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Citrate synthase catalyses the conversion of oxaloacetate into citric acid in the Krebs cycle. It exhibits 
product inhibition.

Which of the following is the correct description of citrate synthase?

Type of respiration
involved in

Location of enzyme Inhibitor

A anaerobic cytoplasm citric acid

B aerobic mitochondria citric acid

C aerobic mitochondria oxaloacetate

D anaerobic cytoplasm oxaloacetate

[1]

Krebs Cycle is aerobic respiration in the mitochondria. We are told that citric acid is the 

inhibitor.

Question 1
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(b) Glucose and other carbohydrates are present in respiring cells. The concentrations of
carbohydrate molecules vary between tissues.

A student conducted tests on three tissues, A, B and C. Table 2 shows the results of these 
tests.

Tissue Colour after  
Benedict’s test

Colour after  
treatment with HCl  
and Benedict’s test

Colour after iodine 
test

A red red yellow

B yellow red black

C orange orange black

Tissue .............. must be liver because ...................................................................................

Table 2

Two of the tissues were known to be phloem tissue and liver tissue.

Use the evidence in Table 2 to identify which tissue, A, B or C, is phloem and which tissue is 
liver. Explain your answer.

[3]

Tissue ............... must be phloem because ........................ ....................................................

ATP can be produced in various ways. Each stage of respiration contributes to the production  of
ATP.

(a) Describe the production of ATP by substrate-level phosphorylation in different stages of
respiration with reference to the number of ATP molecules produced.

[4]

Substrate level phosphorylation is when the phosphate  that combines with ADP to make

ATP,  is  previously attached to a sugar and the energy released by the detachment of the 

sugar exceeds 30kj. The energy needed to combine ADP and Pi.

• 2 ATPs are made during glycolysis

• These 2 ATPs are made when TP/triose phosphate is converted to pyruvate

• In glycolysis, 2ATPs are used and 4ATP made, making a net 2ATPs

• 1 ATP is made in Krebs Cycle

• Between the conversion of the 5 carbon sugar  to the 4 carbon sugar

B It contains a non reducing sugar / sucrose

A It does not contain starch

Animal cells do not contain starch and the test with iodine stays yellow

Sucrose is found in the phloem, this is hydrolysed to reducing sugars when boiled with 

dilute acid. Hence the intensity of the Benedicts makes it turn red

Question 2
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(c) Cells can use fatty acids instead of carbohydrates as respiratory substrates. A processcalled
beta oxidation is used to break down fatty acids to acetyl CoA for use in respiration.

Fig. 2 shows a simplified example of beta oxidation.

Fatty acid  
(CH3(CH2)14COOH)

CoA  
(coenzymeA)

Palmitoyl-CoA

hydrogen atoms transferred
H2O

hydrogen atoms transferred
CoA

Shortened acyl CoA + acetyl CoA

Fig. 2

(i) Using the information in Fig. 2, calculate the percentage of carbon atoms in the fatty acid
that are able to enter the Krebs cycle.

[1]
12.5%

There are 16 carbon atoms in the fatty acid and 2 in the molecule of acetyl CoA

2 out of 16 is 12.5%
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(ii) The percentage of carbon atoms that a reaction makes available for use in the Krebs
cycle can be described as the efficiency of the reaction.

Calculate the efficiency of the link reaction. Using your answer to part (i), state whether
the link reaction is more, less or equally efficient when compared to the reactions
described in Fig. 2.

Show your working. [1]

(iii) Fig. 2 shows the role of coenzyme A in betaoxidation.

Suggest a role for coenzymes other than coenzyme A in beta oxidation. [1]

67% or 66.6% so the Link Reaction is more efficient

3 carbons in pyruvate lose one carbon dioxide to make the 2 carbon acetyl CoA

Two thirds of the carbons are made available to Krebs Cycle which is 67%

NAD / FAD (are coenzymes) that accept the hydrogen atoms removed in beta oxidation 

Fatty acids release so much energy as they contain a lot of hydrogen (described as 

being highly reduced). A fatty acid consisting of 12 carbons will generate 6 acetyl CoAs

so 6 turns of Krebs

[Total: 10]

Dr. Asher Rana www.chemistryonlinetuition.com asherrana@chemistryonlinetuition.com



6

A group of students set up a simple respirometer, as shown in Fig. 1.1, and used it to determine the rate of 
respiration in germinating mung beans.

 They placed a small muslin bag of soda lime into the syringe and then added five germinating
mung beans, which were held in place with the syringe plunger.

 The students measured the movement of the red fluid in the capillary tube.
 After each set of readings the plunger was reset to return the fluid to its original position.

Fig. 1.1

The results are shown in Table 1.1.

Time 
(s)

Distance moved by the red fluid in capillary tube 
(mm)

1 2 3
0 0.0 0.0 0.0

30 11.5 12.0 12.5
60 22.5 21.5 17.5
90 31.0 32.0 32.5

120 41.5 42.0 42.5
150 53.0 54.0 53.5
180 63.0 63.0 64.0
210 72.5 71.0 71.5
240 78.5 79.5 79.0
270 87.5 88.5 87.0

Table 1.1

(a) Give one limitation of using this method to investigate respiration rate.

20 cm lengthof  
capillary tubing

red fluid

syringe

germinating mung beans

muslin bag of 
soda lime

[1]

Oxygen may leak from the apparatus / time intervals could be closer together / 

the changes only apply to a small volume of air

Question 3
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(b) Read the procedure carefully. Identify one variable that had not been controlled in this experiment
and suggest an improvement to control that variable. [2]

(c) Describe how you would add the red fluid to the capillary tube at the start of the experiment. [1]

(d) The data shows an anomalous result at 60 seconds.

Explain why the result is considered to be anomalous and describe one correct way of dealing with
this type of result.

[2]

(e) Using the data the student obtained, calculate the mean rate of respiration for germinating mung
beans between 90 and 150 seconds. [1]

• Temperature not controlled:  use a water bath

• Mass of seeds not controlled: weigh seeds beforehand

• Mass of soda lime not controlled: weigh soda lime

• No scale on the capillary tube: use a scale or attach a ruler

• Size of syringe nor stated: use a 2cm3 syringe (specified volume)

Answer the question so there should be two parts to your answer, a variable and 

an improvement

Dip the tube into the ink and allow it to run

If you try to draw up the ink using the plunger it will almost certainly draw up too

much ink and could reach the seeds

• It doesn’t follow the pattern / it is 10% different to the mean

• Exclude the anomaly from further calculations / repeat that test again

Anomalies or outliers are the same thing, a large sample and repeats help to identify these

O.36 mm s ‐1

He mean at 90s is 31.8 and at 150s it’s  53.5, that’s an increase of  21.7  ÷ 60 seconds =  0.36
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(g)* The group of students wanted to find out if the rate of respiration of a small invertebrate animal was
comparable to that of the mung beans.

Adapt the procedure used to investigate the respiration rate of a small invertebrate, such as a 
woodlouse or caterpillar, with that of mung beans.

Comment on the results you might expect from this experiment and the conclusions you might draw.
[6]

• Keep the mass of invertebrates and beans the same

• Use the same mass of soda lime in both

• Keep temperature the same for both

• Keep light levels the same for both

• Measure distance moved at the same time intervals

• Repeat the experiments

• Use a larger syringe

• You’d expect invertebrate rates to be faster

• As they have higher metabolic rates / or they move around a lot

• Metabolic reactions / movement require more energy

Larger syringes are needed as more oxygen is used up by the invertebrates and 

their ethical issues have to be considered.

Light levels are taken into account here as the seeds may have started to 

photosynthesise. Mass of soda lime and mass of beans are control variables.

Remember to predict the results and explain why

(f) What additional information would be needed to calculate:

(i) the volume of oxygen taken up by the seeds. [1]

(ii) the oxygen uptake for this batch of seeds to be comparable with data from another type
of bean.

[1]

The diameter of the bore of the capillary tube

The mass of the beans

[Total: 15]
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(a) ATP is described as the ‘universal energy currency’.

Describe how the structure of ATP is similar to and differs from the structure of a DNA
nucleotide.

In your answer, you should use appropriate technical terms, spelled correctly. [5]

The similarities between ATP and a DNA nucleotide include:

 Both have a five carbon sugar

 Both have phosphate groups

 Both have the nitrogenous base, adenine

Differences between the two include:

 A DNA nucleotide has deoxyribose sugar and ATP has ribose sugar

 DNA has one phosphate group whereas ATP has three phosphate groups

 DNA can have four possible bases whereas ATP can only have one base, which is adenine

Question 4
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(b) ATP is produced in cells by the process of respiration. Some of the reactions involved in the
process of respiration are outlined in Fig. 3.1.

glucose

2 triose phosphate

4 ATP

reduced NAD

reduced FAD

FAD

ATP
ADP

NAD

NAD

reduced NAD
Krebs cycle

M

M

M

V

reduced NAD

reduced NAD

NAD

acetyl CoA

2 L
NAD

2 NAD

2 reduced NAD
4 ADP

J

K

w

w

Fig. 3.1
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(i) Compound J is required for the reaction pathway to start.

Identify compound J. [1]

(ii) Identify compounds K to M. [3]

 Compound J is ATP

2 molecules of ATP are needed to begin glycolysis, glucose is phosphorylated to hexose 

bisphosphate

 K hexose bisphosphate

 L pyruvate

 M carbon dioxide

Pyruvate is the end product of glycolysis. It generates 4 molecules of ATP, which overall is 

a net gain of 2ATPs if you subtract the 2ATPs used to start the process. In anaerobic 

respiration, it is glycolysis alone that generates ATP, however pyruvate has to be reduced 

to lactate to regenerate the NAD needed for it to continue.

Dr. Asher Rana www.chemistryonlinetuition.com asherrana@chemistryonlinetuition.com



12

(iii) Name the pathway labelled V.
[1]

(iv) ATP is produced in two different ways during respiration.

• Some ATP is produced at the points labelled W on Fig. 3.1.

• ATP is also produced using reduced NAD and reduced FAD on the inner
mitochondrial membrane.

Outline the differences in the two ways by which ATP is produced in respiration. [3]

[Total : 13]

Pathway V is glycolysis

 ATP can be made by substrate level phosphorylation

 When phosphate is removed from a compound and enough energy is released (more

than 34kJ)

 ATP can also be made by chemiosmosis or oxidative phosphorylation

 When electrons pass along an electron transport chain releasing energy
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