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Total marks — 95
Attempt ALL questions
Question 15 contains a choice

1. The diagram shows some of the stages involved in the formation of embryonic stem
cells for use in a laboratory.

sperm
egg

. ball of embryonic
\ - stem cells

dish containing hundreds
of embryonic stem cells

(@) (i) Name the type of cells that divide to form sperm and eggs. 1
(i)) Name the type of cell division occurring at A. 1
(iii) Explain why embryonic stem cells are described as being pluripotent. 1
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1. (continued)

(b) Explain how differentiation of tissue stem cells leads to the production of
specialised cells such as red blood cells.

(c) Research has developed a type of stem cell that can be cultured in a laboratory
directly from a patient’s own somatic cells.

Suggest a benefit to the patient of using these stem cells in therapeutic
treatments.

[Turn over
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2. The diagram represents three steps during one cycle of the Polymerase Chain
Reaction (PCR).
rm— single molecule of DNA
@ Step 1
a separated DNA strands
@ Step 2
e — primers attached to separated DNA strands
@ Step 3
— two identical molecules of DNA
(a) Give values to describe the change in the temperature that occurs in step 2. 1
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(i)

. (continued)

Name the enzyme used in step 3.

Suggest an advantage of using a heat tolerant form of this enzyme during
PCR.

(c) Calculate the number of DNA molecules produced from a single molecule of
DNA after 10 cycles of PCR.

Space for calculation

DNA molecules

[Turn over
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An investigation was carried out into the effect of UV radiation exposure time on
the survival of yeast cell colonies.

20 cm?® of a concentrated yeast cell suspension was diluted with 80 cm? of water.

6 dishes containing a nutrient gel had 2 cm? of the diluted yeast cell suspension
added to them. Each dish was then exposed to UV radiation for different periods of
time. UV radiation induces mutation in these yeast cells.

uvlamp |

UV radiation

HEEE
BEEE
BEEE
BEEE
BEEE

Yvvvy

I/ dish lid

[ |
_§ yeast suspension

side view of dish |

nutrient gel

The dishes were then transferred to an incubator for 48 hours before the number
of yeast cell colonies in each dish was counted.

(a) State two variables, other than those described above, that would need to be
controlled when setting up this investigation.

1.

(b) Suggest why the concentrated yeast cell suspension was diluted with water
before it was added to the dishes.
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3. (continued)
(c) The results of the investigation are shown in the table.
Length of UV Number of yeast
exposure time (min) cell colonies
1 70
3 66
5 58
7 46
9 30
(i) Draw a line graph to show the data in the table. 2
(Additional graph paper, if required, can be found on page 31.)
(ii) State the conclusion that can be drawn from these results. 1
(iii) Predict the number of yeast cell colonies that would be present if the
exposure time was 11 minutes. 1
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The diagram shows a strand of mRNA undergoing splicing.

primary mRNA transcript

l

[ Y[ Y| Y [ Y | mature mRNA transcript

(@) Name the regions labelled Y.

(b) The primary transcript contained 3150 bases. The total number of bases
removed by the splicing process was 600. The mature transcript includes one
start and one stop codon, which do not code for amino acids in the final
protein.

Calculate how many amino acids are present in the protein coded for by the
mature transcript.

Space for calculation

amino acids

(c) (i) Name the process that results in different proteins being expressed from
a single gene.

(i) Describe how this process leads to the formation of different proteins.
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4. (continued)

(d) A splice-site mutation resulted in the following mature mRNA transcript.

[y Zd v v Y]

(i) Describe the effect that this mutation has had on the mature mRNA
transcript. 1

(i) Suggest how this mutation may affect the structure of the protein
formed. 1

[Turn over
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Some painkillers are recommended to be taken after a meal. However, painkillers
can inhibit the action of digestive enzymes.

An investigation was carried out into the effect of different painkillers on the
inhibition of the digestive enzyme, pepsin.

Cooked egg white is composed of protein, which can be broken down by pepsin.

Test tubes containing different painkiller solutions were set up as shown. A control
test tube was also set up.

9 g

—|— solution of painkiller (15 cm®) and pepsin (5 cm3)

— cylinder of cooked egg white (2 g)

—/

The test tubes were left for 24 hours at 37 °C and then the mass of egg white
broken down was calculated.

The table shows the results of the investigation.

Pt | e of e v
Paracetamol 1.4
Aspirin 1.1
Ibuprofen 1.3

(@) Two tablets of each painkiller were used to make up the solutions.

Suggest why this may not have allowed a valid comparison of the effects of the
different painkillers. 1
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5.

(continued)
(b) Describe the contents of the solution in the control tube.
(c) Describe how the results were calculated in this investigation.
(d) State which painkiller had the greatest inhibitory effect on pepsin activity.
(e) Describe how the reliability of the results from this investigation could be
improved.
[Turn over
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. The diagram represents a mitochondrion from a cell.
outer membrane
DNA /
inner membrane
X
ribosomes

(a) (i) Name the region of the mitochondrion labelled X. 1

(i)) Name the stage of respiration that occurs at the inner membrane. 1

(iii) Explain why this mitochondrion can synthesise proteins. 1
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6. (continued)
(b) Mitochondrial disease is a condition caused by mutations in the genes needed
for mitochondria to function effectively.
(i) Suggest why muscle is one of the main tissues affected by mitochondrial
disease. 1
(i) Name the type of muscle fibre most likely to be affected by
mitochondrial disease. 1
(iii)) Explain why some individuals with mitochondrial disease are unable to
carry out endurance activities such as long distance running. 1
(c) In another form of mitochondrial disease, affected individuals produce a
non-functional form of an enzyme, which results in large quantities of lactate
in their cells.
Suggest the function of this enzyme in unaffected individuals. 1
[Turn over
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. A number of hormonal changes occur in a woman’s body during the menstrual

cycle.

(a) (i) State one function of each of the following hormones in the menstrual
cycle.

FSH

Oestrogen

(il) Name the structure within an ovary that produces progesterone.

(b) A woman took a daily oral contraceptive pill.

(i) Explain how taking this pill would affect the FSH concentrations in her
blood during her menstrual cycle.
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. (b) (continued)

(ii) One type of oral contraceptive is made up of 21 active pills and
7 inactive pills.

LO) D DD DD 9)1 - active pills
12292 9 9 9 =

}inactive pills

-/

The inactive pills are normally identical to the active pills but contain no
active ingredients.

Explain why menstruation usually occurs during the days that the woman
takes the inactive pills.

(c) The ‘morning after pill’ is an emergency hormonal contraceptive pill.

Explain how this type of pill prevents pregnancy.

[Turn over
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. Body temperature and heart rate change during the menstrual cycle.
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Graph 1 shows the body temperature and heart rate of a woman during a 28 day
menstrual cycle. Readings were taken at the same time every day.

Graph 1
Key
»x—x body temperature (°C)
x--=-x resting heart rate (bpm)
38.2 68
38.0 4 66
O 378 64 &
[ 0
(] Il 1 =y
5 g
e X Z
Gé_ 37.6 T T 1iific = 62 5
g o <
S 37.4 % ¥ 60 4
0 z N I 8
X 2 ; 2 ¥ e
|
372t e aases % 58
| |
37.0 i
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
day of menstrual cycle
(a) State the body temperature when the resting heart rate was 57 bpm. 1

(b) Calculate the decrease in resting heart rate that occurs between days 14 and
28 of the cycle. 1

Space for calculation

lbpm

RO ]
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8.

(continued)

(0 (i) Calculate the increase in body temperature that occurs between days 12
and 18 of the cycle.

Space for calculation

(i1) State the event that occurs prior to this increase in body temperature.

(d) Graph 2 shows an electrocardiogram (ECG) trace of this woman’s heartbeat.

Graph 2

electrical activity (mV)

EREAYA)

0 0.5 1.0 1.5 2.0 2.5
time (seconds)

(i) Describe what happens to the heart as a result of the electrical activity
between Q and S.

(i) Use the information in Graph 1 and Graph 2 to determine on how many
days this electrocardiogram (ECG) could have been taken.

Space for calculation

days
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8. (continued)
(e) Women are only fertile for a few days during the menstrual cycle.
Apart from body temperature and heart rate, state one other indicator of a
woman’s fertile period. 1
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9. The diagram shows part of the hormonal regulation of blood glucose levels.
blood hormone X glycogen is blood
glucose is released converted glucose
levels by the to glucose levels
decrease pancreas in organ Y increase
(@) Name hormone X and organ Y. 2
Hormone X
OrganY

(b) Describe how the glucose tolerance test is carried out and how the results can
indicate if an individual has diabetes. 3

[Turn over
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10. The diagram shows a neuron.
X myelin sheath
£ Ve N\
. NG \ 7 N 4
Y
(@) Name the parts labelled X and Y. 2
X
Y
(b) Neurons connect with other neurons at a synaptic cleft.
(i) State one way that neurotransmitters are removed from a synaptic cleft. 1
(i) Explain why neurotransmitters must be removed from a synaptic cleft. 1
(c) (i) State the function of the myelin sheath. 1
(ii) Name the type of cells that produce myelin. 1
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10. (continued)
(d) Multiple Sclerosis (MS) is a degenerative disease that leads to the destruction
of the myelin sheath.
The table shows the number of cases of MS in males and females in the UK in
2016.
Age Number of cases (per 100 000)
(years) Males Females
0-14 0 10
15-24 15 20
25-34 70 210
35-44 200 480
45-54 210 590
55-64 270 405
65-74 150 350
75+ 80 110
Describe two differences in the trends for the number of cases of MS in males and
females. 2
1.
2.
[Turn over
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11.

The retina in the eye contains specialised receptor cells called rods, that can detect
light. These are connected to sensory neurons, which carry impulses out of the eye.
The diagram represents part of a neural pathway in the retina.

rod cells

»cj,@)vc:%“@‘**lf sensory neuron

(@) Describe the function of sensory neurons.

(b) (i) Use the diagram to explain why this pathway can be described as a
converging neural pathway.

(i) Suggest how this converging arrangement of rod cells increases
sensitivity to allow vision in dim light.

(c) A genetic disorder, which does not show sex-linked inheritance, can lead to
the gradual loss of rod cells in the retina.

State the location of the allele that causes this genetic disorder.
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12. The photograph shows an individual skiing in the mountains.
(a) State how prolonged activities like skiing can affect an individual’s endorphin
production. 1
(b) The individual falls and breaks a bone in their leg.
Explain the benefit of endorphin release immediately after the injury. 1
(c) The injured individual is given an injection of the drug morphine, which acts as
an agonist of endorphins.
(i) Describe how morphine acts at a synapse to relieve pain. 1
(i) Heroin is a recreational drug that is converted to morphine in the body.
Describe how the repeated use of heroin can result in an individual
developing a tolerance to it. 1
[Turn over
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13. The graph shows the number of cases of cervical cancer in females of different
ages in the UK in one year. It also shows the death rate from cervical cancer at each
age.

Key

. number of cases (per 100 000)

[ ] death rate (per 100000)
40 [T 20

35

30 15

25

20

15

death rate (per 100000)

10

number of cases (per 100 000)

-0
0-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-99

age (years)

(@) Use data from the graph to describe changes that occur in the number of cases
of cervical cancer from the ages of 20-29 to 90-99. 2

(b) (i) Calculate the decrease in death rate from 80-89 to 90-99 years. 1

Space for calculation

per 100000

L AR R ]
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(b)

©

(d)

(e)

(continued)

(i) Suggest a reason for the decrease in the death rate from cervical cancer
between ages 80-89 and 90-99.

Express, as a simple whole number ratio, the number of cases compared to
death rate at ages 30-39.

Space for calculation

number of cases death rate

Some females with cervical cancer develop secondary tumours in their body.

Explain how these secondary tumours occur.

The human papilloma virus (HPV) is commonly associated with cases of
cervical cancer.

The UK has a vaccination programme against HPV.

Use information from the graph to suggest why females are given the vaccine
when they are teenagers.

[Turn over
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14.

Many people are vaccinated against the influenza virus each year.

(@) The diagram represents the influenza virus and a treated form of the same
virus, which is contained in a vaccine.

nucleic
acid

damaged
nucleic
acid
surface
proteins

influenza virus treated virus

(i) Suggest why the nucleic acid molecule must be damaged in a virus used
in a vaccine.

(i) Explain why the surface proteins of the virus used in the vaccine must
remain undamaged.

(i) Describe why an adjuvant is often added to a vaccine.
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14.

(continued)

(b) The graph shows the blood antibody concentration of an individual after an
influenza vaccination and after exposure to the influenza virus a few weeks
later.

increasing blood
antibody concentration

influenza
vaccine
given

influenza
virus
exposure

Vo

0 10
time after vaccination (days)

20 30 40 0

10 20 30 40

time after exposure (days)

(i) The individual produces more antibodies after exposure to the influenza
virus than after vaccination.

(i)

Use the graph to describe two other ways in which the individual’s blood
antibody concentration differs after exposure to the influenza virus
compared to after vaccination.

1.

Describe how memory cells lead to an increase in antibody production
after the individual has been exposed to the influenza virus.
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14.

(continued)

(c) Antibodies inactivate viruses, which are then removed by phagocytosis.

Describe the process of phagocytosis.
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15. Attempt either A or B. Write your answer in the space below and on page 30.
A Discuss the formation of a thrombus and the damaging effects it can cause in
the body. 9
OR
B  Discuss the production, transport, and role of cholesterol in the body. 9

You may use labelled diagrams where appropriate.
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Additional graph paper for question 3 (c) (i)
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