Name:

22 The gene that codes for protein R is 130kb long.

Protein R is 220 kDa in mass.

The typical mass of an amino acid is 110 Da.

(1000 base pairs = 1kb, 1000 Da = 1kDa)

Which row is correct?
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approximate length
of introns in this
gene/base pairs

approximate length
of mRNA for this
gene/base pairs

6000
6000
124000
124000

O 0O W >

6000
130000
6000
130000

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
a 5'to 3' direction

B adds nucleotides in
a 3' to 5' direction

C adds nucleotides in
a 3' to 5' direction

D adds nucleotides in
a 5'to 3' direction

joins sections of DNA together
on the lagging strand

joins sections of DNA together
on the leading strand

joins sections of DNA together
on the lagging strand

joins sections of DNA together
on the leading strand

25 The table shows some of the DNA ftriplet codes for some amino acids.

amino acid DNA triplet code amino acid DNA triplet code
arginine GCA glycine CCA
arginine GCC glycine CCG
arginine GCG glycine CCT
asparagine TTA lysine TTC
asparagine TTG lysine TTT
cysteine ACA proline GGA
cysteine ACG proline GGC
STOP ATC valine CAC

The base sequence on the template DNA strand coding for part of a polypeptide is shown.

CCATTC ACG GCG TTA GCA

Two mutations occur in this sequence during DNA replication.

Which mutated DNA would result in two different amino acids?

A CCA ATC ACG GCG TTG GCA
B CCA TTC ACA GCA TTA GCA
C CCA TTC ACG CCG TTA GCC
D CCA TTC ACG GCG TTC GGA
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25 When a gene mutation occurs, which of the following may be altered, resulting in the production
of a non-functional protein?

1 amino acid sequence
2 DNA nucleotide sequence

3 mRNA nucleotide sequence

A 1,2and3 B 1and2only C 2and3only D 2only
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The gene LCT codes for the enzyme lactase. In babies, lactase synthesis is necessary for
digesting lactose, the sugar found in milk.

Another gene, MCM®6, has introns that have a regulatory role in the expression of gene LCT.
Gene MCMG6 codes for a protein that has no involvement in lactase synthesis.

As children get older, the MCM®6 introns are responsible for a decrease in lactase synthesis.
This decrease in lactase synthesis is known as lactase non-persistence.

(@) LCT and MCM®6 are located on the same chromosome in humans.

Suggest differences between gene LCT and gene MCMS6, other than their locations in
different positions on the same chromosome.

............................................................................................................................................. [3]
(b) With reference to the process of lactase synthesis, explain the relationship between:
* atranscribed strand and a primary transcript
* aprimary transcript and messenger RNA (mRNA).
............................................................................................................................................. [2]

(c) A mutation in a regulatory intron of MCM6 allows lactase synthesis to continue. This is known
as lactase persistence. In this mutation, the number of nucleotides in the intron remains the
same, but one of the nucleotides is different to the original nucleotide.

State the type of mutation that is the cause of lactase persistence.
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(d) Fig. 3.1 summarises the reaction catalysed by lactase. (ii) The lactose in milk can be hydrolysed using immobilised lactase or using lactase free in
solution (free lactase). This results in milk and milk products that do not contain lactose
and so are suitable for lactose-intolerant people.

Scientists carried out an investigation to compare the activity of lactase immobilised
in very small magnetic beads (magnetic microspheres) with free lactase, at different
temperatures and at different pH values.

Fig. 3.2 shows the activity of immobilised lactase and the activity of free lactase at 5
different temperatures.

Fig. 3.3 shows the activity of immobilised lactase and the activity of free lactase at 8
different pH values.

H  OH

100 = Ke
lactose galactose a-glucose y bilised lact
® = immobilised lactase
80 = free |
Fig. 3.1 : x = free lactase
Draw the ring structure of a-glucose in the box provided to complete Fig. 3.1. [1 percentage of 60
maximum activity N
(e) Some people with lactase non-persistence may be lactose intolerant. They may have 40 A
symptoms, such as abdominal pain, if their diet contains lactose.
20

(i) Lactase supplements (tablets) can be taken before milk or milk-based products are RS L

consumed to avoid symptoms of lactose intolerance. 035 20 a5 = o5

A student compared the activity of two different concentrations of a lactase supplement temperature/°C

using an artificial substrate, ONPG, instead of lactose.

A solution of ONPG is colourless, but the hydrolysis of ONPG by lactase releases a Fig. 3.2

coloured product. 100 : K

ey

The student planned to follow the progress of the reaction for each concentration of 50 / i ﬁ\ ©=immobilised lactase

lactase using a colorimeter. / x = free lactase

Explain why the student chose to use a colorimeter to follow the progress of the reaction percentage of 60

for each concentration of lactase. maximum activity / N J

40 =i
20
'/
........................................................................................................................................... 7

0
........................................................................................................................................... 55 60 65 70 75 80 85 90
pH

Fig. 3.3
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One advantage of using magnetic microspheres with immobilised lactase is that they
can be easily recovered using an electric field and reused.

With reference to Fig. 3.2 and Fig. 3.3, explain why the results indicate that there are

other advantages in using immobilised lactase instead of free lactase to produce
lactose-free products.

[Total: 13]

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

NH,

</N | \N adenine
A

PN
-0— I —O—I|3—O—l|3—O—CH2 N
o o o O

OH H

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.
Y 3
, |
i ¢
i N 0=P-0"
d H—N ~ S
1 CH, O
oo 7N\ A \/—/<
0 N—H Ny o b
CH, 0) N—<
O
o |
O=IT—O‘
0 | Q Nﬁ 0
—H
-0—-P=0
X o/ N\ H—NWNU
I N E_N (0] (IZH2
CH, O N—< H=N
O Y 5
3/
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]
(ii) State the name of the bond X.
..................................................................................................................................... [1]
[Total: 6]

3
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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.

(a) 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.

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

step 2: the primary transcript loops and
a section of the RNA becomes
double stranded

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

step 4: in the cytoplasm, the enzyme
Dicer attaches and cleaves the RNA

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

Fig. 3.1

primary
transcript

>

section with paired

nucleotides
/ N loop with
unpaired
nucleotides
3
5 Drosha
3
Dicer
5
3
S—3 lsrNA
3 5
21 nucleotides
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(i) 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.

(ii) 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.

(c) Fig. 3.2 summarises how mRNA coding for a protein involved in disease can be targeted and

cleaved by siRNA.

presence of sSiRNA
activates a protein,
AGO2, which binds
siRNA and other proteins
to form a complex known
as RISC

passenger strand is
separated from RISC

RISC uses guide strand to
target and bind mRNA
for cleavage

passenger strand (not required)

siRNA { / )
77 proteins
guide strand L -
(required) ~_
AGO2

passenger strand
released into cytoplasm

| G— RISC

mRNA
site of cleavage\,& /
1
7@

guide strand

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

(ii) 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]




