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DNA Replication in Prokaryotes and Eukaryotes 
           When a cell divides, it is important that each daughter cell receives an 

identical copy of the DNA. This is accomplished by the process of DNA 

replication. The replication of DNA occurs during the synthesis phase, or S 

phase, of the cell cycle, before the cell enters mitosis or meiosis. The information 

in each strand of the double helix serves as the template for the construction of a 

new double-helical DNA molecule, this is 

called semiconservative replication since one old strand of DNA is paired with 

one new strand to produce the daughter DNA molecule. All DNA molecules in 

all organisms replicate semiconservatively. This basic fact was first proved by 

Matthew Meselson and Frank Stahl who labelled DNA in E. coli by growing cells 

for several generations in medium containing a heavy isotope of nitrogen 
(15N).There are specific nucleotide sequences called origins of replication at 

which replication begins. Certain proteins bind to the origin of replication while 

an enzyme called helicase unwinds and opens up the DNA helix. As the DNA 

opens up, Y-shaped structures called replication forks are formed. Two 

replication forks are formed at the origin of replication, and these get extended in 

both directions as replication proceeds. E. coli chromosomal DNA replication 

initiates within a 245-bp region, termed oriC. This region contains four 9-bp 

binding sites for the E. coli initiator protein, DnaA. Nearby are three repeats of a 

13-bp A/T-rich sequence.  Binding of DnaA permits unwinding of the DNA at 

the 13-bp repeats, in a reaction that requires the histone-like proteins. Next, DnaC 

binds to DnaB and escorts it to the unwound DNA. DnaB is the key helicase that 

will drive DNA replication by unwinding the double helix, but it binds DNA 

poorly on its own in the absence of its DnaC escort. Once DnaB has docked onto 

the DNA, DnaC is released, and the helicase can then start to unwind the DNA, 

provided that ATP, SSB, and DNA gyrase are present. SSB is a single-stranded 

https://www.sciencedirect.com/topics/medicine-and-dentistry/isotope


DNA binding protein that stabilizes the unwound DNA, and DNA gyrase is a 

topoisomerase that removes the twist that is generated when the two strands of 

the double helix are separated. There are multiple origins of replication on the 

eukaryotic chromosome, such that replication can occur simultaneously from 

several places in the genome. 

         All daughter strands are started by an RNA primase that deposits primers 

of 11 ± 1 nucleotides. The enzyme that actually synthesizes the DNA is the 

polymerase III holoenzyme, which has at least 10 subunits. This contains 

polymerase and proofreading subunits. Activities specific for the lagging 

strand include RNase H, which removes the RNA primers; DNA polymerase I, 

which fills in the gaps left behind by primer removal; and DNA ligase, which 

links the Okazaki fragments together. DNA replication in E. coli is significantly 

faster than it is in eukaryotes, with the fork moving at a rate of approximately 

1000 bp per second. This higher speed is presumed to be at least partially 

attributable to the absence of nucleosomes on the bacterial chromosome, but the 

eukaryotic enzymes may also be intrinsically slower. During elongation, an 

enzyme called DNA polymerase adds DNA nucleotides to the 3′ end of the 

template. Because DNA polymerase can only add new nucleotides at the end of 

a backbone, a primer sequence, which provides this starting point, is added with 

complementary RNA nucleotides. This primer is removed later, and the 

nucleotides are replaced with DNA nucleotides. One strand, which is 

complementary to the parental DNA strand, is synthesized continuously toward 

the replication fork so the polymerase can add nucleotides in this direction. This 

continuously synthesized strand is known as the leading strand. Because DNA 

polymerase can only synthesize DNA in a 5′ to 3′ direction, the other new strand 

is put together in short pieces called Okazaki fragments. The Okazaki fragments 

each require a primer made of RNA to start the synthesis. The strand with the 

Okazaki fragments is known as the lagging strand. As synthesis proceeds, an 



enzyme removes the RNA primer, which is then replaced with DNA nucleotides, 

and the gaps between fragments are sealed by an enzyme called DNA ligase. A 

specialized termination zone is found on the circular E. coli chromosome 

opposite oriC. This zone contains binding sites called ter sites, to which 

the ter binding protein binds. This protein appears to block the movement of 

DNA helicases, such as DnaB, thereby stalling the DNA replication fork. 

Following termination of replication, a specialized topoisomerase, the product of 

the parC and parE genes, is required to separate the daughter chromosomes from 

one another. 

DNA replication has been extremely well-studied in prokaryotes, primarily 

because of the small size of the genome and large number of variants 

available. Escherichia coli has 4.6 million base pairs in a single circular 

chromosome, and all of it gets replicated in approximately 42 minutes, starting 

from a single origin of replication and proceeding around the chromosome in both 

directions. This means that approximately 1000 nucleotides are added per second. 

The process is much more rapid than in eukaryotes 

 

 

 

 



              Differences between prokaryotic and eukaryotic replications 

Property Prokaryotes Eukaryotes 
Origin of replication Single  Multiple 
Rate of Replication 1000 Nucleotide / Second 50-100 Nucleotide / 

Second 
Chromosome Structure Circular  Linear 
Telomerase Not Present Present 

 

 Enzyme/Protein and their role in DNA Replication  

Enzyme/protein Specific Function 
DNA pol I Exonuclease activity removes RNA primer and 

replaces with newly synthesized DNA 
DNA pol II Repair function 
DNA pol III Main enzyme that adds nucleotides in the 5′-3′ 

direction 
Helicase Opens the DNA helix by breaking hydrogen 

bonds between the nitrogenous bases 
Ligase Seals the gaps between the Okazaki fragments 

to create one continuous DNA strand 
Primase Synthesizes RNA primers needed to start 

replication 
Topoisomerase Helps relieve the stress on DNA when 

unwinding by causing breaks and then resealing 
the DNA 

Single-strand binding 
proteins (SSB) 

Binds to single-stranded DNA to avoid DNA 
rewinding back. 

Primosome A complex of two proteins, a primase and a 
helicase, that initiates RNA primers on the 
lagging DNA strand during DNA replication. 

Replisome The DNA-replicating structure at the 
replication fork consisting of DNA polymerase 
III enzymes and a primosome (primase and 
DNA helicase) 
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