
Oxford Cambridge and RSA

Please write clearly in black ink. Do not write in the barcodes.

First name(s)

Last name

Centre number Candidate number

OCR is an exempt Charity
Turn over

Friday 14 June 2024 – Morning
A Level Biology B (Advancing Biology)
H422/02 Scientific literacy in biology     
 Time allowed: 2 hours 15 minutes

INSTRUCTIONS
• Use black ink. You can use an HB pencil, but only for graphs and diagrams.
• Write your answer to each question in the space provided. If you need extra space use 

the lined pages at the end of this booklet. The question numbers must be clearly shown.
• Answer all the questions. 
• Where appropriate, your answer should be supported with working. Marks might be 

given for using a correct method, even if your answer is wrong.

INFORMATION
• The total mark for this paper is 100.
• The marks for each question are shown in brackets [ ].
• Quality of extended response will be assessed in questions marked with an asterisk (*).
• This document has 28 pages.

ADVICE
• Read each question carefully before you start your answer.

You must have:
• a clean copy of the Advance Notice Article (inside 

this document)

You can use:
• a scientific or graphical calculator
• a ruler (cm/mm)

* H 4 2 2 0 2 *

*
1
3
4
7
4
9
5
3
0
8
*

© OCR 2024 [601/4720/9]
DC (LK/CT) 331627/4

stemup.co.uk

StemUp Model Solution

https://stemup.co.uk


2

© OCR 2024

1 This question is based on the Advance Notice Article ‘The Eye’.

(a) A person’s genotype determines their eye colour phenotype. 

(i) Define the term genotype.

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

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

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

(ii) Define the term phenotype.

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

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

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

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

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

(b) Fig. 1.1 shows the inheritance of eye colour in one family.

 Squares represent males and circles represent females.

 Filled shapes represent individuals with blue eyes and unfilled shapes represent individuals with 
brown eyes.

 Fig. 1.1

 

1 2

43

6 7 8 9 10

5

= male with blue eyes

= male with brown eyes

= female with blue eyes

= female with brown eyes

The alleles present in an individual (for a particular gene).

The expression of the genotype, seen as the visible / physical characteristics

(traits) of an organism,

resulting from the interaction of the genotype with the environment.
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(i) Explain one piece of evidence from Fig. 1.1 that indicates the allele for blue eyes is recessive.

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

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

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

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

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

(ii) Explain one piece of evidence from Fig. 1.1 that indicates the allele for blue eyes is located on 
an autosome and not the X chromosome.

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

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

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

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

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

(iii) The chi squared (χ2) test is used to determine whether the results of genetic crosses are 
statistically significant.

 Explain why the χ2 test is appropriate for use in genetic crosses.

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

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

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

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

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

(iv) Suggest why the χ2 test would not be appropriate for analysing the data in Fig. 1.1.

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

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

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

Individual 8 (and 10) has blue eyes, but both parents, 3 and 4, have brown

eyes.

So 3 and 4 must both be heterozygous (carriers): the blue allele is present

but masked by the dominant brown allele.

Female 10 has blue eyes but her father, 4, has brown eyes. If the allele were

on the X chromosome, 4 would be XBY and 10 would have inherited the

dominant brown allele from him.

So 10 received a recessive allele from both 3 and 4.

The data are categorical (numbers in phenotype categories, not mean values).

Genetic crosses have theoretical ratios, so expected values can be calculated,

and the χ2 test compares the observed numbers with the expected numbers.

The sample size is too small, and the genotypes are unknown, so expected

values cannot be predicted.
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(c) A couple with blue eyes had a child with brown eyes.

 A friend suggested that a mutation must have caused the child to have brown eyes. 

(i) Use the information in the Advance Notice Article to explain why this conclusion is not supported.

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

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

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

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

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

(ii) Suggest an explanation for the child’s brown eyes that is supported by the information in the 
Advance Notice Article.

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

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

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

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

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

Eye colour is controlled by multiple genes, not one, so brown eyes do not need

a mutation. The child may not have the HERC2 intron 86 allele that reduces

OCA2 expression, so can produce higher levels of P protein and so more

melanin.

OCA2 is expressed, so it produces functional P protein for the maturation of

pigment granules; the alleles that reduce melanin are not present in the child.

So the child can convert more tyrosine to melanin, giving high levels of

melanin in the iris.
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(d) The Advance Notice Article refers to a study that investigated T lymphocyte responses in the 
cornea of mice after herpes simplex virus (HSV) infection. The researchers performed two 
experiments on groups of mice four weeks after the initial HSV infection.

 In the first experiment, the researchers injected a group of mice with an antibody that caused the 
removal of circulating T lymphocytes from the blood.

 They then measured the number of T helper memory cells in the spleen and cornea of a control 
group and in the mice injected with antibody. The results are shown in Fig. 1.2.

 Fig. 1.2
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 In the second experiment, the researchers treated another group of mice with a drug that is 
known to reduce the number of T killer memory cells in the spleen and blood.

 They then measured the number of T killer memory cells in the spleen, blood and cornea of a 
control group and the drug-treated mice. The results are shown in Fig. 1.3.

 Fig. 1.3
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(i) State what treatment the mice in the control group would have received in both experiments.

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

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

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

(ii) Calculate how many times more T killer memory cells were present in the spleen of control mice 
compared with the cornea of control mice.

 Give your answer in standard form.

  ....................................... times more [2]

Injection of saline only, or a non-specific antibody that does not target T

lymphocytes.

spleen = 5.0 × 107, cornea = 160

5.0 × 107 ÷ 160 = 312 500 = 3.1 × 105

3.1 × 105
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(iii) The researchers concluded that the corneas of mice four weeks after infection with HSV 
contained tissue-resident T helper memory cells and tissue-resident T killer memory cells.

 Explain how the data in Fig. 1.2 and Fig. 1.3 support this conclusion.

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

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

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

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

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

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

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

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

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

In Fig. 1.2 the antibody removed circulating T lymphocytes (none left in the

spleen), but T helper memory cells in the cornea increased from about 28 to

about 48.

In Fig. 1.3 the drug reduced T killer memory cells in the spleen (5×107 to

2×107) and blood, but in the cornea they increased from about 160 to about

230.

So the T memory cells in the cornea were not affected by the antibody or

drug, so they cannot have come from the circulation.
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2 Regulation of the menstrual cycle involves interaction between several hormones.

(a) Complete the sentences using the most appropriate words or phrases.

 FSH is secreted by the ................................................. and transported in 
 
the blood to the ovary, where it stimulates follicle development. The mature follicle 
 
releases oestrogen that stimulates a surge in secretion of ................................................. , 
 
which causes ................................................. and development of the follicle into the 
 
................................................. .

 [4]

(b) During each cycle, FSH stimulates the development of multiple follicles.

 One of these, known as the dominant follicle, grows faster than the others and produces more 
oestrogen.

 Suggest how oestrogen produced by the dominant follicle leads to a reduction in the 
development of the other follicles.

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

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

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

(c) Oestrogen also thickens the lining of the uterus in preparation for implantation of the blastocyst 
after fertilisation by a sperm cell.

 Describe two functions of the acrosome in fertilisation.

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

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

2  .......................................................................................................................................................

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

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

Oestrogen inhibits the release of FSH from the anterior pituitary (negative

feedback), so less FSH is available to stimulate the other follicles.

The acrosome binds to the zona pellucida (glycoprotein coat) of the

secondary oocyte.

It releases hydrolytic enzymes that digest the zona pellucida, so the sperm

can reach the oocyte membrane.

anterior pituitary

LH

ovulation

corpus luteum
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(d) The diagrams show three stages of meiosis in a model cell with two pairs of chromosomes.

 Identify the stage of meiosis shown in each diagram. For each diagram, explain the evidence that 
indicates which stage is shown.

 

Stage  ................................................................................................................................................

Explanation  ......................................................................................................................................

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

Stage  ................................................................................................................................................

Explanation  ......................................................................................................................................

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

Stage  ................................................................................................................................................

Explanation  ......................................................................................................................................

 ..........................................................................................................................................................
 [6]

Anaphase 1

Homologous chromosomes separate and are pulled to opposite poles;

each still has two chromatids.

Prophase 1

Homologous chromosomes pair up to form bivalents, and chiasmata

form where crossing over occurs.

Anaphase 2

Sister chromatids separate and are pulled to opposite poles as the

centromeres divide.
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(e)* Explain the importance of meiosis and fertilisation in increasing genetic variation.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ..................................................................................................................................................... [6]

 Extra answer space if required.  

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

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

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

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

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

Meiosis is a reduction division: a diploid cell divides twice to produce four

genetically different haploid gametes.

In prophase 1, homologous chromosomes pair up to form bivalents and

chiasmata form. Crossing over exchanges sections of DNA (alleles) between

non-sister chromatids, producing new combinations of alleles.

In metaphase 1, bivalents line up on the equator with independent (random)

assortment, so in anaphase 1 homologous chromosomes segregate independently.

In humans this gives 223 different combinations of chromosomes in the

gametes. In metaphase 2 and anaphase 2 the chromatids, no longer identical

after crossing over, also assort and segregate independently, producing more new

allele combinations.

Fertilisation is the fusion of two haploid gametes, restoring the diploid number.

It is random: ovulation (release of a secondary oocyte) is random, and any one

of about 300 million sperm in an ejaculation could fertilise it, but only one

does. So any male gamete can combine with any female gamete, producing a

genetically different zygote with a new combination of alleles from two

parents.

Together, meiosis makes genetically different gametes and random fertilisation

combines them, greatly increasing genetic variation.
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3
(a) Water has some unique properties that make it particularly important as a biological molecule.

 The table lists some properties of water.

 Complete the table to describe how each of the properties is important in biological systems.

Property of water Description of how the property is important in 
biological systems

Is a polar solvent

Has a high specific heat 
capacity

Has a high latent heat of 
vaporisation

Has adhesive and 
cohesive properties

 [4]

Transport of dissolved ions and polar solutes
(e.g. in blood); medium for chemical reactions.
Maintains a thermally stable internal
environment and stable aquatic habitats.
Cooling effect of sweating / panting, as
evaporation removes a lot of heat.
Maintains a continuous column of water in
the xylem; acts as a lubricant.
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(b) The table shows the total concentration of solutes and electrolytes in different biological fluids.

Fluid Concentration (mmol dm–3)

Blood plasma 175

Tissue fluid 165

Cytosol 205

(i) Explain why the different fluids have different total concentrations of solutes and electrolytes.

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

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

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

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

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

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

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

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

(ii) Based on the values in the table, state and explain the direction you would expect water to move 
between the tissue fluid and cytosol.

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

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

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

Blood plasma has a higher concentration than tissue fluid because large plasma

proteins are retained in the blood: they are too large to pass through the

capillary walls (fenestrations).

The cytosol has the highest concentration because cells take up ions and

solutes by active transport using carrier proteins, and metabolic reactions in the

cytosol produce solutes.

Water moves out of the tissue fluid into the cytosol by osmosis, down a water

potential gradient (higher to lower water potential).
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(c) Wilhelm Pfeffer was a German scientist who studied osmosis. In 1877, Pfeffer published the 
design of an apparatus that included a partially permeable membrane. He used this apparatus to 
demonstrate osmosis and measure osmotic pressure.

 The diagram below shows a version of Pfeffer’s apparatus.

 

height

Partially permeable membrane

Solution

Pure water

 Pfeffer measured the increase in height of the solution to calculate the hydrostatic pressure and 
osmotic pressure of the solution.

(i) Explain one variable that should be controlled in an experiment to measure the osmotic pressure 
of different solutions.

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

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

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

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

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

(ii) Describe one improvement to the method to increase the accuracy of the individual 
measurements.

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

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

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

Temperature: keep it constant because it would change the height / volume

(density) of the solution,

so that the pressure measurements can be compared fairly.

Use a pressure gauge (manometer) or data logger to measure the pressure

directly.
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(iii) A student plans to use Pfeffer’s method to study the formation of tissue fluid.

 A textbook gave the osmotic pressure of blood as 780 kPa at 25 °C.

 The relationship between the concentration of a solution and its osmotic pressure is given by the 
equation:

 osmotic pressure = c × i × RT

 where:
 the osmotic pressure is in kPa
 c is the concentration in mol dm–3

 i is the van’t Hoff factor (for sucrose, i = 1)
 R is the gas constant = 8.314 m3 Pa K–1 mol–1

 T is the absolute temperature in Kelvin (K), 25 °C = 298 K.

 The student plans to use a sucrose solution with the same osmotic pressure as blood.

 Use this information to calculate the concentration of sucrose, in mol dm–3, that the student 
should use.

 Concentration =  .........................................  mol dm–3 [2]

(iv) The student also plans to use a sodium chloride solution with the same osmotic pressure as 
blood.

 The van’t Hoff factor takes account of the number of particles formed when a substance 
dissolves. 1 mol of sodium chloride forms 2 mol of particles (Na+ and Cl–) when it dissolves. This 
means that the van’t Hoff factor for sodium chloride is 2.

 Estimate the concentration of sodium chloride that would be required to make a solution of the 
same osmotic pressure as blood.

 Concentration =  .........................................  mol dm–3 [1]

c = osmotic pressure ÷ (i × R × T)

c = 780 ÷ (1 × 8.314 × 298)

c = 780 ÷ 2477.6 = 0.3148

0.315

0.315 ÷ 2 = 0.1575
0.16
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4 Tumour formation is the result of uncontrolled mitosis.

 Uncontrolled mitosis can occur when processes that regulate mitosis and the cell cycle stop 
functioning.

 Cancer treatments often target these processes.

(a) The diagram shows a cell with two pairs of chromosomes.

 

 In the space below, draw an annotated diagram of this cell in the anaphase stage of mitosis.

 Indicate the features that show the cell is in anaphase.

 

 [4]

no nuclear envelope

centromeres divided; sister
chromatids pulled to opposite
poles, centromere first

4 V-shaped chromatids
at each pole

chromatids attached to
spindle fibres by centromeres

centriole at pole

chromatids moving apart
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(b) Discuss the advantages and disadvantages of the use of plants as sources of anti-cancer drugs.

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

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

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

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

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

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

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

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

Advantages: some plant drugs may have fewer side effects; plants can be used

in both developed and developing countries; plant compounds can be used to

synthesise or develop new (modified) drugs.

Disadvantages: supplies may be limited and harvesting may harm or kill the

plants; removing plants could cause habitat destruction, loss of biodiversity or

extinction; some may be toxic, have unknown side effects or low efficacy.
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(c) Paclitaxel and topotecan are two anti-cancer drugs. Both drugs were initially isolated from natural 
sources.

 Paclitaxel interferes with microtubule formation during cell division.

 Topotecan causes breaks in the DNA double strand during DNA replication.

 Researchers carried out a clinical trial to compare the efficacy of paclitaxel and topotecan.

 They selected patients with advanced epithelial ovarian cancer who had not responded to 
previous anti-cancer treatments.

 The patients were then treated with either paclitaxel or topotecan.

(i) Describe how patients would be assigned to the two treatment groups and explain why they were 
assigned in this way.

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

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

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

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

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

Patients would be randomly assigned to the two groups, e.g. using a random

number generator.

This avoids bias and ensures the groups are representative and comparable.
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(ii) The results of the clinical trial are shown in the table.

Paclitaxel 
group

Topotecan 
group

Statistical 
significance

Median time to progression of 
disease (weeks) 14 23 p = 0.002

Median survival (weeks) 43 61 p = 0.515

 The researchers concluded that topotecan has efficacy at least equivalent to that of paclitaxel.

 Explain why the researchers reached this conclusion.

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

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

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

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

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

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

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

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

(iii) Other researchers have proposed that paclitaxel and topotecan could be more effective if they 
are used at the same time in a combined treatment of advanced cancers.

 Suggest why the two drugs may be more effective when used together in a combined treatment.

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

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

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

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

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

The median time to progression of disease was longer with topotecan (23

weeks compared with 14 weeks). p = 0.002 is less than 0.05, so this

difference is significant and not due to chance.

Median survival was also longer with topotecan (61 compared with 43 weeks),

but p = 0.515 is greater than 0.05, so this difference is not significant and

could be due to chance.

The drugs destroy cancer cells by different methods: paclitaxel stops

microtubule (spindle) formation, while topotecan breaks DNA during replication.

So their effects could be additive (cumulative), killing more cancer cells.
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5
(a) Fig. 5.1 shows an electrocardiogram (ECG) of one beat of a healthy heart.

 Fig. 5.1

 

P T

R

Q
S

 Describe the cause of the two waves labelled P and T in Fig. 5.1.

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

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

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

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

(b) Fig. 5.2 shows an ECG of a faulty heartbeat in a resting patient.

 Fig. 5.2

 Time (s)
0 1 2 3 4 5

(i) Use Fig. 5.2 to calculate the resting heart rate of this patient.

 Heart rate =  .....................................  beats min–1 [2]

(ii) Identify the heart problem indicated by the ECG in Fig. 5.2.

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

T

Depolarisation of the atria (atrial systole).

Repolarisation of the ventricles (ventricular diastole).

Tachycardia

10 beats in 4.7 s (0.35 s to 5.05 s)

heart rate = (60 ÷ 4.7) × 10 = 127.7

128
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(c) Fig. 5.3 shows part of an ECG of a patient undergoing myocardial infarction (heart attack).

 Fig. 5.3

 

(i) Describe the feature of this ECG that shows the patient is having a myocardial infarction.

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

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

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

(ii) Explain the circumstances in which a defibrillator should be used.

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

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

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

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

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

The S-T segment is elevated (raised above the baseline).

During cardiac arrest, when the heart is in fibrillation, or if the patient has

not responded to CPR.

The shock depolarises the heart muscle so that a normal, regular heartbeat

(rhythm) can be restored.
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(d) ECG can be used to predict the risk of mortality from heart failure.

 Patients with heart failure were monitored by ECG for a few minutes after exercising on a 
treadmill.

 This group was compared with a group of trained athletes.

 The researchers analysed the results by plotting a graph of the natural log (ln) of heart rate 
against time.

 The results are shown in Fig. 5.4.

 Fig. 5.4
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Upper curve = athletes
Lower curve = heart failure patients

 Compare the results in Fig. 5.4 for the athletes and heart failure patients.

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

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

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

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

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

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

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

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

Athletes had a higher heart rate throughout (ln 5.30 compared with 4.90 at 0

s; 4.98 compared with 4.80 at 120 s), and the difference was greatest at the

start.

Between 0 and 30 s the athletes' heart rate decreased steeply (5.30 to 5.05),

but the patients' only slightly (4.90 to 4.87).

After 30 s both had a similar, steady decrease.
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6
(a)
(i) State the name of a test that can be used to diagnose red-green colour blindness.

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

(ii) Explain why rod cells in the retina are described as receptors and transducers.

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

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

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

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

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

Ishihara colour test

Receptors: rod cells absorb light (photons); they are stimulated by light.

Transducers: they convert light energy into electrical energy (a generator

potential).
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(b)* The eye has structures and mechanisms that:
• protect it against light 
• provide physical protection
• provide chemical protection.

 Describe the structures and mechanisms that protect the eye from potential harm.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ..................................................................................................................................................... [6]

 Extra answer space if required.

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

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

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

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

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

Physical protection: the eye sits in the orbit, a bony socket, which reduces

damage. The sclera is a tough outer layer of collagen fibres, and the

conjunctiva covers the surface of the cornea. Eyelashes reduce the entry of

particles, and the blink reflex closes the eyelids to protect from damage and

the entry of pathogens or particles. The lachrymal gland secretes tears, which

lubricate the eye and wash particles away.

Protection against light: in bright light the pupil reflex constricts the pupil. The

circular muscles of the iris contract and the radial muscles relax, so the iris

widens and less light reaches the retina. Melanin pigment in the iris and

choroid absorbs harmful UV light, and the pigmented choroid absorbs scattered

light, preventing internal reflection.

Chemical protection: tears contain lysozyme, an enzyme that digests bacterial

cell walls, preventing infection. Melanin also protects against free radicals by

reducing light-induced oxidative stress (damage).
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7
(a) State the two products of the light-dependent stage of photosynthesis that are used in the 

Calvin cycle.

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

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

(b) In photorespiration, RuBisCO catalyses the reaction of oxygen with RuBP to produce one 
molecule of 2-phosphoglycolate and one molecule of glycerate 3-phosphate.

 The glycerate 3-phosphate can enter the Calvin cycle. 

 2-phosphoglycolate is converted to RuBP.

 These pathways are summarised in Fig. 7.1.

 Fig. 7.1

 Photorespiration Calvin Cycle

ADP

ATP

CO2

CO2O2

RuBP RuBP

RuBisCO triose phosphate

2 × glycerate 3-phosphate
glycerate 3-phosphate

2-phosphoglycolate

ATP

reduced NADP (NADPH)
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(i) Fig. 7.2 shows the effect of oxygen concentration on the rate of absorption of carbon dioxide by 
the leaves of a crop plant.

 Fig. 7.2

 

Rate of CO2
absorption
(arbitrary units)

Concentration of O2 (%)
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0
0 20 40 60 80 100

 Use the information in Fig. 7.1 to explain the results shown in Fig. 7.2.

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

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

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

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

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

(ii) Use your knowledge of the Calvin cycle and the information in Fig. 7.1 and Fig. 7.2 to explain 
why higher concentrations of oxygen reduce the yield of this crop plant.

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

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

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

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

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

O2 competes with CO2 for the active site of RuBisCO (O2 is a competitive

inhibitor). As O2 concentration increases, more O2 and less CO2 binds to

RuBisCO, so less RuBP reacts with CO2.

At higher O2 less GP, so less TP, is produced in the Calvin cycle, so fewer

sugars (e.g. glucose, sucrose) are made for growth.

Also less RuBP is regenerated to combine with CO2.
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(c) Melvin Calvin and his co-workers studied the reactions of the Calvin cycle by injecting a 
suspension of photosynthesising algae with radioactive CO2 (14CO2).

 They took samples of the suspension after 2 s, 5 s and 30 s.

 They then used paper chromatography to identify the compounds that had taken up the 
radioactive carbon (14C).

(i) The table shows different compounds that had taken up 14C during the course of the experiment.

Compound(s)

Amino acids A

Glucose phosphates B

Glycerate 3-phosphate (GP) C

Triose phosphate (TP) D

 Use the letters in the table to indicate the order in which 14C would have appeared in the 
compounds.

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

(ii) Explain the order you have listed the compounds in part (i).

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

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

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

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

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

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

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

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

C D B A

CO2 first combines with RuBP to form 2 molecules of GP (C).

GP is then reduced to TP (D) using reduced NADP and ATP.

Two TP molecules combine to form glucose phosphates (B).

TP or glucose is then converted to amino acids (A), which needs further

reactions, so these are last.
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(iii) Explain how 14C would be incorporated into triglycerides in a plant.

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

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

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

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

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

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

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

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

END OF QUESTION PAPER

TP is converted to glycerol, and GP is converted to acetyl CoA.

Acetyl CoA is converted to fatty acids.

Glycerol and three fatty acids then combine in condensation reactions (ester

bonds) to make triglycerides containing 14C.
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