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2.5 Nucleic Acids: Structure & DNA Replication

Question Paper

Course DP IB Biology
Section 2.Molecular Biology
Topic 2.5 Nucleic Acids: Structure & DNA Replication
Difficulty Hard
Time allowed: 60
Score: /43
Percentage: /100
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Questionla

a)
The ends of a DNAstrand arereferredto as the 3 endandthe 5’ end.

Describe the aspects of DNA structure that giverise to this naming system.
[3 marks]

[3marks]

Question1b

b)
Adenine/thymine and guanine/cytosine form hydrogen-bonds with each otherin complementary base-pairing within the
DNA double helix. These bases can also form bonds with other molecules in orderto carry out their function.

i)
Suggestone other molecule that might form bonds with the bases ina DNAmolecule.
[1mark]
ii)
State therole of the moleculeidentifiedin part ).

[1mark]

[2 marks]
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Question1c

c)
The structure of DNA has many characteristics that enableit to carry out its function.

i)
Identify two structural features that help DNAto carry outits function.
[2 marks]
ii)
Foreach feature identified at parti), explain how it assists with DNA function.

[2 marks]

[4 marks]

Question 2a

a)
Explain why only bases that are complementary to the bases on the template strand can be added to the new DNA strand

during DNA replication.
[2 marks]

[2 marks]
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Question 2b

b)

Ultraviolet exposure can cause guanine to be oxidised to 8-oxyguanine, which is no longer complementary to cytosine.
Instead, during replication, 8—oxyguanine can form bonds with adenine, resultingin a base pair.

Outline the possible consequences of this change.

[3marks]

[3marks]

Question 2¢c

c)
Inthe absence of mutagens, the rate of mutations during DNA replicationis very low, approximately 160 bases percell cycle.

Given that the human genome contains 3.2 billion base pairs, calculate the percentage copying errorrate of each cell cycle.

[1mark]
[1mark]
Question 3a
a)
Eventhe smallest DNA molecules are very long.
o Akilobase (Kb)is a unitequivalentto 1000 base pairs of a DNA molecule.
o OneKb of double stranded DNA has alength of 0.34 um.
The DNAin the nucleus of a cell from a fruit fly (Drosophila) is 5.6 cmlong.
Calculate the number of Kb in the DNA of the fruit fly. Give your answer to the nearest whole number.
[2 marks]
[2 marks]
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Question 3b

b)

The amount of DNA foundin the nucleus of cells can vary amongst people, with each human chromosome containing
between 5x104and 26 x104 Kb of DNA.

Suggest onereason why people might have different quantities of DNA to each other.

[1mark]
[1mark]
Question 3¢
c)
Otherthan foruseinreplication, explain one advantage of DNA molecules having two strands.
[1mark]
[1mark]

Question 4a

a)

Asection of DNA contains 1,200 base pairs.
¢ Thenumber of guanine molecules on strand one was counted as 156.
¢ Thenumber of cytosine molecules on strand one was counted as 209.
¢ The number of adenine molecules on strand two was counted as 264.

Complete the table below to include the total number of each base presentin the section, and the % composition of

each base.
Number of molecules o -
% composition
present

Adenine

Cytosine

Guanine

Thymine
[4 marks]
[4 marks]
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Question 4b

b)
Theimage below shows a section of the skeletal formula of a DNA molecule.

Numberthe carbon atoms of allthe pentose sugars shownin theimage using the standard numbering format.
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[2 marks]
[2 marks]

Question 4c

c)
The DNAnucleotides are covalently bonded togetherin the sugar-phosphate backbone between the pentose sugarandthe
phosphate group, however, they are hydrogen bonded together between the bases.
Explain why both types of bonds areimportant for the functioning of DNA.
[2 marks]
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[2 marks]

Question 4d

d)
During DNAreplication both DNA strands act as a template, whereas in transcription only one strand acts as a template.

Outlinewhatis meant by the word 'template'in this context.
[1mark]

[1mark]

Question 5a
One mark s available for clarity of communication throughout this question.

a)
ATPis a source of energy usedin cells andis produced from processes such as respiration.

The structure of ATP is shown in the diagram below.

NH,
Phosphate groups NZ~ N\
: A ] L | >Adenine
- - X
b T v
O'—Iﬁ—O—IT—O—ﬁ—O—CHz
O o} O 0
Ribose

Usetheinformationinthe diagram, as wellas yourown knowledge, to compare and contrast the structure of ATP with an

adenine DNA nucleotide.
[4 marks]

[4 marks]
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Question 5b

b)

Explain how the structure of DNA allows replication.
[4 marks]
[4 marks]

Question 5¢

c)
Outline the steps in the experiment that Meselson and Stahl carried out to determine the semi-conservative nature of DNA
replication.

[7 marks]

[7 marks]
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