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You are advised to spend no more than one hour and 15 minutes on this section.

Section A

Answer all questions in this section.

o]1

Broken bones are

Osteoblasts secrete a hormone called osteocalcin in an inactive form. Osteocalcin is
a protein. The active form of osteocalcin binds to a receptor on beta (B) cells in the
pancreas, stimulating them to release insulin. Osteoblasts have receptors for insulin.

Figure 1 shows how the production of osteocalcin by osteoblasts is controlled by

positive feedback.

repaired by cells called osteoclasts and osteoblasts.

Figure 1
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- The secretion of osteocalcin (in an inactive form) by osteoblasts is controlled by
positive feedback.

Use information from Figure 1 to explain why this is positive feedback.

[2 marks]

Insulin stimulates osteoblasts to release (inactive) osteocalcin, and the

active osteocalcin stimulates beta cells to release more insulin.

So osteocalcin causes more insulin to be released, which causes even

more osteocalcin to be released. The change is amplified rather than

reversed, so it is positive feedback.

- The acidic pH conditions created by osteoclasts cause the inactive form of the protein
osteocalcin to change into the active form of osteocalcin.

Suggest how.
[2 marks]

The acidic pH (high concentration of H* ions) changes / breaks the

jonic and hydrogen bonds between R groups in the protein.

This changes the tertiary structure of osteocalcin, forming a new shape

(binding site) that can bind to the receptor on beta cells.

Turn over »
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. Binding of insulin leads to an increase in the rate of respiration in cells such as
osteoblasts.
Explain how.
[2 marks]
Insulin binding causes more glucose transport (channel / carrier)
proteins, e.q. GLUT4, to be inserted into the cell-surface membrane.
So more glucose enters the cell by facilitated diffusion, providing more
substrate for glycolysis and respiration.
6
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Turn over for the next question
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n Chronic lymphocytic leukaemia (CLL) is a cancer that affects some B cells of a
person’s immune system.

Rituximab is a drug used to treat CLL. It binds to a protein called CD20 on the
surface of B cells. If enough Rituximab binds to a B cell, it can kill the cell. Rituximab
kills both healthy and cancerous B cells. The body then produces new B cells.

The amount of CD20 on the surface of B cells varies from one person to another.
Doctors investigated the relationship between the amount of CD20 on the B cells of a
patient and the percentage of B cells destroyed by Rituximab.

Figure 2 shows the doctors’ results. Each cross is the result for one patient.

Figure 2

. What statistical test could the scientists have used to determine whether there was a
significant relationship between the amount of CD20 on the surface of B cells and the
percentage of B cells destroyed by Rituximab?

Give a reason for your answer.

[1 mark]

Name of test  Correlation coefficient (e.g. Spearman's rank)

Reason Because they are looking for a correlation / relationship between

two variables: the amount of CD20 and the percentage of B cells

destroyed.
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- From these data, what can you conclude about the effectiveness of Rituximab in
treating patients with CLL?

Do not include considerations of statistical analyses in your answer.
[3 marks]

The more CD20 there is on the B cells, the higher the percentage of B

cells destroyed, so Rituximab is more effective in patients with more

CD20.

However, at best it only destroys about 75 to 30% of B cells, so in no

patient are all the B cells killed, so it will not cure CLL; it may only

slow it down.

It has very little effect (under 10% destroyed) when there are fewer

than about S units of CD20 on the cells.

Also, Rituximab kills healthy B cells too, and we do not know what

percentage of the cells destroyed were cancer cells.

Question 2 continues on the next page

Turn over »
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Approximately 11 percent of people with CLL also have mutations of a gene called
NOTCH1. This leads to production of a non-functional transcription factor associated
with CD20 production.

The doctors determined the median percentage of B cells destroyed by Rituximab in
people with CLL who had the NOTCH1 mutation and those who did not.

The doctors’ results are shown in Table 1.

Table 1
Median percentage of B cell
destroyed by Rituximab
In people with CLL who had the 4
NOTCH1 mutation
In people with CLL who did not have 22
NOTCH1 mutation

- Human blood contains (approximately) 1.0 x 10°B cells per dm?®.

Use the median values in Table 1 to calculate the difference between the number
of B cells per dm? in the blood of people treated with Rituximab with the NOTCH1
mutation and people without the NOTCH1 mutation.

Express your answer in standard form. Show your working.

[2 marks]

Without NOTCH| mutation: 22% destroyed; with mutation: % destroyed
Difference = 22 — 4 = 18% of B cells

0.8 x 1.0 x 10° = 1.8 x 10°

1.8 x 10° cells per dm®

IB/M/Jun18/7402/3
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. Use all of the information to suggest how the mutation of NOTCHL1 led to the

difference in the percentage of B cells destroyed by Rituximab.
[3 marks]

The NOTCH| mutation changes the base sequence, so the amino acid

sequence and tertiary structure of the transcription factor change.

So the transcription factor is no longer complementary to and cannot

bind to the promoter of the CD20 gene.

So the CD20 gene is not transcribed, so little or no mRNA for CD20 is

produced and translated, so there is little CD20 on the B cells.

So there is less €D20 for Rituximab to bind to, so fewer B cells are

destroyed (median 4% compared with 22%).

Turn over for the next question

Turn over »

IB/M/Jun18/7402/3

09

stemup.co.uk


https://stemup.co.uk

PMT

Do not write
10 outside the
box

n In women, the first division of meiosis produces one daughter cell that has almost all
of the cytoplasm. The other daughter cell consists of a nucleus surrounded by a very
small amount of cytoplasm and a cell-surface membrane. This very small daughter
cell is called a polar body. Polar bodies do not usually divide. The same process
occurs in the second division of meiosis, resulting in one egg cell and two polar
bodies.

The diagram in Figure 3 shows the formation of an egg cell and two polar bodies
during meiosis. It also shows what happens to one pair of homologous
chromosomes. This pair carries two alleles of gene A.

Figure 3
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Complete Figure 3 by putting A or a in the boxes. One box has been completed for
you with A.
[1 mark]

Put a tick (v') in the box next to the name of the process that produced the
combination of alleles on the chromosome in the first polar body in Figure 3.
[1 mark]

Anaphase

Crossing over \/

Independent assortment

Semi-conservative replication

A scientist measured the diameter of a polar body and the diameter of the nucleus
inside it. The diameter of the polar body was 10.4 um and the diameter of the nucleus
was 7.0 um. The density of mitochondria in the cytoplasm of the polar body (outside
of the nucleus) was 0.08 mitochondria per pm?.

Calculate the number of mitochondria in the polar body. You should assume polar
bodies and nuclei are spherical.

The formula for the volume of a sphere is g nr® where = 3.14

Show your working.
[2 marks]

Polar body: r = §.2 um, V = 4/3 x 3.1 x §2% = $§88.7 um’
Nucleus: r = 3.5 um, V = 4/3 x 3.14 x 3.5% = 179.5 um?
Cytoplasm volume = §88.7 — 179.5 = 409.2 ym?

Mitochondria = 409.2 x 0.08 = 32.7

Number of mitochondria= 32.7 (about 33)

11
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- Mitochondrial diseases are caused by faulty mitochondria. All of a person’s
mitochondria are inherited from their mother via the egg cell. An egg cell contains
approximately 3 x 10° mitochondria.

One proposed treatment to prevent passing on faulty mitochondria involves

e removing the nucleus from an egg cell donated by a woman with healthy
mitochondria

¢ replacing this nucleus with the contents of the polar body from a woman whose
egg cells are affected by mitochondrial disease.

Suggest how this treatment prevents inheritance of mitochondrial diseases.
[2 marks]

The new egq has the nucleus (DNA / genes) from the polar body of

the affected woman, so the child still inherits her nuclear genetic

information.

But the cytoplasm comes from the donor eqq, so it contains about 3 x

10° healthy mitochondria, and only the few (about 33) mitochondria

from the polar body could be faulty.

IB/M/Jun18/7402/3
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. If most of the mitochondria in a cell are faulty, this prevents many important
enzyme-catalysed reactions taking place or slows them down.

Suggest and explain one reason why.
[2 marks]

Faulty mitochondria would not carry out aerobic respiration properly, so

not enough ATP would be produced.

ATP is needed to provide energy for many enzyme-catalysed reactions

(it phosphorylates substrates, making them more reactive and lowering

the activation energy), so these reactions slow down or stop.

Turn over for the next question

Turn over »
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. Binding of one molecule of oxygen to haemoglobin makes it easier for a second
oxygen molecule to bind.

Explain why.
[2 marks]

When the first oxygen molecule binds to a haem group, it changes the

tertiary / guaternary structure (shape) of the haemoglobin molecule.

This uncovers another haem group / binding site, making it easier for

the next oxygen molecule to bind (cooperative binding).

Question 4 continues on the next page

Turn over »
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A haemocytometer is a special microscope slide which can be used to count the
numbers of blood cells in a sample of blood.

e The surface of the slide has many small, equal-sized squares marked on it.
e The depth of the liquid under each square is 0.1 mm
e When counting, cells that touch top or left lines are counted but cells that touch

right or bottom lines are not counted.
A doctor used a haemocytometer to determine the number of red blood cells per mm?®
in a blood sample. He diluted the original blood sample by a factor of 200 times
before putting some on a haemocytometer.
Figure 4 shows the distribution of cells in a typical small square.

Figure 4
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- The doctor counted the red blood cells in many small squares.
The mean number of red blood cells per small square was 7
The original blood sample was diluted by a factor of 200 times.

Calculate the number of red blood cells per mm?® in the original blood sample.
Give your answer in standard form. [2 marks]

Volume of one small square = 0.0S x 0.0S x 0.] = 2.5 x 107 mm?
Cells per mm?* (diluted) = 7 + 2.5 x 10°% = 28 000

Original sample = 28 000 x 200 = § 600 000

Answer = 5.6 x 10° red blood cells per mm?®

- When counting, cells that touch top or left lines are counted but cells that touch right
or bottom lines are not counted.

Suggest two reasons for this rule.
[2 marks]

1 To avoid counting the same cell twice, since cells on the right /

bottom lines would also be on the top / left lines of the next square.

2 So that counting is consistent between squares, giving comparable

and more accurate results.

Turn over »
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The doctor also wanted to know how many white blood cells per mm? there were in a
different sample of blood. To do this he first diluted the sample by a factor of 20
times. He then made the white blood cells clearly visible by using a stain that makes
nuclei appear dark blue.

m - When counting white blood cells, the doctor only diluted the blood sample by a factor
of 20 times, instead of 200 times when counting red blood cells.

Suggest why he only diluted the sample by a factor of 20 times. [1 mark]

There are far fewer white blood cells than red blood cells, so a 200

times dilution would leave too few white cells in each square to count

accurately.

- Explain how the stain allowed the doctor to count the white blood cells amongst all the
red blood cells. [1 mark]

White blood cells have a nucleus, which stains dark blue, but red blood

cells do not have a nucleus, so the white cells stand out.

IB/M/Jun18/7402/3
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n Scientists investigated the role of a protein called CENP-W in mitosis. Their method
involved cell fractionation and ultracentrifugation.

n - The scientists began by lysing (breaking open) cells and organelles using a detergent
that dissolves lipids in water.

Suggest how the detergent releases CENP-W from cells.
[2 marks]

Cell-surface membranes and organelle membranes are made of a

phospholipid bilayer.

The detergent dissolves the phospholipids, breaking down the membranes

so CENP-W is released.

- Explain how ultracentrifugation separates CENP-W from other molecules.
[2 marks]

The supernatant is spun in an ultracentrifuge at very high speed (very

high g force).

Molecules separate according to their mass [ size / density, so CENP-W

forms a layer separate from the other molecules.

IB/M/Jun18/7402/3
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- CENP-W is involved in the formation of spindle fibres in mitosis. Spindle fibres are

made of molecules of a protein called tubulin.

The scientists treated cells in a culture with small interfering RNA (siRNA). This
siRNA causes RNA interference of expression of the CENP-W gene. The scientists
took samples of cells at 0, 48 and 72 hours after adding the siRNA. They then used
gel electrophoresis to separate CENP-W and tubulin from these samples.

Figure 5 shows the results of the electrophoresis. The size of each band is
proportional to the amount of CENP-W or tubulin present.

Figure 5

Suggest how the siRNA produced these results. [3 marks]

The siRNA is complementary to and binds to the mRNA for CENP-W,

so the mRNA js destroyed.

So translation of CENP-W is prevented, which is why the CENP-W band

gets smaller from 0 to 72 hours.

As CENP-W decreases, the amount of tubulin also decreases, suggesting

CENP-W is needed for tubulin production.
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Ammonia in soil is oxidised to nitrites and nitrates by species of nitrifying bacteria.

Scientists investigated whether two soils with a different pH contained different
communities of nitrifying bacteria. These communities consist of all the nitrifying
bacteria of different species in each soil. They took samples of soil from two sites, A
and B.

They measured the pH of the samples and found that

e the soil from site A had a pH of 6.9
e the soil from site B had a pH of 4.3

The scientists measured the concentration of ammonia in soil samples over 20 days.
Each sample contained the same concentration of ammonia at the start and had the
same mass. They recorded the concentration of ammonia in

e soil A with a pH of 6.9

e soil B with a pH of 4.3

¢ a mixture of equal masses of soils A and B with its pH adjusted to 6.9
Their results are shown in Figure 6.

Figure 6
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- The scientists used units of pg g™ for the concentration of ammonia in soil.

Suggest why, in this investigation, the scientists used these units. [2 marks]

ug There is only a very small mass of ammonia in the soil, so using ug

avoids lots of decimal places | standard form and makes the numbers

manageable.

gt Per gram of soil, so that samples of different masses can be

compared with each other.

- Calculate the difference in the rate of breakdown of ammonia per day between day 0
and day 2 in soil A and soil B.

Show your working and the units for your answer. [2 marks]
B: (20 -2) +2 =90 ug g day’
Ac 20— 11) =2 =45 pg g7 day”

Difference = 9.0 — 4.5 = 4.5 ug ¢”' day™

Difference inrate = 4.5 g ¢~ day™!

Question 6 continues on the next page
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The scientists concluded that the soil mixture experiment showed there were different
communities of bacteria in soils A and B.

What evidence from Figure 6 supports their conclusions? Give reasons for your
answer. [3 marks]

Soil B (pH 4.3) had the fastest rate of ammonia breakdown, but the

mixture of A and B at pH 6.9 was the slowest, slower than A or B on

their own.

If both soils contained the same bacteria, the mixture would break down

ammonia at least as fast as soil A at pH 6.9.

This suggests the community of bacteria from soil B does not work

(well) at pH 6.9, and only the community from soil A is working in the

mixture, so the two soils contain different communities.
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The oxidation of ammonia by nitrifying bacteria involves the enzyme ammonia
monooxygenase. Each species of nitrifying bacteria has its own specific amoA gene
that codes for production of ammonia monooxygenase.

In a second investigation, the scientists determined the expression of the amoA gene
in two species of bacteria, S and T. Species S was from acid soil and species T was
from soil with a neutral pH.

The scientists grew cultures of each species separately in soils of different pH. They
determined the amount of mMRNA from the amoA gene in each culture.

Their results are shown in Figure 7.

Figure 7
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- In which species was the number of copies of mMRNA more affected by changes in soil
pH from 4.9 to 7.5? Use a calculation to support your answer.
[2 marks]

S: 1000 000 — 10 000 = 990 000 copies per gram of soil

T: 10 000 — 100 = 9 900 copies per gram of soil

Species S, as its number of copies changed by 990 000 (9.9 x 10°)

compared with only 9 900 (9.9 x 10) for species T, which is 100 times

greater.

Question 6 continues on the next page
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- This method allowed the scientists to estimate the expression of the amoA gene in
each culture but not the growth of the bacterial population in each culture.

Explain why.
[4 marks]

They did not count the number of bacterial cells in each culture.

The number of copies of mRNA is related to the amount of the enzyme

Cammonia monooxygenase) translated, so it measures gene expression.

But we do not know how much amoA mRNA each cell produces; some

bacteria may produce more mRNA than others, so a high mRNA count

could come from a few cells.

Also, we do not know if amoA expression is linked to cell division /

growth of the population.

IB/M/Jun18/7402/3
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E The scientists set up their cultures in sterile glass bottles.

Suggest one suitable method for sterilising the bottles and explain why it was
necessary to sterilise them.
[2 marks]

Heat the bottles in an autoclave (steam at 12] °C under pressure).

To kill any other bacteria | microorganisms in the bottles that might

break down ammonia Cor produce amohA mRNA), which would affect the

results.

Turn over for Section B
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Section B
Answer one question.
You are advised to spend no more than 45 minutes on this section.
n Write an essay on one of the topics below.
EITHER
- The importance of the control of movement in cells and organisms.
[25 marks]
OR
- The importance of interactions between cells and between organisms.
[25 marks]

07.2 The importance of interactions between cells and between

organisms

Interactions between cells and between organisms are essential at every

level of biology, from the molecules on a cell-surface membrane to

whole ecosystems. Without them, multicellular organisms could not

coordinate their activities, defend themselves against disease, or survive

and reproduce in a community.

One of the most important interactions between cells is in the immune

response. Every cell has specific proteins and glycoproteins on its

cell-surface membrane called antigens, which allow the immune system

to recognise self from non-self. When a pathogen enters the body,

phagocytes engulf it, digest it using lysozymes from lysosomes and then

present its antigens on their own membrane, becoming

antigen-presenting cells. Helper T cells with complementary receptors

bind to these antigens. This interaction stimulates the T helper cells to

30
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divide by mitosis and release cytokines, which activate cytotoxic T cells

to kill infected cells using perforin, and stimulate specific B cells (clonal

selection). The B cells divide to form plasma cells, which secrete

antibodies, and memory cells. Antibodies bind to complementary antigens

forming antigen-antibody complexes, causing agglutination so that

phagocytes can destroy the pathogens. This chain of cell-to-cell

interactions means that the response is specific and that a faster, larger

secondary response occurs on re-infection, which is the basis of

vaccination. When these interactions fail, as when HIV infects and

destroys helper T cells, the person develops AIDS and cannot fight off

opportunistic infections.

Cells also interact through cell signalling in the nervous system. At a

cholinergic synapse, an action potential arriving at the presynaptic knob

causes calcium ions to enter, so vesicles fuse with the membrane and

release acetylcholine by exocytosis. Acetylcholine diffuses across the

synaptic cleft and binds to receptors on the postsynaptic membrane,

opening sodium jon channels and causing depolarisation. If enough

neurotransmitter is released (summation), the threshold is reached and

a new action potential is generated. Acetylcholinesterase then hydrolyses

acetylcholine so the signal stops. These interactions allow impulses to

pass in one direction only and allow information to be integrated, for

example at inhibitory synapses where chloride ions cause

hyperpolarisation. A similar interaction at the neuromuscular junction

stimulates skeletal muscle to contract, allowing animals to move towards

food or away from danger.

Hormones allow interaction between cells in different parts of the body.

In the control of blood glucose, beta cells in the islets of Langerhans

31
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detect a rise in blood glucose and secrete insulin. Insulin binds to

specific receptors on liver and muscle cells, causing more glucose

transport proteins (GLUT4G) to be added to the membrane and

activating enzymes that convert glucose to glycogen (glycogenesis).

When blood glucose falls, alpha cells secrete glucagon, which binds to

receptors on liver cells and activates adenylate cyclase, producing cyclic

AMP as a second messenger. This activates protein kinase, leading to

glycogenolysis and gluconeogenesis. These interactions keep blood glucose

within narrow limits, which is important because a low concentration

would starve cells of respiratory substrate, while a high concentration

would lower the water potential of the blood. In type | diabetes, the

immune system attacks the beta cells, an example of interactions

between cells going wrong.

In uncontrolled cell division, interactions between cells are also

important. Normally, tumour suppressor genes and proto-oncogenes

control the cell cycle, and cells stop dividing when they are in contact

with other cells. In cancer, mutations or abnormal methylation of these

genes mean that cells no longer respond to these signals, so they divide

rapidly to form a tumour. Some breast cancers are linked to increased

oestrogen, which binds to a receptor and acts as a transcription factor,

showing how signals from other cells can change gene expression.

Interactions between organisms of different species are just as

important. In a community, organisms interact through feeding

relationships. Producers absorb light energy and convert it to chemical

energy in photosynthesis, and this energy is transferred to consumers

when they eat them. Only around 10% of the energy is transferred

between trophic levels because of respiratory losses and parts not eaten
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or digested. Predator and prey populations interact so that their numbers

fluctuate in cycles: as prey numbers increase, more food is available so

predator numbers rise, then the increased predation causes prey numbers

to fall, followed by predators. Competition, both interspecific and

intraspecific, for resources such as light, water and nutrients limits the

size of populations and determines the carrying capacity of an

ecosystem.

Microorganisms interact with plants in nutrient cycles. Saprobionts

secrete enzymes onto dead organic matter and absorb the products by

extracellular digestion, releasing ammonium ions. Nitrifying bacteria

oxidise ammonium ions to nitrites and then nitrates, which plants

absorb by active transport through their root hair cells to make amino

acids and nucleotides. Nitrogen-fixing bacteria such as Rhizobium live in

root nodules of lequmes in a mutualistic relationship: the bacteria

convert nitrogen gas into ammonia for the plant, and the plant gives

the bacteria carbohydrates. Similarly, mycorrhizae are fungi that increase

the surface area of roots for the uptake of water and phosphate ions,

in return for sugars. These interactions are essential, as without them

nitrogen and phosphorus would not be recycled and plants could not

qrow,

Interactions between members of the same species are important for

reproduction and evolution. Courtship behaviour allows individuals to

recognise members of their own species and to choose a mate that is

sexually mature and fertile, so that fertile offspring are produced. This is

also important in speciation, because if a mutation changes courtship

behaviour in part of a population, the two groups no longer interbreed

and become reproductively isolated (sympatric speciation). Over time,
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different selection pressures and genetic drift change the allele

frequencies in each group until they become different species. Within a

population, interactions such as competition for mates and resources act

as selection pressures, so individuals with advantageous alleles are more

likely to survive and reproduce, and natural selection changes allele

frequencies over generations.

Beyond the specification, bacteria interact with each other through

quorum sensing. Each bacterium releases small signalling molecules, and

when the population density is high enough, the concentration of these

molecules reaches a threshold that switches on particular genes in all

the cells at once. For example, Vibrio fischeri only produces light by

bioluminescence when there are enough cells, and some pathogenic

bacteria only release toxins once their numbers are large enough to

overwhelm the host's immune response. This shows that even

single-celled organisms depend on interactions to coordinate their

behaviour.

In conclusion, interactions between cells are vital for coordinating the

activities of multicellular organisms, through the nervous, hormonal and

immune systems, and for maintaining homeostasis. Interactions between

organisms determine the flow of energy and the cycling of nutrients in

ecosystems, the sizes of populations, and how species evolve. When these

interactions break down, as in HIV infection, diabetes or cancer, the

result is disease, which shows just how important they are.
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