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€ntering the world
of biosciences

his booklet aims to give readers, whether the

scientists of tomorrow or the curious at heart,
a glimpse into the fascinating world of biosciences.
The dictionary defines this particular scientific field
as: “Any of the branches of natural science dealing
with the structure and behavior of living organisms.”

A synonym is life science, and simplistically
speaking, life, regardless of its shape or form, begins
with a cell.

Thus, as part of its commitment to enhance

public awareness around biosciences and especially
South Africa’s wealth of bioresearch, the National
Department of Science and Technology compiled
this resource booklet to start with the very basic
essence of life.

It looks at some of the building blocks of ge-
netics: DNA (Deoxyribonucleic Acid), inheritance,
and enzymes. Each with an easy-to-follow experi-
ment. Then it takes a closer look into the genetic
highlights and challenges of marine biology in a
growing field of research in South Africa.
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Why is the coelacanth important? And why should
we pay any attention to the great salt waters that
cover more than two-thirds of planet Earth?

Read on and find out!




Nearly all
living things
— plants

and animals
(including

us humans)
—are built

up from tiny
pockets, called
cells. Cells are
s0 small that
they can only
be seen under
a MIcroscope.

make tissue

BIOSCIENCES: GENETICS

CUT-AWAY OF AN ANIMAL CELL.

Golgi body
PACKAGING & export
of new proteins

Tissue make
up a body.

Each cell is a dynamic, liv-
ing little factory. It is the
smallest living unit that can
carry out the basic functions
of life: growth, metabolism
and reproduction.

Some simple organisms
are made up of only one cell,
while most plants and
animals are made up
of huge numbers
of cells. Each cell  //
has its own role ||
to play in the \
life of the plant
or animal and is
adapted to perform
those particular func-
tions. Your skin, your
bones, your muscles and your
brain are all made of cells.

One-celled
organisms the cell shape, and also

lets certain chemicals like
oxygen and food substances
pass through to feed the cell,

Many cells

There are over 200 different
types of cells in your body.

Inside a cell
A living cell is a squidgy
pocket containing cytoplasm
(sai-tow-plazim), which is a
watery, jelly-like mixture of
chemicals.
A thin skin, called
a membrane, holds
the cytoplasm
together. Animal
cells have soft
membranes made
of fat and proteins.
The membrane gives
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make tissue.

Cell membrane
PROTECTION

T

Endoplasmic
reticulum
PRODUCTION
of new proteins
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Oxygen & food
substances

Cytoplasm

but it stops others. It lets
waste material out again. (See
for yourself how this works in
the experiment on page 6)

Plant cells have a tough
membrane made of material
called cellulose. The cellulose
can sometimes be very thick
and so gives the plant its
shape.

The cytoplasm acts as

Mitochondrion
ENERGY

a storeroom of molecules

for growing and repairing

the structures inside the

cell. Small structures called

organelles are present in the

cytoplasm. They produce hor-

mones, enzymes and other

substances which are released

for use inside the cell and

also elsewhere in the body.
Most plant and animal



How many?

There are about a
hundred million cells
in your body, with
many different types
with specific func-
tions.

How small?

At least 1000 cells
would fit side by side
across a full-stop.

Skin cell
Muscle cell

)=

Nerve cell

cells contain an inner part,
called the nucleus. It controls
what the cell does and how it
develops. The nucleus can be
seen under a microscope.

The vacuole is a space in
the cell containing air, liquids
or food particles. Animal cells
usually have small vacoules.
All plant cells have vacuoles
and the liquid inside them is
called cell sap. Plant cell vacu-
oles are quite large. Water
collects in the vacuoles when
the plant is watered and this
makes the plant rigid (or
stiff). Without enough water,
there is less pressure in the
vacoules and the plant wilts.

Plant cells also contain
chloroplasts, which are tiny
disks full of a green substance
called chlorophyll. They trap
the light energy that plants
need for making food by pho-
tosynthesis.

Chloroplast
filled with
chlorophyil

Cytoplasm

The cells in your body

Just like a house is built
of bricks, your body is made
up of cells. The type of brick
determines what the build-
ing will look like. In the same
way, the type of cell deter-
mines what type of organ
it will form. There are skin
and blood cells that look like
plates, liver cells that look
like little boxes, fat cells that
are round, and many others.
They still all have the same
basic structure.

All these cells grew from
a single cell made when a
sperm cell from your father
met an egg cell from your
mother and fertilised it. This
one cell contained all the
instructions necessary to
make you. You grew because
that single cell divided to
make two cells, those two




The 249 - an amazing coll

There is a type of single cell that you can
see without the aid of a microscope - an
egg. Even an enormous ostrich egg is only

a single cell! These cells are marvelously
adapted to produce new creatures.

Every kind of animal produces eggs, but
they do not all lay eggs. Female mammals,
including people, produce very small eggs
which they keep inside their bodies.

Take a look at a chicken egg. It is a fascinat-
ing thing which we take for granted. To us, a
chicken egg is something you boil or fry, or make into an omelette.
But an egg contains some of the clues to the whole mystery of life.
The egg contains a supply of food, known as the yolk. Most eggs
are surrounded by one or more membranes to protect it. The outer
membrane often forms a hard shell.

Each egg contains a very small germinal disc. In unfertilised eggs,
the germinal disk remains so small and does not divide. These are
the eggs that reach our tables. In fertilised eggs, which are pro-
duced for hatching chickens, the germinal disk will divide and a
young bird will grow.

divided to make four, and out. They are then replaced

so on. We call this cell divi- by new ones. Some cells last
sion and that is how all living  months, and some less than a
things grow. day. Nerve cells last for a very

Cells are always wearing long time.




Place
two eggs
in a jug of
vinegar.

Watch

the eggs

for sev-
eral min-
utes. You will see
how the egg shells seem
to bubble. That is the vinegar,
an acid, eating away at the cal-

cium of the egg shell. There is

a chemical reaction between the
vinegar and the shells. The bubbles
are carbon dioxide gas, the result of
the reaction. Let the eggs stay in the
vinegar, completely covered, for 1
- 3 days until the vinegar has ‘eaten’
away the shell on the eggs.

Remove the eggs from the vinegar
and carefully rinse them off, getting
rid of any shell that did not come
off.
If the shell does not come off com-
pletely, put the eggs back in the jug

of vinegar, and try to rinse them the
next day.

Have a good look at these eggs.
Even though they no longer have
shells, they still don’t fall apart.
This is because membranes
hold them together. Can you
see the membranes? And
the yolk? Look carefully
to see if you can see
the germinal disk.
Measure equal
amounts  of
distilled

Eq ? —510 g/'/%

water

and syrup (or

honey) in each

transparent glass

cup. Place one egg

in each cup and cover

the cup with plastic wrap.

Make a mark on the cup to

show the height of the liquid
inside. Keep the eggs in these
solutions for three days, then
see and feel what they look like.

You will see that the egg in the
water did not change much. The
egg in the syrup will have shrunk
and will feel all wrinkly. Now place
this egg in a new cup, containing
water. The egg will swell up again,
maybe even bigger than its original
size.

What happened?

At first all the water molecules inside
the cell (egg) wanted to move out to
the syrup or honey where there is less
water - or a lower concentration.
Then, when the egg had shrunk, all
the water molecules outside the
egg wanted to move inside to the
lower concentration.

The reason only water moves
across the membrane while

the sugar particles in syrup do

not, is that sugar particles

are too big to cross the

mem -
brane.




Have you
heard or

seen adver-
tisements

for washing
powders that
claim the pow-

ders contain
enzymes that
can remove
specific stains?
Are the claims
of the manu-
facturers true?
Let’s see...

Our bodies use food to
give us energy. Some
foods, like proteins such as
gelatine and starch, need to
be broken down before our
bodies can use them. The
units, or molecules that make
up proteins and starches

are large, but they again are
made up of smaller units.
This breaking down of the
larger units into smaller ones
is called digestion. Our bod-
ies use enzymes to burn the
foods (or digest them) for
their energy.

The enzymes which help in
digestion are specialists. An
enzyme which would digest a
protein will not digest starch,
nor would a starch-digesting
enzyme break down proteins.

To see how an enzyme can
break down proteins, and at
the same time see if the
claims of manufacturers
of washing powders are
true, try the following two
experiments:

Hole in the jelly

Read the instructions on
the packets carefully and
prepare two dishes of clear
jelly, one of gelatine, and the
other of agar.

On each jelly, put a small
pinch of an ordinary powder
detergent, and of a so-called
biological washing powder.
(See the sketch on page 8).
The bio-
logical
powder




AGAR

is made in Japan
from seaweed, and
is used in cooking
and confectionery.
It can be made up
into “jelly” just like
gelatine.

CATALYST

Something that

allows or encourages
chemical reactions to

take place, while it
remains unchanged
itself.

GELATINE

Biological
/ washing
Ordinary powder
washing
powder
AGAR

Biological
washing powder

is supposed to contain an
enzyme which ‘removes diffi-
cult stains like egg, gravy and
blood’. These contain pro-
teins. If this is a true claim,
we would expect to find the
gelatine (a protein) dissolved
away under the ‘biological’
washing powder, but not
under the ordinary powder.

The agar (not a protein)
should not be dissolved by
either. The jelly might soften
a little for many reasons,

but do not
be misled by
this. Look for
a great hole
in the jelly.

Try this
experiment
and see what
you find. If
there is a
hole in the
gelatine
under the
biological
washing pow-
der, but not
one under
the ordinary
washing pow-
der, then the
claims of the
manufacturer
are true.

no holes

Get rid of the yolk

Boil two standard eggs
together, and push two tea-
spoons into the yolks so that
there is some yolk left on the
spoons. You may now eat the
rest of the eggs!

Dissolve equal amounts
of ordinary and ‘biological’
detergents in two separate
glasses of water, and leave a
yolk-stained spoon in each
glass. After some time you



those eyes,
that nose?

‘ Genes come in pairs
because they are carried

in paired chromosomes. Only
one gene of each pair goes
into the sperm or egg that
fuse together (at conception)
to make a baby.

New technology showns
us that very small differences
in the DNA code in our genes
result in different versions of
genes. These genetic differ-
ences make us look different
from each other, for example
whether we have blue or
brown eyes. How does this
work?

= One of every pair of
genes that your mom has
came from her dad (your
grandpa)

= The other pair of genes
came from her mom (your
grandma).

= When these genes were
separated into the egg that
made you, you inherited
either the version of your

patterins of
heritance

By Professor Valerie Corfield

grandpa’s or your grandma’s
gene.

* The same is true for the
genes you inherited from
your dad. You have either the
version that came from his
mom or his dad (your other
grandma or grandpa).

= If you have brothers or
sisters, chance will deter-
mine whether they got the
same version of each gene as
you, or whether they got the
other version. That is why
you look different from each
other.

What happens if you
inherit two different
versions of a gene?

What happens if you
inherit two slightly different
instructions, for example,
the one to make blue eyes
and the one to make brown
eyes? Inheritance follows
its own laws and often one
gene version ‘wins’ over the

®



other one. The feature (trait)
controlled by that particular

gene is called dominant. The
one that ‘loses’ out is called

recessive.

Brown eye colour is domi-
nant over blue eye colour,
so if you have one gene ver-
sion instructing your body to

Following the
patterns and laws of
inheritance

The laws that govern
inheritance were first studied
by an Austrian monk called
Gregor Mendel in the 1800’s.
He worked with peas but his
discoveries apply to humans

in genetic counselling
in families who suffer
from inherited dis-
edses.

An experiment in
genetics

You can do an
experiment to

check the laws of
inheritance in
your own fami-
ly. Many facial
features
follow sim-
ple Mendelian
patterns of inherit-
ance, and you will be

make blue eyes and the other
telling it to make brown
eyes, the brown-eye gene
will ‘win’. Recessive traits are
only seen if you inherit two
copies of the gene that codes
for it, for example, if you get
the blue-eye gene from both
your mom and your dad.

and animals too. They have
helped people who study
genetics to understand how
individual traits are inherited
and the patterns seen are
called Mendelian inheritance.
Mendel’s laws are applied in
plant and animal breeding
programmes and are used

| |
A short history 1865 1966
BGREGOR MENDEL, 4 MONK, THE “GEMNETIC CODE"
DETERMINES THE RLULES OF IS WORKED OUT.
INHERITENCE. HE ASSERTS A SEGUENCE OF

of DNA

THAT FEATURES ARE
PASSED FROM PARENTS TO
THEIR OFFSPRING THROUGH
DISCRETE UNITS, LATER
CALLED BGENES.

THREE NUCLEOTIDE
BASES DETERMINES
EACH OF 20 COMMON
AMINO ACIDS (THE
BUILDING BLOCKS
OF PROTEIN)

able to see if they show a
dominant or a recessive pat-
tern of inheritance. However,
some inherited features are
more complicated, so do not
be surprised if some of the
features you choose do not
fit a straight forward pattern
of inheritance.

1) Make a list of what
features you want to study
in your family. Look at some
ideas on the note.

THE HUMAN BENOME
2002 PROJECT IS COMPLETED,
REVEALING APPROXIMATELY

30 COO INDIVIDUAL GENES.
SCIENTISTS 80 ON TQ DISPUTE
THIS FINDING CLAIMING THAT
THE NUMBER OF HUMAN GENES
IS CLOSER TO 70 QQQ.

-
' - THE FIRST GOVERNMENT-APPROVED GENE THERAPY IN

A HUMAN IS PERFORMED IN THE UNITED STATES, ON A
FOUR-YEAR OLD GIRL SUFFERING FROM AN IMMUNE
DISORDER.

BC
HUMANS BEGIN TO
GROW AND KEEP
LIVESTOCK. THE
PLANTS AND ANI-
MALS BEGIN TO
IMPROVE AS THE | |
FARMERS SELECT I 1L
THE BEST OFF= R e qus
?:E':Ex}" BROW 1859 JAMES WATSON AND
MLy L CHARLES DARWIN PUBLISHES FRANCIS CRICK DESCRIBE
: HIS THEORY OF EVOLUTION THE STRUCTURE OF DNA
THROUGH *NATURAL SELECTION". (DEOXYRIBONUCLEIC
WITHIN 20 YEARS IT HAS ACID) AS A DOUBLE HELIX
INFLLENCED BREEDERS, WITH COMPOSED OF JUST
MAJOR IMPACT ON PLANT AND FOUR PISTINCT
ANIMAL BREEDS. NUCLEQTIDE UNITS.

THE DNA COMPOSITION OF HUMANS
IS FOLUND TO BE 99% SIMILAR TO
THAT OF CHIMPANZEES AND GORILLAS.

= AN INTERNATIONAL COLLABORATIVE EFFORT TO MAP
ALL THE GENES IN THE HUMAN GENOME IS LAUNCHED
UNDER THE SPONSORSHIP OF THE HUMAN SENOME
PROJECT.
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Any other feature char-
acteristic of your family
(remember the story of the
Hapsburg lip in the previous
issue?). What about other
body parts, e.g. hand and
foot shapes? You can look at
photographs or ask your par-
ents about their grandparents
and even their great grand-
parents. Don't forget your
aunts and uncles and your
cousins.

2) Draw-a-pedigree show-
ing all the relatives that you
can investigate: Here is an
example of how geneticists
draw a pedigree. You can
change this to fit'your family.

3) Write the version of
each chosen trait (such as
curly or straight hair).under
each relative on/the pedigree.
If you have studied a lot of
different traits, you might
want to use abbreviations so
that you can list them under
each person on your pedi-
gree.

4) What features ‘run’ in
your family?.Can you see
examples of dominant traits
(e.g. dark eye colour, dark
hair colour)? Can you see
examples of recessive traits
(e.g. red hair, chin dimple)?

Extract DNA

from

his experiment will allow

you to extract one of the
building blocks of life — iso-
lated DNA — from plant cells.
Although each DNA molecule
is too small to see, if you fol-
low the instructions, you will
end up with visible DNA.

Tou will need:

= A cup of wheatgerm
(from health shops or
some grocery stores)

= Table salt (about 8
heaped teaspoons full)

= Clear alcohol (cane spir-
it, gin or rubbing alcohol
from the chemist)

= Green dishwashing lig-
uid (not the gel type)

< Lemon juice (fresh or
bottled)

= Two glass bottles or
large glasses

= A sieve or strainer

< Clean water

Break down the cell walls
of the wheatgerm

In a large glass, dissolve
one level tablespoon of salt

By Professor Valerie Corfield

wheatgerm

in 300 ml of tap water. Add
four squirts of lemon juice.
Now add half a cup of wheat-
germ to the solution and

stir gently for 15 minutes.
The lemon juice will break
down the cell walls of the
wheatgerm. Press this mix-
ture through the sieve and
discard the liquid. You will
be left with a soggy pulp. Do
the same for the other half a
cup of wheatgerm. The pulp
you now have contains the
cell contents without the

cell walls.

stir the mixture until the

salt is dissolved and add six
teaspoons of alcohol. Add
nine large drops of the wash-
ing-up liquid and stir gently.
Add the soggy pulp from
step one and stir it gently
for about 20 minutes. During
this period, the detergent in
the washing-up liquid will
dissolve the DNA into the
mixture. Now add about 10
level teaspoons of salt and
stir gently for 10 minutes.
Separate the
DNA solution

Dissolve the DNA

Put one level tablespoon
of salt in 300
ml of
water,

DNA fact file

= DNA stands for
deoxyribonucleic acid.
« |tis a chemical
substance made from
building blocks that
form long, thin strings.
= The DNA strings,
called molecules, are
packed very tightly into
the nucleus of cells.

= The DNA molecules
twist around each
other and form a spi-
ral ladder — the DNA
double helix.

= DNA double helixes
are organised into 23
pairs of chromosomes
in every cell in your
body.

< This set of chromo-
somes is the instruction
manual to make YOU.
= Each different
instruction is called a

gene.
= The gene instruc-
tions are written in
a DNA code — the
genetic code.

= New coded copies
are made when the
DNA double helix
unzips down the
middle.



