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Answer all the questions.

1 The yellow fever mosquito, Aedes aegypti, is one of the vectors responsible for transmitting 
pathogenic viruses such as the Zika virus.

 Fig. 1 is a diagram of a cell from A. aegypti during prophase of mitosis.

Fig. 1
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 (a) (i) Using the information in Fig. 1 complete and label the diagram in the space below to 
show the cell during metaphase of mitosis.

[3] 

  (ii) Using Fig. 1 state the number of chromosomes that would be found in the following cells 
taken from A. aegypti.

   A stem cell  ..............................................................

   A sperm cell (gamete)  .............................................................. [1]
  
  (iii) Cells that develop mutations in DNA during the cell cycle can be destroyed to prevent 

the replication of damaged cells.

   Name the process by which damaged cells are destroyed.

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

 (b) After fertilisation, female mosquitoes lay their eggs directly into the external environment. 

  Suggest one disadvantage to the embryo of developing inside eggs laid into the external 
environment.

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

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

apoptosis (programmed cell death)

There is more chance of the embryo being eaten by predators (predation).

centromere

chromatid

spindle fibre

centriole

equator

6
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 (c)* Stem cells removed from A. aegypti embryos have been used in scientific research to develop 
potential strategies for limiting the transmission of the Zika virus. 

  Discuss the potential uses for human embryonic stem cells taking into account any concerns 
that could arise by using these cells for research purposes.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Human embryonic stem cells are totipotent / pluripotent: they can express

all their genes and can differentiate to make all (any) cell types.

So they could be used in research and therapy to replace damaged or

diseased cells, e.g. to treat spinal cord injury, heart disease, stroke, burns,

arthritis, type 1 diabetes and retina damage, or to grow tissue for organ

transplants.

However, there are concerns. The embryo is destroyed when the cells are

taken (at less than 5 days old) and an embryo cannot give consent; there

are religious objections that the embryo is a potential life.

Spare embryos could instead be used in fertility treatment, the technique

could lead to reproductive cloning, and the potential risks and side effects

(e.g. tumours, rejection) are still unknown.
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2 A rapid heart rate reduces the volume of oxygen reaching the cardiac muscle of the heart. This 
can lead to chest pain known as angina.

 Digoxin is a drug that can be used to treat angina by reducing the resting heart rate.

 A study into the effect of digoxin on heart rate was carried out on a group of patients being treated 
for angina. 

 The resting heart rates of these patients were recorded before starting treatment and then again 
after eight weeks of treatment with digoxin.

 (a) (i) Explain why it is important to record the resting heart rates of patients before starting 
treatment with digoxin.

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

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

  (ii) State one variable that would need to be taken into account when conducting this study.

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

  Fig. 2 shows the results for one of the patients in this study.

0.0
before

treatment
after eight weeks

of treatment

20.0

40.0

60.0

80.0

100.0

mean resting
heart rate (bpm)

Fig. 2

It gives a baseline so a comparison can be made, showing the effect

of digoxin.

the age of the patients
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  (iii) Using Fig. 2, state the range in the resting heart rates for this patient before and after 
eight weeks of treatment with digoxin.

Before treatment  ...............................................................................................................

After eight weeks of treatment  ..........................................................................................
[1] 

  (iv) Calculate the percentage change in the mean resting heart rates of this patient. 

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

 (b) Digoxin may reduce resting heart rate by acting on the atrioventricular node (AVN). 

  (i) What is the role of the AVN in coordinating the heart action?

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

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

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

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

  (ii) Suggest how the action of digoxin on the AVN could lead to a decrease in resting heart 
rate and how this could affect cardiac function.

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

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

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

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

The AVN delays the impulse, which allows time for the atria to empty

and the ventricles to fill.

It then transmits the impulse on to the ventricles via the bundle of

His and Purkinje tissue.

Digoxin could make the AVN delay the impulse for longer than normal,

so there is more time for the ventricles to fill with blood.

This increases the stroke volume (more blood ejected per beat), so

cardiac output is maintained.

85 to 103 bpm (range 18)

62 to 81 bpm (range 19)

mean before = 92 bpm, mean after = 72 bpm

(72 − 92) ÷ 92 × 100 = −21.7%

21.7% decrease
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3 Quinine is a drug that occurs naturally in the bark of cinchona trees. It is used to treat malaria 
caused by the parasite, Plasmodium falciparum, which infects human erythrocytes. 

• The medicinal properties of cinchona bark were first realised by the Quechua people of 
South America.

• The use of cinchona bark in treating fever was documented in Europe during the 
17th century.

• In the 1800s, researchers isolated quinine from cinchona bark and identified it as the 
medicinally active compound.

 (a) (i) Suggest why researchers concentrated on studying cinchona bark when looking for a 
treatment for malaria.

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

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

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

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

  (ii)  Quinine interferes with the ability of P. falciparum to completely digest haemoglobin 
resulting in the death of the parasite.

    Suggest how incomplete digestion of haemoglobin results in the death of P. falciparum.

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

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

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

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

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

 (b) Quinine has been used to treat muscle cramps associated with a neurological condition 
known as restless leg syndrome. A clinical trial to assess the effectiveness of quinine in 
treating restless leg syndrome was carried out on a large number of volunteers divided into 
two groups. One group was given oral quinine and the other group was given a placebo.

  (i)  Explain what is meant by a placebo in this context.

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

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

  (ii) Describe how the volunteers could have been allocated to each group for this trial.

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

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

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

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

Cinchona bark was already known to have medicinal properties (already

used to treat fever) and some side effects were known.

So it reduced the time taken to find a drug to treat malaria.

Haemoglobin is not fully hydrolysed to amino acids, so the parasite

lacks the amino acids needed to make its proteins and starves.

The products of incomplete breakdown of haemoglobin are toxic to the

parasite.

A tablet that looks and tastes the same but does not contain the

active ingredient (quinine).

Random selection, e.g. by computer, in a double-blind trial; groups

matched for gender, age and similar severity (stage) of the syndrome.
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 (c) The dose required to treat a patient with malaria using oral quinine is 10 mg kg−1 every eight 
hours. 

  Calculate the mass of quinine required in the first four days of treatment for a patient who 
weighs 75 kg.

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

Turn over for the next question

one dose = 10 × 75 = 750 mg

3 doses a day × 4 days = 12 doses

750 × 12 = 9000 mg = 9 g

9
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4 Following the injection of a vaccine the antibody concentration in the blood changes.

 Fig. 4 shows the concentration of antibody in the blood of an individual following a BCG vaccination 
for tuberculosis (TB).

0
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concentration
of antibody

in blood (a.u.)

time after injection with BCG vaccine (days)

Fig. 4
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 (a) Describe and explain the pattern in the data shown in Fig. 4.

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

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

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

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

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

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

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

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

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

 (b) The BCG vaccination can be given to babies and young children considered to be at high risk 
of contracting TB.

• In 2004, approximately 95 000 babies born in the UK were considered at high risk of 
contracting TB.

• Only 84 300 of these babies under one year old received the BCG vaccine.

• The BCG vaccine is estimated to be around 74% effective against TB when 
administered before a baby is one year old.

  Using this information, calculate the percentage of babies who would still have been at high 
risk of contracting TB. 

   Give your answer to two significant figures. 

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

Antibody concentration rises slightly from day 5, then rapidly between days

10 and 25, peaking at day 25 to 30 (8.5 a.u.).

It then decreases from day 30 but remains higher than before the vaccine

(1.4 a.u. at day 70).

Time is needed for the antigen in the vaccine to trigger an immune

response; the rise is due to B lymphocytes differentiating into plasma cells.

At the peak, production and breakdown are balanced; then fewer antibodies

are made and more broken down.

not vaccinated = 95 000 − 84 300 = 10 700

vaccinated but not protected = 84 300 × 0.26 = 21 918

(10 700 + 21 918) ÷ 95 000 × 100 = 34.3%

34%
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 (c) Complete the table below by indicating which of the statements about different types of 
immunity are true (T) or false (F).

Statement True (T) or False (F)

An injection of antibodies against the rabies virus will 
provide artificial active immunity.

A person recovering from an infection of measles will 
have natural active immunity to the measles virus.

A breast-fed baby receiving maternal antibodies will have 
natural passive immunity.

[2]

 (d)* When certain types of pathogen enter the body they trigger a specific immune response.

  Compare the roles of B and T lymphocytes in the specific immune response.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Both B and T lymphocytes have specific, complementary receptors on their

surface that bind to one antigen; both undergo clonal selection, then clonal

expansion (proliferation by mitosis) and differentiation, and both form

memory cells for a faster secondary response.

B lymphocytes mature in the bone marrow; T lymphocytes mature in the

thymus.

B lymphocytes give humoral immunity: they differentiate into plasma cells

that produce specific antibodies.

T lymphocytes give cell-mediated immunity: T helper cells release cytokines

that stimulate B lymphocytes to divide; T killer (cytotoxic) cells destroy

infected cells; T regulatory (suppressor) cells end the response.

F

T

T
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5 Glucose is produced by plants during photosynthesis. It can be combined with fructose to form the 
disaccharide sucrose, which can then be transported to other tissues inside the plant.

 Fig. 5 is a diagram of glucose and fructose.

CH2OH
O
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Glucose
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O
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HO HO
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Fig. 5

 (a) Using the information in Fig. 5, draw a diagram of a sucrose molecule in the space below.

[2]
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 (b) A student used the following procedure to test different organs from a tomato plant for the 
presence of sucrose.

  1.  Remove a leaf from the tomato plant and after dipping it into boiling water grind it using a 
mortar and pestle.

  2. Add water to the ground up leaf and filter the mixture.
  3. Pour a small sample of the filtrate into a test tube and add dilute hydrochloric acid.
  4. Place the test tube into a water bath.
  5. Remove the test tube from the water bath and add sodium hydrogen carbonate.
  6. Add Benedict’s reagent and then place the test tube back into the water bath.
  7. Record the colour of the contents of the test tube.
  8. Repeat steps 1 to 7 with stem and root samples taken from the same tomato plant.

  Table 5 shows the observations recorded by the student.

Plant organ being 
tested Observations 

Leaf Blue-green

Stem Green-orange

Root Blue-green

Table 5
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  (i) The student made the following statement:

My observations support the theory of translocation.

    Using the information in Table 5 and your knowledge of translocation discuss the validity 
of this statement.

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

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

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

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

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

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

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

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

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

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

  (ii) State three modifications to the procedure that would allow the observations in Table 5 
to be reproducible. 

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

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

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

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

3  ........................................................................................................................................

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

Supports: the blue-green result in the leaf shows little sucrose, as it is

loaded into the phloem from the source as it is produced; the

green-orange stem result shows a greater concentration of sucrose

being translocated.

The blue-green root result shows sucrose is used by the roots (sinks),

converted to starch or used in respiration.

Does not support: the Benedict's test does not distinguish between

reducing and non-reducing sugars, so glucose could cause the positive

result; and the blue-green leaf and root results could be interpreted as

negative tests.

Use the same temperature for the (boiling) water bath

each time.

Use equal volumes of Benedict's reagent and test solutions,

and leave each tube in the water bath for the same time.

Add excess sodium hydrogen carbonate (until it stops

fizzing) and use a colorimeter for quantitative results.
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 (c) Tomato plants are broad-leaved crop plants. 

  Compare the structure of a tomato plant with that of a cereal crop plant, such as wheat with 
regards to their transport systems.

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

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

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

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

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

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

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

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

 (d) The presence of starch in seeds can be detected using iodine-KI reagent. 

  When tested with iodine-KI reagent, dry seeds showed a high concentration of starch but after 
the seeds had been soaked in water for seven days they tested negative for the presence of 
starch.

 
  Explain why the seeds tested negative for starch after being soaked in water.

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

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

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

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

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

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

Tomato plants are dicotyledons and cereal crops (wheat) are

monocotyledons.

Similarity: both have vascular bundles containing xylem and phloem.

Differences: tomato leaves have branching (net) veins but wheat leaves

have parallel veins; tomato stems have vascular bundles arranged in a ring

but wheat has them scattered; xylem in the tomato root is arranged in a

cross (star) shape.

During germination, water activates enzymes (amylase) in the seed.

Amylase hydrolyses (breaks down) the starch into sugars (maltose and

glucose), so no starch is left to give a blue-black colour.
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6 Pathologists are often required to produce blood smears for analysing blood samples and 
determining the health of patients. 

 A pathologist produced a blood smear and then observed it using a light microscope.

 Fig. 6 shows the image of the blood smear seen by the pathologist.

F

H

G

Fig. 6 

 (a) (i) Name cells G and H in Fig. 6.

G ........................................................................................................................................

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

  (ii) The magnification of the image in Fig. 6 is ×500. 

   Calculate the length represented by the scale bar labelled F.
  

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

neutrophil (granulocyte)

lymphocyte

scale bar F measures 15 mm = 15 000 μm

actual length = image ÷ magnification

= 15 000 ÷ 500 = 30 μm

30 μm (0.03 mm)
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 (b) Stages for preparing a stained blood smear in a school laboratory are outlined in the notes 
below.

A small drop of blood was placed on a microscope slide 

and allowed to dry. The slide was labelled and then 

flooded with Leishman’s stain. After two minutes the 

slide was rinsed with water and left for a further five 

minutes. The slide was then rinsed again and left to dry.

  (i) Give one stage that is missing from the notes and explain the effect this would have on 
the resulting blood smear.

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

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

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

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

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

  (ii) Leishman’s stain mentioned in the notes is a differential stain.

   Explain why a differential stain is used when producing a blood smear.

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

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

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

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

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

A spreader (second slide) was not used to spread the blood drop into

a thin film.

The film would be too thick, so the blood cells could not be seen

clearly (cells overlap).

It stains some structures darker than others, providing contrast, so the

shape of the nucleus can be seen and the type of white blood cell can

be identified.

stemup.co.uk

https://stemup.co.uk


19

© OCR 2018

 (c) Flow cytometry is another technique used by pathologists for analysing blood samples.

  Describe the usefulness of flow cytometry for analysing blood samples.

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

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

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

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

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

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

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

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

END OF QUESTION PAPER

Flow cytometry is useful for counting cells: it can count large numbers of

cells very quickly.

It allows analysis of the physical and chemical characteristics of cells, e.g.

their size and shape.

This allows diagnosis of blood diseases, e.g. blood cancers such as

leukaemia.
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