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o Use black ink or black ball-point pen. 3

¢ Fill in the boxes at the top of this page. 4

e Answer all questions. 5
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Answer all questions in the spaces provided. box

A plant leaf is an organ containing several types of tissue.

Figure 1 shows a transverse section (TS) of a leaf from a dicotyledonous plant as
seen using the low power objective lens of a light microscope.

The scale bar represents a length of 100 ym

Figure 1

100 um

II| Draw a tissue map of the TS of the leaf shown in Figure 1.
[3 marks]

Upper epidermis (cuticle) Palisade mesophyl Spongy mesophyll

Vascular bundle

Midrib parenchyma
Lower epidermis Xylem Phloem
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Figure 2 shows part of the same leaf seen using the high power objective lens of the
same microscope.

The scale bar represents a length of 50 um

Figure 2
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50 um
IZI The magnifying power of the high power objective lens is x40

Using the scale bars in Figure 1 and Figure 2, calculate the magnifying power of the
low power objective lens.

Give your answer to the nearest whole number.
[3 marks]

|

Figure I: bar = 25 mm = 25 000 um,; magnification = 25 000 + 100 = x250
Figure 2: bar = 60 mm = 60 000 pwm; magnification = 60 000 +~ SO = x1200

|

Low power = G0 x 250 + 1200 = x¥.33

Magnifying power of the low power objective lens = x g

Turn over »
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@ Leaves exchange gases with the air.

Gas exchange results in loss of water from the leaves.

Explain how features you can see in Figures 1 (on page 2) and 2 (on page 3) help a

leaf:

¢ to exchange gases efficiently
¢ to reduce water loss.

[6 marks]

Exchange gases efficiently: the leaf is thin, so there is a short distance

for diffusion of gases (€O, and 0,) to and from the mesophyll cells,

and the mesophyll and palisade cells have thin cell walls.

There are many large air spaces in the spongy mesophyll, which allow

rapid diffusion of gases in the gaseous state through the leaf.

The mesophyll cells have a large exposed surface area next to the air

spaces, so there is a greater exchange of gases.

There are (many) stomata in the lower epidermis that allow entry of

C0, and exit of 0,.

Reduce water loss: the upper epidermis is covered by a waxy cuticle,

which is waterproof and so reduces water loss by evaporation.

The stomata are small and can close (guard cells) to reduce water loss.

The stomata are on the lower surface only, which is shaded and so

cooler, which reduces water loss.
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A student measures the rate of aerobic respiration in germinating barley seeds.

Figure 3 shows the apparatus the student uses.

Figure 3

——1 cm?3 syringe

o Seeds in
' metal basket

Potassium hydroxide
solution + water to
equal the volume of
the seeds intube B——

— Filter paper

— Potassium hydroxide
solution

Capillary U-tube
containing coloured
liquid

The student places the apparatus into a thermostatically-controlled water bath, as
shown in Figure 4.

Figure 4

Combined heater,
thermostat and

Thermometer o -

— Scale and U-tube
outside water bath

Water at 20 °C —

IB/M/Jan23/BL05
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Lo[2][1]

[o]2][2]

[o[2][3]

Give two reasons why the student puts many seeds into tube B and not just one
seed.

[2 marks]

1 Seeds vary (some may be diseased or dead), so many seeds give a

more representative, typical result and allow for anomalies.

2 To obtain enough oxygen absorption (volume change) to be registered

by the apparatus.

Tubes A and B are kept in the water bath at a constant temperature of 20 °C

Give two reasons why a constant temperature is necessary.
[2 marks]

1 A change in temperature causes a change in the rate of respiration

(enzyme activity).

2 A change in temperature causes a change in the volume (pressure) of

the air in the tubes.

The apparatus measures the volume of oxygen taken in by the seeds.

As the seeds take in oxygen, the pressure inside tube B is reduced. This causes the
liquid in the U-tube to move upwards on the right-hand side and downwards on the
left-hand side.

The students can use the syringe to push air into tube B and return the liquid in the
U-tube to the starting level shown in Figure 3.

The potassium hydroxide solution absorbs carbon dioxide from the air in tubes
A and B.

Explain why removal of carbon dioxide is necessary.
[2 marks]

€O, is released by the seeds in respiration.

If it were not removed it would replace the oxygen taken in, so there

would be no decrease in volume (pressure) and the liguid would not

move; the reading would only give the net effect of 0, in minus €O,

out.
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E Explain how tube A in Figure 3 (on page 6) cancels out the effect of any external box
changes in temperature and pressure that might occur during the investigation.
[2 marks]

Any change in temperature or pressure in tube A is equal to that in

tube B.

So it has the same effect on both sides of the U-tube and there is no

effect on the fluid movement (or on the syringe reading).

The student takes measurements of oxygen consumption by the barley seeds.
The student:

1. adjusts the syringe so that the level of the fluid on each side of the U-tube is the
2. f:(zg?ds the volume measurement on the syringe scale

3. repeats steps 1 and 2 at 1-minute intervals for 8 minutes.

Figure 5 shows the results.

Figure 5
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[2 marks]
: , Syringe reading Volume of oxygen
Time [ min / em? used / em?
0 0.92 0.00
! 0.84 0.08
2 0.78 0.14
3 0.68 0.249
4 0.63 0.29
S 0.57 0.3§
6 0.97 0.95
7 0.38 0.54
g 0.30 0.62
@ Draw a graph of the results from your table in Question 02.5.
Draw a line of best fit on your graph.
[4 marks]
0.8
M§ 0.7
Q
~ X
- 06
9 y
3 X
< 0S$
QJ 7
3 A
S 04
5 X
g 0.3
S
S 02
0. 7
0% - r
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10

. The student used 8.2 grams of seeds to obtain the results in Figure 5 (on page 8).
Use your graph in Question 02.6 to calculate the rate of respiration of the seeds.

Give your answer in mm?3 oxygen consumed per gram of seeds per hour, to

3 significant figures.

Gradient of line = 0.59 em>® = 8 min = 0.07375 cm? min™

0.07375 x 1000 = 73.75 mm> min™'

\\

60 = 4425 mm?> h™

X

82 g = 539.6 mm? g7 b

Rate of respiration =

[3 marks]

540 mm? oxygen g~' h™’

. The student repeats the investigation at 25 °C instead of 20 °C

Predict how the graph would be different at 25 °C

A straight line with a steeper slope: the rate increases (faster oxygen

[1 mark]

consumption), so it takes less time for the volume to decrease.

170
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@ The student wants to calculate the respiratory quotient (RQ) of the germinating barley

seeds.

The student:

o uses the same apparatus as in the previous investigation
¢ replaces the potassium hydroxide solution in tubes A and B with water.

Explain how the student could use the apparatus, and the results shown in
Figure 5 (on page 8), to calculate the RQ of the germinating seeds.

[4 marks]

Repeat the method of the previous experiment at 20 °C with the same

batch (same mass) of seeds, but with water instead of KOH in tubes

A and B.

With water the CO, released is not absorbed, so the new volume change

(syringe readings) shows the volume of O, taken in minus the volume

of €O, given out.

Volume of €O, released = volume change in Figure S (0, taken in)

minus the new volume change with water.

R® = volume of CO, released < volume of O, taken in; substitute the

volume of 0, from the previous experiment (Figure S, 0.62 cm? in 8

minutes) and the volume of CO, over the same time.

Turn over for the next question
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n Eukaryotic cells that can divide have a cell cycle. box

Figure 6 shows the cell cycle.
Figure 6

Mitosis
Cell division

Time

II| Name the process that occurs in the S-phase and give the reason why this process is
important in the cell cycle.
[2 marks]

Process DNA replication

Reason So that both daughter cells receive all the genetic information

(the same genes and chromosomes, all the DNA).

@ In which phase does the cell not contain pairs of chromatids joined by centromeres?
[1 mark]
Tick (v') one box.

o [V

G2

Mitosis
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@ A typical body cell in a mouse takes about 24 hours to complete the cell cycle. box
In cells lining the ileum of the mouse, the cell cycle takes only 1 hour.
Suggest why cells lining the ileum need to divide at a rapid rate.
[1 mark]
To replace cells damaged by digestion, by the digestive enzymes, or by
abrasion by food.
4

Turn over for the next question
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[o]4][2]

Exenatide is a drug for the treatment of Type 2 diabetes. The drug is injected under
the skin twice each day.

Doctors carry out a trial of exenatide on 1446 patients with Type 2 diabetes:

e 480 patients receive doses of 5 ug exenatide
¢ 483 patients receive doses of 10 ug exenatide
e 483 patients receive a placebo.

The trial lasts for 30 weeks.
The trial is double-blind and placebo-controlled. Double-blind means that neither the
doctors nor the patients know who is given the drug, or which dose, and who is given

the placebo. The placebo is an injection of the same volume of solution as the drug
but the solution does not contain the drug.

Explain why a double-blind trial is used for testing the effectiveness of the drug.
[2 marks]

To overcome bias (the expectations of the doctors and of the patients),

and to prevent the doctors treating patients differently, so it is not just

a psychosomatic effect.

So that the real effect of the drug is seen, giving valid results.

Suggest one ethical implication of this type of study.
[1 mark]

Some patients (on the placebo) are not treated or helped; also patients

given the new drug may suffer side effects, as the drug may not be

safe.

The doctors measure the concentration of a substance called HbA1c as an indicator
of the concentration of glucose in each person’s blood.

Some of the glucose in the blood combines with haemoglobin in the red blood cells to
form the compound HbA1c.

HbA1c is stable, so the percentage of HbA1c in a blood sample is a measure of the
glucose concentration during the previous few weeks.

The doctors take blood samples from each patient at intervals during the 30 weeks of
the trial.

1 4
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Figure 7 shows the results at the end of the 30 weeks.

Figure 7
0.21
0.0 w . .
Mean Placebo 5 ug 10 pg
percentage —0.21 exenatide exenatide
change in
HbAlc  —04
fromvalue A4l
at 0 weeks 08
—-0.81
-1.0-

@ The doctors state that the mean result for each concentration of exenatide has a
probability, P < 0.05

Suggest how the doctors could determine that P < 0.05
[2 marks]

Calculate the standard deviation (or standard error) of each mean and

compare it with the placebo.

Calculate the 95% confidence limits, or do a t-test, comparing each

exenatide mean with the placebo mean.

E Explain why the doctors prefer to measure HbA1c concentration rather than the
concentration of glucose dissolved in the blood plasma.

[2 marks]

HbAlc is a long-term measure, so it shows a more typical mean

(average) glucose concentration for the patient.

Blood plasma glucose may be atypical (vary) due to eating, fasting or

exercise.

Do not write
outside the
box
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The border collie is a breed of dog. Farmers use border collies for herding sheep.
Most border collies have black and white fur.
Figure 8 shows four varieties of border collie, with different coloured fur.

Figure 8

Blue Lilac
(grey) (light brown)
The colour of the fur is determined by two pairs of alleles:
B = allele for black fur N = allele for normal, full colour of the fur
b = allele for brown fur n = allele for a lighter colour of fur

A dog breeder crossed a male with black fur and a female with brown fur.
The breeder repeated the cross 4 times in 5 years using the same 2 parent dogs.

Table 1 shows the results.

Table 1
Number of offspring in each cross
Cross number
Black Blue Brown Lilac
1 2 2 3 -
2 3 - 1 1
3 2 1 2 1
4 3 1 2 -
Total 10 4 8 2

The total number of offspring in Table 1 is 24

The breeder expected a ratio of black:blue:brown:lilac = 3:1:3:1

16
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Do not write
outside the
lIl Complete Table 2 to show the total number of dogs of each colour the breeder had box
expected in the 24 offspring.
[1 mark]
Table 2
Expected total number of dogs of each colour
Black Blue Brown Lilac
9 3 9 3
@ Complete the genetic diagram to explain why the breeder had expected the
3:1:3:1 ratio.
[4 marks]
Parental phenotypes: Black male Brown female
Parental genotypes: BbNn bbNn
Male gametes
BN Bn bN bn
Female gametes
bN BbNN BbNn bbNN bbNn
bn BbNn Bbnn bbNn bbnn

Phenotype Genotypes of offspring
Black BbNN, BbNn, BbNn

Blue Bbnn

Brown bbNN, bbNn, bbNn

Lilac bbnn

Question 5 continues on the next page

Turn over »
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@ The breeder wants to produce a population of pure-breeding (homozygous) blue

border collies. He will only use dogs selected from the offspring shown in
Table 1 (on page 16).

There are males and females of each variety.
Outline a breeding programme that could be used to produce a population of
pure-breeding blue border collies.

[5 marks]

Step I: cross a blue male with a blue female from Table | (both

Bbnn).

Results: the offspring are blue (BBnn or Bbnn) and lilac (bbnn), in a

ratio of 3 blue : | lilac.

Step 2: carry out a test cross: cross each blue offspring with a lilac

dog (bbnn).

Results: if the blue dog is pure-breeding (BBnn), all the offspring are

blue; if it is not pure-breeding (Bbnn), some of the offspring are lilac.

Step 3: if the result in step 2 is all blue, repeat the test cross several

times; if only blue offspring are always produced, the dog is BBnn.

Then breed these BBnn males and females together to produce a

population of pure-breeding blue border collies.

Do not write
outside the
box

18

stemup.co.uk

IB/M/Jan23/BL05


https://stemup.co.uk

19

You are reminded that 2 marks will be awarded
for the quality of your written communication in Question 6.

Homeostasis is the maintenance of relatively constant conditions for the body’s cells.
This means that the chemical reactions of metabolism can function at optimal levels.

II' Describe the principles used in homeostatic mechanisms in the human body.

Use examples of different homeostatic mechanisms in your answer.
[6 marks]

Homeostasis works by negative feedback: a departure from the norm

(set point) is detected and triggers mechanisms that restore the norm.

The change is detected by receptors; a coordination system (nervous or

endocrine) sends information to effectors, which bring about the

correction. Hormones are carried via the blood, and the conditions

controlled are those of the blood and tissue fluid.

Blood glucose too high: B cells of the pancreas secrete insulin, which

lowers blood glucose by increasing uptake by cells and conversion to

glycogen.

Blood glucose too low: a cells secrete glucagon (and the adrenal glands

secrete adrenaline), which raises blood glucose by glycogenolysis and

gluconeogenesis.

Blood €O, concentration: chemoreceptors detect a rise, and the medulla

increases heart rate and breathing rate (gas exchange) to remove CO,.

Temperature: the hypothalamus detects a rise and causes vasodilation

and sweating; a fall causes vasoconstriction and shivering. Blood water

potential is controlled by ADH acting on the kidney.

Question 6 continues on the next page
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@ Hydrogen peroxide is a harmful by-product of many metabolic reactions.
The enzyme catalase breaks down hydrogen peroxide into oxygen and water:
oH,0, —catalase , 55 4 0,

hydrogen
peroxide

Design an experiment to find the optimum pH for the action of catalase.
[7 marks]

Use the same volume and concentration of H,0, (e.q. 10 cm® of 3%)

and the same volume and concentration of catalase solution (e.g. | cm?,

or the same number of potato cylinder slices) in each test.

Use a suitable range of pH values, eq. pH 3, 4, S, 6, 7, 8, 9 and 10,

made with different buffer solutions added to the H,0,.

Keep the temperature constant, e.g. 30 °C, in a

thermostatically-controlled water bath.

Let the H,0, with buffer and the catalase equilibrate in the water bath

for S minutes before mixing them.

Collect the oxygen by displacement of water in an inverted measuring

cylinder, or use a gas syringe.

Measure the volume of oxygen released in a set time (e.g. 2 minutes),

or the time taken to release a set volume of oxygen.

Repeat at least 3 times at each pH and calculate the mean (rate) for

each pH.

Plot a line graph of mean rate (volume of oxygen per minute) against

pH.

To find the optimum pH, repeat with intermediate pH values around the

peak value, e.g. at intervals of 0.2.

2 0

stemup.co.uk IB/M/Jan23/BL05

Do not write
outside the
box


https://stemup.co.uk

21

El Other enzymes are involved in the breakdown of food molecules in the digestive

system.
Describe how carbohydrates are broken down by enzymes in the human digestive
system.

[5 marks]

Carbohydrates are broken down by hydrolysis: breakage of glycosidic

bonds by reaction with water.

In the mouth, salivary amylase hydrolyses starch to maltose.

In the duodenum, pancreatic amylase (from the pancreas) continues to

hydrolyse starch — wmaltose.

In the ileum, membrane-bound disaccharidases on the epithelial cells

hydrolyse disaccharides — monosaccharides:

maltose - glucose (by maltase); sucrose — glucose + fructose (by

sucrase); lactose — glucose + galactose (by lactase).

Quality of written communication [2 marks]

END OF QUESTIONS
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There are no questions printed on this page
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Additional page, if required.
Write the question numbers in the left-h

and margin.
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