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Answer all questions in the spaces provided.

II' Figure 1 shows the structure of a fatty acid molecule and the structure of a glycerol

molecule.
Figure 1

H H H H 0 H

[ N Y |
H—(‘J—C‘)—C:C—?—C —C’J—H
H H H HO—C—H

|
HO—C—H

|

H

On Figure 1, draw a circle around the part of the fatty acid molecule and the part of
the glycerol molecule that is removed to form a bond in a triglyceride molecule.

Name the bond formed between a fatty acid and glycerol in a triglyceride molecule.

Name the reaction involved in forming a bond between a fatty acid and glycerol in a
triglyceride molecule.
[3 marks]

Bond Ester (bond)

Reaction Condensation (reaction)
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Table 1 shows information about three fatty acids. box
Table 1
Fatty acid
fgﬁ?:cc:(fj Diagram of fatty acid structure melti/n?cpomt
H H
. . [ O O O O
Stearic acid | H—C—¢—C—C—C—C—C—C—C—C—C—C—C—C—C—C—C—C_ 70
N e A |L [ . . |L O N A OH
H H H H H
S N
Oleicacid |H—¢—¢c—C—C—C—C—C—C—C=C—C—C—C—C—C—C—C—C 14
e I e L NoH
H H
H H H H H
. . . | | L L N
Linoleic acid | H—C—C—C—C—C—C=C—C—C=C—C—C—C—C—C—C—C—C_ -5
| |\_| [ | e A OH
El Name the fatty acid shown in Table 1 that is a saturated fatty acid.
[1 mark]

Stearic acid

@ The melting point is the temperature at which a solid changes state to be a liquid.
Use Table 1 to describe the relationship between fatty acid structure and fatty acid
melting point.
[1 mark]

As the number of C=C double bonds increases (more unsaturated), the

melting point decreases: stearic acid has no double bonds and melts at

70 °C, but linoleic acid has two and melts at =S °C.

Question 1 continues on the next page
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E The ratio of saturated to unsaturated fatty acids in a cell-surface membrane box
determines the extent of the membrane’s fluidity.
Scientists provided a cell culture of mouse phagocytes with liquid broth rich in
unsaturated fatty acids.
The scientists observed:
e an increase in the proportion of phospholipids in the phagocytes containing
unsaturated fatty acids
e more phagocytosis.
Suggest and explain why there was more phagocytosis.
[3 marks]

More of the phospholipids contain unsaturated fatty acids, which have

kinks in their hydrocarbon tails, so the phospholipids cannot pack closely

together.

This increases the fluidity of the cell-surface membrane, so the

membrane is more flexible.

So the phagocyte membrane can more easily change shape to surround

and engulf pathogens, forming phagosomes (by endocytosis) more easily.

8
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II| Describe the processes of facilitated diffusion and active transport.
[3 marks]

Facilitated diffusion Polar or charged molecules (e.g. glucose or ions), which

cannot diffuse through the phospholipid bilayer, move down their

concentration gradient, from high to low concentration, through specific

channel or carrier proteins.

It is a passive process, so no ATP is used.

Active transport Molecules or ions move against their concentration

gradient, from low to high concentration, through specific carrier

proteins, using energy from the hydrolysis of ATP.

ATP binding causes the carrier protein to change shape, releasing the

molecule on the other side of the membrane.

IZ| What are microvilli?

[1 mark]

Microvilli are folds (projections) of the cell-surface membrane of

epithelial cells, e.g. lining the ileum, which increase the surface area for

absorption.

Question 2 continues on the next page

Turn over »
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@ Vitamin A is a fat-soluble substance. box

Micelles are involved in the process of vitamin A absorption.

Describe the process of vitamin A absorption into cells lining the ileum.
[3 marks]

Vitamin A combines with bile salts to form micelles.

This makes the vitamin A more soluble in water, so it can be carried

through the watery contents of the ileum.

The micelles transport the vitamin A to the epithelial cells lining the

ileum and break down close to them, which maintains a high

concentration of vitamin A next to the cell-surface membrane.

Because vitamin A is lipid-soluble, it then diffuses through the

phospholipid bilayer into the cells.
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II| Describe how we breathe in.

[3 marks]

The diaphragm muscle contracts, so the diaphragm flattens and moves

down.

The external intercostal muscles contract (and the internal intercostal

muscles relax), pulling the ribs upwards and outwards.

This increases the volume of the thoracic cavity, so the pressure in the

lungs decreases below atmospheric pressure and air moves into the lungs

down the pressure gradient.

@ A scientist prepared alveolar tissue to view using an optical microscope. The scientist

cut very thin slices of the alveolar tissue.

Explain why the scientist used very thin slices of alveolar tissue with the
optical microscope.
[2 marks]

Very thin slices give a single layer (or only a few layers) of cells, so

the cells do not overlap.

This means light can pass through the specimen, so the structures can

be seen clearly.

0 8
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El Figure 2 is an image of the lung tissue observed using an optical microscope.

Figure 2

Alveolar
epithelium

Identify the tube labelled A.
[1 mark]

A Bronchiole

The scientist used a ruler to measure the diameter of some of the alveoli.

Table 2 shows the scientist’s results.

Table 2

Alveolus diameter / mm

Alveolus diameter / mm 4 2 5 1 2 3 5 2

E The magnification of the image in Figure 2 is x 40

Use this information and Table 2 to calculate the mean diameter, in um, of the alveoli.

Show your working.
[2 marks]

Mean image diameter = (4+2+S+|+2+3+5+2) + 8 = 24 =+ 8 = 3 mm
3 mm x 1000 = 3000 um

Real size = image size <+ magnification = 3000 + 40 = 7§ um

Answer 75 um

Turn over »
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E Give the uncertainty associated with taking a measurement using a ruler with box
1 mm graduations.
Calculate the percentage error for a measurement using the ruler of 4 mm
[2 marks]
Uncertainty + / mm
Percentage error = (uncertainty + measurement) x 100
= <+4)x100=25%
Percentage error 25% 10

170
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[o]4][1]

[o]4][3]

Molasses is a solution obtained from sugar beet plants. The sugars present in
molasses are sucrose, glucose and fructose.

Give the number of different types of monosaccharides present in molasses.

[1 mark]
2 (glucose and fructose)
A student used the biochemical test for reducing sugars on a clear sample of
molasses.
Describe the biochemical test for a reducing sugar.
Explain the result expected from the test on the sample of molasses.
[3 marks]

Description of biochemical test Add Benedfctls }’eageni’ to the Sample and

heat it in a boiling water bath (about 9S °C) for a few minutes.

A positive result is a colour change from blue to a brick-red precipitate.

Explanation of expected result A red precip/‘tate would fOVVn, because

molasses contains glucose and fructose, which are both reducing sugars.

Sucrose is a non-reducing sugar, so it is not detected by this test.

‘Free sugar’ is the sugar in food and drinks released when food is crushed or when
sugar is added to food at home or by manufacturers.

Scientists recommend that no more than 5% of the energy consumed per day should
come from ‘free sugar’.

The mean daily energy requirement for a 10-year-old child is 8100 kJ
The ‘free sugar’ in one tablespoon of molasses contains 250 kJ of energy.

Calculate the number of tablespoons of molasses required for a 10-year-old child to
reach the recommendation for energy consumed in ‘free sugar’ per day.
[1 mark]

5% of 8100 kI = 0.0S x 8100 = 405 kI
40§ + 250 = 1.62

Number of tablespoons .62 per day

11
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12

E A scientist used the apparatus in Figure 3 to investigate osmosis.

Figure 3

Air in tube

Molasses

-

J

| Water

Animal’s bladder

Use your understanding of osmosis to explain why the air pressure in the

tube increased.

The molasses (a concentrated sugar solution) has a lower, more

[3 marks]

negative, water potential than the water in the beaker.

So water moves by osmosis from the beaker into the molasses across

the partially permeable animal's bladder, down the water potential

gradient.

This increases the volume of liguid in the tube, so the air is squashed

into a smaller volume (decreased air volume), which increases the air

pressure.

12
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E The scientist repeated the investigation, but made one change to the molasses. The box
scientist did not change the volume of molasses at the start of the investigation.

The scientist observed that the air pressure inside the tube increased by 160 kPa
compared with 800 kPa in the first investigation.

Suggest the change the scientist made to the molasses to cause this smaller increase
in air pressure.

Use the air pressure figures in a calculation to support your answer.
[2 marks]

160 + 800 = 0.2, so the increase was only 20% of the first increase
This is a fivefold (80%) reduction, which suggests a | in S dilution

of the molasses (I : 4 molasses to water).

Suggested change The molasses was diluted (lower concentration, so a

higher water potential), using | part molasses to 4 parts water. 10

Turn over for the next question
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[o]5].[1]

Lo]5].[2]

Describe the appearance and behaviour of chromosomes during prophase and during

anaphase of mitosis.
[4 marks]

Prophase Chromosomes condense Csupercoil), getting shorter and thicker,

so they become visible as two sister chromatids joined at a centromere.

They attach to spindle fibres by their centromeres.

Anaphase The centromeres divide and the spindle fibres shorten, pulling

the sister chromatids apart to opposite poles of the cell, centromere

first.

A scientist used an optical microscope to determine the mitotic index in cells at
different distances from the tip of onion roots.

Figure 4 shows the results.

Figure 4

Figure 4 not reproduced here due to third-party copyright restrictions
The figure is taken from the following website:
https:/llegacy.nimbios.org//~gross/bioed/webmodules/mitoticindex.htm#:~:text=

Interpretation%3A%20In%20general%2C%20the%20mitotic,0f%20the%20root's
%20dividing%20cells

Complete the word equation used to determine each mitotic index in Figure 4.
[1 mark]

Mitotic Index = 1umber of cells in mitosis + total number of cells

1 4
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@ The scientist used data from Figure 4 to calculate a correlation coefficient (r). The

scientist then used a statistical test to determine the probability (P) associated with the
value of r.

r=-0.98 (P < 0.05)

What can you conclude from this result?
[2 marks]

There is a strong negative correlation between the distance from the

root tip and the mitotic index.

The probability that this correlation is due to chance is less than 0.0S

(5%), so the correlation is significant and the null hypothesis can be

rejected.

E What can you conclude about the effect that distance from the root tip has on the

proportion of cells in different stages of the cell cycle?

Use information in Figure 4.
[3 marks]

Closer to the root tip, a larger proportion of cells are in mitosis, so cells

near the tip are dividing more often.

Further from the tip, a larger proportion of cells are in interphase (Gl, S
or G2).

At 2 mm and beyond, there are no cells in mitosis, so all of the cells

are in interphase.
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II| Give three structural differences between an mRNA molecule and a tRNA molecule.

[3 marks]
mRNA tRNA
Has codons Has an anticodon
No hydrogen bonds / base pairs Has hydrogen bonds / base pairs
Linear (straight, not folded) Folded, clover-leaf shape

@ Table 3 shows mRNA codons and the amino acid coded by each codon.

Table 3
First Second base Third
base U [ A G base
Phe Tyr Cys g
U Ser
Stop A
Leu Stop Trp G
His g
C Leu Pro Arg
GIn A
G
lle Asn Ser g
A Thr A
Vet Lys Arg G
Asp g
G Val Ala Gly
A
Glu G

Figure 5 shows the mRNA base sequence produced when part of a gene coding for
an enzyme is transcribed.

Figure 5

uuu CGG GCG

Use Table 3 to give the amino acids coded by the mRNA base sequence in Figure 5.
[1 mark]

Phe Arg Ala

16

stemup.co.uk IB/M/Jun24/7402/1

Do not write
outside the
box


https://stemup.co.uk

17

[0]6].[3] Amutation occurred in the part of the gene transcribed in Question 06.2.

Figure 6 shows the mRNA base sequence produced when the identical part in the
mutated gene is transcribed.

Figure 6

uuu AGG GCG

The amino acids coded by this mRNA base sequence form part of the enzyme’s
active site.

Use all the information in this question to:

e name the type of mutation that occurred to produce the mutated gene
¢ give the change in DNA caused by this mutation
¢ explain the effect this mutation will have on the function of the enzyme.
[4 marks]

Type of mutation (Single) base substitution

Change in DNA Guanine replaced by thymine (6CC to TCC)

Explanation of effect on function of enzyme #AGG still codes for arginine (Arg),

the same amino acid as CGG, because the genetic code is degenerate.

So there is no change in the primary structure, so the tertiary structure

and the shape of the active site are unchanged. The enzyme can still

form enzyme-substrate complexes, so its function is not affected.

Do not write
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[0][7].[1] Astudentinvestigated the activity of the enzyme polyphenol oxidase (PPO) in

apple tissue.

When apple tissue is exposed to air, PPO catalyses a reaction between colourless
phenol compounds in apple tissue and oxygen.

Figure 7 shows the reaction.
Figure 7

PPO
phenol compounds + oxygen — brown pigment

The student measured the time taken for the brown pigment to appear in two apple
varieties (D and E).

Method

1. Cut a 1 cm cube of apple tissue from variety D.

2. Put the cube on a plate and leave the plate at 30 °C
3. Measure the time for the brown pigment to appear.
4. Repeat steps 1 to 3 two more times.

5. Repeat steps 1 to 4 with apple tissue from variety E.

The student obtained the results shown below, but did not record the data in a
results table.

Variety D=15min 50 s, 18 min, 14 min 30 s
Variety E = 6 min 30 s, 8 min, 7 min
In the box labelled Figure 8, design a suitable results table.

¢ Enter the student’s results into the table.
e Calculate the mean results and include these in the table.
¢ Use 1 decimal place for both mean results.

[3 marks]

18
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Figure 8

Time for brown pigment to appear [ min
Apple . ‘ ‘ Mean time
variety Trial | Trial 2 Trial 3 / min
D 1$.8 18.0 4.5 16.1
E 6.5 8.0 7.0 7.2

@ Suggest and explain why the results for variety D are different from the results
for variety E.
[2 marks]

Variety E may contain more phenol compounds (substrate), or more PPO

enzyme (Chigher PPO activity), than variety D.

So more enzyme-substrate complexes form per minute in E, so the

brown pigment appears in a shorter time.

Question 7 continues on the next page

Turn over »
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@ The student repeated the investigation but made one change to the method used to

prepare the apple tissue.

The student then observed shorter times for the brown pigment to appear in both
apple varieties.

Suggest the change the student made to the method of preparing the apple tissue.
Explain why the brown pigment appeared in a shorter time.

Do not suggest using a different volume or mass of apple.
[3 marks]

Change to method Crush (or chop up) the apple tissue.

Explanation This increases the surface area of the tissue exposed to the

air, so more PPO and phenol compounds (substrate) come into contact

with oxygen.

So more enzyme-substrate complexes form and the rate of reaction

increases, so the brown pigment appears sooner.

The student wants to change the procedure to obtain a measure of PPO activity either
in terms of how much substrate is used or how much product is produced.

Which change in procedure will provide a successful measure of PPO activity for
the student?

Tick (v) one box.
[1 mark]

Measure the increase in oxygen concentration in the air around the
cube of apple tissue on a plate.

Measure the intensity of brown colour by comparing apple tissue with
a colour chart showing a range of apple tissues of known pigment \/
concentration.

Measure the intensity of colour produced from brown apple tissue in
a biuret test.

Measure the percentage of light transmitted through a cube of brown
apple tissue using a colorimeter.
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II| Give two structural features of an aorta wall and explain how they are related to the box
function of an aorta.
[2 marks]

1 A thick layer of elastic tissue, which stretches when the ventricle

contracts and recoils when it relaxes, so it maintains the blood pressure

and smooths out the blood flow.

2 A thick layer of smooth muscle (and a tough collagen outer layer),

which withstands the very high blood pressure from the left ventricle, so

the wall does not split. The smooth endothelium also reduces friction.

Question 8 continues on the next page
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IZ| Small tears may occur in the layers of tissue in an aorta wall. These tears weaken the

wall without bursting the aorta.

Scientists:

¢ measured the aorta diameter (d) in a large population of people over 60 years of
age

¢ calculated the risk of an aorta wall developing a tear.

Table 4 shows their results.

Table 4
d<3.5 2765 0.06
35<d=<4.0 630 0.33
40<d=<45 98 4.64
d>4.5 7 380.00

Blood may push through the tears in the aorta wall. This produces a balloon-like
swelling called an aneurysm and increases the aorta diameter. Aneurysms can cause
the aorta to burst.

Using all the information, what can you conclude about aorta diameter and the risk of
developing an aneurysm?
[3 marks]

As the aorta diameter increases, the risk of a tear increases, so the risk

of developing an aneurysm increases. People with small diameters (3.5

em or less) are at low risk.

The risk rises sharply above 4.5 cm (380.00 compared with 4.64 for 4.0

to 4.5 cm), so these people are at high risk of an aneurysm.

However, only a few people (7 out of 3500) have a diameter above 4.5

cm, so most people are at low risk.

Also, a high risk of a tear does not mean an aneurysm will actually

develop.

2 2
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@ A scientist investigated changes in a diseased heart and changes in a healthy heart

during cardiac cycles.
For each heart, the scientist obtained a value for:

¢ the mean blood volume in a full ventricle just before the ventricle contracts (BVB)
e the mean ejection fraction (EF).

The EF is the proportion of blood pumped out of a full ventricle in one heartbeat.
The EF is calculated using this formula:

Fe Blood volume pumped out of a full ventricle in one heartbeat (stroke volume)

BVB
Table 5 shows the scientist’s results.
Table 5
Diseased heart Healthy heart
Mean BVB / cm?® 100 120
Mean EF 0.45 0.58

Using Table 5, a student calculated that the percentage change in the stroke volume
of the diseased heart compared with the stroke volume of a healthy heart is —30%.

The student’s answer is wrong because the final step of the calculation was
performed incorrectly.

Using the equation and Table 5, calculate the correct percentage change in the stroke
volume of the diseased heart compared with the stroke volume of the healthy heart.

Identify the mathematical error in the final step of the student’s calculation.

[3 marks]
Stroke volume = EF x BVB
Diseased heart: 0.4S x 100 = 4S cm?
Healthy heart: 0.58 x 120 = 69.6 cm®
Change = 4S — 69.6 = —24.6 cm?
% change = (-24.6 + 69.6) x 100 = —35.3%
Correct answer —-35.3 %

Mathematical error /ncorrect rounding: —35.3% should round to —35%, not —30%
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outside the
box

2 3

Turn over »

stemup.co.uk IB/M/Jun24/7402/1


https://stemup.co.uk

24

[o]9][1]

Courtship behaviour in the frog species, Xenopus laevis, involves male frogs
calling to:

¢ attract sexually active females — these are advertisement calls
e start and continue mating — these are mating calls
¢ signal when a male is not sexually active — these are rasping calls.

Scientists investigated frog courtship behaviour by feeding a population of sexually
active male frogs a diet containing the hormone EE2. The scientists also fed a
separate control population of sexually active male frogs a diet without EE2.

They determined the percentage of males making advertisement calls or rasping calls
in each population.

Table 6 shows their results.

Table 6
Percentage of males making:
Population
Advertisement calls Rasping calls
Males fed EE2 94.0 4.0
Males not fed EE2 (control) 97.0 0.5

There were 800 males in the control population.
Each male made one type of call.
Use this information and Table 6 to calculate the number of males making mating

calls in the control population.
[1 mark]

Mating calls = 100 — 97.0 — 0.5 = 2.5% of males
0.025 x 800 = 20

Answer 20 males

2 4
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IZ| Suggest one change the scientists could make to both frog populations to increase
the number of mating calls.
[1 mark]

Add sexually active female frogs to both populations.

E The scientists also investigated the effect on female frog courtship behaviour of
feeding EE2 to male frogs.

Table 7 shows their results.

Table 7
Population Median time females spent in courtship / s
Males fed EE2 8
Males not fed EE2 (control) 16

EEZ2 is contained in human contraceptive pills. Some EE2 is released in human urine
and collects in sewage. Untreated sewage pollutes the water in frog habitats.

Suggest and explain the effect EE2 pollution in frog habitats will have on
frog breeding.

Use information from Table 6 and Table 7 in your answer.
[4 marks]

Effect on frog breeding Less mating, so fewer offspring are produced.

Explanation Fewer males fed EE2 make advertisement calls (94.0%

compared with 97.0%), so fewer females are attracted to and locate

males.

More males make rasping calls (4.0% compared with 0.5%), so more

males are not sexually active, so fewer males make mating calls.

Females spend less time in courtship with EE2 males (median 8 s

compared with 16 s), so fewer successful matings occur.
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Iil Describe and explain how you would use cell fractionation and ultracentrifugation to

obtain a sample of nuclei from muscle tissue.
[6 marks]

First | would cut the muscle tissue into small pieces and put it in an

ice-cold, isotonic, buffered solution.

The solution is cold to slow down (prevent) the activity of enzymes

that would break down the organelles.

It is isotonic (the same water potential as the organelles) to prevent

osmosis, so the nuclei and other organelles do not burst or shrink.

It is buffered so that the pH stays constant, so enzymes and other

proteins are not denatured.

Next | would homogenise (blend) the tissue to break open the cells and

release the organelles, including the nuclei.

Then | would filter the homogenate to remove large debris, such as

whole cells and pieces of connective tissue.

Finally, | would centrifuge the filtrate at a low speed (about 1000 rpm)

for a short time. The nuclei are the largest and densest organelles, so

they sediment first and form the pellet at the bottom of the tube.

| would then pour off the supernatant (which contains the smaller

organelles, such as mitochondria) and keep the pellet, which is the

sample of nuclei.

2 6
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IZ| Describe the role of organelles in the production and release of enzymes by

animal cells.

Do not include details of transcription in your answer.

[5 marks]

The DNA in the nucleus contains the gene that codes for the enzyme,

and the mRNA made from it leaves the nucleus through a nuclear pore.

Ribosomes on the rough endoplasmic reticulum translate the mRN#A, so

the enzyme (polypeptide) is produced there.

The rough endoplasmic reticulum then transports the polypeptide and

folds or processes it, and it is packaged into vesicles which are sent to

the Golgi apparatus.

The Golgi apparatus modifies the protein (e.g. by adding carbohydrate to

form a glycoprotein), then packages it and forms secretory vesicles.

The vesicles move to the cell-surface membrane and fuse with it,

releasing the enzyme by exocytosis.

Mitochondria produce ATP by aerobic respiration, which provides the

energy for protein synthesis and for the movement of vesicles.

Question 10 continues on the next page
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@ Describe the structure of ATP. box

Outline how named enzymes break down and resynthesise ATP.
[4 marks]

ATP is a nucleotide derivative made of adenine (a base), ribose (a

pentose sugar) and three phosphate groups.

ATP is broken down into ADP and inorganic phosphate (Pi) by the

enzyme ATP hydrolase, in a hydrolysis reaction that uses water and

releases energy.

ATP is resynthesised from ADP and Pi by the enzyme ATP synthase, in

a condensation reaction that releases water. This happens during

respiration and photosynthesis.
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