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Unit IV:  DNA Mismatch Repair System



Dear students though I have taught the DNA
damage in my earlier slide but for your
convinces some additional matter is further
provided for your recall and addition to your
previous knowledge.







I have told you earlier following two DNA repair mechanism  i.e. A. photo repair, B. Dark repair. 
Now you have to learn the third repair process of DNA i.e. mismatch DNA repair



Mismatch repair mechanism in E.coli



• This also known as methyl directed mismatch repair system because in

the parental DNA strand has methyl group and newly synthesized DNA

has no methyl.

• DNA mismatch repair functions to correct replication errors in newly

synthesized DNA and to prevent recombination between related, but not

identical (homologous), DNA sequences

• In general, the role of mismatch repair is to conserve DNA sequence by

removing base mispairs created by replication or homologous

recombination.

• Base pair geometry and the nature of the DNA polymerase involved result

in an error rate of 10-4−10-5 at the nucleotide insertion step of DNA

synthesis.

• In the event of incorrect insertion, the proofreading exonuclease

associated with some DNA polymerases edits the mistake, permitting the

enzyme to make a second attempt at correct synthesis.



• Nucleotide selection and editing in this manner confers an error rate

of ∼10-7 per bp per replication.

• Mistakes that escape these fidelity devices are corrected by mismatch

repair, further elevating fidelity 50−1000-fold.

• The mechanism of mismatch repair is best understood in Escherichia

coli.

• There are several DNA mismatch repair systems in E. coli. However,

the methyl-directed mismatch repair system is the most widely

studied repair system in prokaryotes

• In mismatch repair pathway, a non-canonical base pair is recognized

by a Mut-S homologue, which in conjunction with a Mut-L homologue

initiates replacement of the offending nucleotide on the newly

synthesized strand by an excision repair mechanism.



Methyl-Directed Mismatch Repair in E. coli.

A- Mut-S scan to the newly
synthesized DNA strand and detect to
the mismatch base pair which is
indicated in the fig-A.
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B- Subsequently Mut-H make cut to
new DNA which has not methyl group
and make gap and exo-nuclease
enzyme digest this strand just beyond
the mismatch base pair which is
shown in fig-B.

C- Further, the DNA polymerase
enzyme fill in the vacant region due
to polymerase.



Mechanism of Mismatch Repair

• E. coli MMR requires the following protein components: 

• Mut-S, Mut-L, Mut-H, 

• DNA helicase II (Mut-U/UvrD), 

• Four exonucleases (Exo-I, Exo-VII, Exo-X, and Rec-J), 

• Single-stranded DNA binding protein (SSB) 

• DNA polymerase III holo-enzyme, 

• DNA ligase

• Mut-S, Mut-L, and Mut-H initiate MMR and play specialized biological 
roles in MMR in E. coli. base mispairs created by replication or 
homologous recombination.

• Mut-S recognizes base-base mismatches and small nucleotide 
insertion/deletion (ID) mispairs, and thus MutS has been called the 
“mismatch recognition” protein . MutS possesses intrinsic ATPase
activity. 

• Mut-S binds to a mismatch as a homo-dimer. The Mut-S homodimer acts 
as a virtual hetero-dimer when bound to a DNA mismatch.



Nicking Is followed by the action of a specific helicase (UvrD) and one
of three exonuclease. The helicase unwinds the DNA, Starting from the
incision and moving in the direction of the site of the mismatch, and
the exonuclease progressively digest the displaced single strand,
extending to and beyond the site of the mismatched nucleotide. This
action produces a single-stand gap, which is then filled in by DNA
polymerase III (Pol III) and sealed with DNA ligase. The overall effect is
to remove the mismatch and replace it with the correctly base-paired
nucleotide.

But How does the E.coli mismatched repair system know which
of the two mismatched nucleotide to replace? If repair system know
which of the two mismatched nucleotides to replace? If repair
occurred randomly, then half the time the error would become
permanently established in the DNA. The answer is that E. Coli tags
the parental strand by transient hemi methylation as we now describe.



• In E. coli, DNA is methylated at the N6 position of adenine in dGATC

sequences.

• In replicating DNA, the daughter strand is transiently unmethylated,

and it is the presence of hemimethylated dGATC sequences that

molecularly distinguishes the newly synthesized daughter strand from

the parental DNA strand.

• In mismatch repair system, hemi-methylated dGATC sites determine

the strand specificity of repair.

• MutH, which recognizes hemimethylated dGATC sequences, functions

as a monomer and belongs to a family of type-II restriction

endonucleases.

• Upon its recruitment and activation by MutS and MutL in the presence

of ATP, MutH specifically incises the unmethylated daughter strand of

hemimethylated dGATC , and this strand-specific nick provides the

initiation site for mismatch-provoked excision.



• The strand-specific nick generated by MutH at hemimethylated
dGATC is a starting point for excision of the mispaired base.

• In the presence of MutL, helicase II (UvrD) loads at the nick and
unwinds the duplex from the nick towards the mismatch,
generating single-strand DNA, which is rapidly bound by
single-stranded DNA-binding protein (SSB) and protected from
nuclease attack.

• Depending on the position of the strand break relative to the
mismatch, ExoI or ExoX (3′→5′ exonuclease), or ExoVII or RecJ
(5′→3′ exonuclease) excises the nicked strand from the nicked
site (the dGATC site) up to and slightly past the mismatch.

• The resulting single-stranded gap undergoes repair DNA
resynthesis and ligation by DNA polymerase III holoenzyme,
SSB, and DNA ligase.

• MutL interacts physically with MutS, enhances mismatch
recognition, and recruits and activates MutH.



• MutL may play a role as a molecular matchmaker that facilitates
assembly of a functional mismatch repair complex.

• Like MutS, MutL also functions as a homodimer and possesses ATPase
activity

• In E. coli, DNA is methylated at the N6 position of adenine in dGATC
sequences. In replicating DNA, the daughter strand is transiently
unmethylated, and it is the presence of hemimethylated dGATC
sequences that molecularly distinguishes the newly synthesized
daughter strand from the parental DNA strand.

• In mismatch repair, hemi-methylated dGATC sites determine the strand
specificity of repair.

• MutH, which recognizes hemimethylated dGATC sequences, functions
as a monomer and belongs to a family of type-II restriction
endonucleases.

• Upon its recruitment and activation by MutS and MutL in the presence
of ATP, MutH specifically incises the unmethylated daughter strand of
hemimethylated dGATC , and this strand-specific nick provides the
initiation site for mismatch-provoked excision.



Fig. 1 Mechanism of E. coli methyl-directed mismatch repair. DNA ligase 
restores covalent continuity to the repaired strand after DNA polymerase III 
holoenzyme fills in the gap. Green arrows indicate MutS- and MutL-dependent 
signaling between the two DNA sites involved in the reaction.


