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Answer ALL questions. Write your answers in the spaces provided.

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 £¢ and then mark your new answer with a cross [X.

1 The polysaccharides and proteins that we eat are digested. The products of digestion
are then transported in the blood plasma as a solution in water.

(@) Which of the following statements about water are correct?

1. A single molecule of water is composed of an oxygen atom joined to
two hydrogen atoms by hydrogen bonds.

2. Water is a solvent.

3. The oxygen in a water molecule has a small negative charge and the
hydrogen atoms each have a small positive charge.

1and 2 only

1 and 3 only

O o oo

A
B
C 2and3only
D 1,2and3

(b) The table shows some information about the structure of amylose
and amylopectin.

Put one cross X in the appropriate box in each row to show whether the structure
is present in these molecules.

Structure found in

. both neither
Structure amylose only amy(l::‘[;ectm amyloseand = amylose nor
y amylopectin = amylopectin

glycosidic bonds ] ] ] N
1-4 a bonds N ] ] ]
branched side chains ] ] ] ]
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(c) The diagram shows parts of two amino acids.

Complete the diagram to show a peptide bond joining these two amino acids.
(1)

. J

peptide bond

(Total for Question 1 = 5 marks)
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2 Cancer can develop in many parts of the body.
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(a) State what is meant by the term cancer.
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(b) In a study, scientists determined the number of deaths caused by five types of
cancer, in one country.

The scientists then analysed the number of deaths caused by these cancers in
three ethnic groups.

The graph shows the results of this study.
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(i) Compare and contrast the number of deaths caused by these cancers in
ethnic groups 1 and 2.
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(ii) Which is the percentage difference between the number of deaths caused by
lung and bronchus cancer in ethnic group 1 and ethnic group 3?

Use the formula:

. difference between values
Percentage difference = x 100
mean of the values

(1)
0 A 045%
[J] B 089%
55 LI C 4462%
% O D 8923%
(iii) Calculate how many more males died of prostate cancer in ethnic group 2
than in ethnic group 1.
(1)
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(iv) Comment on how useful it is to determine the number of deaths from these S8
causes of cancer in the ‘all ethnic groups’ part of this graph. LK

(Total for Question 2 = 9 marks)
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3 Bears hibernate during the winter months, so are inactive for long periods of time.

The photograph shows two bears hibernating.

(Source: © Minden Pictures/Alamy Stock Photo)

Hibernating bears do not develop deep vein thrombosis (DVT).
Deep vein thrombosis is a blood clot that forms within a deep vein, often in the leg.

In humans, short-term periods of inactivity, such as sitting in an aeroplane, increase
the risk of DVT.

This is due to reduced blood flow in the veins, causing damage to the walls of
the veins.

(@) (i) Which molecule, released from platelets, results in blood clotting?

fibrinogen
prothrombin
thrombin

thromboplastin

(ii) Which pair of molecules are enzymes in their active form?

fibrinogen and prothrombin
prothrombin and thrombin
thrombin and thromboplastin

thromboplastin and prothrombin

P 7 8 4 4 2 A 0 9 3 2
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ii) Which molecule found in the blood is insoluble?
fibrin
fibrinogen

prothrombin

0o o oo
O N @ »

thromboplastin

(b) Pulmonary embolism can be caused by a DVT when the blood clot travels
through the circulatory system and blocks the pulmonary artery.

Symptoms of pulmonary embolism include difficulty in breathing and a rapid
heart rate.

Suggest why pulmonary embolism can result in these symptoms.

(1)
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(c) A study of bears in Sweden discovered that these bears produced less
HSP47 protein when hibernating in the winter.

This protein is found on platelets and is involved in the binding of platelets to
damaged blood vessels.

Discuss whether this discovery could be useful to humans.

(Total for Question 3 = 9 marks)
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4 Obesity indicators are used to assess the risk of cardiovascular disease (CVD), 55
including coronary heart disease (CHD). G

Obesity indicators include body mass index (BMI) and waist-to-hip ratio (WHR). =

(@) Describe the differences between CVD and CHD. 3:3:%3’13;

(b) A woman who was 165 cm tall had a mass of 68 kg, a waist circumference of 85cm K
and a hip measurement of 101 cm. §§:.,’2~2

(i) Calculate the BMI of this woman. sty
Use the formula: KX
< 1

mass in kg
(height in m)?

BMI =

(1)

ANSWE oo

(ii) Calculate the WHR of this woman.
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(c) Scientists collected data to evaluate these two obesity indicators for their
S effectiveness in predicting death from CVD and CHD.
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This study involved 9206 adults aged from 20 to 69 years from Australian cities.

This study started in 1989, when measurements for the obesity indicators
were taken.

Risk factors including blood pressure and blood cholesterol levels were measured.
Information about other risk factors was recorded, but not measured.

By the year 2000, 473 of these adults had died. The data were compared with the
causes of death.

(i) Explain why high blood pressure is a risk factor for CVD.
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(ii) Some other risk factors were recorded as being either present or absent but
were not measured.

Name two other risk factors that might have been recorded but
not measured.
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(iii) The graphs show the BMI and WHR of the men and women who died due to

either CVD or CHD.

Percentage of people who died due to
cardiovascular disease
(%)

Percentage of people who died due to
cardiovascular disease
(%)

Percentage of people who died due to
coronary heart disease
(%)

15

10

Key:

—&— men
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Discuss the usefulness of these two obesity indicators in predicting death
from CVD and CHD.

(Total for Question 4 = 10 marks)
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5 Meselson and Stahl provided data that supported the theory that DNA replicates by
semi-conservative replication.
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(a) State the meaning of the term semi-conservative replication.

(2)
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(b) Describe the role of DNA polymerase in the process of DNA replication.
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(c) Meselson and Stahl used mononucleotides made with either heavy nitrogen (N'°)
or light nitrogen (N') in their experiments.

The flowchart summarises part of one experiment performed by Meselson
and Stahl.

Stage 1

Bacteria grown for several generations in a culture medium
containing mononucleotides made with heavy nitrogen (N')

A

Stage 2

Bacteria from stage 1 grown for one generation in a culture medium
containing mononucleotides made with light nitrogen (N'*)

y

Stage 3

Bacteria from stage 2 grown for one generation in a culture medium
containing mononucleotides made with light nitrogen (N'*)

After each stage, a sample of DNA was taken from the bacteria and the DNA
molecules separated on a density gradient in a tube.

«  DNA with only heavy nitrogen has a mean density of 7.74 a.u.
«  DNA with only light nitrogen has a mean density of 7.60a.u.
Meselson and Stahl measured the concentration of DNA with different densities.

The graph shows the results of these measurements for DNA molecules with only
light nitrogen.

Concentration 4
of DNA

7.50 7.55 7.60 765 7.70 7.75 7.80
Density of DNA molecules / a.u.
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4 A
Complete the graphs to show the concentrations and densities of the DNA
molecules produced at the end of stages 1, 2 and 3 shown in the flowchart.
(6)
End of stage 1:
Concentration 4
of DNA
7.50 7.:55 7.I60 7.I65 7.I70 7.I75 7.I80
Density of DNA molecules / a.u.
End of stage 2:
Concentration 4
of DNA
7.50 7.I55 7.I60 7.I65 7.I70 7.I75 7.I80
Density of DNA molecules / a.u.
End of stage 3:
Concentration 4
of DNA
7.50 7.|55 7.I60 7.I65 7.I70 7.I75 7.|80
Density of DNA molecules / a.u.
(Total for Question 5 = 10 marks)
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6 A high blood cholesterol level is associated with an increased risk of cardiovascular
disease (CVD).

(@) The graph shows the relationship between blood cholesterol levels and the
coronary heart disease death rate in men in four parts of the world.

Key:

-0 Northern Europe
—e— United States
--#— Mediterranean
--#-- Japan

35+
30
254
20

Coronary heart disease
death rate (%) 154

0

T T T T T T T T T 1
35 40 45 50 55 60 65 70 75 80 85

Blood cholesterol level / mmoldm™

Describe two conclusions that can be made about coronary heart disease
death rate in these parts of the world.
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(b) Cholesterol can be transported in the blood as low-density lipoproteins (LDLs)
that are made in the liver.
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The diagram shows a LDL.
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phospholipids

X5
Daseele’
CRRKLXSS

ORHKARIRAAK AR AAXAAAAR AR A

255
“0:::0’0’00
RLLRKES

03090909 %%

QLKL

XA

(K5

KKK IIAGAX

%
”0

Statins can be used to reduce blood cholesterol levels.
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Statins reduce cholesterol synthesis, reduce the synthesis of apo B protein and
increase the number of LDL receptors on the surface of liver cells.

LSRRI

L
:0‘:00000000000

%

&
&
5
Joses

5
SRRRIES
.0 ’:’00
< %8
X

(i) Statins can cause side effects.

Give two side effects of taking statins.

(1)
L e e
2 e e e e e e e e e e e e e e oo
(ii) Liver cells take up cholesterol by endocytosis.
Explain how an increase in these LDL receptors will help to reduce blood
cholesterol levels.
(2)
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(c) Familial hypercholesterolemia (FH) is a genetic disorder that results in high levels
of LDLs in the blood.

(i) Inthe UK, approximately 270000 people have FH.
The disorder affects 1 in 250 people in the UK.
Calculate the population size of the UK.

Express your answer in standard form.
(2)

(ii) The disorder can be caused by a mutation in the gene that codes for
LDL receptors.

Suggest why statins are less effective in treating people who are homozygous
for this disorder.

ANSWEL ..o

PMT!

SHRK
KRS,
SRR
SR

GIRICIIAIAA
LXK
e

<
S5
e
z \J
¥
S

b

XL

A
RIS
QAQ'Q‘
%

.

<

%
25
XX
0 ¥
009
25555

CSRIKAARL
KK IRIAR KR

LRILAELRICK

<
et
0‘0
020

<
S
%
%
&

%
%

'
Q00RREIIKIRE,

RIICIIIICHIARA >
EIIERLIIERK

%
o%



S
<
o0

5L
RIS

%% XK
KRR
toteteletetetetetet

00088

o5
S
5%
2o

XX

LI

R SIS
o otode%s

b )

S %0ee%e!
IR

<5
SRS

SRS,
ZRRRRRRLRLRRS:

25
9%
5%
X
%
25

<R

%
%% %

deotededet
X
X
020!
K

o
0%
X5
s

SR

00050505 %%
150585
150508

<

=S
20
b0 magees

Q

0 v’
SQEEREL
%%
SRS
RS

0%

(i

ii) Another drug, used to treat FH, is a short antisense strand of DNA from the
apo B gene.

Suggest how this antisense strand of DNA would reduce the levels of
apo B protein.

(2)

(Total for Question 6 = 11 marks)
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4 A
7 The structure of the cell membrane has been modelled to interpret the data available
at the time.
The diagram shows a timeline of six models proposed for the structure of the
cell membrane.
1900 Overton : lipid nature of cell membrane
1910
Langmuir : single layer of phospholipids
Gorter and Grendel : phospholipid bilayer
1930 RN
Davson and Danielli : protein on the outside of
the bilayer
1940 ®oce0 o
e
L ® ® @&
1950
1960 Robertson : unit membrane consists of
dark-clear-dark bands
1970
Singer and Nicolson : transmembrane proteins
@
1980
. J
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(a) Overton suggested that some types of solute could cross the lipid membrane,
whereas other types of solute could not.
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Explain the difference between these two types of solute and why only one type
can cross the lipid membrane.
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(b) Langmuir's model was a single layer of phospholipids.
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Explain why the phospholipids in a cell membrane cannot be arranged in a
single layer.
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(c) Gorter and Grendel suggested that there were various types of phospholipid but
they were all arranged in a bilayer.
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Give two ways in which phospholipids can be different from each other.
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(d) The Davson and Danielli model was the first to include proteins.

Explain why some membrane proteins would not be able to carry out
their transport functions if they were located only on the surface of the
phospholipid bilayer.

(e) Robertson implied that there was no space between the phospholipid layers and
that the thickness of the membrane could be measured.

The photograph shows part of two adjacent cell membranes.

XI
Y
(Source: © DENNIS KUNKEL MICROSCOPY/SCIENCE PHOTO LIBRARY)

The thickness of these cell membranes between X and Y is 22.8 nm.
Calculate the magnification of this photograph.

Express your answer to two significant figures.

(2)
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(f) In 1972, Singer and Nicolson proposed the fluid mosaic model of the
cell membrane.
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Explain why their model has been given this name.
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(Total for Question 7 = 12 marks)
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7

8 Osteogenesis imperfecta (Ol) is a group of rare genetic disorders which results in
bones that are not formed properly and can break easily.

There are several types of Ol, as a number of different genes can be affected.
Some of the symptoms of Ol can be life-threatening.

The commonest types of Ol are caused by mutations in genes coding for the
structure of collagen.

(@) In some types of Ol, the collagen is poorly formed and lacks strength.

Explain how a substitution mutation could result in collagen that lacks strength.

(4)
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(b) In most types of Ol the allele responsible for causing the condition is dominant.

Determine the probability that a child could inherit Ol if one parent has Ol
and is heterozygous and the other parent does not have Ol and is therefore

homozygous recessive.

Use a genetic diagram to support your answer, indicating the phenotypes of the

offspring and their corresponding genotypes.

Genotype of parent with Ol : .

Genotype of parent without Ol: ...

Probability that a child could inherit Ol

(4)
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*(c) Genetic screening can be used by couples who are at risk of having a child
with Ol.

The genetic screening options include pre-implantation genetic diagnosis (PGD)
and prenatal testing.

The diagram gives some information about some of the types of prenatal testing
available to these couples.

NIPT

Sample of mother’s blood removed and fetal DNA
used for genetic analysis

Used between 7th and 10th week of pregnancy

Chorionic villus sampling

Used between 10th and
12th week of pregnancy

Cordocentesis

Blood from the umbilical cord
removed for genetic analysis

Used between 22nd and 24th
week of pregnancy

Ultrasound

A scan of the mother’s abdomen to

look for fetal abnormalities Amniocentesis

Used between 15th and 20th
week of pregnancy

Used after 20th week of pregnancy
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Discuss the advantages and disadvantages of the genetic screening options
available to couples at risk of having a child with Ol.

Use all the information in the question and your own knowledge to support
your answetr.

(Total for Question 8 = 14 marks)
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