AQAH

Please write clearly in block capitals.

Centre number Candidate number
Surname StemUp Model Solution
Forename(s)

Candidate signature

| declare this is my own work. /
Paper 2
Thursday 23 May 2024 Morning Time allowed: 1 hour 30 minutes
Materials
For this paper you must have: For Examiner’s Use
¢ a ruler with millimetre measurements .
. e Question Mark
¢ a scientific calculator.
1

Instructions 2
e Use black ink or black ball-point pen. 3
¢ Fill in the boxes at the top of this page. 2
o Answer all questions.
¢ You must answer the questions in the spaces provided. Do not write S

outside the box around each page or on blank pages. 6
¢ If you need extra space for your answer(s), use the lined pages at the end of .

this book. Write the question number against your answer(s).
e Show all your working. 8
¢ Do all rough work in this book. Cross through any work you do not want 9

to be marked. TOTAL

Information
e The marks for the questions are shown in brackets.
¢ The maximum mark for this paper is 75.

JUNZ2 47 401201

stemup.co.uk  |B/M/Jun24/G4001/E7 7401/2


https://stemup.co.uk

Do not write
outside the

Answer all questions in the spaces provided. box

|I| Water has a high heat capacity and a large latent heat of vaporisation.

Describe the importance of each of these properties to living organisms.
[2 marks]

High heat capacity /t buffers changes in temperature, so it resists

temperature changes inside organisms and keeps aquatic habitats stable.

Large latent heat of vaporisation Evaporation of water (e.g. sweating) uses a

lot of heat energy, so it provides a cooling effect with little water lost.

@ Figure 1 shows that water loss from a porous pot can cause the upward movement of

water.
Figure 1
5 & 4
-+—0 o O—1—>
Porous pot
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]
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— Water
movement
Glass tubing
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Biologists have concluded that the experiment in Figure 1 supports the ox
cohesion—tension theory of water transport in the xylem.
Explain how this conclusion is supported by the experiment in Figure 1.
[3 marks]
Water evaporates from the surface of the porous pot, just like
transpiration from the leaves.
This creates tension (negative pressure) in the column of water, which
pulls water up the glass tubing.
Cohesion between water molecules, due to hydrogen bonds between
them, means the column of water is maintained and pulled up as a
continuous column, as in the xylem.
E An air bubble was introduced into the glass tubing in Figure 1. The air bubble moved
a distance (d) of 1.5 cm in 120 minutes. The radius of the lumen (hole) of the glass
tubing was 0.6 cm
Use this information and the formula ntr2d to calculate the rate of water movement in
the glass tubing in cm? hour".
Use m = 3.14 in your calculation.
[1 mark]
Volume = 3.1 x 0.6*> x 1.5 = 1.6956 cm> in 120 minutes
Rate = 1.6956 <+ 2 hours = 0.3478
Answer 0.35 cm?® hour™! 6

Turn over »
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|I| Figure 2 shows an image of a red blood cell at a magnification of x 5500 box

Figure 2

Q

Calculate the actual diameter in um of the red blood cell between points P and Q.

Show your working.

[2 marks]
Image length P to @ = 40 mm = 40 000 um
Actual = image + magnification = 40 000 + $500 = 7.27
Answer 7.27 pMm

0 4
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El A haemocytometer is a special microscope slide that can be used to determine the box
mean number of red blood cells in 0.004 mm? of blood.

o A researcher prepared a 102 dilution of a sample of blood from an adult.

¢ Using a haemocytometer, the researcher determined that the mean number of red
blood cells in 0.004 mm? of the diluted blood sample was 21

The volume of blood in the body of the adult was 4.8 dm?

Calculate the total number of red blood cells in the body of this adult.

Show your working.
[2 marks]

Cells in | mm? diluted blood = 21 + 0.004 = 5250
Undiluted: 5250 x 10> = $.25 x 10° cells per mm?
4.8 dm?® = 4.8 x 10 mm>

Total = $.25 x 10° x 4.8 x 10° = 2.52 x 10"

Answer 2.52 x 10"

E The solution used to dilute the blood had to have the same water potential as the
blood.

Explain why. )
[2 marks]

So that there is no net movement of water by osmosis into or out of

the red blood cells.

Otherwise the cells would burst (lyse) or shrink, so they could not be

counted accurately.

Question 2 continues on the next page

Turn over »
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Izl There are four main blood groups in the human ABO blood group system.

Table 1 shows the basis on which each of these blood groups is classified.

Table 1
A A Anti-B
B B Anti-A
AB A and B No anti-A and no anti-B
(0] No Aand no B Anti-A and anti-B

A transfusion of blood from a blood group A donor to a blood group B recipient would

cause agglutination of the donated red blood cells.

Use information in Table 1 to explain why.

[2 marks]

The donated group A red blood cells have antigen A on them, and the

recipient's plasma contains anti-A antibodies.

The anti-A antibodies bind to antigen A, forming antigen-antibody

complexes, which causes the red blood cells to join together and clump

(agglutinate).

E Using Table 1, give the blood groups of people who could accept a donation of blood
group O without causing agglutination of the donated red blood cells.

Blood groups A, B, AB and 0

[1 mark]

Do not write
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|I| Describe how you would use cell fractionation and ultracentrifugation to obtain a box

07

sample of mitochondria from muscle tissue.
[4 marks]

Cut up the muscle tissue and place it in a cold, buffered solution with

the same water potent/‘al (isotonic).

Cold reduces enzyme activity so organelles are not digested, the buffer

keeps the pH constant, and the same water potential stops the

organelles bursting or shrinking by osmosis.

Homogenise (blend) the tissue to break open the cells, then filter the

homogenate to remove cell debris and whole cells.

Centrifuge the filtrate at a low speed so the heaviest organelles, the

nuclei, form a pellet. Remove this pellet and keep the supernatant.

Centrifuge the supernatant at a higher speed. The pellet formed now

contains the mitochondria, which can be removed and resuspended.

Question 3 continues on the next page
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@ Mitochondrial respiratory capacity is a measure of maximum ATP production in a box

0 8

mitochondrion. Scientists investigated the effect of a resistance exercise training
(RET) programme on the respiratory capacity of mitochondria in skeletal muscle
tissue. RET develops muscle strength.

The scientists:

o took samples of muscle tissue from 11 young males before and after a 12-week
RET programme

¢ recorded the respiratory capacity of the mitochondria in the samples of muscle
tissue.

Figure 3 shows some of the scientists’ results.

The error bars represent + 2 standard deviations from the mean, which includes over
95% of the data.

Figure 3
100
80
Mitochondrial
respiratory 60 -|—
capacity T

per mg of
muscle tissue  40-
[ arbitrary units

20+

Before RET After RET
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Using all the information, evaluate whether 12 weeks of RET would improve athletic box
performance in the general population.

[5 marks]

For: after RET the mean respiratory capacity increased from about S4 to

74 arbitrary units, and the * 2 SD error bars do not overlap, so the

increase is significant and not due to chance.

More ATP can be produced, which could provide more energy for muscle

contraction, so exercise capacity and athletic performance could improve.

Against: only 1l individuals were tested, which is a small sample, and

they were all young males, so the results cannot be applied to females

or older people in the general population.

RET may not strengthen the muscles needed for a particular sport, e.g.

running, and athletic performance itself was not measured. We also do

not know how much exercise the individuals did before the investigation.

Turn over for the next question

Turn over »
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II| Where does transcription occur in a eukaryotic cell?
[1 mark]

In the nucleus.

@ The genome of an adenovirus is a single, linear molecule of double-stranded DNA.
Adenoviruses use eukaryotic host cells to transcribe their genes in protein synthesis.
The process of transcription of adenovirus genes is similar to the process of
transcription of genes in eukaryotes.
Scientists investigated the process of transcription of this viral DNA.
Figure 4 shows one of the experiments carried out by these scientists.

Figure 4

Gene T from an adenovirus was separated
into two DNA strands, A and B

DNA strand A (used in transcription
of gene T to produce pre-mRNA)

DNA strand B

DNA strand A was then used to form a hybrid molecule with mRNA
obtained from a eukaryotic host cell that had transcribed gene T

A loop of DNA strand A not forming
part of the hybrid molecule

A section of DNA strand A
Q forming part of the hybrid molecule

mRNA forming part
of the hybrid molecule
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Looking at the results of the experiment in Figure 4, the scientists concluded that ox
splicing had taken place.

Use Figure 4 to describe and explain why the scientists’ conclusion was justified.
[3 marks]

The loops of DNA strand A that do not form part of the hybrid contain

introns, while the sections of DNA forming the hybrid contain exons.

The exons bind to the mRNA by complementary base pairing Chydrogen

bonds between DNA and mRNA bases).

The introns have no matching sequence in the mRNA because they were

removed from pre-mRNA during splicing, so the mRNA is shorter than
DNA strand A.

E Describe and explain how the results of the experiment in Figure 4 would differ if the
scientists had used prokaryotic DNA.

[2 marks]
There would be no loops of DNA; the whole DNA strand would form the

hybrid with the mRNA.

This is because prokaryotic DNA does not contain introns, so no splicing

oceurs.

E Errors in the precise location of splicing in the DNA molecule can lead to mutations.

Explain why.
[1 mark]
The base sequence of the mRNA would be changed, e.q. bases (or whole

exons) are deleted or added, so a different amino acid sequence is coded

for.

Turn over »
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|I| Orchids form a large family of flowering plants. Scientists analysed genes coding for box
ribosomal RNA in orchids.

Explain how this analysis allowed the scientists to determine the phylogenetic
relationships between species of orchids.

[2 marks]
They compared the base (nucleotide) sequence of the rRNA genes in

different orchid species.

The more similar the base sequences, the more closely related the

species are, i.e. they share a more recent common ancestor.

@ Suggest one reason why analysing genes coding for ribosomal RNA allows
phylogenetic relationships to be studied between all cellular organisms.

[1 mark]

All cellular organisms have ribosomes, so all contain ribosomal RNA

(YRNA) that can be compared.

E Most orchid species are found in tropical rainforests. Two common features found in
many of these species are:

¢ they grow up trees to reach the upper branches
o they only open their stomata at night.

Suggest how each of these two features benefits these orchids.
[2 marks]

They can reach the upper branches of trees They obtain more sunlight for

photosynthesis, above the shade.

They only open their stomata at night Reduces water loss bg tVOVISPfVOthV)

(evaporation), as it is cooler and more humid at night.

12
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El A student used an optical microscope to observe a piece of tissue from the lower i
surface of an orchid leaf.
The piece of leaf tissue observed was very thin.
Explain why this was important.
[2 marks]

The tissue needs to be a single layer (or a few layers) of cells, so cells

do not overlap.

This allows light to pass through the specimen, so the cells and

structures can be seen clearly.

E The student produced a biological drawing of the leaf tissue they viewed through an
optical microscope.
Give three ways the student could ensure they produce a correct biological drawing of
the leaf tissue.
Assume the student uses a sharp pencil.
[3 marks]

1 Use single, continuous lines with no sketching, and no crossing or

hanging lines.
2 Do not use shading or hatching, and draw parts to the same scale

(relative size).
3 Label the structures with ruled label lines, and add a title and the

magnification.

10
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|I| Disinfectants are used to kill microorganisms on non-living surfaces. A student
investigated the effect of different concentrations of disinfectant X on the growth of

1 4

Bacillus subtfilis.

The student:

each tube.

Table 2 shows the student’s results.

added 5 cm?® of a different concentration of disinfectant X to 5 different test tubes
added 5 cm?® of distilled water to another test tube

added 2 cm? of a culture of B. subtilis to all 6 test tubes

incubated the test tubes at 25 °C for 24 hours
used a colorimeter to record the percentage of light absorbed by the contents of

Table 2
Percentage concentration
of disinfectant X 0 20 40 60 80 100
Percentage light absorbance 100 100 87 52 10 10

The student prepared the different concentrations of disinfectant X.

Describe how the student made 5 cm?® of the 60% concentration using distilled water

and undiluted disinfectant.

[1 mark]

Mix 3 em? of undiluted disinfectant X with 2 cm? of distilled water.
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El The student used a sterile pipette with 0.1 cm?® graduations to transfer 2 cm? of i
B. subtilis into each test tube.
What is the uncertainty in measuring 2 cm? with this pipette?
Calculate the percentage uncertainty of this 2 cm® measurement.
[2 marks]
Uncertainty 0.0 cm?
(0.05 + 2) x 100
Percentage uncertainty 2.5%
El Use Table 2 to evaluate the effectiveness of disinfectant X at killing microorganisms
on non-living surfaces.
[4 marks]

Disinfectant X is equally effective at 80% as at 100%, as both give only

10% absorbance, so 80% could be used.

It is not effective at 20%, as absorbance is still 100%, the same as the

water control, so a concentration higher than 20% is needed.

100% is not totally effective, as there is still 10% absorbance, so some

bacteria may survive,

However, light absorbance may not show the number of living bacteria,

because dead cells also absorb light, so we do not know whether the

cells were alive or dead at 30 or 100%.

It was only tested on one species, B. subtilis, only at 25 °C, and only

in test tubes, not on non-living surfaces, so it may not be as effective

on other surfaces.

7
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|I| Edwards’ syndrome is a condition resulting from an extra chromosome 18. box

A chromosome mutation in the second meiotic division is the most frequent cause of
Edwards’ syndrome.

Explain how a chromosome mutation in the second meiotic division could result in an
extra chromosome 18.

In your answer, name the type of chromosome mutation which would result in the
extra chromosome.
[2 marks]

The chromatids of chromosome 18 do not separate during the second

meiotic division.

This is non-disjunction, so one gamete receives two copies of

chromosome 18, and after fertilisation the z2ygote has three.

@ Complete trisomy 18 is the most common type of Edwards’ syndrome. This occurs
when all the cells of the body have an extra chromosome 18.

Explain why all the cells of the body have an extra chromosome 18.
[2 marks]

The extra chromosome 18 was present in the gamete, so the zygote had

it, and all cells are derived from this single zygote.

All body cells are produced by mitosis, which produces genetically

identical cells, so they all have the extra chromosome.

IB/M/Jun24/7401/2
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Mosaic trisomy 18 is another type of Edwards’ syndrome. This occurs due to a
chromosome mutation after fertilisation.

In mosaic trisomy, the body has cells with an extra chromosome 18 and cells with the
correct number of chromosomes.

Explain how cells with different numbers of chromosomes are produced in mosaic
trisomy.
[1 mark]

Cells produced by wmitosis from the cell with the mutation have an extra

chromosome, while cells from cells without the mutation have the

correct number.

The age of the female parent is a factor linked to the risk of a child having
Edwards’ syndrome.

Which statistical test should be used to test whether this link is statistically significant?

Tick (v') one box.
[1 mark]

Correlation coefficient \/

Chi-squared

Student’s t-test

Question 7 continues on the next page

Turn over »
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E A ventricular septal defect (VSD) is a common feature of Edwards’ syndrome.

1 8

18
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A VSD is a hole in the wall between the two ventricles of the heart. A VSD can cause
higher blood pressure in the lungs.
Explain how a VSD can cause higher blood pressure in the lungs.
[2 marks]
The left ventricle has a thicker muscular wall and contracts with greater

pressure, so more blood moves from the left ventricle to the right

ventricle through the hole.

So a greater volume of blood is pumped to the lungs, giving higher blood

pressure in the pulmonary artery.
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Lyme disease is most frequently caused by the bacterium Borrelia burgdorferi.

19

Lyme disease can be difficult to diagnose.

Figure 5 shows an ELISA test that is used to find out if a person has antibodies to

B. burgdorferi.

Step 1

Step 2

Step 3

Step 4

A false positive in this test is a result which incorrectly indicates that antibodies to

B. burgdorferi are present.

Failure to thoroughly wash the well in Step 4 can result in a false positive.

Explain why.

The second antibody with the enzyme attached is not washed out, so it

Figure 5

B. burgdorferi antigens are
attached to a test well in a dish.

v

A sample of blood is added to the
well. If B. burgdorferi antibodies
are present, they bind to the
antigens.

v

The well is washed. A second
antibody with an enzyme attached
is now added. This binds to
B. burgdorferi antibodies if they
are present.

A,

The well is washed again. A
substrate is added which is
converted to a different coloured
product if the enzyme is present.

remains in the well even if no antibody to B. burgdorferi is present.

The enzyme then converts the substrate into a coloured product, giving a

positive result.
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El A false positive can be produced if a person has been infected by another bacterium box
that causes a disease called syphilis.

Suggest why. 1
[1 mark]

The antigens of the syphilis bacterium are similar in structure to those

of B. burgdorferi, so antibodies to syphilis are complementary to and

bind to B. burgdorferi antigens.

El A false negative in this test is often produced if a person is tested within 2 weeks of
being infected with B. burgdorferi.

Explain why. )
[2 marks]

Only a primary immune response has occurred, so B cells have not yet

divided (been cloned) to produce many plasma cells.

So there is a low concentration of, or no, antibodies against B.

burgdorferi in the blood to be detected.

E Sometimes, symptoms of Lyme disease can persist for 6 months following antibiotic
treatment. This condition is known as Post-Treatment Lyme Disease Syndrome
(PTLDS).

Scientists investigated the symptoms experienced by a large number of PTLDS
patients and a control group. During a 2-week period, they asked all the participants:

¢ if they had experienced symptoms of PTLDS
e to record the intensity of these symptoms.

The scientists used a statistical test to determine if there was a difference in the
intensity of symptoms of PTLDS between these two groups.

2 0
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Table 3 shows some of the scientists’ results, including the probability (P) values
obtained using the statistical test.

Table 3

Percentage of Percentage of P value for

PTLDS group control group difference in the
Symptom . 2 . 2 . .

experiencing experiencing intensity of

symptom symptom symptoms

Fatigue 100 57 <0.001
Joint pain 96 32 <0.001
Depression 40 4 <0.005
Fever 35 3 <0.005
Muscle pain 86 62 <0.001

The scientists concluded that more PTLDS patients than the control group

experienced:
e symptoms

e greater intensity of symptoms.

Evaluate the scientists’ conclusions.

[4 marks]

The first conclusion is supported: for all symptoms a higher percentage

of the PTLDS group experienced the symptom, e.g. joint pain 96%

compared with 32%.

The second is supported: all P values are below 0.0S, so there is a

significant difference in intensity of all symptoms, and the difference is

less than $% likely to be due to chance.

The difference is most significant (P < 0.001) for fatigue, joint pain and

muscle pain, and less significant (P < 0.00S) for depression and fever.

However, the study only lasted 2 weeks, a short time period, and

intensity of symptoms is self-reported, so judging it is subjective.

Do not write
outside the
box

stemup.co.uk

Turn over »

IB/M/Jun24/7401/2


https://stemup.co.uk

22

Do not write
outside the

|I| Describe the role of haemoglobin (Hb) in the loading, transport and unloading of box

2 2

oxygen.
[5 marks]

In the lungs, haemoglobin loads (associates with) oxygen, because there

is a high partial pressure of oxygen there and Hb has a high affinity for

oxygen.

Each Hb molecule has four haem groups and can carry four oxygen

molecules. Binding of the first oxygen molecule changes the shape

(tertiary structure) of Hb, making binding of further oxygen molecules

easier (cooperative binding).

Oxygen is transported as oxyhaemoglobin inside red blood cells in the

blood.

In respiring cells and tissues, Hb unloads (dissociates from) oxygen,

because there is a low partial pressure of oxygen there.

A high partial pressure of carbon dioxide in respiring tissues lowers the

affinity of Hb for oxygen (the Bohr effect), so even more oxygen is

unloaded to the cells that need it.
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[5 marks]

The mRNA leaves the wnucleus through a nuclear pore and attaches to a

ribosome in the cytoplasm or on the rough endoplasmic reticulum.

Each tRNA molecule brings a specific amino acid, which was attached to

it using ATP.

The anticodon on the tRNA binds to the complementary codon on the

mRNA by complementary base pairing.

A second tRNA binds to the next codon, and the two amino acids are

Joined by a peptide bond in a condensation reaction, which uses ATP.

The first tRNA is then released and can collect another amino acid.

The ribosome moves along the mRNA one codon at a time, adding amino

acids in the order of the codons to form the polypeptide, until it

reaches a stop codon.
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