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Answer ALL questions. 

Write your answers in the spaces provided.

Some questions must be answered with a cross in a box .  If you change your mind about an 

answer, put a line through the box  and then mark your new answer with a cross .

1 The internal conditions within the body are maintained by homeostatic mechanisms.  
The regulation of blood glucose involves homeostatic mechanisms. 

 (a) The diagram shows part of the sequence of events when there is an increase in 
blood glucose levels.

Increase in blood glucose levels

Beta cells in the pancreas secrete 
insulin

Insulin stimulates facilitated 
diffusion of glucose into cells

Glucose used in  
cellular respiration

Glucose converted  
to glycogen

Glucose converted to 
fatty acids and glycerol

  (i) Describe how glucose moves into cells by facilitated diffusion.
(2)
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Glucose binds to a specific carrier protein in the cell surface membrane.

The carrier protein changes shape and moves the glucose across the membrane, from a

high concentration to a low concentration (down its concentration gradient), so no ATP

is needed.
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  (ii) Explain how the structure of glycogen allows it to be an energy store.
(3)
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 (b) Beta cells in the pancreas produce insulin when there is an increase in glucose levels in 
the blood.

  Transcription factors are involved in the activation of the insulin gene.

  Explain how transcription factors could activate insulin gene expression in beta cells.
(3)
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(Total for Question 1 = 8 marks)

Glycogen is a polysaccharide, a polymer made of many α-glucose monomers, so it can be

hydrolysed to provide glucose for respiration.

It is highly branched (1,6-glycosidic bonds) so it has many terminal ends, allowing rapid

hydrolysis to release glucose quickly.

It is compact, so a large amount of glucose (energy) is stored in a small space, and it

is insoluble so it has no osmotic effect on the cells.

Transcription factors (activated in the beta cells) bind to the promoter (regulatory)

region of the insulin gene.

This allows RNA polymerase to bind to the promoter region, as part of the transcription

initiation complex.

The insulin gene is then transcribed, so insulin mRNA is produced, which is translated

into insulin.
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2 Obesity can be affected by both genetic and environmental factors.  An indicator of 
obesity is the body mass index (BMI).

 The effects of a gene called FTO, saturated fats and physical exercise on BMI were investigated.

 There are two alleles (FTOT and FTOC) at the FTO locus.

 (a) (i) Which of the following describes what is meant by the term locus? 
(1)

   A genetic code for a protein

   B holds together sister chromatids

   C location of a gene on a chromosome 

   D paternal part of a genome 

  (ii) Compare and contrast the structures of a saturated fatty acid and an 
unsaturated fatty acid.

(3)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Similarities: both have a carboxylic acid group (COOH) and both have a hydrocarbon

chain made only of carbon and hydrogen.

Differences: saturated fatty acids have no carbon to carbon double bonds (only C–C

single bonds), whereas unsaturated fatty acids have one or more C=C double bonds.

So saturated fatty acids are straight chains, while unsaturated fatty acids have a kink

(bend) in the chain.
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 (b) The effects of saturated fats in the diet on the BMI in individuals with different 
FTO genotypes are shown in the graph.

34 –

33 –
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31 –

30 –

29 –

28 –
FTOC FTOC FTOC FTOT FTOT FTOT

BM
I /

 k
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m
−2

Genotype

Unsaturated fat diet

 Key

Saturated fat diet

  Deduce the effect of environmental and genetic factors on BMI.
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(Total for Question 2 = 7 marks)

Environmental factor: a saturated fat diet is associated with increased BMI compared

with an unsaturated fat diet, for every genotype.

Genetic factor: the FTOT allele is associated with increased BMI, but FTOC FTOT

individuals have a BMI similar to FTOC FTOC, so FTOT is recessive and FTOC is dominant.

The highest increase in BMI (about 33.6 kg m-2) was for individuals homozygous for

FTOT (FTOT FTOT) on a saturated fat diet, so the two factors interact.
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3 Sepsis is a bacterial infection in the bloodstream.  Sepsis can cause tissue death in 
limbs.  This may require parts of a limb to be removed (amputation).

 (a) Open wounds can become infected by bacteria, leading to sepsis.

  Explain why bacteria are able to multiply in the bloodstream when they enter  
the body.

(3)
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 (b) Sepsis can cause blood clots to form and block the supply of blood to tissues in 
the limbs.

  Explain why blood clot formation in capillaries could cause tissues to die.
(2)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

The blood provides warm conditions (37 °C), water, glucose, amino acids and a suitable

pH for the bacteria.

This is a suitable (optimum) temperature and pH for the bacterial enzymes to work.

Bacteria use the glucose for respiration to release energy, and use the amino acids for

growth (protein synthesis), so they can multiply.

The clot blocks the lumen of the capillaries, preventing the supply of oxygen and glucose

to the cells of the tissue.

Therefore aerobic respiration stops, anaerobic respiration causes a build-up of lactic acid,

and the tissues die.
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 (c) Extensor and flexor muscles are involved in the movement of the lower leg as 
shown in the diagrams.

flexor 

extensor 

fibula

tibia

  (i) Explain how the extensor and flexor muscles bring about movement of the 
lower leg. 

(2)
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Tendons attach the muscles to the bones. The flexor and extensor muscles act as an

antagonistic pair.

When the extensor muscle contracts (flexor relaxes) it pulls on the tibia to extend the

leg; when the flexor muscle contracts it pulls on the fibula, flexing the leg.
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  (ii) Individuals who have had limbs amputated can use prostheses to compete in 
athletic events.

   A transtibial amputation involves the removal of part of the lower leg below 
the knee.  Extensor and flexor muscles are still attached to the parts of the 
lower leg bones (the tibia and fibula) that remain.  

   The photograph shows Paralympic athletes competing in the 100m final in 
London 2012.  The three athletes shown have all had transtibial amputations.

www.sciencephoto.com

   Deduce how athletes with transtibial amputations are able to move their 
prosthetic limbs during a race.

(1)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Total for Question 3 = 8 marks)

The extensor and flexor muscles are still attached to the tibia and fibula in the lower

leg, and the prosthetic limb is attached to the lower leg, so contracting these muscles

moves the prosthesis.
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4 Visual development requires exposure of the visual cortex to environmental signals 
during a critical period.

 The diagram shows parts of the brain, including the visual cortex.

A

visual 
cortex

D

C

B

 (a) The visual cortex processes information received from the retina.  

  (i) The non-protein part of the light-absorbing pigment in the rod cells of the 
retina is called

(1)

   A IAA

   B opsin 

   C retinal 

   D rhodopsin

  (ii) The part of the brain involved in interpreting the information processed in the 
visual cortex is 

(1)

   A

   B

   C

   D
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  (iii) Explain how fMRI can be used to identify the part of the brain involved in 
interpreting information from the visual cortex.

(3)
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 (b) Describe the role of visual stimulation on the development of the visual cortex 
during the critical period.
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(Total for Question 4 = 8 marks)

fMRI detects blood flow (oxygen use) in the brain while the person is given visual

stimuli.

Increased brain activity in an area results in increased blood flow, demand for oxygen

and aerobic respiration in that area of activity.

Oxyhaemoglobin absorbs fewer radio waves than deoxyhaemoglobin, so fMRI detects the

areas where less signal is absorbed, showing the active part of the brain.

Ocular dominance columns of cells develop in the visual cortex, and neurones from the

eyes form synapses with the cells in these columns.

Visual stimuli cause impulses (action potentials) along these neurones, which are required

to strengthen the connections (more synapses) with the cells of the ocular dominance

columns; connections become weaker if stimuli are not received.

So visual stimulation during the critical period is needed to form effective connections in

the visual cortex.
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5 Athletic competitions often take place during the summer months when 
ambient temperatures are high.

 High ambient temperatures affect marathon runners.

 Heat stress occurs when the core body temperature rises above 40 °C. 

 (a) Describe how thermoregulatory mechanisms are controlled to help 
marathon runners avoid heat stress.

(4)
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Thermoreceptors in the hypothalamus and the skin detect the increase in temperature.

The heat loss (thermoregulatory) centre in the hypothalamus is stimulated.

The hypothalamus sends impulses along neurones to the sweat glands to increase

sweating, so heat is lost by evaporation.

Impulses cause vasodilation of arterioles and constriction of shunt vessels, increasing

blood flow to the surface of the skin, so more heat is lost by radiation.

Metabolic rate is decreased, so less heat is generated.
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 (b) Physical and physiological differences between males and females affect 
thermoregulation. 

  The graph shows the effect of a mean increase in body temperature on the rate of 
sweat production by males and females. 
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  Female marathon runners have smaller bodies, with a larger ratio of skin surface 
to body mass than males. 

  Male marathon runners have less body fat than females: 5 –11% compared with 10 –15%.

  Comment on how gender could affect thermoregulation in marathon runners.
(4)
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An increase in body temperature causes a greater increase in the rate of sweating in

males than in females (1.25 compared with 0.88 mg min-1 cm-2 at 1.75 °C).

So males lose heat faster by evaporation because they produce sweat at a faster rate.

However, females have a larger surface area to body mass ratio, which allows faster,

more effective heat loss from the skin.

Males have less body fat (insulation), which may allow faster, more effective heat loss.
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 (c) When running a marathon, both heart rate and stroke volume increase.

  The graph shows the effect of exercise intensity on stroke volume for 
marathon runners.
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  (i) Cardiac output is the product of stroke volume and heart rate.

   During a race, a marathon runner’s exercise intensity increased from 0 to 
100%.  The table shows the effect on the runner’s heart rate.

Exercise intensity (%) Heart rate / bpm

0 55

100 160

   Calculate the increase in cardiac output for a marathon runner during a race.

   Give your answer in dm3 min−1.
(2)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  dm3 min−1

Cardiac output = stroke volume × heart rate

At 0%: 70 × 55 = 3850 cm3 min-1 = 3.85 dm3 min-1

At 100%: 110 × 160 = 17600 cm3 min-1 = 17.6 dm3 min-1

Increase = 17.6 − 3.85 = 13.75 dm3 min-1

13.75
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  (ii) Explain why it is necessary for the cardiac output of marathon runners to 
increase during a race.

(2)
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(Total for Question 5 = 12 marks)

To increase the supply of oxygenated blood (more oxygen and glucose) to the muscles,

to allow faster aerobic respiration, providing more energy (ATP) for muscle contraction to

meet the increased demands.
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6 Anabolic steroids and testosterone have been used as performance-enhancing drugs 
by some athletes.  These drugs can increase muscle mass and strength.

 (a) An investigation was carried out to assess the effect of doses of testosterone on 
muscle size. 

  A group of men was randomised into four groups: A, B, C and D.  Groups A and B  
were given a placebo.  Groups C and D were both given doses of testosterone.   
Groups A and C had no exercise training.  Groups B and D were given exercise training.

  The cross-sectional area of the triceps muscle of each individual was measured at 
the start of the investigation and after 10 weeks. 

  The results are shown in the table. 

Muscle

Mean cross-sectional area of muscle / mm2 ± SD

Group A 

Placebo without 

exercise

Group B 

Placebo with 

exercise

Group C 

Testosterone 

without exercise

Group D 

Testosterone 

with exercise

Triceps – at the 
start 3621 ± 213 4052 ± 262 3579 ± 260 3483 ± 217

Triceps after 10 
weeks 3539 ± 226 4109 ± 230 4003 ± 229 3984 ± 239

  (i) Deduce the effect of testosterone on the size of the triceps muscle. 
(2)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Testosterone increases the cross-sectional area (size) of the triceps muscle, but there is

no increase with the placebo without exercise.

The greatest increase is with testosterone plus exercise (group D, 3483 to 3984, an

increase of 501 mm2), compared with 424 mm2 for testosterone alone and only 57 mm2

for placebo with exercise.

For group D (testosterone with exercise) the SDs at the start and after 10 weeks do

not overlap, so the difference is significant.
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  (ii) The purpose of the placebo is to
(1)

   A increase the accuracy of the measurements

   B increase the reproducibility of the data

   C show that exercise has an effect

   D show that testosterone has an effect

 (b) In another investigation, groups of men were given either a placebo or 300 mg of 
testosterone per week for two weeks.  The concentrations of different lipoproteins 
(HDL and LDL) in the blood were measured at the start of the investigation and 
after two weeks.

  The results of the investigation are shown in the graph.
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  (i) The ratio of total cholesterol to HDL is used as an indicator of the risk of 
cardiovascular disease.  The higher the ratio of total cholesterol to HDL, the 
greater the risk.

   In this investigation, the men given the placebo had a total cholesterol to HDL 
ratio of 4.2:1 after two weeks.

   Calculate the ratio of total cholesterol to HDL for those taking testosterone 
after two weeks.

(2)

Ratio of total cholesterol to HDL .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Total cholesterol = HDL + LDL = 28 + 136 = 164
Ratio = 164 ÷ 28 = 5.86

5.9 : 1
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   *(ii) Doses of testosterone are used to enhance performance in sports by 
increasing muscle mass and therefore strength.

    Testosterone increases the activity of an enzyme in the liver that breaks 
down HDL.

    The production of cholesterol is catalysed by the enzyme HMG CoA 
reductase (HMGCR).

    Testosterone increases levels of mRNA for HMGCR.

   Explain why using testosterone as a performance-enhancing drug is 
unacceptable in terms of risks to health. 

(6)
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(Total for Question 6 = 11 marks)

Testosterone increases the levels of mRNA for HMGCR, so more of the enzyme HMG

CoA reductase is synthesised (translated), and so the production of cholesterol increases.

This increases the concentration of LDL in the blood (LDL rose from about 134 to 136

mg 100 cm-3).

Testosterone also increases the activity of the liver enzyme that breaks down HDL, so

HDL concentration falls (from about 36 to 28 mg 100 cm-3).

HDL normally transports cholesterol from the bloodstream to the liver to be removed, so

less cholesterol is removed from the blood. The ratio of total cholesterol to HDL rises to

5.9:1, compared with 4.2:1 with the placebo.

LDL transports cholesterol to the tissues, and high LDL leads to the accumulation of

cholesterol in the walls of arteries. This damages the endothelium, triggering an

inflammatory response, and an atheroma (plaque) forms, so atherosclerosis develops. The

artery narrows and loses elasticity, raising blood pressure, and clots can form, causing a

heart attack or stroke.

So taking testosterone as a performance-enhancing drug harms the athlete's health by

increasing the risk of cardiovascular disease (CVD), and this risk is unacceptable just to

gain muscle mass and strength.
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7 The arctic ground squirrel (Spermophilus parryii) lives in Alaska.  It has small ears, a 
cylindrical body and a shorter tail than other species of ground squirrel. 

 The arctic ground squirrel can survive cold winters by hibernating for up to eight 
months per year.  When hibernating, arctic ground squirrels use stored fat supplies as 
an energy source. 

www.sciencephoto.com

 (a) Which combination of adaptations shown by the arctic ground squirrel have 
been described?

(1)

  A anatomical and behavioural only

  B anatomical and physiological only

  C anatomical, behavioural and physiological

  D behavioural and physiological only
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 (b) During hibernation, the core body temperature of an arctic ground squirrel can 
fall from 37 °C to −3 °C.

  The table shows the effect of air temperature on the metabolic rate in the arctic 
ground squirrel. 

Air temperature 

/ °C

Metabolic rate  

/ cm3 oxygen g−1 hour−1

−16 0.18

 −8 0.08

 −4 0.04

  0 0.02

  4 0.02

  8 0.02

 12 0.02

  (i) Calculate the change in metabolic rate for an arctic ground squirrel, with a 
body mass of 850g, as the air temperature increases from −16 °C to 4 °C. 

   Give your answer in dm3 oxygen day−1. 
(3)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  dm3 oxygen day−1

Change = 0.18 − 0.02 = 0.16 cm3 oxygen g-1 hour-1

For 850 g: 0.16 × 850 = 136 cm3 oxygen hour-1

Per day: 136 × 24 = 3264 cm3 oxygen day-1

In dm3: 3264 ÷ 1000 = 3.264 dm3 oxygen day-1

3.26
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  (ii) When the air temperature was −4 °C, the respiratory quotient (RQ) for the 
arctic ground squirrel was calculated as 0.77.

   The RQ value can indicate the respiratory substrate as shown in the table.

RQ value Respiratory substrate

1.0 Carbohydrate

0.9 Protein

0.7 Lipid

   Intermediate values indicate a mixture of respiratory substrates. 

   Which of the following respiratory substrates were used by the arctic ground 
squirrel when the air temperature was −4 °C?

(1)

   A carbohydrate and protein  

   B lipid only

   C lipid and protein 

   D protein only
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  (iii) The data for calculating metabolic rate are collected using a respirometer. 

   The rate of respiration for small mammals can be measured using a 
continuous flow respirometer.  A continuous flow respirometer circulates 
air through a chamber containing the animal.  The rate of air flow can be 
measured using flowmeters on the inlet and outlet tubes.

flowmeter

inlet tube

flowmeter

outlet tube

small animal

   Devise a procedure using a continuous flow respirometer to collect the data 
required to calculate the metabolic rate of an arctic ground squirrel.

(4)
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(Total for Question 7 = 9 marks)

Measure the body mass of the squirrel and place it in the chamber, with a container of

soda lime (or potassium hydroxide) to absorb the carbon dioxide produced.

Control the air temperature of the chamber (e.g. using a water bath) and set it to

each air temperature in the table in turn, allowing the squirrel to acclimatise.

Use the flowmeters to measure the volumes of air entering and leaving the chamber over

a stated period of time, e.g. one hour.

The decrease in the volume of air leaving the chamber represents the volume of oxygen

taken up by the squirrel for respiration.

Divide the volume of oxygen used per unit time by the body mass of the squirrel to

calculate the metabolic rate in cm3 oxygen g-1 hour-1. Repeat and calculate a mean.
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8 People with Guillain-Barré syndrome (GBS) suffer from a rapid onset of muscle weakness.  
It is thought that GBS is caused by damage to the peripheral nervous system.

 (a) The diagram shows some typical neurones.

W ZYX

  (i) Which of these is a sensory neurone?
(1)

   A W

   B X

   C Y

   D Z

  (ii) The axons of some neurones are surrounded by a myelin sheath.

   The main component of myelin is a glycolipid.

   Glycolipids are formed from lipids attached to a chain of 
(1)

   A amino acids which are joined by glycosidic links

   B amino acids which are joined by peptide bonds

   C sugar molecules which are joined by ester bonds

   D sugar molecules which are joined by glycosidic links
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  (iii) Describe the role of the dendrites in a neurone.
(3)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Dendrites form synapses (connections) with other neurones.

They receive impulses from many other neurones and integrate them, so they are

involved in summation.

If the threshold is reached, they propagate the signal to the cell body and axon, so an

action potential is initiated.
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 (b) The speed of conduction along a motor neurone can be calculated.

  The time taken for a stimulus (S) to produce a response (R) further along the 
neurone is recorded.

  Using two stimuli, a known distance apart, allows the speed of conduction to 
be calculated.

motor neurone 
in the median 
nerveR

S1 S2

25 cm

14121086420

Time / milliseconds

S1

S2

R1

R2

  Calculate the speed of conduction for the neurone shown.
(2)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  cm s−1

Time between R1 and R2 = 10.0 − 6.0 = 4.0 ms

4.0 ms = 0.0040 s

Speed = distance ÷ time = 25 ÷ 0.0040

= 6250 cm s-1

6250
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 (c) In individuals with GBS, the immune system attacks and destroys the myelin 
sheath surrounding some neurones. 

  Neurone conduction was studied in an individual with GBS and in an individual 
without GBS.  The results are shown in the table.

Individual

Sensory neurone Motor neurone

Speed of 

conduction / metres 

per second

Size of action 

potential / mV

Speed of 

conduction / metres 

per second

Size of action 

potential / mV

With GBS 54 35 39 10

Without GBS 58 33 63 10

  Explain why GBS caused muscle weakness in this individual.
(4)
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(Total for Question 8 = 11 marks)

There is no (little) difference in the size of the action potential between the individual

with and the individual without GBS (10 mV in both motor neurones).

However, the motor neurone conduction speed is reduced, from 63 to 39 metres per

second.

This is due to loss of myelin (demyelination) of the motor neurone, so there is loss of

saltatory conduction: the impulse cannot jump between the nodes of Ranvier.

So impulses reach the muscle more slowly, fewer impulses arrive per second, and the

muscle contracts less strongly, causing weakness.
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9 Plasmin is an enzyme that digests fibrin.

 Plasmin is produced, in the blood, from an inactive form of the enzyme called plasminogen.

plasminogen

plasmin

fibrin

digested fibrin

 Pharmaceutical companies have developed drugs that inhibit the activity of plasmin.

 One of these drugs, tranexamic acid, is used in surgery to reduce blood loss.

 (a) Explain why tranexamic acid will result in reduced blood loss during surgery.
(3)
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Fibrin forms a mesh that traps platelets and red blood cells, forming a blood clot.

Tranexamic acid inhibits plasmin, so it prevents plasmin digesting fibrin (stops the

breakdown of fibrin).

This allows clots to remain in place at the wound, so less blood is lost during surgery.
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 (b) The active site of the plasmin enzyme binds to the amino acid lysine on the fibrin 
protein molecule.

  Plasmin binds to part of the fibrin molecule in order to break down the fibrin.   
The diagrams show the structure of lysine in the fibrin polypeptide and the 
structure of tranexamic acid. 

O

O

H

NH2

H

R N R

Lysine in the fibrin polypeptide

O
H

H

N

OH

tranexamic acid

N

  Deduce why tranexamic acid prevents plasmin breaking down fibrin.
(3)
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Tranexamic acid has a very similar structure (shape) to lysine, e.g. both have an NH2

group separated from a carbonyl group by a carbon chain of similar length.

So tranexamic acid binds to the active site on plasmin, acting as a competitive inhibitor.

This stops plasmin binding to the lysine on fibrin, so no enzyme–substrate complexes

form and fibrin is not broken down.
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 (c) The activity of plasmin in a sample can be determined using fibrin plates.

  Fibrin plates are produced by mixing thrombin and fibrinogen into molten agar 
and pouring the mixture into a Petri dish.

  Once the agar has set, wells are cut in the fibrin plate and solutions containing 
plasmin are placed in the wells.

  The effect of different plasmin concentrations on the fibrin plates is shown in  
the diagram and the photograph. The numbers on the diagram indicate the 
plasmin concentration. 

0.4
0.5

0.0

0.1
0.2

0.3

www.journal.ac

  (i) The relationship between plasmin concentration and fibrin digestion shows 
(1)

   A inverse correlation 

   B negative correlation

   C no correlation

   D positive correlation

stemup.co.uk

https://stemup.co.uk


31

*P52289A03136* Turn over     

 
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 A

R
E

A
 

D
O

 N
O

T
 W

R
IT

E
 I

N
 T

H
IS

 A
R

E
A

 
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 A

R
E

A

   *(ii) Scientists are developing new plasmin inhibitors. 

   Devise an investigation, using fibrin plates, to compare the effectiveness of a 
new inhibitor with tranexamic acid.

(6)
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(Total for Question 9 = 13 marks)

Prepare fibrin plates by mixing the same volumes and concentrations of thrombin and

fibrinogen into molten agar, pour into Petri dishes and allow to set. Cut wells of the

same diameter in each plate using a cork borer.

The independent variable is the inhibitor used: mix a fixed concentration and volume of

plasmin (e.g. 0.5 units) with the new inhibitor, and in other wells with tranexamic acid

at the same concentration. Use a range of inhibitor concentrations for both.

Controls: a well with plasmin and no inhibitor (water), to show maximum digestion.

Keep the volume of solution in each well, the pH and the temperature (e.g. 37 °C in an

incubator) the same, and leave the plates for a stated time, e.g. 24 hours.

The dependent variable is fibrin digestion: measure the diameter of the clear zone

around each well with a ruler and calculate the area.

Repeat each at least three times and calculate means, identifying anomalies.

Compare: the inhibitor producing the smallest clear zone at the same concentration is

the most effective, as less fibrin has been digested. Calculate standard deviations and

use a statistical test (e.g. t-test) to see if the difference between the two inhibitors is

significant.
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10 Glucosaminoglycans (GAGs) are the by-products of chemical reactions inside cells. 
GAGs are broken down by enzymes inside lysosomes in cells.

 Mucopolysaccharidosis type I (MPS I) is a genetic condition that results in the build-up 
of GAGs inside cells. 

 MPS I affects the production of enzyme G that breaks down GAGs inside lysosomes.

 (a) Enzymes work by
(1)

  A increasing the activation energy of a reaction

  B lowering the activation energy of a reaction

  C providing energy to the reactants

  D removing energy from the products

 (b) Describe what happens to lysosomes once their contents have been digested.
(2)
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 (c) More than 50 different mutations in the gene for enzyme G have been found to 
result in MPS I.  Most of these mutations involve changing a single base in the gene.

  (i) Explain how a single base mutation can lead to an altered primary structure of 
enzyme G.

(3)
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The lysosome fuses with the cell surface membrane,

and its contents are released from the cell by exocytosis.

Changing one base (substitution) changes the triplet code in the DNA of the gene, e.g.

ATT to ATG.

This changes the codon in the mRNA transcribed from the gene (it may introduce a

stop codon, terminating translation early).

This results in a different amino acid being inserted, so the amino acid sequence

(primary structure) of enzyme G is altered.
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  (ii) Explain how human genome sequencing can be used to identify the 
mutations associated with MPS I.

(3)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Sequence the genomes of people with MPS I.

Sequence the genomes of a number of people without the condition.

Compare the base sequences of the gene for enzyme G to identify mutations found only

in the individuals with MPS I.
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 (d) A biotechnology company is developing a method of repairing the mutations in 
the gene for enzyme G.  

  The method being developed is called CRISPR-Cas9.

  In this method, a short sequence of RNA binds to the DNA containing the 
mutation responsible for MPS I. 

  This RNA acts as a guide to enable the Cas9 enzyme to bind to DNA. 

  This enzyme can then cut and repair the DNA, removing the mutation. 

  (i) Describe how scientists could produce this short sequence of RNA needed to 
treat someone with MPS I.

(2)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  (ii) Explain why the use of CRISPR-Cas9 technology can be described as 
personalised medicine.

(2)
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(Total for Question 10 = 13 marks)

TOTAL FOR PAPER = 100 MARKS

Transcribe the DNA containing the mutation to produce RNA,

using free RNA nucleotides and RNA polymerase (complementary base pairing).

Individuals with MPS I have different mutations (at different loci), so the treatment

targets an individual's specific mutation.

The guide RNA molecule used will be specific to each mutation, and so to each

individual.
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Every effort has been made to contact copyright holders to obtain their permission for the use of copyright material. 
Pearson Education Ltd. will, if notified, be happy to rectify any errors or omissions and include any such rectifications in 
future editions.
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