DNA replication

The central dogma of molecular biology

transcription translation _
DNA =—————> RNA = Protein
replication Revers

transcriptase
The information stored by DNA:
- protein structure
- the regulation of protein synthesis
Nucleic acids: polimers made out of nuleotid monomers
RNA: adenine, guanine, cytosine, uracil bases and ribose

DNS: adenine, guanine, cytosine, thymine beses and deoxy-riboses



Deoxy-ATP
(deoxyadenosine Adenine
triphosphate) NH;

Phosphate groups “[ﬁ | ”‘>
N N

| | |
o o~ 0~ H H Deoxy-
H H :
—_ ribose

HO @ sugar




nitrogen-containing base

MNH»
N C
*-‘..C/ *&-N
phosphate group HC\ IE |
o N,_-C\N‘_‘,,CH

HO — P — 0—CHjy

HO—P — 0—CH,

|| hitrogen-containing base

phosphate group IE l

D_

| 5 | ¥
0 Adenine (A) o Thymine {T)
five-carbon sugar five-carbon sugar
OH H OH H
12 1997 Wadsworth Publishing Company/ ITF 1097 Yiadsworth Publishing Comparyd TR
0 NH3
!;l nitrogen-containing base " hitrogen-containing base
N cC
~ C/ %}NH H C/ B N
phosphate group HC g (I:_ NH phosphate group lE l
N— ° N = 2 HC_ NP C=0
T T
HO—P —0—CH, HO —P —0—CH,
| ¥ | 7
0 Guanine {G) 0 Cytosine (C)

five-carbon sugar

OH H

1211997 adsworth Publishing Comparey s ITP

five-carbon sugar

OH H

121987 Wadsworth Publishing Company/ITP



Single strand of DNA:

. Polimer backbone: bridges between
ribonucleotide (RNA), or
deoxyribonucleotide units (DNA).

Information: the sequence of
deoxyribonucleotides

3' end OH H guanine H

sugar-phosphate bases
backbone






Width of the helix
2.0 nm

Length of one
complete
turn of helix
3.4 nm

Purine-purine pair
TOO WIDE

Pyrimidine-pyrimidine pair
TOO NARROW
Purine-pyrimidine pair
JUST RIGHT
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DNA replication must occur before a cell can produce two
genetically identical daughter cells.

The replication of DNA Is semiconservative

Each DNA strand serves as a template for the synthesis of a new
strand, producing two new DNA molecules, each with one new strand

and one old strand. Semiconservative replication

Original DNA
Helix

DNA helixes
after one round
of replication
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The hydrogen bonds between complementary bases and the common

geometry of the standard A=T and G=C base pairs provide the correct
pairing

5 H . <3

Sugar-phosphate backbone

DNA contains thymine,
3’ whereas RNA contains uracil 5



DNA polymerization has two requirements:

1. Template
2. Primer

The primer is a strand segment (complementary to the template) with

a free 3’-hydroxyl group

All DNA polymerases can only

add nucleotides to a preexisting

strand

Many primers are
oligonucleotides of RNA.
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The replication of DNA In prokaryotes

The enzymes of the process

DNA polimerase I: the first known enzyme DNA polimerase, consist
of one polipeptide chain, 3 different activity:

- synthetic activity
- correction 3°-5’ exonuclease
- correction 5°-3” exonuclease activity

The main function of DNA polymerase | Is repair.

DNA polimerase I11: this enzyme responsible for the replication,
consist of many subunits, 2 different enzyme activity:

- synthetic activity
- correction 3°-5° exonuclease activity

DNA polymerase 111 is the principal replication enzyme



The process of DNA replication

The direction of DNA synthesis: from the 5’ end to the 3’ end.

The replication is bidirectional: both ends of the loop have

helicase enzyme

active replication forks

The template DNA
strand and the
sythesising daughter
strand are antiparalel.
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If both strands were synthesized continuously while the replication
fork moved, one strand would have to undergo 3’ — 5’ synthesis
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One strand Is synthesized continuously and the other discontinuously.

The leading strand is continuously synthesized in the direction taken

by the replication fork.

The other strand, the lagging strand, is synthesized discontinuously

In short pieces



DNA double helix must be opened up ahead of the replication fork

DNA polymerases and DNA primases can copy a DNA double
helix only when the template strand has already been exposed by
separating it from its complementary strand

Two types of protein contribute to the >
opening: l

* DNA helicases 5

* Single-strand DNA-binding proteins: aid “--—;._\___1};7 o
helicases by stabilizing the unwound, single- K
stranded conformation (IR e
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1. Leading strand synthesis begins with the synthesis of a short
RNA primer at the replication origin by primase.

2. Deoxyribonucleotides are added to this primer by a DNA
polymerase 111 complex

3. Leading strand synthesis then proceeds continuously, keeping
step with the unwinding of DNA at the replication fork.

4. Lagging strand synthesis is accomplished in short Okazaki
fragments.

5. Once an Okazaki fragment has been completed, its RNA
primer is removed and replaced with DNA by DNA polymerase
I, and the remaining nick is sealed by DNA ligase.

Eventually, the two replication forks of the circular E. coli
chromosome meet at a terminus region.



Proofreading

Replication is very accurate.

The bases opposite each other (in the double DNA helix) should be:
complementary bases.

The not complementary bases are dissected by the polimerase
enzyme: 3°-5’ exonuclease activity.

In region of complementary double helixes the 5’-3 exonuclease
activity plays important role in proofreading mechanism.

DNA-ligase

Two DNA strands are joined by DNA-ligase enzyme. The energy
demand of the reaction is covered by the hydrolysis of NAD in
prokaryotes and ATP hydrolysis in eukaryotes.



The organisation of eukaryotic chromosome

histone core

nucleosome

DNA
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The special features of eukaryotic replication

The replication initiates at many starting ponts along the linear DNA
molecule

The leading and lagging strand are synthesised by different
polimerases

- a-DNA polimerase: lagging strand
- 0-polimerase: leading strand

- the eukaryotic polimerases have not got exonuclease

activity
- The energy demand of DNA-ligase Is covered by the
hydrolysis of ATP. P
¥
e e N




Transcription: the synthesis of ribonucleic acids

The central dogma of molecular biology

transcription translation

DNA =——————> RNA —————> Protein

Revers

replication _
transcriptase

Three major kinds of RNA are produced.

tRNA molecules Growing polypeptide
N "‘Y

MRNA: carries the genetic information
from DNA to the place of protein
synthesis (ribosomes).

Esite
(Exit site)

rRNA: a component of the protein
synthesizing machinery (ribosomes).

tRNA: an adaptermolecule, translates
the genetic code to amino acids.

(a) Two-dimensional structure {¢) Schematic model with mRNA and tRNA
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During transcription, an enzyme system converts the genetic
Information in a segment of double-stranded DNA into an RNA
strand with a base sequence complementary to one of the DNA
strands.

Only particular part of DNA (genes or groups of genes) are
transcribed

Specific regulatory sequences mark the beginning and end of the
DNA segments to be transcribed and designate which strand in duplex
DNA is to be used as the template.

Transcription resembles replication in its fundamental chemical
mechanism direction of synthesis, and its use of a template.

Transcription differs from replication in that it does not require a
primer and involves only limited segments of a DNA molecule.

Transcription has three phases, initiation, elongation, and
termination.



DNA-dependent RNA polymerase requires a DNA template and
all four NTPs of the nucleotide units of RNA.
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Transcription has three phases, initiation, elongation, and termination.

Initiation occurs when RNA polymerase binds at specific DNA
sequences called promoters

The role of the promoter region in transcription
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When RNA polymerase reaches a terminator sequence, RNA
synthesis halts, and the RNA polymerase dissociates from the
DNA.
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(a) Prokaryotic cell

P

{b}Eukaryotic cell
Copyright & Pearson Education, Ine., publishing as Benjamin Cummings.



{b) Eukaryotic cell
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{b) Eukaryotic cell
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{b) Eukaryotic cell
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{b) Eukaryotic cell
Copyright © Pearsen Education, Ing., publishing as Benjamin Cummings.



The transcription in a eukaryotic cell is much more complex than

that in bacteria.
Eukaryotes have three RNA

polymerases, designated I, 11, and

RNA polymerase | is responsible
for the synthesis of pre-ribosomal

RNA.

The principal function of RNA

polymerase Il is synthesis of
MRNAs and some specialized
RNAs

RNA polymerase 111 makes
tRNAS, and some other small
specialized RNAs.
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A newly synthesized RNA molecule is called primary transcript.

The primary transcript for a eukaryotic mMRNA typically contains two
types of sequences: noncoding segments that break up the coding
region are called introns, and the coding segments are called exons.

In a process called splicing, the introns are removed from the primary
transcript and the exons are joined to form a continuous sequence that
defines a functional polypeptide
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