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Abstract of Thesis
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Title The analysis of Rad51/Dmc1 regulators, Rad52 and Mei5, in yeast meiotic recombination.
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Abstract of Thesis

Homologous recombination (HR) during meiosis is crucial for the proper segregation of
homologous chromosomes and the generation of genetic diversity during gametogenesis through
DNA exchange. Meiotic recombination is characterized by the deliberate formation of DNA
double-stranded breaks (DSBs). DSBs are then resected to form single-stranded DNA, ssDNA.
Consequently, the ssDNA-binding protein, Replication protein A (RPA), coats the ssDNA to form
RPA filaments. Bacterial RecA homologues, Rad51 and Dmc1, then replace RPA on the ssDNA to
catalyse homology search and strand exchange leading to DSB repair. In mitosis, Rad51 filaments
are sufficient to catalyse homology search and DNA exchange using the sister chromatid as a
repair template. In contrast, homology search and strand exchange in meiotic recombination is
catalysed by Dmc1 and uses the homologous chromosome as a template, with Rad51 playing an
auxiliary role.

Replacement of RPA on ssDNA with Rad51 and Dmcl is the rate-limiting step during meiotic
recombination. The assembly of Rad51 and Dmc1 on the ssDNA is dynamic and highly regulated
by both positive and negative factors. Positive Rad51 factors, “mediators”, facilitate the formation
of Rad51 filaments on RPA-coated ssDNA. The budding yeast contains Rad52, Rad55-57 and
PCSS/Shu complex. Negative Rad51 regulatory factors, such as Srs2 helicase in the yeast,
dismantle Rad51 filaments. In budding yeast, Dmc1-filament formation is promoted by the
meiosis-specific Mei5-Sae3 complex. Previous studies showed that mei5 and sae3 mutants are
defective in Dmc1-filament formation. However, the role and regulation of Mei5 in meiosis remain
unclear.

In my thesis, to know the regulation and role of Mei5 in meiosis as a Dmc1 mediator, various
meid point mutants were constructed and studied in detail. A previous study showed that the
mei5-R117A mutant showed an arrest in meiosis. In this study, I characterized the meis-R117A
mutant in meiotic recombination in more detail. Interestingly, meir5-R117A cells expressed a
shorter Mei5 protein than wild-type Meib. I also found that two additional amino acid
substitutions F124A and R134A, produced the shorter Meib protein like Mei5-R117A. The
detailed analyses of the mei5-R117A mutant suggest the post-translational processing of Meib
protein in meiotic cells. I also identified key residues, whose substitution suppressed the
formation of the shorter-sized Mei5-K117A protein. I speculate a previously undescribed Meib
processing during meiosis. R117A, F124A, and R134A substitutions could enhance the processing,
probably by changing the interaction with a putative processing protein.

In parallel, to elucidate the role of Rad52 in post-assembly of Rad51-filament, the effect of acute
depletion of Rad52 was studied. Previous studies showed the role of Rad52 in the assembly of
Rad51 filament; the rad52 deletion mutants are unable to form Rad51 assembly called Rad51 foci
detected by indirect immuno-staining of Rad51 on meiotic chromosome spreads. However, the role
of Rad52 following Rad51 filament assembly remains unknown. To investigate the postassembly
stage, I combined RAD52-AID (auxin-inducible degron) system which allows acute depletion of
Rad52 and dmecl deletion mutation which stops Rad51 foci turn-over. Using this system, I




depleted Rad52 after the Rad51 assembly and found that Rad51 foci disappeared soon after the
depletion, suggesting the role of Rad52 in the stabilization of Rad51 filaments at the
post-assembly stage. By using the AID system, I also studied the functional relationship of Rad52,
RPA, and Srs2 in the assembly and disassembly of Rad51 filament during meiotic recombination.
These results provide a new view on an active protein machinery containing Rad51 filament for
homology search and strand exchange.
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The analysis of Rad51/Dmcl regulators, Rad52 and Meib, in yeast meiotic recombination.
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