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1)  Regulation of innate antiviral defenses through a shared repressor domain in 
RIG-I and LGP2: Saito, T., Hirai, R., Loo., Yueh-Ming., D, Owen., C, L. 
Johnson., S., C. Shinha., Akira, S., Fujita T. and Gale Jr., M.  

 

RIG-I is an RNA helicase containing caspase activation and recruitment 

domains (CARDs).  RNA binding and signaling by RIG-I are implicated in pathogen 

recognition and triggering of interferon a/b (IFN) immune defenses that impact cell 

permissiveness for hepatitis C virus (HCV).  Here we evaluated the processes that 

control RIG-I signaling.  RNA binding studies and analysis of cells lacking RIG-I or 

the related MDA5 protein demonstrated that RIG-I but not MDA5 efficiently binds to 

secondary structured HCV RNA to confer induction of IFN- b expression.  We also 

found that LGP2, a helicase related to RIG-I and MDA5 but lacking CARDs and 

functioning as a negative regulator of host defense, binds HCV RNA. In resting cells 

RIG-I was maintained as a monomer in an autoinhibited state but during virus infection 

and RNA binding it undergoes a conformation shift that promotes self-association and 

CARD interactions with the IPS-1 adaptor protein to signal IRF-3 and 

NF-kB-responsive genes.  This reaction is governed by an internal repressor domain 

(RD) that controls RIG-I multimerization and IPS-1 interaction.  Deletion of the RIG-I 

RD resulted in constitutive signaling to the IFN- b promoter, whereas RD expression 

alone prevented signaling and increased cellular permissiveness to HCV.  We 

identified an analogous RD within LGP2 that interacts in trans with RIG-I to ablate 

selfassociation and signaling.  Thus, RIG-I is a cytoplasmic sensor of HCV and is 

governed by RD interactions that are shared with LGP2 as an on-off switch controlling 

innate defenses.  Modulation of RIG-I/LGP2 interaction dynamics may have 

therapeutic implications for immune regulation. 

 

2) Viral Infections Activate Types I and Ⅲ  Interferon Genes through a 

Common Mechanism: Onoguchi, K., Yoneyama, M., Takemura, A., Akira, S., 
Taniguchi, T., Namiki, H., and Fujita, T. 

 



Viral infections trigger innate immune responses including production of type I 

interferons (IFN-a, -b) and other proinflammatory cytokines. Novel antiviral cytokines, 
IFN-λs (IFN-λ1, IFN-λ2, and IFN-λ3) are classified as type III IFN, and have evolved 

independently of type I IFN.  Type III IFN genes are regulated at the level of 

transcription and induced by viral infection.  Although regulatory mechanisms of type 
I IFNs is well elucidated, the expression mechanism of IFN-λs is not well understood.  

Here, we analyzed the mechanism by which IFN-λ gene expression is induced by viral 

infections.  Loss and gain of function experiments revealed the involvement of RIG-I, 

IPS-1, TBK-1 and IRF-3, key regulators of the virus-induced activation of type I IFN 
genes.  Consistent with this, a search for the cis-regulatory element of human IFN-λ1 

gene revealed a cluster of IRF binding sites and a NF-kB binding site.  Functional 

analysis demonstrated that all of these are essential for gene activation by the virus.  

These results strongly suggest that type I and III IFN genes are regulated by a common 

mechanism. 

 

3)  Takahasi K, Yoneyama M., Nishihori T., Hirai R., Kumeta H., Narita, R., Gale 
Jr. M., Inagaki F. and Fujita T.: Non-self RNA-Sensing Mechanism of RIG-I 
Helicase and Activation of Antiviral Immune Responses.  

 

A DExD/H protein, RIG-I, plays a critical role in the initiation of innate antiviral 

responses by sensing viral RNA.  RIG-I binds to two distinct viral RNA patterns: 

double-stranded (ds) and 5’ppp-single-stranded (ss) RNA.  We found that RIG-I 

exhibits dsRNA unwinding activity, which requires >15 nt 3’ overhang at the substrate 

end.  Transfection of a series of dsRNA with different end structures revealed that 

susceptibility to helicase activity is reversibly correlated to its potential to activate 

antiviral signaling and presence of 5’- or 3’-monophosphate is another requirement.  

Thus, two structurally distinct viral RNA patterns are functional ligands for RIG-I.  

Binding of RIG-I with dsRNA or 5’ppp-ssRNA in the presence of ATP, conforms a 

common structure as suggested by the generation of trypsin-resistant complex.  Further 

analyses demonstrated that the two RNA patterns are recognized by C-terminal domain 

of RIG-I (CTD).  Structural analysis of CTD by NMR and its titration by the RIG-I 

ligands in conjunction with mutagenesis revealed that a basic surface of CTD with 

characteristic cleft interacts with the RIG-I ligands.  CTD coincides with previously 



identified repression domain, which is responsible for interaction with helicase linker 

region, thereby causing auto-repression.  Our results suggest that bipartite structure of 

CTD critically regulates in both auto-repression and de-repression upon encounter with 

viral RNA patterns. 
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２００７年度のメンバーは、藤田尚志（教授）、米山光俊（準教授）、平井玲子

（研究員）、尾野本浩司、小野口和英（早稲田大学大学院生命理工研究科博士後

期課程３年、生命科学研究科特別研究学生）、Anna Wrabel（生命科学研究科博

士課程１年）、成田亮（生命科学研究科修士課程２年）、影山麻衣子、繁本妙子、

柊茜（生命科学研究科修士課程１年）、丁維俊（研修員、成都葯医大学、中華人

民共和国）、竹村明澄、中原志保（技術職員）、森田裕弥（秘書）の１４名であ

った。 

 当研究分野ではウイルス感染に応答して引き起こされる I 型インターフェロ

ンの発現誘導などの、自然免疫反応のメカニズムを研究している。この一連の

反応は細胞がウイルスの感染を感知することから開始される。この反応をつか

さどるセンサー分子が RNA ヘリカーゼの一つである、retinoic acid-inducible 

gene-I, (RIG-I)であることを２００４年に発表した。RIG-I に類似した MDA5、

LGP2 という分子も存在しており、これらを総称して RIG-I like receptor (RLR)

と呼ぶ。RIG-I がウイルス核酸を認識する機構を図に示す。 

 

図－１RIG-I による二重鎖 RNA（dsRNA）と 5’三燐酸一本鎖 RNA（5’ppp 

ssRNA）の認識と抗ウイルスシグナル伝達。（A）dsRNA や 5’ppp ssRNA は RIG-I

のカルボキシル末端ドメイン（CTD）に結合する。dsRNA のうち、3’突出を持つ

ものは RIG-I のヘリカーゼ活性により解かれ、RIG-I 分子から解離するためにシ

グナルを伝えることが出来ない。（B）しかしそれ以外のものは RIG-I と安定な

複合体を形成し、そのコンホメーションを変化させる。この立体構造の変化は

ATP の存在下で誘導され、その結果、CARD ドメインが露出される。CARD ドメイ

ンはオリゴマー化し、下流のシグナルアダプターである IPS-1 の CARD と相互作

用することによってシグナルが伝達される。人工二重鎖 RNA ポリ I:C は RIG-I

ト結合するが、異なった構造変化を誘導するため、シグナルを活性化すること

が出来ない。 
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