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Suggest and explain how the interaction between the muscles labelled in Figure 1
could cause the pupil to constrict (narrow).
Radio| muscles relax and Civculay muScles confract. [2 marks]

Figure 3 shows the banding pattern of a single sarcomere.

Figure 3

Sarcomere

Explain the banding pattern shown in Figure 3.
[3 marks]

Guillain-Barré syndrome is a rare disease in which the immune system

damages the myelin sheath of neurones. Myelin sheath damage can cause a
range of symptoms, for example numbness, muscular weakness and muscular
paralysis. Sometimes, neurones of the autonomic nervous system are

affected, causing heart rate irregularities. 5

Huntington's disease is a disorder caused when a protein called huntingtin
damages the brain. Huntingtin is produced because of a dominant, mutant
allele.

The first successful drug trial to reduce concentrations of huntingtin in the

human brain involved 46 patients. The patients received the drug for 4 10
months. The concentration of huntingtin was reduced in all the patients.

The drug was injected at the base of the spine into the cerebrospinal fluid

bathing the brain and spinal cord. The drug contains single-stranded DNA
molecules. These single-stranded molecules inhibit the mRNA needed to

produce huntingtin. 15

Symptoms of Huntington’s disease can start at any time, but usually develop
between 30 and 50 years of age. The likelihood and age when symptoms start

are linked to the number of CAG base sequence repeats in the gene for
Huntington's disease. However, recent studies have suggested that

epigenetics may also affect the age when symptoms first start. 20

Damage to the myelin sheath of neurones can cause muscular paralysis (lines 2-4).

Explain how.
Myelin $heath inSulates nevve fibres and increases the speed |

& action pitential conduction In demyelinated newrones, impulse conduction
1 slower .

3 marks]

is impaived and the conduction of action Potential o _
Action potentils jump botw eon rcgiom called Nodes of Ranvier which contan high concentrohons
6 sodium ion channels, which are (o afed between myeiin sheaths.



oy .|
Tne 2 hoviZonta] lines repre Sent the Z-discs. Next to the Z discs theve is
a light avea which contains only actin filamenis , wnich we 1he thin

filamenis . Tne dovuest aveoa IS when The thin and thick (myosin) filaments

ovevlap. The avea in 4he middle is relatively lightev as 't only containg

thick fitaments.
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A scientist investigated the effects of different fertilisers on the growth of
spinach plants. The scientist:

set up a large sample of identical pots of soil

added different masses of different fertilisers to selected pots

did not add fertiliser to the control pots

planted the same number of young spinach plants in each pot

after 20 days, determined the biomass of spinach plants in each pot.

The results the scientist obtained after 20 days are shown in Figure 4.

Figure 4
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Calculate how many times greater the mean growth rate per day was using
37.5 g potassium nitrate than using 37.5 g ammonium sulfate.

Assume the mean biomass of the spinach plants at the start of the investigation was
0.5 g per pot. 4.9-0.5
mean growth rate with potossium nitrate: ——o=— = 0.29  [1mark]

mean growth rate with ammonium Sulfate : 3%35 :0.16

0.-22
Y3 < 1.375
Answer '-375

|Z| Using all the information, evaluate the effect on plant growth of adding the different

fertilisers to the soil.
[5 marks]



Fov both potassium nitrate and ammonium suifate , there s a significant
increase in mean biomass when up to 309 1S odded. Above 30g, there is

little effect in the mean growth rate when move fertinser is added. when
s used , theve 18 NG significart difference from the

Chicken manuve !
biomass

contrg) when 30g ov less i$ used. For chicke
§ when 3Sg is wsed and decreases when more

n Mmanure , mean
fertiliser 18 nSed.

peah
Al 3 fertilisers increases fhe growth of spingch Plants , with petasSium

nitroate having the grveatest effect | followed b3 ammenium Suifate and

chicken manwye.



[Il Describe the role of saprobionts in the nitrogen cycle.
Soprobionis ave involved in ammonification. They break down [2 marks]

protein t6 amino acids and remove the amino groupt ,and nse the
Figure 2 shows one type of calorimeter. products cf decomposition for vespiration.

Figure 2
Thermometer —___ . Stirrer
4— Air
cCoO
T Water
Sample holder—|

A calorimeter can be used to determine the chemical energy store of biomass.

A known mass of biomass is fully combusted in a calorimeter. The heat energy
released from this combustion increases the temperature of the water in the
calorimeter. The increase in the temperature of a known volume of water is recorded.

. |I| Other than the thermometer, explain how two features of the calorimeter shown in
Figure 2 would enable a valid measurement of the total heat energy released.

The stivrer ensuves that he temperatuve throughout [2 marks]

water iS conStant. The calorimeter is enclosed to reduce heat
los1 to the environment.



@ A 2 g sample of biomass was fully combusted in a calorimeter.
The volume of water in the calorimeter was 100 cm?®
The increase in temperature recorded was 15.7 °C
4.18 J of energy are needed to increase the temperature of 1 cm® of water by 1 °C
Use this information to calculate the heat energy released in kJ per g of biomass.

Show your working.

[2 marks]
Total enevgy released = 4.18 x 100 X 15
: 6562.61
emvgg;:lvcg‘ed = 6562.6 =2=1000
: 3.2813 ulg”
Answer 3 . 2 8 |3 ng-1

Plants and algae produce fuels called biofuels. Scientists have used Chlorella to
produce biofuel. Chlorella is a genus of single-celled photosynthetic alga.
Chlorella can be grown in open ponds and fermenters.

E In natural ecosystems, most of the light falling on producers is not used in
photosynthesis.

Suggest two reasons why.

Some of the lighf 1$ of & different wavelength and

ave reflected . Some of the light does not fall on chloroplast
5o does not get absorbed and passes twrough A ¢ plant -

[2 marks]



E The light absorbed by chlorophyll is used in the light-dependent reaction.
Name the two products of the light-dependent reaction that are required for the

light-independent reaction.
[2 marks]

1 _NADP
2  ATP

E Chlorella cells can divide rapidly. A culture of 2000 Chlorella cells was set up in a
fermenter. The cells divided every 90 minutes.

You can assume that there were no limiting factors and that no cells died during the
24 hours.

Calculate the number of cells in the culture after 24 hours.
Give your answer in standard form.

Show your working.
Qo mms = 1-Shours
24 nowrsS = |6 x 1.5 hourS

[2 marks]

2000 x 2. 6= 1310720600

=1.31 %108

Answer l-3|"|08




Figure 1 shows percentages of energy transferred from sunlight to a zebra in a
grassland ecosystem.

Figure 1
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@ Use Figure 1 to calculate the percentage of sunlight energy that would be transferred

into the faeces and urine of a zebra. Give your answer to 3 significant figures.
[1 mark]

2.1°%, x12.7°% x 58.2°,

s O.‘SSo/o

0155 o

Answer =

E In this ecosystem the net productivity of the vegetation is 24 525kJ m™ year '

Use this information and Figure 1 to calculate the energy stored in new tissues of the
zebra in kJ m? year™
[2 marks]

24525 % 12.7%, * 8.1 %, = 177.536 217§ kIm2year™

@ In muscles, pyruvate is converted to lactate during prolonged exercise.

Explain why converting pyruvate to lactate allows the continued production of ATP by

anaerobic respiration.
NADN is oxidised back to NADY. NAD® is needed foy ~ [2marks]

3I5colssis in which ATP 1S produced.



Scientists investigated the effect of a heat treatment on mass transport in barley
plants.

e They applied steam to one short section of a leaf of the heat-treated plants. This
area is shown by the arrows in Figure 9.
e They did not apply steam to the leaves of control plants.
« They then supplied carbon dioxide containing radioactively-labelled carbon to each
plant in the area shown by the rectangular boxes in Figure 9.
o After 4 hours, they:
o found the position of the radioactively-labelled carbon in each plant. These
results are shown in Figure 9.
» recorded the water content of the parts of the leaf that were supplied with
radioactively-labelled carbon dioxide. These results are shown in Table 4.

Figure 9

A - Heat-treated Plant B - Control Plant, not heat treated

0 hours
Table 4
Plant from which the Water content of leaf / % of maximum
leaf was taken (+ 2 standard deviations)
Heat-treated Plant 84.6
A (£11.3)
Control Plant
’ 92.8
not heaé treated (+8.6)

m The scientists concluded that this heat treatment damaged the phloem.

Explain how the results in Figure 9 support this conclusion.

Inthe heat ireated plant , radioactively labelled €O, i
only found in the leaf wheveas in the control it 18 found in other pavts
of the PIart Tuis shows that €Oy is fanen in through the leaves and
not fransported 4hrough The phicem to other parts of the plant.

[2 marks]



|z| The scientists also concluded that this heat treatment did not affect the xylem.

Explain how the results in Table 4 support this con.clusi.on, e ston dovd deviations
Although the mean woter content for contro) is higher , [2marks]
oveviop , Su gestmg there 1S no signifrcant diffevence. water tvowels in the
Figure 3 shows Pressure and blood flow durthg the cardiac cycle in a dog. xylem $o this shows
, that xylem is not
Figure 3 damaged .
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[1] At P on Figure 3, the pressure in the left ventricle is increasing. At this time, the rate
of blood flow has not yet started to increase in the aorta.

Use evidence from Figure 3 to explain why.
Pressure in aorta near to the heart is still low. Aovhc  [2marks]

valve has not opened r;?e‘l'-
[Z] At Q on Figure 3 there is a srifall increase in pressure and in rate of blood flow in the

aorta.

Explain how this happens and its importance. . .
The aortic valve has closed SO pressuve incveaseS. ThiS 2 marks]

forcet blgoa throngh the semitunar yaive.
E A student correctly plotted the right ventricle pressure on the same grid as the left

ventricle pressure in Figure 3.

Describe one way in which the student’s curve would be similar to and one way it
would be different from the curve shown in Figure 3.

The cycle will be the tame but the pressure will always [2marks]

be lower in Yhe right ventvicle.



E Use information from Figure 3 to calculate the heart rate of this dog.

| [1 mark]

3 peat s = (3x60 ) beats min’

= 180

Heartrate 180 beats minute™!




haemoglobin.

Some of their results are shown in Table 7.

Table 7

A scientist investigated the affinity for oxygen of horse haemoglobin and mouse

Animal Partial pressure Partial pressure | Body mass of
of oxygen when of oxygen when | one animal /g
haemoglobin is haemoglobin is
50% saturated / 25% saturated /

kPa kPa
Horse 3.2 1.9 550 000
Mouse 6.5 3.3 23

[0]9].[1] Plotthe haemoglobin saturation data from Table 7 and use these points to sketch the
full oxyhaemoglobin dissociation curves for a horse and a mouse.

[3 marks]
- horse
- Mouse
/N
100 4+
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saturation of
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|Z| The following equation can be used to estimate the metabolic rate of an animal.

[0T9][3]

Metabolic rate = 63 x BM™%%
BM = body mass in grams

Use this equation to calculate how many times faster the metabolic rate of a mouse is
than the metabolic rate of a horse.

hovse = §3 x S50000 -0.27 [2 marks]
27.0
= 1.771%99. .. l_ﬂ‘- = 15.213
<~ .78 216.1
mouse = 63 2370H
 21.019
2 217.0
Answer = 15.2 times faster

The data in Table 7 show differences between the oxyhaemoglobin dissociation curve
for a mouse and the oxyhaemoglobin dissociation curve for a horse.

Suggest how these differences allow the mouse to have a higher metabolic rate than
the horse.

At the Same partial Pressure of oxygen,the percentage [2 marks]

satuvation of haemoglobin is lower for mouse , which means

move oxygen is reteased from haemoglobin and available for

respiration.



