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  

Answer ALL questions.

Some questions must be answered with a cross in a box . If you change your mind about an 
answer, put a line through the box  and then mark your new answer with a cross .

1	 Plants take up inorganic ions from the soil.

	 These ions include calcium, phosphate and potassium.

	 (a)	 (i)	 Name the molecule that contains calcium ions in the cell walls of a plant.
(1)

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

		  (ii)	 How many of the following statements are correct?
(1)

•	 phosphate ions are used to make DNA and RNA

•	 phosphate ions are used in the structure of the cell membrane

•	 the element potassium is part of a peptide bond

	 A	 none

	 B	 one only

	 C	 two only

	 D	 three

	 (b)	 The uptake of potassium ions by plant seedlings in anaerobic and aerobic 
conditions was investigated.

		  The seedlings were grown in a mineral ion solution containing a low 
concentration of potassium ions for 30 hours. The conditions were anaerobic for 
the first 15 hours and aerobic for the second 15 hours.

calcium pectate
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		  The graph shows the results of this investigation.

increase

Change in concentration 
of potassium ions in 
the cells in the roots of 
the seedlings

decrease

Time / hours
0 5 10 15 20 25 30

		  Explain the changes in the concentration of potassium ions in the cells in the 
roots of the seedlings during this investigation.

(4)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

(Total for Question 1 = 6 marks)

During the first 15 hours (anaerobic) the concentration of K+ ions in the root cells

decreases, because K+ ions leave the cells by facilitated diffusion, moving down their

concentration gradient into the solution, which has a low concentration of potassium

ions.

K+ ions are taken up by active transport, but in anaerobic conditions there is no oxygen

for aerobic respiration, so little ATP is made and active transport cannot take place.

During the second 15 hours (aerobic) oxygen is available for aerobic respiration, which

generates much more ATP.

This ATP is used for active transport, so K+ ions are taken up into the cells against

their concentration gradient and the concentration increases.
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  

2	 Living organisms are divided into three domains: Archaea, Bacteria and Eukaryota.

	 (a)	 The table shows some characteristics of organisms in the domain Archaea.

Characteristic Organisms in the domain Archaea

membrane‑enclosed nucleus absent

peptidoglycan in cell wall absent

ribosomes 70S

		  Explain why these organisms have not been classified in either of the other 
two domains.

(2)

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

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

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

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

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

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

They are not Bacteria because Archaea do not have peptidoglycan in their cell walls.

They are not Eukaryota because they do not have a membrane-enclosed nucleus, and

they have 70S ribosomes rather than 80S ribosomes.
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	 (b)	 Some Archaea have the enzyme adenylate kinase (AK).

		  This enzyme is similar to AK enzymes found in humans.

		  There are two types of this enzyme in humans, AK1 and AK3.

		  The table gives some information about these two enzymes.

Enzyme Location in the cell Substrate Role of enzyme

AK1 cytoplasm adenosine triphosphate (ATP) transfers phosphate

AK3 mitochondria guanosine triphosphate (GTP) transfers phosphate

		  (i)	 The tertiary structures of AK1 and AK3 are very similar but not identical.

			   Analyse the information to deduce why there are two AK enzymes.
(3)

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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The two enzymes are found in different locations in the cell, AK1 in the cytoplasm and

AK3 in the mitochondria, and the enzymes cannot move between the mitochondria and

the cytoplasm. The pH is also different in the two locations.

Their substrates are different (AK1 uses ATP and AK3 uses GTP), so their active sites

must have a different shape so that each substrate can bind.

Their tertiary structures are very similar because both are kinases with similar roles, as

both transfer phosphate.
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  

		  (ii)	 Some types of Archaea have only one type of AK enzyme.

			   This enzyme can catalyse both the reactions shown in the table.

			   The tertiary structure of this enzyme is different from AK1 and AK3.

			   Explain why Archaea have a different type of AK enzyme.
(2)
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(Total for Question 2 = 7 marks)

Archaea do not have mitochondria (they only have cytoplasm), so they do not need

two enzymes in two different locations.

Their enzyme must be able to bind to two substrates, both ATP and GTP, forming

enzyme-substrate complexes with each, so it has a different active site. It has a

different primary structure, coded for by a different DNA base sequence.
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3	 Xylem and phloem tissues transport molecules and ions through plants.

	 (a)	 Give the meaning of the term tissue.
(1)

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

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

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

	 (b)	 The table gives some information about the structures of xylem and 
phloem tissues.

		  For each statement, put one cross  in the appropriate box, in each row, to show 
whether these statements are true for both types of tissue, xylem tissue only, 
phloem tissue only or neither type of tissue.

(3)

Statement
Type of tissue

both xylem 
and phloem xylem only phloem only neither xylem 

nor phloem

Contain sieve plates

Have cellulose in the 
cell walls

Have mitochondria

A group of similar cells that work together to perform a similar function.
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  

	 (c)	 Aphids are insects that can be used to study the transport of sugars in 
the phloem.

		  The diagram shows how this is done.

Aphid A

1. � The leaves of a plant are covered with a glass chamber 
containing radioactive carbon dioxide.

2. � The plant produces radioactive sugars by photosynthesis.

3. � Aphids, A, B, C and D are attached to the stem and 
allowed to feed on the contents of the phloem.

4. � The aphids are analysed to determine the time at which 
radioactivity first appeared in their bodies.

Aphid B

Aphid C

Aphid D

		  (i)	 Which disaccharide is transported in the phloem?
(1)

	 A	 fructose	

	 B	 glucose

	 C	 lactose

	 D	 sucrose

		  (ii)	 In an experiment, the time between radioactivity appearing in aphid A and 
aphid D was 210 minutes.

			   The distance between these two aphids was 50 cm.

			   Calculate the rate of flow of phloem contents between these two aphids, 
in cm hour–1.

(1)

Answer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  cm hour–1

210 minutes = 210 ÷ 60 = 3.5 hours

rate = 50 ÷ 3.5 = 14.29 cm hour-1

14.3
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		  (iii)	 Describe how sugars are transported through the phloem.
(3)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

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

(Total for Question 3 = 9 marks)

Sucrose is actively loaded (pumped) into the phloem sieve tubes at the source, in the

leaf.

This lowers the water potential, so water enters the phloem from the xylem at the

source, raising the hydrostatic pressure. At the sink, sucrose moves out of the phloem

into sink tissues such as roots or storage sites, and water leaves the phloem.

The sugars are moved by mass flow, as a solution, from the region of high hydrostatic

pressure at the source to the region of lower hydrostatic pressure at the sink.
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  

4	 Influenza is an infectious disease caused by a virus.

	 (a)	 The influenza virus is an RNA virus and has an envelope.

		  Which pair of viruses also have RNA and an envelope?
(1)

	 A	 Ebola and human immunodeficiency virus

	 B	 Ebola and tobacco mosaic virus

	 C	 human immunodeficiency virus and λ phage

	 D	 tobacco mosaic virus and λ phage

	 (b)	 Which of the following is the predominant method of transmission of the 
influenza virus?

(1)
	 A	 contaminated surfaces

	 B	 contaminated food

	 C	 respiratory droplets

	 D	 insect vectors

	 (c)	 Symptoms of influenza appear some time after a person is infected with the virus.

		  Explain why there is a time delay between infection and the symptoms appearing.
(3)

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

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

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

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

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

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

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

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

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

It takes time for the virus to attach to host cells in the respiratory tract and for the

viral RNA to enter and infect the host cells.

It then takes time for the synthesis of new viral RNA from the RNA, for the synthesis

of viral proteins and for the assembly of new viruses.

It takes time for enough virus particles to be produced to infect many other cells, so

that enough cells are damaged to cause the symptoms, and for the immune response to

occur.

stemup.co.uk

https://stemup.co.uk


*P71909A01132* Turn over      

11

  

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
 		

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
						





D

O
 N

O
T W

RITE IN
 TH

IS A
REA D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 		
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

						





D
O

 N
O

T 
W

RI
TE

 IN
 T

H
IS

 A
RE

A

	 (d)	 In some countries, people take antibiotics without a prescription.

		  In a survey, 77% of people who had taken antibiotics had taken them without 
a prescription.

		  Some of the people who took antibiotics without a prescription had influenza.

		  (i)	 Calculate the ratio of the number of people who took antibiotics without a 
prescription to the number of people who took antibiotics with a prescription.

			   Give your answer to two decimal places.
(1)

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

		  (ii)	 Explain why antibiotics should not be taken by people with viral infections.
(2)

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

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

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

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

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

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

(Total for Question 4 = 8 marks)

Antibiotics will not work against viral infections because viruses are not living cells.

Unnecessary use acts as a selection pressure: resistant bacteria survive and

non-resistant bacteria are killed, so antibiotic resistance in bacteria increases.

without : with = 77 : 23

77 ÷ 23 = 3.35

3.35 : 1
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  

5	 Some forms of infertility are due to the female producing antibodies to sperm cells.

	 Contraceptives are being developed that use these antibodies.

	 (a)	 Antibodies can be injected into a person to give immunity.

		  Which type of immunity develops from the injection of antibodies?
(1)

	 A	 artificial active

	 B	 artificial passive

	 C	 natural active

	 D	 natural passive

	 (b)	 In the development of these contraceptives, an agglutination assay 
was performed.

		  Antibodies were mixed with sperm cells and the time taken for 100% of the 
sperm cells to agglutinate was recorded.

		  Different concentrations of antibody were tested.

		  The number of sperm cells that escaped from the sperm cell agglutinates, at each 
concentration of antibody, was also recorded.

		  (i)	 Each test used 2 µl of a sperm cell suspension at a concentration of 
3.0 × 106 cells per cm3.

			   1 µl = 10–6 dm3

			   Calculate the number of sperm cells used in each test.
(1)

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

2 µl = 2 × 10-6 dm3 = 2 × 10-3 cm3

3.0 × 106 × 2 × 10-3 = 6000

6.0 × 103
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BLANK PAGE
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  

		  (ii)	 The graphs show the results of this assay.
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			   Analyse the data to comment on these results.
(3)
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		  (iii)	 Observation of the sperm cells agglutinated by these antibodies showed that 
some were joined head to head, some head to flagellum and some flagellum 
to flagellum.

			   Explain these observations.
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The time taken for 100% agglutination decreases as the antibody concentration

increases (a weak negative correlation), from 50 s at the lowest concentration to about

17 s at 100 µg cm-3. There are no error bars on graph 1, so we cannot tell if the

differences are significant.

The antibody greatly reduces the percentage of sperm escaping, from 100% with no

antibody to less than 10% at every concentration.

However, the concentration of antibody does not affect the percentage of sperm

escaping, as the error bars overlap on graph 2, so the differences are not significant.

Antibodies are specific to one antigen, and each antibody has two identical binding

sites, so one antibody can bind to two sperm cells and join them together.

Head to flagellum binding happens because the same antigen is present on both the

head and the flagellum.

Head to head and flagellum to flagellum binding happen because there may also be

different antigens on the head and on the flagellum, and there may be three different

types of antibody present in the contraceptive.
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  

	 (c)	 In the development of these contraceptives, the effect of the concentration of 
sperm cells on the time taken to agglutinate was also investigated.

		  Explain why agglutination could take longer at low and at high concentrations of 
sperm cells.

(2)
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(Total for Question 5 = 10 marks)

At low concentrations of sperm cells, collisions between the antibodies and the antigens

on the sperm are less frequent, so agglutination takes longer.

At high concentrations of sperm cells there may be insufficient antibodies (a low

antibody : sperm ratio), so it takes longer for all the sperm to agglutinate.
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6	 Scientists have removed thylakoids from chloroplasts to make artificial chloroplasts.

	 (a)	 The diagram shows part of a chloroplast.

outer membrane

stack of thylakoids 
(granum)

		  (i)	 Draw and label three other structures found in a chloroplast.
(3)

		  (ii)	 Chloroplasts can be 3 µm in length.

			   Calculate the magnification of this diagram for a chloroplast that is 3 µm 
in length.

			   Give your answer to two significant figures.
(2)

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

inner membrane

DNA (loop)

ribosomes

starch grain

stroma

length of chloroplast in diagram = 81 mm = 81 000 µm

magnification = 81 000 ÷ 3 = 27 000

27 000
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  

	 (b)	 Explain the importance of the thylakoid membranes in the light‑dependent stage 
of photosynthesis.

(4)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

The thylakoid membranes contain photosystems (PSI and PSII) with chlorophyll and

other pigments, so that light (photons) can be absorbed.

They contain electron carriers forming an electron transport chain, so that a series of

redox reactions can take place, hydrogen ions are pumped into the thylakoid space and

reduced NADP is formed.

The membranes enclose a space and form a barrier, so hydrogen ions accumulate inside

the thylakoid.

They contain ATP synthase, so hydrogen ions can pass through it, producing ATP by

chemiosmosis (photophosphorylation). The membranes are also the site of photolysis.
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	 (c)	 The artificial chloroplasts made by the scientists consisted of thylakoids removed 
from spinach leaves, and enzymes involved in carbon fixation.

		  These components were put into water, forming a suspension.

		  This suspension was dropped into a medium containing oil.

		  The suspension formed cell‑sized droplets of water containing the thylakoids and 
the enzymes.

		  (i)	 Name the enzyme that fixes carbon dioxide in the light‑independent stage 
of photosynthesis.

(1)

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

		  (ii)	 Explain why it is necessary to keep the thylakoids and enzymes together 
within droplets.

(2)

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

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

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

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

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

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

(Total for Question 6 = 12 marks)

RUBISCO (ribulose bisphosphate carboxylase)

To keep the thylakoids and enzymes close together, because the products of the

light-dependent stage (ATP and reduced NADP) are needed by the enzymes in the

light-independent stage (Calvin cycle).

So the products are not lost and collide with the enzymes more frequently. The

enzymes also need to be in solution to function.
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  

7	 The Yap Trench is an area of very deep water in the Pacific Ocean.

	 In 2017, a new species of fish was caught in the Yap Trench. This was named the 
Yap hadal snailfish.

	 The photograph shows a different species of snailfish, the Mariana hadal snailfish.

(Source: © Adisha Pramod/Alamy Stock Photo)

	 (a)	 The Yap hadal snailfish was caught in a deep sea trench, at a depth of 7 000 m 
below sea level.

		  Hydrostatic pressure increases 100 kPa with every 10 m of depth.

		  Calculate the hydrostatic pressure at 7 000 m.

		  Give your answer in standard form.
(1)

Answer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kPa

	 (b)	 Analysis of the genome of the Yap hadal snailfish and the Mariana hadal snailfish 
showed that they were closely related.

		  (i)	 The DNA from the Yap hadal snailfish contained 725 608 564 bases and 
204 202 736 of these bases were adenines.

			   Calculate the number of guanine bases in the DNA of this fish.
(2)

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

7000 ÷ 10 = 700

700 × 100 = 70 000 kPa

7.0 × 104

A = T = 204 202 736, so A + T = 408 405 472

G + C = 725 608 564 − 408 405 472 = 317 203 092

G = 317 203 092 ÷ 2

158 601 546
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		  (ii)	 The Venn diagram shows unique and shared gene families in the genomes of 
three species of snailfish and a zebrafish.

Yap hadal 
snailfish

663

594

626 1367

468

759

9947

754

484 423

2395

224

750

239

832

Mariana hadal 
snailfish

Tanaka’s snailfish

Zebrafish

			   Calculate the percentage of gene families in the Yap hadal snailfish that are 
shared with the Mariana hadal snailfish.

			   Give your answer to one decimal place.
(2)

Answer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .%

shared with Mariana = 594 + 1367 + 9947 + 750 = 12 658

total in Yap = 12 658 + 626 + 468 + 759 + 239 = 14 750

12 658 ÷ 14 750 × 100 = 85.82

85.8
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  

		  (iii)	 The diagram shows the evolutionary relationship between three species of 
snailfish and a zebrafish.

Yap hadal snailfish

Mariana hadal snailfish

Tanaka’s snailfish

Zebrafish
Common ancestor

Million years ago
200 100 0

			   Analyse the diagram to describe the evolutionary relationship between these 
four species of fish.

(3)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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All four species of fish share the same original common ancestor.

The zebrafish is the least closely related, as it diverged from the others the longest

time ago, about 240 million years ago.

The Yap hadal snailfish and the Mariana hadal snailfish are the most closely related, as

they evolved from the same species and share the most recent common ancestor. Their

common ancestor had the same common ancestor as Tanaka's snailfish.
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		  *(iv)	 The Mariana hadal snailfish and the Yap hadal snailfish were caught in 
separate trenches hundreds of kilometres apart.

			   Explain how these fish evolved to become separate species.
(6)
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(Total for Question 7 = 14 marks)

The two species evolved from a common ancestor population that lived in the same

area. The populations became separated in different trenches hundreds of kilometres

apart, and the shallower water between the trenches acts as a geographical barrier, so

this is allopatric speciation.

The conditions in the two trenches were different, for example temperature, food and

predators, so the two populations were exposed to different selection pressures.

Random mutations occurred in the DNA of each population, and some gave rise to

advantageous alleles and new phenotypes, for example enzymes that work at very high

pressure. Individuals with these phenotypes were more likely to survive and reproduce,

passing on their alleles. Over many generations these allele frequencies increased by

natural selection.

There was no gene flow between the two populations, so their gene pools became more

and more different. Epigenetic modifications may also have switched off different genes

in each population, and these changes were inherited.

Eventually they became reproductively isolated, for example they no longer recognised

each other's mating behaviour, so they could no longer interbreed to produce fertile

offspring and became two separate species.
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8	 Vaccines are being developed to stimulate the immune response to destroy 
cancer cells.

	 Some of these vaccines contain mRNA that codes for specific antigens found on 
cancer cells.

	 (a)	 These vaccines deliver the mRNA into antigen presenting cells, such 
as macrophages.

		  Describe how the delivery of mRNA into macrophages results in antigen 
presentation by these cells.
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The mRNA enters the cytoplasm of the macrophage and is translated at the ribosomes

on the rough endoplasmic reticulum to synthesise the polypeptide (the cancer antigen).

The polypeptide is transported in the RER, then modified and packaged in the Golgi

apparatus.

The antigen is attached to an MHC molecule, and the antigen is expressed on the

surface of the cell membrane of the macrophage.

The macrophage is now an antigen presenting cell, and it binds to T helper cells (to

their CD4 receptors).
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	 (b)	 Antigen presentation results in the stimulation of both the humoral immune 
response and the cell‑mediated immune response.

		  Compare and contrast the humoral immune response with the cell‑mediated 
immune response.

(4)
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Similarities: both are active forms of immunity, both involve T helper cells and

cytokines, and both result in the production of memory cells.

Differences: in the humoral response the antigen is presented by B cells themselves,

whereas in the cell-mediated response infected host cells present the antigen.

B cells and plasma cells are involved in the humoral response but not the cell-mediated

response, whereas T killer cells are involved in the cell-mediated response but not the

humoral response.

Antibodies are involved in the humoral response, whereas the cell-mediated response uses

enzymes such as perforin, not antibodies. The humoral response acts against cell-free

antigens and pathogens, whereas the cell-mediated response acts against infected host

cells.
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	 (c)	 These vaccines stimulate both the humoral immune response and the 
cell‑mediated immune response.

		  Explain how the products of these responses result in the destruction of 
cancer cells.

(4)
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(Total for Question 8 = 12 marks)

In the cell-mediated response, T killer cells release chemicals such as perforins and

enzymes, which make holes in the cell membrane and cause destruction of the cancer

cells.

In the humoral response, plasma cells produce antibodies which bind to the antigens on

the cancer cells, causing opsonisation of the cancer cells.

Therefore macrophages (phagocytes) recognise and engulf the cancer cells by

phagocytosis.

Lysosomes fuse with the vesicle and their enzymes break down the cancer cells, so they

are digested.
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Turn over      

9	 The photograph shows a shortfin molly.

(Source: © WILDLIFE GmbH/Alamy Stock Photo)

	 This fish has adapted to survive in environments where levels of hydrogen sulfide 
(H2S) are toxic to other organisms.

	 (a)	 Hydrogen sulfide can interrupt mitochondrial respiration by inactivating 
cytochrome c oxidase, one of the proteins in the electron transport chain.

		  (i)	 Where is the electron transport chain located in mitochondria?
(1)

	 A	 inner membrane

	 B	 intermembrane space

	 C	 matrix

	 D	 outer membrane

		  (ii)	 Explain why inactivating cytochrome c oxidase could be fatal.
(3)
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If cytochrome c oxidase is inactivated, the electron transport chain can no longer

function, as electrons cannot flow through the cytochromes.

The electron carriers stay reduced and cannot become oxidised, so NAD and FAD cannot

be regenerated. No protons are pumped into the intermembrane space, so ATP synthase

cannot make ATP by oxidative phosphorylation.

Therefore cells can only respire anaerobically, so insufficient ATP is generated to sustain

the fish, e.g. for heart and muscle contraction, and lactic acid builds up.
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  

	 (b)	 The adaptation of these fish to H2S in their environment is thought to be due to 
epigenetic modification by DNA methylation.

		  (i)	 State the meaning of the term epigenetic modification.
(1)

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

		  (ii)	 Which of the following is another type of epigenetic modification?
(1)

	 A	 deletion mutation

	 B	 histone modification

	 C	 translation

	 D	 translocation

A change in gene expression (switching genes on or off) without a change in the DNA

base sequence.
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	 *(c)	 The effect of hydrogen sulfide (H2S) on DNA methylation in these fish 
was investigated.

		  The flow diagram shows part of the method used in this investigation.

		  All the fish kept in the laboratory were in water with no H2S.

Male and pregnant female fish from an environment 
with H2S and from an environment with no H2S 

were collected

(wild fish)

The two groups of fish were kept in a laboratory and 
the pregnant females allowed to give birth 

(first generation)

The first generation of fish were kept in a laboratory 
and allowed to reproduce

These fish were kept in a laboratory and the 
pregnant females allowed to give birth

(second generation)

Analysis of DNA from wild 
fish for DNA‑methylated 

regions (DMRs)

Analysis of DNA from second 
generation for DNA‑methylated 

regions (DMRs)    

		  A CpG site is a region of DNA where a cytosine nucleotide is followed by a 
guanine nucleotide on the sense strand.

		  The DNA was analysed for the number of DNA-methylated regions (DMRs) at 
areas of DNA with different CpG densities. The numbers of DMRs for each group 
of fish were then compared.

Turn over      
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  

		  The graphs show the increase in the number of DNA-methylated regions (DMRs) 
in each group of fish.

500

400

300

200

100

0

Increase in 
number of 
DMRs

CpG density / arbitrary units                            

100 1 2 3 4 5 6 7 8 9

Graph 1: Wild male fish
fish from environment with H2S compared 

with fish from environment with no H2S
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Graph 3: Second generation male fish
fish from environment with H2S compared 

with fish from environment with no H2S 

500

400

300

200

100

0

Increase in 
number of 
DMRs

CpG density / arbitrary units                            

100 1 2 3 4 5 6 7 8 9

Graph 2: Wild female fish 
fish from environment with H2S compared with 

fish from environment with no H2S
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Graph 4: Second generation female fish
fish from environment with H2S compared 

with fish from environment with no H2S 
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		  Discuss the results of this investigation.
(6)
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(Total for Question 9 = 12 marks)

TOTAL FOR PAPER = 90 MARKS

In the wild fish, both males and females from the environment with H2S have more

DMRs than fish from the environment with no H2S. DMRs rise up to a CpG density of

about 3 a.u. then decrease, a similar pattern in both sexes, but females have more

DMRs (peak about 450) than males (peak about 320).

The second generation fish show similar patterns to the wild fish. However, second

generation males show many more DMRs at a CpG density of 1 to 2 (about 480)

than wild males, while second generation females are lower than wild females at low

CpG densities.

Methylation of cytosine at CpG sites silences genes by preventing transcription. The

presence of H2S could be causing this epigenetic modification, but there is no indication

of other differences in the water that could be causing it, and no statistical analysis.

The DMRs have been retained by the second generation, so they are inherited and

stable even after H2S is no longer present. The laboratory conditions also seem to cause

more DMRs in males. Wild males may be less susceptible to DNA methylation than

females, or females may already be more adapted to the toxic environment.

DNA methylation may be a survival advantage: fish with more methylation may be

better adapted to H2S, e.g. making proteins that provide an alternative to cytochrome c

oxidase, so the ETC can continue.

stemup.co.uk

https://stemup.co.uk


*P71909A03232*

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
 		

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
						





D

O
 N

O
T W

RITE IN
 TH

IS A
REA

32

  

BLANK PAGE

stemup.co.uk

https://stemup.co.uk

