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Answer all questions in the spaces provided.

Figure 1 shows part of the structure of a plasma membrane.

Figure 1

Outside of cell

C
B
D
A E
Inside of cell
II' Add the missing information to complete Table 1.
[3 marks]
Table 1
Name of structure Letter
Phospholipid (bilayer) A
Hydrocarbon chain 13
Channel (carrier) protein c
@ Explain why the structure of a membrane is described as ‘fluid-mosaic’.
[2 marks]

Fluid: the phospholipid molecules can move (diffuse) sideways within the

bilayer, so the membrane is flexible.

Mosaic: proteins are embedded in the bilayer in separate locations,

scattered like the tiles of a mosaic.
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Do not write

E Suggest the function of cholesterol in the plasma membrane. Ourﬁi "
[1 mark]
Cholesterol restricts the movement of the other molecules
(phospholipids) making up the membrane, giving the membrane more
rigidity (stability).
6
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Figure 2 shows a photograph of the Chinese giant salamander. This species is only box

found in rivers and streams in China.

Figure 2

Table 2 shows the taxa and the names of the taxa used to classify this species of
giant salamander. They are not in the correct order.

Table 2
Taxon Name of taxon

J Family Cryptobranchidae
K Kingdom Animalia

L Order Urodela

M Genus Andrias

N Class Amphibia

0] Species davidianus

P Phylum Chordata

Q Domain Eukarya

|I| Put letters from Table 2 into the boxes below in the correct order.

Some boxes have been completed for you.
[1 mark]

Q| |[K| P IN||L]]7]]|m]|]oO

@ Give the binomial name of this giant salamander.

[1 mark]

Andrias davidianus

0 4
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. Scientists have discovered five new species, A, B, C, D and E, of Chinese giant

IZl To construct Figure 3 the scientists extracted a gene from the mitochondrial DNA of

salamander. In their natural habitat all of these species are in danger of extinction.
Large populations of species B are kept in captive breeding farms.

The Chinese government has taken action to conserve salamanders by releasing
individual salamanders from the breeding farms into rivers.

Figure 3 shows how species A—E may have evolved.

Figure 3

Explain what Figure 3 shows about the evolutionary relationships between species B

and the other four species.
[2 marks]

Species B is most closely related to species C because they share the

most recent common ancestor.

Species B is least related to species A because they share the most

distant common ancestor (A diverged before the other species).

tissue samples from individual salamanders of the five new species (A-E).
The gene extracted from the mitochondrial DNA codes for a protein.

Suggest one possible function of this protein.
[1 mark]

An enzyme involved in aerobic respiration, e.9. ATP synthase (or a

transport protein in the mitochondrial membrane).

Question 2 continues on the next page
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E Comparing the base sequence of a gene provides more information than comparing
the amino acid sequence of the protein for which the gene codes.

Explain why.
[2 marks]

Each amino acid is coded for by a base triplet, so there are more bases

than amino acids (a longer base sequence gives more information).

The genetic code is degenerate: the same amino acid may be coded for

by different base triplets, so differences in the base sequence may not

show up in the amino acid sequence.

@ Suggest two reasons why scientists are concerned about the release of individual
salamanders from the captive breeding farms.
[2 marks]

1 The released salamanders may carry a disease and release pathogens

into the wild population, or cross-breed with other species and form

hybrids.

2 Species B may outcompete the other species for resources such as

food, leading to loss of other species and reduced biodiversity.
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What is a codon?

Figure 4

GAUGGCAGUCUGAGC

A triplet of three bases on mRNA

Iil The sequence in Figure 4 contains several codons.

Figure 4 shows the mRNA base sequence transcribed from a section of a gene.

[2 marks]

that codes for an (one) amino acid.

IZ| Table 3 shows some mRNA base sequences and what they code for.

Table 3
mRNA Amino acid / stop code
AAU, AAC Asn
AGU, AGC Ser
GAU, GAC Asp
GGU, GGC Gly
CUG, CUA, UUA, UUG Leu
CGA Arg
UGA Stop code

Complete Table 4 to show:

Use information from Table 3 to help you.

¢ the original DNA that this mMRNA sequence was transcribed from
¢ the amino acids that would be coded for by this sequence.

[3 marks]
Table 4
DNA C|T|A|C|C]|QG ClA |G |A|C|T |C|QG
mRNA GIA|U|G |G |C G|lU|C |[UG|A|G|C
Amino acid Asp Gly Ser Leu Ser
L
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outside he
. A different base could replace cytosine in the mMRNA sequence shown in box
Figure 4. The new code would produce a peptide with the same primary structure.
Name this base.
[1 mark]
Uracil
E Some individuals have a mutation which deletes one of the bases from the mRNA
sequence shown in Figure 4. This results in a peptide with only the first three amino
acids.
Figure 5 shows the same mMRNA sequence as Figure 4.
Draw a circle on Figure 5 around the base that was deleted.
[1 mark]
Figure 5
GAUGGCAGU@UGAGC
E The sequence with the deletion contains 14 nucleotides and so should code for 4
amino acids.
Why are only 3 amino acids coded by this sequence?
[1 mark]
Deleting the base causes a frameshift, so the Gth codon becomes VGA,
which is a stop code(on), so translation stops after 3 amino acids.
8
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Students separated a mixture of amino acids using paper chromatography.
Figure 6 shows the apparatus the students used.
Figure 6

Lid

| Chromatography
paper

Solvent

- )

|I| Describe how the students should have put the solution containing a mixture of
amino acids onto the chromatography paper before the paper is put in the jar.
[3 marks]

Draw a start line (origin) across the paper in pencil, about 2 cm from

the bottom.

Use a capillary tube (fine pipette) to transfer a small drop of the

amino acid solution onto the origin on the start line.

Apply several drops on the same spot, allowing the spot to dry between

each application, so that the spot is small and concentrated.

Support the paper so that the origin does not touch a solid surface

such as the bench.

10 IB/M/Jun19/BL0O1
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@ Suggest two practical precautions that the students should take when doing this box
investigation.
[2 marks]

1 Make sure the solvent level starts below the pencil (origin) line.

2 Do not touch the paper with bare hands (wear gloves), and use a

fume cupboard with no flames near the solvent.

Question 4 continues on the next page
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@ Figure 7 shows a chromatogram produced by the students.
V, W, X, Y and Z are different amino acids.

Figure 7

Solvent front

|_—Original spot

Table 5 shows the R;values for some amino acids.

Table 5

Amino acid R value

Alanine 0.38

Arginine 0.20

Phenylalanine 0.68

Threonine 0.35

Tyrosine 0.45
Identify amino acid X.
Give the reason for your answer.

[2 marks]

Amino acid X is yrosine
Reason X moved 25 mm and the solvent front moved S7 mwm, so

Re = 25 = 57 = 0.94, which is closest to the Ry value for tyrosine

(0.45).

IB/M/Jun19/BL0O1
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IZl Name the part of an amino acid that causes different R; values. box
[1 mark]
The R group (variable group / side chain)
El Describe two ways that the students could use chromatography to separate amino
acids Y and Z more clearly.
[2 marks]
1 Turn the chromatogram 90° and run it again at a right angle in a
second, different solvent (two-way chromatography).
2 Run the chromatography for a longer time (use a longer paper) so the
spots move further apart.
10
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II| Define the term ‘polymer’ (line 1).

@ Which form of glucose is found in glycogen?

Glycogen is a polymer made of long branching chains of glucose.
A glycogen molecule is very similar in structure to amylopectin in starch, with
1-6 glycosidic bonds forming the branches.

Glycogen is formed in a polymerisation reaction. Glucose molecules are
added to the chain by the enzyme glycogen synthase. Glycogen synthase can 5
only do this if there are three glucose molecules already in the chain.

To start the chain, the first glucose molecule attaches by one of its hydroxyl
groups to the amino acid tyrosine in a molecule of a protein called glycogenin.
Whilst attached to glycogenin, up to seven more glucose molecules can join

the chain. This will then allow the glycogen synthase to continue the 10
polymerisation.

Glycogenin remains attached to the reducing end of the glycogen molecule

during polymerisation. The entire globular complex of glycogenin and
glycogen may contain 30 000 glucose monomers.

[1 mark]

A large molecule made up of many (repeating) monomers (smaller,

similar subunits) joined together.

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

« |V
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15

. Glycogen can be hydrolysed into many molecules of a disaccharide.

Name this disaccharide.

Maltose

[1 mark]

E Glycogenin remains attached to the reducing end of the glycogen molecule during

polymerisation (lines 12 to 13).

Glycogenin with the attached chain of glucose molecules is tested with:

e Benedict’s solution
e biuret reagent.

Complete Table 6 to show the colour that you would expect in each test.

Table 6

[2 marks]

Test

Final colour

Add Benedict’s solution and heat

Blue (stays blue)

Add biuret reagent

Purple (lilac)

E Explain your answer to the final colour after treatment with biuret reagent.

[1 mark]

Glycogenin is a protein, and its peptide bonds react with the biuret

reagent to give the purple colour (the protein is still present at the

end).

Question 5 continues on the next page
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@ To start the chain, the first glucose molecule attaches by one of its hydroxyl groups to box
the amino acid tyrosine in a molecule of a protein called glycogenin

(lines 7 to 8, page 14).

Figure 8 shows a molecule of glucose and a molecule of tyrosine in glycogenin.

Figure 8
Glucose Tyrosine in glycogenin

CH,OH
H 1 O H

5 )
HO OH

H OH

A condensation reaction forms a bond between the glucose and the tyrosine
molecules.

In Figure 9, fill the box to show the bond formed between the two molecules.
[1 mark]

Figure 9

HO
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. Scientists used an enzyme to completely hydrolyse two different types of glycogen,
A and B. Glycogen A and glycogen B contained different numbers of 1-6 glycosidic

bonds.

Table 7 gives information about the two types of glycogen.

Table 7

Type of glycogen

Number of 1-6
glycosidic bonds per

Time taken for
complete hydrolysis /

molecule minutes
A 6000 61
B 3000 323

Calculate the percentage increase in time taken for complete hydrolysis of glycogen B
compared to glycogen A.

Use information from Table 7.

[2 marks]
(323 - 61) + 61 x 100
=262 + 6l x 100 = 429.5%
Percentage increase = 4929.5 %
. Suggest why the time taken for hydrolysis is much longer if there are fewer
1-6 glycosidic bonds in the glycogen molecule.
[2 marks]

The enzymes only break down (hydrolyse) glycogen from the end

glucose molecules of the chains (removing maltose).

Fewer 1-6 glycosidic bonds means fewer branches, so there are fewer

ends available for the enzymes to hydrolyse at the same time.

Question 5 continues on the next page
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@ The scientists found that 1 millimole of bacterial glycogen completely hydrolysed in box
228 minutes.
Calculate the rate for this reaction.
[2 marks]
228 minutes = 228 + 60 = 3.8 hours
Rate = | + 3.8 = 0.263 mwmol h”
Rate = 0.26 mmol h™ 13
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II| Haemoglobin is a protein with a quaternary structure. box

What is the meaning of ‘quaternary structure’?
[1 mark]

A protein composed of more than one polypeptide chain, e.g.

haemoglobin contains four polypeptide chains.

Question 6 continues on the next page
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Erythropoietin (EPO) is a hormone produced naturally in the body. EPO increases the
production of red blood cells.

Scientists investigate the effect of alpha lipoic acid (ALA) on the production of EPO.

This is the method the scientists use:

e place 16 students into two groups of 8; one is the experimental group and the other

is the control group

¢ give the 8 students in the experimental group a daily pill containing ALA

e measure the EPO concentration in the blood of the students in both groups after
10 days

¢ instruct the students to complete a 90 minute exercise session

e measure the EPO concentration in the blood of the students at three intervals after

the exercise session.

The results are shown in Table 8.

Table 8

Mean concentration of EPO in blood sample / arbitrary units

(* 1 standard deviation)

Grou
P eE::g;:e 20 minutes 24 hours after | 48 hours after
(after 10 days) after exercise exercise exercise
Control 7.22 13.41 10.95 7.88
(x1.31) (x4.89) (x4.85) (£5.16)
Experimental 12.36 16.51 19.63 23.90
(given ALA) (x2.50) (£5.52) (£10.25) (£11.24)

Given a pill containing no ALA (a placebo) daily for 10 days.

@ Suggest how the control group should have been treated in this investigation.

[2 marks]

Otherwise treated exactly the same as the experimental group (same

exercise session and blood sampling at the same times).

2 0
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E Explain why a control group was needed for this investigation.

[2 marks]

To allow comparison between the two groups (with the experimental

group).

To show that any increase (change) in EPO concentration was due to

the ALA and not just chance variation (to show any difference is

significant).

IZ| The scientists concluded that ALA could be used to increase EPO concentration.

Use information from Table 8 to evaluate this conclusion.

[4 marks]

For: the experimental group given ALA had a higher mean concentration

of EPO at all intervals, before and after exercise.

For: in the experimental group the EPO concentration continues to

increase after exercise, whereas in the control group it increases and

then decreases back to the original level.

Also, the standard deviations do not overlap after 10 days (before

exercise), which suggests a significant difference.

Against: the experiment only used 16 students, a small sample size, and

there is no information about the students (age, fitness) or the

baseline EPO concentrations before the pill.

Against: large standard deviations for the experimental group at 24 and

48 hours, so a large spread of data, and the standard deviations overlap

after exercise, so the difference may not be significant.

Question 6 continues on the next page
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Do not write

E Synthetic EPO is made artificially. Some athletes use synthetic EPO as a oo
performance-enhancing drug.
Explain how synthetic EPO may improve the athlete’s performance in endurance
events.
[4 marks]
Synthetic EPO increases the production of red blood cells, so the blood
contains more haemoglobin.
So more oxygen can be absorbed and transported to the respiring muscle
tissues (cells) for aerobic respiration.
So more enerqy is released (more ATP) for muscle contraction.
This delays the onset of anaerobic respiration and delays the build-up
of lactate (lactic acid), so the athlete can keep going for longer before
fatigue.
13
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n A scientist measured the change in concentration of oxygen and carbon dioxide inside box
the tracheoles of an insect.

The results are shown in Figure 10.

Figure 10

12

10 y

NN

Concentration
of gas inside

=~
——
TN

6 \ |
tracheoles / \ \
arbitrary units ] | [ [ [HEEEN [HEEN b [
4 Oxygen
N AN
21— — I\ | = Carbon dioxide
0

0 2 4 6 8 10 12 14 16 18
Time / seconds

Use Figure 10 to answer Questions 07.1 and 07.2.

Iil Suggest what stimulates the spiracles to open.

[2 marks]

An increase in carbon dioxide concentration (up to a maximum)

stimulates the spiracles to open.

The carbon dioxide concentration rises to a maximum of 2.3 AU at § s

(and 13.2 s), just before the oxygen concentration starts to increase,

when the spiracles open.

2 4
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@ Give the total length of time that the insect’s spiracles were open during the period

shown in the graph.

Explain how you arrived at your answer.

[2 marks]
Total length of time 4 seconds
Explanation The spiracles are open while the oxygen concentration

is increasing (oxygen diffusing in): from 4 to 6 s and from 13.2 to

1S2 5,502 s+ 2 s =4s. (Carbon dioxide is also decreasing,

diffusing out, at these times.)

Large insects can contract the muscles of their abdomen to force air in and out
of the spiracles. This is called ‘abdominal pumping’ and it increases the
efficiency of gas exchange between the tracheoles and the muscle tissue of the
insect.

Give reasons why large, active insects use abdominal pumping, while small,
less active insects do not.
[3 marks]

Larger, active insects have a higher metabolic rate (rate of respiration),

so they have a higher demand for oxygen.

Larger insects have a smaller surface area to volume ratio and a longer

diffusion distance to the tissues, so diffusion alone is too slow.

Abdominal expansion decreases the pressure, drawing oxygen-rich air in;

contraction increases the pressure, forcing carbon dioxide-rich air out.

This maintains (increases) the concentration gradient for oxygen

between the tracheal system and the muscle cells. Small, less active

insects need less oxygen and diffusion is enough.
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DNA contains phosphorus. box

|I| Name the part of the DNA nucleotide which contains phosphorus.

[1 mark]
Phosphate group
@ Name two other biological molecules that always contain phosphorus.
[2 marks]
1 ATP
2 Phospholipids
@ Name the enzyme that synthesises a new strand of DNA by forming bonds
between the DNA nucleotides.
[1 mark]

DNA polymerase

Question 8 continues on the next page
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[0]8].[4] Phosphorus has two forms, one non-radioactive (*'P) and one radioactive (:2P). box
Scientists can use a Geiger detector to measure the level of radioactivity emitted from
the phosphorus atoms. They can use this information to calculate the proportion of
radioactive to non-radioactive phosphorus atoms in a DNA polymer.

Scientists investigate DNA replication. This is the method the scientists use:

e grow bacteria for several generations in a nutrient solution containing the
radioactive form of phosphorus (*?P)

¢ extract DNA from a sample of the bacteria

transfer the bacteria to a nutrient solution containing only the non-radioactive form

of the phosphorus (*'P)

allow the bacteria to grow and divide once

extract DNA from a sample of the bacteria

use a Geiger detector to measure the amount of radioactivity emitted from the DNA

use a conversion table to relate the reading from the Geiger detector to the

percentage of radioactive DNA in the molecule.

Table 9 shows the conversion table.

Table 9
Reading from the Geiger detector | Percentage radioactive DNA in the
| MeV molecule
0.000 0
0.425 25
0.850 50
1.275 75
1.700 100

A DNA sample measured 1.500 MeV on the Geiger detector.
Calculate what percentage of radioactive DNA the DNA sample would contain.
Use information from Table 9.

Give your answer to two significant figures.

[2 marks]
(1.500 + 1.700) x 100 = 88.24
= 38% (2 s.f.)
Percentage contained = g %
T
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E There are three main theories for the mechanism of DNA replication.

Figure 11 shows what the three main different theories predict about how new

strands of DNA form.
Figure 11

Theory A Theory B

Original radioactive DNA I I I I

After one cycle of DNA ’/ \ ’/ \
replication in medium

containing non-radioactive

phosphate ions

Key

only non-radioactive
nucleotides

100% of the starting level
of radioactive nucleotides

Theory C

|
/\
01

50% of the starting level

H DNA strand containing I DNA strand containing |:| DNA strand containing

of radioactive nucleotides

Each theory, A, B or C, predicts that the DNA double-helix strands produced by the
bacteria after one cycle of DNA replication would contain different amounts of

radioactive DNA.

After the experiment, the actual results show that 50% of the nucleotides in all the

DNA molecules are radioactive.

State which theory, A, B or C, is shown to be incorrect by these results.

B

[1 mark]

Question 8 continues on the next page
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@ The scientists then allowed enough time for the bacteria to complete another cycle of box
DNA replication in the medium containing non-radioactive phosphate ions. This time
they found that half of the DNA molecules were non-radioactive and half were 50%
radioactive.

Which theory did the scientists conclude was the only correct one?
Explain your answer.

Use the information above.
[2 marks]

Theory C, because it is the only theory which is correct for both results

(it has not been disproven by either result).

Theory A is rejected because it would predict that all of the DNA

molecules contain 25% radioactivity after the second cycle; theory B

was already excluded by the results after one generation.

END OF QUESTIONS
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