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1 Aerobic respiration and anaerobic respiration produce ATP in cells.

(a) It is thought that 38 ATP molecules are produced from one molecule of glucose in
aerobic respiration.

Place a cross in the box  next to the description of where most of these ATP
molecules are produced.

(1)

  A glycolysis in the cytoplasm

  B glycolysis in the mitochondria

  C oxidative phosphorylation in the cytoplasm

  D oxidative phosphorylation in the mitochondria

(b) During anaerobic respiration lactate is produced.

The table below shows the lactate concentration in the blood of a person who is
an athlete and in a person who is not an athlete (non-athlete), at increasing levels
of exercise.

Level of exercise 

/ arbitrary units

Blood lactate concentration / mmol dm–3

Athlete Non-athlete

 0 1.0 1.5

 60 1.1 2.2

120 1.4  3.7

180 3.2  6.2

240 6.4  10.0
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(i) Explain the change in blood lactate concentration with an increasing level of
exercise in the non-athlete.

(3)
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(ii) Suggest an explanation for the difference between the blood lactate
concentration of the athlete and the non-athlete.

(2)
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(c) The diagram below shows the fate of lactate after exercise.

Molecule Y

Molecule X

Lactate
Lactate dehydrogenase

NAD+

(i) Name molecule X.
(1)
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(ii) Describe what happens to molecule Y.
(2)
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(Total for Question 1 = 9 marks)

Save My Exams! – The Home of Revision  
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2 The diagram below shows a spirometer that can be used to measure lung volumes. 
A spirometer can also be used to measure the volume of oxygen a person uses.

(a) A student used a spirometer to measure the volume of oxygen he used at rest
and during exercise.

The spirometer trace below shows the results he obtained during exercise.

Spirometer trace
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(i) The line P to Q slopes downwards because oxygen is being used.

Use the line, labelled P to Q on the trace, to calculate the volume of oxygen
used during one minute of exercise.

(1)

Volume of oxygen used = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(ii) The student had a body mass of 70 kg.
Calculate the rate of oxygen used by this student in dm3 kg−1 h−1.

Show your working.
(2)

Rate of oxygen used = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  dm3 kg−1 h−1

(iii) Suggest two differences between this spirometer trace and the one the
student obtained at rest.

(2)
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(b) (i) The air the student exhaled passed through the carbon dioxide absorber in
the spirometer.

Name a carbon dioxide absorber.
(1)

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

Save My Exams! – The Home of Revision  
For more awesome GCSE and A level resources, visit us at www.savemyexams.co.uk/ 

 



(ii) Explain why the spirometer trace would be different if the carbon dioxide had
not been absorbed.

(2)
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(c) Explain how carbon dioxide is involved in the control of breathing rate during
exercise.

(4)
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(Total for Question 2 = 12 marks)

Save My Exams! – The Home of Revision  
For more awesome GCSE and A level resources, visit us at www.savemyexams.co.uk/ 

 



3 The electron transport chain is involved in the synthesis of ATP. 

(a) The diagram below shows part of the electron transport chain.

(i) Name the molecules P, Q and R.
(3)

P . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Q . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(ii) Place a cross  in the box next to the description of where the electron
transport chain occurs.

(1)
A cytoplasm surrounding mitochondria

B inner mitochondrial membrane

C mitochondrial matrix

D outer mitochondrial membrane

reduced NAD

P

R

Q

ATP ATP ATP

carrier
(oxidised)

carrier
(reduced)

carrier
(oxidised)

carrier
(reduced)

carrier
(oxidised)

carrier
(reduced)

Save My Exams! – The Home of Revision  
For more awesome GCSE and A level resources, visit us at www.savemyexams.co.uk/ 

 



(b) In 2013, poachers killed over 80 elephants in Zimbabwe by poisoning their
drinking water with cyanide.  Cyanide inhibits cytochrome oxidase, the last carrier
in the electron transport chain.

Suggest how inhibiting cytochrome oxidase would kill an elephant.
(4)
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(Total for Question 3 = 8 marks)

Save My Exams! – The Home of Revision  
For more awesome GCSE and A level resources, visit us at www.savemyexams.co.uk/ 

 























4 The scientific article you have studied is adapted from articles in Nature and New 
Scientist.  Use the information from the article and your own knowledge to answer 
the following questions.

*(a) Describe how the Krebs cycle is involved in ‘burning up fuel’ (paragraph 2).
(6)
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(b) The unique merger ‘gave rise to all complex, or eukaryotic, cells’ (paragraph 4).
The presence of a nucleus is characteristic of eukaryotic cells.

Describe the structure of a nucleus.
(3)

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

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

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

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

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

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

Save My Exams! – The Home of Revision  
For more awesome GCSE and A level resources, visit us at www.savemyexams.co.uk/ 

 



(c) Explain what is meant by the term mutation ‘of mitochondrial genes’ (paragraph 7).
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(d) In 2011 there were 723,913 children born in England and Wales.

Using information from paragraph 9, calculate the number of children born with
Leigh syndrome in England and Wales in 2011.  Show your working.

(2)

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

(e) Using information from paragraph 22, explain how cells in the pancreas would
detect an increase in blood glucose concentration.
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Save My Exams! – The Home of Revision  
For more awesome GCSE and A level resources, visit us at www.savemyexams.co.uk/ 

 



(f ) ‘No controlled trials were done to show this for sure’ (paragraph 37).
Suggest what the control should have been.
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(g) In MELAS syndrome (paragraph 40), a mutation can occur in a gene that codes for
an enzyme involved in oxidative phosphorylation.

This causes lactate (lactic acid) to accumulate in the body.

Suggest how this mutation in MELAS syndrome causes lactate to accumulate in
the body.
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Save My Exams! – The Home of Revision  
For more awesome GCSE and A level resources, visit us at www.savemyexams.co.uk/ 

 



(h) Preimplantation genetic diagnosis cannot ‘help women whose mitochondria are
all mutant’ (paragraph 46).

(i) Give a reason why people may wish to use preimplantation genetic diagnosis.
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(ii) Give an ethical reason why people may not wish to use preimplantation
genetic diagnosis.
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(i) Using information from paragraph 52 and your own knowledge, suggest which
climate-related mitochondrial variant may boost athleticism.  Give reasons for
your answer.
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Save My Exams! – The Home of Revision  
For more awesome GCSE and A level resources, visit us at www.savemyexams.co.uk/ 

 



(j) Using paragraphs 53 and 54, suggest why mitochondrial genes may ‘play the
dominant role in natural speciation’ of copepods.
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(Total for Question 4 = 30 marks)
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