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1 The five-kingdom classification system includes the kingdoms Plantae, Prokaryotae

and Protoctista.

Section A

(a) Complete the table below to show the presence (¢) or absence (X) of various
features in each of these kingdoms.

Do not leave any boxes blank.

Feature
Kingdom | cells may contain . Cell walls made
Always unicellular I,
chloroplasts of chitin
Plantae \/ X X
Prokaryotae X \/ X
Protoctista \/ X X

(b) In 1990, Carl Woese et al. developed the three-domain classification system as

an alternative to the five-kingdom system.

Identify which of the five kingdoms has members in both the domain Archaea
and domain Bacteria.

Prokaryotae

13735
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2 The hepatic portal vein connects two major organs in the mammalian
digestive system.

(a) Identify the organs linked by the hepatic portal vein.

Liver and Small intestine (ileum) [1]

(b) Describe the function of the following structures in a vein:

*  Smooth endothelium lining

Reduces friction, enabling smooth, unrestricted movement of blood

through the vein.

Fibrous tissue

Provides protection and structural support for the vein, preventing it

from being overstretched or damaged.

[2]

(c) Unlike veins, the walls of arteries have a thick layer of specialised tissue which
enables the artery to stretch in response to ventricle contraction. When the
ventricles relax, the arteries recoil.

Identify the type of tissue which enables the stretch and recoil response and
describe the benefit of the recoil phase.

Type of tissue _Elastic tissue (elastic fibres)

Benefit of recoil  Recoil maintains the blood pressure in the artery and

smooths out the blood flow between heartbeats. 2]

[Turn over
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3 Anorganism’s volume influences its demand for metabolites, such as oxygen and
glucose, while the supply of these metabolites is influenced by an organism’s
surface area.

(a) Define what is meant by the surface area of an organism.

The total area of the organism (of its cells) which is in direct contact

with the surrounding environment.

[1]

(b) A student wished to determine the relationship between surface area and
volume by building three models, A, B and C. Each model was built using eight
wooden cubes (of side 1cm), as shown in the diagram below.

YAy A

A B C

(i) For model C, calculate the following and complete the table below:

 surface area
 surface area + volume (surface area to volume ratio)

Model | Surface area/cm? | Volume/cm? Surface area + volume
A 24 8 3
B 28 8 35
C 34 8 928

2
SA=(4x8) +(2x1)=3Gcm’ SA<+V=3G+8=425 2]

13735
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(i) Suggest and explain which model, A, B or C, represents the body plan of an
animal most likely to require specialised internal gas exchange surfaces.

Model A

Explanation A has the lowest surface area < volume ratio (3), so

diffusion across its body surface alone could not supply enough oxygen

for its large volume. [2]

[Turn over
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(c) Gas exchange in mammals occurs in the lungs, between blood in the capillaries

and air in the alveoli. Capillary walls and alveolar walls are both composed of

squamous cells.

Explain the importance of squamous cells for gas exchange.

Squamous cells are very thin and flat, so they provide a short diffusion

distance for oxygen and carbon dioxide, giving rapid gas exchange.

[1]

(d) The maximum volume of air in litres which can be taken into the lungs during a
full inhalation is called total lung capacity (TLC).

The TLC for 10 individuals is shown in the table.

Age of subject Sex of subject | TLC/I
22 male 8.43
24 female 5.33
25 male 7.68
26 female 5.34
28 male 7.65
33 female 5.09
35 female 5.72
35 male 6.86
37 male 6.79
40 female 5.63

*28SBY2106* stemup.co.uk
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(e)

Identify two trends shown by the data.

1. In males TLC decreases with age, whereas in females TLC remains

similar regardless of age (has a smaller range).

2. Males have a larger TLC than females.

[2]

Emphysema is a lung condition in which the walls of the alveoli break down
and the total number of alveoli decreases. The elasticity of the alveoli also
decreases, making exhalation difficult.

Studies have shown that individuals diagnosed with emphysema tend to have
lower blood oxygen levels and higher TLC values than healthy individuals.

Using the information provided and your knowledge, suggest reasons for
these findings.

Lower blood oxygen levels Breakdown of the alveolar WQHS redUCGS the

surface area for gas exchange, and loss of elasticity means stale air is not

fully expelled, reducing the oxygen diffusion gradient, so less oxygen

diffuses into the blood.

Higher TLC values _With fewer, larger alveoli and less elastic recoll, air is

trapped and not fully exhaled, creating a greater volume for air within the

lungs.

[3]

[Turn over

*28SBY2107* stemup.co.uk



https://stemup.co.uk

4 In multicellular organisms, substances are often transported by mass flow systems.

(a) Explain what causes materials to move by mass flow.

A difference in pressure between two regions, so the whole body of fluid

moves from high to low pressure.

[1]

(b) One mass flow system involves the translocation of organic solutes within
plants. This takes place in phloem tissue, which can be located in
vascular bundles.

The diagram below represents a transverse section through part of a plant which
contains several vascular bundles.

vascular
bundles

(i) Identify the region of a plant from which this section is taken, and the type of
cell which is indicated by X.

Region _Stem

Cell type X _ Sieve tube element 2]
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(ii) Metabolic inhibitors such as cyanide prevent respiration taking place and
have been used to investigate the mechanism of translocation. In the
presence of cyanide, the translocation of sucrose is significantly reduced.

State what this observation suggests about the mechanism of translocation.

Translocation is an active process which reguires energy (ATP) from

respiration. [1]

(c) Circulation in mammals is another mass flow system. Heart valves help to
maintain one-way flow in this system.

(i) Describe concisely what causes the closure of the atrio-ventricular (bicuspid)
valve, which occurs after the left ventricle has filled completely with blood.

Ventricular systole (contraction of the ventricle wall) increases the

pressure of blood in the left ventricle above the pressure in the left

atrium, which forces the valve flaps shut.

[2]

(if) The aortic (semi-lunar) valve is located at the base of the aorta and prevents
backflow of blood into the left ventricle.

In some people, the aortic valve leaks and some blood flows back into the
left ventricle from the aorta.

The symptoms of this condition include dizziness, lightheadedness
and fainting.

Suggest an explanation for these symptoms.

A lower volume and pressure of oxygenated blood exits the heart to

the body with each heartbeat, so the brain receives less oxygen (and

glucose), causing dizziness and fainting.

[2]

[Turn over
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5 (a) A scanning electron micrograph of blood is shown below. Several blood
components are labelled.

red blood cell
monocyte
T-lymphocyte
polymorph
platelets

Source: © Dennis Kunkel Microscopy / Science Photo Library

There are several features of red blood cells which enable them to transport
oxygen around the body.

(i) Identify two such features of red blood cells which are visible in
the electron micrograph.

1. Very numerous (large number of cells).

2. Biconcave shape, giving a high surface area to volume ratio.

[2]

(i) Select the labelled cells which carry out phagocytosis.

Monocytes and polymorphs

2]
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(iii) Polymorphs have several distinctive features which are not visible in this
electron micrograph. Name one such feature and explain why it is not
visible in this image.

Lobed nucleus (or granular cytoplasm). This is an internal feature,

and the SEM only shows the surface of the cell, so it is not visible.

[2]

[Turn over
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(b) Tissue fluid is the liquid which bathes all cells within mammals. It is made up of
substances which leave the blood at the arteriole end of capillaries.

capillary

ven artery

venule arteriole

Source: © Mikkel Juul Jensen / Science Photo Library

(i) Name a substance which would diffuse to the cells via tissue fluid.

Oxygen (or glucose / amino acids) [1]

(ii) At the venule end of capillaries, the pressure difference between tissue fluid
and the blood causes some water to re-enter the capillaries.

This pressure difference is referred to as total pressure potential and is
calculated as shown below:

Total pressure potential = Hydrostatic pressure + Water potential

13735
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Hydrostatic Water potential | Total pressure
pressure/kPa /kPa potential/kPa
Tissue fluid 2.3 -3.3 -1.0
Capillary
(arteriole end) 4T —33 14
Capillary
(venule end) 2.1 —33

Using the values in the table above, and the formula provided, calculate the
total pressure potential at the venule end of the capillary.

2) + (-33) =-).2

—1.2 kPa [1]

(iii) Explain why water enters the capillary at the venule end.

The total pressure potential of the tissue fluid (=1.0 kPa) is greater

than that of the blood at the venule end of the capillary (=1.2 kPa).

[1]

(iv) Suggest why abnormally high blood pressure (hypertension) would lead to a
build-up of tissue fluid around the body cells.

The hydrostatic pressure (total pressure potential) of the blood in the

capillary increases, so more tissue fluid is formed at the arteriole end

and less tissue fluid is removed at the venule end.

[2]

[Turn over
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Lough Melvin is a large, freshwater lake located between County Fermanagh and
County Leitrim. The map below shows Lough Melvin and its associated rivers. Lough
Melvin has been designated as an ASSI.

Tullymore

Lareen Bay

Drowes LOUGH MELVIN

County

Ballagh

Glenaniff

The lake contains three different types of trout: ferox, gillaroo and sonaghen.
Lough Melvin is the only known habitat for sonaghen.

Information about each type of trout is given in the table.

Trout Appearance Diet Areas in whl.ch eggs
type are laid
Ferox Dark brown body with Large and small | Deeper sections of the
black spots invertebrates, Glenaniff River
other fish
Gillaroo Golden body with large | Snails Drowes River and
deep red spots Lareen Bay
Sonaghen | Silver body with many Plankton, Ballagh, Tullymore and
large dark spots midge larvae County Rivers

*28SBY2114* stemup.co.uk
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(a) Using the information provided:

(i) Identify why Lough Melvin has been designated as an ASSI.

Lough Melvin is the only known habitat for sonaghen.

[1]

(ii) Identify two ways in which competition between the three types of trout
is reduced.

1. They eat different types of food (snails, plankton and wmidge larvae,

or fish).

2. They lay their eggs in different spawning areas (different rivers or

parts of the lake).

[2]

(b) In order to determine if the three types of trout are distinct species, the fertility of
offspring from crosses between two types could be investigated. However, this is
difficult and time-consuming to carry out.

Suggest an alternative method that could be used to investigate how closely
related the three types of trout are to each other.

Compare their DNA (base sequences | genomes) to see how similar they

are. (1]

[Turn over
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(c) Lough Melvin also provides a habitat for several uncommon plant species,
including Slender-leaved Pondweed (Genus Potamogeton). Slender-leaved
Pondweed is an aquatic plant and its stems and leaves show typical
hydrophytic adaptations.

A transverse section of a stem from a species of Potamogeton is shown in the
photograph below.
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Magnification x100
Source: © Dr Keith Wheeler / Science Photo Library

(i) Large air spaces are shown labelled A. Explain the function of these air
spaces in hydrophytes.

Buoyancy, so the stems and leaves float near the surface to

maximise light absorption for photosynthesis. [1]
(ii) Suggest why the epidermis in similar sized terrestrial (land) plants is
proportionally thicker than that of Slender-leaved Pondweed.
Terrestrial plants need to reduce water loss, whereas the pondweed is
surrounded by water so water loss is not a problem.
[1]
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(iii) Suggest and explain how the structure of xylem vessels in hydrophytes
would be expected to differ from those in terrestrial plants.

Xylem vessels in hydrophytes would be thinner and have reduced

lignification. The water provides support for the whole plant and there

is little transpiration, so lower tension is created in the vessels and

less support (and waterproofing) from lignin is needed.

[2]

(d) Scientists are concerned that the use of artificial fertilisers on fields several miles
away from Lough Melvin could have a significant impact on the water quality.

(i) Explain how artificial fertiliser applied to fields several miles away could
reach Lough Melvin.

The fertiliser could leach out of the soil (in run-off after rain) and

enter waterways some distance from the lake, then be carried into

the lake by rivers.

[2]
(i) Describe how one abiotic factor of the water in Lough Melvin could be
affected by artificial fertiliser.
It would increase the nitrate and phosphate (mineral ion)
concentration of the lake water. [1]
[Turn over
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(iii) Slurry is an organic alternative to artificial fertiliser, composed of farm animal
waste. Slurry should not be spread within 20 metres of a lake.

Explain why water pollution caused by slurry can have a more immediate
effect on aquatic wildlife than pollution caused by artificial fertiliser.

Slurry is rich in decomposable organic material and contains many

decomposing bacteria (saprophytes), so the BOD rises and oxygen

levels fall more rapidly. Oxygen depletion from fertiliser involves more

stages of eutrophication (algal bloom, death, then decay).

2]
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Iron is an important component of the human diet, and many people obtain their iron
from eating meat. The iron content of various types of meat is shown in the
graph below.

5.0

4.0
Nl
(@]
3
-~ 3.0
()]
E
I
2
& 20
(@]
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o

1.0

O.o-

Farmed Farmed Wild duck Beef Beef
turkey breast turkey leg breast steak liver
Type of meat
(a) (i) Using the data provided, complete the sentence below.
(Show your working.)
99 + 07 =7
Beef liver contains % times more iron than farmed turkey breast.[2]
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One of the sources of iron in meat is myoglobin, found in muscles. In birds,
breast meat mostly consists of the muscles used for flight.

A student suggests the following hypothesis:

Breast meat from wild birds contains more myoglobin
than breast meat from farmed birds

(ii) Identify one piece of evidence from the graph which supports
this hypothesis.

Wild duck breast has a higher iron content (4.5) than farmed turkey

breast (0.7). [1]

(iif) With reference to the role of myoglobin in muscle, suggest and explain why
myoglobin levels in breast meat from wild birds would be expected to be
higher than those in breast meat from farmed birds.

Wild birds fly more than farmed birds. Myoglobin stores oxygen in

muscle, so higher levels of myoglobin in their flight muscles release

oxygen to delay the onset of anaerobic respiration during flight.

[2]

[Turn over
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(b) Myoglobin is an important molecule in the muscles of penguins. Their breast
muscles are used for swimming and diving, rather than flight.

The table below shows data collected on three different penguin species.

P5, is the partial pressure of oxygen at which myoglobin is 50% saturated.
Lower values of Py, reflect higher affinity for oxygen.

Breast
Species of muscle p Maximum Maximum
P . myoglobin 50 dive depth | dive duration
penguin . /Pa .
concentration /m /min
Img g~!
Chinstrap 28 342 121 3
Adelie 30 340 180 4
Emperor 65 333 564 22

(i) Identify the relationship between breast muscle myoglobin concentration
and the affinity for oxygen of the penguin myoglobin.

The higher the myoglobin concentration in breast muscle, the greater

the affinity of the myoglobin for oxygen (positive correlation).

[1]

(ii) Comment on the data to explain why the Emperor penguin can attain a
much greater maximum dive depth and duration than the other two species.

The Emperor penguin has a significantly higher myoglobin

concentration (65 mg ¢g') and a lower Psy (333 Pa), so its

myoglobin has a higher affinity for oxygen. Reserve oxygen is released

when the pp0, in the muscle is very low, prolonging aerobic

respiration and delaying anaerobic respiration. 2]
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Section B

Quality of written communication will be assessed in this section.

8 Write an account of the pathway and mechanisms of the movement of water into,

13735

through and out of a terrestrial plant.

[15]

Water enters the plant through root hair cells in the root epidermis. Root

hairs give a large surface area, and water moves in by osmosis down a water

potential gradient, because the soil water has a higher (less negative) water

potential than the cytoplasm of the root hair cells.

Water then crosses the root cortex by two pathways. In the symplast pathway

water passes through the cytoplasm (protoplasts) of the cells, moving from

cell to cell through the plasmodesmata. In the apoplast pathway water moves

through the cellulose cell walls and the spaces between them, without

crossing any membranes.

At the endodermis, the apoplast pathway is blocked by the Casparian strip, a

waterproof band of suberin in the cell walls. Water is therefore forced into

the symplast pathway, which gives the plant metabolic control over water

uptake. Endodermal cells actively pump mineral jons into the xylem, lowering

its water potential so that water follows by osmosis into the xylem vessels.

This creates root pressure, which forces some water up the xylem.

Most water moves up the xylem by the cohesion-tension mechanism. Loss of

water from the leaves creates a negative pressure (tension) in the xylem

vessels, which acts as a pulling force on the water. Cohesive forces between

water molecules, due to hydrogen bonding, maintain a continuous column of

[Turn over
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water. Adhesive forces between the water molecules and the lignified xylem

vessel walls also help water rise by capillary action.

Pits and areas of incomplete lignification in the xylem walls allow lateral

movement of water out of the xylem in the leaf. Water then travels through

the leaf cells by the apoplast and symplast pathways to the mesophyll.

Water evaporates from the surface of the spongy mesophyll cells, increasing

the water vapour in the intercellular air spaces. This creates a concentration

(water potential) gradient between the air spaces and the drier external air,

so water vapour diffuses out of the leaf through the stomata. A small

amount of water s also lost through the waxy cuticle by cuticular

transpiration.

This continuous movement of water from the soil, through the root, up the

stem and out of the leaves is called the transpiration stream.
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