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INTRODUCTION

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

. Central enzyme involved is DNA polymerase, which catalyzes the joining of deoxyribonucleoside 5’ -
triphosphates (ANTPs) to form the growing DNA chain.

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

source (NH,CI) contained **N, the “heavy” isotope of nitrogen, instead of th mal, ndant

“light” isotope, *“N.
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selson and Stahl's experiment demonstrating that DNA replicated by a semiconservative

mechanism in E.coli. The diagram shows that the result of their experiments is those expected if the

E.coli chromosome replicates semi conservatively.
REPLICATION FORK

. In each replicon, replication is continuous from the origin to the terminus and is accompanied by the

movement of the replicating point, called the replication fork.
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-nucleotide repeat, five copies of which are dispersed throughout oriC, is the binding site for
a protein called DnaA.
. The result of DnaA binding is that the double helix opens up (‘melts’) within the tandem array of three

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

Toll Free: 1800-2000-092 Mobile: 9001297111, 9829619614, 9001894073, 9829567114
Website: www.vpmclasses.com FREE Online Student Portal: examprep.vpmclasses.com

E-Mail: vypmclasses@yahoo.com /info@vpmclasses.com Page 3




"BV PM CLASSES

UGC NET, GATE, CSIR NET, IIT-JAM, IBPS, CSAT/IAS, SLET, CTET, TIFR, NIMCET, JEST, JNU, ISM etc.

< ~ 245 bp >
13mer 13mer 13mer 9mer 9mer 9mer 9mer 9mer
GATCTATTTATTT 2 ATCCA
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Fig. : E. coli origin of replication, oriC, oriC contains repetitive

sequences, referred to as 9-mers and 13-mers, respe  ctively.

.

9 mers

Initial Open
complex complex

the five 9 mers. The 13 mer region is

eplication start site.

2. These short repeat units are recognized by multimeric origin-binding proteins. These proteins play a
key role in assembling DNA polymerases and other replication enzymes at the sites where replication
begins.
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3.

Origin regions usually contain an AT-rich stretch. This property facilitates unwinding of duplex DNA

because less energy 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 t
ATP, ahead of the replication fork.

Single-stranded DNA-binding proteins  (e.g., eukaryotic replication protei
the unwound template DNA, keeping it in an extended single-stranded copied
by the polymerase.
As the strands of parental DNA unwind, the DNA ahead of the icadti orced to rotate.
Unchecked, this rotation would cause circular DNA mole
chromosome) to become twisted around themselves, eve
This problem is solved by topoisomerases enzymes

rejoining of DNA strands.

The synthesis of RN
fragments of RNA (e.

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 different types of prokaryotic DNA polymerase are known:
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1) DNA POLYMERASE-I

. It was first of all isolated by Arthur Kornberg in 1960.
. It is now considered to be a DNA repair enzyme rather than a replication enzyme.
. The exonuclease activity of DNA polymerase-| also helps in the removal of mismatch base pairs and

this process of making correction is known as “proofreading”.

. DNA polymerase-| consist of 2 types of fragments, larger Klenow fragment - /3- 5 exonuclease
activity and 5’-3’ polymerizing activity.

. Smaller fragment - 5-3" exonuclease activity.

2) DNA POLYMERASE-II
It resembles DNA polymerase-I in bringing up the growth in 5-->3

. Although it has 3-5 exonuclease activity, it lacks 5-->3 exonuglea:

. It is not a replicating enzyme.lt is involved in the process

3) DNA POLYMERASE-III
« It plays an important role in DNA replication, it is a [timeric enzyme with 10 units.
* This replication complex is an asymmetric dimer. atalytic_core of DNA pol 1l composed of a~,

Prokaryotic (E.coli) Number of Function
subunits

RNAMmovaI, DNA repair

DNA repair

Pol |
Pol Il (Din A)

Pol Il holoenzyme

Pol IV (Din B)
Pol V (Umuc@)

mosome replication

NA repair, Translesion Synthesis (TLS)

TLS

Eukaryotic Number of Function

subunits
Pol a 4 Primer synthesis during DNA replication
Pol B 1 Base excision repair
Poly 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
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@)

In eukaryotic cells, nuclear DNA replication requires three polymerase, Pol a, Pol g, and Pol €. Poly
is a sole polymerase participating in mitochondrial DNA replication.

DNA Pol a is unusual because it has the ability to initiate a new strand. It is used to initiate both the
leading and lagging strands. Among the replicative polymerases, Pol a is unique in possessing a
primase activity, the only such activity so far identified in eukaryotic cells, suggesting that Pol a may

play a role in the priming of DNA synthesis.

DNA synthesis by Pol a, lacking the 3-5' exonuclease activity, is inaccurate a low
processivity. These enzymatic characteristics make Pol a poor candida ative
polymerase.

The Pol a binds to the initiation complex at the origin and synthesij isting of ~10
bases of RNA followed by 20-30 bases of DNA.

Then it is replaced by an enzyme that will extend the chaip’ e leading strand, this is DNA pol .

This event is called the polymerase switching

Now this complex (D
DNA in a region of 13
During the unwindi

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 components i.e. core
and accessory component.

When both the components are linked together, enzyme becomes functional.
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. As a result of this process the two types of strands are synthesized out of which one is leading strand
and the other is lagging strand.
(3) CHAIN TERMINATION
. The prokaryotic DNA strand contains large termination zone opposite to Ori-C region which can block

the progress of the replication.

. Replication of genome terminates at terminus region containing multiple copie bout 23 bp
sequences called Ter (for terminus) sequences .

. Seven of these have been identified in the E.coli genome, each one acting
a sequence-specific DNA-binding protein called Tus (terminus utilization

. When approached from one direction, Thus blocks the passage he icase, which is
responsible for progression of the replication fork. But when approaching from o irection, Dna B

is able to cross the Tus protein.

EUKARYOTIC DNA REPLICATION

. DNA replication in eukaryotes involves the following steps:
Chain initiation
. In the eukaryotic genome the origin of replication S wn as autonomously replicating

sequence (ARS).

. ARS contains 11 base pairs A=T ri sus sequences or ACS domain [Autonomous replication
consensus sequences).
. Unwinding occurs from the domain in order to form a replication fork. The replication fork in this case

bidirectional in nature.

e unwindin -Ag protein which requires the presence of ATP.
. The same protein is al sociated with the replication factor A (RF-A) and the topoisomerase
enzyme whi tion of helicase & brings about the local unwinding of the DNA

molecule

. Next.step o aryotic replication is the RNA priming.
hain Elongation
. DN merase o synthesize lagging strands or the Okazaki fragments on 5’-3' DNA template.
. RF-C [Replicating Factor-C] & PCNA [Proliferating Cell Nuclear Antigen] or cycline helps in switching

off DNA polymerase, so that poly-a is replaced by poly & which will then continuously synthesize DNA

as a leading strand in 3’-->5’ direction
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. Another Okazaki fragment is then synthesized from the replication fork on the lagging strand by poly
o primase complex.

. This step is repeated again and again till the entire DNA molecule is covered.

. The RNA primers are later on removed and the gaps are filled as in case of prokaryotic DNA
replication. Thus, the chain elongation involves the switching between ploy a and poly o.

. Aphidicolin, a tetracyclic diterpenoid, is a potent inhibitor of mammalian nuclear D merases. It

does not affect mitochondrial DNA polymerase.
S
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POINTS TO REMEMBER

. Replication could b ither unidi al or bidirectional and these can be distinguished by
autoradiography:
. DNA replicati
replication

@ i ast in known as autonomously replicating sequences or ARSs.

riginiregions .usually contain an AT-rich stretch.

EXAMPLES

1. Eukaryotic DNA synthesis is inhibited by
(A) Aphidicoline
(B) Cycloheximide

(C) Chloramphenicol
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(D) Ampicillin

2. What would be the consequence of mutation in the 3’ to 5’ exonuclease activity of DNA polymerase
Il on the fidelity of replication of E.coli DNA?
(A) DNA polymerases are unable to initiate DNA synthesis

(B) Unable to remove RNA primers

(C) Would have a high frequency of mutation each time the DNA is replicated
(D) Would not synthesize RNA primers
3. The function of the 3’ to 5’ exonuclease activity of a DNA polymerase is to

(A) Remove the 5’ end of the polynucleotide from the template strand th

(B) topo | from eukaryotic cells removes both positi

(C) topo | from E. coli can remove only negative sup

(D) DNA polymerase
Answer key:
1.(A)
| DNA polymerase.
ity is required for the excision of mismatched bases in newly synthesized

4.(A) Topoisomerase | removes supercoiling but not require ATP for this activity.

5.(D) DNA replication in prokaryotes requires DNA polymerase DNA to cut out primers and fill in gaps in
the lagging strand.
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