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¢ a ruler with millimetre measurements
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Answer all questions in the spaces provided. box

When an action potential reaches the end of a neurone, a sequence of events occurs
at a synapse.

Figure 1 shows the sequence of events at a synapse.

Figure 1

Figure 1 not reproduced here due to third-party copyright restrictions

lIl Describe the role of mitochondria in synaptic transmission.
[2 marks]

Mitochondria carry out aerobic respiration to release energy as ATP (in

the synaptic knob).

The ATP is used to combine acetyl (acetate) and choline to make

(resynthesise) acetylcholine, for the uptake of choline, and for the

active transport of Ca’* ions out of the synaptic knob.
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El Describe the sequence of events in the postsynaptic neurone after large numbers of
acetylcholine molecules have fused with the cholinergic receptors.
[4 marks]

Na* channels in the postsynaptic membrane open, so the membrane

permeability to Na* increases.

Na* ions enter the postsynaptic neurone by diffusion, down their

concentration gradient.

This causes depolarisation: the inside of the postsynaptic membrane

becomes more positive.

If enough acetylcholine binds, the threshold is reached, so an action

potential is generated in the postsynaptic neurone.

E Describe the importance of acetylcholinesterase at the synapse.

Use information from Figure 1 and your own knowledge.
[2 marks]

Acetylcholinesterase hydrolyses acetylcholine, so Na* channels close; this

prevents the continuous production of action potentials (overstimulation).

The acetate and choline diffuse back into the presynaptic neurone to

resynthesise acetylcholine.

Question 1 continues on the next page
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Do not write
E Chemicals called organophosphates inhibit acetylcholinesterase. Oms‘igithe
Suggest how these organophosphates work as insecticides to kill insects.
[3 marks]
Organophosphates have a similar shape to acetylcholine, so they act as
competitive inhibitors,
blocking the active site of acetylcholinesterase, preventing normal
enzyme-substrate complexes forming.
So acetylcholine remains in the receptors, causing continuous production
of action potentials (overstimulation) in postsynaptic neurones,
which inhibits breathing, movement and feeding, so the insect dies.
M
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Skeletal muscle contains two types of fibres: fast and slow.

II| State two differences between fast and slow muscle fibres.
[2 marks]

1 Fast fibres have fewer mitochondria than slow fibres.

2 Fast fibres have fewer blood capillaries than slow fibres.

@ The proportion of fast and slow fibres can be determined by using a stain for the
enzyme ATPase.

Explain why both types of fibre contain ATPase.
[2 marks]

Both fibres need hydrolysis of ATP (ATP — ADP + Pi) by ATPase to

release energy,

which is needed for movement of the myosin heads (the power stroke)

and the release of myosin heads from the binding sites on actin, for

contraction.

Question 2 continues on the next page
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Figure 2 shows a section of muscle tissue.
Fibres containing a lot of ATPase stain more darkly.

Figure 2

'R N

— I\

El Calculate the percentage of dark-staining fibres in the muscle tissue shown in
Figure 2.

e Count all fibres that are completely within Figure 2.
¢ Count fibres that are touching the right side and the upper side.
¢ Do not count fibres that are touching the left side and the lower side.

[2 marks]
Dark-staining fibres = 17; total fibres = 6S
Percentage = 17 < 6S x 100 = 26.15%
Percentage = 26.2 %

0 6

stemup.co.uk 1B/M/Jun22/BL04

Do not write
outside the
box


https://stemup.co.uk

Question 2 continues on the next page

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

07

stemup.co.uk

Turn over »

1B/M/Jun22/BL04

Do not write
outside the
box


https://stemup.co.uk

Do not write
outside the

Investigations show that exercise and training can change: box
¢ the number of mitochondria in a fibre
¢ the diameter of fibres

¢ the proportion of fast and slow fibres.

The number of muscle fibres in a muscle remains constant.

Figure 3 shows the percentage of fast and slow fibres measured in different types of
athlete.

Figure 3

Figure 3 not reproduced here due to third-party copyright restrictions

E Which type of athlete shown in Figure 3 would have muscle fibres with the highest
number of mitochondria?

Explain your reasons for choosing this type of athlete.
[2 marks]

Marathon runners, because they have the highest percentage of slow

fibres (85%), which have more mitochondria.

Their respiration is mostly aerobic (a higher percentage of aerobic

respiration is required) for endurance.
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El Suggest why the leg muscles of cyclists and speed skaters are usually much larger box
than the leg muscles of non-athletes.
[2 marks]
Training causes an increase in the diameter of the muscle fibres (the
number of fibres stays constant).
Slow fibres are thicker (wider in diameter) and have more capillaries.
10
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n Insulin is involved in the control of blood glucose.
Figure 4 shows how insulin affects a muscle cell.
Figure 4

Glucose molecules
Imnzféigule\o Tissue fluid . /~\ ®
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ggﬁg}ical 6 \?CI@
SSEN

II| Describe the role of insulin in reducing blood glucose concentration.

Cell surface
membrane

Cytoplasm

Use information from Figure 4 and your own knowledge.

When blood glucose concentration is high, this is detected by the

[5 marks]

pancreas (beta cells), which secretes insulin.

Insulin binds to a specific receptor on the cell surface membrane of the

muscle cell ().

This causes a chemical signal (2) so that vesicles containing glucose

transporter proteins (GLUTY channel proteins) fuse with the cell surface

membrane (3).

This increases the facilitated diffusion of glucose into the cell through

the chanvels (4).

Insulin also stimulates the conversion of glucose to glycogen

(glycogenesis) in the cell;

the formation of glycogen keeps the glucose concentration in the cell
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low, so it maintains the diffusion gradient for glucose into the cell. phd

@ Type 2 diabetes is increasingly common in the populations of economically
developing countries.

Suggest three reasons for this increase.
[3 marks]

1 Increase in high sugar diets in the population.

2 Reduction in levels of exercise (people are less active).

3 Increase in obesity levels and in blood pressure in the population.

Question 3 continues on the next page
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Figure 5 shows the mean number of people with Type 2 diabetes from different
regions of Thailand.

The bars show standard errors.

Figure 5
1200
Key
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Mean number 800 [T
of people RN
with Type 2 600 -
diabetes NN NN EEEEE N
per 10 000 400 1] NN
200 L mm
i—-— | |
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Age group
@ Describe the patterns of Type 2 diabetes in Thailand shown in Figure 5.
Do not refer to standard errors in your answer.
[2 marks]

The number of people with Type 2 diabetes increases with age (a

positive correlation).

There is a greater incidence in males than in females in every age

group.
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Izl What do the standard error bars indicate about the differences between the incidence box
of Type 2 diabetes in males and females in Thailand?
[2 marks]

Up to age 49, the differences between males and females are

significant, as the SE bars do not overlap (not due to chance).

Above S0, the difference is not significant, as the SE bars do overlap

(it may be due to chance).

12
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The polymerase chain reaction (PCR) can be used to amplify DNA fragments. box

Figure 6 shows a simplified version of the steps in the PCR.

Figure 6
Stage 1
DNA heated to 95 °C
for 1 minute
Stage 3 Stage 2
DNA heated to 72 °C DNA cooled to 55 °C
for 2 minutes for 45 seconds

|I| Describe the function of each stage shown in Figure 6.
[6 marks]

Stage 1 Produces single-stranded DNA: the DNA strands separate by

breaking the hydrogen bonds between the bases.

Stage 2 Annealing: primers attach to the ends of the single strands by

binding of complementary base sequences, which also prevents the DNA

strands rejoining.

Stage 3 Synthesis of new (complementary) DNA strands: free nucleotides

are joined by (Tag) DNA polymerase.

1 4
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El One molecule of DNA is added to a PCR machine.

[0]4][3]

Calculate the number of molecules of DNA after 12 cycles.

Give your answer in standard form to 3 significant figures.

[2 marks]

Number of molecules = 2'? = 4096

Number of copies = 4.10 x 10°

Influenza is a disease caused by a virus. The virus has many different strains.
A new strain of influenza A virus called H1IN1 emerged in 2009.

PCR can be used to identify the strain of influenza by copying target sequences from
the genetic material of the virus. The first stage of this technique involves adding
reverse transcriptase to the virus.

Suggest why reverse transcriptase is added to the viral genetic material.
[2 marks]

The genetic material of the influenza virus is RNA (not DNA),

and reverse transcriptase converts the viral RNA into DNA (cDNA),

which can then be copied by PCR.

Gene probes are short sections of single-stranded DNA that can identify the copied
target sequences. The probes can have fluorescent markers attached which emit
light.

E Suggest why the probes bind to the new copies of the DNA.

[1 mark]

The probe has a base sequence complementary to the base sequence of

the viral DNA.

15
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E Suggest how the fluorescent probes can be used to give scientists an estimate of the

amount of DNA produced.

[1 mark]

The greater the fluorescence (light intensity), the more probe has

bound, so the more DNA produced.

Figure 7 shows the results of PCR cycles on two strains of influenza virus.

Figure 7

H1N1 Strain
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RFU = Relative Fluorescence Units
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El The same fluorescent probe is added to the genetic material from each of the two e
strains of influenza virus.
Suggest why the viral strains give different results as shown in Figure 7.
[2 marks]
HINI has mutated, so it has a different base sequence to influenza A
(fewer complementary target sequences),
so less probe binds to HINI DNA, giving less fluorescence (lower RFU:
1300 compared with $500).
. Explain why it is important for scientists to identify new strains of influenza quickly.
[2 marks]
So that vaccines can be developed against the new strain,
because the population has no immunity to the new strain (no memory
cells for its antigens).
16
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Various mechanisms control gene expression.

|I| Give the meaning of the term epigenetic control.

[2 marks]

A change in gene function (expression) without changing the base

sequence of DNA,

which is heritable: it can be passed down to daughter cells (offspring).

Figure 8 shows how oestrogen stimulates the transcription of a target gene.

Figure 8

Oestrogen \O

Plasma membrane

>/ > ¢ > Nuclear envelope

Oestrogen receptor

Protein complex

Gene

[ 1DNA

Promoter RNA polymerase binds and
begins transcription of gene
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High levels of oestrogen can cause oestrogen-dependent breast tumours. box

A drug called tamoxifen is used to treat oestrogen-dependent breast tumours.
Tamoxifen is converted to endoxifen in the liver.

Figure 9 shows the structure of oestrogen and endoxifen.

Figure 9

Oestrogen Endoxifen

@ Use information from Figure 8 and Figure 9 to suggest how endoxifen inhibits the
growth of tumour cells.

[3 marks]

The structure (shape) of endoxifen is similar to oestrogen,

so endoxifen binds to (blocks) the oestrogen receptor in tumour cells,

so oestrogen cannot bind,

so there is less (no) transcription of the target gene, so less cell

division of the tumour cells.

Question 5 continues on the next page
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Scientists have discovered enzymes called RNA-dependent RNA polymerases
(RDRs). These RDRs catalyse the production of double-stranded RNA using
molecules of mMRNA in the cytoplasm.

@ Suggest how the RDRs catalyse the production of double-stranded RNA from

mMRNA molecules.
[2 marks]

Free RNA nucleotides bind to the mRNA template by complementary

base pairing.

The RDRs catalyse the formation of phosphodiester bonds between

adjacent nucleotides, forming the second strand.

The double-stranded RNA molecules are then hydrolysed into small fragments called
small interfering RNA (siRNA).

Figure 10 shows how the siRNA controls gene expression.

Figure 10

SRR Double-stranded RNA
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Izl Over-expression of a gene causes the production of many molecules of mMRNA in the

cytoplasm.

Describe how the production of siRNA reduces the expression of a particular gene.
Use information from Figure 10.
[4 marks]

The siRNA binds to a protein complex,

and ATP is used to separate the double-stranded siRNA into single

strands.

A single strand binds to the target mRNA (in the protein complex) by

complementary base pairing,

so the mRNA is cut into fragments (broken down) and can no longer

be translated, so the protein can no longer be made.

The greater the amount of mRNA in a cell, the greater the amount of

siRNA produced (self-regulation).

Turn over for the next question
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Plants release a compound called cyclic adenosine 5'-diphosphoribose (cCADPR) in box

conditions of reduced water availability.

Scientists injected cADPR into guard cells. Increased calcium ion concentration in
guard cells affects the turgor of the cells.

Figure 11 shows the effect of injecting cADPR on the calcium ion concentration of

guard cells.
Figure 11
300
\\
Sn NN
250 Ea
200
Calcium ion HH
concentration 150 -~/
in guard cell / VA
mol dm=3 x 10-9 : /
100 /
50
O A
0 2 4 6 8 10 12
Time / minutes

cADPR injection

IIl Calculate the percentage increase in calcium ion concentration from 3 to 6 minutes.

Give your answer to 3 significant figures.

[2 marks]
At 3 min = 90, at 6 min = 28S
% increase = (285 — 90) + 90 x 100 = 216.7
Percentage increase = 217 %
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Figure 12 shows two stomata. box

Photograph A shows the guard cells before injecting with cADPR.
Photograph B shows the guard cells after injecting with cADPR.

Figure 12

Photograph A Photograph B

@ The magnification of Figure 12 is x850.

Calculate the width of the pore (stomatal aperture) marked X-Y in photograph A.

Give your answer to the nearest micrometre.

[2 marks]
XtoY =7wmm= 7000 um
Actual size = 7000 + 850 = 3.24 um
Stomatal aperture = g um

Question 6 continues on the next page
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. Photograph B in Figure 12 (on page 23) shows the effect of injecting the guard cells

with cADPR.

Scientists have shown that cADPR stimulates the active transport of potassium ions
out of guard cells.

Explain the effect of cCADPR shown in Figure 11 and Figure 12 (on pages 22 and 23).
[4 marks]

cADPR causes an inflow of calcium ions into the guard cells (from 90

to 28S), which causes an outflow of potassium ions.

So the water potential (y) of the quard cells increases (becomes less

negative).

Water leaves the quard cells by osmosis, from high g to low y (down a

y gradient).

The guard cells lose turgidity (become flaccid), causing stomatal closure,

as in photograph B.
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Question 6 continues on the next page
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Abscisic acid (ABA) is a plant hormone involved in the response of plants to reduced box
water availability.

Scientists investigated the effect of different concentrations of ABA on stomatal
aperture.

Figure 13 shows the effect of a mutation found in some species of plants compared
with normal wild type plants (WT). The bars show standard errors.

Figure 13
4.0 [T
e
351 s @wr
3.0 ! | [ Mutation
Mean stomatal || N
aperture / um || - EN
PEFUIETHM 551 1 Ea
s Tl
2.01 T |
15
0 1 10

Concentration of ABA/umol dm—3

E Describe the effect of the mutation on the control of stomatal aperture by abscisic acid
(ABA). Use information from Figure 13.
[3 marks]

Stomatal apertures are greater (wider) in plants with the mutation: ABA

is less effective in reducing stomatal aperture in plants with the

mutation, at both concentrations of ABA.

There is a greater difference at higher concentrations of ABA (greatest

at 10 umol dm=3: 3.1 compared with 2.0S um).

The effect is significant as the standard error bars do not overlap at |

and 10 umol dm=3 (not due to chance).
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El Describe how the scientists could have obtained the data shown in Figure 13.

box
[4 marks]

Measure the stomatal aperture of both plant types (WT and mutant)

with no ABA, using a microscope with an eyepiece graticule (calibrated

with a stage micrometer).

Inject different concentrations of ABA (I and 10 umol dm™3) into the

quard cells of both plant types.

Measure the stomatal aperture of both plant types after injecting ABA,

at each ABA concentration.

Repeat for many stomata and calculate the means and standard errors.

Keep control variables the same for WT and mutant plants, e.g.

temperature, light intensity and time after injection.

15
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