
Questions 
 
Q1. 
  
Acetyl CoA is produced in the link reaction when pyruvate is broken down. 

The photograph shows a molecule of the enzyme acetyl CoA carboxylase. 

 

This enzyme is involved in the conversion of acetyl CoA into fatty acids. 

The enzyme is activated by citrate. 

Citrate does not bind at the active site. 

Citrate is produced in the Krebs cycle. 

The enzyme is inhibited by long chain fatty acyl CoA molecules. 

Fatty acyl CoA molecules have a longer carbon chain than acetyl CoA. 

(i)  Analyse the information to explain how the activity of the enzyme acetyl CoA carboxylase 
is controlled. 

(5) 

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

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

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

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

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................  
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(ii)  Explain why inhibitors of this enzyme may be useful in treating obesity in humans. 

(2) 

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

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

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

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

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

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

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

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

  

(Total for question = 7 marks) 
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Q2. 
  

The electron transport chain requires oxygen and synthesises ATP. 

The diagram below shows part of the electron transport chain. 

 

Describe what happens to oxygen at the end of the electron transport chain. 

(2) 

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

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

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

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

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

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

  

(Total for question = 2 marks) 
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Q3. 
  

The effect of cyanide on oxygen uptake by mitochondria was investigated using the following 
method: 

 

•  suspend mitochondria in a flask containing a buffer solution 

•  measure the concentration of oxygen in the flask for the first five minutes 

•  then add a respiratory substrate and ADP to the flask 

•  measure the concentration of oxygen in the flask for the next 10 minutes 

•  then add cyanide solution to the flask 

•  measure the concentration of oxygen in the flask for the next 10 minutes.  

The graph shows the results for the first five minutes. 

Complete the graph to show the results for the next 20 minutes. 

(2) 

 

  

(Total for question = 2 marks) 
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Q4. 
  

Hydrogen cyanide gas is a poison that can kill an animal if it is inhaled. 

Cyanide is a non-competitive inhibitor of the enzyme cytochrome oxidase. 

Cytochrome oxidase is the last carrier in the electron transport chain. 

(i)  Explain why hydrogen cyanide gas can kill an animal. 

(5) 

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

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

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

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

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

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

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

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

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

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

(ii)  A dose of 1.0 mg of hydrogen cyanide per kilogram of body mass is fatal. 

An animal with a body mass of 10 kg inhaled air containing 0.24 mg dm−3 of hydrogen 
cyanide. 
The animal breathed at a rate of 15 dm3 of air per minute. 
Calculate how many minutes it would take for this animal to obtain a fatal dose. 
Give your answer to three significant figures. 

(3) 

 
 
 
 
 
 
 

Answer ........................................................... minutes 

  

(Total for question = 8 marks) 
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Q5. 
  
Some antibiotics work by inhibiting the production of ribosomes in bacteria. 

The structure of ribosomes in bacteria is similar to the structure of ribosomes in 
mitochondria. 

These antibiotics can destroy cancer cells in humans. 

The diagram shows the membranes of a mitochondrion from a cancer cell treated with these 
antibiotics. 

 

(i)  Give one difference in the membranes of this mitochondrion compared with the 
membranes of a mitochondrion from an untreated cancer cell. 

(1) 

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

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

(ii)  Some cancer cells depend on oxidative phosphorylation for ATP production. 

Explain why the antibiotics that inhibit the production of ribosomes prevent oxidative 
phosphorylation when used to treat cancer cells. 

(2) 

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

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

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

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

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

(iii)  Some scientists suggested that inhibiting both glycolysis and mitochondrial respiration 
may be an effective way of treating cancer cells. 

Explain why this suggestion may be an effective way of treating cancer cells. 
(2) 

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

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

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

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

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

(Total for question = 5 marks) 
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Q6. 
  

Hypoxia is an inadequate supply of oxygen to tissues and cells that restricts their function. 

The body responds to hypoxia by releasing hypoxia-inducible transcription factors (HIF). 

Investigations have shown that one effect of HIF is an increase in the rate of glycolysis in the 
affected cells. 

(i)  Explain how HIF could result in an increase in the rate of glycolysis. 

(2) 

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

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

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

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

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

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

(ii)  Explain why cells need to respond to hypoxia with an increase in the rate of glycolysis. 

(4) 

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

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

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................  
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(iii)  The graph shows the changes in levels of two HIFs, HIF-1 and HIF-2, before and during 
hypoxia. 

 

Compare and contrast the changes in the levels of HIF-1 and HIF-2 during hypoxia. 
(2) 

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

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

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

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

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

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

(iv)  Explain the changes in levels of HIF-1 and HIF-2 during hypoxia. 

(2) 

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

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

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

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

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

  

(Total for question = 10 marks) 
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Q7. 
  

Mitochondria can be extracted from liver cells. 

In order to monitor the purification of a sample of mitochondria,  
a protein concentration : enzyme activity ratio can be determined. 

The enzyme used to monitor the purification of mitochondria is succinate dehydrogenase. 

This enzyme is involved in the Krebs cycle and converts succinate into fumarate in this 
reaction. 

 

(i)  When succinate is converted into fumarate, succinate is 

(1) 
   A    hydrolysed 
   B    oxidised 
   C    phosphorylated 
   D    reduced 

 
(ii)  Explain the role of the Krebs cycle. 

(4) 

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

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

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

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

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

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

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

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

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

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

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

(Total for question = 5 marks) 
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Q8. 
  

A student read that some plants do not grow well in waterlogged soil. 

The student formed the following hypothesis: 

Adding water. 

To test this hypothesis, the student grew onion roots in the apparatus shown. 

 

The tips of the onion roots were removed and observed for stages of mitosis. 

The photomicrograph shows a preparation from one onion root tip. 

 

Waterlogged soil lacks oxygen. 

Explain why a lack of oxygen in waterlogged soil could reduce the growth of a plant. 

(4) 

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

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

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

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

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

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

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

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

(Total for question = 4 marks) 
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Q9. 
  

The electron transport chain generates ATP. 

The diagram shows the electron transport chain. 

 

State the location of the electron transport chain in a mitochondrion. 

(1) 

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

  

(Total for question = 1 mark) 
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Q10. 
  

Mitochondrial disorders may be caused by mutations in the genes coding for mitochondrial 
components. Some of these genes are found in mitochondrial DNA (mtDNA) and some are 
found in nuclear DNA. 

Leigh syndrome is an example of a mitochondrial disorder. In this syndrome, a number of 
different proteins involved in respiration are affected. 

These mutations may be inherited or may occur when DNA replicates. 

Some people with Leigh syndrome have a mutation in the MT-ATP6 gene.  
This gene codes for ATP synthase. 

This is a point mutation at nucleotide 8993 that changes thymine to guanine. 

(i)  What type of mutation is this? 

(1) 

   A    insertion 

   B    monosomy 

   C    substitution 

   D    translocation 

 
(ii)  Explain how this mutation could affect oxidative phosphorylation. 

(3) 

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

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

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

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

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

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

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

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

  

(Total for question = 4 marks) 
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Q11. 
  

Mitochondria can be extracted from liver cells. 

In order to monitor the purification of a sample of mitochondria,  
a protein concentration : enzyme activity ratio can be determined. 

Protein concentrations can be determined by using a calibration curve, shown in graph 1. 

The initial rate of activity of succinate dehydrogenase, from a sample of mitochondria, can 
be determined using graph 2. 

 

(i)  This sample of mitochondria had an absorbance of 0.28 when the protein concentration 
was measured. 

Determine the protein concentration of this sample of mitochondria. 
(1) 

 
 
 
 
 

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

(ii)  Determine the initial rate of enzyme activity to obtain the protein : enzyme activity 
ratio for this sample of mitochondria. 

(2) 

 
 
 
 
 

Ratio ...........................................................  

  

(Total for question = 3 marks) 
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Q12. 
  

Answer the question with a cross in the box you think is correct . If you change 
your mind about an answer, put a line through the box  and then mark your new 
answer with a cross . 

Lipids and carbohydrates are used as respiratory substrates. 

The respiration of lipids generates more ATP than the respiration of carbohydrates. 

The diagram shows some steps in the respiration of carbohydrates and lipids. 

 

(i)  Where in a cell does the conversion of pyruvate to acetyl coenzyme A take place? 

(1) 
   A    cytoplasm 
   B    matrix 
   C    stroma 
   D    tonoplast 

 
(ii)  Explain why lipids can be respired only in aerobic conditions. 

(3) 

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

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

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

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

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

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

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

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

(Total for question = 4 marks) 
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Q13. 
  

Lipids and carbohydrates are used as respiratory substrates. 

The respiration of lipids generates more ATP than the respiration of carbohydrates. 

The electron transport chain uses hydrogen ions to generate ATP. 

Explain why the respiration of lipids generates more ATP than the respiration of 
carbohydrates. 

(2) 

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

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

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

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

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

(Total for question = 2 marks) 

  

 
 
Q14. 
  
Lipids and carbohydrates are used as respiratory substrates. 

The respiration of lipids generates more ATP than the respiration of carbohydrates. 

The respiratory quotient (RQ) can indicate which substrate is being used in respiration. 

The formula used to calculate RQ is 

 

Explain why an insect has an RQ of 1.0 at rest and an RQ of 0.7 during flight. 

(3) 

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

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

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

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

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

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

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

(Total for question = 3 marks) 
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Q15. 
  

Lipids and carbohydrates are used as respiratory substrates. 

The respiration of lipids generates more ATP than the respiration of carbohydrates. 

The respiratory quotient (RQ) can indicate which substrate is being used in respiration. 

The formula used to calculate RQ is 

 

(i)  State why the RQ for carbohydrate is 1.0. 

(1) 

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

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

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

(ii)  The table shows the formula for calculating the volume of oxygen used and 

the volume of carbon dioxide produced in the respiration of lipids. 
The number of carbon atoms in the lipid is represented by n. 

 

Calculate the RQ for a lipid containing 21 carbon atoms. 
(2) 

 
 
 
 
 
 
 
 
 
 

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

  

(Total for question = 3 marks) 
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Mark Scheme 
 
Q1. 
  

 
  
 
 
Q2. 
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Q3. 
  

 

  

 
 
Q4. 
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Q5. 
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Q7. 
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Q8. 
  

 

  

 
 
Q9. 
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Q10. 
  

 

 

  

 
 
Q11. 
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Q13. 
  

 

  

 
 
Q14. 
  

 

  

 
 
Q15. 
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