin chains during the prenatal 
period. 

D The shortening of poly(A) tail in the mRNA of globin genes reduces its stability, 
resulting in a decrease in the rate of expression of -globin chains during the 
postnatal period. 
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12 Seven skeletons were found in an unidentified grave. To establish the relationship 
between these seven individuals, DNA were isolated from these skeletons and then 
analysed using gel electrophoresis. 

The results obtained from the skeletons, three children and four adults, are shown below. 

Child 1 Child 2 Child 3 Adult 1 Adult 2 Adult 3 Adult 4 

       

Other analysis showed that all three children have the same parents. Which two adults 
may be the parents of these children? 

 A Adults 1 and 2 

B Adults 1 and 3 

C Adults 2 and 3 

D Adults 2 and 4 

13 The graph shows the change in the quantity of DNA in a cell with one pair of 
chromosomes during a cell division. 

 
Which nucleus is formed as a result of this division? 

wsss thththththheee e chchhannnnnngegegegege innnnn thhthththeeeee quanaannntitititiiiiitytytyytytytytytytyyyyyyyy ooooooooofffff f f DNDNDNDNNA A A A AA ininininin a
uring aaaaa ccccceellll dididididivivivisisisisis ononononon. 
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 A B C D 

 

14 The diagram depicts the behaviour of chromosomes at various stages of meiosis of the 
same cell. 

 
Which of the following shows the correct order of the stages? 

 A III  V  II  VI  IV  I 

B III  I  V  II  VI  IV 

C II  III  I  V  VI  IV 

D I  III  V  II  VI  IV 

15 Which of the following are necessary for tumourgenesis to occur? 

1 Gain of function mutation to proto-oncogenes 

2 Loss of function mutation of tumour suppressor genes 

3 Inactivation of telomerase enzymes preventing cell apoptosis 

4 Production of chemical factors that induce angiogenesis 

 A 1 only 

B 1 and 2 only 

owwingngng aaaaaarerererrr nnnnnececececece esssssssasasasasasaryryryryryy ffffffororororor ttttttumumumumumu ouououououourgeneeneenenenesessesesesisis too ococcucur? 

uncccctittititiononononnn mmmmmmutuuutuu atatatatattioiooioioionnnnn totoototoo pppppprorororororototototototo-o-o-o-o-ooncncncncncncoogooooo eneses 

unction mutation of tumour suppressor genes
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C 1, 2 and 3 only 

D All of the above 

16 The diagram shows the structure of an influenza virus. 

 
Which of the following statements concerning the lettered components are correct? 

1 Mutations that disrupt the function of R will result in the inability of the virus to 
initiate infection in the host cell. 

2 P and Q are unlikely targets for vaccination because they undergo mutation 
constantly. 

3 New influenza viruses acquire S from host cell during budding. 

4 The host cell enzymes are not required to form the complementary RNA from T. 

 A 1 and 2 only 

B 3 and 4 only 

C 1, 2 and 3 

D 2, 3 and 4 

17 Which statements about viruses are true? 

1 They encode genes for synthesising their own ATP. 
2 They are single-cell organisms. 
3 They can have genomes made of DNA. 
4 They package ribosomes into their virion. 
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5 They can have a single-stranded or double-stranded RNA genomes. 
6 They can have a membrane-like envelope. 

 A 5 and 6 only 

B 3, 5 and 6 

C 1, 3, 5 and 6 

D All of the above 

18 Which of the following statements about the lac operon are correct? 

1 lac Z, lac Y and lac A are structural genes that will be expressed when the 
operator is switched on. 

2 In the absence of alloactose, the repressor protein will be unable to bind to the 
operator. 

3 When glucose and lactose are available and the repressor becomes inactive as 
allolactose binds to it. 

4 lac Y codes for a protein that increases uptake of lactose from environment. 

5 Catabolite activator protein binds to promoter to increase rate of transcription. 

 A 1 and 2 

B 1 and 3 

C 1, 2 and 5 

D 3, 4 and 5 

19 A black-haired female rabbit was crossed with a white-haired male rabbit. Eight offspring 
were born. Two were white-haired males, two were white-haired females and all the 
others were black-haired females. 

What can be deduced about the inheritance of hair colour in rabbits? 

 A Hair colour is sex-linked in rabbits. 

B The allele for black hair is dominant to the allele for white hair. 

C The allele for white hair is dominant to the allele for black hair. 

D The results of this cross are inconclusive. 

20 Two genes, Q and R, affect the size of the petals and the pigmentation of a flower. 

Gene Q has two alleles, QL and QA. The genotype QLQL produces large petals, QLQA 

iss sssssexexexexex-linnkkkeddd dd ininininin rabbbbbbibibibibib tstststss. 

orrrr bbbblalalaaaackck hhhhhaiir issss ddddddomomomomommminninini anntt too thee allellllleeeee fofofofofor r r r r whhwhwhwhititititi eee hhhah

or white hair is dominanaanant to the allele for black ha
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produces small petals, and in QAQA, petals are absent. 

Gene R has two alleles. R produces a red pigment and is dominant over the allele r that 
produces no pigment. 

A plant that is heterozygous at both gene loci was selfed. How many different 
phenotypes will be observed in the next generation? 

 A 4 

B 6 

C 9 

D 12 

21 The common isotope of oxygen is 16O. Air containing 16O2 and 18O2 was bubbled through 
a suspension of algae for a limited period. After this, the concentration of these two 
isotopes of oxygen in the water was monitored for the next 50 minutes whilst the algae 
were subjected to periods of dark and light. The results are shown in the diagram. 

 
What is the best explanation for these results? 

 A Both isotopes of oxygen are used by the algae in the dark in respiration, but in the 
light oxygen is produced from water in photorespiration. 

B The algae can distinguish chemically between the two isotopes. 

C The algae produce oxygen from the water used in photosynthesis, but only in the 
light. 

D The two isotopes have different rates of diffusion. 

22 After vigorous exercise, changes occur in the muscle tissue. Compared with ‘at rest’ 
conditions, what will the changes be? 

can dididididd ssstinnggguissssssh hh hh h ccchccc ememememememicicicicicicaaalaa lyyyy beeetwweweeweeweeenenenene ttttthehehhh ttwowo iisosotot p

prododododo ucuuuuuu e oxygyggygyggen fffffrorororororom ttthttt e watter usedd iinn phphototososyynt
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 ATP lactate pH 

 A decreased increased decreased 

B increased increased increased 

C decreased decreased increased 

D increased decreased decreased 

23 The hormone insulin binds to the tyrosine kinase receptors and initiates various signal 
transduction pathways to generate cellular responses. Which of the following shows the 
correct sequence of events, following the binding of insulin to the receptor?  

1 phosphorylation of tyrosine residues  

2 signal amplification 

3 dimerisation of tyrosine kinase receptor  

4 signal transduction 

5 activation of transcription factors 

 A 1  3  2  4  5 

B 3  4  1  2  5 

C 1  3  5  4  2 

D 3  1  4  2  5 

24 During pregnancy, glucose is transferred from the bloodstream of the mother to the 
bloodstream of the foetus through the placenta.  

In an experiment conducted on a pregnant female subject, experiments X and Y were 
conducted with control periods of no treatment before them.  

Measurements of blood glucose levels in both mother and foetus were made. Also, the 
glucose transfer rates from mother to placenta, and from placenta to foetus were 
monitored. The experimental data is shown in the table below.   

Experiment Glucose concentration / mg cm-3 Glucose transfer rate / mg min-1 

Maternal blood Foetal blood From mother to 
placenta 

From placenta 
to foetus 

Control period 54 15 38 9 

After X 54 9 38 16 

Control period 52 14 39 8 

of blood glucose levels in both mother and foetus
r rrrrataaaa esesesses frorroroom mmmomm thhhhhererereer tttttoo o oo placcenta, ananananndddd frfrfrfrromomomomomm pla
exppperererere imimimimimenntttalllll dadadadadatatatatat iiiisss ss shshshshshowowowowwn innn thehehehehheheheheheheee ttttttababababablelelelelllelele bbbbbelelelelelowowowowoww.  

GGGGlulululuucococococosesessese ccccconononononcececececec ntntntntntnn rarararaatitittiononoono //// mmmmmg gggggg cm-3 GGGGGGlulululululucocococose tr
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After Y 211 30 58 34 

Which of the following is likely to describe experimental steps X and Y? 

  X Y

 A Glucagon injection given to foetus Insulin injection given to mother 

B Insulin injection given to foetus Glucagon injection given to foetus 

C Insulin injection given to mother Glucagon injection given to foetus 

D Insulin injection given to foetus Glucose injection given to mother 

25 The graph below shows the relationship between birthweight and infant mortality in 
humans. 

 
What type of selection is demonstrated above? 

 A Directional selection 

B Disruptional selection 

C Stabilising selection 

D Artificial selection 

26 The formation of the Isthmus of Panama around 3 million years ago (Mya) led to the 
separation of the Pacific and Atlantic oceans. Pistol shrimps of the Alpheus genus can be 
found in both oceans, surrounding the Isthmus. Alpheus nuttingi resides in the Atlantic 
ocean and Alpheus millsae resides in the Pacific ocean. 

leccctittititiononononoo  

f the Isthmus of Panama around 3 million year
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Despite being physically separated, A. nuttingi and A. millsae are morphologically and 
genetically very similar. The two species have also been shown to be capable of 
interbreeding in captivity. Which of the following statements are likely to be true? 

1 A. nuttingi and A. millsae are derived from a common ancestral species. 

2 The formation of the Isthmus resulted in geographical isolation of the two species 
3 Mya. 

3 A. nuttingi and A. millsae are two separate species because they are 
geographically isolated. 

4 Similar environmental conditions around the Isthmus exerted similar selection 
pressures, leading to convergent evolution between A. nuttingi and A. millsae. 

 A 1 only 

B 1 and 3 

C 2 and 3 

D 3 and 4 

27 Myxomatosis is a viral disease of rabbits. It spreads rapidly and most rabbits die within 
14 days of being infected. Myxomatosis has been deliberately used to reduce the 
number of rabbits in countries where they are a significant crop pest. 

The initial release of the virus caused populations to fall by over 90%. Resistance to 
myxomatosis increased in the 70 years following initial release, so at the present time up 
to 50% of infected rabbits are able to survive. 

Which of the following statements could explain the increasing frequency of resistance to 
myxomatosis in the years following release of the virus? 

1 In populations with high incidences of myxomatosis, mutations leading to 
resistance are more likely to occur. 

2 Infected rabbits die quickly, hence the alleles that code for myxomatosis are 
eliminated from the population. 

3 The initial release of the virus led to a bottleneck event, greatly altering the 
frequency of alleles in rabbit populations. 

4 During disease outbreaks there is greater food availability for the surviving 

se of the virus caused populations to fall by ov
creaeeaaseseseedddddd innnn theeeeee 7777770 000 yeyeyeyeyeyeararararars s s sss fffoollowwwing g initiaall rereleleasase,e, so
ed rababababbabbibbbbb ts aaareeeeee aaablblblblblble totototototo ssssssuruuuuu viviv ve.

owiwiwiwingngngngggg sssstatatat tetetetemmmem ntttttts ssss cococococoooulululululu dddddd exxxxxxplplplplplplaiaa n the inincrcreaeasisingng ffre
theee yyyeaeaeaeaaarsrsrsrsrsrs ffffffololoolollololoololowiwwiww ngngngngngng rrrrrreleleleleleleaeaeaeaaasesesesesese oooooofff tthttttt e vivirurus?s? 

ations with high incidences of myxomatosis
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rabbits, increasing the probability that they survive. 

 A 4 only 

B 1 and 2 only 

C 2 and 4 only 

D 2, 3 and 4 only 

28 Which statements correctly describe lymphocytes? 

1 Each B lymphocyte has the ability to make several types of antibody molecules. 

2 Some B lymphocytes and T lymphocytes become memory cells. 

3 Plasma cells secrete antibodies into the blood plasma. 

4 Some T lymphocytes stimulate macrophages to kill infected cells. 

 A 1, 2, 3 and 4 

B 1, 2 and 3 only 

C 2, 3 and 4 only 

D 1 and 4 only 

29 When sufficient individuals are vaccinated, the disease transmission cycle can be 
broken. The diagram shows the effect of vaccination of children on the prevention of 
infection. 

 
What can be concluded about the effect of vaccination of children from this data? 

1 When approximately 80% of children are vaccinated, the cycle of disease 
transmission in children is broken. 

2 Vaccination of children reduces the percentage of infections in both adults and 
children. 

3 The effect on adult infections is less than that of infection in children, because 
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adults will have been vaccinated as children. 

 A 1, 2 and 3 

B 1 and 2 only 

C 1 and 3 only 

D 2 and 3 only 

30 The diagram shows the effect of increasing temperatures on the ice and snow cover at 
the polar regions. 

 
Which effect of higher temperatures in the polar regions could increase global warming? 

 A Increased evaporation leads to more rainfall, which absorbs heat from the land and 
sea. 

B Melting of ice and snow results in less reflection of sunlight and more heat 
absorption by the earth. 

C Melting of sea ice causes more cloud formation which increases absorption of heat 
in the atmosphere. 

ighererererer ttttttemmpepepeeeeraaaaaatutututututurererrerer s inninininn tttttthhehehhh  polaaar rrrrregeeegegeegioioioionsnsnsnsnnn ccoouldld iincr

evapapapapororororororatatatatata ioioioioioion n nnn leleleleleleadadadadaadssssss totototototo mmmmmmorororororore ee e e e rarararararainnnininnnfall, whwhicichh ababsos rbs 
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D Earlier melting of snow allows vegetation cover to increase faster, reducing loss of 
heat from the surface of the Earth. 
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Answer all questions. 

1 Fig. 1.1 shows an electron micrograph of part of a plant cell.  

 
Fig. 1.1 

(a) Identify region A and state its function. [2]

 1. Stroma (of chloroplast);; 
2. Site of light independent reactions / Calvin cycle;;  

  

(b) Describe how the structure of the membrane at B allows it to perform its 
function. [3]

 1. (S) Large surface area of thylakoid membrane; 
2. (F) Holds photosystems for light absorption / ETC for transfer of 

electrons; 
3. (S) Thylakoid membrane impermeable to H+; 
4. (F) Allows proton gradient to be generated (for chemiosmosis); 
5. (S) Contains ATP synthase; 
6. (F) For phosphorylation of ADP to ATP / ATP synthesis. 
 

  

 Cyanobacteria are prokaryotic cells that are capable of carrying out photosynthesis. The 

argge surface area ooff tht yly akoid membrane;;
oldsds pphoottosysyststemmss foforr lighht ababaababaababaaaa sooososososooosorprprprprppptitiononon /// EEET
ronnss; 
hylalakokoidid mmemembrbranane e imimpepermrmeae bleee tototo HHH+++;;;
lows proton gradient t to be generated (for chem
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structure of a cyanobacteria is shown in Fig. 1.2. 

Fig. 1.2

(c) With reference to Fig. 1.1 and Fig. 1.2, compare the visible structures of 
cyanobacteria with that of C. [2]

 Similarities (1 max) 
1. Both are bound by two membranes;; 
2. Both have thylakoids;; 

Differences (1 max) 

Feature Chloroplast Cyanobacteria 

Grana Present Absent;; 

Intergranal lamellae Present Absent;; 
 

  

 Cyanobacteria are considered to be the ancestors of structure C. They continued to 
function after being engulfed by primitive eukaryotic cells and evolved over time. This 
theory is known as the endosymbiont hypothesis. 

(d) State two features of structure C that provide support for this hypothesis. [2]

 1. contains circular DNA;; 
2. has 70S ribosomes;; 
3. divides via binary fission;;

  

  [Total: 9]

ainsns cirircuculal r DNDNA;;;;
0SS rribibosomomeses;;;; 
es vviaia bbini ary y fissssioion;n ;
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2 Fig. 2.1 shows the structure of a G-protein coupled receptor (GPCR). 

Fig. 2.1 

(a) Describe how the structure of GPCR is adapted to its function. [3]

 1. (S) The seven -helices are mainly hydrophobic;  
2. (S) can interact with the hydrocarbon tails of phospholipids via 

hydrophobic interaction; 
3. (F) embeds GPCR in the cell surface membrane; 

 
4. (S) has an extracellular binding site; 
5. (F) for binding to complementary shape ligand; 
6. (S) has an intracellular binding site / segment;  
7. (F) (for binding to G protein) for activation of G protein; 
8. (F) to transduce extracellular signals for activation of intracellular 

proteins / signal transduction; 

 

 One of the cellular events resulting from glucagon binding to GPCR, shown in Fig. 2.1, is 
the activation of glycogen phosphorylase which breaks down glycogen to glucose.  

(b) (i) Describe how binding of glucagon leads to activation of glycogen 
phosphorylase. [3]

  1. (binding of glucagon to ligand binding site on GPCR) causes 
conformation change of receptor; 

2. GTP displace GDP in G protein;  
3. activating it;  

cribe how binding of glucagon leads to activa

arr eeeveeeeentntntntn sss rererereresssuss ltttttinininininggggg frfrfrfrf omomomomomo ggggglululululuucacacacacagooooonnnnnnnnnn bibibibibibibinnndndndndnndndnddnn inggggg totototototo GGGGGGPC
glycycycyycogogogogogenenenenen ppppphohohohohospspspsps hohohohohoryryryryrylalallalasesesesese wwwwwhihihhihichchchchchch breeeeeakakakakakaks ssss dododododod wnwwwww  glyc
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4. and move along membrane to activate adenylyl cyclase; 
5. Catalyse conversion of ATP to cAMP; 
6. Activation of protein kinase A; 
7. Activate phosphorylation cascade;  

   

 (ii) Explain why liver cells store glucose in the form of glycogen. [3]

  1. (large molecule) insoluble in water and will not exert osmotic 
or chemical influence on the cell;; 

2. anomeric carbon is involved in glycosidic bond making 
glycogen stable and unreactive;;  

3. extensively branched, hence is compact in shape;; 

  

 The binding of glucagon to GPCR leads to an increase in blood glucose level partly due 
to the action of glucose transporters. Glucose transporters transport glucose via 
facilitated diffusion. 

(c) (i) Explain what is meant by facilitated diffusion. [2]

  1. Net movement of glucose; 
2. down concentration gradient; 
3. via channel /carrier protein; 
4. without additional investment of energy;

  

 (ii) Explain why glucose transporters are necessary to facilitate this 
process. [2]

  1. glucose is polar;; 
2. cannot diffuse across hydrophobic core; 
3. of membrane/phospholipid layer; 

 

 [Total: 13]
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3 Fig. 3.1 shows DNA replication in an Escherichia coli (A) and in a mammalian cell (B).
Diagrams are not shown to scale. 

                               A                                                                       B 
Fig. 3.1

(a) State one way in which the DNA replication in these two organisms differs and 
explain the advantage of this to the mammalian cell. [2]

 1. Single origin of replication in bacterium but multiple origin of 
replication in mammalian cell;; Accept: multiple replication sites / 
bubbles 

2. Larger / longer DNA, speed up replication;;

  

(b) Explain why DNA replication is said to be semi-conservative. [2]

 1. Parental DNA strands separate / ref. to H bonds break; 
2. Both strands acts as a template for synthesis of daughter strand; 
3. Each daughter DNA molecule consists of one parental strand and 

one newly synthesised strand of DNA;; 

  

 End replication problem is a fundamental problem associated with replicating DNA 
in eukaryotes.
Some cells contain telomerase, which is responsible for extending the ends of DNA 
in eukaryotes. Fig. 3.2 shows the action of a telomerase enzyme. 

ainnn telelelelomomomomoo ereeee asssssse,e,e,e,e,e, whihihihihh chchchchchh iiiiiis ssss rrrespppoonsible foforr exextetendnding
g. 3.3.3.3.3 2222 22 showowowsss sss ththththththeeeeee acacacacacctitititiitionononononon ooof a tetteeloloooooomemmmememmmmm rararaaaasesesese eenznzymyme. 
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Fig. 3.2 

(c) Explain how the end-replication problem arises. [2]

 1. due to the specificity of DNA polymerase;
2. the RNA primers complementary to the 3’ ends (of the template 

DNA); 
3. cannot be replaced after their removal; 
4. without a 3’ hydroxyl group on the DNA strand for DNA polymerase 

to add nucleotides to;

  

(d) With reference to Fig. 3.2, state two differences between transcription and the 
process of lengthening of DNA ends. [2]

 Feature Lengthening of DNA Transcription 

Template RNA DNA 

Monomers DNA nucleotides RNA nucleotides 

Enzyme 
involved 

Telomerase RNA polymerase 

Product 
synthesised 

DNA RNA 

1 mark for each comparative statement 
Any two 

  

  [Total: 8]

eacachh ccompmpararatativvee sttatateemenent tt
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4 Huntington’s disease is a rare neurodegenerative disorder targeting the central nervous 
system. Transcriptional dysregulation is one of the commonly observed molecular 
abnormalities affected in this disease. Recent evidence suggests the involvement of a 
mutant Huntingtin protein in the processes regulating condensation of DNA, leading to 
activation of DNA damage response and death of nerve cells. DNA in various levels of 
condensation can be observed in the nerve cell nucleus. Fig. 4.1 shows one of the levels 
of condensation of chromatin. 

Fig. 4.1 

(a) It is postulated that mutant Huntingtin protein facilitates packing of DNA into 
structure shown in Fig. 4.1. Describe how the DNA double helix is condensed 
into this structure. [2]

 1. DNA coils around histone octamer; 
2. Forming ‘beads on a string’ structure’ / 10 nm chromatin fibre / 

nucleosome fibre; 
3. Histone H1 further interacts; 
4. with linker DNA; giving rise to the structure 

  

(b) The chromosomal condensation in (a) is the main reason for the commonly 
observed transcriptional dysregulation in Huntington’s disease. Explain how 
transcription is affected. [3]

 1. Downregulation of transcription;; 
2. DNA is condensed / highly folded; 
3. Promoter not accessible; 
4. for binding of RNA polymerase / transcription factors; 
5. to initiate transcription; 

   

 It is observed that nerve cells could remove Huntingtin proteins via ubiquitination of 
specific amino acids. However, the mechanism that triggers ubiquitination is unclear.  
In a study to determine the mechanism for degradation of Huntingtin proteins, selected 
amino acids were investigated and the results are shown in Table 4.1.  

Table 4.1 

 13th amino acid: 
serine 

16th amino 
acid: serine 

6th amino 
acid: 
lysine 

9th amino 
acid: 
lysine 

15th amino 
acid: 
lysine 

Fate of 
Huntingtin 

protein 

Trial 1 De- De- Ubiquitin 
not

Ubiquitin 
not

Ubiquitin 
not Remains 

hatatatata nnnnererere vevevevee cccccells cccccouououououuuuldldldddl  rememememmmmovovovovooo e HuHHH tttntntntntnttiininininiiningtgtgtgtgtininininini pppprororororotettt i
cidsdsdsss. HoHoHoHoHowewewewewevevevevever,rr,r, tthehehehehe mmmmmmecececececechahahahahaanininininin smsmsmsmmsmms  thaaaaat t tt t trtrtrtrtrtrigigigigiggegegegeersrsrsrsrrs ubiqu
termine the mechanism for degradation of Hunt
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phosphorylated phosphorylated attached attached attached active 

Trial 2 Phosphorylated De-
phosphorylated 

Ubiquitin 
not

attached 

Ubiquitin 
not

attached 

Ubiquitin 
not

attached 

Remains 
active

Trial 3 De-
phosphorylated Phosphorylated 

Ubiquitin 
not

attached

Ubiquitin 
not

attached

Ubiquitin 
not

attached

Remains 
active

Trial 4 Phosphorylated Phosphorylated Ubiquitin 
attached

Ubiquitin 
attached

Ubiquitin 
attached Degraded 

x 

(c) With reference to Table 4.1, 

 (i) state the level of control for Huntingtin gene expression.  [1]

  Post-translation;; 

   

 (ii) describe the events at the selected amino acids that triggers the 
degradation of Huntingtin proteins. [2]

  1. Phosphorylation of serine residues; 
2. at position 13 and 16; 
3. ubiquitination of lysine residues; 
4. at positions 6, 9, and 15;      

  

 (iii) describe how ubiquitination results in the removal of mutant Huntingtin 
protein. [2]

  1. Ubiquitin marks the mutant Huntingtin protein for 
degradation;; 

2. Proteasomes recognises ubiquitin (tag) on protein; 
3. and hydrolyses / breaks down protein into peptide / amino 

acids;  

  

  [Total: 10]
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5 Fig. 5.1 shows the structure of a T4 virus. 

Fig. 5.1 

(a) Identify structure Y. [1]

 Double-stranded deoxyribonucleic acid;; 

  

 The T4 virus cannot reproduce by itself and relies upon a host cell for reproduction. 

(b) State specifically why T4 viruses rely on host cells for their reproduction. [2]

 1. lacks a named enzyme (e.g. RNA polymerase / DNA polymerase);; 
2. lacks a named organelle (e.g. golgi apparatus for protein modification / 

RER for protein synthesis);; 
3. lacks a named molecule for protein synthesis / DNA replication;; 
4. lacks a named energy resources, e.g. ATP;; 

  

 T4 viruses use bacteria as its host. Fig. 5.2 shows the results of an experiment in which 
T4 viruses were added to a culture of bacteria. Samples of the culture were then taken at 
intervals to determine the number of free T4 viruses present. 
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Fig. 5.2 

(c) With reference to Fig. 5.2, describe and explain the changes in number of 
free T4 viruses 

 (i) in the first 10 minutes; [2]

  1. number of free viruses decreases from 104 to 101 cm-3;; 
2. Due to attachment of viruses on the E. coli;;           
Reject: viruses enter host cell                    

  

 (ii) between 30 and 60 minutes. [3]

  1. number of free viruses increases from 101  to 106 cm-3;; 
2. due to lysis of host cell to release viruses;;  
3. (increase in number of viruses from 104 to 106) due to 

multiplication of viruses;; 

 

due to lyysis of host t cec ll to release viruses;s;;;;  
(inncrcreeasee inn nunumbmberer oof vviruusseeeeeeeesssssssssss ffrfrfrfrfrommmomomomomomm 1100044 tototo 1110006)
muultipiplil cacatitioon oof f viviruruseses;s;;;
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 A scientist carried out an investigation using T4 virus and two strains of bacteria: B+

cells which can grow in media without lysine and B-- cells which only grow when 
supplied with lysine.  The procedure is shown in Fig. 5.3. 

Growth observed on medium 
Fig. 5.3 

(d) (i) Explain the observations made by the scientist. [3]

  1. (Generalised) transduction; 
2. T4 infects B+ cell; 
3. Fragment of B+ DNA confers ability to produce lysine;  
4. are accidentally packaged into phage capsid;  
5. Upon release from B+ cell, transducing phage infects new B- 

cell; 
6. B+ DNA incorporated into B- DNA (via homologous exchange); 
Penalise 1 mark for lack of contextualisation 

  

 (ii) Suggest one other potential benefit of the process mentioned in (d)(i)
for the recipient bacteria. [1]

  1. Develop antibiotic resistance/ xenobiotic (chemical) 
resistance;; 

2. Ability to utilise a new metabolite;; 

 
  [Total: 12]

T4 are mixed with B+ cells 

T4 are isolated from the culture and added to B-- cells 

B-- cells are plated on medium lacking lysine 

Devevvelelelopoo aaantntntibibibioiootititiccc resisisistststtsttttttttananananananananaaanananaaanaa cecececececeececeeceeeee/ / / ////// // / xexexexexexexeennnnnonnn bio
reeesissistststananancecece;;;; 
Abibib lilitytyty tttooo utututilililissse ee a nenenew w w mememetattaboliiiiiiiitetetetetetete;;;;;;  

he rerrerrecipipippiennnnt baaaaactcccc eriaaaa. 
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6 The cell cycle is an ordered sequence of events involving two stages that culminates in 
cell growth and division into daughter cells. It is an essential mechanism by which all 
living things reproduce. 

Pearson Education Inc., 2017

Fig. 6.1 

(a) With reference to Fig. 6.1, name the longest stage of the cell cycle and 
discuss the main events in this stage. [3]

 1. Interphase;; 
2. Accumulation of energy stores / ATP; 
3. Synthesis of proteins; 
4. Synthesis of (cytoplasmic) organelles; 
5. Replication of centrioles; 
6. DNA replication; 

R: synthesis of nucleic acids 

  

 Fig. 6.2 shows a cell viewed from the spindle pole during cell cycle. ceeelll vvvvieieieieeweweed frfrfrfrrf omomomomom tttttheheheheheh ssssspipppp nndle ppole duririririr ngngngngg ccccelelelelelelllll cycyyyyycle
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Fig. 6.2

(b) (i) State the type of nuclear division and name the stage shown in Fig. 
6.2. [1]

  Type: mitosis; 
Stage: metaphase;

  

 (ii) Explain your answer for (b)(i). [2]

 1. Chromosomes lined up at metaphase plate singly ( not 
meiosis I);;  

2. (4) pairs of homologous chromosome present (  not 
meiosis II);;

 

(c) With reference to Fig. 6.2, complete Table 6.1 to show the number of 
chromosomes and mass of DNA in each nucleus during different phases of 
mitosis.  [2½ ]

 Table 6.1

Number of 
chromosomes per 

nucleus 

Mass of DNA per 
nucleus / g 

Prophase of mitosis 8; 170

Metaphase of mitosis 8; 170;

Telophase of mitosis 8; 85;

 

 Mutations in ras proto-oncogenes are among the most common events in cancer. Gain-
of-function mutations in ras proto-oncogenes are known to result in dysregulation of the 
cell cycle due to faults in signalling pathways. 

chchchchchrorrrrr mosomes per 
nnnucllleeuus s 

n

e ooofff f mimimimitottototot sisisiissssss 8;8;8;

se ee offoff mmmmititititititosoososososisisis 8;88;
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(d) Explain what is meant by proto-oncogenes. [1½]

 1. Normal genes; 
2. which codes for a protein; 
3. that promotes normal cell division; 

  

(e) Explain how a mutant Ras protein may lead to cancer. [3]

 1. Hyperactive / degradation-resistant Ras protein;;
2. relays signal from growth factor / triggers kinase cascade;
3. in the absence of growth factor;
4. Resulting in proteins that stimulate cell cycle;
5. thus uncontrolled cell division;

  

(f) Other than cancer cells, ras gene expression is also upregulated in 
embryonic stem cells. However, the latter does not result in a disease 
phenotype.
Explain what embryonic stem cells are. [2]

 1. unspecialised cell / pluripotent;
2. can divide and grow indefinitely;
3. differentiate into any cell type except those that form the placenta 

and the umbilical cord under appropriate conditions;
4. found I inner cell mass of blastocyst; 

  

  [Total: 15]

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



River Valley High School Pg 16 of 23  Year 6 H2 Biology 9744 Paper 2
2017 Preliminary Examination II

7 The coat colour of Labrador retriever dogs are determined by genes at two loci. The 
presence of the dominant alleles B and E results in black coats, whilst the presence of only 
the dominant allele E results in brown coats. Individuals that are homozygous recessive at 
the E/e locus will have golden coats. 
A true breeding male retriever with a black coat was crossed with a female retriever with a 
golden coat. The resulting F1 offspring all had black coats and the same genotype. A test 
cross was conducted for the F1 individuals. 

(a) State the genotype of the F1 individuals. [1]

 BbEe / BBEe;; 

  

(b) Using the symbols for the alleles stated above, draw a genetic diagram to 
explain the test cross. [3]

 
F1 phenotypes    Black  x Golden  
F1 cross   BbEe  x bbee   ; 
 
F1 gametes         BE      Be      bE      be  ;      be   ; 
 
Random Fertilization (as shown in the Punnett Square) 

 
 

BE 
 

 
 Be 

 
   bE 

 
be 

    
   be 
 

BbEe 
Black  

Bbee 
Golden 

bbEe 
Brown 

bbee; 
Golden; 

 
Offspring phenotypic ratio         1  Black    :     2 Golden     :    1 Brown ;
     
OR 
 
F1 phenotypes    Black  x Golden  
F1 cross   BBEe  x bbee   ; 
 
F1 gametes                   BE      Be      ;                be   ; 
 
Random Fertilization (as shown in the Punnett Square) 

 
 

BE 
 

 
 Be 

    
   be 
 

BbEe 
Black  

Bbee 
Golden 

 
Offspring phenotypic ratio         1  Black    :     1 Golden;

              BEBB   BeBeBe      ;               bbbbbbbbeeeeeee  

zaatiitionnn (((asasas ssshooownwnwn iiinnn thththeee PuPuPunnnnnnnnnetttetetttett t ttttt t t SqSqSqSSSSS uauauauauauauaarererererererr ))))))

BEBEBE BBBe 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



River Valley High School Pg 17 of 23  Year 6 H2 Biology 9744 Paper 2
2017 Preliminary Examination II

(c) Name and describe the type of interaction between the gene loci. [3]

 1. (recessive) Epistasis;; 
2. ee is epistastic over the B/b locus; 
3. gene E encodes for enzyme E; 
4. converts golden precursor; 
5. to brown pigment; 
6. gene B encodes enzyme B; 
7. converts brown pigment to black pigment; 

  

 The pedigree shown in Fig. 7.1 shows the inheritance of coat colour in a family of Labrador 
retrievers.

Fig. 7.1

(d) (i) State the genotype of individual II-1. [1]

  bbEe;; 

  

 (ii) Explain your answer in d(i). [2]

  1. Individual II-1 is brown, genotype must be bbE_;; 
2. Individual II-1 has golden offspring, must be heterozygous at 

E/e locus;; 
  [Total: 10]

ndivvidduuall III-1-1 iiss brbrowown,n, ggenenototypppppppppppe e eeeeeeeee mumuuumuumuumuustss bbbe ee bbbbb E_
ndivvididuauall IIII-1-1 hhasas ggololdeden n ofoffsprrininng,gg mmmususust be
/e lolocucus;s;;;

n yoyoyooyoyourrurrur aaaaaansnsnsnsnsweeeeerrr iniiii  d(d(d(d(d(i)i)i)i)i)i .. ..
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8 Fig. 8.1 is an electron micrograph of a mitochondrion. 

Fig. 8.1 

(a) (i) Identify structures J and K. [1]

 J (mitochondrial) Matrix;

 K inner (mitochondrial) membrane / crista;

 

 (ii) Describe how structure J is adapted to its function. [1]

 Matrix contains enzymes for Krebs cycle / link reaction;;

 

(b) (i) State the role of high concentration of protons at L. [1]

  It acts as a source of potential energy for the synthesis of ATP by 
ATP synthase;; 

  

 (ii) Explain how the high concentration of protons is generated at L. [3]

  1. electrons from NADH / FADH2;  
2. passes along a chain of electron carriers (releasing energy in 

a series of small steps); 
3. free energy released;  
4. is used to pump protons;  
5. from matrix into intermembrane space; 

J 

K 

L 

ainnnn hoohoohohoowww ww thththththththheee ee hihiighghh conononononceccececentntntntntraraaaatitititit onoo  of prprprprprooto onononononons sssss iisisis gene

ts as a source of ppotential energy for the syn
syyntnthahasee;; 
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6. inner mitochondrial membrane is impermeable to ions;  

   

 In an investigation to determine the effect of chemical M on respiration, 
mitochondria were incubated in four ways: 

1. with glucose 
2. with pyruvate 
3. with glucose and chemical M
4. with pyruvate and chemical M

The results are summarised in Table 8.1. 
Table 8.1 

CO2 evolution O2
consumption 

ATP production 
by oxidative 

phosphorylation

Glucose x x x

Pyruvate 

Glucose + chemical M x x x 

Pyruvate + chemical M x

(c) (i) Explain why carbon dioxide is produced when mitochondria are 
incubated with pyruvate but not when incubated with glucose. [3]

  1. no glycolytic enzymes in mitochondria; 
2. glycolysis does not occur in the mitochondria / glycolysis can 

only occur in the cytosol; 
3. glucose cannot be oxidised to form pyruvate; 
4. pyruvate can enter mitochondria but glucose cannot; 
5. CO2 produced by decarboxylation in link reaction; 
6. and Krebs cycle; 

  

 (ii) Suggest why when mitochondria are incubated with pyruvate and 
chemical M, oxygen consumption  occurs but not ATP production. [2]

  1. Chemical M only block ATP synthase so no phosphorylation 
of ADP/no flow of H+ down concentration gradient (through 
ATP synthase);; 

2. Chemical M does not affect ETC to transfer electrons to 
oxygen;; 

  [Total: 11]

and Krebs cycle;

gesssst ttt whwhwhwhwhy y y y y whwhhwhwhenenenene mmmmmmmititititi ococococochohohohohondndndndndriririiia aaaa areeeee ininininincucucucucuubabababababattttet dddd w
miccccalaal MMMMM,,,, oxoxoxoxoxoxygygygyy enenenn cccconnnnnsususususus mpmpmpmpmpm tititititiononononon occucucucucuc rsrsrsrsrs bbbbbutututututu nnnnnnotoooo  ATP
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9 Tetanus is a disease caused by a bacterium. When the tetanus bacteria enter the body 
they release a toxin which causes muscular rigidity and extreme pain. Children in the 
United Kingdom are routinely vaccinated against tetanus at an early age. 
Fig. 9.1 is a diagram that shows three B lymphocytes (P, Q and R) and the events that 
occur during an immune response to the tetanus toxin. 

Fig. 9.1  

(a) Explain what is happening at stages X and Y in the immune response to 
tetanus toxin. [2]

 X: 
1. Only Q has receptor / clonal selection; 
2. Receptor and toxin have complementary shape;; 

 
Y: 

1. Q undergoes clonal expansion / form clone / divide / increase 
number / mitosis; 

  

  

ly QQ hahas rrececeptptorr // cclolonanal seselection;n;n; 
cepeptotor r anndd totoxixinn hahaveve ccomompplemmmmmmmmmmmmmmmmmmenenennenenene tatataataatatatatat ryryrrryr shahahape;;
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 Fig. 9.2 shows an antibody molecule secreted by cell S.

 
Fig. 9.2 

(b) Describe how the antibody is folded from linear polypeptide chains. [4]

1. Localised folds; 
A: (H) bonds between CO and NH groups 

2. along the polypeptide backbone; 
3. give rise to -helix; 
4. and -pleated sheets; 
5. Interactions between R groups of amino acid residues; 
6. bends the (secondary) structure into tertiary / precise / compact / 

globular shape; 
7. (quaternary structure) consist of 4 polypeptide chains; 
8. 2 heavy chains and 2 light chains; 

 

variable
region 

variable
region 
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 A study investigated active and passive immunity to tetanus toxin. One person, G, was 
injected with antibodies to the tetanus toxin. Another person, H, was injected with the 
vaccine for tetanus and produced antibodies as a result. Blood samples were taken from 
G and H at regular intervals over the following weeks and analysed for antibodies against 
tetanus. 
The results of the study are shown in Fig. 9.3. 

Fig. 9.3 

(c) Explain why the type of immunity gained by G is described as passive 
immunity. [2]

 1. No immune response elicited; 
2. Antibodies, not made / come from other source; 
3. High concentration / figure from graph, immediately / after injection 

/ on Day 0-1; 
4. Antibody concentration fall / AW; 
5. Does not last long / only approximately 2 weeks / temporary; 

   

(d) With reference to Fig. 9.1 and Fig. 9.3, explain why there is a slow increase in 
antibody concentration in the curve for H.

[2]

 Time needed for 
1. Antigen presentation;; 
2. Activation of T helper cells;; 
3. Clonal expansion / mitosis / AW;; 
4. Differentiation of B cells into plasma cells;; 
5. Antibody synthesis / release from plasma cell;; 
Any two 

encececeee tttttooo o Fiiggg. 999999.11111 aaaanddddd Figigiggig. 999.3, eexpxpxpxpxpxppppplalalalainininnnin wwwwwwhyhyhyhyh tttttthehehehehehereeeee is 
onnncececececentntntntntrattionononnn iiiiinnnn thththththe eee e cucucucucurvrvrvrvrveeee fffoff r HHHHHHHH.

dedd fofor r 
en presentation;;
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(e) Explain why person H is considered to be better protected against future 
exposure to the tetanus toxin, compared to person G.

[2]

 1. Person H has immunological memory  / memory cells; 
2. able to elicit a secondary response; 
3. which is rapid; 
4. and allows a larger production of antibody; 

  

  [Total: 12]
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Section A  

Answer all the questions in this section. 

1 The Galapagos Islands is an archipelago approximately 1400 kilometers off the Western 
coast of Ecuador. It consists of more than 40 islands, including the small and isolated 
island Daphne Major. The map of the islands, and its location in relation to mainland 
Ecuador and Cocos Island, is shown in Fig. 1.1. 

Fig. 1.1 
There are now at least 13 species of finches on the Galapagos Islands, each filling a 
different niche on different islands. All of them evolved from one ancestral species, which 
colonised the islands only a few million years ago.
Molecular analysis was carried out on the nucleotide sequences of the Galapagos Islands 
finches and the Cocos finch, found on the island of Cocos, 830 km North-east of the 
Galapagos Islands. Fig. 1.2 shows the phylogeny of these finches as constructed from the 
molecular data obtained.  

, ,
s. FFFFFFigggg. 1.11111 22222 showowowowows thththththeeeee phphphphphylyyy ogeneeeneny of theeeesesese ffinnnnchchchchchcheseeee
taineneneneneddd.ddd  
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Fig. 1.2  

 

(a) Explain how DNA sequences can be used to determine evolutionary 
relatedness between species. [2]

1. Compare homologous DNA sequences/ same gene;  
2. found in different species; 
3. The fewer the differences in the DNA sequences of homologous 

genes between species, the more closely related the species are 
(vice-versa);; 

 

(b) Suggest how the Cocos finch might be derived from the same common 
ancestor as the Galapagos finches, despite its lack of proximity to the 
Galapagos Islands. [1]

 1. Last common ancestor to Galapagos and Cocos finch first dispersed 
to Cocos from Ecuador, then to the Galapagos islands;; 

2. Last common ancestor to both finches was transported to Cocos 
islands due to human factors (by air/ship) from Ecuador / Galapagos 
Islands;; 

3. Last common ancestor to both finches was dispersed to Cocos 
island by an extreme weather event;; 

 A long-term study of the medium ground finch, Geospiza fortis, was carried out on the 
island of Daphne Major. Ground finches have bills particularly suited to eating seeds. 
Seeds eaten by the population of G. fortis are of a variety of sizes and are from a range of 
plants. Fig. 1.3 shows a male G. fortis.

s;; 
ommmmoon aanccesestor r too bbooth fififincncncnchehehehes s s s wawawasss didiissps
byy anan eextrerememe wweaeaththerer eeveennt;;;;;;;;;;;  
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Fig. 1.3 
In 1977, a severe drought affected the Galapagos Islands. The number of different plant 
species producing seeds and total seed abundance was greatly reduced for the population 
of G. fortis.
Scientists have postulated that the severity of the drought experienced may have been 
exacerbated by the rise in atmospheric CO2 concentrations due to human activities. 

(c) Explain how the emission of greenhouse gases such as CO2 may be linked to 
the onset of drought. [2]

1. Increased concentration of greenhouse gases in atmosphere;  
2. traps heat and warms atmospheric temperature / leads to warming due 

to the greenhouse effect; 
3. Increased evaporation as a result of rising global temperatures; 
4. Lead to dryer environments / longer summers; 

 The population size of G. fortis on Daphne Major fell by over 85% as a result of the 1977 
drought.
In years with good rainfall there is an abundance of small, soft seeds that are favoured by 
G. fortis, especially those individuals with smaller bills. In years of drought, small seeds are 
scarce. Individuals of G. fortis with small bills are rarely successful in extracting seeds from 
the large, spiky, tough fruits of Tribulus cistoides (Fig. 1.4), which was the main source of 
seeds at the time. 

 
Fig. 1.4 

Table 1.1 shows results for mean mass and mean bill size of mature G. fortis before and 
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after the drought. The individuals measured after the drought were a subset of the first 
sample, allowing a direct comparison of the changes that occurred. 

Table 1.1 

Date of 
sampling 

Sample 
size 

Phenotypic feature measured 

Mass / g Bill length 
/ mm 

Bill depth / 
mm 

Bill width / 
mm 

1976 (May) 642 15.79 10.68 9.42 8.68 

1978 
(March) 

85 16.85 11.07 9.96 9.01 

Percentage change +6.71 +3.65 +5.73 +3.80

(d) (i) Complete Table 1.1 to show the percentage change in mass and bill 
depth from 1976 (May) to 1978 (March). [1]

 

(ii) After the drought, the population of G. fortis had significantly higher 
mean mass and larger mean bill size than the pre-drought population. 
Name the type of natural selection that was occurring. [1]

Directional selection;; 

(e) Explain how the changes in bill size that occurred in the population of G. fortis 
on Daphne Major provide support for Darwin’s explanation of how natural 
selection operates. [3]

1. Mutation leads to phenotypic variation in population;
2. Individuals have different bill size;

3. Lack of small seeds / larger, tougher seeds exerts selective 
pressure; 

4. Birds with bigger bills can break open seeds; 
5. Better able to survive and reproduce; 
6. Pass on favourable alleles to offspring; 
 
7. Over time, increased frequency of alleles for big bills in population; 

Current temperatures in the Galapagos archipelago rarely exceed 30°C, even in the 
summer months. However, climate scientists have warned that in light of global warming, 
temperatures in the archipelago may soon increase.  

ree;;
witth h bibiggggeer bbilillsls canan bbrereaak oopepeeeeeeeeeeeennnnnnnnnnnnnnn seseeseseseseseededededededdeeddedeeds;s;s;s  
abblele to survive  anandd rreprododuce; 
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The Intergovernmental Panel on Climate Change has forecasted a rise in global average 
temperatures of up to 5°C over the next century.  

(f) With reference to Fig. 1.1, suggest how global warming may affect the survival 
of the finches in the Galapagos Islands. [2]

1. Finches will migrate polewards / to islands in the South as they seek 
cooler temperatures;;

2. If temperature increases too much, finches may not be capable of 
flying out of the archipelago and will perish / go extinct;;

3. Melting of glaciers leads to rising sea levels which will flood islands, 
reducing availability of habitats;;

4. If sea level rise excessively leading to islands being submerged, 
finches may not be capable of flying out of the archipelago and will 
perish / go extinct;;

 

 Scientists have also suggested that changes in carbon dioxide concentration in the 
atmosphere changes the stomatal density of plants.  
43 different species of plants from a range of habitats were grown at normal atmospheric 
carbon dioxide concentration and at increased carbon dioxide concentration. 
The mean stomatal density of each species was determined at both concentrations of 
carbon dioxide. The percentage change in stomatal density at the increased carbon 
dioxide concentration compared to the stomatal density at normal atmospheric carbon 
dioxide concentration was calculated for each species. Table 1.2 summarises the changes 
to mean stomatal density due to increased atmospheric carbon dioxide concentration for 
the species investigated. 

Table 1.2 

Percentage change 
in stomatal density 
(to the nearest 10%) 

Number of 
species 

+40 2 

+30 2 

+20 4 

+10 2 

-10 7 

-20 9 

-30 9 

-40 8 

 

(g) Account for the results shown in Table 1.2.  [5]

+20000 4 

++1+++ 00000 2 2 2 2 22

-1-1-1-1-10 0 0 0 7 7777

---20 9 9 9 9 99
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 1. 10 species show an increase in stomatal density;; 
2. 33 species show a decrease in stomatal density;; 

 
Increased CO2 concentration leads to 

3. Increase in global average temperature; 
4. Decreased in availability of rainwater; 

 
Effects of decreased stomata density 

5. Minimise water loss due to transpiration; 
6. Ensure sufficient water (in periods of drought); 
7. Plant still able to get sufficient CO2 for photosynthesis; 

 
Plants increase stomatal density 

8. Allow for increased heat loss; 
9. Prevent enzymes from denaturing / ensure metabolic processes 

can continue; 

  

 The experiment showed that plants are able to show significant changes in their 
phenotype in response to changes in the environment. 

(h) Suggest why plants need to be able to show changes in their phenotype within 
their lifetime. [2]

 1. Plants are not mobile / cannot migrate;; 
2. Changes in phenotype allow the plant to maximise their chance of 

survival;; 

[Total: 19]
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2 Dengue fever is a mosquito-borne disease caused by the dengue virus. Fig. 2.1 shows the 
structure of a dengue virus. 

Fig. 2.1 

 (a) List two ways in which the structure of dengue virus is similar to the human 
immunodeficiency virus.  [2]

  1. Genome made up of RNA;; 
2. Viral genome enclosed in capsid;; 
3. Glycoproteins found on envelope;; 

   

 Dengue viruses consist of four serotypes, DENV-1 to DEV-4. The rapid identification of 
dengue virus serotypes isolated from patients’ blood is important for clinical investigations. 
One of the methods used for identification of serotypes is DNA sequencing, which is a 
process of determining the precise order of nucleotides within a DNA molecule.
One of the DNA sequencing methods is based on the use of chain terminators, which are 
special nucleotides. Fig 2.2 shows the structure of a special nucleotide with a cytosine 
base. 

Fig 2.2
If a special nucleotide is added to a growing DNA strand, the chain is not extended any 
further. Each special nucleotide is labelled with a fluorescent dye, using a different colour 
for each of the four bases. 
Fig 2.3 shows how a DNA chain ending with one of the special nucleotides is replicated. 

Fig 2.2 2
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Fig. 2.3 

(b) Suggest why the addition of special nucleotides would lead to the premature 
termination of replication. [2]

 1. Since special nucleotide lacks hydroxyl group on 3’ carbon of 
pentose;;

2. the incorporated special nucleotide cannot form phosphoester bond 
with incoming dNTP / nucleotide;;

 

 This method of DNA sequencing described in Fig 2.3, can produce many DNA fragments 
terminated by a special nucleotide tagged with a florescent. Fig 2.4 shows a set of such 
fragments, where each fragment differs by 1 nucleotide.  

 
 

Fig. 2.4 

These fragments are loaded onto an agarose gel, shown in Fig 2.5, and separated by a 
modified version of gel electrophoresis.  

Fig 2 4
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Fig 2.5 

 The order in which the fragments reach the light source and detector shown in Fig 2.5 is C, 
A, G, T. 

(c) Explain why the DNA fragments will migrate and reach the detector in this 
order. [3]

 1. DNA is negatively charged; 
2. Migrate towards (the detector at) positive electrode; 
3. Separated on the basis of size of DNA fragments; 
4. Shorter DNA fragment migrate through the pores of the agarose gel 

faster than longer DNA fragment/ vice versa; 
5. Fragment ending with C is the shortest; 
6. Migrate through the pores of the agarose gel fastest/ vice versa; 

  

Dengue virus is a major threat to health in tropical countries around the world, with 390 
million people infected each year. To date, there are no vaccines for dengue virus. 

(d) Suggest why there is no effective vaccine to protect against dengue. [2]

 1. there are four serotypes of dengue virus, each with slightly different 
viral proteins;; 

2. not possible to stimulate the body to generate antibodies against all 
four types at once;; 

 

(e) Antibiotics are not used to treat viral infections.  
Explain why antibiotics do not affect viruses. [2]

 1. antibiotics (only) used against bacteria (and some fungi);; 
2. idea that antibiotics act on a cell structure not possessed by virus;; 

e.g. viruses, do not have, a cell wall / ribosomes 
3. suggestion that viruses are, inside host cells not within reach of 

antibiotic;; 
any two 

 

ticscs ((ononlyly) ) ususeded aagagainnsts bbacactet ria (a(a(andndnd sssomoo e fu
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 antitititit bibibibibbioticcsss dodododdodo nnnnnotoooo aaaaafffffffffff ececececect vviv rusesseesss.s.s.ssssss  
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The Aedes aegypti mosquito is the main vector that transmits the viruses that cause 
dengue. The viruses are passed on to humans through the bites of an infective female A.
aegypti mosquito, which mainly acquires the virus while feeding on the blood of an infected 
person. 
Fig. 2.6 shows the monthly number of dengue cases in Sakon Nakhon Province, Thailand, 
from January 2005 to December 2007.

Source: Monthly district level risk of dengue occurrences in Sakon Nakhon Province, 
Thailand. The Science of the total environment. 408 (2010). 5521-8. 

Fig. 2.6 

(f) Explain how temperature affects the number of dengue cases in Thailand. [3]

 1. Increased temperature, increased dengue occurrences; 
2. accelerates emergence of mosquitoes / life cycle shorten;  
3. increasing mosquito population; 
4. reduce extrinsic incubation period of virus in insect;  
5. increasing the number of infective vector; 
6. female mosquitoes digest blood faster and feed more frequently; 

 

(g) Other than climate change, state and explain how two other factors can 
contribute to the increase in the number of dengue cases. [2]

 1. Increased rainfall; more breeding sites for mosquitoes; 
2. lack of effective mosquito control; increase in mosquito 

populations; 
3. increased movement of people; increase spread of virus; 
4. increased population density; increase transmission between 

cliliimaamaatetetetet cccccchahahahh ngngngeee,e ssstatatatatatetetetet aaaandndndndndd explaaaaaaininininin hhhhhhowowowowowow two o

g ;
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KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



River Valley High School Pg 12 of 20  Year 6 H2 Biology 9744 Paper 3
2017 Preliminary Examination II

humans; 
5. AVP;; 

  

The primary preventative measure to reduce dengue infections is the control of mosquito 
populations. Traditional methods of mosquito control using insecticides are not viable in 
the long term, as new and stronger versions of insecticides must continually be developed. 
Biological approaches are now being used as an alternative to control mosquito 
populations.  
Researchers are experimenting with release of Wolbachia-infected mosquitoes as a 
means of suppressing Aedes mosquito populations. When male mosquitoes with 
Wolbachia mate with wild female mosquitoes without Wolbachia, eggs laid by these female 
mosquitoes will be sterile. The technique requires the release of a large number of male 
mosquitoes to reduce the overall mosquito population. 

(h) State the one advantage and one disadvantage of using the biological 
method. [2]

 Advantage 
1. Prevent development of resistance to insecticide;; 

Disadvantage 
1. need to be reapplied over time as the population of mosquitoes 

gradually returns;; 
2. need to continually cultivate large number of male mosquitoes;; 

  

 [Total: 18]
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3 Tuberculosis (TB) is a disease caused by the bacterium Mycobacterium tuberculosis, and 
accounts for more than 1 million deaths annually. Some of the symptoms of infection 
include shortness of breath, fever, chest pains and coughing up blood. 
Fig. 3.1. shows the transmission and infection of M. tuberculosis.

Fig. 3.1 
The immune response to TB results in the formation of granulomas. These cellular 
aggregates restrict the spread of the infection, but fail to kill all of the bacteria. This results 
in a tight interplay between M. tuberculosis and the host cells within the granulomas 
during the latent stage of infection. 
Foamy macrophages are granuloma-specific cells that are characterised by the 
accumulation of large amounts of lipids contained within numerous lipid vacuoles. These 
macrophages are formed as a result of prolonged interaction with M. tuberculosis.

  

(a) Describe how TB is transmitted. [2]

 1. M. tuberculosis; 
2. in airborne particles / droplet nuclei; 
3. enters the upper respiratory tract; 
4. and reaches the alveoli of lungs; 

  

(b) With reference to Fig. 3.1 and your own knowledge, describe the formation of 
granulomas in M. tuberculosis infections. [3]

 1. M. tuberculosis ingested by alveolar macrophages; 
2. Replicate intracellularly; 
3. Destroy alveolar macrophages; 
4. Infect more macrophages; 

nce to Fig 3 1 and your own knowledge describ

thhee upppeper r respspirattorory y trtraca t;; 
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5. Leads to activation of T lymphocytes; 
6. Which surround infected macrophages; 
7. Forming a barrier shell; 

  

M. tuberculosis have mycobacterial cell walls that are different from other bacterial cell 
walls due to their thick lipid coating. The cell walls consist of arabinogalactan, a 
biopolymer of two monosaccharides, complexed with mycolic fatty acids. Fig. 3.2 shows 
the structure of a M. tuberculosis mycobacterial cell wall, compared with that of a common 
bacteria. 

Fig. 3.2 

(c) With reference to Fig. 3.1 and 3.2, suggest how the persistence of M.
tuberculosis within the granulomas allows it to replicate intracellularly. [2]

 1. Foamy macrophages provide lipids;; 
2. For the formation of new mycolic acids;; 

  

Treatment of TB uses antibiotics to kill the bacteria. Effective treatment with traditional 
bacteriacidal antibiotics such as penicillin are ineffective. Antibiotics such as isoniazid and 
rifampicin are used instead for a prolonged period of time in order to ensure successful 
treatment of TB.

(d) With reference to Fig. 3.2, explain why administering penicillin will not 
effectively treat TB. [2]

 1. Penicillin only interferes with the interpeptide linking of 
peptidoglycan; 

2. But does not prevent formation of arabinogalactan; 
3. Newly synthesised still has protective cell wall;
4. Will not die from osmotic instability / autolysis;

 

lin n ononlyly iintntere feereres s wiwitht ttthehehe iiintntnteerpept
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 Isoniazid is administered as a prodrug, and must be activated by a bacterial enzyme 
known as KatG. Upon activation, isoniazid inhibits the action of fatty acid synthase, 
inhibiting the synthesis of mycolic acids and thus preventing the synthesis of the 
mycobacterial cell wall. 
Alarmingly, strains of M. tuberculosis that display resistance to isoniazid have been 
increasingly common. Scientists studied the genome of a resistant strain K131, and noted 
that there were numerous mutations identified in the 2.0-2.5Mb region. Fig. 3.3 shows the 
complete genome of K131.

Fig. 3.3 

(e) Explain how strain K131 is resistant to isoniazid. [4]

 1. KatG is located in the 2.0-2.5Mb region; 
2. Mutation to the gene would alter the mRNA encoded; 
3. Amino acid sequence of KatG altered; 
4. Affect folding of KatG; 
5. Change in conformation of active site; 
6. Unable to bind to isoniazid to activate it; 
7. Fatty acid synthase function not inhibited; 
8. Mycolic acids still synthesised; 

[Total: 13]

 
 
 

folding of KatG; 
e inin ccoonfoformmatatioi nn ofof aactctive ssiiitetetettett ;;;;;;;
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Section B 

Answer one question in this section. 
Write your answers on the line paper provided at the end of this Question Paper. 

Your answers should illustrated by large, clearly labelled diagrams, where appropriate. 
Your answers must be in continuous prose, where appropriate. 

Your answers must be set out in parts 

4 (a) Discuss the role of complementarity in cellular mechanisms. [12]

  1. Complementary shape;; 
2. Complementary base pairing;;  
3. Complementary interaction;;  
4. allows for specificity of reaction;; 
 

Complementary shape 
5. Substrate(s) fit into the active site of enzyme; 
6. via lock and key hypothesis; 
7. And induced fit hypothesis; 
8. To form enzyme-substrate complex; 

 
9. DNA to fit into binding site of proteins 
10. To regulate replication; 
11. And gene expression;  
 
12. Ligand/ signaling molecule to fit into binding site of receptors; 
13. Allows for cell signaling; 
 
14. Binding of substances to transport proteins; 
15. Allows for movement of substances across cell membrane; 
16. and viral entry; 

 
Complementary interaction    

17. H bonds between polar groups; 
18. Hydrophobic interaction between non-polar groups; 
19. Ionic bonds between oppositely charged groups; 
20. Allows for folding of polypeptide into 3D shape; 
21. Stability of biomolecules;  

dingg of substances to transpop rt proteins; 
wss ffoor moovememeent t ofof ssububstanancecececececceceecececc s s ssssss acacacacacacacccrorororossssss cccelelell ll m
viraral enentrry;y; 

ntary interaction
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Complementary base pair 

22. A-T (A-U) and C-G; 
23. Allows for stability of DNA double helix; 
24. Allows for replication of DNA; 
25. Allows for the synthesis of mRNA/transcription; 
26. allows for the binding of  (anticodon on) tRNA to (codon on) 

mRNA;   
 

 (b) Explain how genetic recombination occurs in B lymphocytes and the 
advantages of each process. [13]

  1. Somatic recombination; 
2. occurs during development of B lymphocytes; 
3. via removal of intervening (DNA) sequences;  
4. followed by joining of gene segments; 
5. by enzymes;  

 
6. At variable regions of immunoglobulin heavy chain gene locus; 
7. Rearrangement of D and J gene segments;  
8. followed by rearrangement of V gene segment;  
9. VDJ exon joined to the constant segments;  
10. during RNA splicing;  

 
11. At variable regions of immunoglobulin light chain gene locus; 
12. Rearrangement of V and J gene segments; 
13. VJ exon joined to the C segments;  
14. during RNA splicing;  

 
15. Hypermutation; 
16. occurs during clonal expansion of B lymphocytes; 
17. in variable region of immunoglobulin chains; 
18. These point mutations; 
19. in (rearranged) VDJ gene segments; 
20. occurs at higher rate than normal mutations; 

 
21. Class switching; 
22. occurs during clonal expansion of B lymphocytes; 
23. in constant region of immunoglobulin chains;  

ermmmutttatatatiooon; 
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24. where one constant region is replaced by another constant 
region; 

 

Advantages: 
25. Somatic recombination gives rise to antibody diversity; 
26. to respond to large diversity of (molecular structures 

associated with) pathogens; 
 

27. Hypermutation allows for formation of immunoglobulin with 
higher affinity for antigens / affinity maturation;; 

 
28. Class switching results in different classes of antibodies; 
29. with the same antigen specificity; 
30. allowing for variable effector functions; 

 
QWC:  
Scientific argumentation exemplified by citing one advantage for each 
of the three processes;;  

   [Total: 25]

5 (a) Explain what is meant by mutation, and outline its advantages and 
disadvantages to animals. [13]

  Explain what is meant by mutation 
1. Inherited change in nucleotide sequence;; 
2. Base-pair insertion, deletion and substitution;; 
3. Changes to chromosome structure and number;; 

 
Single Gene Disorder 

4. Sickle cell anaemia; 
5. Base-pair substitution; 
6. In -globin gene; 
7. Reduced ability to carry oxygen; 

 
Multi Gene Disorder 

8. Accumulation of mutations; 
9. Lead to the development of cancer; 
10. Gain of function of proto-oncogenes; 
11. Loss of function mutation in tumour-suppresor genes; 

le cec lll aananaemmiaia; 
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12. Loss of cell cycle checkpoints / uncontrolled cell division;

Chromosomal Mutations 
13. Non-disjunction of chromosomes;
14. During meiosis;
15. Leads to aneuploidy / polyploidy;
16. gives rise to a named genetic disease (Turner / Klinefetler /

Down syndrome);

Evolutionary significance 
17. Raw material for evolution;
18. Gives rise to phenotypic variation;
19. Allows natural selection to take place (select for different

phenotypes);
20. increase chance of survival of species;
21. lead to microevolution / speciation;

Increased affinity of antibodies 
22. Mutations in VDJ / VJ regions;
23. B lymphocytes produce antibodies with higher affinity;
24. Leading to affinity maturation;
25. More effective immune response;

QWC: 
Implications of mutations clearly communicated to include at least 1 
advantage and 2 disadvantages;; 

 (b) Describe the role of proteins in the transformation of energy from the 
environment to plant cells for their survival. [12]

1. Light energy is converted to chemical energy;
2. via photosynthesis;
3. for cells to respire / carry out metabolic processes; 

4. Proteins bind photosynthetic pigments;
5. to form photosystems;
6. for capturing of photons;

7. Electron transport chain; consists of proteins like
8. cytochromes;

t eenenergrgy y isi ccononveertrteded ttoo chheme ical eenenergrggy;y;y;
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9. ferredoxin; 
10. arranged in progressively lower energy levels; 
11. Energy released powers (intermembrane) protein pumps; 
12. to generate proton gradient; 

 
13. NADP+ reductase protein; 
14. catalyses formation of NADPH; 

 
15. ATP synthase protein; 
16. utilises energy from chemiosmosis / proton gradient; 
17. to catalyses formation of ATP 

 
18. Peptide enzyme catalyses the photolysis of water; 
19. to replace electrons on PSII 
20. that contributes to proton gradient; 

 
21. RUBP carboxylase protein; 
22. catalyses fixation of carbon dioxide; 
23. to ribulose bisphosphate; 
 
24. Peptide enzymes catalyses formation of glycosidic bonds; 
25. to synthesis glucose molecules; 
26. for energy storage; 

 
  [Total: 25]
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Answer all questions. 

Question 1 

In this question, you will investigate the effect of glucose and sucrose on the rate of 
respiration in yeast cells. 
You are provided with: 

• 40 cm3 yeast cell suspension, labelled Y

• 25 cm3 blue alkaline solution, labelled C

• 25 cm3 hydrochloric acid, labelled H

• 20 cm3 of 0.2 mol dm-3 glucose solution, labelled G

• 20 cm3 of 0.2 mol dm-3 sucrose solution, labelled S

• 20 cm3 of distilled water, labelled W

Read through steps 1 to 12 and prepare a table to record your results in step (c), before 
starting the investigation. 

Stage 1
Perform the following steps to activate the yeast cells in Y to prepare for stage 3 
1 Label 3 boiling tubes B1, B2, and B3. Add 10 cm3 of Y into each of the boiling tubes. 

2 Add 10 cm3 of G, S, and W into boiling tubes B1, B2, and B3, respectively. 

3 Start the stopwatch. Leave the tubes aside for at least 15 minutes, before beginning 
on stage 3. During this time, you should attempt the rest of the question. 

Stage 2

C, an alkaline solution, is blue because it contains an indicator. 

Carbon dioxide reacts with C when bubbled into it. When enough carbon dioxide reacts with 
C, the indicator will change from blue to yellow (even if the mixture is cloudy). This is the 
end-point. 

If only a small volume of carbon dioxide is bubbled into C then the indicator will remain blue. 
The end-point can then be reached by adding hydrochloric acid, H, slowly until the indicator 
turns from blue to yellow. The volume of H is then recorded.  

The volume of H added to reach the end-point indicates how much carbon dioxide had 
reacted with C. The lesser the amount of carbon dioxide is bubbled into C, the more volume 
of H will need to be added to C to get the end-point. 

You are required to find the volume of H needed to reach the end-point when no carbon 
dioxide has been bubbled into C.

4 Put 5 cm3 of C into a test-tube. 

5 Use a 6 cm3 syringe, containing 3 cm3 of H, to put drops of H into C as shown in 

me of carbon dioxide is bubbled into C then the ind
henenenenen bbbbe eee ee rererereeacaaa heheheheh d dddd byyyyy aaaaaddddddddddinnnggg hyyydrdd ochlorrrrricicicic aaaacicccc d,d,d,d,d, HHHHHH, s
ellooow.w.w.w.w  Thee volololololumumumumume ofofofofoff HHHHH isss theeennnn rererererereerererererereecococococccocccccoccccccc rdrdddrdrdrdededededeeded....   

addedededdedddddd totototo rrrrreaaaeaeachchchchch ttttheheheheheee eeeendnddndnd-pppppoioooo ntntntntt indicccccatatatatatteseseseses hhhhhhowowowowowo mmmmu
leeeesssssererererer tttttheheheheheh aaaamomomounuu t ofofofofofo ccccccararararara bobobobobbonnnnn dioxxxxxididididdideeeeee isssss bbbbbububububububbled in
added to C to get the end-point.
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Fig. 1.1. Mix well as you add H, until the end-point is reached. You may need to fill the 
syringe again.

Fig. 1.1 

(a) Record the volume of H needed to reach the end-point. [1]

PDO
1. Correct value; 

Acceptable range 1.0 – 2.0 cm3

2. Precision; 
1 d.p. 

Volume of H needed = _________ cm3

Stage 3 
You are required to investigate the effect of glucose and sucrose on the release of carbon 
dioxide from a yeast cell suspension using apparatus set up as in Fig.1.2, and the tubes 
prepared in stage 1.

Yeast cells release carbon dioxide from some of their metabolic reactions when provided 
with respiratory substrates. Tube B1 contains glucose as the respiratory substrate, whilst 
tube B2 contains sucrose.  

Fig.1.2
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(b) State which sugar is expected to lead to a higher rate of carbon dioxide release 
by yeast cells. Explain your answer. [2]

ACE 
Glucose

1. Readily used as a respiratory substrate by yeast;; 
2. Unlike sucrose which must first be hydrolysed;; 

Sucrose
3. Hydrolysis of one molecule of sucrose produces two molecules of sugars;; 
4. Higher concentration of respiratory substrates for respiration;; 

Before proceeding with steps 6-12, ensure that 15 minutes have elapsed since  
stage 1.

6 Prepare and maintain a water bath at 40°C. 

7 Label 3 test-tubes T1, T2 and T3. Add 5 cm3 of C into each of the three test-tubes. 

8 Place tube B1 in the water bath and allow it to equilibrate for 2 minutes. 

9 Put the bung containing the delivery tube into tube B1, as shown in Fig. 1.2. Ensure 
that the seal is airtight. 

10 Put the end of the delivery tube into solution C in T1. Using a stopwatch, allow the 
carbon dioxide produced by the yeast to bubble into C for 2 minutes. 

11 After removing the delivery tube, repeat step 5 to determine the volume of H needed 
to reach end-point and record your result in (c). If C has already reached end-point, 
record ‘0’. 

12 Repeat steps 8 to 11 for the tubes B2 and B3.

(c) Record your results for each tube in a suitable form in the space below. [4]

Table showing effect of different substrates on the volume of H needed to reach end-
point

Type of substrate Volume of H added / cm3

Glucose

Sucrose

Distilled water 

fectct oof f didiffffererenent t ssubsbstrtratateses oon thhhe e e vovvolululumememe of H 
point

s 888888 too 11111111111 ffforooo tttthehehehehe tubbbbbeseseseses B2B2B2B anddddd  B3.

esussuults ssss fofofofoforr eaeaeaaachcchchc tttttubububububbe eeee innnn aaaaa sssssuiuuu tatatatatabbblbbbbb e e fofofofoffffofofofofofofoormmmrmrmmrmmrmmmm iiiinnnnnn thhhhhe eeeee spspspspspspace
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PDO
1. Title (T);; 

“Table showing effect of different substrates on volume of H needed to reach 
end-point”

2. Heading with Units (H);; 
Independent variable:  Type of substrate 
Dependent variable: Volume of H added / cm3

3. Precision (P);; 
Volume recorded to 1 d.p. 

MMO 
4. Trend (Tr);; 

Volume of H added for B3 should be same as  (a) and highest volume for B3 

(d) Discuss what these results suggest about the relationship predicted in part (b). [2]

ACE 
1. Comment on how actual results match the proposed relationship;; 

2. Comment on how this affects the confidence/reliability in the proposed 
relationship / hypothesis ;; 

 The addition of 1 cm3 of H into C is equivalent to 2.2 mg of carbon dioxide. 

(e) Calculate the exact amount of carbon dioxide produced by the yeast 
suspension from boiling tubes B1 and B2 during the experiment. Show your 
working clearly. [2]

ACE 
1. Correct working;; 

Subtract reading in (c) from answer in (a) 

2. Correct working; 
Multiply by 2.2mg 

3. Correct calculation;

(f) State the purpose of including boiling tube B3 in the investigation. [1]

ACE 
1. To show that the evolution of carbon dioxide is due to the addition of 

glucose and sucrose / sugar;; 

lyy bby y 2.2.2m2mg

ct ccalalcuculaattionon;;
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(g) Identify one significant source of error and suggest a modification to the 
method that would overcome this. [2]

ACE 
Error 

1. Visual determination of colour change at end-point is subjective;; 
Modification

2. Use a colourimeter to determine precisely the colour intensity at end-
point;;

 In a separate study, a student used a modified version of the apparatus shown in Fig.1.2 to 
investigate the effect of temperature on the release of carbon dioxide from a yeast cell 
suspension. The results of the study are presented in Table 1.1. 

Table 1.1

Temperature  / °C Volume of carbon 
dioxide evolved / cm3

25.0 93 

30.0 126 

35.0 160 

40.0 180 

45.0 156 

(h) Use the grid provided to plot the data given in Table 1.1. [4]
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PDO
1. Title (T); 

“Graph showing effect of temperature on volume of carbon dioxide evolved” 

2. Heading with units (H&U);; 
x-axis: Temperature / °C 
y-axis: Volume of carbon dioxide evolved / cm3

3. Precision (P); 
x-axis: 1 d.p. 
y-axis: whole no. 

4. Scale (S); 
Graph takes up at least 50% of grid 
Divisions are equidistant 

5. Plotted points (PP);; 
All data plotted accurately to within half a small square on the grid 
If the scale is awkward, the points do not need checking 

6. Best-fit Line (L); 
Smooth curve of best fit with no extrapolation

(i) Explain the relationship between the variables in yeast respiration. [4]

ACE 
1. Respiration carried out by temperature-sensitive enzymes; 

As temperature increases,  
2. enzymes and substrates gain more kinetic energy; 

nts (PP);; 
otttededed aaacccccuuurattatelelely yy tooo wwwititithhhinn haalff aaaa sssmaamaamaamaallllllllllllll sssssssququququququququarrre eeeeee o

iss awawawkwkwaaard,d,d, ttthehehe pppoioiointntntsss do nnotototototttotototototottt nnnnnnnnnnnnnnneeeeeeeeeeeeeeeeed d d dd dddddddddd chchchchchchchecccccccckikikikkikikiking 

e (((L)L)L);;;
rvevev ooof ff bebebeststst fffititit wwwithhh nonono eeextxtxtrararappolaaaaatititititititionoooooo
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Question 2

During this question you will require access to a microscope. 
You are required to investigate the effects of potassium nitrate and lead nitrate solutions on 
cells of the plant material with which you have been supplied. Peel off one or two strips of 
epidermis from the most deeply pigmented areas of the plant tissue. Remove as little of the 
underlying tissue as possible. Cut the epidermis so that you have two squares of tissue, 
each about 5 mm x 5 mm. Place these in a dish of distilled water. 
Mount one piece of tissue on a microscope slide in distilled water under a cover slip. 
Mount the other pieces in 1 mol dm-3 potassium nitrate solution. 
Label your slides appropriately. 
Examine the tissue mounted in distilled water, using your microscope. Find an area of the 
tissue where pigmented cells occur, preferably as a single layer. 

(a) Describe the distribution of the coloured contents within the cells.  [1]

uniform distribution of coloured content within the cell;; 

 Observe the piece of tissue mounted in 1 mol dm-3 potassium nitrate solution, using 
your microscope 

(b) (i) After about one minute, make a large drawing to show the detailed 
structure of one epidermal cell which is typical of the most deeply 
coloured cells which you can see.  
On your drawing, label the positions of: 

a cell wall 
a cell surface membrane. [4]

3. increase in frequency of effective collisions between enzyme 
and substrate; 

4. increase in number of ES complexes formed per unit time; 
5. more CO2 given off per unit time; 

As temperature increase beyond optimum, 
6. enzyme molecule vibrate so vigorously that the hydrogen 

bonds and hydrophobic interactions (between the R groups of 
amino acid residues) begin to break;

7. shape of active site not complementary to that of substrates / 
some enzymes denature; 

8. less CO2 given off per unit time; 

[Total: 22]

of tititititissssssssssueueueueue mmmmmououuouountntntntntededededed innnnn 11 momomomomollll dmdmmdmdmm-3 potototototasasasasassisisisisiumumumummum niititrate
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1. (T) Title (high power detailed drawing of one epidermal cell, 
w.m., X400);  

2. (P) Thin walls;  
3. (S) Shape (length longer than width) ;  
4. (D) Cell membrane detached from cell wall; 
5. Labels (cell wall, cell surface membrane) – 1 mark each 

 (ii) Account fully for the change in appearance of the cells when placed in 
1 mol dm-3 potassium nitrate solution.  [3]

1. 1 moldm-3 sodium nitrate has a more negative water potential 
than the cell content;

2. water leaves cells;  
3. by osmosis;  
4. from a region of less negative water potential to a region of 

more negative water potential;  
5. loss of water caused the cell surface membrane to pull away 

from the cell wall;  
6. retention of pigments in the vacuole because of its high molar 

mass;
7. this phenomenon is known as plasmolysis;  
8. the gap is filled with potassium nitrate solution; 

 Heavy metals such as lead and copper are toxic to plants. 

(c) Predict the appearance of the epidermal cells if the epidermis is mounted in 1
mol dm-3 lead nitrate solution. Explain your predictions. [3]

1. pigments leaked out of the cells / content dispersed;; 
2. (heavy metal - lead) disrupts structure of membrane protein;; 
3. loss of membrane selective permeability;; 

 Fig. 2.1 shows the view of a mammalian white blood cell, using an eyepiece graticule and 
the high-power objective lens of a microscope. 

viewewewww ooooofff f aa maaaaammmmmmmmmmaaalaa iaiaiaiaiannnnn wwhwhwhw ite bblooooooooodddd cecececececelllllllllll ,,, ususususssininininingggg aaanaaa
ctiiivevevevev lllleneeee ss ofoffff aaaaa mmmmmiciciciccrorooroscscscscscopopopopopeee.e  
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Fig. 2.1

(d) Use a table to record three observable differences between the blood cell in 
Fig. 2.1 and the cell you saw in (a). [3]

1. Absence of cell wall;; 
2. U shaped nucleus;; 
3. Nucleus took up >50% of cell size;; 
4. Nucleus in the centre of cell;; 
5. Round shaped cell;; 

(e) (i) The student calibrated the eyepiece graticule against a stage 
micrometer with the following results: 
Number of eyepiece graticule divisions across 5 stage micrometer 
division = 25 
One stage micrometer division = 0.01 mm 

Use this information to calculate the actual length of the cell.  
Show the steps and units in your calculation.  [3]

1 division on eyepiece graticule = (0.01x5)/25 = 0.002 mm = 2 m;;
Actual length of cell = 14;; x 2 = 28 m;;

 (ii) Calculate the magnification of the blood cell in Fig. 2.1.  
Show your working. [2]

Magnification = diagram size / actual size;; 
Magnification = 4.8 cm / 18 m = X1714.3 (1 d.p.);;

[Total: 19]

ate e eee thhththhthe e e ee mamamamamagngnngngnififififificiciciccatatatatata ioioioioionnnnn ofofofoff tttttheheehehee bbbbblololololoooood cccccelelelelell l ll l ininininin FFFFFigigigigig. 2.1. 
your working. 

l length of cell  14;; x 2  28 m;;
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Question 3

Industrial wastewater contains high concentrations of fats, like oil and grease, which may pollute 
fresh water and influence aquatic environments. The use of lipase enzymes to remove oil and 
grease from the wastewater is an effective and environmentally-friendly treatment method. 
Chemicals are added to the wastewater to emulsify the fats and break them up into smaller fat 
droplets, increasing the surface area for lipase to break them down into fatty acids and glycerol 
at a higher rate. 
In wastewater treatment, enzymes are used on a large scale. However, enzymes are costly and 
most are only commercially available in liquid or dehydrated forms. As such, once added to the 
wastewater treatment mixture, they cannot be recovered to be re-used, thus driving up the cost 
of treatment. 
Researchers postulated that the immobilisation of lipase in alginate beads would allow the 
enzymes to be re-used, leading to cost savings. The enzymes can be added to sodium alginate 
and immobilised in the beads as shown in Fig. 3.1. 

Fig. 3.1 

Full-fat milk can be used as a substrate for the immobilised lipase enzymes. Bile salts act like 
detergents and can be used to emulsify the fats without affecting the pH. Sodium carbonate is a 
base that can be added to standardise the milk to an alkaline pH, prior to treatment with lipase. 
The monitoring of the pH of the reaction mixture from a predetermined start to end-point pH can 
be used to measure the activity of the immobilised lipase. 
Using this information and your own knowledge, design an experiment to find the concentration 
of lipase needed to form immobilised lipase beads with the same activity as free enzymes (non-
immobilised).
You must use: 

 10% lipase solution 

 industrial 3% lipase  

 sodium alginate suspension 

 calcium chloride solution 

 full-fat milk   

 sodium carbonate solution 

 5% bile salts solution 

lipase and sodium 
alginate 

calcium chloride 
solution 

nd your own knowledge, design an experiment to
m immmmmmmmobobobobobilissseddddd lllllipppppassssseeeee bebebebebeadaadds wwwitth the ssamamaamame eee acacacacacactititittivvvvivv ty

onnnn 
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 a pH meter with a digital display to 2 decimal places 

 stopwatch 

You may select from the following apparatus: 
 normal laboratory glassware e.g. test-tubes, beakers, measuring cylinders, graduated 

pipettes, glass rod, etc. 
 syringes 

Your plan should: 

 have a clear and helpful structure such that the method you use is able to be repeated by 
anyone reading it, 

 be illustrated by relevant diagram, if necessary, 

 identify the independent and dependent variables, 

 describe the method with the scientific reasoning used to decide the method so that the 
results are as accurate and reliable as possible, 

 include layout of results tables and graphs with clear headings and labels, 

 use the correct technical and scientific terms, 

 include reference to safety measures to minimise any risks associated with the proposed 
experiment. 

[Total: 14]

Relate independent variable to dependent variable 
Reaction: Lipase is a biological catalyst which catalyses the hydrolysis 
of lipids into glycerol and fatty acids.  
How to measure dependent variable 
Fatty acid produced neutralises the alkali in milk, leading to a decrease 
in pH of the reaction mixture. 
Time taken for pH to decrease from 10.00 to 7.00 can be used to 
measure the rate of reaction. 
Describe and explain of expected trend 
With the increase in concentration of lipase, the frequency of 
successful collision between substrate (lipids) and enzyme (lipase) 
increases. As more enzyme-substrate complexes are formed per unit 
time, more fatty acid formed per unit time. Hence time taken for the pH 
to decrease to 7.00 decreases. 

Independent variable  
Concentration of lipase 
Range: 10%, 8%, 6%, 4%, 2%   

Dependent variable  
Time taken for the pH to decrease from 10.00 to 7.00 

Controlled variables  

Controlled Variable Appropriate 
Quantity 

Temperature of incubation 40oC
Volume of milk used 5 cm3

Volume of lipase used 2 cm3

Volume of bile salts 1 cm3

Volume of sodium carbonate 5 cm3

Independent variable:  
States that independent 
variable is 
concentration of lipase 
and uses at least five 
different uniformly-
spaced concentrations;; 

Dependent variable: 
Time taken for pH to 
reach stated end-point;; 

Controlled variables: 
Describe two identified 
variables;; 
And describe how they 
are controlled;; ;; 

C

, 2%   

dececreasasee frfromo  10.0 0000 ttoo 77.0000 
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Experimental Procedures 

Dilution of lipase: 
Table showing dilution 10% lipase solution

Final
concentration 
of lipase / % 

Final volume of 
diluted lipase / 

cm3

Volume of 
stock added / 

cm3

Volume of 
distilled water 
added / cm3

10 5.0 10.0 0.0 
8 5.0 8.0 2.0 
6 5.0 6.0 4.0 
4 5.0 4.0 6.0 
2 5.0 2.0 8.0 

Preparation of immobilised lipase: 
1. mix 2 cm3 of lipase with 2 cm3 of sodium alginate 
2. Pour the mixture into a syringe 
3. Drip mixture into calcium chloride solution 
4. Wash the beads with distilled water 
5. Repeat for each concentration of lipase 

Set up for immobilised lipase: 
1. Set up at water bath at 40oC using a 500 cm3 beaker 
2. add 5 cm3 of milk into a test-tube 
3. Add 1 cm3 of bile salts solution to emulsify the fats 
4. Using the pH meter, add sufficient (e.g. 5 cm3) sodium carbonate 

solution so that the pH of the solution in the test-tube reaches 
pH 10. 

5. Place all the lipase beads into another test-tube 
6. place both tubes in the water bath 40oC for 2 minutes to 

equilibrate to temperature 
7. put in the pH probe and ensure the reading is 10.00 
8. transfer the 5 cm3 milk into the test tube containing immobilised 

lipase and start timing 
9. Record the time taken for the pH to reach 7.00 
10. Repeat steps 2 – 9  for each concentration of lipase enzyme 

Set up for free lipase: 
Same procedure as above except that 2 cm3 of lipase is added into a 
test tube 

Producing accurate and reliable results  
For each concentration of lipase enzyme, repeat the entire 
procedure to obtain three replicates  
Repeat the entire experiment two more times 

Definition of control Negative control
A negative control is subjected to the same factors as that for the 
experiment, except that lipase is replaced by an equivolume of distilled 
water  
It is expected that the pH remains at 10.00 regardless of the incubation 
time.  
This proves that it is indeed lipase that hydrolyses the fats causing pH 
to decrease.  

Data manipulation  

Method: 
Plans suitable method 
to vary lipase 
concentration;; 

Method: 
Plan suitable method to 
immobilise lipase in 
beads 

Method: 
Devise a method that 
equilibrate the enzymes 
and substrate to 
temperature;; 
Method:  
Standardise the starting 
pH of mixture e.g. pH 10 
by adding a fixed 
volume of sodium 
carbonate;; 
Method: 
Plans a suitable 
procedure that involves 
monitoring the change 
in pH towards a set end-
point pH;; 
Method: 
Plan a method to carry 
out the same procedure 
but with equal volume 
of free enzyme 

Reliability: 
Ref to repeating at least 
two more times with 
different lipase 
concentration;; 

Control: 
Ref to control 
experiment without 
substrate;; 

o

R
R
t
d

liablbbb e rererereeesususususultlttlts  
rattionon off lipapasese eenznzymymee, rreepppppppppppeaeaeaeaeaeeeaeeaeaeaaattt t tttt ththhthtttt e e ee enenentititirerere 
threee e rerepliccatateses 
peeririmem tnt ttwo mororee titimemes

ve control
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Processing of data – mean / average  
rate of reaction = 1/t 

Table showing the effect of concentration of lipase on rate of reaction 

Graph showing the effect of concentration of lipase on rate of reaction 

To find out the concentration of lipase to make immobilised enzymes, 
plot a standard curve with the data obtained. The concentration of 
lipase to use is then obtained by using the graph to determine the 
lipase concentration that gives the same rate of reaction as 3% 
industrial lipase (free enzymes). 

Labelled diagram of setup  

                                                                                   
                                                                          water bath at 40oC

Risk assessment and precautions taken 
Wear gloves and goggles to prevent contact with lipase which is an 
irritant.
Use a piece of rag to hold the beaker containing hot water (when 

Lipase
concentratio
n, C/ % 

Time taken for pH to change 
from 10.00 to 7.00, t/ min 

Rate of 
reaction, R/ 
min-1t1 t2 t3 t

10      
8      
6      
4      
2      

Recording: 
Shows how results are 
to be presented in the 
form of a table with IV 
(concentration of lipase) 
and dependent variable 
(time taken for pH to 
change from 10.00 to 
7.00) in appropriate 
column/rows; 

Accuracy: 
States how lipase 
concentration can be 
determined by 
comparing to reaction 
by free enzymes  

Risk/safety: 
Refers to hazard and 
precaution;; 

Test tube containing 5 
cm3 of milk with bile 
salts at pH10, and 2 
cm3 of free / 
immobilised lipase 

                                                  
      waw ter rrrrrrr bababababababath aaaaaaaatt tttttt 404040440444 oC
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preparing water bath) to prevent burns / scalds  

Correct use of technical and scientific terms 
e.g. catalyse, enzyme-substrate complex, active site, complementary,
acidic
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Answer all questions on the OTAS provided. 
 
 
1 EDTA is used extensively as an anticoagulant for stored blood in blood banks. 

Thrombokinase plays a major role in the clotting of blood. EDTA decreases the reaction 
rate of thrombokinase by binding to calcium ions. 

  Which of the following describes the role of calcium ions? 

A Allosteric inhibitors 
B Coenzymes 
C Cofactors 
D Competitive inhibitors 

 
 
2 A cell in the G1 phase has two homologous pairs of chromosomes. It then undergoes 

two mitotic divisions. At the end of the second mitotic division, what is the total number 
of chromosomes and gene loci found in all the daughter cells formed? 

A 8 chromosomes and 4 times as many gene loci as the original parent cell. 
B 8 chromosomes and 8 times as many gene loci as the original parent cell. 
C 16 chromosomes and 4 times as many gene loci as the original parent cell. 
D 16 chromosomes and 8 times as many gene loci as the original parent cell. 

3 The electron micrograph below shows a liver cell.  
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Which statement(s) correctly describe(s) the labelled structures? 

1   Structure A transports proteins from Structure B to Golgi Apparatus.  
 
2   Proteins enter the lumen of Structure B, where they undergo chemical 

modifications such as glycosylation.  
 
3   Structure C is starch grain. 
 
4 The process shown in structure D is autolysis. 

 

A 2 only            B 1 and 2 only            C 2 and 3 only           D 2, 3 and 4 only 
 

 

4 The graph represents the changes in the DNA content within a cell at different stages in 
the cell cycle. 

Name the events occurring at P, Q and R, and identify the stage where meiosis is 
occurring. 

 

 

  P Q R Meiosis occurring 
at

A S phase Fertilisation Cytokinesis Y

 B Fertilisation Interphase Cytokinesis Z

 C S phase Prophase Telophase Y

 D Fertilisation Metaphase Telophase Z

DNA content per cell/ 
arbitrary unit 
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5 The graph shows changes in the amount of DNA in a cell during one cell cycle. The 
letters U – Z marks out the different phases in the cell cycle. 

 

 

 Many drugs that are used to treat cancer work at different time periods during the cell 
cycle. 

(i) Cisplatin binds to DNA and stops free DNA nucleotides from joining together. 
 
(ii)  Drug B stops spindle fibres from shortening. 

 

With reference to the cell cycle above, determine where these 2 drugs work. 

 

Cisplatin Drug B 

A W X 

B W Y 

C U X 

D           U Z 
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6  The figure below shows a DNA molecule.  

 

Which statement(s) correctly describe the polynucleotide? 

  

1  The structure labelled A corresponds to that of a purine, while the 
structure labelled B corresponds to that of a pyrimidine. 

 
2  The antiparallel nature of DNA double helix allows phosphodiester bonds 

to form between the nitrogenous bases of opposite strands. 
 
3  Distance between adjacent deoxyribonucleotides is 3.4  and one turn 

consists of 10 deoxyribonucleotides. (Note: 10  = 1 nm) 
 
4 The wound DNA double helix consists of alternating major grooves and 

minor grooves along its axis which are essential for the binding with 
proteins. 

A 1 only 
B 1 and 2 only 
C 3 and 4 only 
D 1, 3 and 4 only 
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7 The RNA triplet UAG acts as a stop codon terminating the synthesis of a polypeptide. 
The diagram shows a template strand of DNA which codes for four amino acids. 
 
Where would a mutation, introducing a thymine nucleotide, result in the termination of 
translation? 

 

 

 

 

 

8 Which of the following is not a feature of eukaryotic gene expression? 
 

A Polycistronic mRNAs are very rare. 
B Many genes are interrupted by noncoding DNA sequences. 
C RNA synthesis and protein synthesis are coupled. 
D mRNA is often extensively modified before translation. 

9 Human telomeres consist of repeating TTAGGG sequences which extend from the ends 
of the chromosomal DNA. When cells undergo mitotic division, some of these repeating 
sequences are lost. This results in a shortening of the telomeric DNA. 

What is a consequence of the loss of repeating DNA sequences from the telomeres? 

A The cell will begin the synthesis of different proteins. 

B The cell will begin to differentiate as a result of the altered DNA. 

C The number of mitotic divisions the cell can make will be limited. 

D The production of mRNA will be reduced. 

 
 
 
 
 
 
 
 
 
 
 
 
 

3’   T C C A C A C G A T G C   5’

A B C D
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10 The translation mixture contains a polynucleotide that directs the synthesis of Met-Gly-
Gly-Phe-Leu-Ala. In the presence of Azithromycin, this polymer directs the synthesis of 
Met-Gly only. 

From the information given, which of the following deductions could you make about 
Azithromycin? 

 Control Stage Conclusion 

A Translational It prevents formation of the initiation complex, which contains 
the initiator tRNA and both ribosomal subunits. 

B Post translational It inhibits binding of aminoacyl- tRNAs to the A site in the 
ribosome. 

C Translational It blocks translocation of peptidyl transferase-rRNA from the A 
site to the P site of the ribosome. 

D Post translational It interferes with chain termination and release of the peptide. 

 
11   Which of the following statement(s) about cancer is / are true? 

 

A I only 

B I and II only 

C I and III only 

D I, II and III 

 

12 To date, more than 10 different strains of influenza virus (e.g. H1N1, H2N3, H5N1, 
H7N9 and so on) have been documented.

 
Which of the following structural characteristic of influenza virus makes this possible? 

 
A Single-stranded RNA as its genetic material 

B Presence of an envelope that is derived from the host cell 

C Eight separate segments of genetic material 

D Presence of error-prone reverse transcriptase within the virus 

I Individuals who inherit one mutant tumour suppressor gene are more likely to develop 
cancer than individuals with two non-mutant copies. 

II Cancer is a result of increased cell division which promotes the mutation of a proto-
oncogene.   

III Mutagenic activation of a single oncogene is sufficient to cause a normal cell to 
develop into a cancerous cell. 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



8 

13 The figure below shows the structure of a virus. 

Which of the following matches the functions of structures W – Z? 

W X Y Z 

A
Ensures the integrity 
of the viral genome 

is maintained 

Entry of virus into 
host cell 

Specificity of host 
cell Assembly of viruses 

B
Ensures the integrity 
of the viral genome 

is maintained 
Assembly of viruses Entry of virus into 

host cell 
Specificity of host 

cell 

C Specificity of host 
cell Assembly of viruses 

Ensures the integrity 
of the viral genome 

is maintained. 

Entry of virus into 
host cell 

D Assembly of viruses 
Ensures the integrity 
of the viral genome 

is maintained. 

Entry of virus into 
host cell 

Specificity of host 
cell 

14  When the lac operon for lactose metabolism is switched off, which of the following 
genes would still be expressed? 

 
I   -galactosidase gene 

II   RNA polymerase gene 
III   CAP gene 
IV   Repressor gene 

 
 

A I and II 

B I and III 

C II, III and IV 

D All of the above 
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15  The pedigree chart below shows the inheritance of a recessive condition known as 
human albinism. Only homozygous recessive individuals are albinos. 

   
 

What is the probability of individual 9 being a heterozygous carrier? 
 

A 0.00 

B  0.25 

C 0.50 

D 1.00 

16  Which of the following regarding embryonic stem cells and hematopoietic stem cells is 
true? 

A As embryonic stem cells develop, they turned into hematopoietic stem cells as 
they lose their ability to differentiate into all types of cells. 

B Embryonic stem cells have more genes than hematopoietic stem cells and thus 
are able to form more types of cells.  

C Under normal conditions, embryonic stem cells express more of their genes 
compared to the hematopoietic stem cells. 

D Both stem cells are derived from the zygotic stem cells with the hematopoietic 
stem cells having a lowered telomerase activity compared to the embryonic stem 
cells. 
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17 A plant researcher tried to investigate a cross between two heterozygous Snapdragon 
plants that produced red flowers. She predicted three possible phenotypic outcomes, 
namely plants with white flowers, pink flowers and red flowers, with a phenotypic ratio of 
4:3:9 respectively. When the cross was performed, she found 50 plants with white 
flowers only, 41 plants with pink flowers, and 85 plants with red flowers. A chi-squared 
test was performed, and the chi-squared value was calculated to be 4.74 

Which of the following statements is correct? 

A The degree of freedom is 3. 

B  The calculated chi-squared value is greater than the critical chi-squared value. 

C There is a high probability that the difference between the observed and 
expected values is due to chance. 

D The probability that the difference between observed and expected values is due 
to chance is less than 5%. 

   

 

18 Recent advances in the field of stem cell research have shown that induced pluripotent 
stem cells (iPS cells) can be artificially derived from adult somatic cells. iPS cells are 
mostly similar to natural pluripotent cells. This implies that iPS cells can  

 

A theoretically differentiate into all cell types. 

B theoretically differentiate into any of the three germ layers. 

C theoretically differentiate into gametes. 

D theoretically capable of transdifferentiation. 

Degree 
of 

freedom 

Probability, P 

0.10 0.05 0.02 0.01 0.001 

1 2.71 3.84 5.41 6.64 10.83 

2 4.61 5.99 7.82 9.21 13.82 

3 6.25 7.82 9.84 11.35 16.27 

4 7.78 9.49 11.67 13.28 18.47 
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19 During the process of polymerase chain reaction (PCR), the amount of DNA 
synthesised can be traced using fluorescent probes and the measurements are shown 
in the following plot. The process initially goes through an exponential phase followed by 
a plateau phase eventually.  

 

 
 
 
Which of the following statements is true? 
 
A During the exponential phase, the number of DNA molecules synthesized after 15 

cycles is 152. 
B During the exponential phase, the temperature is always maintained at the 

optimum temperature of 72oC hence there is rapid amplification. 
C During the plateau phase, the reaction mixture is being depleted of 

ribonucleotides. 
D During the plateau phase, Taq polymerase may be denatured. 

 
 
 
20 The dashed lines in the template sequence represent a long sequence of bases to be 

amplified.  

Template

  5’ ATTCGGACTTG - - - - - - - - - - - - - - - - - - - - GTCCAGCTAGAGG 3’ 

 3’ TAAGCCTGAAC - - - - - - - - - - - - - - - - - - - - CAGGTCGATCTCC 5’ 

 
Which of the following sets of primers can be used in the PCR for the amplification of 
the following DNA sequence? 

A 5’ GTCCAGC 3’   &   5’ CCTGAAC 3’ 
B 5’ ATTCGGA 3’   &   5’ CCTCTAG 3’ 
C 5’ GGACTTG 3’   &   5’ GCTGGAC 3’ 
D 5’ AUUCGGA 3’   &   5’ GAUCUCC 3’ 

 
 
 
 

Amount 
of DNA/ 
arbitrary 

units 

Number of cycles 
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21  A family with a history of a genetic disease is studied using restriction digestion of the 
DNA samples containing the gene responsible for the disease. The pedigree chart of the 
family is aligned with the autoradiogram obtained from Southern blotting. (Shaded 
symbols in the pedigree chart indicate individuals affected by disease.) 

 

 
Based on the information given, which of the following can be deduced? 
A The disease allele is dominant to the normal allele. 

B The mutation creates a new restriction site in the affected gene. 
C One of the parents in generation I is a carrier. 
D The offspring in generation II is a carrier. 

 
 
22 Which of the following statements correctly compares oxidative phosphorylation and 

non-cyclic photophosphorylation? 

A Both types of phosphorylation produce ATP and oxygen as end products.  

B Both types of phosphorylation produce ATP and the reduced form of a redox 
reagent.  

C Oxidative phosphorylation is involved in the conversion of one form of chemical 
energy to another while non-cyclic photophosphorylation is involved in converting 
light energy to chemical energy.  

D Water is an electron donor in non-cyclic photophosphorylation while it is an 
electron acceptor in oxidative phosphorylation.  

 
 
23 What happens to most of the reduced NAD molecules in cell metabolism? 

A They act as oxidising agents in glycolysis.

B They are oxidised in inner mitochondrial membrane for ATP formation. 
C They are oxidised in the Calvin cycle. 
D They combine with succinic acid as part of Krebs cycle. 
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24 Rotene and oligomycin are two metabolic poisons which affect cellular respiration. The 

effects of rotene and oligomycin on aerobic respiration are summarised in the table.

 Ability to use glucose Ability to use oxygen ATP yield 

Rotene Yes No Decreases 

Oligomycin Yes Yes Decreases 
 

Which of the following correctly identifies the specific functions of these two metabolic 
poisons? 

 Rotene Oligomycin 

A Electron transport inhibitor Inhibits ATP synthase 

B Inhibits ATP synthase Electron transport inhibitor 

C Dissipate proton gradient Inhibits ATP synthase 

D Inhibits ATP synthase Dissipate proton gradient 

 
 
 
25 In the graph below, the rate of CO2 uptake by plant cells is shown to vary with 

increasing light intensity. 
 

 
 

Which of the following is true at point X? 

 

A The plant is photosynthesizing. 

B Rate of respiration equals rate of photosynthesis. 
C CO2 is a limiting factor. 
D There is not enough light for photosynthesis to have commenced. 
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26 The two graphs below show the allele frequency of an antibiotic resistance gene Neo in 
the gene pool of Streptococcus pneumoniae, a bacteria that causes pneumonia.    

 
 

Which of the following statements can be concluded from the graphs?  

A There is more genetic variation in the gene pool of Streptococcus pneumoniae in 
hospital A than hospital B. 

B Patients in hospital A were treated with antibiotic Neomycin more frequently than 
patients in hospital B. 

C The rate of mutation in the genome of Streptococcus pneumoniae in hospital B
occurs more slowly than that in hospital A. 

D Patients in hospital A has a stronger immune system than patients in hospital B. 

27 Which sequence of events correctly describes evolution? 
 

1 Differential reproduction of the spiders occurs. 

2 A new selection pressure occurs. 

3 Allele frequencies within the spider population change. 

4 Poorly adapted spiders have decreased survivorship. 

A 2   4   1   3 

B 2   4   3   1 
C 4   1   3   2 
D 4   3   1   2 
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28 The following statements are some findings of scientists in an attempt to investigate the 
evolutionary relationship between the anteater, armadillo and pangolin.  

 
I Anteater, armadillo and pangolin feed primarily on insects such as ants. 

 
II Anteater, armadillo and pangolin have long tongue and strong digging limbs. 

 
III The tongues of the anteater and armadillo are connected to the hyoid bone 

while the tongue of pangolin is not.  
 

IV There is a higher percentage similarity between the DNA sequences of 
Anteater and armadillo than with the pangolin. 
 

V There is very low percentage similarity between the DNA sequences of 
anteater and pangolin as well as between the armadillo and pangolin.  

 
 

Which of the following conclusions can be drawn from the statements given above? 
 

A The anteater and pangolin have experienced divergent evolution as shown by 
homologous structures between their hyoid bones and tongues.  

B The anteater and pangolin have experienced convergent evolution as shown by 
homologous structures in their hyoid bones and tongues.  

C The armadillo and pangolin have experienced divergent evolution as shown by the 
low similarity between their DNA sequences. 

D The anteater and armadillo have experienced divergent evolution as shown by 
similarities in their DNA sequences and homologous anatomical structures.  

29 In order to initiate an adaptive immune response, antigenic peptide must be presented 

to antigen-specific T cells. Which one type of cell presents this antigen to T cells?

A Dendritic cell 

B Epithelial cell 
C Neutrophil 
D Plasma cell  
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30 The diagram shows the effect of increasing temperatures on the ice and snow cover at 
the polar regions. 

. 
 

 
 

Which effect of higher temperatures in the polar regions could increase global warming? 

A Increased evaporation leads to more rainfall, which absorbs heat from the land 
and sea. 

B Melting of ice and snow results in less reflection of sunlight and more heat 
absorption by the Earth. 

C Melting of sea ice causes more cloud formation, which increases absorption of 
heat in the atmosphere. 

D Earlier melting of snow allows vegetation cover to increase faster, reducing loss of 
heat from the surface of the Earth. 

End of Paper 
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Answer all questions in the spaces provided. 

Question 1 

There have been many breakthroughs in stem cell research in recent years. It has been 
discovered that stem cells are involved in the replacement of worn-out cells and repair of 
damaged tissues. Further research is being conducted to better understand the mechanism 
involved in controlling the behaviour of stem cells in order to better manipulate them to treat 
various diseases and disorders. 

(a) State the type of stem cells involved in the replacement of worn-out cells and repair of 
damaged tissues, and describe the unique properties of this type of stem cells.    [2] 

………………………………………………………………………………………………………

………………………………………………………………………………………………………

……………………………………………………………………………………………………… 

Stem cells undergo cell division to produce genetically identical daughter cells. Fig. 1.1
shows two cells, each at a different stage of cell division. 

Fig. 1.1 

(b)(i) With reference to Fig. 1.1, state the stages of cell division in Cell A and Cell B.    [1]       

Cell A: …………………………………… 

Cell B: ……………………………………
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(ii) The dysregulation of cell cycle can result in cancer. Outline the checkpoints that are 
present in normal cells to prevent this from occurring.       [2] 

……………………………………………………………………………………………………

……………………………………………………………………………………………………

…………………………………………………………………………………………………… 

Fig. 1.2 shows information about the movement of chromatids in a cell that has just started 
metaphase of mitosis. 

Fig. 1.2 
(c)(i)   With reference to Fig. 1.2, state the duration of metaphase in the cell.    [1]    

…………………………………………………………………………………………………… 

(ii)  Complete line Y on the graph.                      [1]    
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(iii) Account for your answer in (c)(ii).           [3]    

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

…………………………………………………………………………………………………… 

The movement of chromatids is dependent on spindle fibres, which are made up of many 
tubulin subunits. Spindle fibres are lengthened at one end during mitosis by the 
polymerisation of tubulin subunits through GTP hydrolysis.  

A drug, eribulin, is known to prevent the polymerisation of the tubulin subunits.  

(d)(i) Contrast between the structure of tubulin with that of DNA.        [2] 

……………………………………………………………………………………………………

……………………………………………………………………………………………………

…………………………………………………………………………………………………… 

(ii) Suggest how eribulin work to prevent tubulin polymerisation and explain its effect on 
the behaviour of chromosomes in mitosis.                               [3] 

……………………………………………………………………………………………………

……………………………………………………………………………………………………

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

       [Total: 15] 
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Question 2

The retrovirus, human immunodeficiency virus (HIV), and the influenza virus are two types of 
enveloped viruses. Both enter the human host cells by adsorption and penetration. Fig. 2.1 
shows the entry process of a HIV into a macrophage, which is a type of white blood cell. 

Fig. 2.1 

(a)(i) State what is meant by retrovirus.            [2] 

……………………………………………………………………………………………………

……………………………………………………………………………………………………

…………………………………………………………………………………………………… 

(ii) Compare the entry processes of the HIV and influenza virus into human host cells. [3] 

……………………………………………………………………………………………………

……………………………………………………………………………………………………

…………………………………………………………………………………………………… 

……………………………………………………………………………………………………

A

B
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(iii) Upon completion of the entry process, describe how the HIV genome is inherited by 
macrophage daughter cells.                                                                                       [3] 

……………………………………………………………………………………………………

……………………………………………………………………………………………………

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

(iv) ‘HIV-positive patients usually develop weak immunity.’  

Explain what is meant by this statement.        [4] 

……………………………………………………………………………………………………

……………………………………………………………………………………………………

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

Another example of an enveloped virus is the herpes simplex virus. Viral DNA enters the 
nucleus of the host cell via nuclear pores and directs synthesis of viral RNA and DNA. The 
virus is able to grow in non-dividing cells because its genome encodes enzymes such as 
viral DNA polymerase and thymidine kinase. Thymidine kinase is involved in synthesising 
dexoyribonucleotides required for DNA replication. 

(b)(i) Describe the normal function of nuclear pores.                   [2]  

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

(ii) State the process that is involved in the          [1] 

 Synthesis of viral RNA: ……………………………………………………………………… 

 Synthesis of viral DNA: ……………………………………………………………………… 
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(iii) Describe two ways in which the named processes in (ii) are different.                      [2] 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

Acyclovir is an anti-viral drug which is used to treat herpes. It prevents the complete 
replication of viral DNA by viral DNA polymerase. The structure of acyclovir is shown below 
in Fig. 2.2.

         Fig. 2.2 

When acyclovir enters the infected cell, it is first phosphorylated by thymidine kinase and 
subsequently becomes further phosphorylated by host cell kinases. When this 
phosphorylated acyclovir is incorporated into the newly-synthesised DNA strand, it prevents 
further elongation of the DNA strand. 

(c)(i) With reference to Fig. 2.2, suggest how the incorporation of the phosphorylated 
acyclovir prevents further elongation of the DNA strand.       [2]

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

(ii) Some strains of herpes simplex virus are now resistant to acyclovir. Suggest how the 
virus has gained resistance to this anti-viral drug.                                                      [1] 

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

                       [Total: 20] 
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Question 3 

In a particular variety of tomato plant, the allele for red fruit colour (A) is dominant over the 
allele for orange fruit (a) and the allele for green base when ripe (B) is dominant over the 
allele for no green base when ripe (b).

Two students, Faiz and Jacob crossed plant with red fruit and green base when ripe with 
pure bred plant with orange fruit and no green bases when ripe. The phenotypes of 50 
offspring of each of Faiz’s and Jacob’s crosses were recorded and are shown in Table 3.1.

Table 3.1 

Phenotypes of offspring of test crosses 

Red fruit with 
green base 

Red fruit with no 
green base 

Orange fruit with 
green base 

Orange fruit with 
no green base 

Faiz’s cross 23 4 3 20

Jacob’s cross 3 21 23 3

-

(a)(i) With the aid of the table of probabilities as shown above, carry out a 2 test on the 
results of Faiz’s cross and provide a brief explanation for the results obtained.     [6] 

degrees of 
freedom 

probability, p

0.10 0.05 0.02 0.01 0.001 

1 2.71 3.84 5.41 6.64 10.83 

2 4.61 5.99 7.82 9.21 13.82 

3 6.25 7.82 9.84 11.35 16.27 

4 7.78 9.49 11.67 13.28 18.47 
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………………………………………………………………………………………………………

………………………………………………………………………………………………………

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

(ii) State the probability that the results of Faiz’s cross depart significantly by chance 
from the expected ratio.           [1] 

…………………………………………………………………………………………………… 

(b) Draw a genetic diagram to explain the results of Jacob’s cross.       [5] 
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(c) Explain the difference in results between Faiz’s and Jacob’s cross when the parental 
genotypes are the same.              [3] 

………………………………………………………………………………………………………

………………………………………………………………………………………………………

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

               [Total: 15] 

Question 4 

Yeast haploid cells secrete  factor to signal mating, and respond by growing a mating 
projection towards a potential mate. Upon contact of the two partner cells, these fuse to form 
a diploid zygote.  

Fig. 4.1 shows the  factor signaling pathway mediated by yeast G-protein coupled receptor, 
Ste2. The activation of the pathway induces the expression of FUS1 gene which is required 
for yeast mating. 

Fig. 4.1 
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(a)(i) With reference to Fig. 4.1, describe how  factor triggers the activation of Cdc42.   [4] 

…………………………………………………………………………………………………… 

……………………………………………………………………………………………………

……………………………………………………………………………………………………

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

(ii)  Briefly explain why  factor cannot enter the yeast cell directly.           [2] 

…………………………………………………………………………………………………… 

……………………………………………………………………………………………………

…………………………………………………………………………………………………… 

(iii) Explain the possible role of Ste12 in the expression of FUS1 gene.     [2]

……………………………………………………………………………………………………

……………………………………………………………………………………………………

…………………………………………………………………………………………………… 

(iv) It has been observed that the binding of a protein Y to a region upstream of the 
promoter results in the mating projection to be produced at a rate higher than normal 
in the yeast cells.   

Provide a reason for this observation.          [3] 

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………
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Fig. 4.2 shows the Ste2 receptor on another yeast cell membrane. 

Fig. 4.2 

(b)(i) Describe the structure of Ste2 receptor.                          [2] 

……………………………………………………………………………………………………

……………………………………………………………………………………………………

…………………………………………………………………………………………………… 

(ii) Explain how Ste2 receptor remains embedded in the yeast cell membrane.    [2] 

……………………………………………………………………………………………………

……………………………………………………………………………………………………

…………………………………………………………………………………………………… 

[Total: 15] 
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Question 5 

Arabidopsis thaliana is a small flowering plant native to Asia. A mutation in the gene coding 
for NADP oxidase results in plants with short root hairs. NADP oxidase is an enzyme that 
converts NADPH to NADP+.

Fig. 5.1 shows the root hairs in the two variant of A. thaliana.

Fig. 5.1 

(a) Explain the role of NADPH in photosynthesis.           [2] 
                                                                                

………………………………………………………………………………………………………

………………………………………………………………………………………………………

……………………………………………………………………………………………………… 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



14

In a separate experiment, activity of NADP oxidase in the tips of the root hair cells in wild 
type and mutant A. thaliana were measured at intervals. Changes in mean length of the root 
hair cell was also measured to track the rate of growth, which is known to be an energy-
requiring process. Both sets of results are shown in Fig. 5.2.

Fig. 5.2 

(b) Using your knowledge of photosynthesis, provide an explanation for the difference in the 
growth of root hairs in the two types of A. thaliana.                                                        [4]

………………………………………………………………………………………………………

………………………………………………………………………………………………………

……………………………………………………………………………………………………… 

………………………………………………………………………………………………………

………………………………………………………………………………………………………

……………………………………………………………………………………………………… 
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Rubisco is an enzyme required in the light-independent stage of photosynthesis. Fig. 5.3
shows the effect of increasing temperature on the activity of two variations of Rubisco, 
Rubisco C and Rubisco S.

Fig. 5.3 

(c) With reference to Fig. 5.3, compare the effect of temperature on the two enzymes.     [3] 

………………………………………………………………………………………………………

………………………………………………………………………………………………………

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

(d) It is known that Rubisco C is obtained from a species of coniferous tree found in 
Canada, while Rubisco S is obtained from a species of cactus found in the Sahara 
Desert.

(i) Explain how different alleles give rise to different Rubisco structure.                         [3] 

……………………………………………………………………………………………………

……………………………………………………………………………………………………

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 
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(ii) It has been predicted that Rubisco S will be found in more plant species in view of 
climate change. Explain how Darwin’s theory of evolution supports this observation.
              [4] 

……………………………………………………………………………………………………

……………………………………………………………………………………………………

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

……………………………………………………………………………………………………

…………………………………………………………………………………………………… 

(iii) Suggest two other ways plants can adapt to the changing climate.                            [2]  

…………………………………………………………………………………………………… 

……………………………………………………………………………………………………

…………………………………………………………………………………………………… 

                        [Total: 18] 
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Question 6 

Fig 6.1 shows the phylogenetic tree based on differences between the cytochrome b 
proteins.

Fig. 6.1 

(a) Using information from the table and Fig. 6.1, identify organisms W to Z.       [2]         
            
Organism W: ……………………………… 

Organism X: ……………………………… 

Organism Y: ……………………………… 

Organism Z: ……………………………… 

The table below shows the amino acid differences in the cytochrome b protein between 
various vertebrates. 
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(b) Distinguish between classification and phylogeny.        [2]   

……………………………………………………………………………………………………… 

………………………………………………………………………………………………………

……………………………………………………………………………………………………… 

(c) Explain how differences in amino acid sequences in the cytochrome b chain allow the 
establishment of the phylogenetic tree. [2] 

……………………………………………………………………………………………………… 

………………………………………………………………………………………………………

……………………………………………………………………………………………………… 

(d) Suggest why homology still features prominently in evolutionary studies despite the 
advantages that molecular evidence can confer.         [1] 

……………………………………………………………………………………………………… 

………………………………………………………………………………………………………

Brown adipocytes were one of the cells isolated for the above investigation. Fig. 6.2 shows 
the schematic representation of a series of protein complexes found on the inner membrane 
of organelle X present in brown adipocytes. 

Fig. 6.2
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(e)(i) State the identity of organelle X.                                                                                 [1] 

…………………………………………………………………………………………………… 

(ii) Outline how ATP is usually synthesised in the inner membrane of organelle X.        [4] 

…………………………………………………………………………………………………… 

……………………………………………………………………………………………………

…………………………………………………………………………………………………… 

…………………………………………………………………………………………………… 

……………………………………………………………………………………………………

…………………………………………………………………………………………………… 

(f) Brown adipocytes contain a unique protein, UCP1, which is not found in organelle X in 
any other cell type. 

Evaluate the impact of UCP1 on ATP synthesis and suggest the physiological 
significance of brown adipose tissue.         [3] 

……………………………………………………………………………………………………… 

………………………………………………………………………………………………………

……………………………………………………………………………………………………… 

……………………………………………………………………………………………………… 

(g) In other cell types, NADH and FADH2 are used to drive ATP synthesis by ATP synthase. 
Using relevant information from Fig. 6.2, suggest and explain why more ATP is 
produced from NADH.            [2] 

……………………………………………………………………………………………………… 

………………………………………………………………………………………………………

……………………………………………………………………………………………………… 

[Total: 17] 

END OF PAPER
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Section A 
Answer all the questions in this section. 

Question 1 

Repeat droughts may cause permanent damage to forests 
By: Alex Whiting

ROME, Aug 9 (Thomson Reuters Foundation) - Trees and their environment need as long as 
two years to recover from drought in some places, and if a second dry spell hits before then, 
it may cause permanent damage to the landscape, researchers said on Wednesday. 

With climate change expected to bring more frequent and intense droughts, the implications 
for areas that do not have time to bounce back fully could be severe, the researchers said in 
a paper to be published in Nature journal this week. "That could have a double whammy 
effect," said co-author William Anderegg, assistant professor of biology at the University of 
Utah. "A second drought could be harder on an ecosystem and have the potential to push it 
off a cliff." 

In practice, that means affected areas could eventually turn from lush forest to a land of grass 
and shrubs. Boreal forests in northern parts of Europe, Russia and Canada can take up to two 
years to recover from drought, partly because they do not have a wide variety of plants, 
Anderegg told the Thomson Reuters Foundation. Forests in the tropics of South America and 
Southeast Asia have also taken the same amount of time to rebound. 

"That's worrisome because those regions store the largest chunks of carbon in 
ecosystems across the globe," Anderegg said. Forests help tackle climate change by 
sucking carbon out of the air, reducing levels of planet-warming carbon dioxide, the main 
greenhouse gas. But when trees die, most of the carbon they have absorbed is released back 
into the atmosphere. 

The Amazon rainforest suffered a double drought in the first decade of this century when dry 
spells, both of a once-in-a-100-years severity, hit the region. "Satellites showed that forests 
hadn't recovered from the 2005 drought by the time the 2010 drought struck," Anderegg said. 

Adapted from a Reuters Article 

(a) Discuss how anthropogenic climate change has affected the growth of forests in the 
world. [4] 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 
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(b) The article talks about how forests may not be able to recover if a second drought soon 
after a first. Suggest how forests may recover from a drought and explain why a second 
drought soon after a first impedes its ability to recover. [4] 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

(c) The article talks about forests storing carbon as shown by the following quote "That's 
worrisome because those regions store the largest chunks of carbon in ecosystems 
across the globe," Anderegg said. Define the role of forests in storing carbon and explain 
briefly how they are able to do this. [4] 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 
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Climate change does not just affect our forests, it also affects our farms. The following article 
elaborates on this. 

Aug. 4 (UPI) -- Scientists from Lancaster University suggest major changes in agricultural 
practices are needed to offset increases in nutrient losses due to climate change. The 
study, shows that phosphorus losses will continue to increase due to climate change unless 
major changes in agricultural practices are made. 

"Although farmers are already doing what they can to prevent these losses, the currently 
adopted measures are not likely to be enough to offset the increase expected under climate 
change. This paper should alert policy makers and government to the help and support that 
farmers will need to achieve the scale of agricultural change that may be necessary to keep 
up with the increase in pollution due to climate change." 

Although phosphorus and nitrogen are essential to crop and animal growth, too much of it can 
cause algae blooms in rivers and lakes. 

(d) Phosphorus and nitrogen are essential nutrients for plant growth and are typically found 
in large concentrations within the fertilizers used on farms. Suggest how climate change 
can lead to phosphorus and nitrogen from fertilizers ending up in rivers and water 
bodies. [2] 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

(e) The article talks about nitrogen and phosphorus causing algal blooms in rivers. Using a 
specific example of a plant or animal, discuss the possible impact of such blooms on the 
natural ecosystem in these rivers. [4] 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 
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(f) The article suggests that farmers need to change their agricultural practices to limit the 
impact of phosphorus used in fertilizer on nearby aquatic bodies. Describe two changes 
they could make and suggest why it may be difficult for them to make such changes. [3] 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 
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Another aquatic ecosystem affected by climate change are coral reefs. The following graph, 
Figure 1, shows how sea water temperatures have varied over the last century or so at the 
Great Barrier Reef. O0C is considered the average sea water temperature.  

Rising sea level temperatures have been suggested as a reason for more frequent coral 
bleaching events. Figure 2 shows the trend for coral bleaching events globally since 1980.  

Figure 1 
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Figure 2 

(g) With reference to Figures 1 & 2, discuss if the data provides evidence that the more 
frequent bleaching events seen in coral reef ecosystems over the last 15 years are due 
to rising water temperatures. [6] 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 
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(h) Other than warming water temperatures, describe two other ways anthropogenic climate 
change has impacted coral reefs. [2] 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

[Total: 29 marks] 
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Question 2

A method that has been used to sequence DNA is called Sanger Sequencing, named after 
the scientist that invented the process. Sequencing DNA essentially allows the sequence of 
bases on a DNA strand to be read. During Sanger sequencing, DNA polymerases copy single-
stranded DNA templates by adding nucleotides to a growing chain (extension product).
Chain elongation occurs at the 3' end of a primer, an oligonucleotide that anneals to the 
template. The extension product grows by the formation of a phosphodiester bridge between 
the 3'-hydroxyl group on the primer and the 5'-phosphate group of the incoming 
deoxynucleotide. 

DNA polymerases can also incorporate analogues of nucleotide bases. The dideoxy method 
of DNA sequencing developed by Sanger et al. 1977 takes advantage of this characteristic by 
using 2',3'-dideoxynucleotides (ddNTPs) as substrates. When dideoxynucleotides are 
incorporated at the 3' end of the growing chain, chain elongation is terminated selectively at 
A, C, G, or T. This leads to the production of a DNA fragment with the ddNTP at its end. 

The ddNTPs are usually labelled using fluorescent tags. Many fragments of the original DNA 
strand terminated in the manner shown in Figure 3 are created using this processes. When 
all these fragments are separated on a gel using a form of gel electrophoresis, the sequence 
of bases can be read by reading the labelled ddNTPs from the shortest to the largest fragment.  

Figure 3 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



10

(a) Suggest how the labelling of the ddNTPs allows for the identification of the base that 
normally occupies that position. [2] 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

(b) Describe how the extension product (line 4) is created and explain the role of the 
template DNA strand to this process. [5] 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

(c) Explain how, when separated using gel electrophoresis, the strands produced by Sanger 
Sequencing end up in different positions on the gel. [3] 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 
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The following Figure 4 shows an example of dideoxynucleotide (ddNTP). 

Figure 4 

(d) Explain why dideoxynucleotides, such as the one shown in Figure 4, leads to the 
formation of fragmented DNA. [3] 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 
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(e) Methods such as Sanger Sequencing has enabled the sequencing of the human 
genome. This has opened up the possibility of detecting specific alleles in human 
genomes. Discuss the possible advantages of this and its possible ethical ramifications. 
[4]

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

Human genomes include the DNA found in the mitochondria. Similar to the nuclear genome, 
the mitochondrial genome is made up of double-stranded DNA, and it encodes genes. 
However, the mitochondrial genome differs from the nuclear genome in several ways 

(f) Suggest two ways in which mitochondrial DNA may differ from the nuclear genome. [2] 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 
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(g) With reference to specific genes, explain the role of mitochondrial DNA. [2] 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

[Total: 21 marks] 

Section B (25 Marks) 

Answer only one question
Write your answers in the space provided. 

Your answers should be illustrated by large, clearly labelled diagrams, where appropriate. 
Your answers must be in continuous prose where appropriate. 

Your answers must be set out in sections (a), (b), etc as indicated in the question. 

Question 3 

(a) All organisms need to replicate and transcribe/translate their DNA in the process of growth 
and development. Even viruses need to do so. Using the example of a dengue virus, 
compare and contrast the replication and protein synthesis process in a virus with the 
similar processes in a typical eukaryotic cell. [13] 

(b) Describe how viruses such as the influenza virus is able to create genetic variation and 
explain how this makes it difficult for us to eradicate harmful viruses with modern 
medicine. [12] 

Question 4 

(a) All organisms need to control the expression of their DNA in the process of growth and 
development. Even bacteria need to do so. Using the example of E. coli, compare and 
contrast the control of gene expression in a bacteria with the similar processes in a 
typical eukaryotic cell. [13] 

(b) Describe how bacterial cells are able to create genetic variation and explain how this 
makes it difficult for us to eradicate harmful bacteria with modern medicine. [12] 

End of Paper 
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Question 1 

You are provided with a quantity of vitamin C solution and a dye called DCPIP.  

You are also provided with three test-tubes containing respectively lemon juice, orange juice, 
grapefruit juice, and labelled as such. These juices contain natural vitamin C and the dye 
DCPIP can be used to determine the concentration of this vitamin in the juices. 

Apparatus:

Material: 

6 test-tubes and a test-tube rack 
4 plastic teat pipettes 
Plastic ruler 

30 cm3 DCPIP solution, labelled 'DCPIP'
50 cm3 vitamin C solution, labelled ‘Vitamin C solution’
50 cm3 lemon juice 
50 cm3 orange juice 
50 cm3 grapefruit juice 

Proceed as follows: 

1. Into a clean test-tube, transfer a quantity of the dye DCPIP to a depth of 0.5 cm. Take 
note its colour. 

2. Fill a teat pipette with vitamin C solution. Add one drop of vitamin C solution to the 
DCPIP solution in the test-tube and shake gently. Continue to add the drops, counting 
the number of drops which are needed to bring about a colour change. Shake gently 
after each drop, refilling the pipette if necessary. 

3. Record the initial colour of DCPIP (from step 1) and the first colour change after vitamin 
C is added as well as the number of drops counted to bring about this colour change 
in a suitable table after step 9.  

4. After the first colour change, continue adding drops of vitamin C and counting the drops 
until the DCPIP solution becomes colourless/or consistent pale yellow. (Ignore any 
coloured granules that might form.). Record the number of drops counted in the same 
table from step 3. 

5. Repeat steps 1 to 4 adequately to obtain enough data for analysis, cleaning all 
apparatus before use.  

6. Place the DCPIP solution into each of three clean test-tubes to a depth of 0.5 cm. (The 
amount of DCPIP solution must be exactly the same in each of the tubes). Label the 
tubes A, B and C. 

7. Fill a clean teat pipette with lemon juice and drop by drop add this to the contents of 
tube A, shaking the tube gently after each drop. Count the number of drops needed to 
turn the DCPIP solution colourless. Repeat this step adequately to obtain enough data 
for analysis.  

8. Repeat the step 7 with orange juice and grapefruit juice, using a clean pipette each 
time to add the juice to the DCPIP solution in tubes B and C respectively. 
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9. Record the results for the three juices and the earlier results for DCPIP and Vitamin C 
in an appropriate table. [5] 

10. What conclusions can you draw from your results? [2] 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 
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11. Comment on the main source(s) of error and the limitations of the measurements or 
experimental procedure. [3] 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

12. What improvements could you make to the experimental procedures to overcome 
these sources of error? [3] 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

[Total: 13 marks] 
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Question 2 

You are provided with a leaf labelled Q. In this question you will be required to investigate the 
number of stomata present on the lower surface of leaf Q. 

Proceed as follows: 

1. Use nail varnish to cover a small area of the lower epidermis of leaf Q. Apply a thin layer 
over an area about 1cm2. Avoid any large veins that may be present. 

2. Repeat this process for three different areas of the lower epidermis. 
3. Allow the nail varnish about 20 minutes to dry. (Proceed to question 3 while the leaf is 

drying)
4. After 20 minutes, use a razor blade or a fine scalpel to lift one edge of the layer of nail 

varnish. Use forceps to then gently peel a layer of nail varnish off the leaf.  
5. Transfer this layer of nail varnish to a slide and cover with a cover slip. 
6. Examine the slide using a microscope and count the number of stomata you can observe 

in the field of view. 
7. State which objective you chose to make this stomatal count and explain your choice. [1] 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

8. Repeat the counting of stomata in the field of view for a second piece of peeled nail 
varnish.  Calculate the mean number of stomata per field of view in the space below. [2] 

9. Make a high power drawing of three adjacent stomata from either of your stomatal peels. 
[3]
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10. Using the eyepiece graticule in your microscope and the provided stage micrometer, find 
the actual length, in μm, of one of the guard cells that you have drawn. [3] 

A researcher obtained leaves from two different plants, Plant A and Plant B. From the same 
forest. He found that the number of stomata on the underside of the both leaves differed. He 
ensured that he calculated the number of stomata based on per unit area and ensured he had 
sufficient replicates. However, the numbers still did not match. The mean density of stomata 
per 1cm2 for leaves A and B were as follows: 

Leaf A – 234 
Leaf B – 297 

11. While the researcher expected a difference in the number of stomata, he could not be sure 
if the difference seen was significant. Suggest a statistical test he could use to confirm if 
the difference was significant. [1] 

…………………………………………………………………………………………………………… 

12. When carried out this test, the probability value he obtained was less than 0.05.  Comment 
on what these results show and suggest an explanation for the pattern seen in Leaves A 
and B collected by the researcher. [4] 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 
  [Total: 14 marks] 
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Question 3 

Slide S1 is a tranverse section from a leaf of the Amophilia plant. 

(a) In the space below, draw a labelled plan drawing of this leaf. [6] 
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(b) Using the provided slide graticule, measure the diameter of the leaf. You may assume 
that the slide graticule can be used as you would use a ruler. [1] 

Diameter of leaf: _______________ 

The following Figure 2.1 is a microscope image of a section of a typical monocot leaf. 

From alamy.com 
Figure 2.1 

(c) Given that the magnification of Figure 2.1 is 50X, calculate the actual width of the 
specimen. [2] 

KiasuExamPaper.com
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(d) Identify three differences between a typical monocot leaf and the Amophilia leaf. [3] 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

(e) Suggest reasons for the differences you have identified. [2] 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

[Total: 14 marks] 
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Question 4

The Tasmanian Tiger or Thylacine (Thylacinus cynocephalus), the world's largest carnivorous 
marsupial, was once common throughout Australia and Papua New Guinea. The Thylacine 
resembled a large, short-haired dog with a stiff tail which smoothly extended from the body in 
a way similar to that of a kangaroo. The female Thylacine had a pouch with four teats, but 
unlike many other marsupials, the pouch opened to the rear of its body. 

An example of convergent evolution, the Thylacine showed many similarities to the members 
of the Canidae (dog) family of the Northern Hemisphere: sharp teeth, powerful jaws, raised 
heels and the same general body form. 

Due to human activities, the Thylacine was hunted to extinction by early 1930. A Thylacine 
specimen with soft tissue remaining is found in the Australian Museum in Sydney. 

Imagine that you are a researcher in the Australian Rare Fauna Research Association. 
Recently it was reported that locals near Mount Carstensz in Western New Guinea had sighted 
creatures that resemble Thylacines. Some members of the Association believe that the 
creatures sighted may be descendents of the Thylacine, while other members believe that the 
creatures may be a new species. If the former were true, then the Thylacine is not extinct and 
conservation effects may revive the species. 

Plan an investigation to investigate if these creatures found in Western New Guinea are 
descendents of the Thylacine that was thought to be extinct. 

Your planning must be based on the assumption that you have been provided with the 
following equipment and materials. 

 Tissue sample from the museum specimen and from the Western New Guinea 
creatures under investigation 

 Pestle and mortar 
 DNA extraction buffer solution 
 Microcentrifuge tubes 
 Centrifuge 
 Restriction enzymes 
 Agarose or polyacrylamide gel plate 
 Suitable source of electric current 
 Radioactive probe 
 Nitrocellullose membrane 
 Autoradiography equipment 

Your plan should have a clear and helpful structure to include: 
 An explanation of the theory to support your practical procedure 
 A description of the method used including scientific reasoning behind the method 
 The type of data generated by the experiment 
 How the results will be analysed including how the origin of the organism can be 

determined
[Total: 14] 
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End of Paper 
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2 

Answer all questions on the OTAS provided. 
 
 
1 EDTA is used extensively as an anticoagulant for stored blood in blood banks. 

Thrombokinase plays a major role in the clotting of blood. EDTA decreases the reaction 
rate of thrombokinase by binding to calcium ions. 

  Which of the following describes the role of calcium ions? 

A Allosteric inhibitors 
B Coenzymes 
C Cofactors 
D Competitive inhibitors 

 
 
2 A cell in the G1 phase has two homologous pairs of chromosomes. It then undergoes 

two mitotic divisions. At the end of the second mitotic division, what is the total number 
of chromosomes and gene loci found in all the daughter cells formed? 

A 8 chromosomes and 4 times as many gene loci as the original parent cell. 
B 8 chromosomes and 8 times as many gene loci as the original parent cell. 
C 16 chromosomes and 4 times as many gene loci as the original parent cell. 
D 16 chromosomes and 8 times as many gene loci as the original parent cell. 

3 The electron micrograph below shows a liver cell.  
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Which statement(s) correctly describe(s) the labelled structures? 

1   Structure A transports proteins from Structure B to Golgi Apparatus. 

2   Proteins enter the lumen of Structure B, where they undergo chemical 
modifications such as glycosylation.  

3   Structure C is starch grain. 

4 The process shown in structure D is autolysis. 

A 2 only            B 1 and 2 only            C 2 and 3 only           D 2, 3 and 4 only 

4 The graph represents the changes in the DNA content within a cell at different stages in 
the cell cycle. 

Name the events occurring at P, Q and R, and identify the stage where meiosis is 
occurring. 

P Q R Meiosis occurring 
at

A S phase Fertilisation Cytokinesis Y

B Fertilisation Interphase Cytokinesis Z

C S phase Prophase Telophase Y

D Fertilisation Metaphase Telophase Z

DNA content per cell/ 
arbitrary unit 

e Feeeertrrrr ilisatatatatatioioioioioon Cytokinesis

on InInIInI teteteeerprprprpphahahahahaasesesesesee CyCyCyCCCyCCCyCyCyCCCCC tototototokikikikikikkkkkkik nnnnen sisisisisis s s sss 

e PrPrPropopopophaaaaaseseseses TTTTTTelelelele oppppphahahahahahasssses  
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5 The graph shows changes in the amount of DNA in a cell during one cell cycle. The 
letters U – Z marks out the different phases in the cell cycle. 

Many drugs that are used to treat cancer work at different time periods during the cell 
cycle. 

(i) Cisplatin binds to DNA and stops free DNA nucleotides from joining together. 

(ii)  Drug B stops spindle fibres from shortening. 

With reference to the cell cycle above, determine where these 2 drugs work. 

Cisplatin Drug B 

A W X

B W Y 

C U X 

D           U Z     UUUUUU Z
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6  The figure below shows a DNA molecule. 

Which statement(s) correctly describe the polynucleotide? 

1  The structure labelled A corresponds to that of a purine, while the 
structure labelled B corresponds to that of a pyrimidine. 

2  The antiparallel nature of DNA double helix allows phosphodiester bonds 
to form between the nitrogenous bases of opposite strands. 

3  Distance between adjacent deoxyribonucleotides is 3.4  and one turn 
consists of 10 deoxyribonucleotides. (Note: 10  = 1 nm) 

4 The wound DNA double helix consists of alternating major grooves and 
minor grooves along its axis which are essential for the binding with 
proteins. 

A 1 only 
B 1 and 2 only 
C 3 and 4 only 
D 1, 3 and 4 only 

veeeesssss alonono ggggg itssss axis wwwwwhih chchchh arerreere essential forrrrr ttttthe

y
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7 The RNA triplet UAG acts as a stop codon terminating the synthesis of a polypeptide. 
The diagram shows a template strand of DNA which codes for four amino acids. 

Where would a mutation, introducing a thymine nucleotide, result in the termination of 
translation? 

8 Which of the following is not a feature of eukaryotic gene expression? 

A Polycistronic mRNAs are very rare. 
B Many genes are interrupted by noncoding DNA sequences. 
C RNA synthesis and protein synthesis are coupled. 
D mRNA is often extensively modified before translation. 

9 Human telomeres consist of repeating TTAGGG sequences which extend from the ends 
of the chromosomal DNA. When cells undergo mitotic division, some of these repeating 
sequences are lost. This results in a shortening of the telomeric DNA. 

What is a consequence of the loss of repeating DNA sequences from the telomeres? 

A The cell will begin the synthesis of different proteins. 

B The cell will begin to differentiate as a result of the altered DNA. 

C The number of mitotic divisions the cell can make will be limited. 

D The production of mRNA will be reduced. 

3’   T C C A C A C G A T G C   5’

A B C D

ction of mRNA will be reduced.
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10 The translation mixture contains a polynucleotide that directs the synthesis of Met-Gly-
Gly-Phe-Leu-Ala. In the presence of Azithromycin, this polymer directs the synthesis of 
Met-Gly only. 

From the information given, which of the following deductions could you make about 
Azithromycin? 

Control Stage Conclusion 

A Translational It prevents formation of the initiation complex, which contains 
the initiator tRNA and both ribosomal subunits. 

B Post translational It inhibits binding of aminoacyl- tRNAs to the A site in the 
ribosome. 

C Translational It blocks translocation of peptidyl transferase-rRNA from the A 
site to the P site of the ribosome. 

D Post translational It interferes with chain termination and release of the peptide. 

11   Which of the following statement(s) about cancer is / are true? 

A I only 

B I and II only 

C I and III only 

D I, II and III 

12 To date, more than 10 different strains of influenza virus (e.g. H1N1, H2N3, H5N1, 
H7N9 and so on) have been documented.

Which of the following structural characteristic of influenza virus makes this possible? 

A Single-stranded RNA as its genetic material 

B Presence of an envelope that is derived from the host cell 

C Eight separate segments of genetic material 

D Presence of error-prone reverse transcriptase within the virus 

I Individuals who inherit one mutant tumour suppressor gene are more likely 
to develop cancer than individuals with two non-mutant copies. 

II Cancer is a result of increased cell division which promotes the mutation of a 
proto-oncogene.   

II Mutagenic activation of a single oncogene is sufficient to cause a normal cell 
to develop into a cancerous cell. 

han 111110 0 0 00 ddiffffferererererent tttt stststststrararararainnnnnnsss ss ofofofofof iiiinfnfnnfnfnfn luenenenenenneneneeeenzazazazaza vvvvvvviiiirususususus ((((((e.e.e..e.g.ggg
haaaaaaveveeveeve bbeeeeeeen dododododocucucucuuc mememememementnntntntededededed.

wing structural charactetteteristic of influenza virus ma
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13 The figure below shows the structure of a virus. 

Which of the following matches the functions of structures W – Z? 

W X Y Z 

A
Ensures the integrity 
of the viral genome 

is maintained 

Entry of virus into 
host cell 

Specificity of host 
cell Assembly of viruses 

B
Ensures the integrity 
of the viral genome 

is maintained 
Assembly of viruses Entry of virus into 

host cell 
Specificity of host 

cell 

C Specificity of host 
cell Assembly of viruses 

Ensures the integrity 
of the viral genome 

is maintained. 

Entry of virus into 
host cell 

D Assembly of viruses 
Ensures the integrity 
of the viral genome 

is maintained. 

Entry of virus into 
host cell 

Specificity of host 
cell 

14  When the lac operon for lactose metabolism is switched off, which of the following 
genes would still be expressed? 

I   -galactosidase gene 
II   RNA polymerase gene 
III   CAP gene 
IV   Repressor gene 

A I and II 

B I and III 

C II, III and IV 

D All of the above 

actosidase gene
pooolyyyyyymemememeerases ggggggenenenenene 
geneneneee 
essososor gegegegegeneenenee 
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15  The pedigree chart below shows the inheritance of a recessive condition known as 
human albinism. Only homozygous recessive individuals are albinos. 

What is the probability of individual 9 being a heterozygous carrier? 

A 0.00 

B  0.25 

C 0.50 

D 1.00 

16  Which of the following regarding embryonic stem cells and hematopoietic stem cells is 
true? 

A As embryonic stem cells develop, they turned into hematopoietic stem cells as 
they lose their ability to differentiate into all types of cells. 

B Embryonic stem cells have more genes than hematopoietic stem cells and thus 
are able to form more types of cells. 

C Under normal conditions, embryonic stem cells express more of their genes 
compared to the hematopoietic stem cells.

D Both stem cells are derived from the zygotic stem cells with the hematopoietic 
stem cells having a lowered telomerase activity compared to the embryonic stem 
cells. 

o fooooormrrrrr mmmmmorororororeeee tyyyyyypepepeees ofofofofoff ccccceleeee lsss..

rmallalal ccccconoooo didiitionoonono s,s,s,, eeeeembmbmbmbm ryryryryryonononononic ssssssstttttemmmmmmmmmmmmmmmmmm ccccccelelelelllelelllllllllslsllssssss expxpxpxppxprrrrerr ss
o thththththe eeeee hehhh mattopopppp ieeieieiei tititititiic ststststem ccccccelelelelells.

cells are derived frommmm the zygotitiiicc stemem cells w
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17 A plant researcher tried to investigate a cross between two heterozygous Snapdragon 
plants that produced red flowers. She predicted three possible phenotypic outcomes, 
namely plants with white flowers, pink flowers and red flowers, with a phenotypic ratio of 
4:3:9 respectively. When the cross was performed, she found 50 plants with white 
flowers only, 41 plants with pink flowers, and 85 plants with red flowers. A chi-squared 
test was performed, and the chi-squared value was calculated to be 4.74 

Which of the following statements is correct? 

A The degree of freedom is 3. 

B  The calculated chi-squared value is greater than the critical chi-squared value. 

C There is a high probability that the difference between the observed and 
expected values is due to chance. 

D The probability that the difference between observed and expected values is due 
to chance is less than 5%. 

18 Recent advances in the field of stem cell research have shown that induced pluripotent 
stem cells (iPS cells) can be artificially derived from adult somatic cells. iPS cells are 
mostly similar to natural pluripotent cells. This implies that iPS cells can  

A theoretically differentiate into all cell types. 

B theoretically differentiate into any of the three germ layers. 

C theoretically differentiate into gametes. 

D theoretically capable of transdifferentiation. 

Degree 
of 

freedom 

Probability, P 

0.10 0.05 0.02 0.01 0.001

1 2.71 3.84 5.41 6.64 10.83

2 4.61 5.99 7.82 9.21 13.82

3 6.25 7.82 9.84 11.35 16.27

4 7.78 9.49 11.67 13.28 18.47

cells) can be artificially derived from adult somat
natututuut raaarallll ppplpp uruuripotototototeeenee t cececececelllllllllls.s.s.s.s. TTTThis mimplp ies ththhthhatatatat iiiiPSPSPSPSPSPS cccccceleeeee ls

y didididiifffffff ererereererenenenenentititititiatataaateeeee ininininntotottoto aaaaaaalllllll cccccelelelelellllll tytytytytypepepeppes.ssss  

y differentiate into any of the three germ layers
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19 During the process of polymerase chain reaction (PCR), the amount of DNA 
synthesised can be traced using fluorescent probes and the measurements are shown 
in the following plot. The process initially goes through an exponential phase followed by 
a plateau phase eventually.  

Which of the following statements is true? 

A During the exponential phase, the number of DNA molecules synthesized after 15 
cycles is 152. 

B During the exponential phase, the temperature is always maintained at the 
optimum temperature of 72oC hence there is rapid amplification. 

C During the plateau phase, the reaction mixture is being depleted of 
ribonucleotides. 

D During the plateau phase, Taq polymerase may be denatured. 

20 The dashed lines in the template sequence represent a long sequence of bases to be 
amplified.  

Template

 5’ ATTCGGACTTG - - - - - - - - - - - - - - - - - - - - GTCCAGCTAGAGG 3’ 

3’ TAAGCCTGAAC - - - - - - - - - - - - - - - - - - - - CAGGTCGATCTCC 5’ 

Which of the following sets of primers can be used in the PCR for the amplification of 
the following DNA sequence? 

A 5’ GTCCAGC 3’   &   5’ CCTGAAC 3’ 
B 5’ ATTCGGA 3’   &   5’ CCTCTAG 3’ 
C 5’ GGACTTG 3’   &   5’ GCTGGAC 3’ 
D 5’ AUUCGGA 3’   &   5’ GAUCUCC 3’ 

Amount 
of DNA/ 
arbitrary 

units 

Number of cycles 

owiwiwwiwingnnnnn ssssseteteetete s ssss of ppppprimeeeeersrsrsrsrs ccccanaannan beeee used in the PCPCPCPCPCR RRRR fo
A seseseeeququququuquencecee?????

GCCCCCC 3’3’3’3  && &&  5555’’’ CCCCTGTGTGGTGTGT AAAAAAAAAA CCC C 3’3’’’’
GA 3’33’3   &&&&&&   5’55’5’5 CCCCTCTCTCTTTTTAGAGAGAGAG 3’3’3’3’3’3
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21  A family with a history of a genetic disease is studied using restriction digestion of the 
DNA samples containing the gene responsible for the disease. The pedigree chart of the 
family is aligned with the autoradiogram obtained from Southern blotting. (Shaded 
symbols in the pedigree chart indicate individuals affected by disease.) 

Based on the information given, which of the following can be deduced? 
A  The disease allele is dominant to the normal allele. 

B  The mutation creates a new restriction site in the affected gene. 
C One of the parents in generation I is a carrier. 
D The offspring in generation II is a carrier.

22 Which of the following statements correctly compares oxidative phosphorylation and 
non-cyclic photophosphorylation? 

A Both types of phosphorylation produce ATP and oxygen as end products. 

B Both types of phosphorylation produce ATP and the reduced form of a redox 
reagent.  

C Oxidative phosphorylation is involved in the conversion of one form of chemical 
energy to another while non-cyclic photophosphorylation is involved in converting 
light energy to chemical energy.  

D Water is an electron donor in non-cyclic photophosphorylation while it is an 
electron acceptor in oxidative phosphorylation.  

23 What happens to most of the reduced NAD molecules in cell metabolism? 

A They act as oxidising agents in glycolysis.

B They are oxidised in inner mitochondrial membrane for ATP formation. 
C They are oxidised in the Calvin cycle. 
D They combine with succinic acid as part of Krebs cycle. 

ceppppptottt r inininin oooooxixx daaaaatitttt ve ppppphohohohohoospspspsphohhh ryyyylallation.  

momomoooststtsttst oooof f ff thththththe e e rererereredudududuuducececececeeeddddd NANANANANAD D momomomomolellll culeeeees s s s s ininininn cccccelelelelelelllll memememettttab
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24 Rotene and oligomycin are two metabolic poisons which affect cellular respiration. The 

effects of rotene and oligomycin on aerobic respiration are summarised in the table.

Ability to use glucose Ability to use oxygen ATP yield 

Rotene Yes No Decreases

Oligomycin Yes Yes Decreases

Which of the following correctly identifies the specific functions of these two metabolic 
poisons? 

Rotene Oligomycin 

A Electron transport inhibitor Inhibits ATP synthase 

B Inhibits ATP synthase Electron transport inhibitor 

C Dissipate proton gradient Inhibits ATP synthase 

D Inhibits ATP synthase Dissipate proton gradient 

25 In the graph below, the rate of CO2 uptake by plant cells is shown to vary with 
increasing light intensity. 

Which of the following is true at point X? 

A The plant is photosynthesizing. 

B Rate of respiration equals rate of photosynthesis. 
C CO2 is a limiting factor. 
D There is not enough light for photosynthesis to have commenced. 

wingngngnng is true at popoppoopoininnininnt XXXXXXXX??? ?
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26 The two graphs below show the allele frequency of an antibiotic resistance gene Neo in 
the gene pool of Streptococcus pneumoniae, a bacteria that causes pneumonia.    

Which of the following statements can be concluded from the graphs? 

A There is more genetic variation in the gene pool of Streptococcus pneumoniae in 
hospital A than hospital B. 

B Patients in hospital A were treated with antibiotic Neomycin more frequently than 
patients in hospital B. 

C The rate of mutation in the genome of Streptococcus pneumoniae in hospital B
occurs more slowly than that in hospital A. 

D Patients in hospital A has a stronger immune system than patients in hospital B. 

27 Which sequence of events correctly describes evolution? 

1 Differential reproduction of the spiders occurs. 

2 A new selection pressure occurs. 

3 Allele frequencies within the spider population change. 

4 Poorly adapted spiders have decreased survivorship. 

A 2   4   1   3 

B 2   4   3   1 
C 4   1   3   2 
D 4   3   1   2 

equququuuenenenennccicc esess wwwwwiitititithihihihihinnnnn thhhhheee ee spspspspspiddddeeere pppoopppppoppoppululuuluuulululu atatatatatatioioiooioooioon n n nn n chchchchanaanananangegegegegege...

adaaaaptptpttedededed ssspipipipipidddedd rs hhhhhavavavavaveeee eeee dedededed crcrcrcrcreaeaeaeaeaeaae sssses d survrvvvvvivivivivivorororororshshshshshshipiipipipip..
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28 The following statements are some findings of scientists in an attempt to investigate the 
evolutionary relationship between the anteater, armadillo and pangolin.  

 
I Anteater, armadillo and pangolin feed primarily on insects such as ants. 

 
II Anteater, armadillo and pangolin have long tongue and strong digging limbs. 

 
III The tongues of the anteater and armadillo are connected to the hyoid bone 

while the tongue of pangolin is not.  
 

IV There is a higher percentage similarity between the DNA sequences of 
Anteater and armadillo than with the pangolin. 
 

V There is very low percentage similarity between the DNA sequences of 
anteater and pangolin as well as between the armadillo and pangolin.  

 
 

Which of the following conclusions can be drawn from the statements given above? 
 

A The anteater and pangolin have experienced divergent evolution as shown by 
homologous structures between their hyoid bones and tongues.  

B The anteater and pangolin have experienced convergent evolution as shown by 
homologous structures in their hyoid bones and tongues.  

C The armadillo and pangolin have experienced divergent evolution as shown by the 
low similarity between their DNA sequences. 

D The anteater and armadillo have experienced divergent evolution as shown by 
similarities in their DNA sequences and homologous anatomical structures.  

29 In order to initiate an adaptive immune response, antigenic peptide must be presented 

to antigen-specific T cells. Which one type of cell presents this antigen to T cells?

A Dendritic cell 

B Epithelial cell 
C Neutrophil 
D Plasma cell  

KiasuExamPaper.com
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30 The diagram shows the effect of increasing temperatures on the ice and snow cover at 
the polar regions. 

. 

Which effect of higher temperatures in the polar regions could increase global warming? 

A Increased evaporation leads to more rainfall, which absorbs heat from the land 
and sea. 

B Melting of ice and snow results in less reflection of sunlight and more heat 
absorption by the Earth. 

C Melting of sea ice causes more cloud formation, which increases absorption of 
heat in the atmosphere. 

D Earlier melting of snow allows vegetation cover to increase faster, reducing loss of 
heat from the surface of the Earth. 

End of Paper 

 by thttttt e EaEEaaEartrttrth. 
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Answer all questions in the spaces provided. 

Question 1 

There have been many breakthroughs in stem cell research in recent years. It has been 
discovered that stem cells are involved in the replacement of worn-out cells and repair of 
damaged tissues. Further research is being conducted to better understand the mechanism 
involved in controlling the behaviour of stem cells in order to better manipulate them to treat 
various diseases and disorders. 

(a) State the type of stem cells involved in the replacement of worn-out cells and repair of 
damaged tissues, and describe the unique properties of this type of stem cells.    [2] 

Adult stem cells  [1] 

Any 2 properties [1]:
Undifferentiated cells found in differentiated tissues  
Multipotent  Able to differentiate into a limited range of cell types 
Able to undergo mitotic cell division for self-renewal  

Stem cells undergo cell division to produce genetically identical daughter cells. Fig. 1.1
shows two cells, each at a different stage of cell division. 

Fig. 1.1 

(b)(i)  With reference to Fig. 1.1, state the stages of cell division in Cell A and Cell B.    [1]      

Cell A: Prophase

Cell B: Anaphase 

 tooo Fig.g.g.g.g 1.11.11,,, stattttteeeee thththththeeee stststststagagagaggesesesesese ooooof ceceeeellllllllllll dddddddiviviviviviiviiii iiisioiooooonnnnnn ininininini  CeCCCC

ase
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(ii)  The dysregulation of cell cycle can result in cancer. Outline the checkpoints that are 
present in normal cells to prevent this from occurring.       [2] 

Any 2 
G1 checkpoint: assesses if the environmental conditions (presence of growth 
factors and nutrients, absence of DNA damage, adequate cell size) are 
favourable for cell division to proceed  
G2 checkpoint: assesses if DNA replication is completed and cell size is 
adequate. 

M checkpoint: assesses if all chromosomes are attached to the mitotic spindle 
at their kinetochores and arrests the mitotic cell at metaphase if centromeres 
are not properly attached to kinetochore microtubules, hence preventing entry 
into anaphase. 

 
Fig. 1.2 shows information about the movement of chromatids in a cell that has just started 
metaphase of mitosis. 

Fig. 1.2 
(c)(i)   With reference to Fig. 1.2, state the duration of metaphase in the cell.    [1]    

18 min 

KiasuExamPaper.com
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(ii)  Complete line Y on the graph.                      [1] 
Horizontal until 18 minutes, then decreases as straight line to 0 m at 28 
minutes 

(iii)  Account for your answer in (c)(ii).    [3]   

Chromosomes align singly at the metaphase plate during metaphase of mitosis 
OR sister chromatids are attached to microtubules from opposite poles at 
metaphase 
Sister chromatids start to separate to become daughter chromosomes and 
migrate towards the opposite poles in anaphase, as shown at 18th min of line X 
when distance between chromatids starts to increase. Hence distance between 
chromatid and pole will start to decrease at 18th min.  
Distance between chromatids reach a plateau/maximum at 28th min, 
chromosomes arrived at opposite poles. Hence, distance between chromatid 
and pole will be minimum at 28th min. 

The movement of chromatids is dependent on spindle fibres, which are made up of many 
tubulin subunits. Spindle fibres are lengthened at one end during mitosis by the 
polymerisation of tubulin subunits through GTP hydrolysis.  

A drug, eribulin, is known to prevent the polymerisation of the tubulin subunits. 

(d)(i) Contrast between the structure of tubulin with that of DNA.   [2] 

Tubulin DNA
 Tubulin is a polypeptide and hence 

made up of amino acid subunits 
 DNA is made up of 

deoxyribonucleotides. 
 Subunits by peptide bonds  Subunits joined by phosphodiester 

bonds
 Globular  Helical 

(ii) Suggest how eribulin work to prevent tubulin polymerisation and explain its effect on 
the behaviour of chromosomes in mitosis.                               [3] 

Possible action of drug: bind to tubulin subunits to change its conformation 
that prevent joining of subsequent subunits 
Prevent kinetochore microtubules from attaching to the kinetochores at the 
centromeres of the chromosomes. 

Cells cannot progress through metaphase, so that chromosomes cannot 
align singly at the metaphase plate OR sister chromatids could not 
separate/remain attached.  

       [Total: 15] 

onn ofof ddruug:g: bbinindd toto ttububulinn sububuubububububububuuu ununununnunununnititititititttittsssss tototoo cccchhan
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Question 2 

The retrovirus, human immunodeficiency virus (HIV), and the influenza virus are two types of 
enveloped viruses. Both enter the human host cells by adsorption and penetration. Fig. 2.1 
shows the entry process of a HIV into a macrophage, which is a type of white blood cell. 

Fig. 2.1 

(a)(i)   State what is meant by retrovirus.   [2] 

Viruses with single stranded RNA as genome 
Has its own reverse transcriptase to produce DNA from its RNA genome 

(ii)  Compare the entry processes of the HIV and influenza virus into human host cells. [3] 

Similarity: Adsorption/ attachment of both viruses are by binding to specific cell 
surface receptors; AVP 
Differences (any 2) : Glycoprotein gp120 on the surface of the HIV binds to CD4, a 
cell-surface receptor found on white blood cells/ T helper cells / macrophages of the 
host immune system ; while haemagglutinin on the influenza viral membrane binds to 
sialic acid-containing receptors on the host cell membrane ; 

 The whole influenza virus enters the host cell by receptor-mediated 
endocytosis; while only the HIV capsid enters via membrane fusion where its 
envelope fuses with the host cell membrane; 

 Upon entry, the influenza virus forms an endosome / endocytic vesicle whereas 
the HIV virus does not form an endosome/ endocytic vesicle, the HIV releases 
the viral contents into the host cell cytoplasm. 

A

B

dsoorpr tiionon/ / attaachc meentnt of f bothth viruses are bbby y y bi
ors;s; AAVP
anyy 22)) :: GlG ycycoproroteteinin ggp1p12020 oon ththththththththhhttheeeeeeee sususususssss rfaccaceee ofofof tthe
cepeptotor r fofounund d onon wwhihitete bbloloodod ccells/ T TT hehehelplplpererer cells

syststemem ;; wwhihilele hhaea mamagggglulutitininin n on ttthehehe infnfnflululueene za vir
taining receptors on the host cell membrane ;
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(iii)  Upon completion of the entry process, describe how the HIV genome is inherited by 
macrophage daughter cells.                                                                                       [3] 

RNA is reverse transcribed to complementary DNA strand by the enzyme 
reverse transcriptase.  
The enzyme integrase catalyses the integration of the viral DNA into the host 
chromosome which exist as a provirus. 
The provirus genome is also replicated along with the host cell genome and all 
daughter cells inherit the HIV genome 

(iv) ‘HIV-positive patients usually develop weak immunity.’  

Explain what is meant by this statement.   [4] 

Host cells of HIV viruses are macrophages and CD4 helper T cells  
Provirus begins viral replication to make viral proteins. Immune system 
responds by destroying the infected helper T cells. 
CD4 helper T cells level will decrease the ability of the patient to fight 
infections 
Patients develop AIDS and become more susceptible to opportunistic 
infections.  

Another example of an enveloped virus is the herpes simplex virus. Viral DNA enters the 
nucleus of the host cell via nuclear pores and directs synthesis of viral RNA and DNA. The 
virus is able to grow in non-dividing cells because its genome encodes enzymes such as 
viral DNA polymerase and thymidine kinase. Thymidine kinase is involved in synthesising 
dexoyribonucleotides required for DNA replication. 

(b)(i)   Describe the normal function of nuclear pores.               [2] 

Allows the movement of molecules across nuclear membrane from the nucleus 
to cytoplasm and vice versa 
Named example of molecules moving out of nucleus: mature mRNA / newly 
formed ribosome / tRNA OR into nucleus: enzymes involved in 
transcription/replication / ATP/ histones / spliceosome proteins  

(ii)  State the process that is involved in the    [1] 

Synthesis of viral RNA: transcription 

Synthesis of viral DNA: replication 

ome / tRNA OR into nucleus: enzymes involved
replplicicatatioon / / ATATP// hhisistotonnes / sppliceososo omomme e e prrroto e

esssss ththththatatatatat iis s s s s inininii vovovovovolvlvlvlvlvededededed iiiiin n nn n ththhhheeeee

i l RNA t i ti
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(iii)  Describe two ways in which the named processes in (ii) are different.   [2] 

Replication Transcription

 Product is DNA molecule  Product is mRNA 

 Enzyme involved is DNA polymerase  Enzyme involved is RNA polymerase 

 Both strands of DNA as template  Only one strand serves as template  

AVP

Acyclovir is an anti-viral drug which is used to treat herpes. It prevents the complete 
replication of viral DNA by viral DNA polymerase. The structure of acyclovir is shown below 
in Fig. 2.2.

         Fig. 2.2 

When acyclovir enters the infected cell, it is first phosphorylated by thymidine kinase and 
subsequently becomes further phosphorylated by host cell kinases. When this 
phosphorylated acyclovir is incorporated into the newly-synthesised DNA strand, it prevents 
further elongation of the DNA strand. 

(c)(i)  With reference to Fig. 2.2, suggest how the incorporation of the phosphorylated 
acyclovir prevents further elongation of the DNA strand.       [2] 

Missing 3’OH group 
DNA polymerase cannot recognise/bind to 3’ end of DNA strand and cannot 
catalyse formation of phosphodiester bonds between DNA strand and 
incoming deoxyribonucleotide 

(ii)  Some strains of herpes simplex virus are now resistant to acyclovir. Suggest how the 
virus has gained resistance to this anti-viral drug.                                                      [1] 

Mutation that affects the phosphorylation of acyclovir by thymidine kinase or 
other host cell kinases  

             [Total: 20] 

rasese ccanannon t rerecoogngnisise//bib ndd to 3’ end of f f DNDNDNA
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Question 3 

In a particular variety of tomato plant, the allele for red fruit colour (A) is dominant over the 
allele for orange fruit (a) and the allele for green base when ripe (B) is dominant over the 
allele for no green base when ripe (b).

Two students, Faiz and Jacob crossed plant with red fruit and green base when ripe with 
pure bred plant with orange fruit and no green bases when ripe. The phenotypes of 50 
offspring of each of Faiz’s and Jacob’s crosses were recorded and are shown in Table 3.1.

Table 3.1 

Phenotypes of offspring of test crosses 

Red fruit with 
green base 

Red fruit with no 
green base 

Orange fruit with 
green base 

Orange fruit with 
no green base 

Faiz’s cross 23 4 3 20

Jacob’s cross 3 21 23 3

- 

(a)(i)  With the aid of the table of probabilities as shown above, carry out a 2 test on the 
results of Faiz’s cross and provide a brief explanation for the results obtained.     [6] 

Null Hypothesis: There is no significant difference between the observed occurrence of 

tomato plant phenotypes and the expected occurrence ratio of 1:1:1:1.  [1] 

Derivation of 2
calculated values:        [1] 

degrees of 
freedom 

probability, p

0.10 0.05 0.02 0.01 0.001 

1 2.71 3.84 5.41 6.64 10.83 

2 4.61 5.99 7.82 9.21 13.82 

3 6.25 7.82 9.84 11.35 16.27 

4 7.78 9.49 11.67 13.28 18.47 

Category/Class Observed 
Frequency (O)

Expected 
Frequency (E) (O-E)

E
EO 2)(

Red fruit with 23 ¼ X 50 = 12.5 10.5 8.82  

eree iss nno ssigninifificacantnt ddiiffeferencnceee bbetetweweweenen ttthehehe obo s
pess annd d thhee eexpepectcteded ooccccururrerenceeeeeeeeeeee rararararatiititiititiiiioooo off 111:1:1:1:1:1: :1

ed values:
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Calculation of 2
 calculated

    value 
 

2  
calculated

     = 8.82+ 5.78 + 7.22 + 4.50 = 26.32 (3 s.f)
                             [1] 
 

Degree of freedom = 4 -1 = 3 

From the 2 table, 

       At 5 % level of significance and v = 1, 2
critical = 7.82                                          

Conclusion: Since 2
calculated > 2

critical / 26.32 >7.82, the calculated 2 value is higher than 
the critical value at p= 0.05, the difference between the observed and expected results
is statistically significant. [1]  

The difference between the observed and expected is not due to chance alone. Hence, H0 
is rejected/not accepted and the pattern of inheritance in the survey does not follow 
Mendelian’s pattern of inheritance.  
 
Explanation: A and B gene loci are linked/found on the same chromosome. [1] The 
genes do not undergo independent assortment and are usually inherited together. 
Hence, there is a higher proportion of the offspring having the parental phenotypes.
[1]      

green base

Red fruit with 
no green base 

4 ¼ X 50 = 12.5 -8.5 5.78 

Orange with 
green base 

3 ¼ X 50 = 12.5 -9.5 7.22 

Orange with no 
green base

20 1/4  100 = 25 -5 4.50 

KiasuExamPaper.com
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(ii)  State the probability that the results of Faiz’s cross depart significantly by chance 
from the expected ratio.           [1] 

 
p<0.001 

(b)  Draw a genetic diagram to explain the results of Jacob’s cross.       [5] 

Parental phenotype:      Red fruit,           x             Orange fruit,  

                                     Green base                      no green base 

Parental
genotype:

A b 
a B

x a b 
a b

 Gametes: A  b   a  B  

      A  B       a  b  ; 

x a  b ; 

F2 genotypes 

A  b a  B A  B a  b 

a  b A  b 
a  b 

a  B 
a  b 

A  B 
a  b 

a  b 
a  b 

F1 phenotypes   

F1 phenotypic ratio 

     

1m each  

Red fruit 
with no 
green
base

Orange
fruit with 

green
base

Red fruit 
with

green
base

Orange fruit 
with no 

green base 

21 23 3 3 
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(c) Explain the difference in results between Faiz’s and Jacob’s cross when the parental 
genotypes are the same.              [3] 

Parental genotypes of red with green base tomato plant used are the same 
however the combination of the alleles of the two gene loci on the same 
chromosome are different 
Show or explain the genotypes of both parent tomato plant in two crosses 
A B      x    a b      for Faiz’s cross;     

a  b           a b  

A b      x    a b        for Jacob’s cross 

  a  B           a b                                           

Since the genes are linked, they are usually inherited together and hence 
would result in an overrepresentation of parental phenotypes among 
offsprings.  

               [Total: 15] 

Question 4 
 
Yeast haploid cells secrete  factor to signal mating, and respond by growing a mating 
projection towards a potential mate. Upon contact of the two partner cells, these fuse to form 
a diploid zygote.  

Fig. 4.1 shows the  factor signaling pathway mediated by yeast G-protein coupled receptor, 
Ste2. The activation of the pathway induces the expression of FUS1 gene which is required 
for yeast mating. 

KiasuExamPaper.com
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Fig. 4.1 

(a)(i)  With reference to Fig. 4.1, describe how  factor triggers the activation of Cdc42.   [4] 

 factor binds to Ste2 receptor at the binding site and triggers a 
conformational change in Ste2 

allowing Ste2 to bind Gpa1(-Ste4-Ste18 complex) and causes GTP to displace 
GDP 

activation of the (Gpa1-)Ste4-Ste18 complex 

Ste4-Ste18 dimer to dissociate from the complex to activate Cdc42 

(ii)  Briefly explain why  factor cannot enter the yeast cell directly.         [2] 

 factor is polar / charged or too large to pass through transient gaps  
cannot pass through the hydrophobic core of the phospholipid bilayer and 
requires a membrane receptor 

(iii)  Explain the possible role of Ste12 in the expression of FUS1 gene.     [2] 
General transcription factor that binds to the promoter of FUS1 gene 
Allows for the assembly of the transcription initiation complex to initiate 
transcription  

(iv)  It has been observed that the binding of a protein Y to a region upstream of the 
promoter results in the mating projection to be produced at a rate higher than normal 
in the yeast cells.   

Provide a reason for this observation.    [3] 

Region upstream of promoter is an enhancer 
Protein Y acts as an activator to bind to region upstream of promoter to 
increase the rate of transcription by  
Recruit histone acetylases to loosen chromatin cycle and increase the rate 
of assembly of the transcription initiation complex.  

Fig. 4.2 shows the Ste2 receptor on another yeast cell membrane. e2 rerererecececececepttooor ooooonnn anananananotototototheheheher rrrr yeyeyeyeyeast t t tt cccecccc lllllllllllllllllllllllll mmmmmmmmmmmmmemememmememmmmmmmmmbbbrbrbrbrbrbrb anannne.e.e.e.e.e.
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Fig. 4.2 

 
(b)(i)  Describe the structure of Ste2 receptor.                          [2] 

A single polypeptide chain consisting of (seven)  helix segments that folds 
upon itself 

Such that the  helices are gathered together forming a cylindrical / globular 
structure 

(ii)  Explain how Ste2 receptor remains embedded in the yeast cell membrane.    [2] 

Hydrophobic non polar R groups of amino acid residues that make up Ste2 
receptor forms hydrophobic interactions with the hydrophobic fatty acid tails 
of the phospholipid.  
Polar or charged R groups of amino acid residues that make up Ste2 receptor 
forms favorable interactions with the hydrophilic phosphate head of the 
phospholipid.  

[Total: 15] 
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Question 5 
 
Arabidopsis thaliana is a small flowering plant native to Asia. A mutation in the gene coding 
for NADP oxidase results in plants with short root hairs. NADP oxidase is an enzyme that 
converts NADPH to NADP+.

Fig. 5.1 shows the root hairs in the two variant of A. thaliana.

 
Fig. 5.1 

 
(a)  Explain the role of NADPH in photosynthesis.           [2] 

Provides reducing power/H+ to reduce  
Phosphoglyceric acid (PGA)/glycerate-3-phosphate (GP) to glyceraldehyde-3-
phosphate (GALP)/phosphoglyceraldehyde (PGAL)/triose phosphate (TP) 
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In a separate experiment, activity of NADP oxidase in the tips of the root hair cells in wild 
type and mutant A. thaliana were measured at intervals. Changes in mean length of the root 
hair cell was also measured to track the rate of growth, which is known to be an energy-
requiring process. Both sets of results are shown in Fig. 5.2.

Fig. 5.2 

(b)  Using your knowledge of photosynthesis, provide an explanation for the difference in the 
growth of root hairs in the two types of A. thaliana.                                                        [4] 

Mean length of root hair for wild type A. thaliana increases from 4 um to 38um 
when mean activity of NADP increases from 13au to 42au 

Mean length of root hair for mutant A. thaliana increases from 4um to 14um 
when mean activity of NADP decreases from 9au to 6au after a small initial 
increase 

NADP oxidase catalyses the conversion of NADPH to NADP+ for light reaction 
of photosynthesis where ATP is synthesised; (OR less reduction of PGA to 
GALP in Calvin cycle)  

Low NADP oxidase activity results in less carbohydrates produced and hence 
less growth  

activity of NADP decreases from 9au to 6au

e ccatatalalysyseses tthehe ccono veversrsionn offfffffff NNNNNNNNNNNNADADADDDADADDDADDPPHPHPHPPHPPPP ttoo o NAD
heesisis s whwhereree ATATP P isis synnththesised;;; (O(O(OR R R lelelessssss r
in ccycyclele) ) 

xidase activity results in less carbohydrates p
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Rubisco is an enzyme required in the light-independent stage of photosynthesis. Fig. 5.3
shows the effect of increasing temperature on the activity of two variations of Rubisco, 
Rubisco C and Rubisco S.

Fig. 5.3 

(c)  With reference to Fig. 5.3, compare the effect of temperature on the two enzymes.     [3] 

Both Rubisco C and Rubisco S has an increased rate of reaction as 
temperature increases up to optimum temperature OR both Rubisco C and 
Rubisco S are denatured at temperatures higher than optimum.  
Rubisco C has a lower optimum temperature of 20ºC as compared to Rubisco S 
at 50 ºC where rate of reaction is at a maximum  
Rubisco C reaches a lower maximum rate of reaction of 5.5 a.u. at a faster rate 
as compared to Rubisco S which reaches a maximum rate of reaction of 6 a.u at 
a slower rate.  

(d)  It is known that Rubisco C is obtained from a species of coniferous tree found in 
Canada, while Rubisco S is obtained from a species of cactus found in the Sahara 
Desert.

(i)  Explain how different alleles give rise to different Rubisco structure.                         [3] 

Different alleles have different DNA nucleotide sequence that results in a 
different mRNA/codon sequence after transcription  
Thus will result in different amino acid sequence / primary structure after 
translation  
Different R group interactions between amino acids affects folding of the 
polypeptide chain, giving rise to different 3D conformation in the tertiary 
structure  

fferererrererennntttt t alaaaa leleleleleles s ss s gigggg veee rrrrisisisisiseeee e toooo diffeffeeferent Rubisco sssssstrtrtrtrtrtrucuuuu tu

less hahaveve ddififfefererentnt DDNANA nnuuclelleleleeeeeeeeeeototototototoooootidddiddddiddididdeeee seeequququenc
NAA/c/cododon sequeencnce after ttranscriptptptioioionnn
sultlt iinn didiffffererenent t amaminino o acacid seqeqequeuuencncnce e e / prim
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(ii) It has been predicted that Rubisco S will be found in more plant species in view of 
climate change. Explain how Darwin’s theory of evolution supports this observation.
              [4] 

Variation: different types of Rubisco molecules that has different tolerance to 
high temperature 
Selection pressure: rising global temperatures that selects for plants with 
Rubisco S that are able to photosynthesise efficiently at high temperatures 
Plants with Rubisco S are able to survive and reproduce and pass down the 
favorable Rubisco S alleles to the next generation  
With time, allele frequency of the plant population gene pool will change with a 
higher frequency of the Rubisco S allele that confers a selective advantage, 
lower frequency of Rubisco C allele that confers selective disadvantage. Hence, 
more plants with Rubisco S.  

(iii) Suggest two other ways plants can adapt to the changing climate.                            [2]  

 Development of more and longer roots in order to access water deeper into the 
ground.
Reduction in the number and surface area of leaves so as to lower transpiration 
rates.   
Reduction in the number of stomata per leaf to reduce transpiration rates. 
Sunken stomata which are concealed by finger-like projections.

 
                        [Total: 18] 
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Question 6 

Fig 6.1 shows the phylogenetic tree based on differences between the cytochrome b 
proteins.

Fig. 6.1 

(a)  Using information from the table and Fig. 6.1, identify organisms W to Z. [2]   

Organism W: lungfish

Organism X: coelacanth

Organism Y: ostrich

Organism Z: elephant

The table below shows the amino acid differences in the cytochrome b protein between 
various vertebrates. 

FiFiFiFF g.gggg  6.1 
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(b)  Distinguish between classification and phylogeny.    [2]  

Classification refers to grouping organisms based on similar characteristics 
while phylogeny involves grouping organisms based on evolutionary 
relationship.
Similar characteristics in classification may be analogous and not homologous 
whereas in phylogeny, similarity is due to inheritance from common ancestry. 

(c)  Explain how differences in amino acid sequences in the cytochrome b chain allow the 
establishment of the phylogenetic tree. [2] 

Percentage of amino acid difference indicates relatedness where few difference 
indicates recent common ancestor 
Provides quantitative data to construct phylogenetic tree 

(d) Suggest why homology still features prominently in evolutionary studies despite the 
advantages that molecular evidence can confer.         [1] 

Less expensive as it does not rely on machines 
DNA/protein samples might be limited or unavailable 

Brown adipocytes were one of the cells isolated for the above investigation. Fig. 6.2 shows 
the schematic representation of a series of protein complexes found on the inner membrane 
of organelle X present in brown adipocytes. 

Fig. 6.2 

(e)(i)  State the identity of organelle X.      [1] 

Mitochondrion 
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(ii)  Outline how ATP is usually synthesised in the inner membrane of organelle X.        [4] 

NADH and FADH2 carry hydrogen in the form of protons and electrons where 
proton remain in the matrix and electrons are passed along the progressively 
lower energy electron carriers in the electron transport chain. 
Energy released is used to pump H+ from the matrix to the intermembrane 
space via active transport which sets up a concentration gradient (high H+ 
conc in intermembrane space, low conc in the matrix)  
H+ diffuse down the concentration gradient from the intermembrane space to 
matrix via the stalked particle  
Provides a proton motive force that drives the synthesis of ATP by ATP 
synthase by phosphorylation of ADP and inorganic phosphate 
(chemiosmosis).  

(f)  Brown adipocytes contain a unique protein, UCP1, which is not found in organelle X in 
any other cell type. 

Evaluate the impact of UCP1 on ATP synthesis and suggest the physiological 
significance of brown adipose tissue.         [3] 

As UCP1 allows protons to leak back into the matrix without passing through 
the ATP synthase,  
Loss of H+ concentration gradient, no ATP will be synthesized  
The energy released from the spontaneous flow of protons through UCP1 is 
lost as heat, which helps to keep the organisms warm.

(g)  In other cell types, NADH and FADH2 are used to drive ATP synthesis by ATP synthase. 
Using relevant information from Fig. 6.2, suggest and explain why more ATP is 
produced from NADH.            [2] 

NADH donates electrons to complex I while FADH2 donates to complex II. The 
energy released from transfer of electrons through the complexes is used to 
pump protons across the inner membrane. 
NADH allows for more chances to pumps more protons across the gradient, 
which powers the ATP synthase and gives us 3 ATP per molecule of NADH, 
while FADH2 produces 2 ATP during the ETC because it gives up its electron to 
complex II, bypassing complex I.

 [Total: 17] 

END OF PAPER
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Section A 
Answer all the questions in this section. 

Question 1 

Repeat droughts may cause permanent damage to forests 
By: Alex Whiting

ROME, Aug 9 (Thomson Reuters Foundation) - Trees and their environment need as long as 
two years to recover from drought in some places, and if a second dry spell hits before then, 
it may cause permanent damage to the landscape, researchers said on Wednesday. 

With climate change expected to bring more frequent and intense droughts, the implications 
for areas that do not have time to bounce back fully could be severe, the researchers said in 
a paper to be published in Nature journal this week. "That could have a double whammy 
effect," said co-author William Anderegg, assistant professor of biology at the University of 
Utah. "A second drought could be harder on an ecosystem and have the potential to push it 
off a cliff." 

In practice, that means affected areas could eventually turn from lush forest to a land of grass 
and shrubs. Boreal forests in northern parts of Europe, Russia and Canada can take up to two 
years to recover from drought, partly because they do not have a wide variety of plants, 
Anderegg told the Thomson Reuters Foundation. Forests in the tropics of South America and 
Southeast Asia have also taken the same amount of time to rebound. 

"That's worrisome because those regions store the largest chunks of carbon in 
ecosystems across the globe," Anderegg said. Forests help tackle climate change by 
sucking carbon out of the air, reducing levels of planet-warming carbon dioxide, the main 
greenhouse gas. But when trees die, most of the carbon they have absorbed is released back 
into the atmosphere. 

The Amazon rainforest suffered a double drought in the first decade of this century when dry 
spells, both of a once-in-a-100-years severity, hit the region. "Satellites showed that forests 
hadn't recovered from the 2005 drought by the time the 2010 drought struck," Anderegg said. 

Adapted from a Reuters Article 

(a) Discuss how anthropogenic climate change has affected the growth of forests in the 
world. [4] 

Reduction in water content causes stomata to close which limits gaseous 
exchange thus affecting the availability of CO2 for photosynthesis. (Negative 
Impact on Growth) 
Amount of RUBP carboxylase also drops significantly in low water content, 
leading to a decrease in CO2 fixation in the Calvin cycle. (Negative Impact on 
Growth) 
Turgor pressure of cells and hence plant cell expansion is also slowed down, 
leading to retardation of plant growth.  (Negative Impact on Growth) 
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Increasing temperatures up to the optimal can increase plant growth and yield and 
rates of photosynthesis and respiration as a result of increased enzymatic activity. 
(Positive Impact on Growth) 
However, beyond the optimum, enzymes are denatured and plant death will result. 
(Negative Impact on Growth) 

Any 4 

(b) The article talks about how forests may not be able to recover if a second drought soon 
after a first. Suggest how forests may recover from a drought and explain why a second 
drought soon after a first impedes its ability to recover. [4] 

Forests recover from a drought by increasing rates of growth 
Forests recover from a drought by reproducing to increase their numbers 
All these take a significant length of time time/ time for plants to grow; time for 
new plants to be formed and then grow 
A second drought will return the forest to a state before its recovery impeding 
its recovery/ reverse growth and reproductive gains 

(c) The article talks about forests storing carbon as shown by the following quote "That's 
worrisome because those regions store the largest chunks of carbon in ecosystems 
across the globe," Anderegg said. Define the role of forests in storing carbon and explain 
briefly how they are able to do this. [4] 

They act as carbon sinks 
A carbon sink refers to a natural or artificial reservoir that accumulates and 
stores some carbon-containing chemical compound for an indefinite period. 
The process by which carbon sinks remove carbon dioxide from the 
atmosphere is known as carbon sequestration.  
This is done by the removal of carbon dioxide from the air during 
photosynthesis  
and the storage of this carbon dioxide in the form of biomolecules like 
carbohydrates, proteins and lipids 

Any 4 

Climate change does not just affect our forests, it also affects our farms. The following article 
elaborates on this. 

Aug. 4 (UPI) -- Scientists from Lancaster University suggest major changes in agricultural 
practices are needed to offset increases in nutrient losses due to climate change. The 
study, shows that phosphorus losses will continue to increase due to climate change unless 
major changes in agricultural practices are made. 

"Although farmers are already doing what they can to prevent these losses, the currently 
adopted measures are not likely to be enough to offset the increase expected under climate 
change. This paper should alert policy makers and government to the help and support that 
farmers will need to achieve the scale of agricultural change that may be necessary to keep 
up with the increase in pollution due to climate change." 

Although phosphorus and nitrogen are essential to crop and animal growth, too much of it can 
cause algae blooms in rivers and lakes. 
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(d) Phosphorus and nitrogen are essential nutrients for plant growth and are typically found 
in large concentrations within the fertilizers used on farms. Suggest how climate change 
can lead to phosphorus and nitrogen from fertilizers ending up in rivers and water 
bodies. [2] 

Heavy rainfall 
Washes the fertilizer off the land and into nearby rivers and water bodies. 

(e) The article talks about nitrogen and phosphorus causing algal blooms in rivers. Using a 
specific example of a plant or animal, discuss the possible impact of such blooms on the 
natural ecosystem in these rivers. [4] 

Specific named typed of organism [eg. Fish, plankton, aquatic insects] 
Death or migration of the organism 
With explanation of how algal bloom lead to death or migration eg. Lack of oxygen 
in the water 
Elaboration of impact of loss of organism on the ecosystem 

(f) The article suggests that farmers need to change their agricultural practices to limit the 
impact of phosphorus used in fertilizer on nearby aquatic bodies. Describe two changes 
they could make and suggest why it may be difficult for them to make such changes. [3] 

Use of plant strains that don’t require as much fertilizer/crop rotation to minimize 
dependence on fertilizer/farming away from water bodies/AVP [any one properly 
described]
Lank of funding/Lack of skill/Enculturation/AVP [Any one properly linked to an 
earlier change] 

KiasuExamPaper.com
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Another aquatic ecosystem affected by climate change are coral reefs. The following graph, 
Figure 1, shows how sea water temperatures have varied over the last century or so at the 
Great Barrier Reef. O0C is considered the average sea water temperature.  

Rising sea level temperatures have been suggested as a reason for more frequent coral 
bleaching events. Figure 2 shows the trend for coral bleaching events globally since 1980.  

Figure 1 

KiasuExamPaper.com
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Figure 2 

(g) With reference to Figures 1 & 2, discuss if the data provides evidence that the more 
frequent bleaching events seen in coral reef ecosystems over the last 15 years are due 
to rising water temperatures. [6] 

Yes there is evidence. 
Most/More years above the average as compared with past 100 years. (Quote 
data)
Peaks of high temperatures getting higher compared with past 100 years. 
(Quote data) 
Above average more frequent in the last 20 years compared with past 100 
years. (Quote data) 
There have also been higher numbers of countries reporting coral bleaching 
events in the last 15 years. (Quote Data) 
There have also been higher number of countries reporting moderate to severe 
events in the last 15 years. (Quote Data) 
Higher sea temperatures can thus be directly correlated to coral bleaching 
events.

(h) Other than warming water temperatures, describe two other ways anthropogenic climate 
change has impacted coral reefs. [2] 

Rising sea levels
Acidification of oceans 

[Total: 29 marks] 
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Question 2

A method that has been used to sequence DNA is called Sanger Sequencing, named after 
the scientist that invented the process. Sequencing DNA essentially allows the sequence of 
bases on a DNA strand to be read. During Sanger sequencing, DNA polymerases copy single-
stranded DNA templates by adding nucleotides to a growing chain (extension product).
Chain elongation occurs at the 3' end of a primer, an oligonucleotide that anneals to the 
template. The extension product grows by the formation of a phosphodiester bridge between 
the 3'-hydroxyl group on the primer and the 5'-phosphate group of the incoming 
deoxynucleotide. 

DNA polymerases can also incorporate analogues of nucleotide bases. The dideoxy method 
of DNA sequencing developed by Sanger et al. 1977 takes advantage of this characteristic by 
using 2',3'-dideoxynucleotides (ddNTPs) as substrates. When dideoxynucleotides are 
incorporated at the 3' end of the growing chain, chain elongation is terminated selectively at 
A, C, G, or T. This leads to the production of a DNA fragment with the ddNTP at its end. 

The ddNTPs are usually labelled using fluorescent tags. Many fragments of the original DNA 
strand terminated in the manner shown in Figure 3 are created using this processes. When 
all these fragments are separated on a gel using a form of gel electrophoresis, the sequence 
of bases can be read by reading the labelled ddNTPs from the shortest to the largest fragment.  

Figure 3 

(a) Suggest how the labelling of the ddNTPs allows for the identification of the base that 
normally occupies that position. [2] 

ddNTPs will only occupy a position at the very end of the strand. 
Different ddNTPs with different bases are labelled with a different fluorescent tag.
Normal nucleotides (non ddNTPs) are unlabelled and would not show up under 
fluorescent treatment. 

FiFFFFF gugugugugugurererereree 33333 
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(b) Describe how the extension product (line 4) is created and explain the role of the 
template DNA strand to this process. [5] 

DNA polymerase extends the 3’ end of the growing/daughter strand
By adding deoxyribonucleotides via complementary base pairing with the bases 
on the template strand
A:T, C:G
Via hydrogen bonding
Extension product (line 4) was created when DNA polymerase reads a ‘T’ on 
template strand, it adds an adenine ddNTP to the daughter strand
Template strand thus carries the code for the sequence on the growing strand
Template strand also ensures that the product is stable due to the hydrogen 
bonding with the template strand

Any 5 

(c) Explain how, when separated using gel electrophoresis, the strands produced by Sanger 
Sequencing end up in different positions on the gel. [3] 

Strands are of different lengths 
Gel electrophoresis separates strands based in their lengths. Shorter fragments 
will move longer distances on the gel while longer fragments will move shorter 
distances
Due to the resistance introduced by the gel that the fragments need to overcome 
(idea)

The following Figure 4 shows an example of dideoxynucleotide (ddNTP). 

Figure 4 

(d) Explain why dideoxynucleotides, such as the one shown in Figure 4, leads to the 
formation of fragmented DNA. [3] 

No 3’-OH group 
DNA polymerase requires a 3’-OH group to extend a DNA strand. 
DNA polymerase cannot attach and extend growing strand, hence producing 
fragments of DNA. 

FFiFiFF gugugugugureeeeee 444 
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(e) Methods such as Sanger Sequencing has enabled the sequencing of the human 
genome. This has opened up the possibility of detecting specific alleles in human 
genomes. Discuss the possible advantages of this and its possible ethical ramifications. 
[4]

Possible Advantages 

Improved diagnosis of disease
Earlier detection of genetic predispositions to disease  
Drug design
Gene therapy and control systems for drugs  
Identify potential suspects whose DNA may match evidence left at crime scenes  
Exonerate persons wrongly accused of crimes
Identify crime and catastrophe victims
Establish paternity and other family relationships
Match organ donors with recipients in transplant programs  
Study evolution through mutations in lineages  

Any 2 with brief elaboration

Possible Ethical Ramifications 

Genetic testing - psychological impact and stigmatization 
Genetic Testing - fairness in the use of genetic information and privacy and 
confidentiality
Reproductive issues - Prenatal testing / Reducing the number of deformities 
Preimplantation testing - Gender selection 
Commercialization - questions of the ownership of tissue and tissue derived 
products, patents, copyrights, and accessibility of data and materials 
Conceptual and philosophical implications - free will vs genetic determinism / Do 
people's genes make them behave in a particular way?  Can people always control 
their behavior? 

Any 2 with brief elaboration 

Human genomes include the DNA found in the mitochondria. Similar to the nuclear genome, 
the mitochondrial genome is made up of double-stranded DNA, and it encodes genes. 
However, the mitochondrial genome differs from the nuclear genome in several ways 

(f) Suggest two ways in which mitochondrial DNA may differ from the nuclear genome. [2] 

The mitochondrial genome is circular, whereas the nuclear genome is linear. 
The mitochondrial genome is smaller/ less DNA base pairs, whereas the nuclear 
genome is larger/more DNA base pairs. 
The mitochondrial genome contains less genes.

(g) With reference to specific genes, explain the role of mitochondrial DNA. [2] 

It carries genes that code for proteins used in the mitochondria. 
Examples include tRNA gene, rRNAs genes, genes of oxidative phosphorylation 
carrier proteins (any two logical genes stated) 

[Total: 21 marks] 
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Section B (25 Marks) 

Answer only one question
Write your answers in the space provided. 

Your answers should be illustrated by large, clearly labelled diagrams, where appropriate. 
Your answers must be in continuous prose where appropriate. 

Your answers must be set out in sections (a), (b), etc as indicated in the question. 

Question 3 

(a) All organisms need to replicate and transcribe/translate their DNA in the process of growth 
and development. Even viruses need to do so. Using the example of a dengue virus, 
compare and contrast the replication and protein synthesis process in a virus with the 
similar processes in a typical eukaryotic cell. [13] 

Similarities

 Both use polymerases in replication and transcription 
 Both use ribosomes in protein synthesis 
 Both use amino acids as raw material for protein synthesis 
 Both produce polypeptides in protein synthesis 
 Enzymes used in protein synthesis include peptidyl transferase and aminoacyl t-RNA 

synthethase for both. 

Differences

Criteria Dengue Virus Eukaryote 
Polymerase for Replication RNA Dependent RNA 

polymerase 
DNA polymerase 

Transcription Not required as genome is 
positive RNA 

Carried out by DNA 
Dependent RNA 
Polymerase 

Replication Two rounds of replication 
required to achieve product 
(positive strand RNA) 

A single round of semi-
conservative replication is 
sufficient 

Template for 
Replication/Product of 
Replication 

RNA/RNA DNA/DNA 

Raw material for replication RNA nucleotides DNA nucleotides  
Source of replication and 
protein synthesis machinery 

Host Cell Own Cell 

Unwinding of template No unwinding as template 
for both Replication and 
Transcription is single 
stranded 

Unwinding/separation of 
DNA template for replication 
carried out by helicase while 
for transcription carried our 
by RNA polymerase. 

Post transcriptional 
modification 

Absent Present 

Max 12 

QWC – Criterion-based comparison (1 mark) 
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(b) Describe how viruses such as the influenza virus is able to create genetic variation and 
explain how this makes it difficult for us to eradicate harmful viruses with modern 
medicine. [12] 

Via antigenic drift
Antigenic drift is due to spontaneous mutations (e.g. point mutation) of the viral 
gene encoding haemagglutinin glycoprotein (antigen)  
Such mutations result in the production of new hemagglutinin proteins that are 
of a different conformation.
Antibodies made against the original influenza virus can no longer recognize 
and bind to the new haemagglutinins antigens, thus the virus can evade host 
immune defenses.
Mutations in influenza occur frequently because the viral RNA polymerase has 
no proofreading mechanism, providing a strong source of mutations. 

Max 4 

Via antigenic shift 
Antigenic shift occurs when 2 different strains of influenza virus infect a single 
host cell at the same time
When two different strains of influenza infect the same cell simultaneously, their 
protein capsids and lipid envelopes are removed, exposing their RNA genome.      
The RNA genome segments reassort and are randomly incorporated during 
assembly of new virus, thus forming a novel subtype of virus that has a mixture 
of glycoprotein antigens of 2 original strains.  
For example, H3N2 and H5N1 can form H5N2. 
Appropriate diagram 

Max 4 

Many medicines target the glycoproteins on the influenza virus envelopes. 
To prevent adsorption and penetration. 
By physically blocking the receptor sites on the host cell 
Or interfering with the glycoproteins in the virus 
When the glycoproteins change due to antigenic shift and drift, the medicines 
will no longer work 
As they are specific to the glycoproteins they were designed to target. 

Max 4 
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Question 4 

(a) All organisms need to control the expression of their DNA in the process of growth and 
development. Even bacteria need to do so. Using the example of E. coli, compare and 
contrast the control of gene expression in a bacteria with the similar processes in a 
typical eukaryotic cell. [13] 

Similarity

 Expression of gene involves transcription and translation for both. 

Differences

Control of Gene Expression 
Feature E Coli Gene Expression Eukaryotic Gene 

Expression
Genome Level  Chromatin modification e.g. histone acetylation cannot

occur as prokaryotic DNA is not associated with 
histones.

 Chromatin modification 
e.g. histone acetylation 
can occur, resulting in 
conversion between 
euchromatin and 
heterochromatin.

o Eukaryotic DNA
is associated
with histones
(and other
proteins).

DNA sequences (promoters and operators) serve as 
on/off switches.

Degree of 
condensation of 
chromatin serves as 
major on/off 
switches for gene 
expression.

 Gene amplification does not occur  Gene amplification 
occurs to increase 
number of copies of
the gene of interest. 

Transcription Level  Related genes are organised in an operon, under the 
control of a single promoter.

 These genes are transcribed together to give rise to a 
polycistronic mRNA.

 Genes are not 
organised into 
operons.

 Each gene has its own 
promoter and gives 
rise to a 
monocistronic
mRNA.

cistststtststroninnininic cccc mRmmmm NANANANANA.
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Few control elements, which are usually located 
close to the promoter and genes under its control. 

o E.g. operator is located close to the promoter of
genes.

Many control 
elements that can be 
located proximally or 
distally upstream/ 
downstream of a gene. 

o E.g. proximal
and distal
enhancers and
silencers.

 Only one RNA polymerase involved. All RNAs are 
synthesised by the same RNA polymerase. 

Five different RNA 
polymerases present. 

o Three main
types of RNA
(mRNA, tRNA
and rRNA),
synthesised by
three different
RNA
polymerase.

 General transcription factors not required as RNA 
polymerase can directly recognize and bind to 
pribnow box of prokaryotic promoters.

o Occurs with the aid of sigma factors which
reduces the affinity of RNA polymerase for
non-specific DNA sequences, and increases
its affinity for the promoter.

o Prokaryotic RNA polymerase associates with
the sigma factor to form RNA polymerase
holoenzyme.

 General transcription 
factors required. 

o General
transcription
factors and
RNA
polymerase II
assemble at
the TATA box
of eukaryotic
promoters to
form the
transcription
initiation
complex.

Post-
transcriptional
Level

 Post-transcriptional modifications do not occur. 
Primary transcripts are the actual mRNA. 

 Primary transcripts 
(pre-mRNA) undergo 
processing to produce 
mature mRNA; 

o Addition of 5’
cap

o RNA splicing
o Addition of 3’

poly (A) tail
Lower stability of mRNA transcript 

o Degradation occurs within seconds to
minutes of transcription.

o Allows prokaryotes to respond rapidly to
environmental changes.

Higher stability of 
mRNA transcript 

o Degradation
after minutes
or days
following
transcription

o Degradation
controlled by
length of poly
(A) tail  the
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longer the 
poly(A) tail, the 
later the mRNA 
is degraded. 

Translational Level  Translation is often coupled to transcription. Both 
processes occur simultaneously.

 Translation is not
coupled to 
transcription. 

 mRNA must move 
from the nucleoplasm, 
across the nuclear 
envelope, via a 
nuclear pore to the 
cytoplasm for 
translation to occur. 

 RNA transcript is not 
free to associate with 
ribosomal subunits 
prior to completion of 
transcription.

 Control at this level is unlikely, due to simultaneous 
transcription and translation. 

 Control can occur at 
pre-translational level, 
when regulatory 
proteins bind at the 
5’ UTR or the 3’ poly 
(A) tail of mature 
mRNA. This prevents
binding with the 
small ribosomal 
subunit and the 
assembly of the 
translation initiation 
complex.  

 mRNAs are polycistronic and have multiple start 
codons, allowing for the direct synthesis of several 
different polypeptides.

 mRNAs are 
monocistronic and 
have only one start
codon, allowing for the 
synthesis of only one
kind of polypeptide.

Post-translational 
Level

 Post-translational modification does not occur  Post-translational 
modification can occur 
in the form of; 

o Chemical 
modification 
(glycosylation 
and
phosphorylatio
n)

o Proteolytic 
Cleavage and 
Activation

o Degradation 
(ubiquitination)

Max 12 

KiasuExamPaper.com
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QWC – Criterion-based comparison (1 mark) 

(b) Describe how bacterial cells are able to create genetic variation and explain how this 
makes it difficult for us to eradicate harmful bacteria with modern medicine. [12] 

Transformation 
Transformation is the process by which a naked, foreign DNA molecule is taken 
up from the surrounding external environment
and integrated into the bacterium’s genome, via homologous recombination
thus resulting in the change of recipient bacterial cell’s genotype. 
The resultant transformant cell will now express genes from this new segment it 
has received, and pass them on to all subsequent daughter cells by binary fission. 

Max 3 

Transduction
Transduction is the process by which DNA is transferred from one bacterial cell 
(donor) to another (recipient) by bacteriophages,  
and is later integrated into the bacterium’s genome of the recipient cell via 
homologous recombination. 
During the assembly stage, phage genome is randomly packaged within the phage 
capsid to form the mature phage particles. But occasionally, a small piece of the 
host cell’ s degraded DNA is packaged within the phage capsid in place of the phage 
genome.
This ‘defective’ phage can attach to another recipient bacterium and inject the piece 
of bacterial DNA  acquired from the first cell 

Max 3 

Conjugation
Conjugation is the process by which bacterial cells make direct contact with each 
other and DNA is directly transferred from one donor cell to the another recipient 
cell,
The DNA donor uses appendages called sex pili for the transfer 
Sex pili attach the F+ donor to the F- recipient cell.  
The sex pili facilitate the direct DNA transfer between donor and recipient cells by 
forming a temporary cytoplasmic bridge (also known as conjugation tube or mating 
bridge)
the F plasmid replicates within the donor cell, and only one strand of the plasmid is 
transferred to the recipient through the conjugation tube joining the cells. 

Max 3 

Modern medicine uses antibiotics to target bacteria. 
Antibiotics do not work on bacteria carrying genes for resistance to that antibiotic. 
Such antibiotic resistance genes can be transferred between bacterial cells via 
transformation, transduction or conjugation. 
This increases the number of resistant bacterial cells making it difficult to eradicate 
the bacteria. 

Max 3 

e recipient through the conjugation tube joinin

e usussesssss aaaaantntntibbbbibiiioii tiiiicscscscscs tttttooooo tatatatatargrgrgrggetetetetete bbbbbbbaccccctetetetetetetetttteririiriririria.a.a.a.a.aaaaaa
ot wwwwwworororrork kk k k ononononon bbbbbacacacacacteteteteteeririririiria aa a a cacacacacc rrrrrrrrrryiyiyiyiyingngngngngg geneseseseses fffffforororororr rrrrrresesesesesistan
resissis sttstttananananancececececee gggenenenneeese cccccananananan bbbbbeeee ee trttransfsfsfsfsfs ereeee reeeeeedddddd bebbbebb tween
ransduction or conjugation
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SERANGOON JUNIOR COLLEGE
JC2 PRELIM PRACTICAL EXAMINATION  2017

H2 BIOLOGY ANSWER SCHEME 9744
 2.5 hours

Question 1 

You are provided with a quantity of vitamin C solution and a dye called DCPIP. 

You are also provided with three test-tubes containing respectively lemon juice, orange juice, 
grapefruit juice, and labelled as such. These juices contain natural vitamin C and the dye 
DCPIP can be used to determine the concentration of this vitamin in the juices. 

Apparatus:

Material:

6 test-tubes and a test-tube rack
4 plastic teat pipettes
Plastic ruler

30 cm3 DCPIP solution, labelled 'DCPIP'
50 cm3 vitamin C solution, labelled ‘Vitamin C solution’
50 cm3 lemon juice
50 cm3 orange juice
50 cm3 grapefruit juice

Proceed as follows: 

1. Into a clean test-tube, transfer a quantity of the dye DCPIP to a depth of 0.5 cm. Take
note its colour.

2. Fill a teat pipette with vitamin C solution. Add one drop of vitamin C solution to the
DCPIP solution in the test-tube and shake gently. Continue to add the drops, counting
the number of drops which are needed to bring about a colour change. Shake gently
after each drop, refilling the pipette if necessary.

3. Record the initial colour of DCPIP (from step 1) and the first colour change after vitamin
C is added as well as the number of drops counted to bring about this colour change 
in a suitable table. 

4. After the first colour change, continue adding drops of vitamin C and counting the drops
until the DCPIP solution becomes colourless/or consistent pale yellow. (Ignore any
coloured granules that might form.). Record the number of drops counted in the same 
table from step 3. 

5. Repeat steps 1 to 4 adequately to obtain enough data for analysis, cleaning all
apparatus before use.

iall cococooocololololololoour ooof DCDCDCDCDCDCDCDCDCPIPPPPPPP PPPP PPPP (f(f(f(f(f(f(f(f( rooooooooommmmmmmm sssteppp 1)) anandd ththee fifirsrstt coolol u
weeelllllllll aaaaaaaassssss thhheee nunununununnun mbmbmbmbmbmbmm erererrrr oooooooof ff ff f f f ddrdrddddd ooops ccccooc unununnnununununununteteteteteteteddddddddddd tototototototo bbringng abo
ble.eeeee  

olour hhchhhhhhhananananananangeggegegggee, cocontinnnnnueueueueueueeu aaaaaaadddddddddddddddiniininininnggggg dropopss of vvititamin C a
P l ti b l l / i t t l
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6. Place the DCPIP solution into each of three clean test-tubes to a depth of 0.5 cm. (The
amount of DCPIP solution must be exactly the same in each of the tubes). Label the
tubes A, B and C.

7. Fill a clean teat pipette with lemon juice and drop by drop add this to the contents of
tube A, shaking the tube gently after each drop. Count the number of drops needed to
turn the DCPIP solution colourless. Repeat this step adequately to obtain enough data
for analysis.

8. Repeat the step 7 with orange juice and grapefruit juice, using a clean pipette each
time to add the juice to the DCPIP solution in tubes B and C respectively.

9. Record the results for the three juices in an appropriate table. [5]

Solution Replicates Initial 
colour
of
DCPIP

First colour 
change

Drops 
required
to 
achieve 
1st colour 
change

Second 
Colour 
Change

Drops 
required
to 
achieve 
2nd

colour 
change

Vitamin C 1 Blue Brown/Yellow 1 Pale 
Yellow

2-5

2
Average

Lemon 
Juice
Grapefruit 
juice
Orange 
juice

Table with headings – 1 
Results for Vitamin C with at least one replicate – 1 
Results for Juices with at least one replicate – 1 
Trend for Juices with at least one replicate – 1 (Lowest drops (Orange) to highest drops 
(Lemon)  
Calculation of average for each solution - 1 

10. What conclusions can you draw from your results? [3]

 Relate trend to relative concentrations of Vitamin C 
 Higher concentrations of Vitamin C = lower pH = more H+ 
 DCPIP reduced faster = faster colour change 

e fffforoooooooo eacacaacacaccchhhhhh soluuuuuuuutittttt on --- 1111 

onnnssss cacacaacaaan nnnnnnn yoyoyouuuuuuuu drddrdrdd awawawawwawawaw fffffffrororororororor mmmmmmmmm yoyoyoyoyoyoyoyoy ururuuurur rrrrrrrrreeeeseeeeeee ulullululululllullttstttstststs??? ?? ? [3[3[[[[[[ ] ]

ativivivivivive eee cococococococococc ncncncncncncncncncn eneneneeneneneeentrtrtrrttrtratatatatatatiioii nssssssssss oooooooofff ViViVViVViVVV tatatatatatatatammmimmimmin C
ions of Vitamin C = lower pH = more H+
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11. Comment on the main source(s) of error and the limitations of the measurements or
experimental procedure. [3]

identifies three of:  
uneven mixing of the juice with DCPIP solution; 
measuring DCPIP to a depth of 0.5 cm in test-tube; 
inconsistent drop size and release of drop from teat pipette; 
use of ruler to mark out a depth of 0.5 cm on test-tube; 
visual comparison of colour change (when DCPIP decolourises); 
varying drop size of vitamin C (or juice) due to way and the speed at which it is released 
from teat pipette; 
viscosity of fruit juice affecting size of the drop being formed before it is released from 
the teat pipette; 

12. What improvements could you make to the experimental procedures to overcome
these sources of error? [3]

Shake before using juice  
Use colourimeter to determine colour change 
use a syringe / graduated pipette to transfer a known volume of DCPIP;  
use a burette to dispense equal sized drops / regulate the release the fruit juice; 

 [Total: 15 marks] 

Question 2 

You are provided with a leaf labelled Q. In this question you will be required to investigate the 
number of stomata present on the lower surface of leaf Q. 

Proceed as follows: 

1. Use nail varnish to cover a small area of the lower epidermis of leaf Q. Apply a thin layer
over an area about 1cm2. Avoid any large veins that may be present.

2. Repeat this process for three different areas of the lower epidermis.
3. Allow the nail varnish about 20 minutes to dry. (Proceed to question 3 while the leaf is

drying)
4. After 20 minutes, use a razor blade or a fine scalpel to lift one edge of the layer of nail

varnish. Use forceps to then gently peel a layer of nail varnish off the leaf.
5. Transfer this layer of nail varnish to a slide and cover with a cover slip.
6. Examine the slide using a microscope and count the number of stomata you can observe

in the field of view. 
7. State which objective you chose to make this stomatal count and explain your choice. [1]

X10. Idea that number of stomata is countable, not too many, not too few, just nice. 

8. Repeat the counting of stomata in the field of view for a second piece of peeled nail
varnish.  Calculate the mean number of stomata per field of view in the space below. [2]

Working - 1 
Precision 3sf - 1 

usisisissisinggggg aaaaaaa mmmmmmicrooooooooscssssss oppppppppeeeeeee e ananananaanaananddd coccc unnnnnnnnnt the number oof f sts om
.
tiveeee yyyouououououououu cchohohoooooosessesess ttto o o o o ooo mamamamamammamakekekekekekeke thihihihihihihis ssststsssttoooomomommmooommoo atatatatataaaaata alalalalalalal ccccccouountt aandn  ex

er ofofoff sssssssstotototototototomammammammmm tattatattatataa iiiiiissss cocococococococounuununuuuuu tatatatatatataaablblbllblblblblble,e,e,e,e,e,e,e nnnnnnnot ttoooo mmanany,y, not t
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9. Make a high power drawing of three adjacent stomata from either of your stomatal peels.
[3]

Accurate Drawing of three adjacent stomata – 1 
Accurate drawing of epidermal cells between stomata (Shape hexagonal plus cell wall 
as double line) - 1 
Label of guard cell and stoma – 1 

10. Using the eyepiece graticule in your microscope and the provided stage micrometer, find
the actual length, in μm, of one of the guard cells that you have drawn. [3]

State objective used -1 
Number of eyepiece graticule x calibrated value for that objective – 1 
Final answer to 3sf in micrometer - 1 

(40x – 30/35 eyepiece graticule – calibrated value = 0.0025, answer = 75.0μm) 

Objective Lens X4 X10 X40 X60
Diameter of Field of 
View (mm)

5 2 0.5 0.333

Length of one 
eyepiece division 
(mm)

0.025 0.01 0.0025 0.00167

A researcher obtained leaves from two different plants, Plant A and Plant B. From the same 
forest. He found that the number of stomata on the underside of the both leaves differed. He 
ensured that he calculated the number of stomata based on per unit area and ensured he had 
sufficient replicates. However, the numbers still did not match. The mean density of stomata 
per 1cm2 for leaves A and B were as follows: 

Leaf A – 234
Leaf B – 297

11. While the researcher expected a difference in the number of stomata, he could not be sure
if the difference seen was significant. Suggest a statistical test he could use to confirm if
the difference was significant. [1]

T-Test 

12. When carried out this test, the probability value he obtained was less than 0.05.  Comment
on what these results show and suggest an explanation for the pattern seen in Leaves A
and B collected by the researcher. [4]

Shows that the probability that the difference in density of stomata between the 
two leaves being due to chance is less than 5%. 

The difference is therefore statistically significant.
Leaf A may be found in sunny areas while leaf B is in the shade/ Leaf A plant may

be growing in low water content soil while leaf B plant is growing in more 
waterlogged soil/difference in carbon dioxide levels/AVP 

Ref to idea that higher stomatal density lead to increased water loss or increased 
carbon dioxide uptake and vice versa.

[Total: 14 marks] 

hisss ttttteseseseseseese t, the ppppppprorororororoorobbbabbbb bibibibibibibib lililililliitytytyytytyty valaaa ue hhhhhee oboboboboboboboooobo ttatatatatataininiiiiii eded wwasas llese s
ulttttsss s shshshshshshshowowoooooo aaaaaaandndnndndndnnd sssssssuguguguguguguguggegegegegeggegeg ststststststttt aaaaaaaaan nnnnn n n exxxxxxxxxpppplppppppp annnnnnnnnnatatatataataaata ioiioioioioionnnnnnn fffofof r ththee pap tt

y thehehehehhhheh researcher.... [[[[[[4]4]4]4]4]4]444  

e probability that the dddid fference iin density of s
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Question 3 

Slide S1 is a tranverse section from a leaf of the Amophilia plant. 

(a) In the space below, draw a labelled plan drawing of this leaf. [6] 

Title – 1 (Plan drawing of Amophillia Leaf (T.S.) X40/X100) 
Accurate size and shape of regions - 1 
Mesophyll Labelled – 1 
Vascular Bundle (with xylem and phloem) Labelled – 1 
Outer epidermal layer represented with a double line – 1 
Calculation of magnification of drawing - 1

ng ofofofofofofofof AmAmAmAAAAmA opopopppppphihihihihihihihh llllllllllllllliaiaiaiaiaiaaa LLLLLLLLeaeaeaeaeaeaeaeafffff fff (TT(T(T(( ...S.) XXXXXX4040404040404040404000/X/X/X/X/X//X1001010010100100)0)0000  
happpppe ofofofofofofofof rregegegegggggioooooooonssssssss ------- 11111111 
– 11111111 
th xyxyxyxyyxyxylelelelelelelelemmm mmmmmmm ananananaananananandddd phphphphhp loememememememememee )) LaLaLaLaLaLaLaLabebebebebebebebb lllll ed –– 11 
er represented with a double line – 1
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(b) Using the provided slide graticule, measure the diameter of the leaf. You may assume 
that the slide graticule can be used as you would use a ruler. [1] 

Diameter of leaf: 1.90 to 1.95 mm 

The following Figure 2.1 is a microscope image of a section of a typical monocot leaf. 

From alamy.com 
Figure 2.1 

(c) Given that the magnification of Figure 2.1 is 50X, calculate the actual width of the 
specimen. [2] 

Working - 1 
Precision 3sf - 1 

(d) Identify three differences between a typical monocot leaf and the Amophilia leaf. [3] 

In Amophillia
Presence of epidermal hairs 
Folding/Rolling of leaf 
Sunken/hidden stomata (idea) 
No obvious guard cells 
AVP 

Any 3 

(e) Suggest reasons for the differences you have identified. [2] 

Plant found in hot and dry regions 
Lacking in water 
Avoid excessive loss of water from evapo-transpiration  

Any 2 

[Total: 14 marks] 

d cccccccceleeeee lsssss 

for hthe diddd ffffffffffffffffferences you hahhahhhhh ve iddded ntiffieied. [[2]2]
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Question 4

The Tasmanian Tiger or Thylacine (Thylacinus cynocephalus), the world's largest carnivorous 
marsupial, was once common throughout Australia and Papua New Guinea. The Thylacine 
resembled a large, short-haired dog with a stiff tail which smoothly extended from the body in 
a way similar to that of a kangaroo. The female Thylacine had a pouch with four teats, but 
unlike many other marsupials, the pouch opened to the rear of its body. 

An example of convergent evolution, the Thylacine showed many similarities to the members 
of the Canidae (dog) family of the Northern Hemisphere: sharp teeth, powerful jaws, raised 
heels and the same general body form. 

Due to human activities, the Thylacine was hunted to extinction by early 1930. A Thylacine 
specimen with soft tissue remaining is found in the Australian Museum in Sydney. 

Imagine that you are a researcher in the Australian Rare Fauna Research Association. 
Recently it was reported that locals near Mount Carstensz in Western New Guinea had sighted 
creatures that resemble Thylacines. Some members of the Association believe that the 
creatures sighted may be descendents of the Thylacine, while other members believe that the 
creatures may be a new species. If the former were true, then the Thylacine is not extinct and 
conservation effects may revive the species. 

Plan an investigation to investigate if these creatures found in Western New Guinea are 
descendents of the Thylacine that was thought to be extinct. 

Your planning must be based on the assumption that you have been provided with the 
following equipment and materials. 

Tissue sample from the museum specimen and from the Western New Guinea 
creatures under investigation 

 Pestle and mortar 
 DNA extraction buffer solution 
 Microcentrifuge tubes 
 Centrifuge 
 Restriction enzymes 
 Agarose or polyacrylamide gel plate 
 Suitable source of electric current 
 Radioactive probe 
 Nitrocellullose membrane 
 Autoradiography equipment 

Your plan should have a clear and helpful structure to include: 
 An explanation of the theory to support your practical procedure 
 A description of the method used including scientific reasoning behind the method 
 The type of data generated by the experiment 
 How the results will be analysed including how the origin of the organism can be 

determined 
[Total: 14] 

e a aaaaaa a cleaaaeaaear rrrrr anaaaaa d heheheheheeheh lpfuuuuuuuullllll stststststsststtrurrr ctccc ureeee to include: 
n ofofoff ttttthehehehhehhh  thehheeorrrrrrry y y y yyy tototototototot supupupupupupupuppopopopopopopoportrttrt yyyouuuur r prprrprprprprprrracacacacacaaacaa tititititititicacacacacccccall prprococededuru e
of thththhthe mmmemmmmm ththhodododododododod uuuseseseseesesesedddddddd iniiii ccclcccccc udududududududddiniiiiii gggggggg sssscsssssss ieeeeeeeeenntntntntntnn ifififififificcicicicicc rreaeasosonning b
ta gegeegegeeegeneeeeraraaaaaaateeed dddddd bybybybyyybybybby tttthehehehehehhehehe eeeeeexppppppppere iimimimimimimimimenee t
ts wwwwililililillliillllllllllll bebebebebebeebebe aaaaaaaanannaannalylylyylylyysssess ddddddddd ininininiinninclclclclclclclluddudududududududininininininng gggg how w ththee ororigigin of 
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1. Theoretical consideration or rationale of the plan to justify the practical
procedure;

2. Method of DNA extraction including homogenization and use of buffers;
3. Preparation of samples for electrophoresis, including use of centrifuge
4. Selection of restriction enzyme and reasons for the selection;
5. Amplification of DNA fragments using PCR including detail of PCR;
6. Separation of fragments by gel electrophoresis and the principles behind

the separation;
7. Transfer of DNA onto nitrocellulose membrane;
8. Hybridization with radioactive labeled DNA probe;
9. Autoradiography method;
10. Method of band visualization, e.g. exposure to X-ray or chemiluminescent

substrate;
11. Significance of matching bands;
12. The correct use of technical and scientific terms; valid safety concerns

1. Theoretical consideration or rationale of the plan to justify the practical
procedure;

Homologous regions of DNA in the Thylacine and the creatures found in 
Western New Guinea have variable number of tandem repeats (VNTR). 

 Restriction digestion of homologous regions produces restriction fragments 
of different lengths, the animals exhibit Restriction Fragment Length 
Polymorphism (RFLP). 
Comparison of the DNA banding patterns from Thylacine with the 
creatures found in Western New Guinea will determine if they are the same 
species. 

2. Method of DNA extraction including homogenization and use of buffers;

 Add DNA extraction buffer to tissue sample before homogenization 
Mechanically break tissue samples during homogenization using mortar 
and pestle, to release DNA

3. Centrifuge homogenized samples in a microcentrifuge tube to separate DNA
from the rest of the cellular debris.

 Use a micropipette to transfer the supernatant which contains the DNA into 
another clean microcentrifuge tube. 

 Add ice-cold ethanol to precipitate the DNA out of solution.

4. The same restriction enzyme, for example, EcoRI, which is used to cleave
DNA from the Thylacine and the creatures found in Western New Guinea at
different restriction sites, producing differentiating number and length of
restriction fragments between the species.

thhhhhhe eeeee ceceececececelluluuuuu arrrrrrrr dddddddebbbbbbbriiriiriririsssssssss.

pipppppettettettteteteteteetete tto oo trtrtrtrtrtrtrtraaanaa sfsfsfsfsfsfsfsfererererereerrer tttttttheheheheheheheehe sususususussususuupepepepepepepepeeernatatatatatatata ananananannnntt whihichch ccon
n mimimimimmicrcrcrcrcrcrrcrococococococococenenenenenenenene trtrtrtrrtrrrtrrififififffififuguguggugugugugugu e eeeeeee tutututuutututut bebebebebeebebebee......

eeethtththtthtt ananananananananaa ololololololoololl ttttttttttooooooooo prprprpprppreceeeeeee ipppppppppititititititititatatatatatatatteeeeeeee ththththththththe eeee DNNAA ouutt ofof solu
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5. The purified DNAs from both specimens are subjected to Polymerase
Chain Reaction (PCR) in a thermocycler to amplify a particular region of the
DNA using Taq polymerase.

One PCR cycle consists of 3 steps:
o Denaturation of DNA molecules at (95oC), to break the hydrogen

bonds so that the double-stranded DNA separates into single
strands.

o Annealing of Primer to DNA strands at (55oC) to complementary
sequences flanking the target sequence to be amplified

o Extension step at (72oC ) for Taq polymerase to catalyse the
synthesis of a complementary strand of DNA for each of the
single strands of the target DNA.

6. Separation of fragments by gel electrophoresis and the principles behind
the separation;

Mix DNA fragments after restriction digestion with loading dye.
Load the DNA samples from the 2 animals into separate wells of the 
agarose gel to perform gel electrophoresis at 100 V for 30 min.
Load DNA ladder onto a separate well as a reference for identification of 
band sizes.  

 Gel electrophoresis separate DNA fragments based on size - Smaller size 
fragments migrate more rapidly/at a faster rate than large fragments to 
the positive end. 

 DNA is negatively-charged and will migrate to the positive electrode. 

7. Transfer of DNA onto nitrocellulose membrane;

 Restriction fragments in the agarose gel are transferred to a piece of 
nitrocellulose membrane by capillary action during Southern Blotting.
The gel is immersed in alkaline solution (sodium hydroxide) to denature 
double stranded DNA into single strands.

8. Hybridization with radioactive labeled DNA probe;

 The nitrocellulose membrane is then incubated with a radioactively labelled, 
single-stranded DNA probe which is complementary and thus hybridised 
to the target VNTR sequences, via formation of hydrogen bonds. Excess 
probe was washed off. 

9. Autoradiography method;

Detect the position of the hybridised probes by autoradiography. A sheet of
X-ray film is placed over the nitrocellulose membrane.

witttttttthhhhhh rarararararaadidddidididdioaoooo ctctctctctctcc ivivivvvvvvve lalalalalalalaaaabebebebebebbebebeleeed DNDDDNNNNNNA probobe;e;

ulosoossosoo e mememememememem mbmbmbmbmbmbmbmbraneneneneneenene iiiiiiisss sssss thththththhththht enenenenennnen iiiiiiincncncncncncncncn uuubuuu atatatatataata ededededed wwitthh aa raradi
deeeedddddd DNDNDNDNDNDNDNDNA A AA AA AAAA prprprprprprrrprroboboboboboboboobeeeeee whwhwhwhwhwhwhwhhhiccccciccchhhhhhhhh isisisisisisisss ccccccccomooooooooo plplememenentatary an
VNVNVNVNVNVNTRTRTRTRTRTRTRTRTRTR ssssssssseqeqeqeqeqeqeqeeqequeueueueuencnnnn esesesesesesss, vivivivivivivviaaa aaaa fofofofofofofoformrrmrmmatioionn off hyhydroge

h d ff
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10. Method of band visualization, e.g. exposure to X-ray or chemiluminescent
substrate;

Bands of radioactivity will be detected on the X-ray film where the
radioactively labelled probe hybridised to complementary VNTR 
sequences. 

11. Significance of matching bands;

Compare DNA banding patterns from Thylacine with the creatures found in 
Western New Guinea.
Identify bands that creatures found in Western New Guinea have in 
common/match with the Thylacine.

 Presence of a high number of common or matching bands at the chosen 
RFLP loci indicates a high possibility that creatures found in Western New 
Guinea are evolutionarily related to and are likely to be the descendents of 
the Thylacine. If the banding patterns are different, then they are not the 
same species. 

12. Valid safety concerns

Sodium hydroxide can be an irritant, avoid direct contact with hands and 
wear gloves.  
Risk of electrocution, do not switch on/off power socket and power pack 
of gel electrophoresis with wet hands to avoid being electrocuted. Ensure 
hands are dry when using appliances to prevent electrocution. 
Probes are radioactive, wear protective gear and gloves when handling 
probes during southern blotting and autoradiography and work behind a 
radioactive shield. 
Ethidium bromide is a carcinogen. Handle gel using protective gloves. 

End of Paper EnEnEnEnEnEnEnE ddddddddd ofofofooooo  Papppeeeerr
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Do not open this booklet until you are told to do so. 
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There are 30 questions in this paper.  Answer all questions.  For each question, there are 
four possible answers, A, B, C and D. 

Choose the one you consider correct and record your choice in soft pencil on the separate 
multiple choice answer sheet. 
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This document consists of 16 printed pages. 
[Turn over

H2

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



 
1 The figure below shows an electron micrograph of an eukaryotic cell. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Which of the following option correctly matches the structures R, S and T to their 
respective functions? 
 

 R S T 
A Involved in proteins 

glycosylation 
Site of lipid synthesis To convert light energy 

to chemical energy 
B Site of protein 

synthesis 
Site of detoxification 

reaction 
Supplying cellular 

energy 
C Site of detoxification 

reaction 
Involved in protein 

glycosylation 
Remove worn out 

organelles 
D Site of protein 

synthesis 
Contains proteins to be 

secreted 
Storage of starch 
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2 Which comparative statement(s) concerning biological molecules is/are correct? 
 
1 A collagen molecule is a fibrous protein that contains many amino acids with 

hydrophobic R-groups whereas a haemoglobin molecule is a globular protein 
with no amino acids with hydrophobic R-groups. 

2 Sucrose hydrolysis results in glycosidic bond breakage and the production of 
equal proportions of fructose and -glucose molecules, whereas cellulose 
hydrolysis results in only -glucose molecules. 

3 The glycosidic bonds of glycogen are formed between two -glucose 
molecules, whereas in amylopectin, the bonds are formed between an -
glucose molecule and a -glucose molecule. 

 

A 2 only 
B 3 only 
C 1 and 2 
D 1 and 3 

 

3 The statements below are about bonds found in biological molecules. 
 

1 They are formed by condensation. 
2 Oxygen is part of the bond. 
3 ATP is hydrolysed to form the bonds. 
4 They can be broken at 100 C. 

 
Which statements are correct for the bonds in the primary structure of proteins? 

A 1 and 2 only 
B 1 and 3 only 
C 3 and 4 only 
D 1, 2 and 4 only 
 

4 What supports the view that a membrane protein is involved in active transport? 

A It allows movement of molecules across a membrane if concentration 
differences exist. 

B It can only function if mitochondria are supplied with sufficient oxygen. 
C It has a tertiary structure with a binding site with a specific shape. 
D It is found in the cell surface membranes and the mitochondrial membranes.
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5 The graph shows the course of an enzyme-catalysed reaction at 30 C. 
 

 

 

 

 

 

 

 

 

 

 

What is true at time X? 
 
A Most enzyme molecules will have free active sites. 
B The number of available substrate molecules is high. 
C The number of enzyme-substrate complexes is low. 
D The rate remains the same if more enzyme is added. 
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6 The diagram shows two homologous chromosomes in early prophase I of meiosis 
in an animal cell. Two genes, A/a and B/b, whose loci occur on the homologous 
chromosomes are also shown. 
 
 
 
 
 
 
 
 
 
 
 
Which row of diagrams is a possible representation of these chromosomes as they 
progress from anaphase I to prophase II?  ANS: D 
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7 The diagram shows the molecular structure of a chemical that can inhibit the 

activity of reverse transcriptase. It is an analogue of a naturally occurring nucleic 
acid monomer. 

Which option is correct? 
 

Analogue Naturally occurring monomer 
A Acts as a competitive inhibitor Is an activated DNA nucleotide 
B Acts as a non-competitive inhibitor Is an activated RNA nucleotide 
C Acts as a competitive inhibitor Is an activated RNA nucleotide 
D Acts as a non-competitive inhibitor Is an activated DNA nucleotide 
 
 

8 In dogs, a gene on chromosome 27 is responsible for the curliness of the dog’s 
hair.  One form of this gene produces an enzyme with arginine at residues 151, but 
a mutant allele of the gene produces an enzyme which has cysteine at this point. 

 
This latter form causes kinks in the keratin so that the coat is curlier.  In 
heterozygotes, both alleles are co-dominant so an intermediate ‘wavy’ coat can be 
observed in the phenotype. 
 
In this context, what is meant by gene mutation? 
 
A  change in the gene locus 
B  chromosome 27 inversion 
C  production of a new protein 
D  structural change in DNA 
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9 Individuals with the rare Bombay phenotype (i.e. homozygous recessive, hh) do 
not produce H-antigen. As a result, they cannot make A-antigen or B-antigen on 
their red blood cells, regardless of what alleles they may have at the gene locus 
which determines the ABO blood group. This is because A-antigens and B-
antigens are synthesised from H-antigens. Individuals with blood group O do not 
produce A-antigens or B-antigens but produce H-antigens on their red blood cells. 
 
Alan and his family had the following phenotypes in their blood groups: 

Family member Blood type 
Alan’s father O 
Alan’s mother Bombay phenotype 
Alan A 
Alan’s wife Bombay phenotype 
Alan’s wife’s father O 
Alan’s wife’s mother O 

 
If Alan and his wife had a child, what is the probability that the child will have 
Bombay phenotype? 

A 0 
B ½  
C ¼ 
D ¾  
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10 Seven plants of the same species were selected from a field. Three plant cuttings 
were obtained from each parent plant, each of which were planted at various 
elevations on a mountain terrain. They were allowed to grow for 3 months. Their 
heights and flower development were shown in the table below. 

 
Which of the following statements can be deduced from the results of the 
experiment? 

A The height of the plants is genetically determined.  
B The development of flowers is affected by environmental factors. 
C Genetic variation exists in the population of plants in the field due to genetic 

drift. 
D Plants that did not develop flowers at medium elevation have mutations that 

inhibit flower development. 
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11 Which of the following is not the consequence of natural selection? 

A The field mustard plant survived a summer drought in southern California because 
some individuals contained alleles that made them flower earlier. Plants with 
flowers wilt more easily than plants without flowers. Now, almost all the field 
mustard plants in California flower in spring.  

B In areas with fewer predators of herbivorous insects, plants which produce higher 
concentrations of alkaloids (which are toxic to insects) dominated the landscape. 
Most of the herbivorous insects in these areas are found to be able to accumulate 
alkaloids in their bodies without affecting their metabolism. 

C Endemic to New Zealand, the kakapo (a large flightless bird) had no natural 
predators before the humans arrived. They have evolved to have very few 
offspring throughout their entire lifespan. This phenomenon is also common for 
other island species which do not have natural predators in their respective 
habitats.  

D Maple probably has the most variation in bark of any tree species. Japan 
experiences tornadoes which destroy large trees like the maple. Over the last few 
decades, it was observed that only the Japanese maple with dark-coloured bark 
remained. 

 

12 Neanderthals evolved from Homo erectus via the intermediate H. heidelbergensis; 
this H. erectus lineage left Africa about 600kya (kya = 1000 years ago), the 
descendants made their way to Europe and the earliest H. heidelbergensis fossils 
appeared 500kya. The H. erectus line continues in Europe after the H.
heidelbergensis speciation, with the later fossils being found in France (450kya), 
Hungary (350kya), Indonesia (250kya) and China (210kya). 

In contrast, H. sapiens evolved in east Africa from H. erectus through the 
intermediate form of H. rhodesiensis. H. rhodesiensis fossils range from 600–
200kya.  

Based solely on the information given above, which of the following statements is 
least likely to be true? 

A H. erectus and H. rhodesiensis are unable to interbreed to produce viable and 
fertile offspring. 

B Geographical isolation resulted in the disruption of gene flow between 
Neanderthals and H. sapiens. 

C The divergence of H. rhodesiensis from H. erectus, and H. sapiens from H.
rhodesiensis is sympatric speciation. 

D The fossils of H. erectus found in France share more similarities with those 
found in China than with the earliest fossils of H. heidelbergensis. 
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13 The plica semilunaris is a small fold of tissue on the inside corner of the eye. It is 
the vestigial remnant of the nictitating membrane, an organ that is fully functional 
in some other species of mammals. For example, in diving animals like beavers 
and manatees, the nictitating membrane is transparent and moves across the eye 
to protect it while under water. 

 
Which of the following statements least explains the presence and structure of 
plica semilunaris in humans? 

A Early ancestors of humans were not divers.  
B Any presence of nictitating membrane in non-diving mammals posed a 

selective disadvantage for individuals who had it. 
C Mutations occurred to reduce the size of nictitating membrane in humans to 

its present-day vestigial structure as there was no use for it. 
D The genes involved in producing the plica semilunaris were inherited from a 

common ancestor shared by humans, beavers and manatees. 
 
Explanation: 
Early ancestors of humans were not divers. That’s why our nictitating membrane 
is now vestigial, rather than a fully functional one. 
The fact that we inherited it despite not being divers explains why we still have this 
vestigial remnant, instead of not having it at all. 
 

14 Which of the following correctly shows the effects of climate change on coral reefs 
and associated ecosystems? 

Average number of 
zooxanthellae in each polyp

Mass of basal plate of 
hard corals 

Diversity of catch 
from nearby fisheries 

A Decreased Decreased Decreased 

B Decreased Unaffected Increased 

C Increased Decreased Decreased 

D Increased Unaffected Increased 
 
 

15 Which of the following is true of the pathogenicity of the dengue virus? 

A Infected cells release interferons which cause dengue fever.  
B Infected cells release toxins which kill cytotoxic T cells and red blood cells.  
C Dengue virus infects and kills macrophages, causing dengue shock 

syndrome. 
D Antibodies specifically recognise and neutralise the dengue viruses 

circulating in the circulatory and lymphatic systems. 
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16 The enzyme DNase is added to samples taken from the same chromosomal region 
from three different cell types. After 20 minutes, the remaining DNA samples are 
weighed and the following results are obtained. 

 
Cell 
type 

Mass of DNA before adding 
DNase/ g 

Mass of DNA after adding 
DNase/ g 

P 5.0 5.0 
Q 5.0 3.4 
R 5.0 4.1 

 
Which of the following statements correctly suggests about the genes and their 
expressions in the three different cell types? 
 
A Some regions of the cell type P chromosomes contain DNA coding for 

rRNA. 
B The mass of DNA in cell type P did not decrease because the histone tails 

are acetylated. 
C There are more phosphodiester bonds in the DNA of cell type Q than those 

in cell types P and R. 
D The genes found in the same chromosomal region in the three cell types 

are expressed the most in cell type Q. 
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17 The following statements are about eukaryotic control elements: 
1 Attachment of RNA polymerase II at the TATA box is achieved with the help 

of a series of specific transcription factors.  
2 The DNA binding site on general transcription factors and specific 

transcription factors is different in DNA sequence. 
3 When the histones found in part of a chromosome are acetylated, the control 

elements of a gene are easily accessed.               
4 Repressors bind to regions of DNA to repress transcription. 

 
Which of the above statement(s) is/are true? 
A 3 only 
B 1 and 2 
C 3 and 4 
D 2, 3 and 4 
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18 Transcription in eukaryotic cells results in the formation of pre-mRNA, which is 
made up of exons and introns.  

 
Which of the following statements correctly describes what happens during the 
formation of mature mRNA from the pre-mRNA? 
 
A The 5’ of the intron is cut, and joined to the branch-point sequence, 

followed by the cutting of the 3’ end to form the lariat loop. 
B RNA splicing occurs, where all introns are recognised as they share highly 

similar sequences and are excised. 
C RNA splicing occurs, where all the introns are excised and some of the 

exons joined together so that they can be transcribed. 
D The addition of the 5’ cap and the 3’ poly-A tail occurs, followed by RNA 

splicing. 
 

  

19 Regulation of gene expression occurs in both prokaryotes and eukaryotes.  
 

Which of the following process(es) is/are involved in both prokaryotes and 
eukaryotes? 
 

1 extension of telomeres by telomerase 
2 down-regulation by repressor molecules 
3 post-translational modification 
4 alternative splicing 

 
A  2 only 
B  1 and 3 only 
C  2 and 4 only 
D  2, 3 and 4 only 
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20 With reference to the diagram below, relate processes P, Q, R, S, T to statements 
(1), (2) and (3). 

 

(1) NAD  is regenerated without the use of the electron transport system 
(2) ATP is synthesised via substrate level phosphorylation 
(3) It can take place under anaerobic conditions. 

 

 (1) (2) (3) 

A T only R only Q,R,T only 

B T only R,S only Q,R,T only 

C S,T only R only Q,R,S,T 

D S,T only R,S only Q,R,S,T 

  

 

 

 

 

 

 

 

21 The diagram summarises the process of photosynthesis.  
 

 

 

Glucose 

Glyceraldehyde-3-phosphate 

Pyruvate 

Lactic acid Carbon dioxide and water 

Q

R

S T

light light-dependent reactions 

1 O2 
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Which row identifies the reactants 1,2,3, 4 and 5?  

 1 2 3 4 5 
A Carbon dioxide ADP + 

phosphate reduced NAD NAD water 

B Carbon dioxide reduced NAD ADP + 
phosphate NADP water 

C water NAD reduced NAD ADP + 
phosphate 

Carbon 
dioxide 

D water NADP ADP + 
phosphate reduced NADP Carbon 

dioxide 
 

  

light-independent reactions 

ATP 4

5

3 2

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



22 Young maize and wheat plants were grown to maturity at high and low 
temperatures. The rate of photosynthesis in each of these mature plants was 
measured at different temperatures. The rate of photosynthesis was measured as 
the amount of CO2 used per dm3 of leaf per hour. The results are shown in the 
graph below 

 

 

 

 

 

 

 

 

 

 

 

What information can be concluded from the graph above? 
 

1 For plants grown at high temperature, the rate of photosynthesis is optimum 
at 25°C in maize and 18°C in wheat. 

2 For plants grown at high temperature, maize had a greater increase in rate 
of  photosynthesis compared to wheat until optimum temperature was 
reached. 

3 The rate of photosynthesis was affected more significantly in maize plants 
than in wheat plants when grown at low temperatures. 

4 Low temperatures slowed down the formation of membranes in maize plants 
but not in wheat plants which caused a decrease in lamellae formation. 

 

A 2 and 3 only 
B 1 and 4 only 
C 1, 2 and 3 only 
D All of the above 
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23 Which of the following pairs of statements is true of transduction and conjugation? 

 

24 All of the following statements about viruses are true except: 
 
A The genome of HIV is more likely to mutate than the genome of 

bacteriophages 
B Before entering a host cell, specific proteins of viruses bind to receptors on 

specific host cells.  
C All viruses produce RNA as an intermediate molecule during the production 

of new viruses.  
D HIV and influenza viruses produce DNA as an intermediate molecule during 

the production of new viruses.  
 

 

  

 Transduction Conjugation  

A Bacterial DNA is transferred from 
donor cell to recipient cell 

Bacterial DNA is transferred from 
donor cell to recipient cell 

B
Only host DNA adjacent to prophage 

is transferred from donor cell to 
recipient cell in specialised 

transduction  

F plasmid is exchanged between 
donor cell and recipient cell 

C Lambda lysogenic phage is involved 
in generalised transduction 

T4 lytic phage is involved 

D
Viral DNA is replicated via rolling-
circle mechanism in the donor cell 

DNA on F plasmid is replicated via 
rolling-circle mechanism in the 

donor cell 
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25 Arrange the following statements on signal transduction pathway for insulin in order.  
 

1 Auto-crossphosphorylation 
2 Increase in uptake of glucose through facilitated diffusion 
3 Relay proteins bind to specific activated tyrosine residues 
4 Activated relay proteins activate their respective transduction pathways 
5 Insulin binds to receptor tyrosine kinase (RTK) at the receptor site 
6 Vesicles containing glucose transporters move to and fuse with the plasma 

membrane 
7 Changes in the 3D conformation activates the tyrosine kinase domain of 

receptor 

A 5, 1, 7, 3, 4, 6, 2 
B 5, 7, 1, 3, 4, 6, 2 
C 2, 5, 1, 7, 3, 4, 6 
D 2, 5, 1, 7, 4, 3, 6 
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26 The polymerase chain reaction is summarised in the flowchart below.  
 

 

 

 

 

 

 

 

 

 

 

Which statement completes the flow chart?  
 
A Complementary strands of DNA are separated. 
B Free nucleotides join on the end of DNA strands. 
C Small sections of DNA are formed. 
D Strands of DNA bind to RNA primers. 

 

 

  

The cycle is 
repeated. 

The sample of DNA is placed in a 
solution containing free nucleotides. 

 

New complementary strands of DNA are 
synthesized from nucleotides in solution. 
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27 A gene involved in the development of cancer was studied using the technique of 
gel electrophoresis.  

 
 
  

 

 

 

 

 

Which of the following can possibly be concluded from the results of this study?  
 
A Mutation of gene resulting in a hyperactive protein 
B Additional DNA nucleotides are inserted within the mutant allele 
C Amplification of gene related to cancer 
D Over-expression of the gene related to cancer  

  

Healthy 
individual 

Cancer 
patient 

Positive 
electrode 

Negative 
electrode 
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28 Some of the features of different types of stem cells are listed.  
 

1 They are able to develop into all cell types of the body to form a whole 
organism 

2 They can develop into a wide range of different types of cell 
3 They have active telomerase enzyme 
4 They can only develop into a limited range of cell types 

 
Which of the following will be shown by embryonic stem cells? 
 
A 1 and 2 
B 1 and 3 
C 2 and 3 
D 3 and 4 

 

29 Most cases of cervical cancer is caused by infection with Human Papilloma Virus 
(HPV). Vaccines consisting of HPV antigens are available for prevention of cervical 
cancer.  
 
Which of the following statements is true? 
 
A The HPV vaccine offers passive artificial immunity. 
B The HPV vaccine offers active natural immunity. 
C HPV vaccine stimulates the production of specific antibodies by T cells 
D HPV vaccine will be ineffective against the influenza virus due to different 

3D conformation from influenza viral antigens 
 

 

30 1-5 represents different components of the immune system. Arrows may represent 
processes such as activation of other cells and differentiation of cells. Which of the 
following could be a possible representation of 1-5?  

 

 

 

 

 1 2 3 4 5 
A Antigen-

Presenting Cell 
T cytotoxic cell Antibodies B cell Memory B cell 

B Antigen-
Presenting Cell 

B cell  T helper cell T cytotoxic cell Memory T cell 

C Antigen-
Presenting Cell 

T helper cell B cell Plasma cell Antibodies 

D Antigen-
Presenting Cell 

T helper cell B cell Plasma cell Memory B cell 

 

1 2 3
4

5
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SAJC / H2 Biology 9744/2 JC2 PRELIM 2017

QUESTION 1 
Hormones, insulin and glucagon, are proteins that regulate the concentration of blood 
glucose level.  Type 2 diabetes is characterized both by insulin resistance, a condition 
in which various tissues in the body no longer respond properly to insulin action, and 
by subsequent progressive decline in beta ( )-cell function to the point that the cells 
can no longer produce enough additional insulin to overcome the insulin resistance. 
Researchers are actively exploring use of stem cells as a potential source of deriving 
new -cells to treat type 2 diabetes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 

 
The pancreas is located in the abdomen, adjacent to the duodenum (the first portion 
of the small intestine). A cross section of the pancreas shows the islet of Langerhans 
which is the functional unit of the endocrine pancreas. Encircled is the beta cell that 
synthesizes and secretes insulin. Beta cells are located adjacent to blood vessels and 
can easily respond to changes in blood glucose concentration by adjusting insulin 
production.  
 
  

© 2001 Terese Winslow, Lydla Kiblukglycogen
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(a) Cells that secrete proteins contain a lot of rough endoplasmic reticulum (rER) and 
a large Golgi body.

(i) Describe how the rER is involved in the production of insulin.
 

………………………………………………………………………………………….

….……………………………………………………………………………………[1] 

 
(ii) Describe how the Golgi body is involved in the secretion of insulin. 

 
………………………………………………………………………………………….

….………………………………………………………………………………………

………………………………………………………………………………………….

……………………………………………………………………………………….[2] 

 
(b) Using type II diabetes as an example, explain how environment affects phenotype. 
 

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………...[3] 

  
(c) With reference to Fig. 1, explain how the binding of insulin to receptors on muscle 

cells leads to a lowering of blood glucose concentration. 
 

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………...[2] 
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(d) Suggest how a change in the amino acid sequence of the receptor found in the 
plasma membrane of the muscle cell could make the cell resistant to insulin. 

 
…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………...[2] 

 
(e) Describe how phospholipids are arranged in a plasma membrane. 
 

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………...[3] 

 
(f) Phospholipids are a type of lipid.  Lipids, in general, are made up of glycerol and 

fatty acids monomers covalently bonded together.  Name the covalent bond and 
describe the breakage of this bond. 

 
…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………...[2] 

   
Experiments have indicated that pancreatic stem cells (PSCs) can serve as sources 
of insulin secreting cells. 
 
(g) State the source of PSCs and explain the PSCs’ normal functions. 
 

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………...[2] 
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(h) Suggest an advantage of using the patient’s own PSCs to regenerate tissue or 
organs. 

 
……………………………………………………………………………………………..

…………………………………………………………………………………………...[1] 

 
 

[Q1: 18 marks] 
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QUESTION 2 
Stephen Lyon Crohn, also known as "The man who can't catch AIDS", was a man 
notable for a genetic mutation, which caused his inability to contract AIDS.  
Crohn had the "delta-32" mutation on the CCR5 co-receptor, a protein on the surface 
of cells involved in the immune system.  
 
CCR5 “delta-32” mutation involves a 32-base-pair deletion in the CCR5 co-receptor 
gene locus.  
 
(a) Describe the role of CCR5 co-receptor protein in the entry of Human HIV into host 

cells.  
 

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………...[2] 

 
(b) Describe briefly how the information on DNA is used to synthesize the pre-mRNA 

transcript for CCR5 co-receptor. 
 

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………...[3] 
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Individuals can either gain full or partial resistance to HIV, depending on the number 
of mutated CCR5 alleles they possess at the CCR5 gene locus. Partial resistance to 
HIV occurs when the entry of the virus is severely hampered (but not completely 
prohibited). 

Another Caucasian woman named Susan, is homozygous with the CCR5 “delta-32” 
mutation. Her husband has the same mutation on one CCR5 allele. The couple has a 
son and a daughter. Both son and daughter has 50% chance of having partial 
resistance and 50% chance of having full resistance.  

 
(c) Explain if the inheritance of the CCR5 alleles is autosomal or X-linked.  
 

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………...[2] 

 
(d) Suggest why some individuals have partial resistance to HIV. 
 

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………...[2] 
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The son with partial resistance to HIV, marries a woman with no resistance.  
 
The son has blood group O while his wife is heterozygous for blood group A. 
 
(e) With the help of a genetic diagram, show all the possible outcomes for their 

offspring.             [5] 

 [Q2: 14 marks] 
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QUESTION 3 
Epidermal growth factor (EGF) is released by cells, and is picked up either by the cell 
itself or by neighbouring cells.  It regulates the production of a number of proteins in 
target cells.  Protein produced and its effect depends on the type of target cell.   
 
Fig. 3 shows how EGF regulates 3 genes. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 
 
 
 

Epidermal growth 
factor (EGF) 

Binds to receptor protein on the cell 
surface membrane of target cell 

This leads to an enzyme on the cytoplasmic 
side of the membrane adding phosphate to a 

protein called ERK 

This phosphorylated ERK binds to a gene 
called c-Fos in the nucleus 

c-Fos protein produced 

In one type of target cell, c-Fos 
protein binds to gene A in its nucleus. 

This leads to neurons’ action (emit 
action potentials). 

In another type of target cell, c-Fos 
protein binds to gene B in its nucleus. 

This leads to cell proliferation and a 
faster rate of cell division. 
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(a) Name the two transcription factors in Fig. 3.
 

…………………………………………………………………………………………….

…………………………………………………………………………………………...[1] 

(b) The c-Fos gene can be a proto-oncogene.
 

Use the information in Fig. 3 to explain how a mutation of the c-Fos gene can 
result in the formation of a tumour. 

 
…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………...[3] 

 
(c) Gene B has been associated with a significant number of human cancers.  

Scientists used polymerase chain reaction (PCR) to make multiple copies of gene 
B extracted from a patient’s cancer tissue sample. 

 
The reaction mixture includes the sample of DNA to be copied plus the following 
ingredients: 

 
 DNA primers 
 buffer solution
 heat-stable DNA polymerase (Taq polymerase)
 deoxyribonucleoside triphosphates (deoxyATP, deoxyTTP, deoxyCTP and 

deoxyGTP)

(i) Suggest why a buffer needs to be present in the reaction mixture.
 

…………………………………………………………………………………………..

….…………………………………………………………………………………….[1] 

(ii) The deoxyribonucleoside triphosphates that are added to the reaction mixture 
are the monomers used for making the new DNA strands.
 
Suggest one further reason for adding the deoxyribonucleoside triphosphates 
to the reaction mixture. 

 
…………………………………………………………………………………………..

….…………………………………………………………………………………….[1] 
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(iii) In the first stage of PCR, the mixture is heated to a temperature of around 90oC 
to denature the DNA.  Suggest why high temperatures are needed to separate 
the two DNA strands.

…………………………………………………………………………………………..

….……………………………………………………………………………………….

…………………………………………………………………………………………..

………………………………………………………………………………………..[2] 

 
(iv) At the end of several cycles of PCR, many copies of the DNA sample in the 

reaction mixture will have been made.  The DNA samples are then separated 
out to produce a DNA banding pattern. 

 
State the technique used to separate out the DNA samples and describe how 
this technique works. 

 
…………………………………………………………………………………………..

….……………………………………………………………………………………….

…………………………………………………………………………………………..

…………………………………………………………………………………………..

…………………………………………………………………………………………..

…………………………………………………………………………………………..

…………………………………………………………………………………………..

……………………………………………………………………………………….[4] 

 

[Q3: 12 marks] 
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QUESTION 4 
Researchers have identified a gene that gives bacteria resistance to a type of 
antibiotics called polymyxins. Despite being discovered around 60 years ago, 
polymyxins maintained their effectiveness as antibiotics as they were seldom used 
due to concerns about their toxicity.  
 
In recent years, rampant use of common antibiotics (e.g. penicillin) has led to the 
emergence of bacterial strains which are resistant to these antibiotics. This has 
become more and more of a global concern. Polymyxins are now a last line of defense 
against bacteria because of its previous lack of use. 
 
(a) With reference to the reproductive cycle of bacteriophages, suggest how 

bacteriophage infections may lead to a spread of antibiotic resistance between 
bacterial populations.   

 
……………………………………………...………………………………………….......

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

…………………………………………………………………………………………...[3] 

 
Bacteria reproduce by the process of binary fission. 
 
(b) Explain the significance of binary fission in bacteria. 

 
……………………………………………………………………………...…………...….

…..............................................................................................................................

.................................................................................................................................

.............................................................................................................................[2] 

 
The process of binary fission involves semi-conservative DNA replication. 

 
(c) State two differences in the formation of the leading and lagging strands during 

DNA replication. 
 
…………………………………………….....……………………………………….…….

………………………………………………………………………………………………

………………………………………………………………………………………………

…………………………………………………………………………………………...[2] 
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Bacteria rely on sugar sources e.g. lactose for survival.  
 

(d) Describe the consequence of mutating the lacI gene of the bacterial lac operon, 
on usage of lactose. 
 
…………………………………………….....……………………………………….…….

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

…………………………………………………………………………………………...[5] 

 

[Q4: 12 marks] 
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QUESTION 5 
A student set up an experiment to investigate the effect of carbon dioxide on 
photosynthesis. First, he de-starched a small potted plant by putting it in the dark for 
two days. Then, he chose two leaves and inserted them into conical flasks, A and B, 
fitted with rubber stoppers. Lithium hydroxide was placed in Flask B to absorb all 
carbon dioxide present. The plant was then left under a table lamp for 15 minutes. Fig 
5.1 shows the experimental setup.  

 
Fig 5.1 

He removed a sample of each leaf every 5 minutes (by punching out a leaf disc of 
approximately 0.2 cm in diameter, using a single-hole puncher) and return the leaves 
to their respective flasks immediately.  Each leaf disc was then tested for the presence 
of ribulose bisphosphate (RuBP) and starch. Table 5.2 shows the results he obtained.  
 

Table 5.2 

Flask Concentration of RuBP / μmolm-2 Concentration of starch / μmolm-2 
0 min 5 min 10 min 15 min 0 min 5 min 10 min 15 min 

A 0.0 2.2 3.0 3.1 0.0 2.1 3.4 6.5 
B 0.0 2.7 4.2 6.8 0.0 0.3 0.5 0.5 

 
(a) State two other variables which must be kept constant to maximize the validity of 

the results obtained for this experiment. 
 
…………………………………………….....……………………………………….……

…………………………………………………………………………………………...[1] 
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(b) With reference to Table 5.2, describe the relationship between the presence of 
carbon dioxide and concentration of starch. 
 
…………………………………………….....……………………………………….…….

………………………………………………………………………………………………

………………………………………………………………………………………………

…………………………………………………………………………………………...[2] 

 
(c) Explain the absence of RuBP in both leaves at the start of the experiment. 

 
…………………………………………….....……………………………………….…….

………………………………………………………………………………………………

………………………………………………………………………………………………

…………………………………………………………………………………………...[2] 

 
(d) The increase in RuBP concentration for the leaf in Flask A reached a plateau from 

10 min to 15 min of exposure to light but continued to increase in the leaf in Flask 
B up to 15 min. Explain why. 
 
…………………………………………….....……………………………………….…….

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

…………………………………………………………………………………………...[3] 
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The student watered the potted plant too excessively, causing the soil to become 
waterlogged. Fortunately, the roots of this plant could carry out anaerobic respiration 
under low oxygen conditions in the soil. 
 
(e) Outline the process of anaerobic respiration in the roots under waterlogged 

conditions. 
 
…………………………………………….....……………………………………….…….

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………………

…………………………………………………………………………………………...[4] 

 

[Q5: 12 marks] 
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QUESTION 6 
The maggot fly, Rhagoletis pomonella, is native to the United States, and up until the 
discovery of the Americas by Europeans, fed solely on hawthorns. But when 
Europeans arrived on the Americas, they brought with them a new potential food 
source for the flies: apples.  
 
At first, the flies are not attracted to apples. But over time, a minuscule change in the 
connections of two channels in the brain - one for detecting hawthorn odours and the 
other for apple odours - caused some flies to switch host plant (i.e. they jumped to 
apple trees). It was observed that the maggot flies strongly preferred to mate and lay 
their eggs on the type of tree they were born on.  
 
When geneticists took a closer look in the late 20th century, they found that the two 
types - those that feed on apples and those that feed on hawthorns - have become 
genetically distinct groups.  
 
(a) Identify the type of reproductive isolation shown in this case study. 

 
……………………………………….....……………………………………….…..….[1] 

 
(b) Discuss the processes that could have led to the genetic distinctions between the 

apple-eating flies and hawthorn-eating flies. 
 
…………………………………………….....……………………………………….…..

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………..[5] 

 
(c) Suggest how researchers can conclusively determine whether the apple-eating 

flies are a different species from the hawthorn-eating flies. 
 
…………………………………………….....……………………………………….……

…………………………………………………………………………………………..[1] 
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A nuclear small subunit (18S) rRNA gene has been sequenced for various insect 
species and used to reconstruct their evolutionary relationship, which is shown in a 
phylogenetic tree in Fig. 6.1. 

Fig. 6.1 

(d) Comment on the evolutionary relationship between Rhagoletis pomonella, 
Rhagoletis zoqui and Callophrys xami. 
 
…………………………………………….....……………………………………….……

…………………………………………………………………………………………..[1] 
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(e) Discuss two advantages of using 18S rRNA gene over morphological comparisons 
for the reconstruction of the insect phylogeny. 
 
…………………………………………….....……………………………………….…..

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………….

…………………………………………………………………………………………..[4] 

[Q6: 12 marks] 
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QUESTION 7 
Influenza is a prevalent illness all over the world. Due to the high rate of change in the 
structure of the virus, annual vaccinations are recommended.  
 
To overcome this problem of the constant need for developing new vaccines against 
influenza viruses, scientists are attempting to produce vaccines relating to antibodies 
which recognize part of the virus that does not change—the stalk of haemagglutinin. 
This research may lead to the development of “universal” influenza vaccines which 
can remain effective over long periods of time (Journal of Virology, 2017).  
 
Fig. 7.1 shows the structure of haemagglutinin.  
 

 
 
 
 
 

 

Fig. 7.1 

 
(a) With reference to the context above, explain why there is a “constant need for 

developing new vaccines against influenza viruses”. 
 
………………………………………………………..………………………..…………..

................................................................................................................................

................................................................................................................................

................................................................................................................................

................................................................................................................................

............................................................................................................................[3] 

 
(b) With reference to the influenza virus and active immunity, define a vaccine and 

state how it provides protection against the virus. 
 
………………………………………………………………………………….………….

................................................................................................................................

................................................................................................................................

............................................................................................................................[2] 

  
 

  

Stalk of haemagglutinin 
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Vaccinations can control diseases by resulting in herd immunity, in which large 
percentage of population which has become immune to the virus through vaccinations, 
provides a measure of protection for individuals who are not immune.  
 
(c) Explain why.  

 
…………………………………………………………………………….……………….

............................................................................................................................[1] 

 
Tuberculosis (TB) is an infectious disease that generally affects the lungs. Most 
infections are latent and do not have symptoms. Latent infections can progress to 
active form of the disease which, if left untreated, kills about half of those infected.  
 
The most common classic symptom of active TB is chronic cough with blood-
containing sputum. 
 
(d) Name the organism which causes tuberculosis (TB).  

 
……………………………………………..……………………………..……………..[1] 

 
In the alveoli tissues, the bacteria that causes TB binds directly with mannose 
receptors on alveolar macrophages using a bacterial glycolipid, and is engulfed by 
alveolar macrophages.  
 
(e) With reference to a cellular organelle in the macrophages, describe how 

macrophages attempt to process engulfed bacteria.  
 
……..………………………………………………………………..……………………..

................................................................................................................................

................................................................................................................................

............................................................................................................................[2] 

 
(f) Describe the cause of the chronic cough symptom of TB in its active stage. 

 
……..……………………………………………………………………..………………..

............................................................................................................................[1] 

 
[Q7: 10 marks] 
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(a) Describe the differences in climate-induced changes in range size between the 
wind-dispersed and ant-dispersed Proteaceae species from Year 2000 to 2050. 
 
……..……………………………………………………………………..………………..

................................................................................................................................

................................................................................................................................

............................................................................................................................[2] 

 
(b) The Intergovernmental Panel for Climate Change (IPCC) predicted an increase of 

2 C in global temperatures by 2050. Suggest reasons for the larger range size of 
ant-dispersed Proteaceae species compared to that of wind-dispersed species in 
2050. 
 
……..……………………………………………………………………..………………..

................................................................................................................................

................................................................................................................................

................................................................................................................................

................................................................................................................................

................................................................................................................................

................................................................................................................................

............................................................................................................................[4] 

 
It was predicted that not only will the range size for ant-dispersed Proteaceae species 
remain high in 2050, it is likely that the plants would colonise new regions, particularly 
in the higher latitudes and altitudes.  
 
(c) Explain why the Proteaceae species can potentially threaten the native species of 

the regions they expand into. 
 
……..……………………………………………………………………..………………..

................................................................................................................................

................................................................................................................................

............................................................................................................................[2] 
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Many indigenous cultures in tropical regions have used Proteaceae for medicinal 
preparations. For example, bioactive ingredients can be obtained from infusions of the 
roots, bark, leaves, or flowers of many Proteaceae species, which can used as topical 
applications for skin conditions or internally as tonics, aphrodisiacs, and medicines to 
treat headaches, cough, diarrhea, indigestion, stomach ulcers, and kidney disease.  
 

(d) Discuss how climate change can affect the biodiversity of the Proteaceae species 
and its consequence to the production of biomedicines. 
 
……..……………………………………………………………………..………………..

................................................................................................................................

................................................................................................................................

............................................................................................................................[2] 

[Q8: 10 marks] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

END OF PAPER 
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Section A 

Answer all the questions in this section. 

QUESTION 1 

Leigh disease is an inherited neuro-metabolic disorder that affects the central nervous 
system. As the disease progresses, the muscular system is debilitated throughout the 
body, as the brain cannot control the contraction of muscles. Leigh disease can be 
caused by a deficiency of the pyruvate dehydrogenase complex (PDHC), most 
commonly due to a mutation in the X-linked gene, PDHA1, which codes for the PDHC

-subunit.

A married couple (both of whom are normal individuals) is concerned about their 
chances of having a child with Leigh disease because the woman’s father had the 
disease.  

(a) Draw a genetic diagram with appropriate symbols to determine the probability that 
they will have an affected child. 

……………………………………………………………………………………………….[6] 
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200 couples with the same genotypes as the above-mentioned couple were included 
in a genetic study of the Leigh disease. They had a total of 322 children with the 
following phenotypes: 

85 normal girls 
70 carrier girls
89 normal boys 
78 boys with Leigh disease 

(b) A chi-squared test was carried out to test the significance of the difference 
between the observed (O) and the expected (E) results. 

 

(i) Calculate the value. Show your working.
……………………………………………………………………………………………….[2]

        

value: ………………………...

Fig. 1 

(ii) Fig. 1 shows the table of probabilities. State the probability that the observed 
results does not differ significantly from the expected results. 

……………………………………………………………………………………………….[1] 

(iii) State what conclusions may be drawn from the probability found in (ii). 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

……………………………………………………………………………………………….[3] 
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Leigh disease can also be due to a mutation in the mtDNA (mitochondrial DNA) 
affecting the MT-ATP6 gene. The mutated allele results in the production of a non-
functional subunit in the ATP synthase complex which allows protons to pass through 
the channel without generating the proton motive force. 

(c) State whether a mitochondrion containing the mutated allele would have a higher, 
lower or equal oxygen consumption rate relative to a mitochondrion which has the 
normal allele. 

……………………………………………………………………………………………….[1] 

(d) Explain your answer in (c). 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

……………………………………………………………………………………………….[2] 

The DNA sequence of the MT-ATP6 gene has remained relatively conserved over a 
long evolutionary period. It is present in a wide diversity of organisms, ranging from 
the simplest worms to the great apes. Differences in the nucleotide sequence of the 
gene in different species can be identified using multiple sequence alignments.  

(e) Discuss how the comparison of MT-ATP6 DNA nucleotide sequences of different 
species demonstrates evolutionary change. 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

……………………………………………………………………………………………….[2] 

[Q1: 17 marks]
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QUESTION 2

Celiac disease is an autoimmune disorder that is caused by an improper immune 
response to the protein gluten, found in wheat, rye, and barley, that damages the lining 
of the small intestine. There is no cure for celiac, and the only effective treatment is a 
gluten-free diet. 

Recent studies indicated that harmless intestinal viruses, such as the reovirus, can 
cause the immune system to overreact to gluten, raising the possibility of such viruses 
contributing to the development of the disease.

Fig. 2.1 shows the general structure of a reovirus.  Unlike Human Immuno-deficiency 
Viruses (HIV), reoviruses are not retroviruses.

Fig. 2.1 

(a) With reference to Fig. 2.1, contrast the structure of the reovirus with that of HIV.

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

……………………………………………………………………………………………….[2] 

(b) Suggest how new double-stranded viral RNA genome is synthesized during the
reproductive cycle of a reovirus.

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

……………………………………………………………………………………………….[2] 
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Researchers also looked at patients with celiac disease and found that they had much 
higher levels of antibodies against reoviruses than those without the disease. 

Those with higher levels of antibodies also had higher levels of the molecule IRF-1
(interferon regulatory factor 1), a regulator of gene transcription which plays a key role 
in the loss of gluten tolerance. 

(c) Describe three ways in which the structure of antibodies contribute to its function. 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

……………………………………………………………………………………………….[3] 

Fig. 2.2 shows the structure of an immunoglobulin gene which codes for antibodies.  

  
Fig. 2.2 

(d) With reference to Fig. 2.2, explain how variability at the DNA level result in 
variability in the antigen-binding sites of antibodies. 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

……………………………………………………………………………………………….[3] 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



7 
 

SAJC / H2 Biology 9744/3  JC2 PRELIM 2017 

(e) Antibodies are proteins. Draw a diagram of the monomer which makes up 
antibodies. There is no need to annotate the diagram.

……………………………………………………………………………………………….[1] 

Antibodies are secreted by plasma cells.  

Fig. 2.3 shows a plasma cell and a B lymphocyte. 

 

Fig. 2.3 

(f) With reference to Fig. 2.3,

(i) State 2 ways in which the structure of plasma cell differs from the B lymphocyte. 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

……………………………………………………………………………………………….[2] 

(ii) Explain the reasons for the differences you described. 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

……………………………………………………………………………………………….[2] 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



8 
 

SAJC / H2 Biology 9744/3  JC2 PRELIM 2017 

A student researcher tried to reproduce the results of the study regarding elevated 
antibody levels against reoviruses. She studied the levels of antibodies in 3 human 
subjects infected with reoviruses and another 3 who are not infected. 

Table 2.4 shows his results.  

Table 2.4 
Antibody titre / unit ml-1

Subjects not infected with reovirus 30 ± 10

Subjects infected with reovirus 122 ±  25

(g) With reference to the results on subjects not infected with reoviruses, explain what 
is standard deviation and its implications.

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

……………………………………………………………………………………………….[3] 
 

 [Q2: 18 marks] 
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QUESTION 3 

(a) A student investigated growth in the roots of broad bean, Vicia faba. The student 
cut sections of the root tip of this plant and viewed them with a light microscope.  

Fig. 3.1 is a photomicrograph of one of the sections. The cell labelled D is in 
interphase. 

Fig. 3.1 

Complete the table below by: 
 naming the stages of mitosis in the correct sequence following interphase 
 identifying one example from the cells labelled A to H that is in each stage of 

mitosis that you have named. 
……………………………………………………………………………………………….[3]

stage of mitosis label from Fig. 3.1
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(b) In animal cells, centrioles are responsible for assembling microtubules to make the 
spindle at the beginning of mitosis. 

Describe the role of the spindle during mitosis. 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

……………………………………………………………………………………………….[3] 

(c) Scientists investigated three genes, P, Q and R, involved in controlling cell division.  
They studied the effect of mutations in these genes on the risk of developing lung 
cancer. 

(i) Suggest the differences in the cell cycle of a cancer cell compared with that of 
a normal cell of the same type. 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

……………………………………………………………………………………………….[2] 

The scientists analysed genes, P, Q and R from healthy people and people with 
lung cancer. 

 If a person had at least one copy of normal allele for a gene, they used the 
symbol N.

 If a person had two mutant alleles for a gene, they used the symbol M. 

They used their data to calculate the risk of developing lung cancer for people with 
different N and M genotypes. A risk value of 1.00 indicates no increased risk.  
Table 3.1 shows the scientists’ results.

Table 3.1

Gene P Gene Q Gene R Risk value of developing lung cancer / AU
N N N 1.00
M N N 1.30
N N M 1.78
N M N 1.45

N = at least one copy of the normal allele is present 
M = two copies of the mutant allele are present 
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(ii) What do these data suggest about the relative importance of the mutant alleles 
of genes P, Q and R on increasing the risk of developing lung cancer? 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

……………………………………………………………………………………………….[2] 

Chemotherapy is the use of a drug to treat cancer.  An experiment was set up to study 
a new drug, SA128, which kills dividing cells. A group of four men suffering from lung 
cancer was given the drug.  The number of cancer cells per unit volume of blood was 
measured right before treatment and again after the 2-week treatment. 

Table 3.2 : Effect of SA128 on cancer cells. 
Number of cancer cells per unit volume of blood

Subject TSH OON CCK TTS Average Standard 
deviation

Before drug 
treatment 2000 1600 1800 1200

After drug 
treatment 1000 500 800 300

(iii) Calculate the average and complete Table 3.2.   [1] 
(iv) Using the formula below, calculate the standard deviations of number of 

cancer cells per unit volume of blood before and after drug treatment, SA128.
Complete Table 3.2.  Express your answers to 3 significant figures. 

……………………………………………………………………………………………….[1] 

 

Legend
∑ is ‘Sum of’
x is observation 
x is the mean
n is the sample size (number of observations) 
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(v) Using the formula below as well as the average and standard deviation values 
calculated in (c)(iii) and (c)(iv),

Calculate the tcalculated value. 

……………………………………………………………………………………………….[1] 
 

(vi) Using the critical t-values in Table 3.3, determine if there is a significant 
difference in the results using the new drug, SA128. 
 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

……………………………………………………………………………………………….[2] 
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Table 3.3: t-test table of t critical values 

 

 

 

 

[Q3 Total: 15]
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Section B 

Answer one question in this section.

Your answers should be illustrated by large, clearly labelled diagrams, where 
appropriate.

Your answers must be in continuous prose, where appropriate.

Your answers must be set out in sections (a), (b) etc., as indicated in the question.

4 (a) The effects of global warming on the spread of malaria beyond the 
tropics is a debatable issue. Discuss the arguments/evidences that 
support your stance on the matter, and provide a balanced account 
of counter-arguments. [12]

(b) Discuss the effects of climate change (as a result of greenhouse gas 
emissions. [13]

[Q4 Total: 25]

5 (a) Explain what is meant by primary, secondary, tertiary and quaternary 
structure of haemoglobin. [13]

(b) Using a named example, discuss how genetic variation may be 
preserved in natural population by heterozygote advantage. [12]

[Q5 Total: 25]
 

 

 

 

END
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IMPORTANT:

Candidates with access to microscope at the start of the paper are given the first 1h 
15 min to use it. Please answer QUESTION 2(b) within this time frame. 
 
Candidates with no access to microscope at the start of the paper will be given access 
1h 15min after the start of the paper. You may proceed with QUESTION 1 first.  
 
 
QUESTION 1 

Investigation into the effect of enzyme concentration on the hydrolysis of starch 
 
The enzyme amylase catalyses the hydrolysis of starch. 
 
You are required to investigate the effect of the concentration of amylase on the time 
taken to completely hydrolyse starch. 
 
Iodine solution turns from yellowish brown to blue-black when starch is present. The 
time taken for the complete hydrolysis of starch can be found by removing a sample 
of an amylase and starch mixture at regular time intervals, and adding it to a drop of 
iodine solution. The starch has been completely hydrolysed when the iodine solution 
remains yellowish brown after adding the sample. This is the end-point. In judging the 
end-point, specks of blue-black in an otherwise yellowish brown solution can be 
ignored. 
 
You are provided with: 
 
• 40.0 cm3 of 2.0% amylase solution, labelled E, which is an irritant, 
• 100.0 cm3 of distilled water, labelled W, 
• 40.0 cm3 of starch solution, labelled S, 
• Iodine solution, labelled iodine, which is a stain. 
 

Read steps 1 to 9 before starting. 

Proceed as follows: 
You are required to prepare different concentrations of the amylase solution and set 
up a control. 
 
1 Carry out simple dilutions of the amylase solution, E, to obtain a range of 
concentrations in which the concentration of the amylase is reduced by 0.4% between 
each successive dilution.  
 
Prepare 10.0 cm3 for each concentration of amylase solution, using the plastic 
containers provided.
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Complete Table 1.1 to show how you will prepare the different concentrations of 
amylase solution.  [2] 

 Table 1.1 

Concentration of amylase 
solution / % 

volume of E / cm3 volume of W/ cm3

2.0   
   

 
   

 
   

 
   

 

2 Prepare a suitable control for this investigation. 
 
Describe the control that you have prepared. Explain the rationale of the control.  
 
....................................................................................................................................... 

.......................................................................................................................................

....................................................................................................................................[2] 

 
 
You are required to investigate the effect of different amylase concentrations on the 
time taken to completely hydrolyse starch. You will test samples from mixtures of a 
starch solution and different concentrations of amylase solution at a chosen time 
interval until each end-point is reached, up to a maximum of 180 seconds. 
 
3 Decide on a suitable time interval at which samples from each mixture of amylase 
solution and starch solution will be tested for complete hydrolysis of starch. 
 
State the chosen time interval with a reason for this choice. 
 
Time interval .................................. 
 
Reason ........................................................................................................................... 

....................................................................................................................................... 

....................................................................................................................................[1] 
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4 The enzyme’s optimum temperature is 35°C. Using the hot and tap water provided, 
set up a water-bath in the beaker labelled water-bath, so that you can maintain this 
temperature throughout the investigation. 

5 Put uniform-sized drops of iodine solution on the white tile, labelled with the times 
that a sample from each mixture of amylase solution and starch solution will be 
removed and tested, as shown in Fig. 1.1. 
 
 

 

 

 

 

 

Fig. 1.1 

6 Put 3.0 cm3 of S into a test-tube and 2.0 cm3 of 2.0% amylase solution into a 
separate test-tube. Put the test-tubes into the water-bath for at least one minute in 
order to equilibrate to 35°C. 

7 The reaction will start as soon as S and the amylase solution are mixed. 
 
Add the starch solution, S, to the 2.0% amylase solution, and start timing immediately. 
Using a Pasteur pipette, remove a sample of the mixture at the first chosen time and 
add one drop to the first drop of iodine solution on the white tile. Continue removing 
and testing samples at the chosen time interval until the end-point is reached, up to a 
maximum of 180 seconds. Make sure that the mixture or enzyme and starch are 
maintained at 35°C throughout the experiment. 

8 Repeat steps 5 – 7 to collect the result for each of the other concentrations of 
amylase solution and the control that you have prepared. Record ‘more than 180’ for 
any mixtures that have not reached the end-point by 180 seconds.  
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9 Use the space below to record your results. [4] 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10 Explain how the concentration of amylase affects the rate of hydrolysis of starch. 
 
…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………........………………...………

………………………………………………………………………………………………[3] 
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11 Temperature was one variable which was controlled in this investigation. 
 
Identify one variable that affects enzyme reactions, which was not controlled in this 
investigation. 
 
………………………………………………………………………………………………..[1] 
 
 
12 Suggest how you would control this variable. 
 
………………………………………………………………………………………………..[1] 
 
 
13 For a biotechnological process involving an enzyme to work most efficiently, the 
enzyme must work at its maximum rate, R. 
 
An enzyme can be used to catalyse the conversion of ethanol (substrate) to 
acetaldehyde (product). 
 
The effect of the concentration of ethanol (A) on the maximum rate of the production 
of acetaldehyde (R), is shown in Table 1.2. 
 

Table 1.2 

Concentration of ethanol (A) / mol dm–3 Maximum rate (R) / min–1 
0.00800 0.0700 
0.0150 0.110 
0.0500 0.170 
0.100 0.220 
0.300 0.270 

 
A linear graph can be drawn by plotting 1/R against 1/A. 
 
This can be used to find R (maximum rate of production) for any particular ethanol 
concentration in this range. 
 
Complete Table 1.3 for the values of A and R in the last row of Table 1.2, by calculating 
1/A and 1/R to the appropriate number of decimal places. [1] 

Table 1.3 

1/A 
/ mol–1 dm3 

1/R 
/ min 

125.0 14.3 

66.7 9.1 

20.0 5.9 

10.0 4.6 
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14 Using the data from Table 1.3, draw a graph on the grid provided. [4] 
 

 

15 Find the maximum rate of production (R) which would be achieved if the ethanol 
concentration (A) was 0.1 mol dm–3.  
 
Show clearly how you obtained R. 
 

 

 

  R = …………………………….min–1 [2] 

[TOTAL : 21] 
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QUESTION 2 

Fig 2.1 is a photomicrograph of a stained transverse section through part of a leaf 
from a different type of plant. 
 
You are not expected to be familiar with this specimen. 

Fig. 2.1 
 

 
(a) Draw a large plan diagram of Fig. 2.1 in the space provided below. Please refer 
to the coloured photo micrograph provided on the student’s bench.    [2] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



9 

REMINDER:  
Candidates with access to microscope at the start of the paper are given the first 1h 
15 min to use it. Please answer QUESTION 2(b) within this time frame. 
 
(b) You are required to measure the diameter of the field of view using the clear plastic 
ruler. 

 
Proceed as follows: 
1. Put the clear plastic ruler on the stage of the microscope and view the scale 

lines using low power (×100). 
2. Measure the diameter of the field of view and record this in (b)(i). 

 
(i) Diameter of the field of view  .....................................mm  [1] 

 
 
 
Fig. 2.2 is the same photomicrograph as in Fig. 2.1 showing the field of view at the 
same magnification as the field of view you have just measured. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2.2 

 
 
(ii) Using appropriate measurements, calculate the fraction of the diameter of the 
field of view occupied by the leaf in Fig. 2.2 along the line X–Z. 

 
fraction of diameter of field of view ................................….. [1] 
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(iii) Using your answers to (b)(i) and (b)(ii) calculate the depth of the midrib, as 
shown by line Y–Z. Give your answer to the nearest m. 
You may lose marks if you do not show your working. 

 
 
 
 
 
 
 
 
 
 

………………………….. m [2] 
 

 
(iv) A student used a clear plastic ruler to measure the field of view of a 
microscope. The student replaced the ruler with a slide of a leaf and estimated the 
diameter of the midrib. Using these results the student calculated the actual 
diameter of the midrib. 

 
State how this student could have modified their method to obtain a more accurate 
result. State the apparatus the student would use and describe the method. 
 
apparatus ................................................................................................................. 

…………………………………………………………………..………………………….. 

method ………………………………………………………..…………………………... 

………………………………………………………….…………………………..………

………………………………………………………….…………………..………………

……………………………………………………….……………..……………………[3] 
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(c) One technique used for studying antigen-antibody reactions is immunodiffusion.  
 
Wells are cut into an agar support medium to contain antigens and antibodies. 
Antibodies and antigens diffuse out of the wells into the agar. If an antigen meets a 
complementary antibody a reaction occurs causing a band of precipitate to appear. 
 
Fig. 2.3 shows the results of an immunodiffusion test with known antigens P and Q
and the antibodies to these antigens. 
 

Fig. 2.3 
 
In an investigation, the serum from two test organisms was tested for the presence of 
antibodies to specific antigens. Both organisms had been previously exposed to both 
antigens. The serum was placed in wells at the edge of the petri dish and the antigens 
in a central well. 
 
Fig. 2.4 shows the test set-up. 
 

Fig. 2.4 
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(i) Suggest one variable that must be controlled in this procedure. 
 

……......................................................................................................................[1] 
 
 
(ii) State the independent variable in this investigation. 
 

……......................................................................................................................[1] 
 
 
(iii) Both test organisms had antibodies against antigen X, but only organism 2 had 
antibodies against antigen Y.

 
On Fig. 2.4 draw lines to represent where precipitation might have occurred for both 
organisms.  [2] 

 

(iv) Suggest one disadvantage of immunodiffusion for detecting antigens. 
 
…...................................................................................................................................

....................................................................................................................................[1] 

 
 
A naturally occurring mutant of Plasmodium sp. has been tested for use as a ‘whole 
organism’ vaccination against malaria. The mutant organism develops normally in 
mosquito vectors and infects the salivary glands in the same way as non-mutant wild 
type Plasmodium sp. In mice, the mutant infects liver cells but does not multiply and 
cannot enter red blood cells. 
 
Trials using mice were carried out and the effectiveness of the mutant organism as a 
vaccine tested by injecting non-mutant wild type Plasmodium sp. into vaccinated and 
non-vaccinated mice. 
 
Table 2.1 shows the results of investigations in mice using the mutant Plasmodium sp. 

Table 2.1 
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(v) Suggest the purpose of including each of the following test groups. 
  

group 1 .................................................................................................................... 

……………………………………………………………………………………………... 

groups 2 and 3 ......................................................................................................... 

……………………………………………………………………………………………... 

group 4 .................................................................................................................... 

…………………………………………………………………………………………...[3] 

 
 
(vi) Using the information in the question, outline a procedure that might be used to 
obtain mutant Plasmodium sp. to use in the vaccination trials. 
 

 .......................................................................................................................................

.......................................................................................................................................

.......................................................................................................................................

....................................................................................................................................[2] 

 
 

[TOTAL : 19] 
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QUESTION 3: PLANNING QUESTION 

 Effect of citrate on rate of respiration
Enzymes catalysing essentially irreversible reactions are potential sites of control in 
cellular respiration. One of these enzymes is phosphofructokinase, which can be 
regulated by the reversible binding of citrate to its allosteric site. (Citrate is produced 
as an intermediate compound during Krebs cycle.) 
 
Using this information and your own knowledge, design an experiment to determine 
the effect of citrate concentration on the rate of cellular respiration. 
 
You must use: 

 10 mM citrate, 
 purified homogenate of enzymes found in the cytosol, 
 5% glucose solution, 
 pH buffer, 
 distilled water, 
 Benedict’s solution, 
 apparatus shown in Fig. 3.1, can be used to separate proteins from ions and 

disaccharides, 
 

 

Fig. 3.1 
 
 
 syringes, 
 white card, 

Reaction mixture 

Membrane filter (pore 
size of 0.01 microns) 

Proteins will be 
trapped by filter 
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 stopwatch, 
 thermometer, 
 bunsen burner with tripod, gauze and bench mat, 
 thermostatically controlled water bath, 
 normal laboratory glassware e.g. test-tubes, beakers, measuring cylinders, 

graduated pipettes, glass rods, etc., 
 

Your plan should: 

 have a clear and helpful structure such that the method you use is able to be 
repeated by anyone reading it, 

 be illustrated by relevant diagrams, if necessary, 
 identify the independent and dependent variables, 
 describe the method with the scientific reasoning used to decide the method so that 

the results are as accurate and reliable as possible,  
 show how you will record your results and the proposed layout of results tables and 

graphs, 
 use the correct technical and scientific terms, 
 include reference to safety measures to minimize any risks associated with the 

proposed experiment. 
 

 
[Total: 15] 
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…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………
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QUESTION 1 

Hormones, insulin and glucagon, are proteins that regulate the concentration of blood 
glucose level.  Type 2 diabetes is characterized both by insulin resistance, a condition 
in which various tissues in the body no longer respond properly to insulin action, and 
by subsequent progressive decline in beta ( )-cell function to the point that the cells 
can no longer produce enough additional insulin to overcome the insulin resistance. 
Researchers are actively exploring use of stem cells as a potential source of deriving 
new -cells to treat type 2 diabetes. 

Fig. 1 

The pancreas is located in the abdomen, adjacent to the duodenum (the first portion 
of the small intestine). A cross section of the pancreas shows the islet of Langerhans 
which is the functional unit of the endocrine pancreas. Encircled is the beta cell that 
synthesizes and secretes insulin. Beta cells are located adjacent to blood vessels and 
can easily respond to changes in blood glucose concentration by adjusting insulin 
production.  

(a) Cells that secrete proteins contain a lot of rough endoplasmic reticulum (rER) and
a large Golgi body.

© 2001 Terese Winslow, Lydla Kiblukglycogen

FiFFiFiFig.ggg. 1 

ateeeeddd inininin theheheee abdddddomomomomomenenenenennee , adadadadadjajajajajacccec nttttt tttttoooo tththththttthtt e e dududududuuodododododdeneee
e)... AAAA cccccrororororossssssssss sssssecececeectitititiononononon oooooof ff thththththhe e ee e e papapapapaaap ncrerereeeeasasasasasas sssshohohohohohowswwww  the
nall unitttt of fff thththe endodddd crcrcriiinii e pancreeeeeaas. EEEnEnEnEncircled 
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(i) Describe how the rER is involved in the production of insulin.
…………………………………………………………………………………………….….[1] 

1 (RER has) bound ribosomes for protein synthesis  
[REJECT: make amino acid]  
[ACCEPT: amino acids joined together / polypeptide] 

 
2 Chemical modification / post-translational modification of polypeptide  

Note:
Point 2 is accepted in view that students have not learnt about the processing of 
insulin in detail. Chemical modification of insulin e.g cleavage of pro-insulin to 
insulin is done in the Golgi body 
 
(ii) Describe how the Golgi body is involved in the secretion of insulin. 

…………………………………………………………………………………………….….[2] 
1 (Golgi body) further chemically modifies (insulin) ; 
2 packages (insulin) into secretory vesicles which move towards the cell 

surface membrane (and fuse with it, to release insulin out of the cell) ; 

(b) Using type II diabetes as an example, explain how environment affects phenotype. 
…………………………………………………………………………………………….….[3] 
1 people with functional pancreas/with no type I diabetes have functional genes 

which code for insulin release; 
(insulin is secreted when blood glucose level increases); 

2 overeating of sugary foods for a long period of time causes repeated stimulation 
of the pancreas; 
which responds by secreting high levels of insulin; 

3 repeated exposure of target cells to large amounts of insulin desensitizes the 
cells’ responsiveness to insulin; 

4 result in the target cells failing to take in glucose; (blood glucose stays high) 
resulting in type II diabetes;  

  

KiasuExamPaper.com
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(c) With reference to Fig. 1, explain how the binding of insulin to receptors on muscle 
cells leads to a lowering of blood glucose concentration. 

…………………………………………………………………………………………….….[2] 
1 Insulin binding results in the entry of glucose into the muscle cell by facilitated 

diffusion / via carrier (protein)/channel (protein)/glut4 protein/glucose transporter 
(down a concentration gradient) 

2 Glucose used to form glycogen in the muscle cell (in Fig). 

(d) Suggest how a change in the amino acid sequence of the receptor found in the 
plasma membrane of the muscle cell could make the cell resistant to insulin. 

…………………………………………………………………………………………….….[2] 
[Max 1] 

1 Different amino acid sequence lead to different interactions between R groups of 
amino acids,  

2 leading to different tertiary structure / three-dimensional structure (of receptor) ; 

[Compulsory] 
3 (so insulin) does not fit / bind / is not complementary ; 

[REJECT:  any reference to ‘active site’, ‘enzyme-substrate complex’ or insulin not 
fitting/binding to an enzyme]  

(e) Describe how phospholipids are arranged in a plasma membrane. 
…………………………………………………………………………………………….….[3] 
1 (phospholipid molecules arranged as a) bilayer ;  [ACCEPT : double layer] 
2 Polar phosphate head / charged phosphate group (of phospholipid molecules) 

faces outwards and interacts with aqueous medium of the external environment 
and the cytoplasm ; 

3 Non-polar hydrocarbon chains of fatty acids in phospholipid molecules form the 
interior of the plasma membrane / cell membrane / cell surface membrane ; 

(f) Phospholipids are a type of lipid.  Lipids, in general, are made up of glycerol and 
fatty acids monomers covalently bonded together.  Name the covalent bond and 
describe the breakage of this bond. 

…………………………………………………………………………………………….….[2] 
1 ester bond ; [Reject: ester] 
2 Addition of 1 water molecule across each ester bond (via hydrolysis reaction) ; 
3 Products of hydrolysis are the hydroxyl group (-OH) in the glycerol molecule 

and the carboxyl group (-COOH) of a fatty acid ; 

re ee e aaaaaa tytytytyyypepepepepe of lililipipppp d..  LiLiLiLiLipipppp dsddssds, innnnn general,, areeee mamammamam d
omememeeersrsrsrsrs covovvalalalallalenenenenentttltt y bobobobobondndndnndeede toooogegegegeeeeeeeeththththttthtttththttttttt errrererererrrr... NNNNNamamamamamame e eeee ttthtt e
eakkkagaaggggeeeee ooooff thththththis bbbbbononononond.d.d.d.d.d  

………………………………………………………………………………………………………………… ……… …………………
ject: ester] 
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Experiments have indicated that pancreatic stem cells (PSCs) can serve as sources 
of insulin secreting cells. 

(g) State the source of PSCs and explain the PSCs’ normal functions.
…………………………………………………………………………………………….….[2] 
1 Pancreas ; 
2 Give rise to pancreatic cells, to growth, repair and maintenance of pancreatic 

tissues. 

(h) Suggest an advantage of using the patient’s own PSCs to regenerate tissue or
organs.

…………………………………………………………………………………………….….[1] 
1 No immune response (to own tissue) 

/ tissue will not be rejected  
[Reject: “cells will not be rejected” as context is on tissue regeneration] 

[Q1: 18 marks] 
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QUESTION 2 
Stephen Lyon Crohn, also known as "The man who can't catch AIDS", was a man 
notable for a genetic mutation, which caused his inability to contract AIDS.  
Crohn had the "delta-32" mutation on the CCR5 co-receptor, a protein on the surface 
of cells involved in the immune system.  

CCR5 “delta-32” mutation involves a 32-base-pair deletion in the CCR5 co-receptor 
gene locus.  

(a) Describe the role of CCR5 co-receptor protein in the entry of Human HIV into host 
cells.  

……………………………………………………………………………………………….[2] 
1. Viral Gp120 recognises and binds to CCR5 co-receptor (in addition to CD4

receptor on T cell)
2. thus, triggering an allosteric change in viral Gp41 which then pierces through the

host plasma membrane
/ causing fusion between viral envelope and host plasma membrane

(b) Describe briefly how the information on DNA is used to synthesize the pre-mRNA 
transcript for CCR5 co-receptor. 

……………………………………………………………………………………………….[3] 
1 Ref. RNA polymerase II and General transcription factors / Transcription initiation 

complex bind to promoter sequence / TATA box; and unzips DNA helix ; 
2 adds complementary ribonucleotides to the 3’ end of growing RNA chain ; 
3 ref. termination of transcription; cleaving occurs 10 to 35 nucleotides downstream 

of polyadenylation signal (of pre-mRNA) ;

Individuals can either gain full or partial resistance to HIV, depending on the number 
of mutated CCR5 alleles they possess at the CCR5 gene locus. Partial resistance to 
HIV occurs when the entry of the virus is severely hampered (but not completely 
prohibited). 

Another Caucasian woman named Susan, is homozygous with the CCR5 “delta-32” 
mutation. Her husband has the same mutation on one CCR5 allele. The couple has a 
son and a daughter. Both son and daughter has 50% chance of having partial 
resistance and 50% chance of having full resistance.  

woooomamamamm n nnnamememememem ddddd SuSuSuSuSusasasasasann,n  is hhhhomomomomomommmmmmmmmmmozozozzzozozozozo ygygygygygygygygyyyygy ououououous s ss s s wwiwiwiwiwithththththth t
anddd hahahahahasss ss ththheeeee sssass mememememe mmmmmutututututu atatatatatioioioioionnn nn oooonooo  onononooononoooo eeeee CCCCCCCCRCRCRCRRR5 5 5 5 5 5 alalalaaallel
er. BoBoBoBoBBoththththth sssssononononon aaaandndndndnddd ddddddauauaauaughghghghghg teteteteter rrrrrr has s s s s 5050505050% % % % %% chchcchc anc

chahhahahancncncncnceeeee ofofofofoffoo hhavavavaviingggg fufufufufulllllll rrrrrresesesesssisisisisi tttat ncccccee.e.e.e.  
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(c) Explain if the inheritance of the CCR5 alleles is autosomal or X-linked.  
……………………………………………………………………………………………….[2] 
1. Autosomal;
2. If autosomal, the mother / Susan will pass down the mutant allele to both son and

daughter, the father will pass down either mutant or normal allele to son and
daughter, children will either be fully resistant (homozygous) or partially resistant
(heterozygous)
/ If X-linked, the mother / Susan will pass down the mutant allele to both son and
daughter, the father will pass down mutant allele to only the daughter (as son
inherits the Y chromosome), both son and daughter would be fully resistant

Explanation:

Key: allele A: normal allele; allele a: delta-32 mutant allele 

If autosomal,  

Mother has 2 delta 32 resistance alleles (aa) 

Father has 1 susceptible allele and 1 resistance allele (Aa) 

Son or daughter will either be aa (fully resistant) or Aa (50%) 

If X linked,

Mother has delta 32 resistance allele (Xa Xa)

Father has 1 resistance allele and a Y chromosome (Xa Y)

Daughter: Xa Xa

Son: XaY

(d) Suggest why some individuals have partial resistance to HIV. 
……………………………………………………………………………………………….[2] 
1. Their genotype is heterozygous / they have one mutant allele and one normal allele;
2. Expression of both the normal allele and the mutant allele/the normal allele and

mutant allele are co-dominant to each other; leads to both functional and non-
functional CCR5 co-receptor.

The son with partial resistance to HIV, marries a woman with no resistance.  

The son has blood group O while his wife is heterozygous for blood group A. 

(e) With the help of a genetic diagram, show all the possible outcomes for their 
offspring. 

……………………………………………………………………………………………….[5] 
Key: “A”: normal CCR5 allele 

“a”: mutant CCR5 allele 

5 co-receptor.

l reeesiiiiistststststananancecececece ttooooo HIHIHIHIHIV,V,V,V,V, mmmmmarararararririririrr esesesesses aa wwwwwwwwomomomomomomommmmmmmanananana wwwwwwitititititthhhhh non

grouououo p pppp OOOOO whwhwhwhww ileee hihh s wiwiwiwiw fffffeeeee isisisisis hhhhhhetee erozozzzozygyyyy ouououououous sssss fofofofof r bloo
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Parents phenotype: Wife No resistance  Husband Partial resistance 
parental genotype ;;   AA IA Io  x              Aa Io Io

gametes;;    AIA    AIo         AIo     aIo

Punnett Sq showing offspring genotype 

Gametes   AIA AIo

AIo
AAIAIo

No resistance, 
Blood gp A 

AAIoIo
No resistance 

Blood gp O 

aIo
AaIAIo

Partial resistance, 
Blood gp A 

AaIoIo
Partial resistance, 

Blood gp O 

F1 phenotypic ratio:
1 no resistance, blood gp A: 1 no resistance, blood gp O: 1 partial resistance, blood 
gp A: 1 partial resistance, blood gp O 

Mark scheme: 

1 Parental genotypes  
2 Parental gametes; circled 
3 Punnett square showing all offspring genotypes 
4 corresponds phenotypes to genotypes / legend for Punnett square 
5 Offspring phenotypic ratio  

[Q2: 14 marks] 
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Question 3 
Epidermal growth factor (EGF) is released by cells, and is picked up either by the cell 
itself or by neighboring cells.  It regulates the production of a number of proteins in 
target cells.  Protein produced and its effect depends on the type of target cell.   

Fig. 3 shows how EGF regulates 3 genes. 

 
 

 
 

 
 

Fig. 3 

Epidermal growth 
factor (EGF)

Binds to receptor protein on the cell 
surface membrane of target cell 

This leads to an enzyme on the cytoplasmic 
side of the membrane adding phosphate to a 

protein called ERK 

This phosphorylated ERK binds to a gene 
called c-Fos in the nucleus 

c-Fos protein produced 

In one type of target cell, c-Fos 
protein binds to gene A in its nucleus. 

This leads to neurons’ action (emit 
action potentials). 

In another type of target cell, c-Fos 
protein binds to gene B in its nucleus. 

This leads to cell proliferation and a 
faster rate of cell division. 

taargegegegegettttt ceell, c-c-cc-c FoFoFooFos s ss 
ennnnne eee A A A AA A inininiin iitstsssts nucccccleleleleleusususususss.

urrrronoons’s’s’s’s’ss aaaaactctctctctccc iooioonnn (e(e(emiiiittt tt
t ti l )

InInInInIn aaaaaaaaaaaaanonononononnn thththththereererere tttttyyypyy
prprprprppppprprotottototototototeeeieieieieeeeieeee n bibibibibindndndndndnds s s sss to

ThThThThhThiiiis llllleaeaeaeaeaadsddddd  to c
faster rate
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(a) Name the two transcription factors in Fig. 3.
…………………………………………………………………………………………….….[1] 
1 Phosphorylated ERK ; AND 

c-Fos (protein) 

(b) The c-Fos gene can be a proto-oncogene.

Use the information in Fig. 3 to explain how a mutation of the c-Fos gene can 
result in the formation of a tumour. 

…………………………………………………………………………………………….….[3] 
1 gain of function mutation of proto-oncogene to form oncogene  
2 [Compulsory point] that code for abnormal c-Fos protein [Reject: 

overexpression] which is constitutively active / degradation-resistant; 
3 lead to increased expression of gene B / form more gene B product, thus, 

over-stimulation of the cell cycle / cell keeps dividing [only award mark if point 
2 is correct] 

(c) Gene B has been associated with a significant number of human cancers. 
Scientists used polymerase chain reaction (PCR) to make multiple copies of gene 
B extracted from a patient’s cancer tissue sample. 

The reaction mixture includes the sample of DNA to be copied plus the following 
ingredients: 

 DNA primers 
 buffer solution
 heat-stable DNA polymerase (Taq polymerase)
 deoxyribonucleoside triphosphates (deoxyATP, deoxyTTP, deoxyCTP and 

deoxyGTP)

(i) Suggest why a buffer needs to be present in the reaction mixture.
…………………………………………………………………………………………….….[1] 

1 to control the pH 
/ to stop the polymerase denaturing 
/ to optimise pH for polymerase activity

(ii) The deoxyribonucleoside triphosphates that are added to the reaction mixture 
are the monomers used for making the new DNA strands.

Suggest one further reason for adding the deoxyribonucleoside triphosphates 
to the reaction mixture. 

…………………………………………………………………………………………….….[1] 
1 Ideas that it is a source of energy / AW ; 

polylyllylymeeeerarararar sessss dddddeneeee aturuuururinininining 
pHHH fffforoororo  poolymymmmmerererererasasasasaseeeee acacacacactttitt vivvv ty

onnnucuccucucleleleleleosososososididididideeeee trtrtrtrtrippppphohohohohospspspssphahahahahatetetetetes ss ss thtttt at are added to 
mers useddddd fof r makikikikikinggg thehhhh  new DNA strands.
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(hydrolysis of the dATP to dAMP and PP release energy which is used in the 
catalysis of phosphodiester bonds in the polynucleotide chain) 

(iii) In the first stage of PCR, the mixture is heated to a temperature of around 90oC 
to denature the DNA.  Suggest why high temperatures are needed to separate 
the two DNA strands.

…………………………………………………………………………………………….….[2] 
1 Idea of many hydrogen bonds between complementary strands together ; 
2 Hydrogen bonds break because of increased kinetic energy / vibrations ; 

(iv) At the end of several cycles of PCR, many copies of the DNA sample in the 
reaction mixture will have been made.  The DNA samples are then separated 
out to produce a DNA banding pattern. 

 
State the technique used to separate out the DNA samples and describe how 
this technique works. 

…………………………………………………………………………………………….….[4] 
1 Gel electrophoresis ; 
2 (Load 10 l of sample into the wells in agarose gel ; 

Gel electrophoresis conducted at 100V till tracking dye move to ¾ length of gel) 
DNA is negatively-charged (due to negatively-charged sugar-phosphate 
backbone) move towards the positively-charged electrode 

3 through an agarose matrix which acts as a molecular sieve ; 
4 DNA fragments separated by size ; where shorter DNA fragments move faster 

[Reject: further] than longer ones;  
 

[Q3: 12 marks] 
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QUESTION 4 

Researchers have identified a gene that gives bacteria resistance to a type of 
antibiotics called polymyxins. Despite being discovered around 60 years ago, 
polymyxins maintained their effectiveness as antibiotics as they were seldom used 
due to concerns about their toxicity.  

In recent years, rampant use of common antibiotics (e.g. penicillin) has led to the 
emergence of bacterial strains which are resistant to these antibiotics. This has 
become more and more of a global concern. Polymyxins are now a last line of defense 
against bacteria because of its previous lack of use. 

(a) With reference to the reproductive cycle of bacteriophages, suggest how 
bacteriophage infections may lead to a spread of antibiotic resistance between 
bacterial populations.   

……………………………………………...…………………………………………......…[3] 
1 During generalised / specialised transduction, host/bacteria DNA can be 

incorporated into the phage capsid randomly (for generalised 
transduction)/occasionally/by mistake during viral assembly; 

2 The resulting transducing phages infect other bacteria and newly infected cell 
acquires the donor bacterial DNA 

3 Genetic recombination occurs and expression of antibiotic resistance genes result 
in phenotype of antibiotic resistance   

 

Bacteria reproduce by the process of binary fission. 

(b) Explain the significance of binary fission in bacteria 
……………………………………………………………………………...…………...……[2] 
1 Ref. asexual reproduction for unicellular organism 
2 Ensuring that offspring are genetically identical to the parent 

/ Desirable alleles/traits are passed down 
3 Rapid increase in cell numbers (under favourable conditions) 
[Any 2] 

KiasuExamPaper.com
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The process of binary fission involves semi-conservative DNA replication. 

(c) State two differences in the formation of the leading and lagging strands during 
DNA replication. 

…………………………………………….....……………………………………….…..…[2] 
1 Presence of DNA ligase in lagging strand to ligate Okazaki fragments; 
2 Presence of Okazaki fragments in lagging strand but none in leading strand; 
3 Presence of more than 1 (RNA) primer/primase in lagging strand; 

(REJECT: “no primer needed in leading strand”. This is incorrect!) 
4 Strands are synthesized in opposite directions; 
5 Leading strand is synthesized continuously vs lagging strand is synthesized 

discontinuously in the form of okazaki fragments 
[Any 2]  

Bacteria rely on sugar sources e.g. lactose for survival.  

(d) Describe the consequence of mutating the lacI gene of the bacterial lac operon, 
on usage of lactose. 

…………………………………………….....……………………………………….…..…[5] 
1 lac repressor has a change in 3D conformation at the DNA-binding domain / 

allosteric site so that allolactose / inducer binds tightly 
2 lac repressor is inactive and is no longer able to bind to the operator (lacO) ;  
3 RNA polymerase can constitutively access and transcribe the structural genes / 

lacZ , lacY  and lacA;  
4 -galactosidase, lac permease and lactose transacetylase / (inducible) enzymes to 

utilize lactose are constitutively synthesised ; 
5 Bacteria can utilize lactose even in the absence of lactose; 

OR 

1 lac repressor has a change in 3D conformation at the DNA-binding domain / 
allosteric site so that allolactose / inducer cannot bind 

2 lac repressor (super repressor) binds tightly/continuously to the operator (lacO) ;  
3 RNA polymerase cannot access and transcribe the structural genes / lacZ , lacY 

and lacA;  
4 -galactosidase, lac permease and lactose transacetylase / (inducible) enzymes to 

utilize lactose are not synthesised ; 
5 Bacteria cannot utilize lactose even in the presence of lactose; 

[Q4: 12 marks] 

utililizi e lal ctose evenenennenn iiiin the prpp esence of lactctctctctosoooo e
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QUESTION 5 
A student set up an experiment to investigate the effect of carbon dioxide on 
photosynthesis. First, he de-starched a small potted plant by putting it in the dark for 
two days. Then, he chose two leaves and inserted them into conical flasks, A and B, 
fitted with rubber stoppers. Lithium hydroxide was placed in Flask B to absorb all 
carbon dioxide present. The plant was then left under a table lamp for 15 minutes. Fig 
5.1 shows the experimental setup.  

Fig 5.1 

He removed a sample of each leaf every 5 minutes (by punching out a leaf disc of 
approximately 0.2 cm in diameter, using a single-hole puncher) and return the leaves 
to their respective flasks immediately.  Each leaf disc was then tested for the presence 
of ribulose bisphosphate (RuBP) and starch. Table 5.2 shows the results he obtained. 

Table 5.2 

Flask Concentration of RuBP / μmolm-2 Concentration of starch / μmolm-2

0 min 5 min 10 min 15 min 0 min 5 min 10 min 15 min 
A 0.0 2.2 3.0 3.1 0.0 2.1 3.4 6.5 
B 0.0 2.7 4.2 6.8 0.0 0.3 0.5 0.5 

(a) State two other variables which must be kept constant to maximize the validity of 
the results obtained for this experiment. 

…………………………………………….....……………………………………….…..…[1] 
1 Size of the leaves chosen (in flask A and flask B) 
2 Distance from light source/light intensity 
3 Temperature 
4 Size of flask (affecting the volume of gas) 

[Reject: leaves must be from the same plant as diagram already show only one pot 
of plants; pH of soil as fluctuations in pH will affect both leaves equally and hence, 
not affect the results] 

vaaarrrir abababablelelel ss whhhhhicicicicichhhh mummmm ststststs bbbeee keeepptptptptppp ccccconononnnonststststststanananana tt t t t totototototo mmmmmmax
nedededdd fffffoooroo tthhhisssss exexexexxpepepepeperiririrrimememememennntnn ....

………………………………………………….….….….… ....……………………………………………………………………
avvvvvesesess ccccchohohohohohooseseseses nnn (i( nnn ffflff asasasasasa k k k k k A AAAAA anananananddddd flasssssk kk k k k B)B)B)B)) 

m light source/light intensity
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(b) With reference to Table 5.2, describe the relationship between the presence of 
carbon dioxide and concentration of starch. 

…………………………………………….....……………………………………….…..…[2] 
1 In the presence of carbon dioxide (i.e. Flask A), starch concentration increased 

from 0.0 to 6.5 μmolm-2 from 0 - 15 min. 
2 while in the absence of carbon dioxide (i.e. Flask B), starch concentration 

increased much less, from 0.0 to 0.5μmolm-2  from 0 - 15 min. 
OR 

1 The presence of carbon dioxide leads to a higher concentration of starch 
2 E.g. at 15min, starch concentration in the presence of carbon dioxide (i.e. Flask 

A) is at 6.5 μmolm-2 while in the absence of carbon dioxide (i.e. Flask B), starch
concentration is at 0.5μmolm-2

(c) Explain the absence of RuBP in both leaves at the start of the experiment. 
…………………………………………….....……………………………………….…..…[2] 

1 In the dark (during de-starching), the leaves carried out carbon fixation to 
convert RuBP to PGA. 

2 However, in the dark, no ATP and NADPH were produced,  
3 hence, chloroplasts are unable to convert PGA to PGAL and to regenerate 

RuBP from PGAL. 

(d) The increase in RuBP concentration for the leaf in Flask A reached a plateau from 
10 min to 15 min of exposure to light but continued to increase in the leaf in Flask 
B up to 15 min. Explain why. 

…………………………………………….....……………………………………….…..…[3] 
1 (In Flask A, concentration of RuBP reaches a plateau because) the RuBP that 

is being used up (in carbon fixation) equals the RuBP that is regenerated (from 
PGAL in the Calvin cycle). 

2 (In Flask B, exposure to light causes) the production of ATP and NADPH in the 
light-dependent reactions, which will convert existing PGA to PGAL (don’t 
double penalize from part (c)), and regenerate RuBP from PGAL. 

3 However, in the absence of carbon dioxide, carbon fixation does not occur, and 
RuBP accumulates in the leaf. 

he e eee absesessenccce ofoo  carbobobobobobon did oxidde, carbon fixaaaaatitititition
mulaaaaaatettetetees inn thhhhhhe ee ee leleleleleafafafafaf. 
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The student watered the potted plant too excessively, causing the soil to become 
waterlogged. Fortunately, the roots of this plant could carry out anaerobic respiration 
under low oxygen conditions in the soil. 

(e) Outline the process of anaerobic respiration in the roots under waterlogged 
conditions. 

…………………………………………….....……………………………………….…..…[4] 
1 Glucose is converted to pyruvate via glycolysis in the cytosol. 
2 Pyruvate is then decarboxylated to acetaldehyde/ethanal with the release of 

CO2.  
3 This reaction is catalysed by pyruvate decarboxylase. 
4 NADH then reduces acetaldehyde/ethanal to ethanol,  
5 catalysed by alcohol dehydrogenase. 
6 NAD+ is regenerated for use in glycolysis to generate some ATP continuously. 

 
 [Q5: 12 marks] 
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QUESTION 6 
The maggot fly, Rhagoletis pomonella, is native to the United States, and up until the 
discovery of the Americas by Europeans, fed solely on hawthorns. But when 
Europeans arrived on the Americas, they brought with them a new potential food 
source for the flies: apples.  

At first, the flies are not attracted to apples. But over time, a minuscule change in the 
connections of two channels in the brain - one for detecting hawthorn odours and the 
other for apple odours - caused some flies to switch host plant (i.e. they jumped to 
apple trees). It was observed that the maggot flies strongly preferred to mate and lay 
their eggs on the type of tree they were born on.  

When geneticists took a closer look in the late 20th century, they found that the two 
types - those that feed on apples and those that feed on hawthorns - have become 
genetically distinct groups.  

(a) Identify the type of reproductive isolation shown in this case study. 
…………………………………………….....……………………………………….…..…[1] 

1 Behavioural isolation [Reject: Sympatric isolation; Geographical isolation] 

(b) Discuss the processes that could have led to the genetic distinctions between the 
apple-eating flies and hawthorn-eating flies. 

…………………………………………….....……………………………………….…..…[5] 
1 (Behavioural isolation) reduced the gene flow between flies which jumped to 

apple trees and flies which remained on hawthorn trees. 
2 Processes of natural selection and genetic drift occurred. 
3 Different tree habitats exert different selection pressures 
4 Individuals which are better adapted to their respective environments survive

better, reproduce more and pass on their advantageous alleles to their 
offspring. 

5 Different mutations/genetic differences accumulate in the different sub-
populations of the flies. [Reject: speciation occurred] 

(c) Suggest how researchers can conclusively determine whether the apple-eating 
flies are a different species from the hawthorn-eating flies. 

…………………………………………….....……………………………………….…..…[1] 
1 Observe for mating between apple-eating flies and hawthorn-eating flies, to 

produce viable and fertile offspring.  
mating between apple eating flies and hawt
e aaandndndnd ffffffeeertttileeeee oooooffffff spppppririririringngngngng. 
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A nuclear small subunit (18S) rRNA gene has been sequenced for various insect 
species and used to reconstruct their evolutionary relationship, which is shown in a 
phylogenetic tree in Fig. 6.1. 

Fig. 6.1 

(d) Comment on the evolutionary relationship between Rhagoletis pomonella, 
Rhagoletis zoqui and Callophrys xami. 

…………………………………………….....……………………………………….…..…[1] 
1. Rhagoletis pomonella and Rhagoletis zoqui are more closely related to each 

other than either one is to Callophrys xami. 
/ Rhagoletis pomonella and Rhagoletis zoqui share a more recent common 
ancestor with each other than with Callophrys xami. 
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(e) Discuss two advantages of using 18S rRNA gene over morphological comparisons 
for the reconstruction of the insect phylogeny. 

…………………………………………….....……………………………………….…..…[4] 
Quantifiable and open to statistical analysis 
1 Molecular data such as nucleotide and amino acid sequences are quantifiable, 

in abundance and open to statistical analysis. [Reject: the rRNA gene is in 
abundance] 

2 Large quantities of data are required for statistical analysis; however there is 
little morphological data available. 

Unambiguous and objective 
3 Molecular data can be easily described in an unambiguous/objective [reject: 

accurate] manner. 
4 Morphological data may be subjective and may differ depending on the way 

in which it was classified In addition some characteristics may be analogous.  

Not affected by convergent evolution 
5 Molecular data provides a clear model of evolution by comparing the nucleotide 

and/or amino acid sequence as the rate of molecular change in genes and 
proteins is regular like a molecular clock.  

6 Morphological evidence could be due to convergent evolution as similar 
morphology may not have been inherited from common ancestor 
/Rate of morphological change is not regular due to convergent or divergent 
evolution (hence cannot be used to reconstruct evolutionary relationships 
accurately) 

Based strictly on heritable material 
7 Molecular data is based strictly on heritable material.  
8 Morphological data is based on anatomical characters which may be 

influenced by environmental factors as well as variation due to genotype of 
the organism. 

Greater number of characters can be compared 
9 DNA information provides abundance of data for analysis and it allows easy 

homology assessment. 
10 Morphological traits are few and it is often difficult to assess homology for less 

complex structures. 
[Any 2 pairs; no marks awarded if no attempt is made to compare between both 
molecular and morphological methods] 

[Q6: 12 marks] 

of ff f f chccccc arararararacacacacctersrssss cannnnn bbbbbeeee e cooooompppparaaa ed 
atiooonnnn ppprpp ovvidesesesesese  abababababununununundadadadadancnnn e oofffffoffoffffff dddddddddddddddddd ttatttatatatata aaaaaaaaaaaa fffffororororor aaaaaananananananalylylylylylysi
ssesesssmmmmmenenenee t.t... 
al trtrtrttraiaiaiaiaitststststs aaaaarerereere fffffewewewewew aaaaandndndndndd iiiit tttt isisisisiss oooooftftftttf eneeeeee  dififififfi fififififif cuccccc ltltltltltt ttttttooooo asses
ctttures. 
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QUESTION 7 

Influenza is a prevalent illness all over the world. Due to the high rate of change in the 
structure of the virus, annual vaccinations are recommended.  

To overcome this problem of the constant need for developing new vaccines against 
influenza viruses, scientists are attempting to produce vaccines relating to antibodies 
which recognize part of the virus that does not change—the stalk of haemagglutinin. 
This research may lead to the development of “universal” influenza vaccines which 
can remain effective over long periods of time (Journal of Virology, 2017).  

Fig. 7.1 shows the structure of haemagglutinin.  

Fig. 7.1 

(a) With reference to the context above, explain why there is a “constant need for 
developing new vaccines against influenza viruses”. 

………………………………………………………..………………………..…………....[3] 
1. Antigenic drift where there are spontaneous mutations in RNA genome coding for

antigens haemagglutinin (and neuraminidase),
2. due to lack of proof-reading in RNA-dependent RNA polymerase,
3. change 3D conformation/tertiary structure of  haemagglutinin (and neuraminidase),
4. cannot be detected by existing memory B cells / antibodies present in the immune

system, (thus same strain can infect the same person who is vaccinated previously)

OR 

1. Antigenic shift where two (or more) different strains of the influenza virus infects
the same host cell

2. There is reassortment of the viral RNA segments,
3. (giving rise to a new combinations of RNA segments in new viral particles, hence)

new combinations of surface antigens haemagglutinin and neuraminidase arises; 
a new virus strain results,  

4. cannot be detected by existing memory B cells / antibodies present in the immune
system.

Stalk of haemagglutinin 

rtmemmmmm ntntntnttt oooooffff f the e ee e vivvvv raaaaallll RNRNRNRNRNA AAA segmgggg ents,
newwwww cccccomomo bbbinananananatitititit ooonoo s ssss ofofofofoof RRRRRNNNAN ssegegeggeggggggggggggmememememmmmmmmmemmmmmmm ntntntntntnntntntssssssss ininininin nnnnnneweweweweww v
onsss offff f susususs rfffacacacacace ananananantitittitigegegegegegegg nsnsnsnsns hhhhhaeaeaeaeaea mmmamaaammagggggggggggggggglulullululuuluutttttttttttinininininininnnnn aaaaaandndndndndnd ne
n rrrresesseesululululultststststs,,,,,
edddd byybyybybyy exexexexexisisisisisisii tttit ngngngg memememememorororororyyy y BBBBBB cecc lls //// / aaaana tititiitibobobobobob dddidd es pr
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(b) With reference to the influenza virus and active immunity, define a vaccine and 
state how it provides protection against the virus. 

………………………………………………………………………………….…………....[2] 
1. A vaccine contains antigen consisting of dead/attenuated influenza virus/ parts

of the influenza virus.
2. which stimulates artificial active immunity by production of antibodies by plasma

cells/production of memory cells after introduction/injection into body; [Reject:
vaccines produce antibodies]

Vaccinations can control diseases by resulting in herd immunity, in which large 
percentage of population which has become immune to the virus through vaccinations, 
provides a measure of protection for individuals who are not immune.  

(c) Explain why. 
…………………………………………………………………………….………………....[1] 
1. (When a large number of individuals are immune,) chains of infection are likely to

be disrupted, which stops or slows the spread of disease.
/ The more people who are immune, the smaller the probability that those who
are not immune will come into contact with an infectious individual.

Tuberculosis (TB) is an infectious disease that generally affects the lungs. Most 
infections are latent and do not have symptoms. Latent infections can progress to 
active form of the disease which, if left untreated, kills about half of those infected.  

The most common classic symptom of active TB is chronic cough with blood-
containing sputum. 

(d) Name the organism which causes tuberculosis (TB).  
……………………………………………..……………………………..………………....[1] 
1 Mycobacterium tuberculosis 

In the alveoli tissues, the bacteria that causes TB binds directly with mannose 
receptors on alveolar macrophages using a bacterial glycolipid, and is engulfed by 
alveolar macrophages.  

(e) With reference to a cellular organelle in the macrophages, describe how 
macrophages attempt to process engulfed bacteria.  

……..………………………………………………………………..……………………....[2] 
1. Lysosomes contain hydrolytic enzymes, (e.g. proteases), which hydrolyzes    
    bacteria  
2. after lysosomes fused with phagosomes/endocytic vesicle containing

bacteria

to a cellular orggggganelle in the macropppppha
tteeempmpmpmpmppttt t too ppprocococococo eeesee sss ss enenenenenguggugugulfffed bbacacaccacteteteteriririria.a.a.a.a.a   
………………………… …………………………………………………………………………………………………………………………………………………………………………………...……
in hyhyhyhyyydrdrdrdrolololytytytytytic eeeeeenznznznznzzymymymymymymymymesssss, (e(e(e(e(e(( .g. prottototototteaeaeaeaeaseseseseeses)s)s)s)s)s , wwwwhw i

used with phagosomes/endocytic vesicle
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(f) Describe the cause of the chronic cough symptom of TB in its active stage. 
……..……………………………………………………………………..………………....[1] 
1. Bacteria destroy alveoli/causes cavities in the lungs; this leads to less surface 

area for diffusion of gases.

OR 

1. Damaged areas (may become infected with other bacteria) form pockets of pus; 
this increases diffusion distance between alveolar sac and alveolar capillaries 

 

 
[Q7: 10 marks] 
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QUESTION 8 
Proteaceae are a family of flowering plants predominantly distributed in the tropical 
and sub-tropical regions of Australia and South Africa. Threatened species may be 
vulnerable to climate change, because of their narrow temperature tolerance, small 
population sizes and restricted distributions.  

A study modelled climate-induced changes on the range size (geographical 
distribution of a species) of 282 Proteaceae species. Figures 8.1a and 8.1b show the 
time course of range changes for wind-dispersed (A) and ant-dispersed (B) 
Proteaceae species (under ‘full migration’ dispersal assumptions, which assumes no 
limitation to migration). Error bars represent standard error (for example, smaller 
standard errors indicates that the observations are closer to the actual value). 
 

Fig. 8.1a 

Fig. 8.1b 
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(a) Describe the differences in climate-induced changes in range size between the 
wind-dispersed and ant-dispersed Proteaceae species from Year 2000 to 2050. 

……..……………………………………………………………………..………………....[2] 
1 The range size for wind-dispersed Proteaceae species decreases from 2350 

square hectares (accept 2300 – 2400) in year 2000 to 1000 square hectares in 
year 2050 while 

2 the range size for ant-dispersed species decreased from 1600 to 1300 square 
hectares from year 2000 to 2020 but increased back to 1600 square hectares 
in year 2050. 

(b) The Intergovernmental Panel for Climate Change (IPCC) predicted an increase of 
2 C in global temperatures by 2050. Suggest reasons for the larger range size of 
ant-dispersed Proteaceae species compared to that of wind-dispersed species in 
2050. 

……..……………………………………………………………………..………………....[4] 
[Ant-dispersed species] 
1 Increase in temperature increases rate of metabolism 

/ development of insects such as ants  

Explanation for students’ understanding: 
Higher rate of metabolism causes ants to be more physically active and travel 
further distances in a day; 
Higher rate of development of insects leads to eggs hatching and developing 
into adults faster, thus, increasing population size faster. The larger the ant 
colony size, the larger the foraging range 

2 This increases the distance/area over which the ants can disperse the 
seeds of the ant-dispersed Proteaceae species. 

OR 
1 Increase in temperature may cause some ant colonies to migrate to higher 

latitudes/cooler regions 
2 This increases the area over which the ants can disperse the seeds of the 

ant-dispersed Proteaceae species.  
[Reject: This increases the range size of ant-dispersed species] 

AND 

[Wind-dispersed species] 
3 The increase in temperature may result in changes in wind patterns (e.g. 

less wind / wind is less strong),  
4 This restricts the area over which the wind can disperse the seeds of wind-

dispersed species. 
OR 
3 Plants also adapt to increased temperatures by reducing the number of 

stomata per leaf (to reduce amount of water lost via evapo-transpiration). 
4 The rate of photosynthesis decreases, and the populations of wind-dispersed 

species may reduce in number and hence range size. 

d spspspppececececciiiei ss]
e iiinnnn tetetetetempmpmpm erererereratatatata ururururure e e e e mamamamamayyy yy rerererresuuuuuullltlll iiiiiiiiiiiinnnnnnnnnnnnnnn chchchchhhchchhhhhanananananaaa gegegegees sssss in w

windndndndd iiiis llel ss strononoonng)g)g)g)g)gg ,,,,,
s ttthehehehehe arararararreaeaeeaeaea ooovevever rr r whwhwhwhwhhicicicicchhhhhh ththththththe eeee wwiw nddddd ccccccananananaan dddddisisisisissperse
pecies.
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It was predicted that not only will the range size for ant-dispersed Proteaceae species 
remain high in 2050, it is likely that the plants would colonise new regions, particularly 
in the higher latitudes and altitudes.  

(c) Explain why the Proteaceae species can potentially threaten the native species of 
the regions they expand into. 

……..……………………………………………………………………..………………....[2] 
1 Proteaceae species may become invasive species which compete more 

successfully with the native species for resources such as nutrients, sunlight 
and space (name at least one). 

2 The absence of natural predators / herbivores which can feed on the new 
Proteaceae species will allow the plants to grow unchecked / more vigorously 
than native species (which have natural predators that control their population 
size). 

3 [only award mark if point 1 or 2 is listed] This can cause the extinction of native 
species in these regions / the survival of native species is affected  
 

Many indigenous cultures in tropical regions have used Proteaceae for medicinal 
preparations. For example, bioactive ingredients can be obtained from infusions of the 
roots, bark, leaves, or flowers of many Proteaceae species, which can used as topical 
applications for skin conditions or internally as tonics, aphrodisiacs, and medicines to 
treat headaches, cough, diarrhea, indigestion, stomach ulcers, and kidney disease.  

(d) Discuss how climate change can affect the biodiversity of the Proteaceae species 
and its consequence to the production of biomedicines. 

……..……………………………………………………………………..………………....[2] 
1 Tropical species are often sensitive to hot weather as many species have 

evolved to become thermal specialists / have a narrow temperature tolerance.  
2 Hence they are very vulnerable / cannot adapt to climate warming [Reject: 

climate change as it is lifted from question stem] 
3 With the loss of biodiversity due to climate changes, production of biomedicines 

decreases / potential uses of Proteaceae species for biomedical usage may be 
lost forever. 

[Q8: 10 marks] 
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Section A 

Answer all the questions in this section. 

QUESTION 1 

Leigh disease is an inherited neuro-metabolic disorder that affects the central nervous 
system. As the disease progresses, the muscular system is debilitated throughout the 
body, as the brain cannot control the contraction of muscles. Leigh disease can be 
caused by a deficiency of the pyruvate dehydrogenase complex (PDHC), most 
commonly due to a mutation in the X-linked gene, PDHA1, which codes for the PDHC

-subunit.

A married couple (both of whom are normal individuals) is concerned about their 
chances of having a child with Leigh disease because the woman’s father had the 
disease.  

(a) Draw a genetic diagram with appropriate symbols to determine the probability that 
they will have an affected child. 

……………………………………………………………………………………………….[6] 

Parental phenotype: Normal male x Normal female
Parental genotype: XDY x XDXd

Gametes: XD            Y XD          Xd

F1 genotypes: XDXD XDXd XDY XdY
F1 phenotypes: Normal girl Carrier girl Normal boy Leigh disease boy
F1 phenotypic ratio: 1 :        1 :       1 :          1

Probability of having an affected child = ¼  

Mark scheme: 
1 Parental genotypes (showing X-linked symbols)
2 Gametes (circled) 
3 F1 genotypes
4 F1 phenotypes corresponding to genotypes 
5 F1 Phenotypic ratio
6 Probability = ¼ [Award mark if genotype is wrongly written] 

[No marks for Points 1-5 if genotype is written wrongly e.g. “X” represents normal allele; 
“x” represents diseased allele; “X” represents allele for disease; “Xo” represents allele 
for no disease]  

200 couples with the same genotypes as the above-mentioned couple were included 
in a genetic study of the Leigh disease. They had a total of 326 322 children with the 
following phenotypes: 

Accept: 2 Normal girl

d) 

corrrrrrrrresesesesesesesespoppppppp ndn ininininininininggg tototototototoo gggggggggenenenenenenenenototototototootyyypyyyyy esssssss
atiooooooo
[AAAwawwawaardrdrdrdrdrdrdrd mmmmmmmmmararararrara k kk kkk kkkk ififfififififif ggggggenenenenenenenenotooototoooo ypypypypypypypyppe e e eee e ee isisisisisisisi wwwrongnglyly wwriritttteen] 

1 5 if genotype is written wrongly e g “X” repr
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85 normal girls 
70 carrier girls
89 normal boys 
78 boys with Leigh disease 

(b) A chi-squared test was carried out to test the significance of the difference 
between the observed (O) and the expected (E) results. 

 

(i) Calculate the value. Show your working.
……………………………………………………………………………………………….[2]

=

= 2.596 (3 d.p.) (Follow the chi sq table) / 2.60 (2 d.p.)

OR

=

= 2.596 (3 d.p.) (Follow the chi sq table) / 2.60 (2 d.p.)

1 Correct working 
2 Answer given to 3 d.p. or 2 d.p. 

Fig. 1 

(ii) Fig. 1 shows the table of probabilities. State the probability that the observed 
results does not differ significantly from the expected results. 

……………………………………………………………………………………………….[1] 
1 0.50 > p > 0.25 

theheehehehhheh  tababbaababbbleeeeee of prpppppp obabababababababba iliiii itieieiiees. SSSSSSSSState the probababib lit
nooot didididididiffffffffffff errr sssiggggggggnininininininififififififificaaaaaaaantntntntntntntntlylylylyyylylyyy frorrorom tthhhhe e eee ee eee exexexexexexpepepppppppp ctcteded rresesult

…………………………………………………………………………………………………………………………………………………………………………………………… …………………………………………………………
0.22.22225555555
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(iii) State what conclusions may be drawn from the probability found in (ii). 
……………………………………………………………………………………………….[3] 
 [No error carried forward if (ii) is wrong] 

1 Since 0.50 > p > 0.25 is greater than 0.05, 

2 there is no significant difference between the observed and the expected 
values [Reject: ratio] at the 5% level. 
Any observed differences is due to chance. 

3 The predicted ratio of 1 : 1 : 1 : 1 is correct / the inheritance is sex-linked 
[Reject: there is mendelian inheritance] 

[Reject: there is independent assortment of the 2 genes  this is a 
monohybrid cross and independent assortment is not relevant to this case] 

KiasuExamPaper.com
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Leigh disease can also be due to a mutation in the mtDNA (mitochondrial DNA) 
affecting the MT-ATP6 gene. The mutated allele results in the production of a non-
functional subunit in the ATP synthase complex which allows protons to pass through 
the channel without generating the proton motive force. 

(c) State whether a mitochondrion containing the mutated allele would have a higher, 
lower or equal oxygen consumption rate relative to a mitochondrion which has the 
normal allele. 

……………………………………………………………………………………………….[1] 
1 Equal / Higher 

(d) Explain your answer in (c). 
……………………………………………………………………………………………….[2] 

[Explanation for Equal rate] 
1. Oxygen acts as a final electron acceptor [Reject: final electron carrier] (in

oxidative phosphorylation).
2. Since the flow of electron through the ETC is not affected by the mutation

/ the donation of electrons from NADH and FADH2 to the ETC is not
affected, (the rate of oxygen consumption in the mutated mitochondrion will
remain the same.)

OR

[Explanation for Higher rate] 
1. Ref. reduction in ATP production in oxidative phosphorylation,
2. Therefore, rate of oxidative phosphorylation increases to regenerate NAD+ for

use in glycolysis for alternative ATP production

The DNA sequence of the MT-ATP6 gene has remained relatively conserved over a 
long evolutionary period. It is present in a wide diversity of organisms, ranging from 
the simplest worms to the great apes. Differences in the nucleotide sequence of the 
gene in different species can be identified using multiple sequence alignments.  

(e) Discuss how the comparison of MT-ATP6 DNA nucleotide sequences of different 
species demonstrates evolutionary change. 

……………………………………………………………………………………………….[2] 
1 The similarities in the nucleotide sequences shows molecular homology 

/ which suggests inheritance from a common ancestor. 
2 As the descendants of same species evolve independently, more and more 

differences (mutations) are accumulated in their DNA. 
3 Resulting in divergent evolution and descent with modification. 

Examiner’s comment:
Students who stated that “the more similar the sequences are, the more closely related 
the organisms are to each other” have misinterpreted the question to mean “explain 
how molecular homology demonstrates evolutionary relationship between different 
species”

[Q1: 17 marks]

iessssssss in ththtththhheeeeee nuuuuuuclccccc eotitiititiidededededededeee seqeeee ueeeeeencn es shows mmolo ec
estststsssss iiiiinnnhnnn eeeritananananannancecececececcecec ffffrororororororor m mm m mmmmm a aaaaaa cccommmmmmmmmmmmonononoonono aaaaaancncnnnnn esestotor.r. 
endddddannnnnnntstststststststs ooof sassasasss memememememememe sssssssspepepepepepepeep cicicicicicicic eeeseeeee eeeeeeeeeeevoolvlvlvlvlvlvlvvllvveee ee e inininininininnndddededd pepennden
mututututuuutu ataatattattations)) )))))) are acacaccacacacaacccucucucuccc mulalllll ttttetttttt d in thheieirr DNDNAA.
divvvvvereere gegegegegegegegegg ntntntntntntntnt eeeeeeeevovovoovooluuuuuutittittitt onnnnnnnnnn aaaaaaaandndndndndndnddd dddddddddeseesesesee centt wwiith h momodificat
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QUESTION 2

Celiac disease is an autoimmune disorder that is caused by an improper immune 
response to the protein gluten, found in wheat, rye, and barley, that damages the lining 
of the small intestine. There is no cure for celiac, and the only effective treatment is a 
gluten-free diet. 

Recent studies indicated that harmless intestinal viruses, such as the reovirus, can 
cause the immune system to overreact to gluten, raising the possibility of such viruses 
contributing to the development of the disease.

Fig. 2.1 shows the general structure of a reovirus.  Unlike Human Immuno-deficiency 
Viruses (HIV), reoviruses are not retroviruses.

Fig. 2.1 

(a) With reference to Fig. 2.1, contrast the structure of the reovirus with that of HIV.
……………………………………………………………………………………………….[2] 

1 Reovirus has no viral envelope but HIV has a viral envelope 
2 Reovirus has double-stranded RNA genome but influenza virus has single-

stranded RNA genome  
3 Reovirus has 2 capsids while HIV has 1 capsid 
4 Segmented genome vs HIV non-segmented genome  
5 Absence of viral enzymes in Reovirus but presence of viral enzymes (list at 

least 2: integrase, protease, reverse transcriptase) in HIV 
[Any 2] 

(b) Suggest how new double-stranded viral RNA genome is synthesized during the
reproductive cycle of a reovirus.

……………………………………………………………………………………………….[2] 
1 Viral RNA unzips to form single stranded RNA  
2 Viral RNA-dependent RNA polymerase is used to make new RNA strands from 

RNA template by complementary base pairing

g g
viralaaaaaaa eeeeenznznnznznznznzymyyymymymmesesesesesesee  in ReReReReReReReReRReovovovovovovovo iririrrus bbbbbbbut presesencncee ofof v
raseseseeeeee,,,,,,, prppppp oooteaeaeaaaaaasesesesesesesese, reeeeeeeveveveveveveveversrsrsrsrsrsrsr eee trannscccccccccccririririrrrrrrrriptptptptptpp asasasasasaaasaa e)e)eeee iinn HIHIV V

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



7 

Researchers also looked at patients with celiac disease and found that they had much 
higher levels of antibodies against reoviruses than those without the disease. 

Those with higher levels of antibodies also had higher levels of the molecule IRF-1
(interferon regulatory factor 1), a regulator of gene transcription which plays a key role 
in the loss of gluten tolerance. 

(c) Describe three ways in which the structure of antibodies contribute to its function. 
……………………………………………………………………………………………….[3] 
1 Constant region; determines the class of antibody (e.g. IgG, IgA, IgM etc)  

/ allows binding to phagocyte (e.g. macrophage/neutrophil)
2 Variable regions (of each light chain and heavy chain); forms an antigen binding 

site that provides a lock-and-key fit for specific binding to a particular epitope of 
an antigen.  

3 Disulfide bridges between chains; links the heavy and light chains together 
4 Hinge region; provides flexibility to change orientation/movement to bind antigen 

Examiner’s comment:
Students are reminded to write both structure and function. 

[Reject: different combinations of heavy and light chains allow binding to different 
antigens on pathogens  this addresses why a huge variety of pathogens can be 
recognised] 

Fig. 2.2 shows the structure of an immunoglobulin gene which codes for antibodies.  

Fig. 2.2 FiFiFiFFiFiFFig.g.gg.gggg  2.2222 
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(d) With reference to Fig. 2.2, explain how variability at the DNA level result in 
variability in the antigen-binding sites of antibodies. 

……………………………………………………………………………………………….[3] 
1 Somatic recombination (at the DNA level) of both light and heavy chain genes

occurred
2 only one V segment and one J segment are arranged together, along with the C 

segment for the light chain gene
3 only one D segment and one J segment are first arranged together, followed by 

one V segment being arranged next to the pre-arranged DJ region, along with the 
C segments for the heavy chain gene

Reject: class switching as it does not affect the variable regions 

(e) Antibodies are proteins. Draw a diagram of the monomer which makes up 
antibodies. There is no need to annotate the diagram.

……………………………………………………………………………………………….[1] 
1 Correct structure of amino acid drawn showing the amino group, carboxyl group, 

alpha carbon, R group side chain and hydrogen atom

[Accept: zwitterion diagram] 

[Reject: repeating n units of monomers linked together (-HN – C – COO-)n ]  

Antibodies are secreted by plasma cells.  

Fig. 2.3 shows a plasma cell and a B lymphocyte.  

 

H 

R 
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Fig. 2.3 

(f) With reference to Fig. 2.3,

(i) State 2 ways in which the structure of plasma cell differs from the B lymphocyte. 
……………………………………………………………………………………………….[2]

1. plasma cell has Golgi apparatus but B lymphocyte does not;
/ plasma cell has Golgi vesicles / secretory, vesicles but B lymphocyte does 
not; 

2. plasma cell has more (rough) endoplasmic reticulum;
3. plasma cell has more ribosomes;
4. plasma cell has more mitochondria;
5. plasma cell is larger at 7 m vs 4 m / contains more cytoplasm;

[Any 2]

(ii) Explain the reasons for the differences you described. 
……………………………………………………………………………………………….[2] 

check answer against (i)  
1. [plasma cell has Golgi apparatus but B lymphocyte does not] Enables

packaging / chemical modification/ adding carbohydrate / making glycoprotein 
to form antibody 
/ [plasma cell has Golgi vesicles / secretory, vesicles but B lymphocyte does 
not] Enables for transport of antibody to plasma membrane for secretion from 
cell

2. [plasma cell has more (rough) endoplasmic reticulum] Enables fast / large
production of protein / antibodies

3. [plasma cell has more ribosomes] Enables fast / large production of antibodies
which are proteins

4. [plasma cell has more mitochondria] Provides more ATP which releases
energy upon hydrolysis for production of protein / antibody

5. [plasma cell is larger / contains more cytoplasm] Allows more space for
organelles e.g mitochondria, rER, Golgi apparatus etc

[Any 2 corresponding to (i) responses] 

A student researcher tried to reproduce the results of the study regarding elevated 
antibody levels against reoviruses. She studied the levels of antibodies in 3 human 
subjects infected with reoviruses and another 3 who are not infected. 

Table 2.4 shows his results.  

Table 2.4 
Antibody titre / unit ml-1

Subjects not infected with reovirus 30 ± 10

Subjects infected with reovirus 122 ±  25

insssssssst ttttt reeeeeovooovvovoovirirriruseseesesssese . ShShhShhShShS eeeeeeeee sttttuduuu ieeeeedddddd the levels ooff ana t
th rrreoeoeoeooeoeovvvivv ruuuseseseeees s s s s ss aaananaaa d ddddddd ananananananannoootoooo hehhh r 333 33 whwhwwwhwwhwhww ooooo araraaaaa ee nonott ininfefec

reeeeeeeesusuususuuusulttttttts. 

Tabbblb e 2.4
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(g) With reference to the results on subjects not infected with reoviruses, explain what 
is standard deviation and its implications.

……………………………………………………………………………………………….[3] 
1 Standard deviation is the deviation from the mean antibody titre  
2 and determines the range of antibody titre observed in subjects not infected with 

reovirus 
3 [Evidence]The antibody titre ranges from 20 (30 - 10) to 40 (30 + 10) unit ml-1 in 

subjects not infected with reovirus / the antibody titre deviates 10 unit ml-1 from the 
mean of 30 unit ml-1;

4 Standard deviation is an indication of the reproducibility of the data collected. Since 
standard deviation for subjects not infected is high, results are not very 
reproducible / the data don’t change too much when the experiment is repeated

 [Q2: 23 18 marks] 

QUESTION 3 

(a) A student investigated growth in the roots of broad bean, Vicia faba. The student 
cut sections of the root tip of this plant and viewed them with a light microscope.  

KiasuExamPaper.com
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Fig. 3.1 is a photomicrograph of one of the sections. The cell labelled D is in 
interphase. 

Fig. 3.1 

Complete the table below by: 
 naming the stages of mitosis in the correct sequence following interphase 
 identifying one example from the cells labelled A to H that is in each stage of 

mitosis that you have named. 
……………………………………………………………………………………………….[3]

Mark scheme: 
1 one mark for the stages of the cell cycle in the correct sequence ie. Prophase, 

metaphase, anaphase and telophase under column heading “stage of mitosis” ;
2 one mark for each two correct matching of each stage with a cell ; (mark for 1st

answer given) 
stage of mitosis label from Fig. 3.1

prophase A / H ;
metaphase G ;
anaphase C / E / F ;
telophase B ;

eacacachh twtwtwooo coooorrrrrrreceee t t t mamamamatctctchihh ngg oooof each stagege wwith
) 
e oof mmmitii ososossisisis lal bebell frfroom

AAAA / H ;;
GGG ;
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(b) In animal cells, centrioles are responsible for assembling microtubules to make the 
spindle at the beginning of mitosis. 

Describe the role of the spindle during mitosis. 
……………………………………………………………………………………………….[3]

1  (kinetochore) microtubules attached to kinetochore on centromere of 
duplicated chromosomes (during prophase) ; 

2 arranging / aligning / orienting / AW, duplicated chromosomes at the equator / 
metaphase plate ; [REJECT: centre of the cell] 

3 centromere divides ; microtubules shorten;
sister chromatids/chromosomes pulled to opposite poles [Reject: opposite ends] 
(of cell) ; 

4 Ref. Equivalent and complete collection of chromosomes at both poles of the 
cell;  

OVP:
5 Overlapping/polar microtubules (slide past each other) elongate the cell; 

(c) Scientists investigated three genes, P, Q and R, involved in controlling cell division.  
They studied the effect of mutations in these genes on the risk of developing lung 
cancer. 

(i) Suggest the differences in the cell cycle of a cancer cell compared with that of 
a normal cell of the same type. 

……………………………………………………………………………………………….[2] 
1 Cell cycle shorter / interphase shorter / division more frequent ; [Reject: cell 

cycle is irregular / inappropriate] 
2 (cell cycle) checkpoints not controlled / unregulated ; 

/ uncontrolled cell division / AW ; 
3 Cell cannot be stimulated to undergo apoptosis (even when errors occur during 

the cell cycle);  

The scientists analysed genes, P, Q and R from healthy people and people with 
lung cancer. 

 If a person had at least one copy of normal allele for a gene, they used the 
symbol N.

 If a person had two mutant alleles for a gene, they used the symbol M. 

They used their data to calculate the risk of developing lung cancer for people with 
different N and M genotypes. A risk value of 1.00 indicates no increased risk.  
Table 3.1 shows the scientists’ results.

naalyllylyyseseeeeedddddddd geggggg neeeeeeees,ssssssss  PPPPPPP, QQQQQQQQQ ananaannd RRRRRRRRR from hehealalththy y pepeo

adddddd aaaaat t tt t tt t leleleleleleleleeasasasasasasaaasa t tt t tttt ononononononone ee eee cocococococococopypypypypypypypyp oooooooof f f ff fffff nonononononononormalal aallllelelee fofor a g
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Table 3.1

Gene P Gene Q Gene R Risk value of developing lung cancer / AU
N N N 1.00
M N N 1.30
N N M 1.78
N M N 1.45

N = at least one copy of the normal allele is present 
M = two copies of the mutant allele are present 

(ii) What do these data suggest about the relative importance of the mutant alleles 
of genes P, Q and R on increasing the risk of developing lung cancer? 
……………………………………………………………….……………………….[2]

1  [general trend] order of mutant alleles that increases the risk of developing lung 
cancer from highest to lowest : R > Q > P ; 

2 [quote data to support ans] Being homozygous for the mutation in R produces 
highest risk of 1.78 A.U.; in Q produces next highest risk of 1.45 A.U.; in P
produces least risk of 1.30 A.U. 

Chemotherapy is the use of a drug to treat cancer.  An experiment was set up to study 
a new drug, SA128, which kills dividing cells. A group of four men suffering from lung 
cancer was given the drug.  The number of cancer cells per unit volume of blood was 
measured right before treatment and again after the 2-week treatment.

Table 3.2 : Effect of SA128 on cancer cells. 
Number of cancer cells per unit volume of blood

Subject TSH OON CCK TTS Average Standard 
deviation

Before drug 
treatment 2000 1600 1800 1200

After drug 
treatment 1000 500 800 300

(iii) Calculate the average and complete Table 3.2.   [1] 

Number of cells per unit volume of blood
Subject TSH OON CCK TTS Average Standard 

deviation
Before drug 
treatment 2000 1600 1800 1200 1650 342

After drug 
treatment 1000 500 800 300 650 311

e avavvavavaaava errrrragagaagagagaaggeeeeee andndndndndndnnd comomomomomomomommplplplplplplplp etetetetete eee Taaaaable 3.2.  

NuNNNNNNN mbmbmbmbmbmbmbberererererererer oooooooof ff ff ffff cecececececeeelllllllllllllls s s s s ss s ppppepppp r unununuuununititititit vvololumume e ofo  
SHHHHHH OOOOOOOOOOOOOOOOO NNNNNNNN CCCCCCCCCKCKCKCKCKCKCKCKCK TTTTSS Av
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(iv) Using the formula below, calculate the standard deviations of number of 
cancer cells per unit volume of blood before and after drug treatment, SA128.
Complete Table 3.2.  Express your answers to 3 significant figures. 

……………………………………………………………………………………………….[1] 

 

Legend
∑ is ‘Sum of’
x is observation 
x is the mean
n is the sample size (number of observations) 

 

KiasuExamPaper.com
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(v) Using the formula below as well as the average and standard deviation values 
calculated in (c)(iii) and (c)(iv),

Calculate the tcalculated value. 
……………………………………………………………………………………………….[1] 

1. One mark for correct calculation of tcalculated value (step 2) – 4.327 (3 dp)

Examiner’s comments:
No error carried forward if values calculated in (iii) and (iv) are wrong unless 
wrong dp. 

(vi) Using the critical t-values in Table 3.3, determine if there is a significant 
difference in the results using the new drug, SA128. 

……………………………………………………………………………………………….[2] 
1 One mark for correct calculation of DoF (Ans: 6) and identification of tcritical value 

of 1.943 (step 3, 4)  
2 One mark for correct comparison of tcalculated and tcritical and making a correct 

conclusion that there is significant difference in the results for before and after 
treatment with drug, SA128. (step 5)   

 tcalculated of 4.327 is higher than tcritical (1.943) . There is a significant difference 
between the results before and after treatment with drug, SA128. 

Examiner’s comments:
No error carried forward if DF or T critical is wrong 

Working for Reference: 

Step 1: Null hypothesis:  
There is no significant difference between the results before and after treatment using 
the new drug, SA128.

Step 2: Calculation of experimental t-value 
x1 – x2 = 1650 - 650 = 1000  
(s1)2 =(342)2 =  116964  
(s1)2 / n = 116964 / 4 = 29241  
(s2)2 = (311)2 = 96721 
(s2)2 /n= 96721 / 4 = 24180 
t= 1000 /√{29241 + 24180}

esiis:s:s:ss   
nttt dddid fffffffffffffeeereereee enenncececececececece bbbbbetetetetetetetetweweweweweweweww enenenenenenenen ttttttttthehehehehehehehee rrrrrrrreeeseeeeeee ululululululululu tstttstststt bbbbbbbbefeforree anandd a
8.

of experimental t-value
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tcalculated = 4.327 (3 dp according to T table) 
Step 3: Calculation of Degrees of Freedom 
Degrees of Freedom is sum of sample sizes for control and test minus 2 = 8 - 2 = 6. 

Step 4: Stating of tcritical value (from Table of significance, looking at p=0.05) 
tcritical value for 6 DoF and p value 0.05 is 1.943. 

Step 5: Comparison between tcalculated and tcritical 
tcalculated of 4.327 is higher than tcritical (1.943) . Null hypothesis is not accepted. 

Conclusion:  
There is a significant difference between the results before and after treatment with 
drug, SA128. 

KiasuExamPaper.com
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Table 3.3: t-test table of t critical values 

 

 

 

[Q3 Total: 15]

KiasuExamPaper.com
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Section B 

Answer one question in this section.

Your answers should be illustrated by large, clearly labelled diagrams, where 
appropriate.

Your answers must be in continuous prose, where appropriate.

Your answers must be set out in sections (a), (b) etc., as indicated in the question.

4 (a) The effects of global warming on the spread of malaria beyond the 
tropics is a debatable issue. Discuss the arguments/evidences that 
support your stance on the matter, and provide a balanced account 
of counter-arguments. [12]

(b) Discuss the effects of climate change (as a result of greenhouse gas 
emissions. [13]

[Q4 Total: 25]

5 (a) Explain what is meant by primary, secondary, tertiary and quaternary 
structure of haemoglobin. [13]

(b) Using a named example, discuss how genetic variation may be 
preserved in natural population by heterozygote advantage. [12]

[Total: 25]

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



19 

4(a) The effects of global warming on the spread of malaria beyond the tropics 
is a contentious issue. Discuss the arguments/evidences that support your 
stance on the matter, and provide a balanced account of counter-
arguments. [12] 

Arguments and evidences supporting the theory that global warming causes spread 
of malaria beyond the tropics 

1 Malaria can only occur in climates where mosquitoes are present to transmit the 
disease.

2 Global warming leads to temperatures in the sub-tropical regions becoming more 
optimal for both mosquitoes and malaria parasite. 

3 For the optimal development of Anopheles mosquitoes, the temperatures should 
be around 20 to 30 C.

4 Ref. higher temperature leads to higher rate of development / metabolic rate / 
survival of both mosquitoes  

5 Ref. parasite plasmodium development peaks at 26 C (thus, the closer the sub-
tropical temperatures is to 26 C, the higher the rate of plasmodium development) 

6 In addition, global warming can lead to higher humidity (in the sub-tropics), more 
stagnant pools of water available for mosquitoes to lay eggs  

7 [Observation on sub-tropical regions] There was an apparent association 
between an increased incidence in malaria and increased minimum 
temperatures during December - January of the preceding year.  

8 [Observation on sub-tropical regions] A rise in minimum temperature of 1 C,
from 15.5 to 16.5 C could account for 24 additional cases per 1000 of 
population.   

9 [concluding remark] The above effects of temperature and climate on malaria 
have led many to believe that global warming will result in the spread of this 
disease, to higher altitudes and higher latitudes (sub-tropical regions) where it 
is cooler.

10 AVP

[Max 8 marks] 

Arguments and evidences against the theory that global warming causes spread of 
malaria beyond the tropics  
1 (There is common assumption that a faster development of plasmodium parasite 

leads to higher rate of transmission. But a latest study shows that temperature has 
a more complex effect.) As temperature rises, parasites do develop faster, but 
fewer of them become infectious.  

2 In sub-tropical regions, an increase of temperature to above 24ºC led to higher 
parasite development but a decrease in malaria risk.  

3 This is because the parasite may not be able to cope with the higher 
temperatures or

4 Mosquito immune systems may work better at warmer temperatures. 

5 Many other arguments and evidence have not taken into consideration other more 
significant factors in the recent upsurge of malaria, such as the resistance to 

on aaaaaassssssumuuumumummumu ptioooooooon nnnnnn thatatatatatataa aaaaaaaa fasaaaa teeeerrrr r r developmp ennt t ofof p
ateee oooooof f f f ffff tranannsmmmmmmmisisisisisissississssss onononononononon. BuBBuBuBuBB t a laaaaattteeeeteeeeeeststsstststststssstststtt ssssstututututuututuuuudydy sshohowsws t

eeeefffffffffececccccct.t.tt.t.t.tt.) AsAsAsAsAssAsAs tttemmmemmmemmpepepepepepepeperararaaraararaatutututuutuutuurererererererere rrrrrrrrrisssssssssssesssssss,,,,,, papapapapapapaaararasisitetess ddo
ecococococcoc memememememememe iiiiiinfnnnfnnfnnfececececececeeecctititititittt ouououuououououus.s.s.s.s.s.s.s. 
egigigigigionononononnnnonns,s,ss,s,ss,sss aaaaaaaaaannnnnnnnnn innnnnnncrcrcrccrcrcreeeaeee sesesesesesesesess ooooooof fffffff tetetetetetetetempmmmmmm erataturu ee toto aabove
ment but a decrease in malaria risk
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drugs, poor vector control, changes in land uses and human population 
growth and migration.  

6 Ref. elaboration based on any of the other significant factors  
7 AVP: 

a. [Poor vector control] Ref. less use of DDT insecticides  more 
proliferation of mosquitoes 

b. [Changes in land use] Ref. extension of villages of towns, deforestations, 
building of dams, human populations have come closer to the wilderness 
and hence are in closer proximity to mosquito breeding grounds 

c. [Population growth] An increase in population will result in increase in 
malaria, if there is no simultaneous improvement in healthcare facilities 
and living standards 

d. [Migration] Migration and human travel can cause the spread of malaria 
from one area to another (where the people have low immunity to the 
disease) 

QwC: at least 3 points in each set of arguments 

KiasuExamPaper.com
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4(b) Discuss the effects of climate change (as a result of greenhouse gas 
emissions). [13] 
1 Emission of greenhouse gases result in global warming.
2 Which causes the melting of ice sheets and sea ice.

[Any 2] 
Rise in sea level 
3 Melting of ice sheets results in extra water entering the ocean, leading to 

increase in sea level.
4 Melting of sea ice can lead to a positive feedback loop which further 

accelerates the melting of polar ice caps. 
5 As oceans become warmer, the water also expands, increasing the volume 

of the ocean water and leading to further rise in sea level.
6 Low-lying islands / coastal regions may become submerged.

[Any 1 pair]
Stress on fresh-water supplies 
7 Many island nations will have their supplies of drinking water reduced because 

sea water will invade their freshwater aquifers. 
8 Melting of fresh water (i.e. ice sheets) into the sea also turns the already 

scarce fresh water into salt water, decreasing the freshwater availability. 

9 Global warming also results in more evaporation, which leads to increased 
amount of water in the atmosphere, and hence heavier rainfall. 

10 Which leads to more rapid movement of water from the atmosphere back to 
the oceans, reducing our ability to store and use it. 

11 At higher temperature, more precipitation will occur as rain rather than snow.  
12 Reservoirs fill quickly to maximum capacity. Any excess rain water is lost as 

runoff which cannot be stored / Less water will penetrate the ground surface, 
causing reduced soil moisture and reduced groundwater replenishment. 

[Any 2] 
Heat-waves and heavy rains 
13 A warmer climate creates an atmosphere that can collect, retain, and drop 

more water, changing weather patterns.
14 This causes wet areas to become wetter and dry areas become drier. 

/This can lead to heat waves and heavy rain.
15 Heatwaves associated with low humidity may result in wildfire.
16 Heavy rain increases the amount of runoff into rivers and lakes, washing 

sediment, nutrients, pollutants, trash, animal waste, and other materials into 
water supplies, making them unusable, unsafe, or in need of water 
treatment. 

[Any 2] 
Death of coral reefs 
17 Heat stress can cause coral bleaching / coral polyps expel the zooxanthellae. 
18 This is because at higher temperatures, zooxanthellae photosynthesis is 

disrupted / zooxanthellae produces more toxic compounds 

o hehhehehhheattttt wwwwwwwavaaaaa essss anddd hehehhhehheheeavavaavvy rarararaaaain.
occcciaaaaaaatetetetetetetedd ddd wiwww thhhhhhh lllllllowowowowowoowowo hhhhhhhhhumumumumumumumummiidididiiidi ittty mammmmam y y yy yy y yyy rererereresusususuususultlt iinn wiwildldfir
eaaaaseseseseeesees ss sss s theee amamaamamamama ououououououuountnntntntnnnt oooooooof ffffff f rurururururururrunoooooooooffffffffffff iiiiiintntntntntntntnnntn ooo ooo riririririririiririr veversrs aandn  laf
nttttttts,s,s,ss,s pppppppollllllllluttattt nts,s,s,,,, ttttttttrarararararrararashshshshshshshshhsh, annnnnnimimimimimimimimal wasstete,, anandd otothhe
, mammam kikikikikikikik ngngngngnggngngngg tttttthehhehhehemmmm unununununununnnusususuusususu ababababababababa lelelelelelelelle, unsasafefe, oror iinn need

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



22 

SAJC / H2 Biology 9744/3  JC2 PRELIM 2017 

19 If temperatures remain above the bleaching threshold for prolonged periods of 
time, corals will eventually die from starvation and disease.  

20 Ocean acidification affects hard corals as they cannot absorb the calcium 
carbonate to maintain their skeletons (and the stony skeletons that support 
corals will dissolve). 

[Any 2] 
Migration of fishes and insects
21 Rising ocean temperatures can directly affect the metabolism, life cycle, 

and behaviour of marine species. 
22 Many fish species, especially their young and larvae, have highly specific 

temperature ranges and will move to cooler waters to survive. 
23 Warmer temperatures may disrupt the migratory behaviour and timing of 

several fish species (for example, by impeding their ability to orient themselves 
for effective navigation.) 

24 Insect distribution and migration are also greatly influenced by increased 
temperatures as they are cold-blooded and will move to habitats with 
temperatures that are optimal for their growth and reproduction. 

25 These insect migrations have ramifications for many ecosystems, e.g. insects 
play important ecological functions such as pollination, vectors of diseases and 
parasites, killing of other pest insects or are crop pests themselves (name one 
examples). 

[Any 2] 
Release of greenhouse gases in frozen organic matter 
26 Global warming leads to accelerated melting of permafrost. 
27 As permafrost thaws, the frozen organic matter starts to decay and is 

digested by microbes. The digestion releases carbon dioxide and methane.  

QwC: Obtain at least 1 mark each from 3 different categories of effects of climate 
change.  
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5(a) Explain what is meant by primary, secondary, tertiary and quaternary 
structure of haemoglobin. [13] 

Primary structure 
1 Refers to the type, number and sequence of amino acids in a linear polypeptide 

chain 
2 making up each haemoglobin polypeptide (individual α and β subunits)
3 ref (each α-chain is) 141 amino acids long and (each β-chain is) 146 amino acids 

long
4 Peptide bond involved in joining all amino acid monomers together 

Secondary structure 
5 Refers to the folding of the polypeptide into regular structures  
6 α-helices / coiling of polypeptide chain into a regular helical conformation.   
7 Hydrogen bonds between peptide bonds found within the same polypeptide 

chain, between C=O group on the peptide bond of one amino acid the NH
group on peptide bond of another amino acid  

Tertiary structure 
8 the folding of the polypeptide chain into its unique 3-dimensional shape; 

/ ref. globular shape of haemoglobin  
9 Amino acids far away in primary structure are brought close together (by R group 

interaction); 
10 Non-polar/hydrophobic (side chains of) amino acids are buried in the interior; 

Polar and charged/hydrophilic (side chains of) amino acids are on the surface; 
11 Bonds involved include hydrophobic interactions, hydrogen bonds and ionic 

bonds between R groups of amino acids in each polypeptide chain (name at 
least 2) 

Quaternary structure 
12 Refers to the arrangement of the polypeptide subunits within a protein that is 

made up of more than one polypeptide chain 
/ spatial arrangement of more than one polypeptide chain

13 ref. to the association of 2α and 2β subunits to form functional haemoglobin
molecule 

14 Bonds involved include hydrophobic interactions, hydrogen bonds and ionic 
bonds between R groups of amino acids in the four subunits / between the 4 
polypeptide chains (name at least 2) 

Teachers’ comments: 
It is important to state the definitions of each level of folding and tailor your points to the haemoglobin 
case study. Note that disulfide bonds are not present in haemoglobin.  

QwC: Obtain at least 1 mark each from 4 different levels of protein structure 

ainsnnnnnn  (n(nn(n(n(namaamammmame ataatattt leaaaaastststststststt 2) 

e ddddddefeeffefefinnnnnnnnititittititittioioioioioioioonnsnsnsnsnnsnsn ooooooof fff f f ff eeaeaeeaeachchchchchchhh llllllevevevevevevevve elelellllll oooooooof ffff f f f fofofofofofofofofoldldldldlddlddldiiiniiii g anandd tatailoror yyoour poi
sulflflflfiddiddidddde bbobobobobobobo ddndndndndn s are nooootttttt t prprprprrprprpreeesee eneneenenenentttt in haaememogglolobbin. 
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5(b) Using a named example, discuss how genetic variation may be preserved 
in natural population by heterozygote advantage.          [12] 

HbSHbS individuals 
1 Individual homozygous for HbS / genotype HbSHbS suffer from sickle cell 

anaemia 
2 the normal haemoglobin (haemoglobin A) in red blood cells is replaced entirely 

by abnormal haemoglobin (haemoglobin S).  
3 Sickled red blood cells tend to stick together and obstruct blood flow in 

capillaries, depriving multiple organs of oxygen, resulting in organ damage  
/ Sickled red blood cells rupture easily, resulting in anaemia and fatigue. May 
result in early death.  

4 Therefore, there is a higher potential for the removal of the HbS allele from the 
gene pool. 

HbAHbA individuals 
5 HbAHbA individuals are at greater risk of dying of malaria compared to 

heterozygotes.  
6 Therefore, there is a higher potential for the removal of the HbA allele from gene 

pool. 

HbAHbS individuals 
7 Individual who are heterozygous / genotype HbAHbS suffer from sickle cell trait  
8 produce both normal and abnormal haemoglobin 
9 HbAHbS individuals are a selective advantage and are able to survive and 

reproduce in malaria-infected areas.] 
10 (This condition is known as heterozygote advantage as) it preserves the HbS

allele in the population  
11 A mosquito transmits Plasmodium, the malaria parasite to humans. The malaria 

parasite spends part of its life cycle in red blood cells.  
12 When malaria parasite invade the bloodstream, the red blood cell that contains 

haemoglobin S is sickled-shaped and is quickly destroyed by the body,
trapping the parasites within the sickle cell and stopping the infection. 

13 The slowdown in blood flow in sufferers of sickle cell trait also hampered the 
parasite’s ability to travel and rapidly infect new cells. 

QwC: Mentioning of how HbAHbA and HbSHbS are at selective disadvantage and 
how heterozygotes are at selective advantage / Points touching on individuals of 
each of the 3 genotypes   

THE END 

f hhhhhhhhowooooo HHHHHHbbbbbAHbbbbA anddddddd HbHHHHHHHH SHbHHH S araaaaa e at selectiveve dis
arrre e e eeee ataataatatatat seleellecccccccctitititiitititivevevevevevevev aaaaaaaadvdvdvdvdvdvddvananananananaaa taaageeee / PPPPPPPPPPoioioiooioiointntntntntntnts s ss totoucuchihingng o
ypepepeepessssssss  

THE END
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IMPORTANT:

Candidates with access to microscope at the start of the paper are given the first 1h 
15 min to use it. Please answer QUESTION 2(b) within this time frame. 

Candidates with no access to microscope at the start of the paper will be given access 
1h 15min after the start of the paper. You may proceed with QUESTION 1 first.  

QUESTION 1 

Investigation into the effect of enzyme concentration on the hydrolysis of starch 

The enzyme amylase catalyses the hydrolysis of starch. 

You are required to investigate the effect of the concentration of amylase on the time 
taken to completely hydrolyse starch. 

Iodine solution turns from yellowish brown to blue-black when starch is present. The 
time taken for the complete hydrolysis of starch can be found by removing a sample 
of an amylase and starch mixture at regular time intervals, and adding it to a drop of 
iodine solution. The starch has been completely hydrolysed when the iodine solution 
remains yellowish brown after adding the sample. This is the end-point. In judging the 
end-point, specks of blue-black in an otherwise yellowish brown solution can be 
ignored. 

You are provided with: 

• 40.0 cm3 of 2.0% amylase solution, labelled E, which is an irritant,
• 100.0 cm3 of distilled water, labelled W,
• 40.0 cm3 of starch solution, labelled S,
• Iodine solution, labelled iodine, which is a stain.

Read steps 1 to 9 before starting. 

Proceed as follows: 
You are required to prepare different concentrations of the amylase solution and set 
up a control. 

1 Carry out simple dilutions of the amylase solution, E, to obtain a range of 
concentrations in which the concentration of the amylase is reduced by 0.4% between 
each successive dilution.  

Prepare 10.0 cm3 for each concentration of amylase solution, using the plastic 
containers provided.

prrrrepeeee arararare e e e didd fferereerrent cococococoncccceneee trrrataa ions of the amamamamamyla

e diddiddiilululul tittions of ttttthehehehehehe aamymymymymylalalalaase solututututtutioioioioion,n,n,n,n, EEEEE, tttot
hiccch hh ththththheee ee cocococococ ncnncncenenntrtrtrtrtratatatatattioioioioioi nnnnnn ofofofofofo tttttheheheheh  amymymymymylalalalalaaseeeeee iiiiis s s s ss rrrreducef
ution.
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Complete Table 1.1 to show how you will prepare the different concentrations of 
amylase solution. 
………………………………………………………………………………………..………[2] 

Table 1.1 

Concentration of amylase 
solution / % 

volume of E / cm3 volume of W/ cm3

2.0 10.0 0.0 
1.6 8.0 2.0 
1.2 6.0 4.0 
0.8 4.0 6.0 
0.4 2.0 8.0 

a) Correct selection of [amylase]
b) Correct volumes of enzyme to make each concentration and correct volumes of

water to make an appropriate total volume to 1dp e.g. 10.0 cm3 (must be the same
volume for each concentration)

[Deduct one mark if no lines drawn within the table] 

[Deduct one mark if volume precision is incorrect] 

2 Prepare a suitable control for this investigation. 

Describe the control that you have prepared. Explain the rationale of the control.  
....................................................................................................................................... 

....................................................................................................................................[2] 

a) [Setup] Replace enzyme with equal volume / 2.0 cm3 of distilled water/W
b) [Rationale] To prove that the disappearance of blue-black coloration observed is

due to the action of amylase enzyme on starch

You are required to investigate the effect of different amylase concentrations on the 
time taken to completely hydrolyse starch. You will test samples from mixtures of a 
starch solution and different concentrations of amylase solution at a chosen time 
interval until each end-point is reached, up to a maximum of 180 seconds. 

3 Decide on a suitable time interval at which samples from each mixture of amylase 
solution and starch solution will be tested for complete hydrolysis of starch. 

State the chosen time interval with a reason for this choice. 

Time interval .................................. 

Reason ........................................................................................................................... 

................................................................................................................................... [1] 

a) Select time interval of 30s or less

bleee ttttimimmmmme innnteeeeeervrvrvrvrvaalaaa aaaaat t t t tt whwhwhwhwhiccch sassaaampmmmpmmpmmpmpmmpmmmppmplllelelelelessssssssssss frfrfrfromomomommom eeeeeeacacacaaa h
soooluuutiiiiiononononon wwwillllll bebebeee tttttesesesesesttttttededededede ffffforororororr cccccoooomooo plplplplplplplplpllp etetetetetetteteteeeeeeeeeeee hyhyhyhyhydrdrdrdrdrololololololysysysyssysis

me e iniintetetetetervrvrvrvrvvalalalalala wwwiiithhhh a rerererereeasasasasasononononono ffffffoorororo  thissssss chchchchc oioioioioio cececececec . 
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+ Reason: Ref. short time interval will give more precise results [Reject: more 
accurate results]  
/ Ref. a not too large time interval such that accuracy is not compromised 
/ to ensure that at least 6 readings are obtained during the 180s 
[Reject 1min due to a lack of readings] 

4 The enzyme’s optimum temperature is 35°C. Using the hot and tap water provided, 
set up a water-bath in the beaker labelled water-bath, so that you can maintain this 
temperature throughout the investigation. 

5 Put uniform-sized drops of iodine solution on the white tile, labelled with the times 
that a sample from each mixture of amylase solution and starch solution will be 
removed and tested, as shown in Fig. 1.1. 

Fig. 1.1 

6 Put 3.0 cm3 of S into a test-tube and 2.0 cm3 of 2.0% amylase solution into a separate 
test-tube. Put the test-tubes into the water-bath for at least one minute in order to 
equilibrate to 35°C 

7 The reaction will start as soon as S and the amylase solution are mixed. 

Add the starch solution, S, to the 2.0% amylase solution, and start timing immediately. 
Using a Pasteur pipette, remove a sample of the mixture at the first chosen time and 
add one drop to the first drop of iodine solution on the white tile. Continue removing 
and testing samples at the chosen time interval until the end-point is reached, up to a 
maximum of 180 seconds. Make sure that the mixture or enzyme and starch are 
maintained at 35°C throughout the experiment. 

8 Repeat steps 5–7 to collect the result for each of the other concentrations of amylase 
solution and the control that you have prepared. Record ‘more than 180’ for any 
mixtures that have not reached the end-point by 180 seconds.  

ecococoocoonddddddssssss. MaMaMaaakekekekeke sssururururure e e eee thhhataaa ttthehhh  mixture orrrrr eeeeeenznnnn yrr
thrrououououuouggghgg ououut thththththt e e e e e exxxxxpepepepepep riririririmemmm nttt.

to ccccololololoollelelelelectctctctct tttttheeehehe rrrrreseesesesuluuuuuu t tttt fofofofoforrrrr eaeaeaeaeachchchchch ooof theeeee ooooothththththererererer cccconce
ntrtrtrolool ttttthahahahahaatttttt yyyyououou hhhhavvvvvveeeee prprprprprepepepepeppaararara ed. ReRReReRecocococococordrdrdrdrdr  ‘more

not reached the end point by 180 seconds
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9 Use the space below to record your results. 
……………………………………………………………………………………………… [4] 

Table showing time taken for different amylase concentration to completely hydrolyse 
starch / end-point 

Concentration of amylase 
solution / % 

Time taken for end-point / s

2.0 40 
1.6 60 
1.2 100 
0.8 120 
0.4 160 
0.0 More than 180 

a) Table format: Independent variable in leftmost vertical column;
b) Suitable column / row headings with correct units; [Reject: concentration of E as E
means 2%; Reject: time interval when end point is reached] 
c) Records results for 5 concentrations of amylase and control; to whole number
d) Trend of shortest time for highest concentration of amylase to longest time for lowest
concentration of amylase, and control as “more than 180”;  
[Penalise 1m for writing units beside every reading e.g. 40s, 60s etc] 

[Penalise 1m for absence of boundary and/or grid lines; do not double penalise if Q1 
is already penalised] 

10 Explain how the concentration of amylase affects the rate of hydrolysis of starch. 

………………………………………………………………………………………………[3] 

a) As the concentration of amylase increases, the rate of hydrolysis of starch
increases;

b) Increase in frequency of effective collisions between enzyme and substrate
molecules ;

c) Increase in concentration of enzyme-substrate complexes formed per unit time ; 

(Increase in concentration of products formed per unit time)

AVP: 
d) Ref. Increase in amylase concentration; increase in number of active sites  

11 Temperature was one variable which was controlled in this investigation. 

Identify one variable that affects enzyme reactions, which was not controlled in this 
investigation. 

………………………………………………………………………………………………[1] 

a) pH

Results are based on
20s time interval

amylase concentration; increasasseeee ininn nnumummmbebebeber ofooo

s onoono eeeee vavavavavariririririr abababa lellee wwwwhiiiiichchchchch wwwwwasasasasss cococontroooooolllllllllled iiiiinnnnnn ttththt is inv
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12 Suggest how you would control this variable. 
………………………………………………………………………………………………[1] 

a) Add the same volume of pH buffer to each test
[Reject: buffer as it is too vague; isotonic buffer; PBS buffer as it is isotonic buffer] 

14 For a biotechnological process involving an enzyme to work most efficiently, the 
enzyme must work at its maximum rate, R. 

An enzyme can be used to catalyse the conversion of ethanol (substrate) to 
acetaldehyde (product). 

The effect of the concentration of ethanol (A) on the maximum rate of the production 
of acetaldehyde (R), is shown in Table 1.2. 

Table 1.2 

Concentration of ethanol (A) / mol dm–3 Maximum rate (R) / min–1 
0.00800 0.0700
0.0150 0.110
0.0500 0.170
0.100 0.220
0.300 0.270

A linear graph can be drawn by plotting 1/R against 1/A. 

This can be used to find R (maximum rate of production) for any particular ethanol 
concentration in this range. 

Complete Table 1.3 for the values of A and R in the last row of Table 1.2, by calculating 
1/A and 1/R to the appropriate number of decimal places. 
…………………….…………………………………………………………………………[1] 

Table 1.3 

1/A 
/ mol–1 dm3 

1/R 
/ min 

125.0 14.3
66.7 9.1
20.0 5.9
10.0 4.6
3.3 3.7 

a) Correct calculation of 1/A and 1/R, and rounding to 1 dp (follow the pattern in the
prior rows) 

66.7 9.1
20.0..000 555555.9
0.00.000 4.6

3.3 33.33 7

on of 1/A and 1/R, and rounding to 1 dp (follo
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15 Using the data from Table 1.3, draw a graph on the grid provided.  

...…………………………………………………………………………………………… [4] 
a) use of sensible scale [Reject: odd scales e.g. 3:10] that allow points to occupy at 
least half the grid in both x and y directions 
b) all points plotted accurately to within half a small square on the grid 
c) axes correctly labelled with correct units, ascending scale and equidistant intervals 
d) correct straight line of best fit [Reject: extrapolation of points]; cut through 1 point 
and ensured that there are equal number of points on either side of the best fit line 

 

16 Find the maximum rate of production (R) which would be achieved if the ethanol 
concentration (A) was 0.1 mol dm–3.  
 

Show clearly how you obtained R. 

KiasuExamPaper.com
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R= …………………………….min–1 [2] 

a) Calculation of 1/A = 1/0.1 = 10.0 mol dm–3  
b) Correct reading from graph (precision to half a small square); correct 

conversion from 1/R to R and answer expressed to 3 sig fig; allow ECF from 
incorrect calculation of 1/A  

 

 

 

 

 

 

 

 

 

 

 

 

 

[TOTAL : 21] 

KiasuExamPaper.com
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QUESTION 2 

Fig 2.1 is a photomicrograph of a stained transverse section through part of a leaf from 
a different type of plant. 
 
You are not expected to be familiar with this specimen. 

Fig. 2.1 
 

 
(a) Draw a large plan diagram of Fig. 2.1 in the space provided below. Please refer 

to the coloured photo micrograph provided on the student’s bench.       [2] 
 
 
 
 
 
 
 
 
 
 
 
 
 

Mark scheme: 
1 at least 4 lines at leaf blade + size at least 60 mm thickness at mid-rib region + no 

shading ; 
2 no cells drawn + at least 5 layers within mid-rib region 

 

KiasuExamPaper.com
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REMINDER:  
Candidates with access to microscope at the start of the paper are given the first 1h 
15 min to use it. Please answer QUESTION 2(b) within this time frame. 

(b) You are required to measure the diameter of the field of view using the clear plastic 
ruler. 

Proceed as follows: 
1. Put the clear plastic ruler on the stage of the microscope and view the scale

lines using low power (×100).
2. Measure the diameter of the field of view and record this in (b)(i).

(i) Diameter of the field of view .....................................mm  [1] 

a) Accept: 1.6 – 1.8 mm

Fig. 2.2 is the same photomicrograph as in Fig. 2.1 showing the field of view at the 
same magnification as the field of view you have just measured. 

Fig. 2.2 

(ii) Using appropriate measurements, calculate the fraction of the diameter of the 
field of view occupied by the leaf in Fig. 2.2 along the line X–Z. 

fraction of diameter of field of view ................................ ….. [1] 

FiFiFiFiFiggg. 22222.2 
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YZ = 4.4 – 4.5cm 
XZ = 6.8 – 6.9cm 
[Reject: answers in decimal places] 
Fraction of diameter =  

4.4 / 6.8 = 11 / 17 
or 4.4 / 6.9 = 44 / 69 
or 4.5 / 6.8 = 45 / 68 
or 4.5 / 6.9 = 15 / 23  

(iii) Using your answers to (b)(i) and (b)(ii) calculate the depth of the midrib, as shown 
by line Y–Z. Give your answer to the nearest m. 
You may lose marks if you do not show your working. 

………………………….. m [2] 

a) shows answer to (b)(i) multiplied by answer to (b)(ii)
b) decision to multiply by 1000 (to convert to m)

(iv) A student used a clear plastic ruler to measure the field of view of a microscope. 
The student replaced the ruler with a slide of a leaf and estimated the diameter of 
the midrib. Using these results the student calculated the actual diameter of the 
midrib. 

State how this student could have modified their method to obtain a more accurate 
result. State the apparatus the student would use and describe the method. 

apparatus ................................................................................................................. 

…………………………………………………………………..………………………….. 

method ………………………………………………………..…………………………... 

……………………………………………………….……………..……………………[3] ……………………………………………………….………………………….……… .
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Apparatus : 
1 stage micrometer and eyepiece graticule ; 

 
Method: 

2 Calibration of eyepiece graticule:  
Place stage micrometer on the stage of the microscope and position stage 
scale such that it is superimposed on or aligned next to the smaller eyepiece 
scale under low power objective lens (x10).   
Count the number of eyepiece unit to 1 stage unit.   
Calculate the length of each eyepiece unit by dividing the length of 1 stage 
unit (e.g. 0.1mm) by the number of eyepiece units (e.g. 10).  
/ Given that 1 unit of the stage scale measures 0.1 mm, the length of 1 eyepiece 
unit (division) can be measured by dividing the length of 1 stage unit by the 
number of eyepiece units that can be fitted on to it.  E.g. 0.1 mm divide by 10 
eyepiece unit = 0.01 mm = 10 m 

3 Measurement of midrib using eyepiece graticule by counting the number of 
eyepiece units which is then multiplied by the length of each eyepiece unit 
(e.g.10 m) 

 
 
 
 
 
 
 

KiasuExamPaper.com
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(c) One technique used for studying antigen-antibody reactions is immunodiffusion.  

Wells are cut into an agar support medium to contain antigens and antibodies. 
Antibodies and antigens diffuse out of the wells into the agar. If an antigen meets a 
complementary antibody a reaction occurs causing a band of precipitate to appear. 

Fig. 2.3 shows the results of an immunodiffusion test with known antigens P and Q
and the antibodies to these antigens. 
 

Fig. 2.3 
 
In an investigation, the serum from two test organisms was tested for the presence of 
antibodies to specific antigens. Both organisms had been previously exposed to both 
antigens. The serum was placed in wells at the edge of the petri dish and the antigens 
in a central well. 

Fig. 2.4 shows the test set-up. 

Fig. 2.4 

KiasuExamPaper.com
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(i) Suggest one variable that must be controlled in this procedure. 

……............................................................................................................................[1] 

1 ref. to any one:
thickness of agar 
/ volume of agar 
/ depth of wells 
consistency / concentration of, agar 
volume / diameter of wells 
distance of antigen wells from test organism wells / distance between wells 
temperature [do not allow: pH] 
volume of serum / antigen volume  
[REJECT: Concentration of serum/antibodies] 

(ii) State the independent variable in this investigation. 

……........................................................................................................................... [1] 

1 the type of the serum / antibody / antibodies (from the test organism) ; 
[REJECT : antigen ; amount ; concentration ; types of test organisms – this 
is indirect independent variable] 

(iii) Both test organisms had antibodies against antigen X, but only organism 2
      had antibodies against antigen Y. 

On Fig. 2.4 draw lines to represent where precipitation might have occurred for both 
organisms.            [2] 

1 Two lines / 1 thick line, between serum 2 and antigens ;
2 One line between 1 and antigens ; 

[Additional guidance –  
Allow: 2 marks if lines do not intersect 
If the lines are reversed / spread outside dish max. 1 

Do not allow: if the lines are inverted / lines cross wells] 

1 thththtthicicciciick kk kk liliililinenennene,,,, bebebebebetwtwtwwtwtwweeeeeeeeeennnn seseseseerurururuummmmm 2 annnnnddddd anananananntititititt gegegegeggens ;
etwewewew enenenenen 111111 aaaaandnndndn aaaannntigggggenenenenens ss s s ;

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



15

(iv) Suggest one disadvantage of immunodiffusion for detecting antigens. 

 1. ......................................................................................................................... [1] 

1 ref. to all antibodies not forming precipitates / AW ;
2 ref. to sensitivity / AW ; (the idea that test will not detect low concentrations)
3 ref. to more qualitative / difficult to quantify ;
4 ref. to, slow rate / inability to diffuse of some antibodies ; (Allow – of ‘slow’ 

is in the context of getting results of tests)
5 ref. to problem of identifying individual antigen [because an antibody e.g 

Ig M may potentially bind to several types of antigens] / AW ; 

 
[REJECT :  
Antigens mutate ; 
Relating to experiment design issue - Difficult to tell which band of precipitate 
belongs to which set of reaction between antigen and antibodies.  Because 
when using immunodiffusion for detecting antigen, one antibody is placed 
central well at a time / AW ;] 

 
A naturally occurring mutant of Plasmodium sp. has been tested for use as a ‘whole 
organism’ vaccination against malaria. The mutant organism develops normally in 
mosquito vectors and infects the salivary glands in the same way as non-mutant wild 
type Plasmodium sp. In mice, the mutant infects liver cells but does not multiply and 
cannot enter red blood cells. 
 
Trials using mice were carried out and the effectiveness of the mutant organism as a 
vaccine tested by injecting non-mutant wild type Plasmodium sp. into vaccinated and 
non-vaccinated mice. 
 
Table 2.1 shows the results of investigations in mice using the mutant Plasmodium sp. 

Table 2.1 
 

 
 

KiasuExamPaper.com
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 (v) Suggest the purpose of including each of the following test groups. 

group 1 ................................................................................................................. 

 …………………………………………………………………………………………… 

groups 2 and 3 ..................................................................................................... 

 …………………………………………………………………………………………… 

group 4 ................................................................................................................. 

 …………………………………………………………………………………………[3] 

1 group 1: ref. to the idea of a control ; to show that percentage change of mice 
not infected is due to inoculation ;

2 group 2 & 3: ref. to idea of finding how many organisms, give immunity / 
needed ; (e.g. how many are needed to make the vaccine work)
[REJECT: to determine or justify the minimum or maximum number of 
organisms needed ]

3 group 4: ref. to idea of finding the number of, innoculations / boosters, needed ; 
e.g. to see if another booster is needed

 (vi) Using the information in the question, outline a procedure that might be used 
to obtain mutant Plasmodium sp. to use in the vaccination trials. 

 ..........................................................................................................................[2] 

Salivary gland: 
ref. to (information that mutant) Plasmodium breeds / develops / AW in 
mosquitoes ;

1 ref. to breeding mosquitoes / culturing in salivary gland tissue / AW ;
2 ref. to extracting (Plasmodium) from salivary glands / culture of cells from 

salivary glands ; 

Liver:
ref. to (information that mutant) Plasmodium develops / AW in mice’s liver 
cells ;

1 ref. to breeding infected mice / culturing (Plasmodium) in liver tissue / AW ;
2 ref. to extracting (Plasmodium) from mice’s infected 

[TOTAL : 19] 

edddingngngngng inffecececteteteteteddd dd mimimimimicececececee ///// cccuulu turrinnnng ggg g g gg g gg ggg gg (P(P(P(P(P(((( lalalaalalalalaaaaasmsmsmsmsmsss ododododododiuiuiuiuiuum)mmmmm
raccctttingngggg ((((PlPPPP asasasasasmooooodididididiumumumumumm))))) frfrfrfrfromomomomomomm mmmmiccccce’e’’’e’e’ssss ininininininiii feeeeectctctctctctededededede  
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QUESTION 3: PLANNING QUESTION 
 Effect of citrate on rate of respiration

Enzymes catalysing essentially irreversible reactions are potential sites of control in 
cellular respiration. One of these enzymes is phosphofructokinase, which can be 
regulated by the reversible binding of citrate to its allosteric site. (Citrate is produced 
as an intermediate compound during Krebs cycle.) 
 
Using this information and your own knowledge, design an experiment to determine 
the effect of citrate concentration on the rate of cellular respiration. 

 

You must use: 

 10 mM citrate, 

 purified homogenate of enzymes found in the cytosol, 

 5% glucose solution, 

 pH buffer, 

 distilled water, 

 benedict’s solution, 

 apparatus shown in Fig. 3.1, can be used to separate proteins from ions and 
disaccharides. 

 

Fig. 3.1 

Reaction mixture 

Membrane filter (pore 
size of 0.01 microns) 

Proteins will be 
trapped by filter 
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 syringes, 

 white card, 

 stopwatch, 

 thermometer, 

 bunsen burner with tripod, gauze and bench mat, 

 thermostatically controlled water bath, 

 normal laboratory glassware e.g. test-tubes, beakers, measuring cylinders, 
graduated pipettes, glass rods, etc., 
 

Your plan should: 

 have a clear and helpful structure such that the method you use is able to be 
repeated by anyone reading it, 
 

 be illustrated by relevant diagrams, if necessary, 

 identify the independent and dependent variables, 

 describe the method with the scientific reasoning used to decide the method so 

that the results are as accurate and reliable as possible,  

 show how you will record your results and the proposed layout of results tables 
and graphs, 
 

 use the correct technical and scientific terms, 

 include reference to safety measures to minimize any risks associated with the 
proposed experiment. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

[Total: 15] 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



19

MARK SCHEME  

INTRODUCTION

A: BACKGROUND KNOWLEDGE / RATIONALE 

[1m for 2 out of 3 points] 
1. PFK is an enzyme involved in glycolysis where glucose is converted into pyruvate.

2. The rate of glucose consumption decreases as the concentration of citrate
increases, since citrate acts as an inhibitor to phosphofructokinase.

3. Therefore the rate of respiration decreases.

[1m for 2 out of 3 points] 
4. Presence of glucose can be detected using the Benedict’s test.
5. The colour of the mixture / precipitate reflects the amount / quantity of glucose

present.
6. As the concentration of glucose increases, the colour of the mixture / precipitate

changes from blue to green to yellow to brick-red (any two colour)

[Rationale] – 1m for #2,3 
1. [Award marks for this under dependent variable section] In this experiment, the

effect of citrate on the rate of cellular respiration is determined by the rate of glucose 
consumption / amount of glucose consumed per unit time after a fixed period of 
time. 

2. The concentration of glucose remaining can be estimated by comparing the results
of the experiment against the results of the Benedict’s test performed on a range of 
glucose solutions of known concentration / glucose standard solutions. 

3. Concentration of glucose consumed can be calculated by subtracting the
concentration of glucose remaining from the original 5%. 

[Hypothesis] – 1m
1. As the citrate concentration increases, the rate of cellular respiration decreases as

measured by the rate of glucose consumption. 

B: VARIABLES AND CONTROLLED VARIABLES 

[State the independent and dependent variables] – 1m for #1,2 
1. The independent variable is citrate concentration / mM ; 0 mM, 1.5 mM, 3.0 mM,

4.5 mM, 6.0 mM, 7.5 mM, 9.0 mM.  [At least 5 readings, regular intervals; maximum 
10 mM] 

2. The dependent variable is rate of respiration, calculated by concentration (in
percentage) of glucose consumed per unit time   

[Other variables to keep constant: Can be written in detail in Procedure Section]
– 1 m for every 2 points; total 2m

1. Volume of glucose

D CONTROLLED VARIABLES

denenennnt t t t anaaaa dd dededededepepepepependndndnddenenenenene t t t t t vavavariabababblelelelelelleleeeleleeleeleelelessssssssssssss]]]]]] ––––– 1m1m1m1m1m1m111 fffffororororoor #####1
t vvvaaariaaaaabbblbb eeeee isisisisis citttttrararararatetetetetee cocococococcc ncncncnccenenenenenee ttttrtt atttttiiioioiiiooonnn / // / // ////// mMmMmMmMmMmM ;;;;;; 00000 mmmmM
7.5555 mMmMmMmMmM,,,, 9.9.99.9 00000 mMmMmMmMmM. [[[[[AtAtAAAtA llllleaeaeaeaeaeaststststst 55555555 reaaaaaadididididingngngnnn s,s,ss,s,s rrrrreeeegee ular
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 Use a syringe to add the same volume (state volume here or in procedure) of 
fresh glucose solution from the same stock (stirred well before use) to keep the 
initial concentration of glucose constant.  

 
2. Temperature 

 The optimum temperature, e.g. 37°C, is kept constant by using a thermostatically 
controlled water bath. 

3. pH  
 Keep pH constant with a pH buffer of same volume (2cm3) 

4. Duration of reactions 
 A digital stopwatch is used to ensure duration of reactions is kept constant e.g. 

3min. 

[Control] -1m 
1. A control is set up with 2.0 cm3 of 0 mM citrate / 2.0 cm3 distilled water instead of 

citrate to show any change in colour of precipitate obtained from Benedict’s test is due 
to presence of citrate. 

KiasuExamPaper.com
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C: DETAILED PROCEDURE – total 7m 

Part 1: Preparation of the glucose standards 
1. Label 10 boiling tubes 0.5%, 1.0%, 1.5%, 2.0%, 2.5%, 3.0%, 3.5%, 4.0%, 4.5% and

5.0%.  (minimum 5 tubes)  

2. Prepare 20.0 cm3 of various concentrations of glucose solutions as shown in the
table below. 10.0 cm3 syringes are used to add the liquids and glucose solution is
placed in their respective boiling tubes.

Concentration of glucose 
solution to be prepared /% 

Volume of 5% glucose 
solution / cm3 

Volume of distilled water / 
cm3 

0.5 2.0 18.0
1.0 4.0 16.0
1.5 6.0 14.0
2.0 8.0 12.0
2.5 10.0 10.0

 3.0 12.0 8.0 
3.5 14.0 6.0
4.0 16.0 4.0
4.5 18.0 2.0

3. Label 10 test-tubes 0.5%, 1.0%, 1.5%, 2.0%, 2.5%, 3.0%, 3.5%, 4.0%, 4.5% and
5.0%. 

4. Using a 5.0 cm3 syringe, add 2.0 cm3 of each concentration of glucose solution into
their respective test-tubes.

5. Using a 5.0 cm3 syringe, add 2.0 cm3 of Benedict’s solution.  Shake gently to mix the
contents of the tube.

6. Place the test-tubes in the boiling water for two minutes. Start the stopwatch.

7. After two minutes, stop the stopwatch. Remove the tubes from the boiling water and
place them in a rack.

8. Shake gently to mix the contents of the tube and observe the contents of the test-
tubes immediately after mixing.  Record the observations in a table, noting any
differences in terms of colour and cloudiness.

9. Set aside these tubes for comparison in Part 3.

1m

ely yy y y afafaffafafteteteteteet r rrr r mixixxixixx ngnnnn . RRRRRRececececorooo d the obsesesservrvrvatatatatatioiooioioionsnnnn
rmsmsmsss ooooof cooloooooururuuru aaaaanddddd cccccclolololoouddddineseessss.s.s.ss.s..s.s.ssss  

tububbbbesesesses fffffooooor rrr r cooococompmpmpmpmparararararrisisisisisononononono iiiin nn n n PaPaPaPaPartrrrrrr  3.
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Part 2: Preparation of citrate solution 
1. Label 7 boiling tubes 0 mM, 1.5 mM, 3.0 mM, 4.5 mM, 6.0 mM, 7.5 mM, 9.0 mM.

[At least 5 readings, regular intervals; maximum 10 mM] 

2. Prepare 10.0 cm3 of various concentrations of citrate solution as shown in the table
below. 10.0 cm3 syringes are used to dispense the liquids and citrate solution into
their respective boiling tube.

Concentration of citrate 
/mM 

Volume of 10 mM citrate 
/cm3 

Volume of distilled water 
/cm3 

1.5 1.5 8.5
3.0 3.0 7.0
4.5 4.5 5.5
6.0 6.0 4.0
7.5 7.5 2.5
9.0 9.0 1.0

Part 3:  
3. Label another 7 boiling-tubes 0 mM, 1.5 mM, 3.0 mM, 4.5 mM, 6.0 mM, 7.5 mM, 9.0

mM. 

4. Using two clean 5.0 cm3 syringes, add 5.0 cm3 of 5% glucose solution [Note:
concentration of glucose provided] and 2.0 cm3 of pH buffer (e.g. 6.2) into a
boiling-tube labeled 1.5 mM.

5. Place this boiling tube and the purified homogenate of enzymes into a
thermostatically controlled water bath at 37°C for 10 minutes to equilibrate. Start the
stopwatch.  

6. Also equilibrate the citrate solutions in a thermostatically controlled water bath at
37°C for at least 10 minutes. 

7. After 10 minutes, stop the stopwatch. Using a 2.0 cm3 syringe, add 2.0 cm3 of 1.5
mM citrate solution and using a 5.0 cm3 syringe, add 5.0 cm3 of enzyme homogenate
into the boiling-tube. [Note: enzyme homogenate should be the last to be added.]
Shake gently to mix the contents of the tube.

8. Place the test tube into a thermostatically controlled water bath of 37oC for 3 minutes.
Start the stopwatch. 

9. After 3 minutes, quench/stop the enzymatic reaction by placing the test tube in the 
boiling water bath for 2 minutes.  

10. After 2 minutes, stop the stopwatch and pour the reaction mixture through the filtration
set-up / membrane filter.

11. Perform Benedict’s test on the filtrate as it was done for the glucose standards (steps
4-8, Part 1).

1m

1m

be into a thermostatically controlled water bat
atccch.hh.. 

, ququququenenenenee chchchc /s/s/s/s/stootootop thththththt e eeeee enenenenenenee zymamamamamamaattittt c reacccccttititititit ononononon bbbbbby y y yy plplplplplaaaca
th ffffforororr 22222 mmmmmminnnnnututututteseseses.  
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12. Place the tubes containing the filtrate and the glucose standards against a white card. 
Compare with the glucose standards (from Part I, Step 9) to estimate the 
concentration of glucose present. Shake the tube gently to mix the contents before 
comparison.  
 

13. Record the concentration of glucose remaining /% in a table. 

14. Calculate the concentration of glucose consumed (5% - concentration of glucose 
remaining) / % 

15. Repeat steps 4 to 14 using the other citrate concentrations as prepared in Part 2. 

[Replicates and Repeats] – 1m 
16. To ensure reliability of results, repeat steps 4 to 15 to obtain a total of three readings 

(triplicates) at each citrate concentration, and calculate the average. 
17. To ensure reproducibility of data, repeat the entire experiment twice using freshly 

prepared reagents and solutions and glucose standards.  

KiasuExamPaper.com
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D: DATA MANIPULATION AND EXPECTED RESULTS 
1.  [Draw Table of results] -1m

Table showing the amount of glucose /% at different concentrations of citrate / mM

Concentration 
of citrate /mM 

Concentration of glucose 
remaining/ % 
Reading 
1 

Reading 
2 

Reading 
3 

Ave Concentration 
of glucose 
consumed 
/ % 

Rate of 
respiration 
/ % min-1 

0.0
1.5
3.0
4.5
6.0
7.5
9.0

Concentration of glucose consumed = 5% - Concentration of glucose remaining  

Rate of respiration = Concentration of glucose consumed / 3 min 

2.  [Draw a graph to show expected trends and/or results] -1m
Graph of rate of glucose consumed /% min -1 against concentration of citrate /mM

SAFETY PRECAUTIONS -1m for 2 sets 
1. Wear safety goggles and gloves when handling chemical reagents which may be

irritants (e.g. Benedict’s solution, citrate solution) to the eyes and/or skin.
Immediately flush the eye / wash with water when the chemical reagent comes into
contact with the eyes and/or skin. If irritation persists, call for medical help.

2. Handle glassware with care as broken glassware is sharp and can cause cuts.
3. AVP

          [Total: 15] 

TIONONONONONNO S SS 1-1-1m for 2 2 222 seseseses tttst
gleeees s ananananandddddd glglglglglovovoveseses wwwwwwheheheheheennnnnn hahahahahandndndndndlingggggg cccccheheheheemimimmimim cacacacacc l reag
enedict’s solution citrate solution) to the
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PREPARATION LIST FOR QUESTIONS 1 AND 2 

S/N Apparatus/Reagents/Chemicals Quantity per 
student

1 In a beaker, labelled S, 1.0% starch solution at least 40 cm3

2 In a beaker, labelled E, 5% amylase solution at least 40 cm3

3 In a beaker, labelled W, distilled water at least 100 cm3

4 In a dark bottle, labelled iodine, iodine (in 
potassium iodide) solution-  used for testing 
for the presence of starch 

at least 20 cm3

5 Test-tube rack, suitable to hold 7 test-tubes 1
6 Test-tubes 7
7 Beakers or containers to hold up to 50 cm3 / 

plastic containers 
6

8 Beaker to contain about 400 cm3 of water, 
labelled water-bath 

1

9 Access to a source of cold (tap) water to 
prepare a water-bath 
at about 35 °C 

10 Access to a source of hot water at 50 °C or 
more to prepare a 
water-bath at about 35 °C 

11 250 cm3 beakers 2
12 Thermometer, –10 to 110 °C 1
13 Paper towels 8
14 10 cm3 syringes 2
15 5 cm3 syringes 2
16 Pasteur pipette, 1 cm3 or 3 cm3 2
17 White tiles (10 cm × 10 cm) 1
18 Glass rod 1
19 Stopwatch 1
20 Glass marker pen 1
21 Safety glasses/goggles 1 pair
22 Coloured photo micrograph of Fig. 2.1 1
23 Light microscope 1 per pair of 

candidates
24 Plastic ruler 1
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INSTRUCTIONS FOR PREPARING APPARATUS FOR QUESTION 2 

These instructions give details of the apparatus required by each candidate for each 
experiment in this paper. A summary of the questions that will be presented to the 
candidates is included, where appropriate, to allow the biology teacher to test the 
apparatus appropriately. No access to the Question Paper is permitted in advance 
of the examination. 

Candidates must be provided with a microscope with: 
Eyepiece lens, ×10 (equal to 16 mm or 23 )
Low-power objective lens, ×10 (equal to 16 mm or 23 )
High-power objective lens, ×40 (equal to 4 mm or 16 )
Eyepiece graticule fitted within the eyepiece and visible in focus at the same time
as the specimen.

To avoid confusion, only the lenses specified above should be fitted in the 
microscopes to be used in the examination. Any lenses which are not ×10 or ×40 
should be removed or replaced. Each candidate must have sole, uninterrupted, use of 
the microscope for at least one hour. 

Each candidate will require: 
(i) Clear plastic ruler, marked in mm
(ii) Microscope (as described above)

For each candidate: 
the microscope must be set up on low power
the slide must not be left on the stage of the microscope.
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APPARATUS LIST FOR QUESTIONS 1 and 2 

S/N Apparatus/Reagents/Chemicals Quantity per 
student

1 In a beaker, labelled S, 1.0% starch solution at least 40 cm3

2 In a beaker, labelled E, 5% amylase solution at least 40 cm3

3 In a beaker, labelled W, distilled water at least 100 cm3

4 In a dark bottle, labelled iodine, iodine (in 
potassium iodide) solution-  used for testing 
for the presence of starch 

at least 20 cm3

5 Test-tube rack, suitable to hold 7 test-tubes 1
6 Test-tubes 7
7 Beakers or containers to hold up to 50 cm3 / 

plastic containers 
6

8 Beaker to contain about 400 cm3 of water, 
labelled water-bath 

1

9 Access to a source of cold (tap) water to 
prepare a water-bath 
at about 35 °C 

10 Access to a source of hot water at 50 °C or 
more to prepare a 
water-bath at about 35 °C 

11 250 cm3 beakers 2
12 Thermometer, –10 to 110 °C 1
13 Paper towels 8
14 10 cm3 syringes 2
15 5 cm3 syringes 2
16 Pasteur pipette, 1 cm3 or 3 cm3 2
17 White tiles (10 cm × 10 cm) 1
18 Glass rod 1
19 Stopwatch 1
20 Glass marker pen 1
21 Safety glasses/goggles 1 pair
22 Coloured photo micrograph of Fig. 2.1 1
23 Light microscope 1 per pair of 

candidates
24 Plastic ruler 1
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1 The diagram shows five different structures that can be observed in cells. 

1  2  3  4  5 
Which structures would be present in large quantities in a cell that is actively synthesising the 
following molecules? 
 Extracellular glycolipids Proteins 
A 1, 4, 5 3, 4, 5 
B 1, 3, 4, 5 1, 2, 4, 5 
C 2, 3, 4, 5 1, 2, 4, 5 
D 2, 3, 4, 5 1, 3, 4, 5 

2 Keratin is a fibrous protein in skin, hair and nails. The features of one form of keratin are listed.
1 The peptide chain has mainly small amino acid residues. 
2 Each peptide chain forms an -helix. 
3 Two helices coil together. 
4 Covalent bonds link adjacent helices. 

Which features are the same in collagen molecule? 
A 1 and 2 B 1 and 4 C 2 and 3 D 3 and 4 

3 The value Km is the substrate concentration at which the rate of an enzyme-catalysed reaction 
is half its maximum rate, Vmax

2
. The Km was measured in the presence of a competitive inhibitor 

and a non-competitive inhibitor. 

How will the value of Km be affected in the presence of inhibitors? 
value of Km in presence of 

competitive inhibitor non-competitive 
inhibitor 

A less less
B less more
C more less
D the same more 

Vmax

Vmax 

2 

Km Substrate concentration In
iti

al
 ra

te
 o

f r
ea

ct
io

n
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4 The diagrams show short sections of some common polysaccharides and modified 
polysaccharides. 

1 2 

3 

4 5 

The polysaccharides can be described as below. 
polysaccharide F is composed of -glucose monomers with 1,4 glycosidic bonds
polysaccharide G is composed of -glucose monomers with 1,4 and 1,6 glycosidic bonds
polysaccharide H is composed of N-acetylglucosamine and N-acetylmuramic acid
monomers with -1,4 glycosidic bonds
polysaccharide J is composed of -glucose monomers with 1,4 glycosidic bonds
polysaccharide K is composed of N-acetylglucosamine monomers with -1,4 glycosidic
bonds

Which shows the correct pairings of polysaccharide descriptions and diagrams? 
 polysaccharide 

F 
polysaccharide 

G 
polysaccharide 

H 
polysaccharide 

J 
polysaccharide 

K 
A 2 4 5 3 1 
B 2 5 4 1 3
C 3 4 1 2 5
D 3 5 4 1 2
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5 Which of the following statement about membranes is correct? 
1 All intracellular membranes in a eukaryotic cell have the same type of lipids and proteins. 
2 The outer and inner membranes of mitochondria have the same type of transport proteins.
3 Carbohydrates form part of glycoproteins or glycolipids in the membranes. 
4 All plant cell membranes have cholesterol. 

A 3 only  
B 1 and 4 
C 2 and 3  
D 1, 3 and 4 

6 No crossing over occurs during meiosis in male fruit flies of the species Drosophila 
melanogaster.  

The diagram shows the four pairs of homologous chromosomes present in a testis cell of a 
male fly. 

Which set of chromosomes in a gamete nucleus shows the genetic variation resulting from 
independent assortment? 

A  B  C  D

7 What is the role of stem cells with regards to the function of adult tissues and organs? 
A Stem cells are fully differentiated cells that reside under the surface of epithelial tissue, in 

position to take over the function of the tissue when the overlying cells become damaged 
or worn out. 

B Stem cells are totipotent cells that divide asymmetrically, giving rise to one daughter cell 
that remains a stem cell and one daughter cell that will differentiate to replace damaged 
and worn out cells in the adult tissue or organ. 

C Stem cells are embryonic cells that persist in the adult, and can give rise to all of the cell 
types in the body. 

D Stem cells are cells that have yet to express the genes and produce proteins characteristic 

of their differentiated state, but do so when needed for repair of tissues and organs. 

8 A gene coding for an ion channel consists of 249 999 base pairs, which have 26 introns and 
27 exons. During mRNA processing, a final transcript of 3570 bases is left. 

How many additional amino acids would have been needed had the gene not contained 
introns? 
A 82 143 
B 83 324 
C 83 333 
D 83 342 
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9 Antibiotics are used to kill pathogens that infect people, without causing damage to human 
cells. 

Different antibiotics work in different ways. 
Erythromycin binds to bacterial ribosomes.
Nystatin binds to ergosterol which replaces cholesterol in pathogenic fungi.
Rifampicin binds to bacterial RNA polymerase.
Ciprofloxacin binds to DNA topoisomerase (enzyme that removes supercoiling of DNA).

Which antibiotic directly inhibits the following process in pathogens? 
Membrane formation DNA replication Transcription Translation 

A rifampicin ciprofloxacin  erythromycin nystatin
B rifampicin nystatin erythromycin  ciprofloxacin
C nystatin ciprofloxacin rifampicin erythromycin 
D nystatin rifampicin  ciprofloxacin  erythromycin

10 Which of the following statements about spliceosome and telomerase are correct? 

1 Both function in the cytosol. 
2 The genes coding for spliceosome are found in the nucleolus whereas the genes coding 

for telomerase are found in other regions of the nucleus. 
3 Both are active in the inner cell mass of a blastocyst. 
4 The ribonucleotides of both ribonucleoproteins can form complementary base pairs. 
5 Spliceosomes are involved in both hydrolysis and condensation reaction, whereas 

telomerases are involved in condensation reaction only. 
6 After the extension of the telomeres by telomerase, the end replication problem partially 

caused by the spliceosome will not recur. 

A 1, 2, 5 
B 1, 4, 6 
C 2, 3, 6 
D 3, 4, 5 
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11 Which row correctly describes the mode of control of gene expression in prokaryotes and 
eukaryotes?  

1 Each gene is controlled by its own promoter. 
2 Elongation continues after the release of the sigma factor. 
3 The mRNA may contain several Shine-Dalgarno sequences. 
4 Both processes of protein synthesis occur in the same location of the cell. 
5 Attachment of RNA polymerase to promoter is achieved by interaction of transcription 

factors. 
6 Binding of activators to enhancers increases the basal transcriptional activity. 
7 Attachment of repressor proteins to specific regulatory sequence suppresses the basal 

transcriptional activity. 
8 The level of activity of the newly synthesized protein is regulated by chemically modifying 

its structure. 

P Q R
A 5, 6 7, 8 1, 2, 3, 4 
B 2, 3, 5, 8 6, 7 1, 4 
C 1, 6, 8 5, 7 2, 3, 4 
D 1, 2, 5, 6, 7, 8 4 3 

12 The following statements describe bacterial conjugation. 
1 The F plasmid is made of single-stranded DNA. 
2 When an F+ donor gives its F plasmid to an F– recipient, both become F– 
3 When an F+ donor gives its F plasmid to an F– recipient, the donor becomes F– 
4 When F+ cells are mixed with F– cells, eventually all the cells will become F+. 

Which of the following is correct? 
A 3 only 
B 4 only 
C 2 and 4  
D 1, 2 and 4 

P Q R
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13 The diagram below shows the structure of an M13 bacteriophage. It consists of a single-

stranded circular DNA genome and capsid proteins g3p, g6p, g7p, g8p and g9p. 

Based on your understanding of bacteriophages, which of the following statements is true of 
the M13 bacteriophage? 
1 The base composition of its genome is such that the ratio of A:T is 1:1. 
2 At least one of the capsid proteins is responsible for binding to a specific protein on the 

host cell. 
3 Its genome is injected into the host cell after the phage attaches to the host cell. 
4 It acquires its envelope from the cell membrane of its host cell. 

A 1 and 3 
B 2 and 3 
C 1, 2 and 3 
D 2, 3 and 4 
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14 The diagram below shows the results of electrophoresis of PCR fragments. Individuals with 
Huntington's disease have nucleotide sequence CAG that repeats from 36 to more than 120 
times.  

The male parent (individual 2) suffers from Huntington's disease when he was 40 years old. 
Six of his children (individuals 3, 5, 7, 8, 10, 11) suffer from Huntington's disease, and the age 
at which the symptoms first began is shown by the number below the band containing the PCR 
fragments. 

What conclusion can be drawn from the data above? 
A Individuals 4, 6, and 9 have not inherited the allele that causes Huntington's disease. 
B Individuals 4, 6, and 9 will still develop Huntington's disease at some point in their lives, 

since the disease is inherited as a dominant trait. 
C Individuals 4 and 9 do not have the trait, and will not get Huntington's disease, but individual 

6 is likely to have the disease when she reaches her father's age of 40. 
D Two of the three will develop the disease, since it is inherited as a dominant trait, but the 

data does not allow us to predict which two. 

15 In most organisms, six different triplets of the DNA strand that is complementary to mRNA code 
for the amino acid serine: AGA, AGG, AGT, AGC, TCA and TCG. 

In the yeast Candida albicans, a seventh DNA triplet, GAC, also codes for serine. In most 
organisms, this triplet codes for leucine. The diagram shows part of an mRNA molecule from 
C. albicans.

AGU UCG CGG UCA AGC ACC UGG 
codon number 11 12 13 14 15 16 17 

Which mutation of the DNA that is complementary to this mRNA could result in C. albicans 
producing a polypeptide with a continuous sequence of five serines in it? 
A substituting a purine with a pyrimidine in the DNA coding for codon 13 
B substituting a purine with a pyrimidine in the DNA coding for codon 16 
C substituting a pyrimidine with a purine in the DNA coding for codon 13 
D substituting a pyrimidine with a purine in the DNA coding for codon 16 

26
27 

11

14

2

40 

1 2 3 4 5 6 7 8 9 10 11
100 

38 

(CAG)n 
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16 The diagram below illustrates the development of colorectal cancer. 

Which of these statements can be inferred from this multistep model of carcinogenesis? 
1 Cells whose APC and -catenin genes are inactivated have lost density dependent 

inhibition. 
2 APC and -catenin genes are most likely tumour suppressor genes. 
3 High levels of Ras protein are produced only when both copies of Ras gene are mutated. 
4 Two copies of normal p53 alleles must be present to inhibit cell division. 
5 Gain-of-function mutation in COX-2 gene is one of the pre-requisites for the formation of 

carcinoma.

A 1, 2 and 3 
B 1, 2 and 5 
C 2, 3 and 4 
D 2, 3 and 5 

17 The speech defect known as stuttering may involve two genes, G and N. Most people are 
homozygous for the alleles g and n and are not stutterers. 

However, recent research has shown that the presence of either of the mutant alleles G or N 
can cause stuttering in heterozygotes. 

Using this information, which proportion of the children of a couple, the father with genotype 
Ggnn and the mother ggNn, are likely to be stutterers? 

A 3/16 
B 8/16 
C 9/16 
D 12/16 
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18 Which statement concerning chrysanthemum plants, of the genus Dendranthema, is a valid 
example of how the environment may affect the phenotype? 
A Anthocyanins and anthoxanthins are vacuolar pigments, whereas xanthophylls and 

carotenes are pigments found in membrane-bound organelles known as plastids. These, 
together with molecules known as co-pigments, are responsible for the variation observed 
in petal colour in Dendranthema. 

B Identical genetic crosses performed between varieties of Dendrathema result in a greater 
proportion of offspring plants with plastids exhibiting a yellow colour when grown in a field 
and a greater proportion of offspring plants with colourless plastids when grown in a 
glasshouse. 

C The seeds of a cross between Dendranthema weyrichii and Dendranthema grandiflora 
produce plants that are far more frost-tolerant and exhibit an extended flowering season 
compared with both parent plants. 

D The seeds of a cross between Dendranthema weyrichii (height varying between 12.5–15.0 
cm) and Dendranthema grandiflora (height varying between 8.0–25.0 cm) produce plants,
when grown in natural day length, of a height varying between 55.0–71.0 cm.

19 The phenotype of the coat of a small mammal is controlled by two genes. 
The gene of hair colour has two alleles, B giving brown hair and b giving cinnamon hair.
The gene for hair shape has two alleles, C giving curly hair and c giving straight hair.

A number of cinnamon, straight-haired females were crossed with brown, curly-haired males 
who were homozygous for both genes. All the F1 offspring showed the brown, curly-haired 
phenotype.  

The F1 offspring were back-crossed to animals with their mother's genotype. This resulted in 
1000 offspring of four different genotypes. 

The table shows some of the results. 

genotype number 
BbCc R
Bbcc S

P 160 
Q 340 

Which row correctly identifies the missing genotypes (P and Q) and expected offspring 
numbers (R and S)? 

P Q R S 
A bbCc bbcc 160 340 
B bbCc bbcc 340 160 
C bbcc bbCc 160 340 
D bbcc bbCc 340 160 
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20 A solution of a substrate was poured into a burette containing an enzyme immobilised onto 
alginate beads. The liquid passing through the burette was collected in a beaker and the 
concentration of substrate was measured. 

The table below shows the results obtained by five students. 
enzyme concentration / gdm-3 0.2 / gdm-3 0.4 / gdm-3 

substrate concentration / gdm-3 
repeat 1 repeat 2 repeat 1 repeat 2 

student A 24 26 14 13
student B 25 22 12 12
student C 22 23 10 13
student D 18 24 11 12
student E 25 28 13 18

A statistical test can be carried out to determine if the average substrate concentration collected 
for the two enzyme concentrations is significantly different.  

Which of the following combination is correct? 
 Degree of 

freedom 
Conclusion 

A 3 If the p-value is greater than 0.5, the deviation is due to chance. 
B 4 If the p-value is greater than 0.05, the deviation is due to chance. 
C 8 If the p-value is greater than 0.05, the deviation is due to chance. 
D 18 If the p-value is greater than 0.5, the deviation is due to chance. 
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21 Bacteria in the genus Wolbachia infect many butterfly species. They are passed from one 
generation to the next in eggs, but not in sperm, and they selectively kill developing male 
embryos. 

In Samoa in the 1960s, the proportion of male blue moon butterflies fell to less that 1% of the 
population. However, by 2006, the proportion of males was almost 50% of the population.  

Resistance to Wolbachia is the result of the dominant allele of a suppressor gene. 

Which statements correctly describe the evolution of resistance to Wolbachia in the blue moon 
butterfly population? 
1 Wolbachia acts as a selective agent. 
2 The selective killing of male embryos is an example of artificial selection. 
3 When infected with Wolbachia, male embryos that are homozygous for the recessive allele 

of the suppressor gene die. 
4 All male embryos that carry the dominant allele of the suppressor gene pass that allele to 

their offspring. 
5 The frequency of the dominant allele of the suppressor gene rises in the butterfly 

population. 

A 1 and 4 
B 1, 3 and 5 
C 2 and 3 
D 2, 4 and 5 

22 A biologist discovers two populations of wolf spiders whose members appear identical. 
Members of one population are found in the leaf litter deep within the woods. Members of the 
other population are found in the grass at the edge of the woods. The biologist decides to 
designate the members of the two populations as two separate species.  

Which species concept has this biologist used and what is its limitation of this concept? 
Species concept Limitation

A  Morphological species 
concept 

Similarities in structures might have arisen due to 
convergent evolution. 

B  Morphological species 
concept 

Cannot be used to group fossils or organisms which are 
completely asexual in their reproduction. 

C Ecological species concept Difficult to determine the magnitude of genetic variation 
required to distinguish between 2 putative species. 

D Ecological species concept Difficult to determine what is considered as different 
niches, especially when organisms use resources from 
another niche during time of scarcity. 
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23 The diagram shows a small part of a thylakoid membrane. The arrows represent the movement 
of a particular reaction product through the ATP synthase. 

From which chemical was this product derived from? 
A NADH B NADPH C Oxygen D Water 

24 Isolated mitochondria were incubated with NADH in one experiment and an equal amount of 
FADH2 in another set up. The mitochondria were initially deprived of oxygen. A known quantity 
of oxygen was then added and the pH of the intermembrane space was monitored. The result 
is shown in the graph. 

Which of the following can be concluded based on the results? 
1 Upon the addition of oxygen, glycolysis and subsequently link reaction, Krebs cycle and 

oxidative phosphorylation occurred. 
2 Electron transfer was initiated by the addition of oxygen. 
3 The pH drop was greater with NADH than with FADH2, which is consistent with the greater 

ATP yield that accompanies the oxidation of NADH. 
4 The rapid decline in pH indicates that protons were pumped into the intermembrane space 

when oxygen was available. 

A 1 only  
B 2 and 4 only  
C 2, 3 and 4 only  
D All of the above 
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25 The diagram shows the JAK-STAT cell signalling pathway. 

Which of the following statement is correct? 
1 EPO is a type of steroid hormone.  
2 Phosphorylation of STAT causes them to dimerize. 
3 Gene expression is terminated when phosphatases remove phosphate groups from STAT 

dimers.  
4 Signal amplification occurs as JAK phosphorylates multiple tyrosine residues on the EPO 

receptor. 

A 1 and 3 only 
B 2 and 3 only 
C 2 and 4 only 
D 2, 3 and 4 only 
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26 The diagram shows one way of testing the effect of an antibiotic on bacteria. 

The table shows the results of testing five different types of bacteria. Zones of less than 13 mm 
show the presence of resistant bacteria. 

type of 
bacteria

diameter of zone / mm
day 1 day 2 day 3 day 4 day 5 

1 24.10 21.90 19.00 17.60 14.30
2 18.60 15.40 12.20 9.00 0.00
3 17.90 12.80 12.40 11.10 10.90
4 19.40 15.30 13.20 8.10 0.00
5 22.00 21.00 20.50 20.40 20.40

Which statement can be supported by this data? 
A All the types of bacteria become resistant to antibiotics over time. 
B Only types 2, 3 and 4 of the bacteria show resistance to the antibiotic. 
C The antibiotic can be used to treat types 1 and 3 only. 
D Type 5 of the bacteria can never become resistant to the antibiotic. 
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27 The figure below shows a summary of some infectious diseases. 

Which of the following combination is correct? 
P Q R S

A Mosquito Has cell wall Can be treated 
using antibiotics 

B Mosquito Has mitochondria Can be prevented 
via vaccination 

C Protozoa Has mitochondria Can be treated 
using antibiotics 

D Protozoa Has cell wall 

Infection via 
aerosol droplets 

Infection via sexual 
contact 

Infection via sexual 
contact 

Infection via 
aerosol droplets 

Can be prevented 
via vaccination 

P Q 

R

S

T 

insect 
vector
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28 Rhesus (Rh) positive individuals have the Rh factor, an antigen present on the surface of their 
erythrocytes. Rh-negative individuals lack the Rh factor. 

The Rh factor is of great medical importance especially for pregnant mothers who are Rh-
negative and their foetus is Rh-positive. Their Rh-positive foetus may suffer from haemolytic 
disease, whereby the red blood cells are destroyed by the antibodies of the mother. The fetal 
blood and maternal blood are normally kept separate across the placenta. During delivery, a 
small amount of the baby's blood could come in contact with the mother’s blood. 

Which of the statement is correct? 
1 The mother develops antibodies against the Rh factor after the first Rh-positive foetus is 

born.  
2 The first Rh-positive foetus is less likely to suffer from haemolytic disease. 
3 The subsequent Rh-positive foetus is likely to suffer from haemolytic disease, as the anti-

Rh factor antibodies could cross the placenta and cause hemolysis of the Rh-positive fetal 
red blood cells. 

A 1 only 
B 2 only 
C 2 and 3 only 
D All of the above 

29 What is the impact of global warming on plants? 
A In colder regions, a warmer climate may allow people to grow new crops. 
B Global warming beyond optimal growth temperatures encourages plant growth. 
C Temperate plants will shift to tropical regions. 
D Production of all crops are higher due to higher temperatures.  

30 Which statement regarding adaptation of plants to global warming is false? 
A Plants that develop longer roots, which allow for absorption of more water to counteract the 

loss of water through the leaves, are selected for. 
B Plants with fewer leaves, which reduce the effect of water loss through the leaves, are 

selected for. 
C When temperature increases, enzymatic activity increases, thus the rate of photosynthesis 

will increase.  
D When temperature increases, the leaves will respond by forming more stomata.  
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1 The diagram shows five different structures that can be observed in cells. 

 
1  2  3  4  5 

Which structures would be present in large quantities in a cell that is actively synthesising the 
following molecules? 
 Extracellular glycolipids Proteins 
A  1, 4, 5 3, 4, 5 
B  1, 3, 4, 5 1, 2, 4, 5 
C  2, 3, 4, 5 1, 2, 4, 5 
D  2, 3, 4, 5 1, 3, 4, 5 

 
2 Keratin is a fibrous protein in skin, hair and nails. The features of one form of keratin are listed.

1 The peptide chain has mainly small amino acid residues. 
2 Each peptide chain forms an -helix. 
3 Two helices coil together. 
4 Covalent bonds link adjacent helices. 

 
Which features are the same in collagen molecule? 
A 1 and 2 B 1 and 4  C 2 and 3 D 3 and 4 

3 The value Km is the substrate concentration at which the rate of an enzyme-catalysed reaction 
is half its maximum rate, Vmax

2
. The Km was measured in the presence of a competitive inhibitor 

and a non-competitive inhibitor. 

 
 

How will the value of Km be affected in the presence of inhibitors? 
 value of Km in presence of  

competitive inhibitor non-competitive 
inhibitor 

 

A less less  
B less more  
C more less  
D the same more  

Vmax

Vmax 
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4 The diagrams show short sections of some common polysaccharides and modified 
polysaccharides. 

 
1 

 
2 

 
3 

 
4 

 
5 

 
The polysaccharides can be described as below. 
 polysaccharide F is composed of -glucose monomers with 1,4 glycosidic bonds 
 polysaccharide G is composed of -glucose monomers with 1,4 and 1,6 glycosidic bonds 
 polysaccharide H is composed of N-acetylglucosamine and N-acetylmuramic acid 

monomers with -1,4 glycosidic bonds 
 polysaccharide J is composed of -glucose monomers with 1,4 glycosidic bonds 
 polysaccharide K is composed of N-acetylglucosamine monomers with -1,4 glycosidic 

bonds 
 
Which shows the correct pairings of polysaccharide descriptions and diagrams? 
 polysaccharide 

F 
polysaccharide 

G 
polysaccharide 

H 
polysaccharide 

J 
polysaccharide 

K 
A 2 4 5 3 1 
B 2 5 4 1 3 
C 3 4 1 2 5 
D 3 5 4 1 2 

rrect pappp irings of polyyyyysaccharide descriptions and 
e popopopolylylylyl sasaaccccchahahahahaharirrrrr deeeeee 

GGGGGG
popopopopolylyyysaccccchahariridede

HHHH
popolylyssaccc h

J
44444 555 555 3 3
55555 4 4 444 4 1 
44444 1111 2 
5 4 1
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5 Which of the following statement about membranes is correct? 
1 All intracellular membranes in a eukaryotic cell have the same type of lipids and proteins. 
2 The outer and inner membranes of mitochondria have the same type of transport proteins.
3 Carbohydrates form part of glycoproteins or glycolipids in the membranes. 
4 All plant cell membranes have cholesterol. 

 
A 3 only  
B 1 and 4 
C 2 and 3  
D 1, 3 and 4 
 
 

6 No crossing over occurs during meiosis in male fruit flies of the species Drosophila 
melanogaster.  
 
The diagram shows the four pairs of homologous chromosomes present in a testis cell of a 
male fly. 

 
 

Which set of chromosomes in a gamete nucleus shows the genetic variation resulting from 
independent assortment? 

A  B  C  D  

 

 
7 What is the role of stem cells with regards to the function of adult tissues and organs? 

A Stem cells are fully differentiated cells that reside under the surface of epithelial tissue, in 
position to take over the function of the tissue when the overlying cells become damaged 
or worn out. 

B Stem cells are totipotent cells that divide asymmetrically, giving rise to one daughter cell 
that remains a stem cell and one daughter cell that will differentiate to replace damaged 
and worn out cells in the adult tissue or organ. 

C Stem cells are embryonic cells that persist in the adult, and can give rise to all of the cell 
types in the body. 

D Stem cells are cells that have yet to express the genes and produce proteins characteristic 
of their differentiated state, but do so when needed for repair of tissues and organs. 

 
8 A gene coding for an ion channel consists of 249 999 base pairs, which have 26 introns and 

27 exons. During mRNA processing, a final transcript of 3570 bases is left. 
 
How many additional amino acids would have been needed had the gene not contained 
introns? 
A 82 143 
B 83 324 
C 83 333 
D 83 342 

ells that have yyet to express the genes and produc
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9 Antibiotics are used to kill pathogens that infect people, without causing damage to human 
cells. 
 
Different antibiotics work in different ways. 
 Erythromycin binds to bacterial ribosomes. 
 Nystatin binds to ergosterol which replaces cholesterol in pathogenic fungi. 
 Rifampicin binds to bacterial RNA polymerase. 
 Ciprofloxacin binds to DNA topoisomerase (enzyme that removes supercoiling of DNA). 

 
Which antibiotic directly inhibits the following process in pathogens? 
 Membrane formation DNA replication Transcription Translation 
A rifampicin ciprofloxacin erythromycin  nystatin 
B rifampicin nystatin erythromycin ciprofloxacin 
C nystatin ciprofloxacin rifampicin erythromycin 
D nystatin rifampicin ciprofloxacin erythromycin 

  
 

10 Which of the following statements about spliceosome and telomerase are correct? 
1 Both function in the cytosol. 
2 The genes coding for spliceosome are found in the nucleolus whereas the genes coding 

for telomerase are found in other regions of the nucleus. 
3 Both are active in the inner cell mass of a blastocyst. 
4 The ribonucleotides of both ribonucleoproteins can form complementary base pairs. 
5 Spliceosomes are involved in both hydrolysis and condensation reaction, whereas 

telomerases are involved in condensation reaction only. 
6 After the extension of the telomeres by telomerase, the end replication problem partially 

caused by the spliceosome will not recur. 
 
A 1, 2, 5 
B 1, 4, 6 
C 2, 3, 6 
D 3, 4, 5 
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11 Which row correctly describes the mode of control of gene expression in prokaryotes and 
eukaryotes?  

 
 

1 Each gene is controlled by its own promoter. 
2 Elongation continues after the release of the sigma factor. 
3 The mRNA may contain several Shine-Dalgarno sequences. 
4 Both processes of protein synthesis occur in the same location of the cell. 
5 Attachment of RNA polymerase to promoter is achieved by interaction of transcription 

factors. 
6 Binding of activators to enhancers increases the basal transcriptional activity. 
7 Attachment of repressor proteins to specific regulatory sequence suppresses the basal 

transcriptional activity. 
8 The level of activity of the newly synthesized protein is regulated by chemically modifying 

its structure. 
 

 P Q R 
A 5, 6 7, 8 1, 2, 3, 4 
B 2, 3, 5, 8 6, 7 1, 4 
C 1, 6, 8 5, 7 2, 3, 4 
D 1, 2, 5, 6, 7, 8 4 3 

 
12 The following statements describe bacterial conjugation. 

1 The F plasmid is made of single-stranded DNA. 
2 When an F+ donor gives its F plasmid to an F– recipient, both become F– 
3 When an F+ donor gives its F plasmid to an F– recipient, the donor becomes F– 
4 When F+ cells are mixed with F– cells, eventually all the cells will become F+. 

 
Which of the following is correct? 
A 3 only 
B 4 only 
C 2 and 4  
D 1, 2 and 4 

P Q R
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13 The diagram below shows the structure of an M13 bacteriophage. It consists of a single-
stranded circular DNA genome and capsid proteins g3p, g6p, g7p, g8p and g9p. 

 
 

Based on your understanding of bacteriophages, which of the following statements is true of 
the M13 bacteriophage? 
1 The base composition of its genome is such that the ratio of A:T is 1:1. 
2 At least one of the capsid proteins is responsible for binding to a specific protein on the 

host cell. 
3 Its genome is injected into the host cell after the phage attaches to the host cell. 
4 It acquires its envelope from the cell membrane of its host cell. 
 
A 1 and 3 
B 2 and 3 
C 1, 2 and 3 
D 2, 3 and 4 
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14 The diagram below shows the results of electrophoresis of PCR fragments. Individuals with 
Huntington's disease have nucleotide sequence CAG that repeats from 36 to more than 120 
times.  
 
The male parent (individual 2) suffers from Huntington's disease when he was 40 years old. 
Six of his children (individuals 3, 5, 7, 8, 10, 11) suffer from Huntington's disease, and the age 
at which the symptoms first began is shown by the number below the band containing the PCR 
fragments. 

 
 

What conclusion can be drawn from the data above? 
A Individuals 4, 6, and 9 have not inherited the allele that causes Huntington's disease. 
B Individuals 4, 6, and 9 will still develop Huntington's disease at some point in their lives, 

since the disease is inherited as a dominant trait. 
C Individuals 4 and 9 do not have the trait, and will not get Huntington's disease, but individual 

6 is likely to have the disease when she reaches her father's age of 40. 
D Two of the three will develop the disease, since it is inherited as a dominant trait, but the 

data does not allow us to predict which two. 

15 In most organisms, six different triplets of the DNA strand that is complementary to mRNA code 
for the amino acid serine: AGA, AGG, AGT, AGC, TCA and TCG. 
 
In the yeast Candida albicans, a seventh DNA triplet, GAC, also codes for serine. In most 
organisms, this triplet codes for leucine. The diagram shows part of an mRNA molecule from 
C. albicans. 
 AGU UCG CGG UCA AGC ACC UGG 
codon number 11 12 13 14 15 16 17 

 
Which mutation of the DNA that is complementary to this mRNA could result in C. albicans 
producing a polypeptide with a continuous sequence of five serines in it? 
A substituting a purine with a pyrimidine in the DNA coding for codon 13 
B substituting a purine with a pyrimidine in the DNA coding for codon 16 
C substituting a pyrimidine with a purine in the DNA coding for codon 13 
D substituting a pyrimidine with a purine in the DNA coding for codon 16  
 
 

26
27 

11

14

2

40 

1 2 3 4 5 6 7 8 9 10 11
100 

38 

(CAG)n 

1111 121212121212 11113 333 14 1155

heee DNDNDNDNDNNA AAAAA ththhatatatatatat iiisss cocococococ mpmpmmmpm lelelelelelemememememementttttaraaaaa y tototottototto tttthihihiihiiiis s mRmRNAN  co
ptiddddee ee wiwiwiwiwww thththh aaa ccontiiiinununununuououououououssss sss seququququququeeeenee ce of fifiveve ssererinineses in
rinnneee wiwiwiwwiwithththththt aaaaaa pppppyryryryrimiimimiimidididdiddinnnnnneee eee inininnnn tttttthehehehehehe DDDDDDNA ccododiningg foforr codo
rine with a pyrimidine iniinin the DNA coding for codo
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16 The diagram below illustrates the development of colorectal cancer. 

 
 
Which of these statements can be inferred from this multistep model of carcinogenesis? 
1 Cells whose APC and -catenin genes are inactivated have lost density dependent 

inhibition. 
2 APC and -catenin genes are most likely tumour suppressor genes. 
3 High levels of Ras protein are produced only when both copies of Ras gene are mutated. 
4 Two copies of normal p53 alleles must be present to inhibit cell division. 
5 Gain-of-function mutation in COX-2 gene is one of the pre-requisites for the formation of 

carcinoma.

A 1, 2 and 3 
B 1, 2 and 5 
C 2, 3 and 4 
D 2, 3 and 5 
 
 

17 The speech defect known as stuttering may involve two genes, G and N. Most people are 
homozygous for the alleles g and n and are not stutterers. 
 
However, recent research has shown that the presence of either of the mutant alleles G or N 
can cause stuttering in heterozygotes. 
 
Using this information, which proportion of the children of a couple, the father with genotype 
Ggnn and the mother ggNn, are likely to be stutterers? 
 
A 3/16 
B 8/16 
C 9/16 
D 12/16 
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18 Which statement concerning chrysanthemum plants, of the genus Dendranthema, is a valid 
example of how the environment may affect the phenotype? 
A Anthocyanins and anthoxanthins are vacuolar pigments, whereas xanthophylls and 

carotenes are pigments found in membrane-bound organelles known as plastids. These, 
together with molecules known as co-pigments, are responsible for the variation observed 
in petal colour in Dendranthema. 
 

B Identical genetic crosses performed between varieties of Dendrathema result in a greater 
proportion of offspring plants with plastids exhibiting a yellow colour when grown in a field 
and a greater proportion of offspring plants with colourless plastids when grown in a 
glasshouse. 

 
C The seeds of a cross between Dendranthema weyrichii and Dendranthema grandiflora 

produce plants that are far more frost-tolerant and exhibit an extended flowering season 
compared with both parent plants. 

 
D The seeds of a cross between Dendranthema weyrichii (height varying between 12.5–15.0 

cm) and Dendranthema grandiflora (height varying between 8.0–25.0 cm) produce plants, 
when grown in natural day length, of a height varying between 55.0–71.0 cm. 

19 The phenotype of the coat of a small mammal is controlled by two genes. 
 The gene of hair colour has two alleles, B giving brown hair and b giving cinnamon hair. 
 The gene for hair shape has two alleles, C giving curly hair and c giving straight hair. 

 
A number of cinnamon, straight-haired females were crossed with brown, curly-haired males 
who were homozygous for both genes. All the F1 offspring showed the brown, curly-haired 
phenotype.  
 
The F1 offspring were back-crossed to animals with their mother's genotype. This resulted in 
1000 offspring of four different genotypes. 
 
The table shows some of the results. 
 

genotype number 
BbCc R
Bbcc S

P 160 
Q 340 

 
Which row correctly identifies the missing genotypes (P and Q) and expected offspring 
numbers (R and S)? 

 P Q R S 
A bbCc bbcc 160 340 
B bbCc bbcc 340 160 
C bbcc bbCc 160 340 
D bbcc bbCc 340 160 

 

? 
R R RR RR R SSS SSSS

16116161616160000000 3434343434340000
33434343 0000000 16161616160 
16616166160000000 343434343434340000000
343434343440000000 16116161 0000
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20 A solution of a substrate was poured into a burette containing an enzyme immobilised onto 
alginate beads. The liquid passing through the burette was collected in a beaker and the 
concentration of substrate was measured. 

 
 
The table below shows the results obtained by five students. 

enzyme concentration / gdm-3 0.2 / gdm-3 0.4 / gdm-3 
 substrate concentration / gdm-3 

repeat 1 repeat 2 repeat 1 repeat 2 
student A 24 26 14 13 
student B 25 22 12 12 
student C 22 23 10 13 
student D 18 24 11 12 
student E 25 28 13 18 

 
A statistical test can be carried out to determine if the average substrate concentration collected 
for the two enzyme concentrations is significantly different.  
 
Which of the following combination is correct? 
 Degree of 

freedom 
Conclusion 

A  3 If the p-value is greater than 0.5, the deviation is due to chance. 
B  4 If the p-value is greater than 0.05, the deviation is due to chance. 
C  8 If the p-value is greater than 0.05, the deviation is due to chance. 
D  18 If the p-value is greater than 0.5, the deviation is due to chance. 
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21 Bacteria in the genus Wolbachia infect many butterfly species. They are passed from one 
generation to the next in eggs, but not in sperm, and they selectively kill developing male 
embryos. 
 
In Samoa in the 1960s, the proportion of male blue moon butterflies fell to less that 1% of the 
population. However, by 2006, the proportion of males was almost 50% of the population.  
 
Resistance to Wolbachia is the result of the dominant allele of a suppressor gene. 
 
Which statements correctly describe the evolution of resistance to Wolbachia in the blue moon 
butterfly population? 
1 Wolbachia acts as a selective agent. 
2 The selective killing of male embryos is an example of artificial selection. 
3 When infected with Wolbachia, male embryos that are homozygous for the recessive allele 

of the suppressor gene die. 
4 All male embryos that carry the dominant allele of the suppressor gene pass that allele to 

their offspring. 
5 The frequency of the dominant allele of the suppressor gene rises in the butterfly 

population. 
 
A 1 and 4 
B 1, 3 and 5 
C 2 and 3 
D 2, 4 and 5 

 
22 A biologist discovers two populations of wolf spiders whose members appear identical. 

Members of one population are found in the leaf litter deep within the woods. Members of the 
other population are found in the grass at the edge of the woods. The biologist decides to 
designate the members of the two populations as two separate species.  
 
Which species concept has this biologist used and what is its limitation of this concept? 

 
 

 Species concept Limitation 
A  Morphological species 

concept 
Similarities in structures might have arisen due to 
convergent evolution. 
 

B  Morphological species 
concept 

Cannot be used to group fossils or organisms which are 
completely asexual in their reproduction. 
 

C  Ecological species concept Difficult to determine the magnitude of genetic variation 
required to distinguish between 2 putative species. 
 

D  Ecological species concept Difficult to determine what is considered as different 
niches, especially when organisms use resources from 
another niche during time of scarcity. 

 speeeecicicicicic eseeseseses conoonnceeeeeeeptptptptptptp  DiDiDiDiDiDiD ffffffff icccccculuuuu t to ddddeteteteeteeeteetteteterererererermimimiimimiimiminenenenne wwwwhahahahaatttt isisisisis c
nininnnichchchchhhheseseseseses, espepepepepepepeeciiiiiiiiiialalalalaalalalaalalalaallylylylylylyylyy wwwwwwwwwwwwwwwwhhheheheehhehen ororororo gggag nis
anananananannototototototothhhehhh r rrrrr ninininininin ccchccc e duriiingngngngng tttimmmmme e e e ofofffof ssssca
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23 The diagram shows a small part of a thylakoid membrane. The arrows represent the movement 
of a particular reaction product through the ATP synthase. 

 
From which chemical was this product derived from? 
A NADH B NADPH C Oxygen D Water 

 
 

24 Isolated mitochondria were incubated with NADH in one experiment and an equal amount of 
FADH2 in another set up. The mitochondria were initially deprived of oxygen. A known quantity 
of oxygen was then added and the pH of the intermembrane space was monitored. The result 
is shown in the graph. 

 

 
 

Which of the following can be concluded based on the results? 
1 Upon the addition of oxygen, glycolysis and subsequently link reaction, Krebs cycle and 

oxidative phosphorylation occurred. 
2 Electron transfer was initiated by the addition of oxygen. 
3 The pH drop was greater with NADH than with FADH2, which is consistent with the greater 

ATP yield that accompanies the oxidation of NADH. 
4 The rapid decline in pH indicates that protons were pumped into the intermembrane space 

when oxygen was available. 
 

A 1 only  
B 2 and 4 only  
C 2, 3 and 4 only  
D All of the above 

 
 

 
NADH          FADH2 
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25 The diagram shows the JAK-STAT cell signalling pathway. 

  
 

Which of the following statement is correct? 
1 EPO is a type of steroid hormone.  
2 Phosphorylation of STAT causes them to dimerize. 
3 Gene expression is terminated when phosphatases remove phosphate groups from STAT 

dimers.  
4 Signal amplification occurs as JAK phosphorylates multiple tyrosine residues on the EPO 

receptor. 
 

A 1 and 3 only 
B 2 and 3 only 
C 2 and 4 only 
D 2, 3 and 4 only 
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26 The diagram shows one way of testing the effect of an antibiotic on bacteria. 
 

 
 

The table shows the results of testing five different types of bacteria. Zones of less than 13 mm 
show the presence of resistant bacteria. 
 

type of 
bacteria

diameter of zone / mm
day 1 day 2 day 3 day 4 day 5 

1 24.10 21.90 19.00 17.60 14.30 
2 18.60 15.40 12.20 9.00 0.00 
3 17.90 12.80 12.40 11.10 10.90 
4 19.40 15.30 13.20 8.10 0.00 
5 22.00 21.00 20.50 20.40 20.40 

 
Which statement can be supported by this data? 
A All the types of bacteria become resistant to antibiotics over time. 
B Only types 2, 3 and 4 of the bacteria show resistance to the antibiotic. 
C The antibiotic can be used to treat types 1 and 3 only. 
D Type 5 of the bacteria can never become resistant to the antibiotic. 
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27 The figure below shows a summary of some infectious diseases. 

 
 
Which of the following combination is correct? 
 P Q R S 
A Mosquito Has cell wall Infection via 

aerosol droplets  
Can be treated 
using antibiotics 

 
B Mosquito Has mitochondria Infection via sexual 

contact 
Can be prevented 

via vaccination 
 

C Protozoa Has mitochondria Infection via sexual 
contact 

Can be treated 
using antibiotics 

 
D Protozoa Has cell wall Infection via 

aerosol droplets 
Can be prevented 

via vaccination 

 

P Q 

R

S

T 

insect 
vector

a Has cell wall Infection via 
aeaeaea rororooososososos llll drdrdrropopopopo leeeeetttstt  
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28 Rhesus (Rh) positive individuals have the Rh factor, an antigen present on the surface of their 
erythrocytes. Rh-negative individuals lack the Rh factor.  
 
The Rh factor is of great medical importance especially for pregnant mothers who are Rh-
negative and their foetus is Rh-positive. Their Rh-positive foetus may suffer from haemolytic 
disease, whereby the red blood cells are destroyed by the antibodies of the mother. The fetal 
blood and maternal blood are normally kept separate across the placenta. During delivery, a 
small amount of the baby's blood could come in contact with the mother’s blood. 
 
Which of the statement is correct? 
1 The mother develops antibodies against the Rh factor after the first Rh-positive foetus is 

born.  
2 The first Rh-positive foetus is less likely to suffer from haemolytic disease. 
3 The subsequent Rh-positive foetus is likely to suffer from haemolytic disease, as the anti-

Rh factor antibodies could cross the placenta and cause hemolysis of the Rh-positive fetal 
red blood cells. 

 
A 1 only 
B 2 only 
C 2 and 3 only 
D All of the above 

29 What is the impact of global warming on plants? 
A In colder regions, a warmer climate may allow people to grow new crops. 
B Global warming beyond optimal growth temperatures encourages plant growth. 
C Temperate plants will shift to tropical regions. 
D Production of all crops are higher due to higher temperatures.  

30 Which statement regarding adaptation of plants to global warming is false? 
A Plants that develop longer roots, which allow for absorption of more water to counteract the 

loss of water through the leaves, are selected for. 
B Plants with fewer leaves, which reduce the effect of water loss through the leaves, are 

selected for. 
C When temperature increases, enzymatic activity increases, thus the rate of photosynthesis 

will increase.  
D When temperature increases, the leaves will respond by forming more stomata.  
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Paper 2 (Part I) 
Answer all the questions in this section. 

 
1 Fig. 1.1 shows an electron micrograph of a plant cell.  

 

 
Fig. 1.1 

(a) Identify organelles B and C.

 Organelle B:
 

[1]

Organelle C:
 

[1]

(b) Extracts from the homogenised plant cells in Fig. 1.1 were added to a sucrose density 
gradient and centrifuged at high speed to separate the various organelles.  
 

 (i) Label the bands where organelles A, B and C can be found after centrifugation.  

 
[3]

C

B

A

 

 

 

0.5 M sucrose

2.0 M sucrose
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 (ii) Explain your answer in (b)(i).

 
  

 

 

 
[2]

In a separate experiment, protoplasts (plant cells with cell wall removed) were first treated 
with three different reagents – ethanol, distilled water and buffer solution, for two hours. The 
treated cells were then subjected to the density gradient centrifugation.  

Fig. 1.2 shows the thickness of the lowest band for each type of treated cell after density 
gradient centrifugation. 
 

 
Fig. 1.2 

(c) Explain the effects of the different reagents on the thickness of the lowest band.

 
 

 

 

 

 

 
[3]

 [Total: 10] 
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2 The membrane composition of bacterial species varies according to the environmental 
conditions to which the cells are exposed to, thus allowing them to thrive in a wide range of 
environment. Bacterial membranes consist of a large diversity of amphiphilic lipids, including 
sphingolipids (general structure is shown in Fig. 2.1). 
 

 
Fig. 2.1 

 
(a) Define the term amphiphilic. 

 
 

 
[1]

(b)  (i) State two differences between the structure of sphingolipids and phospholipids.

 
  

 

 

 
[2]

(ii) Draw a labelled diagram of the molecular structure of a phospholipid. 

 
 

[3]

sphingosine 

fatty acid 
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 (iii) Explain how the structure of phospholipid makes it a suitable component of cell 
membranes.

 
  

 

 

 
[2]

Fig. 2.2 shows another component found in animal cell membranes. 
 

 
Fig. 2.2 

 
(c) Explain how the molecule shown in Fig. 2.2 performs its function in cell membranes. 

 
 

 

 

 
[2]

     [Total: 10] 
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3 Fig. 3.1 shows a photomicrograph (Magnification x 5000) of two human cells, A and B, at different 
stages of the mitotic cell cycle.  
 

  
Fig. 3.1 

 
(a)  (i) Name the stage of mitosis that is occurring in cell A.

 
  

[1]

 (ii) Describe the events that are occurring in cell A. 

 
  

 

 

 

 

 
[3]

 
 
 
(b) Determine the actual length between lines P and Q in cell B.  

 
 
 

 

 

 

 
[2]
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Prostate cancer is one of the common cancers in males. It has been found that loss-of-function 
mutations to the DNA mismatch repair genes, such as MSH2, is associated with advanced 
prostate cancer. MSH2 is a protein that dimerizes with another protein, MSH6, to form the DNA 
repair enzyme complex. MSH2 has three domains – protein-binding domain, DNA-binding 
domain and ATPase domain (a region that removes phosphate group from ATP). 
 
(c) Explain how loss-of-function mutations in MSH2 can lead to cancer development in the 

prostate.  

 
 

 

 

 

 

 
[3]

 
 
 
Hormone therapy is typically used to treat prostate cancer but this treatment is only effective for 
a few years, after which resistance to the hormone will develop. 
 
A study was carried out to determine the effectiveness of a chemotherapy drug, melphalan, in 
treating men with hormone-resistant prostate cancer. The side effect of melphalan is that 
formation of blood cells will be inhibited.  
 
(d) Suggest how the patient’s own bone marrow can be used to counter the side effect of 

melphalan.  

 
 

 

 

 

 

 
[3]

 
[Total: 12]
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4 (a) Explain why mRNA is formed as a continuous strand during transcription while one of 
the DNA strands is formed discontinuously during replication.  

 
 

 

 

 

 

 
[3]

Several types of rRNA and tRNA are transcribed as a single strand precursor RNA. Each rRNA 
(16S, 23S, 5S) and tRNA molecule is cleaved following transcription in a process known as 
RNA trimming (Fig. 4.1) to form mature rRNA and tRNA molecules.  

 
Fig. 4.1 

(b) State where rRNA genes are found. 

 
 

[1]
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    : RNaseP breakpoints 
16S

23S

5S 

tRNA

5’ 3’ 

tRNA
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(c) Compare between the processes of RNA trimming and post-transcriptional modification 
for mRNA.

 
 

 

 

 

 

 
[3]

 
 
 
(d) Relate how the single-stranded structure of rRNA and tRNA facilitates their roles.

 
 

 

 

 

 

 

 

 
[4]

 
[Total: 11] 
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Paper 2 (Part II) 

5 Operons in bacteria allow them to regulate their gene expression in response to changes in the 
environmental conditions. 
 
In order to investigate the function of the regulatory and structural genes of lac operon, loss-of-
function mutation was induced in the sequences of various genes. The different effects of the 
mutation on the expression of lac genes are shown in Table 5.1.  
 

Table 5.1 
Region of DNA 

sequence in 
which gene 

mutation occurs 

Allolactose absent Allolactose present 
-galactosidase transacetylase -galactosidase transacetylase 

A + + + + 
B – – – – 
C – – – + 
D – – + – 

(+) indicates the synthesis of functional enzyme 
(–) indicates no synthesis of functional enzyme 

 
 
(a)  (i) Identify regions A and D.

 
 

A: 
 

D: 
 

[2]
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 (ii) Outline the effect of the mutation of region A on the expression of lac genes. 

 
  

 

 

 
[2]

 
 
 
Mammals respond to changes in the environmental conditions using different mechanisms. For 
instance, blood glucose concentration can be regulated by hormones such as insulin and 
glucagon. 
 
Fig. 5.1 shows the modification of preproinsulin to form insulin in organelles X and Y.  
 

 
Fig. 5.1 

(b) With reference to Fig. 5.1, outline what happens in organelles X and Y.

 
 

 

 

 
[2]

 

Organelle X 

Organelle Y 
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Fig. 5.2 shows the effect of glucose on a pancreatic cell. 

 
Fig. 5.2 

(c) With reference to Fig. 5.2, outline how the pancreatic cell responds to elevated blood 
glucose levels.  

 
 

 

 

 

 

 
[3]

 

 
 
 
Mammalian hormones can be synthesized artificially using bacterial cells. 
 
(d) Suggest one problem associated with expressing mammalian genes in bacterial cells. 

 

 
[1]

 

  
 
 

(e) Compare the advantages of a mammalian response to changes in blood glucose 
concentration with that of a bacterial response to changes in supply of lactose.   

 
 

 

 

 
[2]

[Total: 12]
 

GLUT2 

Glucose 

Glucose 

ATP 

ATP-K+ channel Ca2+ channel 

Depolarisation of membranes

Ca2+ 

Insulin 
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6 Harebell flowers can be found in various habitats in Scotland and Finland. 
 

The colour of harebell depends on the anthocyanin pathway in which colourless intermediates 
are converted to a blue pigment. Two genes coding for two different enzymes, A and B, are 
crucial in this biochemical pathway. Each gene has two alleles, with the dominant alleles coding 
for functional enzymes while the recessive alleles coding for non-functional enzymes. 
 

 Enzyme A  Enzyme B  
Precursor molecule  Colourless intermediate  Blue pigment 

 
Two different white-petal homozygous lines of harebells were crossed and all the F1 plants had 
blue flowers. 
 
(a) Using symbols A and B, draw a genetic diagram to explain the cross above and the 

result of selfing F1. 

 

[6]
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The experimental results for the F1 cross is shown in Table 6.1.  

Table 6.1 
 Blue flowers White flowers 

Observed numbers 12 9 
 

A statistical test was carried out and a calculated value of 2.17 was obtained. 

2 – Distribution Table

 
t-table  

Degrees of freedom Probability, p 
One-tailed t-test 0.1 0.05 0.025 0.01 0.005 
Two-tailed t-test 0.2 0.10 0.050 0.02 0.010 

1 3.078 6.314 12.706 31.821 63.657 
2 1.886 2.920 4.303 6.965 9.925 
3 1.638 2.353 3.182 4.541 5.841 
4 1.533 2.132 2.776 3.747 4.604 
5 1.476 2.015 2.571 3.365 4.032 
6 1.440 1.943 2.447 3.143 3.707 
7 1.415 1.895 2.365 2.998 3.499 
8 1.397 1.860 2.306 2.896 3.355 
9 1.383 1.833 2.262 2.821 3.250 

10 1.372 1.812 2.228 2.764 3.169 
11 1.363 1.796 2.201 2.718 3.106 
12 1.356 1.782 2.179 2.681 3.055 
13 1.350 1.771 2.160 2.650 3.012 
14 1.345 1.761 2.145 2.624 2.977 
15 1.341 1.753 2.131 2.602 2.947 
16 1.337 1.746 2.120 2.583 2.921 
17 1.333 1.740 2.110 2.567 2.898 
18 1.330 1.734 2.101 2.552 2.878 
19 1.328 1.729 2.093 2.539 2.861 
20 1.325 1.725 2.086 2.528 2.845 
21 1.323 1.721 2.08 2.518 2.831 

Degrees of freedom Probability, p 
0.10 0.05 0.02 0.01 0.001 

1 2.71 3.84 5.41 6.64 10.83 
2 4.61 5.99 7.82 9.21 13.82 
3 6.25 7.82 9.84 11.35 16.27 
4 7.78 9.49 11.67 13.28 18.47 
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(b) State a suitable conclusion for the experiment. 

 
 

 

 

 

 

 
[3]

 
 
 
(c) Explain the genetic basis for the observed results.

 
 

 

 

 

 

 
[3]

 
[Total: 12] 
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7 Glucose and fructose are two common fruit sugars used in winemaking. Another sugar used in 
the fermentation industry is sucrose. The effects of the three sugars on fermentation by yeast 
were investigated and the results are shown in Fig. 7.1 and Fig. 7.2. 

Fig. 7.1 

Fig. 7.2 

(a) Describe how ethanol is formed by yeast.

 
 

 

 

 
[2]

 
 
 
 
 
 
 

0

2

4

6

8

10

12

1 2 3 4 5 6

Vo
lu

m
e 

of
 C

O
2

pr
od

uc
ed

/ m
l

Time/ Days
Glucose Sucrose Fructose

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



18

Temasek Junior College 2017 9744/02/JC2/PRELIM/17 

(b) With reference to Fig. 7.1 and Fig. 7.2, explain the order in which the sugars were 
utilized by yeast for fermentation.

 
 

 

 

 

 

 

 

 
[4]

 
 
 
Fig. 7.3 shows a respirometer. 

Fig. 7.3 

1ml syringe 

Plastic cage 
containing seeds 

Filter paper rolled to 
form a wick 

Capillary U-tube 
containing coloured oil

Potassium 
hydroxide solution 

Potassium hydroxide 
solution plus water to 
equal the volume of 
the seeds in the other 
tube
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(c) Briefly explain how you can determine the rate of respiration using the set-up shown in 
Fig. 7.3.

 
 

 

 

 
[2]

 
 
 
(d) Suggest how the compensation point of a plant will be affected when it undergoes 

anaerobic respiration.

 
 

 

 

 

 

 
[3]

 
[Total: 11] 
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8 Human Immunodeficiency Virus (HIV) emerged as a mysterious new disease in the early 
1980s.  

Fig. 8.1 shows the structure of HIV. 

Fig. 8.1 

(a) Identify and describe the function of structures A and B.

 
 

 

 

 

 

 
[3]

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A B 
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In July 1990, a young woman in Florida, who had no known risk factors for HIV infection and 
no known contact with other HIV-positive persons, was tested HIV positive after undergoing an 
invasive dental procedure performed by a dentist who had Acquired Immunodeficiency 
Syndrome (AIDS).  
 
The U.S. Centre for Disease Control and Prevention (CDC) carried out an epidemiological 
investigation using DNA isolated from white blood cells of the dentist and patients A to D. The 
DNA was sequenced and compared with the strain isolated from the dentist. 
 
Fig. 8.2 shows the multiple sequence alignment before a phylogenetic analysis could be carried 
out. 
 
Strain from Sequence 

Dentist - - - - C - T A - T T G - C T G G C G C
Patient A - - G - C - C A - T A G - C T A G C G C
Patient B - - G - C A C C - T - G - C T A G C G C
Patient C - - G - C - T - - T G G G C T G G C G C
Patient D C A G A C - T A C T - G - C T A G - G - 

Fig. 8.2 

(b) Complete the figure below to show how closely related the different strains of HIV are.

 

[2]
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Strain from dentist 
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In order to determine the origins of HIV, researchers conducted a similar phylogenetic analysis. 
Molecular epidemiology data showed that Simian Immunodeficiency Virus (SIV), which infects 
36 species of primates found in sub-Saharan Africa, crossed over to infect human population 
known to eat wild animals. There are two types of HIV: HIV-1 and HIV-2.  
 
Fig. 8.3 shows the phylogenetic tree of HIV / SIV. 
 

 
Fig. 8.3 

 
(c)  (i) Describe how HIV-1 and HIV-2 are evolutionarily related.

 
  

 
[1]

 
 
 
 (ii) Identify the closest viral strains and their primate hosts of HIV-1 and HIV-2.

 
  

 

 

 
[2]

 
 

Pan troglodytes troglodytes

Homo sapiens 

Homo sapiens 
Homo sapiens 

Homo sapiens 
Homo sapiens 

Pan troglodytes troglodytes

Chlorocebus tantalus 
Chlorocebus aethiops 
Chlorocebus pygerythrus 
Cercopithecus albogularis 

Colobus guereza 
Cercopithecus solatus 

Mandrillus sphinx 
Cercocebus atys 

Cercopithecus lhoesti 
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SIV may have been around for more than a million years in these primates, but they do not 
cause disease in the primates. However, when SIV infected humans, it evolved to form HIV 
which causes AIDS in humans. 
 
(d)  (i) Explain how HIV arose from SIV, allowing it to cause disease in humans.

 
  

 

 

 

 

 
[3]

 
 
 
 (ii) Suggest the selective advantage for not causing death in the primate host. 

 
  

 
[1]

 
[Total: 12] 
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9 Tetanus is an infection caused by a Gram-positive bacterium, Clostridium tetani. The bacteria 
can exist in the dormant state as endospores. The endospores can be found everywhere in the 
environment, including soil, dust, and manure. They can enter the body through broken skin, 
usually through injuries from contaminated objects, and resume their active state.

(a)  (i) Describe the structure of the cell wall in C. tetani.

 
  

 

 

 
[2]

 (ii) Suggest the advantage of forming of endospores.

 
  

 
[1]

(b) Outline how the innate immune system responds to infection by C. tetani.

 
 

 

 

 

 

 
[3]
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When C. tetani invades the body, a toxin is released into bloodstream. The toxin causes painful 
muscular contractions. It can also cause breathing problems, severe muscle spasms, seizures, 
and paralysis.  
 
Tetanus vaccine was developed as a prophylactic measure against C. tetani toxins. The 
vaccine is produced by subjecting the bacterial toxins to chemical treatment to inactivate the 
toxins.  
 
(c) Explain how tetanus vaccine can prevent the clinical symptoms.

 
 

 

 

 

 

 

 

 
[4]

 
[Total: 10] 
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Section A 
Answer all the questions in this section. 

 
1 Fig. 1.1 shows an example of how PCR and gel electrophoresis can be used to identify the allele 

that codes for the blood type antigen that is present in an individual.  
 

 
 

Fig. 1.1 
 
(a)  State if individual C can donate blood to individual A. Explain your answer. 

 
 

 
 

 
 

 
 [2]

 
 
 
(b)  State one limitation of using PCR in determining the genotype of the individual. 

 
 

 
 [1]

 
 
 
(c)  Explain why Southern blotting can be used to confirm the presence of the allele coding 

for blood type A antigen. 
 

 
 

 
 

 
 

 
 

 [2]
 
 
 
 

Individual A  
with blood group A 

Individual C Individual B 
with blood group O
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Malaria is a vector-borne disease caused by Plasmodium spp.  

Plasmodium gametocytes can differentiate into female and male gametes. To correctly identify 
male and female Plasmodium gametes, real-time polymerase chain reaction (PCR) was used. 
60ng of DNA samples from different types of Plasmodium gametes were first prepared in 
separate tubes. Primers for a specific gene sequence were added to each tube of DNA sample. 
Free nucleotides tagged with fluorescent dye were also added.  
 
Fig. 1.2 shows the level of fluorescence measured as PCR progressed.  

 

 
Fig. 1.2 

 
(d)  (i) State the type of chromosome on which the gene is found on. Explain your answer. 

 
 

 
 

 
 

 
 [2]

 
 
 

 (ii) Predict and explain what will happen to the fluorescence level after 30 cycles for the 
DNA sample from the male gametes. 

 
 

 
 [1]

 
 

 
 (iii) Real-time PCR can also be used to determine the initial quantity of the sample. 

 
On Fig. 1.2, sketch how the graph will look like when the mass of starting DNA 
sample is reduced to 30ng. [1]
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(e)  Distinguish the products formed from real-time PCR with that of DNA replication. 
 

 
 

 
 

 
 

 [2]
 

 [Total: 11]
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2 Hepatitis C virus (HCV) is an enveloped, positive single-stranded RNA virus that infects 
hepatocytes (liver cells). The virus is attached to a low-density lipoprotein (LDL) upon its release 
from hepatocytes.  
 
Fig. 2.1 shows how HCV enters and leaves a hepatocyte. 
 

 
Fig. 2.1 

 
 

(a)  With reference to Fig. 2.1, state the role of LDL with respect to the viral replication cycle. 
 

 
 

 [1]
 

 
 
(b)  Describe the functions of organelle X with respect to the replication cycle of HCV. 
 

 
 

 
 

 
 

 [2]
 
 
 
 

X 

Y 

Z 
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(c)  One of the organelles involved in HCV replication cycle is Z. 
Suggest the identity of Z and its role in the virus replication pathway. 

 
 

 
 

 
 

 
 [2]

(d)  Explain the role of the positive single-stranded RNA as a genetic material in HCV. 
  

  

  

 
 [2]

The HCV core protein has been found to be oncogenic. An increase in the viral core proteins 
within hepatocytes can lead to the activation of cell proliferation signaling pathway. 
 

 
Fig. 2.2 

 
(e)  Define the term oncogenic in this context. 
 

 
 

 
 

 
 

 [2]

 
(f)  Out of 3 million individuals infected with HCV, less than 5% developed liver cancer. 

Account for the low percentage of HCV infected individuals developing liver cancer. 
 

 
 

 
 

 
 

 [2]

 [Total: 11]

Core protein of 
HCV 

Induced changes 
to hepatocytes 

Activation of cell proliferation 
signalling pathway
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3 Fig. 3.1 shows the atmospheric concentrations of carbon dioxide (CO2), methane (CH4), and 
nitrous oxide (N2O) in the air that was trapped within ice cores. The changes in temperature is 
reflected as variation of deuterium ( D). The shading indicates the last interglacial warm periods.
 

 
Source: IPCC Fourth Assessment Report: Climate Change 2007 

 
Fig. 3.1 

 
(a)  (i) Without quoting any numerical data, state the general relationship between the 

greenhouse gases and temperature in Antarctica. 
  

 
 [1]

 
 
 
 (ii) Suggest the possible consequences of increased temperature on the physical 

environment in Antarctica. 
  

  

  

 
 [2]
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Climate change critics argue that the climatic variation as seen in Fig. 3.1 is natural.  
 
Fig. 3.2 shows how carbon dioxide concentration and temperature has changed since year 1000, 
which may be used to convince critics that the extent of climate change over the last millennium 
is beyond what was previously seen. 
 

 
 

Fig. 3.2 
 

 (iii) Account for the trend of carbon dioxide concentration. 
 

 
 

 
 

 
 

 
 

 
 

 [3]
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Climate change affects plants. Plants can be categorized based on the way they 
photosynthesize. Most plants are C3 plants because their first photosynthetic product is a three 
carbon compound. Examples of C3 plants include barley, oats and wheat commonly grown in 
temperate regions. On the other hand, common grass crops of tropical regions, such as maize, 
sorghum and sugarcane, are C4 plants.  
 
The rate of photosynthesis for both temperate and tropical plants were measured and shown in 
Fig. 3.3. 

 
Fig. 3.3 

 
(b)  Using evidence from Fig. 3.3, suggest which type of plant is better adapted to the impacts 

of climate change. 
 

 
 

 
 

 
 

 [2]

C4 plant at 35°C 

C4 plant at 25°C 

C3 plant at 25°C 

C3 plant at 35°C 
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Fig. 3.4 shows the data collected on the distribution of C4 plants over time, whereby the local 
temperature was shown to have increased since 1940s. Three populations of the same species 
of C4 plants were tracked over time. 
 

 

Fig. 3.4 

(c)  Account for the effect of increased temperature on the distribution (altitude) of C4 plants. 
 

 
 

 
 

 
 

 [2]
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Fig. 3.5 shows the effects of climate change on the potential change in yield and geographical 
distribution of wheat and maize plants at sub-continental level from 2005 to 2050. 
 

Wheat plants 

Maize plants 

Fig. 3.5 

(d)  State the possible consequence of increased temperature on global wheat and maize 
supply in 2050. 

 
 

 
 [1]

 
 
 
 
 
 

Change in Total Yield of 
Wheat from 2005 to 2050 

Change in Total Yield of 
Maize from 2005 to 2050 
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Climate change also has impact on the physiology of insects, thus affecting the transmission of 
vector-borne diseases. One such vector is the mosquito.  

(e)  (i) Outline the general life cycle of a mosquito. 
 

 
 

 
 

 
 

 [2]

 (ii) Blood meals are a good source of protein for mosquitoes for the production of eggs. 
 
Explain why blood is a good source of protein. 

 
 

 
 [1]
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Fig. 3.6 shows the effect of temperature on the egg-to-adult survival rates and the behaviour of 
adult mosquitoes.  
 

 
 
 

 

 
 

Fig. 3.6 
 
(f)  Using evidence from Fig. 3.6, discuss the rate of transmission of diseases caused by 

mosquitoes when temperature increases from 30 to 34°C. 
 

 
 

 
 

 
 

 
 

 
 

 [3]
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Table 3.1 describes the two types of mosquitoes that can transmit dengue. 
 

Table 3.1 
Aedes aegypti (Yellow fever mosquito) Aedes albopictus (Asian tiger mosquito) 

Found both indoors and outdoors 
 

Found mostly outdoors (e.g. gardens)  

High preference for taking blood meals from 
humans and to lesser extent from domestic 
mammals, which makes it a very capable 
vector of dengue viruses 
 

Bites humans but also a variety of available 
domestic and wild vertebrates that do not 
carry the dengue viruses, which lowers its 
capacity to transmit them 

 
 
(g)  Explain why these Aedes mosquitoes are considered two species. 
 

 
 

 
 

 
 

 
 

 
 

 [3]
 
 
 

(h)  Outline how the dengue virus infects immune cells in humans and spreads in the body. 
 

 
 

 
 

 
 

 [2]

In October 2016, the Health Sciences Authority (HSA) approved the use of Dengvaxia, the world's 
first dengue vaccine, in Singapore. The vaccine was recommended for people aged 12 to 45. 

(i)  Explain why the vaccine was not effective for people aged 46 and above. 
 

 
 

 
 

 
 

 [2]
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Wolbachia is a diverse group of naturally occurring intracellular bacteria that infect and live in 
invertebrate cells and manipulate the biology of their hosts. Although they are found in more than 
60 per cent of insect species, they are not found in the main vector of dengue Aedes aegypti in 
Singapore. 
 
In order to suppress the mosquito population, researchers in Singapore conducted a field study 
that released fertile Wolbachia-carrying male mosquitoes into the urban built environment. This 
could greatly reduce the numbers of mosquitoes as the resulting zygote do not hatch. 
 
Fig. 3.7 shows one possible effect of Wolbachia infection on the first zygotic mitosis. 
 

 
  

Fig. 3.7 
 

(j)  (i) Explain why Wolbachia infection will be successful in reducing the number of 
mosquitoes over time.  

 
 

 
 

 
 

 
 [2]
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Fig. 3.9 shows the food web in which mosquitoes are found in. 
 

 
Fig. 3.9 

 
 (ii) Explain which organism(s) found in this ecological niche will be greatly impacted by 

the release of Wolbachia-infected mosquitoes. 
 

 
 

 
 

 
 

 [2]

 [Total: 28]
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Section B 

Answer one question. 
Write your answers on the separate answer paper provided. 

Your answers should be illustrated by large, clearly labelled diagrams, where appropriate. 
Your answers must be in continuous prose, where appropriate. 

Your answers must set out in sections (a) and (b), as indicated in the question. 
 

EITHER 
4 (a) Describe the mechanisms that give rise to the vast diversity of antibodies prior to antigen 

stimulation and describe how the antibody is formed from mature mRNA.  [14]

 (b) Using a named disease, discuss how vaccination is an effective measure to control the 
disease. [11]

 [Total: 25]

 
OR 
 
5 (a) Describe the main stages of cell signaling and describe the roles of cAMP in eukaryotes 

and prokaryotes. [14]

 (b) Compare the signaling pathways between G protein coupled receptor and receptor tyrosine 
kinase in relation to blood glucose regulation. [11]

 [Total: 25]
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For Question 1 

Per student 

Item Quantity Remarks 
0.5% Starch 
suspension* 

15 cm3 Starch powder mixed with cold water, 
unboiled.

1% Amylase + 1% 
albumin

15 cm3 Prepare separately as 1% solutions 
then mix together and labelled as 
“Solution X”. 

Iodine* 1:10 dilution, 10 ml In amber dropping bottle 
5ml syringes* 4 
Plastic droppers* 4 
test-tubes* 5  
Plastic vials* 4
Black card* 1 10cm by 10cm 
White tile 1
Aqueous copper 
sulfate solution 

1 dropping bottle  

Diluted sodium 
hydroxide 

1 dropping bottle  

Microscope slides 3 
Ethanol (denatured) 
solution 

1 dropping bottle  

500ml beaker  1 
Plastic 500ml beaker 1 
Bunsen burner 1 
Tripod stand & wire 
gauze 

1 set  

Spotting tile 1
test-tube rack 1 
Stop watch 1
Label stickers 14 
Hand lens 1
Paper towel 3
Lighter 1  
Hot water at side 
bench 

-

* items to be changed per shift 

For Question 2 

Per student 

Item Quantity Remarks 
Microscope with ×10 
eyepiece and ×40 
objective lenses 

1

M16390/5 Slide E 1 Each slide contains 3 different samples 
(Mesophytic, hydrophytic, xerophytic leaf) 
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Answer all questions 

1 Starch grains are found in many plant cells. They are made up of two carbohydrate 
components, amylose and amylopectin. The glycosidic bonds in amylose are (1, 4) while 
those in amylopectin include (1, 6). Iodine solution stains amylose dark blue and 
amylopectin red-brown. 

You are provided with: 
 Unboiled starch: a suspension of 

starch grains in water 
 Iodine solution  

 Solution X
 Spotting tile 
 Hand lens 

You are required to investigate the action of Solution X on starch. 

Proceed as follows: 

1 Set up a water bath and bring it to boil. This will be required in step 4. Stir the starch 
suspension thoroughly. Place a few drops of it on a clean microscope slide. Place the slide 
on a black paper and examine it using a hand lens.

      Record your observations.  

[1]

2 Move the slide onto a white background. Add a drop of iodine solution to the slide and 
examine the suspension again. 

Record your observations.

[1]

3 Stir the suspension again and place 6.0 cm3 of it into a test-tube labelled “boiled starch”. 
At the same time, place 6.0 cm3 of Solution X in a new test-tube, labelled “boiled X”.

4 Place both test-tubes into the boiling water bath for 2 minutes. After this time, remove the 
test-tubes and cool them under a running tap.  

5 Place a few drops of the cooled “boiled starch” on another microscope slide and add a 
drop of iodine solution to it. Examine it using a hand lens. 

Record your observations. 

[2]
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6 Suggest and explain a possible effect of boiling on the structure of starch grains which 
would explain the results obtained in step 5.

[2]

Read the following instructions carefully and prepare a table in 12 to record your observations 
before starting the investigation. 

7 Label 4 clean and dry vials, A, B, C and D.

8 To each vial, add the following:
Vial A : 2 cm3 unboiled starch + 2 cm3 unboiled Solution X
Vial B : 2 cm3 unboiled starch + 2 cm3 boiled X
Vial C : 2 cm3 boiled starch + 2 cm3 unboiled Solution X
Vial D : 2 cm3 boiled starch + 2 cm3 boiled X

9 Swirl gently to mix the contents in all the vials and leave them on the benchtop for 10 
minutes.

10 After 10 minutes, swirl gently to mix the contents in all the vials. 

11 Place 2 drops of mixture from each vial in different wells on a spotting tile. Label the side 
of the wells using the labels provided. 

KiasuExamPaper.com
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12 Add 2 drops of iodine solution to each mixture on the spotting tile. Examine it with a hand 
lens. Record your observations and conclusions in the space below.   

[5]

13 Using the reagents provided, determine the biomolecule(s) present in Solution X.

(a) Observation and conclusion from Biuret test: 

[1]

(b) Observation and conclusion from ethanol emulsion test: 

[1]
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14 Based on the results obtained in steps 12 and 13, suggest the identity of Solution X and 
its effect on unboiled and boiled starch. 

[3]

15 One way to increase the confidence in the conclusions of this investigation would be to 
repeat the experiment several times. 

Describe two other modifications to the method that would increase the confidence in the 
conclusions, and explain how these modifications would achieve this. 

[4]

[Total: 20] 
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2 Climate change has implications on the physiological processes of plants and animals, 
including their coping and survival strategies.  

During this question you will require access to a microscope and slide E.

Slide E shows stained sections of leaves from different plants, including Plant X which is 
found in arid habitats. You are not expected to have seen this specimen before. 

Proceed as follows: 

1 Fig. 2.1 shows the outline of the leaf of Plant X. Position the slide so that the section is 
seen as shown in Fig. 2.1. Examine the epidermis on the upper side of the leaf (side A)
under high-power objective lens.  

Fig. 2.1 

(a) In the space below, make a large, detailed drawing of one typical epidermal cell on 
side A and two cells attached to it which lie immediately internal to it. Labels are not
required. Calculate the magnification of your drawing.  

[4]

Side A

Side B
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(b) Carefully examine the epidermis on side B of the leaf for a unique structure that is not 
present on side A.

Relate the role of this structure to the plant’s adaptation to the environment.   

[1]

The increase in ambient temperature can increase the rate of loss of water in plants. In order 
to investigate the effect of water loss in various types of plants, an experimental set-up shown 
in Fig. 2.2 was used to measure the loss in mass of a leaf. 

Fig. 2.2 

Table 2.1 shows the results of this preliminary investigation. 

Table 2.1 
Sample Loss in mass/ g per day 

Upper side covered with wax Lower side covered with wax 
Species P Species Q Species P Species Q 

1 1.75 1.32 0.75 0.85
2 1.45 1.07 0.85 0.63
3 1.55 1.18 0.75 0.79
4 1.54 1.50 0.95 0.88
5 1.66 1.07 0.75 0.72

Total/ g 7.95 6.14 4.05 3.87 
Average loss 

in mass/ g 1.59 1.23 0.81 0.77 

Standard
deviation 0.12 0.18 0.09 0.10 
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(c) With reference to the information given and Table 2.1, identify whether Plant X is 
Species P or Q. Explain your answer. 

[3]
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(d) To support your answer in (c), perform a statistical test to determine if the average loss 
in mass is significantly different between plant species P and Q. Show your working 
clearly.

The formulae and probability tables for two statistical tests are given below: 

2 – Distribution Table

t- table 
Degrees of freedom Probability 

One-tailed t-test 0.100 0.050 0.025 0.010 0.005 
Two-tailed t-test 0.200 0.100 0.050 0.020 0.010 

1 3.078 6.314 12.706 31.821 63.657 
2 1.886 2.920 4.303 6.965 9.925 
3 1.638 2.353 3.182 4.541 5.841 
4 1.533 2.132 2.776 3.747 4.604 
5 1.476 2.015 2.571 3.365 4.032 
6 1.440 1.943 2.447 3.143 3.707 
7 1.415 1.895 2.365 2.998 3.499 
8 1.397 1.860 2.306 2.896 3.355 
9 1.383 1.833 2.262 2.821 3.250 

10 1.372 1.812 2.228 2.764 3.169 
11 1.363 1.796 2.201 2.718 3.106 
12 1.356 1.782 2.179 2.681 3.055 
13 1.350 1.771 2.160 2.650 3.012 
14 1.345 1.761 2.145 2.624 2.977 
15 1.341 1.753 2.131 2.602 2.947 
16 1.337 1.746 2.120 2.583 2.921 
17 1.333 1.740 2.110 2.567 2.898 
18 1.330 1.734 2.101 2.552 2.878 
19 1.328 1.729 2.093 2.539 2.861 
20 1.325 1.725 2.086 2.528 2.845 

Degrees of freedom Probability, p 
0.10 0.05 0.02 0.01 0.001 

1 2.71 3.84 5.41 6.64 10.83 
2 4.61 5.99 7.82 9.21 13.82 
3 6.25 7.82 9.84 11.35 16.27 
4 7.78 9.49 11.67 13.28 18.47 

t – Test formula:

2 – Test formula:
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[5]
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Another experiment (Fig. 2.3) was conducted to investigate the effect of temperature on the 
rate of water loss in different species of plants. Table 2.2 shows the results of this experiment 
for plants from Species P and Species Q.

Fig. 2.3 

Table 2.2 

Temperature/ °C 
Distance moved by water/ mm 

Species P Species Q 
Trial 1 Trial 2 Trial 3 Trial 1 Trial 2 Trial 3 

22 14 15 16 13 11 12 
24 28 28 29 16 15 16 
26 38 41 42 22 22 21 
28 50 52 62 25 24 22 
30 63 64 62 29 29 31 

(e) Process the data in Table 2.2 and present it clearly in the space below.   

[3]

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



12

Temasek Junior College 2017 9744/04/PRELIM/17 

(f) Use the grid below to display your results from (e).

[5]

[Total: 21] 
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3 Insects are among groups of organisms that are most affected by climate change because 
climatic factors has a direct influence on their development, survival, and reproduction. 
Moreover, insects have short generation time and high reproductive rate, as such they can 
respond quicker to climate change.

Mealworm larvae are cold-blooded organisms, thus changes in the environment can affect 
their rate of movement or activity. The larvae are found naturally inside logs and 
underneath the bark of dead trees so as to hide from their predators. Thus, they will quickly 
move away in response to light. Heat can also cause them to become stressed and delay 
their development into adults, or even die.   

A student suggested that temperature and light intensity affect the mealworm’s survival.  

Modify the set up below to compare the effects of temperature and light intensity (high and 
low) on the rate of respiration in the mealworm larvae. 

You must use the following apparatus: 
 mealworm larvae 
 limewater 
 bench lamp with 30W and 90W bulb 

You may select from the following apparatus and use appropriate additional apparatus: 
 normal laboratory glassware, e.g. test-tubes, boiling tubes, beakers, measuring 

cylinders, 
graduated pipettes, glass rods, etc. 

 syringes 
 timer, e.g. stopwatch 

Your plan should: 
 have a clear and helpful structure such that the method you use is able to be repeated 

by anyone reading it
 be illustrated by relevant diagrams, if necessary, to show, for example, the 

arrangement of the apparatus used
 identify the independent and dependent variables
 describe the method with the scientific reasoning used to decide the method so that 

the results are as accurate and repeatable as possible
 include layout of results tables and graphs with clear headings and labels
 use the correct technical and scientific terms
 include reference to safety measures to minimise any risks associated with the 

proposed experiment. 
[Total: 14] 

delivery tube

limewater

bubbles of gaswater bath

boiling tube with 
mealworm larvae
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Paper 2 (Part I) 
Answer all the questions in this section. 

 
1 Fig. 1.1 shows an electron micrograph of a plant cell.  

 

 
Fig. 1.1 

 
(a) Identify organelles B and C. 

 Organelle B: Chloroplast 
 

[1]

Organelle C: Mitochondrion 
 

[1]
 

 
 
 
(b) Extracts from the homogenised plant cells in Fig. 1.1 were added to a sucrose density 

gradient and centrifuged at high speed to separate the various organelles.  
 

 (i) Label the bands where organelles A, B and C can be found after centrifugation.  
 

[3]
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

C

B

A

C 

B 

A 

0.5 M 

2.0 M 
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 (ii) Explain your answer in (b)(i). [2] 

 
 1. Density gradient  

2. Organelles will separate according to their densities.  
3. Nucleus  - heaviest 

Chloroplast - medium size 
Mitochondria – smallest size 

 
 
In a separate experiment, protoplasts (plant cells with cell wall removed) were first treated 
with three different reagents – ethanol, distilled water and buffer solution, for two hours. The 
treated cells were then subjected to the density gradient centrifugation.  
 
Fig. 1.2 shows the thickness of the lowest band for each type of treated cell after density 
gradient centrifugation. 
 

 
Fig. 1.2 

 
(c) Explain the effects of the different reagents on the thickness of the lowest band. [3] 

 
0mm Ethanol – organic solvent – dissolves phospholipid bilayers thus no 
intact organelles (nucleus) can be obtained.  
 
0mm Distilled water - Net movement of water molecules into nucleus,  
It has double membrane, therefore remained intact. 
 
20mm Buffer solution –no net movement of water molecules, thus intact 
nucleus 

 [Total: 10] 
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2 The membrane composition of bacterial species varies according to the environmental 
conditions to which the cells are exposed to, thus allowing them to thrive in a wide range of 
environment. Bacterial membranes consist of a large diversity of amphiphilic lipids, including 
sphingolipids (general structure is shown in Fig. 2.1). 
 

 
Fig. 2.1 

 
(a)  Define the term amphiphilic. [1] 

 

 
Having both hydrophilic and hydrophobic parts 

 
(b)  (i) State two differences between the structure of sphingolipids and phospholipids. 

[2]  

 
 Sphingolipids Phospholipids 

1. One fatty acid chain Two fatty acid chains 
2. Presence of complex 

alcohol – sphingosine  
Presence of 3 carbon alcohol - 
glycerol 

3. R group/ sugar attached 
to one end of 
sphingosine  

Phosphate group attached to 
one end of glycerol 

 

 
 

(ii) Draw a labelled diagram of the molecular structure of a phospholipid. [3] 

 
 

 
- Labels: phosphate group; fatty acid tails; glycerol; ester bond; 

hydrophilic; hydrophobic 

sphingosine 

fatty acid 
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 (iii) Explain how the structure of phospholipid makes it a suitable component of cell 
membranes. [2] 

 
 1. Phospholipid molecules assemble into a bilayer.  

2. The hydrophilic phosphate heads faces outwards and make contact with 
the aqueous environment on either side.  

3. The hydrophobic tails face inwards and are sandwiched / buried between 
the hydrophilic heads. 

4. Therefore, the hydrophobic region of the bilayer forms a boundary 
between the aqueous interior and exterior of the cell 

 
Fig. 2.2 shows another component found in animal cell membranes. 
 

 
Fig. 2.2 

 
(c) Explain how the molecule shown in Fig. 2.2 performs its function in cell membranes. [2] 

 1. At higher temperatures cholesterol reduce membrane fluidity. 
2. At lower temperatures cholesterol helps prevent membranes from freezing by 

disrupting the close packing of phospholipids. 

 
 

     [Total: 10] 
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3 Fig. 3.1 shows a photomicrograph (Magnification x 5000) of two human cells, A and B, at different 
stages of the mitotic cell cycle.  
 

  
Fig. 3.1 

 
(a)  (i) Name the stage of mitosis that is occurring in cell A. [1] 

 
 Prophase (@early prophase) 

 
 

 (ii) Describe the events that are occurring in cell A. [3] 

 
 1. Chromosomes become visible due to condensation,  

2. Centrosome duplicates and migrate to opposite poles of the cell.  
3. The nucleolus disintegrates and nuclear envelope disintegrates.  

4. Spindle fibres extend from each pole towards the equator of the cell. 

 
(b)  Determine the actual length between lines P and Q in cell B.  [2] 

 
 

Magnification = Image size / Actual size 
 
Allowance of ±1mm difference in measurement. 
1 m for correct measurement AND working 
1 m for correct answer WITH correct units. 

 
 

 

Prostate cancer is one of the common cancers in males. It has been found that loss-of-function 
mutations to the DNA mismatch repair genes, such as MSH2, is associated with advanced 
prostate cancer. MSH2 is a protein that dimerizes with another protein, MSH6, to form the DNA 
repair enzyme complex. MSH2 has three domains – protein-binding domain, DNA-binding 
domain and ATPase domain (a region that removes phosphate group from ATP). 
 
(c)  Explain how loss-of-function mutations in MSH2 can lead to cancer development in the 

prostate. [3] 

 
1. need to occur to both alleles of the MSH2 gene.  
2. The MSH2 gene can be inactivated by: 

a) A small chromosomal mutation or point mutation. 
b) Its promoter region may become methylated. 

e ooof fff ththhhheee eee coommmmmmmmmmmmonononnnn cccccanaaaaa cececeeeersrsrsrsrsrs in mammmmm leeeeeess.ssss IIIItttt hhahah s bebeeen fo
A mmmmisisissssmamamamatctchhhhhh repaaaaaairiririririrr gggggggeneneneneee es, sususususus ch as MSMSH2H2, isis aas
2 isisiss aaa pppppprororororootetetetetet innnnn tttttthahahahah t ttt dididididid memememememe iriiririzezezezezezes s s s s wiwwww th aanonoththerer pprrotein, 
ex. MSH2 has three dod mains – prototeiein-bindin
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3. The mutations can lead to the inability of the MSH2 protein to:  
a) dimerize with MSH6 
b) bind to the DNA / recognize incorrect/ damaged DNA sequences 
c) hydrolyse ATP 

 
Hormone therapy is typically used to treat prostate cancer but this treatment is only effective for 
a few years, after which resistance to the hormone will develop. 
 
A study was carried out to determine the effectiveness of a chemotherapy drug, melphalan, in 
treating men with hormone-resistant prostate cancer. The side effect of melphalan is that 
formation of blood cells will be inhibited.  
 
(d) Suggest how the patient’s own bone marrow can be used to counter the side effect of 

melphalan. [3]  

 
 
1. Collect and store hematopoietic stem cells from the patient’s bone marrow  
2. Transfer/transplant the stem cells back into the patient  
3. The stem cells will proliferate and differentiate to the various types of blood 

cells in the body. 

[Total: 12] 
 

4 (a)  Explain why mRNA is formed as a continuous strand during transcription while one of 
the DNA strands is formed discontinuously during replication. [3] 
 

 
1. DNA and RNA polymerases synthesize the new strands in the 5’ 3’ 

direction. 
2. template for DNA replication is double-stranded and anti-parallel, while 

template for mRNA synthesis is single-stranded. 
3. the direction of unwinding of the DNA template occurs opposite to the 

direction of synthesis for the lagging strand. 

Several types of rRNA and tRNA are transcribed as a single strand precursor RNA. Each rRNA 
(16S, 23S, 5S) and tRNA molecule is cleaved following transcription in a process known as 
RNA trimming (Fig. 4.1) to form mature rRNA and tRNA molecules.  

 
Fig. 4.1 

(b)  State where rRNA genes are found. [1] 

 
Nucleolus/ Mitochondria/ Chloroplasts 

 
 

    : RNaseP breakpoints 
16S

23S

5S 

tRNA

5’ 3’ 

tRNA

23232323232323SSSSSSS

tRtRtRRRRRNANANANAANANA

5’ 3’
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(c)  Compare between the processes of RNA trimming and post-transcriptional modification 
for mRNA. [3] 

 
1. (Difference) Trimming – rRNA and tRNA are formed from a pre-RNA strand, 

whereas post-transcriptional modification for mRNA – only mature mRNA 
formed from pre-mRNA. 

2. (Difference) RNaseP is involved in trimming, whereas splicing involves 
spliceosome. 

3. (Similarity) both processes involve the removal of segments (e.g. intron for 
pre-mRNA) that are not required. 

 
(d) Relate how the single-stranded structure of rRNA and tRNA facilitates their roles. [4] 

 
1. Single stranded structure –allow bases to fold back upon themselves, held in 

shape by hydrogen bonds between complementary base pairs  
 
2. rRNA - formation of the small ribosomal subunit, and the large ribosomal 

subunit. 
 
3. tRNA – formation of a structure that can fit into the E, P, A sites found on the 

large ribosomal subunit. 

4. Allows complementary base pairing of its anticodon with the codon of mRNA 
during translation to ensure that the correct sequencing of amino acids on the 
polypeptide chain. 

 
Total: 11] 
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Paper 2 (Part II) 

5 Operons in bacteria allow them to regulate their gene expression in response to changes in the 
environmental conditions. 
 
In order to investigate the function of the regulatory and structural genes of lac operon, loss-of-
function mutation was induced in the sequences of various genes. The different effects of the 
mutation on the expression of lac genes are shown in Table 5.1.  
 

Table 5.1 
Region of DNA 

sequence in 
which gene 

mutation occurs 

Allolactose absent Allolactose present 
-galactosidase transacetylase -galactosidase transacetylase 

A + + + + 
B – – – – 
C – – – + 
D – – + – 

(+) indicates the synthesis of functional enzyme 
(–) indicates no synthesis of functional enzyme 

 
 
(a)  (i) Identify regions A and D. [2] 

 
 A: lacI/ lacI promoter/ operator 

D: lacA
 

 (ii) Outline the effect of the mutation of region A on the expression of lac genes. [2] 

 
 1. The lac repressor is not synthesized/ non-functional,  

2. therefore it is unable to bind to the operator. 
OR 

1. Operator is mutated 
2. lac repressor cannot bind to the operator. 

 
3. Thus, regardless if the inducer allolactose is present or absent, 
4. RNA polymerase is able to bind to the promoter to transcribe the genes of 

the lac operon. 
 
 
Mammals respond to changes in the environmental conditions using different mechanisms. For 
instance, blood glucose concentration can be regulated by hormones such as insulin and 
glucagon. 
 
Fig. 5.1 shows the modification of preproinsulin to form insulin in organelles X and Y.  
 

difffficcccccatatatataattioioioioioi n ooof ppppppprerererererereprppppp oooiooo nnsnnnn ululululululinnn to foffoormrmrmrmmmmmm iiiinsnsnsnsululululuuuu ininin iiin n n ororororo gagagagaane
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Fig. 5.1 

 
(b) With reference to Fig. 5.1, outline what happens in organelles X and Y. [2] 

 
X: Rough endoplasmic reticulum 
1. The signal peptide of preproinsulin is cleaved in the rough endoplasmic 

reticulum to form proinsulin. 
 

2. Two disulfide bonds were formed between the A and B chains. 
 

Y: Golgi apparatus 
3. The C-chain is cleaved/ hydrolyzed by (proteolytic) enzymes to form a 

functional insulin. 

 
 
Fig. 5.2 shows the effect of glucose on a pancreatic cell. 

 
Fig. 5.2 

GLUT2 

Glucose 

Glucose 

ATP 

ATP-K+ channel Ca2+ channel 

Depolarisation of membranes

Ca2+ 

Insulin 

Organelle X 

Organelle Y 

fect of glucose on a papppp ncreatic cell. 

GLGGLGLG UTUTUTTUT222222

oseee

oseee
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(c) With reference to Fig. 5.2, outline how the pancreatic cell responds to elevated blood 

glucose levels. [3] 
 

 
1. Glucose enters the -cells via facilitated diffusion through GLUT2. 

 
2. Glucose is broken down into ATP. 

 
3. The binding of ATP to ATP (sensitive)-K+ channel closes the ATP-K+ channel, 

causing the depolarization of the plasma membrane.  
 

4. This triggers the opening of  Ca2+ channels, thus resulting in the influx of Ca2+ 
into the cell. 
 

5. triggers the fusion of insulin-containing secretory vesicles with the plasma 
membrane  

6. to release insulin into the bloodstream.  
 

 
Mammalian hormones can be synthesized artificially using bacterial cells. 
 
(d) Suggest one problem associated with expressing mammalian genes in bacterial cells. 

[1] 
 
ANY ONE: 
1. Introns are present as bacterial cells cannot carry out RNA splicing.  
2. Eukaryotic promoter sequences / control elements may not be recognized by 

the bacteria, gene not expressed. 
 

  
(e) Compare the advantages of a mammalian response to changes in blood glucose 

concentration with that of a bacterial response to changes in supply of lactose. [2]  

 
Similarities 
1. Both allow the organism to utilise the increase in the supply of 

carbohydrates (glucose/ lactose). 
 

Differences 
 Mammalian response Bacterial response 
1. Rate of 

response 
Respond faster  Respond slower  

2. Synthesis of 
proteins 

Hormones are synthesized 
and stored. 
 

Enzymes are synthesized 
when required 

3. Regulation of 
carbohydrate 
supply 

Able to regulate glucose 
supply  

Unable to regulate glucose 
supply  

[Total: 12]
 

6 Harebell flowers can be found in various habitats in Scotland and Finland. 
 

The colour of harebell depends on the anthocyanin pathway in which colourless intermediates 
are converted to a blue pigment. Two genes coding for two different enzymes, A and B, are 
crucial in this biochemical pathway. Each gene has two alleles, with the dominant alleles coding 
for functional enzymes while the recessive alleles coding for non-functional enzymes. 
 

tion of 
ydrate 

Able to regulate gggggggggggluluuululululululuull cocococococococc sesesesesesesessssesese 
supply  

UnUnUnable

s and stored. whenee  re

sususupppppply 
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 Enzyme A  Enzyme B  
Precursor molecule  Colourless intermediate  Blue pigment 

 
Two different white-petal homozygous lines of harebells were crossed and all the F1 plants had 
blue flowers. 
 
(a)  Using symbols A and B, draw a genetic diagram to explain the cross above and the result 

of selfing F1. 

 
Key: 
A represents the allele for the expression of petal colour 
a represents the allele for preventing the expression of petal colour 
B represents the allele for blue petals 
b represents the allele for white petals 
 

Parental phenotype:           White    x White 
Parental genotypes :       AAbb                      x         aaBB 
 
Gametes:                        
 
F1 genotype :                                      AaBb 
F1 phenotype :                                     All blue flowers 
 
Crossing F1 :                 AaBb                      x                AaBb 
 
Gametes :          

Punnett square 
    

AABB 
Blue flower 

 

AABb 
Blue flower 

 

AaBB 
Blue flower 

 

AaBb 
Blue flower 

 
 AABb 

Blue flower 
 

AAbb 
White flower 

 

AaBb 
Blue flower 

 

Aabb 
White flower 

 
 AaBB 

Blue flower 
 

AaBb  
Blue flower 

 

aaBB 
White flower 

 

aaBb 
White flower 

 
 AaBb 

Blue flower 
 

Aabb 
White flower 

 

aaBb 
White flower 

 

aabb 
White flower 

 

F2 phenotypes   :     Blue flowers    :  White flowers
F2 phenotypic ratio:          9     :   7 

[6]

 
 

The experimental results for the F1 cross is shown in Table 6.1.  

Table 6.1 
 Blue flowers White flowers 

Observed numbers 12 9 

AB Ab aB ab AB Ab aB ab 

Ab aB 

AB Ab aB ab 

AB 

Ab 

aB 

ab 
AaBb 

ue ffflooowewewerr 
Aabb 

WhWW itititeee flflflowowower 
aaBb 

Whiteeeeeee flflflflflowowwowowwowowerererererererer W

 :::     BlBlBlueueue ffflololowewewersrsrs   : 
ratititio:o:          999     : 
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A statistical test was carried out and a calculated value of 2.17 was obtained. 

2 – Distribution Table

 
t-table  

Degrees of freedom Probability, p 
One-tailed t-test 0.1 0.05 0.025 0.01 0.005 
Two-tailed t-test 0.2 0.10 0.050 0.02 0.010 

1 3.078 6.314 12.706 31.821 63.657 
2 1.886 2.920 4.303 6.965 9.925 
3 1.638 2.353 3.182 4.541 5.841 
4 1.533 2.132 2.776 3.747 4.604 
5 1.476 2.015 2.571 3.365 4.032 
6 1.440 1.943 2.447 3.143 3.707 
7 1.415 1.895 2.365 2.998 3.499 
8 1.397 1.860 2.306 2.896 3.355 
9 1.383 1.833 2.262 2.821 3.250 

10 1.372 1.812 2.228 2.764 3.169 
11 1.363 1.796 2.201 2.718 3.106 
12 1.356 1.782 2.179 2.681 3.055 
13 1.350 1.771 2.160 2.650 3.012 
14 1.345 1.761 2.145 2.624 2.977 
15 1.341 1.753 2.131 2.602 2.947 
16 1.337 1.746 2.120 2.583 2.921 
17 1.333 1.740 2.110 2.567 2.898 
18 1.330 1.734 2.101 2.552 2.878 
19 1.328 1.729 2.093 2.539 2.861 
20 1.325 1.725 2.086 2.528 2.845 
21 1.323 1.721 2.08 2.518 2.831 

(b) State a suitable conclusion for the experiment. [3] 

 1. For 1 degree of freedom, the calculated 2 value of 2.17 is less than 3.84,  
2. p-value > 0.05. 
3. Difference between the expected and observed numbers is statistically 

insignificant, and due to chance.  
4. Experimental results followed the expected 9:7 ratio. 

 
(c) Explain the genetic basis for the observed results. [3] 

Degrees of freedom Probability, p 
0.10 0.05 0.02 0.01 0.001 

1 2.71 3.84 5.41 6.64 10.83 
2 4.61 5.99 7.82 9.21 13.82 
3 6.25 7.82 9.84 11.35 16.27 
4 7.78 9.49 11.67 13.28 18.47 

1.323 1.721 2.08 

connnnnnclclclclusususususussioioiooioonnnnnnn foofooofoor rrr r r r thththtthththe eee e exexexexexexexpepepepepep ririrriririimemememememementnntntnnt..... [3]

e of freedom, the calculated 2 value fof 2.17 is l
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 1. Complementary gene action 
2. genotypes aaBB, aaBb or aabb have white petals. 
3. Gene product of allele a masks phenotypic expression of the gene B.  
4. Plants with the dominant allele A and two recessive 

alleles b will have white petal colour. 
5. the recessive allele b code for white petals. 
6. Plants with dominant allele A and dominant allele B will have blue petal colour.  

 
[Total: 12] 

7 Glucose and fructose are two common fruit sugars used in winemaking. Another sugar used in 
the fermentation industry is sucrose. The effects of the three sugars on fermentation by yeast 
were investigated and the results are shown in Fig. 7.1 and Fig. 7.2. 

 

 
Fig. 7.1 

 

 
Fig. 7.2 

 
(a) Describe how ethanol is formed by yeast. [2] 

 
1. Pyruvate is first decarboxylated to ethanal. The enzyme is pyruvate 

decarboxylase. 
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2. Ethanal is then reduced by NADH to form ethanol. NAD+ is 

regenerated. The enzyme involved is alcohol dehydrogenase. 

 
(b)  With reference to Fig. 7.1 and Fig. 7.2, explain the order in which the sugars were 

utilized by yeast for fermentation. [4] 

 1. Glucose, then sucrose, followed by fructose. 
2. Concentration of glucose decreased at a faster rate than 

concentration of fructose – at day 2, concentration of glucose 
dropped from 110 g/L to 50 g/L, as compared to concentration of 
fructose which dropped from 115 g/L to 90 g/L 

3. CO2 produced was also higher at 11 mL for glucose than for fructose 
(3 mL) and sucrose (6 mL) 

4. These show that more glucose was used for fermentation, resulting 
in a higher level of CO2 produced during the conversion of pyruvate 
to ethanal 

 
Fig. 7.3 shows a respirometer. 

Fig. 7.3 

1ml syringe 

Plastic cage 
containing seeds 

Filter paper rolled to 
form a wick 

Capillary U-tube 
containing coloured oil

Potassium 
hydroxide solution 

Potassium hydroxide 
solution plus water to 
equal the volume of 
the seeds in the other 
tube

contai

FFilte
form
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(c) Briefly explain how you can determine the rate of respiration using the set-up shown in 
Fig. 7.3. [2] 

 1. Potassium hydroxide absorbs CO2 produced  
2. O2 will be absorbed by the seeds 
3. Thus, the level of the coloured oil will move up towards tube B 
4.  

(d) Suggest how the compensation point of a plant will be affected when it undergoes 
anaerobic respiration. 

 
1. Compensation point is the amount of light intensity when rate of 

respiration corresponds with rate of respiration. 
2. During anaerobic respiration, less CO2 is produced as compared to 

aerobic respiration. 
3. Compensation point will likely decrease 

 
 

[Total: 11] 
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8 Human Immunodeficiency Virus (HIV) emerged as a mysterious new disease in the early 
1980s.  

 
Fig. 8.1 shows the structure of HIV. 

 
Fig. 8.1 

 
(a) Identify and describe the function of structures A and B. [3] 

 
1. Structure A (gp120) binds to the CD4+ receptor of T cells 
2. Structure B (gp41) facilitates the fusion of viral envelope and plasma 

membrane of the CD4+ T cells 
 
In July 1990, a young woman in Florida, who had no known risk factors for HIV infection and 
no known contact with other HIV-positive persons, was tested HIV positive after undergoing an 
invasive dental procedure performed by a dentist who had Acquired Immunodeficiency 
Syndrome (AIDS).  
 
The U.S. Centre for Disease Control and Prevention (CDC) carried out an epidemiological 
investigation using DNA isolated from white blood cells of the dentist and patients A to D. The 
DNA was sequenced and compared with the strain isolated from the dentist. 
 
Fig. 8.2 shows the multiple sequence alignment before a phylogenetic analysis could be carried 
out. 
 
Strain from Sequence 

Dentist - - - - C - T A - T T G - C T G G C G C
Patient A - - G - C - C A - T A G - C T A G C G C
Patient B - - G - C A C C - T - G - C T A G C G C
Patient C - - G - C - T - - T G G G C T G G C G C
Patient D C A G A C - T A C T - G - C T A G - G - 

 
Fig. 8.2 

 
(b)  Complete the figure below to show how closely related the different strains of HIV are. 

A B 

- GGG - C CC  - CCC A -AAA T A G -G - C
- GGG - C C C CCC AAA CCC CCC - TTTTTT -- G -G - C
- GGGG - CC C --- T TTTTTT - - T GGG GG GGG C
A GGG A AA CCC CC --- TTTT T AAAAAA CCC T --- G -G  C
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[2]
 
In order to determine the origins of HIV, researchers conducted a similar phylogenetic analysis. 
Molecular epidemiology data showed that Simian Immunodeficiency Virus (SIV), which infects 
36 species of primates found in sub-Saharan Africa, crossed over to infect human population 
known to eat wild animals. There are two types of HIV: HIV-1 and HIV-2.  
 
Fig. 8.3 shows the phylogenetic tree of HIV / SIV. 
 

 
Fig. 8.3 

 
(c)  (i) Describe how HIV-1 and HIV-2 are evolutionarily related. [1] 

 
 1. They share/ arise from the common ancestor of SIV. 

2. They arise independently/ are in different clades 
 
 (ii) Identify the closest viral strains and their primate hosts of HIV-1 and HIV-2. [2] 

Strain from dentist 

Strain from Patient B 

Strain from Patient C 

Strain from Patient A 

Strain from Patient D 

Pan troglodytes troglodytes

Homo sapiens 

Homo sapiens 
Homo sapiens 

Homo sapiens 
Homo sapiens 

Pan troglodytes troglodytes

Chlorocebus tantalus 
Chlorocebus aethiops 
Chlorocebus pygerythrus 
Cercopithecus albogularis 

Colobus guereza 
Cercopithecus solatus 

Mandrillus sphinx 
Cercocebus atys 

Cercopithecus lhoesti 

CoCoColo

CeCeCerc

CeCeCerc
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 1. HIV-1 arises from SIVcpz from Pan troglodytes troglodytes 

[Chimpanzees] 
2. HIV-2 arises from SIVsm from Cercocebus atys [Sooty mangabey] 

 
SIV may have been around for more than a million years in these primates, but they do not 
cause disease in the primates. However, when SIV infected humans, it evolved to form HIV 
which causes AIDS in humans. 
 
(d)  (i) Explain how HIV arose from SIV, allowing it to cause disease in humans. [3] 

 
 1. Genetic variation arises due to spontaneous random mutation. 

 
2. High mutation rate 
3. as a result of lack of proofreading ability of the reverse transcriptase  

 
4. Viruses with glycoproteins that are more complementary to the CD4 

receptors of T helper cells  
5. are more infectious 
6. and they are more able to infect other hosts.   

 
 (ii) Suggest the selective advantage for not causing death in the primate host [1].  

 
 1. Those viruses are able to replicate within the host and infect other hosts.

 
 

[Total: 12] 

9  Tetanus is an infection caused by a Gram-positive bacterium, Clostridium tetani. The bacteria 
can exist in the dormant state as endospores. The endospores can be found everywhere in 
the environment, including soil, dust, and manure. They can enter the body through broken 
skin, usually through injuries from contaminated objects, and resume their active state.

 
(a) (i) Describe the structure of the cell wall in C. tetani. [2] 

 
 1. thick peptidoglycan cell wall,  

2. a polymer of modified sugars (N-acetylglucosamine [NAG] and N-
acetylmuramic acid [NAM]) cross-linked by short peptides.  

 
 (ii) Suggest the advantage of forming of endospores. [1] 

 
  Start to grow again when environment is suitable 

(b) Outline how the innate immune system responds to infection by C. tetani. [3] 

 
1. Complement activation – formation of pores (MAC), enhanced phagocytic 

activity of macrophage
2. Cytokine and chemokine secretion for recruitment of macrophages, 

neutrophils
3. Inflammation – dilation of blood vessels 

 
When C. tetani invades the body, a toxin is released into bloodstream. The toxin causes 
painful muscular contractions. It can also cause breathing problems, severe muscle spasms, 
seizures, and paralysis.  
 
Tetanus vaccine was developed as a prophylactic measure against C. tetani toxins. The 
vaccine is produced by subjecting the bacterial toxins to chemical treatment to inactivate the 
toxins.  
 
(c) Explain how tetanus vaccine can prevent the clinical symptoms. [4] 

of macrophage
e and chemokine secretionn ffororr rrrecececrururuittmemm
hils

 ation – dilation of blood vesselsllsssss 

vadadadddessessss ttttttheheheheheehe bbbbbbodododdyyy,y  a tttttttoxoxooxoxoxoxinnnnnnn iiiissssss rerrereleasssedededee  intntntnttooooo bbbloodst
ontractions It can also cause breathing problems
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 1. Tetanus vaccine contains inactivated toxin that act as antigens. 
2. The inactivated toxin is taken up by an antigen-presenting cell (APC) through 

phagocytosis.   
3. The APC travels to a secondary lymphoid organ that contain mature naive T 

and B cells.  
4. The antigens are processed by the APC and presented on the cell membrane 

of the APC by MHC class II glycoproteins.  
5. Antigens on MHC class II are recognized by TCR on helper T cells.  
6. These T lymphocytes become activated and proliferate.  
7. Helper T cells interact and activate B cells,  
8. which proliferate and differentiate to plasma cells to produce antibodies 

specific to the toxin.  
9. Memory B and T cells are formed,  
10. give long-term immunity against tetanus.  

 
 

[Total: 10] 
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Section A 
Answer all the questions in this section. 

 
1 Fig. 1.1 shows an example of how PCR and gel electrophoresis can be used to identify the allele 

that codes for the blood type antigen that is present in an individual. 
 

 
 

Fig. 1.1 
 
(a)  State if individual C can donate blood to individual A. Explain your answer. [2]

1. Individual C cannot donate blood to individual A.  
2. Individual A has anti-B antibodies that will bind to the antigen B on the surface 

of the RBC of Individual C while Individual C has anti-A antibodies that will bind 
to the antigen A on the surface of the red blood cell of Individual  

3. and cause agglutination/ haemolysis. 
 
 
(b)  State one limitation of using PCR in determining the genotype of the individual. [1]

ANY ONE: 
1. The DNA sequence must be known in order to design primers for successful 

amplification.  
 

2. If the sample is contaminated, amplification of unwanted DNA may also take 
place. 

 
 
(c)  Explain why Southern blotting can be used to confirm the presence of the allele 

coding for blood type A antigen. [2]
1. The probes are radioactively labelled   
2. and only hybridize via complementary base pairing with 
3. the the allele that codes for blood type A antigen 
4. The probe can then be detected as a darkened band using autoradiography. 

 
 
Malaria is a vector-borne disease caused by Plasmodium spp.  

Plasmodium gametocytes can differentiate into female and male gametes. To correctly identify 
male and female Plasmodium gametes, real-time polymerase chain reaction (PCR) was used. 
60ng of DNA samples from different types of Plasmodium gametes were first prepared in 
separate tubes. Primers for a specific gene sequence were added to each tube of DNA sample. 
Free nucleotides tagged with fluorescent dye were also added.  
 
Fig. 1.2 shows the level of fluorescence measured as PCR progressed.  

 

Individual A  
with blood group A 

Individual C Individual B 
with blood group O

hybridize via complementary base pairing with
ele that codes for blood type A antiiigeggenn 
 can then be detected as a darararararararrrrrkekekekekekekkkkkkkkeneneeeneneneneenenedd ddddddd bababandndnd uuusi
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Fig. 1.2 

 
(d)  (i) State the type of chromosome on which the gene is found on. Explain your 

answer. [2]
1. Y chromosome  

 
2. The primers only bind and amplifies the gene in the Y chromosome, resulting 

in the increase of fluorescence level 2A.U. at cycle 1 to 13A.U. at cycle 30  
 

 
 (ii) Predict and explain what will happen to the fluorescence level after 30 cycles for 

the DNA sample from the male gametes. [1]
1. It will remain constant as the primers/ nucleotides have been used up. 

 
 

 (iii) Real-time PCR can also be used to determine the initial quantity of the sample. 
 
On Fig. 1.2, sketch how the graph will look like when the mass of starting DNA 
sample is reduced to 30ng. [1]

 
1. Half of the values throughout, starting from 1 A.U. 
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(e)  Distinguish the products formed from real-time PCR with that of DNA replication. [2]
ANY ONE: 

PCR DNA replication 
Only the region flanked by 
the primers 

Entire genome 

High likelihood of having 
mutation in the sequences 

Low likelihood of having 
mutation in the sequences 

DNA primers become part 
of the newly synthesized 
strand 

RNA primers are removed 
and replaced by DNA 
nucleotides 

 
[Total: 11]
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2 Hepatitis C virus (HCV) is an enveloped, positive single-stranded RNA virus that infects 
hepatocytes (liver cells). The virus is attached to a low-density lipoprotein (LDL) upon its release 
from hepatocytes.  
 
Fig. 2.1 shows how HCV enters and leaves a hepatocyte. 
 

 
Fig. 2.1 

 
 

(a)  With reference to Fig. 2.1, state the role of LDL with respect to the viral replication cycle. 
[1] 

 
 As a ligand, to bind to the receptors on surface of hepatocytes to trigger 

receptor mediated endocytosis.  
 

 
 
(b)  Describe the functions of organelle X with respect to the replication cycle of HCV. [2] 

1. Once HCV-LDL complex is endocytosed within organelle X, the pH 
decreases and triggers the removal of the envelope  

2. Thus releasing the nucleocapsid into the cytoplasm of the hepatocyte.  

 
 
 
 
 
 
 

X 

Y 

Z 

ncttttttioioiooonsnsnssns ooooof ororororrorrggggaggg neeeeeelllllllllle ee ee e XXXXXXX wwwwwwwith hhhhhh rererererereeresssspsss ectttt tttoto ttttttttthehehehhe rrrrepepepepplilililil cacacacacatio
DL complex is endocytosed wiwiwithththinnn ooorrgr ane
nd triggers the removal of the envelope 
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(c)  One of the organelles involved in HCV replication cycle is Z. 
Suggest the identity of Z and its role in the virus replication pathway. [2] 

 
Z: Golgi apparatus. 
 To chemically modify, sort and package the viral proteins  

(d)  Explain the role of the positive single-stranded RNA as a genetic material in HCV. [2] 

1. to synthesize (-)RNA strand  synthesis of more (+)RNA strands. 
2. to synthesis viral proteins.  

The HCV core protein has been found to be oncogenic. An increase in the viral core proteins 
within hepatocytes can lead to the activation of cell proliferation signaling pathway. 
 

 
Fig. 2.2 

 
(e)  Define the term oncogenic in this context. [2] 

 It leads to constitutive activation of cell proliferation signalling pathway, 
thus leading to uncontrolled cell division. 

(f)  Out of 3 million individuals infected with HCV, less than 5% developed liver cancer. 
Account for the low percentage of HCV infected individuals developing liver cancer. [2] 

1. Half a dozen independent mutations that must be present in a single cell
Any one: 
2. The mutation or loss of several tumour suppressor genes. And mutations 

need to knock out both alleles in a cell’s genome to block tumour 
suppression.  
OR 

3. gene for telomerase is activated. 
OR 

4. Angiogenesis, metastasis 

 [Total: 11]

3 Fig. 3.1 shows the atmospheric concentrations of carbon dioxide (CO2), methane (CH4), and 
nitrous oxide (N2O) in the air that was trapped within ice cores. The changes in temperature is 
reflected as variation of deuterium ( D). The shading indicates the last interglacial warm periods.
 

Core protein of 
HCV 

Induced changes 
to hepatocytes 

Activation of cell proliferation 
signalling pathway
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thhhhheeeeee aiaaaaa r ththaaatat wasasasasasas tttttttrararararararapppppppppppped wittitititti hin ice cocococorerererer s.s.s.s. TTTTThehehe ch

of dededed utututtuttterererererereriuiuiuiuiuiuium mmmmm ((((( D)D)D)D)). ThThThThThThThee e eeee shshshshshshshadadadadadadadininininininggg indidididiicacacaccatetetetessss ththththheeee last in
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Source: IPCC Fourth Assessment Report: Climate Change 2007 

 
Fig. 3.1 

 
(a)  (i) Without quoting any numerical data, state the general relationship between the 

greenhouse gases and temperature in Antarctica. [1]
1. The concentration of greenhouse gases is proportional to the temperature in 

Antarctica,  
2. and they have similar peaks that coincide at the same time  

 
 (ii) Suggest the possible consequences of increased temperature on the physical 

environment in Antarctica. [2]
ANY TWO: 
1. Arctic sea ice cover will continue to shrink and thin 
2. Global glacier volume will decrease and  
3. Permafrost will continue to thaw 
4. Increase in sea level 
5. Decrease in land mass 

 
 
Climate change critics argue that the climatic variation as seen in Fig. 3.1 is natural.  
 
Fig. 3.2 shows how carbon dioxide concentration and temperature has changed since year 1000, 
which may be used to convince critics that the extent of climate change over the last millennium 
is beyond what was previously seen. 
 

argrgrgggueueueueuu  thaaat thhhhhheee eee ccclccc immmmmmatatatatataticicicicicic vvvvaaara iatttioonnnonnonn aaaaaaaaas ss sesesesseenen iinn FiFig.g. 3

rbooooonnnn diiiioxidididde concncnncceneeeee ttrttrtrtration aaaaand temppereratatururee hahass c
conononviviviiincncncncncnce e ee e e crcrcrrrititititticccs ss thththhthhatatatatatat tttttheheheeee eeeeeexxxxxxtetetetetet nnnnt of f clclimimatate e chchange

reviously seen.
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Fig. 3.2 
 

 (iii) Account for the trend of carbon dioxide concentration. [3]
1. relatively constant at 280ppmv from 1015 to 1800A.D.. 
2. increases steeply from 280ppmv in 1800A.D. to 375ppmv in 2000A.D.. 

 
3. more carbon dioxide is released than it is being removed 
 

due to:  
4. Industrial Revolution/ Industrialization; Fossil fuel combustion to produce 

electricity/ transport ; Deforestation/ Land use change for urban development 
or agriculture; Agriculture and food production/ Rearing husbandry/ 
Consumption of meat 

 
 

Climate change affects plants. Plants can be categorized based on the way they 
photosynthesize. Most plants are C3 plants because their first photosynthetic product is a three 
carbon compound. Examples of C3 plants include barley, oats and wheat commonly grown in 
temperate regions. On the other hand, common grass crops of tropical regions, such as maize, 
sorghum and sugarcane, are C4 plants.  
 
The rate of photosynthesis for both temperate and tropical plants were measured and shown in 
Fig. 3.3. 
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Fig. 3.3 

 
(b)  Using evidence from Fig. 3.3, suggest which type of plant is better adapted to the 

impacts of climate change. [2]
1. C4 plants 

 
2. At high carbon dioxide concentration and high temperature, the rate of 

photosynthesis for C4 plants at 39A.U. is HIGHER than that of C3 plants at 25°C. 

Fig. 3.4 shows the data collected on the distribution of C4 plants over time, whereby the local 
temperature was shown to have increased since 1940s. Three populations of the same species 
of C4 plants were tracked over time. 
 

 

Fig. 3.4 

(c)  Account for the effect of increased temperature on the distribution (altitude) of C4 
plants. [2]

1. increases from the range of 1100 to 3400m in 1940s to 2100 to 3900m presently 
2. as temperature at higher altitude is cooler thus favorable 
3. for the C4 plants’ growth 
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Fig. 3.5 shows the effects of climate change on the potential change in yield and geographical 
distribution of wheat and maize plants at sub-continental level from 2005 to 2050. 
 

Wheat plants 

Maize plants 

Fig. 3.5 

(d)  State the possible consequence of increased temperature on global wheat and maize 
supply in 2050. [1]

1. Total yield of wheat and maize increase 
2. total yield of wheat is greater than that of maize. 

Climate change also has impact on the physiology of insects, thus affecting the transmission of 
vector-borne diseases. One such vector is the mosquito.  

(e)  (i) Outline the general life cycle of a mosquito. [2]
1. The female mosquitoes lay eggs in stagnant water 
2. develop as larvae in water, 
3. develop into PUPAE in water, 
4. mature/ develop into an adult mosquito. 

Change in Total Yield of 
Wheat from 2005 to 2050 

Change in Total Yield of 
Maize from 2005 to 2050 

Fig. 3.5
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 (ii) Blood meals are a good source of protein for mosquitoes for the production of 

eggs. 
 
Explain why blood is a good source of protein. [1]

1. Blood plasma contains many proteins. 
2. Red blood cells contain haemoglobin/ plasma proteins which is 
3. required for the growth of the mosquito. 

 
 
Fig. 3.6 shows the effect of temperature on the egg-to-adult survival rates and the behaviour of 
adult mosquitoes.  
 

 
 
 

 

 
 

Fig. 3.6 
(f)  Using evidence from Fig. 3.6, discuss the rate of transmission of diseases caused by 

mosquitoes when temperature increases from 30 to 34°C. [3]
1. As temperature increases from 30°C to 34°C, the AVERAGE fecundity 

decreases from 8 to 3 eggs laid per female per day,  
2. the AVERAGE egg-to-adult survival rate decreases from probability of 0.8 to 0.5,
3. the AVERAGE lifespan of adult mosquitoes decreases from 23 to 14 days. 
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4. Thus, there will be fewer mosquitoes in the environment,  
5. thus the OVERALL possibility of transmission of mosquito diseases is likely to 

decrease,  
6. even though the AVERAGE biting rate increases from 0.31 to 0.34 per 1 

(mosquito) per day. 
 
Table 3.1 describes the two types of mosquitoes that can transmit dengue. 
 

Table 3.1 
Aedes aegypti (Yellow fever mosquito) Aedes albopictus (Asian tiger mosquito) 

Found both indoors and outdoors 
 

Found mostly outdoors (e.g. gardens)  

High preference for taking blood meals from 
humans and to lesser extent from domestic 
mammals, which makes it a very capable 
vector of dengue viruses 
 

Bites humans but also a variety of available 
domestic and wild vertebrates that do not 
carry the dengue viruses, which lowers its 
capacity to transmit them 

 
(g)  Explain why these Aedes mosquitoes are considered two species. [3]

1. They are classified based on ecological species concept as the Aedes 
mosquitoes live in different niches  

2. Aedes aegypti : both indoors and outdoors,  
3. Aedes albopictus : outdoors 

 
4. Source of food: Aedes aegypti preferentially take blood meals from humans 

whereas Aedes albopictus takes blood meals from humans and vertebrates.  
 

5. They do NOT interbreed/ mate to produce fertile, viable offspring. 
 
 
(h)  Outline how the dengue virus infects immune cells in humans and spreads in the 

body. [2]
1. The virus infects immature Langerhans cells and keratinocytes and enters the 

cell via receptor-mediated endocytosis.  
2. The new dengue virus exits via exocytosis with the help of host protease furin.
 

In October 2016, the Health Sciences Authority (HSA) approved the use of Dengvaxia, the world's 
first dengue vaccine, in Singapore. The vaccine was recommended for people aged 12 to 45. 
 
(i)  Explain why the vaccine was not effective for people aged 46 and above. [2]

1. As people age, the thymus shrinks,  
2. repertoire of naïve T cells will be lower. 
3. Activation of T cells and B cells by the vaccine will be lower,  
4. Unable to form memory T and B cells 

Wolbachia is a diverse group of naturally occurring intracellular bacteria that infect and live in 
invertebrate cells and manipulate the biology of their hosts. Although they are found in more than 
60 per cent of insect species, they are not found in the main vector of dengue Aedes aegypti in 
Singapore. 
 
In order to suppress the mosquito population, researchers in Singapore conducted a field study 
that released fertile Wolbachia-carrying male mosquitoes into the urban built environment. This 
could greatly reduce the numbers of mosquitoes as the resulting zygote do not hatch. 
 
Fig. 3.7 shows one possible effect of Wolbachia infection on the first zygotic mitosis. 
 

of naïve T cells will be lower. 
of T cells and B cells by the vaccinnnee wiwiillllll bbbe e e lo
form memory T and B cells 
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Fig. 3.7 
(j)  (i) Explain why Wolbachia infection will be successful in reducing the number of 

mosquitoes over time. [2]
1. The paternal chromosomes of the zygote  
2. do not condense during prophase, 
3. and thus they cannot separate during anaphase. 

 
4. results in non-disjunction, mitosis is arrested / cannot form daughter cells.  

 
 
Fig. 3.9 shows the food web in which mosquitoes are found in. 

 

 
Fig. 3.9 

 
 (ii) Explain which organism(s) found in this ecological niche will be greatly impacted 

by the release of Wolbachia-infected mosquitoes. [2]
1. Population of dragonflies decrease, as they only feeds on mosquitoes.  
2. Population of yellow-winged bats will also reduce as they feed on mosquitoes 

and dragonflies. 
3. Population of eastern green mamba will reduce as they feed on yellow-winged 

bats. 
 

mosquito 

 

 

Fertilization 

  

Mitosis 
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4. Population of sweet potato plant will increase as fewer mosquitoes will feed on 
them. 

 
 [Total: 28]
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Section B 

Answer one question. 
Write your answers on the separate answer paper provided. 

Your answers should be illustrated by large, clearly labelled diagrams, where appropriate. 
Your answers must be in continuous prose, where appropriate. 

Your answers must set out in sections (a) and (b), as indicated in the question. 
 

EITHER 
4 (a) Describe the mechanisms that give rise to the vast diversity of antibodies prior to antigen 

stimulation and describe how the antibody is formed from mature mRNA.  [14]

1. Somatic recombination - maturing B cells differentiated from lymphoid stem 
cells. 

2. Light chain and heavy chain in an antibody to be expressed,  
3. Each light chain can only have one V and J segments, 
4. Each heavy chain can only have one V, D, J segments. 
5. The DNA segments recombined. 
6. Different B cells have different genetic make-up for these loci. 
7. Different combinations of V/D/J regions contribute to the antibody repertoire. 

 

8. Junctional diversity - a variable number of nucleotides at the junction 
9. Where the V and J segments are joined in light chains and  
10. where the V, D and J segments are joined in heavy chains.  

 

11. Combinatorial diversity - different heavy chains paired with different light 
chains to produce antibodies of different isotypes. 

 
12. small ribosomal subunit, with tRNA binds to the 5’ cap of the mRNA  

 
13. The first aminoacyl-tRNA complex binds to the START codon (AUG) on the mRNA 

via complementary base pairing.  
 

14. the large ribosomal subunit binds to the small ribosomal subunit to form the 
Translation Initiation Complex. The aminoacyl-tRNA complex is positioned at the 
P site of the ribosome. 

 
15. The second aminoacyl-tRNA complex enters the A site and its anti-codon base 

pairs with the next codon of mRNA.  
 

16. Peptidyl transferase catalyzes the formation of peptide bond between the first 
and second amino acids. 
 

17. The ribosome moves along the mRNA to the next codon.  
 
18. The first tRNA moves from the P site to the E site so that it can be released into 

the cytoplasm for reuse.  
 
19. The second tRNA moves from the A site to the P site.  
 
20. The third aminoacyl-tRNA complex enters the vacant A site  
 

amimiminononoaccyyyl-t-t-tRNRNRNA A A cococompmpmpllex enennnnntetetettettt rsrsrsrs ttttttthehehehehehehehe AAAAAAAA ssssssssite eeeeee a
he nnnexexext t cocodododonn ooof mmmRNRNRNA.A.A.  

nsssfefeferararasesese cccatatatalalalyzyzyzeseses ttthehehe fffororormamm tiononononononn oooooooff ff pepepepepepepepeptppppppp ide b
amimiminonono aaacicicidsdsd . 
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21. and its anti-codon base pairs with the next codon of mRNA.   
 
22. The process of elongation is repeated until the ribosome reaches the STOP 

codon on the mRNA.  
 
23. Termination occurs when a STOP codon (UAA, UGA, UAG) of the mRNA is 

positioned at the A site.  
 
24. Release factor enters the ribosome and is positioned at the vacant A site and 

binds to the STOP codon.  
 
25. releases the polypeptide chain  

 
26. The polypeptide chain then fold into its secondary and tertiary structure. 

 
27. The polypeptide chain undergoes post-translational modification to add 

carbohydrates sidechains in GA. 
 
 

 (b) Using a named disease, discuss how vaccination is an effective measure to control the 
disease. [11]

 1. Smallpox  
2. Caused by Variola minor virus  
3. Infect Respiratory tract, Lymphatic system, Skin 
4. Prolonged direct face-to-face contact, Direct contact with infected bodily fluids 

(saliva droplets) or contaminated objects  
5. mass vaccination programme to achieve vaccination in  
6. 80% of the populations in each country,  
7. surveillance and prevention measures  
8. Infected individuals were easy to identify.  
9. Ring vaccination to reduced the chances of transmission and contained the 

disease. 
10. The live attenuated vaccine was used, elicits a strong immune response without 

the need of booster shots. 
11. Offers long-term or lifelong immunity/ protection  
12. Rapid and stronger immune response to combat infection in the future 
13. Activation of memory immune cells to produce antibodies to neutralize the 

pathogen and stop infection. 
14. Vaccine was cheap and easy to mass produce. 
15. Complete eradication through herd immunity and prevent epidemics and 

pandemics  
16. Herd immunity - it breaks the transmission cycle of the disease,  
17. Therefore those individuals who have NOT developed immunity are also 

protected from the disease. 
18. The virus did NOT infect animals, which made it easier to break the transmission 

cycle. 

troongngngererer iiimmmmmmununune rererespspsponononse ttto oo combatatatatatatat iiiiiinfnnfnfnfnnn ecececececececectititititititionoooooo
of memememomom ryryy iiimmmmmmunununeee cececells ttot ppppppppppppppppppprororororororoorodudududududududduduuuuucecececececece aaaaaaaantntntntntntntntibo
nd ssstootopp p innnfefefecctc iooonnn. 
s chchheaeaappp ananand dd eaeasyss tttooo mamamassssss pproduuuuuuuucecececececece. 
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19. The virus did NOT mutate or change its surface antigens, therefore the same 
vaccine could be used anywhere in the world. 

20. The vaccine was freeze-dried and thermostable. Thus, it has a longer shelf-life 
and could be kept at room temperature. 

[Total: 25]

 
OR 
 
5 (a) Describe the main stages of cell signaling and describe the roles of cAMP in eukaryotes 

and prokaryotes. [14]

1. Ligand has a specific shape that can bind to receptor 
2. Induces a conformational change  
3. activation of the receptor protein 
4. initiates a signal transduction pathway/ cascade  
5. protein phosphorylation  
6. second messenger molecule 
7. Changes in levels of enzyme activities in the cytoplasm 
8. changes in the amount of specific proteins synthesized by the cell  
9. Rearrangement of cytoskeleton  
10. Signal is terminated by dissociation of ligand from receptor
11. Degradation/ Deactivation of ligand 
12. (Any one example from GPCR / RTK)

 
13. cAMP is involved in the positive control of lac operon 
14. cAMP binds to the allosteric site on CAP  
15. binds to a CAP-binding site 
16. bends DNA 
17. easier for RNA polymerase to bind to promoter 
18. Lac operon genes transcribed 
19. -galactosidase, lac permease and -galactoside transacetylase  

 
20. ligand binds to a GPCR 
21. activated GPCR activates a G protein 
22. activates the enzyme adenylyl cyclase 
23. conversion of ATP to cAMP 
24. cytosolic concentration of cAMP increase 
25. cAMP acts as a second messenger 
26. Activated protein kinase A initiates phosphorylation cascade,  
27. eventually resulting in a cellular response 
28. Signal is terminated when cAMP is degraded to AMP by phosphodiesterase 
 

 (b) Compare the signaling pathways between G protein coupled receptor and receptor tyrosine 
kinase in relation to blood glucose regulation. [11]

Similarities 
1. Ligands bind to the extracellular side 
2. Termination occurs when the ligand is removed from the receptors 
 
Differences 
 Feature of 

comparison 
GPCR Receptor Tyrosine Kinase 

lting in a cellular response 
nated when cAMP is degraded to AMMMP P bybyby ppphhoh s

nalalallliniininggggggg papapapapapapathththththththwawawawawawawaysysysysysysy bbbbbbeteetetetetetwewewewwwew enenenenenenen GGGGGGG ppppppprorrrrr tein cccccouououuouplplplpplededededd recep
n to ooo blllblbllooooooooooooo ddddddd glglglgggg ucucucososososose rererererereegugugugggg lalalalalalalatitititittionononononoon..
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3.  Ligands/ 
Signal 
molecules 

Glucagon 
 

Insulin  
 

4.  Change to 
receptor upon 
ligand binding 

Conformational change of 
the 7-helix transmembrane 
protein. 
 
 

Dimerization of RTK. 
 
 
 

5.  Chemical 
modifications 
of receptors 

Absent. Phosphorylation of tyrosine 
residues on the RKT subunit. 

6.  Proteins 
associated 
with receptors 

Causes a GTP molecule to 
displace the GDP molecule 
and activates the G protein. 
 

Insulin response substrate 
(IRS) proteins binds to 
phosphorylated tyrosine 
residues on the receptor.  

7.  Signal 
transduction 

Activated adenylyl cyclase 
catalyses the conversion of 
ATP to cAMP.  

Phosphorylated IRS proteins 
phosphorylate other relay 
proteins. 
 

8.  Effect of 
second 
messengers / 
activated 
proteins 

cAMP acts as a second 
messenger and activates 
intracellular proteins such as 
protein kinase A (PKA), 
which leads to a 
phosphorylation cascade. 

Phosphorylated IRS proteins 
activate more than one 
signalling pathway.  
 

9.  Types of 
cellular 
response  

 glycogenesis 
 
 

 glycogenesis 
 protein synthesis  
 lipogenesis 
 gluconeogenesis  

10.  Effect on blood 
glucose levels 

Increased blood glucose 
levels 

Decreased blood glucose 
levels 

11.  Termination of 
signals 

Protein phosphatases 
remove phosphate groups 
from the effector proteins 

Endocytosis of the insulin-
receptor complex. 
 

 

 

 [Total: 25]
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Answer all questions 

1 Starch grains are found in many plant cells. They are made up of two carbohydrate 
components, amylose and amylopectin. The glycosidic bonds in amylose are (1, 4) while 
those in amylopectin include (1, 6). Iodine solution stains amylose dark blue and 
amylopectin red-brown. 

You are provided with: 
 Unboiled starch: a suspension of 

starch grains in water 
 iodine solution  

 Solution X  
 Spotting tile 
 Hand lens 

You are required to investigate the action of Solution X on starch. 

Proceed as follows: 
1 Set up a water bath and bring it to boil. This will be required in step 4. Stir the starch 

suspension thoroughly. Place a few drops of it on a clean microscope slide. Place the slide 
on a dark background and examine it using a hand lens.

      Record your observations. [1] 

White specks/particles observed 

2 Move the slide onto a white background. Add a drop of iodine solution to the slide and 
examine the suspension again. 

Record your observations. [1] 

Yellow solution with dark blue specks/particles observed. 

3 Stir the suspension again and place 6 cm3 of it into a test-tube labelled “boiled Starch”. At 
the same time, place 6 cm3 of Solution X in a new test-tube, labelled “boiled X”.

4 Place both test-tubes into the boiling water bath for 2 minutes. After this time, remove the 
test-tubes and cool them under a running tap.  

5 Place a few drops of the cooled “boiled Starch” on another microscope slide and add a 
drop of iodine solution to it. Examine it using a hand lens. 

Record your observations. [2] 
Yellow solution turned dark blue. 
uniformly /homogenous 

6 Suggest and explain a possible effect of boiling on the structure of starch grains which 
would explain the results obtained in step 5. [2] 

1. increases temperature; increase KE; break intramolecular hydrogen bonds.  
2. Less compact structure; form hydrogen bonds with water molecules. OWTTE  

Read the following instructions carefully and prepare a table in 12 to record your observations 
before starting the investigation. 

utioooonnnn tooo iit.t EExaaamimm ne iiittt usususinnngg a hahh nd lens. 

rvatatiooionnsn . [222] 
utioonn turned dark k blue.
homo ogenous 
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7 Label 4 clean and dry vials, A, B, C and D.

8 To each vial, add the following:  
Vial A : 2 cm3 unboiled starch + 2 cm3 unboiled Solution X
Vial B : 2 cm3 unboiled starch + 2 cm3 boiled X
Vial C : 2 cm3 boiled starch + 2 cm3 unboiled Solution X
Vial D :  2 cm3 boiled starch + 2 cm3 boiled X 

9 Swirl gently to mix the contents in all the vials and leave them on the benchtop for 10
minutes.  

10 After 10 minutes, swirl gently to mix the contents in all the vials. 

11 Place 2 drops of mixture from each vial in different wells on a spotting tile. Label using the 
label stickers and paste them at the side of the each well. 

12 Add 2 drops of iodine solution to each mixture on the spotting tile. Examine it with a hand 
lens. Record your observations and conclusions in the space below.   

Title: Table of Iodine test on various starch and Solution X mixtures 

Samples Observations (1/2m each) Conclusions (1/2m each)
A Yellow solution with dark blue 

particles
Starch present

B Yellow solution with dark blue 
particles

Starch present

C Yellow solution turned red brown Amylopectin present
D Yellow solution turned dark blue Starch present

[5] 

13 Using the reagents provided, determine the biomolecule(s) present in Solution X.

(a) Observation and conclusion from Biuret test: [1]  
1. blue to violet /light purple; protein is present. 

(b) Observation and conclusion from ethanol emulsion test: [1]  
1. Homogeneous solution was formed with ethanol. Solution remained 

homogeneous when water was added. 
2. Lipid absent.

14 Based on the results obtained in steps 12 and 13, suggest the identity of Solution X and 
its effect on unboiled and boiled starch. [3] 

1. Amylase  
2. Able to hydrolyse glycosidic bonds of the amylose but unable to hydrolysed 

the amylopectin chains.  

3. Unable to hydrolyse the amylose chains in unboiled starch  

geneneouuss whw en water was addded. 
bsent.

ultss ooobtttaineddd in sstetetepspsps 1121  a dndd 13, suuggggesest t ththee ididen
ilededede aandndndnd bobob ilededed sstatarcrcrcr h.hh [[[3]3]3] 
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15 One way to increase the confidence in the conclusions of this investigation would be to 
repeat the experiment several times. 

Describe two other modifications to the method that would increase the confidence in the 
conclusions, and explain how these modifications would achieve this. [4]  

1. Fluctuation of temperature may affect enzymatic reactions thus use 
thermostatically-controlled water bath at 30 C. 

2. Volume of iodine solution used is not standardised, thus use 0.2 ml iodine 
solution for the iodine test.  

3. AVP 

[Total: 20] 
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2 Climate change has implications on the physiological processes of plants and animals, 
including their coping and survival strategies.  

During this question you will require access to a microscope and slide E.  

Slide E shows stained sections of leaves from different plants, including Plant X which is 
found in arid habitats. You are not expected to have seen this specimen before. 

Proceed as follows: 

1 Fig. 2.1 shows the outline of the leaf of Plant X. Position the slide so that the section is 
seen as shown in Fig. 2.1. Examine the epidermis on the upper side of the leaf (side A) 
under high-power objective lens.  

Fig. 2.1 

(a) In the space below, make a large, detailed drawing of one typical epidermal cell on side 
A and two cells attached to it which lie immediately internal to it. Labels are not required.
Calculate the magnification of your drawing. 

Detailed drawing of an epidermal cell and two neighbouring cells of Plant X (T.S.,
60X) [4]

Side A

Side B
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Magnification:     75 mm     
 33 × 1.67 μm 1361X 

 

  

75mm
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(b) Carefully examine the epidermis on side B of the leaf for a unique structure that is 
not present on side A.

Relate the role of this structure to the plant’s adaptation to the environment.  [1]
1. Stomatal crypts with trichomes (hair-like projections) are present/ OWTTE to 

trap moisture and reduce water loss in arid habitats. 

The increase in ambient temperature can increase the rate of loss of water in plants. In order 
to investigate the effect of water loss in various types of plants, an experimental set-up shown 
in Fig. 2.2 was used to measure the loss in mass of a leaf. 

Fig. 2.2 

Table 2.1 shows the results of this preliminary investigation. 

Table 2.1 
Sample Loss in mass/ g per day

Upper side covered with wax Lower side covered with wax
Species P Species Q Species P Species Q

1 1.75 1.32 0.75 0.85
2 1.45 1.07 0.85 0.63
3 1.55 1.18 0.75 0.79
4 1.54 1.50 0.95 0.88
5 1.66 1.07 0.75 0.72

Total/ g 7.95 6.14 4.05 3.87
Average loss 

in mass/ g 1.59 1.23 0.81 0.77

Standard 
deviation 0.12 0.18 0.09 0.10

1.54554 1...505 0.955
1.1.6666 11.1.1 007 0.0.757
7.7.7.9599 6.6.6.6 1141 4..0505

11.1.5959599 1.1.1.233323 0.0.8181

0 12 0 18 0 09
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(c) With reference to the information given and Table 2.1, identify whether Plant X is 
Species P or Q. Explain your answer. [3]

1. Species Q. 

2. Species Q has SMALLER average mass loss per day through BOTH sides of 
the leaves (with figures quoted). 

3. The adaptations of Species Q allow it to minimise water loss in arid (dry) 
habitat. 

(d) To support your answer in (c), perform a statistical test to determine if the average loss 
in mass is significantly different between plant species P and Q. Show your working 
clearly. 

The formulae and probability tables for two statistical tests are given below:

2 – Distribution Table

t- table 
Degrees of freedom Probability

One-tailed t-test 0.100 0.050 0.025 0.010 0.005
Two-tailed t-test 0.200 0.100 0.050 0.020 0.010

1 3.078 6.314 12.706 31.821 63.657
2 1.886 2.920 4.303 6.965 9.925
3 1.638 2.353 3.182 4.541 5.841
4 1.533 2.132 2.776 3.747 4.604
5 1.476 2.015 2.571 3.365 4.032
6 1.440 1.943 2.447 3.143 3.707
7 1.415 1.895 2.365 2.998 3.499
8 1.397 1.860 2.306 2.896 3.355
9 1.383 1.833 2.262 2.821 3.250
10 1.372 1.812 2.228 2.764 3.169
11 1.363 1.796 2.201 2.718 3.106
12 1.356 1.782 2.179 2.681 3.055
13 1.350 1.771 2.160 2.650 3.012

Degrees of freedom Probability, p
0.10 0.05 0.02 0.01 0.001

1 2.71 3.84 5.41 6.64 10.83
2 4.61 5.99 7.82 9.21 13.82
3 6.25 7.82 9.84 11.35 16.27
4 7.78 9.49 11.67 13.28 18.47

t – Test formula:  

2 – Test formula:  

1.886 2.920 4.303 6
1..6363636 8888 22.3533 3.3.3333 182 4
1.1.1.53535333 22.2 1311 222 222.2.777776 3
1.1.47474 66 2.22 010010155 2.2.575711 3
1.1 44444400 1.1.1.94949494333 22.444477 3
1 415 1 895 2 365 2
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14 1.345 1.761 2.145 2.624 2.977
15 1.341 1.753 2.131 2.602 2.947
16 1.337 1.746 2.120 2.583 2.921
17 1.333 1.740 2.110 2.567 2.898
18 1.330 1.734 2.101 2.552 2.878
19 1.328 1.729 2.093 2.539 2.861
20 1.325 1.725 2.086 2.528 2.845

Null Hypothesis: There is NO significant difference between the average loss in 
mass of plant species P and Q.

Alternative Hypothesis: There is significant difference between the average loss 
in mass of plant species P and Q.

As water is mainly lost through the lower epidermis, the results for the upper 
side covered was used.

t 1.23–1.59

0.182

5
0.122

5

3.721

Degrees of freedom = (5+5)–2 = 8

1. For 8 degrees of freedom,
2. the calculated t value of 3.721 is more than 2.306,
3. therefore the p-value is less than 0.05.
4. The difference in means of the 2 samples is statistically significant, and not 

due to chance.
5. Reject null hypothesis.
6. Hence, the mean average mass loss per day for Species Q was different 

from that of species P.
[5]

Another experiment (Fig. 2.3) was conducted to investigate the effect of temperature on the 
rate of water loss in different species of plants. Table 2.2 shows the results of this experiment 
for plants from Species P and Species Q. 
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Fig. 2.3 

Table 2.2 

Temperature/ °C
Distance moved by water/ mm

Species P Species Q
Trial 1 Trial 2 Trial 3 Trial 1 Trial 2 Trial 3

22 14 15 16 13 11 12
24 28 28 29 16 15 16
26 38 41 42 22 22 21
28 50 52 62 25 24 22
30 63 64 62 29 29 31
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(e) Process the data in Table 2.2 and present it clearly in the space below.  

Table showing AVERAGE distance moved by water/ mm at different 
temperatures/ °C 

Temperature/ °C Average distance moved by water/ mm
Plant P Plant Q

22 14+15+16
3

15
13+11+12

3
12

24 28+28+29
3

28
16+15+16

3
16

26 38+41+42
3

40
22+22+21

3
22

28 50+52
2

51
25+24+22

3
24

30 63+64+62
3

63
29+29+31

3
30

[3]
 

  

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



(f) Use the grid below to display your results from (e).
 [5] 

 [Total: 21] 
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3 Insects are among groups of organisms that are most affected by climate change because
climatic factors has a direct influence on their development, survival, and reproduction. 
Moreover, insects have short generation time and high reproductive rate, as such they can 
respond quicker to climate change. 
 
Mealworm larvae are cold-blooded organisms, thus changes in the environment can affect 
their rate of movement or activity. The larvae are found naturally inside logs and 
underneath the bark of dead trees so as to hide from their predators. Thus, they will quickly 
move away in response to light. Heat can also cause them to become stressed and delay 
their development into adults, or even die.   

A student suggested that temperature and light intensity affect the mealworm’s survival.  

Modify the set up below to compare the effects of temperature and light intensity (high and 
low) on the rate of respiration in the mealworm larvae. 
 

You must use the following apparatus: 
 mealworm larvae 
 lime water 
 bench lamp with 30W and 90W bulb 

You may select from the following apparatus and use appropriate additional apparatus: 
 normal laboratory glassware, e.g. test-tubes, boiling tubes, beakers, measuring cylinders, 

graduated pipettes, glass rods, etc. 
 syringes 
 timer, e.g. stopwatch 

Your plan should: 
 have a clear and helpful structure such that the method you use is able to be repeated by 

anyone reading it
 be illustrated by relevant diagrams, if necessary, to show, for example, the arrangement 

of the apparatus used
 identify the independent and dependent variables
 describe the method with the scientific reasoning used to decide the method so that the 

results are as accurate and repeatable as possible
 include layout of results tables and graphs with clear headings and labels
 use the correct technical and scientific terms
 include reference to safety measures to minimise any risks associated with the proposed 

experiment. 
[Total: 14] 

mealworm larvae 

delivery tube

bubbles of gas

lime water

water bath

helplpfufull struructurururre e e suuuchchch ttthahah t thee mmememeemeemeethththththodododododd yyou use is a

elevevevevanaa t ttt dididiiagagrramsss,, ifif nnneeecessssasasas ry, to show, for exam
seeeeddd

endent and dependent vvariables
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A: VARIABLES AND CONTROLLED VARIABLES 
1. Independent variable: temperature and light intensity 
2. Dependent variable: average number of bubbles produced in five minutes.  

Controlled variables 
1. Mass of organisms used

It affects the volume of carbon dioxide released / rate of respiration.
Using a weighing balance, standardize the total mass of the organisms used for 
each reaction set-up at 20g.

2. Distance of light source from organism
It affects the volume of carbon dioxide released / rate of respiration.
Using a ruler, standardize the distance of the light source from the boiling tube 
containing the organism and at 10cm.

3. Duration of experiment 
It affects the volume of gas measured 
A digital stopwatch/ timer is used to ensure the duration for respiration is kept 
constant at 5 minutes.

B: METHOD  
1. Set up a thermostatically-controlled water bath at 10°C. 
2. Set up a bench lamp with 30W bulb 10cm away from the boiling tube.
3. Place 20g of mealworm larvae inside the boiling tube.
4. Incubate the boiling tube containing the larvae in the water bath for at least five 

minutes to equilibrate. 
5. Attach the delivery tube using a rubber bung and ensure that it is air-tight, and put 

the other end of the delivery tube into the test tube containing the limewater.
6. Start the digital stopwatch/ timer and time for five minutes.
7. Record the number of bubbles formed in the lime water in the period of five minutes. 
8. Repeat steps 1 to 7 to obtain a total of three readings (triplicates) using fresh 

samples of mealworm larvae and limewater and determine the average volume of 
bubbles formed. 

9. Replace fresh air/oxygen supply in the boiling tube with each repeat. 
10. Repeat steps 1 to 9 for at least 4 more temperatures (20, 30, 40, 50°C)
11. Repeat steps 1 to 10, using bench lamp with 90W bulb.
12. Repeat the entire experiment (steps 1 to 11) twice, using the different mealworms 

and fresh samples of limewater. 

C: CONTROL EXPERIMENT   
To show that the bubbles produced is due to the effect of respiration in mealworm 
larvae, a control is set up. Steps 1 to 7 are performed with the same setup, but with only 
glass beads of the same mass.

D: SAFETY PRECAUTIONS  
RISK PRECAUTION

1. Limewater is an irritant Wear safety goggles and gloves to avoid 
contact with eyes and skin

RIMMENENENT TT
ubbbles pror duced iss due tto the e efefffefefectcc ooof f f rereresssp
et up. Steps 1 to 7 are performem ddd wiwiwiththth ttthehehe same
ammee mamassss.
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E: RECORDING OF RESULTS 
Table showing the AVERAGE number of bubbles formed in 5 minutes at different 

temperatures for low and high light intensities 

Temperature /°C Number of bubbles formed in 5 minutes
Low light intensity (30W) High light intensity

(90W)
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Graph of AVERAGE number of bubbles collected in 5 mins against different temperatures/ °C 
at different light intensities

1. As temperature increases, the rate of respiration increases, more carbon dioxide is 
released. 

2. Therefore, number of bubbles released increases. 
3. As temperature increased beyond optimum temperature, the number of bubbles 

released decreases as the enzymes in the larvae start to denature. Thus rate of 
respiration also decreases.  

4. At high light intensity, mealworm larvae will move more as they respond to light,  
thus rate of respiration will be higher than at low light intensity at any given 
temperature.  
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1

      VICTORIA JUNIOR COLLEGE 

JC 2 PRELIMINARY EXAMINATION 2017 

NAME : ____________________________________

CT CLASS : ____________________________________

H2 BIOLOGY  9744/1 

Paper 1   Multiple Choice 1 hour

Additional material: Multiple choice answer sheet 

READ THESE INSTRUCTIONS FIRST 

Write your name, exam number on the answer sheet provided. 
Do not use any staples, paper clips, highlighters, glue or correction fluid. 

There are 30 questions in this paper. Answer all questions.  For each question there are 
four possible answers A, B, C and D. 
Choose the one you consider correct and record your choice in soft pencil on the 
separate answer sheet. 

Read the instructions on the answer sheet very carefully. 

Each correct answer will score one mark. A mark will not be deducted for a wrong answer. 
Any rough working should be done in this paper. 

The use of an approved scientific calculator is expected, where appropriate. 

This document consists of 24 printed pages, including cover page 
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2

1 Which of the following is a false statement regarding centrioles and ribosomes? 

A Both are non-membrane bound organelles. 

B Only centrioles are present in a cell undergoing mitosis. 

C Both are present in dividing and non-dividing animal cells. 

D Under high temperature, both will be denatured as they have a proteinaceous 
component. 

 
 

2 Fig 2 shows three cell organelles W, X and Y.  

 
Which of the following statements about these organelles is true? 

A Only organelle Y contains RNA. 

B Only organelle W contains carbohydrates and phospholipids. 

C Organelle  X has 80S ribosomes whereas organelle Y has 70S ribosomes. 

D Organelles X and Y have double membrane whereas organelle W has a single 
membrane. 
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3

3 Which set of factors shown below will produce the least fluid cell surface membrane? 

A  High proportion of cholesterol 
 High temperature 

B  Low proportion of phospholipids with saturated fatty acids 
 High temperature 

C  Low proportion of phospholipids with unsaturated fatty acids 
 Low temperature 

D  High proportion of phospholipids with unsaturated fatty acid 
 Low temperature 

 
 

4 Fig 4 shows a repeating unit found in a biomolecule.   

 
Fig 4 

 
In which of the following biomolecules, would one expect to find the above repeating 
unit? 
 
X Absent 
 Present 

 Cellulose Glycogen Amylose Collagen 

A X X  X 

B  X  X 

C  X X  

D X   X 
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5 Fig 5 below is an electron micrograph of a stained fiber of deoxyhemoglobin S (HbS). 
   

 
Fig 5 

[From G. Rykes, R.H. Crepeau, and S.J. Edelstein. Nature 272(1978):509.] 
Source: http://www.nslc.wustl.edu/sicklecell/part2/molecular.html 

 
Which of the following statements is true? 

A Mutation in the red blood cell results in the production of HbS which precipitates 
out as long rigid fibers under low oxygen concentration. 

B The long HbS molecule is insoluble due to its large molecular size and this 
results in the sickling of red blood cells.  

C The aggregration of HbS molecules, under low oxygen concentration, causes 
the fiber to be precipitated out of solution, resulting in the sickling of red blood 
cells.  

D Under low oxygen concentration, HbS molecules form a triplex helix structure, 
causing the cell membrane of the red blood cells to be more rigid and hence 
they sickled.   
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5

6 The graph shows the effect of increasing the concentration of substrate on the rate of 
enzyme catalysed reaction. 
 

    
 

What is limiting the rate of the enzyme-catalysed reaction at 1, 2, 3 and 4 on the graph?

 1 2 3 4 

A enzyme 
concentration 

substrate 
concentration 

competitive 
inhibitor 

non-competitive 
inhibitor 

B enzyme 
concentration 

substrate 
concentration 

non-competitive 
inhibitor 

competitive 
inhibitor 

C substrate 
concentration 

enzyme 
concentration 

competitive 
inhibitor 

non-competitive 
inhibitor 

D substrate 
concentration 

enzyme 
concentration 

non-competitive 
inhibitor 

competitive 
inhibitor 
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7 Many people are opposed to the use of embryonic stem cells on ethical grounds.  
Researchers have come up with a way of developing embryonic stem cells from a 
patient’s cells.  The cultured embryonic cells can then be used to treat the patient.  Fig 
7 shows the process. 

 

 
Fig 7 

 
 
Which of the following options is true?  

1 The patient will not show any immune response when the specific cell types 
developed from the embryonic stem cells are introduced into the patient. 

2 No embryo is destroyed in the process of harvesting the embryonic stem cells. 

3 The cultured embryonic stem cells can be used for reproductive cloning. 

4 The moral concern of the embryo being an individual is not an issue as the 
embryonic cells come from the patient.   

 

 A 1 only  

B 1 and 4 only 

C 2 and 3 only  

D 1, 2, 3 and 4 
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7

8 The graph below shows the relative amount of mRNA for the production of histone 
protein at different times throughout a cell cycle. 
 

                         
Using your knowledge of the cell cycle and the information in the graph, it is correct 
to state that
 

 A DNA replication occurs most actively in the G1 phase. 

B histone genes are highly active throughout the cell cycle. 

C histone protein synthesis occurs simultaneously with DNA synthesis. 

D histone protein is not present in the cell during the G1 and G2 phases. 

 

9 The following are descriptions of different regions of chromosomes. 
 

1 Non-coding sequences are only located within the genes. 

2 The ends of the chromosomes can be lengthened using a RNA template. 

3 Sequences found in the middle of the chromosomes are always integral to the 
positioning of spindle fibres. 

4 Each chromosome comprise of tight packing of several DNA molecules 
around histone proteins and scaffold proteins. 

 
Which of the statements above apply only to a eukaryotic chromosome? 
 

 A 2 only  

B 1 and 3 only 

C 3 and 4 only 

D All of the above 
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8

 
10 The sequence below depicts the template strand of a hypothetical gene. The exons 

are in bold type.  
 

 
 
An allele for this gene codes for a polypeptide with only five amino acids. This is 
caused by a mutation in one of the exons.  
 
Which of the following describes the change(s) that results in the formation of the 
shorter polypeptide? 
 

 A Deletion of one adenine 

B Addition of two cytosine 

C Substitution of thymine with adenine 

D Addition of cytosine and removal of adenine 

 
 

11 The following events occur during transcription. 
 

P. Bonds break between complementary bases. 
Q. Bonds form between complementary bases. 
R. Phosphodiester bonds form. 
S. Free nucleotides pair with complementary nucleotides. 

 
Which options correctly depicts the frequency of the events occurring in the nucleus?
 

 Occurs once Occurs twice 

A P, R, S Q 

B Q, R, S P 

C R, S P, Q 

D P, S Q, R 
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9

12 The c-myc proto-oncogene on chromosome 8 codes for the c-myc protein, a transcription 
factor that promotes cell proliferation. In cells that are induced to differentiate, the gene 
is expressed at a very low level. The figure below shows the involvement of two enzymes 
in regulating the expression of this gene.  
 

                   
 
 
Which one of the following statement is true? 

A A hyperactive enzyme 2 can lead to tumor formation. 

B Enzyme 1 is only functional in both stem cells and cancerous cells. 

C Enzyme 2 can be recruited by methylation of c-myc gene.   

D Both enzymes 1 and 2 carry out chemical modification on the DNA 
molecule. 

 
 

13 Which of the following mechanism can reduce the amount of polypeptides produced from 
a given mRNA molecule?  

A Addition of ubiquitin to the mRNA  

B Increasing the region of DNA methylation 

C Preventing activators from binding to enhancers 

D Inhibiting the activity level of poly(A) polymerase 
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14 Fig. 13.1 represents the changes in the quantity of DNA in two types of cell divisions 
that occur in different types of cells of an organism. Fig. 13.2 shows the entire set of 
homologous chromosomes in a diploid sex cell of this organism before it undergoes 
the type of nuclear division that leads to P. 
 

           
 
Identify the correct combination of outcomes within a cell in this organism at P, Q and 
R. 
 

At P At Q At R

A

 

Diploid set of homologous 
chromosomes, each with 

identical sister chromatids. 

Diploid set of homologous 
chromosomes, each a 
single DNA molecule. 

B

 

Diploid set of homologous 
chromosomes, each with 

identical sister chromatids. 

Haploid set of 
chromosomes, each a 
single DNA molecule. 

C  
 

 

Diploid set of homologous 
chromosomes, each a 
single DNA molecule. 

Haploid set of 
chromosomes, each a 
single DNA molecule. 

D  

 
 

Tetraploid sets of 
homologous chromosomes, 

each a single DNA 
molecule. 

Diploid set of homologous 
chromosomes, each a 
single DNA molecule. 
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15 Which of the following statements are true of HIV and influenza virus? 

 
1 Genetic material with the same sense  
2 Uncoating occurs after fusion of envelope with host membrane 
3 Viral particles contain specific enzymes that are not found in the host 

cells 
4 Replication of viral genetic material takes place in the nucleus 

immediately upon infection 
5 Changes in the genome are due to the lack of proofreading mechanism 

only 
 

 A 1 and 4 only 
B 2 and 3 only 
C 1, 4 and 5 only 
D 2, 3 and 5 only 

 
 
 

16 In mice, hair colour pigment is expressed by the B/b locus. The dominant allele B 
codes for black colour hair while the recessive allele b codes for brown colour. 
 
Banding of hair colour is caused by the A/a locus. The dominant agouti allele A causes 
banding on hairs such that the coat appears paler in colour. Black hair appears grey 
and brown hair appears beige. The recessive allele a does not cause banding so that 
the coat is a continuous colour. 
 
What are the likely genotypes of the two parents if the offspring phenotypic ratio of 
black: grey: beige: brown offspring is 3:3:1:1? 

A AaBb and AaBb 

B AaBb and aaBb 

C AaBb and Aabb 

D AABb and aaBB 
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17 A farmer is interested in selling white squash as a novel vegetable bred two white 
squashes together and obtained all white squashes in the F1 generation. He then 
performed a self-cross of one of these F1 offspring and found that the F2 offspring 
can be grouped into three different colours of squash as shown below.    
                              

White squash 234 

Yellow squash 58 

Green squash 18 

 
Which of the following is the best explanation for the inheritance of fruit colour in 
squash? 

A Fruit colour is controlled by one gene with multiple alleles. 

B Fruit colour is controlled by one gene that showed incomplete dominance. 

C Fruit colour is controlled by two genes that showed independent assortment. 

D  Fruit colour is controlled by two epistatic genes that did not assort 
independently. 

 
 

18 In a common genetic condition afflicts children, the mutant allele differs from the wild-
type allele by a single nucleotide substitution. This substitution eliminates a NheI 
restriction site so that the mutant allele is not cut by the restriction enzyme, NheI. A 
pedigree of a family exhibiting this condition is shown in Fig. 17.1. 
 

                    
 
The DNA from four individuals in the pedigree were isolated and subjected to 
polymerase chain (PCR) reaction. This technique amplifies a 1000 bp portion of their 
DNA that includes the NheI site that is affected by the mutation. The PCR products 
are then digested with NheI and analysed. The DNA fragments from the digest are 
run on an agarose gel and the results are shown in Fig. 17.2. 
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                                                                 Fig. 17.2 
 
Based on the data in Fig. 17.1 and Fig. 17.2, identify the correct mode of inheritance 
and  the probability of Individuals 3 and 4 having a daughter who will be affected. 
 

 Mode of inheritance of disease Probability 

A autosomal dominant 0.125 

B autosomal recessive 0.25 

C X-linked dominant 0 

D X-linked recessive 0.5 

 
19 Tyrosinase is an enzyme that catalyses the conversion of the amino acid tyrosine into 

the black pigment melanin. It is responsible for the black fur colour of some rabbits. 
 
 group of rabbits kept at 30 °C resulted in 90% of the rabbits with light fur colour. A 
second group of rabbits kept at 10 °C resulted in 90% of the rabbits with black fur 
colour. 
 
Which hypothesis is supported by these results? 

A An inhibitor is present in rabbit skin cells that can bind strongly to tyrosinase 
when the external temperature is 30 °C. 

B At 10 °C external temperature there are fewer tyrosinase-tyrosine complexes 
formed and less melanin is produced. 

C Tyrosinase is an enzyme that is coded for by a gene that is switched off when 
the external temperature is 10 °C. 
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D Tyrosinase is a temperature-sensitive molecule that is only activated when the 
external temperature is 30 °C. 

 
20 The graph shows the oxygen output of a green plant at different light intensities in two 

separate setups with different concentrations of carbon dioxide in the surrounding air.
  

        
 
What can be deduced from the graph above?  
 

I At 10 arbitrary units of light intensity, the rate of photosynthesis is 
equivalent to the rate of respiration. 

2 Concentration of carbon dioxide limits the rate of photosynthesis when light 
intensity exceeds 15 arbitrary units. 

3 Enzymes catalysing carbon fixation are saturated at high light intensities 
(above 30 arbitrary units) in both experiments. 

4 Oxygen output can be used to quantify the rate of photosynthesis due to 
their role as final acceptor of protons and electrons. 

 
 A 1 only 

B 1 and 2 only 

C 3 and 4 only 

D 2, 3 and 4 only 
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21 Which of the following statements show a difference between cyclic and non-cyclic 
photophosphorylation? 
 

 A Cyclic photophosphorylation involves PSI and PSII only whereas non-cyclic 
photophosphorylation involves PSI, PSII and NADP. 

B Light energy is required to boost electrons in cyclic photophosphorylation 
whereas for non-cyclic photophosphorylation, the energy comes from 
photolysis of water.  

C Only non-cyclic photophosphorylation produces protons which is required for 
the generation of the proton gradient for ATP synthesis. 

D Oxygen is produced in non-cyclic photophosphorylation only. 

 

 
22 Two respirometers (one shown in Fig 22) were set up to investigate the rate of 

respiration in spiders. To one setup, the spiders were fed a diet containing a drug before 
the experiment.  For this setup, the drop of fluid remained stationary after a short 
distance from the starting position.  Distance moved is shorter than the control setup. 

 
                                                         Fig 22 
 
What could be a possible explanation for this observation? 
 

 A The oxygen content in the boiling tube was depleted. 

B A mutation occurred that causes the ATP synthase to become hyperactive. 

C A drug was introduced that act as an ion channel on the mitochondrial 
membrane. 

D Inhibitor of the electron carriers in the electron transport chain was added to 
the animal’s diet. 
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23 ARHI has been identified as a tumor-suppressor gene and is of significant importance 
in modulating cell growth and apoptosis.  It was proposed that in cancerous cells, ARHI 
gene expression was decreased.  Expression of ARHI is proposed to be related to 
acetylated STAT3.   
 
To study how the expression of ARHI is affected by acetylation of STAT3, cultures of 
normal ovarian epithelial cells and ovarian cancer cells were analysed.  The results are 
shown in Fig 23.1 and 23.2 below. 
 
Fig 23.1 shows the extent of methylation in normal and cancer ovarian cultures. For Fig 
23.2, amount of protein present is indicated by the density and thickness of the band.  
 

 
 
From the information given, which of the following is true?  
 
A Normal ovarian cells show lower methylation of the ARHI promoter which 

increases the accessibility of the ARHI gene, resulting in the synthesis of 
acetylated STAT3 which promotes apoptosis. 

B Acetylation of STAT3 results in increased accessibility of ARHI gene, 
resulting in ARHI being expressed in normal ovarian cells. 

C Elevated acetylated STAT3 in ovarian cancer cells results in 
hypermethylation of the AHRI promoter, decreasing its expression.    

D Lower methylation of the ARHI gene in normal ovarian cells results in ARHI 
being expressed as the gene is loosely coiled around the acetylated STAT3.  

 
 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



17

24 The figure below shows a signaling pathway involving calcium ions.  

Which of following is true about molecules W and U? 
 
A Both molecules W and U are made up of amino acids.  

B Only molecule W is  expected to be produced in large number.  

C Increased production of both W and U occurs in response to the binding 
of ligand. 

D Removal of molecule W from the cell will result in the inability of ligand to 
bind to the receptor. 
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25 Hyla ewingi and Hyla verrauxi are two closely related species of tree frogs from 
southern Australia.  

                                
DNA sequence comparisons show a high level of homology and interbreeding can 
occur to produce viable offspring. Mate selection is based on females responding to 
the frequency of mating calls emitted by male frogs. The following data shows the 
pulse frequency and amplitude in the mating calls of H. ewingi and H. verrauxi from 
the regions A, B and C. 

                
 
The distinct mating call observed in region C involves events shown below: 
 

I     Sexual selection by females of Hyla verrauxi selects for males with a 
continuous calls over males that emit a discontinuous call. 

II Female Hyla verrauxi tree frogs preferred mates that emit calls of higher 
amplitude. 

III Males of both species in region C compete for mates.  
IV Variations in amplitude occur in male mating calls present in population of Hyla 

frogs. 
V The genes that code for continuous high amplitude calls are passed down to 

future generations and become established in the population of H. verrauxi. 
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What is the correct sequence of events that leads to the distinct profile of male mating 
call of H verrauxi in region C? 

A III  I  IV  II  V 

B I  II  IV  III  V 

C IV  I  V  III  II 

D II  IV  V  I  III 
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26 The figure is a phylogenetic tree of three genera of butterflies (Orniithoptera, 
Trogonoptera and Troides) that was constructed based on the comparison of the 
nucleotide sequences of the gene ND5 that is located in the mitochondrial genome.  

         

Based on the phylogenetic tree, what conclusions can be drawn regarding the 
relationships of these three genera? 

1 The three genera Orniithoptera, Trogonoptera and Troides form a 
monophyphyletic clade. 

2 O. victoriae shares fewer identical nucleotides in the ND5 gene with O.
alexandrae than with O. goliath. 

3 Troides hypolitus shares both ancestral and shared derived traits with 
Troides helena and Troides amphyrysus. 

4 Trogonoptera brookiana diverged from the common ancestor much earlier 
than O. alexandrae so it is now extinct. 

 
 A 1 only 

B 1 and 3 only  

C 2 and 4 only 

D 2, 3 and 4 only 
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27 The flow chart below shows the development of a B cell.   
 
                                                                                          Antigen 
 

Stem cell  Developing B cell  mature naïve B cell   plasma cell secreting 
IgG 

 
Which of the following statements below are true of the different cells above? 
 

I In a developing B cell, somatic hypermutation produces different mature 
naïve B cells with different BCR (B cell receptor). 

II The mature, naïve B cell will be expressing both IgM and IgD on its cell 
surface membrane. 

III From one stem cell, it is possible to obtain many different mature naïve B 
cells each specific for a different antigen. 

IV The plasma cell will contain all the genes present in the stem cell. 
 

 A I and II only 

B I and III only 

C II and III only 

D III and IV only 
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28 Two individuals took part in a study to investigate the effectiveness of two different 
types of immunisation.  Individual S received an injection of antibodies against tetanus 
and Individual T received a tetanus vaccination. 
 
Which of the options below shows correctly the changes to the antibody concentration 
in the blood of S and T?  
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29 The graph shows the predicted change in global temperatures using three different 
models, P, Q and R.  Model Q assumes that no new factors act to influence the rate 
of climate change. 

 
 
The predictions based on models P and R can be explained using some of the 
following statements. 

1 An increased global temperature and reduced rainfall will lead to an 
increase in forest fires. 

2 Permanently frozen soil and sediment in the Arctic will begin to thaw as 
global temperatures increase. 

3 Rising sea temperatures will cause increased growth of photosynthetic 
algae. 

4 Rising sea temperatures will reduce the solubility of greenhouse gases in 
the oceans. 

 
Which of these statements support predictions of P and R? 

Statements that support 
prediction P 

Statements that support 
prediction R 

A 1, 2 and 4 3 

B 1 and 3 2 and 4 

C 2 1, 3 and 4 

D 3 and 4 1 and 2 
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30 Rice crops in Japan are damaged by the green rice leafhopper (Nephotettix  

cincticeps), a pest that reduces crop yield. 
 

In a study of the effect of climate change on crop damage by the green rice leafhopper, 
it was found that an increase in winter temperatures caused an increase in crop 
damage, while an increase in summer temperatures caused a decrease in crop 
damage. 

 
Which of the following are possible explanations for these findings? 
 
1 Increased temperatures in the summer cause a rise in metabolic rate that 

results in the pests reproducing more rapidly. 

2 Increased temperatures in the summer raise the metabolic rate above the 
range that the pests can tolerate. 

3 Increased temperatures in the winter disrupt the pests' life cycle and result in 
fewer being able to reproduce. 

4 Increased temperatures in the winter allow more pests to survive and results 
in an increase in the pest population. 

 
 A 1 and 3 only 

B 1 and 4 only 

C 2 and 3 only 

D 2 and 4 only 
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1 Fig.1 shows an electron micrograph of an organelle.  There are two distinct groups of 
vesicles (Boxes B and C) associated with this organelle.    

Fig. 1 
Source:https://ib-biology2010-12.wikispaces.com/Cell+Images 

 (a) (i) Identify Organelle A.

Support your answer with one observable feature, other than vesicles, shown in 
Fig 1.

 Organelle A: 

                                                                                        [2]
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(ii) Describe the differences in the role of the vesicles in Boxes B and C. 

[4]

In Angelman syndrome, a severe and rare neurodevelopmental disorder, it has been 
reported that the lack of ubiquitin protein ligase E3A (UBE3A) expression leads to a 
disruption of structure and function of Organelle A.

(b) Suggest how the lack of UBE3A expression can lead to a disruption in the structure 
and function of Organelle A.

[3]

(c) State two characteristics, one in structure and one in chemical property that you 
would expect to see in ubiquitin protein ligase. 

[2]

[Total:11]
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2 An experiment to determine the effect of Compound K, a metabolite derived from 
ginseng, on the expression of a gene (RUNX3) was carried out using a culture of human 
colorectal cancer cells. RUNX3 gene codes for a transcription factor. 

Cells were treated with Compound K for 72 hours. Samples of cells were removed at 
specific time intervals.  These cells were then lysed and the mRNA and proteins 
analysed.

Fig 2 shows the changes in the HDAC (Histone Deacetylase) mRNA and HDAC protein 
over the 72 hour period.   The thickness of the band is an indication of the concentration 
of the mRNA and proteins. 

Fig 2 

(a) Explain the similarity in the pattern seen in both HDAC mRNA and HDAC protein. 

[2]

(b)   (i) What information about the gene expression of RUNX3 in the colorectal cancer 
cells can one conclude from the data at the beginning of the experiment? 
Explain your answer.

[3]

(ii) Suggest one way how your answer in (i) can affect the cell.
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[3]

(c) With reference to the data shown in Fig 2, suggest how Chemical K can bring about 
the change in the HDAC mRNA and protein.

[2]

(d) Suggest why HDAC mRNA instead of the HDAC gene was analysed in this 
experiment.

[2]

  [Total:12]
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3 Diauxic growth is a two-phase growth response observed in a culture of bacteria of E.
coli. This phenomenon (Fig. 3) was discovered by Jacob and Monod who were 
awarded the Nobel prize for their ground breaking study of how gene expression is 
regulated in prokaryotic organisms. They studied how glucose and lactose impact the 
growth of E. coli. Substrates X and Y are the two different sugars that are introduced 
to the bacteria culture medium at the same time, to serve as carbon sources. 

                                                                  Fig. 3 
*Note: Optical density, measured in a spectrophotometer, is used as a measure of the 
concentration of bacteria in a suspension.

(a) (i) Identify substrates X and Y.
         X: 

 Y: [2]
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(ii) Using your knowledge of gene expression in bacteria, explain how Fig. 3 
supported their conclusion that the Lac operon is under dual control. 

[4]

 (b) On Fig. 3, draw separate graphs to show the change in the concentration of the 
two substrates over time. Label your graphs clearly. [2] 

 (c) Eukaryotes are structurally different from prokaryotes and hence exhibit differences 
in their control of gene expression. 

Explain two such differences.
1.

2.

[4]

[Total:12]
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4 Wild-types freshwater snails, Physa heterostropha have pigmented shells. When two 
pure-breeding albino snails were crossed and their F1 selfed, the F2 generation consists 
of 48 pigmented snails and 35 albino snails.   

(a) What do you understand by the term pure-breeding?

[1]

(b) Using appropriate symbols, draw a genetic diagram to explain the results obtained. 

Symbols:

[1]

[6]

[Total:8]
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5 Cells X and Y are two types of cells taken from a healthy individual and cultured in media 
that is similar to the actual conditions in the body. 

Fig. 5 illustrates the change in the telomere lengths of these cells with increasing rounds 
of cell division. M1 represents the Hayflick limit where cells will leave the cell cycle 
(replicative senescence) while M2, termed crisis, is characterised by widespread cell 
death, although some cells that survive M2 will be able to continue dividing. 

Fig. 5 

(a) (i) Account for the decrease in the telomere length of Cell Y.

[4]
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(ii) Explain why there is a limit to the number of times Cell Y can divide.

[2]

(b)  Outline how Cell X is able to maintain its telomere length. 

[3]

(c) With reference to Fig 5, explain how the change in telomere length resulted in 
Cell Y* after M2.   

[2]

(d) Describe the importance of centromeres in cell division. 

[2]

[Total:13]
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6 Metformin has been used for the treatment of Type II diabetes where the skeletal 
muscles are resistant to insulin stimulation. It is transported into the cell by specific 
protein carrier.

Fig 6 shows how metformin influence the cellular activity involved in the signal 
transduction pathway. AMPK is a kinase that is involved in energy sensing and is 
activated by AMP(adenosine monophosphate) which is the one of the products of ATP 
hydrolysis.

Fig 6 
source: http://www.nature.com/nrendo/journal/v8/n8/fig_tab/nrendo.2012.106_F1.html?foxtrotcallback=true 

 (a) Explain how metformin can be used to decrease the blood glucose level in patients 
with Type II diabetes. 

[4]
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 (b) Akt is known to stimulate other cellular responses in the insulin signaling pathway. 

Suggest how activation of Akt can lead to different cellular responses.

[3]

 (c) Metformin was found to induce a decrease in NADH oxidation in the mitochondria.

(i) Suggest how metformin can lead to a decrease in the ATP:AMP ratio in the 
mitochondria.

[3]

(ii) Suggest two ways in which ATP can still be produced in the mitochondria.

[2]

[Total: 12]
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7 The Hawaiian Islands are some of the most isolated islands in the world. It is made up 
islands that are formed at different times. The first birds to have flown  to these islands 
probably arrived millions of years ago from East Asia.

Fig. 7 shows the fossils of two extinct species of Hawaiian waterfowl found on two 
different islands.  The giant Hawaiian goose was a flightless bird whereas the nene 
could fly.

Until recently, the evolutionary relationships among Hawaiian waterfowl are known 
only from bone structures. Fig. 7A shows the skulls and mandibles while Fig. 7B shows 
the wing and leg bones of the giant Hawaiian goose and nene.

(Source: https://www.researchgate.net/figure/11540628_fig2_Fig-3-Left-ulna-and-tibiotarsus-a-B-canadensis-maxima-USNM-
555497-b-giant)
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 (a) With reference to Fig7A and 7B, discuss whether these fossils can be used to 
support Darwin’s theory of evolution. 

[3]

 (b) Using your knowledge of anatomical homology, explain how these differences 
came about.

[5]
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 (c) Explain why molecular data is able to overcome the limitations of this fossil study.

[4]

 (d) Based on the fossils, state one species concept that can be used to determine 
whether the Hawaiian goose and nene belong to the same species.

[1]

                                          [Total:13]
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8 The immune response consists of innate and adaptive responses.

 (a) What is the importance of the innate immune response?  

[3]

Fig 8 shows the changes to the variable regions of B cell receptors over time. CDR1-3 
are specific regions in the variable regions that are important for the attachment of 
antigen.  Changes in the base sequence are indicated by the darkened vertical lines. 

Fig 8 
http://slideplayer.com/slide/7421892/ 
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 (b) Explain the significance of these changes over time.  

 [4]

(c) State how a B cell is able to produce two types of B cell receptor (Ig M and Ig D) at 
same time.

[1]

[Total:8]

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



18

9 In Rio de Janeiro, Brazil,  dengue epidemics first appeared during the 1980s, according 
to city authorities. In 2002, the city reported 145,779 cases, in 2008 there were 120,917 
cases, and by June 2012 there were over 68,000 cases.

Fig 9 Cases of dengue fever report in Rio, Brazil

 (a) (i) Describe the pattern of resurgence of dengue shown in Fig.9.

[2]

(ii) Suggest three possible ways in which climate change can result in the pattern 
described in part (i).

[3]
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 (b) Adhering to all WHO recommendations, Singapore has dramatically reduced the 
percentage of households with Aedes mosquitoes since the inception of its vector 
control programme in 1996. However, the incidence of dengue fever has recently 
increased.

Suggest why the vector control programme might not have worked as initially 
intended.

[2]

 (c) To suppress the wild Aedes aegypti mosquito population responsible for dengue 
outbreaks in Singapore, British company Oxitec has created special genetically 
modified (GM) mosquitoes of the same species which have a self-limiting gene that 
kills off their larvae. They have achieved success with such GM mosquitoes 
released into the wild.  

(i) Describe two advantages of this strategy. 

[2]

(ii) Discuss the possible impact of these advantages on the natural ecosystem. 

[2]

  [Total: 11]
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For Examiner’s Use 
Section A 

1
2
3

Section B 

Total
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Section A 

Answer all the questions in this section. 

1 Huntington's disease (HD) is a rare neurodegenerative disease. Fig. 1.1 shows a 
pedigree of HD across three generations (I to III).

          Fig. 1.1 

 (a) With reference to Fig. 1.1, account for the mode of inheritance of the disease.  

[3]

HD strikes in adulthood when disease symptoms appear between the ages of 30 and 
50 in 90% of cases. The disease involves the progressive loss of particular nerve cells 
in the brain leading to loss of motor control and a decline in cognitive function. 

HD is caused by alteration in the Huntingtin (HTT) gene located on human chromosome 
4. The genetic alteration is an increase in the number of repeats of three nucleotide 
bases (CAG) in the first exon of the HTT gene. This CAG triplet is normally repeated 
about 20 times, but an approximate doubling in the number of repeats to 40 or more 
results in the expression of the disease. The number of CAG repeats also correlates 
with age of onset of HD and severity of disease. 
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 (b) The CAG repeat codes for the amino acid glutamine.  

(i) Explain the likely effect of the abnormal increase in CAG repeats on HTT 
protein structure and function.

[3]

(ii)Suggest possible reasons why individuals having number of repeats ranging 
from 21-39 do not develop the disease. 

[2]

 (c) The genetic test for HD involves taking a small sample of DNA from the individual, 
to look for abnormally expanded CAG repeats, through polymerase chain reaction 
(PCR).

(i) Explain why PCR can be used for the diagnosis of HD.

[2]
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(ii) Explain how gel electrophoresis was used to detect the band patterns of the 
offspring in Fig.1.1.

[4]

Fig. 1.2 shows the pedigree of a male parent who developed HD when he was 40 years 
old. The results of electrophoresis of PCR fragments of some of the individuals are 
shown. The age onset of HD is shown in brackets below the individuals who developed 
HD.

Fig. 1.2 

 (d) Based on the information you have been given, draw in the band patterns (in Fig. 
1.2) for individuals #6, #10 and #11. [2]
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 (e) Individuals with 6-35 CAG repeats will be unaffected. Offspring of individuals with 
36-39 repeats are at increased risk for HD.

Suggest how this increased risk can occur.

[2]

[Total: 18]
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2 In many multicellular organisms, such as mammals, the time taken for the mitotic cell 
cycle varies considerably between different tissues, but is very carefully controlled in 
each cell.

 (a) Explain how the loss in the control of the cell cycle can lead to cancer.

[3]

 (b) Most mammals possess an internal defence mechanism that can target and 
destroy cancerous cells.

Outline how such a mechanism is activated to be effective in its function.

[4]
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The effectiveness of anti-cancer drugs may be determined by growing different tumours 
in culture. The effectiveness of two drugs on two human tumours (A and B) from 
different tissues was assessed.

The two drugs, T138067 and vinblastine, were added to the tumours in culture on days 
5, 12 and 19. The volumes of the tumours were compared with the volumes of tumours 
that were not treated with any drugs. The results are shown in Fig. 2. 

Fig. 2 
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 (c) (i) Use the data in Fig. 2 to compare the effectiveness of the two drugs used 
to treat the tumours.

[4]

(ii) Both Vinblastine and T138067 were able to bind to tubulin.

Explain the effects of Vinblastine and T138067 as anti-cancer drugs.

[3]
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(iii) Suggest why the same tumor cells may respond differently to these two 
drugs?

  [3]

[Total: 17]
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3 Fig. 3.1 shows the rate of carbon dioxide uptake by Barley and Sugarcane at a range 
of carbon dioxide concentrations.  

Fig 3.1 

(a) With reference to the curve for Barley, explain the meaning of limiting factor.

[3]
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Plants, in general, utilise either the C3 or C4 photosynthetic pathways.  C3 plants (eg. 
barley) produce triose phosphate as their first product in Calvin cycle.  The enzyme 
ribulose bisphosphate carboxylase (Rubisco) is a key enzyme in the C3 pathway.

C4 plants (eg. sugarcane) produce oxaloacetate (OAA), a 4 carbon compound, as their 
first product. This reaction is catalysed by Phosphoenolpyruvate carboxylase (PEPC). 
Photosynthesis for these C4 plants then continues in much the same way as C3 plants.

The Km values for carbon dioxide for Rubisco and PEPC is shown below. 

Km CO2 for Rubisco = 12 μM 
Km CO2 for PEPC = 2 μM 

Fig 3.2 below shows morphological differences in the leaf of a C3 and C4 plants. 

Fig 3.2 
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(b) Based on the morphological differences shown in Fig 3.2 and the Km values for both 
enzymes, suggest reasons for the difference in rate of CO2 uptake for Sugarcane 
(C4 plant) and Barley (C3 plant) shown in Fig 3.1.

[5]

 (c) Suggest another structural difference in the leaf morphology between C3 and C4 
plants.

[1]
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Table 3.3 shows the mass of water absorbed by six crop plants, three of which are C3 
and three of which are C4. 

 Table 3.3 

 (d) In view of all the information that is given above, discuss the likely impact of 
predicted changes in carbon dioxide concentration, global temperatures and 
rainfall patterns on the distribution of C3 and C4 plants.

[6]

[Total: 15]
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Section B 
Answer one question in this section 

Write your answer on the writing paper provided. 

Your answers should be illustrated by large, clearly labelled diagrams, where appropriate.

Your answers must be in continuous prose, where appropriate. 

Your answers must be set out in parts (a), (b) as indicated in the question. 

4   (a) Discuss the effectiveness of a live, attenuated vaccine against an RNA virus. [13] 

(b) Discuss the various ways in which the concentration of an enzyme in a cell can be 
regulated. [12] 

[Total: 25]

5 (a) Describe the functions of various components found in the plasma membrane and 
explain, using named examples, why there is a different composition of these 
components in membranes of different cells and organelles. [13] 

(b) Hyperglucagonemia is a condition where there is excess glucagon secretion.  Using 
your knowledge of how glucagon works and how HIV infects a cell, explain how 
drugs can be used to target the different stages in each condition.  Highlight in your 
answer, similarities in the mechanism of the drugs. [12] 

[Total: 25]
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2017 JC2 Prelim Practical Examination  
Apparatus List 
(Blue font – for teachers only) 
Question 1 

Reagents

1 Hard-boiled egg (stained red) 
(Egg white with congo red) Dish

2 Hot water (40˚C) Thermostatically controlled 
water bath 

3 Buffer solution (pH 2) 

In vials 
All buffers are bought 

4 Buffer solution (pH 4) 
5 Buffer solution (pH 6) 
6 Buffer solution (pH 8) 
7 Buffer solution (pH X) (pH 6) 
8 Solution K1 (4% trypsin) 
9 Distilled water 

Apparatus
1 5 x test tubes 

Plastic bag 
2 5 x syringes 
3 5 x rubber bungs 
4 Labels 
5 Scalpel
6 Forceps
7 Thermometer
8 Ruler 
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Question 2 

Reagents

1 Extract P 
(1% starch and 20% sucrose) In vial 

2 Distilled water In wash bottle 

3 Benedict’s reagent 
To be shared by 2 

students on the same 
bench 

4 Hydrochloric acid
5 Sodium hydrogen carbonate 
6 I2/KI solution 

Apparatus
1 1 x Visking tubing (soaked) Teacher’s bench 

2 1 x boiling tube 

3 1 x rubber band 
4 3 x test-tubes 
5 1 x 1ml syringe 
6 1 x 10ml syringe 
7 1 x 50ml beaker 
8 1 x glass rod 
9 Bunsen burner, wire gauze, tripod stand, lighter 

10 Paper towels 
11 Test tube holder 
12 Slide DB  

To be shared by 2 
students on the same 

bench 
13 Stage micrometer 

14 Microscope  

Apparatus used for Question 1 and Question 2 

Apparatus
1 1 x 250ml beaker 

2 1 x test-tube rack 

3 Stopwatch
4 White tile 
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Answer all questions. 

1. K1 is an extract prepared from the digestive tract of a small mammal. You are required to 
investigate the ability of this extract to bring about the breakdown of protein at varying pH, and 
determine the pH of an unknown solution through your observations. 

Proceed as follows:  
1. You have been supplied with a source of protein in the form of coagulated (‘hard-boiled’) 

egg which have been stained red. 

2. Label five test-tubes A, B, C, D and E respectively. Prepare a beaker to act as a water-
bath. The temperature of the water should be about 40˚C. It is not necessary to maintain 
this temperature. 

To tube A add 2 cm3 of K1 and 1 cm3 of buffer, pH 2.
To tube B add 2 cm3 of K1 and 1 cm3 of buffer, pH 4.
To tube C add 2 cm3 of K1 and 1 cm3 of buffer, pH 6.
To tube D add 2 cm3 of K1 and 1 cm3 of buffer, pH 8.
To tube E add 2 cm3 of K1 and 1 cm3 of buffer of unknown pH, X.

3. Using a ruler and a scalpel, cut five pieces of egg of dimensions 2 cm in length, 0.5 cm 
wide and 0.5 cm in depth. Place a piece of the egg in each of tubes A, B, C, D and E.

4. Place the five tubes in the water-bath at about 40˚C for 20 minutes while you continue 
with the rest of the question. Gently shake the tubes at five minute intervals during this 
time.

5. After 20 minutes, return to tubes A, B, C, D and E. Place a rubber bung in tube A and 
shake the tube vigorously ten times. Repeat this procedure on tubes B, C, D and E.

6. Allow the contents of the tubes to settle and then observe them carefully. 
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(a) (i) Record your observations in a suitable format in the space below, noting particularly 
any differences that you observe in the appearance of the contents of the five tubes. [6] 

(ii) Based on your observation in (a) (i), estimate the pH of buffer X. [1] 

(b) State the conclusions that you can draw, at this stage, about the action of K1 on the 
protein at different pH. Explain how your observations allow you to make these 
conclusions. [4] 
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(c) (i) Discuss two sources of error, other than temperature, that may have affected the 
accuracy of your results. [2] 

(ii) Suggest improvements to reduce the sources of error that you have identified in (c) 
(i). [2] 
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(d) In a separate experiment, the effect of pH on potato catalase activity was studied using 
the following setup (shown in Fig. 1).

Fig. 1

Equal volume of hydrogen peroxide solution was added with buffer solution of varying pH 
into five beakers. Two potato discs were placed together into each beaker and the time 
taken for each disc to rise was recorded. Results obtained are shown in Table 1.

Table 1

pH buffer
Time taken for potato disc to rise / s Rate of reaction / 

s-1
Disc 1 Disc 2

4 58 63  

5 43 47  

6 41 42  

7 39 40  

8 44 49  

9 56 63  

(i) Calculate the rate of breakdown of hydrogen peroxide for each pH and record your 
answers in Table 1. (Working is not required) [1] 
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(ii) Plot a graph showing the effects of varying pH buffer on the rate of breakdown of 
hydrogen peroxide in the grid provided below. [4] 

(iii) Explain how one can determine that the time taken for potato discs to rise at two 
different pH is significantly different from each other? [3] 

[Total: 23] 
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2. (a) You are provided with an extract P from plant cells which contains a mixture of different   
carbohydrates. 

     You are required to identify which carbohydrates present in P can pass through the Visking 
tubing. 

Proceed as follows:
1. Using the apparatus and reagents provided, carry out relevant tests to identify all the 

carbohydrates present in extract P.

(i) Use the space below to record the tests that you have performed, your observations and 
conclusions in a suitable format. [4] 
Details of the tests are not required. 

2. Prepare the Visking tubing by tying a knot at one end of the tubing.    

3. Add 10 cm3 of solution P into the Visking tubing and wash the outside of the tubing with 
water.

4. Place the Visking tubing into a boiling tube.  Fold the open end over the top of the tube 
and secure it with a rubber band. 

5. Add distilled water into the boiling tube. Leave the setup for 10 minutes. 

6. After 10 minutes, remove the Visking tubing from the boiling tube and test the contents in 
the boiling tube for any carbohydrate molecules using the reagents provided. 
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(ii) What do your results indicate about the property of the Visking tubing?  Explain your 
answer.  [3] 

(iii) Explain how you can modify the experiment to determine the rate of diffusion of the 
carbohydrate that you have identified in (a) (ii) above. [3] 
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(b) Slide DB shows a stained longitudinal section of a young root tip. 

Examine DB carefully using low and high power objectives of your microscope. Note the 
occurrence and distribution of different kinds of cells in this section. 

(i) Make a plan drawing of the entire section, within the outline drawn in Fig. 2 below to show 
the different regions.  These regions result from differences in the shapes, sizes and
structure of the cells as well as in the frequency of mitosis. 
Do not draw individual cells. Ignore the cells that make up the root cap region. 

Annotate your drawing as fully as possible to describe the features of the cells in each 
region that you map.  [5] 

Fig. 2 
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(ii) In the space below, draw to the same scale, two cells that are at different stages of 
mitosis.  Identify the stages and label the distinctive features of each stage in your 
drawings. [5] 

[Total: 20] 
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3. Yeast cells have transport proteins in their cell membranes for the uptake of nutrients from the 
surroundings. There are separate transport proteins for glucose and for maltose. When 
exposed to both glucose and maltose, the transport protein for maltose is down-regulated and 
is not produced. 

Plan an investigation to find out whether or not the yeast transport proteins for glucose and 
maltose function at the same rate. The hypothesis is that the rate of uptake of glucose is higher 
than the rate of uptake of maltose. 

You are provided with the following materials, which you can choose from. You may not use 
any additional materials and apparatus. 

 an unlimited supply of 10% yeast suspension 
 an unlimited volume of 10 g dm-3 glucose solution 
 an unlimited volume of 10 g dm-3 maltose solution 
 Benedict’s solution 
 dilute hydrochloric acid 
 sodium hydrogen carbonate 
 distilled water 
 beakers and flasks of different sizes 
 stop watch 
 colorimeter and cuvettes 
 centrifuge and centrifuge tubes 
 thermometer 
 thermostatically-controlled water baths 
 pipettes and pipette fillers 
 burettes and burette stands 
 filter funnels and filter paper 
 syringes  
 Bunsen burner 
 glass rods  
 test-tubes and boiling tubes 

Your plan should have a clear and helpful structure to include:  
 an explanation of the theory to support your practical procedure 
 a description of the method used including the scientific reasoning behind the method 
 how you will record your results and ensure that they are as accurate and reliable as 

possible 
 proposed layout of results tables and graphs with clear headings and labels 
 relevant risks and precautions taken 
 The correct use of scientific and technical terms 

           

[Total: 12] 

Name: __________________________    CT Group: ________ 
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VICTORIA JUNIOR COLLEGE 
BIOLOGY DEPARTMENT 

JC2 PRELIMINARY EXAMINATIONS 2017 
HIGHER 2 9744/2 Propose answers 

1 Fig.1 shows an electron micrograph of an organelle.  There are two distinct group of 
vesicles (Boxes B and C) associated with this organelle.      

Fig. 1 

(a) (i) Identify organelle A.  Feature
Golgi body/ golgi apparatus;;

A stack of membranes with swollen ends;; 

(ii) Describe the differences in the role of the vesicles that fuse with the forming face and
the vesicles that are formed at the maturing face.  [4]

Box C: [2m]
vesicles contain proteins and/or lipids;
transported from rER and sER;
that will undergo chemical modification within the golgi body;
examples of modification: glycolysation, phosphorylation etc

Box B: [2m]
Packaging and transport fn: Vesicles containing modified products will be transported to
the cell membrane;
where they fuse and release the products to the outside of the cell/via exocytosis;

(b) Suggest how the lack of E3A expression can lead to a disruption in the structure and
function of the Organelle A.

Lack of gene expression means that the enzyme E3A is not produced/ transcribed
and translated;;
Proteins that are tagged by ubiquitin, are meant for degradation;;

e and release the products to the outside of the c

w thhheee laaaaackckckckc ooooof f f ff EEE3EE A AA A A exexexexexprprprprprppp esesesesee sisisisisiononononon cccccan llllllllleaeeaeeaeaeadddddddd tototototottt aaaaa ddddddisisisisisisrurururuurupti
e OOOOOOrgrgrgrgganananananelelelelellelelell AAAAA.

ene expression means that the enzyme E3A is not
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 These proteins are either damaged/abnormal/excess;; 
 Removal of these proteins help to maintain the normal functions of the GA (idea 

of);; (A: reverse argument) 

(c) State two characteristics, one in structure and one in chemical property that you would 
expect to see in ubiquitin protein ligase. [2] 

Structure: globular / specific 3D configuartion 
Chemical ppty: solubility in water;; 

2 (a) Explain the similarity in the pattern seen in both HDAC mRNA and HDAC protein. [2]

 HDAC mRNA is the template for the translation /synthesis of HDAC protein;; 
 Decrease in mRNA concentration lead to a decrease in concentration of HDAC 

protein;; 

 (b) (i) What information about the gene expression of RUNX3 can one conclude from the 
data at the beginning of the experiment? Explain your answer. [3] 

There are 2 possible answers to this question. 

Possible answer 1 
 RUNX3 gene is silenced/ down regulated;; 

(Note: this last mark is only awarded if student’s answer shows that there is an 
attempt to link RUNX3 gene expression to HDAC levels shown in Fig 2.1) 

 How does HDAC down regulate RUNX3 expression: 
Remove acetyl groups from lysine residues of histones;
Increase positive charge of histones;
Results in negatively RUNX3 gene being more tightly coiled around
histones;
Promoter less accessible to transcription factors and RNA polymerase;

 Data: Highest HDAC mRNA and protein; 

Possible answer 2 
 RUNX3 gene is upregulated;; 

(Note: this last mark is only awarded if student’s answer shows that there is an 
attempt to link RUNX3 gene expression to HDAC levels shown in Fig 2.1) 

 How does RUNX3 upregulate HDA 
RUNX3 TF binds to promoter of HDAC gene;
Recruits RNA pol or formation of transcription initiation complex for
transcription;  
Up regulation HDAC gene expression (idea of); 
highest HDAC mRNA and protein concentration;

A: RUNX3 TF act as activator (attaches to enhancer region); to allow correct
positioning of TIC/ stabilise the TIC; through looping mechanism;  

uits RNA pol or formation of transcription initiation
criptpp ioooon;n;n;n;n  
eguuulalalalal tititititt on HHHDADADAADADACCC CC gegegegeg nenenenenee eeeeexxpxpresssiooooooooooonnnnnnnnnnnnn (i(i(i(i(i(i( dedeeeedededeeeeeaaaaaaaaa ofofofofof););););); 
estt HHHDADADADADACC CC mRmRmRmRmRNAAAAA aaaaandndndndndd ppppprororororoteteteteteininininn cccccconnnnnncececececccccecentntnttntntntntnttrararararararr tionononononn;;;;

UNNNNNX3X3X3X3X3X33 TTTTTTFFFFFF acacacacaa ttt asasass aaaacttttivivivivvataatata ororororor (((((atatatatata ttatatachesesssss ttttto enenenenenenhahahahahancer re
oning of TIC/ stabilise the TIC; through looping m
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(ii) Suggest one way how your answer in (i) can affect the cell. [3] 

Down regulation of RUNX3: 
 [What is RUNX3] RUNX3 is a TSG Or TF coded by RUNX3 binds to/activates 

other TSG;; 
 [what is its function/ function of other genes] Involved in halting cell cycle/ repair 

DNA damage/send cells to apoptosis;; 
 [impact –leading to cancer]Reduced expression leads to accumulation of DNA 

damage/ cells not able to stop at the appropriate checkpoints/ do not undergo 
apoptosis, resulting in cancer;;  

Upregulation of RUNX3: 
 [What is RUNX3] RUNX3 codes for the TF for HDAC gene; 
 HDAC protein deacetylates/ silence TSG;; 
 [what is its function/ function of other genes] Involved in halting cell cycle/ repair 

DNA damage;; 
 [impact –leading to cancer]Reduced expression leads to accumulation of DNA 

damage/ cell cycle out of control, resulting in cancer;; 
(Described eg. cells not able to stop at the appropriate checkpoints, leading to 
uninhibited growth.) 

 RUNX3 is a protooncogene or codes for the TF for proto-oncogenes;; 
 Results in increase/upregulate expression of genes that promote cell growth and 

proliferation;; 
 [impact –leading to cancer] Increased expression leads to increase cell 

proliferation / cell cycle out of control, resulting in cancer;; 

 (c) With reference to the data shown in Fig 2, suggest how Chemical K can bring about the 
change in the HDAC mRNA and protein. [2] 

 {Change} Decrease HDAC mRNA and protein; 

 Any one of the ways below: 
1. Act as a repressor (specific TF) that binds to the silencer;
2. Prevents TIC assembly;
3. Down regulate HDAC expression

Or 
4. Breakdown mRNA/Decrease stability of mRNA;
5. Reduce half life;
6. Less mRNA and hence less HDAC protein being synthesised;

Or 
7. Cause DNA methylation of HDAC gene;
8. At CpG regions;
9. Silence the gene/ recruit histone acetylase;

Or  AVP (1 1/2m) 

mRRNANA aaanddd henence lesessesess ssss HDACC protein being sssssynynynynyny the

e DDDNANANANANA metetthyhyhyhyhylalalalattitit ononononon oooooff ff HDHDHDHDHDAAACAA gggggggenenennnnnnnnnnnne;e;e;ee;eeeee;ee;eeeee;
G rerereegiigigigig onononons;s;s;;;
ce ttttthehehehe gggggenenenenene/e/e/e/e rrrrrecececececruruuuuititititit hhhhhisisisisii totoototonenenenenene aaaaacececececeeec tylaaaaasesesesesee;;;;

/2 )
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 (d) Suggest why HDAC mRNA instead of the HDAC gene was analysed in this 
experiment. [2] 
 
Answers must provide reason for both HDAC mRNA and HDAc gene. 

  Fixed copies/ concentration of the HDAC gene (idea of);; 
 Gene may not be expressed/ idea of cannot study expression;; 

 
 Differential expression of the gene can be seen using the mRNA;; 
 Chemical K affects transcription and hence its effect can only be seen by 

observing changes in mRNA concentration;; 
  

3 (a) (i) Identify substrates X and Y.[2]
X: glucose; 
Y: lactose; 
 

  (ii) Using your knowledge of gene expression in bacteria, explain how Fig. 3 
supported their conclusion that the Lac operon is under dual control. [4] 
 

 Evidence #1 – first growth phase: When glucose and lactose are both present, glucose is 
used preferentially (A! first/ preferred respiratory substrate) for bacteria to grow and 
reproduce;; 

 Lac operon is under negative control and the gene coding for beta-galactosidase that breaks 
down lactose into glucose and galactose is not expressed;; 

 Evidence #2 – second growth phase: when glucose is depleted, lac operon is active and 
under positive control, so expression of the gene for beta-galactosidase is upregulated;; 

 Evidence #3 – Lag phase: bacterial growth levels / plateaus out: time needed for activation 
of CAP by cAMP when adenylyl cyclase inhibition is removed after glucose is depleted and 
cAMP levels increase/ time needed for the expression of lac operon;; 

            
 

 (b) On Fig. 3, draw separate graphs to show the change in the concentration of the two 
substrates over time. Label your graphs. [2] 
 

Answer:  
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Each curve for glucose and for lactose must show: 
 Decreasing trend but with glucose being used first @½ m 
 Shape of curve to consist of plateau and linear segments @½ m  
 A! decreasing trend for glucose from time 0. (FYI – During the lag phase, bacteria are adapting 

to growth conditions, so that individual bacteria are maturing and not yet able to undergo binary 
fission. During the lag phase, synthesis of RNA, enzymes and other molecules occurs. As the 
cells are metabolising, there is some usage of glucose.) 

 (c) Eukaryotes are structurally different from prokaryotes and hence exhibit differences in 
their control of gene expression. 

Explain two such differences.   [4] 

Any two below (note: from perspective of eukaryotic genes): 
 Chromatin modelling – acetylation/deacetylation Or methylation/demethylation of CpGs in 

eukaryotic promoters;; to compact chromatin by wrapping high mw DNA/ large eukaryotic 
genome around histones to fit into space of nucleus;; 

 Post-transcriptional – 5’ capping and polyA tail addition;; for protection from exonucleases / 
facilitate transport out of nucleus through nuclear pores to the cytoplasm;; 

 Post-transcriptional – alternative splicing of pre-mRNA occurs;; to produce more than 1 type of 
mature mRNA/ protein product from one gene / to generate more types / diversity of proteins 
than no. of genes in genome (to perform all the functions necessary for cell to survive/ in 
response to different stimuli);; 

 Translational - through addition of long polyA tail;; to maintain stability of mature mRNA in the 
cytoplasm as templates for translation of more protein;;  

 Post-translational – protein modification;; to activate/ inactivate proteins in response to 
appropriate signals/ control activity of synthesised proteins;; 

 A! Transcriptional – In eukaryotes, one promoter controls the expression of one gene (instead 
of several functionally related genes);; because eukaryotic genes are not organised into operons 
(explanation);; 

 genome (to perform all the functions necessar
stimiimimimi ululululu i)i)ii)i));;

gh aaaaadddddddddditionn ofofofofof lllononononong popopopopoolylylylylyAAA AA tttail;; toooooo mamammamammmmmammmmmmmmamm inninininnntatatatatatataaininninin statatatataabibibibibib lity
essss fffor ttttrarararar nsnsnsnsnslaalaalationnnnn ooooofff ff momomomomommm rereeree ppppppprorororororr ttttett in;;;;;;;;;  
prrrototototeieieieiein n n n n momomomomodididididififififif cacacacaatititititiononononon;;;;;;; tttttoooooo acacacacacctittttttt vateeee/ / /// ininininiinacacacacca titititit vvvvav te p

conttr lloll actctttttiiviiivititity offf synnnnththththt esesesesesiiisedeededede  proteeeeininininns;;;
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 A! presence of many control elements distal from gene;; allowing for combinatorial control of 
expression;; 

4 (a)  What do you understand by the term pure-breeding? [1] 
 An organism is said to be pure bred when it is homozygous at the gene loci that is 

being investigated/under study;; 

 (b) Using appropriate symbols, draw a genetic diagram to explain the results obtained. 

Let A be the dominant allele that codes for an enzyme that converts a precursor to an 
intermediate pigment (white or albino) and a be the recessive allele that codes for a 
non-functional enzyme 

Let B be the dominant allele that codes for an enzyme that converts the intermediate 
to a coloured pigment and b be the recessive allele that codes for a non-functional 
enzyme 
At least 1 copy of each dominant allele must be present for the production of coloured 
pigment. 

5 (a)  (i) Account for the decrease in the telomere length of Cell Y.  [4] 
1) during DNA replication; 
2) when the last RNA primer is removed/excised; 
3) at the 3’ end of parental template strand / 5’end of daughter strand;
4) it is not replaced by corresponding DNA sequence;

thhhhe e ee dededededd cccrc eaeaeaeaeasssess  innnn thththththe eeee teteteteteeteellololol mememememeeerererererrr  lengtthh ofofofofofo CCCCCeleleelee l llll Y.YYYY   [4]
DNNNNA AAA rerererereplplplplplicicicicicatatatatatioioooon;n;n;n; 
he llast RNRNRNRNRNAA AA priimi er iiiis removed/exexexexxciseeeeeeddddd;d
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5) as DNA polymerase cannot add new nucleotides; without an existing 3’OH
end;

6) idea of resulting daughter DNA strand being shorter than the parental DNA
strand;

7) ref to end replication problem;

(ii) Explain why there is a limit to the number of times Cell Y can divide (Hayflick’s limit). 
[2] 

1) idea of ends of chromosomes shortening into critical genes / telomeres
shortening to a critical length;

2) cells will halt the cell cycle;
3) and subsequently cell will undergo apoptosis;
4) idea of protecting integrity of genes being passed to daughter cells;
5) idea of preventing accumulation of mutations;

(b) State how Cell X is able to maintain its telomere length. [1] 
 presence of an active enzyme telomerase to regenerate telomeres;;  

(c) (i) With reference to Fig 5, explain how the change in telomere length resulted in Cell 
Y* after M2. [2] 

1) (describe change) telomere length increases slightly then remains constant;
2) failure of cell Y to undergo apoptosis;
3) as the cell can continue to proliferate;
4) idea of mutation;
5) leading to activation of telomerase activity / increased expression of

telomerase which can regenerate length of telomeres;;

(ii) State one external factor that can contribute to the formation of Cell Y*. [1] 
 UV radiation/ X ray / ionising radiation;; 
 Chemical carcinogens eg. tobacco;; 
 Viruses (eg. retroviruses);; 

(d) Describe the importance of centromeres in cell division.  [3] 
1) site where sister chromatids attach to each other;
2) acts as site for specific attachment of kinetochore / kinetochore assembly;
3) Which allows for attachment of microtubules/ spindle fibers;
4) During metaphase / metaphase I / metaphase II;
5) Allow the equal (@proper) separation of sister chromatids and homologous

chromosomes; 
6) allow genetically identical daughter cells to be formed; 
7) prevent non-disjunction / occurrence of aneuploidy or polyploidy; 

6 (a) Explain how metformin can be used to decrease the blood glucose level in patients with 
Type II diabetes. [4] 

1) Metformin enters cell via OCT1 / facilitated diffusion through protein channel;
2) Metformin binds to and activates AMPK;

osoooooomeeeees;s;s;ss  
gennneteeteteticicicicicallyy ideeeeentnnntnticiciiicalaalalal ddddddauaaaa ghgghhghter cceeeeeceeceellllllllllllllls s ssssssssssss ttotooototototo bbbbbbbbbbeeeee fofofofoformrmrmrmrmrmededededede ;
nt nnnonononnn-d-d-d-d-disjujujuncncncncnctititiononononon ///// oooooccccccurururururreerererenccccceeee eee offffffffffff aaaaaaaaaneneneneneuupupupupuupupuuupuu lllol idddddy y y y y y orororororr po

metftfftfforororormimimimiminnnn cacacacacannnnn bebebebebe uuuuuseseseseseedddddd tototototoo ddddddecececececrrerrrr asssseeeeee ththththththe e e blblblblblblooooooooood glu
es. [44[4[44[4]]]]]]]
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3) Metformin induces decreased ATP:AMP ratio / induces hydrolysis of ATP to AMP;
4) which phosphorylates and activates IRS1/2 and Akt;
5) leading to increased GLUT-4 translocation;
6) by inducing vesicles containing GLUT-4 transporters to fuse with the plasma

membrane;
7) increased numbers of GLUT-4 transporters proteins on membrane;
8) allowing increased glucose uptake into the cell;
9) idea of activation of other cellular enzymes (eg. glycogen synthase)

(b) Akt is known to stimulate other cellular responses in the insulin signaling pathway. 

Suggest how activation of Akt can lead to different cellular responses. [3] 
 acts as relay protein / secondary messenger that can bind to other proteins / 

enzymes;; (@ activate other relay proteins) 
 that leads to activation / inactivation of proteins/kinases that take part in other

signalling transduction pathways/ signal cascades;;  
 leading to activation of other enzymes that can catalyse different cellular 

reactions;; (accept specific examples) 
 acts as transcription factors that can upregulate/downregulate expression of 

different genes;; 
 idea of signal amplification; 
 idea of activating other kinases in the same signal transduction pathway; 

(c) Metformin was found to induce a decrease in NADH oxidation in the mitochondria. 

(i) Suggest how metformin can lead to a decrease in the ATP:AMP ratio in the 
mitochondria. [3] 

1) by inhibiting oxidative phosphorylation / chemiosmosis;
2) Reduced electrons being donated to ETC;
3) Resulting in less electron transfer along the ETC;
4) thus lesser energy released;
5) to pump the protons across the inner mitochondrial membrane;
6) lower proton gradient established across the inner mitochondrial membrane; /

decreased proton motive force;
7) less ATP generated by ATP synthase;

(ii) Suggest two ways in which ATP can still be produced in the mitochondria. [2] 
 Substrate level phosphorylation in Krebs cycle;;  
 Use of reduced FAD in oxidative phosphorylation / oxidation of reduced FAD;;

7 (a) With reference to Fig7A and 7B, discuss whether these fossils can be used to support 
Darwin’s theory of evolution. [3] 

rate level phosphorylation in Krebs cycle;; 
reeedudududdducecececeed d d FAFFF DDDDDD iiiiin oxoxoxoxoxidididididatatatatativivve phphhphosphorrrrrylylylylatatatatioioioioi n nnnnn // //// oxoooo

e to Fig7A and 7B discuss whether these fossildiscuss wh
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 Explanation of Darwin’s theory of evolution – idea of descent from a common 
ancestor with modification to adapt to different environmental conditions/ selective 
pressures;; (the premise of their discussion) 

Can be used: 
 Same basic structure of skulls and wing and leg bones indicate shared ancestry; 
 Leg bones of giant Hawaii goose is much longer and stouter (idea of) than nene;; 

(modified to suit a land-bound type of locomotion/ loss of flight)
 Skull and the mandibles show significant differences in size;; (modified to adapt to 

differences in the types of food they eat/ to different types of food available)
Cannot be used: 

 Lack of an ‘ancestral’ fossil for comparison, so difficult to determine if the 2 sets of 
bones are “modified” from a common plan;;

 Differences in structure of wing bones are not significant, so inconclusive about 
modification to adapt to different selective pressures for locomotion (i.e. flight vs 
flightless);;

 (b) Using your knowledge of anatomical homology, explain how these differences came 
about. [5] 

 There was existing variation in the population of ancestral birds from East Asia that 
landed on the two different islands;;  

 were subjected to different selection pressures; in the two different islands 
 Those that were best adapted to the selective pressure on a particular island were 

selected for, survived and reproduced;;  
 Passing down advantageous genes / alleles to offspring; 
 Change in allele frequency over time; 
 accumulation of independent mutations; 
 With ref to structure of skulls, leg bones: 

 difference in size: e.g. longer leg bones allow the birds to run away from predators 
faster/ chase after prey faster;; 

 smaller skull - decrease weight for flight/ larger jaw for feeding;; 

 (c) Explain why molecular data is able to overcome the limitations of this fossil study.[4] 
 Definition of molecular data: e.g. DNA and/or proteins;; 
 Different species of Hawaiian waterfowl exhibit different bone morphology, as shown 

by nene and giant Hawaiian goose (idea of closely related species showing distinct 
morphological features);;

 May be used to confirm that the major phenotypic differences between nene and giant 
Hawaiian goose may be due to small genetic differences;; (although this sounds like 
bullet 1, it is not - it illustrates the effect of master regulatory genes such as key TFs)

 Molecular data are unambiguous and objective, side steps the problem of analogous 
structures/ Overcome the problem of ambiguity between homologous and analogous 
structures;;

 Or idea of molecular methods are not dependent on subjective judgments / 
observations) Molecular data being easily converted to numerical form for analysis;;

 A! can use extensive regions of genome (coding and non-coding) OR idea of using 
many gene/ amino acid sequences for comparison;;

 AVP;;
4 max 

s not - it illustrates the effect of master regulatory
daaataa ararararree e uuunamamamamambibbbb guuuuuououououousssss anaannd oboobjejjj ctive,,,,, ssssidididideeeeee ststststststepepepepepeps 
OvOvOvvvererererercocccc memee ttttthehehehehe ppppproooooblblblblblb ememememem ooof amaammbbbibibibibibibibibiguguggguguggggguggggggggugggg itititititity yyy yyyyy yyyy bebebebebebbbetwtwtwtwtweeeeeeeeeeennnnnn ho

;
of momomoomolelelelelecucucucuculalalalar r r r r mememememeththththththodododododdsssss ararararare eeee nonnnnnn t dededededepepepepependndndndndndeeeneee t on
nsss))))) MoMoMoMoMoMoMolelelelelelecucucucucuc laaar rr dadaata bbbbbeieeieie ngngngngngg eeeeeasaasasasa iiili y coooooonvnvnvnvnverrrrtetetetetet ddddd tttotot  num
e extensive regions of genome (coding and non
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 (d) Based on the fossils, state one species concept that can be used to determine whether the 

Hawaiian goose and nene belong to the same species. [1] 
Any one 

 Genetic (based on DNA analysis of DNA/protein extracted from fossil samples);;
 Ecological (based on structure of mandibles, long legs – clues about the niches they 

occupy and the competition for similar/ dissimilar resources for e.g. if the mandibles are 
very similar, they are likely to feed on and thus compete for similar types of food);; 

 
 

8
 
The immune response consists of innate and adaptive responses.  
 
(a) What is the importance of the innate immune response? [3] 

 Body’s first line of defence against pathogens;; 
 External mechanisms: physical barriers such as the skin and mucus prevents 

entry of pathogens;; 
 Internal mechanisms: consist of cellular defences, plasma proteins, inflammatory 

responses that respond immediately to invasion from pathogens to contain (and 
get rid) the infection;;  

  

(b) Explain the significance of these changes over time. [4] 

 Somatic hypermutation;; 
 Point Mutations produce B cells with membrane Ig having altered antigen-binding 

sites;;
 Producing B cells with higher affinity (B cell) receptors (which will survive, proliferate 

and mature into plasma cells);;  
 In this way, antibodies are generated that have increasingly higher affinity during an 

immune response;; 
 This provides progressively better protection against the pathogen; 
 This mechanism is termed affinity maturation;; 

 
(c) State how a B cell is able to produce IgM and IgD at the same time. [1] 

 Alternative splicing of the pre-mRNA;; 
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9 (a) (i) Describe the pattern of resurgence of dengue shown in Fig.9.1. [2] 

 cyclical;; 
 QV 

(ii) Suggest three possible ways in which climate change can result in the pattern 
described in part (i). [3] 

 Higher temperatures in summer due to climate change leads to faster pathogen 
development and shorter life cycles for mosquito vectors;; 

 Global warming of many regions previously not suitable as habitats for 
mosquitoes now results in more widespread breeding of the vectors;; 

 Climate change resulting in higher precipitation in some areas lead to ponding 
and more breeding places and also longer breeding seasons for the vector since 
these pools will take long to dry up with frequent returns of rain;;  

 Changes in agricultural practices like crop rotation or choice of crop, planting 
more rice to take advantage of the ready supply of water from more rain will help 
in providing more breeding grounds for mosquito vectors;; 

 Crop rotation patterns together with higher frequency of extreme weather 
conditions may culminate to create the cyclical pattern observed in the epidemic 
outbreaks.  

 Climate change resulting in higher wind patterns can also bring vectors to higher 
regions previously inaccessible to them;; 

 (b) Suggest why the vector control programme might not have worked as initially intended. 
[2] 

 Climate change resulting in changes in mosquito’s phenology, shorter life cycles 
and more adaptable to wider range of habitats, making vector control methods less 
effective;;  

 A new mutated serotype/strain of Dengue virus emerged which might reproduce 
faster in the mosquito’s salivary glands, extending their period of infection, 
reducing the impact of vector control;;  

 Mosquito populations outside of the homes have become resistant to the 
pesticides used and are able to survive the thermal fogging treatments and still lay 
sufficient eggs to replenish their numbers;;   

 A shift in dengue virus transmission from the household to other sites, such as 
schools and workplaces;; 

[2 max]

 (c) (i) Describe two advantages of this strategy. [2] 

Advantages
 Biological control (idea of) measures using GM mosquitoes are more target 

specific than current use of pesticides, which kill off other species of insects like 
useful honey bees/ natural ecosystem not affected;; 

  wo adaadadadvvvvav nttaaageseseses oooof ffff thhhhhisisisisis ssssstrttt ataattategy.yy.. [[[[2]2]2]2]2]2]2]2]2]2]2]]2]]]  

 cooonttntntrororororoll ll l (i(i(i(i(i( dededededeaaaaa ofofoffo ))))) mememememeeasaasasa ururururururesesesesese uuuuuussiss ng GGGGGGMMMMMM momoomomosqsqsqsqsqquitoes
han currentt use of pestittiticcides, whichchchchh kill ofofofofofo f other s
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 Even with mating cycles shortened, the self-limiting gene becomes established 
faster in the population, as the larva die off and adult vector numbers will be 
drastically reduced and the disease spread impeded;;  

 without the use of pesticides, there will be no negative impact on environment, 
humans etc;; 

 Minimal manpower needed to implement and sustain the suppression. Male 
mosquitoes will live a while to mate with many wild females, unlike the fogging 
attempts that has to be repeated every few days as mosquitoes evade the 
fumigated areas and return afterwards.  

 (ii) Discuss the possible impact of these advantages on the natural ecosystem. [2] 

 With the demise of the Aedes aegypti species in the community, since the GM 
mosquitoes are target specific, other mosquito species will flourish at their 
expense and the eventual extinction of Aedes aegypti might actually be observed 
in the area tested with GM male releases;;

 Diseases carried by other mosquito species could become the next vector borne 
disease outbreak if another species succeeds in fulfilling the niche once filled by 
Aedes aegypti 

 Without mosquitoes, thousands of plant species would lose a group of pollinators. 
Adults depend on nectar for energy (only females of some species need a meal of 
blood to get the proteins necessary to lay eggs).

 Some fishes depend on mosquito larvae for food and so their main food source 
could be removed without adult laying more eggs in the water

 Many species of insect, spider, salamander, lizard and frog would also lose a 
primary food source.
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VICTORIA JUNIOR COLLEGE 
BIOLOGY DEPARTMENT 

JC2 PRELIMINARY EXAMINATIONS 2017 
HIGHER 2 9744/3 Answers 

Note: A: Accept; R: Reject 
1 Huntington's disease (HD) is a rare neurodegenerative disease. Fig. 1.1 shows a pedigree of 

HD across three generations (I to III). 

Fig. 1.1 

 (a) With reference to Fig. 1.1, account for the mode of inheritance of the disease. [3] 
 HD is inherited in an dominant manner;  
 every generation has affected offspring as long as one parent is affected (I1);;  
 a single defective allele is sufficient for trait;  

 Inherited in an autosomal manner;  
 male and female offspring are similarly affected;  
 an affected male parent (II2) can produce an affected son (III1);; 

 (b) (i) Explain the likely effect of the abnormal increase in CAG repeats on HTT protein 
structure and function. [3] 

 Production of an abnormally long polypeptide / longer than the normal polypeptide (R! 
premature termination since length of CAG repeats is associated with disease); / 

 Alters primary structure of polypeptide; 
 disrupts the R group interactions such as hydrogen bonding, ionic, hydrophobic 

interactions and disulfide bridges;; 
 essential for correct/ extensive folding into tertiary structure with specific 3D shape;;/ idea of 

3D shape/conformation or tertiary structure is affected;; 
 normal function of protein is lost/ abnormal protein is made;    Max 3m 

(ii) Suggest possible reasons why individuals having number of repeats ranging from 21-
39 do not develop the disease. [2] 

 Insertion mutation of multiples of 3 that code for chain of 20 glutamines (A! less than 40 
glutamines) do not drastically affect 3D shape/ structure and thus function of the protein;; 

 Slight effect on protein function but not drastic enough to develop disease;; 
 A chain of more than 40 glutamines affect interactions between R groups that lead to folding 

into specific tertiary structure of the protein to affect normal function and cause HD;; 

g p y g
d dddddisisississulllfififfifif dededdeded  bridgdgdgdgdgd es;;;;;; 
rreeectctctctct/// / eeexteensnsnsiviviviviveee ee foffff ldddddinininininnggggg inininini tooo tereerrrtiarararrararararararaarararry y y y y yyyyyyyyyyyyy ttstststststrururururururrrrrrur ctctctcturururururreeeee wiwiwiwiwiw ththththth s
ormmmatatatattioioiooionnnnn ororr ttttterereere tititiararararary yy y y stssss ruuuuuctctctctctururururure isisisississ aaffffffffffffffffffffffffffffececeeecececee teteteteteeeeeeeed;d;d;d;d;d;dd ;;

of f f ff prprrprrprotttein iisi  losssst/t/t/tt/ aaaaaaabnbbbbbbb ormalllll prpppp otein isisisisiss mmmmmadadadadadde;e;e;e;e;e    MMMMaM

possible reasons why innnndividuals having number o
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 (c) (i) Explain why PCR can be used for the diagnosis of HD. [2] 
 PCR makes use of specific primers that flank the region of the HTT gene/ exon 1 that 

contains the CAG repeats;; 
 to amplify the different fragment lengths to allow for differentiating between normal and 

mutant allele;;  

(ii) Explain how gel electrophoresis was used to detect the band patterns of the offspring 
in Fig.1.1. [4] 

 During electrophoresis, negatively charged DNA fragments migrate through a gel 
towards the positive electrode;;  

 under an electric field; 
 agarose gel acts as a molecular sieve; 
 Larger fragments (i.e. has more CAG triplets) move slower compared to shorter 

fragments;; 
 Gel is stained with methylene blue and observed under white light;; / ethidium bromide and 

observed under uv light;; 

 (d) Based on this information, draw in the band patterns (in Fig. 1.2) for individuals #6, #10 
and #11. [2] 

Fig. 1.2        

 (e) Individuals with 6-35 CAG repeats will be unaffected. Offspring of individuals with 36-39 
repeats are at increased risk for HD. 
Suggest how this increased risk can occur. [2] 

 As the altered HTT gene is passed from one generation to the next, the size of the CAG 
trinucleotide repeat may increase in size due to errors in DNA replication of CAG repeat 
region during formation of gametes;; 

 Since trait is dominant, they are at risk of having children who will develop HD when affected 
gamete with >40 repeats fuses with a healthy gamete;; 

2 (a) Explain how the loss of control in the cell cycle can lead to cancer. [3] 
 Loss of control means that the checkpoints regulating the stop and go signal of the cell 

cycle is lost; 
 Failure to halt cell cycle /Cells continue to divide even if they have not properly completed 

the previous stage; 

withhhhh 6-333335 55555 CACACCC GGGGG rererererepeeeeeatatatatatsssss wiwiwiwilllllll beeee unuuu affected. Offfffsfsfsfsfsfsprprprprprp in
at iiincncncncn rerererrr asseeed rrrrrrisisisissk k k k k foooorrr rr HDHDHDHDHDH . 
w thhhiiis iiiincncncncncreeasasasassededeede rrrrrisisisisisk k k kk cacacacacannnnn ocococococcuuuuurrr.r.rrr. [2]2]2]]2]222]2]2]]2]2]2]] 
HTTTTTTTTTT gegggg ne iis papapapap sssssssssss edededededed ffffrom one geneeeeerararararar tititititionononononn tttttooooo ththththhe 
peatatat mmmmmayayayayayy iiiincncncnn rereeasasasseeeee inininininn sssssizzzzzzeeeee dududududud eee to ererererere rororororororsrssss iiiiin n n n nn DND A r
ormation of gametes;;;; 
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 Even when DNA is mutated (R: cells are damaged); 
 Leads to an accumulation of mutations; 
 Which includes loss of function mutation  in several TS genes;; 
 And gain of function mutation in at least one proto-oncogene;; 
 causing cell to undergo uncontrolled cell division; 
 cells cannot repair DNA damage; they evade apoptosis; grow in the absence of growth 

factor; loss of contact inhibition etc etc 
 Ref to cancer development being a multistep process;                          [max 3m] 

 (b) Outline how such a mechanism is activated to be effective in its function. [4] 
1) (cancer-derived) peptides presented via MHC1 on surface of cancerous cells;
2) Naïve cytotoxic T cells with receptors specific to peptides recognize and bind; (idea of

specific binding by cytotoxic T cells)
3) cancerous cells recognized by macrophages / dendritic cells (@ other examples of

immune cells);
4) and engulfed via phagocytosis;
5) Presentation of peptides via MHCII to naïve T helper cells;
6) which activates of T helper cells (ref clonal selection);
7) T helper cells release cytokines;
8) cause activation of cytotoxic T cells (ref clonal selection);
9) Which target cancerous cells and perform direct killing;
10) Via release of granzyme and perforin;

 (c) (i) Use the data in Fig. 2 to compare the effectiveness of the two drugs used to treat 
the tumours. [4] 

 (similarity) Both drugs are effective for treatment of tumor A and B; 
 total volume decreased compared to control; 
 Vinblastine and T138067 are both equally effective against tumor A / T138067 is slightly 

more effective than Vinblastine against tumor A;  
 QV;; eg. After 25 days, size of tumor A decreased from 600mm3 to 220mm3 when vinblastine 

was added; while size decreased from 600mm3 to 160mm3 when T138067 was added; 
 T138067 is more effective for treatment against tumor B than Vin; 
 QV;; eg. After 25 days, size of tumor B decreased from 620mm3 to 360mm3 when vinblastine 

was added; while size decreased from 600mm3 to 120mm3 when T138067 was added; 
 Idea that Vinblastine is more effective against tumor A than tumor B; 
 Idea that T138067 is more effective against tumor B than tumor A; 

(ii) Both Vinblastine and T138067 were able to bind to tubulin. 
Explain the effects of Vinblastine and T138067 as anti-cancer drugs.  [3] 

1) idea of preventing the polymerisation of tubulin / idea of tubulin being important component 
of spindle fibre;

2) thus prevent formation of spindle fibre
Alternative: prevent shortening of spindle fibres; 

3) spindle fibres cannot attach properly to chromosome during metaphase;
4) sister chromatids cannot be separated equally during anaphase; (reject if students describe

as separation of chromosomes)
5) idea of preventing mitosis (nuclear division) from occurring;
6) idea of reduced number of cancer progeny cells formed / new cancer cells cannot be formed

/ new cancer cells are not viable;

(iii) Suggest why the same tumor cells may respond differently to these two drugs? [3] 
 difference in uptake due to presence of different receptors to take in the drug;; 
 difference in efflux of drug due to presence of different transporter proteins that can export 

the drug out of cell;; 

ng the polymerisation of tubulin / idea of tubulin b

rmmmatatatatattioioioioon oof spipipipip ndndndndn lelelll fffffibibibibibbrerererere
veeennnt ssssshohohohohorrtr eneneneneniiinii g ofofofofof ssssspipipipipindndndndndn lelelelele ffffffibibibibibrerrerereres;; 
annnnnnotototott aaaaattttttttttacacacacachhhhh prprprprpropopoppoperererereree lylyylyly tooooo chchhchchrororororomommmm somememememe dddddurururururu ininininggggg meta
ds cccannannnnononononot ttttt bebebebeb sssepeppeparatatatatattedededede eeeeeequququququualaalala llly durururururu inininining ananananananapapapapaphase; 
f chromosomes)
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 difference in stability of drug as it may be degraded to different extent (idea of susceptibility 
of drug to degradative enzymes);; 

 different affinity of the drug to binding with tubulin leading to different extent of responses;; 
 AVP;; 

3 (a) With reference to the curve for Barley, explain the meaning of limiting factor.  [3] 
Definition of limiting factor: (Any one below) 
 As a factor that is closest to its minimum value  and changing the concentration (or idea of) 

of this factor will change the rate of reaction/ rate of CO2 uptake;; (A: if students make 
reference to either an increase ot decrease)  OR 

 as a factor that will directly affect the rate of reaction/ rate of CO2 uptake if its value is 
changed;; 

 From CO2 concentration of 0 to 350ppm; 
increase [CO2], increases the rate of CO2 uptake;
CO2 is the limiting factor;

 From CO2 concentration of 350ppm onwards; 
Increase in [CO2], does not bring about further increase in uptake/ rate remains
constant;
CO2 is no longer limiting/ some other factors (or named factor) is limiting;

 (b) Based on the morphological differences shown in Fig 3.2 and the Km values for both 
enzymes, suggest reasons for the difference in rate of CO2 uptake for Sugarcane (C4 
plant) and Barley (C3 plant) shown in Fig 3.1. [5] 

What are the differences? 
 Much higher rate of CO2 uptake at low CO2 concentrations  
 QV/ quote gradient (steeper for sugarcane cf barley);   
 Achieving a max of 35ugm-2h-1 at very low CO2; 
 At less than 100ppm of CO2; 
 Much higher than CO2 uptake of 20ugm-2h-1 in C3 plants; 
 Higher enzyme saturation levels of PEPC compared to Rubisco; 

Explanation: 
 Presence of PEPC in C4 plants but not in C3; 
 PEPC helps incorporate and concentrate CO2 for use in Calvin cycle in bundle sheath cells;
 Lower Km value of PEPC implies that it has a higher affinity for carbon dioxide while Rubisco 

has a lower affinity since it has a higher Km 0f 12μM;; 
 Presence of mesophyll cells that house PEPC, a morphological feature not observed in C3;
 Calvin cycle occurs deeper within cell, inside bundle sheath and away from Oxygen being 

exchanged near stomatal region; 
 PEPC has no affinity for Oxygen, unlike Rubisco which can also bind to Oxygen other than 

just CO2;  
 Rubisco can bind to Oxygen and undergo photorespiration; 
 Reduces contact with Oxygen by having Calvin cycle deeper inside cell layers;      [5max] 

 (c) Suggest another structural difference in the leaf morphology between C3 and C4 plants. 
[1]   

 C4 plants have thicker leaves;; 

 (d) In view of all the information that is given above, discuss the likely impact of predicted 
changes in carbon dioxide concentration, global temperatures and rainfall patterns on 
the distribution of C3 and C4 plants. [6] 

 Climate change will raise global temperatures; 
 Due to increased carbon dioxide levels serving as greenhouse gases; 

ffinity for Oxygen, unlike Rubisco which can also 

nd totototooo OOOOOxyyggegennn nn ananananandddd unununununndededededergrgrgooo phhhoottttttotororororoorrorororrorrorrrrrororo eseseeseseespipipiipipipip rarararararararatititititiononooo ;;;;;
ct wwwithhhhh OxOxOxOO ygygygygygeeenee bbbbbyyy yy hahahahahaviviviviviv ngngngngng CCCCCCalalalalalvvvvivv n cycycycycccccyycycyclcllclclclclee ee e ee eeeee ddddedd epepepepepepererererere iiiiiinsnnn i

theeeer r stststststrurururuructctctctctcturururuu alalal ddddififfifferererereerencncncncn eeeeee innnnn ttttthehh  leaaaaaaf f fff mmomomomorprprprprprphohohohohology b
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 Rainfall patterns will be erratic with floods in some areas and drought in others; 
Carbon dioxide rising: 

 C4 plants can reach maximum photosynthetic capacity even at low carbon dioxide 
concentration; 

 having higher levels will help them attain maximum capacity in shorter time compared to 
C3 plants; 

OR 
 C4 plants are more adapted to low carbon dioxide concentration than C3 plants ; 
 C4 plants will, have reduced advantage / be at a disadvantage, over C3 plants with 

respect to higher atmospheric carbon dioxide concentration ; 
Increased global temperatures: 

 Increased enzyme activity due to raised temperatures possible to benefit both C3 and 
C4; 

 Beyond optimal temperature however, both C3 and C4 plants will decline as enzymes 
become denatured; 

 C4 plants will be better adapted to high temperatures as PEPCase might have a higher 
optimal temperature; 

 Both C4 and C3 plants may spread to higher latitudes as temperatures are cooler up 
there; 

 Increased temperature beyond optimum can also force the stomata to close more to 
reduce transpiration losses so water stress becomes a problem; 

Water stress with changing rainfall patterns:  
 C4 plants well adapted to, water stress / lack of water ; 
 C4 absorb less water per gram of dry mass produced and so are better adapted to dry 

conditions; 
 C4 plants likely to increase in hot dry areas; 
 C4 crop plants will continue to be cultivated in places with high temperatures and low 

rainfall ; 
 C4 crops will make more efficient use of irrigation ; 
 higher rainfall will benefit C3 plants ; 
 rising temperatures in some places will be linked to lower rainfall ; 
 ref. to competition between C3 and C4 plants with respect to, water supply / [CO2] 
 e.g. C4 plants thought to have evolved in (current) low carbon dioxide atmosphere 
 and C3 plants when the carbon dioxide levels were higher (further back in the past);  

[6 max]

Essay Questions  
4(a) Discuss the effectiveness of a live, attenuated vaccine against an RNA virus. [13] 

1. Define live attenuated vaccine in the context of natural acquired immunity @1m max
Live attenuated vaccine is the preparation of a *weakened form/ less or non-pathogenic 
variants of the disease-causing pathogen will stimulate the body's immune system (idea 
of active immunisation) / recognise it as foreign;; 
to destroy the attenuated version, and "remember" it so that the immune system will more
rapidly recognise and destroy the natural pathogens that it encounters later;;

2. Define purpose of using live attenuated type and its link to effectiveness @2m max
as attenuated virus are able to replicate in host cell and not degrade, it can induce lifelong
immunity as it continues to thrive in the body;;
replication of the weakened pathogen does not cause symptoms/ disease yet is able to
stimulate natural immune response in vaccinated person; (award only once);
no need for booster shots will be required in order to revive immunity in the individual;;

3. Explain primary and secondary immune response to vaccination @3m max

q
ed vvvvvacacacaccicciciciinenenenene is ththhhtheeeee prepepepepeparararara atatatatioiooion ofooffof a *weakenededddd ffffffororororoo m
e dddissisissseeeaee see---cauauauauausisisiisingnnnn ppppppatatatatathohohooh gggeg n wwiwiwiwiiw lllllllllllllllll ssssssssstitititititimummumumumuummmmmum lalalalatetetetetee ttttthehehehehehe bbbbbo
unisssatitititionononon))) /// rrrrreeecee ogoggggnininininisesesesese iiiiit t t tt asasasasas fffffforororororeeeeieee gnnnnnnnnnnn;;;;;;;;;;;;;; 
attttetetetetet nunnunununuatatataatededededed vvvvvererererersisissiononononnon,,,,, ananananaa ddddd "rrrrrememememememeeeeee beeeeer"r"r"r"r" iiiit tttt sosososososo tttttthahahh tt tthe

nise eee annanannddd dd dedededededestssstrororoyyyy tttht eeeee nananananatutututututurararararalllll ppapapathoggggggenenenene s ththththththatatatatat it enco
of using live attenuated type and its link to effective
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in *first exposure to the vaccine or primary response, there is a lag phase and a low amount
of antibody produced against the vaccine;;
Mainly IgM antibodies are secreted with low potency;;
in *secondary response when the body encounters the natural virus pathogen that the
vaccine is intended to protect against, the pool of memory B cells remaining from primary
response will be activated to divide and differentiate more rapidly and potently;;
To develop into plasma cells that produce high levels of antibodies of different classes due
to class switching that has started in primary response;;
Together with somatic hypermutation and affinity maturation will produce plasma cells that
secrete antibodies with higher specificity and affinity for the natural virus pathogen;;

4. Explain sequence of events activated by vaccine: (i) innate, (ii) humoral and cell-mediated
arms of adaptive immunity, and (iii) immunological memory @3m max

Antigen presenting cells (APCs) in the body will engulf extracellular virus in the blood
stream or infected body cells;; (students were not penalised for missing out infected cells)

 *APCs will present the processed antigenic protein to the helper T cells via MHC class II 
molecules;;  

 *Activated CD4+ Helper T cells will produce cytokines that activate naive B cells to develop 
into plasma cells which will secrete antibodies specific to the antigen;; 

 *CD8+ Cytotoxic T cells to perform direct killing of virus-infected cells after altered infected 
cells present processed antigen peptide through MHC class I molecule;;  

 *Memory B cells and T cells remain in the body for future encounter of the same pathogen;; 
5. RNA viruses and high rate of mutation (ref lack of proof reading capacity of virus RNA

polymerase or reverse transcriptase of retroviruses) @2m max
 *Errors in genome replication by virus RNA-dependent RNA polymerase are not corrected
(name at least one virus enzyme responsible for this);; 
missense mutations result in changes in codons in mRNA;;
changes in primary structure of virus proteins, including virus surface proteins;;

6. Structural change in viral surface glycoproteins that act as antigens @1m max
 *altered primary structure leads to altered folding into tertiary structure with alteration of
3D shape; (award once as it overlaps with point 9) 

 *change in epitopes/ antigenic determinants that are no longer recognised by antigen 
binding site of antibody raised in immune response to vaccine;; 

7. Link to challenge of vaccine design due to constant change in RNA viral antigens @2m max
(check with point 10)

constant mutations in virus surface proteins lead to continuous change in epitopes/
antigenic determinants;;
antibody raised in immune response to vaccine now have antigen binding site that is
specific to original epitope can no longer bind altered epitope;;
unable to eliminate new strains of RNA virus that evolve from the original strain, so there
is loss of immunity;; 

       AVP wrt effectiveness of live attenuated vaccine (capped at 4m max in total);; 
live attenuated virus mutates within the body into virulent / pathogenic form to cause full-
blown disease;; 
weakened virus causing full-blown disease in people with weak immune systems;; 
reference to herd immunity awarded ½ m as this applies to vaccination in general; 
reference to antigenic shift in influenza virus leading to new subtypes;;

*essential points

minate new strains of RNA virus that evolve from t
unnn titty;y;y;y;;;;;
ss ooooofff f lililililive aaattenenenenenuauauauauateddddd vavavavavacccccccc ine (cc( apapapapapapapappapapappappapapapppapppppepepepeppepeppppp ddddddd atatataataaat 444444m mamamamamaax i
d vvirusssss mmmmmuttttatatatatates wwwwwittttthihihihihinnnnn thththththe eee e boboboboboddddyddd intntntntnnnnnttntntoooooo vvivivivivvivivvvvvv rrrurrr leeeeeentntntntntnt ///// ppppppataaa h
e;; 
us caccausususususinininining ggggg fuffufullllll-bbbblolol wnwnwnwnwn dddddisssssseaeaeaeaeasesseseses  in peoeoeoeoeoe ppleeeeee wiwiwiwiwiw ththththtth weak
erd immunity awarded ½ m as this applies to vac
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4b Discuss the various ways in which the concentration of an enzyme in a cell can be regulated. 
[12] 
Overview: 
1 Enzymes are proteins and their concentration in a cell is regulated by controlling/regulating 

gene expression;; 

Regulation of enzyme production in Eukaryotes [9 max] 
2  Presence or absence of enzyme: [3m max] 

  Chromatin remodelling - level link to accessibility of promoter of gene to transcription factors and 
RNA polymerase, formation of  transcription initiation complex (TIC);; 

 Via histone acetylation (description) – idea of  gene expression: eg. decrease binding of negatively 
charged DNA to positively charged histones, resulting in DNA being more loosely coiled around 
histones) 

 DNA methylation;; (gene silencing: CpG rich regions required for binding of TF and recruiting of histone 
deacetylases) 

3  Increase concentration of enzyme or Up regulation: [2m] 
 Enhancer and activator; with idea of stabilising transcription initiation complex to 

increase transcription;  (R: RNA pol) 
4. Decrease concentration of enzyme or Down regulation:

 Silencer and repressor with idea of blocks assembly of TIC/ prevents release of RNA 
polymerase from TIC to decrease transcription/ blocks assembly of RNA pol;; 

5  Translational level: controlling the Half-life of mRNA [3m max] 
 The longer the half-life of an mRNA, the more stable it is and hence the more times it 

can serve as a template for the translation of the enzyme;; (idea of :The mRNA can 
allow the synthesis of more proteins if it remains in the cytoplasm for a longer period of 
time) 

 This is done by  
Presence of 5’ cap and 3’ poly A tail prevents digestion from 5’ and 3’ exonucleases
respectively;;
Longer poly A tail, longer half life; (offers more resistance to 3’ exonuclease)
Specific proteins that bind to the 3' UTR to mark the mRNA for rapid degradation;;
Certain hormones can stimulate or retard the rate of degradation of mRNA, thereby
decreasing or increasing its availability for translation to protein;

6  Initiation of translation [1m] 
 Masking of mRNA by specific proteins to 5”UTR of mRNA prevents ribosome binding;; 

7 Biochemical modification to make functional enzyme; [2m max] 
 Enzymes may have to undergo certain post-translational modification to form functional 

enzymes through the addition of any of a number of these biochemical: [any 2, 1 max] 
Glycosylation - Addition of carbohydrates; 
Phosphorylation – Addition of phosphate groups; 
Acetylation  / Methylation – Addition of acetate or methyl group;
Proteolytic cleavage;

8 Enzyme degradation [decrease enzyme concentration] [1m] 
 Ubiquitinylation involves the addition of ubiquitin  which marks the enzyme for  degradation 

by proteasome;; 
9 Presence of growth factor/ signalling molecule that  

 cause the activation of transcription via cell signalling pathway;; [1m] 

Regulation of enzyme production in Prokaryotes [4 max] 
9    via operons; 
10  Presence of substrate/ inducible operon (eg. lactose for lac operon); [3m] 

 In the absence of lactose: active repressor binds to operator to prevent binding of RNA 

sylation - Addition of carbohydrates; 
hoooryyyyylalalalatititiittionoonon – AAAAAdddddddddditiooooonnnnn ofofofofof ppphhhosppphate gggggroooooupupupups;s;s;s; 
atiooonnnnn ///// Mete hyhyhyhyhylalalalalatititititionoooo –––––– AAAAAdddddddd iiitionnn ofofffffffffffff aaaaaaaaaaaaaaaaaaaacecececececetaaatatatataaaataaatetetetetetetetee ooooor memememememettttht y
lytticcc clclclclcleaeaeaeae vavavaaagegegegege;

ationonooonn [[[[[dededededecrcrcrcrcreaeaeeaeasesesesese eeeeenznznznznzymymymymymmeeeee cococococoncncncncnceneneenenntratioioioioion]n]n]n]n]n [[[[[1m1m1m1m1m1 ] ] ] ] ]
n ininnnnnvoovooolvlvlvlvlvlvesesesesess ttttthehheheh aaaadddd itioioioioionnn nn ofofofofof uuuubibibibibiquqq itin  whwwww iccccchhhhh mmmmmarks th
e;;
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pol to promoter, no transcription;; 
 Presence of lactose: repressor inactivated (or description) by allolactose binding to 

active repressor, hence transcription of structural genes or named example;; 
 Upregulation: by the binding of cAMP-CAP complex to the CAP binding site upstream 

of promoter;; 
11 Presence of end product/ repressible operon (eg. tryptophan for trp operon) [2m] 

 In the absence of tryptophan: inactive repressor cannot bind to operator to prevent 
binding of RNA pol to promoter, transcription;; 

 Presence of tryptophan: tryptophan active inactive repressor, binding to promoter, 
hence transcription of structural genes or named example;; 

12 AVP 
Activity: Note: here the reference is about functional enzyme [2m max] 

 End product inhibition/ allosterism explained;; 
 Optimal condition: pH eg. lysosome;; 
 Enzyme inactivation at high temperatures eg. Himalayan rabbits 

QWC (Quality of Witten Expression) 
To be awarded if students write on regulation in both prokaryotes and eukaryotes.   

5a Describe the functions of various components found in the plasma membrane and explain, 
using named examples, why there is a different composition of these components in 
membranes of different cells and organelles. [13] 

Components of membrane and their functions: 
(1) Phospholipids  

 Forms bilayer due to amphipathic nature 
 Barrier to water-soluble substances 
 Provides fluidity to membrane; 
 compartmentalisation;   

(2) Cholesterol  
 Regulates fluidity of membrane 
 Maintain mechanical stability of membrane 
 Reduces uncontrolled leakage of polar molecules / ions 

  (3) Proteins  
 transport proteins - Allow water-soluble ions, glucose, amino acids etc to be transported 

in and out of cell 
 enzymes – catalyse chemical reactions on the membrane eg. adenylyl cyclase 
 receptor – allows for specific binding of signalling ligand 
 structural support – proteins attached to cytoskeleton to provide framework to cell 
 energy transducers eg. ATP synthase 

(4) Carbohydrates (@glycoproteins or glycolipids) 
 Form H bonds with water and stabilizes membrane 
 Cell-cell recognition / cell communication 
 Cell-cell adhesion 

Significance of different components: 
In different organelles 

 Eg mitochondrion and chloroplast; 
 Require proteins (electron carriers) to be arranged in order; 
 To facilitate electron transfer along electron transport chain; 
 Idea of carrying out chemiosmosis; 
 Eg. nucleus 

pport – proteins attached to cytoskeleton to prppp ovid
ducuucccerererersss ss egg. ATATATATATPPPPP syyyyyntntntntnthahahahahasseses  
(@@@@@glglglglglycycycycycopprororoooteteteteteinininnsss ss orororor gggggglylylylylycocococc llipidsddss) 

ds wwwithhhhh wwwwwatatatata ererererer anddddd ssssstatatatataaaabibibibibibbb lilililizeeeeesssssss mmmemm mbmbbbbbbbraararannnneneneneneen
ogninininititititiononononon ///// cccccelelelelellllll cococococommmmmmmmmmunununununniccicccatatatatatioiooioioonnnnn
esiion
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 Require opening such as nuclear pores to be present in the membrane; 
 Eg. rER; more protein channels for newly synthesized proteins to enter lumen; 
 Eg. chloroplasts; photosynthetic pigments on thylakoid membrane for absorption of light;
 Eg. lysosome; more proton pumps to maintain acidic internal environments; 

In different cells 
 Ref different cell types contains different amount and types of glycoproteins and 

glycolipids; 
 idea of similar cell types can adhere together to form tissues; 
 Ref cells receiving signalling ligand / specific example of effector cells etc; 
 Require specific protein receptors to be present on cell membrane; 
 To allow specific signalling ligand to recognize and bind; 
 For signal to be received and transmitted; 
 Ref cells that produces / synthesized proteins for extracellular use / cells that perform 

secretory functions etc; 
 Contains more transporter proteins on the plasma membrane; 
 Ref immune cells eg. B cell/macrophage/ T helper cell etc 
 To contain specific receptor eg. BCR with specific antigen binding sites; 
 That enable it to bind to specific antigen; 
 Ref cells in organisms living in areas of higher temp (accept reverse) 
 Higher % of saturated fatty acids in phospholipids; 
 For greater stability of the membrane; 
 AVP 

5b Hyperglucagonemia is a condition where there is excess glucagon secretion.  Using your 
knowledge of how glucagon works and how HIV infects a cell, explain how drugs can be used 
to target the different stages in each condition.  Highlight in your answer, similarities in the 
mechanism of the drugs. [12] 

Similarities: (3max) 
 Bind to specific receptors on cell surface membrane;; 
 Due to complementary binding/fitting to relevant receptors on specific target cells;; 
 Drug can also act as competitive inhibitor/ structural analog  to relevant receptors on 

target cells;  
 Block the binding of glucagon or HIV and hence limit the propagation of the diseases;
 Drug can also enter the cell and work by inhibiting intracellular cell processes; 
 Eg. involving enzymes; 
 Drug can be steroid based to facilitate entry into cell;  
 Drug can be administered in liposomes to ensure quick delivery to target cells via 

bloodstream; 

Examiner’s comments:  
Despite prompting from the question, this part was barely discussed. Many offered only a 
sweeping statement about the two drugs to be similar in action of targeting receptors as some 
sort of competitive inhibitor. Some mentioned the common target of intracellular enzymes but 
most never mentioned about the common mode of drug entry into the cell.  

Differences: (9 max) 
Other targets 

Glucagon HIV 
Target Receptor G-protein linked receptors CD4 /CCR5 receptors 
Target Cell Type liver cells T helper cells 

m; 

mennnntststststs:  
frrrrromomomomomm tttheheheh qqquesttttttioioioioon,n,n,n,nn, tttthhhihh s papapapapapaaartrtrtr  was bbbbbararararara eleeee y y y y y y dididididdiscscscsccuuusu

nt aaabobobooboututututut ttttthehehehhe tttttwowwowow ddddrurururur gsgsgsgsgsg ttttttooo o o bebebebebeb ssssiimiiii ilaaaaar rrrr inininininn aaaactctctctctioioioioioionnnn of ta
inhibitor. SSSSome me ttntioioioionedddddd thhhe coommmmmm onononononn target of
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Molecular shape 
specificity 

Similar to glucagon  Can be similar to T helper cell 
surface receptors or bind directly 
to gp120 /41 on HIV 

Target other cellular 
pathways 
Eg. enzymes 

GTPase enzyme activity used to 
hydrolyze its bound GTP to back 
GDP, inactivating the G-protein 
once again 

Drug that inhibits HIV reverse 
transcriptase activity will 
prevent viral DNA transcription 
from RNA 

Target other cellular 
pathways 
Eg. enzymes 

Phosphodiesterase which 
inactivates cAMP by converting 
it to AMP can be used to 
reduce the number of second 
messengers.
 

Drug that inhibits HIV DNA 
polymerase activity will prevent 
doubled stranded HIV DNA from 
being made 

Target other cellular 
pathways 
Eg. enzymes 

Inhibitor to cellular responses 
preventing the breakdown of 
glycogen polymers to glucose -1-
phosphate by glycogen 
phosphorylase  

Drug that works against HIV 
integrase will prevent 
incorporation of viral DNA into 
host cell 

Target other cellular 
pathways 
Eg. enzymes 

-- HIV protease inhibitors 
prevent the assembly of the 
capsid coat around the viral 
RNA and enzymes to form 
nucleocapsids.  
 

Target other cellular 
pathways 
 

-- Drugs can be co-receptor 
analogs deployed to reduce the 
efficiency of co-receptor binding  
 

Target other cellular 
pathways 
 

-- Drugs designed to prevent 
uncoating, by preventing the 
fusion of the membranes via 
steric hinderance of the hairpin 
formation 

Regulation of release Glucagon release can be 
inhibited at the (  cells) of 
pancreas 

 

Prevent release of HIV by 
blocking the formation of new 
virions so that they cannot bud 
off to infect new T cells 
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Victoria Junior College 
Biology Department 

2017 JC2 Preliminary 
Proposed Answers 9744/4 

Question 1 
(a) (i) Record your observations in a suitable format in the space below, noting particularly any 
differences that you observe in the appearance of the contents of the five tubes. [6] 

Independent variable must be either contents of tube OR pH in the first column; 
Column heading; 
Observations of contents of tubes – (½ for extent of fragmentation, ½ for colour / clarity of 
solution) 

Tubes pH buffer 
used Observations of the contents of the tubes

A pH 2 Egg remained whole / minor fragmentation; 
Solution remained clear and colourless; 

B pH 4 Egg remained whole / minor fragmentation; 
Solution remained clear and colourless; 

C pH 6
Egg fragmented slightly (idea of more fragmentation compared to tube 
A and B); 
Solution changed from clear colourless to cloudy with a tinge of red; 

D pH 8
Egg fragmented to a greater extent / more extensive fragmentation 
(compared to tube C); 
Solution changed from clear colourless to cloudy red; 

E pH X
Egg fragmented slightly (idea of more fragmentation compared to tube 
A and B); 
Solution changed from clear colourless to cloudy with a tinge of red; 

 (ii) Based on your observation in (a) (i), estimate the pH of buffer X. [1] 
pH 6;; 

(b) State the conclusions that you can draw, at this stage of the procedure, about the action of K1 
on the protein at different pH. Explain how your observations allow you to make these 
conclusions. [4] 

K1 is an enzyme (protease);  
as it is sensitive to pH changes;
K1 enzyme work optimally at pH8; (accept ECF based on students’ table) 
Idea of more extensive breakdown of egg observed in tube D; 
causing more red dye released into the solution from egg in tube D; 
When pH goes below its optimum pH, the conformational shape of enzyme changes;
Specific bonds affected - H bonds, ionic bonds, hydrophobic interactions; 
Less ideal for binding of substrate or idea of less ES complexes formed; 

onss thththththhaaata yyooou ccccccananananan drararararaw,w,w,w,w, aaaaatt t thisss ssstatatataaattatagegegegegegg ooooooof f ffff ththththe e e e prprprprprococococococeeedeee u
rennnt t tt pHpHpHpHpH. ExExxpplppp aiaiaiaia nnn hohohohohow wwww yyyyyououououour r r r r obbsessssss rvvvvvvvvvvvvvvvvvatatataaaaatataataaaa ioioioioioionsnsnsnsnsnnnsnsnnnssnsnn aaaaallowowowowwow you

meeeee ((prprprprottotototeaeaeaeaeaasesesse)));  
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denaturation of enzyme; 
Idea of decrease in rate of enzyme reaction; 

(c) (i) Discuss two sources of error, other than temperature, that may have affected the accuracy 
of your results. [2] 

Inconsistency of the shaking action of the tubes; different extent of fragmentation / leakage 
of stain into the solution may be due to the different strength in shaking; 
Idea of interval of pH too broad as the optimal pH is between the pH interval 
Idea of pH range not extensive enough as the optimal pH may be above pH 8;; 
Staining of egg is not homogenous; affecting the leakage of the stain into the solution; 
Imprecise cutting of egg; leading to different surface area for enzyme to work on; 
Determination of colour and clarity of content is subjective and may deviate amongst 
individuals; 
Procedures lack the use of a control to show that the effects of breakdown of egg is due to 
action of K1; 

(ii) Suggest improvements to reduce the sources of error you have identified in (c) (i). [2] 
Standardize the method and force for shaking of tubes by using mechanical shaker / 
vortex; 
Reduce the interval of pH eg. use pH 4, 5, 6, 7, 8 
Extend the range of pH to above 8 eg. use pH 4 to 14 
Use a standardised mold / core  borer to cut the egg; 
Use a colorimeter to measure absorbance of light by the contents of the tube; 
Set up a control tube, replacing K1 with same amount of distilled water for all pH and 
repeat the experiment; 

(d) The following experiment in Fig. 1 was set up to investigate the effect of pH on the activity on 
the enzyme catalase on potato. 

pH buffer 
Time taken for potato disc to rise / s Rate / s-1

Disc 1 Disc 2 Average 

4 58 63 60.5 0.0165 

5 43 47 45 0.0222 

6 41 42 41.5 0.0241 

7 39 40 39.5 0.0253 

8 44 49 46.5 0.0215 

9 56 63 59.5 0.0168 

(i) Plot a graph showing the effects of varying pH buffer on the rate of breakdown of hydrogen 
peroxide in the grid provided below. [4] 

 Correct X and Y axis label with units;; 
 Scale;; 
 Points plotted;; 
 Best fit graph plotted;; 

3999999 40 39.5

4444 444449 464646664646464646 55.5.5.5.55.555

56666 66666333 33 599595595959595959 5.5.5.5.5555555555

ng the effects of varying pH buffer on the rate of b
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(ii) Explain how one can determine that the time taken for potato discs to rise at two different pH 
is significantly different from each other? [3] 

 Repeat the experiment several times (eg. 5-6 times) for each of the two pH; 
 Calculate the average time taken for discs to rise at each pH; 
 Conduct the T test; 
 if P < 0.05, then reject the null hypothesis; 
 there is significant difference in the timing for discs to rise at the two different pH; 
 any difference observed not by chance; 
 (accept if students explain P > 0.05) 

Question 2

(a) You are provided with an extract P from plant cells which contains a mixture of different  
carbohydrates. 

You are required to identify which carbohydrates present in P can pass through the Visking 
tubing. 

(i) Use the space below to record the tests that you have performed, your observations and 
conclusions in a suitable format. [4] 
Details of the tests are not required. 

R= reject; A= Accept 

Test for Biomolecules 
Observations 

(Record: change from ___ to 
___)

Conclusions

I2 / Kl test for Starch 
A: iodine test 
R: starch test 

I2/KI turned from brown or 
yellow to blue black; 

Accept: dark blue, but not blue 

Starch present;

Benedict’s test for reducing 
sugar;

 (R: B’s test for monosaccharides/ 
glucose as it cannot distinguish 

between mono and disaccharides. 
Only detect reducing property) 

Contents remained clear blue;
(Note: Record both colour and 

clarity)

Reducing sugar absent;
(R: glucose) 

Acid hydrolysis followed by 
Benedict’s test

(R: Non-reducing sugar test)  

Contents turned from clear blue 
to opaque orange/brick-red;

R: cloudy 
(R:
 opaque blue or opaque green 

– Tr’s results is brick
red/orange, opaque) 

Non-reducing sugars 
present;

(R: sucrose, disaccharide) 
Note: This test is used to 

determine the presence of 
NRS only.  It cannot
provide identity of the 

NRS. 

(ii) what do your results indicate about the property of the Visking tubing? Explain your answer.  [3] 

 Property: semi-permeable/ selectively permeable/ partially permeable;

ollowowoweddededed bbbyyy yy
tesssssttttt
sugggarrar tttttesesesest)t)t)t)t)t))t   

Cooooontntntntn enenenene tssss turnrrnnnedededededededdededeedededd fffffffffrorororoorom m mmmmmmmmmmm clclclclcleaeaeaeaeear rr r r r blblblblblblue
tototototo oooooopapapapapaquququququeee ee oooorooo ananananannananaaangegegegegegg /b/b/b/b/b////////b/ rrrirr ckckkckk-r-r-r-r-r-rededededd;

R: cloudddddy y y y yy
(R(R(R(RR:

opaque blue or opaque green
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Pore size that only allow small molecules (to diffuse through); 
 Non-reducing sugars are able to diffuse through the pores because of their small  size 

but starch molecules are too large to pass through;; 
 Idea of movement (of non-reducing sugars) down a concentration gradient;
 Evidence:  

- NRS: blue with tinge of red, cloudy; 
- Starch: remained yellow/brown; 

 (iii) Explain how you can modify the experiment to determine the rate of diffusion of the 
carbohydrate that you have identified in (a) (ii) above. [3] 

Sampling (S) 
1. Taking samples at regular time intervals;  
2. 5 time intervals or stated; (A: idea of more than 1 time eg. over 10 mins) 

Method (M) 
3. Fix volume of sample; 
4. Conduct acid hydrolysis and B’s test;  
5. Measurement: comparing colour change/ colour and clarity Or measure absorbance/ 

transmittance using a colorimeter Or determine time taken for first colour change;  
6. determine concentration: by comparing against a colour standard; of known concentration 

of NRS; 
Rate (V) 

7. Plot graph of y against (sampling) time; 
8. calculate rate by dividing  concentration over time; 
9. Rate taken from gradient;  
{max 3m} 

(b)  (i) Make a plan drawing of the entire section, within the outline drawn in Fig. 2.1 below to show 
the different regions.  These regions result from differences in the shapes, sizes and
structure of the cells as well as in the frequency with which different stages of mitosis are 
visible.

Annotate your drawing as fully as possible to describe the features of the cells in each region 
that you map.  [5] 

KiasuExamPaper.com
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Title: Plan drawing of root tip (DB) seen under 100x magnification 
(Note: You are not expected to draw the epidermis) 

Marking points: 
1) Number of 

layers/zones: 
at least 3 (not 
more than 4) 

2) Shape and 
proportion of 
the 3 layers; 

3) Annotation for 
each layer: 1m 
x 3 layers 

      (annotation 
include shape, 
size and 
special
features eg. 
dividing cells, 
position of 
nucleus etc) 

1. Title; 
2. Magnification; 

Another possible plan drawing (J2000) 

(ii) In the space below, draw to the same scale, two cells that are at different stages of mitosis.  
Identify the stages and label the distinctive features of each stage in your drawings. [5] 

Mark scheme 
1) Same scale: i.e. cells must be relatively the same size and correct shape and proportion;; 
2) Distinctive features of each stage 1m x2 

KiasuExamPaper.com
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3) Outline : clear, no shading, cell wall drawn as double lines;; 
4) Magnification;; 

Students” work 

KiasuExamPaper.com
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Question 3 
Proposed mark scheme 
Theoretical Consideration [2 max] 
1. a) Rate of uptake of glucose is higher than rate of uptake of maltose because glucose is the 

main respiratory substrate;
b) Hence more transport proteins of glucose present on cell surface membrane OR transport
proteins have higher affinity for glucose so increased uptake occurs; 
c) Uptake is limited by the number of transport proteins;

2. Outline of strategy and theory supporting it:
a) Method of following the uptake of glucose and maltose separately: taking samples at intervals

from the suspension and calculating uptake; (A! if students refer to taking one sample after a
fixed period of time.)

b) Using Benedict’s test to determine the concentration of glucose / maltose / reducing sugars left
in the yeast suspension;

3. Hypothesis: Rate of glucose uptake > rate of maltose uptake by their respective transporters at
the same concentration.
Predicted results: At every sugar concentration, change in absorbance/time will be higher for
glucose (i.e. sharper gradient and higher saturation plateau).

Procedure [7 max] 
4. Specify at least 5 different concentrations of glucose and of maltose (e.g. 0, 2, 4, 6, 8, and 10

gdm-3) and use of dilution table (glucose / maltose concentrations, vol. of distilled water, and 
vol. of 10gdm-3 glucose / maltose stock solutions must be shown); 

5. Factors to be kept constant; @ ½ mark each
a) Temperature (specify a temp. in the range 30 – 40oC)
b) Fixed vol. of 10% yeast suspension
c) Appropriate ratio of sugar solution : yeast suspension (from 5:1 to 10:1 vol./vol. such as 10 cm3

sugar solution to 1 cm3 yeast suspension)
d) Pre-incubation of sugar solutions (e.g. 2-5min) to attain temp. of water bath;

6. Logical sequence of procedure steps:
a) Yeast mixed with sugar solution;
b) Sampling of glucose or maltose at fixed intervals (specify at least 5 regular time intervals e.g. 0,

5, 10, 15, 20 minutes);
c) Filtered / centrifuged to remove yeast;

6. Description of Benedict’s test for the presence of glucose / maltose (e.g. boiling water bath for
2-5 minutes); colour and clarity;

7. Description of use of colorimeter; for determining the concentration of glucose / maltose based 
on absorbance value (note absorbance units is in A);

8. Showing calculation of quantity of sugars taken in, based on difference between initial and final 
concentration.

9. Description of a control: same conditions (e.g. use same vol. / vol. ratio using 10gdm-3 glucose
/ maltose (how) but using boiled and cooled yeast (what) to show that functional transport
proteins are required for the uptake of sugar (why);;

10. Repeats and replicates (repeat the whole experiment twice with replicates incorporated in the
write up);;

ur aaaaandnnn ccccclalalalalarirriririty;

of cccccolololololororororo immetetetttereerere ;;; fofofofofor dededededetetetetetermrmrmrmrminiiii innnnnggg gggg thhhhhhhhhhhhhhhhheeeeeeeeeeeeeeee cocococococoncnncncncncncnnncnnncncnn eeeene trtrtrtrratatatataation o
ueeee (n(n(n(notottteeee abababbbsssoss rbananananana cececececeeee uuuuuuuunninn tsssss iiiissssssss iiini  A);))

n off quantittititittytt  of ff sugars tttttaken iiin, basasasassed oooooonn differen
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Results [2]
11. Table: use of correct headings and processed to average absorbance value of glucose / 

maltose and rate of uptake of glucose / maltose;; 

12. Plot graph (Y axis: rate of uptake of sugar / A min-1, X axis: concentration of sugar / gdm-3) that 
show the kinetics of both glucose and maltose;;  

Risk consideration [1] 
What, why, how: Benedict’s solution irritates the skin, wearing of gloves and goggles to avoid 
contact; AVP: yeast solution, HCl if it is used

KiasuExamPaper.com
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Answer all questions.

1. Palmitoyl tripeptide-1 is made of three amino acids bonded to a molecule of palmitic acid,
a component of one form of a triglyceride. It is used in anti-ageing creams to stimulate
collagen repair in skin.

The diagram below shows the structure of palmitoyl tripeptide-1.

Fig. 1.1
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(a) (i) Name the bond labelled X on Fig. 1.1. [1]

(ii) Use the diagrams of the individual amino acids in Fig. 1.1 to identify 
the primary structure of this tripeptide. 

[1]

Palmitic acid -                                   -                         -

(iii) The molecule is claimed to be better at penetrating the skin due to it 
having hydrophilic and hydrophobic properties.  

Name the part of the molecule which is hydrophobic.

[1]

Collagen is one of the main structural proteins found in skin and contains over 30% 
glycine.  Each collagen molecule contains about 1000 amino acids.  

Elastin is an insoluble protein polymer synthesized from a precursor, tropoelastin, which 
is a linear polypeptide composed of about 700 amino acids that are primarily small and 
nonpolar (for example, glycine, alanine, and valine). 

Elastin is also rich in proline and lysine, but contains only a little hydroxyproline and 
hydroxylysine.

Tropoelastin is secreted by the cell into the extracellular space. There it interacts with 
specific glycoprotein microfibrils, such as fibrillin, which function as a scaffold onto which 
tropoelastin is deposited.

Fig. 1.2 on the next page shows the synthesis of elastin and its eventual use in the 
formation of elastic fibers.  
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Fig. 1.2

(b) Using the information provided on elastin and collagen, and your own 
biological knowledge on collagen, state three differences between collagen 
and elastin.

[3]
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(c) State precisely where hydroxylation of amino acids occurs in the biosynthesis 
of collagen.

[1]

(d) Describe how the arrangement of the polymers in collagen differs from 
cellulose.

[2]

(e) The cell surface membrane of a plant cell contains cellulose synthase 
enzymes. These enzymes make cellulose microfibrils. The synthesised
microfibrils pass out through the enzymes as they leave the cell. 

CesA gene codes for the catalytic subunit of cellulose synthase. Two alleles 
have been identified for this gene, allele A and a.

1. Allele A codes for a functional catalytic subunit of cellulose synthase.

2. Allele a codes for a non-functional catalytic subunit of cellulose synthase.

Based on observations, plants with genotype Aa are usually more susceptible 
to cell lysis when immersed in hypotonic solution as compared to those with 
genotype AA. Suggest a reason for this observation.

[2]

[Total: 11]
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2 (a) Explain the mode of action of enzymes in terms of enzyme specificity using 
the induced-fit hypothesis. 

[3]

Pepsin is an endopeptidase enzyme found in stomach. It hydroloyses peptide bonds 
which amino groups are contributed by aromatic amino acids such as tyrosine, 
tryptophan and phenylalanine.

Fig 2.1 show the graph of how pepsin activity varies with its protein substrate. 

Fig. 2.1
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(b) Pepstatin is known to be a non-competitive inhibitor of pepsin.

(i) Explain the effects of pepstatin on pepsin. [4]

(ii) Draw on Fig 2.1 the graph of how pepsin activity varies with its protein 
substrate in presence of pepstatin.  Annotate the maximal velocity Vmax
and Michaelis constant Km on the graph you have drawn.

[2]

[Total: 9]

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



9744 / 02 / JC 2 Preliminary Examination / YJC 2017 

8

3. The discovery in 1953 of the double helix, the twisted-ladder structure of
deoxyribonucleic acid (DNA), by James Watson and Francis Crick marked a milestone in
the history of science.

Fig. 3.1 shows two deoxyribonucleotides that are commonly found in DNA
(a) deoxyadenosine and (b) deoxycytidine.

Fig. 3.1

(a) Using Fig. 3.1, draw how deoxyadenosine and deoxycytidine can be used to 
form a dinucleotide.

[2]

(b) Explain the significance of complementary base pairs in DNA. [3]
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Fig. 3.2 is an electron micrograph showing the process of protein synthesis in a
prokaryote.

Fig. 3.2

(c) Identify structures A, B and C. [3]

A:

B:

C:

(d) Describe how structure B is synthesised in prokaryotes. [3]
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(e) Describe how structure A is adapted to its function in protein synthesis. [3]

[Total: 14]
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4 (a) In the context of the lac operon, describe the organisation of a typical operon. [3]

A student would like to study chemotaxis in bacteria. Chemotaxis is a phenomenon in 
which a bacterium moves towards a certain chemical (e.g. glucose) or moves away from 
a certain chemical (e.g. a poison). A bacterium moves by propelling its flagellum and the 
energy required for this is obtained from bacterial respiration.

The student used a species of bacteria that moves linearly. In one of her experiments, 
she suspended 2 different strains of the bacteria in strips of semi-solid agar that is soft 
enough to allow bacterial motility. She is able to observe the tracks made by the moving 
bacteria. The semi-solid agar contains lactose. 

Fig 4.1 shows the results she observed on Day 1 and Day 2.

Fig. 4.1
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(b) (i) Explain why bacteria are able to propel through the semi-solid agar 
which contains lactose.

[3]

(ii) Explain the difference in the results obtained for haploid bacteria strain 
A and diploid bacteria strain A.

[2]

Haploid bacteria strain B did not show any chemotactic movement after 2 days and the 
student deduced that strain B has a mutation at the lac I gene.

(c) Explain how the mutation at the lac I gene results in no movement of the 
haploid bacteria strain B as shown in Fig 4.1.

[2]

[Total: 10]
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5. Cystic Fibrosis Transmembrane Conductance Regulator (CFTR) is a transmembrane
protein which serves as a channel for the movement of chloride ions in and out of cells.
This regulates movement of salt and water balance in epithelial cells. Changes in the
CFTR genes result in defective CFTR channel proteins which lead to the disease cystic
fibrosis (CF).

Although CF patients exhibit the same symptoms, the genetic cause of CF may differ.
There are more than 1500 genetic mutations that can result in CF.

The CFTR gene has 27 exons and encodes for 1480 amino acids.  Fig. 5.1 shows the
effect of some mutations in the CFTR gene on the CFTR channel protein.

Fig. 5.1
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(a) With reference to Fig 5.1,

(i) suggest the type of mutation occurring in exon 2 of the CFTR gene. [1]

(ii) explain why substitution in exon 4 of the CFTR gene results in CFTR 
channel proteins which cannot open properly but still retain some of 
the function.

[3]

(iii) explain why deletion of one deoxyribonucleotide in exon 10 of the 
CFTR gene results in misfolded CFTR channel proteins.

[3]

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



9744 / 02 / JC 2 Preliminary Examination / YJC 2017 

15

Some of the gene mutations resulting in the absence of CFTRs can be detected through 
the use of an appropriate restriction enzyme. Fig. Fig. 5.2 shows the restriction site of 
HpaI, which coincides with the location of two of these gene mutations.

Fig. 5.2

A pedigree of the family where the disease is transmitted through three generations is 
shown in Fig. 5.3. It corresponded with a Southern blot analysis (shown below the 
pedigree), where DNA samples from each individual in the family were pre-digested with 
HpaI and probed with an appropriate DNA oligonucleotide sequence.

Fig. 5.3
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(b) (i) Indicate on Fig. 5.2, the position of the probe that gave rise to the 
above banding patterns.

[1]

(ii) Describe the process of Southern blotting to obtain the autoradiograph 
seen in Fig. 5.3.

[4]

(c) With reference to Fig. 5.2 and Fig. 5.3,

(i) state the allele(s) that will result in CF in an individual. [1]

(ii) explain the banding pattern for that individual. [3]

[Total: 16]
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6 Fig 6.1 shows how the amount of DNA per nucleus of a coconut plant cell changes over 
time.

Fig. 6.1

(a) With reference to Fig 6.1,

(i) Contrast the behaviour of chromosomes in stages A and B. [4]

(ii) Explain the significance of stage F. [2]
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(iii) Which stage accounts for the double structure of chromosome? Justify 
your answer.

[2]

(b) Another coconut plant cell went into senescence after stage F due to 
dysregulation cell cycle checkpoints. 

Draw on Fig 6.1 the graph of DNA per nucleus the cell against time after 
stage F.

[1]

[Total: 9]
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7. The common primrose has flowers that vary in the position of their anthers and the length
of their styles. These characteristics are controlled by single genes as shown below:

Low anther position A Long style T
High anther position a Short style t

Plants, pure breeding for long style and low anther position, were crossed with plants that 
were homozygous recessive for both characteristics. All the F1 produced flowers that had 
low anther positions and long styles. 

One of the F1 offspring was back-crossed with the double homozygous recessive parent.  
The results of this back-cross are shown below.

Low anther, long style 24
Low anther, short style 10
High anther, long style 13
High anther, short style 25

(a) Use a chi-squared test to determine if the back-cross follows standard 
Mendelian dihybrid inheritance or otherwise, by completing the table below.

[2]

Phenotypes Observed
(O)

Expected 
(E) (O-E)2

E

Low anther, long style 24

Low anther, short style 10

High anther, long style 13

High anther, short style 25
2 calculated:

where 2 calculated = 

Part of the critical values of the chi-squared distribution is shown below.
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(b) Conclude if the observed results follow the expected phenotypic ratio at 
5% level of significance.

[2]

(c) Draw a genetic diagram using the symbols provided to illustrate the observed 
results of the back-cross.

[5]

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



9744 / 02 / JC 2 Preliminary Examination / YJC 2017 

21

(d) Explain the observed results of the back-cross. [3]

[Total: 12]
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8. In the MAPK (Mitogen Activated Protein Kinase) pathway, epidermal growth factor (EGF)
hormones circulating in the blood are able to trigger transcription within a cell, even
though they are unable to enter the cell. This eventually results in the switching on of
genes switching and the start of transcription.

Fig. 8.1 shows part of the MAPK pathway.

Fig. 8.1

(a) (i) Explain why the EGF hormone is unable to enter the cell. [2]

(ii) With reference to Fig. 8.1, describe stages A and B. [4]

Stage A: 
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Stage B:

(b) State two advantages of such cell signalling mechanism. [2]

(c) Describe how signalling can be terminated in a GPCR pathway. [2]

[Total: 10]
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9. Dengue fever is commonly transmitted by mosquito vector Aedes aegypti in Singapore.
Factors increasing dengue incidence in Singapore include higher temperature and rapid
urbanisation with population growth.

(a) (i) Explain how higher temperatures lead to increased dengue incidence. [3]

(ii) Explain how rapid urbanisation with population growth leads to 
increased dengue incidence.

[2]
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The National Environment Agency promotes the  ‘Do the Mozzie Wipeout’ campaign to 
urge the community to actively check for, and get rid of stagnant water in their homes by 
practicing the 5-step Mozzie Wipeout illustrated in Fig 9.1.

Fig. 9.1

(b) Suggest why getting rid of stagnant water in homes using the 5-step Mozzie 
Wipeout may not necessarily prevent dengue from recurring. 

[1]
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(c) Outline anthropogenic activities that lead to global warming. [3]

[Total: 9]
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Answer all questions.

1. Palmitoyl tripeptide-1 is made of three amino acids bonded to a molecule of palmitic acid,
a component of one form of a triglyceride. It is used in anti-ageing creams to stimulate
collagen repair in skin.

The diagram below shows the structure of palmitoyl tripeptide-1.

Fig. 1.1
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(a) (i) Name the bond labelled X on Fig. 1.1. [1]

Peptide bond

(ii) Use the diagrams of the individual amino acids in Fig. 1.1 to identify the 
primary structure of this tripeptide. 

[1]

Palmitic acid -   glycine  -   histidine  - lysine

(iii) The molecule is claimed to be better at penetrating the skin due to it 
having hydrophilic and hydrophobic properties.  

Name the part of the molecule which is hydrophobic.

[1]

Palmitic acid

Collagen is one of the main structural proteins found in skin and contains over 30% 
glycine.  Each collagen molecule contains about 1000 amino acids.  

Elastin is an insoluble protein polymer synthesized from a precursor, tropoelastin, which 
is a linear polypeptide composed of about 700 amino acids that are primarily small and 
nonpolar (for example, glycine, alanine, and valine). 

Elastin is also rich in proline and lysine, but contains only a little hydroxyproline and 
hydroxylysine.

Tropoelastin is secreted by the cell into the extracellular space. There it interacts with 
specific glycoprotein microfibrils, such as fibrillin, which function as a scaffold onto which 
tropoelastin is deposited.

Fig. 1.2 on the next page shows the synthesis of elastin and its eventual use in the 
formation of elastic fibers.  
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Fig. 1.2

(b) Using the information provided on elastin and collagen, and your own 
biological knowledge on collagen, state three differences between collagen 
and elastin.

[3]

1. Collagen: repeating units of Glycine-X-Y, where X is Proline and Y is
hydroxylysine and hydroxyproline or lysine whereas elastin has no
repeating unit.

2. Collagen: hydroxylysine and hydroxyproline are commonly present
whereas in elastin - little hydroxylysine and hydroxyproline but has variety
of non-polar amino acids such as alanine, glycine and valine.

3. Collagen comprises of a triple helix whereas no triple helix exists in
elastin.

4. Tropocollagen units aggregate and self-assemble to form fibrils and fibers,
whereas elastin needs microfibrillar protein to desposit the tropoelastin.

5. Each collagen molecule is made of a polypeptide of about 1000 amino
acids whereas each elastin molecule is made up of a polypeptide of about
700 amino acids.

(max 3)

hydroxylysine and hydroxyproline are commo
n eeelaaaststststststininininininn - littleeeeeeee hhhhhhhhhydyyyyyy rorororroorororooxyxyxyxyxyxyxyxyylylylylyyyyyysssinnne aaannd hydy rooxyxyprprololininee bu
ar ammmmmammmininiininininno acaaccidddddddds sssssss sususususususususuchhhhhhhh aaaaaaas ssss s ss alalalaaaaa aaanine,eee gggggggglylylylylylylylylyyyciciciciciccineneneneneneneeeee aaaaaaandnd vvalalinine.

commmmmprprprprprprrprisisisisisisiseseseseseseseses ooooooof f f f ff fff f aaaaaaaa trrrtrtrrtrripipipipiipiipiipleleleleelelele hhhhhhhhhheleleeeee ixixixixixixxix wwwwwwwwwhereasas nno o trtripi le he
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(c) State precisely where hydroxylation of the amino acids occurs in the 
biosynthesis of collagen.

[1]

Lumen of Golgi apparatus / body

(d) Describe how the arrangement of the polymers in collagen differs from 
cellulose.

[2]

Tropocollagen arranged in staggered manner in fibrils where the
tropocollagen is held together by covalent cross links between C and N
terminals of R groups of lysine and hydroxylysine residues on
adjacent tropocollagen.

Cellulose chains are arranged parallel to each other, held together by
hydrogen bonds formed between the OH groups attached to C3 (of
glucose on 1 chain) and C6 of the glucose on adjacent chains.

(e) The cell surface membrane of a plant cell contains cellulose synthase 
enzymes. These enzymes make cellulose microfibrils. The synthesised
microfibrils pass out through the enzymes as they leave the cell. 

CesA gene codes for the catalytic subunit of cellulose synthase. Two alleles 
have been identified for this gene, allele A and a.

1. Allele A codes for a functional catalytic subunit of cellulose synthase.

2. Allele a codes for a non-functional catalytic subunit of cellulose synthase.

Based on observations, plants with genotype Aa are usually more susceptible 
to cell lysis when immersed in hypotonic solution as compared to those with 
genotype AA.

Suggest a reason for this observation.

[2]

In plant with with Aa genotype, there is only 1 copy of allele A for the
expression of functional cellulose synthase.
The concentration of cellulose in the cell decreased, cell wall is
weakened

[Total: 11]

with with Aa genotype, there is only 1 copy of all
onnnn ooof f f f ff fufufufufufufuf ncccctiononononnonononnaaalaaaaa  celeleleleelelelellululluuululululololololololooosessee synyynnnthase.
cenennnnntrtrtrtrtrtrtrtraaaataaaa ionnn ofofofofofofoffo cccccccceleeeeee lululuulululuulolololololooosesesesssss  in thhhheeeeeeee ccccccccceleleelelele lllll dededdddddd crcreaeasesed,
d
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2 (a) Explain the mode of action of enzymes in terms of enzyme specificity using 
the induced-fit hypothesis. 

[3]

1. The initial conformation of the active site of an enzyme might not be
complementary to the shape of the substrate molecule. When a
substrate combines with the enzyme at the active site, it induces a
conformational change in the enzyme structure. This new conformation
of the active site is catalytically active and the conformational change
causes the amino acids which form the active site to be moulded into a
precise conformation and position.

2. It stretches critical bonds in the substrate, or brings reacting groups on
the substrate in close proximity, enabling the substrate to fit more snugly
into the active site.

3. This stabilises the transition state structure and enables alignment of
chemical groups of catalytic amino acid residues in the active site
close to the chemical bonds in the substrate, for the reaction to take
place more effectively.

Pepsin is an endopeptidase enzyme found in stomach. It hydroloyses peptide bonds 
which amino groups are contributed by aromatic amino acids such as tyrosine, 
tryptophan and phenylalanine.

Fig 2.1 show the graph of how pepsin activity varies with its protein substrate.  

Fig. 2.1
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(b) Pepstatin is known to be a non-competitive inhibitor of pepsin.

(i) Explain the effects of pepstatin on pepsin. [4]

1. Pepstatin has no close structural resemblance to the protein
substrate.

2. Pepstatin binds to a region other than active site of pepsin and
induces change in its globular three-dimensional conformation
altering its active site.

3. Protein substrate is still able to bind to the active site but
catalysis cannot take place due to changes in the nature of the
catalytic groups at the active site.

4. This puts a proportion of pepsin out of action, lowering rate of
pepsin activity. Increasing the substrate concentration does
not increase rate of reaction.

(ii) Draw on Fig 2.1 the graph of how pepsin activity varies with its protein 
substrate in presence of pepstatin.  Annotate the maximal velocity Vmax
and Michaelis constant Km on the graph you have drawn.

[2]

[Total: 9]
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3. The discovery in 1953 of the double helix, the twisted-ladder structure of
deoxyribonucleic acid (DNA), by James Watson and Francis Crick marked a milestone in
the history of science.

Fig. 3.1 shows two deoxyribonucleotides that are commonly found in DNA
(a) deoxyadenosine and (b) deoxycytidine.

Fig. 3.1

(a) Using Fig. 3.1, draw how deoxyadenosine and deoxycytidine can be used to 
form a dinucleotide.

[2]
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(b) Explain the significance of complementary base pairs in DNA. [3]

The distance between two complementary bases is kept constant
throughout the DNA double helix such that the DNA double helix has a 
constant diameter.

The large number of hydrogen bonds between complementary bases 
along the length of the DNA molecule contributes to its stability.

This allows the cell to use each of the two strands in the double helix as
a template for the replication of new DNA strands via complementary
base pairing, and for the transmission of genetic information stored in the
DNA molecule.

It allows any anomalies in the base pairing to be easily detected where
there is a sudden increase/decrease in diameter of the molecule, thus
allows for proofreading in DNA replication.

Fig. 3.2 is an electron micrograph showing the process of protein synthesis in a
prokaryote.

Fig. 3.2

(c) Identify structures A, B and C. [3]

A – 70S ribosomes
B – messenger RNA
C – Deoxyribonucleic acid

Fig. 3.2

ureeesss AAAAAAA,,,,,,,, BBBBBBB ananannnnnndddddddd CCC.

ommmmmmmessesssesss
er RNA
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(d) Describe how structure B is synthesised in prokaryotes. [3]

RNA polymerase recognises and binds to the promoter of the gene,
causing the DNA double helix to unwind and separate;
1 of the two DNA strands / the non-coding strand / strand that is read 3’ 
5’ direction serve as template strand;

Ribonucleotides are added by complementary base pairing with the
template DNA strand;
RNA polymerase catalyses formation of phosphodiester bonds
between adjacent ribonucleotides;

Transcription proceeds until after the RNA polymerase transcribes a
termination sequence.

(max 3)

(e) Describe how structure A is adapted to its function in protein synthesis. [3]

small ribosomal subunit with recognition / binding site for initiatior
amino acyl tRNA;
binding site for 5’ UTR of mRNA to initiate translation;

Large ribosomal subunit has 2 binding sites, P (name) and A (name)
sites, to facilitate complementary base-pairing between anti-codon
and codon;
large subunit with P site to bind amino-acyl tRNA with growing
polypeptide chain;
with A site to bind incoming amino-acyl tRNA to be added to the
growing polypeptide chain;
with E (exit) site to allow free tRNA exit;

large ribosomal subunit contains peptidyl transferase to catalyse
formation of peptide bond;
binding site for translation factors / GTP / release factor etc.

(max 3)

[Total: 14]
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4 (a) In the context of the lac operon, describe the organisation of a typical operon. [3]

Operon is a sequence of DNA with the following components:

Promoter is located upstream of structural genes;
Operator is located downstream of the promoter and upstream of
structural genes;

Structural genes
3 structural genes (LacZ, LacY and LacA) that codes for 3 enzymes
involved in lactose metabolism;  

A student would like to study chemotaxis in bacteria. Chemotaxis is a phenomenon in 
which a bacterium moves towards a certain chemical (e.g. glucose) or moves away from 
a certain chemical (e.g. a poison). A bacterium moves by propelling its flagellum and the
energy required for this is obtained from bacterial respiration.

The student used a species of bacteria that moves linearly. In one of her experiments, 
she suspended 2 different strains of the bacteria in strips of semi-solid agar that is soft 
enough to allow bacterial motility. She is able to observe the tracks made by the moving 
bacteria. The semi-solid agar contains lactose. 

Fig 4.1 shows the results she observed on Day 1 and Day 2.

Fig. 4.1
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(b) (i) Explain why bacteria are able to propel through the semi-solid agar 
which contains lactose.

[3]

When lactose is present, some lactose is transported into the
bacteria cell and converted into inducer, allolactose;
Allolactose binds to the active repressor protein so that it’s three-
dimensional conformation is altered and cannot bind to the
operator site;
RNA polymerase can now transcribe the structural genes, forming
a polycistronic mRNA;
β-galactosidase is synthesized to hydrolyze lactose to release
energy to propel flagella;

(max 3)

(ii) Explain the difference in the results obtained for monoploid bacteria 
strain A and diploid bacteria strain A.

[2]

Diploid bacteria strain A has two copies of lac operon;
As a result, diploid bacteria can synthesize twice as much
β-galactosidase as compared to monoploid bacteria;

Haploid bacteria strain B did not show any chemotactic movement after 2 days and the 
student deduced that strain B has a mutation at the lac I gene.

(c) Explain how the mutation at the lac I gene results in no movement of the 
haploid bacteria strain B as shown in Fig 4.1.

[2]

Binding site of repressor protein is no longer complementary to
allolactose;
Presence of lactose did not inactivate repressor;
Transcription of structural genes cannot take place;
No enzymes formed, unable to metabolise lactose for energy;

(max 2)

[Total: 10]
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5. Cystic Fibrosis Transmembrane Conductance Regulator (CFTR) is a transmembrane
protein which serves as a channel for the movement of chloride ions in and out of cells.
This regulates movement of salt and water balance in epithelial cells. Changes in the
CFTR genes result in defective CFTR channel proteins which lead to the disease cystic
fibrosis (CF).

Although CF patients exhibit the same symptoms, the genetic cause of CF may differ.
There are more than 1500 genetic mutations that can result in CF.

The CFTR gene has 27 exons and encodes for 1480 amino acids.  Fig. 5.1 shows the
effect of some mutations in the CFTR gene on the CFTR channel protein.

Fig. 5.1FiFiFiFiFiFiFFiF g.g.g.g.gggg 555.1
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(a) With reference to Fig 5.1,

(i) suggest the type of mutation occurring in exon 2 of the CFTR gene. [1]

Silent mutation

(ii) explain why substitution in exon 4 of the CFTR gene results in CFTR 
channel proteins which cannot open properly but still retain some of 
the function.

[3]

A substitution mutation in the first or second base of the triplet
DNA code could result in a new codon;
which could also result in the formation of a new amino acid;
with properties similar to the original amino acid so that some
function is maintained;

(iii) explain why deletion of one deoxyribonucleotide in exon 10 of the 
CFTR gene results in misfolded CFTR channel proteins.

[3]

Deletion of one deoxyribonucleotide leads to frameshift mutation;
Causing a change in subsequent codons on mRNA, resulting in
different amino acids (Reject proteins) with different R groups;
Affect the types of bonds formed between amino acids in
polypeptide chain;
Changes three-dimensional conformation of CFTR protein leading
to misfolding/ leads to truncated protein due to nonsense mutation;
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Some of the gene mutations resulting in the absence of CFTRs can be detected through 
the use of an appropriate restriction enzyme. Fig. Fig. 5.2 shows the restriction site of 
HpaI, which coincides with the location of two of these gene mutations.

Fig. 5.2

A pedigree of the family where the disease is transmitted through three generations is 
shown in Fig. 5.3. It corresponded with a Southern blot analysis (shown below the 
pedigree), where DNA samples from each individual in the family were pre-digested with 
HpaI and probed with an appropriate DNA oligonucleotide sequence.

Fig. 5.3
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(b) (i) Indicate on Fig. 5.2, the position of the probe that gave rise to the 
above banding patterns. Ref. to Fig. 5.2

[1]

(ii) Describe the process of Southern blotting to obtain the autoradiograph 
seen in Fig. 5.3.

[4]

Restriction digestion and gel electrophoresis:
Isolate the DNA segment required from the genomic DNA using
HpaI;
Restriction fragments are separated using gel electrophoresis,
according to molecular size with larger fragments moving a 
shorter distance.

Denaturation of double-stranded DNA in agarose gel to single-
stranded DNA:

A replica of the DNA bands is made by transferring (or blotting) the
DNA on the gel onto a membrane made of nitrocellulose.

The double-stranded DNA molecules must be denatured by
exposing the gel to alkaline denaturing conditions.

Hybridisation of DNA with labelled gene probe:
Single-stranded radioactively / fluorescent labelled probes
specific for the disease causing gene are allowed to 
complementary base-pair to the target DNA on the nitrocellulose 
membrane via nucleic acid hybridization;

Visualisation of DNA bands: 
Either

If radioactively labelled gene probes are used, the DNA bands
with probes bound to them are visualised by autoradiography;

OR

If fluorescent labelled gene probes are used, the DNA bands with 
probes bound to them are visualized under ultraviolet light. 

(max 4)

(c) With reference to Fig. 5.2 and Fig. 5.3,

(i) state the allele(s) that will result in CF in an individual. [1]

Alleles B and C

e to oo oo FiFiFiFFFFig.g.gg.g.g.g.g.g  55555555.2.222.2222 aaaaaaandndndndndndndd FFFFFFFFigigigigiggigigg.  55555555.3333333,,,,,,,
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(ii) explain the banding pattern for that individual. [3]

3 fragments observed in the banding pattern of individual 3;
Individual 3 inherited Allele B from father and Allele C from mother;
Allele B from Individual 1 / father has a restriction site separating
the fragments which is detected by the probe into 0.8 and 0.2 kbp;
Allele C from Individual 2 / mother has a restriction site at another
location, resulting in a 0.6kbp fragment detected by the probe;

[Total: 16]
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6 Fig 6.1 shows how the amount of DNA per nucleus of a coconut plant cell changes over 
time.

Fig. 6.1

(a) With reference to Fig 6.1,

(i) Contrast the behaviour of chromosomes in stages A and B. [4]

Stage A (Mitosis) Stage  B (Meiosis)

Homologous chromosomes do not 
pair up in prophase

Homologous chromosome pair up
to form a bivalent in prophase I

There is no chiasma formation 
and crossing over occurring 
between homologous 
chromosomes

Chiasma formation and crossing 
over occur between non-sister 
chromatids of homologous 
chromosomes

Chromosomes are arranged in a 
single row at the equator of the 
spindle during metaphase

Chromosomes are arranged in a 
double row / two rows at the 
equator of the spindle during 
metaphase I

1. It involves the separation of
sister chromatids at
anaphase 

2. amount of DNA per nucleus
decreased from 4 to 2 arbitrary 
units

1. It involves the separation of
homologous chromosomes at 
anaphase I and separation of 
sister chromatids at anaphase 
II. 

2. Amount of DNA in the nucleus
decreased from 4 to 2 arbitrary 
units and subsequently to 1 
arbitrary unit.    

1. It involves th
hoomomolologogousus 
annanananananannapapapapapaphahasese II a
sisisisisisisissststsssss eer cchrhromoma
IIII. 

2. Amount of DN

involves the separation of
stereeee ccccchrrrrrrrromomomomomomomommattttttttidididididididddssssssss atttt

nappphahahahahahahahasessssss  

mount of DNA per nunnuunnucleus
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(ii) Explain the significance of stage F. [2]

During stage F (fertilisation), the nuclei of the haploid male and
female gametes fuse to produce a zygote with diploid number of
chromosomes for each species, restoring the diploid condition
of the plant cell + data quoting: 1 AU to 2 AU
Random fertilisation of gametes further increases genetic
variation within a population.

(iii) Which stage accounts for the double structure of chromosome? Justify 
your answer.

[2]

Stage C
DNA replication during S phase of interphase results in two
genetically identical sister chromatids joined at the centromere
of each chromosome + data quoting: 2 AU to 4 AU

(b) Another coconut plant cell went into senescence after stage F due to 
dysregulation cell cycle checkpoints. 

Draw on Fig 6.1 the graph of DNA per nucleus the cell against time after 
stage F.

[1]

Horizontal straight line graph after time point indicated by stage F

[Total: 9]
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7. The common primrose has flowers that vary in the position of their anthers and the length
of their styles. These characteristics are controlled by single genes as shown below:

Low anther position A Long style T
High anther position a Short style t

Plants, pure breeding for long style and low anther position, were crossed with plants that 
were homozygous recessive for both characteristics. All the F1 produced flowers that had 
low anther positions and long styles. 

One of the F1 offspring was back-crossed with the double homozygous recessive parent.  
The results of this back-cross are shown below.

Low anther, long style 24
Low anther, short style 10
High anther, long style 13
High anther, short style 25

(a) Use a chi-squared test to determine if the back-cross follows standard 
Mendelian dihybrid inheritance or otherwise, by completing the table below.

[2]

Phenotypes Observed
(O)

Expected 
(E)

(O-E)2

E
Low anther, long style 24 18 2.00
Low anther, short style 10 18 3.56
High anther, long style 13 18 1.39
High anther, short style 25 18 2.72

2 calculated: 9.67 (3 s.f.)

1. 1 mark for correct calculation of values in both columns
2. 1 mark for correct 2 value to 3 s.f.

where 2 calculated = 

Part of the critical values of the chi-squared distribution is shown below.aluuuueseeseseseses ooofooo  thhheee cccccccchihhihihiihihih ----sqssqsqssqs uauauauauauaaarererererereeedddddddd dddidd sssts ribubbuuubbutitiiiiiiiiionononononooonoonononooon iiiiissssss sshohownwn bbeleloow
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(b) Conclude if the observed results follow the expected phenotypic ratio at 
5% level of significance.

[2]

Given that X2 calculated is greater than X2 critical, 9.67 > 7.82 there is
significant difference between observed and expected, and is not due to
chance. 
The null hypothesis is therefore rejected and the observed phenotypic
ratio does not follow the expected phenotypic ratio of 1:1:1:1, and the
difference is due to incomplete autosomal linkage between the 2 genes.

(c) Draw a genetic diagram using the symbols provided to illustrate the observed 
results of the back-cross.

[5]
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(d) Explain the observed results of the back-cross. [3]

1. The majority of the flowers produced from the back-cross have parental
phenotypes of long style, low anther position and short style, high anther
position.

This means that the two genes for length of style and position of anther
are incompletely linked and found on the same chromosomes.

AND any 2 below:

2. Since the 2 gene loci are linked, there is a higher probability that parental
phenotypes will predominate. This is because linked genes do not assort
independently but tend to stay together in the same combinations as
they were in the parents.

3. The offspring phenotypes: long style, high anther position and short
style, low anther position, are recombinant phenotypes as a result of
crossing over.

4. Since crossing over is a chance event, which may or may not occur
during prophase I of meiosis, probability of recombinant phenotypes is
lower.

OR
Point #1 AND any 2 below:

2. Crossing over in prophase I occurs as chiasma is formed between the
loci of the two genes coding for length of style and position of anther,
parental gametic genotype combinations are AT and at.

3. This allows for the exchange of alleles between non-sister chromatids of
homologous chromosomes so that a new combination of alleles is formed
in the resultant gametes: At and aT.

4. giving rise to recombinant offspring with long style, high anther position
and short style, low anther position, when the gamete with the genotype
At, or with the genotype aT fuse with the gamete with the genotype at
from a with plant that is homozygous recessive for both characteristics
used in the test cross, forming an offspring with the genotype At / at and
aT/ at, respectively.

[Total: 12]

h the genotype aT fuse with the gamete with the
h pppplaaaaaantntntntntntntn  thahhaahhhat isisisisisisisis hommmmmmmmmmozozoozozozozozozygyyygygyyyy ooous rrrrecessive e foforr bobothth c
e teteteeeestststststststst cccccrossssss, fofofofofofofoformrmrmrmrmrmrmrmrmingggggggg anananananananan oooffffspriiingggggggg wwwwwwwwwititititititithhhhhhhh thththththththt e e gegenonottyp
peceeccectiveveeveeeeelylylylylylylyyy.
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8. In the MAPK (Mitogen Activated Protein Kinase) pathway, epidermal growth factor (EGF)
hormones circulating in the blood are able to trigger transcription within a cell, even
though they are unable to enter the cell. This eventually results in the switching on of
genes switching and the start of transcription.

Fig. 8.1 shows part of the MAPK pathway.

Fig. 8.1

(a) (i) Explain why the EGF hormone is unable to enter the cell. [2]

EGF is a protein hormone
that are too large to be transported by channel/carrier proteins

hydrophilic / polar, hence, unable to pass through hydrophobic
core of phospholipid bilayer / hydrophobic fatty acid tails

(ii) With reference to Fig. 8.1, describe stages A and B. [4]

Stage A (2 marks):
EGF binds to the complementary receptor to form dimer

This activates the catalytic tyrosine kinase tail of  the receptor
protein by phosphorylating tyrosine residues using ATP 

Stage B (max 2):
EGF receptor dimer causes Ras protein to GDP with GTP a
activate Ras protein,
which then activates a phosphorylation cascade

efeeerenenenenenene cccecccc too Fiiiig.g.g.g.g.g.g.gg 88888888.1,,,,,, dedededededededescscscscsccsccss rrribe stssttsttagaggggggggeses AA anandd BB.

A (2(2(2(2(2 mmmmmmmmararararaaaraa kskskssskssks)):
F bibibibbbindnddndndddndssssssss totototototototooo thehehehehehehehehee cococococccocompmpmpmpmpmpmpmplelelelellelelelemememememememementntntntntntntntn ararararararaaryy yyyyyy receceptptorr  toto fform d

ti t th t l ti t i ki t il f
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Max 1 from the points below: 

activated Ras in turn activates / phosphorylates Raf
activated Raf activates/phosphorylates MEK
which in turn activate/phosphorylates ERK

(b) State two advantages of such cell signalling mechanism. [2]

Signal Amplification (with brief description);
Coordinated responses, same ligand different cells different gene expression

(c) Describe how signalling can be terminated in a GPCR pathway. [2]

GTPases, hydrolysis of GTP to GDP
Protein phosphatases, removal of phosphate group from the protein
kinases.
Degradation of ligand

[Total: 10]
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9. Dengue fever is commonly transmitted by mosquito vector Aedes aegypti in Singapore.
Factors increasing dengue incidence in Singapore include higher temperature and rapid
urbanisation with population growth.

(a) (i) Explain how higher temperature leads to increased dengue incidence. [3]

1. Mosquito vectors Aedes aegypti are sensitive to temperature
changes as immature stages in the aquatic environment and as
adults. Larvae take a shorter time to mature in warmer waters so
there is a greater capacity to produce more offspring during the
transmission period.

2. In warmer climates, adult female mosquitoes digest blood faster
and feed more frequently, thus increasing transmission intensity.

3. Dengue viruses complete extrinsic incubation within the female
mosquito in a shorter time as temperature rises, thereby
increasing the proportion of infective vectors.

(ii) Explain how rapid urbanisation with population growth leads to 
increased dengue incidence.

[2]

1. Rapid urbanisation with population growth creates more habitats
for the mosquito vectors Aedes aegypti because it is well-adapted
to living in the urbanised environment

2. Difficult to monitor multiple hidden corners which could be water-
logged for female Aedes aegypti to lay eggs and hatch larvae
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The National Environment Agency promotes the  ‘Do the Mozzie Wipeout’ campaign to 
urge the community to actively check for, and get rid of stagnant water in their homes by 
practicing the 5-step Mozzie Wipeout illustrated in Fig 9.1.

Fig. 9.1

(b) Suggest why getting rid of stagnant water in homes using the 5-step Mozzie 
Wipeout may not necessarily prevent dengue from recurring. 

[1]

Aedes aegypti mosquitoes have adapted such that their eggs can survive
dry conditions/ dessication for several months. If eggs are laid in a
dried-up container, new mosquitoes only develop when the container is
filled with water e.g. during rainy period + ref step 2, 4, 5 not always
useful.

FiFiFiFiFiFiFiF g.g.g.gggggg 999.1

geettttttttttinininniningggggggg rirrrrrr dddddddd ofofffoffof ssssssstatatataatatatagngngngngnnngngnanananananananant ttttttt wawawawawawawateteeeeeeer r rrrrrr innininnnninn hommeses uusisingng tthhe 5
not ttt tttt neeeneneneeeeecececececececececc sssssssssssssssssssarararaaraaaara illlllyyy yy prprprprprp evvvvvvvenenenenenenenenentt ttttt dedededededededeengngnngngngngngngueuueueueuu  fromm rrecucurrrrining. 
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(c) Outline anthropogenic activities that lead to global warming. [3]

1. Burning of fossil fuels linked to increasing energy usage;
2. Clearing of forests representing a loss of carbon sink;
3. Increasing consumption of meat that is more resource-intensive

(any 2)
4. lead to increased emission of greenhouse gases such as carbon dioxide

and methane. Enhanced greenhouse effect of Earth leads to global
warming.

[Total: 9]

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



1

YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE
YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE
YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE
YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE
YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE
YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE
YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE
YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE
YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE
YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE
YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE
YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE
YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE YISHUN JUNIOR COLLEGE

Name CTG

YISHUN JUNIOR COLLEGE 
JC 2 PRELIMINARY EXAMINATION 2017 

BIOLOGY 9744/04 

HIGHER 2    21 AUGUST 2017
Paper 4                                                                                                                  

             2 hours 30 minutes  

Candidates answer on the Question Paper 

Additional material:  As listed in the Confidential Instructions  

READ THESE INSTRUCTIONS FIRST 

Write your name and CTG in the spaces at the top of this page and on all the work you hand in. 
Give details of the practical shift and the laboratory, where appropriate, in the boxes provided.  
Write in dark blue or black pen only. 

You may use a HB pencil for any diagrams or graphs. 
Do not use staples, paper clips, glue or correction fluid. 

Answer all questions in the spaces provided on the Question Paper.  

The use of an approved scientific calculator is expected, where 
appropriate.   
You may lose marks if you do not show your working or if you do not 
use appropriate units.  

At the end of the examination, fasten all your work securely together. 

The number of marks is given in brackets [ ] at the end of each 
question or part question.     

This paper consists of 16 printed pages.  

Shift

Laboratory

For Examiner’s Use
1 /25
2 /16
3 /14

Total /55

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



2

Question 1 

The beetroot is a starchy edible root from the Beta vulgaris plant. It has long been used for 
medicinal purposes, primarily for disorders of the liver as it helps to stimulate the liver's 
detoxification processes. The water-soluble plant pigment that the gives beetroot its rich, purple-
crimson colour is betanin and is typically contained in the vacuoles of beetroot cells. Betanin is 
a glucoside, and hydrolyses into the sugar glucose and its constituent nitrogenous compounds, 
which are colourless. Fig. 1.0 shows the molecular structure of betanin.

Fig 1.0

You are required to investigate the relationship between temperature and the rate of diffusion of 
betanin. The use of hydrochloric acid would yield information on the quantity of betanin generated 
from the experiment. 

Safety information:

You should wear eye protection throughout this practical. The coloured beetroot 
pigment will stain skin or clothes.  

0.6M hydrochloric acid (HCl) is a potential irritant.  Avoid contact with eyes and skin.

You are provided with: 

a piece of fresh beetroot tissue

a bottle of 0.6M hydrochloric acid

KiasuExamPaper.com
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Proceed as follows:

1. Place the fresh beetroot tissue provided on a white tile.  Using a cork borer, cut out cylinders of 
beetroot.  Cut 15 pieces of beetroot discs of approximately 5 mm thickness from the cylinder 
using a scalpel.

2. Place all the cut beetroot discs in a small beaker of distilled water for three minutes. 

3. Label five boiling tubes – 30°C, 40°C, 50°C, 60°C and 70°C.

4. Label five test tubes - 30°C, 40°C, 50°C, 60°C and 70°C.

5. Add 10 cm3 distilled water to each boiling tube.

6. Set up a water bath in the 500 cm3 beaker with 40ºC water (taken from the thermostatically -
controlled water bath).

7. Place the boiling tube labelled 70°C into the water bath you prepared. Heat the water gently 
until the temperature in the boiling tube reaches that of the water bath at 70°C. Use a 
thermometer to monitor the temperature. 

8. When the temperature reaches 70°C, remove the boiling tube from the heat source and place in 
the rack. 

9. Take three of the beetroot discs and impale on a satay stick with space between each disc. 

10. Immediately immerse the impaled beetroot discs in the boiling tube labelled 70°C for exactly 
one minute.

11. Leave the impaled beetroot discs to stand in the boiling tube for a further 5 minutes.

12. When five minutes is up, remove the impaled beetroot discs from the boiling tube.  

13. Repeat steps 7 to 12 for the remaining temperatures - 30°C, 40°C, 50°C and 60°C.  Add tap 
water or shaved ice, where necessary, to attain and maintain the temperature. Use the 
thermometer to monitor the temperature. 

14. Stir the solution in the boiling tube labelled 70°C with a clean glass rod and transfer 2 cm3 of the 
solution into the test tube labelled 70°C using a clean Pasteur pipette.

15. Using a syringe, draw up 10 cm3 of 0.6M hydrochloric acid (HCl).

16. Add 1 cm3 of the 0.6M HCl into the test tube labelled 70°C and shake gently for 20 seconds. 
Continue adding 0.6M HCl and shaking the reaction mixture following each addition of HCl, until 
the solution decolourises completely.  

17. Note the volume of 0.6M HCl required for complete decolourisation of the solution.

18. Perform another replicate by repeating steps 14 to 17.

19. Repeat steps 14 to 18 for the remaining temperatures - 30°C, 40°C, 50°C and 60°C.

20. Record your observations, including the volume of 0.6M HCl used, in the space provided on 
the next page.

KiasuExamPaper.com
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(a) (i) Prepare the space below to record your observations.

[5]

(ii) A similar experiment was conducted by another student and he obtained the 
following results shown in Table 1.1.   Calculate the rate of decolourisation by 
filling in the table below.

Table 1.1

Temperature/°C Time taken for 
decolourisation / s

Rate of 
decolourisation / s-1

80 100

70 80

60 65

50 49

40 40

[1]

KiasuExamPaper.com
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You are required to use a sharp pencil for graphs. 

(iii) Using the grid provided below, plot a graph of the rate of decolourisation against 
temperature. 

[4]

(iv) Explain the impact of increasing temperature on the structure and fluidity of 
beetroot membranes.  

[3]

KiasuExamPaper.com
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(v) Explain how increasing temperature affects the rate of diffusion of betanin into the
water in the boiling tube. 

[2]

(b) Explain why the beetroot discs must be immersed in distilled water for three minutes in 
step 2.

[1]

(c) Suggest why dilute hydrochloric acid is able to decolourise the solution in step 16 and 
relate this to the trend observed in the graph plotted in (a)(iii).

[3]

(d) Other than repeats, suggest a limitation of the procedure.

[1]

(e) Suggest two improvements to the procedure that will improve the reliability of your 
results.  

[2]

KiasuExamPaper.com
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(f) Describe how you would modify this investigation to determine the effect of alcohol 
concentration on the permeability of the cell membrane of the beetroot tissue.  

[3]

[Total: 25]
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Question 2

During this question, you will require access to a microscope.  

Section I

You are provided with a slide of a stained transverse section through the leaves of three different 
plants.  You are not expected to be familiar with these plant specimens.  

These plants are adapted to living in different habitats:

xerophyte: a plant that lives in an environment where water is scarce;
mesophyte: a plant that lives in an environment with moderate amount of moisture and 
hydrophyte: a plant adapted to grow in water. 

(a) Make a labelled plan drawing of the transverse section of the three leaves in the 
space below.

Your diagram should include:

1. labels of the cuticle layer and intercellular air spaces, where appropriate, and

2. suitable annotations that suggest the type of plant each leaf is taken from.

[6]

KiasuExamPaper.com
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(b) Suggest how the different types of leaves support Darwin’s theory of evolution.

[4]

KiasuExamPaper.com
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Section II

You will investigate the effect of boiling on a slice of potato tissue. 

Proceed as follows:

1. Use a scalpel to slice 2 thin slices from the raw potato sample provided.

2. Take a slice of the raw potato and place it on a microscope slide. Add a drop of iodine 
to stain it.

3. Observed the sample on the microscope under the low-power objective lens of your 
microscope.

4. Place the other potato slice into a boiling tube of distilled water and boil it for 1 minute.

5. Retrieve the boiled slice of potato from the boiling tube using a pair of forceps and place 
it on a white tile to cool for 1 minute.

6. Repeat steps 2 – 3 for the boiled potato slice.

(a) Make a labelled drawing to compare the effect of the two types of treatment on the 
potato cells, indicating the positions of the blue-black stains, in the space below.

[2]

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



11

(b) Using the eyepiece graticule fitted in the eyepiece lens of your microscope, and the 
stage micrometer, determine the average size of the blue stains observed for the 
two samples drawn in (a).

Show the measurements that you made and your working.

[2]

(c) Account for the difference in the two types of treatment observed in (a).

[2]

[Total: 16]
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Question 3

The enzyme β-galactosidase hydrolyses the sugar lactose into glucose and galactose, which can 
be absorbed into the blood stream. However, it is not easy to measure β-galactosidase activity 
using the appearance of glucose and galactose. 

Iodine binds to a site on β-galactosidase other than the active site and changes the conformation 
of the active site. 

In order to measure the enzyme activity of β-galactosidase, an artificial substrate called  
o-nitrophenyl-beta-galactopyraniside (ONPG) is used. The enzyme degrades ONPG to produce  
β-galactose and o-nitrophenol, a yellow coloured compound. This reaction occurs optimally at  
pH 5.0. The reaction is stopped by adding sodium carbonate solution to increase the pH to 11.

Using this information and your own knowledge, design an experiment to investigate the effect of 
increasing the concentration of iodine on the rate of hydrolysis of ONPG by β-galactosidase. 

You must use:
1.0% β-galactosidase solution,
0.3% iodine solution,
distilled water,
5mM ONPG
pH 5.0 buffer,
0.5 M sodium carbonate solution.

You should select from the following apparatus and use appropriate additional apparatus:
normal laboratory glassware e.g. test-tubes, beakers, measuring cylinders, glass rods etc.,
timer e.g. stopwatch or stop clock,
thermometer,
colorimeter,
thermostatically-controlled water bath.

Your plan should:

have a clear and helpful structure such that the method you use is able to be repeated by 
anyone reading it,

be illustrated by relevant diagrams, if necessary,

identify the independent and dependent variables,
describe the method with the scientific reasoning used to decide the method so that the results 
are as accurate and reliable as possible,

show how you will record your results and the proposed layout of results tables and graphs,

use the correct technical and scientific terms,

include reference to safety measures to minimise any risks associated with the proposed 
experiment.

                                                                                                                      
[Total: 14]
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List of Materials and Apparatus for JC2 H2 BIOLOGY Preliminary Examination Paper 4 

Question 1

Item Apparatus / reagents / chemicals Quantity per student 

1 A piece of fresh beetroot tissue, approximately 5 cm in 
length. 1

2 0.6M hydrochloric acid solution  100 cm3

3 10 cm3 syringe 2

4 Graduated Pasteur pipette able to drawn up at least  
2 cm3  of solution  5

5 100 cm3 beaker 1

6 500 cm3 beaker 1

7 Satay sticks  5

8 Cork borer 1

9 Scalpel  1

10 White tile  1

11 Glass rod 1

12 Boiling tube 5

13 Test tube 5

14 Wooden rack to hold boiling tubes and test tubes 1

15 Thermometer 1

16 15 cm ruler 1

17 Stopwatch 1

18 Safety goggles 1 pair 

19 Paper towels 5

20 Tripod with wire gauze 1

21 Heatproof mat 1

22 Plastic sieve to collect beetroot pieces  1
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Item Apparatus / reagents / chemicals Quantity per student 

22 Access to water from thermostatically-controlled 
water bath set at 40 C -

23 Access to shaved ice – ice buckets to be placed on 
teacher’s bench -

Question 2

 Each candidate must have sole, uninterrupted use of the prepared slide for 1 hour 15 
minute only.

Item Apparatus / reagents / chemicals Quantity per student 

1 Microscope with an eyepiece graticule 1

2 Stage micrometer  1

3 Prepared slide, labelled ‘mesophytic, hydrophytic and 
xerophytic’ leaf, TS (placed in a Petri dish) At least 1 between 2 

4 Glass microscope slides  2

5 Cover slips 2

6 Blunt forceps 1 pair 

7 Iodine solution 1 bottle  

8 Slice of raw potato at least 1 cm in thickness 1

For both questions 

Item Apparatus / reagents / chemicals Quantity per student 

1 Distilled water, labelled W At least 100 cm3

2 Bunsen burner 1

3 Lighter 1

4 Wooden test tube / boiling tube holder 1 pair 

5 Marker for labelling 1
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Question 1 

The beetroot is a starchy edible root from the Beta vulgaris plant. It has long been used for 
medicinal purposes, primarily for disorders of the liver as it helps to stimulate the liver's 
detoxification processes. The water-soluble plant pigment that the gives beetroot its rich, purple-
crimson colour is betanin and is typically contained in the vacuoles of beetroot cells. Betanin is 
a glucoside, and hydrolyses into the sugar glucose and its constituent nitrogenous compounds, 
which are colourless.  Fig. 1.0 shows the molecular structure of betanin. 

Fig 1.0 

You are required to investigate the relationship between temperature and the rate of diffusion of 
betanin. The use of hydrochloric acid would yield information on the quantity of betanin generated 
from the experiment. 

Safety information: 

You should wear eye protection throughout this practical.  The coloured beetroot 
pigment will stain skin or clothes. 

0.6M hydrochloric acid (HCl) is a potential irritant.  Avoid contact with eyes and skin. 

You are provided with: 

a piece of fresh beetroot tissue 

a bottle of 0.6M hydrochloric acid

oototott ttttissisisissussss ee 

ochlhlhlhlorororroricicicicic aaaacicicicicidddd
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Proceed as follows: 

1. Place the fresh beetroot tissue provided on a white tile.  Using a cork borer, cut out cylinders of
beetroot.  Cut 15 pieces of beetroot discs of approximately 5 mm thickness from the cylinder
using a scalpel.

2. Place all the cut beetroot discs in a small beaker of distilled water for three minutes.

3. Label five boiling tubes – 30°C, 40°C, 50°C, 60°C and 70°C.

4. Label five test tubes - 30°C, 40°C, 50°C, 60°C and 70°C.

5. Add 10 cm3 distilled water to each boiling tube.

6. Set up a water bath in the 500 cm3 beaker with 40ºC water (taken from the thermostatically -
controlled water bath).

7. Place the boiling tube labelled 70°C into the water bath you prepared. Heat the water gently
until the temperature in the boiling tube reaches that of the water bath at 70°C. Use a
thermometer to monitor the temperature.

8. When the temperature reaches 70°C, remove the boiling tube from the heat source and place in
the rack.

9. Take three of the beetroot discs and impale on a satay stick with space between each disc.

10. Immediately immerse the impaled beetroot discs in the boiling tube labelled 70°C for exactly
one minute.

11. Leave the impaled beetroot discs to stand in the boiling tube for a further 5 minutes.

12. When five minutes is up, remove the impaled beetroot discs from the boiling tube.

13. Repeat steps 7 to 12 for the remaining temperatures - 30°C, 40°C, 50°C and 60°C.  Add tap
water or shaved ice, where necessary, to attain and maintain the temperature. Use the
thermometer to monitor the temperature.

14. Stir the solution in the boiling tube labelled 70°C with a clean glass rod and transfer 2 cm3 of the
solution into the test tube labelled 70°C using a clean Pasteur pipette.

15. Using a syringe, draw up 10 cm3 of 0.6M hydrochloric acid (HCl).

16. Add 1 cm3 of the 0.6M HCl into the test tube labelled 70°C and shake gently for 20 seconds.
Continue adding 0.6M HCl and shaking the reaction mixture following each addition of HCl, until
the solution decolourises completely.   

17. Note the volume of 0.6M HCl required for complete decolourisation of the solution.

18. Perform another replicate by repeating steps 14 to 17.

19. Repeat steps 14 to 18 for the remaining temperatures - 30°C, 40°C, 50°C and 60°C.

20. Record your observations, including the volume of 0.6M HCl used, in the space provided on
the next page.

6MM HHHHClClClCll iintntntntnto o thhhhheeeee teststststst tttttububuubube eee labebbeebelled 70°C and d d d dd shshshshshs ak
M HHHClClClCll andd shahahahahah kikikikikingngngnn ttttthehehehehe reaeeaaeactiooonnnn mimimimmimmimmimimmimmmmmm ttxtxtxtxtxtx urururrruruuuureeeee fofofofofollllllllllowowowowowwininininining e
seeesss cococococompmpmpmm leleleeetetetetetelylyly. 

6MMMMM HCHCHCHCHCl llll rererererer quqququq irredededd ffffforororororr cccccomomomomomomplplplplpleteteteteteee decococococolololololoourrrrrrisisisisissatatatatatatioiiioi n of t

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



4
 

(a) (i) Prepare the space below to record your observations.

Teacher’s results: 
 

Temperature/
°C

Volume of HCl required for complete decolourisation/ 
cm3

Reading 1 Reading 2 Average 
70.0 6.0 7.0 6.5 
60.0 5.0 5.0 5.0 
50.0 3.0 3.0 3.0 
40.0 2.0 3.0 2.5 
30.0 1.0 1.0 1.0 

 

 

   [5] 
 

 (ii) A similar experiment was conducted by another student and he obtained the 
following results shown in Table 1.1.   Calculate the rate of decolourisation by 
filling in the table below. 
 

Table 1.1 
 

 

Temperature/°C Time taken for 
decolourisation / s 

Rate of 
decolourisation / s-1 

80 100 0.0100 

70 80 0.0125 

60 65 0.0154 

50 49 0.0204 

40 40 0.0250 
 

 

  

 [1] 
  

  

  

  

  

  

  

  

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



5

You are required to use a sharp pencil for graphs.  

(iii) Using the grid provided below, plot a graph of the rate of decolourisation against 
temperature.   

Marking points:  
1. Line of best fit
2. Correct labels of the independent and dependent variables with units
3. Sensible equidistant scale using at least 2/3 of the graph paper (reject: half of

graph paper)
4. Accurate plotting of the points with no extrapolation of graph in both axes

[4] 

per)))
plotootttiiingngnggng offf ttheeeee popopopopointststststs wwwwwititititithhh no eeexxtxtrarapopopp lalaaaatitittitionononon oooooof f f f ff grrrrrraaaapa
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 (iv) Explain the impact of increasing temperature on the structure and fluidity of 
beetroot membranes.   

1. Increasing temperature increases the kinetic energy of the phospholipids and
beetroot membranes becomes increasingly fluid; (Reject: membrane is
flaccid/turgid; expand/contract)

2. Increasing temperature increases the lateral movement of the phospholipids
and membrane proteins along the membrane;

3. Increased intramolecular vibrations leads to disruption of hydrophobic
interactions or hydrogen bonds and denaturation of membrane proteins;

4. Further increase in the temperature could lead to complete disintegration/
rupturing of the beetroot membranes / makes the membranes leaky.

[3] 

 (v) Explain how increasing temperature affects the rate of diffusion of betanin into the 
water in the boiling tube.  

1. Higher the temperature, the greater the increase in kinetic energy of the
pigments;;

2. Movement of the betanin / pigments down the concentration gradient at a
faster rate

OR 
increases the rate of diffusion of betanin / pigments into the water in the
boiling tube.

[2] 

(b) Explain why the beetroot discs must be immersed in distilled water for three minutes in 
step 2.  

To remove any residual pigments that leaked out of the beetroot discs as a result of
mechanical damage from cutting with the scapel /use of the cork borer.

[1] 

(c) Suggest why dilute hydrochloric acid is able to decolourise the solution in step 16 and 
relate this to the trend observed in the graph plotted in (a)(iii). 

1. High proton concentration could result in the acid hydrolysis of betanin / pigment;
2. disrupting the ionic OR hydrogen bonds in the structure of the pigment.

Reference to trend in the graph: 
3. With increasing temperature, a higher concentration of betanin will be present in the

water (as a result of increased membrane permeability), leading to more time 
required for acid hydrolysis / decolorisation of the pigments in the water.  This leads 
to a lower rate of decolourisation with increasing temperature.   

[3] 

hydydyddydydroooochchchchchc lololololoric acacacacacid iiiisssss ababababa leeee to deddd colourise theeeeee sososososos lu
nddd ooooobsbbsbsbsbserveveed d d d ininininn tttttheeeee ggggggrararararaphphphphp  plotttttededededdddddddd iiiiiiiiinnnnnn (a(a(a(a(a(a(a(aa(a(aaaaa)()()()())()()()(iiiiiiiiiii)i)i)i)i).

ceeentntntntrarararaatititititiononononono ccccououuldldld rrresesesesessulululululttt t ininininnn ttttthehehehehe acid hyhyhyhyhyydrdrddrdrolololololysysysysyssisisisisiss of be
nic OR hydrogen bondddds in the structure of the pig
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(d) Other than repeats, suggest a limitation of the procedure.   
  

Any 1 below:  
1. Subjectivity of the naked eye to observe the colour change from red to colourless;;
2. It is difficult to maintain a constant temperature in the water bath by adding hot 

water or ice, as heat is lost to the surroundings.   

 

 
 

 
[1] 

  

(e) Suggest two improvements to the procedure that will improve the reliability of your 
results.   

 

  

1. Use of the colorimeter to measure % light absorbance OR % light transmitted to 
quantify the degree of decolorisation by HCl. 

2. Place the samples into thermostatically controlled water baths set up at the 
respective temperatures.  

 

 
 

 
[2] 

(f) Describe how you would modify this investigation to determine the effect of alcohol 
concentration on the permeability of the cell membrane of the beetroot tissue.   

 

  

1. At least 5 concentration of alcohol using simple dilution: negative control 0%, 5%, 
10%, 15%, 20%, 25%. 

2. Incubation of alcohol solution with beetroot tissue for 5 mins in a 30 C 
thermostatically-controlled water bath. 

3. Measure the volume of HCl required to decolourise the pigments present for each 
of the concentration.

4. Plot the graph of volume of HCI (cm3) used against concentration of alcohol (%).    

 

 
 

 
[3] 

  

[Total: 25]
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Question 2 

During this question, you will require access to a microscope.   

Section I 

You are provided with a slide of a stained transverse section through the leaves of three different 
plants.  You are not expected to be familiar with these plant specimens.   

These plants are adapted to living in different habitats: 

xerophyte: a plant that lives in an environment where water is scarce;
mesophyte: a plant that lives in an environment with moderate amount of moisture and
hydrophyte: a plant adapted to grow in water.

(a) Make a labelled plan drawing of the transverse section of the three leaves in the 
space below. 

Your diagram should include: 

1. labels of the cuticle layer and intercellular air spaces, where appropriate, and

2. suitable annotations that suggest the type of plant each leaf is taken from.

Marking points: 

XEROPHYTE 

Plants that live in conditions where water is scare (for example in the desert) 

1. Absence of intercellular airspaces to prevent loss of water vapour;;

2. Thick cuticle to prevent loss of water;;

MESOPHYTE 

Land plants living in environment with moderate amount of moisture. 

1. Intermediate size airspaces allow for gaseous exchange;;

2. Moderate size of the cuticle, thicker than hydrophyte ;;

HYDROPHYTE 

A plant adapted to grow in water. 

1. Presence of large intercellular airspaces for buoyance / storage of oxygen;;

2. Thin cuticle / absence of cuticle to prevent water loss as plant is found in

environment with abundance of water;;

[6] 

grororow ininininn wwwwwatatataateeere .
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(b) Suggest how the different types of leaves support Darwin’s theory of evolution. 

1. Variation occurs in the population, due to mutation and meiosis;
2. Different habitats would have different selection pressure that selects for plants

with different traits;
3. For example, varying thickness of the cuticle to reduce / prevent water loss 

e.g. leaf from hydrophytic plant has a very thin cuticle / no cuticle to prevent
water loss as the plant lives in an environment where water is in abundance;

4. Individuals with the advantageous traits in the particular habitat will have greater
reproductive success and pass down the favourable alleles to the offspring;;

[4] 

Section II 

You will investigate the effect of boiling on a slice of potato tissue. 

Proceed as follows: 

1. Use a scalpel to slice 2 thin slices from the raw potato sample provided.

2. Take a slice of the raw potato and place it on a microscope slide. Add a drop of iodine
to stain it.

3. Observed the sample on the microscope under the low-power objective lens of your
microscope.

4. Place the other potato slice into a boiling tube of distilled water and boil it for 1 minute.

5. Retrieve the boiled slice of potato from the boiling tube using a pair of forceps and place
it on a white tile to cool for 1 minute.

6. Repeat steps 2 – 3 for the boiled potato slice.

(a) Make a labelled drawing to compare the effect of the two types of treatment on the 
potato cells, indicating the positions of the blue-black stains, in the space below. 

1. Large plan drawing of the cells at least 3 cm in length;;
2. Annotation of starch grains (blue stains) outside the cell for boiled sample.

[2] 

g g ;;
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(b) Using the eyepiece graticule fitted in the eyepiece lens of your microscope, and the 
stage micrometer, determine the average size of the blue stains observed for the 
two samples drawn in (a).  
 
Show the measurements that you made and your working.   

 

  

 Average size of the starch granules as calculated would be around 3-10 
microns; 

 Marks given for accuracy and working (must show the actual length of one 
eyepiece graticule and the number of eyepiece graticule per sample).  

 

 

[2] 
  

 

(c) Account for the difference in the two types of treatment observed in (a).  
  

1. Blue-black stains due to the presence of the amylose in starch;;
2. Boiling of the cell ruptures (reject: more permeable) the cell wall and cell 

membranes, releasing starch into the extracellular environment;;

 

 
 

 
[2] 

  

[Total: 16]
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Question 3

The enzyme -galactosidase hydrolyses the sugar lactose into glucose and galactose, which can 
be absorbed into the blood stream. However, it is not easy to measure -galactosidase activity 
using the appearance of glucose and galactose.  

Iodine binds to a site on -galactosidase other than the active site and changes the conformation 
of the active site.  

In order to measure the enzyme activity of -galactosidase, an artificial substrate called 
o-nitrophenyl-beta-galactopyraniside (ONPG) is used. The enzyme degrades ONPG to produce 

-galactose and o-nitrophenol, a yellow coloured compound. This reaction occurs optimally at 
pH 5.0. The reaction is stopped by adding sodium carbonate solution to increase the pH to 11. 

Using this information and your own knowledge, design an experiment to investigate the effect of 
increasing the concentration of iodine on the rate of hydrolysis of ONPG by -galactosidase.  

You must use: 

1.0% -galactosidase solution,
0.3% iodine solution,
distilled water,
5mM ONPG
pH 5.0 buffer,
0.5 M sodium carbonate solution.

You should select from the following apparatus and use appropriate additional apparatus: 
normal laboratory glassware e.g. test-tubes, beakers, measuring cylinders, glass rods etc.,
timer e.g. stopwatch or stop clock,
thermometer,
colorimeter,
thermostatically-controlled water bath.

Your plan should: 

have a clear and helpful structure such that the method you use is able to be repeated by
anyone reading it,

be illustrated by relevant diagrams, if necessary,

identify the independent and dependent variables,
describe the method with the scientific reasoning used to decide the method so that the results
are as accurate and reliable as possible, 

show how you will record your results and the proposed layout of results tables and graphs,

use the correct technical and scientific terms,

include reference to safety measures to minimise any risks associated with the proposed
experiment.

[Total: 14]

annnttt t didididiaaagaa raraamsssss,,,,, ifffiff necececececessssssasasass rrry,
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Scientific reasoning / Explanation of theory [3 marks] 

 Ref to basic function of enzyme inhibitors, e.g. enzyme inhibitors affect enzyme activity 
resulting in a decrease in the rate of enzyme catalyzed reactions. i.e. the idea enzyme 
substrate complex. 

 Ref to non-competitive inhibition: 
o does not bind to active site of the enzyme 
o Binds to inhibitor site, e.g. allosteric site 
o Inhibition cannot be overcome by increasing substrate concentration 

 Ref to ONPG color / absorbance value; i.e. increasing iodine concentration will decrease 
enzyme activity, lower rate of reaction and hence resulting in a lowered absorbance.  
Alternatively, light transmission will be appropriate.  

 
Variables [2 marks] 
(1 mark) 

 Controlled variables: Temperature, pH, Volume of inhibitor used, with explanation 
(Both below present and correct for 1 mark) 

 Dependent: absorbance value / colour intensity / product formed (ONP) 
 Independent: Iodine volume / concentration used 

 
Procedure [4 marks max, 1 mark each] 

 Using serial dilution / simple dilution to obtain at least 5 known concentration of ONPG, 
diluting with either buffer solution or distilled water, illustrating with dilution table etc.  

 Equilibration procedure with appropriate timing (~ 2 to 5 mins) 
 Stating that the tube be kept in ice to reduce enzyme activity / maintaining constant 

temperature during enzymatic reaction 
 Stating equal volume of ONPG solution used 
 Specific time set for reaction (1 – 2 minutes after addition of enzyme) 
 Means of measuring 2 – 3 absorbance value for each tube using colorimeter / 

spectrophotometer, blanking of the cuvette at the start with distilled water before loading in 
the colour samples.  

 Stating replicates (reliability) and repeats to be performed (Reproducibility)  
 
Positive Control [1 mark] 

 Absence of inhibitor ( zero iodine, substitute with distilled water) which would result in high 
abs value due to increase enzymatic activity.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

KiasuExamPaper.com

Need a home tutor? Visit smiletutor.sgNeed a home tutor? Visit smiletutor.sg



13
 

Data recording [Table 2 marks, Graph 1 mark, max. 3 marks] 
 Tabulation of data with headings and units; 
 Including average value for absorbance value 
 Plot graph of absorbance value (abs) against ONPG concentration / volume 
 Correct labelling of x and y – axis 

 
 

Table of results 

Cuvette 
no. 

Concentration 
of Iodine / % 

Absorbance 
value 1 / abs

Absorbance 
value 2 / abs

Absorbance 
value 3 / abs 

Average 
Absorbance 

/ abs 

1      

2      

3      

4      

5      

6      

Positive 
control 

     

 
 
At least 2 Safety Precautions / Risk Hazards [1 mark] 
 take care when handling glassware such as beakers and test tubes 
 do not allow reagent such as ONPG to have contact with skin or eyes, wash when in contact 
 wear goggles throughout the experiment 

[14]
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