





10 Unit 2
for CAPE®

| Richard Fosbery
Stuart LaPlace
Lorna McPherson




OXTORD

UNIVERSITY PRESS
Great Clarendon Street, Oxford, OX2 6DP, United Kingdom

Oxford University Press is a department of the University of Oxford.

It furthers the University’s objective of excellence in research, scholarship,
and education by publishing worldwide. Oxford is a registered trade mark of

Oxford University Press in the UK and in certain other countries

Text © Richard Fosbery, Stuart LaPlace and Lorna McPherson 2012
Original illustrations © Oxford University Press 2014

CAPE is a registered trade mark of the Caribbean Examinations Council (CXC®)

The moral rights of the authors have been asserted

First published by Nelson Thornes Ltd in 2012
This edition first published by Oxford University Press in 2014

All rights reserved. No part of this publication may be reproduced,
stored in a retrieval system, or transmitted, in any form or by any
means, without the prior permission in writing of Oxford University
Press, or as expressly permitted by law, by licence or under terms
agreed with the appropriate reprographics rights organization.
Enquiries concerning reproduction outside the scope of the above
should be sent to the Rights Department, Oxford University Press, at
the address above.

You must not circulate this work in any other form and you must
impose this same condition on any acquirer

British Library Cataloguing in Publication Data
Data available

978-1-4085-1649-2
109876543
Printed in Great Britain by Ashford Colour Press Ltd., Gosport

Acknowledgements

Cover photograph: Mark Lyndersay, Lyndersay Digital, Trinidad.
www.lyndersaydigital.com

Page make-up and illustrations: Wearset Ltd, Boldon, Tyne and
Wear

The authors and the publisher would like to thank the following for
permission to reproduce material:

Photos

Module 1: 1.1.1 Wood Hole Oceanographic Institution/Visuals
Unlimited/Science Photo Library; 1.3.3a Dr. Jeremy Burgess/Science
Photo Library; 1.3.3b Dr. Kenneth R. Miller/Science Photo Library;
2.3.1 Dr Don Fawcett/Getty; 2.7.1 Pete Niesen[Shutterstock; 2.7.3 ©
Loughborough University; 2.7.5 Afripics.com/Alamy; 2.8.2 © Lennox
Quallo; 3.4.2 Power and Syred/Science Photo Library; 3.4.3 danny
zhanfiStock; 4.2.2 © Chris Clifford; 4.2.3 Krystyna Szulecka/Alamy;
4.3.1 Noel Hendrickson/Photodisc/Getty; 4.3.2 © Tan Kian Khoon/
iStock; 4.3.3 MNS Photo/Alamy; 4.5.1 Alex Hibbert/Robert Harding
World Imagery/Corbis; 4.6.1 Steven MiricfiStock; 4.6.2 Marian Pentek/
iStock 4.6.3 John Anderson/Alamy.

Module 2: 1.1.1 Kyoungil Jeon(iStock; 1.3.1 © Noel Sturt; 1.5.1
Laurence Wesson and John Luttick (James Allen’s Girls’ School); 2.1.1
Randy Moore, Visuals Unlimited/Science Photo Library; 2.1.3 Dr Keith
Wheeler/SPL; 2.2.2 © B Gunning, Springer-Verlag 2009; 3.1.2 Biophoto
Associates(Science Photo Library; 3.2.1 Biophoto AssociatesfScience
Photo Library; 3.2.2 Kallista Images/Visuals Unlimited/Science Photo
Library; 3.4.1, 3.4.2, 5.4.2 Laurence Wesson and John Luttick {James
Allen’s Girls’ School); 4.2.3 Iconotec/Alamy; 4.3.1 Carolina Biological
Supply Company/PHOTOTAKE; 4.3.2 John BavosifScience Photo
Library; 4.4.1 RubberBall/Alamy; 4.4.2 Francisco OrellanofiStock; 6.1.3
Dr. Donald Fawcett and R. Coggeshall/Visuals Unlimited/Science Photo
Library; 6.3.2 Thomas Deerinck/NCMIR/Science Photo Library.

Module 3: 1.1.2 Bob ThomasfiStock; 1.2.1 Sinclair Stammers/Science
Photo Library; 1.3.2 © PSI/Caribbean; 1.5.5 @ WHO/John F. Wickett;
1.6.1 Andy Crump/TDR/WHO/Science Photo Library; 1.6.2 © Pan
American Health Organisation/WHO; 2.1.1 Claudia DewaldfiStock;
2.1.2 @ WHOP. Virot; 2.5.2 Science Picture CofGetty; 2.6.3 Jenny
MatthewsfAlamy; 2.7.1 Laurence Wesson and John Luttick (James
Allen’s Girls’ School); 2.7.3 Dr. P. Marazzi/Science Photo Library;

2.8.1 Biology MediafScience Photo Library; 3.1.1 Mary Evans Picture
Library; 3.1.2 Megapress/Alamy; 3.2.2 PHOTOTAKE Inc/Alamy; 3.3.1
diego cervofiStock; 3.3.2 @ Bruce Watson; 3.4.1 © Lennox Quallo; 4.1.1
Africa StudiofFotolia; 4.2.2 MBIjAlamy; 4.4.1 Viviane Moos/CORBIS;
4.5.1 © Lenox Quallo; 4.5.4 JuanmoninofiStock.

M1 1.3.3 M2 5.2.2, 5.2.4 The authors would like to thank Ian
Couchman of CIE for his assistance with these photomicrographs.

Text permissions

Module 1: 1.3.1 Reproduced by permission of University of Cambridge
International Examinations; 1.9.1 (p18) reproduced by permission of
the Assessment Qualification Alliance; 3.1.2 ® American Museum of
Natural History.

Module 2: 2.3.2, 3.5.1 Reproduced by permission of University

of Cambridge International Examinations; 2.4.2 Reproduced by
permission of Oxford, Cambridge and RSA Examinations (OCR); 5.55
Reprinted from Comparative Biochemistry and Physiology Part A:
Physiology, Cristina Busch, ‘Consumption of blood, renal fumction
and utilization of free water by the vampire bat, Desmodus Rotundus,
Copyright 1988, with permission from Elsevier.

Module 3:1.5.1, 4.6.2 © World Health Organisation (WHO); 1.5.2

from Global HIV/AIDS Response Progress Report 2011 @ World

Health Organisation; 1.5.3 from Island Epidemics by Andrew David
Cliff, Peter Haggerr and Matthew Smallman Rayonor. Published by
Oxford University Press 2000. Reproduced with permission from
Oxford University Press; 1.5.4 from www.smallpoxhistory.uclacuk.
Copyright © 1999-2005 UCL; 3.5.2 from University of Cambridge Local
Examinations Syndicate, Human Health and Disease, 1997, Cambridge
University Press; 4.6.1 Reproduced by permission of University of
Cambridge International Examinations.

Although we have made every effort to trace and contact all copyright
holders before publication this has not been possible in all cases. If
notified, the publisher will rectify any errors or omissions at

the earliest opportunity.

Links to third party websites are provided by Oxford in good faith
and for information only. Oxford disclaims any responsibility for
the materials contained in any third party website referenced in this
work.



Contents

Introduction

Module 1 Bioenergetics

1.1

1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9

21

2.2
2.3
2.4

2.5
2.6
2.7

2.8
29

Energy and carbon in living
systems

ATP

Leaf structure

Introduction to photosynthesis
The light-dependent stage

The light-independent stage
Investigating photosynthesis
Limiting factors

Practice exam-style questions:
Energy and photosynthesis

Introduction to respiration
Glycolysis

The mitochondrion

The link reaction and Krebs
cycle

Oxidative phosphorylation
Investigating respiration

Anaerobic respiration in
mammals

Anaerobic respiration in yeast

Respiration: summary

210 Practice exam-style questions:

31
3.2
3.3

Respiration

Energy and nutrient flow
Ecological pyramids
Ecological efficiency

3.4 The nitrogen cycle

41

Ecosystems are dynamic

18
20
22
24

26
28
30

32
34
36

38
40
42
44
46
48

4.2 Biodiversity

4.3 Species diversity

4.4 Maintaining biodiversity 1
4.5 Maintaining biodiversity 2
4.6 Sampling ecosystems 1
4.7 Sampling ecosystems 2

4.8 Practice exam-style questions:
Ecosystems

Module 2 Biosystems
maintenance

1.1 Introduction to transport

1.2 The uptake of water and ions
1.3 Xylem: structure and function
1.4 Transpiration

1.5 Measuring transpiration rates
21 Phloem

2.2 Translocation

2.3 Assessing the evidence for
phloem transport

2.4 Practice exam-style questions:
The uptake and transport of
water and minerals; transport
in the phloem

31 Blood

3.2 Bloodvessels

3.3 Theheart

3.4 Pulse and blood pressure
3.5 Control of the heart

3.6 The cardiac cycle

3.7 Haemoglobin and the transport
of oxygen

50
52
54
56
58
60

62

64

64
66
68
70
12
74
76

78

80
82
84
86
88
90
92

94



Contents

3.8 Haemoglobin and the transport

3.9

41
4.2
4.3

4.4
4.5

51
52
53

54
55

61

6.2
6.3
6.4

of carbon dioxide

Practice exam-style questions:
The mammalian circulatory
system

Homeostasis
Hormones in mammals

Regulation of blood glucose
concentration

Plant hormones

Practice exam-style questions:
Homeostasis

Excretion

The kidney nephron

The excretory functions of the
kidney

Osmoregulation

Practice exam-style questions:
The kidney, excretion and
osmoregulation

Structure of neurones

The nerve impulse

Synapses

Practice exam-style questions:
The nervous system

Module 3 Applications of
biology

11

1.2
1.3
1.4

Health
Dengue fever
HIV/AIDS

Diabetes and cancer

96

98
100
102

104
106

108
110
12

14
116

118
120
122
124

126

128

128
130
132
134

1.5 Health statistics
1.6 Summary questions

21 Defence against infectious
diseases

2.2 Non-specific defences
2.3 Lymphocytes

2.4 The immune response
2.5 Antibodies

2.6 Types of immunity
2.7 Monoclonal antibodies

2.8 Practice exam-style questions:
Health and disease, and
immunology

31 Diet and disease
3.2 Fats in the diet

3.3 Investigating the effects of
exercise

3.4 Exercise and health

3.5 Practice exam-style questions:
Social and preventative medicine

41 Drugs

4.2 The biological effects of
alcohol

4.3 The social effects of alcohol
4.4 The effects of smoking

4.5 Chronic smoking-related
diseases

4.6 Practice exam-style questions:
Substance abuse

Glossary

Index

136
140

142
144
146
148
150
152
154

156
158
160

162
164

166
168

170
172
174

176

178

180
186



Introduction

This Study Guide has been developed exclusively with the Caribbean
Examinations Council {CXC®) to be used as an additional resource by
candidates, both in and out of school, following the Caribbean Advanced
Proficiency Examination (CAPE®) programme.

It has been prepared by a team with expertise in the CAPE® syllabus,
teaching and examination. The contents are designed to support learning
by providing tools to help you achieve your best in CAPE® Biology and
the features included make it easier for you to master the key concepts
and requirements of the syllabus. Do remember to refer to your syllabus
for full guidance on the course requirements and examination format!

Inside this Study Guide is an interactive CD that includes the answers to
practice exam-style questions and electronic activities to assist you in
developing good examination techniques:

On Your Marks activities provide sample examination-style short
answer and essay type questions, with example candidate answers and
feedback from an examiner to show where answers could be improved.
These activities will build your understanding, skill level and
confidence in answering examination questions.

Test Yourself activities are specifically designed to provide experience
of multiple-choice examination questions and helpful feedback will
refer you to sections inside the study guide so that you can revise
problem areas.

This unique combination of focused syllabus content and interactive
examination practice will provide you with invaluable support to help you
reach your full potential in CAPE® Biology.

We have included lots of hints, explanations and suggestions in each of
the sections.

As you wotk through your CAPE® Biology course, read through any notes
you took during your lessons. While doing this you should read
textbooks, this guide and relevant up-to-date information from the web.
This is especially important in Modules 1 and 3 which cover topics that
are constantly changing. Use the information you find to add to your
notes. In some places we have given you suggestions of searches you can
make on the internet. Tiy to find good, accurate websites. Those that end
in .edu or .ac are reliable. Entries in Wikipedia should always be double
checked for accuracy.

When you finish a topic, answer the summary questions at the end of
each section. You will notice that many of these start by asking for
definitions of the terms relevant to each topic. This is to prompt you to
use the glossary. At the end of each chapter are exam-style questions to
help you to prepare for Paper 2.

You will find many Caribbean examples in the sections relating to
Modules 1 and 3. These come from the Caribbean in its widest sense —
all those countries within the Caribbean basin and bordering the
Caribbean Sea, not just the countries that take CXC® examinations. You
can expect questions in your examination that will be set in Caribbean
contexts and you should use regional and local examples in your answers.



1.1

Learning outcomes

On completion of this section, you
should be able to:

B list the sources of energy for
organisms

B state that energy flows through
living systems and is not recycled

®  outline the methods of energy
transfer in organisms

m list the types of nutrition.

A Study focus

You should understand how to use
these terms.

B Autotrophs use simple inorganic
compounds to make complex
organic compounds. Most use
light energy to drive the anabolic
reactions in which they make
biological molecules.

B Heterotrophs use complex
organic compounds to obtain the
energy and biological molecules
that they need.

B Photosynthesis is the absorption
of light energy that is used to
drive the synthesis of simple
carbohydrates.

B Respiration is the transfer of
energy from complex organic
compounds to ATP and heat.

Didyou know?

All organisms respire. Viruses,
however, rely on the respiration of
their host cells to be reproduced.
Viruses are the ultimate in parasitism
as they do not have any way of
carrying out respiration (or anything
else) for themselves.

Energy and carbon in living systems

Sources of energy and carbon

Organisms require a source of energy and a source of carbon.

Organisms gain their energy either from light or they use the energy
transferred from reactions involving elements, simple inorganic
compounds or complex organic compounds.

Phototrophs are organisms that gain their energy by absorbing light.

Chemotrophs gain their energy not from light but from chemical
reactions.

The simplest form of carbon that organisms can use is carbon dioxide.
Autotrophs absorb carbon dioxide and convert it into complex organic
compounds, such as glucose, starch, amino acids and proteins.
Heterotrophs obtain their carbon as carbon-based complex compounds
when they eat food.

Whether trees in the elfin forests on Dominica, sugar cane in fields on
Barbados, algae on coral reefs around St Kitts, mangrove trees in Belize,
or seagrass in the waters throughout the Caribbean, phototrophs use
sunlight as their source of energy.

You obtain your energy from your food, but this comes to you directly or
indirectly from plants, which in turn absorb light energy from the Sun.

Plants, some prokaryotes such as blue-greens, and some protoctists such
as seaweeds and other algae, absorb light energy for photosynthesis. This
process harnesses light energy and fixes carbon to make energy-rich
organic compounds. These organisms are photoautotrophs.

On the ocean floor are vent communities that flourish at depths far below
that to which light reaches. These communities rely on bacteria that
harness energy from simple chemical reactions using highly reduced
compounds, and use the energy released to fix carbon. They use
compounds of sulphur and iron. This type of nutrition is found elsewhere,
utilising compounds of nitrogen. These organisms are chemoautotrophs.

Heterotrophs feed in a variety of different ways, for example by grazing
plants, preying on animals, parasitising other organisms and eating dead
and decaying organisms. They bite, chew, suck or filter to get their food,;
most digest food internally inside a gut or inside cells; bacteria and fungi
digest their food externally by secreting enzymes onto their food and
absorbing the products.

Energy is available inside organisms, which can be stored or transferred
to be made available for work. All energy, in whatever form, is released as
ATP which is the universal energy currency inside cells (see page 4). The
process in which energy in carbon-based compounds is released is
respiration.

The table on page 3 summarises the different forms of nutrition,

Energy transfer in photosynthesis and respiration is not very efficient.
Much energy is transferred by heating the organism. Most organisms
cannot make use of this heat — it just leaves and heats their surroundings.
Birds and mammals are endotherms in that they can retain the heat and
use it to help maintain a constant body temperature.



Sourceof energy | Source of carbon

carbon dioxide complex carbon

(autotrophic) compounds (heterotrophic)
light photoautotrophic photoheterotrophic
(phototrophic) photosynthetic purple non-sulphur bacteria

bacteria, some
protoctists including
algae, plants

chemical reactions | chemoautotrophic chemoheterotrophic
(chemotrophic) nitrifying bacteria many bacteria, many
(see page 47) protoctists, all fungi and all
animals

Eventually, however, this energy also leaves and heats the surroundings and
this is the fate of all energy that enters living systems. It is transferred to
the atmosphere and is radiated into space as infrared radiation.

Sun

!

plants and other
photoautotrophs

'

— herbivores decomposers

l chemoheterotrophs

l=— carnivores

heat transferred to the
atmosphere and then to space

Figure 1.1.2 Energy flows, it is not recycled

Energy is used in organisms for:

active transport

movement

biosynthesis - the production of biological molecules

raising energy levels of compounds so they take part in reactions
growth and reproduction

maintenance of body temperature in endotherms.

Summary questions

1 Explain why energy flows and is not recycled.

2 Define the terms: autotroph, photoautotroph, chemoautotroph,
heterotroph, carbon fixation, photosynthesis, respiration.

3 Draw an energy flow diagram for a farm where crops are grown to feed to
livestock.

4 Explain what will happen to life on Earth when the Sun dies.

Module 1 Bioenergetics

M s tudy focus

Photosynthesis and respiration are
not opposites of one another. Look for
reasons for this as you read this
chapter and the next. Then answer
Summary question 4 on page 37 in
Section 2.9.

Figure 1.1.1 These deep-sea giant
tubeworms, Riftia pachyptila, live in vent

communities. Chemoautotrophic bacteria
provide the energy for these communities.

Did you know?

The deepest vent communities were
found in 2010 in the Cayman Trench
between Jamaica and Cuba.

GO Link

Energy is the ability to do work and is
measured in joules. Remember the
First Law of Thermodynamics —
energy is neither created nor
destroyed. Life is all about energy
transfer. Note all the energy
transfers mentioned here and answer
Summary question 3.

/] Study focus

Energy flows, it does not cycle.
Never write about ‘energy cycling’ or
‘energy is recycled’. See page 40 for
examples of energy flow.




1.2 ATP

Learning outcomes

On completion of this section, you
should be able to:

B state that ATP is the universal
energy currency within cells in all
organisms

B describe the structure of ATP asa
phosphorylated nucleotide

®  explain how ATP is produced

outline how oxidation/reduction
reactions are involved in ATP
production

m |ist the roles of ATP in cells.

[/] Study focus

You should be able to make a simple
diagram of ATP using shapes to
represent the adenine, ribose and
each phosphate group. See Summary
question 1.

GO Link

Remember what you learnt in Unit 1
about active sites. ATP fits into the
active sites of many enzymes. See 3.1
of Module 1in Unit 1. Remember
also that anabolic reactions are
those that make larger molecules,
such as protein from amino acids,
starch from glucose or nucleic acids
from nucleotides.

ATP synthesis _
using energy hydrolysis of
from: ATPto
ADP +P W provide
» oxidation of e
carbohydrates, 8y ;
x biosynthesis,
proteins and
e movement,
i
respiration, or ATP actve
A transport,
+ lightin ste.
photosynthesis

Figure 1.2.2 ATP is hydrolysed when it
forms ADP and phosphate. When
reformed, a condensation reaction occurs
between ADP and a phosphate. Enzymes
catalyse the formation of ATP.

ATP is one of the most important molecules you will learn about in Biology
as it is the molecule used by all organisms for energy transfers. Figure 1.2.1
shows the molecular structure of ATP which is a phosphorylated
nucleotide. The base adenine and sugar ribose together form the nucleoside
adenosine. With a phosphate added this becomes a nucleotide.

NH,

adenine

ribose
\ J

adenosine monophosphate

v
adenosine diphosphate

Figure 1.2.1 Molecular

iy
adenosine triphosphate structure of ATP

ATP is the energy transfer molecule within cells. It is highly suited to this
role as it is small and soluble so diffuses through a cell easily from sites
of production to sites of use. The bonds between the phosphate groups
are unstable and break easily. Many proteins within cells recognise the
adenine and sugar part of the molecule, which acts like a ‘handle’. As it is
unstable, it has a low activation energy so transfers one or two phosphate
groups very easily. The hydrolysis of an ATP molecule supplies enough
energy for an individual step of most anabolic reactions.

There is very little ATP in a cell. The ATP is constantly recycled as
shown in Figure 1.2.2. The great advantage is that when hydrolysed it
releases small ‘packets’ of energy rather than the energy released by
oxidising glucose or a triglyceride molecule. Also energy is transferred
from ATP in a single reaction; to transfer energy from glucose in
manageable ‘packets’ and not a mini explosion requires many reactions
as you will see on pages 20 to 29. Although phototrophs absorb light, the
energy is converted into ATP and not used directly to drive processes in
cells. Even when they produce their own light (bioluminescence)
organisms use ATP as the source of energy.

There are two ways in which ATP is produced:

substrate-linked phosphorylation, in which ATP is produced by direct
synthesis in a reaction in which energy in chemical bonds is reorganised

chemiosmotic phosphorylation, in which a proton gradient is
responsible for synthesis of ATP - this occurs in mitochondria and
chloroplasts in eukaryotic cells.

ATP is produced in some reactions that occur on the surface of an enzyme.
ADP and a phosphorylated compound occupy the active site of an enzyme.
A phosphate group transfers from the compound to ADP. This happens in
glycolysis (see page 22) and the Krebs cycle (see page 26).



Most ATP is produced using a proton gradient. This gradient is
established by pumping protons from one side of a membrane to another
using a form of active transport. The protons can only return down that
gradient by diffusing through the membrane protein ATP synthetase. As
the protons diffuse through, the enzyme changes shape to accept ADP
and inorganic phosphate to form ATP. The energy comes from the
gradient of protons. In photosynthesis, light provides the energy to
maintain this gradient; in respiration, the energy is provided by the
oxidation of organic compounds. The energy for proton pumping is made
available by oxidation/reduction reactions that occur between compounds
in the membranes of mitochondria and chloroplasts. Use the glossary on
page 180 to find definitions of oxidation and reduction.

ATP functions by binding to:
proteins for movement, e.g. muscle contraction, movement of cilia
and flagella
cartier proteins for active transport
inactive enzymes to activate them
enzymes, so reactions can take place.

ATP transfers:

a phosphate group to a molecule so increasing its reactivity, e.g. to
glucose to form glucose 6-phosphate in glycolysis [see page 22) and to
glycerate phosphate (GP) in the Calvin cycle (see page 12)

enough energy to provide activation energy for most reactions in cells

AMP to a molecule to increase its reactivity, e.g. to amino acids when
activated by attaching to tRNA.

Points to note about ATP:

ATP is not stored. The polysaccharides glycogen and starch are
short-term stores of energy; lipids are long-term stores of energy.
There is not enough ATP in a cell to act as a store.

ATP is not transported between cells. It is produced by cells when
they need it. This is why very active cells, such as liver and muscle
cells, have many mitochondria.

ATP does not have ‘high-energy bonds’. This is a concept that you will
find in older textbooks and in some websites. The energy released
when ATP is hydrolysed comes from the whole molecule, not the
bonds between the phosphate groups.

ATP is not a high-energy compound. For its molecular mass it has an
intermediate energy level. It is small and soluble, which makes it good
for energy transfer.

Summary questions

1 Make asimple diagram of ATP. Label the parts and annotate with their
functions.

2 Make simple drawings of a bacterium, a mitochondrion and a chloroplast.
Indicate on each diagram a the direction in which hydrogen ions are
pumped, and b where ATP is produced.

3 Define the terms: oxidation, reduction, phosphorylation, ‘energy currency’,
chemiosmosis, substrate-linked phosphorylation.

Module 1 Bioenergetics

Did you know?

Animals such as squids,

cuttlefish and deep sea fish use
bioluminescence for a variety of
functions: as lures to attract prey;
for signalling during courtship
and as camouflage. Search for
bioluminescence and see some
examples.

Did you know?

The total quantity of ATP in a human
is about 50 grams. There is not
enough to constitute a store as the
whole lot is turned over in a few
seconds. The turnover is estimated
as 8000 grams per hour.

s tudy focus

Note that ATP synthetase is also
known as ATP synthase. There are
many synthetase enzymes; another
example is glycogen synthetase (see
page 105). Substrate-linked
phosphorylation is also known as
substrate-level phosphorylation.

GO Link

Chemiosmotic phosphorylation
occurs across bacterial membranes,
in chloroplasts and in mitochondria.
The processes are essentially the
same (see page 29).

M Study focus

There is always some ATP inside
cells, but the quantity is too small to
power an activity without being
recycled. You could probably swing a
golf club on the ATP in your muscles;
you certainly could not do anything
more strenuous.




1.3 Leaf structure

Learning outcomes Leaves are organs composed of different tissues. They are adapted for:

) ) ) absorbing light
On completion of this section, you . - .
eI S SRS obtaining carbon dioxide by diffusion from the atmosphere

B recognise and describe the producing sugars in photosynthesis

tissues and cell types in a export of sugars and amino acids

transverse section of a leaf of a import of water and ions
dicotyledonous plant support, so they present a large surface area to the source of light.
B identify the structures in a The functions of the tissues shown in the figures are described in the table.
palisade cell and in a chloroplast
B explain how leaves, palisade cells Tissue Function
and chloroplasts are adapted to T
carry out photosynthesis. upper epidermis | secretes waxy cuticle that reduces loss of water vapour;

cuticle and epidermal cells are transparent to allow
light to pass through to the mesophyll; may have

Ll stomata (see lower epidermis below)
epidermis
as® palisade cells contain many chloroplasts to absorb maximum
mesophyll light; large vacuole pushes chloroplasts to the edge of
s each cell; cells are cylindrical and at right angles to
bundie epidermis to reduce scattering of light by cell walls*
spongy cells separated by larger air spaces than in palisade
e mesophyll mesophyll to allow diffusion of carbon dioxide
SibisaL s s throughout the leaf**; air spaces also act as a store of

airspace  cell

carbon dioxide when stomata are closed
Figure 1.3.1 A drawing made from a

cross-section of the blade of a . ;
dicotyledonous leaf showing all the tissues xylem xylem vessels supply water and ions (see pages 68-71);

listed in the table water passes from xylem along cell walls of mesophyll
cells and is then absorbed by individual cells by osmosis

phloem phloem sieve tubes transport assimilates, such as
sucrose and amino acids, away from the leaf to other
parts of the plant

lower epidermis | cells are like those of the upper epidermis; some are
specialised as pairs of guard cells that control the
aperture of stomata through which carbon dioxide and
oxygen diffuse in and out and water vapour diffuses out.

Figure 1.3.2 A cross-section of the

central vein of a leaf of Ligustrum (x10). The leaves of most dicotyledonous plants have more stomata on the
You can see the blade of the leaf on each lower surface than on the upper. Many have none at all on the upper
side. epidermis. However, leaves that float on water have almost all their

stomata on the upper surface.

“ s tudy focus

* Light would be scattered by cell walls if the cells were arranged in layers
horizontally rather than vertically.

** Diffusion through air is much faster than diffusion through cell walls and
cytoplasm, which is the advantage of having all the large air spaces.




Palisade mesophyll cells are adapted for photosynthesis as they contain

many chloroplasts. On hot, bright days, chloroplasts move around in the

cell so that they are not all exposed to the most intense light. The table
describes the structures in chloroplasts and their functions.

al

Figure1.3.3a Electron

micrograph of a chloroplast. In the

Figure 1.3.3b Grana surrounded by stroma and, at

centreis a starch grain (x10 000)

the top, a chloroplast envelope (x80000)

Structure Composition Function
envelope outer and inner membrane | protein carriers allow
- each composed of export of triose phosphate
phospholipid bilayer and and entry of ions, e.g.
proteins phosphate, magnesium
and nitrate
stroma colourless, protein-rich enzymes catalyse
region surrounding the reactions to fix carbon
grana; contains DNA dioxide and produce
loops, ribosomes and biological molecules such
many enzyme molecules as lipids, hexoses, starch,
amino acids and proteins
granum ' stack of membranous sacs provides a large surface
(plural grana) called thylakoids area for light absorption
and protein complexes of
light-dependent stage
thylakoid membranes contain move protons into
electron carriers, proton thylakoid space inside the
pumps and ATP synthetase = sac and form ATP
DNA loops of double-stranded DNA codes for some of

DNA (similar to those of
prokaryotes)

the proteins used in the
chloroplast; genes are
transcribed as mRNA; rest
of chloroplast proteins are
coded for by nuclear DNA

70S ribosomes

smaller than ribosomes on

endoplasmic reticulum
and within the cytosol;
same size as those in

prokaryotes

translation — assembly of
amino acids to form
proteins

Module 1 Bioenergetics

CO Link

See 2.3 in Module 1of Unit 1to
check you have all the organelles in
the palisade cell when answering
Summary question 1.

[/] Study focus

A stomaiis really just the hole
between the guard cells, but it is
often used to mean the guard cells
and the hole.

O Link

Dicotyledonous refers to the group
of flowering plants that have
embryos with two cotyledons. Many
also have broad leaves with a net-
like pattern of veins. See Unit 1
Module 3.

Summary questions

1 Make a drawing of a palisade cell
to show the detail visible in an
electron micrograph. Label your
drawing and annotate it to show
how the cell is adapted to carry
out photosynthesis efficiently.

2 Make a diagram based on the
electron micrographs of the
chloroplast shown on this page.
Label the structures given in the
table; annotate your diagram
to show how the different
structures enable the chloroplast
to carry out photosynthesis
efficiently.

3 Suggest a why chloroplasts
require phosphate, magnesium
and nitrate ions, and b how these
ions enter chloroplasts.

4 Calculate the actual length of the
chloroplast in Figure 1.3.3a. Show
your working.

5 Explain why leaves of many
species do not have stomata on
the upper surface.




1.4

Learning outcomes

On completion of this section, you
should be able to:

B state that photosynthesis
involves the transfer of light
energy to chemical energy in
simple sugars

W state the raw materials, source of

energy and products of
photosynthesis

B outline the two stages of
photosynthesis: light-dependent
stage and light-independent
stage

B state the precise sites of the two
stages.

] Study focus

There is no need to learn this
equation, or the one in whichn=6.
It is more important to know that
carbon dioxide and water are the
raw materials, simple sugars are
the product and oxygen is the
by-product.

GO Link

Note that all the stages of
photosynthesis occur in chloroplasts.
Mitochondria are the equivalent
organelle for respiration. The first
stage of respiration, glycolysis, does
not occur inside mitochondria, but
outside in the cytosol (see page 22).

Introduction to photosynthesis

The process of photosynthesis may be summarised by this equation:
light energy
nCO, + nH,O —— (CH,O|n + nQ,
chlarophyll
enzymes

This equation is a summary of what happens in photosynthesis. In Unit
1, you studied single reactions such as the hydrolysis of starch to form
reducing sugars. In Unit 2 you study metabolic pathways, which consist
of many reactions. You do not have to learn all the reactions of the
pathway, but you do need to know an overview of these reactions. The
simple equation is not detailed enough. In a pathway, the product of one
reaction is the substrate of the next. If one reaction is slower than the
others, then this is rate limiting and slows down the remaining reactions
with slow production of the final product. You will see how this applies to
photosynthesis on pages 16 and 17.
Photosynthesis occurs in two stages:
light-dependent stage light-independent stage.

The diagram shows where they are located in the chloroplast and how
they are related.

light
chloroplast
envelope
L— thylakoids
-
H.O & light-dependent reactions > 0,
phosphate ions . l l
reduced chloroplast
ATP * NADP envelope

stroma l 1

co, = light-independent reactions # triose phosphate
chloroplast —__|
envelope w

Figure 1.4.1 The exchanges that occur between chloroplasts and the rest of the cell, and
the sites of the two stages of photosynthesis and exchanges between them

Plants are phototrophic autotrophs. The absorption of light
(phototrophic) occurs in the light-dependent stage. This stage:
occurs in the grana

involves the transfer of light energy to chemical energy in the form of
two coenzymes, ATP and reduced NADP

involves the splitting of water {photolysis) to give protons (H*) and
electrons (e”)

involves the production of oxygen (O,

involves the harnessing of energy as electrons flow along chains of
electron carriers

involves electrons flowing along the electron transport chain (ETC)
that consists of substances that are alternately reduced and oxidised.



The fixing of carbon dioxide (autotrophic) occurs in the light-independent
stage. This stage:

occurs in the stroma

involves the combination of carbon dioxide with a five carbon (5C)
acceptor compound

involves the use of ATP and reduced NADP to drive the production of
the three carbon (3C) sugar, triose phosphate

involves resynthesis of the five carbon acceptor substance.

This metabolic pathway is cyclic as the acceptor substance is recycled
from the products of carbon fixation. It is known as the Calvin cycle
after one of its discoverers, Melvin Calvin (1911-1997).

Triose phosphate does not accumulate in the chloroplast; it is converted
into a number of other substances:

Some is used to make hexose phosphates, such as glucose phosphate
and fructose phosphate.

Glucose phosphate is used to synthesise amylose and amylopectin,
which are stored in the starch grains in the chloroplast.

Much is exported from the chloroplast through triose transporter
proteins in the envelope for use in the cytosol; this is converted into
hexose phosphates and used to make the disaccharide sucrose for
transport in the phloem.

Some is converted into other biochemicals, e.g. fatty acids, amino
acids.

Oxidation-reduction reactions occur during both stages. When two
substances react in this way, electrons are donated from one substance to
the other. Oxidation is the loss of electrons and reduction is the gain of
electrons. Some substances react more readily than others and have high
energy levels. The electron transport chain is composed of protein
complexes that have molecules with different energy levels (redox
potentials). Electrons pass from compounds with high energy levels to
compounds with low energy levels; as they do so those compounds are
reduced when they gain the electron and oxidised when they lose it.
While this happens energy is transferred to pump protons across the
membrane.

Much of the experimental work on photosynthesis is done with
unicellular algae, such as Chlorella and Scenedesmus. These cells are
suspended in suitable solutions and exposed to different conditions.
Chloroplasts can also be isolated from the leaves of plants such as
lettuce, spinach or callaloo. This is done by breaking up the leaves in a
blender, filtering the homogenate and using the filtrate, which will be a
suspension of chloroplasts. Often it is a good idea to spin the filtrate in a
centrifuge or leave it to stand in ice or in a refrigerator so that starch
grains and small debris from the cells are removed.

A suspension of chloroplasts is mixed with a blue dye that is decolourised
when it is reduced. If this is left in the dark, the mixture stays blue.
When put in white light of high intensity the blue colour disappears
quickly as the molecules of the blue dye are reduced.

O Link

Some of the questions on page 18 and 19 refer to suspensions of algae and
chloroplasts.

Module 1 Bioenergetics

s tudy focus

Do not use the terms light reaction
and dark reaction for the two stages
of photosynthesis. The light-
independent stage does not happen
in the dark.

CO Link

No-one is quite sure how the
protons are pumped, although there
is plenty of evidence that it happens.
You will find this evidence on

page 29.

Summary questions

1 Name the two stages of
photosynthesis and state
precisely where they occurina
plant cell.

2 State the raw materials for
photosynthesis and outline the
pathway they follow from the
environment to the place where
they are used.

3 State the products of the light-
dependent stage and outline
the roles they play in the light-
independent stage.

4 aName the by-product of the
light-dependent stage and state
what happens to it, and b explain
why the term by-product is used.

5 Name the product of the light-
independent stage and outline
what happens to it.

6 Suggest why the terms light
reaction and dark reaction should
not be used for the two stages of
photosynthesis.

7 A chloroplast suspension
mixed with the blue redox dye
appears blue. When placed
in the light, the blue colour
disappears. What colour will the
suspension be after the blue dye
is decolourised?




1.5

Learning outcomes

On completion of this section, you
should be able to:

B name the chloroplast pigments
and describe their role in
photosynthesis

m  explain how energy is trapped
and used to produce ATP and
reduced NADP

m  explain how photolysis occurs to
provide a source of electrons and
protons.

] Study focus

Look up the electromagnetic
spectrum to see the wavelengths of
visual light and the other forms of
energy with higher and lower
wavelengths.

GO Link

Absorption spectra and action
spectra are shown on page 18.

GO Link

See Figure 2.5.2 on page 29 for a
diagram of proton movement across
a membrane like that of the
thylakoid.

il Study focus

There are various ways to write down
the reduced form of the co-enzyme
NADP. It is perfectly acceptable to
write reduced NADP, but if you are
studying Chemistry you may wish to
write NADPH + H*.

Didyou know?

One of the polypeptides in ATP
synthetase rotates. It is the smallest
rotatory engine found so far!

The light-dependent stage

Chloroplasts contain pigments, which are coloured compounds that
absorb light. Plants absorb light in the visual part of the electromagnetic
spectrum between the wavelengths of 400 and 700nm. The pigments
absorb most strongly at either end of this range - in the blue and red
regions of the spectrum. If white light is shone onto a suspension of
chloroplasts made from a leaf, it is the light in those regions that is
absorbed and green light which passes through. This is why leaves appear
green, because the wavelengths in the green region of the spectrum are
reflected or transmitted, not absorbed. The pattern of absorption shown
on a graph is an absorption spectrum.

The table shows the chloroplast pigments.

Pigment Colour Peak Functionin
absorption/nm photosynthesis

chlorophylla | yellow-green | 430, 662 absorbs red and
blue-violet light

chlorophyllb | blue-green 453, 642 absorbs red and
blue-violet light

{3 carotene orange 450 absorbs blue-violet light;
may protect chlorophylls

xanthophylls | yellow 450to 470 from damage from light
and oxygen

If light of different wavelengths is shon