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- Unit 3.3 The molecule of life ’-‘

context Each gene is made of a chemical called amazing molecule determine what the genes
deoxyribonucleic acid (DNA). The structure instruct the cells of an organism to do and
and arrangement of atoms in this what many of its characteristics will be.

Deoxyribonucleic acid (DNA)

DNA is a long molecule with two strands
twisted together to form a double helix.
Between each strand are cross-links. Its basic
structure is similar to a ladder that has been
twisted into a spiral. The ladder’s uprights are
made of a chain of alternating sugar and
phosphate units. The ladder’s rungs are made
of pairs of special molecules called nitrogen
bases. There are four different nitrogen bases,
represented by the letters:

® A = adenine

e T = thymine

e (C = cytosine

¢ G = guanine.

The chemical structure of each base means
that it can pair only with one other. The only
possible complementary base pairs are:

e A pairing with T
e ( pairing with G.

For example, if one upright of the ladder (one strand ~ sequence, TAAGCAG. The sequence of these nitrogen
of DNA) has the base sequence of ATTCGTC then the  bases along the strands of DNA is the basis for all
opposite strand would have the complementary inherited characteristics.

@(sheet 3.4 Model DNA

|/
/ ‘? cell
b'/ - ag

—~.=2~ chromosomes sugar-phosphate chains

Fig 3.3.1 DNA acts like an instruction manual: it contains all the
instructions on how to make an organism and what its cells are to do.
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Fig 3.3.2 DNA holds the code for every gene on a chromosome.
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L The molecule of life )

Science - The Watson-Crick model of DNA
/ C||p The double-helix structure is known as

the Watson-Crick model of DNA after

the two scientists who first proposed it in
1953. In 1962, the Nobel Prize for
Physiology or Medicine was awarded
to the British molecular biologist,
physicist and neuroscientist Francis Crick
(1916-2004) and American biologist
James Watson (born 1928) for their work
on the molecular structure of DNA. The Prize

That’s huge!

In each cell there are
46 chromosomes,

2 metres of DNA,

4 billion nitrogen bases
and approximately

32 000 genes!

was shared with another molecular
biologist, New Zealander Maurice
Wilkins (1916-2004), whose findings
furthered the understanding of

its structure.
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Fig 3.3.4 DNA replicates by unzipping and copying each side.
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Proteins

17 Amino acids make up a protein. —J

DNA strand

Fig 3.3.3 James Watson and Francis Crick
discovered the structure of DNA in 1953.
This image shows both scientists with their

3 bases form a codon

first model of it.
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How DNA is copied

When a cell reproduces by mitosis, the DNA is copied
exactly in a process called replication. The strands are
first unzipped. An exact copy is then made by matching
each base with its complementary base. Once a section
is copied, one old and one new strand are zipped
together to produce the duplicate DNA.

The genetic code

Up to one thousand bases (or rungs on the DNA ladder)
are needed to make up a single gene. The difference
between one gene and another is in the order of its
bases. This order forms its genetic code:

Fig 3.3.5 Different codons form different amino acids. Different
sequences of amino acids form different proteins.

sets of three bases form base sequences or codons
each codon contains the instructions to form an
amino acid. For example, the codon CGG codes for
the amino acid alanine, TTT for lysine, CAA for
valine, and so on
e cells join amino acids together into chains
to make proteins
¢ these proteins determine characteristics such
as eye colour.
There are 64 different codons and from these
20 different amino acids are coded for. Different
combinations of these 20 amino acids can create
thousands of different proteins.
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Going ape
The genetic code appears to be universal. The
same codon almost always specifies the same
amino acid in all organisms. So, if a fruit fly and
a human both have the codon TTT, then they
both have the same amino acid lysine. The
universal nature of the genetic code strongly
supports the idea that all living things are related
to each other, and have evolved from the same
primitive organisms or common ancestors.
Comparisons of DNA are used to provide
evidence of the relatedness of different species.

Fig 3.3.6 98.5% of the genetic code for a chimpanzee is identical to
that of a human. That means we are only 1.5% different!

Determining characteristics

Enzymes are biological catalysts that increase the rate at
which chemical reactions take place in the cell. Most
proteins are enzymes, and so they control the cell’s
chemical activities and the characteristics it has.

Gene expression

Every cell in an organism contains the same DNA with
exactly the same code. Even so, each cell specialises so
that it does a defined job. In a human, for example,
some cells grow into muscles, others into nerves, some
into blood cells and others into organs such as lungs and
brain. Some cells produce hormones such as insulin
while others do not.

Although every gene is present in every cell, not all
are active. For example, the gene for haemoglobin
production is switched ‘off’ in the nerve cells in animals.
This is because genes also contain information about
where and when they are to switch ‘on’. When
activated, the characteristic they code for appears. This
is referred to as gene expression. As the body develops
and ages, different genes are activated.

Environmental factors

Sometimes environmental factors switch genes on and
off. One example is pigment formation in Himalayan
rabbits. These rabbits are normally white with black
ears, nose, feet and tail. They inherit a gene for an
enzyme that is temperature sensitive and is involved in
pigment formation. The gene only expresses itself at low
temperatures, turning the fur black. When warm, it
codes for white fur.

If extremities are warm
during development, n
black develops

If fur is removed and
an icepack applied,
the regrowth is black

Normally only the
feet, ears, tail and
nose are black

Fig 3.3.7 In Himalayan rabbits, growth of black hair is controlled by a
gene. The gene is expressed only at low temperatures.

Mutations

Accidents sometimes occur in the copying of the DNA
strands during replication. A mutation is any
spontaneous change in a gene or chromosome that may
produce an alteration in the characteristic for which it
codes. Mutations are not inherited unless they occur in
the sex cells (sperm or egg cells) or in the zygote which
forms on fertilisation.

Mutagens

Mutations occur constantly within a species but at a low
rate. This rate is increased by exposure to mutation-
causing agents called mutagens. X-rays, gamma rays and
ultraviolet light are known mutagens that come from
exposure to nuclear radiation or excessive exposure to
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Mutations

Accidents sometimes occur in the copying of the DNA 

strands during replication. A mutation is any 

spontaneous change in a gene or chromosome that may 

produce an alteration in the characteristic for which it 

codes. Mutations are not inherited unless they occur in 

the sex cells (sperm or egg cells) or in the zygote which 

forms on fertilisation.

Mutagens

Mutations occur constantly within a species but at a low 

rate. This rate is increased by exposure to mutation-

causing agents called mutagens. X-rays, gamma rays and 

ultraviolet light are known mutagens that come from 

exposure to nuclear radiation or excessive exposure to 

Determining characteristics

Enzymes are biological catalysts that increase the rate at 

which chemical reactions take place in the cell. Most 

proteins are enzymes, and so they control the cell’s 

chemical activities and the characteristics it has.

Gene expression

Every cell in an organism contains the same DNA with 

exactly the same code. Even so, each cell specialises so 

that it does a defined job. In a human, for example, 

some cells grow into muscles, others into nerves, some 

into blood cells and others into organs such as lungs and 

brain. Some cells produce hormones such as insulin 

while others do not.

Although every gene is present in every cell, not all 

are active. For example, the gene for haemoglobin 

production is switched ‘off’ in the nerve cells in animals. 

This is because genes also contain information about 

where and when they are to switch ‘on’. When 

activated, the characteristic they code for appears. This 

is referred to as gene expression. As the body develops 

and ages, different genes are activated.

Environmental factors

Sometimes environmental factors switch genes on and 

off. One example is pigment formation in Himalayan 

rabbits. These rabbits are normally white with black 

ears, nose, feet and tail. They inherit a gene for an 

enzyme that is temperature sensitive and is involved in 
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Fig 3.3.6

 98.5% of the genetic code for a chimpanzee is identical to 

that of a human. That means we are only 1.5% different!

Fig 3.3.7

 In Himalayan rabbits, growth of black hair is controlled by a 

gene. The gene is expressed only at low temperatures.
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Going ape

The genetic code appears to be universal. The 

same codon almost always specifies the same 

amino acid in all organisms. So, if a fruit fly and 

a human both have the codon TTT, then they 

both have the same amino acid lysine. The 

universal nature of the genetic code strongly 

supports the idea that all living things are related 

to each other, and have evolved from the same 

primitive organisms or common ancestors. 

Comparisons of DNA are used to provide 

evidence of the relatedness of different species.
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