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Answer all questions in the spaces provided. box

Different types of stem cell exist at different stages of human development.

Stem cells can be totipotent or unipotent.

IIl Give two differences between totipotent stem cells and unipotent stem cells.
[2 marks]

1 Totipotent cells can differentiate into any type of cell, but unipotent

cells can only differentiate into one type of cell.

2 Totipotent cells are found only in an early embryo (only for a limited

time), whereas unipotent cells are found in mature mammals.
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Scientists are investigating the use of stem cells for treating some human disorders.

A new treatment for sight disorders involves taking blood cells from a patient and
changing them into induced pluripotent stem cells (iPS cells). These iPS cells can be
used to produce new cells in the retina, including rod cells and cone cells. These new
cells could then be implanted into the same patient.

@ Explain how iPS cells are able to produce new cone cells.
[2 marks]

All the DNA (all the genes) is present in iPS cells, and the genes

needed for a cone cell are switched (back) on.

So the iPS cells divide and differentiate (specialise) to become cone

cells.

E Explain one advantage of creating iPS cells from cells taken from the patient rather
than from a donor.

[2 marks]

iPS cells made from the patient's own cells have the same DNA

(alleles) as the patient, so they have the same antigens (self-antigens)

on their surface.

So this reduces the risk of the implanted cells being rejected by the

immune system (no immune response).

E Explain how cone cells give higher visual acuity than rod cells.
[2 marks]

Each cone cell is connected to its own (single) bipolar neurone /

ganglion cell leading to the brain, whereas several rod cells share one

neurone.

So there is no retinal convergence: impulses from each cone are kept

separate, so the brain can distinguish points that are close together.
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Scientists investigated the effect of exercise intensity on blood plasma pH.

Figure 1 shows the scientists’ results.

Figure 1
7.43
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lIl Calculate the difference between the rate of blood plasma pH decrease at high
intensity exercise and the rate of blood plasma pH decrease at low intensity exercise
during the first 2 minutes.

[2 marks]
High: (7.424 — 7.401) =~ 2 = 0.023 = 2 = 0.0lS pH units min™'
Low: (7.424 — 7.414) = 2 = 0.010 + 2 = 0.0050 pH units min™!
Difference = 0.011S — 0.0050 = 0.006S
Answer  0.006S pH units min~!
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El Figure 1 shows that high intensity exercise causes a larger decrease in blood plasma box
pH than low intensity exercise.

Explain the reason for this difference.
[2 marks]

High intensity exercise causes a higher rate of respiration in the muscle

cells.

So a greater amount of carbon dioxide is produced (and more lactate

from anaerobic respiration), causing a greater decrease in blood plasma

pH.

E Exercise causes an increase in heart rate.

Describe the role of receptors and of the nervous system in causing this increase.
[3 marks]

Chemoreceptors in the aortic and carotid bodies detect the increased

carbon dioxide concentration (decreased pH) of the blood.

They send more impulses to the cardioaccelerator centre in the medulla

(oblongata).

The medulla sends an increased frequency of impulses along the

sympathetic pathway (sympathetic nerve) to the sinoatrial node (SAN),

so heart rate increases.

Turn over for the next question
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[0]3][3]

Scientists used genetic modification techniques to transform a crop plant to express a
bacterial protein called PL1.

PL1 is produced naturally by non-pathogenic bacteria that live in soil. PL1 kills other
competing species of bacteria.

The PL1 gene was injected into isolated cells of a crop plant. These genetically
modified cells were then cloned, and new plants were grown from the cloned cells.

Describe how scientists could remove the PL1 gene from the DNA of bacteria.
[2 marks]

Use a restriction enzyme (endonuclease),

which cuts the DNA at specific recognition sites (specific base

sequences) either side of the PLI gene.

The scientists needed many copies of the PL1 gene.

Name the process used in a laboratory to produce many copies of DNA starting from
a small amount of DNA.
[1 mark]

Polymerase chain reaction (PCR)

Explain the advantage of injecting the PL1 gene into isolated plant cells instead of
injecting the PL1 gene directly into the cells of a mature plant.
[2 marks]

When the cloned plants grow from the injected cells, all the cells in

each new plant will have the PL| gene and produce PLI; in a mature

plant only a small number of cells would get the gene.

A large number of cloned plants producing PLI can be made (large-scale

production).
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Pseudomonas syringae is a bacterial pathogen that causes damage to crop plants box
globally.

The scientists measure the response of the transformed crop plants (producing the
PL1 protein) to P. syringae.

The scientists:

e create an experimental group using mature crop plants that can express the
PL1 gene

¢ create a control group using mature crop plants of the same species that do
not express the PL1 gene

¢ infect the crop plants in both groups with P. syringae

¢ measure the amount of bacterial DNA and the amount of plant DNA from
infected leaves at the start and after 3 days.

Figure 2 shows the scientists’ results.

Figure 2
4
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The work of these scientists has been reported in the media.

One journalist stated:

‘Scientists successfully modify plants to fight off widespread crop disease.’
Evaluate this statement.

Use Figure 2 and the information from the scientists’ method.
[4 marks]

Supports: after 3 days there is less bacterial DNA in the transformed

plants than in the control plants (a decrease in the ratio of bacterial

DNA to crop plant DNA).

Against: only a small reduction in the ratio (about 3.0S compared with

3.9), and bacterial DNA still increased in the transformed plants, so

they may still show symptoms of disease.

Only one species of crop plant and only one bacterial pathogen were

investigated, so other species or other diseases may not respond the

same way; only measured in infected leaves.

No error bars or statistical test and sample size unknown, so the

difference may not be significant; short duration (only 3 days), so

long-term effects unknown.

Turn over for the next question
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Scientists investigate how a drug called dobutamine affects the action of adrenaline. box

The scientists:

o take liver cell samples from 10 healthy human volunteers

o culture the liver cell samples in the laboratory

¢ add different concentrations of adrenaline and dobutamine, both separately
and combined, to the liver cell samples

e measure how much cyclic adenosine monophosphate (cCAMP) the liver cells
produce after 10 minutes.

II| The scientists only select volunteers who have not taken any medication for 30 days
before the start of the investigation.

Explain why.
[2 marks]

Other medications may interact with (inhibit) dobutamine or alter the

action of hormones such as adrenaline on the liver cells.

So the scientists would be unable to determine the actual effect of

dobutamine on cAMP production (results would not be valid).

170
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Izl Describe the second messenger model of adrenaline action. box

[4 marks]

Adrenaline (the first messenger) binds to specific protein receptors on

the surface of the cell membrane, and this activates the enzyme adenyl

cyclase inside the cell.

Activated adenyl cyclase converts ATP to cyclic AMP (cAMP), the

second messenger.

cAMP activates other enzymes, such as protein kinase.

The activated enzymes (protein kinase) cause the conversion

(hydrolysis) of glycogen to glucose (glycogenolysis), and glucose leaves

the cell.

Question 4 continues on the next page
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Figure 3 shows the mean rate of cAMP production from liver cells given adrenaline
and dobutamine separately.
Error bars show + 2 standard deviations.
Figure 3
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Figure 4 shows the mean rate of cAMP production from liver cells given different
concentrations of adrenaline and dobutamine combined.
Error bars show + 2 standard deviations.
Figure 4
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El Describe the effect of dobutamine on the cAMP production caused by adrenaline.

Include information from Figure 3 and Figure 4 in your answer.
[3 marks]

Adrenaline concentration 10-8 mol dm-3 Dobutamine has no significant effect

on ¢AMP production: ¢cAMP production remains relatively constant at

around S arbitrary units (error bars overlap).

Adrenaline concentration 10-6 mol dm-3 Dobutamine concentrations of 107% to

1076 mol dm™3 have no significant effect (cAMP stays at about 10

units).

But dobutamine at 107° and 1074 mol dm™> causes a significant decrease

in cAMP production (to about 3 then & units).

E The structures of adrenaline and dobutamine have some similarities.

Suggest how dobutamine could produce the effect shown in Figure 3 and Figure 4.
[2 marks]

Dobutamine has a similar shape to adrenaline, so both compete for (can

bind to) the same protein receptors on the surface of the liver cells.

At higher dobutamine concentrations, more dobutamine binds and less

adrenaline can bind to the receptors, so dobutamine produces a weaker

effect and cAMP production is reduced.

Turn over for the next question
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Scientists investigate the electrical activity of neurones placed in different solutions.

Table 1 shows the composition of solutions the scientists use.

Table 1
Solution Ratio of concentration of sodium ions in solution to
concentration of sodium ions in human tissue fluid
X 1:1
Y 0.35:1

The scientists:

¢ put a neurone into each solution

¢ stimulate the neurones

¢ measure the changes in potential difference across the axon membranes of
the neurones in each solution.

Figure 5 shows the scientists’ results.
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IIl Explain how the neurones maintained a constant membrane potential before they
were stimulated.
[2 marks]
Sodium-potassium pumps actively transport sodium ions out of the axon
(in exchange for potassium ions into the axon).
Voltage-gated sodium jon channels are closed, so sodium ions cannot
diffuse back in, but the membrane is more permeable to potassium ions,
so some potassium ions diffuse out.
IZ| Describe how the pattern of change in membrane potential in solution Y is different
from the change in solution X after the neurones were stimulated.
[1 mark]
In solution Y there is a slower depolarisation (slower rise in membrane
potential), and it peaks at a lower membrane potential (+S mV rather
than +60 mV).
@ Explain what causes the differences you described in your answer to Question 05.2.
[2 marks]

The slower rise in membrane potential is due to a smaller concentration

gradient for sodium ions entering the axon from solution Y.

The lower peak in membrane potential is due to fewer sodium ions
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Another group of scientists investigate the relationship between four neurones.

Figure 6 shows axons from three presynaptic neurones, A, B and C, and the
synapses they form with postsynaptic neurone, D.

Figure 6
A
C

Figure 7 shows the results of three experiments to determine the effects of action
potentials in neurones A, B and C on neurone D.

Figure 7

Experiment 1

Experiment 2

Experiment 3

A A h
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Use Figure 6 and Figure 7 to answer Questions 05.4 and 05.5.

E Explain the results of experiments 1 and 2.

[5 marks]

Experiment |: two impulses arrive in guick succession from the same

neurone, A (the second before the membrane returns to resting

potential), so this is temporal summation.

Experiment 2. impulses arrive from neurones A and B at the same time,

so this is spatial summation.

In both, a single impulse releases too little neurotransmitter, but

together they release enough neurotransmitter,

so enough sodium jons enter neurone D for its membrane potential to

reach the threshold value,

causing depolarisation and producing an action potential Cimpulse) in

neurone D,

E Explain what the result of experiment 3 shows about the relationship between

neurone C and neurone D.
[3 marks]

The synapse between C and D is inhibitory.

Neurotransmitter from C causes the membrane of D to become

hyperpolarised (the membrane potential of D becomes more negative

than resting potential).

So the membrane potential of D is further from the threshold value,

and an action potential is less likely to occur: even more sodium ions

would need to diffuse in to reach threshold (so B and C together give

no action potential).
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Students investigate geotropism in the roots of mustard seedlings.
The students:

put 6 mustard seeds in a beaker of diluted bleach for 10 minutes

wash the seeds in distilled water to remove any bleach solution

take two agar plates

put 3 seeds into each agar plate and wrap each plate in transparent plastic

film

¢ position both plates so they are vertical and allow time for the seeds to
germinate and become seedlings with roots at least 10 mm long

¢ then rotate both plates 90° so that the roots of the seedlings are horizontal as

shown in Figure 8

e put one plate in a dark room and one plate in a light room
e measure the angle of root tip growth at regular intervals for 4 days.

Figure 8 shows one of the plates during the experiment and a section of a protractor
to measure the angle of root tip growth.

Figure 8

II| Suggest one reason why the students:

[2 marks]

put the mustard seeds in a beaker of bleach for 10 minutes.

To sterilise the seeds: to kill bacteria and fungi (microorganisms) on the

seeds.

wrapped each plate in transparent plastic film.

To prevent the seeds and the agar from drying out (desiccating).
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El Give two variables that the students should control in this experiment.
[2 marks]

1 Temperature (the same in both the light and dark rooms).

2 Composition of the agar (amount of water added to the agar) in both

plates.

Table 2 shows the students’ results.

Table 2
Mean downward angle of root tip from
Time / days horizontal / degrees
Light Dark
0.0 7 6
0.5 11 8
1.0 26 15
1.5 65 39
2.0 72 54
25 86 63
3.0 91 78
3.5 92 83
4.0 92 91

El The students conclude that light increases the geotropic response of mustard
seedlings.

Describe how the data in Table 2 support this conclusion.
[1 mark]

In the light, the mean root tip angle increased at a faster rate and

reached around 90° (after 3 days) before the roots of the seedlings in
the dark (4 days).

Turn over »
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IZl Suggest one reason why the students’ conclusion may not be correct. box

[1 mark]

Only one experiment with a small sample size (3 seeds per plate), so

the differences may be due to chance; it does not prove a causal link.

Scientists investigate the tropic response of plant roots to salt.

The scientists first grow tomato plants from seeds on two vertical agar plates as
shown in Figure 9.

Figure 9
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The scientists want to see if the distribution of auxin in the roots of tomato plants box
causes the growth response to salt shown in Figure 9.

The scientists use a chemical that fluoresces in cells that do not contain auxin.

Figure 10 shows images produced after the scientists used the fluorescent chemical.
The arrow shows the direction of salt diffusion.

Figure 10
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The scientists also use a protein marker to label carriers which transport auxin out of
cells.

Figure 11 shows the mean level of protein marker on the left and right sides of the
root. The bars show * standard error.

*shows significance at P <0.01.
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E The scientists used a statistical test to determine if there was a difference in the mean
level of protein markers between the left and right sides of the root.

Name a suitable statistical test the scientists could have used.

[1 mark]
Student's t-test
E Explain what Figure 11 shows about the results of the statistical test.
In your answer, use the words probability and chance.
[2 marks]

At 2 and G hours there is a significant difference between the mean

level of protein marker on the left and right sides of the root.

The probability of this difference being due to chance is less than 0.0]
%).

At 0 and 0.5 hours there is no significant difference: the probability of

the difference being due to chance is more than 0.0).

. Explain the responses of the tomato plant roots to salt shown in Figure 9 (on page
21).

Use evidence from Figures 10 and 11 in your answer.
[3 marks]

Figure 11: there are more auxin carriers on the left side (the salt side)

and fewer on the right side,

so more auxin moves out of the cells on the left side, leaving less auxin

on the left side and more auxin on the right side (Figure 10: more

fluorescence, so less auxin, on the left).

In roots auxin inhibits growth, so there is less inhibition of growth

(more elongation) on the left side and more inhibition on the right side,

so the root bends away from the salt.
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n Scientists investigate the action of the enzyme ATPase in fast and slow skeletal box
muscles.

Fast and slow skeletal muscles both have fast and slow fibres but in different
proportions.

The scientists use a chemical stain that reacts with ATPase. Fibres that contain a
high concentration of ATPase produce a dark colour.

Figure 12 shows a muscle tissue sample that has reacted with this chemical stain.

Figure 12

The circular area of the image in Figure 12 is 1.20 mm?

The diameter of this area is equal to the diameter of 14 muscle fibres.
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Iil Calculate the mean diameter of the muscle fibres shown in Figure 12.
Give your answer in micrometres.
The area of a circle is found using the formula:

Area = r2. Use 3.14 for the value of &

[3 marks]
r’ =120+ 3.4 = 0.3822 mm’®
r = 0.3822 = 0.6182 mm
diameter = 2 x 0.6182 = 1.236 mm = 1236 um
mean fibre diameter = 1236 = 14 = 88.3 um
Mean diameter of muscle fibres = 8.3 um

@ Describe a more accurate method for measuring the diameter of a single muscle fibre
using an optical microscope and a slide of stained muscle tissue as shown in
Figure 12.

[2 marks]

Measure the diameter of the muscle fibres using an eyepiece graticule

(and take a mean of several fibres).

Calibrate the eyepiece graticule against a stage micrometer at the same

magnification.

E Describe how the chemical stain allows the scientists to determine the type of muscle
fibre.

[1 mark]

Fast fibres have more ATPase and so they stain dark; slow fibres have

less ATPase and stain lighter.

Turn over »
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The scientists test the effect of a drug called fenoterol on ATPase activity in fast and

slow fibres.

The scientists:

randomly put 20 rats, that are 16 months old, into either a control group or an
experimental group

repeat the previous step with 20 rats that are 28 months old

measure the ATPase activity in muscle tissue samples from rats in all 4
groups at the start

inject the rats in the experimental groups with fenoterol each day

inject the rats in the control group with a saline solution containing no
fenoterol each day

measure the ATPase activity in muscle tissue samples from rats in all 4
groups at intervals during a 4-week period

record the mean peak ATPase activity, calculated using the highest ATPase
measurements recorded in each group during the 4-week period.

Table 3 shows the scientists’ results.

Table 3
Mean ATPase activity * SE
Types of muscle fibre 16-month-old rats 28-month-old rats
Control Fenoterol Control Fenoterol
Start 38.3 32.9 31.5 32.3
(£3.7) (x4.7) (£3.0) (£5.3)
Slow
335.0 438.0 236.0 358.0
Peak
(x15) (x15) (£18) (x21)
Start 72.8 66.2 67.3 75.6
(£8.0) (x17) (£9.6) (£7.6)
Fast
Peak 742.0 1044.0 688.0 1066.0
(£81) (£55) (£74) (£57)
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Izl Give three conclusions that can be made from the data in Table 3 about the effect of box
fenoterol on ATPase activity in the two types of muscle fibres.
[3 marks]

1 In both the 16-month-old and 28-month-old rats, fenoterol caused a

significantly higher peak ATPase activity than in the control rats, in

both slow and fast fibres.

2 Fenoterol caused a greater increase in ATPase activity in the fast

fibres than in the slow fibres.

3 There was no significant difference in the peak ATPase activity of fast

fibres between the 16-month and 28-month fenoterol groups (SE ranges

overlap).

Question 7 continues on the next page
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The scientists also measure the mean contraction force for fast and slow muscle
fibres in the different groups of rats.
Figure 13 shows the scientists’ results for the 16-month-old rats.
Figure 13
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E Describe two differences between the contraction of fast and slow fibres shown in

Figure 13.
[2 marks]

1 Contraction of fast fibres produces a greater force (about 1100 to 1300

mN v 300 to 390 mN).

2 Fast fibres reach their peak force of contraction at a faster rate

(about 30 ms v 110 ms).

The sarcoplasmic reticulum of fast fibres contains a higher concentration of calcium
ions than that found in slow fibres.

Suggest an explanation for the differences you described in your answer to
Question 07.5.

Use your knowledge of the mechanism of muscle contraction in your answer.
[2 marks]

A higher concentration of calcium ions is released, so calcium binds to

troponin and tropomyosin moves faster: binding sites on actin become

available faster, so more actinomyosin cross-bridges form faster.

Calcium also causes a higher rate of ATPase activity, so faster release

of energy for myosin head movement.

. What can you conclude about the effect of fenoterol on the contraction of fast and

slow fibres in 16-month-old rats?

Use only information from Figure 13.
[2 marks]

Fenoterol increased the force of contraction of both fast and slow

fibres.

Fenoterol caused a larger increase in the force of contraction of fast

fibres (by about 200 mN) than of slow fibres (by about 90 mN),

although the percentage increase is higher in slow fibres (30% v

17.9%).
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