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Answer all the questions.

1 This question is based on the article ‘THALASSAEMIA – NOT KNOWING WHEN TO STOP!’ 
(Case Study 1).

 (a) In the case study, you are given the names of several amino acids that occupy different 
positions in the alpha or beta chains of the protein haemoglobin.

  Fig. 1.1 is a diagram of the amino acid alanine.

CH3

COOHH2N C

X

H

Y

Fig. 1.1

  (i) Name the parts labelled X and Y.

X ....................................................................................

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

  (ii) On Fig. 1.1, draw a circle around the part of the molecule that will vary for different 
amino acids. [1]
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 (b) Complete the following passage about protein structure by inserting the most appropriate 
word or words.

  The sequence of amino acids in a protein is known as the primary structure. The covalent 

bonds that join the amino acids together are called ...................................... bonds, 

and the order in which the amino acids join up is laid down by the genetic code on the 

................................. strand of the DNA in the nucleus. The chain of amino acids can be coiled 

into a secondary structure such as ...................................... , and this structure is stabilised 

by ............................................. bonds. The chain can be further coiled and folded into a 

specific shape, which is stabilised by bonds between ............................ of the amino acids. 

In the haemoglobin molecule there are ............................ chains, which together form the 

................................................. structure of this protein. [7]

 (c) You are told in the case study that some mutations in the gene for the beta haemoglobin 
chain can result in different amino acids being found at the 59th position in the chain.

  Explain how a mutation in the DNA could result in no change to the amino acid at this 
position.

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

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

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

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

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

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

 (d) You are told in the case study that some mutations can result in haemoglobin having a ‘higher 
affinity’ for oxygen than normal adult haemoglobin.

  Conditions where the affinity of haemoglobin for oxygen is higher than normal can result in 
more oxyhaemoglobin being present in the blood cells returning to the heart from tissues 
such as muscle.

  (i) Suggest what effect the presence of more oxyhaemoglobin in the red blood cells will 
have on the colour of the blood in veins?

 ....................................................................................................................................   [1]
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  (ii) Suggest what would happen if blood entering active muscle tissue cannot release oxygen 
from oxyhaemoglobin.

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

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

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

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

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

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

 (e) A patient with Constant Spring (CS) thalassaemia is found to have a red blood cell count of 
4.4 × 109 cells cm–3.

  Outline how a haemocytometer could be used to obtain a red blood cell count, such as the 
one given above.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ............................................................................................................................................   [4]
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 (f) You are told in the case study that CS thalassaemia results from a mutation in the gene for 
the alpha haemoglobin chain. This results in a stop codon becoming a codon that would code 
for an amino acid.

  UGA is an example of a stop codon.

  Table 1.1 shows some DNA triplets and their corresponding amino acids.

Table 1.1

DNA triplet amino acid

ATA tyrosine

ACC tryptophan

ATG tyrosine

TTC lysine

  Using the information in Table 1.1, explain how a point mutation could result in changing a 
stop codon into a codon that codes for an amino acid.

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

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

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

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

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

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

 [Total: 23]
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2 This question is based on the article ‘THE OTHER PHILADELPHIA STORY’ (Case Study 2).

 (a) You are told in the case study that some haematologists work in transfusion laboratories. The 
haematologist will need to know which blood groups each sample of blood belongs to.

  Explain what is meant by a blood group.

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

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

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

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

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

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

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

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

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

 (b) You are told in the case study that chronic myeloid leukaemia (CML) can result in the failure 
of cells to differentiate into granulocytes, such as neutrophils, and into macrophages.

  With reference to the development of neutrophils, explain what is meant by the term 
differentiate.

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

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

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

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

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

 ............................................................................................................................................   [3]
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 (c) In the case study, Trish refers to the cell cycle.

  (i) State one process that happens in the nucleus of cells during interphase of the cell 
cycle.

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

  (ii) Describe the appearance of a chromosome during metaphase. You may use a labelled 
diagram.

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

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

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

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

 [2]

  (iii) Explain why CML is not an inherited disease.

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

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

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

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

 ....................................................................................................................................   [2]
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 (d) In the case study, you are told that a drug inhibits an enzyme in the CML cells. This drug 
stops the CML cells dividing uncontrollably.

  Explain how enzyme inhibitors work.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................. [7]
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 (e) You are told in the case study that 84% of patients in one trial showed no sign of the 
Philadelphia chromosome after treatment.

  If the number of patients involved in the trial was 312, calculate how many patients showed 
no sign of the Philadelphia chromosome.

  Show your working.

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

 (f) You are told in the case study that patients who respond to the drug have to keep taking it for 
the rest of their lives.

  Comment on the dilemma faced by Primary Care Trusts (PCTs) in providing long-term drug 
treatment for conditions such as CML.

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

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

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

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

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

 [Total: 22]

END OF QUESTION PAPER
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