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1 When coal is mined by open-cast mining, the top layer of soil is first scraped off and stored in
a large heap. Once mining has finished, the area can be reclaimed. Soil from this store is then
spread back over the surface.

Some of the bacteria living in the soil store respire aerobically and some respire anaerobically.
Table 1 shows the numbers of aerobic and anaerobic bacteria found at different depths in a
soil store.

Table 1

(a) Some of the soil used to determine bacterial numbers was collected from the surface of
the soil store. Describe how you would ensure that this soil was collected at random.

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

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

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

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

(b) (i) Describe how the numbers of aerobic bacteria after 6 months change with depth.

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

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

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

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

Answer all questions in the spaces provided.

Mean number of bacteria per gram of soil (× 107)

Depth /cm Aerobic bacteria Anaerobic bacteria

after 1 month after 6 months after 1 month after 6 months

0 12.0 12.1 0.6 0.8

50 10.4 8.6 0.8 1.3

100 10.1 6.1 0.7 4.1

150 10.0 3.2 0.7 7.9

200 11.6 0.8 0.7 8.4

250 11.9 0.7 0.8 8.8

300 11.0 0.8 0.6 9.1
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(ii) Explain the difference in the numbers of aerobic bacteria at a depth of 300 cm
between 1 and 6 months.

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

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

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

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

(c) Explain how the changes in bacterial numbers which take place at 150 cm illustrate the
process of succession.

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

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

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

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

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

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

QUESTION  1  CONTINUES  ON  THE  NEXT  PAGE
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Dehydrogenase is an enzyme involved in aerobic respiration. Dehydrogenase activity in a soil
sample can be used as a measure of the activity of aerobic bacteria. The graph shows the mean
dehydrogenase activity of soil samples taken from the same depth in a soil store at different
times. The bars on the graph represent two standard errors above and below the mean.

(d) (i) From what depth in the soil store would you expect these soil samples to have
been taken?  Use information from Table 1 to explain your answer.

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

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

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

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

(ii) How would you expect dehydrogenase activity to vary with depth after 6 months?
Use information from Table 1 to explain your answer.

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

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

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

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

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

.............................................................................................................................................
(3 marks)
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(e) What do the error bars tell you about the difference between the mean dehydrogenase
activity at 6 months and 3 years?  Explain your answer in terms of probability and
chance.

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

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

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

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

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

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

(f) Table 2 shows the dehydrogenase activity and the number of aerobic bacteria present in
some soil samples.

Table 2

A sample of soil was found to have dehydrogenase activity of 8.7 arbitrary units. Explain
how you would use the data in Table 2 to predict the likely number of aerobic bacteria
in 1g of this soil sample.

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

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

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

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

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

.......................................................................................................................................................
(3 marks)
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Dehydrogenase Number of aerobic bacteria
activity /arbitrary units per gram of soil (× 107)

13.1 12.0
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0.4 0.6
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2 Read the following passage.

Malaria is a disease so deadly that it has devastated armies and destroyed great civilisations.
It has been estimated that in the course of history malaria has been responsible for the death
of one out of every two people who have ever lived. Even today, with all the advantages of
modern technology, it is still responsible for some three million deaths a year.

The first half of the twentieth century was a time of hope for malarial control. The drugs
chloroquine and proguanil had just been discovered and there seemed a real possibility of a
malaria-free world. Unfortunately, this honeymoon ended almost as soon as it had started,
with the emergence of drug-resistant parasite populations. Scientists now accept that whatever
new drug they come up with, it is likely to have a very limited effective life. As a result, they
are increasingly looking at combinations of drugs.

The approach to malaria control which holds the best hope is the production of a vaccine. One
of these is being developed by a researcher in South America. His vaccine is based on a small
synthetic polypeptide called SPf66 which is dissolved in a saline solution and given as an
injection. A series of early trials on human volunteers produced confusing results. In one trial
the effectiveness of the vaccine was claimed to be 80% while, in others, the results were
statistically insignificant. Not only were the results inconclusive but the methods used were
challenged by other scientists. In particular, the controls were considered inappropriate.

Another, possibly more promising, approach has been the development of a DNA-based
vaccine. In theory, all that is required is to identify the DNA from the parasite which encodes
key antigens. Unfortunately, scientists have hit snags. Although they have succeeded in
sequencing the human genome, the genome of the malarial parasite has created major
difficulties. This is partly because of the very high proportion of the bases adenine and
thymine. In some places these two bases average 80%, and on chromosomes 2 and 3 nearly
100% of the bases present are adenine and thymine. Because of this, it has proved impossible
to cut the relevant DNA with the commonly available restriction enzymes into pieces of a
suitable size for analysis.

Use information from the passage and your own knowledge to answer the following questions.

(a) Explain how a resistant parasite population is likely to arise and limit the life of any new
anti-malarial drug (lines 8 - 9).

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

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

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

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

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

.......................................................................................................................................................
(3 marks)
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(b) A person has a 1 in 500 probability of being infected by a chloroquine-resistant strain of
malarial parasite and a 1 in 500 probability of being infected by a proguanil-resistant
strain. Use a calculation from these figures to explain why scientists are “increasingly
looking at combinations of drugs” (lines 9 - 10).

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

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

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

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

(c) (i) Explain why trials of the SPf66 vaccine needed a control.

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

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

(ii) The controls for the SPf66 vaccine trials were considered inappropriate (line 17).
Suggest how the control groups in these trials should have been treated.

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

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

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

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

(d) In some of the DNA of a malarial parasite, the proportion of adenine and thymine bases
averages 80% (lines 22 - 23). In this DNA what percentage of the nucleotides would you
expect to contain

(i) phosphate; .........................................................................................................................

(ii) guanine? ............................................................................................................................
(2 marks)

QUESTION  2  CONTINUES  ON  THE  NEXT  PAGE

Turn over �
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(e) (i) Use your knowledge of enzymes to explain why restriction enzymes only cut DNA
at specific restriction sites.

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

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

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

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

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

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

(ii) Restriction enzymes that can cut the DNA of chromosomes 2 and 3 produce
pieces that are too small for analysis. Explain why these restriction enzymes
produce small DNA fragments.

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

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

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

.............................................................................................................................................
(2 marks)
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3 Write an essay on one of the following topics. You should select and use information from
different parts of the specification. Credit will be given not only for the biological content, but
also for the selection and use of relevant information, and for the organisation and
presentation of the essay.

EITHER A How carbon dioxide gets from a respiring cell to the lumen of an alveolus in
the lungs (25 marks)

OR B How an amino acid gets from protein in a person’s food to becoming part of
a human protein in that person (25 marks)

END  OF  QUESTIONS

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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