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INSTRUCTIONS TO STUDENTS:
e This paper consists of nine examination items. It has two sections: A and B.

e Section A has six compulsory items. Responses to this section should be written
in the spaces provided.

e Section B has three items. Answer two items from this section. Responses to this
section should be written in the spaces provided.

e Answer eightitemsin all.

e Any additional item(s) answered will not be scored.
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SECTION A
Answer all items in this section
Item 1

Merriam’s kangaroo rats (Dipodomys merriami) inhabit a range of ecosystems, from
moist, cool woodlands to hot deserts.

Task

Based on the hypothesis that there are adaptive differences in water conservation
between D. merriami populations, predict and explain why the rates of evaporative
water loss would differ for populations that live in the different environments.

Item 2

Suppose that after you exercise regularly for several months, your resting heart rate
decreases, but your cardiac output at rest is unchanged.

Task

Based on these observations, identify and explain the other changes in the function of
your heart at rest that likely occurred.
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The affinity for oxygen by the hemoglobin of a human fetus differs from that of the
mother. Embryologists mention that this is an important adaptation necessary for the
survival of the growing fetus. The information they use to explain this phenomenon is
shown on the graph below.
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Task
Analyse the dissociation curves of the two hemoglobins in the graph above, describe
how they differ, and propose a hypothesis to explain the benefit of this difference.
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Some athletes prepare for competition at sea level by sleeping in a tent in which PO, is
kept low. When climbing high peaks, some mountaineers breathe from bottles of pure
0,.

Task

In a short essay, relate these behaviors to the mechanism of O, transport in the human
body, explaining the physiological interactions due to our changing gaseous
environments.

Item 5

This child is receiving an oral vaccine against polio, a disease caused by a virus that
infects neurons. This vaccine stimulates both a cell-mediated and a humoral response
while providing immunity to the child.
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Task
Given that the body cannot replace most neurons, why must a polio vaccine stimulate
both responses?

(a) The Calvin cycle requires ATP and NADPH, products of the light reactions. If a
classmate asserted that the light reactions don’t depend on the Calvin cycle and,
with continual light, could just keep on producing ATP and NADPH.

Task
How would you respond, explaining the reasoning behind your answer to them?
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(b) For a very long time in photosynthesis, carbon dioxide was known to react with
water to produce carbohydrates and oxygen as a bi-product according to the
following classical equation.

H,0 + C0, — (CH,0)n + 0,

And that the oxygen produced was coming from carbon dioxide. Later, this fact was
found to be untrue by plant physiologists who carried out certain experiments using
radioactive oxygen, leading to a deeper scientific understanding of what we know

today about the biochemistry of photosynthesis. One would ask how this was
possibly done.

Task

Explain how this use of isotopic oxygen helped improve our current understanding

of photosynthesis, pointing out briefly how this would be done in a science
laboratory.
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SECTION B

(Choose and answer two jtems from this section, all items carry equal marks in this
section.)

Item 7

Quality Chemicals Ltd. (Qcil), a Ugandan pharmaceutical company, produced an
enzyme that breaks down its sewage, containing cellulose and lignin materials. The
enzyme mixture contains another substance, K, and it is effective for the treatment of
sewage when used at a suitable temperature and pH of sewage. However, during the
trials, it was observed that the presence of a certain substance M from a nearby
chemical plant contaminated the sewage, further impeding the efficiency of the
enzyme being manufactured. The results for the rate of enzyme activity of their
investigation were represented as shown on the graph below. The control shows the
activity of the enzyme without any substance.

Rate of enzyme
activity

Task Concentration of the enzyme

a) (i) Identify the enzyme regulator substances Kand M.
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b) Enzyme regulator substances of category M are further classified based on their effect on
enzymes. From the graph above, identify the class of P and explain why it belongs to that
class.

c) Describe whatthe factory should do to ensure that the enzyme performs its work at
similar conditions.

d) Giving reasons, describe the dangers of allowingthe temperature and pH of sewage to
fluctuate.
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A physiologist used radioactive isotopes to trace the movement of materials W, X, and Y
during the absorption into cells of an intestinal lining. The radioactive tracers showed
that all materials passed through the membrane, though at different rates. Material Y
moved much faster and was relatively larger than W in size. When he introduced a
respiratory poison, material X accumulated in the intestinal lumen. After his
experiment, he represented the paths taken by the materials as 1, 2, and 3 through the
cell membrane, as shown in the figure below.

Lumen of the intestine
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(ii) Why were all these materials able to move across into the cell regardless of their
differences?

©The Biology School 2025 Musemeza Ignatius (+256761203869) 9



c) Which differences exist between materials X and Y that cause their different rates of
movement across the cell membrane of intestinal cells?

Item 9
After a long period of practicing anorexia nervosa, Nyamaizi’s started severely losing

weight. She explained that she feels stomachache whenever she ingests food, then
eventually develops diarrhea. When she went to the health center, she was diagnosed
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with severe stomach ulcers. The doctor informed her that she was lucky that the ulcers
had not reached the intestines, although they had infected up to the inner layers of the
stomach. She was prescribed ulcer medication and advised to stop her nutritional
lifestyle, but instead feed on a balanced diet. She was later observed gaining weight
after a short period of following the advice and proper use of medication.

Task
a) ldentify the possible tissues that were affected by the ulcers in Nyamaizi’s stomach.

b) Explain how the damage to the above tissues resulted into her symptoms.

c) How did the tissues in the intestines enable her body to absorb and utilise the
balanced diet she fed on to restore her weight?
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d) Apart from the advice she was provided by the doctors, what other ways can she
prevent the development of ulcers again?
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