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Organism exchange substances with their environment — A2 Biology

1. No.4

E Some hospital patients suffer from diarrhoea caused by infection with the bacterium
Clostridium difficile. The C. difficile bacteria release toxins. These toxins cause the
diarrhoea.

The toxins damage the cells lining the ileum, causing them to lose their microvilli.
The damage to the cells reduces the absorptian of the products of digestion and
reduces the absorption of water, résulting in diarrhoea.

Explain why the damage to the cells lining the ileum reduces absorption of the
products of digestion and why this reduces absorption of water.
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Not all patients in hospital with C. difficile develop diarrhoea.

Scientists measured the anti-toxin antibody concentration in hospital patients with and
without C. difficile infection.

They measured the anti-toxin antibody concentration four times:

on admission to hospital (day 0)
onday 3

on day 6

on the day the patient left the hospital.

Figure 4 shows the scientists’ results.
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@ The scientists suggest that the anti-toxin antibody could be given to some patients as
a form of passive immunity.

Use Figure 4 to suggest how this passive immunity would work and which patients
should be offered this anti-toxin antibody.
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!__3—, To be used as passive immunity treatment, the anti-toxin antibody would be injected.
If it was given by mouth, it would be digested.

Describe how the anti-toxin antibody would be digested.
[3 marks]
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A student investigated the use of cinnamon oil as an antimicrobial substance.
She investigated the effect of cinnamon oil on the growth of five different bacterial

cultures grown on agar plates.
prctichel ol sl dshse

The student added 100 mm?® of each bacterial culture from its glass bottle onto a
separate agar plate. She spread each bacterial culture evenly over the agar using a
spreader.

Describe the aseptic techniques she should use.
[3 marks]
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[ZI On each agar plate, the student cut a well (a hole) in the agar.

The well had a diameter of 6 mm. The student added 50 mm3 of cinnamon oil into the
well.

Calculate the minimum depth of the well to allow the addition of 50 mm’ of cinnamon
oil.
Use the following equation in your calculation:

Volume of a cylinder = iir? x |

Use 3.14 as the value for .

a
Show your working. /L =
Redivs = bmm ~ Q= 3"" s [2 marks]
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The student kept the plates at 25 °C for 24 hours.
Figure 5 shows what one of her plates looked like after 24 hours.
Figure 5
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growing on

the agar\

WEell containing
cinnamon oil
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The student measured the diameter of the clear zone with no bacterial growth around
each well. She made these measurements to the nearest whole mm

Table 1 shows her results.

Table 1
Diameter of clear zone / mm
Bacterial culture T F;g f‘itt::f N;gn?:i(;’le
Bacillus 'spp. - 15 14 0
Staphylotoccus aureus 20 17 0
Listeria Monocytogenes v/ 18 12 0
Escherichia coli  y 16 12 0
Klebsiella spp. ,» 14 12 0
Median for all cultures 7 (2 0
Mean for all cultures 17 (3 0
Standard deviation for all cultures 24 2.2 0
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El Suggest exactly what the student added to the wells to get the positive control and

[0]5].[4]

[o]s].[5]

negative control results.
[2 marks]
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Complete Table 1 to show the median and mean diameters.

[1 mark]

The mean = 2 standard deviations includes over 95% of the data.

Use this information to consider whether the standard deviations suggest the
differences in means are likely to be due to chance. 4 test

Explain your answer, including at least one calculation.
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3. No.7
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III Carbon monoxide (CO) is released during incomplete combustion of fossil fuels.

Figure 7 shows the dissociation curve for oxyhaemoglobin when:

¢ not exposed to CO
« exposed to CO such that 50% of the oxygen binding sites are occupied by CO
(50% COHDb).

Figure 7
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Using Figure 7, what can you conclude about how exposure to CO affects the loading
and unloading of oxygen by haemoglobin?

Explain your answer.
[3 marks]
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- |Z| The World Health Organisation (WHO) suggests that to avoid long-term health effects,
COHb concentrations should be kept below 2.5%.

WHO recommends that people should not be exposed to:

e air with > 10 mg m= CO for more than 8 hours
e air with > 30 mg m= CO for more than 1 hour.

Scientists have used a mathematical model to calculate the exposure to carbon
monoxide that would result in 2.5% COHb in both adults and children.

Table 2 shows the scientists’ results.

Table 2
CO concentration in the air / mg m
Exposure duration at rest / resulting in 2.5% COHb
hours
Child Adult
1 31.2 40.2
8 9.6 10.6

The scientists suggest that the WHO recommendations for carbon monoxide
concentrations resulting in 2.5% COHb should be reduced.

Evaluate the scientists’ conclusion.
[3 marks]
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4. No.1
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E Describe how stimulation of a Pacinian corpuscle produces a generator potential.

[3 marks]
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Scientists investigated the stimulation of a Pacinian corpuscle in the skin of a fingertip.
The scientists applied two different pressures to the fingertip and recorded the
changes in membrane potential of the Pacinian corpuscle’s sensory neurone.

Figure 1 shows the scientists’ results.

Figure 1
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I__E] Use Figure 1 to describe what is meant by the all-or-nothing principle.
[2 marks]
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5. No.6
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E Give two types of cell that can stimulate an immune response.

[2 marks]
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2 é(‘{pdprrnai b% mi
An autoimmune disease causes the immune system to attack healthy body tissues.

Scientists investigated the immune responses of healthy mice and mice with
autoimmune disease.

The chemical OXA causes an immune response in mice and can make their skin
swell. Mice had olive oil applied to their left ear and OXA in olive oil applied to their
right ear.

The immune response was recorded in two ways:

o the cellular response by measuring the mean increase in ear thickness 24 hours
after exposure to OXA

« the humoral response by measuring the mean concentration of anti-OXA antibody
in blood 14 days after exposure to OXA.

Table 2 shows the results of this investigation. The values in the brackets show + 2
standard deviations. A value of + 2 standard deviations from the mean includes over
95% of the data.

Table 2
. . Mean concentration
Type of mice | Sex of mice m?:: n'::;ela;: Ln1eoel|; of anti-OXA antibody
| arbitrary units
Male 17.9 (+4.1) 16 (£3)
Healthy
Female 18.5 (£2.9) 14 (14)
disease Female 16.7 (3.0) 26 (+7)

|z| Suggest and explain one reason why olive oil was applied to the left ear of the mice.

[1 mark]
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E] Plot a suitable graph for mean increase in ear thickness for each group of mice in
Table 2.

Include the data for + 2 standard deviations on your graph.
[3 marks]
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- E What can you conclude about the effects of autoimmune disease on the cellular
response and the humoral response in male and female mice?

Use the data to justify your conclusions.
[3 marks]
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E Some studies have shown that in humans, oestrogen has the opposite effect on two
different autoimmune diseases. Oestrogen: i

» accelerates the progression of systemic lupus erythematosus (SLE)
o prevents the progression of rheumatoid arthritis (RA).

The scientists investigated the effect of oestrogen on the immune response in healthy
mice and mice with autoimmune disease.

Table 3 shows the scientists’ results.

Table 3
. Effect of oestrogen on Effect of oestrogen on
Type of mice humoral response cellular response
Healthy No effect No effect
Autoimmune : ;
- — Increase in response Decrease in response

A student studying these data made the following conclusions.

1.In humans, SLE is caused by an overproduction of antibodies.
2.In humans, RA is caused by an overproduction of cytotoxic T cells (T cells).

Evaluate the student’s conclusions.
[4 marks]
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El In mice, one type of autoimmune disease is inherited as a dominant allele. Would the
Hardy—Weinberg principle hold true for a population of mice, some of which had this
autoimmune disease?

Explain your answer.
[2 marks]
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