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SECTION A
Answer all the questions in this section.

QUESTION 1

Multistep signalling pathways control cellular functions through complex protein interactions. When
some these pathways are dysregulated, it can lead to uncontrolled cell growth and cancer.

(a) Outline the advantages of having such multistep pathways.

[2]

Chronic inflammation is known to contribute to cancer development. Researchers are examining
how signalling molecules like interleukin-6 (IL6), a cytokine, is important for the body's response to
infection and inflammation.

Fig. 1.1 shows the IL6 signalling pathway. IL6 binds to its receptor, IL6R. The complex binds with
gp130, which functions similarly to a receptor tyrosine kinase (RTK). The tyrosine kinase on gp130,
JAK, activates downstream pathways that drive inflammation.
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Fig. 1.1
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(b)(i) Explain why IL6 cannot act directly on the DNA in the nucleus.

[2]

(i) Based on your knowledge on RTKs and with reference to Fig. 1.1, explain how IL6 leads
to a cellular response.

[5]

(iii) STATS3 activation is regulated by negative feedback. When STAT3 activation is excessive,
more SOCS3 protein is synthesised, leading to ubiquitination of gp130.

Suggest how regulation of STAT3 activation is an example of negative feedback.

[3]
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To understand the role of gp130 and IL6R on the IL6 signalling pathway, further studies were
conducted on cell lines in vitro.

The extracellular domain of gp130 is predicted to have six individual regions (R1-R6) as shown in
Fig. 1.2. To investigate the region(s) required for activation of the IL6 signalling pathway,
researchers created 3 deletion mutants. The sites of deletions of individual regions in the mutants
A4, A5, A6 are marked by arrowheads. For example, A4 mutant has a missing R4 region.

gp130 JAY:

extracellular domain —

— R6
transmembrane domain -[

cytoplasmic domain { '

Table 1.1 shows detection of STAT3 activation in gp130-expressing cells (wild type) and A4, A5, A6
mutants in the presence of IL6 and IL6R.

Fig. 1.2

Table 1.1
mutants
wild type
A4 A5 A6
detection of STAT3 activation yes no no no

(c)(@i) With reference to Fig. 1.2 and Table 1.1, identify and explain which region(s) of gp130 are
required for IL6 signalling pathway.

[3]
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(ii) Explain how the structure of the transmembrane domain of gp130 contributes to its function.

(2]

Different forms of IL6R also allow variation in IL6 signalling pathway. Fig. 1.3 shows how process Q
at the RNA level can lead to two forms of IL6R, membrane-bound (M) and soluble form (S). Both
forms can bind to the ligand IL6 and the receptor gp130.

membrane-bound soluble
IL6R (M) IL6R (S)
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Fig. 1.3

Nucleus

(d) With reference to Fig. 1.3, explain the significance of process Q in the formation of
membrane-bound and soluble forms of IL6R.

(3]
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The IL6 signalling pathway is associated with prolonged chronic inflammation, which promotes
cancer progression, such as pancreatic ductal adenocarcinoma (PDAC).

PDAC starts in the pancreas, an organ that aids digestion and blood sugar regulation. Symptoms
can include digestive issues, loss of appetite, fatigue, stomach pain and weight loss. By the time
PDAC is diagnosed, it has often already spread, making early detection challenging.

(e) Suggest why early detection of PDAC is challenging.

[1]

Several genes are implicated in the development of PDAC, including those in the IL6 signalling
pathway, such as gp130, STAT3, and JAK.

Table 1.2
gene mutations detected among PDAC patients / %
gp130 60
STAT3 5
JAK 1

(fH)(@i) Table 1.2 shows mutations in genes of the IL6 pathway found in the pancreas of PDAC
patients. Knowledge of these mutations is crucial for developing more effective treatments
to treat PDAC by targeting the chronic inflammation due to excessive IL6 signalling.

Using the information in Fig. 1.1 and Table 1.2, identify which gene is the best target for
effective treatments and explain your choice.

[3]
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(i) Table 1.3 shows a few genes that are often found to be mutated in PDAC patients.

With your knowledge and the relevant data provided, complete Table 1.3 to predict:
o the level of gene expression, using “AN” or “¥V”

¢ if the gene is a proto-oncogene (POG) or tumour suppressor gene (TSG).

Table 1.3
gene level of expression POG or TSG
p53 N) TSG
STAT3
SOCS3

[2]

Question 1 continues on page 8
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(9) To investigate the effects of gp130 mutations on pancreatic cells, researchers used two
groups of mice:

e group A, a control group (gp130)
e group B, with a specific gp130 deletion (gp130A).

Both groups were treated with diethylnitrosamine (DEN), a chemical that damages the
pancreas and can induce cancer, through injections at a dose of 25 mg/kg body weight.
These injections started at 14 days old and were administered at various intervals until 40
weeks of age where the pancreas were harvested.

Fig. 1.4 and 1.5 show:
e cumulative tumour diameter measured at 24 weeks of age — this reflects tumour initiation
e number of tumours counted at 40 weeks of age — this reflects tumour progression.

cumulative tumour diameter number of tumours
gp130
gp130 | gp130a
fop130a
Fig. 1.4 Fig. 1.5

(i) Calculate the amount of DEN to be injected into a 14-day old mouse that weighs 10 g.
You should show your working.

amount of DEN injected = Mo [1]

(ii) Discuss the effect of gp130 on tumour initiation and tumour progression.

(3]

[Total: 30]
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QUESTION 2

Interferon-alpha (IFN-o) can be produced as a recombinant human protein to treat some types of
cancer. The gene IFNA2 codes for IFN-a.

One method of producing recombinant IFN-a uses genetically engineered Escherichia coli bacteria
that contain recombinant plasmids. Each recombinant plasmid contains:

¢ the gene IFNA2
o three regulatory sequences of the lac operon (promoter, operator and lacl)
¢ a gene for antibiotic resistance, AMPR,

Each of the sequences for the lacl gene and AMPR gene contains its own promoter. As a result,
these genes are always expressed in E. coli bacteria that contain this recombinant plasmid.

Fig. 2.1 is a diagram of the recombinant plasmid. The promoter regions of the lacl gene and AMPR
gene are not shown.

Fig. 2.1

(a) The gene IFNA2 is obtained via reverse transcription of the mature mRNA extracted from B
lymphocytes, which produce IFN-a, and ligated into the recombinant plasmid carrying the
promoter and operator of the lac operon as shown in Fig. 2.1.

Explain why the gene IFNA2 must be obtained via reverse transcription of the mature mRNA
instead of directly from the genome of B lymphocytes.
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(b) The start of transcription of the gene IFNA2 by E. coli with the recombinant plasmid shown
in Fig. 2.1 needs to be controlled to obtain an optimum yield of IFN-c.

Scientists investigated the effect of two inducers of transcription on the production of
recombinant IFN-a.:

e lactose, which is converted to allolactose in E. coli

e IPTG, which is a synthetic molecule with a very similar structure to allolactose. IPTG
cannot be broken down by E. coli.

The scientists grew three cultures of E. coli containing the recombinant plasmid in the same
growth medium. The growth medium contained glucose, amino acids, essential vitamins,
minerals and antibiotic ampicillin. The growth medium did not contain lactose.

After four hours, either lactose or IPTG at the same concentration was added to two of the
cultures of E. coli. As a control, the third culture of E. coli was grown without adding lactose
or IPTG.

The concentration of recombinant IFN-a in the cultures was measured at different time over
a period of 28 hours. The results are shown in Fig. 2.2.

Fig. 2.2

(i) The regulatory sequences of the lac operon contained in the recombinant plasmid are
involved in the control of transcription of the gene IFNA2.

Explain the role of the gene lacl in the control of transcription of the IFNA2 gene between 0
hours and 4 hours.

[2]
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(if) With reference to Fig. 2.2, describe the changes in the concentration of recombinant IFN-o
in the culture containing IPTG from when IPTG was added at 4 hours to the end of the
experiment at 28 hours.

[3]

(iii) Suggest two reasons for the difference between the concentration of recombinant IFN-a in
the culture at 8 hours in the presence of lactose and the concentration of recombinant
IFN-a in the culture at 8 hours in the presence of IPTG.

2]

(c) The gene AMPR in the plasmid shown in Fig. 2.1 codes for a protein that provides resistance
to the antibiotic ampicillin.

Suggest how AMPR allows genetically engineered E. coli containing the recombinant plasmid
to be identified.

[1]

[Total: 10]
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QUESTION 3

Many species of plants in the genus Ipomoea are grown for their attractive flowers.

(a) The common morning glory, Ipomoea purpurea, has a gene that determines flower colour.

The gene has two alleles:
¢ a dominant allele that results in purple flowers

e arecessive allele that results in red flowers.

A student recorded the flower colour of all the I. purpurea plants in a field. There were 660
plants with purple flowers and 440 plants with red flowers.

Assuming that the Hardy-Weinberg principle applies to this population, calculate the number
of plants in the field that are heterozygous.

Use the equations: p+q=1

p*+2pq+q* =1

Show your working and give your answer to the nearest whole number.

number of heterozygous plants = [3]

(b) The Japanese morning glory, I. nil, has over 20 different flower colour phenotypes, including
shades of blue, purple, red and pink.

The flower colour of I. nil is controlled by at least four genes. The flower colour can change
gradually after the flowers open each morning and can change with fluctuations in the carbon
dioxide concentration of the surrounding air.

A student concluded that flower colour in I. nil shows continuous variation.

Explain why the student made this conclusion.

1

[2]
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(c) Scientists investigated the response of stomata to changing carbon dioxide (COy)
concentrations in the beach morning glory, I. pes-caprae.

The scientists placed I. pes-caprae plants in chambers. They measured the width of open
stomata (stomatal apertures) after the plants had been exposed to different CO;
concentrations for 40 minutes. Light intensity and temperature were kept constant.

The relationship between CO; concentration and the mean width of stomatal apertures is
shown in Fig. 3.1.

mean width of
stomatal aperture
[ pum

CO:2 concentration / umol mol*
Fig. 3.1

(i) The current atmospheric CO; concentration is 400 pmol mol™.

In the future, climate change may reduce water availability and increase atmospheric CO;
concentrations in some habitats.

Explain how the stomatal response shown in Fig. 3.1 would allow I. pes-caprae to survive
the effects of climate change.

[3]
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(ii) It has been hypothesised that an increase in atmospheric CO- concentrations might result in
an increase in the rate of photosynthesis and consequently, an increase in growth of plants.

Suggest why there might not be significant increase in growth of I. pes-caprae plants despite
increase in atmospheric CO; concentrations.

2]

[Total: 10]

--- END OF SECTION A ---
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SECTION B

Answer one question in this section.
Write your answers on the lined paper provided at the end of this Question Paper.
Your answer should be illustrated by large, clearly labelled diagrams, where appropriate.
Your answers must be in continuous prose, where appropriate.

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

QUESTION 4

(a) Describe the features of DNA structure that allow DNA to stably store and accurately replicate
large amount of genetic information. [15]

(b) Discuss how the processes of cell division allow DNA to be stably inherited and yet, capable
of genetic variation in eukaryotes. [10]

[Total: 25]

QUESTION 5

(@) Describe the features of the processes of aerobic respiration that allow energy from a glucose

molecule to be harnessed. [15]
(b) Discuss the significance of membranes in aerobic respiration. [10]
[Total: 25]
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--- END OF SECTION B ---

--- END OF PAPER---
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