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Answer ALL questions.

Write your answers in the spaces provided.

1	 Antibiotics are widely used to treat infections.

	 Some antibiotics are bactericidal.

	 (a)	 State what is meant by the term bactericidal.
(1)

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

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

	 (b)	 The table shows information about five antibiotics.

Antibiotic Year 
discovered

Time for first resistant 
strain of bacteria to be 

detected / years

Number of different types 
of each antibiotic that exist 

today

Penicillin 1928   1 >18

Tetracycline 1945   3 >16

Vancomycin 1953 27     1

Linezolid 1978   1     1

Daptomycin 1985   2     1

		  Analyse the data to comment on the number of types of each antibiotic that exist today.
(5)

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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An antibiotic that kills (destroys) bacteria.

There are more types of the older antibiotics, penicillin (>18) and tetracycline (>16),

because there has been more time since their discovery for resistant strains of bacteria

to appear, so new types had to be developed.

Vancomycin has only one type, even though it is older, because it took a long time (27

years) for the first resistant strain to appear.

There is only one type of the younger antibiotics, linezolid and daptomycin, because

there has been less time for resistant strains to appear.
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	 (c)	 Describe how you would use aseptic techniques to transfer bacterial cells growing 
on an agar plate to a tube containing a sterile broth.

(5)
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(Total for Question 1 = 11 marks)

Disinfect the bench surface before starting (or use a benchcoat).

Work near a lit Bunsen burner flame (upward air current) or in a sterile cabinet.

Heat the wire loop in the Bunsen flame until it glows red hot, to sterilise it.

Allow the wire loop to cool before touching the bacteria, so the cells are not killed.

Open the lid of the Petri dish only to a small extent, and pick up some bacterial cells

with the loop.

Remove the lid of the broth tube and flame the top (neck) of the tube, then put the

loop into the broth.

Flame the top of the tube again, replace the lid and re-sterilise the loop.
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2	 Insects such as locusts do not breathe through the mouth.

	 The gas exchange system of a locust includes air sacs, tracheae and tracheoles.

	 The diagram shows a locust before dissection.

spiracles

	 (a)	 Describe how you would dissect a locust to ensure that the gas exchange system 
is clearly visible.

(3)
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Fix (pin) the locust to a dissecting board, dorsal side up.

Cut the body open along the abdomen with fine scissors and pin back the body wall.

Submerge the locust under water so the air-filled tracheae are visible (silvery).
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	 (b)	 A student investigated the effect of different gases on the breathing rate of a locust.

		  The student blew exhaled air over a locust in a syringe and recorded its breathing rate.

		  The locust was immediately given pure oxygen and the breathing rate was recorded.

		  The table shows the results of this investigation.

Treatment Breathing rate 
/ breaths min–1

Exhaled air 56

Pure oxygen 3

		  The student concluded that carbon dioxide increased the breathing rate of the locust.

		  Comment on how the limitations of this method affect the validity of this conclusion.
(5)
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There is no control with atmospheric air, so the breathing rate cannot be compared to

normal.

Exhaled air contains other gases (less oxygen) and more moisture than normal air, not

just more carbon dioxide.

Exhaled air is also warmer, which could affect the breathing rate.

The locust should have been allowed to recover between treatments, as it may still be

affected by the exhaled air.

Only one carbon dioxide concentration was tested; a range of carbon dioxide

concentrations is needed.

The experiment should be repeated to see if the results are consistent and not

anomalous, so the conclusion is not valid.
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	 (c)	 Explain the role of air sacs in the gas exchange system of locusts.
(2)
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	 (d)	 Locusts have a complex gas exchange system because they are multicellular organisms.

		  Explain why single-celled organisms do not have a gas exchange system.
(2)
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(Total for Question 2 = 12 marks)

Air sacs act as a store (reservoir) of oxygen and help ventilate the tracheae.

So aerobic respiration can occur in large, active locusts, e.g. in flight muscles.

Single-celled organisms have a large surface area to volume ratio and a short diffusion

distance.

Therefore diffusion across the cell surface membrane is sufficient to supply oxygen and

remove carbon dioxide.
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3	 The drawing shows a plant called white clover, Trifolium repens.

	 A student used a 50 cm × 50 cm quadrat to compare the abundance of white clover 
in a trampled area of grassland and an untrampled area of grassland.

	 Each area measured 90 m × 45 m.

	 The diagram shows the distribution of white clover plants in one quadrat from the 
area of trampled grassland.  Each circle represents one clover plant.

	 (a)	 (i)	 Use the results from this quadrat to calculate the total number of white clover 
plants present in the area of trampled grassland.

(2)

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

Area of quadrat = 0.5 × 0.5 = 0.25 m2, so 9 × 4 = 36 plants per m2

Area of grassland = 90 × 45 = 4050 m2

36 × 4050 = 145 800 plants

145 800
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		  (ii)	 The student used the same method to calculate the total number of 
white clover plants in the area of untrampled grassland.

			   The student decided that the calculated values were not accurate.

			   Explain how you would modify the method to obtain more accurate results.
(3)
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	 (b)	 The student investigated the effect of one abiotic factor on the abundance of 
white clover plants.

		  (i)	 Name one abiotic factor, other than soil water content, that could affect the 
abundance of white clover plants in these areas.

(1)
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		  (ii)	 Describe how you would measure the abiotic factor named in (b)(i).
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Use several (more) quadrats, or a larger quadrat, so that a larger area is sampled.

Place the quadrats at random, e.g. using random numbers to generate coordinates on a

grid of the area, to avoid bias.

Calculate a mean number per quadrat and use a running mean to decide when enough

quadrats have been used, giving a consistent measure of the mean.

Light intensity.

Use a light meter (light sensor) held just above the clover plants.

Take readings in each quadrat, in the same place and at the same time of day.
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		  (iii)	The student obtained the following results for soil water content and the 
abundance of white clover plants in these two areas of grassland.

Area of grassland Soil water content 
(%)

Abundance of 
white clover plants

Trampled 54.9 low

Untrampled 88.8 high

			   Explain the effect of trampling on the abundance of white clover plants.
(2)

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

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

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

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

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

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

(Total for Question 3 = 10 marks)

Trampled soil is compacted, so it has less water and less air (oxygen) in it.

Therefore photosynthesis, respiration and absorption of mineral ions are reduced;

trampling also physically damages the plants.
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4	 Mammals produce urea as a nitrogenous waste product.

	 (a)	 Describe how urea is produced in mammals.
(2)

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

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

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

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

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

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

	 (b)	 Bowman’s capsule (renal capsule) in the kidney is involved in the excretion of urea 
in mammals.

		  Name the cluster of blood capillaries enclosed by Bowman’s capsule.
(1)

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

	 (c)	 The table shows the concentrations of molecules and ions in the blood plasma of 
the kidney, in the filtrate produced in Bowman’s capsule and in the bladder.

Molecule or ion Blood plasma of 
kidney (%)

Filtrate produced in 
Bowman’s capsule (%)

Urine in the bladder 
(%)

Water 90 to 93 94 to 96 96

Protein 7 to 9 0.0 0.0

Glucose 0.10 0.10 0.0

Urea 0.03 0.03 2.0

Sodium 0.32 0.32 0.30 to 0.35

Chloride 0.37 0.37 0.60

		  (i)	 Name the process by which this filtrate is produced in Bowman’s capsule.
(1)

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

Deamination in the liver: the amino group is removed from excess amino acids, forming

ammonia.

Ammonia combines with carbon dioxide in the ornithine cycle, producing urea.

Glomerulus

Ultrafiltration

stemup.co.uk
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		  (ii)	 Analyse the data to explain the difference between the protein and the other 
molecules or ions in the filtrate in Bowman’s capsule.

(3)

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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		  (iii)	Urea and chloride ions both become more concentrated as they pass from 
Bowman’s capsule to the urine in the bladder.

			   Calculate how many more times urea becomes concentrated compared with 
chloride ions.

(3)

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

		  (iv)	Analyse the data to explain the glucose concentration in the bladder.
(2)
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Proteins are too big (large molecules) to pass through the basement membrane, so their

concentration is 0.0% in the filtrate.

The concentrations of the other molecules and ions (glucose, urea, sodium, chloride) are

the same in the filtrate and the plasma.

This is because they are small enough to pass through.

Glucose is 0.0% in the bladder because it has been selectively reabsorbed in the

proximal (convoluted) tubule, by active transport against a concentration gradient.

urea: 2.0 ÷ 0.03 = 66.67

chloride: 0.60 ÷ 0.37 = 1.62

66.67 ÷ 1.62 = 41.2

41.2 times

stemup.co.uk

https://stemup.co.uk
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		  (v)	 Explain how the loop of Henlé is involved in the production of concentrated urine.
(5)
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(Total for Question 4 = 17 marks)

Sodium and chloride ions are moved out of the ascending limb into the medulla by

active transport.

The ascending limb is impermeable to water, so water cannot follow the ions.

This results in a higher ion concentration (lower water potential) in the tissue fluid of

the medulla.

Water moves out of the descending limb by osmosis, so the filtrate becomes more

concentrated towards the bottom of the loop, and more ions are pumped out as it rises.

The loop of Henlé therefore acts as a counter-current multiplier, creating a water

potential gradient that is lowest deep in the medulla.

The collecting ducts pass through the medulla and are permeable to water (more so

with ADH).

Therefore water moves out of the collecting ducts by osmosis into the medulla and is

reabsorbed into the blood, so a small volume of concentrated urine is produced.
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5	 Fluoride ions reduce anaerobic respiration in yeast by inhibiting the action of the 
enzyme enolase.

	 Fluoride ions combine with magnesium ions and phosphate ions to resemble the 
substrate of enolase.

	 (a)	 Name the type of inhibition produced by fluoride ions.
(1)

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

	  *(b)	 The diagram shows some apparatus that can be used to measure the rate of 
respiration in small animals such as woodlice.

glass tube

3 way tap

woodlice

potassium hydroxide 
solution

Competitive inhibition
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		  Discuss how you would modify this apparatus and use it to find out if fluoride 
ions have a significant effect on the rate of anaerobic respiration in yeast.

(9)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Modify: replace the woodlice with yeast suspended in glucose solution, since yeast

respires anaerobically using glucose. Remove the potassium hydroxide and the gauze,

because the carbon dioxide released must be measured, not absorbed. Add a layer of oil

on top of the yeast and glucose mixture (and use boiled, cooled glucose solution) to

keep oxygen out so respiration is anaerobic. Put coloured liquid into the glass tube and

fix a scale (ruler) beside it.

Method: set up tubes with a range of fluoride concentrations, e.g. 0, 0.2, 0.4, 0.6 and

0.8 mol dm-3, plus a control with no fluoride (plus and minus fluoride). Control the

species and mass of yeast, the volume and concentration of glucose, the volume of

mixture and the temperature, using a water bath at 30 °C. Allow the yeast to

acclimatise with the three-way tap open, and wait for the lag phase to finish, then

close the tap and measure how far the liquid moves in a set time as carbon dioxide is

released. Repeat each concentration at least three times.

Analysis: calculate the volume of carbon dioxide from the distance moved and the tube

diameter (πr2 × distance), then the rate = volume ÷ time (or distance ÷ time).

Calculate the mean rate and standard deviation for each concentration, and plot a graph

of rate of respiration against fluoride concentration with error bars; overlapping error

bars suggest no significant difference.

To find out if the effect is significant, use a statistical test such as a t-test,

comparing the rates with and without fluoride. The null hypothesis is that fluoride has

no significant effect. If the calculated t value is greater than the critical value at p =

0.05, the null hypothesis is rejected and fluoride ions have a significant effect on the

rate of anaerobic respiration.
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(Total for Question 5 = 10 marks)
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6	 In February 2016, the World Health Organisation (WHO) declared a public health 
emergency because of the spread of the Zika virus.

	 The mild symptoms, such as joint pains, headaches and a slight temperature increase 
lasted only a few days.  However, Zika virus has been linked to a birth defect called 
microcephaly.

	 The graph shows the number of babies born with microcephaly in Brazil from 2010 to 2015.
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	 (a)	 Calculate the percentage increase in the number of babies born with microcephaly 
in 2015 compared with 2014.

(2)

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

2014 = 150, 2015 = 1240

1240 − 150 = 1090

(1090 ÷ 150) × 100 = 727

727
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	 (b)	 Zika virus is transmitted to humans by infected mosquitoes.

		  (i)	 Explain why another type of drug, rather than antibiotics, has to be used to 
treat Zika virus infections.

(2)
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		  (ii)	 Scientists have suggested that genetically modified (GM) mosquitoes could be 
used to help combat the spread of the Zika virus.

			   Mosquito eggs are injected with DNA, from GM mosquitoes.  This DNA contains 
a gene for fluorescence.  However, only one in a few thousand injected eggs 
results in a GM mosquito.

			   Explain how this procedure could help in the production of large numbers of 
GM mosquitoes.
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Viruses are not living cells: they have no metabolism, no cell wall (peptidoglycan) and

no ribosomes for antibiotics to target.

Antiviral drugs are used because they inhibit viral replication.

Identify the mosquitoes that fluoresce, because these mosquitoes are genetically modified

and contain the gene.

Allow the mosquitoes that fluoresce (GM mosquitoes) to interbreed.

Offspring with the gene for fluorescence are selected and bred again.

Repeat this for several generations to produce a large population of GM mosquitoes.
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		  (iii)	Explain why the Brazilian government has advised people to use mosquito 
nets, even if they have already contracted the Zika virus.

(2)
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	 (c)	 Scientists have discovered that the Zika virus genome is made of RNA.

		  This RNA codes for: 

			   •	 capsid protein with 105 amino acids
			   •	 pre-membrane protein with 187 amino acids 
			   •	 envelope protein with 505 amino acids
			   •	 seven nonstructural proteins

		  (i)	 State how many bases are needed to code for the capsid protein.
(1)

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

		  (ii)	 Unlike human immunodeficiency virus (HIV), Zika is not a retrovirus.

			   Describe what happens to the Zika RNA once it is in the cell.
(2)

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

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

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

To prevent people with Zika being bitten by mosquitoes, therefore preventing the spread

of Zika to uninfected mosquitoes and then to uninfected people.

Mosquitoes also spread other diseases, e.g. malaria.

315

The RNA is used directly in translation, at ribosomes, to make viral proteins.

More copies of the viral RNA are produced (RNA replication).
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	 (d)	 During the replication of the Zika virus, the ten proteins that are coded for in the 
RNA are produced as a single polyprotein molecule.

		  Explain how this polyprotein molecule is converted into ten separate protein 
molecules.

(2)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Total for Question 6 = 15 marks)

The peptide bonds between the proteins are broken by hydrolysis.

This is catalysed by protease enzymes.
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7	 Cystic fibrosis is a recessive inherited condition where the cells in the lungs produce 
sticky mucus.  This mucus builds up in the airways, causing breathlessness and chest 
infections.

	 People with cystic fibrosis often need treatments such as physiotherapy and 
antibiotics.

	 (a)	 The incidence of babies born with cystic fibrosis in Australia is 1 in 2500.

		  Use the Hardy Weinberg equation, p2 + 2pq + q2 = 1, to calculate the percentage 
of Australians who are carriers of cystic fibrosis.

(4)

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

	 (b)	 A woman is a carrier of the cystic fibrosis allele.  Her partner does not have cystic 
fibrosis and is not a carrier.

		  Use a genetic cross to determine the probability of this woman producing a child 
who is also a carrier.

(4)

Probability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

q2 = 1 ÷ 2500 = 0.0004

q = √0.0004 = 0.02

p = 1 − 0.02 = 0.98

2pq = 2 × 0.98 × 0.02 = 0.0392

0.0392 × 100 = 3.92%

3.92

F = normal allele, f = cystic fibrosis allele

Parents: Ff (carrier) × FF (not carrier)

Gametes: F  and  f F  and  F

F F

F

f

FF FF

Ff Ff

father's gametes

mother's
gametes

Offspring: 2 FF (not carrier) : 2 Ff (carrier)

Probability of a carrier = 2/4 = 0.5 (50%)
0.5 (50%)
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	 (c)	 Australian scientists observed that people with cystic fibrosis who went surfing 
had fewer symptoms than people with cystic fibrosis who did not go surfing.

		  The scientists carried out a trial on 164 people with cystic fibrosis.

		  These people were placed at random into either the experimental group or the 
control group.

		  The experimental group inhaled a fine spray of 7.0% salt solution and the control 
group inhaled a fine spray of 0.9% salt solution.

		  The scientists found that the mucus in the experimental group contained more 
water and became less sticky than the mucus in the control group.

		  (i)	 Explain why only the fine spray of 7.0% salt solution resulted in mucus that 
contained more water.

(2)
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		  (ii)	 Explain why the control group inhaled a fine spray of 0.9% salt solution, rather 
than a fine spray of pure water.

(2)
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(Total for Question 7 = 12 marks)

The 7.0% salt solution is hypertonic, so it lowers the water potential of the mucus

below that of the cells, creating a water potential gradient.

Therefore water moves out of the cells into the mucus by osmosis.

0.9% salt solution is isotonic with the cells (same concentration), so there is no water

potential gradient.

Therefore no water moves by osmosis, so only the spray itself is tested and any effect

is due to the high salt concentration.
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8	 (a)	 A student investigated the effect of ethanol on plant cell membranes.

			   Step 1: The student cut leaf discs from leaves, using a cork borer.

			   Step 2: �These leaf discs were then added to a boiling tube containing 10 cm3 
of 40% ethanol solution.  The pigments in the leaf discs dissolved in 
the ethanol, producing a green solution.

			   Step 3: �The boiling tube was shaken and the amount of red light absorbed by 
this solution (absorbance) was measured at the start.

			   Step 4: The absorbance was measured every 10 minutes, for an hour.

		  The graph shows the results of this investigation.
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		  (i)	 Explain why red light was used in this investigation.
(2)
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Red light is absorbed by the green solution because of the presence of chlorophyll.

So absorbance of red light measures how much pigment has left the cells.
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		  (ii)	 Explain the absorbance value at 0 minutes.
(2)
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		  (iii)	Explain the effect of ethanol on plant cell membranes.
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	 (b)	 The student also carried out a control, using water instead of 40% ethanol.

		  Draw a line on the graph to show the results for this control.
(2)
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Some chlorophyll (leaf pigment) was already present in the solution at 0 minutes,

because some cells were damaged when cut with the cork borer, and the discs were not

washed.

Ethanol disrupts (dissolves) the phospholipid bilayer of the membranes.

Therefore the membranes become more permeable and allow pigment out of the cells, so

absorbance increases with time.
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	 (c)	 The student then investigated the effect of ethanol concentration on leaves from 
different plant species.

		  Justify the modifications to the procedure in part (a) that will be required to 
obtain valid data.
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(Total for Question 8 = 13 marks)

Use leaves of the same age and from the same position on each plant, because this

affects the concentration of pigment.

Obtain the leaf discs from the same part of each leaf, avoiding the midrib, because this

also affects the concentration of pigment.

Use the same cork borer (same diameter and number of discs), because the surface

area affects how much pigment is released.

Keep the temperature the same using a water bath, because temperature affects the

rate of diffusion.

Use the same volume of ethanol at each concentration, so the chlorophyll is diluted the

same.

Wash the discs before adding them, to remove pigment from damaged cells.

Replicate each ethanol concentration, to see if results are consistent, identify anomalies

and calculate standard deviation for a statistical test.
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9	 Seed banks store seeds for future use.  Seeds can be stored for a long time if the 
seeds are kept dry with a moisture content of less than 8%.

	 The seeds are stored in closed containers.  The percentage germination of the seeds 
is measured to test their viability during storage.

	 At the Millennium Seed Bank, the seeds are stored in closed glass containers at 15% 
relative humidity at a temperature of –20°C.

	 The graph shows the percentage germination of seeds kept in three different 
closed containers: metal, cellophane and paper.  They were kept for 72 months at a 
temperature of –20°C.
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	 (a)	 Analyse the data to explain why seeds are stored in glass containers in the 
Millennium Seed Bank.

(4)
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 	 (b)	 Each time the seeds are tested for viability, 50 seeds are used.

		  State why 50 seeds are used.
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	 (c)	 Calculate the rate of change in viability of the seeds stored in a cellophane 
container for the first two years.

(2)

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

Seed viability (germination) stays high, about 80 to 90%, in metal containers for 72

months.

In paper and cellophane containers germination falls to 0% by about 36 to 60 months.

Glass containers have similar properties to metal containers, because metal and glass

keep air and moisture out.

Therefore the seed water content is kept below 8%, so the seeds stay viable.

Also, you can see through glass to check the seeds without removing the lid.

To produce valid results: a large sample gives a reliable measure of seed viability and

reduces the effect of anomalous seeds.

at 0 months = 90%, at 24 months = 16%

90 − 16 = 74%

74 ÷ 24 = 3.08 % per month (decrease)

3.08 % month-1
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	 (d)	 Seeds from other parts of the world are stored in seed banks.

		  (i)	 Explain how the viability test would be different for these seeds from other 
parts of the world.

(3)

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

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

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

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

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

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

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

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

		  (ii)	 Explain why plants grown from these germinating seeds may not flower at the 
same time of year as they would have done in their country of origin.

(2)
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(Total for Question 9 = 12 marks)

The viability (germination) test requires conditions similar to those in the seeds' country

of origin.

This is because germination is affected by temperature, humidity, light intensity and

wavelength, and some seeds need vernalisation.

If the correct conditions are not used, the seeds would not germinate even if they were

viable.

Flowering is affected by day length (photoperiod), i.e. the light and dark periods.

Flowering involves phytochrome (PR and PFR), and day length differs from the country

of origin.
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10	 (a)	 Devise an experiment, which uses changes in mass, to compare the water 
potential of carrot tissue with the water potential of potato tissue.

(5)
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Make a range of at least five concentrations of sucrose solution, e.g. 0.0, 0.2, 0.4, 0.6,

0.8 and 1.0 mol dm-3, using the same volume of each.

Use a cork borer and scalpel to cut pieces of carrot and potato of equal size, length

and shape (same surface area to volume ratio).

Control the age of the carrot and potato, the part of the tissue used and the

temperature (water bath).

Blot each piece dry and weigh it before putting it into a solution.

Leave the pieces submerged in the solutions for the same time, e.g. 24 hours, then

remove, blot dry and weigh again.

Calculate the percentage change in mass for each piece, with three repeats per

concentration, and find the mean.

Plot a graph of percentage mass change against sucrose concentration for carrot and

potato, and compare where each line cuts the x-axis (isotonic point, no change in

mass).

The tissue with the isotonic point at the higher sucrose concentration has the lower

(more negative) water potential.
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	 (b)	 The photograph shows Salicornia, a plant growing on salt marshes close to the sea.
 		  Salicornia colonises bare mud containing seawater.

		  A student sampled Salicornia plants at the river mouth by the sea and at different 
distances upstream.  Samples of the water in the mud were also taken.

		  The salt concentration of the plants and the water in the mud were measured.

		  The results are shown in the table.

Distance upstream 
from sea 

/ km

Salt concentration / arbitrary units

Salicornia plants Water in the mud

0.0 60.0 2.8

1.6 60.0 1.1

4.8 55.0 0.6

8.0 75.0 0.2

		  Analyse the data to explain how Salicornia is adapted to life in salt marshes.
(3)
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(Total for Question 10 = 8 marks)

TOTAL FOR PAPER = 120 MARKS

Salicornia has a higher salt concentration (55 to 75 units) than the water in the mud

(0.2 to 2.8), so it has a lower water potential than the mud.

This is because salt is taken up by active transport, even when the mud has little salt

upstream.

Therefore water is taken up by osmosis from the mud.
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Every effort has been made to contact copyright holders to obtain their permission for the use of copyright material.  
Pearson Education Ltd. will, if notified, be happy to rectify any errors or omissions and include any such rectifications in 
future editions.
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