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The major research topic of this laboratory is the molecular mechanisms and functions of homologous (genetic or DNA)
recombination, especially, gene conversion. Homologous recombination is observed within cells, as the overwriting of a DNA
sequence by its homologous DNA sequence (“gene conversion”), or exchange of homologous DNA sequences between a pair of
DNA molecules (“crossing-over”). Gene conversion plays a primary role in the repair of double-stranded breaks. Under certain
conditions, in shuffling of sub-gene regions of similar but different genes to create new genes. A goal of our research is to
understand the mechanisms and principles governing Mendelian and non-Mendelian genetic inheritance and evolution. The
development of new genome-wide technology for plant breeding, based on the artificial control of gene conversion, is within our
scope.

Intermolecular double-helix (heteroduplex) joint-formation is most important and unique to homologous
recombination, which is generally catalyzed by RecA or its homologue in the presence of ATP (Shibata et al., 1979 PNAS). Our
NMR analyses and the 3D structural modeling suggest that the extended DNA stabilized by a CH-pi interaction between the 2’
methylene moiety of the deoxyribose of each nucleotide-residue and the base of the following one (Nishinaka et al., 1997 PNAS),
enables the simultaneous recognition and heteroduplex joint formation between homologous single-stranded and
double-stranded DNAs. Thus, homologous recombination is likely to be an intrinsic molecular feature of DNA (Nishinaka et al.,
1997 PNAS; Nishinaka et al., 1998 PNAS; Shibata et al., 2001 PNAS).

Non-Mendelian genetic inheritance is governed by mtDNA. Homoplasmy is a basic genetic state in non-Mendelian
inheritance, in which all of 100-10000 mtDNA copies in each cell and all mtDNA in each individual have the same sequence.
Mhr1, a protein required for mtDNA recombination, is a mitochondrial ATP-independent homologous pairing protein which we
discovered based on the suggestion from the above finding (Ling & Shibata, 2002 EMBOJ). Our studies on Mhr1 of budding
yeast (Ling et al., 1995 EMBOJ) reveled an unexpected mechanism of mtDNA replication and partitioning; /.e., the homologous
paring activity of Mhr1 plays a role in the initiation of rolling circle mtDNA-replication to form head-to-tail multimers
(“concatemers”), which are selectively partitioned into buds and are processed into monomers upon their transmission to buds
(Ling & Shibata, 2002 EMBOQJ). This finding reduced a model of the mechanism of establishing "homoplasmy," and we
demonstrated that Mhrl actually plays an important role in this process (Ling & Shibata, 2004 MBC).

Molecular functions of the proteins involved in the initiation of homologous recombination

In these studies, we analyze the molecular functions and interactions between proteins involved in homologous
recombination at an atomic resolution, by the use of NMR and other spectroscopic means in addition to biochemical ones and
site-directed mutagenesis. Generally homologous pairing is catalyzed by RecA-family proteins (RecA, Rad51, Dmcl). Within
cells, 3'-single-stranded tails derived from double-stranded breaks are the first intermediates for the repair of the
double-stranded breaks, but the single-stranded DNA-regions are immediately coated by single-strand binding protein (SSB,
RPA), which prevents the binding of RecA-family proteins. In bacteria, RecF, RecR and RecO recognize the junction of
double-stranded region and single-stranded one, and help the loading of RecA to the single-stranded region. Our studies
revealed that the binding site of RecF and that of RecO on RecR overlap, and thus, the RecF and RecO compete in their binding
to RecR. When the three proteins coexist, RecR which present form dimers by themselves preferentially bind to RecFs to form
complexes consists of four RecRs and two RecFs. The binding of RecR and RecF is required for the complex formation of RecF,
RecR and DNA. On the other hand, the interaction between RecR and RecO is required for the displacement of SSB by RecA on
single-stranded DNA. Based on these finding, we proposed a new model for the function of RecF, RecR and RecO for the loading
of RecA on SSB-coated single-stranded DNA from the junction of double-stranded region and single-stranded one.
(Collaboration with Dr. Tsutomu MIKAWA, Biometal Science Laboratory)

The initiation of rolling circle mtDNA replication by ori-specific double-stranded cleavage by Ntgl, a base-excision
N-glycosylase-DNA-lyase

The initiation of rolling circle replication by homologous pairing by Mhrl suggests the requirement of
double-stranded breaks for the initiation, like the case of homologous recombination. Yeast mtDNA has several replication
origins (oris). We found orr-specific double-stranded breakage, which is stimulated by Ntgl and oxidative stress. On the other
hand, concatemer formation and mtDNA recombination are both stimulated by Ntgl. /n vitro experiments using purified Ntgl
and DNA revealed that Ntg1l alone recognizes specific modification at orion mtDNA and introduces a double-stranded break at
ori. These findings suggest that mtDNA has a specific oxidative modification at or7, which Ntgl recognizes and introduces a
double-stranded break at or/. The double-stranded break is processed into 3'-single-stranded tail, which is paired by Mhrl with
an intact circular mtDNA to serve a primer to initiate rolling circle mtDNA replication or mtDNA recombination. This study
also revealed that the same mechanism acts in hypersuppressiveness, an extremely biased inheritance of a small mtDNA
fragments containing an or7over normal mtDNA. It has been a textbook description that RNA synthesized at an or7serves as a
primer to initiate theta-type mtDNA replication. Thus, it would be a future issue whether or not the above mechanisms of
mtDNA inheritance found in yeast generally play a critical role in mtDNA inheritance in higher eukaryotes such as animals
and plants. (Collaboration with Dr. Feng LING, Chemical Genetics Laboratory)
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