AQ A ﬂ 2021 ASSESSMENT RESOURCE

Realising potential

AS
BIOLOGY

Exchange of Substances / Genetics
Version 0.1

Total number of marks: 47

AQA Education (AQA) is a registered charity (number 1073334) and a company limited by guarantee registered in England and Wales (number
3644723). Our registered address is AQA, Devas Street, Manchester M15 6EX.



|I| Describe the relationship between size and surface area to volume ratio of organisms.
[1 mark]
fis $i1¢ increases , te surface areq o volume

ratio olecre oses.

IZI A scientist calculated the surface area of a large number of frog eggs. He found that
the mean surface area was 9.73 mm?. Frog eggs are spherical.

The surface area of a sphere is calculated using this equation
Surface area = 4mr?
where 1 is the radius of a sphere
n=3.14
Use this equation to calculate the mean diameter of a frog egg.

Show your working.

o) - L{T[rz [2 marks]
9.3 = uTre
r= 0-3199Y
diamaer or = r x2
= 0.319x2
= .76 mm

Diameter = .76 mm




The scientist calculated the ratio of surface area to mass for eggs, tadpoles and frogs.
He also determined the mean rate of oxygen uptake by tadpoles and frogs.

His results are shown in Table 2.

Table 2
Stage of frog Ratio of surface Mean rate of oxygen
development area to mass uptake / pmol g~' h™
Egg 2904 : 1 no information
Tadpole 336:1 57
Adult 166 : 1 1.3

- The scientist used units of umol g~' h™' for the rate of oxygen uptake.

Suggest why he used umol in these units.
. [1 mark]
The mass of 0Xy genis very small so

UMol IS the appropriare units 1o use. Rlso,
t's Me stand ard for measuring oxygen uptake.

EI The scientist decided to use the ratio of surface area to mass, rather than the ratio of
surface area to volume. He made this decision for practical reasons.

Suggest one practical advantage of measuring the masses of frog eggs, tadpoles and
adults, compared with measuring their volumes.

[1 mark]
k(s easier toMeasure mass of living organisms
rather than volume as their shopes are not perfect
(i.e- not spheres [cubes).



Figure 4 is an image of a fish gill taken using a scanning electron microscope.

Figure 4

IIl Identify structures labelled F and G.

[1 mark]
F o gill flament
G lama (lae

@ Describe and explain the advantage of the counter-current principle in gas exchange
across a fish gill.
[3 marks]

Tht counter current ¢xchange system means that
water fowing ouertae gills and blood inme gill #laments
AOW in opposite irections . This maintains a high
(ON@AiY a1 On gradi ent of oXygen over tig entir e gillfilament
whith means that oxygen onstanty difuses down its
oneentration ge adiont from me watrer IN10 The blood supply -



Iil Describe and explain the mechanism that causes lungs to fill with air.
[3 marks]

Inhalof onis e process by which ungs il with air-
Wheh we breame in, e rib cage moves upwords and
outw ards asfne volume intelungs ncreases.
TS (auses tne pressure intne Iungs to decrease, so the
PRESSUIe Is NOW lOwWer fn antne external pressure. Therefore,
air MOVes info ML lungs , downne pregure gradient,

as the drapnr agw fatrens.

A scientist observed sections of lung tissue using an optical microscope.
Figure 5 shows one of these sections.

K is an air-filled tube and L is a blood vessel.

Figure 5
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IZl Identify the structures labelled K and L.

[1 mark]

K __pronchiole
L _ capillary








- Describe the role of enzymes in the digestion of proteins in a mammal.
[4 marks]

Entymes such dS protease break down proteins
iNT0 amino auds. The Lnzyme hason achve site
Whith the substrare 13 inTo 49 0rm an enzyme -substrare
(omplex - The enayme’s active site is complementary in
shape T0Me substrate, foMAINg q perfect matrch

The substeate isbrok en down in0 me produds, whith are
men released. The amino acds are absorpzd N0 e
ploodstyeaM fom tne (jeum of thesmall intestine.

Dif erent types of peptidases are involved in e hydrolysis
of prot ans, inciuding Qndopapﬂ'dasef, exopeptidases
and dip epti dases-



Scientists investigated how the diet of rabbits affected their digestion and absorption
of protein. The scientists fed rabbits an identical mass of food but varied the
percentage of protein in the food.

The scientists measured the mean mass of protein fed to the rabbits that was
absorbed, which they then expressed as a percentage value.

The scientists’ results are shown in Figure 1.
The error bars show + 2 standard deviations.

+ 2 standard deviations cover 95% of the data.

Figure 1
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El What can you conclude about the absorption of the products of protein digestion as
the percentage of protein increased in the rabbits’ food?
[3 marks]

The data in me table suggests tihat tnere (s no
significant dif er enct boaween the par@ntages
of protein intedi g and mean /- of ingested
proten absorb ed. Thisis becaust fine error bars
of all fnre profin percentages overlap, suggestin
fn ¢ diff wrenes in - of prot einabsorbed are duefo
ehance /random varamon. Therefore we @n

nuu demat jncreasing the perantoge of protein in the

di OF has O efeCt ON mean per@ntage of ingested
proftin absorb ed-



|I| Explain how an arteriole can reduce the blood flow into capillaries.
[2 marks]

The lumenof an arteriole is narrower fnan fne
lUMEN of arteries, andfne wallsare fhinner, 50 as e blo od flows from e

art eri o5 intfoTaL arterioles, blood prescure
decreases and blood flow slbws. This ensures

thecapillaries arent damaged andmeres
Maximum time for absorpiion and gas exchange.

Figure 1 shows heart valves during one stage of a cardiac cycle.
Ventricles are visible through the open valves.

Figure 1

Valves between
ventricles and arteries ’.

Valves between
atria and ventricles

n @ What can you conclude from the appearance of valves in Figure 1 about
heart muscle activity and blood movement between:

1. ventricles and arteries?
[2 marks]

Blood Mlows mMore slowly betwean ventricles ana

art eri 65 aste 9Ops botw e tne values are Mmuch

NOYFOWRr, sOHAL heart muscle isn't pumping as hard
or fast-

2. atria and ventricles?
[2 marks]
The qaps Inte values baw een the venices ang

atria ore much wicer 50 blood is 1OWING MU eh
faster and fne wheart muscle ispumping
very hardl.



- Tick (v') one box next to the blood vessel carrying blood at the lowest blood pressure.

Capillary

Pulmonary vein

Renal vein

Vena cava

y)

%

[1 mark]

n E A scientist measured the heart rate and the volume of blood pumped in a single heart
beat (stroke volume) of an athlete before exercise and calculated the cardiac output.

Cardiac output is calculated using this equation.

cardiac output = heart rate x stroke volume

Her results are shown in Table 1.

Table 1
Heart rate / | Stroke volume | Cardiac output
beats minute™ / em? / em*® minute™
62 80 4960

After exercise, the athlete’s stroke volume increased by 30% and the cardiac output
was 13 832 cm?® minute

Calculate the athlete’s heart rate after exercise.

Give the answer to 2 significant figures. Show your working.

30 of 30 = 0-3x30 7 24

new stroee volume = (04
naw cardiac output= 13332

heart rate =

cardrac output

stroke yolume

13332

104

= 135 m'min’’

= 30 m’* min”

[2 marks]
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E A scientist measured the pressure in a phloem tube in a willow plant stem.

He repeated his measurements to obtain nine readings.
His results are shown in Table 3.

Table 3

Phloem pressure / arbitrary units

74 | 80 | 70 | 86 | 82 | 93 | 74 | 9.1

8.8

The percentage error of the mean phloem pressure in this phloem tube is calculated

using this equation.

uncertainty in measurement

Percentage error = x100

mean

The uncertainty in measurement is half the range of the measured values.

Calculate the percentage error of the mean phloem pressure in this phloem tube.

Show your working.

[2 marks]

percentage error =" L ) yipo = J4.0243. .

72

1Y

Percentage error

%




11

El The mass flow hypothesis is used to explain the movement of substances through
phloem.

Use your understanding of the mass flow hypothesis to explain how pressure is
generated inside this phloem tube.

[3 marks]

Sucrose moves fromne source (a photosynmesising reaf or storage organ)
INTO The companion @i of e pin(oem slwwe tube and Tenis actively
transported intote phlogm siaue tube using ATP- This increases e
soluTe conce ntraton intne sieue tube and therefore decreases the
mater porential, causing water # Move by 0sMosIS from e surounding
Xyiem tubes intote siove tube, down the water potential gradient.
Thisin crtases e hydrost afic pressuce and oreates ohigh hydrostafiC pressure
attne Source- AR5 mat Solutes moue down fowards the sink (e.g. e roots) ,
sucrose leaves Tae pnloem sieve tube by diffusion, increasing the watrer
potential and causing water fo move put by osmosis. This creates a

low hydro statiC pressureat the sink , therefore resulting in a pressure gradient-
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IIl Describe how mRNA is produced from an exposed template strand of DNA.

Do not include DNA helicase or splicing in your answer.
[3 marks]

ANA polymerase movts along me tempiate strand Of
DIVR , adding comp (emant ary RNA nucle otdes
e tovplate strand . R pairs wikwn U, ( pairs
Wit G. flucro gen bonds form beaween the boases and
DNA ligase  cataly sesne formation of prosphodiester
bonds p oAw 2o @ dj acent nucleot des.

- Define the term exon.
coding part of the gene

[1 mark]







[oTe][3]

[o]6][4]
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Table 3 shows mRNA codons for some amino acids.

Table 3

Serine | Proline | Glycine |[Threonine| Alanine
ucu CcCcu GGA ACU GCA
ucc CCA GGG ACC GCG

Figure 6 shows the DNA template nucleotide base sequence that determines the
sequence of four amino acids.

Figure 6

AGG CGT CCT GGA
UuCC GCR GGA CCu

Use information from Table 3 and Figure 6 to give the amino acid sequence
determined by this sequence of nucleotides.

[1 mark]
sering - alanine — glycine - proline

A mutation in the nucleotide sequence shown in Figure 6 resulted in the following
amino acid sequence.

Serine Glycine Glycine Proline

A student concluded that the mutation involved the addition of one nucleotide within
the sequence shown in Figure 6. Does information in this question support the
student’s conclusion? Give reasons for your answer.

[2 marks]
The informoafion in figure & goes not support this
ONCUSON , 05 fne additon of anexa nuceotide

Would result in a frameshift and affects al) followng RWINO ACIdS,

bUt this is not appar ent. It SE2Ms a5 OUGA there
has beenn a base Swbstitution from CGT to CCT.
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A scientist investigated birth mass in a population of babies. She determined the
birth mass (b) of babies and grouped this information into different ranges of
birth mass.

Her results are shown in Table 4.

Table 4

Birth mass b/ kg Range of Frequency

mass / kg density
0.0<h<20 2.0 5000
20<hb<g25 0.5 20 000
25<hb<30 0.5 90 000
3.0<hb<35 0.5 260 000
35<hb<45 1.0 200 000
45<h<55 1.0 20 000

Frequency density is calculated using this equation

number of babies
range of mass

Frequency density =
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. Draw, on Figure 8, a suitable chart to show the distribution of birth mass for this
population of babies.

[4 marks]
Figure 8
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. Babies with birth mass less than 2.5 kg are classified as low birth mass.

Use information in Table 4 and the equation to calculate the number of babies born
with low birth mass in this population.

Show your working.
[2 marks]

freguenty density x range of mass
= (5000%2) + (20,000 X 0-5)

10000 t (0000
= 20000

1

number of babies

)

Answer gO , OOO



