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Genetic Evidence for the Involvement of Mismatch Repair Proteins, PMS2 and MLLH3,
ina Late Step of Homologous Recombination
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DNA double-strand breaks (DSBs) are highly cytotoxic lesions, posing a major threat
to genomic integrity. DSBs can be repaired by two major pathways, homologous
recombination (HR) and non-homologous end-joining (NHEJ). Homologous
recombination (HR) repairs DNA double-strand breaks using intact homologous
sequences as template DNA. Broken DNA and intact homologous sequences form joint
molecules (JMs), including Holliday junctions (HJs), as HR intermediates. The HJs
can be processed to result in a crossover or a non-crossover (NCO) outcome, depending
on the directionality of the cut made by structure-specific endonucleases, including
MUS81 and GEN1. Several studies demonstrated that mismatch repair factors, such
as MLH3 and PMS2, promote HR by processing JMs. However, it remains elusive
how mismatch repair factors are involved in the processing of JMs in HR.

Here, to elucidate the mechanism of PMS2 and MLH3 in the HR, the MLLH3 and
PMS2 genes are disrupted using a human B cell line TK6 cells. These mutants
showed impaired HR efficiency, 2.5 times decrease in the frequency of heteroallelic HR
dependent repair. The impaired HR efficiency suggests their role in HR. Both PMS2
and MLLH3 are endonucleases and to investigate the endonucleolytic function of PMS2
and MLH3 in HR endonucleolytic death point mutants are also generated. These
mutants are denoted as MLH3DN/DN and PMS2EK/EK. Phenotypic analysis of these
MLH3DN/DN and PMS2EK/EK mutants showed similar phenotypes like MLLH3-/-
and PMS2-/- cells respectively. These data indicate that MILH3 and PMS2 promote HR
as an endonuclease. The MLH3DN/DN and PMS2EK/EK double mutants showed
additive effect on the heteroallelic HR. MLH3DN/DN/PMS2EK/EK cells showed
normal Kkinetics of y-irradiation-induced Rad51 foci but a significant delay in the
resolution of Rad51 foci. This mutant also showed a significant decrease in the
number of cisplatin-induced sister chromatid exchange (SCE). The ectopic expression
of the structure-specific endonucleases Genl HeJ resolvase partially reversed the
defective heteroallelic HR of MLH3DN/DN/PMS2EK/EK cells which suggest the role
of PMS2 and MLHS3 in Holliday Junction resolution. Taken together, it is proposed
that MLH3 and PMS2 promote HR as endonucleases, most likely in the late step of
Homologous recombination by processing JMs in mammalian somatic cells.
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