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Small molecules produced by microorganisms have diversity in chemical structures and biological activities. The

Antibiotics Laboratory is focusing on the isolation of new compounds that regulate the mammalian cell function from

microbial metabolites.

molecular targets to be inhibited by the chemical compounds.
in the newly established Natural Products Depository RIKEN (NPDepo), which makes chemical libraries.

Cellular factors involved in proliferation, differentiation and apoptosis in mammalian cells are
The compounds isolated from microorganisms are deposited

The laboratory

is also devoted to the cloning of biosynthetic gene clusters of microbial secondary metabolites, the investigation of the
molecular interaction between small molecules and their binding proteins, and proteomic analyses of drug targets. The
research will provide the biochemical tools to investigate the complex biochemical processes of the mammalian cell
functions and also establish the foundation for developing new medicines such as antitumor agents.



1. Microbiological and chemical approach for the exploitation of novel bioprobes
(1) Cloning and characterization of cytotrienin biosynthetic genes

Several triene metabolites were isolated from the culture broth of a cytotrienin producer, Streptomyces sp. RK95-74.
Based on some instrumental analyses, they were found to be biosynthetic intermediates and derivatives of cytotrienins.
On the other hand, genome analysis of cytotrienin producer was almost completed in collaboration with A. TOYODA at
RIKEN GSC. It came to be clear that the genome was approximately 10.2 mega base long, and a lot of genes for secondary
metabolite biosynthesis were found. According to the genome analysis, structures of cytotrienin derivatives, and
cytotrienin biosynthetic gene cluster, the biosynthetic pathway of cytotrienin was proposed.

(2) Systematic analysis and purification of actinomycete metabolites and construction of matabolite database
We have developed a novel method to separate and isolate a wide variety of metabolites systematically and efficiently.
This method was applied to extracts of 10 Streptomyces strains, which were found to produce useful bioactive metabolites
in Antibiotics lab. It gave a number of fractions and all of them were analyzed on an LC/MS. The obtained fractions with
the LC/MS data were used to construct the fraction library, and we have also purified and identified some metabolites from
the library. The library was arranged for high throughput screenings to check for several biological activities.

(3) Screening of cell cycle inhibitors, angiogenesis inhibitors and apoptosis regulating compounds
Screening for identifying novel cell cycle inhibitors and angiogenesis inhibitors by tsFT210 cells (temperature-sensitive
cdc2 mutant cells of mouse carcinoma FM3A), and VEGF-Luc/HT1080 cells (human fibrosarcoma harboring a VEGF-Luc
reporter gene). Apoptosis regulating compounds have been screened using cell-free systems and small molecule
microarrays.

(4) Analysis of reveromycin A biosynthetic gene cluster and genetic engineering for the production of new bioactive
derivatives

Reveromycin A, which is a polyketide compound produced by Streptomyces reveromyceticus, inhibits bone resorption by
inducing apoptosis specifically in osteoclasts. To obtain new bioactive derivatives of reveromycin A, our attempts were
focused on the cloning of reveromycin A biosynthetic gene cluster. Based on the information from mRNA expression pattern
and genome shotgun sequencing data, the polyketide biosynthetic gene cluster responsible for reveromycin A biosynthesis
was cloned from S. reveromyceticus genome. The sequence analysis revealed the additional polyketide starter module that
incorporates methylmalonyl CoA. This suggests that reveromycin A is biosynthesized with additional propionate unit. The
carbon unit is speculated to be excised by an unknown enzyme. Interestingly, the reveromycin derivative (reveromycin A2)
supporting the DNA sequence information was isolated from the secondary metabolites of S reveromyceticus.

(5) Studies on tryprostatin biosynthesis
TPSs produced by A.fumigatus BM939 are mammalian cell cycle inhibitors. Deletion mutants of NRPS (non-ribosomal
peptide synthetase) gene in the candidate gene cluster produced no TPS, indicating that the gene cluster is involved in TPS
biosynthesis. Other genes responsible for the biosynthesis leading to TPS-A in A. fumigatus were also identified by
gene-knockout and characterized by using recombinant proteins. Based on the results, we propose the following
biosynthetic pathway: brevianamide F synthesis by NRPS, prenylation by dimethylallyltryptophan synthase to yield
TPS-B, followed by monooxidation by cytochrome P450 and methylation by O-methyltransferase, resulting in TPS-A
production.

(6) System construction of a chemical bank "RIKEN Natural Products Depository” and a chemical database "RIKEN

Natural Products Encyclopedia”
We constructed a system to collect, store and distribute natural compounds including the secondary metabolites from
Actinomycetes, and set up the chemical bank “RIKEN Natural Products Depository”. At present we store approximately
22,000 kinds of compounds, which are composed of the metabolites purified in our laboratory, and the deposited compounds
from researchers in RIKEN, other Institutes or Universities. We also prepared the chemical database “RIKEN Natural
Products Encyclopedia” which records chemical information of the stored compounds. In this system, we can search for
compounds by a sub-structure search engine.

(7) Screening of apoptosis regulating compounds
We screened XIAP inhibitors or caspase-3-cascade activators by an in vitro enzyme assay and a chemical microarray. We
obtained enniatins as caspase-3-cascade activators. By the results from several enniatin derivatives, caspase-3-cascade
activating activity was correlated with cytotoxicity in human tumor cell lines.

2. Chemical biology on the molecular targets of bioprobes

(1) Cell-based screening for differentiation inducer of human leukemia cells
We performed cell-based screening to obtain new differentiation inducers of human leukemia cells. As a result, we found
several active compounds from our chemical library (NPDepo).

(2) Target identification of anti-tumor agent BNS-22

As last year, we investigated the action mechanism of anti-tumor agent BNS-22 on human tumor cells. As a result, we
demonstrated that BNS-22 targets DNA topoisomerase Il, and acts as its catalytic inhibitor..
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(3) Proteomics-based analysis of the target of inhibitors
To determine the target molecules of inhibitors, proteome analysis of inhibitor-treated cells was done by 2D-DIGE. We
started analyzing effects of inhibitors on HeLa cells in addition to drug-hypersensitive mutant of yeast, and the profiles
were compared between 18 specific inhibitors using the clustering method.

(4) X-ray crystallography of the protein complexed with the bioprobe
To investigate the interaction between the methyl-gerfelin (M-GFN) and its target protein Glyoxalase 1 (GLO1), the
crystallization of GLO1 complexed with M-GFN was carried out and its structure was analyzed. The complexed structure
revealed that M-GFN is bound in the substrate pocket by coordinate bonding with zinc ion as catalytic metal. In the
structures of GLO1 complexed with the inhibitor derivatized with GSH previously reported, GSH moiety of inhibitors
interacted with residues by hydrogen bond. On the other hand, M-GFN interacts with residues by hydrophobic interaction
at the region.

(5) X-ray crystallography of Bleomycin binding protein complexed with the bleomycin derivative
To investigate the interactions between the Shb/e and bleomycin derivatives by X-ray crystallography, Shb/e complexed
with bleomycin A6 was co-crystallized. This crystal diffracts to 1.6A resolution. The analyzed protein structure led us to
understand the interactions between Shb/e and various bleomycin derivatives

(6) Development of chemical array using a chemical library in a chemical bank "RIKEN Natural Products Depository"
We have developed a chemical array “NPDepoArray” carrying approximately 6700 of natural compounds and its
derivatives immobilized onto glass slides in a manner of photo-cross-linking. The NPDepoArray was used for protein
ligand screening.

(7) Protein ligand screening using chemical array
Small molecule ligands for a variety of proteins were screened by using chemical array, we identified chemical compounds
bound to the proteins on arrays.

(8) Screening of  olecular targets for bioactive small molecules by using photo-cross-linked small molecule affinity
beads
In order to identify the target proteins of bioactive small molecules, we made small molecule affinity beads using sepharose
and magnetic beads coupled with the photo-cross-linker.

(9) Improvement for the SPR imaging platform
In continuation of our efforts to improve the sensitivity of our SPR imaging technology, we examined the length and nature
of thiol terminated photo-cross-linker which connects a small molecule to the Au surface. The new synthesized linker
enabled us to identify the binding site of p62 to p38 MAP kinase

(10) Differentiation of phoslactomycin derivative-treated leukemia cells
We found that the derivative of phoslactomycin (PLM), a PP2A inhibitor, induced differentiation in human leukemia HL-60
cells. To identify the molecular target of the PLM derivative, we synthesized several linker parts of affinity beads.

(11) Development of a novel method for detection of small-molecule compound-protein interactions
We established a novel method for detection of small-molecule compound-protein interactions on array slide. After
transient transfection with vector encoded RFP-fused protein of interest, cell lysates were incubated with array slide, and
some interactions were observed on slides. We have cloned more than 100 genes of interest, and continued to search novel
ligands.

3. Mining and functional analysis of novel molecular targets.

(1) Screening for inhibitors of PIk1 Polo box domain dependent recognition
We developed a high-throughput screening system to identify inhibitors of PBD-dependent binding and screened a
chemical library. We isolated a compound that inhibited PBD-dependent binding /n vitroand in vivo. Using this compound,
we found that the predominant role of PBD-dependent binding is smooth chromosome congression at metaphase. We also
identified several fungal strains that produce compound(s) with PBD inhibitory activity.

(2) High throughput screening of inhibitors of HIV-1 Vpr protein
HIV-1 viral protein R (Vpr) is one of the HIV-1 encoded proteins that have important roles in viral pathogenesis. We have
already established a screening system for Vpr inhibitors using budding yeast cells. In this fiscal year, we have applied this
system to high throughput screening system. Using this system, we identified several Vpr inhibitors and analyzed the
mechanism with which the compounds inhibit the action of Vpr.

(3) Functional analyses of p38a in cell signaling
To understand the physiological importance of the interaction between p38 and p62 in bone remodeling, we first attempted
to identify the direct binding domain of p62 to p38 by SPR. We mapped a domain corresponding to 173-182 of p62 for direct
binding to p38. Furthermore, we showed that knockdown of p62 expression by siRNA led to impaired p38 phosphorylation
only when HelLa cells were stimulated by cytokine. The critical role of p62 in cytokine dependent p38 signaling pathway
was further confirmed by measuring IL-8 mMRNA. Cytokine mRNA is often stabilized via p38 pathway. In the absence of p62,



IL-8 mRNA induced by IL-1 became more fragile. These data show that p62 specifically regulates cytokine dependent p38
signaling pathway.

(4) Functional analyses of p38a in mice
To elucidate the physiological relevance of p38a in kinate-induced epilepsy and neuronal damages, we performed
histochemical and biochemical characterization of p38a+/- mice. And we showed that p38a deficiency reduced mortality
rate and seizure score. The finding suggests that p38a plays an important role in epileptic seizure and excitotoxicity

(5) Studies of tumor cell invasion-related proteins
RECK, a MMP inhibitory protein, has been known to inhibit MMP-9 secretion, however, we showed that the level of
MMP-9 mRNA was decreased in RECK-overexpressed cells. We succeeded in identifing an AP-1 site, that was responsible
for the suppression of MMP-9 transcription by RECK.

(6) Activation mechanism of heparanase
Heparanase is capable of specifically degrading heparan sulfate, and this activity is associated with the metastatic
potential of tumor cells. To clarify the activation mechanism of heparanase, we tried to identify the heparanase-binding
protein. We identified MMP-1, which was known to be a metastasis-promoting molecule, as a heparanase-binding protein
in extracellular space.
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