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1

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.

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. Asingle 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.

LJ A 1and2only

L] B 1and3only

® C 2and3only

[0 D 1,2and3

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

and amylopectin.

(1)

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

(3)

Structure

Structure found in

both
amylose and
amylopectin

amylopectin

amylose only oniy

neither
amylose nor
amylopectin

glycosidic bonds

(| X R

L]

1-4 a bonds

X

[ b 3

]

branched side chains

O - 3 O

]

0

| S
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4 D
(c) The diagram shows parts of two amino acids.
Complete the diagram to show a peptide bond joining these two amino acids.
(1)
R R
H | | 40
R v
N G= N —c
H | ] | “SOH
H H H
peptide bond
(Total for Question 1 = 5 marks)
\ J
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2 Cancer can develop in many parts of the body.

(a) State what is meant by the term cancer.
(2)

= Uneontrolled trowh of cells
whieh __odivid by milosis..

> '}'m,# dlevelop oue o mutation

in._ _the DNA

L

/

—_— W00 K O A ,
Tl e e S ey e Sl e Turn over

5



(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.

50

45 4t

40

35

Number of
deaths from
cancer per
100000
people

25+ -
20
15—

10-

\

I
All ethnic groups

1
Ethnic group 1

1
Ethnic group 2

Key:
. Lung and bronchus
. Colon and rectum

Breast (female)

Pancreas

Prostate (male)

Ethnic group 3

J/

AR RSO R

=

VIHY SIHL NI 3LIHM 1ON 00 VIHY SIHLNIILIHM 1ON Od

Y3IHY SIHL NI 3LIHM 10N Od



DO NOT WRITE IN THIS AREA

DO NOT WRITE IN THIS AREA

DO NOTWRITE IN THIS AREA

(i) Compare and contrast the number of deaths caused by these cancers in
ethnic groups 1 and 2.

fbofh 3rou}> L and 2 hove
| — number op ______ lun(? and
br nohu,.s tleaths.
BoH) have least deaths from
Pancrca ha cancer
5 Overell ?hcr dea Ms___ Pro.m _________
aH canceys

(i) 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 = (
mean of the values

Jx100

0.45%

0.89%

A
B
C 44.62%
D

R OO O

89.23%

(iii) Calculate how many more males died of prostate cancer in ethnic group 2
than in ethnic group 1.

3% - 18

Answer ... 20#‘(’00000 .
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(iv)] Comment on how useful it is to determine the number of deaths from these
causes of cancer in the ‘all ethnic groups’ part of this graph.

5 Vsehu) in upderskandrp ?
_main Cautes OF cancer? Lov
_heath care ]aro rYammes.

5 Not usclul as Phe e.;c_pocure, o

OV rays con }-rol the visR
 Skin capeevr.

(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
(a)

veins.

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

] A fibrinogen

[ B prothrombin
[0 € thrombin
)

D thromboplastin

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

[] A fibrinogen and prothrombin
[ B prothrombin and thrombin
M C thrombin and thromboplastin

[L] D thromboplastin and prothrombin

mmCE

0O O
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(iii) Which molecule found in the blood is insoluble?

® A fibrin

[ B fibrinogen
[l € prothrombin
0 D

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.
(3)

> Due fo blo._c.k,. e in the p ulmonary,_
arhry _blood flows fo the
lungs. ’
Lc.s: en . can)'ainm blood ows
. » fhe iy_c?dls f
> HearF beaks fasker to Suﬁpl?
| enouah a,, to the cells .

J
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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.
(3)

> Less HSP4%t protein in blood reduces
. blood _elothn 3._

s If- Jess HSPHE pral-e.m is produc-

o ed in_ _human plateleks. |

. .veoluce. . o

.......... - ‘Ih:swould rick of cvd
_in_humans.”

> TF can be wed io
pah enks.

eal CYD

(Total for Question 3 = 9 marks)
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7

4 Obesity indicators are used to assess the risk of cardiovascular disease (CVD),
including coronary heart disease (CHD).

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

(a) Describe the differences between CVD and CHD.
(2)

= CHD _involves disease relaled
blockafcolcoromryar/'c?.

5 cvD _invelves all the disease
. relaledf 10  _heav}t and blood =

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

(i) Calculate the BMI of this woman.
Use the formula:

mass in kg

BMl= ——
(height in m)?

(1)

6%
(es)*

Answer .21194

(i) Calculate the WHR of this woman.
(1)

85
lol

Answer 0'8" 3

7
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(c) Scientists collected data to evaluate these two obesity indicators for their
effectiveness in predicting death from CVD and CHD.

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.

= Hi hblood pressure can

_dama _endothelia) hini ng of
.blooc vc ssel..

> ,......,.1));.; waalal ca..u;..e ............... cha...la.x.,.lfc._ml.. ..............................
.10 ole fo.ul' and _result in plagque. .

?arma fHon..

(i) 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.

Salb inkake
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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.

Key:
—&— men
--0-- women

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

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

S O Ak O
o8 R g

Al AR i R e VAl
e & 8 67 o 7 oL 8
WHR

Percentage of people who died due to
coronary heart disease
(%)
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1% 7

10
Percentage of people who died due to
coronary heart disease 5 -
(%) 1
0 A

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

= nexe ic an increase in death .
by CHD % CvD ahbove 0 19 (HR.
bdm in males and fermales.
»There is an increase indeath
by CHD ahove 49 Fov men
add 299

*@ ﬂwrblsmomrwbam o

_indicg__*a__.___abml'..._.si?_m'h'canc&,_.,,__,,

(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.

(a) State the meaning of the term semi-conservative replication.

In ihe . gh NA replfc.a hbn
one skrand® s pare,n P skrand
_and one /s new l”y .s'yn -Im.r:.reo/

(b) Describe the role of DNA polymerase in the process of DNA replication.

> DNA . polymerase lines wp #n.
nucleohduﬁr e new shrand.

DNA. Pol mevase forms phoshhodi-
g,srcr ‘bonds behoetn mucleohales.
......... PNA Polwmenuc. also repairs.

An?_mmma.tmml_m_m
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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

r

Stage 2

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

h

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 7.74a.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
of DNA

4

| I I 1 1

7.50 755 760 765 7.70 7.75 7.80
Density of DNA molecules / a.u.
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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.

End of stage 1:

Concentration 4
of DNA

Lg

7.50 755 7.60 7.65 7.70 7.75 7.80

End of stage 2:

Concentration 4
of DNA

Vg
|

Density of DNA molecules / a.u.

7.50 755 7.60 765 7.70 7.75 7.80

End of stage 3:

Concentration 4
of DNA

Density of DNA molecules / a.u.

7.50 7.55 7.60 765 7.70 775 7.80

Density of DNA molecules / a.u.

(6)

(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).

(a) 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
Vv ... Japan

354

30-
25+
204

Coronary heart disease
death rate (%) 15—

.........

0 | | I T T I | | 1 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.

. Rs the Qloo d choleskevol increases
_4he_ CHD odeath rale increqses.
(éuJ'aPan)
. Death valte Is highey in. . .
____________________ USA and Northern Europbe.

R O AR —_
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-
(b) Cholesterol can be transported in the blood as low-density lipoproteins (LDLs)
that are made in the liver.
The diagram shows a LDL.
cholesterol
apo B protein
— phospholipids
Statins can be used to reduce blood cholesterol levels.
Statins reduce cholesterol synthesis, reduce the synthesis of apo B protein and
increase the number of LDL receptors on the surface of liver cells.
(i) Statins can cause side effects.
Give two side effects of taking statins.
(1)
. Liver damea 3 e
... Heachache ~
(i) Liver cells take up cholesterol by endocytosis.
Explain how an increase in these LDL receptors will help to reduce blood
cholesterol levels.
(2)
» More  LDL choleskerol is Faken .
__inside e cells of liver
-’by cndn.c.y fosic . 80 _more. ves! ieles
'of DL " inside ldiver cells.
J
21
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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.

270000 % 250
= $3500000

=6-+H X '94
_ Answer6'?5xlo1

(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.

2 Alleles b0 codeforl,pz.recgpiom

¥ MmOk pres enk _and .
w‘framonphon and Translablon

<&

w

will mo# Formrccgjp/c)r Jpro Ferns

2...No receplors on livey cells o
. transport LPL inside i¥.

22
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(iii) 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.

= Anhsense strand of DNA on ______________________

framonplfon will produte an
__________________ mRNA _whicth undergoes.

» translakon to p» roouce a ﬁa ui ______ |

_apo.. prol'wn ___________ on surblace of hver 9
........................... ClllS.

(Total for Question 6 = 11 marks)
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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

1910

1920

1930

1940

1950

1960

1970

1980

Overton : lipid nature of cell membrane

Langmuir : single layer of phospholipids

Gorter and Grendel : phospholipid bilayer

T

A
Davson and Danielli : protein on the outside of
the bilayer

(L

Robertson : unit membrane consists of
dark-clear-dark bands

Singer and Nicolson : transmembrane proteins

e

00 O

Em_O
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(a) Overton suggested that some types of solute could cross the lipid membrane,
whereas other types of solute could not.

Explain the difference between these two types of solute and why only one type
can cross the lipid membrane.

> Non-polar gelules can creoss the
.cell _membrane as lipids in .

membhiane are non:. polar

-?-f;a_...Palar Solutes can’} cross the

__membrane becawuse they c.a,nn.a..k ________________
_olissolve in mon- polar  lipids. .

(b) Langmuir's model was a single layer of phospholipids.

Explain why the phospholipids in a cell membrane cannot be arranged in a
single layer.

Phosphouptats have Jpolar heaals
~and mon polar ﬁaﬁy acol fwls.

Head.s can face the agueows solu Hon

=u4_===

(c) Gorterand Grendel suggested that there were various types of phospholipid but
they were all arranged in a bilayer.

Give two ways in which phospholipids can be different from each other.

acld tarls. npe/

There can be ol PPevent numbcr

oF ear hons in. #'ah‘g., acrd sarls.

oP sa !ura,l:e.a’ a.nd wn.m/uvul'c.d
aify acds.

- U 0O 0
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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.
(2)

> Proteins meed b Span over ihe
_membranet jo *'ram/:ari-

______________ Subsfances.

> Prokelne c,a.rr: ers. trans/)orl'
- molecedes in achive hanx,bor/‘
Crossing the membrare.

(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.

(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
XY = Smm X 10 =

A s 22:-9%9nm

.z e . 5000000
M T moage .

Aciual

S
= 21 q, 29 5' 2N Answer 22 X10 x

OO
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(f) In 1972, Singer and Nicolson proposed the fluid mosaic model of the
cell membrane.

Explain why their model has been given this name.

(2)

% Membrane it Fluio so the
thphoh'jm ols can move in +he

> ProFlins are vrandemly

" phospholipids.

(Total for Question 7 = 12 marks)
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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)

= Substitubion can cause chanae
one base oF codon to anotheyr.

> 1This _ehanaoes the amine acsa -
> and.. /:ri, $ary Skruclure ol

..protein.  is changc.d

'&9 ................ R tal.uud ........... hgotroim bondin? In. ﬁae.
secondar? Skruckure.
2> Rcotuc&s e .shrmgl'ﬁ in. *w/blc

\ . >

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

h.

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: s g Yy ..

R

v

v | RY

Y 2 g

v | Ry

YY

(4)

Probability that a child could inherit Ol "'

J/

L

P 7 8 4 4 2 A 0 2 9 3 2
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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 Affinlocatitails

Used between 15th and 20th
week of pregnancy

Used after 20th week of pregnancy

VIHY STHL NI 3LIYMION OQ
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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 answer.

_Chorionic villisampling -
2Can be used fo oletecs oisovoler
carh#
There is a. nsh Oﬁ ponl'amau.;
_.aborhons..

Ut tra sou ral-
> Can be _wsed .Sa/c I_, ;

... #mre. 1S .
_qo involvement of hsrua remoml
J'r can be used only in the Ia.l-e.J-
sl'agcs of pregnancy.

RIT S

Involve.s Implanrahon of hcaliby

................. ﬂhma.%lp concerns .4:7 H'}e. unu,ual._.....___........
Co'rd oleen l'cs s~
_fesk can be adone considerabl 7
_dake in _pregnancy b? that
_Hme Jparen’ts wob o ¢ d.c._w.e,loped
................... &ma...h?anal...,. hond and don¥ m»/'
o aborF iF..

(Total for Question 8 = 14 marks)
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