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1. 
 

Chromatography is a technique used to separate molecules based on their solubility in a suitable 
solvent. The diagram shows an apparatus used for this technique. 
 

 
 
As the solvent rises up the paper, the molecules with the greatest solubility in the solvent travel 
the greatest distance up the paper.  When the solvent reaches the top of the paper, the paper is 
removed, dried and sprayed with a dye. The different molecules appear as coloured spots. 
 
Chromatography was carried out on four different samples – sucrose, cellulose as well as the 
products of the complete hydrolysis of sucrose and cellulose. 
 
The diagram below shows the chromatography results: 
 

 
Which row shows the correct results? 

  
  

sucrose cellulose 
products of 

complete hydrolysis 
of sucrose 

products of 
complete hydrolysis 

of cellulose 

 A 4 3 1 2 

 B 3 4 2 1 

 C 1 2 3 4 

 D 2 1 4 3 
  

  

1 2 3 4 
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2. 
 
 

Two enzyme experiments were carried out.  The first, experiment X, was carried out at a constant 
temperature of 37oC.  During the second experiment, Y, the temperature was increased from 
37oC to 80oC. 
 
Which graph shows the correct results?  

  

 
  

  

Y 

Y 

Y 

Y 

product 
concentration 

product 
concentration 

            
B 

 
D                   

 
A                              

product 
concentration 

product 
concentration 

product 
concentration 

 
C   
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3. 
 

The electron micrograph below shows a beta cell from the islets of Langerhans in the pancreas. 
 

 
Which statement(s) correctly describe(s) the labelled structures? 
 

 
P Structure P has transcriptionally active regions which are accessible to enzymes for 

transcription of insulin DNA. 
 

Q Structure Q is the site of cellular respiration, providing ATP necessary for the synthesis of 
glucagon. 

 
R Proteins enter the lumen of structure R, where they undergo chemical modifications such 

as glycosylation. 
 

S When Benedict’s reagent is added to the contents of structure S and heated, the solution 
forms a brick red precipitate. 

  
 A R only 
 B P and R only 
 C Q and R only 
 D P, Q and S only 
  

  

S 

Q P R 
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4. 
 

The diagram below shows part of the plasma membrane of an animal cell. 
 

 
 

Which statement(s) correctly describe(s) the movement of molecules across this membrane? 
 

 1 Oxygen diffuses through molecules M. 

 2 Water may move through L via osmosis. 

 3 L has hydrophilic R groups that may allow facilitated diffusion of water. 

 4 Water may pass through M via osmosis. 
  
 A 4 only 
 B 1 and 3 only 
 C 1, 2 and 3 only 
 D All of the above 
  

  

www.KiasuExamPaper.com 
988



6 

© RI 2019                      Preliminary Examination 9744/01   
 

5. 
 

The amount of DNA present in the nucleus of the cell below at the beginning of interphase is x 
picograms. The diagram shows the cell at anaphase I of meiosis.  
 
 
 
 
 
 
 
 
 
 
                                                                       
                                                                       P 
 
Which of the following statements is/are true? 
 

 I Diagram P is that of a cell taken from a diploid plant cell. 
 II Both the diagrams, Q and R below show metaphase II as meiosis continues in this cell.  

 
 
 
 
 
 
 
 
 
                      
 
                                        Q                                                    R 

 III The amount of DNA, in picograms, in the nucleus at the end of interphase is 2x and at the 
end of meiosis I is x. 

 IV During telophase II, the chromosomes will decondense to form chromatin threads and the 
vesicles will fuse to form the nucleolus. 

  
 A I only  
 B III only 
 C II and IV only 
 D I, III and IV only 
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6. 
 

Generally, diploid (2n) organisms that reproduce sexually produce haploid (n) gametes. 
 
However, some plants, such as wheat, can produce diploid or haploid gametes. These gametes 
can fuse with other diploid or haploid gametes during fertilisation. 
 
Which statement is incorrect? 
 

 A Diploid gametes may be produced due to an error in the reduction division process 
(meiosis). 

 B The offspring will always increase in chromosome number compared to parent. 

 C The offspring could either be 2n, 3n or 4n. 

 D The chromosome number could, in theory, increase with each generation. 
  
  
7. 
 

Which statement(s) about tRNA structure is/are correct? 

 I It has a binding site for the attachment of a specific amino acid, as well as a different 
binding site for the attachment to the ribosome. 

 II It has a ribose-phosphate backbone with strong covalent phosphodiester bonds and areas 
within the polynucleotide chain where base-pairing by hydrogen bonding occurs. 

 III It has a section known as an anticodon that contains the same triplet of bases as the triplet 
of DNA bases that has been transcribed to produce the mRNA codon. 

  
 A I only 
 B I and II only 
 C II and III only 
 D All of the above 
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8. 
 

Which of the following statements are incorrect? 

 
I After gene transfer between species, the amino acid sequence of the polypeptide made 

using the transferred gene remains unchanged due to the fact that the genetic code is 
degenerate.  

 II If both parents are heterozygous for sickle-cell anemia, 25% percent of their offspring will 
have a homozygous genotype. 

 III Transcription and translation take place during interphase in animal cells.  
 IV Ribose and deoxyribose are both reducing sugars. 

 
V A base substitution in a gene which changes a codon could result in another amino acid 

being incorporated into the protein the gene codes for or could generate a stop codon 
which would prematurely terminate translation and produce a truncated protein. 

  
 A I and II only 
 B II and IV only 
 C I, II and III only 
 D III, IV and V only  
  
  
9. 
 

The diagram shows some relationships between different nucleic acid bases. 

 
Which row is correct? 

  
  1 2 3 4 5 
 A adenine purine cytosine pairs with guanine 
 B cytosine purine guanine pairs with uracil 
 C guanine pairs with cytosine pyrimidine thymine 
 D thymine pairs with uracil pyrimidine adenine 
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10. 
 

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 P will result in the inability of the virus to replicate in 
the host cell. 

 2 Influenza viruses are able to cause pandemics in humans due to slight changes in Q and 
R. 

 3 Q and R are first synthesised and embedded in the host cell surface membrane before 
budding takes place. 

 4 S is synthesised in the host cell’s Golgi apparatus using the host cell enzymes before 
assembly of the virus. 

 5 Different T from influenza subtypes that infect different animal species can be assembled 
into one virus within one host cell. 

  
 A 1, 2 and 5 only 
 B 1, 3 and 5 only 
 C 2, 3 and 4 only 
 D 3, 4 and 5 only 
  
  
11. Which of the following statements 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 RNA. 

 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. 
 

To investigate gene transfer by transduction between bacteria, two strains of the same bacterial 
species were each placed in different arms of a U-tube with a filter separating them. 
 

 
 
met + is a wild-type gene that codes for the ability to synthesise the essential amino acid, 
methionine.  
 
met - indicates that the met +  gene has been mutated. 
 
Liquid may be transferred between the arms of the tube by the application of pressure or suction, 
but particles that are larger than the filter pore size would not be able to pass through the fine 
filter. 

type of particle size 
bacteria 1 – 10μm 

bacteriophages 0.025 – 0.2μm 
 
After several hours of incubation, bacterial cells from the left arm of the tube are plated on 
minimal medium. 
 
Which pair of experimental results best shows that transduction was most likely the process 
responsible for gene transfer between strains A and B? 
 

  filter pore size growth of colonies on minimal medium  
 

A 
5μm no  

 0.1μm yes  
 

B 
5μm no  

 0.1μm no  
 

C 
0.45μm yes  

 0.02μm yes  
 

D 
0.45μm yes  

 0.02μm no  

(met -) (met +) 
strain A strain B 

left arm 

porous cotton 
plug 

fine filter 

pressure or suction 
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13. 
 

A scientist starts her experiment with an ampicillin-resistant strain of bacteria which has a non-
functional lac Z gene. She adds F plasmids which contain a functional copy of lac Z gene to a 
tube of bacteria (+). A control tube (-) with the same bacteria but no plasmid was prepared.  
 
Both tubes are incubated under the appropriate conditions for growth and plasmid uptake. The 
scientist then spreads a sample of each bacterial culture (+ and -) on each of the three types of 
plates indicated below.  
 
plate A: glucose medium 
plate B: glucose medium with ampicillin 
plate C: lactose medium with ampicillin 

 
Which row correctly identifies the plates with growth ( ) or no growth ( )? 
 

  bacterial strain with added plasmid (+) bacterial strain with no plasmid (-) 
 plate A plate B plate C plate A plate B plate C 
 A       
 B       
 C       
 D       
  
  

  

www.KiasuExamPaper.com 
994



12 

© RI 2019                      Preliminary Examination 9744/01   
 

14. 
 

The Trp operon is shown in the diagram below. Upstream of the operon, trp R gene codes for 
the repressor protein that binds to the operator.  

 
The table below indicates the activity levels of the functional enzymes E, D, C, B and A in wild 
type (normal, non-mutant) bacterial cells in the presence and absence of tryptophan (Trp).  
 

  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 

 
3 bacterial mutants were identified and each is the result of a mutation in a component of the trp 
operon. The activity level of the functional enzymes E, D, C, B and A in the bacterial cells having 
these individual mutations is shown in the table below. 
 

 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 

 
Which of the following correctly describes the mutants? 

  
  mutant 1 mutant 2 mutant 3 
 A loss of function mutation 

in the trp R gene 
base deletion in trp D 

gene 
gain in function mutation in the trp 

R gene 
 B loss of function mutation 

in the trp R gene 
base deletion in trp D 

gene 
mutation that results in a change in 
the trp binding site of the repressor 

protein 
 C gain in function mutation 

in the trp R gene 
base substitution in trp 

D gene 
loss of function mutation in the 

promoter region 
 D gain in function mutation 

in the trp R gene 
base deletion in the 

promoter 
gain in function mutation in the trp 

R gene 
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15. The Ras protein stimulates the cell cycle through a series of reactions. The following is a simple 
description of the pathway in which the Ras protein acts: 

A growth factor binds to receptor. 
↓ 

This helps Ras protein to bind to GTP instead of GDP, activating the Ras protein. 
↓ 

The active Ras protein activates MAPK protein. 
↓ 

The active MAPK protein phosphorylates a transcription factor. 
↓ 

The active transcription factor turns on expression of target genes. 
 
Which of the following correctly identifies the level of control for each of the genes? 

  
  Ras gene target genes  
 A transcriptional transcriptional  
 B post - translational transcriptional  
 C post - translational genome organisation  
 D transcriptional post-transcriptional  
    
  
16. 
 

The diagram shows some of the processes in the light-dependent stage of photosynthesis. 
 

 
Which of the following would stop electrons from being transferred down the electron transport 
chain? 
 

 A The proton pump coupled to electron carriers were inhibited. 
 B Reduced NAD is unable to transfer electrons to electron transport chain.  
 C The thylakoid membrane becomes ‘leaky’. 
 D The bleaching of chlorophyll occurs.   
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17. 
 

The figure below shows an electron micrograph of an organelle in a cell. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Match the processes in the table below with the structures labelled P to S above. 
  
  breakdown of 

fructose-1,6-
bisphosphate 

oxidative 
phosphorylation 

only 

temporary 
lowering of pH 

formation of reduced 
co-enzymes 

 A Q R S P 

 B R S P Q 

 C S P Q R 

 D Q P R S 
  

  

 R 

S 
P 

Q 
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18. 
 

In maize, the dominant allele G codes for chlorophyll production and the recessive allele g codes 
for the inability to produce chlorophyll. In a cross between two green plants, the seeds were 
collected and allowed to germinate. 
 
Of the 940 seeds germinated, 711 developed into green seedlings. The rest developed into non-
green seedlings, all of which died within 14 days after germination. 
 
Using the information given, how many offspring were heterozygous for the genotype for 
chlorophyll production? 

  
 A 474 
 B 356 
 C 705 
 D 229 
  
  
19. 
 

The diagram illustrates some of the intermediate substances involved in the synthesis of the 
amino acid tryptophan in the fungus Neurospora. The steps controlled by the genes A and B are 
indicated. 
 
                      gene A                                      gene B 
precursor                           anthranilic acid                         indole                     tryptophan 
 
A mutant form fails to produce tryptophan unless either anthranilic acid or indole are provided in 
the culture medium. If the mutant genes are a and b, this mutant form of Neurospora must have 
the genotype 
 

 A AABB. 
 B AaBb. 
 C Aabb. 
 D aaBB. 
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20. 
 

The diagram shows an intergeneric cross performed in a breeding experiment. 

 
Which of the following statements explains why the F1 hybrid plants were sterile? 
 

 A Non-disjunction occurred during parental gamete formation. 
 B There was an odd number of chromosomes in the gametes. 
 C The chromosomes of the F1 hybrid could not form homologous pairs during meiosis. 
 D The F1 hybrid was polyploid and could not undergo gametogenesis. 
  
  
21. 
 

In bone marrow, pluripotent stem cells can be distinguished from precursors of blood cells by 
the chromatin and organelles that they contain. 

 
What are the features of cells that are synthesising large quantities of protein? 
 

   chromatin ribosomes Golgi apparatus size  
 A clumped few large   
 B clumped many small  
 C dispersed few small  
 D dispersed many large  

  

Brassica oleracea 
(cabbage) 

Raphanus sativus 
(radish) 

F1 generation 
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22. 
 

The figure below shows the concentrations of glucose and insulin in the blood of an individual 
before and after a meal.  
 

 
 
Using your knowledge of signal transduction and the information on the graph, which of the 
following statements are true? 
 

 I There is a delay in the increase of insulin concentration following a rise in blood glucose 
concentration. 

 II Insulin secretion by beta cells stop when glucose concentration starts to decline. 
 III Insulin, the signal molecule, will trigger a cellular response that lowers blood sugar levels 

but this response is delayed. 
 IV Blood glucose concentration falls below homeostatic concentration due to excess insulin. 
 V The undershoot of glucose concentration is restored by insulin returning to normal levels. 
  
 A I, III and IV only 
 B I, II and V only 
 C I, II and IV only 
 D II, III and V only 
  

  

undershoot 
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23. 
 

Investigations into the causes behind the symptoms in Alzheimer’s patients have led to the 
hypothesis that the disease may be caused by excessive activity of IP3 second messengers in 
the brain cells. 
 

 
 
A comparison was made between the cell samples of Alzheimer’s patients and those of a control 
group. 
 
Which observation would support the above hypothesis? 

  
 A a lower number of receptor proteins in the Alzheimer cell samples 
 B a greater volume of endoplasmic reticulum membrane in the control group cell samples 
 C a higher concentration of calcium ions in the cytosol of the Alzheimer cell samples 
 D a lower number of activated proteins in the cytosol of the Alzheimer cell samples 
  
  
24. 
 

The whole of an island’s population of short-haired bumblebees is descended from just two 
parents. These parents were introduced from the mainland.  
 
Which statement about the island’s short-haired bumblebee population, compared with that of the 
mainland, is correct? 

  
 A The population is less in danger of collapsing from disease. 
 B The population is more able to adapt to environmental changes. 
 C The population shows more genetic variety. 
 D The population will adapt to environmental changes more slowly. 
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25. 
 

A recent study 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 settlements. 
 The populations are located in different valleys. 
 Each population has a different diploid number of chromosomes. 

 
As a result of these observations it has been suggested that speciation has taken place. 
The map below shows the distribution of the six populations, numbered 1 to 6. 

 
 

Using the information above, which of mechanisms are likely to have taken place: 
  
 I allopatric speciation 
 II sympatric speciation 
 III geographical isolation 
 IV physiological isolation 
 V accumulation of mutations 
 VI natural selection 
   
 A II, IV and VI only 
 B I, III, V and VI only 
 C I, III, IV and VI only 
 D II, III, IV and V only 
  

  

3 

6 
5 

2 

1 

4 
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26. 
 

In the phylogenetic tree below, assume that the common ancestor has a long tail, external testes, 
ear flaps and fixed claws and that all evolutionary changes in these traits are shown. 

 
 
Which of the following statements are false? 

  
 1 Sea lions have a short tail, ear flaps, abdominal testes and fixed claws.  
 

2 The most recent common ancestor of the seal and bear is also a common ancestor of the 
dog.  

 3 Both the dog and hyena have a long tail, external testes and fixed claws.  
 4 Both the seal and sea lion have abdominal testes and no ear flaps. 
 5 Both the dog and bear have short tails. 
   
 A 1 and 3 only 
 B 2, 3 and 4 only 
 C 2, 4 and 5 only 
 D 1, 3 and 5 only 
  
  

 
 
 
 
 
 
 
 
 
 
 
 

Hyena 
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27. Which of the following applies to “innate” immune mechanisms: 
  
 I absence of specificity 
 II involve cytokines 
 III activation by a pathogen 
 IV involvement of multiple cell types 
 V a memory component 
   
 A V only  
 B I, III and V only 
 C II and III only 
 D I, II, III & IV only 
   
28. 
 

The DNA for a H chain in a B cell making IgG2 antibody for diphtheria toxoid has the following 
structure: 
 
5’ - …... V17D5J2C 2 …… C 2 - 3’ 
 
How many rearrangements were required to go from embryonic DNA to this B-lymphocyte DNA? 

  
 A 1 
 B 2 
 C 3 
 D 4 
  
  
29. 
 

The enhanced greenhouse effect can cause a rise in atmospheric temperature.  
 
Which of the following is not a consequence of a global temperature rise on arctic ecosystems? 

  
 A increased rates of decomposition of detritus in permafrost 
 B expansion of the range of habitats available to temperate species 
 C changes in distribution of prey species affecting higher trophic levels 
 D decreased success of pest species 
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30. 
 

The timing of breeding in tree swallows (Tachycineta bicolor) was studied in the United States 
and Canada from 1959 to 1991.  
 
Figure A represents the mean egg laying date for each year. The date is indicated as number of 
days after January 1st.  
 
Figure B shows the correlation between mean May temperature (°C) and mean egg laying date 
over the same period. 

 
 
Using information from the two graphs, deduce which of the following may not be a result of 
climate change? 

  
 A Mean egg laying date occurs earlier over study period. 
 B Higher temperatures lead to earlier egg laying which may allow this species to occupy a 

niche within an ecosystem before the other species. 
 C Higher temperatures delay egg laying as the parents need to compete for food and nesting 

sites with other species. 
 D The tree swallow population that expanded its range northward can maintain the same 

duration of egg incubation before hatching. 
 
 
 
 

 
END OF PAPER 

 
 
 
 
 
 
 
 
 
 
 
 

Figure B Figure A 
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Answer all questions. 
 
1 Cellulose synthase is an enzyme involved in the biosynthesis of cellulose, which is the main 

component of plant cell walls. 
 
Fig. 1.1 shows the structure of a glucose molecule. 
 
 
 
 
 
 
 

Fig. 1.1 
 

(a) In the space below, show how glucose molecules are joined to form the long chain found in a 
cellulose molecule.  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[2] 
 

 Multiple cellulose synthase enzymes are arranged together to form a unique hexagonal structure. 
This large cellulose synthase complex is also known as a “rosette”. Fig. 1.2 shows a rosette 
embedded in the cell membrane. 

  

 
 

Fig 1.2 

cellulose 
microfibril 

cellulose synthase  

cell membrane 

monosaccharide  cytosol 

cell wall 
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(b) Explain how a structure of the cellulose synthase complex relates to its function.   
  

…………….………………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………………… 
 
…………………………….………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… [2] 

  
(c) Explain two structural similarities between cellulose and a named fibrous protein that contribute 

to their function. 
  

…………….………………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………………… 
 
…………….………………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………………… 
 
…………………………….………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… [3] 

   
  [Total: 7] 
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2 Trypsin is a protease enzyme which hydrolyses the protein albumin to amino acids. 
 
A student investigated the effect of albumin concentration on the activity of trypsin. Seven tubes 
of different concentrations of albumin were prepared, and a fixed concentration of trypsin was 
added to each tube. The student measured the time taken for albumin to break down and 
calculated the rate of reaction. The investigation was carried out at 35°C. 
 
The results are shown in Fig. 2.1. 

  

 
Fig. 2.1 

  
(a) (i) Explain the results shown in Fig. 2.1. 
   

…………….…………………………………………………………………………….…………… 
 
…………………….…………………………………………………………….…………………… 
 
…………….…………………………………………………………………….…………………… 
 
…………………….…………………………………………………………….…………………… 
 
…………………………….…………………………………………………….…………………… 
 
………………………………………………………………………………….………………… [3] 

   
 (ii) The student repeated the investigation at 25°C. 

 
Given that the Q10 = 2, draw and label on Fig. 2.1, a graph to show the results you would 
expect for this experiment.                                                                                                                              [1] 

   
 
 

rate of 
reaction/ 
arbitrary 
units 

albumin concentration/ g dm-3 

www.KiasuExamPaper.com 
1009



5 
 

© RI  2019                       Preliminary Examination 9744/02                                              [Turn over 
 

 

(b) During lung infections, phagocytes move from the blood to the epithelial lining of the alveoli. 
Phagocytes release the enzyme elastase (a protease) which digests a pathway through the 
alveolar wall. A glycoprotein, alpha 1-antitrypsin (AAT), is often produced in the lung to inhibit 
elastase and hence prevent widespread breakdown of  the alveoli.       
 
Fig. 2.2 shows a single alveolus surrounded by part of a blood capillary.                            
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2.2 

 
 The inhibitory action of AAT was investigated using the enzyme trypsin, which has an active site 

similar in shape and charge to elastase. 
 

 (i) Suggest how AAT may act to inhibit the enzyme trypsin. 
   

…………….……………………………………………………….………………………………… 
 
…………………….………………………………………………………….……………………… 
 
…………………………….……………………………………………….………………………… 
 
………………………………………………………………………….………………………… [2] 

   
 (ii) Describe a method of how the student’s investigation with trypsin can be adapted in order 

to find out how AAT acts as an inhibitor. 
   

…………….………………………………………………………………….……………………… 
 
…………………….………………………………………………………….……………………… 
 
…………………………….……………………………………………….………………………… 
 
…………………………………………………………………………….……………………… [2] 
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 (iii) On Fig. 2.3, sketch the graph of the result you might expect when AAT is added to a reaction 
of increasing albumin concentration in the presence of trypsin.  

   

 
                                                           Fig. 2.3 

 [1] 
 

  [Total: 9] 
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

rate of 
reaction/ 
arbitrary 
units 

albumin concentration/ g dm-3 

without  
AAT 
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3 Turner’s syndrome is a genetic disorder that affects women.  
 
The disorder can be the result of non-disjunction occurring during meiosis which produces 
gametes with a missing X chromosome resulting in an XO female.  
 
However, it can also be the result of damage to one homologue of a pair of X chromosomes.  
 
Fig. 3.1 is a diagram of a normal X chromosome and two forms of ‘damaged’ X chromosomes, 
X1 and X2. In X1, a section of the ‘p’ arm of the chromosome is missing. This deletion leads to 
reduced height of the female and abnormalities such as narrowing of the aorta. In X2, a section 
of the ‘q’ arm of the chromosome is missing. This deletion leads to little or no development of the 
ovaries.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3.1 

 
(a) (i) Describe the role of structure K. 
   

…………….………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………… 
 
…………….………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………… 
 
…………………………….………………………………………………………………………… 
 
…………………………………………………………………………………………………… [3] 

   
 (ii) Explain why X1 and X2 result in different phenotypes. 
   

…………….………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………… 
 
…………………………….………………………………………………………………………… 
 
…………………………………………………………………………………………………… [2] 

   
 

K 

Normal 
X 

 
X1 

 
X2 
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(b) Klinefelter’s syndrome is a genetic disorder that affects men. It is due to non-disjunction during 
meiosis that results in the presence of an extra X chromosome in the gametes. 
 
Assuming, non-disjunction occurred during meiosis I in the cells in the ovaries of the mother, 
complete Fig. 3.2 to show the distribution of chromosomes in the various cells during meiosis I 
and meiosis II so that a zygote with an extra X chromosome can form upon fertilisation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.2 
 

 Individuals with Down syndrome have an extra copy of chromosome 21 in all their cells. Down 
syndrome is a result of non-disjunction during gametogenesis.  
 
Mosaic Down syndrome, or mosaicism, is a rare form of Down syndrome. People with Mosaic 
Down syndrome have a mixture of cells. Some cells have two copies of chromosome 21, and 
some cells have three. To diagnose Mosaic Down syndrome, doctors usually 
analyze chromosomes from 20 cells. If 5 cells have 46 chromosomes and 15 have 
47 chromosomes, a baby will have a positive Mosaic Down syndrome diagnosis. 

   
(c) Mosaic Down syndrome is due to non-disjunction.  

 
Suggest when non-disjunction occurs in individuals with this genetic disorder. 

  
…………….………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… [1] 

   
  [Total: 10] 

zygote 

parental cells with only sex 
chromosomes shown 

cells after 
meiosis II 

cells after 
meiosis I 

Gametogenesis in parent 1 Gametogenesis in parent 2 

fusion of gamete ____ and gamete ____  

 gamete 1  gamete 2   gamete 3  gamete 4    gamete 5   gamete 6    gamete 7   gamete 8 
[1] 

[1] 

[1] 

[1] 
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4 Fig. 4.1 shows transcription and translation occurring simultaneously in a bacterium, Escherichia 
coli. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.1 
 

(a) (i) Draw an arrow on fig.4.1 to show the direction of transcription.                                        [1] 
   
 (ii) Fill in the boxes to indicate the 5’ end and 3’ end of the mRNA strand.  

[1] 
   
(b) Fig. 4.2 shows the effects of four drugs on the lengths of the mRNAs and polypeptides 

synthesised. 

 
 

Fig. 4.2 
 
 
 
 
 

 
 
 

drug 

pe
rc

en
ta

ge
 le

ng
th

 re
la

tiv
e 

to
 c

on
tro

l 
ex

pe
rim

en
t 

mRNA length 

polypeptide 
length 
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 (i) Table 4.1 shows the four drugs and their mode of action.  
 
Using the information from Fig 4.2, complete Table 4.1 to match the drugs to their correct 
mode of action.                                
 

Table 4.1 
drug mode of action 

 binds to RNA polymerase blocking the initiation of transcription 

 binds to 50S ribosomal subunit and prevents ribosome from translocating 

3 Complete the answer in part (ii) 

 binds to the ribosomal subunit and causes a premature termination of 
polypeptide synthesis. 

 

 [3] 
   
 (ii) With reference to Fig. 4.2, explain the mode of action of drug 3.  
   

…………….………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………… 
 
…………….………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………… 
 
…………………………….………………………………………………………………………… 
 
…………………………………………………………………………………………………… [3] 

   
  [Total: 8] 
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5 The antibiotic gramicidin is a dimer that inserts itself and forms cation-permeable channels in 
biological membranes. While the exact bactericidal mechanism of gramicidin is not known, it is 
suspected that by increasing the permeability of membranes to cations, gramicidin destroys the 
ionic gradient between the cytoplasm of the bacteria cell and the external environment.  
 
Fig. 5.1 shows how the gramicidin dimer interacts with biological membranes. 
 

 

 
 

Fig. 5.1 
 

(a) Each helical peptide subunit of gramicidin is made up of 15 amino acids including alanine, leucine, 
valine and tryptophan. 
 
Fig. 5.2 shows the tertiary structure of gramicidin viewed from one of its ends, showing the 
channel where the cations can pass through. 

  
 (i) Alanine, leucine and valine are hydrophobic while tryptophan is amphipathic. With 

reference to Fig. 5.2 indicate in the table below where you are most likely to find these 
amino acids on gramicidin.  

   
amino acid position of amino acid (A or B) 

alanine  
 

leucine  
 

valine  
 

tryptophan  
 

[1] 
 

Fig. 5.2 

channel 

A B 

phospholipid 
bilayer 

gramicidin subunits 
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 Fig. 5.3 shows how the dimers associate in the membrane when the channel is open or closed. 
 

                                 
 
 

Fig. 5.3 

 (ii) Explain how a feature of the membrane allows the gramicidin channel to transition between 
the open and closed states. 

   
…………………………….………………………………………………………………………… 
 
…………………………………………………………………………………………………… [1] 

   
(b) Fig. 5.4 shows the movement of K+and Ca2+ across a gramicidin-treated membrane at varying 

concentrations of the ions.  
 

 
 
 
 
 
 

C
on

du
ct

an
ce

 (p
S)

 s
ho

w
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g 
m
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f i
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s 

Concentration of ions (mol dm-3) 

K+ 

Ca2+ 

Fig. 5.4 
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80 

60 

20 

  0 
0 1  2 3 

gramicidin 
subunits 

phospholipid 
bilayer 

open closed 
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 (i) With reference to Fig. 5.4, compare the movement of K+ and Ca2+ across the membrane. 
   

…………….………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………… 
 
…………………………….………………………………………………………………………… 
 
…………………………………………………………………………………………………… [2] 

   
 (ii) Explain the shape of the K+ graph from the time its concentration exceeds 2 mol dm-3. 
   

…………………………….………………………………………………………………………… 
 
…………………………………………………………………………………………………… [1] 

   
(c) Due to its narrow spectrum of activity, the use of gramicidin has been superseded by new classes 

of antibiotics, such as penicillin, which have broader spectrums of activity.  
 
Recently, widespread penicillin resistance has been observed by many different types of bacteria. 
Resistant bacteria possess the gene for penicillinase found on an extrachromosomal DNA 
molecule.  
  
A single resistant bacterium could confer the ability to produce penicillinase to many other 
bacteria in a short space of time.  
 
State the most likely process by which the bacteria is able to do so and outline the process.  

  
…………….………………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………………… 
 
…………….………………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………………… 
 
…………….………………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………………… 
 
…………………………….………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… [4] 

   
  [Total: 9] 
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6 While there is currently no cure for HIV, combinatorial antiretroviral therapy has been effective in 
slowing the progression to AIDS.  

   
(a) Using your knowledge of the HIV life cycle, explain how drugs can be used to target processes 

specific to HIV.   
  

…………….………………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………………… 
 
…………….………………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………………… 
 
…………….………………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………………… 
 
…………………………….………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… [4] 

   
(b) Suggest why targeting processes specific to the HIV life cycle is an essential strategy in drug 

development. 
  

…………………….………………………………………………………………………………………… 
 
…………………………….………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… [1] 

   
 Combinatorial antiretroviral therapy involves treating a HV patient with multiple drugs at the same 

time. The simultaneous use of multiple drugs can prevent the development of drug resistance in 
HIV. 

   
(c) Explain why it is difficult to treat HIV with a single drug. 
  

…………….………………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………………… 
 
…………………………….………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… [2] 

   
(d) Suggest how the simultaneous use of multiple drugs could prevent the development of drug 

resistance. 
  

…………………….………………………………………………………………………………………… 
 
…………………………….………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… [1] 

   
  [Total: 8] 
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7 In mice, there are several alleles of a gene that control the intensity of pigmentation of their fur.  
The alleles are listed below in order of dominance with C being the most dominant.  
 

C = full colour  

Cch = chinchilla  

Ch = himalayan  

Cp = platinum  

Ca = albino 
 

(a) State how multiple alleles arise. 
  

…………………………….………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… [1] 

   
(b) The gene for eye colour has two alleles. The allele for black eyes, B, is dominant, while the allele 

for red eyes, b, is recessive.  
 
A mouse with full colour fur and black eyes was crossed with a mouse with himalayan fur and 
black eyes. One of the offspring from the cross had albino fur and red eyes.  
 
Using the symbols above, draw a genetic diagram to show the genotypes and phenotypes of the 
offspring of this cross.                                                                                                 
 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[4] 
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(c) Describe how you would determine the genotype of a mouse with platinum fur and black eyes. 
  

…………….………………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………………… 
 
…………….………………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………………… 
 
…………….………………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………………… 
 
…………………………….………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… [4] 

   
  [Total: 9] 
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8 Fig 8.1 shows the micrograph of part of a plant cell.  

 
 

Fig 8.1 
   
(a) Name the labelled structures.  

 
A …………………………………..                     B ………………………………….. 
 
C …………………………………..                     D …………………………………..                  [2] 

   
 An investigation was carried out to study the effect of 2,4-Dinitrophenol (DNP) on photosynthesis.  

 
Thylakoid vesicles were artificially synthesized and placed in a bathing solution. A pH electrode 
was used to measure the pH changes in the bathing solution.  
 
2,4-Dinitrophenol (DNP) acts as a proton ionophore, an agent that can shuttle protons across 
biological membranes, as shown in Fig 8.2. 
  

 
Fig 8.2 

 

A 

C 

B 

D 

DNP DNP 
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The changes in the pH of the bathing solution was measured for three cycles during which light 
was switched on (open triangles ∆) and light was switched off (closed triangles▼). DNP was 
added during the third period of illumination. The results are shown in Fig 8.3. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8.3 
   
(b) Explain the changes in pH from 
 (i) 30 to 100 seconds; 
   

…………….…………………………………………………………………………………….…… 
 
…………………….…………………………………………………………………………….…… 
 
…………………………….………………………………………………………………….……… 
 
………………………………………………………………………………………………….… [2] 

   
 (ii) and 760 to 900 seconds 
   

…………….…………………………………………………………………………….…………… 
 
…………………….…………………………………………………………………….…………… 
 
…………………………….…………………………………………………………….…………… 
 
………………………………………………………………………………………….………… [2] 

   
 
 
 
 

DNP added 

Time (seconds) 

pH
 

www.KiasuExamPaper.com 
1023



19 
 

© RI  2019                       Preliminary Examination 9744/02                                              [Turn over 
 

 

(c) After incubation with DNP for 30 minutes, the effect of DNP was monitored.  
 
Explain its effect on the 

 (i) reduction of NADP; 
   

…………….…………………………………………………………………………………….…… 
 
…………….………………………………………………………………………….……………… 
 
…………….……………………………………………………………………………….………… 
 
…………………………………………………………………………………………….……… [2] 

   
 (ii) and the rate of CO2 fixation. 
   

…………….…………………………………………………………………….…………………… 
 
…………………….……………………………………………………………………….………… 
 
…………….…………………………………………………………………………….…………… 
 
…………………….…………………………………………………………………….…………… 
 
…………………………….……………………………………………………………….………… 
 
…………………………………………………………………………………………….……… [3] 

   
  [Total: 11] 
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9 A study was carried out to measure the concentrations of glucose and insulin in the blood. 
The results are summarised in Fig. 9.1.

 
Fig. 9.1 

 
(a) Explain the relationship between the concentration of glucose and the concentration of insulin 

shown in Fig. 9.1 after the meal. 
  

…………….………………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………………… 
 
…………….………………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………………… 
 
…………………………….………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… [3] 

   
 
 
 
 
 
 
 
 
 
 
 
 

mean blood 
glucose 
concentration 
/ mmol dm-3 

mean blood 
insulin 
concentration 
/ arbitrary 
units 

Key: 
insulin 

glucose 

time/min 
meal 
eaten 
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 The signal transduction pathway in Fig. 9.2 is initiated by the binding of insulin to the receptor 
tyrosine kinase (RTK). This initiates a signaling process which helps in the regulation of blood 
glucose levels.  

 
Fig. 9.2. 

   
(b) With reference to Fig. 9.2, 
 (i) explain how insulin is able to recognize and bind to a specific RTK;  
   

…………….………………………………………………………………………………………… 
 
…………………………………………………………………………………………………… [1] 

   
 (ii) describe the sequence of events in step A triggered by binding of insulin to the receptor 

tyrosine kinase (RTK); 
   

…………….………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………… 
 
…………….………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………… 
 
…………………………….………………………………………………………………………… 
 
…………………………………………………………………………………………………… [3] 

   

step A 

insulin 

receptor 
outside of cell 

 plasma 
membrane 

PTEN PIP2 PIP3 Akt 

Activated 
PI3 - kinase 

Activates 
Glucose 

GLUT 4 
transporter 
inserted in 
membrane 

 

Glycogen 
synthase 
activated 
  

    

IRS-1 
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 (iii) and briefly describe one cellular response that would lead to a change in blood glucose 
levels. 

   
…………….………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………… 
 
…………………………….………………………………………………………………………… 
 
…………………………………………………………………………………………………… [2] 

   
  [Total: 9] 
   
10 Between 1973 and 1998, Peter and Rosemary Grant conducted a study on a population of the 

medium ground finch (Geospiza fortis), on the Galapagos Island of Daphne Major. Fig. 10.1 
shows two medium ground finches (photograph taken in 1976), with variations in beak depth. 
 

 
During an extreme drought in 1977, physiological stress resulted in many different species of 
plants dying or failing to bloom and produce new seeds. Hence, the finches were dependent on 
the seeds left over from the previous year. Once the finches ate all of the abundant small, soft 
seeds that had been produced the year before, they were left with only the larger, harder seeds 
to eat.  
 
Tribulus cistoides is an example of a plant that is extremely drought resistant and produces one 
of the hardest seeds. Only the medium ground finches with deeper beaks were able to open  and 
feed on the seed. Fig.10.2 shows Tribulus cistoides and its seeds. 
 

 
 

(a) (i) State the selection pressure faced by each of the following organisms in this study.  
   

plants …………………………………………………….……………….…… 
 
finches…………………………………………………………………….……                         [2] 

   
 

Fig. 10.2 

Fig. 10.1 

seeds 
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 (ii) Explain why is variation of beak depth important? 
   

…………….………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………… 
 
…………………………….………………………………………………………………………… 
 
…………………………………………………………………………………………………… [2] 

   
 The scientists took measurements of the beak depth of finches in 1976 and 1978. This was one 

year before and after the severe drought. Their results are shown in Fig 10.3 below. 

 (iii) With reference to Fig. 10.3, what conclusions can be drawn regarding the evolution of beak 
depth in the medium ground finch?  

   
…………….………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………… 
 
…………….………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………… 
 
…………….………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………… 
 
…………………………….………………………………………………………………………… 
 
…………………………………………………………………………………………………… [4] 

Fig. 10.3 

Mean beak depth 

beak depth (mm) 

N
um

be
r o

f f
in

ch
es

 

1978: After selection 
N = 90 (survivors) 

1976: Before selection 
N = 751 (all birds on island) 
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 (iv) In the years after the catastrophic drought, heavy rains came to the islands. It was observed 
that the average size of beaks decreased by 2.5% over a few generations, approaching the 
original beak depth before the drought.  
 
Suggest why this happened.  

   
…………….………………………………………………………………………………………… 
 
…………………………………………………………………………………………………… [1] 

   
(b) Besides the significant work done by naturalists on evolution, the field of molecular biology is also 

making great strides in evolution. The use of molecular data has been crucial in determining 
phylogeny in groups of related organisms.  
 
Fig 10.4 below shows the mitochondrial DNA sequence alignment of 6 closely related rodent 
species. 

species mitochondria DNA sequence alignment 
1 A T A A T T C G T C T G T G G A C A T G 
2 A T C A C T G G T C A A A G G C T A A G 
3 A T A A A T C G T C T C T G G A C A T G 
4 A T A A T T G G T C T A A G G A G A T G 
5 A T C A C T G G T C A A A G A C T A T G 
6 A T T A G T G C T C C T G G C T A A T G 

 
Fig. 10.4 

 (i) Using the information from fig. 10.4, fill in the 5 unshaded boxes in the distance matrix 
below.  

nucleotide difference between sequences 
 1 2 3 4 5 6 
1  9  4 9 10 
2     2 10 
3     9 10 
4     6  
5      9 
6       

                
 (ii) Using the distance matrix you have just completed, fill in the boxes in the phylogenetic tree 

in the below with the appropriate species and label the most recent common ancestor 
(MRCA) of 1 and 5 with an ‘X’.  

                                                   
  [Total: 12] 

[1] 

[2] 
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11 The response of the human body to tissue damage depends on the types of tissues involved. 
 
Epithelial tissue, liver tissue and cardiac muscle tissue each respond differently to damage. 
 

 Epithelial tissue in the lungs contain stem cells. 
 Liver tissue contains cells that can divide when stimulated. 
 Cardiac muscle tissue contains cells that cannot divide at all. Damage is permanent and 

is associated with scar tissue formation. 
   
(a) Explain why stem cells are important in continual tissue repair. 
  

…………….………………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………………… 
 
…………………………….………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… [2] 

   
 Researchers hope to repair heart tissue damaged by heart attacks. Cellular therapy using stem 

cells offer ways to replace damaged cardiac muscle tissue. 
 
Some fully differentiated cells from the patient can be reprogrammed into stem cells in tissue 
culture as seen in Fig. 11.1. Such cells are called induced pluripotent stem cells (iPSCs). 
 

 
                                                                  Fig. 11.1 
 

(b) Outline two advantages of using induced pluripotent stem cells (iPSCs) in a patient suffering from 
a heart attack, to generate cardiac muscle for treatment. 

  
…………….………………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………………… 
 
…………………………….………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… [2] 

  
 
 
 
 
 
 
 
 

www.KiasuExamPaper.com 
1030



26 
 

© RI  2019                       Preliminary Examination 9744/02 

 In experiments with mice, it was discovered that the introduction of four specific genes would 
reprogramme fully differentiated cells to iPSCs. 
 

(c) Suggest the roles of two of the four gene products and explain how they can cause a cardiac cell 
to change into an iPSC.  

  
…………….………………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………………… 
 
…………….………………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………………… 
 
…………….………………………………………………………………………………………………… 
 
…………………….………………………………………………………………………………………… 
 
…………………………….………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… [4] 

   
  [Total: 8] 
   

 
 

 
End of Paper 
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Section A 
 

Answer all the questions in this section. 
 
         
1 

Fig. 1.1 shows a molecule of human haemoglobin. 
 

 
Fig. 1.1 

 
(a) (i) Give evidence from Fig. 1.1 that the human haemoglobin molecule has a quaternary 

structure. 
   

………………………………………………………………….………………..………………… 
 
……………………………………………………………………………………...…………… [1] 

   
 (ii) Explain how the quaternary structure allows haemoglobin to carry out cooperative binding 

of oxygen.  
  ………………………………….………………………………………………..………………… 

 
……………………………………………….…………………………………..………………… 
 
……………………………………………….…………………………………..………………… 
 
………………………………………………….………………………………….……………..[2] 

   
 
 
 
 
 
 
 
 
 
 
 
 

haem group 

β-polypeptide chain 

β-polypeptide chain 

α-polypeptide chain 

α-polypeptide chain 

haem group 
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 Haemoglobin contains iron. One type of anaemia is caused by a lack of iron. This type of 
anaemia can be treated by taking tablets containing iron. A number of patients were given a 
daily dose of 120mg of iron.  
 
Fig. 1.2 shows the effect of this treatment on the increase in the concentration of haemoglobin 
in their red blood cells.  

 

 
Fig. 1.2 

 
(b) (i) Describe one difference in the response of adults and children to this treatment.  
   

…………………………………………….……………………………………..………………… 
 
……………………………………………………………..……………………….…………….[1] 

  
 (ii) Using the graph in Fig. 1.2, predict the effect of this treatment on the increase in 

haemoglobin concentration of an adult after 40 days.  
 
Explain how this prediction is done. 

   
………………………………….………………………………………………..………………… 
 
……………………………………………….…………………………………..………………… 
 
……………………………………………….…………………………………..………………… 
 
………………………………………………….………………………………….……………..[2] 

  
 
 
 
 
 
 
 
 

Increase in 
haemoglobin / 
grams per         
100 cm3 of blood  

Time / days 

Key:  
= children 
= adults 
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(c) In humans, the relative molecular mass of haemoglobin is 68 000 gmol-1 and the molecules are 
contained in red blood cells. In a species of worm, the relative molecular mass of haemoglobin 
is 2.85 million gmol-1and the molecules are found free in their plasma.  

 
Suggest one advantage of haemoglobin being this size when it is in the plasma of the worm. 

  
…………………………………………….……………………………………..………………………… 
 
……………………………………………………………..……………………….……………..…… [1] 

  
 

 Sickle cell anaemia is another type of anaemia which is a genetic condition resulting in abnormal 
haemoglobin being produced.  
 
Fig. 1.3 shows four generations of a family in which some members suffer from sickle cell 
anaemia.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                              female with                     male with        
         normal female             normal male             sickle cell anaemia         sickle cell anaemia 

 

Fig. 1.3 
 

(d) Using the symbols HbA for the allele for normal haemoglobin and HbS for the allele for sickle cell 
haemoglobin, state the genotypes of the following individuals: 

  
(i) 

 
A                     ………………………….………………… 
 
C                     ………………………….…………………   [1] 

   
 
 
 
 
 
 
 
 
 

A B 

C D E F G 
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 (ii) Draw a genetic diagram to show the probability of parents A and B producing another 
child with sickle cell anaemia. 

  
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 [4] 
 

(e) Mutation of the β-globin gene gives rise to the expression of an abnormal haemoglobin, resulting 
in sickle cell anaemia.  
 
Explain how a change in the amino acid sequence of β-globin results in a change in the 
phenotype of the organism. 

  
…………………………………………….…………………………………..…………………………… 
 
…………………………………………………………….…………………..…………………………… 
 
…………………………………………………………….…………………..…………………………… 
 
…………………………………………………………….…………………..…………………………… 
 
……………………………………………………………….………………..…………………………… 
 
……………………………………………………………….………………..…………………………… 
 
………………………………………………………………….………………..………………………… 
 
……………………………………………………………………..……………….……………..…… [4] 
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 The DNA mutation in the β-globin gene removes a restriction site of MstII, as shown in Fig. 1.4. 
MstII cuts DNA at the sites indicated by (    ). The lengths of the resulting fragments are shown 
in kilobases (kb).  
 
 

  
Fig. 1.4 

 
The DNA fragments are separated by gel electrophoresis when the β-globin gene is cut with 
MstII. The banding patterns on the gel are used to determine the phenotype of individuals who 
may or may not be suffering from sickle cell anaemia.  
 

(f) (i) Describe two characteristics of these DNA fragments which allow them to be separated 
by gel electrophoresis.  

   
…………………………………………….…………………………………..…………………… 
 
…………………………………………………………….…………………..…………………… 
 
…………………………………………………………….…………………..…………………… 
 
…………………………………………………………….…………………..…………………… 
 
……………………………………………………………….………………..…………………… 
 
……………………………………………………………….………………..…………………… 
 
………………………………………………………………….………………..………………… 
 
……………………………………………………………………..……………….…………… [4] 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

normal allele of β-globin gene, Hb A 

sickle cell allele, Hb S 

non-coding DNA 

1.1 kb 

1.3 kb 

0.2 kb 
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 (ii) Draw on Fig. 1.5, the positions of the bands of all the DNA fragments produced from the 
pair of homologous chromosomes in each individual tested. Indicate with a label, the size 
of fragments produced. 

  
 

                        
 

                                                                          Fig. 1.5                                                            [2] 
  
 Malaria is a major cause of death in sub-Saharan Africa where 90% of the world’s cases occur. 

 
Fig. 1.6(a) shows the distribution of malaria in Africa while Fig. 1.6(b) shows the distribution and 
frequency of occurrence of the sickle-cell allele.  

 
                                                Fig. 1.6(a)                                              Fig. 1.6 (b) 

Incidence of malaria Frequency of occurrence of sickle 
cell allele 

Regions not affected by malaria 

2 kb 

1 kb 

0.5 kb 

Regions affected by malaria 
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(g) Suggest why malaria is found in the shaded areas shown in Fig. 1.6(a) but not in areas such as 
Northern Europe and South Africa. 

  
………………………………….………………………………………………..………………………… 
 
……………………………………………….…………………………………..………………………… 
 
……………………………………………….…………………………………..………………………… 
 
………………………………………………….………………………………….……………..……..[2] 

  
(h) With reference to Figs. 1.6(a) and 1.6(b), explain the relationship between the distribution of 

sickle cell anaemia and malaria.  
  

…………………………………………….…………………………………..…………………………… 
 
…………………………………………………………….…………………..…………………………… 
 
…………………………………………….…………………………………..…………………………… 
 
…………………………………………………………….…………………..…………………………… 
 
…………………………………………………………….…………………..…………………………… 
 
…………………………………………………………….…………………..…………………………… 
 
……………………………………………………………….………………..…………………………… 
 
……………………………………………………………….………………..…………………………… 
 
………………………………………………………………….………………..………………………… 
 
……………………………………………………………………..……………….……………..…… [5] 

  
 [Total: 29] 
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2 Sea surface temperature (SST) is the temperature of the top millimeter of the ocean's surface. 
The temperature anomaly is a departure from the long term average temperature.  
 
Fig. 2.1 shows the change in carbon dioxide emissions and sea surface temperature (SST) 
anomaly from 1945 to 2015. 
 

(a) (i) With reference to Fig. 2.1, describe the relationship between carbon dioxide emissions 
and SST anomaly from 1965 to 2010.  

   
………………………………………………………………….………………..………………… 
 
……………………………………………………………………………………...…………….[1] 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

C
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n 

di
ox

id
e 

em
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carbon dioxide 
emissions 

sea surface temperature (SST) 
anomaly 

Fig. 2.1 
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 (ii) Explain how one anthropogenic activity could have resulted in the observation in (a)(i).  
   

…………………………………………………………….…………………..…………………… 
 
…………………………………………………………….…………………..…………………… 
 
……………………………………………………………….………………..…………………… 
 
……………………………………………………………….………………..…………………… 
 
………………………………………………………………….………………..………………… 
 
……………………………………………………………………..……………….…………… [3] 

   
(b) Fig. 2.2 shows a group of unicellular photosynthetic algae, zooxanthellae, that live inside the 

cells of reef-building corals. This symbiotic relationship is beneficial to both the zooxanthellae 
and the corals. 

 
Fig. 2.2 

 
 (i) Suggest how this relationship is beneficial to both the zooxanthellae and the corals.  
   

……………………………………………………………….………………..…………………… 
 
……………………………………………………………….………………..…………………… 
 
………………………………………………………………….………………..………………… 
 
……………………………………………………………………..……………….…………… [2] 

   
 
 
 
 

tentacles mouth zooxanthellae 
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 Corals are highly sensitive to heat. They have experienced global declines resulting from 
bleaching events sparked by an increase in ocean temperatures. Under such heat stress, coral 
bleaching will occur where corals lose the zooxanthellae that they are associated with.  
 
A group of scientists conducted a study on an important species of coral, Acropora hyacinthus, 
to investigate its ability to adapt to changes in temperature.  
 
These corals can be found in reef pools that experience differences in temperature. In the high 
temperature (HT) pools, temperatures often exceed the local critical bleaching temperature of 
30°C, reaching 35°C during strong noon time low tides. In contrast, the moderate temperature 
(MT) pools rarely experience temperatures above 32°C.  
 
Corals native to the MT pools and the HT pools were harvested. These corals were then 
subjected to heat stress at 35°C for 5 hours. Resistance to thermal stress is measured by their 
ability to retain the zooxanthellae. The results are shown in Fig. 2.3.  

 
 
 
 
 
 
 

Fig. 2.3 

zooxanthellae retention /% 
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 (ii) Describe the differences in the results between the two graphs shown in Fig. 2.3. 
   

……………………………………………………………….………………..…………………… 
 
……………………………………………………………….………………..…………………… 
 
………………………………………………………………….………………..………………… 
 
……………………………………………………………………..……………….…………….[2] 

   
 (iii) Using your answer in (b)(ii), predict how the population of Acropora hyacinthus will 

respond to climate change.   
   

………………………………………………………………….………………..………………… 
 
……………………………………………………………………..……………….…………….[1] 

   
  [Total: 9] 
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

www.KiasuExamPaper.com 
1043



13 
 

© RI  2019                       Preliminary Examination 9744/03                                              [Turn over 
 

3 Fig 3.1 shows the cells and responses of the immune system. 
 

 
  
(a) With reference to Fig.3.1, name the cells and the responses involved in the immune system.  

 
 

Cell A  

Cell B Macrophage 

Cell C Neutrophil 

Response I  

Cell D  

Cell E  

Response II  

Cell F  

 [3] 
 
 
 
 
 
 
 
 

 
 

Hematopoietic stem cell 

Myeloid progenitor cell Lymphoid progenitor cell 

Cell A 

Cell B 

Cell C 

Naïve T-cell Naïve B-cell 

Cell D 

Cell E 

Memory T cell 

Cell F 

Memory B cell 

NaAntigen 
presentation 
& activation 

Activation 

Response I 

Humoral 
response Response II 

Fig. 3.1 
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 Fig. 3.2 shows the effect of exposure to the same bacterial antigen on the antibody concentration 
of two types of antibodies, IgM and IgG. 

(b) State a structural difference between IgM and IgG. 
  

………………………………………………………………….………………..………………………… 
 
……………………………………………………………………..……………….…………….……..[1] 

  
(c) With reference to Fig.3.2,  

 
 (i) describe differences between the concentrations of IgM and IgG from day 10 to day 30 

after the first bacterial antigen exposure; 
   

……………………………………………………………….………………..…………………… 
 
……………………………………………………………….………………..…………………… 
 
………………………………………………………………….………………..………………… 
 
……………………………………………………………………..……………….……………[2] 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.2 

Lag period 

1st bacteria 
antigen exposure 

2nd bacteria 
antigen exposure 

Primary immune response Secondary immune response 

IgG 

IgG 

IgM IgM 
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 (ii) The immune system responds differently upon subsequent exposure to the same 
pathogen. This forms the basis of immunisation programmes. 
 
Describe two differences between the primary and secondary immune responses for IgG 
concentration and suggest explanations for them. 

   
  Difference 1: 

 
…………………………….……………………………………..………………………………… 
 
……………………………………………….………………………..…………………………… 
 
Explanation 1: 
 
……………………………………………………….…………..………………………………… 
 
…………………………………………………….…………………..…………………………… 
 
……………………………………………………….…………..………………………………… 
 
………………………………………………………….……………..…………………………… 
 
Difference 2: 
 
…………………………………………………………….……..………………………………… 
 
……………………………………………………………….………..…………………………… 
 
Explanation 2: 
 
……………………………………………………………….…..………………………………… 
 
……………………………………………………………….………..…………………………… 
 
……………………………………………………………….…..………………………………… 
 
……………………………………………………………………..……………………………[4] 

  
(d) Describe how plasma cells can produce different types of antibodies like IgM and IgG.   
  

……………………………………………………………….………………..…………………………… 
 
……………………………………………………………….………………..…………………………… 
 
………………………………………………………………….………………..………………………… 
 
……………………………………………………………………..……………….…………….……..[2] 

  
 [Total: 12] 
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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 parts (a), (b) etc., as indicated in the question. 
 
4 (a) Describe and explain the significance of specificity during transcription and translation in 

eukaryotic organisms.                                                                                                          [15] 
   
 (b) Explain why mutations that occur during DNA replication can be either advantageous or 

disadvantageous to eukaryotic organisms.                                                                        [10] 
   
  [Total: 25] 
   
5 (a) Describe the role, in energetics, of the various components embedded in the membranes of 

chloroplasts and mitochondria.                                                                                                      [15]  
   
 (b) Describe the role of cycles in energetics.                                                                                    [10] 
   
  [Total: 25] 
   

 
End of Paper 
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Answer all the questions. 
 

1 Milk contains proteins which are used to make cheese. 

During cheese making, bacteria is added to milk. The bacteria will produce acid and decrease 
the pH of milk, causing the proteins to coagulate (clot) and form curds. The curds are used to 
make cheese. 

milk + bacteria                                                           proteins in milk coagulate (curds)         
                                                 pH more acidic 
 
Estimating the protein concentration in milk is important when making cheese. 

You will need to: 

 make serial dilutions of the proteins in the milk, M 
 carry out the biuret test on each concentration, to provide a measure of the concentration 

of proteins present in the milk 
 carry out the biuret test on milk with an unknown concentration of protein, U 
 estimate the concentration of milk protein in U. 

 

You are provided with the materials shown in Table 1.1. 

 

Table 1.1 
 

labelled contents hazard 
 

M 
 

100.00% milk 
 

none 

 
U milk with an unknown concentration 

of protein 

 
none 

 
K 5.00% potassium hydroxide solution harmful irritant 

 
C 

 
0.15% copper sulfate solution 

 
none 

 
W 

 
distilled water 

 
none 

 
A 

 
1.0 mol dm–3 hydrochloric acid 

 
corrosive 

 
 
It is recommended that you wear suitable eye protection. 
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(a) You are required to make serial dilutions of the proteins in the milk, M. Reduce the concentration 
by half between each successive dilution.  
 
You will need to prepare 5 cm3 of each concentration. 
 

 (i) Complete Table 1.2 below to show how you will prepare 5 serial dilutions from 100.00% 
to 6.25% of M. 

  
Table 1.2 

 
Final concentration 

of M/% 
Concentration of M 

used/% 
Volume of M 

used/cm3 
Volume of water 

used/cm3 

 
 

   

    
 

    
 

    
 

    
 

 
                                                                                                                                                [3] 
 

 Read step 1 to step 9 before proceeding. 

 1. Prepare all the concentrations of milk, M as shown in Table 1.2 in the plastic vials 
provided. 

 2. Stir to mix well.  
 3. Label the spotting tile with the different concentrations of M prepared in step 1. 
 4. Use a Pasteur pipette to put 2 drops of 100.00% M into the labelled cavity on the tile. 

 
Any M remaining in the pipette should be put back into the vial so that as little M as 
possible is removed from the plastic vial. You will need M in this vial for step 13. 

 5. Repeat step 4 with each of the concentrations of M. 
 6. Put 1 or 2 drops of K into each of the concentrations of M on the tile and mix. 

 
If K comes into contact with your skin, wash it off immediately under cold water. 

 7. Put 0.5 cm3 of C into each mixture on the tile, using the 1 ml syringe. 
 8. Leave for 2 minutes. Observe any colour change. 

 9. Compare the colour with the colour chart showing standard colours in Fig 1.1 (provided 
in the apparatus basket). Record the colour of the mixtures in (a)(ii). 
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 (ii) Record your results in an appropriate table for the known concentrations of milk, using 
only the standard colours shown in Fig. 1.1. 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[3] 
   
 You are now required to estimate the concentration of milk in sample U. This provides a measure 

of the proteins in the milk. 
   
 10. Put 2 drops of U onto the spotting tile. 
 11. Repeat step 6 to step 9 with U. Record the colour in (a)(iii). 
   
 (iii) State the colour for sample U. 
   
   

............................................................[1] 
   
 Fig. 1.1 has only three colours. In (a)(ii) more than one of the known concentrations may match 

U. This means that an estimate of the concentration of milk protein in U may not be accurate. 
   
 (iv) Using the result in (a)(ii) and (a)(iii), estimate the concentration of milk protein in U. 
   
   

........................................................................................................................................[1] 
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 (v) A significant source of error in this procedure is the difficulty of matching the colour to Fig.  
1.1. 
 
Complete Table 1.3 to suggest: 
 an improvement to this procedure of matching the colour (dependent variable) 
 one other significant source of error in this procedure 
 an improvement to reduce this error. 

   
  Table 1.3 

 
significant source of error improvement 

 
 
matching the colour may be inconsistent 
 
 

 

another significant source of 
error not related to determination of 
colour 
 
………………………………………….…… 
 
…………………………………………….... 
 
……………………………………………..... 
 

 

                                                                                                                                        [3] 
   
(b) A student suggested another procedure to estimate the concentration of protein in milk. This 

could be done by comparing how much coagulation was produced in acidic conditions. 
 
The student added acid to known concentrations of milk protein and observed a range of 
coagulation. The concentration of milk protein in an unknown sample could then be estimated 
more accurately. 

   
 You are provided with 1.0 mol dm–3 hydrochloric acid, labelled A.  

 
It is recommended that you wear suitable eye protection. 
If A comes into contact with your skin, wash it off immediately under cold water. 
 

   
 Read step 12 to step 16 before proceeding. 
 12. Put 4 cm3 of U into a test-tube. 
 In step 13, you will be adding A to the milk in the test-tubes, do not stir or mix A with the milk. 
 13. Put 2 cm3 of A into the test-tube containing U. 
 14. Observe the change in the milk in the test-tube for up to 1 minute. 
 15. If coagulation is not visible after 1 minute, you may pour the milk into a petri-dish to 

better observe the extent of coagulation. 
 16. Repeat steps 12 to 15 for each concentration of M. 
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 17. Using the observations from steps 14 and 15 and the key in Fig. 1.2, record the 
results in (b)(i). 

   
 
 

           
 
 
 
 
 
 
 

Fig. 1.2 
   
 (i) Prepare the space below and record the results for the known concentrations of milk 

protein using Fig. 1.2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    [2] 
   
 (ii) Explain the effect of A on the milk proteins. 
   

……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 
 
………………………………………………………………………………………………...…[3] 

   
 
 
 
 
 

key 
          most coagulation     ++++++ 
                                          +++++ 
                                          ++++ 
                                          +++ 
                                          ++ 
          least coagulation     + 
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 (iii) Using the key in Fig. 1.2, record the result for U.      
 
 

…………………………………………….[1] 
 

   
 (iv) Complete Fig. 1.3 to show the position on the line of each of the percentage 

concentrations of milk decided in Table 1.2. 
 
Put the label U on Fig. 1.3 to show an estimate of the concentration of milk which provides 
a measure of the proteins in U, using the result in (b)(iii).                                                 [1] 

   
   

0%                                                              100% 
 

percentage concentration of milk protein 
 

Fig. 1.3 
   
(c) Milk proteins can also be coagulated using the enzyme rennet. 

 
A student investigated the effect of temperature on the activity of rennet, shown by the 
percentage coagulation of the milk. 
 
The results are shown in Table 1.4. 

  
 Table 1.4 

 
temperature/ °C percentage coagulation of the 

milk/ % 

8.5 7 

28.0 63 

35.5 84 

41.0 92 

50.0 39 
 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

t t ti f ilk t i
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 (i) Plot a graph of the data in Table 1.4 on the grid in Fig. 1.4. 
Use a sharp pencil for drawing graphs. 

   
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1.4 

[3] 
   
 (ii) Explain the results of the graph between 35°C and 41°C. 
  

……………………………………………………………………….……………………………………... 
 
……………………………………………………………………………….……………………………... 
 
……………………………………………………………………………………….……………………... 
 
……………………………………………………………………………………………………………[2] 

   
  [Total: 23] 
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2 Plants are structurally adapted to biotic and abiotic factors in their environment. With climate 
change, plant anatomy is expected to change.  
 
You are required to use a sharp pencil for all drawings. 

   
(a) E1 is a slide of a stained transverse section of a leaf.  You are not expected to be familiar with 

this specimen.  
 
You are required to:  
• use the eyepiece graticule to measure the depth of the midrib, Y, of the leaf shown in Fig 2.1, 

and the depth of the vascular bundle at the midrib. 
• use the measurements obtained to draw a plan diagram of the leaf. The eyepiece graticule in 

the microscope should also be used to measure other tissues in the leaf.   
 
 
 
 
 

Fig 2.1. 
   
 (i) Use the eyepiece graticule in the microscope to measure:  

 
• the depth of the leaf at the mid-rib, Y :  

 
                                                                        ........................ eyepiece graticule units 
 

• the depth of the vascular bundle at the mid-rib :   
       
 
                                                                        ........................ eyepiece graticule units 
 

• and hence determine the simplest whole number ratio of the depth of the leaf at mid-
rib, Y,  to the depth of the vascular bundle at the mid-rib.    
Show all the steps in your working.  

 
 
 
 
 
 
 
 
 
 

simplest whole number ratio  ............................................................... [3] 
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 (ii) Use the measurements from (a)(i) to help you to draw a large plan diagram of E1. Label 
one vascular bundle. You are expected to draw the correct shape and proportions of the 
different tissues. 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[4] 
   
(b) Fig 2.2 (on Page 11) shows a photomicrograph of a transverse section of leaf obtained from a 

plant that grows under a different environmental condition. Several structural differences are 
seen. 

   
 Prepare the space below so that it is suitable for you to record the differences, other than size, 

between the leaves in Fig. 2.2 and slide E1. Record your observations in the space which you 
have prepared. 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[4] 
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Fig 2.2 
(print as landscape) 
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(c) Changes in the number and size of chloroplasts and stomata have been observed with changes 
in the environment. Many investigations have been conducted to determine their correlation to 
environmental factors. 
 
An experiment was conducted to investigate if there was a correlation between the number of 
stomata on the lower epidermis of leaves and the atmospheric carbon dioxide concentration.  
 
You are required to: 
 find the area of the field of view, using Fig. 2.3 
 count the number of stomata in a quarter of the field of view, using Fig. 2.4 (on page 13) 
 calculate the mean number of stomata per mm2.  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                              Fig 2.3 
 
The smallest measurement on this stage micrometer is 0.1 mm. 

   
 (i) Calculate the area of the field of view, using: 

 the formula for the area of a circle r2 
  = 3.14 
 r = radius of the field of view. 

 
Show your working and use appropriate units. 

   
 
 
 
 
 
 
 
 
 
 
 

area of field of view ........................................ mm2 [2] 
   

 
 
 
 
 
 

Field of View 
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 Fig. 2.4 is a photomicrograph of the stomata in a field of view of the lower epidermis of a leaf 
from another plant, A. It was observed under the same magnification as in Fig. 2.3, hence a field 
of view of the same size. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2.4 
 
There are too many stomata to count so the use of the sampling method is recommended to 
estimate the number of stomata in this field of view.  

   
 (ii) Count and record a sample number of whole stomata in the quarter of the field of view 

shown in Fig. 2.4. 
 
Mark clearly with an ‘X’ on Fig. 2.4 each of the stomata counted. 
 
Number of stomata in the quarter of the field of view      
 
 

………………..………………..[1] 
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 (iii) Based on the methods used in c(i) and c(ii), describe clearly the procedure used to 
estimate the mean number of stomata per mm2 of this plant. 

   
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 
 
…………………………………………………………………………………………………...[3] 

   
(d) Another investigation was carried out on several plants from the same plant species as plant A. 

The mean number of stomata per mm2 of plants Q, R and S, were compared with plant A. The 
4 plants were obtained from environments of different CO2 concentrations.  

The students carried out t-tests to compare the mean number of stomata per mm2 for each of 
the plants relative to plant A. 
 
The students calculated the value of t for each of the tests. 
 
Table 2.1 shows the results from their investigation. 
 
 
 
 
 
 
 

Table 2.1 
 

plant mean number of 
stomata per mm2 

p value 
 

A 92 - 
Q 85 < 0.001 
R 90 > 0.05 
S 87 < 0.05 

 

   
 (i) Suggest a null hypothesis for comparing the mean number of stomata per mm2 for plant 

A and plant Q. 
   

……………………………………………………………………………………………………... 
 
…………………………………………………………………………………………………...[1] 

   
 (ii) When calculating the mean number of stomata per mm2 from plant A, 15 degrees of 

freedom was chosen. Students carried out 7 replicates of plant Q. 
 
State how many replicates were carried out for plant A. 

   
…………………………………………………………………………………………………...[1] 
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 (iii) The students concluded that CO2 concentration had a significant effect on the mean 
number of stomata per mm2 in plants. 

Explain which of the p values in Table 2.1 support their conclusion. 
   

……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 
 
…………………………………………………………………………………………………...[2] 

   
 (iv) Explain which of the 2 plants, A or Q, is more likely to be obtained from an environment 

with a higher CO2 concentration.   
   

……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 
 
…………………………………………………………………………………………………...[2] 

   
  [Total: 23] 
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

www.KiasuExamPaper.com 
1063



16                                         
 

©RI 2019                                                              Preliminary Examination 9744/04                                  
 

3 A pH indicator, containing sodium hydrogencarbonate, changes colour with pH. This indicator 
can be used to determine the concentration of carbon dioxide in a solution.  
 
The colour of the indicator solution corresponding to its respective pH is described in Table 3.1. 

 
Table 3.1 

 
 
Some students decided to use this indicator to measure the rate of photosynthesis in algal balls.  
 
Algal balls are made up of unicellular algae that are immobilised in alginate. The students 
assumed that the rate of carbon dioxide uptake was proportional to the rate of photosynthesis.  
 

   
(a) Unicellular algae can be immobilised using a technique that is similar to that used to immobilise 

enzymes. Alginate solidifies upon contact with calcium chloride solution. 
 
Using a concentrated suspension of algal culture and a ratio of 1:1 algal culture to alginate 
solution, outline a method that the students could have used to immobilise the algae.  

  
………………………………………………………………………………………….…………………... 
 
………………………………………………………………………………………….…………………... 
 
………………………………………………………………………………………….…………………... 
 
…………………………………………………………………………………………….…………….. [2] 
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(b) Weed killers prevent weeds from growing and also inhibit their ability to produce food from 
sunlight. 
 
Phenmedipham and Atrazine are two different types of weed killers which contain inhibitors that 
bind to a chloroplast protein involved in electron transfer between photosystems. At a 
concentration of 0.5%, these weed killers will slow down but not stop photosynthesis. 
 
Describe an experiment that the students can carry out to determine which weed killer is more 
effective in slowing down photosynthesis in algae. 
 
You do not need to include details from (a) about how to prepare immobilised algal balls. 

 
In your plan, you must use: 

 algal balls from (a) 
 0.5% Phenmedipham solution 
 0.5% Atrazine solution 
 5% pH indicator solution (which contains sodium hydrogencarbonate) at pH 8.4 
 Lamp 

 
You may select from the following sterilised apparatus and plan to use appropriate additional 
apparatus: 

 Distilled water 
 Syringes of various sizes 
 20 ml beaker  
 Glass rods 
 Boiling tubes with rubber stopper 
 Stop watch 
 Meter rule 
 Heat filter 

 
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 used and the related scientific reasoning behind the method so that the 

results obtained are as accurate and reliable as possible;  
 include the type of data generated by the experiment and how it should be analysed; 
 use the correct technical and scientific terms; 

 
There is no need to include an explanation of the theory to support the practical procedure.  

[7] 
 

[Total: 9] 
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1. 
 

Chromatography is a technique used to separate molecules based on their solubility in a suitable 
solvent. The diagram shows an apparatus used for this technique. 
 

 
 
As the solvent rises up the paper, the molecules with the greatest solubility in the solvent travel 
the greatest distance up the paper.  When the solvent reaches the top of the paper, the paper is 
removed, dried and sprayed with a dye. The different molecules appear as coloured spots. 
 
Chromatography was carried out on four different samples – sucrose, cellulose as well as the 
products of the complete hydrolysis of sucrose and cellulose. 
 
The diagram below shows the chromatography results: 
 

 
Which row shows the correct results? 

  
  

sucrose cellulose 
products of 

complete hydrolysis 
of sucrose 

products of 
complete hydrolysis 

of cellulose 

 A 4 3 1 2 

 B 3 4 2 1 

 C 1 2 3 4 

 D 2 1 4 3 
  

  

1 2 3 4 
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2. 
 
 

Two enzyme experiments were carried out.  The first, experiment X, was carried out at a constant 
temperature of 37oC.  During the second experiment, Y, the temperature was increased from 
37oC to 80oC. 
 
Which graph shows the correct results?  

  

 
  

  

Y 

Y 

Y 

Y 

product 
concentration 

product 
concentration 

            
B 

 
D                   

 
A                              

product 
concentration 

product 
concentration 

product 
concentration 

 
C   
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3. 
 

The electron micrograph below shows a beta cell from the islets of Langerhans in the pancreas. 
 

 
Which statement(s) correctly describe(s) the labelled structures? 
 

 
P Structure P has transcriptionally active regions which are accessible to enzymes for 

transcription of insulin DNA. 
 

Q Structure Q is the site of cellular respiration, providing ATP necessary for the synthesis of 
glucagon. 

 
R Proteins enter the lumen of structure R, where they undergo chemical modifications such 

as glycosylation. 
 

S When Benedict’s reagent is added to the contents of structure S and heated, the solution 
forms a brick red precipitate. 

  
 A R only 
 B P and R only 
 C Q and R only 
 D P, Q and S only 
  

  

S 

Q P R 
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4. 
 

The diagram below shows part of the plasma membrane of an animal cell. 
 

 
 

Which statement(s) correctly describe(s) the movement of molecules across this membrane? 
 

 1 Oxygen diffuses through molecules M. 

 2 Water may move through L via osmosis. 

 3 L has hydrophilic R groups that may allow facilitated diffusion of water. 

 4 Water may pass through M via osmosis. 
  
 A 4 only 
 B 1 and 3 only 
 C 1, 2 and 3 only 
 D All of the above 
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5. 
 

The amount of DNA present in the nucleus of the cell below at the beginning of interphase is x 
picograms. The diagram shows the cell at anaphase I of meiosis.  
 
 
 
 
 
 
 
 
 
 
                                                                       
                                                                       P 
 
Which of the following statements is/are true? 
 

 I Diagram P is that of a cell taken from a diploid plant cell. 
 II Both the diagrams, Q and R below show metaphase II as meiosis continues in this cell.  

 
 
 
 
 
 
 
 
 
                      
 
                                        Q                                                    R 

 III The amount of DNA, in picograms, in the nucleus at the end of interphase is 2x and at the 
end of meiosis I is x. 

 IV During telophase II, the chromosomes will decondense to form chromatin threads and the 
vesicles will fuse to form the nucleolus. 

  
 A I only  
 B III only 
 C II and IV only 
 D I, III and IV only 
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6. 
 

Generally, diploid (2n) organisms that reproduce sexually produce haploid (n) gametes. 
 
However, some plants, such as wheat, can produce diploid or haploid gametes. These gametes 
can fuse with other diploid or haploid gametes during fertilisation. 
 
Which statement is incorrect? 
 

 A Diploid gametes may be produced due to an error in the reduction division process 
(meiosis). 

 B The offspring will always increase in chromosome number compared to parent. 

 C The offspring could either be 2n, 3n or 4n. 

 D The chromosome number could, in theory, increase with each generation. 
  
  
7. 
 

Which statement(s) about tRNA structure is/are correct? 

 I It has a binding site for the attachment of a specific amino acid, as well as a different 
binding site for the attachment to the ribosome. 

 II It has a ribose-phosphate backbone with strong covalent phosphodiester bonds and areas 
within the polynucleotide chain where base-pairing by hydrogen bonding occurs. 

 III It has a section known as an anticodon that contains the same triplet of bases as the triplet 
of DNA bases that has been transcribed to produce the mRNA codon. 

  
 A I only 
 B I and II only 
 C II and III only 
 D All of the above 
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8. 
 

Which of the following statements are incorrect? 

 
I After gene transfer between species, the amino acid sequence of the polypeptide made 

using the transferred gene remains unchanged due to the fact that the genetic code is 
degenerate.  

 II If both parents are heterozygous for sickle-cell anemia, 25% percent of their offspring will 
have a homozygous genotype. 

 III Transcription and translation take place during interphase in animal cells.  
 IV Ribose and deoxyribose are both reducing sugars. 

 
V A base substitution in a gene which changes a codon could result in another amino acid 

being incorporated into the protein the gene codes for or could generate a stop codon 
which would prematurely terminate translation and produce a truncated protein. 

  
 A I and II only 
 B II and IV only 
 C I, II and III only 
 D III, IV and V only  
  
  
9. 
 

The diagram shows some relationships between different nucleic acid bases. 

 
Which row is correct? 

  
  1 2 3 4 5 
 A adenine purine cytosine pairs with guanine 
 B cytosine purine guanine pairs with uracil 
 C guanine pairs with cytosine pyrimidine thymine 
 D thymine pairs with uracil pyrimidine adenine 
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10. 
 

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 P will result in the inability of the virus to replicate in 
the host cell. 

 2 Influenza viruses are able to cause pandemics in humans due to slight changes in Q and 
R. 

 3 Q and R are first synthesised and embedded in the host cell surface membrane before 
budding takes place. 

 4 S is synthesised in the host cell’s Golgi apparatus using the host cell enzymes before 
assembly of the virus. 

 5 Different T from influenza subtypes that infect different animal species can be assembled 
into one virus within one host cell. 

  
 A 1, 2 and 5 only 
 B 1, 3 and 5 only 
 C 2, 3 and 4 only 
 D 3, 4 and 5 only 
  
  
11. Which of the following statements 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 RNA. 

 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. 
 

To investigate gene transfer by transduction between bacteria, two strains of the same bacterial 
species were each placed in different arms of a U-tube with a filter separating them. 
 

 
 
met + is a wild-type gene that codes for the ability to synthesise the essential amino acid, 
methionine.  
 
met - indicates that the met +  gene has been mutated. 
 
Liquid may be transferred between the arms of the tube by the application of pressure or suction, 
but particles that are larger than the filter pore size would not be able to pass through the fine 
filter. 

type of particle size 
bacteria 1 – 10μm 

bacteriophages 0.025 – 0.2μm 
 
After several hours of incubation, bacterial cells from the left arm of the tube are plated on 
minimal medium. 
 
Which pair of experimental results best shows that transduction was most likely the process 
responsible for gene transfer between strains A and B? 
 

  filter pore size growth of colonies on minimal medium  
 

A 
5μm no  

 0.1μm yes  
 

B 
5μm no  

 0.1μm no  
 

C 
0.45μm yes  

 0.02μm yes  
 

D 
0.45μm yes  

 0.02μm no  

(met -) (met +) 
strain A strain B 

left arm 

porous cotton 
plug 

fine filter 

pressure or suction 
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13. 
 

A scientist starts her experiment with an ampicillin-resistant strain of bacteria which has a non-
functional lac Z gene. She adds F plasmids which contain a functional copy of lac Z gene to a 
tube of bacteria (+). A control tube (-) with the same bacteria but no plasmid was prepared.  
 
Both tubes are incubated under the appropriate conditions for growth and plasmid uptake. The 
scientist then spreads a sample of each bacterial culture (+ and -) on each of the three types of 
plates indicated below.  
 
plate A: glucose medium 
plate B: glucose medium with ampicillin 
plate C: lactose medium with ampicillin 

 
Which row correctly identifies the plates with growth ( ) or no growth ( )? 
 

  bacterial strain with added plasmid (+) bacterial strain with no plasmid (-) 
 plate A plate B plate C plate A plate B plate C 
 A       
 B       
 C       
 D       
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14. 
 

The Trp operon is shown in the diagram below. Upstream of the operon, trp R gene codes for 
the repressor protein that binds to the operator.  

 
The table below indicates the activity levels of the functional enzymes E, D, C, B and A in wild 
type (normal, non-mutant) bacterial cells in the presence and absence of tryptophan (Trp).  
 

  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 

 
3 bacterial mutants were identified and each is the result of a mutation in a component of the trp 
operon. The activity level of the functional enzymes E, D, C, B and A in the bacterial cells having 
these individual mutations is shown in the table below. 
 

 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 

 
Which of the following correctly describes the mutants? 

  
  mutant 1 mutant 2 mutant 3 
 A loss of function mutation 

in the trp R gene 
base deletion in trp D 

gene 
gain in function mutation in the trp 

R gene 
 B loss of function mutation 

in the trp R gene 
base deletion in trp D 

gene 
mutation that results in a change in 
the trp binding site of the repressor 

protein 
 C gain in function mutation 

in the trp R gene 
base substitution in trp 

D gene 
loss of function mutation in the 

promoter region 
 D gain in function mutation 

in the trp R gene 
base deletion in the 

promoter 
gain in function mutation in the trp 

R gene 
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15. The Ras protein stimulates the cell cycle through a series of reactions. The following is a simple 
description of the pathway in which the Ras protein acts: 

A growth factor binds to receptor. 
↓ 

This helps Ras protein to bind to GTP instead of GDP, activating the Ras protein. 
↓ 

The active Ras protein activates MAPK protein. 
↓ 

The active MAPK protein phosphorylates a transcription factor. 
↓ 

The active transcription factor turns on expression of target genes. 
 
Which of the following correctly identifies the level of control for each of the genes? 

  
  Ras gene target genes  
 A transcriptional transcriptional  
 B post - translational transcriptional  
 C post - translational genome organisation  
 D transcriptional post-transcriptional  
    
  
16. 
 

The diagram shows some of the processes in the light-dependent stage of photosynthesis. 
 

 
Which of the following would stop electrons from being transferred down the electron transport 
chain? 
 

 A The proton pump coupled to electron carriers were inhibited. 
 B Reduced NAD is unable to transfer electrons to electron transport chain.  
 C The thylakoid membrane becomes ‘leaky’. 
 D The bleaching of chlorophyll occurs.   
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17. 
 

The figure below shows an electron micrograph of an organelle in a cell. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Match the processes in the table below with the structures labelled P to S above. 
  
  breakdown of 

fructose-1,6-
bisphosphate 

oxidative 
phosphorylation 

only 

temporary 
lowering of pH 

formation of reduced 
co-enzymes 

 A Q R S P 

 B R S P Q 

 C S P Q R 

 D Q P R S 
  

  

 R 

S 
P 

Q 
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18. 
 

In maize, the dominant allele G codes for chlorophyll production and the recessive allele g codes 
for the inability to produce chlorophyll. In a cross between two green plants, the seeds were 
collected and allowed to germinate. 
 
Of the 940 seeds germinated, 711 developed into green seedlings. The rest developed into non-
green seedlings, all of which died within 14 days after germination. 
 
Using the information given, how many offspring were heterozygous for the genotype for 
chlorophyll production? 

  
 A 474 
 B 356 
 C 705 
 D 229 
  
  
19. 
 

The diagram illustrates some of the intermediate substances involved in the synthesis of the 
amino acid tryptophan in the fungus Neurospora. The steps controlled by the genes A and B are 
indicated. 
 
                      gene A                                      gene B 
precursor                           anthranilic acid                         indole                     tryptophan 
 
A mutant form fails to produce tryptophan unless either anthranilic acid or indole are provided in 
the culture medium. If the mutant genes are a and b, this mutant form of Neurospora must have 
the genotype 
 

 A AABB. 
 B AaBb. 
 C Aabb. 
 D aaBB. 
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20. 
 

The diagram shows an intergeneric cross performed in a breeding experiment. 

 
Which of the following statements explains why the F1 hybrid plants were sterile? 
 

 A Non-disjunction occurred during parental gamete formation. 
 B There was an odd number of chromosomes in the gametes. 
 C The chromosomes of the F1 hybrid could not form homologous pairs during meiosis. 
 D The F1 hybrid was polyploid and could not undergo gametogenesis. 
  
  
21. 
 

In bone marrow, pluripotent stem cells can be distinguished from precursors of blood cells by 
the chromatin and organelles that they contain. 

 
What are the features of cells that are synthesising large quantities of protein? 
 

   chromatin ribosomes Golgi apparatus size  
 A clumped few large   
 B clumped many small  
 C dispersed few small  
 D dispersed many large  

  

Brassica oleracea 
(cabbage) 

Raphanus sativus 
(radish) 

F1 generation 
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22. 
 

The figure below shows the concentrations of glucose and insulin in the blood of an individual 
before and after a meal.  
 

 
 
Using your knowledge of signal transduction and the information on the graph, which of the 
following statements are true? 
 

 I There is a delay in the increase of insulin concentration following a rise in blood glucose 
concentration. 

 II Insulin secretion by beta cells stop when glucose concentration starts to decline. 
 III Insulin, the signal molecule, will trigger a cellular response that lowers blood sugar levels 

but this response is delayed. 
 IV Blood glucose concentration falls below homeostatic concentration due to excess insulin. 
 V The undershoot of glucose concentration is restored by insulin returning to normal levels. 
  
 A I, III and IV only 
 B I, II and V only 
 C I, II and IV only 
 D II, III and V only 
  

  

undershoot 
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23. 
 

Investigations into the causes behind the symptoms in Alzheimer’s patients have led to the 
hypothesis that the disease may be caused by excessive activity of IP3 second messengers in 
the brain cells. 
 

 
 
A comparison was made between the cell samples of Alzheimer’s patients and those of a control 
group. 
 
Which observation would support the above hypothesis? 

  
 A a lower number of receptor proteins in the Alzheimer cell samples 
 B a greater volume of endoplasmic reticulum membrane in the control group cell samples 
 C a higher concentration of calcium ions in the cytosol of the Alzheimer cell samples 
 D a lower number of activated proteins in the cytosol of the Alzheimer cell samples 
  
  
24. 
 

The whole of an island’s population of short-haired bumblebees is descended from just two 
parents. These parents were introduced from the mainland.  
 
Which statement about the island’s short-haired bumblebee population, compared with that of the 
mainland, is correct? 

  
 A The population is less in danger of collapsing from disease. 
 B The population is more able to adapt to environmental changes. 
 C The population shows more genetic variety. 
 D The population will adapt to environmental changes more slowly. 
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25. 
 

A recent study 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 settlements. 
 The populations are located in different valleys. 
 Each population has a different diploid number of chromosomes. 

 
As a result of these observations it has been suggested that speciation has taken place. 
The map below shows the distribution of the six populations, numbered 1 to 6. 

 
 

Using the information above, which of mechanisms are likely to have taken place: 
  
 I allopatric speciation 
 II sympatric speciation 
 III geographical isolation 
 IV physiological isolation 
 V accumulation of mutations 
 VI natural selection 
   
 A II, IV and VI only 
 B I, III, V and VI only 
 C I, III, IV and VI only 
 D II, III, IV and V only 
  

  

3 

6 
5 

2 

1 

4 
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26. 
 

In the phylogenetic tree below, assume that the common ancestor has a long tail, external testes, 
ear flaps and fixed claws and that all evolutionary changes in these traits are shown. 

 
 
Which of the following statements are false? 

  
 1 Sea lions have a short tail, ear flaps, abdominal testes and fixed claws.  
 

2 The most recent common ancestor of the seal and bear is also a common ancestor of the 
dog.  

 3 Both the dog and hyena have a long tail, external testes and fixed claws.  
 4 Both the seal and sea lion have abdominal testes and no ear flaps. 
 5 Both the dog and bear have short tails. 
   
 A 1 and 3 only 
 B 2, 3 and 4 only 
 C 2, 4 and 5 only 
 D 1, 3 and 5 only 
  
  

 
 
 
 
 
 
 
 
 
 
 
 

Hyena 
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27. Which of the following applies to “innate” immune mechanisms: 
  
 I absence of specificity 
 II involve cytokines 
 III activation by a pathogen 
 IV involvement of multiple cell types 
 V a memory component 
   
 A V only  
 B I, III and V only 
 C II and III only 
 D I, II, III & IV only 
   
28. 
 

The DNA for a H chain in a B cell making IgG2 antibody for diphtheria toxoid has the following 
structure: 
 
5’ - …... V17D5J2C 2 …… C 2 - 3’ 
 
How many rearrangements were required to go from embryonic DNA to this B-lymphocyte DNA? 

  
 A 1 
 B 2 
 C 3 
 D 4 
  
  
29. 
 

The enhanced greenhouse effect can cause a rise in atmospheric temperature.  
 
Which of the following is not a consequence of a global temperature rise on arctic ecosystems? 

  
 A increased rates of decomposition of detritus in permafrost 
 B expansion of the range of habitats available to temperate species 
 C changes in distribution of prey species affecting higher trophic levels 
 D decreased success of pest species 
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30. 
 

The timing of breeding in tree swallows (Tachycineta bicolor) was studied in the United States 
and Canada from 1959 to 1991.  
 
Figure A represents the mean egg laying date for each year. The date is indicated as number of 
days after January 1st.  
 
Figure B shows the correlation between mean May temperature (°C) and mean egg laying date 
over the same period. 

 
 
Using information from the two graphs, deduce which of the following may not be a result of 
climate change? 

  
 A Mean egg laying date occurs earlier over study period. 
 B Higher temperatures lead to earlier egg laying which may allow this species to occupy a 

niche within an ecosystem before the other species. 
 C Higher temperatures delay egg laying as the parents need to compete for food and nesting 

sites with other species. 
 D The tree swallow population that expanded its range northward can maintain the same 

duration of egg incubation before hatching. 
 
 
 
 

 
END OF PAPER 

 
 
 
 
 
 
 
 
 
 

 

Figure B Figure A 
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ANSWERS

1. D 2. A 3. B 4. D 5. B
6. B 7. B 8. A 9. C 10. B
11. A 12. D 13. B 14. A 15. B
16. D 17. D 18. A 19. D 20. C
21. D 22. A 23. C 24. D 25. B
26. C 27. D 28. C 29. D 30. C
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Answer all questions.

1 Cellulose synthase is an enzyme involved in the biosynthesis of cellulose, which is the main 
component of plant cell walls.

Fig. 1.1 shows the structure of a glucose molecule.

Fig. 1.1

(a) In the space below, show how glucose molecules are joined to form the long chain found in a 
cellulose molecule. 

1. Correct monomers 
2. Long chain drawn (with brackets, open bonds and “n”);
3. Glycosidic bond correctly drawn and labelled 
4. water molecule drawn;

Any 2 correct for 1 mark.

Accept:

[2]

H HO

OHOH

condensation

HOH

H2O

β (1-4) glycosidic bondβ-glucoseβ-glucose n n

nH2O

β-glucose β-glucose β (1-4) glycosidic bond

nH2O

n n

condensation

osseee βββ-glgglglglglglucucucucucuccu os

nnnnnnnnnnnnnnn
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Multiple cellulose synthase enzymes are arranged together to form a unique hexagonal structure. 
This large cellulose synthase complex is also known as a “rosette”. Fig. 1.2 shows a rosette 
embedded in the cell membrane.

Fig 1.2
(b) Explain how a structure of the cellulose synthase complex relates to its function.  [2]

Structure Function 
1s the complex has amino acids with 

hydrophobic* R-groups* on the external 
portion to interact with the hydrophobic 
core* of the phospholipid cell membrane;

*1f The cellulose synthase complex is 
embedded in the cell membrane to form 
cellulose on the outside of the cell;

2s Each synthase has an active site* that is 
complementary in shape and charge to the 
glucose monomers;

2f To catalyse the formation of β(1-4)
glycosidic bonds;

*3s Multiple units of cellulose synthase are 
arranged together in a hexagonal 
structure;

3f simultaneously synthesise multiple 
cellulose chains which form a microfibril

OR

Allow hydrogen bonds to form between 
cellulose chains to form a microfibril

4s Intracellular portion of cellulose synthase 
complex has amino acids with R-groups*
that are able to form temporary 
bonds/interact with the microtubules just 
below the cell membrane;

4f the microtubules guide the movement of 
the complex to form the meshwork of 
fibres that make up the cell wall;

5s Each synthase has a channel lined with 
hydrophilic* R-groups*;

5f To allow the hydrophilipic/polar glucose 
monomers to pass through;

Points with (*) cannot be given unless an attempt to mention their corresponding structure/function
because they are given in the question.
Must have one S and one F from the same row for maximum 2 marks 

cellulose 
microfibril

cellulose synthase 

cell membrane

monosaccharide cytosol

cell wall

grrrrrouoooo
ary 

miccrorr tutututututuuuuuuuuuuuut bubububububububububububububububuubububububububuubuuulelelelelelelessssssss jujujujujujujuj st 
brananane;e;e;

e hahahass s a a a chchchananannenenel l l lil neeeeeedddddddd wwiwwww th
c*** RRR-grgrgrouououpspspsp *;*;*;

annnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn ototototototottottttototooootottoo bbbbbbbbbbbbbbbbbbbbbbe eeeeeeeeeeeeeee gigigigigigigigigigigigigg vevevevevvevevevevevevv n
gggiviiviiiiivivvvvvvvvvvvvvvenenenenenenenennenenenenenee in
nd
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(c) Explain two structural similarities between cellulose and a named fibrous protein that contribute 
to their function. [3]
1. Named fibrous protein – collagen/tropocollagen (1 mk) A: Keratin
2. Both are large molecules / with few polar groups available to form hydrogen bond with water 

molecule. Hence both are insoluble in water thus allow them to provide structural support;
3. Both consists of long chains which form cross-links with other chains giving rise to high tensile 

strength* thus allow them to provide structural support;

Correct structure needs to be linked to the property (insoluble or high tensile strength)

[Total: 7]

2 Trypsin is a protease enzyme which hydrolyses the protein albumin to amino acids.

A student investigated the effect of albumin concentration on the activity of trypsin. Seven tubes 
of different concentrations of albumin were prepared, and a fixed concentration of trypsin was 
added to each tube. The student measured the time taken for albumin to break down and 
calculated the rate of reaction. The investigation was carried out at 35°C.

The results are shown in Fig. 2.1.

Fig. 2.1

rate of 
reaction/ 
arbitrary 
units

albumin concentration/ g dm-3
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(a) (i) Explain the results shown in Fig. 2.1. [3]
1. As substrate concentration increases from 0 to 20/21 g dm-3, there is a 

linear/proportionate increase in rate of reaction from 0 to 15 arbitrary units;  
2. the active sites* of the enzymes are readily available to catalyze the reaction 

substrate concentration is limiting;
3. As substrate concentration increases, the frequency of effective collisions* between 

enzyme and substrate increases to form more enzyme-substrate complexes* and the 
rate of reaction increases;

4. At higher substrate concentration, from 24/25  to 30 g dm-3, there is saturation of the 
active sites* at any one time/ enzyme concentration becomes limiting

5. Quote values;

Note: Max 2m if no values and units quoted.

(ii) The student repeated the investigation at 25°C.

Given that the Q10 = 2, draw and label on Fig. 2.1, a graph to show the results you would 
expect for this experiment.                                                                                                                              [1]
1. to halve
2. and plateau at 8 arbitrary units;
(Answer as seen in graph above)

(b) During lung infections, phagocytes move from the blood to the epithelial lining of the alveoli.
Phagocytes release the enzyme elastase (a protease) which digests a pathway through the 
alveolar wall. A glycoprotein, alpha 1-antitrypsin (AAT), is often produced in the lung to inhibit
elastase and hence prevent widespread breakdown of the alveoli.      

Fig. 2.2 shows a single alveolus surrounded by part of a blood capillary.                           

Fig. 2.2

The inhibitory action of AAT was investigated using the enzyme trypsin, which has an active site
similar in shape and charge to elastase.

(i) Suggest how AAT may act to inhibit the enzyme trypsin.
1. AAT acts as a competitive inhibitor* ;
2. It has the similar charge and shape/conformation* to the substrate;

(A: has complementary charge and shape/conformation* to the enzyme active site)
3. allowing it to bind to the enzyme active site* of elastase and block substrate binding;

aaaaaaaaactctctctcctcttctcttctctcctctcccccc ioioioioioioiooioooioiooiooioooooi nnnnnnnnnnnnnnnnnnnnnnn ofoofofofofoofofofoofofofofoooff AAAAATATATAT
e aaaaaaaaaaaaaaandndndnd cccchah
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(ii) Describe a method of how the student’s investigation with trypsin can be adapted in order 
to find out how AAT acts as an inhibitor. [2]
1. Set up at different substrate/albumin concentration similar to part 2(a) at equal intervals 

from 0-30 g dm-3;
2. Keeping all variables constant, add fixed volumes/concentration of inhibitor/AAT for to 

all substrate concentrations;
3. Add fixed volumes/concentration of trypsin and measure the rate of reaction.
4. Mention of experimental set up with and without AAT;                                                      

Must mention either inhibitor / AAT to get full marks

(iii) On Fig. 2.3, sketch the graph of the result you might expect when AAT is added to a reaction 
of increasing albumin concentration in the presence of trypsin. 

                                                           Fig. 2.3
[1]

1. Graph must be labelled.
2. Graph must be drawn approaching the one without inhibitor as [S] increases. 
3. Graph must have similar shape (just a gentler gradient) to the original. [R: sigmoidal 

shaped graph]
[Total: 9]

albumin concentration/ g dm-3

rate of 
reaction/ 
arbitrary 
units

with AAT

ppro
similalalalaalaaar r r r r r r shshsshshshhs a

]
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3 Turner’s syndrome is a genetic disorder that affects women. 

The disorder can be the result of non-disjunction occurring during meiosis which produces 
gametes with a missing X chromosome resulting in an XO female. 

However, it can also be the result of damage to one homologue of a pair of X chromosomes. 

Fig. 3.1 is a diagram of a normal X chromosome and two forms of ‘damaged’ X chromosomes, 
X1 and X2. In X1, a section of the ‘p’ arm of the chromosome is missing. This deletion leads to 
reduced height of the female and abnormalities such as narrowing of the aorta. In X2, a section 
of the ‘q’ arm of the chromosome is missing. This deletion leads to little or no development of the 
ovaries. 

Fig. 3.1

(a) (i) Describe the role of structure K. [3]
1. Centromeres are non-coding DNA consisting of tandem repeat sequences found at 

one location anywhere along the length of the chromosome;
2. They allow sister chromatids to adhere to each other;
3. They allow proteins called kinetochores* to attach;
4. and subsequently spindle fibres, to attach to kinetochores so that sister 

chromatids/homologous chromosomes can be separated to opposite poles;

A: relevant movement and position under pt 4

(ii) Explain why X1 and X2 result in different phenotypes.

1. since X1 and X2 have lost / deletion of different parts of the chromosome, / X1 has lost 
part of ‘p’ arm and X2 has lost part of ‘q’ arm; 

2. different genes are present/missing in X1 and X2; (R: alleles)
3. hence lower proteins/polypeptides are produced. A: missing;
hence resulting in different phenotypes;

K

Normal 
X X1 X2

sultt iinn

2 haaaveveveveveveeeeeeeeeeeeveeeee lololoololololololololololololoololololooloooooststsststststsssssssssss //////// dddddddddelet
armmm anananddd X2X2222X2 hhhhhhhhhhhhhhhhhhhhhhasasasasasasassas losososososososoo t ttt t t papappapapappp r

nt gegegenenenesss ararare ee prprpresee eneneneneneneent/t/t/t/t/t/t/t mimmmmm s
nccce e lololowewewer r r prprprotototeieieinsnsn /p/p/p/p/p/p/ppololooolooo yp

reesususultltltinininggg ininin ddddddifififififififfefefefefeefere
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(b) Klinefelter’s syndrome is a genetic disorder that affects men. It is due to non-disjunction during 
meiosis that results in the presence of an extra X chromosome in the gametes.

Assuming, non-disjunction occurred during meiosis I in the cells in the ovaries of the mother, 
complete Fig. 3.2 to show the distribution of chromosomes in the various cells during meiosis I 
and meiosis II so that a zygote with an extra X chromosome can form upon fertilisation. 

Fig. 3.2

1. Correct shape, size and number of chromosomes and chromatid in cells after meiosis I;
2. Correct shape, size and number of chromosomes and chromatid in cells after meiosis II;
3. fusion of correct gametes to give zygote with XXY
4. Correct shape, size and number of chromosomes and chromatid in zygote;

zygote

parental cells with only sex
chromosomes shown

cells after
meiosis II

cells after
meiosis I

Gametogenesis in parent 1 Gametogenesis in parent 2

fusion of gametes ____ and ____ 

[1]

[1]

gamete 1  gamete 2   gamete 3  gamete 4 gamete 5   gamete 6    gamete 7   gamete 8

[1]

[1]

givvvvveeeeeee z
numbmbmbmbmbmbmbbererererererere oooof c
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Individuals with Down syndrome have an extra copy of chromosome 21 in all their cells. Down 
syndrome is a result of non-disjunction during gametogenesis. 

Mosaic Down syndrome, or mosaicism, is a rare form of Down syndrome. People with Mosaic 
Down syndrome have a mixture of cells. Some cells have two copies of chromosome 21, and 
some cells have three. To diagnose Mosaic Down syndrome, doctors usually 
analyze chromosomes from 20 cells. If 5 cells have 46 chromosomes and 15 have 
47 chromosomes, a baby will have a positive Mosaic Down syndrome diagnosis.

(c) Mosaic Down syndrome is due to non-disjunction. 

Suggest when non-disjunction occurs in individuals with this genetic disorder.
1. Non-disjunction occurs during mitosis
2. during early fetal development.

[Total: 10]
4 Fig. 4.1 shows transcription and translation occurring simultaneously in a bacterium, Escherichia 

coli.

Fig. 4.1

(a) (i) Draw an arrow on fig.4.1 to show the direction of transcription.                                        [1]

(ii) Fill in the boxes to indicate the 5’ end and 3’ end of the mRNA strand.  
[1]

3’

5’
Transcription
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(b) Fig. 4.2 shows the effects of four drugs on the lengths of the mRNAs and polypeptides
synthesised.

Fig. 4.2

(i) Table 4.1 shows the four drugs and their mode of action. 

Using the information from Fig 4.2, complete Table 4.1 to match the drugs to their correct 
mode of action.                               

Table 4.1
drug mode of action

2 binds to RNA polymerase blocking the initiation of transcription

1 binds to 50S ribosomal subunit and prevents ribosome from translocating

3 Complete the answer in part (ii)

4 binds to the ribosomal subunit and causes a premature termination of 
polypeptide synthesis.

[3]

(ii) With reference to Fig. 4.2, explain the mode of action of drug 3. 
1. 100% / full length mRNA transcribed but 0% polypeptide length. (quote data)
2. Shows that transcription occurred but translation prevented.
3. Hence translational level, prevents the attachment of ribosome to the mRNA and 

blocks translation
AVP regarding regulation of translation

[Total: 8]

drug
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mRNA length

polypeptide 
length
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5 The antibiotic gramicidin is a dimer that inserts itself and forms cation-permeable channels in 
biological membranes. While the exact bactericidal mechanism of gramicidin is not known, it is 
suspected that by increasing the permeability of membranes to cations, gramicidin destroys the 
ionic gradient between the cytoplasm of the bacteria cell and the external environment. 

Fig. 5.1 shows how the gramicidin dimer interacts with biological membranes.

Fig. 5.1

(a) Each helical peptide subunit of gramicidin is made up of 15 amino acids including alanine, leucine, 
valine and tryptophan.

Fig. 5.2 shows the tertiary structure of gramicidin viewed from one of its ends, showing the 
channel where the cations can pass through.

(i) Alanine, leucine and valine are hydrophobic while tryptophan is amphipathic. With 
reference to Fig. 5.2 indicate in the table below where you are most likely to find these 
amino acids on gramicidin. 

amino acid position of amino acid (A or B)
alanine A
leucine A
valine A

tryptophan B
[1]

Fig. 5.2

channel

AB

phospholipid 
bilayer

gramicidin subunits

atee iin
cidin.n. 

aaaaaaaaaaaaaaaaaaaaaaammmimmmmmmmmmmmmm nononoononoooooooooooooo aaaaaaaaaaaaaccidddd
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vvaalin

ttry
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Fig. 5.3 shows how the dimers associate in the membrane when the channel is open or closed.

                                

Fig. 5.3

(ii) Explain how a feature of the membrane allows the gramicidin channel to transition between 
the open and closed states.

1. the cell membrane is fluid* and hence the embedded proteins are able to move laterally
within individual layers of the bilayer;

2. Weak hydrophobic interactions between the phospholipids and the subunits;

(b) Fig. 5.4 shows the movement of K+and Ca2+ across a gramicidin-treated membrane at varying
concentrations of the ions.

C
on

du
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 s
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m
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s

Concentration of ions (mol dm-3)

K+

Ca2+

Fig. 5.4
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(i) With reference to Fig. 5.4, compare the movement of K+ and Ca2+ across the membrane.

1. As concentration of ions increase from 0 to 2 moldm-3, there is a steep increase in 
conductance from 0 to 40 pS for K+. Beyond 2 moldm-3, the graph plateaus;

2. Conductance for Ca2+ remains at 0 pS from 0 to 3 moldm-3 / Ca2+ cannot pass through
Gramicidin at all for all concentrations;

(ii) Explain the shape of the K+ graph from the time its concentration exceeds 2 mol dm-3.

1. Ion channels are transporting ions at maximum capacity as they are saturated despite 
the increasing ion concentrations;

(c) Due to its narrow spectrum of activity, the use of gramicidin has been superseded by new classes 
of antibiotics, such as penicillin, which have broader spectrums of activity. 

Recently, widespread penicillin resistance has been observed by many different types of bacteria. 
Resistant bacteria possess the gene for penicillinase found on an extrachromosomal DNA 
molecule. 

A single resistant bacterium could confer the ability to produce penicillinase to many other 
bacteria in a short space of time. 

State the most likely process by which the bacteria is able to do so and outline the process. 
1. Conjugation*;
2. The gene for penicillinase is found on the F plasmid*;
3. Sex pilus* of F+ bacterial cell (with penicillinase gene) makes contact with a F- cell and 

retracts to bring the F- cell closer so a mating bridge* is formed between the 2 cells;
4. One of the 2 strands of the plasmid DNA in F+ cell is nicked and transferred  from the F+ cell 

to the F- cell through mating bridge (via rolling circle mechanism) as the other intact DNA 
strand in F+ cell is used as a template* for elongation;

5. The single strand F plasmid DNA circularises in F- cell and is used as a template* to 
synthesise a complementary strand for a double-stranded F plasmid resulting in F+ cell (with 
penicillinase gene);

6. The former F- and original F+ bacteria can go on transferring the gene to more F- bacteria 
through repeated conjugation events;

[Total: 9]
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6 While there is currently no cure for HIV, combinatorial antiretroviral therapy has been effective in 
slowing the progression to AIDS. 

(a) Using your knowledge of the HIV life cycle, explain how drugs can be used to target processes 
specific to HIV.  [4]

Targeted process and action of drug
1. The attachment of HIV is via viral glycoprotein gp120 to CD4 on target cells which confers 

its specificity. Entry inhibitors blocking this interaction, prevents HIV attachment and hence 
entry into the host cell;

2. HIV is an RNA virus and it uses reverse transcriptase to synthesize ds DNA using RNA as a 
template. Reverse transcriptase inhibitors, it can stop viral replication;

3. HIV DNA is then integrated into the host cell genome with the help of the enzyme integrase.
Integrase inhibitors that binds to its active site or changes the conformation of the active site
will disable integration;

4. HIV DNA is transcribed and translated into viral polyproteins. For the polyprotein to release 
its functional proteins, it needs to be cleaved by HIV protease. HIV protease inhibitors will 
prevent the proper maturation of HIV;

5. AVP;

(b) Suggest why targeting processes specific to the HIV life cycle is an essential strategy in drug 
development. [1]
1. These are enzymes found in HIV but not in host cells;
2. By disabling these processes, you prevent replication of HIV without harming the human 

cells;
3. Targeting other processes such as transcription/translation, will also prevent the host cell

gene expression resulting in harmful side-effects;

Combinatorial antiretroviral therapy involves treating a HV patient with multiple drugs at the same 
time. The simultaneous use of multiple drugs can prevent the development of drug resistance in 
HIV.

(c) Explain why it is difficult to treat HIV with a single drug. [2]
1. Reverse transcriptase has no proofreading ability resulting in a high rate of mutation;
2. Gene mutations in HIV genome will result in changes in primary and hence secondary or 

tertiary structure (conformation) of viral enzymes making the drugs that target them less 
effective developing drug resistance

3.  High rate of replication results in accumulation of mutations;

(d) Suggest how the simultaneous use of multiple drugs could prevent the development of drug 
resistance. [1]
1. Evolution of drug resistance involves genetic changes passing down to the progeny. 

Chances of simultaneous mutations changing multiple proteins within the short duration of a 
single life cycle of HIV is improbable; idea of jumping one hurdle at a time vs jumping multiple 
hurdles in one jump.

2. Multiple drugs are able to reduce the viral load better than a single drug. With less viruses 
circulating, there is proportionally less mutations occurring and hence lower chance of 
developing resistance; 

3. Mutations happen when virus replicates. Anything that can reduce replication reduces 
mutations;

4. Virus is unlikely to be resistant to many drugs (at the same time);

[Total: 8]
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7 In mice, there are several alleles of a gene that control the intensity of pigmentation of their fur. 
The alleles are listed below in order of dominance with C being the most dominant. 

C = full colour 

Cch = chinchilla 

Ch = himalayan 

Cp = platinum 

Ca = albino

(a) State how multiple alleles arise.
1. gene mutations ; a change in the, base(s) / nucleotide(s) ;e.g. base, substitution / deletion / 

addition;
2. which occurred  on different copies of the same gene resulting in different nucleotide 

sequences and hence multiple alleles;

(b) The gene for eye colour has two alleles. The allele for black eyes, B, is dominant, while the allele 
for red eyes, b, is recessive. 

A mouse with full colour fur and black eyes was crossed with a mouse with himalayan fur and
black eyes. One of the offspring from the cross had albino fur and red eyes. 

Using the symbols above, draw a genetic diagram to show the genotypes and phenotypes of the 
offspring of this cross.                                                                                                

Parental phenotype full colour fur, black eyes mouse X   Himalayan fur,black eyes mouse
Parental genotype                CCa Bb               X              ChCa Bb                            

Meiosis
Gametes (n)                                                                X

Random fertilization 
parental gametes

pa
re

nt
al

ga
m

et
es

CChBB
full colour 
fur
black eyes

CChBb
full colour 
fur
black eyes

CaChBB
Himalayan  
fur 
black eyes

CaChBb
Himalayan 
fur 
black eyes

CChBb
full colour 
fur
black eyes

CChbb
full colour 
fur
red eyes

CaChBb
Himalayan
fur 
black eyes

CaChbb
Himalayan
fur
red eyes

CCaBB
full colour 
fur
black eyes

CCaBb
full colour 
fur
black eyes

CaCaBB
Albino fur
black eyes

CaCaBb
Albino fur
black eyes

CCaBb
full colour 
fur
black eyes

CCabb
full colour 
fur
red eyes

CaCaBb
Albino fur
black eyes

CaCabb
Albino fur
red eyes

Chb

CaB

Cab

CB

ChB

Cb CaB Cab

  CB    Cab  Cb  CaB ChB CabChb CaB

k eyyeses
CChBbBbBbBbBbBbBbBbBb
fufffffffuuuuuuuuuuuuullllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccololooo ouououour rrr
fufufuufufuuuuuuuuuuuuuuur
blblbblblbbbbblblblbblbblblbbbllbblbb acaaacaaaacaaaacacaacaaacaacaacaaaaaaa k eyeyeyeyeseseses

CCCCCCCCCCCCCaB
fCCCCaaaaBBB
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offspring 
genotypic 
ratio

6 C_B_  : 2 C_bb :  3 ChC-B_: 1 ChC-bb: 3 CaCaB_: 1 CaCabb

offspring 
phenotypic 
ratio  

6 full colour
fur,
black eyes
mouse:

2 full colour 
fur,
red eyes
mouse:

3 himalayan 
fur,
black eyes
mouse:

1 himalayan 
fur,
red eyes
mouse:

3 albino fur,
black eyes 
mouse:

1 albino fur,
red eyes 
mouse

                                                 
1. Parental genotype and corresponding phenotype;
2. Correct gametes, circled ;
3. Punnett square with both genotype and corresponding phenotypes;
4. Offspring genotype linked to phenotypic ratio;

[4]

(c) Describe how you would determine the genotype of a mouse with platinum fur and black eyes.

1. Conduct a test cross;
2. Cross the platinum fur, black eyes mouse with a mouse with homozygous recessive for albino 

fur and red eyes/ Ca Ca bb;
3. If some the offspring have red eyes, the parent is heterozygous for eye colour/ Bb or
            If all the offspring have black eyes, the parent is homozygous for eye colour/ BB;

4. If some of the offspring have albino fur, the parent is heterozygous for fur colour, CaCh

or
     If all the offspring have platinum fur, the parent is homozygous for platinum fur, ChCh;

AVP: awarded only once if a possible genotype is explained fully by the possible offspring 
phenotypes

[Total: 9]
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8 Fig 8.1 shows the micrograph of part of a plant cell. 

Fig 8.1

(a) Name the labelled structures.     [2]
A Chloroplast envelope                                      B cellulose cell wall
C Cell surface membrane/ Plasma membrane            D Starch grain

An investigation was carried out to study the effect of 2,4-Dinitrophenol (DNP) on photosynthesis. 

Thylakoid vesicles were artificially synthesized and placed in a bathing solution. A pH electrode 
was used to measure the pH changes in the bathing solution. 

2,4-Dinitrophenol (DNP) acts as a proton ionophore, an agent that can shuttle protons across 
biological membranes, as shown in Fig 8.2.

Fig 8.2

A

C

B

D

DNP DNPDNDNDDDDDDDDDDDNDDNDNNPPPP
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The changes in the pH of the bathing solution was measured for three cycles during which light 
was switched on (open triangles ∆) and light was switched off (closed triangles▼). DNP was 
added during the third period of illumination. The results are shown in Fig 8.3.

Fig. 8.3

(b) Explain the changes in pH from
(i) 30 to 100 seconds [2];

1. Upon illumination, photon of light* strikes a chlorophyll molecule, excited electron 
emitted from chlorophyll a* (P680/P700) is captured by primary electron acceptor*;

2. This initiates flow of electrons down electron transport chain*, energy released is used 
to pump H+ from bathing solution into thylakoid;

3. hence causing an increase in pH from in bathing solution from 7.3 to 7.425;  

(ii) and 760 to 900 seconds [2]
1. DNP facilites diffusion of H+ down concentration grad from thylakoid space into bathing 

solution;
2. hence decrease pH from 7.26-7.29 to 7.09;

(c) After incubation with DNP for 30 minutes, the effect of DNP was monitored. 
Explain its effect on the
(i) reduction of NADP [2];

1. No effect as;
2. electron continues to flow down electron transport chain to reduce NADP;

(ii) and the rate of CO2 fixation [3].
1. Rate CO2 fixation decreases;
2. Proton gradient dissipated in presence of DNP, hence rate of ATP synthesis / 

chemiosmosis decreases;
3. as GP cannot be reduced* to G3P / G3P cannot be regenerated* to RuBP;

[Total: 11]

Time (seconds)

pH

DNP added

m 7.7.7.77.7.7.26222222

NP fofofoofofooooooor r r rrrrrrrrrrrrrrrrr rr rr 303030303030303030303003030303030303303000003030030030303030303030303030303030303030303030303030303030303033030303030300303033003030300303300303333030003330 mimimimmimmmmm nnnnutu es,
n thhhhhhhhhhhhhhheeeeeeeeeeeeeeeeeeeeeeeeee

n ofofooofooofooofoffofo NNNNNNNNNNNNNNNNNNNNNNNNADADADADADADADADADADADADADADDDAAADAAAAAADPPPPPPPPPPPPPPPPPPPPP [2[2[2[2[2[2[[22[2[2[2[22[[2[2[2[2[[2[[ ];];];];;]];];]];];;]]]]];;];;;;
o eeeffffffecccttt aaas;;;;
ecctrtrrononon cccononontititinunununununununuesesesesesesee to

atee oof C
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9 A study was carried out to measure the concentrations of glucose and insulin in the blood.
The results are summarised in Fig. 9.1.

Fig. 9.1

(a) Explain the relationship between the concentration of glucose and the concentration of insulin 
shown in Fig. 9.1 after the meal. [3]

1. Rise in glucose concentration from 5.5 to 7.4 mmol/dm3 between 30 to 60min is detected 
by β cells of the islets of Langerhans,

2. results in the increase in insulin secretion into the blood from 15 to 55 arbitrary units between 
30 to 90min;

3. Insulin binds to receptors on the liver / muscle/ adipose cells resulting in increased uptake 
of blood glucose;

OR 
resulting in increased respiration of glucose/ conversion of glucose fat / glycogen/ amino 
acids ;

4. glucose concentration is lowered from 7.4 to 5.5mmol/dm3 between 60 to 120min serves as 
negative feedback* (of a diminished stimulus) to the β-cells which decreased the secretion 
of insulin, lowering insulin levels from 55 to 15 arbitrary units from 90 to 150mins

Q1 – rise in glucose concentration from 5.5 to 7.4 mmol/dm3 between 30 to 60min
Q2 – rise in insulin concentration from 15 to 55 arbitrary units between 30 to 90min
Q3 – drop in glucose concentration from 7.4 to 5.5mmol/dm3 between 60 to 120min
Q4 – drop in insulin concentration from 55 to 15 arbitrary units from 90 to 150mins

Max 2 marks for quoting data – 1 for glucose graph and 1 for insulin graph
A: Norm/set point in place of 5.5 mmol/dm3

A: If students quote data for both graphs first followed by explanation (pt 3 and 5).

mean blood 
glucose 
concentration 
/ mmol dm-3

mean blood 
insulin 
concentration 
/ arbitrary 
units

Key:
insulin

glucose

time/min

meal 
eaten

red
dimimimimimimiminininininininishsssss

sulin llllllllllllllevevevevevevevevevevevevevevevevveeveeveveeve elelelelelelels s s s s s sss frfrfrfrfrfrfrom

ose ee cococoncncncenenentrtrtrataa ioooooooonn nnnnnn frfrfrfrrfrfromomomomomomom 5
insususulililin nn cococoncncncenenentrtrtratatatioioiooooonnnnnnnnn frfrfrfrfrfrfrrooomo

n glglglucucucosososse ee cococoncnccenenennenenntrtrtrtrtrtrt ati
innsusususulililinnn cococooooncncncncncncncn eeeneeee t

qu
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The signal transduction pathway in Fig. 9.2 is initiated by the binding of insulin to the receptor 
tyrosine kinase (RTK). This initiates a signaling process which helps in the regulation of blood 
glucose levels. 

Fig. 9.2.

(b) With reference to Fig. 9.2,
(i) explain how insulin is able to recognize and bind to a specific RTK; [1]

1. Insulin has a specific conformation/shape* that is complementary* to the 
extracellular ligand-binding site of the insulin receptor;

This ensures specificity in binding between insulin and the insulin receptors (no marks 
awarded for this point).

(ii) describe the sequence of events in step A triggered by binding of insulin to the receptor 
tyrosine kinase (RTK); [3]
1. Upon binding of insulin to the receptor, a conformational change in the intracellular

domain of receptor results in activation of intrinsic tyrosine kinase;
2. Intrinsic tyrosine kinase activity of each subunit in the intracellular domain cross-

phosphorylates (A: auto) the tyrosine* residues on the other subunit; 
3. IRS-1 inside the target cell will be able to bind to the activated receptor and become 

phosphorylated and thus activated themselves;
4. Activated IRS-1 will then go on to bind and activate PI-3 kinase; (optional)

step A

insulin

receptor
outside of cell

plasma 
membrane

PTENPIP2 PIP3
Akt

Activated
PI3 - kinase

Activates
Glucose

GLUT 4 
transporter 
inserted in 
membrane

Glycogen
synthase
activated

IRS-1

insuuuuuuulililililililil nnnnnnnnn tototototototo ttttttth
ceptptptororororororrorororrorrororrorrrrroror rrrrrrrrrrrrrrrrreseseseeseseseeeeseesesssesesssessssesessesulululululullltstststststststss in a

tyyrororosisisinenen  kiniiiiiiiniiininasasasasasasasaseeee acacacacacacactitititittititivivvvvv ty
osphphphorororylylylatatateseses (A(A(A::: auuuutototototototto))))))) ththththhththe

RRRRSSS---1 inininsisisidededee ttthehehe ttarararararrarrgegegegegegget
hosossphphphp orororylylylatatattttedededededededd anaaaaa d

tivavaatetetedddddd IRIRIRIRIRIRRIRSSSSSS 1
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(iii) and briefly describe one cellular response that would lead to a change in blood glucose 
levels [2]
1. Increase the number of GLUT4 transporters on the plasma membrane;
2. increasing the permeability of the plasma membrane to glucose / increasing the 

uptake of glucose from the blood by these cells, causing blood glucose concentration 
to drop;

OR
3. The glucose taken up by the cells will be used to synthesize glycogen* via a series 

of condensation reactions;
4. Glycogen synthesis is catalyzed by glycogen synthase, which is an enzyme activated

as a result as the insulin signalling;

[Total: 9]

10 Between 1973 and 1998, Peter and Rosemary Grant conducted a study on a population of the 
medium ground finch (Geospiza fortis), on the Galapagos Island of Daphne Major. Fig. 10.1 
shows two medium ground finches (photograph taken in 1976), with variations in beak depth.

During an extreme drought in 1977, physiological stress resulted in many different species of 
plants dying or failing to bloom and produce new seeds. Hence, the finches were dependent on 
the seeds left over from the previous year. Once the finches ate all of the abundant small, soft 
seeds that had been produced the year before, they were left with only the larger, harder seeds
to eat.

Tribulus cistoides is an example of a plant that is extremely drought resistant and produces one 
of the hardest seeds. Only the medium ground finches with deeper beaks were able to open and 
feed on the seed. Fig.10.2 shows Tribulus cistoides and its seeds.

(a) (i) State the selection pressure faced by each of the following organisms in this study. [2]
Plants     Low precipitation/drought/dry weather; (R: weather alone, finches)

Finches Seed availability/seed type/seed size; (R: references to drought as there is no 
              mention of water source for birds)                   

Fig. 10.2

Fig. 10.1

seeds

e
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(ii) Explain why is variation of beak depth important? [2]
1. Variation provides the basis for natural selection to act on;
2. when climatic conditions change, it will affect the type of seed production;
3. Diff beak size allows finches to feed on different seeds /e.g greater beak depth allows 

finches to feed on larger, harder seeds;  
4. Allowing them to survive and secure a food source even when the smaller, softer 

seeds run out;

The scientists took measurements of the beak depth of finches in 1976 and 1978. This was one 
year before and after the severe drought. Their results are shown in Fig 10.3 below.

(iii) With reference to Fig. 10.3, what conclusions can be drawn regarding the evolution of beak 
depth in the medium ground finch? [4]

1. Observation: Over a span of 3 years, the mean beak depth increased from 9.4mm to 
10.2mm;

2. Conclusion 1: Natural selection selected for birds that had greater beak depth as they 
could feed on larger, harder seeds while those with shorter beak depth died of 
starvation; (Must include both selected for and against)

3. This is a an example of directional selection*;
4. Conclusion 2: Natural selection results in microevolution/change in allele frequency

where  a visible change in only 3/few years;
5. Observation: The drought of 1977 resulted in a drastic reduction of the finch population 

from 751 to just 90 survivors;
6. Conclusion: The drought reduced the production of seeds by the plants and hence 

reduced the availability of food for the finches. There was a struggle for survival and
many finches died of starvation; (description of selection pressure)

Fig. 10.3

Mean beak depth

beak depth (mm)

N
um

be
r o

f f
in

ch
es

1978: After selection
N = 90 (survivors)

1976: Before selection
N = 751 (all birds on island)

eleeeeeeectc
ger,,, hahahahahahahah rdrdrdrddrdrdrde

ust inii clclclclclclclclclclclclclclclclcclcluddududdudududududdudududududdududududududududdddeee eeeeeeeeeeee boboboboboboboobothththththth s
n exexexamamamplplpleeeeeeeeeeeeeeee ofofooofofooofofofofofofofofofoo  dididididididid rerererrerererectctctctctctttioiiiiiii n

usiononon 222::: NaNaNatututurarr l seseseseseseses lelelelelelelectctctctctc io
heree e e e aaa vivivisisisiblblbleee chchchananannnnnngegegegegegegege in
bseseervrvrvatatatioioioi n:n:n: ThTThhhhhe ee ee eee drdrdrdrdrdrd o
m 7777515151 tttooooo jujujujujujuujustststsstst 9
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d
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(iv) In the years after the catastrophic drought, heavy rains came to the islands. It was observed 
that the average size of beaks decreased by 2.5% over a few generations, approaching the 
original beak depth before the drought. 

Suggest why this happened. [1]
When there is a vast availability of a variety of seed/food, the birds that had 
smaller/shallower beaks were able to feed more efficiently/faster than the big/deep beaked 
birds conferring them a selective advantage;
AVP A: counter argument

(b) Besides the significant work done by naturalists on evolution, the field of molecular biology is also 
making great strides in evolution. The use of molecular data has been crucial in determining 
phylogeny in groups of related organisms.

Fig 10.4 below shows the mitochondrial DNA sequence alignment of 6 closely related rodent 
species.

species mitochondria DNA sequence alignment
1 A T A A T T C G T C T G T G G A C A T G
2 A T C A C T G G T C A A A G G C T A A G
3 A T A A A T C G T C T C T G G A C A T G
4 A T A A T T G G T C T A A G G A G A T G
5 A T C A C T G G T C A A A G A C T A T G
6 A T T A G T G C T C C T G G C T A A T G

Fig. 10.4
(i) Using the information from fig. 10.4, fill in the 5 unshaded boxes in the distance matrix 

below.
nucleotide difference between sequences

1 2 3 4 5 6
1 9 2 4 9 10
2 9 6 2 10
3 5 9 10
4 6 9
5 9
6

              
(ii) Using the distance matrix you have just completed, fill in the boxes in the phylogenetic tree 

in the below with the appropriate species and label the most recent common ancestor 
(MRCA) of 1 and 5 with an ‘X’.

                                                  
[Total: 12]

1 

2 

3 
4 

5 

6 

MRCA 

[1]

[2]

X

h
pproprprprpriaiii t

with aannnnnnn ‘X‘X‘X‘X’’’’..

11

33
A

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
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11 The response of the human body to tissue damage depends on the types of tissues involved.

Epithelial tissue, liver tissue and cardiac muscle tissue each respond differently to damage.

Epithelial tissue in the lungs contain stem cells.
Liver tissue contains cells that can divide when stimulated.
Cardiac muscle tissue contains cells that cannot divide at all. Damage is permanent and 
is associated with scar tissue formation.

(a) Explain why stem cells are important in continual tissue repair. [2]
any two from
1. Ability to self-renew and proliferate*/undergoes mitosis*
2. Ability to differentiate* into specialized cells; A multipotent / pluripotent / totipotent
Thus able to produce cells / tissue, that can still function(as before) /replace damaged cell (R: 
repair cell)

Researchers hope to repair heart tissue damaged by heart attacks. Cellular therapy using stem 
cells offer ways to replace damaged cardiac muscle tissue.

Some fully differentiated cells from the patient can be reprogrammed into stem cells in tissue 
culture as seen in Fig. 11.1. Such cells are called induced pluripotent stem cells (iPSCs).

                                                                  Fig. 11.1

(b) Outline two advantages of using induced pluripotent stem cells (iPSCs) in a patient suffering from 
a heart attack, to generate cardiac muscle for treatment. [2]
no foreign, tissue / antigens thus will not trigger immune response/tissue rejection ;
1. no need for, immunosuppressant / AW, drugs ;
2. healthy culture of patient’s stem cells can be stored for future needs ;
3. overcomes problem of finding suitable donors / no need to do, tissue / blood, match / easily 

obtained from patient ;
4. fewer, ethical sourcing, issues than when using embryonic stem cells ;
5. AVP ; e.g. no risk of infection in donor tissue / no need to decide who is eligible

[max 2]

innnnn doddddddd
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In experiments with mice, it was discovered that the introduction of four specific genes would 
reprogramme fully differentiated cells to iPSCs.

(c) Suggest the roles of two of the four gene products and explain how they can cause a cardiac cell 
to change into an iPSC. [4]

For ability to divide indefinitely
1a. Telomerase in these cells, which extends / increases the length of the telomere (thus      
overcoming end replication problem) / regeneration of telomeres lost at each division;
1b. Hence iPS cell has the capacity to divide repeatedly/ continue dividing indefinitely ;

Dedifferentiation/ regulation of gene
2a. Specific transcription factor such as a repressor/activator which binds to several      
silencers/enhancers of different chromosomes

Or 
DNA demethylase which removes methyl groups from DNA, allowing for de-condensation of 
chromatin.
Or
Histone acetyltranferase / deacetylase which adds / removes acetyl group on the histone 
proteins, allowing for de-condensation of chromatin.

2b. That switch off/ on certain group of genes that are essential for differentiation.

[Total: 8]

End of Paper
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Section A

Answer all the questions in this section.

         
1

Fig. 1.1 shows a molecule of human haemoglobin.

Fig. 1.1

(a) (i) Give evidence from Fig. 1.1 that the human haemoglobin molecule has a quaternary 
structure. [1]
1. Quaternary structure contains more than 1 polypeptide chain and the protein is 

made of 4 polypeptide chains;
OR
2. Quaternary structure contains more than 1 polypeptide chain and the protein is 

made of 2 α-chains and 2 β-chains;

(ii) Explain how the quaternary structure allows haemoglobin to carry out cooperative binding 
of oxygen. [2]
1. Each polypeptide chain binds to one haem group;

A: 4 polypeptide chains bound to 4 haem groups (ref to idea that there are 4 haem 
groups or 4 subunits)
R: Fe alone without haem group

2. 4 subunits held together by only weak intermolecular interactions/ no disulfide bonds
formed between R groups, which are easily broken and allows movement; 
A: hydrogen bonds, ionic bonds and hydrophobic interactions (but reject once 
disulphide bonds are mentioned)

3. Binding of one oxygen molecule to one haemoglobin subunit will induce a 
conformational change* in the remaining three subunits; R: active site, binds to 
polypeptide chain

4. This increases the affinity of the remaining three subunits for binding to oxygen;

haem group

β-polypeptide chain

β-polypeptide chain

α-polypeptide chain

α-polypeptide chain

haem group

em 
ogethththththththherererererereree bbbbbbby yyy y yy o

weennn RRRRRRRRRRRRRRRRRRRRRRR ggggggggggggggggggggrrorrrrrorororororororrorrorororrororororor upupupupupupuppssss,sssss wh
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Haemoglobin contains iron. One type of anaemia is caused by a lack of iron. This type of 
anaemia can be treated by taking tablets containing iron. A number of patients were given a 
daily dose of 120mg of iron. 

Fig. 1.2 shows the effect of this treatment on the increase in the concentration of haemoglobin 
in their red blood cells. 

Fig. 1.2

(b) (i) Describe one difference in the response of adults and children to this treatment. [1]
1. Children have a faster/ greater/ more effective response to this treatment compared 

to adults. 
2. The increase in the children is by 2.0 grams per 100 cm3 of blood more than the 

adults;
A: Children have a higher increase/greater maximum increase in concentration of 
haemoglobin in blood than in adults
R: comparisons on the shape of the graph (should focus on the more obvious 
aspects) 
R: children have more haemoglobin 

(ii) Using the graph in Fig. 1.2, predict the effect of this treatment on the increase in 
haemoglobin concentration of an adult after 40 days. 

Explain how this prediction is done. [2]
1. Compulsory pt: Haemoglobin content will increase to about 5.8 grams per 100 cm3

of blood in adults after 40 days; (A: values within the range of 5.5 and 6.7 grams per 
100 cm3 of blood) (A: graph plateaus – 5.0 grams per 100 cm3 of blood)

2. A best fit line is drawn and extrapolated/ extended up to 40 days and reading the 
haemoglobin content off from the graph;
OR
A best fit line is drawn and gradient/rate is calculated;
A: regression line

Increase in 
haemoglobin / 
grams per         
100 cm3 of blood 

Time / days

Key: 
= children
= adults

of a
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Fig. 1.2

(c) In humans, the relative molecular mass of haemoglobin is 68 000 gmol-1 and the molecules are 
contained in red blood cells. In a species of worm, the relative molecular mass of haemoglobin 
is 2.85 million gmol-1and the molecules are found free in their plasma. 

Suggest one advantage of haemoglobin being this size when it is in the plasma of the worm. [1]
1. The molecules are too big to pass through the walls of the blood vessels;
2. The molecules are large, hence insoluble and will not exert an osmotic effect in blood;
3. The haemoglobin is bigger and have more binding sites therefore able to carry more 

oxygen; (but reject if contradictory reason given e.g. higher concentration of haemoglobin)
4. More subunits and thus greater cooperativity;

R: increase in rate of oxygen binding (due to larger surface area or any other reasons)
R: Transport oxygen faster

36 40
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Sickle cell anaemia is another type of anaemia which is a genetic condition resulting in abnormal 
haemoglobin being produced. 

Fig. 1.3 shows four generations of a family in which some members suffer from sickle cell 
anaemia. 

                                                                              female with                     male with       
         normal female             normal male             sickle cell anaemia         sickle cell anaemia

Fig. 1.3

(d) Using the symbols HbA for the allele for normal haemoglobin and HbS for the allele for sickle cell 
haemoglobin, state the genotypes of the following individuals: [1]

(i) A                     …… HbAHbS ……….…………………

C                     ……HbSHbS ……….…………………   [1]

A B

C D E F G
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(ii) Draw a genetic diagram to show the probability of parents A and B producing another 
child with sickle cell anaemia.

Parental phenotype:          normal          x          normal 
Parental genotype:                     HbAHbS                     HbAHbS [1 – correct B phenotype         
                                                                                                          and genotype]

Gametes:                    HbA               HbS                         HbA             HbS

[1-All must be circled, 
includeing those in Punnett sq]       
                                   

Gametes HbA HbS

HbA HbAHbA

Normal

HbAHbS

sickle cell trait 
(carrier)

HbS HbAHbS

sickle cell trait 
(carrier)

HbSHbS

sickle cell 
anaemia

*Offspring genotype           : HbAHbA :            2HbAHbS               :          HbSHbS

*Offspring phenotypic ratio: 1 normal : 2 sickle cell trait (carrier) : 1 sickle cell anaemia

                                                        3 normal                      : 1 sickle cell anaemia

Offspring genotype + phenotype [1] (in punnet square or as in ratio below punnet square)

Phenotypic ratio of offspring with sickle cell anaemia [1]: A-3:1 or 1:2:1

Probability of child with sickle cell anaemia = ¼ [1] Compulsory pt.

NB: If Punnet square and mating lines not shown -1 mark and max at 3

[4]

(e) Mutation of the β-globin gene gives rise to the expression of an abnormal haemoglobin, resulting 
in sickle cell anaemia.

Explain how a change in the amino acid sequence of β-globin results in a change in the 
phenotype of the organism. [4]

1. his results in a change of amino acid with a different R group where glutamic acid is replaced 
by valine;

2. Glutamic acid is hydrophilic while valine is hydrophobic;
3. Primary structure of ß-globin chain is altered, leading to change in type and location of 

bonds / change in folding and coiling of the polypeptide and resulted in change in 3D 
conformation/tertiary structure)

4. HbS molecule aggregates/ crystalises/ polymerises (R: interact / stick tgt) when hydrophobic 
patch is exposed under low oxygen conditions (must have);

5. causing red blood cells to change from circular biconcave shape to sickle shape;
6. Sickle shaped red blood cells can obstruct blood vessels / haemolyse readily, leading to 

phenotype of anaemia;

he aamiminono a
sm.... [4[4[4[444[44444444444444444444]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]

n a chchchananangegege ooof ff amaa ininnininininnoooooooo acacacacacaacid
neee;;

c aaaciciciddd isisis hyhyhydrddrrrrropopopopopopoo hhihhhh li
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The DNA mutation in the β-globin gene removes a restriction site of MstII, as shown in Fig. 1.4. 
MstII cuts DNA at the sites indicated by (    ). The lengths of the resulting fragments are shown 
in kilobases (kb).

Fig. 1.4

The DNA fragments are separated by gel electrophoresis when the β-globin gene is cut with 
MstII. The banding patterns on the gel are used to determine the phenotype of individuals who 
may or may not be suffering from sickle cell anaemia. 

(f) (i) Describe two characteristics of these DNA fragments which allow them to be separated 
by gel electrophoresis. [4]

1. As DNA fragments are negatively charged*;
2. it will migrate towards the positive electrode/ anode under the influence of an electric 

current;
3. Different DNA fragments have different molecular weights;
4. The shorter the molecular weight of the fragment, the faster and further the migration

through the meshwork of polymer fibres in the gel; (A: smaller molecular weight, faster 
migration)

A: Molecular weight / length / size and DNA fragment / restriction fragment]

normal allele of β-globin gene, Hb A

sickle cell allele, Hb S

non-coding DNA

1.1 kb

1.3 kb

0.2 kb
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(ii) Draw on Fig. 1.5, the positions of the bands of all the DNA fragments produced from the 
pair of homologous chromosomes in each individual tested. Indicate with a label, the size 
of fragments produced.

                       

                                                                          Fig. 1.5        

For normal individual,
1. Correct band positions (1.1, 0.2 kb) and labels;

2. For patient with sickle-cell anaemia,
Correct band positions (1.3 kb) and labels;                                                                             [2]

2 kb

1 kb

0.5 kb

1.3 kb
1.1 kb

0.2 kb
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Malaria is a major cause of death in sub-Saharan Africa where 90% of the world’s cases occur.

Fig. 1.6(a) shows the distribution of malaria in Africa while Fig. 1.6(b) shows the distribution and 
frequency of occurrence of the sickle-cell allele. 

 
                                              Fig. 1.6(a)                                            Fig. 1.6 (b)

(g) Suggest why malaria is found in the shaded areas shown in Fig. 1.6(a) but not in areas such as 
Northern Europe and South Africa.

1. Malaria is a disease caused by a protozoan parasite, Plasmodium falciparum, that is 
transmitted to humans by the Anopheles mosquito;R:bacteria/virus  A:pathogen

2. Northern Europe and South Africa climate is much colder/has much lower rainfall than the 
areas shown and not suitable for mosquito breeding;

R: environment conditions more suitable
A: too cold

     A: survival instead of breeding

(h) With reference to Figs. 1.6(a) and 1.6(b), explain the relationship between the distribution of 
sickle cell anaemia and malaria. [5]

1. The frequency of the occurrence of the sickle cell anaemia allele is highest/overlaps in 
regions of endemic malaria (between 1% to more than 20%); (Must quote data)

2. Individuals who are homozygous recessive/ two copies of HbS allele/ HbSHbS will develop 
sickle cell disease as sickle red blood cells exhibit poor oxygen transport;  

3. Individuals who are homozygous dominant/ two copies of HbA allele/ HbAHbA have normal 
red blood cells but are at a higher risk of dying from malaria in regions of endemic malaria;

4. Individuals who are heterozygous/ one dominant HbA allele and one recessive HbS allele/ 
HbAHbS have both sickle and normal red blood cells/ normal and abnormal haemoglobin;

5. will only exhibit some symptoms of sickle cells anaemia/ sickle cell trait but are resistant 
to malaria;

6. Heterozygote advantage*/ Heterozygotes are less likely to suffer from malaria and have 
a selective advantage* over homozygotes; (Must have this point to get 5 marks) 

[Total: 29]

Incidence of malaria Frequency of occurrence of sickle 
cell allele

Regions not affected by malaria

Regions affected by malaria

rreeeeeeencnnnnnnnn
lariaaaaaaaa (((((((((bebebebebebebeb twtttttt e
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eassse e e asasas sssicicklkkklkklklklkklkklklklkklkklkklkklkkkk eeeee ee rererererererer d dd d d d ddd blblblblblbloooooooooo d
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2 Sea surface temperature (SST) is the temperature of the top millimeter of the ocean's surface. 
The temperature anomaly is a departure from the long term average temperature. 

Fig. 2.1 shows the change in carbon dioxide emissions and sea surface temperature (SST) 
anomaly from 1945 to 2015.

(a) (i) With reference to Fig. 2.1, describe the relationship between carbon dioxide emissions 
and SST anomaly from 1965 to 2010. [1]

1. As carbon emissions increased from 0.8/0.9 Gt CO2 to 4.8/4.9 Gt CO2, there was a 
corresponding increase in SST anomaly from -0.11 /-0.12 C to 0.41/ 0.42 C;

(ii) Explain how one anthropogenic activity could have resulted in the observation in (a)(i). [3]
Increase in carbon emissions is due to:
1. increase energy usage which requires the combustion of fossil fuels to generate 

electricity; 
2. 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;
3. increasing consumption of meat means that carbon dioxide is released indirectly by 

the agriculture industry rather than the consumers into the atmosphere;
(any from 1, 2, 3 or AVP)

4. CO2 is a greenhouse gas which traps long-wave radiation/infra-red radiation/heat
which is reflected from surfaces;

5. The increased atmospheric temperatures also heats up the ocean leading to increase 
in SST;

C
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(b) Fig. 2.1 shows a group of unicellular photosynthetic algae, zooxanthellae, that live inside the 
cells of reef-building corals. This symbiotic relationship is beneficial to both the zooxanthellae 
and the corals.

Fig. 2.1

(i) Suggest how this relationship is beneficial to both the zooxanthellae and the corals. 

Beneficial to the zooxanthellae: (max 1)
1. The corals provide zooxanthellae with carbon dioxide for photosynthesis (R: food and 

nutrients);
2. The corals protect zooxanthellae from being grazed on;
3. The corals protect zooxanthellae from extreme conditions like strong waves, intense 

light (idea of provision of shelter);
4. Nitrogen from the coral’s nitrogenous waste is a nutrient that supports algal growth;

Beneficial to coral: (max 1)
5. Through photosynthesis, zooxanthellae can produce carbohydrates/sugars for the 

corals. Without zooxanthellae, there is decreased source of food/chemical energy;

tentacles mouth zooxanthellae

www.KiasuExamPaper.com 
1126



12

© RI  2019                      Preliminary Examination 9744/03

Corals are highly sensitive to heat. They have experienced global declines resulting from 
bleaching events sparked by an increase in ocean temperatures. Under such heat stress, coral 
bleaching will occur where corals lose the zooxanthellae that they are associated with. 

A group of scientists conducted a study on an important species of coral, Acropora hyacinthus,
to investigate its ability to adapt to changes in temperature. 

These corals can be found in reef pools that experience differences in temperature. In the high 
temperature (HT) pools, temperatures often exceed the local critical bleaching temperature of 
30°C, reaching 35°C during strong noon time low tides. In contrast, the moderate temperature 
(MT) pools rarely experience temperatures above 32°C. 

Corals native to the MT pools and the HT pools were harvested. These corals were then 
subjected to heat stress at 35°C for 5 hours. Resistance to thermal stress is measured by their 
ability to retain the zooxanthellae. The results are shown in Fig. 2.2. 

Fig. 2.2
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(ii) Describe the differences in the results between the two graphs shown in Fig. 2.2.

1. Corals native to MT pools retain zooxanthellae from a large range of 20 to 80%, but 
corals native to the HT pool retain zooxanthellae from a smaller range from 70 to 100%;

2. Corals native to the MT pools have a median value of chlorophyll of 50% which is lower
than that for corals native to the HT pools that have a median value of chlorophyll of 
85%; (A: alternative words to median e.g. comparison in terms of mode/peaks)

(iii) Using your answer in (b)(ii), predict how the population of Acropora hyacinthus will 
respond to climate change.  

1. As corals native to HT pools are more resistant to heat stress, they will be able to 
survive with increasing temperatures;

2. Therefore, there will be an increase in allele frequency for resistance to heat stress in 
the coral population; 

[Total: 9]
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3 Fig 3.1 shows the cells and responses of the immune system.

(a) With reference to Fig.3.1, name the cells and the responses involved in the immune system. 

Cell A Dendritic cell

Cell B Macrophage

Cell C Neutrophil

Response I Innate immune response

Cell D Helper T cell

Cell E Cytotoxic T cell

Response II Cell-mediated response

Cell F Plasma cell (R: B cell)

[3]

Two correct per mark awarded.
No half marks will be awarded. 
Students who get 3 answers correct will get 1 mark.
Students who get 5 answers correct will get 2 marks.

Hematopoietic stem cell

Myeloid progenitor cell Lymphoid progenitor cell

Cell A

Cell B

Cell C

Naïve T-cell Naïve B-cell

Cell D

Cell E

Memory T cell

Cell F

Memory B cell

NaAntigen 
presentation 
& activation

Activation

Response I

Humoral 
responseResponse II

Fig. 3.1

ll F
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Fig 3.2 below shows the effect of the same bacteria antigen exposure on the antibody 
concentration of two types of antibodies, IgM and IgG.

(b) State a structural difference between IgM and IgG. [1]
1. Their constant heavy chain are different;

A: Different Fragment Crystallisable (Fc)
A: One has a gamma constant chain and one has a mu constant chain

2. Different conformation/shape/amino acid sequences of the constant heavy chains;
3. IgM can exist as a pentamer, having 5 immunoglobulins attached at their heavy chains 

while IgG is monomeric; (A: One has 2 anitgen-binding sites while the other has 10 
antigen-binding sites)

(c) With reference to Fig.3.2, 

(i) describe differences between the concentrations of IgM and IgG from day 10 to day 30 
after the first bacterial antigen exposure; [2]
1. Peak earlier: IgM concentration reaches a peak on day 13/14 while IgG 

concentration peaks later on day 21/22;
2. Higher peak: IgG reaches a higher peak than IgM;
3. Longer duration: IgG was above the basal level for a longer period of time from day 

12 to day 30 (18 days) while IgM was above the basal level from day 10 to day 17 
(7 days);
AVP

Fig.3.2

Lag period 

1st bacteria 
antigen exposure 

2nd bacteria 
antigen exposure 

Primary immune response Secondary immune response 

IgG

IgG

IgM IgM

15

lag
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(ii) The immune system responds differently upon subsequent exposure to the same 
pathogen. This forms the basis of immunisation programmes.

Describe two differences between the primary and secondary immune responses for IgG 
concentration and suggest explanations for them.

The graph is slightly different from the graph in the notes. Gradient of rise remains 
unchanged. Use the context that is given.

Observations Explanation

1. The lag period is 11/12 days in the 
primary immune response while it is 
much shorter at 4 days in the 
secondary immune response;

2. as the memory B cells take a 
shorter time/easier for 
reactivation/differentiate into 
plasma cells which go on to 
produce IgG;
or reverse argument (ORA) 

3. The IgG concentration reaches a 
much higher level for the secondary 
response;
A: stronger immune response;
ORA;

4. Pool of memory B cells differentiate 
to form more plasma cells which 
produce more antibodies in the 
secondary response;
ORA;

5. The IgG concentration in the 
secondary response is sustained for a 
longer period of time;
ORA;

6. As the long lived memory B cells 
can continue to proliferate and 
differentiate into plasma cells / 
more plasma cells; AVP

(d) Describe how plasma cells can produce different types of antibodies like IgM and IgG.  [2]
1. Class switching*
2. occurs where DNA rearrangement at the constant gene segment of the Ig heavy chain 

gene locus occurs;

[Total: 12]

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 parts (a), (b) etc., as indicated in the question.

S
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4 (a) Describe and explain the significance of specificity during transcription and translation in 
eukaryotic organisms.                                                                                                          [15]
Transcription 

Description Significance explained
Transcription initiation/ regulation:
1. Promoter/TATA/GC/CAAT box*

has a specific sequence and hence 
a specific shape for binding to 
general transcription factors*

2. Recruits/Increases affinity for RNA
polymerase* to promoter

3. Activators* have a DNA binding 
site which is complementary in 
shape and charge to enhancers*
which have a specific sequence;

4. Promotes formation of transcription 
initiation complex and hence 
upregulates gene expression

5. Repressors* have a DNA binding 
site which is complementary in 
shape and charge to silencers*
which have a specific sequence;

6. Prevents formation of transcription 
initiation complex and hence 
downregulates gene expression

Either points 3 and 4 OR 5 and 6 for 2 marks.

Transcription process:
7. RNA polymerase active site*

complementary in shape and 
charge to ribonucleotides*

8. To form phosphodiester bond*
between existing strand and 
incoming ribonucleotide

9. Incoming ribonucleotide 
complementary base pairs* with 
deoxyribonucleotides of template 
DNA strand whereby adenine base 
pairs with uracil, thymine with 
adenine, and guanine with cytosine

10. To ensure fidelity of mRNA 
transcript to DNA template
To synthesise complementary
mRNA strand which can then be 
translated to make the correct 
polypeptide; OWTTE

11. AVP

Translation (Max 10 marks)

Description Significance explained
Amino acid activation:
12.

13. 

Aminoacyl-tRNA synthetase* has 
active site* complementary in 
shape and charge

specific to tRNA with specific 
anticodon and specific amino acid

14. Correct amino acid is bound to the 
correct tRNA with specific anticodon

15. Each tRNA has a specific 
anticodon* that is matched to a 
specific amino acid
(do not double award with pt 14)

16. Correct amino acid corresponding to 
mRNA template is added during 
translation*

Translation initiation/ regulation:
17. Eukaryotic initiation factors*

recognise and bind to 5’ cap and 
UTR and 3’ poly-A tail and UTR.
They also recognise and bind to 
small ribosomal subunit and 
aminoacyl-tRNA.

18. Formation of the translation initiation 
complex together with the large 
ribosomal subunit

RNA wiwiwiwiwiwiwiww ththththththth s
nddd spsppececececececececececececececeececececcececececceeccifififififififififififififififififififficiciciciiciciciciciccciciciciciccccicccic aaaaaaaamimimmmimimm no a

tRNNNA A A hahh s a aaaaaa spsssssss e
ticococodododon*n*n* thththatatat iiisss mamamamamamamaatctctctctct he
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Translation process:
19. The structure of each tRNA is made 

of a ssRNA folded back on itself 
held in shape by hydrogen bonding 
between complementary base pairs 
at certain regions. 

20. The specific shape allows the tRNA 
to bind to the specific aminoacyl 
tRNA synthetase and the E/P/A site 
of the large ribosomal subunit 
/perform its function in carrying 
amino acids to the ribosome

21. mRNA contains triplet base codes 
known as codons*
complementary base pairs* with 
specific anticodon* on tRNA

22.

23.

Each mRNA codon* codes for a 
specific amino acid

Ref to Number and sequence of 
amino acids is the primary 
structure* which determines the 
secondary, tertiary and quaternary 
(if applicable) and hence the 
function of the protein.

24. Start codon* AUG*
complementary to the anticodons of 
the initiator tRNA (bearing
Methionine)

25. Determines the start of a 
polypeptide

26. stop codons* UAG, UAA, UGA*
are complementary to the release 
factors

27. Determines the end of a polypeptide

28. rRNA on small ribosomal subunit 
can bind to mRNA* / mRNA binds 
to mRNA binding site on small 
ribosomal subunit via 
complementary base pairing*
whereby adenine base pairs with 
uracil and guanine base pairs with 
cytosine

29. For correct positioning of the 
adjacent tRNAs

30. Large ribosomal subunit has 
specific sites for binding of
aminoacyl-tRNAs* (amino-acyl 
site and peptidyl site). 

31. For attachment of mRNA to small 
ribosomal subunit to initiate 
translation

32. Peptidyl transferase* on large 
ribosomal subunit has active site*
complementary in shape and 
charge catalyses peptide bonds
between amino acids

33. To extend the chain of amino acids, 
forming a polypeptide as a result

34. AVP
QWC: At least 1 correct description of transcription with significance and 1 correct description 
of translation with significance AND with at least one specificity mentioned .

1 cooorrrrrrececect t t dededescriririririririiptpppppp ioioioioioiooonnnnnnnn ofofofofofoofo tr
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(b) Explain why mutations that occur during DNA replication can be either advantageous or
disadvantageous to eukaryotic organisms.                                                                        [10]

Types of mutations (Max 2)
M1. A gene mutation is a change in the nucleotide /base sequence in DNA*;
M2. Substitution* - where a nucleotide/base is replaced by a different nucleotide;
       OR

Inversion* - where a segment of nucleotide sequences separates from the allele and rejoins at 
the original position but it is inverted;
OR
Insertion or deletion* - where when one or several nucleotides are inserted or removed 
respectively in a sequence;

M3. Gene mutation results in a change in sequence of the mRNA, and a change in one or more 
codons*;

M4. Resulting in a different sequence of amino acid/primary structure of protein, may result in 
       different or non-functional proteins;
M5. Frameshift mutation results from insertion or deletion, often resulting in truncated/non-functional 

proteins;
M6: Gene amplification* - result from duplication of a region of DNA that contains a gene through 

errors in DNA replication and repair machinery 
       (Award mark only once as some students may mentioned this under cancer)
AVP: NC: mutation in regulatory sequence and linked to advantage or disadvantage with elaboration 
and a specific named example (max 2)
Advantageous mutations (Max 6)
Immune system
A1. Somatic hyper-mutation* is random point mutation in the rearranged VDJ / VJ regions during 

activation of naïve B cells; 
A2. Further diversifies variable regions of antibody for antigen binding;
A3.To allow selection for higher specificity between antigen binding sites and antigens in antibodies;
Evolution
A4. When mutations take place during gamete formation, they are inherited/transmitted to offspring 

and can have an impact on evolution as; 
A5. these mutations are a source of new alleles in an existing gene pool (A: multiple alleles);
A6. A point mutation can result in a protein with increased function e.g. greater affinity for substrates 

etc.;
A7. Named e.g (linked to point A6) of a gene and resulting protein/phenotype e.g. gene for lactase 

persistence responsible for lactose tolerance OR base pair deletion in CCR5 receptor contributes 
to HIVresistance etc. ;

A7. Mutations result in variation in phenotypes so that in the presence of a selection pressure, there 
are some individuals with advantageous phenotypes that can survive and reproduce 
(microevolution);

A8. Accumulation of mutations that occur independently in two subpopulations that have been 
genetically isolated can result in speciation over a long period of time (macroevolution);

Disadvantageous mutations (Max 6)
Cancer
D1. Loss-of-function mutation of in both copies of tumor suppressor genes
D2. will result in inability to inhibit cell cycle, repair damaged DNA and promote apoptosis;
D3. Gain-in-function mutation of one copy of the proto-oncogenes to form oncogenes
D4. will result in overexpression of proteins/growth factors OR 

production of hyperactive/degradation resistant proteins/growth factors;
D5.Named e.g. p53*/ Ras* linked correctly to tumour suppressor genes/proto-oncogenes; 
D6.leading to excessive cell proliferation/division to form tumour;
D7.Other mutations can result in loss of contact inhibition (grow into tumour)/activation of telomerase 

(divide indefinitely)/angiogenesis (form blood vessels) which result in the formation of a malignant 
tumour capable of metastasising to other parts of the body to form secondary tumours. (one mark 
for any other mutation that is related to cancer)

ccccccuruuuu  
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Genetic disease (named example with description linking mutation to disease)
D8.Mutation can lead to production of a named non-functional proteins
      (Award mark once as could be mentioned elsewhere e.g. M4/5)
D9.One named eg. Sickle cell anaemia 
D10. where a single base substitution results in glutamic acid being replaced by valine;
D11. Haemoglobin forms insoluble fibers at low oxygen concentrations leading to anemia.
D12. Additional mark if discussed as an advantage – heterozygote advantage
AVP
QWC: must have at least one point from advantage and one from disadvantage
(Do note that D12 is a advantage and A4 is neither an advantage or disadvantage and A5 can be either 
and advantage or a disadvantage depending on how it was written)

[Total: 25]

5 (a) Describe the role, in energetics, of the various components embedded in the membranes of 
chloroplasts and mitochondria.                                                                                                      [15] 

Component Role
1. Electron carriers of the 

electron transport chain*
(includes proton pump)
(in chloroplasts and 
mitochondria)

a. energy lost from the transfer of electrons as they move 
down the electron transport chain* is used to actively 
pump protons across the membrane through some of the 
electron carriers; (ref. to proton pump) (A: actively 
transfer/ pump)

b. from stroma to thylakoid space in chloroplasts;
c. from mitochondrial matrix to intermembrane space in 

mitochondria;
d. accepts electrons from NADH/FADH2;

2. ATP synthase*
(in chloroplasts and 
mitochondria)

a. catalyses the synthesis of  ATP from ADP and Pi as
protons diffuse down their gradient via chemiosmosis*; 

b. from thylakoid space to stroma;
c. from intermembrane space to matrix;

3. Water splitting enzyme in 
photosystem II (chloroplast)

catalyses the splitting of water into protons*, electrons* 
and oxygen*;

4. Photosystems I and II*
(chloroplast)

a. accessory pigments molecules in their light harvesting 
complex absorb light energy from a photon of light that 
strikes it;

b. this causes the electrons in these pigments become 
excited and when they return to the ground state, pass 
the energy to the next pigment molecule; 

c. when the energy reaches one of the two special
chlorophyll a molecules (P700 in PS I & P680 in PS II) 
in the reaction centre, an excited electron is displaced
(Chl a chl a+ +e-) leaving an electron hole in PS I and 
II (photoactivation) and is captured by a primary 
electron acceptor molecule in the reaction centre which 
then transfers the electron to the first electron carrier of 
the electron transport chain;

d. electrons from PSI can be passed to the middle of the 
first ETC during cyclic photophosphorylation and used to 
generate ATP;

th
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5. NADP reductase*
(chloroplast)

enzyme which converts NADP to NADPH using protons and 
electrons from PSI / 2nd ETC;

6. Pyruvate translocase*
(mitochondrion)

transports pyruvate from the cytosol to the mitochondrial 
matrix;

7. Shuttle system*
(mitochondrion)

a. transports electrons and protons of NADH in the 
cytosol; 

to either NAD or FAD in the mitochondrial matrix;
8. Cytochrome oxidase*

(mitochondrion)
(The last electron carrier of 
ETC in mitochondrion)

catalyses the formation of water by combining molecular 
oxygen*, electrons* and protons* in the matrix of the 
mitochondrion;

QWC: Must mention at least one component and its role from mitochondria and one from 
chloroplast.

(b) Describe the role of cycles in energetics.                                                                                  [10]
Role of Calvin cycle
A1. to synthesize organic products plants need such as glucose/ starch/ cellulose;
A2. using ATP and NADPH from the light dependent reactions of photosynthesis;
A3. and carbon dioxide from the surroundings;
A4. to regenerate ADP and NADP which can be reused in the light dependent reactions of 
photosynthesis;
A5. regenerates RuBP using ATP from light dependent reactions so that carbon fixation 
can continue;

Role of Krebs cycle
B1. In the Krebs cycle oxidative decarboxylation of intermediates occur 
B2. Named step (citrate to α-ketoglutarate or α-ketoglutarate to oxaloacetate)
B3. to generate coenzymes NADH and FADH2  (from NAD and FAD) which are carriers of
protons and electrons;
B4. which donate their high energy electrons to the electron transport chain and allow 
oxidative phosphorylation to occur so that; 
B5. energy in the form of  ATP can be produced;
B6. synthesises ATP by substrate level phosphorylation;
B7. regenerates oxaloacetate so that it can combine with acetyl-CoA and allow Krebs cycle 
to continue;

Role of cyclic photophosphorylation
C1. During cyclic photophosphorylation light energy is used to produce more ATP;
C2. Electrons from PSI can be passed to the middle of the first ETC and back to the reaction 
centre at PSI;

End of Paper
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Answer all the questions.

1 Milk contains proteins which are used to make cheese.

During cheese making, bacteria is added to milk. The bacteria will produce acid and decrease
the pH of milk, causing the proteins to coagulate (clot) and form curds. The curds are used to 
make cheese.

milk + bacteria                                                           proteins in milk coagulate (curds)         
                                                 pH more acidic

Estimating the protein concentration in milk is important when making cheese.

You will need to:

make serial dilutions of the proteins in the milk, M
carry out the biuret test on each concentration, to provide a measure of the concentration 
of proteins present in the milk
carry out the biuret test on milk with an unknown concentration of protein, U
estimate the concentration of milk protein in U.

You are provided with the materials shown in Table 1.1.

Table 1.1

labelled contents hazard

M 100.00% milk none

U milk with an unknown concentration 
of protein none

K 5.00% potassium hydroxide solution harmful irritant

C 0.15% copper sulfate solution none

W distilled water none

A 1.0 mol dm–3 hydrochloric acid corrosive

It is recommended that you wear suitable eye protection.

istil
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(a) You are required to make serial dilutions of the proteins in the milk, M. Reduce the concentration 
by half between each successive dilution. 

You will need to prepare 5 cm3 of each concentration.

(i) Complete Table 1.2 below to show how you will prepare 5 serial dilutions from 100.00% 
to 6.25% of M.

Table 1.2

Final concentration 
of M/%

Concentration of M
used/%

Volume of M
used/cm3

Volume of water
used/cm3

100.00 100.00 10.0 0.0

50.00 100.00 5.0 5.0

25.00 50.00 5.0 5.0

12.50 25.00 5.0 5.0

6.25 12.50 5.0 5.0

                                                                                                                                                [3]
C -Concentration of M and Concentration of M used;
V – correct Volumes of water and M used;
P1 – vol recorded to 1 dp;
P2 – conc recorded to 2 dp;

Read step 1 to step 9 before proceeding.

1. Prepare all the concentrations of milk, M as shown in Table 1.2 in the plastic vials 
provided.

2. Stir to mix well. 
3. Label the spotting tile with the different concentrations of M prepared in step 1.

4. Use a Pasteur pipette to put 2 drops of 100.00% M into the labelled cavity on the tile.

Any M remaining in the pipette should be put back into the vial so that as little M as 
possible is removed from the plastic vial. You will need M in this vial for step 13.

5. Repeat step 4 with each of the concentrations of M.
6. Put 1 or 2 drops of K into each of the concentrations of M on the tile and mix.

If K comes into contact with your skin, wash it off immediately under cold water.

7. Put 0.5 cm3 of C into each mixture on the tile, using the 1 ml syringe.
8. Leave for 2 minutes. Observe any colour change.

9. Compare the colour with the colour chart showing standard colours in Fig 1.1 (provided 
in the apparatus basket). Record the colour of the mixtures in (a)(ii).

ontaaaactcccc
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(ii) Record your results in an appropriate table for the known concentrations of milk, using 
only the standard colours shown in Fig. 1.1.

1. Headings; (Concentration of M & Colour / observation) + units (%)
2. Concentration of M recorded in ascending or descending order
3. Correct trend + only colour key used; (violet to pale violet to blue)

[3]

Concentration of M/% Colour /observation

100.00 violet
50.00 violet
25.00 pale violet
12.50 Pale violet/blue
6.25 blue

You are now required to estimate the concentration of milk in sample U. This provides a measure 
of the proteins in the milk.

10. Put 2 drops of U onto the spotting tile.

11. Repeat step 6 to step 9 with U. Record the colour in (a)(iii).

(iii) State the colour for sample U.

                                                        Violet
............................................................[1]

R: pale violet / blue and any other colour

Fig. 1.1 has only three colours. In (a)(ii) more than one of the known concentrations may match 
U. This means that an estimate of the concentration of milk protein in U may not be accurate.

(iv) Using the result in (a)(ii) and (a)(iii), estimate the concentration of milk protein in U.

50.00% to 100.00%; (50.00% / 100.00%);
A: range and discrete values (matched to the table values)

........................................................................................................................................[1]
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(v) A significant source of error in this procedure is the difficulty of matching the colour to Fig.  
1.1.

Complete Table 1.3 to suggest:
an improvement to this procedure of matching the colour (dependent variable)
one other significant source of error in this procedure
an improvement to reduce this error.

Table 1.3

significant source of error improvement

matching the colour may be inconsistent use of colorimeter/spectrophotometer;
or

more colour standards;
or

pH meter;

another significant source of
error not related to determination of 
colour

vol / drop size of M or K varies /
inconsistent;

Intervals of concentration of M too wide;

Only 1 reading taken, cannot identify
anomalous data;

Use a small syringe or a micropipette to 
dispense constant / fixed / consistent vol;

smaller intervals of concentration of M to 
help determine concentration of U;

Conduct at least 3 replicates for each 
concentration of M to check for 

anomalous data;
                                                                                                                                        [3]

(b) A student suggested another procedure to estimate the concentration of protein in milk. This 
could be done by comparing how much coagulation was produced in acidic conditions.

The student added acid to known concentrations of milk protein and observed a range of 
coagulation. The concentration of milk protein in an unknown sample could then be estimated 
more accurately.

You are provided with 1.0 mol dm–3 hydrochloric acid, labelled A.

It is recommended that you wear suitable eye protection.
If A comes into contact with your skin, wash it off immediately under cold water.

Read step 12 to step 16 before proceeding.

12. Put 4 cm3 of U into a test-tube.
In step 13, you will be adding A to the milk in the test-tubes, do not stir or mix A with the milk.

13. Put 2cm3 of A into the test-tube containing U.

14. Observe the change in the milk in the test-tube for up to 1 minute.

m–3 hyhyddro
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15. If coagulation is not visible after 1 minute, you may pour the milk into a petri-dish to 
better observe the extent of coagulation.

16. Repeat steps 12 to 15 for each concentration of M.

17. Using the observations from steps 14 and 15 and the key in Fig. 1.2, record the
results in (b)(i).

          

Fig. 1.2

(i) Prepare the space below and record the results for the known concentrations of milk
protein using Fig. 1.2.

H - Correct heading with units i.e. concentration of M/% and extent of coagulation;
T - Correct trend of crosses; 

    [2]

Concentration of M/% Extent of coagulation
100.00 ++++++ (must be 6)
50.00 ++++
25.00 +++
12.50 ++
6.25 + (must be 1)

(ii) Explain the effect of A on the milk proteins.

1. A is acidic and can change the ionisation of the charged R-groups of the amino acid 
residues of the milk proteins;

2. Ionic / hydrogen bonds between R groups that maintains the 3D conformation of the 
protein are broken and hence protein is denatured*.

3. Amino acids with hydrophobic R groups are exposed on the surface of the protein.
4. (compulsory point) Denatured protein is insoluble in milk, causing coagulation; 

(iii) Using the key in Fig. 1.2, record the result for U.     

                                                                                     +++++; (between 50.00% and 
                                                                                    100.00%, or same as 50%)

…………………………………………….[1]

key
          most coagulation     ++++++
                                          +++++
                                          ++++
                                          +++
                                          ++
          least coagulation     +

ture
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(iv) Complete Fig. 1.3 to show the position on the line of each of the percentage 
concentrations of milk decided in Table 1.2.

Put the label U on Fig. 1.3 to show an estimate of the concentration of milk which provides 
a measure of the proteins in U, using the result in (b)(iii).                                                 [1]

0%                                                 U            100%

percentage concentration of milk protein

(based on answer in (b)(iv), Accept between 50.00% and 100.00%, or same as 50%)

Fig. 1.3

(c) Milk proteins can also be coagulated using the enzyme rennet.

A student investigated the effect of temperature on the activity of rennet, shown by the 
percentage coagulation of the milk.

The results are shown in Table 1.4.

Table 1.4

temperature/ °C percentage coagulation of the 
milk/ %

8.5 7

28.0 63

35.5 84

41.0 92

50.0 39

t t ti f ilk t i
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(i) Plot a graph of the data in Table 1.4 on the grid in Fig. 1.4.
Use a sharp pencil for drawing graphs.

Fig. 1.4
1. scale – 2/3 graph paper;
2. axes labels with units ; (temperature/ °C & percentage coagulation of the milk/ %) (must have origin)
3. correct plot points;
4. sharp smooth line, point to point or best fit, no extrapolation;

(ii) Explain the results of the graph between 35°C and 41°C. [2]
1. As the temperature increased from 35 °C to 41 °C,  percentage coagulation of milk increase 

from 84 to 92% (must quote data)
2. increase in the kinetic energy of rennet and milk proteins / Increase frequency of effective 

collisions between enzymes and substrates and formation of ES complexes, increase 
coagulation;

3. Till the optimum of 41°C, where the % of coagulated milk is the highest at 92% (quote X and 
Y values);

[Total: 23]
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2 Plants are structurally adapted to biotic and abiotic factors in their environment. With climate 
change, plant anatomy is expected to change.

You are required to use a sharp pencil for all drawings.

(a) E1 is a slide of a stained transverse section of a leaf.  You are not expected to be familiar with 
this specimen. 

You are required to: 
• use the eyepiece graticule to measure the depth of the midrib, Y, of the leaf shown in Fig 2.1,

and the depth of the vascular bundle at the midrib.
• use the measurements obtained to draw a plan diagram of the leaf. The eyepiece graticule in 

the microscope should also be used to measure other tissues in the leaf.  

Fig 2.1.

(i) Use the eyepiece graticule in the microscope to measure: 

• the depth of the leaf at the mid-rib, Y :

                                                                        ........................ eyepiece graticule units

• the depth of the vascular bundle at the mid-rib :  
      

                                                                        ........................ eyepiece graticule units

11 (for x4 objective)
28 (for x10 objective)

115 (for x40 objective)

3 (for x4 objective)
7 (for x10 objective)
21 (for x40 objective)

at thehehehe mmmmid
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• and hence determine the simplest whole number ratio of the depth of the leaf at mid-
rib, Y, to the depth of the vascular bundle at the mid-rib.   
Show all the steps in your working. 

1. Correct values for depth of leaf at midrib and vascular bundle;
2. Number of unit of depth of leaf divided by depth of vascular bundle 

(appropriate statements are necessary);
3. Final answer in whole number and simplest form;

simplest whole number ratio  ............................................................... [3]

(ii) Use the measurements from (a)(i) to help you to draw a large plan diagram of E1. Label 
one vascular bundle. You are expected to draw the correct shape and proportions of the 
different tissues.
1. Size at least 100mm across widest dimension and quality drawing/lines;

do not give mark for
• any shading
• any ruled lines
• labels inside drawing
or if any line
• is too thick (use sharp pencil)
• has feathery or dashed lines or gap in line
• Hanging lines
• has any overlaps;

2. Correct proportion and representation of layers; (no individual cells should be drawn 
in a plan diagram)

3. flat top, midrib & correct shape;
4. Ruled/straight label line with label to “vascular bundle”; R: all other names

[4]

depth of leaf at midrib / depth of vascular bundle

28 / 7 or 28 : 7

4 / 1 or 4 : 14=

2=

4 / 1 or 4 : 1
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(b) Fig 2.2 (on Page 11) shows a photomicrograph of a transverse section of leaf obtained from a 
plant that grows under a different environmental condition. Several structural differences are 
seen.

Prepare the space below so that it is suitable for you to record the differences, other than size, 
between the leaves in Fig. 2.2 and slide E1. Record your observations in the space which you 
have prepared.

feature Leaf in Fig 2.2 Slide E1
1.Position of stomata On upper epidermis On lower epidermis
2.Number of stomata numerous Few

R: none
3.Cuticle Thinner cuticle / Absence of 

cuticle
Presence of think cuticle 
covering upper epidermis

*4.Airspaces in spongy 
mesophyll 
R: in palisade mesophyll

a. Numerous Few 
b. Large Small

R: large airspaces absent
*5.Palisade mesophyll
          OR

Numerous layers 1-cell thick

*5.Proportion of palisade to 
spongy mesophyll/leaf section

Thinner proportion Equal proportion

*6.Shape of leaf Flat leaf blade Blade curled downwards
R: infolding/lobed

*7. Trichomes (hair-like 
structures)
R: villi, follicles

Absent Present

8. Epidermis (relative to leaf) Thinner Thicker 

*9. Size/proportion of vascular 
bundle relative to depth at midrib
A: correct ratios given

Larger Smaller 

* Key features

1 Mark for table with lines (outside+inside) and one column for each specimen.

R: number of vascular bundles (different leaves from same plant type may differ slightly in 
number of VB)

R: comparisons of absolute measurements (no mention of what it is relative to)

[4]
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Fig 2.2

(c) Changes in the number and size of chloroplasts and stomata have been observed with changes 
in the environment. Many investigations have been conducted to determine their correlation to 
environmental factors.

An experiment was conducted to investigate if there was a correlation between the number of 
stomata on the lower epidermis of leaves and the atmospheric carbon dioxide concentration. 

You are required to:
find the area of the field of view, using Fig. 2.3
count the number of stomata in a quarter of the field of view, using Fig. 2.4 (on page 13)
calculate the mean number of stomata per mm2.

                                                             Fig 2.3

The smallest measurement on this stage micrometer is 0.1 mm.

(i) Calculate the area of the field of view, using:
the formula for the area of a circle r2

= 3.14
r = radius of the field of view.

Show your working and use appropriate units.
(No. of stage micrometer divisions = 16 stage units)
1. Diameter of field of view = 16 x 0.1 = 1.6 mm or 

Radius of field of view = 8 x 0.1 = 0.8 mm
2. Area of field of view = 3.14 x 0.82 = 2.0096 = 2.01mm2 (3 s.f)

area of field of view ........................................ mm2 [2]

Field of View

  F
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e areaeaeaeeeaeeaeaeaeaaeaaeaeaeeaeaeaeaeeaa ooooooooooooooooooof ff f fffffffffff ththththththhhthhthhhthhhhhthhhhheee eeeeeeeeeeee fieleleleldddd ofofofof vvvvieieieiew
ormmmmmmmmmmmmmmmmuluuuuuuuuuuuuuuuuuu a a aaaaaaa aaaaaaa fofofofofoffofofofofoofofofofofoofofofofor rr rrrrrrrrrr thhththhhthththhhhthhthhhhhtththhththhhthtt e ee e eeeeeeeeeeeeeeeee araraarararararaaararararararararaarraaa eeeaeeeeeeeeeeeeeeaee oooof fff a c
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Fig. 2.4 is a photomicrograph of the stomata in a field of view of the lower epidermis of a leaf 
from another plant, A. It was observed under the same magnification as in Fig. 2.3, hence a field 
of view of the same size.

Fig. 2.4

There are too many stomata to count so the use of the sampling method is recommended to 
estimate the number of stomata in this field of view. 

(ii) Count and record a sample number of whole stomata in the quarter of the field of view
shown in Fig. 2.4.

Mark clearly with an ‘X’ on Fig. 2.4 each of the stomata counted.

Number of stomata in the quarter of the field of view
Correctly marks the chloroplasts with an “X” that were counted in the quarter shown 
and correct number 18 (A: 17 to 19); [1]

(iii) Based on the methods used in c(i) and c(ii), describe clearly the procedure used to 
estimate the mean number of stomata per mm2 of this plant.[3]
1. the number of stomata is counted in a quarter of the field of view multiplied by 4 to 

obtain the estimate of the total number in the field of view. (R : 17 x4)
2. Obtain at least readings from 3 different sections / different leaves & determine the 

average number per field of view.
3. Divided by the area of field of view (mm2).
R: working without description

e
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(d) Another investigation was carried out on several plants from the same plant species as plant A.
The mean number of stomata per mm2 of plants Q, R and S, were compared with plant A. The 
4 plants were obtained from environments of different CO2 concentrations.

The students carried out t-tests to compare the mean number of stomata per mm2 for each of 
the plants relative to plant A.

The students calculated the value of t for each of the tests.

Table 2.1 shows the results from their investigation.

Table 2.1

plant mean number of 
stomata per mm2

p value

A 92 -
Q 85 < 0.001
R 90 > 0.05
S 87 < 0.05

(i) Suggest a null hypothesis for comparing the mean number of stomata per mm2 for plant 
A and plant Q. [1]
1. there is no significant difference between the mean number of stomata per mm2 for 

plant A and Plant Q;
or

the difference between the mean number of stomata per mm2 for plant A and Plant Q is 
not significant

(ii) When calculating the mean number of stomata per mm2 from plant A, 15 degrees of 
freedom was chosen. Students carried out 7 replicates of plant Q.

State how many replicates were carried out for plant A. [1]
n = 10;

(iii) The students concluded that CO2 concentration had a significant effect on the mean 
number of stomata per mm2 in plants.

Explain which of the p values in Table 2.1 support their conclusion. [2]
1. plant Q and S; (must have)
2. (significant for Q or S) because p value / probability, is less than 0.05 / p value shows 

there is less than 5% chance that results are due to chance;
3. effect greater on plant Q than in plant S (because less than 0.001) ; (not significant for 

B) because p value greater than (0).05

(iv) Explain which of the 2 plants, A or Q, is more likely to be obtained from an environment 
with a higher CO2 concentration. [2]

1. Plant Q, fewer, 85 mean number of stomata per mm2 compared to 92 for plant A;
2. reduce water loss;

[Total: 23]
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3 A pH indicator, containing sodium hydrogencarbonate, changes colour with pH. This indicator 
can be used to determine the concentration of carbon dioxide in a solution. 

The colour of the indicator solution corresponding to its respective pH is described in Table 3.1.

Table 3.1

Some students decided to use this indicator to measure the rate of photosynthesis in algal balls. 

Algal balls are made up of unicellular algae that are immobilised in alginate. The students 
assumed that the rate of carbon dioxide uptake was proportional to the rate of photosynthesis. 

(a) Unicellular algae can be immobilised using a technique that is similar to that used to immobilise 
enzymes. Alginate solidifies upon contact with calcium chloride solution.

Using a concentrated suspension of algal culture and a ratio of 1:1 algal culture to alginate 
solution, outline a method that the students could have used to immobilise the algae. [2]
1. (Compulsory point) Add 10.0 cm3 of algal culture with 10.0 cm3 of (sodium) alginate solution;
     A: equal volumes
     R: amounts
2. Mix  / Stir the mixture and use the glass rod/syringe / pipette/dropper/micropipette (using 

apparatus to make beads)
to drop algal-alginate mixture into a beaker containing the calcium chloride solution to create the 
algal balls.

(b) Weed killers prevent weeds from growing and also inhibit their ability to produce food from 
sunlight.

Phenmedipham and Atrazine are two different types of weed killers which contain inhibitors that 
bind to a chloroplast protein involved in electron transfer between photosystems. At a 
concentration of 0.5%, these weed killers will slow down but not stop photosynthesis.

Describe an experiment that the students can carry out to determine which weed killer is more 
effective in slowing down photosynthesis in algae.

You do not need to include details from (a) about how to prepare immobilised algal balls.

In your plan, you must use:
algal balls from (a)
0.5% Phenmedipham solution
0.5% Atrazine solution
5% pH indicator solution (which contains sodium hydrogencarbonate) at pH 8.4
Lamp

You may select from the following sterilised apparatus and plan to use appropriate additional 
apparatus:

en
ynthesesesesis
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Distilled water
Syringes of various sizes
20 ml beaker 
Glass rods
Boiling tubes with rubber stopper
Stop watch
Meter rule
Heat filter

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 used and the related scientific reasoning behind the method so that the 
results obtained are as accurate and reliable as possible; 
include the type of data generated by the experiment and how it should be analysed;
use the correct technical and scientific terms;

There is no need to include an explanation of the theory to support the practical procedure. 
[7]

[Total: 9]

Aim: To determine which of the 2 weed killers used was more effective in reducing the 
photosynthetic rate in algae.

Theory (Not necessary, FYI only)
1. Electron cannot be passed down the electron transport chain* A: electron carriers 

(ETC);                    
2. No reduced NADP/ NADPH + H+ produced (linked to 1); 
3. Resulting in no / reduced, pumping of protons across the thylakoid membrane from 

stroma to thylakoid lumen and thus no proton gradient / proton motive force 
4. Chemiosmosis does not occur thus no ATP is produced (linked to 3)   
5. no carbon fixation / Calvin cycle / light independent stage thus no glucose/triose 

phosphate(as glycerate phosphate cannot be converted to glyceraldehyde-3-
phosphate/triose phosphate) formed for respiration and plant dies ;

Procedure:
a. Pilot test

Conduct a pilot experiment to determine suitability of apparatus, suitable range of 
independent variables, optimum conditions and amount of materials used.

b. well-Annotated diagram g
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c. Numbered steps

independent variable:
2 types of weed killers, Phenmedipham and Atrazine;

dependent variable:
measurement of pH change as indicated by colour of indicator;

1. Set up the experiment as shown in the diagram.
2. Constant variables, in numbered steps: 

exposure light source at fixed distance
[at least 2 other e.g.; must state condition that is kept constant, describe how this 
is done (use of apparatus, water bath)

number of beads /  volume of 5% sodium hydrogencarbonate indicator solution 
are kept constant /  volume of weed killer used /  temperature of the water bath 
/ duration of expt / others: ______

3. Prepare 3 boiling tubes and add 5 ml of 5% sodium hydrogencarbonate 
indicator solution to each using a syringe.
Reason: Acts as a source of carbon dioxide, the higher the CO2 concentration 
the higher the rate of photosynthesis

4. Place 10 beads of algae into each boiling tube. Number of beads is kept 
constant to ensure constant number of algae/chloroplasts.
Reason : Keep the amount of photosynthetic substances/ chloroplast/ 
chlorophyll constant as more algae results in higher rate of photosynthesis

5. Leave the 3 tubes in the dark for 10 minutes for equilibration to ensure that 
all the algae stop photosynthesizing ; R: equilibration in temperature;

6. Measuring with the ruler, place the 3 tubes at 20 cm from the bench light.
Distance of light source kept constant so as to maintain constant light intensity.
Reason : as the higher the light intensity the higher the rate of photosynthesis

7. Set up a water bath using a beaker of water and maintain the temperature of 
the water bath by adding hot or cold water and monitor the temperature to be 
at 30 C
Or
Place a heat filter between the light and the containers to absorb heat from the 
lamp

IV

MV

CV1

CV2

E

Co

Using ruler to measure

20cm

bench light

5ml of Phenmedipham

boiling tube with 10 beads

5ml of Atrazine
5ml of water

Also add in 5ml 
of pH indicator 
using a syringe 
in each boiling 
tube
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Reason : Photosynthesis is an enzyme catalysed reaction, the higher the 
temperature (until optimum temperature) the higher the rate of photosynthesis

8. Independent variable: Add 1 cm3 of 0.5% solution of Phenmedipham into one 
of the tubes containing the indicator solution and 1 cm3 of 0.5% solution of 
Atrazine into another tube and stopper the tubes;

9. Control : The third tube add 1 cm3 of water in place of weed killer and this 
tube acts as a control with all other variables remain constant to compare the 
pH change with the solution of the other tubes/ to show that the weed killers 
lower the rate of photosynthesis; 

10. Using the stopwatch, start timing when the lamp is switched on for a duration 
of 30 minutes. (A: 5 to 120min)

Reason : the longer the duration the more CO2 used up for carbon fixation
11. Measurable variable: Placing each of the 3 tubes against a white tile, note 

the colour of the solution and using the information from Table 1.1, record the 
pH.

12. Dependent variable Difference in pH is an indication of the CO2 used up 
during photosyntheis, 
NB: Accept record time taken for colour change / end-point to light or dark 
purple (R: yellow)

13.  Repeat steps 3 to 11 twice using the readings to serve as replicates to 
check for anomalous results.

14.  Repeat the whole experiment twice more to check for reproducibility.

Data Recording and processing:

Table showing the effect of 2 different weed killers on the rate of photosynthesis as 
measured by the rate of pH change of the solution

Type of weed 
killers

pH change of the solution Rate of 
photosynthesis/

min-1
Replicate 

1
Replicate 

2
Replicate 

3
Average

Phenmedipham
Atrazine
Control Optional

         
Bar chart showing the effect of 2 different weed killers on the rate of photosynthesis 

as measured by the rate of pH change of the solution

RR

C

Rate of pH 
change
pH min-1 

Control                X                     Y     
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Conclusion / determination of more effective week killer : The weed killer with 
the smallest pH change per min is the better weed killer; 

Risks and Precautions: 
1. Sodium bicarbonate is an irritant, wear gloves and goggles when handling the 

solution
2. Atrazine poses a potential health risk and is an environmental toxin, wear gloves 

and goggles when handling the solution
3. Keep the hands dry when switching on or off the light/power point to prevent 

electrocution.

M
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