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Answer all questions in the spaces provided.

II' Describe the structure and function of the nucleus.

[4 marks]

Structure: the nucleus is surrounded by a nuclear envelope, which is a

double membrane containing nuclear pores.

Inside it contains chromatin (chromosomes), which is DNA wound

around histone proteins, in the nucleoplasm.

It also contains a nucleolus.

Function: the DNA in the nucleus holds the genetic information that

codes for polypeptides (the amino acid sequence of proteins), so it

controls the cell's activities.

DN#A replication happens in the nucleus before cell division, and

transcription happens here, producing mRNA (and tRNA), which leaves

through the nuclear pores.

The nucleolus produces rRNA and malkes ribosomes.

Question 1 continues on the next page
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@ Name the main polymer that forms the following cell walls.

Plant cell wall  Cellulose

[1 mark]

Fungal cell wall  Chitin

Scientists investigated the effect of the number of fungal species in soil on the

diversity of plant species.

Table 1 shows their raw data for soil containing 14 fungal species.

Table 1
Plant species Total shoot biomass / g m2
Poa compressa 2
Achillea millefolium 4
Aster cordifolius 5
Aster novae-angliae 7
Chrysanthemum leucanthemum 15
Daucus carota 36
Fragaria virginiana 51

@ Suggest one reason the scientists used biomass instead of the number of individuals

of each plant species when collecting data to measure diversity.

[1 mark]

The plants are too numerous and grow too close together for individual

organisms to be identified, separated and counted, and counting each one

would be too time consuming.
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E The scientists used this equation to calculate the plant species index of diversity.

R C)

where n = shoot biomass of each plant species
and N = total shoot biomass of all plant species

Use this equation to calculate the index of diversity for the data in Table 1.
[2 marks]

N=2+4g+S+7+15+36+S5l=120

Sum of (WIN)? = (2% + 4% + 5% + 72 + 152 + 36% + S§I2) = 120°
= (4 + 16 + 25 + 49 + 225 + 1296 + 2601) + 14 400

= 4216 + 149 900 = 0.292%

d=1-102928 = 0.7072

Index of diversity 0.7

Question 1 continues on the next page
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Figure 1 shows the plant species index of diversity the scientists calculated when the
soil contained 0, 1, 2, 4 and 8 fungal species.

Figure 1

Figure 1 not reproduced here due to third-party copyright restrictions

E Sometimes farmers stop growing crops on an area of land to allow the natural

ecosystem to recover. The plant species index of diversity of these areas previously

used to grow crops is different from nearby land that has never been used to grow
crops.

Suggest and explain how the plant species index of diversity would be different in
these areas previously used to grow crops.

Use Figure 1 and your knowledge of the effect of farming on biodiversity in your
answer.

[2 marks]

The plant species index of diversity would be lower in the areas

previously used to grow crops than on nearby land that has never been

farmed.

This is because farming (e.g. ploughing and pesticides) reduces the

number of fungal species in the soil, and Figure | shows fewer fungal

species gives lower plant diversity.
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lIl Clostridium difficile is a bacterial species that causes disease in humans.

Antibiotic-resistant strains of C. difficile have become a common cause of infection
acquired when in hospital.

Explain how the use of antibiotics has led to antibiotic-resistant strains of bacteria
becoming a common cause of infection acquired when in hospital.
[3 marks]

Some bacteria had alleles for antibiotic resistance, which arose by

random mutation.

Exposure to antibiotics is the selection pressure: non-resistant bacteria

are killed, while the resistant bacteria survive and reproduce, passing on

the resistance allele to their offspring.

More antibiotics are used in hospitals than elsewhere, so over many

generations the frequency of the resistance allele in the bacterial

population becomes high there.

Also, many hospital patients have weakened immune systems, so they

are more easily infected by these resistant bacteria.

IZ| Scientists suggested that factors, other than antibiotic use, led to the increase in

antibiotic-resistant C. difficile infections. One suggested factor is people eating more
trehalose in their diet.

Trehalose is a disaccharide formed from two glucose molecules.

Name another disaccharide formed from two glucose molecules.
[1 mark]

Maltose

Question 2 continues on the next page
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E Describe how the scientists could use aseptic techniques to transfer

Figure 2
70,
60- Key
50 O Non-'rgs'istant
Growth rate of 4| C. difficile

C. difficile / [] Antibiotic-resistant
arbitrary units

Scientists investigated the effect of trehalose on the growth rate of C. difficile.
They grew populations of non-resistant and antibiotic-resistant C. difficile on separate
agar plates with:

¢ no carbohydrate added
¢ trehalose added.

They measured the growth rate of the C. difficile.

Figure 2 shows the scientists’ results.

w

0 C. difficile
20
10.

No carbohydrate  Trehalose
Contents of agar plate

0.3cm? of C. difficile in liquid culture from a bottle onto an agar plate.
[3 marks]

First wash hands with soap and disinfect the work surface (e.g. with

alcohol).

Work close to a Bunsen burner flame, so the upward air movement

carries microbes away from the plate.

Remove the bottle lid and flame the neck of the bottle, then use a

sterile pipette (or syringe) to transfer 0.3 cm? of culture.

Lift the lid of the agar plate only slightly, at an angle, add the culture

and spread it with a sterile spreader (dipped in alcohol and flamed).

Then place the pipette and spreader into disinfectant immediately after

use,

0 8
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E Use Figure 2 to evaluate whether more trehalose in the diet could be a factor in the

increased number of antibiotic-resistant C. difficile infections.
[3 marks]

For: in Figure 2 the antibiotic-resistant C. difficile grows much faster

with trehalose (about 63 arbitrary units) than with no carbohydrate

(about 23), whereas the growth rate of non-resistant C. difficile does

not increase (about 20).

So with more trehalose in the diet the resistant bacteria would

outcompete the non-resistant bacteria and increase in frequency in the

population.

Against: this was done on agar plates in a laboratory, not in people.

Other disaccharides or carbohydrates in the diet, and other bacterial

species in the gut, might also affect the bacteria.

No statistical test was carried out to see whether the difference is

significant (not due to chance), there is no data for resistant and

non-resistant bacteria growing together, and only one concentration of

trehalose was used.
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II' Give two features of all prokaryotic cells that are not features of eukaryotic cells.

[1 mark]

No membrane-bound organelles (e.q. no nucleus or mitochondria)

1

2 DNA is circular and not associated with histone proteins

Many multicellular organisms produce antimicrobial polypeptides (APs) that protect

them against prokaryotes.

Figure 3 shows how one type of AP acts on the cell-surface membrane of

prokaryotes.
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Figure 3

Antimicrobial
polypeptide
Cell-surface
membrane of
prokaryote

@ This AP has a secondary structure in a helical shape.

Tick (v') the box to show which type of bond maintains the helical structure of the

polypeptide.

[1 mark]

Disulfide

Hydrogen

lonic

Peptide
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@ The amino acids on one side of each AP helix have hydrophobic properties.
The amino acids on the opposite side of each helix have hydrophilic properties.

Figure 4 shows this.

Figure 4

Hydrophilic — <+— Hydrophobic

Suggest how these properties of the APs allow them to become positioned across the

membrane (as shown in Figure 3) and make a channel through which ions can pass.
[2 marks]

The hydrophobic side of each helix faces the hydrophobic fatty acid tails

in the middle of the phospholipid bilayer, so the APs can sit across the

membrane.

The hydrophilic sides of several APs face inwards and form a channel, so

ions (charged particles) can move through the membrane.

Question 3 continues on the next page
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Figure 5 shows further information about a channel formed in the cell-surface box
membrane by the APs.
Figure 5
Channel
/—%
<>
1.1 nm
4.0nm
Izl Use Figure 5 to calculate the cross-sectional area of the channel through which ions
can pass.
Assume the cross-sectional area is circular.
Use n = 3.14 in your calculation. Give your answer in nm? and to 1 decimal place.
[2 marks]

Diameter of channel = 4.0 — (2 x 1.1) = 1.8 nm, so r = 0.9 nm

Area = TP = 3.4 x 0.9° = 319 x 0.8 = 2.5434 nm?

2.5 nm?

Answer
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E The APs damage prokaryotic cells but do not damage the eukaryotic cells in the

[o]3][6]

organisms that produce them.
Prokaryotic cell membranes do not contain cholesterol.

Assess why the APs do not damage the eukaryotic cells of the organisms that
produce them.

[2 marks]

Eukaryotic cell membranes contain cholesterol, which restricts the

movement of the phospholipids and their fatty acid tails, so it stabilises

the membrane and wmakes it less fluid.

So the APs cannot enter or embed in the eukaryotic membrane and do

not make channels in it, so ions are not lost.

Scientists observed these APs on prokaryotes using a transmission electron
microscope. They stained the APs using a monoclonal antibody with gold attached
to it.

Suggest how these techniques allowed observation of APs on prokaryotes.
[3 marks]

The monoclonal antibody has a binding site with a specific tertiary

structure that is complementary to the AP, so it binds only to the AP

(forming an antibody-antigen complex).

This means the gold is present only where the APs are located.

Gold is dense, so it scatters (absorbs) the electrons in the TEM and

shows up as dark spots.

The TEM has a very high resolution, so the small APs in the membrane

can be seen.
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lIl Describe viral replication.

@ Complete Table 2 by putting a tick (v') where the feature is part of a cell cycle
involving mitosis or a cell cycle involving binary fission.

The attachment proteins on the virus attach to complementary receptors

on the host cell membrane.

The viral nucleic acid (DNA or RNA) enters the host cell. In retroviruses

such as HIV, reverse transcriptase makes DNA from the viral RNA.

The viral nucleic acid is replicated using the host cell's enzymes and

nucleotides, and the host cell's ribosomes produce viral proteins (capsid

proteins and enzymes).

New viruses are assembled and released from the cell, e.9. by budding

off or by lysis.

Table 2

Feature

Cell cycle involving:

mitosis

binary fission

Replication of linear
DNA

v

Replication of circular
DNA

v

Produces 2 daughter
cells

v

v

Produces 4 daughter
cells

Happens in prokaryotic
cells

v

Happens in eukaryotic
cells

v

Question 4 continues on the next page
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Figure 6 represents a cell undergoing meiosis. It shows the chromosomes in the
parent cell and in the two cells formed after the first meiotic division.

The second division of meiosis proceeds normally except that non-disjunction occurs
in the chromosome labelled N.

Figure 6

K
K )

First meiotic division

N

Second
meiotic division

A
Daughter
cells

@ Complete Figure 6 to show the chromosomes inside the daughter cells formed after

the second meiotic division.
[2 marks]

IB/M/Jun22/7402/1
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Doctors studied babies born with a mutation caused by chromosome
non-disjunction during gamete formation in their mother.

They determined each mother’s age at the time of childbirth and whether the
non-disjunction happened in the first meiotic division (MM1 error) or in the second
meiotic division (MM2 error).

Figure 7 shows the doctors’ results.

Figure 7

Figure 7 not reproduced here due to third-party copyright restrictions

E A student concluded that there were more mothers of age >37 with MM2 errors than

with MM1 errors.
Using Figure 7 and suitable calculations show why this conclusion is not valid.

[2 marks]

Figure 7 shows percentages, and the number of babies with MMI errors is
much larger than the number with MM2 errors, so convert to numbers:
MMI mothers aged >37 = percentage x total MMI = 197

MM2 mothers aged >37 = percentage x total MM2 = 83

Difference = 197 — 83 = 114

So there were 114 more mothers aged >37 with MM errors (197) than

with MM2 errors (83), so the conclusion is not valid.
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Two enzymes, P and Q, are proteins with quaternary structure which catalyse the
same reaction, but they have different amino acid sequences.

II| Define the quaternary structure of a protein.

[1 mark]

A protein made of more than one polypeptide chain joined together.

IZ| Explain how two enzymes with different amino acid sequences can catalyse the
same reaction.
[2 marks]

Although the overall sequences differ, both enzymes have active sites

with a similar (identical) tertiary structure, eg. the same amino acid

sequence in the active site.

So both active sites are complementary to the same substrate and can

form enzyme-substrate complexes with it.

Scientists investigated the effect of pH 8.4 and pH 7.5 on the activity of enzymes
P and Q.

Figure 8 shows their results.
Figure 8

1.2- 1.2-
1.0 pH 8.4 1.0 pH7.5

Concentration 0.81 Concentration 0.8+
of substrate 0.6 of substrate 0.6
[ arbitrary units g 4 | / arbitrary units g 4 |

0.2 0.2

0.0 u . . 1 0.0 . : : 3

0 5 10 15 20 0 5 10 15 20
Time / minutes Time / minutes

Key
Control

----- Enzyme P

—— Enzyme Q
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Do not write
E Describe what the scientists should place in the control tubes in this investigation. Mo
[3 marks]
The control tubes should contain the same volume of each buffer
solution (pH 8.4 and pH 7.5).
They should contain the same concentration of substrate at the start as
the enzyme tubes.
Instead of active enzyme, they should contain the same concentration of
denatured (boiled) enzyme, so that any change is not due to the
enzyme.
E Give three conclusions you can make from Figure 8.
[3 marks]
1 Both enzymes P and ® are active at pH 8.9, as the substrate
concentration falls faster than in the control.
2 P is equally active at both pHs, so P is not affected by the pH
change, and @Q is less active than P at both pHs.
3 Q is denatured (not active) at pH 7.5, since it is no faster than the
control. The reaction occurs without enzyme, and all reach the same
end point, so the substrate is not all used up. 9
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Mangrove trees grow near the sea. Sea water surrounds the lower parts of the trees
at high tide.

Scientists investigated the rate of transpiration in a mangrove tree.
Figure 9 shows the scientists’ results.

Rate of

transpiration

/ em3hr-1

Figure 9
0.85 _ 100
0.80+ 7\ : 90
0.754 ’ f\\/\f 80
0.704 ! 70
0.654 ] 60
0.60+ 50
0.55+ 40

3 ;!

0.501 30
0.454 % 20
l ’ \\ \4
0.40)(n S fian X[ 10
0.35 EvAREES 0
52m 7 9 MM 1pm 3 5 7pm
T Time of day T
Sunrise Sunset

Height
of tide
/cm

Key

»—— Rate of transpiration

*----% Height of tide

II| Explain the rate of transpiration between 5 am and midday shown in Figure 9.

[4 marks]

Between S am and 1l am the rate of transpiration increases from 0.38

to 0.39 cm® hr',

After sunrise the stomata open, allowing carbon dioxide to enter for

photosynthesis, so water vapour can also diffuse out.

Also the temperature increases, so water molecules have more kinetic

energy and evaporate faster, and the increasing light intensity opens

more stomata. Lower humidity during the day increases the water

potential gradient between the leaf and the air, so more water is lost.

After 1] am the rate falls (to about 0.7S at | pm) because some

stomata close around midday to reduce water loss.

2 0
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@ Use Figure 9 to calculate the percentage increase in the rate of transpiration from

1pmto 2 pm.
[2 marks]
| pm = 0.75, 2 pm = 0.80 cm?® hr”
(0.830 — 0.75) + 0.75 x 100 = 0.0S = 0.75 x 100 = 6.67
Percentage increase in rate of transpiration 6.67 %

E The higher rate of transpiration at high tide shows that the mangrove tree is absorbing

water from the sea water surrounding its roots.

Describe an experiment that you could do to investigate whether the mangrove root
cells have a lower water potential than sea water.

You are given:

¢ a piece of fresh mangrove root
e sea water

e access to laboratory equipment.

[4 marks]

Cut the mangrove root into equal-sized pieces and blot each piece dry

with a paper towel to remove surface water.

Record the initial mass of each piece using a balance.

Place the pieces in the sea water for the same time, e.g. 30 minutes,

at a constant temperature.

Remove the pieces, blot dry again in the same way, and record the final

mass.

If the mass increases, water has been absorbed by osmosis, which

shows the root cells have a lower water potential than sea water. If the

mass decreases, they have a higher water potential.
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lIl Complete Table 3 to give three differences between DNA molecules and
tRNA molecules.

[3 marks]
Table 3
DNA molecules tRNA molecules

Deoxyribose sugar Ribose sugar

Double-stranded Single-stranded

(double helix) (clover leaf shape)

Contains thymine, Contains uracil,

many nucleotides few nucleotides

Scientists investigated ribosomal RNA in liver cells.

Figure 10 shows the method they used to isolate the ribosomes from the liver cells.
The detergent dissolves lipids.

Figure 10

Cell contents after large
organelles have been removed

Ultracentrifugation

Without detergent With detergent

R Free ribosomes m Free ribosomes

@@ Bound ribosomes \__/

A B
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@ The scientists broke open the cells to produce a suspension of cell contents.
Describe how the scientists would remove large organelles from this suspension of
cell contents.
[2 marks]

Centrifuge the suspension at a low speed (then increasing speeds).

The large, dense organelles such as nuclei and mitochondria form the

pellet at the bottom, and the supernatant containing the smaller

organelles and ribosomes s removed.

El Explain the position of the bands of ribosomes in tubes A and B in Figure 10.
[3 marks]

A The bound ribosomes are attached to rough endoplasmic reticulum, so

they are denser (heavier) and move further down, forming a pellet at

the bottom.

B The detergent dissolves the phospholipid membranes of the rough

endoplasmic reticulum, so the bound ribosomes are released and

become free ribosomes, giving just one band.

Do not write
outside the
box

Turn over for the next question

Turn over »

2 3

stemup.co.uk IB/M/Jun22/7402/1


https://stemup.co.uk

24

Do not write

outside the
Figure 11 shows images of gills from two fish as seen through an optical microscope. box
Image C shows gills from a fish with healthy gills.

Image D shows gills from a fish with damaged gills.

Figure 11

Figure 11 not reproduced here due to third-party copyright restrictions

|I| To observe the fish gills with the optical microscope, the scientists used two different
stains. The first stain binds to DNA; the second stain binds to the red blood cells.

Explain why a second stain would be needed to stain the red blood cells.
Suggest which molecule the stain could bind to in the red blood cells.

[2 marks]
Explanation The first stain binds to the DNA in the nuclei of all cells,

and fish red blood cells also have a nucleus, so the first stain alone

could not distinguish red blood cells from the other cells.

Molecule Haemoglobin

2 4
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@ Using Figure 11, the scientists calculated the surface area to volume ratios for each

gill filament in these two fish. Some of their results are shown in Table 4.

Complete Table 4. State your calculated volume and surface area:volume ratio to
2 significant figures.

[2 marks]
Table 4
Surface area / Surface
Fish gill m? Volume / pm3 area:volume
H ratio
Healthy 7.4 x 103 2.3 x 10 0.32:]
Damaged 1.1 x 104 8.5 x 10 0.13:1

7.6 x 10° + 2.3 x 10% = 0.3217 LI x 104 + 0.3 = 84 6IS

@ The damage to the gills causes uncontrolled cell division in the cells around the

capillaries in the gill filaments.

Other than surface area:volume ratio, describe one way this uncontrolled cell division
changes the qills, as shown in Figure 11.

Explain how this difference would affect gas exchange.
[3 marks]

Difference  There are more cells (thicker epithelium) between the water

and the blood in the capillaries, so the filaments and lamellae are

thicker.

Explanation This gives a longer diffusion pathway (distance) for oxygen

and carbon dioxide.

So the rate of diffusion is slower, so less oxygen is absorbed into the

blood and carbon dioxide is released more slowly, so gas exchange is

slower.

Question 8 continues on the next page
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Figure 12 shows the general pattern of blood circulation in fish.

E Use Figure 12 to complete Table 5 to show two differences between the circulation

Figure 12

Gill capillaries

Body capillaries

of blood in fish and the circulation of blood in a mammal.

[2 marks]

Table 5
Difference Circulation of blood in Circulation of blood in
fish mammal

1 Heart has 2 chambers: Heart has 4 chambers:
| atrium and 2 atria and
| ventricle 2 ventricles

2 Single circulation: blood Double circulation: blood
does not return to the returns to the heart
heart after passing after passing through
through the gills the lungs
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Iil Describe the transport of carbohydrate in plants.

[5 marks]

Sucrose is the main carbohydrate transported in plants. It is made in

the leaves (the source) by photosynthesis.

In the companion (transfer) cells, H* ions are actively transported out

using ATP, and then sucrose is co-transported with H* ions back into

the companion cells and into the phloem sieve tube elements.

This lowers the water potential in the sieve tube, so water enters from

the xylem by osmosis.

This produces a high hydrostatic pressure at the source end, creating a

hydrostatic pressure gradient along the phloem.

So the sucrose solution moves by mass flow down the gradient to

respiring cells (e.g. root tips and growing buds) and storage organs (the

sink).

At the sink, sucrose is unloaded from the phloem by active transport

(and facilitated diffusion) and is used in respiration or converted to

starch for storage. This lowers the water potential in the cells, so water

leaves the phloem by osmosis, keeping the pressure lower at the sink.

Question 9 continues on the next page
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@ Compare and contrast the structure of starch and the structure of cellulose.

[6 marks]

Similarities: both starch and cellulose are polysaccharides, i.e. polymers

made of glucose monomers.

In both, the monomers are joined by glycosidic bonds formed by

condensation reactions, and both contain only carbon, hydrogen and

oxygen.

Both are found in plants and both are insoluble.

Differences: starch is made of alpha-glucose whereas cellulose is made of

beta-glucose, in which alternate molecules are inverted.

Starch contains two types of molecule, amylose and amylopectin,

whereas cellulose is only one type of molecule.

Amylose in starch is helical (coiled), whereas a cellulose molecule is a

straight, unbranched chain.

Amylopectin in starch is branched because it has 1-6 glycosidic bonds

as well as 1-9 bonds, whereas cellulose is unbranched, with only 1-4

bonds.

Cellulose chains are held together by many hydrogen bonds to form

microfibrils and fibrils, whereas starch does not form fibrils.

2 8
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El Describe the complete digestion of starch by a mammal. box
[4 marks]

Starch is digested by hydrolysis of the glycosidic bonds.

In the mouth, salivary amylase hydrolyses starch to maltose. In the

small intestine, pancreatic amylase continues to hydrolyse the remaining

starch to maltose.

Maltose is then hydrolysed to glucose by the disaccharidase maltase.

Maltase is a membrane-bound enzyme, attached to the cell-surface

membranes (microvilli) of the epithelial cells lining the ileum.

The glucose produced is then absorbed by co-transport with sodium ijons.

END OF QUESTIONS
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