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Some questions must be answered with a cross in a box [X. If you change your mind about an
answer, put a line through the box $¢ and then mark your new answer with a cross [X.

Answer ALL questions.

1 Prokaryotic cells and eukaryotic cells contain a number of organelles.

The table gives information about some organelles.

Organelle Information about each organelle

10°m in diameter

P involved in translation
0 5000 nm in diameter
contains thylakoids
R stack of curved cisternae
involved in protein modification
S 1.2 X 103 mm in diameter

has a single membrane

(@) Which of the following is a lysosome?
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(b) How many of the organelles in the table contain DNA?

N

0
(|
(|

O N w >

P 6 71 5 1 A 0 2 2 8

SHRK
KRS,
SRR
SR

=4

by Tl
S
S
BO%9%: el
PoSiranadede
KA
I
K
%

IR
R IIGAX

QQﬂb
<X

o‘ﬁg‘
“‘"“* %
TS %%
(930~ = &2
5o
Q’ R

X
RS
XK

5
boge-araiet
0:0}":0:0:
KRR
SXs

SOV 0

(90090 %
SRR
(90950509
Gk



SatNessseteet

LI

K
5K
<

(c) The table gives information about organelles found in prokaryotic cells and
animal cells.
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For each organelle, put one cross X in the appropriate box in each row to show
which cells contain these organelles.
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Organelle found in

Organelle rokall?oc::‘ic cells prokaryotic cells bl rok:flt)l:iecr cells
P y only only P y
and animal cells nor animal cells
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(d) Which of the following shows the organelles in order of size from largest to
smallest?
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2 Mineral ions are needed for plant growth.
A student had a plant that had been kept in the same soil for a long time.
The growth of the plant had slowed down and the leaves were pale green.

The student decided to add fertiliser to the plant and measure the increase in height
of the plant.

The student made two predictions:

+ the leaves would gradually become greener
« the plant would not start growing until the leaves were greener.

(a) Explain why the student made these predictions.

(b) The student used a stock fertiliser solution at a concentration of 500 pig cm=,

Calculate the volumes of stock fertiliser solution and water that had to be mixed
together to produce 100 cm? of fertiliser solution at a concentration of 50 ugcm=3,
(1)

Volume of stock fertiliser solution ... cm3

Volume of water ... cm3
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(c) When the fertiliser was added to the plant, the height of the plant was 130cm.

Six weeks after the fertiliser was added, the plant had grown to a height of 155cm.

Calculate the mean growth rate for this plant, in centimetres per day, in this
six-week period.
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3 Milk from cows contains a number of different types of lipid.
Lipids are made of glycerol and fatty acids.
(@) Atriglyceride is one type of lipid.

Which row of the table describes a triglyceride?

Number of molecules Name of bond

joining molecules

Glycerol Fatty acid
— L] A 1 3 glycosidic
m— ] B 1 3 ester
— I « 3 1 glycosidic
m— [l D 3 1 ester

(b) Fatty acids are either saturated or unsaturated.

The diagram shows the structure of an unsaturated fatty acid.

o H H H H H HH H H
N L S R R R A
C—C—C—C—C—C—C—C—C=C—C—C=C—C—C—C—C—C—H
wo! L] I K
H H 3 H H H H H H H G

K

Which row of the table shows the differences between this fatty acid and a
saturated fatty acid with the same number of carbons?

Number of double Number of hydrogen
bonds in the atoms in the
saturated fatty acid saturated fatty acid

— 0 A 0 35

— ] B 0 36

— 0 ¢ 1 35

— 1 D 1 36
6
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(c) The table shows the composition of some of the different types of lipid in milk
from cows.
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Composition of lipids in

Type of lipid milk from cows (%)

monoacylglycerols 0.027

diacylglycerols 0.360

triacyglycerols 97.500

free fatty acids 0.027

phospholipids 0.600
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Which row of the table shows the types of lipids that are the median and mode
for this set of data?
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] B diacylglycerols triacylglycerols
[J € | monoacylglycerols diacylglycerols
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(d) Phospholipids have a different structure from other lipids, such as triglycerides.
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Give one difference in the properties of phospholipids and triglycerides.
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(e) Milk from cows also contains a solution of proteins, lactose and mineral ions.
The lipids in milk are carried inside milk fat globules (MFG).
The diagram shows an MFG.

outer part of MFG
consisting of three layers
of phospholipid

lipids carried
inside the MFG

(i) Complete the diagram to show how nine phospholipid molecules would be
arranged in the outer part of an MFG.

Use this shape to draw each phospholipid:

(2)
outside the MFG
//_\
S
i outer part of MFG
> consisting of three layers

- T T T T =L of phospholipids

inside the MFG ~
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(ii) Explain the structure of an MFG.
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4 Insulin is a protein that is composed of two polypeptide chains, chain A and chain B.
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The diagram shows the amino acid sequence of these two polypeptide chains and
some of the bonds involved in the folding of this protein.
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(@) Cysteine (Cys) is one type of amino acid found in insulin.

The presence of cysteine in insulin is important in determining the structure of
this protein.

The R group of cysteine is:
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() Draw a diagram to show the structure of the amino acid cysteine.
(3)
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Genetic

12

(ii) Name the covalent bond labelled C in the diagram.

(b) The table shows the DNA genetic codes on the anti-sense DNA strand (template strand)

for amino acids.

code

AAA
AAG

AAC
AAT

ACA
ACC
ACG
ACT

AGA
AGG

AGC
AGT

ATA
ATC
ATT

ATG

Amino
acid

Lys

Asn

Thr

Arg

Ser

lle

Met

Genetic
code

CAA
CAG

CAT
CAC

CCA
CCC
CCG
CCT

CGA
CGC
CGG
CGT

CTA
CTC
CTG
an)

Amino
acid

GIn

His

Pro

Arg

Leu

Genetic
code

GAA
GAG

GAC
GAT

GCA
GCC
GCG
GCT

GGA
GGC
GGG
GGT

GTA
GTC
GTG
GTT

The genetic codes TAA, TAG and TGA are stop codons.

Amino
acid

Glu

Asn

Ala

Gly

Val

Genetic
code

TAC
TAT

TCA
TCC
TCG
TCT

TGG

TGC
TGT

TTA
TTG

TTC
17T

(i) Complete the diagram to show one base sequence in the antisense DNA
strand (template strand) coding for the five amino acids numbered in the
diagram of insulin.

Amino acid number

Amino acid abbreviation

Base sequence on the antisense DNA strand

p 6 71 5 1 A 01 2 2 8

Asn

Cys

TGT

Tyr

Asn

Amino
acid

Tyr

Ser

Try

Cys

Leu

Phe

Glu

SLRRK
LR
Joteotetess

%
o
R
LN
5%

X
<
5
%

>
2

4 (.‘ h N
o,
258



RS

O
LR
o
Sosese

5
SRS

KERIKL

S ot setotedetese!
R

O
RRELRLS
Basegetoses

< SR RER
QRS
IR

*(ii) Analyse the information to deduce how gene mutations in the DNA base
sequence for Cys (amino acid number 2) could affect the structure of insulin.
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14

Glandular fever is caused by infection with the Epstein-Barr virus (EBV).
The virus infects B lymphocytes and epithelial cells.
On infection of these cells, the virus enters the lytic cycle.

After the lytic cycle is brought under control by the immune system of the body,
latency takes place.

(@) The diagram shows the structure of EBV.

DNA

envelope

polyhedral capsid

glycoproteins

Source from: https://www.hindawi.com/journals/jir/2012/370516/
(i) Which virus has both a polyhedral capsid and an envelope?

Ebola
human immunodeficiency virus

A (lambda) phage

O o oo
O N W >

tobacco mosaic virus

(i) State what the genes in the DNA of EBV code for, other than glycoproteins.
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(i) Describe the role of the glycoproteins in EBV.
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(b) Complete the graph to show the shape of the growth curve of EBV as a result of
one lytic cycle after infection of a cell.
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Number ]
of children typical symptoms
with EBV
infection

(c) Aninvestigation studied a group of 103 children infected with EBV, in one town.

The number of children with typical symptoms of EBV infection and the number
of children with non-typical symptoms of EBV infection were recorded.

The graph shows the results of this investigation.

16

Key

14
non-typical symptoms

12 3 45 6 7 8 9101112131415

Age/years

() There were 47% boys in this group of children.

Calculate the number of girls in this group of children.
(2)

ANSWEL oo

16
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(ii) Determine the effect of age on the proportion of children with non-typical
symptoms of EBV.

o0
X
020!

%
<

<K
<X
5

955

L

205
e

3058

RS

%
;g;v
2%

<
X5
-
N

O

5

Q5
355

<
X
KX
NETR
P

4

KL
ootetes
R

ot
255
8

0
boses
00

K

05508
%!

(i

ii) Describe how this investigation could be improved.
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(Total for Question 5 = 13 marks)
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6 The diagram shows four stages in a human cell cycle.

mitosis and cytokinesis
G, of interphase

G, of interphase

S phase of interphase

(@) The cell cycle time for this cell is 24 hours.
Give an estimate for the length of time that this cell spends in each of the four

stages of the cell cycle.

Estimate for the length of
Stage of cell cycle time that this cell spends in
each stage/hours

mitosis and cytokinesis
G, of interphase

S phase of interphase
G, of interphase

(b) The percentage of cells in any one stage is proportional to the length of time of
that stage.

Describe an investigation that could be carried out to confirm the length of time
of mitosis and cytokinesis for these human cells.
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(c) Acellin G, of interphase contains 68 arbitrary units of DNA.

Explain how the DNA content and the structure of the chromosomes of this cell
will change during the cell cycle.

(Total for Question 6 = 11 marks)
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7 The photograph shows sweet red peppers growing on a plant.

© Janet Horton / Alamy Stock Photo

Unripe sweet red peppers contain the enzyme catalase. As these peppers ripen, the
activity of catalase decreases.

The equation summarises the reaction catalysed by catalase.

hydrogen peroxide ————» water + oxygen

(@) The diagram shows the structure of catalase.

one of four protein subunits

e ==

one of four haem groups
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Explain why the enzyme catalase is described as having a tertiary and
quaternary structure.
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(b) The activity of catalase can be measured by collecting the oxygen produced
during the reaction.

The diagram shows apparatus that can be used to collect the oxygen produced.

oxygen collected by
displacing water in a

/ test tube

)
%o
" tank of water
flask containing
reaction mixture o

< T
LR
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e

() When measuring the activity of enzymes, the initial rate of reaction should
be measured.

Explain why the initial rate of reaction should be measured.
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*(ii) Devise an investigation, using this apparatus, to show that as sweet red
peppers ripen the activity of catalase decreases.
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(Total for Question 7 = 11 marks)
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8 In mammals, gametes are produced by spermatogenesis and oogenesis.

(@) The diagram shows some of the stages in spermatogenesis.

Spermatogonium

St 1
age Mitosis

Primary spermatocyte
Stage 2 Meiosis |
Secondary spermatocyte
Stage 3 Meiosis I

@@ Spermatid

Stage 4 Development

(D

(i) Explain the significance of mitosis in stage 1 of spermatogenesis.
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(ii) Explain the events that take place in stage 2, that result in genetic variation.

—

ii) Compare and contrast the products of stage 2 and stage 3 in spermatogenesis
with the products from these stages in oogenesis.
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(iv) Explain the importance of the acrosome that develops during stage 4.
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(b) The effect of storage time on sperm was investigated.
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The table shows some results of this investigation.
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Analyse the data to comment on conclusions that can be made from
this investigation.
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