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Answer all the questions.

1 Farmers rotate different crops on their land to produce higher yields. Crops like beans are used in 
the rotation to fix atmospheric nitrogen. This reduces the need for synthetic fertilisers.

 (a) Name the type of crop, such as beans, that can fix nitrogen.

 .............................................................................................................................................. [1]

 (b) The roots of bean plants form nodules due to infection by the nitrogen-fixing bacteria, 
Rhizobium.

  Rhizobium can be cultured in a laboratory. 

  (i) The table shows information for the preparation of agar plates used to culture Rhizobium.

   Complete the table by suggesting a role for mannitol.

Constituent added to agar Role of constituent

Mannitol (a carbohydrate) .........................................................

Yeast extract source of nitrogenous compounds

Magnesium sulfate source of essential ions

Dipotassium phosphate and
sodium chloride pH and osmotic buffers

 [1]

legumes (leguminous crops)

respiratory substrate
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  (ii)* Write a method that could be used to prepare a culture of Rhizobium bacteria in the 
laboratory.

   You are provided with:
• plates with agar containing the constituents listed in the table in part (i)
• a bean plant
• school or college resources.

   In your answer you should describe how you would minimise potential hazards 
associated with the preparation.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [6]

Wear a lab coat and gloves (soil microbes may be pathogens), disinfect

the bench and work next to a lit Bunsen burner.

Dig up the bean plant, wash soil off the roots and locate a pink root

nodule. Hold the root with blunt forceps and cut off the nodule with a

scalpel on a white tile, cutting away from the body.

Sterilise the nodule surface in alcohol (or sodium hypochlorite) to kill

other microbes, then rinse it in sterile distilled water.

Crush the nodule in a sterile dish with a little sterile distilled water and

dilute it. Flame the inoculating loop until red hot, cool it, then streak the

suspension onto the agar plate.

Use sterile equipment, lift the lid only slightly, tape the lid (not fully

sealed) and incubate inverted for about 3 days. Autoclave all equipment

before safe disposal and wash hands.
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  (iii) After preparation in the laboratory, Rhizobium cultures are usually kept at 30 °C.

   Explain why this is a suitable temperature.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

 (c) (i) In response to infection by Rhizobium, bean plant nodule cells produce protein called 
leghaemoglobin.

   Researchers wanted to find out more about three genes that code for leghaemoglobin. 
They used RNA interference (RNAi) to inhibit the production of leghaemoglobin using 
miRNA. They measured the relative transcript level of the leghaemoglobin genes of bean 
plants treated with miRNA (RNAi plants) and those of untreated bean plants.

   The results are shown in Table 1.

Name of 
leghaemoglobin gene

Relative transcript level of gene

Untreated plants RNAi plants

LjLb1 3.5 0.085

LjLb2 4.0

LjLb3 2.0 0.045

Table 1

   Transcript levels for gene LjLb2 in the RNAi plants were reduced by 97.4% compared 
with the untreated plants. 

   Calculate the relative transcript level for LjLb2 in the RNAi plant.

   Show your working.

 Answer =  .......................................................... [3]

30 °C is the optimum temperature for the bacterial enzymes, so they

work fastest without being denatured, which allows rapid reproduction

(fast growth of the culture).

It is below body temperature (37 °C), so it reduces the growth of

pathogenic bacteria.

0.104

100 − 97.4 = 2.6%

2.6% of 4.0 = (2.6 ÷ 100) × 4.0

= 4.0 × 0.026 = 0.104

0.104
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  (ii) Describe how miRNA inhibits the mRNA of the treated plants.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [3]

  (iii) Explain why the researchers chose miRNA rather than siRNA (small interfering RNA) to 
inhibit the transcription of the leghaemoglobin genes.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

Dicer cuts a double-stranded precursor into short miRNA, which binds to

an argonaute protein, forming RISC. The miRNA binds to a

complementary site on the mRNA and the argonaute protein cleaves

(breaks) the mRNA strand.

This inhibits translation, so functional leghaemoglobin is not made.

miRNA is less specific (less precise) than siRNA, so it can bind to more

than one mRNA and inhibit all three leghaemoglobin genes.
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2 A student investigated the effect of temperature on the rate of diffusion of chloride ions from carrot 
cells.

 This is the student’s method for the preliminary experiment.

1. Cut thin sections of carrot.

2.  Place the sections of carrot into a boiling tube of distilled water, 
maintained at a temperature of 100 °C.

3.  Remove a sample of water from the boiling tube and add silver nitrate 
solution. The silver nitrate solution reacts with chloride ions to produce 
a white precipitate.

4.  Measure the absorbance of the sample in a colorimeter. Higher chloride 
ion concentrations will produce more white precipitate which will 
increase absorbance.

 (a) (i) All equipment and sections of carrot were washed with distilled water before use.

   Explain why.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

  (ii) The absorbance value obtained in step 4 was used as a reference value for further 
tests. This absorbance value was considered to represent the highest chloride ion 
concentration that could be measured in the boiling tube solution.

   Explain why.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

To remove chloride ions (or other chemicals that could react with silver

nitrate), so contamination does not reduce the validity of the results.

At 100 °C all the carrot cell membranes break down, so all the chloride

ions are released (diffuse out) from the cells, forming the maximum

precipitate.
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 Using the sample produced from step 3 in the preliminary experiment, the student carried out a 
serial dilution that produced the results in Table 2.1.

Concentration of chloride ions (a.u.) Absorbance

1000.0 0.080

 100.0 0.040

  10.0 0.020

   1.0 0.018

   0.1 0.005

Table 2.1

 (b) Look at the trend in the results in Table 2.1. 

  Identify the anomalous result in this trend and give its expected absorbance value.

 Anomalous result  ...............................................................

 Expected absorbance  ...............................................................
[1]

0.018

0.010
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 (c) The student used the method for the preliminary experiment to plan their investigation into 
the effect of temperature on the rate of chloride ion diffusion.

  Describe three variables that the student would need to control when planning this 
investigation. Include reasons why each of your chosen variables must be controlled.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [6]

1. Volume of distilled water in the boiling tube: a larger volume dilutes the

chloride ions, reducing the concentration, the precipitate formed and the

absorbance.

2. Volume of the sample of water removed: a larger sample contains more

chloride ions, so more precipitate forms and absorbance is higher.

3. Surface area (size and number) of the carrot sections: a larger surface

area to volume ratio increases the rate of diffusion of chloride ions out of the

cells, so absorbance would be higher for reasons other than temperature.
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 (d) Fig. 2.1 shows the results of the student’s experiment carried out at different temperatures.

0
0

0.01

0.02

0.03

0.04

0.05

absorbance

0.06

0.07

0.08

10 20 30 40 50
temperature (°C)

60 70 80 90

Fig. 2.1

  (i) Use Fig. 2.1 to calculate the increase in absorbance between 10 °C and 40 °C.

 Answer =  .......................................................... [1]

  (ii) Suggest why the absorbance changed between 10 °C and 40 °C.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

Higher temperature increases the kinetic energy of the chloride ions, so

the rate of diffusion increases, and it disrupts the membranes, increasing

their permeability.

So more chloride ions diffuse out of the cells, more precipitate forms and

absorbance increases.

0.027 − 0.014

0.013
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 Fig. 2.2 shows absorbance measured at different concentrations of chloride ions.

absorbance

concentration of chloride ions (a.u.)
0.1

0.001

0.01

0.1

1

1 10 100 1000

Fig. 2.2

  (iii) Using the graph in Fig. 2.1 and the graph in Fig. 2.2, estimate the chloride ion 
concentration at a temperature of 45 °C.

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

At 45 °C absorbance is about 0.05 (Fig. 2.1); from Fig. 2.2 this gives

about 200 a.u.
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3 Fig. 3.1, on the insert, shows a light photomicrograph of a cross-section of a healthy artery. 

 (a) (i) Identify layer Y.

 ...................................................................................................................................... [1]

  (ii) Describe the importance of layer Y in the normal functioning of an artery.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

 (b) (i) The artery in Fig. 3.1 has a diameter of 0.40 mm measured between A and B.

   Calculate the magnification of this image.

   Show your working.

 Answer =  .......................................................... [2]

  (ii) Fig. 3.2, on the insert, shows a light photomicrograph of a cross-section of a diseased 
artery. The diseased artery has a diameter 14.3% greater than the healthy artery in 
Fig. 3.1. The diameter of the healthy artery is 0.40 mm.

   Calculate the actual diameter of the diseased artery. Give your answer to 2 significant 
figures.

   Show your working.

 Diameter =  ..................................................  mm [2]

smooth muscle and elastic fibres (tunica media)

Elastic fibres allow the wall to recoil, and the smooth muscle contracts

to reduce the size of the lumen, regulating blood pressure.

image diameter A to B = 32 mm

actual diameter = 0.40 mm

magnification = 32 ÷ 0.40

= 80

× 80

0.40 × 1.143

= 0.4572 mm

0.46
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 (c) Suggest why layer Y is much thicker in this diseased artery than in the healthy artery shown 
in Fig. 3.1.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [2]

 (d) (i) Capillaries do not have a layer Y. 

   Explain why the absence of layer Y is important in the formation of tissue fluid.

 ...........................................................................................................................................

 ...................................................................................................................................... [1]

  (ii) Complete this passage about the formation of tissue fluid using the most appropriate 
words.

   Tissue fluid is formed at the .................................................... end of capillaries  

due to the high .................................................... pressure. The high  

.................................................... concentration in capillaries produces a high  

.................................................... pressure. This enables fluid to diffuse back into the 

capillaries.
 [4]

Hypertrophy and hyperplasia of the smooth muscle (more, bigger muscle cells)

and more elastic fibres, so the wall can withstand a higher blood pressure.

Atherosclerosis: an atheroma (plaque) has formed in the artery wall.

Liquid can leak through fenestrations (gaps between cells), reducing the

diffusion distance to meet cells' demand for nutrients.

arterial

hydrostatic

solute

osmotic
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4 The Mantoux test is used to check if a person is immune to tuberculosis (TB) to decide whether 
they need a BCG vaccination.

 A red inflamed lump (induration) may appear three days after the injection of tuberculin.

 A person is considered to be immune to TB if they develop an induration that has a diameter of at 
least 10 mm.

 (a) For an induration of 10 mm the percentage error is 10%. 

  (i) Explain how this percentage error could lead to incorrect decisions about whether a 
BCG vaccination is needed.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  (ii) A health professional measures the diameter of the induration using a ruler marked in 
millimetres.

   Suggest one way this method for measuring indurations could be improved. Explain your 
answer.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [2]

  The Mantoux test requires:
• a solution of tuberculin kept away from the light between 2 °C and 8 °C
• a sterile needle and a sterile syringe.

  An alternative to the Mantoux test is a more accurate antibody test called ELISA which 
requires:

• a fresh blood sample 
• full laboratory facilities.

  The Mantoux test was used on a sample of 89 people and was followed up with an ELISA. 
The results are shown in Table 4.1

Number of people

ELISA positive ELISA negative Total

Mantoux positive 22  6 28

Mantoux negative 18 43 61

Total 40 49 89

Table 4.1

The error could give false positives or false negatives: e.g. a 9 mm
induration measured as 9.9 mm is recorded as 10 mm, a false positive.

A person with no immunity may then not receive the vaccination when it

is needed; with a false negative, an immune person is vaccinated when it

is not required.

Use digital callipers instead of a ruler, as they give a greater degree of

precision (to 0.1 mm or better).
Also take at least 3 readings and calculate a mean.
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 (b)* Evaluate the use of the Mantoux test and ELISA for testing whether people are immune to TB.

  In your answer you should refer to the data in Table 4.1.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [6]

The Mantoux test is cheap and portable, and its results are easy to measure,

but it needs sterile equipment and correct storage of tuberculin (2 to 8 °C, in

the dark). Measuring the induration is subjective and takes 3 days to give a

result.

ELISA measures the antibody concentration, so results are objective, more

accurate and quicker. However it needs a fresh blood sample, specialist

training, specialist equipment and full laboratory facilities, so it is more

expensive and not portable.

In Table 4.1 only 65 of 89 people (73%) gave the same result in both tests,

so 24 results (27%) were false: 18 false negatives and 6 false positives.

ELISA gave 45% positive (40/89) and 55% negative (49/89).

So ELISA is more reliable, but Mantoux is useful for screening where

laboratories are not available.
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 (c) Ten patients were studied to determine whether the age at BCG vaccination affected the 
length of time that immunity against TB was effective.

  Any correlation was tested using Spearman’s rank correlation coefficient:

( )
1

1
6r

n n
d

s 2

2
= -

-

/

 The data collected are shown in Table 4.2.

Patient Age at 
vaccination Rank Time immune 

(years) Rank d d2

A 13 16

B 12 17

C 14 18

D  1 22

E 30  4

F 35  1

G 15 18

H 14 17

I  0 23

J 13 16

Total

Table 4.2

  (i) Calculate the Spearman’s rank correlation coefficient for these data. 

   You may complete Table 4.2 to help you with your working.

   Give your answer to four decimal places.

 Spearman’s rank correlation coefficient  .......................................................... [3]

6.5 7.5 −1 1

8 5.5 2.5 6.25

4.5 3.5 1 1

9 2 7 49

2 9 −7 49

1 10 −9 81

3 3.5 −0.5 0.25

4.5 5.5 −1 1

10 1 9 81

6.5 7.5 −1 1

270.5

Σd2 = 270.5      6Σd2 = 1623

n(n2 − 1) = 10 × 99 = 990

rs = 1 − (1623 ÷ 990) = 1 − 1.6394

= −0.6394

−0.6394
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  The null hypothesis used in the study was:

  “There is no negative correlation between age at vaccination and length of time immunity 
was effective.”

  Table 4.3 shows the critical values for Spearman’s rank correlation coefficient.

Critical values for rs

Degrees of 
freedom p = 0.05 p = 0.01

 8 0.6429 0.8333

10 0.5636 0.7455

18 0.4014 0.5501

20 0.3805 0.5218

Table 4.3

  (ii) Use Table 4.3 to decide if the null hypothesis was correct.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...................................................................................................................................... [3]

END OF QUESTION PAPER

Degrees of freedom = 8. The calculated value (0.6394, ignoring the sign)

is less than the critical value at p = 0.05 (5%), 0.6429, and also less

than 0.8333 at p = 0.01.

So accept the null hypothesis: there is no significant negative correlation,

and the difference in length of immunity is due to chance.
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