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Biological Molecules
(Past Year Topical Questions 2010-2015)

May/June 2010 (21)
1 (&) Fig. 1.1 shows the breakdown of a molecule of sucrose.

T
0 HOCH, 0

K .
CH,OH

H,O

HOCH, /
|< o HOCH, .0
4~>‘nH HO : CH,OH

a-glucose fructose

Fig. 1.1

HOCH,

(i) Name the bond indicated by T.

1]
(ii} State the name given lo this type of reaction in which water is involved.
e [1]
{b) Enzymes are globular proleins,
State what iz meant by the term globuilar.
B - |
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4 Fig. 4.1 shows the primary structure of a lysczyme molecule, an enzyme found In tears,
saliva and in lysosomes.

..-""H“'-.

H H
amino end

Fig. 4.1

{a) (I} Explainwhal iz meant by the term praimary sfructure,

v 1]
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(1} The molecwlar structure of the first twoe aming acids of lysozyme, lysine and valing,
Is shown below.

Use the space 1o show how these amino acids become linked in a condensation

reEachon.
NH, H.C CH
i T
(CH.), {|}H
0 H 0
o, o S .-
fm—c—c: fm—c:—ci
H | OH H | oM
H H
Iysing valing
2]
3
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(b) Proteins, such as the enzyme lysozyme, have a secondary structure and a tertiary
structure.

(i} Describe the secondary and teriary struclure of an enzymalic protein, such as

lysozyme.
EERCENICERN I, i i e o s i o K G W B R N o R o e s e et
ertiary ...
...... R A o e e e sy g
{il) State why il s important for enzymes, such as lysozyme, to possess a tertiary
shructure.
...... 2 B e e e e e e
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3  The aming acid sequence of the protein harmone insulin is shown in Fig. 3.1
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(a) With reference to Fig. 3.1, stale
(i} which twa levels of profein structure are shown
i s e o e s el e ;

(ii} the name of the structures responsible for holding the two polypeplide chains
together.

(1]
(b) Many people with diabetes need to take regular injections of insulin. Insulin in the form
shown in Fig. 3.1 cannot be taken by mouth as it would be hydrolysed by proteases in

the gut.

In the space below, draw a diagram to show how the peptide bond between glutamine
15 and leucine 16 in polypeptide chain A could be hydrolysed and show the products of

the hydrolysis.
glutamine leucine
Oso NH,
e~ CH, CH,
I /
<|:H2 (I:H
H CH, O H CH
I |
rest of chain —N—-(I:—C—N—C—Cli—restofcham
H H O

13
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5 (a) Cellulose is a polysaccharide.

Dr Catherine Tan

Fig. 5.1 shows three sub-units from a molecule of cellulose,

CH,OH CH,OH CH,OH

l
H C—O0 H C—0 H C—0O
| /K NN K N AR NN
\?\QH *.‘/cu: 0\?\9“ B/) o\?\‘?“ *.'/(u: Q
CommuC" H CommC’ H C H

—
it -1 | | | |
H OH H OH H OH
Fig. 5.1

() Name the sub-unit molecule of cellulose.

(b) Cellulose has high mechanical sirength which makes it suitable for the cell walls of
plants,

Explain how celluloss has such a high mechanical strength making it switable for the
cell walls of plants.

2]
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3 (a) Enzymes are globular proteins that catalyse metabolic reactions.

Describe the features of globular proteins.

5 Stale the berm thal applies to each of the descriptions (a) to (8).

{a) Storage polysaccharide in animals made of chains of 1.4 linked w-glucose with
1,6 linkages forming branches.

~ M
Oct/Nov 2010 (23)/03

(@) (i) Statethe names of the products of the hydrolysis of sucrose.

i PPN ot s e 11
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May/June 2011 (21)
5§ Fig. 5.1 shows five different biclogical molecules.
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Complele Table 5.1 by indicating which molecule matches each slatement.
You may use each letter (H o M) cnce, more than once or not at all,
ou should wrile only one letter in each box,

Tabile 5.1

statement belter

contains peptide bonds

part of the motecule forms the hydrophobic part of cell
membranas

comnains 1-4 and 1-6 glycosidic bonds

forms the primary structure of a protein T

used for energy storage in plants
forms a hebical structung

the sub-unil molecule is f-glucosa

[Total: 7]

10
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& (a) Fig. 5.1 represents a molecule of a triglyceride.
MName the components A and C and name the bond B.

Whrite your answers on the dotted lines provided in Fig. 5.1.

)

S

T T 1 e B

Fig. 5.1 3]

(b} A phospholipid is scmetlimes described as a modified irighyceride.

{i) State how the structure of a phospholipid differs from a triglyceride.

11
+6018 — 375 2833 www.chempraxis.com.my



s
RHEMPRHHIE

L P
11\-’ Dr Catherine Tan

Oct/Nov 2011 (21)

3 Fig. 3.1 shows a molecule of haemoglobin.

B globin

Fig. 3.1

12
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{a) Explain how a molecule of haemoglobin shows the four levels of organisation of protein
molecules.

R I L e L e e L

secondary structure
By RTINS A SR
guaternary struciure
. [4]
(ii}) State one way in which the structure of collagen differs from the structure of
haemaglobin,
-[1]

13
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4 (a8} Fig.4.1 shows the structure of deaxyribose sugar,

CH,OH O
OH
H H
H H
OH H
Fig. 4.1

State the differences between the structure of decxyribose shown in Fig. 4.1 and the
ring structure of a-glucose.

You may use the space beiow fo help you in your answer.

[3]

(b) Match the biclogical macromolecule with the type of bond that is formed when the
molecule is synihesised, Choose from the list below,

amylose  cellulose  triglyceride protein  amylopectin mRMNA

iype of bond(s) biclegical macromolecule
_F-. 1-4 glycosidic
i1, 1-4 glycosidic and «, 1-6 glycosidic
phosphodiester
peptide

[4]

14
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(d) E. carotovors causes a disease in camol and potato plants.

The bacleria release an enzyme called pectinase which hydrolyses the polysaccharide
pectin. Pectin helps plant celis 1o attach 1o each other.

(I} Mame the type of chemical bond which will be hydrolysed by peclinase,
- (1]

May/June 2012 (21)

4 Penicillin is an antibiotic that interferes with the synthesis of cell walls in bacteria. Even before
penicillin became widely available in the 1940s, the enzyme peniclinase which breaks down
penicillin had been isolated. This enzyme is now found in many bacteria and gives them
resistance to penicillin.

Fig. 4.1 is a ribbon model of the structure of the enzyme penicillinase. The arrow indicates
the active site of the enzyme.

Fig. 4.1

15
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(b) With reference to Fig. 4.1, identify the aspects of prolein structure that are shown and
those that are not showmn.

aspects of protefn structure shown

aspects of protein structure not shown

May/June 2012 (22)

(e} Describe how a peptide bond is formed betwesn two amine ackds during polypeplide
production.

You may use the space below to help with your answer,

16
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3 Cholera is a disease caused by the bacterium Vibrio cholerae. The disease symptoms are
caused by a toxin, produced by the bacterium, interacting with proteins in the cell surface
membranes of epithelial cells in the human intestine.

The cholera toxin is a protein and is composed of two subunits, A and B. Subunit A is made
from one polypeptide and subunit B is made from five identical polypeptides.

Fig. 3.1 shows the structure of the cholera toxin.

,

subunit A <

ala

subunit B 4

(a) Mame:

(i} the level of structure that is only shown by a protein that has more than one
polypeptide chain

B | ||

(i) the part labalied S.

1)

17
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1 Fig. 1.1 is a drawing made from an electron micrograph of a mammalian liver cell.

glycogen granules

Fig. 1.1
(b} As shown in Fig, 1.1, liver cells contain many siorage granules of glycogen,

Describe the molecular structure of glyeogen and explain how this structure makes it
siatable for storage.

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

vovere [4]

18
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(d} InFig. 1.1, starch granules are visible within the chioroplasts. Starch is the most common
storage compound of plants. |t is composed of amylopectin and amylosa,

(i} Describa the structural differences babweean amylopectin and amylose.

May/June 2013 (22)

4 Polysaccharides are synthesised by condensalion reaclions between monosaccharide or
dizaccharide subunils (monomers),

(a) Mame the type of bond formed when polysacchandes are synihesised,

[b) Disaccharides are formed following synthesis from monosaccharides or as a result of
polysaccharide hydrolysis

Celloblose, maltose, sucrose and irehalose are four different disaccharides found In
nature. Fig. 4.1 shows the maolecular structure of these disaccharides.

Identify the disacchandes, labelled A to D, using the information below.

= The disaccharde cellobiose is formed from the hiydrobysis of the polysaccharnide
celluiose,

*  When cellobiose is hydrolysed, two B-glucose molecules are produced.
= Cine of the disaccharides is sucrose.
= Trehalose is a disaccharde that is synthesised from two a-glucose molecules.

=  The disaccharide maktose |s formed from the hydrolysis of amylose, a
companent of starch.

Write the name of the disaccharides in the spaces provided on Fig. 4.1.

19
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CH,OH H OH
0
H /% HoH AL AN
o OH H 03 HOH,C OH
0
H OH H
A
. ..
c .
D..
[3]
Fig. 4.1
20
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A prolein, mitosis-promating factor (MPF), has been identified in cels. MPF is a globular
profein made from two polypeptide chains.

(b} Place a tick {+'] in the box nexi to the typa, or types, of prolein struciure shown by MPF

primary

secondary

tertiary

quaternary

_—

+6018 — 375 2833
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2  Karatin and chitin are two important biological molecules. Keratin is found in hair, fur and skin.
Chitin is a modified polysaccharide found in a number of different organisms, for example in

fungal cell walls and the hard cuter skeletons of insects.

{a) Features of chitin and keratin are shown in the boxes in Fig. 2.1.

example:

Feratin and chitin are
insaluble in water

cellulose
triglyceride
amylopectin
collagen

Feratin and chitin have
structural functions

Thee monamers of chitin
are 1.4 linked

Fig. 2.1

Keratin is a fibrous protein

Keralin and chitin contain
nitrogen

Write, in each box, the blological molecules from the lst below thatl have the same

Peatura,

Each box may confain one, or more than one, biological molecule. The first box has
been completed as an example.

amylopectin
cellulose
collagen
hagmoglobin
mRNA
riglycaridea

=]

+6018 -
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5 (a) Describe the structure of a cellulose molecule and explain how cellulose is a suitable
material for the cell walls of plants.

description

23
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May/June 2014 (21)
3 Slarch is composed of two polysaccharides, anwlose and amylopectin

Fig. 3.1 shows a molecule of a-glucose before being added 1o the end of a molecule of

amylosa.
CH,OH CH,OH CH,OH CH,OH
o o 0
H H H H H H H H H H
mO=NOH H A-o-NoH H A-o-NoH w0
H  OH H  OH H OH

Fig. 3.1

(a) (i) Complete Fig. 3.1 to show how a molecule of a-glucose is added to the amylose.
(3]

(i) Mame the bond that forms between glucose molecules in polysaccharides, such as
amylosa,

-]

24
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{b) Glycogen and cellulose are twa other polysaccharides.

Complete Table 3.1 to compare glycogen and cellulose with amylose.

Table 3.1
featurs amylose glycogen oeliulose ]

monomer a-glucosea

.: branched or

| unbranched unbranched

| molecule

| - A

|' role in 51

| organisms bkt ol

[3]

May/June 2014 (22)/Q5

(d} Papainis a globular protein with a tertiary structure but no quaternary struciure.

(i} State how many polypepbdes there are in a molecule of papain.

() Explain how the tertiary structure of the protein results in papain being globular,

25
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1 Fig. 1.1 shows the structures of four biological molecules A, B, C and D.

H
ﬂ{,‘ | A
.-I"': _': _N'\.
HO 4y H
HyC” “(I:.H:.
CH,
B c D
Fig.1.1
(a) Give the letler, A to D, of the molecule in Fig. 1.1 which:
i} i5a nucheolide
{ii) can form peptide bonds
(iii) contains ester bonds. [3]

(b} Some of the molecules in Fig. 1.1 can form polymers.
() Mame a polymer which can be formed only from many molecules of C,
-1

26
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(ii} State ome way, visible in Fig. 1.1, in which the part labelled 1 of molecule A differs from
the part labelled 2.

(iil}y Muolecule D can form macromalecules with other similar monomers,

These macromolecules have three dimensional shapes held in place by interactions or
bonds other than those between adjacent monomers,

Mame two of these interachons or bonds.

27
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3 There are many types of amino acids, but only twenty that are polymerised to make polypeplides
and proteins in animals.

(a) Name the type of chemical reaction thal occurs when two amino acids form a dipeptide
M

(b} Fig. 3.1 shows two amino acids, glycina and valine, Uise the space below o make a drawing
o show what happens when these two molecules join logether to form a dipeplide,

glycine valine

T—3—T
|
K
b - i
I
|
K3

H
""_
'}H

H

Fig. 3.1
]|

28
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(b) Fig. 3.1 is a diagram that highlights the tertiary and quaternary structure of a haemoglobin
molecule.

Explain how the tertiary and quaternary levels of protein structure of the haemoglobin
molecule contribute to its role in the transport of oxygen.

. [4]

29
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(b) Carbonic anhydrase is an enzyme that is found in blood, liver and kidneys.
Fig. 4.2 shows a molecular model of this enzyme.

Fig. 4.2

(i} With reference fo Fig. 4.2 and the paris labelled P and Q, explain the term secondary
structure.

30
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5 Fig. 51 shows a diagram of the molecular structures of tristearin (a triglyceride) and

phosphatidylcholine {a phospholipid).

+6018 — 375 2833

H CH,
H é r!r cH
e
He——H EH:_
|
Q
G=IJ|'—CJ
A ! 14
5 4 E S ),
7 79 1P A
C=0C=0C=0 C=0 C=0
Iristearn
phosphatidylcholine
Fig. 5.1
31
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{a) Table 5.1 shows a structural difference between the two moleculas shown in Fig. 5.1.

Complete Table 5.1 with two further structural differences other than in numbers of different

types of atoms.
Table 5.1
structural feature tristearin phosphatidylcholine ]
length of fatty acid chains | all the samse length different kengihs

i
(e} Water has many significant roles to play in cells and living organisms,

Complele Table 5.2 below by staling the property of water that allows each of the following to

lake place.
Tabla 5.2
role of water property of water
solvent for glucosa and iong
movement in xylem
helps to decrease body
temperature in mammals
[3]
32
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4 Many microorganisms can digest cellulose by using a group of enzymes colleclively known as
cellulases, Cellobiose is the disaccharide produced during cellulose digestion,

The cellulase known as fi-glucosidase completes the digestion of cellulose by hydrolysing the
cellobiose malecule to produce two f-glucose molecules.

(a) Draw the ring structure of one -glucose maolecule in the space provided.

2]

33
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2 Fig.2.1is a diagram of the structure of a protein channel for ions in a cell surface membrane.

Fig. 2.1a shows the channel when open and Fig. 2.1b shows the same channel when closed.

_channel
" closed

Fig. 2.1a Fig.21b
(b} The channel protein in Fig. 2.1 is madea from five idenlical polypeptide chains.

(I} Mame the level of protein structure which is present when five polypeptide chains form
the profein,

- [1}
{ii} The part labedled C in Fig. 2.1 is ancther level of protein structure.

Mama this level.

-1

34
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4 Glycogen is a highly branched polysaccharide molecule that is stored in the lver, kidney and
muscles of mammals.

Fig. 4.1 shows a small part of a molecule of glycogean.

CH,OH CH,OH
c—0 C—O, H
'“x

qi%?%ﬂ K )

GHEC:IH EH LOH -.:l-*d
'?ff;_“x’i‘ AN “fﬁ_”\c\
N U S U T (L e
¢—¢ ¢ ¢—¢
H OH H OH H OH
Fig. 4.1

{a) (i) Mame the bond at X.

i [1]
(ii) State the advantages for a mammal of having a storage molecule that is highly branched.

35
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(ili) State two ways in which the structure of cellulose differs from the structure of glycogen.

36
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