Name: ( ) A-Level Biology: w25 11

23 The diagram shows a section of DNA. Two of the bases in this section are labelled 1 and 2.

Which row correctly identifies the bases 1 and 2?

base 1 base 2
A purine adenine
B purine guanine
C pyrimidine adenine
D pyrimidine guanine

24 \Which row describes the role of the enzymes DNA polymerase and DNA ligase?

DNA polymerase DNA ligase

A adds nucleotides in joins sections of DNA together
a 5' to 3' direction on the lagging strand

B adds nucleotides in joins sections of DNA together
a 3' to 5' direction on the leading strand

C adds nucleotides in joins sections of DNA together
a 3' to 5' direction on the lagging strand

D adds nucleotides in joins sections of DNA together
a 5'to 3' direction on the leading strand
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24 The flow diagram shows some of the stages in the replication of a lagging strand of DNA.

Which stage of DNA replication uses the enzyme DNA ligase?

A B C D
The DNA double The single New complementary DNA The fragments of
helix begins »| strands of DNA — fragments are synthesised » newly formed DNA
to unwind. are exposed. in the 5' to 3' direction. are linked together.

A-Level Biology: w25 13
25 Which statements about complementary base pairing are correct?

1 It occurs during translation.

2 Purines and pyrimidines are the same size.
3 The base pairs are of equal length.
4

Uracil forms three hydrogen bonds with adenine.

A 1and?2 B 1and3 C 2and3 D 3and4
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22 During DNA replication, the two original strands of a DNA molecule separate.

Which diagram shows the direction in which DNA polymerase moves along each of the original
strands during DNA replication?

A

5’
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4 (a) Fig. 4.1 shows a phosphorylated nucleotide which is one of the monomers that is used to
synthesise DNA during replication.
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Fig. 4.1

(i) State the meaning of monomers of DNA.
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(b) Fig. 4.2 shows a short length of a DNA molecule. One of the strands of the DNA molecule is
labelled Y.
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Fig. 4.2

(i) Complete Fig. 4.2 by drawing dotted lines to represent all the hydrogen bonds between
the two strands of the DNA molecule. [2]

(i) State the name of the bond X.

[Total: 6]
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3  Small interfering RNA (siRNA) is a short length of double-stranded RNA (dsRNA), approximately
21 to 25 nucleotides long. siRNA helps to regulate protein synthesis in cells.

(@) Fig. 3.1 is an outline summary of one way in which a primary transcript can be processed to
produce a molecule of siRNA. The transcript does not code for a sequence of amino acids.

primary
transcript

- >

section with paired
nucleotides

step 2: the primary transcript loops and o' \r A

a section of the RNA becomes

double stranded

step 1: a primary transcript is
synthesised from one strand of DNA

A loop with
unpaired
nucleotides

3'

Drosha

step 3: the enzyme Drosha attaches
and cleaves (cuts) the RNA to produce a
shorter length

step 4: in the cytoplasm, the enzyme Dicer

Dicer attaches and cleaves the RNA 5 |

step 5: siRNA, which is double stranded '5' '3' } siRNA
and has 2 unpaired nucleotides at each 3 o
3' end, is produced

21 nucleotides

Fig. 3.1
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(i)

(ii)

In step 2 in Fig. 3.1, the single-stranded primary transcript loops and forms a section
where dsRNA is present.

Explain how it is possible for the double-stranded section of RNA to be held together in
step 2 and maintained this way in steps 3, 4 and 5.

After step 3, the shorter dsRNA produced by the action of Drosha is transported to the
cytoplasm, where it is cleaved further by Dicer to produce ds siRNA.

Suggest why two different enzymes, Drosha and Dicer, are needed to cut dsRNA into
shorter lengths.

(b) From 2018, siRNA has been used as a therapeutic drug to treat a number of diseases.

The presence of molecules of siRNA in the cytoplasm can result in the cleavage of messenger
RNA (mRNA) molecules coding for a protein involved in the disease. This prevents the
synthesis of the protein.

Describe the differences between a molecule of mMRNA and a molecule of siRNA, such as the
siRNA shown in step 5 in Fig. 3.1.
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(c) Fig. 3.2 summarises how mRNA coding for a protein involved in disease can be targeted and
cleaved by siRNA.

passenger strand (not required)

presence of siRNA

activates a protein, ,

AGO2, which binds SIRNA { r'd oroteins
siRNA and other proteins . Q ~

to form a complex known guide strand

as RISC (required) ~_

AGO2

passenger strand
released into cytoplasm

passenger strand is

separated from RISC ‘
RISC uses guide strand to _ MRNA
target and bind mRNA site of cleavage /

1

for cleavage S—0——

guide strand

Fig. 3.2
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(i)

(ii)

With reference to Fig. 3.2, state why the passenger strand needs to be separated and
released from the RISC.

The aim of siRNA therapy is to prevent or decrease the synthesis of a protein involved in
the disease being treated.

A target mRNA molecule can be cleaved in a different location by a RISC with a
different siRNA.

Suggest how cleaving mRNA in different locations will have different effects on protein
synthesis and explain how these different effects can result in a lack of functioning protein.

[Total: 10]



