1956 April

1956 April

1957 April

1958 April
1958 December

1958 December

1959 July
1961 October

1962 April
1962 October

1962 December

1964 April

1965 September
1967 March
1968 April

1974 April

1977 April

1978 April
1981 March

CHRONOLOGICAL TABLE

Institute for Virus Research, Kyoto University, was founded with two departments
(Pathology and Biophysics).

Scientific Lectures for the Public were presented commemorating the opening of the
Institute (the successive Memorial Lecture Series have been presented annually
hereafter).

Department of Biochemistry and Department of Serology and Immunology were
established.

Department of Prevention and Therapeutics was established.

"Advances in Virology"”, Vol. 1 (in Japanese) was published as collection of the
Memorial Lectures (the successive volumes were published annually hereafter until
1960).

"Annual Report of the Institute for Virus Research”, Vol. 1, was published (the
successive volumes have been published annually hereafter).

Virus Diagnosis Center was established.

The 1st Symposium of the Institute for Virus Research was held under the auspices
of the Institute with the nationwide participants. The proceedings of the
Symposium were published as the first issue of the new series of "Advances in
Virology" in Japanese (the successive Symposia have been held and their
proceedings published annually hereafter).

Department of Tumor Virus was established.

Several staff members were appointed academic staff of the Graduate School of
Medicine, and students of the School were first admitted to the Institute.

Several staff members were appointed academic staff of the Graduate School of
Science, and students of the School were first admitted to the Institute.

Virus Diagnosis Center was renamed Virological Diagnosis Center.

Construction of the new building for the Institute commenced.

Construction of the new building was completed.

Department of Genetics was established.

Department of Molecular and Cellular Virology was established.

Department of Neurological Virus Disease was established as such that Visiting Staff
be appointed.

Animal Laboratory for Experimental Virus Infection was established.

Construction of extension of the main building was completed. Thus the main
building now constitutes five floors with a basement occupying the aggregate area of
5,410 The major part (ca. 481 ) of the extended area serves for researches
involving radioisotope labelling and in vitro DNA recombination experiments



1986 May

1986 November

1987 May

1988 April

1989 April

1990 March
1990 April

1992 April

1993 December

1994 October

1998 April

1998 April

1998 April

1999 April

2002 April

2005 April

requiring the P3 facilities.

The memorial events for the 30th anniversary of foundation of this Institute were
held on May 16-17.

Professor Yorio Hinuma was honoured as
(Bunkakorosha)"

Department of Biophysics and Department of Tumor Virology were reorganized to
form Department of Viral Oncology which consists of 4 Laboratories.

Virological Diagnosis Center was reorganized to become Research Center for
Immunodeficiency Virus which consists of Laboratory for AIDS Immunology and
Laboratory of Viral Pathogenesis.

Department of Biochemistry and Department of Genetics were reorganized to form
Department of Genetics and Molecular Biology which consists of 3 Laboratories.
Construction of a new building was partly completed.

Department of Pathology and Department of Molecular and Cellular Virology were
reorganized to form Department of Cell Biology which consists of 3 Laboratories,
while Department of Serology and Immunology, Department of Prevention and
Therapeutics and Department of Neurological Virus Disease were reorganized to
form Department of Biological Responses which consists of 2 laboratories and one
for visiting staff.

Laboratory of Regulatory Information was established within the Department of
Cell Biology to host a visiting professor as well as a research group.

Construction of the new building which accommodates three laboratories from this
Institute as well as some from the Medical School and the Center for Molecular
Biology and Genetics of the University was completed.

Construction of a new animal facility with some laboratories was completed.

One stuff member was appointed academic staff of the Graduate School of
Pharmaceutical Sciences, and students of the school were first admitted to the
Institute.

Research Center for Immunodeficiency Virus was reorganized to become Research
Center for Acquired Immunodeficiency Syndrome.

Laboratory of Virus Control in Research Center for Immunodeficiency Virus was
established as such that Visiting Stuff be appointed.

Several staff members were appointed academic staff of the Graduate School of
Biostudies, and students of the school were first admitted to the Institute.

The Experimental Research Center for Infected Animals was abolished and the
Experimental Research Center for Infectious Diseases was Established instead.
Research Center for Emerging Virus was established.

"Person of Cultural Merits



ORGANIZATION AND STAFF
(as of December, 2005)

(Numerals in parentheses indicate year of association with the Institute)
Director Kunitada Shimotohno, D.Phar.

Professors Emeriti Yoshimi Kawade, D.Sc. (1956-1988)
Yorio Hinuma, M.D., D.Med.Sc. (1980-1988)
Masao Hanaoka, M.D., D.Med.Sc. (1959-1989)
Mutsuo Imai, D.Sc. (1965-1991)
Takashi Yura, D.Sc. (1960-1993)
Masakazu Hatanaka, M.D., D.Med.Sc. (1980-1995)
Akinori Ishimoto, M.D., D.Med.Sc. (1964-1968, 1978-2002)
Yoshiaki Ito, M.D., D.Med.Sc. (1984-2002)

Department of Viral Oncology

Laboratory of Gene Analysis
Associate Professor Hiroyuki Sakai, D.Med.Sc. (1996)
Assistant Professor Shin-ichi Yanagawa, D.Agr. (1986)
Laboratory of Cell Regulation
Professor Masahiko Sugita, D.Med.Sc.(2004)
Associate Professor Yota Murakami, D.Sc. (1993)
Assistant Professor Isamu Matsunaga, D.Med.Sc.(2004)
Laboratory of Tumor Biogenesis
Professor Shin Yonehara, D.Sc. (1994) (concurrent)
Laboratory of Human Tumor Viruses
Professor Kunitada Shimotohno, D.Phar. (1996)
Associate Professor Makoto Hijikata, D.Med.Sc. (1997)
Assistant Professor Koichi Watashi, D.Phar. (2003)

Department of Genetics and Molecular Biology
Laboratory of Molecular Genetics

Professor Takashi Fujita, D.Sc. (2005)
Laboratory of Biochemistry

Professor Mutsuhito Ohno, D.Sc. (2001)

Assistant Professor Naoyuki Kataoka, D.Sc. (2002)

Makoto Kitabatake,D.Sc.(2004)
Laboratory of Genetic Information Analysis
Associate Professor Haruo Ohmori, D.Sc. (1979)

Department of Biological Responses
Laboratory of Biological Protection

Professor Koichi Ikuta, M.D., D.Med.Sc. (2002)
Lecturer Kazushige Maki, D.V.M., PhD (2003)
Assistant Professor Masamichi Ueda, D.Sc. (1978)
Laboratory of Infection and Prevention
Professor Junji Yodoi, M.D., D.Med.Sc. (1973-1974, 1989)
Associate Professor Hiroshi Masutani, M.D., D.Med.Sc. (1992)
Assistant Professor Keiko Takemoto, D.Sc. (1992)

Norihiko Kondo, D.Med.Sc. (2004)
Bioresponse Regulation Laboratory
Visiting Professor Tsukasa Seya, D.Med. PhD. (2005)



Department of Cell Biology
Laboratory of Subcellular Biogenesis

Professor Koreaki Ito, D.Sc. (1971)
Associate Professor Yoshinori Akiyama, D.Sc. (1988)
Assistant Professor Hiroyuki Mori, D.Sc. (1996)
Laboratory of Growth Regulation
Professor Ryoichiro Kageyama, M.D., D.Med.Sc. (1997)
Associate Professor Toshiyuki Ohtsuka, M.D., D.Med.Sc. (2000)
Assistant Professor Taeko Kobayashi, D.Sc. (2005)
Laboratory of Signal Transduction
Assistant Professor Akira Murakami, D.Sc. (1979)
Laboratory of Regulatory Information
Visiting Professor Susumu Tonegawa, Ph.D, D.Sc. (1992)

Center for Acquired Immunodeficiency Syndrome Research
Laboratory of Viral Pathogenesis

Head Professor Yoshio Koyanagi, M.D.,D.Med.Sc. (2004)

Assistant Professor Yoshiharu Miura, M.D.,D.Med.Sc. (2004)
Laboratory of Virus Immunology

Professor Masao Matsuoka, M.D., D.Med.Sc. (1999)

Assistant Professor Eiichi Kodama, M.D., D.Med.Sc. (1999)

Jun-ichirou Yasunaga, M.D., D.Med.Sc. (2003)

Laboratory of Virus Control

Visiting Professor Naoki Yamamoto, M.D.,D.Med. (2005)

Visiting Associate Professor - Takao Masuda, D.Med. (2005)

Experimental Research Center for Infectious Diseases

Laboratory of Mouse Model
Head,Professor Yoichi Shinkai, D.Med.Sc. (1998)
Associate Professor Makoto Tachibana, D.Agr. (1998)
Laboratory of Primate Model
Professor Masanori Hayami, D.V.M., D.Agr. (1988)
Associate Professor Tomoyuki Miura, D.V.M., D.Agr. (1988)
Assistant Professor Eiji 1do, D.Sc. (1991)

Kentaro Ibuki, D.V.M., D.Med.Sc. (1995)

Center for Emerging Virus Research
Head Professor Masao Matsuoka, M.D., D.Med.Sc. (1999)
Laboratory of Viral Pathogenesis
Associate Professor of Special Education and Research
Takayuki Miyazawa D.V.M.,D.\et.Med.Sc. (2005)

Lecturers (part time)
Hidemi Takahashi

Yoshiaki Ito
Masayuki Yamamoto
Akira Mitsui
Masakazu Kita
Library
Committee Chairman Koichi Ikuta (2004)
Administration Office
Chief Officer Takaji Kanda (2005)
General Affairs Ryuko Tougou (2003)

Finance Masao Terada (2003)



Hidetsugu Kohzaki
Katsuya Kominami
Takayuki Murata
Yoshiki Murakami
Hitoshi Takahashi
Saori Kitao

Kaoru Masuyama
Kensuke Ninomiya
Eiji Ohashi

Makiko Narita
Akiko Abe

Noriko Kato
Masahiro Takenaka
Toru Yoshida
Yoshiyuki Matsuo
Shin-ichi Oka
Yasuya Inomata
Md.Kaimul Ahsan
Wenrui Liu

Kenji Inaba
Ryosuke Ohsawa
Mika Yoshida
Yorifumi Satou

Liu Bing

Zhao Tiejun
Hisashi Akiyama

Graduate School of Science
Hiroyoshi Moriyama
Ichiro Taniguchi
Hiroyuki Fuke

Rei Yoshimoto
Shintaro Akiyama
Hisashi Kiryu
Chihiro Hatai
Atsumi Miyata

Mc Closkey Asako
Tomo Hanafusa
Keijiro Kamei
Akiko Murakami
Tomoya Tsukazaki
Yoh-hei Takahashi
Hiroki Muto

Kayo Koide

Saki Maegawa

Gen Kaobayashi

Graduate School of Medicine
Satoshi Yoshida

Hiroyasu Nakamura
Keiichirou Arimoto

Kaku Gotoh

Research Fellows

Dept. Viral Oncol. (Lab. Cell Regul.)

Dept. Viral Oncol. (Lab. Tumor Biogenesis.)
Dept. Viral Oncol. (Lab. Human Tumor Viruses.)
Dept. Viral Oncol. (Lab. Human Tumor Viruses.)
Dept. Viral Oncol. (Lab. Human Tumor Viruses.)
Dept. Genet. Mol. Biol. (Lab. Biochem.)

Dept. Genet. Mol. Biol. (Lab. Biochem.)

Dept. Genet. Mol. Biol. (Lab. Biochem.)

Dept. Genet. Mol. Biol. (Lab. Genet. Info. Analy.)
Dept. Biol. Resp. (Lab. Inf. Prev.)

Dept. Biol. Resp. (Lab. Inf. Prev.)

Dept. Biol. Resp. (Lab. Inf. Prev.)

Dept. Biol. Resp. (Lab. Inf. Prev.)

Dept. Biol. Resp. (Lab. Inf. Prev.)

Dept. Biol. Resp. (Lab. Inf. Prev.)

Dept. Biol. Resp. (Lab. Inf. Prev.)

Dept. Biol. Resp. (Lab. Inf. Prev.)

Dept. Biol. Resp. (Lab. Inf. Prev.)

Dept. Biol. Resp. (Lab. Inf. Prev.)

Dept. Cell Biol. (Lab. Subcellul. Biogenesis.)
Dept. Cell Biol. (Lab Growth Regul.)

Res. Cen. AIDS (Lab. Virus Immunol.)

Res. Cen. AIDS (Lab. Virus Immunol.)

Res. Cen. AIDS (Lab. Virus Immunol.)

Res. Cen. AIDS (Lab. Virus Immunol.)

Exp. Res. Cen. Inf. Dis. (Lab. Primate Model.)

Graduate Students

Dept. Viral Oncol. (Lab. Tumor Biogenesis)
Dept. Genet. Mol. Biol. (Lab. Biochem.)

Dept. Genet. Mol. Biol. (Lab. Biochem.)

Dept. Genet. Mol. Biol. (Lab. Biochem.)

Dept. Genet. Mol. Biol. (Lab. Biochem.)

Dept. Genet. Mol. Biol. (Lab. Biochem.)

Dept. Genet. Mol. Biol. (Lab. Biochem.)

Dept. Genet. Mol. Biol. (Lab. Biochem.)

Dept. Genet. Mol. Biol. (Lab. Biochem.)

Dept. Genet. Mol. Biol. (Lab. Genet. Info. Analy.)
Dept. Genet. Mol. Biol. (Lab. Genet. Info. Analy.)
Dept. Cell Biol. (Lab. Subcellul. Biogenesis.)
Dept. Cell Biol. (Lab. Subcellul. Biogenesis.)
Dept. Cell Biol. (Lab. Subcellul. Biogenesis.)
Dept. Cell Biol. (Lab. Subcellul. Biogenesis.)
Dept. Cell Biol. (Lab. Subcellul. Biogenesis.)
Dept. Cell Biol. (Lab. Subcellul. Biogenesis.)
Dept. Cell Biol. (Lab. Subcellul. Biogenesis.)

Dept. Viral Oncol. (Lab. Gene Analy.)
Dept. Viral Oncol. (Lab. Gene Analy.)
Dept. Viral Oncol. (Lab. Human Tumor Viruses.)
Dept. Viral Oncol. (Lab. Human Tumor Viruses.)



Masaaki Kiyomi
Dutta Khokon Kumar
Terumasa Toraya
Shizue Tani-ichi
Kenji Nakata
Dongmei Wang
Aoi Son

Tomijiro Hara
Aiguo Tan

Ryoichi Sakata
Akiko Ishii
Hiroshi Kokubu
Yoshito Masamizu
Hiromi Shimojo
Aya Kita

Taro Ueo

Masashi Kitagawa
Hiroko Kitayama
Takeshi Yoshida
Yasuhiko Shinoda
Jun Fan

Paola Miyazato
Ken Takai

Kazuya Shimura
Maki Miyazaki
Kazuki Izumi
Kentaro Kaneyasu
Kazutoshi Inaba

Dept. Biol. Resp. (Lab. Biol. Protect.)
Dept. Biol. Resp. (Lab. Biol. Protect.)
Dept. Biol. Resp. (Lab. Biol. Protect.)
Dept. Biol. Resp. (Lab. Biol. Protect.)
Dept. Biol. Resp. (Lab. Biol. Protect.)
Dept. Biol. Resp. (Lab. Inf. Prev.)

Dept. Biol. Resp. (Lab. Inf. Prev.)

Dept. Biol. Resp. (Lab. Inf. Prev.)

Dept. Biol. Resp. (Lab. Inf. Prev.)

Dept. Cell Biol. (Lab Growth Regul.)
Dept. Cell Biol. (Lab Growth Regul.)
Dept. Cell Biol. (Lab Growth Regul.)
Dept. Cell Biol. (Lab Growth Regul.)
Dept. Cell Biol. (Lab Growth Regul.)
Dept. Cell Biol. (Lab Growth Regul.)
Dept. Cell Biol. (Lab Growth Regul.)
Dept. Cell Biol. (Lab Growth Regul.)

Res. Cen. AIDS (Lab. Viral Pathogenesis.)
Res. Cen. AIDS (Lab. Viral Pathogenesis.)
Res. Cen. AIDS (Lab. Viral Pathogenesis.)
Res. Cen. AIDS (Lab. Virus Immunol.)
Res. Cen. AIDS (Lab. Virus Immunol.)
Res. Cen. AIDS (Lab. Virus Immunol.)
Res. Cen. AIDS (Lab. Virus Immunol.)
Res. Cen. AIDS (Lab. Virus Immunol.)
Res. Cen. AIDS (Lab. Virus Immunol.)
Exp. Res. Cen. Inf. Dis. (Lab. Primate Model.)
Exp. Res. Cen. Inf. Dis. (Lab. Primate Model.)

Graduate School of Pharmaceutical Sciences

Michiyo Koyanagi
Hiroyasu Kaneko
Osamu Isono
Daisuke Inoue
Hironori Kanbe

Dept. Viral Oncol. (Lab. Human Tumor Viruses.)
Dept. Viral Oncol. (Lab. Human Tumor Viruses.)
Dept. Viral Oncol. (Lab. Human Tumor Viruses.)
Dept. Viral Oncol. (Lab. Human Tumor Viruses.)
Dept. Viral Oncol. (Lab. Human Tumor Viruses.)

Graduate School of Human and Environmental Studies

Reii Horiuchi

Naoki Saito

Misa Ishimatsu
Makiko Motohara
Yoshinori Fukazawa
Kenta Matsuda

Graduate School of Biostudies

Kenta Sasaki
Naoko Kajitani
Ayano Satsuka
Norio Tezuka
Hiroaki Kato
Mika Yokoyama
Kohei Doke
Kazuo Okamoto
Shiho Nakagiri
Hirokazu Nakatumi
Iku Sasaki

Exp. Res. Cen. Inf. Dis. (Lab. Primate Model.)
Exp. Res. Cen. Inf. Dis. (Lab. Primate Model.)
Exp. Res. Cen. Inf. Dis. (Lab. Primate Model.)
Exp. Res. Cen. Inf. Dis. (Lab. Primate Model.)
Exp. Res. Cen. Inf. Dis. (Lab. Primate Model.)
Exp. Res. Cen. Inf. Dis. (Lab. Primate Model.)

Dept. Viral Oncol. (Lab. Gene Analy.)

Dept. Viral Oncol. (Lab. Gene Analy.)

Dept. Viral Oncol. (Lab. Gene Analy.)

Dept. Viral Oncol. (Lab. Gene Analy.)

Dept. Viral Oncol. (Lab. Cell Regul.)

Dept. Viral Oncol. (Lab. Cell Regul.)

Dept. Viral Oncol. (Lab. Cell Regul.)

Dept. Viral Oncol. (Lab. Tumor Biogenesis.)
Dept. Viral Oncol. (Lab. Tumor Biogenesis.)
Dept. Viral Oncol. (Lab. Tumor Biogenesis.)
Dept. Viral Oncol. (Lab. Tumor Biogenesis.)



Mai Suganuma
Yohei Kobayashi
Shunsuke Kuroki
Ryosuke Yoshioka
Takahiro Minematsu
Mina Kikuchi

Sachi Akiyama
Masatoshi Ohgushi
Akinori Takata

Dept. Viral Oncol. (Lab. Tumor Biogenesis.)
Dept. Viral Oncol. (Lab. Tumor Biogenesis.)
Dept. Viral Oncol. (Lab. Tumor Biogenesis.)
Dept. Viral Oncol. (Lab. Tumor Biogenesis.)
Dept. Viral Oncol. (Lab. Tumor Biogenesis.)
Dept. Viral Oncol. (Lab. Tumor Biogenesis.)
Dept. Viral Oncol. (Lab. Tumor Biogenesis.)
Dept. Viral Oncol. (Lab. Tumor Biogenesis.)
Dept. Viral Oncol. (Lab. Tumor Biogenesis.)

Suzuka Takahashi Dept. Viral Oncol. (Lab. Tumor Biogenesis.)
Kiichi Tanaka Dept. Viral Oncol. (Lab. Tumor Biogenesis.)
Yoshitaka Minamida Dept. Viral Oncol. (Lab. Tumor Biogenesis.)
Yusuke Miyanari Dept. Viral Oncol. (Lab. Human Tumor Viruses.)

Takayuki Hishiki
Hiroaki Amemiya
Hideyuki Konishi

Dept. Viral Oncol. (Lab. Human Tumor Viruses.)
Dept. Viral Oncol. (Lab. Human Tumor Viruses.)
Dept. Viral Oncol. (Lab. Human Tumor Viruses.)

Shinya Ogawa Dept. Biol. Resp. (Lab. Biol. Protect.)
Hirofumi Shibata Dept. Biol. Resp. (Lab. Biol. Protect.)
Takao Takemori Dept. Biol. Resp. (Lab. Biol. Protect.)
Michika Mochizuki Dept. Biol. Resp. (Lab. Inf. Prev.)

Shigeki Yoshiura
Itaru Imayoshi
Yoshiki Takashima
Beak Joung —hee
Yoshinori Andou
Kei Sato

Makoto Shirakawa
Keiko Kajiwara
Atsushi Kawamoto
Mariko Ueno
Ayako Sakakibara
Yasuteru Sakurali
Koichi Akiyama
Hideharu Hashimoto
Yasuko Matsumura
Jun Ueda

Keiji Okamoto
Hiroki Miyashita
Toshiyuki Matsui
Tae Komai

Marie Murakami

Dept. Cell Biol. (Lab Growth Regul.)

Dept. Cell Biol. (Lab Growth Regul.)

Dept. Cell Biol. (Lab Growth Regul.)

Dept. Cell Biol. (Lab Growth Regul.)

Res. Cen. AIDS (Lab. Viral Pathogenesis.)
Res. Cen. AIDS (Lab. Viral Pathogenesis.)
Res. Cen. AIDS (Lab. Virus Immunol.)

Res. Cen. AIDS (Lab. Virus Immunol.)

Res. Cen. AIDS (Lab. Virus Immunol.)

Res. Cen. AIDS (Lab. Virus Immunol.)

Res. Cen. AIDS (Lab. Virus Immunol.)

Res. Cen. AIDS (Lab. Virus Immunol.)

Exp. Res. Cen. Inf. Dis. (Lab. Mouse Model.)
Exp. Res. Cen. Inf. Dis. (Lab. Mouse Model.)
Exp. Res. Cen. Inf. Dis. (Lab. Mouse Model.)
Exp. Res. Cen. Inf. Dis. (Lab. Mouse Model.)
Exp. Res. Cen. Inf. Dis. (Lab. Mouse Model.)
Exp. Res. Cen. Inf. Dis. (Lab. Mouse Model .)
Exp. Res. Cen. Inf. Dis. (Lab. Mouse Model.)
Exp. Res. Cen. Inf. Dis. (Lab. Mouse Model.)
Exp. Res. Cen. Inf. Dis. (Lab. Mouse Model.)
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STAFF CHANGES OF THE INSTITUTE
Appointments

During the period of January to December 2005, the following new staffs were appointed; Dr.
Takashi Fujita as a Professor of Department of Genetics and Molecular Biology, Dr. Tsukasa Seya
as a Visiting Professor of Department of Biological Responses, Dr. Naoki Yamamoto as a Visiting
Professor of Center for Acquired Immunodeficiency Syndrome Research,Dr. Makoto Tachibana as
an Associate Professor of Experimental Research Center for Infectious Diseases, Dr. Takayuki
Miyazawa as an Associate Professor of special education and Research of Center for Emerging
Virus Research, Dr. Takao Masuda as a Visiting Associate Professor of Center for Acquired
Immunodeficiency Syndrome Research, Dr. Isamu Matsunaga as an Assistant Professor of
Department of Viral Oncology and Dr. Taeko Kobayashi as an Assistant Professor of Department of
Cell Biology.

Departure

Dr. Katsuya Shigesada and Dr. Shoichi Hasegawa retired from the Institute in March. Dr.
Kosei Ito moved to Singaporean National Molecule Cell Biology Institute, Dr. Yasuo Ariumi moved
to Center for AIDS Research, Kumamoto University, Dr. Shuichi Yamada moved to Akita
University, Drs. Hiroaki Mitsuya, and Masakazu Kita left the Institute.



THE SCIENTIFIC LECTURE MEETING OF THE INSTITUTE FOR VIRUS RESEARCH

The annual scientific lecture of this Institute was held on November 25, 2005 at the Inamori Hall
of Kyoto University Faculty of Medicine.

Program

Opening Remarks: Kunitada Shimotohno

1.  Therisk of cross-species viral infections in xenotransplantation.Takayuki Miyazawa, School of
Veterinary Medicine, Obihiro University of Agriculture and Veterinary Medicine.

2. The highly pathogenic avian influenza viruses and zoonoses. Hiroshi Kida, Graduate School
of Veterinary Medicine, Hokkaido University.

3. Regulation of antiviral innate immune responses by RIG-1 RNA family of helicases. Takashi
Fujita, this Institute.

4. Regulation of Toll-like receptor signaling and interferon responses by IRF family of
transcription factors. Tadatsugu Taniguchi, Graduate School of Medicine, University of
Tokyo.



THE 22TH COLLOQUIUM OF THE INSTITUTE FOR VIRUS RESEARCH

The 22th Colloguium of the Institute for the Virus Research is scheduled on February 14 and 15,

2005 at the Inamori Hall of Kyoto University Faculty of Medicine. The subject for the discussion is
" New advances of the research on membrane traffic *.

Program

Opening Remarks: Koichi Ikuta

10.

11.

12.
13.

Regulation of membrane traffic by Ubiquitin. Kazuhisa Nakayama, Faculty of Pharmaceutical
Sciences, Kyoto University.

Autophagy ~The Roles in molecular mechanisms and diseases~. Tamotsu Yoshimori, National
Institute of Genetics.

Novel mechanism of membrane dynamics suppressing the infection of HIV. Yoshio Koyanagi,
this Institute.

Polarized Transport of the receptor regulating planar polarity of epithelium. Yuko Shimada,
Graduate School of Biostudies, Kyoto University.

New world of ArfGAP study. Koichi Miura, Osaka Bioscience Institute

Role of membrane sphingomyelin in Fas clustering and aggregation of lipid rafts. Hisanori
Umehara, Department of Biophysics, Kanazawa Medical University.

Lipid raft and the TRX/TBP-2 system. Norihiko Kondoh, this Institute.

Mechanism of intracellular trafficking of ceramide. Kentaro Hanada, National Institute of
Infectious Diseases.

Adaptor protein complexes that mediate vesicular transport and their role in multicellular
organisms. Hiroshi Ohno, Research Center for Allergy and Immunology, RIKEN.

Cellular prion protein: Intracellular trafficking and mitochondria-mediated neuronal
apoptosis. Kiyotoshi Kaneko, National Institute of Neuroscience, National Center of
Neurology and Psychiatry.

Pathological conditions induced by impaired vesicular transport between the Golgi apparatus
and the endoplasmic reticulum. Tomohiko Aoe, Chiba University Graduate School of
Medicine.

Structure, function and regulation of protein translocase. Hiroyuki Mori, this Institute.
Structural study of the Exocyst complex, a tethering factor for exocytosis. Shuya Fukai, Tokyo
Institute of Technology.

Closing Remarks: Koichi Ikuta






SEMINARS OF THE INSTITUTE FOR VIRUS RESEARCH

Forty-eight seminars were held at the Institute for Virus Research under auspices of the
Institute in 2005. Twenty-four lecture were from abroad and Twenty-four others were from Japan.

January 17 Dr. Takashi Fujita, The Tokyo Metrolitan Institute of Medical Science
(RINSHOKEN) Japan  “The RNA helicase RIG-1 family regulates  antiviral
innate immunit”.

January 18 Dr. Raphael Kopan, Washington University U.S.A. “Does presenilin contribute
to development more than Notch proteolysis?: Lessons from the skin and the
somite”.

January 21 Dr. Tsuyoshi Igura, Hiroshima Universit ~ Japan. “Dynamics of histone H2AX
complexes in DNA repair processes”.

January 28 Dr, Yuji Sugita, The University of Tokyo Japan. “Molecular dynamics of
Ca®* pump”.

February 7 Dr. Tatsuo Fukagawa, National Institute of Genetics Japan. “Molecular
mechanism of centromere assembly and heterochromation formation in higher
vertebrate”.

February 9 Dr. Yoshiko Takahashi, Center for Developmental Biology (CDB), RIKEN

Japan. “Spatial Network and cell dynamism in organogenesis”.

February 15 Dr. Hitoshi Sawa, Laboratory for Cell Fate Decision RIKEN Japan. “Genetic
Network regulating asymmetric cell division”.

February 24 Dr. Taeko Kobayashi, Kyoto University Japan. “The cellular mechanisms
involved in proteins' life-the disulfide bond formation system and the misfolded
protein degradation via p97/VCP”.

March 10 Dr. Yasushi Sako, Osaka University Japan. “Analysis of the information
processing network in the cell by single molecular mesurement”.

March 16 Dr. Christian Gaiddon, CNRS France. “Roles and regulations of the p53
family: implication for cancer and neurodegenerative diseases”.

March 17 Dr. Hiromi Hirata, University of Michigan U.S.A.  “Behavior and its
abnormality of early zebrafish embryos: electrophysiologial and genetic analysis”.

March 24 Dr. Freda Miller, University of Toronto Canada. “Building a nervous system:
novel stem cell sources and signals”.

March 24 Dr. David Kaplan, University of Toronto Canada. “Signaling pathways
regulating neuronal survival, apoptosis, and growth”.

April 21 Dr. Kazunari Ushida, Kyoto Prefectural University Japan. “Environment of the
intestines and physiological response of intestinal tissues”



March 27

May 24

May 26

June 1

June 6

June 14

June 16

June 17

June 17

June 20

June 20

June 22

June 27

June 28

July 20

July 25

August 2

Dr. Francois CLAVEL, Bichat Hospital, France. “HIV evolution in treated
patients: not a straight road”.

Dr. Noriko Gotoh, University of Tokyo Japan. “Signaling through docking
protein FRS2a is critical for early mouse: embryogenesis and for eye and neural
development”.

Dr. Hiroshi Tsuda, Baylor College of Medicine U.S.A. “A cross-species
approach to untangle the problems of polyglutamine diseases”.

Dr. Tsuyoshi Akagi, Osaka Bioscience Institute Japan. “Analysis of molecular
carcinogenesis using normal human cells”.

Dr. Kazuhiko Takahashi, Hokkaido Pharmaceutical University  Japan.
“Structure and function of plasma protein that contains essential trace element,
selenium”.

Dr. Junichi Sakuragi, Osaka University Japan. “Possible role of retroviral
genome dimerization”.

Dr. Kenji Hiromatsu, University of Miyazaki Japan. *“Host defense against viral
infection mediated by < primitive ™ T cell subsets”.

Dr. Takayuki Miyazawa, Obihiro University of Agriculture Veterinary Medicine
Japan. “Cell tropism of animal-derived retroviruses”.

Dr. Yoshinobu Takakura, Kyoto University Japan. “Cancer therapy using a
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1) Identification of Novel Physiological Functions of Human Papillomavirus E7: K.
SASAKI, S. YOSHIDA, N. KAJITANI, A. SATSUKA, H. NAKAMURA and H.
SAKAI

Human papillomaviruses (HPVs) are small DNA viruses which replicate and induce
hyperplasia in epithelial cells, both mucosal and cutaneous. HPVs are classified into ‘low-risk’
types (such as HPV-6 and -11) which cause benign warts and ‘high-risk’ types (such as HPV-16
and -18) which are associated with malignant tumors, especially cervical carcinomas.

The E7 protein of high-risk HPVs is considered to be one of the oncoproteins encoded by
the viruses and has been reported to interact with a number of cellular proteins, including Rb-family
proteins (pRb, pl107 and p130). These interactions have been suggested to play roles in
HPV-mediated cellular transformation or in the viral life cycle.

We carried out a yeast two-hybrid screen and identified MADD (MAP-kinase activating
death-domain containing protein) and TRIP (TRAF-interacting protein) as additional binding
partners of HPV-18 E7 and HPV-11 E7, respectively. They interacted with both E7s in vitro
binding assay. They were previously reported to be involved in TNF signaling, which is one of the
cytokine signalings important for the regulation of immune and/or inflammatory responses. We
then examined the effects of E7 on TNF signaling and found that E7 promoted TNF-alpha-mediated
apoptosis and suppressed TNF-alpha-induced ERK/MAPK and NF-kappa B activation in normal
human fibroblasts. We are now investigating the detailed mechanism and physiological roles of
those E7’s effects.

ref: Nishimura, A. et al., Microbes Infect. (in press, 2006)

2) Modulation of HPV-infected Cell Proliferation and Invasion by oncogenic Ras
Protein: S. YOSHIDA, K. SASAKI, A. SATSUKA, N. KAJITANI, H. NAKAMURA
and H. SAKAI

The Ras proto-oncoprotein is activated in approximately 30% human cancers, and also
activated in about 10% cervical cancer. Oncogenic Ras can transform established rodent cell lines
but fails to transform primary cells. Transformation of primary cells also requires the cooperation of
genes such dominant-defective forms of p53, adenoviral E1A, SV40 large T antigen, which
facilitate the immortalization of cells. The expression of Ras in normal fibroblasts results in a G1
arrest that is correlated with an increased expression of p16™** and p21"""A*, The arrest is almost

the same as the replicative cellular senescence. Ras is related to the cancer metastasis. Ras induces



matrix metalloproteases, which degrade cell matrix and are activated in aggressive cancer. Ras also
activates rac and rho, upregulating cell motility. HPVs are small DNA viruses that require
unscheduled S-phase entry in terminally differentiated epithelial keratinocytes for viral genome
amplification. The HPV E7 protein binds and degrades pRb, inducing cell cycle progression
through the GI1-S transition. E7 abolishes G1 arrest induced by DNA damage, epithelial
differentiation. E6 protein binds and degrades, cooperating with the ubiquitin ligase E6AP, cell
cycle regulator p53.

First, we are investigating how Ras protein regulates cell proliferation and metastasis in the
E6 or E7 (or E6/E7) expressed cells. We introduced Ha-ras protein overexpression on in HPV
oncoproteins expressed cell lines. The established cell lines are analyzed in regard to the cell growth
potential and the regulators for cell cycle checkpoints. We found that E7 expressed keratinocytes
escape ras-induced senescence. It was indicated that pRb degradation was important for ras-induced
senescence in keratinocytes. Second, we analyzed the effect of ras on the skin formation of HPV
oncogenes expressed keratinocytes using the (organotypic) raft culture system. We found that E7
and Ha-ras expressed epidermis invaded basal layer. This invasion results from MMP2 and
MT1-MMP induced by Ha-ras and MMP9 induced by E7. This invasion was suppressed by MEK
inhibitor and MAPK inhibitor. It is indicated that HPV-infected cell acquires metastasis by ras
activation through MAPK pathway.

ref: Ueno, T. et al., Oncogene (in press, 2006)

3) Molecular mechanisms of bystander cell death induced by HIV-1 infected cells: H.
NAKAMURA, A. SATSUKA, N. KAJITANI, S, YOSHIDA, K. SASAKI and H.
SAKAI

Human immunodeficiency virus type 1 is a causative agent for human AIDS. HIV-1
infection induces drastic decrease of CD4-pisitive T cell, which is considered one of major
determinants for AIDS. Although the infection of HIV-1 directly causes the cell death, bystander
apoptotic cell death is induced, resulting in the massive loss of CD4-positive T cells in the infected
individuals. To clarify the bases of AIDS pathogenesis, it is essential to understand the biological
mechanisms of the bystander cell death.

In order to investigate the molecular bases of the bystander cell death induced by HIV-1
infected cells, we have developed a novel assay system by which it is possible to analyze a effect of
a single infected cell on the adjacent cells. By using the assay system, the key viral and/or cellular
factors involved in the bystander cell death will be elucidated.

4) Identification of Novel Function of Human Papillomavirus E4 or ES: N. KAJITANI, A.
SATSUKA, S. YOSHIDA, H. NAKAMURA, K. SASAKI and H. SAKAI



HPV infection begins in the basal cells of the epithelium, and as these cells divide,
differentiate, and migrate toward the surface of the epithelium, the virus is able to complete its life
cycle. The expression of E4 occurs in the upper layers of the epithelium, coordinating with the onset
of virus genome amplification. E4 can induce the collapse of the cytokeratin filament networks, and
it has been proposed that disruption of the keratin networks could facilitate viral egress. It is also
known that E4 induce the modification of cell cycle. ES is a highly hydrophobic membrane-bound
protein, and influences signal transduction pathways. In addition to the major oncoproteins E6 and
E7, ES possesses weak oncogenic properties. But, it is not understood well about details of E4 and
ES5. We consider that E4 or ES is associated with the activities involved in HPV specific lifecycle
and with the transformation of the cells, so try to investigate novel functions of E4 or ES.

ref: Nakahara, T. et al., J. Virol. 76: 10914-20, 2002; Nakahara T., et al., J. Virol.

79: 13150-65, 2005

S) Mechanism of HPV life cycle: A. SATSUKA, N. KAJITANI, S. YOSHIDA, H.
NAKAMURA, K. SASAKI and H. SAKAI

The tumorigenesis induced by human papillomavirus (HPV) infection is one of the models
for multistage cancer development. However, the molecular mechanism has not been fully
understood. Furthermore the details of the regulatory mechanisms for the HPV replication and gene
expression in differentiating epithelium remains unclear, even by using an organotypic culture
system (raft culture) that is used as a system capable of reproducing the differentiation dependent
replication cycle of HPV.

In order to examine the molecular mechanism underlying the HPV replication and the
cancer development, we construct the high risk and row risk HPV plasmid with high expression

ability, and then analyze the viral replication and its effects on the host cells.

6) Regulation of canonical Wnt signaling pathway by Grb10, an adaptor protein for
receptor tyrosine Kinases----a likely mediator for interaction between Wnt signaling
and growth factor-mediated signaling: N. TEZUKA, and S. YANAGAWA.

The canonical Wnt signaling pathway is highly conserved throughout the animal kingdom
and controls a number of developmental processes. In addition, numerous mutations in components
of the Wnt pathway, such as apc, axin, b-catenin, are oncogenic. The Grb10 protein (growth factor
receptor-bound protein 10), on the other hand, is a cellular adapter protein, which can bind to
numerous receptor (and non-receptor) tyrosine kinases, as well as several intracellular proteins.

Grb10 has distinctive structural features including src-homology 2 (SH2)-, pleckstrin-homology



(PH)-, and RA-like-domains. Like other adapters, Grb10 have been shown to mediate the coupling
of various cell surface receptors with specific downstream signaling pathways.

With yeast two hybrid screen using mouse DvI2 (mouse homologue of Drosophila
Dishevelled, major positive regulator of Wnt/wingless signaling pathway) as a bait, we have
identified the Grb10 as a novel interacting protein of DvI2. Indeed, interaction of Dv12 and Grb10
was confirmed by co-immunoprecipitation experiments in tissue culture cells. Tcf-dependent
luciferase reporter assay (specific assay for canonical Wnt pathway) in HEK293T cells revealed
that overexpression of Grb10 protein severely suppresses Wnt3a-, LRP6 (low-density lipoprotein
receptor related protein 6, a co- receptor for Wnt)-, and DvI2- induced elevation of luciferase
activities. In contrast, Tcf reporter activity induce by b-catenin was not affected by Grbl0
expression, suggesting that Grb 10 functions upstream of b-catenin. Further more, the binding of
Grb10 with LRP6 was found, indicating a molecular mechanisms underlining how Grb10 inhibit
Whnt signaling. Upon stimulation with growth factors (such as insulin EGF, HGF etc), recruitment
of Grbl0 to intracellular domain of receptor tyrosine kinases are well documented. Thus we are
exploring interaction between Wnt signaling and growth factor-mediated signaling through Grb10

adaptor protein.

LIST OF PUBLICATIONS
Department of Viral Oncology
Laboratory of Gene Analysis

W —, FIFfK : 74 7% —&EH Grbl0 i1 & % Canonical Wnt & 7" F WEERIE D
HlAE. 25 28 M HARST A2 ES, fmkd, 2005.

flee KRR, HFHEE, PBaER, BAET, 505, WHESE - HPV §il#hiEs 1o
TNF a > 7 F Vi~ DB 23T, 455 3EHARY A )L RS, 1
i, 2005.

AR, fex KRR, FEPZ2E, WiEsE cHPV B X 2 S ERPEF D A€ 7L DRGEE.
%56 4 [ HAE A gfima, LR, 2005

FHHAE, o REDR, EEZEG, BaET, 5s0s, R, WS - HPV &gy
HOHELIC B 1 2 BT REE K RIS D X = X L DN, 5 3EIHAY A LA
FREMitES, Wik, 2005

Jl



DA T A IV AWFFEEE Department of Viral Oncology
ARV L T v a g Laboratory of Gene Analysis

FUDICBEDOHEZEDERZEZEH L T EET, Ay 73 - Mo AT, K

ik & LTI X ORI L Cw s s RE (B D2), FHE (EREDIL)
A, Bl SHRE (BREDL), BaZA (EaMl), E5RSA (daMl), TBE
(ZBfr M1) 22d 2 2 &2k L7, 2 2ICEfiticBE L L THEI A, BBAIA
(& BITPE AR 2 BI4E) 235Mb-> T, WEERE, 4y D3 o7 BB EIZ, BESL
HARTHZEAEE LTHERL TCuET, 2L LTIR¥EERKZ, TOuRALREDHIZED
L7,

REEDRELRZE L TIEEDZ -2 L Dfbic, IFREDF| > L23HH £ L7,
CNE TR 2 BEICHIRED D - 7D TTH, BIEIZARED 2 BIcE L T T,
EoH2HOHERP L 0o 2 0RERH D, FEEEETRELBVEZ L LD,
FOEDL S DANDILH Y, WHTETT LI EVBHRE L7z, SIEHLWEREICHE
n, FHVOLED ICEBRICH Y HA TV E T,

(1) ebXEr—<7A4 VA (HPV) Y X % HEM:RRE R o iR

HPV 3R 7 & o b Bk o Bl &G L, gaifriciEearyyu—=
o E DG 2 HER T RERTFTH 5, BB L GETO ARG L k25604 <,
ERINTEED HARBRIET 256083 EAETH D0, FIUTHEMEEIGERT 2 2 &
DHISNT WS, FRICTEIEETIE, 13EAEDFRIENT HPV OGRS, HPV
BRI TEBERIEOEE LRIV R I 77 08 —ThH b EEZLLNT VS, ZDOfhiz, L
SHB A ED A ED HNSCC (head & neck squamous cell carcinoma) i ~\DEH 5
bIHFEHINTED, HPV iZe FZ2ENE L2RENBHEDBATANAD—DTH 5,

HPV &Y ic L 2 B ERRICIE, 74 NVADa—FT2% E6 & E7 £\v) oD
transforming gene SEEZ&E 2 L - L T3, ZHICIETIC, ZNo DEETFEY)
D 5 2 DS A MGEIE TEEYITH % pb3 & pRb Z2AELT 2 BEREDSBES. L T 3,
p53 & pRb &, W HHMINENF = v 7 BRICBES L CTE D, DNA 508 2 15
Fg, AP LVABEIGU T, Moz sk S @t 2 iR o [MHEICERE L, %
L Fiist =z 3584 5 2 & TREMINZERE T 25 L Cvw%, E6 L E7I1CXD
IS DDBAMFIBERE SR H TS Z & T, HPV B 3 ik B o BREe, @F
ZRRMERBIC N L CRERICR D, ZOMIE, BREZR - Milun% < G ICERL,
Zovh S BMIPE ZEE L Ml i sb0LEZ 505,

NI & 2 RYEEIER L, BB oEmzFEa L, 74 v AEEITHH]
BT 228, [FRHICEMEIZPE ORI b HE 2@ 2 2>, F4 13 HPV ofiliEhiEs 1
X7t AL (keratinocyte) TR £ 7 LE:E % (organotypic raft culture)
Z AN T, B EEE IS B D 2 EAEK 7 28R L 72, Z DfiR, E7 IS8R WG o 1,



¥ 72 Z DEHEICIE pRb DARTEILDSEICBIS L T3 Z & 2R L7, L2 L, pRb UMD R
7y N Z YR TH S pl30 DFBEIFHS LEBHROBEICh» b5 TS LS
NElhol,

HPV &AL T 2 T2 10 EM EORWHIMZ T2 2 L 3% v, Z DI
EFEEETOLEIEREL, EWPEZER T3 LEZ N 5D, ERBEMEETIZFAE
INTuZR», L EDAMBI TS K BRI 645 ras ICHEH L, ras (kI
L 2B E ORI L TG L 72, @H oM LHlIT ras #2525 L
premature senescence 2355 I 41, MAEEEHEOMEIET 5, 2 D senescence (X E7 12X %
pRb #FEEEDATECIC X D T 2 Z EDSAJRETH > 7z, E7 EIEMEAL Ras 2 ¥BLT % 58
TFNREESR TR, BRI RIESHERTE 72, 2 DRIMEEDESICIZ MAPK &% 1/
L 72 MMP DAt 23BI 5 L T 2 ATREE DR S 47z,

HPV J&4e i X 2 ilans Atz < 7= 1cid, HPV D&y - EHEl 2 IHId 2 2 & 23808
NThsLEZONS, L L HPV oG - BEFRIEOHENZ, RGO 5Bz <
RELTED, @i oM 2= Tk HPV OAEIERZ FHETE R \»izdig, Z OFIMHERE X
IZEA D> TR, Fxlx E6 2 E7 DAL OIHEE T, Fiic E4 & E5 ICiEHL,
ZNSDAYNEROEREZED T 5, B4 B L Tix, fMIEEHE IG5 2 &£ 28
HLTWVED, ZO0THEEIIAHTH S, 2o DkiEZ 2% T, HPV 04 iGER%
HRT2 2 EPEETH Y, TAFBICEFE T AE#ESR % HAv, HPV OB Z iR L
TWwb, CORZILIHBIE LIRS, MHO HPV L 77 a v 2HEE L, 31 X { HPV
DOEH - BT HBEMZ T T 2 FE 2R L Toe 5,

(2) HIV-1 OYRJE S BB O T

HIV-1 i3t DA ZOFELWHRFEEATTH 5, HIV-1 L ba v L ZAOMETH %
D, 2070 FFATEBZS MULV (7 ZHIMWEY AV R) 1IZHRS L, %< Ofilffl
BEfzRTICa—FLTw5, 0o DEET LEEMRTFoMAfEHS, HIV-1 Off
W DBLE LRI, WEER EICBIG L Tnws tEZ oS,

BiAE (3 HIV-1 Esiieic X 2 it S8 o iiH 2 o T 5, Kric, JEGsiie
@ CD4 B liAliaAs apoptosis #5E(C & - THllldst§ %, Bystander cell death & FMEIE#L 5
Ml fEEREREICBI L <€, 2D ANV AMOERKZH S 22T 5 LI, Z2 21575
EEMATFORELZBHIE L 72HEx2iT>oTw3, 74 VAR & LT, Env, Nef,
Vpr, Tat 2 EBEZ6NTED, ZD4mT Vpr & Nef 1B L T 22 T\ 3%, Nef
B LTI YSIH2E 2T Vpu & DFRREIN 2BV R I N TW 5 DT, VpulcBIL Td, 20
BEREFBAA H = X LB FHT L T\ 5,

(3) ZEMEBFny X F—X¥D7 ¥ 7% —8HH Grbl0 2 X % Canonical Wnt > 7' F
JAL R % D Hill fH]
Wnt > 7 FIVEERL, B OFREDLHELK D % WIHEboBRics\wT, Bk



BE 2 R LT, WUINE, T Canonical Wnt £ D fiEHT % 17>, Casein kinase la
23 b-catenin/Arm %2V VB L, Z Dz gt L T35 (EMBO J. 2002, Mol. Cell.
Biol., 2004)% EZ LI L TE X, AL, Wnt FEEOMKE Dvl2 2 Bait & L%
Yeast two hybrid screen Zf7\>, DvI2 fi&EH & L THi7z 12 Growth factor receptor
bound protein 10 (Grb10) #EHZFE L 7z, Grbl0 HHIX, ZHEUHFos v FF—%
(Insulin, IGF-1, EGF, FGF, HGF D&k 7 E)KEE T 279 7% =451 Tdh b, Prorich
region, Ras-associated-like domain, #&HDIEELE % €t $ % Pleckstrin homology (PH)
domain,#Z L CH A FF 0 VIZHEAT % SH2 domain 7 SR BERE K X 1 25D,
L% L Insulin % IGF-1 (2 X 2 flifasgdiis 7+ v oG OHIBIE 7T H 5 F2ERIT I, Grblo
DB IZ A 3% {, 20 Grbl0 1k, #7879 =T LI Tw 5,

4R Z @ Grbl0 2% Canonical Wnt #£&% 58 < #fl T 2 H 2 WO THE I L, Thb
t, Wnt3a, DvI2 & %\ 13 Wnt @ co-receptor LRP6 O iifillFBiic & h FE X 1172 TCF
HAFE DR E DOTENE R, Grb10 1T & 0 iR < PHEF S 5 23, — 75, HERTEMELEL D b-catenin
12 & % TCF #EFHDIREIEMALIZ Grbl0 12 & 258 %2 2 % T ko7, fiE>7T Grbl0
DIEM RZ, BHS 22 b-catenin & D B TH o7, £7z Grbl0 2 & % Wnt & DN
I2l%, #® SH2 domain 23 8ThHh 5 Z &, ZLTZ 512 Grbl0 12 LRP6 & b AT 5
FHH R L7, BE Grbl0 24 L T Wnt £ & fth D o LHEHER T D > 7 F VSRR &
23, 70 AR bF—7 LT3 AR EEEHIC#NT L Tw 5,

Th

(BIAUAE L D) W, AR, R, %R, (BB F5, W, Bi, &



DEPARTMENT OF VIRAL ONCOLOGY
LABORATORY OF CELL REGULATION

I. Sugita group

Full attention of the recently set up Sugita’s laboratory has been directed to a novel lineage of
antigen-presenting molecules, CD1.  Unlike conventional MHC molecules that present
protein-derived peptide antigens, molecules of the human group 1 CD1 family (CDla, CD1b,
CD1c) mediate presentation of lipid antigens to specific T lymphocytes. By taking cell biological
and immunological approaches, this group wishes to establish a molecular and cellular basis for
CD1-dependent immunity and determine how CD1 has been evolved to function critically in host
defense. An important extension of this study is a challenge for developing a new type of
lipid-based vaccines against cancer and microbial infection.

I-1) Development of appropriate animal models for CD1 study: I. MATSUNAGA, T.
SHIINA* and M. SUGITA (*Tokai University)

Mice and rats are useful animals for many immunological studies, including those of MHC
functions, but important exceptions exist. These animals have deleted genes for group 1 CD1
family, and thus, lack the CD1 system that is comparable to that in humans. Given the importance
of appropriate small animal models in in vivo analysis of CD1-mediated immune responses, we
have developed two distinct, but complementary, animal models; namely, guinea pigs and
CD1-transgenic mice. We have found that guinea pigs have evolved the CD1 system equivalent to
that in humans, and are capable of mounting the CD1-restricted T-cell response upon mycobacterial
infection.  Further, we have established methods for isolating CD1-positive dendritic cells from the
guinea pig bone marrow. Using these as antigen-presenting cells, we are successfully obtaining
guinea pig CD1-restricted T cells lines recognizing specific lipid antigens.

As an alternative animal model, we have tried to establish human CD1 transgenic mice in
which CD1-dependent immunity is reconstituted. This year, we isolated the human genomic gene
for CD1c and established CD1c transgenic mice.  Strikingly, CD1c molecules in these mice appear
to be expressed selectively in dendritic cells and a fraction of activated macrophages, as in humans.
We are now attempting to knockout MHC genes in these transgenic mice to separately evaluate
CD1 and MHC functions.

I-2) CD1-Dependent Immunity against Mycobacterium avium complex (MAC) and HIV-1: I.
MATSUNAGA, A. OCHI and M. SUGITA

After moving to the Institute for Virus Research, the Sugita’s laboratory has set out to study



CD1-dependent immunity against Mycobacterium avium complex (MAC). Infection with MAC is
clinically important because of its resistance to treatment with antibiotics, and often critical in
prognosis of AIDS patients. We established methods for purifying the natural form of
glycopeptidolipid (GPL), a unique lipid component expressed in the cell wall of MAC, and detected
the 1gG antibody response directed against the sugar moiety of the compound in guinea pigs
infected with MAC. Using this model, cellular and molecular mechanisms for the CD1-dependent
humoral immunity are being studied.

Virus infected cells and cancer cells produce a wide array of unusual glycolipids and
lipopeptides that could be monitored by CD1-rectricted T cells. In this aspect, we have just set up
studies, specifically addressing how CD1 functions against HIV-1 infection and lung cancer.

I-3) Identification of a mite-derived lipid as a novel allergen for contact dermatitis: T.
SASAI*, N. MORI*, I. MATSUNAGA and M. SUGITA (*Division of Applied Life
Science, Kyoto University)

It is now clear that CD1 critically functions in host defense, but undesirable immune
responses to lipids may result in tissue damage and autoimmunity. We found that monoterpene,
o-acaridial, derived from astigmatid mite Tyrophagus putrescentiae induced allergic contact
dermatitis, characterized by dermal vasodilation, infiltration of T lymphocytes and proliferation of
keratinocytes. Studies using human peripheral blood T cells suggested that the specific response
to a-acaridial occurred independently of NKT cells and yd T cells.

Il. Murakami group

Murakami’s group is interested in the regulation of higher order chromatin structure and its
role in various chromosome functions. Currently this group mainly focuses on the dynamic
organization of heterochromatin that is important constituent of chromosome using fission yeast as
a model organism. In addition, we analyze the regulation of DNA replication from a point of view
of chromatin structure.

I1-1) RNA polymerase Il is required for RNAIi-dependent heterochromatin assembly: H
KATO, D. B. GOTO*, R. A. MARTIENSSEN*, T. URANO**, K. FURUKAWA** Y.
MURAKAMI (*Cold Spring Harbor Lab., USA, **Nagoya Univ.)

Heterochromatin is a transcriptionally inert higher-order chromatin structure that contributes
to global transcriptional repression and genome integrity. In Schizosaccharomyces pombe, the RNA
interference (RNAI) machinery converts pericentromeric non-coding RNAs into small interfering
RNAs (siRNAs) and is required for the assembly of pericentromeric heterochromatin. Here we



describe a mutation in the second largest subunit of RNA polymerase 1l (RNAPII). Both wild-type
and mutant RNAPII localized to the pericentromere. However, the mutation resulted in the loss of
heterochromatic histone modifications, in the dislocalization of RITS (RNA-induced transcriptional
silencing) complex and RDRC (RNA-directed RNA polymeraxe complex), and in the accumulation
of pericentromeric non-coding RNAs, accompanied by the loss of siRNAs. This phenotype
resembles mutants in RNAI and suggests that RNAPII couples pericentromeric transcription with
SiRNA processing and heterochromatin assembly.

11-2) Functional Studies of Chromatin Assembly Factors in Fission Yeast: K. DOHKE, S.1.S.
GREWAL*, K. TANAKA** S. KATAYAMA*** T, URANO**** Y, MURAKAMI (*National
Institutes of Health, USA., **Shimane Univ., ***Saga Univ., ****Nagoya Univ.)

Higher order structure of chromatin plays an essential role in various nuclear processes.
Once established, the higher order structure need to be maintained through cell division. The
molecular mechanism for the maintenance of the chromatin structure is not well understood yet.
Chromatin assembly factor-1 (CAF-1) is three subunits (p150, p60, and p48) complex and loads
histone H3-H4 complex onto newly synthesized DNA through interaction with a replication factor,
PCNA in vitro.

We identified fission yeast genes (pcfl, pcf2, pcf3) showing significant homology to
CAF-1 p150, p60 and p48 subunits. We found that Pcfl, Pcf2 and Pcf3 form a complex that
interacts with PCNA like human CAF1. We also showed that pcfl, 2 and 3 are required for
maintenance of heterochromatin rather than establishment. It is known that human CAF-1 p-150
interacts directly heterochromatin protein HP1. In pombe, we found that fission yeast CAF-1
interacts heterochromatin protein Swi6 in S phase specifically.

Disruption CAF-1, however, does not affect cell growth significantly, indicating that other
chromatin assembly factor(s) exist. Asfl (anti-silencing function 1) is thought to be a histone
chaperon working cooperatively with CAF-1. We analyzed the function of fission yeast Asfl at
heterochromatin and relationship with CAF-1 using temperature sensitive mutant, since asfl is an
essential gene in fission yeast. Our results suggested that CAF-1 and ASF1 function independently
to maintain heterochromatin. These date suggested that fission yeast CAF-1 and ASF1 does
participate in "the exact inheritance of heterochromatin structure™.

11-3) Chromodomain protein Swi6 recruits the histone deacetylase Clr3 to regulate gene
silencing by pericentromeric heterochromatin: H. NAKAGAWA, M. HATTA, K.
DOHKE, M. YOKOYAMA and Y. MURAKAMI



Transcriptionally silent heterochromatin is characterized by deacetylated histones. Histone
H3 is deacetylated at Lys 9 and Lys 14 (H3-K9 and H3-K14), and methylated on Lys 9 (H3-K9),
which is bound by a chromo-domain protein HP1. It is still unclear how histone tail modifications
are orchestrated, and what the role of HP1 is in the formation of silent chromatin. It was thought
that in the fission yeast Schizosaccharomyces pombe, deacetylation of H3-K14 by the histone
deacetylase (HDAC) CIr3 was required for efficient methylation of H3-K9 by the histone
methyltransferase Clr4, at pericentromeric heterochromatin. However, we found that neither Cir3
nor H3-K14 deacetylation was absolutely required for methylation of H3-K9 or the subsequent
binding of the fission yeast HP1 homologue, Swi6. Instead, Swi6 was required for recruitment of
Clr3, to deacetylate H3-K14, and both Swi6 and ClIr3 were required for deacetylation of histone
H4-K12. Since gene silencing was partially disrupted in the absence of Clr3, we propose that one of
the roles of HP1/Swi6 in transcriptional gene silencing, is enhancement of histone tail deacetylation
by recruiting HDACs such as Clr3.

11-4) Analysis of a Novel Gene that May Involved in Repair of Double Stranded DNA Break
during DNA Replication: M. YOKOYAMA, H. INOUE*, C. ISHII* and Y.
MURAKAMI (*Saitama Univ.)

Neurospora crassa mus-7 mutant is sensitive to killing by MMS but not sensitive to UV
radiation, suggesting that the gene product is involved in DNA double-strand breaks repair pathway.
We cloned the N. crassa gene and sequenced the DNA. We found a gene in Schizosaccharomyces
pombe showing significant similarity to N. crassa mus-7 and named the gene mus7. We disrupted
the gene. Like N. crassa mus-7 mutants, the S. pombe Amus7 mutants are sensitive to MMS but not
sensitive to UV radiation. Earlier study reported that there is a similar protein in Saccharomyces
cerevisiae in respect of the amino acid sequence and the phenotype of the mutants. We have been
analyzing the function of the gene using S. pombeAmus7 mutants. Our current results indicates that
Mus7 may be involved in repair of double stranded DNA break during DNA replication, therefore
we are finding out the relationship between mus7 and known repair genes working during DNA
replication.

11-5) Regulation of the loading of Drosophila ORC1 (DmORC1) onto the chromosomal DNA
replication origin for gene amplification: H. KOHZAKI and Y. MURAKAMI

A large body of evidence shows transcription factors affect DNA replication. We previously
indicated that transcription factors regulate the origin activity by recruiting initiator proteins onto
replication origins using polyomavirus and yeast system. We assume that this phenomenon is one of



many mechanisms leading to chromosomal abnormality including gene amplification, translocation,
which are commonly observed in cancer cells. We wish to know whether DNA binding
proto-oncogene products can regulate the chromosomal DNA replication in higyer eukaryote. But
chromosomal origins of higher eukaryotic cells are not still characterized in detail. Drosophila
(Dm) chorion gene amplification is a good model system, because the gene amplification is strictly
regulated during development and utilizes similar set of proteins to normal chromosomal replication,
such as origin recognition complex (ORC). The replication origin for the amplification contains two
essential elements ACE3 and ori-beta where DmOrc2 binds. Interestingly, transcription factors,
such as E2F and Myb, regulate this amplification.

We first analyzed the behavior of DMORCL1, because unlike DMORC2, the level of DMORC1
is modulated during cell cycle and its concentration regulates origin utilization during development.
We indicated that DmOrc1-GFP formed foci in the follicle cell nucleus, which probably represents
the amplifying loci. ChlIP assay using Dm Egg chamber indicated that DmOrcl bound to ACE3
and Ori-beta. Considering the regulatory role of DmORC1, we speculate that loading of DmORC1
is a major regulatory step for the gene amplification. We hypothesize that the transcription factors
regulate the loading of DmORC1, because we found a transcription factor controls the loading of
ORC to the replication origin in yeast. In addition, overexpression of DmORC1 induced abnormal
DNA replication like overexpression of Cdc18/CDC6 in fission yeast. This may represent the
functional exchangeability between ORC1 and CDC6. We are now trying to determine the function
of these proteins at the chorion gene in Drosophila.
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DEPARTMENT OF VIRAL ONCOLOGY
LABORATORY OF TUMOR BIOGENESIS

Apoptosis, or programmed cell death, plays an important role in many biological processes,
including embryogenesis, development of immune system, maintenance of tissue homeostasis, and
elimination of virus-infected and tumor cells. We found cell surface Fas antigen (Fas) which can
directly mediate apoptosis-inducing signals into cells by stimulation with agonistic anti-Fas mAbs
or Fas ligand. Our main research project is to understand the intracellular signal transduction
mechanism of cell death including apoptosis and caspase-independent novel cell death, and the
biological significance/physiological role of cell death and cell death-regulating molecules.
Investigations of molecular mechanisms and physiological roles of cell death are important for a

better understanding of mammalian immune system, embryogenesis and tumorigenesis.

1) Viral FLIP Enhances Wnt Signaling Downstream of Stabilized pB-Catenin, Leading to
Control of Cell Growth: S. NAKAGIRI, A. MURAKAMI, S. TAKADA, T. AKIYAMA,
and S. YONEHARA

Death receptor mediated apoptosis is potently inhibited by viral FLIP (FLICE/caspase-8
inhibitory protein), which is composed of two tandemly repeated death effector domains (DEDs),
through reduced activation of procaspase-8. We previously showed that transgenic mice expressing
equine herpesvirus 2-encoded viral FLIP E8 in thomocytes exhibit thymic atrophy arising from a
reduction of thymocyte number. Transgenic mice with stabilized B-catenin in thymocytes were
reported to demonstrate a similar phenotype to that in our E8 transgenic mice. We then analyzed
whether E8 acts in the Wnt signaling pathway. E8 was chlearly shown to enhance Wnt/B-catenin
signaling in a variety of cell lines. E8 strikingly augmented Wnt3a signaling, as shown both in a
luciferase assay for T-cell factor/ B-catenin and through induction of endogenous cyclin D1. The
effect of E8 was independent of its direct binding activity with DED-containing signaling
molecules, including caspase-8 and FADD, in death receptor-mediated apoptosis. Although a
cellular homologue of viral FLIP, long form of cellular FLIP (c-FLIP.), was reported to enhance
stabilization of B-catenin in only 293T cells, E8 enhanced Wnt signaling downstream of stabilized
B-catenin in a variety of cell lines. Consequently, co-expression of E§ and c-FLIP, synergistically
increased Wnt signaling in 293T cells. Moreover, E8-mediated stimulation of Wnt signaling
induced dramatic growth retardation in untransformed cell lines but not in transformed cell lines.
Thus, viral FLIP E8 not only inhibits death receptor-mediated apoptosis but also enhances Wnt

signaling pathways that are closely related to those of both ontogenesis and oncogenesis



2) Transforming Growth Factor B-Dependent Sequential Activation of Smad, Bim, and
Caspase-9 Mediates Physiological Apoptosis in Gastric Epithelial Cells: M.
OHGUSHI, S. KUROKI, H. FUKAMACHI, L.A. O’REILLY, K. KUIDA, A.
STRASSER, and S. YONEHARA

Transforming growth factor B (TGF-f) has been implicated in the maintenance of homeostasis
in various organs, including the gastric epithelium. In particular, TGF-B-induced signaling was
shown to be required for the differentiation-associated physiological apoptosis of gastric epithelial
cells, but its mechanism has not been well understood. In this study, the molecular mechanism of
TGF-B-induced apoptosis was analyzed in a human gastric epithelial cell line, SNU16, as an in vitro
model. We examined the effects of overexpressed Smad7 (an inhibitory Smad), Bcl-x;p (an
inhibitory molecule to mitochondria-mediated apoptosis), and viral FLIP E8 (an inhibitory molecule
to death receptor-mediated apotosis). Expression of Smad 7, and Bcl-x;, but not viral FLIP, was
shown to prevent TGF-B-induced apoptosis, indicating an exclusive requirement of the activation of
Smad signaling pathway and mitochondrial dysfunction followed by activation of caspase-9. In
addition, treatment with TGF-B induced binding of Bim, a proapoptotic Bcl-2 homology domain 3
(BH3)-only protein, to Bcl-x;, which is dependent on the activation of Smad, and reduction in the
expression of Bim by RNA interference decreased the sensitivity to TGF-B-induced apoptosis.
Moreover, we found abnormalities in the gastric epithelium of both Bim and caspase-9 knockout
mice; these abnormalities were associated with a defect of physiological apoptosis in gastric
epithelial cells. These results indicate for the first time that TGF-f is involved in the physiological

loss of gastric epithelial cells by activating apoptosis mediated by Smad, Bim, and caspase-9.

3) Human T-cell Leukemia Virus Type I Oncoprotein Tax Inhibits Fas-Mediated
Apoptosis by Inducing Cellular FLIP through Activation of NF-KB: K. OKAMOTO, J.
FIJISAWA, M. RETH, and S. YONEHARA

Human T-cell leukemia virus type I (HTLV-I) is an etiologic agent of adult T-cell leukemia
and induces autoimmune disease. HTLV-1 was shown to be involved in several autoimmune
diseases, and the virus-encoded regulatory protein Tax is known to play a central role in cellyular
transformation and immnortalization during viral infection. Previous analyses of tax transgenic
mice suggested that protection of peripheral T-cells from Fas-mediated apoptosis by virus-encoded
oncoprotein Tax was relevant to the onset of HTLV-I-induced diseases including autoimmune
disease. Here, we show the high level expression of cellular FLICE/caspase-8-inhibitory protein
(c-FLIP) in Tax-expressing HTLV-I-infected T-cells. The silencing of c-FLIP expression by a
lentivirus-based RNA interference system rendered Tax-positive HTLV-I-infected T-cells sensitive

to Fas-mediated apoptosis. Exogenously expressed Tax by using a conditional Cre-loxP-mediated



inducible system also inhibited Fas-mediated apoptosis by up-regulating c-FLIP expression in
HTLV-I-negative T-cells. Tax mutant d3 which cannot activate CREB/ATF1, while another M22
mutant which cannot activate NF-xB did not, suppressed Fas-mediated apoptosis by inducing
c-FLIP expression. Furthermore, expression of the dominant negative mutant of either NF-kB or
IkBa canceled not only c-FLIP expression but also inhibitory activity against Fas-mediated
apoptosis by Tax. Inactivation of NFAT, however, did not decrease the expression of c-FLIP in
HTLV-I-infected T-cells. Taken together, Tax inhibits Fas-mediated apoptosis by up-regulating
c-FLIP expression in HTLV-I-infected cells, and NF-xB activity plays an essential role in the
up-regulation of c-FLIP.

4) Critical Function of CXC Chemokine Ligand 16 (SR-PSOX) for NKT Cells to
Accumulate in The Liver and to Produce Th1 Cytokines: T. SHIMAOKA, K. SEINO, N.
KUME, M. MINAMI, T. KITA, M. TANIGUCHI, K. MATUSHIMA, and S.
YONEHARA

Chemokines play an important role in leukocyte development, trafficking, and tissue-selective
homing. Our isolated transmembrane chemokine SR-PSOX/CXC chemokine ligand (CXCL) 16 is a
chemokine expressed on macrophages and DCs, while its receptor CXC chemokine receptor
(CXCR) 6 expresses on T and natural killer T (NKT) cells. SR-PSOX/CXCL16 has been shown to
mediate chemotaxis and adhesioin of CXCR6-expressing cells such as NKT and activated Thl
cells. is a chemokine expressed on macrophages and DCs, while its receptor expresses on T and
natural killer T cells. We generated SR-PSOX-CXCL16-deficient mice and examined the role of
this chemokine in vivo. The mutant mice showed a selective reduction in the number of liver NKT
cells through impaired homing to the liver where SR-PSOX was expressed in CD11¢'CD1d"
dendritic cells. In addition, liver NKT cells were more immature in the mutant mice than wild-type
mice. In this context, concanavalin A-induced hepatitis, which development was reported to be
dependent on liver NKT cells, was dramatically impaired in the mutant mice. Moreover,
administration of a-galactosylceramide (aGalCer), which is a specific ligand to NKT cells, showed
that aGalCer-induced production of IFN-y and IL-4 was attenuated severely and moderately,
respectively, in the mutant mice. To validate a hypothesis that SR-PSOX/CXCL16 functions as a
costimulatory factor for liver NKT cells to produce IFN-y, NKT cells, isolated form the liver of
wild-type mice, were cultured with isolated CD11c-positive antigen presenting cells (APCs) from
the liver of SR-PSOX-deficient and wild-type mice in the presence of aGalCer. NKT cells, derived
from wild-type mice, showed impaired production of IFN-y, but not IL-4, after their culture with
the liver APCs from mutant mice and aGalCer. SR-PSOX/CXCL16 plays an important role in not
only the homing of liver NKT cells but also the promotion of a Thl-inclined immune response by

supporting IFN-y production by NKT cells.



5) Partial Correction of Abnormal Cardiac Development in Caspase-8-Deficient Mice by
Cardiomyocyte Expression of p35. N. YAJIMA, S. YAMADA, T. MORISAKI, S.
TOYOKUNI, S. YONEHARA and K. SAKAMAKI

Baculovirus p35 protein protects cells from apoptotic cell death by inhibiting caspase
activation. We have established transgenic mouse lines specifically expressing p35 in
cardiomyocytes, and primary cardiomyocytes isolated from these mice exhibit resistance to
staurosporine-induced apoptosis. In a previous study, we observed defects in heart formation
associated with abdominal hemorrhage and cardiomyocyte cell death in caspase-8-deficient
animals. In order to better understand the etiology of the cardiac defects and embryonic lethality in
caspase-8-deficient mice, we crossed these mice with the p 35 transgenic animals. Although the
newly generated mice still died in utero and exhibited some cardiac defects, cardiomyocyte
apoptosis was suppressed and ventricular trabeculation was restored. Thus, cardiomyocyte
expression of p 35 prevented cell death induced by staurosporine or caspase-8 deficiency.

Additionally, our data suggest that caspase-8 plays multiple roles in cardiac development.

6) An Activation Cascade of Wnt3, T (Brachyury) and Fgf8 Expression in Mesoderm
Induction of Mouse ES Cells: A. MURAKAMI

T (Brachyury), a sequence specific transcription activator, has long been believed to play an
important role in mesoderm formation during gastrulation of mouse embryos. Fgf and Wnt
signaling pathways were also shown to be essential for the mesoderm induction. In the ES cells
differentiated through the embyoid body formation, up-regulation of T (Brachyury) expression
initiated immediately after the induction of differentiation and ceased by day 6 with a peak at day 4.
A similar expression pattern was observed for Fgf8 and Wnt3 among Fgf and Wnt family,
respectively. Introduction of Wnt3 signal into R1 cells resulted in up-regulation of the T
(Brachyury) expression. Also, repression of Wnt3 by RNA interference led to suppression of T
(Brachyury) expression. Thus, Wnt3 signaling pathway is likely to regulate the expression of T
(Brachyury). On the other hand, forced expression of T (Brachyury) activated Fgf8 expression.
Therefore, there seems to be a cascade among Wnt3, T and Fgf8, in which Wnt3 signal activates T

expression and, then, the T activates Fgf8 expression.
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DEPARTMENT OF VIRAL ONCOLOGY
LABORATORY OF HUMAN TUMOR VIRUSES

Hepatitis C Virus (HCV) and human T-cell leukemia virus type 1 (HLTV-1) are causative
agents for the development of hepatocellular carcinoma and human T-cell leukemia, respectively.
This laboratory aims to clarify the molecular mechanisms of the development of these diseases.
In particular, we focused our works to clarify virus-encoded proteins on regulation of cell
proliferation. Research work has been extended to analyze the mechanism of virus replication,
which may contribute to develop anti-virus agents. In addition to researches related to virus
carcinogenesis, we also extended our interests to clarify the roles of post-translational modification

on regulation of the protein function.

1) Cyclophilin B is a functional regulator of hepatitis C virus RNA polymerase

Viruses depend on host-derived factors for their efficient genome replication. Cellular
mechanisms utilized for the replication of hepatitis C virus (HCV), a major causative agent of
hepatocellular carcinoma, have remained unclear. Here, we demonstrate that a cellular
peptidyl-prolyl cis-trans isomerase, cyclophilin B (CyPB), is critical for the efficient replication of
the HCV genome. CyPB interacted with the HCV RNA polymerase, NS5B to directly stimulate its
RNA binding activity. Both the RNAi-mediated reduction of endogenous CyPB expression and the
induced loss of NS5B binding to CyPB decreased the levels of HCV replication. Thus, CyPB
functions as a stimulatory regulator of NS5B in HCV replication machinery. This regulation
mechanism for viral replication identifies CyPB as a novel target for anti-viral therapeutic

strategies.

2) Suppression of hepatitis C virus replicon by TGF-beta

Hepatitis C virus (HCV) is one of the major causative agents of liver diseases, such as liver
inflammation, fibrosis, cirrhosis, and hepatocellular carcinoma. Using an efficient HCV
subgenomic replicon system, we demonstrate that transforming growth factor-beta (TGF-beta)
suppresses viral RNA replication and protein expression from the HCV replicon. We further show
that the anti-viral effect of this cytokine is associated with cellular growth arrest in a manner
dependent on Smad signaling, not mitogen-activated protein kinase (MAPK) signaling. These

results suggest a novel insight into the mechanisms of liver diseases caused by HCV.

3) Enhancement of internal ribosome entry site-mediated translation and replication of
hepatitis C virus by PD98059



Translation initiation of hepatitis C virus (HCV) occurs in an internal ribosome entry site
(IRES)-dependent manner. We found that HCV IRES-dependent protein synthesis is enhanced by
PD98059, an inhibitor of the extracellular signal-regulated kinase (ERK) signaling pathway, while
cellular cap-dependent translation was relatively unaffected by the compound. Treatment of cells
with PD98059 allowed for robust HCV replication following cellular incubation with
HCV-positive serum. Though the molecular mechanism underlying IRES enhancement remains
elusive, PD98059 is a potent accelerator of HCV RNA replication.

4) Interferon resistance of hepatitis C virus replicon-harbouring cells is caused by
functional disruption of type | interferon receptors

Hepatitis C virus (HCV) replicon-harbouring cell lines possessing interferon (IFN)-resistant
phenotypes have recently been established. These were divided into two classes: partially IFN
resistant and highly IFN resistant. Here, the viral and cellular factors contributing to the IFN
resistance of HCV replicon-harbouring cells were evaluated. The results revealed that cellular
factors rather than viral factors contributed to a highly IFN-resistant phenotype. The possibility of
genetic abnormality of the factors involved in IFN signalling was investigated. As a result,
nonsense mutations and deletions in type I IFN receptor genes (IFNARI and IFNAR2c) were
found in replicon-harbouring cells showing a highly IFN-resistant phenotype, but rarely appeared
in cells showing a partially IFN-resistant phenotype. Furthermore, similar genetic alterations were
also found in IFN-resistant phenotype, replicon-harbouring cell lines obtained additionally by
IFN-beta treatment. Moreover, it was shown that ectopic expression of wild-type IFNARI in
IFN-resistant phenotype, replicon-harbouring cells possessing the IFNAR1 mutant restored type I
IFN signalling.

5) Inhibition of hepatitis C virus replication by pol Ill-directed overexpression of RNA
decoys corresponding to stem-loop structures in the NS5B coding region

Increasing evidence has shown that the stem-loop (SL) structures in the NS5B coding region
of hepatitis C virus (HCV) function as cis-replicating elements that are indispensable for viral
replication. We have investigated whether small RNA molecules analogous to the SL structures
could inhibit HCV replication. Reporter assays showed that both in vitro transcribed and pol
II-directed transcripts corresponding to 5BSL3.1 and 5BSL3.2 efficiently inhibited HCV
replicon-encoded luciferase expression. Mutagenesis studies revealed that mutation in SBSL3.2
which debilitated its binding to NS5B also abolished the ability of SBSL3.2 RNA to inhibit HCV
replication, suggesting that SL RNA inhibits HCV by sequestering the replication complex.



Further, adenoviral-mediated expression of the SL RNAs potently blocked the replication of HCV
replicon in Huh-7 cells. Importantly, SL RNAs derived from HCV 2a, an evolutionarily distant
genotype, were also shown to suppress the replication of HCV 1b replicon in spite of the genetic
heterogeneity between the SL elements of the two viruses, implying the potential of SL RNA-based
approach to inhibit a wide range of HCV isolates. These results suggest that SL RNA decoys may
prove to be useful in the treatment of hepatitis C, which may be advantageous over other
sequence-specific gene therapy modalities (such as antisense RNA and siRNA) in preventing the

escape of genetic variants.

6) High-throughput screening of low molecular weight NS3-NS4A protease inhibitors
using a fluorescence resonance energy transfer substrate

Hepatitis C virus (HCV) NS3-NS4A protease is an attractive target for anti-HCV agents
because of its important role in replication. An optimized fluorescence resonance energy transfer
(FRET) substrate for NS3-NS4A protease, based on the sequence of the NS5A-5B cleavage site,
was designed and synthesized. High-throughput screening of in-house compound libraries was
performed using a FRET substrate FS10 (MOCAcDKIVPC-SMSYK-Dnp) and MBP-NS3-NS4A
fusion  protein. Several  hit compounds were  found, including YZ-9577
(2-oxido-1,2,5-oxadiazole-3,4-diyl) bis (phenylmethanone) with potent inhibitory activity

(IC50=1.6 microM) and good selectivity against other human serine proteases.

7) Exploiting cis-acting replication elements to direct hepatitis C virus-dependent transgene
expression

We describe here a novel targeting gene therapy strategy to direct gene expression responsive
to hepatitis C virus (HCV). The goal was approached by engineering a construct containing the
antisense sequence of the transgene and internal ribosome entry site of encephalomyocarditis virus
flanked by 5'- and 3'-end sequences of HCV cDNA that contain cis-acting replication elements.
Thus, expression of the transgene is only promoted when the minus-strand RNA has been
synthesized by the functional replication machinery present in infected cells. Reporter assay and
strand-specific reverse transcription-PCR showed selective transgene expression in Huh-7 cells
harboring an autonomously replicating HCV subgenome but remaining silent in uninfected cells.
Furthermore, using the cytosine deaminase suicide gene as a transgene coupled with recombinant
adenovirus delivery, we demonstrated that cytosine deaminase was specifically expressed in
replicon cells, resulting in marked chemosensitization of replicon cells to the cytotoxic effects of
flucytosine. This new targeting strategy could be extended to other single-stranded RNA viruses

encoding the unique RNA-dependent RNA polymerase that has no parallel in mammalian cells.



8) Genetic variation and dynamics of hepatitis C virus replicons in long-term cell culture

Hepatitis C virus (HCV) genomic sequences are known to vary widely among HCV strains,
but to date there have been few reports on the genetic variations and dynamics of HCV in an
experimental system of HCV replication. In this study, a genetic analysis of HCV replicons
obtained in long-term culture of two HCV replicon cells (50-1 and 1B-2R1), which were
established from two HCV strains, 1B-1 and 1B-2, respectively, was performed. One person
cultured 50-1 cells for 18 months, and two people independently cultured 50-1 cells for 12 months.
1B-2R1 cells were also cultured for 12 months. The whole nucleotide sequences of the three
independent replicon RNA clones obtained at several time points were determined. It was observed
that genetic mutations in both replicons accumulated in a time-dependent manner, and that the
mutation rates of both replicons were approximately 3.0 x 10(-3) base substitutions/site/year. The
genetic diversity of both replicons was also enlarged in a time-dependent manner. The colony
formation assay by transfection of total RNAs isolated from both replicon cells at different time
points into naive HuH-7 cells revealed that the genetic mutations accumulating with time in both
replicons apparently improved colony formation efficiency. Taken together, these results suggest
that the HCV replicon system is useful for the analysis of evolutionary dynamics and variations of
HCV. Using this replicon cell culture system, it was demonstrated further that neither ribavirin nor
its derivative mizoribine accelerated the mutation rate or the increase in the genetic diversity of
HCYV replicon.

9) Analysis of the 5' end structure of HCV subgenomic RNA replicated in a Huh7 cell line

Recently, HCV subgenomic RNA that replicates in vitro in a certain cell line have been
elucidated. Since the 5' end of the genome of positive strand RNA viruses is often modified with a
cap structure or a covalently linked protein, we have assessed structural feature of the HCV
genome obtained from Huh7 cells in which HCV subgenomic RNA has been shown to efficiently
self-replicate. METHODS: HCV subgenomic RNA was obtained from
the Huh7 and was analyzed for its 5' end. Phosphorylation of the genomic RNA by polynucleotide
kinase was observed only after treatment with phosphatase. The labeling efficiency of the
genome with polynucleotide kinase was not enhanced by treatment with pyrophosphatase. It is
suggested that the 5' end of HCV genomic RNA obtained from HCV replicon cells is not modified
except phosphorylation. Furthermore, analysis of the 5' end of the HCV RNA obtained from the
HCYV subgenome self-replicating cells revealed the presence of two types of subgenomic RNA that
contained either guanylate or adenylate at the 5' end. This result indicates that the 5' end of the

subgenome in Huh7 cells is redundant and there is no significant evolutionary advantage between



the two genomes.

10) Identification of a novel p300-spcific-associationg protein, PRS(phosphoribosy
Ipyrophosphate synthetase subunit 1)

CBP [CREB (cAMP-response-element-binding protein)-binding protein] and p300 play
critical roles in transcriptional co-activation, cell differentiation, proliferation and apoptosis.
Multiple transcription factors associate with CBP/p300. With the exception of the SYT
oncoprotein, no proteins have been identified that specifically associate with p300, but not CBP. In
the present study, we isolated a novel p300-associated protein for which no interaction with CBP
was observed by GST (glutathione S-transferase) pull-down assay using Jurkat cell lysates
metabolically labelled with [35S]methionine. This protein bound the KIX (kinase-inducible)
domain of p300. Following resolution by two-dimensional acrylamide gel electrophoresis, we
identified the KIX-domain-bound protein by MS analysis as PRS1 (phosphoribosylpyrophosphate
synthetase subunit 1), a protein essential for nucleoside biosynthesis. This is the first report to
demonstrate the existence of a p300 KIX-domain-specific-interacting protein that does not interact
with CBP. Thus p300 may play a role in the regulation of DNA synthesis through interactions with
PRSI.

11) Centrosomal P4.1-associated Protein Is a New Member of Transcriptional Coativators
for Nuclear Factor-kB

Nuclear Factor kB (NF-kB) is a transcriptional factor important for various cellular events
such as inflammation, immune response, cell proliferation and apoptosis. In this study, we
performed a yeast two hybrid screening, using the N-terminal domain of the p65 subunit (RelA) of
NF-kB as a bait and isolated Centrosomal P4.1-associated protein (CPAP) as a candidate for
RelA-associating partner. GST pull down assay and co-immunoprecipitation experiment followed
by western blot also showed association of CPAP with RelA. When overexpressed, CPAP
enhanced NF-kB-dependent transcription induced by tumor necrosis factor alpha (TNF-a).
Reduction in the protein level of endogenous CPAP by RNA interference resulted in the decreased
activation of NF-kB by TNFa. After the treatment with TNFa, the part of CPAP was observed to
accummulate in the nucleus, although CPAP was found primarily in the cytoplasm without any
stimulation. Moreover, CPAP was observed in the complex recruited on transcriptional promoter
region containing NF-kB binding motif. One hybrid assay showed that CPAP has a potential to
activate the gene expression when tethered to the transcriptional promoter. These data suggested
that CPAP functions as a coactivator of the NF-kB mediated transcription. Since the physiological

interaction between CPAP and coactivator CBP/p300 was also seen and synergistical activation of



NF-kB mediated transcription was achieved by these proteins, CPAP dependent transcriptional
activation is likely to include CBP/p300.

12) BCL-3 as a negative regulator of transcription from the HTLV-1 LTR

The Tax encoded by Human T-cell leukemia Virus type-1 (HTLV-1) activates transcription
from the HTLV-1 long terminal repeat (LTR) that contains cyclic AMP responsive element on it
promoter through association with cyclic AMP-responsive element-binding protein (CREB).
Recently, transducers of regulated CREB activity (TORCs) were identified as a family of CREB
co-activators that bind to CREB and enhance CRE-mediated transcription.

We found previously that TORC3, one of TORC family proteins, dramatically enhanced
Tax-mediated transcription from the LTR. For this activation, formation of the ternary complex
composed of Tax, CREB and TORC3 seems to play important role. To further clarify the
regulatory mechanism of transcription from the LTR, we searched for a cellular factor(s)
interacting with TORC3 by a yeast two-hybrid screening system using the N-terminal region of the
TORC3 as a bait and identified B-cell chronic lymphatic leukemia protein 3 (BCL-3) as an
interacting protein with TORC3. This interaction was confirmed by glutathione S-transferase
pull-down assay as well as co-immunoprecipitation experiments followed by Western blot. The
ankyrin repeat domain of BCL-3 was shown to interact with TORC3. By using a luciferase assay
system, we found that BCL-3 inhibited transcription from the HTLV-1 LTR by TORC3.
Furthermore, knockdown of endogenous BCL-3 by RNA interference resulted in enhanced
activation of transcription from the HTLV-1 LTR. Co-immunoprecipitation experiments showed
association of BCL-3 with HDAC1 and HDAC3. Moreover, treatment with tricostatine A, a potent
inhibitor of HDAC:sS, partially reversed this inhibitory effect of BCL-3. These results suggest that
BCL-3 functions as a repressor of transcription from the HTLV-1 LTR by recruiting HDACI1
and/or HDAC3. Since we observed that Tax enhanced BCL-3 expression, transcription from the

LTR is regulated by positive and negative feedback mechanisms.

13) HTLV-1 HBZ targets c-Jun for proteasomal degradation via ubiquitin-independent
pathway

Disruption of transcriptional control of cellular genes by human T-cell leukemia virus type-1
(HTLV-1) is thought to be associated with the development of adult T-cell leukemia (ATL). We
have previously reported that a novel viral protein named HTLV-1 bZIP factor (HBZ) suppresses
AP-1 activity by two distinct mechanisms. HBZ not only impairs DNA-binding activity of c-Jun, a
member of AP-1 family, but also promotes its proteasomal degradation. We further investigated the

mechanism by which HBZ destabilizes c-Jun. Most of the proteasomal substrates are targeted for



degradation by the conjugation of polyubiquitin chains. Interestingly, the ubiquitination level of
c-Jun was remarkably decreased in the presence of HBZ. HBZ promoted turnover of c-Jun lacking
the ddomain that is essential for its efficient ubiquitination. Furthermore, HBZ promoted
degradation of c-Jun in the cells that have a temperature-sensitive E1 ubiquitin-activating enzyme.
These results suggest that HBZ targets c-Jun for proteasomal degradation via
ubiquitin-independent pathway. The experiments using HBZ deletion mutants revealed that the
N-terminal region of HBZ is essential for the destabilization of c-Jun. We think that HBZ recruits
c-Jun to the proteasome that directly binds to the N-terminal region of HBZ, resulting in the

degradation of c-Jun.

14) Interaction of HTLV-1 Tax and methyl-CpG-binding domain 2 positively regulates the
gene expression from the hypermethylated LTR

Epigenetic regulation of gene expression is critical in the maintenance of cellular homeostasis.
Dysregulation of normal epigenetic transcription occurs in abnormal physiological conditions, such
as those seen in cancer cells and cells infected with parasites, making the mechanism underlying
abnormal epigenetic transcription of great interest. Gene expression of human T-cell leukemia
virus type 1 (HTLV-1) is regulated by a viral transcriptional stimulator, Tax. We herein report a
novel mechanism of transcription from the HTLV-1 long terminal repeat (LTR) that is regulated by
Tax. In this study, we determined that Tax is able to activate transcription from the LTR, even when
it was heavily methylated. In addition, the methyl-CpG-binding domain 2 (MBD2) protein played
an important role in Tax-mediated transcriptional activation. We demonstrated the importance of a
physical interaction between Tax and MBD2 in enhancing the transcriptional activity of Tax
against the methylated LTR. Furthermore, we identified the formation of a protein complex
composed of MBD2 and Tax bound to the methylated LTR. We propose a new model of epigenetic
regulation by MBD?2 acting in concert with a virally encoded transactivator, Tax. Our observation
provides insight into the epigenetic regulation of gene expression and the diverse mechanisms of

transcriptional regulation using methylated promoters.

15) p21WAF1 modulates NF-kappaB signaling and induces anti-apoptotic protein Bcl-2 in
Tax-expressing rat fibroblast

Of the cell cycle-associated genes regulated by human T-cell leukemia virus type-1 (HTLV-1)
Tax, cyclin-dependent kinase (CDK) inhibitor p21 WAF1 is upregulated in HTLV-1-infected cells.
Previously, we reported that p21WAF1 stimulated Tax-dependent NF-kappaB activation which
influences a variety of cellular processes, including proliferation, differentiation, and apoptosis. In

HTLV-1-infected cells, Tax is primarily involved in the constitutive activation of NF-kappaB



signaling. Here, we demonstrate that p21WAF1 affects Tax-dependent NF-kappaB signaling by
inducing p100/52, an NF-kappaB-related protein. W4, a Tax-transformed rat fibroblast cell line,
exhibits the constitutive activation of NF-kappaB signaling, potentially mediated by
overexpression of RelB. Ectopic expression of p21WAF1 in W4 cells, which lack endogenous
expression due to methylation of the p21 WAF1 promoter, induces the expression of p100/52. Bel-2
expression was also upregulated by ectopic p21 WAF1 in this cell line, suggesting that p21 WAF1
plays an important role in the regulation of apoptosis by modulating NF-kappaB signaling in
Tax-expressing rat fibroblasts. We also address the expression of NF-kappaB-related proteins in
HTLV-1-infected cells.

16) HTLV-1 HBZ suppresses AP-1 activity by impairing both the DNA-binding ability and
the stability of c-Jun protein

Disruption of transcriptional control of cellular genes by human T-cell leukemia virus type-1
(HTLV-1) is thought to be associated, at least in part, with the development of adult T-cell
leukemia. It has been reported that activating protein-1 (AP-1) is dysregulated by HTLV-1
infection. HTLV-1-encoded Tax elevates AP-1 activity through the induction of AP-1 family
member gene expression, including c-Jun, JunD, c-Fos, and Fra-1. However, the precise
mechanism by which HTLV-1 regulates AP-1 activity remains to be addressed. Recently, a novel
viral protein named HTLV-1 basic leucine-zipper factor, HBZ, has been shown to interact with
c-Jun and repress c-Jun-mediated transcription by abrogating its DNA-binding activity. In the
course of investigating HBZ function, we found that HBZ reduced the steady-state levels of c-Jun,
and the levels were restored by treatment with a proteasome inhibitor. Together, this indicates that
HBZ promotes c-Jun degradation through a proteasome-dependent pathway. Furthermore, HBZ
deletion mutants revealed that both the N-terminal and leucine-zipper region of HBZ were required
for the elimination of c-Jun. These results suggest dual effects of HBZ on the suppression of AP-1
activity by inhibiting c-Jun function, which may contribute to the dysregulation of cell

proliferation.
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1) Shared and Unique Functions of the DExD/H-Box Helicase RIG-I, MDAS and LGP2
in Antiviral Innate Immunity: M.YONEYAMA, M.KIKUCHI, K.MATSUMOTO,
T.IMAIZUMI, M.MIYAGISHI , K.TAIRA, E.FOY, Y-M.LOO, M.GALE JR. ,
S.AKIRA, A.LKATO and T.FUJITA

The cellular protein retinoic acid-inducible gene I (RIG-I) senses intracellular viral infection
and triggers a signal for innate antiviral responses including the production of type I IFN. RIG-I
contains a domain that belongs to a DExD/H-box helicase family and exhibits an N-terminal
caspase recruitment domain (CARD) homology. There are three genes encoding RIG-I-related
proteins in human and mouse genomes. Melanoma differentiation associated gene 5 (MDAS),
which consists of CARD and a helicase domain, functions as a positive regulator, similarly to
RIG-I. Both proteins sense viral RNA with a helicase domain and transmit a signal downstream by
CARD; thus, these proteins share overlapping functions. Another protein, LGP2, lacks the CARD
homology and functions as a negative regulator by interfering with the recognition of viral RNA by
RIG-I and MDAS. The nonstructural protein 3/4A protein of hepatitis C virus blocks the signaling
by RIG-I and MDAS; however, the V protein of the Sendai virus selectively abrogates the MDAS
function. These results highlight ingenious mechanisms for initiating antiviral innate immune

responses and the action of virus-encoded inhibitors.

2) Functional analyses of RIG-I RNA helicase: R. HIRAI, M. YONEYAMA and T.
FUJITA

To characterize RIG-I as a helicase enzyme, we produced recombinant RIG-I protein
(rRIG-I) using Baculo virus vector and insect cells and purified to homogeneity. rRIG-I protein
was tested for its binding ability to double stranded (ds) RNA, ATPase activity and unwinding
activity of dsRNA (helicase activity). Our results demonstrate for the first time that RIG-I
exhibits ATPase and helicase activities both dependent on dsRNA. We also generated a panel of
anti RIG-I monoclonal antibodies using rRIG-I as antigen. The antibodies recognize epitopes
present various parts of RIG-I molecule, thus are useful probe for structure-functional studies of
RIG-L.

3) Regulation of RIG-I gene expression by IFN: K. NAKAMURA, M. YONEYAMA and
T. FUJITA



RIG-I gene is highly inducible by IFN treatment, however its molecular mechanism is
poorly understood. We determined mRNA start site of RIG-I gene by primer extension and S1
mapping analyzes. Then we cloned genomic fragment encompassing start site and 5’ non-coding
region of RIG-I mRNA to analyze its transcriptional activity using reporter gene. The fragment
confers IFN-dependent activation of the reporter gene and we identified several interferon
stimulation response elements (ISRE) within the cloned fragment. We are introducing point

mutations at the candidate ISRE to delineate cis-regulatory elements.

4) Regulation of interferon lambda genes: K. ONOGUCHI, M. YONEYAMA, S. AKIRA,
T. TANIGUCHI, and T. FUJITA

Viral infection triggers innate immune responses such as production of interferon (IFN) and
other proinflammatory cytokines. A novel cytokine IFN-A (IFN-A1, IFN-A2, and IFN-A3), which is
distantly related to type I IFN, is induced by viral infection and show antiviral activities. However,
IFN-A expression mechanisms are not well understood.

We investigated the involvement of several signaling regulators known to play key roles in
virus-induced activation of type I IFN (a and f3) genes. Transcription factor IRF-3 is ubiquitously
expressed as its inactive form and upon viral infection, IRF-3 is converted to active form through
phosphorylation of specific serine residues by the regulatory kinases TBK-1 and IKK-i. Cells
defective either IRF-3 or TBK-1 exhibited impaired expression of IFN-A2 gene in response to
Newcastle disease virus (NDV). Recently identified CARD-containing helicase family, RIG-I and
MDAS, act as sensing molecules for replicating viral RNA in cells and trigger signals to result in
the activation of IRF-3. We examined the role of these helicases by gain and loss of function
experiments. The results strongly suggest the involvement of RIG-I and MDAS in the activation of
IFN-A1 and IFN-A2 genes in NDV-infected human cells. These results show that irrespective of

distinct evolutional origin, IFN-A genes share regulatory mechanisms with type I IFN genes.

5) Control of antiviral defenses through hepatitis C virus disruption of retinoic
acid-inducible gene-I signaling: E. FOY, K.LI, RSUMPTER JR. , Y-M.,LOO, C. L.
JOHNSON, C.WANG, P.FISH, M.YONEYAMA, T.FUJITA , and M.GALE JR.

Hepatitis C virus (HCV) is a major human pathogen that infects 170 million people. A
hallmark of HCV is its ability to establish persistent infections reflecting the evasion of host
immunity and interference with alpha/beta-IFN innate immune defenses. We demonstrate that
disruption of retinoic acid-inducible gene I (RIG-I) signaling by the viral NS3/4A protease
contributes to the ability of HCV to control innate antiviral defenses. RIG-I was essential for virus

or HCV RNA-induced signaling to the IFN-beta promoter in human hepatoma cells. This signaling



was disrupted by the protease activity of NS3/4A, which ablates RIG-I signaling of downstream
IFN regulatory factor 3 and NF-kappaB activation, attenuating expression of host antiviral defense
genes and interrupting an IFN amplification loop that otherwise suppresses HCV replication.
Treatment of cells with an active site inhibitor of the NS3/4 A protease relieved this suppression and
restored intracellular antiviral defenses. Thus, NS3/4A control of RIG-I supports HCV persistence
by preventing IFN regulatory factor 3 and NF-kappaB activation. Our results demonstrate that these

processes are amenable to restoration through pharmacologic inhibition of viral protease function.

6) Cell Type-Specific Involvement of RIG-I in Antiviral Response: H. KATO, S.SATO,
M.YONEYAMA, M.YAMAMOTO, S.UEMATSU, K.MATSUI, T.TSUJIMURA,
K. TAKEDA, T.FUJITA, O.TAKEUCHI and S.AKIRA

Toll-like receptors (TLRs) play an important role in antiviral response by recognizing viral
components. Recently, a RNA helicase, RIG-I, was also suggested to recognize viral
double-stranded RNA. However, how these molecules contribute to viral recognition in vivo is
poorly understood. We show by gene targeting that RIG-I is essential for induction of type I
interferons (IFNs) after infection with RNA viruses in fibroblasts and conventional dendritic cells
(DCs). RIG-I induces type I IFNs by activating IRF3 via IkappaB kinase-related kinases. In
contrast, plasmacytoid DCs, which produce large amounts of IFN-alpha, use the TLR system rather
than RIG-I for viral detection. Taken together, RIG-I and the TLR system exert antiviral responses

in a cell type-specific manner.
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DEPARTMENT OF GENETICS AND MOLECULAR BIOLOGY
LABORATORY OF BIOCHEMISTRY

In the eukaryotic cells, two types of separation have taken place. First, the genes are separated by
introns into multiple exon pieces that should be joined together. Second, the cell itself is separated
by the nuclear envelope into two major compartments, the nucleus and the cytoplasm. These two
types of separations necessitate specific gene expression mechanisms such as RNA splicing and
nuclear transport. Prof. Mutsuhito OHNO’s laboratory is studying various aspects of eukaryotic
gene expression with great emphasis on “RNA” as a key molecule.

1) ldentity elements in mMRNA export: K. MASUYAMA, |. TANIGUCHI, H. FUKE and R.
IWANO

Different RNA species are exported from the nucleus by distinct mechanisms. Among the
different RNA species, major splicesomal U snRNA precursors and mRNAs share some similarities.
They are both transcribed by RNA polymerase 11, and both initially acquire m7G-cap structure. In
addition, in both cases, there are no conserved internal RNA sequences required for nuclear export.
Despite these similarities, export of these two RNAs is mediated by different factors. U sSnRNAs are
exported by cooperation of CBC, PHAX, CRML1 and RanGTP, whereas export of mRNASs does not
require these factors but depends upon the REF and TAP proteins. Thus there must be
distinguishing features of U snRNAs and mRNAs that are recognised by these cellular factors. In
this research project, we perform a systematic search for identity elements used in export of
mMRNAs. To do this, we transplant one by one the features of mRNAs into U1snRNA, and look for
elements of mRNA that makes the U1 RNA behave like an mRNA in nuclear export process. We
previously found that an mRNA-type intron is such an identity element. We also searched for
splicing-independent identity elements and found that RNA length is an important determinant of
RNA export pathway (K. MASUYAMA). We are searching for the factors that may recognize the
RNA length in RNA export process (I. TANIGUCHI).

Thus identity elements used to distinguish different RNAs have been searched in terms of the
properties embedded in the RNA molecules themselves. The concept of RNA identity elements
however could be broader than our thoughts so far. e have speculated that export pathway of an
RNA might be influenced by which class of RNA polymerase (I, 1l or 1ll) has been used to
transcribe the RNA. In order to test this hypothesis, we prepared a number of artificial gene sets in
which promoters were exchanged, so that certain class of RNA, e.g. UsnRNA, is transcribed by
each of the three classes of RNA polymerases, and these gene sets were microinjected into the
nucleus of Xenopus laevis oocytes. (H. FUKE and R. IWANO).



2) A compartmentalized phosphorylation/dephosphorylation system that regulates RNA
export from the nucleus: S. KITAO

The trafficking of major spliceosomal U snRNAs between the nucleus and cytoplasm is
indispensable for their maturation in metazoa. PHAX (phosphorylated adaptor for RNA export) is
the key regulator of U snRNA export complex assembly. PHAX is phosphorylated in the nucleus
and exported as a component of the U snRNA export complex to the cytoplasm, where it is
dephosphorylated. PHAX phosphorylation is essential for export complex assembly whereas its
dephosphorylation causes export complex disassembly. Thus PHAX is subject to a
compartmentalized phosphorylation/dephosphorylation cycle that contributes to the directionality of
U snRNA transport. This is reminiscent of the RanGTP/GDP cycle during the nucleocytoplasmic
trafficking, e.g. the export receptors can interact with cargoes only in the nucleus in the presence of
RanGTP and release them in the cytoplasm upon GTP hydrolysis. It is very likely that the activity
of PHAX is needed in broader context of biological process. In fact, PHAX has recently been
reported to be involved in the intra-nuclear transport of a subset of small nucleolar RNAs. In spite
of such importance, neither the essential phosphorylation sites of PHAX nor the kinase/phosphatase
that contribute to the compartmentalized system have been clarified. Such knowledge should help to
understand the biogenesis of cellular RNA molecules in general. We are in the process of obtaining
the results in this direction.

3) Analysis of intron-degradation pathway: R. YOSHIMOTO and N. KATAOKA

In higher eukaryotes, most genes in the nucleus have introns. Genes are first transcribed as
pre-mRNAs and become mRNAs by removal of introns. In human, more than 95% region of the
pre-mRNAs are the introns that are removed by splicing as a lariat form. Excised introns remain in
the nucleus and are subject to degradation after the debranching reaction. Without this degradation
process, lariat-form introns will accumulate in the nucleus and remain bound to splicing factors.
The intron accumulation prevents splicing factors from the recycling for another round of splicing
reaction and may also cause a shortage of the nucleotides that are to be supplied from the degraded
introns. Therefore, the intron degradation is thought to be a crucial process for higher eukaryotic
cells. However, relatively little is known about this process and only a few factors were identified.

The goal of our research is to elucidate the molecular mechanism of the intron degradation and
recycling of splicing factors by isolating intron-degradation complexes. As a candidate to isolate the
complexes, we chose two factors that have been suggested to be involved in the intron degradation
process. These are hDBR1, a debranching enzyme, which mediates debranching reaction of the
lariat introns and hPrp43, an RNA helicase-like protein. The RNA-protein complexes containing



Flag-tagged hDBR1 or hPRP43 will be isolated and analyzed.

4) RNA metabolism in M-phase: H. KIRIU and M. KITABATAKE

In eukaryotes, mRNAs are transcribed from the genome as pre-mRNAs, which usually contain
non-protein coding introns. The pre-mRNAs are then processed (5° capping, 3’ poly (A) tailing,
intron splicing, etc.) in the nucleus to produce mature mRNAs. Only fully processed mature
mRNAs are recognized by the nucleocytoplasmic transport machinery and actively transported to
the cytoplasm. In the classical view, the protein synthesis occurs in the cytoplasm exclusively.
Therefore, the site of translation and the site of mMRNA production (transcription and mRNA
processing) are physically separated by the nuclear envelope. However, this separation is lost in
M-phase when the nuclear envelope is broken down. We are interested in what happens to the
nuclear and cytoplasmic RNAs when the nucleus and cytoplasm are mingled in M-phase.

5) Novel RNA quality control mechanisms: A. MIYATA and M. KITABATAKE

How the eukaryotic cells deal with non-functional RNA molecules that have been either mutated
or damaged? We are searching for novel RNA quality control mechanisms in both mammalian and
yeast cells.

6) MRNA transport in the neurite: K. NINOMIYA and N. KATAOKA

Some specific MRNAs are transported in the neurite, and locally translated in the synapus. We are
studying this process from the point of view that the EJC components should be involved.

7) New functions of RNA binding proteins: S. AKIYAMA, C. HATAI and N. KATAOKA

To elucidate novel cellular functions of PHAX, a UsnRNA export factor and Y14/Magoh
heterodimer, cEJC components, we are screening interacting proteins with these factors by the yeast
two-hybrid system.

8) Comprehensive expression analysis of human small RNA molecules: A. MCCLOSKEY and
M. KITABATAKE

More than 300 miRNAs have been identified in human. We are undertaking a comprehensive



expression analysis of human small RNAs in order to identify the candidates that may regulate cell
growth and cell cycle. We also expect that we might be able to identify novel small functional
RNAs other than miRNA.
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DEPARTEMENT OF GENETICS AND MOLECULAR BIOLOGY
LABORATORY OF GENE INFORMATION ANALYSIS

1) Interactions of hREV1 with three Y-family DNA polymerases: E. OHASHI, T.
HANAFUSA, K. KAMEI, H. OHMORI

Mammalian cells have multiple DNA polymerases involved in translesion DNA synthesis (TLS),
which include the four Y-family DNA polymerases (Poln, Poli, Polk and hREV1) and some others
such as Pol{ (belonging to B-family) and Pol6 (belonging to A-family). Poln, Polt and Polk were
shown to interact with PCNA (Proliferating Cell Nuclear Antigen), a sliding clamp to increase the
processivity of many DNA polymerases including Pold, one of the replicative DNA polymerases.
Most of PCNA interacting proteins possess so-called PIP-box, the consensus sequence of which is
represented by Q-x-x-(I, L, M)-x-x-F-F (x is any kind of amino acid). In fact, Poln and Polk have
a sequence similar to the consensus sequence at the extreme C-terminus. Recently, we and other
groups have shown that Polk, Polt and Poln interact with a C-terminal region of hREV1. This
finding suggests that hREV1 plays a central role in the TLS events in vivo. In contrast to that
PCNA binding site has a consensus sequence as described above, no obvious consensus sequence
was found among the three DNA polymerases for hRREV1 binding.

In order to obtain a closer insight into the question of how the three DNA polymerases interact
with hREV1, we localized the hREV1-binding region of Polk using yeast 2-hybrid (Y2H) assay.
Our results revealed that only 16 amino acids ranging from 560 to 575 of Polk are sufficient for
hREV 1-interaction. Furthermore, by alanine scanning mutagenesis, we showed that both of the
two phenylalanine residues at 567 and 568 are indispensable for the interaction. The two
consecutive phenylalanine (FF) residues are found to be important for the hREV 1-interaction also
in the cases of Poln and Poli, thus suggesting that hREV1-interaction occurs by a common
mechanism among the three DNA polymerases. A 17-mer peptide containing the hREV1-binding
region of Polk(the above 16 amino acids plus the N-terminal cysteine residue) competitively
inhibited in vitro binding between hREV1 and Polxk, while a similar peptide containing AA instead
of the FF motif did not. Moreover, it turned out that the FF motif and a structure (probably
I-strand structure) directed by the following several amino acids are important for hREV1 binding.
This is in a sharp contrast to that for PCNA binding, some conserved residues exist at the
N-terminal side of FF in the PIP-box.

Next, we examined whether or not the hREV1-interaction might be essential for the in vivo

Polkfunction, taking advantage of the fact that Polk-deficient mouse embryonic fibroblast (MEF)



cells show a moderate UV-sensitivity. We observed the recovery of the UV resistance by
transiently expressing GFP-Polk in the Polk-deficient MEF cells, but not when we transiently
expressed GFP alone or a mutant GFP-Polk carrying the FF567-578 AA substitution that disrupts
the hREV 1-interaction. Thus, our results indicate that the interaction with REV1 is essential for in

vivo Polkfunction, although the exact biological meaning of the interaction remains to be clarified.

2) Interaction between hREV1 and hREV7, the non-catalytic subunit of Poll: T. HANAFUSA,
E. OHASHI, Y. MURAKUMO', Y. MASUDA?, and H. OHMORI (‘Nagoya University,

’Hiroshima University)

PolC, one of multiple DNA polymerases involved in translesion synthesis, is composed of two
subunits; the hREV3 catalytic subunit and the hREV7 accessory subunit of unknown function.
The hREV3 catalytic subunit has a strong similarity in the primary sequence to Pold, a replicative
DNA polymerase, but it lacks an intrinsic 3’-5’ exonuclease activity and is therefore devoid of
proof-reading function. While other TLS polymerases belonging to Y-family are able to insert a
base opposite a damaged template base, Pol( is unable to do so in most species of DNA lesions and
is believed to function as an extender when Y-family enzymes cannot continue DNA synthesis
further after the insertion reaction. The accessory subunit hREV7 exhibits a significant homology
to hMAD2 (=hMAD2A) that is involved in the spindle checkpoint (MAD stands for Mitotic Arrest
Defective), so that hREV7 is alternatively called hMAD2B (also referred to as hMAD2L2 or
hMAD2[]). In fact, Xenopus laevis REV7 was shown to specifically bind and interact with
Cdh1-APC (Anaphase Promoting Complex), paralleling the effect of MAD2 on Cdc20. Thus, it
seems that hREV7 plays a critical role in linking translesion synthesis to cell cycle regulation.
Moreover, hREV7 was shown to interact with a C-terminal region of hREV1 (approximately 100
amino acid residues). Recently, we and other groups have reported that the same C-terminal
region of hREV1 interacts also with Polk, Polt and Poln.

To investigate how hREV1 interacts with many other proteins, we examined the structural
requirements of hREV1 for the binding to hREV7 or Polk. The results obtained with yeast
two-hybrid assay indicated that deletions from the C-terminus of hREV1 caused different effects on
the binding to hREV7 or Polk. Deletion of the two amino acid residues from the hREV1
C-terminus almost completely abolished the hREV7-binding activity, while deletion of the 8
residues from the C-terminus did not significantly affect the activity to bind to Polk. The
hREV1-binding sites in Poln, Polt and Polk share FF motif in common; however, FF is not found in

the entire hREV7 sequence. @ We examined various synthetic peptides derived from the



hREV1-binding sites of Polk, Polt and Poln for the hREV1-binding by surface plasmon resonance.
Our results indicated that the peptide containing the hREV 1-binding sequence of Polk has a higher
affinity that those containing a similar sequence of Poln or Pol.. We are planning to further
investigate the interactions of the C-terminal region of hREV1 with hREV7 and hPolk[[] multiple

approaches including structural analyses of the complexes.

3) The comparison of the interaction between Y-family DNA polymerases and PCNA: K.
KAMEI, E. OHASHI, T. HANAFUSA and H. OHMORI.

Human cells have multiple TLS enzymes including the four Y-family Pols (Polk, Poln, Poli, and
hREV1). There seems a high degree of specificity in their lesion-bypass properties despite overall
similarities in the basic structures among the Y-family polymerases. Some of TLS enzymes are
able to bypass a particular lesion whereas others are efficient only at the inserting step of lesion
bypass. Such functional divergence means that cells have a special mechanism by which Y-family
polymerases are properly recruited to a lesion site. Recently, it has been shown that PCNA, which
is known to tether various DNA polymerases to the primer-template terminus of growing DNA
chain, undergoes post-translational modifications when DNA is damaged.  Importantly,
mono-ubiquitination of PCNA by the Rad6 (E2, Ubiquitin Conjugation Enzyme)-Rad18 (E3,
Ubiquitin Ligase) complex was shown to be required for Poln to exert its function. Indeed, Poln
and Polt were recently shown to interact with Ubiquitin, and Polk and hREV1 were suggested to
contain similar Ubiquitin-binding motif(s). Furthermore, Rad18 was shown to directly interact
with Poln.

In this study, we first examined interactions of Polk, Polr, and Poli with PCNA, Ubiquitin and
Rad18 by yeast two-hybrid assay. While Poln and Poli showed similar activities to interact with
all the three proteins, Polk showed a weak interaction with PCNA but no detectable level of
interaction with Ubiquitin or Rad18. Then, to study the interaction of PCNA with Polk, Poln, and
Polt in a quantitative way, we adopted surface plasmon resonance (SPR) method to measure the
dissociation constants (Kd) between PCNA and peptides containing the PCNA-binding sequence
(PIP-Box) from each of the three Pols. Wmnille Polt has the PCNA binding sequence at an inside
region (420-KKGLIDYY-427 in the total 715 residues), Poln and Polk have the PIP-box sequence
at the extreme C-terminus; 702-QTLESFFKPLTH-713 (the PIP-box sequence is underlined; 713 is
the last residue) for Poln and 862-KHTLDIFFK-870 (870 is the last residue) for Polk The Kd
values thus obtained indicated that Polt has the strongest affinity to PCNA (Polt, 677 nM; Poln, 2.21



[IM; Polk, not detected). Our further analysis revealed that the sequence present at the C-terminal
side of the PIP-box sequences significantly influences the PCNA-binding affinity. The Polk
peptide containing the additional four amino acids (PLTH) at the C-terminus showed a Kd value
(4.94 [IM), which is comparable to that of Poln peptide, and the Poln peptide lacking the
C-terminal four amino acids (thereby mimicking the Polk peptide) exhibited no detectable
PCNA-binding activity. Because the PCNA-binding sequence was shown to be critical for nuclear
focus formation of Polt in DNA-damaged cells, we examined how such alterations at the
C-terminus in Polk and Poln could affect nuclear focus formation in cells. GFP-Polk(+PLTH)
showed a significant level of focus formation and co-localization with PCNA under no-stressed
conditions, similarly as GFP-Poln did. In contrast, neither GFP-Polk nor GFP-Poln(-PLTH)
showed very low levels of focus formation in non-damaged cells. These results seem to explain
why Poln is more preferentially recruited to the replication machinery with or without DNA

damages than Polx.
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DEPARTMENT OF BIOLOGICAL RESPONSES
LABORATORY OF BIOLOGICAL PROTECTION

Our laboratory has made two major achievements. First, we have found that fetal and adult
hematopoietic stem cells have different developmental potential to differentiate into lymphocytes.
Second, we have demonstrated that interleukin-7 controls DNA recombination of lymphocyte
antigen receptor genes by changing chromatin structure. Both of them are related with fundamental
questions in medicine and biology.

Based on these findings, we are now pursuing research on development and regulation of the
immune system, focusing on the following questions: (1) molecular mechanism of lineage decision
of immune cells from hematopoietic stem cells; (2) control mechanism of lymphocyte antigen
receptor genes by chromatin structural changes; (3) regulation of immune response by controlling

cytokine receptor expression.

1) Accessibility Control of the Vy Region by Stat5: S. TANI-ICHI and K. IKUTA

The IL-7 receptor (IL-7R) plays an essential role in yd T cell development by inducing V-J
recombination in the T cell antigen receptor (TCR) y locus. Previously, we have shown that Stat5
activated by the IL-7R recruits transcriptional coactivators to Jy germline promoter, and controls
the accessibility of the TCRy locus by histone acetylation. These data strongly suggest that Stat5
pathway in IL-7R signaling controls the accessibility of Jy chromatin. In contrast, little is known
about the accessibility control of Vy region. To elucidate the role of Stat5 in the control of Vy
region, we analyzed the germline transcription and histone modifications in a cytokine-dependent
hematopoietic progenitor line, Ba/F3. The TCRy locus contains three control elements, Jy germline
promoter, 3’ enhancer (Ey), and HsA, all of which have conserved Stat binding motifs. The Vy
region is comprised of Vy5, HsA, Vy2, Vy4, and Vy3, in this order. The level of histone acetylation
was high at Vy5 and HsA, but low at other sites, with cytokine stimulation. The Ba/F3 transfectant
with constitutively-active Stat5 cDNA showed a similar pattern of histone acetylation even without
cytokine as Ba/F3 cells, suggesting that Stat5 can induce the histone acetylation at Vy5 and HsA in
Ba/F3 cells. Similarly, the germline transcription was induced at high levels in Vy5 and HsA. Stat5
binding was detected at HsA, but not at Vy5, by ChIP assay. However, Stat5 and HsA did not
enhance the transcriptional activity of the Vy5 promoter. These results suggested that Stat5 controls
the chromatin of Vy5 and HsA by unknown mechanisms and that it may play a role in differential

control of Vy accessibility.

2) The IL-7 Receptor Controls the Accessibility of the TCRy Locus by Stat5-Independent
Mechanism: K. MAKI, T. TAKEMORI, S. HAYASHI, K. IKUTA



The IL-7 receptor (IL-7R) plays an essential role in yd T cell development by inducing V-J
recombination in the TCRy locus. Previously, we have shown that Stat5 pathway in IL-7R signaling
regulates V-J recombination in the TCRy locus. A tyrosine residue in IL-7Ra chain has been
implicated in recruitment and activation of Stat5. To determine whether Stat5 activation is
indispensable for yOT cell development, we introduced the IL-7R mutant with tyrosine to
phenylalanine mutation (IL-7R FFFF) into T precursors from IL-7Ra”" mice, and let them
differentiate into T cells by hanging-drop fetal thymic organ culture. Surprisingly, yoT cell
development in IL-7Ra”" mouse was partially rescued by introducing IL-7R FFFF mutant. This
result prompted us to examine the molecular mechanism responsible for VyJyrecombination in the
absence of Stat5 activation. An IL-7-dependent cell line, preBR1, induces Jy-Cy germline
transcripts in the presence of IL-7. Therefore, we generated hIL-4R/mIL-7R chimeric receptors in
which the extracellular domain of mouse IL-7Ra had been replaced by that of human IL-4R, and
then introduced it into preBR1. While hIL-4R/mIL-7R WT induced germline transcription
equivalent to mIL-7R, hIL-4R/mIL-7R FFFF induced the 50-fold reduced level of germline
transcripts compared to hIL-4R/mIL-7R WT. These results suggest that the accessibility of TCRy
locus is controlled not only by Stat5, but also by Stat5-independent mechanism. IL-7R also
activates the src family protein tyrosine kinases (PTKs), Fyn, Lyn and Lck. To determine whether
PTK is involved in IL-7R-induced Jy-Cy germline transcription, we first checked the effect of a
PTK inhibitor, PP2. With increasing concentration of PP2, hIL-4R/mIL-7R FFFF-expressing
preBR1 showed a dose-dependent decrease of germline transcripts. This observation suggests that
PTK plays an important role in IL-7R-mediated Jy-Cy germline transcription. PTKs have been
suggested to activate one signaling pathway, including protein kinase C (PKC), Ras, and MAP
kinase. To examine the role of this signaling pathway in the induction of the germline transcription,
we treated hIL-4R/mIL-7R FFFF-expressing preBR1 with either Staurosporine (PKC inhibitor),
U0126 (MEK inhibitor) or H89 (Mskl inhibitor). Treatment with these inhibitors significantly
decreased the germline transcription in hIL-4R/mIL-7R FFFF-expressing preBR1. Thus, our
findings suggest that the PTK-PKC-MAPK cascade regulates the accessibility of the TCRy locus in
concert with Stat5.

3) Regulation of IL-7 Receptor Expression during T Cell Development: H. SHIBATA and K.
IKUTA

Expression of the IL-7R is specifically down-regulated at two developmental stages; CD4'8"
thymocytes at which positive and negative selections take place, and activated T cells which
clonally expand after antigen stimulation. Because the cell fate at those stages should be determined
solely by the specificity and affinity of TCR, it is considered that the IL-7R, which may transmits

undesirable growth or survival signals, should be turned off. We previously found that the down-



regulation of the IL-7R is triggered by TCR signal and that it is controlled by the level of IL-7Ra
chain transcripts. To elucidate the role of IL-7R down-regulation during T cell development, we
analyzed the mechanism of IL-7Ra down-regulation by TCR signal. Mouse splenic T cells were
stimulated with plate-bound anti-CD3 antibody with or without the inhibitors for transcription, de
novo protein synthesis, and TCR signal molecules. The expression of IL-7Ra was analyzed at
several time points by flow cytometry and real time RT-PCR. First, we analyzed the time course of
IL-7Ra down-regulation. Surface expression of IL-7Ra was down-regulated at 16 hr after TCR
stimulation. TCR stimulation rapidly decreased the level of IL-7Ra mRNA, and completely shut off
at 16hr. These results indicated that the down-regulation of IL-7Ra by TCR signal is regulated at
the transcriptional level. Next, we checked whether TCR signal induces the down-regulation
directly or indirectly. The down-regulation was observed in the presence of actinomycin D or
cycloheximide, suggesting that neither mRNA degradation nor de novo protein synthesis is required.
A highly specific inhibitor of ERK and JNK, U0126 and SP600125, respectively, blocked the
down-regulation of IL-7Ra at the mRNA level. These inhibitors behaved in a dose-dependent
manner. This result indicated that the ERK and JNK signals pathway play a principal role in the
down-regulation of IL-7Ra by TCR signal. We are currently trying to identify the transcriptional

factor, which induces IL-7Ra down-regulation.
4) Role of Stat5 in Positive Selection of Thymocytes: S. OGAWA and K. IKUTA

The IL-7R plays several critical roles in lymphocyte development by promoting proliferation
and by inducing V(D)J recombination in the TCR and Ig loci. The IL-7R has also been suggested to
be involved in positive selection of CD8 T cells from CD4'8" double-positive thymocytes. To
identify the molecular mechanism controlling the positive selection, we characterized the role of
Stat5. A double-positive thymocyte line, DPK, differentiated into CD4 T cells by TCR stimulation.
In contrast, DPK cells, transfected with constitutively-active Stat5, differentiated into CD8 T cells
after IL-7 stimulation. Furthermore, the differentiation into CD4 T cells was completely blocked by
active Stat5 even after TCR stimulation. To test whether Stat5 induces the positive selection in vivo,
we introduced the active Stat5 into T precursors from IL-7R-/- fetal liver by retrovirus and induced
them to differentiate into T cells by fetal thymic organ culture. We observed that the active Stat5
induces strong CD8 T cell differentiation from IL-7R-/- T cell precursors. Therefore, our study
suggested a potential role of Stat5 in the positive selection of CD8 T cells. We are currently

analyzing the target genes of StatS by microarray analysis.

5) Production of the Novel Protein, Laeverin, Which Was Restrictedly Expressed in Human
Extravillous Trophoblasts: M. UEDA



Human extravillous trophoblasts (EVTs) invade the maternal deciduas. We have raised a
murine monoclonal antibody that specifically reacts with human EVTs, and have identified the
antigenic molecule to be the novel protein named laeverin, molecular mass of which was 160 kDa.
This protein contained a peptidase M1 motif, a transmembrane domain, and a zinc-binding active
site. Its amino acid sequence is also homologous with aminopeptidase N. We produced a large
amount of laeverin from cells infected by His tag-laeverin containing recombinant baculovirus. We
will try to investigate the characteristics of leaverin, and to quantify the laeverin in human blood of

early pregnancy.
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1) Investigation of novel thioredoxin inducers: H. MASUTANI, M. TANITO, Y.
YAMAGUCHI, R. OTSUKI, A. ABE-BIZEN, M. TAKENAKA, and J. YODOI

We previously showed that heme induces thioredoxin (TRX) gene through antioxidant responsive
element (ARE), regulated by Nrf2. Hemin induced the stabilization of Nrf2 and induced activation
of p38 MAP kinase. We showed that sulforaphane is a potent TRX inducer and sulforaphane
treatment suppresses hydrogen peroxide-induced damage of cells and photo oxidative damage of
retinal pigment epithelial cells. Based on the mechanism of TRX gene activation, we are now
screening TRX inducers under consortium of Research and Development Program for New
Bio-Industry Initiatives. We revealed that extracts from some crucifers plants, containing
isothiocyanates, have a potent TRX inducing activity in vitro and in vivo and cytoprotective
activities. We also detected potent TRX-inducing activities and cytoprotective activities in extracts
from two different kinds of plants that do not contain isothiocyanates. To identify novel
TRX-inducing substances, we are now purifying and analyzing constituents of the extracts. Since
TRX plays an important protective roles against oxidative stress-associated diseases, TRX inducers
seems to be beneficial for therapeutic approaches against these diseases.

2) Lipid rafts-mediated rapid uptake of cysteine-modified human thioredoxin (TRX)-1:
apoptosis induction through the inhibition of endogenous TRX: N. KONDO, M.
MOCHIZUKI, A. SON, H. NAKAMURA, and J. YODOI

Thioredoxin-1 (TRX) plays important roles in cellular signaling by controlling the redox state of
cysteine residues in target proteins. Although the redox-sensitive release and internalization of TRX
by T lymphocytes has been described, the detailed mechanism of its internalization remains unclear.
To detailed investigate the mechanism, we utilized a modified TRX (TRX-C35S) as a tool.
TRX-C35S was rapidly internalized in HTLV-I-transformed T cells, as well as activated T cells
stimulated by engagement of CD3. This internalization of TRX-C35S was inhibited by wild-type
TRX and was dependent on lipid rafts in the plasma membrane. Moreover, the internalized
recombinant TRX-C35S inhibited the reducing activity of endogenous TRX enhancing apoptosis
induced by cis-diamminedichloroplatinum (I1) via the reactive oxygen species-mediated pathway.
These results suggested TRX-C35S can be utilized as the inhibitor of endogenous TRX and for
clinical application as an enhancer of anti-cancer agents against TRX-overexpressing leukemic or
cancer cells.



3) Thioredoxin-binding protein-2 (TBP-2)-like inducible membrane protein (TLIMP) is a
novel Vitamin D3 and PPAR-y ligand target protein that regulates PPAR-y signaling: S.
OKA, H. MASUTANI, W. LIU, H. HORITA, D. WANG, S. KIZAKA-KONDOH and J.
YODOI

Thioredoxin binding protein-2 (TBP-2), which is identical to Vitamin D3 (VD3) up-regulated
protein 1 (VDUPL), plays a crucial role in the integration of glucose and lipid metabolism. There
are three highly homologous genes of TBP-2/VDUP1 in humans, but their functions remain unclear.
Here, we characterized a TBP-2 homologue, TLIMP (TBP-2 like inducible membrane protein). In
contrast to TBP-2, TLIMP displayed no significant binding affinity for thioredoxin. TLIMP
exhibited an inner membrane-associated pattern of distribution, and also co-localized with
transferrin and low density lipoprotein, indicating endosome- and lysosome-associated functions.
VD3 and ligands of peroxisome proliferator-activated receptor-y (PPAR-y), an important
regulator of energy metabolism and cell growth inhibition, induced the expression of TLIMP as
well as TBP-2. Overexpression of TLIMP suppressed both anchorage-dependent and -independent
cell growth and PPAR-y ligand-inducible gene activation. These results suggest that TLIMP, a
novel VD3- or PPAR-y ligand-inducible membrane-associated protein, plays a regulatory role in
cell proliferation and PPAR-y/ activation.

4) Impaired fatty acid utilization in Thioredoxin Binding Protein-2 (TBP-2)-deficient mice: a
unique animal model of Reye syndrome: S. OKA, W. LIU, H. MASUTANI, H. HIRATA,
Y. SHINKALI S. YAMADA, T. YOSHIDA, H. NAKAMURA and J. YODOI

Thioredoxin binding protein-2 (TBP-2) is a negative regulator of thioredoxin, and has multiple
regulatory functions in cellular redox, growth, differentiation, apoptosis and aging. To investigate
the function of TBP-2 in vivo, we generated mice with targeted inactivation of TBP-2 (TBP-2-/-
mice). Here, we show that TBP-2 expression is markedly up-regulated during fasting in wild type
mice, while TBP-2-/- mice were predisposed to death with bleeding tendency, and hepatic and renal
dysfunction as a result of 48 hours fasting. The fasting-induced death was rescued by
supplementation of glucose but not by that of oleic acid, suggesting that inability of fatty acid
utilization plays an important role in the anomaly of TBP-2-/- mice. In these mice, plasma free fatty
acids levels are higher, whereas glucose levels are lower than those of wild type mice. Compared to
wild type mice, TBP-2-/- mice showed increased levels of plasma ketone bodies, pyruvate and
lactate, indicating that Krebs cycle-mediated fatty acid utilization is impaired. Since the fatal
impairment of fatty acid utilization is a characteristically metabolic feature of Reye (-like)
syndrome, TBP-2-/- mouse may represent a novel model for investigating the pathophysiology of



these disorders.

5) Characterization of a human transmembrane thioredoxin-related protein: Functional
properties of a membrane-bound oxidoreductase in the endoplasmic reticulum: Y.
MATSUO, H. MASUTANI and J. YODOI

The formation of disulfide bonds in the endoplasmic reticulum (ER) is critical for the correct
folding and assembly of newly synthesized proteins. The ER contains a number of oxidoreductases
with thioredoxin-like domains that are responsible for the formation and rearrangement of disulfide
bonds. Transmembrane thioredoxin-related protein (TMX) is one of membrane bound
oxidoreductases with the thioredoxin fold in the ER. TMX has a cleavable signal peptide at the
N-terminus, followed by a single thioredoxin-like domain with a CPAC active-site sequence, and a
transmembrane domain. Topological studies revealed that the thioredoxin-like domain of TMX is
present in the ER lumen, where it can catalyze dithiol-disulfide exchange reactions. To investigate
the mechanism of TMX action in the ER, we searched for proteins interacting with TMX. Using an
immunoprecipitation technique, we showed that TMX associates with some membrane proteins in
the ER, including calnexin and MHC class I heavy chain, suggesting that it may function as a redox
regulator especially for membrane proteins synthesized in the ER.

6) Loss of interleukin-2-dependency in HTLV-I-infected T cells on gene silencing of
thioredoxin-binding protein-2: MK. AHSAN, H.MASUTANI, Y.YAMAGUCHI,
Y-C.KIM, K.NOSAKA, M.MATSUOKA, Y.NISHINAKA, M.MAEDA, and
J. YODOI

The transition from interleukin-2 (IL-2)-dependent to IL-2-independent growth is considered one
of the key steps in the transformation of human T-cell leukemia virus type-1 (HTLV-I)-infected T
cells. The expression of thioredoxin-binding protein-2 (TBP-2) is lost during the transition of
HTLV-I-infected T-cell lines. Here, we analysed the mechanism of loss of TBP-2 expression and
the role of TBP-2 in IL-2-dependent growth in the in vitro model to investigate multistep
transformation of HTLV-I. CpGs in the TBP-2 gene are methylated in IL-2-independent but not in
IL-2-dependent cells. Sequential treatment with 5-aza-2'-deoxycytidine and a histone deacetylase
inhibitor augmented histone acetylation and TBP-2 expression, suggesting that loss of TBP-2
expression is due to DNA methylation and histone deacetylation. In IL-2-dependent cells, a basal
level of TBP-2 expression was maintained by IL-2 associated with cellular growth, whereas TBP-2
expression was upregulated on deprivation of IL-2 associated with growth suppression.
Overexpression of TBP-2 in IL-2-independent cells suppressed the growth and partially restored
responsiveness to IL-2. Knockdown of TBP-2 caused the IL-2-dependent cells to show partial



growth without IL-2. These results suggested that epigenetic silencing of the TBP-2 gene results in
a loss of responsiveness to IL-2, contributing to uncontrolled IL-2-independent growth in
HTLV-I-infected T-cell lines.

7) Control of mitochondrial outer membrane permeabilization and Bcl-xL levels by
thioredoxin 2 in DT40 cells: D. WANG, H. MASUTANI, S. OKA, T. TANAKA, Y.
YAMAGUCHI-IWAI H. NAKAMURA and J. YODOI

Mitochondria play a central role in the initiation of apoptosis which is regulated by various factors
such as ATP synthesis, reactive oxygen species, redox status, and outer membrane permeabilization.
Disruption of chicken thioredoxin 2 (Trx2), a mitochondrial redox-regulating protein, results in
apoptosis in DT40 cells. To investigate the mechanism of this apoptosis, we prepared transfectants
expressing control (DT40-TRX2-/-), human thioredoxin 2 (TRX2) (DT40-hTRX2) or
redox-inactive TRX2 (DT40-hTRX2CS) in conditional Trx2-deficient DT40 cells containing a
tetracycline-repressible Trx2 gene. Production of ATP was not significantly changed by
down-regulation of Trx2 expression. The generation of reactive oxygen species was enhanced by
the down-regulation of Trx2 expression in DT40-TRX2-/-. Unexpectedly, the change was blocked
in both DT40-hTRX2 and DT40-hTRX2CS cells. The down-regulation of Trx2 expression caused
the release of cytochrome c and apoptosis-inducing factor (AIF) on day 3, and apoptosis on day 5.
These changes were also suppressed in both DT40-hTRX2 and DT40-hTRX2CS cells, suggesting
that TRX2 regulates mitochondrial outer membrane permeabilization and apoptosis by
redox-active site cysteine-independent mechanisms. The down-regulation of Trx2 expression
caused a decrease in the protein level of Bcl-xL on day 3, whereas the protein level of Bcl-2 did
not change until day 4 and the mRNA level of Bcl-xL was unchanged. The decrease in Bcl-xL
was not blocked by a caspase 3 inhibitor but blocked in both DT40-hTRX2 and DT40-hTRX2CS.
These findings indicate a link between the redox active site cysteine-independent action of TRX2
and the level of Bcl-xL in the regulation of apoptosis.

8) Thioredoxin attenuates indomethacin-induced gastric mucosal injury: A. TAN, H.
NAKAMURA, M. TANITO, Y-W. KWON, H. MATSUI, M. NARITA, MK. AHSAN and J.
YODOI

Thioredoxin (TRX) is a redox-active protein with anti-oxidative stress and anti-apoptotic effects.
TRX transgenic (TG) mice are more resistant to various oxidative stress-induced disorders. When
we compared TRX TG mice and control mice treated with indomethacin, TRX TG mice were more
resistant to indomethacin-induced gastric ulcer. Next, we used rat gastric epithelial RGM-1 cells to
dissect the molecular mechanisms of the protective roles of TRX against indomethacin-induced



gastric cell injury. The expression of TRX in RGM-1 cells was depleted by indomethacin
treatment. In contrast, when RGM-1 cells were pretreated with human recombinant TRX before
indomethacin treatment, TRX clearly attenuated the cytotoxicity induced by indomethacin. In
addition, TRX was shown to inhibit the decrease of phosphorylated Akt (p-Akt) induced by
indomethacin. Collectively, these results indicate that TRX is involved in the protection against
indomethacin-induced gastric injury at least partly by the inhibition of the indomethacin-induced
downregulation of anti-apoptotic Akt signaling and may have a good potential for clinical
application.

9) Recombinant Human  Thioredoxin = Ameliorates Lipopolysaccharide-Induced
Bronchoalveolar Neutrophil Infiltration in Rat: S. UEDA, T NAKAMURA, A. YAMADA,
A. TERATANI, S. FURUKAWA, Y HOSHINO, M. NARITA, J. YODOI and H.
NAKAMURA

Human thioredoxin (TRX) is a multifunctional redox-active protein. We previously reported that
the intraperitoneal administration of recombinant human TRX (rhTRX) attenuates inflammatory
cytokine or bleomycin induced lung injury in mice. In this study, the effect of rhTRX injected
intravenously after lipopolysaccharide (LPS) injection was analyzed in rats. Rats were injected with
LPS and followed by treatment with rhTRX. Although the bolus injection exerted no protective
effect, continuous intravenous administration of rhTRX significantly suppressed % number of
neutrophils in bronchoalveolar lavage fluid. Histological examination also showed that rhTRX
decreased neutrophil infiltration in the lung tissues. Administered rhTRX was mainly excreted into
the urine and the tissue accumulation of rhTRX in the lung was marginal. LPS-induced oxidative
stress in the lung was slight in this model. These results demonstrated that continuous intravenous
administration of rhTRX ameliorates LPS-induced bronchoalveolar neutrophil infiltration by the
anti-chemotactic effect.
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DEPARTMENT OF CELL BIOLOGY
LABORATORY OF SUBCELLULAR BIOGENESIS

The research projects carried out in this laboratory are concerned with post-translational events
in the expression of genetic information. Specifically, intracellular processes of protein folding,
protein translocation across and integration into the membrane, and protein localization to the cell
surfaces, as well as proteolytic control of proteins are investigated by combined molecular genetic,
biochemical and structural approaches.

Newly synthesized non-cytoplasmic proteins must traverse the membrane. Instead of directly
moving through the lipid bilayer, they utilize proteinaceous components of the membrane.
Genetic and biochemical studies of the E. coli system revealed that several integral membrane
proteins participate in this reaction. Among them, SecY, SecE and SecG are the principal
components, which constitute a channel-like pathway for the trans-bilayer movement of
polypeptides. The driving force for translocation is provided by the SecA translocation ATPase as
well as by the proton-motive force across the membrane. Our research is aimed at understanding
how SecY interacts with other integral and peripheral membrane components, as well as with the
translocating polypeptide, thereby facilitating its transit. Recent focuses have been on the
architecture of the translocation channel within the membrane and its dynamic interaction with the
protein-driving SecA ATPase. In order to gain molecular insights that are relevant to the
intracellular functioning, we are taking genetic, biochemical and structural biology approaches.
Our studies also include additional aspects of intracellular protein dynamics such as processes of
membrane protein integration and proteolytic control of membrane proteins. Nascent protein
interactions with the ribosomal internal components, found in SecM (secretion monitor) is also
being exploited. Finally, we are investigating into the cellular system that supports correct

disulfide bond formation of cell surface proteins.

1) Purification, Crystallization and X-Ray Diffraction Analysis of SecDF, a Translocon-
Associated Membrane Protein, from Thermus thermophilus: T. TSUKAZAKI, H. MORI,
S. FUKAI', T. NUMATA', A. PEREDERINA’, H. ADACHI’, H. MATSUMURA’, K.
TAKANO’, S. MURAKAMP, T. INOUE’, Y. MORP’, T. SASAKT, D.G. VASSYLYEV?,
O. NUREKI' and K. ITO ('Graduate School of Bioscience and Biotechnology, Tokyo
Institute of Technology, *Department of Biochemistry and Molecular Genetics, University of
Alabama, * SOSHO Inc. and Osaka University)

Thermus thermophilus has a multi-path membrane protein, TSecDF, as a single chain homolog

of E. coli SecD and SecF, which form a translocon-associated complex required for efficient



preprotein translocation and membrane protein integration. We have succeeded in cloning,
expression in E. coli, purification and crystallization of TSecDF. Overproduced TSecDF was
solubilized with dodecylmaltoside, chromatographically purified and crystallized by vapor
diffusion in the presence of polyethylene glycol 400. The crystals yielded a maximum resolution
of 4.2 A, upon X-ray irradiation, revealing a space group of P4,2,2. We then attempted to improve
the diffraction quality of the crystals by combinations of micro-stirring, laser light irradiation, and
dehydration, which led to eventual acquisition of complete data sets of 3.7 A resolution. We also
prepared crystals of selenomethionine-labeled TSecDF and obtained preliminary electron density

map of TSecDF by single-wavelength anomalous diffraction analysis.

2) Crosslinking Attempts to Identify SecY-SecDF Interfaces: G. KOBAYASHI, H. MORI
and K. ITO

To complement our attempts to determine the X-ray structure of SecDF (see above), we are
undertaking site-specific crosslinking studies (using E. coli) to reveal contact sites between SecDF
and the SecYEG translocon. SecY variants having single cysteines at the periplasmic regions are
being used to identify proteins at crosslinkable distances to these residues, with an expectation that
the large periplasmic domains of SecDF might be interacting with SecY on this side of the

membrane.

3) Use of In Vivo Site-Specific Crosslinking to Study Dynamic SecY-SecA Interactions: H.
MORI and K. ITO

SecYEG translocon and SecA ATPase play principal roles in protein translocation across the
bacterial cytoplasmic membrane. However, molecular details of the SecA-SecY interaction
remain poorly understood. While site-specific cross-linking provides a powerful means to study
protein interactions, its application to a dynamic process, such as the SecA actions on SecYEG, will
require an in vivo experimental system. In this study, we carried out site-specific in vivo cross-
linking using engineered SecYs, in which non-natural photo-reactive amino acid (p-
benzoylphenylalanine, pBPA) was incorporated at a designed amber codon (1). Altogether 55
SecY variants with pBPA introduced into cytoplasmic regions were subjected to ultraviolet-induced
crosslinking. SecA-SecY cross-linked products were observed evidently, when the analogue was
incorporated at specific positions in the 2nd, 4th, Sth and 6th cytoplasmic regions. The residues
identified as SecA neighbors are located at tips of the cytoplasmic protrusions in the three

dimensional structural model of SecY. SecA cross-linking efficiency of SecY mutants possessing



pBPA in the 6th cytoplasmic region was enhanced significantly when cells were treated with NaNj,
which is known to arrest the ATPase cycle of SecA. This stimulatory effect was canceled by cis-
placement of some secY mutations that compromise the SecA function. These results suggest that
SecA interacts with SecY in at least two functionally different modes, static and dynamic. The
most C-terminal cytoplasmic region may be involved in the transient and translocation-coupled

binding, whereas C4 and C5 loops may offer constitutive binding sites.

(1) Chin J. W., Martin, A. B., King, D. S., Wang, L. and Schultz, P. G. (2002) Proc. Natl. Acad. Sci. USA 99, 11020-
11024

4) SecY Alterations that Impair Folding of LacY: S. NAGAMORI', N. SHIMOHATA?, H.
MORI, Y. AKIYAMA H. R. KABACK1 AND K. ITO ('Dept. Physiol., Microbiol.
Immunol. Mol. Genet., Mol. Biol. Inst., Univ. Calif., Los Angeles, CA, U.S.A. 2Department
of Molecular Cell Biology, Graduate School of Medicine, Osaka City University)

The SecYEG translocon in bacteria is used both for secretory protein export and for membrane
protein integration. As reported last year some secY mutations not only retard integration of
model membrane proteins but also up-regulate the Cpx/OE stress response pathways. We reason
that abnormal states of membrane proteins are generated in these secY mutant cells. In support of
this notion, in vitro translation, membrane integration and folding of LacY, one of the best
characterized multi-path membrane proteins, revealed that the mutant membrane vesicles allowed
insertion of LacY but not its subsequent folding into the normal conformation that was recognizable
by conformation-specific antibodies. These results demonstrate that the normal SecY function is

required for the folding of membrane proteins after their insertion into the translocon.

5) Mechanism of the SecM-Mediated Ribosomal Stall: H. MUTO, H. NAKATOGAWA'
and K. ITO ('National Institute of Basic Biology)

The ‘'"arrest sequence" of SecM, FISOXXXXWIXXXXGIRAGP166, interacts with
components of the ribosomal exit tunnel, thereby interfering with translation elongation. We
studied the SecM-mediated elongation arrest in vitro using purified translation components.
While a simplest scenario would be that elongation is arrested beyond Prol66, the last arrest-
essential amino acid, and that the Pro166 codon is positioned at the P-site of the ribosomal peptidyl
transferase center, our toeprint analyses revealed that the ribosome actually stalls when the Pro166
codon is positioned at the A-site. Northern hybridization identification of the polypeptide-bound
tRNA and mass determination showed that the last amino acid of the arrested peptidyl-tRNA is



Gly165, which is only inefficiently transferred to Pro166. Also, puromycin does not effectively
release the arrested peptidyl-tRNA under the conditions of A-site occupancy by Prol66-tRNA.
These results reveal that secM-encoded Prol66-tRNA functions as a non-polypeptide element in

fulfilling SecM's role as a secretion-monitor.

6) Biochemical Characterization of the GlpG Rhomboid Protease of E. coli: S. MAEGAWA,
K. ITO and Y. AKIYAMA

We purified GlpG, an E. coli membrane-integrated protein belonging to the rhomboid family,
as well as Bla-LacYTM2-MBP, a model substrate protein that we found last year to be cleaved in
GlpG-dependent manners in vivo. We were thus able to demonstrate that GlpG indeed has a
protease activity to cleave this membrane protein substrate. The essentiality of the conserved Ser
and His residues suggests that it is a serine protease. The cleavage was shown to occur between
Ser and Asp in a region of high local hydrophilicity, which seems to be located in a juxtamembrane
rather than an intramembrane position. Nevertheless, in vivo susceptibility of several variant
forms of Bla-LacYTM2-MBP suggests that GlpG recognizes features of the transmembrane regions

of substrates.

7) Is the Protease Active Site of RseP Embedded in the Membrane Lipids?: K. KOIDE, K.
ITO and Y. AKIYAMA

RseP belongs to the Site-2 protease family of RIP (regulated intramembrane proteolysis)
proteases. It introduces the second of the two successive cleavages into the middle of the
transmembrane sequence of RseA, the substrate protein crucial for regulation of cellular
extracytoplasmic stress response (1). However, neither molecular mechanism of the proteolysis
nor the environment of the catalysis has been elucidated. We constructed a series of RseP
derivatives having single cysteine substitutions at various positions around the active site motifs
(HEXXH and LDG motifs), and examined the modifiability of each cysteine with membrane-
impermeable sulfhydryl-specific reagents in the presence or absence of a chao-tropic reagent and/or
a detergent. Our results suggest that the active site motifs are neither completely embedded in
the membrane nor totally exposed to the aqueous phase; probably, they reside in a folded micro-

environment at the interface of the lipid bilayer and the cytosol.

(1) Akiyama, Y., Kanehara, K. and Ito, K. (2004) EMBO J. 23, 4434-4442



8) The Escherichia coli Plasma Membrane Contains Two PHB (Prohibitin Homology)
Domain Protein Complexes of Contrasting Orientations: S. CHIBA*, K. ITO and Y.
AKIYAMA (*presently University of California, San Diego, USA)

Two membrane proteases, FtsH and HtpX, are jointly essential for the E. cell viability,
presumably through their abilities to degrade abnormal membrane proteins. To search for
additional cellular factors involved in membrane protein quality control, we isolated multi-copy
suppressors that alleviated the growth defect of the ftsH/htpX dual disruption mutant. One of them
was ybbK, which is renamed gmcA, encoding a membrane-bound prohibitin homology (PHB)
domain family protein. Multi-copy suppression was also observed with hfIK-hfIC, encoding
another set of PHB domain membrane proteins, which had been known to form a complex (HfIKC)
and to interact with FtsH. Whereas the AftsH sfhC21 (a viability defect suppressor for AftsH)
strain exhibited temperature-sensitivity in the presence of cAMP, additional disruption of both
gmcA and hflK-hflC exaggerated the growth defect. Pull-down and sedimentation experiments
showed that QmcA, like HfIKC, forms an oligomer and interacts with FtsH. Protease accessibility
assays revealed that QmcA, unlike periplasmically exposed HfIKC, possesses a cytoplasmically
disposed large C-terminal domain, thus assuming the type I (Ng,-C,) orientation. It is
interesting that the E. coli plasma membrane contains PHB domains on both periplasmic and

cytoplasmic sides.

9) Roles of Quinones in DsbB Revealed from Reactivities of Quinone-Free DsbB: K.
INABA, Y.-h. TAKAHASHI and K. ITO

DsbB, a quinone-containing plasma membrane protein of E. coli, has two pairs of cysteines
essential for its function to oxidize DsbA, the disulfide donor to client proteins. As stated last year,
even quinone-free DsbB can oxidize ~40% of DsbA in a 1:1 stoichiometric reaction, in which
DsbB is converted into hemi-oxidized forms. We characterized these DsbB species by mass
spectroscopy as having either pair (Cys41-Cys44 or Cys104-Cys130) of cysteines. Additionally,
we found that a minor fraction of quinone-free DsbB forms a stable DsbB-DsbA disulfide complex.
Thus, despite the fact that intrinsic redox potentials of the active-site DsbB cysteines are lower than
that of DsbA (1, 2), the DsbB-DsbA system is designed in such a way that their specific interaction
enables limited "forward direction" redox reactions via two parallel pathways (2). Quinones take

part subsequently to complete the two modes of reactions: (i) quinone oxidizes the Cys41 and



Cys44 pair of cysteines in the rapidly equilibrating hemi-oxidized DsbB species (predominating
and rapid pathway) and (ii) quinone resolves the intermediate disulfide-bond (minor and slow
pathway). In either pathway, the end products are oxidized forms of both DsbA and DsbB,
indicative of a net gain of one disulfide bond. DsbB can then function again provided that

oxidized quinones are available.

(1) Inaba, K. and Ito, K. (2002) EMBO. J. 21, 2646-2654
(2) Inaba, K., Takahashi, Y.-h., and Ito, K. (2005) J. Biol. Chem. 280, 33035-33044

10) Role of the Short Cytosolic Loop of DsbB: Y.-H. TAKAHASHI, K. INABA and K. ITO

In contrast to its periplasmic regions, the cytosolic residues of DsbB have not been studied in
any detail. We introduced insertion and substitution mutations into the short (~6 residue) central
cytosolic loop. The purified mutant proteins proved to have two of the four essential cysteines
reduced and to exhibit the spectroscopic transition of bound ubiquinone constitutively. One of
them was shown to have a rearranged Cys41-Cys130 disulfide that would unpair Cys44.
Although this covalent structure of DsbB is reminiscent of the DsbB-DsbA intermediate, in which
unpaired Cys44 induces the ubiquinone transition, it is inactive because of the premature disulfide
rearrangement without involving DsbA. In addition, ubiquione-mediated in vitro oxidation of the
reduced DsbB loop mutant was aborted at a half-oxidized state. Thus, the cytosolic loop of DsbB
is important to coordinate the active-site residues and ubiquinone and to allow their proper reaction

cycles.

11) Thiolate-Quinone Charge Transfer and Adduct Complexes Play Critical Roles in de
novo Disulfide Bond Formation by DsbB: K. INABA, Y.-h. TAKAHASHI, S. HAYASHI'
and K. ITO ('Graduate School of Science, Kyoto University)

It is not exactly understood how a protein disulfide bond is created de novo. DsbB is one of
enzymes that create a new disulfide bond. DsbB is associated with a cofactor, either ubiquinone
or menaquinone, as a source of an oxidizing equivalent. The DsbB-bound quinone undergoes

transition to a pink (A, ~500 nm; ubiquinone) or violet (A, ~550 nm, menaquinone)-colored

state during the course of the DsbB enzymatic reaction (1, 2). We found that not only the thiolate
form of Cys44 previously suggested but also Arg48 in the a-helical arrangement is essential for the
quinone transition. Quantum chemical simulations indicate that proper positioning of thiolate

anion and ubiquinone in conjunction with positively charged guanidinium moiety of arginine



allows the formation of a thiolate-ubiquinone charge transfer complex with absorption peaks
around 500 nm as well as a cysteinyl-quinone covalent adduct. We propose that the charge
transfer state leads to the transition state adduct that accepts a nucleophilic attack from another
cysteine to generate a disulfide bond de novo (3). Similar mechanism is conceivable for a class of

eukaryotic dithiol oxidases having a FAD cofactor.

1) Inaba, K., Takahashi, Y.-h., Fujieda, N., Kano, K., Miyoshi, H. and Ito, K. (2004) J. Biol. Chem. 279, 6761-6768
2) Takahashi, Y .-h., Inaba, K. and Ito, K. (2004) J. Biol. Chem. 279, 47057-47065
3) Inaba, K., Takahashi, Y.-h., Ito, K. and Hayashi, S. (2006) Proc. Natl. Acad. Sci. USA 103, 287-292

12) Structural Biology of the DsbA-DsbB-Ubiquinone Disulfide Bond Introducing System of
E. coli: K. INABA, S. MURAKAMI', E. YAMASHITA?, A. NAKAGAWA? M.
SUZUKFE and K. ITO ('Institute of Scientific and Industrial Research and ‘Institute of

Protein Research, Osaka University)

Our continued attempts to determine the three-dimensional structure of the DsbA-DsbB-
ubiquinone ternary complex by X-ray crystallography has finally come to the final stage. The best
crystal, belonging to a space group of P4,2,2 with unit cell parameters of a = b =165.7 A, ¢ = 66.0
A, o= p =y =90°, diffracted the Spring-8 BL44XU beamline to give a complete data set with ~3.5
A resolution. We were also successful in preparing crystals of selenomethionine-labeled complex
and in collecting their diffraction data for phase determination. Resulting electron density maps

have revealed a four helix-bundle structure of DsbB. Further structural refinements are underway.
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DEPARTMENT OF CELL BIOLOGY
LABORATORY OF GROWTH REGULATION

The research interest of this laboratory is to understand the molecular mechanism of cell
differentiation and organogenesis. Particularly, we are interested in basic helix-loop-helix (bHLH)
transcription factors that regulate mammalian neural development. We are characterizing their
functions by misexpressing the genes with retrovirus and electroporation (gain-of-function study)
and by generating knock-out mice (loss-of-function study). During neural development, the
following steps occur sequentially: (1) maintenance of neural stem cells, (2) neurogenesis and (3)
gliogenesis. Our results indicate that all three steps are regulated by bHLH genes. However, bHLH
genes alone are not sufficient but homeodomain genes are additionally required for neuronal
subtype specification. We are also interested in biological clocks that regulate embryogenesis. We
have recently found that the bHLH genes Hes1 and Hes7 display oscillatory gene expression with
two-hour periodicity and regulate the timing of the developmental processes.

1) Mashl and Math3 are required for development of branchiomotor neurons and
maintenance of neural progenitors: R. OHSAWA, T. OHTSUKA, and R. KAGEYAMA

Basic helix-loop-helix (bHLH) transcription factors are known to play important roles in
neuronal determination and differentiation. However, their exact roles in neural development still
remain to be determined because of the functional redundancy. Here, we examined the roles of
neural bHLH genes, Mashl and Math3, in development of trigeminal and facial branchiomotor
neurons, which derive from rhombomere 2 to 4. In Math3-null mutant mice, facial branchiomotor
neurons are misspecified, and both trigeminal and facial branchiomotor neurons adopt abnormal
migratory pathway. In Mashl;Math3 double-mutant mice, trigeminal and facial branchiomotor
neurons are severely reduced in number partly because of increased apoptosis. In addition, neurons
with migratory defects are intermingled over the midline from either side of the neural tube.
Furthermore, oligodendrocyte progenitors of rhombomere 4 are reduced in number. In the absence
of Mashl and Math3, expression of Notch signaling components is severely downregulated in
rhombomere 4, and neural progenitors are not properly maintained, which may lead to
intermingling of neurons and decrease of oligodendrocyte progenitors. These results indicate that
Mashl and Math3 not only promote branchiomotor neuron development but also regulate the
subsequent oligodendrocyte development and the cytoarchitecture by maintaining neural
progenitors through Notch signaling.

2) Visualization of embryonic neural stem cells using Hes promoters in transgenic mice: T.
OHTSUKA, I. IMAYOSHI, H. SHIMOJO, E. NISHI, R. KAGEYAMA and S.K.



MCCONNELL

In the central nervous system, neural stem cells proliferate in the ventricular zone (VZ2)
and sequentially give rise to both neurons and glial cells in a temporally and spatially regulated
manner, suggesting that stem cells may differ from one another in different brain regions and at
different developmental stages. For the purpose of marking and purifying neural stem cells to
ascertain whether such differences exist, we generated transgenic mice using promoters from Hes
genes (pHesl or pHes5) to drive expression of destabilized enhanced green fluorescent protein. In
the developing brains of these transgenic mice, GFP expression was restricted to undifferentiated
cells in the VZ, which could asymmetrically produce a Numb-positive neuronal daughter and a
GFP-positive progenitor cell in clonal culture, indicating that they retain the capacity to self-renew.
Our results suggest that pHes-EGFP transgenic mice can be used to explore similarities and
differences among neural stem cells during development.

3) Real-time imaging of the somite segmentation clock: revelation of unstable oscillators in
the individual presomitic mesoderm cell: Y. MASAMIZU, T. OHTSUKA, Y. TAKASHIMA,
H. NAGAHARA, Y. TAKENAKA, K. YOSHIKAWA, H. OKAMURA, and R. KAGEYAMA

Notch signaling components such as the bHLH gene Hesl are cyclically expressed by
negative feedback in the presomitic mesoderm (PSM) and constitute the somite segmentation
clock. Because Hesl oscillation occurs in many cell types, this clock may regulate the timing in
many biological systems. While the Hes1 oscillator is stable in the PSM, it damps rapidly in other
cells, suggesting that the oscillators in the former and the latter could be intrinsically different.
Here, we have established the real-time bioluminescence imaging system of Hesl expression and
found that, although the Hesl oscillation is robust and stable in the PSM, it is unstable in the
individual dissociated PSM cells, as in fibroblasts. Thus, the Hesl oscillators in the individual
PSM cells and fibroblasts are intrinsically similar, and these results, together with mathematical
simulation, suggest that the cell-cell communication is essential not only for synchronization but
also for stabilization of cellular oscillators.

4) Hes1 directly controls cell proliferation through the transcriptional repression of p27<*:
K. MURATA, M. HATTORI, N. HIRAI, Y. SHINOZUKA, H. HIRATA, R. KAGEYAMA, T.
SAKAI, and N. MINATO

A transcriptional regulator, Hes1, plays crucial roles in the control of differentiation and
proliferation of neuronal, endocrine, and T-lymphocyte progenitors during development.
Mechanisms for the regulation of cell proliferation by Hesl, however, remain to be verified. In



embryonic carcinoma cells, endogenous Hes1 expression was repressed by retinoic acid in concord
with enhanced p27(Kipl) expression and cell cycle arrest. Conversely, conditional expression of a
moderate but not maximal level of Hesl in HeLa cells by a tetracycline-inducible system resulted
in reduced p27(Kipl) expression, which was attributed to decreased basal transcript rather than
enhanced proteasomal degradation, with concomitant increases in the growth rate and saturation
density. Hes1 induction repressed the promoter activity of a 5' flanking basal enhancer region of
p27(Kipl) gene in a manner dependent on Hesl expression levels, and this was mediated by its
binding to class C sites in the promoter region. Finally, hypoplastic fetal thymi, as well as livers
and brains of Hes1-deficient mice, showed significantly increased p27(Kipl) transcripts compared
with those of control littermates. These results have suggested that Hes1 directly contributes to the
promotion of progenitor cell proliferation through transcriptional repression of a cyclin-dependent
kinase inhibitor, p27(Kip1l).

5) Otx2 regulates subtype specification and neurogenesis in the midbrain: B. VERNAY, M.
KOCH, F. VACCARINO, A. SIMEONE, R.KAGEYAMA, and S.-L. ANG

The transcription factor Otx2 is required to determine mesencephalic versus
metencephalic (cerebellum/pons) territory during embryogenesis. This function of Otx2 primarily
involves positioning and maintaining the mid-hindbrain organizer at the border between midbrain
and anterior hindbrain. Otx2 expression is maintained long after this organizer is established. We
therefore generated conditional mutants of Otx2 using the Cre/loxP system to study later roles
during rostral brain development. For inactivation of Otx2 in neuronal progenitor cells, we crossed
Otx2(flox/flox) animals with Nestin-Cre transgenic animals. In Nestin-Cre/+; Otx2(flox/flox)
embryos, Otx2 activity was lost from the ventral midbrain starting at embryonic day 10.5 (E10.5).
In these mutant embryos, the mid-hindbrain organizer was properly positioned at E12.5, although
Otx2 is absent from the midbrain. Hence, the Nestin-Cre/+; Otx2(flox/flox) animals represent a
novel mouse model for studying the role of Otx2 in the midbrain, independently of abnormal
development of the mid-hindbrain organizer. Our data demonstrate that Otx2 controls the
development of several neuronal populations in the midbrain by regulating progenitor identity and
neurogenesis. Dorsal midbrain progenitors ectopically expressed Mathl and generate an ectopic
cerebellar-like structure. Similarly, Nkx2.2 ectopic expression ventrally into tegmentum
progenitors is responsible for the formation of serotonergic neurons and hypoplasia of the red
nucleus in the midbrain. In addition, we discovered a novel role for Otx2 in regulating
neurogenesis of dopaminergic neurons. Altogether, these results demonstrate that Otx2 is required
from E10.5 onward to regulate neuronal subtype identity and neurogenesis in the midbrain.



6) C/EBP phosphorylation biases multipotent cortical precursors to generate neurons rather
than astrocytes in vivo: A. PAQUIN, F. BARABE-HEIDER, R. KAGEYAMA, and F.D.
MILLER

The intracellular mechanisms that bias mammalian neural precursors to generate neurons
versus glial cells are not well understood. We demonstrated previously that the growth
factor-regulated mitogen-activated protein kinase kinase (MEK) and its downstream target, the
CCAAT/enhancer-binding protein (C/EBP) family of transcription factors, are essential for
neurogenesis in cultured cortical precursor cells (Menard et al., 2002). Here, we examined a role
for this pathway during cortical cell fate determination in vivo using in utero electroporation of the
embryonic cortex. These studies demonstrate that inhibition of the activity of either MEK or the
C/EBPs inhibits the genesis of neurons in vivo. Moreover, the MEK pathway mediates
phosphorylation of C/EBPbeta in cortical precursors, and expression of a C/EBPbeta construct in
which the MEK pathway phosphorylation sites are mutated inhibits neurogenesis. Conversely,
expression of a C/EBPbeta construct, in which the same sites are mutated to glutamate and
therefore are "constitutively” phosphorylated, enhances neurogenesis in the early embryonic cortex.
A subpopulation of precursors in which C/EBP activity is inhibited are maintained as cycling
precursors in the ventricular/subventricular zone of the cortex until early in postnatal life, when
they have an enhanced propensity to generate astrocytes, presumably in response to gliogenic
signals in the neonatal environment. Thus, activation of an MEK-C/EBP pathway in cortical
precursors in vivo biases them to become neurons and against becoming astrocytes, thereby acting
as a growth factor-regulated switch.

7) Prethymic T cell development defined by the expression of Paired Immunoglobulin-like
Receptors: K. MASUDA, H. KUBAGAWA, T. IKAWA, C.-C. CHEN, K. KAKUNAGA, M.
HATTORI, R. KAGEYAMA, M.D. COOPER, N. MINATO, Y. KATSURA, and H.
KAWAMOTO

T cells are produced in the thymus from progenitors of extrathymic origin. As no specific
markers are available, the developmental pathway of progenitors preceding thymic colonization
remains unclear. Here we show that progenitors in murine fetal liver and blood, which are capable
of giving rise to T cells, NK cells and dendritic cells, but not B cells, can be isolated by their
surface expression of paired immunoglobulin-like receptors (PIR). PIR expression is maintained
until the earliest intrathymic stage, then downregulated before the onset of CD25 expression.
Unlike intrathymic progenitors, generation of prethymic PIR(+) progenitors does not require
Hesl-mediated Notch signaling. These findings disclose a prethymic stage of T-cell development
programmed for immigration of the thymus, which is genetically separable from intrathymic



stages.
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CENTER FOR ACQUIRED IMMUNODEFICIENCY SYNDROME RESEARCH
LABORATORY OF VIRAL PATHOGENESIS

Human immunodeficiency virus (HIV) is a causative infectious agent for acquired
immunodeficiency syndrome (AIDS). After the discovery of HIV, it has been well known that
“‘retroviruses cause some human diseases’’. Therefore, we now realize the importance of retrovirus
research. The isolation of human retroviruses was the 5th major discovery and provided paradigm
shift on the history of Retrovirology. The 1st~4th major discoveries are as follows; (1) the isolation
of a pathogenic retrovirus, (2) the development of the focus assay for oncogenic retrovirus, (3) the
discovery of reverse transcriptase, (4) the derivation of retroviral oncogene from cellular genomes.
It is clear that these discoveries provided strong advances not only on Virology itself but also
general Cell Biology. Many information on Molecular Biology has been obtained from these
retrovirus researches. Therefore, we believe that our efforts will contribute to Medical as well as

Life Sciences.

1) Replication of Viral Genome: J. AOKI, T. YOSHIDA, H. KITAYAMA, Y. SHINODA,
K.SATO, Y. MIURA, Y. KOYANAGI

Virus infects cell and replicates. Without the cells virus cannot survive. Viral genome move
from virion-producing cell to adjacent naive cells. This is a most significant characteristic of virus.
The mechanism of this infection event is a primary theme. The event of genome movement is not
restricted in cell to cell infection. Inside cells, viral genomes or/and viral proteins move. Virus
uses cellular trafficking machinery. However, we don’t know yet how many cellular factors virus
requires for its replication. To understand the mechanism of viral replication we are trying to
isolate genes directly associated HIV-1 replication. Some inhibitory genes have been successfully
isolated so far. Using cell biological methods based upon imaging technique the molecular events

have been investigated. We wish to learn the mechanism.

2) Mechanism of HIV Pathogenesis: Y. MIURA, H. KITAYAMA, H. Y. ANDO, H.
OKADA, N. MISAWA, Y. KOYANAGI

HIV causes immunodeficiency as well as neurodegeneration in humans. The mechanism of
these diseases remains unclear. We have been analyzing how the diseases occur using in vitro-cell
culture models and in vivo-animal models. In HIV encephalopathy, neurons are mainly destructed,
but the influence to undifferentiated cells is unknown. We analyze its pathogenesis using above
systems, and found undifferentiated cells in central nervous system are affected in functions, and

fall into a differentiation disturbance to neurons. Now we are analyzing the details more. In



addition, we are searching the host origin neuroprotective factors in the pathogenesis of
neurodestructive HIV encephalopathy. Many candidate genes probably coding neuroprotecting

factors are identified and the research is now progressing.

3) Mechanism of Herpes Virus Neuropathogenesis: Y. MIURA, H. KITAYAMA, A. ANDO,
Y. KOYANAGI

Herpes simplex virus type 1 (HSV-1) invades central nervous system and induces lethal
encephalitis. We developed a rat model of HSV-1 encephalitis by using a neurovilulent HSV-1.
The development of the encephalitis is dependent upon the infancy of the animal. We examined
the mRNA profile in a recovery process from encephalitis and newly identified some molecules
participating in the recovery step. Furthermore, the infection efficiency in the undifferentiated cells
was extremely higher than in the terminal differentiated neurons. In addition, the undifferentiated
cells appeared to be showing resistance to cytotoxicity by HSV infection and we are analyzing the
associated factors.

4) Development of Lentivirus Vector System for Gene Therapy and Gene Discovery: J.
AOKI, T. YOSHIDA, K. SATO, Y. SHINODA, Y. KOYANAGI

Virus transmits the gene into cells. It has been trying to take advantage of this viral nature for
gene therapy in human disease. HIV-based virus (lentivirus) vector has further promising
properties to infect non-dividing cell and integrate in chromosome DNA, especially in human
hematopoetic and neuronal cells. Purpose of this project is improvement of the vector system for
practical use as well as discovery of gene functions. We recently developed a functional screening

system using lentivirus vector.
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CENTER FOR AQUIRED IMMUNODEFICIENCY SYNDROME RESEARCH
LABORATORY OF VIRUS IMMUNOLOGY

1) Molecular Mechanisms of Leukemogenesis in Adult T-cell Leukemia (ATL): J.
YASUNAGA, M. YOSHIDA, Y. SATOU, K. TAKAI, T. ZHAO and M. MATSUOKA.

Human T-cell leukemia virus type I (HTLV-I) increases the number of infected cells through the
activity of accessory genes, which are encoded by the pX region located between env and the 3’-
long terminal repeat (LTR). These genes include tax, rex, p30, p12, p13 and HTLV-I bZIP factor
(HBZ). Among them, tax is thought to play a central role in transformation of infected cells,
however, it is a major target of cytotoxic T-lymphocytes. The HBZ gene, which is encoded by the
minus strand of HTLV-I, contains a basic leucine zipper domain. It has been reported that HBZ
suppresses Tax-mediated activation of viral transcription through 5°-LTR, and that modulates
transcriptional activities of AP-1. Our previous studies showed that 3’-LTR is intact and
unmethylated in all ATL cells, and HTLV-I infected cell lines. We found novel splicing of HBZ gene
by 5’-RACE. HBZ gene was transcribed in all of the ATL cell lines and primary ATL cells, while tax
gene transcription was frequently silenced. These finding suggest that HBZ might be a critical
factor for leukemogenesis. We observed that suppression of HBZ gene transcription by short
interfering RNA inhibited proliferation of ATL cells. Interestingly, analyses of T-cell lines
transfected with mutated HBZ genes showed that HBZ promotes T-cell proliferation in its RNA
form. We are now investigating the mechanisms how HBZ gene promotes proliferation of ATL cells,
and its role in the leukemogenesis.

2) In vivo HTLV-I infection using NOD/SCID common gamma chain knock-out mouse: P.
MIYAZATO, Y. TANIGUCHI, J. YASUNAGA and M. MATSUOKA.

We are studying the primary infection of HTLV-I in NOD-SCID common gamma chain
knock-out (NOG) mice model. At first, we inoculate human peripheral blood mononuclear cells into
NOG mice. Then, mitomycin C treated MT-2 cells are inoculated two days later. HTLV-I infection
was confirmed by PCR and provirus load was determined by real-time PCR. HTLV-I infection
increases the number of CD4 positive memory T-cells, and their proliferation was polyclonal.
Although nucleoside reverse transcriptase inhibitors could block the primary infection when they
are administrated just after inoculation. The phenotypes observed in NOG mice are similar to that in
HTLV-I carriers, indicating that this model should be useful to analyze the early stage of HTLV-I
infection in vivo.



3) The mechanisms for generating defective HTLV-1 provirus lacking 5-LTR: M.
MIYAZAKI, Y. TANIGUCHI, J. YASUNAGA and M. MATSUOKA.

We identified HTLV-1 provirus without 5’-LTR in fresh ATL cells and designated it as type 2
defective provirus. However, the mechanism for generating type 2 defective provirus remains
unknown. To clarify it, we determined the sequences surrounding integration sites of type 2
defective provirus. Among 11 cases with type 2-defective provirus, 7 cases retained 6-bp
duplication of sequence adjacent to 3’-LTR and 5 end of provirus, which indicated that this
defective provirus was formed before the integration. In the remaining 4 cases, we did not find such
duplication, suggesting that this defective provirus was generated after the integration. Quantitative
analyses of the frequency of type 2-defective provirus was estimated to be under 5% in carriers,
which was much less than that among ATL cases (27%). Thus, this study shows that defective
provirus lacking 5’-LTR is generated both before and after the integration, and cells harboring type
2 defective provirus are selected during the leukemogenesis.

4) ldentification of aberrantly methylated genes in chronic lymphocytic leukemia cells: J.
FAN and M. MATSUOKA.

It is well known that the dysregulation of DNA methylation is implicated in the tumorigenesis of
various types of cancer. We focused on the epigenetic changes in B-chronic lymphocytic leukemia
(B-CLL) cells. Using methylated CpG island amplification/representational difference analysis
(MCA/RDA) method, we identified 5 hypermethylated and 27 hypomethylated regions compared
with normal B-cells. In addition, we found aberrantly expressed genes surrounding the
hypomethylated regions. We are now analyzing their function in the leukemogenesis of B-CLL.

5) Mechanism of HIV Fusion to the Host Cells: M. UENO, E. KODAMA, K. KAJIWARA, K.
SHIMURA, Y. SAKAGAMI, and M. MATSUOKA.

An HIV envelope protein, gp41, is involved in the fusion between viral and cellular membrane.
The N- and C-terminal peptides (e.g., N34 and C34, respectively) from gp4l1 two -helical domains
(N- and C-HR, respectively) have been shown to inhibit HIV infection. T-20 (enfuvirtide or Fuzeon),
one of C-HR peptides, efficiently inhibits HIV replication and is approved in the United States and
Europe. Recently, resistant variants for T-20 were reported. Sequence analyses of gp41 coding
region revealed that these variants contained amino acid substitutions in the N-HR region, amino
acid position 36 to 45. Primary mutations that conferred T-20 resistance were observed at Valine
position 38 (V38) and N43. However, replication of HIV-1 containing such substitutions was
heavily impaired. Interestingly, these variants also contained a silent mutation at L44, TTG to CTG.



It is unlikely that L44-CTG involved in T-20 resistance. L44-CTG is located in the Rev responding
element (RRE), important HIV-1 RNA structure for transportation of HIV-1 genome from nucleus
to cytosol. Therefore, we examined whether L44 silent mutation involves in HIV-1 replication. In
RRE secondary structure, L44-CTG seemed to compensate RRE structure impaired by the primary
mutation, N43K. Competitive HIV-1 replication assay revealed that L44-CTG mutation indeed
improved HIV-1 replication impaired by N43K. L44-CTG also improved HIV-1 replication
containing N43D. These results indicate that HIV has to maintain functions of both gp41 and RRE
to acquire resistance to fusion inhibitors.

6) Establishment of a Screening System for HIV Fusion Inhibitors: A. SAKAKIBARA, E.
KODAMA, K. 1ZUMI, and M. MATSUOKA.

An HIV fusion inhibitor, T-20 is one of effective agents in HIV-1 chemotherapy. However,
there are several limitations in the T-20 containing therapy, e.g., subcutaneous administration and
high cost. Development of small molecule fusion inhibitors is necessary. Assay systems using
HIV-1 and target cells (virus-cell infection assays) require at least 2 days to obtain the results and do
not usually provide the information regarding mechanism of action. Therefore, we have developed a
new assay system to screen compounds that have inhibitory effects on HIV-1 fusion with an enzyme
linked immuno-solvent assay (ELISA). Briefly, we constructed E. coli expression vectors to
generate proteins of gp41l N- and C-HR regions as fusion proteins with maltose binding protein
(MBP) and glutathione S-transferase (GST), respectively. These fusion proteins were expressed in E.
coli and purified with affinity column chromatographies. GST-C-HR and MBP-N-HR were used as
a coating protein and a binding protein, respectively. Binding of MBP-N-HR to GST-C-HR was
detected by alkaline phosphatase conjugated anti-MBP antibody. Various fusion inhibitory peptides
except for T-20 showed anti-fusion activity in our ELISA system like in virus-cell infection assays.
At present, we identified several small molecule fusion inhibitors using our system. Moreover, we
optimized binding of peptides that contained whole helical regions, mutations and deletions. This
would be useful for analysis of binding sites of small compounds. We plan to design and synthesize
potent fusion inhibitors. Note: This project is co-operated with Prof. N. Fujii, Kyoto University
Faculty of Pharmaceutical Science and Prof. T. Chiba, Akita National College of Technology.

7) 4’-Ethynyl Nucleosides for Drug Resistant HIV-1: A. KAWAMOTO, E. KODAMA, and M.
MATSUOKA.

Nucleoside reverse transcriptase inhibitors (NRTIs) such as azidothymidine (AZT) still play an
important role in the highly active anti-retroviral therapy (HAART) for HIV-infected patients. At
present, over 10 NRTIs are clinically approved in Japan. However, eradication of HIV has not been



achieved yet and long-term therapy allows emergence of drug resistant HIV. Thus, development of
new NRTIs active against resistant variants is still required. We have identified the new class of
HIV reverse transcriptase inhibitor, 4’-ethynyl- 2’-deoxyadenosine (4’-E-dA), which efficiently
inhibited all drug resistant variants tested. 4’-E modification confers inhibitory effect on
3’-substituted NRTIs resistant variants. To increase inhibitory effect on HIV replication and reduce
the cytotoxicity, we further modified 4’-E nucleosides and examined their activities. At present we
found that a fluoro-substitution at 2-adenine (2F-4’-E-dA) dramatically enhanced anti-HIV activity.
The substitution also conferred resistance to adenosine deaminase which enzyme catalyzes
adenosine to inosine. Interestingly, 2F-4’-E-dA primarily phosphorylated by cellular deoxycytidine
kinase (dCK). Since level of dCK expression is similar both in resting and activated lymphocytes,
2F-4’-E-dA might be effective against both dividing and resting cells. Thus, 2F-4’-E-dA holds
unique properties for anti-HIV chemotherapy as NRTIs.
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EXPERIMENTAL RESEARCH CENTER FOR INFECTIOUS DISEASES
LABORATORY OF MOUSE MODEL

Our research objective is to understand the molecular mechanisms that control chromatin
function and genome diversity & stability in mammals. To address this question, we are currently
analyzing functional molecules which are expressed in the nucleus.

1) Biochemical and Genetic Analysis of Euchromatic Histone H3 Lysine 9
Methylatransferases: M. TACHIBANA, J. UEDA, M. FUKUDA and Y. SHINKAI
a. Biochemical and Genetic analysis of a G9a/GLP histone methyltransferase complex.
Histone H3 lysine 9 (H3K9) methylation is a crucial epigenetic mark for transcriptional
silencing. Targeted deletion of G9a loci leads drastic loss of euchromatic H3K9 dimethylation,
suggesting that G9a is a dominant H3K9 methyltransferase in mammal. However, there is one
G9a-related protein, named GLP/Eu-HMTase, in mammal. Our genetic and biochemical analysis
indicated that G9a and GLP form a tight complex in many cell types in mouse and human and the
complex formation is essential for exerting enzymatic activity in vivo (Tachibana et al. 2005). To
assess the enzymatic character of G9a/GLP more detail, we introduced amino acid point mutations
of a catalytic SET-domain of G9a or GLP, which domain is also essential for G9a/GLP
heterodimerization. The resultant mutant of G9a or GLP molecule was re-introduced into G9a or
GLP-KO ES cells respectively and analyzed in vivo H3K9 methylation status. These serial rescue
experiments indicated that G9a catalytic activity is responsible for in vivo H3K9 methylation,
while the activity of GLP is dispensable. (M. TACHIBANA)

b. Genetic analysis of G9a for germ cell development
Genetic study described above had also shown that G9a or GLP is essential for proper
embryogenesis, that is, each mutant embryo dies around E9.5. To address the potential roles of
G9a HMTase in the post-term animals, we have established mice carrying the floxed G9a-allele
G9a" , which can be deleted by the Cre-recombinase treatment. Then, we crossed G9a™" mice
with TNAP-Cre mice which express Cre-recombinase in a germ cell specific manner. Male of
germ cell specific G9a-KO mice were infertile, accompanied with the absence of mature sperm.
Female of those were also mostly sterile. Although one of such females (1/3) was fertile, the
numbers of offspring was severely reduced compared to WT-mice. Our current data show that
G9a-HMTase plays crucial roles for both of male and female germ cell development. (M.
TACHIBANA)

c. Functions of novel G9a/GLP associating zinc-finger molecule, Wiz



We identified another G9a associating molecule named Wiz (Widely-interspaced zinc finger
motifs) which contains six zinc-finger motifs. Like G9a and GLP, Wiz is a nuclear protein and
ubiquitously expressed in mouse tissues. Wiz can interact with G9a and GLP independently but
Wiz association is more stable in the G9a/GLP heteromeric complexes. Interestingly, Wiz siRNA
knocks down not only Wiz but also G9a. We have reported that GLP-deficiency also induces
reduction of G9a contents. These data suggest that G9a is protected from degradation in the
Wiz/G9a/GLP triple-complexes and Wiz may contribute to dominate the G9a/GLP heterodimer
formation. Furthermore, amino-acid sequence analysis predicts that Wiz possesses two potential
CtBP binding sites, and we find CtBP binding to Wiz and the association of CtBP with the
Wiz/G9a/GLP triple-complexes. These data indicate that Wiz not only contributes to the G9a’s
stability but also links the G9a/GLP heteromeric complex to the CtBP co-repressor machineries. (J.
UEDA)

d. Functions of novel G9a binding zinc-finger molecule, Znf462

In addition to Wiz, we have identified another G9a binding zinc-finger molecule named
Znf462 by the G9a-complex analysis. We detected the Znf462 association with the G9a/GLP
complex in human and mouse cell lines. Using various truncated G9a molecules, we mapped the
Znf462 binding region in G9a. When we introduced the G9a truncated molecule without a Znf462
potential binding-domain (G9adelta418-449) into the G9a-deficient ES cells, G9adelta418-449 still
formed a complex with GLP and Wiz. However, G9adelta418-449 very poorly rescued H3K9
methylation and suppressed one of G9a target genes, Mage-a. These data suggest that Znf462 is a
key molecule for the G9a recruitment to the G9a-target chromatin loci. (M. FUKUDA AND Y.
SHINKAI)

2) Functional Analysis of Mouse Telomere Binding Protein, TRF1l: K. OKAMOTO, T.
IWANO and Y. SHINKAI

Telomeres are comprised of telomeric DNA sequences and associated-binding molecules.
Their structure functions to protect the ends of linear chromosomes and ensure chromosomal
stability. One of the mammalian telomere binding factors, TRF1, localizes telomeres by binding to
double-stranded telomeric DNA arrays. Since the over-expression of wild-type and
dominant-negative TRF1 induces progressive telomere shortening and elongation in human cells,
respectively, a proposed major role of TRF1 was that of a negative regulator of telomere length.
However, we have described another crucial function of TRF1 on telomeres. In conditional mouse
TRF1 null mutant ES cells, mTRF1 deletion induced growth defect and chromosomal instability.
Although no clear telomere shortening or elongation was observed in short-term cultured
TRF1-deficient ES cells, abnormal telomere signals were observed and TRF1-interacting



telomere-binding factor, TIN2, lost telomeric association. Furthermore, another double-stranded
telomeric DNA binding factor, TRF2, also showed decreased telomeric association. Importantly,
end-to-end fusions with detectable telomere signals at fusion points accumulated in TRF1-deficient
ES cells (Iwano et al. 2004). To address how TRF1 integrates into these telomere functions, we
examined roles of TIN2 and TRF2 on the TRF1-deficient phenotypes. When we introduced
chicken TRF1 (chTRF1) into the TRF1-deficient ES cells, we detected chTRF1 binding to
telomeres but no chTRF1-mTIN2 association. None of TRF1-deficient phenotypes was rescued by
ckTRF1. We also introduced a chicken and mouse TRF1 fusion molecule containing a chicken
TRF1 dimerization domain and a mouse Myb telomere-binding domain (cmTRF1), but cmTRF1
again could not rescue any TRF1-deficient phenotypes. However, if TIN2-cmTRF1 fusion
molecules were introduced, the TRF1-deficient phenotypes of growth defect and accumulation of
yH2AX and reduction of TRF2 on telomeres were recovered. Interestingly, over-production of
TRF2 also rescued these TRF1-deficient phenotypes, but endogenous TIN2 accumulation on
telomeres was absent in this case. Recent studies showed that TIN2 can bind to not only TRF1 but
also TRF2. Therefore, our new findings suggested that TRF1 can stabilize the TRF2-telomere
association through TIN2 recruitment to telomeres and the TRF1/TIN2-mediated TRF2 loading to
telomeres is crucial for the telomere-end protection. However, neither of mTIN2-chTRF1 fusion
molecules nor over-production TRF2 rescued abnormal telomere signals observed in the
TRF1-deficient ES cells. This data also suggests that TRF2-independent TRF1 telomere function
could exist. (K. OKAMOTO AND T. IWANO)

3) Function of linker histone H1 in DNA repair: H. HASHIMOTO and Y. SHINKAI

Linker histone H1 has been thought to play a central role in the packaging of chromatin into
higher-order structures. In higher eukaryote, multiple H1 subtypes exist. There are six and eight H1
subtypes in chicken and mice respectively. Previous studies in those species showed that each H1
subtypes were mostly dispensable and deletion of any one of them had no clear effect on cell
growth or mice development. However, more recent studies described that some H1 subtypes
possess unique function(s).

To elucidate the role of linker histone H1 in DNA double strand break (DSB) repair, we
examined genotoxic sensitivities of each H1 subtype mutants in chicken B cell line, DT40.
Although any single or multiple H1 subtype mutants showed UV or IR sensitivities, only H1IR
deficient (H1R-/-) DT40 cells were more sensitive to the DNA-damaging agents, Vp-16 and
methyl methanesulphonate (MMS). Furthermore, H1R-/- DT40 cells showed accumulation of
spontaneous RADS51 foci, genomic instability and reduced gene targeting frequencies. These
results suggest that linker histone H1-mediated chromatin dynamics is involved in some
homologous recombination repair pathway(s). Interestingly, the spontaneous RAD51 and genomic
instability phenotypes in H1R-/- DT40 cells were rescued successfully with not only chicken H1R



but also specific mouse H1 subtype. This data further suggest that subtype specific H1 function on
DNA repair is maintained in higher vertebrates.
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EXPERIMENTAL RESEARCH CENTER FOR INFECTIOUS DISEASES
LABORATORY OF PRIMATE MODEL

The long-standing research objective of this laboratory headed by Prof. M. Hayamai is to understand the
molecular basis of pathogenesis by human retroviruses, HTLV and HIV, and to explore the ways to the cure and
prevention of the diseases caused by these viruses. The following three main projects are currently under way 1)
Phylogenetic analysis of HTLV and HIV and their related simian virus STLV and SIV. This project includes
studies on the origin, evolution and mutation of the member of the whole primate retrovirus family. 2) AIDS
animal model using monkeys and SIV/HIV chimeric viruses(SHIV).  Currently we are focusing to elucidate
the early virological and immunological events that occur in various tissues of macaques intraretally inoculated
with a pathogenic SHIV strain. In addition, some chemical and reagents are tested in vivo for their anti-viral
efficacies using SHIV- or SIV-infected monkeys housed in a P3-level animal facility in this animal model
project. 3) Development of AIDS vaccines by use of either live-attenuated viruses or semi-live attenuated
viruses that can produce non-infectious viral particles.

1) Early virological events in various tissues of newborn monkeys after intrarectal infection with
pathogenic simian human immunodeficiency virus : Miyake A, Ibuki K, Suzuki H, Horiuchi R,
Saito N, Motohara M, Hayami M, Miura T.

Children infected with human immunodeficiency virus type 1 often have higher viral loads and progress to
acquired immunodeficiency syndrome more rapidly than adults. In our previous study of simian-human
immunodeficiency virus (SHIV)-infected adult monkeys, immature CD4CD8 double-positive T cells in the
thymus and jejunum decreased faster than mature CD4 single-positive T cells. We examined the effect of virus
replication on immature T cells from the same SHIV-inoculated newborn monkeys having more immature T
cells than adults. The infectious viruses were more abundantly detected in the thymus than in other tissues at
both 13 and 26 days post-infection (dpi). However, mature CD4(+) T cells in the thymus declined after 13 dpi
and immature CD3(-) CD4 single-positive T cells remained at 26 dpi. These results suggested that many
immature CD4(+) T cells in the thymus of newborns support the production of infectious viruses even after the
depletion of mature CD4(+) T cells.

2) Induction of immune response in macaque monkeys infected with simian-human
immunodeficiency virus having the TNF-alpha gene at an early stage of infection : Shimizu Y,
Miyazaki Y, Ibuki K, Suzuki H, Kaneyasu K, Goto Y, Hayami M, Miura T, Haga T.

TNF-alpha has been implicated in the pathogenesis of, and the immune response against, HIV-1 infection.
To clarify the roles of TNF-alpha against HIV-1-related virus infection in an SHIV-macaque model, we
genetically engineered an SHIV to express the TNF-alpha gene (SHIV-TNF) and characterized the virus's



properties in vivo. After the acute viremic stage, the plasma viral loads declined earlier in the
SHIV-TNF-inoculated monkeys than in the parental SHIV (SHIV-NI)-inoculated monkeys. SHIV-TNF
induced cell death in the lymph nodes without depletion of circulating CD4(+) T cells. SHIV-TNF provided
some immunity in monkeys by increasing the production of the chemokine RANTES and by inducing an
antigen-specific proliferation of lymphocytes. The monkeys immunized with SHIV-TNF were partly protected
against a pathogenic SHIV (SHIV-C2/1) challenge. These findings suggest that TNF-alpha contributes to the
induction of an effective immune response against HIV-1 rather than to the progression of disease at the early
stage of infection.

3) Protective efficacy of nonpathogenic nef-deleted SHIV vaccination combined with recombinant
IFN-gamma administration against a pathogenic SHIV challenge in rhesus monkeys : Kaneyasu K,
Kita M, Ohkura S, Yamamoto T, Ibuki K, Enose Y, Sato A, Kodama M, Miura T, Hayami M.

We previously reported that a nef-deleted SHIV (SHIV-NI) is nonpathogenic and gave macagues
protection from challenge infection with pathogenic SHIV-C2/1. To investigate whether IFN-gamma augments
the immune response induced by this vaccination, we examined the antiviral and adjuvant effect of recombinant
human IFN-gamma (rIFN-gamma) in vaccinated and unvaccinated monkeys. Nine monkeys were vaccinated
with nef-deleted nonpathogenic SHIV-NI. Four of them were administered with rIFN-gamma and the other five
monkeys were administered with placebo. After the challenge with pathogenic SHIV-C2/1, CD4(+) T-cell
counts were maintained similarly in monkeys of both groups, while those of the unvaccinated monkeys
decreased dramatically at 2 weeks after challenge. However, the peaks of plasma viral load were reduced to
100-fold in SHIV-NI vaccinated monkeys combined with rIFN-gamma compared with those in SHIV-NI
vaccinated monkeys without rlFN-gamma. The peaks of plasma viral load were inversely correlated with the
number of SIV Gag-specific IFN-gamma-producing cells. In SHIV-NI-vaccinated monkeys with rIFN-gamma,
the number of SIV Gag-specific IFN-gamma-producing cells of PBMCs increased 2-fold compared with those
in SHIV-NI-vaccinated monkeys without rIFN-gamma, and the NK activity and MIP-1alpha production of
PBMCs were also enhanced. Thus, vaccination of SHIV-NI in combination with rIFN-gamma was more
effective in modulating the antiviral immune system into a Th1 type response than SHIV-NI vaccination alone.
These results suggest that IFN-gamma augmented the anti-viral effect by enhancing innate immunity and
shifting the immune response to Th1.

4) Intrathymic effect of acute pathogenic SHIV infection on T-lineage cells in newborn macaques :
Suzuki H, Motohara M, Miyake A, Ibuki K, Fukazawa Y, Inaba K, Masuda K, Minato N,
Kawamoto H, Hayami M, Miura T.

We intrarectally infected newborn macaques with a pathogenic simian/human immunodeficiency virus
(SHIV) that induced rapid and profound CD4 (+) T cell depletion, and examined the early effects of this SHIV



on the thymus. After intrarectal infection, viral loads were much higher in the thymus than in other lymphoid
tissues in newborns. In contrast, no clear difference was seen in the viral loads of different tissues in adults.
Histological and immunohistochemical observations showed severe thymic involution. Depletion of CD4 (+)
thymocytes began in the medulla at 2 weeks post infection and spread over the whole thymus. After in vivo
infection, the CD2 (+) subpopulation, which represents a relatively later stage of T cell progenitors, was
selectively reduced and development of thymocytes from CD3 (-) CD4 (-) CD8 (-) cells to CD4 (+) CD8 (+)
cells was impaired. These results suggest that profound and irreversible loss of CD4 (+) cells that are observed
in the peripheral blood of SHIV-infected monkeys are due to destruction of the thymus and impaired
thymopoiesis as a result of SHIV infection in the thymus.

5) A novel simian immunodeficiency virus from black mangabey (Lophocebus aterrimus) in the
Democratic Republic of Congo : Takemura T, Ekwalanga M, Bikandou B, Ido E,
Yamaguchi-Kabata Y, Ohkura S, Harada H, Takehisa J, Ichimura H, Parra HJ, Nende M, Mubwo
E, Sepole M, Hayami M, MiuraT.

In order to understand primate lentivirus evolution, characterization of additional simian
immunodeficiency virus (SIV) strains is essential. An SIV from a black mangabey (Lophocebus aterrimus)
originating from the Democratic Republic of Congo was analysed phylogenetically. The monkey had
cross-reactive antibodies against human immunodeficiency virus type 1 (HIV-1) and HIV-2. The viral pol
region sequence was amplified by nested PCR and sequence analysis confirmed that it was related to known
SIV sequences. This is the first report to characterize genetically an SIV from the monkey genus Lophocebus.
Phylogenetic analysis of the pol region revealed that this novel SIV, designated SIVbkm, fell into the SIVsyk
and SIVgsn virus group, containing viruses isolated from the genus Cercopithecus, and suggests that
cross-species transmission has occurred between species of the genera Lophocebus and Cercopithecus.

6) Phylogenetic heterogeneity of new HTLV type 1 isolates from southern India in subgroup A :
Ohkura S, Yamashita M, Ishida T, Babu PG, Koyanagi Y, Yamamoto N, Miura T, Hayami M.

Seven isolates of human T cell leukemia virus type 1 (HTLV-1) were taken in southern India and
phylogenetically analyzed to gain new insights into the origin and dissemination of HTLV-1 in the subcontinent.
The new Indian HTLV-1s were found to be members of subgroup A (Transcontinental subgroup) of the
Cosmopolitan group. They formed three different clusters (South African/Caribbean, Middle Eastern, and East
Asian clusters). These results demonstrate that Indian HTLV-1s are genetically heterogeneous and include the
most divergent strain of subgroup A. On the basis of these results, we speculate that subgroup A HTLV- 1s may
have been present for thousands of years in India.
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1) Cell-binding properties of the envelope proteins of porcine endogenous retroviruses: R.
WATANABE, T. MIYAZAWA and Y. MATSUURA

To examine the binding properties of the envelope glycoproteins of porcine endogenous
retrovirus subgroups A and B (PERV-A and PERV-B), we produced two forms of soluble envelope
proteins, termed Env-ST and Env-SU, using a baculovirus expression system. Env-ST and Env-SU
encompass one-third of the N-terminal and the entire surface unit (SU) of the envelope protein,
respectively. Using these proteins, binding assays were performed in various mammalian cell lines.
The binding properties of the Env-STs that contain the putative receptor binding domain (RBD) did
not correlate with the susceptibility to the pseudotype viruses having PERV envelopes, whereas
those of the Env-SUs correlated fairly well. These results suggested that the Env-SUs but not
Env-STs interacted with their receptors in various cell lines. Interestingly, PERV-A Env-SU did not
bind to a mink cell line (Mv1-Lu cells) that is highly susceptible to the PERV-A pseudotype virus.
In addition, PERV-B Env-SU did not interfere with the PERV-B pseudotype virus on Mv1-Lu cells.
These results suggest the existence of a cognate receptor-independent entry pathway as
demonstrated in an immunodeficiency-inducing variant of feline leukemia virus FeLV.

2) Junctional adhesion molecule-1 is a functional receptor for feline calicivirus: A. MAKINO,
M. SHIMOJIMA, T. MIYAZAWA, K. KATO, Y. TOHYA and H. AKASHI

The life cycles of caliciviruses are not fully understood, because most of the viruses cannot
propagate in tissue culture cells. We studied the mechanism of calicivirus entry into cells,
employing feline calicivirus (FCV) that is one of the cultivable viruses. By retrovirus-mediated
expression cloning method, feline junctional adhesion molecule-1 (JAM-1), an immunoglobulin
(1g)-like protein which composes tight junction, was identified as a cellular binding molecule of
FCV F4 strain, a prototype strain in Japan. Feline JAM-1 expression in non-permissive cells led to
bindings and infections by F4 and all other strains tested. Anti-feline JAM-1 antibody blocked the
binding of FCV to permissive CRFK cells and strongly suppressed cytopathic effect (CPE) and
progeny production by FCV infection in the cells. Some strains of FCV, such as F4 and F25 strains,
have ability to replicate in Vero cells. We found that regardless of replication ability, FCV bound to
Vero and 293T cells via simian and human JAM-1, respectively. Anti-human JAM-1 antibody
inhibited bindings, CPE and progeny production by F4 and F25 in Vero cells. In addition, feline
JAM-1 expression permitted FCV infection in 293T cells. Taken together our results demonstrate
that feline JAM-1 is a functional receptor for FCV, simian JAM-1 also functions as a receptor for
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some strains of FCV, and the strict interaction between FCV and JAM-1 molecules may be a
determinant of the viral tropism. This is the first report concerning a functional receptor for the
viruses in the family Caliciviridae. There are some viruses, as well as FCV, that use Ig-like proteins
of tight junction for host cell entry, therefore targeting such proteins might be advantages for some
viruses to invade mucosal membranes and replicate efficiently in vivo.

3) Sequence variation of bovine prion protein gene in Japanese cattle (Holstein and Japanese
Black). S. NAKAMITSU, T. MIYAZAWA, M. HORIUCHI, S. ONOE, Y. OHOBA, H.
KITAGAWA and N. ISHIGURO

To assess relationships between nucleotide polymorphisms of the prion protein (PRNP) gene
and susceptibility to bovine spongiform encephalopathy (BSE), we investigated polymorphisms in
the open reading frame (ORF) and 2 upper regions of the PRNP gene from 2 Japanese cattle breeds:
863 healthy Holstein cattle, 6 BSE-affected Holstein cattle, and 186 healthy Japanese Black (JB)
cattle. In the ORF, we found single-nucleotide polymorphisms (SNPs) at nucleotide positions 234
and 576 and found 5 or 6 copies of the octapeptide repeat, but we did not find any amino acid
substitutions. In the upper region, we examined 2 sites of insertion/deletion (indel) polymorphisms:
a 23-bp indel in the upper region of exon 1, and a 12-bp indel in the putative promoter region of
intron 1. A previous report suggests that the 23-bp indel polymorphism is associated with
susceptibility to BSE, but we did not find a difference in allele frequency between healthy and
BSE-affected Holstein cattle. There were differences in allele frequency between healthy Holstein
and JB cattle at the 23- and 12-bp indels and at the SNPs at nucleotide positions 234 and 576, but
there was no difference in allele frequency of the octapeptide repeat. We identified a unique PRNP
gene lacking a 288-bp segment (96 amino acids) in DNA samples stocked in our laboratory, but this
deletion was not found in any of the 1049 cattle examined in the present study. The present results
provide data about variations and distribution of the bovine PRNP gene.
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