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Purpose

The Microbial Chemistry Research Foundation (MCRF) conducts biological and chemical research on
microbial products and related types of substances to discover new beneficial substances for the
prevention and treatment of diseases. MCRF strives to contribute to public health and welfare by

promoting the development and utilization of these beneficial substances and by supporting advanced

academic research.
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IMC was established with the aim of focusing intense expertise on the comprehensive investigation of
microorganisms and their secondary metabolites.

Our central objective is to identify and develop novel biologically active and therapeutically relevant
substances that originate from microorganisms. The strong stewardship and commitment of our scientists
has contributed to the global advancement of basic science and human health through comprehensive and
collaborative research.

The unique cross-disciplinary culture of biology and chemistry is a particularly valuable feature of IMC.

By harnessing our world-class expertise on microorganisms, the Biology Division leads projects to determine
the molecular basis of the pathogenesis and production of biologically active metabolites. These investigations

are coupled closely and reinforced with the Chemistry Division, which provides cutting-edge technologies to

produce the required chemical entities through state-of-the-art asymmetric catalysis and organic synthesis.
IMC is empowered by collaborative research across scientific disciplines and is committed to the development
of novel therapeutics, agrichemicals, and specific antipollution chemicals to enhance the future of huma

society.
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Our research mainly focuses on “cancer.” We are studying cancer biology at the molecular level in order to identify new therapeu-

tic targets and strategies for cancer. Furthermore, based on our findings, we are developing new candidates for anticancer drugs by
screening for bioactive natural compounds in microbial cultures using our original experimental systems.
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1) Cancer research targeting tumor-stroma interactions
a) Regulation of tumor-stromal cell interactions
b) Relationship between chronic inflammation and tumors
¢) Augmentation of innate immunity
d) Development of experimental animal models
e) Supporting the activity of cancer researchers
2) Screening for 3D-sphere formation inhibitors of transformed EGFRVIII-
dependent cells
3) Search and development of drugs for non-communicable diseases with
emphasis on cancer, employing cell-based screening systems

1) Cancer research targeting tumor-stroma interactions.

Most of the solid tumors originate from epithelial layers, and the tumor
tissues consist of not only tumor cells but also stroma surrounding the tumor
cells. Stroma includes various types of components such as blood vessels,
macrophages, fibroblasts, and extracellular matrix. The stroma regulates tumor
development through diffusible factors and direct adhesion. Thus, these tumor—
stroma interactions are closely associated with the growth and metastasis
of tumor cells. It is noteworthy that tumor-stroma interactions can both
accelerate and suppress tumor growth. We hypothesized that manipulation of
the interactions between tumor cells and non-tumor host cells such as stroma
results in the suppression of tumors. In order to achieve our goal, we are
conducting experiments for the following: (a) regulation of tumor-stromal cell
interactions, (b) relationship between chronic inflammation and tumors, (c)
augmentation of innate immunity, and (d) development of experimental animal

models.
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2) Screening for 3D-sphere formation inhibitors of
transformed EGFRvIlI-dependent cells

EGFRvIII is a mutant form of the epidermal growth factor receptor (EGFR)
gene that lacks a ligand binding site. EGFRVIII expression is believed to be
limited to cancer cells and is found in >30% of all glioblastomas, which are
intractable and malignant. It also appears in non-small-cell lung, breast, oral,
and thyroid carcinomas. Cells overexpressing EGFRVIII were able to grow in
an anchorage-independent fashion and form spheres, a feature of cancer cells,
whereas anchorage-dependent parent cells were killed on ultra-low attachment
plates (3D cultures). Cells overexpressing EGFRVIII were tumorigenic in athy-
mic nude mice. Thus, we have developed a high-throughput screening method
to identify substances that inhibit 3D-sphere formation induced by EGFRvIII
without affecting the normal 2D-growth of parent cells on cell adhesion surface
plates. We are now screening for inhibitors from various sources, including
microbial metabolites.

Fig.2 EGFRvIII 33#ARED 3D-sphere ALALBEERIDIRZR
Screening for inhibitors of 3D-sphere formation induced by EGFRvIIl expression
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3) Search and development of drugs for non-communicable
diseases with emphasis on cancer, employing cell-based
screening systems

Using the world’s top class collections of actinomycete strains and secondary
metabolites of BIKAKEN, the screenings of drugs for cancer and other non-
communicable diseases are being conducted in our laboratory. At present, a
parallel search for cancer drugs targeting molecules such as EGFR, tubulin,
MEK, PI3K, proteasome, HDAC, HSP90, and DNA and its binding proteins
as well as for cardiotonic drugs, analgesics, hypolipidemics, and drugs for
neurodegenerative diseases is being conducted. The promising new compounds'
structure and bioactivities found in these screenings are evaluated for practical
use for which each drug is best suited. The new enzyme-stable trehalose analog
lentztrehalose is now under investigation for development as a substitute for
trehalose or as drugs for neurodegenerative diseases.

Trehalase-stability of lentztrehaloses.
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Novel trehalose analogs lentztrehaloses A, B and C
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The Laboratory of Microbiology focuses on drug discovery. We have screened for novel bioactive molecules in microbial metabo-
lites by developing a drug screening system based on the mechanism of pathogenesis of infectious diseases. Followed by detailed
studies on the mode of action, the pharmacological and drug-like properties of potential molecules are commonly optimized in this
institute. In addition, we have constructed a microorganism library containing various microbes from the soil, hydrosphere and so on.
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1) Development of new antibiotics against XDR-TB (extensively drug-resistant tuberculosis)
2) The antibacterial agent tripropeptin C

3) A study on the spreading mechanism of NDM-1, a novel f3-lactamase

4) Study of the aquatic and terrestrial microorganisms for drug discovery

5) Screening for new antibiotics

1) Development of new antibiotics against XDR-TB

Tuberculosis (TB), caused by Mycobacterium tuberculosis, has been the most
serious infectious disease for centuries. In 2013, 9.0 million people developed
TB and 1.5 million died from the disease, 360,000 of whom were HIV-positive.
In addition, the spread of multidrug-resistant tuberculosis (MDR-TB), including
extensively drug-resistant tuberculosis (XDR-TB), which mainly results from
inappropriate doses of chemotherapy, is now recognized as an additional problem.
In response to this serious situation, we at BIKAKEN have explored antitubercular
agents since the establishment of BIKAKEN in 1962 by Dr. Hamao Umezawa, who
discovered kanamycin, the first antitubercular drug developed in Japan. Therefore,
we have isolated promising candidate compounds named caprazamycins from
the culture broth of a Streptomyces strain. We then modified them and finally
established CPZEN-45 as the most promising derivative. CPZEN-45 is superior
to caprazamycins in terms of some properties, including antitubercular activity
against MDR- and XDR-TB. In addition, CPZEN-45 showed excellent therapeutic
efficacy in the treatment of mice infected with XDR-TB.

We also evaluated the mechanism of action of CPZEN-45. We observed that
CPZEN-45 strongly inhibited the activity of the integral membrane protein WecA
transferase, involved in the biosynthesis of the cell envelope. This mechanism is
different from any other currently studied mechanisms, implying that CPZEN-45
would be effective against most MDR-TB strains. In 2008, we joined “The Lilly TB
Drug Discovery Initiative” and collaborated on further studies for developing this
candidate drug in a short period of time.

CPZEN-45

Fig.1 Ah75H< A2 V8EE CPZEN-45 DS
Strucures of caprazamycins and CPZEN-45
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2) The antibacterial agent tripropeptin C

MRSA (methicillin-resistant Staphylococcus aureus) and VRE (vancomycin resistant Enterococcus faecalis/
faecium) are Gram-positive bacteria and two of the normal microbial flora; they are also known as opportunistic
pathogens. They cause severe infections, such as sepsis, pneumonia, and endocarditis, in immunocompromised
hosts and have the ability to acquire resistance to available drugs. Vancomycin has been the last resort for the
treatment of MRSA, but its efficacy is limited because of the emergence of vancomycin intermediate and highly
resistant bacteria. Thus, new drugs effective against these pathogens are urgently required.

Tripropeptin C, a cyclic lipopeptide antibiotic produced by Lysobacter sp., isolated from a soil sample
collected in Okinawa prefecture, was discovered in 2001 (Fig. 1). The discovery of TPPC stemmed from research
on compounds effective against MRSA without cross-resistance to existing drugs including vancomycin.

TPPC:

- exhibited very potent antimicrobial activity against Gram-positive bacteria including resistant strains (MRSA,
VRE, PRSP)

- demonstrated excellent therapeutic efficacy in a mouse staphylococcal septicemia model when administered
intravenously (45th ICAAC, Interscience Conference on Antimicrobial Agents and Chemotherapy) Distribution
data supported a marked therapeutic efficacy of TPPC in mice.

- inhibited of peptidoglycan biosynthesis with different mode of action from vancomycin and bacitracin.

- revitalized and synergistically potentiated the activity of beta-lactams against MRSA.

These results strongly indicate that TPPC is the promising candidate for novel anti-MRSA drug.

At present, the efficacies of TPPC and TPPC/beta-lactam combination treatments in a mouse-MRSA
infection models are under evaluation.
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3) A study on the spreading mechanism of NDM-1, a novel
B-lactamase

The dissemination of drug-resistant pathogens has constituted a major threat
to human life for a long period of time. Many of the genes responsible for the
development of this resistance exist on movable plasmids and are transmissible
between microorganisms. As a consequence, these genes have rapidly spread
worldwide. Accordingly, it is considered that a study of the spreading mechanism may
contribute to control of the proliferation of drug resistance in pathogens.

NDM-1 was first-characterized as a novel class of f-lactamase in 2008. The gene
blaypy 1, which“encodes NDM-1, exists on a mobile plasmid ; since its discovery this
gene has disseminated throughout the world, particularly in South Asia and Europe.
The first case in Japan was a NDM-1 producing strain of Escherichia coli, isolated at
Dokkyo Medical University Hospital in 2009. One of our goals in collaboration with
Dokkyo Medical University is to determine the very effective spreading mechanism
of NDM-1. Until date, a large plasmid (ca. 200 kbp) encoding blaypy, has been
sequenced. We are now investigating the detail of the spreading mechanism using
this sequence data.

Fig.2 Structure of tripropeptin C.

pNDM-1Dok01
195,560 bp

70,000

Fig.3 Plasmid map of pNDM-1 Dok01 from Escherichia coliNDM-1Dok01.
The gene blanow1 was shown as red.
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4) Study of the aquatic and terrestrial microorganisms for drug discovery

We are expanding our stock culture library for the discovery of new bioactive metabolites and at
present, we have > 40,000 pure cultures of soil bacteria. Fermentation broths of these bacteria are
used for the screening of useful bioactive compounds. The screening results, therefore, directly depend
on the quality and diversity of the library. Our library is composed mainly of actinomycetes, which are
an excellent source for the discovery of novel secondary metabolites with diverse biological activities;
hence, they are regarded as the best screening sources for drug discovery. At our institute, the clinically
important drugs kanamycin, bleomycin, josamycin, and aclacinomycin were discovered from secondary
metabolites of actinomycetes. High quality and as yet undiscovered isolates for screening sources are
essential to the discovery of new metabolites. Our focus for isolating strains is based on poorly studied
habitats within the extremobiosphere and underused samples as well as soil samples. We are principally
focusing attention on isolating bacteria from deep-sea sediment and aquatic organisms. To evaluate the
diversity of these strains, we are performing a genotyping study based on 16S rRNA gene sequences
of isolated bacteria. In addition, we have recently developed a new analysis method, MALDI-TOF MS
typing, for actinomycetes.

Isolation
(soil and deep-sea sediment)

Phylogenetic analysis Culture collection Broth library
Figd B#Z4 75 —BLUTORT1 75 ) —BEDRN
Construction work flow of culture collection and broth library

5) Screening for new antibiotics

Drug-resistant bacterial infections are a global concern for human health. The development of
resistant bacteria has occurred in almost all major classes of antibiotics. The number of pathogenic
bacteria, which have acquired tolerance to multiple classes of antibiotics, is steadily increasing
worldwide in both developed and developing countries. In nosocomial infections, Enterococcus,
Staphylococcus aureus, Klebsiella, Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter
species are some of the most problematic. These pathogens are capable of not only producing the
enzymes that inactivate antibiotics, such as extended spectrum f lactamases and aminoglycoside-
modifying enzymes, but also altering antibiotics’ targets using their modification enzymes. This results
in decreased affinity of the antibiotics for their targets.

Recently, 16S rRNA methylase was found to be one of the most problematic enzymes. This enzyme
is produced by macrolide-resistant Staphylococcus and aminoglycoside-resistant Pseudomonas
aeruginosa, Acinetobacter baumannii, and Enterobacter species. We have, therefore, been screening
for new aminoglycoside antibiotics that are effective against the methylase-producing bacteria from
microbial metabolites.

APH(3))
AAC(2) * AAD(4))
OH * OH y methylase ESKAPE pathogens
HO 0o BN oH Enterococcus,
HoN o H2 (o) NH NpmA Staphylococcus aureus,
HO, 2 ArmA Klebsiella,
APH(2") e 4 u N%S y Acinetobacter baumannii,
AAD(2") 2 2 Pseudomonas aeruginosa,
k AAC(6) Enterobacter species 5
AAC(3) ,

Kanamycin B

 EETIOVALFREME

Fig.5 ¥#R7 3/ 7 0¥ FREMBEDHRR

Screening for new aminoglycoside antibiotics
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The research purpose of our laboratory is to elucidate the elementary processes of vital reactions by making full use of techniques
based on molecular biology, biochemistry (enzymology), and cell biology. We promote original drug discovery research based on the
results obtained in our studies. Furthermore, we provide technical support for the drug discovery research of IMC by developing ex-
perimental systems that can verify the mode of action of novel compounds. We have particularly elucidated the elementary processes
underlying the systems of viral and intractable diseases and developed new agents against these diseases.
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1) Influenza virus
2) Hepatitis B virus (HBV)
3) Neuromuscular diseases

1) Influenza virus

Influenza virus binds to sialic acid on the cell surface (1) and is incorporated
into the cell by endocytosis (2). Influenza virus genome RNA is released into
the cytoplasm (3) and transported to the cell nucleus. In the nucleus, the viral
genome is transcribed to produce viral mRNAs; it is also replicated to produce
progeny genome RNAs (4). After transcription and replication, viral mRNAs
as well as progeny genome RNAs are transported to the cytoplasm. The viral
mRNAs are translated to synthesize viral proteins. Viral proteins and progeny
genome RNAs are assembled at the plasma membrane (5), and progeny virions
are released from the cell surface (6). Amantadine inhibits membrane fusion
during viral genome RNA release into the cytoplasm, and Tamiflu and Relenza
inhibit release of progeny virions from the cell surface. However, it is necessary
to develop new anti-influenza drugs because viruses resistant to these drugs
have been isolated. Thus, we now analyze the molecular mechanisms of
transcription and replication of the influenza virus genome as well as the
assembly of viral particles and attempt to develop new anti-influenza agents
(drugs) and vaccine based on our findings.

Life cycle of influenza virus
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2) Hepatitis B virus (HBV)

Chronic infection of HBV is associated with an elevated risk of developing
liver cirrhosis and hepatocellular carcinoma, emphasizing that antiviral drugs
are extremely useful for therapeutic treatment to control the infection as well
as contributing to a reduction in cirrhosis and cancer development. Although
current antiviral drugs, such as interferon alpha (IFN-a), and nucleos(t)ide
analogs are effective against HBV infections, these drug classes have certain
limitations, such as (1) for IFN-a, a partial efficacy and side effects exist and
(2) for nucleos(t)ide analogs, the emergence of drug-resistant virus strains has
occurred. Thus, there remains an unmet need for the development of novel
anti-HBV drugs. Therefore, we are dedicated to identifying new anti-HBV
compounds with emphasis on targeting the virus's unique genome replication
cycle.

Replication cycle of HBV genome

Virion

viral genome

©
*
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cytoplasm

rcDNA
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(1) rcDNA is repaired to form
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Replication cycle of HBV genome

3) Neuromuscular diseases

Many neuromuscular diseases are caused by gene mutations, and frequently
the current available therapeutic treatments are not sufficient. Additional,
improved treatments are required for targeting these diseases. These diseases
are known to cause dysfunction of the neuromuscular junction, the site of
connection between motor nerves and skeletal muscles. Therefore, we are
attempting to search for new drugs from both natural products and chemical
libraries, targeting the neuromuscular junction as a new therapeutic approach
for neuromuscular diseases.

Development of new therapy to enlarge neuromuscular junction for Neuromuscular diseases
HRGEAE (NM)) E8ET BLEVERRL. HRIRSLISEia

Motor nerve terminal
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l [
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Postsynaptic structure
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Fig.3 HREESER{ILIEDRR
New therapeutic approach to enlarge the neuromuscular junction
for Neuromuscular diseases
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We have elucidated the basic mechanism of life phenomena using structural biology methods. Furthermore, we are creating a basis
for designing more potent drugs that regulate the phenomena through the structural analysis of drug-target complexes.
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1) Structural biology of autophagy
2) Structural analysis of drug-protein complexes

1) Structural biology of autophagy

Autophagy is an intracellular degradation system conserved in eukaryotes. It
has various physiological roles and its dysfunction causes various severe diseases
such as neurodegeneration and cancer. During autophagy, doublemembrane
structures called autophagosomes are generated, which sequester degradation
targets and deliver them to the lytic compartment, the lysosome, where they are
degraded by hydrolases. Over 40 Atg proteins have been identified as critical
factors for autophagy; however, the molecular mechanism of how these Atg
proteins mediate each process of autophagy remains to be elucidated. We are
attempting to determine the molecular mechanism of autophagy through a
comprehensive structural study of Atg proteins and a functional study based
on structural information. Based on the structural and functional information
obtained, we are developing drugs that regulate autophagy.
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Fig.1 TNE TICTHEEREICAHRTH LT Atg EREBOIIFIEIE
Atg protein structures that have been determined
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2) Structural analysis of drug—protein complexes

We are performing structural studies of the physiologically active
substances, which were developed in IMC, as a complex with their target
proteins using X-ray crystallography. Based on the structural information of
the compound-target complex obtained, we are elucidating the mechanism of
action for the compounds and designing a new compound that has a higher
affinity for the target protein. For example, we are using X-ray crystallography
to determine the ternary complex formed between a new anti-MRSA
(methicillin-resistant Staphylococcus aureus) drug, DNA gyrase, and DNA.

Fig.3 RIBM Nano Explorer High-Speed Atomic Force Microscopy
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Our research focuses on “cancer.” We are studying cancer biology at the molecular level in order to identify new therapeutic tar-
gets and strategies for cancer. Furthermore, based on our findings, we are developing new candidates for anticancer drugs by screen-
ing for bioactive natural compounds in microbial cultures using our original experimental systems.

Furthermore, we apply microbes to environmental field and also isolate entomophathogenic fungi as a new screening source.
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1) Development of inhibitors of the ubiquitin-proteasome pathway
Proteasome inhibitors
IAP inhibitors
Mdm2 inhibitors

2) Development of tumor microenvironment-oriented anticancer drugs

3) Development of androgen receptor inhibitors

4) Searching for new treatment strategies against small-cell lung cancer by
using an original orthotopic metastasis model

5) Application of microbes to microenvironments

6) Screening of bioactive compounds from entomopathogenic fungi

1) Development of inhibitors of the ubiquitin-proteasome
pathway

The ubiquitin-proteasome pathway is involved in many biological processes.
It degrades numerous regulatory proteins critical for tumor growth. We are
presently attempting to identify the inhibitors of this pathway.

12

Fig.] AEFF>—7077 YV —LEE
Ubiquitin-proteasome pathway
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Proteasome inhibitors:

The proteasome is an abundant multi-enzyme complex that has protease
activities. Proteasome inhibitors can stabilize numerous regulatory proteins and
cause apoptosis, thereby limiting tumor development. Therefore, proteasome
inhibition is an attractive therapeutic strategy for human malignancy. We are
presently developing orally active proteasome inhibitors using in vivo imaging
system.

In vivo imaging of proteasome inhibition in tumors.

Oh

derivative

Tyropeptin-boronic acid

Fig.2 BEATO/O7 7Y —LBERID invivo A A=
In vivo imaging of proteasome inhibition in tumors
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IAP inhibitors:

IAPs act as E3 ubiquitin ligases for caspase; furthermore, they act as inhibitors
of caspase activities. Inhibition of IAP-caspase interaction activates the caspase
cascade leading to enhanced apoptosis.

Mdm?2 inhibitors:

Mdm2 functions as an E3 ubiquitin ligase for p53 tumor suppression
and as an inhibitor of p53 transcriptional activation. Inhibition of Mdm2-
p53 interaction activates the p53-dependent apoptosis pathway and induces
inhibition of tumor growth.

2) Development of tumor microenvironment-oriented
anticancer drugs

The tumor microenvironment has an important influence on cancer
progression, particularly in cases where large areas of a tumor are nutrient-
starved and hypoxic because of a disorganized vascular system. Because
chronic deprivation of nutrients or hypoxia is rare in normal tissues, nutrient-
deprived or hypoxic cancer cells are potential targets for new anticancer
agents. We are presently screening cytotoxic agents that function preferentially
under nutrient-deprived or hypoxic conditions.

Fig.3 HDAMUNRE
Tumor microenvironment
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Orthotopic injection to
lung of nude mice

3) Development of androgen receptor inhibitors

Prostate cancer initially occurs as an androgen-dependent tumor and
responds favorably to androgen ablation therapy. However, prostate cancer
progresses from an androgen-dependent to an androgen-independent stage
and acquires resistance to androgen ablation therapy. Most androgen-
independent prostate cancer cells still express androgen receptors (ARs),
indicating that these cells maintain the AR signaling pathway. Therefore, we
are currently attempting to identify novel AR inhibitors that could be potential
drugs for treating advanced prostate cancer.

Fig.4 RIXIERONA DIEERE
Prostate cancer progression

4) Searching for new treatment strategies against small-cell
lung cancer by using an original orthotopic metastasis
model

Small-cell lung cancer (SCLC) accounts for approximately 20% of lung
cancer cases and is one of the most aggressive cancers due to its ability to form
early and widespread metastases. The overall survival of SCLC at five years has
been approximately 10% over the last several decades. Hence, the development
of novel strategies for the treatment of SCLC is urgently required. However,
the details of SCLC biology, which is important for the development of novel
SCLC treatments remains unclear. Recently, we have successfully established
a new orthotopic transplantation model of SCLC in nude mice. Our model has
a superior distant metastases-forming ability compared with that of other
orthotopic SCLC models. Using this model, we are currently addressing several
projects as follows: (1) the analysis of the molecular mechanisms of distant
metastases formation of SCLC (particularly brain metastasis), (2) searching
for novel molecular targets for the treatment of SCLC, and (3) searching for
parent-compounds of drugs against SCLC.

GFP-labeled DMS273
(a human SCLC cell line)

.7 4-5 weeks

Brain meta.

Analysis by GFP
-fluorescence
and histology

Adrenal gland
meta.

v’ Metastatic foci were mainly observed in bone, brain, and adrenal gland, as in SCLC patients
v Distant metastases formation ability is superior to other orthotopic SCLC models
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Bone meta.

Sakamoto et al. Cancer Sci. 2015

Fig.5 /LB CIREICRA% LTc/ B RO B RGBTV

A new orthotopic metastasis model for SCLC
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Solid-liquid separation

6 hrs (Overnight)

5) Application of microbes to microenvironments

We applied microbes to environmental improvement and promoted
a procedure to degrade jellyfish, which is difficult to process in thermal
and nuclear power plants (Figure 6). We developed an original processing
system of jellyfish, which included enzymatic degradation and brine waste
water processing by a single ciliate. We also developed this methodology for
application to marine waste.

BREALIE

Nitrogen removal

TEIER S8

Activated carbon filtration

FLUb

60 min
SLER7K
Treated water

Fig.6 7 =7 3 ERAIEIEER R
Flowchart of jellyfish degradation

6) Screening of bioactive compounds from entomopathogenic
fungi

We have isolated Cordyceps and related entomopathogenic fungi as
screening resources for drug discovery. Entomopathogenic fungi are known
to produce various bioactive molecules in it’s life cycle, infection process of
insects, proliferation and death of insects. The molecules produced by these
microbes are expected to possess unique structures and biological functions
and may represent seed compounds for drugs. We screen bioactive molecules
focusing on antitumor compounds and furthermore investigate the activation
of fungal secondary metabolism to broaden diversity of metabolites.

Fig7 £HEE
Photographs of Cordyceps



L =L A N— " Member
m ﬁx A S = 115 = == Director : Manabu Kawada

FAEWRE KA B Senior Researcher : : Tomokazu Ohishi
AU N—E 54 Number of Members : 5

Section of Animal Resources

BB o RS W ED I R MU A IO T R 2 f A L TR LT\ 5,

In vivo evaluation of the compounds isolated from microbial metabolites or synthesized in the laboratory.

(52— Animal evaluation system

1) EMEBRRUEEhEE 1) Toxicity and PK/PD studies
O @ Acute toxicity
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+ Anatomy findings
i Obsyervatioi for 14 days
14};"%%’%3 (@ Pharmacokinetic examination
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- 1 - Urine
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2) MEEEREEER 2) Antitumor studies
@ Hifdys a5 @ Antitumor examination
b MEAEE Human transplantable tumor

+ Lung : LX-1, DMS-273

+ Pancreatic : Capan-1, PANC-1

« Colon : DLD-1

+ Prostate : LNCaP, PC-3, DU-145

*Lung : LX-1, DMS-273
+ Pancreatic : Capan-1, PANC-1
+ Colon : DLD-1

* Prostate : LNCaP, PC-3, DU-145 - Breast : BSY-1

+ Breast : BSY-1 + Melanoma : LOX
+ Melanoma : LOX + Others

+ Others

Mouse transplantable tumor

X AR B S - Ehrlich carcinoma
+ IMC carcinoma
+ Sarcoma : S180

- Fibro sarcoma : Meth-A

« Ehrlich carcinoma
+ IMC carcinoma

+ Sarcoma : S180 - Leukemia : L1210, EL4
« Fibro sarcoma : Meth-A + Colon cancer : Colon26
» Leukemia : L1210, EL4 * Melanoma : B16-F10, B16-BL6

+ Colon cancer : Colon26 + Others

» Melanoma : B16-F10, B16-BL6
+ Others
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Staphylococcus aureus Smith
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Fig.1 FEBMERNER T 2RBBNEREDITRET IV
Model of the tumor angiogenesis.

3 Antimetastatic examination

Spontaneous
metastases
B16-BL6 Footpad Lungs
Footpad, s.c resection collection
| Administration | Administration 1
|1 I E-l=] I L]
f T 1
01 1314 15 2728
day

T T T T T

T T T T T T T T T T T T T T
Fig2 YUAAZ /=XM% ER LIcRBNERE T IV E BANEBET IV

Experimental and spontaneous metastasis model.

3) Antibacterial study

Model of the systemic infection
Staphylococcus aureus Smith
MRSA
Staphylococcus aureus MS5935-3
Staphylococcus aureus BASA56

Mouse model of Helicobacter pylori infection

H. Pylori SS1

T T T T T T T T T T T T T
Fig.3 Staphylococcus aureus Smith \<H T 2 I XL BBERRET )L
Model of the systemic infection caused by Staphylococcus aureus Smith.

4) Antiarthritic study

of limb are measured.
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The experiment is performed in accordance with the Guideline for Animal Experiment in the MCRF.
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To induce the arthritis, type II collagen complete adjuvant (ECA) is
inoculated to the mouse on day O and 21. Footpad volumes and joint changes
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Our mission is to 1) develop a novel catalytic asymmetric reaction based on a new concept and 2) apply it to the efficient synthesis

of therapeutics. We focus specifically on the development of C-C bond-forming reactions that proceed via proton transfer between

substrates, achieving perfect atom economy. These processes should be sufficiently robust to be amenable to industrial application

and to streamline the synthetic routes of optically active therapeutics. We believe our collection of state-of-the-art asymmetric cata-

lysts enables the production of a myriad of compounds that enhance human health and improve society.
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1) Development of asymmetric reactions catalyzed by rare-earth metal/
amide-based ligand complexes

2) Soft Lewis acid/hard Brensted base cooperative catalysis

3) Catalytic asymmetric synthesis of therapeutically important compounds
and their medicinal chemistry

4) Studies of asymmetric synthesis of caprazamycin-related compounds

1) Development of asymmetric reactions catalyzed by rare-
earth metal/amide-based ligand complexes

We have focused on the development of catalytic asymmetric reactions
based on the unique characteristics of rare-earth metal/amide-based ligand
complexes: rare-earth metals can adopt multiple coordination modes, and
amide-based ligands can exhibit appropriate structural rigidity and flexibility.
These complexes have exhibited high performance in reactions with highly
coordinative substrates. Their structural flexibility permitted in-situ switching
of catalytic functions through dynamic structural changes. Combination with
an alkali metal produced a heterobimetallic heterogeneous catalyst, which is
effective for anti-selective catalytic asymmetric nitroaldol reactions.

La-amide ligand-(H-D-Val-OtBu) ternary complex

Fig.1 7 = /{ERISN\DHEE BRI
Proposed transition state model for asymmetric amination.
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2) Soft Lewis acid/hard Bronsted base cooperative catalysis

We have focused on the development of catalytic asymmetric reactions
using soft Lewis basic substrates, e.g., alkyl nitrile, thioamide, and terminal
alkynes. When the designed soft Lewis acid/hard Br ensted base cooperative
catalysts are used, the soft Lewis acid selectively activates soft Lewis basic
functionalities, and the hard Br ensted basic alkali metal aryloxide deprotonates
pronucleophiles activated in-situ under mild basic conditions. This strategy of
cooperative catalysis allows us to develop atom-economical catalytic C-C bond-
forming methodologies to construct a chiral tetrasubstituted carbon center and
synthetically useful chiral building blocks.

soft-soft hard-hard
et o ,9';
Ferou it
N IS H A0 OQ_P
<
\= —clo,
deprotonation

Fig.2 #BEMEE 70 b LiiE

Deprotonation by cooperative catalysis.
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3) Catalytic asymmetric synthesis of therapeutically
important compounds and their medicinal chemistry

We have applied the arsenal of catalytic asymmetric reactions developed
in our group to the efficient catalytic asymmetric synthesis of therapeutics.
We have synthesized the neuraminidase inhibitor Tamiflu (anti-influenza),
Relenza(anti-influenza) and the aldose reductase inhibitor Ranirestat (for the
treatment of diabetic neuropathy). We are also interested in the medicinal
chemistry of the targets based on our synthetic methodology.

iy 1 p
o = HN
N 0 o Br
Y N
EtO HH’o Ckn’""@
o] H3PO, 0 F
Tamifiu Ranirestat

Fig.3 8zl
Structures of synthetic targets.

4) Studies of asymmetric synthesis of caprazamycin-related
compounds

We participate in the CPZEN-45 project and confront the asymmetric
total synthesis of caprazamycins, from which CPZEN-45 has been chemically
derived. To stereoselectively construct the key substructures of caprazamycin
B, depicted in the figure below (red), the synthesis utilizes the multimetallic
asymmetric catalysts we have developed. A diverse array of caprazamycin
analogs inaccessible from the natural sources will be prepared by this synthetic

procedure for the screening for anti-extremely drug-resistant tuberculosis
medicines.
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Laboratory of Medicinal Chemistry
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The predecessor of our laboratory was the Institute of Bioorganic Chemistry, established in Hiyoshi in 1974. It was renamed the Hiyo-
shi Medicinal Chemistry Research Institute as an affiliate to the Microbial Chemistry Research Center in 2003 and was renamed again
as The Institute of Microbial Chemistry, Hiyoshi in 2010. The current Laboratory of Medicinal Chemistry started in accordance with the
transfer to the new research building of The Institute of Microbial Chemistry in 2015. Since its establishment, we have continuously con-

ducted studies on the synthetic chemistry of antibiotics.
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1) Synthetic study of aminoglycoside antibiotics

2) Development of new macrolide antibiotics

3) Discovery of a novel antituberculosis drug CPZEN-45

4) Synthetic study of lipopeptide antibiotic Tripropeptin C derivatives

1) Synthetic study of aminoglycoside antibiotics

We have synthesized a large number of kanamycin derivatives based on the drug resistance mecha-
nisms of kanamycin-resistant bacteria and examined their antibacterial activity against resistant strains.
Our on-going studies have led the way for designing and synthesizing aminoglycosides with improved
activity against resistant bacteria. Furthermore, basic studies of sugar chemistry, such as deoxygen-
ation and fluorination, and regioselective protection of the amino or hydroxyl groups of aminoglyco-
sides have been conducted at this institute. Through these studies, we have succeeded in developing
the antibacterial chemotherapeutic agent dibekacin and the anti-MRSA drug arbekacin. In addition to
kanamycins, many aminoglycoside antibiotics, such as streptomycin and neomycin C, were completely
synthesized at this institute.

Recently, we synthesized a fourth generation kanamycin derivative, 2-OH-ABK, displaying less toxic-
ity and excellent antibacterial activity. This compound is expected to develop as a core drug in combi-
nation therapy against severe infectious diseases because of its excellent properties.

R' R? R? Ho o
HO, H N
KanamycinA OH OH H HO. 97 nrch,
" : 2-OH-ABK
Dibekacin NH, H H H
Arbekacin NH, H

COCH(OH)CH,CH;NH,
S) Streptomycin

Fig.1 77 =/ Bkt EmE

Structures of aminoglycoside antibiotics.

2) Development of new macrolide antibiotics

Our institute has undertaken extensive studies on the chemical modifications of 16-membered macro-
lide antibiotics. This research has led to the development of semisynthetic macrolide antibiotics that are
remarkably active against Gram-negative bacteria, although standard macrolide antibiotics are inactive
against them.

Recently, tildipirosin (20, 23-dipiperidinomycaminosyl tylonolide) was derived from tylosin in our
laboratory and was found to exhibit strong antimicrobial activity against Mannheimia haemolytica and
Pasteurella multocida, which cause bovine respiratory disease (BRD). In a joint development project
(duration, six years) with a foreign pharmaceutical company, this compound was proved to be safe and
effective against bovines with pneumonia in the field tests conducted in Europe and the United States.
This compound was marketed on a global scale from 2013 as an antimicrobial animal drug (brand name,
ZUPREVO).
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Structure of tildipirosin.

3) Discovery of a novel antituberculosis drug CPZEN-45

Fifty years after the first tuberculosis (TB) drugs were introduced, TB remains one of the deadliest
human diseases, killing over 1.5 million people worldwide each year. The recent increase in MDR-TB, XDR-
TB, and refractory TB in AIDS patients is one of the most important issues for worldwide public health.

In 2003, we discovered the anti-TB antibiotics caprazamycins, which are produced by the Actinomycete
strain Streptomyces sp. MK730-62F2. Subsequently, we found that some of the derivatives from
caprazamycin exhibited potent and selective activities against Mycobacterium tuberculosis H3TRv in vitro
and have excellent water solubility, which is superior to the parent compound. In particular, CPZEN-45
exhibited good activity against MDR- and XDR-TB strains in vitro and showed excellent therapeutic efficacy
in the treatment of mice infected with XDR-TB.

Analysis of the mode of action revealed that CPZEN-45 exhibits antitubercular activity by inhibiting
the activity of the WecA transferase, involved in the biosynthesis of the cell envelope. This mechanism
is different from any other currently used remedies, implying that CPZEN-45 would be effective against
most of MDR-TB strains. CPZEN-45 is, therefore, undergoing pre-clinical trials as a drug against multidrug-
resistant TB.

Fig.3 CPZEN-45 D##i&
Structure of CPZEN-45.

4) Synthetic study of lipopeptide antibiotic Tripropeptin C derivatives

The emergence and widespread frequency of multiple drug-resistant bacteria have made the
treatment of bacterial infections increasingly difficult. MRSA and VRE have been an exceptionally
serious problem in nosocomial infections. Therefore, the development of effective drugs having a new
mode of action against these drug-resistant pathogens is urgently required.

Tripropeptin C for example, a novel cyclic lipodepsipeptide antibiotic, was found to be a promising
novel class of antibiotic for the treatment of MRSA and VRE because of its excellent antibacterial
activity and novel mechanism of action. Structure-activity relationship studies of Tripropeptin C are
being conducted to produce promising derivatives.
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Figd tU7OXRTF> COWEE
Structure of tripropeptin C.
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At the Laboratory of Molecular Structure Analysis, we use analytical apparatus such as nuclear magnetic resonance (NMR), mass

spectrometry (MS), and X-ray crystal structure analysis for the structural analysis of a wide range of biologically active substances
found in assay systems and also derivatives of these substances and synthetic compounds.
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analysis and microscopes observation.

Fig.4 RHESCHAREIC K HRADMIVNGEEDERRA (%, COPl-delta/#%, GRIP/ 7, DAPI)
Observation of intracellular organelles in a protozoa by IFA (Purple, COPI-delta/ green, GRIP/ blue, DAPI)
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Institute of Microbial Chemistry

3-14-23 Kamiosaki, Shinagawa-ku, Tokyo 141-0021

Tel: +81-3-3441-4173 / Fax: +81-3-3441-7589

office@bikaken.or.jp

Access

15min walk from Meguro Station on the following lines: JR Yamanote Line, Tokyu Meguro Line, Subway Namboku Line
and Subway Mita Line.

10min walk from Gotanda Station on the following lines: JR Yamanote Line, Tokyu Ikegami Line and Subway
Asakusa Line.
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Institute of Microbial Chemistry, Numazu

18-24 Miyamoto, Numazu-shi Shizuoka 410-0301

Tel: +81-55-924-0601 / Fax: +81-55-922-6888

numazu@bikaken.or.jp

Access

Take a taxi from JR Numazu Station (20min ride) or JR Mishima Station (30min ride).

Take Fujikyu Bus for Fujitsu at JR Numazu Station (30min ride) and get off at New-Well-Sunpia-Numazu Bus Stop.
5min walk from the Bus Stop.
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