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Answer all the questions.

This question is about two proteins that contain haem groups, haemoglobin and catalase.

(a) Haemoglobin has a quaternary structure composed of four protein sub-units each containing
a haem group. Each of the protein sub-units has areas of a-helical structure.

(i) Explain what holds a secondary structure such as an a-helix together. Your answer
should include a diagram showing the interactions between the atoms involved.

(ii) A quaternary structure is held together by attractions between R groups on different
protein sub-units.

Suggest and explain two types of interaction that can be involved, other than that
mentioned in your answer to (i).

..................................................................................................................................... [2]
(b) (i) Give the formula of the ion found at the centre of the haem group in haemoglobin.
..................................................................................................................................... [1]
(ii) What is the role of this ion in the function of haemoglobin?
..................................................................................................................................... [1]
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(c) Catalase is an enzyme that contains haem groups. Catalase is involved in the catalysis of the
reaction below.

2H,0, —— 2H,0 + O,

(i) Use oxidation numbers to show that this reaction involves both oxidation and reduction.

(ii) Draw graphs on the axes below to show how the initial rate of the enzyme-catalysed
reaction varies with hydrogen peroxide concentration:

A in the absence of an inhibitor;
B in the presence of a non-competitive inhibitor such as Cu?*(aq).

Label your graphs A and B.
A

initial rate

concentration of H202
[2]

(iii) Suggest how Cu?*(aq) acts as a non-competitive inhibitor.
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(d) Hydrogen peroxide has been used for the sterilisation of milk. Excess hydrogen peroxide can
be removed from the milk using catalase that has been immobilised on a support.

(i) Suggest and explain two advantages of using an immobilised enzyme for this purpose.

[Total: 15]
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This question is about phospholipid bilayers which form cell membranes. A typical phospholipid is
shown below.

CH,OCO(CH,),;CH,

CHOCO(CH,)CH
| Q
CH20I|DOCHZCH2NH3+

o

3

(@) (i) Ring an ester group in this structure. [11

(ii) State two functions of the phospholipid bilayers that form cell membranes.

(b) The phospholipids in the cell membranes of some cold-resistant organisms have adapted to
allow the membranes to remain flexible and effective at low temperatures.

Suggest and explain one adaptation of the hydrocarbon chains in the phospholipids which
could allow the membranes to remain flexible at low temperatures.

............................................................................................................................................. [2]
(c) The formula of a lipid can be simplified as (CH,),.
The formula of a carbohydrate can be simplified to (CH,0),.
Lipids are a more concentrated energy store than carbohydrates.
Explain why.
............................................................................................................................................. [3]
[Total: 9]
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This question is about nucleotides and nucleic acids. The structure of a nucleotide is shown
below.

O
N

/ NH

|
e ST

NH

|/O\ / 2
T e
e g
|
O OH
—O0
‘O/|
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(a) In the nucleotide above, D-ribose is bonded to a nitrogen atom in a base by a B-glycosidic
link.

(i) Explain the significance of the term gin B-glycosidic link.

(ii) Suggest one way in which the glycosidic link between D-ribose and the base may be
hydrolysed.
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(b) Draw the structure of D-ribose in its ring form and open-chain form.

Ring form

Open-chain form

[2]
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(c¢) In m-RNA the ribose units are linked through phosphate groups to form the polymer.

(i) Explain why m-BNA is referred to as a condensation polymer.

(ii) On the ribose structure below put an asterisk (*) by the atom to which the next phosphate
group will attach as the polymer forms.

</ NH
CH,OH

|/ \/
'\| |/'

O OH
P=—0
~
_O |
OH
1]
(d) DNA codes for m-RNA by transcription.
(i) State two ways in which the structures of m-RNA and DNA differ.
..................................................................................................................................... [2]
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(if) In this question, one mark is available for the quality of use and organisation of scientific
terms.

Describe the process of transcription.

Your answer should include details of the bond-breaking, bond-making and intermolecular
forces involved.

Quality of Written Communication [1]

[Total: 14]
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A polysaccharide, C, can be partially hydrolysed to produce a mixture containing the compound
shown below.

C|)H20H
H c¢c—o H
\ /LN
C C
AN GV
HO C—C \
| CH CH,OH
H OH | |
H C— H H —0 H
\ N N N
C C C C
AN VRN G 7
HO ? | |C| OH
H OH H OH

(a) ldentify the polysaccharide C which produced the compound above.
Give two reasons for your choice.

............................................................................................................................................. [3]
(b) Polysaccharide C is insoluble in water, whereas glucose is soluble.
Explain this difference. Your answer should include a diagram.
............................................................................................................................................. [4]
[Total: 7]
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