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インフルエンザウイルス

ウイルス学／ウイルス研究とは？

・ウイルスの増殖と病原性の機構を理解して、
　ウイルスによる疾病を制御する
・ウイルスを探針として、
　生物の原理を理解する
・ウイルスを改変して、
　新たなバイオテクノロジーを開発する
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ウイルスというものは、
ゲノムとしてDNAかRNAを持つ有機化合物の複合体

従って、ウイルスの複製には、
ウイルスのみならず宿主細胞由来の因子が必須



2008  Harald zur Hausen, for his discovery of human papilloma viruses causing cervical cancer (The Nobel Prize in Physiology or Medicine)
          Françoise Barré-Sinoussi, Luc Montagnier, for their discovery of human immunodeficiency virus (The Nobel Prize
           in Physiology or Medicine)
2006  Andrew Z. Fire, Craig C. Mello, for their discovery of RNA interference - gene silencing by double-stranded RNA (The Nobel Prize in
          Physiology or Medicine)
1999  Günter Blobel, for the discovery that proteins have intrinsic signals that govern their transport and localization in the cell (The Nobel Prize in
          Physiology or Medicine)
1997  Stanley B. Prusiner, for his discovery of Prions - a new biological principle of infection (The Nobel Prize in Physiology or Medicine)
1996  Peter C. Doherty, Rolf M. Zinkernagel, for their discoveries concerning the specificity of the cell mediated immune defence
          (The Nobel Prize in Physiology or Medicine)
1993  Richard J. Roberts, Phillip A. Sharp, for their discoveries of split genes (The Nobel Prize in Physiology or Medicine)
1989  J. Michael Bishop, Harold E. Varmus, for their discovery of the cellular origin of retroviral oncogenes (The Nobel Prize in
           Physiology or Medicine)
1989  Baruj Benacerraf, Jean Dausset, George D. Snell, for their discoveries concerning genetically determined structures on the
          cell surface that regulate immunological reactions (The Nobel Prize in Physiology or Medicine)
          Paul Berg, for his fundamental studies of the biochemistry of nucleic acids, with particular regard to recombinant-DNA (The
          Nobel Prize in Chemistry)
          Walter Gilbert, Frederick Sanger, for their contributions concerning the determination of base sequences in nucleic acids (The
          Nobel Prize in Chemistry)
1978  Werner Arber, Daniel Nathans, Hamilton O. Smith, for the discovery of restriction enzymes and their application to problems of
          molecular genetics (The Nobel Prize in Physiology or Medicine)
1976  Baruch S. Blumberg, D. Carleton Gajdusek, for their discoveries concerning new mechanisms for the origin and dissemination
          of infectious diseases (The Nobel Prize in Physiology or Medicine)
1975  David Baltimore, Renato Dulbecco, Howard Martin Temin, for their discoveries concerning the interaction between tumour
          viruses and the genetic material of the cell (The Nobel Prize in Physiology or Medicine)
1969  Max Delbru"ck, Alfred D. Hershey, Salvador E. Luria, for their discoveries concerning the replication mechanism and the
          genetic structure of viruses (The Nobel Prize in Physiology or Medicine)
1966  Peyton Rous, for his discovery of tumour-inducing viruses (The Nobel Prize in Physiology or Medicine)
1965  Franc,ois Jacob, Andre' Lwoff, Jacques Monod, for their discoveries concerning genetic control of enzyme and virus
          synthesis (The Nobel Prize in Physiology or Medicine)
1962  Francis Harry Compton Crick, James Dewey Watson, Maurice Hugh Frederick Wilkins, for their discoveries concerning the
          molecular structure of nucleic acids and its significance for information transfer in living materia (Nobel Prize in Physiology or
          Medicine)
1958  Joshua Lederberg, for his discoveries concerning genetic recombination and the organization of the genetic material of bacteria
          (Nobel Prize in Physiology or Medicine)
          George Wells Beadle, Edward Lawrie Tatum, for their discovery that genes act by regulating definite chemical events (Nobel
          Prize in Physiology or Medicine)
1954  John Franklin Enders, Thomas Huckle Weller, Frederick Chapman Robbins, for their discovery of the ability of poliomyelitis
           viruses to grow in cultures of various types of tissue (Nobel Prize in Physiology or Medicine)
1951  Max Theiler, for his discoveries concerning yellow fever and how to combat it (Nobel Prize in Physiology or Medicine)
1946  John Howard Northrop, Wendell Meredith Stanley, for their preparation of enzymes and virus proteins in a pure form (The
           Nobel Prize in Chemistry)

ウイルス学研究から生まれた主なノーベル賞



Methods from Virus Research

Brakke (1951, 1953)
          sucrose density gradient for virus isolation

Watson & Crick (+Franklin & Wilkins) (1953)
          DNA double helix

Harris & Watkins (1965)
          virus -mediated cell fusion to produce heterokaryon

Graham & van der Eb (1973)
          DNA transfection

Holmes & Klug (1977)
          3D structure of TMV

Sanger (1977)
          dideoxy sequencing method

Maxam & Gilbert (1977)
          chemical sequencing method



DNA transfection 

A new technique for the assay of infectivity of human adenovirus 5 DNA 
Graham F L, van der Eb A J. Virology, 52 :456-467, 1973. 

          A new technique for assaying infectivity of adenovirus 5 DNA has been
developed.  Viral DNA was diluted in isotonic saline containing phosphate at a low
concentration, and calcium chloride was added, resulting in the formation of a calcium
phosphate precipitate.  DNA coprecipitated with the calcium phosphate and, when the
resulting suspension was added to human KB cell monolayers, became adsorbed to the
cells.  Following adsorption, uptake of DNA into the cells occurred during an incubation
in liquid medium at 37 °C in the continued presence of extra calcium chloride.  For
adenovirus 5 DNA the assay resulted in up to 100-fold more plaques than could be
obtained using DEAE-dextran.  Furthermore a reproducible relationship between
amounts of DNA inoculated per culture and numbers of plaques produced was
demonstrated.  The assay was most efficient at high DNA concentrations (10–30 µg/ml);
below this range the addition of carrier DNA was necessary for optimum results.
          In addition to adenovirus 5 DNA, the technique has been used successfully to
assay infectivity of DNA from adenovirus 1 and simian virus 40.

A question was whether adenovirus DNA itself is infectious.



Maxam & Gilbert method -chemical sequencing method-
DNA binding of the lac repressor.
Riggs A D, Bourgeois S, Newby R F, Cohn M.
J. Mol. Biol., 34: 365-368, 1968. 
Catabolite repression of the lac operon.  Effect of mutations in the lac promoter.
Yudkin M D.
 Biochem J., 118: 741-746, 1970.

A question was what is the lac operator.



Sanger method -dideoxy sequencing method-

A question was why nucleotide numbers do not correspond
to amino acid numbers in φX174.

A rapid method for determining sequences in DNA by primed synthesis with DNA polymerase.
Sanger F, Coulson A R.  J. Mol. Biol., 94: 441-448, 1975.
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Poliovirus-induced RNA polymerase and the effects of virus-specific inhibitors on its production.
Baltimore D, Eggers H J, Franklin R M, Tamm I.
Proc. Natl. Acad. Sci. U S A., 49: 843-849, 1963.

In vitro synthesis of viral RNA by the poliovirus RNA polymerase.
Baltimore D.
Proc. Natl. Acad. Sci. U S A., 51: 450-456, 1964.

Ribonucleic acid synthesis of vesicular stomatitis virus. I. Species of ribonucleic acid found in Chinese hamster
ovary cells infected with plaque-forming and defective particles.
Stampfer M, Baltimore D, Huang A S.
J. Virol., : 154-161, 1969.

Ribonucleic acid synthesis of vesicular stomatitis virus, II. An RNA polymerase in the virion.
Baltimore D, Huang A S, Stampfer M.
Proc. Natl. Acad. Sci. U S A., 66: 572-576, 1970.

David Baltimoreのポリメレース遍歴



Autocatalytic synthesis of a viral RNA in vitro.
Haruna I, Spiegelman S.
Science, 150: 884-886, 1965.

A search for an intermediate involving a complement during
synchronous synthesis by a purified RNA replicase.
Haruna I, Spiegelman S.
Proc. Natl. Acad. Sci. U S A., 55: 1256-1263, 1966

日本人も貢献、ポリメレースの歴史

Molecular basis for RNA polymerization by Qβ replicase.
Takeshita D, Tomita K.
Nat. Struct. Mol. Biol., 19: 229-237, 2012. 



To Understand the Central Dogma
DNA Replication
・adenovirus
　　Kelly (1979)          first in vitro eukaryotic DNA replication system
　　Hurwitz (1979, 1980), Stillman (1981)
・SV40
　　Kelly (1984)         in vitro cellular type DNA replication system
　　Hurwitz (1985), Stillman (1985)

Transcription
・ adenovirus
　　Roeder (1979)          first in vitro eukaryotic transcription system
　　Matsui  (1980), Chambon (1980), Sharp (1982)

Reverse Transcriptase
・mouse leukemia virus, Rous sarcoma virus
　　Baltimore, Temin (1970)          finding of RT

Splicing
・adenovirus
　　Sharp, Roberts, Chambon (1977)          finding of splicing

Cap Structure
・cytoplasmic polyhedrosis virus
　　Miura (1975)          finding of cap structure

IRES
・poliovirus, encephalomyocarditis virus
　　Sonenberg, Wimmer (1988)          cap-independent translation



Multiple forms of DNA-dependent RNA polymerase in eukaryotic organisms.
Roeder R G, Rutter W J.
Nature, 224: 234-237, 1969.

ちなみに、　DNA-dependent RNA polymerases
Poxvirus DNA-dependent RNA polymerase.
Kates J R, McAuslan B R.
Proc. Natl. Acad. Sci. U S A., 58: 134-141, 1967.

RNA polymerase activity in purified infectious vaccinia virus.
Munyon W, Paoletti E, Grace J T Jr.
Proc. Natl. Acad. Sci. U S A., 58: 2280-2287, 1967.



Cap structure
A blocked structure at the 5' terminus of mRNA from cytoplasmic polyhedrosis virus.
Furuichi Y, Miura K.
Nature, 253: 374-375, 1975.

翻訳では・・

IRES
A segment of the 5' nontranslated region of encephalomyocarditis virus RNA directs
internal entry of ribosomes during in vitro translation.
Jang S K, Kräusslich H G, Nicklin M J, Duke G M, Palmenberg A C, Wimmer E.
J. Virol., 62: 2636-2643, 1988.

Determinants in the 5' noncoding region of
poliovirus Sabin 1 RNA that influence the
attenuation phenotype.
Kawamura N, Kohara M, Abe S, Komatsu T,
Tago K, Arita M, Nomoto A.
J. Virol., 63: 1302-1309, 1989.



Splicing
Spliced segments at the 5' terminus of adenovirus 2 late mRNA.
Berget S M, Moore C, Sharp P A.
Proc. Natl. Acad. Sci. U S A., 74: 3171-3175, 1977.

お手軽ノーベル賞（１）

Northern blottingで短かったので、・・・



Immune System

MHC restriction
Zinkernagel & Doherty (1974) using lymphoctyic choriomeningitis virus

virus A

CTL added to

strain X mouse

strain X mouse
fibroblasts
infected with
virus B

strain Y mouse
fibroblasts
infected with
virus A

strain X mouse
fibroblasts
infected with
virus A

killed

not killed

not killed

Antigen presentation on MHC
Townsend, Wraitch (1987) using influenza virus
X-ray crystallography of class I MHC
Bjorkman (1987)

Interferon
Nagano & Sawai, Kojima (1954)
Isaacs & Lindenmann (1957)



MHC
Restriction of in vitro T cell-mediated cytotoxicity in lymphocytic choriomeningitis
within a syngeneic or semiallogeneic system.
Zinkernagel R M, Doherty P C.
Nature, 248: 701-702, 1974.

お手軽ノーベル賞（2）



for Cancer Research/Cell Cycle Control
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Oncogene in normal cells
DNA related to the transforming gene(s) of avian sarcoma viruses is present
in normal avian DNA.
Stehelin D, Yarmus H E, Bishop J M, Vogt P K.
Nature, 260: 170-173, 1976.

お手軽ノーベル賞（3）



Molecular Virology

To understand the molecular mechanism
of multiplication and pathogenesis

To control and prevent virus diseases
To develop novel technology

Contribution from Japan
                             quoted in “Virology, 4th edition (edited by Fields)”



Uchiyama T, 1977, Blood
Yoshida M, 1982, PNAS

Kuroda M, Ishida N, 
1953, Yokohama Med Bull

Shioda T, 
1983, 1986, NAR

Ihara T, 1984, Virology

Kurogi H, 
1987, Vet Microbiol

Imai M, 1983, PNAS
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Matsui SM, 1990, JV
Nagagomi O, 1990, JV
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Sugiyama K, 1981, Virology

Tsukiyama T, 1990, Virology

Sakaoka H, 1994, JGV

Ogura M, 1987, JV

Tamashiro JC, 1986, JV

Kinoshita H, 1988, JV

Inoue N, 1994, JV
Isegawa, Y, 1999, JV

Makino S, 
1987, Nature
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1981, Nature
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1990, PNAS

Takeda M, 
1999, Virology

Tanabayashi K, 1990, Virology
Takeuchi K, 1988, JGV

Saito H, 1996, Microbiol Immunol

Okazaki K, 1992, Virology

Kawano M, 1990, Virology

Tsurudome M, 1989, Virology

Suzu S, 1987, NAR
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Bando H, 1990, Virology

Fukushi S, 1994, BBRC

Hashimoto H, 1988, Virus Gene

Ito T, 1997, JV
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Arikawa J, 1989, JGV

Nagata L, 1987, Virology

Fukudome K, 1989, Virology
Suzuki H, 1985, Arch Virol

Takeda A, 
1988, Science

Koike S, 1991, PNAS

Imai S, 1998, JV
Sugano N, 1997, J Exp Med
Uchida J, 1999, Science

Furukawa M, 1994, J Immunol
Hasegawa H, 1994, JV

Kimura T, 1994, Arch Virol

Yokomori K, 1992, JV
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Ito Y, 1983, Arch Virol

Komai K, 1988, Virology
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Suzuki H, 1996, JV
Taguchi F, 1993, JV
Yokomori K, 1989, Virology
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Fukuhara N, 1987, ArchVirol

Yoyoda T, 1987, Virology

Oda T, 2000, Virology

Kimura H, 1997, Virology
Namazue J, 1989, Intervirology

Shiraki K, 1982, JGV

Hata A, 1996, Virus Res
Mukai T, 1997, Microbiol Immunol
Takeda K, 1996, Virology

Takeuchi K, 1994, JV

Sato SB, 1983, PNAS

Sakaguchi T, 1997, PNAS

Ohuchi M, 1994, JV
Nobumasa E, 1991, Virology
Kawaoka Y, 1988, PNAS

Hongo S, 1997, JV

Takimoto T, 1998, JV

Takada A, 1997, PNAS
Ito H, 1999, JV

Kawano H, 1990, JGV

Kato N, 1993, JV
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Konishi E, 1993, JV
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Mizushima H, 1994, JV
Takikawa S, 2000, JV

Hasegawa H, 1992, Virology

Tanabayashi K, 1996, JV
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Mizutani T, 1998, Arch Virol

Sakuma S, 1971, JV

Kitaoka S, 1986, Antiviral Res

Fujisawa T, 1988, Cell
Hagino-Yamagishi K, 1987, JV

Masuda T, 1998, JV
Sakai H, 1993, JV

Tanese N, 1988, PNAS

Murakami Y, 1986, PNAS
Waga S, 1994, JBC
Tsurimoto T, 1990, Nature
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Hayashi ML, 2000, PNAS

Takekoshi M, 1991, Gene
Watanabe S, 1993, Virology

Koji I, 2001, JV
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Nagaya T, 1987, Genes Dev
Tagawa M, 1987, JV
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Mizumoto K, 1987, 
Prog Nucl Acid Res Mol Biol

Ihara T, 1985, VirologyFuruichi Y, 1975, PNAS

Nonoyama M, 1974, NAR

Watanabe Y, 1968, JMB
Yamakawa, 1981, JBC

Imai M, 1983, JV

Nomono A, 1976, PNAS

Hamaguchi M, 1985, Virology

Ago H, 1999, Structure Fold Des

Shimizu N, 1989, Virology

Yoshinaga S, 1986, EMBOHSVNishioka Y, 1977, PNAS

Harada S, 1997, JV

Kato T, 1989, Microbiol Immunol
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Fukai K, 1997, Virology 
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Matsuoka Y, 1994, JBC
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Shoya Y, 1998, JVMunemitsu SM, 
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Ichihashi Y, 
1981, Virology

Nakada S, 1985, JV
Hatada E, 1992, JGV

Sato TA, 1988, Arch Virol
Hirano A, 1992, PNAS

Naruse H, 1981, Virology

Sakaguchi T, 
1991, Virology

Hirota M, 1999, Virology

Hirowatari Y, 1993, Arch Virol

Honda M, 1996, RNA
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Kaneko T, 1994, BBRC
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Moriya K, 1998, Nat Med
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Tahara SM, 1994, Virology
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Virology supported Biology Biology suports Biology and Virology

General Biology

Virology / Virus Research
Developmental Biology

Physiology
Immunology

Pathology

Cell Biology Molecular Biology

Structural Biology
Evolutional Biology

And so on
-
-
-


