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Answer all questions in the spaces provided.

Haploid cells are produced by meiosis.

|I| Define haploid.

[1 mark]

A cell that contains a single copy of each chromosome (one set of
chromosomes), half the diploid number.
Figure 1 shows an outline of the stages of meiosis.

Figure 1
Stage A Cell in early

meiosis showing
y chromosomes
—

Stage B @ Cell in meiosis 1
Stage C Q Q Cells in meiosis 2
Stage D Q Q Q Q Cells produced

by meiosis
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@ Describe the appearance of one chromosome in the cell at stage B.
[2 marks]
The chromosome is made of two (sister) chromatids.

The two chromatids are joined together by a centromere.

E Describe one process that occurs in the cells at stage C that does not occur in the
cell at stage B.

[1 mark]

The centromere splits (divides) and the sister chromatids separate,

moving to opposite poles.

E Stage A in Figure 1 shows the appearance of the chromosomes in early meiosis.

Cells in stage D are all haploid.

In the circle below, draw the chromosomes as they would appear in one of the cells at
stage D.

[2 marks]

Turn over »
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Crossing over increases the genetic diversity of a species.

E Describe how the process of crossing over occurs.

[2 marks]

Homologous chromosomes pair up (forming bivalents) and non-sister

chromatids twist around each other, forming chiasmata.

The chromatids break and equal lengths of chromatid are exchanged and

re-joined.

@ Explain how crossing over increases genetic diversity.
[2 marks]
DNA C(alleles) is exchanged between the non-sister chromatids of

homologous chromosomes.

So each chromatid (chromosome) has a new combination of alleles, with

alleles from both parents.

. State one way that genetic diversity in a species can increase after meiosis
is complete.

[1 mark]
Random fertilisation Crandom fusion of gametes).
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The surface layer of cells on a plant leaf is called the epidermis. box
Guard cells can be found in the lower epidermis of a plant leaf.
Figure 2 shows some of the internal structures of a single guard cell.

Figure 2

T

Nucleus

|I| State the functions of organelles E, F and G in Figure 2.
[3 marks]

E Aerobic respiration, releasing energy for ATP production.

F Modifies (and packages) proteins and lipids and transports them.

G Stores water (cell sap) and provides turgor pressure (support).

Question 2 continues on the next page

Turn over »
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Figure 3 shows the arrangement of stomata on part of the lower epidermis of the leaf.

@ Calculate the stomatal density per mm? of the leaf epidermis shown in Figure 3.

Figure 3

7
S
%

7 &

100 pm

Figure is 250 um x 150 ym = 0.25 mm x 0.1S mm
Area = 0.25 x 0.1S = 0.0375 mm?
Number of stomata = S

Density = § = 0.0375 = 133.3

Number of stomata

133

[2 marks]

per mm?
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El A student investigates the number of stomata on the leaves of two different box
plant species.

The student compares the stomatal density of a large number of pieces of the leaf
epidermis from each species.

Explain why the student uses a large number of pieces of leaf.
[2 marks]

To calculate a reliable (representative) mean stomatal density for each

species.

To reduce the effect of anomalies (outliers), and so a statistical test

can be used to see if there is a significant difference.

Question 2 continues on the next page

Turn over »
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Xerophytic plants have adaptations to living in dry conditions.
Figure 4 shows the percentage of stomata open on a xerophytic plant for 24 hours.
Figure 4
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E Explain how the pattern of stomata opening helps xerophytic plants survive in
dry environments.

Use Figure 4.
[2 marks]

Stomata are mostly closed during the day (only about 3% open at 12

hours), so less water is lost by transpiration (evaporation) in the

hottest part of the day.

Stomata open at night for gas exchange, so more water is kept for

photosynthesis and to keep cells turgid.
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E State three adaptations of the leaves of xerophytic plants to help the plants survive in

a dry environment.

Do not include the opening and closing of stomata.

Feature 1 Thick waxy cuticle

[3 marks]

Feature 2 Sunken stomata (in pits)

Feature 3 Curled (rolled) leaves with hairs

Do not write
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A student investigates the effect of salt solution concentration on the length of pieces
of carrot tissue.

This is the method the student uses.

1. Cut the carrot into cylinders exactly 30 mm long.

2. Put one carrot cylinder into a test tube containing 10 cm?® of 0.2 mol dm™3 salt
solution.

. Seal the test tube with a rubber bung.
. Leave the carrot cylinder in the solution for 24 hours.
. Measure the final length of the carrot cylinder.

. Calculate the percentage change in length of the carrot cylinder.

N o o0 A W

. Repeat steps 1-6 at concentrations of 0.4, 0.6, 0.8 and 1.0 mol dm™3 salt solution.

Figure 5 shows a carrot cut at different angles.

Figure 5
Uncut Transverse Longitudinal
carrot section section

Soft tissue

Hard tissue

0 30 mm
1

170
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|I| Describe how the student should cut the carrot cylinders to make sure valid results
can be collected.
[2 marks]

Use the same size cork borer so every cylinder has the same diameter

(surface area).

Cut every cylinder from the same part of the carrot so it goes through

only one type of tissue (e.g. only the soft tissue).

El Explain why the student puts a rubber bung in the top of the test tube.
[2 marks]

To stop evaporation of water (water vapour) from the salt solution.

So the concentration of the solution does not increase (its water

potential does not decrease).

E Suggest why the carrot cylinders are left in the salt solution for 24 hours instead
of 1 hour.
[1 mark]

To make sure osmosis is complete (equilibrium is reached), so there is

no further change in length.

Question 3 continues on the next page

Turn over »
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E The final length of the carrot cylinder after 24 hours in 0.2 mol dm= salt solution box
is 35 mm

Calculate the percentage increase in length of this carrot cylinder.

Give your answer to one decimal place.

[2 marks]
increase = 35 — 30 = S mm
% increase = (§ + 30) x 100 = 16.67
Percentage increase 16.7 %

E Explain why the length of the carrot cylinder increases in 0.2 mol dm= salt solution.
[3 marks]

The carrot cells have a lower water potential than the 0.2 mol dm™ salt

solution.

So water enters the carrot cells by osmosis, across the partially

permeable cell-surface membrane.

The cells in the carrot expand (become turgid and increase in length),

so the cylinder gets longer.
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@ Describe how the student could use the data from this investigation to find the Mo
concentration of salt solution that gives no change in length of a carrot cylinder.
[2 marks]
Draw a graph of percentage change in length (y-axis) against
concentration of salt solution (x-axis) and draw a line (curve) of best
fit.
Read off the concentration at the point where the line crosses the
x-axis (0% change in length).
12
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Cysteine is an amino acid. It has functional groups made from different elements.
Figure 6 shows the structure of cysteine.
Figure 6
SH

|
CH,

|
H,N— c|: — COOH
H

Table 1 shows five elements that may be found in each functional group of cysteine.

|I| Put a tick (v') in Table 1 if the element is found in each functional group of cysteine.

One of the ticks has been added already.
[2 marks]

Table 1

Group Nitrogen | Carbon | Oxygen | Hydrogen Sulfur

R v v | Vv
Amine v \/
Carboxyl \/ \/ \/

@ The secondary structure of a polypeptide is produced by bonds between amino acids.

Describe how.
[2 marks]

Hydrogen bonds form between the NH (amine) group of one amino acid

and the ¢=0 (carbonyl) group of a different amino acid.

This folds the polypeptide into an a-helix or a B-pleated sheet.
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E Two different proteins can have the same number and types of amino acid, but
different tertiary structures.

Explain how.
[2 marks]

They have a different sequence of amino acids (different primary

structure).

So hydrogen, ionic and disulfide bonds and hydrophobic interactions form

between different R groups, in different places, giving a different 3D

shape.

E Insulin is a hormone that helps to control blood glucose levels.

An insulin molecule contains 51 amino acids.

Calculate how many DNA base pairs are on the coding regions of the insulin gene.
[1 mark]

S1 amino acids x 3 bases (one triplet each)

=153

Number of base pairs = /53

Question 4 continues on the next page

Turn over »
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Figure 7 shows the amino acid sequence of an insulin molecule. box

Figure 7

E On Figure 7, the amino acids labelled ‘Cys’ are cysteines.

There are bonds between the R groups of the cysteines on chain A and the R groups
of the cysteines on chain B.

Name this type of bond.
[1 mark]

Disulfide bridges (bonds)

IB/H/Jun25/BL0O1
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Name the highest level of protein structure shown in Figure 7.

Give a reason for your answer.
[2 marks]

Level of structure Quaternary

Reason !t has more than one polypeptide chain (chain A and chain B

Joined together).

Insulin molecules need to be folded correctly.

Describe the process of protein folding.
[2 marks]

Chaperone proteins assist (help) the folding of the polypeptide.

The polypeptide folds into its secondary structure (a-helix, B-pleated

sheet) and then its tertiary structure; chaperones prevent incorrect

hydrophobic interactions.

Research has found that zinc ions are needed for the correct folding of insulin.

Scientists put insulin molecules that were not folded into test tubes with different
concentrations of zinc ions. Insulin only folded correctly in the test tubes with a high
concentration of zinc ions.

List three factors that should be controlled in the test tubes.
[3 marks]

Factor 1 pH (use a buffer)

Factor 2 Temperature (use a water bath)

Factor 3 The same concentration of insulin

Question 4 continues on the next page
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outside he
El Some proteins form channels in cell surface membranes. box
Suggest why incorrect folding might result in a non-functional protein channel.
[1 mark]
The tertiary structure (3D shape) is different, so the channel has the
wrong shape or charge to allow passage of substances.
16
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A student uses Benedict’s reagent to test for the presence of glucose in a
food sample.

The test gives a positive result.

|I| Why can the student not conclude that there is glucose in the food sample?
[1 mark]

Other reducing sugars (e.g. fructose, maltose) also give a positive

Benedict's test.

Verbascose is a carbohydrate found in some foods. It contains a sucrose molecule
joined to a chain of three galactose molecules. The molecules are joined by
condensation reactions.

Figure 8 shows a molecule of verbascose.

Figure 8

~ Sucrose

2 0
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@ Describe the structure of sucrose.

[1 mark]

A glucose and a fructose molecule joined by a glycosidic bond.

E Describe a condensation reaction.

[2 marks]

A reaction that joins two molecules together, forming a chemical bond

between them.

A molecule of water is produced (removed).

E Draw a ring around one glycosidic bond on the verbascose molecule shown in

Figure 8.
[1 mark]
E Name the isomer of glucose found in verbascose.
Use Figure 8.
[1 mark]

Alpha (a) glucose

Question 5 continues on the next page

Turn over »
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El Two different enzymes are needed to hydrolyse verbascose into monosaccharides.
Explain why.

Use Figure 8.
[2 marks]

There are different bonds (substrates), e.g. a galactose-galactose bond, a

galactose-glucose bond and a glucose-fructose bond.

Each enzyme has a specific active site shape, so different

complementary active sites are needed to bind the substrates and form

enzyme-substrate complexes.

. Verbascose can be called a polymer.

Suggest why.
[1 mark]

It is made up of many similar monomers (monosaccharide subunits)

bonded together.

2 2 IB/H/Jun25/BLO1
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. Verbascose solution gives a negative result when tested with Benedict’s reagent.

Describe how Benedict’s reagent can be used to show that verbascose solution
contains reducing sugars.

[3 marks]
Heat (boil) the verbascose solution with dilute hydrochloric acid to

hydrolyse it, then add an alkali such as sodium hydrogencarbonate to

neutralise it.

Then add Benedict's solution and heat (boil) in a water bath.

A red (orange or brown) precipitate forms, which shows reducing sugars

are present.

@ Another carbohydrate called ajugose is formed by adding one more galactose
molecule to verbascose.

Determine the molecular formula of ajugose.
[2 marks]

verbascose = CioH220) + 3 C4H 1205 — 3 H,0 = C39Hs2024
ajugose = C3gH 2054 + CsH) 205 — H20

Molecular formula of ajugose  C36H4203
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Lo[e][1]

Read the following passage:

Protists are a taxonomic group made up of any eukaryotic organisms that are
not animals, plants or fungi.

Organisms in the class Oligohymenophorea are simple, single-celled protists

found almost anywhere there is water. They contain many structures including
cytoplasm, cilia, lysosomes, ribosomes, a cell-surface membrane, a nucleus and 5
mitochondria.

However, when researchers studied the genomes of the Oligohymenophorea
they found a difference in how their DNA is translated into proteins compared
with other organisms.

In most organisms, the first codon to be read during translation is AUG. Thisis 10
the start codon. Translation finishes when the codons UAA, UAG or UGA are

read. These are stop codons. There are no anticodons complementary to the

stop codons. Instead, a protein release factor binds to the ribosome, stopping
translation.

The difference in the Oligohymenophorea is that only UGA functions as astop 15
codon. UAA codes for the amino acid lysine and UAG codes for the amino acid
glutamic acid. This is extremely unusual and there are no other cases where

these two stop codons are linked to two different amino acids. This goes against
one of the known features of the genetic code.

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

Protists are eukaryotic organisms (line 1).

Name two organelles listed in the passage that are only found in eukaryotic cells.
[1 mark]

Nucleus and mitochondria
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@ Scientists have not put the Oligohymenophorea into the plant kingdom.

Use the information in lines 4—6 to suggest why.
[2 marks]

No (cellulose) cell wall is listed.

No chloroplasts (or starch grains) are listed, so they cannot

photosynthesise.

They contain cilia and lysosomes, and are unicellular, not multicellular.

E Define genome (line 7).
[1 mark]

The complete set of genes (all the DNA) in a cell or organism.

E ‘Translation finishes when the codons UAA, UAG or UGA are read. These are stop
codons’ (lines 11-12).

These stop codons are found on RNA, not DNA.
Give evidence from lines 11-12 that shows that these stop codons are only found

on RNA.
[1 mark]

The codons contain uracil (V), not thymine (T),; uracil is only found in

RNA.

Question 6 continues on the next page
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E Describe an anticodon (lines 12—-13). o
[2 marks]
A sequence of three bases (nucleotides) on a tRNA molecule.
It is complementary to a codon on mRNA.
@ ‘There are no anticodons complementary to the stop codons’ (lines 12—13).
List the three missing anticodons.
[1 mark]
1 AUV
2 AUC
3 ACU
- The codon UGA is found only once in an mRNA molecule.
Give the reason why.
[1 mark]
UGA is a stop codon, so more than one would stop translation early,
giving a shortened polypeptide.
. ‘This goes against one of the known features of the genetic code’ (lines 18-19).
Identify this feature of the genetic code.
[1 mark]
The genetic code is universal (the same codons code for the same
amino acids in all organisms). W
END OF QUESTIONS
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