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1
  

The figure below shows an electron micrograph with two plant cells.   

 
Peter v. Sengbusch - b-online@botanik.uni-hamburg.de 

 

Which of the following statements correctly describes the labelled structures? 

1 R contains circular DNA and is found in both prokaryotic and eukaryotic 
cells. 

2 P has a fluid mosaic structure and regulates the movement of substances 
between the two plant cells.  

3 S acts as a selective permeable barrier. 

4 Q contains enzymes which play an important role in cell specialisation.   

A 1 and 3 

B 3 and 4 

C 1, 2 and 3 

D All of the above  

P

R

Q

S
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2 Which of the following statements regarding stem cells are not correct? 

1 Stem cells are present within various organs of the adult body. 

2 Stem cells can develop into a whole organism when implanted into the womb. 

3 Stem cells can be grown indefinitely in culture under appropriate culture 
conditions. 

4 Stems cells isolated from a 3-5 day old human embryo can differentiate into only 
one kind of cells. 

5 Induced pluripotent stem cells have the same developmental potential as 
embryonic stem cells.  

 A 1 and 3 only 

B 2 and 4 only 

C 2, 3 and 5 

D 1, 2 and 3 

3 Graph A shows the transport of molecule X, with the help of carrier proteins, over time. 

 
A student predicted that the alteration of one variable would result in graph B. 

Which row shows the correct transport process and the alteration in variable that would 
result in graph B? 

 transport process alteration resulting in graph B 

 A facilitated diffusion increase in environmental temperature to 90 °C 

B active transport increase in concentration of X in cell 

C facilitated diffusion increase in number of carrier proteins 

D active transport increase in availability of ATP 
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4
  

A student prepared three solutions of sugars, X, Y and Z, and diluted them to varying 
concentrations. A sample of each was heated with Benedict’s reagent, with or without 
prior acid hydrolysis. The results are shown below.  

 concentration of solution/moldm-3

 0.0001 0.001 0.01 

 no acid with acid no acid with acid no acid with acid 

X Blue 
solution 

Blue 
solution 

Green 
mixture 

Green 
mixture 

Orange 
mixture 

Orange 
mixture 

Y Blue 
solution 

Green 
mixture 

Blue 
solution 

Green 
mixture 

Blue 
mixture 

Orange 
mixture 

Z Blue 
solution 

Green 
mixture 

Green 
mixture 

Green 
mixture 

Orange 
mixture 

Orange 
mixture 

Based on the results, which of the following conclusions are not correct?  

A Solution Y does not consist of monosaccharides. 

B Solution X and solution Y consists of disaccharides only. 

C Solution X consists of monosaccharides only.  

D Solution Z contains disaccharides.  

5
  

The R groups of two amino acids are shown below. 

amino acid R group 

Serine -CH2 -OH 

Alanine -CH3 

When placed in aqueous medium, where in a globular protein will these amino acids be 
found? 

A Both serine and alanine will be found in the interior of the globular protein. 

B Both serine and alanine will be found on the exterior of the globular protein. 

C Alanine will be found in the interior, and serine on the exterior of the globular 
protein. 

D Alanine will be found on the exterior, and serine in the interior of the globular 
protein. 
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6 The equations below show the relationship between an enzyme (E) and its substrate (S), 
product (P) and an inhibitor (I). 
 

Pathway A: E + S  E + P 

Pathway B: E + S + I  E + S + I
 

In the above reactions, assume that  

 increasing the concentration of S increases the activity of the enzyme, 

 at low substrate concentrations the presence of I reduces rate of reaction velocity, 
and 

 the same maximum rate of reaction can be reached in the presence or absence 
of I. 

Which mechanism is operating in pathway B? 

 A Positive feedback 

B Negative feedback 

C Competitive inhibition  

D Non-competitive inhibition 

7
  

Bacteria were cultured in a medium containing heavy nitrogen (15N) until all their DNA 
were labelled. These bacteria were then grown in a medium containing only light nitrogen 
(14N) for five generations. The percentage DNA strands containing 15N in each generation 
was estimated. 

Which curve provides evidence that each daughter DNA molecule produced consists of a 
parental strand and a newly synthesised daughter strand?  
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8 Part of the amino acid sequence in -globin chains of normal and mutant haemoglobin 
are shown. 

Normal haemoglobin thr-pro-glu-glu 

Mutant  haemoglobin thr-pro-val-glu 

Possible mRNA codons for these amino acids are 

Glutamine (glu) GAA GAG 

Threonine (thr) ACU ACC 

Proline (pro) CCU CCC 

Valine (val) GUA GUG 

Which tRNA molecule is not involved in the formation of this part of amino acid sequence 
in mutant haemoglobin?   

 A B C D 

 

    

KiasuExamPaper.com



River Valley High School Page 7 of 20  Year 6 H2 Biology 9744 Paper 1
2017 Preliminary Examination II 

9
  

Tay-Sachs disease is characterised by abnormal accumulation of lipid-related 
compounds, which results in deterioration of cognitive and motor abilities.  

It is caused by an autosomal recessive mutation in the allele coding for hexosaminidase 
A (HEXA), an enzyme that regulates the metabolism of phospholipids.  

The base triplets in part of the coding DNA sequences for a normal HEXA allele and a 
mutant Tay-Sachs allele, as well as their corresponding amino acids are shown.  

Normal
HEXA
allele

CGT ATA TCC TAT GCC CCT GAC…  

Arg Ile Ser Tyr Gly Pro Asp  

Tay-
Sachs
allele

CGT ATA TCT ATC CTA TGC CCC TGA… 

Arg Ile Ser Ile Leu Cys Pro Thr 

Which combination correctly describes the nature of mutation that results in the Tay-
Sachs allele? 

changes to nucleotide 
sequences

alteration of reading 
frame length of polypeptide 

A Deletion of 2 bases Yes Shorter 

B Insertion of 2 bases Yes Longer 

C Substitution of 4 bases No Unchanged 

D Insertion of 4 bases Yes Longer 

10 Which row correctly identifies the characteristics of the human genome? 

 promoter histone proteins 
bound to DNA centromeres repeated

sequences

 A Multiple Always Position varies for 
every chromosome Absent 

B One Always Position varies for 
every bivalent Present 

C Multiple Sometimes Position varies for 
every bivalent Present 

D One Sometimes Position varies for 
every chromosome Absent 
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11 The globin gene family in humans consists of ,  and  genes. These genes code for 
the globin chains that make up haemoglobin and are expressed at different levels during 
different developmental stages. 

The graph shows the expression of the various globin chains during the prenatal (fetal) 
and postnatal (after birth) periods. 

 
Which of the following cannot account for the differences in the levels of expression of 
globin chains? 

 A Methyl groups are added to regulatory sequences of -globin genes during the 
postnatal period, allowing for some proteins to bind. 

B A growth factor triggers the expression of a transcription factor that increases the 
rate of -globin gene expression during the postnatal period. 

C Alternative splicing occurs in the mature mRNA of the -globin and -globin genes, 
resulting in differences in the rate of expression of globin chains during the prenatal 
period. 

D The shortening of poly(A) tail in the mRNA of globin genes reduces its stability, 
resulting in a decrease in the rate of expression of -globin chains during the 
postnatal period. 
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12
  

Seven skeletons were found in an unidentified grave. To establish the relationship 
between these seven individuals, DNA were isolated from these skeletons and then 
analysed using gel electrophoresis. 

The results obtained from the skeletons, three children and four adults, are shown below. 

Child 1 Child 2 Child 3 Adult 1 Adult 3 Adult 3 Adult 4 

       

Other analysis showed that all three children have the same parents. Which two adults 
may be the parents of these children?  

A Adults 1 and 2 

B Adults 1 and 3 

C Adults 2 and 3 

D Adults 2 and 4 
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13 The graph shows the change in the quantity of DNA in a cell with one pair of 
chromosomes during a cell division. 

 
Which nucleus is formed as a result of this division? 

 A B C D 

 

14 The diagram depicts the behaviour of chromosomes at various stages of meiosis of the 
same cell. 

 
Which of the following shows the correct order of the stages? 

 A III  V  II  VI  IV  I 

B III  I  V  II  VI  IV 

C II  III  I  V  VI  IV 

D I  III  V  II  VI  IV 
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15 Which of the following are necessary for tumourgenesis to occur? 

1 Gain of function mutation to proto-oncogenes 

2 Loss of function mutation of tumour suppressor genes 

3 Inactivation of telomerase enzymes preventing cell apoptosis 

4 Production of chemical factors that induce angiogenesis 

 A 1 only 

B 1 and 2 only 

C 1, 2 and 3 only 

D All of the above 

16 The diagram shows the structure of an influenza virus. 

 
Which of the following statements concerning the lettered components are correct? 

1 Mutations that disrupt the function of R will result in the inability of the virus to 
initiate infection in the host cell. 

2 P and Q are unlikely targets for vaccination because they undergo mutation 
constantly. 

3 New influenza viruses acquire S from host cell during budding. 

4 The host cell enzymes are not required to form the complementary RNA from T. 

 A 1 and 2 only 

B 3 and 4 only 

C 1, 2 and 3 

D 2, 3 and 4 
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17 Which statements about viruses are true? 

1 They encode genes for synthesising their own ATP. 
2 They are single-cell organisms. 
3 They can have genomes made of DNA. 
4 They package ribosomes into their virion. 
5 They can have a single-stranded or double-stranded RNA genomes. 
6 They can have a membrane-like envelope. 

 A 5 and 6 only 

B 3, 5 and 6 

C 1, 3, 5 and 6 

D All of the above 

18 Which of the following statements about the lac operon are correct? 

1 lac Z, lac Y and lac A are structural genes that will be expressed when the 
operator is switched on. 

2 In the absence of alloactose, the repressor protein will be unable to bind to the 
operator. 

3 When glucose and lactose are available and the repressor becomes inactive as 
allolactose binds to it. 

4 lac Y codes for a protein that increases uptake of lactose from environment. 

5 Catabolite activator protein binds to promoter to increase rate of transcription. 

 A 1 and 2 

B 1 and 3 

C 1, 2 and 5 

D 3, 4 and 5 

19 A black-haired female rabbit was crossed with a white-haired male rabbit. Eight offspring 
were born. Two were white-haired males, two were white-haired females and all the 
others were black-haired females. 

What can be deduced about the inheritance of hair colour in rabbits? 

 A Hair colour is sex-linked in rabbits. 

B The allele for black hair is dominant to the allele for white hair. 

C The allele for white hair is dominant to the allele for black hair. 

D The results of this cross are inconclusive. 
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20 Two genes, Q and R, affect the size of the petals and the pigmentation of a flower. 

Gene Q has two alleles, QL and QA. The genotype QLQL produces large petals, QLQA 
produces small petals, and in QAQA, petals are absent. 

Gene R has two alleles. R produces a red pigment and is dominant over the allele r that 
produces no pigment. 

A plant that is heterozygous at both gene loci was selfed. How many different 
phenotypes will be observed in the next generation? 

 A 4 

B 6 

C 9 

D 12 

21 The common isotope of oxygen is 16O. Air containing 16O2 and 18O2 was bubbled through 
a suspension of algae for a limited period. After this, the concentration of these two 
isotopes of oxygen in the water was monitored for the next 50 minutes whilst the algae 
were subjected to periods of dark and light. The results are shown in the diagram. 

 
What is the best explanation for these results? 

 A Both isotopes of oxygen are used by the algae in the dark in respiration, but in the 
light oxygen is produced from water in photorespiration. 

B The algae can distinguish chemically between the two isotopes. 

C The algae produce oxygen from the water used in photosynthesis, but only in the 
light. 

D The two isotopes have different rates of diffusion. 
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22 After vigorous exercise, changes occur in the muscle tissue. Compared with ‘at rest’ 
conditions, what will the changes be? 

 ATP lactate pH

 A decreased increased decreased 

B increased increased increased 

C decreased decreased increased 

D increased decreased decreased 

23 The hormone insulin binds to the tyrosine kinase receptors and initiates various signal 
transduction pathways to generate cellular responses. Which of the following shows the 
correct sequence of events, following the binding of insulin to the receptor?  

1 phosphorylation of tyrosine residues  

2 signal amplification 

3 dimerisation of tyrosine kinase receptor  

4 signal transduction 

5 activation of transcription factors 

 A 1  3  2  4  5 

B 3  4  1  2  5 

C 1  3  5  4  2 

D 3  1  4  2  5 
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24 During pregnancy, glucose is transferred from the bloodstream of the mother to the 
bloodstream of the foetus through the placenta.  

In an experiment conducted on a pregnant female subject, experiments X and Y were 
conducted with control periods of no treatment before them.  

Measurements of blood glucose levels in both mother and foetus were made. Also, the 
glucose transfer rates from mother to placenta, and from placenta to foetus were 
monitored. The experimental data is shown in the table below.   

Experiment
glucose concentration / mg cm-3 glucose transfer rate / mg min-1

maternal blood foetal blood from mother to 
placenta

from placenta 
to foetus 

control
period

54 15 38 9 

after X 54 9 38 16 

control
period

52 14 39 8 

after Y 211 30 58 34 

Which of the following is likely to describe experimental steps X and Y? 

 X Y

 A Glucagon injection given to foetus Insulin injection given to mother 

B Insulin injection given to foetus Glucagon injection given to foetus 

C Insulin injection given to mother Glucagon injection given to foetus 

D Insulin injection given to foetus Glucose injection given to mother 
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25 The graph below shows the relationship between birthweight and infant mortality in 
humans. 

 
What type of selection is demonstrated above? 

 A Directional selection 

B Disruptional selection 

C Stabilising selection 

D Artificial selection 
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26 The formation of the Isthmus of Panama around 3 million years ago (Mya) led to the 
separation of the Pacific and Atlantic oceans. Pistol shrimps of the Alpheus genus can be 
found in both oceans, surrounding the Isthmus. Alpheus nuttingi resides in the Atlantic 
ocean and Alpheus millsae resides in the Pacific ocean. 

 
Despite being physically separated, A. nuttingi and A. millsae are morphologically and 
genetically very similar. The two species have also been shown to be capable of 
interbreeding in captivity. Which of the following statements are likely to be true? 

1 A. nuttingi and A. millsae are derived from a common ancestral species. 

2 The formation of the Isthmus resulted in geographical isolation of the two species 
3 Mya. 

3 A. nuttingi and A. millsae are two separate species because they are 
geographically isolated. 

4 Similar environmental conditions around the Isthmus exerted similar selection 
pressures, leading to convergent evolution between A. nuttingi and A. millsae. 

 A 1 only 

B 1 and 3 

C 2 and 3 

D 3 and 4 
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27 Myxomatosis is a viral disease of rabbits. It spreads rapidly and most rabbits die within 
14 days of being infected. Myxomatosis has been deliberately used to reduce the 
number of rabbits in countries where they are a significant crop pest. 

The initial release of the virus caused populations to fall by over 90%. Resistance to 
myxomatosis increased in the 70 years following initial release, so at the present time up 
to 50% of infected rabbits are able to survive. 

Which of the following statements could explain the increasing frequency of resistance to 
myxomatosis in the years following release of the virus? 

1 In populations with high incidences of myxomatosis, mutations leading to 
resistance are more likely to occur. 

2 Infected rabbits die quickly, hence the alleles that code for myxomatosis are 
eliminated from the population. 

3 The initial release of the virus led to a bottleneck event, greatly altering the 
frequency of alleles in rabbit populations. 

4 During disease outbreaks there is greater food availability for the surviving 
rabbits, increasing the probability that they survive. 

 A 4 only 

B 1 and 2 only 

C 2 and 4 only 

D 2, 3 and 4 only 

28 Which statements correctly describe lymphocytes? 

1 Each B lymphocyte has the ability to make several types of antibody molecules. 

2 Some B lymphocytes and T lymphocytes become memory cells. 

3 Plasma cells secrete antibodies into the blood plasma. 

4 Some T lymphocytes stimulate macrophages to kill infected cells. 

 A 1, 2, 3 and 4 

B 1, 2 and 3 only 

C 2, 3 and 4 only 

D 1 and 4 only 
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29 When sufficient individuals are vaccinated, the disease transmission cycle can be 
broken. The diagram shows the effect of vaccination of children on the prevention of 
infection. 

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

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

2 Vaccination of children reduces the percentage of infections in both adults and 
children. 

3 The effect on adult infections is less than that of infection in children, because 
adults will have been vaccinated as children. 

 A 1, 2 and 3 

B 1 and 2 only 

C 1 and 3 only 

D 2 and 3 only 
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30 The diagram shows the effect of increasing temperatures on the ice and snow cover at 
the polar regions. 

 
Which effect of higher temperatures in the polar regions could increase global warming? 

 A Increased evaporation leads to more rainfall, which absorbs heat from the land and 
sea. 

B Melting of ice and snow results in less reflection of sunlight and more heat 
absorption by the earth. 

C Melting of sea ice causes more cloud formation which increases absorption of heat 
in the atmosphere. 

D Earlier melting of snow allows vegetation cover to increase faster, reducing loss of 
heat from the surface of the Earth. 
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Answer all questions. 

1 Fig. 1.1 shows an electron micrograph of part of a plant cell.  

 
Fig. 1.1 

(a) Identify region A and state its function. [2]

  

  

  

  

(b) Describe how the structure of the membrane at B allows it to perform its 
function. [3]
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 Cyanobacteria are prokaryotic cells that are capable of carrying out photosynthesis. The 
structure of a cyanobacteria is shown in Fig. 1.2. 

Fig. 1.2

(c) With reference to Fig. 1.1 and Fig. 1.2, compare the visible structures of 
cyanobacteria with that of C. [2]

  

  

  

  

  

  

 Cyanobacteria are considered to be the ancestors of structure C. They continued to 
function after being engulfed by primitive eukaryotic cells and evolved over time. This 
theory is known as the endosymbiont hypothesis. 

(d) State two features of structure C that provide support for this hypothesis. [2]

 

 

 

 

  [Total: 9]
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2 Fig. 2.1 shows the structure of a G-protein coupled receptor (GPCR). 

Fig. 2.1 

(a) Describe how the structure of GPCR is adapted to its function. [3]

  

  

  

  

  

  

 

 One of the cellular events resulting from glucagon binding to GPCR, shown in Fig. 2.1, is 
the activation of glycogen phosphorylase which breaks down glycogen to glucose.  

(b) (i) Describe how binding of glucagon leads to activation of glycogen 
phosphorylase. [3]
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 (ii) Explain why liver cells store glucose in the form of glycogen. [3]

   

   

   

   

   

   

  

 The binding of glucagon to GPCR leads to an increase in blood glucose level partly due 
to the action of glucose transporters. Glucose transporters transport glucose via 
facilitated diffusion. 

(c) (i) Explain what is meant by facilitated diffusion. [2]

  

  

  

  

  

 (ii) Explain why glucose transporters are necessary to facilitate this 
process. [2]

   

   

   

   

 [Total: 13]
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3 Fig. 3.1 shows DNA replication in an Escherichia coli (A) and in a mammalian cell (B).
Diagrams are not shown to scale. 

                               A                                                                       B 
Fig. 3.1

(a) State one way in which the DNA replication in these two organisms differs and 
explain the advantage of this to the mammalian cell. [2]

 

 

 

 

  

(b) Explain why DNA replication is said to be semi-conservative. [2]
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 End replication problem is a fundamental problem associated with replicating DNA in 
eukaryotes.
Some cells contain telomerase, which is responsible for extending the ends of DNA in 
eukaryotes. Fig. 3.2 shows the action of a telomerase enzyme. 

Fig. 3.2

(c) Explain how the end-replication problem arises. [2]

 

 

 

 

  

(d) With reference to Fig. 3.2, state two differences between transcription and the 
process of lengthening of DNA ends. [2]

 

 

 

 

  [Total: 8]
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4 Huntington’s disease is a rare neurodegenerative disorder targeting the central nervous 
system. Transcriptional dysregulation is one of the commonly observed molecular 
abnormalities affected in this disease. Recent evidence suggests the involvement of a 
mutant Huntingtin protein in the processes regulating condensation of DNA, leading to 
activation of DNA damage response and death of nerve cells. DNA in various levels of 
condensation can be observed in the nerve cell nucleus. Fig. 4.1 shows one of the levels 
of condensation of chromatin. 

Fig. 4.1 

(a) It is postulated that mutant Huntingtin protein facilitates packing of DNA into 
structure shown in Fig. 4.1. Describe how the DNA double helix is condensed 
into this structure. [2]

  

  

  

  

  

(b) The chromosomal condensation in (a) is the main reason for the commonly 
observed transcriptional dysregulation in Huntington’s disease. Explain how 
transcription is affected. [3]

  

  

  

  

  

  

   
 
 
 
 
 

KiasuExamPaper.com



River Valley High School Pg 9 of 24  Year 6 H2 Biology 9744 Paper 2
2017 Preliminary Examination II

 It is observed that nerve cells could remove Huntingtin proteins via ubiquitination of 
specific amino acids. However, the mechanism that triggers ubiquitination is unclear. In a 
study to determine the mechanism for degradation of Huntingtin proteins, selected amino 
acids were investigated and the results are shown in Table 4.1.  

Table 4.1 

 13th amino 
acid: serine 

16th amino 
acid: serine 

6th amino 
acid: 
lysine 

9th amino 
acid: lysine 

15th amino 
acid: lysine 

Fate of 
Huntingtin 

protein 

Trial 1 de-
phosphorylated 

de-
phosphorylated 

ubiquitin not 
attached 

ubiquitin not 
attached 

ubiquitin not 
attached 

remains 
active 

Trial 2 phosphorylated de-
phosphorylated 

ubiquitin not 
attached 

ubiquitin not 
attached 

ubiquitin not 
attached 

remains 
active 

Trial 3 de-
phosphorylated phosphorylated ubiquitin not 

attached
ubiquitin not 

attached
ubiquitin not 

attached
remains 
active 

Trial 4 phosphorylated phosphorylated ubiquitin 
attached

ubiquitin 
attached

ubiquitin 
attached degraded 

 

(c) With reference to Table 4.1, 

 (i) state the level of control for Huntingtin gene expression.  [1]

   

   

 (ii) describe the events at the selected amino acids that triggers the 
degradation of Huntingtin proteins. [2]

   

   

   

   

  

 (iii) describe how ubiquitination results in the removal of mutant Huntingtin 
protein. [2]

   

   

   

   

  [Total: 10]

  

KiasuExamPaper.com



River Valley High School Pg 10 of 24  Year 6 H2 Biology 9744 Paper 2
2017 Preliminary Examination II

5 Fig. 5.1 shows the structure of a T4 virus. 

Fig. 5.1 

(a) Identify structure Y. [1]

  

  

 The T4 virus cannot reproduce by itself and relies upon a host cell for reproduction. 

(b) State specifically why T4 viruses rely on host cells for their reproduction. [2]
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 T4 viruses use bacteria as its host. Fig. 5.2 shows the results of an experiment in which 
T4 viruses were added to a culture of bacteria. Samples of the culture were then taken at 
intervals to determine the number of free T4 viruses present. 

Fig. 5.2 

(c) With reference to Fig. 5.2, describe and explain the changes in number of 
free T4 viruses 

 (i) in the first 10 minutes; [2]

   

   

   

   

  

 (ii) between 30 and 60 minutes. [3]
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A scientist carried out an investigation using T4 virus and two strains of bacteria: B+ cells 
which can grow in media without lysine and B– cells which only grow when supplied with 
lysine.  The procedure is shown in Fig. 5.3. 

Growth observed on medium 
Fig. 5.3

(d) (i) Explain the observations made by the scientist. [3]

   

   

   

   

   

   

  

 (ii) Suggest one other potential benefit of the process mentioned in (d)(i)
for the recipient bacteria. [1]

   

   
  [Total: 12]

T4 are mixed with B+ cells 

T4 are isolated from the culture and added to B– cells 

B– cells are plated on medium lacking lysine 
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6 The cell cycle is an ordered sequence of events involving two stages that culminates in 
cell growth and division into daughter cells. It is an essential mechanism by which all 
living things reproduce. 

Pearson Education Inc., 2017

Fig. 6.1 

(a) With reference to Fig. 6.1, name the longest stage of the cell cycle and 
discuss the main events in this stage. [3]
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 Fig. 6.2 shows a cell viewed from the spindle pole during cell cycle. 

Fig. 6.2

(b) (i) State the type of nuclear division and name the stage shown in Fig. 
6.2. [1]

  type of nuclear division 

  stage 

  

 (ii) Explain your answer for (b)(i). [2]

 

 

 

 

 

(c) With reference to Fig. 6.2, complete Table 6.1 to show the number of 
chromosomes and mass of DNA in each nucleus during different phases of 
mitosis.  [2½ ]

 Table 6.1

Number of 
chromosomes per 

nucleus 

Mass of DNA per 
nucleus / g 

Prophase of mitosis  170 

Metaphase of mitosis 

Telophase of mitosis 
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 Mutations in ras proto-oncogenes are among the most common events in cancer. Gain-
of-function mutations in ras proto-oncogenes are known to result in dysregulation of the 
cell cycle due to faults in signalling pathways. 

(d) Explain what is meant by proto-oncogenes. [1½]

  

  

  

  

(e) Explain how a mutant Ras protein may lead to cancer. [3]

 

 

 

 

 

 

  

(f) Other than cancer cells, ras gene expression is also upregulated in 
embryonic stem cells. However, the latter does not result in a disease 
phenotype.
Explain what embryonic stem cells are. [2]

 

 

 

 

  [Total: 15]
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7 The coat colour of Labrador retriever dogs are determined by genes at two loci. The 
presence of the dominant alleles B and E results in black coats, whilst the presence of 
only the dominant allele E results in brown coats. Individuals that are homozygous 
recessive at the E/e locus will have golden coats. 
A true breeding male retriever with a black coat was crossed with a female retriever with 
a golden coat. The resulting F1 offspring all had black coats and the same genotype. A 
test cross was conducted for the F1 individuals. 

(a) State the genotype of the F1 individuals. [1]

  

  

(b) Using the symbols for the alleles stated above, draw a genetic diagram to 
explain the test cross. [3]
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(c) Name and describe the type of interaction between the gene loci. [3]

  

  

  

  

  

  

  

 The pedigree shown in Fig. 7.1 shows the inheritance of coat colour in a family of 
Labrador retrievers. 

Fig. 7.1

(d) (i) State the genotype of individual II-1. [1]

   

  

 (ii) Explain your answer in d(i). [2]

   

   

   

   

  [Total: 10]

KiasuExamPaper.com



River Valley High School Pg 18 of 24  Year 6 H2 Biology 9744 Paper 2
2017 Preliminary Examination II

8 Fig. 8.1 is an electron micrograph of a mitochondrion. 

Fig. 8.1 

(a) (i) Identify structures J and K. [1]

 J 

 K 

 

 (ii) Describe how structure J is adapted to its function. [1]

 

 

 

(b) (i) State the role of high concentration of protons at L. [1]

   

   

  

J 

K 

L 
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 (ii) Explain how the high concentration of protons is generated at L. [3]

   

   

   

   

   

   

  

 In an investigation to determine the effect of chemical M on respiration, 
mitochondria were incubated in four ways: 

1. with glucose 
2. with pyruvate 
3. with glucose and chemical M
4. with pyruvate and chemical M

The results are summarised in Table 8.1. 
Table 8.1 

CO2 evolution O2
consumption 

ATP production 
by oxidative 

phosphorylation

Glucose x x x

Pyruvate 

Glucose + chemical M x x x 

Pyruvate + chemical M x

(c) (i) Explain why carbon dioxide is produced when mitochondria are 
incubated with pyruvate but not when incubated with glucose. [3]
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 (ii) Suggest why when mitochondria were incubated with pyruvate and 
chemical M, oxygen consumption occurs but not ATP production. [2]

   

   

   

   

   

  [Total: 11]
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9 Tetanus is a disease caused by a bacterium. When the tetanus bacteria enter the body 
they release a toxin which causes muscular rigidity and extreme pain. Children in the 
United Kingdom are routinely vaccinated against tetanus at an early age. 
Fig. 9.1 is a diagram that shows three B lymphocytes (P, Q and R) and the events that 
occur during an immune response to the tetanus toxin. 

Fig. 9.1  

(a) Explain what is happening at stages X and Y in the immune response to 
tetanus toxin. [2]
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 Fig. 9.2 shows an antibody molecule secreted by cell S.

 
Fig. 9.2 

(b) Describe how the antibody is folded from linear polypeptide chains. [4]

 

 

 

 

 

 

 

 

 

variable
region 

variable
region 
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 A study investigated active and passive immunity to tetanus toxin. One person, G, was 
injected with antibodies to the tetanus toxin. Another person, H, was injected with the 
vaccine for tetanus and produced antibodies as a result. Blood samples were taken from 
G and H at regular intervals over the following weeks and analysed for antibodies against 
tetanus. 
The results of the study are shown in Fig. 9.3. 

Fig. 9.3 

(c) Explain why the type of immunity gained by G is described as passive 
immunity. [2]

  

  

  

  

   

(d) With reference to Fig. 9.1 and Fig. 9.3, explain why there is a slow increase in 
antibody concentration in the curve for H.

[2]
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(e) Explain why person H is considered to be better protected against future 
exposure to the tetanus toxin, compared to person G.

[2]

  

  

  

  

  [Total: 12]
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Section A

Answer all the questions in this section. 

1 The Galapagos Islands is an archipelago approximately 1400 kilometers off the Western 
coast of Ecuador. It consists of more than 40 islands, including the small and isolated 
island Daphne Major. The map of the islands, and its location in relation to mainland 
Ecuador and Cocos Island, is shown in Fig. 1.1. 

Fig. 1.1 
There are now at least 13 species of finches on the Galapagos Islands, each filling a 
different niche on different islands. All of them evolved from one ancestral species, which 
colonised the islands only a few million years ago.
Molecular analysis was carried out on the nucleotide sequences of the Galapagos Islands 
finches and the Cocos finch, found on the island of Cocos, 830 km North-east of the 
Galapagos Islands. Fig. 1.2 shows the phylogeny of these finches as constructed from the 
molecular data obtained.  

Fig. 1.2
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(a) Explain how DNA sequences can be used to determine evolutionary 
relatedness between species. [2]

(b) Suggest how the Cocos finch might be derived from the same common 
ancestor as the Galapagos finches, despite its lack of proximity to the 
Galapagos Islands. [1]

 A long-term study of the medium ground finch, Geospiza fortis, was carried out on the 
island of Daphne Major. Ground finches have bills particularly suited to eating seeds. 
Seeds eaten by the population of G. fortis are of a variety of sizes and are from a range of 
plants. Fig. 1.3 shows a male G. fortis.

Fig. 1.3 
In 1977, a severe drought affected the Galapagos Islands. The number of different plant 
species producing seeds and total seed abundance was greatly reduced for the population 
of G. fortis.
Scientists have postulated that the severity of the drought experienced may have been 
exacerbated by the rise in atmospheric CO2 concentrations due to human activities. 

(c) Explain how the emission of greenhouse gases such as CO2 may be linked to 
the onset of drought. [2]
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 The population size of G. fortis on Daphne Major fell by over 85% as a result of the 1977 
drought.
In years with good rainfall there is an abundance of small, soft seeds that are favoured by 
G. fortis, especially those individuals with smaller bills. In years of drought, small seeds are 
scarce. Individuals of G. fortis with small bills are rarely successful in extracting seeds from 
the large, spiky, tough fruits of Tribulus cistoides (Fig. 1.4), which was the main source of 
seeds at the time. 

Fig. 1.4 
Table 1.1 shows results for mean mass and mean bill size of mature G. fortis before and 
after the drought. The individuals measured after the drought were a subset of the first 
sample, allowing a direct comparison of the changes that occurred. 

Table 1.1 

Date of 
sampling

Sample
size

Phenotypic feature measured 

Mass / g Bill length 
/ mm 

Bill depth / 
mm

Bill width / 
mm

1976 (May) 642 15.79 10.68 9.42 8.68 

1978
(March)

85 16.85 11.07 9.96 9.01 

Percentage change +3.65 +3.80

(d) (i) Complete Table 1.1 to show the percentage change in mass and bill 
depth from 1976 (May) to 1978 (March). [1]

(ii) After the drought, the population of G. fortis had significantly higher 
mean mass and larger mean bill size than the pre-drought population. 
Name the type of natural selection that was occurring. [1]
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(e) Explain how the changes in bill size that occurred in the population of G. fortis 
on Daphne Major provide support for Darwin’s explanation of how natural 
selection operates. [3]

Current temperatures in the Galapagos archipelago rarely exceed 30°C, even in the 
summer months. However, climate scientists have warned that in light of global warming, 
temperatures in the archipelago may soon increase.  
The Intergovernmental Panel on Climate Change has forecasted a rise in global average 
temperatures of up to 5°C over the next century.  

(f) With reference to Fig. 1.1, suggest how global warming may affect the survival 
of the finches in the Galapagos Islands. [2]
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 Scientists have also suggested that changes in carbon dioxide concentration in the 
atmosphere changes the stomatal density of plants.  
43 different species of plants from a range of habitats were grown at normal atmospheric 
carbon dioxide concentration and at increased carbon dioxide concentration. 
The mean stomatal density of each species was determined at both concentrations of 
carbon dioxide. The percentage change in stomatal density at the increased carbon 
dioxide concentration compared to the stomatal density at normal atmospheric carbon 
dioxide concentration was calculated for each species. Table 1.2 summarises the changes 
to mean stomatal density due to increased atmospheric carbon dioxide concentration for 
the species investigated. 

Table 1.2 

Percentage change 
in stomatal density 
(to the nearest 10%) 

Number of 
species

+40 2 

+30 2 

+20 4 

+10 2 

-10 7 

-20 9 

-30 9 

-40 8 

(g) Account for the results shown in Table 1.2.  [5]
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 The experiment showed that plants are able to show significant changes in their 
phenotype in response to changes in the environment. 

(h) Suggest why plants need to be able to show changes in their phenotype within 
their lifetime. [2]

[Total: 19]
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2 Dengue fever is a mosquito-borne disease caused by the dengue virus. Fig. 2.1 shows the 
structure of a dengue virus. 

Fig. 2.1 

(a) List two ways in which the structure of dengue virus is similar to the human 
immunodeficiency virus.  [2]

Dengue viruses consist of four serotypes, DENV-1 to DEV-4. The rapid identification of 
dengue virus serotypes isolated from patients’ blood is important for clinical investigations. 
One of the methods used for identification of serotypes is DNA sequencing, which is a 
process of determining the precise order of nucleotides within a DNA molecule.
One of the DNA sequencing methods is based on the use of chain terminators, which are 
special nucleotides. Fig 2.2 shows the structure of a special nucleotide with a cytosine 
base. 

Fig 2.2
If a special nucleotide is added to a growing DNA strand, the chain is not extended any 
further. Each special nucleotide is labelled with a fluorescent dye, using a different colour 
for each of the four bases. 
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Fig 2.3 shows how a DNA chain ending with one of the special nucleotides is replicated. 

Fig. 2.3 

(b) Suggest why the addition of special nucleotides would lead to the premature 
termination of replication. [2]

 This method of DNA sequencing described in Fig 2.3, can produce many DNA fragments 
terminated by a special nucleotide tagged with a florescent. Fig 2.4 shows a set of such 
fragments, where each fragment differs by 1 nucleotide.  

Fig. 2.4 

These fragments are loaded onto an agarose gel, shown in Fig 2.5, and separated by a 
modified version of gel electrophoresis.  
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Fig 2.5 

 The order in which the fragments reach the light source and detector shown in Fig 2.5 is C, 
A, G, T. 

(c) Explain why the DNA fragments will migrate and reach the detector in this 
order. [3]

Dengue virus is a major threat to health in tropical countries around the world, with 390 
million people infected each year. To date, there are no vaccines for dengue virus. 

(d) Suggest why there is no effective vaccine to protect against dengue. [2]

(e) Antibiotics are not used to treat viral infections.  
Explain why antibiotics do not affect viruses. [2]
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The Aedes aegypti mosquito is the main vector that transmits the viruses that cause 
dengue. The viruses are passed on to humans through the bites of an infective female A.
aegypti mosquito, which mainly acquires the virus while feeding on the blood of an infected 
person. 
Fig. 2.6 shows the monthly number of dengue cases in Sakon Nakhon Province, Thailand, 
from January 2005 to December 2007.

Source: Monthly district level risk of dengue occurrences in Sakon Nakhon Province, 
Thailand. The Science of the total environment. 408 (2010). 5521-8. 

Fig. 2.6 

(f) Explain how temperature affects the number of dengue cases in Thailand. [3]
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(g) Other than climate change, state and explain how two other factors can 
contribute to the increase in the number of dengue cases. [2]

The primary preventative measure to reduce dengue infections is the control of mosquito 
populations. Traditional methods of mosquito control using insecticides are not viable in 
the long term, as new and stronger versions of insecticides must continually be developed. 
Biological approaches are now being used as an alternative to control mosquito 
populations.  
Researchers are experimenting with release of Wolbachia-infected mosquitoes as a 
means of suppressing Aedes mosquito populations. When male mosquitoes with 
Wolbachia mate with wild female mosquitoes without Wolbachia, eggs laid by these female 
mosquitoes will be sterile. The technique requires the release of a large number of male 
mosquitoes to reduce the overall mosquito population. 

(h) State the one advantage and one disadvantage of using the biological 
method. [2]

[Total: 18]
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3 Tuberculosis (TB) is a disease caused by the bacterium Mycobacterium tuberculosis, and 
accounts for more than 1 million deaths annually. Some of the symptoms of infection 
include shortness of breath, fever, chest pains and coughing up blood. 
Fig. 3.1. shows the transmission and infection of M. tuberculosis.

Fig. 3.1 
The immune response to TB results in the formation of granulomas. These cellular 
aggregates restrict the spread of the infection, but fail to kill all of the bacteria. This results 
in a tight interplay between M. tuberculosis and the host cells within the granulomas 
during the latent stage of infection. 
Foamy macrophages are granuloma-specific cells that are characterised by the 
accumulation of large amounts of lipids contained within numerous lipid vacuoles. These 
macrophages are formed as a result of prolonged interaction with M. tuberculosis.

(a) Describe how TB is transmitted. [2]
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(b) With reference to Fig. 3.1 and your own knowledge, describe the formation of 
granulomas in M. tuberculosis infections. [3]

M. tuberculosis have mycobacterial cell walls that are different from other bacterial cell 
walls due to their thick lipid coating. The cell walls consist of arabinogalactan, a 
biopolymer of two monosaccharides, complexed with mycolic fatty acids. Fig. 3.2 shows 
the structure of a M. tuberculosis mycobacterial cell wall, compared with that of a common 
bacteria. 

Fig. 3.2 

(c) With reference to Fig. 3.1 and 3.2, suggest how the persistence of M.
tuberculosis within the granulomas allows it to replicate intracellularly. [2]
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Treatment of TB uses antibiotics to kill the bacteria. Effective treatment with traditional 
bacteriacidal antibiotics such as penicillin are ineffective. Antibiotics such as isoniazid and 
rifampicin are used instead for a prolonged period of time in order to ensure successful 
treatment of TB.

(d) With reference to Fig. 3.2, explain why administering penicillin will not 
effectively treat TB. [2]
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 Isoniazid is administered as a prodrug, and must be activated by a bacterial enzyme 
known as KatG. Upon activation, isoniazid inhibits the action of fatty acid synthase, 
inhibiting the synthesis of mycolic acids and thus preventing the synthesis of the 
mycobacterial cell wall. 
Alarmingly, strains of M. tuberculosis that display resistance to isoniazid have been 
increasingly common. Scientists studied the genome of a resistant strain K131, and noted 
that there were numerous mutations identified in the 2.0-2.5Mb region. Fig. 3.3 shows the 
complete genome of K131.

Fig. 3.3 

(e) Explain how strain K131 is resistant to isoniazid. [4]

[Total: 13]
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Section B 

Answer one question in this section. 
Write your answers on the separate writing paper provided. 

Your answers should illustrated by large, clearly labelled diagrams, where appropriate. 
Your answers must be in continuous prose, where appropriate. 

Your answers must be set out in parts (a), (b), etc. as indicated in the question. 
A NIL return is necessary if you have not attempted this section. 

4 (a) Discuss the role of complementarity in cellular mechanisms. [12]

 (b) Explain how genetic recombination occurs in B lymphocytes and the 
advantages of each process. [13]

   [Total: 25]

5 (a) Explain what is meant by mutation, and outline its advantages and 
disadvantages to animals. [13]

 (b) Describe the role of proteins in the transformation of energy from the 
environment to plant cells for their survival. [12]

[Total: 25]
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Answer all questions. 

 Question 1

In this question, you will investigate the effect of glucose and sucrose on the rate of 
respiration in yeast cells. 
You are provided with: 

• 40 cm3 yeast cell suspension, labelled Y

• 25 cm3 blue alkaline solution, labelled C

• 25 cm3 hydrochloric acid, labelled H

• 20 cm3 of 0.2 mol dm-3 glucose solution, labelled G

• 20 cm3 of 0.2 mol dm-3 sucrose solution, labelled S

• 20 cm3 of distilled water, labelled W

Read through steps 1 to 12 and prepare a table to record your results in step (c), before 
starting the investigation. 

Stage 1
Perform the following steps to activate the yeast cells in Y to prepare for stage 3 
1 Label 3 boiling tubes B1, B2, and B3. Add 10 cm3 of Y into each of the boiling tubes. 

2 Add 10 cm3 of G, S, W into boiling tubes B1, B2, and B3, respectively. 

3 Start the stopwatch. Leave the tubes aside for at least 15 minutes, before beginning 
on stage 3. During this time, you should attempt the rest of the question. 

Stage 2

C, an alkaline solution, is blue because it contains an indicator. 

Carbon dioxide reacts with C when bubbled into it. When enough carbon dioxide reacts with 
C, the indicator will change from blue to yellow (even if the mixture is cloudy). This is the 
end-point. 

If only a small volume of carbon dioxide is bubbled into C then the indicator will remain blue. 
The end-point can then be reached by adding hydrochloric acid, H, slowly until the indicator 
turns from blue to yellow. The volume of H is then recorded.  

The volume of H added to reach the end-point indicates how much carbon dioxide had 
reacted with C. The lesser the amount of carbon dioxide is bubbled into C, the more volume 
of H will need to be added to C to get the end-point. 

You are required to find the volume of H needed to reach the end-point when no carbon 
dioxide has been bubbled into C.
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4 Put 5 cm3 of C into a test-tube. 

5 Use a 6 cm3 syringe, containing 3 cm3 of H, to put drops of H into C as shown in 
Fig. 1.1. Mix well as you add H, until the end-point is reached. You may need to fill the 
syringe again.

Fig. 1.1 

(a) Record the volume of H needed to reach the end-point. [1]

Volume of H needed = _________ cm3

Stage 3 
You are required to investigate the effect of glucose and sucrose on the release of carbon 
dioxide from a yeast cell suspension using apparatus set up as in Fig.1.2, and the tubes 
prepared in stage 1.

Yeast cells release carbon dioxide from some of their metabolic reactions when provided 
with respiratory substrates. Tube B1 contains glucose as the respiratory substrate, whilst 
tube B2 contains sucrose.  

Fig.1.2
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(b) State which sugar is expected to lead to a higher rate of carbon dioxide release 
by yeast cells. Explain your answer. [2]

Before proceeding with steps 6-12, ensure that 15 minutes have elapsed since  
stage 1.
6 Prepare and maintain a water bath at 40°C. 

7 Label 3 test-tubes T1, T2 and T3. Add 5 cm3 of C into each of the three test-tubes.  

8 Place tube B1 in the water bath and allow it to equilibrate for 2 minutes. 

9 Put the bung containing the delivery tube into tube B1, as shown in Fig. 1.2. Ensure 
that the seal is airtight. 

10 Put the end of the delivery tube into solution C in T1. Using a stopwatch, allow the 
carbon dioxide produced by the yeast to bubble into C for 2 minutes. 

11 After removing the delivery tube, repeat step 5 to determine the volume of H needed 
to reach end-point and record your result in (c). If C has already reached end-point, 
record ‘0’. 

12 Repeat steps 8 to 11 for the tubes B2 and B3.

(c) Record your results for each tube in a suitable form in the space below. [4]
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(d) Discuss what these results suggest about the relationship predicted in part (b). [2]

 The addition of 1 cm3 of H into C is equivalent to 2.2 mg of carbon dioxide. 

(e) Calculate the exact amount of carbon dioxide produced by the yeast 
suspension from boiling tubes B1 and B2 during the experiment. Show your 
working clearly.  [2]

B1  ___________ mg

B2  ___________ mg

(f) State the purpose of including boiling tube B3 in the investigation. [1]

(g) Identify one significant source of error and suggest a modification to the 
method that would overcome this. [2]
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In a separate study, a student used a modified version of the apparatus shown in Fig.1.2 to 
investigate the effect of temperature on the release of carbon dioxide from a yeast cell 
suspension. The results of the study are presented in Table 1.1. 

Table 1.1

Temperature  / °C Volume of carbon 
dioxide evolved / cm3

25.0 93 

30.0 126 

35.0 160 

40.0 180 

45.0 156 

(h) Use the grid provided to plot the data given in Table 1.1. [4]
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(i) Explain the relationship between the variables in yeast respiration. [4]

[Total: 22]
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 Question 2

During this question you will require access to a microscope. 
You are required to investigate the effects of potassium nitrate and lead nitrate solutions on 
cells of the plant material with which you have been supplied. Peel off one or two strips of 
epidermis from the most deeply pigmented areas of the plant tissue. Remove as little of the 
underlying tissue as possible. Cut the epidermis so that you have two squares of tissue, 
each about 5 mm x 5 mm. Place these in a dish of distilled water. 
Mount one piece of tissue on a microscope slide in distilled water under a cover slip. 
Mount the other pieces in 1 mol dm-3 potassium nitrate solution. 
Label your slides appropriately. 
Examine the tissue mounted in distilled water, using your microscope. Find an area of the 
tissue where pigmented cells occur, preferably as a single layer. 

(a) Describe the distribution of the coloured contents within the cells.  [1]

 Observe the piece of tissue mounted in 1 mol dm-3 potassium nitrate solution, using your 
microscope. 

(b) (i) After about one minute, make a large drawing to show the detailed 
structure of one epidermal cell which is typical of the most deeply 
coloured cells which you can see.  
On your drawing, label the positions of the: 

cell wall 
cell surface membrane. [4]
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 (ii) Account fully for the change in appearance of the cells when placed in 
1 mol dm-3 potassium nitrate solution.  [3]

 Heavy metals such as lead and copper are toxic to plants.  

(c) Predict the appearance of the epidermal cells if the epidermis is mounted in 
1 mol dm-3 lead nitrate solution. Explain your predictions. [3]
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 Fig. 2.1 shows the view of a mammalian white blood cell, using an eyepiece graticule and 
the high-power objective lens of a microscope. 

Fig. 2.1

(d) Use a table to record three observable differences between the blood cell in 
Fig. 2.1 and the cell you saw in (a). [3]
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(e) (i) The student calibrated the eyepiece graticule against a stage 
micrometer with the following results: 
Number of eyepiece graticule divisions across 5 stage micrometer 
divisions = 25 
One stage micrometer division = 0.01 mm 
Use this information to calculate the actual length of the cell.  
Show the steps and units in your calculation. [3]

Actual length of the cell ________

 (ii) Calculate the magnification of the blood cell in Fig. 2.1.  
Show your working. [2]

Magnification ________

[Total: 19]
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Question 3

Industrial wastewater contains high concentrations of fats, like oil and grease, which may pollute 
fresh water and influence aquatic environments. The use of lipase enzymes to remove oil and 
grease from the wastewater is an effective and environmentally-friendly treatment method. 
Chemicals are added to the wastewater to emulsify the fats and break them up into smaller fat 
droplets, increasing the surface area for lipase to break them down into fatty acids and glycerol 
at a higher rate. 
In wastewater treatment, enzymes are used on a large scale. However, enzymes are costly and 
most are only commercially available in liquid or dehydrated forms. As such, once added to the 
wastewater treatment mixture, they cannot be recovered to be re-used, thus driving up the cost 
of treatment. 
Researchers postulated that the immobilisation of lipase in alginate beads would allow the 
enzymes to be re-used, leading to cost savings. The enzymes can be added to sodium alginate 
and immobilised in the beads as shown in Fig. 3.1. 

Fig. 3.1 
Full-fat milk can be used as a substrate for the immobilised lipase enzymes. Bile salts act like 
detergents and can be used to emulsify the fats without affecting the pH. Sodium carbonate is a 
base that can be added to standardise the milk to an alkaline pH, prior to treatment with lipase. 
The monitoring of the pH of the reaction mixture from a predetermined start to end-point pH can 
be used to measure the activity of the immobilised lipase. 
Using this information and your own knowledge, design an experiment to find the concentration 
of lipase needed to form immobilised lipase beads with the same activity as free enzymes (non-
immobilised).

lipase and sodium 
alginate 

calcium chloride 
solution 
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You must use: 

 10% lipase solution 

 industrial 3% lipase  

 sodium alginate suspension 

 calcium chloride solution 

 full-fat milk   

 sodium carbonate solution 

 5% bile salts solution 

 a pH meter with a digital display to 2 decimal places 

 stopwatch 

You may select from the following apparatus: 

 normal laboratory glassware e.g. test-tubes, beakers, measuring cylinders, graduated 
pipettes, glass rod, etc. 

 syringes 
Your plan should: 

 have a clear and helpful structure such that the method you use is able to be repeated by 
anyone reading it, 

 be illustrated by relevant diagram, if necessary, 

 identify the independent and dependent variables, 

 describe the method with the scientific reasoning used to decide the method so that the 
results are as accurate and reliable as possible, 

 include layout of results tables and graphs with clear headings and labels, 

 use the correct technical and scientific terms, 

 include reference to safety measures to minimise any risks associated with the proposed 
experiment. 

[Total: 14]
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1 The figure below shows an electron micrograph with two plant cells.  

Peter v. Sengbusch - b-online@botanik.uni-hamburg.de

Which of the following statements correctly describes the labelled structures? 

1 R contains circular DNA and is found in both prokaryotic and eukaryotic 
cells. 

2 P has a fluid mosaic structure and regulates the movement of substances 
between the two plant cells.  

3 S acts as a selective permeable barrier. 

4 Q contains enzymes which play an important role in cell specialisation.   

A 1 and 3 

B 3 and 4 

C 1, 2 and 3 

D All of the above 

2 Which of the following statements regarding stem cells are not correct? 

1 Stem cells are present within various organs of the adult body. 

2 Stem cells can develop into a whole organism when implanted into the womb. 

3 Stem cells can be grown indefinitely in culture under appropriate culture 
conditions. 

4 Stems cells isolated from a 3-5 day old human embryo can differentiate into only 
one kind of cells. 

P

R

Q

S

owing statements regarding stem cells are not cor

booovevvevee 
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5 Induced pluripotent stem cells have the same developmental potential as 
embryonic stem cells.  

 A 1 and 3 only 

B 2 and 4 only 

C 2, 3 and 5 

D 1, 2 and 3 

3 Graph A shows the transport of molecule X, with the help of carrier proteins, over time. 

 
A student predicted that the alteration of one variable would result in graph B. 

Which row shows the correct transport process and the alteration in variable that would 
result in graph B? 

 Transport process Alteration resulting in graph B 

 A facilitated diffusion increase in environmental temperature to 90 °C 

B active transport increase in concentration of X in cell 

C facilitated diffusion increase in number of carrier proteins 

D active transport increase in availability of ATP 

4
  

A student prepared three solutions of sugars, X, Y and Z, and diluted them to varying 
concentrations. A sample of each was heated with Benedict’s reagent, with or without 
prior acid hydrolysis. The results are shown below.  

 Concentration of solution/moldm-3

 0.0001 0.001 0.01 

litaaaaatettttt ddddd didddddd fffffusuuuu ioooooonnnn increasee inn nunuuuumbmbmbmbmbber

ctivevvee tttttrararararansnsnn popopooortrtrtrtr iiiiiincncncncncrrererererrererrrereaaaasa eeeee inininininin aaaaaava
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 no acid with acid no acid with acid no acid with acid 

X Blue 
solution 

Blue 
solution 

Green 
mixture 

Green 
mixture 

Orange 
mixture 

Orange 
mixture 

Y Blue 
solution 

Green 
mixture 

Blue 
solution 

Green 
mixture 

Blue 
mixture 

Orange 
mixture 

Z Blue 
solution 

Green 
mixture 

Green 
mixture 

Green 
mixture 

Orange 
mixture 

Orange 
mixture 

Based on the results, which of the following conclusions is not correct?  

A Solution Y does not consist of monosaccharides. 

B Solution X and solution Y consists of disaccharides only. 

C Solution X consists of monosaccharides only.  

D Solution Z contains disaccharides.  

5
  

The R groups of two amino acids are shown below. 

Amino acid R group 

Serine -CH2 -OH 

Alanine -CH3 

When placed in aqueous medium, where in a globular protein will these amino acids be 
found? 

A Both serine and alanine will be found in the interior of the globular protein. 

B Both serine and alanine will be found on the exterior of the globular protein. 

C Alanine will be found in the interior, and serine on the exterior of the globular 
protein. 

D Alanine will be found on the exterior, and serine in the interior of the globular 
protein. 

6 The equations below show the relationship between an enzyme (E) and its substrate (S), 
product (P) and an inhibitor (I). 
 

Pathway A: E + S  E + P 

Pathway B: E + S + I  E + S + I
 

In the above reactions, assume that  

 increasing the concentration of S increases the activity of the enzyme, 

eloowwwww shshshshshowowowowow ttthehehehehe rrrrelelelelatatatatatioioioiooonsnsnsnsnsn hihihihihih pppppp bebebebebetttwtttt eeeeeen n n nn anaaaaa eeeeenznznznznnzyymyyy e (E
an ii hhnhhibibibibitititittor (((I).)))  
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 at low substrate concentrations the presence of I reduces rate of reaction velocity, 
and 

 the same maximum rate of reaction can be reached in the presence or absence 
of I. 

Which mechanism is operating in pathway B? 

 A Positive feedback 

B Negative feedback 

C Competitive inhibition  

D Non-competitive inhibition 

7
  

Bacteria were cultured in a medium containing heavy nitrogen (15N) until all their DNA 
were labelled. These bacteria were then grown in a medium containing only light nitrogen 
(14N) for five generations. The percentage DNA strands containing 15N in each generation 
was estimated. 

Which curve provides evidence that each daughter DNA molecule produced consists of a 
parental strand and a newly synthesised daughter strand? C 

 

8 Part of the amino acid sequence in -globin chains of normal and mutant haemoglobin 
are shown. 

Normal haemoglobin thr-pro-glu-glu 
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Mutant  haemoglobin thr-pro-val-glu 

Possible mRNA codons for these amino acids are 

Glutamine (glu) GAA GAG 

Threonine (thr) ACU ACC 

Proline (pro) CCU CCC 

Valine (val) GUA GUG 

Which tRNA molecule is not involved in the formation of this part of amino acid sequence 
in mutant haemoglobin?   

 A B C D 

 

    

9
  

Tay-Sachs disease is characterised by abnormal accumulation of lipid-related 
compounds, which results in deterioration of cognitive and motor abilities.  

It is caused by an autosomal recessive mutation in the allele coding for hexosaminidase 
A (HEXA), an enzyme that regulates the metabolism of phospholipids.  

The base triplets in part of the coding DNA sequences for a normal HEXA allele and a 
mutant Tay-Sachs allele, as well as their corresponding amino acids are shown.  

Normal
HEXA
allele

CGT ATA TCC TAT GCC CCT GAC…  

 Arg Ile Ser Tyr Gly Pro Asp  

Tay-
Sachs
allele

CGT ATA TCT ATC CTA TGC CCC TGA… 

 Arg Ile Ser Ile Leu Cys Pro Thr 

Which combination correctly describes the nature of mutation that results in the Tay-
Sachs allele? 

g IIIIIlelelel SSSSSererererer TTTTTTyryryrryryr GGGGGGGGGGGGlylylylylyly PPPPPro

T ATATATATATTAAAA AA TTTCT T TTTTT ATATATATATA CCC CTCTCTCTCTTA A A A AA TGC
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Changes to nucleotide 
sequences

Alteration of reading 
frame Length of polypeptide 

A Deletion of 2 bases Yes Shorter 

B Insertion of 2 bases Yes Longer 

C Substitution of 4 bases No Unchanged 

D Insertion of 4 bases Yes Longer 

10 Which row correctly identifies the characteristics of the human genome? 

  Promoter Histone proteins 
bound to DNA 

Centromeres Repeated 
sequences

 A Multiple Always Position varies for 
every chromosome 

Absent 

B One Always Position varies for 
every bivalent 

Present 

C Multiple Sometimes Position varies for 
every bivalent 

Present 

D One Sometimes Position varies for 
every chromosome 

Absent 

11 The globin gene family in humans consists of ,  and  genes. These genes code for 
the globin chains that make up haemoglobin and are expressed at different levels during 
different developmental stages. 

The graph shows the expression of the various globin chains during the prenatal (fetal) 
and postnatal (after birth) periods. 
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Which of the following cannot account for the differences in the levels of expression of 
globin chains? 

 A Methyl groups are added to regulatory sequences of -globin genes during the 
postnatal period, allowing for some proteins to bind. 

B A growth factor triggers the expression of a transcription factor that increases the 
rate of -globin gene expression during the postnatal period. 

C Alternative splicing occurs in the mature mRNA of the -globin and -globin genes, 
resulting in differences in the rate of expression of globin chains during the prenatal 
period. 

D The shortening of poly(A) tail in the mRNA of globin genes reduces its stability, 
resulting in a decrease in the rate of expression of -globin chains during the 
postnatal period. 
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12 Seven skeletons were found in an unidentified grave. To establish the relationship 
between these seven individuals, DNA were isolated from these skeletons and then 
analysed using gel electrophoresis. 

The results obtained from the skeletons, three children and four adults, are shown below. 

Child 1 Child 2 Child 3 Adult 1 Adult 2 Adult 3 Adult 4 

       

Other analysis showed that all three children have the same parents. Which two adults 
may be the parents of these children? 

 A Adults 1 and 2 

B Adults 1 and 3 

C Adults 2 and 3 

D Adults 2 and 4 

13 The graph shows the change in the quantity of DNA in a cell with one pair of 
chromosomes during a cell division. 

 
Which nucleus is formed as a result of this division? 

wsss thththththheee e chchhannnnnngegegegege innnnn thhthththeeeee quanaannntitititiiiiitytytyytytytytytytyyyyyyyy ooooooooofffff f f DNDNDNDNNA A A A AA ininininin a
uring aaaaa ccccceellll dididididivivivisisisisis ononononon. 

KiasuExamPaper.com



River Valley High School Page 10 of 19  Year 6 H2 Biology 9744 Paper 1
2017 Preliminary Examination II 

 A B C D 

 

14 The diagram depicts the behaviour of chromosomes at various stages of meiosis of the 
same cell. 

 
Which of the following shows the correct order of the stages? 

 A III  V  II  VI  IV  I 

B III  I  V  II  VI  IV 

C II  III  I  V  VI  IV 

D I  III  V  II  VI  IV 

15 Which of the following are necessary for tumourgenesis to occur? 

1 Gain of function mutation to proto-oncogenes 

2 Loss of function mutation of tumour suppressor genes 

3 Inactivation of telomerase enzymes preventing cell apoptosis 

4 Production of chemical factors that induce angiogenesis 

 A 1 only 

B 1 and 2 only 

owwingngng aaaaaarerererrr nnnnnececececece esssssssasasasasasaryryryryryy ffffffororororor ttttttumumumumumu ouououououourgeneeneenenenesessesesesisis too ococcucur? 

uncccctittititiononononnn mmmmmmutuuutuu atatatatattioiooioioionnnnn totoototoo pppppprorororororototototototo-o-o-o-o-ooncncncncncncoogooooo eneses 

unction mutation of tumour suppressor genes
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C 1, 2 and 3 only 

D All of the above 

16 The diagram shows the structure of an influenza virus. 

 
Which of the following statements concerning the lettered components are correct? 

1 Mutations that disrupt the function of R will result in the inability of the virus to 
initiate infection in the host cell. 

2 P and Q are unlikely targets for vaccination because they undergo mutation 
constantly. 

3 New influenza viruses acquire S from host cell during budding. 

4 The host cell enzymes are not required to form the complementary RNA from T. 

 A 1 and 2 only 

B 3 and 4 only 

C 1, 2 and 3 

D 2, 3 and 4 

17 Which statements about viruses are true? 

1 They encode genes for synthesising their own ATP. 
2 They are single-cell organisms. 
3 They can have genomes made of DNA. 
4 They package ribosomes into their virion. 
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5 They can have a single-stranded or double-stranded RNA genomes. 
6 They can have a membrane-like envelope. 

 A 5 and 6 only 

B 3, 5 and 6 

C 1, 3, 5 and 6 

D All of the above 

18 Which of the following statements about the lac operon are correct? 

1 lac Z, lac Y and lac A are structural genes that will be expressed when the 
operator is switched on. 

2 In the absence of alloactose, the repressor protein will be unable to bind to the 
operator. 

3 When glucose and lactose are available and the repressor becomes inactive as 
allolactose binds to it. 

4 lac Y codes for a protein that increases uptake of lactose from environment. 

5 Catabolite activator protein binds to promoter to increase rate of transcription. 

 A 1 and 2 

B 1 and 3 

C 1, 2 and 5 

D 3, 4 and 5 

19 A black-haired female rabbit was crossed with a white-haired male rabbit. Eight offspring 
were born. Two were white-haired males, two were white-haired females and all the 
others were black-haired females. 

What can be deduced about the inheritance of hair colour in rabbits? 

 A Hair colour is sex-linked in rabbits. 

B The allele for black hair is dominant to the allele for white hair. 

C The allele for white hair is dominant to the allele for black hair. 

D The results of this cross are inconclusive. 

20 Two genes, Q and R, affect the size of the petals and the pigmentation of a flower. 

Gene Q has two alleles, QL and QA. The genotype QLQL produces large petals, QLQA 

iss sssssexexexexex-linnkkkeddd dd ininininin rabbbbbbibibibibib tstststss. 

orrrr bbbblalalaaaackck hhhhhaiir issss ddddddomomomomommminninini anntt too thee allellllleeeee fofofofofor r r r r whhwhwhwhititititi eee hhhah

or white hair is dominanaanant to the allele for black ha
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produces small petals, and in QAQA, petals are absent. 

Gene R has two alleles. R produces a red pigment and is dominant over the allele r that 
produces no pigment. 

A plant that is heterozygous at both gene loci was selfed. How many different 
phenotypes will be observed in the next generation? 

 A 4 

B 6 

C 9 

D 12 

21 The common isotope of oxygen is 16O. Air containing 16O2 and 18O2 was bubbled through 
a suspension of algae for a limited period. After this, the concentration of these two 
isotopes of oxygen in the water was monitored for the next 50 minutes whilst the algae 
were subjected to periods of dark and light. The results are shown in the diagram. 

 
What is the best explanation for these results? 

 A Both isotopes of oxygen are used by the algae in the dark in respiration, but in the 
light oxygen is produced from water in photorespiration. 

B The algae can distinguish chemically between the two isotopes. 

C The algae produce oxygen from the water used in photosynthesis, but only in the 
light. 

D The two isotopes have different rates of diffusion. 

22 After vigorous exercise, changes occur in the muscle tissue. Compared with ‘at rest’ 
conditions, what will the changes be? 

can dididididd ssstinnggguissssssh hh hh h ccchccc ememememememicicicicicicaaalaa lyyyy beeetwweweeweeweeenenenene ttttthehehhh ttwowo iisosotot p

prododododo ucuuuuuu e oxygyggygyggen fffffrorororororom ttthttt e watter usedd iinn phphototososyynt
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 ATP lactate pH 

 A decreased increased decreased 

B increased increased increased 

C decreased decreased increased 

D increased decreased decreased 

23 The hormone insulin binds to the tyrosine kinase receptors and initiates various signal 
transduction pathways to generate cellular responses. Which of the following shows the 
correct sequence of events, following the binding of insulin to the receptor?  

1 phosphorylation of tyrosine residues  

2 signal amplification 

3 dimerisation of tyrosine kinase receptor  

4 signal transduction 

5 activation of transcription factors 

 A 1  3  2  4  5 

B 3  4  1  2  5 

C 1  3  5  4  2 

D 3  1  4  2  5 

24 During pregnancy, glucose is transferred from the bloodstream of the mother to the 
bloodstream of the foetus through the placenta.  

In an experiment conducted on a pregnant female subject, experiments X and Y were 
conducted with control periods of no treatment before them.  

Measurements of blood glucose levels in both mother and foetus were made. Also, the 
glucose transfer rates from mother to placenta, and from placenta to foetus were 
monitored. The experimental data is shown in the table below.   

Experiment Glucose concentration / mg cm-3 Glucose transfer rate / mg min-1 

Maternal blood Foetal blood From mother to 
placenta 

From placenta 
to foetus 

Control period 54 15 38 9 

After X 54 9 38 16 

Control period 52 14 39 8 

of blood glucose levels in both mother and foetus
r rrrrataaaa esesesses frorroroom mmmomm thhhhhererereer tttttoo o oo placcenta, ananananndddd frfrfrfrromomomomomm pla
exppperererere imimimimimenntttalllll dadadadadatatatatat iiiisss ss shshshshshowowowowwn innn thehehehehheheheheheheee ttttttababababablelelelelllelele bbbbbelelelelelowowowowoww.  

GGGGlulululuucococococosesessese ccccconononononcececececec ntntntntntnn rarararaatitittiononoono //// mmmmmg gggggg cm-3 GGGGGGlulululululucocococose tr

M t l bl d F t l bl d From moth
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After Y 211 30 58 34 

Which of the following is likely to describe experimental steps X and Y? 

  X Y

 A Glucagon injection given to foetus Insulin injection given to mother 

B Insulin injection given to foetus Glucagon injection given to foetus 

C Insulin injection given to mother Glucagon injection given to foetus 

D Insulin injection given to foetus Glucose injection given to mother 

25 The graph below shows the relationship between birthweight and infant mortality in 
humans. 

 
What type of selection is demonstrated above? 

 A Directional selection 

B Disruptional selection 

C Stabilising selection 

D Artificial selection 

26 The formation of the Isthmus of Panama around 3 million years ago (Mya) led to the 
separation of the Pacific and Atlantic oceans. Pistol shrimps of the Alpheus genus can be 
found in both oceans, surrounding the Isthmus. Alpheus nuttingi resides in the Atlantic 
ocean and Alpheus millsae resides in the Pacific ocean. 

leccctittititiononononoo  

f the Isthmus of Panama around 3 million year
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Despite being physically separated, A. nuttingi and A. millsae are morphologically and 
genetically very similar. The two species have also been shown to be capable of 
interbreeding in captivity. Which of the following statements are likely to be true? 

1 A. nuttingi and A. millsae are derived from a common ancestral species. 

2 The formation of the Isthmus resulted in geographical isolation of the two species 
3 Mya. 

3 A. nuttingi and A. millsae are two separate species because they are 
geographically isolated. 

4 Similar environmental conditions around the Isthmus exerted similar selection 
pressures, leading to convergent evolution between A. nuttingi and A. millsae. 

 A 1 only 

B 1 and 3 

C 2 and 3 

D 3 and 4 

27 Myxomatosis is a viral disease of rabbits. It spreads rapidly and most rabbits die within 
14 days of being infected. Myxomatosis has been deliberately used to reduce the 
number of rabbits in countries where they are a significant crop pest. 

The initial release of the virus caused populations to fall by over 90%. Resistance to 
myxomatosis increased in the 70 years following initial release, so at the present time up 
to 50% of infected rabbits are able to survive. 

Which of the following statements could explain the increasing frequency of resistance to 
myxomatosis in the years following release of the virus? 

1 In populations with high incidences of myxomatosis, mutations leading to 
resistance are more likely to occur. 

2 Infected rabbits die quickly, hence the alleles that code for myxomatosis are 
eliminated from the population. 

3 The initial release of the virus led to a bottleneck event, greatly altering the 
frequency of alleles in rabbit populations. 

4 During disease outbreaks there is greater food availability for the surviving 

se of the virus caused populations to fall by ov
creaeeaaseseseedddddd innnn theeeeee 7777770 000 yeyeyeyeyeyeararararars s s sss fffoollowwwing g initiaall rereleleasase,e, so
ed rababababbabbibbbbb ts aaareeeeee aaablblblblblble totototototo ssssssuruuuuu viviv ve.

owiwiwiwingngngngggg sssstatatat tetetetemmmem ntttttts ssss cococococoooulululululu dddddd exxxxxxplplplplplplaiaa n the inincrcreaeasisingng ffre
theee yyyeaeaeaeaaarsrsrsrsrsrs ffffffololoolollololoololowiwwiww ngngngngngng rrrrrreleleleleleleaeaeaeaaasesesesesese oooooofff tthttttt e vivirurus?s? 

ations with high incidences of myxomatosis
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rabbits, increasing the probability that they survive. 

 A 4 only 

B 1 and 2 only 

C 2 and 4 only 

D 2, 3 and 4 only 

28 Which statements correctly describe lymphocytes? 

1 Each B lymphocyte has the ability to make several types of antibody molecules. 

2 Some B lymphocytes and T lymphocytes become memory cells. 

3 Plasma cells secrete antibodies into the blood plasma. 

4 Some T lymphocytes stimulate macrophages to kill infected cells. 

 A 1, 2, 3 and 4 

B 1, 2 and 3 only 

C 2, 3 and 4 only 

D 1 and 4 only 

29 When sufficient individuals are vaccinated, the disease transmission cycle can be 
broken. The diagram shows the effect of vaccination of children on the prevention of 
infection. 

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

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

2 Vaccination of children reduces the percentage of infections in both adults and 
children. 

3 The effect on adult infections is less than that of infection in children, because 
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adults will have been vaccinated as children. 

 A 1, 2 and 3 

B 1 and 2 only 

C 1 and 3 only 

D 2 and 3 only 

30 The diagram shows the effect of increasing temperatures on the ice and snow cover at 
the polar regions. 

 
Which effect of higher temperatures in the polar regions could increase global warming? 

 A Increased evaporation leads to more rainfall, which absorbs heat from the land and 
sea. 

B Melting of ice and snow results in less reflection of sunlight and more heat 
absorption by the earth. 

C Melting of sea ice causes more cloud formation which increases absorption of heat 
in the atmosphere. 

ighererererer ttttttemmpepepeeeeraaaaaatutututututurererrerer s inninininn tttttthhehehhh  polaaar rrrrregeeegegeegioioioionsnsnsnsnnn ccoouldld iincr

evapapapapororororororatatatatata ioioioioioion n nnn leleleleleleadadadadaadssssss totototototo mmmmmmorororororore ee e e e rarararararainnnininnnfall, whwhicichh ababsos rbs 
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D Earlier melting of snow allows vegetation cover to increase faster, reducing loss of 
heat from the surface of the Earth. 
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Answer all questions. 

1 Fig. 1.1 shows an electron micrograph of part of a plant cell.  

 
Fig. 1.1 

(a) Identify region A and state its function. [2]

 1. Stroma (of chloroplast);; 
2. Site of light independent reactions / Calvin cycle;;  

  

(b) Describe how the structure of the membrane at B allows it to perform its 
function. [3]

 1. (S) Large surface area of thylakoid membrane; 
2. (F) Holds photosystems for light absorption / ETC for transfer of 

electrons; 
3. (S) Thylakoid membrane impermeable to H+; 
4. (F) Allows proton gradient to be generated (for chemiosmosis); 
5. (S) Contains ATP synthase; 
6. (F) For phosphorylation of ADP to ATP / ATP synthesis. 
 

  

 Cyanobacteria are prokaryotic cells that are capable of carrying out photosynthesis. The 

argge surface area ooff tht yly akoid membrane;;
oldsds pphoottosysyststemmss foforr lighht ababaababaababaaaa sooososososooosorprprprprppptitiononon /// EEET
ronnss; 
hylalakokoidid mmemembrbranane e imimpepermrmeae bleee tototo HHH+++;;;
lows proton gradient t to be generated (for chem
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structure of a cyanobacteria is shown in Fig. 1.2. 

Fig. 1.2

(c) With reference to Fig. 1.1 and Fig. 1.2, compare the visible structures of 
cyanobacteria with that of C. [2]

 Similarities (1 max) 
1. Both are bound by two membranes;; 
2. Both have thylakoids;; 

Differences (1 max) 

Feature Chloroplast Cyanobacteria 

Grana Present Absent;; 

Intergranal lamellae Present Absent;; 
 

  

 Cyanobacteria are considered to be the ancestors of structure C. They continued to 
function after being engulfed by primitive eukaryotic cells and evolved over time. This 
theory is known as the endosymbiont hypothesis. 

(d) State two features of structure C that provide support for this hypothesis. [2]

 1. contains circular DNA;; 
2. has 70S ribosomes;; 
3. divides via binary fission;;

  

  [Total: 9]

ainsns cirircuculal r DNDNA;;;;
0SS rribibosomomeses;;;; 
es vviaia bbini ary y fissssioion;n ;
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2 Fig. 2.1 shows the structure of a G-protein coupled receptor (GPCR). 

Fig. 2.1 

(a) Describe how the structure of GPCR is adapted to its function. [3]

 1. (S) The seven -helices are mainly hydrophobic;  
2. (S) can interact with the hydrocarbon tails of phospholipids via 

hydrophobic interaction; 
3. (F) embeds GPCR in the cell surface membrane; 

 
4. (S) has an extracellular binding site; 
5. (F) for binding to complementary shape ligand; 
6. (S) has an intracellular binding site / segment;  
7. (F) (for binding to G protein) for activation of G protein; 
8. (F) to transduce extracellular signals for activation of intracellular 

proteins / signal transduction; 

 

 One of the cellular events resulting from glucagon binding to GPCR, shown in Fig. 2.1, is 
the activation of glycogen phosphorylase which breaks down glycogen to glucose.  

(b) (i) Describe how binding of glucagon leads to activation of glycogen 
phosphorylase. [3]

  1. (binding of glucagon to ligand binding site on GPCR) causes 
conformation change of receptor; 

2. GTP displace GDP in G protein;  
3. activating it;  

cribe how binding of glucagon leads to activa

arr eeeveeeeentntntntn sss rererereresssuss ltttttinininininggggg frfrfrfrf omomomomomo ggggglululululuucacacacacagooooonnnnnnnnnn bibibibibibibinnndndndndnndndnddnn inggggg totototototo GGGGGGPC
glycycycyycogogogogogenenenenen ppppphohohohohospspspsps hohohohohoryryryryrylalallalasesesesese wwwwwhihihhihichchchchchch breeeeeakakakakakaks ssss dododododod wnwwwww  glyc
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4. and move along membrane to activate adenylyl cyclase; 
5. Catalyse conversion of ATP to cAMP; 
6. Activation of protein kinase A; 
7. Activate phosphorylation cascade;  

   

 (ii) Explain why liver cells store glucose in the form of glycogen. [3]

  1. (large molecule) insoluble in water and will not exert osmotic 
or chemical influence on the cell;; 

2. anomeric carbon is involved in glycosidic bond making 
glycogen stable and unreactive;;  

3. extensively branched, hence is compact in shape;; 

  

 The binding of glucagon to GPCR leads to an increase in blood glucose level partly due 
to the action of glucose transporters. Glucose transporters transport glucose via 
facilitated diffusion. 

(c) (i) Explain what is meant by facilitated diffusion. [2]

  1. Net movement of glucose; 
2. down concentration gradient; 
3. via channel /carrier protein; 
4. without additional investment of energy;

  

 (ii) Explain why glucose transporters are necessary to facilitate this 
process. [2]

  1. glucose is polar;; 
2. cannot diffuse across hydrophobic core; 
3. of membrane/phospholipid layer; 

 

 [Total: 13]

KiasuExamPaper.com



River Valley High School Pg 6 of 23  Year 6 H2 Biology 9744 Paper 2
2017 Preliminary Examination II

3 Fig. 3.1 shows DNA replication in an Escherichia coli (A) and in a mammalian cell (B).
Diagrams are not shown to scale. 

                               A                                                                       B 
Fig. 3.1

(a) State one way in which the DNA replication in these two organisms differs and 
explain the advantage of this to the mammalian cell. [2]

 1. Single origin of replication in bacterium but multiple origin of 
replication in mammalian cell;; Accept: multiple replication sites / 
bubbles 

2. Larger / longer DNA, speed up replication;;

  

(b) Explain why DNA replication is said to be semi-conservative. [2]

 1. Parental DNA strands separate / ref. to H bonds break; 
2. Both strands acts as a template for synthesis of daughter strand; 
3. Each daughter DNA molecule consists of one parental strand and 

one newly synthesised strand of DNA;; 

  

 End replication problem is a fundamental problem associated with replicating DNA 
in eukaryotes.
Some cells contain telomerase, which is responsible for extending the ends of DNA 
in eukaryotes. Fig. 3.2 shows the action of a telomerase enzyme. 

ainnn telelelelomomomomoo ereeee asssssse,e,e,e,e,e, whihihihihh chchchchchh iiiiiis ssss rrrespppoonsible foforr exextetendnding
g. 3.3.3.3.3 2222 22 showowowsss sss ththththththeeeeee acacacacacctitititiitionononononon ooof a tetteeloloooooomemmmememmmmm rararaaaasesesese eenznzymyme. 
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Fig. 3.2 

(c) Explain how the end-replication problem arises. [2]

 1. due to the specificity of DNA polymerase;
2. the RNA primers complementary to the 3’ ends (of the template 

DNA); 
3. cannot be replaced after their removal; 
4. without a 3’ hydroxyl group on the DNA strand for DNA polymerase 

to add nucleotides to;

  

(d) With reference to Fig. 3.2, state two differences between transcription and the 
process of lengthening of DNA ends. [2]

 Feature Lengthening of DNA Transcription 

Template RNA DNA 

Monomers DNA nucleotides RNA nucleotides 

Enzyme 
involved 

Telomerase RNA polymerase 

Product 
synthesised 

DNA RNA 

1 mark for each comparative statement 
Any two 

  

  [Total: 8]

eacachh ccompmpararatativvee sttatateemenent tt
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4 Huntington’s disease is a rare neurodegenerative disorder targeting the central nervous 
system. Transcriptional dysregulation is one of the commonly observed molecular 
abnormalities affected in this disease. Recent evidence suggests the involvement of a 
mutant Huntingtin protein in the processes regulating condensation of DNA, leading to 
activation of DNA damage response and death of nerve cells. DNA in various levels of 
condensation can be observed in the nerve cell nucleus. Fig. 4.1 shows one of the levels 
of condensation of chromatin. 

Fig. 4.1 

(a) It is postulated that mutant Huntingtin protein facilitates packing of DNA into 
structure shown in Fig. 4.1. Describe how the DNA double helix is condensed 
into this structure. [2]

 1. DNA coils around histone octamer; 
2. Forming ‘beads on a string’ structure’ / 10 nm chromatin fibre / 

nucleosome fibre; 
3. Histone H1 further interacts; 
4. with linker DNA; giving rise to the structure 

  

(b) The chromosomal condensation in (a) is the main reason for the commonly 
observed transcriptional dysregulation in Huntington’s disease. Explain how 
transcription is affected. [3]

 1. Downregulation of transcription;; 
2. DNA is condensed / highly folded; 
3. Promoter not accessible; 
4. for binding of RNA polymerase / transcription factors; 
5. to initiate transcription; 

   

 It is observed that nerve cells could remove Huntingtin proteins via ubiquitination of 
specific amino acids. However, the mechanism that triggers ubiquitination is unclear.  
In a study to determine the mechanism for degradation of Huntingtin proteins, selected 
amino acids were investigated and the results are shown in Table 4.1.  

Table 4.1 

 13th amino acid: 
serine 

16th amino 
acid: serine 

6th amino 
acid: 
lysine 

9th amino 
acid: 
lysine 

15th amino 
acid: 
lysine 

Fate of 
Huntingtin 

protein 

Trial 1 De- De- Ubiquitin 
not

Ubiquitin 
not

Ubiquitin 
not Remains 

hatatatata nnnnererere vevevevee cccccells cccccouououououuuuldldldddl  rememememmmmovovovovooo e HuHHH tttntntntntnttiininininiiningtgtgtgtgtininininini pppprororororotettt i
cidsdsdsss. HoHoHoHoHowewewewewevevevevever,rr,r, tthehehehehe mmmmmmecececececechahahahahaanininininin smsmsmsmmsmms  thaaaaat t tt t trtrtrtrtrtrigigigigiggegegegeersrsrsrsrrs ubiqu
termine the mechanism for degradation of Hunt
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phosphorylated phosphorylated attached attached attached active 

Trial 2 Phosphorylated De-
phosphorylated 

Ubiquitin 
not

attached 

Ubiquitin 
not

attached 

Ubiquitin 
not

attached 

Remains 
active

Trial 3 De-
phosphorylated Phosphorylated 

Ubiquitin 
not

attached

Ubiquitin 
not

attached

Ubiquitin 
not

attached

Remains 
active

Trial 4 Phosphorylated Phosphorylated Ubiquitin 
attached

Ubiquitin 
attached

Ubiquitin 
attached Degraded 

x 

(c) With reference to Table 4.1, 

 (i) state the level of control for Huntingtin gene expression.  [1]

  Post-translation;; 

   

 (ii) describe the events at the selected amino acids that triggers the 
degradation of Huntingtin proteins. [2]

  1. Phosphorylation of serine residues; 
2. at position 13 and 16; 
3. ubiquitination of lysine residues; 
4. at positions 6, 9, and 15;      

  

 (iii) describe how ubiquitination results in the removal of mutant Huntingtin 
protein. [2]

  1. Ubiquitin marks the mutant Huntingtin protein for 
degradation;; 

2. Proteasomes recognises ubiquitin (tag) on protein; 
3. and hydrolyses / breaks down protein into peptide / amino 

acids;  

  

  [Total: 10]
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5 Fig. 5.1 shows the structure of a T4 virus. 

Fig. 5.1 

(a) Identify structure Y. [1]

 Double-stranded deoxyribonucleic acid;; 

  

 The T4 virus cannot reproduce by itself and relies upon a host cell for reproduction. 

(b) State specifically why T4 viruses rely on host cells for their reproduction. [2]

 1. lacks a named enzyme (e.g. RNA polymerase / DNA polymerase);; 
2. lacks a named organelle (e.g. golgi apparatus for protein modification / 

RER for protein synthesis);; 
3. lacks a named molecule for protein synthesis / DNA replication;; 
4. lacks a named energy resources, e.g. ATP;; 

  

 T4 viruses use bacteria as its host. Fig. 5.2 shows the results of an experiment in which 
T4 viruses were added to a culture of bacteria. Samples of the culture were then taken at 
intervals to determine the number of free T4 viruses present. 
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Fig. 5.2 

(c) With reference to Fig. 5.2, describe and explain the changes in number of 
free T4 viruses 

 (i) in the first 10 minutes; [2]

  1. number of free viruses decreases from 104 to 101 cm-3;; 
2. Due to attachment of viruses on the E. coli;;           
Reject: viruses enter host cell                    

  

 (ii) between 30 and 60 minutes. [3]

  1. number of free viruses increases from 101  to 106 cm-3;; 
2. due to lysis of host cell to release viruses;;  
3. (increase in number of viruses from 104 to 106) due to 

multiplication of viruses;; 

 

due to lyysis of host t cec ll to release viruses;s;;;;  
(inncrcreeasee inn nunumbmberer oof vviruusseeeeeeeesssssssssss ffrfrfrfrfrommmomomomomomm 1100044 tototo 1110006)
muultipiplil cacatitioon oof f viviruruseses;s;;;
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 A scientist carried out an investigation using T4 virus and two strains of bacteria: B+

cells which can grow in media without lysine and B-- cells which only grow when 
supplied with lysine.  The procedure is shown in Fig. 5.3. 

Growth observed on medium 
Fig. 5.3 

(d) (i) Explain the observations made by the scientist. [3]

  1. (Generalised) transduction; 
2. T4 infects B+ cell; 
3. Fragment of B+ DNA confers ability to produce lysine;  
4. are accidentally packaged into phage capsid;  
5. Upon release from B+ cell, transducing phage infects new B- 

cell; 
6. B+ DNA incorporated into B- DNA (via homologous exchange); 
Penalise 1 mark for lack of contextualisation 

  

 (ii) Suggest one other potential benefit of the process mentioned in (d)(i)
for the recipient bacteria. [1]

  1. Develop antibiotic resistance/ xenobiotic (chemical) 
resistance;; 

2. Ability to utilise a new metabolite;; 

 

  [Total: 12]

T4 are mixed with B+ cells 

T4 are isolated from the culture and added to B-- cells 

B-- cells are plated on medium lacking lysine 

Devevvelelelopoo aaantntntibibibioiootititiccc resisisistststtsttttttttananananananananaaanananaaanaa cecececececeececeeceeeee/ / / ////// // / xexexexexexexeennnnnonnn bio
reeesissistststananancecece;;;; 
Abibib lilitytyty tttooo utututilililissse ee a nenenew w w mememetattaboliiiiiiiitetetetetetete;;;;;;  

he rerrerrecipipippiennnnt baaaaactcccc eriaaaa. 
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6 The cell cycle is an ordered sequence of events involving two stages that culminates in 
cell growth and division into daughter cells. It is an essential mechanism by which all 
living things reproduce. 

Pearson Education Inc., 2017

Fig. 6.1 

(a) With reference to Fig. 6.1, name the longest stage of the cell cycle and 
discuss the main events in this stage. [3]

 1. Interphase;; 
2. Accumulation of energy stores / ATP; 
3. Synthesis of proteins; 
4. Synthesis of (cytoplasmic) organelles; 
5. Replication of centrioles; 
6. DNA replication; 

R: synthesis of nucleic acids 

  

 Fig. 6.2 shows a cell viewed from the spindle pole during cell cycle. ceeelll vvvvieieieieeweweed frfrfrfrrf omomomomom tttttheheheheheh ssssspipppp nndle ppole duririririr ngngngngg ccccelelelelelelllll cycyyyyycle
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Fig. 6.2

(b) (i) State the type of nuclear division and name the stage shown in Fig. 
6.2. [1]

  Type: mitosis; 
Stage: metaphase;

  

 (ii) Explain your answer for (b)(i). [2]

 1. Chromosomes lined up at metaphase plate singly ( not 
meiosis I);;  

2. (4) pairs of homologous chromosome present (  not 
meiosis II);;

 

(c) With reference to Fig. 6.2, complete Table 6.1 to show the number of 
chromosomes and mass of DNA in each nucleus during different phases of 
mitosis.  [2½ ]

 Table 6.1

Number of 
chromosomes per 

nucleus 

Mass of DNA per 
nucleus / g 

Prophase of mitosis 8; 170

Metaphase of mitosis 8; 170;

Telophase of mitosis 8; 85;

 

 Mutations in ras proto-oncogenes are among the most common events in cancer. Gain-
of-function mutations in ras proto-oncogenes are known to result in dysregulation of the 
cell cycle due to faults in signalling pathways. 

chchchchchrorrrrr mosomes per 
nnnucllleeuus s 

n

e ooofff f mimimimitottototot sisisiissssss 8;8;8;

se ee offoff mmmmititititititosoososososisisis 8;88;
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(d) Explain what is meant by proto-oncogenes. [1½]

 1. Normal genes; 
2. which codes for a protein; 
3. that promotes normal cell division; 

  

(e) Explain how a mutant Ras protein may lead to cancer. [3]

 1. Hyperactive / degradation-resistant Ras protein;;
2. relays signal from growth factor / triggers kinase cascade;
3. in the absence of growth factor;
4. Resulting in proteins that stimulate cell cycle;
5. thus uncontrolled cell division;

  

(f) Other than cancer cells, ras gene expression is also upregulated in 
embryonic stem cells. However, the latter does not result in a disease 
phenotype.
Explain what embryonic stem cells are. [2]

 1. unspecialised cell / pluripotent;
2. can divide and grow indefinitely;
3. differentiate into any cell type except those that form the placenta 

and the umbilical cord under appropriate conditions;
4. found I inner cell mass of blastocyst; 

  

  [Total: 15]
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7 The coat colour of Labrador retriever dogs are determined by genes at two loci. The 
presence of the dominant alleles B and E results in black coats, whilst the presence of only 
the dominant allele E results in brown coats. Individuals that are homozygous recessive at 
the E/e locus will have golden coats. 
A true breeding male retriever with a black coat was crossed with a female retriever with a 
golden coat. The resulting F1 offspring all had black coats and the same genotype. A test 
cross was conducted for the F1 individuals. 

(a) State the genotype of the F1 individuals. [1]

 BbEe / BBEe;; 

  

(b) Using the symbols for the alleles stated above, draw a genetic diagram to 
explain the test cross. [3]

 
F1 phenotypes    Black  x Golden  
F1 cross   BbEe  x bbee   ; 
 
F1 gametes         BE      Be      bE      be  ;      be   ; 
 
Random Fertilization (as shown in the Punnett Square) 

 
 

BE 
 

 
 Be 

 
   bE 

 
be 

    
   be 
 

BbEe 
Black  

Bbee 
Golden 

bbEe 
Brown 

bbee; 
Golden; 

 
Offspring phenotypic ratio         1  Black    :     2 Golden     :    1 Brown ;
     
OR 
 
F1 phenotypes    Black  x Golden  
F1 cross   BBEe  x bbee   ; 
 
F1 gametes                   BE      Be      ;                be   ; 
 
Random Fertilization (as shown in the Punnett Square) 

 
 

BE 
 

 
 Be 

    
   be 
 

BbEe 
Black  

Bbee 
Golden 

 
Offspring phenotypic ratio         1  Black    :     1 Golden;

              BEBB   BeBeBe      ;               bbbbbbbbeeeeeee  

zaatiitionnn (((asasas ssshooownwnwn iiinnn thththeee PuPuPunnnnnnnnnetttetetttett t ttttt t t SqSqSqSSSSS uauauauauauauaarererererererr ))))))

BEBEBE BBBe 
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(c) Name and describe the type of interaction between the gene loci. [3]

 1. (recessive) Epistasis;; 
2. ee is epistastic over the B/b locus; 
3. gene E encodes for enzyme E; 
4. converts golden precursor; 
5. to brown pigment; 
6. gene B encodes enzyme B; 
7. converts brown pigment to black pigment; 

  

 The pedigree shown in Fig. 7.1 shows the inheritance of coat colour in a family of Labrador 
retrievers.

Fig. 7.1

(d) (i) State the genotype of individual II-1. [1]

  bbEe;; 

  

 (ii) Explain your answer in d(i). [2]

  1. Individual II-1 is brown, genotype must be bbE_;; 
2. Individual II-1 has golden offspring, must be heterozygous at 

E/e locus;; 
  [Total: 10]

ndivvidduuall III-1-1 iiss brbrowown,n, ggenenototypppppppppppe e eeeeeeeee mumuuumuumuumuustss bbbe ee bbbbb E_
ndivvididuauall IIII-1-1 hhasas ggololdeden n ofoffsprrininng,gg mmmususust be
/e lolocucus;s;;;

n yoyoyooyoyourrurrur aaaaaansnsnsnsnsweeeeerrr iniiii  d(d(d(d(d(i)i)i)i)i)i .. ..

KiasuExamPaper.com



River Valley High School Pg 18 of 23  Year 6 H2 Biology 9744 Paper 2
2017 Preliminary Examination II

8 Fig. 8.1 is an electron micrograph of a mitochondrion. 

Fig. 8.1 

(a) (i) Identify structures J and K. [1]

 J (mitochondrial) Matrix;

 K inner (mitochondrial) membrane / crista;

 

 (ii) Describe how structure J is adapted to its function. [1]

 Matrix contains enzymes for Krebs cycle / link reaction;;

 

(b) (i) State the role of high concentration of protons at L. [1]

  It acts as a source of potential energy for the synthesis of ATP by 
ATP synthase;; 

  

 (ii) Explain how the high concentration of protons is generated at L. [3]

  1. electrons from NADH / FADH2;  
2. passes along a chain of electron carriers (releasing energy in 

a series of small steps); 
3. free energy released;  
4. is used to pump protons;  
5. from matrix into intermembrane space; 

J 

K 

L 

ainnnn hoohoohohoowww ww thththththththheee ee hihiighghh conononononceccececentntntntntraraaaatitititit onoo  of prprprprprooto onononononons sssss iisisis gene

ts as a source of ppotential energy for the syn
syyntnthahasee;; 
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6. inner mitochondrial membrane is impermeable to ions;  

   

 In an investigation to determine the effect of chemical M on respiration, 
mitochondria were incubated in four ways: 

1. with glucose 
2. with pyruvate 
3. with glucose and chemical M
4. with pyruvate and chemical M

The results are summarised in Table 8.1. 
Table 8.1 

CO2 evolution O2
consumption 

ATP production 
by oxidative 

phosphorylation

Glucose x x x

Pyruvate 

Glucose + chemical M x x x 

Pyruvate + chemical M x

(c) (i) Explain why carbon dioxide is produced when mitochondria are 
incubated with pyruvate but not when incubated with glucose. [3]

  1. no glycolytic enzymes in mitochondria; 
2. glycolysis does not occur in the mitochondria / glycolysis can 

only occur in the cytosol; 
3. glucose cannot be oxidised to form pyruvate; 
4. pyruvate can enter mitochondria but glucose cannot; 
5. CO2 produced by decarboxylation in link reaction; 
6. and Krebs cycle; 

  

 (ii) Suggest why when mitochondria are incubated with pyruvate and 
chemical M, oxygen consumption  occurs but not ATP production. [2]

  1. Chemical M only block ATP synthase so no phosphorylation 
of ADP/no flow of H+ down concentration gradient (through 
ATP synthase);; 

2. Chemical M does not affect ETC to transfer electrons to 
oxygen;; 

  [Total: 11]

and Krebs cycle;

gesssst ttt whwhwhwhwhy y y y y whwhhwhwhenenenene mmmmmmmititititi ococococochohohohohondndndndndriririiia aaaa areeeee ininininincucucucucuubabababababattttet dddd w
miccccalaal MMMMM,,,, oxoxoxoxoxoxygygygyy enenenn cccconnnnnsususususus mpmpmpmpmpm tititititiononononon occucucucucuc rsrsrsrsrs bbbbbutututututu nnnnnnotoooo  ATP
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9 Tetanus is a disease caused by a bacterium. When the tetanus bacteria enter the body 
they release a toxin which causes muscular rigidity and extreme pain. Children in the 
United Kingdom are routinely vaccinated against tetanus at an early age. 
Fig. 9.1 is a diagram that shows three B lymphocytes (P, Q and R) and the events that 
occur during an immune response to the tetanus toxin. 

Fig. 9.1  

(a) Explain what is happening at stages X and Y in the immune response to 
tetanus toxin. [2]

 X: 
1. Only Q has receptor / clonal selection; 
2. Receptor and toxin have complementary shape;; 

 
Y: 

1. Q undergoes clonal expansion / form clone / divide / increase 
number / mitosis; 

  

  

ly QQ hahas rrececeptptorr // cclolonanal seselection;n;n; 
cepeptotor r anndd totoxixinn hahaveve ccomompplemmmmmmmmmmmmmmmmmmenenennenenene tatataataatatatatat ryryrrryr shahahape;;
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 Fig. 9.2 shows an antibody molecule secreted by cell S.

 
Fig. 9.2 

(b) Describe how the antibody is folded from linear polypeptide chains. [4]

1. Localised folds; 
A: (H) bonds between CO and NH groups 

2. along the polypeptide backbone; 
3. give rise to -helix; 
4. and -pleated sheets; 
5. Interactions between R groups of amino acid residues; 
6. bends the (secondary) structure into tertiary / precise / compact / 

globular shape; 
7. (quaternary structure) consist of 4 polypeptide chains; 
8. 2 heavy chains and 2 light chains; 

 

variable
region 

variable
region 
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 A study investigated active and passive immunity to tetanus toxin. One person, G, was 
injected with antibodies to the tetanus toxin. Another person, H, was injected with the 
vaccine for tetanus and produced antibodies as a result. Blood samples were taken from 
G and H at regular intervals over the following weeks and analysed for antibodies against 
tetanus. 
The results of the study are shown in Fig. 9.3. 

Fig. 9.3 

(c) Explain why the type of immunity gained by G is described as passive 
immunity. [2]

 1. No immune response elicited; 
2. Antibodies, not made / come from other source; 
3. High concentration / figure from graph, immediately / after injection 

/ on Day 0-1; 
4. Antibody concentration fall / AW; 
5. Does not last long / only approximately 2 weeks / temporary; 

   

(d) With reference to Fig. 9.1 and Fig. 9.3, explain why there is a slow increase in 
antibody concentration in the curve for H.

[2]

 Time needed for 
1. Antigen presentation;; 
2. Activation of T helper cells;; 
3. Clonal expansion / mitosis / AW;; 
4. Differentiation of B cells into plasma cells;; 
5. Antibody synthesis / release from plasma cell;; 
Any two 

encececeee tttttooo o Fiiggg. 999999.11111 aaaanddddd Figigiggig. 999.3, eexpxpxpxpxpxppppplalalalainininnnin wwwwwwhyhyhyhyh tttttthehehehehehereeeee is 
onnncececececentntntntntrattionononnn iiiiinnnn thththththe eee e cucucucucurvrvrvrvrveeee fffoff r HHHHHHHH.

dedd fofor r 
en presentation;;
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(e) Explain why person H is considered to be better protected against future 
exposure to the tetanus toxin, compared to person G.

[2]

 1. Person H has immunological memory  / memory cells; 
2. able to elicit a secondary response; 
3. which is rapid; 
4. and allows a larger production of antibody; 

  

  [Total: 12]
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Section A  

Answer all the questions in this section. 

1 The Galapagos Islands is an archipelago approximately 1400 kilometers off the Western 
coast of Ecuador. It consists of more than 40 islands, including the small and isolated 
island Daphne Major. The map of the islands, and its location in relation to mainland 
Ecuador and Cocos Island, is shown in Fig. 1.1. 

Fig. 1.1 
There are now at least 13 species of finches on the Galapagos Islands, each filling a 
different niche on different islands. All of them evolved from one ancestral species, which 
colonised the islands only a few million years ago.
Molecular analysis was carried out on the nucleotide sequences of the Galapagos Islands 
finches and the Cocos finch, found on the island of Cocos, 830 km North-east of the 
Galapagos Islands. Fig. 1.2 shows the phylogeny of these finches as constructed from the 
molecular data obtained.  

, ,
s. FFFFFFigggg. 1.11111 22222 showowowowows thththththeeeee phphphphphylyyy ogeneeeneny of theeeesesese ffinnnnchchchchchcheseeee
taineneneneneddd.ddd  
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Fig. 1.2  

 

(a) Explain how DNA sequences can be used to determine evolutionary 
relatedness between species. [2]

1. Compare homologous DNA sequences/ same gene;  
2. found in different species; 
3. The fewer the differences in the DNA sequences of homologous 

genes between species, the more closely related the species are 
(vice-versa);; 

 

(b) Suggest how the Cocos finch might be derived from the same common 
ancestor as the Galapagos finches, despite its lack of proximity to the 
Galapagos Islands. [1]

 1. Last common ancestor to Galapagos and Cocos finch first dispersed 
to Cocos from Ecuador, then to the Galapagos islands;; 

2. Last common ancestor to both finches was transported to Cocos 
islands due to human factors (by air/ship) from Ecuador / Galapagos 
Islands;; 

3. Last common ancestor to both finches was dispersed to Cocos 
island by an extreme weather event;; 

 A long-term study of the medium ground finch, Geospiza fortis, was carried out on the 
island of Daphne Major. Ground finches have bills particularly suited to eating seeds. 
Seeds eaten by the population of G. fortis are of a variety of sizes and are from a range of 
plants. Fig. 1.3 shows a male G. fortis.

s;; 
ommmmoon aanccesestor r too bbooth fififincncncnchehehehes s s s wawawasss didiissps
byy anan eextrerememe wweaeaththerer eeveennt;;;;;;;;;;;  

f th di d fi h G i f ti
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Fig. 1.3 
In 1977, a severe drought affected the Galapagos Islands. The number of different plant 
species producing seeds and total seed abundance was greatly reduced for the population 
of G. fortis.
Scientists have postulated that the severity of the drought experienced may have been 
exacerbated by the rise in atmospheric CO2 concentrations due to human activities. 

(c) Explain how the emission of greenhouse gases such as CO2 may be linked to 
the onset of drought. [2]

1. Increased concentration of greenhouse gases in atmosphere;  
2. traps heat and warms atmospheric temperature / leads to warming due 

to the greenhouse effect; 
3. Increased evaporation as a result of rising global temperatures; 
4. Lead to dryer environments / longer summers; 

 The population size of G. fortis on Daphne Major fell by over 85% as a result of the 1977 
drought.
In years with good rainfall there is an abundance of small, soft seeds that are favoured by 
G. fortis, especially those individuals with smaller bills. In years of drought, small seeds are 
scarce. Individuals of G. fortis with small bills are rarely successful in extracting seeds from 
the large, spiky, tough fruits of Tribulus cistoides (Fig. 1.4), which was the main source of 
seeds at the time. 

 
Fig. 1.4 

Table 1.1 shows results for mean mass and mean bill size of mature G. fortis before and 
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after the drought. The individuals measured after the drought were a subset of the first 
sample, allowing a direct comparison of the changes that occurred. 

Table 1.1 

Date of 
sampling 

Sample 
size 

Phenotypic feature measured 

Mass / g Bill length 
/ mm 

Bill depth / 
mm 

Bill width / 
mm 

1976 (May) 642 15.79 10.68 9.42 8.68 

1978 
(March) 

85 16.85 11.07 9.96 9.01 

Percentage change +6.71 +3.65 +5.73 +3.80

(d) (i) Complete Table 1.1 to show the percentage change in mass and bill 
depth from 1976 (May) to 1978 (March). [1]

 

(ii) After the drought, the population of G. fortis had significantly higher 
mean mass and larger mean bill size than the pre-drought population. 
Name the type of natural selection that was occurring. [1]

Directional selection;; 

(e) Explain how the changes in bill size that occurred in the population of G. fortis 
on Daphne Major provide support for Darwin’s explanation of how natural 
selection operates. [3]

1. Mutation leads to phenotypic variation in population;
2. Individuals have different bill size;

3. Lack of small seeds / larger, tougher seeds exerts selective 
pressure; 

4. Birds with bigger bills can break open seeds; 
5. Better able to survive and reproduce; 
6. Pass on favourable alleles to offspring; 
 
7. Over time, increased frequency of alleles for big bills in population; 

Current temperatures in the Galapagos archipelago rarely exceed 30°C, even in the 
summer months. However, climate scientists have warned that in light of global warming, 
temperatures in the archipelago may soon increase.  

ree;;
witth h bibiggggeer bbilillsls canan bbrereaak oopepeeeeeeeeeeeennnnnnnnnnnnnnn seseeseseseseseededededededdeeddedeeds;s;s;s  
abblele to survive  anandd rreprododuce; 
n ffavavouourarablble e alallleleess toto ooffffspspringgg;;;
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The Intergovernmental Panel on Climate Change has forecasted a rise in global average 
temperatures of up to 5°C over the next century.  

(f) With reference to Fig. 1.1, suggest how global warming may affect the survival 
of the finches in the Galapagos Islands. [2]

1. Finches will migrate polewards / to islands in the South as they seek 
cooler temperatures;;

2. If temperature increases too much, finches may not be capable of 
flying out of the archipelago and will perish / go extinct;;

3. Melting of glaciers leads to rising sea levels which will flood islands, 
reducing availability of habitats;;

4. If sea level rise excessively leading to islands being submerged, 
finches may not be capable of flying out of the archipelago and will 
perish / go extinct;;

 

 Scientists have also suggested that changes in carbon dioxide concentration in the 
atmosphere changes the stomatal density of plants.  
43 different species of plants from a range of habitats were grown at normal atmospheric 
carbon dioxide concentration and at increased carbon dioxide concentration. 
The mean stomatal density of each species was determined at both concentrations of 
carbon dioxide. The percentage change in stomatal density at the increased carbon 
dioxide concentration compared to the stomatal density at normal atmospheric carbon 
dioxide concentration was calculated for each species. Table 1.2 summarises the changes 
to mean stomatal density due to increased atmospheric carbon dioxide concentration for 
the species investigated. 

Table 1.2 

Percentage change 
in stomatal density 
(to the nearest 10%) 

Number of 
species 

+40 2 

+30 2 

+20 4 

+10 2 

-10 7 

-20 9 

-30 9 

-40 8 

 

(g) Account for the results shown in Table 1.2.  [5]

+20000 4 

++1+++ 00000 2 2 2 2 22

-1-1-1-1-10 0 0 0 7 7777

---20 9 9 9 9 99
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 1. 10 species show an increase in stomatal density;; 
2. 33 species show a decrease in stomatal density;; 

 
Increased CO2 concentration leads to 

3. Increase in global average temperature; 
4. Decreased in availability of rainwater; 

 
Effects of decreased stomata density 

5. Minimise water loss due to transpiration; 
6. Ensure sufficient water (in periods of drought); 
7. Plant still able to get sufficient CO2 for photosynthesis; 

 
Plants increase stomatal density 

8. Allow for increased heat loss; 
9. Prevent enzymes from denaturing / ensure metabolic processes 

can continue; 

  

 The experiment showed that plants are able to show significant changes in their 
phenotype in response to changes in the environment. 

(h) Suggest why plants need to be able to show changes in their phenotype within 
their lifetime. [2]

 1. Plants are not mobile / cannot migrate;; 
2. Changes in phenotype allow the plant to maximise their chance of 

survival;; 

[Total: 19]
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2 Dengue fever is a mosquito-borne disease caused by the dengue virus. Fig. 2.1 shows the 
structure of a dengue virus. 

Fig. 2.1 

 (a) List two ways in which the structure of dengue virus is similar to the human 
immunodeficiency virus.  [2]

  1. Genome made up of RNA;; 
2. Viral genome enclosed in capsid;; 
3. Glycoproteins found on envelope;; 

   

 Dengue viruses consist of four serotypes, DENV-1 to DEV-4. The rapid identification of 
dengue virus serotypes isolated from patients’ blood is important for clinical investigations. 
One of the methods used for identification of serotypes is DNA sequencing, which is a 
process of determining the precise order of nucleotides within a DNA molecule.
One of the DNA sequencing methods is based on the use of chain terminators, which are 
special nucleotides. Fig 2.2 shows the structure of a special nucleotide with a cytosine 
base. 

Fig 2.2
If a special nucleotide is added to a growing DNA strand, the chain is not extended any 
further. Each special nucleotide is labelled with a fluorescent dye, using a different colour 
for each of the four bases. 
Fig 2.3 shows how a DNA chain ending with one of the special nucleotides is replicated. 

Fig 2.2 2
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Fig. 2.3 

(b) Suggest why the addition of special nucleotides would lead to the premature 
termination of replication. [2]

 1. Since special nucleotide lacks hydroxyl group on 3’ carbon of 
pentose;;

2. the incorporated special nucleotide cannot form phosphoester bond 
with incoming dNTP / nucleotide;;

 

 This method of DNA sequencing described in Fig 2.3, can produce many DNA fragments 
terminated by a special nucleotide tagged with a florescent. Fig 2.4 shows a set of such 
fragments, where each fragment differs by 1 nucleotide.  

 
 

Fig. 2.4 

These fragments are loaded onto an agarose gel, shown in Fig 2.5, and separated by a 
modified version of gel electrophoresis.  

Fig 2 4
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Fig 2.5 

 The order in which the fragments reach the light source and detector shown in Fig 2.5 is C, 
A, G, T. 

(c) Explain why the DNA fragments will migrate and reach the detector in this 
order. [3]

 1. DNA is negatively charged; 
2. Migrate towards (the detector at) positive electrode; 
3. Separated on the basis of size of DNA fragments; 
4. Shorter DNA fragment migrate through the pores of the agarose gel 

faster than longer DNA fragment/ vice versa; 
5. Fragment ending with C is the shortest; 
6. Migrate through the pores of the agarose gel fastest/ vice versa; 

  

Dengue virus is a major threat to health in tropical countries around the world, with 390 
million people infected each year. To date, there are no vaccines for dengue virus. 

(d) Suggest why there is no effective vaccine to protect against dengue. [2]

 1. there are four serotypes of dengue virus, each with slightly different 
viral proteins;; 

2. not possible to stimulate the body to generate antibodies against all 
four types at once;; 

 

(e) Antibiotics are not used to treat viral infections.  
Explain why antibiotics do not affect viruses. [2]

 1. antibiotics (only) used against bacteria (and some fungi);; 
2. idea that antibiotics act on a cell structure not possessed by virus;; 

e.g. viruses, do not have, a cell wall / ribosomes 
3. suggestion that viruses are, inside host cells not within reach of 

antibiotic;; 
any two 

 

ticscs ((ononlyly) ) ususeded aagagainnsts bbacactet ria (a(a(andndnd sssomoo e fu
att a tntibbiiotitics act oonn a a cellll strucctututure nnnotoo  posse
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The Aedes aegypti mosquito is the main vector that transmits the viruses that cause 
dengue. The viruses are passed on to humans through the bites of an infective female A.
aegypti mosquito, which mainly acquires the virus while feeding on the blood of an infected 
person. 
Fig. 2.6 shows the monthly number of dengue cases in Sakon Nakhon Province, Thailand, 
from January 2005 to December 2007.

Source: Monthly district level risk of dengue occurrences in Sakon Nakhon Province, 
Thailand. The Science of the total environment. 408 (2010). 5521-8. 

Fig. 2.6 

(f) Explain how temperature affects the number of dengue cases in Thailand. [3]

 1. Increased temperature, increased dengue occurrences; 
2. accelerates emergence of mosquitoes / life cycle shorten;  
3. increasing mosquito population; 
4. reduce extrinsic incubation period of virus in insect;  
5. increasing the number of infective vector; 
6. female mosquitoes digest blood faster and feed more frequently; 

 

(g) Other than climate change, state and explain how two other factors can 
contribute to the increase in the number of dengue cases. [2]

 1. Increased rainfall; more breeding sites for mosquitoes; 
2. lack of effective mosquito control; increase in mosquito 

populations; 
3. increased movement of people; increase spread of virus; 
4. increased population density; increase transmission between 

cliliimaamaatetetetet cccccchahahahh ngngngeee,e ssstatatatatatetetetet aaaandndndndndd explaaaaaaininininin hhhhhhowowowowowow two o

g ;
mmososqquittooess didigeestst bbloloood ffaasssteterrr anananddd fefefeededed mmmooro e
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humans; 
5. AVP;; 

  

The primary preventative measure to reduce dengue infections is the control of mosquito 
populations. Traditional methods of mosquito control using insecticides are not viable in 
the long term, as new and stronger versions of insecticides must continually be developed. 
Biological approaches are now being used as an alternative to control mosquito 
populations.  
Researchers are experimenting with release of Wolbachia-infected mosquitoes as a 
means of suppressing Aedes mosquito populations. When male mosquitoes with 
Wolbachia mate with wild female mosquitoes without Wolbachia, eggs laid by these female 
mosquitoes will be sterile. The technique requires the release of a large number of male 
mosquitoes to reduce the overall mosquito population. 

(h) State the one advantage and one disadvantage of using the biological 
method. [2]

 Advantage 
1. Prevent development of resistance to insecticide;; 

Disadvantage 
1. need to be reapplied over time as the population of mosquitoes 

gradually returns;; 
2. need to continually cultivate large number of male mosquitoes;; 

  

 [Total: 18]
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3 Tuberculosis (TB) is a disease caused by the bacterium Mycobacterium tuberculosis, and 
accounts for more than 1 million deaths annually. Some of the symptoms of infection 
include shortness of breath, fever, chest pains and coughing up blood. 
Fig. 3.1. shows the transmission and infection of M. tuberculosis.

Fig. 3.1 
The immune response to TB results in the formation of granulomas. These cellular 
aggregates restrict the spread of the infection, but fail to kill all of the bacteria. This results 
in a tight interplay between M. tuberculosis and the host cells within the granulomas 
during the latent stage of infection. 
Foamy macrophages are granuloma-specific cells that are characterised by the 
accumulation of large amounts of lipids contained within numerous lipid vacuoles. These 
macrophages are formed as a result of prolonged interaction with M. tuberculosis.

  

(a) Describe how TB is transmitted. [2]

 1. M. tuberculosis; 
2. in airborne particles / droplet nuclei; 
3. enters the upper respiratory tract; 
4. and reaches the alveoli of lungs; 

  

(b) With reference to Fig. 3.1 and your own knowledge, describe the formation of 
granulomas in M. tuberculosis infections. [3]

 1. M. tuberculosis ingested by alveolar macrophages; 
2. Replicate intracellularly; 
3. Destroy alveolar macrophages; 
4. Infect more macrophages; 

nce to Fig 3 1 and your own knowledge describ

thhee upppeper r respspirattorory y trtraca t;; 
achheses thee alvlveoeoli oof f lulungngs; 
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5. Leads to activation of T lymphocytes; 
6. Which surround infected macrophages; 
7. Forming a barrier shell; 

  

M. tuberculosis have mycobacterial cell walls that are different from other bacterial cell 
walls due to their thick lipid coating. The cell walls consist of arabinogalactan, a 
biopolymer of two monosaccharides, complexed with mycolic fatty acids. Fig. 3.2 shows 
the structure of a M. tuberculosis mycobacterial cell wall, compared with that of a common 
bacteria. 

Fig. 3.2 

(c) With reference to Fig. 3.1 and 3.2, suggest how the persistence of M.
tuberculosis within the granulomas allows it to replicate intracellularly. [2]

 1. Foamy macrophages provide lipids;; 
2. For the formation of new mycolic acids;; 

  

Treatment of TB uses antibiotics to kill the bacteria. Effective treatment with traditional 
bacteriacidal antibiotics such as penicillin are ineffective. Antibiotics such as isoniazid and 
rifampicin are used instead for a prolonged period of time in order to ensure successful 
treatment of TB.

(d) With reference to Fig. 3.2, explain why administering penicillin will not 
effectively treat TB. [2]

 1. Penicillin only interferes with the interpeptide linking of 
peptidoglycan; 

2. But does not prevent formation of arabinogalactan; 
3. Newly synthesised still has protective cell wall;
4. Will not die from osmotic instability / autolysis;

 

lin n ononlyly iintntere feereres s wiwitht ttthehehe iiintntnteerpept

enncecececece to FFFig.g.g.g.g 33333.2.. , exexexexexplplplplp aaia n wwhhhhhhwhhhhhhy yy yy y yyy y yyyy y y yyy adadadadadaddmimimimimmmmm nininininin sststss erererereerininininnng 
treaeaat TBTBTBTBTB. 

oglycan;
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 Isoniazid is administered as a prodrug, and must be activated by a bacterial enzyme 
known as KatG. Upon activation, isoniazid inhibits the action of fatty acid synthase, 
inhibiting the synthesis of mycolic acids and thus preventing the synthesis of the 
mycobacterial cell wall. 
Alarmingly, strains of M. tuberculosis that display resistance to isoniazid have been 
increasingly common. Scientists studied the genome of a resistant strain K131, and noted 
that there were numerous mutations identified in the 2.0-2.5Mb region. Fig. 3.3 shows the 
complete genome of K131.

Fig. 3.3 

(e) Explain how strain K131 is resistant to isoniazid. [4]

 1. KatG is located in the 2.0-2.5Mb region; 
2. Mutation to the gene would alter the mRNA encoded; 
3. Amino acid sequence of KatG altered; 
4. Affect folding of KatG; 
5. Change in conformation of active site; 
6. Unable to bind to isoniazid to activate it; 
7. Fatty acid synthase function not inhibited; 
8. Mycolic acids still synthesised; 

[Total: 13]

 
 
 

folding of KatG; 
e inin ccoonfoformmatatioi nn ofof aactctive ssiiitetetettett ;;;;;;;

e too bbinindd too iissoniniazazidid ttoo acactitivvateeeeeeeeeeee iiiiiit;t;t;t;t;t;t;  
cid d sysyntnthahasese ffununctctioionn nonott ininhibiiteteted;d;d; 
c acids still synthesised;
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Section B 

Answer one question in this section. 
Write your answers on the line paper provided at the end of this Question Paper. 

Your answers should illustrated by large, clearly labelled diagrams, where appropriate. 
Your answers must be in continuous prose, where appropriate. 

Your answers must be set out in parts 

4 (a) Discuss the role of complementarity in cellular mechanisms. [12]

  1. Complementary shape;; 
2. Complementary base pairing;;  
3. Complementary interaction;;  
4. allows for specificity of reaction;; 
 

Complementary shape 
5. Substrate(s) fit into the active site of enzyme; 
6. via lock and key hypothesis; 
7. And induced fit hypothesis; 
8. To form enzyme-substrate complex; 

 
9. DNA to fit into binding site of proteins 
10. To regulate replication; 
11. And gene expression;  
 
12. Ligand/ signaling molecule to fit into binding site of receptors; 
13. Allows for cell signaling; 
 
14. Binding of substances to transport proteins; 
15. Allows for movement of substances across cell membrane; 
16. and viral entry; 

 
Complementary interaction    

17. H bonds between polar groups; 
18. Hydrophobic interaction between non-polar groups; 
19. Ionic bonds between oppositely charged groups; 
20. Allows for folding of polypeptide into 3D shape; 
21. Stability of biomolecules;  

dingg of substances to transpop rt proteins; 
wss ffoor moovememeent t ofof ssububstanancecececececceceecececc s s ssssss acacacacacacacccrorororossssss cccelelell ll m
viraral enentrry;y; 

ntary interaction
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Complementary base pair 

22. A-T (A-U) and C-G; 
23. Allows for stability of DNA double helix; 
24. Allows for replication of DNA; 
25. Allows for the synthesis of mRNA/transcription; 
26. allows for the binding of  (anticodon on) tRNA to (codon on) 

mRNA;   
 

 (b) Explain how genetic recombination occurs in B lymphocytes and the 
advantages of each process. [13]

  1. Somatic recombination; 
2. occurs during development of B lymphocytes; 
3. via removal of intervening (DNA) sequences;  
4. followed by joining of gene segments; 
5. by enzymes;  

 
6. At variable regions of immunoglobulin heavy chain gene locus; 
7. Rearrangement of D and J gene segments;  
8. followed by rearrangement of V gene segment;  
9. VDJ exon joined to the constant segments;  
10. during RNA splicing;  

 
11. At variable regions of immunoglobulin light chain gene locus; 
12. Rearrangement of V and J gene segments; 
13. VJ exon joined to the C segments;  
14. during RNA splicing;  

 
15. Hypermutation; 
16. occurs during clonal expansion of B lymphocytes; 
17. in variable region of immunoglobulin chains; 
18. These point mutations; 
19. in (rearranged) VDJ gene segments; 
20. occurs at higher rate than normal mutations; 

 
21. Class switching; 
22. occurs during clonal expansion of B lymphocytes; 
23. in constant region of immunoglobulin chains;  

ermmmutttatatatiooon; 
urss dddurururinngg cclclonononaaal eeexpxpxpananansssionnn ooooofff ffff fff ff BB BBBBB BB BBBB lyylylylylylylyyympmpmpmpmpmmpmmpmmmm hohohohohohoh cyccccccc ttttet s
ariaaablblb e regigig on oof f f imimimmunoglglglobulin ccccccchahahahahhahahaininininininins;s;s;s;s;s;s  
se popooininint tt mumumutaatitionoo s;s;s; 
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24. where one constant region is replaced by another constant 
region; 

 

Advantages: 
25. Somatic recombination gives rise to antibody diversity; 
26. to respond to large diversity of (molecular structures 

associated with) pathogens; 
 

27. Hypermutation allows for formation of immunoglobulin with 
higher affinity for antigens / affinity maturation;; 

 
28. Class switching results in different classes of antibodies; 
29. with the same antigen specificity; 
30. allowing for variable effector functions; 

 
QWC:  
Scientific argumentation exemplified by citing one advantage for each 
of the three processes;;  

   [Total: 25]

5 (a) Explain what is meant by mutation, and outline its advantages and 
disadvantages to animals. [13]

  Explain what is meant by mutation 
1. Inherited change in nucleotide sequence;; 
2. Base-pair insertion, deletion and substitution;; 
3. Changes to chromosome structure and number;; 

 
Single Gene Disorder 

4. Sickle cell anaemia; 
5. Base-pair substitution; 
6. In -globin gene; 
7. Reduced ability to carry oxygen; 

 
Multi Gene Disorder 

8. Accumulation of mutations; 
9. Lead to the development of cancer; 
10. Gain of function of proto-oncogenes; 
11. Loss of function mutation in tumour-suppresor genes; 

le cec lll aananaemmiaia; 
e-papairir subbsttittututioi n;n; 
-glolobib n n gegenene;
ucceded aabibililityty tto o cac rrryy oxoxygygenen;
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12. Loss of cell cycle checkpoints / uncontrolled cell division;

Chromosomal Mutations 
13. Non-disjunction of chromosomes;
14. During meiosis;
15. Leads to aneuploidy / polyploidy;
16. gives rise to a named genetic disease (Turner / Klinefetler /

Down syndrome);

Evolutionary significance 
17. Raw material for evolution;
18. Gives rise to phenotypic variation;
19. Allows natural selection to take place (select for different

phenotypes);
20. increase chance of survival of species;
21. lead to microevolution / speciation;

Increased affinity of antibodies 
22. Mutations in VDJ / VJ regions;
23. B lymphocytes produce antibodies with higher affinity;
24. Leading to affinity maturation;
25. More effective immune response;

QWC: 
Implications of mutations clearly communicated to include at least 1 
advantage and 2 disadvantages;; 

 (b) Describe the role of proteins in the transformation of energy from the 
environment to plant cells for their survival. [12]

1. Light energy is converted to chemical energy;
2. via photosynthesis;
3. for cells to respire / carry out metabolic processes; 

4. Proteins bind photosynthetic pigments;
5. to form photosystems;
6. for capturing of photons;

7. Electron transport chain; consists of proteins like
8. cytochromes;

t eenenergrgy y isi ccononveertrteded ttoo chheme ical eenenergrggy;y;y;
phoototosysyntntheesisis;s;
celllsls tto reresppire / / cacarry y out t metaboolililic c c prprp ocococesesssses
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9. ferredoxin; 
10. arranged in progressively lower energy levels; 
11. Energy released powers (intermembrane) protein pumps; 
12. to generate proton gradient; 

 
13. NADP+ reductase protein; 
14. catalyses formation of NADPH; 

 
15. ATP synthase protein; 
16. utilises energy from chemiosmosis / proton gradient; 
17. to catalyses formation of ATP 

 
18. Peptide enzyme catalyses the photolysis of water; 
19. to replace electrons on PSII 
20. that contributes to proton gradient; 

 
21. RUBP carboxylase protein; 
22. catalyses fixation of carbon dioxide; 
23. to ribulose bisphosphate; 
 
24. Peptide enzymes catalyses formation of glycosidic bonds; 
25. to synthesis glucose molecules; 
26. for energy storage; 

 
  [Total: 25]
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Answer all questions. 

Question 1 

In this question, you will investigate the effect of glucose and sucrose on the rate of 
respiration in yeast cells. 
You are provided with: 

• 40 cm3 yeast cell suspension, labelled Y

• 25 cm3 blue alkaline solution, labelled C

• 25 cm3 hydrochloric acid, labelled H

• 20 cm3 of 0.2 mol dm-3 glucose solution, labelled G

• 20 cm3 of 0.2 mol dm-3 sucrose solution, labelled S

• 20 cm3 of distilled water, labelled W

Read through steps 1 to 12 and prepare a table to record your results in step (c), before 
starting the investigation. 

Stage 1
Perform the following steps to activate the yeast cells in Y to prepare for stage 3 
1 Label 3 boiling tubes B1, B2, and B3. Add 10 cm3 of Y into each of the boiling tubes. 

2 Add 10 cm3 of G, S, and W into boiling tubes B1, B2, and B3, respectively. 

3 Start the stopwatch. Leave the tubes aside for at least 15 minutes, before beginning 
on stage 3. During this time, you should attempt the rest of the question. 

Stage 2

C, an alkaline solution, is blue because it contains an indicator. 

Carbon dioxide reacts with C when bubbled into it. When enough carbon dioxide reacts with 
C, the indicator will change from blue to yellow (even if the mixture is cloudy). This is the 
end-point. 

If only a small volume of carbon dioxide is bubbled into C then the indicator will remain blue. 
The end-point can then be reached by adding hydrochloric acid, H, slowly until the indicator 
turns from blue to yellow. The volume of H is then recorded.  

The volume of H added to reach the end-point indicates how much carbon dioxide had 
reacted with C. The lesser the amount of carbon dioxide is bubbled into C, the more volume 
of H will need to be added to C to get the end-point. 

You are required to find the volume of H needed to reach the end-point when no carbon 
dioxide has been bubbled into C.

4 Put 5 cm3 of C into a test-tube. 

5 Use a 6 cm3 syringe, containing 3 cm3 of H, to put drops of H into C as shown in 

me of carbon dioxide is bubbled into C then the ind
henenenenen bbbbe eee ee rererereeacaaa heheheheh d dddd byyyyy aaaaaddddddddddinnnggg hyyydrdd ochlorrrrricicicic aaaacicccc d,d,d,d,d, HHHHHH, s
ellooow.w.w.w.w  Thee volololololumumumumume ofofofofoff HHHHH isss theeennnn rererererereerererererereecococococccocccccoccccccc rdrdddrdrdrdededededeeded....   

addedededdedddddd totototo rrrrreaaaeaeachchchchch ttttheheheheheee eeeendnddndnd-pppppoioooo ntntntntt indicccccatatatatatteseseseses hhhhhhowowowowowo mmmmu
leeeesssssererererer tttttheheheheheh aaaamomomounuu t ofofofofofo ccccccararararara bobobobobbonnnnn dioxxxxxididididdideeeeee isssss bbbbbububububububbled in
added to C to get the end-point.
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Fig. 1.1. Mix well as you add H, until the end-point is reached. You may need to fill the 
syringe again.

Fig. 1.1 

(a) Record the volume of H needed to reach the end-point. [1]

PDO
1. Correct value; 

Acceptable range 1.0 – 2.0 cm3

2. Precision; 
1 d.p. 

Volume of H needed = _________ cm3

Stage 3 
You are required to investigate the effect of glucose and sucrose on the release of carbon 
dioxide from a yeast cell suspension using apparatus set up as in Fig.1.2, and the tubes 
prepared in stage 1.

Yeast cells release carbon dioxide from some of their metabolic reactions when provided 
with respiratory substrates. Tube B1 contains glucose as the respiratory substrate, whilst 
tube B2 contains sucrose.  

Fig.1.2
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(b) State which sugar is expected to lead to a higher rate of carbon dioxide release 
by yeast cells. Explain your answer. [2]

ACE 
Glucose

1. Readily used as a respiratory substrate by yeast;; 
2. Unlike sucrose which must first be hydrolysed;; 

Sucrose
3. Hydrolysis of one molecule of sucrose produces two molecules of sugars;; 
4. Higher concentration of respiratory substrates for respiration;; 

Before proceeding with steps 6-12, ensure that 15 minutes have elapsed since  
stage 1.

6 Prepare and maintain a water bath at 40°C. 

7 Label 3 test-tubes T1, T2 and T3. Add 5 cm3 of C into each of the three test-tubes. 

8 Place tube B1 in the water bath and allow it to equilibrate for 2 minutes. 

9 Put the bung containing the delivery tube into tube B1, as shown in Fig. 1.2. Ensure 
that the seal is airtight. 

10 Put the end of the delivery tube into solution C in T1. Using a stopwatch, allow the 
carbon dioxide produced by the yeast to bubble into C for 2 minutes. 

11 After removing the delivery tube, repeat step 5 to determine the volume of H needed 
to reach end-point and record your result in (c). If C has already reached end-point, 
record ‘0’. 

12 Repeat steps 8 to 11 for the tubes B2 and B3.

(c) Record your results for each tube in a suitable form in the space below. [4]

Table showing effect of different substrates on the volume of H needed to reach end-
point

Type of substrate Volume of H added / cm3

Glucose

Sucrose

Distilled water 

fectct oof f didiffffererenent t ssubsbstrtratateses oon thhhe e e vovvolululumememe of H 
point

s 888888 too 11111111111 ffforooo tttthehehehehe tubbbbbeseseseses B2B2B2B anddddd  B3.

esussuults ssss fofofofoforr eaeaeaaachcchchc tttttubububububbe eeee innnn aaaaa sssssuiuuu tatatatatabbblbbbbb e e fofofofoffffofofofofofofoormmmrmrmmrmmrmmmm iiiinnnnnn thhhhhe eeeee spspspspspspace
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PDO
1. Title (T);; 

“Table showing effect of different substrates on volume of H needed to reach 
end-point”

2. Heading with Units (H);; 
Independent variable:  Type of substrate 
Dependent variable: Volume of H added / cm3

3. Precision (P);; 
Volume recorded to 1 d.p. 

MMO 
4. Trend (Tr);; 

Volume of H added for B3 should be same as  (a) and highest volume for B3 

(d) Discuss what these results suggest about the relationship predicted in part (b). [2]

ACE 
1. Comment on how actual results match the proposed relationship;; 

2. Comment on how this affects the confidence/reliability in the proposed 
relationship / hypothesis ;; 

 The addition of 1 cm3 of H into C is equivalent to 2.2 mg of carbon dioxide. 

(e) Calculate the exact amount of carbon dioxide produced by the yeast 
suspension from boiling tubes B1 and B2 during the experiment. Show your 
working clearly. [2]

ACE 
1. Correct working;; 

Subtract reading in (c) from answer in (a) 

2. Correct working; 
Multiply by 2.2mg 

3. Correct calculation;

(f) State the purpose of including boiling tube B3 in the investigation. [1]

ACE 
1. To show that the evolution of carbon dioxide is due to the addition of 

glucose and sucrose / sugar;; 

lyy bby y 2.2.2m2mg

ct ccalalcuculaattionon;;
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(g) Identify one significant source of error and suggest a modification to the 
method that would overcome this. [2]

ACE 
Error 

1. Visual determination of colour change at end-point is subjective;; 
Modification

2. Use a colourimeter to determine precisely the colour intensity at end-
point;;

 In a separate study, a student used a modified version of the apparatus shown in Fig.1.2 to 
investigate the effect of temperature on the release of carbon dioxide from a yeast cell 
suspension. The results of the study are presented in Table 1.1. 

Table 1.1

Temperature  / °C Volume of carbon 
dioxide evolved / cm3

25.0 93 

30.0 126 

35.0 160 

40.0 180 

45.0 156 

(h) Use the grid provided to plot the data given in Table 1.1. [4]
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PDO
1. Title (T); 

“Graph showing effect of temperature on volume of carbon dioxide evolved” 

2. Heading with units (H&U);; 
x-axis: Temperature / °C 
y-axis: Volume of carbon dioxide evolved / cm3

3. Precision (P); 
x-axis: 1 d.p. 
y-axis: whole no. 

4. Scale (S); 
Graph takes up at least 50% of grid 
Divisions are equidistant 

5. Plotted points (PP);; 
All data plotted accurately to within half a small square on the grid 
If the scale is awkward, the points do not need checking 

6. Best-fit Line (L); 
Smooth curve of best fit with no extrapolation

(i) Explain the relationship between the variables in yeast respiration. [4]

ACE 
1. Respiration carried out by temperature-sensitive enzymes; 

As temperature increases,  
2. enzymes and substrates gain more kinetic energy; 

nts (PP);; 
otttededed aaacccccuuurattatelelely yy tooo wwwititithhhinn haalff aaaa sssmaamaamaamaallllllllllllll sssssssququququququququarrre eeeeee o

iss awawawkwkwaaard,d,d, ttthehehe pppoioiointntntsss do nnotototototttotototototottt nnnnnnnnnnnnnnneeeeeeeeeeeeeeeeed d d dd dddddddddd chchchchchchchecccccccckikikikkikikiking 

e (((L)L)L);;;
rvevev ooof ff bebebeststst fffititit wwwithhh nonono eeextxtxtrararappolaaaaatititititititionoooooo
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Question 2

During this question you will require access to a microscope. 
You are required to investigate the effects of potassium nitrate and lead nitrate solutions on 
cells of the plant material with which you have been supplied. Peel off one or two strips of 
epidermis from the most deeply pigmented areas of the plant tissue. Remove as little of the 
underlying tissue as possible. Cut the epidermis so that you have two squares of tissue, 
each about 5 mm x 5 mm. Place these in a dish of distilled water. 
Mount one piece of tissue on a microscope slide in distilled water under a cover slip. 
Mount the other pieces in 1 mol dm-3 potassium nitrate solution. 
Label your slides appropriately. 
Examine the tissue mounted in distilled water, using your microscope. Find an area of the 
tissue where pigmented cells occur, preferably as a single layer. 

(a) Describe the distribution of the coloured contents within the cells.  [1]

uniform distribution of coloured content within the cell;; 

 Observe the piece of tissue mounted in 1 mol dm-3 potassium nitrate solution, using 
your microscope 

(b) (i) After about one minute, make a large drawing to show the detailed 
structure of one epidermal cell which is typical of the most deeply 
coloured cells which you can see.  
On your drawing, label the positions of: 

a cell wall 
a cell surface membrane. [4]

3. increase in frequency of effective collisions between enzyme 
and substrate; 

4. increase in number of ES complexes formed per unit time; 
5. more CO2 given off per unit time; 

As temperature increase beyond optimum, 
6. enzyme molecule vibrate so vigorously that the hydrogen 

bonds and hydrophobic interactions (between the R groups of 
amino acid residues) begin to break;

7. shape of active site not complementary to that of substrates / 
some enzymes denature; 

8. less CO2 given off per unit time; 

[Total: 22]

of tititititissssssssssueueueueue mmmmmououuouountntntntntededededed innnnn 11 momomomomollll dmdmmdmdmm-3 potototototasasasasassisisisisiumumumummum niititrate
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1. (T) Title (high power detailed drawing of one epidermal cell, 
w.m., X400);  

2. (P) Thin walls;  
3. (S) Shape (length longer than width) ;  
4. (D) Cell membrane detached from cell wall; 
5. Labels (cell wall, cell surface membrane) – 1 mark each 

 (ii) Account fully for the change in appearance of the cells when placed in 
1 mol dm-3 potassium nitrate solution.  [3]

1. 1 moldm-3 sodium nitrate has a more negative water potential 
than the cell content;

2. water leaves cells;  
3. by osmosis;  
4. from a region of less negative water potential to a region of 

more negative water potential;  
5. loss of water caused the cell surface membrane to pull away 

from the cell wall;  
6. retention of pigments in the vacuole because of its high molar 

mass;
7. this phenomenon is known as plasmolysis;  
8. the gap is filled with potassium nitrate solution; 

 Heavy metals such as lead and copper are toxic to plants. 

(c) Predict the appearance of the epidermal cells if the epidermis is mounted in 1
mol dm-3 lead nitrate solution. Explain your predictions. [3]

1. pigments leaked out of the cells / content dispersed;; 
2. (heavy metal - lead) disrupts structure of membrane protein;; 
3. loss of membrane selective permeability;; 

 Fig. 2.1 shows the view of a mammalian white blood cell, using an eyepiece graticule and 
the high-power objective lens of a microscope. 

viewewewww ooooofff f aa maaaaammmmmmmmmmaaalaa iaiaiaiaiannnnn wwhwhwhw ite bblooooooooodddd cecececececelllllllllll ,,, ususususssininininingggg aaanaaa
ctiiivevevevev lllleneeee ss ofoffff aaaaa mmmmmiciciciccrorooroscscscscscopopopopopeee.e  
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Fig. 2.1

(d) Use a table to record three observable differences between the blood cell in 
Fig. 2.1 and the cell you saw in (a). [3]

1. Absence of cell wall;; 
2. U shaped nucleus;; 
3. Nucleus took up >50% of cell size;; 
4. Nucleus in the centre of cell;; 
5. Round shaped cell;; 

(e) (i) The student calibrated the eyepiece graticule against a stage 
micrometer with the following results: 
Number of eyepiece graticule divisions across 5 stage micrometer 
division = 25 
One stage micrometer division = 0.01 mm 

Use this information to calculate the actual length of the cell.  
Show the steps and units in your calculation.  [3]

1 division on eyepiece graticule = (0.01x5)/25 = 0.002 mm = 2 m;;
Actual length of cell = 14;; x 2 = 28 m;;

 (ii) Calculate the magnification of the blood cell in Fig. 2.1.  
Show your working. [2]

Magnification = diagram size / actual size;; 
Magnification = 4.8 cm / 18 m = X1714.3 (1 d.p.);;

[Total: 19]

ate e eee thhththhthe e e ee mamamamamagngnngngnififififificiciciccatatatatata ioioioioionnnnn ofofofoff tttttheheehehee bbbbblololololoooood cccccelelelelell l ll l ininininin FFFFFigigigigig. 2.1. 
your working. 

l length of cell  14;; x 2  28 m;;
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Question 3

Industrial wastewater contains high concentrations of fats, like oil and grease, which may pollute 
fresh water and influence aquatic environments. The use of lipase enzymes to remove oil and 
grease from the wastewater is an effective and environmentally-friendly treatment method. 
Chemicals are added to the wastewater to emulsify the fats and break them up into smaller fat 
droplets, increasing the surface area for lipase to break them down into fatty acids and glycerol 
at a higher rate. 
In wastewater treatment, enzymes are used on a large scale. However, enzymes are costly and 
most are only commercially available in liquid or dehydrated forms. As such, once added to the 
wastewater treatment mixture, they cannot be recovered to be re-used, thus driving up the cost 
of treatment. 
Researchers postulated that the immobilisation of lipase in alginate beads would allow the 
enzymes to be re-used, leading to cost savings. The enzymes can be added to sodium alginate 
and immobilised in the beads as shown in Fig. 3.1. 

Fig. 3.1 

Full-fat milk can be used as a substrate for the immobilised lipase enzymes. Bile salts act like 
detergents and can be used to emulsify the fats without affecting the pH. Sodium carbonate is a 
base that can be added to standardise the milk to an alkaline pH, prior to treatment with lipase. 
The monitoring of the pH of the reaction mixture from a predetermined start to end-point pH can 
be used to measure the activity of the immobilised lipase. 
Using this information and your own knowledge, design an experiment to find the concentration 
of lipase needed to form immobilised lipase beads with the same activity as free enzymes (non-
immobilised).
You must use: 

 10% lipase solution 

 industrial 3% lipase  

 sodium alginate suspension 

 calcium chloride solution 

 full-fat milk   

 sodium carbonate solution 

 5% bile salts solution 

lipase and sodium 
alginate 

calcium chloride 
solution 

nd your own knowledge, design an experiment to
m immmmmmmmobobobobobilissseddddd lllllipppppassssseeeee bebebebebeadaadds wwwitth the ssamamaamame eee acacacacacactititittivvvvivv ty

onnnn 
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 a pH meter with a digital display to 2 decimal places 

 stopwatch 

You may select from the following apparatus: 
 normal laboratory glassware e.g. test-tubes, beakers, measuring cylinders, graduated 

pipettes, glass rod, etc. 
 syringes 

Your plan should: 

 have a clear and helpful structure such that the method you use is able to be repeated by 
anyone reading it, 

 be illustrated by relevant diagram, if necessary, 

 identify the independent and dependent variables, 

 describe the method with the scientific reasoning used to decide the method so that the 
results are as accurate and reliable as possible, 

 include layout of results tables and graphs with clear headings and labels, 

 use the correct technical and scientific terms, 

 include reference to safety measures to minimise any risks associated with the proposed 
experiment. 

[Total: 14]

Relate independent variable to dependent variable 
Reaction: Lipase is a biological catalyst which catalyses the hydrolysis 
of lipids into glycerol and fatty acids.  
How to measure dependent variable 
Fatty acid produced neutralises the alkali in milk, leading to a decrease 
in pH of the reaction mixture. 
Time taken for pH to decrease from 10.00 to 7.00 can be used to 
measure the rate of reaction. 
Describe and explain of expected trend 
With the increase in concentration of lipase, the frequency of 
successful collision between substrate (lipids) and enzyme (lipase) 
increases. As more enzyme-substrate complexes are formed per unit 
time, more fatty acid formed per unit time. Hence time taken for the pH 
to decrease to 7.00 decreases. 

Independent variable  
Concentration of lipase 
Range: 10%, 8%, 6%, 4%, 2%   

Dependent variable  
Time taken for the pH to decrease from 10.00 to 7.00 

Controlled variables  

Controlled Variable Appropriate 
Quantity 

Temperature of incubation 40oC
Volume of milk used 5 cm3

Volume of lipase used 2 cm3

Volume of bile salts 1 cm3

Volume of sodium carbonate 5 cm3

Independent variable:  
States that independent 
variable is 
concentration of lipase 
and uses at least five 
different uniformly-
spaced concentrations;; 

Dependent variable: 
Time taken for pH to 
reach stated end-point;; 

Controlled variables: 
Describe two identified 
variables;; 
And describe how they 
are controlled;; ;; 

C

, 2%   

dececreasasee frfromo  10.0 0000 ttoo 77.0000 
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Experimental Procedures 

Dilution of lipase: 
Table showing dilution 10% lipase solution

Final
concentration 
of lipase / % 

Final volume of 
diluted lipase / 

cm3

Volume of 
stock added / 

cm3

Volume of 
distilled water 
added / cm3

10 5.0 10.0 0.0 
8 5.0 8.0 2.0 
6 5.0 6.0 4.0 
4 5.0 4.0 6.0 
2 5.0 2.0 8.0 

Preparation of immobilised lipase: 
1. mix 2 cm3 of lipase with 2 cm3 of sodium alginate 
2. Pour the mixture into a syringe 
3. Drip mixture into calcium chloride solution 
4. Wash the beads with distilled water 
5. Repeat for each concentration of lipase 

Set up for immobilised lipase: 
1. Set up at water bath at 40oC using a 500 cm3 beaker 
2. add 5 cm3 of milk into a test-tube 
3. Add 1 cm3 of bile salts solution to emulsify the fats 
4. Using the pH meter, add sufficient (e.g. 5 cm3) sodium carbonate 

solution so that the pH of the solution in the test-tube reaches 
pH 10. 

5. Place all the lipase beads into another test-tube 
6. place both tubes in the water bath 40oC for 2 minutes to 

equilibrate to temperature 
7. put in the pH probe and ensure the reading is 10.00 
8. transfer the 5 cm3 milk into the test tube containing immobilised 

lipase and start timing 
9. Record the time taken for the pH to reach 7.00 
10. Repeat steps 2 – 9  for each concentration of lipase enzyme 

Set up for free lipase: 
Same procedure as above except that 2 cm3 of lipase is added into a 
test tube 

Producing accurate and reliable results  
For each concentration of lipase enzyme, repeat the entire 
procedure to obtain three replicates  
Repeat the entire experiment two more times 

Definition of control Negative control
A negative control is subjected to the same factors as that for the 
experiment, except that lipase is replaced by an equivolume of distilled 
water  
It is expected that the pH remains at 10.00 regardless of the incubation 
time.  
This proves that it is indeed lipase that hydrolyses the fats causing pH 
to decrease.  

Data manipulation  

Method: 
Plans suitable method 
to vary lipase 
concentration;; 

Method: 
Plan suitable method to 
immobilise lipase in 
beads 

Method: 
Devise a method that 
equilibrate the enzymes 
and substrate to 
temperature;; 
Method:  
Standardise the starting 
pH of mixture e.g. pH 10 
by adding a fixed 
volume of sodium 
carbonate;; 
Method: 
Plans a suitable 
procedure that involves 
monitoring the change 
in pH towards a set end-
point pH;; 
Method: 
Plan a method to carry 
out the same procedure 
but with equal volume 
of free enzyme 

Reliability: 
Ref to repeating at least 
two more times with 
different lipase 
concentration;; 

Control: 
Ref to control 
experiment without 
substrate;; 

o

R
R
t
d

liablbbb e rererereeesususususultlttlts  
rattionon off lipapasese eenznzymymee, rreepppppppppppeaeaeaeaeaeeeaeeaeaeaaattt t tttt ththhthtttt e e ee enenentititirerere 
threee e rerepliccatateses 
peeririmem tnt ttwo mororee titimemes

ve control
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Processing of data – mean / average  
rate of reaction = 1/t 

Table showing the effect of concentration of lipase on rate of reaction 

Graph showing the effect of concentration of lipase on rate of reaction 

To find out the concentration of lipase to make immobilised enzymes, 
plot a standard curve with the data obtained. The concentration of 
lipase to use is then obtained by using the graph to determine the 
lipase concentration that gives the same rate of reaction as 3% 
industrial lipase (free enzymes). 

Labelled diagram of setup  

                                                                                   
                                                                          water bath at 40oC

Risk assessment and precautions taken 
Wear gloves and goggles to prevent contact with lipase which is an 
irritant.
Use a piece of rag to hold the beaker containing hot water (when 

Lipase
concentratio
n, C/ % 

Time taken for pH to change 
from 10.00 to 7.00, t/ min 

Rate of 
reaction, R/ 
min-1t1 t2 t3 t

10      
8      
6      
4      
2      

Recording: 
Shows how results are 
to be presented in the 
form of a table with IV 
(concentration of lipase) 
and dependent variable 
(time taken for pH to 
change from 10.00 to 
7.00) in appropriate 
column/rows; 

Accuracy: 
States how lipase 
concentration can be 
determined by 
comparing to reaction 
by free enzymes  

Risk/safety: 
Refers to hazard and 
precaution;; 

Test tube containing 5 
cm3 of milk with bile 
salts at pH10, and 2 
cm3 of free / 
immobilised lipase 

                                                  
      waw ter rrrrrrr bababababababath aaaaaaaatt tttttt 404040440444 oC
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preparing water bath) to prevent burns / scalds  

Correct use of technical and scientific terms 
e.g. catalyse, enzyme-substrate complex, active site, complementary,
acidic
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