
Questions 
 
Q1. 
  

Yeast is a single-celled organism that can respire aerobically. 

Mitochondria are the sites of aerobic respiration in yeast cells. 

(i)  Name two molecules needed for aerobic respiration that can move into the mitochondria. 

(2) 

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

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

(ii)  The outer mitochondrial membrane is not permeable to hydrogen ions (H+). 

Explain the importance of this feature of the membrane. 
(4) 

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

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

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

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

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

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

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

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

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

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

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

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

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

  

(Total for question = 6 marks) 
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Q2. 
  

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

Yeast is a single-celled organism that can respire aerobically. 

Mitochondria are the sites of aerobic respiration in yeast cells. 

The diagram shows a mitochondrion. 

 

(i)  Which labelled component in the diagram is the site of the Krebs cycle? 

(1) 
   A    P 
   B    Q 
   C    R 
   D    S 

 
(ii)  Which labelled component in the diagram is the site of oxidative phosphorylation? 

(1) 
   A    P 
   B    Q 
   C    R 
   D    S 

 
(iii)  Yeast cells can have many small mitochondria. 

Calculate the magnification of the diagram if the maximum length of the mitochondrion is 
0.5 μm. 

(2) 

 
 
 
 
 
 
 
 

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

  

(Total for question = 4 marks) 
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Q3. 
  

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

Moving a limb involves the interaction of muscles, tendons and ligaments. 

Tendons and ligaments are important structures in elbow and knee joints. 

(i)  Which of the following identifies the structures that join bones to bones in an elbow joint? 

(1) 
   A    ligaments only 
   B    ligaments and tendons 
   C    tendons only 
   D    neither ligaments nor tendons 

 
(ii)  One type of joint injury is a torn ligament. This may be treated by adding a piece of 
tendon to the ligament. This is because after a period of time, the tendon tissue changes and 
responds in the same way as a ligament. 

Which of the rows in the table correctly describe the changes in this piece of tendon? 
(1) 

 

   A    row 1 only 
   B    row 3 only 
   C    rows 1 and 2 
   D    rows 3 and 4 

 
*(iii)  The photograph shows athletes competing in the modern triathlon. 

 

The modern triathlon involves three sports: swimming, cycling and running. 
An investigation was carried out to compare the level of demand on the body of these 
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three sports during a triathlon. 
The investigation involved 12 athletes who were all males of the same age. 
Each athlete carried out the triathlon as shown in the flow diagram. There was no rest 
period between each sport. 

 

The heart rate for each athlete was measured as they completed each sport. 
The mean heart rate for each sport was then calculated and is shown in the table. 

 

The blood lactate level for each athlete was also measured as they completed each 
sport. Means for lactate level after each sport were calculated. 
The results are shown in the graph. 

 

It was concluded that cycling was the most demanding of the three triathlon sports. This 
was followed by swimming and then running. 
Evaluate the validity of this conclusion. 

(6) 

  

(Total for question = 8 marks) 
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Q4. 
  

Athletes monitor the effect of different levels of exercise on their blood lactate concentration. 
This helps them to train effectively. 

In a study, three athletes, P, Q and R, used an exercise bicycle for 45 minutes.  
The power needed to maintain a constant speed was increased every 15 minutes.  
Their blood lactate concentration was measured at 5-minute intervals. 

The results are shown in the graph. 

 

The most effective training involves the greatest power requirement over longer periods of 
time. Therefore, it is important to avoid high concentrations of blood lactate, which causes 
muscle fatigue, for as long as possible. 

Analyse the data to deduce how each of these three athletes should plan their training. 

(4) 

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

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

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

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

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

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

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

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

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

(Total for question = 4 marks) 
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 Q5. 
  

Nandrolone is an anabolic steroid, it is a molecule with a similar shape to testosterone.  
Nandrolone has been used as a performance-enhancing substance by athletes in the past. 

A number of investigations with mice have been carried out to study the effect of  
nandrolone on the structure and function of the aorta. 

In these investigations, all the mice were of one type and were all supplied with  
the same amount of food and water. These mice were placed into four groups. 

Each group was treated differently for eight weeks. The treatments are shown in  
the table. 

 

After eight weeks, the aorta of each mouse was studied. 

In investigation 1, samples of aorta were put under tension to test elastic recoil. 

The tension was removed and the mean maximum percentage recoil for each group  
was found. 
The results are shown in the table. 

 

In investigation 2, some of the cells from the middle layer of the aortas of the 

mice were removed. 
Two protein complexes, A and B, are found in the cells of the middle layer.  
These protein complexes are involved in the electron transport chain. 
The graphs show the relative percentage of these two protein complexes in  
each group of mice. 
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The transcription factor Tfam is involved in the production of mitochondria. 

In investigation 3, some of the cells from the middle layer of the aortas of the mice  
were removed. The quantity of mRNA per cell coding for Tfam was measured. 
The results are shown in the table. 

 

Analyse the data from these three investigations to discuss the advantages of an  
exercise programme without nandrolone. 

(6) 
 .............................................................................................................................................  
 .............................................................................................................................................  
 .............................................................................................................................................  
 .............................................................................................................................................  
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 .............................................................................................................................................  
 .............................................................................................................................................  
 .............................................................................................................................................  
 .............................................................................................................................................  
 .............................................................................................................................................  
 .............................................................................................................................................  
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 .............................................................................................................................................  
  

(Total for question = 6 marks) 
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Q6. 
  

Athletes monitor the effect of different levels of exercise on their blood lactate concentration. 
This helps them to train effectively. 

In a study, three athletes, P, Q and R, used an exercise bicycle for 45 minutes.  
The power needed to maintain a constant speed was increased every 15 minutes.  
Their blood lactate concentration was measured at 5-minute intervals. 

The results are shown in the graph. 

 

Explain the increase in blood lactate concentration observed between 0 and 5 minutes. 

(2) 

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

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

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

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

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

  

(Total for question = 2 marks) 
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Q7. 
  

Athletes monitor the effect of different levels of exercise on their blood lactate concentration. 
This helps them to train effectively. 

In a study, three athletes, P, Q and R, used an exercise bicycle for 45 minutes.  
The power needed to maintain a constant speed was increased every 15 minutes.  
Their blood lactate concentration was measured at 5-minute intervals. 

The results are shown in the graph. 

 

Give reasons why blood lactate concentration remains constant between 5 and 15 minutes. 

(3) 

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

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

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

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

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

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

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

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

  

(Total for question = 3 marks) 
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Q8. 
  

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 . 

Each liver cell carries out respiration. 

During respiration, ATP is formed and broken down. 

(i)  During which of the following processes is ATP formed? 

(1) 
   A    glycolysis and the electron transport chain only 
   B    glycolysis and the Krebs cycle only 
   C    glycolysis, the Krebs cycle and the electron transport chain only 
   D    glycolysis, the link reaction, the Krebs cycle and the electron transport chain 

 
(ii)  Explain why some ATP is broken down during glycolysis. 

(2) 

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

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

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

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

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

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

(iii)  The electron transport chain occurs in the cristae of mitochondria. The electron 

transport chain involves a number of carrier molecules. 
Explain the role of these carrier molecules in the electron transport chain. 

(3) 

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

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

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

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

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

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

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

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

(Total for question = 6 marks) 
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 Q9. 
 Nandrolone is an anabolic steroid, it is a molecule with a similar shape to testosterone.  
Nandrolone has been used as a performance-enhancing substance by athletes in the past. 

A number of investigations with mice have been carried out to study the effect of  
nandrolone on the structure and function of the aorta. 

In these investigations, all the mice were of one type and were all supplied with  
the same amount of food and water. These mice were placed into four groups. 

Each group was treated differently for eight weeks. The treatments are shown in  
the table. 

 

After eight weeks, the aorta of each mouse was studied. 

(i)  In investigation 1, samples of aorta were put under tension to test elastic recoil. 

The tension was removed and the mean maximum percentage recoil for each group  
was found. 
The results are shown in the table. 

 

The use of nandrolone has been linked to a variety of cardiovascular conditions. 
Explain how the use of nandrolone could lead to atherosclerosis. 

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

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

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

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

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

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

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

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

 .............................................................................................................................................  
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(ii)  In investigation 2, some of the cells from the middle layer of the aortas of the 

mice were removed. 
Two protein complexes, A and B, are found in the cells of the middle layer.  
These protein complexes are involved in the electron transport chain. 
The graphs show the relative percentage of these two protein complexes in  
each group of mice. 

 

Comment on the effects of nandrolone on the production of ATP. 
(3) 

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

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

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

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

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

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

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

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

 .............................................................................................................................................  
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(iii)  The transcription factor Tfam is involved in the production of mitochondria. 

In investigation 3, some of the cells from the middle layer of the aortas of the mice  
were removed. The quantity of mRNA per cell coding for Tfam was measured. 
The results are shown in the table. 

 

A student concluded that nandrolone affects the quantity of mRNA per cell  
coding for Tfam. 
Explain why this conclusion is not valid for all the mice. 

(2) 

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

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

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

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

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

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

  

(Total for question = 8 marks) 
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Q10. 
  

Phosphofructokinase is an enzyme that uses ATP to convert  
fructose-6-phosphate (F-6-P) into fructose-2,6-bisphosphate (F-2,6-BP). 

The conversion of F-6-P by this enzyme is a rate-determining step in glycolysis.  
This is shown in the diagram. 

 

(i)  Explain why ATP is required for this reaction. 

(3) 

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

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

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

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

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

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

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

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

 .............................................................................................................................................  
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The effect of substrate concentration on the initial rate of reaction of  
phosphofructokinase was investigated. 

This investigation was repeated with the addition of two concentrations of  
F-2,6-BP. 

The graph shows the results of this investigation. 

 

Comment on the effects of F-6-P and F-2,6-BP concentrations on the rate of glycolysis. 

(3) 

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

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

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

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

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

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

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

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

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

  

(Total for question = 6 marks) 
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Q11. 
  

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 . 

The diagram shows some of the features of a human liver cell. 

 

(i)  Which of the labelled features in the liver cell contain RNA? 

(1) 
   A    1 only 
   B    1 and 3 only 
   C    2 and 3 only 
   D    1, 2 and 3 

 
(ii)  Cells produce lactate during anaerobic respiration. Lactate travels in the blood to the 
liver. 

Liver cells can absorb lactate from the blood. 
Deduce what happens to the lactate in these cells. 

(2) 

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

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

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

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

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

 .............................................................................................................................................  
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(iii)  During protein synthesis, two amino acids are joined together to form a dipeptide. 

The diagram shows two identical amino acids. 
Complete the diagram to show how the dipeptide is formed from these two amino acids. 

(2) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

(Total for question = 5 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 . 

Glycolysis occurs during germination. One of the products is adenosine triphosphate (ATP). 

Which of the following is another product of glycolysis? 

(1) 
   A    carbon dioxide 
   B    glucose 
   C    oxygen 
   D    pyruvate 

 
  

(Total for question = 1 mark) 
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Q13. 
  

Yeast is a single-celled organism that can respire aerobically. 

Mitochondria are the sites of aerobic respiration in yeast cells. 

It has been stated that if the temperature of yeast is raised by 10 °C, the rate of respiration 
will double. 

The diagram shows some apparatus that can be used to measure the rate of respiration in 
yeast. 

 

Devise an investigation using this apparatus to determine whether an increase of 10 °C 
doubles the rate of respiration in yeast. 

(4) 

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

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

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

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

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

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

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

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

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

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

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

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

(Total for question = 4 marks) 
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Q14. 
  

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

Respiration occurs in all healthy living cells. 

The diagram shows part of the Krebs cycle and the electron transport chain. 

 

(i)  Which row shows the number of carbon atoms in citrate and succinate? 

(1) 

 

(ii)  Which of the following is transferred to a molecule of FAD to form reduced FAD? 

(1) 
   A    two oxygen atoms 
   B    two hydrogen atoms 
   C    one oxygen atom and one hydrogen atom 
   D    one water molecule 
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(iii)  Explain the need for reduced NAD to be oxidised in a mitochondrion. 

(2) 

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

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

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

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

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

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

(iv)  A mutation in the gene that codes for the enzyme succinate dehydrogenase 

stops the conversion of succinate into citrate. 
Which row states the change in concentration of citrate and reduced FAD as a result of 
this mutation? 

(1) 

 

  

  

(Total for question = 5 marks) 
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Q15. 
  

The arctic ground squirrel (Spermophilus parryii) lives in Alaska. It has small ears, a 
cylindrical body and a shorter tail than other species of ground squirrel. 

The arctic ground squirrel can survive cold winters by hibernating for up to eight months per 
year. When hibernating, arctic ground squirrels use stored fat supplies as an energy source. 

 

During hibernation, the core body temperature of an arctic ground squirrel can fall from 37 
°C to −3 °C. 

The table shows the effect of air temperature on the metabolic rate in the arctic ground 
squirrel. 
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(i)  Calculate the change in metabolic rate for an arctic ground squirrel, with a body mass of 
850g, as the air temperature increases from −16 °C to 4 °C. 

Give your answer in dm3 oxygen day−1. 
(3) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 ........................................................... dm3 oxygen day−1 

(ii)  When the air temperature was −4 °C, the respiratory quotient (RQ) for the arctic ground 
squirrel was calculated as 0.77. 

The RQ value can indicate the respiratory substrate as shown in the table. 

 

Intermediate values indicate a mixture of respiratory substrates. 
Which of the following respiratory substrates were used by the arctic ground squirrel 
when the air temperature was −4 °C? 

(1) 

   A    carbohydrate and protein 

   B    lipid only 

   C    lipid and protein 

   D    protein only 
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(iii)  The data for calculating metabolic rate are collected using a respirometer. 

The rate of respiration for small mammals can be measured using a continuous flow 
respirometer. A continuous flow respirometer circulates air through a chamber containing 
the animal. The rate of air flow can be measured using flowmeters on the inlet and outlet 
tubes. 

 

Devise a procedure using a continuous flow respirometer to collect the data required to 
calculate the metabolic rate of an arctic ground squirrel. 

(4) 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

  

(Total for question = 8 marks) 
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Mark Scheme 
 
Q1. 
  

 

 
  
 
 
Q2. 
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Q15. 
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