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ABOUT THIS BOOK

This book is written for students following the Pearson Edexcel International GCSE (9-1) Human Biology
specification. You will need to study all of the content in this book for your Human Biology examinations,
except content in Extension boxes, which is meant to extend your learning.

In each unit of this book, there are concise explanations and numerous exercises that will help you build up
confidence. The book also describes the methods for carrying out all of the required practicals.

The language throughout this textbook is graded for speakers of English as an additional language (EAL),
with advanced Human Biology-specific terminology highlighted and defined in the glossary at the back of
the book. A list of command words, also at the back of the book, will help you to learn the language you will
need in your examinations.

You will find that questions in this book have Progression icons and Skills tags. The Progression icons
refer to Pearson's Progression scale. This scale — from 1 to 12 — tells you what level you have reached

in your learning and will help you to see what you need to do to progress to the next level. Furthermore,
Edexcel has developed a Skills grid showing the skills you will practise throughout your time on the course.
The skills in the grid have been matched to questions in this book to help you see which skills you are
developing. You can find Pearson's Progression scale, along with guidelines on how to use it at
www.pearsonglobalschools.com/igscienceprogression.

3?2 UNIT1 BIOLOGICAL MOLECULES

Learning objectives show you what
you will learn in each chapter.

CARBOHYDRATES, LIPIDS AND PROTEINS

There are three main types of biokogical malkecule in the human Sody -
carbohydrates, lipids and proteins, All theee ane composed of just a

few chemical elements. Carbobydrates and lipids are entinsly made of tha
iamants carban (C), hydragan (Hy and ooygan (). Proteins also contan thase
alamants, along with nitrogen (N} and small amounts of sullur (3] However, the
stnucturas of thase three typas of molecule am very different.

THE STRUCTURE OF :
CARBOHYDRATES The basic units that make up carbolydrates are simple sugars such as

alucose. Glcoss is an exampla of & menosaccharide, which Is & “single”
Sugar unit. that it cannot by a simpler sugar,
Another monosacchande i fructose, a sugar found in fruits. The chemical
formula for glucese is CH,;0, - you can See from this formula that glucose
contains only cantan, hydrogen and cuygen.




ABOUT THIS BOOK

Did You Know boxes give
interesting facts about the
topic you are studying.

Looking Ahead features tell you what you will learn
if you continue your study of Human Biology to a
higher level, such as International A Level.

& Figare 1.2 The gena gan.

Golden nioe sounds Rke 0 good idea

-

Ot e apacien

y DI YOU KNDW?
™ What if you could receive a plant in ardar 1o produce Vaccines against uM infectious dseases. Far
DA ot it g, “accination’ every time youate |  S%ample, potaioas, bananas, letuce, camois and thpaco plants have all been
fon P — mm:ﬂ L ‘engineensd to produce probens from me vins that c hepatitis B. These
enpme fc moialy e . axtracting probens can be extracted from the plants and used ke a vaccine, which
the prodeins and using them an be given to the patients by mouth or as an injection

A4
e oo against the virus protains in the IF yous cextirie s stucy bis Imamalional BCEE, you wil e
ot o = mam about the structune and function of oels. You might like 1 ook on the
s - banana, and these antibodies bt furher abaut
: waukd be able fo destroy the cel sinucture. =
wirus without any need for an 0 566 cells & & much gr
e, el I T G e o o

dstiguish
Bhasiles g rin T structures less than 1 This. bosomes e sing
whale piams whase A nanometre inmi |5 10-*m., or one. s m‘::m syl ..,....;':wu

b ot ] nillnih of & mifmatra, 5

th fossige gene Elaciron micrascopy (sng an lacinon mic reneals that much

& Figure 1,24 Genelicaty moditying plarts using dgrbactrian

‘This technigua cannot be used on all plants. Agrobscianum wil nat intact

cereas, 20 ancller techinigue was nesded for these plants. The ‘gene qur’
This i & piece of lab fires tiny pellets

mada of gakd (Figure 1.25). Tha paulsaam with CIMA, that contains the:

required gena, These ara fired directly into plant tisswe. Tha gena gun has.

made it possitie 1o ganetically modity careals and other crop plants.

Lising Agrabacrerim as 3 vector, biakgists have produted penetically

mmrﬁoa num \gumn rice’ (Figura 1.26). This r‘canasmw genas auow

comes from a namemm Toqemer :neaegemssllwmeroa o mm
ralere - at give: the rice,
which explais i \gum m-' uunmnumny the beta-cariene i
A

with . Some peaple beleve that fere

. This could save the eyesight of millans of
G|IICIIBﬂ in less acmnlncay devalnped countries, who go blind becausa thay

in A, in their diet.

UNIT 1

tn make a vaccing, it might be
possible to vaccinate a parson
by getting them to eat a GM
banana. The persan’s immune
system would make antibodies

GELLS

the size of

mssiinan, Resclution lsuanlwnuavqummpwnsnmm
88 Deing Baparate.

of tha cyloplasm is mace up of membranes. As well as the cell surtace.
memtirane and th

organeles such as the nucleus and mitachandria, and sometimes there
ara membranes insida organales as well,

All hese membranes are needed because here ans wouaams of dmenem

a1l a Haoenin Inand g et o', P ecamole, e mactons
and

it reticulum, thy angurd

ket mwelllemnwwa seperate fom the rest omemﬂm
[Figure 1.27).

cieygen) e

i Figure 1.27 An electron misrogeaph of & michendrias
{magrification <60 000} The milschaserion has
twea mambrimes - an subee mamibrane sapanying its
‘centants fram the rest ol the cytoglism s an inace
svarrieane Terming fols ealbal eristin. Tha rssetions ol
‘aeroiio espiraion tzke placs s fie miachondniaal a

ol iarert stigecs of ths pracess hajppen n difirin
perts o the mitackendrisn,

andi that it i Batier 10 provida other,

and cons of golden rce on the ntemat.

s

& Figura 1,28 Lolson e

|

Extension boxes include content which is not on the specification
and which you do not have to learn for your examination.
However, it will help to extend your understanding of the topic.

Key Point boxes
summarise the
essentials.

B4 UNITZ RESPIRATION AND GAS

Figure 5.11 shows a frace from & subject breathing Ints a spromeser. The

Hint boxes give you
tips on important points
to remember in your
examination.

DID YOU KNOW?

The breathing volumes depend
on various factors, including
age, sex of the person, size of
iha lungs, level of exarcise and
how haalthy the subject is. The
wital capacity varies from about
3.0dm? in & young woman 1o
G.0dm? in a trained amiete,

sublject began by breathing neemally inlo the spirameter, befare taking a deep
breath in. He than breathad out as much as possibila,

The valume of air breathed in and out with & normal breath s called the tidal
walume. Ina nermal healthy adult man, this is about 0.4 dir?, The differsnce
betwaen the maximum breath in and fe maxmum breath aut is sbout
4.5dm’, This is called the vital capacity.

The spiromater trace goes not show the full amount of & in the ungs, There is
always about 1.5 dm® of ai et in the lungs, even afier a person has breathed
out as much as possible, This is called the residual volume. The maxdmum
total volurne of the ungs is called the lung capacity. It is equal to the vial

capaciy pls vl

il
capaey

0 ey
A Figuea 5.1 A spieematis trac shawing braithing valines

If you have access 10 8 sprometer, you £an use i 16 measure lurg capacily.
An alternative, simpler method is shown in Activity 11,

ACTIVITY 11
¥ PRACTICAL: MEASURING LUNG CAPACITY

The apparats in Figure 5.12 can be
LIt

used ta measune lung \, |
works on the same principle as the

spirometes. A large bell jar is marked Al \.

in g b @ volume of at least 6 di.

I is placed opan-end dowawards in | )

a large bucket ar snk of water. The |3

rubber burg is removed 50 that the o
leveel of water i the same inside and 7

outsige he jar, and the postian of tha J L

bl jar is adjusted it the wates level
is &t the zaro mark. The bung is then

replaced. & Fgues 5,12 A simghe method of

messaring lung capacity

Practical activities describe the
methods for carrying out all of the
practicals you will need to know for
your examination.
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252 4 MICROORGANISIMS

SHILLS R 5] & Suggest reasons o e incraases in the nuMBer of cases of goncncea
duriry the 19608,

d Suogest how the increase in AIDS casss in the 19808 may be linked 1o
the decresse in the nurber of cases of gonorhoes.

& Gonorhosa can usually be cured by taking penicilin

SKILLS SR & 1 Daseribe Now peniCilin Kl the DACTEria 1hat c3uss gonorhoes.

ET ssssovmc 5] ii Suggest why penicilin is nce always effective in the beatmen of
ganahoaa,

ERD cooncee remns -:-3 7 Tha dagram shows the levals of antibodies produced by a person during a

first infection and later, when re-infacted by tha samea microorganism,
t+

st inbaetion sacond infecion [

1y -
] | | | i
i/ Il|
5 [
3l !
AW & |/
= |l 1 gt

e e olal

T
@ State e names of the first and second responses by e body 1o
infection.
5] by Diesicribe the differances betwean the twe respanass in tenms of their

size, speed and duration.
© Explain how the finst reeponss & produced.

4 a What is an antibiotic?
b Descrites two ways that antibiotics work.

9 The Nlowelsarn belew shows siages in the percolated filer method of sewage
treatment,

untreated sewage
scragning
setiling tank
fitter becl
treated sffluent dscharged it fiver
& Wit is the funchgn of the setiling tank?

f:) b Sluckge from the seilng tank can be treated by anaerchis fermentation.

SKLLS e

Cconditions are aercbic in the filer bed?
1t that unireated SewaGe C0as Not eniar a iver

© Wilvy is it important th
o Explain why It & imy
o the sea.

UNIT 4 UNIT QUESTIONS 53

UNIT QUESTIONS

lis. Which row in
intha I's skin ceds

”
]
k-
L]

EETE) comces reions Which o the follwing i ot a functicn of the avaries?
A The secrition of peogesterane
B The produstion of eggs
€ The secretion of cestrogen
D The site of famiisation (Total 1 mark]

(Total 1 mark]

B vvich o the fikowing argans p
1 placena
2 avary
3 ulerus
4 pituitary gland
Atand2
B2andd
caandd

D 2and 4 [Fortal 1 mark]

IO meeusnsoume 57 A woman's frst day of mensinuaton was on 1 Juna, ASSUMING she has 3 28-
day menstrual cycle, when is she most likely o avulate?

AT dure
B 10 June
€ 14 June

D 21 June (Total 1 mark)

ETED oo v £7) Wiich of the following i tua of dominant alkies?
A A dominart alkle & expressed (f presant with a
B They determine the mast favourstle of a pair of
€ They ars inberitad in preference to mcessive alkies
D They are only expressed if present as a pair 1 mark)

[ X

\ X

Skills tags tell you which skills Chapter Questions test your
you are practising in each knowledge of the content in
question. that chapter.

Progression icons show the level of
difficulty according to the Pearson
International GCSE Science
Progression Scale.

of the whole unit and provide

progress.

ABOUT THIS BOOK

Unit Questions test your knowledge

quick, effective feedback on your



ASSESSMENT OVERVIEW

The following tables give an overview of the assessment for this course.

We recommend that you study this information closely to help ensure that you are fully prepared for this course and
know exactly what to expect in the assessment.

PAPER 1 SPECIFICATION | PERCENTAGE m TIME AVAILABILITY

Written examination paper, Human Biology 50% 1 hour 45 mins  January and June
externally set and assessed examination series

by Pearson First assessment June 2019
Paper code 4HB1/01

PAPER 2 SPECIFICATION | PERCENTAGE m TIME AVAILABILITY
Written examination paper, Human Biology 50% 1 hour 45 mins  January and June
externally set and assessed examination series

by Pearson First assessment June 2019
Paper code 4HB1/02

ASSESSMENT OBJECTIVES AND WEIGHTINGS

ASSESSMENT OBJECTIVE DESCRIPTION % IN INTERNATIONAL GCSE

AO1 Knowledge and understanding of human biology 38%-42%

AO2 Application of knowledge and understanding, 38%-42%
analysis and evaluation of human biology

AO3 Experimental skills, analysis and evaluation of 19%-21%
data and methods in human biology
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EXPERIMENTAL SKILLS

In the assessment of experimental skills, students may be tested on their ability to:

* solve problems set in a practical context

¢ apply scientific knowledge and understanding in questions with a practical context

¢ devise and plan investigations, using scientific knowledge and understanding when selecting appropriate techniques

¢ demonstrate or describe appropriate experimental and investigative methods, including safe and skilful practical
techniques

* make observations and measurements with appropriate precision, record these methodically and present them in
appropriate ways

¢ identify independent, dependent and control variables

¢ use scientific knowledge and understanding to analyse and interpret data to draw conclusions from experimental
activities that are consistent with the evidence

¢ communicate the findings from experimental activities, using appropriate technical language, relevant calculations
and graphs

* assess the reliability of an experimental activity

¢ evaluate data and methods taking into account factors that affect accuracy and validity.

CALCULATORS

Students are expected to take a suitable calculator into the examinations. Calculators with QWERTY keyboards or that
can retrieve text or formulae will not be permitted.
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1 CELLS

There are structural features that are common to the cells of all living organisms. In this chapter, you will find out about
the structure and function of human cells, and how they are organised into tissues and organs. You will also learn about
the role of the genetic material in cells — the DNA — and the principles of genetic engineering.

LEARNING OBJECTIVES

Recognise cell structures as seen with a light
microscope and transmission electron microscope,
including the nucleus, chromosomes, cell membrane,
mitochondria, endoplasmic reticulum and ribosomes

Describe the functions of the nucleus, chromosomes,
cell membrane, mitochondria, endoplasmic reticulum
and ribosomes

Describe the structure of a DNA molecule as two
strands coiled to form a double helix, containing
nucleotides, strands linked by complementary bases,
and bases linked by hydrogen bonds

Describe the process of DNA replication as the
separation of DNA strands and the formation of a new
strand by complementary base pairing of nucleotides,
including the role of DNA polymerase

Understand that a gene is a length of DNA containing a
sequence of bases coding for a specific protein

Know that RNA is a second type of nucleic acid that
has the following features: single stranded, contains
ribose, contains uracil; and that RNA is used to take
information from DNA in the nucleus to the ribosomes
for the synthesis of proteins

Describe protein synthesis as:

¢ transcription — the formation of mRNA in the
nucleus and the transfer of mRNA to ribosomes in
the cytoplasm

translation of the genetic code by tRNA from mRNA
codons; the formation of a polypeptide chain using
amino acids

Understand that a DNA mutation involves a change
in the sequence of bases that could lead to a change
in the amino acid sequence and thus a change in the
phenotype of an individual

Understand that mitosis occurs during growth, repair,
cloning and asexual reproduction

Know the four main stages of mitosis — prophase,
metaphase, anaphase and telophase — which result
in the production of two genetically identical diploid
daughter cells

Understand that cells are grouped into tissues and
tissues are organised into organs

Describe the structure of bone, muscle (voluntary,
involuntary and cardiac, as observed under a light
microscope), blood, nervous tissue, and epithelium
(squamous and ciliated, with reference to cells lining
the cheek and trachea)*

Describe the structure of cells specialised for
reproduction (egg (ovum) and sperm) and relate their
structure to their function*

Know that there are different types of stem cell,
including embryonic and adult stem cells, which have
the ability to develop into other body cells

Describe the advantages, disadvantages and ethics
in the research and use of embryonic and adult stem
cells

Outline the principles of genetic engineering, including
the production of genetically modified bacteria

to produce human insulin, and the production of
genetically modified plants to produce vaccines

(e.g. hepatitis B) and to improve health (e.g. ‘golden
rice’ to increase vitamin A in the diet)

* These specialised cells and tissues are described in more
detail in later chapters.




CELL STRUCTURE

The basic building block of living organisms is the cell. The human body is
cellmembrane  composed of countless millions of cells. There are many different types of cell,
which are specialised so they can carry out particular functions in the body.
Despite these differences, certain features are the same in most cells. Figure
1.1 shows some of the structures present in a typical animal cell.

animal cell

nucleus

The living material that makes up a cell is called cytoplasm. It has a texture
rather like sloppy jelly, in other words, somewhere between a solid and a
liquid. Unlike a jelly, it is not made of one substance; rather, it is a complex
material that contains many different structures called organelles. You cannot
see many of these structures under an ordinary light microscope. An electron
microscope has a much higher magnification and can show the details of
cytoplasm these parts of the cell (Figure 1.2).

> mitochondria

e —
10pm . X
The largest organelle in the cell is the nucleus. Nearly all cells have a nucleus,

with a few exceptions, such as red blood cells. The nucleus controls the
activities of the cell. It contains chromosomes (46 in human body cells) which
carry the genetic material or genes. Genes control the activities in the cell by
determining which proteins the cell can make (see below). One very important
group of proteins found in cells is enzymes (see Chapter 3). Enzymes control
chemical reactions that take place in the cytoplasm.

o e
(1um = 1500 ™™
A Figure 1.1 The structure of a generalised animal
cell, as seen through a light microscope.

All cells are surrounded by a cell membrane,
sometimes called the cell surface membrane

to distinguish it from other membranes inside
the cell. This is a thin layer like a ‘skin’ on the
surface of the cell. It forms a boundary between
the cytoplasm of the cell and the outside.
However, it is not a complete barrier. Some
chemicals can pass into the cell and others can
pass out of it. We say that the membrane is
partially permeable. In fact, as you will see, the
membrane can actively control the movement
of some substances. Because of this, it is also
described as selectively permeable.

mitochondria

There are many other membranes inside a cell.
Throughout the cytoplasm, there is a network of
membranes called the endoplasmic reticulum
(ER). In places, the endoplasmic reticulum is
covered with tiny granules called ribosomes.
These are the organelles where proteins are
made or synthesised (see ‘The stages of protein
synthesis’ later in this chapter). The spaces
between the membranes of the endoplasmic
reticulum act as a transportation system, sending
protein to the part of the cell where it is needed.

<4 Figure 1.2 The higher magnification of the electron
microscope lets us see more detail in the cell. This
photograph shows a small part of a liver cell, with the
nucleus in the bottom left-hand corner. The colours are not
real — they have been added later to show up the different
structures. You can just make out the ribosomes on the
endoplasmic reticulum.
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One organelle that is found in the cytoplasm of nearly all living cells is the
mitochondrion (plural mitochondria). In cells that need a lot of energy,

such as muscle or nerve cells, there are many mitochondria. This gives us

a clue as to their role. They perform some of the reactions of respiration,
releasing energy that the cell can use (see Chapter 5). Most of the energy from
respiration is released in the mitochondria.

Figure 1.3 shows some cells from the lining of a human cheek. They were
obtained by gently rubbing a cotton swab on the inside of a person’s mouth
and transferring the cells to a slide. They are stained with a dye to show them
more clearly. How many different organelles can you identify?

(i
fao ) iy

A Figure 1.3 Cells from the inside lining of a

human cheek. The cells are stained to show

up the details of structures such as the CHROMOSOMES, GENES AND DNA

nucleus.
The chemical that is the basis of inheritance is deoxyribonucleic acid
or DNA. DNA is usually found in the nucleus of a cell, in structures called
chromosomes (Figure 1.4). A section of DNA that determines a particular

feature is called a gene. Genes determine a person’s characteristics by
instructing cells to produce particular proteins (see below).

cell nucleus
_ (contains
hromosomes)
- ! DNA ]
|
| |
| I
) v
[ | | gene
AL (length
i l : of DNA)
bo chromosome
(made c:‘yoells) (contains DNA) , ;
! et *
! '-"p_
’ e

A Figure 1.4 Our genetic make-up.

Each chromosome contains one DNA molecule. The DNA is folded and coiled
so that it can be packed into a small space. The DNA is coiled around proteins
called histones (Figure 1.5).

supercoiled DNA/histones

chromosome

<«—— DNA coiled around histones

histones

A Figure 1.5 The structure of a chromosome.
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THE STRUCTURE OF DNA

One consequence of the base-pairing
rule is that, in each molecule of DNA,
the amounts of adenine and thymine
are equal, as are the amounts of
cytosine and guanine.

A molecule of DNA is made from two strands of molecular groups called
nucleotides (Figure 1.6).

phosphate group
nitrogenous base (adenine,
thymine, cytosine or guanine)

sugar molecule

A Figure 1.6 The structure of a single nucleotide.

Each nucleotide contains a sugar called deoxyribose, a phosphate group, and
a nitrogen-containing group called a base. There are four bases: adenine (A),
thymine (T), cytosine (C) and guanine (G) (Figure 1.7).

adenine is always
opposite thymine

o /
./\S_: S? phosphate
— groups
" P hold the
sG-S nucleotides
g in each
cytosine isS - strand Key
always opposite together ® phosphate

guanine g deoxyribose sugar

hydrogen bonds A~ adenine
hold the pairs of T= thymine
bases together G guanine

C cytosine

A Figure 1.7 Part of a molecule of DNA.

Notice that, in the two strands, nucleotides with adenine are always opposite
nucleotides with thymine, while cytosine is always opposite guanine. Adenine
and thymine are complementary bases, as are cytosine and guanine.
Complementary bases always bind with each other and never with any other
base. This is known as the base-pairing rule. The two strands are held together
by hydrogen bonds between the complementary base pairs. These are weak
bonds between hydrogen atoms on one base and oxygen or nitrogen atoms
on another base. They are easily broken, allowing the chains to separate. This
property is used when DNA makes a copy of itself.

DNA REPLICATION

DNA is the only chemical that can make exact copies of itself. Because of
this, it is able to pass genetic information from one generation to the next as a
‘genetic code’.

When a cell is about to divide (see ‘Mitosis’ later in this chapter) it must first
make an exact copy of each DNA molecule in the nucleus. This process is
called replication. As a result, each ‘daughter cell’ that is formed receives
exactly the same amount and type of DNA. Figure 1.8 summarises this
process. The new strands of DNA are assembled from nucleotides under the
control of an enzyme called DNA polymerase.
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1 The polynucleotide 2 Each strand acts as 4 Two identical DNA molecules

strands of DNA a template for the formation are formed - each contains a
separate. of a new strand of DNA. strand from the parent DNA

and a new complementary strand.

3 DNA polymerase assembles
nucleotides into two new
strands according to the
base-pairing rule.

A Figure 1.8 How DNA replicates itself.

THE GENETIC CODE

DID YOU KNOW?

A ‘template’ is a pattern that
can be used to make something.
For example, a dress template

is a paper pattern for cutting out
the material of a dress.

KEY POINT

A gene is a section of a molecule of
DNA that codes for a specific protein.

Only one of the strands of a DNA molecule actually codes for the manufacture
of proteins in a cell. This strand is called the template strand. The other
strand is called the non-template strand.

Many of the proteins manufactured are enzymes, which go on to control
processes within the cell. Some proteins are structural, for example, keratin in
the skin or myosin in muscles. Other proteins have particular functions, such
as haemoglobin and some hormones.

Proteins are made of chains of amino acids. A sequence of three bases in
the template strand of the DNA codes for one amino acid. For example, the
base sequence TGT codes for the amino acid cysteine. Because three bases
are needed to code for one amino acid, the DNA code is a triplet code. The
sequence of bases that codes for all the amino acids in a protein is a gene
(Figure 1.9).

one entire gene

DNA base

sequences ~ AT CGAATT o T.A T T G

. d M~~~ Y~ —~ e
amino acids S : ; = .

coded for arginine isoleucine proline leucine phenylalanine

one entire protein

A Figure 1.9 The triplet code.

The triplets of bases that code for individual amino acids are the same in all
organisms. The base sequence TGT codes for the amino acid cysteine in
humans, bacteria, bananas, fish, or any other organism you can think of. The
DNA code is a universal code.

THE STAGES OF PROTEIN SYNTHESIS

DNA stays in the nucleus but protein synthesis takes place in the cytoplasm.
This means that, before proteins can be made, the genetic code must be
copied and transferred out from the nucleus to the cytoplasm. This is carried
out by a different kind of nucleic acid called ribonucleic acid (RNA).
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DID YOU KNOW?

Ribose and deoxyribose are
very similar in structure. Ribose
contains an extra oxygen atom.
Similarly, the bases uracil and
thymine are very similar in
structure.

DID YOU KNOW?

There is a third type of RNA
called ribosomal RNA (rRNA).
Ribosomes are made of RNA
and protein.

An RNA nucleotide consists of ribose
sugar, a phosphate and one of four
bases (C, G, A or U).

¥ Table 1.1 Base-pairing rules in transcription.

Base on DNA Base on mRNA

G C

C G
1 A
A u

There are three main differences between DNA and RNA:
i DNA is a double helix, RNA is a single strand
1 DNA contains the sugar deoxyribose, RNA contains ribose

= RNA contains the base uracil (U) instead of thymine (T).

Two types of RNA take part in protein synthesis:
m messenger RNA (mRNA): forms a copy of the DNA code

B transfer RNA (tRNA): carries amino acids to the ribosomes to make the
protein.

Protein synthesis takes place in two stages, called transcription and
translation.

TRANSCRIPTION

Transcription happens in the nucleus. In a chromosome, part of the DNA
double helix unwinds and ‘unzips’, so the two strands separate, exposing the
bases along the template strand (Figure 1.10).

(@) (©

template strand non-template strand
s Figure 1.10 Transcription. (a) The DNA double helix, showing some base pairs. (b) The two strands

of the DNA have separated and unwound. (c) A short length of mRNA has formed. (The mRNA
responsible for forming a whole protein would be much longer than this.)

The template strand of the DNA forms a framework upon which a molecule of
mRNA is formed. The building blocks of the mRNA are RNA nucleotides. They
line up alongside the template strand according to the complementary base-
pairing rules (Table 1.1).

The RNA nucleotides link up one at a time to form an mRNA molecule. Bonds
form between the ribose and phosphate groups, joining them together to
make the sugar-phosphate backbone of the molecule. When a section of DNA
corresponding to a protein (a gene) has been transcribed, the mRNA molecule
leaves the DNA and passes out of the nucleus to the cytoplasm. It leaves
through pores (holes) in the nuclear membrane. The DNA helix then ‘zips up’
again. Because of complementary base pairing, the triplet code of the DNA is
converted into a triplet code in the mRNA.
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TRANSLATION

Converting the code in the mRNA into a protein is called translation. This takes
place at the ribosomes. By this stage, the code consists of sets of three bases
in the mRBNA (e.g. AUG, CCG, ACA). These triplets of bases are called codons.
Each codon codes for a particular amino acid; for example, CCU codes for the
amino acid proline, and AUG codes for methionine.

The mRNA molecule attaches to a ribosome. Now the tRNA molecules begin
their part in the process. Each tRNA molecule has an anticodon of three
bases at one end of the molecule. This is complementary to a particular codon
on the mRNA. At the other end of the tRNA molecule is a site where a specific
amino acid can attach (Figure 1.11). This means that there is a particular tRNA
molecule for each type of amino acid. The tRNA molecule carries its amino
acid to the ribosome, where its specific anticodon links up with the three bases
of the corresponding mRNA codon.

codon 1;codon 2 codon 3; codon 4;codon 5 codon 6
G <«———codon (@) I s mRNA

T | T T T | L I | L T
U

GICCUGCUIGUUIGGAIAAG

IRIII }\GGA

u
"
1
"
A

C «—— anticodon

o
9]

Second tRNA
molecule carrying

another amino acid
tRNA

@D

-
o}
o
=
@
=
c
ol
@
po
po
=
-

) 1
@ amino acid AU mimowon
UAGCGAEA
A Figure 1.11 A tRNA molecule with the
anticodon UAC, carrying the amino acid
methionine. The anticodon is complementary
to the codon AUG on the mRNA. @ @
© '|||i|||i|||i||||||i|||.
AUGICCUIGCUIGUUIGGAIAAG
gl
/
(d] . ) 1 1 1 1 1 | 1 1 1 1 1 1 | | 1 1 1 | | o
AUGICCUIGCUIGUUIGGAIAAG
cAA Al

growing chain of amino acids

A Figure 1.12 Translation. (a) A tRNA molecule carrying the first amino acid is attached to the first
codon on the mRNA. A second tRNA is arriving, carrying the second amino acid. (b) Two tRNA
molecules are attached to the mRNA. A bond is formed between the two amino acids. (c) The first
tRNA molecule is released. The process continues as more tRNA molecules bring amino acids
to the ribosome. (d) The situation after six tRNA molecules have brought amino acids. A chain of
amino acids called a polypeptide is starting to form - this is the beginning of a protein molecule.
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DID YOU KNOW?

Protein synthesis is a process
that uses up a lot of the chemical
energy produced in a cell.

KEY POINT

Summary of protein synthesis:

The order of bases in the template
strand of the DNA forms the genetic
code. The code is converted into the
sequence of bases in the mRNA. In

the cytoplasm, the sequence of mMRNA
bases is used to determine the position
of amino acids in a protein.

This interaction between mRNA and tRNA is the basis of translation. The
process is shown in Figure 1.12.
Translation takes place as follows:

= The first tRNA to bind at the mRNA does so at the ‘start codon’, which always
has the base sequence AUG. This codes for the amino acid methionine.

m Another tRNA brings along a second amino acid. The anticodon of the
second tRNA binds to the next codon on the mRNA.

= A bond forms between the methionine and the second amino acid.

m The first tRNA molecule is released and goes off to collect another amino acid.

= More tRNA molecules arrive at the mRNA and add their amino acids to the
growing chain, forming a polypeptide.

At the end of the chain, a ‘stop codon’ tells the ‘translation machinery’ that the
protein is complete, and it is released.

There are 20 different amino acids, so there must be at least 20 different
codons (and 20 different anticodons). In fact, there are more than this, because
some amino acids use more than one triplet code. For example, the mRNA
codons GGU, GGC, GGA and GGG all code for the amino acid glycine.

GENE MUTATIONS — WHEN DNA
MAKES MISTAKES

A mutation is a random change in the DNA of a cell. Sometimes, when DNA
is replicating, mistakes are made and the wrong nucleotide is used. The result
is a gene mutation, which can change the sequence of the bases in a gene.

In turn, this can lead to the gene coding for the wrong amino acid in a protein.
There are several ways in which gene mutations can occur (Figure 1.13).

@ A T GTT AT
duplication here
ATT GT TAT

extra T becomes first base of next triplet

(b) AT@ T GTT AT

deletion here

AT@ G TTA T

replaced by first base of next triplet

© A T GTT AT
or?EaI base
A T GTT AT

substituted base

@ ATT T GTT AT
;Y_}

inversion here

ATT GTT AT

A Figure 1.13 Gene mutations: (a) duplication; (b) deletion; (c) substitution; (d) inversion.
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 Duplication: In duplication, Figure 1.13(a), the nucleotide is inserted twice
instead of once. This means that the entire base sequence is altered,
because each triplet after the point where the mutation occurs is changed.
The whole gene is different and will code for an entirely different protein.

i Deletion: In deletion, Figure 1.13(b), a nucleotide is missed out. Again, the
entire base sequence is altered. Each triplet after the mutation is changed
and the whole gene is different. As with duplication, the gene will now code
for an entirely different protein.

i Substitution: In substitution, Figure 1.13(c), a different nucleotide is used.
The triplet of bases in which the mutation occurs is changed and it may
code for a different amino acid. If it does, the structure of the protein
molecule will be different. This may be enough to produce a significant
change in the functioning of the protein, or it may mean that the protein
does not function at all. However, most amino acids have more than one
code, so the new triplet may not code for a different amino acid. If this is the
case, the protein will have its normal structure and function.

u Inversion: In inversion, Figure 1.13(d), the sequence of the bases in a
triplet is reversed. The effects are similar to substitution. Only one triplet is
affected and this may or may not result in a different amino acid and altered
protein structure.

Mutations that occur in body cells, such as those in the heart, intestines or
skin, will only affect the particular cell in which they occur. If the mutation is
very harmful, the cell will die and the mutation will be lost. If the mutation does
not significantly affect the functioning of the cell, the cell may not die. If the
cell then divides, a group of cells containing the mutant gene will be formed.
When the person dies, however, the mutation will be lost — it will not be passed
to their children. Only mutations in the sex cells (gametes), or in the cells that
divide to form gametes, can be passed on to the next generation. This is how
genetic diseases begin.

CELL DIVISION

There are two kinds of cell division — mitosis and meiosis.

In most parts of the body, cells need to divide so that organisms can grow and
replace old or damaged cells. The cells that are produced by this type of cell
division should be exactly the same as the cells they are replacing. This is the
most common form of cell division and is called mitosis. Mitosis forms all the
cells in our bodies except the sex cells.

Only in the sex organs is cell division different. Here, some cells divide to
produce sex cells or gametes, which contain only half the original number of
chromosomes. When male and female gametes join together at fertilisation,
the resulting cell (called a zygote) will contain the full set of chromosomes
and can then divide and grow into a new individual. This type of cell division is
called meiosis and is described in Chapter 11.

Human body cells have 46 chromosomes in 23 pairs called homologous
pairs. These body cells are diploid cells — they have two copies of each
chromosome. The sex cells have 23 chromosomes (only one copy of each
chromosome); they are haploid cells.

MITOSIS

When a ‘parent’ cell divides, it produces daughter cells. Mitosis produces two
daughter cells that are genetically identical to the parent cell — both daughter
cells have the same number and type of chromosomes as the parent cell.
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To achieve this, the dividing cell must copy each chromosome before it
divides. The DNA replicates and more proteins are added to the structure.
Each daughter cell can then receive a copy of each chromosome (and each
molecule of DNA) when the cell divides. If it does not do this, the daughter
cells will not contain all the genes.

A number of stages occur when a cell divides by mitosis. These are shown in
Figure 1.14.

(a) prophase

Before mitosis the DNA replicates and
the chromosomes form two exact
copies called chromatids. During the
first stage of mitosis (prophase) the
chromatids become visible, joined at a
centromere. The nuclear membrane
breaks down.

(b) metaphase
spindle During metaphase a structure called the
spindle forms. The chromosomes line up
at the ‘equator’ of the spindle, attached
to it by their centromeres.

centromere

two
chromatids

(c) anaphase

During anaphase, the spindle fibres
shorten and pull the chromatids to the
opposite ends (‘poles’) of the cell. The
chromatids separate to become the
chromosomes of the two daughter cells.

(d) telophase

In the last stage (telophase) two new
nuclei form at the poles of the cell. The
cytoplasm starts to divide to produce
two daughter cells. Both daughter cells
have a copy of each chromosome from
the parent cell.

A Figure 1.14 The stages of mitosis. For simplicity, the cell shown contains only two homologous
pairs of chromosomes (one long pair, one short).

It is easiest to see mitosis in plant cells, because these are usually large and
well defined by their cell walls. Figure 1.15 is a photograph of some cells from
the root tip of an onion. Cells in this region divide by mitosis as the root grows.
Although these are plant cells, the process is very similar in human cells.

Each daughter cell formed by mitosis is diploid, receiving a copy of every
chromosome (and therefore every gene) from the parent cell. Each daughter
cell is genetically identical to the others. A group of genetically identical cells
produced by mitosis is called a clone. Apart from the sex cells, all the cells in

A Figure 1.15 Cells in the root tip of an onion A 3 :
dividing by mitosis. Can you identify any of our body are clones. They are formed by mitosis and contain copies of all of

the stages shown in Figure 1.14? our chromosomes and genes.
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DID YOU KNOW?

You may have heard the words ‘clone’ and ‘cloning’ used to describe the
production of entire organisms (animals and plants) from body cells, by
mitosis. Many plants reproduce naturally from parts of leaves or roots
broken off from the parent plant. This is an example of cloning, and is
used commercially to grow plants. Cloning animals is more difficult, but
several species have been grown artificially in the laboratory by mitosis
from body cells. Since this type of reproduction does not involve sex
cells, it is called asexual reproduction.

DIFFERENTIATION OF CELLS

A human begins life as a zygote, which divides by mitosis to form two cells,
then four, then eight and so on, until an embryo is formed, containing many
millions of cells (Figure 1.16).

o
> @ -> -> Dog
., g

A Figure 1.16 A human embryo grows by mitosis.

zygote

As the developing embryo grows, cells become specialised to perform
particular roles. This specialisation is also under the control of the genes, and
is called differentiation. Different kinds of cell develop depending on where
they are located in the embryo, for example, a nerve cell in the spinal cord, or
an epidermal cell in the outer layer of the skin (Figure 1.17).

1 nerve cell (neurone) - elongated part of cell (axon) for carrying nerve impulses. Dotted lines
indicate that the axon is very long compared with the rest of the cell.

2 smooth muscle cell from the wall of the intestine — elongated, can contract to move food through the gut.

3 ciliated epithelium cell - lines passages such as the trachea (windpipe). The hair-like cilia beat to move
@ mucus along the lining of the trachea.

4 white blood cell - can change its shape to surround and destroy bacteria.
5 red blood cells — contain haemoglobin to carry oxygen around the body.
sperm cell - tail for swimming, head contains genes from the father.

_ @
® N

A Figure 1.17 Some cells with very specialised functions. They are not drawn to the same scale.
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DID YOU KNOW?
Throughout this book, you will
read about adaptations. An
adaptation is a way that the
structure of a cell, tissue or organ
is suited (adapted) to its function.

CELLS, TISSUES AND ORGANS

Table 1.2 The three types of muscle cell.

Type

Voluntary

Involuntary

Cardiac

L

What is hard to understand about this process is that, through mitosis, all

the cells of the body have the same genes. For cells to function differently,
they must produce different proteins, and different genes code for the
production of these different proteins. How is it that some genes are ‘switched
on’ and others are ‘switched off’ to produce different cells? The answer to
this question is very complicated, and scientists are only just beginning to
understand it.

Cells that have a similar function are grouped together as tissues. For example,
the muscle of your arm contains millions of muscle cells, all specialised for one
function - contracting to move the arm bones (see Chapter 7). This is muscle
tissue or, more accurately, voluntary muscle tissue. The word ‘voluntary’
refers to the fact that the contraction of muscles like this is under the conscious
control of the brain. The smooth muscle cell shown in Figure 1.17 makes up
involuntary muscle tissue, since the muscles in the gut are not consciously
controlled by the brain. Involuntary muscle is present in the walls of organs
such as the intestine, bladder and blood vessels. There is a third type of muscle
tissue called cardiac muscle, which makes up the muscular wall of the heart
(see Chapter 6). It is interesting to note that all muscle (voluntary, involuntary
and cardiac) contains the same special protein filaments that are able to bring
about contraction. However, these filaments are arranged differently in each
type of muscle, so the cells have a distinct structure that depends on the type of
contraction carried out by the tissue (Table 1.2).

Structure Function

Striped (striated) due to alignment of protein Rapid contraction to move bones (also called
filaments in the cell. Many nuclei per cell. Not skeletal muscle). Under voluntary control by the

branched. brain.

Non-striated because protein filaments are not ~ Slow, rhythmic contraction in walls of gut, blood
aligned in the cell (hence also called smooth vessels etc. Not under voluntary control by the
muscle). One nucleus per cell. Not branched. Cell brain.

tapered at ends.

Only present in the heart. Contracts rhythmically
and constantly throughout life without tiring. Not
under voluntary control.

Striated. Many nuclei per cell. Branched cells
forming a strong mesh-like network.

Tissues that line organs are called epithelia (singular epithelium). Figure 1.17
shows a ciliated epithelium cell, which has tiny hair-like projections called
cilia. Cilia are able to beat (wave backwards and forwards) to move liquids
along. There are several other types of epithelia, such as the flattened cells
lining the human cheek (Figure 1.3). This is called a squamous epithelium.
You will read about several types of epithelia in this book.

Bone is a tissue made of cells that secrete a hard material made of calcium
salts (see Chapter 7). Other tissues include blood (Chapter 6), which is made of
various types of red and white blood cells in a liquid matrix called plasma, and
nervous tissue (Chapter 9), which makes up the brain, spinal cord and nerves.

A collection of different tissues carrying out a particular function is called an
organ. The main organs of the human body are shown in Figure 1.18.
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brain
oesophagus
trachea
lungs
heart
kidneys ;
(behind gut) ki
liver
pancreas
stomach
intestine
bladder

ovaries (in female)

testes (in male)

A Figure 1.18 Some of the main organs of the human body.
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DID YOU KNOW?

Marrow is the soft tissue inside
bones that produces blood cells.
A bone marrow transplant is a
medical operation that replaces
unhealthy blood-forming cells
with healthy ones.

A Figure 1.19 Extracting a stem cell from an
embryo at an early stage of its development.
The embryo consists of a ball of about 20
cells. A single cell is removed by drawing it
into a fine glass capillary tube.

A stem cell is a cell that is able to divide many times by mitosis without
undergoing differentiation. Later, it can differentiate into specialised cells such
as muscle or nerves. In humans, there are two main types of stem cell:

B Embryonic stem cells are found in the early stage of development of the
embryo. Embryonic stem cells can differentiate into any type of body cell.

B Adult stem cells are found in certain adult tissues, such as bone marrow,
skin, and the lining of the intestine. They have lost the ability to differentiate
into any type of cell but can form a number of specialised tissues. For
example, bone marrow cells can divide many times but are only able to
produce different types of red and white blood cell.

The use of stem cells to treat or prevent a disease, or to repair damaged
tissues, is called stem cell therapy. At present, the only widely used types
of stem cell therapy are bone marrow transplants. These are used to treat
patients with conditions such as leukaemia (a type of blood cancer). Some
cancer treatments use chemicals that kill cancer cells (chemotherapy) but this
type of treatment also destroys healthy body cells. Bone marrow transplants
supply stem cells that can divide and differentiate, replacing cells lost from
the body during chemotherapy. Bone marrow transplants are now a routine
procedure and have been used successfully for over 30 years. Bone marrow
and other adult stem cells are readily available, but they have limited ability to
differentiate into other types of cell.

Scientists are able to isolate and culture embryonic stem cells (Figure 1.19).
These are obtained from fertility clinics where parents choose to donate their
unused embryos for research. In the future, it is hoped that we will be able to
use embryonic stem cells to treat many diseases such as diabetes, as well
as brain disorders such as Parkinson’s disease. Stem cells may also be able
to repair nervous tissues damaged in accidents. So far, treatments using
embryonic stem cells have not progressed beyond the experimental stage,
and there are a number of problems. In particular, many people have moral
or ethical objections to using cells from embryos for medical purposes, even
though they might one day be used to cure many diseases.

GENETIC ENGINEERING

The basis of genetic engineering is the production of recombinant DNA. A
section of DNA - a gene — is cut out of the DNA of one species and inserted
into the DNA of another. This new DNA is called ‘recombinant’ because DNA
from two different species has been ‘recombined’. The organism that receives
the gene from a different species is a transgenic organism.

The organism that received the new gene now has an added capability. It

will manufacture the protein that the new gene codes for. For example, if a
bacterium receives the human gene that codes for insulin production, it will
make human insulin. If these transgenic bacteria are cultured, they will become
a ‘factory’ for making human insulin.

PRODUCING GENETICALLY MODIFIED
(TRANSGENIC) BACTERIA

The breakthrough in being able to transfer DNA from cell to cell came when it
was found that bacteria have two sorts of DNA — the DNA found in a bacterial
‘chromosome’ and much smaller circular pieces of DNA called plasmids.
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A Figure 1.20 Part of a DNA molecule
containing the base sequence G-A-A-T-T-C.
Notice that the sequence is present on both
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DID YOU KNOW?

A bacterial chromosome is not like a human chromosome. It is a
continuous loop of DNA rather than a strand. Also, the structure of a
bacterial chromosome is simpler and does not contain the histone
proteins present in eukaryotic chromosomes. The structure of a
bacterial cell is described in Chapter 13.

Bacteria naturally ‘swap’ plasmids, and biologists found ways of transferring
plasmids from one bacterium to another. The next stage was to find molecular
‘scissors’ and a molecular ‘glue’ that could cut out genes from one molecule
of DNA and stick them back into another. Further research found the following
enzymes that were able to do this:

H Restriction endonucleases (usually shortened to restriction enzymes)
are enzymes that cut DNA molecules at specific points. Different restriction
enzymes cut DNA at different places. They can be used to cut out specific
genes from a molecule of DNA.

m Ligases (or DNA ligases) are enzymes that join the cut ends of DNA
molecules.

Each restriction enzyme recognises a certain base sequence in a DNA strand.
Wherever it encounters that sequence, it will cut the DNA molecule. Suppose a
restriction enzyme recognises the base sequence G-A-A-T-T-C. It will only cut
the DNA molecule if it can ‘see’ this base sequence on both strands. Figure
1.20 illustrates this.

Some restriction enzymes make a straight cut and the fragments of DNA

they produce are said to have ‘blunt ends’ (Figure 1.21(a)). Other restriction
enzymes make a staggered (step-shaped) cut. These produce fragments of
DNA with overlapping ends with complementary bases (Figure 1.21(b)). These
overlapping ends are called ‘sticky ends’ because fragments of DNA with
exposed bases are more easily joined by ligase enzymes.

EXTENSION WORK

There is a lot more to producing recombinant DNA and transgenic bacteria than is
described here. You could carry out some research to find out more about this subject.

(b) Restriction enzyme
cuts here
_ —G—A!A—G— S—T—T—A—A
G—C-T T C G AtA-T-T
fﬂes‘friction
enzyme
' cuts here
DNA —G—A A—G—C—T—T—A—-A
frggments ’
ki G—C—T—-T-C—G—A A-sp o

DNA fragments
with ‘sticky’ ends

Figure 1.21 How restriction enzymes cut DNA.
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Biologists now had a method of transferring a gene from any cell into a
bacterium. They could insert the gene into a plasmid and then transfer the
plasmid into a bacterium. The plasmid is called a vector because it is the
means of transferring the gene. The main processes involved in producing a
transgenic bacterium are shown in Figure 1.22.

bacterial chromosome

%

plasmids isolated

Plasmids are isolated from?bac‘terium.

The gene to be transferred is cut from the donor DNA using
the same restriction enzyme.

DNA to be transferred

two strands of

= plasmid DNA
e -
The plasmids are opened sticky ends
with a specific restriction on plasmid
enzyme. ot donor cell

o sticky ends on DNA
being transferred

The opened-up plasmids and the
isolated gene are mixed with a DNA
ligase enzyme to create
recombinant plasmids.

Bacteria are incubated with the

recombinant plasmid
recombinant plasmids.

= e bacterium containing recombinant plasmid

> O ot
) Some bacteria will LIt
take up the plasmids. \ :

The bacteria that have taken up the plasmid
now contain the gene from the donor cell.

This could be a gene controlling the production
of human insulin.

A Figure 1.22 The stages in producing a transgenic bacterium.

Different bacteria have been genetically modified to manufacture a range

of products. Once they have been genetically modified, they are grown or
‘cultured’ in tanks called fermenters to produce large amounts of the product
(Figure 1.23).

4 Figure 1.23 An industrial fermenter holds
hundreds of thousands of dm? of a liquid
culture.
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SOME PRODUCTS OF GENETICALLY MODIFIED MICROORGANISMS

Since the basic techniques of transferring genes were developed, many simple
single-celled organisms, such as bacteria and yeasts (unicellular fungi), have
been genetically modified to produce useful products. Some examples of
medical products made using genetically modified microorganisms are:

B Human insulin: People suffering from diabetes need a reliable source of
the drug insulin to treat their condition (see Chapter 9). Before the use
of genetic engineering, the only insulin available was extracted from the
pancreases of other animals such as cattle or pigs. The chemical structure
of insulin from these animals is not quite the same as that of human insulin
and does not give the same degree of control of blood glucose levels. Now,
however, the human gene for insulin production can be placed in bacteria,
which then produce human insulin.

DID YOU KNOW?

More insulin is required every year because the number of diabetics
worldwide increases each year, and also because diabetics now have
longer life spans.

m Growth hormone: In some children, the pituitary gland does not produce
enough growth hormone and their growth is restricted. Injections of human
growth hormone from genetically modified bacteria can restore normal
growth patterns.

DID YOU KNOW?

Before human growth hormone from genetically modified bacteria was
available, the only source of the hormone was from human corpses
(dead bodies). This was a rather unpleasant procedure and had health
risks. A number of children treated in this way developed Creutzfeld-
Jacob disease (the human form of ‘mad cow’ disease). When this
became known, the treatment was withdrawn.

1 Hepatitis B vaccine: Yeast cells can be genetically modified to produce the
surface proteins (antigens) of the hepatitis B virus. These proteins are used
to make a vaccine against hepatitis B. When the vaccine is injected into a
patient, their body makes antibodies against the proteins, so the person
becomes immune to the virus.

PRODUCING GENETICALLY
MODIFIED PLANTS

The gene technology described so far can transfer DNA from one cell to
another cell. In the case of bacteria, this is fine — a bacterium only has one cell.
But plants have billions of cells and to genetically modify a plant, each cell
must receive the new gene. Any procedure for genetically modifying plants has
two main stages:

W introducing the new gene or genes into plant cells
m producing whole plants from just a few cells.

At first, biologists had problems inserting genes into plant cells. Then they
discovered a soil bacterium called Agrobacterium, which regularly inserts plasmids
into plant cells. Now that a vector had been found, the rest became possible.
Figure 1.24 outlines one procedure that uses Agrobacterium as a vector.
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A Figure 1.25 The gene gun.

EXTENSION WORK

Golden rice sounds like a good idea
but there have been several problems
with it. Some people believe that there
are ethical and environmental reasons
why golden rice should not be grown
and that it is better to provide other,
natural crops containing enough beta-
carotene. You could research the pros
and cons of golden rice on the internet.

DNA from another species

_ O~

lasmid isolated
DNA cut with o "\ e P
restriction i
: & i
enzyme to isolate \ 1 plasmid cut open Agrobacterium
desired gene with restriction tumefaciens
enzyme

cut plasmid joined to
desired gene using ligase

modified plasmids
placed back into
Agrobacterium

leaf discs treated
with genetically
modified
Agrobacterium

leaf discs
obtained from £
plant to be -p-
modified

leaf discs cultivated
on a nutrient medium

plantlets grown into

whole plants whose
cells now contain
the foreign gene

A Figure 1.24 Genetically modifying plants using Agrobacterium.

This technigue cannot be used on all plants. Agrobacterium will not infect
cereals, so another technique was needed for these plants. The ‘gene gun’
was invented. This is a piece of laboratory equipment that fires tiny pellets
made of gold (Figure 1.25). The pellets are coated with DNA that contains the
required gene. These are fired directly into plant tissue. The gene gun has
made it possible to genetically modify cereals and other crop plants.

Using Agrobacterium as a vector, biologists have produced genetically
modified rice called ‘golden rice’. This rice has three genes added to its normal
DNA content. Two of these genes come from daffodils and one comes from a
bacterium. Together, these genes allow the rice to make beta-carotene - the
chemical that gives carrots their colour. It also colours the rice, which explains
the name ‘golden rice’. More importantly, the beta-carotene is converted to
vitamin A when eaten. This could save the eyesight of millions of children in
less economically developed countries, who go blind because they do not
have enough vitamin A in their diet.
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DID YOU KNOW?

What if you could receive a
‘vaccination’ every time you ate
a banana? Instead of extracting
the proteins and using them

to make a vaccine, it might be
possible to ‘vaccinate’ a person
by getting them to eat a GM
banana. The person’s immune
system would make antibodies
against the virus proteins in the
banana, and these antibodies
would be able to destroy the
virus without any need for an
injection.

KEY POINT

A nanometre (nm) is 10-2m, or one
millionth of a millimetre.
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Genetically modified plants are also helping humans to fight infection.
Biologists have succeeded in genetically modifying several species of

plant in order to produce vaccines against different infectious diseases. For
example, potatoes, bananas, lettuce, carrots and tobacco plants have all been
engineered to produce proteins from the virus that causes hepatitis B. These
proteins can be extracted from the plants and used to make a vaccine, which
can be given to the patients by mouth or as an injection. At the time when this
book was written, this vaccine had not been developed to the stage where it
could replace vaccine from genetically modified yeast cells (described above).
However, research in this area continues.

LOOKING AHEAD — MEMBRANES IN CELLS

If you continue to study biology beyond International GCSE, you will learn
more about the structure and function of cells. You might like to look on the
interet for some electron micrographs and do some further research about
cell structure.

Electron microscopes allow us to see cells at a much greater magnification
than by using a light microscope. They also reveal more detail. The image
produced by a light microscope can only distinguish features that are about
the size of a mitochondrion, but the electron microscope has a much greater
resolution. Resolution is the ability to distinguish two points in an image

as being separate. The maximum resolution of a light microscope is about
200 nanometres (nm) but with an electron microscope we can distinguish
structures less than 1 nm in size. This is why ribosomes are only visible using
an electron microscope — they are about 25 nm in diameter.

Electron microscopy (using an electron microscope) reveals that much
of the cytoplasm is made up of membranes. As well as the cell surface
membrane and the endoplasmic reticulum, there are membranes around
organelles such as the nucleus and mitochondria, and sometimes there
are membranes inside organelles as well.

All these membranes are needed because there are thousands of different
chemical reactions happening in cells. A key function of membranes is to
separate the different reactions into different compartments, so that they
are not all happening in one big ‘test tube’. For example, the reactions
and enzymes of aerobic respiration (respiration that needs oxygen) are
kept inside the mitochondria, separate from the rest of the cytoplasm
(Figure 1.26).

<l Figure 1.26 An electron micrograph of a mitochondrion
(magnification x 60 000). The mitochondrion has
two membranes - an outer membrane separating its
contents from the rest of the cytoplasm and an inner
membrane forming folds called cristae. The reactions of
aerobic respiration take place in the mitochondria of a
cell. Different stages of the process happen in different
parts of the mitochondrion.
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