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Microbial metabolites are the precious resource for diverse bioactive agents. A compound with dramatic biological activity
should have a specific target in the cell. One of the most important approaches to the target molecule of a bioactive agent
is chemical genetics. While classical genetics is based on genetic mutations, chemical genetics starts from a
cell-permeable chemical ligand (e.g., inhibitor) and its goal is to identify the binding protein and its function. This
laboratory devotes to the basic and application researches aiming at elucidating the molecular mode of action of a variety of
bioactive small molecules and developing new therapeutics for the diseases including cancer. In addition to the drug
target identification, we are currently working on the mechanisms by which important factors identified as the drug
targets in our laboratory regulate posttranslational modifications such as acetylation and nucleo-cytoplasmic transport in
the cell.

1. Regulation of protein post-translational modifications such as acetylation

(1) Functional analysis of protein acetylation
As a result of screening for the novel acetylated proteins, Ahal, a cochaperon of Hsp90 and cortactin, an actin-binding
protien, were identified. The sites of acetylation of these proteins and the enzymes responsible for acetylation and
deacetylation were determined. Interestingly, acetylation inhibited the binding between Ahal and Hsp90, resulting in
suppression of a cochaperon activity of Ahal. Furthermore, acetylation decreased the actin-binding activity of cortactin,
resulting in suppression of cell motility. In addition, several novel acetylated proteins in the mitochondria were identified
as substrates of mitochondrial HDAC, SIRT3, by affinity purification using anti-acetylated lysine antibodies with the
mitochondria fraction from stable SIRT3 knock-down cells.

(2) Development of fluorescent indicators for protein acetylation in living cells
Histone acetylation dynamically regulates the change in chromatin structure. To detect the spatial and temporal
dynamics of histone acetylation, we developed a FRET-based indicator. In this fiscal year, we tried to develop a
fluorescent indicator specifically visualizing acetylation of histone H4K12.

(3) The fission yeast modificome.
We have established a methodology to purify tagged proteins in a high-throughput manner from S. pombe strains
expressing FLAG2-Hiss-tagged ORFs. Using several modification-specific antibodies against the set of purified proteins,
we can analyze several posttranslational modifications of proteins at once, which will allow to compare multiple
posttranslational modifications of proteins at the proteome level.

(4) Design and evaluation of novel HDAC inhibitors
In the past years, we have discovered several specific HDAC inhibitors from natural sources. HDAC inhibitors are expected
to be therapeutic drugs against diseases caused by epigenetic abnormalities. In collaboration with synthetic organic
chemists including Kyushu Institute of Technology, Tokyo University, and Nagoya City University groups, we designed and
evaluated the inhibitors with novel structures. As a result, thioether was identified as a novel ligand of the HDAC
inhibitors.

2. Mechanism of nucleo-cytoplasmic transport

(1) Global analysis of nucleo-cytoplasmic shuttling proteins using the localizome
The fission yeast SPAC328.01c gene encodes a protein homologous to an exportin Msn5/Kapl142 (Saccharomyces cerevisiae)
or Exportin 5 (mammal). Hereafter, Spac328.01c is named as spMsn5. Disruption of spmsn5 caused sensitivity to
various stresses and overexpression of spmsn5 affected cell morphology. In order to identify cargo proteins for spMsn5, we
screened for proteins whose localizations were altered in the Aspmsn5 cells compared with those in the wild-type cells
using S. pombe ORF-YFP fusion library and identified that 24 proteins localized predominantly to the nucleus in the
Aspmsn5 cells, whereas those proteins localized to the cytosol in the wild-type cells. These proteins include transcription
factors involved in stress response, cytokinesis, and kinases involved in translation under stress conditions.

(2) A regulatory role of nucleo-cytoplasmic transport in organizing microtubule structure
Leptomycin B (LMB) is an inhibitor of Crm1 nuclear export factor. Previously, we found that the LMB treatment induced
the formation of an intranuclear microtubule (MT) bundle within the interphase nucleus in fission yeast. Further
analysis showed that the LMB treatment caused the depolymerization of cytoplasmic MTs, tubulin accumulation in the
nucleus, and the nucleation of the intranuclear MTs in an interphase spindle pole body-dependent manner.

3. Screening and identification of molecular targets for novel bioactive compounds

(1) Mechanism of action of FR901464
FR901464 and its methyl acetal derivative spliceostatin A (SSA) are anticancer agents, which we have shown to cause
accumulation and translation of pre-mRNA. SSA binds and inhibits the SF3b complex thereby blocking splicing and
causing pre-mRNA accumulation. Because pre-mRNAs have to localize in the cytoplasm to be translated, we postulated
that SF3b is involved in the pre-mRNA nuclear retention. We therefore wondered if the branch point sequence, the
binding site of SF3b complex, is involved in anchoring of pre-mRNAs in the nucleus. In fact, mutations in the branch
point sequence affected translation of pre-mRNA. Furthermore, using the fission yeast genetics, we identified Mlpl as a
protein that suppressed translation of pre-mRNA in the presence of SSA.

(2) Screening for novel anticancer agents and dissection of their modes of action
Using the previously established screening system, we successfully identified several microbial products that possess the
ability to inhibit protein SUMOylation. Furthermore, gliotoxin that had been identified as a novel inhibitor of histone
methylation in the last year, was shown to inhibit both histone H3K9 methyltransferases G9a and Suv39, but not Set9, a
histone H3K4 methyltransferase.

(3) Analysis of modes of action of small molecules by chemical genomics
Affinity purification using a chemically modified small molecule is generally useful for the identification of its target



molecules. However, this approach is not always successful, because chemical modifications sometimes impair biological
activity, and the physical interaction between a small molecule and the target molecule is not always robust. To overcome
the potential difficulties, we constructed a novel system based on the genetic interaction using the ORF expression library
of S. pombe. This system generates a chemical genomic profile as to which strain shows altered sensitivity to a particular
small molecule, which provides information about chemical genetic interactions between a small molecule and all gene
products. The acquisition of the chemical genomic profiles for 10 small molecules with known targets was completed, and
we could demonstrate that the profiles were useful for identifying the genes encoding target proteins or the proteins
involved in the target pathway. Another screening system was constructed using a temperature-sensitive mutant
collection (1,015 strains) gifted from the Prof. Yanagida, and identified ~100 strains that show chemical genetic
interactions with an HDAC inhibitor TSA.
(4) Screening for compounds that control human disease-related genes using yeast chemical genomics

We have developed a uniform and efficient platform to screen for specific inhibitors of various gene products that cause
growth arrest when overexpressed in fission yeast. A specific inhibitor is expected to restore the growth arrest by gene
overexpression. We introduced 9,891 human cDNA clones into the fission yeast cells and identified 389 genes that caused
lethality when overexpressed. We identified chemical compounds that recovered the lethality of a tumor-relevant
translation initiation factor, a guanine nucleotide exchange factor, and a protein involved in chromatin regulation.

4. The roles of DNA recombination in mitochondrial inheritance

(1) The Ntgl protein recognizes an unusual DNA structure at a replication origin (or75) in mtDNA and causes the
double-stranded breaks.
Genetic recombination is induced by a DNA double-stranded break (DSB). Last year, we revealed that an oxidative DNA
damage base excision repair enzyme, Ntgl, which causes nicks in oxidatively damaged double-stranded DNA, induces
DSBs at ori5in mtDNA. The Ntgl-introduced DSBs are required for the initiation of Mhrl-dependent rolling-circle-type
mtDNA replication. We have continued to investigate the structure of the ori5 region responsible for the Ntgl-introduced
DSBs. The ori5 region in mtDNA extracted from mitochondria is resistant to single-cut restriction enzymes, but more
sensitive to S1 nuclease, which digests the exposed single-stranded regions in double-stranded DNAs. These results
suggest that the ori5 site contains an unusual DNA structure with more single-stranded regions and the Ntgl protein
causes DSBs by introducing the nicks to complementary single-strands at the or75 site.

(2) An increase in mtDNA copy number promoted by /n vitro mitochondrial fusion
Mitochondrial fusion and fission repeatedly occur and form dynamic networks during cell cycles. The relationship
between mitochondrial fusion and mtDNA maintenance has remained unclear. To gain further insight into the
mechanism of how mitochondrial fusion contributes to the maintenance of mtDNA, we constructed a system to observe in
vitro mitochondrial fusion by using bimolecular fluorescence complementation (BiFC). By using the fluorescence as an
indicator of fused mitochondria, we found that mitochondrial fusion leads to an increase in the mtDNA copy number.

(3) Mechanism of DNA damage-induced expression of D/N7that encodes a mitochondrial nuclease.
Gene expression of D/N7 is induced by hydroxyurea (HU), a DNA synthesis inhibitor. The promoter analysis revealed
that a 19-bp sequence located in the D/N7 promoter was responsible for the HU-induced expression.
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