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DNA damage is an unavoidable consequence of life. DNA double stranded breaks
are the most severe form of DNA damage, and their repair by homologous recombination (HR) is
critical for maintaining genome stability. The central protein in HR is Rad51, but Rad51 requires
several auxiliary factors to promote HR, including Swi5-Sfrl. We characterized the physical and
functional interaction of Swi5-Sfrl with Rad51 by employing an interdisciplinary approach. Our
experiments demonstrated that the N-terminal half of Sfrl contains two regions that bind Rad51.
Biochemical analysis demonstrated that the stimulation of Rad51 activity by Swi5-Sfrl is
substantially diminished when both sites are mutated. However, cells expressing the mutated form of
Sfrl were not sensitive to DNA damage. We discovered that Rad55-Rad57, an independent auxiliary
factor complex, was suppressing the defect in the Swi5-Sfrl to Rad51 interaction. These results
revealed novel insights into the molecular mechanisms of HR.
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DNA damage can occur when cells are exposed to external genotoxins such as ionizing
radiation. However, even natural cellular processes such as DNA replication can result
in DNA damage. The vast majority of these damage events are ultimately inconsequential
due to the highly efficient DNA repair processes that safeguard genome integrity. The
maintenance of genome stability is crucial, as genome destabilization is a hallmark of
diseases such as cancer. The most severe type of DNA damage is a DNA double—strand
break (DSB), in which both strands of the double helix are broken. Homologous
recombination (HR) is a mechanism that identifies a segment of DNA that shares sequence
identify (i.e., homology) with the DSB site then utilizes this intact DNA as a template
to repair the DSB. Importantly, any genetic information that is lost at the DSB site
is recovered during this process. At the molecular level, the Radbl protein binds the
single—stranded DNA (ssDNA) that is exposed at the DSB site to form a nucleoprotein
filament; this filament is the entity capable of conducting HR. However, although Radbl
is the central protein in this process, many proteins assist Radbl during HR. There
are several distinct groups of such proteins, and they are collectively referred to as
recombination auxiliary factors. The exact mechanistic differences between these
factors remain to be elucidated.

2. WHEOBRK
The importance of HR can be most easily appreciated when considering human health.
Mutations in HR proteins are commonly found to be the underlying cause of many diseases
that are associated with genome instability. While such diseases may vary in severity,
a unifying trait is cancer predisposition. Furthermore, an increasingly common finding
is that mutations in recombination auxiliary factors such as BRCA2 and RAD51C results
in cancer susceptibility. Thus, HR is critically important for maintaining genome
stability and protecting against diseases such as cancer.

The ability of HR to identify homologous sequences is also exploited during meiosis,
a specialized cell division that gives rise to gametes. During meiosis, a single DNA
replication event is linked to two tandem nuclear divisions, resulting in the halving
of ploidy. Furthermore, during this process, parental chromosomes are shuffled such
that each gamete receives a unique combination of alleles. Defects in HR can result in
miscarriages, disorders associated with aneuploidy—such as Down’ s syndrome—and in
extreme cases, infertility. Thus, HR is essential for fertility in sexually reproducing
organisms, where it is also responsible for driving evolution by generating genetic
diversity upon which natural selection can act

In summary, by maintaining genome stability during the mitotic cell cycle and

ensuring the fidelity of ploidy reduction during the meiotic cell cycle, HR is critical
for two central aspects of life—growth and reproduction. Additionally, HR is involved
in several other aspects of chromosome biology, including rDNA and telomere maintenance
Elucidating the functional differences among recombination auxiliary factors will lead
to a better understanding of HR, which can have an impact on a variety of topics
related to human health.

3. WD kL

This study involved an interdisciplinary approach to investigate the Swib-Sfrl
auxiliary factor complex. Primarily, the power of yeast genetics was combined with
classical and modern biochemical approaches. Additionally, in collaboration with the
lab of Prof. Hideo Takahashi at Yokohama City University, NMR spectroscopy was employed
to study protein structure and protein—protein interactions. A chemical biology
technique known as site—specific proximity crosslinking was also utilized to validate
the protein—protein interaction analysis. By bringing together several different
disciplines, we were able to probe the function of the Swib—Sfrl complex with more
freedom.

4. WFZERCR

A previous study had demonstrated that the Swib—Sfrl complex can be separated into
two functional modules: the N-terminal half of Sfrl (SfrIN) and the C-terminal
half of Sfrl in complex with Swib (Swib-Sfr1C). Although SfrIN was shown to
physically interact with Radbl, it did not exert any stimulatory effect on Radbl
activity. By contrast, Swib—SfrlC was shown to activate Radbl, despite not forming
a detectable complex with it. To gain structural insights into Swib-SfrlC, the
authors crystalized the complex and demonstrated that it forms an elongated, kinked



molecule. Because SfrIN could not be crystalized and did not show any activator
function, it was mostly neglected and assumed to be less important for the function
of Swi5=Sfrl. To test this notion, I created fission veast (Schizosaccharomyces
pombe) strains lacking either the entire sfrl gene (sfrl), just the C—terminal
half (sfrid), or just the N-terminal half (sfriC). Interestingly, both sfrIVN and
sfriC strains showed the same DNA damage sensitivity as the sfr/ strain, indicating
that, not only is SfrIN as important as Sfrl1C for DNA repair, but both modules are
essential for the in vivo function of Sfrl.

Since SfriN could not be studied by X-ray crystallography, NMR structural
biology was employed instead. This analysis indicated that SfrIN is intrinsically
disordered and constitutes a flexible module within the Swib-Sfrl ensemble
Moreover, NMR interaction analysis identified two sites with SfrIN that interact
with Radbl, referred to as Site 1 and Site 2. Consistently, several residues within
these two sites could be crosslinked to Radbl in a site—specific proximity
crosslinking assay (Figure. 1).
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Next, different versions of Swib-Sfrl were purified for biochemical
analysis, including the wild-type complex, the 3A mutant (Site 1 residues mutated),
the 4A mutant (Site 2 residues mutated), and the 7A mutant (Sites 1 and 2 residues
mutated). While the 3A and 4A mutants only had a reduced interaction with Radbl,
the 7A mutant had completely lost the interaction, indicating that the two sites
interact cooperatively with Radbl. Since this demonstrated that the physical
binding of Swib—Sfrl to Radbl is mediated by Sites 1 and 2, I next examined whether
the ability of Swib-Sfrl to simulate Radbl was affected by these mutations.
Consistent with the physical binding data, the 3A and 4A mutants only showed a
small reduction in Radbl stimulation, whereas the 7A mutant showed a substantial
reduction. Taken together, these biochemical results demonstrated that the
stimulation of Radbl activity by Swib—Sfrl was mediated by Sites 1 and 2 in the
intrinsically disordered N-terminal domain of Sfrl.

Finally, I sought to understand what happens to DNA repair mediated by
Radbl when the physical interaction between Radbl and Swib—Sfrl is disrupted. For
this purpose, the different mutations at Site 1 and/or 2 were introduced into
fission yeast cells. The efficiency of DNA repair was not affected by any of the



mutations, which was particularly surprising for the 7A mutant. These results
suggested that, although the stimulation of Radbl by Swib—-Sfrl was abrogated in
vitro, something in the cell was rescuing this defect. I hypothesized that perhaps
Radb5-Radb7 was responsible for this rescue. To test this, I constructed a strain
in which the radb5 gene was deleted (radb5) and the sfrl locus contained the 3A,
4A or TA mutations. Importantly, the 3A or 4A mutations further sensitized radbb
cells to DNA damage, although not to the level of the sfr/ mutation. Strikingly,
the radbb sfri-74 strain was as sensitive to DNA damage as the radbb sfrl strain.
These results indicated that defects in the interaction between Swib5—Sfrl and Rad5l
could be suppressed by a Radb5-Rad57-dependent mechanism—contrary to the previous
proposal that Swib—Sfrl and Radb5-Radb7 promote Radbl activity independently of
each other. One possible explanation for this was that Radb5-Rad57, which can
interact with Radbl, could act as a molecular bridge to recruit Swib—-Sfrl1-7A to
Radbl. In support of this model, subsequent experiments suggested that Radb55-Radb57
could form a complex with Swib-Sfrl.

In conclusion, this study provided molecular insights in the stimulation
of Radbl by Swib—Sfrl, and in doing so, identified a novel interplay between two
distinct groups of auxiliary factors that were previously thought to function
independently of each other. Future work will focus on attempting to reconstitute
this interplay in vitro using biochemical approaches in order to better understand
the relationship between Radbl, Swib-Sfrl and Radb55-Rad57
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