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For this paper you must have: 
• a ruler with millimetre 

measurements 
• a scientific calculator. 

 
 
INSTRUCTIONS 
 
• Use black ink or black ball-point pen. 
• Answer ALL questions. 
• You must answer the questions in the 

spaces provided.  Do not write on blank 
pages. 

• Show all your working. 
• Do all rough work in this book.  Cross 

through any work you do not want to be 
marked.  
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INFORMATION 
 
• The marks for the questions are shown 

in brackets. 
• The maximum mark for this paper is 91. 
 
 
DO  NOT  TURN  OVER  UNTIL  TOLD  TO  
DO  SO 
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Answer ALL questions in the spaces 
provided. 

 
0 1 . 1  

 

Describe how a NON-COMPETITIVE 
inhibitor can reduce the rate of an 
enzyme-controlled reaction.  [3 marks] 
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Pectin is a substance found in some 
fruit and vegetables.  
 
A scientist investigated the effect of 
pectin on the hydrolysis of lipids by a 
lipase enzyme. 
 
His results are shown in FIGURE 1, on 
the opposite page. 
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FIGURE 1 
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0 1 . 2  

 

The scientist concluded that pectin is a 
non-competitive inhibitor of the lipase 
enzyme. 
 
Use FIGURE 1, on page 7, to explain why 
the scientist concluded that pectin is a 
NON-COMPETITIVE inhibitor.   
[1 mark] 
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The scientist also found that pectin 
stops the action of bile salts.  He 
prepared two suspensions: 
 
• suspension A – lipid and bile salts 
• suspension B – lipid, bile salts and 

pectin. 
 
He did NOT add lipase to either 
suspension.  
 
He observed samples from the 
suspensions using an optical 
microscope. 
 
FIGURE 2, on the opposite page, shows 
what he saw in a typical sample from 
each suspension. 
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FIGURE 2 
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0 1 . 3  

 

Calculate the maximum length of the 
large lipid droplet marked X in  
FIGURE 2, on page 11. 
 
Using a ruler with millimetre intervals 
always includes an uncertainty in the 
measurement.  Use the uncertainty in 
your measurement to determine the 
uncertainty of your calculated maximum 
length. 
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You can assume there is no uncertainty 
in the magnification.  [2 marks] 

 

 

 

 

 

 

 
Maximum length =   µm 
Uncertainty of your calculated maximum 
length =   µm 
 
 
[Turn over]  



14 
 

*14* 

  

0 1 . 4  

 

No large lipid droplets are visible with 
the optical microscope in the samples 
from suspension A.  
 
Explain why.  [2 marks] 
 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

8 
 



15 
 

*15* 

 

  

BLANK  PAGE 
 
 
[Turn over]



 *
16
*

 

 
 

16 
0 

2 
. 

1 
 

 TA
B

LE
 1

 s
ho

w
s 

ce
ll 

w
al

l c
om

po
ne

nt
s 

in
 p

la
nt

s,
 a

lg
ae

, f
un

gi
 

an
d 

pr
ok

ar
yo

te
s.

   
 C

om
pl

et
e 

TA
B

LE
 1

, o
n 

th
e 

op
po

si
te

 p
ag

e,
 b

y 
pu

tti
ng

 a
 ti

ck
 

(
) w

he
re

 a
 c

el
l w

al
l c

om
po

ne
nt

 is
 p

re
se

nt
.  

 
[3

 m
ar

ks
] 

  
 



 *
17
*

 

  
 

17 
TA

B
LE

 1
 

 C
el

l w
al

l  
co

m
po

ne
nt

 
Pl

an
ts

 
A

lg
ae

 
Fu

ng
i 

Pr
ok

ar
yo

te
s 

C
el

lu
lo

se
 

 
 

 
 

M
ur

ei
n 

 
 

 
 

C
hi

tin
 

 
 

 
 

  [T
ur

n 
ov

er
] 

 
 



 *
18
*

 

 
 

18 
C

el
l w

al
ls

 m
ak

e 
up

 m
uc

h 
of

 th
e 

fib
re

 th
at

 p
eo

pl
e 

ea
t. 

 Sc
ie

nt
is

ts
 in

ve
st

ig
at

ed
 th

e 
re

la
tio

ns
hi

p 
be

tw
ee

n 
th

e 
m

as
s 

of
 fi

br
e 

pe
op

le
 a

te
 e

ac
h 

da
y 

an
d 

th
ei

r r
is

k 
of

 
ca

rd
io

va
sc

ul
ar

 d
is

ea
se

 (C
VD

). 
 Th

ey
 g

at
he

re
d 

da
ta

 fr
om

 a
 la

rg
e 

sa
m

pl
e 

of
 p

eo
pl

e 
an

d 
us

ed
 th

is
 to

 c
al

cu
la

te
 a

 re
la

tiv
e 

ris
k.

 
 • 

A
 re

la
tiv

e 
ris

k 
of

 1
 m

ea
ns

 th
er

e 
is

 n
o 

di
ffe

re
nc

e 
in

 ri
sk

 
be

tw
ee

n 
th

e 
sa

m
pl

e 
an

d 
th

e 
w

ho
le

 p
op

ul
at

io
n.

 
• 

A
 re

la
tiv

e 
ris

k 
of

 <
 1

 m
ea

ns
 C

VD
 is

 le
ss

 li
ke

ly
 to

 o
cc

ur
 in

 
th

e 
sa

m
pl

e 
th

an
 in

 th
e 

w
ho

le
 p

op
ul

at
io

n.
 

• 
A

 re
la

tiv
e 

ris
k 

of
 >

 1
 m

ea
ns

 C
VD

 is
 m

or
e 

lik
el

y 
to

 o
cc

ur
 

in
 th

e 
sa

m
pl

e 
th

an
 in

 th
e 

w
ho

le
 p

op
ul

at
io

n.
 

 



 *
19
*

 

  
 

19 
Th

ei
r r

es
ul

ts
 a

re
 s

ho
w

n 
in

 F
IG

U
R

E 
3,

 o
n 

pa
ge

s 
20

 a
nd

 2
1.

  
A

 v
al

ue
 o

f ±
 2

 s
ta

nd
ar

d 
de

vi
at

io
ns

 fr
om

 th
e 

m
ea

n 
in

cl
ud

es
 

ov
er

 9
5%

 o
f t

he
 d

at
a.

 

  [T
ur

n 
ov

er
] 

 



 
 

*
20
*

 

 
 

20 
FI

G
U

R
E 

3 
  

 
 

 



 *
21
*

 

  
 

21 
 

 

 

 [T
ur

n 
ov

er
] 



22 
 

*22* 

  

BLANK  PAGE  



23 
 

*23* 

 

  

0 2 . 2  

 

A student concluded from FIGURE 3, on 
pages 20 and 21, that eating an extra  
10 g of fibre per day would significantly 
lower his risk of cardiovascular disease. 
 
Evaluate his conclusion.  [4 marks] 
 

 

 

 

 

 

 

 

 

 

 

[Turn over]  



24 
 

*24* 

  

 

 

 

 

 

 
 

 

 
 

 

 

 

 

 

 

 

  



25 
 

*25* 

 

  

 

 

 

 

 

 

 

 
 
[Turn over]



26 
 

*26* 

  

0 2 . 3  

 

The scientists estimated the mean mass 
of fibre eaten per day using a food 
frequency questionnaire (FFQ). 
 
The FFQ asks each person how often 
they have eaten many types of food over 
the past year. 
 
An alternative method to calculate fibre 
eaten is for a nurse to ask each person 
detailed questions about what they have 
eaten in the last 24 hours. 
 
Suggest ONE advantage of using the 
FFQ method and ONE disadvantage of 
using the FFQ method compared with 
the alternative method.  [2 marks] 

Advantage 
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Disadvantage 
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0 3    

 

A group of students investigated 
biodiversity of different areas of 
farmland.  They collected data in each of 
these habitats: 
 

• the centre of a field 
• the edge of a field 
• a hedge between fields. 
 

Their results are shown in FIGURE 4, on 
the opposite page. 
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FIGURE 4 
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0 3 . 1  

 

What data would the students need to 
collect to calculate their index of 
diversity in each habitat? 
 
Do NOT include apparatus used for 
species sampling in your answer.   
[1 mark] 
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0 3 . 2  

 

Give TWO ways the students would have 
ensured their index of diversity was 
representative of each habitat.  [2 marks] 

1  
  
 
 
 

2  
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Repeat  of  FIGURE 4 
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0 3 . 3  

 

Modern farming techniques have led to 
larger fields and the removal of hedges 
between fields. 
 
Use FIGURE 4 to suggest why 
biodiversity decreases when farmers use 
larger fields.  [1 mark] 
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0 3 . 4  

 

Farmers are now being encouraged to 
replant hedges on their land. 
 
Suggest and explain ONE advantage and 
ONE disadvantage to a farmer of 
replanting hedges on her farmland.   
[2 marks] 

Advantage  
  
 
 
 
 
 
 

Disadvantage  
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FIGURE 5 
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0 4    

 

Scientists collected data on 800 000 
human births.  The data showed the 
mass of each baby at birth and whether 
the baby needed to be transferred to a 
special care unit for very ill babies. 
 
Their results are shown in FIGURE 5. 

 
0 4 . 1  

 

Use FIGURE 5 to explain how human 
mass at birth is affected by stabilising 
selection. [3 marks] 
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0 4 . 2  

 
 

The scientists studied the effect of one 
form, KIR2DS1, of the human KIR gene 
on mass at birth. 
 
In the following passage the numbered 
spaces can be filled with biological 
terms. 
 
 

 

 KIR2DS1 is an  (1)  of the KIR  
 gene, found at a (2)  on  
 chromosome 19. KIR2DS1 is   
 14 021 bases long and is (3)  
 into mRNA that is 1101 bases long. 
 This mRNA is then (4)  into a 
 polypeptide 304 amino acids long.  The 
 polypeptide is then modified in the 
 organelle, (5)  before forming its 
 functional (6)  protein structure. 
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Write the correct biological term beside 
each number below, that matches the 
space in the passage.  [3 marks] 

(1)  

(2)  

(3)  

(4)  

(5)  

(6)  
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0 4 . 4  

 

The scientists calculated a P value of 
0.03 when testing their null hypothesis. 
 
What can you conclude from this result?  
Explain your answer.  [3 marks] 
 
 

 

 

 

 

 

 

 

 

 

 

 
 



49 
 

*49* 

 

  

 

 

 

 

 

 

 
 
[Turn over]  

 
 

10 
 



50 
 

*50* 

  

0 5 . 1  

 

Describe the structure of the human 
immunodeficiency virus (HIV).  [4 marks] 
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0 6    

 

Scientists investigated the cell cycle in 
heart cells taken from mice 6 days 
before their birth and then at 4, 14 and 
21 days after their birth. 
 
Their results are shown in TABLE 4.   
Age 0 days = day of birth. 

  

TABLE 4 

 

Age / 
days 

Percentage of 
heart cells 
undergoing 
mitosis 

Percentage of 
heart cells 
undergoing 
DNA replication 

─ 6 13.9 8.5 
04 08.5 2.6 
14 01.6 0.2 
21 00.6 0.0 
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0 6 . 1  

 

Describe and explain the data in  
TABLE 4.  [2 marks] 
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The scientists determined the 
percentage of heart cells undergoing 
DNA replication by using a chemical 
called BrdU.  Cells use BrdU instead of 
nucleotides containing thymine during 
DNA replication.   

 
0 6 . 2  

 

Describe how BrdU would be 
incorporated into new DNA during  
semi-conservative replication.  [5 marks] 
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0 6 . 3  

 

Cells with BrdU in their DNA are detected 
using an anti-BrdU antibody with an 
enzyme attached. 
 
Use your knowledge of the ELISA test to 
suggest and explain how the scientists 
identified the cells that have BrdU in 
their DNA.  [3 marks] 
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0 7    

 

‘Ulva lactuca’ is an alga that lives on 
rocks on the seashore.  It is regularly 
covered by seawater. 
 
FIGURE 6 shows a diagram of one ‘Ulva 
lactuca’ alga. 

 
FIGURE 6 
 

‘Ulva lactuca’ 
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0 7 . 1  

 

Unlike plants, ‘Ulva lactuca’ does not 
have xylem tissue. 
 
Suggest how ‘Ulva lactuca’ is able to 
survive without xylem tissue.  [1 mark] 
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TABLE 6 shows some of the 
concentrations of sodium chloride 
solution the scientists used and the 
water potential of each solution. 

 
TABLE 6 
 

Concentration of 
sodium chloride 
solution / mol dm–3 

Water potential  
/ MPa 

0.04 −1.95 
0.10 −4.87 
0.12 −5.84 
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0 8 . 2  

 

There is a linear relationship between the 
water potential and the concentration of 
sodium chloride solution. 
 
Use the data in TABLE 6 to calculate the 
concentration of sodium chloride 
solution with  a water potential of  
−3.41 MPa  [2 marks] 
 
  

 

 

 

 

 

 

Answer =   mol dm–3
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In addition to determining the water 
potential in the leaf cells, the scientists 
measured the growth of the leaves.  
 
They recorded leaf growth as a 
percentage increase of the original leaf 
area. 
 
Their results are shown in FIGURE 9. 

   
FIGURE 9 

  



77 
 

*77* 

 

  

0 8 . 3  

 

One leaf with an original area of 60 cm2 
gave a voltage reading of −7 µV 
 
Use FIGURE 8, on page 71, and  
FIGURE 9, opposite, to calculate by how 
much this leaf increased in area.   
Give your answer in cm2  [2 marks] 
 

 

 

 

 

 

 

Answer =   cm2
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0 8 . 4  

 

Sunflowers are not xerophytic plants.  
The scientists repeated the experiment 
with xerophytic plants.   
 
Suggest and explain ONE way the leaf 
growth of xerophytic plants would be 
different from the leaf growth of 
sunflowers in FIGURE 9, on page 76.   
[2 marks] 
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Use your knowledge of gas exchange in 
leaves to explain why plants grown in 
soil with very little water grow only 
slowly.  [2 marks] 
 

 

 

 

 

 

 

 

 

 

 

 

 
[Turn over] 

 
 

10 
 



 *
80
*

 

 
 

80 
0 

9 
 A

 s
ci

en
tis

t i
nv

es
tig

at
ed

 th
e 

af
fin

ity
 fo

r o
xy

ge
n 

of
 h

or
se

 
ha

em
og

lo
bi

n 
an

d 
m

ou
se

 h
ae

m
og

lo
bi

n.
 

 So
m

e 
of

 th
ei

r r
es

ul
ts

 a
re

 s
ho

w
n 

in
 T

A
B

LE
 7

, o
n 

th
e 

op
po

si
te

 p
ag

e.
 

  
 



 *
81
*

 

  
 

81 
TA

B
LE

 7
 

 A
ni

m
al

 
Pa

rt
ia

l p
re

ss
ur

e 
of

 o
xy

ge
n 

w
he

n 
ha

em
og

lo
bi

n 
is

 
50

%
 s

at
ur

at
ed

 / 
kP

a 

Pa
rt

ia
l p

re
ss

ur
e 

of
 o

xy
ge

n 
w

he
n 

ha
em

og
lo

bi
n 

is
 

25
%

 s
at

ur
at

ed
 / 

kP
a 

B
od

y 
m

as
s 

of
 

on
e 

an
im

al
 / 

g 
 

H
or

se
 

3.
2 

1.
9 

55
0 

00
0 

M
ou

se
 

6.
5 

3.
3 

23
 

  [T
ur

n 
ov

er
] 

 
 



 *
82
*

 

 
 

82 
0 

9 
. 

1 
 

 O
n 

th
e 

op
po

si
te

 p
ag

e,
 p

lo
t t

he
 h

ae
m

og
lo

bi
n 

sa
tu

ra
tio

n 
da

ta
 

fr
om

 T
A

B
LE

 7
, o

n 
pa

ge
 8

1,
 a

nd
 u

se
 th

es
e 

po
in

ts
 to

 s
ke

tc
h 

th
e 

fu
ll 

ox
yh

ae
m

og
lo

bi
n 

di
ss

oc
ia

tio
n 

cu
rv

es
 fo

r a
 h

or
se

 
an

d 
a 

m
ou

se
.  

[3
 m

ar
ks

] 
   

 



 *
83
*

 

  
 

83 
Pe

rc
en

ta
ge

 o
f s

at
ur

at
io

n 
 

of
 o

xy
ha

em
og

lo
bi

n 
 

 
 

[T
ur

n 
ov

er
] 



 *
84
*

 

 
 

84 
0 

9 
. 

2 
 

 Th
e 

fo
llo

w
in

g 
eq

ua
tio

n 
ca

n 
be

 u
se

d 
to

 e
st

im
at

e 
th

e 
m

et
ab

ol
ic

 ra
te

 o
f a

n 
an

im
al

. 
 M

et
ab

ol
ic

 ra
te

 =
 6

3 
× 

B
M

–0
.2

7  
 B

M
 =

 b
od

y 
m

as
s 

in
 g

ra
m

s 
 U

se
 th

is
 e

qu
at

io
n 

to
 c

al
cu

la
te

 h
ow

 m
an

y 
tim

es
 fa

st
er

 
th

e 
m

et
ab

ol
ic

 ra
te

 o
f a

 m
ou

se
 is

 th
an

 th
e 

m
et

ab
ol

ic
 

ra
te

 o
f a

 h
or

se
.  

[2
 m

ar
ks

] 
  



 *
85
*

 

  
 

85 
    A

ns
w

er
 =

   
 ti

m
es

 fa
st

er
 

  [T
ur

n 
ov

er
] 

 



 *
86
*

 

 
 

86 
R

ep
ea

t o
f T

A
B

LE
 7

 
 A

ni
m

al
 

Pa
rt

ia
l p

re
ss

ur
e 

of
 o

xy
ge

n 
w

he
n 

ha
em

og
lo

bi
n 

is
 

50
%

 s
at

ur
at

ed
 / 

kP
a 

Pa
rt

ia
l p

re
ss

ur
e 

of
 o

xy
ge

n 
w

he
n 

ha
em

og
lo

bi
n 

is
 

25
%

 s
at

ur
at

ed
 / 

kP
a 

B
od

y 
m

as
s 

of
 

on
e 

an
im

al
 / 

g 
 

H
or

se
 

3.
2 

1.
9 

55
0 

00
0 

M
ou

se
 

6.
5 

3.
3 

23
 

  
 



 *
87
*

 

  
 

87 
0 

9 
. 

3 
 

 Th
e 

da
ta

 in
 T

A
B

LE
 7

, o
n 

th
e 

op
po

si
te

 p
ag

e,
 s

ho
w

 
di

ffe
re

nc
es

 b
et

w
ee

n 
th

e 
ox

yh
ae

m
og

lo
bi

n 
di

ss
oc

ia
tio

n 
cu

rv
e 

fo
r a

 m
ou

se
 a

nd
 th

e 
ox

yh
ae

m
og

lo
bi

n 
di

ss
oc

ia
tio

n 
cu

rv
e 

fo
r a

 h
or

se
. 

 Su
gg

es
t h

ow
 th

es
e 

di
ffe

re
nc

es
 a

llo
w

 th
e 

m
ou

se
 to

 h
av

e 
a 

hi
gh

er
 m

et
ab

ol
ic

 ra
te

 th
an

 th
e 

ho
rs

e.
  [

2 
m

ar
ks

] 
       [T

ur
n 

ov
er

] 
 



 *
88
*

 

 
 

88 
              

 



 *
89
*

 

  
 

89 
B

LA
N

K
 P

A
G

E 
  [T

ur
n 

ov
er

] 



90 
 

*90* 

  

0 9 . 4  

 

Mammals such as a mouse and a horse 
are able to maintain a constant body 
temperature.   
 
Use your knowledge of surface area to 
volume ratio to explain the higher 
metabolic rate of a mouse compared to a 
horse.  [3 marks] 
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1 0 . 1  

 

Explain FIVE properties that make water 
important for organisms.  [5 marks] 
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1 0 . 2  

 

Describe the biochemical tests you 
would use to confirm the presence of 
lipid, non-reducing sugar and amylase in 
a sample.  [5 marks] 
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1 0 . 3  

 

Describe the chemical reactions involved 
in the conversion of polymers to 
monomers and monomers to polymers. 
 
Give TWO named examples of polymers 
and their associated monomers to 
illustrate your answer.  [5 marks] 
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