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Answer all questions in the spaces provided.

Endopeptidases and exopeptidases are involved in the digestion of proteins in
mammals.

Iil Describe the action of endopeptidases on a protein.

[2 marks]
Endopeptidases hydrolyse (break) peptide bonds within the protein
molecule (in the middle of the chain, not at the ends).
This produces shorter polypeptides (peptides).
@ Describe how the action of endopeptidases increases the rate of action of
exopeptidases.
[1 mark]

It creates more ends for the exopeptidases to work on (hydrolyse the

terminal peptide bonds).

@ A protein molecule contains 145 amino acids.

How many peptide bonds are there in this protein molecule?
[1 mark]

144
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The extent to which a protein is digested is called the degree of hydrolysis (DH). box
The DH value may be calculated from the equation:

_ Number of peptide bonds hydrolysed
" Total number of peptide bonds present

E A molecule of the protein described in Question 01.3 is digested. The DH value of the
digested protein is 25

Calculate the number of peptide bonds that have been hydrolysed.
[1 mark]

2§ = (bonds hydrolysed < 144) x 100

bonds hydrolysed = 25 x 144 =+ 100 = 36

Number of peptide bonds hydrolysed = 36

E A protein molecule is completely hydrolysed to amino acids.

Give the DH value.
[1 mark]

DH value = 100 6

Turn over for the next question

Turn over »
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Scientists investigate the movement of organic substances through a plant.

This is the method the scientists use:

surround the leaves at the top of a plant in a sealed glass chamber containing
radioactively-labelled carbon dioxide (**CO,) as shown in Figure 1

position an aphid at each of the four points along the length of the stem

cut the aphid stylets so that the stylets remain attached to the stem as shown in
Figure 2

collect and analyse the sap that continues to flow from each stylet and identify
radioactive substances.

Figure 1

Sealed glass chamber
containing
radioactively-labelled
carbon dioxide (14002)

Aphid 2 [/

Aphid 3 [/

Aphid 4 F&

Figure 2

This figure cannot be produced to the third party copyright restrictions.
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|I| The radioactive carbon is transported as a carbohydrate in the stem.

[0]2]2]

Suggest the name of this carbohydrate.

Tick (v') one box.

Cellulose

Ribose

Starch

Sucrose \/

[1 mark]

Give the reason why the sap continues to flow from the stylets after the aphids have

been removed.

[1 mark]

The sap in the phloem (sieve tubes) is under high (hydrostatic)

pressure, so it is forced out.

Question 2 continues on the next page
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The scientists calculated the rate of phloem transport by measuring the time taken for
radioactivity to be detected at the different aphid positions along the length of the
stem.

Table 1 shows the scientists’ results.

Table 1
Aphid 2 Aphid 3 Aphid 4

Distance from aphid 1/ cm 20 40 60

Time for radioactive sap to travel

from position of aphid 1/ h 1.25 240 3.80

Rate of phloem transport from 16.0 143

previous aphid position / cm h™ ' '

@ Calculate the mean rate of phloem transport.
[2 marks]

rate aphid 2 to 3 = 20 + (2.40 — 1.25) = 20 = 1.1S = 17.9 em h!

mean = (16.0 +17.4 + 14.3) + 3 = 47.7 + 3 = 5.9

15.9

Answer = cm h™

E Explain what causes the movement of carbohydrate down the stem of the plant.

Use your knowledge of the mass flow hypothesis for the mechanism of translocation
in plants.

[4 marks]

In the source (leaf), sucrose is actively transported into the phloem

sieve tubes by companion cells (co-transport with H* ions).

This lowers the water potential of the sieve tube, so water enters by

osmosis (from xylem).

This increases the hydrostatic pressure at the source, so there is mass

movement down a pressure gradient towards the sink (roots).

In the sink Croot cells), sugars are removed from the sieve tubes, so

water leaves and the pressure is lower.

Do not write
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Phenylalanine is an amino acid found in many foods that contain protein. In most
people, phenylalanine is converted to another amino acid, tyrosine, by the following
pathway.

Phenylalanine hydroxylase

Phenylalanine ——— Tyrosihne —— Proteins the body needs

People with a disorder called PKU cannot produce the functional enzyme
phenylalanine hydroxylase. PKU can cause a build-up of phenylalanine. Too much
phenylalanine can cause brain damage.

A mutation causes PKU.

What is a mutation?

[1 mark]
A change in the base sequence of DNA (of a gene).
Describe how a mutation prevents the production of the functional enzyme
phenylalanine hydroxylase.
[3 marks]

The change in base sequence leads to a different sequence of amino

acids (different primary structure) in the polypeptide.

So hydrogen, ionic and disulfide bonds form in different positions,

changing the tertiary structure of the enzyme.

This changes the shape of the active site, so phenylalanine (the

substrate) no longer fits and no enzyme-substrate complexes form.
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Children with PKU are given a diet low in phenylalanine.

E Give the reason why a low-phenylalanine diet prevents brain damage in children with
PKU.
[1 mark]

So there is no build-up (accumulation) of phenylalanine to a level that

is too high (damaging) in the blood.

E Suggest one reason why the diet must contain some phenylalanine.
[1 mark]

Phenylalanine is an essential amino acid, needed to make proteins (and

to form other amino acids such as tyrosine).

A drug called Kuvan has been developed to help patients with PKU. The drug has the
ability to improve the activity of the non-functioning enzyme.

E Suggest how the drug could do this.
[2 marks]

The drug binds to the enzyme at a site other than the active site (an

allosteric site) and changes the tertiary structure (shape) of the

enzyme.

So the active site becomes complementary to phenylalanine (the

substrate).

So phenylalanine can now bind to the active site and enzyme-substrate

complexes form.
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[0]3].[6] The scientists concluded that Kuvan is an effective treatment for patients with PKU.

Doctors recommend that the phenylalanine concentration in the blood should not be
more than 600 arbitrary units.

Scientists investigated the effectiveness of Kuvan.
This is the method the scientists use:

¢ place a large number of patients with PKU randomly into an experimental group or
a control group

e give the patients in the experimental group a daily dose of Kuvan

¢ give the patients in the control group a daily dose of a placebo

o take blood samples at specific time intervals to measure the concentration of
phenylalanine.

The results are shown in Figure 3.
Figure 3

1100
1000 1

900 Ty \%———% ””” % ______ 1
800 |

Concentration of 7007
phenylalanine 600+

in b_IOOd / _ 500
arbitrary units 400-
300 Start of
200+ drug trial
100+ l
0 T [ I I I T I I I 1

0 1 2 3 4 5 6 7 8 9
Time / weeks

Key
x Mean —— Control group
I Range - Experimental group

Evaluate this conclusion.
[4 marks]

For: before the trial no difference, as range bars overlap; Kuvan reduces

phenylalanine (from about 850 to 600 units); after week S there is a

difference as range bars do not overlap; large sample size increases

reliability.

Against: large range, so not below 600 units for all patients; side effects

and effects after 10 weeks unknown; diet may have affected results.
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A student investigates the effect of removing leaves from a plant shoot on the rate of
transpiration. The student uses a potometer with a shoot that has four leaves.

Figure 4 shows the potometer the student uses.
Figure 4

Ruler

Shoot
Water surface — |

Air bubble
Rubber tube

\wwwwwwwwwq\

Capillary tube —|

Water reservoir
(syringe)

|I| The student seals the joint between the shoot and the rubber tube with a waterproof
jelly.

Give one reason why.
[1 mark]

To prevent air entering (or water leaking out), which would affect the

movement of the bubble.

@ The rate of water uptake may not be the same as the rate of transpiration.

Give two reasons why.
[2 marks]

1 Some water is used in photosynthesis (or produced in respiration).

2 Some water s used for support, to keep cells turgid.
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Table 2 shows the student’s results.

Table 2
Number of leaves removed | Mean distance moved by air
from the plant shoot bubble in 20 minutes / mm
0 8.8
1 5.4
2 3.7
3 22
4 0.1

El Suggest how the reservoir allows the student to take repeat measurements.
[1 mark]

Water from the reservoir is used to return the air bubble to the start of

the scale.

E The student repeats the measurements in order to calculate a mean.

Suggest one other reason why the student takes repeat measurements.
[1 mark]

To increase the reliability of the results, so anomalous results can be

identified.

Question 4 continues on the next page

Turn over »
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E The diameter of the capillary tube is 1.0 mm oo
Calculate the rate of water uptake when no leaves are removed from the shoot.
Give your answer in mm? per hour and correct to 3 significant figures.
The area of a circle is found using the formula:
Area = mr? Use 3.14 for the value of Tt
[3 marks]
distance in | hour = 8.8 x 3 = 26.9 mm
area = 3.14 x 0.5% = 0.785 mm?
rate = 26.9 x 0.785 = 20.7249 = 20.7
Rate = 20.7 mm?* h™’
@ Explain the relationship between the number of leaves removed from the plant shoot
and the mean distance moved by the air bubble.
[2 marks]
As more leaves are removed, there is less surface area and fewer
stomata, so less evaporation (transpiration) of water.
So less water is pulled up into the shoot, so the air bubble moves a
shorter distance.
. Suggest two reasons why the results from this experiment may not be the same as
the rate of water uptake of the same plant growing in natural conditions.
[2 marks]
1 The isolated shoot is much smaller than the whole plant (and may
have been damaged when it was cut).
2 Conditions in the laboratory differ from natural conditions, e.qg. less air
movement (wind) and higher humidity, so less transpiration.
12
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Figure 5 below shows the structure of a human immunodeficiency virus (HIV). box

Figure 5

|I| Name parts A and B.

[2 marks]

A capsid

B  (ipid) envelope

Question 5 continues on the next page

Turn over »
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@ T-helper cells and HIV both have spherical shapes.

[o]5][3]

The volume of a sphere can be calculated using the formula:

4
Volume = 3 mr3

Diameter of HIV = 120 nm
Diameter of T-helper cell = 8 ym

Calculate the ratio of the volume of the T-helper cell to the volume of the HIV.

Give your answer in standard form.

[2 marks]
ratio = (4/3 1 4000%) + (4/3 ™ 60%) = 4000° + 60°
=64 x 107 = 216 x 10> = 296 296
(8 um = 8000 nm, so radii 4000 nm and 60 nm)
Rato= 2.96 x 10° 1
Give two reasons why diseases caused by viruses cannot be treated using
antibiotics.
[2 marks]

1 Antibiotics interfere with metabolic processes, but viruses do not have

their own wmetabolic reactions (are not alive).

2 Viruses replicate inside host cells, so the antibiotic is unable to reach

the virus (and viruses do not have a cell wall).
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E Drugs can be used for treating HIV. box

Suggest how drugs such as integrase inhibitors (INIs) and protease inhibitors (PIs)
may prevent the onset of AIDS.
[3 marks]

Integrase inhibitors  Prevent the HIV (viral) DNA being integrated into the

host cell's DNA, so HIV cannot replicate.

Protease inhibitors  Prevent viral proteins being produced (modified) from

host cell proteins, so new virus particles cannot be assembled.

Turn over for the next question
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Scientists know that nicotine from cigarettes and caffeine in coffee can cause an

increase in heart rate.

Scientists investigate the effect of caffeine on heart rate.

This is the method the scientists use:

¢ select 40 healthy, non-smoking volunteers

o tell the volunteers not to drink anything containing caffeine for 5 days before the

start of the investigation

¢ place the volunteers randomly into two equal-sized groups
¢ give the volunteers in the test group a capsule containing caffeine at a dose of

5 mg kg~' of body mass
¢ give the volunteers in the control group a placebo

e measure the resting heart rate of each volunteer at the start of the investigation and

after 1 hour.

Table 3 shows the scientists’ results.

Table 3

Mean heart rate /
beats per minute

Start After 1 hour
Test group 72.9 78.8
given caffeine
C_ontrol group 735 738
given placebo

The mean stroke volume of the volunteers’ hearts in the test group was 70 cm® at the
start of the investigation and was also 70 cm® 1 hour after receiving caffeine.

Calculate the difference in the mean cardiac output of the test group volunteers after

1 hour.

change in heart rate = 78.8 — 72.9 = 5.9 beats min™

difference = $.9 x 70 = 4|3

Difference = 413

[1 mark]

cm® min™
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@ Explain why only non-smoking volunteers were chosen for this investigation.
[2 marks]

Smokers would have nicotine in their blood, which also increases heart

rate.

So in non-smokers any change in heart rate is likely to be due to

caffeine only, so the actual effect of caffeine can be determined.

E The volunteers in the test group were given 5 mg of caffeine per kilogram body mass.

Explain why the scientists gave each volunteer the same dose of caffeine per
kilogram body mass.
[2 marks]

Body mass (size) varies between volunteers.

So each volunteer gets the same concentration of caffeine in the blood,

for a valid comparison (valid mean heart rate).

E The scientists decided to use a control group for this investigation.

Give one reason why.
[1 mark]

To ensure that the increase in heart rate was caused by caffeine and

not by another factor (e.g. taking a capsule).

Question 6 continues on the next page

Turn over »
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[o]6][5]

[o]6][6]

The scientists use a statistical test to determine if there is a significant difference in
the mean heart rates of the volunteers in the two groups after 1 hour.

Suggest a statistical test the scientists could use.

Give the reason for your answer.
[2 marks]

Statistical test  t-test (or standard error and 95% confidence limits)

Reason We are comparing two means, looking for a difference between

the means of the two groups.

The scientists obtain a value, P=0.03
The scientists conclude that caffeine causes an increase in heart rate.
Evaluate the scientists’ conclusion.

Use the result of the statistical test and information from Table 3.
[3 marks]

For: there is a significant difference between the two groups, as P =

0.03 is less than 0.0S, so the difference is not due to chance.

The control group (placebo) showed little change, only 0.3 beats per

minute, while the caffeine group increased by S.9.

Against: there were only 20 volunteers in the test group, a small sample

size, and only one investigation.

The difference is only just significant (P only just below 0.0S), and

other factors such as age, BMI, gender or fitness level were not

controlled.
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n A student investigates cell division in tissue from the root tip of a plant.

Iil Describe how the student makes a temporary mount of this root tissue to observe
cells in different stages of the cell cycle using an optical (light) microscope.
[4 marks]

Place the end section of the root in hot hydrochloric acid, then wash it

in water.

Cut the tip from the root section and place it onto a microscope slide.

Add a stain (e.g. toluidine blue) to distinguish the chromosomes.

Break up the tissue with a mounted needle, then cover with a coverslip

and squash (apply pressure) to spread the cells into a thin layer.

Figure 6 shows how the amount of DNA per cell changes during two successive cell

cycles.
Figure 6
6_
5-
41 end of S-phase
Amount of
DNA per cell / 31
arbitrary units

start of S-phase

Time ——»

@ In the cell cycle, interphase is divided into three sub-phases: G1, S and G2.

On Figure 6, label the start and the end of one S-phase.
[1 mark]

Question 7 continues on the next page

Turn over »
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. The student observes cells at different stages in the cell cycle.

Table 4 shows the student’s results.

Calculate the percentage of cells with visible chromosomes.

Give your answer correct to the nearest whole number.

Table 4
Stage in the cell cycle Number of cells
Interphase 208
Prophase 74
Metaphase 6
Anaphase S
Telophase 7

cells with visible chromosomes = 76 + 6 + S + 7 = 92

total = 208 + 92 = 300

\

(92 + 300) x 100

30.67

Answer =

3l

[2 marks]

%
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|I| Explain how vaccination can protect people from cholera.

Cholera is a disease that causes severe diarrhoea.

Diarrhoea causes the loss of large amounts of fluid from the body.

[6 marks]

The vaccine contains dead, weakened or inactive cholera bacteria

(pathogens), or their antigens.

The antigens are presented to T helper cells, which stimulate the

specific B cells with complementary receptors to divide by mitosis

(clonal selection).

This primary immune response produces plasma cells and memory cells.

If the person is later infected with cholera, a secondary immune

response occurs: the memory cells recognise the antigen and rapidly

divide to produce plasma cells.

The plasma cells rapidly produce more antibodies, so the bacteria are

destroyed before symptoms (diarrhoea) develop.

The antibodies destroy the pathogens by agglutination (clumping), which

increases the efficiency of phagocytosis.

If most people are vaccinated there is a herd effect: fewer people can

pass on the disease, so unvaccinated people are also protected.

Question 8 continues on the next page
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@ Doctors treat cholera with oral rehydration solutions (ORS). box

Describe:
¢ the contents of an oral rehydration solution
¢ how ORS can stop diarrhoea.
[4 marks]

ORS contains water, glucose (or another sugar or starch, eg. rice) and

sodium ions (salt) and other jons such as potassium.

Sodium jons and glucose are absorbed from the lumen of the intestine

into the epithelial cells by co-transport.

This lowers the water potential in the epithelial cells, increasing the

water potential gradient from the lumen into the cells.

So water is taken up (absorbed) by osmosis, replacing the fluid lost and

stopping the loss of water.

10
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