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Answer all questions in the spaces provided. box

Gene mutations are changes in the base sequence of DNA.

Table 1 shows some amino acids and the DNA triplets that code for them.

Table 1

Amino acid DNA triplets
Arg AGA, AGG, CGT, CGC, CGA, CGG
Gly GGT, GGC, GGA, GGG
Leu TTA, TTG, CTT, CTC, CTA, CTG
Ser AGT, AGC, TCT, TCC, TCA, TCG
Trp TGG
Tyr TAT, TAC

Table 2 shows:

¢ the original DNA base sequence for part of a gene that codes for an enzyme
¢ the effects of two different mutations on the DNA base sequence of this gene.

Table 2

Original DNA base sequence AlG|fC|C|[G|G|C|T|G|[T|JA]|C

Mutation 1 DNA base sequence AlG|C|C|G|G|C|T|C|T|A]|C

Mutation 2 DNA base sequence AlG|IC|G|G|G|C|T|G|[T|JA]|C

Use the information shown in Table 1 and Table 2 to answer the following
questions.

|I| Give the sequence of amino acids coded for by the original DNA base sequence.
[1 mark]

Ser, Arg, Leu, Tyr
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@ Mutation 1 shows that the genetic code is degenerate. box

Explain how.
[2 marks]

Substitution of one base for another: the 3rd base of the third triplet

changes from G to € (CTG to CTC).

Both triplets still code for the same amino acid, Leu.

E Explain how mutation 2 may produce a non-functional enzyme.
[3 marks]

Mutation 2 changes the second triplet from CGG to GGG, so Gly

replaces Arg: a change in the amino acid sequence (primary structure).

This causes a change in the hydrogen bonds and ionic bonds, so a

change in the tertiary structure and the shape of the active site.

So the substrate cannot fit into or bind to the active site, as it is no

longer complementary, and no enzyme-substrate complexes can form.

Turn over for the next question
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Figure 1 shows the arrangement of some blood vessels and lymph vessels.
Figure 1

From artery To vein

Key

— Direction
fluid moves

Lymph vessel

A Capillary

Body cells

|I| Name the fluid found at position A shown in Figure 1.

[1 mark]
Tissue fluid
IZ| The blood in the capillary consists of cells suspended in a fluid.
Name this fluid.
[1 mark]
(Blood) plasma

El Give one function of the lymph vessels.

[1 mark]

To return excess tissue fluid (and proteins) back to the circulatory

system (blood).
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Explain how two structural features of capillaries allow efficient exchange of

substances.
[2 marks]

1 Walls are one cell thick with flattened endothelial cells, so this reduces

the diffusion distance.

2 Narrow lumen, so red blood cells are in contact with the wall, giving a

short diffusion distance and a slower flow rate, giving more time for

diffusion.

When a mosquito bites a person, some swelling can develop around the bite.

This swelling is caused by a chemical called histamine. Histamine changes the
permeability of capillary walls so that large molecules can pass through.

Explain how this change in the permeability of capillary walls causes swelling.
[3 marks]

Large molecules such as proteins can move out of the capillaries into the

tissue fluid.

So the water potential of the tissue fluid decreases (becomes more

negative).

So more water moves out of the blood into the tissue fluid by osmosis,

and less water is reabsorbed back into the capillaries by osmosis, so

tissue fluid builds up.
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Pathogens cause disease. When pathogens enter the body, they stimulate an box
immune response.

II' Give two ways that pathogens can cause disease.

[2 marks]
1_Releasing toxins.
2 Killing or damaging host cells and tissues.
El Describe how a pathogen is killed by phagocytosis.
[3 marks]

The phagocyte engulfs the pathogen to form a vacuole (phagosome).

A lysosome fuses with the vacuole (forming a phagolysosome).

The lysosome releases enzymes (lysozymes) that digest (hydrolyse) the

pathogen.
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Figure 2 shows the relationship between the concentration of one type of antibody
and the percentage of a target pathogen killed by phagocytosis.

Figure 2
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@ Explain the relationship shown in Figure 2 between antibody concentrations
0.01 and 1 yg cm= and the percentage of target pathogens killed by phagocytosis.
[2 marks]

As the antibody concentration increases, more antigen-antibody

complexes form.

This leads to more agglutination (clumping) of the pathogens, so

phagocytosis becomes more efficient and a greater percentage of

pathogens are killed.

E Explain why an antibody is only effective against a specific pathogen.
[2 marks]

Antibodies have a specific shape of binding site (specific tertiary

structure).

Only the antigen on that pathogen is complementary and binds to the

antibody, forming an antigen-antibody complex.
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A group of students investigate the number of cells that are dividing at different
distances from the end of a root tip.

Each student:

cuts a 10 mm length from the tip of an onion root

puts the cut piece in a watch glass

covers the piece of root tip with one drop of toluidine blue stain

puts the piece of root tip on a microscope slide

puts a coverslip on top of the root tip and presses down firmly without moving the
cover slip sideways

uses a light microscope to record the number of cells that are dividing at different
distances from the end of the root tip.

e 66 o o o

[

Explain why the students press down firmly on the cover slip but do not move the
cover slip sideways.
[2 marks]

Pressing firmly spreads the cells into a single, thin layer so light passes

through, making the chromosomes visible,

Not moving the cover slip sideways avoids rolling the cells together or

breaking the chromosomes, and avoids displacing cells to different

distances from the tip.

Give the reason why the students add a stain to the pieces of root tip.
[1 mark]

To make the chromosomes visible.

In this investigation, toluidine blue stain is used instead of a more traditionally used
stain called acetic orcein.

Suggest one reason why the students use toluidine blue stain instead of acetic orcein.
[1 mark]

Toluidine blue is less hazardous, as it is not acidic and does not need

heating (acetic orcein may damage the cells).
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Each student calculates the mitotic index at five distances from the tip of the onion box
root.

The students use the formula:

Number of cells dividing by mitosis

Mitotic index = 100
tofic Index Total number of cells viewed X

E One student counts a total of 138 cells when viewing a root tissue sample. The
student calculates a mitotic index of 10.1%

Calculate the number of dividing cells the student counted.
[1 mark]

138 x 10.] = 100 = 139

Number of dividing cells = 14

Question 4 continues on the next page
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Each student calculates the mitotic index at five distances from the tip of the onion
root.

Table 3 shows the students’ results.

Table 3
Distance Mitotic index / %
from root Student
tip / mm 1 > 3 2 : Mean * SD
1 10.1 10.9 11.5 10.6 9.9 10.6 £ 0.6
3 3.2 2.8 1.8 3.1 2.3 2606
5 2.1 1.6 1.2 0.0 14 1.3£0.8
7 0.0 0.8 0.0 0.0 1.0 04+05

El Describe what the standard deviations show about the results of this investigation.

Use data from Table 3.
[2 marks]

The standard deviations overlap between 3 mm (2.6 + 0.6) and S mm

(1.3 = 0.8), so there is likely to be no significant difference in the

mean mitotic index between these distances.

There is no overlap between | mm (10.6 + 0.6) and 3 mm, so there is

likely to be a significant difference between these distances.

One student states:

“There is a higher chance of seeing some cells in metaphase if tissue is examined as
near to the root tip as possible.”

@ Explain how the results in Table 3 support the student’s statement.
[2 marks]

A distance of | mm (at the tip) gives the highest mitotic index, 10.6%.

So this is where most cell division (mitosis) takes place, the meristem,

so more cells are likely to be in metaphase.
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. At distances of 1 mm, 3 mm and 5 mm, the values for the mitotic index differed e
between the five students.
Suggest three possible causes for these differences in the value of the mitotic index.
[3 marks]

1 The students could have moved the cells to a different distance from

the tip when adding the coverslip.
2 Errors in counting: miscounting the cells in the field of view or

misidentifying cells that are dividing.
3 Genetic differences between root tissue samples from different onions,

or roots of different ages.

12
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Scientists investigate the digestion of two lipid emulsions with different droplet sizes in box

human volunteers.
The scientists:

o tell 8 healthy volunteers not to eat any food for 12 hours before the start of the
investigation

e prepare an emulsion containing small lipid droplets

e give each volunteer 500 cm? of the small lipid droplet emulsion through a tube
directly into the duodenum

¢ measure the concentration of chylomicrons in the blood of each volunteer at
intervals for 7 hours

e repeat the investigation 1 week later but with an emulsion containing large lipid
droplets.

lIl Chylomicrons contain large amounts of triglycerides.

Name one other component of a chylomicron
[1 mark]

Cholesterol (or lipoprotein | phospholipid)

@ Give the reason for:

selecting healthy volunteers

[2 marks]

Healthy volunteers: so the results are not affected by medical conditions

or medication affecting lipid digestion and absorption.

volunteers not eating any food for 12 hours before the start of the investigation.

Not eating for 12 hours: so there are no lipids (triglycerides) left in the

duodenum from food previously eaten to affect the results.
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Table 4 shows information about the two sizes of lipid droplets. hox
Table 4
Size of lipid | Mean diameter of Mean volume of Mean surface
droplets droplets / pm droplets / pm? area of droplets /
pm?
Small 1.4 1.4 6.2
Large 9.8 492.6 301.6

. The mean surface area to volume ratio (SA:V) of the small lipid droplets is 4.4:1
Calculate the mean SA:V of the large lipid droplets.

Use information from Table 4 and the formula for surface area of a droplet.

[2 marks]
A= 4zr?
A= surface area
r = radius
=314
r=9%8<+2=49 um
A =14 x 3149 x 4.9 = 30.6 ym?
SAV = 301.6 + 4992.6 = 0.612
Mean SA:V of large lipid droplets = 0.6l A

Question 5 continues on the next page
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Figure 3 shows the mean concentration of chylomicrons in the volunteers’ blood over

7 hours.
Figure 3
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Food supplements are often given to patients with disorders of the digestive system.
The scientists concluded that the results of this investigation suggest that food

supplements containing emulsions with small lipid droplets would help patients with
problems digesting and absorbing lipids.

E Describe how the results in Figure 3 support the scientists’ conclusion.
[1 mark]

The mean blood concentration of chylomicrons is higher with small lipid

droplets at every time, e.g. 0.55 compared with 0.39 mmol dm™> at 4

hours.

E Explain why emulsions with small lipid droplets are easier to digest and absorb.
[2 marks]

Small lipid droplets have a larger SA:V, so a greater total surface area

for lipase to act on.

This leads to a faster rate of digestion (hydrolysis) of triglycerides to

fatty acids and monoglycerides, which can then be absorbed.
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The human immunodeficiency virus (HIV) causes a disease called acquired immune
deficiency syndrome (AIDS).

lIl Complete Table 5 by giving the name of the HIV component that matches the
description.

[2 marks]

Table 5

Description

Name of component

some enzymes

A protein layer that surrounds RNA and

Capsid

Outer surface formed from the cell-surface
membrane of cells infected with HIV

(Lipid) envelope

Question 6 continues on the next page
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Figure 4 shows how the number of CD4 helper T cells in the blood of a person
infected with HIV changes with time.

Figure 4
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@ This person started to develop many secondary infections about 8 years after first
becoming infected with HIV.

Explain why, using information from Figure 4.
[3 marks]

After 8 years there is a low number of helper T cells, only about 130 to

1490 per mm?.

So fewer helper T cells are available to activate B cells (to form plasma

cells and memory cells) and cytotoxic T cells.

So there is reduced antibody production, so the body cannot fight

pathogens.
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To assess the stage of a patient’s HIV infection, doctors can use a measurement box
called the CD4 percentage (CD4%). This is the percentage of cells in the immune
system that are CD4 helper T cells.

[0]6].[3] A patient with HIV has a CD4% of 15% and a CD4 helper T cell count of 197 cells per
mm? of blood.

The patient starts a new treatment and the CD4% increases to 35%

Calculate the increase in CD4 helper T cells, if the total number of cells in the immune
system remains constant.

[2 marks]
Total immune cells = 197 + 0.1S = 1313.3 per mm?
35% of 1313.3 = 454.7
Increase = 459.7 — 197 = 262.7
Increase in CD4 helper T cells = 263 cells per mm? of blood

Question 6 continues on the next page
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E Antiretroviral drugs have increased the life expectancy of HIV patients.

One type of antiretroviral drug inhibits the HIV enzyme integrase and stops HIV DNA
from integrating into the host cell DNA.

Name one other HIV enzyme that could be inhibited by an antiretroviral drug.

Explain how inhibition of this enzyme affects the replication of HIV.
[3 marks]

Name of enzyme

Reverse transcriptase

How replication is affected

Inhibiting reverse transcriptase prevents the formation of HIV DNA from

the viral RNA.

So there is no HIV DNA to code for new HIV structures (viral mRNA

and viral proteins) or enzymes, so new HIV particles cannot be made.
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Scientists investigate the behaviour of a species of aphid (Rhopalosiphum padi). The
aphid carries a plant pathogen called barley yellow dwarf virus (BYDV).

The scientists:

1. put a choice chamber (a clear plastic container), as shown in Figure 5, into a
temperature-controlled and light-controlled room

2. insert one leaf of a plant infected with BYDV into one side of the choice chamber

3. insert one leaf of a plant not infected with BYDV (control plant) into the choice
chamber on the opposite side

4. release 50 aphids carrying BYDV (infective aphids) into the choice chamber

5. record the number of infective aphids in the choice chamber found on the
BYDV-infected plant leaf and on the control plant leaf after 72 hours

6. repeat steps 1 to 5 five more times with new plants each time and with 50 infective
aphids each time.

To complete the investigation, the scientists repeat steps 1 to 6, but in these
experiments use aphids not carrying BYDV (non-infective aphids).

Figure 5 shows a diagram of how the experiment is set up.

Figure 5

Clear plastic

choice chamber Cotton wool

plug

Plant infected Control plant
with BYDV
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lIl Give three variables that the scientists should control in this investigation that are not box
mentioned in the method.

[3 marks]
1 Same species (variety) and same age of plants used.
o Same age of aphids.
3 Same leaf surface area of each plant inside the choice chamber.
@ Describe how aphids feed on a plant leaf.
[2 marks]

Aphids insert their stylets (piercing mouthparts) into the phloem sieve

tubes of the leaf.

The sap in the phloem is under high pressure, so it is forced into the

aphid's gut.
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Figure 6 shows the scientists’ results.

Figure 6
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E The scientists used a chi-squared test to analyse the results for each group of plants.

Give the reason why they used this statistical test.
[1 mark]

To see if the observed numbers of aphids on each leaf are significantly

different from the expected numbers; the data is in categories and is

counted.

E The result of the chi-squared test for both groups of plants was the same at P <0.0001
Explain what this means when applied to this investigation.

In your answer, use the words probability and chance.
[2 marks]

The probability that the difference between the observed and expected

numbers of aphids is due to chance is less than 0.01%.

So the differences are highly significant: P < 0.0S, so the null

hypothesis is rejected.
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E The scientists concluded that:

‘The behaviour of the aphids in this investigation provides evidence for an increase of
pathogen transmission in agriculture.’

Use Figure 6 and the information provided to evaluate the scientists’ conclusion.

[4 marks]

Support: non-infective aphids prefer to feed on BYDV-infected plants

(0.52 compared with 0.68), so more aphids become infective and carry

BYDV.

Infective aphids prefer non-infected plants (0.8 compared with 0.42),

so there is increased transmission of BYDV. The large sample size (600

aphids) means the results are representative, and the statistical test

shows the differences are significant.

Against: no error bars are shown. The investigation was in laboratory

conditions, so aphid behaviour may differ in agricultural conditions

(temperature, humidity).

Only one species of aphid, one species of plant and one virus were used,

so other aphids or pathogens may not behave the same way.
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lIl Explain how the heart maintains a one-way flow of blood from the left atrium to the box
aorta.

In your answer, include the role of cardiac muscle and the heart valves.
[5 marks]

When the atrium fills and the left atrium contracts, the pressure in the

atrium becomes higher than in the ventricle, causing the atrioventricular

(bicuspid) valve to open, so blood flows into the ventricle.

Contraction of cardiac muscle in the ventricle jncreases the pressure, so

the pressure in the ventricle becomes higher than in the atrium, causing

the atrioventricular valve to close, which prevents backflow into the

atrium.

When the pressure in the ventricle becomes higher than in the aorta,

the semilunar (aortic) valve opens and blood is pushed into the aorta.

As the ventricle relaxes, the pressure in the aorta becomes higher than

in the ventricle, causing the semilunar valve to close, preventing backflow

into the ventricle.
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@ Explain how atheroma formation may cause myocardial infarction. box
[5 marks]

An atheroma is fatty material (cholesterol, LDL, plague) that builds up

in the wall of an artery, under the endothelium.

This narrows the lumen and damages the artery lining, giving a higher

risk of thrombus (blood clot) formation.

The thrombus blocks a coronary artery, restricting blood flow to the

heart muscle.

So less oxygen and glucose reach the heart muscle cells.

This reduces (prevents) aerobic respiration in the heart muscle, so the

cells are damaged and die, causing a myocardial infarction (heart

attack).

10
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