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Answer all questions in the spaces provided.

Lof1].[1]

Lo[1].[2]

Lo[1].[3]

Stem cells are used increasingly in research to treat a variety of human disorders.

Some stem cells are described as totipotent, other stem cells are described
as pluripotent.

Define totipotent and pluripotent.
[2 marks]

Totipotent Cells that can differentiate into any type of cell, including

(forming) a whole new organism.

Pluripotent Cells that can differentiate into most (many) types of cell,

but not into a new organism.

Suggest two human disorders that could be treated using stem cells.
[2 marks]

1 Heart damage (following a heart attack)

2 Type | diabetes

Induced pluripotent stem cells (iPSCs) can be made using cells from a patient.
Growth factors are added to these cells, causing them to become pluripotent.
These stem cells could then be used for treating a disorder. Stem cells can also be
found in embryos.

Give two advantages of using iPSCs to treat a disorder instead of using embryonic
stem cells.
[2 marks]

1 No embryos are destroyed (and embryos cannot give consent), as the

cells come from the patient.

2 No / less risk of rejection (immune response) as the cells are derived

from the patient's own cells, so no need for immunosuppressants.
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Stem cells are also used to produce ‘organoids’. An organoid is a cell culture system box
that is 3-dimensional. Organoids can be called ‘mini organs’ as they have some of
the key functional characteristics of real organs.
E Suggest how scientists could make use of these mini organs in medical research.
Give two examples.
[2 marks]
1 Drug testing (trials), e.g. testing new drugs or vaccines.
2 Disease modelling (to investigate organ function). 8

Turn over for the next question
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In recombinant DNA technology, scientists often use restriction enzymes.

‘Flanking regions’ are sequences of DNA bases found on either side of a gene that
has been cut from a chromosome using a restriction enzyme.

The length of the flanking region will be determined by the restriction enzyme used to
cut the DNA.

Explain why the use of different restriction enzymes generates flanking regions of

different lengths.
[2 marks]

Each restriction enzyme cuts DNA at a specific base sequence

(recognition sequence / restriction site),

and these specific base sequences (restriction sites) are found at

different distances from the gene.

Figure 1 shows the recombination efficiency (number of successful recombinant cells
per total number of cells present) for a gene with different sized flanking regions.

The error bars show * standard error.

Figure 1
10
T . . . .
Recombination 1 2 3 4
efficiency Flanking region size / kb
(x107°)
0.11
0.011
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@ Describe how the length of the flanking region affects recombination efficiency.

Use Figure 1.
[2 marks]

Recombination efficiency increases as the length of the flanking region

increases, up to | kb,

then the recombination efficiency levels off (no further increase) from |

kb to 4 kb.

E What do the error bars show about the significance of the data in Figure 1?
[1 mark]

There is no overlap of error bars up to | kb, so the difference is

significant (not due to chance); the error bars overlap between | and 4

kb, so the difference there is not significant.
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Muscle fibres contain myofibrils. box

Figure 2 shows the arrangement of the two main protein filaments in one section of a
relaxed myofibril.

Figure 2

|/X (cross-section through myofibril)

D
|

—

—L——— Tropomyosin (on actin)

|

T
« > |

Sarcomere ATPase (myosin head) I u

1
Scale bar |—m|

Label Figure 2 to show:
¢ one location where the enzyme ATPase would be found

¢ one location where the protein tropomyosin would be found.

[2 marks]
The full length of the muscle fibre is 35 mm when relaxed.
When the muscle fibre is contracted each sarcomere is 2.15 ym in length.
Calculate the full length of the muscle fibre when it is contracted.
Use the information provided and Figure 2.
[3 marks]

Relaxed sarcomere = 48 mm < 1S mm (scale bar = | um) = 3.2 um
Number of sarcomeres = 35 mm = 3.2 ym = 35 000 ym = 3.2 ym = 10 938

Contracted length = 10 938 x 2.1S ym = 23 Slé um = 23.5 mm

Full length of muscle fibre when contracted 23.5 mm

06

stemup.co.uk IB/H/Jun24/BL04


https://stemup.co.uk

The myofibril in Figure 2 was cut at position X to show a cross-section.

Figure 3 shows the appearance of the protein filaments in the cross-section when the
myofibril is relaxed.

Figure 3

The appearance of Figure 3 would be different if the myofibril were contracted.

. Explain the difference in Figure 3 when the myofibril is contracted.
[2 marks]

When contracted, myosin is now present between the actin filaments at

X (each actin would be surrounded by myosin, not just actin).

This is because the actin filaments are moved (slide) along | between

the myosin filaments during contraction.

Question 3 continues on the next page
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Scientists investigate the activity of the enzyme ATPase during muscle contraction.

The scientists make three preparations, A, B and C:
e A contains actin and myosin
¢ B contains actin, myosin and tropomyosin

¢ C contains actin, myosin, tropomyosin and calcium ions.

Each preparation also contains ATP.

The scientists measure the level of ATPase activity for each preparation.

Figure 4 shows the results.

Figure 4
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E Explain the difference in the results for preparations B and C shown in Figure 4.

Include the roles of ATP and ATPase in your answer.

[6 marks]
ATPase (on the myosin heads) hydrolyses ATP to release energy.

The energy (ATP) is used to form actinomyosin cross bridges and for

the pivoting of the myosin heads (power stroke) and detachment from

actin.

In B, tropomyosin blocks the (myosin) binding sites on actin, so few /

no actinomyosin bridges can form, so ATPase activity is lowest (0.4

units).

In C, calcium ions bind (to troponin) and cause tropomyosin to move, so

it no longer blocks the binding sites on actin.

So myosin heads attach to the binding sites on actin and actinomyosin

bridges form, so ATPase activity is highest (4.2S units).

Calcium ions also activate (increase the activity of) ATPase, so more

ATP is hydrolysed in C.
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|I| Explain the difference between the response in Test E and the response in Test F.

Scientists investigate the generation of impulses in a neurone.

The scientists:

o stimulate the neurone with an electrode

e measure changes in the neurone’s membrane potential.

Figure 5 shows the results when the neurone is stimulated in two different tests, E

and F.

Membrane
potential
/ mV

In F, fewer sodium ion channels opened, so fewer sodium ions entered

+401

—701

Figure 5

Neurone
stimulated

1 2 3 4
Time / ms

[2 marks]

the axon (than in E),

so the threshold value was not reached in F and no action potential was

produced, whereas in E the threshold was reached and an action

potential was generated.
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Question 4 continues on the next page
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El Explain why a neurone with a myelinated axon conducts a nerve impulse faster than a

neurone with a non-myelinated axon.
[2 marks]

In a myelinated neurone, myelin insulates the axon so depolarisation (ion

movement) can only occur at the nodes of Ranvier,

so saltatory conduction occurs: the impulse jumps from node to node,

whereas in a non-myelinated neurone the whole length of the axon must

depolarise.

Scientists investigate the effect of a mutation in a gene called Cyfip1 on myelin
thickness of neurones.

The scientists:

e collect tissue samples from the brains of mice with and without the Cyfip1 mutation
¢ analyse the axons of a large number of neurones from these tissue samples

e measure the axon diameter (d) and the neurone diameter (D)

e calculate a g-ratio (d/D) for each neurone.
Figure 6 shows how the scientists calculate the g-ratio.

Figure 6

Myelin thickness

Key

[ ] Myelin
[] Axon

\ Axon diameter (d)=

io=9
g-ratio = D

A
\ 4

Neurone diameter (D)
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Table 1 shows data from two neurones. box

Table 1
Neurone Axon diameter (d) / pm g-ratio
J 0.4 0.62
K 0.4 0.47

E Calculate the difference in the myelin thickness between neurone J and neurone K.

Use the information shown in Table 1 and Figure 6.
[3 marks]

D =d =+ g-ratio: J: D = 0.9 = 062 = 0.65 ym; K:D = 0.4+ 0.97 = 0.835 pum

Myelin thickness = (D — d) + 2
=025 + 2 =0.123 pum; =045 +2 =0226 um

Difference = 0.226 — 0.123 = 0.103 um

Difference in myelin thickness ~ 0./0 um

Question 4 continues on the next page
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Figure 7 shows the scientists’ results. box
Figure 7
1.0
Key
[_] Control mice with
no Cyfip1 mutation
0.8
[ Mice with Cyfip1
mutation
0.6
g-ratio
0.4
0.2

0-0.39 0.40-0.59 0.60-0.99 1.00-3.00
Axon diameter / uym

Figure 8 shows the relationship between myelin thickness and the speed of impulse

conduction.
Figure 8
15+ Key

Axon diameter:
3 um

------ 2um

—-—-=1um

Conduction
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E Explain the effect that the Cyfip1 mutation will have on the speed of impulse box
conduction.

Use information from Figure 7 and Figure 8.
[3 marks]

Figure 7 shows that, for each range of axon diameter, the mutation

causes a (slightly) higher g-ratio (e.g. 0.67 compared with 0.59 for 0 to
0.39 um).

A higher g-ratio means the mutation causes a decrease in myelin

thickness (D is smaller relative to d).

Figure 8 shows that as myelin thickness decreases, the speed of

conduction decreases, so the mutation will decrease the speed of impulse

conduction.

Turn over for the next question
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Homeostasis involves the process of negative feedback. box

|I| Define negative feedback.

[1 mark]

Mechanisms which restore systems to their original (set | optimum)

level after a deviation.

@ Explain why positive feedback is rare in biological control systems.
[2 marks]

Positive feedback leads to further deviation from the set level (norm),

so the internal environment would not be maintained within set limits,

which could have a harmful effect on the body.
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Adrenaline

Adrenaline is a hormone involved in the control of blood glucose concentration.
Adrenaline has an indirect effect on target cells. This is known as the second
messenger model.

Figure 9 shows the mechanism of adrenaline action.

Figure 9

Cell surface
membrane

3 enzyme X
Inactive
enzyme X 6
Glycogen ——— Glucose

T

Active enzyme Y

=

1

v
ATPT> cAMP 4>T 5

Inactive enzyme Y

E Use Figure 9 and your own knowledge to describe how adrenaline increases blood

glucose concentration.

[5 marks]

Adrenaline binds to a complementary receptor on the cell surface

membrane, which causes the G protein to change shape.

The change in shape activates adenyl cyclase (enzyme X), which

converts ATP to cAMP (the second messenger).

cAMP activates protein kinase (PKA), which phosphorylates enzymes,

activating enzyme Y (phosphorylase).

Active enzyme Y causes hydrolysis of glycogen to glucose

(glycogenolysis).

Glucose leaves the cell by facilitated diffusion through glucose transport

proteins, so blood glucose concentration increases.
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E Suggest why cells that use a second messenger to respond to a hormone have large

numbers of mitochondria.
[2 marks]

cAMP (the second messenger) is made from ATP,

and mitochondria produce ATP (in aerobic respiration), so large numbers

are needed to supply enough ATP.

Insulin and glucagon are protein hormones.

They bind to specific receptors on the cell surface membrane of target cells.

E Oestrogen is a lipid-based hormone.

Suggest why oestrogen receptors are found in the cytoplasm and not on the cell

surface membrane of target cells.
[2 marks]

Oestrogen is lipid soluble (non-polar / hydrophobic),

so it is able to pass (diffuse) through the phospholipid bilayer of the

cell surface membrane into the cytoplasm, where it binds to its receptor.

Turn over for the next question
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Lo]6].[1]

Recombinant DNA technology involves the transfer of fragments of DNA from one
organism to another. As an example, bacteria can be used to produce human insulin.

Explain why bacteria are able to make human proteins from human genes inserted

into their DNA.
[2 marks]

The genetic code is universal (the same triplets code for the same

amino acids in all organisms),

and bacteria have the same protein synthesising mechanisms

(transcription and translation, ribosomes).

Fragments of DNA can be obtained by several methods. One method involves the
use of MRNA.

Figure 10 shows the steps involved in the production of DNA fragments containing
the insulin gene from mRNA.

Figure 10
Human cell
\ MRNA coding
\/i‘forinsulin
1T T T 1 I Stage1
AUCGCUA
1 T T T T 1 F%% T T T T T T
AUCGCUA _, ATCGC TA _, ATGGCTA
TAGCG AT TAGCGAT TAGCGAT
&%& II | L1 II 'I 1 1 1 I|
Stage 2 Stage 3 Copy of human
insulin gene
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[o]6].[2]

[o]6].[3]

Describe what happens in Stage 2 and Stage 3 in Figure 10. Include the names of

the enzyme used in each stage.
[4 marks]

Stage 2 ¢DNA (single-stranded) is made using the mRNA as a template.

Name of enzyme needed Reverse transcriptase

Stage 3 Double-stranded DNA is made, using the ¢cDNA strand as a

template.

Name of enzyme needed DNA polymerase

DNA fragments can also be obtained by using restriction enzymes to cut the desired
gene from the DNA. This DNA can then be inserted into bacterial plasmids using the
same restriction enzyme.

The same restriction enzyme is used to cut the DNA and the bacterial plasmid.

Explain why.
[2 marks]

The restriction enzyme cuts the DNA and the plasmid at the same

specific base seguence (recognition sequence),

leaving complementary sticky ends, so the gene can join to (base pair

with) the plasmid.

Question 6 continues on the next page
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Using bacteria to make copies of human genes is called in vivo gene amplification.

Gene markers are used to identify which bacteria have successfully taken up the
plasmids and which contain the human gene.

Examples of gene markers are antibiotic resistance genes found on bacterial
plasmids. The plasmids are shown in Figure 11.

Figure 11
A Bacterial plasmid with two B Bacterial plasmid
antibiotic resistance genes containing the human gene
(resistant to both antibiotics) (only resistant to ampicillin)
Gene for
resistance
to ampicillin
Gene for Human gene
resistance inserted into the
to tetracycline middle of the

tetracycline
resistance gene

Figure 12 shows the results after growing the bacteria on agar plates. The circles on
each plate represent bacterial colonies.

Figure 12

@) @
(3)

OE OIRE,

Original plate — Plate containing Plate containing
no antibiotic ampicillin tetracycline
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E Use Figure 12 to identify the numbers of all the colonies containing bacteria that box
have:
¢ no plasmids with the antibiotic resistance genes
¢ plasmids with the human gene.
[2 marks]
No plasmids with the antibiotic resistance genes 2,4, 8,9
Plasmids with the human gene 6,7, 10
E Give one disadvantage of using antibiotic resistance genes as marker genes.
[1 mark]
Colonies containing the human gene are killed by tetracycline, so replica
plating is needed, which is time consuming (and spreads antibiotic
resistance to bacteria).
@ Give one example of a gene marker other than antibiotic resistance.
[1 mark]
Fluorescent marker gene, e.g. GFP (green fluorescent protein) gene.
12
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n A neurotransmitter is a chemical that diffuses across a synapse and causes an action
potential in the next neurone.

Serotonin is a neurotransmitter produced by some neurones in the brain.

Figure 13 shows a synapse that uses serotonin as the neurotransmitter.

Figure 13

Postsynaptic membrane Serotonin receptors

Postsynaptic neurone

Serotonin carrier

Synaptic cleft proteins (SERT)

_ Vesicles that
Presynaptic membrane contain serotonin

Presynaptic neurone

|I| Describe the process that causes the release of a neurotransmitter such as serotonin
by the presynaptic neurone.
[2 marks]

An action potential arriving at the presynaptic knob causes calcium ion

channels to open and calcium jons to enter (diffuse into) the

presynaptic knob.

Calcium ions cause the vesicles to move and fuse with the presynaptic

membrane and release serotonin into the synaptic cleft by exocytosis.
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@ The presynaptic membrane has serotonin carrier proteins (SERT) to reabsorb box
serotonin quickly from the synaptic cleft.

Explain why it is important for neurotransmitters such as serotonin to be
reabsorbed quickly.

[2 marks]

It prevents serotonin from continuing to bind to the receptors on the

postsynaptic membrane,

so it prevents continued stimulation (depolarisation / action potentials)

of the postsynaptic neurone, as sodium ion channels do not stay open.

Question 7 continues on the next page
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. Explain the purpose of group Q in this investigation.

Drugs can affect the functioning of synapses.

Scientists investigate the effect of the drug MDMA on the serotonin concentration and
brain tissue of rats.

The scientists:

o put 24 adult male rats randomly into four groups (Q-T), each containing six rats

o prepare different concentrations of MDMA using saline solution

¢ inject the rats twice each day as shown in Table 2.

Table 2
Grou Concentration of MDMA Level of dosage
P | mg kg~' body mass 9
Q 0 -
R 5 Low
S 10 Medium
T 15 High

keep all the rats under controlled conditions for 1 week

collect samples of brain fluid from each rat

measure the concentration of serotonin in the samples of brain fluid

prepare and analyse samples of brain tissue to find the number of intact neurones.

[2 marks]

Group Q acts as a control to provide a baseline level of serotonin

without MDMA, showing that saline on its own does not affect

serotonin levels,

so any changes in the results of the rats in groups R to T must be due

to MDMA.

2 6
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Figure 14 shows the mean serotonin concentration in brain fluid for each group of
rats.

Error bars show + 2 standard deviations.
* Shows significant difference compared to group Q at P<0.005

Figure 14
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Group

E Describe what Figure 14 shows about the effect of MDMA on the serotonin
concentration of rats.
[2 marks]

All concentrations of MDMA caused a significant increase in serotonin

concentration compared with the control group @ (not due to chance).

There is no significant difference in the serotonin concentration between

groups R, S and T, as the error bars overlap.
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E Suggest how MDMA causes the results shown in Figure 14. box

Use information from Figure 13 (on page 24) in your answer.
[2 marks]

MDMA blocks (binds to) the serotonin carrier proteins (SERT) on the

presynaptic membrane,

so less / no serotonin is reabsorbed back into the presynaptic knob, so

the serotonin concentration in the synaptic cleft increases.

Question 7 continues on the next page
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Table 3 shows the mean number of intact neurones in brain tissue samples from each box
group of rats.

* Shows significant difference compared to group Q at P<0.001

Table 3
Grou Mean number of intact neurones
P + 2 standard deviations
Q 210.5+6.0
R 131.7+10.8 *
S 104.2+85*
T 747 +13.2*

Figure 15 shows the relationship between the number of intact neurones and the
serotonin concentration for each rat.

Figure 15
Correlation coefficient = —0.907 (P<0.001)
250
> X
200 \)§\<
Number 150 X 2
. x L
of intact \; < ||
100 X \(y.\
XX ~ X
XN X
X
0

200 220 240 260 280 300 320 340
Serotonin concentration / ng cm~3
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@ The scientists concluded that MDMA damages the neurones in the brain due to high

serotonin concentrations.
Evaluate the scientists’ conclusion.

Use the information provided and the data in Table 3 and Figure 15.
[5 marks]

Support: MDMA causes a significant decrease in the number of intact

neurones compared with group ®, as the * 2 SD ranges do not overlap

(210.5 for ® down to 74.7 for T).

As the serotonin concentration increases, the number of intact neurones

decreases (Figure 15).

The correlation coefficient is —0.907, so there s a strong negative

correlation, and the correlation is significant as P<0.00.

Against: only rats were used, so different effects could be seen in

humans (other species); only adult male rats were used, so effects may

differ in females or rats of different ages.

Only 24 rats (6 per group) were used, a small sample size, so not

representative; and only investigated for | week, so long-term effects are

not known.

Only one investigation, so not shown to be repeatable; the data only

show a correlation and do not prove that high serotonin concentration

causes the damage to neurones (MDMA itself could cause it).
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