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INTRODUCTION

. DNA replication is a semi conservative process in which each parental strand serves as a
template for the synthesis ofa new complementary daughter strand.

. Central enzyme invdved is DNA polymerase, which catalyzes the joining of deoxyiibonucleoside 5’-
triphosphates (dNTPs) to form the growing DNA chain.

. Meselson and Stahl grew E. coli cdls for many gererations in a medium in which the sole nitrogen

source (NH,Cl) contained **N, the “heavy” isotope of nitrogen, instead of the normal, more abundant
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Fig: Meselson and Stahl's experiment demonstrating that DNA replicated by a s£miconservative

mechanism in E.coli. The diagram shows that the result of their experimentsis those expected if the
E.coli chromosome replicates semiconservatively.

REPLICATION FORK

In each replicon, repicationis continuous from the origin to the terminus andis accompanied by the

movementof the replicating point, called the replication ‘fork
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. DNA replicaion does not start at random locations but at particular sites, called the origins of DNA
repliation. A strand whos replication garts from an origin and proceeds bidirecional or
unidirectiond to terminus site is called a replicon, a unit of DNA replication.

. In bacterial cells, the circular chromosome contains a unique origin and DNA replication proceeds
bidirectional from the origin to the teminus. T herefore, the whole bacterial genome(~4.6 Mbp for E.
coli)isa singe replicon (monorepliconic).

. On the other hand, eukaryotic cells contain multiple replication origins on"each cdhiromosome and
hena many replicons (multirepliconic).

. The Ecoli origin of replicationis refered to as oiiC. It spans approximately 245 bp of DNA. It contains
two short repeat motifs, one of nine nucleotides and he other of 13 nucleotides.

. The nine-nudeotide repeat, fve copies of which are dispersed throughout oiC, is the binding site for
a protein called DnaA.

. The result of DnaA hinding isthat the double helix opens up (‘melts) within the tandem arrayof three

AT-rich, 13-nucleotide repeats located at one end of the oriC sequence.

< ~ 245 bp >
13rmer 13rmer 13rmer Smer Imer Omer Smer 9mer
GATCTATTTAT—T 2 AT CAC&
13 bp sequences |called 13 mer) 9 bp secuences (called 9 mer)

E nding sites for DnaA croein
Fig. : E. cali originof repltation; oriC, oriC confains repetitive 6 -bp and A.T rich 13-bp sequences,

referredtoas 9-mers and13-mers, respectively.
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Fig. Initiation at oriC occurs after DnaA protein binds the five:9 mers The 13 mer region is

then denatured, and this open complex servesasar  eplication start site

. oriC contains 11 5-GATC-3 repeats that are methylated onadenne on both strands. Only fully
methylated origins can initiate replication; hemimethylated daughter origins cannot be used again
untl they hawe beenrestored to the fully methylated date.

. Common features of replication origins:
1. Replication origins are unique DNA ssgmentsthat contain mutiple short repeated sequences
2. Thes short repeat units are.recognized by multimetic origin-binding proteins. These proteins play a
key role in assembling. DNA polymerases and other replication enzymes at the sites where replication
begins.
3. Origin regions'usually‘contain an AT-rich stretch. This property faciitates unwinding of dupex DNA

because lessenergy is required to melt A=T base pairs than GC base pairs.

BIOCHEMISTRY OF DNA REPLICATION

Enzymes Involved in DNA Replication
. Helicases are enzymes that catalyze the unwinding of parental DNA, coupled to the hydmwlysis of
ATP, ahead of the replication fork.
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Single-stranded DNA-binding proteins (e .g., eukaryotic replication protein A [RPA]) then stabilize
the unwound template DNA, keeping itin an extended single-stranded state so thatit can be copied
by the polymerase.

As the strands of parental DNA unwind, the DNA ahead of the repgication fork isforced to rotate.
Unchecked, this rotation would cause circdar DNA molecules (such as SV40 DNA or the E. col
chromosome) to become twiged around themselves, eventudly blockng replication:

This problem is solved by topoisomerases enzymes that catalyze the reversible breakage and
rejoining of DNA strands.

Type | topoisomerases breakjust one strand of DNA; type | and. |l topisomerases serve as “swivels’
that dlow thetwo strands of template DNA to rotate freely around‘each other.

In E.coli there isanenzyme called DNA gyrase which is able to'produce negative superelicity.
Posiive superhelicity is removed by gyrase introducing negative ‘twists by binding ahead of the

advancing replication fork.

The gynthesis of RNA primer can iniiated de novo, and an enzyme called primase s/nthesizes short
fragments of RNA (e.g., three to ten nucleotides long).compementary to the lagging strand template
at the replication fork

RNA primers must eventually be:-removed flom the Okazaki fragments and replaced with DNA.

In prokaryotes, RNA Primersare removed bythe action of pdymeras I.

In addition toits DNA polymerase activity, polymerase | acts as an exonuclease that can hydrolyze
DNA (or RNA) in either:the 3'to 5’ or5'to'3’ drection.

The action o polymerase l.as a 5’ to 3’ exonuclease removes ribonucleotides from the 5 ends of
Okazaki fragments.

In eukaryotic.cells, RNA primers are removed by the combined action of R Nase H, an enzyme that
degrades the RNA strand of RNA-DNA hybrids, and 5" to 3’ exonuclease.

PROKARYOTIC DNA POLYMERASE
3 diferent types of prokaryotic DNA polymerase are known:
DNAPOLYMERASE-I

It was first ofall isolated by Arthur Kornberg in 1960.

It isnow considered to be a DNA repairenzyme rather than a replicaion enzyme.
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The exonuclease acivity of DNA polymerase-l also helpsin the removal of mismatch base pairs and
this process of making correction is known as“proofreading’.

DNA polymerase-l consist of 2 types of fragments, larger Klenow fragment - 3- 5 exonuclease
activity and 5'-3’ polymetizing activity.

Smalerfragment — 5-3" exonuclease activity.

DNAPOLYMERASE-II

It re;emblesDNA pdymerase-l| in binging up the growth in 5-->3" usng 3:-OH group.

Although it has 3-5"exonuclease activity, it lacks 5-->3" exonucdease activity.

It is ot arepicatingenzyme.ltisinvdved in the process of DNA repair.

DNAPOLYMERASE-III

* It plays an important role in DNA replication, itis al called hetero multimer¢c enzyme with 10 units.
» Thisreplication complex isan asymmetric dimer. The catalytic core of DNA pol 11l composd of o,
€, B-aubunits, contains the pdymerase activityand'a3’ — 5’ exonuclease forproofreading.

Table: Activities and Functions of DNA polymerases

Prokaryotic (E.coli) Number of Function

subunits

Pol | 1 RNA primer removal, DNA repair

Pol 1l (Din A) 1 DNA repair

Pol llTholoenzyme 9 Chromasome replication

Pol IV (Din B) 1 DNA:repair, Translesion Syntheds (TLS)
Pol V (Umuc, UmuD',C) 3 TLS

Eukaryotic Number of Function
subunits

Pol a 4 Primer synthesisduring DNA repication

PolB 1 Base excision repair

Pol y 3 Mitochondrial DNA replication and repair

Pol:¢ 2-3 DNA replication; nucleotide and base excision repair

Poll £ 4 DNA replication; nucleotide and base excision repair

In eukaryotic cells, nuclear DNA repication requiresthree polymerase, Pol a, Pol §, and Padl €. Poly

isa le polynerase participating in mitochondrial DNA replication.
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DNA Pol a isunusual because it hasthe ability to intiate a new strand. It isused to initiate both the
leading and lagging strands. Among the repicative polymerases, Pol a isunique in possessing a
primase activity, the only such activity so faridentified in eularyotic cells, suggesting that Pol a may
play arole inthe priming of DNA synthesis.

DNA synthess by Pol a, lacking the 3’-5’ exonudease activity, is inaccurate and shows a low
processivity. These enzymatic characteristics make Pol a poor candidate for the major replicative
polymerase.

The Pol a binds to the initiation compex at the origin and synthesize a short:strand consisting of ~10
bases of RNA followed by 20-30 bases of DNA.

Thenitisreplaced by an enzyme that will extend the chain. On the:leading grand, thisis DNA pol &
Thiseventiscalled the polymerase switching

DNA pol & Pol € both posses a 3'-5’exonuclease activity and are able to carry out highly processive
DNA syntheds with he aid of a sliding clampand a.damp loader.

DNA pol delongatesthe leading strand and pol € may be invdved inlagging strand synthesis

PROKARYOTIC DNA REPLICATION

Initiation of Replication in a Double Strand of DNA

For the initiaion of replication from ori-c, DnaA protein whichis a product of dnaA gene form complex
with the AT P molecue (DnaA-ATP. complex).

Now this complex (DnaA-AT P complex)icomhnes at ori-c regon in order to promote the unwinding of
DNAin a regon of 13 base.pair sequence.

During the unwinding the excessive super coling of DNA also occursahead of the repication fork

In case of.circular DNA mdecules the problem o super coiling is overcome by topoisomerase

enzyme.,

RNA BRIMING:"Unwindng is followed by the synthess of RNA primers by DNA-primase through it’s
interaction with DnaB and the primersare further elongated by DNA polymerase-lIl hdoenzyme.

(2) CHAIN ELONGATION
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The elongation of the chain involvesloading and adivation of Dna-B helicase enzyme because this
enzyme will then activate a series of other enzyme such as DNA polymerase-lll holoenzyme to
promote chain elongation.

DNA polymerase-Ill holoenzyme is a large multiprotein complex made up of two componentsi.e. core
and accessoly component.

Whenboth the components are linked together, enzyme becames functional.

As aresult of this process the two types of strands are synthesized out of which“oneis leading strand

and the otherislagging strand.

CHAIN TERMINATION
The prokaryotic DNA strand containslarge temination zone.opposite to Ori-Cregion which can block

the progressof the replication.

Replication of genome teminates at terminus region containing multiple copies of about 23 bp
sequences called Ter (for terminus) sequences .

Seven of these have been identifiedin the E.coli genome, each-one acting as the recognition site for
a sequence-gecific DNA-binding protein-called Tus (erminus utilizaion subgance).

When apprached from one direction, Thus blocks the passage of the Dna B hdicase, which is
responsible for progression of the replication fork. But when approacing from otherdirection, Dna B

is able to cross the Tus protein.

EUKARYOTIC DNA REPLICATION

DNA replication in.eukaryotes involves the following geps:

Chain initiation

In the eukaryotic genome the origin of replication is also known as autonomously replicating
sequence (ARS).

ARS contains11 base pairs A=T rich consensus sequencesor ACS domain [Autonamous replication
consensus sequences).

Unwinding occurs from the domain in order to form a replication fork. The replication fork in this case
of eukaryoteshas directional progressi.e. itis bidirectional in nature.

The protein involvedin the unwindingis T-Ag protein which requiresthe presnce of ATP.
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. The same protein isalso associated with the replication factor A (RF-A) and the topoisomerase

enzyme which performs the function of helicase & biings about the locd unwinding of the DNA

molecule.
. Just as soon asthe replication forkisformed S.S.B binds so asto unwound sngle stranded DNA.
. Next step ofeukaryotic repliation isthe RNA priming.

Chain Elongation
. DNA polymerase a synthesize lagging strands or the Okazaki fragments on 5-3' DNA template.
. RF-C [Replicating Factor-C] & PCNA [Pwoliferating Cell Nuclear Antigen] or cycling:.helpsin switching

off DNA polymerase, so that poly-aisreplaced by pdy d which.will then continuously synthesze DNA
as a leading strand in 3’-->5" direction

. Another Okazaki fragnent isthen synthesized from the replication fork on the lagging strand by poly
o primase canplex.

. Thisstep is repeated again and againtill the entire DNA molecule is covered.

. The RNA pimers are later on removed and the gaps are filled as in case of prokaryotic DNA

replia@tion. Thus, the chain dongation involves the switchingbetweenploy a and poly 6.
. Aphidcolin, a tetracyclic diterpenoid, is a potent inhibitor of mammalian nuclear DNA polymerases. It
doesnot affect mitochondiial DNA pdymerase.
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RMA primer

DA ligase
DNA Polymerase (Pola)

Lagging | | 8 W ' ,a .,
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POINTS TO REMEMBER

. DNA replication is semiconservative in nature..

. Replication could be either unidirectional or bidirectional and hese can be. dstinguished by
autoradiography:

. DNA replicaion does not start at random locations but at particular sites, :.called“the origins of DNA
repliation.

. Origins of replicationin yeastin known as aubnomously replicating sequences or ARSs.

. The Ecoli origin of replicationis refered to as oriC.

. Origin regions usually contain an AT +ich stretch.

SOME QUESTIONS

1. Eukaryotic DNA synthesis isinhibitedby
(1) Aphidicoline
(2) Cycloheximide
(3) Chloramphenicol
(4) Ampicillin
2. What would be the consequence of mutationin the 3' to 5’ exonuclease activity of DNA polymerase lli
on the fidelity.of replication of E.coli DNA?
(1) DNA polymerasesare unable to initiate DNA synthesis
(2) Unable to emove RNA primers
(3)Would have a high-frequency of mutation each time the DNA is replicated
(4) Would not synthesize RNA primers
3. The function of the 3’ to 5’ exonuclease activity of a DNA polyneraseisto
(1) Remove he 5’ end of the polynudeotide from thetemplate strandthatis being coped
(2) Remove damaged nucleotides from the template strand during DNA synthesis
(3) Remove nucleotides from the ends of DNA molecules to ensure the generation ofblunt ends.
(4) Remove incorrect nucleotides from the synthesized strand of DNA
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4, All of the following statements aboutType | topoisomerase (Topo |) are true except:
(1) Topo | removes DNA supercoilsin an ATP-dependent reaction
(2) Topo | from eukaryotic cells removes both positive and negative supercoils
(3) Topo I from E. coli can remove only negative supercoils
(4) Topo lisessentid for viahility in E. coli

5. DNA replication in prokaryotes requires
(1) Primase to make small primers containing deoxyrbonucleotides
(2) DNA polymerase Il to join Okazaki fragments
(3) DNA polymerase alpha to synthesze DNA
(4) DNA polymerase | to cut out primers andfill in gaps in thelagging strand

Answer key: 1.(1),2.(3),3.(4),4 (1), 5(4)

1. (1) Aphidicolin, atetracydic diterpenoid,is a potentinhibitor of mammalan nuclear DNA polymerases. It
doesnot affect mitochondrial DNA pdymerase.

2. (3) 3'to5 exonuclease activity isrequired forthe excision. of mismatched basesin newlysyntheszed
DNA during proofreading. A mutant E.coli witha.DNA pol.lll lacking this activity would have ahigh
frequency of mutations eachtime the DNA isreplicated.

3.(4) 3'-5 exonudease activity involves mainly proof reading or editing function i.e. correcting unpaired or
mismatch basesin the DNA.

4. (1) Topadsomerase | removessupercoiling but not require ATP for this activity.

5. (4) DNA replicaion in:prokaryotes requires DNA polymerase DNA to cut out primers and fill in gapsin
the lagging:grand.
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