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Section A
Answer all questions. Answers must be written within the answer boxes provided.
1.  An experiment on aerobic respiration was performed using a plant in a pot containing
fertile soil. The apparatus was set up as shown in the diagram. Sodium hydroxide and

limewater (calcium hydroxide) are both alkaline solutions. Limewater goes cloudy when
carbon dioxide is bubbled into it.

Air drawn out

Air in by pump
— —
— ) ) )
O O @)
OO OO OO
O (@) O
% ?\
Flask A Flask B Green plant Flask C
sodium hydroxide lime water in soil lime water
solution .
Glass with Plastic bag
dark cover
(a) State the purpose of lime water in flask B. [1
(b) Suggest a reason that the pot was covered with a plastic bag. [1
(c) Suggest a suitable control for this experiment. [1

02

(This question continues on the following page)
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(Question 1 continued)

(d) The same apparatus was used in another experiment, but the potted plant was exposed
to light. Predict with a reason the results for lime water in flask C after one hour. [

§ ]
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2.  The electron micrograph shows the surface membrane of an animal cell.

Region X
|

0pm
(a) State the technique used to obtain this electron micrograph. 1
S ———
P —————
R

(This question continues on the following page)
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(Question 2 continued)

(e) Explain the reason that animal cells and tissues under investigation must be
maintained in solutions with the same osmolarity. [3]

Turn over
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DNA samples of a child, his mother and three males were studied in order to determine
paternity. The diagram is a simplified version of the DNA profiles obtained in the study.

DNA Mother Child Male 1 Male2 Male 3
fragment
size
400— "= — —
— —
— — —
300— —_— =
| | |
| |
| |
200— — __ —
- |
| |
- - — —
| | |
| |
—— —
— —
100 —| — —
|
(a) State
(i)  where the DNA of each individual could be taken from. 1
(i)  how the DNA is amplified. [1
(b) Deduce with a reason the identity of the father. [2]

L
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Section B

Answer all of the questions from one of the options. Answers must be written within the answer boxes
provided.

Option A — Neurobiology and behaviour

4. Scientists studied the potential use of stem cell therapy to maximize recovery of brain function
after a stroke. A brain stroke was induced in small mammals. Two months after the stroke, the
brains of one group of mammals received a transplant of stem cells from their own bone marrow
and a control group did not receive a transplant. The graph shows the level of neurological
damage in the mammals, measured before and after the transplant.

Graph and questions (a) and (b)
removed for copyright reasons

(@)
(1]

(b) (1]

(Option A continues on the following page)
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(Option A, question 4 continued)
(c) Suggest an advantage of using animal experiments to identify the role of brain parts. [
(d) Describe how fMRI can be used to assess brain function. [2]

(Option A continues on the following page)
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(Option A continued)
5. The graph shows the distribution of photoreceptors in the retinas of humans and mice.

Distances from the centre of the retina (0°) are expressed as visual angles. The image
shows the position of the optic nerve.

optic nerve

60000 -

50000 : Key:
—e—mouse
Photoreceptor
density 30000+
/ cell -2
eeie M 20000 1 .

10000 .//./////'/////.h-‘—h'-~j?'hh“_'\\\\\'\\\\\.

T T T T T T T T T T T
NDO O o o o ) o o bA
O NN © <t < © e e]
Visual angle
(@) Outline one reason that no data is shown at the position of the optic nerve. [1

(b)  Suggest whether the data in the graph shows that mice have better colour vision
than humans. [2]

L

(Option A continues on the following page)
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(Option A, question 5 continued)

(c) Ouitline the role of bipolar cells in the retina. [2]

(d) Distinguish between chemoreceptors and mechanoreceptors, including an example
of each. [2]

(Option A continues on the following page)
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(Option A continued)

6. The fMRI scan shows a human brain.

(@) On the diagram, label the cerebellum. [1

(b)  Explain control of breathing rate by the structure labelled X. [3]

(Option A continues on the following page)
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(Option A continued)

7. Explain how neurons develop in embryonic tissue to allow communication. [4]

End of Option A
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Option B — Biotechnology and bioinformatics

8. The graph shows the changes in the composition of biogas inside a fermenter.

100
80
’Q-QQ}
Bi "
iogas c;o(;:posﬂlon 60 o ,,OOQ-—CQQ
40—
20
0
0 10 20 30 40 50 60 70 80
Time / days
Key: -&-H, —#—CO, --O- CH,
(a) Explain the changes in biogas composition from day 40. [3]
(b) State one source of organic matter that can be used to produce biogas. [1

(c) Solid and liquid waste are generated during biogas production. State how this waste
can be used. [1

(Option B continues on the following page)
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(Option B continued)

9.  When apples are damaged or cut, exposure to oxygen causes the enzyme polyphenol
oxidase (PPO) to oxidize polyphenols in the apple, a reaction that leads to the flesh
becoming brown. Scientists have developed transgenic apples in which browning does
not occur.

Normal apple Transgenic apple

(a) Suggest a reason for browning not occurring in the transgenic apple. [1

(b) A marker gene in transgenic apples produces a protein called NPTII. Outline the role
of marker genes. (1]

(c) Describe how electroporation can be used to produce transgenic plants. [2]

(Option B continues on the following page)
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(Option B, question 9 continued)

(d) Herbicide-resistant GM crops have been blamed for causing several environmental
problems in the last few decades. Some weeds now have tolerance to herbicides.
Suggest how this might have occurred. [

10. The effectiveness of three different treatments for killing the pathogenic bacterium
Staphylococcus aureus found on solid surfaces was assessed. Each treatment contained
a probiotic cleaning hygiene system (PCHS), specific bacteriophages alone (SBP), or a
combination of both (SBP+PCHS). A control was set up using water.

The bar chart shows the percentage of S. aureus remaining on solid surfaces at two different
times after applying the treatments and the control.

100
Key:
% l Il control
Bacteria remaining 60 PCHS
on solid surfaces [1sBP
/% 407 [} SBP + PCHS
201 W

1 3
Time after treatment / days

(@) Deduce with a reason the most efficient treatment to eliminate S. aureus from
solid surfaces. [1

(Option B continues on the following page)
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(Option B, question 10 continued)
(b) S. aureus often forms biofilms in water systems together with Pseudomonas aeruginosa.

Outline the benefits of using bacteriophages rather than chemicals to eliminate biofilms
from water systems. [2]

(c) Describe how Pseudomonas can be used to reduce pollution caused by methyl mercury. [3]

11.  Microorganisms are used in industry for making a range of products. Explain the reasons
that conditions must be carefully controlled inside fermenters for optimal production. [4]

L

End of Option B
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Option C — Ecology and conservation

12. The feed conversion ratio (FCR) of grouper fish, Epinephelus coioides, was compared at

two different fish densities in two types of tanks over a period of 10 weeks. The recirculation
tank reused the same water, which was constantly purified. The flow-water tank had a
continuous flow of clean water.

2.0
1.8 1
1.6
1.4 Key:
1.2 M recirculation tank
FCR 1.0+
0.8
0.6
0.4
0.2
0.0

] flow-water tank

Low High
Fish density

(a) State the effect of increasing fish density on feed conversion ratios. [
(b) Evaluate the rearing of grouper fish as food for humans at high density using
recirculation tanks rather than water-flow tanks. [3]

L

(Option C continues on the following page)
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(Option C continued)

13. Scientists examined the distribution of lichen species in Seoul, South Korea. The line graph
shows the number of lichen species found on the bark of trees in green areas at different
distances from the city centre.

Biodiversity of lichens
/ number of species

T T
0 5 10 15 20
Distance from centre of Seoul / km

(@) Describe the trend in the distribution of lichen species. [1

(b)  Explain how lichens can be used as indicator species. [3]

(Option C continues on the following page)

§ ]
28E

19

P




=

-20 - 2223-6012

(Option C, question 13 continued)

(c) Describe a method that can be used to measure the diversity of herbaceous plants
in one of the green areas at different distances from the main road. [3]

14. The diagram shows a simplified marine food web in an area of the North Pacific Ocean.

Orca whale

RN

Harbour seal  Sej lion

Soa otter \
Mussels

Sea urchins Clams Fish
Kelp v\Algae Diatoms
(@) Identify the
(i)  trophic level of sea lions. [1
(i)  type of interspecific relationship between orca whales and sea otters. [1

(Option C continues on the following page)
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(Option C, question 14 continued)

(b)  Ex situ conservation measures are being introduced due to a rapid decline in sea otter

populations. Describe the advantages of ex situ conservation. [2]

(c) Apyramid of energy can be constructed to show energy flows in this food web.
Outline one limitation of these pyramids. [1
15. Explain the consequences of plastic pollution in marine environments. [4]

End of Option C
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Option D — Human physiology

16. Doctors investigated the effect of diets with different protein content on appetite for food in
overweight males. One group followed a diet with normal protein (NP group) and a second
group followed a diet with high protein (HP group). Participants were asked to record their
perceptions of appetite every hour during 15 waking hours.

Meal Meal Meal
60
50 1 Key: —e— NP diet
) 40 --e-- HP diet
Appetite 30 -
[ arbitrary units
20
_ \ & \ e b——g\
10 o-* | S “o--®
0 T T T T T T T T T T T T T T T
7:00 9:00 11:00 13:00 15:00 17:00 19:00 21:00
Time of day / hours
(a) Identify the effect on appetite of changing from an NP diet to an HP diet. 1
(b)  Outline the control of appetite by the brain. [2]

(Option D continues on the following page)
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(Option D, question 16 continued)

(c) Explain the reason that a protein-rich diet would not be recommended to obese adults
suffering from phenylketonuria (PKU). [3]

(Option D continues on the following page)

§ ]
28E

Turn over
il |

P23




=

—24 — 2223-6012

(Option D continued)

17. Newborn babies showing signs of jaundice can be treated with ultraviolet (UV) light.
The graph shows the percentage decrease in blood serum bilirubin levels in these
babies after 24-hour exposure to different ultraviolet (UV) light intensities.

55+
50 ° °
45+ J

40+ $

35+
Percentage decrease 30- °
in blood serum bilirubin )
o, 25+ [
I %
20
15
10
5_
0 T T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45 50
UV light intensity / arbitrary units

(@) Deduce the relationship between blood serum bilirubin levels and UV light intensity. [1]

(b) State one long-term consequence of jaundice in newborn babies if this condition is
not treated. [1]

(c) Outline two ways in which blood nutrient levels are regulated by the liver. [2]

(Option D continues on the following page)
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(Option D, question 17 continued)

(d) Distinguish between liver sinusoids and capillaries. 1

(Option D continues on the following page)
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(Option D continued)

18. Intestinal villi are highly specialized for the absorption of digested nutrients. The micrographs
show some epithelial cells on the surface of the villi and a detail of two of these cells.

(@) Outline one reason for the large number of mitochondria observed in these cells. [1]

(b)  Using the images, identify another structure that adapts these cells to their function. [1]

(Option D continues on the following page)
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(Option D, question 18 continued)

(c) Explain how infection of these cells by the bacterium Vibrio cholerae can lead
to diarrhoea. (3]

19. Ventricular contraction is coordinated to pump as much blood as possible into the arteries.
Explain how this is achieved. [4]

End of Option D
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