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Answer all questions in the spaces provided.

Starch is a polysaccharide. Amylase is an enzyme involved in the digestion of starch.

lIl Name the sugar produced when starch is digested by amylase.

[1 mark]
Maltose
A student wants to find the optimum pH for the digestion of starch by amylase.
Figure 1 shows the rate of starch digestion by amylase at different pH values.
Figure 1
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@ Give the optimum pH of amylase. Use Figure 1.
[1 mark]
pH: 6.3
E State one variable that should be controlled when finding the optimum pH.
[1 mark]

Temperature (also concentration of enzyme and of substrate)
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Table 1 shows:

¢ the pH range of different parts of the digestive system
* the length of time food spends in each part of the digestive system.

Table 1

Length of time food

Part of digestive system pH range spends in this part/
minute

Mouth 6.7-7.3 0.50-1.00
Oesophagus 5.0-7.0 0.08-0.13
Stomach 1.0-2.5 120-360
Small intestine 6.6-7.5 180-300

Amylase is secreted by the salivary glands and the pancreas. These glands are in
different parts of the digestive system.

Salivary amylase cannot digest all of the starch alone. Pancreatic amylase is needed.
Explain why.

Use information from Figure 1 and Table 1.
[4 marks]

Food is only in the mouth for 0.5 to | minute, which is not long

enough for salivary amylase to digest all of the starch (a large

molecule).

In the stomach the pH is 1.0 to 2.5, so salivary amylase is denatured

and stops working.

So amylase must be secreted after the stomach, by the pancreas into

the small intestine, to continue the digestion of starch to maltose.

The pH of the small intestine (6.6 to 7.5) is close to the optimum pH

of amylase (6.8), and food stays there for a long time (180 to 300

minutes), so there is time for digestion.

Question 1 continues on the next page
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E After hydrolysis by amylase, another type of enzyme is needed to digest

starch completely.

Give the type of enzyme and the precise location of the enzyme needed to complete

the digestion of starch.

Type of enzyme  Disaccharidase (maltase)

[2 marks]

Precise location of enzyme Membrane-bound in the small intestine, on the

cell-surface membranes of the epithelial cells (microvilli)

@ The pH of the stomach is 1.0-2.5

Suggest two advantages of the low pH in the stomach.

1 Kills pathogens (bacteria) ingested with food.

[2 marks]

2 Activates enzymes (pepsinogen to pepsin) and gives the optimum pH

for proteases.
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II| HIV is a virus that can cause AIDS in humans. box

Complete Table 2 to give one type of molecule found in each part of HIV.

[3 marks]
Table 2
Part of HIV Type of molecule
Genetic material RNA
Envelope Lipid (phospholipid)
Capsid Protein
HIV contains some enzymes.
Drugs used for treating HIV inhibit these enzymes.
Table 3 gives information about how three of these drugs work.
Table 3
Drug name Description of how the drug works

Stops the HIV genetic material being changed to

Abacavir match the genetic material in the host cell.

Stops the HIV genetic material from being inserted

Cabotegravir into the genetic material of the host cell.

Stops the hydrolysis of peptide bonds so functional
Tipranavir proteins are not made. This prevents HIV infecting
new host cells.

@ Identify the HIV enzyme that is inhibited by each of the drugs.

Use information from Table 3.
[3 marks]

Abacavir Reverse transcriptase

Cabotegravir  Integrase

Tipranavir Protease

0 6
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El HIV has a high rate of mutation. box

Drugs used for treating HIV bind to and inhibit enzymes.

A combination of drugs is given at the same time to treat HIV.

Explain why.
[3 marks]

A mutation could change the shape of the active site of one enzyme, so

that drug can no longer bind to it and inhibit it.

It is very unlikely that mutations changing the active sites of all the

enzymes occur at the same time.

So at least some of the drugs in the combination remain effective,

which prevents HIV developing resistance.

E Current drug treatments stop a person infected with HIV from developing AIDS.

However, scientists continue to try to develop a vaccine against HIV.

Suggest one reason why.
[1 mark]

Drugs do not cure the patient, who can still pass HIV on; a vaccine

would prevent infection in the first place.

Turn over for the next question
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Scientists study specific risk factors linked to coronary heart disease (CHD).
The scientists collect data from 86 000 women for 12 years.

The scientists calculate the percentage of the women who are overweight in each
year of the study.

Figure 2 shows the results.

Figure 2
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II| The change in the percentage of overweight women shown in Figure 2 would be
expected to affect the number of cases of CHD during the study.

Predict how.
[1 mark]

The number of cases of CHD would increase.
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The scientists record the number of cases of CHD at the start and at the end of box
the study.

Figure 3 shows the results.

Figure 3
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@ The scientists calculate the number of cases of CHD per 100 000 women and use
these values to plot the graph shown in Figure 3.

Give one reason why the scientists calculate the number of cases of CHD per
100 000 women.

[1 mark]

There may be different numbers of women in each age group, so it

allows a valid comparison.

@ The number of cases of CHD changes between the start of the study and the end of
the study.

Describe how.

Use information from Figure 3.
[1 mark]

The number of cases of CHD decreased in all age groups.

Question 3 continues on the next page
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El Give one advantage and one disadvantage of the way the scientists did the study. box

[2 marks]

Advantage Large sample of 86 000 women studied over a long time (12

years).

Disadvantage Only women were studied, and we do not know if they

smoke or exercise (other risk factors).

The scientists investigate the women'’s diets in more detail. The scientists consider
the average number of servings per day that the women have of:

e red meat
¢ high-fat dairy products.

The results are shown in Figure 4.

Figure 4
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@ Describe how an atheroma forms and how the atheroma could cause CHD.

The scientists conclude that the changes in the women'’s diets cause the changes in
the number of cases of CHD.

Explain how the changes in diet may have caused the change in the number of cases

of CHD.
[2 marks]

Eating less red meat and high-fat dairy products results in less

saturated fat (saturated fatty acids) and cholesterol (LDL) in the diet

and blood.

Saturated fat and cholesterol increase the risk of CHD by causing

atheroma formation, so there are fewer cases of CHD.

[3 marks]

Fatty deposits (cholesterol, LDL) build up under the lining

(endothelium) in the wall of an artery, forming a plague (atheroma).

The atheroma narrows and blocks a coronary artery, so less blood

reaches the heart muscle.

So there is reduced oxygen and glucose supply to the heart muscle cells,

so reduced (aerobic) respiration in the heart muscle, which can cause a

heart attack (cells die).

Do not write
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Tobacco mosaic virus (TMV) is a plant virus. TMV is transmitted from one plant to
another when an infected leaf touches a leaf that is not infected.

Give one other way that a virus can be transmitted from plant to plant.
[1 mark]

By a vector, e. aphids (insects) feeding on the plants.

TMV is a rod-shaped virus.
Figure 5 shows TMV particles viewed using a transmission electron microscope.

Each virus particle is a cylinder with a volume of 76 000 nm®

Figure 5

Calculate the diameter of a TMV particle.

Use data from Figure 5 and the equation:

V=xrh
User=3.14
Give your answer to the nearest whole nm
[3 marks]
h=300wmwm r=V=_>th)=76000<+ (314 x 300)
r’ = 8068, r=+3068 =898 nm
diameter = 2r = 17.96 nm
Diameter = 18 nm
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TMV is made up of a single strand of RNA surrounded by a protein coat. box

El TMV spreads by infecting neighbouring cells. To do this, TMV loses the protein coat
to leave a small molecule of RNA.

The RNA moves to the next cell using the symplastic pathway.

Describe the symplastic pathway.
[2 marks]

Moves from the cytoplasm of one cell to the cytoplasm of the next cell.

Through the plasmodesmata, gaps in the cell walls linking the cytoplasm

of adjacent cells.

Question 4 continues on the next page
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E TMV infection causes the plant leaves to curl.

Figure 6 shows part of a plant infected with TMV.

Figure 6

Curled leaf

Healthy leaf

Plants with curled leaves grow more slowly.

Suggest why. o sl
marks

The curled leaf has less surface area exposed to light (to absorb light),

so there is a lower rate of photosynthesis.

So less sugar is made, so less protein, starch and biomass (organic

molecules) for growth.

Also the curled leaf has its stomata more exposed, so there is a higher

rate of transpiration (more water loss).
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Students compare two methods of estimating transpiration rate.
Method 1 — Measuring mass
The students:

set up the equipment as shown in Figure 7

measure the mass of the plant and its pot

measure the mass of the plant and its pot again after a known time
use the difference in these two values of mass to estimate the rate of transpiration.

Figure 7

Plant

Plastic bag

/ \T Balance

II| In Figure 7, a sealed plastic bag is covering the pot.

Give a reason why.
[1 mark]

To prevent evaporation of water from the soil, so only water lost

(evaporated) from the plant is measured.

Question 5 continues on the next page
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Method 2 — A potometer

The students:

@ It is difficult to compare the rates of transpiration obtained by method 1 and method 2.

Suggest why.

Method | measures loss (evaporation) of water but method 2 measures

set up the equipment as shown in Figure 8
record where the air bubble is at the start

record the distance that the air bubble moves after a known time
use the difference in these two values to estimate the rate of transpiration.

Figure 8

Ruler

R -

Capillary tube

Q

Air bubble

[2 marks]

water uptake; the units are different (mass in g compared with distance

in mm).

Method | uses a whole plant with roots and many leaves but method 2

uses a leafy shoot with fewer leaves and no roots.

16
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The students decide to use method 2 to investigate a factor that affects transpiration
rate. A potometer measures the rate of water uptake.

Figure 9 shows how water uptake is related to the rate of transpiration.

Figure 9

Rate of transpiration oc rate of water uptake

The relationship in Figure 9 shows that using a potometer is a suitable method to
investigate a factor that affects transpiration rate.

State how the relationship in Figure 9 shows this.
[1 mark]

A factor that increases the rate of transpiration would also increase the

rate of water uptake, as they are proportional.

The students use five identical potometers to investigate the effect of changing light
intensity on the rate of transpiration.

The students:

* put a leafy shoot taken from the same plant into each potometer

® position the air bubble on each potometer at the end of the ruler as shown in
Figure 8

* put each potometer into a separate box containing a light bulb. Each light bulb has
a different light intensity (brightness)

* |eave the five potometers for the same amount of time
¢ record the distance the air bubble moves in each potometer.

Give two possible sources of error with the way the equipment is set up.
[2 marks]

1 The size (surface area) of the leafy shoots and number of leaves are

not the same in each potometer.

2 The light bulb gives off heat, so it could increase the temperature in

the box (also humidity may differ between boxes).

Question 5 continues on the next page
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Figure 10 shows the pattern of the students’ results. box
Figure 10
A

Rate of &

water

uptake

A »
Light intensity
E The rate of water uptake changes between A and B in Figure 10.
Explain why.
[3 marks]
Increasing light intensity means more stomata open (or stomata open
more fully), to let in more CO, for photosynthesis.
So there is faster evaporation and diffusion of water vapour out of the
leaf (faster transpiration), so the rate of water uptake increases.
E At higher light intensities, there is no further increase in the rate of water uptake.
Suggest one reason why.
[1 mark]
All the stomata are fully open (or the air in the box is saturated with
water vapour).
10
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Scientists investigate the effect of fithess training on heart rate. box
The scientists collect data from 100 people in the investigation.

All the people:

® are between 18 and 50 years old
® have healthy hearts
® have never smoked.

II' The scientists use a large number of people for their investigation.

Give two reasons why.
[2 marks]

1 A reliable mean can be calculated, and the standard deviation

(statistical test).

2 It reduces the effect of anomalies, so the sample is representative.

At the start of the investigation, each person’s heart rate is measured at rest. Their
heart rates are also measured during exercise.

All the people then train regularly for 10 weeks:
e 50 people use low-intensity (LI) training

e 50 people use high-intensity (HI) training.

@ State how the scientists should put the people in the LI training or HI training groups.
[1 mark]

Randomly allocate the people to the two groups (e.g. pick names at

random).

Question 6 continues on the next page
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At the end of the 10 weeks of training, the heart rate for each person is measured at
rest and while they do the same exercise.

Figure 11 shows the mean heart rates for each group.

Error bars show + 2 standard deviations.

Figure 11
120
Key
“\ [] Before training
100 After LI training
[ After HI training
Mean heart
rate / beats 80
per minute
60 x
40 : .
At rest During exercise

E A student states:

“High-intensity training is better for improving fitness than low-intensity training.”
Evaluate the student’s statement.

Use information from Figure 11.
[3 marks]

Support: HI training lowers the mean heart rate more than LI training,

both at rest and during exercise.

Against: the error bars (¥ 2 SD) overlap, so the difference between HI

and LI is not significant and could be due to chance.

Also heart rate is not the only measure of fitness (e.g. stroke volume,

VO, max).

2 0
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E Figure 11 shows that both LI training and HI training change the mean resting box
heart rate.

However, neither LI training nor HI training changes resting cardiac output.
Explain why cardiac output does not change, even though the heart rate changes.

Use an equation in your answer.
[2 marks]

Cardiac output = stroke volume x heart rate.

Figure 11 shows resting heart rate decreases after training, so stroke

volume must increase to maintain the same cardiac output.

Question 6 continues on the next page
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The scientists measure heart rate before and during exercise for all the people in the
investigation. Figure 12 shows typical results for one person.

The exercise starts at 10 min.

Figure 12
Exercise
starts
140 Y
I
-
120 : —
/
Heart 100 /
rate / beats ! //:
per minute g /]
T
|
60 i
|
I
40 ]

0 2 4 6 8 10 12 14
Time of measuring heart rate / min

E The person’s heart rate starts to increase before exercise starts.

Suggest the advantage of heart rate increasing before the exercise starts.
[2 marks]

It gets more oxygen and glucose to the muscles before exercise starts.

So as soon as exercise starts, aerobic respiration can increase to release

more energy (ATP) for muscle contraction, delaying anaerobic respiration

(less lactic acid).

2 2
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Question 6 continues on the next page
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Stress also increases heart rate. box

One of the students in the investigation wants to know if resting heart rate increases
before a stressful event.

The student measures his resting heart rate once a day for a week before the
stressful event.

Figure 13 shows the student’s heart rate.

Figure 13
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El Calculate the percentage change in the student’s heart rate between the start and end

of the week.
[2 marks]
Start = 64, end = 70 beats per minute
(70 — 649) + 64 x 100 = 9.37§
Percentage change = 9.9 %

2 4
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Do not write
. The student concludes that heart rate always increases for 7 days before any e
stressful event.
Evaluate this conclusion.
Use information from Figure 13.
[3 marks]
Support: the heart rate does increase over the week, from 64 to 70
beats per minute.
Against: there is only one subject (one male), and different events have
different levels of stress.
Heart rate was measured only once per day (not a mean), and it does
not increase every day (same on day 6 and day S, and day 4 and day
3); we do not know what it was before 7 days.
15
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lIl Pathogenic bacteria are prokaryotic cells that cause disease. During an infection, the
bacteria can divide inside the host’s body.

Describe how the bacteria divide.
[4 marks]

Bacteria divide by binary fission.

The volume of cytoplasm increases (the cytoplasm and ribosomes

replicate).

The circular DNA replicates, and the plasmids also replicate.

The two copies of the DNA (chromosome) move to opposite ends of

the cell.

The cell membrane invaginates (pinches in) across the middle of the

cell, and a new cell wall is deposited, dividing the cell into two daughter

cells.
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@ The host’s body responds to a bacterial infection by producing antibodies.

Explain how the structure of an antibody is related to its function.

[6 marks]

An antibody is a protein made of four polypeptide chains (two heavy

and two light) held together by disulfide bridges.

The variable region (antigen-binding site) has a specific 3D shape

(tertiary structure), due to its different sequence of amino acids.

So the binding site is complementary to one type of antigen, forming an

antigen-antibody complex with only one type of antigen.

Each antibody has two variable regions (two binding sites) and a

flexible hinge region, so it can bind two antigens at once.

So agglutination (clumping) of bacteria is possible, making phagocytosis

easier.

The constant region is the same in all antibodies of a type: it

determines the type of antibody and binds to the B-cell surface

membrane (and to receptors on phagocytes).
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