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The table shows some of the structural features present or absent in four different cell
types.

Which identifies the cell type for each column of features?

key
¥'= feature present
x = feature absent

cell wall v = v ‘ g
centrioles x v x x
chioroplast 4 x x x
mitochondria v v x v
golgi apparatus v v x 4
A palisade bacterial cell blood stem cell yeast cell
mesophyll cell
B palisade blood stem cell bacterial celt yeast cell
mesophyll cell
C palisade yeast celt blood stem cell bacterial cell
mesophyll cell
b patisade yeast cell bacterial cell blood stem cell
mesophyll cell
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2 Radioactively-labelled nucleotides are infroduced into a cell.

I which cell structures will the radioactivity first become concentrated?

A 1and3 B 1land 4 C 2and3 D 3and4

3 The main steps in fractionation, a process used to separate cell components, are shown
below.

« Cslls are broken open in buffer solution.
»  The mixture is centrifuged at low spead.

* The largest and densest organelles sediment. — sediment 1
» The supernatant is removed and centrifuged at a higher speed .

* The next smaller and less dense organelles sediment. —— sediment 2
» The supematant is removed and centrifuged at higher speed.

* The next smaller and less dense organelles sediment. — sediment 3
« The supernatant is removed and centrifuged at a higher speed .

+ The smallest and ieast dense organelles sediment. —> sediment 4

The sediments obtained from fractionation of a piant cell were tested for biochemical activity.
DCPIF and buffer solution were added and the mixtures left in the light for fifteen minutes.

In which sediments would the blue oxidised DCPIP be reduced?

‘A Tand2 B 2and3 C 2and4 D 3and4
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4
4 Students were asked to highlight only the R groups of two ring-shaped amino acids.

Which pairs of diagram is correct for both amino acids?

A
B
i o
g‘rml% Cf
c ' ~o
o G .2{
5 :»&E! %
D

&744 ) HZ Biology / 01

More papers at www.testpapersfree.com



5

5 Disaccharides are formed following synthesis from monosaccharides or as a result of

polysaccharide hydrolysis,

Cellobiose, maltose, sucrose and trehalose are four different disaccharides found in nature.

Some features of these disaccharides are listed.

« The disaccharide cellobiose is formed from the hydrolysis of the polysaccharide

cellulose,
+ Sucrose is composed of glucose and fructose.

+ Trehalose is a non-reducing disaccharide that is synthesised from two a-glucose

molecules.

+ The disaccharide maltose is formed from the hydrolysis of amylose, a componert of

starch.
Which column correctly identifies each disaccharide?

A B C D
celiobiose | maltose sucrose | frehalose
maltose | cellobiose | trehalose | mallose
sucrose | trehalose | cellobiose | celiobiose
trehalose | sucrose maltose sucrose -
H OH OH
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€6 The enzyme rennin is found in gastric juice of young mammals. It causes the clotting of milk
protein. The activity of rennin was investigated by recording the time taken for rennin to ciot
milk in different conditions. The table shows the different condilions used and the results of

6

the investigation.

solulions added to 10 cm® of milk at 35 °C
tube time for milk
2% water | calcium | calcium lead hydrochloric | to clot/min
rennin nitrate citrate nitrate acid

1 5em? 2 om® 2cm? 1

2 5cm? 2 cm® 2cm? No clot

3 5cm?® 2com?® 2cm? No clot

4 S5cm® | 2cm?® 2 cm? 25

5 Scm® | 2om® 2em’ 10

] 5em? 2em? Z2em® 2

What is a correct conclusion?

A

B
c
D

Calcium ions increase the activity of rennin.
Citrate ions are necessary for the activity of rennin.
Hydrochloric acid is necessary for the activity of rennin.

Nitrate ions inhibit the activity of rennin.

Blood transfusion laboratories around the world are hoping to produce large numbers of red
blood cells (rbes) from ‘spare’ human embryos produced during in vitro fertilisation
procedures.

Embryonic stem cells are removed from an embryo and cultured in a growth medium that
stimulates their differentiation into rbcs.

Which statement correctly describes this differentiation?

A

Muttipotent embryonic stem cells differentiate into pluripotent blood stem cells and
then into rbes.

Pluripotent embryonic stem cells differentiate into multipotent blood stem cells and
then into rbes.

Totipotent embryonic stem cells differentiate into multipotent blood stem cells and then
into rbes.

Totipotent embryonic stem cells differentiate into pluripotent blood stem eells and
then into rbes.
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8 Which diagram shows the semi-conservative replication of a section of a molecule of DNA?
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9 The diagram befow represents some biochemical reactions invelved in protein synthesis.

Which is correct?

n‘—" Nucigar Mambrane

Entire molecule coded 5' end of Enzyme involved in
directly from DNA is molecule catalysing bond §
represented by
A 1and 2 z peptidyl transferase
aminoacyl tRNA
B 1and 2 Y synthethase
aminoacyl iRNA
¢ 1,2and 3 X synthethase
D t,2and 4 w peptidyl transferase
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10 A ribcsome contains two distinct sub-units: a large sub-unit and a small sub-unit. Ribosomes
from prokaryotic and eukaryotic cells were isolated and subjected 1o gel electrophoresis. The
results are shown below.

sources of eukaryolic eukaryolic prokaryotic
ribosomes — ™ cytosol mitochondria  cytosol
loading ———1—— —— — — w—
wells
—_— direction
—— of travel

v

Which one of the following can be correctly concluded from the gel elecirophoresis results?

A Eukaryote cytosolic and mitochondrial ribosomes transiate the same types of
protein.

B  Eukaryote mitochondria contain the ribosomal sub-units of the smallest size,
C  Prokaryote ribosomal sub-units have opposing charges to each other,

D Eukaryote cytosolic ribosomal sub-units travel at the greatest speeds.
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11 Gene expression of albumin gene is regulated by two control elements and its promoter.

Control Cuare
elements promoter
"

Regulatory
transcription
tactors

OO ()O O | tra::::';al:nn

factors
RNA
polymerase

DNA

RHNA transcript

Alhumin gene transcribed Albumin gene transcribed
at high level at low level

Which of the following is a result of differentiat albumin gene expression in liver cells and brain
cells?

A Liver and brain cells are differentiated from different pluripotent stem cells, hence
they contain different controf elements which result in differential gene expression.

B  Brain celis contain different RNA polymerases and general transcription factors
resulting in low transcription of the albumin gene.

C Brain cells do not contain the regulatory transcription factors that are required to bind
fo the control elements of the albumin gene to promote the assembly of the
franscription complex.

D liver and brain cells contain the same regulatory controt elements, RNA polymerase
and transcription factors but a mutation has occurred in the regulatory control
elements of the brain cells hence making them dysfunctional.
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12 The diagram shows the structure of a virus.

w» @ DY

Which of the following statements are true?

P determines the structure of Q and 8.
Q assists viral entry into the host cell.

R and $ are required for the entry of the virus into the host cell.

W N -

Q and R are made of the same components.

1and 2 only
1 and 3 only

2 and 3 only

o O o @

2 and 4 only

13 Which of the following statement(s) concerning frp operon is/are true?

1 A deletion mutation of the operator will lead to the constitutive production of tryptophan.
2 There is one start and one stop codon in the mRNA of trp operon.

3 The repressor is inactive in the presence of excess tryptophan.

4 The mRNA codes for 3 polypeptides involved in the synthesis of tryptophan.

A 1only

B 1,2and 3only

C  2and 3only

D 1and4only
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14 Which of the following pairs of statements is true of transduction and conjugation?

Transduction

Conjugation

donor cell to recipient cell

A Bacterial DNA is transferred from

Bacterial DNA is transferred from
donor cell to recipient celt

recipient cell in specialised
transduction

Only host DNA adjacent te prophage
B is transferred from donor celi to

F plasmid is exchanged between donor
cell and recipient cell

in generalised transduction

c Lambda lysogenic phage Is involved

T4 Iytic phage is involved

D Viral DNA is replicated via rolling-
circle mechanism in the donor cell

DNA on F plasmid is replicated via
rolling-circle mechanism in the donaor
cell

15 The diagram shows crosses between wild wheat and two types of grass.

wild wheat
2n=14

x

sterile

mutation doubles
chromosome number

fertile hybrid 1 x

multation doubles
chromosome number

1

/

goat grass
2n=14

hybrid

another grass
2n=14

Y
sterile hybrid

ferlile hybrid 2

What is the chromosome number of the fertile hybrid 27

A 28 B 42

C 56 b 140
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16 Gene mutations in either the BRGA1 or the BRCA2 genes are responsible for the majority of
hereditary breast cancer in humans.

The proteins produced by the two genes migrate io the nucleus where they interact with other
proteins, such as those produced by the tumour suppressor gene, p53, and the DNA repair
gene, RAD51.

Which combination of gene activity is most fikely to result in breast cancer?

gens
BECATY | ps3 RADS1
A v v v key
¥ = gene produces normal protein
B v v x x = gene produces abnormal of
no protein
C v ® v
D x X X

17 The diagram shows a maize {com) cob with purple and yellow fruits. Purple (P) is dominant
to yellow (p).

yellow fruit

purple fruit

What are the genotypes of the parent maize planis?

A PP=xPp B PPxpp C PpxPp D ppxPp
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18 Kearns-Sayre syndrome is a rare genelic frait caused by a deletion of up to 10 00O
nucleotides from the mitochondrial DNA (mtDNA). Most individuals with this syndrome have
weak eye muscles, drooping eyelids, vision loss and, often, short stature.

The pedigree that shows a family affected by a mitochondrial frait such as Kearns-Sayre
syndrome is :

ol Jul Jullul Tulel

" peehno

oY Jal [ lsleelm

19 Two gene loci that control red seed colour in wheat have the following alleles.

Gene locus 1:  R¢*:red colour Genelocus 2: R:':redcolour
Ry : no colour Rz : no cotour

The number of Ry or R;* alleles present in & wheat seed determines the darkness of red in
the seed.

it woulld be reasonabie to expe'ct that with regard to wheat

A aplant with the genotype Ry" Ry" Rz Rz’ could be a parent of a seed with the darkest
red colour.

B seeds with genotypes R:* Ri* Rz Rz and Ry’ Ry’ Re* Rz would have the same red
colour.

C parents Ri" Ry Ry Ry x Ry Ry’ Ry R2' could produce seeds with the darkest red
colowr.

D seeds with the genatype Ry* Ry* Ro™ Ry” would have a lighter red colour than seeds
Ry Ry R: Ry"
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20 Which stages of aerobic respiration in eukaryotes have the correct products?

reduced
ATP CO2 FAD | NAD NAD
1 glycolysis v * * * Y ey
2 oxidative phosphorylation | ¥ x v v x v = product
3 Krebs cycle v v v * v x = not a product
4 link reaction v v x x v
A tand2 B tand4 C 2and3 D 3and4

21 The graph below shows the nel output of oxygen in spinach leaves as light intensity Is
increased.
Temperature is kepl constant during the experiment.

P o
0.2 /F >
0.1 5 .

net ocutput of oxygen T
(units of oxygen per gram 0.0
{eaf tissue per minute)

-0.1

-0.2 el .
0 10 20 30 40 50 €0 70 20 &0
light intensity (arbitrary units, AU}

Which one of the following conclusions can be made based on the graph?

A At point T photosynthesis is no longer ocourring.
B The optimal level of light intensity for photosynthesis is 40 AU.
C  Atpoint S the amount of axygen output is a third of that at point P.

D Below 10 AU of light intensity the aerobic respiration rate is greater than the
phofosynthesis rate.
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22 The diagram shows some of the processes in the light-dependent stage of photosynthesis.

chain of
eleclron  jight ener,
e 8 gy

high energy
electrons

light energy

For the fight-dependent stage to continue, photosystem two (PS52) must gain slectrons,

Where do these electrons come from?

A electron carriers
B  reduced NADP

C  photolysis

D  the formation of ATP

23 A scientist studied the insulin signalling pathways of two female patients, Eleni and Shani.

@/\. glucose-specific carier
)

molecules sent to plasma
insulin receptor \  membrane

insulin molecules bind

: “\‘gfﬁq~1@k

o]
insulin secandary messenger molecules
molecules and enxyrme reactions

Eleni's pathway is the same as that shown in the diagram above.

The scientist discovered that the gene that encodes the insulin receptor in Shani has a
mutation. Insulin molectles cannot bind to Shani's insulin receptors.

From this information, it would be correct to conclude that

A insulin acts as a hydrophilic signalling molecule in Eleni and Shani.

B there would be more glucose-specific carrier molecuies in Shani’s plasma
membranes than in Eleni’s.

[ the binding of insulin molecules to the receptor initiates transduction and the uptake
of glucose into Elenf’s cells.

D the presence of insulin in Shani would cause an increase in the congentration of the

secondary messenger molecules.
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24 All vertebrate embryos share many homolgies.

The diagram shows a five-week-old human embryo.

gilt arches
eye vartebrag
umbilical
cond 4 arm bud
lag bud

If vertebrates did not have a common ancestry, which feature of the human embryo shown
wauld be most unexpected?

arm and leg buds
gill arches

umbilical corg

o o o »

vertebrae

25 The colours of butterfly wings are produced by microscopic overlapping scales, which also
serve to repel water. The wings of some species of butterfly found in rainforests have large
transparent areas. These seem to confuse predators by breaking up the shape of the
butterfly. The transparent areas have very few scales, so the butterflies are vulnerable to
wing damage in the rain.

How could these selection pressures affect the size of the transparent areas of the wings of
popuiations of these species of butterfly?

1 smaller transparent areas on the wings due to natural selection in which the selection
pressure is predation

2 larger transparent areas on the wings due to natural selection in which the selection
pressure is the quantity of rainfall

3 nochange in the size of the fransparent areas on the wings due to stabilizing seiection,
in which the selection pressures are predation and quantity of rainfail

A 1,2and3 B 1and2only C 2and3only D 3only
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26 A comparison was made between human, rabbit, mouse and chimpanzee of the
DNA coding sequence of the f§ globin gene

DMA seguence in the infrons of the  globin gene
amino acid sequence of the B globin polypeptide.

27

The data is shown below.

sequence similarity (%}

Organisms being compared coding DNA introns amino acid
sequence
Human § globin/chimpanzee § globin 100 98.4 100
Human B globin/rabbit B globin 88.3 67 90.4
Human § globin/mouse £ globin 821 61 80.1

It is possible to conclude from this data that

Whales and snakes do not have any hind limbs, but their skeletons still have the small bones
that in other vertebrates are part of the pelvic girdle. The pelvic girdle is important in the
functioning of hind limbs. Whales and snakes do not move in the same way as each other.

a human Is more closely related to a mouse than to a rabbit.

the variation between chimpanzees and humans occurs in a region of the § globin

gene which would code for amino acids.

the variation in the infron sequence between human and mouse wouid account for
some of the differences in the amino acid sequence.

the comparison bétween chimpanzee and human indicates that the differences in their
DNA did not atways make a difference to the amino acid produced.

What does this suggest about the evolution of whales and snakes?

1
2

3

Their movement involves the same adaptations of the skeleton.

As their ancestors evolved and adapted to different habitats, the pelvic girdle fost its

function.

They are descendants of different groups of animals that used their hind limbs for

movement.

They share a common ancestor that used hind limbs for movement.

1,2and 3 B 1,2and4

C 2 3and4
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28 The diagram shows part of the immune response.

cell Q
pathogen with chemical P cell R with pratein on
on sutface surface to fit P
multiphicatiion
Whatare P, Qand R?
P Q R
A antibody B-iymphocyte T helper cell
B antibody T helper cell B-lymphocyte
c antigen B-lymphocyte T helper cell
2] antigen T helper cell B-lymphocyte

29 Which of the following describes a positive feedback concerning climate change?

A

Increased atmospheric temperature result in melting of sea ice which decreases the
amount of sunlight reflected back into space.

Increased burning of fossil fuels increases atmospheric CO» concentration, enhancing
the greenhouse effect.

Meiting of glaciers causes an increase in sea levels.

Increase in atmospheric temperature causes many species to move towards
increased altitudes to stay within their optimum temperature range.
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30 Some studies reveal that mitigating (reducing) global greenhouse gas emissions have varied
effectiveness in reducing negative impact on coral growth. The figure below shows the
projected coral reef cover (%) over time (year) in Hawaii (latitude 22.2°N), South Florida
(24.5°N) and Puerto Rico {18.2°N) under mitigation and non-mitigation scenarios.

“ Hawail © South Florida
30
...... \ »
h T
_—
" \\‘_“_N_
0 ] s -
2010 2028 2050 2075 2100 2010 2025 2050 2075 2100
i Puerto Rico
30
20
0 =
0 s — Non-mitigalion --- Mitigation
2010 2025 2050 2075 2100

Based on the information given above, which of the foliowing are possible explanations for
the projected coral reef cover in the various locations after mitigation?

1 The coral reef cover in Hawaii is projected to improve significantly after mitigation because
average sea temperatures there may not be significantly higher than the thermal limit of
the corals.

2 It is projected that mitigation in South Florida and Puerto Rico would not significantly
improve coral reef because these countries are closer to the equator as compared 1o
Hawali.

3 Recovery of coral cover afier mitigation in South Florida is projected to be negligible
because the extent of damage is already very high.

1 onty

1 and 3 only
2 and 3 only
1,2and 3

o0 W >
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Answer all the questions in this section.

1 Fig. 1is a transmission electronmicrograph of part of an animal cell.

Fig. 1

(a) Identify the organelies labelled A and B.
In each case, state two visible features that enabled your identification.

A
1.

61
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3
{b) Suggest why structures B are of different shapes.

it]
{c} Describe the functions of structure C.
i2]
{d) Explain how the structure of membrane allows the formation of pseudopodium.
f2l
{Total: 11]

2 Starch granules are visible within the chloroplasts. Starch is the most common storage
compound of plants. It is composed of amylopectin and amylose.,

(a) State one role of magnesium ions within chioroplasts.

_ , i

{b) Describe one structural simfiarity and one structural difference between amylopectin and
amylose.

[2]
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F

{c) Fig. 2 shows the monomers of amylopectin.

CH,OH CH,OH
HATONH BT A
HONG" W on moN§H_ B on
H o OH H  OH
Fig. 2

Draw in the space below two possible ways that these molecules can form bonds.

2]

{d) Explain how the structure of starch makes it suitable for its function.

(3]
[Total: 8]
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3 Enzymes are globular proteins that catalyse metabolic reactions.

(a} Describe the features of giobular proteins.

2]

{b} Fig. 3.1 shows a reaction catalysed by the enzyme sucrase.

&3/ subslrate

f

products

@

Fig. 3.1
With reference to Fig, 3.1,

{i) explain the mode of action of sucrase.

(3]
{ti} state the products of the reaction.

)
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{c) A student investigaled the effect of increasing the concentration of sucrose on the rate
of activity of sucrase.

Ten test-tubes were set up with each containing 5 cm? of different concentrations of a
sucrose solution. The test-tubes were placed in a water bath at 40°C for ten minutes. A
flask containing sucrase solution was also put into the water bath,

After ten minutes, 1 cm?® of the sucrase solution was added to each test-tube, The
reaction mixtures were kept at 40°C for a further ten minutes,

After ten minutes, the temperature of the water bath was raised to boiling point.
Benedict's solution was added to each test-tube. The time taken for a colour change was
recorded and used to calculate rates of enzyme activity.

The whole procedure was repeated after adding copper lons to different concentrations
of sucrose solutions.

The results are shown in Fig. 3.2,

12 - without copper ions
10 3
8 .
rate of enzyme 4
activity &
farbilrary units
4 H :ﬁ with copper ions
244
c Il
¢} 20 40 80 80 100

concentralion of sucrose/gdm3
Fig. 3.2

(i} Explain why the temperature of the water was raised to boiling point.

(2}

9744 / H2 Biology / 02

More papers at www.testpapersfree.com



BP~131

7

{ii) Using the information in Fig. 3.2, explain the effect of copper ions on the action of an
enzyme, such as sucrase.

.......

[31
[Total: 11]

4 In 1941, US geneticist George Beadle proposed the “one gene-one enzyme” hypothesis
where each gene is responsible for producing a single enzyme that in furns affects a single
step in a metabolic pathway. It was fater modified to become the "one gene-one
polypeptide” hypothesis to include nonenzyme proteins and individual potypeptide chains
that are encoded by genes. Posttranscriptional level regulation carried out by alternative
splicing makes the modified hypothesis become too simplistic to describe the relationship
betwzen genes and proteins.

{a)} Descibe how alternative splicing chalienges this one gene-one palypeptide hypothesis.

(2]
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in eukaryotic cells, gene expression is regulated in a highly coordinated way.

The Ras prolein stimulates the cell cycle through a series of reactions. Fig. 4.1 shows a
simple description of the pathway in which the Ras protein acts.

]GfO'Mh factor

Fig. 4.1

{b) With reference to Fig. 4.1, state the level of regulation of the following genes and provide
reasons for your answer.

{i) MEK gene;

(2
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(i) target genes;

(2]

{¢) Fig. 4.2 below shows the post-transtational control gene expression using ubiquitin and
proteasome.

Ublquitin
Chaln

Amino Aclds ‘._/

Ublquitin
Protein Substrate
Fig.4.2
{i) Name molecule X.
)
(ii) with reference to Fig. 4.2, explain how cellular proteins are degraded using this
system.
(3]
[Totat: 10]
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5 Bacteria reproduce by the process of binary fission.

(a) Explain the significance of binary fission in bacteria.

sesarrer

Fovm

4

Researchers have identified a gene that gives bacteria resistance to a type of antibiotics
called polymyxins. Despite being discovered around 60 years ago, polymyxins maintained
their effectiveness as antibiofics as they were seldom used due to concemns about their
toxicity.

In recent years, rampant use of common antibiotics (e.g. penicillin and its derivatives) has led
to the emergence of bacterial sirains which are resistant to such antibiotics. This has become
more and more of a global concern. Polymyxins are now a last line of defense against bacteria
because of its previous lack of use.

{b) With reference to the reproductive cycle of bacteriophages, suggest how bacteriophage
infections may lead to a spread of antibiotic resistance between bacterial populations.

veae

The practice of using bacteriophages to freat bacterial infections has been around for almost
a century but it was brought to a standstill after the successful introduction of antiblotics. The
universal decline in the effectiveness of antibiotics has generated renewed interest in this
century old practice.

A bacteriophage such as a lambda phage can infect an E. coli cell but not a eukaryotic cell.

{c) Describe how the entry of a bacteriophage into an E. coli cell differs from that of an
animal virus such as HIV.

2]

9744 / HZ Biokygy /02

More papers at www.testpapersfree.com



11

The replication cycle of the lambda phage in an E. coli cell occurs in two phases, 25 a
prophage or Iytically. Fig. 5 shows that these two phases are controlled by the regulatory
proteins ¢l and Cro, which are encoded by the virus,

A} Replicate as a prophage

A
B cdoene | & Crogere |
NO Cro GEME
_ TRANSCRIPTION
B} Replicate lytically

de—T T
® @

NO of GENE
TRANSCRIFTION
Fig. 5

When bacterla containing a lambda prophage are iradiated with ultravicletlight, the ¢t protein
is degraded.

{d} With reference to Fig. §, and your knowledge of bacteriophages, describe the events
that occur when the bacteria is irradiated.

......

3]
[Total: 10]
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6 The cells in Fig. 6.1 are from the same organism and ook the same.

The cells in Fig. 6.1{a) have been produced by mitosis and the cells in Fig. 6.1{b) have been
produced by meiosis.

Fig. 6.1(a) Fig. 6.1(b}

{a} Complete the table to show three differences between celis thal have been produced by
mitosis compared to celis that have been produced by meiosis.

mitosis meiosis

(3]
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(b} Fig. 6.2 shows the life cycle of a species of brown seaweed.

~— | adult seaweed —_l

melosls

male gametes female gameles

younig seaweed | « zygote

Fig. 6.2

{i) Indicate on Fig. 6.2, with the lefter M, the stage (s) where mitosis occurs. (1

{fi} DNA replication occurs in cells during interphase before they divide by mitosis.
Explain why it is important that replication occurs before milosis.

2

{iii) Explain why meilosis occurs in the life cycle of this seaweed.

131
[Total: 9]
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7 In the sweet pea plant, Lathyrus odoralus, one gene codes for flower colour and one gene
codes for polien grain shape.

Flower colour is either purple or red. Pollen grain shape is either long or round.
The inheritance of these genes is an example of autosomal linkage.
« The allele F for purple flowers is dominant over the allele f for red flowers.

» The allele G for iong pollen grains is dominant over allele g for round pollen grains.

{a) Explain the meaning of the term autosomal finkage.

2

() A dihybrid cross was carried out between homozygous dominant and homozygous
recessive sweet pea plant parents to produce the F1 generafion.

The offspring from the F1 generation were crossed to produce the F2 generation.

() Draw a genetic diagram to show a dihybrid cross between two offspring from the F1
generation. Assume that these genes are closely linked and that there are no

crossing over events.

31
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{ii} The actual results of the dihybrid cross are shown in Table 7.1.

Table 7.1
phenotypes of F2 offspring number of
Individuals
purple flowers, long pollen grains 284
purple flowers, round pollen graing 21
ted flowers, long pollen grains 21
red flowers, round poflen grains 585

State how the results support the facl that thig is an example of autosomal linkage.

1]

{c} (i} In atestcross, an individual of known genotype is crossed with an individual that
has a dominant phenotype but unknown genotype.

State the genotype of the known individual in a test cross.

1]

0744 1 42 Bittogy / 02

More papers at www.testpapersfree.com




16

{ii) A test cross was carried out with sweet pea plants known to be heterozygous for
both fiower colour and pollen grain shape. The results of the esi cross are shown in
Table 7.2,

Table 7.2

—
i phenotypes of offspring of test | number of
| cross Individuals
’rpurple flowers, long pollen grains 215

purple flowers, round pollen grains 30

red flowers, long pollen grains 3z

red flowers, round pollen graing 210

The result of a test cross can be used to determine a crossover value (COV).
A crossover value is the percentage of the total number of offspring showing
recombination.

The crossover value (COV) can be caiculated using the formula shown below,

x 100

COoV = number of recombinanis
- total number of individuals

Calculate the COV from the results shown in Table 7.2.

cov= %

(2]
{i#i) Suggest what information about the relative distance between the linked genes can

be gained from crossover values.

[1
[Total: 10]
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Maize, Zea mays, is a cereal crop that is adapted for growth at high temperatures. However,
it does not cope well with drought.

An investigation was carried out info the effect of low wafer availability on the activity of
mitochondria taken from maize seediings.

Young seedlings were uprooted and left in dry air for varying periods of time to reduce the
water potential of their tissues.

(a} After drying in air, mitochondria were extracied from the tissues of the seedlings. The
exiracted mitochondria were provided with succinate, which is one of the intermediate
compounds in the Krebs cycle, and also with ADP and inorganic phosphate. The rate at
which the extracted milochondria took up oxygen was measured. The resulfs are shown

in Fig. 8.1,
Rl e NIRRTl Ak an THTH AT
AT 5 : : ity EEAWRN SRR En ] 2
R P e e e
e : } : + 11 s '
200 el e
CHTT e 5 L LR
rate of it Ry Ao Em ; A ; rH
oxygen EH PUAERAN BB ppE N i W e i rgan)
uptake by 150t - = T e
extracted T R T e -
mitochondria e e R e e A R R
farbitrary 35 SPd FARIEER : shis X :
units 100 TR RN B e : 7 i 3 AN S i h
K . 5 ; A M A dor o & -
' : : & ;i 1 :
i i : ) 1y 1
H T 1 1 )
S0t : o n ¢
H + T z i
RREARA Ry (R eRERaN
o | HH AT : T
-30 ~25 ~20 -15 -10 -5 0 +5 +10

walter potential of the tissues from
which the milochondria were exiracted /kPa

Fig. 8.1

(i) Describe the results shown in Fig. 8.1.

(2]
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{ii) The mitochondrion take up oxygen. Explain how this oxygen, plus the succinate, ADP
and inorganic phosphate, are used by the mitochondria.

ravaus

(3

{b} A milochondrion contains DNA and rlbosomes and is the organelle in which aerobic
respiration takes place.

Suggest the functions of the DNA and ribosomes in a mitochondrion.

[2]
{c) Some parasitic worms, such as tapeworms, live in @ mammalian gut where there is no
oxygen.
Suggest how a tapeworm produces ATP in this environment.
(3]
[Total: 10]
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The Hawaiian Islands are some of the most isolated volcanic islands in the world. It is made
up of a group of islands that are formed at different times. The first birds to have flown to
these islands probably arrived millions of years ago from East Asia.

Fig. 9.1 and Fig. 9.2 show the fossiis of two extinct species of goose found on twe different

Hawaiian islands. The Giant Hawaiian goose was a flightiess bird whereas the Woodwalking
goose could fly.

Unfii recentty, the evolutionary relationships among Hawaiian goose are known only from
bone structures. Fig. 9.1 shows the skulls and beaks while Fig. 9.2 shows the wing and leg
bones of the giant Hawaiian goose and woodwalking goose.

Giant Hawaiian goose Woodwalking goose

Fig. 9.1

wing bone

Giant Hawallan  Woodwalking
goose goose

Fig. 9.2
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{a) With reference to Fig. 9.1 and Fig. 9.2,

(i) discuss whether the fossil records support Darwin's theory of evolution.

[2]
(i} explain how natural selection could have brought about the evolution of the leg bone
of the giant flightiess Hawaiian goose.

[4]

Several fossil specimens of both Hawaiian goose species were found and the mean lengths
of their skulls, beaks and wing and leg bones were measured. A statistical test was carried
out to determine whether there was a significant difference between these means.

{b) (i} State the statistical test that was carried out.

.......

)
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{ii) A summary of the results is shown in Table 9.

Table 9

mean length of skull / mm

mean length of beak / mm

significance of
giant Hawaiian goose woodwalking goose difference
89.0 312 p<0.05

mean length of wing bone / cm

giant Hawatian goose

woodwalking goose

significance of
giant Hawalian goose woodwalking goose difference
386 18.3

p<0.05

significance of
difference

7.3

82

mean length of leg bone / cm

p>0.05

significance of
giant Hawaiian goose woodwalking goose difference
1486 2.4 p<0.05

Comment on what these results show and suggest expianation for any patitem.
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10 Human Immunodeficiency Virus (HIV} infects cells of the immune system, particularly helper
T-lymphocytes and memory helper T-lymphocytes. The onset of disease, which can occur
many years later, coincides with a severely lowered primary and secondary immune
response, owing to greatly reduced numbers of helper Tdymphocytes in the body.

(a) Explain how the destruction of memory helper T-lymphocytes will contribute to a lowered
secondary immune response.

&)

{b) Tuberculosis (TB) is an important disease worldwide.

Suggest why TB is more likely to be fatal in pecple who have HIV/AIDS than in those
who do not have HIV/AIDS,

2]
[Total: 5}
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11 Plants have long been regarded as carbon sinks because they take in carbon dioxide for
photosynthesis. However, when temperatures rise, plants increase their rate of respiration,
resulling in increased carbon dioxide release. Some research has suggested that this could
convet forests from a long-term carbon sink to a carbon source, aggravating cfimate change.

In 2016, a team of scientists conducted a shori-term study of five years to find out the net
carbon exchange of trees when the temperature was increased. In order to determine this,
the increase in leaf respiration at higher temperatures was evaluated using 1000 young trees
of 20 different boreal and temperate Iree species grown in an open-setting.

Fig. 11 showed the observed data and expected data thal had been derived from
mathematical model projection using computer simulation.

]
254

Increase in leaf 207
respiration due fo
+3.4°C increase in
temperature/% 15

T Standard deviatlon
73 Observed data
B Expected data

104
54
0
Temperate
species
Fig. 11

{a) With reference to Fig. 11, describe one difference between the observed and expected
data.

SRR RERIEES e LSRR L RSy

2
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(c)

24

In Fig. 11, the observed data shows a difference in the increase in leaf respiration
between borzal and temperate tree species. Suggest why this difference is not
significant.

[l
Based on the results of the study, comment on whether forests will remain as carbon
sinks or be converted to carbon sources if temperatures rise.

12
[Total: 5]
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Section A
Answer all the questions in this section.

In Africa, Anopheles gambiae is one of the best-known mosquite vector species because of
its role in the transmission of the dangerous malarial parasite — Plasmodium falciparum.

Mclecuiar analyses reveal that there are two forms of A, gambiae, the M and S molecular
forms. These two forms are morphologically identical but show widespread molecular
differences throughout their genomes.

The M and 8 molecular forms of A, gambiae are found in and around irrigated rice fields
lecated within the same humid savannahs of western Africa. The M form is associated with
larger permanent breeding sites mostly consisiing of rice paddies, whereas the 8 form is
found to depend on temporary, rain-filled breeding sites. Aithough interbreeding between M
and S forms yields ferfile progeny, M-8 hybrids are rarely observed in nature.

{a) (i) Describe how the molecular differences between the M and S forms of A gambiae
could have come about.

{2
(ii} Suggest how the level of molecular differences hetween the two forms of A. gambiae
could have been determined.

(1]

(iti} One advantage of molecular analyses is the ability to detect evolutionary changes
between populations even though they may look morphologically similar or identical.

Other than the advantage stated above, describe two advantages of molecular
analyses in classifying organisms.

(2]
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{b) Explain the type of speciation A. gambiae is undergoing.

[3
{c) A. gambiae go through four stages in its life cycle.

Complete Fig. 1.1 to show these stages.

2\
=l

< g
-

Fig. 1.1

4}
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{d) Anopheles mosquitoes thrive in regions with warm temperatures, humid conditions, and
high rainfall. Thus, tropical and subtropical areas are ideal. Warm temperatures are also
required for malarial parasites to complete their growth cycle within the mosquitoes.

Climate change due to global warming is expected to cause latitudinal and altitudinal
temperature Increases. Such a temperature Increase will alter the biology and ecology
of many mosquito vectors and subsequently, the dynamics of the diseases they transmit.

(i} Explain how increased temperatures could impact the biology of insects like

mosquitoes.

2

(i) Globally, average temperatures could increase by more than 2°C by the end of the
21* century.

Suggest and explain the effect this change in temperature will have on the
distribution of rmalaria across tha world.

...................... R TITT)

12}
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A research team investigated the aclivity of two forms of catalase, P and Q, extracted from
A. gambias. The enzyme calalyses the decomposition of hydrogen peroxide, which is a toxic
product of metabolism, into oxygen and water. The team investigated the effect of increasing
concentrations of hydrogen peroxide on the activity of these two forms of catalase.

The results are shown in Fig. 1.2,

140

bcatalase P

120

100

- 8o i H catalase Q
acllvity of catalase =
Tarbitrary units 60

40

KRR WY

I ENN %]
11
r i
LY
i

20

1]

0 50 100 150 200 250 300
concentration of hydrogen peroxide/mM

Fig. 1.2

(e) Withreference to Fig. 1.2, describe and explain the effect of increasing the concentration
of hydrogen peroxide on the activity of catalase P.

14
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() Each molecule of catalase consists of four identical polypeptides. The two forms of
catalase in A. gambiae differ by only one amino acid at position 2 in the amino acid

]

sequence. Catalase P has serine and catalase Q has tryptophan.

Suggest how the difference in one amino acid is responsible for the lower activity of

catalase Q compared with catalase P,

[2)

{g) Blood is a rich source of proteins for mosquitoes. Female mosquitoes feed on blood in
order fo produce their eggs. After feeding, the metabolic rate increases for egg
production.

0]

The researchers allowed female mosquitoes to feed on blood. They found that
female mosquitoes wilh only catalase P produced more eggs than those with only
catalase Q.

Suggest why there is a difference in egg production between the two types of A,
garnbiae.

2]

The proteins in blood are broken down into amino acids and absorbed by the
epithelial cells in the mosquitoes’ midgut. Amino acids require specific carrier
proteins to enter cells.

Explain why carrier proleins are required in cell surface membranes for the transport
of amino acids.

(2]
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{h) Cther than the transport of subslances into and oul of cells, describe two roles of cell
surface membranes.

1

A
[Total: 25]
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2 The coat colour of Norwegian catlle is mainly determined by the distribution of twe pigments:
red and black. Both pigments are produced by the action of the enzyme tyrosinase in cells
called melanocytes. A fow level of aclivity of the enzyme leads to the production of red pigment,
whilst a high activity allows only black pigment production. The activity of the enzyme is
increased by melanocyte stimulating hormone (MSH), which combines with an MSH receptor.
The receptor is coded for by the E locus, which has three alieles, E°, E* and e. EP and E* each
give a receplor with a different activity. No receptor is produced by the recessive allele, e.

The dominant allele of a second gene, the A locus, codes for a protein which binds to and
blocks the MSH receptors coded for by E2, thus preventing stimulation of tyrosinase activity in
melanocyte. The receptor coded for EP is insensitive to the prolein coded for at the A locus.

The effects of the different alleles of the two loct are summarised in Table 2.1.

Table 2.1

E locus Alocus
genotype | MSH receplor genolype | Protein which blocks MSH

receptor
EPEP insensitive 1o A locus blocking AA Present
or protein or
Ee Aa
E*eE? Sensitive 1o A locus blocking ag Absent
or protein
E*e
ee none

{a) () State the name given to interaction between gene laci, such as that between the E
and A loci.

0

{ii) Explain why animals with the genotype EAE*AA have red coats.

o
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{ili) Predict the coat colours of animals with the following genolypes:

eeaa

Efeaa

EfeAa

3]

Allele E* differs from EP by a single base substitution and e differs from E* by a single base
deletion.

(b) Suggest how these mutations might resull in differences in the MSH receptor.

recren

eraes mearbead

]

DNA was extracted from the frozen semen of six bulls with different genotypes at the E locus.

. The DNA from each animal was separately digested with two different restriction enzymes P
and Q. The products of each digestion were separaled on a gel. The banding pattems
produced with respect to this locus are shown in Fig. 2.1.

- —_——
restriction} marker bull genotypes —————— size of
EWDNAE“E“EDE“E"eE“E“E“eeamde

niumber of
base pairs

P

R 8§31

Q

130
87

Fig. 2.1
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{c} Explain briefly how the products of digestion of DNA with restriction enzymes can be
separated on a gel.

i2]
(d) Suggest why the products of digestion of DNA from the same animal are different when
a different restriction enzyme is used.

e

seasvien

2

{e) State which genotypes can be identified by using sach of the two restriction enzymesF !
P
Q

(2}

[Total: 14}
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3 Bdymphocytes respond to the presence of an antigen by dividing as shown in Fig. 3.1.

antigen —»

¥
Fig. 3.1
{a) Describe how Y are released from cell X.
(2
Cell Z has an important role in the immune system.
(b} Explain the role of celi Z.
)
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Fig. 3.2 shows the sequence of events in one the cell signalling pathways when a B-
lymphocyte encounters an antigen.

LYN and SYK are tyrosine kinases.

Fig. 3.2

(¢) With reference to the main stages of cell signalling and Fig. 3.2,
{i} describe stages AandB.

A

14)

(i) suggest how the signel can be terminated.

2]
{Total: 11]
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Section B
Answer one guestion in this section.
Write your answers on the separate answer paper provided.
Your answers should be iHustrated by large, clearly labelled diagrams, where appropriate.
Your answers must be in confinuous prose, where appropriate.
Your answers must be set out in sections {(a), (b) efc,, as indicated in the question.

4 {a) Discuss why life would be impossible without ATP. {13]

{b} Describe the effects of different types of mutations on the proteins of eukaryotes.  [12]
[Total: 25]

5{a) Discuss why intracellular enzymes are essenfial to life. [13]

(b) Describe how variation arises and how recessive alleles are preserved in a  [12]
population.

[Total: 25]
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2
You are provided wilh a solution, labelled E, containing an enzyme which coagulates
{clots) milk. Enzyme E hydralyses (breaks) peptide bonds between certain amino acids in
a protein found in milk and this results in the coagulation of the milk, Calcium jons are
required for this coagulation.
You are required to:
s carry out a trial test to think about sources of error
»  make simple_ (proportional} dilutions of the proteins in the mili, M
« record the time taken to reach end point for each of the concentrations of M
« estimate the concentration of milk protein in U.
When a mixture of milk, calcium chloride solution and E is gently rotated in a test-tube the
coagulation goes through the stages shown in Fig. 1.1,
Stage 3 is the end-point of the enzyme-catalysed coagulation.
film of mik film of milk small spots / ail the milk
flows/drains ) drains slowly and ¢lots stick to inside has coagulated
back into milk sticks to Inside of of lest-tubs as
) quickly < test-lube film of milk
& & drains back
SN = >
\age 2 stage 3 stage 4
the end-polint past the end-point
Fig. 1.1

The time taken i reach end-point gives an indication of the concentration of protein in
milk.

You are provided with:

Table 1.1
labelled contents hazards volume |/ cm?®
C 10% calcium chloride solution | hammful irritant 20
w distilied water none 100
M mitk none 100
E 1% enzyme solution harmful irritant 20
v milk with an unknown none 20
concentration of protein

If C or E comes into contact with your skin, wash off inmediately under cold water. It is
recommended that you wear suitable eye protection,
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Before proceeding further, use the beaker labelled hot water to collect approximately
200cm? of hot waler from where it is provided in the laboratory.

You are required to carry out a trial test (step 1 to step 16) before you starl your
investigation.

Read step 1 to step 16 before proceeding.

Proceed as follows:

1

7

You are provided with a beaker labelled water-bath. Use the hot and cold water to
set up a water-bath in this beaker. The starting temperature of the water-bath should
be between 35°C and 40°C.

You will not need to maintain this temperature during steps 2 to 15.

Put 10cm® of M into a test-lube.

Repeat step 2 so that you have three test-tubes containing M.

Put 1cm’® of C into each test-tube.

Gently shake each of the test-tubes to mix M and C.

Take the temperature of the water-bath and record this temperature in (a){#) on
page 5.

Put the test-tubes into the water-bath and leave for al least 3 minutes,

{a) (i) Explain why the test-tubes are left in the water-bath for al least 3 mimites in

step 7.

i

Remove one of the test-tubes from the water-bath.

The process of coagulation will start when E is added to the test-tube.
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9 Put jcm® of E into the test-tube, so that it runs down the side of the tesi-tube and
forms a layer on the surface of the mixture, as shown in Fig. 1.2,

push gently

syringe
E in syringe

test-tube held at an angle

E running down
inside of test-tube
layer of E forming

mixture on top of mixture

Fig. 1.2
10 Start timing.

11 Hold the tesi-tube over a piece of black card on the table as shown in Fig, 1.3,

12 Gently rotate the test-tube to form a film of milk on the inside of the test-tube.

test-lube held at
an angle

film of milk

black card

“™lable

Fig. 1.3

13 Observe the ﬁim until the end-point is reached (stage 3 in Fig. 1.1). ignore any smalt
bubbies on the inside of the test-fube. Stop timing. ‘

14 Record in (a)(iii) the time taken to reach the end-poini.

if the end-point has not been reached in 4 minutes, stop the experiment and record
‘more than 240°.

15 Repeat step 8 to step 14 with each of the other two test-tubes in the water-bath.
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16 Take the lemperature of the water-bath when the final test-tube has been removed
and record this in {a){ii).

(i} Temperature may be a source of error In this investigation,
State the temperatures of the water-bath.
temperature of water-bath taken instep 6 .o °C
temperature of water-bath taken in step 16 .o cvvvivercercninivrnnrcerenn. *G

Explain whether the temperature of the water-bath is a significant source of error
in this investigation.

(1

(iil) Record your results in an appropriate table.
(2
(iv} A significant source of arror for this investigation is deciding when the end-point

is reached.

Suggest one advantage of camying out this trial {est before carrying out the
investigation.

L}

9744  H2 Biology / 04
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(v) You are required {o prepare different concentrations of the proteins in milk, M.

6

M is undiluted milk and is to be referred to as 100% milk,

BP-~168

You are required to make a simple {proportional) dilution of M, which reduces the
concentration of M by 20% between each successive dilution. You will also need
to make a 10% concentration.

You will need to prepare 20cm”® of each concentration.

You will require these different concenfrations of milk for both part (a) and (b) of

this guestion.

Table 1.2 shows how to make up two of the concentrations you will use, 100%

and 10%.

Decide which other concentrations of milk to prepare using simple {proportional)
dilutions of M and complete Table 1.2.

TFable 1.2
voiume of M volume of distilled water, W concentration of milk/ %
fem? fem?
20.0 0.0 100
2.0 18.0 10

17 Prepare the concentrations of milk as decided in (a){v).

18 Adjust the temperature of the water-bath so that it is between 35°C and 40°C.
You will not need to maintain this temperature during step 19 to slep 24.

19 Put 10cm? of the lowest concentration of milk into a test-tube.

]

Repeat step 19 with each of the other concentrations of milk that you have prepared

and with 100% milk.

Do not dispose remaining volumes of milk. You will require them in part (b} of this

question.

More papers at www.testpapersfree.com
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20 Put 1cm® of C info each tesi-tube.

21 Gently shake each of the test-tubes to mix the milk and C.

22 Put the test-tubes in the water-bath and leave for at feast 3 minutes,
While you are waiting read step 8 to step 13,

23 After 3 minutes remove one of the test-tubes from the water-bath, Add 1cm® of € as
in step 9, then repeat step 10 to step 13 and record in {a){vi) the ime taken to reach
the end-point.

24 Repeat step 24 with each of the other test-tubes.

(vi} Record your results In an appropriate table for the known concentrations of mifk.

[4)
You are now required to estimate the profein conceniration of U.
25 Repeat the experiment with U,
Record in {a)(vii) the time taken to reach end-point for U.

{vii} State the time taken for U fo reach end-point.

(3

9744 [ H2 Biglogy { 04
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{viil) Complete Fig. 1.4, using arrows and labels, to show the position on the line of
each of the percentage concentrations of milk decided in Table 1.2.

Put the label U on Fig. 1.4 to show an estimate of the concentration of milk
which provides a measure of the proteins in U, using the result in (a)(vif).

0% 100%
1 y
~— 1

percentage concentration
of milk protein
Fig. 1.4

2]

(ix) Suggest and explain a suitable contral experiment that could be used in this
investigation.
&
9744 [ H2 Biology / 04
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9

{b} Asludentsuggested that determining protein concentration via the enzyme-catalysed
coagulation was too time consuming and there should be a faster method to estimate
protein concentration in milk.

You have been provided with the following, which you must use:

« Biuret's solution
s gpotting tile
« achart labeflled *colour chart” provided on the bench

You may use any solutions and apparatus that have been provided.
Plan and carry out a method fo estimate the concentration of milk protein in U.

{i) Outline the steps in your method.

[3]

(i) Record your results in a suitable format in the space provided.

&

9744 / H2 Blology / 04

More papers at www.testpapersfree.com

BP-171



10

{iii} Complete Table 1.3 io suggest:
» significant sources of error in your procedure
« improvements to reduce these errors.

Table 1.3

significant source of error improvement

4]

{c) Ancther student investigated the effect of temperature on the activity of enzyme E,
by measuring the percentage coagulation of the miik.

{i} Describe how the temperature could be changed.

2]
The results are shown in Table 1.4.
Table 1.4
percentage coapulation
temperature/ °C of the milk
8.5 7
28.0 63
355 84
41.0 92
50.0 39

9744 / HZ Bickogy / 04
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BP-~173

11

(i) Plot a graph of the data in Table 1.4 on the grid in Fig. 1.4.

Use a sharp pencil for drawing graphs.

Fig. 1.4
[4
(i) Suggest explanations for the resuits between 35°C and 45°C.
(3]
Total: 35]

9744 | H2 Bivlogy / 04
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12
2 J1is a slide of a stained transverse section through a plant ieaf.

You are not expected to be familiar with this specimen.

il

Fig. 2.1

You are required to use a sharp pencil for drawings.

(@) (i) Draw alarge plan diagram of the section of the leaf {midrib) shown by the shaded
area in Fig. 2.1,

A plan diagram shows the arrangement of different tissues. Your drawing should
show the comect shape and proportions of the different tissues.

No cells should be drawn.

Labels are not requlred.

8]

9744 | H2 Bialogy { 04
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13

{ity Use the eyepiece graticule to measure the actual thickness of leaf at position
shown by the ling X - Y in Fig. 2.1.

Show your working,

Distance X =¥ .cvireirnreennnn, 4|

(iiiy Observe the upper epidermis at the top of the leaf on J1 shown by the reclangle
in the Fig. 2.1.

Select one group of three cells with:

» two cells from the upper epidermis
« one adjacent (fouching) cell from the tissue below.

Each cell of the group must touch at least one of the other cells.

Make a large labelled drawing of this group of three cells.
Label a structure that produces ATP.

5]

9744 / HZ Blology / 04
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14

An eyepiece graticule scale can be used to measure celfls. To obtain an actual length
the eyepiece graticule scale must be calibrated against a stage micrometer. However,
to obtain values for calculating a ralio, it is not necessary to calibrate the eyepiece
graticule scale.

(iv) Observe J1 using the x40 objective lens.

Use the eyepiece graticule scale to find the mean width of the
« cells at the upper epidermis
+ cells from the tissue below the upper epidermis.

State the ratio of the mean width of the cells at the upper epidermis to the mean
width of the cells from the tissue below the upper epidermis.

You may lose marks if you do not show all the steps in finding the ralio.

(k) Fig 2.2 is a photomicrograph of a stained transverse section through part of a leaf
from a different type of plant.

You are not expected to be familiar with this specimen.

Fig. 2.2

9744 { HZ Biclogy / 04
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(i} Calculate the magnification of Fig. 2.2 using the scale bar.

You may lose marks if you do not show your working or if you do not uss

appropriate units.

magnification *

(i) There are observable differences between the leaf sections in Fig. 2.2 and J1.
Identify three differences between them.

For each of the three differences, draw one labei line to a feature In Fig. 2.2 that

shows the difference. Label the three differences D, E and F.

Complete Table 2.1 to describe the difference between the leaf sections for each

of these three features.
Table 2.1
Feature Fig. 2.2 J1
D
E
F
[4]
[Total: 20}
9744/ H2 Bivlogy / D4
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|
Qns Ans Qns Ans
1 B 16 D
2 [ 17 C
3 B8 18 D
4 D 16 B
5 D 20 A
6 A 1 D
7 B 22 c
8 A 23 o]
9 A 24 B
10 B 25 D
11 [+ 26 D
12 B 27 [
13 A 28 9]
14 A 29 A
15 B 30 B

9744 | H2 Biology / 01
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Candidates answer on the Question Paper.
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‘The use of an approved scientific calculator is expacted, where appropriate.
You may lose marks if you do not show your working or if you do no use
appropriate uniis.

At the end of the examination, fasten all your work securely together.

Tha number of marks is given in brackets [ ] at the end of each guestion or part
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. 4

(a8

02 siarch granules are visible within the chioroplasts. Starch is the most common storage
compound of plants. It is composed of amylopectin and amylosea.

(a) State one role of magnesium ions within chloreplasts.

1 for chlorophyll, structure / synthesis [ formation | AW

2 for ATP functioning A required for energy transfers

3 for enzyme, functioning / cofactor

4 signalling ion / regulates carbon fixation

5 for, DNA / RNA, synthesis

B stabilises, DNA / RNA, structure

7 required in, translation / joining, small and large subunits {of ribosomes)

1
{b) Describe one structural similarity and one structural difference between amylopectin mm.h
amylose.

Similarities

1. Both consists of o -glucose molecules.

2, Both are helical

Differences

1 amylopectin branched vs amylose unbranched

2. amylose {a) 1 ~ 4 linkages vs 1 - 4 and 1 — 6 linkages in amylopectin

2

9744 | H2 Biology / 02

5

{c) Fig. 2 shows the monomers of amylopectin.

CH,OH CH,OH
WA hA A
nonNg? L on v Bon
H OH H  OH
Fig. 2

Draw in the space below two possible ways that these molecules can form bonds.

glycosidic bond shown as forming between OH on C1 and OH on C4;
glycosidic bond shown as forming between OHon C1and OHon C6 ;

2

(d) Explain how the structure of starch makes it suitable for its function.

amylose, spirat / spiralled / helix / helical ; R g-helix R coiled
amytopectin branched ;

compact / AW ;

{s0) insoluble / osmotically inactive / inert / ref to water potential;

ref to branching of amylopectin providing, free ends / easy mobilisation ;

{amylose / amylopectin / starch) contain glucose for immediate use as respiratory
substrate (on hydrolysis) ;

Ref to energy storage molecule;
easily formed / easily recovered or mobilised ;

[&]]
[Total: 8]
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(i) Using the information in Fig. 3.2, explain the effect of copper ions on the action of an
enzyme, such as sucrase.

(copper ions act as enzyme) inhibiter ; R competitive Inhibitor
non-competitive (inhibition} Cu2+, binds with enzyme at site other than active site ;
active site shape / terliary structura / 3D shape, changes ;

active site no longer accepls substrate / enzyme-substrate complex not farmed /
AW,

independent of substrate concentration / increase in substrate concentration: has no
effact / AW ;

comparative rates quoted from Fig. 2.2 ; e.g. max, 11.6 v 36au

AVP ; 8.g. actual rate depends on the relative concentration of inhibitor / AW Vmax
not reached effect of jon presence on tefliary structure

3
[Total: 11]

9744 1 HZ Binlogy / 02
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in 1941, US geneticist George Beadle proposed the “one gene-one enzyme” hypothesis
where each gene is responsible for producing a single enzyme that in turns affects a single
step in a metabolic pathway. It was later modified to become the “one gene-one
polypeptide” hypothesis to include nonenzyme proteins and individual polypeptide chains
that are encoded by genes. Post4ranscriptional level regulation carried out by alternative
splicing makes the modifled hypothesis become too simplistic to describe the relationship
betwaen genes and proteins.

(a) Describe how alternative splicing challenges this one gene-one polypeplide hypothesis,
1. Spliceosomes are invalved In exclsion of introns and some exons, and joining of
remaining exons giving rise to different combinations of exons,

2. One gene produces mature mRNA with different combinations of excns, hence
giving differant proteins/protein isaforms;

(2
In eukaryofic cells, gene expression is regulated in a highly coordinated way.

The Ras protein stimulates the cell eycle through a series of reactions. Fig. 4.1 shows a
simple description of the pathway in which the Ras protein acts.

9744 7 H2 Blolegy /02
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The replication cycle of the lambda phage in an E. coli cell occurs in two phases, as a
prophage or lylically, Fig. 3.3 shows that these two phases are caontralled by the regulatory
proteins ¢l and Cro, which ara encoded by the virus.

A) Replicate as a prophage

e
B dgene | @ Crogene_ |
¢
HNO Cro GENE
TRANSCRIFTION

B) .w.oumnu»m lytically

NO ¢f GENE
TRANSCRIFTION

Fig. 5

Whan bacteria containing a lambda prophage are irradiated with uliraviolet light, the el
protein is degraded.

(d) With reference to Fig. 8, and your knowledge of bacteriophages, describe the events
that ocour when the bacteria is irradiated.

induction inte the Iytic cycle;

cre gene expressed forming CRO protein, transcription of ¢l gene prevented/ inhibited;
prophage excised;

synthesis and assembly of viral components;

release of new phages;

3]
[Total: 10]
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6 The cells in Fig. 6.1 are from the same organism and look the same,
The cells in Fig. 6.1{a) have been produced by mitosis and the cells in Fig. 6.1(b) have been

produced by meiosis,

Fig. 6.1(a)

Fig. 6.1(b)

{a) Complete the table to show three differences between cells that have been produced by
mitosis compared to cells that have been produced by melosis.

Mitosis

meigsis

diploid / two chromosome sets / 2n

haploid / one chromosome set /n

sama number of chromosomes as parent /
AW

half the pumber of chromosomes as parent /
AW

two, copies / alleles / forms, of each

one, copy / allele / form, of each

(cells) genetically identical (fo, each
@ (cells have) same / AW, DNA {
@ no genetic variation

{cells) genetically different

@ (cells have} different / AW, DNA / genetic
material

@ genetic variation

13
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any 1 of:
do not shaw 9:3:3:1 ratio ;

large(r) numbers of parental phenotypes / low{er) numbers of recombinant
phenotypes ;

(11
{c) (i) In atestcross, an individual of known genotype is crossed with an individual that
has a dominant phenotype but unknown genotype.

State the genotype of the known individual in a test cross.

fgfg / homozygous recessive ; A figg

(1]
{i) A test cross was carried out with sweet pea plants known 1o be heterozygous for
both flower cotour and pollen grain shape. The results of the test cross are shown In

Table 7.2.
Table 7.2
phenctypes of offspring of test | number of
cross indlviduals
purple flowsrs, long pollen grains 215
purple flowers, round pollen grains 30
red flowers, jong pollen grains 32
red flowers, round pollen graing 210

The result of a test cross can be used to determine a crossover valus {COV).
A crossover value is the percentage of the total number of offspring showing

recombination.
The crossover value {COV) can be calculated using the farmula shown below.

number of recombinants
- - % 100
total number of individuals

CovV=

Calculate the COV from the results shown in Table 7.2
Working ; 12.7 or 13

cov= %
2]

{iit) Suggest what information about the relative distance between the linked genes can
be gained from crossover values.

9744 { H2 Biology / 02
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low, COV / crossover value, indicates genes closer together
or high, COV / crossover value, indicates genes further apart ;

1
[Total: 10]

8 Maize, Zea mays, is a cereal crop that is adapted for growth at high temperatures. Howaver,

it does not cope well with drought.
An investigation was carried out Into the effect of low water availability on the activity of
mitochondria taken from maize seedlings.

Young seedlings were uprooted and left in dry air for varying periods of time fo reduce the
water potential of their lissues.

{a) After drying in air, mitochondria were extracted from the lissues of the seedlings. The
extracted mitochondria were provided with succinate, which is one of the intermediate
compounds in the Krebs cycle, and also with ADP and inarganic phosphate. The rate at
which the extracted mitochondria took up oxygen was measured. Tha rasults are shown
in Fig. 8.1.

2850

:
T
1

1
Rt
i
3
T

200

FRawnE §

rate of k
oxygen ] 1 1T ; e
uptake by 150
extracted .
mitochondria !

farbitrary : : :
100 U

units

S0 1t 2 :

-15 -10 =5 Q *5 10
water potential of the tissues from
which the mitachondria were extracled/kPa

Fig. 8.1

{1} Describe the resulls shown in Fig. 8.1.
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{(a) With reference to Fig. 9.1 and Fig. 9.2,
(i) discuss whether the fossil records support Darwin's theory of evolution.

Supports

Same basic structure of skulls and beaks, wing and leg bones indicate shared ancestry
{ derived from common ancestor ;

Doas not support

No common ancestor;

Leg bones of giant Mawali goose is much longer and stouter (idea of} than
woodwalking goose OR

Skull and beak show significant differances in size

Lack of an ‘ancestral’ fossil for comparison, so difficult to determine if the 2 sets of
bones are “modified” from a common ancestral prototype |

2
{i) explain how natural selection could have brought about the evolution of the leg bone
of the giant flighttess Hawaiian goose.

Spontaneaus / random mutations result in the formation of naw alleles ;
Giving rise to heritable variation in the leg bone structure of the goose ;

Goose with longer legs more suited for land-bound type of locomotion / flightless are
at 3 selective advantage as they are more able to run away from predators fasler /
chase after prey faster ;

Survive and reproduce, pass on beneficial alleles to their offspring ;

Increasing allelic frequency of long leg bone;

[41
Several fossil specimens of hoth Hawaiian goose species were found and the mean lengths
of their skulls, beaks and wing and leg bones were measured. A statistical test was carried
out to determine whether there was a significant difference between these means.

{b} (i} State the statistical test that was carried out.

l-test;

0}

9744 / H2 Biclegy / 02
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(i} A summary of the results is shown in Table 9.

Table 9
mean length of skull / mm significance of
glant Hawaiian goose woodwalking goose difference
89.0 31.2 p<0.05

mean {ength of beak / mm significance of
giani Hawalian goose woodwalking goose difference

386 18.3 p<0.05

mean length of wing bone / cm significance of
giant Hawalian goose |  woodwalking goose difference
7.3 82 p>0.05

mean length of fag bona / cm significance of
glant Hawallan goose woodwalking goose difference
146 9.4 p<0.05

Comment on what these results show and suggest explanation for any pattern.

Mean length of skull, beak and teg bone of giant Hawalian goose Is higher than that of
woodwalking goose / ORA and the difference is significant ;

However, mean length of wing bone of glant Hawailan goose is not significanily
different from that of woodwalking goose ;

{explanation of significance / insignificance)} idea that difference in means would occur
by less than / mare than 1 in 20 / 5%/ 0.05 ;

Differences in mean length of skull, beak and leg bone of both birds are significant,
showing that these structures have modified by natural selsction to adapt to the
selection pressures in thelr respective islands ;

Differences in mean length of wing bones are not significant, so Inconclusive about
madification to adapt to different seleclive prassures for locomotion {ie. flight vs
flightless) ;

14}
[Total: 11)
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(b}

{c)

24

In Fig. 11, the observed data shows a difference In the increase in leaf respiration
between boreal and tsmperate tree species. Suggest why this difference is not
significant.

The difference is not significant as the standard deviation bars overlaps;

1
Based on the results of the study, comment on whether forests will remain as carbon
sinks or be converted o carbon sources if temperatures rise.

1. The rate of plant respiration did not increase as much as expected, suggesting
that the rate of photosynthesls may still be higher than the rate of respiration;

2. Overall, plants will take in more carbon dioxide than it gives out / remain as carbon
sinks;
OR

3. The rate of plant respiration did not Increase as much as expected. However, there
is still an increase in respiration which may resuit in the rate of respiration becoming

higher than the rate of photosynthesis:
4. Plants might become carbon sources instead of carbon sinks;

2]
{Total: 5]
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{d} Anophelas mosquitoes thrive in reglons with warm temperatures, humid conditions, and
high rainfall. Thus, tropica! and subtropical areas are ideal. Warm termnperatures are also
required for malarial parasites fo complete their growth cycle within the mosquitoes.

Climate change due to global warming is expecled to cause latifudinal and altitudinal
termperature increases, Such a lemperature increase will alter the biology and ecology
of many mosquito vecters and subsequently, the dynamics of the diseases they transmit.

{iy Explain how increased temperaturas could impact the biology of insects like
mosquitoes.

Computsory polnt: ldea of increased ambiert temperatures |ead to increased body
temperatures of insects, resulting in jncreased metabolism ;

shorter / faster life cycles / lay more eggs / higher egqg laying rate;

Eemale mosquitoes able to stay active for longer period e.g. of activity {feeding,
mating)

Idea of narrower lemperature folerance - mosquitpes may not survive { have
developmental problems when temperatures go too high (beyend the maximum temp
they can tolerate) ;

{2}

{li} Globally, average temperatures could increase by more than 2°C by the end of the
21% century.
Suggest and explain the effect this change in temperature will have on the
distribution of mataria across the world.

\dea of spread beyond the tropics / malaria cases appearing in temperate areas /
poleward expansion / at higher or [ower latitudes / higher altitudes ;

Explain that spread of Malaria will increase due to mosquitoes being able to thrive in
areas where It was previously unsuitable for its breeding;

A Warmer temperatures means increased precipltation - breeding sites for
Anopheles mosquitoes |

2

A research team investigated the activity of two forms of catalase, P and Q, exiracted from
A. gambize. The enzyme catalyses the decompasition of hydrogen peroxide, which is a toxic
product of metabolism, into oxygen and water. The team investigated the effect of increasing
concentrations of hydragen peroxide on the activity of these two forms of catalase.

9744 ] H2 Blology / 02

The results are shown in Fig, 1.2,

aclivity of catalase
Jarbitrary unils ¢

140

El TITHA

e calalase P

-

qr

20 L

100

calalase Q

89

0 gamsn

20

M

o] 50 100 150 200 250 300
concentration of hydrogen peroxide/mM

Fig. 1.2

{e) With reference to Fig. 1.2, describe and explain the effect of increasing the concentration
of hydrogen peroxide on the activity of catalase P.

Describe {2m}:

1

activily /rale, Increases linearly then plateaus off ; A ‘levels off fremains
constant/reaches Vmax

2 data quole with units to support any correct statement ; e.g. 128-132 arbitrary

units at 250-300mM, O fo 120 arbitrary units betwean 0 and 100mM, 120-128
arbitrary units between 100 and 200mM R abbraviation (a.0.)

Explain {2m}).
at low/ increasing, concentration of hydrogen peroxide

3
4

substrate/hydrogen peroxide, (concentration) is limiting (factor) ;

active sites, unoccupied (low concentration)/ become more occupied (increasing
conceniration) ;

(low concentration) few effective collisions between enzyme and substrate/few E-3
complex formed per unit ime / tow rate of E-S complex formation

OR :

(increasing concentration) more effective collisions between enzyme and subsirate/
higher number of E-S complex formed per unit time / high rate of E-S complex
formatioon ;

At higher concentration of hydrogen peroxide (plateauing off)

6
7

8

enzyme/ catalase, concentration/AW, becomes / is, limiting {factor) ;

maxirnum number of enzyme-substrate complexes formed per unit time / maximum
rate of E-S complex formation ;

{all) active sites, saturated/{always) occupied ; A ora

(4]
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The coat colour of Norwegian callle Is mainly determined by the distribution of two pigments:
red and black. Both pigments are produced by the action of the enzyme tyrasinase in cells
calted melanocytes, A tow level of activity of the enzyme leads to the production of red
pigment, whilst a high activity allows only black pigment production. The activity of the
enzyme is increased by melanocyte stimulating hormone {MSH}, which combines with an
MSH receptor. The receptor is coded for by the E locus, which has three alleles, E®, E* and
e. EP and E* each glve a receptor wilh a different activity. Ne receptor is praduced by the
recessive aliele, e.

The dominant allele of a second gene, the A locus, codes for a protein which binds to and
blacks the MSH receptors coded for by E*, thus preventing stfmulation of tyrosinase activity
in melanocyte. The receptor coded for E® is insenslitive to the protein coded for al the A locus.

The effects of the different alleles of the two loci are summarised in Table 2.1

Table 2.1

E focus A locus
gqenotype | MSH receptar genotype | Protein which blocks MSH

receptor
ECE? insensitive to A locus blocking AA present
or proein or
EPe Aa
E*E* Sensitive to A locus blocking aa absent
or protein
Efe
ee none

{a) (i) State the name given lo interaction between gene loci, such as that between the E
and A loci.

Epistasis ; Ignore mention of spacific lypes of epistatsis

il

(i) Expiain why animals with the genotype E*E*AA have red coats.

EAE* codes for MSH receptors ;

AA codes for proteins that block MSH receptors ; Rej: inhibitors alone

R}

{ili) Predict the coat colours of animals with the following genotypes:

eeaa red ;
EAgaa Black ;

EPela black ;

K]

9744 | H2 Biology / (03

Allale E* differs from EP by a single base substitution and e differs from E* by a single base
deletion.

(b} Suggest how these mutations might result in differences in the MSH receptor.

1. codon changed, amine acid changed / is different ;

2. (honds between R groups changed) thus 3D conformation / sha o
strugture changed, altering binding abilliy/ binding site of MSH receptor to Aiprotein ;

@ no lenger able to bind to A protein ; Ignore ref to premature termination of
transfation / truncated protein

Rej: receptor site / active site

2]

DNA was extracted from the frozen semen of six bulls with different genotypes at the E locus.
‘The DNA from each animal was separately digested with two different restriction enzymes P
and Q. The products of each digestion were separated on a gel. The banding patterns
produced with respect to this locus are shown in Fig. 2.1

. ——
restriciion| marker butt hb:ﬂ%@hllllillllll_ size of

snnyme | DNA  EPEP  EPRA  ED, pARA BAe ce molecule/
Aumber of
basze paks

B 739

531

126
87

Fig. 2.1
{c) Explain briefty how the products of digestion of DNA with restriction enzymes can be

saparated on a gel,

Direct current used to mové negatively charged DNA / sugar phosphate backbone
from the negative electrode / terminal to the positive electr terminal Rej: pole /
end / side ; Rej: DNA strands / alleles Avoid writing cathode and anode!

Larger / tonger fragments move faster / longer distances through the gel compared to
the smaller / shorter fragments ;

2
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Fig. 3.2 shows the sequence of events in one the cell signalfing pathways when a B-
lymphocyte encounters an antigen.

LYN and SYK are tyrosine kinases.

Fig. 3.2

{c} With reference to the main stages of cell signalling and Fig. 3.2,
{) describe stages A and B.

A During ligand-receptor interaction, antigen binds te specific B call receplor @ BCR
found on cell surface membrane.

B celt receptor is assaciated with membrane protein CD79A and CD78B

residues on CD79A and CD798 by LYN

B During signal transduction, activated receptor recruits SYK

SYK phosphoryate tyrosine residues on BLNK ® activates

(4
(i) suggest how can the signal be terminated.

rols of phosphatases: remove phosphate from CD79A and CD79B or remove
phosphate group from BLNK

signal transduction cannot occur

@ dissociation of antigen/ receptors removed via endocytosis {onty max 1m})

Only 1m award if students state that dephosphorylation is a result of the anfigen
dissociating from receplar.

2
[Total: 11]
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Section B
Answer one gquestion in this section.
Wrile your answers on the separate answer paper provided.
Your answers should be illusirated by large, clearly labelled diagrams, where appropriate.
Your answers must be in continuous prose, where appropriate.
Your answers must ba set out In sections (a), (b) etc., as indicated in the question.

4(a) Discuss why life would be impossible without ATP. 13)

Structure & Properties of ATP {SP max 4)

1. ATP consisls of a ribose sugar, an adenine base and 3 phosphate groups.
2. ATPis yniversal energy carrier / snergy currancy in living organisms

3. ATP is easily hydrolysed to ADP and inorganic phosphate (Pi} to retease
energy

4. Other properties of ATP; e.g. ADP is easily phosphorylated with inorganic
phasphate {Pl} to form ATP catalysed by ATP synthase / soluble + idea of
use within the cell;

5. ATP is synthesised from oxidation of glucose / OP / SLP via cellular
respiration;

8. ATP is produced in the light dependent reaction vla photophosphorylation;
Chemical processes that require ATP [C- max 8];

1 (a) Hydrolysis of ATP is required for reduction of glycerate-3-phosphate to
glyceraldehyde-3-phosphate / carbon reduction and regeneration of RuBP
during light independent reaction / Calvin Cycle;

1 (b} Allows the continuation of carbon fixation / Calvin cycle to produce

carbohydrates / glucose in photosynthesis

2 (a) ref to glycolysis in respiration requires ATP for phosphoryfation of glucose
/ activation of glucose.

3 (a) ATP is required as an energy source for DNA replication in unwinding and
unzipping of DNA helix to separate the parental sirands by DNA helicase

3 (b} Ref to energy required to break hydrogen bonds between two DNA
strands so that they can each act as templates for replication;

4 (a) ATP is required as an energy scurce for amino acid aclivation during
tranglation; ® translocation of ribosome

4 (b} Allows for the covalent attachment of an amino acid to the 3' acceptor
stem of the corresponding tRNA

5 ATP is a ribonuclectide; one of the monomers in RNA synthesis during
transcription;

6 (a) ATP provides the energy for active transport ® aclive transport of
substances across cell membranes against the concentration gradient;
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a) Discuss why intraceliular enzymes are sssential to life.

Enzyme structure and function [S - 4 max]

1.

Enzymes have unigue/f specific thres-dirmensional conformation with an
active site, which is formed by 3 to 12 aminoe acids from different parts of
a single polypeptide chain;

The active site of an enzyme is complementary to ts substrate in terms of
shape, size, charge and orientation defermining the enzyme specificity;

When substrate binds to the active site of enzyme with weak bonds such
as hydrogen bonds / ionic bonds / hydrophobic interactions, the enzyme-
subsirate gomplex (E-S complex) is formed;

Effective in small amounts as they remain chemically unchanged at the
end of the chemical reaction QR Enzymatic activity are affected by factors
such as substrate concentration, snzyme concentration, temperature and
pH:

Allosterically regulated enzymes ars constructed from two or more

subunits and their activity are regulated by inhibitors and activators;

E.g. Phosphofructokinase is inhibited by ATP and citrate, known as end-
product feedback Inhibition as both of which are products of enzymatic
reactions in cellular respiration; :

Role of Enzymes in Prakaryotes & Eukaryotes [R - 8 max]

(Ref to antibiotic resistance): Bacteria can develop antiblotic resistance by
producing enzymaes that:

E.g. enzymes that degrade antibiotic (penlcilinases) / modifies antibiotic
such that it loses its activity.

(Ref to prokaryotic enzymes): Prokaryotic enzymes that allow some
bacteria to live in extreme conditions (e.g. thermal vents/ sulphuric vents)/
chemoautotrophic

Tag polymerases are able to catalyse DNA replication at high optimum
temperature/ highly thermostable.

Role of enzyme in DNA replication to form newf identical DNA molecutes;

Ref to enzymes such as DNA helicase, DNA polymerase with correct
description of enzyme function;

Rale of enzyme in transcription which transcribes DNA to produce mRNA
for protein synthesis;

Ref to RNA polymerase with correct description of enzyme function;

9744 / H2 Biology / 03
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9. Refto HDACs/ HATs for chromatin mod|fication, affecting the
transcription/ gene expression;

10. Role of enzyme in transtation to synthesize polypeptide/ protein from
mRNA;

11. such as amino acyf tRNA synthetase in amino acid activation/ peptidyl
transferase catalysing formation of peptide bonds;

12, Role of enzyme in cell signalling;

13. such as protein kinases in phosphorylation cascade, allowing for signal
amplification/ adenyl cyclase to convert ATP to cAMP as second
messengers/ tyrasine kinases for autophosphorylation;

14. Role of enzyme In cell division to form new daughier cells in mitosis/
meiosis;

15. such as lelomerase in stem cells, (ref to enzymes for microtubule
reorganization) spindle formation and cytokinesis,

16. Role of enzyme in respiration synthesising ATP for use by the cell;

17. E.g. ATP synthase to synthesis ATP from ADP + Pi/ cylochrome oxidase
in oxidative phospharyiation to form water from oxygen and H+;

18. Role of enzyma in digestion in autolysis/ autophagy;

19. such as hydeolylic enzymes in lysosomes which allow intracellular
digestion of foreign organisms during innate immune response / fusion of
lysosome with phagosorme, etc

20. Role of enzyme in photosynthesis 1o produce carbohydrates/ sugars;

21. such as ATP synthase in light dependent reaction allow productfon of
ATP for Calvin cycle to produce carbohydrates / Rubisco which allows for
carbon dioxide to combine with RuBP during carbon fixation in Calvin
cycle / enzyme catalysing phololysis of water;

22. AVP: Role of enzymes in transport of gases, immune response efc

Importance of intracellular enzymes to life [L - 4 max]

1. lenzymes invl in cell division/ replication]: Important for enswring growth in
multicellular organismy/ reproduction in unicellular organisms;

2. [enzymes invl in muscle contraction]: important for locomotion/
movement/ response, find/ catch food/ escape from predators/ harm/
migrate;
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tNANYANG JUNIOR COLLEGE
PRELIMINARY EXAMINATIONS
Higher 2
CANDIDATE
CLASS
BlOLOGY 9744/04
Paper 4 Practical 28 August 2019

Candidates answer on the Question Paper

Additionat Matarials: As listed In the Confidential Instructions

2 hour 30 _am::«nnm

READ THESE INSTRUGCTIONS FIRST

Write your name and CT on ail the work you hand in.

Give details of the practical shift and laboratory, where appropriate in the boxes pravided.
Write in dark biue or black pen.

You may use an HB pencll for any diagrams or graphs.

Do no use steples, paper clips, highlighters, giue or correction fluid.

00 NOT WRITE IN ANY BARCODES,

Answer all questions in the spaces provided an the Question Paper

The use of an approved sclentific calcilator |s expected, where appropriate.
You may lose marks If you do not show your working or if you do no use
appropriate units.

At the end of the examination, fasten all your work securely together.

The numbsar of marks is given in brackets [ ] at tha and of gach question or part

question.

Shift

Laboratory

More pa;Fers ht www.testpapersfree.cp

For Examiner's Use

1

2

Total

‘This decument conatsis of 7. printed pages and A4, blank pags:

[Turn over
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The process of coagulation will start when E is added to the test-lube.
9. Put 1am® of E into the tesi-tube, so that it runs down the side of the test-tube and
forms a layer on the surface of the mixture, as shown in Fig. 1.2.

push gently

syringe
Ein syringe

test-tube held al an angle

E running down
inside of lest-luba

fayer of E forming
on top of mixiure

mixture
Fig. 1.2
10. Start timing.
11. Hold tha tast-tuba over a plece of black card on the table as shown in Fig. 1.3.

12. Gently rotate the test-tube to form a film of milk on the inside of the test-tube.

test-tube held at
an angle

film of mitk

black card

\\ ‘™ table

Fig. 1.3

13. Observe the film until the end-point is reached {stage 3 in Fig. 1.1). Ignore any small
bubbles on the inside of the test-tube, Stop timing.

14, Record in (a){iii) the time taken to reach the end-point.

if the end-point has not been reached in 4 minutes, stop the experiment and record
‘more: than 240°,

15. Repeat step 8 to step 14 with each of the other two test-tubes in the water-bath.

9744 1 H2 Bilogy / 04

16. Take the temperature of the water-bath when the final tesl-tube has been removed
and record this in {a)(il).

{i) Temperature may be a source of error in this investigation.
Siate the temperatures of the water-bath.
temperature of water-bath taken in step 6 ..vecer e e °C

temperature of water-bath taken in step 16 ...... .°C

Explain whether ihe lemperature of the water-bath is a significant source of error
in this investigation.

appropriate statement concerning temperature as a significant source of error
with reference to the difference in temperature at the end of the investigation ;

i
{#i) Record your results In an appropriate table.
table drawn + heading, trial or test-tube ;

records 3 times |

2

(iv) A significant source of error for this investigation is deciding when the end-point
is reached.

Suggest one advantage of carrying out this trlal test before carrying out the
invastigation.

Suggests appropriate advantage of carrying out a trial test ; e.g. learning te
identify when the end-point reached

)

9744 / H2 Bioiogy / 04
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(viif) Complete Fig. 1.4 to show the position on the line of each of the percentage
concentrations of milk decided in Table 1.2,
Put the label U on Fig. 1.4 to show an estimate of the concentration of milk which

provides a measure of the proteins in U, using the result in {a){vii).
Mark out standard conc on scale;
U marked out at conc between 40 — 80%,

0% 100%

percertage concentration
of milk protein

Fig. 1.4
2]
{ix) Suggest and explain a suitable control experiment that could be used in this
investigation.
replaces milk with same volume of water,
1o provel show that it is the protein in the milk that is coagulated:
or

replaces enzyme with same volume of beiled and cooled enzyme ;
to prove! show that it is the enzyme that catalysed the coagulation;

5

9744 / H2 Bivlogy / 04

{b) A student suggested that determining protein concentration via the enzyme-catalysed
coagulation was too time cansuming and there shoukd be a faster method to estimate
protein concentration in milk.

You have been provided with the following, which you must use:

» Biuret's solution
« spotting tile
+ achartlabelled “colour chart” provided on the bench

You may use any solutions and apparatus that have been pravided.
Plan and carry out a method to estimate the concentration of milk protein in U,

{I} Outline the steps in your method.

Marking Poinls:

« Used the same coencentrations of mitk as {(a}*

« CV: constant volume (draps) of milk + constant valume (drops) of bluret's
solution [marking for idea of excess biuret soin}

= Compare with colour standard to determine protein concentration in U

Suggested steps:
1 Label the spotting tile with the concentrations of milk prepared in (a).
Use a pipette to put (1) drop of 1.0% milk into the labelled well on the tite.
Repeat with each of the concentrations of milk.
Put {3) drops of Biuret's solution into each of the concentrations of mitk on the
tile and mix.
Compare the colour with the standard colours on the colour chart.
Record the colour of the mixture.
Perform steps 2-6 on U
Compare the colour of U against the colour standard set up.

WM

0~ o,

(3]
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1. labal on x-axis as temperature / °C + label [}
on y-axls as percentage coagulation of the i
milk:

2. scale on x-axis is 10°C to 10 sq+ y-axis is
20 to 10 sq + labelled each 10 5q ;

3. comrect plotting of flve points with a smalk
Cross ;

4. line sharp and joined point to point/ best fit
curve;
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Fig. 1.4
4

iii} Suggest explanations for the results between 35°C and 45°C,

with increasing temperature the enzyme and substrate have more kinetic
ner B

more affective collisions, more ES complexes formed, as ternperature increases
to 41°C

above 41 °C:

increased thermal agitation, bonds (ionic/ hydrogen) between R groups breaks,
specific (3D) structure distorts, active site distoris,

the enzyma denatures;
fewer ES complexes formed;

&)

[Total: 35]
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2  J1is a slide of a stalned transverse section through a plant leaf.

You are not expected to be familiar with this specimen.

il

Fig. 2.1

You are required to use a sharp pencil for drawings.

(a) (i} Draw alarge plan diagram of the section of the leaf (midrib) shown by the shaded
area in Fig. 2.1.
You are expected to draw the correct shape and proportions of the different
tissues.

Plan drawing of mld rib (Zea mays)

1 minimum siza + no shading + no cells ;

2 at least 4 layers of tissue drawn (upper; two layers; lower);

3 correci shape of the mid rib {bulge at the boltom) and proportion
4 shows subdivision of vascular bundle {xylem and phloem);

5 shows bundle sheath around vascular bundle

3
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{b) Fig 2.2is a pholomicrograph of a stained transverse section through part of a leaf
from a different type of plant.

You are not expected fo be familiar with this specimen.

Fig. 2.2

(i) Calculate the magnification of Fig. 2.2 using the scale bar.
You may lose marks if you do not show your working or if you do not use
appropriate units.

shows multiplication by 1000 to convert measurement from mm to pm or multiplication by
100600 convertcm to pm (1.3cm) ;

2 displays number divided by 350 ;
3 correct answer ;
magnification x _....._....._......[3]
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