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Answer all questions in the spaces provided.

.[1] Give the two types of molecule from which a ribosome is made.
[1 mark]

Ribosomal RNA (rRNA) and protein.

.[2] Describe the role of a ribosome in the production of a polypeptide. Do not include
transcription in your answer.
[3 marks]

The mRNA binds to the ribosome. The ribosome has two binding

sites, so it holds two codons of the mRNA at a time.

This allows tRNA molecules with complementary anticodons to bind to

the codons, each tRNA carrying a specific amino acid.

The ribosome catalyses the formation of a peptide bond between the

two amino acids held by the tRNA molecules (using ATP).

The ribosome then moves along the mRNA to the next codon

(translocation), and this repeats until a stop codon is reached and

the polypeptide is released.
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.[3] Table 1 shows the base sequence of part of a pre-mRNA molecule from a
eukaryotic cell.

[0]1].[4]

Complete the table with the base sequence of the DNA strand from which this
pre-mRNA was transcribed.

[1 mark]

Table 1
T|G|C |G |T|A|A|T|A| DNA

pre-

ACGCAUUAUmRNA

In a eukaryotic cell, the base sequence of the mRNA might be different from the
sequence of the pre-mRNA.

Explain why. 2 sl
marks

The pre-mRNA contains introns (non-coding sequences) as well as

exons.

The introns are removed by splicing, so the mRNA contains only the

exons joined together, so its base sequence is different.
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Turn over for the next question
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In mammals, in the early stages of pregnancy, a developing embryo exchanges
substances with its mother via cells in the lining of the uterus. At this stage, there
is a high concentration of glycogen in cells lining the uterus.

Describe the structure of glycogen.
[2 marks]

Glycogen is a polysaccharide (polymer) made of many alpha-glucose

monomers.

The glucose molecules are joined by 1,4 glycosidic bonds, with 1,6

glycosidic bonds forming a highly branched structure.

During early pregnancy, the glycogen in the cells lining the uterus is an important
energy source for the embryo.

Suggest how glycogen acts as a source of energy.

Do not include transport across membranes in your answer.
[2 marks]

Glycogen is hydrolysed to glucose.

The glucose is then used in respiration to release energy, producing

ATP.
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Suggest and explain two ways the cell-surface membranes of the cells lining the
uterus may be adapted to allow rapid transport of nutrients.
[2 marks]

1 The membrane is folded into microvilli, giving a large surface area

for fast diffusion and active transport.

2 There are a large number of carrier and channel proteins in the

membrane, for active transport, co-transport and facilitated diffusion.

In humans, after the gametes join at fertilisation, every cell of the developing
embryo undergoes mitotic divisions before the embryo attaches to the uterus lining.

e The first cell division takes 24 hours.
e The subsequent divisions each take 8 hours.

After 3 days, the embryo has a total volume of 4.2 x 10~ mm®.

What is the mean volume of each cell after 3 days? Express your answer in
standard form.

Show your working.
[2 marks]
3 days = 72 hours; first division 24 h, then 48 + 8 = 6 more divisions

Total divisions = 7, so number of cells = 27 = 128 cells

Mean volume = 4.2 x 1073 = 128 = 3.28125 x 10> mm?>

Answer = 328 x 107 mm?
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Sodium ions from salt (sodium chloride) are absorbed by cells lining the gut. Some
of these cells have membranes with a carrier protein called NHE3.

NHE3 actively transports one sodium ion into the cell in exchange for one proton
(hydrogen ion) out of the cell.

Use your knowledge of transport across cell membranes to suggest how NHE3
does this.

[3 marks]

NHE3 carries out co-transport (antiport): a sodium ion and a proton

both bind to the carrier protein.

ATP is hydrolysed to release energy, which causes the carrier protein

to change shape (tertiary structure).

This change in shape moves the sodium ion into the cell and the

proton out of the cell, against their concentration gradients.
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[0]3].[2] Scientists investigated the use of a drug called Tenapanor to reduce salt absorption
in the gut. Tenapanor inhibits the carrier protein, NHE3.

The scientists fed a diet containing a high concentration of salt to two groups of
rats, A and B.

e The rats in Group A were not given Tenapanor (0 mg kg™).
e The rats in Group B were given 3 mg kg™' Tenapanor.

One hour after treatment, the scientists removed the gut contents of the rats and
immediately weighed them.

Their results are shown in Table 2.

Table 2
Concentration of Tenapanor Mean mass of contents of the gut
I mg kg™ Ig
0 2.0
3 4.1

The scientists carried out a statistical test to see whether the difference in the
means was significant. They calculated a P value of less than 0.05.

They concluded that Tenapanor did reduce salt absorption in the gut.
Use all the information provided and your knowledge of water potential to explain

how they reached this conclusion.
[4 marks]

With Tenapanor (group B) there is a significant increase in the mass

of the gut contents, from 2.0 g to 4.1 g, so there is a significant

difference between groups A and B.

As P < 0.0S, there is a less than 0.0S (S%) probability that the

difference is due to chance.

Tenapanor inhibits NHE3, so less sodium is absorbed and more salt

stays in the gut. This lowers the water potential of the gut contents.

So less water is absorbed out of the gut by osmosis, and water moves

into the gut contents by osmosis, increasing their mass.

Turn over »
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.[3] High absorption of salt from the diet can result in a higher than normal
concentration of salt in the blood plasma entering capillaries. This can lead to a
build-up of tissue fluid.

Explain how.
[2 marks]

The higher salt concentration results in a lower water potential of the

tissue fluid.

So less water returns to the capillary by osmosis at the venule end,

so tissue fluid builds up.

0 8
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10

Bacteria are often used in industry as a source of enzymes. One reason is
because bacteria divide rapidly, producing a large number of them in a short time.
Describe how bacteria divide.

[2 marks]
Bacteria divide by binary fission. The circular DNA (and plasmids) are

replicated.

The cytoplasm then divides to produce two daughter cells, each with
a single copy of the circular DNA.

.[2] Washing powders often contain enzymes from bacteria. These enzymes include
proteases that hydrolyse proteins in clothing stains.
Figure 1 shows the effect of temperature on a protease that could be used in
washing powder.
Figure 1
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Explain the shape of the curves at 50 °C and 60 °C.
[4 marks]

At both S0 °C and 60 °C the protease s denatured by the high

temperature, so activity decreases over time.

The high temperature gives more kinetic energy, causing the hydrogen

bonds and ionic bonds between the R groups of the amino acids to

break.

This changes the tertiary structure, so the shape of the active site

changes and it is no longer complementary to the substrate, so fewer

enzyme-substrate complexes form.

Denaturation is faster at 60 °C because there is more kinetic energy,

so activity falls to 0% after 30 minutes. At S0 °C it falls more

slowly, to about 30% after 180 minutes, as fewer enzyme molecules

are denatured at a time.

Some proteases are secreted as extracellular enzymes by bacteria.

Suggest one advantage to a bacterium of secreting an extracellular protease in its
natural environment.

Explain your answer.
[2 marks]

The protease digests (breaks down) proteins outside the bacterium in

its environment.

So the bacterium can absorb the amino acids produced and use them

for protein synthesis and growth. It could also destroy toxic proteins

such as antibodies.
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.[4] Mammals have some cells that produce extracellular proteases. They also have
cells with membrane-bound dipeptidases.

Describe the action of these membrane-bound dipeptidases and explain their
importance.
[2 marks]

Membrane-bound dipeptidases hydrolyse the peptide bond in dipeptides

to release single amino acids.

This is important because amino acids can cross the cell membrane

(there are carrier proteins for them) but dipeptides cannot, so the

amino acids can be absorbed.

IB/M/Jun17/E5
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Scientists investigated treatment of a human bladder infection caused by a species
of bacterium. This species of bacterium is often resistant to the antibiotics currently
used for treatment.

They investigated the use of a new antibiotic to treat the bladder infection. The new
antibiotic inhibits the bacterial ATP synthase enzyme.

Place a tick (v') in the appropriate box next to the equation which represents the
reaction catalysed by ATP synthase.
[1 mark]

ATP —> ADP + P, + H,0

ATP + H,0 —> ADP +P,

ADP + P, —> ATP + H,0 Vv

ADP + P; + H,O —> ATP

The new antibiotic is safe to use in humans because it does not inhibit the ATP
synthase found in human cells.

Suggest why human ATP synthase is not inhibited and bacterial synthase is
inhibited.
[1 mark]

Human ATP synthase has a different tertiary structure (differently

shaped active site), so the antibiotic is not complementary to it and

cannot bind.

Question 5 continues on the next page

13
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.[3] The scientists tested the new antibiotic on mice with the same bladder infection.
They divided these mice into three groups, C, R and A.

Group C was the control (untreated).

o Group R was treated with an antibiotic currently used against this bladder
infection.

o Group A was treated with the new antibiotic.

They removed samples from the bladder of these mice after treatment and
estimated the total number of bacteria in the bladder.

Their results are shown in Figure 2.

Figure 2
6.00
5.00
Log1o 4.00
number of
bacteria in
bladder
3.00
2.00
1.00
0

Group
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The antibiotics were given to the mice at a dose of 25 mg kg™ per day.
Calculate how much antibiotic would be given to a 30 g mouse each day.

Show your working.

[2 marks]
30 g = 0.03 kg
25 mg kg = 0.025 mg g’
Dose = 25 x 0.03 = 0.7S mg per day
Answer = 0.75 mg

.[4] Calculate the percentage difference in actual numbers of bacteria in group A
compared with group R. The actual number of bacteria can be calculated from the
log1o value by using the 10™ function on a calculator.

Show your working.

[2 marks]
R: logiy = 2.8S, so number = 1035 = 707.9
A: logiy = 1.25, so number = 10'% = 17.78
% difference = (707.9 - 17.78) + 707.9 x 100 = 97.5
Answer = 97.5 (decrease) %

Question 5 continues on the next page
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The scientists suggested that people newly diagnosed with this bladder infection
should be treated with both the current antibiotic and the new antibiotic.

Explain why the scientists made this suggestion.

Use information from Figure 2 and your knowledge of evolution of antibiotic
resistance in bacteria in your answer.

[3 marks]

Figure 2 shows that neither the current antibiotic (R) nor the new

antibiotic (A) kills all the bacteria, so some bacteria are resistant to

each antibiotic.

These resistant bacteria survive and reproduce, passing on the

resistance allele, so the population of resistant bacteria increases.

If both antibiotics are used, one antibiotic will kill the bacteria that

are resistant to the other. It is unlikely that any bacterium is

resistant to both, so all or most bacteria will be killed.
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2,4-D is a selective herbicide that kills some species of plants but not others. 2,4-D
disrupts cell-surface membranes but the extent of disruption differs in different
species.

Scientists investigated the effect of 2,4-D on wheat plants (a crop) and on wild oat
plants (a weed).

They grew plants of both species in glasshouses. They put plants of each species
into one of two groups, W and H, which were treated as follows:

o Group W - leaves sprayed with water
o Group H - leaves sprayed with a solution of 2,4-D.

After spraying, they cut 40 discs from the leaves of plants in each group and
placed them in flasks containing 10 cm?® de-ionised water. After 5 minutes, they
calculated the disruption to cell-surface membranes by measuring the
concentration of ions released into the water from the leaf discs.

Their results are shown in Table 3.

The lowest significant difference (LSD), is the smallest difference between two
means that would be significant at P<0.05

Table 3
Mean concentration of ions in water
Group Treatment | arbitrary units
Wheat Wild oats

w Water 26 45

H 2,4-D 27 70
Lowest significant 7 10
difference (LSD)

Give three environmental variables that should be controlled when growing the
plants before treatment with the different sprays.

[2 marks]
1 Temperature
2 Light intensity
3 Volume of water given to each plant
T
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[0]6].[2]

Evaluate the use of 2,4-D as a herbicide on a wheat crop that contains wild oats as
a weed. Use all the information provided.
[4 marks]

For wild oats, 2,4-D increases the concentration of ions released, from

4§ to 70 (a difference of 25). This is more than the LSD of 10, so

the difference is significant.

For wheat, 2,4-D has little effect, from 26 to 27 (a difference of 1).

This is less than the LSD of 7, so the difference is not significant

and could be due to chance.

So 2,4-D disrupts the cell-surface membranes of wild oat cells but

not wheat cells. Loss of ions and membrane disruption is likely to

lead to damage or death of the wild oat plants, while the wheat is

unharmed, so it seems a good selective herbicide.

However, there is no evidence here that the wild oat plants actually

die as a result of this ion loss, and the effect was only measured

after S minutes.

There is also no evidence of other environmental effects, for example

on other species or in the soil, or of wild oats developing resistance.

The study was done in glasshouses, not in a field crop.

Question 6 continues on the next page
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.[3] The scientists incubated the flasks containing the leaf discs at 26 °C and gently
shook the flasks.

Suggest one reason why the scientists ensured the temperature remained constant
and one reason why the leaf discs were shaken.
[2 marks]

Temperature  So that the rate of diffusion of ijons out of the cells

stays constant, and the fluidity of the phospholipids does not change.

Shaken S0 that all surfaces of the leaf discs are exposed to the

water (and do not stick together), maintaining the concentration

gradient for ions.

2 0
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.[1] Describe how phagocytosis of a virus leads to presentation of its antigens.

[3 marks]

After the phagocyte engulfs the virus, the phagosome (vesicle) fuses

with a lysosome.

The virus is destroyed by hydrolytic enzymes (lysozymes) from the

lysosome.

Peptides (antigens) from the virus are then displayed on the

cell-surface membrane of the phagocyte, making it an

antigen-presenting cell.

.[2] Describe how presentation of a virus antigen leads to the secretion of an antibody

against this virus antigen.
[3 marks]

A helper T cell with a complementary receptor binds to the antigen

on the antigen-presenting cell.

This helper T cell stimulates a specific B cell (clonal selection), which

divides by mitosis to form clones.

The B cells develop into plasma cells, which secrete antibodies against

the virus antigen.

2 2
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Collagen is a protein produced by cells in joints, such as the knee.

Rheumatoid arthritis (RA) is an auto-immune disease. In an auto-immune disease,
a person’s immune system attacks their own cells. RA causes pain, swelling and
stiffness in the joints.

Scientists have found a virus that produces a protein very similar to human
collagen.

Suggest how the immune response to this viral protein can result in the
development of RA.
[2 marks]

Because the viral protein is similar to collagen, the antibodies made

against the virus antigen will also bind to the collagen in the joints.

This results in the destruction of the person's own cells and collagen

in the joints, causing RA.

Turn over for the next question
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Figure 3 shows two different ways of classifying the same three species of snake.

¢ Classification X is based on the frequency of observable characteristics
o Classification Y is based on other comparisons of genetic characteristics.

All three species of snake belong to the Python family.

Figure 3
Classification X Liasis mackloti Liasis olivaceus  Liasis papuana
Classification Y Liasis olivaceus Liasis papuana  Liasis mackloti

.[1] What do these classifications suggest about the evolutionary relationships between
these species of snake?
[2 marks]

Classification X mackloti and olivaceus are more closely related (have a

more recent common ancestor) with each other than with papuana.

Classification Y  papuana and mackloti are more closely related (have a

more recent common ancestor) with each other than with olivaceus.

IB/M/Jun17/E5
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.[2] Complete Table 4 below to show the missing names of the taxa when classifying
these snakes.

[1 mark]
Table 4

Taxon (hierarchical order) Name
Domain Eukaryote

Kingdom Animal
Phylum Chordata

Class Reptilia
Order Squamata

Family Python

.[3] There is a debate about the name of one of these species of snake. Some
scientists name it Liasis papuana and other scientists name it Apodora papuana.

Give the name of the taxon about which the scientists disagree.
[1 mark]

Genus

.[4] State three comparisons of genetic diversity that the scientists used in order to
generate Classification Y.
[3 marks]

1 Comparing the base sequence of DNA (or DNA hybridisation).

2 Comparing the base sequence of mRNA.

3 Comparing the amino acid sequence of proteins.

Turn over »
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Figure 4 shows the stages of development of an insect called a damselfly.

Figure 4

Damselfly adult

Damselfly larva
Gill lamellae

.[1] The adult damselfly uses a tracheal system for gas exchange.
Explain three ways in which an insect’s tracheal system is adapted for efficient gas
exchange.
[3 marks]

1 Tracheoles have thin walls, so there is a short diffusion distance to

the cells.

2 Tracheoles are highly branched and there are many of them, giving

a large surface area for gas exchange.

3 The tracheae are tubes full of air, so diffusion of oxygen into the

tissues is fast; muscles can also move air in and out to maintain the

gradient.

2 6
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.[2] The damselfly larva is a carnivore that actively hunts prey. It has gills to obtain
oxygen from water.

Some other species of insect have larvae that are a similar size and shape to
damselfly larvae and also live in water. These larvae do not actively hunt prey and
do not have gills.

Explain how the presence of gills adapts the damselfly to its way of life.
[2 marks]

The damselfly larva actively hunts, so it has a higher metabolic

(respiratory) rate.

So it uses more oxygen per unit time, and the gills provide a large

surface area to supply this oxygen.

: A scientist measured the size of each gill lamella of the gills of 40 damselfly larvae.
His results are shown in Table 5.

Table 5
Mean width / mm 1.61
(£ uncertainty / mm) (£ 0.19)
Mean length / mm 6.12
(£ uncertainty / mm) (£0.41)

Calculate the mean surface area of one side of one gill lamella. Assume that a gill
lamella is rectangular and give your answer to an appropriate number of
significant figures.

Include the percentage error (uncertainty) of surface area in your answer.

Show your working.
[3 marks]

SA = 1.6 x 6,12 = 9.8532 mm?

% uncertainty width = 0.19 = 1.6] x 100 = 11.8%
% uncertainty length = 0.9 + 6.12 x 100 = 6.70%
% uncertainty of SA = 11.8 + 6.70 = 18.5%

Mean surface area = 9.835 mm?

Percentage error (uncertainty) of surface area = 18.5%

Turn over »
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.[4] Astudent used an optical microscope to observe part of a damselfly larva gill.
Figure 5 shows the drawing the student produced.
Figure 5

Part of a damselfly larva’s qill

Cuticle Hair

2 8
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Suggest two ways the student could improve the quality of her scientific drawing of
this gill.
[2 marks]

1 Do not use shading, and use only single, continuous lines rather

than sketchy lines.

2 Add a scale bar or magnification, and add more labels without

crossing the label lines.

Turn over for the next question
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.[1] Contrast how an optical microscope and a transmission electron microscope work

and contrast the limitations of their use when studying cells.
[6 marks]

A TEM uses a beam of electrons, whereas an optical microscope uses

light. A TEM focuses the beam using electromagnets, while an optical

microscope uses glass lenses.

Electrons have a much shorter wavelength than light, so a TEM has a

much greater resolution (about 0.1 nm compared with about 200 nm).

So with a TEM, smaller organelles such as ribosomes, and greater

detail inside organelles such as the cristae of mitochondria, can be

seen. The optical microscope cannot resolve these.

However, a TEM can only view dead, dehydrated specimens because it

uses a vacuum, whereas an optical microscope can view living cells.

A TEM does not show colour (it produces black and white images),

whereas an optical microscope can show colour.

A TEM requires extremely thin specimens and a more complex and

time-consuming preparation, which can introduce artefacts. Optical

microscope slides are quick and simple to prepare.

30
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.[2] Figure 6 shows an image from an optical microscope of meiosis occurring in a
flower bud of a flowering plant. W and Z are undergoing meiosis.

Figure 6

Explain the appearance of W and Z.

[4 marks]

W has four cells (nuclei) because it is at the end of the second

division of wmeiosis.

2 has two cells (nuclei) because it is at the end of the first division

of meiosis, where homologous chromosomes have separated.

The cells in W are haploid, each containing n chromosomes.

Between 2 and W the sister chromatids have separated, so each cell

in W contains half the mass of DNA of each cell in 2.

Turn over »
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An environmental scientist investigated a possible relationship between air
pollution and the size of seeds produced by one species of tree.

He was provided with a very large number of seeds collected from a population of
trees in the centre of a city and also a very large number of seeds collected from a
population of trees in the countryside.

Describe how he should collect and process data from these seeds to investigate
whether there is a difference in seed size between these two populations of trees.
[5 marks]

He should take a random sample of seeds from each population, for

example by mixing the seeds and using a random number generator to

pick numbered seeds.

The sample should be large enough to be representative of the whole

population, for example at least SO seeds, or keep adding seeds until

the running mean stops changing.

He should measure the size of each seed in the same way, for

example the mass of each seed using a balance, or the length using

a ruler or calipers.

He should then calculate the mean and standard deviation of seed

size for each population.

He should use a Student's t-test to analyse whether there is a

significant difference between the means of the two populations,

comparing the t value with the critical value at P = 0.0S.

END OF QUESTIONS
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