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Answer all questions in the spaces provided.

II' A student used chromatography to separate the different photosynthetic pigments in a

chlorophyll solution. She had the following materials.

Chromatography paper

A ruler and pencil

Suitable glassware

A solvent (solvent A)

2 cm? of the chlorophyll solution

Describe how she could use these materials to separate the photosynthetic pigments
by chromatography.
[4 marks]

Using a ruler and pencil, | would draw a straight line (the origin) about

2 cm from the bottom of the chromatography paper.

Then, using a pipette or capillary tube, | would add small spots of the

chlorophyll solution onto the origin live, letting each spot dry before

adding the next so it is concentrated.

I would put solvent A into the glassware (e.q. a beaker) and stand the

paper in it so that the solvent level is below the origin line, so the

pigments do not just dissolve into the solvent.

| would remove the paper before the solvent reaches the top, and mark

the position of the solvent front with pencil straight away.

@ Using solvent A, the student separated five pigments. She then repeated her method

using a different solvent, B. Using solvent B, she separated six pigments.

Explain the difference between these results.
[2 marks]

The pigments have different solubilities in the two solvents.

Two of the pigments must have the same solubility in solvent A, so

they travel the same distance and appear as one spot, but they have

different solubilities in solvent B, so they separate into two spots.
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II| Glutamate is a neurotransmitter involved in the transmission of nerve impulses from box

pain receptors to the brain. Ziconotide is a drug that can reduce severe, constant
pain. Ziconotide blocks the calcium ion channels at some of the synapses which use
glutamate.

The transmission of glutamate at synapses is similar to that of acetylcholine.

Explain how ziconotide reduces severe, constant pain.
[5 marks]

2iconotide blocks the calcium ion channels, so fewer calcium ions (Ca®*)

diffuse into the presynaptic knob when an action potential arrives.

So fewer synaptic vesicles move to and fuse with the presynaptic

membrane, and less glutamate is released by exocytosis.

Less glutamate diffuses across the synaptic cleft, so less glutamate

binds to the receptors on the postsynaptic membrane.

So fewer sodium ion channels open and fewer Na* jons enter the

postsynaptic neurone, so the threshold is not reached and fewer impulses

(action potentials) are sent to the brain, so less pain is felt.

Ziconotide is a polypeptide and acts on synapses in the spinal cord. Scientists
investigated the effectiveness of ziconotide in reducing severe, constant pain.

Ziconotide was injected into each patient’s cerebrospinal fluid that bathes the brain
and spinal cord. Patients recorded the intensity of their pain using a statistically
valid scale.

IZ| Suggest two reasons why the patients had ziconotide injected into their cerebrospinal
fluid rather than taking a pill containing the drug.

[2 marks]

1 The drug reaches the spinal cord (synapses) quickly and directly.

2 It is a polypeptide, so in a pill it would be broken down by protease

enzymes in the gut, and it is too large to be absorbed.

Question 2 continues on the next page
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. Ziconotide was injected at 3 ng kg~' h~" for 8 days into each patient.
1ng=1x10"°g

Calculate the total mass in grams of ziconotide injected after 8 days into a patient with
a body mass of 82 kg

Show your working.

[2 marks]
Mass per hour = 3 x 82 = 246 ng h”
8 days = 8 x 24 = 192 hours
Total = 246 x 192 = 47 232 ng
47 232 x | x 107 = 4.7232 x 107 g
Answer 4.72 x 107° g

E When the patients recorded the intensity of pain, suggest two reasons why it was
important to use a statistically valid scale.

[2 marks]

1 Pain is subjective, and pain thresholds | tolerance vary between people,

so some could exaggerate their pain.

2 So that valid comparisons can be made and to ensure any differences

in pain are statistically significant (not due to chance).
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Figure 1 shows part of a phosphorus cycle, including the mass of phosphorus in box
two stores.
Figure 1
Phosphorus store in Phosphorus
biotic component 0.05% . 1.3 x 1071%% | store in rocks
on land —— Sl -
Decomposition Weathering 1x101T
2.1x10%Tg and erosion 9

One teragram (Tg) is 1 x 10'2 grams.

The supply of phosphorus to the soil is shown as a percentage of the total phosphorus
mass of each store.

|I| Calculate in teragrams the difference in the supply of phosphorus to the soil from the
two stores shown in Figure 1.

Show your working.

[2 marks]
Biotic store: 2.1 x 10 x 0.0S + 100 = 1.0S Tg
Rocks: | x 102 x 1.3 x 107° + 100 = 1.3 x 10' = 13 Ty
Difference = 13 — 1.0S = 11.95 Tg
Answer 11.95 Tg

Question 3 continues on the next page
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Water shortage can inhibit crop production. Scientists investigated the effect of the
mycorrhizal species Glomus intraradices on the growth of tomato plants under
conditions of water shortage and no water shortage.

¢ The scientists planted tomato seeds into a large number of pots containing
sterilised soil.

e They added a culture of G. intraradices to 50% of the pots and 50% were left
untreated.

¢ After the seeds had developed into seedlings (young plants), the seedlings from the
untreated and treated pots were planted into four separate large greenhouses
(glasshouses).

e A very limited supply of water (water shortage) was provided to two of the
greenhouses. A sufficient supply of water (no water shortage) was provided to the
other two greenhouses.

e After 60 days, the scientists determined the mean mass of tomatoes (kg m=2) from
each greenhouse.

Greenhouse P — untreated seedlings with water shortage
Greenhouse Q — treated seedlings with water shortage
Greenhouse R — untreated seedlings with no water shortage
Greenhouse S — treated seedlings with no water shortage
Treated seedlings are plants grown with G. infraradices.

Figure 2 shows the scientists’ results.

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

Figure 2
3
Mean
mass of
tomatoes 4
/ kg m—2 -
1
P Q R S
0
Water No water
shortage shortage
Greenhouse
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IZ| Using all the information, evaluate the effectiveness of using mycorrhizae to increase

crop production under conditions of water shortage and no water shortage.
[5 marks]

With water shortage, treated seedlings (®, mean about 1.6 kg m2)

produced a significantly greater mass of tomatoes than untreated

seedlings (P, about 0.95 kg m2), because the error bars (+ 2 SD) do

not overlap, so the difference is not due to chance.

With no water shortage, treated seedlings (S, about 2.6 kg m™)

produced a higher mean than untreated (R, about 2.0S kg m™), but the

error bars overlap, so there is no significant difference between R and S.

Treated plants with no water shortage (S) still produced significantly

more than treated plants with water shortage (®), as their error bars do

not overlap, so mycorrhizae do not fully overcome the effect of water

shortage.

So mycorrhizae seem effective at increasing crop production only under

water shortage. However, only one mycorrhizal species (Glomus) was

studied, and results are only for tomatoes, so they may not apply to

other crops.

A large number of pots was used, which increases reliability. But the

investigation was done in sterilised soil and in greenhouses rather than

in a field, so the results may not be the same in normal farming

conditions.
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. The tomato seeds were planted into sterilised soil.

[0]3].[4]

Suggest two reasons why the soil was sterilised.
[2 marks]

1 To kill any other mycorrhizal fungi, so only G. intraradices could affect

the plants.

2 To kill pathogens and pests, and any weed seeds or spores that could

compete with the tomato plants.

The soil used in this investigation had the recommended concentration of fertiliser.

Suggest two reasons why the soil contained the recommended concentration of
fertiliser.

[2 marks]

1 So the fertiliser is a controlled variable, so mycorrhizae and water are

the only variables affecting the results.

2 The mineral ions in fertiliser affect growth and mass of tomatoes, and

to give the usual farming conditions.
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Lo]a][1]

[0]4][2]

In cats, males are XY and females are XX. A gene on the X chromosome controls fur
colour in cats. The allele G codes for ginger fur and the allele B codes for black fur.
These alleles are codominant. Heterozygous females have ginger and black patches
of fur and their phenotype is described as tortoiseshell female.

The two alleles, F and f of a different gene, which is not sex-linked, interact with the
gene controlling fur colour. The allele F is dominant and stops the formation of
pigment in the fur, resulting in white fur. The allele f is recessive and has no effect on
fur colour.

Name the type of interaction between the two genes affecting fur colour.
[1 mark]

Epistasis

What phenotype would a cat with the following genotype have?
[1 mark]

XOxBff Tortoiseshell female

Complete the genetic diagram to show all the possible genotypes and the ratio of
phenotypes expected in the offspring of this cross.

[3 marks]
Phenotypes of parents XCXCFf X XBYff
Gametes: XoF  Xof XBf  VYf
XOF Xof
XBf XOXBFf XOXBFf
Yf XOYFf XOYFf

Genotypes of offspring  X°XBFf, XOXBff, XOYFf, XOYff

Phenotypes of offspring  white female, tortoiseshell female, white male, ginger male

Ratio of offspring phenotypes |+ | | |

170
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outside the
E In a population, 36% of cats had the F allele and had white fur. box
Use the Hardy—Weinberg equation to calculate the frequency of the f allele in this
population.
Show your working.
[2 marks]
White (FF + Ff) = 0.36, so ff = q2 =1 -036 =064
g = W.69 =038
Answer 0.8 7

Turn over for the next question
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II| Figure 3 shows the wavelengths of light absorbed by three types of photoreceptor box

found in the human retina.
Figure 3

Blue-sensitive photoreceptor
Green-sensitive photoreceptor
Red-sensitive photoreceptor

r ma
100 o Ak
IR
1 4R \
Light absorption 75 [ \ ammLuEEL
/ percentage of ! m \/ PN
maximum 50 ,l /I\\ /' “‘ \“
| ’ \\v ‘\‘
25 | I ’I II \\ | \\\
| I [ /| | 1] FENFH \‘. [
0___/ il AN S
400 500 600 700

Wavelength / nm

Use Figure 3 and your knowledge of colour vision to explain how an orange colour is
seen at 600 nm

[3 marks]

Colour vision involves cones. Each type of cone contains a different

pigment, which absorbs a different range of wavelengths.

At 600 nm, the red-sensitive cones absorb roughly 5% of their

maximum and the green-sensitive cones only roughly 40%, while

blue-sensitive cones absorb nothing.

So the red-sensitive cones are stimulated more than the green-sensitive

cones, sending more impulses along the optic nerve to the brain, which

interprets this combination as orange.
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@ Which of the following statements is associated with high sensitivity to light in the box

retina?

Tick (v) one box.

[1 mark]
A single photoreceptor connecting to one neurone and spatial summation
A single photoreceptor connecting to one neurone and temporal summation
Several photoreceptors connecting to one neurone and spatial summation \/
Several photoreceptors connecting to one neurone and temporal summation

Question 5 continues on the next page
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. Variation in flower colour is considered one of the factors involved in the evolution of

the following two species of monkeyflower.

o Erythranthe lewisii (Great Purple Monkeyflower), which has pink flowers, is mostly
found at higher altitudes (1600 to 3000 metres) and attracts bumblebees.

e Erythranthe cardinalis (Scarlet Monkeyflower), which has red flowers, is mostly
found at lower altitudes (up to 2000 metres) and attracts hummingbirds.

Bumblebees and hummingbirds are important in the pollination of flowers. Pollination
involves the transfer of male gametes to female gametes.

Explain the different processes that may have been involved in the evolution of these
two species of monkeyflower. Use the information provided to justify your answer.
[5 marks]

E. lewisii is mostly found at high altitude and E. cardinalis at low

altitude, so the populations were probably geographically isolated by

altitude, leading to allopatric speciation.

Within each population there was variation in flower colour caused by

random wmutations.

The populations faced different selection pressures (different

environments, e.q. temperature, and different pollinators). Pink flowers

were selected for at high altitude because they attract bumblebees, and

red flowers at low altitude because they attract hummingbirds, so these

plants were pollinated more and passed on their alleles.

This led to a change in allele frequencies in each population. The

different pollinators also caused reproductive isolation, so there was no

gene flow between the separate gene pools.

However, their distributions overlap between 1600 and 2000 metres, so

the plants could be found in the same area, so sympatric speciation may

have occurred, with the different pollinators causing reproductive isolation,

Eventually the populations became so different that they could no longer

interbreed to produce fertile offspring, so they are separate species.
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[o]e].[3]

Describe and explain how three features of the cells in the proximal convoluted tubule
allow the rapid reabsorption of glucose into the blood.
[3 marks]

1 Microvilli Ca folded cell-surface membrane) give a large surface area for

reabsorption.

2 Many carrier proteins for co-transport of glucose with sodium ions, and

for facilitated diffusion into the blood.

3 Many mitochondria to produce ATP for active transport of sodium ions

out of the cells.

Antidiuretic hormone (ADH) binds to V receptors found in cell-surface membranes in
two parts of a nephron.

Name the two parts of a nephron where V receptors are found.

[1 mark]
Collecting duct and distal convoluted tubule
V receptors only bind with ADH.
Suggest and explain why.
[2 marks]

The V receptor has a specific tertiary structure (shape).

Only ADH has a shape that is complementary to the receptor, so only

ADH can bind to it.

16
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cutsilo o
E A decrease in blood pressure stimulates the release of ADH. box
Give the location of the receptors that detect a decrease in blood pressure and
explain how the release of ADH will affect blood pressure.
[3 marks]
Location In the aorta and the carotid arteries (carotid sinus)
Explanation ADH increases the permeability of the collecting duct and
DCT, so more water is reabsorbed from the filtrate into the blood by
0SMOSIS.
So the volume of the blood increases and the blood pressure increases
back to normal. 9

Turn over for the next question
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lIl In the following passage, the numbered spaces can be filled with biological terms.

An ecosystem supports a certain size of population of a species, called

the (1) capacity. There are often numerous habitats within an ecosystem.
Within a habitat, a species occupies a (2) governed by an adaption to
both (3) and biotic conditions. Populations of different species form

a (4) .

Write the correct biological term beside each number below that matches the space in
the passage.

[2 marks]
1 carrying
2 niche
3 abiotic
4 community
Suggest two reasons for conserving rainforests.
[2 marks]

1 To conserve many species of plants and animals and their habitats,

maintaining biodiversity.

2 They take up carbon dioxide, reducing climate change, and are a source

of medicines and wood.

Give three reasons for the low efficiency of energy transfer from secondary
consumers to tertiary consumers in an ecosystem.
[3 marks]

1 Heat is lost to the surroundings from respiration in the secondary

consumers.

2 Not all of the secondary consumers are eaten, e.g. bones, and some

food is not digested and lost in faeces.

3 Energy is lost in excretion, e.g. in urine (urea).
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II| The KRAS gene codes for a protein called K-Ras. The protein relays signals from

IZ| Alterations in the KRAS gene can cause colorectal cancer (CRC). Scientists

outside a cell to a cell’'s nucleus, stimulating cell division. An alteration in the KRAS
gene produces an oncogene which can cause a tumour to develop.

Suggest and explain how an alteration in the KRAS gene can cause a tumour to
develop.

[3 marks]

A mutation, such as a base substitution, changes the base sequence of

the KRAS gene (or its promoter).

This changes the amino acid sequence of the K-Ras protein, so it is

permanently activated, or more K-Ras protein is produced.

So signals stimulating cell division are always relayed to the nucleus, so

the cells divide by mitosis rapidly and uncontrollably, forming a tumour.

investigated the survival time of the following three groups of CRC patients who had
type Il diabetes.

Group A — received no drug to treat type Il diabetes
Group B - received the drug metformin to treat type Il diabetes

Group C - received a combination of drugs (including metformin) to treat type Il
diabetes

The scientists used a statistical test to compare the survival time of these patients with
CRC patients with no history of type Il diabetes.

2 0
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Do not write
Table 1 shows some of the results obtained by the scientists. Ourstigime
Table 1
Group Cl\n;ér;):tl;xitvsa/l :;rgztﬁ; Probability value (P)
ol —
A 21.3 0.007
B 49.7 0.022
C 38.3 0.636
Using the information provided, what can you conclude about the effects of type I
diabetes and the different drug treatments on the survival time of CRC patients?
[5 marks]
Type |l diabetes with no drug treatment (group A) lowers survival time
to 21.3 months compared with 32.2 months in patients with no
diabetes, and A has the lowest survival time. P = 0.007 is less than
0.0S, so this difference is significant and not due to chance.
Metformin (group B) increases survival time the most, to 49.7 months,
the highest of all groups. P = 0.022 is less than 0.0S, so B is
significantly different from the control.
The combination of drugs (group C) also increases survival time, to 33.3
months, but P = 0.636 is greater than 0.0S, so there is no significant
difference from the control; the difference is due to chance.
So the other drugs in the combination seem to reduce the effect of
metformin, and metformin alone is a more effective treatment than the
combined drugs.
'8
Turn over for the next question
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[o]9].[1]

[0]9].[2]

Short tandem repeats (STRs) are short sequences of DNA, usually 2 to 7 base pairs.
STRs are repeated a number of times, one after another. For example, the STR
D5S818 is made up of AGAT repeated 7 to 16 times.

STRs are found throughout the whole genome.

The repeated sequences in STRs are common to all humans. Due to variation in the
number of repeats, STRs can be used in genetic fingerprinting.

Describe how STRs could be removed from a sample of DNA.
[2 marks]

Using restriction endonucleases (restriction enzymes).

These cut the DNA at specific base sequences (recognition sites) on

either side of the STR, so the STR is cut out.

Genetic fingerprinting using STRs requires amplification of the STRs using the
polymerase chain reaction (PCR). The short base sequences either side of a specific
STR are known.

Explain the importance of knowing these base sequences in PCR.
[2 marks]

The known sequences are needed to make primers with a complementary

base sequence, so they bind (anneal) either side of the STR.

The primers provide a starting sequence for Tag DNA polymerase to

attach and add nucleotides, and they stop the original DNA strands

re-joining, so only the STR is copied.

2 2
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. A single STR molecule consisting of a 12 base pair sequence of AGAT was amplified box
50 times using PCR.

Calculate the total number of base pairs in all the STR molecules after 50 cycles of
PCR.

Show your working.
[2 marks]

Number of molecules after S0 cycles = 2°° = 11259 x 10"

Base pairs = 12 x 11259 x 105 = 1.35) x 10

Answer .35 x 10

E During genetic fingerprinting, the different STRs are separated by gel electrophoresis.

Give two features of STRs which enable them to be separated by gel electrophoresis.
[2 marks]

1 STRs differ in length [ mass, as they have different numbers of

repeats (base pairs).

2 DNA has a negative charge (phosphate groups), so it moves towards

the positive electrode. 8

Turn over for the next question
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@ Calculate how long maximum exercise would last if ATP was not resynthesised

Read the following passage.

ATP is essential for muscle contraction. The concentration of ATP in skeletal
muscle is approximately 5 x 10~ mmol g~'. During maximum exercise, ATP in
skeletal muscle is used at a rate of approximately 3.7 mmol kg~' s~'. If ATP
was not resynthesised, maximum exercise would last a short time.

Some studies have suggested that taking creatine supplements can improve 5
muscle performance during intense short-term exercise. Eating more
carbohydrate, known as ‘carbohydrate loading’, for a few days before exercise
can improve muscle performance when exercising for a long time.

During aerobic exercise, calcium ions in muscle cells have several roles.

They activate the inclusion of glucose transport proteins, GLUT4, in the 10
cell-surface membrane and the inclusion of fatty acid transport proteins, CD36,

in mitochondrial membranes. An increase in muscle activity increases the
concentration of carbon dioxide in the blood. This causes an increase in

heart rate.

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

ATP is essential for muscle contraction (line 1).

Describe the roles of ATP in muscle contraction.
[2 marks]

Hydrolysis of ATP releases energy to move (bend) the myosin head,

pulling the actin filaments inwards (the power stroke).

ATP binding to the myosin head breaks the actinomyosin cross-bridge so

myosin detaches from actin. ATP is also used for active transport of

calcium ions back into the sarcoplasmic reticulum.

(lines 3—4).
[1 mark]
S x 1072 mmol g7 = S mmol kg™
Time = 8§ =+ 37 =135s
Answer .35 s
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@ Describe and explain how taking creatine supplements (lines 5-6) and ‘carbohydrate box
loading’ (lines 6—7) can improve performance of different types of muscle fibres during
different types of exercise.

[5 marks]

Creatine supplements help fast (fast twitch) muscle fibres, which are

used during short-term, intense exercise such as sprinting.

Creatine is used to make phosphocreatine in the muscle. During intense

exercise, phosphocreatine donates its phosphate to ADP to form ATP

quickly, anaerobically, so contraction can continue for longer.

Carbohydrate loading helps slow (slow twitch) muscle fibres, which are

used during long-term endurance exercise such as a marathon.

The extra glucose is stored as glycogen in the muscles and liver

(glycogenesis). During exercise the glycogen is hydrolysed to glucose

(glycogenolysis), so more glucose is available for aerobic respiration to

produce ATP, and fatigue is delayed.

Question 10 continues on the next page
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E Suggest and explain how GLUT4 and CD36 transport proteins (lines 10-11) are
beneficial during exercise.

E An increase in muscle activity causes an increase in heart rate (lines 12-14).

[3 marks]

GLUTY lets more glucose enter the muscle cells by facilitated diffusion,

so more glucose s available for glycolysis and respiration.

CD36 lets more fatty acids enter the mitochondria by facilitated

diffusion, where they are broken down and used in the Krebs cycle.

So respiration provides more ATP for muscle contraction during exercise.

Describe and explain how.
[4 marks]

The increase in carbon dioxide concentration lowers the pH of the blood,

which is detected by chemoreceptors in the aorta, carotid arteries and

medulla.

The chemoreceptors send more impulses to the cardiac centre in the

medulla oblongata.

The cardiac centre sends more impulses along sympathetic neurones (and

fewer along the parasympathetic vagus nerve) to the sinoatrial node

(SAN).

So the SAN sends out waves of excitation more frequently, increasing

heart rate.
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