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Answer all the questions.

1 Phagocytes are white blood cells that are involved in non-specific immune responses against 
pathogens. 

 (a) The following passage describes the mode of action of a phagocyte.

  Complete the passage using the most appropriate words or phrases.

   Receptors on the cell membrane of a phagocyte recognise antibody molecules known 

   as …………………………, which are bound to pathogens and enhance phagocytosis. 

   Once engulfed by a phagocyte, a pathogen is contained in a vacuole called a  

   …………………………. . Organelles called ………………………… produce enzymes  

   that digest the pathogen. 
 [3]

 (b) Fig. 1 shows two blood smears, A and B. 

A B

X

Fig. 1
  
  (i) Which of the two images, A or B, shows a non-specific immune response?

   Explain your answer.

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

 ...................................................................................................................................... [1]
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  (ii) The actual width of X in Fig. 1 image B is 15 µm.

   Calculate the magnification used to produce image B in Fig. 1.

   Give your answer to two significant figures.

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

Turn over for the next question
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2 Squid are an order of aquatic animals. Many species of squid show a reflex response to changes 
in their body position. 

 •  A sensory receptor called a statocyst detects changes in the body position of the squid in 
their aquatic environment.

 • The reflex response corrects the squid’s body position.

 (a) (i) Describe the components and events involved in a reflex arc. 
  

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

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

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

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

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

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

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

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

  (ii) Suggest one benefit to the squid of the reflex response described above. 
  

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

 ...................................................................................................................................... [1]
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  (iii) A statocyst sensory receptor is shown in Fig. 2.1.

neurones

sensory hairs

statolith – mineral mass that
can move within the statocyst

epithelial cell

Fig. 2.1

   What can you conclude from Fig. 2.1 about the mechanism by which a statocyst acts as 
a transducer?  

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

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

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

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

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

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

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

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

 (b) Lobsters and sea cucumbers also have statocysts. From this information, the student 
concluded:

    ‘I think this means squids, lobsters and sea cucumbers evolved from a recent 
common ancestor and are probably classified in the same phylum.’

  Evaluate the extent to which the information about lobsters and sea cucumbers supports the 
student’s conclusion.  

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

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

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

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

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

 .............................................................................................................................................. [2]
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 (c) Fig. 2.2 shows a representation of a human neurone.  

Y

Fig. 2.2

  (i) Name the type of neurone shown in Fig. 2.2. 

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

  (ii) State the function of Y in Fig. 2.2.

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

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

 ...................................................................................................................................... [1]
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 (d)* The amplitude and duration of the action potentials in a single neurone are always the same. 
However, the amplitude and duration of action potentials can vary between different types of 
neurone.

  Fig. 2.3 shows action potentials in two different types of neurone.
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Fig. 2.3

  Describe the differences between the two action potentials and suggest explanations for the 
differences you have described.

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

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

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [6]
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3 Fig. 3.1 shows a bubble alga, Valonia ventricosa, which is one of the largest unicellular 
organisms in the world. 

Fig. 3.1

 (a) Calculate the surface area to volume ratio of a bubble alga that has a diameter of 2.5 cm. 

  Assume the bubble alga is spherical. Show your working.

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

 (b) Multicellular organisms, such as plants, have evolved internal transport systems.

  (i) Explain the benefit to plants of internal transport systems.

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

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

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

 ...................................................................................................................................... [2]
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  (ii) The transport systems of plants contain cells that are specialised to perform a particular 
function.

   The table below shows information about three types of specialised plant cell. Three 
boxes have been completed already. 

   Complete the rest of the table by placing the correct responses in the empty boxes. 

Cell Location
Example of a 

substance 
transported

Contains 
chloroplasts? 

( or ✗)

Guard cell carbon 
dioxide

Companion cell ✗

Root hair cell roots

 [3]

Question 3(c) begins on page 10
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 (c) Palisade mesophyll cells are another example of a specialised plant cell. These cells are the 
main site of photosynthesis in plants.

  A team of scientists investigated the effect of shining light on the upper and lower surfaces of 
a leaf on the rate of photosynthesis.

  The results are shown in Fig. 3.2.
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Fig. 3.2

  What conclusions can you draw from the data in Fig. 3.2 about the effects of light and the 
internal structure of a leaf? Explain your answer. 

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [4]
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 (d) A student attempted to measure the concentration of sucrose in the leaves of a holly bush, 
Ilex aquifolium, using the following method:

  • A leaf was removed from the bush and ground with a pestle and mortar. 
  •  The resulting mixture was filtered and 1 cm3 of the leaf filtrate was placed in a boiling 

tube. 
  • 1 cm3 of a known concentration of Benedict’s solution was added to the boiling tube.
  • The boiling tube was gently heated for five minutes.
  • The solution was filtered to remove the precipitate.
  •  The transmission of light through the solution was measured using a calibrated 

colorimeter.
  • A blue filter was used.
  •  The percentage transmission was converted to a sucrose concentration using a 

calibration curve for known sucrose concentrations. 

  Explain why the student’s method is invalid.

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [4]
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4 Stem cell therapy is a potential future treatment for diabetes mellitus. 

 (a) Stem cells were extracted from the bone marrow of 131 patients with diabetes mellitus. Each 
patient received an implantation of their own stem cells. 

  Following the stem cell treatment:
  • 53 patients showed no change
  • 78 patients showed an improvement in their condition. 

  Suggest three additional pieces of information that would be needed to assess the 
effectiveness of the stem cell therapy.

1 .................................................................................................................................................

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

2 .................................................................................................................................................

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

3 .................................................................................................................................................

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

 (b) In the future, it might be possible to differentiate stem cells in a laboratory (in vitro) before 
they are implanted into the pancreas of a patient with diabetes.

  (i) Name the type of differentiated cell that scientists would produce from stem cells in 
order to treat diabetes mellitus.

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

  (ii) Which type of diabetes mellitus is most likely to be improved by stem cell therapy? 

   Explain your answer.

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

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

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

 ...................................................................................................................................... [2]
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 (c) The blood glucose concentration of a diabetes patient was measured on five separate 
occasions.

  The five measured values (in mmol dm−3) were 8.7, 8.7, 9.0, 9.0 and 10.9.

  (i) Using the formula below, calculate the standard deviation of the patient’s blood glucose 
concentration.

  s
( )
n
x x

1

2/
=

-
-

   n = number of samples 

   x = each value in the data set

   x  = mean 

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

  (ii) Explain why standard deviation is better than range for measuring the dispersion of 
these data.

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

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

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

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

 ...................................................................................................................................... [2]
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  (iii) Scientists compared the blood glucose concentrations of two diabetes patients: 

   • a patient who had received stem cell therapy
   • a patient who had received no stem cell therapy.

   Describe two aspects of the experimental design that the scientists would need to 
consider in order to produce a valid comparison of the two patients.

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

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

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

 ...................................................................................................................................... [2]
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5 (a) Cells can be counted and analysed using a technique called flow cytometry. DNA in the cells 
is stained with a fluorescent dye before analysis. The degree of fluorescence is dependent 
on the amount of DNA present.

  (i) Use your knowledge of the cell cycle to name the stages of interphase that match the  
following descriptions.

   The stage in which a cell produces the least fluorescence 

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

   The stage in which a cell produces the most fluorescence 

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

   The stage in which the highest number of cells is recorded 

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

  (ii) Scientists analysed a sample of liver cells. Of these cells, 27.2% were found to 
be undergoing cell division or nuclear division. An adult human’s liver contains 
approximately 180 billion cells.

   Estimate the number of cells in interphase in an adult human’s liver.

   Write your answer in standard form to two significant figures.

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

  (iii) Suggest why the use of fluorescent dyes in flow cytometry is inappropriate when 
analysing red blood cells.

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

 ...................................................................................................................................... [1]
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 (b) Red blood cells contain high concentrations of the enzyme carbonic anhydrase.

  (i) A scientist planned to investigate the effect of pH on the activity of carbonic anhydrase.

   State two factors that the scientist would need to control during this investigation. 

1 .........................................................................................................................................

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

2 .........................................................................................................................................

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

  (ii) Human blood is maintained at a pH of 7.4 by reactions that occur in red blood cells.

   Use your knowledge of these reactions to explain how a pH of 7.4 is maintained. 

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

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

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

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

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

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

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

 ...................................................................................................................................... [3]
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6 (a)* Scientists have genetically engineered many different species of plant.

  Aubergine plants, Solanum melongena, can suffer damage from moth larvae. 

  Scientists have produced a variety of aubergine that is resistant to moth larvae. To create 
the resistance, scientists transferred a gene from the Bacillus thuringiensis bacterium. 

  Describe the process the scientists could have used to produce the pest-resistant 
aubergines.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [6]
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 (b) Potatoes often suffer bruising, which reduces their value as a food crop.

  A variety of crop potato that does not bruise has been developed using a technique called 
gene silencing.

  Scientists carry out gene silencing by inserting small sequences of RNA into potato cells. 
These RNA sequences are complementary to mRNA from genes responsible for bruising.

  Use this information to suggest why the technique is called ‘gene silencing’.

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

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

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

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

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

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

END OF QUESTION PAPER
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ADDITIONAL ANSWER SPACE

If additional space is required, you should use the following lined page(s). The question number(s) 
must be clearly shown in the margin(s).
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