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G_eitio_g_lhe most from this b_0_0~k-
Welcome co the Edexcel International GCSE and Certificate Biology Student Book. This book has been divided into 
seven sections, following the structure and order of the Edexcel specification, which you can find on the Edexcel 
website for reference. 

Each section has been divided inco a number of smaller parts co help you manage your learning. 

The following features have been included to help you get the most from this book. 
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Yov wil l find t/.,e lear11i119 
objectiver for each Section 

011 the CD. 

Practical boxes highlight the 
practical work covered in t he book. 

They provide hints on key things to 
remember, or aliernative practical 

work that you can do to help you 
learn more about that topic. 

Try the activity before you start, and 

then have a look at it again once you 

have completed the Section, to see if 

your responses are d ifferent before and 
after learning more about the topics. 

fil*l•tlOt 
· Study tips throug hout the book w ill 

~--~~~ 
......... -·---·· 

guide you in your learning process . 
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At the end of each Chapter you 
will find Study Questions. Work 
through these in class or on your 
own for homework. Answers are 
available on the CD. 
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Yov will fi11d E)Cam-rtyle qvert ioM 
at the elld of eocl. Sectioll coverill9 

tJ..e collte11t ot tJ..at ~ect:o,., and tJ..e 
different typer of qverrion yov wil l 
find in Qr, exaMi11ation. Markrd,emer 
are ava ilable or, the CD. 

At tl.e elld of eacl. Sectioll, 
yov will f;lld a rvmmary 

cl.ec kli rt, l.i9l.li9hti119 the 
key foctr tl.at yov II eed to 
k l'tlOW a11d v11derftalld, a11d 
key rkiUr tl.at yov lear11t i11 
the Sect io11. 

EXTEND AND CHALLENGE 

When you have completed all the Exam-style 
questions for the Section, try the Extend and 
Challenge questions. 
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Living organisms: 
variety and 

common features 
• Make a list of things you know 

occur inside cells. 
• Name some organisms that are 

made up of one cell only. 
• Make a list of some of the 

different types of cells that are J 
found in planfa and in animals. 

Try to answer tlhese questions 
at the start of this section, then 

come back to tlhem when you have 
completed the .section to see how 
far you have progressed in your 
understanding. 

Seeing inside living organisms 
The two images of cells and their internal structures were obtained 
using different microscopes. The first microscope is one that you 
might use in your biology course and it gives an image of a plant 
cell with chloroplasts. With this microscope, a beam of light is shone 
thro'Ugh the specimen, and then the light passes through a system of 
lens,es that magnify the specimen and let you see inside the cell. The 
max:imum useful magnification with this light microscope is around 
x 1500. If the magnification is any higher, the image becomes too 
blurred to see any detail. 

The second image of a cell was taken with an electron microscope, 
shown with two people using one. The electron microscope uses a 
beam of electrons rather than light and magnifications of x100000 
are quite common. That is how the detail inside a chloroplast can be 
revealed. A disadvantage of the electron microscope is that specimens 
have to be killed and sliced, so living material cannot be observed. 

By using microscopes, we know that living organisms are made up of 
'cells' and scientists have also learnt about the smaller structures inside 
the cells, such as the chloroplasts you see in these images. But are all 
cells the same? Or are there different kinds of cells in the diverse range 
of living organisms we can observe: plants, animals, fungi and bacteria? 
How do cells work together within an organism and how do cells 
connect with each other, allow1ing materials to move between them? 

(V Review ihe learning outcomes you should aim to achieve as you work through this section. 



Section 1 Living organisms: variety and common features 

Characteristics of 
living organisms 

Is it alive? 
Biology is the study of life. But what exactly 
do we mean when we say that something is 
living? Imagine for a moment, that you are an 
intelligent alien species visiting planet Earth -
but with no humans to talk to. How would 
you decide whether an object was alive (like 
a mouse) or not (like a pebble)? You might 
decide that movement is a characteristic 
of life - but does that mean that a falling 
snowflake is alive? Or you might decide that 
growth is a characteristic of life - but does 
that mean that a growing crystal of salt is 
alive? In these images, the sn.owflake is not 
living but the human egg cell and flower are 
both parts of living organisms. 

This problem faces space scientists who 
wonder whether life has ever existed on 
nearby planets like Mars. Just because a 
sample of Martian soil absorbs oxygen, this 
doesn't by itself prove that there are living 
organisms using up the oxygen in the 
soil - the oxygen might just be reacting with 
minerals in the rocks. How ca111 we be sure 
that something is living? 

• Introducing living organisms 
One solution to the problem of what we mean when we say that something 
is 'living' is to produce a list of ch aracteristics which is true for all forms 
oflife on planet Earth. Unless an object does all of the things on the list, it 
cannot be considered alive. le is either dead or it wasn't a living organism in 
the first place. 

Section 1.1 acts as an introduction to the rest of the book. It provides a 
list of what makes living organisms different from non-living things and 
establishes the special features (characteristics) of living organisms. It 
emphasises the common features possessed by all living organisms (plants, 
animals and microorganisms) that make them distinct from non-living 
things, such as a rock. These common characteristics link living organisms 
together, through a common origin and shared history since life began on 
Earth 3.5 million years ago. 



fii'••r+o• 
: In Biology, you have to understand 
: the links between sections. 

fil*M11h• 
: Note that the Study tips in 
: Section 1.1 all direct you to othe r 
: parts of the book where the topics 
: are developed in greate r deta il . 

f1i'11r1ot 
: Refe r to Section 2 .1 for nutrition 
: in flowering plants, Section 2.2 for 
: human nutrition and Section 6.2 
: for feeding re lationships between 
: organisms in an ecosystem. 

1.1 Characteristics of living organisms 

This introduction aims to give a brief view into the extended and more 
detailed discussions in the later sections of the book, in which you 
explore how living things work - first within individual cells, then (for 
multicellular organisms) inside larger whole organisms. La.ter you have 
a chance to look at ecological relationships, which show how living 
organisms interact with each other in the places where they live {their 
habitats). In the final sections of the book, you take a closer look at human 
beings - their influence on the natural environment and how humans use 
biological resources. We see how humans now (and in the past) use and 
apply biological principles - for example, in the production of food. 

In Section 1.1, the focus is on green (flowering) planes and humans, though 
the characteristics apply to the whole range ofliving organisms ( outlined in 
Section 1.2). As you work through Section 1.1, you can use the Study tips to 
guide you forwards to the relevant sections where the particular topics are 
discussed in more detail. Or, when you have studied other sections in the book, 
you can refer back to this introduction and see how far you have improved your 
understanding of what living organisms are and how they work. 

Nutrition 
N utr·ition is the means of obtaining food, which provides the energy that 
living organisms need for the processes they carry out. It also provides the 
molecules that are built into other molecules that make up the substances 
of living material. 

Green plants obtain their food by taking in simple molecules. They take in 
carbon dioxide from the air and water and mineral ions from the soil. Green 
plants trap energy from the sun and use this to build complex molecules 
from these simple molecules. T his process is called photosynthesis and 
is of fundamental importance as the route by which energy is captured by 
living organisms then distributed d1rough the living world - to allow life as 
we know it. Plants are described as autotrophic because they build up their 
own food ('auto'= 'self' and ' trophic' = 'feeding'). 

Animals eat other living organisms {planes or animals) and derive their energy 
from this food. The food contains complex molecules so the animal has to 
break these down into simpler units before building them up again into the 
complex molecules that form par t of the animal. Animals are described as 
hete·ro trophic because they obtain food from a range of different sources 
{'hetero' = 'different'). Originally, the energy contained in the food comes 
from the sun through plants, as indicated above, though often there is a food 
chain ( or food web) that connects the plant and the animal ( or human). 

Respiration 
Respiration is the process that releases the energy locked within substances 
such as glucose. Chemical energy has been stored in the glucose and is 
released when the molecular bonds are broken. Respiration takes place 
in the cells of all living organisms. It is a series of chemical reactions and 
usua lly oxygen is required and carbon dioxide and water are produced as 
waste products. The energy released is transferred to a molecule (such as 
ATP) that acts like an energy battery, which stores the energy until it is 
needed to power some process in the living cell. 



Section 1 Living organisms: variety and common features 

fii'N10t 
· Refer to Section 2.3 for the topic 

of respiration in plants, animals and 
some microorganisms. 

fii'l'¥10t 
: Refer to Section 4.1 for excretion 

in flowering pla nts and Section 4.2 
for excretion in humans. 

fii'l'¥10t 
: Refe r to Section 4.3 for genera l 

information about coordination 
and response, the n to Section 4.4 

' for response in flowering plants 
and Section 4.3 and 4.5 for deta ils 
re lating to response in humans. 

fii'l'¥10t 
· Refe r to Sections 3.3 to 3.6 

for details about movements of 
substances with in organisms under 
the heading of 'transport' and to 
Section 4.4 for ways that parts of 
fl owering plants move. There is no 
furthe r discussion of locomotion in 
animals. 

Respiration must not be confused with gas exchange, which describes the 
processes involved in getting oxygen from the air to the cells and getting 
waste carbon dioxide out of the organism. In humans, breathing is part of 
the mechanism for gas exchange and is the way of getting air in and out 
of the lungs. You must be clear that breathing is not pare of the process of 
respiration. 

Excretion of waste 
Many chemical reactions take place inside the cells ofliving organisms. 
These are described as metabolic reactions. These reactions form pathways 
in which each step involves changing substances into other materials. 

Many of these metabolic reactions that take place in cells produce waste 
products that are not required by the cells and may even be toxic if they 
accumulate. Excretion describes the processes by which these substances are 
eliminated from the plant or animal. Examples of waste products include 
carbon dioxide from respiration and oxygen from photosynthesis. Water 
is also produced as a waste product in many reactions. In humans (and 
other animals), when proteins break down they produce a waste product 
that contains the element nitrogen - usually as urea. In humans, urea is 
eliminated from the body from che kidneys in the urine. 

In humans, you must not confuse egestion and excretion. Egestion describes 
the way that feces are eliminated from the body. Most of the materials in 
feces have never been absorbed from the intestines into the cells of the body. 

Response to surroundings 
Living organisms share the characteristic of sensitivity to different stimuli 
in their surroundings and an ability co respond. This means that living 
organisms can avoid problems (such as being eaten or becoming dried out) 
and can gain access to resources (such as light or food). 

Plants and animals differ in the way that they respond to a stimulus. As 
examples, humans have special organs (known as receptors) that detect the 
stimulus (such as the eye for light or the ear for sound). They have a nervous 
system that coordinates a quick response, using muscles {that enable the 
person co run away from danger). Plants often respond much more slowly, 
by growing in a particular direction in response to the direction of light or 
gravity. 

Movement 
All living organisms move in some way, though we more often associate 
movement from one place to another with animals. 

In plants, movement usually involves a part of the plant, rather than the 
whole organism. Some plants (such as climbing beans or peas) produce 
tendrils. These may twist around until they make contact with an object, like 
a stick, to which they can anchor. 

Most animals are able to move from place to place and this is known as 
loco motion. Some don't move very far, but for many we are familiar with 
characteristic movements such as an athlete running, a bird flying, a worm 
wriggling or a fish swimming. 



fiJl/'i'IOt 
· Look in Section 4.3 for details 

about control o f internal conditions, 
though this refers mainly to 
humans. You can find more details 
(for humans) in Sections 4,2 
and 4.5. 

fi""""' · Refer to Section 5.1 then to 
Section 5.2 for flowering plants 
and Section 5.3 for humans. 
Section 5.4 gives details about 

DNA 

1.1 Characteristics of living organisms 

Control of internal conditions 
The conditions inside an organism, such as temperature and water content, 
must be kept within strict limits. If these limits are exceeded, the processes 
that occur in the organism may suffer, having an effect on its health. The 
term ho meostasis is used to describe the maintenance of the internal 
environment of an organism within the required limits. 

For example, in the human body, if the internal temperature gets too 
high, there are mechanisms for losing heat and allowing the body to cool. 
Similarly, if the body loses too much water without raking in enough to 
compensate or if the level of carbon dioxide in the blood is too high, there 
are systems in the body to control these situations, bringing che internal 
environment back to normal. 

In plants, various mechanisms exist that help control the internal 
environment. On a very hot day, a plant might lose a lot water from its leaves 
and then begin to wilt. The stomata! pores on the leaves may close as a result 
and this prevents any further loss of water vapour. On the other hand, in a 
p lant with a good water supply, the stomata remain open encouraging water 
loss from the leaf. This process cools the leaves in the same way as sweating 
cools the skin of a mammal. 

Reproduction 
Every living thing ultimately dies. Bue if they can reproduce first, they ensure 
chat there are some offspring to rake their place in the world . 

Living organisms all share the ability to reproduce and make more like 
themselves and so continue the species from one generation to the next. The 
information chat controls an offspring's characteristics is contained in the 
D NA. This essential information divides so that some is passed on to each of 
the cells that build up into the next generation. 

For some, particularly for microscopic organisms, reproduction occurs 
simply by dividing into two. In other organisms, a piece breaks off and is 
able to grow into a new individual. This can occur in many plants and some 
animals. These are methods of a sexual reprod uction. 

Most plants and animals reproduce by sexual reproductio n . This occurs 
as a resulc of two special cells joining together. These special cells are the 
sex cells - one from the male and one from the female. The offspring receive 
some DNA from the male parenr and some from the female parent and this 
D NA determines the characteris ties of the offspring and ensures there is 
continuity to the next generation . 

Growth and development 
In sexual reproduction, the new individual starts as a single fertilised egg cell 
(zygote). The zygote divides to form the many different types of cells that 
make up the tissues and organs of an adult individual. 

During development from zygote to adult, the organism gets larger and 
usua lly changes in shape and proportion. Animals reach a maximum size 
and then generally do not increase further, nor do they continue to develop 
new structures in the way that plants do. 
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lil*M'IOI 
: Section 5.2 inc ludes some 
: information for flowering plants 
: and Section 5.3 for humans, 
: though you might also make links 
: with Section 2.2 (human nutrition). 

Plants continue to grow throughout their lives. For example, every year a tree 
puts out new growth from its buds, including new shoots and new leaves. 
This means it grows in size and complexity each year. In flowering plants, 
flowers develop into fruits and seeds and these may be dispersed to start the 
next generation. 

You could try to find some photographs of yourselfat different ages, and use 
these to trace your own growth and development from the time you were quire 
small to see how have you changed throughout your life so far. 

STUDY QUESTION 

1 The table below lists some descriptions or statements about processes 
carried out in living organisms. Some are carried out only by plants and 
some only by animals. Some processes are carried out by both plants and 
animals. 

Tick in the boxes to show whether the processes are carried out by plants 
or by animals (or both). In the final column, name the process involved. 

(It will help you to think of a bean plant and a human as examples of a 
plant and an animal.) 

Description or statement Plants Animals Process 

Synthesise sugars and give out waste I oxygen 

Release energy from sugars and use I oxygen 
Grow faster on one side when exposed to I light from one side 

Eat other I iving organisms as food I I 
Get rid of waste nitrogenous material from I the breakdown of protein molecules 

Produce more organisms that are 1he same I or similar to themselves 

Use muscles to run and jump I 
Detect the difference between hot and cold I 
Get larger and change during I iife I 
Able to keep an appropriate balance of 

I I water in the body 



1.2 Variety of living organisms 

~ o~ Variety of living 

D = kingdom 

I 

organisms 
From simple origins to the diversity of today's living organisms 

The sweep througlh history and 
pre-history gives an overview 

digestive nutrition 

m ulticell ulo r 

~ ... ( .. ··•····· 
/ ! 

multicellula r 

of life from its possible origins, 
perhaps 3.5 billion years ago. 
It shows what scientists have 
pieced together from the 
probable beginnings of life to 

photosynthesis evolved ·, •• · ...... / ,: 
in some bacteria · and ~ ·-. •• ,_ ..... 

the diversity of living organisms 
we see on Earth today. The 
timescale is approximate but is 
backed by geologi:cal evidence 

.... 

.....___ Prot':. oclista oxygen became abundant , 
in a tm osphere of the Earth 

in the rocks and later by fossil 
evidence showing the forms of 
some ancestors of plants and 
animals that exist today - and 
some that have become extinct. 

first life forms probably "' \ ·• unic-elv.ul-ar_o_r multicellu!or 
absorbed and digested . ."x '. more complex cells 
o ther life forms [d igestive nutrition) : with DNA 

\ 

.... 

'..b.··ocl'. \ • -~""· ~ 1,od • ~ 500 million years ago 

last universal ................... unicellular life forms 

Today's world has an enormous 
diversity of living organisms. To 
help us make sense of all this 

common ancesto r 

3 .5 b illion yeors ago 
information, we find it useful to 
sort (or classify) them into groups. 

If you were in charge of a library, how would you organise the books? 
Would you arrange them according to the colour of their covers or when 
they were published or would you classify them on the basis of their 
authors or topics? Which would be most useful and what would you do if 
new books were added - where would you fit them in? 

For living organisms, the diagram can be described as an outline of 
a sequence with branches, ref lecting relationships between different 
groups and how they have changed or diverged over time. In present
day organisms, those with similar features are considered to be 
closely related, having at one time shared common ancestors. 

A wi'dely accepted classification is the 'Five kingdom' classification 
and the 'groups' described in this section are based on this. But what 
other systems of classificatio111 have been used in the past or are 
currently considered? Who did a lot to establish the binomial system 
for naming organisms (into genus and species)? Why do classification 
systems change and have to be altered as new species are found? 
And how do modern DNA studies confirm or raise questions about 
existing classification systems? 



Section 1 Living organisms: variety and common features 

• Characteristics of living organisms and 
common features 

Plants and animals are two of the five main groups ofliving organisms. Both are multicellular. Some key features that 
distinguish plants from animals are listed. 

Plants 
• contain chloroplasts (and so carry our photosynthesis) 

• have cellulose cell walls 

• store carbohydrates as starch or sucrose. 

Animals 
• do not contain chloroplasts (so cannot carry our 

photosynthesis) 

• do not have cellulose cell walls 

• often store carbohydrates as glycogen 

• usually have nervous co-ordination 

• are able ro move from place to place. 

Fungi 
• cannot carry out photosynthesis 

• have cell walls made of chitin 

• some are single-celled (e.g. yeast) 

• the body, for most, is made up of thread-like 
hyphae, containing many nuclei and organised 

into a mycelium (e.g. Mucor) 

• feed by secreting extracellular digestive enzymes 
(outside the mycelium) onto the food and then 

absorbing the digested molecules 

• chis method of feeding is described as 

saproptrophic (feeding on decaying matter) 

• may store carbohydrate as glycogen. 

Plants: Maize (a cereal} Plants: Pea (a herbaceous legume) 

Anlmals: A human Anlmals: A housefly (an insect) 

Fungi: Mucor (bread mould), showing mycelium, seen 
with a light microscope. The hyphae are between 10 
and 25 µm in diameter. 

Fungi: Yeast (a single-celled fungus), seen with a light 
microscope. The yeast cells are between 2 and 10 µm 
in diameter. 



Bacteria 
• are single-celled, though have different shapes ( e.g. rod-shaped, 

spherical) 

• cell structure includes cell wall, cell membrane, cytoplasm, 

plasmids 

• have no nucleus bur contain circular chromosome of DNA 

• feed in different ways: 

• some can carry our photosynthesis 
• most feed off other organisms, living or deacl (If feeding off 

a living organism, che bacteria are described as parasites; 
iffeeding off dead organisms, the bacteria are described as 
saprobionts or d ecomposers.) 

Protoctists 
• are a rather diverse group of organisms, held together by the 

face thac they don't fit in any of the other groups 

• are microscopic illnd single-celled, though some agg:regace inro larger 
fom1S (such as colonies or cl1ains of cells chat become filaments) 

• are usually aquatic 

• some have features like animal cells (e.g. Amoeba and 

Plasmodium, the ·parasite that causes malaria) 

• some have feacures like plant cells, including chloroplasrs 

(e.g. Chl-Orella). Algae are included in rhis group. 

Viruses 
• very small particles (smaller than bacteria), varie1:y of shapes and 

SLZes 

• lack a cellular structure 

• consist of a protein coat that surrounds either DNA or RNA 

• live and reproduce only inside living cells 

• can reproduce (by instructing the host cell to make more of 
them), but do not carry out any ocher characteristics of living 

organisms 

• all are parasiric and infect every type ofliving organism 
(including planes, animals and bacreriophages chat infect 

bacteria). 

1.2 Variety of living organisms 

Bacteria: Lactobacillus (a rod
shaped bacterium), size 2 µm 
(2000 nm) in le ng1h 

Protoctlsts: Chlorella, single
celled, containing chloroplast 
(size 8 µm in di'ameter) 

Viruses: Tobacco mosaic virus 
(prevents formation of chloroplasts 
in plants), size 300 nm in diameter 

Bacteria: Streptococcus 
(a spherical bacterium) 

Protoctlsts: Amoeba, single
celled, s ize approximately 0.1 mm 
(just visible wi1h the eye) 

Protoctlsts: Plasmodium, a 
parasite (si,ze 15 µm in length) 

Viruses: HIV virus (causes 
AIDS), size 120 nm in diameter 

Viruses: Influe nza virus (causes 'flu?, size 100 nm in diameter 

Many, but not all, of the organisms in these groups (fungi, bacteria, protoctists and viruses) can be pathogens. 
This means that they cause disease, for example, in plants and in animals. 



Section 1 Living organisms: variety and common features 

STUDY QUESTIONS 

1 Section 1.2 gives a broad picture of the range of living organisms and 
the common features that have led to a classification system and the 
recognition of groups within this system. In Section 1.2, very few named 
examples have been included from the enormous number of living 
organisms that exist today (and have existed in the past). 

For each group, list three more examples of organisms that would fit 
in that group. Check that your examples show the given features. Then 
include some information about each organism in your list (such as why 
they are important to humans or where they can be found). Give your 
information under the following headings: 

• Plants 
• Animals 
• Fungi 
• Bacteria 
• Protoctists 
• Vi ruses 

For the last four groups (fungi, bacteria, protoctists and viruses) include at 
least one pathogen in your liist. 

2 The Study tips all make connections with topics in other parts of the 
book and which you study du ring your course. 

Follow each if the links to help you make the connections and understand 
about the range of living organisms and the common features they 
show. You can check the links either when you study Section 1.2 or as 
you study different topics of your biology course. Devise your own chart 
to summarise the groups of organisms and the connections with other 
aspects of their biology. 

Cross-references to other parts of the book 

• For more information about plants look at Sections 1.3 and 1.4 (cells and their 
organisation; biological molecules), and Section 2.1 (plant nutrition). 

• For more information about animals look at Section 1.4 (biological molecules), 
Section 4.5 (nervous coordination), and Section 1.1 (characteristics of living 
organisms). 

• For more information about fungi read about glycogen in Section 1.4 
(biological molecules), yeast in Section 7.2 for its role in fermentations, 
including making beer, and in Section 6.3 for the role of fungi in extracellular 
digestion and in nutrient cycles and decomposition. 

• For more information about bacteria look at Sedion 1.3 to compare cell 
structure in bacteria with that of plant and animal cells, and read about DNA 
in Section 5.4 and use of plasmids in GM (Section 7.5). You can also look at 
Section 7.2 for cultivation of bacteria in fermenters (for particular products), 
and make a link to pathogenic !bacteria and immune response in Section 3.5 
and their role in decomposition in natural cycles in Section 6.3. 

• For protoctists, make a link to each. 
• For more information about viruses read about the use of bacteriophages as 

vectors for genetic modification in Section 7.5. 
• Finally, you can look at Section 5.6 to help you understand how the variety of 

living organisms has arisen, and how species and groups have changed over 
time (and will continue to change). 



1.3 Cells and their organisation 

~ o~ Cells and their 
organisation 
The importance of tiny cells 
The white cliffs of Dover, a well-known landmark in England, are 
enormous and easily visible from 30 miles away across the sea. 
Yet they are mainly built from the shells of single-celled organisms 
called phytoplankton. The second photo shows an example of one 
phytoplankton cell, covered ini plates of calcium carbonate (chalk), 
and its name is Emiliania huxleyi. These tiny cells swirl around the 
oceans of the world and, if they are not eaten, they die and settle on 
the bottom as a white layer of chalk. The white cliffs of !Dover were 
once on the floor of the sea, and their chalk is made up of such 
phytoplankton shells, only visible individually with the help of an 
electron microscope. 

The fundamental unit of all liviing matter is the cell and life depends 
upon whole cells. A fragment of a cell cannot be regarded as living 
matter. So what are the key features shared by all cells? What are the 
differences between animal and plant cells? How do all the processes 
of living organisms go on inside cells? How are cells organised inside 
to make these living processes work and how do cells work together 
in larger multicellular organisms? 

• Cells and their internal structures 
You need to use a microscope to see cells. With a simple light microscope 
you can see the outlines of cells and some of the structures inside. With 
more powerfol microscopes (including electron microscopes), giving higher 
magnification, scientists are able to observe more derails of the internal 
structures and find out a lot about these structures and how they function 
in a cell. 

The internal structures are described as organelles and they provide 
organised 'compartments' inside the cell. Ea.eh organelle carries out a 
particular task and it is important that they all work together to carry out 
the functions of the whole cell. 

• Features of plant cells and animal cells 
Figure 1.1 shows key features of a generalised plant cell and a generalised 
animal cell. The plant cell is similar to a palisade mesophyll cell in a leaf 
and the animal cell is similar to a 'cheek' cell from the lining of your mouth. 
Some features are common to all cells, whereas some features are found only 
in plant cells or only in animal cells. Many cells differ from this generalised 
view as they are specialised to carry out particular functions. We look at 
some examples of specialised cells later in Section 1.3. 
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fii'i'flilt 
· Look in Section 1.4 for more 
: details about enzymes. 

fil*M10t 
· You can find information about 

DNA, genes and chromosomes 
in Section 5.4. 

fii*i'flilt 
· Look in Section 1.5 and make 

the link to diffusion and active 
transport. 

vacuole 
chloroplost 

cell wall 

plant cell animal cell 

Figure 1.1 Features of a generalised :plant cell (left) and generalised animal cell (right). 
The mitochondria are organelles wher,e aerobic respiration takes place and are found 
in both plant and animal cells. 

The list below links features labelled in the diagram (Figure 1.1) with their 
functions in the cell. Features found in both plant and animal cells are given 
first. 

• Cytoplasm - This is like a thick watery liquid and many of the activities 
of cells take place in the cytoplasm. Important molecules here include 
enzymes, which catalyse many metabolic reactions, such as those of 
respiration and synthesis of proteins. A number of smaller structures, 
the organelles, are found floating in the cytoplasm - these look like 
particles when viewed with a light microscope. The organelles are not 
fixed in position and can move within the cytoplasm. Sometimes, for 
example, chloroplasts can be seen 'streaming' (i.e. moving round) in 
a cell. 

• Nucleus - This contains the genetic information of the cell. This 
information is located in the DNA, which forms the chromosomes. The 
chromosomes become visible as thread-like structures when the cell is 

dividing, but most of the time the nucleus just appears denser than the 
cytoplasm and the chromosomes cannot be seen. Information about each 
feature of the cell (and the whole organism) is held in the genes, along the 
length of the chromosome. The nucleus (through the genes) determines 
the substances the cell makes and controls the activities of the cell. 

• Cell membrane - This is the boundary between the cytoplasm of a cell 
and its surroundings. It keeps the cytoplasm and the organelles inside 
the cell and the cell membrane also controls which materials enter and 
leave the cytoplasm. Some materials may pass across the cell membrane 
by diffusion and others by active transport. Many materials are kept 
inside the cell, while others are prevented from entering. 



fillM10• 
· It is important t o understand 

the role of chloroplasts in 
photosynthesis (see Section 2.1 
for flowering plants and 
Section 1.2 for a wider variety 
of organisms). 

fii*l'i10t 
: Make a link to the cellulose 
: molecule in Section 1.4. 

, 111ut10• 
: Look in Section 1.5 to find out 

more about the importance of 
turgid cells in plants. 

1.3 Cells and their organisation 

These features are found only in plant cells. 

• Chloroplasts - These are green disc-shaped organelles found in the 
photosynthetic cells of plants. (Chloroplasts are also found in some 
bacteria and in some protoctists.) This is where the chemical reactions 
of ph otosynthesis occur. The green colour is due to the presence of the 
pigment chlorophyll. The chloroplast is the second largest organelle 
in the plant cell, after the nucleus, and is easily seen under the light 
microscope. Many plane cells do not contain chloroplasts - such as those 
in roots. 

• Cell wall - Plant cells are all surrounded by a tough cell wall. The plant 
cell wall is composed of a polymer of glucose called cellulose. The cell 
wall provides strength and protection to plant cells. It is strong and 
resists forces that could change the shape of the cell. Cell walls make 
the outline of plant cells easy to see under the light microscope. Fungi 
and bacteria also have cell walls, but made of different materials. In 
fungi, the cell walls are made of chitin, a substance also found in 
insects. In bacteria the cell walls are made of a polymer of sugars and 
amino acids. 

• Vacuole - This is a large region at the centre of a plant cell, separated by 
a membrane from the cytoplasm. It contains a watery solution known as 
cell sap. Often the cell sap pushes the cytoplasm outwards against the cell 
wall, giving the plant cell rigidity. Animal cells do not have a large vacuole 
though sometimes they contain small vacuoles. 

cell membrane - forms 
the surface of the cell , 
regulating what enters 
and leaves the 
cytoplasm 

folds in the 
flexible cell 
membrane 

cytoplasm - jelly-l ike 
transparent region 
where much chemical 
activity takes place 

mitochondrion -
site of aerobic 
respi ration 

nucleus - transparent 
organelle containing 
genetic material 
(the chromosomes) 

Figure 1.2 A human cheek cell, seen with a light 
microscope 

Figure 1.3 Diagram showing structures of a human che,ek cell. Compare 
this with the microscope view (Figure 1.2). 
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cell wall - made of 
interwoven cellul06e 
fibres, giving th,e cell 
shape a nd protection 

cell membrane -

chlo roplast - bright green 
andl slightly smalle r tha n 
nucleus - site of 
pho tosynthesis 

c.ytoplasm - transparent 
region (a thick watery 
liquid), site of mvc.h 
c.hemic:ol activity 

nucleus - transparent 
organelle, conta ining 
g enetic. mate rial 
(c.h ro mosomes) 

fa tty lay,,r in,ide -1'~ ---'-~I -,- ,........____ V<l<vole - filled with WQ!ery 
the cell wall, 
regulating wha t 
enters and leaves the · • 
cytoplasm 

c.ell sap that pushes cytoplasm 
fO'WOrds the cell wall 

mit«hondrion - the site of 
aerobic respiration 

Figure 1.4 Some palisade cells in a leaf, seen with a light 
microscope. The staining helps to show the chloroplasts. 

Flgure 1.5 Diagram of a palisade mesophyll cell, cut in 
longitudinal section and showing the structures of the cell. 
Com pare this with the microscope view (Figure 1.4). 

Differences between plant and animal cells 
Common features in all cells have been listed above. Differences between 
plant and animal cells are summarised in Table 1.1. 

Table 1.1 Differences between plant and animal eel Is 

I Plant cells Animal cells 

have cellulose cell wall no cellulose cell wall 

some cells contain eh loroplasts never contain chloroplasts 

1 

usually have large vacuoles do not have large vacuoles though sometimes 
small vacuoles are present 

• Diversity and specialisation of cells 
The generalised cells (Figure 1.1) show you the basic features of cells. But 
many cells, in both plants and animals, become specialised for the function 
they carry out. Here are just a few examples of specialised cells that you 
study in other parts of this book: 

• root hair cell - an elongated ' root hair', increases the surface area for 
absorption of water 

• guard cells - shape alters when turgid and flaccid controls the opening 
and closing of stomata on the leaf surface 

• red blood cell - has no nucleus, contains haemoglobin, carries oxygen in 
the human body 

• nerve cell - an elongated 'nerve fibre', transmits nerve impulses. 

Levels of organisation 
For simple single-celled organisms, the cell is the whole organism. These 
organisms can only be seen using a microscope. For the many larger 
organisms that you can see and are familiar with, the body of each individual 
organism is made up of millions or billions of individual cells. These cells 
a.re organised in a way that allows them each to do a particular 'job' and 



fil'M'lilit 
: Make li nks with a range 
: of examples showing the 
: arrangeme nt of tissues within a 
: pla nt organ - see cross-section 
: of leaf (Section 2.1 ), and cell 
: and tissue st ructure in the s ma ll 
: intestine. 

This practical activity allows you to 
view some cells and if you stain with 
a drop of iodine solution, you can 
see starch and cellulose s ide 
by s ide - two large molecules 
that are polymers of glucose (see 
Section 1.4). 

Reme mber to wear eye protection. 

1.3 Cells and their organisation 

contribute to the survival of the individual. The human body is estimated 
to contain about 250 different types of cells, whereas a plane body is made 
up of a more limited range of about 25 types of cells. These different types 
of cells are organised at different levels - first into different types of tissues 
then the tissues into organs. All of these are organised into a limited number 
of major organ systems. 

The list summarises the levels of organisation and Table 1.2 gives some 
examples that illustrate these levels. 

• O rganelle - a component inside a cell that carries out a particular task 
• Cell - the basic functional unit of living organisms 
• Tissue - a collection of similar cells, carrying out a particular function 

within an organ 
• Organ - a collection of different tissues that work together to perform a 

common function 
• System - groups of organs working together to perform an overall 

function for the organism 

Table 1.2 Examples of organisation levels in a plant (e.g. bean) and an animal (e.g. human) 

Level of 
organisation Plant example Animal example 

Organelle eh loroplast - where photosynthesis cilia - beating hairs projecting 
reactions occur in mesophyll cells from eel Is I ining the windpipe 
of leaf 

Cell guard cell - a cell that controls the neurone - nerve cell that 
size of the stomata in the lower transmits electrical signals 
epidermis of a leaf (nerve impulses) 

Tissue palisade mesophyll - photosynthetic retina - nerve cells that detect 
cells near the top of a leaf and respond to light rays 

Organ the flower - produces the seeds as the eye - responsible for 
part of reproduction detecting light rays and sending 

nerve impulses to the brain 

System transport system - moves materials circulatory system - moves 
around the organism, from organ to materials around the organism, 
organ from organ to organ 

• Practical activity - making a slide to 
observe starch in potato cells 

Starch is stored in potatoes and can be observed with a microscope. Iodine 
solution goes blue-black when starch is present. 

I 

I 

1 Take a whole potato and use a knife to cut a small block of potato from it. 
T hen cut a tapering wedge from the block of potato tissue. 

2 Cu t a tiny slice from the thin edge of the wedge. (You could use a potato peeler.) 
Mount this in a drop of water on a microscope slide and add a coverslip. 

3 Examine the slide using a microscope. Starch grains should be visible in 
the cells as clear grains. 

4 Add a few drops of iodine solution to the edge of the coverslip. Use a 
paper towel to draw the iodine solution across the specimen, as shown in 
Figure 1.6. The starch grains should now be visible inside the cells and are 
a blue-black colour. This shows that they are starch. 
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This practical activity allows you to 
see some of the cells in a leaf. You 

can make a similar preparation by 
peeling off the epidermis from a 
piece of onion. Onion cells can be a 
useful way to observe the effects of 
osmosis (by putting the epidermal 
strip in solutions of different 
concentration) - see Section 1.5. 

~ -f_ ;<Gf""""''''"'" 

o.~----- -t;~; slice from the 

·: / thin edge of the slice of potato ! 21) T microscope slide 

. ''-'''"::::=-~ ,,,,,,.,_, of ,od,ne solution ~ 

Figure 1.6 Making a slide to observe starch in potato eel Is 

• Practical activity - making a slide to 
observe leaf cells 

1 Tear a leaf from side to side and examine the edges of the tear. There 
should be some transparent patches where the lower epidermis has peeled 
away, along with a few mesophyll cells. Wash your hands afterwards. 

2 Mount a fragment of the leaf, including the transparent edge, in a drop of 
water on a microscope slide and lower a coverslip. 

3 Examine the slide using a microscope. 

The diagram shows an enlarged :side view of the fragment of the lea£ 

mesophyll cells 

enla rged sideways view of 
portion of leaf mounted in 
water on a microscope slide 

Figure 1.7 Making a slide of leaf cells 



This practical activity lets you see 
some human cells, but make sure 
you follow correct Health and 
Safety procedures. This practical 
works well using methylene blue as 
a stain. 

1.3 Cells and their organisation 

• Practical activity - making a slide to 
observe human cheek cells 

Make sure you follow correct Health and Safety regulations. 

1 Using the tip ofacotton bud (or clean wooden spatula), rub the inside 
lining of your cheek. Thousands of cheek cells rub off onto the cotton bud. 

2 Rub the cotton bud over the central pa.rt of a clean microscope slide. This 
transfers hundreds of the cheek cells onto the glass. 

3 Add a drop of stain, such as iodine solution or methylene blue. Lower the 
coverslip and a.void trapping bubbles of air in the stain. 

4 Examine the slide using a microscope. The cheek cells should be visible 
but the colour depends on the stain used. After the experiment, place 
your cotton bud and slide into disinfectant; do not touch anyone else's. 

1. Rub inside lining of your cheek with 
a cotton bud 

Figure 1.8 Looking at human cheek cells 

STUDY QUESTION 

Cl 
2. Rub cotton bud on clean 

microscope slide 

~ 
I ._ I 
3. Add drop of stain 

I zZ!j 
4. Lower coverslip 

1 :a) Draw and label a typical plant and a typical animal cell. 
b) Below are two lists of some different types of specialised plant and 

animal cells for you to compare with the generalised cells you have 
drawn in part (a). Draw diagrams of each of the cells in the lists. Label 
the diagrams and write down any special features of these cells that 

link them to the functions they carry out. 

You may need to look in other parts of this book Add more types to 
the lists if you can find them. 

Plant cells 

palisade mesophyll cell 
root hair cell 
guard cell 
phloem cell 
xylem cell 

Animal cells 

red blood cell 
white blood cell 
nerve cells 
cells Ii ning trachea 
cells with microvilli (small intestine) 
sperm cell 



Section 1 Living organisms: variety and common features 

~ ~ Biological molecules 
What living organisms are made of 
If the human body is broken down into its basic elements, it is 
made up mainly of the following atoms: 

• oxygen 650/o 
• carbon 180/o 
• hydrogen 100/o 
• nitrogen 3% 
• calcium 1.50/o 
• phosphorus 1.2%. 

Other elements, including potassium, sulfur and iron, contribute 
to the remaining 1.30/o of the mass of the human body. The 
proportions of elements present in the cells of all living 
organisms, ranging from bacteria to whales and giant redwoods, 
are much the same. This is because, at the biochemical level, 
all life forms are made fr,om the same groups of c,ompounds -
carbohydrates, proteins, lipids, nucleic acids - with mineral ions 
and water. 

All of the elements listed are abundant in rocks and other non· 
living materials. How can ithey be bonded together to form the 
thousands of compounds that are only found in living organisms? 
There are many other abUJndant elements in the rocks of planet 
Earth, such as silicon and aluminium, so why do these play no part 
in the formation of biological compounds? How do the chemicals 
in the bottles on the shelf become organised into a ribonuclease 
molecule (shown as the model) and finally become part of a 
working human cell (in the third image)? How do these biological 
molecules work together to provide the special features we 
recognise in living organisms? 

• The large molecules in living organisms 
Carbon atoms can link to each other and are at the heact of most biological 
molecules. The term 'organic' (carbon containing) is used to describe these 
lacge biological molecules. Table 1.3 summarises information about three 
important types of large molecule of living organisms. They all contain the 
elements carbon (C), hydrogen (H) and oxygen (0). The table .summarises 
the basic units (building blocks) of each kind of molecule and gives some 
examples. 



1.4 Biological molecules 

Table 1.3 

Class of compound Elements present Basic units Examples 
' carbohydrates carbon (C) 

hydrogen (H) 
oxygen (0) 

proteins carbon (C) 
hydrogen (H) 
oxygen (O) 
nitrogen (N) 
sulfur (S) 

lipids (fu~ , od oils) ~ oo (C) 
hydrogen (H) 
oxygen (0) 

~ 

Figure 1.9 In this model of a glucose 
molecule, the sticks between the atoms 
(C, H and O) represent chemical bonds. 
The bonds between the carbon atoms 
were all originally made using energy from 
the sun. 

4ii*Vi10• 
· Check the important role played by 

glucose in respiration (Section 2.3) 
and photosynthesis (Section 2.1 ). 

4ii*M10• 
· Maltose can be used as an 

i example of digestion - see human 
: digestion (in Section 2.2) and in 
: seed germination (Section 5.2). 

4il'M101 
: Make sure you understand why 
: it is important for the plant that 
: starch has no osmotic effect (see 
: osmosis in Section 1.5). 

simple sugars (monosaccharides) dissacharides 
e.g. glucose, fructose (e.g. maltose, sucrose, lactose) 

polysaccharides 
(e.g. starch, glycogen, cellulose) 

amino acids proteins 
(e.g. enzymes, haemoglobin in red blood cells, 
myoglobin in muscles) 

fatty acids and glycerol lipids 
(e.g. oleic acid in olive oil) 

-

Carbohydrates 
Carbohydrates contain the elements carbon, hydrogen and oxygen, in 
the ratio IC: 2H : 10. You can see these proportions in the formula for 
glucose: C6 H 120 6• Simple sugars can join together to form larger molecules, 
such as disaccharides and polysaccharides. Some examples are described 
below. 

Glucose (C6H120 6) - a monosaccharide 
Glucose is an important simple sugar. It is a monosaccharide 
('mono' = 'one' and 'saccharide' = 'sugar') and contains six carbon atoms. 
In plants, glucose molecules are formed by photosynthesis. Humans 
obtain glucose from digested food. Glucose is used for respiration by 
all living cells, when it is broken down to carbon dioxide and water in 

aerobic respiration. The energy in the bonds between the carbon atoms 
in the glucose molecule is released by respiration, and then used to do 
work in the respiring cell. 

Maltose and sucrose - two disaccharides 
Maltose is made up of two glucose molecules joined together. When 
starch is digested it breaks down into maltose. Sucrose is made up of 
a glucose and a fructose molecule joined together. {Fructose is also a 
mon osaccharide.) 

Starch and glycogen - two polysaccharides 
Boch of these polysaccharides are made up of many glucose units. Glucose 
molecules can be stored inside cells in one of these large molecules, rather 
than being used straight away. 

In plant cells, glucose is stored as a polysaccharide {polymer) called starch . 
Millions of glucose molecules are linked up in a three-dimensional network 
to create a solid granule of starch inside the plant cells. This is an efficient 
way of storing the glucose in a small space. It has the added advantage that 
the starch granule is insoluble i.n water. This means that the stored sugar 
cannot be easily washed away and has no osmotic effect within the cell. 



Section 1 Living organisms: variety and common features 

fil*M·•o• 
: Make a link to insulin and 
: regulation of blood glucose 

in Section 4.5. 

fil*)afiU• 
· Look in Section 2.2 for more 

details about the human diet 

Make a link to xylem and its 
functions in Section 3.4. 

The starch present in plant foods forms a major part of the human diet, 
providing an important source of energy. 

In animal cells glucose is stored as a polysaccharide called glycogen. 
Like starch, glycogen is insoluble. Glycogen forms smaller granules than 
starch. This means it can quickly be broken down again to glucose when 
needed. Glucose that is absorbed into your blood from a digested meal is 
temporarily stored in your liver as glycogen. These reserves of glycogen are 
released between meals, whenever the concentration of glucose in the blood 
begins co fall below normal. 

Cellulose - another polysaccharide 
Plam cell walls are composed of a polysaccharide called cellulose. Cellulose 
is made up of interlinked chains of thousands of glucose molecules. These 
chains become twisted together to form strong fibres that wrap around the 
plant cell, providing it with support. 

Much of the total mass of a plant is composed of cellulose and this makes 
an important contribution to dietary fibre in the human diet. We do 
not have enzymes that can digest cellulose, so it is not broken down in 
our guts. Many animals that feed on plants (herbivores) have symbiotic 
bacteria in their intestines and these bacteria digest the plant cellulose for 
chem. 

In woody plants the cellulose cell walls of some tissues (such as xylem 
vessels) become reinforced by another, stiffer substance called lignin. The 
paper of this book and your exercise book is made from wood 
pulp, so your ink is being drawn into the cellulose and lignin fibres of 
trees. Globally, the biomass of plants is greater than the biomass of 
everything else, and thus the most abundant organic substance on the 
planet is cellulose. 

some a lternative ways of building glucose 
into larger molecules 

•• 
• • • 

indivi duo I g lucose 
molecules 

.. 
-···\ .. 

\ .... "' .. 
pairs of gl u,cose molecules 
bonded together to form 

, the double sugar maltose 
... ·,. 

lots of g lucose molecules bonded 
together lo form a 3-D nelwork -
as port of a starch granule 

intertwined chains mode up of linked glucose molecules 
forming the rope-like microscopic structure of cellu lose 

Flgure 1.10 Building glucose uni1s info larger carbohydrate molecules 



1.4 Biological molecules 

small starch grain 
large starch grain 

cellulose cell wall 

Figure 1.11 Potato tuber eel Is stained to show starch grains, seen 
with the light mocroscope 

Figure 1.12 Diagram shiowing starch 
granules inside a potato cell, similar to the 
photograph in Figure 1.11 

The tests for gl UJcose and for starch 
are important to illustrate how to 
test food or other material for the 
presence of these molecules. The 
tests can also be used to follow 
progress of enzyme reactions -
for example the disappearance 
of starch in the presence of the 
enzyme amylase, or the production 
of glucose in a similar reaction. You 
can also use these reactions and 
tests to find out how enzymes are 
affected by changes in temperature 
or pH. 

Remember to wear eye protection. 

Figure 1.13 Cellulose fibres (from cell wall 
of an alga), as revealed with an electron 
microscope 

Testing for glucose and for starch 
You can carry out simple tests in the laboratory co detect glucose and starch. 
These are described in more detail in the following practical activities. To 
summarise briefly: 

• test for glucose using Benedict's solution - heat the solution and a 
reddish colour develops if glucose is present 

• test for starch using iodine solution - a blue- black colottr develops if 
starch is present. 

• Practical activity - testing for glucose 
in a solution 

1 Place 5 cm3 of the sample solution to be tested in a test tube. Add several 
d rops of Benedict's solution. 

2 Place the test cube(s) in a beaker of boiling water for 5 minutes. 
3 Observe the colour of the solution in the test tube, as shown in Figure 1.14. 

Pale blue (no change in colour of the Benedict's solution) shows no 
glucose is present. A colour ranging from yellow through orange to brick 
red shows glucose is present. Red indicates more glucose than the yellow or 
orange colours. Sometimes a precipitate forms at the bottom of the tube. 
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' ' ' ' 

---

several drops 
of Benedict's 

solution 

5 cm3 of 
sample solution 

boiling water 
pale blue 

(no change) -
shows no glucose 

is present 

orange - shows 
a little glucose 

is present 

brick red, with a red 
precipitate a t the bottom -

,hows a lot of glucose 
is present 

Figure 1.14 Te sting for glucose in a solution 

Remember to wear eye protection. 

• Practical activity - testing for starch 
in a solution 

1 Place 5 cm3 of the sample solution to be tested in a test tu be. Add several 
drops of iodine solution. 

2 0 bserve the colour of the solution in the test tube. 

Pale yellow (no change in colour of the iodine solution) shows no starch is 
present. A blue- black colour shows starch is present. 

several drops 
of iodline solution 

5 cm3 of 
sam pie solution 

Figure 1.15 Testing for starch in a sol'.ution 

if pale yellow colour remains -
no starch present· 

if the solution immediately 
becomes coloured dark blue 
or black - starch is present 



lii*l'i10t 
: You can find more details about 
: the nitrogen cycle in Section 6.3. 

4iiil•t•O• 
: Look in Section 2.2 for more 
: details about the human diet. 

1.4 Biological molecules 

• Proteins 
Ali proteins are composed of a chain of amino acids. There are many 
thousands of different kinds of proteins found in a living cell. Yee all are 
made using just 20 different amino acids. The extraordinary variety of 
proteins is possible because each different protein is made of a unique 
sequence of amino acids, linked together in the chain. 

A small protein may be made of a chain containing a hundred amino acids. 
Larger proteins might contain two or three hundred amino acids. When 
a protein is made, the chain is folded and twisted to give the molecule 
a specific overall shape. The shape of a protein determines its biological 
properties. A protein may, for example, be an enzyme (e.g. amylase), part of a 
skin flake ( e.g. keratin), a carrier of oxygen ( e.g. haemoglobin) or a structural 
substance (e.g. collagen in bones and ligaments). 

Green plants make amino acids by using the nitrate ions tha t they absorb 
from the soil. They use the nitrates to provide the element nitrogen, which 
forms an essential part of each amino acid. Animals, fungi and bacteria get 
their amino acids by digesting the proteins of the organisms they eat. 

Amino acids are not stored in the body of humans, so to remain healthy an 
adult person must eat at least 4g of protein in their diet every day in order to 
replace proteins lost from the body by processes such as shedding skin flakes. 

" " Git$ ~~:~;=~:~:ive \ //···'·\\ ./ ~ 
- of amino ac,ds ., ·..... / " ~ 
~ = ..._ in chains . ' = 
':'l iii ~ ... · _.. · ,,. diffe rent arrongemenls 

9 * l[I "" ... : · " ' cause the chains to twist ond 
~ ..ill 1JD11 · ..• : .. :.:_ ....... ...... • ,/ .. ····.\ fold into differently shaped proteins 

w.< @ ··•.. ' 

·~~ : ~ ' '···\ ... ~~ individual omino ..... 

ocids (20) ··... • dll~ ..,---··· ......... 

, ----,e 
Figure 1.16 Building amino acids into proteins 

Lipids (fats and oils) 
Lipids are made from a molecule called glycerol plus three attached fatty acids. 
The fatty acids can vary, giving different types of lipid. Some lipids are liquid (at 
normal temperatures) and these are described as oils, whereas others are solid 
and are described as fats. Lipids are substances that do not mix with water - we 
describe them as 'hydrophobic' ('hydro' = 'water' and 'phobic' = ' dislike or fear'). 

Cell membranes are composed largely oflipids, a factor that helps the cell to 
control the materials that can cross the membrane to enter or leave the cell. 

Anot her important use oflipids is as a means of storing chemical energy 
in the body. In plants and animals, lipids provide a very efficient means of 
storing energy, which can then be used when food is scarce. During times 
when the diet of an animal contains excess energy, adipose cells swell up 
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a 

' ' ' . . 

with additional lipid, and shrink again when the diet contains too little 
energy. When the human body needs to use stored energy, the lipids in the 
adipose tissue are broken down co glycerol and fatty acids. The fatty acids are 
transported in the blood from adipose tissue to respiring tissues in the body. 

In humans, these adipose cells are found just under the skin. This layer of 
adipose tissue provides insulation for the human body, helping to conserve 
body heat. It also helps to protect the body from damage by acting as a 
cushion or 'shock absorber'. 

b 
large drorlet of lipid fi lling 
interior o adipose tissue cell 

cell 
membrane 

I I 
: 

---. ··---~-----~~-... 
glycerol molecule 

li pid molecule used for storing energy 
inside cells 

Flgure 1.17 a) structure of a lipid molecule, b) lipid in an 'adipose' tissue cell 

f1uu;1ut 
: Make links to Section 3.6 for 

transport in humans and 
Section 3.4 for transport in plants. 

.. illM'IOI 
Check the role of water in 
digestion of food (Section 2.2) 
and germination of seeds 
(Section 5.2) then look in 
Section 2.3 for reactions of 
respiration and Section 2.1 for 
photosynthesis. 

tii'N10t 
: Make a link with Section 1.5 to 

see how water helps make plant 
cells turgid. 

Water 
Water is the most abUI1dant molecule in all living cells. A human living cell 
contains 70% water by mass and a lettuce leaf cell more than 90% water 
(mostly in the vacuole). Water is, therefore, an important constituent of 
cytoplasm. Substances found in living organisms are dissolved in water 
inside the cytoplasm, between cells and inside transport systems. Water can 
act as a lubricant, for example in peristalsis. 

Water forms the basis of the liquids for transport - for example the blood, 
which is pumped around the body in vessels by a muscular organ such as 
the heart in animals. In plants, in xylem vessels, the water molecules form an 
unbroken column with each molecule clinging to its neighbours by cohesion . 
This means that a pull at one end of the column is transmitted along the 
whole column and this is how water can be pulled up xylem vessels. 

Water also participates in many b iochemical reactions - large molecules 
(macromolecules) are broken down by the addition of water (hydrolysis) or 
are joined together by the removal of water (condensation). In addition, the 
respiration of sugars (see Section 2.3) results in the formation of water, and 
water plays a central part in the reaction with carbon dioxide during the 
production of sugar in photosynthesis. 

The growth of plants requires lots of water, much of which forms the 
cell sap in the plant cell vacuole. A swollen vacuole pushes the cytoplasm 
against the cell wall, making the cell turgid, and giving support to plant 
tissues. 



1.4 Biological molecules 

• Enzymes 
Chemical reactions inside living organisms are known as m etabolic 
reactions. Nearly every metabol ic reaction is catalysed by an enzyme, so 
enzymes are often described as biological catalysts. Enzymes speed up the 
rate of a metabolic reaction - ic might otherwise be so slow that it does 
not occur {at the temperature inside living cells). As with other catalysts, 
enzymes are not permanently changed by the reaction. Enzymes are 
proteins and some of their properties are linked to their protein structure. 

We can represent a series of enzyme reactions as follows: 

A+ B-tC + D-tE + F ... 

A and B are the substrates {the molecule or molecules being acted on or 
that are reacting), C and D are the products. E and F may be the products 
of a .second, linked reaction (par t of a pathway of reactions). A different 
enzyme catalyses each of the steps, as shown by the arrows. 

Each enzyme has a particular fold on its surface (known as the active site). 
This where the molecules involved in the reaction {the substrates) meet. The 
shape of the active site precisely fits one substrate and no other. 

When the substrates meet at the active site, they react to form the products of 
the reaction. The active site of an enzyme catalyses the reaction by lining up 
the substrate molecules so they are in the right position to exchange atoms 
with each other. This means that a reaction can occur without the need, say, 
for additional heating. 

Once the products of the reaction have formed, they are released from the 
active site, and they are replaced by another set of substrate molecules. The 
enzyme is unchanged by the process, so the process can be repeated over and 
over again, sometimes hundreds of times a second. 

active site that 
fits shape of 
substra te 

substrate diffuses 
towards the odive site 

~ o f the enzyme 

I(" ~ free enzyme binds 
o nothe r substra te 
to repeat th e process 

~-------

/ ,-. products ore released 
_ ___ _, ' from the active site 

of the enzyme 

enzyme-substrate complex where 
cata lysis of reaction leads to the Formation 
of the products 

Figure 1.1 8 Diagram of an enzyme, showing the relationship between substrate, products 
and active site 
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The product of one enzyme-catalysed reaction inside a cell usually 
becomes the subs crate for another enzyme reaction, and so on. Substances 
(metabolites) are modified in different ways by a series of enzymes, as they 
pass along a metabolic pathway. Examples of metabolic pathways include 
photosynthesis and cellular respiration - even though we summarise these 
processes as simple equations, the actual pathways for both processes 
involve a series of reactions. 

If the overall shape of an enzyme changes for some reason, this might mean 
that the precise fit between active site and substrate is lost. When something 
causes an enzyme to become inactive in this way, we say it has been denatured. 
High temperatures or extreme pH conditions can cause this denaturation. 

Enzymes have particular conditions in which they work best, known as their 
optimum conditions. Outside their optimum range, enzymes work less well 
or not at all. 

Temperature and enzyme activity 
At low temperatures, such as near the freezing point ofwacer, the movement 
of enzyme and substrate molecules is slow. The molecules have less kinetic 
energy and it takes longer for substrate molecules to travel to the active 
site of the enzyme. Consequently, enzyme reaction rates are slower ac lower 
temperatures, but increase as the temperature rises. 

Most enzymes in an organism have an optimum working temperature in 
that organism. For humans it is 37 °C and for plants this is often lower, say 
15 ° C. Some extremes of enzyme function have been recorded, including 
working at very low temperatures and also very high temperatures. 

Ac temperatures above the optimum for an enzyme, the shape of the 
enzyme may become distorted. The distortion may affect the shape of the 
active site, so that it no longer fits the substrate properly. This means that 
the enzyme no longer catalyses the reaction, because it has been denatured . 
The denaturation process is not reversible. A denatured enzyme molecule 
remains permanently distorted, even if the temperature is lowered again. 
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to denaturation of enzymes 
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Figure 1.19 Graph to show enzyme activi1y over a range of tem[Peratures 



This experiment measures the time 

taken for starch to disappear, as 
demonstrated by the yellow colour 
of iodine solution when no starch 

is present You can use a range of 
temperatures for the water in the 

beaker, say between 1 0 °C and 
55 °C. For one tube, you can boil 
the reaction mixture and then test 
for disappearance of starch. What 

result would you expeci and why? 

Remember to wear eye protection. 

1.4 Biological molecules 

• Practical activity - investigating the effect of 
temperature on amylase activity 

Amylase is involved in the digestion of starch. When starch is present, 
iodine solution is blue- black in colour, but when no starch is present the 
iodine solution is yellow. The method measures the time taken for all of 
the starch to be digested. When no blue- black colour is seen, the starch has 
disappeared (been digested). 

1 Take a dimple tile (cavity tile) and add a drop of iodine solution to each 
d imple (cavity). This is used co test for the presence of starch. 

2 Place some amylase solution in one test tube and 5 cm3 o f starch solution 
in a second test tube. 

3 Place both test tubes in a beaker of water of known temperature for 
five minutes. This allows the contents of the tubes to be at the same 
temperature as the water in the beaker. The temperature of the water in 
the beaker is monitored with a thermometer. 

4 Transfer a few drops of amylase solution to the test tube with starch. This 
is now the reaction mixture. 

5 At one minute intervals, transfer a drop from the reaction mixture to 
a drop of iodine solution in one of the dimples on the tile. Use a clean 
d ropper or glass rod each time and work round the iodine drops on the 
tile in sequence. Observe the colour of the drop of iodine solution each 
time the reaction mixture is added. 

6 Note che time taken for the starch co disappear from the reaction 
mixture. You know this when the drop of iodine solution remains yellow 
and does not turn blue- black. 

7 Repeat steps 2 to 6 but use a different temperature in the water bath 
(beaker with water). You can add hot water to get higher temperatures 
and you can add ice to get lower temperatures. 

clean d ropper 
o r g lass rod 

amylase reaction mixture 
solution - -+-~~~'-:1--4--,with sta rch solution 

a nd amylase 

beo!cer of water acts as thermometer 
wate r both, being healed 
or a II owed to cool to create 
different incuba tion temperatures 

dimple tile 

yellow colour 
indica tes no 
starch is present 

blue- black colour 
indicates tha t sta rch 
is still present 

Figure 1.20 lnvestigati ng the effect of temperature on amylase activity 
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Figure 1.21 Activity of enzymes over 
different pH ranges 

This allows you t o see the way 
changes in pH affect the activity of 
an enzyme. Where else in this book 
do you learn about coagulation of 
milk as a result of pH changes? 
(Check in Section 7.2.) 

Remember to wear eye protection. 

pH and enzyme activity 
Inside the living cell, the pH of the cytoplasm is neutral (pH = 7). Most 
enzymes inside the cell work well at this pH - that is they have an optimum 
of pH 7. For enzymes secreted outside the cell, such as those released into 
the intestines of a human being, the pH optimum may vary. In the stomach, 
where the protease pepsin is found, the pH = 2 (very acid), yet in the mouth, 
where salivary amylase is secreted, the saliva is pH 7.5 (slightly alkaline). In 
order to function, different enzymes have different optimum pHs suited to 
where they work and what they do. Another enzyme (arginase) works in the 
liver cells, acting on alkaline chemicals. 

below the ortimum pH at the ·optimum pH, the above th.e optimum pH, 
the shape o the active active site has a shape that the shape of the active 
site becomes distorted - fits the- substrate site again becomes distorted 
denaturing the enzyme and the e nzyme is denatured 

Figure 1.22 How pH changes can distort the active site and affect the activity of an 
enzyme 

V Now work through Tutorial: Enzymes. 

• Practical activity - investigating the effect of 
pH on the activity of the enzyme rennet 

Rennet is an enzyme that coagulates proteins in milk (makes them go solid). 
The time taken for the milk co coagulate in the tube gives a measure of the 
rate of the reaction. 

1 Take S test tubes, A to E, as shown in the diagram. Each tube contains 
10 cm3 of milk. 

2 Add a few drops of dilute HCl to tubes A and B to acidify the milk. Check 
the pH by dipping a strip of universal indicator paper into the milk. Tube 
A should be pH 3 and tube B should be pH 6. 

3 Add a few drops of dilute KOH co tubes D and E to make the milk 
alkaline. Check the pH by dipping a strip of universal indicator paper into 
the milk. Tube D should be pH 8 and cube E should be pH 11. 

4 Add nothing to the milk in tube C so that the pH is about neutral (pH 7). 
5 When the pH has been adjusted, place all the test cubes in a water bath for 

S minutes, to equilibrate (reach the temperature of the water bath). 
6 Add 1 cm3 of rennet to each test tube and note the time. 
7 At regular intervals, tilt each cest tube to check whether the milk has 

coagulated (gone solid). Note the tin1e when coagulation occurs. At some 
pH values, coagulation does not occur, so a tin1e limit should be set to the 
observations. 
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pH 3 pH 6 pH 7 pH 8 pH 11 
A B C D E 

Figure 1.23 Investigating the effect of pH on the activity of the enzyme rennet 

STUDY QUESTIONS 

1 a) i) Arrange the following structures in order of size, starting with the 
smallest: 

cell; organelle; molecule; atom; macromolecule 
ii) Which three elements are always present in carbohydrates, proteins 

and lipids? 
ii i) Which two additional elements are found in proteins? 

b) i) Name the building blocks that are used in making proteins. 
ii) List three examples of proteins and say where these examples are 

found in cells. 
c) i) List three examples of large carbohydrate molecules made from 

glucose. 
ii) State where you would find each of these large carbohydrate 

molecules and the function that they have in cells. 
2 a) Explain what is meant by the term biological catalyst 

b) Make a list of ways that a biological catalyst differs from a catalyst 
used in chemical reactions, and ways that biological catalysts and 
chemical catalysts are similar. 
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Watching tiny particles move 
In 1827, the botanist Robert Brnwn was looking at tiny pollen grains 
suspended in a drop of water, using a simple microscope. He saw that 
the tiny particles seemed to be jiggling about, but he was unable to 
explain why. 

We now know that he was the first person to describe the effects of 
the random movement of molecules in a fluid. The water molecules 
were jostling about, bumping into the pollen grains and nudging them 
this way and that. 

Imagine that you make a similar slide, but put all your pollen grains 
at one end of the slide. As time passes, the pollen grains would 
spread out so that they become evenly distributed throughout the 
drop of water. On your slide, what you have observed is diffusion. 
The pollen grains have moved down a concentration gradient, from 
where there were a lot of pollen grains to the rest of the water 
drop where there were none. Even when the particles are spread 
out evenly, they don't stop moving, but for every particle moving 
one way, another moves in the opposite direction. You can see this 
same effect in the bottles. A few crystals of a coloured substance 
(potassium permanganate) have been dropped into the first one and 
gradually the colour diffuses through the water so thail: it becomes 
coloured throughout. 

So how is this process important in living organisms? And how do 
substances enter and leave the cells of living organisms? 

• Molecules and movement 
In gases and liquids all molecules move freely and randomly, in no particular 
direction. This movement is the result of the kinetic energy the particles 
possess. If the molecules are warm they have more kinetic energy and move 
faster than if they are cold. 

Suppose you add a few drops of a strongly coloured liquid to a beaker of 
water and watch what happens. You can see the colour gradually spreads 
through the water until it is even throughout. Each molecule of the coloured 
substances is moving (at random) among the water molecules, but the 
overall movement of the coloured molecules results in the colour becoming 
evenly distributed. The net overall movement of the coloured molecules is 
from a region of higher concentration (where the drops were added) to a 
region oflower concentration (where originally there was no colour). We call 
this difference in concentration a concentration gradient. 



•1"/'i'to• 
· Look in Section 1.3 for more 

details about cell structures 

including the cell membrane. 

fii*)atlih• 
· You can find out about gas 

exchange in flowering plants in 
Sections 2.1 and 3.1. 

Check in Section 3.4 to help you 
understand about loss of water 

and transpiration in plants. 

You can find out about gas 
exchange in humans in Section 3.2 
and transport in humans in Section 

3.5. 

Make links with respiration in 
Section 2.3, digestion in humans 
in Section 2.2 and transport in 
humans in Section 3.5. 

1.5 Movement of substances into and out of cells 

You can observe a similar effect if you place a cube of transparent jelly (such 
as agar jelly) on a dish with a coloured liquid. Gradually you can see the 
colour spreading through the jelly, until the whole cube of jelly becomes 
coloured. You can use an even simpler everyday example and watch the effect 
of adding a tea bag to a glass of hot water. You soon see the net effect of the 
dark coloured molecules in the tea spreading out into the water. 

Living cells can be considered as being between the jelly and liquid described 
above. Molecules move (or are transported) from cell to cell for different 
reasons. The cell membrane acts as the boundary for the cell contents. The 
cell membrane also acts as a barr ier for substances moving into and out of 
cells. Some small molecules are able co move through the cell membrane, 
as though it has pores or small holes in it. Other molecules are relatively 
large and cannot pass through the membrane in this simple way, so 
different mechanisms are involved in helping these molecules pass through 
the ba.rrier, into and out of cells. The cell membrane also has the job of 
preventing some molecules entering or leaving the cell. In this way, the cell 
has some control over what is inside it. 

Movement of substances into and out of cells can be by diffusion, osmosis and 
active transport. Each of these mechanisms is considered in more detail below. 

Diffusion 
Diffusion is the net movement of molecules (or ions) from a region with a 
higher concentration to a region with a lower concentration (of that molecule). 

The descriptions above (coloured liquid, jelly, teabag) present a simple view 
of diffusion using non-living materials. Examples of diffosion in living 
organisms include the following: 

• in plants - oxygen gas and carbon dioxide gas diffuse into and out of 
leaves through the stomata. The direction of diffusion depends on the 
relative concentrations of each gas inside and outside the leaf 

• in plants - the movement of water vapour molecules out ofleaves 
through the stomata into the air outside during transpiration 

• in humans - the movement of oxygen from air in the alveoli (in the lungs) 
into the blood in the lungs, and movement of carbon dioxide from the 
blood in the opposite direction into the alveoli in the lungs 

• in humans - movement of dissolved substances (such as sugars and 
amino acids) from the blood into cells. 

Osmosis 
Osm osis is a special case of diffusion. The term osm osi s refers to the 
movement of water molecules from a region with a higher concentration of 
water molecules (a more watery or more dilute solution) to a region with a 
lower concentration of water molecules (a less watery or more concentrated 
solute solution) through a partially permeable membrane. In living cells, 
the cell membrane acts as a partially permeable membrane. The term 
selectively permeable membrane is also used and is a correct term. 

Anot her way of describing movement of molecules by osmosis is to use the 
term 'water potenciaP. So osmosis can be described as the movement of 
water from an area of high water potential (high concentration of water) to 
an a rea of lower water potential (lower concentration of water). 
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4illM'•O• 
: Check in Section 3.4 for details 

about water uptake by the root s 
of plants. 

The term partially permeable describes a membrane that effectively has gaps in 
it - these gaps allow small molecules (such as water) to pass through, but larger 
molecules are unable co pass d1rough che gaps. Oilier mechanisms are involved 
in their transport across the membrane. These larger molecules can be carried 
through by special transport proteins that ace like a 'door' in the membrane. 

(a ) pa rt ia lly permeable membrane separaling (b ) partia lly permeable membrane separating two 
two sofutio ns o f equa l concentrat ion solutions of different con,centration 
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Figure 1.24 Illustration of osmosis 

In the diagram above: 
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water molecules diffuse across the membrane 
from the dilute solution to the concentra ted 
solution (down a concentration gradient) 

solute molecules 

the movement of 
solute molecules 

(a) shows movement of water molecules through a partially permeable 
membrane when the concentration ( of solute) is the same on each side. 
Water can move through both ways but there is no net movement. 
Solute molecules cannot move through because d1ey are too large, so 
stay on the same side of the membrane. 

(b) shows nee movement of water through a partially permeable membrane 
when d1e concentration ( of solute) is higher on one side. The nee 
movement of water is from the region where there are more water 
molecules to the region where there are fewer water molecules, as in 
osmosis. When the sides are equal there is no NET movement, as in (a). 

Examples of osmosis in living organisms include the following: 

• in plants - entry of water into root hair cells from the soil water around 
the root hair cell and nearby soil particles. The soil water is the solution 
with a high concentration of water molecules (a dilute solution). The cell 
sap inside the root hair cell is a less dilute solution (because of the sugars 
and salts dissolved in the cell :sap). The cell membrane acts as the partially 
permeable membrane 

• in animal cells (such as a red blood cell) - if coo much water enters a cell by 
osmosis, the cell swells up and it may burst because there is no cell wall (as in 
planes) to restrain the cell membrane. If surrounded by a more concentrated 
solution, water moves out by osmosis and the cell shrinks (Figure 1.27). 



iii*M10t 
· Look in Sections 4.2 and 4.3 to 

help you understand homeostasis 
and osmoregulation in humans -

why it is important and how the 
correct water balance is maintained. 

Dialysis (Visking) tubing provides 
a useful model of a partially 
(selectively) permeable membrane, 

as it shows some properties similar 
to that of the cell membrane in 
living cells. 

1.5 Movement of substances into and out of cells 

In the human body, blood and other fluids are in close contact with all 
cells. If you drink a lot of fluid your blood becomes more dilute, so there are 
ways of adjusting the level of water in the blood, otherwise too much water 
would pass into cells by osmosis. Conversely, if you sweat a lot or lack water 
for other reasons, you become dehydrated. Your blood is less watery (more 
concentrated) and this would draw water out of the nearby cells by osmosis. 
It is very important to keep a correct osmotic balance inside your body. This 
is described as osmoregulation. 

• Practical activity - demonstration of 
osmosis using dialysis (Visking) tubing 

Dialysis {Visking) cubing is partially permeable. Water molecules can pass 
through because they are small but sucrose molecules cannot. 

1 Take a length of dialysis cubing. Knot it at one end to seal it. 
2 Fill the dialysis tubing with strong sucrose solution. 
3 Insert a glass tube through the rubber bung, then fit the end of the bung into 

the open end of the dialysis cubing. Tie the tubing to the bung with fuse wire. 
4 Place the dialysis cubing in a beaker with water1 as shown in diagram A. 

5 Observe the level of the solution in the glass tube. 

After several minutes, the meniscus rises up the glass tube, as shown in 
diagram B. Water has entered the dialysis cubing by osmosis. 

If the dialysis tubing is filled with water and placed in a beaker with sucrose 
solut ion (as shown in diagram C), the level of the meniscus falls. This is because 
water has moved out of the dialysis tubing into the sugar solution, by osmosis. 

g loss tube inserted into a rubber bun:g 
the meniscus rises up 
the gloss as water 

/ moves into the 
dialysis tubing rubber bung with 

dialysis tubing 
firmly tied 

knot 

/ 
beaker 

by osmosis 
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· ···-- / observe movement 
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if th e dialysis tube is filled 
with wat,er and placed in 
a beaker of sucrose solution, 
the meniscus will fo ll 
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Fig ure 1.25 Demonstra1ion of osmosis, using dialysis (Visking) tubing 

Active transport 
Active transport describes the way that some molecules (or ions) can be 
moved across a membrane against the concentration gradient, from a lower 
concentration to a higher concentration of that molecule. T h is movement 



Section 1 Living organisms: variety and common features 

f11*11f•rn• 
· Look in Section 3.4 for details 

about how mineral ions are taken 
up in flowering plants. 

4illM'IOI 
· Details about excretion in humans 
: are given in Section 4.2. 

4illM101 
· Look in Section 1.3 for more 
: details about cell structure. 

requires energy. The energy is provided by ATP from respiration. Sometimes 
a 'carrier' is required to help the molecule through the membrane. This is 
one way that quite large molecules can be moved through the cell membrane 
into a cell. You can compare this to a pump raising water to a higher level -
some energy is used in this activity too. 

Examples of active transport in living organisms include the following: 

• in plants - useful mineral ions enter, into root hair cells from the soil 
water by active transport. The soil water contains a lower concentration 
of the mineral ion than inside the cell, so the ions are moved into the cell 
against a concentration gradient 

• in humans - in the kidney, glucose is actively transported back into 
the blood from the glomerular filtrate in the kidney tubule, so that no 
glucose passes out of the body in the urine. 

tJ Now work through Tutorial: Movement of materials. 

• Turgidity in plant cells 
An important difference between plant and animal cells is that plant cells 
have a cellulose cell wall and the cell membrane lies inside this, whereas in 
animal cells, the cell membrane is the only boundary around the cells. 

The cellulose cell wall is made of woven cellulose fibres. The gaps between 
the cellulose fibres are big enough to allow water and many much larger 
molecules to pass through. The real barrier for the movement of substances 
into and out of plant cells is the partially permeable cell membrane. 

You can isolate a few (living) plant cells by peeling off a strip from the 
epidermis of an onion {or from a coloured stalk such as rhubarb). Place the 
peel in a drop of water and examine the cells under a microscope. The events 
that occur in the cells are summarised in Figure 1.26. 

p~ant cell in p-ure water 
(a very dilute solution) 

plant cell in solution that 
equa ls the concentration 
inside the cell 

nucleus 

cytoplasm '-..... I 

cell membrane pushes agoinst the 
cell wall, as water enters the cell 
by osmosis and the oell 
contents swell 

I 
cell membrane touches the 
cell wall, but does not push 
against it as there is no 
net movement of water 
into the cell by osmosis 

plant cell in solution that is 
more conc,e,ntroted than that 
inside the cell 

cell wall 

the cell becomes flaccid, 
and if the concentration 
of the salt solution is high, 
the cell membrane peels away 
from the cell wall os the cell 
contents sh rink, due lo the 
movement of water by osmosis 
out of the cell 

Figure 1.26 Plant cells placed in pure water take in water (by osmosis) and become 
turgid, but if the cells are surrounded by a more concentrated solution (say of sugars or 
salts) water passes out and the cell becomes flaccid 



f.ii*M10j 
· Make a link to Section 3.4 
: (Transport in flowering plants). 

f.iujaflilt 
: Make a link to Section 3.3 
: (Transport in living organisms). 

1.5 Movement of substances into and out of cells 

If you do the same thing to an animal cell, such as a red blood cell, the water 
continues to enter and the cell continues to increase in size and it may burst. 
This is because there is no structure equivalent to the cellulose cell wall to 
provide a counter-pressure and hold it in shape. 

red blood cell in pure water 

cell membrane ruptures, 
as water enters the cell by 
osmosis, swelling the volume 
of the cytoplasm 

red blood cell in solution that 
equa ls the concentra tion 
inside the cell 

cell membrane 

cell shape ond volume 
rem oin the some 
because there is no 

cytoplasm 

net movement of water 
!by osmosis) into the cell 

red blood cell in solution that is 
more concentra ted than inside 
the cell 

y 
the cell membrane forms folds, 
due to the shrinkage of the 
volume of cytoplasm, as water 
is lost from the cell by osmosis 

Figure 1.27 Osmosis and red blood cells - in pure water, red blood ce lls take in water 
until they burst, whereas if surrounded by a more concentrated solution (of sugars or 
salts) water passes out and the cell shrinks and becomes folded 

In planes, turgor makes an impor tant contribution to the support of plant 
tissues. In addition, plants have hard materials like chat in the walls of xylem 
and these also provide support. Xylem is found in the veins of the leaves and 
in woody stems. 

You can see d1e effect of wilting if a plant organ, such as a lettuce leaf, has too litde 
water. The cells of the leaflose turgor and the lettuce leaf goes floppy or flaccid. 

• Factors affecting movement of substances 
into and out of cells 

As stated at the start of Section 1.5, molecules move (randomly) all the time 
as a result of their kinetic energy. The rate of net movement (by diffusion 
or osmosis) is influenced by various factors and it is important to link this 
to how molecules move into cells and are distributed to all cells inside a 
multicellular organism: 

• Surface area in relation to volume - suppose you have 100 cells (think of 
them as a lump of jelly). You can either spread them out flat on a surface, 
so that the cells are in a layer just one cell d1ick, or you can keep them in a 
spherical lump. You can see ch.at any molecule that is going to diffuse into 
these cells gets to the inside of the cells faster in the single layer than in the 
sphere. Many organisms show adaptations that increase the surface area 
available for exchange of materials in relation to the volume to be supplied. 

• Temperature - the random movement of molecules is a result of their 
kinetic energy. At higher temperatures molecules have more energy than 
at lower temperatures, so their movement is faster at higher temperatures. 
This means that the rate of net movement (by diffusion or osmosis) is 
greater at higher temperatures. 
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,il*)st•O• 
Look for examples that provide 
a large surface area in relation 
to volume and for ways in which 
living organisms maintain a 
concentration g radient, allowing 
more molecules to diffuse. 

This is a useful practical activity as 
it gives you practice in setting up an 
experiment taking measurements 
and collecting the results but it is 
important that you interpret the 
results in terms of movement of 
water by osmosis and understand 
what is happening. It is also an 
opportuni ty for you to plot a suitable 
graph using your results or the 
combined results the class. 

This is how you calculate 
percentage change in mass. 

mass at start "" x 
mass at end = y 

change in mass = x - y 
x -y 0/o change =--x 100 

X 

• The difference in concentration of molecules (the concentration gradient) -
this is another important factor in determining the rate of movement of 
substances. If there is a big difference, the net movement is faster than if 
there is very little difference (even though the molecules continue to move 
all the time). Again, you can find examples in living organisms to help you 
understand this. In the lungs, the blood is flowing so constantly takes away 
the oxygen it has collected from the lungs, so more can diffuse through 
from the alveoli. In a leaf, on a windy day, the water vapour outside the 
sc-omata is blown away, so more water vapour diffuses through. 

• Practical activity - investigating osmosis 
in potato tissue 

1 Take a large potato. Use a cork borer to cut and remove several cylinders 
of tissue from the potato. The cylinders all have the same diameter. T his 
is shown in diagram A. 

2 Cu t the cylinders to an identical length then weigh them and record their 
mass. 

3 Prepare a series of salt solutions (NaCl), each of different concentration, 
ranging from 0% to 10% NaCL (For 0% NaCl, use d istilled water.) Fill a set 
of boiling tubes with each of these solutions. 

4 Place one cylinder of potato tissue in each of tl1e differen t NaCl solutions 
and leave for about 30 minutes or longer (diagram B). (You can leave 
them for up to 24 hours and then it may be advisable to leave the boiling 
tubes in a refrigerator if room temperature is too warm.) 

5 Af ter 30 minutes, remove the potato cylinders. Blot them (with a paper 
towel) and weigh them again. 

6 Calculate the percentage change in mass for each of the potato cylinders. 
7 Plot a graph of salt concentration against percentage change in mass of 

the potato cylinders. 

large potato cork borer 

potato cylinders cut to an 
identical length and weighed 
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boiling tubes filled a series of salt solutions, 
ranging from 0% to 10% NaCl 

B 
Flgure 1.28 Investigating osmosis in potato tissue 

In water and the more di.lute solutions of NaCl, the potato cylinders take in 
water by osmosis and their mass increases. When the potato cylinders are 
i.n the more concentrated solutions of NaCl, water is drawn out by osmosis 
and t heir mass decreases. Somewhere in the middle, the concentration of 



This practical demonstrates 
diffusion out of living and non-living 
cells, and also he lps to emphasise 
certain functions of the cell 

membrane and its importance in 
living tissues. 

Remember to wear eye protection. 

1.5 Movement of substances into and out of cells 

the NaCl solution is about the same as the concentration (of cell sap) inside 
the potato cells. At this concentration, there is no net movement of water in 
or out and the mass of the potaco cylinder stays the same. You can find this 
point from your graph. 

• Practical activity - investigating the 
diffusion of red pigment out of cells 
of beetroot 

This practical activity demonstrates the importance of the cell membrane both 
as a barrier in a living cell and to keep substances inside the cell. In beetroot, 
the red pigment molecule is too large to diffuse out of the cell when the cell 
membrane is intact. However, when the cell has been killed by heating, the cell 
membrane is also destroyed and the colour passes out into the water. 

1 Use a knife to cut a block of tissue from a fresh (uncooked) beetroot. 
2 Cut the block into two equal-sized pieces of beetroot and wash 

thoroughly in water. 
3 Place one piece of beetroot in water in beaker A and one piece in water in 

beaker B. 
4 Heat the water in beaker A to 90 °C for 1 minute. Keep beaker Bat room 

temperature. 
5 Allow the water in beaker A to return to room temperature and observe 

the colour in both beakers. 

In beaker A, you can observe the diffusion of the red colour of the pigment 
in beetroot cells into the water. Heating to above 45 ° C is known to damage 
plant cell membranes. 

fres.h (uncooked) 
beetroot 

___ ,:::···------------------ ---- -
/ , . ..-·-· -----;;--

r--- ~. 

A 
heat to 90 °C 
for 1 minute 

8 
room 

tempera ture 

I 
al low to return to room tempera tu re 

Figure 1.29 Investigating the diffusion of red pigment out of living cells and non-living cells 
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STUDY QUESTIONS 

This question should help you understand the different 
factors that affect movement of substances into and out 
of cells. 

1 Surface area to volume ratio 

0.5 
A 

blocks of jolly immonod in coloured solution 

Dimensions are in cm but diagram not to correct scale. 

Look at the blocks of jelly and work out which block 
would become coloured inside most quickly (i.e. 
which has the shortest distance to the middle?). Use 
these steps to help you work out your answer. 

a) Calculate the volume of each block. Draw a table 
for your answer to this part and for parts (b) and 

(c). 
b) Calculate the area of each side then add them 

together to get the total surface area of each 
block. 

c) If these blocks represented part of a living 

organism, which has the largest surface area 
available for exchange of materials? Which has the 
largest surface area in relation to its 
volume? 

d) Give some examples of structures in living 

organisms that show a large surface area that 

helps exchange of materials into and out of the 
organism. 

2 Temperature 
Explain why the rate of diffusion (say -of a red dye 
dropped into a beaker of water) is faster in a warm 
temperature than in a cold temperature. In your 
explanation, include the words random movement 
and kinetic energy of molecules. 

3 Concentration gradient 

• 00 • 0 • • 00 •• • 
•• 00 • • • • Oo • •• • 0 

A B 

a) i) At the start, which way do molecules move 
through the barrier? 

ii) Explain why, at the start, the net movement of 
molecules is from A to B. 

iii) What happens when there is an equal number 
of molecules on each side - do they continue 
to move through the holes? 

iv) Suppose molecules on side 8 were continually 

being swept away, what would happen to 
the net movement of molecules through the 
barrier? 

b) Give some examples from living systems that 
show how maintaining a concentration gradient 
helps to increase the rate of diffusion of 
molecules through a surface. Include plants 

and animals in your examples. 



Summary 

Summary 
V Make sure you can answer all the questions in the interactive quiz. 

I am confident that: 

,/ I know that a II living organisms require nutrition, 
that they respire and excrete their waste, that they 
respond to their surroundings and move, that they 
control their internal conditions, and are able to 
reproduce, grow and develop. 

,/ I understand how the characteristics listed above 
are carried o'Ut by all living organisms. but 
sometimes i11 different ways by plants, animals 
and other living organisms. 

,/ I know that plants and animals are multicellular 
organisms but that they differ in their method of 
obtaining food and I can list differences in the 
structure of their cells. 

./ I can describe features of fungi, bacteria and 
protoctists, and know why they are not included 
with plants and animals. 

,/ I can name examples of all the main groups and 
can describe their structure. 

,/ I can describe some examples of pathogens from 
the different groups of fungi, bacteria, protoctists 
and viruses. 

,/ I can draw and label a diagram of a plant cell 
and of an animal cell and use this to show the 
features they contain. 

,/ I can describe the functions of the structures 
shown in the cell diagrams. 

,/ I know ways that a plant cell differs from an 
animal cell, i11 both structures and functions. 

,/ I know that carbohydrates, proteins and lipids 
(fats and oils) contain the elements carbon, 
hydrogen and oxygen and that proteins also 
contain nitrogen and sometimes sulfur. 

,/ I can describe how smaller basic units are built 
up into larger molecules and that starch and 
glycogen are made from simple sugar units, that 
proteins are made from amino acids and that 
lipids are made from fatty acids and glycerol. 

,/ I understand that enzymes are proteins and that 
they act as catalysts in metabolic reactions. 

,/ I understand that enzymes are affected by 
temperature and pH, and can describe how to 
do experiments to illustrate the effect of 
temperature on the activity of an enzyme. 

,/ I can describe how to test for the presence of 
glucose and of starch . 

,/ I know definitions for the terms diffusion, 
osmosis and active transport and understand 
how each of these contributes to the movement 
of substances into and out of cells. 

,/ I can describe simple experiments that illustrate 
diffusion and osmosis in living and non-living 
systems. 

,/ I understand how plant cells become turgid and 
that such cells can provide support for a plant. 

,/ I understand that different factors can affect the 
rate of movement of substances irnto and out of 
cells. 

,/ I can describe how surface area to volume 
ratio, temperature and concentration gradient 
can affect the rate of movement and describe 
examples that illustrate these effects. 



Section 1 Living organisms: variety and common features 

Ex.am-style_q,--...u_,.__es---..±~i o..,_._n......,,.....s ____ _ 
1 The table below refers to features of some groups of 

living organisms. For each statement or description, 
complete the table by choosing a suitable word from 
the box that matches the statement or description. 

bacteria; Ghlorel/a; fungi; glycogen; Lactobacil/us; 
Mucor; Plasmodium; Pneumococcus; protoctists; 
starch; viruses; yeast 

StatemenV description Word 

This group can not carry out photosynthesis 
and feeds by albsorption of products from 
extracellular digestion 

A protoctist that causes malaria 

A single-celled organism that contains 
chloroplasts and has cellulose in the cell wal Is 

This group has no nucleus but contains DNA 
in a circular chrromosome 

A single-celled organism with chitin in the cell 
walls and is involved in the fermentation that 

produces beer 

A carbohydrate molecule formed from 
glucose units and may be stored in animal 
cells and some fungi 

This group has no cellular structure and 
consists of a protein coat surrounding either 
DNA or RNA 

A single-celled organism involved in the 

conversion of milk to yoghurt 

[Total = 8] 

2 a) The features listed in the cable are found in cells of 
flowering plants or animals cells or both. Complete 
the table by placing ticks in the appropriate boxes 
if the feature is present in that type of cell. 

Feature Plant cell Animal cell 

Contains cytoplasm 

Has a cell wall made of 
cellulose 

Contains DNA in the nucleus 

Has a cell nnembrane 

Stores glycogen in the eel I 

Never has eh loroplasts 

Usually has large vacuoles 

[7] 

b) Cells of fungi and bacteria show features that differ 
from flowering plants and animals in a number of 
ways. 

i) How do the cell walls of bacteria and fungi 
differ from those of plant and .animal cells? 
1. bacteria 
2. fungi (2] 

ii) How do bacteria differ in the way DNA is 
contained in the cell? (1] 

(Total = 10] 

3 The table lists some statements and descriptions. 
Each of these refers to molecules found in the cells 
of living organisms. The first box lists some large 
molecules and the second box lists the basic units (or 
building blocks) for these large molecules. 

Box 1 - large molecule 

cellulose; glycogen; lipid; proteins; starch 

Box 2 - basic units (building blocks) 

amino acids; fatty acids + glycerol; glucose 

Complete the table by choosing the correct large 
molecule and basic unit for each statement. Some 
have been done for you. For one table row you are 
asked to provide a suitable description. 

Basic uniV 
Name of large building 

Statement/description molecule block 

found in eel I walls of 
plants 

some of these are 
enzymes in plants and 
animals 

haemoglobin 

large molecule, stores glucose 
energy in lliver and muscles 

carbohydrate stored in 
seeds and broken down 
when seed starts to 

germinate 

does not mix with water 
and forms part of cell 
membrane 

(Total = 6] 



4 The table below lists some observations. Each of these is 
the result of one of the processes listed in the first box: 

! diffusion; osmosis; active transport 

Choose the correct process for each observation. 
The first one has been done for you. Then write 
an explanation for the events described. For some 
observations there may be two or more parts to the 
explanation. You may use words in the following list 
co help you wr ite your explanations. Words may be 
used once, more than once or not at all. 

concentration gradient; energy (ATP); flaccid; higher 
concentration; kinetic energy; lower concentration; partially 
permeable membrane; random movement; turgid 

[Total = 12] 

Exam-style questions 

Observation Process Explanation 

Peter chopped some cabbage, osmosis 1 liquid 
put it in a bowl and covered it 2 floppy 
with salt Two hours later there 
was liquid in t he bowl and the 
cabbage was floppy (I imp). 

A piece of dialysis (Visking) (2) 
tubing has a knot at one end. It is 
filled with a glucose solution and 
tied at the other end, then placed 
in a boiling tu'be with some water. 
Two hours later the dialysis 
tubing is much fatter and is 
pushing against the sides of the 
boiling tube. 

Mineral ions can accumulate (2) 
in eel Is even though 1heir 
concentrationi in the soil water is 
very low. 

Some red blood cells were (2) 
placed in a few drops of 
water and observed under 1he 
microscope. Soon the blood cells 
seemed to break up and were no 
longer whole cells. 

A gardener had some tomato (2) 
plants ready to plant in his 
polytunnel. He left them on the 
beach and a wave of seawater 
corn pletely covered them. Later 
he saw the plants had wilted and 
become floppy. 

2 marks for process column; 2 m,wks for each expl4natimi. 



Section 1 Living organisms: variety and common features 

EXTEND AND CHALLENGE 

1 Using enzymes in industrial processes 

In living organisms, enzymes act as catalysts and allow 
metabolic reactions to take place within a low temperature 
range, such as human body temperature or o1lher lower 
temperatures in plants and microorganisms. 

Enzymes also have many industrial applications. These 
include use of enzymes in processes in the food industry. 
Often the enzymes used come from microorganisms, 
including fungi and bacteria Traditionally, fermentations 
have been carried out with whole microorganisms - for 
example, yeast is used in the production of beer and wine, 
or Lactobacil/us is used in the production of yoghurt and 
cheese. (For more details, see Section 7.2.) 

Here we ask you to find out information (using books or 
the internet) about enzymes that have been extracted 
from their source organism and are used in different 
processes in the food industry. 

a) The list below gives some examples of processes 
that are carried out by enzymes. 
1 preparation of milk suitable for people with 

lactose intolerance 
2 increasing the yield of juice when crushing 

and pressing fruit 
3 clarification of beer, wine and fruit juices 
4 tenderisation of meat 
5 fermentation of milk to produce "vegetarian• 

cheese 
6 production of high-fructose corn syrups (HFCS) 

from maize (corn) 
For each process, find out more information under 
the following headings. 
• the name of the enzyme used 
• the reaction that is catalysed by the enzyme 
• the source of the enzyme (usually from fungi or 

bacteria) 
• any other information of interest linked to the 

process, including the benefit to people and the 
commercial advantage of using the enzyme 

b) Inside living cells, enzymes are often held in some 
of the cells organelles. For example, enzymes linked 
to photosynthesis are found in the chloroplasts and 
some of the enzymes linked to respiration are found 
in the mitochondria. In many industrial processes, 
enzymes are often held on an insoluble material and 
are described as "immobilised enzymes•. 

Find out nnore about some examples o1i 
immobilised enzymes and suggest why this is an 
advantage in the industrial process. 

2 Using bioinformatics as a tool in classification 

Bioinformatics is a rapidly growing area of biology. The 
power of modern computers has been harnessed to 
create huge databases of information. 

Originally, classification and naming of organisms was 

based mainly on comparisons of the physical anatomy 
or other visible features of the organisms. The more 
physical features shared by two groups of organisms, the 
more likely they are to be closely related. 

Modern biologists now routinely compare the molecules 
in organisms, such as the individual amino acids 
present in a. protein or the sequence of bases (known 
by the letters GCAT) inside certain genes. in their DNA 
Biologists can then use this information as a basis for 
classification. 

Living species that are closely related to one another, in 
an evolutionary sense, are likely to have a more recent 
ancestor in common than those more distantly related. 
It you have to go back a long time to find a common 
ancestor, there has been more time for random changes 
in the DNA of the two species to accumulate, and the 
two species are likely to have become more different 
from each other. 

This approach can be used to calculate how long 
ago the two species shared a common ancestor. 
The information can then be used to construct a 
tree-like diagram illustrating the relationship of a group 
of different species - whether they are closely related 
or only distantly related. 

As an example, a study was made of similarities and 
differences in the haemoglobin molecule (a protein) in 
eight mammals, listed in the box. 

opossum; fox; human; bear; rhesus monkey; dog; 
capuchin monkey; gorilla 



Further information about this study is given below. To 

answer the questions, you may have to refer to other 
parts of this book You are also encouraged t o use 
outside sources of information. 
a) Use books or the internet to find images or 

descriptions of these eight mammals. Use information 
about their physical features and try to arrange 

the mammals in groups so that those with most 
similarities are in a group together, separated from 
others showing more differences. Give reasons to 

support the way you have made the groups. 
b) Haemoglobin is a protein, made up of chains 

of different amino acids. The table summarises 
information about the structure of haemoglobin 

of these eight mammals. Part of the haemoglobin 
molecule was analysed to work out the sequence of 
amino acids in each species. The figures in each cell 

of the table show the percentage similarity in amino 

acid sequences for each pair of species linked to that 
cell. 

On the basis of the information given in this haemoglobin 

data, answer these questions. 

1 Which two mammals are most closely related to a 

human? 
2 Which mammal is most closely related t o a dog? 
3 Which mammal is most distantly related to all the 

other mammals? 
4 Is there any other information in the table that is of 

interest or surprises you in any way? 

Opossum Fox Human Bear 

7'2% 920/o 990/o 90% 

73% 71% 73% 

91% 95% 

-information not available 90% 

Extend and challenge 

c) i) Use the haemoglobin data in the table and try to 

arrange the mammals in groups so that those with 
most s imilarities are in a group together, separated 
from others showing more differences. 

ii) Compare the grouping you have drawn up on the 

basis of the haemoglobin data with the grouping 
you devised from images or physical features of 

the mammals. How closely do your groupings 
match? 

d) i) When doing a study of this sort, suggest why is it 
important that scientists compare many different 

genes. 
ii) Suggest what is meant by •random changes in 

the DNA". What environmental facto,rs might be 

responsible for causing such changes in the 
DNA? 

e) Find out about two more examples that show how 

analysis of molecular sequences (in amino acids 
or in DNA) have been used to study classification 
or evolution of species in flowering plants and in 
animals. 

Source of information: www.radford.edu/ jkell/ 
molecular _phylogeny.pdf 

monkey Dog monkey 

97% 900/o 940/o Gorilla .. 730/o 720/o Opossum 

900/o 990/o 9'20/o Fox 

960/o 900/o 950/o Human 

90% 95% 9 1% Bear 

890/o .. 
Rhesus monkey 

910/o Dog 
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Nutrition and 
respiration 

TO THINK ABOUT ... 

Write down a food chain to includ~ 

something you have eaten today 
(or would like to eat). Where did 

the energy in the food come from 
and how are you going to use that 

energy in your body? What do 
plants do with t lhe energy contained 

in the food mate rials they build up? 

Living organisms and their need for energy 
The smallest mammals in the world are the bumblebee bat and the 
pygmy shrew. Each weighs less than 2 grams. The bat lives in the 
warmth of Thailand and the insects it eats provide only just enough 
energy to keep its body warm. The pygmy shrew (showin in the 
photograph) lives in southern Europe and to keep warnn it has to eat 
up to twice its own body weight in insects every day. The lower limit 
for size in mammals is determined by the need to eat srufficient food 
to be respired to keep warm. 

All the energy required by life on Earth is harvested from the sun, by 
plants, during photosynthesis, when they lock the energy of the rays 
of light into the bonds between the carbon atoms of sugar molecules. 
Eventually these complex organic molecules are passed up the food 
chain, for example from plant to insect to these small mammals. 
And as the sugar molecules are respired in the cells of these tiny 
mammals, the released energy (originally from the sun) warms their 
bodies, keeping them alive. 

We need plants and plants need the sun and we are all locked together 
in mutual dependency. So what are the different strategies used by 
flowering plants and by humans to obtain their food? And how do 
organisms break food down irn respiration to release energy for life? 

(V Review ihe learning outcomes you should aim to achieve as you work throug h this section. 



Section 2 Nutrition and respiration 

4111M101 
: Look at Section 6.2 and write 
: a concise explanation of why 
: autotrophs are also known as 
: producers in ecological terms. 

fii'0t+o• 
· Look at Figure 1.5 and Section 1.3 

and make a list of the ways in 
which the structure of a palisade 
mesophyll cell is adapted for 
photosynthesis. 

Nutrition in flowering 
plants 

A view of plants on planet Earth 
The true colour picture of planet Earth, made by NASA, 
shows three maim colours: white for snow and ice, blue 
for the oceans arnd green for most of the land surface. 
The only truly biological colour visible on Earth from 
space, is that of the green pigment chlorophyll used by all 
photosynthetic organisms. 

Chlorophyll absorbs the red and blue parts of the sun's 
light rays, converting the light energy into chemical energy 
which is then used to build the bonds for making sugars 
from carbon dioxide and water. The model represents 
a chlorophyll molecule. All the green you can see in the 
NASA photo is light being reflected from ins ide plant leaf 
cells. That is whe:re chloroplasts use the red and blue rays, 
but reflect the green rays. So plants make their own food 
using solar energy, and all other forms of life ultimately 
depend upon this food energy for life. On land, it is only 
the deserts and high mountains, where there is little liquid 
water, that are not green. If only we could fi ind a way to get 
plants growing in these difficult regions! 

• The reactions of photosynthesis 
All life on Earth depends on plants. Green planes convert the energy from 
sunlight into a chemical form. Planes use trapped solar energy co make 
sugars (carbohydrates) in a process called photosynthesis. Green plants are 
descr ibed as autotrophs because they can make complex molecules using 
simple molecules and energy from the sun. 

The process of photosynthesis occurs inside chloroplasts. Each cell in the 
photosynthetic tissue of a plant contains many green chloroplasts. Inside 
each chloroplast, carbon dioxide is combined with water to make glucose, 
using trapped energy from the sun. The light energy from the sun is trapped 
by the green pigment chlorophyll. This process involves the splitting of 
water, resulting in oxygen as a waste product. 

This equation summarises the process of photosynthesis. 

. . sunlight trapped by chlorophyll 
carbon d1ox1de + water glucose + O>..'fgen 

6CO;z. + 6H20 C6H1206 + 602 

When a ray oflight is absorbed by a chloroplast, the chlorophyll traps its 
energy, using the power to split water molecules. Enzymes catalyse the 
photosynthetic reactions, using carbon dioxide and leading to the formation 
of glucose. 



4iilM10• 
Refer to Section 3 .4 for more 

details about transport in the 
phloem. 

This practical activity is simple to 

set up and shows how a gas is 
given off by a water plant during 
photosynthesis. You can compare 
evolution of gas bubbles from the 

plant in the light and in the dark 
Provided you collect a good sample 

of gas, you should be able to show 
that it is oxygen, using the glowing 
splint test You may be asked to 
describe this for the examination. 

--inverted test tube 
-1---gas collecting at the top 

of the test tube 

inverted conical funnel 
17::1r::'i-- - with shoots of pondweed 

inside 

Figure 2.1 Experiment to show the 

evolution of oxygen from a water plant 
during photosynthesis 

This group of practical activities 
show the production of starch 

during photosynthesis and factors 
required for photosynthesis to 
occur. It is important that you know 
how to test a leaf for starch and you 
may be asked to describe these for 
the examination. 

Remember to wear eye protection. 

2.1 Nutrition in flowering plants 

The glucose formed inside the chloroplasts in photosynthesis may be 
used by the plane in several ways. When it is first made, glucose is stored 
temporarily inside the leaf cells as granules of starch. {Note that when 
doing experiments to investigate photosynthesis, a leaf can be tested for 
starch to show chat photosynthesis has occurred - see practical activities 
on page22.) 

Most of the sugar is then transported to the rest of the plane (in the form 
of sucrose), where it may be used in a variety of ways including: 

• respiration inside plant cells co provide energy for chemical work 
• as a building block of cell walls, which are made of cellulose, a polymer of 

glucose 
• be converted into lipids {fats and oils) as a form oflong-cerm energy 

storage 
• be converted into amino acids, using minerals such as nitrates absorbed 

from the soil. The amino acids are used to synthesise pro teins. 

• Practical activity - experiment to show 
the evolution of oxygen from a water plant 
during photosynthesis 

1 Take a bundle of shoots of a water plant, such as Elodea or Cabomba. Place 
the shoots in a beaker of water under an inverted conical funnel, as shown 
in the diagram. 

2 Fill a test tube with water. Keep your thumb over the end of the test tube 
while you invert it over the end of the funnel. The funnel directs rising 
b ubbles of gas from the water plant into the test tube. 

3 Leave the apparatus in normal daylight at room temperature for a few 
days. 

4 Observe the bubbles of gas that come from the ends of the shoots of 
the water plant and collect in the test tube. As gas collects the water is 
displaced from the test tube. 

5 Carry out a glowing splint flame test on the gas collected in the test tube. 
This test can be used to show that oxygen has collected in the test tube. 

• Practical activity - experiments to show the 
production of starch during photosynthesis 

(a) The requirement for light 
1 Take a plant in a pot (a "potted plant'') and place it in a dark cupboard for 

2 days, so that its leaves do not contain starch ( described as a "destarched 
p lant''). 

2 Bring the destarched plant out of the cupboard into the light. Mask one 
or more of the leaves with a light-proof card, held on with paper clips, 
as shown in diagram A. Leave the plant in daylight for several hours. 

3 Remove the masked leaf from the plane and test it for st arch, as 
follows. 
step 1 - dip the leaf in boiling water. This kills the leaf and stops all 
metabolic reactions in the leaf 
step 2 - dip the leaf in boiling alcohol ( ethanol) for about 2 minutes. The 
alcohol removes the chlorophyll (green colour). 
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Note - when using alcohol, you m us t en sure there is n o naked flame 
in case the a lcoho l catches fire. As a safety precautio~ you can place 
the tube of boiling alcoho l in a beaker of hot water (and tnrn off a ny 
Bm1sen burners). 
step 3 - dip the leaf again into hot water for about 2 seconds. This softens 
the leaf 
step 4 - spread the leaf on a white tile ( or on a Petri dish) 
steps - cover the leaf with iodine solution 
If starch is present, the leaf goes black (or blue-black). If no starch is 
present, the leaf becomes a yellowish colour (same as the iodine solution) 

Expected results are shown in the diagram. 

destarched leaf yellow reg ions show that starch 
is not present where no light 
was available 

blue-black regions show that starch 
is present where light reached the leaf 

Figure 2.2 Experiment to show that I ight is necessary for the production of starch during 
photosynthesis 

(b) The requirement for chlorophyll 
Use a potted plant with variegated leaves. A variegated leaf is one that 
appears green in part of the leaf where chlorophyll is present but is white or 
yellowish in other parts of the leaf where there is no chlorophyll. 

1 Take a potted plant with variegated leaves and place it in a dark cupboard 
for two days, so that its leaves do not contain starch (described as a 
"destarched plant"). 

2 Br ing the destarched plant our of the cupboard into the light. Leave the 
plant in daylight for several hours. 

3 Remove one leaf from the plant and make a drawing to show which pares 
of the leaf are green and which parts are white. Test the leaf for starch, 
as follows. 
step 1 - dip the leaf in boiling water. This kills the leaf and stops all 
metabolic reactions in the leaf 
step 2 - dip the leaf in boiling alcohol (ethanol) for about 2 minutes. The 
alcohol removes the chlorophyll (green colour). 
No te - when using alcohol, you m us t ensure there is no naked flame 
in case the alcoho l catches fire. As a safety precaution, yo u can p lace 
the cub e of boiling a lcohol in a beaker of ho t water (and turn off a ny 
Bun sen b urners). 
step 3 - dip the leaf again into hot water for about 2 seconds. This softens 
the leaf 
step4 - spread the leaf on a white tile (or on a Petri dish) 
step 5 - cover the leaf with iodine solution 



living leaf isolated in 
flask with no C02 

potassium 
hydroxide solution 

Figure 2A Experiment to show that carbon 
dioxide is necessary for the production of 
starch during photosynthesis 

2.1 Nutrition in flowering plants 

If starch is present, the leaf goes black (or blue-black). If no starch is 
p resent, the leaf becomes a yellowish colour (same as the iodine solution). 

Expected results are shown in th.e diagram. Compare the resu lts with the 
leaf you drew at the start. You should see that the parts of the leaf chat were 
green contain search but the pares that were white do not contain starch 

non-green 
,-,..;;:--area of leaf 

no starch present 

-,,...--starch present 

Result after testing 
with iodine solution 

Figure 2.3 Experiment to show that chlorophyll is necessary for the production of starch 
during photosynthesis 

(c) The requirement for carbon dioxide 
This experiment can be modified co show the need for carbon dioxide in 
photosynthesis. Use a plant with green leaves. 

1 Take a po teed plant and place it in a dark cupboard for 2 days, so that its 
leaves do not contain starch {described as a "destarched plant"). 

2 Bring the destarched plant out of the cupboard into the light. Enclose 
one leaf on the destarched potted plant in a tube or transp arent bag 
containing potassium hydroxide. This absorbs carbon dioxide so there is 
no carbon dioxide in the air around the leaf. Leave the plant in daylight 
for several hours. 

3 Remove this leaf from the plant and remove a second leaf that has been in 
the air. Test both leaves for search, as follows. 
step 1 - dip the leaf in boiling water. This kills the leaf and stops all 
metabolic reactions in the leaf 
step2 - dip the leaf in boiling alcohol {ethanol). The alcohol removes the 
chlorophyll (green colour). 
Note - when using alcohol, you must ensure there is no naked flame in case 
the alcohol catches fire. As a safety precaution, you can place the mbe of 
boiling alcohol in a beaker of hot water (and turn off any Bunsen burners). 
step 3 - dip the leaf again into hot water for about 2 seconds. This softens 
rhe leaf 
step 4 - spread the leaf on a white tile ( or on a Petri dish) 
step 5 - cover the leaf with iodine solution 
Compare the results for the two leaves. If starch is present, the leaf 
goes black (or blue-black). If no starch is present, the leaf becomes a 
yellowish colour (same as the iodine solution). 

Expected results are there is no starch in the leaf from the container without 
carbon dioxide bur there is starch on the leaf that was in the air. 

• What affects the rate of photosynthesis? 
Plants compete vigorously with one another - they need to gain access to 
the light required to power photosynthesis. Nevertheless, even if a plant leaf 
does get plenty oflight, its rate of photosynthesis may be limited by another 
factor. In any situation, there is always some factor that provides a limit to 
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light intensity 

Figure 2.5 How light intensity affects the 
rate of photosynthesis, u nti I another factor 
I imits the rate 

fil*l•flOit 
· Look at Section 1.4 concerning 

enzymes and temperature. Draw a 
simple graph to show the expected 
effects of temperature on the rate 
of photosynthesis. 

4il*M'•O• 
: Make a link w ith Section 3.1 for 
: more details on gas exchange. 

4il*M10• 
: Look at Section 7.1 and make a list 

of the ways in which a polytunnel 
can improve crop production. 

fii*l'flOt 
: Make reference to Section 6.3 for 

: links to carbon cycle. 

This practical activity is a simple 
extension of the practical activity 
on page 147 and helps you to gain 
an understanding of how different 

factors can affect the rate of 
photosynthesis. 

the maximum rate of photosynthesis that can be achieved. This is called the 
rate-limiting factor. 

The race-limiting factor for photosynthesis is likely to be one of the following: 
• light intensity 
• carbon dioxide concentration 
• temperacure. 

Light intensity 
At night, when there is no light, there is no photosynthesis. As dawn 
approaches and a little light becomes available, photosynthesis begins to 
occur. As cl1e light level increases, cl1e rate of photosyncl1esis also increases. 
Ho\\>ever, as the light intensity increases still further, there comes a point 
at which there is no corresponding increase in the rate of photosynthesis. 
This is due to the fact that something else is setting the maximum rate of 
photosynthesis - another factor has become rate-limiting. 

Temperature 
Generally enzymes work better at warmer temperatures. If a plant leaf is cold, 
the slow activity of the photosynthetic enzymes, and the other molecules 
involved in the reactions, sets a limit on the maximum rate of photosyntllesis, 
even when lots oflight is available. At the optimum temperat ure, the 
photosyntlletic enzymes and substrate molecules move faster and meet 
more frequently to carry ouc the reactions of photosyntllesis. Ac higher 
temperatures, say above 45 °C, photosynthetic enzymes may become 
denatured and the rate of photosynthesis falls. But a few plants (such as some 
cacti) are known to carry out photosynthesis at temperatures as high as SS °C. 

Carbon dioxide 
Only a tiny fraction of the air is composed of carbon dioxide gas (0.04%). 
This gas is the source of the carbon acorns plants need to make glucose. 
During the day, a leaf has to exchange a large volume of air to provide 
sufficient carbon dioxide to the photosynthetic cells of the leaf If there is 
plenty oflight and warmth available co a leaf, but not enough carbon dioxide, 
then the carbon dioxide concencration becomes the race-limiting factor in 
photosynthesis. Growers often boost the carbon dioxide levels in the air 
inside glasshouses and polytunnels co improve the growth of their plants. 

L/ Now work through Tutorial: Photosynthesis. 

• Practical activity - investigating the effect of 
different factors on the rate of photosynthesis 

Aquatic plants, such as Elodea or Cabomba, provide suitable plant material 
for these experiments. 

1 Place a shoot of the water plant upside down in a boiling tube, beaker or 
measuring cylinder, as shown in the diagram. Attach a paperclip to the tip 
of the shoot of the water plant to prevent the plant floating co the top of 
the cube. 

2 Fill tlle tube wich tap water containing 0.5% sodium hydrogencarbonate. 
This provides a source of carbon dioxide for photosynthesis. 



papercllp 

pond water or 
tap water with 
0.5%sodium 
hydrogencarbonate 

Figure 2.6 Investigating the effects 
of different factors on the rate of 
photosynthesis 

Figure 2.7 Veins in a leaf help hold the 
leaves in a suitable position to capture light 

2.1 Nutrition in flowering plants 

3 Place the tube in a water bath, such a.s a glass beaker to protect it from 
becoming warmed by the light source. 

4 Place the whole apparatus with the water plant in the light and observe a 
scream of bubbles being released from the cut end of the shoot. 

The rate of production of bubbles is assumed to be an indication of the 
race of photosynthesis. Using this apparatus, you can measure the effect of 
different factors. 

• light intensity - vary distance from the light source 
• carbon dioxide - vary the concentration of sodium hydrogencarbonate in 

the water 
• temperature - change the temperature of the water bath that contains the 

cube with the water plane 

• Adaptations of plant leaves for photosynthesis 
In the photograph {Figure 2.7) note how these chin young tree leaves are 
held horizontal by their stalks and veins. This helps them to catch as much 
light as possible. The folds in the leaves stiffen the blades and help to 
channel rainwater off the leaves. 

The photomicrograph in Figure 2.8 shows part of a leaf from a plum tree, 
cut eh rough at the midrib. The thickness of this leaf is only 1 mm. {The red 
stained areas show some pigments in the leaf.) You can ident ify other cells 
and match them with the diagram of a vertical section through a typical 
leaf (Figure 2.9). Notice the large numbers of chloroplasts in the palisade 
mesophyll cells, where most of the light is intercepted. This is where most 
of the sugar is made in photosynthesis. Each mesophyll cell is close to a leaf 
vein. The xylem vessels bring water and mineral salts from the soil, and the 
phloem vessels transport the sugars (as sucrose) and amino acids made by 
the mesophyll cells away to the rest of the plant. 

waxy cuticle 

Figure 2.8 Section through a leaf of a plum tree. The leaf blade lower epidermis- _-=_ __ _,,.. 

is less than 1 mm irn thickness. Th is photomicrograph passes 

through the midrib (vein along the centre of a leaf). Other cells - ~ oxygen 
shown can be identified by comparison with the diagram in 
Figure 2.9. Figure 2.9 Vertical section through a typical leaf during the day 
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fil*l•tlOi 
: Look at Section 3.4 to make sure 
: that you understand how water 
. gets from the soil to the cells in a 
: plant leaf. 

fil*M'•O• 
· Check Section 3.1 on exchange 

of gases in a flowering plant and 
review how internal leaf structure 

helps with exchange of gases. 

f1uu;10, 
· Section 1.5 should give you some 

information on how active transport 
may be involved in the absorption 
of mineral ions. 

These are some of the features that help a plant leaf carry out photosynthesis: 

• Large surface area - exposing a large surface area to the sun helps to 
ensure that lots of light is collected. 

• The leaf is thin, making it ligh ter and easier to support and giving a 
short internal distance for penetration of light and transport of materials 
(including carbon dioxide and oxygen as gases in the air spaces). 

• Waterproof waxy cuticle - the leaf surface is coated with a Wa>.')' cuticle. 
This is transparent, so allows light to rea.ch the chloroplasts in the mesophyll 
cells. It also prevents direct evaporation of water from the leaf cells to the 
atmosphere. The surface is often folded so that rainwater runs off easily. The 
cuticle also helps protect the leaf from infection by fungal spores. 

• M esophyll cells - the photosynthetic tissues are composed of two layers. 
• The palisade mesophyll cells are packed closely together, just under 

the upper epidermis. Most photosynthesis occurs in this layer as most 
light rays are captured here. 

• Below this layer is the spongy mesophyll, with large interconnected air 
spaces between the cells. These air spaces allow free diffusion of carbon 
dioxide and oxygen as gases between the stomata and mesophyll cells. 

• Leaf veins - these form a network within the leaf and are made up of 
xylem and phloem. The xylem brings water and mineral salts up from 
the soil to the leaf tissues, to be used by mesophyll cells. In addition, 
the thickened walls of the xylem vessels help co hold the leaf flat and 
horizontal, enabling it to collect the light. The largest leaf vein is the 
midrib, which runs into the leaf stalk . 

• Lower epidermis - the lower surface of the leaf is covered in tiny pores 
called stomata. These pores are open during the day and this allows 
efficient diffusion of carbon dioxide into the leaf, for use by mesophyll 
cells for photosynthesis. The waste oxygen produced by the mesophyll cells 
di ffuses out of the leaf during the day. At night the stomata are closed 
and gas exchange between the leaf and atmosphere stops. This helps the 
plant conserve water. 

• Mineral ions and plant growth 
The glucose made in a plant leaf by photosynthesis is a carbohydrate and 
contains the elements carbon, hydrogen and oxygen. However, more than 
a dozen other elements are required by plants to synthesise other essential 
substances. 

These other elements are the mineral ions (also called mineral sales or 
mineral nutrients). They are absorbed from the soil by the roots of the plant. 
The mineral ions are dissolved in the water that is drawn up the xylem, from 
the plant roots to the leaves. In rhe mesophyll cells, the mineral ions are used 
in the conversion of carbohydrates into proteins, chlorophyll, DNA and 
other important molecules. 

A fertile soil should have a good supply of a range of mineral ions. But if the 
soil is infertile, there is likely to be a shortage of one or more of the necessary 
mineral ions. Plants growing in such habitats may have stunted growth 
and show other symptoms that indicate a lack of one or more particular 
mineral ions. This is one reason why farmers examine their crops for signs 
of a shortage of mineral ions, and add fertilisers to encourage rapid plant 
growth. 



4ii'l'i10. 
· Look at Section 6.3 and explain 

the roles of nitr ifying and 
denitrifying bacteria on the nitrate 
content of the soil. 

This practical activity provides useful 
support for your understanding of 
requirement by plants of different 
mineral ions and! their effects on 
growth. It also oiifers an opportunity 
for collecting data from more than 
one group and deciding how to 
present your res u Its. 

Remember to wear eye protection. 

foil hanging basket 

nutrient solution 

specimen tube 

Figure 2.10 Investigating the requirement 
for different mi nerall ions for growth of 
plant seedlings 

2.1 Nutrition in flowering plants 

Two examples of important mineral ions are given below, though from your 
knowledge of biological molecules in plants, you can probably work out 
others that are needed for the large molecules that make up plants. 

Nitrate ions 
Nitra tes provide a source of the element nitrogen. In the plant, the element 
nitrogen is used to make amino acids. The amino acids become joined 
together to make the proteins of the plant. Plants usually need to absorb 
quite a lot of this mineral ion so chat they can make the proteins they 
require. Plants affected by a shortage of this mineral scarcely grow at all 
their leaves are often small and purple. 

Magnesium ions 
The element m agn esium is a critical part of the chlorophyll molecule, 
found in chloroplasts. The magnesium ion is found at the heart of the 
molecule, and if there isn' t enough the plant cells cannot synthesise 
chlo:rophyll. Leaves of plants affected by a shortage of magnesium are yellow, 
rather than green, and the growth of the plant is poor. 

• Practical activity - investigating the 
requirement for different mineral ions for 
growth of plants seedlings 

1 Set up a series of tubes similar to the one in the diagram. Each cube 
contains a different solution, as follows. 
tube 1 - standard nutrient solution, with all the mineral ions 
(= "complete solution'') 
tube 2 - complete solution but lacking in one necessary mineral ion 
tubes 3, 4, Sek - complete sohuion but each lacks a different necessary 
mineral ion (one at a time), e.g. minus nitrate, minus phosphate, minus 
magnesium etc 
final tube - distilled water (lacks all mineral ions) 

2 Make an aluminium foil "hanging basket'' over the top of each tube. Make 
holes in the aluminium foil so that roots of seedlings can pass through. 

3 Place a few young wheat seedlings (about 3 days old) in the hanging 
basket. Use forceps to pass the roots through the foil so that the roots 
project through the foil into the solution in the tube. A group of 5-day 
old seedlings is shown in the diagram. 

4 Place the tubes in the light and top up the solution in the tubes every 
2 days with the appropriate solution. 

5 Observe the growth in the different solutions. Measure the height of the 
seedlings in the different solutions. To determine the mass, remove the 
seedlings from the baskets and weigh chem. Calculate the mean fresh 
mass of a seedling for each solution. 

6 Plot the data on a bar chart to compare the changes in height and mass 
after a certain time and determine the relative importance of individual 
mineral ions. 

If the seedlings are placed in con tinuous light from a bright fluorescent 
light, you can see differences in height and mass of the seedlings in as little 
as 7 <lays. 
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STUDY QUESTIONS 

1 A student wanted to study the effect of light intensity 
on t he rate of photosynthesis in some tree leaves. 

She collected three leaves and placed one in each of 
three boiling tubes, set up as shown in tube C in the 
diagram. 

She treated the tubes in different ways: 
• one tube was wrapped in light-proof aluminium 

foil (no light) 

• another tube was wrapped in a single layer of 
tracing paper (dim light) 

• the final tube was left unwrapped (bright light). 
She left the t ubes in the light for 30 minutes. At the 
start, the hydrogencarbonate indicator in all tubes 
was orange, as shown in tube C. After 30 minutes, 

the colours had changed as shown in the diagram. 

I 
A B C 

rubber bung 

boiling 1Ube 

cotton wool plug 

hydrogencarbonate 
pH indicator solution 

Note that hydrogencarbonate indicator is used to 
detect changes in pH, as shown in the colour chart 

Hydrogencarbonate indicator is orange in contact 
with fresh air. If it absorbs extra C02 it becomes 
yellow, and if it loses C02 it becomes red: 

more C02 normal C02 less C02 
than normal concentration than normal 

0 1 ,. .... ......... ..... _ . ,. 0 ~--···-····-···-··-···)> • 

a) Which of the tubes had no light? Explain how you 
worked out your answer. 

b) Which of the tubes had bright light? Explain how 
you worked out your answer. 

c) Using your own knowledge and information in 

t his experiment decide on whether each of the 
following statements is true or false. In each case, 

give a reason to support your answer. 

• The leaves should have been selected from 
different trees. 

• The leaf kept in the dark was an, experimental 
control. 

• Plant leaves respire only in the dark. 
• Plant leaves carry out photosynthesis only in 

the daytime. 
2 Some students set up an investigation into the 

effects of mineral ion deficiencies on t he growth of 
wheat seedlings. They used the technique described 

on page 53. 

The wheat seedlings were allowed to grow in the 
different nutrient solutions for 14 days. The students 
then weighed the individual wheat seedlings in 
each of the solutions. Their results are shown in 
the table. 

Miss In g ol Ind lvlclJal seedllngs 

Solutlon Solltlon Solutlon Solutlon Dlslllled 
Complete minus minus minus mln.is WIiier (no 
solutlon nltNlle phosphete megneslum potassium nutrients) 

2.5 0.3 0.5 1.4 1.3 0.1 

2. 1 0.2 0.4 1.0 1.2 0.05 

1.9 0.2 0.4 1.3 0.9 0.2 

2.8 0.4 0.2 1.2 1.1 0.05 

a) Calculate a mean value for each column of figures. 

b) Which single mineral ion appears to be the most 

important for seedling growth? 
c) The students used wheat seeds from the same 

seed packet. 
i) Suggest why the students used seeds from the 

same packet for their experiment. 
i i) Suggest another factor the students could 

control in their experiment 
d) Why do you think there is some seedling growth 

in the distilled water even though t here is no 

supply of mineral ions? 
e) Use o ther sources of information and find out the 

speci fic roles of phosphate ions and potassium 
ions in plants. 

f) Describe and explain the roles of microorganisms 
in supplying nitrates to plant roots (use Section 6.3 

to help you). 



2.2 Human nutrition 

~o~ Human nutrition 

fit1N10• 
: Look at Section 1.4 t o remind 
; yourself about the range of 

biological molecules found in 
living organisms and why they 
are important. 

Getting value out of our human diet 
Usirng a controlled fire to cook food was an important milestone in the 
evolution of humans. Cooking makes the food easier to digest, tastier, 
and more energy can be extracted from it. Cooked food is also more 
likel'y to be free from potentially harmful bacteria. The extra energy 
obtained means that less time has to be spent gathering the food, and 
there is no need to spend half the day chewing tough raw food, like 
chimpanzees and gorillas. As a consequence, modern humans 
(Homo sapiens) have evolved! shorter digestive systems, smaller 
jaws and bigger brains than our ape relatives. 

So what do we eat? What do we need in our food? And how do we 
process it in our bodies to make it become part of our cells? 

• The human diet and its requirements 
H umans are heterotrophs, like other animals. This means chat we rake in 
food conraining large complex molecules. T he human body then processes 
these molecules, uses energy co ncained in them and uses parts of some 
of these molecules as building blocks for our human cells. The body also 
discards parts of some molecules if they cannot be used or have become waste 
prod ucts from the chemical activities (metabolism) of body cells. Humans are 
omnivores and so can eat food from both plant and animal sources. 

The term 'diet' means the foods and nut rients that a human body 
consumes. Often the term is used in a popular sense to refer to so-called 
'slimming' diets, designed co help a person lose weight. In other cases 
it is used for special diets that people may wish to adopt in different 
circumstances, say for sports activities or high-altitude t rekking. Special 
diets may also be adopted for medical reasons - to exclude foods that a 
person should avoid or include foods required co help the body cope with 
particular nutritional stresses. 

In this section we look at the components of a healthy balanced human 
diet. We also look at some variations in diet that might occur when there a re 
different demands on the body. We do not discuss the range of foods across 
the world , nor do we consider specifically vegetarian or vegan diets in which, 
for various reasons, people may avoid food derived from anim al origin. 

Components of the diet 
Look back to Section 1.4 on biological molecules to remind yourself about 
the molecules that are required co make up the cells of the body. All these 
molecules are raken in as food and form parts of the diet. 

Table 2.1 lists the necessary components of the human diet, together 
with some examples of food sources that supply good quantities of these 
components. The cable also summarises some important functions of 
different components. Three examples of vitamins are given and two examples 
of mineral ions. Other vitamins and mineral ions are also required in the body. 
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Table 2.1 

Foods with abundant supply of the 
Coml)onent component Functions in the bociy 

carbohydrate ri ce, pasta, potatoes, yams, maize energy released (respiration) from sugars; energy stored as 
(sweet corn), fruits (e.g. bananas, glycogen (in the muscles and in the liver) 

__ wapes~. honey 

I important for growth and repair of the body; forms much of the-protein 

lipid (fat and 

I oil) 

vitamins 

I mineral ions 

I 

1
water 

' 
' 
dietary fib re 
(roughage) 

meat fish, eggs, some dairy products 
(e.g. cheese), pulses and other legumes cell cytoplasm; structures like muscles, tendons and bones; 
(e.g. beans, lentils) enzymes; some hormones (e.g. insulin); haemoglobin (in red 

blood cells); antibodies in blood plasma 

(Note that the proteins in food provide the amino acids that are 
the building blocks for the various molecules and structures listed 
above.) 

fatty foods (including meats); oily foods stores energy as droplets in ce lls; part of cell membranes; 
(some fish); oil (e.g. from olives, insulation (heat loss); nerve insulation; some hormones 
rapeseed, sunflower, maize, groundnuts) ( e.g. testosterone) 

A - meat (e.g. liver); fi sh liver oil; eggs; forms a pigment important in vision (in retina of eye) 
dairy products; some green vegetables; 
carrots 

C - citrus and other fruits, some green healthy skin; helps wounds to heal (lack of vitamin C leads to 
vegetables scurvy) 

D - fish liver oi l, dairy products (butter) I bones (lack of vitamin D leads to brittle bones and sometime-;-
[a/so made by action of sunlight on skin] to the condition known as 'rickets') 

calcium - dairy products (milk, cheese, bones, teeth 
yoghurt) 

iron - red meats, some green haemoglobin (in red blood ce lls) 
vegetables 

drinks (water, tea, coffee, juices), juicy about 800/o of cytoplasm is made of water; body fluids 
fruits (oranges, apples, pineapples, (e.g. blood, sweat, urine) 
grapes) 
plant material (e.g. vegetables) contains helps with peristalsis, provides bulk (for gut contents and 
indigestible fibres feces), helps prevent constipation 

-

The summary in Table 2.1 gives the overall range of requirements and, for a 
balanced diet, they should be consumed in appropriate proportions. The 
bulk of the diet is generally made up from carbohydrate foods with varying 
amounts oflipid and protein. Mineral ions and vitamins are essential but 
required in much smaller quantities. 

If people eat a variety of foods, containing all these components, they are 
likely co have a balanced diet. The actual requirements for individual 
people vary at different times oflife and in different situations. If certain 
components are absent or insufficient, people may suffer from a variety of 
conditions, sometimes known as deficiency diseases, or malnutrition may 
occttr. On the other hand, an excess of food (particularly carbohydrate or 
lipid) can lead to obesity or other health problems. 

We now look at a few examples, to expand on information in t he table. 
Growing children require relatively more protein in their diet than a mature 
adult, because protein is necessary for growth (of new cells), and building 
up the muscles and other structures in the body. Similarly, adequate 
supplies of calcium are required when children are growing to ensure 
correct development of bones and teeth. 



Figure 2.11 This collection of foods shows 
(from the top) various breads (mainly 
carbohydrate); eggs, cheese and meat 
(that provide protein); fruits and vegetables. 
A range of similar foods can contribute to 
a balanced diet 

2.2 Human nutrition 

Inadequate quantities of any of the components listed in the table may lead 
co poor development or poor maintenance of the body. Lack ofiron may 
result in anaemia because of insufficient haemoglobin to carry oxygen in the 
blood to the cells where it is needed. Low levels of protein for young children 
leads to poor growth and development. 

However, excess intake of certain foods, particularly carbohydrates and lipids, 
may lead to people becoming overweight or obese. In some cases this is linked 
to problems with the heart and circulatory system. 

Energy requirements and how these may vary 
Look at the bar chart in Figure 2.12. It shows average energy requirements per 
day for different people of different ages, when doing a similar low level of 
activity. 

Note that the graph gives the energy values as 'kJ' {kilojoules) and you may 
be more familiar with the idea of how many calories different foods contain. 
Both units are ways of measuring energy content, but in science we generally 
use kJ rather than kcal. 
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Figure 2.1 2 Average energy requirement per day for males and females of different ages 
(low level of activity) 

From the graph you should be able to see the following: 

• At different ages (from child, to adult through to elderly) people require 
different amounts of energy. The requirement increases through 
childhood, and is highest for .adolescents, in the age range 15 to 18 years. 
The requirement for energy is just a little less through most of adult life, 
but begins to be lower for older people, from about 75 years. 

• Comparison of males and females at the same age shows chat, at all ages, 
males require more energy than females. 

Nexc we look at energy requirements for different levels of activity. Table 2.2 
shows data for males, at four different ages, carrying out different tasks: 
sedentary (e.g. mainly sitting, using a computer); low activity level (e.g. some 
walking around doing everyday activities); active level (e.g. some vigorous 
activity such as running or cycling). 
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Figure 2.13 Energy requirements vary, 
depending on the level of activity 

This practical activity provides a 
simple illustration of how scientists 
can work out the energy values 
of different foods. Even though 
there are errors in this procedure, 
it gives a useful opportunity for 
you to understand the principle of 
the experimental approach. It is an 
experiment you may be asked to 
describe for the examination. 

Remember to wear eye protection. 

teet tube 

thermometer 

burning dried food 

~~ 
Figure 2.14 Experirment to determine the 
energy content in a food sam pie 

Table 2.2 

Age in years Energy in kJ per day 

(males) sedentary low activity high activity 

8 to9 6280 7330 8370 

17 to 18 10260 12 140 13 820 

3 1 to 32 9840 10890 12 140 

75+ 8370 9210 10 470 

The trend is as you would expect - the higher the level of activity, the more 
energy the body requires to be able to carry out this level of activity. For 
females, the trend is similar, but energy requirements are lower for all three 
categories. 

Pregnant women require a higher energy intake than women of the same age 
who are not pregnant and carrying out similar activities. The extra energy is 
needed partly for the higher metabolism in the woman's body, synthesising 
materials for the developing baby, and partly because of the increased weight 
of the mother's body. 

• Practical activity - experiment to determine 
the energy content in a food sample 

1 Place 20 cm3 of water in a test tube or boiling tube. Use a thermometer in 
the test tube to take tl1e temperature of the water at tlle start, as shown in 
the diagram. 

2 \Veigh a small portion of the food sample to be tested. (Do not use nuts 
or nut products.) Then hold a burning portion of tllis food sample under 
the bottom of the tube so that the flame touches the tube. 

3 Note the increase in temperature of the water in the tube. 
4 Calculate the energy content in the food, using the guidance below. 

The increase in temperature in the water is due to the energy released by tl1e 
food as it bums. Use tlle following steps co calculate the energy content of 
the food sample. 
• we know that 4.2 joules of energy are required to raise the temperature of 

1 cm3 of water by 1 °C 
• suppose the increase in temperature of the water is y °C 
• from this, you can calculate how much energy has been released into 20 cm3 

of water in the tube: 

heat energy released from food sample= 4.2 x y x 20 joules 
• this gives an estimate of the total number of joules transferred from the 

burning food sample to the water 

The value you calculate is likely to be lower than any values you may find 
given in data about the food being tested. This is because not all the heat 
energy in the food sample is transferred to the water. Some heat energy is 
lost to the surroundings. 

L/ Now watch the Video: Calculating the energy in food. 
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• What happens to the food in the body? 
Humans take in food containing large complex molecules. Before making 
any use of these molecules, the human body must digest them and break 
them down into smaller molecules. For example, starch is broken down 
into sugar molecules and proteins are broken down into amino acids. The 
body can then use energy contained in the molecules and convert parts of 
the digested molecules into substances that become our human cells. 

The alimentary canal is effectively a tube, going through the body from 
the mouth to the anus. As the food passes along the alimentary canal (also 
referred co as the gut), various things happen to it. 

Figure 2.15 shows the relevant structures of the alimentary canal and 
summarises the processes that take place as the food progresses. Some of these 
processes are mainly mechanical - as a means of moving the food along the 
gut. Other processes are chemical and some are part of the metabolism of the 
human. These various processes are now considered in more detail, step by step. 

mouth - where food Is taken In (Ingested) 
and chewed, mixing with saliva that 
contains amylase enzymes and mucus 

liver (part) - fl)roduces bile and stores 
absorbed glucose as glycogen 
(only part of !he liver is shown) 

~ 
gall bladder- store,s bile 
and releases it into small 
intestine to emulsify lipids 
and neutralise acids 
from stomach 

movement of contents along 
the Intestines Is powered by 
contractions of muscles In the 
Intestine walls, a process 
known as peristalsis 

oesophagus (gullet) - carries swallowed food to the 
stomach In a fraction of a second, lubricated by the 
mucus In saliva 

stomach - here food Is churned 
by the action of muscles, along 
with hydrochloric acid and 
protease enzymes 

pancreas- releases proteases, llpases 
and amylase enzymes Into the small 
Intestine, along with alkali to neutralise 
acids from the stomach 

small Intestine - main region for 
chemical digestion. and for absorption 
of products of digestion into the 
bloodstream 

large Intestine - region where water 
Is reabsorbed from the Intestine Into 
the bloodstream, leaving undigested 
food and bacteria as waste 

anus - region where waste from 
digestion is expelled (egested) 
from the body 

Figure 2.1 5 The diagram shows the human alimentary canal, with related structures, and some 

functions of its different parts 

Ingestion and passage of food through the 
alimentary canal 
Food is taken into the mouth. T11is is known as ingestion and is the first 
stage of processing food as it passes along the alimentary canal. 

The food is moved around inside the mouth, helped by the tongue. The 
tongue also helps line up the food to be chopped and chewed by the action 
of teeth. The crushed food is mixed with mucus in the saliva. This results in 
the food being formed into a ball known as a bolus, which helps with the 
swallowing process. The amylase in the saliva starts the digestion of starch. 
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Movement of food along the oesophagus, and indeed through the small 
intes tine, is helped by p eristalsis . This describes the combined action 
of muscles in che guc walls - circular and longitudinal, see Figure 2.16. 
Movement of food in this way ensures that it passes through the various 
prooesses chat are required before being incorporate into the cells of the body. 

muscular wall of intestine squeezing 
inwards, narrowing the lumen 

two muscle layers in wall of intestine produce 
the squeezing and relaxation that form a 
wave of peristalt ic contraction 

plant fibres a nd other 
indigestible material provide 
solid mass against which 
muscular walls push 

the peristalt ic contractio n of the intestine 
propels the contents onwards from one 
part of the gut to the next 

---> 

muscular wall of intestine relaxing, 
allowing the, lumen to increase in 
diameter 

Figure 2.16 How peristalsis helps to move food along the gut 

You ,can compare peristalsis to squeezing a marble along some fairly 
flexible rubber cubing. If you squeeze the tubing behind the marble (which 
represents the food bolus), you can push the marble forwards. This is similar 
to circular muscles contracting behind the food bolus. Then you have to 
imagine the longitudinal muscles contracting and effectively shortening 
the tubing, so that the marble has moved forward to a new position. If you 
put a drop of washing-up liquid inside the tubing, this helps lubricate the 
tubing and it is very much easier to push the marble along. In a similar way, 
mucus from the walls of the gut helps to lubricate the passage of the food 
bolus. The fibre that is taken in with food (as dietary fibre or roughage) is 
important to give some bulk to food and help with peristalsis. 

In the stomach, the muscular walls churn the food to ensure that it is 
mixed well with the digestive enzymes. The hydrochloric acid is important 
co provide a suitable low pH for the activity of protease enzymes. The acid 
also kills bacteria and other pathogens that may have been taken in with 
the food. 

Bile enters the small intestine from the gall bladder. Bile 'emulsifies' lipids, 
breaking them into smaller droplets, thus helping lipases to break down the 
large lipid molecules. 

In the small intestine the food is again churned by the action of muscles 
in the walls. This keeps the food constantly in contact with the villi (see 
Figure 2.17 on page 62). The villi give an enormous surface area inside 
the gut. The villi have two roles: firstly, as the site for secretion of digestive 
enzymes (amylases, lipases and proteases) and secondly, as the site for 
absorption of the digested food (smaller molecules). 



fii*M10:a 
· Check back to Section 1.4 on 

biological molecules for more 
detail about the structure of 

carbohydrate, p rotein and lipid 
molecules and the units that they 

are made up ot 

fii*)aFIO:a 
· Make a link to Section 1.4 for 

: information about enzymes. 

2.2 Human nutrition 

Note chat the small intestine is sometimes considered in two parts - the 
first part that leaves the stomach is called the d uodenum, and the rest is 
called the ileum. The small intestine is very long - approximately 7 m in 
an adult body. So it is coiled many times to fit inside the abdomen, below 
the diaphragm. Movement of food through the small intestine is again by 
peristalsis. 

By the time the food reaches the la rge intestine, most of the useful 
nutrients from the food have been absorbed. Large quantities of water 

are a bsorbed back into the body from the large intestine. The waste 
material is known as feces and this passes out of the body at the anus 
(egestion). 

Digestion 
The carbohydrates, proteins and lipids in our diet are large, complex molecules. 
They are coo large co pass through the walls of the small intestine for 
distribution by the circulatory system around the body. 

Digestion is the process chat breaks down large complex molecules into 
smaller simpler molecules. These are mainly chemical processes, catalysed 
by enzymes. The mechanical action of teeth grinding and chewing the food 
help.s co provide a larger surface area for the action of digestive enzymes on 
the food molecules. 

Large molecules chat need to be broken down (digested) into their smaller 
units include: 

• carbohydrates such as starch, which is broken down in two stages into 
simple sugars (fuse to maltose, then maltose co glucose) 

• proteins - broken down into smaller molecules (first co peptides, then to 
amino acids) 

• lipids - broken down into smaller molecules (glycerol and fatty acids). 

The different enzymes involved in the digestion of these food molecules are 
summarised in Table 2.3. 

Some smaller components of food do not need to be digested. Mineral ions 
are small and can be absorbed from the gut into cells of the body. Vitamins are 
larger molecules, but can be absorbed from the gut without being changed. 

Table 2.3 A summary of chemical digestion in the gut 

' Large molecule Enzyme Products Wherein gut -starch amylase maltose mouth and small intestine 
(+ glucose) --- - I- -

maltose maltase glucose small intestine· 

proteins pepsin peptides stomach (needs low pH) 

peptides protease amino acids small intestine 

lipids lipase fatty acids + small intestine (need to be 
glycerol emulsified by action of bile) 

-- -~ -

Note that pepsin (which acts on proteins in the stomach) requires a low pH 
(acid conditions) for optimum activity. All the other digestive enzymes work best 
in a pH around neutral The acidity in the stomach is neutralised by the alkaline 
pancreatic juice co give a suitable pH for digestion in the small intestine. 
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proteins - a chain of 

,m;o, '°"' ~ 

Absorption 
Absorption is the stage at which the small molecules, produced by the action 
of the enzymes in the gut, are taken inco the body. Up to this stage, the food has 
remained in the tube that makes up the alimentary canal (gut) and has not yet 
entered any cells of the body. Absorption occurs through the walls of the small 
intestine, which are adapted to allow such absorption to occur efficiently. 

Inside the small intestine, there are many finger-like projections, called villi 
(see Figure 2.17). (Note - villus = singular, villi = plural.) These villi have 
several important functions in the digestion and absorption of food. 

• They provide a very large surface area inside the intestine. 
• They move constantly, helping to keep the food moving and mixing it 

with enzymes. 
• Enzymes are produced from their walls (see page 60). 
• They allow absorption of digested molecules into the blood capillaries 

and lacteals (part of the lymphatic system). 
• They are richly supplied with blood (in the capillaries) so can absorb digested 

food and carry it away (initially to the liver, through the hepatic portal vein). 

individual 
peptides amino acids 

thin wall of villus allows the 
absorption of the products o·f 
digestion into blood capillaries 
and lymph vessel (lacteal) 

i~r~:~~::~ .. ) ":.
1

- rn s~~f~i~1!lt1ne . .. ~ ---••... _ ... . 

starch - a branched maltose - pairs of individual 
amino acids absorbed 

into capillary 
capillary network 

---within villus 

+-+M----lacteal vessel 
within villus 

chain of glucose sugars glucose molecules glucose molecules 

~ amylases in ~ •• maltase in~ • --••••. • - · · 
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fatty acid_......--- • absorbed into 
lacteal 

Figure 2.17 Diagram to illustrate the structure of a villus and events that take place leading up to absorption of digested food 

Inside the small intestine, as the large food molecules are broken down, 
there is a high concentration of the smaller digested molecules, such as 
sugars and amino acids. These can pass through the thin walls of the small 
intestine into the network of blood capillaries inside the villi. 

Most digested molecules (including sugars and amino acids) pass through 
by diffusion, down the diffusion gradient (from the high concentration 
in the small intestine to the lower concentration in the blood capillaries). 
The blood keeps moving away, removing the absorbed molecules and 
maintaining the diffusion gradient. In some cases, absorption is assisted 
by active transport. The blood, containing the absorbed nutrients from the 
digested food, goes first to tl1e liver via the hepatic portal vein. 



STUDY QUESTIONS 

2.2 Human nutrition 

Fatty acids and glycerol, from th.e digestion of lipids, take a different route 
into the lacteals (part of the lymphatic system). Later these vessels empty 
their contents into the blood system, so digested lipids are eventually 
transported to cells in the body where they are needed. 

Assimilation 
We have now, at last, reached the stage that shows us what eating or taking 
in food is all about. Assimilation is the process by which the absorbed food 
molecules are built into molecules d1at form the cells of the human body. 

We'll look at just a few examples. Glucose is available for resp iration and 
release of energy. Some glucose is built up into glycogen, which can be stored 
in the liver or muscles, to be available for energy release when required. 
Amino acids are the building blocks of proteins, such as enzymes and other 
body structures, including bones, ligaments and muscles. Fatty acids and 
glycerol combine again to form lipids. Some are laid down as fat deposits 
(which may provide protection, insulation or reserves of energy to be used 
when required), others contribute to cell membranes or the formation 
of certain hormones. Further metabolic reactions involving absorbed 
nutrients lead to the formation of DNA and many other complex molecules, 
contained in your hair, teeth, hormones, blood plasma and any other body 
structures you can think of. 

Egestion 
We are nearly at d1e end of the story. The undigested materials (such as plant 
fibres) that remain in the gut pass into the large intestine. During its journey 
d1ro~ugh the gut, water was added to the ingested food in various digestive 
juices. These juices contained secretions from different glands. This water is 
absorbed back from the large intestine into the bloodstream. The remains, 
consisting of undigested materials and E. coli bacteria are egested (passed 
out) from the body, through the anus, as feces. 

1 a) Different digestive juices are produced as food 

moves through the gu~ as follows: 
reference to other substances included in the 
juice, in addition to the enzymes. 

• saliva 
• gastric juice 

• pancreatic juice 
• intestinal juice. 
i) For each of these digestive juices, list the 

enzymes they contain, the food molecules that 
these enzymes act on and the products of the 
enzyme action. 

ii) State where each of these enzyme reactions 
takes p lace. 

b) List any other important functions carri:ed out by 
these digestive juices. In your answer, include 

2 Scientists have invented a tiny camera that can be 

swallowed as a capsule. It then passes through the 

whole length of the alimentary canal, t aking pictures 
on the way. The pictures can be viewed on a screen, 

outside t he body. 

Imagine you are that camera Describe what you 
would see on your journey, what it would feel like and 
what is happening to the food you swallowed at the 
same time. You can be creative in the language you 
use or the style you adopt, but make sure the biology 
is correct Write your account in a way that someone 
who is not a science specialist could understand. 



Section 2 Nutrition and respiration 
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fii*l'i10• 
· Use the Greek origin of the words 

poikilothermic and homeothermic 
to help you understand them and 
remember their meaning 
(poi kilo = varied; homoio = alike, 
similar; thermos = heat). 

fii*l'i'IO• 
· Look at Section 6.2 to find out 

about the role of producers in the 
energy flow of an ecosystem and 
list reasons why only a fraction of 
the energy in one trophic level gets 
passed to the next level. 

Respiration and keeping warm 
These images are thermograms - photographs 
showing the heat given off from the surface of 
an elephant, a human and an arum flower. All 
this heat comes from inside the cells of these 
organisms, released as part of the process of 
cellular respiration. 

For the elephant and the human, the heat helps 
to maintain a constant warm body temperature 
(they are homeothermic). Some animals, such as 
reptiles, are poikilothermic - their temperature is 
that of their environment. The arum flower uses 
heat to attract insects during a cool night for 
pollination (but plants are not considered to be 
homeothermic). Being homeothermic comes at a 
cost - about 800/o of the respiration in your body 
is used to generate the heat you need to keep 
warm. As long as you get enough fuel (food) to 
respire, you can continue to survive when it is 
cold. 

• Living organisms require 
energy 

The processes of life require energy to make them occur. Moving a muscle, 
pumping a molecule across a cell membrane, building a large molecule from 
smaller ones, or just keeping warm may seem very different activities. Yet each 
of these processes requires energy and the body uses the same energy-rich 
compound (called ATP) to make them happen. Cellular respiration involves 
the breaking of bonds within molecules such as glucose and fatty acids, 
and this releases the energy needed to make ATP. The energy in the glucose 
and fatty acids originally came from the sun, having been made in producer 
organisms, and passed along food chains as part of the bodies of organisms. 

Cellular respiration 
The chemical reactions in living organisms (known as metabolism) can 
be divided into those that release energy and those that require energy. All 
living organisms carry out cellular respira tion, in which substances such 
as glucose, are b roken down and release energy. This energy is then carried 
as the chemical substance ATP {adenosine triphosphate) to wherever it is 
needed in the cell for useful work to be done. 

Most ATP produced by respiration is made in cell organelles called 
mitochondria. Inside these organelles reactions take place that use 
oxygen to help break down glucose and produce waste carbon dioxide 
and water. 



Figure 2.18 These human cells have been 
stained so that the inuclei appear purple 
and the hundreds of mitochondria appear 
red. The mitochondria are the sites within 
the cell where ATP is produced during 
aerobic respiration. 

•1"N'IO• 
· Look at Section 3.6 and list the 

changes that occur inside the body 
of an exercising athlete that would 
help to reduce the size of their 
oxygen debt. 

2.3 Respiration 

Aerobic and anaerobic respiration 
Glucose can be respired in different ways, depending upon whether o>.ygen 
is available or not. 

• Aerobic respiration - the glucose is completely broken d own into 
carbon dioxide and water. Oxygen is involved in the reaction and lots of 
energy is released. 

glucose + oxygen -* carbon dioxide+ water + lots of energy (as ATP) 

6C02 + 6H20 + lots of energy (as ATP) 

• Anaerobic respiration - the glucose is only partly broken down, and 
oxygen is not used. Anaerobic respiration allows a little energy to be released 
from tl1e glucose, but much less than with aerobic respiration. However, mis 
process does generate some energy, even when there is a shortage of oxygen. 

There are two ways in which anaerobic respiration of glucose occurs, 
depending on the type of organism involved. 

In animals, anaerobic respiration of glucose produces lactic acid as a waste 
product. 

glucose ~ lactic acid + a little energy (as ATP) 

C6H1206 ~ 2C3~03 + a little energy (as ATP) 

In plants and fungi, anaerobic respiration of glucose produces ethanol 
(alcohol) and carbon dioxide as waste products. 

glucose ~ alcohol + carbon dioxide+ a little energy (as ATP) 

+ a little energy (as ATP) 

Most living organisms benefit from being able to respire both aerobically and 
anaerobically. This means they can respond to tl1e changing circumstances 
in wh ich they find tl1emselves. For most organisms, anaerobic respiration 
is a s hort-term solution to a temporary shortage of oxygen. However, some 
organisms (including certain bacteria) can only respire anaerobically and 
cannot live in tl1e p resence of oxygen. 

Here we look at some examples tl1at show how organisms respire both 
aerobically and anaerobically. 

When an athlete is exercising very hard the oxygen supply may be 
insufficient to support aerobic respiration. Despite the best effort of the 
athlete's lungs and circulation, the supply might not be enough for the work 
me muscles are doing. In this case, some of the energy for the exercise may 
be ob tained from glucose by anaerobic respiration. The lactic acid formed 
as a consequence represents the 'oxygen debt'. This debt is 'repaid' by the 
amlete, who continues to breathe hard after the exercise has finished. This 
allows the lactic acid co be reprocessed to glucose. 

Air spaces in the soil usually allow plant root cells to respire aerobically. However, 
if the soil becomes flooded, the air spaces become filled with water, so the plant 
root cells may have to respire anaerobically. If the flooding goes on too long, 
me alcohol produced can poison the roots, leading to the death of the plant. 



Section 2 Nutrition and respiration 

.. il*M10t 
Look at Section 7.2 on the use of 
yeast in brewing beer and explain 
why respiration, is anaerobic in the 

fe rmenter. 

This practical activity gives you a 
way of showing that carbon dioxide 
is given off by living organisms. 
Different living material can be 
used, provided it fits in the tubes. 
You should make sure you are 
familiar with the colour changes in 
the hydrogencarbonate indicator 
and why they take place in relation 
to changes in the carbon dioxide in 
the tubes. You have opportunities 
to use hydrogencarbonate indicator 
in practical activities in other parts 
of this book This experiment is one 

that you may be asked to describe 
for the examination. 

Remember to wear eye protection. 

When yeast cells (a fungus) are mixed into dough for making bread, they soon 
use up all of the oxygen. During the proving stage of bread making, the yeast 
cells respire the sugars in the dough anaerobically to produce ethanol and 
carbon dioxide. The trapped carbon dioxide makes the holes in the bread and 
this helps the bread to rise. The alcohol evaporates off during the baking stage. 

V Now work through Tutorial: Respiration. 

• Practical activity - experiment to 
demonstrate the evolution of carbon 
dioxide by living material 

Hydrogencarbonate indicator changes colour depending on the pH of the 
solut ion. When more carbon dioxide is dissolved in the solution, it becomes 
more acidic. When less carbon dioxide is dissolved in the solu tion, it becomes 
more alkaline. The colour changes are shown in the chart in Figure 2.19. 

1 Set up three boiling tubes (A, Band C) as shown in the diagram. 
2 Each tube contains some hydrogencarbonate indicator solution that has 

been standing in air (or air has been bubbled through it). At the start, the 
colour of the indicator in each tube is orange, as shown in tube C. 

3 Place material in each tube, as follows. 
tube A - dead material (e.g. seeds that have been boiled to kill them) 
tube B - living material (e.g. soaked seeds that are germinating or living 
maggots) 
tube C - no material ( or something inert such as more cotton wool or a 
small piece of paper tissue) 

4 Place the bung in each tube. After three hours observe the colours in each 
tube. 

After three hours, the expected colours in each tube are as shown in the diagram. 

C 

boiling tube 

hydrogencarbonate 
-+--- indicator solution 

Hydrogencarbonate indicator is orange in contact with fresh air. If it absorbs 
extra C02 it becomes yellow, and if it loses C02 it becomes red: 

more C02 than normal normal C02 concentration less C02 than normal 

0 . .................... 0 . .................... e 
Figure 2.19 Experiment to demonstrate the production of carbon dioxide by living material 



This practical activity gives you a 

way of showing evolution of carbon 
dioxide and detecting the carbon 

dioxide with limewater. You can 

also make a link with anaerobic 
respiration of yeast in Section 7.'2. 

2.3 Respiration 

tube A - orange colour, showing no change in the carbon dioxide 
concentration. This shows that dead material does noc give off carbon 
dioxide. 
tube B - yellow colour, indicating that the tube contains more carbon 
dioxide than at the start. This demonstrates that living material 
produces carbon dioxide. 
tube C - orange colour, showing no change in the carbon dioxide 
concentration. This is as expected as there is no living material in the tube. 

• Practical activity - demonstration of the 
production of carbon dioxide by yeast in 
anaerobic conditions 

1 Set up the apparatus as shown in the diagram. Place a yeast and glucose 
(or sucrose) solution in a specimen tube (or boiling tube) and cover it 
with a layer of paraffin oil or cooking oil. This prevents oxygen diffusing 
into the yeast + glucose mixture from the air above. 

2 Insert the rubber bung (with delivery tube) to form an air tight seal to the 
specimen cube. Pass the end of the delivery tu be into a second specimen 
tube containing limewater. The delivery cube is drawn out into a fine 
nozzle. The limewater is clear at the start. 

3 Observe the bubbles of gas that pass into the limewater and watch for it 
to turn milky. 

Limewater turns milky in the presence of carbon dioxide. This shows that 
carbon dioxide is given off by the yeast during respiration. Oxygen has been 
kept out of the yeast + glucose mixture by the layer of oil on the surface. 

If diazine green is added to the yeast mixture, you can see when the 
respiration becomes anaerobic. Diazine green is blue in the presence of 
oxygen but turns pink if there is no oxygen. 

glass delivery tube ----< 

layer of paraffin _1'::=:::=:d 
or cooking oil 

yeast + glucose 
solution --+--

specimen tube 

bubbles of carbon 
dioxide 

Figure 2.20 Production of carbon dioxide by yeast in anaerobic respira tion 



Section 2 Nutrition and respiration 

This practical activity gives you 
a way of measuring the rate of 
respiration and you can adapt it to 
compare the rate under different 
conditions, such as a range of 
tern peratures. 

Remember to wear eye protection. 

• Practical activity - measurement of the rate 
of respiration by living material 

1 Set up the apparatus as shown in the diagram. The potassium hydroxide 
absorbs carbon dioxide released by the living material. The cotton wool 
plug provides a support for the living material and prevents it making 
contact with corrosive chemicals (e.g. the KOH). It also allows circulation 
of the air in the specimen tube. 

2 Place the living material (e.g. respiring maggots) on the cotton wool plug. 
3 Insert the rubber bung (with delivery tube) to form an airtight seal to the 

specimen tube. Pass the end of the delivery tube into a second specimen 
tube containing water, coloured with ink or a food dye. The colour helps 
you see the level of liquid (meniscus) in the tube. Make Sltre the delivery 
tube goes below the level of the liquid. 

4 0 bserve the height of the liquid in the delivery tube at the start and over a 
period of time. 

As the living material respires, it takes in oxygen and gives out carbon 
dioxide. The carbon dioxide is absorbed by the KOH, so this lowers the 
pressure of gas in the apparatus. The result is that the meniscus (liquid level) 
rises up the delivery tube. 

The distance moved by the meniscus in a certain time gives a measure of the 
rate of respiration of the living material. You can use this apparatus to make 
comparisons of the rate of respiration of the same material under different 
conditions or of different living material. 

glass delivery ---I r----~ 
tube 

liv ing material 

cotton wool plug 

potassium hydroxide 
solution 

. . . . . . 
b 

reservoir of 
colou,red water 

Figure 2.21 Measurement of the rate of respiration by living material 



This practical activity helps you 
understand that heat is given off 
by living material. Sometimes the 
"dead" seeds are treated with a 
disinfectant to kill microorganisms 
that might grow on them. Can you 
suggest why? This experiment 
is one that you may be asked to 
describe for the examination. 

STUDY QUESTION 

2.3 Respiration 

• Practical activity - demonstration that 
heat is given off by living material during 
respiration 

1 Set up the apparatus as shown in the diagram using two vacuum flasks, 
A and B. 

2 In flask A place some seeds that have been killed by boiling, then cooled. 
In flask B place some seeds that have been soaked and are germinating. 

3 In each flask, place a plug of cotton wool in the neck and insert a thermometer 
through the cotton wool so that they are held in place by the cotton wool Air 
can pass through the cotton wool plug into and out of the flask 

4 Invert both flasks and record the temperature at the start and over the 
next 3 to 4 days. 

The thermometer in flask B shows a higher temperature. This demonstrates 
that the living seeds have given off heat. 

flask A 

seeds that have r;;i .__
1
1, 

been killed by-.,;49 .... , 
boiling 

flask B 
vacuum 
flask 

living 
- material 

(genninating seeds) 

___ cotton 
wool plug 

----------- thermometer 

Figure 2.22 Demonstration that heat is given off by living material during respiration 

1 Tick the aerobic and/or anaerobic boxes in the table, 
depending on whether the statement appllies to one 
form of respiration, the other form, or both. 

Statement Aerobic respiration Anaerobic respiration 

Animals and plants can carry out the process 

The process results in the formation of ATP 

The process results in the formation of carbon di oxide by yeast 

The process results in the production of heat 

The process results in the production of lactic acrid in animals 

The process requires oxygen to be available 

The process involves the formation of ethanol in !Plants 

The process cani only be used for a temporary period of time in animals 



Section 2 Nutrition and respiration 

Summary 
V Make sure yoU1 can answer all the questions in the interactive quiz. 

I am confident that: 

.I I can describe the process of photosynthesis 
and understand how green plants convert solar 
energy to chemical energy and build u1p complex 
carbohydrates from carbon dioxide. 

.I I know the balanced chemical equation for 
photosynthesis. 

.I I am familiar with experiments that support 
the equation for photosynthesis and show that 
oxygen is evolved, carbon dioxide is used, starch 
is made and that light and chlorophyll are 
necessary. 

.I I understand how carbon dioxide concentration, 
light intensity and temperature can affect the rate 
of photosynthesis. 

.I I know some examples (nitrate and magnesium) 
which illustrate that plants require mineral ions. 

./ 1 know the sources and functions of the 
components of a balanced diet, including 
carbohydrates, proteins, lipids, vitamins (A, C and 
D), mineral ions, water and dietary fibre. 

.I I understand how energy requirements vary in 
different people in different situations. 

.I I can describe the structures of the alimentary 
canal and know their functions in relation to the 
digestion of food and absorption of the products 
of digestion. 

.I I understand the importance of different digestive 
juices and the part played by certain enzymes in 
the digestion of food. 

.I I know how to determine the energy content in a 
sample of food . 

.I I know that respiration releases energy in all 
living organisms . 

.I I understand the difference between aerobic 
and anaerobic respiration and can write a word 
equation for both (and a balanced chemical 
equation for aerobic respiration). 

.I I know how to demonstrate that carbon dioxide 
and heat are given off by living organisms. 



Exam-style questions 

Exam-style questions 
1 A student used a shoot of pondweed to investigate the 

effects of light on photosynthesis. 

She immersed the pondweed in a boiling tube containing 
pond water to which some sodium hydroge:ncarbonate 
had been added. She then placed this boiling cube in a 
large beaker containing cool tap water. When ready, she 
illuminated the apparatus with a bright lamp. 

The student then watched the bubbles coming from 
che shoot of pondweed. She counted the number of 
bubbles in 1 minute and recorded this as the bubble 
rate. She recorded the bubble rate three times. 

She then changed the light intensity by moving the 
position of the lamp and took three more readings 
of the bubble rate. This process was repeated with 
the lamp at different distances from the apparatus. 
She recorded her results as reading 1, reading 2 and 
reading 3. These results are shown in the table. 

Distance of Bubble rate in bubbles per minute 
lamp from Reading 1 
tube in cm 

Reading 2 Reading 3 Mean 

10 36 36 36 36 
20 24 34 20 
30 13 14 15 14 
40 9 7 8 8 

a) i) Calculate the missing mean value in the 

table. [l] 

ii) Identify an anomalous result in the table. 
Explain your choice [1] 

b) Explain why the student used each of the following: 

i) sodium 11ydrogencarbonace solution [ l] 

ii) the beaker of cool tap water. [l] 

c) What do the results tell you about the effect of 
light intensity on the rate of photosynthesis? [2] 

d) Suggest how the student could modify the 
experiment to investigate the effects of temperature 
on the rate of photosynthesis in pondweed. [3] 

e) i) Write out a balanced chemical equation to 
summarise the process of photosynthesis. [3] 

ii) Choose one factor that may affect the rate of 
photosynthesis and describe a situation when 
this factor may become a rate-linliting factor. 

[2] 
[Total= 14] 

2 Visking ( dialysis) tubing is an artificial partially 
permeable membrane, which allows small molecules 
(such as sugars) to diffuse through, but does not allow 
larger molecules (such as starch) co pass through. 

The diagram shows how Visking tubing can be used 
as a model of digestion. 

Beakers containing distilled water, with knotted lengths of Visking 
tubing floating in them 

beaker A 
length of Visking 
tubing contain ing 
starch solution 

beaker B 
length of Visking tubing 

containing starch solution 
mixed with the enzyme amylase 

Some students set up the model as shown in the 
diagram. The Visking tubing in beaker A contained 
starch solution only. The Visking tubing in beaker B 
contained starch solution mixed with the enzyme 
amylase. They placed each length ofVisking tubing 
in a beaker of water. After 3 hours, the water in 
each beaker was tested to see if contained starch 
or glucose. 

a) i) To test for search, d1e students poured some 
of the liquid in the beaker into a test tube and 
added a few drops of iodine solution to it. What 
colour would they expect if starch is present? [ l] 

ii) Describe a test they could do co find out if 
glucose is presenc. [2] 

b) i) Draw a table that you could use for the expected 
results to show whether starch and glucose 
are present or absent in each beaker. Predict 
the results you would expect for the starch and 
glucose tests and write your answers in the table 
you have drawn. [3] 

ii) Explain the reasoning for your predictions. [3] 

[Total = 9] 



Section 2 Nutrition and respiration 

3 Plant root cells need to carry out respiration. In 
a good well-drained soil, they obtain the gas they 
require from the air spaces in the soil around the 
roots. 

When it rains, water fills these air spaces, preventing 
the roots from having access to the gas in the air 
spaces. The soil is described as being waterlogged. 
Many plants cannot tolerate having their :roots in 

waterlogged soil and it appears that their root cells 
have been killed. 

EXTEND AND CHAUENGE 

1 The leaves of plants found in different habitats 

around the world often show specific adaptations to 

the climatic conditions in which they live. The 

intensity of light in tropical regions is greater than 

that found in regions towards the poles and the 
lushest vegetation occurs where there is a lot of light 
and a lot of rain. 

On a single tree, the leaves on the sunniest side grow 

larger and thicker than those on the shadier side. A ll 

plant tissues respire, so a large leaf respires more 
than a smaller one. However, a large leaf can convert 

more light energy into sugar when light is available. 
The trade-off for a tree making large leaves on one 

side and smaller leaves on the other side is that this 

arrangement is an efficient use of resources. 

A study was made of carbon dioxide uptake and 
carbon dioxide release in a sun-adapted leaf and a 

shade-adapted leaf of the same tree, at dinerent light 

intensities. The graph shows the results. 

+1 0 

carbon dioxide 
taken into leaf 

carbon dioxide 
released from 
leaf 

+5 

-5-1--~~~~~~~~~~~-.. 

0 5 10 15 20 25 30 
light intensity (in arbitrary units) 

a) What process generates carbon dioxide within the 

tissues of a leaf ? 

A 

a) i) Name the gas used for respiration by root cells 
in a good well-drained soil. [ 1] 

ii) Write a balanced equation for respiration 
carried out by the root cells in waterlogged 
soils. (3] 

b) Suggest two ways in which cells in the root would 
use the energy released by respiration. (2] 

c) Some plants are able to grow in waterlogged soils. 
These p lants often have large interlinked air 
spaces inside the stems and roots. Suggest how 
this m ight explain their tolerance to waterlogged 
soils. (3] 

(Tora! = 9] 

b) Explain why both leaves export carbon dioxide 

from their leaves at certain light intensities. 

c) On t he basis of the data, which leaf is likely to be 

the larger one? Give reasons for your answer. 

d) At a certain light intensity, the rate at which 

photosynthesis occurs just balances the rate of 
respiration. This is called the compensation point. 

Identify the compensation point for each leaf. 
e) The table shows some features of leaves. Decide 

whether each feature is likely to be true of a 

shade leaf or a leaf from the light s ide of a tree. 
Tick in the appropriate box and also give a reason 

to support your answer. 

Shade Light 
Feature leaf leaf Reason 

Thickest leaf cuticle 

Fewer stomata 

Two layers of palisade 
mesophyll ce lls 

Larger air spaces between 
spongy mesophyll cells 

More numerous chloroplasts 
in each cell 

f) Suggest why many trees in temperate regions 
shed their leaves in autumn. 

2 Most of us take it for granted thai provided we have 

a healthy balanced diei our digestive system does its 

job properly. 

However, there are a number of diseases that can 
disrupt the normal functioning of our intestines. One 

of these is coeliac disease. This condition occurs 

when the lining of the small intestine becomes 

(continued) 



allergic to a gluten protein called gliadin. This protein 
is found in wheat If someone suffering from coeliac 
disease eats food containing gluten proteins, the 
lining of their small intestine becomes inflamed and 
the villi that should be present become much shorter 
or may even be absent. 

For a person who knows they have coeliac disease, 
the only treatment is to have a gluten-free diet. 
The disease is now so common that many large 
supermarkets have special sections selling items 
suitable for gluten-free diets. 

normal small intestine showing vilfi small intestine affected by coeliac 
disease 

lumen lumen 

glanae in wall producing 
digestive enzymes 

a) List some foods that contain wheat products. 
b) Draw a diagram summarising the internal structure 

of a normal villus and explain how a villus is adapted 
for its roles in the alimentary canal. 

c) People with coeliac disease usually lose weight and 
lack energy. Use the information in your diagram 
and your own understanding of the role of villi to 
give a biological explanation of these symptoms. 

d) The incidence of diabetes in adults is rising along with 
the incidence of obesity. As indicated above, some 
supermarkets have special sections selling foods 
for particular diets. One example is diets for 
people with diabetes. What differences would 
you expect in a foodstuff intended for a diabetic 
and someone who does not have diabetes? How 
far might there be a link between diabetes and 
obesity? Suggest ways that modern supermarkets 
might be encouraging poor eating habits among 
their customers. 

e) Another example of a controlled diet is for people 
with lactose intolerance. Find out the biological 
basis for lactose intolerance. In which regions 
of the world is lactose intolerance found? Which 
foods may (and may not) be eaten by people who 
are lactose intolerant and how do they ensure 
they have a balanced diet? 

3 Look at passages 1, 2 and 3 and use your own 
knowledge to answer the questions that follow. You 

Extend and challenge 

may need to use information from other sources to 
help you. 
Passage 1 
The crucian carp is a fish that can survive for many 
days entirely without oxygen. It lives in fresh water 
in cold aireas where the water freezes over during 
the winter. However, the fish gets on with its life, but 
slowly, relying on anaerobic respiration to supply the 
energy needs of its muscles. Remarkably the muscles 
in the fish convert the lactic acid, produced as waste in 
anaerobic respiration, into ethanol. This ethanol rapidly 
diffuses from its gills into the water surrounding the 
fish. Crucian carp are known to grow more slowly 
when they are without dissolved oxygen in the water. 
Passage 2 
Another remarkable fish is the Antarctic ice fish, which 
lives in s,eawater at-1 .5 °C. The water doesn't freeze 
because of the salt in it. These fish respire aerobically, 
like you and me, but they don't have any red blood 
cells to help carry oxygen around their body. 
Passage 3 
When an organ is removed from a person's body for 
transplantation into another person at a 
distant location, the organ is often transported to the 
recipient in a chilled container with ice. 
a) In passage 1, why does the oxygen content of 

water covered in ice eventually get reduced to zero? 
b) Why does the crucian carp move slowly during the 

winter? 
c) Why is the growth rate of the crucian carp 

reduced in anaerobic conditions? 
d) In passage 2, why does the water not freeze, even 

though the temperature is below zero? 
e) How does the Antarctic ice fish get enough oxygen 

to its cells without the help of red blood cells? 
f) Suggest why organs for transplant are transported 

in chilled containers. 
g) The examples in the passages above all refer 

to respiration in cold situations. Find out about 
organisms living in other situations that are low in 
oxygen. For example, many invertebrate animals 
that live in the mud at the bottom of freshwater 
ponds, show adaptations that enable them to live 
there. Describe some of these adaptations or 
collect images to show them. 

h) What other situations can you think of involving 
people going to areas with lower than normal 
oxygen? How do the people manage to obtain 
enough oxygen for respiration in these situations? 

i) Check in other chapters of this book to remind 
yourself of situations in which living organisms 
survive (or suffer) in situations with low oxygen. 
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' ovementof 
.~~ substances 

How are the needs of cells provided 
for - first in the exchange surfaces 
of living organisms then by internal 

transport systems? As a start, make 
three lists under these headings: 
1 things a cell needs to take in and 

what it must get rid of 
2 exchange surfaces (in multicellular 

plants and animals) and the 

special features they may have 
3 transport systems within the body, 

what they carry and how materials 
are kept moving along them 

in living 
• organisms 

Supplying the needs of cells 
Living cells are in a state of dynamic activity, continually exchanging 
materials with their surroundings and responding to chemical signals. 
Nutrients and gases are taken in. Waste products are released. 

All of these materials must cross the cell membrane - the partially 
permeable boundary of the cell. The surface area of the cell membrane 
sets an upper limit to the rate at which materials can cross. For single 
cells, the distance from the cell surface to the inside of the cell is short 
and materials can diffuse in and out efficiently. 

But in large multicellular organisms the distances are too great for diffusion 
alone to meet their needs - for exchange of materials with the environment 
and ·transport to all the cells of the body. Multicellular organisms have 
exchange organs, such as lungs, gills, leaves and roots, which help 
exchange of materials with the environment outside the organism. Inside, 
there are mass transport systems and further adaptations that help 
with the exchange of materials where they are needed in the cells. The 
photographs show how a part of the human body is adapted to increase 
absorption of digested food in the gut. The villi (first and second images, 
shown in red and purple) already increase surface area massively. Yet 
these specialised cells that line the small intestine have tiny folds called 
microvilli and these densely packed folds increase the surface area 
available for absorption a further 1 OOO times. The microvilli are shown in 
blue and this image was obtained with an electron microscope. This helps 
give you an idea of the relative scale of these three images. 

(V Review the learning outcomes you should aim to achieve as you work through this section. 
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Monitoring the carbon dioxide 
concentration in the air 
There is a weather station on Hawaii, marked with 
a green star on the globe. For just over 50 years the 
carbon dioxide concentration of the air has been 
monitored at this weather station. It is in a very 
useful position (globally) for this moniitoring because 
the air moving around the northern and southern 
hemispheres swirl together here so that the readings 
provide an average for the world. 

The graph shows recent data over a 5-year 
period. The monthly readings for carbon dioxide 
concentration are shown in red. You can see that 
they seem to fall and rise each year. In the northern 
hemisphere plants take up more carbon dioxide 
in the summer than they do in the wiinter. Can you 
think of reasons why plants do this? What other 
trend can you see in the data? 

~380 .___~_._~__._~~...._~_.._~__, 
o 2008 2009 2010 2011 2012 2013 

.. illM101 
: Check the equations for 
: respiration (in Section 2.3) and 
: for photosynthesis (Section 2.1) 
: to make sure you know about the 
: gases used and produced in the 
: two processes. 

f11*M·10• 
: Look in Section 3.3 to remind 
: yourself about the features of gas 
: exchange surfaces (thin, moist 
: and ways of maintaining diffusion 
: gradient). Think about these as 

: you study the topics about gas 
: exchange in a leaf in Section 3.1. 

year 

• Processes that use and produce g1ases 
in plants 

There are two important processes that occur in plants and which use and 
produce gases: 

• respiration - uses oxygen and gives off carbon dioxide. Respiration 
occurs all the time, in all the living cells in a plant 

• photosynthesis - uses carbon dioxide and gives off oxygen. Photosynthesis 
occurs only when it is light and only in plant cells that contain chloroplasts. 

How the leaf is adapted for gas exchange 
In Section 1.5 you study the features of gas exchange surfaces that allow 
diffusion of materials through the cell membrane (which is t he boundary to 
the cell), between the cell and the outside atmosphere. 

Now we look at how far the structure of a leaf helps gas exchange take place, 
between the leaf of a flowering plane and the surrounding air. We look first 
at the whole leaf and then consider details of its internal structure. 



leaf stalk (petiole) 

fleshy green part 
of leaf (lamina) 

central vein 
of leaf 
(midrib) 

Figure 3.1 Features of a whole leaf 

waxy cuticle 

palisade 
mesophyll 
cell 

spongy 
mesophyll 
cell 

air space----

3.1 Gas exchange in flowering plants 

forceps used to submerge a 
whole plant leaf in the hot water 

beaker containing freshly boiled 
hot water, which has stopped 
bubbling 

thousands of tiny bubbles seen 
on the lower surface of the leaf 

The tiny bubbles are due to the 
expansion of air inside the air 
spaces within the leaf and the 
escape of the extra volume of 
gas through the stomata! pores. 

Figure 3.2 Dip a leaf into hot water aind watch the air bubbling out of the stomata. This 
shows you where the stomata are on the lower surface of the leaf. 

' -;. oxygen 

Figure 3A Vertical seciion of leaf of hellebore, as seen with the light 
microscope. Com pare structures shown in this photomicrograph with 
the diagram in Figure 33. 

Figure 3.3 Vertical section of a leaf 
showing i ntemal structure. The arrows 
show movement of substances, as given. 
Note that the arrows passing through the 
stoma (between the guard eel Is) show the 
movement of carbon dioxide and oxygen, 
though the net movement of each gas 
varies at different times of day (or different 
light intensities). 

Here are features important for gas exchange: 

1 For the whole leaf: 
• large flat surface exposed to the air, giving a large surface area in 

relation co volume 
• many stomata (holes or pores), usually more on the underside. When 

open, the stomata allow movement of gases into and out of the air 
spaces inside the leaf 

• leaf thin, so the internal distance for movement ( diffusion) of gases is 
relatively short. 
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41uu;1w• 
: Check in Section 1.5 to make sure 
: you understand the terms turgid 
: and flaccid, osmosis and active 
: transport 

2 For the internal structure, as seen in the vertical section of the leaf (Figure 3.3) 
• many stomata (more details on page 79) which open in sunlight 
• air spaces inside the stoma surrounded by loosely packed mesophyll 

cells and this is where gases diffuse into or out of the living cells 
• palisade mesophyll cells, the site of most photosynthesis, are in close 

contact with the air spaces, thus allowing gases used and produced by 
photosynd1esis to be exchanged with air in the air spaces 

• the walls of both the spongy mesophyll and the palisade mesophyll 
cells are thin, allowing gases to pass through the cell membrane into 
and out of the cell 

• there is moisture in the air inside the air spaces and the surfaces of 
the cells inside the air space are moist, so this helps gases dissolve and 
allows diffusion into and out of the cells 

• respiration is going on in all of these cells, so their close contact with 
air in the air space is important for exchange of gases ( obtaining 
oxygen, getting rid of carbon dioxide) 

• net diffusion through stomata - which gases diffuse in which direction 
depends on the diffusion gradient for each gas. This in tum depends 
on d1e rates of respiration and of photosynthesis, and on the intensity 
of light. The net diffusion of either gas (oxygen or carbon dioxide) can 
be: 

either into the leaf to the air spaces ( then to the cells) 
o r out of the leaf from the cells to the air space then out to the air 
outside 

• the stomata must be open if any gas exchange is to take place. 

Stomata and role of the guard cells 
Each stoma (plural= stomata) is made up of two guard cells with a slight gap 
between them (Figures 3.5 and 3.6). The guard cells are unusual in that they 
contain chloroplasts whereas usually the cells on the epidermis do not contain 
chloroplasts. The guard cells can change in shape so that the gap {stomata! 
pore) can increase in size or close completely. When d1e guard cells take in 
water by osmosis, they become turgid and their shape is curved. This opens 
up a gap between them. When they are flaccid, the gap between them closes. 
The gap is the stoma and it is open in daylight (usually) and closed at night. 

Figure 3.5 Surface view of lower epiclermis of leaf of Ka/anchoe showing stomata and 
guard cells. The photomicrograph was taken using a light microscope and the stomata! 
pores are about 20 µm long. 



f ii'l'i'IO• 
· Make a link with Section 3.4 and 

the part played by stomata in 
the loss of wate r from a leaf by 
transpiration. 

3.1 Gas exchange in flowering plants 

stonnatal pore is open during the daytime 
because the guard cells are turgid- swollen 
with water absorbed from the neighbouring 
epidermal cells 

gases and water vapour can diffuse 
through the open stomata! pore 

Figure 3.6 How a stoma opens and closes 

Events inside the air space 

stomata! pore is closed in the dark 
because the guard cells are flaccid - with 
water being drawn by osmosis into 
neighbouring epidermal cells. The sagging 
walls of the guard cells press toi:iether 

no gas exchange occurs when 
the stoma is closed 

The balance of gases inside the air space is crucial for the direction of 
diffusion of gases - in other words, which gas is going in and which is going 
out, and when. 

Let's start with respiration, which goes on all the time in living cells. During 
the night, photosynthesis does not occur and the stomata of the leaf are 
closed. The air trapped in the air spaces of the leaf contains about 20% 
oxygen. This is enough for the respiration of the mesophyll cells in the leaf 
overnight, while it is dark. During the night, the concentration of oxygen in 
the air spaces inside the leaf falls and the concentration of carbon dioxide 
nses. 

Next we consider what happens during the early morning, when it is 
beginning to get light. Respiration continues but photosynthesis starts 
to occur. The same mesophyll cells now use the carbon dioxide in the air 
space and give out oxygen. The stomata now open and this allows diffusion 
of gases between the air outside rhe leaf and the air spaces inside the leaf. 
As the mesophyll cells rake up more carbon dioxide, the concentration of 
carbon dioxide in the air space falls below that of the air outside (usually 
about 0.04%). 

The net effect is that carbon dioxide diffuses in through the open stomata 
from the air outside into the air space. It is then available for the mesophyll 
cells to use for photosynthesis. At the same time, the ox-ygen. produced is 
likely to be at a higher concentration inside the air space, so the net effect 
is for oxygen to diffuse out through rhe open stomata into the air outside. 
This continues as long as the light is bright enough for photosynthesis to 
occu r. 
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This is an important experiment to 
help you understand how the net 
gas exchange of carbon dioxide 
and oxygen (in the processes of 
photosynthesis and respiration) 
changes in light and dark. You may 
be asked to describe this for the 
examination and you should make 
sure you understand the use of 
hydrogencarbonate indicator. 

Remember to wear eye protection. 

Gas exchange in other parts of a flowering plant 
In th is seer.ion, the emphasis has been on the events in the leaf and its role 
in gas exchange. However, all living cells throughout the plant carry out 
respiration so require oxygen and need to gee rid of waste carbon dioxide. 
Cells containing chloroplasts also carry out photosynthesis when the light 
intensity is appropriate, so these processes are linked to gas exchange. 

We can look at an example co illustrate gas exchange in parts of the plant other 
than the leaf. In roots, gas exchange takes place through the root hairs - walls 
are thin and allow d.iffusion of Oll.ygen into the root cells (from the air spaces in 
the soil) and carbon d.ioxide is given off. If soils are flooded the air spaces in the 
soil fill up with water and less o>.ygen is available to the plant roots. 

• Practical activity - experiment to investigate 
the effect of light on net gas exchange from 
a leaf, using hydrogencarbonate indicator 

Hydrogencarbonate indicator changes colour depend.ing on the pH of the 
solution. When more carbon dioxide is dissolved in the solution, it becomes 
more acid.ic. When less carbon dioxide is dissolved in the solution, it becomes 
more alkaline. The colour changes are shown in the chart in Figure 3.7. 

1 Set up three boiling tubes (A, Band C) as shown in tube C in the diagram. 
2 Each cube contains some hydrogencarbonate indicator solution that has 

been standing in a.ir (or a.ir has been bubbled through it).At the start, the 
colour of the indicator in each tube is orange, as shown in tube C. 

3 Record the colour of the hydrogencarbonate indicator in cube Cat the start. 
4 Place a leaf in tube A and keep this cube in the light. 

light dark 
rubber bungs Isolate air inside boiling 
tube lrom air outside 

boiling tube Is large enough to accommodate 
respiring biological material, such as 
germinating seeds, srrnall Insects or 
maggots 

cotton wool plug prevents biological material 
from falling Into the indicator solution. and 
also allows free diffusion ol gases around 
the interior ol the boiling tube 

- ..--- hydrogencarbonate Indicator solution 
contains dlssolVed carbon dioxide In balance 
with the air Inside the boiling tube 

Hydrogencarbonate Indicter Is orange In contact with fresh air. If It absorbs extra Co2 It 
becomes yellow, and ~ It loses Co2 It becomes red: 

more C02 than normal normal C02 concentration less C02 than normal 

0 . ................................ Q-4 ................................ Q , 
Figure 3.7 Experiment to investigate the effect of light on net gas exchange in a leaf, 
using hydrogencarbonate indicator 
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5 Place a leaf in tube Band cover this tube with dark material or place it in 
the dark. 

6 After 30 minutes, observe the colours in tubes A and B. 

After 30 minutes, the expected colours in tubes A andBareshownin the diagram. 
tlllh e A - purple colour - this shows that there is less carbon dioxide in 
the tube, compared with tube Cat the start. The carbon dioxide is used by 
the leaf as it carries out photosynthesis in the light. More carbon dioxide 
is taken into the leaf for photosynthesis than is released by respiration 
going on in the mesophyll and other cells in the leaf. 
ruh e B - yellow colour - this shows that d1e tube contains more carbon 
d ioxide than at the start. The leaf has given our carbon dioxide from 
respiration. The leaf does not carry out photosynthesis in the dark. 

STUDY QUESTION 

1 The statements in the table describe events in the leaf that are related to 
gas exchange. 
a) Find a suitable word (or words) to match each description and use 

these to complete the table. Choose your words from the box. Words 
may be used once, more than once or not at all. 

carbon dioxide; diffusion; oxygen; photosynthesis; respiration; stomata; 
transpiration 

Statement or description Word(s) 

This process goes on in all living cells in the leaf 
all the time. 

These structures al low gases to pass into and 
out of the leaf, but they are closed at night 

This gas is given out in bright light from cells 
containing chloroplasts. 

This process takes place in cells containing 
chloroplasts and produces oxygen. 

This gas is used when plants make sugars. 

This gas is given out in the process that 
energy from sugars. 

b) Give an explanation of how the stomata open and close in different 
light intensities. 

c) List features of gas exchange surfaces if they are to be effective. Link 
these features to root hair cells and to the ce lls around the air spaces 
in a leaf. 

d) At what time of day might there be no net diffusion into and out of a 
leaf? Give reason(s) to support your answer. 

e) Hydrogencarbonate indicator can be used in experiments with water 
plants to compare levels of carbon dioxide in the water. 
i) Give the colours shown by this indicator when there i!S a lot of 

carbon dioxide in the water and when there is very little carbon 
dioxide in the water. 

ii) What colours would you expect if you had some pondweed in the 
hydrogencarbonate solution, first in the dark and secondly in bright 
light? Give reason(s) to support your answer. 
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~o~ Gas exchange in 
humans 

f 111/'i'IOt 
: Check that yoU1 know the equation 
: for respiration (Section 2.3). 

fil*l'i'IOt 
: Refer to Section 1.5 to make 
: sure you understand how size is 
; important in relation to exchange 
: of materials for living organisms. 

Ventilation and hyperventilation 

If you are shocked or scared by something 
and suffer a panic attack, you may end 
up fainting. While you are unconscious, 
the systems in your body restore normal 
functioning and you then recover. 

One of the causes of fainting is breathing 
too hard and fast - this is called 
hyperventilation. Normally, of course, you 
don't think about how much air you process 

in your lungs, because the ventilation rate is controlled unconsciously. 
This ensures that just the right amount of oxygen enters your lungs 
and carbon dioxide is removed. 

During hyperventilation, however, too much carbon dioxide is removed 
from your blood. This causes the pH of your blood to change. It is 
this disturbance of your blood chemistry that eventually causes your 
collapse. Once your breathing1 rate returns to normal, your blood pH 
is restored and you wake up. 

One treatment for a panic attack is to ask the panicking person to 
breathe in and out of a paper bag. Can you suggest why this helps? 
And what happens in normal breathing to allow a supp!ly of fresh 
air to reach your lungs and your body to get rid of unwanted carbon 
dioxide? 

• Processes that use and produce g1ases 
in humans 

Human cells, like the cells of all living organisms, carry out respiration -
the chemical process that releases energy, used for the activities oflife. For 
the p rocess of aerobic respiration, oxygen is required and carbon dioxide is 
p rod uced. Section 3.2 describes how we take oxygen into the human body 
and how we get rid of carbon dioxide. 

In Section 1.5 you have the chance to look at the way that size is important 
for exchange of materials between an organism and the surroundings. You 
shOLtld understand that the human body is far too large for t he needs of 
all the body cells to be met by the simple diffusion of gases through the 
surface skin. Like all large multicellular organisms, the human body has a 
system that allows exchange of gases with the environment and a system 
that enables these gases (oxygen and carbon dioxide) to be distributed 
throughout the body. 



3.2 Gas exchange in humans 

• The lungs and their role in gas exchange 
The lungs, together with related structures in the thorax, provide the system for 
exchange of gases and distribution of them through the body in three ways: 

• a large, much folded gas exch ange sttrface (the alveoli in the lungs) 
• a mechanism for ventilation (breaching), moving air in and out of the 

lungs, allowing the air to come into contact with the gas exchange surface 
• close association of the gas exchange surface with the blood system to 

enable distribution of the gases around the body to and from cells. 

The lungs, related structures and pathways for air 
The following structures in the thorax (thoracic cavity, also known as the 
chest cavity) contribute to the breathing process (Figure 3.8): 

• T he lungs lie inside the ribcage which, in addition to its function in 
breathing, provides physical protection to the lungs (and heart) lying 
inside the thoracic cavity. 

• T he intercostal mttscles lie between each of the ribs. When these muscles 
contract, the ribs are lifted upwards and outwards. When the muscles 
relax, the ribs fall back to the previous position. The role of these muscles 
in ventilation is described below. 

• T he diaphragm lies below the lungs, forming the base of the thoracic 
cavity. The diaphragm is a sheet of muscle that separates the thoracic 
cavity from the abdominal cavity below. In its relaxed position it is 
dome-shaped, but when the muscles contract, the diaphragm is pulled 
flatter and this contributes to an increase in size of the thoracic cavity. 
The role of the diaphragm in ventilation is described below. 

• T he pleural membranes form a double layer, closely surrounding each 
lung. Between the layers there is a fluid. This allows smooth movement 
of the lungs as they inflate and deflate so that they can slide smoothly 
against the wall of the thoracic cavity. 

lung lies inside the rib cage, which 
provides protec:tion ilnd assists 
bre<J!hing 

intercostal muscl-es 
oJveoli - the sites of gas exchange 

ribs 

lc'-'....a"'::e:~~- - =~~;§~::"-~~~ -;:;::pleuraJ membrane lining 
' the , nner wall of the chest 

diaphro..gm muscle forming dome-shaped sheet at base of chest cavity: 
when it contracts, ~ flattens and the chest volume increases, 
when it relaxes, it domes upwards. reducing the chest volume 

a.nd outer surfu.ce of each 
lung 

Figure 3.8 Diagram of lungs and related structures in the thoracic (chest) cavity. The 
left-hand side of the diagram shows a whole lung but the surrounding ribs have been cut 
away. The right-hand side shows structures inside the lung and some of their functions. 
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The l1eart also lies in the thoracic cavity close to the lungs but plays no part 
in the breathing process. 

When air enters the body, it passes in through the nose (or mouth), 
where it becomes warmed and moist. The pathway for air continues down 
the trachea (windpipe), which divides into the left bronch us and right 
bronchus (plural = bronchi) when entering each lung. The trachea is 
strengthened by C-shaped rings of cartilage. These cartilage rings help 
to keep the airway open but are not too rigid and allow some flexibility 
when food passes down the oesophagus, which lies closely beside the 
trachea. 

Inside the lungs, the bronchi divide into very many smaller branches (the 
bronchio les), which end in masses oflittle sacs, known as the alveoli (also 
described as 'air sacs'). The alveoli are surrounded by many blood capillaries, 
in close contact with the surface of the alveoli (Figure 3.9). 

deoxygenated blood from pulmonary anery flows into alveolar capillaries 

', 
.. ... .......... _ 

~-----.. 
oxygenated blood flows '\\',, 
from alveolar capillaries 
into pulmonary vein \ 

' \ ._ 

'\··, ... , 
·--

' ...... 
~ - !.......,~,£-:::::::!~ '\\ 

~,1' 

alveolus - site of 
gas exchange between 
air and blood 

Figure 3.9 Enlarged view of some alveoli with surrounding blood capiliaries. This is where gas 
exchange takes place. 

Estimates vary, but if spread out, the total area of the alveoli is probably 
about that of a tennis court. This emphasises the enormous surface 
provided by the alveoli. This is the surface through which gas exchange 
takes place. 

Along the surface lining of the bronchus and bronchioles, there are cells that 
have tiny hairs, known as cilia. Other cells in the lining produce mucus, 
which forms a layer on the surface. Particles of dust and bacteria become 
trapped in the mucus and this is. kept moving by the beating action of the 
cilia. The mucus is moved up and out of the lungs, so effectively 'sweeps' the 
particles out of the lungs. This helps to clean the air entering the pathways 
in the lungs. 

Air passes out from the alveoli in the lungs to the nose through the same 
route, in reverse. 
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Breathing and ventilation 
Breathing is an active mechanical process - each breath brings air into the 
lungs and forces it out of the lungs again. This process ventilates the lungs, 
so chat fresh air is brought into t he alveoli and then the stale air is breathed 
out again. We use these terms to describe breathing in and out: 
• inhalation (or inspiration) = breathing in 
• exhalatio n ( or expiration) = breathing out. 

The mechanism for breathing in and out is a direct consequence of changes 
in the volume of the thoracic cavity. When the volume is increased, the 
pressure inside the lungs is reduced and becomes lower than that of the 
outside atmosphere. The result is that air is forced into the lungs to equalise 
the p ressure. This makes the lungs inflate (fill up with air). Conversely, when 
the volume of the thoracic cavity is reduced, the pressure inside the lungs 
is then higher than that of the outside atmosphere, so air is forced out 
(breathing out) and the lungs deflate. 

The changes in volume are brought about by the movement of the ribs and 
the diaphragm (see Figure 3.10). 

For inhalation (breaching in): 
• T he intercostal muscles contract. This raises the ribcage u p and outwards, 

thus increasing the volume inside. 
• T he muscles o f the diaphragm contract. This flattens the diaphragm, thus 

increasing the volume inside. 

For exhalation (breathing out): 
• The intercostal muscles relax. This allows the ribcage to drop down and 

inwards, thus decreasing the volume inside. 
• The muscles of the diaphragm relax. This means the dia phragm 

resumes its dome shape, thus decreasing the volume inside. 

To summarise - for inhalation, the air is drawn in whereas for exhalation, 
the air is forced out. 

increased chest cavity volume decreases the 
air pressure in the lungs and air moves in 

inhalation 

breastbone moves 
upwards as the " 
intercostal muscles 
contract 

diaphragm moves downwards 
as the muscles contract 

decreased chest cavity volume increases the 
air pressure in the lungs and air moves out 

exhalation 

breastbone moves 
down and ribs \ 
are lowered \ 

.......... ·t 
/ 

diaphragm moves upwards 
as the muscle relaxes 

Figure 3.10 Diagram to show how movements of the ribs and diaphragm are involved in 
inhalation (breathing in) and exhalation (breathing out) 
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4il*M10i• 
: You can find details about features 

of gas exchange surfaces in 
Section 1.5. Remember that they 
need t o be thin, moist and have a 
means of maintaining a diffusion 

. gradient Make sure you apply this 
: to the topic in this section on gas 
: exchange in the human lung. 

Figure 3.11, showing the bell jar with balloons, gives a useful model to help 
you understand what is happening in the chest cavity. 

air flows into balloons, expanding them, 
due to the falling pressure of the air 
trapped inside the bell jar 

l Y-shaped glass tubing 
bell jar 

balloons tied firmly 
to glass tubing 

rubb.er membrane 
attached firmly to the 
base of the b.e II jar 

pulling on the rubber membrane lowers 
the air pressure inside the b.ell jar 

air flows out of collapsing balloons 
due to the increased pressure of the air 
trapped inside the b.ell jar 

rubb.er stopper 

pushing on the rubber membrane 
raises the air pressure inside the 
bell jar 

Figure 3.11 Model to show how movements of the diaphragm lead to changes in 
pressure that result in the balloons inflating or deflating. The bel I jar represents the 
chest cavity, the balloons represent the lungs and the rubber membrane represents the 
diaphrragm. (The ribs are not included in this model.) 

The alveoli as a surface for gas exchange 
In Section 1.5 you study the features of gas exchange surfaces that allow 
d iffusion of materials through the cell membrane (which is the boundary to 
the cell), between the cell and the outside atmosphere. 

Featu res of the alveoli in the lungs, and the associated blood capillaries, 
illustrate how these provide a suitable surface for exchange of gases for the 
requirements of the human body (Figure 3.12). 

• the alveoli p rovide a very large surface area 
• the alveoli walls are thin 
• the air inside the lungs is moiist and the alveoli have a film of liquid on 

their surface 
• the distance between the alveoli and the blood capillaries is very short 
• ventila tio n of the lungs during breathing helps to maintain the 

concentra tion gradient, so chat fresh oqgen is brought .into the lungs 
in the air we breathe in and d iscarded carbon dioxide is removed from the 
lungs in the air we breathe out 

• the walls of the blood capillaries are also thin and the capillaries are very 
narrow so the distance for gases to diffuse is short 

• the blood moves through the capillaries so this helps maintain a 
concentra tion gradient - the freshly absorbed oxygen is transported 
away in red blood cells and supplies of unwanted carbon dioxide are 
continually being brought to the alveoli surface 
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Figure 3.12 shows how gas exchange takes place between the air in the 
alveolus and gases brought in the blood in the capillaries surrounding the 
alveolus. 

movement of air in and out of alveolus 
during breathing in and out 

wall of bronchiole supported by 
rings of cartilage to prevent collapse during 
the pressure changes when breathing in and out tt:. 

·· .. 
layer of mucus lining · •. 

bronchi and bronchioles --- ---:::'1 ·. \,,\.' .... ~ ~ ~ ~~'''"'--
thin wall of alveolus allows rapid diffusion of gases 
between blood in alveolar capillary and air in alveolus 

········~ 

layer of moisture covering inner wall of alveolus 

blood cells take approximately 
one second to complete gas 
exchange 

.............. diffusion of oxygen in alveolus 

__ _,.,.. diffusion of carbon dioxide in alveolus 

~ -···-• movement of air into and out of the alveolus 

Figure 3.12 The diagram illustrates the events that ,occur during gas exchange between air in the alveolus and blood in the 
surrounding blood capillaries 

fillM10• 
· It would be help ful to refer to deta ils 

on blood circula tion and transport 

of oxygen and carbon d ioxide in the 

blood in Sections 3.5 and 3.6 . 

O xygen in the fresh air brought into the lungs is at a higher concentration 
than in the blood, so diffuses from the alveolus into the blood. Ca rbon 
dioxide in the blood is at a higher concentration than in the air in the 
alveolus, so diffuses from the blood into the alveolus. It then passes out of 
the body in exhaled air. 

Table 3.1 shows the approximate composition of inhaled and exhaled 
air. Compared with inhaled air, you can see that exhaled air has a higher 
percentage of carbon dioxide and of water vapour, but a lower percentage of 
oxygen. The bulk of the air is nitrogen gas but this is not used in any way by 
the body. 

Table 3.1 Composition of inhaled and exhaled air 

Gas Inhaled air Exhaled air 

nitrogen 790/o 800/o - -oxygen 210/o 16% 

carbon dioxide 0.04% 4% 

water vapour variable saturated -

tJ See the Animation: Diffusion. 



Section 3 Movement of substances in living organisms 

Figure 3.13 A section through alveoli in 
the I ungs, as seen with a light microscope. 
The alveoli on the le ft are from a normal 
lung and show lots of small alveoli. The 
photomicrograph on the right shows 
similar tissue in the lung of a person with 
emphysema The walls of many alveoli 
have broken down, leaving large (but 
fewer) air spaces. This reduces the surface 
area available for gas exchange. 

4ii'M'IOt 
· Here you can make several 

links to other sections - look 
at information about blood and 
circulation in Sections 3.5 and 3.6; 

: the importance of a large surface 
area for exchange of materials in 
Section 3.3 and carbon monoxide 
as an air pollutant in Section 6.4. 

Smoking and its effects on the lungs and 
circulatory system 
The harmful effects of smoking .are well established. Increasing publicity 
has led to smoking bans in many public places in an attempt to discourage 
people from smoking and to protect non-smokers from the effects of 
'passive' smoking. 

There is plenty of evidence that smoking increases the risk of certain 
diseases, such as cancers, particularly lung cancer. There is also evidence 
that smokers suffer more ill-health in various ways compared with non
smokers. These include increased and persistent coughs, bronchitis and 
other lung disorders. 

Here we look at some specific ways that cigarette smoke affects the lungs 
and circulatory system. 
• Nicotine and carbon monoxide in tobacco smoke raise the heart-race 

and lead to higher blood pressure. These two conditions increase the risk 
of heart attacks or strokes. 

• Nicotine and carbon monoxide also reduce the ability of the blood to 
carry oxygen. The carbon monoxide combines with haemoglobin so less 
is available to carry oxygen as o>-'Yhaemoglobin around the body in red 
blood cells. This leads to the person being breathless, particularly when 
undertaking physical activity. 

• Tar in the smoke damages the cilia (tiny hairs) on the surface of the 
bronchi and bronchioles. As described above (page 84), these cilia help to 

keep the mucus layer moving and help to keep the air in the lungs clean. 
When the cilia are damaged, there is a build up of mucus that is not 
removed. Bacteria that are normally removed with the mucus stay in the 
lungs. This leads to a greater risk of infections. Some chemicals in tar are 
ca rcinogens, because they cause mutations in lw1g cells. 

• Other substances in the smoke make the alveoli less elastic and 
somet imes the walls begin to break down. One very large air sac has 
a much smaller surface area than many small ones. This reduction in 
surface area means the person does not obtain enough oxygen and is 
likely to be breathless. This condition is called emphysema and is a 
common condition amongst smokers. 



This experiment allows you to 

measure breathing rate before 
and after exercise. It helps you to 
understand the need for sufficient 

supplies of oxygen for cells in 
the body. The investigation gives 

a useful opportunity to collect 

together class results and decide 
how to organise these. You may 
be asked to describe this for the 

examination. 

Figure 3.14 Investigating the effect of 
exercise on breathing rate 

3.2 Gas exchange in humans 

• Practical activity - investigating the effect of 
exercise on breathing rate 

Students work in pairs for this practical investigation. Student A does the 
exercise and Student B records the results. They can then reverse roles and 
repeat the activity. 

1 Student A breathes as normally as possible and raises a finger as each 
breath cycle begins. 

2 Student B records the breathing rate ( of student A) in breaths per minute, 
before exercise. 

3 Student A then carries out suitable exercise, such as running a lap 
of a playing field or stepping up and down a step once a second, and 
continues this exercise for 3 minutes. 

4 Student B records the total number of breaths taken in each minute 
following the completion of t:he exercise, and regularly over the next 
5 minutes. 

5 T he rate of breathing for each minute following the exercise is plotted on 
a graph. 

STUDY QUESTIONS 

1 Make sure you are clear about the difference between the processes of 

respiration, breathing and gas exchange. 
a) In your own words, write a definition for each term and write it in a way 

that you could use to explain to someone who is not studiying science. 

Say where each process takes place in the human body. 
b) For breathing and gas exchange, write down details of how each of 

these processes takes place in the human body. Draw simple diagrams 

to help in your explanation. 
2 List features of the alveoli and related structures that show how they are 

adapted for gas exchange. 



Section 3 Movement of substances in living organisms 

~o~ Transport in living 

4il*)st•O• 
: You need to lin k all the statements 

in this list with other sections in the 
: book. Probably the best way is to 
: make the links through Section 1.1 
: to make sure you are clear about 
: each of the processes listed and 
· can find the relevant references. 

I 

organisms 
Why does size matter? 
The amoeba is a single-celled organism. It is very small and is found 
crawling across surfaces in ponds where it feeds on bacteria and 
algae cells. Even though it is large compared to a human cheek 
cell, it exchanges materials successfully with the pond water that 
surrounds it. 

Votvox is made up of a colony of several thousand cells and it is green. 
A volvox is much bigger that an amoeba, but the individual cells in the 
colony all exchange materials directly with the pond water, as though 
each is a single-celled organism. 

The sea anemone grows much larger than a volvox. It is big enough to 
kill and digest a whole fish. The walls and tentacles of the anemone are 
made up of millions of cells arranged in very thin sheets of tissue. 
Each cell in the sheet is close to the sea water and exchanges 
materials directly with it. 

The fish is much larger than any of these organisms. So how does 
a fis1h obtain the materials it needs for its survival and distribute 
them to the cells inside it? In Section 3.3 we look at the specialised 
exchange surfaces and transport systems that the fish and other large 
multicellular organisms depend upon. 

• Requirements of cells within organisms 
Cells need co obtain materials from their surroundings so that they can 
carry out the processes ofliving o rganisms. They also need to get rid of 
waste materials to their surroundings. 

Some examples of materials exchanged between a cell and its surroundings 
include: 

• oxygen gas - taken in, for respiration (nearly all living organisms) 
• ca rbon dioxide gas - passed our, from respirarion (nearly all living 

organisms) 
• carbon dioxide gas - taken in, for photosynthesis (green plants) 
• oxygen gas - passed out, from photosynthesis (green planes) 
• 'food' and other nutrients including mineral ions - taken in (all living 

organisms, but different ways of nutrition in plants and animals) 
• waste materials - passed out (nearly all living organisms) 
• water - taken in and passed out, depending on requirements (all living 

organisms). 

A cell is enclosed by its cell membrane. Materials have to pass th rough this 
boundary when they enter or leave a cell. Sometimes the term 'surroundings' 



fii*M10* 
· Check the names and make sure 

you know what a protoctist is by 
looking in Section 1.2 (Variety of 
living organisms). 

4ii'ui10t 
· Look in Section 1.5 to make sure 

you understand the importance of 
surface area to volume ratios when 
considering diffusion of materials 
into and out of a structure. 

3.3 Transport in living organisms 

refers to the environment outside the body of the organism. Sometimes the 
term refers to the fluid or other material surrounding each cell inside the 
orgamsm. 

Inside whole organisms, there needs to be a system for distribution of these 
materials to different parts of the cell or to cells in different parts of the 
orgamsm. 

We now consider how materials are exchanged and transported, first in 
unicellular organisms, then in multicellular organisms. 

Single-celled organisms 
Yeast, Amoeba and Chwrel/.a are all examples of single-celled ( unicellular) 
organisms. Yeast is a fungus, Amoeba and Chwrella are protoctists. Each 
of these organisms is less than 0.02 mm in diameter. In fact they are so 
small that you cannot see individual cells with your naked eye and need a 
microscope to see details of thei r structure. 

Figure 3.15 Yeast cells, seen with a light 
microscope. Some cells are budding 
(dividing asexually). 

Figure 3.16 Groups of Chlorel/a cells, seen 
with a light microscope 

Their small size means that it is a very short distance from the outside 
of these single-celled organisms co the cytoplasm inside the cell where 
metabolic reactions are taking place. The rate of diffusion over this short 
distance is sufficient to supply materials as required from the sutroundings 
and for waste materials to be lost through the cell membrane. 

In addition to their small size, these single-celled organisms often have 
a large surface area in relation to their volume. This helps the organism 
exchange materials with its surroundings. 

Inside the one cell of single-celled organisms, distances are again short, so 
diffusion is adequate for movement of substances inside the cell. 

Multicellular organisms 
Multicellular organisms can grow to a much larger size than a single cell. In 
addition, certain groups of cells may specialise and are able co carry out a 
particular function. As examples, you can see a range of different structures 
in a maize plant, a palm tree, a human being, a camel or a fish. The increased 
complexity of the multicellular body means that it can do th ings that would 
be impossible for a single cell. 

However, larger size and greater complexity increase the problems of how 
materials can be exchanged with the surroundings and how they can be 
distributed inside the organism. Dependence on diffusion alone, from cell 



Section 3 Movement of substances in living organisms 

Figure 3.17 Tip of a leaf of the liverwort 
Pe//ia (a simple plant), seen with a light 
microscope. The leaves are very thin, 
consisting of one layer of cells. Their simple 
internal struc1ure means that materials move 
over very short distances. 

Figure 3.18 A Candy stripe flatworm - a 
si m pie multicellular organism that relies 
on diffusion for transport over the short 
distances inside its body. The flattened 
body may have a length of about 12 mm 
and width of 5 mm. 

to cell, would be far too slow. We can see how large mLt!t icellular organisms 
have overcome these problems by having specialised exchange surfaces. 
They also have transport systems for distribution of materials inside the 
orga111sm. 

Some multicellular organisms do not have an internal transport system. 
This imposes limits on their size and on where they are able to live so that 
they can obtain the materials they require. Examples are a moss plant, 
liverwort and a flatworm (Figures 3.17 and 3.18). 

As an example, a flatworm may have a body length of 12 mm and breadth of 
5 mm, and the whole body is flattened so that the flatworm body is very thin. 
Even at this small size, the gut inside the body has many branches that reach 
into all parts of the body. This shape means the cells of the animal are all only 
a close distance from materials they need (from the surroundings and inside 
the organism) and diffusion is sufficient for distribution of required materials. 

This size of flatworms is about the limit for an organism without an internal 
transport system. Diffusion alone would not work inside a maize plant, 
a bean plant, a camel or the human body. Here we see a combination of 
specialised exch ange surfaces with a large surface area and transport 
systems that allow all cells in these larger organisms to obtain the materials 
necessary for living processes. 

So let's look at some examples of how large organisms overcome these 
problems. (You study all these in other sections of the book, so check the 
study tips to find out more details.) 

Exchange surfaces and transport systems in plants 
• T h e root hairs of young roots p rovide an enormous surface area, which 

allows the entry of water and mineral salts. 
• T h e xylem (tubes) provide a tra nsport system that carries the water and 

mineral salts up the plant, to leaves or other parts where they are required. 
• T he leaves, with their many stomata, provide a large surface a rea 

through which gas exchange takes place (carbon dioxide comes in and 
is used in photosynthesis; oxygen comes in and is used in respiration; 
oxygen passes out as a waste product from photosynthesis; carbon 
dioxide passes out as a waste product from respiration in cells). 

Exchange surfaces and transport systems in humans 
• T h e alveoli in the lungs provide an enormous surface a rea , which allows 

exchange of gases. 
• Oxygen diffuses into the blood and is then used in respiration by cells 

elsewhere in the body. 
• Carbon dioxide (a waste product from respiration in cells) diffuses out 

into the air in the alveoli. (Note that if the alveoli were unravelled and 
flattened out, their total area would be about the size of a tennis court, 
and that is all fitted inside your lungs.) 



4ii*i'i10. 
· It is worth making links to severa l 

other pa rts of the book so you 
understand the examples given. 
For root ha irs a nd xylem, look in 
Section 3 .4; for leaves and gas 
exchange, look in Sections 2.1 and 
3.1 ; fo r alveoli in the lungs, look in 
Section 3 .2; for the s ma ll intestine 
and villi, look in Section 2.2. Finall y, 
don't forget transport in the blood 
circulation syste m in humans 
(Section 3.6). 

fii1M101 
: It is very important that you 
: understand about diffusion and 
: diffus ion g radie nt, so refer to 
: Section 1.5 for more deta ils. 

STUDY QUESTION 

3.3 Transport in living organisms 

• Inside the small intestine the villi provide an enormous surface a rea, 
which allows digested food to be absorbed into the body. 

• Inside the body, the blood circula tion system provides a transpor t 
system that carries materials co all cells of the body - for example, oxygen 
is carried from where it is absorbed from the alveoli in the lungs to muscle 
cells, and glucose is carried from the small intestine or liver to the muscle 
cells. 

In the examples on page 92, diffusion is (usually) the mechanism of transfer 
across the surfaces where the exchanges take place. These exchange surfaces 
allow more of the materials to get into and out of the multicellular organism 
from the surroundings. They share some common features chat help 
increase the rate of diffusion across them: 
• they are thin - this reduces th.e distance across which diffusion occurs 
• they are moist - this allows gases or other materials to dissolve into the 

water at the exchange surface, then diffuse through the surface. 

In addition, a transport system close to the exchange surface removes 
absorbed materials quickly so that more materials diffuse across the surface. 
This helps co maintain a diffusion gradient and ensure there is a difference 
in concentration of the substance each side of the exchange surface. 

Transport systems help the materials in the organism to get closer to the cells 
where they are needed. Without transport systems, the large multicellular 
organisms with which we are familiar, could not exist. 

1 The parts A, B and C below list some pairs of 
orga nisms or parts of organisms. You are asked 

d) What gas(es) does the flatworm take in? Name 
the process that uses the gas(es). 

to compare these organisms in re lation to the way 
materials are exchanged with the surroundings or 
how materialls are transported inside the o rganism. 
Sometimes they show similarities but sometimes 
they s how diffe rences. 

To answer the questions, you may need to refer 
to othe r sections in the book, but you can use the 
Study tips to he lp you find the information. There 
a re diagrams in this section and othe r parts of the 
book to he lp you vis ua lise both organisms in each 
pair. 
A A leaf and a flatworm 

a) Compare the ir sha pes and explain how the ir 
sha pe helps with exchange of materials with 
the environment outside the orga nis m. 

b) What gias(es) does the leaf take in? Name the 
process or processes that uses the gas(es). 

c) What gias(es) does the leaf give out? Name 
the process or processes that produces the 
gas(es). 

e) What gas(es) does the flatworm give out? 
Name the process that produces the gas(es). 

8 Chlorel/a a nd an oak tree 
These are both green orga nisms and carry out 
photosynthesis, yet they a re very different in size. 
Describe and explain how each obtains the simple 
materials (carbon dioxide and water) required 
for photosynthesis. In your description, include 
refe rence to how the mate ria ls a re transported 
ins ide the organis m. 

C A green flowering pla nt (such as a pea plant) and 
a human 
a) Lis t the mate ria ls each of these organisms 

needs to carry out respiration in the ir cells. What 
waste materials are produced from respiration? 

b) Compare the way the pea plant a nd the human 
obtain the mate ria ls needed for respiration 
in the ir cells. In your comparison, include 
reference to how the mate ria ls are transported 
ins ide the organis m. 
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~dB Transport in flowering 
plants 
Up to the top of the tallest tree 

The tallest known tree in the world is a giant redwood tr,ee, about 
115 m tall. Scientists, like those shown in the photograph, have been 
able to climb to the top of the tree and look at the leaves. They found 
that the leaves at the top are different to those lower down - they are 
much smaller with fewer stomata for gas exchange. 

The photographs emphasise the enormous height to the top of these 
trees. The force required to get the water to the leaves ait the top is 
extreme. 

Scientists suggest that the reason there have never been trees taller than 
these redwoods is because of the difficulty of supplying water to the top 
leaves. So how does water get to this height in a plant? Where does the 
water enter the plant and what is the role of leaves in transporting water 
to the very top of the tree? 

• Movement of water in plants 
To start thinking about how water moves in a plant, you can do three simple 
things. 

1 Take the small plant with its roots (say a pea or bean plant, or a small 
weed growing outside). Clean the roots gently by washing in water. 
Th en p lace the plant in a beaker of water to which some red dye or food 
colouring has been added. You should soon see the red colouring spread 
up the plant and into the veins of the leaves. 

2 Take the stalk of celery ( or similar plant) and again place it in water with 
some red dye. When the red colour has moved up the stalk, make a cur 
across the stalk and you will see the red as a series of dots around the 
stalk (Figure 3.19). You can also do this with a white flower, such as a 
carnation, and see how the red colour travels up the stem and spreads out 
to give pinkish petals in the flower. 

3 Place a transparent plastic bag over part of a plant shoot ( or whole plane 
in a pot), in the sunlight. Tie the base of the bag to close it around the 
shoot. Watch and you will later see drops of a liquid collecting in the 
bag. 

These three observations help establish the overall route for movement of 
water in a flowering plant - from the roots where water is taken in, up to 
the leaves where water is lost from the plant. We now look in more detail 
at th e pathway taken by water and the mechanisms involved that help it 
travel through the plant, sometimes being lifted to enormous heights (as 
shown in the photograph of the giant redwood tree). 



f1i'0r101 
· You can refer to Section 1.5 for 

details on osmosis and Section 3.3 

for general information about 
transport in living organisms. 

Figure 3.21 Root hairs on a radish 

3.4 Transport in flowering plants 

the colour of the dye Is seen In the major 
veins of the leaves as It has been drawn up the 
xylem vessels of the celery stalk 

I 
a cross-section of the 
stalk is cut and examine 
the cut surface for the 

- - location of the dye in 
the xylem vessels 

stalk of celery standing In water coloured with 
a brightly coloured food dye for 20 minutes or more 

the dye reveals the position of the 
xylem vessels In the section. Each 
dot of colour shows the tubes that 
carry water up the stalk 

cut surface of the stalk 

Figure 3.1 9 Observing the movement of red dye in a celery stalk 

Absorption of water and mineral salts (ions) 
by root hair cells 
Water in the soil surrounds the root hairs that project from the surface of 
plant roots (see Figure 3.20). The root hairs increase the surface area of the 
root in contact with the soil water, which helps the water to pass into the 
root by osmosis. 

The cytoplasm inside the root hair cell contains lots of dissolved molecules 
(including sugars and some salts). This means the root hair cell has less 
water in it (less watery) than the soil water. The soil water passes into the 
root hair cell by osmosis and the cell membrane of the root hair cell acts 
as the partially permeable membrane. (The term 'selectively permeable 
membrane' is also used.) 

cytoplasm 

soi I particles nucleus 

I IJJ, b . movement o water y osmosis 

Figure 3.20 Root hair cell in soil showing entry of water by osmosis. The blue represents 
water around the soi I particles and root surface. The blue arrows rep re sent the movement 
of water (by osmosis) into the root hair cell. 

Water passes across the root, from cell to cell, until it reaches the 'cells' 
making up the xylem in the cent re of the root. These are the tubes that you 
may have seen as a ring of red dots when you cut across the celery stalk in 
red dye (see above). 
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Figure 3.22 30 image of root of 1hale 
cress (Arabidopsis tha/iana) showing 
lateral root and root hairs. The diameter of 
the main root is approximately 150 µm. 

Figure 3.24 The top image is a 
photomicrograph of 'cells' of xylem, as 
seen with a I ight microscope. It shows 
rings and spirals of lig nin thickening along 
the length of some xylem tissue. The lower 
image is of higher magnification, taken 
with an electron microscope. It gives a view 
across a cut surface of some xylem cells, 
looking inside the c,el Is and showing the 
I igni n thickening in the wal Is. 

Xylem transports columns of water 
from the root to the rest of the plant 
They a;lso have strong walls, which give the root 
the strength to resist forces that might pull the root 

Water is absorbed into the root out of the ground. 
hair cells by osmosis, as the contents 
of the root hair cell is less watery (more 
concentrated solution) than the soil water. 

New root hairs are formed every day, 
increasing the surface area for 

~'1t'---- water a;bsorption from the soil. 

Figure 3.23 Passage of water across cells of root from a root hair cell to the xylem 

Xylem and the transport of water in the plant 
The xylem is made up of several types of cells. These are dead cells and many 
of th e end walls have broken down so that they form long vessels, with a very 
narrow diameter. These long xylem vessels run through the p lant, from the 
roots, up the stems and spread out as the veins of the leaves. The walls of 
the xylem cells are strengthened with a material called lignin. Many of these 
xylem cells lie together and they are very st rong and hard. T his is what forms 
the wood of a tree. 

As we saw in the observations of the celery stalk in Figure 3.19, water travels 
up the plant in these xylem ' tubes'. At this point, to help understand how 
water is drawn up (in the xylem) from the cells in the root, we can first 
consider what is happening in the leaves. 

In Section 3.1, you study the structure of a leaf and that it has stomata 
(small holes) in the surfaces of the leaf. The stomata allow gas exchange to 
take place but, at the same time, water vapour is lost through the stomata 
into the surrounding atmosphere. This loss of water from a leaf (and from 
other parts of a plant above the ground) is known as transpiratio n . 

As water is lost from the leaf, more is drawn from the xylem, in the veins of 
the leaf. The water in the xylem is really a long, narrow unbroken column -
or in fact lots oflong unbroken columns of water, lying side by side in the 
various parallel xylem vessels. These columns of water run unbroken (in the 
xylem) from the roots to the leaves. 

So, as water in the leaves transpires into the atmosphere, more is drawn up 
the xylem to take its place. This transpira tion pull makes an important 
contribution to drawing water up through the plant, in the xylem. 

Some other features of the xylem and properties of the water molecules help 
maintain this continuous column of water that is pulled up the plant: 

• Capillarity - you have probably observed the way water can rise up a 
very narrow capillary tube, above the level of water the capillary tube is 
standing in. The xylem cells also have a very narrow diameter, so capillarity 
makes a contribution to water being lifted up the xylem in the seem. 



waxy cuticle 

palisade 
mesophyll 
cell 

spongy 
mesophyll 
cell 

3.4 Transport in flowering plants 

air space----

Figure 3.26 Sectiorn through a leaf of a plum tree. This 
photomicrograph passes through the midrib ( vein along the 
centre of a leaf). A network of veins (containing the xylem) 

.,. oxygen 

Figure 3.25 Vertical section of a leaf show,ing internal 
structure. In this diagram, the arrows emphasise the movement 
of water, from the xylem into cells, then into air spaces and in the leaf allows water to reach all cells. Sugars and other 

substances are trarasported in the phloem, alongside the xylem. 
Other cells shown can be identified by corn parison with the 
diagram in Figure 3.25. 

out through the stoma between the guard cells. Another arrow 
shows how sugars from palisade cells move into the phloem 
(and are then transported to other parts of the plant). 

,11*1'i'10• 
· Make a link with Section 6.3 to 

understand the ro le of transpiration 
in the water cycle. 

fifiM10• 
· Look in Section 1.5 for details on 
: diffusion and active transport. 

• Cohesion - individual water molecules are linked to their neighbours by 
bonds between the water molecules. This means they all pull one another in 
an unbroken column - something that forms the basis of transpiration pull 

To summarise, we can see that a number of mechanisms contribute to 
the movement of water through a plant from the soil and out through 
the stomata of the leaves. This movement comes from a combination of 
pressure from the root (where water enters by osmosis) pushing it up and 
pulling from the leaves as a result of transpiration. The whole column of 
water in the xylem is held together by capillarity and cohesion. 

Mineral salts (ions) are also present in the soil water. They dissolve in the water, 
forming a dilute solution of salts. If the concentration of ions in the soil water is 
higher than in the root hair cells, then ions can pass through the membrane into 
the root hair cell by diffusion down the concentration gradient. 

In many situations, however, a plant needs to move ions into a root cell that 
already contains a higher concentration than the soil water - that is, against 
the concentration gradient. To do this they need energy, which is supplied 
from respiration. This form of transport is known as active transport. 

Mineral salts (ions) move up the plant, dissolved in the wate:r columns that 
are pulled up inside the xylem tubes. 

Phloem and the transport of sugars and amino acids 
in the plant 
Running closely alongside the xylem is another set of'tubes', known as the 
phloem. The phloem is made up of several types of cells and these are living 
cells. The end walls of the cells are present, so the phloem tubes are not 
hollow (whereas most xylem vessels are hollow). 
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Phloem transports carbohydrates, in the form of sucrose. It a lso transports 
amino acids and some other large organic molecules. Carbohydrates (first as 
glucose) are synthesised in leaves, in the process of photosynthesis. Some of 
these carbohydrates are transported away from the leaves, to other parts of 
the plant. 

These carbohydrates may go to parts of the plant where they are used in 
different ways. They may be stored, converted into other substances or used 
in respiration. As examples, a potato tuber stores starch, fruits such as grapes 
and bananas contain sugars, seeds (grains) such as rice, wheat and maize 
cont·ain starch and many flowers produce nectar, which contains sugars. 

In addition to the carbohydrates, amino acids are carried in the phloem 
to parts of the plant where they are used. This may, for example, be in the 
synthesis of proteins where new cells are being formed in developing tissues 
(such as young leaves or flowers). 

Transport of materials in the phloem can be up and down the plant 
depending on where the materials are required (unlike xylem, which carries 
water up only). 

Factors that affect the rate of transpiration 
Look at the internal structures of a leaf in Figure 3.25 and consider them 
now in relation to loss of water by transpiration. Water vapour in the air 
spaces just inside the stomata passes through the stomata, by diffusion, 
into the air outside the leaf. From there it evaporates and water molecules 
move away from the leaf. Note that relatively little water passes through the 
waxy cuticle, so most water is lost through the stomata, when they are open. 

wind direction 

--"""""'""'~~ . .~ .. 
water vapour in air 
outside leaf 

• water vapour 
.'• ; passing out of 
, .: · : leaf stomata . . . 

• The greater the wind speed, the more quickly transpired water 
moves away from the leaf, and the greater the rate of transpiration. 

• The higher the temperature, the greater the rate of water evaporation and 
transpiration from the leaf. 

• The lower the air humidity, the greater the diffusion gradient between 
the leaf and the outside air and, consequently, the rate of diffusion. 

• Stomata are closed at night, which reduces transpiration to a m:inimum. 

Figure 3.27 Factors affecting 1he rate of transpiration from a leaf 

Various factors affect how fast the molecules of water vapour evaporate and 
move away from the leaf into the air, hence the rate of transpiration: 
• Humidity- water molecules diffuse down the concentration gradient, 

from the humid leaf air spaces into the air outside the leaf. lfthe air outside 
the leaf is very humid (moist), the rate of transpiration may be very slow, or 
does not occur at all If the air outside is very dry, evaporation occurs readily 
and the rate of transpiration is higher. 



Figure 3.28 Surface view of lower 
epidermis of leaf of Kalanchoe 
showing stomata and guard cells. The 
photomicrograph was taken using a light 
microscope and the stomata! pores are 
about 20 µm long. 

Figure 3.29 Pumpkin leaves drooping 
on a hot day. Leave.s droop as a result of 
wilting and this reduces the loss of water 
by transpiration. Normally the leaf surface 
is horizontal or curving upwards. 

4iiil•BW• 
· Look in Section 1.5 to remind 

yourself about cells becoming 
turgid or flaccid, depending on how 
much water they contain. Then 
link this with what happens when 
leaves wilt. 

fii'Jti10. 
· To help you remember the 

word potometer, 'poto' = drink, 
and 'meter' = measure. 

3.4 Transport in flowering plants 

• Wind speed - ifit is windy, water molecules are moved away from the leaf 
and more evaporation can take place, so the rate of transpiration is higher 
than on a day with no wind. 

• Tempera tu re - water molecules evaporate faster at higher temperatures 
so the rate of transpiration is faster on a hot day than on a cool day. 

• Ligh t intensity - water passes out of the leaf through the stomata, when 
they are open. Stomata are usually open during the day when it is light 
but closed at night when it is dark. The mechanism for opening and 
closing of the stomata is described in Section 3.1. 

The structure of the guard cells is such that, when are full of water, they 
become turgid and more curved. This allows the stoma between them to open. 
But when they are flaccid (contain less water), there is no gap between them 
and the stoma closes. The mechanism is linked to light intensity - so that at 
night (in the dark) the stomata are usually closed, but they open during the 
light. This means that very little transpiration occurs at night, when it is dark. 

Changes in the rate of transpiration are similar to those you might 
experience when trying to dry wet clothes outside - they dry faster on a hot, 
windy day in dry conditions than on a cold, still day in damp conditions. 
The extra factor for plants is the effect oflight intensity on the opening and 
closing of the stomata. 

Sometimes plant leaves wilt if it is very hot or if there is insufficient available 
water. This actually helps the plant conserve water. When the leaves droop 
they are no longer held in a position that captures the direct rays of the sun, 
so this reduces the direct heating effect of the sun on the leaves. 

• Investigating how environmental factors 
affect the rate of transpiration 

For a plant growing under natural conditions, loss of water by transpiration 
is an essential process and helps to maintain the passage of water through a 
plant. The rate of transpiration can be affected by any of the environmental 
factors listed above. 

You can investigate the effect of the different environmental factors, one at 
a time, in the laboratory in different ways. Two experiments are shown in 
Figure 3.30 and Figure 3.31. In each case, we describe the apparatus used co 
investigate the rate of transpiration as a potom eter . 

Potometer 1 is a simple mass potometer. Any investigation assumes that the 
loss in mass shown by the balance is due to the loss of water from the leaves. 

Po to meter 2 uses the movement of the meniscus in the capillary tube as 
a measure of the uptake of water by the shoot. This method assumes that 
water lost by transpiration causes more water to be drawn into the stem, 
hence the movement of the meniscus ( or you can watch the movement of an 
air bubble in the capillary cube). 



Section 3 Movement of substances in living organisms 

Potometer 1 assumes that 
changes in mass represent 
water loss from the s hoot The 
apparatus can be set up in differe nt 
conditions to investigate the effect 
of diffe rent factors on the rate of 
tra ns piration. You may be asked 
about experime nts like this in the 
examination. 

For both potometers, you can devise ways of providing different 
environmental conditions and so compare the rates of transpiration in 
different conditions. Here are some examples: 

• Enclose the potometer in a large transparent bag to create more humid 
conditions close to the leafy shoot. 

• Use a hairdryer held close to the potometer co represent windy conditions -
you can use different temperatures on the hairdryer or different wind 
speeds. 

• Place the whole potometer in the dark to compare transpiration rates in 
the dark and light. 

• Use a lamp at different distances from the potometer to give different 
light intensities (but remember that the light may also affect the 
temperature near to the potometer. 

• Practical activity - using a simple mass 
potometer 

cotton wool supports freshly cut 
plant shoot in neck of flask ~ 

transpired water is replaced by 
water drawn up the shoot, from the 
water in the flask, through the xylem 
tubes 

layer of vegetable oil prevents 
direct evaporation of water from 
the flask 

mass of water in the 
flask becomes less as 
transpiration occurs 

electronic balance used to 
measure changes in mass 125.0 g 

• 

Figure 3.30 Potometer 1 - a simple mass potometer 



Potometer 2 can give you 
accurate readings of the volume 
of water taken up by the shoot 
and assumes that this represents 

water lost by the shoot. The rate 
of transpiration can then be 

compared in different conditions. 
A simpler apparatus can be 
devised, with a shoot held upright 
attached to a capillary tube. You 
may be asked about experiments 
like this in the examination. 

3.4 Transport in flowering plants 

• Practical activity - using a potometer 
with capillary tube 

water is lost by transpiration from the leaves of the shoot 
to the atmosphere 

the lost water is replaced by water drawn up the xylem of the 
plant shoot from the water in the potometer 

the reservoir of water is used to reset the position of the 
meniscus in the capillary tube in order to allow repeat 
measurements 

the millimetre scale allows the movement of the meniscus 
to be measured at regular intervals 

I \ mm scale 

._ 
the rate of movement of the meniscus is assumed 
to be equal to the rate of transpiration from the 
leaves of the plant shoot 

Figure 3.31 Potometer 2 - potomete.r with capillary tube 

STUDY QUESTION 

1 Describe the route taken by a water molecule as it travels through a 
plant from the soil water around the roots until it reaches the atmosphere 

outside the leaves. At each stage, state the process or mechanism that is 
involved in moving the water. 

Copy the table and write your answers in the correct sequence. Only the 
first few lines of the table have been drawn - you must decide how many 

lines you need. 

• Use words from Box 1 to state the route taken. 
• Use words from Box 2 to match the process at each stage. 
Words may be used once, more than once or not at all. 

Box 1 (route) 

air space in leaf; atmosphere outside leaf; cell to cell in root; 
mesophyll cells in leaf; phloem tubes in stem; root hair cells; stomata; 
waxy cuticle on leaf epidermiis; xylem tubes in root and stem; xylem 
tubes in veins of leaf 

Box 2 (process) 
active transport; capillarity; c-ohesion; diffusion; osmosis; 

root pressure; transpiration pull 

Route (box 1) Process (box 2) 

1 

2 

3 



Section 3 Movement of substances in living organisms 

~o® Transport in humans ( 1) 
blood, structures 

and functions 

fiii)ttlill 
: Look at Section 3.3 and list the 
: reasons why larger organisms, 
: such as humans, depend upon a 
: circulating bloodstream to supply 
: materials to their internal organs, 
: rather than depending on diffusion 
: alone - from the outside into the 

: body and from cell to cell inside 
: the body. 

Figure 3.32 Blood cells, seen with a light 
microscope. This srmear is prepared from 
a drop of blood and ii lustrates the relative 
proportions of red and white blood cells. 
These can be identi,fied from Figure 3.33. 

Blood is important to us 
When you are accidentally cut, you see bright 
red blood oozing from the wound. Your body 
contains less than 5 litres of this remarkable fluid 
and a significant loss could lead to failure of the 
circulatory system and death. 

If you lose lots of blood, in an accident or as part 
of a surgical procedure, you may need to have the 
missing blood replaced. This is only possible if you 
receive a blood transfusion - you are given some 
blood donated voluntarily by another person. This is 
because currently there is no artificial substitute for 
blood (plasma and cells). Originally, a blood donation 
could only be done directly from donor to patient 

Nowadays, the blood can be stored for several weeks until it is required. 
In the UK and many other countries blood donors give blood three times 
a year without receiving any payment So what cells are found floating in 
this remarkable liquid and whait are the functions of blood in the body? 

• Blood and the blood cells 
In humans, materials are transported around the body, between the different 
tissues and organs, in the bloodstream. 

Blood is a complex fluid, composed of red cells, white cells and blood 
platelets, suspended in a watery fluid called plasma (Figures 3.32 and 3.33). 

phagocyte - a white blood cell that can engulf 
red blood cell - with a biconcave shape, and digest foreign particles in the blood 
and packed with haemoglobin to h.elp \ 
carry oxygen in the blood microbe being nucleus 

PGo 
/CJ 0 

platelets - cell fragments 
that help blood clots 
to form 

engulfed ,..--.___,., 

microbe being 
digested 

cytoplasm 

lymphocyte- a white blood cell that 
produces antibodies that help our 
bodies fight disease 

5 micrometres 

Figure 3.33 Different types of blood cell (Note: 1 OOO micrometres= 1 mm, a 
micrometre is also written as µrn) 



fil*l'i10. 
· You can make several links to see 

the importance of the di fferent 
things transported in the blood: 
look in Section 2.2 for digested 
food, in Section 2.3 for respiration, 
in Section 4.2 for urea and 
excretion in humans, and in 
Section 4.5 for hormones. 

fii*M10t 
· Make a link between the need for 

iron in the diet and its presence 
in the haemoglobin molecule 
(see Section 2.2). 

3.5 Transport in humans (1) - blood, structures and functions 

Transport in the plasma 
Plasma is the straw-coloured liquid in which our blood cells float. Apart from 
our blood cells, various materials are carried in the plasma and transported 
to different parts of the body. The list below summarises what is carried and 
how: 

• digested food - dissolved or in suspension in the plasma. These nutrients 
are carried from where they are absorbed from the small intestine to the 
cells of the body where they are needed. 

• carbon dioxide - the waste gas from respiration, is transported dissolved 
in the plasma as hydrogencarbonate ions, from respiring tissues to the 
lungs. 

• urea - a waste material from the breakdown of proteins. It is produced in 
the liver and transported to the kidneys for excretion from the body. It is 
carried dissolved in the plasma. 

• hormones - released into the blood plasma from the endocrine organs of 
the body. These act as chemical signals to other tissues and organs in the 
body. 

• heat energy - generated by respiring tissues such as active muscles or the 
brain, is carried by warm plasma to cooler body regions, or to the skin 
wl1ere the heat can be lost. 

Oxygen transport by red blood cells 
Red blood cells get their name from their colour. The colour: of the red 
blood cell is due to the large numbers of haemoglobin molecules found in 
its cytoplasm. Haemoglobin is a protein which is able to bind chemically 
to dissolved oxygen molecules. This binding between the protein and the 
oxygen is easily reversed, so that the haemoglobin readily releases the oxygen 
molecules (Figure 3.34). Because of this reversible binding reaction between 
oxygen and haemoglobin, the red blood cells allow the blood to carry far 
more oxygen than would be possible if the oxygen was simply dissolved in 
the plasma. 

Oxygen diffu&os into the lung capillaries 
and is joined to the haemoglobin molecules 
in the red blood cells, forming oxyhaomoglobin. 

red blood cell in lung capillary 

Oxygen diffuses out of the body copill<lrios, as the 
oxyhaemoglobin releo.ses it from the red blood cells. 
It is used for respiration by the body tissues. 

oxygen 
rod blood coll in body capillary 

Figure 3.34 The diagram shows how haemoglobin binds with oxygen fo form 
oxyhaemoglobin, then releases the oxygen to form haemoglobin again 

The reversible binding reaction between haemoglobin and oxygen allows the 
red blood cells to pick up dissolved oxygen in the capillaries of the lungs. 
Here a lot of dissolved oxygen diffuses into the plasma from the alveoli in 
the lungs. The red blood cells are carried in the blood and can then unload 
their oxygen in another part of C:he body, such as in the capillaries of 



Section 3 Movement of substances in living organisms 

f i"i'i'•O• 
: Look at the differences in the 

structure of arteries, veins and 
capilla ries in Section 3.6 and li st 
the reasons why materials only 
enter or leave the blood in the 
capilla ries. 

f 1uu;10:.t 
· Refer to Section 1.5 and expla in 

how the shape of a red blood cell 
would be affected by osmosis if 
the water content of the blood 
plasma became e ither too high or 
too low. 

respiring tissues. From the capillaries, oxygen diffuses out of the plasma into 
nearby cells, where ic can be used for respiration. 

A red blood cell usually spends a very short time - probably only about a 
second - inside a capillary and during that time it has co load or unload 
its oxygen. The red blood cell has a number of adaptations which ensure 
chat the oxygen diffuses in and out as fast as possible. Here are some of the 
features that help: 
• Biconcave shape - this shape provides a large surface area in relation to 

the cell volume, which gives more opportunity for oxygen to diffose in or 
out. 

• Small and numerous - smaller cells have a larger surface area in relation 
to their volume, in comparison co bigger cells. This allows a faster rate 
of diffusion. The blood carries 5 million of these tiny red blood cells 
per mm3

• Being tiny also helps the red blood cells squeeze through the 
smallest capillaries in the body. 

• No nucleus - the absence of a nucleus provides extra space inside the 
red blood cell for millions of extra haemoglobin molecules. This means 
that the red blood cell can carry extra oqgen, bound to the haemoglobin. 
However, because there is no genetic information in the cell, it means that 
repairs cannot be carried out. So the red blood cell only lives for about a 
month before dying. The dead red blood cells are continually replaced by 
fresh ones made in marrow of the bones. 

Preventing blood loss and the role of platelets 
The blood is forced along the blood vessels under pressure, so any damage to 
the walls of the vessels leads to an immediate loss of blood. When you have 
a cut through your skin, the walls of the blood vessels are ruptured, and the 
blood oozes out onto your skin. 

The blood contains blood platdets, which are small fragments of cells 
produced by the bone marrow. \J\Then blood comes into contact with air, 
the platelets in the blood explode, releasing a number of chemicals. These 
chemicals trigger a series of chemical steps chat cause the conversion of a 
protein in the blood (fibrinogen), into a meshwork ofinterlinked fibrin 
molecules. These fibrin molecules form a seal on the broken wall of the 
blood vessel. This becomes a blood clot and consists of fibrin molecules, 
trapped red blood cells and platelets {Figure 3.35). 

Figure 3.35 Formation of a blood clot 

Fibrin protein molecules form 
a mesh, which traps platele1S 
and red blood cells. This plugs 
the hole In the blood vessel wall, 
preventing further blood loss. 



fil'l'i10t 
: Link this wit h tlhe information about 

mitosis in Section 5.5 and cloning, 
described in Section 7.6. 

3.5 Transport in humans (1) - blood, structures and functions 

The clot provides two important functions: 
• It prevents further loss of blood from the vessels. 
• le prevents the entry of pathogens into the bloodstream. 

Defence of the body by white blood cells 
White blood cells are much less numerous than red blood cells (see 
Figure 3.32). Their role is to provide the body with protection against the 
many infectious diseases that we encounter during our lives, caused by 
path ogens. 

There are a number of different kinds of white blood cell. Each type carries out 
a different role in defending the body (Figure 3.33). Here are two examples: 

• Ph agocytes are white cells chat can directly ingest pathogens. They 
engulf them, drawing them into their cytoplasm. The phagocyte then kills 
and digests the pathogen with enzymes. 

• Lymphocytes are white cells that secrete antibodies into the plasma. 
Each lymphocyte can secrete only one specific type of antibody, which has 
a :shape that fits only one type of pathogen cell wall ( the antigen). Each 
of tl1e millions oflymphocyces in circulation has a single antigen chat its 
antibodies 'fit'. This means that a single lymphocyte provides protection 
only against a single disease. 

Antibodies are proteins. They can attach themselves to tl1e surface of a 
pathogen, at a part known as the antigen. This marks the pathogen for 
destruction. The attachment of an antibody co tl1e pathogen surface triggers 
a number of chemical processes .leading to the inactivation or death of the 
pathogen. 

Antibodies can also make the pathogen cells clump together, which makes it 
easier for phagocytes to engulf chem. 

t/ See the Animation: White blood cells. 

Response to an infectious disease 
A series of events happens when a pathogen, such as a bacterium, enters 
tl1e bloodstream (Figure 3.36). Initially the bacterium thrives in the warm, 
nutrient-rich bloodstream. It grows and divides, and the infected person 
feels the symptoms of the illness. The increasing numbers of pathogenic 
bacteria might attack the body tissues and release poisons ( toxins) into the 
blood. 

After a couple of days, one of the bacteria may bump into a particu.lar 
lymphocyte, which happens to recognise the bacterium as a foreign invader. 
The lymphocyte becomes activated and starts to secrete lots of antibody 
molecules. The lymphocyte also divides many times to form a clone of 
lymphocytes. All members of the clone produce lots of the same antibody 
molecules. 

The activated lymphocytes release millions of antibodies into the 
bloodstream. The antibodies start to attach themselves co the invading 
bacteria, causing their destruction. Phagocytes engulf and digest the dead 
and dying bacteria, eventually removing them from the bloodstream. The 
patient will now have recovered from the disease. 



Section 3 Movement of substances in living organisms 

fiiiuflOI 
· Look at Section 5.5 and make 

list of differences between 
an inherited diisease and an 
infectious disease. 

A person who recovers naturally from a disease carries a large number of 
unused antibodies, specific to that disease, in their blood plasma. They 
also have a large number of lymphocytes that also specifically recognise the 
disease. Lymphocytes that recognise a specific pathogen are called memory 
cells. This combination of large numbers of antibodies and memory cells 
means any further attempted invasion by this pathogen will be dealt with 
immediately. The person has become immune to this disease. 

If the same pathogen enters the blood on a second occasion, there will be an 
immediate response as one of the memory cells is likely to meet it quickly. 
In addition, the response will be even more vigorous, with much larger 
amounts of antibodies being released into the bloodstream. 

lymphocytes in blood with different antibodies on surface 

A ,i;. 

lymphocyte becomes activated and reprod11Jces to 
form a clone of identical lymphocytes (memory cells) 

antibodies secreted by the activated lymphocytes 

~ ,( ( ~ 1~3"''" ol<ho io,adiogp.,hogoo, 

~ ~Yy;-~ t 

Figure 3.36 A summary of the immune response mechanism 

Vaccinations 
If a person's immune response to a pathogen is inadequate, the infection 
might cause serious illness or death. Using a vaccination is one way of safely 
providing protection against an infectious disease. This involves someone 
receiving an injection of harmless pathogen cells in the 'vaccine'. 

The pathogen cells in the vaccine are made harmless by killing them (dead 
vaccine), or at least by making them unable to grow and divide (attenuated 
vaccine). Some modern vaccines just contain fragments of the pathogen cell 
wall, rather than whole cells, but this is enough to provide protection. 

The cells and cell wall fragments in the vaccine are recognised by specific 
lymphocytes in the bloodstream. The lymphocyte becomes activated, 
triggering an immune response, despite the fact that the vaccine itself 
is harmless. The result is that lots of antibodies and specific memory 
cells remain in circulation. This provides immunity to any live harmful 
pathogens, if they attempt to invade the body. 



f1i*N10• 
· Find out which vaccinations are 

now given to ail infants, as a matter 
of routine, and whether this is the 
same in all countries. 

3.5 Transport in humans (1) - blood, structures and functions 

For some diseases (e.g. tetanus), a single vaccination provides immunity for a 
few years. For other diseases (e.g. mumps) the immunity lases a lifetime. 

An in ternational vaccination campaign against smallpox was carried out 
in many countries. By 1977, this eventually led to the global eradication of 
smallpox (which is caused by a virus). No cases are known anywhere in the 
world today, yet in the past, this disease caused the death or disfigurement of 
millions of people. 

In the future it is hoped that vaccination campaigns for other diseases, 
such as polio, H N and malaria, will lead to the eradication of these diseases 
as well. One of the difficulties of achieving this ambition is that these 
pathogens are always changing their cell surfaces so are not recognised by 
lymphocytes. 

V Now work through Tutorial: Vaccines. 

STUDY QUESTIONS 

1 The table lists features of various blood components. Complete the table by 
filling in the missing items in the spaces. (One example has been completed 
for you.) 

Component Description Function 

Antibodies Proteins dissolved in plasma Stick to foreign materials 
and help destroy them 

Lymphocyte Cell with large single nucleus 

Phagocyte 

-- Cell fragments with no nucleus 

Fibrinogen 

Cell packed with haemoglobin 
and lacking a nucleus 

2 Draw a flow chart to show the stages involved in becoming immune to a 
disease as result of being giving a vaccination. Write comments beside 
your flow chart to explain what is happening at each stage. 



Section 3 Movement of substances in living organisms 

bypass 
using a 
vein 

~o® Transport in humans (2) 
heart and blood 

circulation 

left anterior 
descending 

Keeping the heart muscle beating 

When you are asleep or at rest, the most active 
muscle in1 your body is your heart. This muscular 
pump pushes blood into your arteries with every 
beat. The pressure created by these pushes 
causes your blood to flow throughout your body. 

Diseases of the heart are a major problem in 
the populations of the developed world. When 
the coronary artery, which feeds blood to the 
heart muscles, becomes narrowed or blocked, 
heart muscle cells are starved of the oxygen and 
glucose they need and they die. A surgical therapy 
for this problem is coronary bypass surgery - a 
piece of blood vessel from the leg i;s sown onto 
the heart, allowing blood to bypass the blockage 
and feed il:he working heart muscles. The main 

image shows heart surgery in progress, then the top diagram shows a 
normal heart and the bottom diagram shows a heart wiil:h a bypass. 

Some people believe that coronary vessel disease (CVD) is at least 
partly the result of a modern liifestyle as it seems more common in 
more developed countries. What are the factors, including lifestyle 
features, that make people more likely to suffer from CVD? Make a 
list of likely risk factors then consider which may be relevant to you 
and whether you could change your lifestyle in order to reduce this 
risk. 

• The heart 
The human heart is about the size of your clenched fist. It is located in the 
middle of your chest, between your lungs. It beats regularly throughout 
your life. You can feel its beats by pressing a finger against the inside of your 
wrist , at the base of your thumb. With each heart beat, blood is forced into 
your arteries. This stretches their walls to create the pulse you feel in your 
wrist. 

The pressure generated by the heart beat forces blood out in to a network of 
bloo d vessels: 
• T h e a rteries carry blood away from the heart towards the various organs 

in the body. 



3.6 Transport in humans (2) - heart and blood circulation 

• Inside the organs, the capillaries allow substances to enter and leave the 
blood. 

• T he veins eventually bring blood from the organs back co the heart. 

Structure of the heart 
Figure 3.37 shows a vertical section through the heart. You can see that it is 
made up of four chambers - a left and right atrium (plural = atria), and a left 
and right ventricle. Note that the wall of the left ventricle is thicker than that 
of the right ventricle. The arrows show the direction of blood flow through 
the chambers of the heart. The role of the valves is described below. 

aorta 

right atrium 

bicuspid valve 

left ventricle 

Key: 
red arrow = oxygenated 
blood 

blue arrow = deoxygenated 
blood 

Figure 3.37 Vertical section through a heart showing four chambers together with 
relevant blood vessels. The arrows show direction of blood flow. 

t,, Now watch the Video: Dissection of the heart. 

The heart as a pump 
The human heart is a double pump. The right side sends blood to the lungs 
(puhnonary circuit) and the left side sends blood to the rest of the body 
(systemic circuit). This double pump arrangement ensures that blood is forced 
quickly through all parts of the ciirculatory system. The sequence of events 
taking place in the heart is now described. Look at Figure 3.37 to help you 
follow the stages. 

• Blood returning to the heart from the body in the vena cava fills 
the relaxed right atrium, and blood returning from the lungs in the 
pulmonary vein fills the relaxed left atrium. 

• T he heart beat cycle of contraction begins when these two atria contract. 
The right atrium forces blood through the tricuspid valve into the right 
ventricle. The left atrium forces blood through the bicuspid valve into 
the left ventricle. 

• T he ventricles now contract. The right ventricle forces blood out of the 
heart, through a valve, into the pulmonary artery. The pulmonary artery 
carries deoxygenated blood co the lungs. The blood in the left ventricle 
forces blood out of the heart, though a valve, into the aorta. The aorta 
carries oxygenated blood to the rest of the body. 
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fil*ur•o• 
: Make a link with Section 4.5 for 
: more information about hormones. 

4iiijt\'•U• 
· Look at Section 3.2 and suggest 

two expected changes to the 
activity of the lungs during 
exercise. 

fil'l'i10. 
· Look at Section 4.5 and list the 

other changes to the body that 
occur when adrenaline levels rise 
during the fight or flight response. 

4il*M'IOI 
: Check in Section 2.3 to make sure 
: you know the word equations for 
: respiration with and without oxygen 
: being available to the muscles. 

• The valves in the heart ensure that the blood flows from one place to the next 
and never goes backwards. The tricuspid and bicuspid valves prevent blood 
going backwards from the ventricles co the atria. The semilunar valves lie 
near the entrances of the pulmonary artery and aorta. These prevent the 
blood going backwards from the arteries to the ventricles of the heart. (The 
semilunar valves are not labelled on the diagram but their position is shown.) 

After atrial and ventricular contractions, the heart relaxes, gradually filling 
with more blood, before the next heart beat cycle starts. The heart beat 
cycle is measured as the heart rate, in beats per minute {bpm). The heart 
beat is initiated by a small group of cells known as the pacemaker. This lies 
towards the top of the right atrium. The pacemaker is controlled by two 
nerves chat run from the brain. One nerve causes the pacemaker co increase 
the heart race and the other nerve causes it to decrease the heart rate. The 
heart race is also influenced by hormones in the blood, such as adrenaline. 

Exercise, heart rate and supply of oxygen 
At rest, a healthy adult human heart might beat 70 beats per minute (heart 
rate = 70 bpm). This ensures that all the organs of the body are supplied 
with oxygen, glucose and other substances. During physical exercise, the 
muscles of the body have co respire more so that they can provide the energy 
for muscle contraction. More blood is needed to supply up to 20 times more 
oxygen to the working muscles. The blood also supplies sugars and removes 
the waste carbon dioxide and heat produced by the muscles. 

To achieve this increase in oxygen supply to the muscles, the heart rate increases 
up to a maximum rate of around 170 bpm (for a healthy teenager). At this 
increased rate, blood is moved more frequently from muscles to lungs and 
back again. The volume of blood pushed out of the heart with each beat also 
increases. These changes in the activity of the heart are coordinated by the 
nervous system. The hormone adrenaline also stimulates the heart race. This 
hormone is often produced in stressful situations, and helps your body prepare 
for physical action - part of the 'fight or flight' response. 

Once the physical exercise has stopped and the person is resting, the heart 
rate should fall back to the original resting rate. The time taken for this to 
happen (the recovery time) is longer for an unfit person than for a physically 
fit person. A physically fit person will have a lower heart rate and shorter 
recovery time than an unfit person because the heart muscles ( of a fit 
person) push more blood out of the heart with each beat. 

If the exercise is moderate, the supply of oxygen to the muscles might be 
sufficient to meet all of their needs during the activity. This is called 'aerobic' 
activity, because the muscle can respire aerobically. 

For more intense exercise, the oxygen supply cannot meet the demands being 
made. For a short period of time, the working muscles can use anaerobic 
respi ration to generate some energy for movement. This produces lactic acid 
as a waste product and this needs co be removed. Presence of lactic acid in 
the muscles causes the pain people feel in their muscles when exhausted. 
Removal oflactic acid requires oxygen and this must be supplied in the 
blood. This is why, at the end of the exercise, the heart rate may remain higher 
than usual and only gradually falls back to the resting rate. This supply of 
extra oxygen after exercise is referred to as 'paying off the oxygen debt'. 



Using your pulse as a measure of 
heart rate - this is a useful activity 
to let you measure heart rate 
before and after exercise. It helps 
you to understand how the heart 
helps maintain sufficient supplies 
of oxygen and glucose for cells in 
the body. The investigation gives 
a useful opportunity to collect 
together class results and decide 
how to organise these. 

The wrist pulse is found by feeling in the 
groove in the wrist bones a few centimetres 
below the base of the thumb. Each pulse is 
due to the stretching and relaxing of the wall 
of the radial artery, which takes blood to the 
hand. Count the number of pulses in 
1 O seconds and then multiply by 6 to 
calculate the heart rate in beats per minute. 

Figure 3.39 How to find your pulse 

3.6 Transport in humans (2) - heart and blood circulation 

Anot her way the body can further increase the supply of blood to exercising 
muscles is by diverting some blood from organs, such as the liver, intestines 
and kidneys, cowards the active muscles. 

- -----
Figure 3.38 Aerobic exercise (left) and anaerobic exercise (right) 

• Practical activity - investigating the effect of 
exercise on heart rate 

Your pulse gives a measure of your heart beat. You can find your pulse in 
different parts of your body and a convenient place is in your wrist. 

1 Find your wrist pulse, as shown in the diagram. 
2 Si t quietly and count the number of pulses in 10 seconds. Multiply this by 

6 to find your heart rate in beats per minute (60 seconds). 
3 Repeat this three times and calculate a mean value for your heart rate at rest. 
4 Do some vigorous exercise, such as running a lap of a playing field or 

stepping up and down a step once a second continuously for 3 minutes. 
5 As soon as you have finished the exercise, find your pulse and count the 

number of beats in 10 seconds. Wait for 20 seconds, then count your 
pulse again for 10 seconds. 

6 Continue in this way for abot1t 2 minutes. By this time your pulse rate has 
p robably returned to its normal level. 

7 For each count, multiply by 6 to give a value for heart rate in beats per 
minute. Plot a graph of these hea.rt rates against the time after stopping 
the exercise. 

When you have obtained your own results, you can gather together class 
results and see the range of times for recovery for different people. Then look 
at the overall patterns and link these to the idea of fitness and recovery time. 

The blood vessels 
Blood is propelled around the body inside a closed system of pipes - the 
blood vessels (see Table 3.2). A single sheet of cells forms the inner lining of 
all the vessels. A similar sheet of cells forms the thin walls of the smallest 
ones, the capillaries. Substances such as oxygen diffuse through these thin 
capil lary walls to reach the cells of tl1e body. 

The .structure of the biggest vessels enables them to carry out their fi.mction. 
Ar teries carry blood away from the heart under high pressttre and velocity, 
whe£'eas veins carry blood back towards the heart under low pressure and 
velocity. The arteries branch into smaller vessels called arterioles . The veins 
branch into smaller vessels called ven ules. 
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The capillaries are very small vessels linking the arterioles and the venules. 
They branch many rimes and lie in the tissues of the body, amongst the cells. 
They have a very small diameter and their walls are chin. le is here that diffosion 
of substances occurs, between the blood and the fluid that surrounds the cells. 

The veins contain regular pocket valves to ensure that blood does not go 
backwards in them. Sometimes the pressure of body muscles presses on the 
thin-walled veins and helps to propel the blood in the veins onwards towards 
the heart. 

Key features of the different types of blood vessels are summarised in Table 3.2. 

Table 3.2 A summary of key features of blood vessels 

Blood vessel 

thick artery wall containing elastic fibres and 
muscle cells 

smooth Ii ning promotes fast flow of blood 
through narrow lumen of artery 

thin vein wall containing no muscle fibres 

large lumen reduces 
---J>J"-- resistance to flow of 

blood under low 
pressure 

single layer of cells form wall of capillary 

·:1 
substances diffuse 
across capillary 
wall into and out 
of plasma 

red blood cells squ:eeze through blood vessel 
in single file 

Function 

Arteries carry blood away from the heart, at high speed under high pressure. The 
pressure fluctuates as the heart pushes and then relaxes. The arteries branch into 
a network of smaller vessels called arterioles. 

The diameter of the arterioles can vary by the action of muscle fibres in their walls. 
This can be used to adjust the pressure in the circulatory system, as well as to 
divert blood from one organ to a different organ. The arterioles branch into the 
capillaries, by which stage the blood is moving slowly and under lower pressure. 

Veins carry the blood that leaves the cap ii laries (inside the tissu:es and organs) 
back towards the heart. The blood in the veins begins to move faster than inside 
the capillaries, but it is under low pressure because there is no pump to keep it 
moving. 
The veins have thinner walls than arteries, and lack any muscle or fibres. They also 
contain pocket valves that prevent the blood being forced backwards in the wrong 
direction. 

Capillaries are found in the tissues of the body. Indeed, every single eel I in a 
tissue is close to a capillary. The smallest capillaries are so narrow that red blood 
eel Is have to pass through them slowly in single file. 

The walls of the capillaries are only one cell thick. This means that diffusion of 
gases and other substances ca.n take place through the thin capillary wall, 
between the plasma and the fluid surrounding the cells of the tissues of the body. 



fii'l'i10t 
: Examine the plan of circulation 
: and structure of the left and 
: right ventricles, and suggest an 
: explanation for the difference in 
: thickness of the muscle walls. 

fii'N'IOt 
: Link the events in the lungs with 
: Section 3.2 and how a red blood 

cell loads and unloads its oxygen 
: (in Section 3.5). 

pulmonary artery 

vena cava 

hepatic vein 

3.6 Transport in humans (2) - heart and blood circulation 

Blood circulation 
On the simplified plan of the circLtlation (Figure 3.40), you can see that all 
the blood arriving at the righ t side of the heart is deoxygen.ated . This is 
because it has given up its oxygen co respiring cells in the muscles 
and organs, such as the liver, intestines and kidneys. This blood from the 
right-hand side of the heart is then pumped to the lungs in the pulmonary 
artery. 

In the lung capillaries, the blood gets rid of its carbon dioxide and picks up 
fresh oxygen and becomes oxygenated. Then the oxygenated blood returns 
to the left side of the heart in the pulmonary vein. From here the oxygenated 
blood is pumped via the aorta to the cells in the rest of the body, where it 
provides oxygen for respiration. 

lungs 

rig:ht side 
of heart 

liver 

kidney 

left side 
of heart 

) 
deoxygenated blood 

) 
oxygenat ed blood 

I hepat ic artery I 

renal artery 

Figure 3.40 A simplified representation of the human circulation system 

In addition to the network of blood vessels throughout the body, there is a 
network oflymphatic vessels. The fluid that inevitably leaks out of the chin 
walled capillaries is collected by the lymphatic vessels and eventually drains 
back into the bloodstream. 
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• Practical activity - finger-clicking activity 
This finger-clicking activity 

emphasises the role of the heart in 
pumping the blood to all parts of 
the body and gives useful support 
to your understanding of blood 
circulation. 

This practical activity demonstrates the effects of arm position on the 
muscle activity of the forearm muscles. You can link this to how the blood 
circulation is maintained throughout the body. 

1 Raise your arm, as shown in the diagram, and count the number of times 
you can click your fingers over a period of two minutes. 

2 Repeat this finger-clicking activity but with your arm lowered. 

(mn;::=!-- In the raised hand, the 
blood circulates less 
effectively as It ls well 
above the heart, which 
pumps blood to the 
organ. 

The muscles that are used co click the fingers are located in the forearm. 
When your arm is raised above your head, the blood circulates less effectively 
as it is well above the heart, which pumps blood co the muscles. 

When your hand is lowered (beside your body) the blood circulates more 
effectively as it is well below the heart, which pumps blood to the muscles. 
When the arm is lowered, the supply of oxygen to the muscles in the forearm 
should be better than when the arm is in the raised position, so you would 
expect to do more fi nger clicks in the time. 

In the towered hand, the 
blood circulates more 
effectively as It Is well 
below the heart, which 
pumps blood to the 
organ. 

Figure 3.41 Finger cl icking - investigating 
circulation and muscle activity 

STUDY QUESTIONS 

1 In some sports, the athlete needs to produce an 
explosive burst of muscle power in a very short 

period of time, whilst other sports require a sustained 
application of power over a long period of time. For 
example, an elite 100-metre sprinter finishes the 
race in under 10 seconds, whereas an elite marathon 

runner has to run for over 2 hours. These two sports 
are opposite extremes, one involving almost purely 
anaerobic respiration by the leg muscles, and the 
other purely aerobic respiration in the leg muscles. 
a) Draw a horizontal line with the word anaerobic at 

one end and aerobic at the other end. Then write 
down the different sports listed in the box below, 
and arrange them at various points along the line 
to indicate the extent to which they are aerobic or 
anaerobic activities. 

200 -metre run; tennis; basketball ; hill walking; 
skiing; weight lifting; judo; foot ball; 1 OOO-metre 
run; frisbee 

b) Choose three of the sports listed above and 
describe what changes you would expect to see in 
the heart rate of a participant during the sporting 
activity and immediately after. 

2 Study Figure 3.41 and decide which blood vessels 

have the properties listed. 

Property Blood vessel 

Lowest C02 concentration 

Lowest oxygen concentration 

Highest absorbed nutrients concentration 

Blood at the highest pressure 

Blood at the lowest pressure 



Summary 

Summary 
V Make sure you can answer all the questions in the interactive quiz. 

I am confident that: 

./ I know which gases are used and produced by 
photosynthesis and respiration in flowering plants. 

./ I understand why and how the net exchange of 
carbon dioxide and oxygen differs during the day 
and at night in flowering plants. 

./ I can describe the structure of a leaf and explain 
how it is ada:pted for gas exchange and how the 
stomata ope:n or close. 

./ I can describe experiments with hydrogencarbonate 
indicator that can be used to investigate the 
effect of light on net gas exchange in a leaf . 

./ I can describe (and draw a diagram to show) the 
structure of the thorax with lungs, including their 
internal structure. 

./ I know that ventilation of the lungs occurs as a 
result of pressure changes in the thorax and that 
the intercostal muscles and diaphragm muscle 
contract to bring about a change in volume. 

./ I know the importance of the large surface area 
of the alveoli for gas exchange and can describe 
and explain other features that allow diffusion 
between air iin the alveoli and the blood in the 
capillaries. 

./ I can describe how smoking causes damage to 
the lungs and I am aware of the biological 
consequences that result. 

./ I can describe an experiment to investigate the 
effect of exercise on breathing rate in humans. 

./ I understand why diffusion is appropriate for 
movement of substances into and out of 
single-celled organisms but not for larger 
multicellular organisms. 

./ I understand the need for transport systems in 
larger multicellular organisms and can, give some 
examples to illustrate this. 

./ I know that sucrose and amino acids are 
transported in phloem and can describe where 
the phloem is found in a flowering plant. 

./ I know how water enters a plant through the root 
hair cells in a flowering plant. 

./ I understand how xylem transports water from 
the root to the leaves and mineral iions from the 
roots to other parts of the plant. 

./ I know the meaning of the term transpiration and 
the importance of transpiration in the movement 
of water through a plant. 

./ I can describe experiments that can be used to 
investigate the how environmental factors (including 
humidity, wind speed, temperature and light 
intensity) affect transpiration and ca1n explain how 
these factors affect transpiration from a leafy shoot. 

./ I can describe features of red and white blood 
cells, platelets and the plasma and understand 
their different roles in the blood, including the 
transport of materials. 

./ I can describe how red blood cells are adapted 
for the transport of oxygen. 

./ I can describe the part played by white blood 
cells in the response of the human body to 
disease and entry of pathogens. 

./ I understand how vaccination can help to provide 
protection against infection in the body. 

./ I can describe how platelets contribute to 
clotting of the blood and the sequence of events 
that helps prevent loss of blood and entry of 
microorganisms after a cut. 

./ I can describe (and draw a diagram to show) the 
structure of the heart and know the route taken 
by the blood as it passes through the series of 
chambers and blood vessels. 
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.I I understand how the heart pumps blood to the 
lungs and the rest of the body and understand 
that heart rate can change in response to 
exercise and the hormone adrenaline. 

.I I can describe (and draw diagrams to show) 
features of arteries, veins and capillaries and 
understand how each type of blood vessel 

contributes to the circulation of blood in the body 
and exchange of materials between cells and the 
blood. 

./ 1 can describe (and draw a diagram to show) the 
overall plan of the circulation of blood in the body, 
including its route through the heart, lungs, liver 
and kidneys. 

Exam-style questions 
1 A student was provided with a carbon dioxide sensor 

that measures the concentration of carbon dioxide in 
the surrounding air. This can be linked to a computer 
so that the readings are recorded directly and plotted as 
a graph of carbon dioxide concentration against time. 

He set up an experiment as shown in the diagram and 
watched the computer screen on the table beside him. 

datalogger records the 
002 concentration of the 
air trapped with the leaf In 
the plastic bag 

----------·'-~ 

graph of data, plotting 
002 concentration 
against time 

C02 sensor detects the concentration 
of the gas Inside the sealed plastic bag 

leaf sealed In the plastic 
bag with the C02 sensor 
which ex,changes the 
gases with the air In the 
bag, via the stomata on 
Its underside 

ziplock plastic bag is 
carefully sealed so that 
the air in the bag Is 
isolated from the 
atmosphere 

a) The computer graph shows that the level of 
carbon dioxide inside the bag is falling. Explain 
why this occurs. [2] 

b) The student then opened up the bag and placed two 
snails inside with the leaf, and closed the bag again. 

i) Draw a graph of his expected results with 
theleaf and the snails together. [1] 

ii) Explain rhe results shown by the graph 
you have drawn. [2] 

c) i) Describe how he could modify this 
experiment to show how light of different 
intensity affects the carbon dioxide 
concentration around the leaf [4] 

ii) Give on e limitation of using this set up for 
his experiment with light intensity and 
suggest how it could be improved. [2] 

[Total = 11] 

2 The diagram shows part of the human body witl1 the 
lungs and some internal structures of the lungs. 

) 

---- mouth 

'&'r-~~~- bronchi 

" ~';-- bronchioles 

\ 
I 

\J 
Describe the route taken by a molecule of carbon 
dioxide in the blood in the pulmonary artery tmtil 
it is breathed out into the air. In your description, 
explain the mechanism by which the carbon 
dioxide molecule moves from the blood and is 
exhaled from the body. Use information in the 
diagram to help you. [6] 

[Total = 6] 



3 a) i) Name the part of a flowering plant that 
transports water up the stem from the 
roots to the leaves. [ l] 

ii) Explain why it is necessary for a flowering 
plant (such as a bean) to have a transport 
system, but the protoctist Chlorella does not. [3] 

b) As part of cheir gas exchange system, insects 
have strucmres called trachea inside them. These 
trachea are cubes, strengthened with a substance 
called chitin. They connect directly with the air 
outside and branch into finer tubes that lie close 
to the cells throughout the insect's body. Suggest 
why insects are all relatively small. [2] 

[Total= 6] 

4 The table lists some exchange surfaces, found in 
flowering plants or humans. The exchange surfaces 
allow passage of molecules through them. 

Copy the table. For each exchange surface, give the 
location of the structure, the molecules that pass 
through it and the direction of movement of the 
molecules. Write your answers in the cable. For some 
structures there may be more than one answer, shown 
as 1 and 2. Some boxes have been completed for you. 

Direction of 
Structure Location Molecules movement 

villus (villi) small named digested 
intestine food (e.g. glucose, 

amino acids) 

mesophyll cells leaf oxygen 
(in the light) 

mesophyll cells leaf carbon dioxide 
(in the dark) 

alveolus 1 1 
(alveoli) 2 2 
root hair cells 

[Total = 11] 

5 Some students investigated water loss by 
transpiration from leaves. They collected six leaves of 
sin1ilar size (A, B, C, D, E and F) from a tree. 

Each leaf was .smeared with vaseline (a grease), as 
shown in the table, then weighed. The leaves were 
then strung on a piece of cotton thread. 

A B
1 

C D E 

Exam-style questions 

The leaves were left for 6 hours in a laboratory at room 
temperature, then weighed again. The loss in mass was 
calculated and expressed as a percentage. The students 
assumed that the water had been lost by transpiration. 

a) The table shows the treatment given to each 
leaf and the mass at the start and after 6 hours. 
Calculate the missing values for the percentage 
loss in mass of the leaves. Two have been done 
for you. [3] 

Massing Percentage 
change in 

Leaf Treatment at start after 6 hours mass 

A 

B 

C 

D 

E 

F 

upper surface 1.5 0.6 - 60% 
smeared with 
vaseline 

upper surface 2.2 0.8 
smeared with 
vaseline 

lower surface 2.0 1.9 
smeared with 
vaseline 

lower surface 1.9 1.7 -9% 
smeared with 
vaseline 

both surfaces 2.7 2.7 
smeared with 
vaseline 

both surfaces 2.6 2.6 
smeared with 
vaseline 

b) i) Using your knowledge ofleaf structure 
and of transpiration, explain these results. [3] 

ii) Suggest why two leaves were used for each 
treatment. [ l] 

c) What differences would you expect if the whole 
experiment had been carried out ac night ( or in a 
dark room) rather than during the day? Explain 
your answer. [3] 

[Total= 10] 

6 As part of a routine health check, a sample of blood 
is often ta.ken from a person and the number of red 
blood cells and white blood cells are counted. 

Numbers change under different circumstances, 
but in a healthy adult, the number of red blood cells 
is about 5 million per microlitre (µl) of blood. The 
number of white blood cells is about 5000 cells per µI. 

a) i) If you examine a drop of blood under a 
microscope, which type of blood cell 
would there be more of? [1] 
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7 The graph shows the heart rate of a running athlete ii) Draw a labelled diagram of a white blood 
cell. [3] before, du ring and after a race. 

iii) Give two features of a red blood cell and 
explain how each feature helps the red 
blood cell to carry out its function. 

iv) Suggest why a check of red blood cell 
numbers is made before a person gives 
blood as a blood donor. 

[4] 

[1] 

b) Occasionally the nwuber of white blood cells rises 
sharply for a few days. Suggest why this rise in 
numbers may occur. [2] 

c) Some athletes use an illegal process known as 
blood doping, as a way of boosting the number 
of red blood cells in the bloodstream. Blood 
doping involves removing some of their own 
blood and storing it for several weeks. During 
this time, the body generates new red blood cells 
and replaces those that are lost. Just before a big 
competition, the blood is transfused back into 
their own body. 

Suggest why athletes believe that blood doping 
could improve their performance in an athletic 
event. [3] 

[Total = 14] 

heart rate 
in lbpm 

rest exercise rest 

time in minutes 

a) Give the word equation that summarises 
aerobic respiration. [2] 

b) i) Describe the changes in the heart rate of 
the athlete during the race. [2] 

ii) Exp lain the reasons for the changes in 
heart rate during exercise. [3] 

iii) Suggest why the heart rate does not 
immediately return to the resting rate 
at t he end of the race. [2] 

c) Draw a line on the graph to indicate the likely 
changes in heart rate that you would predict 
for a fitter athlete taking part in the same race 
and who finished at the same time as the first 
athlete. [2] 

[Total = 11] 



EXTEND AND CHALLENGE 

1 International trade in timber has contributed to the 
introduction of pests into one country from another. 
Outbreaks of disease can occur when imported 
timber is carrying spores of fungi or bacteria, which 
then attack the native trees in a region. Often insect 
pests are brought in with the timber and these may 

also carry the spores from one tree to another. 

Reported cases 

• 2001 
o 2002 
• 2003 
o 2004 
• 2005 

. . -. :. -·. .. • • 
• • • • • • 0 -:-. ... . . 

• ,• oJ J S , , :· .. ,,. .... . 
• V'., •o• • 

• • • ~ ,11 \ 1lt ~ . . . 
• Ji · ~ ·Q •.,.~ ,,,,., ,·· ..... -:-. . 

Map shows geographical location of Horse 
Chestnut Bleeding Cankers in the UK, reported 
to Forest Research Disease Diagnosis Advisory 
Service. 

Extend and challenge 

Dutch Elm disease kil led almost every elm tree in the 
UK in the 1970s. Now, in the early twenty-first century, 
another disease known as Bleeding Canker disease is 

spreading across the UK, killing horse chestnut trees. 

Both these diseases involve the growth of 
microorganisms (fungi and bacteria) within the xylem 

vessels. A tree can survive for a year or two if only a 
portion of the xylem vessels is blocked, but once the 
whole ring of xylem is blocked the tree rapidly dies. 
a) i) What is the function of the xylem vessels in a 

plant? 
i i) How does the structure of xylem vessels make 

them adapted for their role in the plant? 
i i i) lf the xylem vessels become blocked, explain 

why this would lead to the death of the tree. 
b) The functional xylem vessels of a tree are located 

just under the bark. The vessels deeper in the tree 
provide important support for the tree and it is this 

part tlhat is used as 'timber'. What feature of xylem 
make·s it so strong? 

c) Why do you think imported insect pests are more 
effective in spreading disease from tree to tree, 
compared with 'local' insect pests? (Think about 
food chains and food webs.) 

d) Find out about any control measures currently 

being used to limit the damage being caused by 
one of the diseases given in the passage. 

e) List s,ome uses of timber, then find out more 

about different types of timber. Summarise your 
findings in a table. You can start by finding out 
about 'hardwood' and 'softwood', then include 
information on: 

• the type of tree each timber comes from 
• where the tree is grown 
• the particular properties (value) of certain trees 
• what the timber is used for. 

f) Suggest some reasons why there ls international 

trade in timber. 

(continued) 
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2 When fresh blood is spun in a centrifuge tube, 
the blood cells (erythrocytes) are precipitated to 
the bottom of the tube, as shown in the diagram. 
The red blood cells pack down first, with a thin 
layer of white blood cells (leucocytes) on top. 
Above this is the straw-coloured plasma. 

~ 

]

- plasma 

leucocytes 
~ - ~ ]=--and platelets 

- erythrocytes 

The proportion of the blood composed of red blood 
cells is called the haematocrit and varies from 40% to 
500/o in different individuals. People with a 
haematocrit below 350/o are described as suffering 
from anaemia People suffering from anaemia often 
have symptoms including excessive physical tiredness. 
One treatment for anaemia involves being given 
an injection of a hormone (EPO), which stimulates 
extra red cell production from the bone marrow. This 

hormone is normally produced when the brain senses 
lower oxygen levels in the blood. 
a) Suggest why anaemia would be expected to give 

the symptoms described. 
b) International athletes often train at high altitude 

locations in the weeks leading up to an important 
competition. Others might sleep in a special low 
oxygen chamber that simulates high altitude. 
Explain the reasons behind these decisions. 

c) Mountain cl imbers who are intending to climb on 

the highest peaks usually take several days to 
walk up to the base of the mountain, rather than 

simply taking a helicopter flight to a base camp. 
Explain the reasons behind this decision. 

d) If an athlete has an (illegal) injection of EPO, their 
haematocrit will rise to as much as 600/o over the 
next few days. This puts a lot of strain on their 

heart. What pressures might cause an athlete to 
take such a risk? 

3 As you get older, the condition of your coronary 
artery wall deteriorates, as fatty deposits (atheromas) 

begin to build up in the walls of the vessels. High 
concentrations of some dietary components, such as 
saturated fats and cholesterol, speed up the 

formation of atheromas. The levels of these 
substances in the bloodstream are influenced partly 
by the genes you inherit, and also by your diet. Other 
aspects o f your lifestyle, such as taking part 
regular physical activity, or smoking, affect the rate of 
atheroma formation in the coronary arteries. 

If an atheroma builds up too much, there is an 
increased risk that the blood squeezing past the 

restriction wi ll form a clot, completely b locking the 
vessel (a coronary thrombosis). The heart muscle 

cells 'downstream' of the blockage no longer receive 
blood and begin to die. If a large proportion of the 
heart muscle is affected, the whole heart may stop 

pumping (fibrillation) and death occurs. 

An early treatment for a person suffering from a 
fibrillating heart (heart attack) involves an injection 
of clot-busting drugs. Once they are stabilised, 
the person may then be given surgery in which a 
rigid cylinder (stent) is inserted into the narrowed 
blood vessel in order to widen it permanently. 

A lternatively, the patient may have heartbypass 
surgery as described at the start of Section 3.6 
(page 108). 

Use this book and other sources of information to 

write an informative illustrated leaflet concerning 
coronary· vessel disease (CVD). It should explain to a 
non-expert: 

• the different possible factors leading to heart 
attacks 

• how ai blood clot develops in a coronary vessel 
• how your personal risk of developing CVD can be 

reduced 
• how stents and by-pass surgery help in the 

treatment of CVD. 

Some hospitals have refused to treat patients for 

CVD if they refuse to give up smoking as part 
of their therapy. Do you agree with this decision 
by the hospitals? Explain the reasons for your 
answer. 



Coordination 
and control 

How do we know what is going on 
around us and how do we respond 
to our surroundings? How do 

processes inside the body work 
together rather than at random? And 
how do plants respond to changes in 
their surroundings? 

Receiving signals and responding 
Scatter a handful of corn amo·ng some backyard chickens. 
Immediately you hear clucking as they burst into activity, pecking this 
way and that, clustering around the corn. Yet more chickens arrive to 
join the group and more clucking until the corn is eaten. 

A flash of lightning and the loud noise of thunder ... a familiar 
forewarning of a thunderstorm. Both the flash and the crashing noise 
woUtld probably startle us and alert us to a possible danger. 

A gr,oup of leaves on a tree - not jumbled in any direction but forming 
a neat mosaic all facing outwards in a way that captures as much 
sunllight as possible for the tree. 

So what stimulates and controls the sequence of behaviour shown 
by the chickens? Why does the first chicken alert the others, rather 
than just eating all the corn that it finds? What coordinates the series 
of activities described? How do we receive the signals of lightning 
and thunder and what are the controls inside the body that trigger 
any responses? What advantage is it for the leaves to have the 
arrangement shown in the photograph? What are the in1ternal events 
that make this occur? 

This section deals with coordination and control - another essential 
characteristic that is special to living organisms. While artificial machines 
can go a long way, none can achieve what living organisms can. 

U Review the learning outcomes you should aim to achieve as you work through this section. 



Section 4 Coordination and control 

Excretion in flowering 
plants 
Do plants need to get rid of metabolic waste? 
A fundamental difference between flowering plants and animals is that 
plants synthesise the materials that they require to make up their tissues, 
whe;reas animals take in food containing large molecules, which they 
assimilate in different ways into their body. Plants use simple substances 
(carbon dioxide, water, and certain mineral ions) to synthesise large 
complex molecules, including carbohydrates, proteins, fats and oils. 
Animals break these down again into smaller units before building them 
up again into the particular mol'.ecules that make up their tissues. 

Excretion is defined as the process that eliminates waste material 
from metabolic reactions in an organism. But do plants produce waste 
metabolic materials or do they just synthesise what they need? Are 
any ·Of the products of reactiorns in plants so toxic that tlhey need to be 
eliminated? 

Let's look at what goes into and out of a plant, when these exchanges 
take place and whether they fit the definition of excretion. 

night day 

~ 
J carbon dioxide !•-----------• ....----- ~ 

-------------1 carbon dioxide j respiration of tissues continues day 
and night, but at night, when there is 
no photosynthesis, the plant excretes 
C02 to the atmosphere 

.___o_xy_g_en _ __,!---------· · ·· 
used by the tissues for 
aerobic respiration 

J water vapour !4-------·' 
transpiration of water 
occurs from the surfaces 
of the plant above ground 

,,' 
, 

water is drawn into the 
plant roots to replace the 
water lost by transpiration 

~--w_a_te_r __ ~- - ----- -
- •,: .... , 

' ' ............ 

~ 

photosynthesis uses the C02 inside 
and outside the, leaf 

,,,-----"'! ... __ o_xy_. _g_e_n _ _. 

I 

' • \ 

' ' 

more 0 2 is produced by 
photosynthesis than is used in 
respiration, so that the plant 
excretes 0 2 to the atmosphere 

',, _____ +J water vapour I 
transpiration occurs from the surfaces 
of the plant, especially from the open 
leaf stomata 

, _. __ -- - - - ~L __ w_a_te_r _ __, 

water is drawn into the plant roots 
and replaces the water lost by 
transpiration 

J mineral ions !------------- ·-----------i mineral ions I 
absorbed from soil water ------------ absorbed from soil water by 
by diffusion and active diffusion and active transport 
transport fallen leaves can be used to remove 

waste chemical substances from the 
plant 



STUDY QUESTION 

4.1 Excretion in flowering plants 

Waste materials from metabolic reactions in plants 
The diagram on the previous page summarises the processes that lead to 
excretion in plants. It shows what goes into a plant and what comes out -
sometimes, but not always, these materials are involved in metabolic reactions. 
You can see that the 'waste' excreted by the leaves of a plant depends on whether 
or not they are exposed to light. The stomata are very important structures for 
these materials passing into and out of a leaf. Whether the stomata are open 
or closed also depends on light intensity. In the diagram, movement of the 
gases shown is by diffusion, so excretion in plants cannot be described as active 
elimination of materials. We look at each process in a little more detail below. 

As with all living things, leaf tissues respire all d1e time, using m.'Ygen 
and producing carbon dioxide as a waste product. However, during the 
day, when there is sufficient light, the quantity of carbon dioxide used in 
photosynthesis far exceeds the quantity produced in respiration. At the same 
time, the quantity of o>-'Ygen generated as a waste product of photosynthesis 
far exceeds the quantity used in respiration. The nee effect during the day 
is that excess oxygen is excreted t hrough the stomata. At night, respiration 
uses oxygen and produces carbon dioxide. The net effect during the night is 
d1at some carbon dioxide is excreted. 

So oxygen and carbon dioxide can both be waste products in the same plant 
organ. But they can also both be substances involved in metabolic reactions that 
rake place in the leaf cells of the plant. It all depends on the intensity oflight. 

The water vapour lost by transpiration is mostly a result of the transpiration 
scream pulling water through the plant. Very little, if any, represents 
metabolic water from respiration in cells. 

The diagram also shows leaves falling from the tree. Some substances are 
broken down in plant cells and these may produce chemical substances char 
are not required by the plant and which cannot be converted into another 
useful compound. So these are waste materials. Such unwanted products 
can be stored in dying tissues, s uch as leaves in the autumn. The wonderful 
colours often seen in leaves during the autumn are mostly the result of the 
waste chemical substances that they contain. 

1 Use this question as an opportunity to make links to the 
other parts of the book that give more details of each 
of the processes shown in the diagram of tlhe tree. This 
should help you to understand these processes in the 

context of excretion in a flowering plant 

• water vapour out of leaf by transpiration 
(Section 3.4) 

• carbon dioxide from respiration out of leaf 
(Sections 2.3 and 3.1) 

• carbon dioxide into a leaf and used in 
photosynthesis (Section 2.1) Work your way around the tree and for each molecule 

(or ion) shown, find out how it moves in or out of the 
plant Use the list below to help you (working around 
the diagram clockwise from bottom left). S1Ummarise 
your information in a table. References to the relevant 
sections are given in brackets. 
• mineral salts (ions) into root (Section 3.4) 
• water into root (Section 3.4) 

• oxygen from photosynthesis going out of a leaf 
(Section 2.1) 

You can also make links to diffusion (Section 1.5) 
and how stomata open and close (Sections 3.1 
and 3.4). 
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~o~ Excretion in humans 
Different ways of getting rid of waste materials 
Red flour beetles never drink. They live, as their name suggests, in dry 
flour, so they never have access to liquid water. Their food is dry, so 
the only water they get comes from cellular respiration. Remember, in 
respiration, glucose is broken down into carbon dioxide and water. 

Many insects with such a limited supply of water cannot afford to 
make urine to get rid of (excrete) waste products, such as urea. 
Instead, they convert urea to i1nsoluble uric acid and store up this 
was:te inside their bodies. By the end of its life, 100/o of the body mass 
of a11 insect may be made up of this waste uric acid. 

Similarly, a growing chick embryo cannot step outside its egg to 
urinate. So it also converts urea to uric acid and stores it in a special 
sac (the allantois) in part of the egg. This waste is left behind when 
the chick eventually hatches. In fact, adult birds also get rid of their 
waste as uric acid - they excrete it as a paste and the u,ric acid gives 
it a white appearance. 

So what about humans? What do we produce as waste materials? 
How do we get rid of waste materials and which organs of the body 
are iinvolved in excretion? 

• What is excretion? 
Excretion is defined as the removal of waste products from the m etabolic 
reactions of the body. Metabolic reactions are che many chemical reactions that 
take place inside the cells ofliving organisms. Many of these metabolic reactions 
produce waste products that are not required by the cells (and may even be toxic 
if allowed to accumulate). Excretio n should not be confused with egestion, 
which is the expulsion of food that has never been absorbed into the body cells. 
This material is known as feces and is egested from the anus. 

The metabolic wastes produced by the body include: 
• carb on dioxide and water produced by the aerobic respiration of sugars 

in cells 
• urea produced by the liver when it breaks down amino acids (which in 

turn have come from proteins that are no longer required in the body) 
• various other substances, including excess minerals absorbed from the 

diet (such as sodium) and medical drugs (such as antibiotics). 

Waste materials must be removed from the body for various reasons. For 
example, the concentration of waste in the body fluids becomes toxic, the 
accumulation of waste makes the body fluids too concentrated, or too much 
space is taken up by the wastes. 

The main routes for metabolic wastes to leave the body are: 
• the lungs - for excretion of carbon dioxide and water 
• the skin - for excretion of water and excess mineral ions, .such as sodium 
• the kidneys - for excretion of water, urea, mineral ions and some od1er 

substances. 



4il*l'i10t 
: Make a link to Section 3.6 
: (circulation of the blood). 

Look at Section 5.3 (reproduction 
in humans) - and notice the 
relationship of the urethra with the 
reproductive organs in males and 
females. 

Make sure you get the spelling 
right for three rather similar words: 
ureter and urethra (linked to the 
kidney) and uterus (part of the 

: female reproduction system). 

4.2 Excretion in humans 

You can find derails of the role of the lungs in excretion in Section 3.2, and the 
role of the skin in swearing (as pan of thermoregularion) is covered in Section 4.3 

• The kidneys as excretory organs 
One third of the blood pumped our of your heart into your aorta eventually 
goes to your two kidneys. The kidneys carry out several important functions 
that keep us healthy. The kidneys remove waste materials, such as urea 
from the blood and keep the water content of the bloodstream constant 
( osmoregulation). 

Each kidney is attached to the dorsal wall of the abdominal cavity. The 
urine produced is carried in the ureters to the bladder, and from the 
bladder to outside the body in the urethra. The bladder is a muscular sac, 
which can expand to store urine produced and can hold it for several hours. 
Eventually the bladder becomes full and its muscular walls squeeze the 
contents. When you relax the circle of sphincter muscles at the exit of the 
bladder, the urine is forced down the urethra and the bladder empties co 
the outside. Figure 4.1 shov,•s these structures as well as the blood vessels 
entering the kidney (the renal artery from the aorta) and leaving the 
kidney (the renal vein into the vena cava). 

aorta 
renal vein - carries blood back 
to vena cava, which takes it back to the heart 

renal artery - carries blood with waste 
from aorta to the kidney 

ureter - carries the urine produced by the 
nephrons in the kidney, to the bladder for 
temporary storage 

bladder - stores urine until it is released from the body 

--....___ urethra- carries the urine from the bladder to outside 
the body 

Figure 4.1 Kidneys, bladder and related blood vessels 

How the kidney removes urea from the blood 
Inside each kidney, the renal artery branches into smaller arteries, each of 
which leads to a knot of capillaries called a glomerulus. These glomerular 
capil laries sit inside a cup-shaped structure, known as the Bowman's 
capsule. This is a double-walled structure that leads into a tube, known as 
the kidney tubule. The whole structure is called a nephron (Figure 4.2). 



Section 4 Coordination and control 

fii*l'i*IOt 
· Look at Section 3.5 and make a 

li st of reasons why capillaries are 
not good at keeping fluid under 
high pressure ins ide them. 

f1uu;10• 
· To help you remember the names 

of the tubules proximal= near 
distal= distance or far away 

4il*M10• 
· Look at Section 1.5 and find out 

why the reabsorption of g lucose 
must involve active transport, rather 
than diffusion. 

There are millions of these nephrons, making up the bulk of the structure 
of the kidney. Leaving a Bowman's capsule, the tubule coils many times (the 
proximal convoluted tubule), then there is an uncoiled U-shaped portion 
(the Loop of Henle), which leads into a second coiled portion (the distal 
convoluted tubule). This passes into a collecting duct, which links with other 
tubules, then passes to the bladder. Figure 4.2 shows these structures for a 
single kidney tubule. You can also see how the branches from the renal artery 
wrap around the kidney tubule, before joining up to form the renal vein. 

proximal 
convoluted 
tubule - all 

glomerular capillaries 

glucose reabsorbed 
Into blood 

key : 
.... ,. shows movement of 

materials between the 
tubule and blood 

distal convoluted tubule - water and 
some mineral Ions reabsorbed into the blood 

v 

~ 
collecting duct- shared 
with other nephrons
passes the urine to the 
centre of the kidney. 
If the hormone ADH Is 
present In the blood, more 
water Is reabsorbed from 
the duict Into the blood, 
and tine volume of urine 
Is reduced 

capllllarles to centre of kidney 

Figure 4.2 A kidney tubule (nephron) showing how materials in the blood are processed 
and how urine is produced 

The pressure of the blood is high in the renal artery as it enters the 
glomerular capillaries. This high pressure is partly because the diameter 
of the blood vessels leaving the glomerulus is smaller than the diameter of 
blood vessels entering the glomerulus. This high pressure forces a lot of 
water, as well as some smaller molecules (such as urea, mineral ions and 
glucose), out of the capillaries into tl1e cup-shaped Bowman's capsule. 
Larg·er components of the blood (such as red blood cells and proteins) are 
too big to pass out of the capillaries and they remain in the blood. The 
filtration process that occurs here is described as ultrafiltration. Only water 
and small molecules leave the blood and this forms the glomerular fi.ltra.te 
in the Bowman's capsule. This is the first step in the formation of urine. 

The filtrate passes through the walls of the Bowman's capsule and into the 
tubule. As it passes along the tubule, the composition of the filtrate changes 
because certain substances are taken back into the blood. This process is 
knm:m as reabsorption. The changes as tl1e filtrate passes along the tubule 
and into the collecting duct are summarised below and also illustrated in 
Figure 4.3: 
• proximal tubule - 100% of the glucose in the filtrate is actively 

transported back into the blood, as well as some mineral ions 
• loop of Henle - water is reabsorbed back into the blood 
• distal tubule - more mineral ions and water are reabsorbed into the blood 
• collecting duct - is shared with many otl1er nephrons and here, during 

the final step, even more wate:r is taken back into the blood. 



4.2 Excretion in humans 

By this stage the urine has become quite concentrated. The collecting ducts 
lead towards the centre of the kidney. The urine is carried from this region 
in the centre of the kidney, along the ureter to the bladder for temporary 
storage. The processed blood returns to the body in the renal vein. 

Urine contains water in which waste substances are dissolved. The volume of 
urine produced varies according to the immediate needs and activities of the 
body. An important waste product found in urine is urea, produced by the 
liver from the breakdown of excess amino acids in the diet. You are likely to 

excrete a total 2 g of urea per day dissolved in your urine. Excess mineral ions, 
particularly sodium, and a variety of other substances, such as detoxified 
drugs, are present in the urine. The variation in the colour of your urine from 
day to day is due to its fluctuating concentration of dissolved substances. 

Figure 4.3 gives a summary of the events that occur in a neph ron, from the 
ultrafiltration of blood in the glomerular capillary to the passage of urine co 
the bladder. 

ultraf1ltration of blood forming glomerular filtrate I 

Bowman's capsule 

proximal convoluted tubule reausorot1on of glucose 10 h 

distal convoluted tubule eabsor~ of sa It tc> blood 

urine trans~rted to the bladder 

Figure 4.3 Flow diagram to show the production of urine in a nephron 

t:J Now work through Tutorial: Water content regulation. 
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fil*N10• 
: Look at Section 4.3 to remind 

yourself about homeostasis and 
other factors for which there are 
internal controls. 

Look at Section 1.5 and find out 
the effects of osmosis on animal 
cells, when the fluid they are 
bathed in gets too concentrated or 

too dilute. 

4il*M10• 
: To help you remember the action 
: of ADH or antid iuretic hormone, 
: look at the meaning of the words -
: 'diuresis' means producing more 
: urine and a 'diuretic' is something 
: that makes you produce more 

urine. So 'antidiuretic' means less 
: urine is produced. 

• Controlling body water content 
(osmoregulation) 

When playing an energetic sport, you lose a lot of water, partly by 
sweating and partly as water vapour in your exhaled air. Even doing 
moderate exercise, at 35 °C a person may lose around 1.5 litres in an hour. 
To prevent dehydration, this lost water must be replaced by drinking 
fluids. That's quite a lot to have co drink! The percentage of water in 
your body mass is somewhere between 50% and 60% (higher in men 
than in women). If you cannot replace the lost fluid immediately, or if 
you d rink far more fluid than yo u need, there is a homeosta tic system 
that helps to adjust the water content of your body. T h is is described as 
osmoregulation - the control o f the water and salt concen tration in the 
body fluids. 

Table 4.1 summarises typical water intake and loss in an adult in a day. 

Table 4 .1 Typical water intake and loss in a day for an adult 

Water gains per day in cm3 Water losses per day in cm' 

Orin kin~ 1200 Urine 1600 
Water contained in food 1000 Sweating and breathing out 800 

- - --
Cellular respiration producing water 300 Feces 100 
Total 2500 Total 2500 
~ -~ . 

• The kidneys and water homeostasis 
Simply breaching involves a cont inual loss of water from the lungs. The 
quantity of water lose by other routes (sweating and urine) varies a lot. When 
we carry out exercise or when the environment is hot, we lose extra water 
by sweating - this is a mechanism for cooling the body and p reventing 
overheating. 

This water loss is balanced by a reduction in the volume of urine that is 
formed. A hormone, known as ADH (antidiuretic hormone) is involved 
in this homeostatic mechanism. We get rid of excess water in the urine we 
excrete. Receptors in the base of the human brain monitor the water content 
of our blood. 

If the water content of the blood falls lower than normal, the brain 
receptors stimulate the release of ADH from the pituitary gland of the 
brain. The ADH causes more water to be reabsorbed from the collecting 
duct in the nephron into the blood. As a result, the kidneys produce a 
smaller volume of urine. Less water is excreted and the urine is more 
concentrated. The effect of this is that the water content of the blood is 
restored to normal. 

When we drink more fluid than we need, the water content of our blood rises 
above normal. As described above, this change is detected by the receptors 
in the brain, which stimulate a reduction is the release of ADH from the 
pituitary gland. This results in the kidneys p roducing a larger volume of 
urine, so that we excrete more water. This returns the water content of the 
blood to normal. 



4.2 Excretion in humans 

STUDY QUESTION 

1 Round up of words and vocabulary 

In Section 4.2 you meet a number of new terms, some of which are 
structures in the kidney or urinary system, and others describe processes 
that take place in the body. You need to be sure you are familiar with all 
these words and know about the part they play in excretion in humans. 
A list of some terms is given below. 

For each of the words in the list give the meaning of the term or write 
something about it to show you understand why it is used in this topic. 
If it is a structure, draw a diagram to show where you would find it and 
describe its function. Check through one block at a time. 

ADH 
aorta 
bladder 
Bowman's capsule 
distal tubule 
egestion 

excretion 
glomerulus 
glomeru lar filtrate 
homeostasis 
kidney tubule 
loop of Henle 

metabolic reaction 
nephron 
osmoregulation 
proximal tubule 
renal artery 
renal vein 

u ltrafi ltration 
urea 
ureter 
urethra 
uterus 
vena cava 



Section 4 Coordination and control 

cBo~ Coordination and 
response in living 

I 

.organisms 
Tolerating changes in the environment 

Some organisms can survive exceptionally harsh conditions. They are 
called extremophiles and include a number of species of bacteria, such 
as those that live in the boiling water of hot springs (image on left). The 
enzymes of these bacteria can operate at temperatures from 30°C to 
94 •c and in a pH range from 6 to 1 O. 

Some multicellular animals and plants are able to survive being 
corn pletely frozen, and seem unharmed when they thaw out. The little 
water bear (shown on right) is only about 1 mm long and normally lives 
in clumps of moss. It is one of the toughest animals on the planet - it 
can survive being frozen and being dried out It has even survived trips 
into outer space (without a spacesuit), courtesy of NASA. 

But for the majority of complex animal and plant life forms, the 
physical limits of life are strict. As humans, we can travel to and 
survive in some extreme environments, but inside our body the range 
of tolerance is very narrow. So what are the limits? How do we keep 
with in the range that allows cells to function and what mechanisms 
are iinvolved in maintaining the right levels, in particular of temperature 
and water content in the human body? 

• Homeostasis 
The term homeostasis is used to describe the control of fluctuations 
in the internal environment in the body of an organism. The internal 
environment includes factors such as water content of body fluids, 
temperature and pH. This internal environment must be carefully kept 
within certain narrow limits if an organism is to remain healthy - if the 
limits are exceeded the organism may die. 

The _potential range of environments that different species can occupy is 
largely determined by the ability of their homeosratic systems to keep their 
internal environment stable. This is true oflarge organisms such as trees 
and is also true of the animals that dwell among them. Birds and mammals 
are the only vertebrate groups that can actively maintain their body 



4ii*M10t 
· To help you remember the meaning 

of homeostasis, 'homeo' = same 
and 'stasis'= standing still (or 
same position). 

Check in Section 4.2 for details 
about osmoregulation. 

4ii*M10t 
· Check in Section 1.4 for 

information on the effect of 
temperature on enzyme activity. 

Figure 4.4a Sweating is a cooling 

mechanism 

Figure 4.4b The body takes action to 
conserve heat in a cold environment 

4.3 Coordination and response in living organisms 

temperature when their surroundings become too cold or too hot. However, 
other groups of animals can show some control. This is, for example, shown 
by reptiles, which can adjust their body temperature by seeking sunshine 
or shade - a behavioural response. Plants are literally rooted to the spot so 
cannot escape, but some use the transpiration of water from their surfaces, 
or the drooping of wilted leaves, as a means of providing cooling. 

The concept ofhomeostasis can be applied to plants as well as animals, but 
in Section 4.3 we limit the discussion to control of temperature in humans. 
Control of water content in the body is another example of homeostasis and 
is considered in Section 4.2. 

• Control of body temperature in humans 
For humans, a change in core body temperature of more than 2 °C can be 
fatal. The body must make a coordinated response to any rise or fall in body 
temperature. One reason for this limited tolerance is the effect on enzymes 
and their response to changes in temperature. 

If you are ill and someone wanes to measure your temperature, they don't 
just measure the temperature of your skin. Instead they measure the 
temperature under your tongue or inside your ear. This is because the skin 
surface temperature of the human body can change noticeably from one 
moment to the next. However the core body temperature - that of the 
blood circulating around the organs inside the body - is kept close to 37 °C. 

If you have a fever and your body temperature is abnormally high, you might 
be given a drug, such as paracetamol, that will help to cool y"Ou down, or 
you might be bathed with cool water. It is important to ensure that the core 
temperature inside the body does not rise too high outside it s limits. 

When you take part in a physical sport, such as running or tennis, your 
active muscles respire more glucose to provide the energy for contracting the 
muscles. This respiration releases heat as a by-product. The l1eat warms your 
blood, which then carries the heat away from the muscles. The blood carries 
the heat from all your internal o:rgans to the body surface. H ere heat may 
be lost to the surroundings. If too little heat is lost, the temperature of your 
blood begins to rise above normal. 

The blood circulating into the base of the brain is constantly monitored 
by temperature receptors. Any rise in temperature stimulates these 
temperature receptors. The brain tl1en coordinates a cooling response. 

The temperature control responses involve sweat glands, blood vessels in the 
skin and, to some extent, the hai rs on the skin: 
• Sweating - sweat is a watery fluid, containing some mineral salts 

(including sodium chloride, which is why sweat tastes salty) and urea. The 
sweat gland draws water out of the blood capillaries in tl1e skin and sweat 
passes up the sweat duct co the surface of the skin. The liquid evaporates 
from the skin surface and co do this (change from liquid to vapour) heat 
is taken from the skin. This causes cooling. If weather conditions are 
very humid, sweat does not evaporate easily and you don't benefit from 
cooling in the same way as you would in a dry atmosphere. Note that 
sweating continues all the time, but increases when body temperature rises 
above tl1e normal range. 
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• Bfood vessels in the skin - these can contribute to temperature control by 
changing the volume of blood that flows near the skin surface. When body 
temperature rises above normal, the diameter of the arterioles (branches 
from the arteries) increases. This allows more blood to flow through the 
blood capillaries near the skin surface. Heat carried in the blood can then 
be lost by radiation. Conversely, when the outside temperature is cold and 
the body needs to conserve heat, the arterioles constrict in diameter and less 
blood flows in the capillaries near the skin surface. The term vasodilation 
is used when the arterioles dilate (widen) and the term vasoconstriction is 
used when the arterioles conscrict (become narrower). 

• Hairs on the skin - when the temperature is cold, the hair muscles in the 
skin contract and the hairs are raised upwards. This allows them to trap a 
layer of air close to the skin surface and this layer of air helps to insulate 
the skin surface. The converse occurs when iris warm. While this makes 
some contribution in humans, the effect of insulation is more obvious in 
mammals that have fur. 

hairs standing up to keep moving air 'imay 
from skin and trap a layer of warm air 

muscle pulls 
hair erect 

\ 
hairs flatten and allow moving 
air closer to skin 

vasoconstriction of arterioles near vasodilation of arterioles near the skin surface, 
skin surface diverts blood to allows more blood to flow in the capillaries close 
vessels further =Y from skin to the skin surface 

Figure 4.5 How structures in the skin help with temperature control - when cold (left) 
and when hot (right) 

The .sweat glands and skin capillaries are effector organs. They act on the 
messages they receive from the brain and produce an appropriate response. 

As well as these physiological responses of the body you might alter your 
behaviour - taking off a layer of clothing, having a rest or drinking 
something cold if you are too ho·t. Conversely, in cold conditions, people wear 
more protective clothing to insulate from the cold. Houses may be heated 
(or cooled) to protect against extremes of heat or cold. These are some of the 
ways that have enabled people to inhabit regions ofrhe world at temperatures 
outside what would be comfortable without these behavioural responses. 

Table 4.2 summarises responses to falling or rising temperatures in the 
blood in the body. It includes reference to shivering, which is a familiar 
response in cold situations. The extra activity of shivering muscles generates 
heat from respiration and this contributes to warming the body. 
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Table 4.2 A summary of responses to rising or falling temperatures 

perature Effector organ action Explanation 
~ ngeincore 

Temperature rises Sweat evaporates from skin using 
above normal sweat onto skin warmth of body 

Warm blood is diverted close to 
di late, more blood flows skin surface and heat is lost to the 
through capillaries air by radiation 

Body hairs flatten Al lows cool air to circulate closer to 
the skin, taking away heat 

Temperature falls Sweat glands secrete less Less evaporation of sweat, so less 
below normal sweat warmth used from the skin 

-- -

constrict, less blood flows from the skin suriface and less heat 
through capillaries is lost to the air by radiation 

Body hairs become erect This creates an insulating layer of 
stil I air near the skin, keeping cool 
air further away 

Muscles shiver Extra respiration ,in the shivering 
muscles generates heat to help 

I warm the body 

Cl Now work through Tutorial: Temperature regulation. 

STUDY QUESTIONS 

1 Check the meaning of each of the following terms and write definitions 
for them: 
• homeostasis 
• osmoregulation 
• vasoconstriction 
• vasodilation. 

-

2 How is heat generated in the body and how is extra heat generated when 
you are cold? 

3 Why is it important that human body temperature does not fluctuate 
much from its normal temperature? (Check the effect of temperature on 
enzyme activity.) 

4 Explain how sweating cools the body. 
5 List the steps that take place in the arterioles in the skin: 

• when the body is hot 
• when the body is cold. 
Explain how these actions help to control the temperature in the body. 

6 .Suggest why it is important to wear a warm hat, gloves andl warm socks in 
cold weather. 

7 'Hypothermia' may occur when the body temperature falls below 35 °C and 
can be dangerous if the person does not recover quickly. 
Work out why hypothermia may occur if a person is wearing wet clothes, 
even though the surrounding temperature is not very low. (Think about 
conditions that affect the rate of transpiration in plants in Section 3.4.) 
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~~ Coordination and 
response in flowering 
plants 

Figure 4.6 This bean plant responds to the 
stimulus of touching a support by curling 
around it 

Sensitivity of plants 
Mimosa is a touch-sensitive plant. It grows naturally in tropical regions. 
When something touches its leaf, the plant instantly folds its leaflets 
and the whole leaf droops down. This probably protects the leaf by 
scaring off herbivorous insects that land on it. Trackers in the jungle 
can spot the route taken by the animal they are hunting by following 
the folded leaves of mimosa plants. The speed of this plant response 
is unusual. It happens because special cells at junctions in the leaves 
suddenly lose their water and collapse. The result is that the leaflets 
fold and the whole leaf collapses. 

Section 4.4 looks at some more familiar responses of flowering plants to 
their surroundings (responses to the direction of gravity and of light), but 
scientists are finding out more about other responses of plants. It is now 
known that plants can send out and detect chemicals in the air so that they 
can 'sense' when their neighbours are being attacked or damaged. 

What else might plants respond to? Why is it an advantage for plants 
to respond to their surroundings? Make a list of possible things that 
plants might respond to, then choose one stimulus and think how you 
would test whether or not a plant can respond to it. 

• Responding to stimuli 
Flowering plants are literally rooted to the spot. They cannot run away 
from danger or chase food to eat. But to survive, they still need to respond 
to their surroundings. Their leaves need to be in a good position to absorb 
light for photosynthesis and a plant shoot gradually turns towards the 
sun. The tendrils of a pea plant reach out and secure the plan t to a nearby 
support to climb up (Figure 4.6). A flower develops in response to changing 
seasons and flower petals open and close according to the time of day. T hese 
are just a few examples of ways in which plants respond to stimuli in their 
environment (note 'stimulus' = singular and 'stimuli' = plural). 

Many plant responses are relatively slow, taking minutes or hours, rather 
than the milliseconds of some human reflexes. The response of the mimosa, 
described at the start of this secc:ion, is unusual in plants. 

Tropisms - directional growth responses 
The directional responses made by plants involve changes in the growth 
rates of plant tissues. For example, if cells on one side of the plant shoot 
elongate more than cells on the other side, the result is that the shoot curves. 
These growth responses enable a plant organ, such as a root or a shoot, 



fii'l'i'IOt 
· You might hear 'plant hormone' 

used, but 'plant growth regulator' is 
the correct term. However, you may 
find it useful to compare the part 

played by plant growth regulators 
(in plants) and hormones (for 

example, in humans). 

region of cell cllvislon, 
where auxl ns are produced, 
and transported away 

region of cell 
elongation, 
where cells 
elongate under 
Influence of 
auxins 

A shows the auxin (p lant growth regulator) 
In the shoot tip and spreading to the region 
of cell elongation below the tip. 

:: • = auxin molecules 

4.4 Coordination and response in flowering plants 

to grow towards or away from the direction of a stimulus. If the growth is 
towards the stimulus, we describe the tropism as positive and if the growth 
is away from the stimulus, we describe the tropism as negative. 

Table 4.3 gives a few examples of t ropisms and summarises responses of 
roots and shoots to direction of light and of gravity. Note that responses to 
gravity are also described as 'gravitropisms'. 

Table 4.3 Examples of tropisms in plants 

! Stimulus 

Gravity 

Light 

Name of response Examples 

Positive geotropism ~ Seedling roots grow down, towards centre of 
the Earth 

Negative geotropism Seedling shoots grow upwards, away from 
centre of the Earth 

Positive phototropism Seed I ing shoots grow towards a I ight source 
--+--

Negative phototropism Seed I ing roots grow away from a light source 

To understand how a shoot (or root) grows and curves in response to a 
stim Lilus, we can look more closely at the regions of a plant shoot where new 
cells are produced by cell division and where growth occurs. The region of 
cell division lies just below the shoot tip. Initially, each new cell is tiny but 
eventually they swell up, elongating to their mature size. The process of cell 
elongation is affected by pla n t growth regulators. One example of a plane 
growth regLtlacor is the chemical substance known as auxin. 

In a plant shoot, auxins are prod uced in the cip and are transported 
down from the tip cowards the region of cell expansion (Figure 4.7). If 
the concentration of auxins is equal on all sides of a growing shoot, the 
expansion of cells on all sides is the same and the shoot continues co grow 
in a scraightline. If, however, there is more auxin on one side, those cells 
elongate more and the shoot curves. 

The .stimulus to which a plane responds muse be detected by receptor cells 
and these are usually located in the growing points of a plant, such as the 
root tips and shoot tips. The receptors then control the distribution of auxin 
to the regions of growth, behind the tip. 

B 

In this plant shoot, 
the concentration 
of auxins Is the same 
on all sides 

the cells In the region 
of cell expansion 
grow at the same 
rate, so the shoot 
continues to grow 
in a straight line 

B shows the auxin evenly distributed. 
Cell expansion Is the same for all cells 
Jn the region of cell elongation. The result 
Is that the shoot grows straight. 

a higher 
concentration of 
auxin on this side 
causes cells 
to grow bigger 

as a consequence of the 
different cell sizes, the 
whole shoot bends from 

f-;t a straight line 

a lower concentration 
of auxin on this side 
causes the cells 
to grow less large 

C shows the effect of a higher auxin concentration 
on one side of the shoot. The result ls that the cells 
In the region of cell elongation grow at a faster rate 
and the shoot bends. 

Figure 4.7 Elongation of cells in 1he growing region of a shoot under 1he influence of auxin (a plant grow1h regulator). The dashed arrows 
show the direction of growth. 
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Geotropic responses of roots and stems 
Plant roots are not normally exposed to light, as they grow in the darkness 
of the soil. In the soil, plant roots grow downwards, allowing them to obtain 
water and mineral ions and helping to anchor the plant in the ground. This 
is an example of positive geotropism (gravitropism) - growing towards the 
centre of the Earth. 

· Look in Section 2.1 to remind 

A plant shoot growing out of a germinating seed under the soil grows 
upwards, eventually reaching the light. This is an example of negative 
geotropism {gravicropism). 

yourself about ways that leaves 
are adapted to receive light for 
photosynthesis. 

As a result of these geotropic responses, the roots and shoots of germinating 
seeds in the soil always grow in the right direction - so that shoots and their leaves 
eventually reach the light and roots eventually reach water and mineral ions. 

V Now work through Tutorial: Auxins. 

Positive phototropism in stems 
An example of phototropism is the positive phototropic response of wheat 
coleoptiles. {A coleoptile is the first shoot that emerges from certain plants, 
such as wheat, maize and grasses.) 

A summary of an experiment is given in Figure 4.8. This shows that the signal 
that passes from the tip is a chemical substance. It also shows that the signal 
that passes from the tip cannot be an electrical signal similar co that carried by 
nerve cells in animals. 

tip of coleoptile not 
replaced and seeding 
illuminated from one side 

no phototropic I / 
'""'"~ to IOht / oot..,m, 

tip of coleoptile 
removed 

I 
tip of coleopti le 
replaced, and 
seeding illuminated 
from one side 

normal positively 
phototropic 
response to light 

discar~ 

tip b 

B 

4l'-•• • ••• •• • •H• ·• • •••••• ············-········~ 

roots 

healthy normal 
wheat seeding 

A 

0 \ 
·························~ ·····-···· ··········-~ 

C D E 

The diagram shows what happens if the tip is removed from a coleoptile and exposed to light from one side (shown 
by the large arrow). If the tip is discarded, no growth occurs and there is no response to the light. Th'is is shown in 
coleoptile B. If the tip is replaced, growth continues as in a normal coleoptile and it also responds to light from one 
side. This is shown in the coleoptiles in the sequence C, D and E. 

Figure 4.8 Some observations on phototropic responses in wheat coleoptiles. The yellow arrows show the direction 
of light 
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STUDY QUESTION 

1 :a) Flowering plants respond t o the direction of light and of gravity. List 
the responses to each of these stimuli by: 
i) shoots 
i i) roots. 
In each case, describe the response as a tropism and state whether 
it is a 'positive' or 'negative' response. In each case, suggest an 

advantage (to the plant) of response. 
b) A response of shoots is to 'bend' towards the direction of light Answer 

these questions to help explain how this occurs. 
i) How does a shoot 'bend' towards the direction of light? 

i i) Where., in a shoot does this growth response take place? 
iii) What role does auxin play in this response? 

c) Make a table to compare responses of flowering plants and humans. 
You may have to look in Section 4.5 to help you. In your table, include 
reference to: 

• the types of stimulus 
• how or where the stimulus is detected 
• how information about the stimulus is transferred to other parts of 

the plant or human body 
• the speed of the response 
• the part of the plant or !human body that responds to the stimulus, 

and how it responds. 



Section 4 Coordination and control 

~o@ Coordination and 
response in humans 
What eyes can see 
You are able to read this sentence because rays of light have bounced 
off the page and into your eyes. Here the rays are focused onto 
light-sensitive receptors. Nerve impulses containing information about 
the shape of each letter pass 10 a special visual region at the back of 
your brain. Other regions of your brain help you to interpret the letters, 
to work out the words and their meaning in the written sentence. You 
did rnot have to learn to see - this is programmed into your developing 
nervous system. You do learn to read and to use language to help you 
understand and communicate with others. Learning allows us to be 
flexible in dealing with the changing world around us. 

Some sort of vision is widespread in animals. Some can1 see in much 
lower light levels than we can. Others can see wavelengths of light 
that we cannot see, such as ultraviolet. Yet others see in much more 
detail than us. Compare the acute vision of a bird of prey with our own 
attempts to see a small bird in a tree on the other side of a field. These 
images show different eye structures in an arboreal frog, a gecko lizard 
and a Spanish jumping spider. In each animal, the eye p'lays a key part 
in detecting signals as part of its response to the surroundings. 

The evolution of eyes gives animals a chance to respond to danger 
before they physically meet it. Humans, like other animals, have 
different senses that give us information about the world around us. 
What stimuli do we receive and how does the body coordinate the 
inforrmation and make an apprropriate response? 

• How we respond to a stimulus 
It is amazing how quickly you respond to a painful stimulus. Suppose you 
place your hand in the hot steam from boiling kettle - without thinking 
about it and in a fraction of a second, you withdraw your hand from the 
steam. This is a form of behaviour called a withdrawal refle.x. Only after 
you have pulled your hand away do you start to feel the pain. This response 
doesn't require a conscious decision on your part, so the reaction time is 
much reduced. Any delay would mean more damage to the hand from the 
hot steam. Other responses of the body do not have to happen so urgently. 

• Nervous and hormonal control systems 
Two control systems work together to help the human body respond to 
stimuli: the nervous system and the hormonal system. 

A painful stimulus is just one example of the many stimuli to which d1e 
human body must respond during a normal day. Whenever t here is a change 
in the external or internal environment of our body, this aces as a stimulus 
and che nervous and hormonal systems coordinate a suitable response to 

this change. 
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Nerve signals are electrical impLtlses. They are carried by nerve cells 
(neurones) at speeds of up co 100 metres per second. This allows a rapid 
response co a stimulus, like d1e pain-wid1drawal one. 

Working in harmony with the nervous system is the endocrine (ho rmone) 
system. Hormones are chemical substances produced by endocrine glands. 
These chemical substances provide a signal that triggers a response. 
Hormones are carried by the blood and so circulate around the whole body. 
This can cake a few seconds, so the hormonal control system deals with 
slower events than the nervous system. 

Nerves and the central nervous system 
The central nervous system (CNS) is made up of the brain and spinal cord, 
which lies in a canal running d1rough the bones (vertebrae) of the backbone 
(spine). From d1e central nervous system, nerves (neurones) .spread out to all 
d1e regions of the body. Thus the CNS acts as a central coordinating centre 
for t11e impulses mat may come in from any part of the body. 

A stimulus i.s received by a sensory (receptor) neurone. Some receptors are 
specialised to receive particular responses. When a receptor is stimulated, 
ic produces electrical impulses. The impulses then pass along a sensory 
n eurone to the central nervous system (CNS) - either the spinal cord or 
d1e brain. Here the incoming nerve signals are passed to a r elay neurone 
and this links to other neurones, depending on the response required. The 
relay neurone links to a mo tor n euron e, which carries the impulse to the 
effector. The effector carries out a response and i.s often a muscle (hence the 
name 'motor' neurone, suggesting movement, a frequent action following a 
stimulus). A gland can also be an effector. 

The electrical impulses are passed from one neurone to another across 
special connections called syna p ses. A synapse is a slight gap between 
one neurone and the next. Relay neurones have hundreds of synaptic 
connections to other neurones in d1e CNS. The synaptic connections allow 
information about the stimulus to be shared between relay neurones. This 
enables a fast response to be made. 

This pathway is summarised in Figure 4.9. Note that a relay neurone may 
also be called an intermediate neurone - a name d1at helps you remember its 
role in the pad1way. 

Sensory neurones convert the stimulus in a series 
of nerve impulses that are passed along peripheral 
nerve fibres to the brain and spinal -cord (CNS). 

sgnsory neurone 

relay neurone 

Motor neurones in the CNS pass nerve 
impulses along peripheral nerve fibres 
to a specific muscle or gland that carries 

Relay neurones in CNS coordinate 
a response to the stimulus and pass nerve 
impulses to motor neurones in the CNS. 

motor neurone 

out an action, which is the response to the stimulus. 

Figure 4.9 Pathway of nerve impulse from stimulus to response 
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STIMULUS 

Neurones are specialised cells compared with a generalised animal cell 
(Section 1.3). Neurones have a region called the cell body, containing the 
nucleus, and long thin extensions of cytoplasm from the cell body called 
axon s. Some axons are very long, perhaps 1 m or more in length. Electrical 
impulses are carried rapidly along these axons towards their destination. 

At the end of the axons, or on th.e cell body, there are short branches called 
dendrites. These make connections with other cells at the syna pses. These 
features are shown in Figure 4.10. Note the different positions of the cell 
body in the three neurones - sensory, motor and relay. You can see also that 
the relay neurone and adjacent parts of the sensory and motor neurones 
lie in the CNS (central nervous system) - either in the brain or the spinal 
cord. In the body, the neurones are grouped into bundles of the long axons, 
making up a nerve fibre. 

cell body of sensory neurone 

. ·-...... -. _.,,.. 

synapse enables nerve 
signals to pass between 

·······> 

stimulus detected 

muscle fibres are made to 
contract by motor neurone 
nerve signals 

RESPONSE 

synapse between motor 
neurone and muscle fibre 

l = ~ ~;..(~·;· ~--~-~· ;· ·;·;··~-::'.~a~x;on;ca~r;ri;es nerve signals to 
their destination in muscles 
and glands 

Figure 4.10 Structure and position of sensory, relay and motor neurones in a nerve pathway from stimulus to 
response. Dashed arrows show direction of nerve impulses. 

(!:; See the Animation: Reflex actio ns. 

The reflex arc 
The neurones involved in a response to a stimulus are named according to 

their role in the chain of events. 

• sensory neuron es - receive and detect the stimulus, and send electrical 
impulses along their axons towards the central nervous system (CNS) 

• re lay neurones - located in the CNS. These receive signals from the 
axons of the sensory neurones and then coordinate a suitable course of 
action by sending signals to nearby motor neurones. 

• m otor n etLrones - also located in the CNS. They receive signals from 
the relay neurones and then send signals along their axons towards the 
effector organ(s), which respond to the stimulus. 

Examples of reflex responses include pain-withdrawal, blinking and coughing. 
These responses help us to avoid serious injury, such as damage to the eye 
or choking and, therefore, help in our survival. These reflex responses and 
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the nerve cell circuits that organise them, are specified in our genes. That is 
why we do not have to learn reflex responses and can carry them out without 
thinking - any delay caused by chinking could be harmful! 

-·····--------~ flow of information 
In reflex arc 

Nerve iml)lllses are passed from the sensory neurone to the 
relay neurone in the spinal cord. The relay neurone passes 
impulses t,o the motor neurone in the spinal cord. 

A sensory neurone in the skin is a receptor 
detecting the heat from the flame and 
sending nerve impulses to the central . . .. 

receptor neurone CNS (spinal cord) 

nervous system. 

The heat from the flame 
is the painful stimulus. 

muscle 

•' / ,• 
/ 

. .. -·············-> ... 
, ............ , .. 

motor neurone 

/',,·- - - --
./ The motor neurone passes impulses to the 

.. ,.. muscles that operate the finger, causing 
""'-······· the muscle to contract. 

Contraction of the muscle leads to a quick response to the painful stimulus
withdrawal of the finger from the flame. 

Figure 4.11 Pathway for a reflex arc (e.g. withdrawal reflex) 

• Receptors 
To detect a stimulus such as a ray oflighc, a sound or a smell outside our 
body, we use sense organs which contains suitable receptors. 

The skin is our largest sense organ. It contains a variety of receptors that can 
detect a range of external stimuli, such as touch, pressure, heat and cold. The 
skin can also let you know if there is damage to the skin - something detected 
by pain receptors. Stimuli that cause pain are likely to be dangerous, so the 
sooner we respond to them che better. 

Some receptor organs are specialised in the detection of one particular kind 
of stimulus. The eye is a specialised sense organ chat allows us co detect the 
stimulus oflight. 

Structure of the eye 
Vision is a fantastic human sense. It allows us to detect the light from objects 
that are near or far away from us. This means that we can see something 
coming in our direction and take action on the basis of what we see. We are 
able to see in colour and, because we have two eyes, we have stereo vision. 
This allows us to judge accurately the distance an object is from us. 

Each eyeball is sec into a bony eye socket, covered by eyelids, and this 
provides protection. Under the upper lid of the eye there is a tear gland and 
from this, tears ooze onto the eyeball. The tears contain a natural antiseptic 
enzyme (lysozyme), which breaks down bacterial cell walls. 
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Figure 4.12 shows the structures. of the eye. Most of the outer wall, the 
sclera, is white and opaque. This tough coat helps keep the eye in shape and 
provides a place of attachment for the muscles that move the eye. At the very 
front of the eye, the white sclera changes into the transparent cornea. The 
cornea allows rays oflight to pass into the eye and through che hole in the 
iris, known as the pupil. The iris is the coloured part of your eye and may be 
blue, brown, or various colours in between. It controls the amount of light 
that passes through the pupil. 

Between d1e cornea and the lens there is a watery liquid, the aqueous 
humour. The lens is transparent and denser than the aqueous humour. It 
plays an important part in focusing d1e light rays. Behind d1e lens, the rest 
of d lle eye is filled with a jelly-like liquid, d1e vitreous humour. In diis part 
of the eye, the sclera is lined with a pigmented layer of cells, called the choroid 
This layer helps to prevent reflection oflight rays off the internal walls of the 
eye. Inside the choroid, the inner layer of the eye is d1e retina. This is made up 
of receptor cells that receive the stimulus (light) and pass electrical impulses 
along nerves, co the brain, where the information is converted into something 
we can 'see'. The retina includes two types of receptor cells. Rods detect in 
black and white (and in low light intensity). Cones detect colours (and are 
stimulated in light intensity higher d1an needed for rods). 

ciliary body- muscles that pull 
on the suspensory ligaments 
holding the lens, to change 

suspensory ligaments - attach lens to ciliary body, holding 
the lens in place 

retina- layer of light sensitive 
receptor cells, with connections to 
the optic nerve its shape for focusing 

cornea - transparent front 
to the eyeball, allowing 
rays of I ight into the eye 

pupil- aperture through 
which light rays pass 
into the back of the eye 

aqueous humour 

/ 
iris - varies the diameter of the 
pupil, which helps to regulate the 
amount of light entering the eye 

sclera - strong white wall 
of eyeball 

fovea - central reg ion of retina 
providing detailed, colour vision 

vitreous humour 

optic nerve carries nerve 
impulses to the brain 

blind spot - a region lacking receptor 
cells, where the optic nerve leaves the eye 

choroid - a pigmented layer of tissue that 
prevents reflection of light rays inside the 
eyeball 

Figure 4.12 Structures of the eye, seen in vertical section through the eye 

The neurones from the receptor cells in the retina collect to form the optic 
nerve. This leaves the eye to link into the CNS. There are no receptor cells at 

the point at which the optic nerve leaves the eye, so this is called the blind 
spot. A region of the retina, knovm as the fovea, contains densely packed 
cones and is a region where the eye sees particularly good detail and in colour. 

Focusing the light in the eye 
Light rays from an object pass into the eye through the transparent cornea. The 
cornea is covered by a chin sheet of protective cells, the conjunctiva. The rays 
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of light are bent as they enter the front of the eye. This is part of the focusing 
process that eventually projects the rays onto the retina at the b ack of the eye. 

The l en s is another structure that contributes to focusing the rays oflight. 
The lens can change shape and this helps in the focusing process. The lens 
is suspended by ligaments attached to a ring of muscles called the ciliary 
b ody. When the lens is thin and flat, it can focus more distant objects onto 
the retina but when it is fatter (more spherical) it focuses closer objects onto 
the retina (Figure 4.13). The changes that help adjust the shape of the lens 
are brought about by the relaxation or contraction of the ring of ciliary 
m uscles. The process is described as accommodation and the following 
steps summarise what happens. 

Distan t object 
• ciliary muscles relax 
• tension on suspensory ligaments increases (pulled tight) 
• lens pulled flatter and thinner 

Close object 
• ciliary muscles contract (the ring of muscle has a smaller diameter) 
• the suspensory ligaments become slack (do not pull on the lens) 
• lens springs back to be fatter (more spherical) 

! ....... ,,,, ...................... :::::::~:::::::::::::::::::::::=::::=:::::::::::· .:::::~::::::~······ ... , .. , 

rays of light from a distant object 
are focused onto the retina by a thinner 
lens - this is achieved by increasing the 
tension on the suspensory ligaments, as the ring of 
cil iary muscle relaxes 

rays of light from a nearby object are focused 
onto the retina by a fatter lens - this is achieved 
by relaxing the tension on the suspensory 
ligaments, as the ring of ciliary muscle 
contracts 

Figure 4.13 How the lens adjusts when focusing on distant and near objects 

Controlling the amount of light that enters the eye 
The iris lies between the cornea and the lens, and regulates d1e total quantity 
oflight entering the eye. The iris is a coloured ring of muscle with a hole in 
the middle (the pupil) through which light rays must pass before they get 
to the lens. The diameter of the pupil can vary, depending upon the state of 
two sets of muscles in the iris - the radial and circular muscles. 

Figure 4.14 shows how the action of these muscles can control the diameter 
of the pupil. If there is a lot of light, the circular muscles contract and the 
radial muscles relax. The pupil becomes smaller (constricts} and less light 
enters the eye. When there is too little light, the opposite happens to the 
muscles so the pupil becomes larger (dilated) and more ligh t enters the eye. 
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The reflex control of the iris begins with intense light falling on the retina. This 
causes cells in the brain to send a signal to the iris muscles to act so that the 
pupil constricts and less light enters the eye. The size and shape of the iris of an 
animal can indicate whether it is nocturnal (active at night) or a daytime animal 
(Look back to the photographs at the start of Section 4.5 and see what you can 
work out about these animals.) 

In high light rondltions tne circular muscle 
fibres of the iris contract, and as they shorten 
they press upon the Inner edge of the iris, 
arnd reduce the diameter of the pupil. This 
reduces the amount of light entering the eye 

In dim lighting conditions the ra-cflal muscle fibres 
of the iris contract and, as they shorten, they pull on 
the Inner edge of the iris and widen the pupil. 
This lets more light into the eye· 

The pupil is the aperture within the Iris 
that light rays pass through when they 
enter the eye 

The Iris Is a pigmented muscle layer, which 
gives individuals their eye colour - such 
as blue or brown 

Figure 4.14 How the muscles of the iris control the diameter of the pupil. The arrows in 
the coloured part ( iris) represent the contraction of muscles. 

• The skin and its role in temperature 
regulation 

Reference is made to the skin on page 141 where it is described as our largest 
sense organ. Receptors in the skin are sensitive to changes in temperature, 
as well as to touch, pressure and pain. Structures in the skin also have 
an important role in temperature regulation in d1e body - an example of 
homeostasis. Details of this are given in Section 4.3, as part of the discussion 
on homeostasis. 

• Hormones and the endocrine system 
Reference is made on page 139 to hormones as chemical substances that help 
control certain activities and processes in the body. They are produced in glands 
known as endocrine glands. The hormones that they secrete pass into the 
blood and are carried to different parts of the body where they have an effect. 

Some examples of reproductive hormones (testosterone, oestrogen 
and p rogesteron e) are discussed in more detail in Section 5.3. ADH 
(antidiuretic hormone) and its role in osmoregulation is discussed in more 
detail in Section 4.2. Adrenaline and insulin are considered here. 

Adrenaline and how it prepares the body for action 
You are almost certainly familiar with the effects of the hormone adrenaline. 
This hormone is made by the adrenal glands found on the top of each 
kidney. During stressful moments, when you feel emotions like fear or 
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: Look at Section 2.3 which deals 
: with respiration. Link what you 
: find to the changes that happen in 
: the body during the fight or flight 
: response. 

f1uur10• 
· Make a link to Section 2.2 
: (Digestion and absorption). 

fii*M'IO• 
: Look at Section 1.5. Now draw 
: the expected appearance of a 
· blood cell if the blood glucose 

level exceeded normal limits. 

Link to homeostasis in Section 4.3. 
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anger, the brain sends nerve signals to the adrenal glands, which respond by 
producing adrenaline. This can happen in only a few seconds. 

Adrenaline goes to all parts of your body and prepares it for physical action. 
The changes in the body are often described as the 'fight or flight' response. 
Adrenaline causes a wide range of changes including the following: 
• an increase in heart race - this ensures an improved supply of ox-ygenated 

bfood from the lungs to the a-ctive muscles of the body 
• dilation of the blood vessels inside the muscles, allowing more blood to 

circulate through them, delivering oxygen and glucose 
• triggers the breakdown of scored fat in cells under the skin. These cells 

release fatty acids and glycerol into the blood, which transports them to 
the active muscles of the body. The fatty acids are respired co provide the 
muscles with energy for movement 

• triggers breakdown of stored glycogen co glucose in the liver and muscle 
cells. Glucose released by the liver is transported to the active muscle cells. 
T he glucose is respired to provide the muscles with energy for movement. 

Insulin and blood sugar control 
Most of us regularly have access to food. Nevertheless, we tend to eat at 
certain times (morning, midday and evening) and not at other times. In 
between meals we have other things to do besides eat. This pattern of eating 
and fasting means chat the levels of essential nutrients, such as glucose, in 
our bloodstream fluctuate. Normally we absorb glucose and other nutrients 
from the small intestines into the bloodstream during the two hours after 
eating a meal. The food must be digested before it is absorbed. 

Glucose levels in the blood must be controlled within safe limits. If the 
concentrations of nutrients such as glucose become too high, they alter 
the water balance of the blood. Osmoregulation (mainly in the kidneys) is 
needed to restore the concentration within the required level On the other 
hand, if glucose levels fall too low there is a risk that brain cells lack oxygen. 
If the brain has too little glucose, it shuts down, leading co a coma and 
eventually death. 

The pancreas and liver work together to smooth out blood glucose levels 
through the day and night. The pancreas has a role in producing digestive 
enzymes (see Section 2.2), but this organ also plays an important pare in the 
regulation ofblood glucose levels. 

After a meal, or eating a sugary sweet, glucose is absorbed into the blood. As 

the blood glucose level rises above normal, cells in the pancreas detect the 
increase and start co secrete the hormone insulin into the blood. Insulin 
stimulates the muscles and liver to take up glucose from the bloodstream 
and store it as glycogen, a polymer of glucose. This uptake of glucose by 
liver and muscles reduces the concentration of glucose in the blood. Once 
the level returns to normal, the pancreas cells stop secreting insulin. 

These events are summarised by the sequence: 
• after a meal, increased glucose in the blood 
• increase in glucose detected by cells in pancreas 
• pancreas secretes insulin into the blood 
• insulin stimulates conversion. of glucose to glycogen (in the liver) and 

increased uptake of glucose into muscle cells. 
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This practical activity provides a 

simple way of testing different parts 
of the skin and its sensitivity to 

touch. It helps you become aware of 
the role of receptors in the skin and 
the pathway of a nerve impulse to 
the response in an effector. 

cork or rubber 
bung 

two steel pins, 
blunt ends 

Figure 4.15 Testing the sensitivity to touch 
of the skin on different parts of hand and 
arm 

If blood glucose levels fall too low, a different hormone is released by the 
pancreas. This hormone (glucagon) stimulates the liver to break down 
its scores of glycogen into glucose, and this glucose is released into the 
bloodstream. The blood glucose level thus returns to normal (Note the 
spelling of glucagon and do not confuse it with glycogen.) 

For different reasons, some people cannot produce enough insulin, so are 
unable to regulate their blood glucose level. This is one cause of diabetes. 
One way of overcoming this is to give daily doses of insulin and production 
of human insulin using genetically modified bacteria (see Section 7.5) is an 
important way of producing supplies of suitable insulin. 

• Summary of nervous and hormonal control 
Table 4.4 compares coordination and control by the nervous and hormonal 
(endocrine) systems. 

Table 4.4 A compari son of nervous and hormonal control and coordination 
within the body 

~ ous Hormonal 

signals are electrical impulses signals carried as chemical substances 

carried along nerve cells carried in the blood 

carried along nerve axons to a specific carried in the blood to the whole body, so 
site, so that only a sing le cell or organ is it is possible that every cell or organ in the 
affected body is affected 

carried from receptors in sense organs, produced by special glands (endocrine 
along nerves to the CNS, then to the glands) 
effector 

fast response _:!ow(er) response -
effects last short time 
~ 

may have long-term effects 

• Practical activity - testing the sensitivity to 
touch of the skin on different parts of the hand 
and arm 

Two students (A and B) work in pairs. 

1 Stick two steel pins into a cork or rubber bung so that the projecting 
(blunt) pin heads are at a fixed distance apart (say 1 cm), as shown in the 
diagram. 

2 Student A gently touches the skin of student B a number of times, while 
student B looks away. Sometimes student A touches with one pin head 
and sometimes with both pin heads. 

3 On each occasion, student Bis asked to say how many pin heads have 
been used. The accuracy of student B's answers gives an indication of the 
sensitivity of the skin in that region. 

4 Co mpare results on different regions for one student, then similar regions 
on different students. 

Accessible regions of the skin are tl1e finger tips, palm and back of the hand, 
inside and outside of forearm and elbow. 



This is another s imple practical 
activity but one which has wider 
applications with reference to the 
effects of other factors on the 

reaction times of different people. 
You can also devise other ways of 

recording reaction time, say with a 
timer in response to the sound of 
a bell. It may help you understand 
the distance within the body that 
a nerve impulse has to travel, from 

receptor to effector (stimulus to 
response). 

Figure 4.1 6 Testing reaction time 

4.5 Coordination and response in humans 

• Practical activity - testing reaction time 
Two students (A and B) work in pairs. Student A drops the ruler as a surprise 
and student B tries co catch it as soon as possible. 

1 Ac the start, student A holds che ruler as shown in the diagram. Student B 
has an ink mark on the thumbnail and this is lined up with a mark on the 
ruler. 

2 Student A drops the ruler, which falls under gravity. Student B catches it 
as soon as possible and notes the position on the ruler of the thumb. This 
shows the distance in mm that the ruler has fallen. 

3 T he reaction time can be calculated in one of two ways. 
• from the equation 

. . ds 2y 
tune m secon = g 

where y = distance fallen in cm, and g = 980 

• reading a value for reaction time from the chart (Figure 4.14). 

You can extend the activity and compare the reaction times of the same 
student after a series of tries or of different students. You can also devise 
other situations, such as listening co music, chewing or having a drink 
containing caffeine and test the effect of these on reaction time. 
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Figure 4.17 Chart for conversion of distance fallen to reac1ion time 
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STUDY QUESTIONS 

1 The table refers to some responses shown by the 
body. Complete the table to show the response, the 
stimulus, where the stimulus is detected and how the 
body responds. Some have been completed for you. 

How the body 
Where responds 
stimulus is (muscle or 

Response Stimulus delecled gland) 

blood sugar level blood sugar 
reduced level too 

high 

fight or flight physical 
response threat to eyes/ brain 

body 

too much retina 
light 

eyes focus on movement 
nearby object of object 

painfu I heat muscle 

2 Use the table to summarise information about 
some hormones. For each hormone listed, state 
where and when it is produced, and describe 
how tlhe body responds to it. For some hormones, 
there may be more than one response, so check 
carefull y to make sure you have included all the 
relevant effects for those you have studied. For 
some hormones, you may need to look in other 
parts of the book 

I Hormone 
Where and when Effect(s) in the 
produced body 

ADH I I 
adrenaline I 
insulin 

oestrogen 

progesterone 

testosterone 



Summary 

Summary 
(!;.I Make sure you can answer all the questions in the interactive quiz. 

I am confident that: 

./ I understand that carbon dioxide is a waste 
product from respiration but that whern the light 
intensity is great enough for photosynthesis to 
occur, the carbon dioxide is used by the cells of 
the plant leaf so that there is no net excretion of 
carbon dioxide from the stomata of the leaf. 

,/ I understand that oxygen may become a waste 
product from photosynthesis when the light 
intensity is hiigh enough, even though the cells in 
the plant leaf continue to use oxygen in 
respiration. The net effect is that oxygen is 
excreted from the stomata of the leaf. 

,/ I know that tlhe lungs are an excretory organ for 
the products of respiration. 

,/ I know that some excretion occurs through the 
skin. 

,/ I can describe the structures of the urinary 
system, including the kidneys, ureters, bladder 
and urethra. 

,/ I can describe the structures of a nephlron, 
including the Bowman's capsule and glomerulus, 
the convoluted tubules, loop of Henle and the 
collecting duct. 

,/ I understand how ultrafiltration occurs in the 
Bowman's capsule and how water and glucose 
are selective:ly reabsorbed back into the blood as 
the filtrate passes along the tubule into the 
collecting duct. 

,/ I can explain that urea is a waste product from 
protein metabolism and that it is excreted in the 
urine. 

,/ I can describe how the hormone ADH is involved 
in osmoregullation by controlling reabsorption of 
water in the tubule from the glomerular filtrate so 
that the com1position of the blood remains within 
appropriate limits. 

./ I know that living organisms respond to changes 
in their environment. 

,/ I understand that the term homeostasis 
describes how the internal environment in a 
human is kept within certain limits and that 
examples of homeostasis are the control of body 
water content and of body temperature. 

,/ I know that for a coordinated response, a receptor 
receives a stimulus and this leads to a response 
in an effector. 

,/ I can describe how sweating can help to cool 
the body, so that when body temperature rises, 
more sweating occurs, resulting in increased 
evaporatiion of water from the skin surface (hence 
cooling the body). 

,/ I can describe how the arterioles leading to the 
blood capillaries near the skin surface can alter 
the blood flow and hence control heat loss from 
the body. 

,/ I understand that the term vasoconstriction means 
that less blood flows in the skin capillaries near 
the skin's surface and that vasodilation means that 
more blood flows near the skin's surface, allowing 
less or more heat to be lost by radiation. 

,/ I can describe geotropic responses in plants, 
in which roots grow downwards towards the 
direction of gravity and stems grow upwards 
away from the direction of gravity. 

,/ I can describe the positive phototropic responses in 
stems in which plant stems grow towards the light 

,/ I can describe the differences between the 
hormonal system and nervous system in humans. 

,/ I know that the nerves in the sense organs in the 
body are linked through to the central nervous 
system (CNS), which consists of the brain and 
spinal cord. 



Section 4 Coordination and control 

.I I understand how a receptor organ receives a 
stimulus and! then sends electrical impulses 
along the nerves to the CNS and from there to 
generate rapid responses as appropriate to the 
stimulus. 

.I I can describe a reflex arc, illustrated by 
withdrawal of a finger from a hot object, and 
understand how the response is made. 

.I I know that a reflex arc consists of a receptor, 
sensory neurone, relay neurone (which lies in the 
CNS and links with other neurones) and a motor 
neurone to the effector (which may be a muscle 
or a gland). 

.I I can label a diagram to show the structures in 
the eye and understand how these are involved in 
receiving a light stimulus. 

.I I can explain how the ciliary body can change the 
shape of the lens when the eye focuses on a near 
or a distant object. 

.I I can explain how the iris in the eye adjusts in the 
response of the eye to changing light intensity . 

.I I can describe the roles and effects of the 
following hormones: 
1. ADH in osmoregulation 
2. adrenaline in the 'fight or flight' response 
3. insulin in the control of blood sugar level in the 

body 
4. testositerone, progesterone and oestrogen 

as reproductive hormones (as described in 
Section 5.3) . 



Exam-style questions 

Exam-style questions 
1 The table gives the content of glucose, urea and 

calcium ions in the blood entering the kidney, in 
the glomerular filtrate and in the urine of a person. 
Values are given in mg per 100cm3

. 

Component in mg per 100 cm3 

Component Blood Glomerular filtrate Urine 

glucose 100 100 0 
urea 26 26 1820 
calcium ions 4 4 5 

a) i) Which of the components provides energy 
forthe body? [ 1] 

ii) Which of the components is a metabolic 
waste product? [l] 

b) Explain why the figures for each component are the 
same for the blood concentration and 
glomerular filtrate. [3] 

c) i) If the person drank a large volume of water, 
far more than was needed by the body, 
predict what would happen to the figures 
in the urine column. [2] 

ii) Describe the processes taking place in the 
body to support your answer to (c)(i). [3] 

[Total = 10] 

2 a) Give the meaning of the term homeostasis and 
use examples to explain why it is important in 
the human body. [ 4] 

b) i) Explain how sweating helps to cool the 

bo~ ~ 

ii) Suggest why, on a hot day in a dry atmosphere, 
you feel more comfortable than in a humid 
atmosphere when the temperature is the 
same. [3] 

c) Mountaineers may experience extreme conditions 
of cold and wind. Often they wear clothing chat 
uses several light layers rather than thick heavy 
garments, with a waterproof outer layer. 

i) Suggest the advantage of several thin layers 
rather than thick heavy garments. [2] 

ii) Suggest the importance of the waterproof outer 
layer. [2] 

[Total = 13) 

3 Auxin is a plant growth regulator and ic can affect the 
growth of wheat coleoptiles ( the first .shoot of young 
seedlings of wheat plants). 

The diagram shows an experiment into the effects of 
auxin on the growth of a wheat coleoptile. Lanolin is a 
grease that sticks to plant surfaces. In the experiment, 
auxin was mixed with some lanolin and the auxin 
could then diffuse into the cells of the coleoptile. The 
seedlings were held at the top of tubes containing 
water, but only the seedling is shown in the diagram. 

A 'blob' of the mixture oflanolin and auxin was stuck 
to one side of a coleoptile, as shown in. the diagram on 
the left. The seedings were examined after 3 hours. 

Possible results of the experiment are shown in 
diagrams A, B, C and D. 

,glass rod is used to 
.apply a blob of lanolin 
with auxin to one side 
of the coleoptiles 

coleoptile 

a) i) Which of the resulcs, A, B, C or D , would you 
expect after 3 hours? [1] 

ii) Give reasons to support your answer and 
explain what is happening with respect to 
growth in the coleoptile to produce this 
response. [3] 

b) If the lanolin with auxin mixture had been placed 
in a complete circle around the coleoptile, which 
result would you expect? Give a reason for your 
answer. [2] 

c) During the experiment, what light conditions 
should have been used? Explain your answer. [2] 

d) Describe a control that should be included in 
the experiment. [2] 

[Total = 10] 
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4 The diagram shows a section through the human eye. 
Structures in the eye are labelled with the letters A co L. 

G 

E 

K 
B 

L 

A 

a) The table gives descriptions of some of the 
structures in the eye. Choose letters from the labels 
A to L, as shown in the diagram, to match to the 
descriptions. Letters may be used once, more than 
once or not at all. 

Description l etter 

transparent layer at front of the eye 

I ight rays focus here 

provides the colour of the eye and circular muscles 
contract in bright light 

carries impulses to the brain 

region for best vision for colour and detail 

(5] 

b) Explain how the ciliary muscles in the eye change 
the shape of the lens so that it can focus on a near 
object (such as a page of writing) af ter looking at a 
bird across a field. (3] 

(Total = 8] 



EXTEND AND CHALLENGE 

Artery to vein pump 

Fresh dialysing Used dialysing 
solution solution 

1 When total kidney failure occurs, a patient may be 
offered kidney dialysis two or three times a week. 
During these dialysis sessions, which last several 
hours, waste is removed from the blood. However, 
for the person, this is much less efficient and less 
healthy than having even a single working kidney. 
So in time, most patients would hope to receive a 
donated kidney - either from another living person or 
from a deceased person. There is always a shortage 
of donor kidneys for the patients who could benefit 
from them. 
Diffusion across a partially permeable membrane is 
the principle employed in the dialys is machine. Blood 
from the patient is removed from a vein, and passed 
through a seiries of tiny tubes made of selectively 
permeable material. A (dialysing) solution on the other 
side of the membrane receives substances from the 
blood, including waste urea, by diffusion. Some 
substances, such as glucose, are prevented from 
leaving the blood, by adding them to the dialysing 
solution. The treated blood is returned to the patient 
a) What is meant by the term 'partially permeable'? 
b) Why is blood removed from the patient's vein, 

rather than from an artery? 
c) Suggest how the composition of the dialysing 

fluid in the machine should be adjusted to allow 
only urea to be removed from the blood, and to 
ensure that no glucose is removed. 

d) Explain why lots of tiny tubes are used in the 
machine, rather than a few larger tubes. 

Extend and challenge 

e) Suggest reasons why it is 'less efficient and less 
healthy' to undertake kidney dialysis rather than 
having a working kidney. 

f) Find out why it is not possible to transplant the 
kidneys of any deceased person into the body of 
any patient What other factors may need to be 
considered before doing a transplant? 

g) The UK government wants to have a system 
whereby it is presumed that anyone who dies can 
have 1heir organs harvested for transplants, and 
that anyone who doesn't want this to happen must 
register their disagreement. Do you agree with 
this suggested change of policy? What problems 
might it raise? 

2 It the leaves of growing plants are starved of light 
they begin to lose their green colour, becoming pale 
yellow. They also grow tall and spindly, as shown 
in the photograph. This condition is known as 
etiolation. 

In natural conditions, seeds usually germinate in the 
soil or perhaps they lie under leaf litter. While the 
developing shoots are in the dark they remain yellow, 
but when they reach the light the green colour 
develops. The tip of the shoot is ofteni bent like a 
hook in the soil, but unbends and grows vertically 
upwards when it reaches the light Plants that grow 
in plenty of light tend to be shorter than those 
growing in dimmer conditions. 

(continued) 
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In horticulture, traditional methods of grow ing 

vegetables and other crops have exploited these 
growth responses in plants. Rhubarb is often 'forced' 
in the dark and its stalks are used as a sulbstitute for 

fruit Forced rhubarb grows taller than if grown in the 
light It is more tender and it is ready to eat earlier in 
the season. Similar techniques are used on a world-wide 

basis - examples include blanching of salad crops 
such as celery, chicory, endive or Chinese chives. 
a) Name the green pigment that develops and 

summarise its role in the plant. 
b) Suggest how the etiolation response of 

germinating seedlings is a useful adaptation in the 
natural en,vironment 

c) What advantages might a plant get from 
being short rather than tall - providing it is getting 
enough light? 

d) Check the effect of light on the distribution of 
auxin produced in the tip of a shoot (described on 

page 135). How can you link this to the different 

heights of plants as described in the passage and 
shown in the photograph? 

e) Find out about some traditional methods of 

growing vegetables which use this response of 
etiolation. Look for information about at least two 
oriental vegetables, and two from Europe. When 
and where are these plants grown and what is the 
benefit of these practices? 

3 Today, an increasing number of adults in the 

developed world have diabetes. The risk of 
developing the condition as an adult is more likely in 

obese people. 

Diabetes is a disease that involves the failure of the 
system that controls glucose levels in the body. A 
person with d iabetes is unable to produce sufficient 

insulin to keep the blood sugar under cont rol. As a 
result, their blood glucose reaches dangerous levels. 
One effect of this is to damage blood vessels. In the 
long term, if left untreated, damaged blood vessels in 
the retina can result in the death of cells in the retina, 
leading to blindness. Poor blood supply to the lower 

leg and feet sometimes leads to infection and may 
necessitate amputation of the limb. Diabetes is a 
serious condition and places huge strains on medical 
resources of different countries. 

Various treatments have been developed to try to 
enable patients to regain the ability to control their 
blood glucose. One important treatment involves 
careful checking of blood glucose andl injections 
of insulin at times when the glucose level would 
be expected to rise. Another solution could be to 
transplant healthy insulin-producing pancreas cells 
into the patient 
a) Explain briefly how insulin helps to control levels 

of glucose in the blood. 
b) If obesity seems to be a major risk factor for the 

development of diabetes, what preventative 
measures might be taken to reduce the problem 
- by individuals and by governments? (First you 

should find out about the factors that are likely to 
lead t o obesity.) 

c) The damage to blood vessels takes place over 

years and the diabetic person does not directly 
feel any symptoms from their high blood glucose 
levels. Why does this make education about the 
disease difficult? 

d) Currently, the method used to check blood for 
glucose involves pricking a finger to collect a drop 
of blood. This is then put into a machine that does 
the measurement. The insulin might need to be 

injected into the skin. Suggest possible hygiene 
problems that may arise with this testing and 
treatment regime. 

e) Transplants of a healthy pancreas into a person 

with d iabetes have been performed successfully. 
Suggest why it is not possible for healthy 
pancreas cells to be transplanted into every 
patient. 

f) Find out more information about diabetes, say 
from the website of a diabetes support 
organisation. Use this information to produce a 

leaflet for your community explaining how 
individuals can reduce their risk of diabetes. 



Reproduction 
and inheritance 

DNA is now paril of our everyday 
vocabulary. But when its molecular 
structure was fi rst described in the 

1950s, it signalled a revolution for 
our understanding of inheri tance. 

What do you know about DNA? 
How can this molecule hold all 
the information that codes for the 
features of every individual - plant 
animal or microorganism? How is the 

information passed on to maintain 
continui ty from one generation to 
the next? And what evidence can 

you describe to show that species 
change over time? 

Reproduction and the continuity of living organisms 
A virus injects its nucleic acid into a host cell. In this case, the tobacco 
mosaic virus in the image contains RNA and this gets forced into a plant 
cell. That's about all a virus does, but it is enough to program the cell to 
make more identical viruses. The host suffers and the virus is responsible 
for causing disease in the plant or animal. This act of reproduction is 
enough to let us include viruses in our classification of living things. 

In the early 21st century, we all know the story about the discovery 
of thte nucleic acid DNA, and its structure. The now familiar double 
helix is a way of representing this. We use this to help us understand 
the basis of inheritance and change over time. So what is in the DNA 
molecule that is so important in determining the characteristics of the 
next generation? How is DNA passed on? 

How can we explain common features that can be traced through a 
famiily pedigree? How do living things maintain their continuity so that we 
recognise the next generation of individuals as part of the same species? 

Fossil evidence gives us information about earlier life forms -
dinosaurs, mammoths and others that are now extinct. !How do 
species change over time? How can we explain the disappearance 
of former species and appearance of new ones? 

How did Mendel manage to work out remarkably coherent laws of 
inheritance without any knowledge of DNA? And how did Darwin piece 
together his theory of evolution by natural selection from his many 
observations, but without any understanding of Mendel's work on 
inheritance or our 21st century views on DNA and what it does? 

V Review the learning outcomes you should aim to achieve as you work throug h this section. 



Section 5 Reproduction and inheritance 

@0 ~ Reproduction in 
living organisms 

f1uu;10• 
: You can find more details about 
: DNA in Section 5.4. 

4il*M'IO• 
; Refer to Section 5.5 and make 
: a link with meiosis and gamete 
: formation. 

fillM'IO• 
: Check Section 5.5 for information 
: about mitosis. 

Continuity from one generation to the next 
Every individual living organism ultimately dies. But before doing 
so, if individuals can reproduce, they ensure that their offspring will 
take their place in the world. Some (or all) of the genes of the parent 
organism(s) are transmitted to their offspring and onwards to future 
generations. The images emphasise the next generation of plants, 
animals and microorganisms. 

So how does reproduction allow for continuity as well as change? In 
human populations, what features are the same from one generation 
to the next and what differences appear? Imagine a world in which 
deat h of humans could be prevented by medical technology - what 
sorts of social problems would have to be addressed if humans could 
choose to become immortal? 

• Asexual or sexua I reproduction? 
Living organisms all share the ability to reproduce and make more like 
themselves. Reproduction is the process that ensures the species continues 
from one generation to the next. The information controlling what the 
offspring look like is contained in the DNA. This essential information 
divides so that some is passed on to each of the cells that make up the next 
generation. 

For some, particularly for microscopic organisms, reproduction occurs 
simply by dividing into two. In other organisms, a piece breaks off and is 
able to grow into a new individual. This can occur in many p lants and some 
animals. These are both methods of asexual reprod uction. 

Most plants and animals reproduce by sexual repro d uction. This occurs as 
a result of two special cells joining together. These special cells are the 
sex cells, known as the gametes. One is from the male and one from the 
female. The offsp ring receive some DNA from the male parent and some 
from the female parent and this DNA determines the charac teristics of the 
offsp ring and ensures there is continuity to the next generation. 

Asexual reproduction 
For a single-celled (unicellular) organism, such as a bacterium or an amoeba, 
cell division equals reproduction. When the single (parent) cell divides, both 
of th e cells produced (daughter cells) contain a copy of all of the genes from 
the parent single cell. Cells or offspring produced by asexual reproduction 
are the result of a division by mitosis, so that the offspring are genetically 
idemical to the parent. Each daughter cell is a genetic clone o f the parent 
cell. The only possible source of genetic variation between parent and 
daughter cells is from mutations that might occur, though mutations are 
rare and usually harmful. 



Figure 5.1 Aphids can reproduce both 
asexually and sexually 

fii*M101 
· Make a link w it h cloning in 

: Section 7.6. 

Figure 5.2 A leaf of Bryophyllum - the 
tiny plantlets along the edge eventually 
drop off and grow to form clones of the 
Bryophyllum plant 

fii*l'i101 
· Look in Section 5.4 to remind 

yourself about the meaning of the 
terms haploid and diploid, what 
gametes are and what happens 
at fertilisation. 

5.1 Reproduction in living organisms 

Asexual reproduction is not restricted to single-celled organisms. Many 
plants and animals use asexual r·eproduction as part of their life cycle in 
addition to sexual reproduction. Asexual reproduction is often faster and 
more efficient than sexual reproduction. If a parent organism is perfectly 
adapted to its current environment, then its cloned offspring are also likely 
to be perfectly adapted. 

Humans can only reproduce by sexual reproduction. But in the wider world, 
many animal and plant species use both asexual and sexual reproduction. 
Here are some examples: 
• Aphids (greenfly) are insects and often become pests on crops because they 

feed on sap from the phloem. They often reproduce asexually during the 
spring and early summer when conditions are favourable. This means 
there is a rapid population boom when there is plenty of food. These 
asexually produced offspring are genetically identical. Later in the summer 
they start to reproduce sexually, giving genetically varied offspring. 

• A strawberry plant can rep roduce sexually, producing flowers that give rise 
to seeds. The plants can also reproduce asexually by runners - horizontal 
seems that grow across the surface of the soil and put down roots co form a 
new plant. The asexually produced plants are genetically identical, whereas 
those grown from the seeds give genetically varied offspring. 

• Most reptiles reproduce sexually, giving rise to offspring as a result 
of mating between a male and female parent. However, a few are 
un usual in that they show asexual reproduction and can develop from 
unfercilised eggs. An example is found in rock lizards in the Caucasus 
mountains. These colonies of lizards are all females and they show 
far less variation than is found in similar populations oflizards that 
reproduce sexually. 

• Figure 5.2 shows the edge of aBryophyllum leaf. The tiny little plantlets 
growing on the edge of the plant leaf eventually drop off onto the ground. 
If they are lucky enough to find a suitable space and moisture to grow, 
they develop into a natural clone of the parent plant. 

Sexual reproduction 
Key features of the reproductive cycle in sexual reproduction are 
summarised in Figure 5.3(a) for animals and Figure 5.3(b) for flowering 
p lants. This cycle applies to humans and to sexual reproduction in most 
plants and animals. 

The term diploid refers to cells that contain the full set of pairs of 
chromosomes (2n). In humans, this is 23 pairs of chromosomes, giving 
a coral of 46 chromosomes. When gametes are formed by meiotic cell 
division, they each contain half tl1e number of individual chromosomes 
and are described as haploid (n). In humans this is 23 individual 
chromosomes. 

At fertilisation, when the gametes fuse, each contributes a single set 
of chromosomes to the zygote, so that the diploid number is restored. 
In humans, each gamete contains 23 chromosomes, giving a total of 
46 ch romosomes in the zygote and all body cells of the embryo and 
adult. 
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adult composed of diploid cells 

embryo composed of diploid cells 

mitotic cell division of the 
fe rtilised egg for growth 

ovary testis 

meiotic cell d ivision in gonads 

haploid fema le 
gamete = egg 

fusion of gametes (fe rtilisation) 

diploid zygote (fertilised egg) 

Figure 5.3 (a) Reproductive cycle for sexual reproduction in humans 

ad uh composed of diploid cells 

ovary anther 

embryo composed of diploid cells meiotic cell division 

mitotic cell division of the 
fertilised egg for growth 

haploid fema le 
gamete = egg 

haplo id ma le gamete = 
male nucleus in pollen 

fusion of gametes (fertilisation) 

diploid zygote (fertilised egg) 

Figure 5.3 (b) Reproductive cycle for sexual reproduction in flowering plants 

Sexual reproduction ensures genetic variation in the offspring in several 
ways: 
• Each of the two parent cells contributes 50% of their DNA to the 

offspring - so the offspring cannot be identical to either parent. 
• Th e production of sex cells (gametes) by meiotic cell division in the sex 

organs of each parent results in new combinations of the alleles on the 
chromosomes that go into the daughter cells. 

• Chromosomes are randomly distributed into the gametes during meiotic 
cell division. 

In an uncertain world, it is an advantage to an individual if its offspring 
are genetically varied. It increases the chances of at least some offspring 
being well adapted to the next environmental change. 



5.1 Reproduction in living organisms 

~Hi*M'IO• 
: You can find more details about 

natural selection and evolution in 
: Section 5.6. 

In the natu ral world, the environment continuously changes over time 
and s pecies evolve by natura l selection. If none of the individuals in the 
population are suited to the environment, the species may become extinct. 
The process of natural selection depends on the genetic variation between 
individua l offspring and this variation is mainly the result of sexua l 
reproduction mechanisms. 

4ii*M'IO• Comparing asexual and sexual reproduction 
· Note that in flowering plants, as 

for animals, sexual reproduction 
involves the fusion of two cells 

Table 5.1 summarises some differences between asexual and sexual 
reproduction in flowering plants and mammals. 

. (usually haploid, n) to form a zygote 
; (usually diploid, 2n). But in flowering 
: plants, sometimes the two cells 
: (pollen and egg cell) come from 

Table 5.1 

Asexual reproduction 
(flowering plants) 

one parent organism 

Sexual reproduction 
(flowering plants and mammals) 

two parent cells involved 

: the same plant and sometimes the 
pollen comes from a different plant 

: (but of the same species). 

produced by mitotic eel I division produced from fusion of two haploid 
gametes (gametes produced by meiosis) 

offspring are genetically identical (clones) all offspring are genetically unique, 
different to both parents 

only source of genetic variation is mutation offspring show variation 

often produce large numbers of offspring in produces limited numbers of offspring 
short time and reproductive cycle may be slow 

offspring grow near the parent competing flowering plant offspring (seeds) can 
for the same resources 

STUDY QUESTIONS 

Section 5.1 gives you an introduction to the two 
sections (5.2 and 5.3) that look at reproduction in more 
detail. Reproduction in flowering plants is considered in 
Section 5.2 and Reproduction in humans is considered in 
Section 5.3. The-re are also links with Cloning (Section 7.6} 

Use this opportunity to make sure you are familiar with all 
the terms used in Section 5.1 and make appropriate links 
with relevant topics elsewhere, as indicated above. Here 
are some questions to guide you and you can follow 
some of the Study tips to help you find the information. 

1 What is DNA? Explain how it contains information 
that controls the characteristics of an organism. 

2 Where are the male and female gametes formed in 
each of the following? 
a) in flowering plants 
b) in humans 

3 Name four single-celled organisms. 

be dormant and are dispersed to new 
habitats (seed dispersal) 

4 Write down the meaning of the terms haploid and 
diploid. 

5 Make a table to compare mitosis andl meiosis. In 
your table, include information about whether the 
daughter cells are diploid or haploid. 

6 a) How does the male gamete reach the female 
gamete in each of the following? 
i) a flowering plant 
ii) a human 

b) Where does fertili sation occur in each of the 
following? 
i) a flowering plant 
ii) a human 

7 Give two advantages of asexual reproduction 
and two advantages of sexual reproduction. Your 
answers can refer to plants or animals. You should 
focus on advantages and disadvantages to the 
species rather than to the individual organism. 
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®o~ Reproduction in 
flowering plants 

f1uur10• 
: Check in Section 5.4 to make sure 
: you understand the difference 
: between haploid and diploid. 

f1uur10• 
: Check in Section 5.1 to remind 
: yourself of how sexual reproduction 
: differs from asexual reproduction. 

People and flowers 
Flowers are very important to people. We offer them as gifts, as a 
sign of welcome or in memory of people or past events. Flowers 
become part of our celebrations and often have symbolic significance 
in different rituals. We enjoy their colours and decorate our houses, 
streets, parks and gardens with them. 

Worldwide there is an enormous diversity of flowers - some large 
and showy, others small and iinconspicuous. The photographs show a 
tiny selection from the flora in Yunnan province, an area of 39400km2 

in southwest China. Yunnan is rich in its diversity with over 15000 
species of flowers, yet this is only a fraction of the worldwide total 
over 400000 known plant species. 

So how and why has this diversity evolved? What is it that makes 
flowers so important in the natural world, as well as in our daily lives? 
The secrets of flowers lie in their role in plant sexual reproduction and 
the complex relationships that have evolved with the insects that help 
with pollination. This in turn leads to the production of seeds (and 
fruits) that provide continuity for the next generation. 

Before you go further into the biology of reproduction in flowering 
planits, have a look around you and make a list of ways you have had 
anything to do with flowers (or their fruits) in the past week or month. 

• Flowers and their role in sexual 
reproduction 

In sexual reproduction, two cells - the male and female gam etes - join 
together co produce offspring. The gametes are also known as the sex cells 
and they are h aploid, which means they contain one set of chromosomes. 
When they join (fuse) together, we say that fertilisation has taken place. 
A zygote is formed as a result of fertilisation and this cell is diploid. 
The .zygote divides into many cells, and these become the new individual 
(offspring). 

Insect-pollinated flowers 
Figure 5.4 shows the structures in a typical insect-pollinated flower. 

The list on page 161 gives the way different parts of the flower contribute 
to sexual reproduction. The descriptions are given from the outside of the 
flower, working inwards and give the generalised functions of the different 
parts. Actual flowers may differ from this ideal drawing, particularly if they 
are wind-pollinated flowers. 
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5.2 Reproduction in flowering plants 

stamen 

Figure 5.4 Structure of a typical insect-pollinated flower Figure 5.5 This geranium flower shows most flower parts 
typical of an insect-pollinated flower, including nectar guides 
on the petals 

feathery stigma 
ha nging out o f 

the Hower 

• Stem - supports the flower in a suitable position for pollination. 
• Sepals - enclose the flower when in bud, often green. 
• Petals - often brightly coloured co attract insects, which help in pollination. 

T hey may provide a 'landing platform' for insects visiting the flower. Some 
flowers, including wind-pollinated flowers, do not have coloured petals. 

• Stamen - made up of the anther and filament. 
• Anther - contains the developing pollen grains and opens when pollen 

(a dusty yellow powder) is man1re. The pollen grains contain the male cells. 
• Filament - supports the anther. 
• Carpel - made up of the stigma, style and ovary. 
• Stigma - receives pollen during pollination. 
• Style - supports the stigma and pollen tube grows down the style to reach 

cheovary. 
• Ovary - contains the ovules. 
• Ovule - these contain the female egg cells. After fertilisation by the ma.le 

cell, an ovule develops into a seed. 

Most of these features can be seen in the photograph of the geranium flower 
(Figure 5.5). 

Wind-pollinated flowers 
Figure 5.6 shows the structures in a typical wind-pollinated flower, such as 
a grass. The photograph in Figure 5.7 shows a wind-pollinated flower (male 

flower stalk 

Figure 5.6 Structures in a grass flower 

Figure 5.7 Male flower of a maize plan\ showing 
anthers with long filaments. This is a wind-pollinated 
flower. 
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flower of maize). This illustrates how the anthers are held on long filaments 
and hang outside the rest of the group of flowers and the absence of brightly 
coloured petals. 

Table 5.2 Summary of the differences between insect-pollinated and w ind-pollinated 
flowers 

!Feature insect-pollinated flowers wind-pollinated flowers 

petals often large and brightly coloured small, inconspicuous or absent 
(replaced by other structures) 

nectary and insects feed on nectar (a sugary none 
scent solution) and are attracted by the 

scent 

stamens enclosed in flower long filaments so that anthers hang 
outside flower when ripe 

---- -
pollen small with surface fearu res that large with smooth surface to help 

help it to stick t o insects and t o the it float through the air; produced in 
stigma; produced in relatively small large quantities 
quantities 

stigma enclosed in flower so that insect often feathery and hang outside 
brushes past it when entering the flower so increasing chance of 

I 
flower; top surface helps to hold catching pollen in the air 
pollen 

Pollination 
Pollination is the way that pollen is transferred from the stamens to the 
stigm a The pollen does not move by itself, but is carried by different agents -
often by insects, but also by win d and sometimes by water, birds or even 
mammals (such as bats). 

In some cases, the pollen lands on the stigma of the same flower - this is 
described as self-pollination. But in many flowers, there are mechanisms that 
encourage cross-pollination, in which the pollen is transferred to the stigma 
of another flower. But if pollination is to be successful, this must be another 
flower of the same species. Compared with self-pollination, cross-pollination 
produces more genetic diversity in the offspring. Many flowers have elaborate 
mechanisms for encouraging cross-pollination. This increased genetic diversity 
is one of the advantages of sexual reproduction. 

For many flowers, the pollinating agen ts are insects, such as bees (Figures 5.8 
and 5.9). Often on a suitably sunny day, bees can be seen flying from one 
flower to another in a patch of flowers. The bee visits the flower to collect 
nectar at the base of the petals. As the bee enters the flower, it brnshes 
against the anthers and collects p ollen, which sticks to its body. It then visits 
anocher flower and as it brushes against the stigma of the second flower, 
some of tl1e pollen from the first flower is left behind. The bee picks up more 
pollen and flies on to a third flower to repeat tl1e process, and so on to more 
flowers. This allows the pollen to be transferred from one flower to another, 
and usually the bee visits flowers of tl1e same of species in succession. 

For wind-pollinated flowers, pollination is more of a random process. When 
ripe, the anthers open and shed t heir pollen into the air. The pollen may 
then be blown in the wind or carried in air currents, and by chance lands on 
the feathery stigma of a plant of the same species. 
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when bee visits anothe r flower, some 
pollen is brushed off on to the stigma 

of the new flower 
-, 

' ' ' \ 
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pollen grains 
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I 

gamete 
anther ru ptl.llres (nucleus) 

to release ,,..~ 
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wall . ....i 
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Figure 5.8 Pollination of a flower by a bee 

pollen g rain a rrives 
a t surface of stigma and,-.._,_ 

grows a pollen tube 

ma le gamete (nucleus) 
inside the pollen ,grain is 

Ira nsported a long the 
growing pollen tube 

towards the ovule 

fertilisa tion occurs w hen 
the mole gamete fuses 
with the female gamete 

(egg cell) inside t~e ovule, 
to create a zygote - the 
struc ture that eventua lly 

d evelops into an embryo 
plant 

Figure 5.9 The bee visiting a hollyhock flower gets covered in 
pollen and is likely to transfer the pollen to other flowers visited 
in succession 

Growth of pollen tubes and fertilisation 
When a pollen grain lands on the stigma of a flower (of the same species), a 
pollen tube starts to grow down through the style towards the ovary 
(Figure 5.10). Digestive enzymes are produced by the tip of the pollen tube, 
enabling it to grow through the tissues in the style to reach the ovary. You 
can see pollen tubes growing under the microscope if you dllst some pollen 
grains onto a microscope slide and mount them in a drop of sugar solution 
(Figure 5.11). 

pollen tube fo llows a chemical 
Ira ii down the style towards on 

ovule in t~e ovary 

ovul e - the structure 
tha t eventua lly develops, 

into a seed 

ovary wall - eventua lly 
develops into a fruit, which 
helps to disperse the seed 

within it 

pollen tube e nters ovule 
through the micropyle 

Figure 5.11 Pollen tubes starting to grow, 
as seen with a light microscope Figure 5.10 Fertilisation of an ovule by a male pollen nucleus 
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Figure 5.12 Stages in development from flower to seeds and fruit in mangetout peas. Pea flower (left), remains of petals and style are 
visible as the pod develops with seeds inside (centre) and maturing fruit (pod) with seeds (peas) (right). Remains of anthers are visible 
close to the calyx at the base of the pod. 

Figure 5.13 From f,lower to ripe strawberry 

fil'M'lil• 
· Think about why it is important 

for seeds to be dispersed away 

from the parent plant. W hat would 

happen if all the seeds fell in the 

same place? List things that the 

seeds mig ht be competing for. 

The pollen tube enters the ovary through a small gap known as the 
micropyleand thus reaches the ovule. There the male nucleus in the pollen 
fuses Goins) with the female egg cell in the ovule. At this point, fertilisation 
takes place and a zygote is formed. 

From flower to seed and fruit 
After fertilisation, the ovule (containing the fertilised egg cell - the zygote) 
develops into the seed. The ovule wall becomes the seed coat {testa) and 
parts of the flower surrounding the ovule develop into the fruit, which 
contains the seeds. Often the fruit comes from the ovary wall, but other 
parts may swell or change in other ways and develop into the fruit 
{Figures 5.12 and 5.13). 

Fruits develop in a variety of forms. Some are sweet and fleshy, familiar 
as the fruits we eat (apples, grapes, oranges). Others may be hard and dry 
(acorn, walnut); have a wing that allows them to float in the air (maple, ash); 
have sticky hooks that get caught onto the coat of passing an imals (burrs, 
goosegrass). There are more variations such as those that allow fruits to float 
in the water or fruits that 'explode', propelling the seeds some distance from 
the fruit. 

The important thing about fruits is that they provide a mechanism for 
dispersal of the seeds, away from the parent plant. 

• Seeds and germination 
The seed contains the zygote (fertilised egg cell) that will develop into a 
new individual plant. During the stages of development in the ovule, the 
zygote divides into cells that then develop into the embryo. When the 
seed germinates, the embryo grows into the young seedling. Surrounding 
the embryo are structures known as the cotyledons. These contain food 
reserves that will supply the young seedling with food materials when the 
seed starts to germinate. {Later the young plant has leaves and can make 
food by photosynthesis.) Some plants (e.g. maize, wheat, rice, lily) have one 
cotyledon, whereas others (e.g. pea, bean, apple, tomato, pumpkin) have 
two cotyledons. 



This is a useful p ractical 
demonstration o f the conditions 

needed for germination of seeds. 
You can set it up as an experiment 
to find out what is needed, or 
compare germination of different 
seeds in different conditions. 

5.2 Reproduction in flowering plants 

Seeds generally have a period of dormancy. During this stage they contain 
very little water and d1ere is very little internal metabolic activiry, but they 
are still alive. This is an advantage to the plant as the seeds can then be 
dispersed to other locations and survive quite harsh conditions (such as 
cold, heat and desiccation), and germinate only when conditions are right. 

The conditions needed for germination of a seed are as follows: 
• w.ater 
• oxygen 
• a suitable warm temperature. 

A few seeds have a requirement for light and, for many seeds, special 
conditions are required to break the period of dormancy, allowing the 
processes of germination to start. 

• Practical activity - conditions for 
germination of seeds 

1 Set up 4 test tubes (A, B, C and D) as shown in the diagram. 
2 E.ach tube contains some cotton wool and 10 cress seeds, .sprinkled on the 

cotton wool. 
3 Keep the tubes in different conditions, as follows. 

• n1be A - dry cotton wool, room temperature, in the light 
• tube B - moist cotton wool , room temperature, in the light 
• cube C - moist cotton wool, room temperature, in the dark 
• tube D - moist cotton wool, cold temperature (in the fridge), in the dark 
Cap each tube with clingfilm or similar material. 

4 Leave the tubes for 3 to 5 days. 
5 Observe whether or not the seeds have germinated. Measure the height of 

the seedlings and calculate the percentage of seeds that have germinated 
successfully in each tube. 

~ I 
leove 3 to 5 days -- .... .. .. ____ _ > 

ii 
::~::o· 
cotton • 
wool _.,.. A 

B 
A 

Figure 5.14 Conditions for germination in seeds 
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What are the effects of the different environmental factors on germination 
of the seeds and development of the seedling? 

seed coot - covers and 
protects the embryo before 

germina tion 

position of 
seed root under 

the seed coat 

• 
\ 

scar of a ttachment 
to pod 

micro pyle -

seed coat removed to 
reveal interio r of seed 

cotyledons - food sto re 
for germinating seed 

embryo 
shoot 

embryo 
root 

individual peas 
attached to the inner 

wall of the pod 

the pore in the 
seed coot where 

water enters, a nd 
the embryo root 

breaks out during 

the first embryo structure to 
emerge during germination is the 

seed root (rodicle), followed by 
the seed shoot (plumule) 

germina tion 

Figure 5.15 A pea fruit (pod) and structures of the pea seeds 

fil*M10• 
· Remind yoursel f of similar reactions 

taking place in digestion of food in 
humans (see Section 2.2). 

fil*ut10• 
· Check in Section 2.1 to remind 

yourself of the equation for 
photosynthesis. 

The internal structure of a large seed (with two cotyledons) is shown in 
Figure 5.15. When conditions are suitable, the seed starts to take in water 
through the small hole known as the micropyle. As a result of the water 
intake, the seed swells until the seed coat (testa) bursts. This allows the 
radide (first root) to emerge, followed later by the plumule (first shoot). 
The radicle and plumule develop from the embryo as a result of cell division 
and cell enlargement. 

The water allows enzymes that were inactive in the dormant seed to become 
active again. In particular, digestive enzymes act on the stored molecules 
(such as starch, oil and protein) and convert these into small molecules that 
the growing embryo can use. For example, starch is broken down into sugars 
and proteins are broken down into amino acids. Other metabolic reactions 
begin to take place, including respiration (which releases the energy needed 
for the growing seedling). 

At this stage, the embryo is developing into a young seedling and is entirely 
dependent on the stored food in the cotyledons for its food supply. As the 
plumule emerges and leaves begin to develop and open out, photosynthesis 
can start to occur so that the young seedling is able to make its own food 
in the form of sugars. Other metabolic reactions follow until the seedling 
becomes an independent plant and no longer takes food from that stored 
in the cotyledons. In some seeds, the cotyledons rise above the surface of the 
soil and become green. These 'seed leaves' also carry out photosynthesis and 
so contribute food for the early stages of the seedling. 



4ii*M10• 
· Look in Section 5.4 and compare 

the outcome of division by mitosis 

and meiosis. What happens if two 
cells produced by meiosis fuse? 

4illM'IOt 
· Link natural asexual reproduction 

and artificial propagation by cuttings 
with methods for micropropagation 
and use of tissue culture, described 
in Section 7.6. 

5.2 Reproduction in flowering plants 

• Asexual reproduction in plants 
If a piece of a plant becomes separated from the parent plant, often it can 
grow into a whole new plant. This is asexual reproduction and the new 
plants that grow are genetically identical to the parent plant. Cells divide by 
mitosis to generate new cells in the new plant. Any offspring from the parent 
plant can be described as a clone, a topic that is discussed in more detail in 
Section 7.6. 

Asexual reproduction can occur naturally and can also be carried out 
artificially, say by a gardener wishing to increase numbers of a particular 
plant. 

Natural methods of asexual reproduction 
One method of natural asexual reproduction is shown in Figure 5.16. The 
strawberry plant can reproduce naturally by means of runners. 

strawberry Rower 

shoot o& main 

developing strawberry 
fruit (the pips an the red 
surface are the seeds) 

strawberry p lant ---- - .t..JJ 

young strawberry p lant - an 
exam pie of asexual I ~prod,ciioo lo ploor. 

short root system 

runner - a horizontal 
section of stem that 

produces little plantlets 
at intervals 

Figure 5.16 Strawberry plant with runners 

~ 

). 
~ short root system 

The runner is a horizontal stem that grows along the surface of the ground. 
At certain points, small roots (known as adventitious roots) begin to grow 
into the soil. Soon these adventitious roots take over the function of the main 
root of the plant, hold the young plant in the soil and absorb water and other 
materials from the soil. Eventually the first horizontal stem dies and a new 
plant is established. For this new plant, all cell divisions have been by mitosis. 

Artificial methods of asexual reproduction 
Sometimes people want to increase the numbers of a certain plant. This can be 
done by taking cuttings, as shown in Figure 5.17. This method is often used by 
gardeners to increase numbers of a plant, particularly if it has unusual features. 
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This practical activity provides 

a useful demonstration of how 

artificial methods of propagation 

can be used and gives an example 

of asexual reproduction. 

The cut stump of the cutting is sometimes 
d ipped in a mixture of plant growth regulators 

(in powder) to induce the 
plant cells to divide and grow. Then the 

cutting is partly buried in some soil. 

The cutting should, over a period of weeks, begin 
to grow a whole new plantlet from the cut surface. 
This can be grown on and plonted out in the soil , 

or into a larger pot . 

Figure 5.17 Cuttings as of means of propagating plants. Cuttings involve the removal 
of part of a mature plant, such as a leaf or a part of a shoot including a lbud. Numerous 
cuttings can be removed from a large plant Each cutting is an artificial vegetative clone of 
the origin al plant 

A small length of a seem ( or a leaf) is cu c from the main plane and placed 
in water or directly into soil. Sometimes plane growth regulators may be 
added co encourage growth of adventitious roots. As these grow, they cake 
over the functions of a root and the plane becomes independent. It may 
be necessary to keep the cutting in a suitably humid atmosphere until 
the new plant is established. The newly established plane can then be 
planted out into a larger pot or into the soil outside. Many cuttings can be 
established directly in the soil where they will grow - such as growth of a 
willow hedge. 

As with natural asexual reproduction, all cell divisions have been by mitosis 
and the new plane is identical to the parent. 

• Practical activity - taking cuttings 
with busy lizzies 

Larg:e shrubby busy lizzie (Impatiens) plants have many branches. Branches 
can be cut off with a number of leaves to be used as cuttings. These cuttings 
develop successfully in water so can be done without soil. 

1 Scrip the lowest leaves off each cutting and stand it in a boiling tube 
containing cap water. Wash your hands afterwards. 

2 Place each boiling tube in the light and leave for about a week. 

Roots grow from the surface of the cutting in about a week, as shown in 
Figure 5.18. The steady development of the cuttings is visible through the 
clear glass walls of the boiling tubes. This can be photographed. 
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large shrubby 
busy lizzy (/ mpotiens) 

cuttings stripped of the lowest leaves each 
standing in a boiling tube containing tap water 

Figure 5.18 Cuttings with busy lizzies 

STUDY QUESTIONS 

roots emerge 
at the node on 

shoot where leaves 
have been removed 

roots emerging at th e 
cut stump of shoot 

1 a) List five flowers you have looked at recently (you can give common 
names). Say where you saw them and why they caught your attention. 

b) i) List five seeds you have eaten recently. Some may have been 
processed (e.g. wheat grains to make flour, used in bread or pasta). 

i i) What is the food value to you of each of these seeds and what 
biological molecules do they contain? In your list try to include 
different seeds that provide each of the main food classes. 

iii) Why is the food contained in the seed important to the plant? Name 
the part in the seed that stores the food. 

c) i) List five fruits you have eaten recently. You can include both fruits 
and vegetables, many of which are fruits in a biological sense 
(e.g. tomatoes). 

ii) Did these fruits contain seeds? Note that some commercially 
produced fruits do not contain seeds (e.g. 'seedless grapes'). What 
about bananas - do they contain seeds? 

2 a) Now join together the stages listed in Question 1. Then draw a flow 
diagram to show the progression from flowers to seeds and fruits. This 
represents the life cycle of a flowering plant. 
• Add notes to your diagram to show what is happening and label or 

list the parts of the plant that are involved at each stage. 
• You can set out your flow diagram as a cycle to represent the life 

cycle of a plant and show how the next generation is started. 
• Your flow diagram need not be based on the examples in your lists 

above but can be based on an 'idealised' flower. 
• Remember to show the stage at which fertilisation takes place and 

state whether each stage is haploid or diploid. 
b) What is the importance to the plant of the fruit stage in the life cycle? 

Give some examples of frurts that are not eaten by people to help explain 
this. 

c) Suggest ways that plants which do not produce seeds can be 
propagated (naturally and artificially). 
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®o~ Reproduction in 
humans 

fiW•)'•O• 
: Suggest reasons why the chance 
: of survival to adulthood of a human 
: newborn is greater than that of any 
: other animal species. 

fiuut•o• 
: Check in Section 5.4 to make sure 

: you understand the difference 
: between haploid and diploid. 

Survival of the human species 
As a species, there is no doubt that humans are 
successful irn terms of 'reproductive fitness'. This 
means that they survive long enough to produce 
the next generation and pass on their genes to their 
offspring. As evidence to support this, we have seen 
that the human population of the world has grown 
spectacularly and is expected to reach 1 O billion by 
the year 2100. This poses real problems in terms 
of the ability of the planet to provide the resources 
needed. 

Each individual couple makes their own decision 
about when to reproduce, but there is a clear 
pattern - in countries where infant survival rates are 
good, women choose to have fewer children. Many 
couples now delay having a baby until later in life, 
but it is sometimes necessary to use technology 
to help them. Currently there are more than a 
million individuals who are 'test-tube' babies. This 
technology has brought great benefits to individual 
couples who could not conceive a baby naturally. 

However, advances in 'assisted reproductive 
technology' also raise other questions. Should 
the limited resources for healthcare be diverted to 
helping infertile couples when there are already so 

many people in the world? Is it an abuse of technology for couples to 
select the sex of their unborn child, or some other characteristic? If you 
could specify particular features of a future child, what would they be? 

• Humans and sexual reproduction 
Humans are mammals. This name tells you that they have mammary glands 
and a hmnan mother can feed her infant with breast milk. Normally> a human 
couple produces only one child at a rime, rather than say five like a bird (such 
as a robin) or a million like a fish (such as acod).Just to replace themselves, a 
pair of parents needs to rear only two offspring. However, the chance of a newly 
hatched cod reaching maturity is very much less than that of a human baby. 

In sexual reproduction, two cells {the male and female gametes) join 
together to produce offspring. These gametes are haploid, which means 
they contain one set of chromosomes. When they join (fuse) together, we 
say that fertilisation has taken place. A zygote is fonned as a result of 
fertilisation and this cell is diploid. The zygote divides into many cells, 
and t hese become the new individual (offspring). 



, 1111•r10• 
· Look in Section 5.5 and make sure 

you understand the differences 
between mitosis and meiosis. 

5.3 Reproduction in humans 

• Male reproductive system 
The male reproductive organs develop during the growth of the embryo. They 
remain dormant until adolescence, when they become active. At this time 
the hormone testosteron e is produced. This causes the body of the male 
adolescent to develop male secondary sexual characteristics. 

The male gametes (sperm cells) are produced inside the testis. Each testis 
contains a large number of microscopic tubules, all linked together. In an 
adolescent male, new sperm cells are formed by meiotic cell division on 
the walls of these tubules. From here they pass slowly to a storage area, 
the vas deferens. This process occurs at a lower temperature than core 
body temperature, which is why the testes are suspended in a sac of skin 
(scrotum) outside the abdominal cavity. This sperm production process 
continues throughout the life of the adult male and, unless ejaculation 
occurs, the sperm are steadily shed in the urine. 

Figure 5.19 shows the male reproductive organs, how they link in with the 
urinary system and their position in the body. You can trace the pathway 
taken by sperm from the testes where they are produced to the urethra, 
which lies in the penis. Sperm a.re released from the body through the 
ureth ra. 

pubic bone - forms part 
of the pelvic gird le 

vas deferens - the tube that 
stores sperm before 
ejaculation, when they a re 
passed, along with 
semen produced by the 
seminal vesicles and prostate 
g land, into the ureth ra 

penis - contains erectile 
tissue and is used to 
introduce sperm into the .._ 
vagina du ring sexual 
intercourse. The sperm 
are carried along the 
ureth ra during e jaculation 

urethra - carries urine or 
sperm from the body 

scrotum - a sack of 
skin tha t holds the 
testes outside the 
abdominal cavity 

Figure 5.19 Side view of male reproductive organs 

bladder - stores urine produced 
by the kidneys, which is re leased a t 
intervals from the body via the urethra 

prostate gland - where the 
vas deferens joins to the 
urethra. It produces semen, 
the fluid in which sperm swim 

testis - the site of sperm formation, as a 
result of meiotic cell division inside millions 
of small tubules. This only happens below 
body temperature, which is why the testes 
are suspended in the scrotum - this keeps 
them cool 

• Female reproductive system 
The female reproductive organs develop during the growth of the embryo. 
They remain dormant until adolescence, when they become active. The 
activation of the ovaries leads to the cyclical production of the honnone 
oestrogen and the cyclical production of the hormone progesteron e. It also 
leads to the monthly release of an ovtun from an ovary (note chat an ovum is 
also known as an egg cell - both terms can be used). 
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This monthly cyclical process is known as the m enstrual eye.le. It carries on 
until menopause, which generally occurs from the age of about 45 or later. 
At this cime, the menstrual cycle finally stops and a woman can no longer 
conceive a child. In addition to their direct role in the menstrual cycle, 
oestrogens cause the body of the female adolescent to develop the female 
secondary sexual characteristics. 

Figure 5.20 shows the female reproductive organs and their position in the 
body. An ovum ( egg cell) passes from the ovary, where it is produced, to 
the oviduct (fallopian tube). If fertilisation occurs, the embryo develops 
in the u te rus. If fertilisation does not occur, the ovum passes through the 
uterus and is released from the body through the vagina. Note that this 
is a separate opening and does not link directly with the urethra, as in the 
male. 

fertilisation of an egg is 
most likely near the start 
of the oviduct, on the day 
after ovulation 

muscle wall of uterus - stretches 

oviduct (fa llopian tube) - carries the egg 
released by the ovary towards the uterus. 
The journey may take 2 to 4 days 

to allow growth of embryo, and later 
pushes the fetus out duri ng labour 

ovary - site of egg production 
and hormone production as 
part of the menstrual cycle 

cervix - the eMrance to the uterus, 
through which, sperm must swim 
if they are to fertilise an egg 

lining of uterus - provides a site for the 
development of a placenta, which allows the 
blood of the developing1 embryo to exchange 
materials with the mother's blood 

in non-pregnant women, this lining is shed 
every month as part of the menstrual cycle 

-+-t---vagina - where sperm are deposited 

Figure 5.20 Front view of female reproductive organs 

Menstrual cycle 

during sexual intercourse. This is a lso 
the route taken by the baby during birth 

During her fertile lifetime, a woman produces an egg from one of her ovaries 
approximately every 28 days. This is part of the menstrual cycle. A number of 
hormones are involved (Figure 5.21 ). Some key events in the menstrual cycle 
and the hormones involved are summarised below: 
• Day 1 of the cycle is taken as t he first day the woman sheds the lining of 

her uterus together with some blood. This is known as menstruation and 
happens with every cycle unle.ss she becomes pregnant. 

• T he hormone FSH (follicle stimulating hormone) is released from the 
pituitary gland at the base of the brain. This occurs a few days after the 
lining is shed. FSH stimulates the growth of a new egg cell in the ovary. 
The growing egg cell is helped by a cluster of cells around it, called a 
follicle. 

• T h e follicle cells produce the hormone oestrogen . For the first 14 days of 
the menstrual cycle the level of oestrogen in the bloodstream rises. 



5.3 Reproduction in humans 

ovulation - release of egg from ovary 
on day 14 of menstrual cycle 

levels of ovarian 
hormones in the 

blood 

loss of lining (menstruation) 
on days 1 to 2 of menstrual 

cyde resulting from low 
levels of oestrogen and 

progesterone 

l 

14 

progesterone produced : 
by the ovarian tissues 1 

after ovulation : 
I 
I 
I 
I 
I 
I 
I 
I 
I 

28 
Day of menstrual cycle 

repair of lining due to further growth of lining 
influence of oestrogen due to influence of 

progesterone 

Figure 5.21 Changes in hormone levels and other events in the menstrual cycle 

• One immediate effect of the rising level of oestrogen, is the formation of a 
new lining inside the uterus. 

• At day 14, the hormone LH (luceinising hormone) is produced by the 
pituitary gland. LH causes the release of the egg from its follicle in the 
ovary. This is described as ovulation. The released egg is then moved 
along by tiny hairs into the oviduct. 

• LH also causes the follicle cells of the ovary to switch from producing 
oestrogen, to producing the h ormone progesterone. One effect of 
progesterone is co promote the further growth of the uterus lining. 

• If fertilisation does not occur, the released ovum ( egg) travels along 
the oviduct over the next 14 days. It is eventually shed with the lining 
of the uterus at the start of the next cycle. The levels of oestrogen and 
progesterone fall during the final 2 days of a cycle. This leads round again 
to the beginning of the cycle, when menstruation occurs. 

E:I Now work through Tutorial: Hormones. 

• Fertilisation 
In the male, during ejaculation, millions of sperm cells are forced along the vas 
deferens. Here they become suspended in sem en - a tluid secret.ed by several 
glands, including the prostate gland From the prostate gland, the semen passes 
into the urethra, the tube that leads out of the penis. The semen contains sugars 
that provide the energy required for the movement of the tails of the sperm. 

During sexual intercourse, semen is ejaculated into the vagina of the 
female, near to the cervix. From here, the sperm cells follow a chemical 
trail, though a plug of mucus in the cervix, into the uterus (womb). They 
swim across the uterus into the oviducts. Here, if they meet an egg at 
some point in the oviduct, fertilisation may occur. This is most likely 
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f11*M·10• 
· For some couples, abstinence from 

sex during part of the cycle is used 
as a form of contraception. When 
in the menstrual cycle should sex 
be avoided? 

sperm fo llow a chem ical tra il, 
from the a,rvix, thro ugh the uterus 
and up into the top of the ovid uct, 
where they meet the egg (ovum) 

1 or 2 days after a woman has ovulated (released an ovum from an ovary 
into an oviduct). However, it is possible for an ovum to become fertilised at 
other times as well. 

During fertilisation (Figure 5.22), the head of a sperm cell releases enzymes. 
These digest a path through a protective layer surrounding the egg and 
the sperm then passes through the egg cell membrane. This is immediately 
followed by the egg releasing a thick layer of material which prevents the 
entry of any more sperm cells - only one sperm cell can fertilise the egg. The 
23 chromosomes carried by the sperm cell head join the 23 chromosomes 
carried in the egg cell nucleus co produce a diploid zygote (fertilised egg). 
The zygote carries 46 chromosomes (23 pairs). 

lashing toil propels the sperm cell 

the 'head ' of the sperm 
carries the ma le nucleus 

\; 
eventually the 
nucleus of the 
sperm enters ....
the egg cell 

a nd fuses with 
the egg nucleus 

sperm nucleus with 23 chromosomes 

egg nucleus w ith 23 chromosomes 

cell membrane of egg cell 

Figure 5.22 Fertilisation of an ovum by a sperm Figure 5.23 Some sperm cells (image taken with an electron 
microscope) 

• Pregnancy 
If the egg is fertilised in the oviduct, the woman becomes pregnant. The 
zygote (fertilised egg) begins to divide to form an embryo. The dividing ball 
of cells continues down the oviduct for several days, until it reaches the 
uterus. During its journey towards the uterus, the embryo secretes another 
hormone (known as HCG). This passes into the woman's bloodstream and 
stops the menstrual cycle from completing its course. So this stops the 
monthly shedding of the uterus lining (menstruation). This means that 
when the embryo reaches the uterus, it is able to attach itself to the thick 
uterine lining. This is described as implantation. 

The placenta and amniotic fluid 
A placenta forms where the embryo is attached (Figure 5.24 ). The placenta 
is the organ chat allows exchange of materials between the blood of the 
woman and the blood of the growing embryo. The embryo is surrounded 
by a layer of fluid, known as the amniotic fluid , held in by the amniotic 
membrane. The amniotic fluid acts like a cushion or 'shock absorber' and 
helps to protect the embryo from bumps to the body of the mother. 



fil*l'ililt 
· Look in Section 3.3 and list 

the ideal characteristics of an 
exchange surface. 

5.3 Reproduction in humans 

For the next 9 months the embryo grows in the uterus. This time is known 
as gestation. Generally the term 'embryo' is used for the first 8 weeks of 
development, but from about the 9th week it is described as a fetus. 

During this time of gestation, the developing embryo (then fetus) receives 
all the oxygen and nutrients it requires via the placenta, from the mother's 
blood. All the metabolic waste products of the embryo, including urea and 
carbon dioxide, are passed to the mother's blood via the placenta. 

Features of the placenta that help this exchange of materials include the villi. 
These provide a large surface area for diffusion of materials between the two 
bloodstreams. Note that the blood of the embryo and that of the mother 
do not actually come into direct contact or mix, but the capillaries of the 
embryo's blood system lie close to enlarged spaces ( of maternal capillaries) 
containing the mother's blood. 

Requirements of the developing embryo include oxygen, glucose, amino 
acids, mineral ions and vitamins. These pass from the mother's blood to that 
of the embryo. The embryo needs to get rid of waste products, including 
carbon dioxide and urea. These pass from the embryo's blood into that of 
the mother. For some substances the difference in concentration gradient 
allows passage of materials to occur by diffusion. For other substances, 
active transport is involved. 

The partially permeable barrier between the mother's blood and that of 
the embryo (fetus), normally prevents the embryo becoming infected by 
pathogens, or damaged by substances in the mothers blood. However, 
some harmful things do cross, such as nicotine, alcohol and certain viruses 
including rubella (measles). 

The placenta also becomes an important source of progesterone as pregnancy 
progresses, and this prepares the mother's body for the birth of her baby. 

placenta - site of exchange of materials between fetus and mother's blood 

muscula r wal I of uterus -
stre·tches to accommodate 

growing fetus 

fetus (embryo) - with 
most features, which 
g rows larger d uring 
9 months gestation 

cervix - muscula r exit from ute rus 
tha t dilates d uring birth of baby, 

and allows passage down vagina 

Figure 5.24 Developing fetus in uterus 

placental villi - provides increased 
surface area for diffusion of mate rials 
between the fetus and mother's blood 

umbilical co;rd - carries fetal 
blood to the placenta and then 

returns it to the fetus 

amniotic flu id - provides 
a stable environment and acts 

as a shock a bsorber 
to the developing fetus 

membranes that secrete a nd 
hold the amniotic fluid in place 



Section 5 Reproduction and inheritance 

By 3 months into gestation, the embryo has developed all its key organs in 
miniature and by this time is known as a fetus. At 9 months, the fetus is 
born inco the world, and becomes known as a baby. It seems that the trigger 
for birth is a hormone produced by the ferus when it is fully developed. 

A woman gives birth to the fetus first, then a little while later she gives birth 
to the placenta - that vital supporting organ that made the link between the 
developing embryo (fetus) and the mother. 

If a woman breastfeeds her baby, her menstrual cycle does not start again for 
several months. However, if she does not, the menstrual cycle starts and she 
is able to become pregnant again. 

• Secondary sexual characteristics 
in humans 

Up u ntil adolescence, apart from the sexual organs, t he body forms of 
males and females are similar in shape and overall appearance. However, 
the influence of sex hormones produced during puberty leads to permanent 
obvious differences in body form. These are known as the secondary sexual 
characterist ics. The sex hormones are produced by the testes of males and by 
the ovaries of females. T he fol101A,ing hormones are produced: 
• in males - testosterone is produced by the cells between the tubules of tl1e 

testes. 
• in females - oest rogen and progesterone are produced by the follicle cells 

in the ovaries. 

The effects of these hormones are summarised in Table 5.3. 

Table 5.3 

Males Females 
' pelvis remains narrow - helps with fast pelvis enlarges so that hips widen - this 
running allows 1he passage of a !baby through the 

pelvic girdle during birth 

no development of breasts breasts grow with fat deposits - the 
breasts provide mi! k for the newborn baby 

greater proportion of body mass becomes greater proportion of body mass is 
muscle ra1her than fat maintained as fat rather 1han muscle -

this provides a supply of nutrients during 
pregnancy 

hair develops on pubic region and under hair develops on pubic reg ion and under 
arms, as well as on face (beard) arms 

voice box grows larger - gives a lower voice box remains small 
pitch voice 
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STUDY QUESTION 

1 The statements in the table refer to hormones involved in the menstrual 
cycle. Copy the table. For each statement tick the box(es) in the 
appropriate column(s) to indicate whether the statement is correct for 
that hormone. 

Statement oestrogen progesterone 

produced in the follicle cells in the ovary 

promotes development of new lining inside 
uterus 

stimulates growth of uterus lining 

level falls if ferli lisation does not occur 

produced in placenta during pregnancy 

prepares mother's body for birth of baby 

causes secondary sexual characteristics 
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®ocB Genes and 
chromosomes 
The nature versus nurture debate 

Humans show common features that allow us to recognise that we 
belong to the same species. But every single human person differs in 
some way from everyone else. 

How are the common features passed on from one generation to 
the next and what is the biological basis of the differences between 
people? Is it that each individual is exposed to a diffe:rent personal 
environment? Does a suntan get passed on to the next generation, 
or is that something that just affects one individual and stops there? 
Or are there genetic reasons for some of the differences between 
us all? 

Scientists now know that some of the differences are due almost 
entirely to environmental factors, some differences are due entirely 
to genetic differences, but most are the result of a comlbination of 
genes plus the effects of the environment and the interaction between 
them. Nature could be regarded as the pack of cards you are dealt and 
nurture as the way you employ the cards you have received. Discuss 
with other students, which differences between yourselves might 
result from nature and which frrom nurture. 

Two images show whole chromosomes and these hold the 
information that is the key to our inheritance. The third image shows 
a human cell dividing. We need to know how information is 
contained in the chromosome and how it is passed from one cell 
to another. 



Figure 5.25 The human karyotype - the 
full set of human chromosomes, arranged 
to show their shapes and relative sizes. 
This one is a male (see the XY pair). 

4ii*M10• 
· Ma ke a link to the s tructure of cells 
: in Sectio n 1.3. 

5.4 Genes and chromosomes 

• Chromosomes 
Every one of the billions of cells chat make up your body contains a library 
of genetic information. This information is stored inside the n ucleus 
of each cell, in the chromosom es, as a code within molecules of DNA 
(deo xyribonucleic a.cid). 

Chromosome number and homologous pairs 
There are 46 chromoso mes inside the nucleus of each human body cell. 
Each chromosome is a molecule of DNA. Each chromosome has a partner, 
which looks very similar in its shape and structure, so our body cells contain 
23 pairs of chromosomes (Figure 5.25). The chromosomes in a pair are 
described as homologo us chromosomes. One member of each pair came 
from each of your parents - so one set of23 chromosomes came from one 
parent; the other set came from your other parent, giving you a total of 46. 
Gametes (in humans) each contain one set of23 chromosomes. 

The chromosome number has been worked out for many species. Here 
are just a few examples to let you see how this number varies: onion = 

16 chromosomes; rice"" 24; chimpanzee"" 48; donkey"" 62; chicken"" 78. 

The chromosome number for the extinct woolly mammoth has been worked 
out from a frozen carcass and this is found to be 58. Each of these examples 
gives the total number of chromosomes, so each of these species has half the 
number of homologous pairs. In the examples given, you can see that onion 
has eight pairs of chromosomes and a donkey has 31 pairs. 

cell membrane 

nud eus - containing 5 pairs 
of chromosomes 

(tol'al of 10 chromosomes) 

chromosome 

I 
enlarged diagram of a 

chromosome from a ,dividing cell 

DNA unravelling to reve~ 
the DNA double helix 

gene - a reg ion along the length 
of the DNA molecule that controls a 

particular characteristic of the cell 

Figure 5.26 Looking more closely at chromosomes - from the eel I nucleus to the DNA 
Each stage in the sequence shows an enlarged view of the stage before. 

A single set of chromosomes (one of each homologous pairs) is known as the 
haploid number. We use the symbol 'n' - often written as (n) - co show the 
haploid number. Two sets of chromosomes (including both members of the 
homologous pairs) are described as being diploid (2n). 
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Figure 5.27 Cells near the root tip of a 
hyacinth, seen with a light microscope. In 
cells that are not dividing, chromosomes 
cannot be distinguished in the nucleus, 
but in cells that are dividing the dark 
strands of the chromosomes can be clearly 
seen. In one cell ( lower part of photo), the 
chromosomes are separating and each 
group will go into one of the two daughter 
cells produced by mitosis. 

fiJINIO:.t 
· Look at Section 5.6 to see how 

species change over time and 
evolve from common ancestors. 

Using a light microscope, chromosomes are visible only in dividing cells 
and you can see them more clearly when stained with a dye that sticks to 
DNA. The reason why chromosomes become visible in dividing cells is 
because the D NA becomes coiled forming shorter and fatter lengths of 
DNA. After cell division, the chromosomes uncoil again, becoming less 
obvious. 

Genes and alleles 
The genes are arranged along the length of each chromosome. A gene is a 
length of DNA that codes for a particular pro tein ( or for a peptide, which is 
part of a protein). Each protein made in a cell gives a parciclllar characteristic 
( or in heritable trait) for the individual. The position of each gene along the 
length of a chromosome is known as the locus for that gene. 

As described above, chromosomes occur in homologous pairs. This means 
chat the information for a particular characteristic, carried in the gene, 
occurs on both chromosomes of the pair at the same locus, one on each 
member of the pair. 

Genes usually have more than one form, or can instruct the cell in more 
than one way. For example, the gene for eye colour may code for brown 
eyes or for blue eyes. In pea seed s, a gene may code for round peas or for 
wrinkled peas. These alternative forms of a gene are known as a lleles. So, 
to look at these two examples again, one chromosome (of the homologous 
pair) may have an allele for brown eyes and the other chromosome of 
the pair may have an allele for blue eyes. Similarly, the gene for round 
seeds may occur on one chromosome and for wrinkled on the other 
chromosome of the pair. 

An individual may have two alleles that are the same (for a particular 
character) or they may be different. For some characteristics, there may be 
several possible alleles though only two occur in one individual. H uman 
blood groups give an example of a trait with three alleles - A, Band O - and 
different pairs of alleles give different blood groups. 

It may help you to think of a gene being the specific region along the 
length of the chromosome (DNA molecule) and the alleles being the 
sequence of bases within chat region that contain the information to code 
for the characteristic. The sequence of bases may be different on the two 
chromosomes of the homologous pair, but the pair of alleles still controls 
the same characteristic. 

Each of the 23 pairs of human chromosomes has their own particular set 
of genes. Human cells contain approximately 22 OOO different genes, so a 
chromosome pair carries about two thousand genes. Many of our genes are 
also shared with most other species of life on Earth - we share 98% of our 
genes with chimpanzees and 50% of Olli' genes with bananas ! Bacterial cells 
carry a thousand times fewer genes than animals and p lants, and all their 
genes are fitted onto a single circular chromosome. 



fii*M'IO• 
: To help you remember the 

word, poly= many, hence 
polynucleotides. 

fii'l•r+o• 
: Think of a simple way that you can 

remember the letters for these pairs 

of bases. 

fii*M'IO• 
: You can find more details about 

gene technology and genetic 
modification (GM) in Section 7.5. 

fiti)aFIOt 
· Look in Section 5.5 for details 

about cell division and mitosis. 

Make a link here between DNA 
and 'mistakes' that lead to 
mutations - see Section 5.6. 

5.4 Genes and chromosomes 

• The structure of DNA 
A DNA molecule is made of two strands of polynucleotides spiralling 
around one another co form a double helix shape. A nucleotide is made up 
of a sugar, phosphate and a base. If you imagine the DNA double helix as 
a twisted ladder, the sides of the ladder consist of an alternat ing series of 
sugars (deoxyribose) and phosphates. The rungs of the ladder are composed 
of pairs of bases. One base of each pair forms half a rung (Figure 5.28). 

two polynucelo1ide 
s!rands wound loge1her 

to form the double 
helix of DNA 

sugar-phosphate 
ribbon forming the 
o utside edges of __ ..,..I!: 

base pairs forming the 'rungs' 
-----:;;::: of the 'twisted ladder' 

base pairs are a lways: 

the 'twisted ladder' r-- - ~ 
M G 

Figure 5.29 Structure of the DNA do1Uble helix - note the base pairs 

Each base projects from one side of the ladder, towards the middle of the 
double helix. Here it matches up with a complementary base, projecting from 
the opposite side of the ladder. There are four bases, usually known by their 

initial letters, as follows: adenine (A), thymine (f), guanine (G) and cytosine (C). 

The bases can only pair up according to the following rules: 
A can only form a pair with a T 
G can only form a pair with a C. 

The double helix structure of DNA was proposed in Cambridge by James 
Warson and Francis Crick in 1953. Later they were awarded a Nobel Prize 

for this work. They had solved the riddle of the structure of this important 
molecule and they also realised how it could be accurately copied (replicated) 
as part of cell division. This discovery opened the way for enormous advances 
in understanding how DNA works and in the development of techniques of 
gene technology that have become an important part of scientific work in the 
21st century, with applications in many fields. 

When a DNA double helix is split lengthwise into two halves, the missing 
half of each ladder is rebuilc. Because A always pairs with T, and G always 
pairs with C, the sequence of bases in the two new complete molecules of 
DNA is identical. This is crucial when a cell divides by mitosis as it ensures 
that each new daughter cell gets a full sec of chromosomes (and, therefore, 
the same genes) from the original parent cell. 
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This practical ac tivity is a useful way 
for you to appreciate the presence 
of DNA in living cells, though 
scientists use more elaborate 
techniques to extract DNA for 
research into DNA - for example, 
when determining ONA sequences 
or doing forensic work 

Remember to wear eye protection. 

• Practical activity - extracting DNA 
from strawberries 

1 Nace one large strawberry (or two smaller ones), with stalk removed, into 
a small, strong plastic bag. Add two or three drops of detergent and a level 
teaspoon of table sale. 

2 Knot the mouth of the bag and then massage the fruit, reducing it to a 
liquid mush with no lumps. 

3 Cuc the end of the bag to release the liquid into a funnel lined with muslin. 
4 Pour ice cold ethanol gently onto the pink filtrate, forming a clear upper 

layer in the tube. (Ethanol is hazardous, so follow safety advice from your 
teacher.) 

5 Strands of white DNA precipitate at the junction between the two layers 
and eventually float off into the upper layer. 

Note that other material can be used, depending on the time of year and 
what is available. 

table salt p 
....... 

' I 
' I 
I 
I 
\ • I 

ice cold ethanol 
forming a clear 

upper layer 

__ .. 
' \ 

' ' \ 
I 
I 

muslin : 
' ' , 

_,,,::,,_..__.,,,, mesh : 
i ~..,~ • 

I 

' I 

pink filtrate - () 

' ' I 

' ' ' ' ' ' ' ' ' stra nds of white DNA 
a t the junction between 

the two layers 

, 
' I 

' , , , , , 

Figure 5.29 Extracting DNA from strawberries 

4il*M101 
: To summarise at the end of 
: the Section 5.4, make sure you 
· understand that gametes are 

haploid and that the diploid set 
of chromosomes is restored at 
fertili sation. This gives diploid body 
cells. You can check details of 
mitosis and meiosis in Section 5.5. 

V Now watch the Video: Extracting ONA from kiwi fruit. 

• The genetic code and protein synthesis 
A protein is a chain of a hundred or so amino acids. Each of your cells 
contains several thousand different sorts of proteins. Yet all these diverse 
molecules are made up from the same 20 different amino acids, the building 
blocks. The difference between one type of protein and another is that each is 
made up from a different sequence of amino acids. The amino acid sequence 
for a protein is specified by the sequence of bases (A, C, T, G) within the gene 
for a protein. The sequence of these bases holds the secret of bow DNA directs 
the production of proteins and, in tum, the characteristics that you inherit. 



5.4 Genes and chromosomes 

STUDY QUESTIONS 

1 It is important that you undersiland and remember the definitions for various 
terms that are used in Section 5.4. A list of terms is given in the box: 

allele; chromosome; diploid; DNA (deoxyribonucleic acid); gene; haploid; 
homologous chromosomes 

a) First cover up the table (below) and write your own definitions for each 
of the terms in the list 

b) Then copy the table, look at the definitions or descriptions in it and 
match the correct term to each description. 

c) Cover up the table again and write the definitions again, to check that 
you remember them correctly. 

d) Write a sentence using each term or give an example for each term to 
show that you do understand them. 

Definition or description Term 

Th read-like structures in the nucleus, made up of DNA, that carry 
the genetic information for the organism. 

A molecule wilh a double helix shape, consisting of two strands of 
nucleotides held together by pairs of bases. It carries the genetic 
information in coded form for all the characters in the organism. 

A pair of chromosomes that are the same shape and same size, 
and carry genes for the same characters in the individual. One of 
each pair came from each parent. 
A eel I containing one set of chromosomes (n). 

A eel I containing two sets of chromosomes (2n). 

A region along the length of the DNA of a chromosome that 
contains the information to control a certain characteristic. 

An alternative form of a gene - occurs at the same 
position (locus) on the chromosome and controls the same 
character but in different ways. 

2 a) List the four bases that occur in a DNA molecule. Use their names as 
well as the letters. Then draw a diagram to show which bases form 
pairs together. 

b) DNA is described as a 'double helix'. Draw a simple diagram of a DNA 
molecule to show both strands and the helix shape. On the diagram, 
label the molecules that form the backbone and show where the pairs 
of bases fit into the structure. 
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@o@ Patterns of inheritance 

fil'M'lill 
: Make a link here to Section 5.4 
: (Genes and chrnmosomes). 

DNA and the information it contains 

Recent technological advances have allowed scientists to unravel the 
DNA sequences of thousands of individuals. Much of your individual 
DNA is identical to that of all other humans, but the tiny variations 
that do exist are responsible for many of the differences between 
you and other people. 

Scientists can now map these DNA differences in great detail. This 
has allowed forensic scientists to use a genetic fingerprint to identify 
somebody with great certainty. DNA fingerprinting is often used to 
help catch criminals who have left DNA at the scene of a crime. 

You can also send a saliva sample (containing cheek cells) to a 
commercial laboratory and, for a fee, they will examine some of 
your personal DNA sequences. As part of this service they can tell 
you about some of the diseases to which you are more (or less) 
susceptible, compared with the average human. They can also tell 
you about your geographical family origins. 

Wouild you like to use such a commercial service? What disadvantages 
can you imagine with having such information? Should everyone have 
theill' DNA sequence stored 0111 a database? How is the DNA that is 
special to every plant and animal species passed from one generation 
to the next? And how are the characteristics shown in the family group 
(image above) passed from one generation to the next to show both 
similarities and differences? 

• Genes and inheritance 
Each of your 46 chromosomes carries hundreds ofindividual genes. In 
Section 5.4, we described how genes are located along the length of the 
chromosomes in the nucleus, and that each chromosome is made up of DNA 
(deoxyribonucleic acid). The gene carries the information that tells the cell 
how to produce a certain character. Each chromosome has a partner, similar 
in shape and size, and carrying an equivalent range of genes. T hese pairs of 
chromosomes are called homologous chromosomes so a human has 23 pairs 
of chromosomes. 



4illl•tlU• 
To help you learn the meaning 
of these words remember that 
'homo'= same, 'hetero' = different 

5.5 Patterns of inheritance 

On each of the chromosomes in the homologous pair, there are alternative 
forms of each of the genes. These alternative forms are known as alleles. 

For example, there is an allele that gives information for brown eye colour 
and an alternative allele that gives information for blue eye colour. If both 
the brown and blue alleles are present together in a person, the eye colour 
is brown. If both alleles are for blue eye colour, rhe person has blue eyes. 

Using this example, the genes carried by the individual are described as 
the genotype and the 'appearance' of the character (i.e. the eye colour) 
is described as the phenotype. Sometimes you cannot actually see the 
character, but the term phenotype describes the character within the 
individual. 

We use symbols to represent the alleles, and in this case we can use B for 
the brown allele and b for the blue allele. To summarise this eye colour 
example: 

phenotype (appearance) = brown eyes 
phenotype (appearance) = blue eyes 

genotype (alleles) can be BB or Bb 
genotype (alleles) only bb. 

This example also shows that the allele for brown eye colour- always shows 
up in the phenotype, but that for blue eye colour does not show up if the 
brown allele is also present. We say that the brown allele is dominant and 
the blue allele is recessive. Deliberately, we wrote the dominant allele with 
a capital letter and the recessive allele with a lower case (small) letter. This 
convention is often followed in genetics. 

Figure 5.30 uses a diagram to summarise the application of these terms. 
It shows four genes and their positions on a pair of homologous 
chromosomes. You can see two more terms used on this diagram. If both 
alleles for the gene are the same, we say the individual is homozygous for 
that gene. If the two alleles are different, the individual is heterozygous for 
that gene. 

a pair of homologous chromosomes from a diploid body cell, showing the position of four genes 

This individual is heterozygous for 
gene A and gene D - as there are 
different a lleles for each of these 

genes on each chromosome. 

A capital letter is often used to 
code for a dominant a llele in genetic 
diagrams, whilst a lower case le tter 

is used to code for a recessive a llele . 

This individua I is homozygous for 
gene B and gene E - as the alleles 

, ~ for each of these genes are the same 
on each chromosome. 

"'- This individual is homozygous 
dominan t for gene B, as both 

a lleles ore identical and dominant 
(capita I letters) . 

This individua l is homozygous recessive 
,,,...,- (' double recessive') for gene e , as both 

- a lle les are identical and recessive - th is 
means that the recessive characteristic 

is expressed in their phenotype. 

Figure 5.30 Homologous chromosomes displaying a range of terms 
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4iiiut10:.t 
: Look in Section 5.5 for more detail 

about meiosis and the formation of 
gametes. 

To complete this list of terms, sometimes both alleles contribute to the 
phenotype in a way chat is neither dominant nor recessive. We describe this 
situation as codominance and we look at examples lacer in the Section S.S. 

The term incomplete dominance is also used. 

Monohybrid inheritance 
The .first successful scientific study on inheritance was carried out in 
an Austrian monastery garden, mainly between 1856 and 1863. Gregor 
Mendel was a monk but was also interested in plane breeding and patterns 
of inheritance. He used pea plants and chose co study the inheritance 
of characters such as flower colour, seed shape and plant height. He was 
fortunate in his choice because in pea plants these phenotypic features are 
controlled by single genes with two alternative alleles. Mendel had access 
to 'pore-breeding' plants and he was able to control which plant bred with 
another by covering the flowers and transferring pollen from flower co flower 
by hand. 

When Mendel carried out his experiments he didn't know about cell 
structure and certainly knew nothing about DNA but we can now 
interpret what he did using modem terminology. The term monohybrid 
inheritance refers to the inheritance of a single character, such as 
seed shape or eye colour, and this was the basis of some of Mendel's 
experiments. 

Inheritance of height in pea plants 
Mendel discovered that if he crossed pure breeding tall pea plants 
with pure breeding dwarf ones, all their offspring were tall. This first 
generation of offspring is called the F1 generation. However, when 
he crossed these F1 tall offspring with each other to produce the next 
generation (F2) offspring, he found chat there were some tall and some 
dwarf. The ratio of tall to dwarf in this second generation was close to 
3 tall: 1 dwarf. 

We can use a genetic diagram (Figure 5.31) to explain what happened. 
We follow the convention described above and use the letter T for the 
dominant tall allele, and t for the recessive dwarf allele. Remember that 
a parent has two alleles for this character but passes only one of a pair of 
alleles into a gamete cell. There is an equal chance (a 50% probability) of 
it being one or the other. In this cross, the parents were 'pure breeding', 
so one parent is homozygous for tall (TT) and the other parent is 
homozygous for dwarf(tt). 

In this example, note that the recessive dwarf allele does not show up in the 
phenotype of the heterozygous F1 plants as the dominant tall allele is also 
present. Yet in the F2 generation, 25% of the offspring are dwarf. These dwarf 
plants are homozygous for the recessive dwarf allele ('double-recessives') and 
the dominant allele is not present. 



T = to ll 
t = dwarf 

parents 

genotype 

gametes 

F1 offspring 

F 1 phenotype 

F1 cross 

gametes 

possible F2 offspring 
offspring 

F2 phenotype ratio 

5.5 Patterns of inheritance 
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Figure 5.31 Genetic diagram showing the inheritance of the character for height (tall on 
dwarf) in pea plants 

parent (Tt) 
gametes 

T 
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TT Tt 
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Figure 5.32 A Punnett square is another 
way of showing a genetic cross. In this 
example, the cross is between two parents 
heterozygous for tall (each with the 
genotype Tt). Genoilypes for the gametes 
are on the outside and possible genotypes 
for the offspring are shown in the boxes. 

•i111n1101 
If you are choosing your own 
letters to use in a genetic cross, 
make sure you choose letters that 
look different in capitals and lower 

case, otherwise your 'working' may 
get confused. 

The percentages beside the phenotypes show the expected percentage of 
offspring with that genotype. You can express this as a ratio or a fraction. 
Note that a 3: 1 ratio means that three quarters (75%) ofche offspring 
show the phenotype for the dominant allele and one quarter {25%) of the 
offspring show the phenotype for the recessive allele. 

Sometimes a genetic cross is set out as a Punnet square. You can use both 
systems, but check carefully that you show the genotype and phenotype 
of the parents, their possible gametes, then the offspring (genotypes and 
phenotypes). Always use these headings down the side of the page to guide 
you. 

Cl See the Animation: Monohybrid crosses. 

Codominance 
Sometimes, the phenotype of an individual is affected by both the alleles 
working in combination, rather than only one allele determining the 
phenotype because it dominates the other allele. 

One example is found in snapdragon flowers. If pure (homozygous) 
white-flowered plants are cross bred with pure (homozygous) red-flowered 
plants, the offspring have pink flowers. When the pink F1 p lants are cross 
bred with each other, the F2 offspring are white, pink and red. 

Note that in this genetic diagram {Figure 5.33), different letters are used for 
the alleles and capital letters are used for both. 
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Table 5.4 Blood groups in humans -

multiple alleles and codominance -----Genotype Phenotype 

AA Group A 

AO Group A 

BB Group B 

BO Group B 

00 GroupO 

AB GroupAB 

parent phenotypes 

gametes 

F1 offspring 

gametes 

white 

~ X 

WW 

y 
all W 

/,,, ',·., 
~,' ·-. 

50%W 50% R 

WW WR 

red 

RR 

.;. 
a ll R 

W = white allele 
R = red allele 

WR 
' ' ,' .. 

/ '\ 1/ ,,. 
50"/o W 50% R 

WR 

F2 phenotypic ratio = 25% white: 50"/o pink: 25'% red 

RR 

Flgure 5.33 Genetic diagram showing iinheritance of flower colour and codominance in 
snapdragon flowers 

Another example of codominance is found in human blood groups. This 
also illustrates a situation in which there are more than two alleles, though 
only two would be present at one time in an individual - one on each 
chromosome inherited from each parent. There are three alleles: A, Band 0. 
A is dominant to O; B is dominant to O; A and B are codominant. The table 
shows how different combinations of these alleles ( the genocypes) result in 
the four possible blood groups (the phenotypes). 

Family pedigrees 
The pattern of inheritance of a generic trait can be followed through a family 
pedigree diagram, like chat shown in Figure 5.34. This involves constructing 
a family tree and adding notes to individual entries to indicate whether they 
show a trait or not. This can be used to help work out the genotype of the 
individuals in the family tree, and therefore the chances of a new offspring 
being affected by a trait or being· a carrier. 

When drawing a family tree, the convention is to use a square to show males 
and a circle for females. Individuals who are unaffected by the trait are 
shown with no shading but if the individual is affected by the trait shading 
is used in the square or circle. Usually a key to these symbols is given beside 
a family pedigree. Roman numerals (I, II, ill etc) down the left-hand side of 
the page show you the successive generations. 



5.5 Patterns of inheritance 

The example shown in Figure 5.34 looks at the pattern of inheritance of 
six-fingered hands, known as polydactyly. The condition is the result of 
a dominant mutant allele. This means it is expressed in the phenotype in 
both heterozygous and homozygous individuals. If we use the letter D to 
represent the six-fingered allele and d for the five-fingered allele, a person 
with Dd has six fingers. When interpreting a family pedigree, you may 
not be told what the genotypes are but you have to recognise clues in one 
or more of the people and then work through the others to unravel the 
pattern. 

I D = 6-finger allele, and d = 5-finger allele ! 

lines indicate children produced by a couple 
',, 

II 

Ill 

' ' I 
I 
I 
l 

',.._ Dd .......... __ 

5 

dd 

Male Female 

0 0 Unaffected ( = 5 fingers) 

D O Affected (= 6 fingers) 

7 

12 

Figure 5.34 Using a family pedigree to show inheritance patterns 

Working through family records and creating such family pedigree diagrams 
does help scientists to predict whether an allele is dominant or recessive to 
another possible allele, and to calculate the probability of a cou pie having 
an affected child. Some couples may wish to consider inheritance of certain 
characters when planning a family. Nowadays, it is also becoming more 
common to sequence the DNA of different members of a family, in order to 
see if particular alleles are associated in some way with diseases for which the 
basis is not purely genetic, such as diabetes. 

Inheritance of sex in humans 
The first question many people ask about a new born baby is: 'Is it a boy 
or a girl?'. The sex of a baby is determined at the moment of conception 
(fertilisation), when the father's .sperm cell fuses with the mother's 
egg cell. 

The sex of a human is determined by one of the pairs of chromosomes, known 
as the sex chromosomes. This pair can be picked out in a karyotype (a piccure 
showing the pairs of chromosomes - see Figure 5.25 ). Sex chromosomes are 
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fil*M101 
· Check in Section 5.4 for details 
: about karyotypes. 

fil*11t1111 
· Note that a ll eggs carry the 

X chromosome but for the sperm, 
50% carry X and 50% carry Y. 

given the letters X and Y. The Y ch romosome can be recognised because it is 
shorter in length than the X chromosome. Two X chromosomes produce a girl 
(XX), and one X and one Y chromosome produce a boy (XY). 

We can use a genetic diagram to show how the sex chromosomes are 
inherited, or passed from one generation to the next (Figure 5.35). 
The diagram is similar to the genetic diagrams shown for monohybrid 
inheritance, but remember that the X and Y represent whole 
chromosomes, not single allele.s. 

phenotype 

genotype 

gametes 

possible offspring 

phenotypic rotio 

female parent 

XX 
I 
I 
I 
I 
I 
I 

i 

male parent 

I 
I 

I 
I 

" 

XY 
I 

I 
I 

; 
I 

' ' ' ' 

50% XX 500/o XY 

1 female : 1 male 

\ 

Figure 5.35 Inheritance of sex chromosomes in humans 

' \ 
\ 

\ ... 

During the formation of gametes at meiosis, it is chance as to which of the 
chromosomes in each of the homologous chromosome pairs goes into a 
gamete. In humans, a female is XX, so this means that all her eggs must 
carry an X chromosome, as she only has this type of sex chromosome in her 
body cells. However, for a male (XY), approximately half (50%) of the sperm 
cells carry an X chromosome and half (50%) carry a Y chromosome. Thus 
there is approximately a 50% chance that each new baby will be a boy or a 
girl (summarised in the genetic diagram in Figure 5.35). 

Every time a couple conceives a baby, there is a 50% chance of the baby being 
a boy and a 50% chance of the baby being a girl. This probability does not 
mean that with two children, one will be a boy and the other a girl. The same 
chance applies to each baby that is born. Taken on a larger scale than a single 
family, the patterns become clear though overall, the world's population 
does have slightly more women than men. 

Studying patterns of inheritance requires an understanding of the nature of 
chance and probability. Just because something is possible, it does not mean 
it is inevitable. You may come from a family in which tl1ere are lots of boys, or 
lots of girls, rather than the predicted 1 girl: 1 boy ratio. 

0 Now work through Tutorial: Inheri tance. 



You can find out more about 
different types of cells in 
Section 1.3. 

filll•tlO• 
: This links with Sections 5.1 

and 5.2 (Reproduction in living 
organisms and Reproduction in 
flowering plants), and you can find 
more on cloning in Section 7.6. 

diploid parent cell with two pairs of 
chromosomes 

for growth 
and repair 
of the body 

mitotic cell division pcoduces two daughter cells 

Figure 5.36 Cell division by mitosis. Each 
daughter cell is genetically identical to 
the parent Mitosis occurs when cells are 
produced for growtlh and repair. 

fil*i•tlO• 
· Look in Section 5.1 to remind 

yourself about the meaning of 
haploid and diploid, then check 
in Sections 5.2 and 5.3 to find out 
the names of the gametes in plants 

and humans, and where they are 
formed in each case. 

5.5 Patterns of inheritance 

• Cell division 
It is best to chink of cell division as nuclear division as the important thing 
is for the chromosomes in the nucleus to divide and to do this in a way that 
reliably passes on the genetic information into the 'daughter' cells. There are 
two types of cell division as follows: 
• In the 'body' cells of the organism - cells divide by mitosis and produce 

daughter cells that are genetically identical to the parent cell. Each 
daughter cell has the same number of chromosomes as the parent. 

• In the 'sex organs' of the organism - cells divide by meiosis and produce 
gametes that have half the number of chromosomes. Each daughter cell 
may be genetically different from the parent cell. 

Only certain cells are able to divide in an organism. In plants, cells that have 
the ability to divide include cells near the root tip (allowing fresh roots to 
grow) and cells in the centre of a bud (allowing a new shoot to grow out). In 
humans, new cells can grow just beneath the top layer of the skin and stem 
cells in the bone marrow produce fresh blood cells. Many cell types in both 
plants and animals are unable to divide again after they have been formed and 
become specialised. 

Mitosis 
Suppose you are looking at a cell with two pairs of chromosomes - i.e. four 
chromosomes. When the cell is ready to divide, inside the nucleus, the DNA 
in each of these chromosomes doubles, then divides along its length. These 
lengthwise 'halves' become the new chromosomes that go into the daughter 
cells. Because they divided along their length, each new chromosome is 
an exact copy of the DNA in the original chromosome. The process is 
summarised in Figure 5.36. 

Mitotic cell division occurs in grnwth and whenever 'repair' is needed. So, 
once an egg cell has been fertilised by the male sperm (in animals) or pollen 
nucleus (in plants) all the divisions from the fertilised egg to the embryo, 
and growth of the embryo into the mature plant or animal, are by mitosis. 
In this way, identical information is passed on to each daughter cell in the 
DNA. 

Meiosis 
We now consider a similar cell with two pairs of chromosomes, but this 
time it is going to produce sex cells (gametes). In this case, during meiotic 
division, one chromosome from each pair of homologous chromosomes 
separates and passes into one of the daughter cells. The daughter cells 
have only half the number of chromosomes, compared with the parent 
cell, and along the length of the chromosomes they may have different 
alleles. This means that the daughter cells are likely to be genetically 
different from the parent cell. Meiosis produces four daughter cells 
(Figure 5.37). 

Each daughter cell has one member of each pair of chromosomes and they 
are described as haploid (n). At fertilisation, one haploid gamete fuses with 
another haploid gamete and the diploid number (2n) is rescored. 
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As a mode lling exercise, this activity 
should he lp you unde rstand the 
e normous vari ation that can result 

from sexua l reproduction. Your 
exercise is just s mall scale, but 

brings together t he ideas of chance 
a nd pote ntial genotypes in the 
'offs pring'. 

Figure 5.37 Cell division by meiosis. Each daughter cell contains half the number of 
chromosomes compared with the pare nt and each is genetically differe nt. Meiosis takes 
place before the formation of gametes. 

When meiosis occurs, the distrib ution of chromosomes into the 

daughter cells is a random evenr. We cannot predict which of the parent 

chromosomes and which of the parent alleles go into which daughter cell. 
One consequence of this is that offspring have a different combination 
of alleles (genetic information) compared with their parents. T h is 
leads co genetic variation in the offspring and is an important basis 
of the phenotypic variation we see across any population of p lants 
or animals. You can compare the genetic variation that results from 
sexual reproduction with the lack of variation seen as a result of asexual 
reproduction. 

To summarise, Table 5.5 shows che outcome of division by mitosis and 
meiosis for a diploid organism 

Table 5.5 Comparing division by mitosis and meiosis 

Mitosis Meiosis 

' daughter cells genetically identical daughter cells genetically differen1, leading to 
variation 

daughter cells have same number of daughter cells have half the number of 
chromosomes as parent eel I chromosomes corn pared with the parent eel I 

daughter cells are usua lly diploid (2n), daughter cells are haploid (n), or have half the 
but haploid (n) if the parent cell is number of chromosomes in the parent cell 
haploid 

cell division produces cells in growth cell division leads to producition of sex cells 
and rrepair (gametes) 

• Practical activity - modelling 
genetic variation 

This activity models the variation that could result from sexual reproduction 
involving a genome of 10 genes p lus the sex chromosomes. T he model helps 
you t o understand the enormous variation that is generated by chance in 
two p arents passing alleles on to their child. Note that in humans, 23 pairs 
of chromosomes, carrying a total of 25 OOO genes are involved in the process 
of making a baby. 



Table 5.6 

Inheritable feature 
(code letters for alleles of gene) 

Shape of face 
(A or B) 

Shape of eyebrows 
(C or D) 

Form of hair 
(E or F) 

Facial hair Ii ne 
(G or H) 

Colour of hair 
(J or K ) 

Size of eyes 
(L or M) 

Vision 
(N or P) 

Size of lips 
(O or R) 

Freckles on cheeks 
(Sor T) 

Dimple in chin 
01 or W) 

Sex chromosomes 
(X or Y) 

5.5 Patterns of inheritance 

In this model, each gene lies on its own chromosome, is codominant, and 
is inherited independently of the others. Each 'parent' randomly chooses 
10 alleles and a sex chromosome and these contribute to the genome of 
the 'baby' they make with their partner. The partners then use the table to 
translate the genome of their baby into a facial portrait. 

1 Work in pairs - you both need a photocopy ofTable 5.6 
2 Each student personally decides, for each of the eleven 'genes', what 

they think their personal genotype is. These decisions can be random or 
deliberate. But for the sex chromosomes, one student should choose the 
XX genotype {mother) and the other the XY (father). 

3 Then individually toss a coin to decide, for each pair oflecters in your 
personal genome, whether you will pass the left allele or the right allele (in 
the column in the table) to your 'baby'. Mark your chosen letters on the 
photocopy. This process mimics the production of gametes in meiosis, 
when there is a 50% chance that one or other of a pair of a lleles ends up in 
a gamete. 

4 Now share your chosen alleles with your partner in order co produce a 
genome for che 'baby'. 

5 Construct a portrait of the face of your baby, using the features that 
would result from the genome you have produced. 

Use this table of 10 genes and the phenotypic results of the alleles of those 
genes present to determine an individual 'baby' face. 

Phenotype of baby's face 
(resulting from individual allele combinations in genotypes) 

Round Oval Square 
AA AB BB 

Absent Fine Bushy 
cc CD OD 

Straight Slightly curled Very curly 
EE EF FF 

Straight line V-shaped widows peak Hairy ears 
HH GH GG 

- -
Black Blond Brown 
JJ JK KK 

Small Medium Large 
LL LM MM 

Short sight (specs needed) Normal sight Long sight (specs needed) 
NN NP pp 

Thin Thick Medium 
QQ OR RR . 
Abundant Occasional Absent 
SS ST TI 

Deep dimple Slight dimple Absent 
w vw WW 

Female Male 
XX XY 

I 
< 
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STUDY QUESTIONS 

1 In Section 5.4, there is a study question that looks at definitions of terms in 
,genetics. Here are some more definitions. It is important that you understand 
and remember the definitions for various terms that are used in Section 5.5 
together with those in Section 5.4. A list of terms is given in the box: 

codominant; dominant; genotype; heterozygous; meiosis; phenotype; 
recessive; XX; mitosis; XY; homozygous 

a) First cover up the table and write your own definitions for each of the 
words in the list 

b) Then copy the table, look at the definitions or descriptions in it and 
match the correct term to each description. 

c) Cover up the table again and write the definitions again, to check that 
you remember them correctly. 

d)Write a sentence using each term or give an example of each term to 
show that you do understand them. 

Definition or description Term -The genetic make-up of an individual with respect to the alleles it 
carries for a particular character. 

The 'appearance' of an individual with respect to the characters it 
shows - not necessarily visible but the expression of the alleles irt 
carries (its genotype). 

The character for this allele always shows up in the phenotype, 
even though the alternative allele may be present in the genotype. 
The character for this allele shows up in the phenotype only if the 
other allele is the same. It does not show in the phenotype if the 
other allele is different 

If the two alleles of the genotype are different both make a 
contribution to the phenotype. 

The alleles at one particular locus (position on the chromosome) 
are identical on both chromosomes of the homologous pair. 

The alleles at one particular locus (position on the chromosome) 
are different on the two chromosomes of the homologous pair. 

The two sex chromosomes that are found in female body cells. 

The two sex chromosomes that are found in male body eel Is. 

Nuclear division that produces two cells that are gene1ically 
identical with the same number of chromosomes as the parent cell. 

Nuclear division that produces four cells that are gene1ically different 
and with half the number of chromosomes as the parent cell. 

2 Make a copy of the family pedigree on page 189. It refers to the 
inheritance of six-fingered hands (polydactyly). Use this pedigree to 
answer the questions and see how you can tackle questions involving 
inheritance of characters from information in family pedigrees. 
a) i) You are told that person 1 is heterozygous for this character. Write 

in the genotypes of the children in the next generation 
(generation 11). 

ii) Explain why it is not be !Possible for person 1 to be homozygous. 
b)i) Write in the genotypes of other individuals in generation Ill. 

ii) What is the probability of person 7 and person 8 having a child with 
polydactyly? Show how you worked out your answer. 



5.6 Variation, change and evolution 

@a(~ Variation, change 
and evolution 

Darwin and the Galapagos Islands 
The Galapagos Islands are a small group of islands off the 
pacific coast of South America. They are famous as one of the 
places that Charles Darwiin visited on his travels on HMS Beagle 
between 1831 and 1836. The many observations made on the 
voyage were very important to Darwin as he began to develop his 
theory of evolution by natural selection. 

In 1976, scientists on one of the islands were able to record 
natural selection leading to evolutionary change as they watched. 
That year, a climatic evenit called El Nino caused a severe drought 
on the island of Daphne Major, shown in the top image. This led 
to the plants on that islarnd producing many large seeds rather 
than lots of smaller seeds. Birds on the island, called ground 
finches (middle image), eat seeds but they suffered a population 
crash because most of them could not eat the large seeds. Just 
a few of the finches, with larger than usual beaks, were able to 
eat the seeds and they smvived. In the next 2 years, numbers in 
the finch population increased again, but now most of the finches 
had large beaks and the small beaks were relatively rare. The 
scientists had seen a change in a character in the birds of the 
population in response to the consequences of the drought. They 
had witnessed an evolutionary change. 

So how and why do populations of organisms change over 
long periods of time? Is it 'survival of the fittest'? What does 
that phrase mean in terms of the theory of evolution by natural 
selection? 

• Variation in a population 
Look at any group of people in the street. They are all different from 
each other, yet we recognise them all as being humans - members of 
the same species. Even if the group happened to include some 
identical twins, they are still likely to be a little different from each 
other. Then do the same with a group of plants growing on a hillside. 
Even if they are of the same species, you can see differences between 
chem - maybe in the size of the leaves or in details of che flower 
appearance. In both cases, you are noticing the variation between 
members of the same species. 
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This practical activity allows you 
to collect data and demonstrate 
variation, but also to use the 
opportuni ty to decide how to 
organise the dat a to show the range 
of variation measured. 

liiiuflih• 
· Check t he use of the terms 

: genotype and phenotype in 
: Section 5.4 and how characters 
: are inherited in Section 5.5. 

li•mrlOI 
: To make sure you understand the 
: meaning of a population, refer to 
: Section 6.1. 

• Practical activity - variation in a group 
of people 

This activity looks at two sorts of variation in fingers. You can do this 
activity with a group of people, say with members of your class. 

1 Make measurements of finger length, as shown in diagram A in Figure 5.38. 
2 Record the relative lengths of the ring finger and forefinger, as shown in 

diagram B in Figure 5.38. For this you can use 3 categories, depending on 
whether the forefinger is long·er, shorter or the same as the ring finger. 

Collect up results for the group and look at the variation in the 
measurements and observations you have made. You can then find ways to 
organise the results in a table and display them in a suitable graph. 

Measurements taken for A are likely to show continuous variation whereas 
observations for B give an example of discontinuous variation. You need to 
use different graphs to display the data. 

A 

measure from the middle of 
/ the knuckle to the finger tip 

i 

' Is the forefinger longer, 
shorter, or the same 

length as the ring fingeri 

Figure 5.38 Variation in fingers in a giroup of people 

• Phenotype = genotype + environment 
The phenotype ('appearance') of any individual is the result of the 
interaction between its genotype {its genes) and the environmen t. This is 
discussed in Sections 5.4 and S.S. In those sections the focus is firstly on the 
genes that contain the information and secondly on how this information 
is passed from one generation to the next. At any one time, t:he actual 
phenotype of an individual depends on the result of the interaction between 
the genotype and the environment. 

Now we look more closely at variation within a population of individuals of 
the same species. As an example, suppose you have a set of young plants with 
identical genotype and you grow chem in different conditions - applying 
different mineral ions in the form of fertiliser, or giving them different 
lighting or watering. As they grow and mature, the plants are likely to show 
considerable variation - maybe in height, leaf colour or time of producing 
flowers or fruits. You can apply similar principles to human populations and 
understand that, for example, the level of nutrition (underfeed.ing or excess 
of food) can lead to differences in the height ofindividuals and whether they 
are thin or overweight. You can probably find examples that show how the 



fii'i'FIOt 
· Make a link with meiosis and 
: inheritance in Section 5.5. 

fii*N10it 
· You can find more details about 
: DNA in Section 5.4. 

fii*i'i10t 
· Look at Section 1.4 and suggest 

why changing the shape of a protein 
such as an enzyme may change the 
way it carries out its function. 

Figure 5.40 At the dentist, a nurse stands 
behind a screen as protection against 
frequent exposure to X-rays. The patient's 
body may be protected by a special jacket 
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younger (contemporary) generation is taller than their parents (Figure 5.39). 
The genotype contains the information and offers the potential for a certain 
phenotypic character, but the environment often determines whether or not 
that potential has been allowed to develop. 

Figure 5.39 Different generations of the same family 

• Mutations and the origin of variation 
In a population of sexually reproducing organisms the geno·types of all 
individuals are different. This is the result of the random distribution of 
chromosomes to gametes during meiosis. It is then chance as to which 
gametes (from the male parent and female parent) meet at fertilisation and this 
determines the combination of alleles chat come together in the offspring. Each 
parent provides only 50% of the alleles for the offspring, so each generation is 
a bit different from the parent generation. Each individual offspring is given 
a unique genotype - a selection of the alleles passed on from their parents. 
This shows us why there is variation between individuals in a population. 

The origin of all genetic changes is mutation. A mutation is a rare, random 
change in a gene that is copied and passed on to descendant cells on the 
chromosomes during cell division. The information contained in a gene is 
in the sequence of bases in the DNA molecule and a mutation alters this 
sequence in some way. You can think of it as a 'mistake' in the code. 

Most of these random changes to a gene cause a change in the protein the 
DNA codes for. A change to the shape of a protein might mean that it works 
less well or not at all. This means that most (but not all) mutations are 
harmful. 

Mutations occur naturally and spontaneously. But certain environmental 
factors can increase the rate at which mutations occur. Such factors are 
described as mutagens (generate or 'cause' a mutation) and include the 
following: 
• ionising radiation - such as gamma rays, X-rays and ultraviolet light 
• chemical mutagens - such as the chemicals in cigarette smoke. 

Because of their effect on DNA, resulting in mutations, mutagens are 
considered to be dangerous to living organisms. You can understand why, for 
example, use of X-rays in hospitals and at the dent.ist is carefully controlled so 
that the exposure of people to them is kept to a minimum (Figure 5.40). 
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4il*M10• 
: You can remind yourself about 
: the need for chlorophyll for 
: photosynthesis in Section 2.1. 

Some mutations are so harmful that they are 'lethal'. The individual carrying 
the mutation is unlikely to survi.ve and this may go back to che zygote or 
embryo. This means chat the mutation is lost from the population, though 
the same mutation may occur again in another individual at another time. 
An example is a mutation that results in lack of chlorophyll in plants. This 
occttrs as a recessive allele but if the plant is a double recessive for this 
condition it cannot survive as it is unable to carry out photosynthesis. In 
human populations, some mutations are so severe that the fetus is unlikely 
to survive and dies before birth. In other cases, the baby may be born with 
certain genetic disorders. With increased understanding of genetic disorders, 
it is sometimes possible to provide treatment that improves the lives of 
people with the genetic condition. 

If a mutation affects the genes that control cell division, then the cells might 
begin to divide continuously. This can result in the formation of a tumour. 
This is the basis of cancer and many mutagens, such as cigarette smoke, 
increase the risk of cancer. 

On care occasions, a mutation might lead to a protein that does its job 
better, or in an equivalent manner, compared to the usual version. This 
is prnbably how different versions of genes initially arise. If a useful or 
neutral (harmless) mutation occurs in the gametes of an individual, 
this might be passed on to thei r offspring during sexual reproduction. 
Sexual reproduction ensures that all alleles are shared out amongst 
the families of interbreeding individuals in a population, producing 
uniq ue new combinations of genes in each new generation of offspring. 
These combinations then spread further through the population. 
It is this inherited variation that is so important in the changes in 
populations that can lead to evolution. In individuals produced by 
asexual reproduction (clones), the only possible genotypic differences 
between individuals result from new mutations (which are usually 
harm ful). 

• How natural selection leads to evolution 
The term evolutio n describes the observation that successive generations of 
living organisms seem to change over the course ohime. Fossil records show 
us that there were plants and animals in the distant past that are no longer 
around today. From frozen areas of North America and Siberia we have 
remains of woolly mammoths that allow us to reconstruct the appearance of 
an an imal chat no longer exists today. 

Similarly, we have fossils of dinosaurs and sequences of fossils that show us 
how the modern horse developed in a series of stages from an earlier, much 
smaller, almost dog-like animal. For the horse, the series of changes, for 
example in limb structure, height and teeth, can be linked into a sequence of 
changes over a timescale worked out from the rocks in which the fossils are 
found. Early horse-like animals date from over 50 million years ago. 

Our reconstruction of early human ancestors comes largely from fossil 
records, going back to perhaps 2 million years ago. Other evidence can 
be used to show much more recent changes in populations of plants 
and animals, sometimes over the period of a few decades or less in the 
contemporary world. 
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In 1859, Charles Darwin published his book 'On the Origin of Species 
by Natural Selection'. At the time of publication, the book caused some 
controversy, but it has stood the test of time as the best scientific theory to 
explain the mechanism by which modern day forms of plants and animals 
have evolved from common ancestors and co account for the enormous 
diversity of species in existence. The name Darwin remains closely associated 
with the theory of evolution even though other people were thinking along 
similar lines at the time when his book was published. However, Darwin was 
unable co explain how characteristics were passed from one generation to 
the next. Our modern understanding of inheritance started with Mendel but 
was 'rediscovered' in 1900, so Darwin was unaware of this. 

The following statements, some close to the wording used by Darwin in 
his book, set out the steps that lead to the theory of evolution by natural 
selection. 

O bservation 1 - Two parent organisms produce more offspring in their 
lifetime than are required to replace the previous generation. 
O bservation 2 - Numbers in plant and animal populations remain 
remarkably constant - they do not continually increase. 
Conclusion 1 - Observations 1 and 2 indicate chat there is a 'struggle for 
survival' or that some selection must occur - either for mates or for some 
environmental factor. 

Observation 3 - There is natural variation in a population of sexually 
reproducing organisms. This variation is genetically determined. 
O bservation 4 - Some individuals in the population inherit an 
advantageous set of genes, giving them a phenotype that provides an 
advantage in a particular environment. These individuals are more likely to 
survive as they are better adapted to their environment and so pass on their 
genes to the next generation. 
Conclusion 2 - Observations 3 and 4 show how the individuals that are 

better adapted are more likely to survive and breed and so pass on their genes 
to the next generation. This is often described as 'survival of the fittest' -
and 11ere 'fittest' indicates the individuals that survive long enough to 
prod uce the next generation. 

In this way, we can see how, over time, the 'pool' of genes in a population 
can change. There is some selection of those individuals with a combination 
of genes that are better adapted to the conditions in which the population 
is living. The outcome, over several generations, may be seen as changes 
in the phenotypes within the population. These changes are described as 
evolution. If environmental factors had been different, the outcome of the 
selection may have gone in a different direction, producing a population 
with different phenotypes. 
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Figure 5.41 Three colour forms of the 
peppered moth 

Figure 5.42 Camouflage: Visibility of 
different colour forms on the bark of birch 
trees 

• Natural selection and evolution in action 
In examples given above, we refer co fossil records and this may suggest 
that evolution is something that happened only in the past. Here we 
give two examples that relate to contemporary situations and which 
illustrate the way that environmental factors present selection pressures 
that in tum result in changes (evolution) in the population. 

The peppered moth 
A well-studied example of the response of a species to changing selection 
pressures is seen in the peppered moth (Biston betularia). This moth is 
widespread in the UK and is found in two forms - a dark form and a 
light-coloured form (Figure 5.41). During the day, the moths usually rest 
on the bark of trees. However, in some parts of the UK, as a result of smoke 
pollution, the bark of the trees became blackened. This meant that the 
light-coloured moth variety could be seen more easily by the insectivorous 
birds that feed on the moths, whereas the dark form was less visible. As 
a result, in the polluted regions, the light variety was more often eaten 
and became rarer than the dark form. In the unpolluted regions, the 
light variety remained common (Figure 5.43). When smoke pollution 
stopped and the trunks of trees were no longer darkened, the situation was 
revet"sed. 

Birch tree trunk and branch in unpolluted air - covered in pale li:chens 

Insectivorous 
bird sees the 
dark forms of 
the peppered 

moth more 
easily 

As a resu It, the 
dark form of 

peppered moth 
becomes extremely 
rare, and the light 

form more common. 

Birch tree trunk and branch in polluted air - no lichens and covered in soot 

Insectivorous 
bird sees the light 

forms of the 
peppered moth 

more easily 

-- -------~ 
months 

As a result the 
light form of 

peppered moth 
becomes extremely 
rare, and the dark 

form of the peppered 
moth more common. 

Figure 5A3 Illustration of selection in peppered moths resulting in change in the population 



This activity gives a model of real 
situations with liv ing organisms 

and should help you understand 
how natural selection can work on 

individuals and change the overall 

gene pool in a population. It also 

gives you an opportunity to collect 

data and organise it in a useful way. 
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• Practical activity - illustrating how 
selection works 

This activity provides a model that illustrates selection in action. It can represent 
the situation for peppered moths on different backgrounds (such as tree tnmks) 
and their visibility ( or not) by predators. In this activity, green and red sticks 
(e.g. matches or toothpicks) are used {to be the 'prey'), scattered randomly on an 
area of'grassland'. Students take it in turns to be the 'predator'. 

1 Mark out an area of'grassland', 10m x 10m, using string or tape. The 
teacher then randomly scatters 100 red and 100 green sticks across this area. 

2 Seu dents work in pairs. Student A is the predator and student B is the 
scorer. The roles can lacer be reversed. 

3 Student A is timed for 10 seconds and asked to search the grass area for 
sticks. At the end of the 'search' for 10 seconds, student A gives the sticks 
to student B. 

4 Student B counts the sticks and records the number of each colour of the 
sticks that were 'captured'. These sticks are retained and not returned to 
the grassland. 

5 Repeat the processes in steps 3 and 4 for several more 10 second periods 
until student A cannot find any more sticks. 

6 Plot a graph to show the total number of each colour of stick captured 
during each 10 second search. Combine the results for the whole class on 
the same graph. 

Capture rates for each colour of stick during each 10 second rime period are 
likely to be affected by various factors. These include: 

the ease with which the stick can be seen against the grass 
the density of the population of sticks remaining on the grass 

Suggest ways in which this model predator-prey system could be improved 
co make it more like the real world. 

Student A 
predator 

\ 

100 red sticks and 100 green sticks a.re scattered in the area. 

Student B 
scorer 

Figure 5.44 Illustrating how selection works with a predator-prey model 
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Resistance of bacteria to antibiotics 
A recent example that highlights problems caused by the speed at which 
natu ral selection can occur is found with antibiotic resistance. Antibiotics 
are chemicals (extracted from some fungi) that are able to kill the bacteria 
that cause an infection. Antibiotics kill bacteria inside your body and do 
not harm your own body cells. They were first developed during the 1940s 
and transformed the treatment of bacterial infections. Before the 1940s 
whole hospital wards were devoted to the care of infected people suffering 
from septicaemia (a bacterial infection of the blood), many of whom 
would eventually die from it. Use of antibiotics has helped to overcome 
many bacterial infections. 

Bacteria breed very quickly, sometimes in less than 10 minutes from one 
generation to the next. With such fast reproduction rates, many generations 
of bacteria can grow in a day. A bacterial population shows variation and 
might contain just a few mutants, which happen to be immune (resistant) to 
an antibiotic. Such mutants have been recovered from Siberian permafrost 
from 35 OOO years ago, long before the era of modern medicine. This 
character would have no advantage if the bacteria are growing in a situation 
with no antibiotics - in an antibiotic-free habitat. 

original populotion of bacteria A 

C>c:::, 
C) c,C> 

C) C) 
I C) C) C) 

I C) C) 

/ C) 

: 1st exposure to 
', antibiotic d rugs 
\ 
\ 
\ 

i~ .. ':-:::::, : : :, 

\ __ t, __ t !::, ~::, 
:::i :::, :::, 
:::, ._-_ .. , :::• 
\/ 

all bacteria have been 
killed by the antibiotics 

o riginal population of bacteria B 

mutant resistant~ C) 

to the antibiotic C) 
0 

c:::> C) 

De:::, c:>O ' 
0 \ 

1st exposure to 
antibiotic drugs 

\ 
I 
I 
I 
I 

resistant mutant :::, '; :~ :-·, / 

survives ontibioticsJ{/); ~, 

2nd 'exposure \ 
I to ontibiotic drugs , 

C) J 
C)C) C) , ' 

P. oc::> ,, 
1?00 

offspring of resistant mutant form a 
new population of bacteria, which are 

all resistant to the ontibiotic drug 

The bacterial population in B shows one mutant bacterium that is resistant to a ntibiotics. 
This one survives and produces offsp·ring that are identical to the parent bacterium, so 
they are also resistant to the antibiotics and survive. This illustrates how·the resistant 
form has been selected and can produce a colony that is alsa resistant. 

Figure 5.45 Illustrating how a population can change and become resistant to an 
antibiotic. Population A has no resistant bacteria whereas population B shows one 
bacterium resistant to antibiotics. 

But modern medicine has now introduced antibiotics to the habitats of 
humans. Places like hospitals have huge quantities of such drugs in the 
patients, on the wards and even down the drains. Many of the bacteria have 
no defence against the drug, so they are quickly killed. However, if there are 
just a few resistant bacteria, they are likely to survive. These resistant bacteria 
now have less competition. So their numbers are likely to increase and not be 
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killed by the antibiotic and could grow to form a new population of bacteria, 
all of which are resistant to the antibiotic. 

The antibiotic has provided a selection pressure, and the species of bacteria 
has evolved in response to the p ressure {Figure 5.45). A similar situation 
arises with the widespread use of antibiotics in agriculture for livestock 
animals - both to prevent infection and to treat diseased animals. 

The p roblem of resistance is why most doctors give antibiot ics to patients 
only if they are sure the patient is suffering from a bacterial infection. 
Anti'biotics cannot cure diseases caused by viruses, so there is no point, for 
example, using them for someone suffering from influenza. T he t ruth is, the 
more antibiotics there ace in the environment, the greater the chance that 
resistance will evolve in bacteria. It is important that sensible regulation is 
implemented globally, otherwise the effectiveness of antibiotics as a cure 
against bacterial infection will be reduced. 

STUDY QUESTION 

1 The pictures show a woolly mammoth and an elephant The mammoth is 

extinct but elephants exist today. The size and appearance of the woolly 
mammoth has been reconstructed from preserved frozen remains of their 
bodies and skeletons, and from foss ils. 

5m 

4 m 

3m 

2m 

l m 

U se information in these pictures to help you explain to a non-scientist 
how the elephant may have evolved from an ancestor simila r to a 
mammoth. Answer the questions below to help guide you in your answer. 

a) i) List three features you can see in the pictures that are similar in the 

mammoth and the elephant 
ii) List three differences you can see between the mammoth and the 

elephant. 
b) i) Summarise the steps that Darwin might have used to explain how 

populations (or species) change over time. 
ii) Suggest factors that might have been important in the selection 

of forms that were less like a woolly mammoth and more like an 

elephant. 
,c) Suggest reasons that might have led to the extinction of mammoths in 

the last few thousand years. 
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Summary 
Cl Make sure you can answer all the questions in the interactive quiz. 

I am confident that: 

.I I can describe the differences between sexual 
and asexual reproduction, and understand that 
sexual reproduction gives more opportunities for 
variation but that asexual reproduction may be an 
advantage in some situations. 

.I I know which cells are the gametes in flowering 
plants and in humans. 

.I I know that fertilisation involves fusion of a male 
and a female gamete to produce a zyg1ote. 

.I I know that a zygote divides by mitotic cell 
division and develops into an embryo. 

./ 1 can describe (and draw a diagram to show) the 
structure of a typical insect-pollinated flower and 
of a typical wind-pollinated flower. 

.I I understand how each of these flowers is 
adapted for pollination and how pollination occurs. 

./ 1 can describe the events from the time the pollen 
lands on the stigma until fertilisation occurs and 
understand tfhat this leads to formation of a seed 
and fruit. 

./ 1 know the conditions required for the 
germination of seeds and how the germinating 
seed obtains its food requirements from the 
reserves stored in the seed until it is independent 
and can carry out photosynthesis. 

./ 1 can describe examples of natural and artificial 
asexual reproduction in plants. 

./ 1 can describe (and draw a diagram to show) the 
structure of the human reproductive systems 
of a male and of a female and understand the 
functions of the different structures. 

./ 1 can describe key events in the menstrual cycle, 
and understand the roles of the hormones 
oestrogen and progesterone in this cycle. 

./ 1 can describe the how the developing embryo 
obtains oxygen and food through the placenta, 
and gets rid of waste carbon dioxide and urea, 
and understand the importance of the placenta 
for exchange of materials between the embryo 
and the mother. 

./ 1 know that the amniotic fluid is important for 
protection of the embryo. 

./ 1 can describe secondary sexual characteristics 
in males and females, and understand that 
the hormones oestrogen and testosterone are 
involved in their development. 

./ 1 know that the chromosomes are located in the 
nucleus and that the genes are located on the 
chromosomes . 

./ 1 understand that a gene is a length of DNA and 
that a ge:ne contains information that determines 
a character in the individual. 

./ 1 can describe the outline structuire of a DNA 
molecule as a coiled double helix and know 
that it has four bases - adenine (A) pairs 
with thynnine (T) and cytosine (C) pairs with 
guanine (G). 

./ 1 know that an allele is an alternative form 
of a gene, located at the same position on a 
chromosome, and that the different alleles for 
a gene control the same character but in 
different ways. 



,/ I can give a definition of each of the following 
terms and krnow how to use them when talking 
about or describing inheritance of characters: 
dominant, recessive, codominance, phenotype, 
genotype, homozygous, heterozygous, diploid, 
haploid. 

,/ I know that human body cells have 
46 chromosomes (23 pairs of chromosomes). 

,/ I can do genetic diagrams to show how a single 
character is inherited and predict phernotype 
ratios from these diagrams. 

,/ I can interpret inheritance of characters through 
family pedigrees that give information about the 
phenotypes of different members of the family. 

,/ I know that the sex chromosomes of ai female 
(human) are XX and males are XY, and can show 
how the sex chromosomes are inherited. 

,/ I can describe mitosis as the division of a cell 
to produce daughter cells that are identical (to 
each other and to the parent cell) in chromosome 
number and genotype. 

,/ I can describe meiosis as the division of a cell 
to produce gametes that have half the number 
of chromosomes and different combinations of 
alleles. 

,/ I understand how, as a result of fertilisation, it is 
chance as to which alleles are passed into the 
offspring and that this leads to variation. 

Summary 

,/ I understand how the phenotype of an individual 
is the result of its genotype and interaction with 
the environment in which it lives. 

,/ I am aware that variation within a species is a 
consequence of variation between the genotypes 
and phenotypes of individuals, and understand 
how this variation can arise. 

,/ I know that mutations occur, which result in 
changes in the genetic material and that these 
changes can be inherited but that mutations are 
rare and often harmful, though some can be 
beneficial. 

,/ I can name some mutagens that increase the 
chance of a mutation occurring. 

,/ I can describe the steps that could lead to 
changes in species over time, how some 
individuals in a population may be selected 
because they are more successful in their 
environment, and so are more likely to breed 
and pass on their characteristics. 

,/ I can use this understanding (above) to explain 
the process of evolution by natural selection. 

,/ I can describe how populations of bacteria 
become resistant to antibiotics and use this as 
an example to illustrate evolution by natural 
selection. 
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Ex.am-style_q,--...u_,.__es---..±~i o..,_._n......,,.....s ____ _ 
1 The table lists some statements about insect-pollinated 

and wind-pollinated flowers. Copy and complete the 
table by ticking in the boxes if the statement is correct 
for that type of flower. One line has been done for you. 

Insect- Wind-
pollinated pollinated 

Statement flower flower 

has brightly coloured flowers ./ 

large feathery stigmas hang 
outside the flower 

produces pollen in the anthers 

stigma lies inside the flower and 
has sticky surface that helps 
capture pollen 

may have Ii nes on petals that act 
as guides towards the nectar 

stamens hang outside the flower 
when ripe 

male cell in pollen joins with female 
egg cell in ovule 

produces large quantities of pollen 
with large pollen grains 

[Total = 7] 

2 The headline below came from a newspaper. 

New pesticide link to sudden decline in bee 
population 

a) i) Explain why growers use pesticides on their 
crops. [2] 

ii) Suggest why there could be a link between the 
pesticide and numbers of bees. [ 1] 

b) i) Give reasons why a 'sudden decline in bee 
population' might cause problems for fruit 
growers. [2] 

ii) Describe the events that take place in a flower 
after it has been visited by a bee, up to the 
formation of a zygote. [3] 

c) Some growers use biological control with their 
crops. Give two advantages and one disadvantage 
of using biological control rather than 
pesticides. [3 J 

[Total = 11] 

3 In humans, a fertilised egg implants in the wall of 
the uterus in a woman. A placenta develops and this 
allows exchange of materials between the developing 
embryo {fetus) and the mother. 

oviduct 

a) i) In -che menstrual cycle, day 1 is when the uterus 
lining starts to be shed. On which day(s) of the 
menstrual cycle does ovulation occur? [1] 

ii) Copy che diagram. On the diagram, draw a 
labelled arrow to show where fertilisation is 
most likely to occur. [1] 

b) i) Explain how the structure of the placenta is 
adapted to make it suitable for exchange of 
materials. [2] 

ii) Give one substance that passes from the 
mother to the fetus and two substances that 
pass from the fetus to the mother. Copy the 
table below and write your answers in it. One 
has been done for you. [3] 

From mother to fetus From fetus to mother 

oxygen 

c) Give two functions of the hormone oestrogen. [2] 

[Total= 9] 



4 The diagram shows part of a DNA {deoxyribonucleic 
acid) molecule. 

a) i) Copy the diagram and use a labelled arrow to 
show the position of the paired bases on the 
DNA molecule. (l] 

ii) One side of the DNA double helix has a 
sequence of bases as shown below. Under each 
letter, write the bases that would be found 
opposite, on the other strand of this DNA 
molecule. (2] 

CAGTCA 

b) i) The DNA is contained in the chromosomes. 
Where in the cell are the chromosomes 
found? (1] 

ii) Explain how an allele differs from a gene. In 
your answer, include reference to DNA. (4] 

(Total = 8] 

5 White-skinned 'albino' giraffes are very occasionally 
seen in a herd of wild giraffes. These animals have 
inherited an allele that means they are unable to make 
melanin (a dark pigment) in their body cells. 

Two giraffes with normal skin colour can produce 
an albino giraffe but two albino giraffes can only 
produce albino offspring. 

Exam-style questions 

a) Use the symbols A or a to give the genotype of the 
albino and explain why the allele for albinism must 
be recessive. (3] 

b) Use a genetic diagram to show how two giraffes 
with normal skin colour can produce an albino 
giraffe. Include genotypes of parents, the gametes 
formed, the offspring genotypes and offspring 
phenotypes. [4] 

c) Albino giraffes usually attract predators and 
are often killed before they grow up and breed 
themselves. Suggest why albino giraffes do 
occasionally occur in giraffe populations. [ l] 

(Total = 8] 

6 Rats have been pests living around human habitation 
for thousands of years. Raes eat stored food and 
transmit disease. 

Warfarin is a chemical that prevents clotting of 
the blood. Warfarin has been used as a pesticide to 
control rats. At first warfarin was effective and, if rats 
ate food poisoned with warfarin, they died. A number 
of years later it was noticed that many rat populations 
had become resistant to the pesticide and the rats did 
not die if they ate food poisoned with warfarin. 

a) Suggest why rats die if they eat food poisoned with 
warfarin. (2] 

b) Explain how populations of rats may have become 
resistant co the effect of warfarin. [ 5] 

c) Warfarin has now been replaced by another 
chemical pesticide. Sketch a graph to predict what 
might happen to population numbers of rats 
in a limited area when the new pesticide is used 
regularly near human habitation. (3] 

(Total = 9] 



Section 5 Reproduction and inheritance 

EXTEND AND CHALLENGE 

1 Plants can help solve crimes 

Pollen grains have a very hard and durable outer 
layer. This can remain unchanged for a very long 
time, sometimes for thousands of years. This 
outer layer can have many different patterns, 
characteristic for a particular species and pollen 
grains have many different shapes. It is possible to 
identify the plant species from the characteristic 
features of the pollen. 

Scientists can use evidence from pollen grains in 
forensic analysis of a crime scene. They have been 
able to link pollen from particular plant species at a 
crime scene with pollen found on the clothing of a 
suspect 

Scientists have also used information from pollen 
grains prese11Ved in peat deposits to trace the history 
of plants growing in an area over a Jong period of 
time. In some cases this has provided information 
about changes in the climate. 

Find out about one example of the use of pollen in 
each of these situations: 
a) forensic analysis of a crime scene 
b) tracing history of vegetation in an area and linking 

this with changes in local climate. 

Write up your findings as a story or as a presentation 
that could be understood by someone who is not a 
science specialist Make sure you explain how the 
evidence is used and that the science is correct 

2 Down's syndrome and screening for genetic 
disorders 
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All the body cells of a healthy human should 
contain 46 chromosomes. This is because a set 
of 23 chromosomes is inherited from the gametes 
(egg and sperm cell) of each parent Sometimes an 
error occurs during meiosis at the time that gametes 
are formed, with the result that a gamete might 
contain an extra chromosome or have· one fewer 
than the normal number. This is called a chromosome 
mutation. In these situations, often the zygote 
produced after fertilisation dies. 

Down's syndrome is a condition that occurs when an 
egg carrying an extra chromosome (24 chromosomes) 
is fertilised by a normal sperm cell (witlh 
23 chromosomes). The result is that instead of pairs 

of homologous chromosomes in the zygote, one 'pair' 
has three chromosomes. Even though the embryo is 
affected, a baby is born. A Down's syndrome baby 
may have a range of problems, including learning and 
physical difficulties - ranging from cases that are 
severe to babies in which the symptoms are much 
less apparent. 

It is now known that the older a woman is when she 
becomes pregnant the greater the risk of her having 
a baby with Down's syndrome. Tests that should 
detect a fetus with Down's syndrome are often 
offered to older women. In some cases, women who 
are shown to have a fetus with Down's syndrome, 
may decide to terminate the pregnancy. 
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a) Suggest two environmental factors that might 

cause chromosomal mutations. 

b) Look at the graph and suggest an appropriate age 
after which a woman should be offered a test on 

her unborn child. 
c) Some people find it difficult to make the 

decisions about testing for Down's syndrome 

and terminating a pregnancy. For example, this 
might be because the severity of the disorder 

varies considerably and there is a slight ri sk in 

undertaking the tests. Make a list of reasons for 

and against the decision to test and to terminate 
a pregnancy. Write this into a paragraph that sets 
forward different viewpoints. 

d) As nations become wealthier, there is a 

corresponding increase in the age at w hich 

women choose to have their first child. Suggest 
what social factors might be linked to this 

change. 

Extend and challenge 

e) An increasing number of prenatal tests are being 

developed and used to detect possible genetic 
disorders in unborn children. Find out about at least 

two of these tests under these headings: 

• what is being tested for 
• whether the diagnosis indicates r isk or whether 

it detects the presence of a disorder 

• how far knowledge of the disorder can help the 

parents prepare for the birth and care of the 
child 

• how far knowledge of the disorder can help 
indicate medical treatment that may be available 

to improve or cure the symptoms 
f) Suggest what difficulties are faced by prospective 

parer.ts in the future as more prenatal genetic 
tests are developed. 
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TO THINK ABOUT .. . 

Ecology is the study of the 
relationships between living 
organisms and their environment. 

Other parts of this book focus on 
a single organism (plant, animal or 
microorganism) and how it works 

inside. Now the· focus is on groups 
of organisms and their interactions 
with each other and with their 

surroundings. Try to make a list 

of ways that plants, animals and 

microorganisms depend on each 

other and how the different groups 
interact with the ir surroundings. 

Ecology 
and the 

environment 
Living organisms and their ecosystems on 
planet Earth 
At the start of this book, we co nsider the fact that planet Earth is the 
only one upon which we know that life exists. We also look at what 
sets. living things apart from non-living ones. 

Seen from space, there are patterns in the distribution of living 
organisms across the face of the planet. Broad bands of colour running 
across the continents indicate major ecosystems, such as rainforest, 
tundra or grasslands. Each ecosystem is an interacting community of 
planits and animals, all interdependent upon one another. 

Some species of plants and animals are on the brink of extinction. 
Could their loss destroy a whole ecosystem? Scientists studying the 
changing climate of the planet are trying to determine how far the 
changes are the result of natural cycles and processes, or whether 
they are the direct result of human activities. 

But what holds an ecosystem together? If the risk of ecosystem 
malfunction is as great as some scientists think, do we, as humans, 
need to make changes to our current way of life? Can we avoid a 
catastrophic change in the gl,obal climate and can we help conserve 
the planet as it is for future generations? What could you change 
about your lifestyle to avoid harming ecosystems and to allow 
the continuation of the fragile interrelationships that exist within 
ecosystems? 

(V Review ihe learning outcomes you should aim to achieve as you work through this section. 



Section 6 Ecology and the environment 

The organism in the 
environment 
A focus on organisms in an ecosystem 

Look carefully at the photographs. First you 
are likely to notice the coloured flowers -
bluebells in a wood in Eastern England and 
primulas in high mountains in Western China. 
In each photo, the flower is a single species, 
surrounded by many others: plants, animals 
and microorganisms. The bluebells and 
primulas are each part of the much bigger 
grouping of many species that, together with 
their environment, make up the ecosystems 
we see in the photographs. 

Now think about an area you know well, 
perhaps near your school or home, and make 
a list of any species you have seen there. Then 
think about how they might interact with each 
other. (At the end of the section, check back to 
your list and see whether your ideas about how 
they interact have changed.) 

• What makes up an ecosystem? 
In Section 6.1 we cease apart the components of an ecosystem and see what 
contributes to this structure. We then put it all together into a whole. You 
also find out about methods you could use to look in more detail at the 
distribution of plants and animals within the ecosystem being studied. 

Population 
The term p opula tion describes a group of individuals of the same species, 
living in the same place at a certain time. 

The bluebells (or primulas) in the photographs each represent a population. 
In another wood, perhaps 10 km away, there might be another population 
of bluebells (or primulas). In the background of each photograph, there is a 
population of certain tree species and on the ground, there are populations 
of beetles, ants and other small animals. 



6.1 The organism in the environment 

Community 
The term community links together the populations of the different species 
living together in the same place. 

The top-left photograph on page 212 shows a woodland 
community, with bluebells and other planes on the ground, 
shrubs and taller trees behind. There are likely to be beetles 
and other insects, on the ground or flying through the air, and 
many small invertebrate animals in the soil. In this woodland, 
there may be some mammals (such as dormice, squirrels or 
deer) with birds flying between cl1e trees and shrubs. All these 
are part of the same community, even though you cannot see 
all the species in the picture. 

Figure 6.1 shows a different community in the same woodland as 
the bluebells. The various species found in the water and on cl1e 
edges of the pond are different from those in the bluebell picture. 

Within each community, there are links or interactions 
Figure 6.1 Pond in Bradfield Woods (Eastern England) between the species found there. The group of species existing 

fil*N'lilt 
· Make links to Section 6.3 for 

information about the non-living 
components and how they are 
recycled and to Section 2.1 for 
detail about the role of magnesium 
ions. 

fii'N'lilt 
· Check details about how energy 

is transferred trn rough food chains 

and food webs, and how species 
are dependent on each other (see 
Section 6.2). 

together in a community have certain requirements that they 
all find in that particular place and the different species in a community are 
dependent on each other. 

Habitat 
The term habitat is used to describe the place where an organisms lives. 

Habitat can be used as the place for just a single species, but often refers 
to a general area where many species are found. So the woodland in the 
first photograph on page 212 is the habitat for the various species already 
referred to (and many more). Similarly, the pond (Figure 6.1) is the habitat 
for many species (planes, animals and microorganisms) found in the water, 
but which would not be able to live in the open woodland. 

Ecosystem 
The term ecosystem puts all the species, populations, habitats and 
communities together into the whole 'living world'. The term includes the 
living organisms and also cl1e non-living components that are an essential part 
of life for the organisms. These non-living components include the soil, water, 
mineral ions and gases (carbon dioxide and oxygen) in the air. 

Referring again to the same photographs, we can recognise a woodland 
ecosystem (page 212) and a freshwater aquatic ecosystem (Figure 6.1). 
Within an ecosystem, there are interactions between the living organisms 
that are found there. In particular, species are dependent on each other 
through food chains, which provide a means for the transfer of energy and 
of various substances required for growth and other activities. 

• Distribution of organisms in their habitats 

How quadrats can be used to estimate population size 
Let's go back to the photograph of the primulas. Suppose you were asked 
how many prinrnla planes there were in this field, and whether there were 
more in this field or in anoclier field on the other side of the valley. 
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Figure 6.2 Using a quadrat 

41a1ur1ot 
· Remember that using a quadrat is 

a way of taking a sample in the 
area, rather than counting every 
plant (or animal). 

This practical activity emphasises 
the use of a sampling technique 
to make a reasonable estimate of 
living plants (or animals) in different 
areas. It is important to choose a 
size of quadrat that is appropriate 
to the size of the organism being 
sampled. You may be asked to 
describe use of quadrats in the 
examination. 

You could try to do this in one of two ways. Either you could count all the 
primula plants in the area, or you could estimate how much of the area was 
occupied (or covered) by the primula plants. Both these suggestions would 
be very tedious to do, take quite a long rime and not be very accurate. 

The best way to do this is to take a sample area and look at it in detail. 
To select your sample area you use a piece of equipment called a quadrat 
(Figure 6.2). 

• A quadrat is usually square, but can be any shape. 
• A quadratcan be made of any material, but often iris made of wire or 

string that is pegged into the ground at the corners. 
• A quadrat can be different sizes, depending on the size of plant you are 

looking at. Often quadrats with sides of0.5 mare used to sample small 
plants in an area. 

A quadrac can also be used to find out about animals in the sample area, 
provided the animal does not move away quickly. 

When you use a quadrat, you must not just put it down on the ground 
where all the best flowers are growing (or where they are not growing). You 
need to place the quadrats randomly so that you are not showing any bias 
when collecting your results. One way of getting random positions for a 
quadrat is to place two long measuring tapes on the ground at right angles, 
to give a grid. Each 'square' in this grid has a number. Numbers are then 
chosen randomly and used as the positions for the quadrats. 

To make your estimate, you look in detail inside the relatively small area of 
the quadrat. You must decide whether you are going to count the number of 
planes (e.g. primulas) or estimate the proportion of ground covered by these 
plants. Often this is done as 'percentage cover'. 

You then repeat the measurements in a number of quadrats. From that you 
can multiply up the results from all the quadrats you have recorded to give 
a reasonably accurate estimate of the nwuber of plants in this population in 
the whole area. 

In some habitats, particularly with animal species, equipment other than a 
quadrat may be used to capture a 'sample' of the animals. These include sweep 
nets (through vegetation), pond nets (in water) and pitfall traps (for 
small animals on the ground). Often you can devise something that is 
appropriate for a particular habitat but you need to remember you are taking 
a sample that is used to represent the distribution pattern in a larger area. 

• Using quadrats to estimate the density of 
two species of flowers in grassland 

Figure 6.3 shows two species of flowers (A and B) growing in. grassland. 

1 Use a quadrat. This can be a square of wire or a loop of string with a stake 
ac each corner. Choose a size of quadrat chat is suitable for the size of the 
plants you are observing. 

2 Nace the quadrat in the study area, using a random method. This is 
usually done by using two measuring tapes running at right angles to 



qvadrot on 
groulcnd 

ower B 

Figure 6.3 How to use a quadrat to 
estimate the density of two species of 
flowers on grassland 

6.1 The organism in the environment 

each other at the border of the area. Random numbers are then used to 
get a distance along each tape. The intersection of the two distances gives 
the precise location for the quadrat in the study area. 

3 Count the number of flower A and the number of flower B in the quadrac. 
4 T hen a new quadrat position is randomly chosen. Count the numbers of 

A and B in this quadrat. 
5 Repeat this in several quadrat positions. 
6 To calculate the density of each flower, add up the total number of flowers 

counted in each of the quadrats. Divide this by the total area sampled co 
obtain the plant density. 

STUDY QUESTIONS 

1 Definitions of some terms are given in the table below. 
a) Copy and complete the table by choosing words from the list in the box 

to match the definitions: 

autotroph; community; ecosystem; habitat; herbivore; population; 
trophic level 

Definition Term (Word) 

Al I the living organ isms together with the nonliving components 
found in a certain area 

The different species (of plants, animals and microorganisms) 
living together in the same place and interacting with each other 

A group of individuals of the same species (plant or animal or 
mk roorganism), living in the same place at a certain time 

The place where an organisms lives 

b) There are four definitions in the table but there are seven words in the 
list 

Write definitions for the terms you have not used in the table. Extend 
the table and write your answers in it. You may have to refer to other 
parts of the book to complete your definitions. 

2 Some of your friends were unable to attend the biology class today so 
missed doing a practical exercise using quadrats. 

Write a set of instructions for your friends so that they would know how 
to use quad rats to study the distribution of a small plant growing in the 
grass of a playing field and compare this with its distribution in a grassy 
area of a park. 

In your instructions, include diagrams so they would know what a quadrat 
looks like and how to set them out in the field. You should also include a 
table that would guide them as to what measurements they should take 
and how to set out their results. 
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®o~ Eeeding relationships_ 

Figure 6.4 Think aboutthe origins of the 
food on your plate 

Capture of solar energy 

• 
• The rape plants in the fields (in Eastern England) capture energy 

from the sun and convert it into the chemical energy contained in 
plant material - some of it iin lipid molecules. When the rape crop is 
harvested, the seeds are crushed to provide oil, which is used for 
cooking or as a fuel in motor vehicles. 

• The photovoltaic panel outside the ger (in a remote part of 
Western Mongolia) captures energy from the sun and converts it to 
el'ectricity. 

• The simple roadside solar collector (in Western China) captures 
eli'lergy from the sun and directs enough energy to the kettle to boil 
the water inside it 

But !how does this solar energy captured in the rape crop become part 
of you or me? How is the energy from the sun distributed through 
the many plants and animals that live amongst the crop plants or in 
the woodland ecosystem beyond? What is the mechanism for energy 
transfer and how much gets lost on the way? 

• Food and energy 
The next time you have a meal, look at your bowl or p late of food and work 
out the biological origin of the different foods. If you have some vegetables, 
such as beans, tomatoes or lettuce, it is easy to see that these are parts of 
plants. You may have some foods high in carbohydrate, such as rice, pasta, 
potatoes or bread. Again, it is not difficult co trace these back to their plane 
origins (though the wheat or other grains have been processed to produce 
the flour that has been made into pasta or bread). If you have meat or fish, 
you may have to do a little more work to trace what the animal ate back to 
its plant origins. Herbs and spices may be part of your meal and they also 
originally come from plants: cinnamon (from the bark of a r-ree), cloves 
(dried flower buds from another tree), black pepper (the dried fruit of 
another plant). 



fil*M·+o• 
· To make sure you understand the 

process of photosynthesis check 
in Section 2.1, and for respiration 
check in Section 2.3. 

f1uur10• 
: The term autotrophic is also used 
: to describe the way that green 
: plants feed (see Section 2.1 ). They 
: make their own food (auto = self; 
: trophic = feeding). 

f11'1•r10• 
: The term heterotrophic is also 
· used to describe the way that 

consumers (animals) feed (see 
Section 2.2). They take in food that 
contains large complex molecules 
(hetero = different; 

: trophic = feeding). 

lil*M·+ot 
: Link 'troph' in trophic levels with 
: 'eutrophication' to remind you 
: the word is to do with feeding or 
: nutrient content 

6.2 Feeding relationships 

Plants use energy from the sun in the process of photosynthesis, and 
synthesise complex molecules from simple molecules. Plants effectively 
crap and then lock up energy from the Sun, 'storing' this energy as large 
molecules in their biomass. Late:r, when an animal eats the plant, some of 
the energy is passed on in the biomass from the plant to the animal. The 
energy can then be released (through respiration) so that the animal can 
move around or carry out different processes in the body. In the same way, 
you release energy from the food you eat and this energy ena bles you to carry 
out various living processes. 

• Trophic levels and food chains 
We can now write down a simple food chain, based on a typical human meal. 

maize-+ chicken -+ human 

The arrows show the direction of flow of energy. At the beginning, we can 
add the Sun to emphasise the source of the energy. So this food chain might 
be written as: 

SUN -+ maize-+ chicken-+ human 

We can look at two more food chains, one that might be relevant to someone 
grov,;,ing a crop of beans and the other in a more natural ecosystem. 

bean plant-+ aphid -+ blue tit-+ sparrowhawk 
(insect) (bird) (bird) 

green plant-+ mouse -+ snake -+ eagle 
(mammal) (reptile) (bird) 

The green plants make (produce) food and are known as producers. 
The animals in the food chain all eat (consume) the food, so are 
known as consumers. At the first level the animals are herbivores 
(because they eat plants) and are described as primary consumers 
(or 1st consumers). At the second level, they are carnivores (because 
they eat other animals) and are known as secondary consumers (2nd 
consumers). At the third level there are more carnivores and they are 
known as tertiary consumers (3rd consumers). Sometimes there is 
even a fourth level, but not often more than that - we discuss this on 
pages 221 and 222. 

For each of these levels we use the term trophic level to describe the feeding 
relac:ionship with other organisms in the food chain. These levels are 
summarised in Table 6.1, using the food chain above to give examples of the 
plants and animals involved. 

Table 6.1 A simple food chain, used to illustrate trophic levels 

ITrophic (feeding) level Organism Description 

tertiary/3rd consumer eagle (bird) (top) carnivore 

secondary/2nd consumer 

primary/1 st consumer 

[ producer 

snake (reptile) 

mouse (mammal) 

- ~ n plant 

carnivore 

herbivore 

£."oducer 
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fox - carnivore {4th consumer} 

woodmouse - carni vore (3rd consumer} 

ground beerle - carnivore (2nd consumer) 

earthworm - detrivore ( 1 st consumer) 

dead plonts and animals (detri tus) 

Figure 6.5 Food chain based on detritivores 
eating dead plant and animal material 

iiiiM·IOi 
• For information about natural 

cycles and recycl ing o f materia ls, 

check in Section 6.3. 

Energy can also enter a food chain when animals eat dead plants and 
animals (Figure 6.5). Such animals are known as detritivores and these 
animals play an important part in utilising energy that was originally 
trapped by living plants. The term detritivore is derived from the word 
'detritus', meaning waste material. 

Table 6.2 Summary of the food chain shown in Figure 6.5 

' Trophic (feeding) level Organism -----. 
4th consumer fox (mammal) 

3rd consumer 

2nd consumer 

1 st consumer 

woodmouse (mammal) 

ground bee~e (insect) 

eartlhworm ( worm) 
-
dead plants and animals 

Description 

(top) carnivore 

carnivore 

carnivore 

detritivore 

-

Organisms in another group are described as decomposers .. These are 
mainly fungi and bacteria and have an important role in the decay or 
breakdown (decomposition) of dead plants and animals. Decomposers can 
digest the dead material and, through their own respiration, receive energy 
that had been locked away in the plants (then the animals) and transferred 
through the food chain. The decomposers break down the dead material 
to simple compounds and play an important role in releasing mineral ions 
and carbon dioxide. The mineral ions and carbon dioxide then become 
available for plants to use again, as part of natural recycling processes 
(see Section 6.3). 

• Food chains and food webs 
Already the picture is becoming more complex and it is less easy to give 
trophic levels in relation to the feeding patterns of the organisms. 

Look at the animals in Table 6.3., which also lists what they may eat. All the 
animals are likely to eat other organisms in addition to those listed. 

Table 6.3 

Animal Group What they eat 

earthworm worm (segmented) dead plant material 
-

earwig insect dead and living plant material 

caterpillar insect living plants 

rabbit mammal living plants 
-

ground beetle insect caterpi liars, centipedes, earthworms, earwigs 

cent ipede arthropod caterpi liars, earthworms, earwigs, ground beetles 

toad amphibian centipedes, earthworms, earwigs, ground beetles 
e- - - -
blue tit bird caterpi liars, earwigs 

robin bird caterpi liars, centipedes, earthworms, earwigs 

tawny owl bird earthworms, ground bee~es, rabbits, woodm ice 

woodmouse mammal nuts and berries (plant material), caterpi liars, 
centipedes, earthworms, earwigs, ground beetles 

fox mammal earthworms, ground bee~es, rabbits, woodm ice -
also like fruit (such as blackberries) 



6.2 Feeding relationships 

The information in the table tells us that: 
• an animal is likely to feed on several things, rather than relying on a single 

food source 
• animals don't always feed at the same trophic level 
• a' food chain' is a very simplistic representation of a real situation in an 

ecosystem. 

Instead of writing down lots of simple food chains, we can summarise the 
information given in the table in the form of a food web (Fi,gure 6.6). This 
takes into account the different feeding preferences of animals. As with the 
simple food chains, the arrows show the direction of energy flow and also 
indicate what each animal eats. A food web similar co this one is likely to 
represent some of the feeding relationships in a woodland in Europe. 

tawny owl 

rabbit 

Figure 6.6 Woodland food web, based on the information shown in Table 6.3 

Look closely at the food web. Firstly, you can see a number of food chains 
within the web. 

• Some food chains consist of two organisms - e.g. fox eats blackberries. 
• Some food chains consist of three, four or even five organisms - e.g. rabbit 

eats plants, fox eats rabbit(= 3 organisms); caterpillars eat plants, ground 
beetles eat caterpillars, woodmouse eats ground beetles, tawny owl eats 
woodmice (= 5 organisms). 

Secondly, you can see that the organisms do not fit neatly in.to the trophic 
levels given above. A woodmouse can be both a primary consumer and 
a secondary consumer. A toad can be both a secondary consumer and a 
tertiary consumer. You can certainly find other examples in this food web 
showing that animals feed at different trophic levels. 

Thirdly, the food web draws attention to the way that dead plant material 
can be brought into tl1e food web and how detritivores utilise energy 
contained in this dead material. 

Overall, the food web emphasises the important interrelationships of plants 
and anin1als with respect to feeding patterns. 
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wrens 
[3 rd consumers) 

ground beetles 
(2nd consumers) 

caterpilla rs 
(1 st consumers) 

' ' 
oak leaves 
{producers) 

-

Figure 6.7 Pyramid of numbers. The width of 
each box gives an irnd ication of the numbers of 
individuals within that trophic level (but not drawn 
to scale). 

wrens 
(3 rd consumers) 

ground beetles 
(2nd consumers) 

caterpillars 
(1 st consumers) 

oak tree 
(producer) 

Figure 6.8 Pyramid of numbers for a food web 
based on a single tree as the producer. The width 
of each box gives an indication of the numbers of 
individuals within that trophic level (but not drawn 
to scale). 

• Numbers, biomass and energy 
So far we have described what is in a food web but made no attempt 
to quantify this and say how much of anything is there. We can do 
this in terms of numbers of organisms, or of living matter (known 
as b iomass). We can also make some estimate of the energy flowing 
through the food web and see what happens to this energy. 

Pyramid of numbers 
Suppose we could isolate a small area of an ecosystem and look in detail at 
all the organisms in ir. First we could identify all the organisms and decide 
whether they are producers, primary or secondary consumers, according to 
what they eat. Then we could count all the organisms in each trophic level 
for this ecosystem. 

We can then represent these numbers in a diagram (Figure 6.7), with 
producers as the lower layer and working up through the consumer 
trophic levels. This gives us a pyramid of numbers. We give this name 
to the diagram because the shape is often that of a pyramid with a 
wide base (many producers) and fewer consumers as you work up the 
crophic levels. 

Sometimes numbers give a different picture. For example, a single tree 
may support a large number of primary consumers and, in turn, these 
are food for various secondary or tertiary consumers. The 'number' of 
producers would be only one, so the 'pyramid' would stand on a very 
narrow base, as shown in Figure 6.8. 

Pyramids of biomass 
Consider an area of an ecosystem, as above, but this time make an 
estimate of the total mass ofliving material in that area over a certain 
time. The estimate would be based on the dry mass of material. This is 
known as the biomass. 

It may be unrealistic to do this in practice because it would mean that 
living animals have to be killed, but an estimate does give a measure 
of the growth of the living organisms within that area. Compared 
with the pyramid of numbers described above, this gives a more usefol 
representation of the interrelationships of the living organisms with regard 
to their feeding and what has happened to the energy taken in by the 
producers in that area over a period of time. 

As with the numbers of organisms, we can represent values for biomass 
in a diagram (see Figure 6.9), with producers as the lower layer and 
working up through the consumer trophic levels. This gives us a 
pyramid of biomass . A pyramid of biomass has a wide base, like a 
pyramid. 
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6.2 Feeding relationships 

Pyramids of energy and energy losses 
When an animal (herbivore) eats a plant, or a carnivore eats another 
animal, each time the animal is taking in food. This food material 
provides energy for the animal and food substances chat the animal 
needs for growth. These substances include carbohydrates, proteins, 
fats, lipids, vitamins and mineral ions. In this way, energy and nutrients 
are passed along the food chain or through the food web to organisms 
in higher trophic levels. 

Figure 6.9 Pyramid! of biomass. The wid1h of 
each box gives an indication of the biomass of 
individuals within that trophic level (but not drawn 
to scale). 

Let's look more closely at the food materials taken in by a primary or 
secondary consumer. The primary consumer may not be able to use all 
the parts of the plant that it eats - woody stems or hard shells of nuts 
may not be eaten or they may pass through the animal without being 
digested. Similarly, a secondary consumer may not eat or be able to 
digest the bones or teeth, nor the fur or feathers of the animal it eats. 
This means that part of the energy contained within the biomass of the 
trophic level is wasted and not passed on to the next level. The energy 
cannot be captured again by other organisms in the food web as we go 
up the trophic levels - unless the dead material is eaten by a detritivore 
(or broken down by a decomposer) so that it again enters the food web 
at the bottom level. 

There are other ways that energy can be lost from the food web. A rabbit 
moves around and a bird Hies from tree to tree. Energy is released from food by 
respiration and this energy enables them to move. Animals excrete and so lose 
materials from their bodies. Energy is used in living processes, keeping some 
animals warm and building up materials needed for growth and increase in size. 

Scientists have attempted to estimate all the energy within a series of trophic 
levels, up to the top carnivores. It is difficult to account for everything, but 
their estimates suggest that only about 10% of the energy is passed from one 
level to the next. This means tha t about 90% of the energy is lost between 
each. trophic level. This energy cannot be recovered, so is lose from the 
system. 

In the same way as we did for numbers and biomass, we can represent 
estimates for energy values in a diagram (see Figure 6.10), with producers 
as the lower layer and working up through the consumer trophic levels. 
This gives us a pyramid of energy. A pyramid of energy always has a wide 
base, like a pyramid. The list illustrates ways in which energy is lost at each 
trophic level. 
• material not eaten by the consumer 
• material not digested by the consumer, but is passed out as waste (feces) 
• energy used by rhe consumer for movement 
• energy used by the consumer in body metabolic processes 
• energy used in generating heat 
• energy lost in urine. 

Earlier in the section we looked at food chains of three, four or perhaps 
five organisms, but indicated that it is unusual to have food chains that are 
much longer than that. You can now understand that the basis of a food 
chain is that it passes on energy to the next trophic level. You can also see 
that only about 10% of the energy is available for the next trophic level. 
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Figure 6.10 Pyramid of energy. The arrea of each box gives an indication of the energy 
contained in the biomass of individuals within that trophic level (but not drawn to scale). 

Suppose there are 1 OOO units of e nergy in the producers in the first trophic 
level. Take one-tenth of that to go to the next trophic level, t11en one-tenth 
again for the one above. You can work out that only a very small proportion 
remains for the 4th and 5th trophic levels so you can see that there comes 
a point at which there is not enough energy to support another level of 
organisms within the food web. 

STUDY QUESTIONS 

Look at the food web on page 2 19 and use information in this food web in 
your answers to the questions below. 

1 a) Write down one food chain consisting of three organisms. 
b) i) In this food chain, which organism is the producer? 

ii) What is the source of the energy for this producer? 
iii) Which organisms are consumers? 

2 a) Write down one food chain consisting of five organisms. 
b) In this food chain, which organism is the producer and which are the 

consumers? 
c) In the food web, what do the arrows represent? Check that you have 

drawn the arrows correctly in your food chain. 
3 Name one organism in the food web that is feeding at two different 

trophic levels. 
4 a) Draw the shape of a pyramid of numbers for this food web. 

b) Draw the shape you would expect if a similar food web ns drawn up for 
all the organisms in a food web based on an oak tree as the producer. 

5 Suggest how scientists try to collect information to draw up a pyramid of 
biomass in a limited area Why is it difficult to do this accurately? 

6 What is the source of energy for the whole food web? ExpHain what 
happens to the energy between different trophic levels. 

7 Explain why it is unusual to have very long food chains (longer than five 
levels of organisms). 



6.3 Cycles within ecosystems 

®o® Cycles within 
ecosystems 
Continuity of supplies for an oak tree 

The acorn is nearly 2cm long and weighs about 4g. 
Over a hundred years ago, another acorn, similar to 
this one, fell to the ground and started to grow. It put 
on a lot of weight and grew into the oak tree, now 
taller than nearby buildings. 

The tree will go on growing, perhaps for another 
hundred years. Every year the leaves fall off and other 
parts of the tree break away. But each year the tree 
continues to put out new growth - new leaves, new 
shoots, more acorns. When it finally dies, it begins to 
crumble away through the processes of decay. 

Everything that has contributed to this massive 
structure has been taken in as simple raw materials, 
either from the soil (water and mineral ions) or from 
the air (carbon dioxide). The tree cannot run around 
and find food to build up into the complex structures 
of the tree - iit is, literally, rooted to the spot. 

The immediate surroundings could not sustain the 
supplies needed for the growth of the tree over the 
many years of its existence unless the various raw 
materials are replaced. So where do the necessary 
raw materials come from? How does it balance out? 

• Keeping the balance in ecosystems 
The story of the oak tree focuses on how living organisms make demands 
on th e environment. If living communities are co survive, on a local as well 
as on a global scale, whatever is taken out must be replaced . There must be 
a balance to aHow survival over an extended period of time. 

Section 6.3 explores how natural processes recycle and replenish the 
reqllirements for growth of the oak tree and other plants within the 
ecosystem. We also explore how plants and animals are interdependent 
and emphasise the importance of microorganisms (particularly fungi and 
bacteria) in the natural cycles wi·chin ecosystems. 

We look at three natural cycles within ecosystems that help keep the balance: 
the water cycle, the carbon cycle and the nitrogen cycle. 



Section 6 Ecology and the environment 

fil*M'IOt 

• The water cycle 
Water is an essential requirement for growth and a major component of cells 
in all living organisms. 

water vapour in the air 

evaporation 
due to 

worming 
by sunshine 

wet surfaces and bodies of water: 
oceans, lakes and ponds 

transpiration 
from 

plant leaves 

water taken 
up by plants 

rivers ond streams 
] 

clouds 

pre,cipitation of 
water as rain, 
snow,or hail 

water in ground 

Figure 6.1 1 Tlhe water cycle (water is represented in blue, processes in red) 

Figure 6.11 summarises ways char water circulates within an ecosystem, 
linked to water vapour in the air and large bodies of water in the oceans and 
on land. The water is shown in blue and processes are represented in red, 
with more detail below: 
• Evaporation - water turns from liquid to vapour when it evaporates. 

Evaporation of water into the atmosphere takes place from the seas 
( oceans), from lakes, rivers and other wet surfaces and bodies of water on 
land. 

• T ranspirat ion- this is the loss of water from plants. Water evaporates 
from the surface of vegetation and a large proportion of this water vapour 
is lost through the stomata on the leaves. 

• Condensation - water vapour in the atmosphere turns back into droplets 
of water by the process described as condensation. This may be as a result 
of the air becoming saturated with water vapour, or because of cooling 
below a certain temperature. Condensation may lead to the formation of 
clouds, fog or frost. 

• Precipita tion - water vapour held in clouds falls as rain or snow. 

· You can refer to Section 3.4 to find 
The clouds may be blown by wind from the areas where they formed. 
Precipitation can occur over the land as well as the sea. Some rainfall on 
land soaks into the ground and is taken up by plants from the ground. 
Some rainfall soon washes off the land into rivers and then drains back 
into the sea. 

: out about transpiration in plants. 

• The carbon cycle 
The element carbon is found in nearly every molecule and structure within 
living organisms. Use the diagram in Figure 6.12 to trace possible pathways 
of carbon through the carbon cycle in natural ecosystems. The compounds 
containing carbon are shown in green and the processes are represented in 
red. Fossil fuels are shown in purple to draw attention to the fact that they 
were formed a long time ago. 
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· Check details in Section 6.4 of 

how human activities produce 
carbon dioxide and so affect the 

carbon cycle and how this may 
lead to enhanced global warming. 

Check details in Section 2.3 of 

how living organisms give off 
carbon dioxide during respiration. 

Check details in Section 2.1 of 
how plants use carbon dioxide in 
photosynthesis. 

Link the transfer of carbon 

compounds from plants 
(producers) to animals (herbivores) 
and from animals to other animals 
(carnivores) - see food chains and 
food webs in Section 6.2. 

combustion 

fossil fuels 

6.3 Cycles within ecosystems 
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Figure 6.12 The carbon cycle (compounds containing carbon are shown in green and 
processes in red) 

Note in particular, the role played by living organisms (plants, animals 
and microorganisms) in the recycling of carbon. In Section 6.4 you have 
an opportunity to see in more detail how specific human accivities have an 
impact on the natural carbon cycle. 

More details relating to the processes are given below. 
• respiration - all living organisms (plants, animals, microorganisms) 

respire. The process releases energy and carbon dioxide gas is given off 
into the air around them. The energy released by respiration is used by 
the organism in different activities within cells. Respiration breaks down 
molecules containing carbon - usually sugars, but other compounds 
(such as lipids) are also broken down during respiration by some 
organisms. Thus complex molecules containing carbon are broken down 
to the small carbon dioxide molecule. 

• photosynthesis - this is the very important process, carried out in green 
p lants, that captures energy from the sun and incorporates it into plant 
material. The plant takes in carbon dioxide gas from the air and, with 
the solar energy, uses the carbon dioxide to synthesise sugars. These are 
then converted into starch and other complex molecules, including lipids 
and proteins. In this way, the .small carbon dioxide molecule is converted 
into the complex molecules ofliving organisms. These molecules are 
then passed to consumers through food chains and food webs and thus 
circulate to all living organisms. 

• decomposition - when living organisms die, the cells begin to break 
down and decompose. The processes of decomposition are carried out 
by microorganisms (mainly bacteria and fungi) living in the soil. These 
processes break down the large complex molecules and release smaller 
molecules into the surroundings. Carbon is released as carbon dioxide 
gas from the complex molecules that contain carbon. The carbon dioxide 
passes into the atmosphere. Other molecules are also released as part of 
the decomposition process. 
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You can refer to Section 1.4 to 
find out about large biological 
molecules containing nitrogen. 

• combustion - most of the combustion that takes place is due to human 
activities, though occasionally spontaneous fires do occur. Materials used 
for combustion are derived from plants. The plants are eit her chose that 
have been growing within a relatively recent timescale (as wood from trees 
in contemporary forests or woodland) or those that existed many millions 
of years ago and have become fossilised. These include deposits of coal, 
oil and natural gas and are the 'fossil fuels' used globally by human 
communities. The carbon had been locked away and was unavailable for 
release into the atmosphere. The processes of combustion release the 
carbon as carbon dioxide gas. Note that the rate at which fossil fuels are 
formed is a very slow process so, within the time-scale of the 21st century, 
they are not being replaced. 

• The nitrogen cycle 
Nitrogen gas accounts for about 78% of the air, yet it is a rath er inactive gas 
with no direct role in the metabolism of living organisms. However, as an 
element, nitrogen is very important as a component of proteins and nucleic 
acids, so is present in every living cell. 

I nitrogen fixation 
I by bacteria 

I 
nitrogen-fixing 
bacteria in soil 

e lectrical storms 

fertiliser synthesis 

~~~.~ ..... ---,.~---~ 

denitrifying 
bacteria 

I nitrifying l 
~~ 

~ 
jnitrify~ 
~ eria 

I 
----..... ammonia 

decomposers 
(bacteria and fungi) 

Figure 6.13 The nitrogen cycle (compounds containing nitrogen are shown in green and 
processes, carried out by microorganisms, in orange) 

Use t he diagram in Figure 6.13 to trace possible pathways of nitrogen 
through the nitrogen cycle in natural ecosystems. The compounds 
containing nitrogen are shown in green and the processes carried out by 
microorganisms are represented in orange. Note in particular, the role 
played by living organisms (planes, animals and microorganisms) in the 
recycling of nitrogen. 
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· Refer to feeding relationships 

in Section 6.2 to understand 

how nitrogenous compounds 
are transferred from one living 
organism to another in food chains 
and food webs. 

Figure 6.14 Roots of a bean plant 
(leguminous plant) showing nodules that 
contain nitrogen-fix ing bacteria 

6.3 Cycles within ecosystems 

Nitrogen in the air is converted into nitrates in the soil. The nitrate ions 
are taken up by plants and converted into amino acids, then these are built 
up into proteins and other complex molecules. These molecules are passed 
to consumers through food chains and food webs and thus circulate to all 
living organisms. 
• nitrogen-fixing bacteria - th ese bacteria are able to convert nitrogen 

gas into nitrogen compounds that plants can use to make amino acids 
and proteins. An important group of nitrogen-fixing bacteria are found 
in small swellings (called nodules) on the roots ofleguminous planes 
(Figure 6.14). This family of plants includes peas, beans, clover and lentils. 
T here are other nitrogen-fixing bacteria that live free in the soil, not 
within the nodules found on leguminous plants. 

• decomposers - when living organisms die, the cells begin to be broken 
down (decompose). The processes of decomposition are carried out by 
microorganisms (mainly bacteria and fungi) living in the .soil. These 
processes break down the large complex molecules and release smaller 
molecules into the surroundings. Nitrogen is released as ammonia or 
ammonmm ions. 

• nitrifying bacteria - these bacteria are found in the soil. They convert 
ammonium ions to nitrites, and the nitrites to nitrates. The nitrates can 
be taken up by plants and converted into amino acids, then built up into 
proteins. 

• denitrifying bacteria - these bacteria convert nitrates in the soil back 
into nitrogen gas, which then escapes into the air. These bacteria (also 
found in the soil), reverse the activities carried out by other bacteria, so 
these denitrifying bacteria reduce supplies of valuable nitrate in the soil. 

Two other processes, also shown on Figure 6.13, are important for 
helping to build up the level of nitrate in the soil. The first occurs during 
thunderstorms, when lightning causes a spontaneous reaction between 
nitrogen gas and oxrgen gas. This results in conversion of nitrogen gas into 
nitrate. The second is the manufacture of fertilisers by chemical processes 
that provide nitrate for crop plants. 

These processes both contribute to the available nitrate in the soil and are 
included on the diagram of the nitrogen cycle even though they are not 
biological processes. 
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STUDY QUESTIONS 

These questions check your understanding of the water cycle, the carbon 
cycle and the nitrogen cycle. (You may need to refer to other parts of this 
book to answer some of the questions.) 

1 Water cycle 
.a) How does water in a plant become water vapour in the air? 
b) List the stages by which water vapour in the air is taken up by roots of 

plants. 
c) Why is it important for plar.ts that there is always plenty of water 

available for them? What happens to plants if there is inadequate water 
in the soil? Explain your answer. 

d) List three ways by which water is lost from the human body. Include 
reference to the process involved in each case. 

2 Carbon cycle 
.a) List the stages by which carbon dioxide in the air becomes 

carbohydrate in the body of an animal. Include reference to the 
processes and any organisms involved at each stage. 

b) List the stages by which carbon in a carbohydrate molecule in an 
animal becomes carbon dioxide in the air. 

c) When an animal dies, list the stages by which carbon in the molecules 
in the animal is released into the air. Include reference to the 
processes and any organisms involved at each stage. 

3 Nitrogen cycle 
.a) List three ways by which nitrogen gas can be converted into nitrate in 

the soil. 
b) List the stages by which protein in animals can be made available for 

plants to take in as nitrate. Include reference to the processes and any 
organisms involved at each stage. 

c) What might happen in a river near some fields if a farmer accidentally 
adds too much nitrogen fertiliser to the crops in the field? 
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®~ Human influences on 
the environment 
A Neanderthal view of the 21 st century 
The Neanderthals were an early relation of our human ancestors. 
Imagine you are part of a Neanderthal family, living before they 

became extinct around 30000 years ago. You wake 
up one morning, rub your eyes and amble out of your 
cave to cast your eye over the landscaipe below. 

You look, blink and rub your eyes again. You just can't 
believe what. you see. Even though your language 
skills are limited, you find unfamiliar words are 
running through your head. 

You see a network of roads with cars and trucks 
buzzing along them, railways, trains, boats on the 
river beyond. There are lots of houses. some rather 
tall and precarious, a tangle of wires and cables ... 
so many people everywhere and it's VERY noisy. 
Even the nearby hillsides have terraces carved into 
them with green stuff growing on each level. Where 
are all the trees and the forests? And where are the 
bushes you so often visit to gather fru iits and nuts? 
You can't see any animals roaming freely in the plains 
below. Oh yes, and it feels strangely warm. 

Incredulous, you retreat back into your cave, 
shaking youir head. You hold your head in your 
hands, curl up on the floor of the cave and fall 
asleep. Perhaps sleep will help you to wipe out 
this strange dream that gave you a view of the 21 st 
century world. 

• The 21 st century environment 
The Neanderthal world and its landscape may still exist in a few isolated 
parts of the 21st century globe. But for many of us, the imaginary 
Neanderthal view of the 21st century is closer to the surroundings we are 
familiar with in our everyday lives. 

We can use this Neanderthal view to give us some perspectives on the visible 
changes to the landscape since the time of the Neanderthals and other early 
humans. We can probe further into the less visible changes - to the air, 
the atmosphere and the water - and cry to see what has happened. We also 
consider how far humans are responsible for the changes and whether we 
can control our environment in the future. 
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Figure 6.15 Factories contribute to air 
pollution 

4ii*l•tl01 
· Make a link to t he effect on food 

webs, Section 6.2. 

Make a link to Section 3.2 
(oxygen transport described in 
haemoglobin). 

fil*l•tllll 
· You can find out more details 

about mineral ions in plants in 
Section 2.1. 

4illM'IOI 
· The mechanism for transport 

of oxygen by haemoglobin is 
described in Section 3.5 and the 
effect of carbon monoxide in 
cigarette smoke in Section 3.2. 

• Air pollution 
Various waste gases pass into the air and cause pollution {Figure 6.15). 
The polluting gases come from industrial processes and from the burning 
of fossil fuels (such as coal and oil) in factories, power stations, domestic 
homes and motor vehicles. Two examples of polluting gases are sulfur 
dioxide and carbon monoxide. 

Sulfur dioxide 
Sulfur dioxide is produced from the burning of fossil fuels, especially coal 
and oil. Sulfur dioxide dissolves in water in the atmosphere to form stt!furic 
acid. This then falls as 'acid rain' and is known to cause harm to living 
organisms and to buildings. 

Here are some effects that have been observed: 
• Freshwater lakes with low pH (high acidity), as a result of acid rain, have 

reduced populations of fish - sometimes there are no fish at all. The low 
pH affects successfol reproduction of the fish. Another effect is that the 
fish produce a lot of sticky mucus on their gills so that gas exchange 
becomes difficult. 

• Acidified lakes may show a loss of microscopic algae and plant material 
suspended in the water. The water in these lakes may appear more 
transparent. The effect oflack of microscopic algae and p !ant material 
spreads through the food webs in the water and alters the balance of 
species - more of some, reduction of others. 

• Direct damage to plant life has been observed, particularly in coniferous 
forests in some areas of Europe. Many trees have died, whereas others 
show poor growth and the needles (conifer leaves) are discoloured. The 
low pH in the soil probably interferes with the ability of the roots to take 
in certain necessary mineral ions from the soil. 

• Acid rain can affect buildings using limestone or marble. The acid reacts 
with calcium carbonate in the stone and starts to dissolve the surface layers. 
Any carving on the stone may be lost and the stone starts to crumble. 

Carbon monoxide 
Carbon monoxide in the air comes mainly from the waste gases in exhaust 
from motor vehicles, as a result of burning petrol. It is also found in cigarette 
smoke. Sometimes there is a risk of carbon monoxide being produced 
from domestic heaters when the fuel is incompletely burned. It can reach 
dangerous levels, particularly if there is inadequate ventilation in the room. 

Carbon monoxide is poisonous co humans. It combines with haemoglobin 
in the blood and thus reduces the amount of haemoglobin available to 
combine with oxygen. This prevents the formation of oxyhaemoglobin 
and means that less oxygen is transported from the lungs to the cells of 
the body. A person suffering from carbon monoxide poisoning is likely to 
die t1 nless adequate ventilation, with extra oxygen if necessary, is provided 
quickly. 
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· Look in Section 7. 1 and make a 

link to how the greenhouse effect 

is exploited in growing of crops in 
glasshouses and polytunnels. 

6.4 Human influences on the environment 

• Greenhouse gases and the greenhouse effect 
The greenhouse effect 
First we look at the greenhouse effect, what this means and what contributes 
to it. The Earth is surrounded by a layer of gases, also called the 'atmosphere'. 
Solar radiation passes through the atmosphere, towards the Earth. The 
subsequent events that occur and contribute to the warming of the Earth are 
swumarised in Figure 6.16. 

L sun J 
sunlight (solar radiation) 
energy passes through 

1he atmosphere 
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in atmosphere are warmed by 

solar radiation (all wavelengths) 

surfaces on planet Earth 
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and atmosphere 

outer space 

infrared radiation (long wavelength) 
transfers energy from atmosphere and 

planet surfaces to outer space 

J -------------------, I t 
greenhouse gases in a tmosphere absorb 
some infrared radiotion, instead of letting 

ii through the atrn osphere lo spoce 

with increased greenhouse gases in 
the atmosphere, more energy arrives 
from the sun than, leaves the Earth 

as infrared radiafion . As a result the 
temperature of the atmosphere 

gradually increases - this is 
called global warming 

Figure 6.16 Sequence of events that corrtribute to the greenhouse effect and global warming 

This simplified description of the greenhouse effect shows how the layer of 
gases around the Earth traps radiation. The Earth is probably about 30 °C 
warmer than it would be without the layer. Without the greenhouse effect, 
many parts of the Earth would be too cold to support life as we know it. 

We can see a similar situation in a glasshouse (greenhouse). The glass is 
transparent to radiation coming into the glasshouse and it gees warm inside. 
The panes of glass help keep the warm air inside the greenhouse - a bit like 
the layer of gases in the atmosphere, though the glass does it in a different 
way from the gases in the atmosphere. 
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Greenhouse gases 
Certain gases can contribute to the atmosphere layer and increase its 
warming effect. This is known as the 'enhanced greenhouse effect'. The 
gases that contribute are known as greenhouse gases. The greenhouse gases 
include: water vapour, carbon dioxide, methane, CFCs (chlorofluorocarbons) 
and nitrous oxide. 

The enhanced greenhouse effect is often referred co as global warming and is 
linked with 'climate change'. The two terms are often loosely used together, 
to mean more or less the same thing. 

Many people think that global warming has occurred entirely as a result of 
human activities in a relatively recent timescale (a few hundred years or less), 
whereas other people recognise that some of the global changes in climate 
may be due to natural events, occurring over a much longer timescale. 

: Make links to cycles and recycling Table 6.4 looks at the greenhouse gases and summarises how far human 
activities have increased these gases. Any increase in greenhouse gases : in Section 6.3 and for use of 

: nitrogen fertili sers, look also in 
: Section 7. 1 . 

could have the effect of further enhancing the greenhouse effect and global 
warming. 

Table 6.4 Greenhouse gases 

Greenhouse gas 

water vapour 

carbon dioxide 

- -
methane 

i c FCs 

-
nitrous oxide 

Human activity that generates more 
of the gas Comments 

not relevant human activities probably do not contribute directly to the level 
of water vapour in the atmosphere and its influence on the 
greenhouse effe et 

burning fossil fuels (coal, oil, natural gas) in factories, power stations, domestic uses, motor vehicles 

deforestation removal of forests is likely to reduce uptake of carbon dioxide 
(for photosynthesis) by trees and upset the balance between 

- -- photosynthesis and respiration, hence affecting the level of C02 _ 

from cattle and other rum in ants digestion in ruminants produces methane as a waste product -
includes domestic animals, such as cattle, sheep and camels 

rice paddy fields produced by bacterial activity in wet anaerobic conditions, as found 
in rice paddy fields 

decay of waste anaerobic decay of waste can produce methane, which sometimes 
materials leaks out from landfill sites 

e.g. CFC 11 (in aerosol sprays) CFCs do not occur naturally and are entirely made by humans 
e.g. CFC 12 (cooling agent) for use in aerosol cans, refrigerators, air conditiorning and foam 

packaging but their use is now banned in many manufacturing 
processes 

burning fossil fuels (motor vehicle exhaust from motor vehicles contains nitrous oxide, but use of 
exhaust) catalytic converters helps convert this to less harmful nitrogen 

dioxide and to nitrogen 

nitrogen fertilisers nitrates in the soil (and in fertilisers) are converted by denitrifying 
bacteria to nitrol!ls oxide (and to nitrogen gas) 

The graph in Figure 6.17 shows how global tempera tures have fluctuated 
over the past 1000 years. During· this time, human communities have 
responded to the changes and adapted their activities. Global temperatures 
are now rising and scientists predict that they are likely to continue rising to 
a level higher than at any time in recent history. 
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Figure 6.17 Changes in global temperature over 1 OOO years compared with average temperature 
from 1961 to 1990. The values shown in blue hav:e been derived from tree rings, corals, ice cores and 
historical records. The values shown in red are from records taken with a thermometers. 

Data about greenhouse gases {Figure 6.18) show a noticeable increase in 
output of carbon dioxide within the last 200 years, since the industrial 
revolution. Other greenhouse gases (methane, nitrous oxide, CFC12) 
show similar patterns. Many people claim that global warming is caused 
by human activities. There is no doubt that human activities contribute to 
global warming, but we cannot prove that it is entirely the result of human 
activities. 
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Figure 6.18 Changes in carbon dioxide and temperature in the years firom 1850 
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changes in carbon dioxide concentration. 
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Section 6 Ecology and the environment 

.. il*)stlllj 
Make links to cycles and recycling 

in Section 6.3 and for use of 

nitrogen fertilisers, look also in 

Section 7. 1. 

f1uu;10• 
: You can find more information 

about fossil fue ls and biomass in 

Section 6.3. 

Many people try to reduce the output of greenhouse gases in an attempt to 
reduce global warming. Some measures are taken at an individual level, in 
the home or in the workplace. Other measures form part of legislation at a 
national or international level. Some examples are listed in Table 6.5. 

Table 6.5 -
Some ways of reducing global 
warming How greenhouse gases are affected 

recycl ing - paper, bottles, plastics reduced use of fossil fuels, less C02 ou1put 
(reduces manufacturing) - - -
design of motor veh ides for greater fuel reduced use of fossil fuels (petrol and 
economy; encourage fewer journeys diesel), less C02 output 

generation of electricity by 'alternative' reduced use of fossil fuels (especially coal), 
methods (e.g. photovoltaic cells, wind less C02 output 
turbines, hydroelectric power) 

use of solar heating (e.g. for domestic hot reduced use of fossil fuels, less C02 ou1put 
wate r) 

design of buildings with a greater reduced use of fossil fuels, less C02 ou1put 
em p'hasis on being 'carbon-neutral' (in 

terms of building materials, construction 
costs, integrated energy generation, good 
i nsui'ation) - reducing central heating and 
air conditioning requirements 

-
composting waste plant material (rather reduces methane production to the 
than sending it to landfill); harvesting atmosphere 
methane (as biogas) often from 
smalll-scale units to distribute locally for 
heating and cooking 

catalytic converters in motor vehicles converts nitrous oxide to nitrogen dioxide 

legislation to phase out CFCs (in reduced CFCs 
aerosols and refrigerants) 

alternatives to fossil fuels - in motor release of C02 from present-day sources 

vehicles, heating (e.g. alcohol from sugar rather than using fossil fuels from distant 
cane, solar panels) times in the past 

reference to international targets to probably intended to affec.t all, but 
reduce greenhouse gas emission particularly C02 

Effects of global warming 
The consequences of global warming are widespread and unpredictable. 
There are considerable concerns about the effect of global warming on life as 
we know it. Predictions suggest chat during the 21st century, temperatures 
are likely to rise further, perhaps up to 6°C higher. This may seem a relatively 
small rise in temperature overall, but the effects may be far-reaching. Here 
are some examples: 
• M elting of ice in glaciers and polar regions - this leads to a rise in sea 

level and increased risk of flooding of land in low-lying areas. 
• Increase in volnme of water in the oceans - due to expansion of water 

with an increase in temperature (as well as some from melting ice). This 
gives increased risk of flooding. 

• Less ice in glaciers and less snowfall - reduces meltwater supplies to 
areas that have depended on water from melting snow and glaciers, with a 
knock-on effect on food supply. 



fii*MIO• 
· Section 6.3 gives an outline of the 

water cycle and consequent links 
to crop production. 

fii*M'IO• 
· Link 'troph' in trophic levels with 

'eutrophicat ion' to remind you 
the word is to do with feeding or 
nutrient content 

leaching of plant nutrients such as phosphates 
and nitrates into river, lake °' $ea water 

growth of algae and aquatic F.lant 
populations boo, ted above norma , c reating 

an 'algal bloom' 

a lgae cover , urface, preventing light reaching 
majority of algae underneath, which then die 

algae die in la rger numbers forming a large 
bioma'5 upon which bacteria and fungi feed 

aerobic respiration of bioma ss by decomposers 
removes all the d, .. olved oxygen in the woter 

removal of di&Solved oxygen in water lead, 
to death of f;.h thro ugh lack of oxygen 

Figure 6.19 Sequence of events following 
eutrophication 

Figure 6.20 Water ihyacinth growing in 
polluted water make it difficult for boats to 
pass along the canal 

fii*l•FIOt 
· Look in Section 7. 3 for the 

importance of ensuring there is 
adequate oxygen in the water for 
fish in fish farms. 

6.4 Human influences on the environment 

• Changes in weather patterns - with more likelihood of extremes in 
temperature, rainfall (droughts as well as heavy rain), winds and severe 
storms. 

• Changes in distribution of plants and animals - effect on natural 
ecosystems, illustrated by seasonal changes in a particular location 
(e.g. flowers appear earlier, migrating birds and insects arrive earlier). 

There may be changes in the patterns of agricultural crops. In some areas, 
higher temperatures and higher carbon dioxide levels could result in 
higher crop yields or successful growth of crops suited to warmer climate 
zones. In other areas (closer to the equatorial regions), temperatures 
may become too h igh for successful growth. It may also mean that in 
areas where there is only just enough rain for crop growth, drought 
may severely limit crops. Weeds, crop pests and vectors of disease may 
be affected in different ways, some of which may lead to increased crop 
losses. 

• Water pollution and eutrophication 
O rganisms living in water have the same basic requirements as those living 
on land. Planes require light and carbon dioxide for photosynthesis. They 
also require certain mineral ions and they require oxygen for respiration. 
Animals req uire a source of food and oxygen for respiration. A range of 
microorganisms also forms part o f an aquatic ecosystem. Somecin1es 
pollution can have a drastic effect on the community of organisms living in 
the water. 

Sewage 
Sewage is the domestic waste material from human communities and 
contains human urine and feces, together with kitchen and other waste 
water. Sewage is rich in certain mineral ions (mainly nitrates and some 
phosphates). It also contains some metal ions and small solid particles 
suspended in the water. 

Suppose some sewage flows into a freshwater lake. Around the entry point 
of the sewage, there is a sudden rise in levels of nutrients in che water. At 
the same time, microorganisms in the sewage and in the water start to 
break down the organic matter in the sewage. This releases more nut rients, 
particularly nitrates and phosphates. These extra nutrients stimulate a 
rapid growth and multiplication of algae in the water. One effect of this 
explosion in population numbers is that the water becomes quite cloudy ( or 
even greenish) because of the algae suspended in d1e water, T his situation is 
known as algal b loom. 

A series of events may follow on - summarised in the flow diagram 
(Figure 6.19). 

When fish die due to lack of oxygen, this is known as 'fish kill' and it can 
occu r very suddenly. 

This series of events results from a h igh level of nutrients in the water. 
The term eutrophicacion is used to describe this enrichment of the 
water. The same effect can follow if mineral ions (such as n itrate 
and phosphate) are washed out (leached) from fields when chemical 



Section 6 Ecology and the environment 

This practical activity gives you 

an opportunity to become familiar 

with algae and how the population 

grows. The activity provides a 
useful illustration of the effects of 

eutrophication and can be carried 
out relatively easily with simple 

equipment. 

fertilisers are applied. A similar situation can also arise if the waste 
from a farmyard (where animals such as cattle, sheep or goats are kept) 
washes into a lake or river. 

• Practical activity - investigating the effect of 
different concentrations of fertiliser on the 
growth of algae 

1 Set up 3 test tubes, A, Band C, as shown in the diagram. Each tube 
contains the same volume of algae in the same volume of pond water. 

2 Add different volumes of liquid fertiliser to each tube. A liquid house 
plant fertiliser is suitable. Add most fertiliser to tube A and least to 
tube C. Count the drops that you add so that you have an approximate 
quantitative measure of the concentration of fertiliser in each tube. 

3 Do not seal the tubes. Leave the tubes under continuous illumination for 
a week or more. A windowsill may be suitable, but the tubes should not be 
left in direct sunlight. 

4 Do not seal the tubes. Compare the green colour in the three tubes. This 
gives a measure of the population density of the algae in each test tube. 
The density can be estimated by using a colour card, or by making a series 
of diluted samples or in a colorimeter. 

The algae reproduce giving different population densities. You can extend 
the number of cubes in the series, say to Sor more, and ploc a graph 
showing the effect of fertiliser concentration on algal density. 

test tubes with 
pond wo ter, o lgoe 

and different 
concentrations of 
l iqui d fertiliser 

A 

different population densities of 
algae in each test tube 

C 

B · ----------••• 
continuous ·····• 

illumina tion 
C 

B 

A 

Figure 6.21 Investigating the effect of different concentrations of fertiliser on the growth 
of algae 

• Deforestation 
For many centuries, people have cut down forest trees for different reasons. 
When trees are harvested for use as timber and young trees are allowed 
to take their place, there is no long-term effect on the environment - the 
balance remains the same. 



Figure 6.22 Unspo.ilt forest 

iil'Miiii 
· More deta ils of natura l nutrient 

recycl ing processes are given in 
Section 6 .3. 

fii'M'IOt 
· More deta ils of the wate r cycle are 
: given in Section 6.3. 

4ii•M'IOt 
· Check in Section 2.3 for 

information on respiration and in 
Section 2.1 for info rmation about 
photosynthesis. 

6.4 Human influences on the environment 

Figure 6.23 Forest clearance in Brazil 

However, in many locations, huge areas of forest have been cut down to clear 
the land so that it can be used for other purposes. These include agricultural 
land for growing crops or for grazing animals. The land is also used for 
houses or industry and the network of roads and railways that link villages, 
towns and cities. This pem1anent removal of trees can have a number of 
consequences. 

Often an early effect of removing trees is that rainwater runs off much more 
freely from the soil. In a forest, the trees and other vegetation act a bit like a 
sponge and absorb the water, releasing it slowly to the soil and strean1s. But 
when the trees have been cut down, the vegetation in the forest no longer 
holds back the water. This run-off takes mineral ions from the soil with it -
a process known as leaching. Soil particles also get washed away. These can 
accumulate in the valleys below where heavy deposits may block the river 
channels and cause flooding. 

Disturbance of the soil can affect the natural nutrient recycling processes. 
The microorganisms that are a part of the recycling processes tend to get 
washed away with the soil and there is no longer the reserve of biomass (in 
the trees and associated vegetation) to break down and help replace mineral 
ions removed with the harvested trees. The resulting soil is likely to be poor 
in quality for growing crops in the future. 

Removal of trees on a large scale can also affect the water cycle. In a forest, 
with many trees together, loss of water by transpiration creates clouds 
and this can encourage rainfall in the area. This local effect is lost after 
deforestation and the area may become much drier. 

Living trees affect the b alance of gases in the atmosphere. Planes carry out 
both respiration and photosynthesis. During photosynthesis, the large 
number of trees in a forest take up a lot of carbon dioxide (and give out 
oxygen). 

If the trees of the forest are replaced by agricultural land or grassland (say for 
grazing), the overall quantity of plant material is likely to be reduced, with 
the result that less carbon dioxide is taken from the atmosphere and less 
oxygen is given out. This imbalance is made even worse if the former forest is 
replaced by houses (for towns and cities) or industrial factories. 



Section 6 Ecology and the environment 

STUDY QUESTION 

1 Explain why ... explain how ... 
Each of the following statements or observations are 
linked to the topics studied in this section. 

For each statemen~ you are asked to 'explain why' 
or 'explain how' the sit uation or observation relates 
to environmental issues or may be of benefit to the 
environment For some you may need to look at other 
parts of this book or use other sources of information 
to help you. 
a) Sometime·s the water in a lake with low pH (rather 

acid) looks very clear. 
b) There is an old factory in an area surrounded 

by forest The factory is still being usedl. People 
noticed that the trees growing in the forest on one 

side of the factory looked rather poor and many 
were dying. This effect was much less obvious on 
the other s ide of the factory. (Hint: think about the 

direction of prevailing winds.) 
c) A family were using an old gas heater in a room 

and the w indows were tightly closed. In the 

morning they woke up feeling rather unwell, but 
soon recovered after they went outside. They were 
advised to make sure the windows wer,e always 

left open a I ittle bit. 
d)A family always tried to find wood to burn in their 

stove rather than coal. 

e) Another family decided to put photovoltaic panels 
on the roof of their house to generate a small 
amount of electricity. 

f) Catalytic converters are standard on modern cars 
but are not necessarily fitted on older cars. 

g) People living in villages are encouraged to share 

car journeys with other people or use public 
transport when going to work in the nearby town. 

h)The water in a lake in an area surrounded by 

farmland often looks very green and cloudy, 
particularly in warm sunny weather. 

i) A farmer kept cattle and sheep in his yard. He 

used to wash down his yard with water and let 
this drain into a nearby river. He then decided 
to collect the waste. He set up a small digester 

to produce biogas from this waste and used the 
biogas for heating and cooking. (Hint: at least two 
environmental benefits in this one.) 

j) A group of families cut down the forest on the 
hillside outside their village so that t hey could have 
some extra land to grow more crops. They noticed 
that the river below started to flood after heavy 
rain yet the soil in the fields they had created on 
the hillside was often quite dry and their crops 
were rather poor. (Hint: several things to explain 
here.) 



Summary 

Summary 
C/ Make sure you can answer all the questions in the interactive quiz. 

I am confident that: 

.I I know the meaning of the terms population, 
community, habitat and ecosystem. 

.I I understand how to use a sampling technique 
to find out about distribution of organisms in an 
area. 

.I I know the meaning of the terms producer and 
consumer and understand the relation,ships 
between organisms at different trophic levels in a 
food web. 

.I I understand how solar energy is captured by 
the producers (green plants) and transferred to 
consumers iln a food web, and how energy is lost 
at each trophic level of a food web. 

.I I appreciate the reasons for representing 
numbers of organisms as pyramids of numbers 
of organisms, as pyramids of biomass and 
as pyramids of energy, and understand the 
limitations of each method. 

.I I can describe the stages of the water cycle, 
including bo·th the physical processes and 
the processes that take place in plants and 
animals. 

.I I can describe the stages of the carbon cycle 
and understand how living organisms are 
involved through the processes of respiration, 
photosyrnthesis and decomposition. 

.I I can describe the nitrogen cycle, including the 
roles of bacteria in the soil and the activities of 
plants and animals that contribute to it. 

.I I know that sulfur dioxide can contribute to 
acid rain and understand ways that this can be 
harmful to plants and animals . 

.I I understand the significance of the greenhouse 
effect for life on Earth. 

.I I appreciate that some human activities increase 
greenhouse gases and that this may contribute 
to global warming with various consequences for 
living organisms. 

./ 1 know about eutrophication and h·OW this can 
lead to lack of oxygen in the water and the 
possible effects on plants and animals living in 
the water. 

.I I understand how deforestation can have harmful 
effects o;n the local ecosystems as well as in the 
wider environment. 
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Ex.am-style_q,--...u_,.__es---..±~i o..,_._n......,,.....s ____ _ 
1 The diagram shows a sweep net. 

the sweep net is a ttached to a long handle 

A sweep net can be used to capture insects and other 
small animals in soft vegetation such as long grass. 
The net is dragged through the grass with the flat 
part of the entrance ring pressed close to the ground. 
As it is swept forward, small animals are caught in the 
cotton bag. The trapped animals can then be collected 
from the bag, identified and counted. 

Some students made a study of invertebrate animals 
in an area of grassland. They wanted to draw up a 
food web that represented feeding relationships of the 
community in the area. 

The net was swept through the vegetation for a 
total of 4 m. The table shows information about the 
animals captured. 

Numbers caught 
Organism Description in one sweep 

aphids feed on sap of plants 240 

plant bugs feed on sap of plants 12 

snails feed on algae on surfaces 4 
and on plant leaves 

spiders eat insects 2 
harvestmen eat insects 1 

flies feed on decaying matter 10 

a) i) Explain why the net catch may not accurately 
represent the actual community of animals 
present in the grassland. [2] 

ii) What additional steps could the students take 
to ensure greater reliability for the results? [2] 

b) Draw a simple grassland food web, using the 
species caught. [4] 

c) i) Name one herbivore and one carnivore in the 
catch. [2] 

ii) Suggest why the catch shows fewer carnivores 
than herbivores. [2] 

d) Suggest possible effects on the grassland web 
community if a pesticide led to the death of the 
aphids. [2] 

2 The diagram shows a food web in a pond. 

dragonfly larvae 

[Total = 14] 

Howeri ng pond 
plants 

Use information in this food web to answer the 
questions that follow. 

a) Name t wo producers in this pond ecosystem. [2] 

b) i) How many organisms are there in the longest 
food chain in this web? [ 1] 

ii) List the organisms for one food chain with this 
number of organisms and state the trophic 
level of each organism in the chain. [4] 

c) If all the tadpoles in the pond died from the effects 
of a new fungal disease, predict what might happen 
to the populations of the other pond species. [3] 

d) A pair of predatory ( carnivorous) fish is introduced 
to the pond. (The predatory fish at"e secondary 
consumers.) Describe and explain the possible 
consequences co the balance of the whole 
ecosystem. [3] 

[Total = 13] 



3 a) The table gives descriptions of processes or events 
that occur in the water cycle, the carbon cycle and 
the nitrogen cycle. 

Copy the table. Choose words from the box co match 
each description and complete the table. Words may 
be used once, more chan once or not at alL 

carbon dioxide; decomposers; denitrifying 
bacteria; nitrifying bacteria; nitrogen-fixing 
bacteria; p11otosynthesis; respiration; transpiration 

Description Word(s) 

Green plants take this gas from the air and 1 name of gas 
build it up into corn plex molecules. 2process 

These bacteria convert nitrates in the soil into 

nitrogen gas. 

Th is is the way water is lost from the leaves 
of a green plant 

The process that r,eleases energy in plants 1 nameofgas 
and animals gives off this gas. 2 process 

These bacteria and fungi help break down 
dead plant and animal material and convert 
protein to ammonia. 

Exam-style questions 

Percentage of lakes (with the pH given) 

pH No fish Good populations of fish 

less than 4.5 73 2 

4.5 to 4.7 54 5 

4.7 to 5.0 38 22 

5.0 to 5.5 24 32 

5.5 to 6.0 8 58 

more than 6.0 2 86 

a) The bar chart below shows the results for the lakes 
with good populations of fish. 

i) Make a copy of the graph on a graph grid. On 
the same grid, plot the results for percentage of 
lakes with no fish. [ 4] 
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b) Certain human activities may affect these cycles. 
Explain how use of fossil fuels may link into the 
carbon cycle. (2] 

[Total = 9) 

4 Describe and explain the shortest route by which 
nitrogen atoms present in the proteins of an animal 
body might become part of the proteins in a wheat 
plant. 

(Total = 6] 

5 Some scientists were looking at the effects of pollution. 
They did a study of about 1500 lakes in Norway. They 
measured d1e pH of the water and made estimates of 
the numbers of fish in each of d1e lakes. 

They found that some lakes had very few or no fish in 
them, while others had quite good numbers of fish. 
Some lakes had very good populations offish. They 
divided their results into categories, according to the 
estimated number of fish in the lake. 

Their results for two groups of fish population 
numbers are given below. 

:. 10 ~ ~~--!--'-.--..-'-~ 

le&s than 4 .5 4.5 to.4. 7 L7 to 5.0 5.0 to 5.5 5 .5 to 6.0 more than 6.0 

pH 

ii) Describe the effect of pH on the numbers 
of fish in the lakes for no fish in the lake 
and a good population of fish in the lake. (2] 

b) The scientists noticed that fish in the lakes with 
the lowest pH (very acid) appeared to have a lot of 
mucus around d1eir gills. Suggest how this might 
affect the nll!nbers offish in the lake. (2] 

c) The scientists linked the pH of the lake to d1e 
presence of sulfur dioxide in the air. 

i) Explain how sulfor dioxide could affect the 
pH of the water in the lake. (2] 

ii) Suggest one possible source of the sulfur 
dioxide in the air. [ 1] 

d) Suggest why the scientists included 1500 lakes in 
their study. (2] 

(Total= 13] 
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EXTEND AND CHALLENGE 

1 

These brightly coloured crusts are lichens, growing 
on the bitterly cold rocks found on the Antarctic 
peninsular. They are an example of one of the toughest 
organisms found on Earth. They survive the intense 
cold, dryness and long winter nights in this region. 

Lichens are living organisms, composed of a mixture 
of fungal and algal cells. The fungus forms a tough 
mat on the rocks, which forms a space inside for 
the resident algal cells. The algae make food by 
photosynthesis and they share some of this with the 
fungus. Together the two organisms in the lichen are 
able to survive and grow in this inhospitable place, 
where nothing else can survive. The growth rate of a 
lichen is very slow compared to that of green plants -
a colony may grow only a few millimetres in a year. 

a) Two ecological terms used for a mutually supportive 
relationship between two species are 'mutualistic' 
or 'symbiotic'. 
i) Explain the roles of each of the two partners in 

the lichen. 
ii) Find out about three other examples of 

mutualism (symbiosis). For each example, 
suggest what the benefits are to each organism 
in the relationship. (You can find out about at 
least one example in this book) 

b) List environmental factors that would affect growth 
in Antarctic regions. Explain why the growth rate of 
lichens here is so slow, compared with green plants 
growing in other regions of the world. 

c) Herds of caribou (reindeer) are found in northern 
tundra, for example in regions of Canada, 
Greenland and Norway. Lichens growing in the 

tundra form a substantial part of the diet for 
caribou herds. The caribou dig through the snow 
and scrape the lichen off the rocks underneath. 
The people who herd the caribou are nomadic, 
moving with the seasons rather than living in one 
place. Wny do they have to move in this way? 

2 In the 21st century, a lot of publicity is given to the 
effects of deforestation, particularly the loss of 
tropical forests. But global change is not new. Some 
of the effects of deforestation were recognised by 
Plato, who wrote this passage 2500 years ago. He 
was writing about Attica, in Greece. 

'There are mountains in Attica which can now keep nothing but 

bees, but which were dothed not very long ago, with fine trees 

producing timber suitable for roofing the largest lbuildings ... There 

were also many lofty trees, while the country produced boundless 

pastures for cattle. The annual supply of rainfall was not lost as it is 

at present through being allowed to flow aver the denuded surface 

to the sea, but was received by the country .. . where she stored 

it ... and so was able to discharge the drainage of the heights 

into the holl'ows in the form of springs and rivers with an abundant 
volume and a wide territorial distribution: 

Look at the information in the passage and discuss 
how far Plato's words are relevant today. Use the 
following questions to guide you. You may need to 
refer to other sections in the book and use other 
sources of information. 
a) List some uses of timber that is harvested from forests. 
b) List reasons why forests are cut down and how the 

land is used after deforestation. 
c) What were Plato's concerns about the rainfall 

and wlhat happens to it? Describe the events that 
occur w ith respect to rainfall when forests are cut 
down in the 21st century and the problems that 
may result How far are these similar to Plato's 
view of the situation? 

d) Describe how deforestation can lead to poor quali ty 
soil. 

e) In this passage, Plato makes no mention of 

changes in the balance of gases in the atmosphere. 
Explain, to a non-scientis~ how deforestation may 
contribute to global warming and climate change. 

f) Suggest how deforestation might affect biodiversity. 
Find out information about tropical rainforests, but 
also consider forests in temperate regions. 

g) Draw up a list of recommendations that could 
help reverse the effects of deforestation. In your 
discussion, include measures that can be carried 
out by individuals as well as by governments and 
on a wider international scale. 



Make a list of ways that human 
populations use biological 
resources (plants, animals and 
microorganisms) for food. Include 
humans from the past as well as 
from the modern world. 

Use of 
biological 
resources 

Food - past, present and future 
For most of the very early history of humans (from about 200000 years 
ago) the total human population of the world is estimated to have been 
relat ively small. At one stage it dwindled to a band of a f.ew hundred. 
But after the development of agriculture (about 10000 years ago), the 
population began to swell until by 2012 it was estimated that there 
were 7 billion people in the world. One UN estimate predicts that, by 
2050, the population will rise to 9 billion people. 

Probably just about all the useful agricultural lands and seas of the world 
are already in use, feeding the estimated 7 billion people alive today. If 
the population continues to rise, to ensure that sufficient food will be 
available for the extra population expected in the future, humans need 
to improve the efficiency (prodructivity) of the soil and the seas. 

Scientists have a crucial role in finding better ways of using plants 
and animals to produce more food. In Section 7 of the book, you learn 
about some of the older traditional practices and newerr ways which 
humans are adopting in their attempt to ensure that there will be food, 
and enough of it, for all people in the future. 

How do you think future generations will manage to produce enough 
food for increasing populatiorns of people and what do you think the 
priorities should be? 

e,J Review the learning outcomes you should aim to achieve as you work throug h this section. 



Section 7 Use of biological resources 

Using crop plants to 
produce food 

Pushing the boundaries for growing 
crops 
The photographs show polytunnels in itwo different 
but extreme conditions. The first is in Almeria in 
Spain, an area where conditions can be hot and dry, 
almost desert-like. As far as you can see across the 
plain, the landscape has been taken over by a mass 
of polythene tunnels for growing crops (mainly for 
salads). The second is on a snowy day in Eastern 
England on a small organic farm. Winter salad crops 
are growing inside. 

A polythene covering may not seem very 
substantial, but these polytunnels each provide a 
protected environment that allows crops to grow 
inside them, even in these extreme conditions. 
So how can t his thin transparent material make 
enough difference to allow crops to be grown 
inside? What else can growers do to increase the 
yield of their crops? 

• Why people grow crops 
Crops are grown mainly to provide food - food for 
people and food for animals. Other kinds of crops are 
also grown - some to provide energy (including trees and 

some substantial grasses) or flowers or materials (such as cotton or hemp). 
Growing crops is a commercial activity, intended to provide products 
beyond the requirements of a family or small community. T he crop grower 
expects to make a profit. 

Growers want to make more money and, as human populations increase, 
there is a need for more food to feed people. So over the years (and over the 
centuries since agriculture began), people have looked at ways of increasing 
the yield from the crops they grow to achieve bigger, better harvests. 



4ii*i'i10. 
· Check in section 2 .1 and make a 

list of the basic things that plants 
need to grow. 

Figure 7.1 Salad crops growing inside a 
polytunnel in Eastern England with snow 
outside 

fii*l'i'IO• 
: Look in Section 2 .1 to remind 

yourself how lig ht intensity affects 
the rate of photosynthesis. 

4ii*M'IO• 
· Look in Section 1.4 to remind 

yourself about how temperature 
affects enzyme activities. How is 

this important for growth of crops 
in glasshouses or polytunnels? 

4ii*M1U• 
· Name the process by which plants 

lose water. What factors affect 
the rate of water loss? Check in 

Section 3.4 to make a link w ith 
the conditions that would affect 
plants growing in glasshouses or 
polytunnels. 

7.1 Using crop plants to produce food 

If plants are to grow successfully, they require water and mineral ions from 
the soil, carbon dioxide and light (and water) for photosynthesis, and a 
temperature that is warm enough for enzyme activity. Growers are able to 

manipulate these factors in different ways to increase the yield of their crops. 
Anot her way to improve yields at the time of harvest is to reduce losses of 
the crop. These losses can result from competition by pests and weeds, and 
from disease. 

• Glasshouses and polytunnels 
Glasshouses and polytunnels provide protection for crops and an enclosed 
environment in which the grower can, to some extent, control the climate 
inside. Use of plastic polytunnels, in particular, has increased considerably 
in recent years. They are used on a small scale - in gardens, family vegetable 
plots (such as allotments) and small farms - and now they are also used 
in relatively large areas by commercial growers of fruit (e.g. strawberries), 
vege·tables (e.g. tomatoes, peppers, cucumbers, aubergines and lettuces) 
and flowers. 

The protection allows the grower to achieve increased yields. Another 
benefit is that the protection enables early and out-of-season crops to be 
grown at a time when market p rices are higher. The photographs on 
page 244 emphasise how a suitable environment can be created and 
maintained inside a polytunnel, in areas that would otherwise be 
unsuitable for growing crops. 

Protected environment and controlled climate 
The featu res that contribute to improved growth are listed below. They are 
similar for glasshouses and polytunnels, but attention is d rawn to some 
differences, where relevant. 

• Light - the transparent cover (glass or polythene) allows l ight to pass 
through, giving some benefit from the greenhouse effect. The light 
radiation warms the soil and plants, and the trapped heat energy 
raises the temperature inside. Artificial lighting can be used to extend 
the day length and, in some cases, boost the intensity oflight in the 
polytunnel. This means that there is extra production in the plant from 
photosynthesis. 

• Tempera ture - inside the polycunnel the tempera ture warms up quickly 
when the sun comes out. Extra heat can be used at certain times if needed. 

T he effect of the raised temperature is to increase the rate of enzyme 
reactions, including those in photosynthesis, hence the ra te of growth of 
the plants. However, it is important that there is enough ventilation or 
shading to guard against temperatures rising too high. 

• Supply of wa ter and contro l ofhmnidity- crops grown inside must 
be irrigated. This must be controlled - too little or too much (water) can 
reduce p lant growth. Care miist be taken to ensure humidity of the air is 
not too high as this could encourage spread of diseases, caused by fungi 
and bacteria. 
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iiiil•Vlih• 
: Make a link between the conditions 

in a polytunnel at different times 
of day and how carbon dioxide 
concentration affects the rate of 
photosynthesis (Section 2 .1 ) . You 
can also look in Section 3. 1 to 

make sure you understand about 
gas exchange in the leaf of a plant 

: at different times of day. 

Figure 7.2 Monitoring conditions inside a 
commercial greenhouse 

Using half a polythene bottle in 
this way gives a simple model that 
shows the benefits of a potytunnel 
and demonstrates the greenhouse 
effect This is a very simple activity, 
but one that helps support your 
understanding of both t hese topics. 

• Wind - protection from wind means the temperature does not fall 
as much and loss of water by transpiration from the growing crops is 
reduced. Growing plants are also protected against damage that may 
result from strong winds. 

• Frost - protection from frost may be important in some areas, early and 
la.te in the growing season. Ice crystals produced in frozen cells make 
them burst. Polytunnels can help reduce frost damage to sensitive crops 
(e.g. cucumbers). 

• Carbon dioxide - the level of carbon dioxide inside the glasshouse or 
polytunnel needs to be monitored carefully. Carbon dioxide is used by 
pfants in photosynthesis and a shortage of carbon dioxide would limit the 
rate of photosynthesis. O n a warm sunny day, actively growing plants use 
more carbon dioxide than they give out, so the level of carbon dioxide in 
the polytunnel can drop. This would reduce the rate of photosynthesis 
of the plants. Adequate ventilation to help replace the carbon dioxide 
from the air outside is important to prevent this reduction. Carbon 
dioxide can also be supplied artificially to restore the normal levels. In 
addition, many growers supply extra carbon dioxide, above the level in the 
atmosphere outside, to encourage increased growth of the crop plants. 
Th is is more effective in a glasshouse than in a polytunnel. 

It is important that conditions inside are carefully monitored, particularly 
the temperature, humidity and level of moisture in the soil. Often this 
is done automatically so chat adjustments can be made as required 
(Figure 7.2). 

• Practical activity - using a polythene bottle 
as a model polytunnel 

1 Cut a plastic drink bottle into two equal halves. 
2 U.se one half of the bottle as a polytunnel and lay it on some soil. 
3 Place one thermometer underneath the bottle and one on the soil outside 

the bottle. 
4 Read the temperatllre from both thermometers at regular intervals. 

plastic drink 
bottle cut in 
half 

Figure 7.3 Using a polythene bottle as a model polytunnel and demonstration of the 
greenhouse effect 



f1uM10• 
· Check in Section 6.4 and draw 

a flow chart to show what would 
happen if excess fertiliser is 
washed out from a field into a 
nearby river. 

fii*N10t 
· Refer to Section 2 .1 to find out 

why nitrate and magnesium ions 

are important forthe growth of 
crop plants. YotU should also be 
able to work out why phosphate 
ions are important. 

You can use this simple equipment 
to investigate the effect of chemical 
fertilisers on the growth of grass 
seedlings. This activity helps you 
understand the use of fertilisers on 

a larger scale by farmers in t he field 
with their crops. 

7.1 Using crop plants to produce food 

• Use of fertiliser to increase crop yield 
Growing plants require a range of mineral ions. These are taken into the 
plant by the roots from the soil. Mineral ions need to be replaced if crop 
plants are grown in the same field year after year. Replacement of mineral 
ions is usually through supplies of fertiliser, which can be in the form of 
chemical fertiliser or 'organic' fertiliser. 

Use of fertilisers to replace mineral ions taken from the soil by crops is 
p robably as old as agriculture. Farmyard manure and compost are examples 
of organic fertilisers used by farmers and growers. These materials replace 
mineral ions used by the crop plants in order to maintain fertility of the soil. 
Chemical fertilisers usually contain nitrate, phosphate and potassium ions 
(known as NPK). Other minerals are also included in chemical fertilisers used 
when growing crops. These chemical fertilisers are often applied to the soil as 
d ry granules but the chemicals can also be sprayed on in liquid form. 

• Practical activity - investigating the effect 
of chemical fertiliser on the growth of grass 
seedlings 

Many chemical fertilisers contain nitrate, phosphate and potassium ions 
and are known as 'NPK' fertilisers. By using fertiliser supplied as small 
pellets, this simple investigation gives a good indication of the effect of 
adding different numbers of pellets (different 'quantities' of fertiliser). The 
NPK pellets release their nutrients slowly, as the seedlings grow. 

1 Use a seed tray with chambers, or similar small containers with holes in 
the base. Add materials to each chamber as shown in Figu re 7.4. 

2 Vary the number ofNPK pellets in multiples of 5. 
3 Stand the chambers in a tray with a shallow layer of distilled water. 
4 Leave the tray in the light for 1 to 2 weeks, watering as necessary with 

distilled water. 
5 Measure the average height of the tallest leaves of the grass seedlings. 

lleave tray in light 
for 1 to 2 weeks 

bdtlJ 

layer of NPK 
pellets 

Figure 7A The effect of chemical fertiliser on the grow1h of grass seedlings 
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Figure 7.5 Chinese mustard leaves with holes 
from beetle damage 

• Pest control - pesticides and 
biological control 

An important approach to increasing the overall yield from crops is to 
reduce losses from attack by pests or competition from other p lanes. 

Here are some examples of pests on plants commonly grown in glasshouses 
or polytunnels: 
• large white (cabbage white) caterpillars eat cabbage leaves 
• slugs and snails eat many plants (especially young seedlings) 
• aphids cause direct damage by piercing the phloem and sucking out sap 

(e.g. on cucumbers and tomatoes). 

Damage caused by these, and other pests, means poorer growth by the 
plants, resulting in reduced yield. Figures 7.5 to 7.7 show examples of 
damage causing loss of yield or crops becoming unsuitable for market. 

Figure 7.6 Seedlings of Chinese mustard with 
damage from leaf beetles. The beetles are 
only about 2m m in length yet cause severe 
damage to the crop. 

Figure 7.7 Damage to a courgette 
flower with snail vis ible inside. The 

flower is unlikely to· be pollinated and 
develop into a courgette 'fruit'. 

Chemical pesticides can be used to help reduce pests and, increasingly, 
different methods of biological control are used. 

When ch emical pesticides are used, the chemical substances have been 
chosen because they are toxic and kill the pest organism. Chemical pesticides 
are usually sprayed onto the crop, sometimes by hand from a small tank, but 
in other cases by machinery pulled by a tractor or from a small aircraft flying 
closely above the crop in a field. 

Often the chemicals in the pesticide kill a wide range of orga nisms (such 
as insects or small mammals), as well as killing the pest. Sometimes the 
pesticide lasts just a short time but others are taken into the plant and have 
their effect for a longer time. 

Biological contro l exploits the relationship between the pest and another 
living organism. The pest organism is the 'prey' and the control organism 
is the 'predator'. By introducing suitable numbers of the predator (control 
organism), it is possible to reduce the numbers of the pest. Sometimes the 
control organism is a parasite, which weakens or causes disease in the pest. 



4ii*)aFIO• 
· Check in Section 5.6 and describe 

how natural selection might lead 
to pests becoming resistant to the 
toxic chemicals in pesticides. 

7.1 Using crop plants to produce food 

Here are some examples of biological control agents used to control insect 
pests on crop plants grown in glasshouses and polycunnels. Crops affected 
by these pests include cabbages (for the caterpillars) and peppers, tomatoes 
and cucumbers (for aphids, whitefly and red spider mite). 

Table 7.1 Some examples of biological control agents used with different pests 

(Biological control agent Pest Comments 

Bacillus thuringiensis caterpi liars (larvae) the bacterium produces toxins that 
(a bacterium) of some butterflies kill the caterpillars 

Encarsia formosa whitefly Encarsia is a very small wasp. The 
(an insect) adult wasp lays its eggs in and 

feeds on the whi~efly which kills it 

ladybird, e.g. Adalia punctata aphids both the larvae and the adu Its are 
(an insect) voracious feeders on aphids -

ladybird larvae seek the aphids as 
soon as they have hatched 

• Advantages and disadvantages of chemical 
and biological control methods 

To understand the advantages and disadvantages of each of these 
approaches, it helps if you know a bit more about each method. 

Chemical control (with pesticides) 
• C11emical pesticides work quickly and destroy the pest. 
• Chemical pesticides may kill or harm a wide range of organisms and not 

just the pest {including farm workers and other people who come into 
direct contact with the pesticide). 

• Sometimes the chemical substances in the pesticide break down quickly 
so d1at spraying must be repeated to continue control of the pest. 

• Some chemical pesticides do not break down quickly and so persist 
(as residues in the soil or in the organisms). This means the chemical 
substances may be passed along the food chain to other organisms. 
Sometimes they accumulate so that levels of the pesticide become toxic to 
larger animals in the food web (including humans). 

• T he toxic effects of the chemical pesticide may be lost if the pest 
organisms evolve resistance to the toxic chemical. 

• T he chemical pesticides may be washed out of (leached from) the soil 
into water courses (such as screams and rivers), harming organisms in d1e 
water. 
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STUDY QUESTIONS 

Biological control (with predators) 
• Biological control organisms are often quite specific in that they target 

only one (or just a few) species (the pest). 
• It is important to introduce the predator (the biological control 

organism) at the right time so that enough of the pest organisms are 
available for the predator to feed on. 

• It rakes time for the predators to become established and reduce the pest 
population. 

• If the predators are too successful in eating the prey, there will be nothing 
left for the predator to feed on - the predator has removed its own food 
supply and might switch to another (non-target) prey. 

• A small population of prey (the pest) needs to be left so that the biological 
control continues to be effective. This probably means that the pest is 
never completely eliminated. 

Biological control often works well in a confined space (such as glasshouses 
and polytunnels) but becomes less effective in fields of crops. Sometimes 
strips of particular plants can be grown close to crops in fields and these 
plants encourage natural predators by providing food plants. Organic 
growers have strict rules about using chemicals ( or not using them) so 
biological control is often the only option to controlling pests on their 
crops. 

For both the biological and the chemical approaches, commercial growers 
need to consider the cost of application ( of the chemical or the biological 
control agent), the frequency of application, how effective it is in controlling 
the pest and the wider knock-on effects of its use. 

1 a) Make a comparison of the advantages and 
disadvantages for a grower of controlling pests 
using chemical pesticides or using biological 
contro l. Consider a range of examples of crops 
and their pests. Include crops grown in fields as 

well as those grown in polytunnels or g lasshouses. 

consider both approaches to pest control and 
think about the timescale. 
(i) A fruit farmer notices an outbreak of 

caterpillars damaging leaves of some fruit 
trees just as the fruit is forming. What should 
the fruit farmer do? 

You can discuss this with a group of students 
and aim to present your response in a table. 
Remember to explain why you may wish to control 
the pests. 

b) When you have done this, decide what advice you 
would offe r to a grower in each of the following 
situations and justify your advice. You need to 

(ii) A grower of flowers in polytunnels hears that 
infestations of aphids are being predicted 
later in the season. What should the flower 

grower do? 
2 Make a liist of the benefits of using polytunnels to 

grow crops. For each item in your list, give biological 
reasons to help explain why there is a benefit 



7.2 Using microorganisms to produce food 

llo~ Using microorganisms 
io_produce food 

fil*N10t 
: Check details about bacteria and 
: fungi and their features, and where 
: they fit in the variety of organisms 
: (see Section 1.1 ). 

fii*MIO• 
: Link this with details about 

anaerobic respiration in 
Section 2.3. 

Microorganisms and some useful fermentations 
Too often stories about microorganisms tell of disease and decay . . . 
but why not look at some of the good stories about the microbial 
fermentations that produce foods and drinks? 

Fermentations with microorganisms have been part of the human way 
of litre from the very beginnings of civilisation. The first yoghurt may 
have come from Central Asia where nomadic people carried milk from 
their animals on their journeys. It was warm and the milk soon turned 
souir, developed different but quite pleasant flavours and became 
thicker. They had made yoghurt and this could be kept for much 
longer than fresh milk. 

Today many people are familiar with yoghurt from cow's milk, but 
across the world milk from buffalo, camel, goat, sheep and other 
mammals is fermented into different foods and drinks. The first 
photograph shows 'kumiss' - fermented mare's milk - being poured 
into a bowl inside a nomadic tent in Mongolia. The second shows 
dadih and both these traditional yoghurts are a big jum1p from the 
modern industrial production of yoghurt (below). 

Here are some other traditional foods: 'char, 'dadih' (shown in the 
second photograph), 'sho' and 'shubat'. Where do they ,come from? 
What is the basis of yoghurt-based drinks such as 'dhailla', 'lassi ' and 
'yoghurt smoothies'? Can you add any more to the list? 

• Introducing fermentations 
We often use the term fermentation for processes carried out by 
microorganisms. This term is sometimes used as equivalent to anaerobic 
respiration, but it is also used in a wider sense, and may include reactions 
that involve aerobic respiration. You should understand that a number 
of di fferent processes carried out by microorganisms (including bacteria 
and fungi) are described as fermentations, and these may be aerobic 
or anaerobic. The photograph on the left shown modern industrial 
fermentation to produce yoghurt. 

• Production of beer 
In Section 2.3, you study respiration and learn about anaero bic respiration. 
Yeast is a single-celled fungus. It can carry out both aerobic and anaerobic 
respiration. When yeast carries out anaerobic respiration, it p roduces an 
alcohol {ethanol). Here is the equation for anaerobic respirat ion: 

yeast 
glucose carbon dioxide + alcohol (ethanol) + energy 

2C0 2 + energy 
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fii*M10• 
: Check the conditions needed for 
: germination of seeds in Section 5.2. 

fii*ut111• 
: Look in Section 1.4 to check the 

name of the enzyme that converts 
starch to maltose. 

An experiment to investigate 

carbon dioxide production by yeast 
in different conditions is given in 
Section 2.3 (Respiration). You may 
be asked to describe this for the 

examination, so you need to refer 
to this section for the details. It also 

helps you unders tand how alcohol 

is produced in anaerobic respiration 
and the importance of yeast in the 
production of beer. 
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Figure 7Jl A graph showing the pH changes 
when UHT milk is incubated with yoghurt 
starter at 37°C over a period of hours 

When brewing beer, yeast is the organism that produces the alcohol 
(ethanol). A sugar source is required and this is usually supplied by barley 
grains (seeds). The first stage requires treatment of the barley grains 
by a process known as 'malting'. The barley grains are soaked in water 
and allowed to germinate. During this process, the starch in barley is 
converted to the sugar maltose. This produces a sugary liquid, known as 
'wore'. 

Yeast is added to this sugary liquid in the fermentation vessel. The yeast 
uses the sugars for respiration. At first, the respiration is aerobic, but soon 
the oxygen is used up. The yeast then respires anaerobically and alcohol is 
produced. While fermenting, the carbon dioxide produced contributes to 
the froth seen on the surface of the fermenting mixture. This layer of carbon 
dioxide helps to keep oxygen out so that anaerobic respiration continues 
inside the fermenting vessel. 

The bitter flavour of beer comes from the female flower of the hop plant. 
These hop flowers are added to the fermentation vessel. As the fermentation 
proceeds, alcohol accumulates. Eventually the alcohol concentration is too 
high and this kills the yeast cells. The yeast cells are separated out and the 
remaining liquid is beer. 

• Production of yoghurt 
Making yoghurt from milk is another example of a fermentation that uses 
microorganisms to make a food product. This is a traditional p rocess that 
was used as a way of preserving milk. In modern times we recognise that it 
is a way of extending the shelf life of a food. It is pleasant to eat and some 
people like it because it is more digestible than the original milk. 

For production of yoghurt, a bacterium called Lactobacillus bulgaricus is 
involved. Lactobacillus bacteria can use lactose (a sugar found in milk), and 
convert this to lactic acid During the fermentation process, a bacterial 
starter culture, including Lactobacillus, is added to the milk. T he milk is then 
kept at a temperature between 37 °C and 44 °C for about 3 to 6 hours. 

As the lactic acid is produced, the pH falls (becomes more acid). The acidity 
makes the protein in the milk coagulate (go solid). This gives the yoghurt 
thick or almost solid texture. The acidity also helps prevent growth of other 
microorganisms char may be harmful, so acts as a preservative. This means 
the dairy products can be kept for a longer time. 

When making yoghurt in the home (or laboratory), the milk is first heated 
to a temperature just below boiling point. This sterilises the milk, killing 
other bacteria that might be harmful or undesirable in the milk during the 
fermentation process. The milk is then cooled to between 40 °C and 46 °C 
before adding some yoghurt from a previous batch of' live' yoghurt. This 
contains Lactobacillus bacteria and acts as the starter culture. 

Fruit or other flavours can be added to the yoghurt, usually towards the end 
of the process. Different milks can be used, including skimmed milk and 
dried milk or milk from different mammals. 

Do not eat any yoghurt made in a science laboratory. 



This investigation using resazurin 

dye is a useful way of comparing 
numbers of microorganisms in 
samples of milk. It is a helpful activity 

to support your understanding 
of growth of populations of 

microorganisms. 

- -
Figure 7.9 Investigating the effect 
of temperature on the growth of 
microorganisms in milk, using resazu rin dye 

Figure 7.1 O The stainless steel containers 
that are used in the· industrial fermentation 
of beer can be effectively sterilised 
between batches 

7.2 Using microorganisms to produce food 

• Practical activity - investigating the 
effect of temperature on the growth of 
microorganisms (using resazurin dye) 

When a population of microorganisms grows, the number of microorganisms 
increases. The number of bacteria in milk can be measured using a blue dye 
called resazurin. 

When the bacteria respire they release hydrogen (W) ions. T he H+ ions are 
taken up by molecules of the dye, causing it to change colour. The dye starts 
a blue colour, then changes through mauve to pink and finally to white. This 
colour change sequence indicates increasing numbers of the bacteria. The 
colour changes are shown in Figure 7.9. 

1 Place 10cm3 of milk in a test tube and add 1 cm3 of resazurin dye. With 
the dye, the milk is a pale blue colour. 

2 Place the test tube in a water bath at 35 °C and watch as the colour changes 
from blue, through mauve to pink and finally colourless. You can time how 
long it rakes for the milk to reach a certain colour (say white or pink). 

3 Set up a series of similar tubes but place them in water baths at different 
temperatures (e.g. 15 °C, 20 °C, 25 °C, 30°C, 40°C and 45 °C). 

4 Record the time for the milk to reach the same colour (e.g. pink or 
white) at each temperature. This gives a measure of the number of 
microorganisms in the milk sample. A faster time indicates a higher 
number of microorganisms. 

This procedure can be adapted to compare the number of microorganisms 
in different milk samples, but kept at the same temperature. 

• Industrial fermenters 
A fermenter is any container used for fermentations. In the laboratory, a 
flask or even a boiling tube can be used as a small-scale fermenter, whereas 
for industrial fermentations, vessels of several thousand litres may be used. 
Figure 7.10 shows an industrial fermenter. 

The microorganisms grown in the fermenter require nutrients and certain 
conditions are necessary for successful growth. During the fermentation, 
the population of microorganisms increases inside the container. At some 
stage, the products of the fermentation are harvested - these may be 
substances produced as a result of the metabolism of the microorganism or 
the microbes themselves may be harvested. Sometimes products are removed 
during the fermentation. In other cases, all the products are harvested at the 
end. 

Figure 7.11 shows the essential features of an industrial fermenter. Think 
about what microorganisms need for growth, and you will understand the 
need for the features shown on the diagram. In addition to the comments 
shown on the diagram, note the following: 

• T he sterile air supply ensures conditions are aseptic and prevents 
contamination. This means that the only microorganisms growing inside 
the fermenter are the ones being used in the fermentation. 

• O xygen is provided in the air if the fermentation is aerobic, bur NOT ifit 
is anaerobic. 
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motor to move paddles 
Inside fermenter 

nutrients and 
mlcroorganlsms 
Into fermenter 

waste gases escape 
from fermenter 

paddle -warm water out 
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cold water 
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0 0 0 
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mlcroorganlsms 
and products 
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Figure 7.11 Essential features of an industrial fermenter 

• A water jacket surrounds the fermenter to help control d1.e temperature. 
Respiration (and other metabolic reactions) gives off heac so some sort of 
cooling is needed to prevent the reaction mixture getting too hot and to 
keep it at the optimum temperature for enzyme activity. 

• Usually the pH is monitored and adjusted if necessary - th is is not shown 
in the diagram. 

• T h e paddles help to agitate (or stir) the contents to ensure uniform 
conditions and distribution of nutrients (and oxygen if required) 
throughout the conrainer. 

STUDY QUESTION 

1 Compare the two fermentations described in Section 7.2. 

Copy the table and write your answers in it You may be abie to add a few 
more features or comments. 

Production of Production 
Feature beer of yoghurt 

microorganism used 

starting material 

,chemical substance(s) produced 

,equation (in words) for the reacti.on 

temperature for the fermentation 

anything used for flavour 

benefits to people of making the product 



7.3 Producing food in fish farms 

llo~ Producing food 1n 
fj_sh farms 
Wild fish or farmed fish? 

Over the 60 years from 1950 to 2010, global fisheries data show a 
120 times increase in production of fish in freshwater fish farms. The 
increase is even greater for marine fish. Here, nearly 650 times more 
fish was produced in fish farms in 201 O compared with 1950. 

We can also make a comparis,on between catches of wild fish and 
production of fish in fish farms. Over the same 60 years., production 
of farmed fish in fresh water has increased so that it is now three and 
a half times more than catches of wild fish. However, for marine fish 
production of farmed fish still lags behind and the total of marine fish 
caught in the wild is still much higher. 

The photographs show a traditional fishing boat for small scale fishing 
and a nearby fish farm, close to the coast. 

What has led to these considerable changes? Is it a reflection of 
increased world population or is it because more people now eat fish 
and eat more of it? Is wild fishing sustainable and can natural wild 
stocks last to feed the global population as it increases? ms fish farming 
as a1n industry able to fulfil the needs of global populatiorns in the future? 

• Fish farms 
Farmed fish can make an important contribution to the provision of protein 
in a h uman diet and also as feed for other animals. Fish farming can be done 
on quite a small scale, with low inputs in terms of cost and management, or 
on a relatively large scale. 

Examples of farmed fish include salmon, tilapia and trout. Other aquatic 
animals, particularly prawns and shrimps, are also farmed on a large scale, 
under the wider term 'aquaculture'. 

Fish farms can be in fresh water or in sea water (salt water), depending on 
the fish being reared. Usually the farmed fish are kept in ponds, large tanks 
or in mesh cages anchored in the water. 
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Figure 7.14 Aerator in use at a fish farm 

fiilM1U* 
: Make a link w ith the excretion of 

i nitrogenous materials in humans, 

: described in Section 4.2. 

4illM'liht 
: Check details about water pollution 

: and eutrophication in Section 6.4. 

Figure 7.12 Pond at a freshwater trourt 
farm (Southern England), showing 
circulation of water, which helps with 
aeration of the water, and a net over the 
pond to protect against predatory birds 

Figure 7.13 Tanks for growing fish in a fish 
farm in China 

• Maintenance of water quality 
On a fish farm, a lot of fish are kept in a relatively small space. It is 
important that the quality of water is maintained to ensure the fish obtain 
materials they need for growth and to remain healthy. 

Oxygen 
Oxygen in the air dissolves in water. Fish use oxygen in respiration and they 
use the oxygen in the water. If the fish are very crowded, there may not be 
enough oxygen for all the fish in the container {pond, tank or cage). There 
are different ways of helping co keep the water oxygenated on a fish farm. 

In ponds or tanks the water may be: 
• agitated mechanically so that air mixes with the water and more oxygen 

dissolves in it 
• recirculated, making use of a pump 
• oxygenated artificially by bubbling air or oxygen through it. 

For cages in more open water (including the sea, estuaries, rivers and some 
lakes), the natural movement of water helps to bring fresh oxygen to the 
cages. This movement of water may be the result of tides or from currents in 
flowing water. 

Plants in the water, including rooted plants and free-swimming microscopic 
algae, give off oxygen during photosynthesis and this increases the oxygen in 
the water. 

Waste materials 
Waste materials can accumulate in the water. These come from the 
nitrogenous excretory produces ofche fish (mainly ammonia) and also 
from excess food materials left in the water if it is not consumed by the 
fish. Ammonia (and ammonium ions) is toxic to fish and high levels can 
be dangerous. 

Another reason why it is important to prevent the levels of nitrogenous 
waste and other pollutants becoming too high is chat eutrophication may 
occur. This could lead to serious losses of fish through lack of oxygen. Fish 
may appear normal and active then, in a short time, suddenly die if oxygen 
levels fall too low. This mass mortality offish is known as 'fish kill' . 



Figure 7.15 Feeding fish in a marine fish 
farm in Scotland, UK 

7.3 Producing food in fish farms 

Removal of waste materials can be done by circLtlacion of the water, either 
artificially (with a pump) or by natural flow of water (as a result of tides or 
currents). This is similar co the methods described for maintaining oxygen 
levels (see above). Circulation of water in this way helps to prevent waste 
materials from accumulating in the water surrounding the growing fish. 

• Competition and disease 
lnterspecific predation 
Sometimes nets are used to cover an open pond to prevent large predatory 
birds from catching the fish. This is an example of interspecific predation 
(one species eating another species). 

lntraspecific predation 
If the fish are very crowded in the water, they may try to eat each other. This 
is an example ofintraspecific predation (one individual eating another of 
the same species). The best way to prevent this is co make sure the number 
of fish in the water ( the density of the fish) is kept fairly low and to provide 
adequate food for the fish. 

Disease 
Diseases and other infections do occur and it is important co maintain a 
healthy stock to ensure there is a good yield of fish. Sometimes diseases are 
controlled by adding chemicals to the water or a fish farmer may use drugs 
(such as antibiotics) in the feed for the fish. Low density of fish in the water 
help.s reduce the chances of disease spreading amongst the fish. 

• Feeding - quality and frequency 
Diet 
In the fish diet, there is a requirement for high protein, but also a need for 
some fat and carbohydrate (for energy), and for a range of vitamins and 
mineral ions. Generally, higher proportions of protein are required during 
the younger stages when the fish are growing rapidly. 

Feed 
Sources of protein for the feed may be derived from smaller fish and 
sometimes waste from fish-processing industries (e.g. filleting of fish) is 
used. The usual way of delivering fish feed is in the form of pellets, made 
from remains offish or other food materials. 

Certain fish are more likely to be sold if the flesh is pink in colour (e.g. trout and 
salmon), so pigments may be added to the feed. Sometimes enough colour may 
be obtained from certain microscopic animals found naturally in the water. 

Feeding 
Feed can be delivered automatically into the ponds or cages, though often 
the fish farmer does some feeding by hand. This also gives the fish farmer a 
daily opportunity to check the fish, ensuring they are healthy and chat there 
are no other problems. 
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Figure 7.16 A computerised feeding 
system sprays feed out of a storage bin 
and shuts off automatically when infrared 

sensors below detect particles falling to 
the bottom of the pen 

The quantity of feed given and the frequency of feeding may need to be 
adjusted according to the size of the fish and their activity. Young fish are 
given food more frequently than the more mature fish. 

Enough food needs to be available for the fish to enable growth to occur at 
a suitable rate. However, if excess feed is delivered, it is wasteful, leading to 
possible pollution problems and unnecessary cost. 

• Selective breeding and improving the 
quality of fish populations 

An important way of improving tl1e yield of fish from a fish farm is to 
select superior individuals and to use these for breeding to provide the next 
generation of fish. Another way is to obtain good stock from chose who 
supply the eggs or young fish for growing on in the fish farm. 

There are also ways of controlling the sexes offish stock and so increasing 
the yield when the fish are harvested. Older male fish tend to become 
aggressive and, after reaching sexual maturity, the quality of the flesh usually 
declines. It is possible to have fish stocks that are all females or that are 
sterile. This means that populations witl1 fish that are all female or sterile 
can give higher yields than from normal mixed sex populations. Artificial 
med1ods of changing the make-up of the fish populations in this way are 
increasingly being used to improve the yield of fish harvested from fish 
farms. 

STUDY QUESTIONS 

1 a) What can a fish farmer do to maximise the growth of the fish and 
increase the yield when harvested? In your answer, refer to each of the 

following: 
• the diet of the fish 
• feeding methods 
• water quality 
• competition 
• control of disease 
• having a good-quality st ock of fish. 
Make sure you emphasise the practical aspects of what the fish farmer 
does in each case. 

b) Explain how fish farming may have harmful effects on the environment 
What can a fi sh farmer do to minimise these harmful eff.ects? 

2 Describe how eutrophication could lead to 'fish kill' (sudden death of the 
fish) in a fish farm. 
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'z?c#J Seleciive breeding 

Figure 7.17 A Char.olais bull with massive 
muscular body 

Figure 7.1 8 The large udder of a Jersey 
cow gives high yields of milk. Compare 
1he Jersy cow with the Prespa cow 
(above) and see how different they are. 

Domesticated cattle and how they have changed 

Cattile have been associated with human communities from early 
Neo!lithic times. There is evidence for domesticated cattle in Asia around 
8000 years ago and of product.ion of milk from cattle in Egypt around 
6000 years ago. Early cave paintings (shown from a location in France) 
give us an idea of what cattle looked like around 20000 years ago. 

Modern breeds of cattle have clearly changed from thei ir ancestors, but 
they also differ from each other. The Prespa cow (middl!e photograph) 
and the Highland cattle illustrate a tiny selection from the range of 
modern breeds of cattle. 

This brief overview prompts us to ask the questions: 'Why did the 
populations change?' ... 'How did the changes take place?' and 
'How do people use domesticated cattle today?' 

• Variation in domestic breeds of cattle 
A small herd of Prespa cattle lives by the shores of Lake Prespa, on the 
border between Greece and Albania. The Prespa breed of cattle are few in 
number with probably no more than SOO animals remaining in the herd and 
the cattle are small in size - about 1 m in height (or waist high for a normal 
adult person). They have small horns and a Prespa cow produces between 
1 and 4 litres of milk a day at limited times during the year. 

By contrast, Charolais cattle (Figure 7.17) are large animals, approaching a 
man's shoulder height and with massive muscular bodies. A Charolais bull 
(male) has a body weight of around 1000 kg. The Charolais breed is popular 
in Europe for beef production. 

Other breeds of catrle are favoured for milk production. For example, British 
Holstein cows can produce 36 litres of milk a day or a yield of over 10000 litres 
per year. The Jersey breed (Figure 7.18) produces less (around 4000 litres) but 
it is valued for its high-quality milk - rich in nutrients (lipid and protein) and 
regarded as having superior flavour. 
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Figure 7.19 A humped form of cattle, used 
for ploughing - here in Myanmar 

fii'M't11• 
· Refer to Section 5.5 to remind 

yourself about the way characters 
are inherited and make sure you 
understand the terms phenotype 
and genotype. 

Yet another form of cattle is shown in Figure 7.19. The prominent hump 
allows these cattle to be used for ploughing. We could describe more types of 
cattle around the world, large and small, humped and without humps, some 
with horns, some without. These descriptions emphasise the variation found 
in domesticated cattle around the world. Section 7.4 explores how, through 
the centuries, humans have influenced these changes and have developed 
breeds of cattle that supply different needs for farmers today. 

• Selective breeding - how and why? 
In Section 5.5 you study how one character is inherited, or passed from 
one generation to the next. You see how a diploid parent produces haploid 
gametes but, at fertilisation, you cannot predict which allele (in the male 
gamete) will join with which allele (in the female gamete). It is a matter of 
chance. So you cannot be sure wl1at the overall 'appearance' of the offspring 
will be when you look at all the characteristics together. Also, often many 
genes are involved in determining different characteristics seen in the 
phenotype, so you can see that it would take several generations to establish 
a change in the population. 

Let's return to the story of cattle. Suppose you are a farmer and you want to 
prod uce cows that give more milk. You would probably choose cows from 
your herd that give a lot of milk and use tl1ese as your 'breeding stock' to 
produce calves for the next generation. You would also mate the cows with 
bulls that had p reviously given daughters with high milk yield. Another 
farmer may be more interested in beef production so would select cows and 
bulls that show desirable features, such as muscular body and low fat, for 
meat production. A third fannec may wish to use cattle for ploughing so the 
main feature of interest is the hump for dragging the plough. In each case, 
the farmer selects the 'best' individuals for a certain character and uses these 
for mating. Over several generations there is likely to be an improved herd of 
cows, for milk yield, beef production or whatever desired characteristic the 
farmer is aiming for. 

This illustrates the basis of selective breeding. From very early times in 
agriculture, with plants and with animals, people selected sttitable ' parents' 
for the next generation, then from these offspring again the 'best' were 
selec ted as parents for the next generation and so on. 

Selective breeding - some more examples 
A few species of grasses found in the region between the Tigris and Euphrates 
rivers are probably related to modern day wheat cereal crops. Over 
10 OOO years ago, our Neolithic ancestors began co adopt a settled lifestyle and 
established the principles of modern agricultural methods. This same region, 
in Western Asia, known as the fertile crescent, was probably one of the areas 
where earliest agriculture began to develop. So these grasses may be similar 
to the ancestors of our modern wheat cereal crops. Through the centuries, 
progressive changes, generation by generation, have produced wheat crops 
with very different characteristics when compared with the early grass species. 
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7.4 Selective breeding 

The practice of selection has continued up to modern times. Different 
char.acters may be considered important for different reasons. For example, 
in a wheat crop, some farmers want wheat with shorter stems so that the 
crop is less likely to be damaged by bad weather (including \l\fod and heavy 
rain) and so the crop is not difficult to harvest. But if a farmer wanted to use 
the straw from the wheat, it might be better to have wheat with longer stems. 
Similarly, with some cattle it is a priority to have more milk, but others may 
be kept for a high yield of meat. 

We can look at other examples. In modern times, the quest for better crops, 
higher yields and more productive animals continues. Selective breeding 
stimulates a highly competitive world, for example with fancy breeds of 
chickens (Figure 7.20) or ever more exotic orchids. 

Table 7.2 gives a few more examples of plants and animals that have changed 
from their original or ancestral cype, as a result of selective breeding over 
tens, hundreds or even thousands of years. The table also gives an indication 
of the modern range of varieties and some of the' desired' characteristics 
that have been selected. 

b C 

Figure 7.20 Different types of chicken that have been selectively bred for their appearance. (a) White Silkie, (b) Rockin Rooster and 
(C) White Yokohama. 

Table 7.2 Some features displayed in a range of modern varieties (chickens, 
fruits, vegetables) 

Plant or animal Features in modern range of varieties 

chickens • modern varieties have been selected for meat (heavy birds) or high 
number of eggs 

• fancy breeds have been selected for show qualities (such as 
colours, cockerel! tail, comb) 

apples • modern varieties of apples have been selected for flavour, colour, 
time of ripening and harvesting, keeping qualities, cooking qualities, 
suitability for making cider or juice 

tomatoes • modern varieties come in many shapes, sizes and! colours - they 
have been selected for shape, colour, flavour, keeping qualities, use 
in cooking or as salad 

potatoes • modern varieties come in many shapes, sizes andl colours - they 
have been selected for shape, colour, cooking qualities (floury. 
waxy), storage qualities, early or late maturing 
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fil*M10• 
· It is useful to clheck in Section 5.3 

for information about reproduction 
in humans and apply this more 
generally to other animals 
(especially mammals). 

.. ii•M'•Ut 
Look in Section 5.2 for details 
about sexual reproduction in 

flowering plants and think about 
how pollination could be controlled 
as part of the process of selective 
breeding. 

fil*ut10• 
: Link this with details about modern 
: methods of cloning to see how 
: the technique can help establish 

populations of many individuals 

with identical characteristics, 
described in Section 7.6. 

Genetic manipulation (G M) 

: techniques take t he process a 
: stage further in that more precise 
: changes can be developed w ithin 
: the population. 

4illM10it 
· Look in Section 7.5 for details 

of how a chosen gene can be 
manipulated and inserted into 
other individuals to make speci fic 

changes in the characteristics. 

f il*ut10• 
: Here it would be useful to compare 
: artifi cial selectio n w ith natural 

: selection (see Section 5.6). 

• Timescale for change in the populations 
In early agriculture, the cimescale for population change was likely to have 
been hundreds or even thousands of years, eventually establishing the small 
changes that produced the crops or animal breeds that we have today. The 
changes were probably random initially, though the selection helped to 
direct the trend of characters towards the desired outcome. 

Modern techniques in breeding include use of artificial insemination (AI) 
for d omestic animals and controlled pollination for plants. In each case, the 
parents are chosen and the technique for crossing has been refined, rather 
than relying on chance mating or random cross pollination. These and other 
techniques have surely speeded up the process of change and focused on 
more specific characteristics. 

Genetic manipulation {GM) tech niques cake the process a stage further in 
that more precise changes can be developed within the population. 

By selective breeding over a period of time, the crop or animals may be 
'improved' so that more of the individuals in the population show the 
desirable characteristics. This process is also described as artificial selection. 
The changes (in the population) are by human choice rather than by chance. 

, STUDY QUESTIONS 

Use this as an opportuni ty to revise or bring together relevant topics from 
different parts of the book, linking them into the ideas developed in Section 7.4 
on selective breeding. You can follow some of these links through the study 
tips given throughout this section. 

1 a) How does random fertilisation produce genetic variation, in offspring so 

that the offspring are diffe rent from each parent? (You can show this 
for one character and it may help you to draw a genetic diagram.) 

b) Explain how selecting parents with certain characteristics could help 

increase the chances of the offspring in the population having the 
desired characteristics. 

2 a) Look at the varieties available for one fruit or vegetable in a local 
market or supermarket to see the range of different characteri stics 
they offer. Which features would you select as someone about to 
purchase this fruit or veget able? Give reasons for your answers. 

b) Now make a list of some characteristics a grower might want in a 
range of varieties to be grown in a vegetable or fruit crop. (Think 

about features that a grower might want, such as successful growth, 
free from disease or blemishes, yield, size of product, time of harvest, 
storage qualities and other qualities required for marketing.) 

3 a) Through the centuries, how have people been able to change the 
characteristics of domesticated animals in their herds? Why have they 
wanted to change the populations? 

b) Choose one example of a domesticated animal. Find ourt where the 
herds live and how the features of the animals help people keep them 
successfully in this location. 

4 Suppose you find an unusual variety of orchid. Describe how you could 
produce many similar plants with identical characteristics. 



7.5 Genetic modification (Genetic engineering) 

Uo® Genetic modification 
(Genetic engineering) 

fil*i'tlOt 
· Look in Section 5.4 to remind 

yourself that a gene is a section of 
a DNA molecule. Check the names 
of the bases and how they pair 
up in the two sirands of a DNA 
molecule. 

Mice glow a green colour 
In 2008, the Nobel Prize for chemistry was awarded to Japanese 
scientist Osamu Shimomura along with two other colleagues. They 
had developed a way of making living cells glow green iin UV light. 

To do this, they transferred a gene found in a Pacific jellyfish 
(Aequorea victoria, top photograph) into the cells of different species, 
such as Escherichia co/i (E. coli, middle photograph) and mice (bottom 
photograph). The green glow ·Of cells where the gene is present is 
due to the production of GFP protein (Green fluorescent .erotein). 
The GFP gene has been used extensively by scientists as a way of 
labelling cells that have had the DNA of another species successfully 
transferred into them. The green glow of GFP marks the precise cells 
that have become 'transgenic' - incorporating and using the foreign 
DNA in their cells. So how can this technique be used elsewhere ... 
for the benefit of people in their crops or their medicines? 

• Manipulating genes 
The genome of an organism is the genetic information carried on the 
chromosomes inside each cell. This information is carried in the DNA 
molecule, in the form of sequences of bases that make up each gene. Genetic 
modification (GM) involves making changes co the DNA molecule. 

Examples of different kinds of genetic manipulation include: 
• moving a gene from one species into a different species - this then 

becomes a transgenic species and has been given a new property 
(characteristic) 

• changing the base sequence of a gene - so altering the structure of the 
protein for which it codes 

• deleting a gene, by removing it from the chromosome. 

The movement of genes between different species doesn't happen in 
nature, so scientists have developed some clever tricks that allow them to 
manipulate and change DNA. When the DNA is moved from one species to 
another, transgenic organisms are created. 

• Using restriction enzymes and ligase 
enzymes to make recombinant DNA 

Scientists have developed a set of enzyme 'cools' that can be used co 'cue and 
paste' DNA molecules. One of these tools is called a restriction enzyme. 
Hundreds of different kinds of these enzymes have been collected from 
different species of bacteria. Each cype of restriction enzyme recognises a 
particular sequence of bases in a DNA molecule (known as the restriction 
site), and completely cuts the DNA double helix at this site. 
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A restriction enzyme usually cuts the DNA double helix in a staggered 
fashion, leaving overhanging single-stranded lengths of DNA (sticky ends). 
Table 7.3 shows some examples of DNA base sequences recognised by 
different restriction enzymes and the results after cutting. Ail the restriction 
enzymes are given names but these are not included in the table. 

Table 7.3 Some examples of how and where certain restriction enzymes cut a sequence 
of bases in DNA 

I Restriction enzyme Seauence recognised Effects of cutting 

restriction enzyme 1 GAATIC GAATIC 
CTIAAG CTIAAG - --

restriction enzyme 2 GGATCC GGATCC 
CCATGG CCATGG 

I restriction enzyme 3 AAGCTI AAGCTI 
TIC GA A TICGAA 

I 

When different pieces of DNA, with matching 'sticky ends', are mixed 
together in a solution, the sticky ends of one piece pair up with the sticky 
ends of another piece. This creates a single recombinant DNA molecule. 
This recombinant DNA is a hybrid, composed of the different original pieces 
of DN A linked together by a temporary join. 

The temporary join between the two DNA pieces in a recombinant DNA 
molecule can be made permanent with the use of another enzyme. This is 
DNA ligase, also found in bacteria. DNA ligase makes a strong bond in the 
region where the recombinant D NA molecules have been temporarily joined 
together. The series of steps to produce recombinant DNA is summarised in 
FigLtre 7.21. 

DNA molecule represented as a paper ribbon 

DNA fragment 1 

restriction site - where a restriction enzyme can cut 
the DNA into two pieces 

restriction enzyme cuts DNA at the 
restriction site 

DNA fragment 2 

DNA fragment 3 

Flgure 7.21 Steps involved in cutting and pasting DNA to create recombinant DNA 
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4iJIM10• • Plasmids and viruses as vectors 
· Check in Section 1.2 for details A vector can be used to carry genes into cells to create transgenic organisms. 

A piece of DNA, such as a plasm.id or D NA from the inside of a virus , can 
move into cells under certain conditions and act as a vector. 

of the structure of a virus and 
the nucleic acid (DNA or RNA) it 
contains. 

Using recombinant plasmids as vectors 
Plasmids are small circles of DNA present in bacteria. They usually carry 
just a few genes and are much smaller than the main DNA ch romosome of 
bacteria (with hundreds of genes). Plasmid genes include those that help 
bacteria resist attack by antibiotics such as penicillin (antibiotic resistance). 
Plasmids are naturally exchanged and swapped between bacteria. This 
provides scientists with a way of introducing foreign genes (i.e. genes from 
other species) into bacteria. 

Scientists extract plasmids from bacteria and then cut them open with 
restriction enzymes. Some foreign DNA that has been cut with the same 
restriction enzymes is mixed with the plasmids so that they join up to create 
recombinant plasmids. The temporary joins in the recombinant plasmids 
are made permanent with DNA ligase enzyme. 

The recombinant plasmids are then mixed with bacteria lacking plasmids. 
Some of the bacteria take up the recombinant plasmids, becoming 
transgenic. These GM bacteria now have some new property. One example 
is the transgenic bacteria that have been used to synthesise useful medical 
drugs such as insulin (Figure 7.22). 

E.coli cell plasmid cell wall 

~ cytoplas~.:,::::,:::::, 

", ,, .. · 

' extract plasmids from the \ 
cytoplasm of E.coli bacteria : , 

/ 
~/ 

, / 
/ 

' I 

cut ends of DNA molecules 

I '\,..-.:,,-,-.:,,,,,;;---,.. s 
\ 

insulin gene cut with 
restriction enzymes 

·' cut plasmid DNA with 
restriction enzymes 

mix cut plasmids and insulin 
genes, to allow recombinant 
plasmids to form 

natural plasmid DNA circle site for cutting by 
restriction enzyme 

a clone of insulin-producing bacteria 
is grown inside a fermenter - each cell 
secretes insulin into the growth medium, 
which can be purified and used to treat 
people suffering from diabetes 

recombinant plasmids are 
transferred into E.co§ cells, 
and are copied every time 
the cells reproduce - creating 
a clone of GM bacteria 

plasmid DNA 

insulin gene 

junction between insulin DNA 
and plasmid DNA is reinforced 
using the- enzyme DNA ligase 

Figure 7.22 Using plasmids as vectors in gene technology. The diagram shows how the gene for 
human insulin can be inserted into £ coli bacteria !Note that the same restriction enzyme is used to cut 
the gene (for insulin, as illustrated) and the plasmid into which the gene is inserted. When the insulin 
gene has been inserted, the transgenic Eco/i bacteria are able to produce human irnsu !in. 
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Using bacteriophage vectors 
Another way of creating transgenic bacteria is by using bacteria-specific 
viruses called bacteriophages. Bacteriophages ('bacteria-eaters') are a group 
of viruses that target bacteria. In the course of the infection, bacteriophage 
DNA is injected directly through the bacterial cell wall into the cytoplasm 
of the bacteria. Here the bacteriophage DNA reprograms the activities of the 
cell, causing it to synthesise hundreds of new bacteriophage particles. These 
eventually burst out of the cell and infect others. 

Scientists can delete a number of the harmful genes on the bacteriophage 
DNA and replace them with one or more foreign genes. This creates 
recombinant bacteriophage DNA. When recombinant bacteriophages infect 
bacteria, the recombinant DNA is injected into the bacterial cytoplasm. The 
foreign gene reprograms the cell to do something useful, such as making a 
valuable medicine. 

recombinant bacteriophag:e virus DNA 
bacteriophage particle (size much exaggerated) 
uses protein fibres to stick to the wall of a bacterium 

is injected into the cytoplasm of the bacterial 
cell, leaving the empty virus particle outside 

virus particle containing DNA 

foreign gene as part 
of recombinant 
virus DNA 

bacterial cell 
wall 

bacterial 
cytoplasm 

bacterial 

bacterial DNA chromosome foreign gene directs the bacterial cell to manufacture 
something useful 

Figure 7.23 Using bacteriophage viruses as vectors to transfer foreign genes into bacteria 

f1uu;10• 
· In Section 7.2 you can find details 

of industrial fermenters and how 
they are used t o produce large 
quantit ies of a m icroorganism 
or to harvest products from 
microorganisms grown in them. 

• Applications of GM bacteria 
Transgenic bacteria are stable and can be cultured on a large scale in 
fermen ters. Useful products from such bacteria can be separated from 
the bacterial cells in the fermenter and purified for use. Products from GM 
bacteria grown in fermenters include medicines, enzymes and hormones 
(such as insulin, described above). Use of fermenters co grow bacteria on a 
commercial scale and harvest their products is described in Section 7.2. 

One of the first commercially successful products of this technology was 
created by Herbert Boyer in 1978 in the USA. He produced transgenic 
E coli bacteria, which were given h uman genes coding for the synthesis the 
hormone insulin. 

Insulin is a hormone chat helps to control the blood sugar levels in humans. 
Some humans don't produce enough insulin and have the condition known 
as diiab etes. Treatment of diabetes involves daily injections of insulin. 
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4ii*M'IO• 
· You can f ind out more about insulin 

Before 1978, the supply of insulin for injecting diabetic patients was mainly 
obtained from the pancreas of pigs. Transgenic E coli provide a much 
cheaper, more reliable and safer source of che insulin for creating patients. 
A fur ther advantage is that the insulin gene in the bacteria codes for the 
human form of the hormone. This is more effective in controlling blood 
sugar than the form ofinsulin from the pig, which is slightly different. 

in Section 4.5 - w here it is made in 

the human body and its role in the 

regulation of blood glucose levels. 

Table 7.4 Some examples of products made with GM bacteria 

!Product 
' insulin 

human growth hormone 

lchymosin 

blood clotting factors 

washing powder enzymes 

I 
vaccines 

alpha amylase 

I protease 

Comments 

Hormone required by diabetes patients to help control blood sugar levels. Originally extracted from 
the pancreas of pigs. 

Hormone required to treat smal I stature (dwarfism) in humans. Originally extracted from pituitary 
glands of hum an corpses, which presented the danger of passing diseases from corpse to patient 

Enzyme that causes the clotting of curds during cheese making. Originally extracted from the 
stomachs of yoUJng calves. Vegetarian cheeses are made using chymosi n produced in transgenic 
bacteria and yeasts and no calves are killed. 

Proteins required by patients suffering from haemophilia, when blood does not clot properly. 
Originally extracted from donated blood. The larg;e quantities of donated blood us,ed meant that 
~ tions such as HIV were passed from donors to haemophilia patients. 

Digestive enzymes added to 'biological' detergenits allow washing machines to clean difficult stains 
at low operating tern peratu res. Orig in ally, the enzymes were extracted from animal feces. Now the 
enzymes have been further modified to make them work at higher washing machine temperatures 
without denaturing. 

Proteins from the walls of microbial pathogens which are injected into the bloodstream of a healthy 
person, making them immune to the pathogen. Originally the whole (dead or inactivated) pathogen 
would be injected - but this always carried the risk of live microbes causing the dlisease. The 
vaccines produced by transgenic bacteria do not carry this risk, because whole pathogen eel Is are 
not used. 

Useful enzyme that can digest starches to sugars which can be used to grow yeast, producing 
alcohol as a fuel. 

Digestive enzyme used in the food industry to break down meat products during the manufacture of 
baby foods. 

• Producing GM plants 
Some of the world's plant crops, such as soybeans and cotton, have now 
been genetically modified. The reasons for foreign genes being introduced to 
crop plants include: 
• increasing plant resistance to infectious diseases caused by fungi, 

bacteria and viruses 
• improving plant resistance to pes ts (especially herbivorous insects) 
• giving plants immunity to chemical h erbicides (used to kill weeds). 

Scientists are also trying to produce GM crops that can grow in stressful 
conditions. These include areas wich little rainfall, or where the soil is 
infertile or polluted. Other GM plants are being developed co be used as a 
means of cleaning up soil contaminated with pollutants (bioremediacion). 
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fii'11t1u• 
· Section 7.6 g ives you details about 

tissue culture in plants and how 

micropropagat ion can be used to 
produce large numbers of plants 
that are clones of the orig inal plant. 

Bacterial plasmids as vectors for gene manipulation 
in plants 
The plant cell wall is a major physical barrier to getting foreign DNA into 
a plant cell. One solution is to use the plasmids of a natural bacterial plant 
pathogen called Agrobacterium tu·mefaciens. These bacteria send their plasmids 
into the nucleus of plant cells. Once inside the nucleus, the plasmid inserts 
itself into the plant chromosomes. 

Scientists can use these plasmids as vectors for putting useful foreign genes 
into the plant chromosomes. This creates a transgenic plant. Here are the 
steps they take (see also Figure 7.24): 
• Scientists extract the plasmids from bacteria and substitute disease-causing 

genes with a useful foreign gene. This creates a recombina nt plasmid 
• The recombinant plasmids are then mixed with plant cells. 
• Some plant cells take up the recombinant plasmids and the plasmids are 

taken into the plant chromosomes to become part of them. 
• These genetically modified plant cells are now transgenic. They can be cloned 

by tissue culcure co produce whole plants, with roots, stems and leaves. 
• Techniques of micropropagation are then used to produce large numbers 

of GM plants. They all carry the foreign gene, which gives them some 
useful property. 

bacterial cell 

chro mosome remove disease-

plantlets 

causing genes and ~ 1 
insert foreign DNA t...___..---' 

callus of GM cells 

micropropagation 

recombinant Ti-plasmid 

-·~ 

grow GM plant 
cells in a tissue 
culture 

plant cell 

Figure 7.24 Using plasmids (and Agrobacterium tumefaciens) to infect plant cells 



7.5 Genetic modification (Genetic engineering) 

Developing insect-resistant GM plants 
The development of GM plants t hat are resistant to insect pests began 
in 1992. Certain bacteria produce a toxin, known as Bt. The Bt gene was 
originally obtained from bacteria and inserted into plant cells, resulting 
in transgenic plants with the Bt gene inside their cells. This gene codes 
for the production ofBt toxin (a protein), which destroys the intestines of 
herbivorous insects that eat the plant tissues. This means the GM plants 
produce their own insecticide inside their cells, so these GM crops do not 
require as many applications of chemical insecticides as ordinary (non-Bt) 
crops. Fortunately, theBt toxin is harmless to humans. 

Figure 7.25 A genetically modified 
(GM) cotton fruit 

Figure 7.26 Some genetically modified (GM) potatoes. This variety 
has been modified to have improved resistance to late potato blight 

So far, it has been estimated that planting genetically modified Bt crops has 
led to a 25% reduction in the use of chemical pesticides against herbivorous 
insects. Some GM crops intended for human consumption, such as 
potatoes, have been approved in the USA. Further examples of GM crops are 
given in Table 7.5. 

Table 7.5 Some examples of development of GM crops and their properties 

Crop Genetically modified property 

soybean 

maize 

cotton 

tomatoes 

Hawaiian papaya 

resistant to chemical herbicides 

resistant to insects, improved nutrient content 

resistant to insects (Bt technology) 

longer shelf life (Flavr-Savr) as fruit softens slowly 

resistant to papaya ring spot virus 
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• Consumer concerns about GM crops 
Consumers, particularly in European countries, have shown concerns 
about possible dangers of GM technology, largely as result of anti-GM 
media campaigns. The case of the Flavr-Savr tomatoes (see Table 7.5) is 
notable. These tomatoes had been genetically modified to allow them to 
become ripe without softening. This meant the tomatoes would keep well 
without becoming damaged and develop a good flavour. No foreign DNA was 
introduced to the tomato plants: - a gene for an enzyme was simply reversed 
on the plant chromosome. But anti-GM campaigns stopped the sale of these 
GM tomatoes (and products from them) to the public. Note that Flavr-Savr 
tomatoes were not transgenic as no foreign D NA was put into them. 

However, the extensive and increasing use of GM crops globally shows 
that many nations believe the theoretical and unproven risks of GM 
plant technology are far outweighed by the known benefits. In the future, 
scientists are likely to develop more crops that are genetically modified to 
provide a range of products and improved food supply. 

STUDY QUESTIONS 

Make a summary of different aspects of gene technology under the 
headings in the list below. Section 7.5 gives some of the information in flow 
diagrams, so present your answer in a different way rather than just copying 
the diagrams. 

1 List the steps involved in cutting and pasting DNA to make recombinant 
DNA 

2 Name three vectors used in gene technology. For each vector, list the 
steps that show how the vector is used to insert foreign DNA into another 

organism. 
3 List three examples that show how gene technology has been used and, 

for each, describe how the GM organism is of benefit to people. 



7.6 Cloning 

Lio® C ____ I O._._._O ......_._i n ___ g -----
Why are some twins identical? 

You may have met some identical twins. Such twins 
occur when a sirngle fertilised human egg develops into 
two embryos, each of which becomes a baby. The twin 
babies are genet ically identical, as they both have exactly 
the same alleles from their shared original fertilised egg. 
This is an example of a natural clone. A clone is a group 
of individuals and all of them have the same alleles. 

As the twins grow up, they often look similar, speak in 
a similar way, and even behave in similar ways. As they 
grow older, they will become increasingly different. These 
differences result from different environmental forces 
acting upon each twin. Although clones share exactly the 
same set of alleles (their genotype), their appearance 
(phenotype) is the result of the interaction of their 
genotype and the effects of their individual environments. 

Make yourself a list of the environmental factors that you 
think might cause two identical twins to become different 
in appearance. 

• Cloning in the natural world 
Cloning is the process by which generically identical organisms 
are produced from a single parent organism. This is achieved 
naturally by various asexual reproduction mechanisms, 
which are widespread throughout the natural world. 

The tiny little plantlets growing on the edge of the Bryopbyllu-m plant leaf 
(Figure 7.27) eventually drop off onto the ground. If they are lucky enough to 
find a suitable space and moisture to grow, they develop into a natural clone 
of the parent plane. 

Figure 7.27 The plantlets along the edge of the Bryophyllum leaf fall off and develop into 
a clone of the parent plant 
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.illM'lllt 
: Look at Sections 5.1 and 5.2 and 

make a list of tlhe advantages of 
asexual reproduction. 

In plants and fungi the cloned offspring often remain physically attached 
to the original parent. One of the world's largest organisms, in terms of 
total size, has been produced in this fashion. A forest of aspen trees (Populus 
tremuloides) in the USA (Figure 7.28) is a clone covering an area of over 
40 hectares and weighing 6000 metric tons (about twice the mass of a giant 
redwood tree). The original aspen tree must be well suited to this region and, 
although these aspens do all produce flowers and seeds, it is the cloned trees 
that grow best here. 

Figure 7.28 A clone of aspen trees in the USA Figure 7.29 The aphids in this 
cluster are all part of a clone 

• Artificial cloning in plants and animals 
Parts of plants, such as leaf or seem cuttings, can be grown artificially to 
produce clones of the original parent and this is described in Section 5.2. 

Groups of cells of both plants and animals can be isolated and grown, in 
artificial conditions, to produce a whole new organism. We often call this 
tissue culture or may describe it as in vitro (meaning 'in glass> - i.e. in a test 
tube or culture dish rather than in the living organism). Tissue culture needs 
to be done under laboratory conditions. Generally the cells are grown on 
an artificial medium (such as agar) until they are large enough to exist as 
independent organisms. 

Plants or animals produced by tissue culture are clones of the parent, 
and are genetically identical to each other, and to their single parent. The 
specialised techniques for plant tissue culture and for animal tissue culture 
are described below. 

Micropropagation (plant tissue culture) 
Plant scientists exploit rhe ability of very small fragments of plants co regrow 
into whole plants, using the techniques of tissue culture. This method of 
propagating plants is known as micropropagation. In this way, large numbers 
of genetically identical plants can be produced. It is often used as a way of 
producing a clone from a parent plant that is valuable for a particular reason. 

The fragments of plants are called explants. The stages for tissue culture of 
these explants are as follows: 

1 A number of explants are removed from the selected parent plant. 
2 The surface of each explant is ster ilised with a disinfectant solution then 

rinsed with sterile water. This reduces the chance of contamination (from 
microorganisms) during the early stages of growth. 



.. ii'Milli 
The term plant growth regulators 
is the correct term, though the 
term plant hormones is also 
sometimes used. Make sure you 
use 'plant growth regulators' in 
your answers. 

Look at Section 2.1 and find out 
the functions of the three mineral 
ions likely to be in the medium. 

7.6 Cloning 

3 T he sterilised explant is placed inside a sterile tissue culture vessel, 
containing a sterile growth medium. 

4 T he growth medium contains nutrients that encourage the growth and 
division of the plant tissue cells to form a mass of cells, known as a callus. 

5 T he callus is transferred to a fresh growth medium containing a mixture 
of plant growth regulators where it develops roots, stems and leaves and 
becomes a 'plantlet'. 

These stages are summarised in Figure 7.30. 

A typical tissue culture growth medium contains: 
• agar to create a solid jelly 
• a :source of energy (sugar) for the callus, though light may also be 

provided co allow photosynthesis to take place in green tissues 
• a mixture of mineral ions ( e.g. nitrates, phosphates) 
• water 
• sometimes certain vitamins are needed. 

It is important that the explants are free from contaminating microbes, which 
would otherwise quickly use up the nutrients in the glassware, and infect and 
destroy the exp lanes. Sometimes antibiotics or disinfectants are incorporated 
in the growth medium co prevent contamination by fungi or bacteria. The 
problem of maintaining sterile conditions is one reason why tissue culture is 
carried out by trained personnel and requires laboratory facilities. It is not easy 
to do without specialised equipment and suitable precautions. 

At first the young plantlets require a protected environment and are kept in 
carefully controlled conditions of light, temperature and httmidity before 
being grown on into larger independent plants, able to survive outside the 
laboratory conditions. 

explan1S are cut from the parent 
plant using sterilised tools 

~ 

explants are sterilised by soaking In 
disinfectant and rinsed In sterile water cononwool 

---- allows gas 
exchange 

o explants are placed on sterile 
solid medium In light 

cloned plantlet 

shoot 

root 

planUets transferred to soil In pots calluses grow proper shoots and roo1S explants grow Into 
before planting outside Induced by plant growth regulators disorganised calluses 

Figure 7.30 This flow chart illustrates the sequence of steps taken in m icropropagation, 
from cutting the explant from the parent plant, through to production o-f the cloned plant 
growing in a pot This is a simplified version and can work fairly well, but in a commercial 
situation, rigorous care is taken to ensure sterile conditions at the start and adjustment of 
external conditions when the plantlet is ready for growing on. 
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Figure 7.31 Early stages of 
micropropagation are carried out in a 
laboratory under sterile conditions. The 
explants are cultured on a suitable medium 
and grown under lights. 

Figure 7.32 At a later stage, the young 
plantlets are transferred to modules in a 
glasshouse with high humidity and allowed 
to adjust to 1he conditions 

Figure 7.33 Orchids produced by 
micropropagation, in a nursery in Thai land, 
being grown until they are ready for sale 

When the plantlet is large enough, it is removed from the glassware and 
planted in a small container of suitable compost or soil. This container 
is eventually moved out of the sterile laboratory into a glasshouse. When 
the tiny plantlets have grown larger, they are transferred to soil in bigger 
pots. Eventually they will be large and robust enough to be planted out in 
a garden or field. Figures 7.31 to 7.33 show stages of adjusting to external 
conditions - firstly in a glasshouse in which humidity is kept at a high level, 
and later ready to be planted in the outside world. 

You can see that, in a commercial situation, micropropagation offers the 
potential for producing enormous numbers of plants from a selected desired 
parent plant. The original explant may consist of only a few cells, so it is 
possible that a single valuable plant could have hundreds or even thousands 
of explants taken from it. And even more explants could be generated, 
by removing explants from the explants taken previously. This is a major 
advantage of tissue culture over taking cuttings. Another advantage is that 
the resulting plants can be free of disease (providing the original explants 
were taken from a disease-free part of the parent plant). 

Many plants, such as orchids, used to be collected from the wild for sale 
to the public. This trade led to the destruction of habitats and risked tl1e 
extinction of wild populations of popular plants. The use of tissue culture 
and micropropagation techniques has meant that wild plants should now 
left alone. Plants species that were at risk from extinction, such as the 
Madagascar Periwinkle (Catharansus roseus), have been micropropagated and 
sold widely to the public, making extinction much less likely. 

Here is a summary of some of the advantages and disadvantages of 
micropropagation, compared with more conventional methods of propagation. 

Advantages of micropropagation: 
• It can produce thousands of plantlets (from the desired parent plant), 

while conventional techniques might produce only a fraction of this 
nwuber in the same time 

• It produces rooted plantlets ready to grow on to mature plants, saving 
time for the grower when seeds and cuttings are much slower to establish 
and grow 

• T he plants are genetically identical so retain the desired character (or set 
of characters) of the selected parent p lant 

• It can be used to produce disease-free plants 
• It can be used co produce plants at any time of year 
• A greater number of plants can be produced per square metre and they 

can be stored for longer and in a smaller area 
• Production can be geared so chat plants are ready for the outside market 

when required 
• It is the only way of regenerating whole plants from genetically modified 

cells and has important applications in plant breeding. 



fii'N1il• 
· Look at Section 7.5 and make 

a list of some examples of GM 
crop plants. Then make a link 
w ith Section 7.4 t o suggest ways 
micropropagation could be applied 
in plant breeding. 

This is a simple demonstration of 
cloning and gives useful support 
to help your understanding 

of the stages required for 
micropropagation and how it is 
carried out under more controlled 

laboratory conditions. 

Remember to wear eye protection. 

7.6 Cloning 

Disadvantages of micropropagation: 
• It requires sterile laboratory facilities and trained personnel 
• It produces genetically identical offspring, so if one plant is defective or 

susceptible to a disease, all the plants will also be susceptible 
• Planting fields with genetically identical crops might resul t in considerable 

damage from pests if they invade the field where the crop is growing. 

• Practical activity - a simple demonstration 
of cloning with mustard or cress seedlings 

Young seedlings of mustard (or cress) are easily grown from seed in a 
container on damp filter paper or on another suitable medium. A shoot is 
then cut as shown in Figure 7.34 and taken through the stages to demonstrate 
how a new plant can be grown artificially on agar, in a specimen tube. 

1 Use a clean specimen tube with plain agar gel (4% agar in distilled water). 
2 With clean forceps, transfer a shoot cut off a mustard or cress seedling to 

the specimen tube. 
3 Use the tip of the forceps to puncture the gel and ease the stump of the 

cress shoot into the gel, so that the shoot is standing up in the tube. 
4 Leave the cress explant under continuous illumination for several days. 
5 After a few days, a new root system will have developed, and new leaves 

will have grown on the cress shoot. 

The lack of nutrients in the agar gel discourages the growth of microbes, but 
the shoot makes its own food by photosynthesis. 

clean forceps 

shoot cut from 
a mustard (or 
cress) seedling 

,'" , 
' I 

I 
I 

clean specimen tu be with plain agar gel 
(4% agar in distilled water) 

Figure 7.34 Cloning with mustard seedlings 

leave under 
continuous illuminatiorn 
for several days 

.... - -- -- -1,. 

stump of mustard 
shoot standing 
up in the gel 

new leaves 
and new 
root system 
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Ciiiutid:.t 
~ A stem cell is one that can divide 
:: by mitosis to produce more cells, 
:; each of which can develop and 
:: specialise, becoming any one of 
\ the 200 different types of cells 
' ; found in the human body. 

Artificial cloning of animals 
Two techniques have been developed by scientists for the artificial cloning of 
mammals: embryo splitting and cloning from an adult body cell. 

For many years, scientists have been able to rake a growing embryo from the 
womb of a valuable animal and split it into two or more pieces. They then 
allow each piece to grow into a complete embryo and implant the embryos 
into different surrogate mothers. Eventually this results in a group of 
cloned (genetically identical) offspring, even though the offspring are 
different from their surrogate mothers. This technique uses the fact that the 
embryonic stem cells (taken from the embryo) naturally have the ability to 
divide and grow into complete embryos. 

More recently, a new form of cloning has become possible in which the 
genetic material is removed from an adult body cell (a somatic cell). This is 
then inserted into another cell (from which the nucleus has been removed) 
and allowed to grow into an embryo. 

The stages in this procedure are as follows (summarised in Figure 7.35). 
1 A nucleus (with its diploid set of chromosomes) is removed from an adult 

body cell. 
2 This nucleus is inserted into an en ucleated egg cell (a cell from which the 

original haploid egg nucleus has been removed). 
3 The egg cell is then allowed to grow into an embryo, on an artificial medium. 
4 The embryo is implanted into a surrogate mother . 
5 Eventually an animal is born. This 'offspring' has no genetic material 

from its surrogate mod1er but got its genetic material from the animal 
whose adult (diploid) cell provided the nucleus. 

The offspring is a clone of the animal whose cell provided the donor 
nucleus. 

The .adult (somatic) cell cloning of a mammal was first achieved in 1996 
by Ian Wilmut and colleagues at the Roslin Institute in Scotland, UK The 
cloned mammal was a sheep called Dolly. 

Table 7.6 gives some examples of mammals that have been cloned and when 
the first clone was produced. 

Table 7.6 Examples of first times various mammals have been cloned 

Mammal 

sheep ,_ 
mouse 

cat 

goat 

racelhorse 

First cloned example 

Doily - born in 1996 in UK from a skin cell 

Cumulina - born 1996 in Hawaii 

~yCat- born in 200 1 in USA 

Megan - born 200 1 in USA 

Prometheus - born in 2003 in Italy 

dog Snuppy - born in 2005 in South Korea from an ear cell -- -~ -'-'--'---

C/ See the Animation: Cloning. 
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remove living skin cell from mammary 
,-,.--.g,._land of white-faced breed of sheep cytoplasm 

remove unfertillsed egg from black-faced 
sheep ovary, containing a haploid nucleus 

skin cell ls fused @ ·-··········-... ~---........ . 
•• with enucleated / ··•· •.. 
··, .. ~gg cell ,./ 

··~ nucleus from the egg 
',. 

nucleus containing full set 
of white-faced sheep 
chromosomes 

···.. @ extract the haploid 

..•.... white-faced sheep ·•· ..• 
•... ·····•···· nucleus ~@ 

surrogate mother 
carries the embryo 
until the cloned lamb 
Is born 

egg cell with white-faced sheep nucleus 
develops Into an embryo, which Is Implanted 
into the uterus of a black-faced surrogate 
mother sheep 

discarded 

Dolly the sheep is born to 
the surrogate mother 

Figure 7.35 Stages involved in producing Dolly 1he sheep. Doily the sheep was the first cloned mammal, and was 
genetically identical to the sheep from whose mammary gland her chromosomes had come. 

fili/'i'IO• 
: Look at Section 5.4 and explain 
: the difference between haploid 

. and diploid cells in the human life 

: cyc le. 

fi"l'i10• 
· Look at Section 3.5 and explain 
· the process leading to blood 

clotting. 

f il'i'flil. 
· Look at Section 5.5 and calculate 

the chances of two carriers of 

cystic fibrosis having a child 
affected w ith the disease. 

The production of such clones requires immense scientific expertise and 
technical resources, so it is it is not undertaken for trivial reasons. The 
majority of attempts do not succeed in producing a cloned animal. Dolly 
was achieved only after 276 attempts . 

The main reason why the scientists who produced Dolly at Roslin wanted 
to be able to clone sheep, and other la rge mammals, was because of their 
research aimed at producing medicines in the milk of such mammals. If 
a transgenic animal producing a useful medicine in their milk is created, 
cloning could give a whole herd or flock of mammals all producing the 
same medicine. (This practice is now known as 'pharming'.) Examples of 
medicines that have been produced in this way include: 
• blood clotting factor IX - for treating haemophilia (a blood clotting 

disorder) 
• alpha-1-antitrypsin - for treating patients with cystic fibrosis 
• antibodies that can target cancer cells in humans, or fight specific 

diseases. 

In theory, this technique could allow an adult human to be cloned -
producing children who carry a complete copy of their genome. However, 
this practice is currently banned by International Treaty. 

• Potential of cloning for production of 
organs for transplantation 

There is a global shortage of human organ donors. This means that many 
people who might be saved by receiving a donated kidney, heart or lungs, 
remain very ill and eventually die due to organ failure. 
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.. il*M101 
To help you remember the words, 
think of their Greek origin ('allo' = 

other; 'xeno' = foreign) and match 
them w ith other words with the 

same root s. 

Transplanting a human organ from one person to another is called 
allo1transplan tation (organs moved between different members of the same 
species). This is currently done with certain vital organs, such as kidneys, 
hearts and lungs. One major obstacle to allotransplantation is that the 
tissue type of the recipient must match that of the donor, but for any two 
unrelated people the chances of a match is less than 1 in 100. 

Animals such as pigs have been used as donors ofhearc valves for humans 
in need of a replacement heart valve. Pig heart valves are similar in size to 
that of humans. Before being transplanted, the pig valve is st ripped ofliving 
pig cells, in order to reduce the chance of rejection by the immune system . 
The remaining pig valve structure is transplanted into the human heart. 
This is called xenotransplantation ( organs moved between members of 
different species). However, rejection is still quite common, due to subtle 
chemical differences in the prote ins of the pig and human heart valves. Yet 
xenotransplantation might help with tl1e shortage of organ donors for many 
human patients. 

One solution to the problem ofrejection in xenotransplantation of valves 
and other organs, is to develop a transgenic pig in which the tissue proteins 
are more like those of a human d1an a pig. The heart valves and other organs 
of this transgenic pig are less likely to be rejected by the immune systems 
of human patients. Such a transgenic pig would be created by genetic 
manipulation, and then could be cloned to create a herd of transgenic pigs for 
organ donation. One concern about the development of humanised transgenic 
pigs for xenotransplantation is that it might enable viruses to jump from 
transgenic pig species to humans, resulting in serious outbreaks of disease. 

STUDY QUESTION 

1 Sometimes a novel variety of a plant is discovered, resulting from a 
random mutation. An example might be a rose with blue flowers. You may 
have to look in other parts of this book to help you with the answers to 
these questions. 
a) What is a 'mutation' and what might increase the chance of a mutation 

occurring? 
b ) Why might cross-pollinating blue rose flowers with flowers from a 

normal red-flowered rose plant not produce any blue-flowered plants? 

Use a genetic diagram to help explain your answer. 
c) If a gardener had a single plant with this mutation, what methods of 

artificial propagation could be used to produce a group of plants to 

grow around a garden? 
d) If a plant breeder got hold of just a single rose plant with blue flowers, 

how could artificial propagation methods be used to produce a large 

number of rose plants with blue flowers for sale to the public? In your 
description, indicate how the plant breeder could arrange for the rose 

plants to be ready for a particular date in the year. 



Summary 

Summary 
V Make sure you can answer all the questions in the interactive quiz. 

I am confident that: 

,/ I understand how glasshouses and polytunnels 
can be used to provide a protected environment 
and how this. can be used to increase crop 
yield. 

,/ I understand the effects of increased carbon 
dioxide and increased temperature on the yield of 
crops grown in glasshouses. 

,/ I understand why fertilisers are used to increase 
crop yields. 

,/ I can describe examples of ways in which insect 
pests cause a fall in crop yield. 

,/ I can discuss differences between chemical and 
biological pest control and the advantages and 
disadvantages of each. 

,/ I know that yeast carries out anaerobic 
respiration and that this is used in the production 
of beer. 

,/ I know that fermentation reactions of 
Lactobacil/us bacteria in milk produce lactic 
acid and that this lowers the pH and causes 
the coagulation of proteins to produce the thick 
texture and filavours characteristic of yoghurt. 

,/ I can draw a diagram of an industrial fermenter 
and know the reasons for all the features that are 
included and! their importance for the successful 
growth of microorganisms. 

,/ I can describe the way fish are farmed in 
freshwater or marine situations and understand 
the factors that need to be considered (such 
as maintenance of water quality, feeding and 
use of selective breeding) to ensure successful 
production of fish in the fish farm. 

,/ I can describe examples of how plants and 
animals with desired characteristics have been 
artificially selected and used to provide the future 
generations of improved crops or herds of animals. 

,/ I can describe the stages involved in cutting 
DNA and joining pieces together in genetic 
modification techniques and appreciate how DNA 
can be manipulated to incorporate DNA from 
another organism, including the role of enzymes 
in these processes. 

,/ I am familiar with the use of plasmids and viruses 
as vectors and can describe how they take up 
pieces of DNA, which are then incorporated as 
recombinant DNA into other cells. 

,/ I can discuss examples of how useful products 
(such as human insulin) have been manufactured 
from genetically modified bacteria grown in a 
fermenter. 

,/ I can describe the sequence of stages involved 
in micropropagation of a plant with desired 
characteristics and how this technique has 
become an important commercial !industry. 

,/ I can describe the stages for production of a 
cloned animal, such as Dolly the sheep, and 
understand the genetics of the sequence of 
events that takes place. 

./ I understand that the term transgenesis refers to 
the transfer of genetic material from one species 
to another. 

,/ I can discuss how production by transgenic 
animals of human antibodies and organs for 
transplantation illustrates the potential for using 
cloned transgenic animals. 
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Exam-style questions 
1 A small market garden in Eastern England supplies 

vegetables direct to customers in their houses, rather 
than to shops or a market. They grow their crops 
inside polytunnels and also outside in a field. 

Here are their records (in 2011) for a variety of pea, 
known as 'Mangetout'. In this variety, the whole pod and 
the peas inside are eaten. They pick the pea pods at 2- or 
3-day intervals, over a period of several weeks, when they 
are ready. They weigh them in batches, as harvested. 

Inside the polytunnel, the peas are sown in single 
rows, 25 m in length. Outside the polytunnel, the peas 
are sown in double rows and each row had a length of 
100 m. They were sown at the same time, inside and 
outside, during March and April. 

Harvest data in kg, as extracted from the grower's 
notebook, are as follows: 

:v1 · o.~ · ,0.1 · 34 · ,;..i ' 13s · 1.1 · 4.2 · 1.4· 2 .s · 1.3 · 

,.o; 1.1; r.3; u; 0.25; 0.2s 

Harvest dates inside the polytunnel: from 27 May to 
19 June. 

Harvest dates in the field outside the polytunnel: 
from 2June to 27 July. 

Data courtesy of Longs Farm, Hartest. 

a) Draw a suitable table and organise the harvest data 
in your table so that you can compare the yield of 
pea pods grown inside and outside. [4] 

b) The total yield for pea pods grown outside is 
0.21 kg per metre of row. 

i) Calculate the increase in yield, per metre 
of row, for the pea pods grown inside the 
polytunnel. Show your working. [2] 

ii) Suggest two reasons for the higher yield 
inside the polytunnel. [2] 

c) The harvesting dates show that the pea pods were 
picked at different times, though there was some 
overlap. Suggest why this might be an advantage 
for the grower in her market garden. [2] 

[Total = 10] 

2 A student wanted to investigate the effect of starter 
culture volume on the thickness of yoghurt. First she 
did a trial experiment, as follows: 

1 She heated some fresh milk to a temperature of 
95 °C then allowed it to cool. 

2 She added some yoghurt to the fresh milk, as 
shown in diagram A. She used the yoghurt as her 
starter culture. 

3 She incubated the milk with the starter culture at 
37°C for 3 hours. 

4 She took the yoghurt that had formed and poured 
it into a filter funnel, as shown in diagram B. 

5 She timed how long it took for all t he yoghurt to 

pass out of the filter funnel. She used this time as a 
measure of the viscosity (thickness) of the yoghurt. 

A 

U
.--······,\ 

\ after 

A ····----····'.~_cubatlon 

yoghurt u 
fresh milk 

a) i) Why did the student heat the fresh milk to 
95 °c? [1] 

ii) Name one microorganism that should be 
in the culture if she is to be successful in 
making yoghurt. [1] 

iii) Explain why the milk becomes thicker 
(more viscous) as it turns into yoghurt. [2] 

b) Describe how she could use this procedure to 
investigate the effect of starter culture volume 
on the thickness of yoghurt. [4] 

c) Suggest limitations in her experimental 
procedure or any difficulties she might have 
when carrying out the investigation. [2] 

[Total = 10] 



3 Some students made a visit to a freshwater fish 
farm. When they came back they decided to do an 
experiment to investigate how numbers offish in the 
water affected the concentration of oxygen. They were 
able to use the apparatus shown in the diagram and 
were given several small fish. 

When doing tl1e experiment, the concentration of 
oxygen in the water declines steadily as the fish take 
up oxygen through their gills. Before the oxygen level 
falls to zero, the water is stirred to restore it to 100%. 

one or two small fish 

oxygen meter 

75% 

beaker or container 
with water, stirred before 
adding fish, to create 
1 00% dissolved oxygen 

record % dissolved oxygen 
at 10 minute intervals 

a) i) Design an investigation the students could do 
to find out the effect offish density on oxygen 
concentration in d1e water. In your plan, include 
any precautions that they should take. [6] 

ii) Predict the results you would expect them to 
obtain. [1] 

iii) Suggest one precaution they should take when 
doing the investigation. [1] 

b) i) Suggest how the outcome of this experiment 
might have implications for a fish farm. [2] 

ii) Suggest two measures that may be used in a 
fish farm to ensure that oxygen is kept at a 
suitable level in the water. [2] 

[Total = 12] 

4 Explain what is meant by the term selective breeding 
(artificial selection) and explain how this differs from 
the process of evolution by natural selection. [ 6] 

[Total = 6] 

5 a) The table gives descriptions of terms or processes 
that are used in gene technology. 

Copy the table. Choose words from the list below it 
to match each description and complete d1e cable. 
Words may be used once, more than once or not 
at all. 

Exam-style questions 

bacteriophage; clone; ligase; plasmid; recombinant ONA; 
restriction enzyme; sticky end; tissue culture; transgenic 

Description Word(s) 

A genetically modified organism that contai,ns 
foreign DNA 

These enzymes join sticky ends of ONA. 

A type of virus that can be used as a vector for 
transferring genes into bacteria 

These enzymes recognise a base sequence in 
ONA and make a cut through the ONA at this site. 

A small circle of DNA found in bacteria. 

[5] 

b) Describe the steps involved in producing a piece of 
recombinant DNA that will allow a bacterial cell to 
manufacture a human hormone, such as human 
growth hormone for treating dwarfism. [ 6] 

[Total= 11] 

6 The diagram shows three mice {A, B and C) involved 
in an adult cell cloning experiment. 

Mouse A 

Mouse A was a female mutant mouse with an unusual 
coat colour, which had been bought from a pet shop. 
No other similar looking mice could be found to 

breed with it and the owner decided to clone it. 

As part of the cloning process, a skin cell was taken 
from female mouse A and female mouse B was used 
as the donor of an unfertilised egg. Female mouse C 
was used as a surrogate mother. 

a) The normal diploid number (2n) of chromosomes 
in mice is 40 (20 pairs of chromosomes). 

i) How many chromosomes are there in the skin 
cell removed from mouse A for the cloning 
process? [1] 

ii) How many chromosomes would there be in the 
unfertilised egg removed from mouse B before 
it is used in the cloning process? [ l] 
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iii) How many chromosomes will there be from 
mouse Bin the egg a t the end of the nuclear 
transfer? [ 1] 

EXTEND AND CHALLENGE 

1 Worldwide., pests cause considerable losses in crops. 
Scientists work with farmers to find ways to control 

pests, many of which are insects, and reduce these 

crop losses. 

Bacillus thurfngiensis is a bacterium, known as Bt. 
It contains a toxin that is harmful to many insects, 

particularly the caterpillars of butterflies and moths. 
The Bt toxin harms insects by interfering w ith their 
digestion. Pesticides containing Bt have been 

developed and used for many years. They are applied 

as a liquid spray to certain crop plants. Farmers also 

use chemical pesticides. 

It is now possible to use gene technology to introduce 
the bacterial gene that produces the Bt toxin into a crop 

plant One example is the development of genetically 
modified (GM) cotton. The aim is that plants containing 

the Bt gene produce their own Bt toxin, so that the 

plants are protected against insects and farmers do not 

need to apply other pesticides to control insects. 

Use this passage and other sources of information 

to find out about different approaches used in the 

attempts to protect crops from insect pests and 
some of the problems that may ari se. 

a) Use of chemical pesticides 
i) List some disadvantages of using chemical 

pesticides, including their effects on food 

chains and food webs. 
ii) Explain why populations of insects can become 

resistarnt to chemical pesticides. 

b) Development of GM cotton 
i) Explain why the term transgenic is used to 

describe GM cotton. 

ii) Outline the stages that would be used to 

produce a GM plant, such as GM cotton. 
Include reference to the enzymes in,volved in 

cutting and joining the DNA 
iii) Find out more information about GM cotton, 

such as: 

• who was involved in the development 

• where it is grown now 

b) The cloned mouse will have grown from an egg 
from mouse Band is carried in the womb of 
mouse C. Which mouse will it look like when it 
is born? Explain your answer. [3] 

[Total = 6] 

• any reports of its success or o therwise, 
compared with other methods of pest 

control. 

c) Possible benefits of GM crops 
i) Scientists predict that development of GM 

crops should reduce the need for using 

chemical pesticides, so that natural predators 
are I ikely to return to the area 

• Explain why there should be less use of 

chemical pesticides. 

• Explain the benefit of natural predators and 
why they might return to the area 

• Try to find out if there is any evidence from 
particular situations that suggest natural 

predators are returning where GM crops are 
being grown. 

ii) Find out about two other GM crops that are 

be ing grown. Choose examples that are not 
aiming to reduce crop losses from insect pests. 

• What genes were incorporated into the 

examples you chose and what are the 
benefits of growing these GM crops? 

• Where are these GM crops being grown? 

d) Some people disagree with the use of GM plants, 

particularly for food crops. 
i) List reasons why some people disagree with 

the use of GM plants. 

ii) List reasons for supporting the development of 

GM crops by scientists. 

2 At the start of Section 7.2 (page 251 ), reference is 

made to different ways in which micro -organisms 

affect our lives. From the human point of view, there 

are good stories and bad stories. 

Find out more about the role of microorganisms 
in the fo llowing. Prepare your information either 

as a story or a presentation and in a way that can 

be understood by someone who is not a science 
specialist Make sure that the science is correct, that 

you name the microorganisms involve<l and describe 

the part they play in the process. 



a) More fermentations: 
i) production of silage (fermented grass) or 

sauerkraut (fermented cabbage) 
ii) production of soya sauce (fermented soya 

beans) or cheese (from milk). 

In your story, include details of the processes. 
Suggest why these fermentations were important 
to people over the centuries and how they have 
remained of value (or become part of the diet) in 
modern societies. 

b) Find out about the story behind the production of 
mycoprotein from the fungus Fusarium and how 
it is used, often as a substitute for meat Suggest 
how this could be important in the diet of different 
people. Think about whether you have had 
opportunities to eat mycoprotein and find out what 

other people think about it 

c) Industrial cultivation of GM (genetically modified) 

bacteria such as: 
i) production of chymosin (tor vegetarian cheese) 
ii) production of human insulin for diabetics. 
In your story, include an outline of how the 
GM bacteria could be produced and details of 
production of large quantities of the GM bacteria 
on an ind1Ustrial scale. What benefits to people 
have resulted from these two processes? 

d) Follow up a 'bad story' about microorganisms, 
such as an example of disease or decay. How can 
people overcome any problems arising from the 

situation you describe? 

3 At the start of Section 7.3 (page 255), you are given 
some general information about the increase in 
farmed fish compared with catches of wild fish, over 
a period of 60 years (from 1950 to 2010). 

Think about some of the reasons for these changes, 
for both freshwater and marine fish, and consider how 
fish can make a contribution to food requirements for 
increasing human populations in the years. ahead. Use 

figures in the table to help you answer the questions 
that follow. You may need to use other sources of 
information to help you with your answers. 

Note that figures in the table refer to global catches of wild fish or 
global estimates of farmed fish in the years 1950 and 2009. All 
figures are in tonnes 
( 1 tonne = 1 OOO kg). 

Freshwater fish Marine fish 

Year Wild caught Wild caught Farmed 

1950 1754 251 I 14087 3 

2009 8907 30635 65263 1949 

Extend and challenge 

a) i) Which method of catching fish gave the highest 

yield for the following categories and in which 
year(s)? 

• for freshwater fish 
• for marine fish (in seawater) 

ii) Calculate the increase in global catch for each 

category of fish between 1 950 and 2009. Put 
your answers in a table and give the figures in 
tonnes (rather than converting to percentages 
or fractions). 

b) Suggest reasons for the increases: 
i) in total catches of fishing (freshwater and marine) 
ii) in fish farms. 

c) In fish farms, the grower provides the stock 
(parent fish or eggs) for the next g1eneration of 
fish and cares for the young stages until they 
grow into adults. 
i) In the wi ld, where does the next generation 

come from? 
ii) What happens if there is 'over-fishing' 

(unsustainable fishing) in a particular area? 
iii) Find out about measures that can be taken to 

re.cJuce the effects of over-fishing. Can you find 
some examples of where this is effective or 

when the regulations have been disregarded? 
iv) What are the long tenm implications of 

unsustainable fishing in an area? 
v) Suggest the effects that fishing might have 

on food webs (or food chains) in an area, 
particularly if unsustainable. 

d) As a consumer, would you prefer to eat fish that 
have been caught in the wild or raised on a fish 
farm? List reasons for your preference. What 
about other people - do they all have the same 
preferences as you? If not, give reasons for their 
preferences. 

e) Find out about the wider range of species raised 

by 'aquaculture'. List some species raised in 
this way and find out whether they are raised 
on a small scale (for consumption by a local 

community) or on a larger scale, for export 
worldwide. 
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4 Design a plant or an animal 

This is your opportunity to design a plant or an animal, 
of your choic,e, but with some limitations. 

a) Choose a plant or an animal that you wish to 
'improve'. The plant can be a crop plant, such 

as maize or soya beans. The animal can be a 
domesticated farm animal or one that is an 'exotic' 

or fancy breed. 

b) For your clhosen plant or animal, list at least four 
characteristics that you wish to improve. For 
each characteristic, give reasons why the desired 
improvement would be of benefit to you (or your 
community). You may get some ideas from the 
illustration,s included in Section 3. 

c) Collect images that show the appearance of a 
range of some modem varieties of your chosen 

plant or animal. If you cannot find suitable images, 
write descriptions that highlight the differences 
between tlhe different varieties. 

d) Select one of the characteristics you listed in (b) 

and plan a breeding programme to produce your 
designed plant or animal. In your plan, include how 

you would: 
• select 1lhe parents 
• carry out a genetic cross between the parents 
• select tlhe offspring 
• ensure the 'improvement' spreads through the 

plant or animal populations. 

e) Make sure you indicate the numbers of the plant 
or animal that would be used in your breeding 

programme and give some idea of the t imescale. 
It may take several generations to establish the 
improvement in the population, so you need to find 
out how long it is from one generation to the next 

5 Find out about some examples of how (and why) 

plant tissue culture is used in scientific research and 
in commercial situations. 

Here are some suggestions to get you started: 
• maintaining a rare variety of potato 
• conserving a rare wild species of orchid 
• establ ishing plantations of oil palm with high yield 

from the crop 
• providing roses for the market for special occa-

sions during the year. 

There are plenty more examples, so in your searches 
you can either explore one or two specific examples 
in some depth or you can make a list of a lot of 
examples to show the wide benefits of tissue culture 
being used in one or more of the following areas: 

• agriculture 
• horticulture 
• plant breeding 
• plant protection and conservation. 

6 Micropropagation has sometimes beern described as 

'factory gardening'. 

Plan how you would set up a commercial enterprise 
to be your 'factory' for growing large quantities of a 
particular plant for the market. 

In your plan, describe what you would need for each 

stage in the process, including the following: 
• buildings and equipment 

• people and their training 
• some idea of the timing of the entire process of 

micropropagation of your plants 

Don't forget to explain why you want to produce this 

particular plant. 
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