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Resources

This lecture

Cooper, pp. 191-207
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Some basic information

The entire DNA content of the cell is known as 
genome.

DNA is organized into chromosomes.

Bacterial genome: usually one and circular 
chromosome.

Eukaryotic genome: multiple, linear chromosomes 
complexed with proteins known as histones.
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Bidirectionally…speaking

Replication moves progressively along the parental 
DNA double helix bidirectionally.

Because of its Y-shaped structure, this active region is 
called a replication fork.
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New DNA (long vs short)

A long strand and shorter pieces (Okazaki fragments) of 
DNA are present at the growing replication fork.
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RNA primer 

DNA polymerases cannot 
initiate replication de novo. 
So, they require a RNA primer 
that is complementary to the 
DNA template to be added 
first.

It is synthesized by a primase.
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DNA helicases and SSB proteins

For DNA synthesis to proceed, the DNA double helix 
must be opened up ahead of the replication fork.

Opening up the DNA is done by two types of protein 
contribute to this process

DNA helicases

single-strand DNA-binding proteins called replication 
protein A (RPA).

11



DNA helicases

DNA helicases use ATP to 
open up the double 
helical DNA as they move 
along the strands.

In bacteria, helicases 
form a complex with the 
primase called 
primosome.
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Single-strand DNA-binding (SSB) proteins

Single-strand DNA-binding 
(SSB) proteins bind tightly to 
exposed single-stranded DNA 
strands without covering the 
bases, which remain available 
for templating.
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These proteins:

prevent the formation of the short hairpin structures

protect single-stranded DNA from being degraded

aid helicases by stabilizing the unwound, single-
stranded conformation



DNA polymerases in prokaryotes

DNA polymerase III: DNA polymerization at the 
growing fork in E. coli.

The complex of primosome and polymerase is known 
as replisome.

DNA polymerase I:
5‘-to-3' exonuclease activity (removal of RNA primer) of 
each Okazaki fragment.

Fills in the gaps between the lagging-strand fragments.

DNA repair.

DNA polymerase II, IV, and V : DNA repair
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DNA polymerase III

The DNA polymerase III is a very large protein 
composed of 10 different polypeptides with different 
functions.
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α subunit contains 
the active site for 
nucleotide addition.

 subunit is a 3’-to-
5’ exonuclease that 
removes 
incorrectly added 
(mispaired) 
nucleotides from 
the end of the 
growing chain.



How accurate is DNA replication?

The frequency of errors during replication is only one 
incorrect base per 108 nucleotides incorporated

How is fidelity high?
The DNA polymerase can catalyze the formation of 
phosphodiester bonds when the right hydrogen bonding 
takes place between the bases (accuracy=1/1000).

Proofreading mechanism (a 3’5’ exonuclease activity)-
Remember  subunit of DNA pol III.
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DNA topoisomerases 

A swivel is formed in the DNA 
helix by proteins known as DNA 
topoisomerases.

A DNA topoisomerase breaks 
then re-forms phosphodiester 
bonds in a DNA strand.

Topoisomerase I produces a 
transient single-strand break 
(or nick).

ATP-independent



DNA replication machinery is coordinated
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Origin of replication (OriC) in bacteria 

Bacterial replication starts at a origin known as origin 
of replication (OriC).

oriC regions contain repetitive 9-bp and AT-rich 13-bp 
sequences (These are known as consensus sequences).

9-mer: binding sites for the DnaA protein

13-mers: AT-rich region - it facilitates separation of the 
double strand DNA.
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Possible mechanism

When DnaA protein binds to 9-mers, it applies stress 
on the AT-rich region resulting in DNA "melting“.
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Two replication forks 
(bacteria)

The two replication forks proceed in 
opposite directions until they meet 
up roughly halfway around the 
chromosome.



Origins of replication in human genome

An average human chromosome may have several 
hundred replicators (origins of replication).
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Role of topoisomerase II

Topoisomerase II is 
responsible for untangling 
chromosomes by making a 
transient double-strand 
break.

also known as gyrase in 
bacteria

ATP-dependent

It is also responsible for 
chromosome condensation 
during the cell cycle. Topoisomerase inhibitors 

are commonly used in 
treatment of cancer.



Role of PCNA proteins

DNA polymerases are 
guided to the primers by 
a protein called PCNA 
(proliferating cell nuclear 
antigen).

PCNA is a diagnostic 
marker of cancer.



DNA polymerase in eukaryotes 

Eukaryotic cells contain 9 DNA polymerases; most of them for 
DNA repair.
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The mechanism of replication

DNA polymerase  is responsible 

for synthesis of leading strand.The DNA primase is part 

of the DNA polymerase α.

Polymerase α begins 

each Okazaki fragment 

on the lagging strand 

DNA polymerase  then 

synthesizes the remainder 

of each Okazaki fragment.

• The polymerases do not have a 5’3’ exonuclease.

• Primers are removed by special enzymes.

• DNA polymerase  then fills in the gap.





Role of chromatin

Replication is linked to DNA packing by histones.

DNA is freed from histones by chromatin-remodeling proteins in 
order for enzymes to move along the DNA.

New histones are assembled onto the DNA behind each 
replication fork by chromatin assembly factors (CAFs).
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A problem in the lagging strand

As the growing fork approaches the end of a linear 
chromosome, the lagging strand is not completely replicated. 
Why?

When the final RNA primer is removed, there is no place onto 
which DNA polymerase can build to fill the resulting gap leading 
to shortening of the lagging strand.
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Primer

gap
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Telomerase comes to the rescue

Telomere DNA sequences consist of many GGGTTA repeats 
extending about 10,000 nucleotides.  

Telomerase (a reverse transcriptase) prevents the progressive 
shortening of the lagging strand.  How?

Telomerase elongates it in the 5’-to-3’ direction using a RNA 
template that is a component of the enzyme itself.
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Note: Although this animation is good, there are wrong pieces of nformation within it.

Find them.



How do we age?

As we grow older, the activity of telomerase is reduced.

An inverse relationship between age and telomeric 
length has been observed.

The gradual shortening of the chromosome ends leads 
to cell death, and it has even been suggested that life 
span is determined by the length of telomeres.

35



Elixir of youth


