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DNA Replication-1 v

Which of the following correctly describes the addition of the next nucleotide(s) to the
DNA strands undergoing replication?

Nucleotide X will be added to the leading strand, which is strand 1.
Nucleotide Y will be added to the leading strand, which is strand 1.
Nucleotide X will be added to the lagging strand, which is strand 2.
Nucleotide Y will be added to the leading strand, which is strand 2.
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The mechanism of action of four drugs that inhibit DNA replication is stated below.

¢ Aphidicholine inhibits DNA polymerase

e Cytarabine is converted into a molecule that can substitute for a DNA nucleotide and also
inhibits DNA repair mechanisms

e Epirubicin inhibits an enzyme involved in the unwinding of DNA and separation of strands
e Hydroxycarbamide inhibits an enzyme involved in the production of deoxyribonucleotides
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explanation of mechanism of action

decreased pool of DNA strands not DNA damaged
available available as during replication teenmstgdsgm s
nucleotides inhibits templates for and cell death unable to be copied
chain elongation transcription occurs P
A aphidicholine epirubicin cytarabine hydroxycarbamide
B epirubicin cytarabine hydroxycarbamide aphidicholine
C | hydroxycarbamide aphidicholine epirubicin cytarabine
D | hydroxycarbamide epirubicin cytarabine aphidicholine
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The table shows the relative amounts of the bases adenine, thymine, guanine and cytosine
in DNA from different organisms.

source adenine thymine guanine cytosine
bacterium 23.8 23.1 26.8 26.3
maize 26.8 27.2 22.8 23.2
fruit fly 30.7 29.5 19.6 20.2
chicken 28.0 28.4 22.0 21.6
human 293 30.0 20.7 20.0
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Which statements account for the importance of the ratios of Ato T and G to C to the structure
of DNA?

Complementary base pairing can occur.
Mutation will occur when pairing ratio is lost.
Semi-conservative DNA replication can occur to copy DNA strands.

Phosphodiester bonds helps to hold two strands together.
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Purines and pyrimidines have different sizes and shapes.

1 and 3 only
1,2, 3 and 5 only
2, 3,4 and 5 only
1,2,3,4and 5
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End replication problem is a fundamental problem associated with replicating DNA in
eukaryotes.

Some cells contain telomerase, which is responsible for extending the ends of DNA in
eukaryotes. Fig. 3.2 shows the action of a telomerase enzyme.
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Fig. 3.2
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(c) Explain how the end-replication problem arises. 2]
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(d) With reference to Fig. 3.2, state two differences between transcription and the
process of lengthening of DNA ends. 2]




DNA Gene Mutation - 1 NEscENce

A bacterium produces a normal protein with the following amino acid sequence:

Met — Val — His — Lys — Arg — Thr — Leu - Val

After irradiation, a mutant strain is produced that synthesises a mutant protein from the same
coding region on DNA with the following sequence:

Met — Val — His — Lys — Glu — Pro

The mRNA codons for some amino acids are shown as follows:

Arg Glu Leu Pro Thr Val
AGA GAA UUA CCuU ACC GUU
GAG CCC ACG GUA
ACA GUG
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Which of the following mutations have occurred in the template DNA strand encoding the
protein?

Substitution of T by A at the 13" nucleotide position.

Deletion of T at the 13™ nucleotide position.
Insertion of C at the 13™ nucleotide position.
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Substitution of A by T at the 20" nucleotide position.
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To analyse the control elements of the human insulin gene, a researcher deleted different
regions of the DNA upstream of its transcription start site in vitro. Each of the upstream
regions was separately fused with the coding region of the green fluorescent protein (GFP)
gene, forming different fusion gene constructs. These constructs were then separately
introduced into human pancreatic cells. The following results were obtained.
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fusion gene construct transcription start expression of GFP

site gene/ %
A B c D I 100
A , . C D [ 200
7 /
A B, D r 20
B c , , I 95

Which region, A, B, C or D, binds a repressor protein?
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Huntington’s disease is a rare neurodegenerative disorder targeting the central nervous
system. Transcriptional dysregulation is one of the commonly observed molecular
abnormalities affected in this disease. Recent evidence suggests the involvement of a
mutant Huntingtin protein in the processes regulating condensation of DNA, leading to
activation of DNA damage response and death of nerve cells. DNA in various levels of
condensation can be observed in the nerve cell nucleus. Fig. 4.1 shows one of the levels
of condensation of chromatin.
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(a) It is postulated that mutant Huntingtin protein facilitates packing of DNA into
structure shown in Fig. 4.1. Describe how the DNA double helix is condensed
into this structure. [2]
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(b) The chromosomal condensation in (a) is the main reason for the commonly
observed transcriptional dysregulation in Huntington's disease. Explain how
transcription is affected. [3]
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The gene encoding insulin receptor is located on chromosome 19 and contains 22 exons. There

are two forms of the insulin receptor (IR) that differ by 12 amino acids. These two forms of the
receptor are:

e [R-A, which binds insulin and insulin-like growth factor 2, and is expressed in the brain and
ovary.

» [R-B, which binds only insulin, and is expressed in the skeletal muscle and liver.
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Fig. 4.2 is a schematic diagram that illustrates the pre-mRNA sequence and the mRNA sequences
for the two forms of IR.

IR pre-mRNA:

123457 6f;( 7879 1011 12[[13[| 1415|1617/ 18]19] 20|21 22

IR-A mRNA:
112|134 |56 |7 |8)|9(10(12(13(14(15|16|17(18(19[20|21|22

IR-B mRNA:

112|314 |56 |7 |8 |9 (|10(11]12(13(14 151617181920 |21 |22

Fig. 4.2
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Explain the role of splicing in the structure and function of the two forms of IR.

[3]
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The a-fetoprotein (AFP) gene codes for proteins that are expressed only in the

human foetus but not in the adult.

Blood serum AFP is commonly used as a biomarker for the detection of liver
cancer.
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Fig. 4.1 shows the blood serum levels of AFP in the various stages of life.
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Fig 4.1




A
Organisation and Packing of Eukaryotic Chromosome - 4

THE SCIENCE
ACADEMY

(a) DNA exists in two forms, euchromatin and heterochromatin.

(i) State whether the AFP gene is found in the euchromatic or

heterochromatic region in the nucleus of a foetal cell. [1]
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(ii)  Explain your answer in (a)(i). [3]
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Upon birth, levels of cellular AFP mRNA and proteins decrease significantly

eventually resulting in an absence of blood serum AFP in normal adult life.

(b) (i) Explain how chromatin remodelling can lead to a significant decrease

in cellular AFP mRNA upon birth. [2]
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(ii) Explain how cellular AFP proteins declines in the absence of AFP

mRNA. [2]
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(c) State one limitation of using AFP as a biomarker in the detection of liver

cancer. [1]




