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Answer ALL questions.

Some questions must be answered with a cross in a box X. If you change your mind about an
answer, put a line through the box 2 and then mark your new answer with a cross X.

1 Adipeptide is formed from two amino acids joined together.

The diagram below shows a dipeptide.

H R H R O—H
N s

N—C—C—N—C—C N
S | N

H wo n O

Proteases are enzymes that break down dipeptides.

(@) Complete the diagram to show this reaction.
(2)

H R HR
AN | 7 Protease

N—C—C—N—C—C + —> 22X
O
H O H

(b) Name this type of reaction.
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(d) Explain how proteases catalyse the breakdown of dipeptides.

(Total for Question 1 = 6 marks)
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2

In mammals, gas exchange takes place in the lungs.
(@) Puta cross X in the box to complete the following sentence.

Oxygen can diffuse through cell membranes because

[l A cell membranes contain carbohydrate
L] cell membranes contain cholesterol
L] oxygen is a non-polar molecule

[0 D oxygen is a polar molecule

(b) The graph below shows changes in surface area and thickness of the gas exchange
surface during breathing.
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(i) Name the part of the lung through which gas exchange occurs.
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(i) Puta cross X in the box to complete the following sentence.

The rate of diffusion of oxygen across the gas exchange surface will be
greatest at

A 1.1s

1.5s

O o oo

B
C 20s
D 25s

(c) The electron micrograph below shows part of a human lung.

Tum (1 x 10 mm)
Scale: I I
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capillary lumen red blood cell

(i) Measure the distance between X and Y on the electron micrograph.
Use your measurement to calculate the thickness of the tissues between X and Y.

Show your working.

(ii) Name the type of cell that forms the wall of a capillary.
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(Total for Question 2 = 6 marks)
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3 The fluid mosaic model can be used to explain the properties of cell membranes.

(@) Explain what is meant by the term fluid mosaic.

(b) A drop of blue dye was placed in the middle of a large tray of water. The time
taken for the blue dye to travel 10cm from the centre of the tray was 2 minutes.

(i) Puta cross X in the box to complete the following sentence.

The water 20 cm from the centre of the tray started to turn blue after

less than 2 minutes
2 minutes

4 minutes

I [ I Ry
O N @ >

more than 4 minutes

(ii) Name the process by which the dye moves.

(1)

P 5 0 7 3 3 A 0 6 2 4

KRS
oot teteteterete’s!

X
%
< »,/}.0

)
%4

A
CRKRIAARS

000
0%

Do o 108
CSRI R
SR
<5 3
AT

%%

PR
K

KR
2%
0%
5
s
<

’:’
S0
.:
S

Q>
QR

RERRILRRLLRRIREES

X
Ao tetatatototetabobotebobotel

SRR ISIRIIIARRIA

L0t te et toteteletetetatotetetet

<
58
%
%!
258
AKX

K

355

FKHS
.:‘:
bases

S
5

&
L%
e
K0S

bovel
(<
<3
<4

%
QS

(9

%%
o=
Do 0%
D0%h:» s 304
KEIK
2SS
ST
3929201992
e
&p&%’
D208 0%
ZRRARS
S

08
 ~ 008

00000
<X
5

X
bode

%

b

b

RS
SRR

SN
RS

CREAEAXL

%

ORI
SEIEERIS
GERKLS
LR
KRS
RERRS

Q0
059
6262
EIRGHES

KKK

RLR
ool
RS

0%



PMT

(c) Read through the following passage about the effect of solute concentration on
potato cells.

(i) Write on the dotted lines the most appropriate word or words to complete the
passage.

(4)

A cube of potato tissue was placed in a beaker of distilled water at 25°C. After 20 minutes,

thiscubewould ... in mass. The solute concentration inside the
CellSiS o than the solute concentration outside the cells.

The membrane of the cellsis ... to water and this allows the
process of . .. to occur.

(i) A cube of potato tissue was placed in boiling water before being placed in the
beaker at 25°C. After 20 minutes, this cube had decreased in mass.
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(Total for Question 3 = 10 marks)
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4 Obesity and smoking are risk factors for cardiovascular disease (CVD).

(@) Explain how energy imbalance results in obesity.

(b) Selenium is a trace element that may affect the development of obesity.

In one study, data were collected on dietary selenium intake and body mass index (BMI).

The table below shows some of the data from this study.

Mean dietary selenium intake
/ ng kg™ day™

BMI group Classification
Women Men

18.5t0 24.9 | Normal weight 1.70 1.74

25.0t029.9 | Overweight 1.44 1.48

30.0 to 34.9 1.22 1.14

35.0to 39.9 Obese 1.09 1.00

>40 0.93 0.90

(i) Calculate the percentage difference in mean dietary selenium between the
lowest and highest BMI group in men.

Show your working.
(2)
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(ii) State one conclusion that can be drawn from the data in the table.

R
RRRKSE

<
SRR
EA
5
QIR

C
%
S\

S (iii) BMI is one indicator of obesity.

o Give one other indicator of obesity.

s (c) The relationship between blood LDL to HDL ratio and deaths from CVD was
S5 studied. Two different groups were used in this study: smokers and non-smokers.

sy The graph below shows the results of this study.
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L (i) Puta cross X in the box to complete the following sentence.

0a9%
S3S

(X The results of this study show that in non-smokers

a large LDLto HDL ratio causes CVD that results in death

a small LDLtoHDL ratio causes CVD that results in death
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(i) Explain why smokers with a LDL to HDL ratio of >4.3 have a greater risk of
death from CVD than non-smokers.

(Total for Question 4 = 10 marks)
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5 Many animals have a heart and a circulation system.

The diagram below shows the structure of the heart and circulation system of a frog.

lungs

heart

body

D Oxygenated blood . Deoxygenated blood . Mixed blood

(@) Using the information in the diagram and your own knowledge, compare the heart
and circulation system of the frog with the heart and circulation system of a human.

(4)
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(b) Explain why gas exchange is more efficient in the lungs of humans than in the
lungs of frogs.
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*(c) Explain the role of heart valves in the human cardiac cycle.

(Total for Question 5 = 12 marks)
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6 The photograph below shows a specimen of Daphnia. K
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Daphnia can be used to study the effect of soluble molecules on heart rate.

In an experiment, Daphnia were suspended in a solution of glucose and a solution
of lactose. A control solution was also used.

Their heart rates were recorded.

The graph below shows the heart rates of Daphnia in these three solutions.
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(@) (i) Describe how the heart rate of Daphnia could be measured in this experiment.
(4)

(i) Using the information in the graph, describe the effects of glucose and lactose
on the heart rate of Daphnia, compared with the control.
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(iii) Below are some statements about the structure of glucose and lactose:

¢ lactose is made from glucose and fructose
e only lactose contains a glycosidic bond

e glucose and lactose are both monosaccharides.

Put a cross X in the box next to the number of these statements that are correct.

I I I R
O N ® >
N

(b) The scientist carrying out this study suggested the following hypothesis:

16

lactose affects the heart rate by blocking an ion channel in the
cell membrane of heart muscle cells.

(i) Suggest why lactose, but not glucose, could block the ion channels.

(i) Suggest the name of another sugar that might be used to test this hypothesis.

Predict the effect of this sugar on heart rate.

(Total for Question 6 = 12 marks)
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7 Cystic fibrosis is a recessive condition caused by mutations in the CFTR gene.

(a) Several alleles of the CFTR gene have been identified.

Put a cross X in the box to complete each of the following sentences.

(i) A geneis a sequence of nucleotides that contains

(|
(|
(|
(|

(i)
(|

(|
(|
(|

A hexose sugars and the bases A, C, Gand T
B hexose sugars and the bases A, C, Gand U
C pentose sugars and the bases A,C,Gand T
D

pentose sugars and the bases A, C, Gand U

An allele is a form of a gene that

always affects the phenotype

never affects the phenotype

A
B
C affects the phenotype only in a heterozygous genotype
D

sometimes affects the phenotype when it is a recessive allele

(b) In the space below, draw one family pedigree to show all the possible outcomes

when both parents are heterozygous for cystic fibrosis.

Use the symbols shown in the key.

18

Key

. female with cystic fibrosis

O female carrier

[l O

unaffected female
male with cystic fibrosis
male carrier

unaffected male
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(c) The genetic code for the CFTR protein is carried in DNA.

(i) Explain why the genetic code uses three bases rather than two.

*(ii) DNA replicates and cells divide during the development of tissues.

Describe the process of DNA replication.

(Total for Question 7 = 12 marks)
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8 Prothrombin is a protein involved in the blood clotting process.

(a) Describe the role of prothrombin in the formation of blood clots.
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(b) The graph below shows the relationship between prothrombin concentration and
blood clotting time.

Blood clotting time

Vv

Prothrombin concentration

Using the information in the graph, explain the relationship between
prothrombin concentration and blood clotting time.
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(c) Mutations in the gene coding for prothrombin have been associated with an
increased risk of blood clotting and heart attack.

The table below shows the effect of mutations in the prothrombin gene and a
person’s blood group on the risk of having a heart attack.

Relative risk of heart attack

Prothrombin mutation

blood group O

other blood groups

Mutation not present

1.0

14

Heterozygous for the mutation

1.3

2.2

Homozygous for the mutation

4.1

8.3

(i) Using the information in the table, describe the relationship between
blood group, prothrombin mutation and the risk of having a heart attack.
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(i) Suggest why a mutation in the prothrombin gene changes the risk of having a
heart attack.

(Total for Question 8 = 12 marks)
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