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Answer all questions in the spaces provided.

Lo[1][1]

Lo[1][2]

Lo[1][3]

Littorina littorea is a species of snail found on rocky sea shores.
A student investigated variation in snail shell height in two populations of snails.
Give two ways in which the student could ensure his samples would provide a reliable

measure of the variation between individuals in each population.
[2 marks]

1 Select the snails at random, e.g. by using a random number generator

to pick coordinates on a grid placed over the shore.

2 Use a large sample of snails (more than 10, e.g. at least S0) from

each population.

The student could determine the median, mode and range from his measurement of
shell heights in these populations.

Give two other statistical values the student could calculate from his measurement of
shell heights in these populations.

[1 mark]
1  Mean
2 Standard deviation
Name the taxon in the hierarchy of classification represented by:

[1 mark]

1 Littorina ~ Genus

2 littorea  Species
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E The student noticed there was a difference in shell height between these populations box
of snails. He wanted to investigate if the difference was significant.
Give a suitable null hypothesis to use in his investigation and name the statistical test
to use with these data.
[2 marks]
Null hypothesis There is no significant difference between the mean shell
height of the snails in the two populations.
Statistical test  Student's t-test
6

Turn over for the next question
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II| Describe how a phosphodiester bond is formed between two nucleotides within a DNA
molecule.

[2 marks]

A condensation reaction (removing a molecule of water) joins the

phosphate group of one nucleotide to the deoxyribose sugar of the next

nucleotide.

This is catalysed by the enzyme DNA polymerase.

@ The two DNA strands of a particular gene contain 168 guanine bases between them.
The relationship between the numbers of guanine bases (G), adenine bases (A),

thymine bases (T) and cytosine bases (C) in these two strands of DNA is shown in the
following equation.

G=4(A+T)-C

Use this information and your understanding of DNA structure to calculate the
maximum number of amino acids coded by this gene.

Show your working.
[2 marks]

G=C=168 50163 =6(A+T)-163s0A+T=284 A=T=42
Total bases = 168 + 168 + 42 + 42 = 420 (both strands)
Template strand = 420 + 2 = 210 bases

3 bases per amino acid: 210 + 3 = 70

Answer 70

- Name the protein associated with DNA in a chromosome.

[1 mark]
Histone
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Izl In the process of semi-conservative DNA replication, the two strands within a DNA box
molecule are separated. Each then acts as a template for the formation of a new
complementary strand.
Describe how the separation of strands occurs.
[2 marks]
The enzyme DNA helicase moves along the DNA molecule.
It breaks the hydrogen bonds between the complementary base pairs
(A-T and 6-C), so the two polynucleotide strands separate and unwind.
7
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II| Explain how an arteriole can reduce the blood flow into capillaries.
[2 marks]

The smooth muscle in the wall of the arteriole contracts.

This constricts (narrows) the arteriole and its lumen (vasoconstriction),

so less blood flows through it into the capillaries.

Figure 1 shows heart valves during one stage of a cardiac cycle.

Ventricles are visible through the open valves.

Figure 1

Valves between
ventricles and arteries

Valves between
atria and ventricles
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El What can you conclude from the appearance of valves in Figure 1 about
heart muscle activity and blood movement between:

1. ventricles and arteries?
[2 marks]

The semilunar valves are closed, so the ventricle muscles are relaxed

(diastole) and the arteries have recoiled.

So there is no backflow of blood from the arteries into the ventricles,

and no blood is moving from the ventricles into the arteries.

2. atria and ventricles?
[2 marks]

The atrioventricular valves are open, so the atrial muscle is contracting

(atrial systole).

So blood is moving (being pumped) from the atria into the ventricles.

Question 3 continues on the next page

Turn over »
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[o[3][3]

Tick (v') one box next to the blood vessel carrying blood at the lowest blood pressure.
[1 mark]

Capillary

Pulmonary vein

Renal vein

Vena cava \/

A scientist measured the heart rate and the volume of blood pumped in a single heart
beat (stroke volume) of an athlete before exercise and calculated the cardiac output.

Cardiac output is calculated using this equation.
cardiac output = heart rate x stroke volume
Her results are shown in Table 1.

Table 1

Heart rate / Stroke volume | Cardiac output
beats minute™ / cm3 / cm® minute™

62 80 4960

After exercise, the athlete’s stroke volume increased by 30% and the cardiac output
was 13 832 cm?® minute

Calculate the athlete’s heart rate after exercise.

Give the answer to 2 significant figures. Show your working.

[2 marks]
Stroke volume after exercise = 80 x 1.3 = 104 cm?
Heart rate = cardiac output + stroke volume
=13 832 < 104 = 133 beats minute”
=130 2 s.t)
Heart rate 130 beats minute
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[o[a][1]

[o[4][2]

A student investigated the effect of ethanol, hydrochloric acid and temperature on the
loss of red pigment from beetroot cells.

During the procedure, the student:

added 10 cm?® water into one test tube

added 10 cm?® ethanol into a second test tube

added 10 cm?® hydrochloric acid into a third test tube

put the three tubes into a 25 °C water bath

cut four cylinders of tissue from a beetroot

put a cylinder into each tube and fitted bungs

added 10 cm?® water into a fourth test tube and put this tube into a
70 °C water bath

placed the fourth cylinder into this tube and fitted a bung

¢ later removed the cylinders from the tubes

¢ estimated the intensity of red pigment in each solution by eyesight.

Give one way in which the student could ensure the first three beetroot cylinders were
kept at 25 °C throughout her experiment.

[1 mark]

Put a thermometer in each tube and check the temperature at reqular

intervals, adding hot or cold water to the water bath if the temperature

has changed from 25 °C.

Give two variables that the student did not control in her procedure.

[2 marks]

1 The size of the beetroot cylinders (their length and diameter, i.e.

surface area).

2 The time each cylinder was left in its solution.

Question 4 continues on the next page
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El The student used a measuring cylinder to obtain 10 cm? of each solution.

Figure 2 shows some of the scale graduations on the side of this measuring cylinder.

Figure 2

30

10

What is the uncertainty of taking a reading of 10 cm? with this measuring cylinder?

Suggest how you could reduce the uncertainty calculated.

Uncertainty + / cm?3

[2 marks]

Reducing uncertainty ~ Use a measuring cylinder (or pipette) with smaller

intervals between the graduations, e.g. | cm? intervals.
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A different student used the same procedure and she controlled all variables
appropriately. Her results are shown in Figure 3.

Figure 3
E F G H
% % % j&mg
y v N 4 N /
Key
Intensity
of red
pigment

NN

Water Ethanol Hydrochloric Water
acid T
25 °C water bath 70 °C water
bath

E Using Figure 3, what can you conclude about the damage caused to beetroot cells by
water, ethanol, hydrochloric acid and different temperatures?

Provide explanations for your conclusions.
[4 marks]

Water at 25 °C (tube E) caused no damage, as no red pigment was

released, so the cell-surface membranes stayed intact.

The pigment can only leak out if the cell-surface membrane (and

tonoplast) is damaged. Ethanol and hydrochloric acid caused similar,

some damage (F and G have the same light colour).

Ethanol damages the membrane by dissolving the phospholipids in the

phospholipid bilayer. Acid damages the membrane by altering

(denaturing) the membrane proteins, such as channel and carrier

proteins.

Water at 70 °C (tube H) caused the most damage, because the high

Answer space for this question continues on the next page

Turn over »
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Do not write
temperature denatures the membrane proteins and increases the fluidity e
and permeability of the membrane, so the most pigment leaks out.
9
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|I| A student investigated starch hydrolysis using the enzyme amylase.

During the procedure, the student:

o treated the starch to make it soluble

e prepared 10 cm? of different concentrations (mg dm™) of starch solution

e added an identical concentration of amylase to each starch solution

e measured the time in minutes to completely hydrolyse starch.

He repeated the procedure and calculated the mean time to completely hydrolyse

starch in each concentration of starch solution.

Draw a table the student could use to record all of his results.

You only need to show completed column headings.

[2 marks]
Starch concentration Time to completely hydrolyse starch
/ mg dm / minutes
Repeat | Repeat 2 Mean
@ Describe the results you would expect the student to obtain.
[1 mark]

As the starch concentration increases, the time taken to completely

hydrolyse the starch increases.
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E A competitive inhibitor decreases the rate of an enzyme-controlled reaction.
Explain how.

E When bread becomes stale, the structure of some of the starch is changed. This

[3 marks]

The inhibitor has a similar shape to the substrate (it is complementary

to the active site).

So it fits into and binds to the active site of the enzyme.

This prevents the substrate from binding, so fewer enzyme-substrate

complexes are formed and the rate of reaction falls.

changed starch is called retrograded starch.

Scientists have suggested retrograded starch is a competitive inhibitor of amylase in
the small intestine.

Assuming the scientists are correct, suggest how eating stale bread could help to
reduce weight gain.
[3 marks]

Retrograded starch binds to the active site of amylase, so less starch is

hydrolysed to maltose in the small intestine.

So less maltose is broken down to glucose, so less glucose is absorbed

into the blood.

Instead more undigested starch (carbohydrate) is egested in the faeces,

so less glucose is available to be converted to fat (stored), reducing

weight gain.
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Trout is a type of fish, often produced commercially in trout farms. box
A scientist investigated the growth of farmed trout. She determined the median mass
of a large population of trout at intervals. She started measuring on the day the newly
hatched fish began feeding. Her results are shown in Figure 4.

Figure 4

700
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Median fish /
mass / mg
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100 A
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Time spent feeding / days

The best fit line shown in Figure 4 is represented using this equation.
median fish mass = (m x days feeding) + 50

where m is the gradient of the best fit line.

16
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|I| Use Figure 4 and the equation to calculate the median mass of fish after 195 days’

feeding.
Show your working.
[2 marks]
Gradient m = (626 - S0) + 120 = §76 + 120 = 4.8
Mass = (4.8 x 195) + 50 = 936 + S0 = 9386
Answer 986 mg

@ A trout body cell contains 80 chromosomes.

Table 2 shows the number of chromosomes and the mass of DNA in different nuclei.
All the nuclei are from the same trout.

Complete Table 2.
[2 marks]
Table 2
Nucleus Number of Mass of DNA /
chromosomes arbitrary units
At prophase of mitosis 80 S0
At telophase of mitosis 30 25
From an egg cell 40 12.5

- Give one reason why trout eggs produced by meiosis are genetically different.
[1 mark]

Independent segregation of homologous chromosomes in meiosis, giving

different combinations of maternal and paternal chromosomes (also

crossing over).

Question 6 continues on the next page

Turn over »
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E Give the number of chromosomes in body cells of the offspring produced from treated

E The offspring produced from farmed trout are sterile. Suggest and explain why.

A trout body cell contains 80 chromosomes.

Farmed female trout are treated so that they produce diploid egg cells.

farmed female trout and untreated farmed male trout.

[1 mark]

Number of chromosomes 120

[2 marks]
The offspring are triploid: they have three sets of chromosomes (two

maternal and one paternal), so an extra set.

So homologous chromosomes cannot pair up and cannot separate evenly,

so meiosis cannot happen and no gametes are made.
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II| Explain how HIV affects the production of antibodies when AIDS develops in a person.
[3 marks]

HIV infects and destroys helper T cells.

So few helper T cells are left to stimulate (activate) B cells, so few B

cells divide by mitosis and differentiate into plasma cells.

So less (or no) antibody is produced, and the person cannot fight other

infections.

Question 7 continues on the next page

Turn over »

19 IB/M/Jun20/7401/2

stemup.co.uk


https://stemup.co.uk

20

El A scientist measured the effect of a drug on the number of T cells and the number of

HIV particles in blood taken from a person with AIDS. The results are shown in
Figure 5.

Figure 5
600 T EEEEEE, _ 1120
400 HHHHHHHHHHH A 180
Number of L B e ! (I R Number of HIV
T cells per N P> o . ! particles per
mm3 of blood N HTHH i mm3 of blood
200 o T 40
— | T —— )/
T
0 — ‘ — 0
0 4 8 12 16
Time since start of drug treatment / months
Key
———Tcells
—— HIV particles

Symptoms of AIDS occur when the number of T cells is below 200 cells mm™

Use all of this information to evaluate the effectiveness of the drug in treating AIDS.
[5 marks]

The drug may not be effective: at about 4 months the number of T

cells fell below 200 cells mm™ (to about 160), so AIDS symptoms

would occur.

The drug does not remove the HIV particles: their number stays fairly

constant and even increases slightly over 16 months (about 8 to 25 per

mm?).

However, the drug does seem effective in the long term: after 4 months

the number of T cells increases, and from S months onwards it is above

200 cells mm (about S40 at 16 months), so AIDS symptoms would be

relieved.

But the data are from only one person, over only 16 months, with no
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Do not write
control group and no statistical test, and side effects of the drug are e
unknown, so | cannot be sure the drug is effective.
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|I| A scientist measured the pressure in a phloem tube in a willow plant stem. box
He repeated his measurements to obtain nine readings.
His results are shown in Table 3.

Table 3

Phloem pressure / arbitrary units

74 | 80 | 70 | 86 | 82 | 93 | 74 | 91 8.8

The percentage error of the mean phloem pressure in this phloem tube is calculated
using this equation.

uncertainty in measurement
Percentage error = x100
mean

The uncertainty in measurement is half the range of the measured values.
Calculate the percentage error of the mean phloem pressure in this phloem tube.

Show your working.

[2 marks]
Mean = 738 + 9 = 8.2
Range = 9.3 - 7.0 = 2.3, so uncertainty = 2.3 ~ 2 = |.IS
Percentage error = (1.1S = 8.2) x 100 = 14.02
Percentage error 19.02 %

2 2
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IZ| The mass flow hypothesis is used to explain the movement of substances through box
phloem.

Use your understanding of the mass flow hypothesis to explain how pressure is
generated inside this phloem tube.
[3 marks]

Sucrose is actively transported into the phloem (sieve tubes) at the

source, e.g. the leaves.

This lowers the water potential inside the phloem (makes it more

negative).

So water moves into the phloem from the xylem by osmosis, which

increases the hydrostatic pressure inside the phloem tube.

Question 8 continues on the next page
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El The scientist also measured changes in the phloem pressure and changes in the rate
of water movement in the xylem of a willow plant at intervals during a day.

His results are shown in Figure 6.

Figure 6

Phloem
pressure / 8-
arbitrary units

5 I T I I T T I 1
08.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Time / hours

Rate of water
movement in 3
xylem / kg hour~—1

0 T T T T T T T 1
08.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Time / hours

Describe the relationship between phloem pressure and the rate of water movement
in xylem in this plant.
[1 mark]

As the rate of water movement in the xylem increases, the phloem

pressure decreases (and vice versa), so they are inversely related.

2 4
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E Phloem pressure is reduced during the hottest part of the day. Use information in o
Figure 6 along with your understanding of transpiration and mass flow to explain why.
[3 marks]
During the hottest part of the day there is a high rate of transpiration,
as water evaporates and is lost through the stomata.
This creates a high tension in the xylem (rate of water movement up to
S kg hour” from 10.00 to 14.00).
So less water moves from the xylem into the phloem by osmosis, as the
water potential in the phloem is not low enough to draw water from the
xylem, so phloem pressure falls (to about 9 units).
9
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II| Describe the processes involved in the absorption and transport of digested lipid

molecules from the ileum into lymph vessels.

[5 marks]

Bile salts combine with the products of lipid digestion, fatty acids and

monoglycerides, to form micelles.

The micelles make the fatty acids and monoglycerides more soluble in

water, and carry them to the epithelial cells lining the ileum. This

maintains a high concentration of fatty acids and monoglycerides next

to the cells.

At the cells the micelles break down, releasing the fatty acids and

monoglycerides, which are non-polar so they are absorbed by simple

diffusion across the phospholipid bilayer of the cell-surface membrane.

Inside the epithelial cells, in the smooth endoplasmic reticulum, the fatty

acids and monoglycerides are recombined to re-form triglycerides.

In the Golgi apparatus the triglycerides are combined with proteins to

form chylomicrons.

Vesicles containing the chylomicrons move to the cell-surface membrane

and release them by exocytosis. The chylomicrons then enter the lacteals

(lymphatic capillaries) in the villi, and are carried away in the lymph.
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IZ| Describe how the structure of a protein depends on the amino acids it contains. box
[5 marks]

The primary structure of a protein is the sequence (order) of amino

acids in the polypeptide chain, joined by peptide bonds.

The secondary structure forms when hydrogen bonds form between the

amino acids (between the C=0 and N-H groups), folding the chain into

an alpha helix or beta-pleated sheet.

The tertiary structure is the further folding into a specific 3D shape,

held by interactions between the R groups: hydrogen bonds, ionic bonds,

disulfide bridges and hydrophobic interactions. So the structure depends

on the position of each amino acid and its R group in the chain.

This creates specific shapes, such as the active site of an enzyme, or

complementary binding sites on antibodies, receptors and carrier proteins.

Quaternary structure is formed when more than one polypeptide chain is

Joined by bonds between them (e.q. haemoglobin), sometimes with a

prosthetic group.

END OF QUESTIONS

2 7

stemup.co.uk IB/M/Jun20/7401/2


https://stemup.co.uk

28

There are no questions printed on this page

DO NOT WRITE/ON THIS PAGE
ANSWER IN THE/SPACES PROVIDED

2 8

stemup.co.uk

1B/M/Jun20/7401/2

Do not write
outside the
box


https://stemup.co.uk

29

Do not write
outside the
Question Additional page, if required. box
number Write the question numbers in the left-hand margin.
2 9 IB/M/Jun20/7401/2

stemup.co.uk


https://stemup.co.uk

30

Do not write
outside the
Question Additional page, if required. box
number Write the question numbers in the left-hand margin.
20 IB/M/Jun20/7401/2

stemup.co.uk


https://stemup.co.uk

31

Do not write
outside the
Question Additional page, if required. box
number Write the question numbers in the left-hand margin.
3 1 IB/M/Jun20/7401/2

stemup.co.uk


https://stemup.co.uk

32

Do not write
outside the
box

There are no questions printed on this page

DO NOT WRITE/ON THIS PAGE
ANSWER IN THE SPACES PROVIDED

Copyright information

For confidentiality purposes, all acknowledgements of third-party copyright material are published in a separate booklet. This booklet is published after
each live examination series and is available for free download from www.aqga.org.uk.

Permission to reproduce all copyright material has been applied for. In some cases, efforts to contact copyright-holders may have been unsuccessful
and AQA will be happy to rectify any omissions of acknowledgements. If you have any queries please contact the Copyright Team.

Copyright © 2020 AQA and its licensors. All rights reserved.

I eI
32

stemup.co.uk 1B/M/Jun20/7401/2


https://stemup.co.uk

