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Answer all questions.
1. The oxidation of respiratory substrates is catalysed by enzymes. In a series of reactions
hydrogen ions are produced which are transferred to the hydrogen carriers involved in
respiration. These carriers then deliver hydrogen to the site of ATP synthesis.
(@ (i) Name two hydrogen carriers that are involved in aerobic respiration in
mitochondria. [1]
...... NAD oo i EAD
(i) Describe the role of hydrogen ions in ATP synthesis. [3]
Hydrogen ions (protons) are pumped into the intermembrane space, so
they flow (diffuse) down their electrochemical (concentration) gradient
from the intermembrane space back into the matrix.
They pass through ATP synthase (ATP synthetase) in the inner
mitochondrial MEMBIGNE. | e i
The flow of protons provides the energy for ATP synthase to join ADP + 2.

(iii)  Explain why the two hydrogen carriers involved in aerobic respiration result in the
synthesis of different numbers of ATP molecules. 2]

Reduced NAD delivers its hydrogen at the start of the electron transport
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(b) Resazurin dye changes colour when it is reduced and will change colour in the
presence of respiring cells. If resazurin is present it will be reduced by hydrogen and
changes colour from dark blue to pink to pale pink as shown in Image 1.1.

-~ @~

Image 1.1

dark blue pink pale pink
no partially completely
reduction reduced reduced

Students used resazurin to investigate the action of dehydrogenase in yeast. They set
up a thermostatically controlled water bath at 35°C. Two test tubes were prepared as
follows and left in the water bath for five minutes:

Test tube A: 3cm? of boiled 2.5% yeast suspension +3cm? of 5% glucose solution
Test tube B: 3cm® of 2.5% yeast suspension +3cm? of 5% glucose solution

After five minutes, 3cm?® of 0.01% resazurin was added to test tubes A and B. The
resazurin solution was at the same temperature as the yeast and glucose mixture.

(i) Explain why the resazurin was brought to the same temperature as the yeast and
glucose mixtures before mixing. [1]

(i) Explain the purpose of test tube A. 2]

It acts as a control: boiling denatures the dehydrogenase enzymes in the

The colour of the contents of each test tube was recorded every three minutes for a
period of 30 minutes. The colour of each tube was matched to the colour chart shown in
Image 1.2. The numbers indicate the extent of reduction of resazurin, with 10 indicating
no reduction.

Image 1.2
10 9 8 7 6 5 4 3 2 1
dark blue pink pale pink
no partially completely
reduction reduced reduced
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Table 1.3 shows one student’s results.
Table 1.3
Extent of reduction of resazurin/au
Time/minutes
test tube test tube
A B
0 10 8
3 10 8
6 10 7
9 10 6
12 10 5
15 10 4
18 10 3
21 10 2
24 10 1
27 10 1
30 10 1
The results of other students varied considerably from those shown in the table. g
(iii) I.  Use all the information given to identify and explain how one limitation <
in this investigation could account for the variation in the results of other
students.
[2]
_____ The colours were matched to the chart by eye, and colour vision is
SUBJECLIVE. e
.o different students would judge the same shade differently and
.record different colours Cresults).
II.  Suggest and explain one improvement that would provide results that are
more accurate. (]
_____ Use a colorimeter to measure the colour (absorbance), as this gives
. Objective, quantitative data. . e
12
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2. (a) Streptococcus mutans is one of at least 25 species of streptococcus bacteria found in
the human mouth. A chain of S. mutans cells following Gram staining is shown in
Image 2.1.

Image 2.1

(i) Classification of the different streptococcus bacteria is tentative as all these
species appear similar after Gram staining.
Explain the meaning of the term tentative when referring to classification. 1]

It is based on the information (evidence) available at the time, so it is

(i) Explain how one biochemical method of analysis could be used to distinguish
between the different species of Streptococcus. 2]

DNA sequencing: sequence a gene (e.g. the 16S rRNA gene) from each

06
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(b) A microscope was used to measure the diameter of one of the bacteria shown in o

Image 2.1. The microscope was first calibrated using an eyepiece graticule and a
stage micrometer. Divisions marked on the stage micrometer have a constant value of
0.01 mm but the value of one eyepiece unit (epu) varies depending on the magnification
of the objective lens.

Image 2.2 shows how a stage micrometer and eyepiece graticule would appear when
viewed down a microscope at high magnification.

Image 2.2

10 20 30 40 50 60 70 80 90 1
||u|||u||uu|u|||uu|u||||u||u||||u||||||||u|||||||u|||||u|uu|||u|uu|||u|uu|||u|

0

10
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(i) Name scale X in Image 2.2. 1]

stage micrometer

(ii) At this magnification it was calculated that 1epu = 1.05um.
The diameter of one of the bacteria in Image 2.1 was measured at 2epu.
Calculate the actual diameter of this bacterium. 1]

2 epu x 1.05 pm = 2.10 pm

Diameter of bacterium= ... 2,10 . um
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(¢) Inhumans, S. mutans is most prevalent on the surface of teeth and is one of the main o

organisms responsible for tooth decay.

S. mutans can convert sucrose into two main products:

* lactic acid

e dextran — a sticky polysaccharide

S. mutans can also metabolise other sugars, including glucose, fructose and lactose to
produce lactic acid.

Image 2.3 shows a cavity in a human premolar caused by tooth decay.

Image 2.3

(i) With reference to the habitat of this species of bacteria and its metabolism of
sugars, conclude whether S. mutans is an aerobe, an obligate anaerobe or a
facultative anaerobe. Explain your answer. [3]

S. mutans is a facultative anaerobe.

08
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(i)  Use the information provided to explain why not brushing your teeth can increase o

the risk of cavity formation. 2]

Dextran sticks to the teeth and traps the bacteria and lactic acid, so if

(d) Dextran solutions are used to treat cases of very low blood pressure caused by
excessive blood loss. When dextran solutions are injected into the blood, they
significantly reduce the plasma solute potential.

Use your knowledge of tissue fluid formation and osmosis to conclude how dextran

solutions help to restore blood pressure. [4]

Dextran lowers the solute potential and so lowers (makes more negative) the

A400U101
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3. For healthy and productive growth, plants require a range of minerals.
Calcium, sulphur, nitrogen, phosphorus and magnesium are termed macronutrients, as plants
require relatively high levels of them.
Some elements are only required in low levels; these are called micronutrients.

(@ (i) State which two of the macronutrients listed above are required to produce the

amino acids involved in cross-linking polypeptide chains. [2]
Lnitrogen .. Lsulphar
(i) State one role of each of the following elements in plants. [2]

(b) An experiment was carried out to investigate the effects of some micronutrient
deficiencies on duckweed (Lemna minor). This is a simple, aquatic plant that floats
on the surface of ponds. It grows rapidly and individual plants can be counted easily.
Image 3.1 shows some L. minor plants.

Image 3.1

Five different nutrient media were tested. One contained complete nutrient medium
containing all the minerals required for healthy growth. The others contained the same
nutrient medium but with a source of one micronutrient omitted. The method used to set
up the culture vessels is described below.

+ wrap the sides of a 250 cm? beaker with aluminium foil to prevent entry of light
e place 150 cm?® of nutrient medium in the beaker

* place two L. minor plants on the surface of the nutrient medium

e cover the top of the beaker with clear plastic film

* place the beaker in a room kept at a constant 20 °C under continuous light

e after 14 days

1. record the colour of the leaves on a scale of 0—5 where 0 is complete
chlorosis and 5 is normal dark green

2. record the size of the leaves as
T =tiny, S = small, M = medium and L = large

3. harvest the plants and dry to constant mass
e repeat the whole experiment to gain five sets of data and calculate mean results

for each nutrient medium tested
10
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(i) The beaker was wrapped in aluminium foil to reduce the growth of algae in the o
nutrient medium.
Explain how this increases the validity of the investigation. [2]
Algae would use (compete for) the minerals in the wnutrient medium, so
_____ would limit (restrict) the growth of the duckweed. .
Reducing algae means only the omitted micronutrient affects growth, so
the results are valid.
(i) Explain one reason why the top of the beaker was covered with clear plastic film.
[2]
The film is clear to allow light in for photosynthesis by the duckweed.
It also prevents evaporation of water, so the concentration of the
nutrient medium is maintained.
(iii)  Suggest the colour of leaves given a leaf colour score of 0. 1] §;
o ONOWL
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The results of the experiment are shown in Table 3.2. only
Table 3.2
Nutrient medium — Mean results
micronutrient omitted | 4ry mass/mg | leaf colour score leaf size
none 13.2 5 L
copper 10.6 4 M
iron 25 1 S
manganese 341 2 T
zinc 121 4 M
(iv) Use Table 3.2 to plot a bar chart of the mean dry mass of L. minor harvested for
each nutrient medium on the grid below. [3]
14
12
10
S
g
~ 3
v
S
g
>
.E
§ 6
by
4
2
0
none copper iron manganese 2inc
Nutrient medium: micronutrient omitted
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(v) Iron is essential for the transfer of electrons from photosystem | to the final o

electron acceptor.
Manganese is involved in reactions that result in the photolysis of water.
Use the information above and your knowledge of the light-dependent and

light-independent stages of photosynthesis to explain why a deficiency of iron and
manganese results in a major decrease in growth of L. minor plants. [5]

Manganese deficiency means less photolysis of water, so fewer protons

A400U101
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4. (a) Planetary boundaries represent the central concept in an Earth system framework
proposed by scientists. Image 4.1 shows the status of the nine planetary boundaries

in 2022.
Image 4.1
CHEMICAL POLLUTION
CLIMATE
CHANGE
BIODIVERSITY OZONE

safe
operating
[Space]

AEROSOLS

LAND USE (not quantified)

OCEAN
ACIDIFICATION

FRESHWATER
USE

BIOGEOCHEMICALS

(i) State the expected consequence of crossing the safe threshold for any planetary
boundary. [1]

There is a risk of abrupt, irreversible environmental change (damage to

14
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(i)  The threshold for climate change has been crossed. This has been linked to o
human activities, including deforestation.

With reference to the role of photoautotrophs and saprotrophs in the carbon
cycle, explain how deforestation could account for the status of the climate
change planetary boundary shown in Image 4.1. [4]

Deforestation removes photoautotrophs (trees), so less photosynthesis

A400U101
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(b) The chemical pollution boundary includes a wide variety of chemicals released into only

the environment by humans. To meet the demands of an increasing human population,
intensive farming is used to increase food production.

‘Aphide’ is a pesticide which is sprayed onto a wide range of crops to control aphids.
Aphids feed on the contents of phloem sieve tubes and can spread fungal disease
between plants.

Image 4.2 shows the feeding relationships in a community of interdependent species
that includes aphids.

Image 4.2
fox sparrowhawk
blackbird thrush wrfn
shrew hoverfly //t"spider
f \ (Iarva)
earthworm slugs shail aphid hoverfly
\ f \ T / (adult)
dead leaves live leaves nectar fruit
strawberry plant
(i) State what the arrows represent in Image 4.2. 1]

direction. of .energy. transfer from._one trophic level to the next

(i)  Identify the following in Image 4.2:

I. an organism that is both a herbivore and a detritivore [1]
SIUQS

IIl. an omnivore [1]
ANUSI. .

(iii)  Identify the original source of the energy transferred between organisms. [1]

16
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(c) ‘Aphide’ acts by inhibiting the hydrolysis of acetylcholine in synapses. At low
concentrations ‘Aphide’ affects only aphids. In high concentrations it can affect aphid
predators and other organisms, including humans.

(i) Use the information given to explain why it is recommended that all fruit and
vegetables should be washed before being eaten. [2]

Pesticide residue may remain on the produce, so humans could ingest a

(i) Inrats, it was found that the maximum ‘safe’ daily intake of ‘Aphide’ was
0.035mg kg‘1. This is the highest dose that could be ingested daily without
causing adverse effects to health.
Calculate the total mass of ‘Aphide’ that an adult human weighing 95kg could
ingest per day with no impact to their health.
Give your answer in grams and in standard form. [3]

mass = 95 kg x 0.035 mg kg' = 3.325 mg day*
3.325 mg + 1000 = 0.003325 g

= 3.325 x 107 ¢ day™*

Total mass of ‘Aphide’ = ....3.325.x.1072 . .. gday™

(i)  Suggest one disadvantage to humans of using rats to determine the maximum
‘safe’ daily intake of ‘Aphide’ for a human. [1]

Rats are genetically different to humans, so may respond differently

17
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(d) The presence and concentration of ‘Aphide’ can be monitored using a biosensor. This o
includes immobilised molecules of the enzyme laccase.
(i) State two advantages of using immobilised enzymes in a biosensor. [2]
. ..The enzyme can be reused (recovered and used again), so it is
B
I It is more stable over a wider range of temperature and pH.
(i) Laccase is a soluble, globular protein. A ribbon diagram of its structure is shown
in Image 4.3.
Image 4.3
Identify the secondary protein structure labelled X in Image 4.3 and name the
type of bond involved in maintaining this structure. [2]
X=_alpha (o). eliX......oo.
Bond = ..hydrogen.bonds............
1 8 © WJEC CBAC Ltd. (A400U10-1)
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(i) There are over 350000 synthetic chemicals in production globally. At present o

only a very small fraction of these can be identified using biosensors.
Use your knowledge of enzymes to suggest why it is proving difficult to develop
biosensors to identify these chemicals. 2]

Enzymes are specific to one substrate (complementary active site), so a

21
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5. In eukaryotic cells most of the ATP is synthesised in the mitochondria. Only a small number of o

ATP molecules are synthesised in the cytoplasm.

(@ (i) Name the stage of respiration that takes place in the cytoplasm. [1]
..... VYCOIYSIS ...
(i) State the type of reaction that produces ATP in the cytoplasm. [1]

substrate-level phosphorylation

Image 5.1 shows the stages of respiration that take place in the mitochondria.

Image 5.1

pyruvate

NAD —————
NADH <————— 3 —» Co,

acetyl CoA

oxaloacetate

NADH
NAD

Krebs Cycle
citrate y
malate

umarate

fi

FADH
FAD

succinate

co,

ATP

ADP + (P)

(i)  Name two types of enzyme involved in the conversion of pyruvate to acetyl CoA

in the stage labelled X in Image 5.1. [1]
decarboxylase.........o dehydrogenase. ...
20 © WJEC CBAC Ltd. (A400U10-1)
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(iv) Triacetin is a triglyceride that can be used as an alternative respiratory substrate o

to glucose. From each molecule of triacetin, four molecules of acetyl CoA are
formed.

Use Image 5.1 and your knowledge of aerobic respiration to calculate the number
of molecules of ATP that could be synthesised as a result of the breakdown of one
molecule of triacetin. 2]

per Krebs cycle: 3 NADH = 9 ATP, 1 FADH = 2 ATP, 1 ATP (SLP) = 12 ATP
4 acetyl CoA, so 4 cycles: 12 x 4 = 48 ATP (36 + 3 + 4)

Number of molecules of ATP = ... 48 . .. .

Question continued overleaf

21
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(b) Image 5.2 shows the formulae of citrate and isocitrate, two of the molecules formed o

during Krebs cycle.

Image 5.2
COOH H,0 COOH
H—C—H T HO—C—H
HO—C— COOH > H—C—COOH
H —|C —H T H —C|) —H
COOH H,0 COOH
citrate isocitrate
(i) Explain why the molecules shown in Image 5.2 are structural isomers. [1]

They have the same molecular formula (same number of each atom) but

(i) Both citrate and isocitrate contain three of the same functional group.
This functional group is also found in amino acids.
State the name and formula of this functional group. 1]

Name ..carboxyl.(carboxylic.acid)..group

Formula .COOH

22
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NAD is also converted to NADH in this reaction as shown in Image 5.3.

Image 5.3
/ADP /ADP
Ribose Ribose
| |
N* X N
X — .
| o *—— | | o
H NH, HH NH,
NAD NADH

(i) Use information from Image 5.3 to state whether NAD is being oxidised or
reduced in the reaction labelled X. Explain your answer. [2]

NAD is reduced.

(i) Image 5.4 shows the conversion of isocitrate to a-ketoglutarate.

Image 5.4
isocitrate IDH a-ketoglutarate
+ >+
NAD ? NADH

NADH |
inhibits IDH

Use information from Images 5.3 and 5.4 to explain how NADH can act as a
competitive inhibitor of IDH and regulate the production of a-ketoglutarate. [3]

NADH has a similar shape to NAD, so it can fit into the active site of

(c) Isocitrate is converted to a-ketoglutarate by the enzyme isocitrate dehydrogenase (IDH).

23
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(d) Aninvestigation was carried out to determine how the concentration of NADH affects o

the rate at which isocitrate is converted to a-ketoglutarate.
The same concentration of IDH was used throughout. All solutions were at pH 7.4 and
25°C.

(i) Explain how and why the pH was maintained at pH 7.4. 2]
Using a buffer solution of pH 7.4, because a change in pH changes the

The inhibitory effect of NADH on the activity of IDH is given as percent
inhibition (1%).
Table 5.5 shows the rates of reaction of IDH and 1% for a range of NADH

concentrations.
Table 5.5
Concentration of Rate of reaction 1% (percentage
NADH/umoldm™ /umol minute ' mg~" IDH inhibition)/ %
0 79 0
25 64 19
50 st 0 35 ..
100 39 51
150 25 68
200 16 80
250 10 87
300 7 91

24
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(i)  Use the following equation and data from Table 5.5 to calculate the percentage
inhibition (I%) for a concentration of 50 umol NADH. [2]

(Vo - V)

0

1% = x100

where V,, = the rate of reaction in the absence of NADH,
and V = the rate of reaction in the presence of NADH

1% = (79 — 51) + 79 x 100
=28+ 79 x 100 = 35.4

1% = B3P

(i)  The rate at which NADH transports hydrogen to the electron transport chain
increases as the concentration of ATP in the matrix decreases. ATP cannot be
stored in cells. However, demand for ATP varies at different times of the day and
the rate of ATP synthesis varies to meet demand.

Suggest how the inhibitory effect of NADH on IDH is involved in regulating the
rate at which ATP is synthesised when an organism’s activity levels are low.

(3]

_When activity is low, less ATP is used, so the concentration of ATP in
the matrix increases.

_So the rate at which NADH delivers hydrogen to the electron transport

_____ chain decreases and the concentration of NADH increases.
_This causes increased inhibition of IDH, so the rate at which NADH (and
_FADH) is produced in the Krebs cycle is reduced.

_So fewer H" are pumped into the intermembrane space, a lower proton
_gradient is established, and the rate of ATP synthesis decreases to
_match demand.

[T
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6. In any ecosystem, population numbers vary over time due to many factors. These factors can
be biotic or abiotic and their effects can be density dependent or density independent.
Increasing human pressures on the environment have increased the risk of extinction for many
species.

(@ (i) State the term used to describe a species that is at risk of extinction. 1]

endangered

(i) Table 6.1 lists three factors that could affect the size of a population.

Table 6.1

Density- Density-
dependent independent

s |/ %
Disease \/ \/
Drought \/ \/

Place a tick (V) in two boxes in each row in Table 6.1 to correctly identify if these
factors are abiotic or biotic and whether their effects are density-dependent or
density-independent. [2]

Factor Abiotic Biotic

(b) The population size of many species is now monitored to inform political decisions that
could support conservation. The data collected is used to predict the time taken for a
species to be no longer at risk of extinction.

The numbers of African elephants (Loxodonta africana) decreased rapidly in the 20th
century, largely due to human activities. Conservation efforts are helping to restore
population numbers in some areas of Africa.

(i) Suggest two human activities that could have contributed to the decline in the
number of African elephants. [1]

_poaching (hunting for ivory)

PMT
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(ii)

(i)

Under optimal conditions, African elephants have a generation time of 22 years.
This is the time taken for a population to double in number.
Generation time (G) is calculated using the formula:

t

Generation time (G) = N
3.3xlog,, (N“"a' j

start

where:

t=time
Nsinar = the final number of individuals in the population

start — the initial number of individuals in the population

Use the formula above to estimate the time it would take for a starting population
of 10 elephants to reach a population of 1000.

Give your answer to two significant figures. [3]
22 =t+ (33« 10910(1000 <+ 10))

log1,(100) = 2, so 3.3 x 2 = 6.6

t =22 x 6.6 =145.2 years

= 150 years (2 s.f.)

Time taken to reach final population of 1000 = ... 150........ years

One conservation method used has been to set up enclosed areas where
elephants are protected.

If the area is not enclosed, it could lead to a decrease in the time taken to reach
the target population of 1000 elephants. Suggest why. 1]

Elephants could migrate into the area (immigration), so numbers increase

27
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7. Succession is the change in structure and species composition of a community over time.
Primary succession from bare rock to a mature community can take hundreds of years.
Secondary succession, for example, following the felling of trees, takes far less time.

Forests are habitats that can support a high level of biodiversity. In some countries, forests are
given nature conservation status and are unmanaged. There is limited harvesting of wood and
no clearance of dead wood or undergrowth. This helps to preserve habitats.

In managed forests, secondary succession is encouraged by the regular felling of trees. The
removal of dead and decaying wood and undergrowth in these forests reduces the spread of
disease.

Evidence suggests that by using sustainable forest management practices, the demand for
timber and the need for conservation can be met.

Table 7 compares data from an unmanaged nature conservation forest and a managed timber
production forest. Both forests contained similar tree species.

Table 7
Type of forest
unmanaged sustainably managed
nature conservation forest | timber production forest

increase in volume of wood 5 15
/m? hectare™ year™
masxlmum vcil1ume of wood 624 757
/m? hectare
time for trees to reach felling height 175 50
/years
usgfgl wocs)d har_\qest 1015 56-86
/million m® year
carbon storage 04 39.35
/tonnes CO, hectare™ year™ ' o
;r;/c:rease in species biodiversity over time 0 0.005

28
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Use correct terminology to describe the stages in primary succession that could result in the
initial formation of a forest from bare rock.

Explain why biodiversity increases as the forest community matures.

With reference to the information opposite, explain how managed forest succession can meet
the need for timber production and be of benefit to the environment. [9 QER]

Primary succession begins with the colonisation of bare rock by pioneer species

PMT

Examiner
only
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Trees take only 50 years to reach felling height instead of 175 years, so they can
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Question
number

Additional page, if required.
Write the question number(s) in the left-hand margin.
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