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The process of DNA replication is very well studied in prokaryotes because ofthe

Small

size of genome. Bacteria E. coli has 4.6 million base pairs in a circular

double-strande

chromosome and it takes only about 42 minutes to replicate. This replicationbegins from

single origin of replicationand proceeds alongthe circle inn boththe directions. The
rate offor

movement is about1000bp per second per fork. The process is quiterapid and occurs
witho

many mistakes.

The DNA replication produces two indentical copies of daughter DNAmolecules .
the parental DNA strand as template strand. In this chapter we earlier discussed that

molecule has one strand from parent DNA and the other strand is daughter strand.This m

of replication is called as 'semi-conservative' mode of replication.
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Fig.2.8. DNA replication in prokaryotes.

TheDNA replicationin prokaryotes are divided into three stages: initiation, elongation an

termination.

()Initiation:The initiation ofreplicationstarts at ORI C (origin ofreplication)and has 2

bp DNA. It contain 9 bp repeats called 9 mer and contains these 13 bp repeates. The

13 bp sequences are AT-rich sequences. The 13 mer region is called as DUE region. DN

unwinding region while 9 mer regions are called as DAR i.e. Dna Assembly Regio

These two sites are the binding sites for Dna A protein that initiates replication. Anoth

AT-rich sequence is present adjacent to ori C site that facilitates local melting ofthe dupl

exposing single strands to DNA replicationmachinery.

Dna A protein which is eitherATP orADP bound protein. It binds to the four 9 mers

ori-C site forming an "initial complex" that contains 10-20 protein subunits. The bind�n

ofDnaA protein to ori C facilitates the denaturation of AT-richsequences present at thr

13mer region. This process of melting requires an energy which is supplied by AL
molecules associated with Dna A protein and ultimately yields an open-complex". On
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open-complex is formed ereating single stranded strand then single stranded binding

protein (ssb) binds to each strand which prevents reannealing ofboth the strands.

There are H-bondsbetween the nitrogenous bases ofthe strand. In order to separate DNA
molecule completely the H-bonds between the bases has to be broken. These H-bonds

can be brokenby Dna B protein which is a helicase enzyme and a hexamer ofidentical

sub units. Dna B protein is associated with Dna A protein which is a helicase loader and

acts as a clamp around cach ofthe two single strands in the open complex.This dna C
protein escorts the Dna B to the Dna A proteins, yielding the pre- priming complex.Once

the complex is fornmed the Dna B protein breaks the H-bonds betweenthe bases and two

complete separated DNA strands in is formedin the form of replication bubble.

After this, Dna G protein which is a primase is required to prime the reaction.Primase

is a special RNA polymerase that is the product ofthe Dna G gene. It is a 60 KDa single

polypeptide which synthesize short stretches of RNA that are used as primers for DNA
synthesis. The primase protein binds to the respective strand and lays down the primer in

the form of smallpiece of RNAstretch of about 11-12 bases.
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Fig. 2.9. DNA replication in prokaryotes-process of termination.

• The role ofDNA polymeraseis to synthesize a new DNA on a template DNA strand. DNA
polymerase is of three types. DNA pol I, DNA pol II, DNA pol III. DNA pol Iperforms

repair of damaged DNA and fill the gaps between okazaki fragments. DNA pol Il also

plays a role in the repair of damaged DNA while DNA pol III is responsible for denovo

synthesis ofnew strands of DNA. The structureofDNA pol IIIhas complex and consists of

a 'palm'which is the site ofpolymerase function DNA polymerase III is the main enzyme

is replication of prokaryotes which is complex and made up of 10 different polypeptides.

The core polymerase consists ofthree sub units:

a-active site for nucleotide adotition

&-3'to 5' exonuclease to remove incorrectly added nucleotide

0-function is not known

(ii)Elongation: After the addition of nucleotides by DNA pol III new strand is formed on

both the template strand. During the elongation process another molecular binds to the

DNAmolecule called as DNAgyrase. It is a topoisomerase enzyme. It relieves stress

caused by supercoiling. The DNA pol IIIadds nucleotides on 3'OH end only and the

synthesize ofnew strand alwaysoccurs in 5'to 3'direction. The strand which synthesize
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continuously is known asleading strand. The other strand where
discontinuous

occurs is called as lagging strand. On the lagging strands the synthDNA are
synthesize

short stretch of DNA is called as okazakifragments. The leading strand can be
elonga

by a single primer only whereas the lagging strand needs a new primer for
each

of
short okazaki fragments.

(in) Termination: RNA primers are removed by primase enzyme and gaps are
repaired

DNA pol 1. The gaps between the DNA fragmentsare sealed by DNA
ligase. At

the

the duplicate chromosomes from one another are formed. The
replication in

circu

chromosomesinitiates at a origin called as Ori C site. The formationof
replication f

occurs and both forks move inthe opposite direction until reachedto
termination

sites. Thereare 10differentTersequencesstarting from TerJ to Ter Cin one direct:

fromTerH to Ter A in other direction. Five ter sequencesare Ter J, TerG, Ter F. Ter b

TerC present on one direction whereason the right side other five Ter sequences a

H,Ter I, TerE,Ter D,and Ter
A.

TABLE 2.2 Enzymes involvedinDNA replication inprokaryotes.

S. No. Enzyme Function

1 Dna A Binds with ATP orADP to bind with ori C site

2 Dna B Helicase (hexamer)

3 Dna C Escortthe Dna B proteinand works as helicase loader

4 DnaG Primase

5 DNA pol I Repair ofdamaged DNA
6 DNA pol II Repairofdamaged DNA
7 DNA pol|Responsible for de novo synthesisofnew strands of DNA
8 SSB Binds toSSDNA

Ligase Seals the gap

Five Ter sequenceswhich are present on the left side have permissive faces outside to th
left and five Ter sequenceson the right have permissive faces facing to the right. ThesTer' sites sequencesarerecognized and bound by termination utilization substance lu
protein monomers. The Ter-tus complex is asymmetricaland has one face that blocks th
progression ofreplisome which is called as 'non-permissive' face and a second face thaallowsreplication to continue is known as "permissive' face.

There are two replication fork on the left and on the right because this is a bidirectintDNA replication.The left fork continues replication and passes through the 5 Ter- ucomplex.and is stopped only by Ter A sequencebecausethe forkat TerA sequence faethe non-permissive face of TerA sequence, in the sameway right fork which is denoteuR fork continues replication and pass through 5Ter-Tus complex and is stopped only by
e

Csequencebecause the fork faces the non- permissive face. As the two protein dislodgethe replisome replicates the two strands creating the two completedaughter copies.
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DNAreplication initiation in prokaryotes.


