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QUESTION ONE: Protein synthesis

(a) Complete the table below to describe three ways in which mRNA and DNA are different from

each other.
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Overview of protein synthesis.

Compared to mRNA, the structure of tRNA increases its stability, which increases the period of time
that tRNA lasts in the cytoplasm. In contrast, the majority of mRNA molecules break down within a
few hours after their release from the nucleus into the cytoplasm.

(b) Compare mRNA and tRNA, including their function, structure, stability, and role in protein
synthesis.

In your answer, include discussion of:

. the function of both mRNA and tRNA

. how mRNA and tRNA work together to carry out protein synthesis
. the significance of tRNA being stable and mRNA being unstable.
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(b) Discuss the effect of this mutation on the amino acid sequence and the functioning of the final
B-globin polypeptide.
In your answer, include discussion of:
the causes of mutations
the mutation type and the severity of this type of mutation compared to other types
the effect of this mutation on the functioning of the final haemoglobin beta polypeptide.
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QUESTION THREE: Environment and gene expression

Anaemia is a condition that develops when a person’s blood produces a lower-than-normal amount of
healthy red blood cells.

Iron is an essential element in all living cells. Approximately 75% of an individual’s total iron is
associated with a compound called *haem’ (a part of haemoglobin found in red blood cells), which is
responsible for oxygen transport. Part of the metabolic pathway for haem synthesis is shown below.

Haem synthesis.

A lack of iron and high levels of lead in the body can limit the synthesis of haem. Lead is a known
poison that inhibits enzymes. If haem synthesis does not occur when needed, anaemia can develop.

Discuss how genes, enzymes and materials in the environment can change the rate of haem production.
In your answer, include discussion of:
. a metabolic pathway

. how the metabolic pathway for haem synthesis occurs, using the terms: substrate, enzyme, gene,
and final product

. how DNA mutations, low iron, and high lead can all cause anaemia.
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Extra space if required.
Write the question number(s) if applicable.
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Merit

Subject: Biology
Standard: 91159
Total score: 16
Grade
Q Marker commentary
score
This response explains the function of mRNA, noting that it carries a gene
One M6 from the DNA to the ribosome. It also explains the complementary nature of
codons and anticodons and acknowledges the importance of tRNA's stability.
This response explains what a mutation is, giving two examples.
It explains that a substitution mutation causes a change in one amino acid and
Two E7 links this to a slight change in the polypeptide sequence.
The candidate discusses the effect of the substitution mutation on the amino
acid sequence and links this to the shape and function of haemoglobin.
This response describes a metabolic pathway.
Three A3 It identifies that lead inhibits enzymes from working.

It identifies that a change in a gene can cause anaemia or prevent haem from
being produced.
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