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Section A

1 (a) The table below describes some events during meiosis. State the name of each
stage and identify the division of meiosis involved.

Description Stage of meiosis Division
Mlc_rotubules of spindle contraqt, Anaphase ) CFirst)
pulling chromosomes to opposite
poles of the cell
Single chromosomes align along Metaphase Il (second)
the cell equator
Chiasmata occur between bivalents Prophase I (first)

[6]
(b) State two differences between meiosis and mitosis.
1. Meiosis involves two divisions producing four daughter cells; mitosis
has one division producing two.
2. Meiosis produces genetically different haploid cells (crossing over
occurs); mitosis gives identical diploid cells. 2]
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2 The diagram below represents part of the ultrastructure of a mammalian liver cell.

@]
° %
(a) The structures labelled A, B and C play a role in the production of a protein by
the cell.
Describe the role of each structure in protein production.
A Nucleus contains the DNA (genetic code) and produces the mRNA (and
makes ribosomes).
B RER: ribosomes on it synthesise the protein; RER provides scaffolding
for the ribosomes.
C Golgi apparatus modifies (e.g. adds carbohydrate to) and packages the
protein. [3]
2021 [Turn over
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(b) All cells possess a plasma (cell surface) membrane. In addition, eukaryotic cells
contain membrane systems and membrane-bound organelles.

An investigation was carried out to determine the percentages of different types
of membranes which were found in mammalian liver and pancreas cells. The
results are shown in the table below.

Type of membrane

Percentage of total cell membrane/%

Liver cells Pancreas cells
Plasma 2 5
Rough ER 35 60
Smooth ER 16 0.5
Golgi apparatus 7 10
Secretory vesicle 0 3

Both liver and pancreas cells produce relatively large amounts of protein.
Proteins produced in a cell may be used within the cell or released from the cell

for use elsewhere.

(i) Using evidence from the table and your knowledge, suggest which of the
two cell types produces more proteins to be released from the cell. Explain

your answer.

The pancreas cell.

It contains more RER (60% compared with 35%), more Golgi

apparatus (10% compared with 7%) and has secretory vesicles

(3%), which the liver cell lacks.

Secretory vesicles bud off the Golgi apparatus and transport the

proteins to the cell surface membrane, where they are released by

exocytosis.

[3]
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(if) As well as producing proteins, liver cells also synthesise large amounts of
cholesterol and phospholipids. Identify the evidence for this from the
table opposite.

i
i

RO

There is a relatively high percentage of SER (16% compared with

0.5% in the pancreas), and the SER synthesises lipids.

NGO

i
i
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3 Three plant cells (A, B and C) are represented in the diagram below, along with
values relating to their water potentials.

—

W, =—770kPa // . \\
N j —/L|JS =-875kPa
z

Wp = 150kPa

Ween = =725 kPa
W, = —753kPa KK - J/

(@) Calculate Y, for B and use arrows to show the direction of water movement
between the three cells.

(Show your working.)

Weell = Ys + Wp

\

Ween = =875 + 150 = =725 kPa

Water moves from higher (less negative) to lower y: € » A, B - A, B - C

2]
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(b) Movement of water may also occur between red blood cells and the plasma that
surrounds them.

In terms of water potential, describe and explain the effect on red blood cells if
the surrounding plasma becomes too dilute.

The plasma would have a higher (less negative) water potential than the

cytoplasm of the red blood cells.

Water moves by osmosis from the higher to the lower water potential, so

water enters the red blood cells, which swell and, if sufficient water

enters, burst (lyse), as they have no cell wall.

[2]

[Turn over

*28SBY1107* stemup.co.uk



https://stemup.co.uk

(c) One function of mammalian kidneys is the regulation of the water potential of
the blood. If the kidneys are not functioning correctly, dialysis may be needed.
This involves blood passing through a dialysis machine, where it flows in close
proximity to a liquid referred to as dialysis fluid. The blood and the dialysis fluid
are separated by a semi-permeable membrane.

The table below shows the concentrations of some of the substances present
in the blood plasma entering the dialysis machine and in the dialysis fluid at the
start of dialysis.

Concentration/mgdi-"
Substance
Blood plasma Dialysis fluid

sodium 2520 2520
chloride 1800 1800

urea 30 0
creatine 5 0
glucose 100 100

(i) Determine which substance will show the greatest rate of diffusion from
blood plasma to dialysis fluid.

Urea [1]

(ii) Explain why it is necessary to ensure that the concentration of glucose in
the dialysis fluid is the same as that in the blood plasma.

So there is no concentration gradient for glucose, which prevents its

diffusion out of the blood (or into the blood).

Glucose must not be lost from the blood, as it is required for

respiration (ATP synthesis).

[2]
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The composition of the dialysis fluid leaving the machine is monitored during
treatment. Occasionally a red colouration appears in the dialysis fluid.

(iii) Suggest an explanation for the appearance of this red colouration in the
dialysis fluid.

Red blood cells have been damaged (haemolysed) so haemoglobin has

entered the dialysis fluid, or red cells themselves have entered the

fluid.

This could result from the dialysis fluid having too high a water

potential, a damaged semi-permeable membrane or high blood

pressure. [2]

[Turn over
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4 The diagram below represents the fluid mosaic model of membrane structure.

Glycoprotein

Cholesterol

(@) (i) Molecule X is a protein involved in the transport of water-soluble substances
across the membrane. Identify molecule X and explain why this type of
molecule is necessary in the transport of water-soluble substances.

X is a channel protein.

Water-soluble (polar or charged) substances cannot pass through the

hydrophobic fatty acid tails of the phospholipid bilayer.

The channel protein provides a hydrophilic channel through which

these polar molecules can pass across the hydrophobic bilayer.

[3]
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(ii) State the function of cholesterol in the membrane.

Cholesterol increases membrane stability and requlates (maintains)

the fluidity of the membrane.

[1]

In prokaryotic membranes, the fatty acids in phospholipids are unsaturated, whereas
they are saturated in eukaryotic membranes.

(b) Explain precisely the difference between saturated and unsaturated fatty acids.

Saturated fatty acids have no carbon-carbon double bonds (€=C) and so

carry the maximum number of hydrogens; unsaturated fatty acids have

one or more C=C double bonds. [1]

[Turn over
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(c) Hand sanitisers containing alcohol can be used to destroy bacteria (prokaryotes)
on the skin. However, at very high concentrations, alcohol can have a drying

effect which may damage the skin.

An investigation was carried out into the effect of alcohol concentrations

on membrane permeability. Beetroot tissue was used rather than prokaryotes,
since the release of a red pigment from beetroot cells can be a measure of
membrane permeability.

Sections of beetroot tissue were placed in different concentrations of alcohol and
the absorbance of the surrounding solution was measured using a colorimeter.

The results are shown in the graph below.

1.0

0.8

Absorbance
o
()]

o
~

0.2

N

£
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Alcohol concentration/%

80

100

*28SBY1112*

stemup.co.uk

6

7Leaming

Fnsardiey

3
o

i
d

aaaaaa

Ha| o)

4
i

@ @

i
H

O]

-2

R,

H
-4

89

]
L

ORI

H
g

Q)8R Y

Fasardie

.

]
4

i

4
|

@

i
a4

1)

7
]

3
o

R 18

Q)

¥
i

i

8

Z i
s;! 4
?{ P,

NS

i
1

8

g
&

1
a

]
a

89

ORI

Fhascardiey

1Lwaming


https://stemup.co.uk

H

ONONVNY QIR

Fewarsiy |

nnnnnn

v

3
k-

i
H

%gQ

DN

2l

)|

12021

(

) Calculate the percentage increase in absorbance when alcohol
concentration was increased from 80% to 100%.

(Show your working.)

Increase = 0.96 — 0.90 = 0.06

% increase = (0.06 + 0.90) x 100 = 6.67

6.7 % 2]

(ii) Describe and suggest an explanation for the trend shown by the data in
the graph.

At low concentrations (0 to 40%), increasing alcohol concentration

has little effect on absorbance, but above 40% absorbance increases

dramatically, levelling off between 80% and 100%.

More red pigment is released at higher alcohol concentrations as

membrane permeability is greater.

The alcohol disrupts (destroys) the phospholipid bilayer and denatures

the proteins within the membranes.

[3]

[Turn over
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(iii) Using the information provided, and assuming prokaryotic membranes are
similarly affected by alcohol, suggest why many brands of hand sanitiser
have an alcohol concentration of approximately 70%.

At 70% membrane permeability is already very high, so it is high

enough to destroy many bacteria by disrupting their membranes.

It avoids the drying effect on the skin of higher concentrations and

is more economical.

2]

*28SBY1114*  stemup.co.uk

6

[t

3
<

N
2

ORI

.....

7
kS

NS

mmmmm

H
g

R

g
|

e

@

HOR

i
|

QIS

;;;;;;

oSt

"

ATy
i i
H é‘m H
g
2 B’

7
]

HO)

¥
i

TORUHORY

@

i
4

10

8
N
Al é

i
H
i

i3

H
-

10!

¥
i

@

1
4

HO)

7
H

8

]
4

Qo)

TLoaming

[t


https://stemup.co.uk

i

1y
HUOE
HM

¥

i
3

i
i

R

3
5

Y

H
4

0N

R

i
|

........

Fewarsiy |

RO

i
H

......

g
o

RO R

Aewarsieg |

.....

A A1)

i
&

VIR

RGN

i
|

HY)

v

H
- |

QU1

QO R

Auwaring |

.....

Ameaing |

HAs

2l

) §

5 (a) The use of enzymes is important in biotechnology. To maximise the efficiency
of enzymes they are often immobilised. Describe the immobilisation
techniques below.

* Adsorption

Enzymes are attached (adsorbed) to the surface of an inert

substance, such as glass beads, by weak forces (bonds).

*  Encapsulation

Enzymes are trapped inside a selectively permeable membrane (e.q.

alginate beads).

* Cross-linkage

Enzymes are covalently bonded to a matrix (or to each other).

[3]
(b) State and explain one disadvantage of enzyme immobilisation.
Disadvantage _Some active sites are blocked (inaccessible).
Explanation The substrate cannot enter some active sites, so fewer
enzyme-substrate complexes form and the reaction is slowed.
[2]
[Turn over
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Lactose intolerance is a common digestive problem in which the body is unable to
digest lactose, a sugar mainly found in milk and other dairy products.

The enzyme lactase breaks down lactose into two sugars, glucose and galactose,
which are easily absorbed into the bloodstream.

People with lactose intolerance don’t produce enough lactase. The result is that
lactose stays in the digestive system and is fermented by bacteria. Symptoms of
lactose intolerance include stomach cramps and bloating.

One method of easing these symptoms is to use lactose-free milk. This milk has
been treated with lactase to remove most of the lactose present. This is done in an
industrial reactor using immobilised enzymes. The diagram below illustrates how this
is carried out.

Milk containing
lactose

Beads with
lactase enzyme

Product

*28SBY1116*  stemup.co.uk
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(c) (i) State one advantage of the lactase enzyme being immobilised during
this process.

The enzyme can be retained and reused, so it does not contaminate

the product (continuous process).

[1]

(ii) The process of removing lactose from milk is carried out at relatively low
temperatures such as 5°C. Suggest one advantage and one disadvantage
of using this temperature.

Advantage _Prevents the milk spoiling (bacterial growth).

Disadvantage _Reduces the rate of reaction.

[2]

(iii) Suggest why it may be necessary at this temperature to pass the milk
through the reactor several times.

At S°C the molecules have less kinetic energy, so there are fewer

collisions between lactose and the active sites and fewer

enzyme-substrate complexes form.

So not all the lactose is broken down on the first pass, repeated

passes allow time for all the lactose to be removed.

[2]

[Turn over
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(iv) It has been claimed that lactose-free milk tastes sweeter than untreated
milk. Suggest an explanation for this.

Lactose is broken down into glucose and galactose, which are

sweeter, and there are more sugar molecules present.

[1]

(d) Babies born prematurely (before the 37th week of pregnancy) sometimes have
a temporary lactose intolerance and may need to take lactose-free formula milk.
Suggest a reason for this temporary intolerance.

The baby's digestive system may not yet be producing (enough) lactase

enzyme.

[1]
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6 Canine parvovirus (CPV-2) is a virus that mainly affects dogs. Infection is caused by
eating material containing the CPV-2 virus. The structure of the virus is
represented below.

Single layer

protein coat

Single strand
'\) of DNA

(a) HIV is a virus which affects humans. Using the diagram of the CPV-2 virus and
your knowledge, describe two structural differences between CPV-2 and HIV.

1. CPV-2 contains DNA rather than RNA and has no reverse

transcriptase.

2. CPV-2 has a single-layer protein coat, not a double one, and no

phospholipid envelope with glycoproteins. [2]

(b) CPV-2 enters cells by endocytosis.

(i) Describe the process of endocytosis.

The cell surface membrane invaginates and surrounds the virus.

The membrane fuses so that a vesicle containing the virus pinches

off inside the cytoplasm.

2]
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In order to replicate, the viral DNA must enter the nucleus. Once this has
happened the normal semi-conservative DNA replication mechanism of the host
cell is used. This allows many copies of the viral DNA to be made.

(ii) Outline how copies of the viral DNA are produced by
semi-conservative replication.

The double helix unwinds and hydrogen bonds between bases break

(helicase); each strand acts as a template.

Free nucleotides attach to the exposed bases by complementary base

pairing (A with T, C with 6).

DNA polymerase joins the nucleotides together, so each new molecule

contains one original and one new strand.

[2]

(c) CPV-2 usually targets actively dividing cells and, in infected dogs, the mucosa
of the ileum suffers significant damage. Suggest which cells of the mucosa are
affected and explain the consequences of damage to these cells.

The stem cells in the crypts of Lieberkihn (dividing epithelial cells).

Fewer new epithelial cells are produced to replace those lost, so the

mucosa lining becomes vulnerable to damage and less food is absorbed.

[2]
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Every week during ‘flu season’ the Public Health Agency for Northern Ireland

produces data relating to GP consultations for the flu virus. The graph below shows
this data for three years (2015-2018) from the beginning of October until the end

of February.

Number of flu-related GP consultations

N

I |
P | 2017-18
NN 2015-16

N
I I O, ,;7;?L,,,,,,,>\ N I
| 201617
o

October November December January February  March

Month
© Public Health Agency https:/www.publichealth.hscni.net
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(d) Compare and contrast the information provided for the three years.

Throughout October and November all three years have similar, low

numbers of consultations.

In all years consultations increase in December and peak in January.

In 2017-2018 there is a much greater number of consultations from

mid-December onwards, with the highest peak in January and the most

dramatic increase and decrease.

In 2015-2016 numbers level off after the January peak with the smallest

decrease, while 2016-2017 has the smoothest (flattest) peak.

[4]
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Section B
Quality of written communication will be assessed in this section.

Proteins are important molecules in living organisms. They have a wide range of
functions and the structure of each protein is linked to its function.

Describe and explain how a wide variety of structures is achieved in proteins, and
relate the structure of collagen, enzymes and haemoglobin to their
respective functions. [15]

Describe and explain how a wide variety of structures is achieved in proteins, and
relate the structure of collagen, enzymes and haemoglobin to their
respective functions.

The primary structure of a protein is the sequence of amino acids in a

polypeptide, joined by peptide bonds formed in condensation reactions. There

are 20 different amino acids, and the type of protein formed depends on

the order of the amino acids, so a huge variety of sequences is possible.

The secondary structure involves hydrogen bonds forming between the C=0

and N—H groups of the peptide bonds. These bonds twist the chain into a

spiral a-helix, or hold lengths of chain (anti)parallel to each other in a

B-pleated sheet.

The tertiary structure is the further folding of the polypeptide into a

compact, precise 3D shape. It is held by hydrogen bonds, ionic bonds

between charged R groups, disulfide bridges between cysteine residues and

hydrophobic interactions. Because the chain can fold in so many ways, a

wide variety of shapes results.

Quaternary structure occurs when two or more polypeptides are joined
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together. Some proteins also contain a non-protein prosthetic group and are

called conjugated proteins.

Collagen is a fibrous protein. It consists of three polypeptide chains wound

around each other in a rope-like triple helix. The parallel chains are

cross-linked by hydrogen and covalent bonds, and molecules are cross-linked

into fibrils and fibres. This gives collagen high tensile strength, suiting its role

in tendons, skin and bone.

Enzymes are globular proteins, in which the polypeptide chain is folded into a

roughly spherical shape. The specific tertiary structure produces an active site

of a particular shape, which confers specificity: only a particular substrate,

complementary in shape, can fit into the active site. In the induced fit model

the active site changes shape slightly as the substrate binds, forming an

enzyme-substrate complex.

Haemoglobin is also a globular, conjugated protein with quaternary structure.

It consists of four polypeptide chains (two o and two B chains), each

containing an iron-containing haem prosthetic group. The iron in each haem

group binds one oxygen molecule, so haemoglobin can transport oxygen in red

blood cells. Its compact, soluble globular shape suits transport in the blood.

Therefore the sequence of amino acids determines how the polypeptide folds,

and the resulting shape of each protein is closely related to its function.

[Turn over
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