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Answer all questions in the spaces provided.

Figure 1 shows the structure of molecules found in organisms.
Figure 1
A B
H o ,H F|<
H,N—C — COOH
HO OH |
H
Cc D
Adenine H O ,OH
HO H

Ribose

|I| Complete Table 1 by putting the correct letter, A, B, C or D, in the box next to each
statement. Each letter may be used once, more than once, or not at all.

[4 marks]
Table 1
Letter Statement
B is @ monomer in an enzyme’s
active site
D is @ monomer in cellulose
C is produced during
photosynthesis and respiration
B forms a polymer that gives a
positive result with a biuret test
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Raffinose is a trisaccharide of three monosaccharides: galactose, glucose and
fructose. The chemical formulae of these monosaccharides are:

e galactose = CgH1206
e glucose = CgH1206
e fructose CeH1206

Give the number of carbon atoms, hydrogen atoms and oxygen atoms in a molecule
of raffinose.

[1 mark]
Number of carbon atoms 18
Number of hydrogen atoms 32
Number of oxygen atoms 16

A biochemical test for reducing sugar produces a negative result with raffinose
solution.

Describe a biochemical test to show that raffinose solution contains a non-reducing
sugar.
[3 marks]

First heat a sample of the raffinose solution with dilute hydrochloric

acid in a boiling water bath, to hydrolyse the glycosidic bonds.

Then neutralise it by adding an alkali such as sodium hydrogencarbonate.

Then heat it with Benedict's solution in a boiling water bath. A red /

orange-brown precipitate forms, showing that a non-reducing sugar was

present.
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II| Explain the arrangement of phospholipids in a cell-surface membrane.

@ Describe how an ester bond is formed in a phospholipid molecule.

E State and explain the property of water that helps to prevent temperature increase in a

[2 marks]

The phospholipids form a bilayer because there is water both inside the

cell (cytoplasm) and outside the cell (tissue fluid).

The hydrophilic phosphate heads point towards the water on each side

and are attracted to it, while the hydrophobic fatty acid tails point

inwards, away from the water, because they are repelled by it.

[2 marks]

The ester bond forms in a condensation reaction, so a molecule of water

is lost (removed).

It forms between the glycerol and a fatty acid (between an OH of

glycerol and the COOH of the fatty acid).

cell.
[2 marks]

Property Water has a high specific heat capacity.

Explanation

A lot of energy is needed to raise the temperature of water,

so it buffers changes in temperature inside the cell.

Do not write
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II| Describe how a phagocyte destroys a pathogen present in the blood.
[3 marks]

The phagocyte engulfs the pathogen (by endocytosis / phagocytosis).

The pathogen is enclosed in a vesicle called a phagosome, which then

fuses with a lysosome.

Enzymes (lysozymes) from the lysosome hydrolyse / digest the pathogen.

El Give two types of cell, other than pathogens, that can stimulate an immune response.
[2 marks]

1 Cells from other organisms, e.g. transplanted cells (non-self).

o Cancer [ tumour cells (abnormal cells).

Question 3 continues on the next page

Turn over »
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El Figure 2 shows the structure of an antibody. box
Figure 2
X X
Disulfide
bridge
Label Figure 2 with an X to show where an antigen-antibody complex forms.
[1 mark]
E A disulfide bridge is labelled in Figure 2.
What is the role of the disulfide bridge in forming the quaternary structure of an
antibody?
[1 mark]
The disulfide bridge joins two different polypeptide chains together,
holding them so they do not separate.
7
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|I| Eukaryotic cells produce and release proteins. box

Outline the role of organelles in the production, transport and release of proteins from
eukaryotic cells.

Do not include details of transcription and translation in your answer.
[4 marks]

The DNA in the nucleus contains the code (gene) for the protein.

Ribosomes on the rough endoplasmic reticulum (rER) produce the protein,

and the rER transports it.

Mitochondria produce ATP, which is needed for protein synthesis.

Vesicles transport the protein to the Golgi apparatus, which modifies and

packages it, e.g. adding carbohydrate to make a glycoprotein.

Vesicles then carry the protein to the cell-surface membrane and fuse

with it, releasing the protein by exocytosis.

Question 4 continues on the next page
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Figure 3 is a transmission electron micrograph of a plant cell.

Figure 3

@ Suggest why a nucleus is not visible in Figure 3.

[1 mark]

The micrograph is a thin section (slice) through the cell, so the nucleus

is in another part of the cell that is not in this section.

El Name the organelles labelled S and T in Figure 3.

[1 mark]

Organelle S Vacuole

Organelle T Chloroplast

E Give one advantage of viewing a biological specimen using a transmission electron
microscope compared with using a scanning electron microscope.
[1 mark]

A transmission electron microscope has a higher resolution, and it lets

you view internal structures (organelles) inside the cell.
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El The cells in Figure 4 are part of a continuous layer of cells forming the upper surface

of a leaf.
The shaded area of cell U is 150 ym?
The total area of the upper surface of the leaf is 70.65 cm?

Figure 4

Calculate the number of cells in the upper surface of the leaf.
Give the answer in standard form.
Assume that all these cells are identical in size.

Show your working.

I em =10 000 uwm, so | cm? = 10% m?
70.6S5 cm? = 70.65 x 102 um? = 7.06S x 10° um?

Number of cells = 7.06S x 107 = 150 = 47 100 000

Number of cells 4.7 x 107

[2 marks]

Do not write
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II| Describe and explain the mechanism that causes lungs to fill with air. box
[3 marks]

The diaphragm muscle contracts and flattens, and the external

intercostal muscles contract, moving the ribcage up and out.

This increases the volume of the thorax (lungs), so the pressure inside

the lungs decreases.

Air then moves into the lungs down a pressure gradient, from the higher

atmospheric pressure outside.

A scientist observed sections of lung tissue using an optical microscope.
Figure 5 shows one of these sections.
K is an air-filled tube and L is a blood vessel.

This figure has been removed due to third-party copyright restrictions.
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IZ| Identify the structures labelled K and L. box

[1 mark]
K  Bronchiole

L Arteriole

- Two solutions often used to stain tissues are haematoxylin solution and iodine
solution.

o Haematoxylin solution stains DNA a blue colour.
¢ |odine solution stains starch a blue-black colour.

The scientist used haematoxylin solution and not iodine solution to stain the
lung tissue.

Suggest why.
[2 marks]

Animal (lung) tissue does not contain starch, so iodine would not stain

anything.

Haematoxylin stains the DNA, which is in the nucleus, so it makes the

nuclei of the cells visible.

Question 5 continues on the next page

Turn over »

11

stemup.co.uk 1B/M/Jun20/7401/1


https://stemup.co.uk

12

E Scientists investigated the link between the lung disease asthma and three

risk factors. They studied a large number of people. They recorded if the people had
asthma and if they:

e were obese
e burned wood indoors as a fuel
¢ lived in a house with a cat or dog.

The scientists used a statistical test to calculate the probability of the link between
asthma and each risk factor being due to chance.

Table 2 shows their results.

Table 2
Risk Factor Probability
(P value)
Obese < 0.001
Burned wood indoors =0.06
Lived with a cat or dog <0.05

A student who looked at these results concluded that all three risk factors are linked

with asthma. Evaluate this conclusion.
[3 marks]

Partly supported. Living with a cat or dog has P < 0.0S, so its link with

asthma is statistically significant, meaning there is less than a S%

probability it is due to chance.

Obesity has P < 0.001, so its link with asthma is the most (highly)

significant of the three.

However, burning wood indoors has P = 0.06, which is greater than

0.0S, so its link with asthma is not statistically significant and could be

due to chance. So not all three risk factors are shown to be linked with

asthma.
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|I| Describe how mRNA is produced from an exposed template strand of DNA. box

Do not include DNA helicase or splicing in your answer.
[3 marks]

Free RNA nucleotides line up and form complementary base pairs with

the exposed bases on the template strand (A with U, C with ).

RNA polymerase joins the adjacent RNA nucleotides together.

This forms phosphodiester bonds between the nucleotides, producing a

strand of mRNA.

@ Define the term exon.

[1 mark]

An exon is a base sequence (of DNA) that codes for a sequence of

amino acids in a polypeptide.

Question 6 continues on the next page

Turn over »
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Table 3 shows mMRNA codons for some amino acids.

Table 3
Serine | Proline | Glycine |[Threonine| Alanine
ucu CCu GGA ACU GCA
uccC CCA GGG ACC GCG

Figure 6 shows the DNA template nucleotide base sequence that determines the
sequence of four amino acids.

Figure 6
AGG CGT CCT GGA

Use information from Table 3 and Figure 6 to give the amino acid sequence
determined by this sequence of nucleotides.

[1 mark]

Serine Alanine  Glycine Proline

A mutation in the nucleotide sequence shown in Figure 6 resulted in the following
amino acid sequence.

Serine Glycine Glycine Proline

A student concluded that the mutation involved the addition of one nucleotide within
the sequence shown in Figure 6. Does information in this question support the
student’s conclusion? Give reasons for your answer.

[2 marks]

No, it does not support the conclusion.

Only the second amino acid has changed (alanine to glycine): the second

DNA triplet changed from CGT to CCT, so a G was replaced by a C.

This is a substitution of one base, not an addition.

If a nucleotide had been added, it would cause a frameshift, so all the

following triplets would be moved along and more than one amino acid

would change, but here the other amino acids are the same.
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|I| Describe binary fission in bacteria. box

[3 marks]

The circular DNA molecule replicates.

The plasmids also replicate.

The cell then divides its cytoplasm into two, producing two daughter

cells, each with one copy of the circular DNA and a variable number of

plasmids.

Question 7 continues on the next page
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The cell growth rate of the bacterium Bacillus subtilis is proportional to its mass box
immediately after binary fission.

Figure 7 shows this relationship.
Figure 7
0.5

0.4 A

0.3

Cell growth /
rate/fg s—1

N\

0.2 /

N\

0.0

0 200 400 600 800 1000
Mass immediately after binary fission/fg

@ The mass of the bacterial cells was measured in femtograms (fg).
1 fg (femtogram) =1 x 107"% g

Place a tick (V') in the box next to the number that is equal to 680 fg
[1 mark]

0.000 000 000 006 8 g

6.8x 10 g \/’

6.8x 10715 g

6.8x 107" g
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A scientist determined the growth rate of a B. subtilis cell by measuring its mass for
5 minutes.

In those 5 minutes, the cell’s mass increased by 90 fg

Use this information and Figure 7 to determine the mass of this cell immediately after
binary fission.

Show your working.

[2 marks]
Growth rate = 90 fg + (§ x 60 s) = 90 + 300 = 0.30 fg s
Reading from Figure 7 at 0.30 fg s™': mass = 660 fg
Answer 660 fg

Suggest and explain how two environmental variables could be changed to increase
the growth rate of these cells.

[4 marks]

Suggestion 1 /ncrease the concentration of glucose in the medium.

Explanation More glucose is available for respiration, so more ATP is

made for growth (e.g. protein synthesis).

Suggestion 2 Increase the temperature (up to the optimum).

Explanation This increases enzyme activity, so the rate of reactions such

as respiration and DNA synthesis increases.
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A scientist investigated birth mass in a population of babies. She determined the box
birth mass (b) of babies and grouped this information into different ranges of
birth mass.

Her results are shown in Table 4.

Table 4

Birth mass b/ kg Range of Frequency

mass / kg density
0.0<b<g20 2.0 5000
20<bg25 0.5 20 000
25<b<3.0 0.5 90 000
3.0<h<35 0.5 260 000
35<hbg45 1.0 200 000
45<bgb5 1.0 20 000

Frequency density is calculated using this equation

number of babies
range of mass

Frequency density =

1 8
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|I| Draw, on Figure 8, a suitable chart to show the distribution of birth mass for this
population of babies.

[4 marks]
Figure 8
300 000
200 000
Frequency
density
100 000
0
0 ! 2 3 4 S 6

Birth mass / kg

@ Babies with birth mass less than 2.5 kg are classified as low birth mass.

Use information in Table 4 and the equation to calculate the number of babies born
with low birth mass in this population.

Show your working.
[2 marks]

Number of babies = frequency density x range of mass
0.0 to 2.0 kg: S 000 x 2.0 = 10 000

2.0 to 2.5 kg: 20 000 x 0.5 = 10 000

Total = 10 000 + 10 000 = 20 000

Answer 20 000

Question 8 continues on the next page
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The scientist also measured the relationship between birth mass and babies surviving
less than 4 weeks. She determined if the mothers of these babies smoked cigarettes
during pregnancy. Her results are shown in Figure 9.

Figure 9
N
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\\ ~
| \\.
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\\\
NG
Babies A
surviving HHHHHH \“::
less than Y\
4 weeks NN \
per 1000 NN \‘\
live births I AN
| \ ‘\\v
\\\v\‘ |
\\}
‘\\ ‘\\
\ XS
\ > L1
| \\_ T
0 1 2 3 4 5
Birth mass/kg
Key

————— Mothers who smoked cigarettes during pregnancy
Mothers who did not smoke cigarettes during pregnancy

El State three conclusions that can be drawn from the data in Figure 9.
[3 marks]

1 Survival increases as birth mass increases: fewer babies per 1000

survive less than G weeks at higher birth masses.

2 Survival decreases when the mother smoked during pregnancy: more

babies survive less than 4 weeks.

3 The effect of smoking is similar at all birth masses (the gap between

the two curves stays about the same).
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@ Explain how an increase in the rate of transcription of the PIP1b gene (lines 6-7) will

Channel proteins called aquaporins enable water to be transported across
membranes. Aquaporins are produced in cells when genes coding for the proteins
are expressed. One aquaporin gene is called PIP1b. The expression of PIP1b in
tobacco plant cells produces an aquaporin located in their cell membranes.

Scientists have produced genetically modified tobacco plants. The scientists 5
inserted a gene from a different species into the DNA of tobacco plant cells. This
gene causes an increase in the rate of transcription of the PIP1b gene.

The scientists found that the stomatal density of leaves from tobacco plants with
the inserted gene was greater than that of unmodified control plants.

In a different investigation, scientists measured the movement of potassium ions 10
and water molecules through cell-surface membranes and vacuole membranes.

They found 6 potassium ions moved for every 150 water molecules across vacuole
membranes. They found 3 potassium ions moved for every 1500 water molecules
across cell-surface membranes.

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

Explain how the proteome of a cell from a genetically modified tobacco plant
(lines 5-7) differs from that of a cell from an unmodified control tobacco plant.
[2 marks]

The inserted gene from a different species is expressed in the modified

plant, so its cells make a new protein that control cells do not make.

Also, more of the PIPIb aquaporin protein is made, so the proteome (the

range of proteins) contains one more protein and more aguaporin.

affect the permeability of tobacco plant cell membranes to water.
[2 marks]

More PIPlb mRNA is made and translated, so more aguaporin (channel)

proteins are made and put into the cell membranes.

So the permeability of the membranes to water increases, as more water

can move through the channels by osmosis.

2 2
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E Suggest and explain one advantage and one disadvantage of increased stomatal
density on the growth of tobacco plant leaves (lines 8-9).
[4 marks]

Advantage More stomata mean more carbon dioxide can diffuse into the

leaf.

So the rate of photosynthesis increases, giving more glucose for

respiration and making more substances, so the leaves grow faster.

Disadvantage =~ More water is lost by transpiration through the extra

stomata, so the plant may wilt and stomata close.

This means less photosynthesis (and fewer metabolic reactions), so the

leaves grow more slowly.

E How much greater is the ratio of movement of potassium ions to movement of water
molecules across a vacuole membrane than across a cell-surface membrane
(lines 10-14)? Show your working.
[2 marks]

Vacuole membrane: 6 : 150 = | : 2S5
Cell-surface membrane: 3 : 1500 = | : S00

(1/25) + (1/500) = S00 + 25 = 20

Answer 20 times greater (x 20)

END OF QUESTIONS
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