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Instructions
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Answer all questions in the spaces provided.

Lo[1].[2]

Lo[1].[3]

Starch and cellulose are polymers.

Define the word polymer.
[1 mark]

A molecule made up of many similar monomers (repeating units).

Give one similarity and one difference between the structures of starch and cellulose.
[2 marks]

Similarity Both are made of glucose monomers joined by 1,4 glycosidic

bonds.

Difference Starch is made of a-glucose but cellulose is made of

B-glucose; starch is coiled (amylopectin is branched) but cellulose is a

straight, unbranched chain.

Reducing sugars and starch are both carbohydrates.

Complete Table 1 to show the biochemical tests for reducing sugars and starch.

[2 marks]
Table 1
Carbohydrate Reagent Positive test result
Benedict's Brick red
Reducing sugars (solution) precipitate
lodine (in
Starch potassium iodide) Blue-black
solution
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Inulin is a polysaccharide formed from fructose.

Figure 1 shows two of the monomers forming part of an inulin molecule.

Figure 1
HOH,C
; ; HOH,C
H,C— OJQCWOH
HO
Bond X

E During the hydrolysis of inulin, bond X is broken.

Complete Figure 2 to show the result of the hydrolysis.
[2 marks]

Figure 2

HOH,C HOH,C

N N

HoC —OH

E Inulin is a storage polysaccharide found in plants.

Suggest one property of inulin that makes the molecule suitable for this function.
[1 mark]

Insoluble, so it does not affect the water potential of cells.

Do not write
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Figure 3 shows three types of lipids, A, B and C.
Figure 3
H OHHHHH
H-C—0—C—C—6—G—C—C—H
HOHoHoH
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Lipid A H—C—O—g—C')—(E—C')— C|)— C|3— H
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|I| Give the letter of the lipid that is an unsaturated triglyceride. box

Explain your choice.
[2 marks]

A

Letter

Unsaturated because There is a double bond between two carbon atoms

(C=C) in one of the fatty acids.

Triglyceride because [t has three fatty acids attached to (one) glycerol.

@ The hormone oestrogen enters a cell by diffusing through the phospholipid bilayer of
the plasma membrane.

Suggest two properties of oestrogen that allow it to diffuse through the
phospholipid bilayer.
[2 marks]

1 It is a small molecule.

o It is lipid soluble (non-polar, hydrophobic).

Question 2 continues on the next page
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Liposomes can be formed from phospholipids.

Figure 4 shows a liposome.

Figure 4

Phospholipid ‘tail’

Phospholipid ‘head’

Liposome

E Explain why phospholipid molecules can form liposomes.

Phospholipids have a phosphate head that is hydrophilic (polar), so it is

outside the
box

[2 marks]

attracted to water.

They have hydrocarbon (fatty acid) tails that are hydrophobic

(non-polar) and repel water, so the tails point inwards away from water

and the heads face the water, forming a bilayer sphere.
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n Table 2 shows the surface area and volume for five species of insect. Omstigi "
Table 2
Insect species Surface area/ mm? | Volume / mm3 S:gfl?“:‘?ea::;;c’
Empis pennipes 14.7 2.3 6.4
Orellia falcata 69.3 16.0 4.3
Lucilia sericata 82.5 27.5 3.0
Anthidium byssinum 191.5 100.8 1.9
Habrosyne derasa 318.9 260.4 1.2

|I| Calculate the surface area to volume ratio for L. sericata and A. byssinum.
Write your answers in Table 2.

Give your answers to a suitable number of significant figures.
[2 marks]

@ Describe the relationship between the size of an insect and the surface area to
volume ratio of the insect.
[1 mark]

As the size (volume) of the insect increases, the surface area to

volume ratio decreases.

@ Many insects live on land. Insects living on land have features that reduce water loss.

Explain how two of the features reduce water loss.
[2 marks]

1 Spiracles can close, so less water diffuses (evaporates) out through

them.

2 A waterproof, waxy cuticle covers the body, so less water is lost by

evaporation.

Turn over »
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The life cycle of some insects includes stages where they are nymphs.
Nymphs live in water.
Some nymphs have gills.

Figure 5 shows the gills of a damselfly nymph.

Figure 5

Tracheole

Enlarged gill

Gills

E Explain how one feature of the gill helps to increase the rate of gas exchange.
[2 marks]

The gill is thin (flattened) in shape.

So there is a short diffusion distance for oxygen to diffuse from the

water into the nymph.

E The damselfly nymph is a predator.

Suggest how an efficient gas exchange system helps the damselfly nymph to survive.
[2 marks]

An efficient gas exchange system delivers more oxygen to the muscles

(cells).

So there is more aerobic respiration, releasing more energy for muscle

contraction to move quickly and catch prey.

Do not write
outside the
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Figure 6 is a simplified diagram of the human circulatory system.

Figure 6

Right Left
lung lung
Liver
Stomach
P

Intestines

Lower body

II' Identify blood vessels P and Q shown on Figure 6.

[o]4][2]

[2 marks]
p Hepatic portal vein

Q Aorta

In the lungs, oxygen from the air diffuses into the blood down a concentration
gradient.

Describe the path a molecule of oxygen takes from the air in an alveolus to the blood.
[2 marks]

The oxygen diffuses through the (squamous) alveolar epithelium (an

alveolar epithelial cell).

Then through the capillary endothelium (endothelial cell of the capillary

wall) into the blood.

Question 4 continues on the next page
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[0]4].[3] The Psis the partial pressure of oxygen when haemoglobin is 50% saturated.

In the blood, oxygen binds to haemoglobin.

Organisms have different types of haemoglobin depending on their environment and

way of life.

Figure 7 shows the percentage saturation of haemoglobin with oxygen at different

partial pressures of oxygen for two types of bird:

e penguin
e goose.

100

Saturation of
haemoglobin
with oxygen / %

Use Figure 7 to find the difference in the Psy between the penguin and the goose.
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Figure 7
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Partial pressure of oxygen / kPa

Penguin Psy = 4.2 kPa; goose Psy = 6.3 kPa

Difference = 6.3 — 4.2 = 2.] kPa

2.

10

12

[2 marks]

kPa
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A penguin and a goose feed in different ways.

A penguin dives underwater to catch fish. Each dive can last for more than
23 minutes.

A goose feeds on plants and insects on land.

E Figure 7 shows the oxygen dissociation curves for a penguin and a goose.

Explain the advantage to the penguin of having an oxygen dissociation curve to the
left of the curve for the goose.

[3 marks]

Penguin haemoglobin has a higher affinity for oxygen than goose

haemoglobin.

So it loads more oxygen and only unloads oxygen when the p0, in the

tissues (respiring muscles) is low.

This conserves the oxygen, so the penguin can stay under water for

longer without breathing.

E During a penguin’s dive, the oxygen dissociation curve gradually shifts to the right.

Explain what causes this shift.
[2 marks]

During the dive, respiration in the muscles increases the carbon dioxide

concentration in the blood (lowering the pH).

This decreases the affinity of haemoglobin for oxygen, so oxygen is

unloaded more readily.

Do not write
outside the
box
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[o]5].[1]

A student separates the photosynthetic pigments in leaves using chromatography.

The student:

¢ draws a pencil line approximately 1 cm from the bottom of a piece of
chromatography paper

¢ makes a chromatography solvent using a mixture of organic solvents

e crushes leaves with a small volume of the solvent until a dark green liquid is
produced

¢ adds a drop of the dark green liquid to the pencil line on the chromatography paper

¢ waits until the drop of liquid is dry, then adds another drop

¢ continues adding drops of liquid until there is a dark spot of green on the
chromatography paper

e pours chromatography solvent into a boiling tube

o puts the chromatography paper in the tube so that the pigment spot is above the
surface of the solvent

¢ puts a bung in the top of the boiling tube

e waits for 10 minutes

¢ removes the chromatography paper and immediately marks the position of the
solvent front using a pencil.

Suggest two safety precautions the student should take when using solvents.
[2 marks]

1 Wear eye protection (safety goggles) and gloves.

2 Use a fume cupboard (well-ventilated room) and keep away from

naked flames.
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Question 5 continues on the next page
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@ Table 3 describes some of the steps of the student’s investigation.

Complete Table 3 to give the importance of each of the steps.

[3 marks]

Table 3

Description of the step

Importance of the step

Crushes leaves with a small volume
of the solvent.

To extract the pigments (from the
leaves into the solvent).

Puts the chromatography paper in
the tube so that the pigment spot is
above the surface of the solvent.

So the pigment spot is not washed
off the paper into the solvent; the
pigments move up the paper.

Immediately marks the position of
the solvent front using a pencil.

To record the position of the solvent
front before the paper dries (and
the solvent evaporates).

Figure 8 shows the student’s completed chromatogram.

Figure 8
Solvent front
Bright yellow ———
Blue-green 9
/
Green — |
Pale yellow —— Origin
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. For each pigment spot in Figure 8:

e measure the distance moved in millimetres
¢ calculate the Rr value using:

_ distance pigment moved from origin
~ distance solvent moved from origin

f

Complete the headings for Table 4 and record all of your data in the table.

[4 marks]
Table 4
Colour of pigment spot | Distance moved /| mm R¢ value
Bright yellow 96 0.96
Blue-green 28 028
Green 22 0.22
Pale yellow 7 0.07

Solvent moved 100 mm from origin

Table 5 shows the R value range for some photosynthetic pigments.

Table §
Pigment Rt value range
Carotene 0.89-0.98
Phaeophytin a 0.42-0.49
Phaeophytin b 0.33-0.40
Chlorophyll a 0.24-0.30
Chlorophyll b 0.20-0.26
Xanthophylls 0.04-0.19

E Identify the bright yellow pigment in Figure 8.

Use your calculated value of the pigment’s Rf value and information from Table 5.
[1 mark]

Carotene (Ry = 0.96, within the range 0.89 to 0.93)

Turn over »
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E Another student obtains an Rr value of 0.25 for one of the pigments.

What problem would the student have with identifying the pigment?
[1 mark]

An Rr of 0.25 is within the ranges of both chlorophyll a and chlorophyll

b (the ranges overlap), so it could be either pigment.

@ Suggest a possible solution to the problem with identifying the pigment.
[1 mark]

Use a different solvent (or two-way chromatography), or repeat to

check whether the R; value is anomalous.

. The student measures the distance from the origin to the solvent front using a ruler
with millimetre divisions.

Give the uncertainty of the student’s measurement.
[1 mark]

+ | mm ( 0.5 mm at each end of the measurement)

Do not write
outside the
box

13

16

stemup.co.uk 1B/M/Jun22/BL01


https://stemup.co.uk

17

Table 6 lists three enzymes and their possible functions.

|I| Identify the functions of the enzymes.

Each enzyme may have more than one function.

[o]6].[2]

Put a tick (v') in Table 6 for each correct function.

[3 marks]
Table 6
Functions of enzymes
Name of enzyme Joins DNA ol Fr?l:z]lz:tide Breaks
nucleotides P ychain hydrogen bonds

DNA helicase

Vv

DNA polymerase

v

v

RNA polymerase

v

One human gene is 5.4 x 10* base pairs in length.

The gene contains 10 exons.

The mean length of each exon is 288 base pairs.

Calculate the percentage of the gene that codes for amino acid sequences.

Give your answer to 2 significant figures.

Coding length = 10 x 288 = 2880 base pairs

(2830 + $4 000) x 100 = $.33%

Answer =

[2 marks]

$.3 %

Question 6 continues on the next page
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Do not write
outside the
. Calculate the number of amino acids that the gene codes for. box
[1 mark]
Each amino acid is coded for by 3 bases (a triplet)
2880 +~ 3 = 960
Answer = 960
E Transcription of a human gene produces pre-mRNA.
The pre-mRNA is processed to produce mRNA.
Explain why a molecule of mMRNA has a lower number of bases than a molecule of
pre-mRNA.
[2 marks]
Pre-mRNA contains both introns and exons.
The pre-mRNA undergoes splicing: the introns (non-coding regions) are
removed and the exons are joined together, so only the exons are left in
the mRNA.
8
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n A student investigates intraspecific variation in an ivy plant.
Figure 9 shows that the ivy plant grows on the ground and on the trunk of a tree.

Figure 9

Ivy growing on
the trunk of a tree

Ivy growing on
the ground

The student:

e randomly samples 50 ivy leaves growing on the ground and 50 ivy leaves growing
on the trunk of the tree

e measures the petiole length and width of each ivy leaf.
Figure 10 shows the measurements that the student takes of each ivy leaf.

Figure 10

Petiole
length

II| Give one reason why the student uses random sampling to choose which leaves to
measure.

[1 mark]

To reduce bias, so that the sample is representative of the population of

leaves and the data are valid.

Turn over »
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@ The student measures 100 leaves in total.

Give one reason why the student uses a large sample size.
[1 mark]

To reduce the effect of chance (anomalies), so that a more reliable

(valid) mean can be calculated.

Table 7 shows the student’s results.

Table 7
Mean petiole Mean leaf width pxﬁjg Ir :r?gc,tl? fto

length £ SD / mm *SD/mm leaf width + SD
lvy leaves growing
on the trunk of the 63 +£23.9 56+17.3 1.14 £ 0.35
tree
lvy leaves growing 42 +11.8 38+7.4 1.07 +0.21
on the ground

SD = standard deviation

E Give two reasons why the student cannot conclude that the leaves growing on the
trunk of the tree are larger than the leaves growing on the ground.

Use information from Table 7.
[2 marks]

1 The standard deviations are large and overlap between the two

samples (63 — 23.9 = 39.] is below 42 + 1.8 = §3.3).

2 No statistical test has been carried out, so the difference could be

due to chance (and leaf length was not measured).

1B/M/Jun22/BL01
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E The standard deviations are larger for leaves growing on the trunk of the tree than the
leaves growing on the ground.

State what this tells us about the data used to calculate each mean.
[1 mark]

The data for the trunk leaves are more spread out (more variable)

around the mean than the data for the ground leaves.

El The mean ratios of petiole length to leaf width in Table 7 are greater than 1.00

What does this suggest about the relationship between petiole length and leaf width?

[1 mark]
Petiole length is (usually) greater than leaf width.
@ The student measured leaves from different parts of the same ivy plant.
Suggest the cause of variation in leaf size.
[1 mark]

Environmental variation, e.g. different light intensity on the trunk and

on the ground.

Do not write
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Read the following passage.

In 1894, the chemist Emil Fischer proposed the ‘lock and key’ model of
enzyme action. This model suggests that the ‘key’ (substrate) has a specific
shape that allows it to fit into the ‘lock’ (active site).

Binding of a substrate to the enzyme forms an enzyme—substrate complex and
a reaction can occur. Only the correct substrate is complementary to an 5
enzyme’s active site.

Models of enzyme action have changed over time. In 1958, Daniel Koshland
suggested that the binding of a substrate to an enzyme changes the structure
of the enzyme so an enzyme—substrate complex can form.

Methanol poisoning is a rare but serious condition that can cause blindness 10
and death.

Although the condition is referred to as ‘methanol poisoning’, methanol itself

is not poisonous. Methanol is converted to methanal in the liver by alcohol
dehydrogenase (ADH). The methanal is then converted to methanoic acid

by aldehyde dehydrogenase (ALDH). Methanoic acid is toxic. 15
Methanol poisoning can be treated with ethanol.

Use information from the passage and your own knowledge to answer the
questions.

Figure 11 shows the structures of methanol and ethanol.

Figure 11
H
Methanol H— é —OH
)
H H
Ethanol H—é—é—OH
i

Iil Name Koshland’s model of enzyme action (lines 7-9).

Induced fit model

[1 mark]

2 2
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@ Explain how the binding of a substrate to an enzyme can result in the formation of an
enzyme—substrate complex (lines 7-9).

[2 marks]
When the substrate binds, the shape of the active site changes (moulds

around the substrate).

So the active site becomes complementary to the substrate, which binds

(by hydrogen or ionic bonds), forming an enzyme-substrate complex.

@ Explain why ethanol can be used to treat methanol poisoning (line 16).

Use information from Figure 11.
[3 marks]

Ethanol has a similar structure (shape) to methanol, so it acts as a

competitive inhibitor of ADH.

Ethanol fits into (binds to) the active site of ADH, blocking the active

site.

So methanol cannot bind to the active site and is not converted to

methanal, so the toxic product (methanoic acid) is not formed.

Turn over for the next question
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Table 8
Primate
Taxon Chimpanzee Gibbon Gorilla Orangutan
Y Hominidae Hylobatidae | Hominidae Hominidae
Genus Pan Hylobates Gorilla Pongo
Species troglodytes muelleri gorilla pygmaeus
lIl Give the binomial name of the gibbon.
Use information from Table 8.
[1 mark]
Hylobates muelleri
El Three of the primates belong to the taxonomic group Hominidae.
This taxon is shown as Y in Table 8.
Name taxon Y.
[1 mark]
Family
El Table 8 only shows the three smallest taxonomic groups.
Name the largest taxonomic group.
[1 mark]

Table 8 shows the classification of four animals belonging to the order Primates.

Domain (Eukarya)

2 4

stemup.co.uk

1B/M/Jun22/BL01

Do not write
outside the
box


https://stemup.co.uk

25

Do not write
outside the

Scientists investigate the phylogenetic relationships between the four primates. box

The scientists analyse the sequence of amino acids in haemoglobin molecules from
each of the primates.

The amino acids at seven locations in the molecule are compared.

Table 9 shows the scientists’ results. The letters represent different amino acids.

Table 9
Amino acid found at location
Primate 1 2 3 4 5 6 7
Chimpanzee N T R P A E H
Gibbon D K R Q T D H
Gorilla N T K P A D L
Orangutan N K R Q T D L

E Explain which two species are the most closely related primates.

Only use evidence from Table 9.
[2 marks]

The gibbon and the orangutan are the most closely related.

They have the most similarities in amino acid sequence: they are the

same at S of the 7 locations and only differ at locations | and 7.

Question 9 continues on the next page

Turn over »

2 5

stemup.co.uk 1B/M/Jun22/BL01


https://stemup.co.uk

26

The scientists also used an immunological technique to investigate the taxonomic
relationships between the primates.

The technique uses antibodies against proteins found in human blood.

The scientists:

e collect blood serum from a human
e inject the human serum into a rabbit so the rabbit produces antibodies against

human blood proteins

¢ collect serum from the rabbit
e add serum from the rabbit to serum from each of the four primates
¢ measure the percentage of precipitation.

E Suggest one factor the scientists should control so they can compare the percentage
of precipitation from each of the four primates.

[1 mark]

The volume of rabbit serum added to each primate serum (and the

temperature).

Table 10 shows the scientists’ results.

Table 10

Percentage precipitation with antibodies against human

blood proteins

Chimpanzee 95

Gibbon 82
Primate

Gorilla 95

Orangutan 85

@ Which two primates are

Give a reason for your ¢

Only use evidence from

the most closely related?

hoice.

Table 10.

Chimpanzee and gorilla, because both have the same (95%)

[1 mark]

precipitation.
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