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biotechnology.and how it can affect your life.
You will find' 'out how microbes are used to do

Cantents np— » useful jobs in industrial processes. You will find
1 Introduction Ry 4 out about enzymes and their use in the food
_ Biotechnology I 1 industry. You will discover how useful living
Cells - 2 cells are and how they may help us in the future.
2 Enzymes

What are enzymes?

3
Living cells and enzymes o 4
Enzymes and industry - 5 A @ & m
~ Biological washing powders 6

7

A whiter wash?
3 The food industry

Making yogﬁgrii o 8 E ‘
Making cheese 9 A

Danger Biohazard Flammable Wear gloves

Cheese manufacture 10 ; . :
—_—— Corrosive Toxic Irritant or Wear eye
Bread 11 harmful protection
B Fermentation 12
Wine 13 Good laboratory practice
~ Germinating maize 14 These are the safety symbols used in this series. You
Beer 15 should get to know them so that you can recognise
Mycoprotein 16 hazards (dangers) that you might come across during
4 Our water supply your science lessons.
Sewage disposal 17" To avoid accidents you should:
~ Safe water 18 [0 take special care when you see one of these symbols
~ Microbes and chlorine 19 [ always read through all the instructions given
~ Wastes and microbes 20 before you start doing your experiments
5 Medical applications ] check with your teacher if you are not sure about
Antibiotics manufacture 21 any of the instructions
Testing antibiotics 2o [ always check with your teacher before beginning
vaccines 23 any investigation that you have designed yourself
Genetic engineering i o4 U always wear eye protection when you see the eye
6 The chemical industry _ protection symbol or when your teacher t.eHs you
; [ ] always stand when you are handling liquids so that
Extracting metals 25 . . .
. = you can move out of the way quickly if you spill
~ Recovering metals 26 anything
Fuels 27 [7if you do spill any cultures of microbes on the
7 Using plants bench tell your teacher. Be careful not to get it on
New plants? - 28 your hands
Plant tissue culture 29 [ if you spill anything on your skin wash it off
Algae 30 immediately with plenty of water. If you spill
Uses of algae 31 anything on your clothes tell your teacher
8 The future R 1 if you get anything in your eyes flush it out with
Blotechnology in the future 30 plenty of water and tell your teacher immediately.
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1 Introduction

Biotechnology

Biotechnology uses living cells. Cells can make things that we
in biotechnology today were fi‘(gt
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HNOLOGY 1

\ .._:ni_ ‘_/’ cheese “‘Pv\\ C

- i | vinegar —1_‘.:' yoghurt
Some people think that !
biotechnology is a new science. This
Is because there have been so many
recent developments. Newspapers
and television programmes often i o S ., s r
describe the results of research ¥ / | PR ‘*'
which may affect our lives. o ‘ :

Fuel industry

Modern biotechnology has links
with other branches of science like
biology, microbiology, chemistry,
biochemistry, genetics, chemical
and genetic engineering, computer
science and environmental science.

Chemicals industry

( Q1 What is biotechnology? Q3 Modern biotechnology can be divided into several
main areas of study. What are these areas?” -

Q2 What are some of the products of the oldest |
biotechnology processes”? Q4 What might make people think that
biotechnology is a new science?

L

Extension exercise 1 can be used now.




Cells

W All plants and animals are made of cells. Individual cells can
only be seen with a microscope. Single cells from plants and
animals are used in biotechnology.

cellulose DNA in nucleus cell
cell wall controls cell membrane
development and
chemical activity
Chloropiasts< a
vacuole _— | \ cytoplasm
and cell sap
Single plant cell Single animal cell
magnification x300 magnification x300

V¥ Some small organisms consist of only one cell. Microbes are perhaps
the most important group of organisms used in biotechnology. Microbes
include fungi (moulds and yeasts), bacteria and viruses. Microbes are
very small. A powerful electron microscope is needed to see them.

fungi x 6 000 bacteria x 13500 viruses x 20600
Q1 Which are the largest cells? Q3 Which are the smallest Q5 How are plant cells different
microbes? from animal cells?

Q2 What magnification is needed
to see the largest cells? Q4 What magnification is needed Q6 What does DNA do?
to see the smallest microbes?
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3 The food industry

Mycoprotein

The world population has grown quickly. Producing enough cheap
food for everyone is a problem. New foods are needed.

fungus >

There are thousands of different types
of fungi, including edible mushrooms
and poisonous toadstools. Little was
known about the microscopic fungi so
they were investigated. Tests were
done to see if they could be eaten.
For safety, testing was done for 10
years. Scientists found an easy way
of growing these fungi. Cheap
carbohydrates were turned into a high
protein food called mycoprotein,
shown in the photograph. This was
first made in the 1960s. Microscopic
fungi do not need much space and
grow quickly. They can double their
weight every 5 hours. Producing the
same weight of traditional plant or
animal food needs a lot of space and
takes a very long time. The diagram
shows how mycoprotein is produced.

P~ Mycoprotein can be used in
many different ways. ;

V¥ Mycoprotein
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IS nutritious.
High MEaRRIes Q1 Why were the fungi tested? Q4 Why is it better to produce
= mycoprotein than plant or animal
i Q2 Why was the testing done for  food?
8 so long?
< 5 Q5 Why is mycoprotein a healthy
5 3 2 Q3 Why do you think the non- food?
Low TS = 4 living things were sterilised?
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4 Our water supply

Wastes and microbes

Industrial wastes can cause pollution.
Microbes can make some pollutants harmless.

Oil and petrol i
Detergents can
disperse oil spills but _
are harmful to living ¢
things. Microbes do the
same work more safely.

Acid rain

WV Releasing sulphur dioxide and nitrogenous gases
into the air causes acid rain. Microbes can make these
gases safe. They cost less to use than chemical controls.

\

\

Paper mills

A Mills make sulphites which can poliute rivers. These
pOoisonous wastes use up oxygen so living things die.
Fungi make the wastes safe and let bacteria live.
These microbes can change some wastes into animal
food and produce useful methane gas.

Chemical pollution

""" " Enzymes, from microbes, can make some
chemicals like detergents, herbicides and pesticides
safe. Microbes can remove poisonous metals, like lead
and mercury, from wastes leaving a safe liquid.

In the future other pollutants could be made safe.
Genetic engineering could produce microbes that
make the exact enzymes needed.

(\»:%o/f‘,‘\\\“'
-

Q1 Why are oil spills a problem?
Q2 What can microbes make from paper mill wastes?

Q3 What is the advantage of using microbes to
§ prevent acid rain?

Q4 How do microbes help to prevent chemical
pollution?

Q5 How could microbes be used in the future?






















6 The chemical industry

Fuels

Supplies of traditional fuels, like wood, coal and
oll, are running out. They are non-renewable. They
also cause pollution.

Nuclear fuels may be a danger to the environment.
Other alternative sources are safe and renewable but
may not be suitable in some areas. Windmills will not
work on calm days. Wave machines will not work on
lakes.

Microbes can make some fuels, such as methane

4 aleonol fusl. Th e d I Alcohol fuel microbes
gas and alcohol fuel. This may be done on a larger production
scale in the future.
. Methane gas production —
collection problems
wastes after Fermenter
é‘fg harvest
pyl)
: ‘\,L
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s 1 - adapted
engine
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Q1 What problem is caused by the
continued use of traditional fuels?

Q2 What special problems are
associated with the use of the most
common fuels?

microbes — /
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Fermenter

=24 7 I

InZL
-
NSV d
0) microbe/s7 E
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diesel oll

Q3 What is the problem of using
nuclear fuels?

Q4 Why do you think that solar,
wave and wind energy are not
more popular?

Q5 What are the problems of
using the fuels produced with the
help of microbes?
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Biotechnology

Summary

We hope you have enjoyed this book and have learned some
interesting things from it.

We expect you to have found out:
how biotechnology can affect your life
how living cells are used
how enzymes are used
how some industrial processes work
how our lives may be different in the future.

We expect you to have learned how to:
carry out simple experiments with enzymes
make some useful food products
use some simple practical biotechnology methods. ;

e ; o |

The cover photograph shows tissue culture. \*:e at work
Some cells are placed on special jelly =
containing food and growth hormones. The
Petri dish is kept in ideal conditions. After a
short time roots, shoots and leaves appear.
Eventually normal, healthy, germ-free plants
are grown. All the plants produced in this
way from a single plant are identical to the
parent.
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Science at Work is a full-colour modular resource for 14—-16 year olds.
The series will help you to explore, investigate and think about
science in everyday situations.

This new version of Science at Work incorporates all the recent
curriculum and syllabus changes, whilst retaining its emphasis on

science in the real world.
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