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Section A

Proteins are polymers of amino acids. Several types of bonds are involved in their
structure, which contribute to the overall shape of a protein.

(@) The table below shows bonds which may be present in the primary, secondary
and tertiary structures of proteins.

Complete the table by adding a tick (v) if the bond is present or a cross (X)) if
the bond is not present. Do not leave any boxes blank.

Protein Type of bond

structure Hydrogen Peptide lonic Disulfide
Primary ) 4 \/ X X

Secondary v \/ X X
Tertiary v \/ \/ \/

[3]

(b) Enzymes are proteins with a particular shape.

Explain the importance of shape to enzyme function.

The overall folding of the polypeptide (tertiary structure) produces an

active site with a specific 3D shape.

Only a substrate with a complementary shape can bind to the active site

to form an enzyme-substrate complex, so enzymes are substrate specific.

[2]
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2 The diagram below represents part of a DNA molecule.

Y
(a) Name the components labelled X and Y.
X  Phosphate (group)
Y  Deoxyribose (pentose suqgar) [2]

(b) Several enzymes catalyse the replication of DNA.

Name the enzyme which ‘unzips’ the DNA molecule during DNA replication and
describe how it does this.

DNA helicase.

It moves along the DNA and breaks the hydrogen bonds between the

complementary bases of the two polynucleotide strands, separating

(unzipping) them.

[2]

14506
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(c) (i)

The table below shows the percentages of some of the bases in the DNA of

two organisms.

Complete the table.

Percentage of bases in DNA
Organism Adenine Cytosine Guanine Thymine
Sea urchin 33 17 17 33
Human 22 2% 2% 22
[2]

The genetic material from a virus was analysed in the same way and found to
contain bases in the following percentages.

Adenine

Cy

tosine

Guanine

Uracil

24

32

23

21

It was concluded that the viral genetic material was RNA.

(ii) State the evidence from the table that supports this conclusion.

14506

It contains uracil, which is found only in RNA (uracil replaces

thymine), and there is no thymine.

The percentages of complementary bases are not equal (A 24% not

equal to U 21%, C 32% not equal to G 23%), so there is no base

pairing: the material is single-stranded.

[2]

[Turn over
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3 Three plant cells (A, B and C) are represented in the diagram below. Values (kPa)
relating to their water potential have been included.

(@) Calculate the solute potential (V) of cell B.

(Show your working.)
Wee) = Vs + W,
=752 = W, + 2]2
W, = =752 — 2]2 = =964 kPa —964 kPa [2]

(b) Add arrows to the diagram above to show the net movement of water between
the cells. [2]

(c) Describe and explain the change that occurs when an animal cell is placed in a
hypertonic (concentrated) salt solution.

The cell will shrink (crenate) as it loses water by osmosis.

This is because the external salt solution has a more negative (lower)

water potential than the cell contents, so water moves out of the cell

down the water potential gradient.

[2]
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(d) The graph below shows the percentage mass change of pieces of sweet potato
tissue after immersion in five external solutions with different solute potentials.

20
» 15
7 10
#
[0
/ 5 8)
/[ ©
e
& . o
§ potentiat / n
e rnal. solution 3 / %
/ 0 =
—-1200 1000 —800 /7500 —-400 —200 o
/ ©
/ =
(O]
/ o
7/ -5 d‘f
A
/ -10
¢ 15
-20

(i) Identify the trend shown by the results in the graph.

As the solute potential of the external solution decreases (becomes

more negative), the percentage mass change of the sweet potato

decreases. [1]

[Turn over
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(ii) Sweet potatoes store carbohydrate as sugar, whereas standard white
potatoes store carbohydrate as starch.

Suggest and explain how this affects the solute potential of standard
white potatoes.

White potato cells would have a less negative solute potential (closer

to zero) than sweet potato cells,

because starch is insoluble so it does not dissolve in the cell sap and

has no osmotic effect, whereas sugar is soluble.

[2]

(e) (i) Explain why the solute potential of a cell is always less than zero.

There are always some solutes dissolved in the cell contents, and only

pure water with no solutes has a potential of zero.

[1]

(i) State the value of the pressure potential (LPp) for a cell at the point of
incipient plasmolysis.

0 kPa [1]

14506
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The cell cycle is a sequence of events that involves interphase, mitosis
and cytokinesis.

There are checkpoints within the cell cycle to ensure that the previous stages have
been completed correctly.

The first checkpoint is at the end of the G, phase of the cell cycle.

(a) Describe two features of a cell which are checked before moving from G, into S
phase.

1. The cell has reached a critical size Chas grown enough).

o There is no DNA damage (and enough nutrients/growth factors are

available). 2]

(b) If the cell cycle is not correctly regulated via checkpoints, then cancer can result
from uncontrolled cell division.

Fluorouracil is a cancer (chemotherapy) treatment. It acts by preventing the
synthesis of nucleotides containing thymine.

(i) Using the information provided, explain how fluorouracil stops cell division.

Fluorouracil prevents DNA synthesis (replication) in S phase,

because no nucleotides containing thymine are available to pair (bond)

with adenine on the template strand, so DNA cannot be copied and

the cell cannot divide.

[2]
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Many cancers are caused by mutations in genes which control the cell cycle.
A gene called BRCA1 codes for a protein which helps repair damaged DNA at
the G, checkpoint.

(i) Suggest the effect of a mutation in the BRCA1 gene.
Damaged DNA would not be repaired, so the damaged DNA would be

copied and passed on to daughter cells (increasing the risk of

cancer). [1]

Inhibition of enzymes can also be used in cancer treatments.

(iii) Describe and explain two ways in which enzymes can be inhibited.

1. Competitive inhibition: the inhibitor has a shape complementary to

the active site, so it binds to the active site and prevents the

substrate from entering (fewer enzyme-substrate complexes).

o Non-competitive inhibition: the inhibitor attaches to another part of

the enzyme (allosteric site), which changes the shape of the active

site so it is no longer complementary to the substrate.

[4]

[Turn over
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(a) Several factors, including substrate concentration and pH, affect enzyme activity.

(i)

(ii)

On the axes below, sketch a line to show the effect of increasing substrate
concentration on the rate of an enzyme-controlled reaction.

A

Rate of reaction

\

Substrate concentration

[1]

Enzymes have an optimum pH at which they work most efficiently. Enzyme
activity is reduced at other pH values. Explain the effect of non-optimum pH
conditions on the rate of enzyme activity.

At non-optimum pH, the H* (or OH™) ion concentration changes,

which breaks ionic bonds (and hydrogen bonds) between R-groups

that hold the tertiary structure.

This changes the shape of the active site, so it is no longer

complementary to the substrate (the enzyme may be denatured).

So fewer successful collisions occur and fewer enzyme-substrate

complexes form, and the rate of enzyme activity decreases.

[3]
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(b) Enzyme immobilisation can allow enzymes to work effectively at a wider range
of pH values, by making the enzyme involved more stable.

(i) Describe immobilisation by adsorption and suggest how this technique
makes the enzyme more stable.

In adsorption the enzyme is attached to the surface of an inert

material (e.g. clay, glass beads) by weak forces such as hydrophobic

interactions and ionic links.

The binding holds the enzyme in shape, so the bonds of its tertiary

structure are less likely to break apart and it is less easily denatured.

[2]

(ii) State two other advantages of enzyme immobilisation.

1. The enzyme can be retained, recovered and reused, and allows

continuous (downstream) processing.

o The product is enzyme free (not contaminated with enzyme), and

the enzyme has increased thermostability.

[2]

[Turn over
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(c) Immobilised enzymes are frequently used in industry due to their

increased stability.

An enzyme which converts glucose to ethanol can be immobilised for use in the
biofuel industry. In this way, ethanol produced from plant products can be used

as a fuel.

Researchers investigated different methods of enzyme immobilisation and
different sources of glucose, to determine their effect on ethanol production.

The results are summarised below.

Ethanol
Method of production/
Source of glucose . e - .
immobilisation | grams per litre

per hour
Sugar molasses Cross-linkage 6.50
Cane molasses Cross-linkage 1.92
Sugar cane bagasse Adsorption 0.43
Blackstrap molasses Adsorption 1.85
Sorghum juice Adsorption 1.37
Cornmeal Entrapment 0.34
Wheat straw Entrapment 0.38

(i) Sugar cane bagasse and blackstrap molasses are both used with
adsorption as an immobilisation method in the production of ethanol.

Calculate the difference in ethanol production from these two sources over a
24-hour period. Give your answer to one decimal place.

(Show your working.)
Difference per hour = 1.85 — 0.43 = 1.42

Over 24 hours = 1.42 x 24 = 34,08

= 34. grams per litre (I dp.)
34.1

14506

grams per litre [3]
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(i) The data shown was used to help identify the most appropriate source of
glucose to achieve greatest ethanol production.

Suggest why it is not valid to use only the information in the table to identify
the most appropriate source of glucose.

The method of immobilisation is different for the different sources of

glucose, so source is not the only variable.

[1]

(iii) Comment on the ethanol production from cornmeal and wheat straw in
comparison with the other sources, and suggest an explanation.

Cornmeal and wheat straw give the lowest ethanol production (0.34

and 0.38 g per litre per hour).

Both use entrapment, so the active sites of the enzyme may be less

available, and glucose takes more time to diffuse through to the

trapped enzyme (these sources may also contain less glucose).

[2]

[Turn over
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6 The human ileum consists of tissue layers with different functions. The tissue layers
of the ileum are represented in the diagram below.

muscularis
externa

(a) Describe and explain the function of layer C.

Layer C is the muscularis mucosae, a layer of smooth muscle that

contracts to move the villi,

so the villi make greater contact with the products of digestion in the

lumen, increasing absorption.

[2]

A type of columnar epithelial cell, called an enterocyte, is specialised for the
absorption of nutrients from the ileum.

(b) Name the tissue layer in which enterocytes would be located.

Mucosa (epithelium of the mucosa) [1]

[Turn over
14506
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(c) Products of digestion are absorbed into the bloodstream via the enterocytes.
Amino acids are products of protein digestion. Following a protein-rich meal,
amino acids are present in a relatively high concentration in the ileum. The
diagram below summarises the movement of amino acids into an enterocyte.

A
b 4 Atr AA\amino

acids

carrier
proteins

enterocyte

cytoplasm of
enterocyte

(i) Using the information provided and your knowledge, identify the mechanism
by which amino acids enter the enterocyte.

Explain your answer fully.

Facilitated diffusion.

The amino acids move through carrier proteins, down (along) a

concentration gradient from the high concentration in the ileum lumen

into the enterocyte, so no ATP is needed.

[2]

14506
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(ii) Some medical conditions can change the shape of the carrier proteins
shown.

Describe and explain the effect this would have on the absorption of
amino acids.

Fewer amino acids would be absorbed into the enterocytes,

because the amino acids would no longer be complementary to, and

so could not bind to, the binding sites of the carrier proteins.

[2]

During the absorption of food products, sodium ions also enter the enterocytes.
These ions must then be removed from the enterocyte and returned to the
lumen. They are present in a higher concentration in the lumen than in the
enterocyte.

(iii) Identify the mechanism by which sodium ions are removed from
the enterocyte.

Active transport [1]

[Turn over
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(d) Fatty acids are a product of fat digestion. They are absorbed into a lacteal,
rather than the bloodstream.

(i) Suggest an advantage of absorbing fatty acids into lacteals and not
the bloodstream.

Fatty acids do not dissolve in blood plasma, so a build-up of fatty

acids in blood vessels could cause blockages or increased viscosity of

the blood.

The diagram below summarises the absorption of fatty acids through
an enterocyte.

For export out of the enterocyte, fatty acids combine with protein to form
structures called chylomicrons.

O
OON fatty
acids
}— A

Golgi

°© % apparatus

chylomicrons

14506

[1]
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(ii) Using the diagram, identify and describe the mechanism by which
chylomicrons leave the enterocyte, as shown at Y.

Exocytosis.

Secretory vesicles containing chylomicrons, budded off from the Golgi

apparatus, move to and fuse with the cell surface membrane,

releasing the chylomicrons out of the cell.

[2]

Before the fatty acids combine with protein, they are modified while passing
through the structure labelled A in the diagram.

(iii) I1dentify A and explain its function.

A is the smooth endoplasmic reticulum,

which synthesises (and modifies) lipids, such as triglycerides from the

fatty acids.

[2]

[Turn over
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Section B
Quality of written communication will be assessed in this section.
Eukaryotic cells contain membrane-bound organelles.

State the function of the following organelles in eukaryotic cells and explain how their
structure relates to their function.

Mitochondria

Chloroplasts

Rough endoplasmic reticulum
Golgi apparatus

Nucleus [15]

Mitochondria are the site of aerobic respiration, where ATP is synthesised.

Each mitochondrion has a double membrane (envelope). The inner membrane

is folded into cristae, which extend into the matrix. The cristae give a large

surface area for the enzymes and electron carriers involved in ATP synthesis,

so more ATP can be made.

Chloroplasts are the site of photosynthesis. They are also surrounded by a

double membrane (envelope). Inside, stacks of thylakoid membranes form

grana, which lie in the stroma. The thylakoids (grana) contain chlorophyll,

which absorbs light energy, and the stacking provides a large surface area for

the light-dependent reactions.

The rough endoplasmic reticulum (RER) is the site of protein synthesis. It

consists of a system of enclosed, flattened membrane sacs called cisternae,

which are continuous with the nuclear membrane (envelope). Its surface is

*28SBY1122* stemup.co.uk
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covered with ribosomes, where the primary structure of proteins is synthesised.

The proteins are then transported through the cisternae, where secondary and

tertiary structure develops.

The Golgi apparatus modifies proteins, for example by adding carbohydrate to

form glycoproteins, and packages them. It consists of a stack of flattened

sacs (cisternae). Vesicles from the RER fuse with and enter the cis face, and

vesicles containing the modified proteins (or lysosomes) bud off and leave

from the trans face.

The nucleus contains DNA, which codes for the synthesis of proteins and so

controls the activities of the cell. It has a double membrane (nuclear

envelope) with nuclear pores, which allow mRNA to leave for the ribosomes.

The DNA is associated with histone proteins, which help support and protect

it, and when the cell is not dividing it is present as decondensed

chromosomes (chromatin). The nucleus also contains one or more nucleoli,

which contain the DNA that codes for ribosomal RNA, so they make

ribosomes.
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