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DNA: The Genetic M aterial

Even though Morgan was able to confirm that tle
genes are on the chromosomes , the scientistslidtill
not know what genes consisted of , they knew that t
genetic material must be :

1-able to store information that is used to conbath -
the development and metabolic activities of thé cel
or organism .

2-stable so that it can be replicated with higlelftgd
during cell division and be transmitted from
generation to generation .

3-able to undergo rare changes called Mutations to
generate genetic variability that is acted uponndur
evolution .




TheDiscovery of DNA

— DNA was first identified in 1869 by Friedrich
Miescher, a Swiss biologist, removed the nuclei of
pus cells (these cell have little cytoplasm ) and
found that they contained a chemical material , he
called nuclein, which , he said , rich in
phosphorous and had no sulfur, that properties
distinguished it from protein , and separated the
substance into a basic part (which we now know is
DNA) and an acidic part (a class of acidic proteins
that bind to basic DNA).

— Later the scientists realized that there are two types
of nucleic acids : DNA (deoxyribonucleic acid ) and

RNA (ribonucleic acid )



Transformation of Bacteria:

In 1928 , the bacteriologist Frederick Griffiti
performed an experiment with a bacterium

( streptococcuspneumoniae) that causes pneumonia
IN mammals .

He noticed that when these bacteria are growreon
culture plate , some , called S strain bacteria ,
produce shiny , smooth colonies and others called R
strain bacteria , produce colonies that have alroug
appearance under the microscope , S strain bacteria
have a mucous coat but R strain don't .



When Griffith injected mice with the S strain
bacteria they died , and when he injected mice with
the R strain bacteria , they did not die .

In an effort to determine If the smooth coat weas

responsible for the virulence ( ability to kill ) the

S strain , he injected mice with heat —killed raist
bacteria , the mice did not die .

Finally , Griffith injected mice with a mixture o
heat-killed S strain and live R strain bacteria ,
unexpectedly , the mice died and living S strain
bacteria were recovered from their bodies .



He concluded that some substance necessamy to
produce a mucous
Coat which cause virulence must have passed fsom

the dead S strain to the living R strain . So thatR
strain bacteria wergansformed

Now the guestion a rise what the transformimg
substance which cause transformation ?
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Figure 10.2 Griffith's discovery of transformation in
Streptococcus pneuroniae.



Avery , Macleod & Maclyn
Experiment :

The next group of investigators , led by Oswald Avery wolkedro -

( in laboratory glassware ) , this group published a paper #at
demonstrated that the transforming substance is DNA . thésdas
following :

In 1943, Oswald Avery, Colin Macleod, and Maclyn McCarty, at the
Rockefeller Institute, discovered that different strainghefbacterium
Srepotococcus pneumonae could have different effects on a mice.
Onevirulent strain could kill an injected mice, and anotheirulent
strain had no effect. When the virulent strain wag-kidled and

Injected into mice, there was no effect. But when a kdlatd virulent
strain was coinjected with the avirulent strain, theentdlied. What
transforming substance was the dead virulent strain giving to the
avirulent strain to make it lethal
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Figure 10.3 Avery, MacLeod, and
McCarty’s proof that the “transform
ing principle” is DNA.



Nucleic Acids

DNA and its close relative RNA are perhapsthe -
most important molecules in biology. They
contains the instructions that make every single
living organism on the planet, and yet it is only
In the past 50 years that we have begun to
understand them. DNA stands for
deoxyribonucleic acid and RNA for ribonucleic
acid, and they are called nucleic acids because
they are weak acids, first found in the nuclel of
cells. They are polymers, composed of
monomers called nucleotides .




Nucleotides

Nucleotides have three e
parts to them:

1-a phosphate group,
which is negatively
charged, and gives

phosphate:i  sugar | base nucleic acids their acidic
o properties.
O—p—0-1,CHz 2-a pentose sugar, which ¢
O i |,f0\ i — has 5 carbon atoms in it.
W AN By convention the carbon
i C—C, atoms are numbered as
 OH OH | shown to distinguish them

from the carbon atoms In
the base.



Nucleotide parts

If carbon 2 hasa -
hydroxyl group attached
(as shown), then the
sugar Is ribose, found in

”“g“t o vse RNA. If the carbon 2 just
Ofono has a hydrogen atom
O Bl O/ -
g Ranl attached instead, then
L L the sugar is deoxyribose,

found in DNA.



e e S i 3-a nitrogenous base. e
TSereae There are five
| o= different bases (and
R e you don't need to
I know their structures),
L wow—ess put they all contain
e Meewees - the elements carbon,
B hydrogen, oxygen
and nitrogen. The
pases are usually
Known by there first
etters only,

MRRTCRE 2l

Figure 10.6 Structural components of necleic acids
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so you don't need to learn e
. the full names. The base
- | thymine is found in DNA
only and the base uracil is
Bl ro gy cpe found in RNA only, so there
o R are only four different bases
S present at a time in one
e wiows s ycleic acid molecule.
A e g e o Nitrogen Bases are:
Adenine (A)
(G) Cytosine (C)
Uracil (U) Thymine (T)

{2
A

Figuﬂ- 106 Skriactural « ompanenls of nu loie acids



Nucleotide Polymerisation

Nucleotides polymerise by forming bonds -
between carbon 3 of the sugar and an oxygen
atom of the phosphate. This is a condensation
polymerisation reaction. The bases do not take
part in the polymerisation, so there Is a sugatr-
phosphate backbone with the bases extending
off it. This means that the nucleotides can join
together in any order along the chain. Many
nucleotides form a polynucleotide.

A polynucleotide has a free phosphate group at
one end and a free OH group at the other end.
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Structure of DNA

The three-dimensional -
structure of DNA was
discovered In the 1950's
by Watson and Crick.
The main features of the
structure are:

« DNA is double-stranded,
so there are two

s polynucleotide stands

IDHhshmvingme. Dhlhshnwinghe spacefiling model alongside each other.

complementary hase pairing double helix of the double helix
between antiparaliel strands




 The strands are
antiparallel, 1.e. they run
In opposite directions.

e The two strands are
wound round each other
to form a double helix.

The two strands are
joined together by
nydrogen bonds

- N _, petween the bases. The
ol oo seinme bases therefore form

between antiparallel strands Oase paws, Wh|Ch are
Ike rungs of a ladder.




DNA showing the
complementary base pairing
between antiparallel strands

DNA showing the

double helix

spacefilling model
of the double helix

The base pairs are specific. A
only bindsto T (and T with A),
and C only binds to G (and G
with C). These are called
complementary base pairs.
This means that whatever the
sequence of bases along one
strand, the sequence of bases
on the other strand must be
complementary to it.
(Incidentally, complementary,
which means matching, is
different from complimentary,
which means being nice.)




Function of DNA

DNA Is the genetic material, and genes are made of e
DNA. DNA therefore has two essential functions:
replication and expression.

e Replication means that the DNA, with all its genes,
must be copied every time a cell divides.

 EXxpression means that the genes on DNA must
control characteristics. A gene was traditionally
defined as a factor that controls a particular
characteristic (such as flower color), but a much more
precise definition is that a gene is a section of DNA
that codes for a particular protein. Characteristics are
controlled by genes through the proteins they code for.




e EXxpression can be split
Into two parts:
transcription (making

expression _
o — N — RNA) and translation
¥ ow ranscription ) trangiation o, (making proteins).
N « These two functions are

4 . . .
summarised In this

diagram (called the
central dogma of
genetics).




 No one knows exactly how many genes
we humans have to control all our
characteristics,

e the latest estimates are 60-80,000. The

sum total of all the genes in an organism
Is called the genome.




Thetable shows the estimated numberof genesindi  fferent
organisms:

Species Common name length of DNA (kbp)’ no of genes
phage | virus 48 60
Eschericia coli Bacterium 4 639 7 000
Drosophila melaogaster fruit fly 165 000 ~10 000
Homo sapiens Human 3150 000 ~70 000




Amazingly, genes only seem to comprise about -
2% of the DNA In a cell. The majority of the

DNA does not form genes and doesn’t seem to
do anything.



RNA

RNA is a nucleic acid like DNA, butwith 4 e
differences:

 1-RNA has the sugar ribose instead of
deoxyribose

 2-RNA has the base uracil instead of thymine

3-RNA is usually single stranded -
4-RNA Is usually shorter than DNA




Messenger RNA (mRNA)

MRNA carries the "message" that codes fora -
particular protein from the nucleus (where the
DNA master copy is) to the cytoplasm (where
proteins are synthesised). It is single stranded
and just long enough to contain one gene only.
It has a short lifetime and Is degraded soon
after it Is used.



Ribosomal RNA (rRNA)

rRNA, together with proteins, form e
rilbosomes, which are the site of mMRNA
translation and protein synthesis.
Ribosomes have two subunits, small and
large, and are assembled in the nucleolus
of the nucleus and exported into the
cytoplasm.




Transfer RNA (tRNA)

tRNA is an "adapter" that matches amino acids to their

COC
folo

on. tRNA is only about 80 nucleotides long, and it

s up by complementary base pairing to form a
looped clover-leaf structure. At one end of the

mo

where t

ecu

e there Is always the base sequence ACC,
ne amino acid binds. On the middle loop there

IS a triplet nucleotide sequence called the anticodon.
There are 64 different tRNA molecules, each with a

different anticodon seguence complementary to the 64
different codons. The amino acids are attached to their
tRNA molecule by specific enzymes. These are highly

specific, so that each amino acid is attached to a tRNA
adapter with the appropriate anticodon.
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The Genetic Code

The sequence of bases on DNA codes for the e
sequence of amino acids in proteins. But there
are 20 different amino acids and only 4 different
bases, so the bases are read Iin groups of 3.
This gives 43 or 64 combinations, more than
enough to code for 20 amino acids. A group of
three bases coding for an amino acid Is called a
codon, and the meaning of each of the 64
codons is called the genetic code.




The Genetic Code (mRNA codons)

UUU Cuu AUU GUU
uuc } Phe 1 e AUC S e | Guc
leu val
JUAY | CuA AUA GUA
UUG CUG AUG startimet| GUG
ucu ccu ACU GCU
uee L |eeel o facc o jeccl
UGA CCA ACA GCA
CCG ACG GCG
UAU CAU | AAU GAU
UAC} ¥l cac } L VNS } BN GAc } S
stop CAA AAA GAA
UAG sop | cacS I | ancS ™ | gacs M
el } os | SO AGU } o | GOU
UGC CGC AGC GGC
arg gly
UGA stop | CGA AGA } g | GOA
UGG tp | CGG AGG GGG




There are several interesting
points from this code:

1-The code is degenerate, I.e. there Is often

more than one codon for an amino acid. The
degeneracy Is on the third base of the codon,
which is therefore less important than the others.

2-One codon means "start" I.e. the start of the
gene sequence. It is AUG.

3-Three codons mean "stop" I.e. the end of the
gene sequence. They do not code for amino
acids.

4-The code Is only read In one direction along
the mRNA molecule.




Replication - DNA Synthesis

DNA Is copied, or replicated, before every cell
division, so that one identical copy can go to
each daughter cell. The method of DNA
replication is obvious from its structure: the
double helix unzips and two new strands are
built up by complementary base-pairing onto
the two old strands.



: J  * Replication starts at a
N L. " specific sequence on
o M PR the DNA molecule
TN e called the replication
; %?n origin.

N1 % « An enzyme unwinds
N | 3 and unzips DNA,
preaking the

o\ - hydrogen bonds that

/ join the base pairs,
A and forming two
1 L\ e geparate strands.




e The new DNA is built up
— o o from the four

' U T e nucleotides (A, C, G and

neY 4= T) that are abundant in

A the nucleoplasm.

IS » These nucleotides
IR attach themselves to the
y QA pases on the old strands

0\ ¢ by complementary base
—_- hairing. Where there is a
- T base, only an A
| szt nucleotide will bind, and
o,




e A winding enzyme winds

the new strands up to
form double helices.

The enzyme DNA
polymerase joins the new
nucleotides to each other
by strong covalent

bonds, forming the
sugar-phosphate
backbone.

The two new molecules
are identical to the old
molecule



DNA replication can takes a few hours, and in
fact this limits the speed of cell division. One
reason bacteria can reproduce so fast is that
they have a relatively small amount of DNA.



The Meselson-Stahl
Experiment

This replication mechanism is sometimes called semi- e
conservative replication, because each new DNA
molecule contains one new strand and one old strand.
This need not be the case, and alternative theories
suggested that a "photocopy" of the original DNA
could be made, leaving the original DNA conserved
(conservative replication. The evidence for the semi-
conservative method came from an elegant
experiment performed in 1958 by Meselson and Stahl.
They used the bacterium E. coli together with the
technigue of density gradient centrifugation, which
separates molecules on the basis of their density.
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Transcription - RNA
Synthesis

DNA never leaves the o
nucleus, but proteins are
synthesised In the
cytoplasm, so a copy of
each gene is made to
carry the "message"”
from the nucleus to the
cytoplasm. This copy is
MRNA, and the process
of copying Is called
transcription.




e The start of each gene on
DNA is marked by a
special sequence of

bases.
— L ¥ The RNA molecule is built
WWM up from the four ribose
ﬁ,/f nucleotides (A, C, G and
§ Ll e %‘1 e ens U) IN the nucleoplasm.
i ﬂll o The nucleotides attach
{B) introns sphoad out

Y themselves to the bases

(T manre mRNA  —— On the DNA by
K@’ C_w// complementary base

e\ pairing, just as in DNA
replication.
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However, only one strand of
RNA is made. The DNA stand
that is copied is called the
template or sense strand

because it contains the
sequence of bases that codes
for a protein. The other strand
IS Just a complementary copy,
and is called the non-template
or antisense strand.

The new nucleotidesare
joined to each other by strong
covalent bonds by the enzyme
RNA polymerase.




Only about 8 base pairs remain
attached at a time, since the
MRNA molecule peels off from the
DNA as it is made. A winding

E— SO enzyme rewinds the DNA.
W The initial MRNA, or primary

@ @ transcript, contains many regions
A 2 that are not needed as part of the
@ Sl emn o3 evons «os  protein code. These are called
prmary ™ e Introns (for interruption
o {)”“’ e inrons sequences), while the parts that
@®) iwrons spiced out i Mg evons are needed are called exons (for

&_,+ .mm. expressed sequences). All

\ maure MANA eukaryotic genes have introns,
mwm and they are usually longer than
ﬁu:!eu BT

the exons.

o¥l Dpla?.m



he Introns are cut out and the exons are e
spliced together by enzymes

The result is a shorter mature RNA containing
only exons. The introns are broken down.

The mRNA diffuses out of the nucleus through -
a nuclear pore into the cytoplasm.




Translation - Protein
Synthesis

1. A ribosome attaches e

FadON to the mRNA at an
initiation codon (AUG).
%“‘% The ribosome encloses
two codons.

2. met-tRNA diffuses
to the ribosome and
attaches to the mRNA
Initiation codon by
complementary base
pairing.

initiatian
cidon
HEE??FGC&UGEUGUG?TW%%?
| IS S—

codans




mm.eu
cut >
Exhﬁwfiiice C

i Fa
= GERUGEUGUG?T?TFF
S

&

met] [leu |

EREW?E ALCGAL
b GEAUGEUGUG?TTTFF

N

3. The next amino
acid-tRNA attaches to
the adjacent mRNA
codon (leu In this
case).

4. The bond
between the amino
acid and the tRNA is
cut and a peptide
bond Is formed
between the two
amino acid




5. The ribosome moves along one
codon so that a new amino acid-
tRNA can attach. The free tRNA
molecule leaves to collect another
amino acid. The cycle repeats
from step 3.

stap codan

ﬂaﬁhfiucuucuaccﬁﬁﬁggwa
{ I T— ':.7

6. The polypeptide

chain elongates one amino acid at
a time, and peels away from the
rlbosome folding up into a protein
as it goes. This continues for
hundreds of amino acids until a
stop codon is reached, when the
ETL T ribosome falls apart, releasing the

Xy UGGUGUGC&&CULA

e finished protein.




A single piece of MRNA can be translated -
by many ribosomes simultaneously, so
many protein molecules can be made from
one MRNA molecule. A group of

ribosomes all attached to one piece of
MRNA Is called a polysome.




Post-Translational
Modification

In eukaryotes, proteins often need to be -
altered before they become fully
functional. Modifications are carried out by
other enzymes and include: chain cutting,
adding methyl or phosphate groups to
amino acids, or adding sugars (to make
glycoproteins) or lipids (to make
lipoporteins).



