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The four teams of the Chemical Biology Research Group are working to establish a new area of research that integrates chemistry
and biology. A brief overview of the four teams: (1) Molecular Mining Research Team, (2) Molecular Invention Research Team, (3)
Target Discovery Research Team, and (4) Target Regulating Research Team, follows. Their combined research contributed to basic
and applied science and technological development, and provoked new era of a post-genome science.

1. Molecular Mining Research Team

The complex mechanisms of angiogenesis, cancer metastasis, and cell cycle have been investigated in order to establish efficient
screening systems and identify lead compounds for new drugs. We found that epoxyquinol B, which was isolated from fungal
metabolites as an antiangiogenic molecule, covalently bound and inhibited VEGFR2 kinase activated by VEGF. Moreover,
epoxyquinol B inhibited antiangiogenic effects /in vitroand in vivoby inhibiting not only VEGFR2 but also EGFR, FGFR, and PDGFR.
We have developed a high throughput screening system to identify small molecule inhibitors of Polo box domain (PBD)-dependent
binding. We found several hit compounds using a small molecule library in RIKEN NPDepo and one of them inhibited the binding
between PBD and WeelA. We have analyzed metabolites of cytotrienin A-producer, Streptomyrces sp RK95-74, and cloned the gene
cluster responsible for biosynthesis of cytotrienin A. A computer system CAST/CNMR has been developed for highly accurate
prediction of 13C-NMR chemical shift values and structural determination including stereochemistry of new bioprobes. A proteome
profiling system of small molecule-treated cells by 2D-DIGE has been also developed for classification of small molecules and the
prediction of a target of small molecules.

2. Target Invention Research Team

In connection with studies on the synthesis of angiogenesis inhibitors, we have reinvestigated a coupling reaction of a terminal
epoxide with some nucleophiles, and achieved an efficient synthesis of ovalicin. The synthetic samples were employed to bioassay. In
order to determine the structure of an antitumor acetogenin, montanacin, a new method for construction of the carbon backbone have
been developed. We have developed the method for novel preparation of the succinates of tertiary alcohols for the synthesis of the
derivatives of reveromycin A. Then, the succinates were converted into the 6,6-spiketal via the coupling with an alkyne. Irreversible
protein phosphatase inhibitor RK-682 enamide (RE) derivatives were converted to their fluorescent labeled compounds. RE
derivatives were found to be localized in cytosol and be able to bind covalently to their target proteins in cells. In the synthetic studies
of DEFGH-ring moiety of physalins, which possesses unique structural feature, methodology for constructing its EF-ring part was
established. To clarify the cell-death inhibition mechanism of indolylmaleimide (IM) derivatives, various derivatives bearing
fluorescent group were prepared. Localization studies in cells suggested that IM derivatives localized in mitochondria. We focused
on a Peptide N-glycanase (PNGase) relates to proteasomal protein degradation (ERAD), and developed the glyco-molecular probes
having specific inhibitory activity of PNGase. For the fundamental studies on the role of PNGase in vivo, specific inhibitor can be
beneficial. The inhibitory activities against PNGase were evaluated and chitobiosyl haloacetamide derivatives showed remarkable
inhibition activity (4000 fold strong). Moreover, fluorescence labeled probe based on the chitobiosyl haloacetamide derivatives was
developed. Specific inhibition of PNGase activity in cell by fluorescence labeled probe was experimentally confirmed.

3. Target Discovery Research Team
We have performed following studies to study regulatory mechanisms of target proteins by bioprobes and identify novel targets for
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bioprobes. First of all, we have studied Laeverin/Aminopeptidase Q (APQ), a cell surface protein specifically expressed on human
embryo-derived extravillous trophoblasts. Enzymatic analysis of a recombinant human Laeverin expressed by a baculovirus sytem
revealed that Laeverin is a novel bestatin sensitive leucine aminopeptidase and shows different properties from those of other M1
aminopeptidases expressed in the placenta. Second, we have produced a recombinant form of human leukotriene C4 (LTC4)
synthetase using a fission yeast. We have shown the atomic structure of human LTC4 synthetase in a complex with glutathione by
X-ray crystallography. Third, we have exhibited that the novel mechanism of nuclear import of Vpr promoted by importin a is crucial
for human immunodeficiency virus type | replication. Fourth, we have revealed that cholesterol controls endocytic routes of a subset
of membrane lipids through rab11, a small GTP-binding protein, by using poly(ethylene glycol)derivatized cholesterol and fluorescent
sphingomyelin. Fifth, we have created dumbbell-shaped nanocircular RNAs to perform a prolonged effect in RNA interference. In
conclusion, we have obtained profound knowledge about mechanisms of target proteins and regulations of those targets by small
molecules.

4. Target Regulating Research Team

We presented novel drug targets through uncovering molecular mechanisms by which bioprobes exert their biological functions.
We found inhibition of tumor angiogenesis by sangivamycin through suppression of endothelial cell surface ATPase and a novel
pathway for hepatic cancer apoptosis by acyclic retinoid via transglutaminase-mediated crosslinking and inactivation of transcription
factor Sp1 followed by reduced expression of growth factor receptors. We developed the system for identification of nuclear transport
pathway, using importins-depleted cytosol and recombinant protein of importins in an /n vitro transport assay. It has been
suggested that a series of phosphorylation events are involved in the PBAN-mediated intracellular signal transduction. We found
that PBAN signaling induced phosphorylation of Lipid storage droplet protein 1 (Lsdpl), which associates exclusively with the
surface of the lipid droplet and regulates lipolysis. Identification of target molecules is important for not only understanding how
drugs act in cells but also developing more effective drugs. We identified the SF3b complex, an important component of the
spliceosome, as the target of the methyl ketal derivative of FR901464 named the compound spliceostatin A, an antitumor cell cycle
inhibitor. As the result of SF3b inhibition, splicing of pre-mRNA was inhibited, and the translation of the p27 pre-mRNA occurred to
produce p27*, thereby inhibiting the cell cycle.
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