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1. hr=4y hREEEER 1957 1958 Streptomyces kanamyceticus
2. RAFIAIY R R EER 1957 1969 Streptomyces kanamyceticus
3. TLA=A4Ty HIA A LR REER 1965 1969 Streptomyces verticillus
4, HRARAI Y ETRE RS- 4 1965 1970 Streptomyces kasugaensis M—338
5 SavvAy NEEEEEA 1967 1970 Streptomyces narbonensis var. josamyceticus A204-P/2
6. TRAVY B REH 1971 1975 Bekanamycindk YL & B
7. RIvA=AoY HlA AL aER 1978 1981 BIBRKFMIZ &Y Streptomyces verticillus hY4E FE
8. Vi A & HINALEEEH 1975 1982 Streptomyces galilaeus
9. ORZIHR HINRALEEER 1976 1987 Streptomyces oliboreticuli MD976—-C7
10. ESLVESY FH AL L 1979 1988 Daunorubicin&k Y {b# &
11. i P4 =% R REH 1979 1988 Tylosink YL &R
12. FARHY 7 e -9 3] 1973 1990 Bekanamycink YL & BE
13. AR LA SEEIF 1982 1990 Bacillus laterosporus
14. FiLoERDY EEME 2005 2011 Tylosink Y{bLEA & AL ﬁ
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Chairmans Message

Certified as a public interest corporation on March 22, 2011, the Microbial Chemistry Research Foundation
(MCREF) was reincorporated as such on April 1 of the same year.

The MCREF was established in December 1958 using funds raised from patent fees for the new antibiotic
kanamycin, which was discovered by the late Dr. Hamao Umezawa (Director of the Department of Antibiotics at the
National Institute of Health and Professor at the Research Institute of Applied Microbiology at the University of Tokyo).
The MCRF’s inaugural President was Shinji Yoshino, while Dr. Umezawa served as Chairman. The objectives of the MCRF
are to conduct microbiological research to discover widely beneficial substances and to develop and utilize these substances
with the particular aim of advancing disease prevention and treatment, thereby contributing to improvements in public
health and welfare.

In 1962, the MCREF established the Institute of Microbial Chemistry at its present location and commenced
research activities under the directorship of Dr. Umezawa. The institute has since given rise to numerous beneficial
pharmaceuticals, including kasugamycin, which is highly effective against rice blast, and bleomycin, which was the world’s
first target-specific anticancer agent. Furthermore, the institute pioneered research into the mechanism of resistance in strains
resistant to aminoglycoside antibiotics such as streptomycin and kanamycin. This research initiative resulted in the successful
synthesis of the kanamycin derivatives dibekacin and arbekacin, which are effective against a broad spectrum of resistant
bacteria. The institute’s most recent successes include the veterinary drug Zuprevo. This background has led to microbiology,
medicine, and organic synthetic chemistry becoming the main pillars of the institute’s research activities.

In 2010, the MCREF adopted a policy of further strengthening its basic research under former Chairman, Dr. Akio
Nomoto. Despite new leadership, the MCRF will remain true to its path. The building that has thus far yielded numerous
research successes is rapidly beginning to show their age. Accordingly, a new research building incorporating the Hiyoshi
Branch was constructed, and research was scheduled to get underway at the new location in May 2015.

Hamao Umezawa Memorial Museum Meguro (HUM) was completed adjacent to the new research building in
August 2017. We honor Dr. Umezawa’s legacy by continuing to develop new antimicrobial agents, anti-cancer drugs, etc.
Through these efforts, our institute continues to promote scientific achievement and human welfare.

Masakatsu Shibasaki,
Chairman of the Board of Directors



H

A, PR A REY B N OB RIS A RFZE R AT\,
I BB AL, HBAHZKZ 2 EI2LD,
NFHDOEFEIEHE L itk O FIZ%H 5975 & & 1T,

B - HaroiREEZ HWE 3 5,

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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Our activities

(1) Research and development in biology and chemistry for the prevention and cure of
human diseases

(2) Research and development in biology and chemistry for sustainable food resources

(3) Research and development in biology and chemistry for improving the global
environment

(4) Disclosure and spread of the scientific results and knowledge gained through research
and development

(5) Human resource development of undergraduate students, graduate students, and
postdoctoral fellows through research

(6) Collaborative research with companies to create substances originating from
microorganisms

(7) Other activities to accomplish these objectives and purposes
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Dr. Hamao Umezawa (Director of Department of Antibiotics, National Institutes of Health and Professor of Research Institute
of Applied Microbiology, University of Tokyo) and co-workers discovered kanamycin, a new antibiotic that proved to be highly
effective in treating infections caused by antibiotic-resistant strains.

Kanamycin was marketed in Japan as a chemotherapeutic agent for the treatment of infections.

Furthermore, it was marketed in the U.S. and other countries around the world.

The patent fee from kanamycin was used to establish the Microbial Chemistry Research Foundation: MCRF (President, Shinji
Yoshino; Chairman of the Board, Hamao Umezawa; approved by the Minister of Health and Welfare).

The Institute of Microbial Chemistry (IMC) was established in Kamiosaki, Shinagawa-ku, Tokyo (Director, Hamao Umezawa).

Discovery that kasugamycin exhibited a strong activity against rice blast disease. The compound was shown to have low
toxicity; therefore, it was safe as an agricultural chemical.

A new research building was constructed next to IMC to extend the research program. The clinical effects of bleomycin for the
treatment of squamous cell carcinoma were confirmed.

Institute of Episome was established as an affiliated research institute in Fujimi-mura, Seta-gun, Gunma to study the resistant
strains and distribution of plasmids (extranuclear genes) involved in resistance.

MCRF hosted the 6th International Congress of Chemotherapy (ICC) Bekanamycin was marketed as an antimicrobial antibiotic,
while bleomycin was marketed as an anticancer antibiotic.

Kasugamycin was marketed as an antirice blast pesticide, and josamycin was marketed as an antimicrobial antibiotic.

Dr. Tokuji Ichikawa was elected as MCRF President. Dibekacin, a derivative of kanamycin B, was synthesized and shown to be
widely effective against several strains, including Pseudomonas aeruginosa.

Institute of Bioorganic Chemistry was established in Ida, Nakahara-ku, Kawasaki-shi, Kanagawa to study organic synthesis.
Dibekacin was marketed as an antimicrobial antibiotic.
MCRF hosted a symposium marking the institute’s 15th anniversary. Proceedings: Jap. J. Antibiotics, 30, supplement (1977).

MCRF hosted a symposium marking the 5th anniversary of the Institute of Bioorganic Chemistry. Proceedings: Jap. J.
Antibiotics, 32, supplement (1979).

Peplomycin was marketed as an anticancer antibiotic.

MCRF’s contributions to academic research were officially praised. MCRF was then approved by the Ministry of Health
and Welfare and the Ministry of Education, Science, Sports and Culture. MCRF hosted the “Trends in Antibiotic Research”
symposium. Proceedings: “Trends in Antibiotic Research,” Ed. by H. Umezawa et al., 1982, Japan Antibiotic Research
Association. Aclarubicin was marketed as an anticancer antibiotic.

Institute of Chemotherapy was established in Miyamoto, Numazu-shi, Shizuoka to promote chemotherapeutic and
immunotherapeutic research.
The institute was equipped with modern animal experimentation and radiological facilities.

Dr. Hamao Umezawa, the MCRF founder, passed away at the age of 72 years. He was an internationally respected researcher
in the fields of medicine, biology, pharmacology, and organic chemistry. His major achievements include the discovery of
kanamycin, bleomycin, and kasugamycin used to promote human health and welfare.

Dr. Tomio Takeuchi (Representative Director) was elected as MCRF Chairman. Ubenimex (Bestatin ®) was marketed as
an anticancer antibiotic. MCRF hosted a symposium marking the 25th anniversary of Institute of Microbial Chemistry.
Proceedings: “Horizons on Antibiotic Research,” Ed. by B. D. Davis et al., 1988, Japan Antibiotic Research Association.

The Hamao Umezawa Memorial Museum was established in Tamagawa, Setagaya-ku, Tokyo to honor the achievements of the
MCRF founder the late Dr. Hamao Umezawa. Pirarubicin was marketed as an anticancer antibiotic.

Aivlosin was marketed as an antimicrobial veterinary medicine.

Arbekacin was marketed as an antimicrobial antibiotic.

Prof. Sumio Umezawa was elected as MCRF President.

The New Research Institute annex with library and conference rooms was constructed adjacent to IMC to improve the research
environment. Gusperimus (deoxyspergualin) was marketed as an immunosuppressive agent.

The commemorative ceremony was held.

Shigeo Morioka was elected as MCRF President.

Dr. Tamio Yamakawa was elected as MCRF President. Dr. Yoshiaki Nonomura was elected as MCRF Chairman of the Board of
Directors.

To promote efficiency, MCRF was reorganized into three institutes with IMC, Institute of Bioorganic Chemistry, and Institute of
Chemotherapy changing their names to Microbial Chemistry Research Center (MCRC), Hiyoshi Medicinal Chemistry Research
Institute, and Numazu Bio-Medical Research Institute, respectively. Institute of Episome was closed. Dr. Yuzuru Akamatsu
(Representative Director of MCRF) was elected as MCRC Director.

A memorial lecture meeting was held marking the 90th birthday of the late Dr. Hamao Umezawa.
The MCRF 50th anniversary symposium was held.

MCRC, Hiyoshi Medicinal Chemistry Research Institute, and Numazu Bio-Medical Research Institute changed their names to
IMC, IMC Hiyoshi , and IMC Numazu , respectively. Dr. Akio Nomoto was elected as MCRF Chairman of the Board of Directors
and Director of IMC (Biology).

Dr. Masakatsu Shibasaki was elected as MCRF Representative Director and Director of IMC (Chemistry).

The research organization in IMC was reorganized as follows: Laboratory of Disease Biology, Laboratory of Virology, IMC
Numazu , Section of Animal Resources, Laboratory of Synthetic Organic Chemisty, IMC Hiyoshi , Laboratory of Molecular
Structure, and Department of Intellectual Property and Public Relations.

On April 1, 2011, MCRF was reincorporated as a public interest foundation. The Laboratory of Virology was reorganized as the
Laboratory of Basic Biology. Resources in the Management Section were established.
Zuprevo (Tildipirosin) was marketed as antimicrobial veterinary medicine.

A new research building incorporating the Hiyoshi Branch was completed.
The organization was reorganized, and research got underway at the new location in May.

Hamao Umezawa Memorial Museum Meguro (HUM) was completed adjacent to the new research building in August.

In the Nature Index 2018 Japan that IMC was determined to be the No. 1 research institution in Japan regarding high quality
publications in natural sciences in March.
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Chairman of the Board Representative Director Director Branch Head Department Head Laboratory Head
18 % 1% 18 Y 18 Y 1% 5% Y%
TRER =R FEMRE FERRE {iEsi=| BEMRE i =] BLHRE WizE#Eh
Laboratory Head Chief Chief Researcher |Senior Researcher|  Researcher Visiting Fellow |Postdoctoral Fellow| PhD Candidate | Technical Assistant
1% 2% ¢ 4% 5% 418 8% 9% 2% 20%
KRBT FEE BHEE F—LU—F— e R
Graduate Student | Undergraduate Student Office Staff Team Leader Secretary Director of Museum
6% 2% 108 18 2% 2% 1214
YH#EEET (Y¢ Additional post is included)
20195 47
MEMEFHASTHEREL, LmdSNcYE
Substances discovered by the MCRF and launched
me & g £
Substance Use Discovered Marketed
1 Kanamycin MEMLFEEE]  Antibacterial chemotherapeutic drug 1957 1958
2 Bekanamycin (Kanamycin B) MEMLFEEE]  Antibacterial chemotherapeutic drug 1957 1969
3 Bleomycin FINALZEFER] Anticancer chemotherapeutic drug 1965 1969
4 Kasugamycin Wb SEmE=EE  Agrochemical for rice blast disease 1965 1970
5 Josamycin MEERERR]  Antibacterial chemotherapeutic drug 1967 1970
6 Panimycin (Dibekacin) MELFEEE]  Antibacterial chemotherapeutic drug 1971 1975
7 Peplomycin FINALEFER] Anticancer chemotherapeutic drug 1978 1981
8 Aclarubicin DA LSEFEH] Anticancer chemotherapeutic drug 1975 1982
9 Ubenimex (Bestatin) HIMALFFEHR] Anticancer chemotherapeutic drug 1976 1987
10 Pirarubicin FINALEFEHR] Anticancer chemotherapeutic drug 1979 1988
11 Aivlosin MEFYE Antibacterial veterinary medicine 1979 1989
12 Habekacin (Arbekacin) mEEEAR]  Antibacterial chemotherapeutic drug 1973 1990
13 Gusperimus (15-Deoxyspergualin) yEzibalEl Immunosuppressive agent 1982 1994
14 Zuprevo (Tildipirosin) MEEYE Antibacterial veterinary medicine 2000 2011

B 70t S&EVETE Access

MEMEZTREAR (I ETH)
T141-0021
RREGE/ X EXIE 3-14-23
Tel: 03-3441-4173
Fax: 03-3441-7589
oﬁice@bikaken.or.'ﬂ
JRIIFHR,. R2EFRR. WRX SO, EYQE.fmTﬁﬁEEE%z?
iR BRRKIURES 159
JRIIFFR, 2ot HR, #MEMTELER
SR ARBERKIVES 109
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.

BEERIDXEE

T 158-0094

RREHBEASXE)I 1-3-28

Tel: 03-3441-4173 (EY LR
office@bikaken.or.jp

EFR

RoBEETR ZFE/IRKUES 8

Hamao Umezawa Memorial Museum

1-3-28 Tamagawa, Setagaya-ku Tokyo 158-0094
Tel:+81-3-3441-4173

office @bikaken.or.jp (Institute of Microbial Chemistry)

Access

8 min walk from Futako-tamagawa Station on the Tokyu Den-en-toshi
Line.

M LR EIR5Z PR
T410-0301
FMSEEMEA 18-24
Tel: 055-924-0601
Fax: 055-922-6888
numazu@bikaken.or.jp
JRIBEREO BL2/\R2EHE SLETS (W309) —a1—
DIOYETBENE #5549
JRBERKY., 97v—209. JR=BRELW. 9792—30%H
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-Wel-Sunpia-Numazu Bus Stop. 5min walk from the Bus
Stop.

MEEEXREERE (HUM)
T141-0021
Rl ||[X_EXIE 3-14-24
Tel: 03-3441-4173 (44 L2 RZTPT)
Fax: 03-3441-7589
office@bikaken.or.jp
TEFER
RoEERR. RRX SOfRIR. BEH TNER=MIR
iR BERKIDHES 159
JRLLIFHR, Reuth HR, EEM P EOXER
=R ARERKIDRES 109
Hamao Umezawa Memorial Museum Meguro (HUM)
3-14-24 Kamiosaki, Shinagawa-ku Tokyo 141-0021
Tel:+81-3-3441-4173 / Fax:+81-3-3441-7589
office @bikaken.or.jp (Institute of Microbial Chemistry)
Access
15 min walk from Meguro Station on the following lines: JR Yamanote
Line, Tokyu Meguro Line, Subway Namboku Line and Subway Mita Line.
10 min walk from Gotanda Station on the following lines: JR Yamanote
Line, Tokyu Ikegami Line and Subway Asakusa Line.
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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.

FR27F5 B 5ER U IZ# i 50iR
New reseach building finished in May 2015
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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 hum

society.
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Laboratory of Oncology
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Laboratory Head : Manabu Kawada
Number of Members : 10
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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.

o

Compounds
2

Antitumor effect
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Autocrine
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1
Fig.1 BA—REBEBEIER
Tumor-stromal cell interactions
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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.

Fig.3 ##7 trehalose $8#5{% lentztrehalose A, B, C
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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Caprazamycins

F HO OH

1) Development of new antibiotics against XDR-TB (extensively drug-resistant tuberculosis)
The antibacterial agent tripropeptin C

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

Study of the aquatic and terrestrial microorganisms for drug discovery
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 A5 A V8L 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. 2). 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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Fig.2 U 7OXRTF> COME
Structure of tripropeptin C.
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3) Astudy 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
Fig.3 NDM-1Dok01 D 7S X = K</
Plasmid map of pNDM-1 Dok01 from Escherichia coliNDM-1Dok01.
The gene blanow1 was shown as red.

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.



4) TIF - KEWMEMICRET S

HAald, Atz d 2MEz
WRT B0, BIEETIC4 FkZ-A
LDMEMN BB T AT TV — 2L
TW3, TOMAEMBEENS A7) —0D
ZREMEREIE. ERMCR D S M
WIEOBERDOREICKREHFETZ T h
5. ZERMED LR B OMERHE B Y WS
HOEHEFHREL 5> TV 5B,

RERE 2B EEE 28 D2 < D
TP ZNED T LD, EHOERIC
BLELIEAZ ) == ) —ZAD—DT
HB, RIS, K LEERERLTHS
<Ay, TLARALV Y, Yayvx
AU, FLTT ISV /RATVIREN
UL CHLEE & N7 R O AR e
PRI N TV,

ZFTTHRE., BEREZHOIC, 947
VU —DJL L IR BMAE R D LY >
TIWVEOFRIT % & L BT, SHEERERD
fedb, SEE T FHCHRBIEIIC 2R D
M E OB 217> T 5, ETz
TNSHEKT A 75 —DEMMEERT 12
®IC 16S rRNA DIfHEES 2 fiat & U 7zid
(EEAMN TR R TR & O B O D ETT >
T\, Ehlcchuchnzaiiziziksr e L
T. MALDI-TOF MS 7% FiW 7= EI D 24k
PERBTIC DV T & AT FIL DR 233D T
W3,

5) FIRMEMBDIER

SEHNMH LR X ED T & A E DRI
Bio LT, JeEE. BaYE® EE O 2
MhIHRMCEmLTHEL, chick-
THIET 2 BEPEIC K > TAF O
Sk, RELBNIEINZ T ENREISN
TW5, Kic, ESKAPE (JBBRE, #{7
RYERE, 2L 7Y ITIE. 7V by
R— e NYR VI RRIEE, TNy
Z—JE) LN B FEE, BENEAYE
DK & 75 5 AN EREETH O, Th
513z 1, ESBL (Extended Spectrum f
-Lactamases : FEEILERHB- T 7 X< —
V) DEMEEEIC X > THEYEZ RS
TR THRL, FUEMEOENZ 2L
T EHEH & OBIFERAL T BT Eb %
HET %,

WA, PUEE OB Z 2L X ¥ 5 4
T3 16S IRNA X F 5 —LITFHCHE L
o THED, 74 RifET R ERE
7 /793 FIEORIRE. 7%
FRZR— NI T TN Z—
EEEIcHBNS,

LM EMAHIEN S D 16S
rRNA A5 — L EICHRNEHBT 2
J I Ay RRFVEVEOHRK 2R )1
HEDHTVB,

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 BZ1 75U —BLUTORTA TS —HEDRN
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 Enterococcus,
N 2 fo) OH NpmA Staphylococcus aureus,

HO OH NH; ArmA Klebsiella,
APH(2") e 4 H N%S \ Acinetobacter baumannii,
AAD(2") 2 2 . Pseudomonas aeruginosa,

k AAC(6') Enterobacter species |
AAC(3)
Kanamycin B

 EETIOVALEREME

Fig.5 ¥#R7 3/ 7 Y FEMBEDRR

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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Fig.1

1) Influenza virus
2) Hepatitis B virus (HBV)
3) Neuromuscular diseases

1) Influenza virus

Influenza virus binds to sialic acid on the cell surface O and is incorporated
into the cell by endocytosis @. Influenza virus genome RNA is released into
the cytoplasm @ 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 @. 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 ®), and progeny virions
are released from the cell surface ©. 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.

AY
477)1;17*f'7»rlbx0)5/7#»r'7/b
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- ), 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.

Fig.2 HBV 4/ LOEMY A7)
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

wy | l

Enlargement

Motor nerve terminal

! !

of NMJ
Acetylcholine Agrin Acetylcholine Agrin
| : | ‘
LRP4 LRP4
Natural product: m
Postsynaptic structure MusK e Proc s Postsynaptic structure Musk

U Dok-7

Defects and degeneration of NMJ

Muscle fibers

)

Muscle fibers

Functional improvement of NMJ

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.

Fig.1 TNE TITHEEREICHKTH LT Atg EREBOIFIEIE
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.

ig:-2_Rigaku VariMaX with RAPID
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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.

D ZBFFr-Tar7V— LSO ERI DGR 1) Development of inhibitors of the ubiquitin-proteasome pathway
a7 —LFHEH] Proteasome inhibitors
TAP FHEH IAP inhibitors
Mdm?2 inhibitors

Mdm2 BHE A
2) DARUNREZRE & UTe i AKIDBASE

2) Development of tumor microenvironment-oriented anticancer drugs
3) Development of androgen receptor inhibitors

3) HiMY >Ry YL TR RRAERE O HR 4) Searching for new treatment strategies against small-cell lung cancer by
4) MEOHRERE T TV Ul M fiAs A OIS —ADIRER using an original orthotopic metastasis model
5) AP OEREE AN DILT 5) Application of microbes to microenvironments
6) ZHE I EORHIEFLAIRE NS OEMYEEYIE O%ER 6) Screening of bioactive compounds from entomopathogenic fungi

7 —#E/ Theme Outline
1) AEFFr - 7077V —LEROBERDER 1) Development of inhibitors of the ubiquitin-proteasome

ACFFY - TaT TV LRI, FERAEAN 2 R T o R pathway

Td b, FHTHIFIHTER RIEICBI D B8 2 7\ I ORRIKIC KD 53 fiRt The ubiquitin-proteasome pathway is involved in many biological processes.
INBTENS, DALDBDOICELDEFE->TWVD, £T T HAET It degrades numerous regulatory proteins critical for tumor growth. We are
SDFIRIC BT B PHER LR LTS, presently attempting to identify the inhibitors of this pathway.

Fig.] AE+FF>—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 Oh

Tyropeptin-boronic acid
derivative

24 h

Fig.2 FEBERTOTIO7 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.

Mdm2 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

Lung

Analysis by GFP
-fluorescence
and histology

Adrenal gland
m et/

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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A new orthotopic metastasis model for SCLC
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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

60 min
SLER7K
Treated water

Fig.6 7 =47 7 ERAEIEER 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
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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
- fREZ{L + Weight changes
CBOEER + External changes
+ Anatomy findings
i Obsyervatioi for 14 days
14};"%%’%3 (@ Pharmacokinetic examination
@) TREA R . Serum
- 1 - Urine
R + Excrement
-3
PRI oH
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
< RO B « Ehrlich carcinoma
+ IMC carcinoma
+ Sarcoma : S180
- Fibro sarcoma : Meth-A

« Ehrlich carcinoma
+ IMC carcinoma

+ Sarcoma : $180 - 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
ZARBEA
i =
/ \ \
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@I A P Al @ Antiangiogenic examination

Fig.1 FEBMERNER T 2RBBNEREDITRET IV
Model of the tumor angiogenesis.

@ PR 3 Antimetastatic examination

T T T T T T T T T T T T T T T T T T T T T T T T T

Fig2 YUAAZ /=XM% ER LIcRBNERET IV E BANEBET IV

Experimental and spontaneous metastasis model.

T T

3) BRFaEEER 3) Antibacterial study
S TARHERET IV Model of the systemic infection
Staphylococcus aureus Smith Staphylococcus aureus Smith
MRSA MRSA

Staphylococcus aureus MS5935-3

Staphylococcus aureus MS5935-3
Py Staphylococcus aureus BASA56

Staphylococcus aureus BA?ASG ) Mouse model of Helicobacter pylori infection
SYAN) DR 2= IERE TV H. Pylori $S1
Helicobacter pylori Sidney Strain 1 (SS1)

T T T T T T T T T T T T T T T T T T
Fig.3 Staphylococcus aureus Smith |<H T 27 XL BBERRET )L
Model of the systemic infection caused by Staphylococcus aureus Smith.

P 4) Antiarthritic study

AICH AT 13— +Freund complete adjuvant (FCA) % To induce the arthritis, type II collagen complete adjuvant (ECA) is
0 HBEIcKS., 21 HAlcaS—4 >« FCA 5 UCIHEiREHR L, & inoculated to the mouse on day O and 21. Footpad volumes and joint changes
WSS JE A R IR DB BT UL D 5 FRRSOBIRiT 2 A 07— Caffiied  Of imb are measured.

%O

TISRB (B RATIC 3513 2 B SRR SR IO S HML TV B,

The experiment is performed in accordance with the Guideline for Animal Experiment in the IMC.
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F AT W B H O FE Senior Researcher : Hidetoshi Noda

AU N—HH 184 Number of Members : 18

BRARDIATTIE, LS 2 SAZHRAAMBIGOBS L. 2D SEEBREEL 7-A LIS AL A YRR ORI R INAF & Bk
BRFE D2 ) v 7 SRR ZAT > T 5, BRI A MBSISFHFE 3R 2 RBIAE L L w @ TR ORITIC s — 7y F&AZD,
RASHNTIZZ ) = R BRI DA Z B I AN T 5, RAF BT GRIC KO EA Sh IO F R e Yite, K38
MEIEU LT NEERICRECHEBRT 2 H A~ LB DD b Dt CH 5,

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.

D T HHRE / 7 REL T 850K 7 T il i A 75 B s O B3

2) V7 Lewisf# /7~x—F Bronsted g S ZS BEBE I R 72 FU Tz fil
AT IEDBHFE

3) il AT 2 O B FE 72 Bl & U 7 T B [ 3K D fi B ) AR 75 5 K
BROESLEIRER

) W71V BELEYIDORE BRI

F—VH2E,/ Theme Outline

1) FLELRE /7 2 FERAFHEAZE RO AR R E RISORFE

Z L ORNIEARZ/RBIS 27 LRI, B MEr: & itz R -7
772 RRAL T OFRF 2 A I LI il I A ROS Dt 2 15T %e AJ5
Fiid % CORF BN AR L T 2miht - ZHRERMEEEICN 2
SIE BT E @B - RER P2 B 5, Ehic, miHE
JE D Y75 B UC KA MUED N Z AT 1 7 IS EEER & AR DR E
TRHETC, RISHRP COMBHEREDA A F TR, TIVAVRE L
HABDRINT WA ARy TR =R DHFE LT T2, 73
Flcfirzhiie U, SRR L M OBIWALEZ L2l +—T —RicE
5IRBRIGHAEZIT> T %,

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.

Fig.1 7 = /{ERIGNDIEEBISIRIE

Proposed transition state model for asymmetric amination.
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2) V7 b Lewis B / /\— K Bronsted IEE W E4REemiE R # AL

bR R R G DFF
TIVFIVZRVU, FATIR, TIVF W1V T N Lewis HiE M
ZH T HRINHE 2 VST 8 - BB R A A RGO B FE 21T > T
W5, V7 Lewis i //N\— R Bronsted ¥R 2 REEEMIERIC KDYV T
b Lewis ¥ B BT REIE ORI « SREKFITEMEAKIC KO, ROGEE DO Fi
Wbz e 352 a{ BRI OT T s BEI DR TRIGDHETT L,
) = I SR DOREIEDTTREIC 15 %

2) Soft Lewis acid/hard Brgnsted 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.

Fig.2 #EMEE 70 b LiiE

Deprotonation by cooperative catalysis.

3) AMEMAETRCOMEEZERE LEEEEEROMIBENAZT SR

BLUEELFHNER

R CRAF U il AR RGBT REE UCRIFIL . SRR, -
VTR E S VI BEO DR I 2 MR 7 A BT 2 2 R L TV %o BIE
ETIE, PiAY IV TH BRI TIVNTG) L0, FEIRIE M
FOEBIHRHEAITH 2T LR Z Y b, ESIE RS T ML 2 F
> HE ORI R F S EE ORI LTV, Fiz, BFELE
SR B IR IS 2 F R & LT BIBRE AT R B IEIL T B,

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.

4) h7 59414 VBEEILEMDARE SRS

URFZEES T TUERF 7 027 s : CPZEN-45] O—Ba& UTBIE(LAY)
DI 2T > T\ 5. 375D H CPZEN-45 OBULAYITH S A
TIWA TV FAD MRS 2 B RO & T DE AL AR ZEA DG
Thd, FRICIEAERGE b STAEIRINCREER I N S0 MG 2 RS T
KUz, TRBICH LA, BEUTAMISREICBW TR SNZEZHD
THDIBAIIC KB ST F RIS 258 Uz, BUEZRIRY)
KB HIR A TSP <A D R DRSETE B I AL
BIEZEFIFL. FEC XDRTB (B2 AR IEEE) ICENRPiEE0s
SRR A ST B,

Fig.3 &gzl
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. For the screening of anti-extremely
drug-resistant tuberculosis medicines, a diverse array of caprazamycin analogs
inaccessible from the natural sources will be prepared by this synthetic
procedure.
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Structure of caprazamycin B.
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Laboratory of Medicinal Chemistry

1974 fRICHEF ISR SN T A DT R A G AL E R S Z ORI S TH 5, 2D, 2003 I AEM AT o —
H A L2 9ET. 2010 I AL IR R T I = S pr i &, 2015 LE DI AEMAL - DF 2 BT et~ OB IEICHE > TEAE D Al
A IR FIE LT, 3400 B G LD TR 2 HOTHIAEYED A5 E L2 OFIFEHIIEICHLD A, B OFTHEE SN,
R Y% AL CENS O B 25 L HFEIFIFRT 72T >0 5,

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.

D 72 BB BTEYE D B
2) FBixT I RREUEMEDNTE
3) FrLWJifiA%3E CPZEN-45 OFIH

4) URRTFRRYUEWE N T aXT T2 CORFENZE

1) 7 =X/ EEERENEDE R

MBS T A <A > it OO SRS i i
DOPIFICE DT, HEEICA MR  OFERD
BEMMTONTE R, TO—HOMRICE > T, fif
PSR LT RFEROMEE TV L, A
R BEDBD NI, E5IC, FHbAIC BT % 5
MG SFET A F ALKIG, STy BHEO A KIESR
RIEFEIR 727 2/ HORH#ER & OB 25 U,
HE L REER DN H S VRBREOHFAF U
M 7 R ERE (MRSA) 37 LA v OFFE
REDHREHTF TV 5,

Fie, RO HF AT U HHERD E LT, KE
W7 2 /B E CH A AR L TR AV U
FARAT Y ClREDREREERL TV 5,

FORETCIE,. RWERD RIS N, BLs s
INFFHEAMRDONF A2 VFEEATH B 2-0OH-
ABK DRI LT W3, AYEIE. ZOEN
TR S EEAT R GYE B RIC BT 5 O Bk —
Ta VEREDN L IR 2 HANCTRIET 2 T LIRS
NTWV3,

2) IR /O A4 FRINEMEDRE
BA4dBE 30 YL R v 7u T 1 RRYAE
I O AEHZ R JICHESD ., 7S LBM#IC b
BAUFGRPIE 72 R H8 2 2GR L TE i,
MERE N2y ViEEROTF LI ETY v
&, O EREGYEDRREE T 5 /32 Y LI
75 CITHR U RIS OB 2R T E R
WE iz, AVEIZAIANOBITEICEN, HRER
L7z-offigicxt U T & BEFER K 0 BN iARshR
BRLIET ENLHFEDED SN, 2013 XD
EEYsE (R4 Zuprevo) & L CHFLIEIRIT
DIRFEM IR E Nz,

1)

2)

3) Discovery of a novel antituberculosis drug CPZEN-45

4) Synthetic study of lipopeptide antibiotic Tripropeptin C derivatives

Synthetic study of aminoglycoside antibiotics
Development of new macrolide antibiotics

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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3) #H LWk CPZEN-45 DAISY

Fitiid, ER=KEHYE (Bit%. HIV, <5V 7)

D—DOTHY WMAPTHIZ 20 EANFELLTED,
4 150 AL EAWFELE LTV AR TH %, wik
DL AN MRS (MDRTB). AN SR TH
BBEHIM A (XDRTB). BEUTA RBEHICH
5N BHE TR ORENE, HRONLDIEHICE >
TIEFCHLIR R L 72> TW0 B,

2003 . WEYEA VI FEATIC B W TR ZRICE
EMEE L CTIRRI LAY RRIEEMDON TS5
AT VENBREONRBEh L REI N,
WAREHT SV A T > O FREE TS MR B 2%
ZRMBL. KO —BOBENHE YN E RS HE
Ik CPZEN-45 ORIENC DI LTz, AR EISIEGH)
WEFIVE OB B OB SRS A% IS
HUTEENTANER R Uz, MEHIBEFERATIC X
v, CPZEN-45 I3 Hlfla s BED G IR 5 T B 5
WecA ZHHT B ENALM R0z, TOVERRE
FRERTHDN TV R EDOFIEIE L BirbT L
Mo, BHFSRCi 2 R g i EOZ UCE R T D
TENIFTES,

BitE, JiZAIRIERESEE LCORREEHIELT
CPZEN-45 OHiRFKIZEDED 5N TS,

4) YRXTFRRAEMEN) TOXRTF > C

DFAFEAZE

Z FRPE R O HYER & 2 0D JLSHTE T~ OO FIEL B LA 127 %
HYEDOIREZ £ X ITWEIC L TWVD, FRT, XF
2 Vit E AT R ERE (MRSA) &8 ax A
>V EREERE (VRE) 13BN B TR
M EIZ>TWVWB, ZDizé, TNHFOIEAM M
Wxt LT LOERI B TR Z R G-l a 3850
FIRMNBREDOHFEL 72> TV 5,

LIFZEATIC BV TRARKX D FER I NTZHIH Y RX
TFREFVEYE Y TaxXTF v CIRHEE L
F5 B 15 CHITuEE G R ZBHE L. MRSA % VRE IC
KU TREAPIREREEZ RS, LG RV S D’\7
7“/ CYU—RIbLEWE LT, BRISHPIRE

PREADRIEZE HEIC, 2O Yﬁﬁ*ﬁﬁglﬁjﬁ%

ﬁ?ﬁf?i)&éf)flﬂ%o

Fig.2 F)LyEOY > DiEE
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.

o H (0]
)]\N N O)_\/\/\/\/\/\(CHS
HoN
2 H/\/l
o

Figd tU7OXRTF> COWEE
Structure of tripropeptin C.
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DTREERHTETlE, FEUTKRBESIIE (NMR), BEESHT (MS) &2 Hifha X SRE 72 L 09T Fik 2 A% WG Y
HH203Z20FEME, AFLEYORERITEToTw 5,
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.

T—Y eme
D HAEYEY O A 2R T — L b 1) Metabolome analysis of microbial secondary metabolites
2) LM EE YO BRI KA 7= 75a OB ¥ 2) BIKAKEN products-repositioning and reproducing

1) WEMRED A 2 80— LR 1) Metabolome analysis of microbial secondary metabolites
WA R O AEEYN . SN - TEFIICZEZ R TILEY O Microbial secondary metabolites have diverse chemical structures and

EELEDN. ZLOEYERWEDNRESNTVS, S TCNETE biological activities. On the other hand, the discovery of new bioactive
MRS DT B EIIEE I O HEZIC BT X b T L OO MR substances has become very difficult because of the numerous types of
XNTEFCEND. RO &2 B S O 5 Bt IEEc materials that have been found by intensive screening over a long period of
;iiﬁ&fc’:")'(:‘éfb\%o‘ ST L LTQ Orbitrap LC»M? ZBET B effective search of new bioactive substance has been conducted by the target-
EVRBRNO X =Ty b« S YRy AT —Z VTN HEEL | non target screening analysis using high resolution high accuracy apparatus of
BER B GE A E 3 & U 2 AU HED W TR AR I i A BEE A B OO HR LTQ Orbitrap LC-MS.

time. We have carried out the very small amount dereplication system and an

RICHOHATV S0
Fig.1 JEOL ECZ600R Fig.2 Bruker AVANCE Il 600
2) WItHHMEEIOBEFHEIC K 2 FTc B REDRE 2) BIKAKEN products-repositioning and reprpducing
WAL C R R SN T KM E W72 # o7 s Al 77 1 TR LA RIS D We study new utility of BIKAKEN products by new approach and evaluatign.

WL T WS, BItE, HiERIEME RS UMM LS Y o ATl In the current study, we reevaluate the new ability
B, Hir A L S Y DB A TN D, & DI B R DA index of anti-protozoan activity. We also identi
BRUTHICORMNBHE IR 2—7y S ORERE A R0 M3 KO M Bl
HICEoTITo TV 5,

analysis and microscopes observation.

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

22



B 7t &ELETE Access

MEMEZTRAR (I ETH)

T141-0021

RREm/ X X 3-14-23

Tel: 03-3441-4173

Fax: 03-3441-7589

office@bikaken.or.jp

JRILF#R. R2BBR. BRA SOrgdtiR. HEMNE=MR SR BRMEOES 169

JRILIFHR. Rt iR, HEMTEREER B OIRARLDHES 109

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 lkegami Line and Subway
Asakusa Line.

ME LR PR EE5ZAR

T410-0301

BEREENESR 18-24
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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-Wel-Sunpia-Numazu Bus Stop.
5min walk from the Bus Stop.
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Fhid L OERICET 2 MEWEY O % BT 5 72012, B oONERE WS A 2R - BRT MR
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Chairmans Message

The discovery of antibiotics in the 20th century is among the most remarkable achievements with extensive benefits to
mankind. A wide variety of antibiotics are now available to treat previously fatal bacterial infections, revolutionizing medical care.

Dr. Hamao Umezawa began research on new antibiotics in the 1940s, producing the first penicillin in Japan and later
discovering kanamycin, the first broadly effective agent against streptomycin-resistant Mycobacterium tuberculosis infection. In
addition, he pioneered the use of antibiotics as anticancer agents. From the latter half of the 1940s, he developed entirely new research
fields for over 40 years while remaining a world leader in antibiotics research. In addition to kanamycin, he discovered more than 70
antimicrobial antibiotics including arbekacin and josamycin, more than 40 anticancer antibiotics including bleomycin and aclarubicin,
more than 50 enzyme inhibitors including leupeptin, pepstatin and antipain, the antibiotic and antifungal agent kasugamycin which
has been used to prevent rice blast disease, and several immunomodulators including ubenimex.

Through these discoveries, he made substantial contributions not only to medicine but also to basic pharmacology,
biochemistry, and agriculture. Furthermore, Dr. Umezawa developed a logical research pathway to obtain new effective compounds
based on bacterial resistance mechanisms. In particular, while studying the kanamycin resistance mechanism, he discovered inactivating
mechanisms mediated by phosphotransferases and acetylases. Based on this result, he synthesized dibekacin, an antibiotic impervious to
these enzymes. He also succeeded in developing arbekacin, which overcame dibekacin resistance by adenylation.

Dr. Umezawa believed that rescarch on therapeutic drugs is “research that decides that there should be an answer to a
question that does not know whether there is an answer.” He developed medicines that responded to current demands and provided
a research path for others to follow. Dr. Umezawa established the Institute of Microbiological Chemistry in 1962, and in the decades
since, he and many colleagues have immensely contributed to the advancement of medicine and life sciences, particularly in the field
of antibiotics research through its organizational strength. We honor Dr. Umezawa’s legacy by continuing to develop new antimicrobial
agents and related compounds for diseases without effective treatments, such as drug-resistant tuberculosis, multidrug-resistant gram-
negative bacteria, and viral and protozoal infections. Through these efforts, our institute continues to promote scientific achievement
and human welfare.

Masakatsu Shibasaki,
Chairman of the Board of Directors
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antibiotic research.

1914—Entering the world at Obama

Hamao was born on October 1, 1914, in Obama City, Fukui
Prefecture, as the third child (second son) of seven siblings. His
name, Hamao comes from his birthplace Obama. The Umezawa
family comes from a long line of doctors, and his father, Junichi,
was an excellent doctor who served as the head of the Obama
Hospital, among other posts.

1919—Stirrings of a medical family in his blood

Young Hamao got the opportunity to see an X-ray machine at his
father’s hospital. A nurse wanted to take an X-ray of Hamao with
money in his pocket so that he could see what it looked like on the
X-ray, but his father stopped them. This episode burned the dangers
of X-rays and the word “Réntgen” into his young Consciousness.

1923—Days with an English lady

When Hamao’s father was appointed Director of the Sapporo
Railway Hospital, his family made the move with him. For a
year and half from the end of his third year in elementary school,
Hamao studied English once a week with an English woman
named Ms. Norton. This training would be of great help in his later
scientific career.

1931—An influential instructor

Hamao entered the Musashi High School in Tokyo. There,
he learned the methodology for chemistry research from the
physical chemistry Professor Bunichi Tamamushi, who served
under Professor Herbert Freundlich, an authority on colloid
science at the Kaiser Wilhelm Institute for Physical Chemistry
and Electrochemistry in Germany. This is where Hamao began
developing his ability to conduct clear and concise research and to
derive the truth from that research.

1933—First steps toward a career in medicine and research
Hamao enrolled in the Faculty of Medicine, Tokyo Imperial
University (presently the Faculty of Medicine of Tokyo University).
His weakest subject was anatomy, and he lost his appetite after
autopsies. He considered transferring to a different faculty, but after
2 months he grew accustomed to it and continued on the road to a
medical career.

1937—First battle with pathogenic bacteria

After graduating from the Faculty of Medicine of the Tokyo
Imperial University, he joined the University’s Bacteriology
Laboratory, where he learned how to handle bacteria. He received
his medical doctor’s license in July of that year. In October, he was
sent to the Yamaguchi Prefecture Shimonoseki Quarantine Station
that was set up to treat soldiers returning home from the cholera
epidemic in Shanghai, China. After 6 months of examining 1,000
samples a day under a microscope, his right eye was smaller than his
left eye.

1.Upbringing and Early Research (1914-1945)

1he Life and Science of Dr. Hamao Umezawa

Despite the turbulent times of two world wars, in his youth, Hamao focused on a life dedicated to medicine. Eventually, this journey would
lead to pioneering work on the production of penicillin, the isolation of new antibiotics and anticancer agents, and early work on antibiotic
resistance mechanisms. In addition to numerous national and international science prizes, Hamao is considered the father of Japanese

1941—Inspired by Rene Dubos

Hamao, who had been called up to serve in the army hospital at
Narashino, Chiba Prefecture, read a paper written by Dr. Rene
Dubos, the discoverer of gramicidin, that ignited his interest in
antibiotics and led him to begin his own research. He devoted
himself to studying soil streptomycetes that inhibited the growth
of microbes and to the discovery of antibiotics produced by
streptomycetes.

1943—Fortuitous coincidence proffered by a submarine

In April, upon release from the military service, Hamao was
appointed assistant in the Bacteriology Program of the Faculty of
Medicine, Tokyo Imperial University. In November, he was invited
to be a Research Department member by the military doctor Major
Katsuhiko Inagaki of the Army Medical School. In December, he
read a review paper by Dr. Manfred Kiese of the Pharmakotogischen
Institut der Universit Berlin “Chemotherapie mit Antibakterieillen
Stoffen aus Niederen Pilzen und Bakterien (Chemotherapy with
Antibacterial Metabolite from Fungi and Bacteria)” in a clinical
journal brought home to Japan from Germany in a submarine. From
this, Hamao learned that research on penicillin was proceeding in
England, and became captivated by this substance. He also accepted
the assignment to translate the review paper.

1944—Striving to successfully produce penicillin in Japan
In January, Major Inagaki read Hamao’s translation of Dr. Kiese’s
review paper and expressed to the top officers of the Army Medical
School the importance of penicillin. At the same time, Hamao
noticed a headline in the paper that read “Prime Minister Churchill
escapes death, penicillin supplements sulfonamides” (*it was later
learned that this was a misreport), and this article jumpstarted
his penicillin research plan. In July, he was appointed assistant
professor in the Communicable Diseases Laboratory of the Tokyo
Imperial University. In August, he received his second military
call-up order, but the Army Medical School issued an opinion
that “Umezawa should not be called up so that he can focus on
penicillin research”, which allowed him to continue working in the
Communicable Diseases Laboratory. In September, after only 8
months in the laboratory, he observed a velum formed on the liquid
of a conical flask culture inoculated with blue mold. After freezing
and drying the velum, a small amount of yellow powder appeared.
At a time when no Western laboratory had isolated a pure form of
penicillin, Hamao had succeeded in isolating a highly pure sample
that could prevent staphylococcal growth even when diluted by
6.4 million times. This antibiotic, the first produced in Japan, was
given the Japanese name “Hekiso” (meaning substances made by
blue fungi) and was administered to many soldiers. After the war
ended, Hamao was assigned to collect all the penicillin research
conducted in Japan during the war and report it to the US Military
General Headquarters (GHQ). In December, he married his wife
Micko at the Tokyo Imperial Hotel. However, even the people in
the laboratory did not know he was getting married that day, such
was his dedication to research.
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1946—Efforts to make penicillin widely available

The Japan Penicillin Research Association was established in
August of that year. Hamao became the director and oversaw the
two special committees on cultivation and drying. In November,
guidance on the commercial production of penicillin was provided
by Dr. Jackson Foster of Merck Research Laboratories in New
Jersey, who was invited to Japan by GHQ. From him, Hamao
learned the details of antibiotic production technology and quality
control.

1947—Development of new antibiotics as a national
mission in Japan

As many countries shifted their antibiotics research to the private
sector, Japan made it a national objective for public research
institutions to discover new antibiotics. Thus, the Department of
Antibacterial Substances (changed to the Department of Antibiotics
in 1952) was created in the newly established National Institute
of Health. Hamao was appointed as the first department head and
devoted himself to the discovery of new antibiotics. Three months
later, the streptomycete that produces streptomycin was discovered
in Japanese soil.

1949—A new antibiotic discovered in Japan

An examination of soils throughout Japan resulted in the discovery
of fradiomycin, the first new antibiotic isolated in Japan, and
aureothricin, the world’s first antifungal antibiotic. Fradiomycin,
which is used to treat local infections, such as in the skin and
eyes, is the same substance as neomycin, discovered by Dr. Selman
Waksman and colleagues at the Rutgers University; however,
Hamao discovered it two months before Dr. Waksman.

1950—New wind behind research

Hamao’s first overseas trip was to the United States to tour antibiotics
and biochemistry laboratories. There, he met with Dr. Waksman,
the discoverer of streptomycin, and Dr. Ryojun Kinoshita, who
studied cancer pathology, among others. Seeing Dr. Kinoshita
working to guide his research in the direction of biochemistry at the
time when biochemistry was first being adopted in pathology left a
strong impression on Hamao.

1951—Pursuing a cure for tuberculosis, the disease of
death

To develop a new anti-tuberculosis medicine to replace
streptomycin, which has strong side effects such as hearing loss,
Hamao began searching through the substances produced by
streptomycetes that would inhibit the growth of mycobacterium
such as Mycobacterium tuberculosis, but that are also basic rather
than acidic as well as water soluble and have low toxicity.

1955—Introduction to the great discovery of kanamycin
Hamao discovered a streptomycete separated from soil at Nagano
Prefecture that produced a substance able to inhibit the growth
of acid-fast bacteria No.607 as well as other bacteria. It was
subsequently demonstrated that mice did not die even when
injected with the refined powder.

1957—Discovery of kanamycin

Hamao succeeded in extracting 30 g of the purified substance
from the first culture. The producing bacterium has a golden color,
so he named the substance “kanamycin” (kana means gold in
Japanese). Thereafter, kanamycin was studied by specialists around
the world and found to be widely effective against bacteria that
showed resistance to other antibiotics. This discovery led to the
development of many domestically produced antibacterial drugs.

1958—Establishment of the Microbial Chemistry Research
Foundation (MCRF)

The Minister of Health and Welfare at the time, Ryogo Hashimoto,
suggested that the funds obtained from the patent royalties for
kanamycin be used to create a foundation to reinvest in new
research. Thus, the Microbial Chemistry Research Foundation was
established with Hamao as director.

2.In Search of a Magic Bullet: Antibiotics (1946-1986)

After the war, Hamao could finally focus on the discovery of new antibiotics. As if guided by destiny, his work led to the discovery of several
substances produced by the glimmering golden streptomycetes, including kanamycin.

1962—Honored with the Japanese Order of Culture

The Institute of Microbial Chemistry (IMC) facilities were
constructed in Kamiosaki, Shinagawa Ward, Tokyo. Hamao
was appointed director, and finally realized his dream of freely
conducting research. In recognition of his achievements in the field
of antibiotics research, he was awarded the Asahi Prize, the Japan
Academy Prize, and the Order of Culture (all Japanese).

1964—Discovery of kasugamycin

An antibiotic that is remarkably effective against rice blight was
discovered by Hamao in the culture liquid of a streptomycete found
in the soil of Kasugataisha Shrine in Nara Prefecture. This antibiotic
was named “kasugamycin” after the place where the streptomycete
was found. Since then, this antibiotic has been used in place of
mercury as a low toxicity agricultural antimicrobial. Today, over 100
tons is used annually on rice crops in Japan to suppress the damage
caused by rice blight.

1964—Discovery of josamycin

In joint research with Yamanouchi Pharmaceutical Co., Ltd. (now
Astellas Pharma Inc.), Hamao discovered a streptomycete from
soil in Kochi Prefecture that produces josamycin, an antimicrobial
substance with good absorption that can reach high concentrations
in the blood. This antibiotic not only demonstrates a strong
antibacterial effect against Gram-positive bacteria and mycoplasma
but also reduces the frequency of gastrointestinal damage and thus
has been used widely since 1970.

1967—Solving the mystery of kanamycin resistance

With the advent of kanamycin-resistant bacteria, Hamao began
researching the resistance mechanism. A paper by Hamao describing
the structure of kanamycin following inactivation by enzymes from
resistant bacteria was published in the American scientific journal
Science. He was invited to be a special lecturer at the International
Congress of Chemotherapy and Infection held in Vienna, and his
presentation was said to be “the first time to hear about this very
important discovery.”

1969—Search for substances effective against resistant bacteria
Hamao worked to synthesize a kanamycin derivative that would not be
deactivated by resistant bacteria. Together with his elder brother Sumio,
an organic synthetic chemist and Professor at Keio University, he began
synthesizing kanamycin derivatives. During the same period, he served
as the Secretary General of the International Society of Antimicrobial
Chemotherapy and Infection and presided over the 6th International
Congress of Chemotherapy held in Tokyo.

1971—Discovery of dibekacin

Together with his brother Sumio, Hamao successfully synthesized
a kanamycin derivative, dibekacin, from bekanamycin that is
widely effective against kanamycin-resistant bacteria, including
the opportunistic pathogen Pseudomonas aeruginosa. Sales of this
antibiotic began in 1975 and it is still widely used in some countries
for the clinical treatment of infections caused by resistant Gram-
positive and Gram-negative bacteria.

1973—Discovery of arbekacin

Hamao successfully synthesized arbekacin from dibekacin, which
also proved effective against both kanamycin- and dibekacin-
resistant bacteria. In 1990, arbekacin was approved for use as an
antibacterial agent against methicillin-resistant Staphylococcus
aureus and sales begun that same year. This was the first such
development in Japan.

1980—Great news is received

Hamao was awarded the Paul Ehrlich and Ludwig Darmstaedter
Prize (Germany). As Hamao had labored for more than 35 years
in a field of research launched by Dr. Ehrlich, the preeminent early
pioneer in immunology and antimicrobial chemotherapy, this
award had profound meaning for Hamao.
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3.Contributions to anticancer therapy (1951-1986)

True to his words from later years “Research requires solving problems, but it is important to create original problems that provide even

greater solutions when solved,” Hamao began a second research path imagined by few others.

1951—Early studies on inhibitors of Ehrlich cancer

Hamao began researching therapeutic drugs for cancers produced
by microbes before anyone else in the world. In 1952, he heard that
an Ehrlich ascites cancer sample had been brought back to Osaka
University from the United States. He was given some of the cancer
cells and began looking for substances that would be effective
against Ehrlich cell-derived tumors in mice, thus becoming the first
person to use animals for antitumor testing.

1953—Discovery of sarkomycin

Hamao injected mice harboring Erhlich cancer cells with the
culture liquid from approximately 1,000 strains of streptomycetes
over 7 days and found that the culture liquid from one powerfully
inhibited the growth of Erhlich ascites cancer without severe
toxicity. The substance was sarkomycin, the world’s first anticancer
antibiotic. While sarkomycin production was stopped because
refining reduced its effectiveness, this discovery launched a global
search for anticancer agents derived from microbes.

1954—Activities to nurture a future generation of
researchers

Hamao also served as a professor at the Institute of Applied
Microbiology, University of Tokyo. In 1961, he published his
first book, “About Antibiotics” (Iwanami Shoten, Publishers).
In addition to instructing and nurturing numerous antibiotics
researchers, he also conducted educational activities through the
media.

1959—Discovery of phleomycin

Although Hamao found many anticancer agents that inhibited the
growth of Erhlich cancer, most of them were toxic. In contrast,
phleomycin had high therapeutic efficacy but also low acute
toxicity, which led to him studying this substance in greater depth.
However, clinical use was terminated because it was found to
induce kidney damage.

1965—Discovery of bleomycin

Hamao subsequently discovered bleomycin, which is similar to
phleomycin but with lower kidney toxicity. Hamao demonstrated
that this DNA synthesis inhibitor is very effective against squamous
cell cancer and Hodgkin’s lymphoma. Clinical use of bleomycin
began in 1969 as a treatment for skin cancer, head and neck cancer,
and other cancers. It is listed as an essential medicine by the World
Health Organization.

1965—Early research on enzyme inhibitors

Hamao was among the first researchers to begin looking for
microbial agents that would inhibit animal-specific enzymes but
not the growth of microbes. His first achievement in this area
came in 1969 when he discovered the protease inhibitor leupeptin,
thus pioneering a way for acquiring medications with new
pharmacological effects from microbial products.

1971—Recipient of an award established by Napoleon

In 1971, Hamao received the L'ordre national de la Légion
d'Honneur from the French government. This award was
established by Napoleon Bonaparte to recognize the “outstanding
achievements” of people in the private sector in such fields as
culture, science, and industry. He also received the Fujiwara
Award, which is given to scientists for their contribution to the
development of Japan’s science and technology.

1972—Opening the door to cancer immunotherapy
Hamao also conducted research on small molecule
immunoenhancers in collaboration with Drs. Tomio Takeuchi,
Takaaki Aoyagi, and Masaaki Ishizuka of the IMC. These studies
included research into the effects of diketocoriolin B on antibody
production and led to the discovery of ubenimex in 1976, a
streptomycete-derived protease inhibitor that enhances immune
function and has demonstrated antitumor action.

1973—Discovery of aclacinomycin

Hamao succeeded in isolating aclacinomycin (aclarubicin) from a
streptomycete found in the soil of Nagano Prefecture, Japan. This
substance demonstrates antitumor efficacy by combining with the
DNA of cancer cells and inhibiting RNA synthesis. Furthermore,
aclacinomycin exhibits much lower cardiotoxicity than many other
anticancer antibiotics. After performing well in clinical trials, it was
commercialized in 1982.

1974—Discovery of peplomycin

In collaboration with Nippon Kayaku Co., Ltd., Hamao continued
his research on bleomycin derivatives with reduced side effects such
as lower lung toxicity, and successfully synthesized peplomycin.
This substance not only has low lung toxicity but also demonstrates
a wider range of anticancer effects than bleomycin. Its clinical use
began in 1981.

1979—Discovery of pirarubicin

Hamao developed pirarubicin by screening derivatives of the
anticancer antibiotics daunorubicin and doxorubicin. This
substance was found to be effective against many cancers but with
fewer side effects, and was commercialized in 1988.
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Hamao studying antibiotic research at the Laboratory of Antibiotics Division,
Japan National Institute of Public Health.(1950's)
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© " Hamao guiding research the IMC.(mid 1970's)

WEST 2370 - =) LR &G (19804)
Hamao visiting the cemetery of Dr.Paul Ehrlich who he admired.(1980)




4.The father of Japanese antibiotics passes away at age 72

In November of 1986, Hamao was awarded the Grand Cordon of the Order of the Sacred Treasure for his social and public achievements
over many years, and was invited to visit the Imperial Palace. He passed away the next month on December 25 from heart failure. In honor
of Hamao’s achievements, the International Society of Chemotherapy and Infection established the Hamao Umezawa Memorial Award as
its highest academic award. This is one of the few international awards to bear the name of a Japanese citizen. Recipients since its inception
include Dr. Satoshi Omura, the 2015 Nobel-Prize winner in Physiology or Medicine for the isolation and development of several hundred

compounds effective against parasitic infections.

YA = VAR, R Y T ) v 7 R AT (19804)
Soil sampling on the outskirts of Vienna.(1980)

DNA 75 FH % FCHE R %) R A2 M a2 (1980 4F &)
Investigating the effects of drugs using a DNA model.(around 1980)

AFVA Ay I AT 4= FRFT, W E217) (19814)
Lecturing at Oxford University in the UK.(1981)
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Hamao Umezawa Memorial Museum (Tamagawa, Setagaya-ku)
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The Foundation established the Hamao Umezawa Memorial Museum in 1988 to preserve and display the articles that tell the

story of Dr. Hamao Umezawa’s work to preserve his great achievements for posterity. It’s our pleasure to introduce to you Dr.
Umezawa—a great microbiologist during the mid-20th century.
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Director’s Office of Hamao Umezawa
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The director’s office where the work of the Institute of Microbial Chemistry (IMC)
was carried out has been restored and is preserved as it was during Dr. Umezawa’s
time including the actual desks, bookshelves, and other articles that he used.

Placed on his desk are his research papers, research materials, unfinished manuscripts,
and other materials. One can imagine the appearance of Dr. Umezawa.
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The materials rooms feature display panels showing chronologies, discovered
chemical compounds, and other information as well as commemorations and awards
received from countries, universities, and organizations from around the world;
packages of medicines that were commercialized; books he wrote, items he was fond
of, and other articles.

Visitors can view the world-renowned awards, medals, plaques, robes, and other
items he was awarded including the Order of Culture (Japan), Legion d’Honneur
(France), and the Paul Ehrlich and Ludwig Darmstaedter Prize.

These rooms preserve the scientific paper manuscripts, published papers, patent
related materials, and other documents written by Dr. Umezawa.

Materials that have deteriorated while they were on display have been digitized and
replicas created for display while the original materials are carefully preserved in
storage.
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This is where meetings, speeches, and other gatherings are held.

The cherry blossoms that adorn the Tama embankment, so loved by Dr. Umezawa,

can be seen from this room. You can engage in a peaceful conference while feeling
the seasonal change. Equipment for slide projection is also present.
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You can look back on the achievements of Dr. Umezawa in a relaxed atmosphere in
this lounge. An elegant drawing suite is set up inside. The paintings by artists who
were friends with Dr. Umezawa adorn the wall. Please take in the history of Japanese
antibiotic history while turning over the old albums of Dr. Umezawa and the
Institute of Microbial Chemistry (IMC).
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Hamao Umezawa Memorial Museum Meguro (HUM)
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The HUM was created after the Hamao Umezawa Memorial Museum as a museum where visitors can experience “Getting closer

to the miracles made possible by microbes and chemistry” by following the ingenious research path taken by Dr. Umezawa.

Can you hear the message Dr. Umezawa is trying to give us for today, and for the future?
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What is the microbial chemistry that Dr. Umezawa was so enthusiastic about? PP *
Discover it here. r

This area explains the development of pharmaceuticals from microbes.
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Genealogy of chemotherapy and microbial chemistry research leading to Dr. Umezawa

=i
g

QY BREADBRITITEH OB — 5 L EABEOBIAE
The first step in overcoming the threat of specific
= "= pathogenic bacteria, and the founder of chemotherapy [RZS)Y ) O - RAEERE

o . Purification and practical implementation of ‘penicillin’
X)L - T—ILYE  Paul Ehrich ’ " "
18541915 K1Y Germany

NT—R-70—1)—
Howard Walter Florey
J] 18981968 #—2b5YU7 Australia

TIVVAS-F—>
Ernst Boris Chain
19061979 A¥Yz UK.

BADHREMEDR
Father of antibiotic research in Japan
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Discovery of world's first antibiotic,
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Pioneer of the therapeutic use of soil
microbes
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Discovery of a special medicine, “streptomycin’,
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This area gives you a greater understanding of microbial chemistry and antibiotics by
following the footsteps of Dr. Umezawa.

'The life of Dr. Umezawa is introduced and an overview of the history of antibiotics
research in Japan is presented.

3.MEDICINE COLLECTION
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The results of endless research. This area exhibits the pharmaceuticals that were
commercialized by Dr. Umezawa and the Institute of Microbial Chemistry.

Visitors can see some of the packages from pharmaceuticals, veterinary
pharmaceuticals, and agricultural chemicals that have been commercialized to date
by the Institute of Microbial Chemistry (IMC).
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This area shares information regarding the current state of microbial chemistry and
how the achievements of Dr. Umezawa link to the future.

TV monitors show some of the microbial chemistry research that is currently being
conducted.
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Lok b b WAL~ DNIEAEZ 72T 2 &L I 30
EELIZINTD =V,
WAEWALZEICETAALSTORMIIQEAT RN TBEZVWAELEY,
70RO ZNTHRETAD,

For a better understanding of microbial chemistry: this area answers the pressing
questions that may come to mind to further expand your intellectual curiosity.

The questions of visitors regarding microbial chemistry have been answered using a
Q&A format. Come join us as we peer into the micro world.
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Hamao Umezawa Memorial Museum

1-3-28 Tamagawa, Setagaya-ku Tokyo 158-0094

Tel:+81-3-3441-4173

office @bikaken.or.jp

(Institute of Microbial Chemistry)

Access

8 min walk from Futako-tamagawa Station on the Tokyu Den-en-toshi Line.

WBEEXRSE BE (HUM)
T141-0021
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Tel: 03-3441-4173 (Y LZHZRAT)
Fax: 03-3441-7589
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Hamao Umezawa Memorial Museum Meguro (HUM)

3-14-24 Kamiosaki, Shinagawa-ku Tokyo 141-0021
Tel:+81-3-3441-4173

Fax:+81-3-3441-7589

office @bikaken.or.jp

(Institute of Microbial Chemistry)

Access

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

10 min walk from Gotanda Station on the following lines: JR Yamanote Line,
Tokyu lkegami Line and Subway Asakusa Line.
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