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

1 Active transport is one type of cell transport mechanism.

(@) What happens during active transport?

X

o N W >

ATP is hydrolysed releasing energy
ATP is hydrolysed using energy
ATP is phosphorylated releasing energy

ATP is phosphorylated using energy

(b) Which substance is transported against a concentration gradient by active

transport?
A
1 B
] ¢
I D

hydrophilic molecule
large hydrophobic molecule
small hydrophobic molecule

water
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(c) The graph shows the change in concentration of molecule A and molecule B, as
they are transported into the cytoplasm of a cell.

A molecule A
Concentration of molecules
in the cytoplasm molecule B
1 1 1
0 10 20 30

Time / mins

Explain the differences in the changes in concentration of molecule A and
molecule B between 0 and 10 minutes and between 20 and 30 minutes.

Between 0 and 10 minutes the concentration of molecule A increases faster than that

(Total for Question 1 = 4 marks)
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2 The diagram shows part of cellular respiration.

(a) Which is molecule X?

(6 O O

X

O N w >

glucose

glycolysis

molecule X

link reaction
and
Krebs cycle

carbon dioxide

glycerate 3-phosphate

glycogen
lactate

pyruvate

(b) Which row of the table shows the locations of glycolysis, the link reaction and the

Krebs cycle in eukaryotic cells?

X O

O O

O N w >

Glycolysis

cytoplasm

cytoplasm
mitochondria

mitochondria

Link reaction
cytoplasm
mitochondria
cytoplasm

mitochondria

Krebs cycle
cytoplasm
mitochondria
cytoplasm

mitochondria
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( )
(c) Cellular respiration yields 36 molecules of ATP per molecule of glucose.
(i) The oxidation of one glucose molecule yields 2870224 Joules.
The free energy stored in one ATP molecule is 30566 Joules.
Calculate the efficiency of energy transfer in the formation of ATP.
Give your answer to two decimal places.
(2)
energy in 36 ATP = 30 566 x 36 =1 100 376 J
efficiency = 1 100 376 = 2 870 224 x 100
= 38337.. %
Answer ... 3834 . %
(i) State why this process is not 100 % efficient.
(1)
_Some of the energy is lost as heat (thermal energy) during the reactions of respiration. ..
(Total for Question 2 = 5 marks)
\ y,
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3 Viruses can be cultured and isolated in a laboratory.

The diagram shows the steps involved in culturing and isolating viruses.

Step 1
Cells grown on the surface of a culture flask containing culture fluid

Step 2
Viruses added to culture flask

Step 3
Flask incubated at an appropriate temperature for a few days

Step 4
Culture fluid removed and passed through a filtration unit

Step 5
Viruses collected in the filtrate

Step 6
Purity of the viruses checked
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(a) State why specifically-selected cell types have to be grown in Step 1.

(b) Explain why the flask has to be incubated at an appropriate temperature for a few
days in Step 3.

(Total for Question 3 = 6 marks)
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4 The permeability of the cell surface membrane to a particular molecule depends on
a number of factors, including the properties of the membrane and the properties of
the molecule moving through it.

) The diagram shows some of the components of the cell surface membrane.

hydrophobic (nonpolar)
region

hydrophilic (polar)
region

phospholipid channel protein cholesterol

(i) Which row in the table describes parts R and S of the phospholipid?

Part R PartS
L[] A |hydrophilic fatty acid hydrophobic phosphate ———
B | hydrophilic phosphate hydrophobic fatty acid ———
[J € |hydrophobic fatty acid hydrophilic phosphate ———
[J D |hydrophobic phosphate hydrophilic fatty acid ———
(ii) Draw part of a cell surface membrane that has twelve phospholipids, one
channel protein and one cholesterol molecule.
Use the components shown in the diagram.
channel protein
a r'*(
————— phospholipid (head)
@ ( cholesterol
§ § g g § § phospholipid
S\
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(iii) Describe the role of channel proteins in cell transport.

(b) The graph shows the effect on the permeability of membranes of temperature
and the proportion of cholesterol in the membrane.

A
no cholesterol
Permeability of membrane 20% of lipid content is cholesterol
50% of lipid content is cholesterol
>
Temperature
Point P

(i) Analyse the data to give two conclusions that can be made from this graph.
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4 A
(i) Explain the effect of temperature on membrane permeability at point P.
(2)
At point P the temperature is low, so the phospholipids have very little kinetic energy. .
_The phospholipids hardly move, so the membrane is less fluid and molecules are not able
_to pass through it; there is a low rate of diffusion, so the permeability is very low for
L0l Ehree MEMBYONES. | e
(Total for Question 4 = 9 marks)
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5

Turner’s syndrome (TS) results from a chromosome mutation.

People with TS are at a higher risk of developing autoimmune disorders than people
without TS.

An autoimmune disorder results when a person’s immune system attacks their own
body.

(@) Which of the following describes the chromosome mutation that causes TS?

X

O 0O 0O
O N w >

non-disjunction leading to monosomy
non-disjunction leading to polysomy
translocation leading to monosomy

translocation leading to polysomy

(b) There were 613936 babies born in the UK in 2020.
The ratio of baby boys to baby girlsis 1.05: 1.
The incidence of TS is between 1in 2000 and 1 in 2500 in baby girls.

Calculate the minimum number of baby girls born with TS in the UK in 2020.

number of girls = 613 936 + 2.05 = 299 481
minimum incidence = 1 in 2500

299 481 + 2500 = 119.8
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(c) Scientists studied a group of girls with TS and a group of girls without TS.

They recorded physical features and immunological markers such as antibodies
and lymphocytes.

(i) Girls who had recently been vaccinated were excluded from this study.

Explain why these girls were excluded.

YIHY STHL NI ILIM ION-Od

Y3HY SIHL NI 3LIIM 1ON Od

DONOTWRITE IN THIS AREA

DO NOT WRITE INTHIS AREA

LIEm]

AN O YT 0 0 0 "
Turn over
P 7 4 4 5 9 R A 0 1 3 3 6 urnove

stemup.co.uk


https://stemup.co.uk

(i) The table shows some of the physical features of the two groups of girls.

Mean value + SD for each group of girls
Physical features

With TS Without TS
Age / years 11.9£4.1 125+4.0
Mass / kg 36.7 £ 14.8 452 +19.3
Height / cm 134.8 £20.0 146.3+21.3
Standardised height score -2.16 £ 0.95 -0.41 £0.50
Body mass index (BMI) 19.2+3.3 19.7 £+ 4.6

Only one of these features was significantly different between the two groups
of girls.

Explain which was the significantly different feature.
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(iii) The table shows the levels of four immunological markers in the blood of each
group of girls.

Mean value *+ SD for each group of girls
Immunological marker

With TS Without TS

IgA antibody / g dm™ 1.08 £ 0.39 1.15 + 0.42

lgG antibody / g dm™ 9.14 +2.10 11.15 +3.29
CD4 lymphocytes / cells per pl 656.3 + 227.3 817.3 £ 350.1
CD8 lymphocytes / cells per pl 597.6 + 272.6 4948 + 188.3

Analyse the data to describe the conclusions that can be made about the
immunological markers in girls with TS.
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(iv) The scientists also determined the number of a type of cell called T regulatory
cells in the blood of these two groups of girls.

They found that the numbers of these cells were very similar.

People with autoimmune diseases have been shown to have a decreased
number of T regulatory cells.

Explain how this study could be modified to show that a decreased number of
T regulatory cells is linked to the risk of autoimmune disease in girls with TS.

(Total for Question 5 = 12 marks)

P 7 4 4 5 9 R A 01 6 3 6

stemup.co.uk

CIEmC]

YIYY STHL NI ILHM 1ON Od VIV SIHLNIEILIHAM ION Od

V3IHY SIHL NI ILIIM 1ON Od

DO NOTWRITEINTHIS AREA DO NOT WRITE INTHIS AREA

DO NOT WRITE INTHIS AREA


https://stemup.co.uk

YadY SIHLNEILIHM ION Od VIHY SIHLNEILIHM 1ON Od

Y3HY SIHL NI 3LIIM 1ON Od

DONOTWRITE IN THIS AREA DONOT WRITE INTHIS -AREA

DO NOT WRITE INTHIS AREA

6 Chlorella are single-celled photosynthetic algae.

(@) The diagram shows part of a membrane in a chloroplast from Chlorella.

Light
reaction B reaction C
. .
v A
photosystem photosystem ATP
| I synthase
water reaction A
(i) Which membrane is shown in this diagram?
L] A crista
L] B inner
[J] C outer
D thylakoid
(ii) Name reaction A.
Photolysis Cof WALEE) ... e
(iii) What occurs in reaction B?
[J A reduced NADP is broken down by gaining an electron
[l B reduced NADP is broken down by losing an electron
C reduced NADRP is produced by gaining an electron
[J D reduced NADP is produced by losing an electron
(iv) Write the equation for reaction C.
D ot P AT e
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(b) Scientists are developing solar cells that contain photosynthetic pigments derived
from Chlorella.

Solar cells absorb light and generate electricity.
The scientists cultured Chlorella under two different lighting conditions.

The graph shows the growth of Chlorella exposed to either natural light or to
alternating twelve-hour periods of light and dark.

20

154

Concentration of
Chlorella 10 -
/ x 10° cells cm™

0 1 1 1 1 1 1 I I I I I I I I
0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Time in culture / days

— Alternating twelve-hour
periods of light and dark

----- Natural light

(i) The mean growth rate for Chlorella grown in natural light during the fourteen-
day period was 1.04 x 10° cells per day.

Calculate how many times faster Chlorella grew in alternating periods of light
and dark.

Give your answer to two significant figures.

increase = (185 — 0.5) x 10° = 18.0 x 10° cells em™
rate = 13.0 x 10° + 14 = 1.286 x 10° cells per day

1.286 x 10° + 1.04 x 10° = 1.236
ANSWET ..o, 12 .......................
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(i) The cultures were observed for a further four days.

The table shows the observations.

Time in Observation

culture / Chlorella grown in alternating

days periods of light and dark Chlorella grown in natural light
Dark green cells Light green cells
17 The number of cells had not increased | The number of cells had increased
since the previous day since the previous day
18 Cells had entered the death phase gﬁ!i:ad not entered the death

Explain these observations.

carbon dioxide in the culture, and the dense cells shade each other so less (visible)

........................................................................................ D e S 0
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(iii) The scientists chose to use Chlorella as a source of photosynthetic pigments
for solar cells.

The graph shows the absorption spectra of four photosynthetic pigments
found in Chlorella.

4 — B-carotene
— Chlorophyll a
--- Chlorophyll b

----- Violaxanthin

Absorbance

I I 1
360 410 460 510 560 610 660 710 760 810
Wavelength of light / nm

Explain why Chlorella cells are a suitable source of photosynthetic pigments
for use in a solar cell.

(Total for Question 6 = 14 marks)
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( )

7 Living organisms have a range of gas exchange systems.

(@) The photograph shows human lung tissue, as seen using a light microscope.

capillaries

© BIOPHOTO ASSOCIATES/SCIENCE PHOTO LIBRARY

(i) The typical diameter of an adult alveolus is 200 um.
There are 300 million alveoli in each lung.
Calculate the total surface area of a pair of adult lungs, using the formula:
surface area of one alveolus = 4xr’

Give your answer in m’.
(3)
r=200< 2 =100 um = 0.0001 m
one alveolus = 4 x 1 x 0.0001° = 1.257 x 10”7 m?
alveoli in two lungs = 2 x 300 000 000 = 600 000 000

600 000 000 x 1.257 x 107 = 75.4 m?

Answer ... /54 m?

(i) Explain the importance of a large surface area in a gas exchange system.

(2)

21
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( )
(iii) Fluid passes out of the capillaries into the spaces around the alveoli.
Some of this fluid passes into the alveoli.
Explain the importance of having fluid inside the alveoli.
(2)
Oxygen dissolves in the fluid (oxygen in solution) before it can diffuse across the
.alveolar wall into the BIood. .o
The fluid contains surfactant, which prevents the alveoli from collapsing (sticking . . . . . .
.together); the fluid also maintains the alveolar membrane, .. . ...
(b) The photograph shows a marine sponge.
© elmut Corneli/Alamy Stock Photo
Sponges are aquatic animals that are covered in pores called ostia.
The diagram shows a section through a sponge.
body cavity of the sponge
single layer of cells lining
the body cavity
direction of flow of water
layer of flagella
\ y,
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4 A
Analyse the information in the diagram to explain how this sponge is adapted for
gas exchange.
o) <L (3)
6 u
& & | The ostia (gaps) allow water to flow into the body cavity, and the unidirectional flow
e e
. =
= £ | .of water maintains a_concentration gradient for oxygen and carbon dioxide, . . . . . . . . . .
: v
¢ LL}
= E | The body cavity is lined by a single lager of cells, so the gas exchange surface is thin,
e
T 5 | .9lving a shorter diffusion ISTNCE. | ..._..o———
5 2
=) O | ..The cells have flagella, which keep the water flowing, and the folded shape of the . . .
oo
_Sponge and its cavity provides a large surface area. . . e
‘<
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(c) The graphs show changes in gas exchange as a tadpole develops into an

adult frog.
100 A
Lungs
80 - J
60
Percentage of oxygen
uptake (%) 40 -
20 Skin
Gills
0 A
Tadpole using  Tadpole using Young frog Adult frog
oxygen in oxygen in using oxygen in using oxygen in
the water the air the air the air
>
Development
100 -
. \/\ Skin
60
Percentage of carbon

A

dioxide released (%) 40 - A
20 ;>(4 Lungs
Gills

B

Tadpole using  Tadpole using Young frog Adult frog
oxygen in oxygen in using oxygen in using oxygen in
the water the air the air the air

>

Development
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Analyse the data to explain the role of the gills, lungs and skin in gas exchange as
a tadpole develops into a frog.

(Total for Question 7 = 14 marks)
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8 The rate of photosynthesis in some plants can be affected by the level of nitrogen gas

in the air.

The effects of low, moderate and high nitrogen levels on leaf structure and molecules

present in the leaves were investigated.

(@) Which pair of molecules contains nitrogen atoms?

O X O O

carbohydrates and lipids
lipids and nucleic acids

nucleic acids and proteins

O n w >

proteins and carbohydrates

(b) The diagram shows a section through a leaf.

LIEm]

Upper epidermal layer I

Mesophyll layer -

Lower epidermal layer {

stomata

(i) Which is the main gas exchange surface in a leaf?

X O

O O

lower epidermal layer
mesophyll layers

stomata

O n w >

upper epidermal layer
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*(ii) The table shows some effects on the characteristics of leaves when plants are
grown in low, moderate and high levels of nitrogen gas.

Characteristic

Effect compared with plants grown in moderate
levels of nitrogen gas

Plants grown in low
levels of nitrogen gas

Plants grown in high
levels of nitrogen gas

VE

.

X

: X
OO

Thickness of layers smaller larger

Size of chloroplasts smaller larger

Surface area of chloroplasts exposed to .

. . lower higher

intercellular air space

RUBISCO activity lower lower
28
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Discuss how growing plants in low levels and high levels of nitrogen gas
affects the rate of photosynthesis.
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(c) This investigation also studied changes in gene expression in the plants grown
in low levels and high levels of nitrogen gas compared with those grown in
moderate levels.

The chart shows the results of this part of the investigation.

The shaded area shows the genes that were affected in both groups of plants.

Plants grown in low Plants grown in high
levels of nitrogen gas levels of nitrogen gas

368 genes T 99 genes T 195 genes T

823 genes l 101 genes l 500 genes l

Key:

T increased expression

l decreased expression

(i) Determine the effect of growing plants in low levels of nitrogen gas and in
high levels of nitrogen gas on the changes in gene expression.
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(ii) Describe how gene expression can be changed.
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9

Aptamers are single-stranded DNA or RNA sequences that fold into specific
three-dimensional structures.

Aptamers bind tightly to targets such as proteins and viruses.

(a) Compare and contrast the structure of single-stranded DNA with that of single-
stranded RNA.
(3)
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(b) Aptamers can be amplified using PCR.
To amplify an RNA aptamer, reverse transcription-PCR (RT-PCR) must be used.

Describe how RT-PCR can be used to amplify RNA aptamers.
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*(c) The diagram shows the structure of the influenza virus.

Haemagglutinin is a glycoprotein that binds to molecules on the cell membranes
of the host cells of this virus.

Strains of influenza virus have evolved that have haemagglutinins on their
surface, with different antigenic properties.

haemagglutinins

envelope

capsid

Aptamers (AT1, AT2 and AT3) have been developed that bind to haemagglutinins
(H1, H3, H5, H7 and H9).

The strength of binding of these aptamers to the haemagglutinins and to four
strains of influenza virus (W, X, Y and Z) was investigated.
The graphs show the results of this investigation.

A

Strength of binding of
aptamer to
haemagglutinin

Types of haemagglutinin

H1

Strength of binding of
aptamer to influenza
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Discuss the advantages and disadvantages of using aptamers to prevent infection
with the influenza virus.

(Total for Question 9 = 13 marks)
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