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         Answer all the questions.

1 During an immune response, plasma cells secrete antibody molecules. Fig.1.1 is a diagram 
of an antibody molecule. The diagram is not complete.

Fig. 1.1

 (a) (i) Draw a circle around a variable region. [1]

  (ii) Draw in and label the position of the disulfide bonds in the molecule. [1]

  (iii) Explain the importance of disulfide bonds in protein molecules, such as antibodies.

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

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

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

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

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

 .............................................................................................................................. [3]
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 (b) Describe how antibodies provide protection against pathogens. 

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

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

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

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

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

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

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

 ...................................................................................................................................... [4]

 (c) Other proteins are found in cell surface membranes.

  Describe three roles of the proteins in cell surface membranes.

1  .......................................................................................................................................

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

2  .......................................................................................................................................

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

3  .......................................................................................................................................

 ...................................................................................................................................... [3]

[Total: 12]
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2 Amylase is an enzyme that catalyses the hydrolysis of starch. A student investigated the 
effect of pH on the activity of the enzyme.

 Eight test-tubes were set up each containing 5 cm3 of the same concentration of amylase 
solution but in buffer solutions of different pH values. The test-tubes were left in a water-bath 
at 30 °C for 10 minutes.

 After 10 minutes, 5 cm3 of a starch suspension at 30 °C was added to each test-tube. 
Immediately, the student took a sample from each test-tube and tested the reaction mixture 
for the presence of starch. Samples were then taken every minute for 10 minutes and tested 
in the same way. 

 The student’s results are shown in Table 2.1.

Table 2.1

pH
time / min

0 1 2 3 4 5 6 7 8 9 10

2.0 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

3.0 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

4.0 ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ ✗

5.0 ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ ✗ ✗ ✗

6.0 ✓ ✓ ✓ ✗ ✗ ✗ ✗ ✗ ✗ ✗ ✗

7.0 ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ ✗ ✗ ✗

8.0 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗

9.0 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

key
✓ = starch present
✗ = starch absent

 (a) Describe how the student would test for the presence of starch. 

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

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

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

 ...................................................................................................................................... [2]
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 (b) Use the axes below to sketch a graph to show the effect of pH on the rate of hydrolysis 
of starch by amylase.

1.0 2.0 3.0 4.0

rate of
hydrolysis

5.0

pH

6.0 7.0 8.0 9.0 10.0

 [2]

 (c) With reference to the student’s results, describe and explain the effect of pH on the rate 
of hydrolysis of starch by amylase.

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

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

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

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

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

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

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

 ...................................................................................................................................... [5]

[Total: 9]
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3 Fig. 3.1 is an electron micrograph of a lymphocyte in the process of cell division during an 
immune response.

Fig. 3.1

 (a) With reference to Fig. 3.1,

  (i) name the stage of mitosis shown;

 .............................................................................................................................. [1]

  (ii) describe what is happening during this stage of mitosis;

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

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

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

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

 .............................................................................................................................. [2]
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  (iii) suggest the disadvantages of using an electron microscope to study mitosis.

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

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

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

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

 .............................................................................................................................. [2]

 (b) Tumours may form inside the lungs of long-term smokers.

  (i) Describe how a tumour develops in the lungs.

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

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

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

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

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

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

 .............................................................................................................................. [3]

  (ii) Describe two signs or symptoms of lung cancer.

1  ...............................................................................................................................

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

2  ...............................................................................................................................

 .............................................................................................................................. [2]

[Total: 10]
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4 (a) Explain what is meant by the term transpiration.

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

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

 ...................................................................................................................................... [2]

 The rates of transpiration of plants of two species, A and B, were measured over a period of 
seven hours. The results are shown in Fig. 4.1.
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leaf surface
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B

Fig. 4.1

 (b) With reference to Fig. 4.1, compare the rates of transpiration of the two species over the 
seven hour period.

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

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

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

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

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

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

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

 ...................................................................................................................................... [4]
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 (c) State two possible features of the leaves of species B that could explain the different 
rates of transpiration in comparison with species A.

  Explain how each feature acts to reduce transpiration.

feature  ..............................................................................................................................

explanation  ......................................................................................................................

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

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

feature  ..............................................................................................................................

explanation  ......................................................................................................................

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

 ...................................................................................................................................... [4]

[Total: 10]
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5 Pneumocystis jirovecii is a yeast-like fungus that lives in human lungs. It is the causative 
agent of one of the opportunistic pneumonia-like infections that may develop during AIDS. 

 P. jirovecii is eukaryotic. Its life cycle is difficult to observe as it has never been cultured in the 
laboratory. Fig. 5.1 shows its possible life cycle. The numbers on the diagram represent the 
number of chromosomes in each stage.
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Fig. 5.1
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 (a) P. jirovecii has a haploid number of 13 chromosomes. 

  Complete the life cycle by writing either mitosis or meiosis in the boxes in Fig. 5.1. [2]

 (b) State two structural features that you would expect to find in the cytoplasm of P. jirovecii 
that indicate it is a eukaryote and not a prokaryote.

1  .......................................................................................................................................

2  ................................................................................................................................... [2]

 (c) Suggest how P. jirovecii is transmitted from one person to another.

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

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

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

 ...................................................................................................................................... [2]

 (d) Discuss the problems in attempting to control the spread of HIV/AIDS.

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

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

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

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

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

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

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

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

 ...................................................................................................................................... [4]

[Total: 10]
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6 (a) Explain what is meant by the term ecosystem.

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

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

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

 ...................................................................................................................................... [2]

  Fig. 6.1 shows the energy flow through a river ecosystem.

  All the figures are in kJ m–2 per year.
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absorbed by
producers

1.71 x 106

producers

energy trapped by producers and converted
into biomass = 87 402

food

food

food

88

1609

54

19 210
decomposers

detritus and living animals
and plants washed
downstream = 10 500

44
19 320

22 953

2031

193
detritus

dead leaves
from
overhanging
trees

1328

7938

4599

50 303

heat loss in
respiration

secondary
consumers

tertiary
consumers

14 146

primary consumers

Fig. 6.1
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 (b) The efficiency of energy transfer between trophic levels is calculated by comparing the 
energy available to a trophic level with the energy available to the next trophic level. 
Between secondary and tertiary consumers, this is calculated as follows:

  
energy available to tertiary consumers

energy available to secondary consumers  × 100%

  Calculate the efficiency of energy transfer between secondary and tertiary consumers 
in the river ecosystem.

  Express your answer to the nearest 0.1%.

  Show your working.

 Answer  .............................................%  [2]

 (c) Explain why the energy efficiency between secondary and tertiary consumers is greater 
than that between producers and primary consumers.

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

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

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

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

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

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

 ...................................................................................................................................... [3]

 (d) Describe the roles of decomposers in recycling nitrogen.

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

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

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

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

 ...................................................................................................................................... [2]

[Total: 9]
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