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ⅢƲ 

 

miRNAʜǙȈɏ���ǻn"ʛÐïʲɒ¦ʉʮ 

 

ƖƓ 

 

ɱ miRNAʜɲŀƓ mRNAʛ poly(A)ɌʛFȁʗǙȈõLʗɸɹ�ʓʛźƱʇʏf

àǊȠʲ�ʇʕɀ��ƒžʲõLʇʕɸʮɳAgo1ǋnˑ˼ˠˁțʖɷʮ GW182

ʜɲCCR4-NOTǻn"ʛľï��ʖɷʮ NOT1 ʗƗĆǋnʉʮʄʗʖɲpoly(A)

ɌFȁɄǅʲŀƓ mRNA�ʡʗƬĻƓʚxʟȪʳʖɻʭ (Braun et al., 2011; 

Chekulaeva et al., 2011; Fabian et al., 2011)ɲpoly(A)ɌʛFȁʚÞɥʛÓPʲ

úʒʕɸʮɳ �ęʖǙȈõLʚɑʇʕʜɲGW182'�Ɠɲɡ'�Ɠʛ�ʓʛƌ

ʙʮõLǊȠɽ��ʇʕɻʭɲʗʩʚ 43Sǻn"ɽŀƓ mRNA�ʚxʟȪʥʯ

ʮǙȈɏ�ŋɖʲɒ¦ʇʕɸʮʗǚɺʬʯʕɸʮ (Fukaya and Tomari, 2012) (Ⅱ

Ʋ)ɳʇɼʇɲʍʛȌǇʙF�łľʜĠʬɼʗʙʒʕɸʙɸɳ 

ɱ ƙĸƃŷʚɻʂʮ 43Sǻn"ʛxʟȪʦʜɲeIF4Fǻn"ʗxʝʯʮǙȈɏ

���ǻn"ʛÐïʚ�ɾʀ'�ʇʕɸʮɳmRNAʛ 5´ĮƳʚɷʮ m7Gcapľ

ȳʜɲeIF4Fǻn"ʛľï��ʖɷʮ eIF4EʚʫʒʕƗĆȍȓʆʯʮɳeIF4Eʜ

ȟ�ˑ˼ˠˁțʖɷʮ eIF4G ʗǋnʇɲʆʬʚ DEAD-box RNA˧˷ʽ˿ˎʖɷʮ

eIF4A ɽ eIF4Gʲ�ʇʕxʟȪʄʥʯʮɳeIF4Gʜ 43S ˷˫ˏ˿˯ľï��ʖɷ

ʮ eIF3 ʗʩǋnʇʕɻʭɲmRNA�ʡ˷˫ˏ˿˯ʲxʟȪʧÓPʲúɹɳeIF4Aʜ

Ǥȡʛ˧˷ʽ˿ˎřäʚʫʒʕɲ5´UTRʛ�ńľȳʲȁɾʣʁʉʄʗʖɲ˷˫ˏ˿

˯ʚʫʮɏ�˅˘˼ʛȍȓʲ+ȵʇʕɸʮʗǚɺʬʯʕɸʮ (Gingras et al., 1999)ɳ

ʆʬʚɲpoly(A)Ɍǋnˑ˼ˠˁțʖɷʮ PABPʜɲmRNAʛ 3´ĮƳʚɷʮ

poly(A)Ɍʲȟ�ʗʇʕɲeIF4G ʗƗĆǋnʇʕɸʮɳPABP-eIF4GƘ�$ƅʜɲ

eIF4Fǻn"ʲ�£YʉʮʄʗʖǙȈɏ�ʲ+ȵʇʕɸʮ (Borman et al., 2000; 

Gray et al., 2000; Wakiyama et al., 2000; Kahvejian et al., 2005)ɳmiRNAɽ˷

˫ˏ˿˯ʛxʟȪʦʲõLʉʮʏʨʚʜɲ�ȆʛǙȈɏ�ŋɖʛɹʑɲɸʊʯɼ

ʛȹƪʲɒ¦ʉʮÞǼɽɷʮɽɲʍʛ$ƅůʜĠʬɼʗʙʒʕɸʙɸɳʍʄʖɲȋ

ɭƹ@Aľƺǁʗ UV ˁ˺ˋ˷˼ˁŖʲǉʦnʱʋʏĘʏʙȁĴóŖʲɏƒʇɲŀ
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Ɠ mRNA�ʚɻʂʮǙȈɏ���ǻn"ʛÐïʲ£ɉƓʚȁĴʇʏɳ  
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ǋĵ 

 

4-1. UV ˁ˺ˋ˷˼ˁʚʫʮǙȈɏ���ʛĺE 

  

ɱ FLAG-Ago1ʲȹOƒžʇʏ S2ǇǞùEŜʲƅɸʮʄʗʖɲȋɭƹ@ʚɻɸʕ

miRNAʚʫʮ poly(A)ɌʛFȁʗǙȈõLʲʍʯʎʯGʭFʂʕȁĴʉʮʄʗɽ

ʖɾʮ (Fukaya and Tomari, 2011; Fukaya and Tomari, 2012)ɳmiRNAɽʘʛ

ǙȈɏ���ʲŀƓʗʇʕˑ˼ˠˁțnïʲɒ¦ʉʮʛɼȁɾĠɼʉʏʨɲŀƓ

mRNA�ʚǋnʉʮǙȈɏ���ʲŸƌƓʚĺEʖɾʮĘʏʙȁĴóŖʛľƺ

ʲƖÿʇʏɳʍʄʖʥʊɲ186��ʛˑ˼ˠˁț˅˿˘ɦ�ʗɲ̇´ĮƳʚ̈̄��ʛ

,ȕɃHʲ�Tʇʏ poly(A)Ɍʲþʓ mRNAʲȇȄʇ (sORF-A114-N40; � 4-1A)ɲ

T7ˬ˷˰˶˿ˎʚʫʒʕ in vitroʖȢBʲǵʒʏɳ ʄʛʗɾɲUTPʛ�ʱʭʚ 4-

thio-UTPʲƅɸʕȢBfàʲǵɹʄʗʖɲmRNA�ʛʉʢʕʛ Uɽ 4-thio-Uʚ

ǕĈʆʯʏŸňʙ mRNAʲnïʇʏɳʆʬʚɲʍʛ 5´ĮƳʚĒ®ǒŀȓʆʯʏ

m7Gcapľȳʲ�Tʇʏ (� 4-1C)ɳʄʛmRNAʛ 5´UTRʜɲm7Gcapľȳɼʬ

Ĕɺʕ 2��Ɩɲɷʮɸʜ 13��Ɩ�Śʚʜʈʨʕ(4-thio-)Uɽžʯʮʫɹʚȇ

Ȅʇʕɷʮ (2U and 13U; � 4-1B)ɳ ̒̆ǇǞùEŜʗ in vitroʖnïʇʏ mRNA

ʲşʌnʱʋɲȋɭƹ@ǙȈfàʲǵʒʏɷʗɲUVʲŲ®ʉʮʄʗʖ 4-thio-Uʜ

ʍʛʅʀȫ4ʚ Ǖʉʮˑ˼ˠˁțʗʛʦ�jȯƓʙ?ĩǋnʲÐïʉʮɳUVŲ

®ÖɲRNaseAʚʫʒʕ mRNAʲėŶYʇɲSDS-PAGEʚʫʒʕfàŜʲFɛʇ

ʕĒ®ǒʲĺEʇʏ (� 4-1C)ɳRNaseAʜɲU ʗ Cʛ 3´3ʖʛʦŸƌƓʚ

RNAʲGėʉʮʛʖɲǋĵʗʇʕĒ®äŀȓʜ 2Uɷʮɸʜ 13Uʛ Ǖʖ?ĩ

ǋnʲÐïʇʕɸʮˑ˼ˠˁțʛʦʚ,þʆʯʮ (� 4-1B)ɳ 

ɱ ȁĴʛǋĵɲ30 kDaʥʏʜ 50 kDaȫ4ʛˑ˼ˠˁțɽɲʍʯʎʯʛ Ǖʖˁ

˺ˋ˷˼ˁʆʯʮĿ�ɽʦʬʯʏ (� 4-2AɲB)ɳanti-eIF4Eö"ɲʥʏʜ anti-

eIF4Aö" (� 4-2C)ʚʫʒʕʄʯʬʛˑ˼ˠˁțɽ;ƎŔɓʆʯʮʄʗɼʬɲʍʯ

ʬɽ eIF4E ʗ eIF4AʖɷʮʄʗɽƟɼʨʬʯʏ (� 4-2AɲB)ɳńʚʄʯʬʛ��

ʛäțʲƟɼʨʮʏʨɲeIF4Eɒ¦Nʖɷʮ m7GpppGɲʥʏʜ eIF4Aɒ¦Nʖ

ɷʮˡ˦˷ˋˑ˝˿˸���ʖ UV ˁ˺ˋ˷˼ˁʲǵʒʏɳʄʯʬʛǰNʜǙȈɏ�

��ʛ5ɾʲɒ¦ʉʮʄʗʖɲ˹ˬ˿ˑ˿mRNAɼʬʛˑ˼ˠˁțnïʲǮʇʀɒ
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¦ʉʮ (� 4-2D–F)ɳȁĴʛǋĵɲm7GpppGʜ eIF4Eʚʫʮ m7Gcapľȳʛȍ

ȓʲƴnƓʚɒ¦ʉʮʄʗʖɲeIF4Eʛˁ˺ˋ˷˼ˁVżʲ!�ʆʋʕɸʏ (� 4-

2G)ɳeIF4Eʚʫʮ m7GcapľȳʛȍȓʜɲeIF4AʛxʟȪʦʚʩÞǼʖɷʮʏ

ʨɲm7GpppG���ʖʜ eIF4Aʛˁ˺ˋ˷˼ˁʩoĢʚɒ¦ʆʯʕɸʏ (� 4-

2H)ɳ�ęʖɲeIF4Aʛ ATPaseřäʗ RNAǋnǟʲŸƌƓʚɒ¦ʉʮǰNʖ

ɷʮˡ˦˷ˋˑ˝˿˸ʜ (Bordeleau et al., 2006)ɲeIF4EʚʜÒɣʲ�ɺʊʚ

eIF4Aʛˁ˺ˋ˷˼ˁʛʦʲɒ¦ʇʏ (� 4-2GɲH)ɳ��ʛǋĵɼʬɲUV ˁ˺ˋ˷

˼ˁʚʫʒʕɲeIF4E ʗ eIF4AʛāWʲá¤ʚAžʖɾʮʄʗɽƟɼʨʬʯʏɳ 

ɱ ńʚɲǙȈɏ���ǻn"ʛÐïȹƪʚɻʂʮ poly(A)Ɍɲɻʫʟ PABPʛÓ

PʲȁĴʇʏɳPABPʜɲeIF4G ʗʛƘ�$ƅʲ�ʇʕǙȈɏ�ǻn"ʛÐïʲ

�£Yʉʮʄʗʖɲˑ˼ˠˁțnïʲ+ȵʚ¨�ʇʕɸʮ (Borman et al., 2000; 

Gray et al., 2000; Wakiyama et al., 2000; Kahvejian et al., 2005)ɳ¤ɗʚ S2

ǇǞùEŜ�ʚɻɸʕʩɲpoly(A)ɌʛŃĊʚʫʒʕǙȈVżʜ̅̄Fʛ̅��ʚ

ʥʖ!�ʇʏ (� 4-3AɲB)ɳoĿʚɲpoly(A)Ɍʲʩʓ˹ˬ˿ˑ˿mRNAʚɲPABP

ɒ¦��ʖɷʮƾǺ PAIP2 ˑ˼ˠˁțʲ$ƅʆʋʏ�nʩɲoƪÈʚǙȈVżɽ

!�ʇʏ (� 4-3E)ɳȹdʛƚǽʚ�ǥʇʕɲPABPɽłǟʲƒĉʖɾʙɸʄʯʬ

ʛı�ʖʜɲeIF4E ʗ eIF4Aʛˁ˺ˋ˷˼ˁVżɽʗʩʚ!�ʇʕɸʏ (� 4-3C–

G)ɳ��ʛǋĵɼʬɲȋɭƹ@fàǁʗ UV ˁ˺ˋ˷˼ˁʲǉʦnʱʋʮʄʗʚʫ

ʒʕɲm7Gcapľȳ ʗ poly(A)Ɍʚ'�ʇʏǙȈɏ�ǻn"ʛÐïʲá¤ʚAž

ʖɾʮʄʗɽƟɼʨʬʯʏɳ 
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� 4-1.ɱ UV ˁ˺ˋ˷˼ˁʚʫʮ RNA-ˑ˼ˠˁțƘ�$ƅʛĺE 
(A) sORF-A114-N40˹ˬ˿ˑ˿mRNAʛŁÉ�ɳ 
(B) ˹ˬ˿ˑ˿mRNAʛ 5´UTRɃHɳ5´ĮƳʚĨʩȫɸ 4-thio-U ʗ RNaseAG
ėɂ ʲʍʯʎʯȜ�ʗɟ�ʖƢʉɳ 
(C) UV ˁ˺ˋ˷˼ˁȁĴʛŁÉ�ɳ4-thio-U  (Ȝ�)ʲhʭȪʥʋʏmRNAʛ
m7GcapľȳʲĒ®äŀȓʇ (Ǒʛě)ɲS2ǇǞùEŜʗşʌnʱʋʏɳ365 nm
ʛ UVʲŲ®ʇʕ?ĩǋnʲÐïʆʋʏÖ (Ȝǒ)ɲRNaseAʚʫʒʕ mRNAʲė
ŶYʇɲ10% SDS-PAGEʚʫʒʕˑ˼ˠˁțʲFɛʇʏɳĒ®ǒʲĺEʉʮʄʗʖɲ
ˁ˺ˋ˷˼ˁʆʯʏˑ˼ˠˁțʛʦʲŸƌƓʚĺEʉʮʄʗɽEĲʮɳ¤ɭǁʛɏ

ƒʜµ·Ë¢_�ʚʫʮ8ǵƜƭʚ�ʔɸʏɳ 
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� 4-2.ɱ UV ˁ˺ˋ˷˼ˁʚʫʮ eIF4E ʗ eIF4AʛĺE 
(A) UV ˁ˺ˋ˷˼ˁʚʫʮ eIF4EʛĺEɳ4-thio-UʲhʭȪʥʋʏ sORF-2U-
A114-N40 ʛ m7GcapľȳʚĒ®ǒŀȓʲ¯<ʇɲS2ǇǞùEŜʗşʌnʱʋʏɳ
UVʲŲ®ʇˁ˺ˋ˷˼ˁʆʋʏÖɲanti-eIF4Eö"ʚʫʒʕ;ƎŔɓʲǵɸɲ
SDS-PAGEʚʫʒʕȁĴʇʏɳeIF4Eʜ m7Gcapľȳɼʬ̆���ʛ 4-thio-U
ʡVżƓʚˁ˺ˋ˷˼ˁʆʯʮɳ 
(B) UV ˁ˺ˋ˷˼ˁʚʫʮ eIF4AʛĺEɳ4-thio-UʲhʭȪʥʋʏ sORF-13U-
A114-N40 ʛ m7GcapľȳʚĒ®ǒŀȓʲ¯<ʇɲS2ǇǞùEŜʗşʌnʱʋʏɳ
UVʲŲ®ʇˁ˺ˋ˷˼ˁʆʋʏÖɲanti-eIF4Aö"ʚʫʒʕ;ƎŔɓʲǵɸɲ
SDS-PAGEʚʫʒʕȁĴʇʏɳeIF4Aʜ m7Gcapľȳɼʬ 13���ʛ 4-thio-
UʡVżƓʚˁ˺ˋ˷˼ˁʆʯʮɳ 
(C) $Ǻʇʏ anti-eIF4Aö"ʜɲS2ǇǞùEŜ�ʛ@�ä eIF4AʲŸƌƓʚȍ
ȓʉʮɳ 
(D) Rluc-A114-N40˹ˬ˿ˑ˿mRNAʛŁÉ�ɳ 
(E) Rluc-2Uɲ13U-A114-N40ʛǙȈʜ m7GpppGʚʫʒʕɒ¦ʆʯʮɳRlucŦ£
0ʜ ApppG$ƅĢʛ0ʚ¬ʇʕ˝˿˭˶ʷˌʇʕɸʮɳ 
(F) Rluc-2Uɲ13U-A114-N40ʛǙȈʜˡ˦˷ˋˑ˝˿˸ʚʫʒʕɒ¦ʆʯʮɳRlucŦ
£0ʜ DMSO$ƅĢʛ0ʚ¬ʇʕ˝˿˭˶ʷˌʇʕɸʮɳ 
(G) eIF4Eʛˁ˺ˋ˷˼ˁʜ m7GpppGʚʫʒʕɒ¦ʆʯʮɳApppGʪˡ˦˷ˋˑ˝
˿˸ʜ eIF4Eʛˁ˺ˋ˷˼ˁʚÒɣʲ�ɺʙɸɳ 
(H) eIF4Aʛˁ˺ˋ˷˼ˁʜ m7GpppGɲɻʫʟˡ˦˷ˋˑ˝˿˸ʚʫʒʕɒ¦ʆʯʮɳ
ApppGʪ DMSOʜ eIF4Aʛˁ˺ˋ˷˼ˁʚÒɣʲ�ɺʙɸɳ  
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� 4-3.ɱ PABPʜǙȈɏ���ǻn"ʛÐïʲ+ȵʉʮ 
(A) Rluc-A0ɲsORF-A0˹ˬ˿ˑ˿mRNAʛŁÉ�ɳ 
(B) Rluc-2U- A114-N40ɲA0ɻʫʟ Rluc-13U-A114-N40ɲA0ʛǙȈřäɳRlucŦ£
0ʜ poly(A)Ɍʲþʓʩʛʛ0ʚ¬ʇʕ˝˿˭˶ʷˌʇʕɸʮɳpoly(A)ɌʜǙȈʲ
řäYʉʮɳ 
(C) poly(A)ɌʛĩŰʚɻʂʮ eIF4Eʛˁ˺ˋ˷˼ˁɳpoly(A)Ɍɽʙɸʗ eIF4Eʛ
ˁ˺ˋ˷˼ˁVżɽ!�ʉʮɳ 
(D) poly(A)ɌʛĩŰʚɻʂʮ eIF4Aʛˁ˺ˋ˷˼ˁɳpoly(A)Ɍɽʙɸʗ eIF4Aʛ
ˁ˺ˋ˷˼ˁVżɽ!�ʉʮɳ 
(E) 10 μM GSTɲʥʏʜ GST-PAIP2���ʚɻʂʮ Rluc-2Uɲ13U-A114-N40ʛ

ǙȈřäɳRlucŦ£0ʜ GST$ƅĢʛ0ʚ¬ʇʕ˝˿˭˶ʷˌʇʕɸʮɳǙȈř
äʜ GST-PAIP2ʚʫʒʕɒ¦ʆʯʮɳ 
(F) PAIP2$ƅĢʚɻʂʮ eIF4Eʛˁ˺ˋ˷˼ˁɳPAIP2ʜ eIF4Eʛˁ˺ˋ˷˼ˁ
ʲɒ¦ʉʮɳ 
(G) PAIP2$ƅĢʚɻʂʮ eIF4Aʛˁ˺ˋ˷˼ˁɳPAIP2ʜ eIF4Aʛˁ˺ˋ˷˼ˁ
ʲɒ¦ʉʮɳ  
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4-2. Ago1-RISCʜ eIF4AʛȁɛʲÊɾȝʄʉ 

  

ɱ ˉ˵ʸˊ˵ʸ˟ʺ Ago1-RISCʜɲ eIF4Gʲ�¸Ɠʚ 5´UTRʡ*Ɗʉʮʄʗʖř

äYʆʯʮ eIF4Eɡ'�ƓʙǙȈʖɷʒʕʩɲˑ˼ˠˁțnïʲõLʉʮʄʗɽʖ

ɾʮɳ�ęʖɲʵˬ˗˿ˉˋȎ¯ɀ��ʖɷʮ reaper 5´UTRʲ�ʇʏ eIF4Aɡ'

�ƓʙǙȈʜ Ago1-RISCʚʫʮǙȈõLʲiʂʙɸ (Fukaya and Tomari, 

2012)(ⅡƲ)ɳ��ʛǋĵɼʬɲAgo1-RISCɽ eIF4Aʛ5ɾʚ'�ʇʏǙȈɏ�

ŋɖʲɒ¦ʇʕɸʮʄʗɽƢyʆʯʕɸʮɳ 

ɱ ʍʄʖɲAgo1-RISCɽʘʛǙȈɏ���ʲŀƓʗʇʕɲǙȈõLʲÊɾȝʄʉʛ

ɼʲʫʭƗĆƓʚĺȉʉʮʏʨɲUV ˁ˺ˋ˷˼ˁʛóŖʲƅɸʕȁĴʲǵʒʏɳ

5´UTRʚˁ˺ˋ˷˼ˁɂ ɲ3´UTRʚ let-7ŀƓɃHɲʥʏʜŎȥʗʇʕ let-7ŀ

ƓɃHʲsʥʙɸ˹ˬ˿ˑ˿mRNAʲȇȄʇʏ (� 4-1Aɲ4-4A)ɳ̇´ĮƳʚ̈̄�

�ʛ,ȕɃHʲ�Tʇʕ poly(A)Ɍʲ@3ʚɎʈȪʨʮʄʗʖɲpoly(A)ɌʛFȁʗ

ʜźƱʇʏǙȈõLʛʦʲǄƼʚGʭFʂʕȁĴʉʮʄʗɽʖɾʮ (Fukaya and 

Tomari, 2011)(� 4-4BɲC)ɳ4-thio-UʲhʭȪʥʋʏʄʯʬʛ˹ˬ˿ˑ˿mRNA

ʲƅɸʕɲeIF4E ʗ eIF4Aʛ UV ˁ˺ˋ˷˼ˁVżɽ Ago1-RISCʚʫʒʕʘʛʫ

ɹʚ�WʉʮʛɼȁĴʲǵʒʏɳʍʛǋĵɲlet-7/let-7*�įɌʗʍʛŀƓɃHɽ�

�ʉʮ�nʚɻɸʕʛʦɲeIF4Aʛˁ˺ˋ˷˼ˁɽɒ¦ʆʯʕɸʏ (� 4-4EɲF)ɳ

�ęʖɲeIF4Eʛˁ˺ˋ˷˼ˁʜ miRNAʚʫʮÒɣʲiʂʙɼʒʏ (� 4-4DɲF)ɳ

FLAG-Ago1ʲƒžʆʋʙɸ S2ǇǞùEŜ�ʖʜɲ@�ä Ago1ʜĜʚ@�ʛ

miRNAʚʫʒʕ`üʆʯʕɸʮʏʨɲlet-7/let-7*�įɌ���ʚɻɸʕʩÛɼʙ

ǙȈõLʗ eIF4Aʛȁɛʇɼǽʬʯʙɼʒʏ (� 4-5; gfp[RNAi] –FLAG-Ago1)ɳ

ʆʬʚɲAgo1 ˝˔ˁ˒ʸ˼ʚʫʒʕõL$ƅɽʫʭɒ¦ʆʯʮʄʗɼʬ (� 4-5; 

ago1[RNAi])ɲAgo1-RISCɽɃHŸƌƓʚ eIF4AʛȁɛʗǙȈõLʲÊɾȝʄʇ

ʕɸʮʄʗɽƟɼʨʬʯʏɳȫÃɲAgo1-RISCʚʫʮǙȈõLʜ GW182ɡ'�

ƓʖɷʮʄʗɽƢyʆʯʕɸʮ (Fukaya and Tomari, 2012; Wu et al., 2013)ɳʍ

ʄʖɲGW182ʲ˝˔ˁ˒ʸ˼ʇʏ S2ǇǞùEŜʲȐǺʇȁĴʲǵʒʏ (� 4-6A)ɳ

˝˔ˁ˒ʸ˼ʲǵʒʏǇǞùEŜ�ʖʜɲpoly(A)ɌʛFȁɽǮʇʀɒ¦ʆʯʮʄʗ

ɼʬ (� 4-6B)ɲGW182ɽʣʤ =ʚɕɼʯʕɸʮʄʗɽƟɼʨʬʯʏɳ�ęʖɲ

Ago1-RISCʚʫʮǙȈõL (� 4-6C)ʗ eIF4Aʛȁɛ (� 4-6D–F)ʜ GW182
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ɡ���ʚɻɸʕʩÊɾȝʄʆʯʏɳʓʥʭɲAgo1-RISCʜ GW182ɡ'�Ɠʚ

eIF4AʛȁɛʲÊɾȝʄʇʕɸʮʗǚɺʬʯʮɳ 

ɱ ȹdʛƜƭɼʬɲmiRNAʚʫʮǙȈõLʚ PABPɽɑ�ʉʮʄʗɽƢyʆʯʕ

ɸʮ (Zekri et al., 2009; Huntzinger et al., 2010; Fabian et al., 2011)ɳ�ęɲˎ

˥˶ˤʶ˔ˉ˳IĬǝʚɻʂʮ in vivoȁĴɲɻʫʟ S2ǇǞùEŜʲƅɸʏ in 

vitroȁĴɼʬɲmiRNA ʛłǟƒĉʚ PABPɽÞɥʖʜʙɸʄʗɽƢʆʯʕɸʮ 

(Fukaya and Tomari, 2011; Mishima et al., 2012)(ⅠƲ)ɳʍʄʖɲAgo1-RISCʚ

ʫʮ eIF4Aʛȁɛɽ PABPʚ'�ʉʮɼʲĺȉʉʮʏʨɲʍʩʍʩ poly(A)Ɍʲ

þʏʙɸ˹ˬ˿ˑ˿mRNAʲȇȄʇɲȁĴʲǵʒʏ (� 4-7A)ɳʍʛǋĵɲpoly(A)

Ɍʲþʏʙɸ�nʖɷʒʕʩ Ago1-RISCʜǙȈõLʗ eIF4AʛȁɛʲÊɾȝʄ

ʇʏ (� 4-7B–E)ɳʄʛʄʗɼʬɲAgo1-RISCʜ PABPɡ'�Ɠʚ eIF4Aʛȁɛ

ʲÊɾȝʄʉʄʗɽƢyʆʯʏɳ�ęʖɲpoly(A)Ɍʲþʓ˹ˬ˿ˑ˿mRNAʚŎʢ

ʕõLʛƪÈɽÌɼʒʏʄʗɼʬɲmiRNAʛłǟƒĉʚ PABPɽǹUƓʙÓP

ʲúʒʕɸʮjǟäʩŉʆʯʕɸʮɳ  
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� 4-4.ɱ Ago1-RISCʜ eIF4AʛȁɛʲÊɾȝʄʉ 
(A) sORF-let-7-A114-N40ɲRluc-let-7-A114-N40˹ˬ˿ˑ˿mRNAʛŁÉ�ɳ
5´UTRʛɃHʜ� 4-1BʚƢʉʗɻʭʖɷʮɳ 
(B) Ago1-RISCõL�ʚɻʂʮ sORF-2Uɲ13U-let-7-A114-N40ʛ�£äɳĮƳʚ

,ȕɃHʲ�Tʇʏ poly(A)ɌʜFȁʲiʂʙɸɳ 
(C) ˸ˉˤʹ˶˿ˎȁĴʚʫʭ Rluc-2Uɲ13U-A114-N40 (– target site)ʥʏʜɲ
Rluc-2Uɲ13U-let-7-A114-N40 (+ target site)ʛǙȈřäʲŦ£ʇʏɳRluc/Fluc0
ʜ let-7/let-7*�įɌʲTʙɸʗɾʛ0ʚ¬ʇʕ˝˿˭˶ʷˌʇʏɳAgo1-RISCʜ
let-7ʛŀƓɃHʲʩʓ˹ˬ˿ˑ˿mRNAʛʦʲŸƌƓʚõLʉʮɳ 
(D) Ago1-RISCʚʫʮǙȈõL�ʖʛ eIF4E ˁ˺ˋ˷˼ˁɳsORF-2U-A114-N40 
(– target site)ɲʥʏʜ sORF-2U-let-7-A114-N40 (+ target site)ʲ̒̆ǇǞùEŜʡ
şʌnʱʋɲUVʲŲ®ʇʕˁ˺ˋ˷˼ˁʲǵʒʏɳAgo1-RISCʜ eIF4Eʛˁ˺ˋ
˷˼ˁʚÒɣʲ�ɺʙɸɳ 
(E) Ago1-RISCʚʫʮǙȈõL�ʖʛ eIF4A ˁ˺ˋ˷˼ˁɳsORF-13U-A114-N40 
(– target site)ɲʥʏʜ sORF-13U-let-7-A114-N40 (+ target site)ʲ̒̆ǇǞùEŜ
ʡşʌnʱʋɲUVʲŲ®ʇʕˁ˺ˋ˷˼ˁʲǵʒʏɳAgo1-RISCʜ eIF4Aʛˁ˺
ˋ˷˼ˁʲɒ¦ʉʮɳ 
(F) Ago1-RISCʚʫʮ eIF4EɲeIF4A ˁ˺ˋ˷˼ˁVżʛ�Wɳ(D)ɲ(E)ʛˉ˂˙
˸ʲ£ɉʇɲlet-7/let-7*�įɌʲTɺʕɸʙɸʗɾʛ0ʚ¬ʉʮƘ¬0ʲŒʨʏɳ  
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� 4-5.ɱ Ago1ʜ eIF4AʛȁɛʚÞɥʖɷʮ 
(A) anti-Ago1ö"ʚʫʮʸʺˋˑ˼˥˺˔˕ʶ˼˂ȁĴɳAgo1 ˑ˼ˠˁțʜ˝˔ˁ
˒ʸ˼ʚʫʒʕVżƓʚɕɼʯʕɸʮɳ 
(B) Ago1-RISCʚʫʮ Rluc-13U-let-7-A114-N40ʛǙȈõLɳõLVżʜɲ�ɼʬ

Tɺʏ let-7/let-7*�įɌʲhʭȪʨʮ Ago1 ˑ˼ˠˁțʛɉʚ'�ʉʮɳ 
(C) Ago1-RISCʚʫʮǙȈõL�ʖʛ eIF4A ˁ˺ˋ˷˼ˁɳeIF4Aʛȁɛʚʜ
Ago1ɽÞɥʖɷʮɳ 
(D) Ago1-RISCʚʫʮ eIF4A ˁ˺ˋ˷˼ˁVżʛ�Wɳ(C)ʛˉ˂˙˸ʲ£ɉʇɲ
let-7/let-7*�įɌʲTɺʕɸʙɸʗɾʛ0ʚ¬ʉʮƘ¬0ʲŒʨʏɳ  
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� 4-6.ɱ Ago1-RISCʚʫʮ eIF4Aʛȁɛʜ GW182ɡ'�Ɠʖɷʮ 
(A) anti-GW182ö"ʚʫʮʸʺˋˑ˼˥˺˔˕ʶ˼˂ȁĴɳGW182 ˑ˼ˠˁțʜ˝
˔ˁ˒ʸ˼ʚʫʒʕVżƓʚɕɼʯʕɸʮɳ 
(B) Ago1-RISCʚʫʮ poly(A)ɌʛFȁʚʜ GW182ɽÞɥʖɷʮɳ 
(C) Ago1-RISCʚʫʮ Rluc-2Uɲ13U-let-7-A114-N40ʛǙȈõLɳAgo1-RISCʚ
ʫʮǙȈõLʜ GW182ɡ'�Ɠʚȵǵʉʮɳ 
(D) GW182 ˝˔ˁ˒ʸ˼�ʚɻʂʮ eIF4E ˁ˺ˋ˷˼ˁɳGW182ʛĩŰʚɑʱʬ
ʊɲAgo1-RISCʜ eIF4Eʛˁ˺ˋ˷˼ˁʚÒɣʲ�ɺʙɸɳ 
(E) GW182 ˝˔ˁ˒ʸ˼�ʚɻʂʮ eIF4A ˁ˺ˋ˷˼ˁɳGW182ɡ���ʖʩ
Ago1-RISCʜ eIF4Aʛˁ˺ˋ˷˼ˁʲɒ¦ʉʮɳ 
(F) Ago1-RISCʚʫʮ eIF4EɲeIF4A ˁ˺ˋ˷˼ˁVżʛ�Wɳ(D)ɲ(E)ʛˉ˂˙
˸ʲ£ɉʇɲlet-7/let-7*�įɌʲTɺʕɸʙɸʗɾʛ0ʚ¬ʉʮƘ¬0ʲŒʨʏɳ  
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� 4-7.ɱ Ago1-RISCʚʫʮ eIF4Aʛȁɛʜ PABPɡ'�Ɠʖɷʮ 
(A) sORF-let-7-A0ɲRluc-let-7-A0˹ˬ˿ˑ˿mRNAʛŁÉ�ɳ5´UTRʛɃHʜ
� 4-1BʚƢʉʗɻʭʖɷʮɳ 
(B) ˸ˉˤʹ˶˿ˎȁĴʚʫʭ Rluc-2Uɲ13U-A0 (– target site)ʥʏʜɲRluc-2Uɲ
13U-let-7-A0 (+ target site)ʛǙȈřäʲŦ£ʇʏɳRluc/Fluc0ʜ let-7/let-7*�
įɌʲTɺʕɸʙɸʗɾʛ0ʚ¬ʇʕ˝˿˭˶ʷˌʇʏɳAgo1-RISCʜ poly(A)Ɍ
ʲþʏʙɸ˹ˬ˿ˑ˿mRNA ʩõLʉʮɳ 
(C) poly(A)Ɍʲþʏʙɸ˹ˬ˿ˑ˿mRNA ʡʛ eIF4E ˁ˺ˋ˷˼ˁɳsORF-2U-A0 
(– target site)ɲʥʏʜ sORF-2U-let-7-A0 (+ target site)ʲƅɸʕȁĴʲǵʒʏɳ
poly(A)ɌʛĩŰʚɼɼʱʬʊ Ago1-RISCʜ eIF4EʚÒɣʲ�ɺʙɸɳ 
(D) poly(A)Ɍʲþʏʙɸ˹ˬ˿ˑ˿mRNA ʡʛ eIF4A ˁ˺ˋ˷˼ˁɳsORF-13U-
A0 (– target site)ɲʥʏʜ sORF-13U-let-7-A0 (+ target site)ʲƅɸʕȁĴʲǵʒ
ʏɳpoly(A)ɌʛĩŰʚɼɼʱʬʊ Ago1-RISCʜ eIF4AʛȁɛʲÊɾȝʄʉʄʗ
ɽEĲʮɳ 
(F) Ago1-RISCʚʫʮ eIF4EɲeIF4A ˁ˺ˋ˷˼ˁVżʛ�Wɳ(C)ɲ(D)ʛˉ˂˙
˸ʲ£ɉʇɲlet-7/let-7*�įɌʲTɺʕɸʙɸʗɾʛ0ʚ¬ʉʮƘ¬0ʲŒʨʏɳ  
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4-3. ȹOɉʛ eIF4Aʜ Ago1-RISCʚʫʮǙȈõLʲýöƓʚɒ¦ʉʮ 

 

ɱ Ago1-RISCɽ eIF4EʚʜÒɣʲ�ɺʊʚɲeIF4A ʛȁɛʲŸƌƓʚÊɾȝʄʇ

ʕɸʮʄʗʲǚɺʮʗɲȹOɉʛ eIF4AʲTɺʮʄʗʖɲǙȈõLɽýöƓʚɒ¦

ʆʯʮʄʗɽ
Ŧʆʯʮ ɳʍʄʖɲHis-tag�ɾ eIF4EɲeIF4A ˑ˼ˠˁțʲƾǺʇ 

(� 4-8AɲB)ɲʍʯʬʲǇǞùEŜ�ʡTɺʏı��ʖȁĴʲɻʄʙʒʏɳeIF4E

ʲȹOɉTɺʏʗɾ (� 4-8C)ɲǙȈVżʍʛʩʛɽ!�ʉʮĿ�ɽʦʬʯʏ (�

4-8D)ɳʄʛǋĵʜɲ�ʛǙȈɏ���ʗǻn"ʲÐïʇʙɸ^"ʛ eIF4Eɽɲ 

m7Gcapľȳʚǋnʇʏʄʗʚʫʮʩʛʗǚɺʬʯʮɳ�ęʖɲeIF4AʲȹOʚT

ɺʮʄʗʖǙȈVżɽ�ğʇʏʄʗɼʬ (� 4-8FɲG)ɲǇǞùEŜ�ʖʜ eIF4A

ɽÕȲŋɖʚʙʒʕɸʏʗǚɺʬʯʮɳɇǼʙʄʗʚɲeIF4AʲȹOʚTɺʏ�n

ʚɻɸʕʛʦɲAgo1-RISCʚʫʮǙȈõLɽȁɕʆʯʏ (� 4-8EɲH)ɳeIF4Aʜ

Ago1-RISCʚʫʮ poly(A)ɌʛFȁʚʜÒɣʲ�ɺʙɸʄʗɼʬ (� 4-8I)ɲʍʛ

$ƅʜǙȈõLŸƌƓʖɷʮʄʗɽƟɼʨʬʯʏɳ 

ɱ ńʚɲʄʯʬʛı��ʚɻɸʕ UV ˁ˺ˋ˷˼ˁʲǵʒʏɳʍʛǋĵɲǇǞùEŜ

�ʡTɺʮƾǺˑ˼ˠˁțʛɉʚàʈʕɲ@�ä eIF4EɲeIF4Aɽ His-tag�ɾʛ

ʩʛʚǕĈʆʯʮĿ�ɽȀ«ʆʯʏ (� 4-9AɲG)ɳǦwŝɸʄʗʚɲȹOɉʛ

eIF4A���ʖʜ Ago1-RISCʚʫʮ eIF4Aʛȁɛɽɒ¦ʆʯʕɸʏ (� 4-9E–

H)ɳ�ęɲȹOɉʛ eIF4Eʜ Ago1-RISCʚʫʮ eIF4AʛȁɛʚʜÒɣʲ�ɺʙ

ɼʒʏ (� 4-9A–D)ɳ��ʛǋĵɼʬɲeIF4Aʛȁɛɽ Ago1-RISCʚʫʮǙȈõ

LʚłǟƓʚɇǼʖɷʮʄʗɽƢyʆʯʏɳ  
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� 4-8.ɱ ȹOɉʛ eIF4A ʜ Ago1-RISCʚʫʮǙȈõLʲɒ¦ʉʮ 
(A,B) ƾǺ eIF4EɲeIF4A ˑ˼ˠˁțʛ CBBĶǪɳ 
(C) His-eIF4E���ʚɻʂʮʸʺˋˑ˼˥˺˔˕ʶ˼˂ȁĴɳ 
(D) 1ɲ5ɲ10 μM His-eIF4E���ʚɻʂʮ Rluc-13U-let-7-A114-N40ʛǙȈřäɳ

ȹOɉʛ eIF4EʜʍʩʍʩʛǙȈřäʲ�ʃʮɽɲAgo1-RISCʚʫʮǙȈõL
ʚʜÒɣʲ�ɺʙɸɳ˝˿˭˶ʷˌʇʏ0ʜ(E)ʚƢʉɳ 
(E) Rluc-13U-let-7-A114-N40ʚ¬ʉʮ Ago1-RISCʛǙȈõLɳȹOɉʛ eIF4E
ʜ Ago1-RISCʚʫʮǙȈõLʚʜÒɣʲ�ɺʙɸɳ 
(F) His-eIF4A���ʚɻʂʮʸʺˋˑ˼˥˺˔˕ʶ˼˂ȁĴɳ 
(G) 1ɲ5ɲ10 μM His-eIF4A���ʚɻʂʮ Rluc-13U-let-7-A114-N40ʛǙȈřäɳ

ȹOɉʛ eIF4AʜʍʩʍʩʛǙȈřäʲ+ȵʉʮʗʗʩʚɲAgo1-RISCʚʫʮǙ
ȈõLʲ�ɂȁɕʇʏɳ˝˿˭˶ʷˌʇʏ0ʜ(H)ʚƢʉɳ 
(H) Rluc-13U-let-7-A114-N40ʚ¬ʉʮ Ago1-RISCʛǙȈõLɳȹOɉʛ eIF4A
ʜ Ago1-RISCʚʫʮǙȈõLʲ�ɂȁɕʇʏɳ 
(I) Ago1-RISCʚʫʮ poly(A)ɌʛFȁʜ eIF4AʚʫʮÒɣʲiʂʙɸɳ  



 109 

 
� 4-9.ɱ ȹOɉʛ eIF4Aʜ Ago1-RISCʚʫʮ eIF4Aʛȁɛʚýöʉʮ 
(A) 1ɲ5ɲ10 μM His-eIF4E���ʚɻʂʮ eIF4Eʛˁ˺ˋ˷˼ˁɳȹOɉʛ
eIF4EʲTɺʮʄʗʖɲeIF4Eʛˁ˺ˋ˷˼ˁVżɽ�ğʉʮɳ 
(B) Ago1-RISCʚʫʮ eIF4E ˁ˺ˋ˷˼ˁVżʛ�Wɳ(A)ʛˉ˂˙˸ʲ£ɉʇɲ
let-7/let-7*�įɌʲTɺʕɸʙɸʗɾʛ0ʚ¬ʉʮƘ¬0ʲŒʨʏɳ 
(C) 1ɲ5ɲ10 μM His-eIF4E���ʚɻʂʮ eIF4Aʛˁ˺ˋ˷˼ˁɳȹOɉʛ
eIF4Eʜ Ago1-RISCʚʫʮ eIF4AʛȁɛʚÒɣʲ�ɺʙɸɳ 
(D) Ago1-RISCʚʫʮ eIF4A ˁ˺ˋ˷˼ˁVżʛ�Wɳ(C)ʛˉ˂˙˸ʲ£ɉʇɲ
let-7/let-7*�įɌʲTɺʕɸʙɸʗɾʛ0ʚ¬ʉʮƘ¬0ʲŒʨʏɳ 
(E) 1ɲ5ɲ10 μM His-eIF4A���ʚɻʂʮ eIF4Eʛˁ˺ˋ˷˼ˁɳȹOɉʛ
eIF4Aʜ eIF4Eʛˁ˺ˋ˷˼ˁʚʜÒɣʲ�ɺʙɸɳ 
(F) Ago1-RISCʚʫʮ eIF4E ˁ˺ˋ˷˼ˁVżʛ�Wɳ(E)ʛˉ˂˙˸ʲ£ɉʇɲ
let-7/let-7*�įɌʲTɺʕɸʙɸʗɾʛ0ʚ¬ʉʮƘ¬0ʲŒʨʏɳ 
(G) 1ɲ5ɲ10 μM His-eIF4A���ʚɻʂʮ eIF4Aʛˁ˺ˋ˷˼ˁɳȹOɉʛ
eIF4Aʜ Ago1-RISCʚʫʮ eIF4Aʛȁɛʚýöʉʮɳ 
(H) Ago1-RISCʚʫʮ eIF4A ˁ˺ˋ˷˼ˁVżʛ�Wɳ(G)ʛˉ˂˙˸ʲ£ɉʇɲ
let-7/let-7*�įɌʲTɺʕɸʙɸʗɾʛ0ʚ¬ʉʮƘ¬0ʲŒʨʏɳ  
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4-4. GW182ʜ eIF4EɲeIF4AʛȁɛʲÊɾȝʄʉ 

  

ɱ �~ʛȁĴʚʫʒʕɲAgo1-RISCɽ GW182ɡ'�Ɠʚ eIF4AʛȁɛʲÊɾ

ȝʄʇʕɸʮʄʗɽĠʬɼʗʙʒʏɳ�ęɲGW182ʲƗĆ mRNA�ʚ*Ɗʉʮʄ

ʗʖɲAgo1ɡ'�ƓʚǙȈõLɽÊɾȝʄʆʯʮʄʗɽ�uʆʯʕɸʮ (Behm-

Ansmant et al., 2006; Fukaya and Tomari, 2012)(ⅡƲ)ɳGW182ʜǙȈɏ�ŋ

ɖʲɒ¦ʇʕɸʮʗǚɺʬʯʕɸʮɽ (Fukaya and Tomari, 2012)ɲʘʛʫɹʚ˷

˫ˏ˿˯ʛxʟȪʦʲ�ʃʕɸʮɼʜ�ĠʖɷʮɳʍʄʖɲBoxBɃHʲ�ʇʕ

λN-GW182ʲƗĆ˹ˬ˿ˑ˿mRNAʚ$ƅʆʋʕ�ȴʛȁĴʲǵʒʏ (� 4-10Aɲ

B)ɳȹdʛǋĵʗ�ǥʇʕ (Fukaya and Tomari, 2011; Fukaya and Tomari, 

2012)ɲGW182ʜ poly(A)ɌʛFȁʗʜźƱʇʕǙȈõLʲÊɾȝʄʇʏ (� 4-

10CɲD)ɳǦwŝɸʄʗʚɲʄʛʗɾ GW182ʜ eIF4E ʗ eIF4AʲoĢʚŀƓ

mRNA�ɼʬȁɛʆʋʕɸʏ (� 4-10E–G)ɳ@�ʚ��ʉʮ Ago1ʲǇǞùE

Ŝ�ɼʬʣʤ =ʚɕdʇʕʩ GW182ʚʫʮǙȈõL (� 4-11AɲB)ɲɻʫʟ

eIF4E ʗ eIF4Aʛȁɛɽȝʄʮʄʗɼʬ (� 4-11C–E)ɲGW182ʜ Ago1ɡ'�

ƓʚǙȈɏ���ǻn"ʛÐïʲɒ¦ʇʕɸʮʄʗɽƢyʆʯʏɳ 

ɱ ȫÃʛ RNA-immunoprecipitationȁĴɼʬɲGW182ɽ poly(A)ɌʛFȁʗʜ

źƱʚɲŀƓ mRNA�ɼʬ PABPʲȁɛʆʋʮʄʗɽƢʆʯʏ (Moretti et al., 

2012; Zekri et al., 2013)ɳPABPɽǙȈɏ���ǻn"ʲ�£Yʇʕɸʮʄʗʲ

ǚɺʮʗ (� 4-3)ɲGW182ɽ PABPʛȁɛʲ�ʇʕɲeIF4E ʗ eIF4AʛȁɛʲÊ

ɾȝʄʇʕɸʮjǟäɽǚɺʬʯʮɳʄʛʄʗʲĺȉʉʮʏʨɲpoly(A)Ɍʲþʏʙ

ɸ˹ˬ˿ˑ˿mRNAʲȇȄʇ (� 4-12A)ɲ UV ˁ˺ˋ˷˼ˁʚʫʮȁĴʲǵʒʏɳʍ

ʛǋĵɲʍʩʍʩŀƓmRNA�ʚ PABPɽǋnʇʕɸʙɸ�nʖɷʒʕʩɲ

GW182ʜ eIF4E ʗ eIF4AʛȁɛʗɲǙȈõLʲÊɾȝʄʇʕɸʏ (� 4-12B–E)ɳ

ʩʑʰʳɲPABPɽ GW182ʚʫʮǙȈõLʚǹUƓʙÓPʲúʒʕɸʮjǟä

ʩŉʆʯʕɸʮɽɲ�~ʛȁĴǋĵʜ GW182ɽ PABPɡ'�ƓʚǙȈɏ��

�ǻn"ʛÐïʲɒ¦ʖɾʮʄʗʲƢʇʕɸʮɳ  
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� 4-10.ɱ GW182ʜ eIF4E ʗ eIF4AʛȁɛʲÊɾȝʄʉ 
(A) sORF-BoxB-A114-N40ɲRluc-BoxB-A114-N40˹ˬ˿ˑ˿mRNAʛŁÉ�ɳ
5´UTRʛɃHʜ� 4-1BʚƢʉʗɻʭʖɷʮɳ 
(B) ȁĴʚƅɸʏ S2ǇǞùEŜʲʸʺˋˑ˼˥˺˔˕ʶ˼˂ʚʫʒʕȁĴʇʏɳ 
(C) GW182ʛLÙ�ʚɷʮ sORF-2Uɲ13U-BoxB-A114-N40ʛ�£äɳĮƳʚ

40��ʛ,ȕɃHʲ�Tʇʏ poly(A)ɌʜFȁʲiʂʙɸɳ 
(D) ˸ˉˤʹ˶˿ˎȁĴʚʫʭ Rluc-2Uɲ13U-BoxB-A114-N40ʛǙȈřäʲŦ£ʇ

ʏɳRluc/Fluc0ʜ LacZʲ$ƅʆʋʏʗɾʛ0ʚ¬ʇʕ˝˿˭˶ʷˌʇʏɳ
GW182ʜ poly(A)ɌʛFȁʗʜźƱʇʕǙȈõLʲÊɾȝʄʉɳ 
(E) GW182ʚʫʮǙȈõL�ʖʛ eIF4E ˁ˺ˋ˷˼ˁɳsORF-2U-A114-N40 (– 
BoxB site)ɲʥʏʜ sORF-2U-let-7-A114-N40 (+ BoxB site)ʲƅɸʕȁĴʲǵʒʏɳ
GW182ʜ eIF4Eʛˁ˺ˋ˷˼ˁʲɒ¦ʉʮɳ 
(F) GW182ʚʫʮǙȈõL�ʖʛ eIF4A ˁ˺ˋ˷˼ˁɳsORF-13U-A114-N40 (– 
BoxB site)ɲʥʏʜ sORF-13U-let-7-A114-N40 (+ BoxB site)ʲƅɸʕȁĴʲǵʒ
ʏɳGW182ʜ eIF4Aʛˁ˺ˋ˷˼ˁʲɒ¦ʉʮɳ 
(G) GW182ʚʫʮ eIF4EɲeIF4A ˁ˺ˋ˷˼ˁVżʛ�Wɳ(E)ɲ(F)ʛˉ˂˙˸ʲ
£ɉʇɲBoxBɃHʲþʏʙɸ˹ˬ˿ˑ˿mRNAʛ0ʚ¬ʉʮƘ¬0ʲŒʨʏɳ  
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� 4-11.ɱ GW182ʚʫʮ eIF4E ʗ eIF4Aʛȁɛʜ Ago1ɡ'�Ɠʖɷʮ 
(A) anti-Ago1ö"ʚʫʒʕɲλN-GW182ʲƒžʉʮ̒̆ǇǞùEŜ�ɼʬ@�ä
Ago1 ˑ˼ˠˁțʲɕdʇʏɳ 
(B) Ago1ɡ���ʖʛ GW182ʚʫʮǙȈõLɳ 
(C) Ago1ɡ���ʖʛ eIF4E ˁ˺ˋ˷˼ˁɳGW182ʜ Ago1ɡ'�Ɠʚ eIF4E
ʛˁ˺ˋ˷˼ˁʲɒ¦ʉʮɳ 
(D) Ago1ɡ���ʖʛ eIF4A ˁ˺ˋ˷˼ˁɳGW182ʜ Ago1ɡ'�Ɠʚ eIF4A
ʛˁ˺ˋ˷˼ˁʲɒ¦ʉʮɳ 
(E) GW182ʚʫʮ eIF4EɲeIF4A ˁ˺ˋ˷˼ˁVżʛ�Wɳ(C)ɲ(D)ʛˉ˂˙˸ʲ
£ɉʇɲBoxBɃHʲþʏʙɸ˹ˬ˿ˑ˿mRNAʛ0ʚ¬ʉʮƘ¬0ʲŒʨʏɳ  
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� 4-12.ɱ GW182ʚʫʮ eIF4E ʗ eIF4Aʛȁɛʜ PABP ɡ'�Ɠʖɷʮ 
(A) sORF-BoxB-A0ɲRluc-BoxB-A0˹ˬ˿ˑ˿mRNAʛŁÉ�ɳ5´UTRʛɃH
ʜ� 4-1BʚƢʉʗɻʭʖɷʮɳ 
(B) ˸ˉˤʹ˶˿ˎȁĴʚʫʭ Rluc-2Uɲ13U-BoxB-A0ʛǙȈřäʲŦ£ʇʏɳ
Rluc/Fluc0ʜ LacZʲ$ƅʆʋʏʗɾʛ0ʚ¬ʇʕ˝˿˭˶ʷˌʇʏɳGW182ʜ
poly(A)ɌʛĩŰʚɼɼʱʬʊǙȈʲõLʉʮɳ 
(C) poly(A)Ɍʲþʏʙɸ˹ˬ˿ˑ˿mRNA ʡʛ eIF4E ˁ˺ˋ˷˼ˁɳGW182ʜ
poly(A)ɌʛĩŰʚɼɼʱʬʊ eIF4Eʛˁ˺ˋ˷˼ˁʲɒ¦ʉʮɳ 
(D) poly(A)Ɍʲþʏʙɸ˹ˬ˿ˑ˿mRNA ʡʛ eIF4A ˁ˺ˋ˷˼ˁɳGW182ʜ
poly(A)ɌʛĩŰʚɼɼʱʬʊ eIF4Aʛˁ˺ˋ˷˼ˁʲɒ¦ʉʮɳ 
(G) GW182ʚʫʮ eIF4EɲeIF4A ˁ˺ˋ˷˼ˁVżʛ�Wɳ(C)ɲ(D)ʛˉ˂˙˸ʲ
£ɉʇɲBoxBɃHʲþʏʙɸ˹ˬ˿ˑ˿mRNAʛ0ʚ¬ʉʮƘ¬0ʲŒʨʏɳ
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4-5. ǚ« 
 

ɱ įƜƭʚʫʒʕɲAgo1-RISCʜ eIF4Eʚʫʮ m7GcapľȳʛȍȓʚʜÒɣʲ

�ɺʊʚɲRNA˧˷ʽ˿ˎʖɷʮ eIF4AʛȁɛʲÊɾȝʄʇʕɸʮʄʗɽĠʬɼʗ

ʙʒʏɳ�ę eIF4Gʚɑʇʕʜɲ5´UTRʲ���ʊʓˋʿ˲˚˼˂ʇʕı�ĺȅ

ʲǵʒʏʩʛʛɲUV ˁ˺ˋ˷˼ˁʚʫʒʕĺEʉʮʄʗʜ�jǟʖɷʒʏɳʇɼʇ�

MʛȁĴɼʬɲeIF4GʲƗĆ 5´UTRʚ*ƊʉʮʄʗʖřäYʆʯʮŸňʙǙȈʖ

ɷʒʕʩɲAgo1-RISCʜǙȈõLʲÊɾȝʄʉʄʗɽƢʆʯʕɸʮ (Fukaya and 

Tomari, 2012) (ⅡƲ)ɳʄʛʄʗɼʬɲAgo1-RISCʜ eIF4Gɽ mRNA�ʚxʟȪ

ʥʯʮʫʭʩ�Śʚɻɸʕ eIF4AʛȁɛʲÊɾȝʄʇʕɸʮʄʗɽǚɺʬʯʮɳ

eIF4AʲȁɛʆʋʮF�łľʗʇʕʜɲ1) eIF4G-eIF4GƘ�$ƅʛɒ¦ɲ2) 

eIF4AǤȡʛ RNAǋnřäɒ¦ɲ3) eIF4Aʛ RNAǋnřäʲ+ȵʉʮʵˁˍ

ˇ˷˿ˑ˼ˠˁț (eIF4BɲeIF4H)ʛɒ¦ʙʘɽǚɺʬʯʮɽɲžĢůʖʜʍʛȌ

Ǉʜ�ĠʖɷʮɳʄʛůʲĠʬɼʚʉʮʚʜɲ�ÖʛʆʬʙʮȁĴɽÞǼʖɷʮɳ 

ɱ Ago1-RISCʚʫʮǙȈõLʜ GW182ɡ'�ƓʖɷʮʄʗɽȹdʚƢʆʯʕɸ

ʮɽ (Fukaya and Tomari, 2012; Wu et al., 2013)ɲ�~ʛȁĴɼʬ eIF4Aʛȁ

ɛʩoʈʀ GW182ɡ'�ƓʖɷʮʄʗɽĠʬɼʗʙʒʏ (� 4-6)ɳ�ęʖɲ

GW182ʲƗĆ mRNA�ʚ*ƊʉʮʄʗʖɲAgo1ɡ'�Ɠʚ eIF4E ʗ eIF4Aʛ

ȁɛɽÊɾȝʄʆʯʮʄʗɽFɼʒʏ (� 4-11)ɳGW182ʜ NOT1 ʗʛƗĆƘ�

$ƅʲ�ʇʕɲCCR4-NOTǻn"ʲŀƓ mRNA�ʡʗƬĻƓʚxʟȪʄʳʖɸ

ʮ (Braun et al., 2011; Chekulaeva et al., 2011; Fabian et al., 2011)ɳǦwŝɸ

ʄʗʚɲCCR4-NOTǻn"ʜɲpoly(A)ɌʲFȁʉʮřäʗʜźƱʇʕɲǙȈõL

ʲÊɾȝʄʉʄʗɽ�uʆʯʕɸʮ (Cooke et al., 2010; Braun et al., 2011; 

Chekulaeva et al., 2011)ɳʄʛʄʗɼʬɲCCR4-NOTǻn"ɽ GW182'�Ɠʙ

ǙȈõLʚɑ�ʉʮjǟäɽǚɺʬʯʕɸʮ (Hafner et al., 2011)ɳ¤ɗʚ

NOT1 ˝˔ˁ˒ʸ˼ʪɲNOT1 ʗʛƘ�$ƅʲɒ¦ʉʮ�ƌʲ GW182ʡ¯<ʉʮ

ʄʗʖɲǙȈõLɽ�ɂȁɕʆʯʮʄʗɽ�uʆʯʕɸʮ (Braun et al., 2011; 

Chekulaeva et al., 2011; Huntzinger et al., 2013; Zekri et al., 2013)ɳʆʬʚʅʀ

Ĩȫɲˡ˗�ɫǇǞʚɻɸʕɲCCR4-NOTǻn"ʗ eIF4AIIʛƘ�$ƅɽĠʬɼ

ʚʙʮʙʘ (Meijer et al., 2013)ɲCCR4-NOTǻn"ʲ�ʇʏǙȈõLɽƕʳʚ
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ȔȑʆʯʕɸʮɳžĢůʖʜɲCCR4-NOTǻn"ʗ eIF4AIIʛƘ�$ƅɽĵʏʉ

łǟƓéǘʪɲ�ʛƃŷƫʚɻʂʮ,�äʚʓɸʕʜĠʬɼʗʙʒʕɸʙɸɽɲ

��ʛǋĵʜ CCR4-NOTǻn"ɽ GW182'�ƓʙǙȈõLʚ¨�ʉʮjǟ

äʲƢyʇʕɸʮɳʇɼʇɲCCR4-NOTǻn"ʜĔ MDaʚɻʫʠº�ǻn"ʖ

ɷʭɲʘʛľï��ɽǙȈõLřäʲúʒʕɸʮɼʚʓɸʕʜžĢůʖʜĠʬɼ

ʗʙʒʕɸʙɸɳ±ʙʀʗʩ�MʛȁĴɼʬɲpoly(A)ɌFȁřäˇ˥˴˚˔˗ʖɷʮ

CAF1ʜǙȈõLʚÞɥʖʜʙɸʄʗɽƢyʆʯʕɸʮ (Fukaya and Tomari, 

2012)(ⅡƲ)ɳ�ę Ago1-RISCʜɲCCR4-NOTǻn"ʲxʟ¨ʋʮʄʗɽEĲʙ

ɸ GW182 ˝˔ˁ˒ʸ˼�ʚɻɸʕʩ eIF4A ʛȁɛʲÊɾȝʄʉʄʗɼʬ (� 4-6)ɲ

ʄʯʬʛ��ʲ�ʆʊʚǙȈõLʲǵʒʕɸʮʗǚɺʬʯʮɳʄʛǚɺʚ�ǥʇʕɲ

GW182 ʗ NOT1ʛ˝˔ˁ˒ʸ˼ʲoĢʚǵʒʕʩ Ago1-RISC ʚʫʮǙȈõLɽ

ɒ¦ʆʯʙɸʄʗɽƢʆʯʕɸʮ (Fukaya and Tomari, 2012)(ⅡƲ)ɳǙȈɏ��

�ǻn"ʛÐïʲɒ¦ʉʮƙʛʺˤʹˁˑ˿��ʲo£ʉʮʏʨʚʜɲ�Öʛĥ

ʙʮȁĴɽÞǼʖɷʮɳ  
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¤ɭóŖ 

 

˦˶ˋˮ˘ʛ$Ǻ 

pUC57-Rluc-2U-A114, pUC57-Rluc-2U-BoxB-A114, pUC57-Rluc-2U-let-7-A114, 

pUC57-sORF-2U-A114, pUC57-sORF-2U-BoxB-A114 and pUC57-sORF-2U-let-

7-A114 

DNAėŶ (5 ́-GGG GGG AGC TCT AAT ACG ACT CAC TAT AGT AGA GAG 

AGG ATC CAT GGG GGG G-3 ́) ʗ (5 ́-CCC CCC CAT GGA TCC TCT CTC TAC 

TAT AGT GAG TCG TAT TAG AGC TCC CCC C-3 ́) ʲʵ˚˿˷˼˂ʇɲpUC57-

Rluc-A114, pUC57-Rluc-BoxB-A114, pUC57-Rluc-let-7-A114, pUC57-sORF-A114, 

pUC57-sORF-BoxB-A114, pUC57-sORF-let-7-A114 (Fukaya and Tomari, 2011; 

Fukaya and Tomari, 2012)ʛ SacIɲNcoIGėɂ ɐʚă<ʇʏɳ 

 

pUC57-Rluc-13U-A114, pUC57-Rluc-13U-BoxB-A114, pUC57-Rluc-13U-let-7-

A114, pUC57-sORF-13U-A114, pUC57-sORF-13U-BoxB-A114 and pUC57-

sORF-13U-let-7-A114 

DNAėŶ (5 ́-GGG GGG AGC TCT AAT ACG ACT CAC TAT AGA AGA GAG 

AGG ATC CAT GGG GGG G-3 ́)ʗ (5 ́-CCC CCC CAT GGA TCC TCT CTC TTC 

TAT AGT GAG TCG TAT TAG AGC TCC CCC C-3 ́)ʲʵ˚˿˷˼˂ʇɲpUC57-

Rluc-A114, pUC57-Rluc-BoxB-A114, pUC57-Rluc-let-7-A114, pUC57-sORF-A114, 

pUC57-sORF-BoxB-A114, pUC57-sORF-let-7-A114 (Fukaya and Tomari, 2011; 

Fukaya and Tomari, 2012)ʛ SacIɲNcoIGėɂ ɐʚă<ʇʏɳ 

 

pCold I-eIF4E 

=ɍʛ eIF4E ˑ˼ˠˁț˅˿˘ɦ�ʜɲS2ǇǞ cDNAʲɊ�ʗʇʕ˦˶ʷ˭˿ 

(5´- GCT CGG TAC CCA GCT GAT GCA GAG CGA CTT TCA CAG -3´)ʗ (5´-

ATT CGG ATC CCT CGA CTA CAA AGT GTA GAT CGA TT -3´)ʚʫʒʕ�À

ʇɲIn-Fusion HD Cloning Kit (Clontech)ʚʫʒʕ XhoIʖDƀʇʏ pCold I 

(Takara Bio) �ʡˁ˺˿˚˼˂ʇʏɳ 

 

pColdI-eIF4A 
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=ɍʛ eIF4A ˑ˼ˠˁț˅˿˘ɦ�ʜɲS2ǇǞ cDNAʲɊ�ʗʇʕ˦˶ʷ˭˿ 

(5´- GCT CGG TAC CCA GCT GAT GGA TGA CCG AAA TGA GAT -3´) ʗ 

(5´- ATT CGG ATC CCT CGA TTA AAT CAA ATC GGC AAT AT -3´)ʚʫʒʕ

�ÀʇɲIn-Fusion HD Cloning Kit (Clontech)ʚʫʒʕ XhoIʖDƀʇʏ pCold I 

(Takara Bio) �ʡˁ˺˿˚˼˂ʇʏɳ 

 

ŀƓ mRNAʛȐǺ 

ŀƓ mRNAʛ 3´ĮƳɽ A0ʛ�nʜ PstIɲA114-N40ʛ�nʜ HindIIIʖ˦˶ˋˮ

˘ʲDƀʇɲʍʯʎʯʲɊ�ʗʇʕ T7-Scribe Standard RNA IVT Kit (Cellscript)

ʚʫʒʕȢBfàʲǵʒʏɳ˸ˉˤʹ˶˿ˎȁĴʚƅɸʮ mRNAʜɲScriptCap 

m7G Capping System (Cellscript)ʚʫʒʕ 5´ĮƳʚ m7Gcapľȳʲ�Tʇʏɳ

UV ˁ˺ˋ˷˼ˁƅʛ˹ˬ˿ˑ˿mRNAʜɲUTPʛ�ʱʭʚ 4-thio-UTP (Jena 

Bioscience)ʲƅɸʕȢBfàʲǵɸɲScriptCap m7G Capping System 

(Cellscript) ʗ[α-32P] GTP ʚʫʒʕɲĒ®äŀȓʲʩʓ m7Gcapľȳʲ 5´ĮƳʚ

�TʇʏɳĒ®äŀȓʇʏmRNAʜ 5% �äʸ˹ʵ˄˸ʚŗWÖɲGʭEʇʕƾ

Ǻʇʏɳ 

 

S2ǇǞùEŜʛȐǺ 

S2ǇǞʲ~gʇɲPBSʚʫʒʕ̅~ŘʒʏɳǇǞ˩˹˔˗ʚ¬ʇʕƶɉʛ(10 mM 

Hepes-KOH pH7.4, 10 mM KOAc, 1.5 mM Mg(OAc)2, 5 mM DTT, 1x protease 

inhibitor cocktail [Riche])ʲTɺʕɲő�ʖ 15FɠǕʇʏɳ30Ʀɐ˫˸˕˔ˁˋʖ

ŬʇʀĎûʇɲ4℃ɲ1.7x 104 gʖ 20FȼÝʇʏÖʚɲ�šʲ~gʇʏɳ 

 

RNAÁŢ 

10 mlʛ S2ǇǞ (1x 106 cells/ml)ʚ¬ʇʕɲ20 μgʛ�įɌ RNAʲŠTʇʏɳ

24ĢɐÖɲX-tremeGENE HP (Roche)ʚʫʒʕ pAFW-Ago1(Kawamata et al., 

2009)ʲ˗˶˼ˋˤʹˁˉ˵˼ʇɲ72ĢɐÖʚǇǞùEŜʲȐǺʇʏɳ�įɌ RNA

ʛȐǺʜ (Fukaya and Tomari, 2012)ʚ×ʒʏɳ 

 

UV ˁ˺ˋ˷˼ˁ 
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5 μlʛǇǞùEŜʚ¬ʇʕɲ3 μlʛ 40x reaction mixɲ1 μlʛ 500 nM let-7/let-

7*�įɌʲTɺɲ25 ℃ʖ 30FɐɠǕʇʏɳʍʄʡɲ~ 5 nMʛĒ®äŀȓʆʯʏ

ŀƓ mRNAʲ 1 μl Tɺɲʆʬʚ 25 ℃ʖ 30FɐɠǕʇʏɳUV365 Lamp (UVP)ʚ

ʫʒʕő�ʖǆ�9ʲ̅̉FɐŲ®ʇɲˁ˺ˋ˷˼ˁfàʲȎ¯ʇʏɳ1 μgʛ

RNaseA (Nakarai)ʲTɺɲ37℃ʖ 60FɐfàʆʋʏÖɲˑ˼ˠˁțʲ 10% 

SDS-PAGEʚʫʒʕFɛʇʏɳĒ®ǒʲ PhosphoImager (FLA-7000; Fujifilm 

Life Science)ʚʫʒʕĺEʇɲƈ6ʲhØʇʏɳ 

 

ˑ˼ˠˁțƾǺ 

His-eIF4E ʗ His-eIF4Aʜɲ�ǡǬķ BL21�ʖƒžʆʋʏɳ¬Ĕ�ŊĬʚ 1 

mM IPTGʲŠTʇɲ15℃ʖ 24Ģɐ�ɫʇʏÖɲ�ǡǬʲ~gʇʏɳ(200 mM 

KOAc, 30 mM Hepes-KOH pH 7.4ɲ20 mM Imidazole pH 7.5, 2 mM 

Mg(OAc)2, 1 mM PMSF, 1 mM DTT, 100 μg/ml Pefabloc, 20 μg/ml Pepstatin, 

5 μg/ml Aprotinin, 5 μg/ml Leupeptin, 1x protease inhibitor cocktail [Roche], 

5% glycerol)�ʚ˩˹˔˗ʲîŭʇɲˏ˚˃˿ˉ˵˼ʚʫʒʕǇǞʲƞƝÖɲ̈℃ɲ1x 

104 gʖ 20FȼÝʲǵʒʏɳ�šʲ~gʇɲHis-tarp FF crude (GE Healthcare 

Bioscience)ʗMono Q columns (GE Healthcare Biosciences)ʚʫʒʕˑ˼ˠˁ

țʲƾǺʇʏɳØʬʯʏƾǺˑ˼ˠˁțʜ PD-10 (GE Healthcare Bioscience)ʚ

ʫʒʕ (1x lysis buffer, 30% glycerol, 1 mM DTT)�ʡʗǕĈʇʏɳ 

 

ö"$Ǻ 

=ɍʛƾǺˉ˵ʸˊ˵ʸ˟ʺ eIF4A ˑ˼ˠˁțʲöbʗʇʕɲʸˇˀˬ˷ˁ˺˙˿˸

anti-eIF4Aö"ʲ$Ǻʇʏ (MBL)ɳ 

 

ʸʺˋˑ˼˥˺˔˕ʶ˼˂ 

anti-FLAGö" (1:5000; Sigma)ɲanti-HAö" (1:5000; Covance)ɲanti-Ago1

ö" (1:1000; (Miyoshi et al., 2005))ɲanti-GW182ö" (1:1000; (Miyoshi et 

al., 2009))ɲanti-eIF4Eö" (1:5000; (Nakamura et al., 2004))ɲanti-eIF4Gö

" (1:5000)ɲanti-eIF4Aö" (1:5000)ɲanti-Tubulinö" (1:5000: Sigma)ʲ�

ńö"ʗʇʕƅɸʏɳSuperSignal West Dura (Pierce)ʚʫʒʕY�ƒ9ʲȎ¯ʇɲ
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LAS-3000 (Fujifilm Life Science)ʚʫʒʕƈ6ʲhØʇʏɳ 

 

;ƎŔɓ 

ɷʬɼʈʨ anti-eIF4Eö"ɲʥʏʜ anti-eIF4Aö"ʗ̅Ģɐfàʆʋʏ

dynabeads proteinG beads (Invitrogen)ʲˁ˺ˋ˷˼ˁfàŜʗşʌnʱʋɲ̈℃

ʖ̆ĢɐɠǕʇʏɳʍʛÖɲˢ˿ˌʲ(1x lysis buffer, 400 mM NaCl, 400 mM 

KCl, 0.1 % Triton X-100)ʖ̇~Řɸɲ1x lysis bufferʖ̅~˷˼ˋʇʏɳˇ˼˦˸

ʜ 10 % SDS-PAGEʚŗWʇʕȁĴʇʏɳ 
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ǐnǚ« 

 

5-1. ǻĔʛõLǊȠʲ�ʇʏȢBÖLÙłľ 

 

ɱ įƜƭʚʫʒʕ miRNA ɽ GW182 '�Ɠɲɡ'�ƓʙǻĔʛƌʙʮõLǊȠ

ʲ�ʇʕǓ©ʚɀ��ƒžʲõLʉʮʄʗɽĠʬɼʗʙʒʏɳʖʜɲʄʛʫɹʚǻĔ

ʛǊȠʲ�ʇʕ5ʀȢBÖLÙłľʜɲmiRNA ʚɔʬʯʏŸňʙžȗʙʛʖɷʰ

ɹɼɳʄʛʄʗʲǚɺʮʏʨɲ�ǷƓʙ&ʗʇʕ nanosɲoskar ɀ��ʛƒžLÙʚ

ʓɸʕĽȏʉʮɳˉ˵ʸˊ˵ʸ˟ʺIĬǝʛƒƃȹƪʖʜɲʄʯʬʛɀ��ƒžˠ

ˑ˿˼ʜȢBÖŋɖʖc©ʚLÙʆʯʕɸʮ (� 5-1)ɳ 

ɱ nanos mRNAʜōǿɼʬiƾaʡʗiʂŤʆʯʮɽɲʍʛƒžʜIĬǝÖȣʚ

ʛʦɔ£ʆʯʕɸʮ (Wang and Lehmann, 1991)ɳʄʛLÙʚÞɥʙʛɽ

Smaug ʗxʝʯʮ RNAǋnˑ˼ˠˁțʖɷʮ (Smibert et al., 1996; Dahanukar 

et al., 1999; Smibert et al., 1999)ɳSmaugʜ nanos 3´UTRʚ��ʉʮ Smaug 

recognition element (SRE)ʗxʝʯʮˋ˕˯˸˿˦ľȳʲȍȓʇ (Aviv et al., 

2003; Green et al., 2003)ɲIĬǝÖȣ��ʖʛˑ˼ˠˁțnïʲɒ¦ʇʕɸʮ ɳ

Smaugʜ miRNA ʗoĿʚɲCCR4-NOTǻn"ʲ�ʇʕ poly(A)ɌʛFȁʲÊɾ

ȝʄʉʗʗʩʚ (Semotok et al., 2005)ɲʍʯʗʜźƱʇʕǙȈʍʛʩʛʲɒ¦ʇʕ

ɸʮ (Jeske et al., 2006; Jeske et al., 2011)ɳSmaugʜ eIF4Eǋnˑ˼ˠˁțʖ

ɷʮ CUP ʗǻn"ʲÐïʉʮʄʗɼʬ (Nelson et al., 2004a)ɲCUP ʚʫʮ

eIF4E ʛłǟɒ¦ʚʫʒʕǙȈõLʲÊɾȝʄʇʕɸʮʗǚɺʬʯʕɸʮɳ�ęʖɲ

eIF4EǋnǟʲŃĊʇʏ CUPʖɷʒʕʩǙȈõLÊɾȝʄʉʄʗɼʬ (Igreja and 

Izaurralde, 2011)ɲeIF4E ʗʛƘ�$ƅʚ'�ʇʙɸǙȈõLǊȠʛ��ʩƢy

ʆʯʕɸʮɳǦwŝɸʄʗʚɲCUP ʲ@�ʚƒžʇʕɸʙɸ S2 ǇǞùEŜʲƅɸ

ʕȁĴʲǵʒʏʗʄʰ (� 5-2AɲB)ɲSmaugʜʍʯ^źʖ poly(A)ɌʛFȁʗ (�

5-2C)ɲʍʯʗʜźƱʇʏǙȈõLʲÊɾȝʄʇʕɸʏ  (� 5-2D)ɳʄʛʄʗɼʬ

Smaug ʜ CUP '�Ɠɲɡ'�ƓʛǻĔʛƌʙʮǊȠʲ�ʇʕ nanos ɀ��ʛ

ƒžʲǓ©ʚLÙʇʕɸʮʗǚɺʬʯʮɳ 

ɱ IĬǝÖȣʚɻʂʮ nanos ɀ��ʛƒžʜɲSmaug ʚʫʮɀ��ƒžõLʛ

²òƓʙȁɕʚʫʒʕLÙʆʯʕɸʮɳʄʛʗɾɲOksar ˑ˼ˠˁț ɽ Smaug ʛ



 121 

RNA ǋnǟʲɒ¦ʉʮʄʗʖɲnanos mRNA ʛǠõLʲÊɾȝʄʇʕɸʮ 

(Dahanukar et al., 1999; Zaessinger et al., 2006)ɳOksarʚʫʮ²òƓʙǠõ

Lʲjǟʚʉʮʏʨʚʜɲoskar ɀ��ǤȡʛƒžʩIĬǝÖȣʚɔ£ʆʯʮÞ

Ǽɽɷʮ (Ephrussi et al., 1991; Ephrussi and Lehmann, 1992; Smith et al., 

1992)ɳoskar mRNA ʩ nanos mRNA oĿɲʍʛƒžɽȢBÖŋɖʖc©ʚL

ÙʆʯʕɸʮɳʄʛLÙʲúɹʛɽ Bruno ʗxʝʯʮ RNA ǋnˑ˼ˠˁțʖɷʮ 

(Kim-Ha et al., 1995)ɳBruno ʜ oskar mRNA ʛ Bruno response element 

(BRE)ʗxʝʯʮɃHʲŸƌƓʚȍȓʇʕɲˑ˼ˠˁțnïʲɒ¦ʇʕɸʮ (Kim-

Ha et al., 1995; Gunkel et al., 1998)ɳBruno ʩ Smaug ʗoʈʀɲCUP ʗʛǻn

"Ðïʲ�ʇʕǙȈõLʲÊɾȝʄʉʄʗɽƚʬʯʕɸʮ (Wilhelm et al., 2003; 

Nakamura et al., 2004)ɳ�ęʖɲCUPɽ��ʇʙɸı��ʖʩ BrunoʜǙȈõ

LʲÊɾȝʄʉʄʗɽʖɾʮ (Chekulaeva et al., 2006)ɳʆʬʚɲoskar mRNAʜ

ǙȈŋɖʐʂʖʜʙʀɲpoly(A)Ɍʛɍʆʪ mRNA ʛ�£ä˹˨˸ʖʛLÙʲi

ʂʕɸʮʗǚɺʬʯʕɸʮ (Chang et al., 1999; Juge et al., 2002; Castagnetti 

and Ephrussi, 2003)ɳǦwŝɸʄʗʚɲBrunoʜ 80S ˷˫ˏ˿˯ȫ4ʚĘʏʙº

� RNP ǻn"ʲÐïʇɲoskar mRNA ʲCəʆʋʮʄʗɽ�uʆʯʕɸʮ 

(Chekulaeva et al., 2006)ɳ 

ɱ ʄʛʫɹʚ miRNA ʚɔʬʊɲSmaug ʪ Bruno ʗɸʒʏ RNA ǋnˑ˼ˠˁțʩ

ǻĔʛõLǊȠʲ�ʇʕɀ��ƒžʲõLʇʕɸʮɳʥʏ Bruno ʚʫʮº�

RNPǻn"ʛÐïʜɲmiRNAʚʫʮ pseudo-polysomeʛÐïʗɡ¿ʚʫʀ�ʕ

ɸʮ (Thermann and Hentze, 2007; Moretti et al., 2010; Fukaya and Tomari, 

2012; Moretti et al., 2012)ɳʖʜɲʙʌŀƓ mRNAʛƒžʲLÙʉʮʏʨʚɲǻ

ĔʛõLǊȠɽ��ʇʕɸʮʛʐʰɹɼɳʞʗʓʛjǟäʗʇʕɲˠ˿˗˙˿ˑ˼ˠ

ˁțʗʛǋnʲLÙʉʮʄʗʖɲʄʯʬʛ��ɽǻĔʛõLǊȠʲ%ɸFʂʕɸʮ

ʄʗɽǚɺʬʯʮɳǦwŝɸʄʗʚȫÃɲAkt-kinase ʲ�ʇʏ Ago ˑ˼ˠˁțʛŵ

ɅYɽ GW182 ʗʛƘ�$ƅʲLÙʉʮʄʗɽ�uʆʯʏ (Horman et al., 2013)ɳ

oĿʚ GW182 ʩɲǤȡʛŵɅYʚʫʒʕǋnˠ˿˗˙˿ʗʛƘ�$ƅɽLÙʆ

ʯʕɸʮʄʗɽƚʬʯʕɸʮ (Huang et al., 2013)ɳʆʬʚɲǇǞvĬʚʫʒʕ

GW182ʛƒžɉɽ�ɾʀ�Wʉʮʄʗʪ (Olejniczak et al., 2013)ɲǴšɕdʙ

ʘʛˋ˗˹ˋʚàʈʕ Ago ˑ˼ˠˁțɽ GW182 ʲsʥʙɸJʛʺˤʹˁˑ˿ǻn
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"ʲÐïʉʮʄʗʩ�uʆʯʕɸʮ (Wu et al., 2013)ɳʄʛʫɹʚɲGW182ʛĩŰ

ʲLÙʉʮʄʗʖɲǇǞɽƬĻƓʚǻĔʛõLǊȠʲ%ɸFʂʕɸʮjǟäɽǚ

ɺʬʯʮɳįƜƭɼʬʩɲE3 Ubiqitin ligaseʖɷʮ HydʚʫʒʕɲGW182ʛ�£

äɽLÙʆʯʕɸʮʄʗɽĠʬɼʗʙʒʏ (Su et al., 2011; Fukaya and Tomari, 

2012) (ⅡƲ)ɳ �~ʜʈʨʕɲmiRNAʲ�ʇʏǻĔʛƌʙʮõLłľʛ��ɽĠ

ʬɼʗʙʒʏɽɲ¤ɗʚʍʯʬʛ5ɾɽƃ"@ʖʘʛʫɹʚLÙʆʯʕɸʮɼʲȁ

ɾĠɼʉʏʨʚʜɲ�ÖʛĥʙʮȁĴɽÞǼʖɷʮɳ 
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� 5-1. oskar�nanosɀ��ʜ posterior poleʚʛʦƒžʉʮ 
oskar�nanos mRNAʜōǿɼʬÊɾǌɽʯɲIĬǝposterior poleʚʛʦ²òƓ
ʚǯƬʆʯʮɳʄʛLÙʚʜɲmRNAʛȨȮʐʂʖʜʙʀɲ�ʛɂ ʚɻʂʮˑ˼
ˠˁțnïʲƬĻƓʚɒ¦ʉʮʄʗɽÞɥʖɷʮɳ 
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� 5-2. Smaugʜ CUPɡ'�ƓʚǙȈõLʗ poly(A)ɌʛFȁʲȎ¯ʉʮ 
(A) S2ǇǞʜ@�ʚ CUPʲƒžʇʕɸʙɸɳ 
(B) λN-Smaugʲƒžʉʮ S2ǇǞùEŜɳ 
(C) Smaugʜ CUPɡ'�Ɠʚ poly(A)ɌʛFȁʲÊɾȝʄʉ 
(D) Smaugʜ CUPɡ'�ƓʚǄƼʙǙȈõLʲÊɾȝʄʉɳ 
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� 5-3. SmaugɲBrunoʚʫʮȢBÖƒžLÙ 
(A) Smaug ʜ CUP ʗǻn"ʲÐïʉʮɳCUP ʜ eIF4E '�Ɠɲɡ'�ƓʚǙ
ȈʲõLʉʮɳʆʬʚ SmaugʜɲCUPɡ'�ƓʚǙȈõLʗ poly(A)ɌʛFȁʲ
Ȏ¯ʉʮʄʗɽʖɾʮɳ 
(B) Bruno ʜ CUP ʗǻn"ʲÐïʇɲǙȈõLʲÊɾȝʄʉɳʥʏ Bruno ʜɲ
CUP ɡ'�ƓʚǙȈõLʲÊɾȝʄʉʄʗɽʖɾʮɳ�ęʖɲoskar mRNA ʛ
poly(A)ɌʲLÙʉʮȌǇʙF�łľʜĠʬɼʗʙʒʕɸʙɸɳ  
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5-2. ĹŷʗWŷʛ miRNAǊȠ 

 

ɱ miRNA ʲ�ʇʏɀ��ƒžõLʜɲWŷɼʬĹŷʚʥʖÅʀ,�ʆʯʕɸʮɳW

ŷʛ miRNA ʜɲŀƓ mRNA ʛ 3´UTR ʚǻĔƷò��ʉʮɂFƘǹƓʙŀƓ

ɃHʲȍȓʇɲǙȈõLʗ poly(A)ɌʛFȁʲÊɾȝʄʉ (� 5-4A)ɳŀƓɃHʗ

ʛɯɸƘǹäʚʫʒʕɲAgo ˑ˼ˠˁțǤȡɽGėfàʲÊɾȝʄʉ miR-196 ʗ

HoxB8 mRNAʛ&ʩ�uʆʯʕɸʮɽ (Yekta et al., 2004)ɲʄʛʫɹʙ miRNA

ʲ�ʇʏGėfàʜɲWŷʖʜ&�Ɠʙžȗʖɷʮʗǚɺʬʯʕɸʮɳ 

ɱ �ęʖɲĹŷʛ miRNAʜ�ǨƓʚŀƓɃHʚ¬ʉʮƘǹäɽɯʀɲAgo ˑ˼ˠ

ˁțǤȡɽŀƓ mRNA ʲGėʉʮʄʗʚʫʒʕɀ��ƒžʲõLʇʕɸʮʗǚɺ

ʬʯʕɸʮ (Jones-Rhoades et al., 2006)ɳʇɼʇȫÃʛɀ��ƓʙȁĴɼʬɲĹ

ŷ miRNA ɽŀƓ mRNA ʛGėfàʗʜźƱʚɲˑ˼ˠˁțnïʛɒ¦ʲÊɾ

ȝʄʉʄʗɽƢʆʯʏ (Brodersen et al., 2008)ɳʄʛʗɾɲĹŷ miRNAʜWŷʗ

ʜƌʙʭɲpoly(A)ɌʛFȁʲ=ʀÊɾȝʄʆʊʚɲǙȈʍʛʩʛʲɒ¦ʇʕɸʮ 

(Iwakawa and Tomari, 2013)ɳʖʜ#ɽʄʛʫɹʙȺɸʲƃʦEʉʛʖɷʰɹɼɳ

WŷʖʜɲmiRNA ɽ poly(A)ɌʛFȁʲÊɾȝʄʉʏʨʚʜɲAgo ǋnˑ˼ˠˁ

țʖɷʮ GW182ɽÞɥʖɷʮ (Behm-Ansmant et al., 2006)ɳGW182ʜˉ˵ʸ

ˊ˵ʸ˟ʺʐʂʖʜʙʀǒǲɲˎ˥˶ˤʶ˔ˉ˳ɲ˭ʸˋɲˡ˗ʚeʠʥʖWŷƫɐʖ

Åʀ,�ʆʯʕɻʭɲCCR4-NOTǻn"ʗʛƘ�$ƅʲ�ʇʕ poly(A)ɌʛFȁʲ

Ȏ¯ʇʕɸʮ (Braun et al., 2011; Chekulaeva et al., 2011; Fabian et al., 2011; 

Kuzuoglu-Ozturk et al., 2012; Mishima et al., 2012)ɳ¬ŲƓʚɲĹŷʚʜ

GW182 ˪˱˺˂ɽ��ʋʊɲǋĵʗʇʕ poly(A)ɌFȁɄǅʲŀƓ mRNA �ʚ

xʟ¨ʋʮʄʗɽʖɾʙɸʗǚɺʬʯʕɸʮɳȃɸĈɺʯʝɲĹŷ miRNA ʜˉ˵ʸ

ˊ˵ʸ˟ʺ Ago1-RISCoĿɲpoly(A)ɌʛFȁʪ GW182ɡ'�ƓʚǙȈõLʲ

Êɾȝʄʉʄʗɽʖɾʮ (Iwakawa and Tomari, 2013)ɳʓʥʭɲGW182ʚ'�ʇ

ʙɸǙȈõLʜɲWĹŷɐʖ,�ʆʯʏłľʖɷʮjǟäɽǚɺʬʯʮɳįƜƭ

ɼʬɲˉ˵ʸˊ˵ʸ˟ʺ Ago1-RISCɽ eIF4AʛȁɛʲÊɾȝʄʉʄʗʚʫʒʕǙȈ

ʲɒ¦ʇʕɸʮʄʗɽƢʆʯʏɽɲoĿʛF�łľɽĹŷʖ,�ʆʯʕɸʮɼʜ

žĢůʖʜFɼʒʕɸʙɸɳ  
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� 5-4. Ĺŷ miRNAʜGėɡ'�ƓʙǙȈõLʲÊɾȝʄʉ 
(A) Wŷ miRNA ʜ poly(A)ɌʛFȁʗǙȈõLʲÊɾȝʄʉɳpoly(A)ɌʛFȁ
ʜ GW182 '�Ɠʖɷʮʛʚ¬ʇɲǙȈõLʜ GW182 '�Ɠɲɻʫʟɡ'�Ɠ
ʚȵǵʉʮɳ 
(B) Ĺŷ miRNA ʜŀƓ mRNA ʛGėʗǙȈõLʲÊɾȝʄʉɳWŷʗʜƌʙʭɲ
Ĺŷ miRNAʜ poly(A)ɌʛFȁʲÊɾȝʄʆʙɸɳ 
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5-3. GW ˑ˼ˠˁț ʲ�ʇʏɀ��ƒžLÙ 

 

ɱ Ago ˑ˼ˠˁțʛ PIWI ˘˰ʷ˼ʚʜɲ˗˷˦˗ˤʴ˼ǋnˬ˃˔˗ɽ��ʇʕɻʭɲ

GW182 ʛ N ĮƳʚɷʮ˂˷ˉ˼-˗˷˦˗ˤʴ˼ (GW)˷ˣ˿˗ʲȍȓʇʕǋnʇʕ

ɸʮʗǚɺʬʯʕɸʮ (Till et al., 2007; Schirle and MacRae, 2012)ɳ¤ɗɲGW

˷ˣ˿˗ʚ�ƌʲʩʓ GW182 ʜɲAgo ˑ˼ˠˁțʗƘ�$ƅʖɾʙɸ (Takimoto 

et al., 2009; Chekulaeva et al., 2010)ɳGW182��ʚʩɲFǸɄōʪˉ˺ʷ˛˙

ˌ˙ʚɻɸʕɲGW ˷ˣ˿˗ʲ�ʇʕ Ago ˑ˼ˠˁțʗǋnʉʮ�ʛ��ɽƚʬʯ

ʕɸʮɳFǸɄōʛ siRNAʜɲĸ@ʖˡˋ˗˼ H3ʛ 9ƋƖ˷ˊ˼ŉ�ʚ˰˓˸�

ʲ¯<ʉʮʄʗʚʫʒʕɲȢBŋɖʖɀ��ƒžʲõLʇʕɸʮ (Verdel et al., 

2004)ɳʄʛʗɾɲAgo ˑ˼ˠˁțʜ Tas3 ʗxʝʯʮ Agoǋnˑ˼ˠˁțʗǻn"

ʲÐïʇʕłǟʲƒĉʉʮ (Verdel et al., 2004)ɳTas3ʜ GW182oĿɲNĮƳ

ɦ�ʛ GW ˷ˣ˿˗ʲ�ʇʕ Ago ˑ˼ˠˁțʗǋnʇʕɻʭɲʄʛƘ�$ƅɽ

siRNAʚʫʮĸ@LÙʚÞɥʖɷʮ (Partridge et al., 2007)(� 5-5)ɳoĿʚɲˉ

˺ʷ˛˙ˌ˙ Ago4ʜ̆̈��ʛ siRNA ʲ�ʇʕɲĸ@ʖ DNA ʲ˰˓˸Yʉʮʄʗ

ʚʫʒʕɲȢBŋɖʖɀ��ƒžʲõLʇʕɸʮ (Zilberman et al., 2003; Chan 

et al., 2004; Xie et al., 2004; Zilberman et al., 2004)ɳAgo4 ˑ˼ˠˁțʜ RNA 

polymerase Ⅳbľïˇ˥˴˚˔˗ʖɷʮ NRPE1ʪɲȢB�ɍ��ʖɷʮ SPT5

ʗ GW ˷ˣ˿˗ʲ�ʇʕǋnʇʕɻʭɲʄʯʬʛƘ�$ƅɽĸ@ʖʛłǟƒĉʚɇ

ǼʙÓPʲĵʏʇʕɸʮ (Li et al., 2006; El-Shami et al., 2007; Bies-Etheve et 

al., 2009)(� 5-6)ɳȫÃʛ in silicoȁĴɼʬɲʄʛ�ʚʩɲGW ˷ˣ˿˗ʲ�ʇʕˉ

˺ʷ˛˙ˌ˙ Ago ˑ˼ˠˁțʗǋnʉʮ��ɽ
Ŧʆʯʕɸʮ (Karlowski et al., 

2010)ɳ¤ɗɲZn-finger ˑ˼ˠˁțʖɷʮ NERD ʪɲRNA ˧˷ʽ˿ˎʖɷʮ

SDE3 ɽɲGW ˷ˣ˿˗ʲ�ʇʕ Ago ˑ˼ˠˁțʡʗǋnʇɲĹŷʚɻʂʮ°F�

RNA ʛłǟƒĉʚ¨�ʉʮʄʗɽĠʬɼʗʙʒʕɸʮ (Garcia et al., 2012; 

Pontier et al., 2012)ɳʄʛʫɹʚ Ago ˑ˼ˠˁțʛ˗˷˦˗ˤʴ˼ǋnˬ˃˔˗ʜɲ

�ʛLÙ��ʲxʟȪʧʏʨʛȟ�ʗʙʒʕɸʮɳʆʬʚɲGW ˷ˣ˿˗ʲ�ʇʏ

Ago ˑ˼ˠˁțʗʛƘ�$ƅʜɲʸʷ˸ˋʙʘʛ�Ĳ��ʚʫʮLÙʛ�ʗʇʕʩ

łǟʇʕɸʮɳĹŷƐb"ʖɷʮ Turnip crinckle virusɽ˅˿˘ʉʮ P38ʜɲGW

˷ˣ˿˗ʲ�ʇʕˉ˺ʷ˛˙ˌ˙ Ago ˑ˼ˠˁțʗǋnʇɲʍʛłǟʲõLʉʮʄʗ
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ʖɲĹŷɽįĲþʓʸʷ˸ˋøöäʲɒ¦ʇʕɸʮ (Azevedo et al., 2010)ɳˡ˗

ʚɻɸʕʩɲ˦˷ʼ˼ˑ˼ˠˁțɽ GW ˷ˣ˿˗ʲ�ʇʕ Ago ˑ˼ˠˁțʗǋnʇɲ

ʍʛ²�ʲLÙʉʮʄʗɽƢyʆʯʕɸʮ (Gibbings et al., 2012)ɳ�ęɲˉ˵ʸˊ

˵ʸ˟ʺʖʜɲGW182 ʛ�ʚ GW ˷ˣ˿˗ʲʩʓ��ʜʄʯʥʖ�uʆʯʕɸʙ

ɸɳǦwŝɸʄʗʚȫÃɲˉ˺ʷ˛˙ˌ˙ʚɻɸʕ SUO ʗxʝʯʮ GW ˷ˣ˿˗ˑ

˼ˠˁțɽɲmiRNA ʚʫʮGėɡ'�ƓʙǙȈõLʚ¨�ʉʮʄʗɽ�uʆʯʏ 

(Yang et al., 2012)ɳʓʥʭĹŷ miRNAʛłǟƒĉʚʜɲGW182 ʗʜƌʙʮ�

ʛ GW ˷ˣ˿˗ˑ˼ˠˁțɽ¨�ʉʮjǟäɽƢyʆʯʕɸʮɳįƜƭɼʬʩɲˉ

˵ʸˊ˵ʸ˟ʺ Ago1-RISC ʚʫʮ GW182 ɡ'�ƓʙǙȈõLʚɲGW182 ʗʜ

Jʛ GW ˷ˣ˿˗ˑ˼ˠˁțɽɑ�ʉʮʄʗɽƢyʆʯʕɸʮ (Fukaya and 

Tomari, 2012)(ⅡƲ)ɳʇɼʇɲˉ˺ʷ˛˙ˌ˙ SUOʜWŷʚʜ,�ʆʯʕɻʬʊɲ

^ʙʮƘoäʚʫʒʕĘʏʙ��ʲo£ʉʮʄʗʜɜʇɸɳʍʄʖɲˉ˵ʸˊ˵ʸ˟

ʺʚɻʂʮǏǖƓʙˋˁ˷˿˚˼˂ȁĴɼʬǽʓɼʒʏĘǾ��.ǹʲ (Zhou et 

al., 2008)ɲGW ˷ˣ˿˗ʲ
Ŧʉʮʵ˸ˆ˷ˌ˯(Zielezinski and Karlowski, 

2011)ʚʫʒʕȁĴʇʏʗʄʰɲʍʛ�ɼʬĘʏʚ GW ˷ˣ˿˗ʲsʧʩʛɽǽʓɼ

ʒʏ (� 5-7)ɳžĢůʖʜɲmiRNA ǊȠʚɻʂʮʄʯʬʛ��ʛÓPʜ�Ġʖɷ

ʮɽɲǦwŝɸʄʗʚ Hrp48ʜ oskar mRNAʛǙȈõLʚ¨�ʉʮʄʗ�uʆʯ

ʕɸʮ (Yano et al., 2004)ɳ 
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� 5-5. FǸɄō RNAiǊȠʛŁÉ� 
siRNA ʲhʭȪʳʐ Ago1 ʜĸ@ʖĘƃȢBƄŷʲȍȓʇɲGW ˑ˼ˠˁțʖɷ
ʮ Tas3ʪ Chp1 ʗǻn"ʲÐïʉʮɳChr4ɽˡˋ˗˼ H3ʛ 9ƋƖ˷ˊ˼ŉ�ʲ
˰˓˸YʇɲSwi6 ɽ H3K9me3 ʲȍȓʉʮʄʗʖɲȢBřäɽõLʆʯʏˁ˺˭˓
˼Źëʗʙʮɳ 
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� 5-6. ˉ˺ʷ˛˙ˌ˙ Ago4ǊȠʛŁÉ� 
24��ʛ siRNA ʲhʭȪʳʐ Ago4ʜĸ@ʖɲGW ˑ˼ˠˁțʖɷʮ NRPD1ʪ
SPT5 ʗǋnʇɲĘƃȢBƄŷʲȍȓʉʮʄʗʖ DNAʛ˰˓˸YʲÊɾȝʄʉɳ  
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� 5-7. ˉ˵ʸˊ˵ʸ˟ʺĘǾ GW ˑ˼ˠˁțʛo£ 
hnRNP ˑ˼ˠˁțʖɷʮ Hrp36ɲHrp38ɲHrp48ʜǻĔʛ GW ˷ˣ˿˗ʲþʓɳž
Ģůʖʜɲ°F� RNAǊȠʚɻʂʮʄʯʬʛÓPʜĠʬɼʚʙʒʕɸʙɸɳ 
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