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Answer all the questions.

1 Absorption of light and the generation of hydrogen atoms in the light dependent stage of 
photosynthesis can be demonstrated by using isolated chloroplasts. A chloroplast suspension is 
prepared by grinding up leaves in an ice cold buffer solution that has the same water potential as 
the stroma of the chloroplasts. The mixture is filtered, centrifuged and the supernatant decanted 
and discarded. The chloroplasts are resuspended in fresh, cold buffer solution. A sample of this 
suspension rapidly reduces a dilute solution of DCPIP (dichloro-phenolindophenol). 

 The DCPIP is blue when oxidised and colourless when reduced.

chloroplast suspension in light
oxidised DCPIP                                                          reduced DCPIP

(blue)                                                                           (colourless)
 
 (a) (i) Name two pigments found in a chloroplast that are involved in light absorption.

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

2  .................................................................................................................................. [2]

  (ii) Outline how hydrogen atoms are generated in the light dependent stage of 
photosynthesis.

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

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

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

 ..................................................................................................................................... [2]

  (iii) State the name of the hydrogen acceptor found in chloroplasts that is replaced by  DCPIP 
in the experiment described above.

 ..................................................................................................................................... [1]

  (iv) Explain why the chloroplasts are suspended in an ice cold buffer solution that has the 
same water potential as the stroma.

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

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

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

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

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

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

 ..................................................................................................................................... [4]
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 (b) An investigation was performed on the chloroplast suspension by setting up the following 
mixture in a colorimeter tube:

  • 0.5 cm3 chloroplast suspension
  • 4 cm3 buffer solution
  • 1 cm3 DCPIP solution.

  This tube was placed in a colorimeter and the disappearance of the blue colour of the oxidised 
DCPIP was determined by taking readings at two-minute intervals. The results of this and of 
a similar tube in which the chloroplast suspension had previously been boiled and cooled are 
shown in Fig. 1.1.
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tube with unboiled
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Fig. 1.1

  (i) State the colour of the chloroplast suspension in the two tubes after 40 minutes.

boiled  .................................................................................................................................

unboiled  ....................................................................................................................... [2]

  (ii) Explain the difference in the results obtained for the boiled and unboiled chloroplast 
suspensions.

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

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

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

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

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

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

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

 ..................................................................................................................................... [4]

[Total: 15]



4

© OCR 2009

2 Table 2.1 shows the rate of nerve impulse transmission in neurones from different animals.

Table 2.1

animal myelinated diameter of 
neurone / µm

rate of nerve impulse 
transmission / m s–1

crab no  30  5

squid no  500  25

frog yes  16  32

cat no  15  2

cat yes  20  100

 (a) (i) State two structural features of neurones that affect the rate of nerve impulse 
transmission.

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

2 ................................................................................................................................... [2]

  (ii) Explain the differences in the rate of nerve impulse transmission for the two different 
types of neurone from the cat.

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

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

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

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

 ..................................................................................................................................... [3]

 (b) The rate of nerve impulse transmission in a human arm was investigated as follows: 

  • an electrical stimulus was applied to the ulnar nerve at the elbow

  • this produced a twitch in the muscles of the thumb after a time interval of t0 seconds

  •  the electrical stimulus was then applied to the same nerve at the shoulder, a distance of 
0.3 metres from the elbow

  • the thumb twitch this time followed after a slightly longer time t1

  • t1 – t0 was found to be 6 × 10–3 seconds.

  Calculate the rate of transmission of the nerve impulse along the ulnar nerve in metres per 
second.

 Answer =  ............................................... m s–1 [2]
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 (c) When a neurone is not transmitting an impulse it is polarised, with the inside of the neurone  
negatively charged relative to the outside. This is known as the resting potential. It is in the 
range of −50 to −90 mV but is usually −65 mV.

  Fig. 2.2 shows the distribution of ions across the membrane of the neurone at the resting 
potential.
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Fig. 2.2

  In this question, one mark is available for the quality of spelling, punctuation and grammar.

  Describe how the resting potential is maintained.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ............................................................................................................................................. [7]

 Quality of Written Communication [1]

[Total: 15]
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3 Fig. 3.1 shows a simple respirometer that can be used to measure the uptake of oxygen and the 
production of carbon dioxide during respiration of germinating mung beans.

germinating
mung beans

soda
lime

capillary
tube

coloured
water

plunger

meniscus

Fig. 3.1

 The position of the meniscus was marked on the capillary tube after each minute so that the 
distance, d, moved during each minute could be measured. 

 The results are shown in Table 3.1.

Table 3.1

time / min 1 2 3 4 5

distance, d, moved by meniscus each minute / mm 2 3 2 2 3

 (a) (i) The internal diameter of the capillary tube is 0.4 mm. Using the formula πr2d, where 
π = 3.14, calculate the average volume of oxygen taken up in mm3 min–1.

   Show your working.

 Answer =  ......................................  mm3 min–1 [2]

  (ii) Explain how you would adapt the apparatus to measure the volume of carbon dioxide 
produced per minute and to calculate the respiratory quotient (RQ) of the germinating 
mung beans.

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

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

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

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

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

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

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

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

 ..................................................................................................................................... [5]
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  (iii) A student calculated the RQ value of germinating mung beans to be 0.8.

Explain what this value indicates about the type of substrate being respired.

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

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

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

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

 ..................................................................................................................................... [2]

 (b) The role of oxygen in respiration is to act as the final acceptor of hydrogen atoms. These 
hydrogen atoms will have been involved in oxidative phosphorylation.

  (i) Explain where the hydrogen atoms that are involved in oxidative phosphorylation come 
from.

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

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

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

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

 ..................................................................................................................................... [3]

  (ii) State where in the mitochondrion oxidative phosphorylation occurs.

 ..................................................................................................................................... [1]

  (iii) Explain what is meant by the term chemiosmosis.

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

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

 ..................................................................................................................................... [2]

 [Total: 15]
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4 Fig. 4.1 shows diagrams of two different stages of meiosis in cells taken from the testis of a 
grasshopper, Chorthippus brunneus. The stages are labelled P and Q.

R

S

QP

T

V

cell membrane

centriole

Fig. 4.1

 (a) (i) Name the two stages.

P  ....................................................

Q  ...................................................  [2]

  (ii) Name the structures labelled on the two diagrams.

R  ....................................................

S  ....................................................

T  ....................................................

V  ....................................................  [4]

 (b) State the ways in which meiosis can lead to genetic variation.

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

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

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

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

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

 ............................................................................................................................................. [3]
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 (c) In one of his experiments, Gregor Mendel investigated the inheritance, at the same time, of 
two traits in peas, seed shape and seed colour. 

  The allele for round seeds, R, is dominant to the allele for wrinkled seeds, r.

  The allele for yellow seeds, Y, is dominant to the allele for green seeds, y.
 
  (i) List all the possible genotypes of seeds that are round and yellow.

 ..................................................................................................................................... [1]

  (ii) Name the cross that would be carried out to determine the genotype of a plant grown 
from a seed that is round and yellow.

 ..................................................................................................................................... [1]

  (iii) Draw a genetic diagram to show the results of a cross between a plant heterozygous for 
both seed shape and seed colour and a plant grown from a wrinkled, green seed.

parental genotypes ………………………….     …………………………..

gametes                  ………………………….     …………………………..

offspring genotypes  ...............................................................................

offspring phenotypes  .............................................................................

phenotypic ratio  .....................................................................................  [5]

 [Total: 16]



12

© OCR 2009

5 The spoil heaps of old copper mines are sparsely populated by plants because of the toxic levels 
of copper in the soil. However, copper-tolerant varieties of grasses such as Common Bent Grass, 
Agrostis tenuis, can become established in such habitats. The distribution of copper-tolerant 
varieties of A. tenuis was investigated on the spoil heap of an old copper mine, as shown in 
Fig. 5.1.

A B C D

spoil
heap surrounding

grassland

transect

Fig. 5.1

 The copper content of the soil and the copper-tolerance of the plants was measured at sites A, B, 
C and D along the transect. 

 Plants were taken from each of these sites and their copper-tolerance was determined by growing 
half the plants from each site in a culture solution without copper ions and the other half in a 
culture solution with a known concentration of copper ions.

 The mean root growth of the plants in each solution was measured. The percentage reduction in 
mean root growth due to the presence of copper ions was calculated. The results are shown in 
Table 5.1.

 The more copper-tolerant the plants, the smaller the percentage reduction in mean root growth.

Table 5.1

site along transect copper content of soil / ppm % reduction in mean root growth

A 750 45

B 350 52

C 125 67

D 35 80

 (a) (i) Suggest how copper ions reduce root growth in A. tenuis.

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

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

 ..................................................................................................................................... [2]

  (ii) Name two experimental conditions that needed to be controlled in the investigation into 
root growth.

1  ........................................................................................................................................
 
2  .................................................................................................................................. [2]



13

Turn over© OCR 2009

 (b) In this question, one mark is available for the quality of use and organisation of scientific 
terms.

  Explain how natural selection has resulted in the distribution of copper-tolerance in A. tenuis 
as shown in Fig. 5.1 and Table 5.1.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

……… ........................................................................................................................................

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

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

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

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

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

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

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

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

 ............................................................................................................................................. [7]

 Quality of Written Communication [1]
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 (c) For the copper-tolerant varieties of A. tenuis to develop into separate species, the population 
must split into two separate gene pools.

 
  (i) Name the two types of isolating mechanism that can lead to speciation.

   1 ……………………………………………..

   2 …………………………………………….. [2]

  (ii) The apple maggot fly, Rhagoletis pomonella, lives on hawthorn berries in North 
America.

   •  The larvae develop in the berries and, when adult, the females emerge and mate 
with males attracted from other hawthorn berries.

   • The mated females then seek out a new hawthorn berry in which to lay their eggs.

   •  When apple trees were introduced to North America in the nineteenth century some 
female flies switched from hawthorn to apple.

   •  Female flies always lay their eggs on the same type of plant from which they 
emerged.

   • Flies emerge from apples one month before flies emerge from hawthorn berries.

   Explain how the switch in host plant by some female flies could lead to speciation 
occurring.

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

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

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

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

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

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

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

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

 ..................................................................................................................................... [5]

 [Total: 19]
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6 Species of the floating water plant, Lemna, grow well in culture under laboratory conditions. They 
undergo asexual reproduction by budding and the buds soon become detached from the parent 
plant so that an increase in numbers occurs. Full-sized plants of L. gibba and L. polyrrhiza were 
grown in pure and mixed cultures. A large number of replicates was used so that every week the 
dry mass of the plants could be determined. The results are shown in Fig. 6.1.

0
0

time / weeks

dry mass of
Lemna / mg

2 4 6 8
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200
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400

500
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700

800
L. polyrrhiza
(pure culture)

L. gibba
(pure culture)

L. gibba
(mixed culture)

L. polyrrhiza
(mixed culture)

Fig. 6.1

 (a) (i) Describe the difference in growth of the two species in pure culture.

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

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

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

 ..................................................................................................................................... [2]

  (ii) Explain the results for both species when grown in a mixed culture.

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

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

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

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

 ..................................................................................................................................... [3]

Turn over
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  (iii) Name two factors that may limit the size of a population of L. gibba growing in a natural 
freshwater habitat.

   1 ……………………………………………..

   2 …………………………………………….. [2]

 (b) Plants such as Lemna are often the first to colonise a newly formed pond.
 
  (i) State the name given to organisms that are the first to colonise a newly formed 

environment.

 ..................................................................................................................................... [1]

  (ii) Suggest how plants such as Lemna start the process of succession in a pond.

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

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

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

 ..................................................................................................................................... [2]

[Total: 10]
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