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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 photograph shows a young zebrafish that can be used to investigate the 
circulatory system.  Zebrafish are vertebrates.

heart

	 (a)	 The effect of caffeine on the heart rate of zebrafish was investigated.

		  A zebrafish was placed in water and observed using a microscope.  The number of 
heartbeats in one minute was counted and the heart rate was recorded.  This was 
repeated to give three measurements of heart rate.

		  The water was replaced with a caffeine solution and the heart rate was recorded.  
This was repeated to give three measurements of heart rate.

		  The results of the investigation are shown in the table.

Treatment
Heart rate / beats min−1

Repeat 1 Repeat 2 Repeat 3

Water 124 120 112

Caffeine solution 184 172 156

		  (i)	 State one variable that should have been controlled in this investigation.
(1)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .The temperature of the water and caffeine solution.
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		  (ii)	 Analyse the data to justify a conclusion for this investigation.
(2)
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		  (iii)	Explain the advantages of using young zebrafish for this investigation.
(2)
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		  (iv)	Give one reason why a different ethical issue has to be considered when using 
zebrafish instead of Daphnia in this investigation.

(1)
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Caffeine increases the heart rate of the zebrafish.

The mean heart rate rose from 118.7 beats min-1 in water to 170.7 beats min-1 in

caffeine solution, an increase of 52 beats min-1 (43.8%).

Young zebrafish have a transparent body, therefore the heart is visible under the

microscope and the procedure is non-invasive.

They are also aquatic organisms, so they can take in caffeine from the solution.

Zebrafish are vertebrates, therefore they are more likely to feel pain than Daphnia.
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	 (b)	 The diagram shows the direction of blood flow in a fish.

A

D C

B

gas 
exchange 
surface

heart

		  (i)	 Which labelled part of this circulatory system has the lowest concentration of 
carbon dioxide?

(1)

			   A

			   B

			   C

			   D

		  (ii)	 Which labelled part of this circulatory system has the highest blood pressure?
(1)

			   A

			   B

			   C

			   D

(Total for Question 1 = 8 marks)
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2	 All organisms exchange gases with their environment.

	 (a)	 Sailor’s eyeball (Valonia ventricosa) is a single-celled, spherical organism.

		  One of these organisms can have a diameter of 1 cm to 4 cm.

		  The table shows the diameter, surface area and volume of different 
Valonia ventricosa cells.

Diameter / cm 1 2 4

Surface area / cm2 3.14 12.57 50.27

Volume / cm3 0.52 4.19

		  (i)	 The volume of a sphere can be calculated using the following equation.

34
V

3
rπ

=

			   What is the volume of a cell with a diameter of 4 cm?
(1)

			   A	 33.51 cm2

			   B	 33.51 cm3

			   C	 268.08 cm2

			   D	 268.08 cm3
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		  (ii)	 Describe why single-celled organisms, such as Valonia ventricosa, do not need 
a specialised gas exchange surface.

(2)
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A single-celled organism has a large surface area to volume ratio, so diffusion across

the cell surface occurs at a sufficient rate.

There is a short diffusion distance to all parts of the cell.

Therefore it can rely on diffusion alone to take in oxygen and remove wastes such as

carbon dioxide.
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	 (b)	 Mammalian lungs are adapted for rapid gas exchange.

		  Explain how the structure of the human lungs enables rapid gas exchange.
(4)
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The lungs contain many alveoli, which provide a large surface area for gas exchange.

The alveoli and the capillaries have walls that are one cell thick (thin), providing a

short distance for diffusion.

There is an extensive capillary network around the alveoli, which also provides a large

surface area for gas exchange.

A high concentration gradient is maintained by ventilation, which brings in fresh air,

and by circulation, which carries oxygenated blood away.
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	 (c)	 The graph shows the death rates due to diseases of the respiratory system in 
some countries.

140 –

120 –

100 –

80 –

60 –

40 –

20 –

0 – – – – – – –

United 
Kingdom

Ireland DenmarkIcelandRomania

D
ea

th
s 

pe
r 1

0 
00

0

		  Calculate the probability of dying from a disease of the respiratory system in the 
United Kingdom.

(2)

Answer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

UK death rate = 105 per 10 000

probability = 105 ÷ 10 000 = 0.0105

0.0105
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	 (d)	 Emphysema is a disease of the respiratory system that affects the structure of the lungs.

Lung without emphysema Lung with emphysema

small air 
spaces

enlarged 
air spaces

		  Explain why people with emphysema are given air with a higher concentration of 
oxygen than atmospheric air.
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(Total for Question 2 = 11 marks)

People with emphysema have a smaller surface area of alveoli for gas exchange.

Breathing air with more oxygen gives a larger concentration gradient between the alveoli

and the blood.

This maintains the rate of diffusion of oxygen into the blood.
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3	 Blood plasma contains glucose dissolved in water.  Glucose is a polar molecule that is 
taken up by muscle cells and used in the synthesis of glycogen.

	 (a)	 Explain why water is a good solvent.
(2)

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

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

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

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

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

	 (b)	 Describe how glucose enters muscle cells through the cell membrane.
(2)
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Water is a polar (dipole) molecule, with a slightly negative oxygen and slightly positive

hydrogens.

Hydrogen bonds form, so water molecules surround polar molecules and ions, allowing

them to dissolve.

Glucose moves through carrier proteins in the cell membrane.

It enters the muscle cell by facilitated diffusion, down its concentration gradient.
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	 (c)	 The ratio of glucose to glycogen inside a cell can affect the uptake of water by the cell.  
This results in a change in cell mass.

		  Cells with different ratios of glucose to glycogen were placed in tissue fluid and 
the percentage change in cell mass was recorded.

Ratio of  
glucose to glycogen

Percentage change in 
cell mass (%)

100:0 25.0

  80:20 16.5

  60:40   4.0

  40:60   0.0

  20:80   0.0

		  Analyse the data to explain the effect of these ratios on the percentage change in cell mass.
(3)
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As the proportion of glucose decreases, the percentage change in cell mass decreases,

from 25.0% at 100:0 to 0.0% at 40:60 and 20:80.

Glucose is soluble, whereas glycogen is insoluble.

A higher ratio of glucose molecules has an osmotic effect on the cell, lowering its water

potential, whereas glycogen has no osmotic effect.

So water enters the cell by osmosis, increasing the cell mass.
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	 (d)	 Glucose is used in the synthesis of glycogen in muscle cells.

		  (i)	 Describe the formation of glycogen from glucose.
(2)

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

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

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

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

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

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

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

		  (ii)	 Describe how the structure of glycogen is related to its function as a storage 
molecule.

(2)
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(Total for Question 3 = 11 marks)

Alpha glucose molecules join together in condensation reactions, releasing water.

This forms 1,4 and 1,6 glycosidic bonds, giving a highly branched polymer.

Glycogen is a highly branched molecule, so there are many ends for rapid hydrolysis to

release glucose for respiration.

It is compact, so a lot can be stored in a small space, and it is insoluble so it does

not affect osmosis.
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4	 Brilliant cresyl blue (BCB) can be used to stain red blood cells.  When red blood cells 
are immersed in a solution of BCB, they take up all the stain and leave the surrounding 
solution colourless.

	 The effect of temperature on the uptake of BCB by red blood cells was investigated.

	 The table shows the results of the investigation.

Temperature  
/ °C

Percentage of 
stained cells (%)

Colour of solution 
surrounding red blood cells

10 100 colourless

20 100 colourless

30 100 colourless

40 97 colourless

50 81 pale blue

60 17 blue

	 It was concluded that the cells were taking up the BCB stain by active transport.

	 (a)	 Which component of the cell surface membrane is involved in this process?
(1)

		  A	 carrier protein

		  B	 channel protein

		  C	 cholesterol 

		  D	 glycolipid
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	 (b)	 Analyse the data to justify the conclusion of this investigation.
(3)

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

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

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

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

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

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

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

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

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

Between 10 °C and 30 °C all the stain is taken up into the cells (100% stained,

solution colourless), so the stain is taken in against the concentration gradient.

At 40 °C and above some stain has not been taken up by the cells, e.g. only 17%

stained and the solution blue at 60 °C.

This is because the carrier proteins and enzymes are denatured at high temperatures.

So there is reduced movement of stain into the cells, as no ATP is made for active

transport and the carrier proteins cannot bind to the stain.
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	 (c)	 Explain one way in which this investigation could be improved.
(2)
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(Total for Question 4 = 6 marks)

Use smaller temperature intervals, e.g. every 2 °C between 30 °C and 60 °C.

This would allow the temperature at which active transport was affected, and the

solution became coloured, to be determined more precisely.
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5	 The food we eat contains carbohydrates, lipids and proteins.

	 (a)	 Which of the following contains nitrogen atoms? 
(1)

		  A	 carbohydrate 

		  B	 glycogen

		  C	 lipid

		  D	 protein

	 (b)	 Mammals have diets containing different proportions of carbohydrates, lipids and proteins.

		  The diagram shows the composition of the average diet of some mammals.

Key
 Bear
 Cat
 Dog
 Human
 Mink
 Mouse

Protein (%)

Ca
rb

oh
yd

ra
te

 (%
)

Lipid (%
)

10 20 30 40 50 60 70 80 90

10
20

30
40

50
60

70
80

90

90

80

70

60

50

40

30

20

10

		  (i)	 The diet of a dog contains 6% carbohydrate, 64% lipid and 30% protein.  This is shown 
on the diagram as a diamond.

			   The diet of a mink contains 15% carbohydrate, 50% lipid and 35% protein.

			   Plot this on the diagram.
(1)

stemup.co.uk

https://stemup.co.uk


18

*P49853A01832*

	
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

	
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

	
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

	
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

	
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

	
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

		  (ii)	 Which mammal will have a diet containing food with the highest proportion 
of ester bonds? 

(1)

			   A	 bear

			   B	 cat

			   C	 human

			   D	 mouse

	 (c)	 Carbohydrates, lipids and proteins can be used as sources of energy.

		  The table shows the average daily energy requirements for boys and girls aged 13 to 18.

Age / years
Daily energy requirement / kJ

Boys Girls

13 10 090    9292

14 10 989    9789

15 11 787    9990

16 12 389 10 090

17 12 886 10 291

18 13 187 10 291

		  (i)	 Calculate the percentage increase in the average daily energy requirements 
for boys aged 17 compared with their energy requirements aged 13.

(2)

Answer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  %

increase = 12 886 − 10 090 = 2796 kJ

(2796 ÷ 10 090) × 100 = 27.71

27.7
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		  (ii)	 Many foods are labelled in kilocalories (kcal).  One calorie is equal to 4.18 joules.

			   Which of the following is the average energy requirements for girls aged 13  
in kilocalories (kcal)?

(1)

			   A	 2.223 kcal

			   B	 222.3 kcal

			   C	 2223 kcal

			   D	 2 223 000 kcal

		  (iii)	State what will happen to the additional energy if an individual takes in more 
energy than is required.

(1)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

The additional energy will be stored as glycogen or as fat (lipids) in body cells.
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	 *(d)	 People with cystic fibrosis require a higher energy diet than people without  
cystic fibrosis.  They are also more likely to develop problems in the pancreas.

		  Men with cystic fibrosis are less likely to be able to release sperm.

		  Discuss why a person with cystic fibrosis could have these symptoms.
(6)
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(Total for Question 5 = 13 marks)

Cystic fibrosis is caused by a gene mutation in the CFTR gene, so a non-functioning

CFTR protein channel is produced.

Chloride ions cannot move out of the epithelial cells, and sodium and chloride ions

accumulate in the cells. This prevents water moving into the mucus by osmosis (water

moves out of the mucus), so the mucus is thicker and stickier than normal.

In the pancreas the pancreatic duct becomes blocked with sticky mucus, so pancreatic

enzymes cannot enter the small intestine. Digestion is less efficient and fewer nutrients

are absorbed, so a higher energy diet is required.

Pancreatic enzymes trapped behind the mucus damage the pancreatic cells, such as

those that produce insulin, and cysts form in the pancreas, causing pancreatic problems.

In men the sperm ducts (vas deferens) are blocked with mucus, or may be absent, so

sperm cannot leave the testes and cannot be released.

stemup.co.uk

https://stemup.co.uk
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6	 Atherosclerosis is more likely to occur in arteries due to the higher blood pressure in 
these blood vessels.

	 (a)	 Explain how the structure of an artery wall is adapted both to withstand and to 
maintain high blood pressure.

(3)
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	 (b)	 A person with very high blood pressure has an increased risk of developing atherosclerosis.
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The artery wall contains more collagen, which provides strength to withstand the high

pressure.

Smooth muscle in the wall contracts, allowing constriction (narrowing) of the lumen to

maintain pressure.

Elastic fibres allow the wall to stretch and then recoil, returning the lumen to its

original size, which maintains the high blood pressure.

Very high blood pressure damages the endothelium of the artery.

This causes an inflammatory response, and white blood cells move into the artery wall.

White blood cells and cholesterol accumulate, so an atheroma forms.

Calcium salts and fibrous tissue build up, forming a hard plaque.
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		  (ii)	 Explain how atherosclerosis in one part of an artery could increase the 
likelihood of it developing in another part of the same artery.

(2)
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		  (iii)	A haemorrhagic stroke occurs when a blood vessel in the brain bursts.

			   Which of the following would be the least helpful in reducing damage from 
this type of stroke?

(1)

			   A	 anticoagulant

			   B	 antihypertensive

			   C	 statins

			   D	 thrombin

(Total for Question 6 = 9 marks)

Plaques (atherosclerosis) narrow the lumen of the artery.

This increases the blood pressure further, damaging the endothelium in another part of

the artery.

stemup.co.uk

https://stemup.co.uk


23

*P49853A02332*

	
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

	
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

	
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

	
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

	
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

	
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

Turn over     

BLANK PAGE

stemup.co.uk

https://stemup.co.uk


24

*P49853A02432*

	
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

	
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

	
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

	
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

	
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

	
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

7	 DNA is a polymer made from monomers called nucleotides.

	 (a)	 Describe how nucleotides join together to form DNA.
(2)
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	 (b)	 Different theories for DNA replication have been suggested.  Figure 1 illustrates 
two of these theories.

A. Conservative  
model

B. Semi-conservative 
model

Figure 1

		  Meselson and Stahl carried out experiments to test these theories for DNA replication.

		  Figure 2 shows the results from one of their experiments.

DNA from bacteria 
grown in 14N and 15N

DNA samples taken from bacteria after the 
addition of an excess of 14N to cells growing in 15N

0 1 432
Generation

14N 15N

Figure 2

Nucleotides join by condensation reactions, catalysed by DNA polymerase.

Phosphodiester bonds form between the phosphate of one nucleotide and the deoxyribose

of the next.
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Turn over     

		  Analyse the data to explain why Meselson and Stahl accepted one of the models 
for DNA replication and rejected the other.
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The semi-conservative model was accepted and the conservative model was rejected.

After one generation (generation 1) there is a single band halfway between the 15N and
14N bands (medium density).

This is because the DNA has one original strand containing 15N and one new strand

containing 14N.

The conservative model would give two bands at generation 1, one at 15N and one at
14N.

In further generations (2 to 4) there is still a band halfway between 15N and 14N, plus

a 14N band, and there is no band at 15N, as predicted by the semi-conservative model.
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	 (c)	 The diagram shows the structure of ATP.
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		  Compare and contrast the structure of ATP and a DNA nucleotide.
(3)
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(Total for Question 7 = 9 marks)

Similarity: both contain a phosphate, a pentose sugar and a nitrogenous base.

Differences: a DNA nucleotide contains deoxyribose, whereas ATP contains ribose.

A DNA nucleotide could contain the base A, T, C or G, whereas ATP contains only

adenine.

A DNA nucleotide contains one phosphate, whereas ATP contains three phosphates (is a

triphosphate).
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BLANK PAGE

Turn over     
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8	 Spiders inject a mixture of digestive enzymes into the body of their prey and feed on 
the products of this digestion.

	 The photograph shows a spider with its prey.

	 (a)	 State why enzymes are described as biological catalysts.
(1)

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

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

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

	 (b)	 One of the enzymes injected into the prey is called arazyme.  Arazyme is a 
protease enzyme that can break down collagen.

		  (i)	 Compare and contrast the molecular structure of collagen and an enzyme 
such as arazyme.

(4)
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Enzymes are proteins which reduce the activation energy of biological reactions in living

organisms, increasing their rate.

Similarities: both are chains of amino acids joined by peptide bonds, and both have

bonds, such as hydrogen bonds, holding the molecule in its three-dimensional shape.

Differences: arazyme is a globular protein folded into a compact tertiary structure,

whereas collagen is a fibrous protein with long parallel chains with cross links.

Arazyme has an active site, whereas collagen does not.

Arazyme has hydrophilic amino acids on its surface, whereas collagen does not.
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		  (ii)	 The hydrolysis of collagen results in a decrease in pH.  The indicator 
phenolphthalein is pink at pH 8 and becomes colourless at lower pH values.

			   Devise an investigation to determine the effect of arazyme concentration on 
the rate of hydrolysis of collagen.

(4)
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Turn over     

Make at least five different concentrations of arazyme solution, e.g. 0.0, 0.2, 0.4, 0.6,

0.8 and 1.0%, using 0% (water) as a control.

Add the same volume of collagen suspension of the same concentration to tubes, with

the same volume of phenolphthalein, and adjust to pH 8 so the mixture is pink.

Keep the temperature constant using a water bath, and use the same volume of enzyme

each time.

Add the arazyme and measure the time taken for the phenolphthalein to decolourise,

comparing against a colour standard (or use a colorimeter). Rate = 1 ÷ time.

Repeat three times for each arazyme concentration to allow calculation of mean values.

stemup.co.uk

https://stemup.co.uk
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	 (c)	 The effect of substrate concentration on the rate of an enzyme reaction was investigated.

		  Two substrate solutions, A and B, were used.  Solution A had a higher 
concentration than solution B.  The optimum pH for the enzyme was pH 7.

		  The product lowered the pH of the solution.

		  The rate of reaction was determined at 1-minute intervals for 10 minutes.

		  The graph shows the results of this investigation.
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		  It was concluded that the product reduces the activity of the enzyme.

		  Comment on the validity of this conclusion.
(4)
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 (Total for Question 8 = 13 marks)

TOTAL FOR PAPER = 80 MARKS

The conclusion is not valid.

The product lowers the pH, and pH would reduce faster at higher substrate

concentrations (solution A), as more product is produced.

However, the rate of reaction for A did not decrease immediately; it stayed constant for

about 5 minutes before falling, whereas B fell from the start.

The lower pH moves away from the optimum of pH 7, resulting in denaturation of the

enzyme and a reduction in the rate of reaction, rather than the product itself reducing

enzyme activity.
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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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