
1

DNA Replication and
Recombination

Three
possible
models for
DNA
replication

Centrifuging
DNA

Svedberg coefficient (S)

Meselson and Stahl
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Taylor,
Wood and
Hughes
DNA replication is
semiconservative in
eukaryotes

E. coli Replication
DNA replication
begins at the
origin of
replication and is
bidirectional
rather than
unidirectional

A replicon include the
DNA replicated from
on ori site

Theta replication
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Rolling Circle replication Base analog
Tracking synthesis of DNA using base analogs

Kornberg’s approach

DNA Polymerase I 
4 dNTPs
DNA template

Polymerization of nucleotides

Elogation occurs in the 5’ to 3’ direction with the release of a
pyrrophosphate

DNA polymerases I, II, and III can elongate an existing DNA/RNA strand (called a
primer) but cannot initiate DNA synthesis
All three possess 3' to 5' exonuclease activity (Proofreading)
only DNA polymerase I demonstrates 5' to 3' exonuclease activity (primer removal)
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Prokaryotic polymerases

 DNA polymerases I, II, IV, and V are
involved in various aspects of repair of
damaged DNA.

Prokaryotic polymerases

Fig. 14.15

Three models of replication
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Key issues during DNA Replication
unwinding of the helix
reducing increased coiling generated

during unwinding
synthesis of a primer for initiation
discontinuous synthesis of the second

strand
removal of the RNA primers
joining of the gap-filling DNA to the

adjacent strand
proofreading
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ORI site

Opening the ori
site

 binding of DnaB and DnaC
further opens and destabilizes
the helix.
 ATP is required to break hydrogen

bonds and denature the double helix,
aka helicases

 Single-stranded binding
proteins (SSBPs) stabilize the
open conformation

 Unwinding produces supercoiling
  relieved by DNA gyrase

 aka DNA topoisomerases

Fig. 14.13

Eukaryotic ori sites
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DNA Pol III Primer extension

Continuous and
Discontinuous
extension

Holoenzyme Holoenzyme
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DNA Polymerase I DNA Ligase

Conditional mutation
 A temperature-sensitive mutation is an

example of a conditional mutation. It may
not be expressed at a particular
permissive temperature, but when mutant
cells are grown at a restrictive
temperature, the mutant phenotype is
expressed and can be studied.
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Prokaryotic DNA Eukaryotic DNA

Prokaryotic holoenzyme Eukaryotic Holoenzyme

Eukaryotic replicon Eukaryotic verses prokaryotic

 Eukaryotic cells contain more DNA
chromosomes are linear
DNA is complexed with proteins
more complex in eukaryotes than in

bacteria
eukaryotic contain multiple origins of

replication
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Yeast ARS
 Yeast autonomously replicating

sequences (ARSs)
contain an 11-bp consensus sequence
 flanked by other short sequences

The ARSs are initially bound by a group
of proteins to form the origin recognition
complex (ORC)

 Pol α and δ are the major forms of the
enzyme involved in initiation and elongation.
Pol α possesses low processivity

Two of 4 subunits of Pol α functions in synthesis of the
RNA primers during initiation on the leading and lagging
strands

After 10 ribonucleotides, the other subunits combine to
synthesize 20-30 deoxyribonucleotides

Polymerase switching occurs, and Pol α is
replaced by Pol δ for elongation
A high processivity enzyme that elongates the leading

and lagging strand
Pol ε is essential and may help with the

lagging strand

Eukaryotic replication fork

Fig. 14.19

E. coli
replication fork
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E. coli replicon Drosophila replicons

Fidelity of DNA Replication

DNA Polymerases
1 error in 105 nucleotides

Proofreading
Epsilon subunit increases fidelity from 1 in

105 to 106 nuceotides
Mismatch repair
Increases fidelity from 1 in 106 to 109

nucleotides
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Proofreading Mismatch Repair

Telomer
problem
(Gaps at
the ends)

Circular DNA is no problem
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Telomerase

Telomers replicated with loop

Homologous recombination

X-over
Increased genetic variation
Mapping
DNA repair
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Homologous Recombination Endonuclease nicking/Strand
displacement

Ligation Holiday structure (chi
form)/Heteroduplex

Migration branch Rotation
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Two planes of cuting Opposite strands are nicked/ligated

Double strand
break model

Double strand
break model

Gene Conversion


