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II| Describe the primary structure of all proteins.
[2 marks]
The primary structure is the sequence (order) of amino acids in the
polypeptide chain.
The amino acids are joined together by peptide bonds, formed in
condensation reactions.
@ This question is about the genetic code.
Define universal, non-overlapping and degenerate.
[3 marks]
Universal The same codon (triplet of bases) always codes for the same
amino acid in all organisms.
Non-overlapping Each base is only part of one triplet (codon), so
adjacent codons do not overlap and each base is read only once.
Degenerate More than one codon (triplet) codes for each amino acid.
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Figure 1 shows a transmission electron microscope (TEM) image of a Streptococcus
bacterium.

Figure 1

IIl Describe how the appearance of the area containing DNA in a TEM image of a
eukaryotic cell would differ from that shown in Figure 1.

[2 marks]
In a eukaryotic cell the DNA would be inside a nucleus, surrounded by a

nuclear envelope (a double membrane), rather than free in the

cytoplasm.

A nucleolus would also be visible inside the nucleus. DNA would also be

found inside mitochondria.

Izl Describe one difference between the structure of DNA in a prokaryotic cell and in a
eukaryotic cell.

[1 mark]
In prokaryotes the DNA is circular rather than linear, and it is not

associated with histone proteins.

Question 2 continues on the next page

Turn over »
0 3

stemup.co.uk IB/M/Jun23/7401/1

Do not write
outside the
box


https://stemup.co.uk

El Streptococcus bacteria can infect the lungs when air is breathed in and cause lung
disease.

Describe the mechanism of breathing that causes air to enter the lungs.
[3 marks]

The diaphragm muscles contract, so the diaphragm flattens (moves

down).

The external intercostal muscles contract, so the ribcage is pulled up

and out.

This increases the volume of the thoracic cavity, so the pressure in the

lungs decreases to below atmospheric pressure and air moves in down

the pressure gradient.

IZl Some strains of Streptococcus bacteria are more likely to cause lung disease than
other strains.

Strains that do not cause lung disease are quickly destroyed by phagocytes.
Phagocytes are stimulated when they bind to murein on Streptococcus bacteria.

Each strain of Streptococcus bacteria has a capsule of different thickness from the
others.

Suggest how Streptococcus bacteria with a thicker capsule are more likely to survive
and so cause lung disease.
[2 marks]

A thicker capsule covers the murein in the cell wall, so phagocytes are

less likely to bind to the murein and less likely to be stimulated.

So there is less phagocytosis, and more bacteria survive and divide by

binary fission, causing lung disease.
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|I| Figure 2 shows a fatty acid that contains 20 carbon atoms and four double bonds.

Figure 2

On Figure 2, draw a box around the R group of the fatty acid.
[1 mark]

@ Figure 3 shows a triglyceride.

Key

[ ] Glycerol

4 Ester bond
Fatty acid

Describe two differences between the structure of the triglyceride shown in Figure 3

and a phospholipid.
[2 marks]

1 The triglyceride has three fatty acids, but a phospholipid has only two.

2 The triglyceride has no phosphate group, whereas a phospholipid has a

phosphate group in place of the third fatty acid.

Question 3 continues on the next page
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El Explain why phospholipids can form a bilayer but triglycerides cannot.
[3 marks]

Phospholipids have a hydrophilic (polar) phosphate head, which is

charged, and two hydrophobic fatty acid tails.

The hydrophilic phosphate heads are attracted to water, so they face

the water on either side, while the hydrophobic tails point inwards away

from water, forming a bilayer.

Triglycerides are only hydrophobic (non-polar), with no hydrophilic part,

so they cannot form a bilayer.

E Figure 4 shows two fatty acids, A and B.

Figure 4
A
B
COOH

Scientists fed rats a diet with added fish oil for 4 months.

They obtained samples of red blood cells from the rats before starting this diet
(0 months) and after 4 months on this diet.

For each red blood cell sample, they separated the cell-surface membranes and
measured:

¢ the percentage of phospholipids containing each of the fatty acids A and B
o the fluidity of the membrane.
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Table 1 shows the scientists’ results.

Table 1

Time sample of Mean percentage | Mean percentage -~
red blood cells of phospholipids | of phospholipids Mean fluidity of

. S s the membrane /
obtained / containing fatty containing fatty arbitrary units
months acid A acid B y
0 19.8 1.7 31
4 11.7 9.0 97

Suggest why the fluidity of the membrane was higher after 4 months.

Use all the information provided in the question.

[3 marks]

Fatty acid A is saturated (no C=C double bonds), whereas fatty acid B

is unsaturated (it has C€=C double bonds).

After G months on the fish oil diet, the percentage of phospholipids

containing A fell from 19.8% to 11.7%, and those containing B rose from

1.7% to 9.0%, so the fish oil must contain more fatty acid B.

So the membrane has more unsaturated fatty acids. The double bonds

cause kinks (bends) in the fatty acid tails, so the phospholipids cannot

pack closely and are further apart.

This explains why the fluidity increased from 3| to 97 arbitrary units.
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DIEREL

Scientists investigated the activation of T lymphocytes.

The scientists studied two types of cell:

o na'l'ye T cells, which are T cells that have not yet been in contact with a foreign

. Zg’til\g/]aetr:ed helper T cells, which are T cells that have been activated by a foreign
antigen.

Figure 5 shows electron microscope images of the two types of cell.

Figure 5

Naive T cell Activated helper T cell

The activated helper T cell has a volume of 463 ym?3

Calculate the volume of the naive T cell shown in Figure 5.

Then calculate how many times larger the activated helper T cell volume is compared
with the naive T cell volume.

Assume the cell is spherical.

Use line PQ to measure the diameter of the naive T cell.

4
Volume of a sphere = 3 nr® where mis 3.14

Show your working.

[3 marks]
P® = 48 mwm; scale bar 20 mm = 2 um
Diameter = 48 + 20 x 2 = 4.8 um, so radius = 2.9 um
Volume = 4/3 x 3.14 x 2.4 = §7.9 ym>
G63 + 579 = 8.0
Volume of naive T cell 57.9 pm3

Number of times larger the activated helper T cell .
volume is compared with the naive T cell volume g times

0 8
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|Z| State one feature that shows the images in Figure 5 were taken with an electron
microscope and not an optical microscope.

Explain your answer.
[2 marks]

The nuclear membrane, the nucleolus and small vesicles / ribosomes in

the cytoplasm are clearly visible.

These are too small to see with an optical microscope, but an electron

microscope has a much greater resolution, so they can be seen.

El State one role of a helper T cell.

[1 mark]

Helper T cells release cytokines that stimulate (activate) B cells to

divide, and stimulate cytotoxic T cells and phagocytes.

E The rate of translation is increased in T cells activated by antigens.

Describe the role of tRNA in translation.
[2 marks]

Each tRNA carries (brings) a specific amino acid to the ribosome.

The anticodon on the tRNA binds to the complementary codon on the

mRNA, so the amino acids are lined up in the correct order and joined

by peptide bonds.
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A student investigated the effect of changing surface area on the rate of diffusion of a box
solution into the centre of agar blocks.

She used agar coloured by an indicator. The indicator is pink at pH > 8 and
colourless atpH 8 and pH < 8

She cut blocks in different shapes as shown in Figure 6.

Figure 6
C
4 cm
4 cm
4 cm
D
2cm
2c¢cm
16 cm

II| Complete Table 2 to show the surface area and the surface area to volume ratio for the

two shapes.
Table 2
Shape Surface area / cm? Volume / cm3 Surface a::te;;o volume
C 96 64 .S >
b 136 o4 2.2 y
[2 marks]
6 x4qx4qg=496

2x(2x2) +4gx(2x16) =8 +128 =136
6 = 649 =15 136 ~ 649 = 2.125

170
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El The student put the blocks into an acidic solution.

[0]5].[4]

The acidic solution caused the blocks to gradually turn from pink to colourless.

She recorded the time taken for the blocks to turn completely colourless.
She repeated this three times.

Table 3 shows the student’s results.

Table 3
Time for block to turn colourless / s

Mean time for block to
Shape

turn colourless / s

Block 1 Block 2 Block 3 Block 4

C 3490 1200 3540 3530 3520
D 1680 1500 1590 1610 1595

After collecting the data, the student noticed that shape C, block 2 was damaged.

Calculate the mean for shape C.
[1 mark]

Suggest what the student should have done when she saw that shape C, block 2 was
damaged.

[1 mark]
She should have discarded the damaged block 2 and repeated the test

with a new, undamaged shape C block.

State three variables the student controlled in order to obtain valid results.
[2 marks]

1 Temperature of the acidic solution

2 Concentration (pH) of the acidic solution

3 Concentration of indicator in the agar

Question 5 continues on the next page
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El Describe how gas exchange occurs in single-celled organisms and explain why this
method cannot be used by large, multicellular organisms.
[3 marks]

Single-celled organisms exchange gases by diffusion across their

cell-surface membrane, because they have a large surface area to volume

ratio and a short diffusion pathway.

Large multicellular organisms have a smaller surface area to volume ratio,

so diffusion across their body surface could not supply enough oxygen.

The diffusion pathway to cells in the centre of a large organism would

be too long, so diffusion would be too slow.
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The human papilloma virus contains a double-stranded DNA genome.

Which components are found in a human papilloma virus?

Tick (v') one box.
[1 mark]

Capsid and attachment protein \/

Capsid, attachment protein and reverse transcriptase

Capsule and attachment protein

Cell-surface membrane and attachment protein

The DNA-replication enzymes of a human cell make copies of the human papilloma
virus genome.

Name two enzymes that are involved in replicating the DNA of the human papilloma
virus and describe their roles in the replication process.
[3 marks]

Name of enzyme 1 DNA helicase

Role of enzyme 1 Breaks the hydrogen bonds between complementary

bases, so the two DNA strands unwind and separate.

Name of enzyme 2 DNA polymerase

Role of enzyme 2 Joins adjacent nucleotides together in condensation

reactions, forming phosphodiester bonds.

Question 6 continues on the next page
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Human papilloma virus infects cells that are no longer dividing. The human papilloma
virus genome contains genes that code for proteins that cause human cells to restart
their cell cycles.

Human papilloma virus infection can cause cancer.

Explain why.
[1 mark]

The viral proteins restart the cell cycle, causing uncontrolled cell division

(mitosis), which forms a tumour.

Human papilloma virus (HPV) is transmitted through sexual contact.

More than 95% of cervical cancers (which only affect females) are due to HPV
infection. HPV infection of other tissues increases the risk of cancer but this is rare
compared with cervical infection.

A vaccine is available that is over 80% effective at preventing HPV infection, if given
before the person has been exposed to HPV. There is evidence of herd immunity
when more than 50% of the population have been vaccinated.

Evaluate whether 10- to 12-year-old boys should be given the HPV vaccine.
[4 marks]

For: boys can be infected with HPV and spread it to girls through

sexual contact, so vaccinating boys reduces transmission to girls when

they are older.

Vaccinating boys as well as girls makes it more likely that over $50% of

the population is vaccinated, giving herd immunity.

HPV infection of other tissues also increases boys' risk of cancer, and

age 10 to 12 is early enough to be before exposure to HPV (before

sexual activity), when the vaccine is effective.

Against: boys are at much lower risk of cancer from HPV than females,

as cervical cancer only affects females, and the vaccine may have side

effects, so the cost may not be justified.
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Scientists investigated biodiversity in prokaryote communities found in soil.

The scientists:

¢ took soil samples from fields that had been managed for 20 years with two different

farming methods

e sequenced all the DNA that coded for prokaryotic ribosomal RNA in the soil

samples

e compared these base sequences to give a measure of species richness and an

index of diversity for the prokaryote community

e recorded the total prokaryotic biomass and the mass of stored carbon for each soil

sample

e obtained the mean wheat yield from the fields.

Table 4 shows the scientists’ results.

Table 4

Data collected Farming Farming

method 1 method 2
Mean species richness 517 560
(+ 2 x standard deviation) (£17) (+ 24)
Mean index of diversity 0.251 0.230
(+ 2 x standard deviation) (+0.011) (+ 0.014)
Mean total prokaryotic biomass / kg m=2 0.24 0.40
Mean carbon stored in soil organisms / ug g 203 342
Mean wheat yield / g m2 451 377

The mean * 2 x standard deviation includes 95% of the data.
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|I| Using the standard deviation data from Table 4, describe the differences in box
prokaryotic biodiversity found in the soil with these two farming methods.

In your answer, give the definitions of species richness and index of diversity.
[4 marks]

Species richness is the number of different species in a community. The

index of diversity describes the relationship between the number of

species in a community and the number of individuals in each species.

Farming method 2 has a higher mean species richness (560) than

method | (517). The ranges of mean *+ 2 SD (493 to $34 and 536 to

584) do not overlap, so this is a significant difference and is not due

to chance.

Farming method | has a higher mean index of diversity (0.251) than

method 2 (0.230), but the ranges of mean * 2 SD (0.240 to 0.262

and 0.216 to 0.244) overlap, so there is no significant difference and

the difference is likely to be due to chance.

Question 7 continues on the next page

Turn over »
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|Z| Genetic diversity in soil species was traditionally inferred by making observations after box
growing prokaryotes on agar plates.

However, it is estimated that less than 10% of prokaryotes found in soil will grow if
spread on an agar plate in a laboratory.

In recent years, our knowledge of prokaryotic biodiversity in the soil has increased.

Suggest why.
[2 marks]

DNA (genome) sequencing is now used, so prokaryotes do not need to

be grown on agar.

So every (or many more) prokaryote species in the soil can be identified,

rather than just recording observable characteristics of the less than

10% that grow on plates.

E Evaluate the balance between conservation and farming for these two farming
methods.

Use the information provided in Table 4 (on page 16).
[2 marks]

Farming method 2 is better for conservation, as it has a higher species

richness, higher prokaryotic biomass and more carbon stored, so more

organisms in the food web and less €O, in the atmosphere.

However, method 2 gives a lower wheat yield (377 compared with 45| g

m=2), so less food and less profit for the farmer.

18
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|I| A student prepared a plant root to observe cells undergoing mitosis.

He put the root in a small bottle of hydrochloric acid in a 40 °C water bath.

Why did he put the plant root in acid?
[1 mark]

To break down (Chydrolyse) the links between cell walls so the cells

separate and can be squashed into a single layer, letting the stain into

the cells.

|Z| State two precautions required when working with hydrochloric acid.
[2 marks]

1 Wear eye protection (goggles) and gloves.

2 Add water to any spills immediately, and do not pour the acid down

the sink.

Question 8 continues on the next page
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@ Scientists determined the mean mitotic index at 50 ym intervals away from the root tip box
in 10 young plant roots.

Figure 7 shows the scientists’ results.

Figure 7
0.4
::/ \
0.3 /
/
/ \H
/ \
1] [ /., I \
mitotic 0.2+—+——1— /
index o
] \
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Distance from root tip / um
State the null hypothesis for this investigation.
Name the statistical test needed to determine whether the difference between the
mean mitotic index at 200 ym and at 300 ym is significant.

[2 marks]

Null hypothesis There is no difference between the mean wmitotic index at

200 um and at 300 um from the root tip.

Statistical test Student's t-test

2 0
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E The scientists recorded these measurements from the tissue located at 200 um from

[o]8][5]

the root tip.

Area of field of view = 0.2 mm?
Mean area of one cell = 3495 pm?

Use this information and Figure 7 to calculate the number of cells undergoing mitosis
in this location.

Assume there are no spaces between the cells.

Show your working.

[2 marks]
0.2 mm? = 0.2 x 10° um? = 200 000 jm?
Number of cells = 200 000 + 349S = §7.2
Mitotic index at 200 um = 0.3S
Cells in mitosis = §7.2 x 0.35 = 20.03
20 cells

Another student compares the mitotic index in the roots of two different species.

Give two considerations within her method to ensure this comparison is valid.
[2 marks]

1 Use roots of the same age, grown in the same conditions (temperature,

light, water).

2 Count cells at the same distance from the root tip, using several fields

of view, with the same time and temperature in the acid.
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DIEREL

Read the following passage.

Carbohydrates are moved by mass transport in plants and in mammals. This
movement is caused by a pressure gradient inside the transport vessels.

Plants transport most of their carbohydrate as sucrose. The phloem has
sucrose-transport proteins in the cell-surface membrane. Potato plants with

fewer sucrose-transport proteins produce fewer potatoes and accumulate S
sugars in their leaves.

Mammals do not have sucrose-transport proteins in their cell-surface

membranes. They do have many monosaccharide-transport proteins in

cell-surface membranes. These transport proteins allow monosaccharides

through by facilitated diffusion. 10

Mammalian cells can change the number of glucose-transport proteins in their
cell-surface membranes. The glucose-transport proteins are stored in internal
membranes, then moved to the cell-surface membrane when they are needed.
During exercise, there is a significant increase in glucose uptake by muscle 15
cells.

Use the information in the passage and your own knowledge to answer the
following questions.

Explain how sucrose-transport proteins in leaf cells enable the production of a

pressure gradient in the phloem.
[3 marks]

In the leaf (source), sucrose Is activelg tmnsportea’ (co'tmnsported with

H* ions) into the phloem sieve tubes by the sucrose-transport proteins.

This lowers the water potential inside the phloem.

So water enters the phloem by osmosis from the xylem, which increases

the hydrostatic pressure at the source, creating a pressure gradient

towards the sink.

2 2
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|Z| Potato plants with fewer sucrose-transport proteins produce fewer potatoes and
accumulate sugars in their leaves (lines 4, 5 and 6).

Explain why.
[2 marks]

Sugars are made by photosynthesis in the leaf, but with fewer transport

proteins less sucrose is loaded into the phloem at the source, so sugars

build up in the leaves.

Less sucrose is transported to the sink (the potatoes), so less sugar is

stored as starch and fewer potatoes form.

@ During exercise, there is a significant increase in the glucose uptake by muscle cells
(lines 14 and 15).

Give two reasons why glucose uptake by muscle cells increases significantly during
exercise.

Explain your answers.
[4 marks]

1 Respiration increases, to provide more ATP for muscle contraction, so

glucose is used up faster in the muscle cells.

This keeps the glucose concentration inside the cells low, maintaining a

steep concentration gradient.

2 More glucose-transport (carrier | channel) proteins are moved from

internal membranes into the cell-surface membrane.

So more glucose enters the muscle cells by facilitated diffusion.

Question 9 continues on the next page
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E Which statement correctly describes the structure of both a sucrose-transport protein

and a glucose-transport protein?

Tick (v') one box.

The secondary structure is held by disulfide bridges.
The tertiary structure allows the protein to be positioned on the
inner surface of the cell membrane.

The secondary structure is held by disulfide bridges.
The tertiary structure allows the protein to be positioned spanning
the whole cell membrane.

The secondary structure is held by hydrogen bonds.
The tertiary structure allows the protein to be positioned on the
outer surface of the cell membrane.

The secondary structure is held by hydrogen bonds.

The tertiary structure allows the protein to be positioned spanning
the whole cell membrane.

END OF QUESTIONS

[1 mark]
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