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1. Ɨǔ  

 

 

1.1 ȷŚˁɣɐɇ˂  

 

ȸ ȷŚˁɣɐɇ˂ɣȷŚɾɽʺʎˁMeasles Virus˅MV˂ɢÈĆɡɱɚɜ­ɉǭɍɏɵɴ¿

ÀɾɽʺʎÈĆŜɝɂɴ 1ɀȲĦĉÈĆˁŷğÈĆ˂ȿȲĦÈĆȿÞǓÈĆɠɟɡɱɴ

ÈĆƑǯɈɂɳȿ�ĆPɈ¯ɃɍɞɝŧɲɵɜɃɴɀŞŜɒɴɞȿŞŚɯŞŃȿļɐɃ

omsŜŇɠɟɈǭɍɴɀɪɗņ»ŠɠŜŇɞɐɜȿeƬƆƮ=ɡŤ´ 1 mmL¶ɢ

�ɐƯɲɹɘşƷ�íĿˁʉʩʹʖʅí˂ɈCŋɒɴɀÈĆɡɱɚɜ�÷Šɠ6řÐJ

ɸ­ɉǭɍɒɗɭȿę�_uɢ�ɊɣƎƹɢ�ĔÈĆɡɱɴi%ŜɝɂɴɀƞÄƤɢ

�Zɣ 2 ė��ɢ�7ɝɂɴɈȿǵ§óþɝɣȿÑ#)ɢ!�ɡɱɚɜÒÑPɸÖ

ɗɠɃË�ɈÈĆɐȿȎƂɠŜŇɡȞɴɍɞɈȿŮ�ŠɡrȰɞɠɚɜɃɗ 2ɀ2015§

3úŋxȿóþɝɣȷŚɾɽʺʎɈÜȝŇÉɝɂɴɍɞɈWHOɡɱɳǝ�ɏɵɜɃɴɀ

�ŖŠɡɫɴɞȿŋxɝɮŞ�Ǽ�wɸ
¼ɡȿ§ȖëY��ɢę�Ɉ~nɏɵɜ

Ƀɴ 3ɀȷŚɾɽʺʎɣȧ¤ɡ2ɵɗʽʅʕʾɈȕŞɏɵɜɃɴɈȿʽʅʕʾÞŴŊɢ

!ɏɈŞ�Ǽ�wɝɢę�ƤëȿɕɐɜóþɝɢË�ȷŚĭǁɢ_uɞɏɵɜɃɴɀ

ȷŚɾɽʺʎɡ�ɐɜɢņŘŠɠħŝĨɣŋxɢɞɍɶ�xɐɠɃɀɪɗȿ4ɹɑɜ

ûőɠʽʅʕʾɢ$ǊɡËQɐɜɃɴɗɭȿȷŚɾɽʺʎɢ�ěĒčɯD�ʲʂʝʏ

ʱɠɟɣ�ɢɾɽʺʎɱɳɮŨŶɈǿɹɝɃɠɃɢɈŋŇɝɂɴɀ 
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1.2 ɾɽʺʎ�ŨŶɢÇơ  

 

ȸ ǵ§ȿðƴɾɽʺʎɢCŋɈ�Ŗɝ�Ɋ~nɏɵɜɆɳȿƪ�ɞɠɚɜɃɴɀðƴɾ

ɽʺʎɞɣȿ1970 §�ȫɇɲðɐɊǝǦɏɵɗɾɽʺʎÈĆŜɝȿ�yŠȿɂɴɃɣw

ȢŠɡ:ǀǃŏ�ɢrȰɞɠɴÈĆŜɢƖűɝɂɴɀ2014 §ɡǌɻʧʹʂɝĭǁɐ

ɗʀʭʸCƿŃɯȿǵȣɢȩwɝŞŏɐɗ
ĂomsŜ.ƠˁMERS˂ɢĭǁɠɟɈ

ɂɳȿóþɡɆɃɜɮɕɢUkɈĪţɏɵɜɃɴɀðƴɾɽʺʎɢÈĆÕ�ɸÐJɒ

ɴɡɣȿŅŌŠȡȦɞɃɚɗ�¾žɢɩɇɡȿħŝĨɯʽʅʕʾɢȕŞɈ¿Vɞɏɵ

ɴɀɐɇɐȿħŝĨɯʽʅʕʾɢȕŞɡɣ÷ȖɸǍɐȿɕɢȖɡŎ�ɠǆ�ɸŏɬɍɞ

ɮƣɅɲɵɴɀ�ñɝȿȱ�ɢɾɽʺʎŨŶɈǿɹɝɃɴ�iɣȿɕɢɾɽʺʎɢŨŶ

ƒĄɸ¾őɐɜȆőɒɴɍɞɈfƨɠ�iɈɂɴɀ�ȢɡȿʀʭʸCƿŃɢħŝɡɣ

ɽʾʧʺʀʾʋɾɽʺʎɢħŝƼɈûTɝɂɴfƨÀɈ~nɏɵȿɒɝɡưªħȴɢ

ĜȠɡ8ɚɜɃɴ 4ɀɍɢ'ɢɱɄɡȿ�¶ðɗɡCŋɒɴɇɮɐɵɠɃ]ȟɠɾɽʺ

ʎɡ�Bɒɴɗɭɡɮȿɾɽʺʎɢ}ūŨŶɸǁɃȿɾɽʺʎɸŧɴɍɞɣȎǍɝɂɴɀ 

ȸ ɪɗȿɾɽʺʎɸ¾őɐɗÏǂɝɂɴɾɽʺʎʪʅʓˀɣȿţŠɢȈ��ɸ�öɡƎ

Ƨɡ�8ɝɉȿśğɸħŝɒɴȈ��ħŝőɢʗˀʺɞɐɜɮŦţɏɵɜɃɴ 5ɀ°

GɣȿɻʙʠɾɽʺʎɯʻʚʼɾɽʺʎɠɟɢȕŞɈǿɫȿ�Ȣɡɻʲʹʂɝɣưªɢ�

ɝ&őɏɵɗ 6,7ɀɐɇɐȿɍɵɲɢɾɽʺʎɣƱǰɢȈ��ɸƎƧɢȈ��=Ȋɡʸ

ʾʔʱɡƐǴɬÀǫɈɂɳȿɕɢɍɞɈ_uɝşƿśŞŜɠɟɢN$őɈ~nɏɵɜ

Ƀɴɀǵ§ȿɾɽʺʎɡɱɴĆƷ#ɧɢ²Ȫɸtȉɝɉɴðɗɠɾɽʺʎʪʅʓˀɞɐ

ɜȿʐʾʔɽɾɽʺʎżɢRNAɾɽʺʎʪʅʓˀɢȕŞɈǿɹɝɃɴ 8ɀIőɒɴRNA

ɾɽʺʎɣɕɢŏĬōɸƎƧǫɝǁɄɗɭȿĆƷ#ɧɢʈʠʱɢƐǴɫɡɱɴÙ8�
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ŘɯĆƷ#ɢčǾ�WɸǭɍɒÁɵɈɠɃɀɗɘȿŞŋɈ�ȃŠɝɂɴɍɞɯ6ř

b¾ɸǞ�ɒɴÁɵɈɂɴɠɟȿưª¾őɡkɋɗǣȰɮĚɏɵɜɃɴɀ�¶ȿɏɲɡ

©Ɋɾɽʺʎʪʅʓˀɸ¾őɒɴɗɭɡɣȿò�ɢɾɽʺʎʪʅʓˀɸɱɳƶɃɮɢɡç

ƶɒɴɍɞɢ�ɡȿðɗɠɾɽʺʎʪʅʓˀɢĐƍɯȿţŠɡ¾ɑɜ&ɃDɋɲɵɴɱ

ɄɠŨŶȕŞɈ½ǍɝɂɴɀȷŚɾɽʺʎɣȿʹʾʣƉɢƎƧņŘŠɡÈĆɒɴņ»

ɈɂɴɗɭȿɍɢÀǫɸIőɒɴɍɞɝXŝɡǨŉɝɉɴfƨÀɈɂɴɀɕɢɗɭɡɣȿ

ȷŚɾɽʺʎɢ}ūŨŶɸǁɃȿɾɽʺʎɢÀǫɸŧɴɍɞɈȎǍɝɂɴɀ 

 

 

1.3 ȷŚɾɽʺʎ  

 

ȸ ȷŚɾɽʺʎɣʣʸʰʅʒɾɽʺʎůʳʺʥʹɾɽʺʎ�ɡDȱɏɵɴ 9ɀɾɽʺʎƅ�

ɣŤ´ 100ɇɲ 300 nmɝɂɳȿǅȨɣƎƧɢƩǫ�ȎƮɡœāɒɴʀʾʪʼˀʩɡ

ǎɷɵɜɃɴˁv 1˂ɀƅ�ǅȨɡɣ˄Ŵȱɢƈʓʾʣʅǫȿɒɠɷə Hemagglutinin 

glycoproteinˁH˂Ɇɱɦ Fusion glycoproteinˁF˂ɈŞŋɐɜɃɴɀH ʓʾʣʅǫɣ��

ƎƧƮ�ɢd�#ˁSLAM˂ɸǝǦɒɴu�ɝɂɳȿɕɢ¶ F ʓʾʣʅǫɡɱɳ��ɢ

Ʃǫ�ȎƮɞʀʾʪʼˀʩɢƾiɈ­ɉǭɍɏɵɴɀʀʾʪʼˀʩɢ=0ɡɣǈÎə

ʓʾʣʅǫɝɂɴMatrix proteinˁM˂ɈɂɳȿFɆɱɦ H ʓʾʣʅǫɸæɅɜɃɴɀƅ�

=Ȋɡɣɾɽʺʎɢʈʠʱɝɂɴʯɽʜʎȓ�þȓ RNAˁvRNA˂ɞȿ3 ɛɢɾɽʺʎʓ

ʾʣʅǫˁNȿLȿP˂ɇɲčËɏɵɴʞʅʻʁʃʴʩʌʛˁviral ribonucleoprotein; vRNP˂

Ɉ�xɒɴ 10ɀNucleoproteinˁN˂ɣʈʠʱɝɂɴʯɽʜʎȓȿɆɱɦǋǊɢȢɡ�÷

ŠɡiËɏɵɴʩʸʎȓɢʈʠʱɸǐKĖɐɊ¢ɉɛɋɜ�Ȑ#ɸ±ËɐɜɃɴɀ
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Large proteinˁL˂ɣȷŚɾɽʺʎɢɮɛʮʹʲʸˀʑɢþ#ɝɂɳȿRNA-dependent 

RNA polymeraseĬÀɸɮəȿǱ?ʿǋǊɸǁɄɀPhosphoproteinˁP˂ɣ L ʓʾʣʅǫɈ

1Ɋɗɭɡ½ǍɠǉSʓʾʣʅǫɝɂɳȿL ʓʾʣʅǫɞɞɮɡǱ?ʿǋǊɡ1Ɋɀ 

ȸ ȷŚɾɽʺʎɢŏĬōɸv 2AɡŬɒ 9ɀȷŚɾɽʺʎɣ�ȴŠɡɣʊʺɡɮÈĆf

ƨɝɂɴɈȿƱłŖɡɆɃɜɣʤʚɢɫɡÈĆɒɴɀɪɓȿomsɸǽɑɜʹʾʣƐƜ

ɡ*8ɐȿ��ƅ�ɸ�ɯɐɗɢəȿ9ǰɢʹʾʣƐƜɡÈĆɸÕ�ɒɴɀďŠɞɠ

ɴƎƧɣ BƎƧȿTƎƧȿđŇƎƧɝɂɳȿɕɢÈĆɡɣʹʾʣƉɢƎƧɡņŘŠɡ

ŞŋɐɜɃɴd�#ɝɂɴȿsignaling lymphocyte activation moleculeˁSLAM˂Ɉ½Ǎ

ɝɂɴ 11ɀHʓʾʣʅǫɈ SLAMɸǝǦɒɴɞȿFʓʾʣʅǫɡɱɳʀʾʪʼˀʩɞ��

ƎƧɢƩǫ�ȎƮɞɈƾiɐȿɾɽʺʎɈƎƧɡ*8ɒɴɀƎƧǫɡ*8ɐɗ vRNP


ɡlɪɵɴ vRNA ɣȿvRNA �£ɢɾɽʺʎʮʹʲʸˀʑɡɱɳȿƎƧǫɝǱ?Ɇɱ

ɦǋǊɏɵɴɀiËɏɵɗɾɽʺʎʓʾʣʅǫɆɱɦʈʠʱɣ��ƎƧƮŤ�ɡȥi

ɐȿCƸɐɜƎƧ�ɧɞèCɏɵɴɀɍɢɱɄɡȿȷŚɾɽʺʎɣ9ŏĬōɸ��ɢƎ

ƧǫɡɜǁɄɀȷŚɾɽʺʎɢ RNA iËˁǱ?ʿǋǊ˂ɡɛɃɜȿÈĆ÷Ȗɞɢȗ+

Àɸv 2BɡŬɒ 12ɀǱ?ɣÈĆ¶ɇɲƚɯɇɡǭɍɳȿ6÷Ȗɇɲ 30÷Ȗɡɇɋɜ

ĬŞɡɠɚɗ¶ȿĵǸɒɴɀ�ñȿǋǊɣÈĆ¶ɡȧ¤ɡƚɯɇɡǿǁɐȿÈĆ 12

÷Ȗɇɲ 30 ÷Ȗ¶ɡɇɋɜĬŞɡǋǊɏɵȿɕɢ¶ɢ�¥Ȑɣƚɯɇɡɠɴɀɍɢ

ɱɄɡȿǱ?ɣǋǊɱɳɮôɃ÷üɇɲǁɷɵɴɀ 

ȸ ȷŚɾɽʺʎɢʈʠʱɞǋǊʿȈ��ŞŋɡɛɃɜȿv 3 ɡŬɒɀʈʠʱɣȿ9Ȕ

15,894 ʞʅʻʁʕʛɢʯɽʜʎȓ�þȓɢ RNAɝɂɴˁv 3A˂ɀǱ?ɆɱɦǋǊɢʩ

ʼʳˀʓˀȋFɸlɬ 3’ýŹɢ Leader ȋFɡ�ɪɳȿȷŚɾɽʺʎɢƅ�±Ëɡ½

ȭɠNȿPȿMȿFȿHȿLɢhȈ��ȿɕɐɜ 5’ýŹɡɣʩʸʎȓɇɲʯɽʜʎȓiËɡ
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½Ǎɠʩʼʳˀʓˀɸlɬ Trailer ȋFɈ	ɹɝɃɴ 13ɀǋǊɣȿLeader ȋFɡƒi

ɐɗɾɽʺʎʮʹʲʸˀʑɈǼ
ɝǼEɵɴɍɞɠɊ RNA ɸiËɐɜȿ�«ʩʸʎȓɢ

RNAɸiËɒɴɀɕɢ¶ȿʩʸʎȓɸȒzɡTrailerȋFɇɲǋǊɸǁɄɍɞɝʈʠʱɸ

iËɒɴɀ�ñȿǱ?ɣȈ��Ɏɞɡ mRNA ɸiËɒɴ 14ɀhȈ��ɡɣǱ?ȕ�

ĿɆɱɦǱ?ƏƒĿɈ�xɒɴɀɾɽʺʎʮʹʲʸˀʑɣɪɓ Leader ȋFɡƒiɐȿ

ʎʃʴʾɒɴɱɄɡ 5’ýŹɧɞŲUɒɴɀɥɞɛɢȈ��ɸǱ?ɐƏɅɴɞȿʮʹʲʸˀ

ʑɣɕɢɪɪ 5’ýŹñkɡŲUɐȿĔɢȈ��ɢǱ?ȕ�ĿɇɲǱ?ɸ�ɭɴɀɍɢ

ɱɄɡɐɜȿȈ��ɎɞɡmRNAɈiËɏɵɴɀLʓʾʣʅǫɡɱɚɜʃʴʖʩɆɱɦʮ

ʹAȓɈ�RɏɵɗMV mRNAɣ��ɢʹʭʒˀʱɡɱɚɜƢǙɏɵɴɀɾɽʺʎȈ�

�ɣ}þŠɡ1ɛɢʓʾʣʅǫɸŞŋɒɴɈȿPȈ��ɢɫɣʮʹʌʎʚʼʝʖʅɝɂɳȿ

VɆɱɦ CʓʾʣʅǫɈʉˀʛɏɵɜɃɴˁv 3B˂ɀVʓʾʣʅǫɣ PȈ��ɢmRNA

ɢņ�ɢȮ{ɝ RNA ƙȥɞoɤɵɴĒčɸdɋȿʆɻʠʌʾˁG˂ɈÙ8ɏɵɴ 15ɀɍ

ɵɡɱɳ�ĭɢƢǙʉʛʾɢǢɫąɈ�WɒɴɗɭȿƒĄɞɐɜ Ný 231ɻʰʠȍɣ P

ʓʾʣʅǫɞjɑɘɈ CýɈŘɠɴɻʰʠȍȋFɸɮɛȿVʓʾʣʅǫɈiËɏɵɴɀ�

ñȿC ʓʾʣʅǫɣ P ʓʾʣʅǫɞɣŘɠɴƢǙȕ�ĿɸIőɐɜƢǙɏɵɴ 16ɀɾɽ

ʺʎƅ�±Ëɡ½ȭɠʓʾʣʅǫˁNȿPȿMȿFȿHȿL˂ɣčǾʓʾʣʅǫɞoɤɵɴɢ

ɡ�ɐȿP Ȉ��ɡʉˀʛɏɵɴɍɵɲɢʓʾʣʅǫˁVȿC˂ɣȿȧčǾʓʾʣʅǫɪɗ

ɣɻʅʐʊʹˀʓʾʣʅǫɞoɤɵɴɀ 
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1.4 ɻʅʐʊʹˀʓʾʣʅǫɢĒƨ  

 

ȸ ȷŚɾɽʺʎɢŨŶɣȿjɑʣʸʰʅʒɾɽʺʎůɢʐʾʔɽɾɽʺʎɢǒăƒĄɸɮ

ɞɡǁɷɵɜɉɗɞɃɄĘgŠƥøɈɂɴɀɻʅʐʊʹˀʓʾʣʅǫɢ�xɮȿʐʾʔɽ

ɾɽʺʎɝŞǏɏɵɗ¶ȿȷŚɾɽʺʎɝɮȱ�ɢʓʾʣʅǫɈ�xɒɴɍɞɈ�ĸɏ

ɵȿŨŶɈǁɷɵɗ 17ɀ�ƵŠɡɻʅʐʊʹˀʓʾʣʅǫɣɾɽʺʎɢƅ�±Ëɡɣ

ȗ�ɐɠɃɈȿɾɽʺʎ�ěɡɣ½Ǎɠu�ɝɂɴɍɞɈ�Ƀɀɐɇɐȿʣʸʰʅʒɾɽ

ʺʎůɢɾɽʺʎɡɆɃɜɣȿčǾʓʾʣʅǫɞɣŘɠɳȿɻʅʐʊʹˀʓʾʣʅǫɣj

�ɢɾɽʺʎȖɝɂɚɜɮ-�ÀɈ!Ƀ 18ɀʣʸʰʅʒɾɽʺʎůɡɣ 9 Ŵɢ�Ɉɂɴ

ɈȿV ʓʾʣʅǫɣɕɢɄə 7 �ɝ-�ɏɵɜɃɴɢɡ�ɐȿC ʓʾʣʅǫɣȷŚɾɽ

ʺʎɢ�ɒɴʳʺʥʹɾɽʺʎ�ɸlɭȿ4 �ɢɫɈɮɛɀɪɗȿɻʅʐʊʹˀʓʾʣʅ

ǫɢťjÀɣ!ɊȿǜƎɠĒƨɡɣȄɃɈɂɴɍɞɈǵ§õɲɇɡɠɚɜɉɜɃɴ 19ɀ 

ȸ ȷŚɾɽʺʎɢ V ʓʾʣʅǫɣȿƱł6řɡɆɃɜȎǍɠ³OɸĄɗɒ Janus 

KinaseˁJAK˂/Signal transducer and activator of transcriptionˁSTAT˂ƑǯɡȎǍɠu

�ɝɂɴ STAT1 Ɇɱɦ JAK1 ɡƒiɐɜĬÀWɸÐJɐȿ�ĭɢʌʆʜʺƑǯɸș

�ɒɴ 20,21ɀɍɢ�ɛɢu�ɞ�Ƥǋi#ɸ±ËɒɴɡɣȿVʓʾʣʅǫɢɫɈɮɛC

ýŹɢɻʰʠȍȋFɈȎǍɝɂɴɀɪɗȿƎƧ=ɝÈĆ#ɸǝǦɒɴɾɽʺʎ RNA ʐ

ʾʊˀɞɐɜŧɲɵȿIFN ŐŏɡȎǍɠ��u�ɝɂɴ MDA5 ɞɮƒiɐȿĒƨɸș

�ɒɴɍɞɈõɲɇɞɠɚɜɃɴ 22,23ɀV ʓʾʣʅǫɡɱɴƱł6řÐJĬÀɣȿȷŚ

ɾɽʺʎɈ��ɢȘ¹ĒčɇɲǹɵɴɗɭɡȎǍɠ1ɉɸɐɜɃɴɀ 
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1.5 C ʓʾʣʅǫɢĒƨ  

 

ȸ ȷŚɾɽʺʎ C ʓʾʣʅǫɣȿƊ 21 kDaɢ�}Àʓʾʣʅǫɝɂɴɀʂʝʅɽʋʺɸ

őɃɗȏŏĈɆɱɦCʓʾʣʅǫēâȷŚɾɽʺʎˁMV(C-)˂ɢÈĆ�ȴɡɱɚɜȿC

ʓʾʣʅǫɈɾɽʺʎ�ěɡ½Ǎɠu�ɝɂɴɍɞɈõɲɇɞɠɳȿɕɢĒƨǒăɈǁ

ɷɵɜɉɗ 24,25ɀ 

ȸ C ʓʾʣʅǫɢĒƨǒăɣȿ�ɡ�ɛɢĒčɡŁĿɸ°ɜɜǒăɏɵɜɉɗɀ�ɛ

ɣƱł6řɢÐJɝɂɴɀCʓʾʣʅǫɣ JAK/STATƑǯɢ�ĭɡɂɴ IFNαd�#

ɢ�ȊɞƒiɒɴɍɞɝȿɍɢƑǯɸȇïɐ6řĒčɸÐJɒɴ 26-28ɀɐɇɐȿ

JAK/STATƑǯɢÐJĬÀɣ V ʓʾʣʅǫɢñɈȶɊȿC ʓʾʣʅǫɡɱɴ6řÐJ

ɢþǫɣHɡɂɴɍɞɈßĸɏɵɗɀǵ§ȿMV(C-)ÈĆƎƧɡɆɃɜȿɾɽʺʎʓʾ

ʣʅǫɢŞŋɈƢǙɢĜȠɝÐJɏɵɜɃɴɍɞɈ~nɏɵɜɃɴ 29ɀɍɢƢǙ/ĕ

ɣȿ��ɢƢǙĒčɸIőɒɴɾɽʺʎɢʓʾʣʅǫŞŋɸ/ĕɏɔɴɍɞɝɾɽʺʎ

ɢ�ěɸȘɎɄɞɒɴȿƱł6řĒčɢ�ȊɝɂɴɀMV(C-)ÈĆƎƧɝɣȿƢǙɡ

ȎǍɠ��u�ɝɂɴ eIF2ˁeukaryotic translation initiation factor 2˂ɢαʊʨʶʝʖʚ

ɈʹʾȍWɏɵɴɍɞɝƢǙɈÐJɏɵɜɃɴɍɞȿαʊʨʶʝʖʚɸʹʾȍWɒɴu�

ɝɂɴ PKRˁprotein kinase double strand RNA dependent˂ɈĬÀWɐɜɃɴɍɞɈõɲ

ɇɞɠɚɜɃɴ 30-33ɀɪɗȿPKRĬÀWɢ­ɉȑɞɠɴ double-stranded RNAˁdsRNA˂

ɈMV(C-)ÈĆƎƧɝƺŵɒɴɍɞɮ~nɏɵɜɃɴ 34ɀɍɵɲɢŨŶɇɲȿCʓʾʣʅ

ǫɈ dsRNAɢŐŏɸÐJɒɴɍɞɝ6řĒčɸÐJɒɴ1ɉɈɂɴɍɞɈŬqɏɵɜ

Ƀɴɀ 

ȸ CʓʾʣʅǫɢɮɄ�ɛɢĒƨɞɐɜȿȷŚɾɽʺʎɢRNAiËˁǱ?ʿǋǊ˂ɢǤƀ
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ɈɂɴɀȷŚɾɽʺʎɢ RNAiËɣȿMinigenome assay ɞoɤɵɴƃöŠɠ�ȴƉ

ɸőɃɜȿ|ȳƎƧ=ɝ>ŋɒɴɍɞɈɝɉɴ 35ɀɍɢ�ȴƉɣȿɾɽʺʎɢ RNA i

Ëɡ½Ǎɠu�ȿNȿPȿL ʓʾʣʅǫȿɆɱɦɾɽʺʎʮʹʲʸˀʑɡɱɚɜJ¹ɏɵɴ

ʻʮˀʓˀȈ��ɸɮɛŞŋʪʅʓˀˁʳʙʺ MV ʈʠʱ˂ɸƎƧɡ�8ɐȿʻʮˀʓ

ˀʓʾʣʅǫɢĬÀɸĸ�ɒɴɮɢɝɂɴˁv 4˂ɀɍɢb¾ƉɡCʓʾʣʅǫɮ;Şŋ

ɏɔɴɞȿʻʮˀʓˀĬÀɈ!�ɒɴɍɞɇɲȿCʓʾʣʅǫɣRNAiËɸǧɡJ¹ɒ

ɴu�ɝɂɴɍɞɈŬqɏɵɗ 36ɀɪɗÈĆƎƧɡɆɃɜȿNȿPȿLʓʾʣʅǫɞ Cʓʾ

ʣʅǫɣ;�xɒɴɍɞɈ~nɏɵȿC ʓʾʣʅǫɈɍɵɲɢu�ɞƒiɒɴɞßĸɏ

ɵɗ 37ɀɐɇɐɠɈɲȿC ʓʾʣʅǫɞƒiɒɴɾɽʺʎu�ɣj�ɏɵɜɆɲɓȿC ʓ

ʾʣʅǫɢ RNAiËɧɢȗ�ɡɆɋɴD�ʲʂʝʏʱɣ�õɝɂɴɀ 
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2. ŨŶţŠ  

 

 

ȸ ȷŚɾɽʺʎ C ʓʾʣʅǫɢĒƨǒăɣȿ�ɡ MV(C-)ɸőɃɗÈĆ�ȴɡɱɚɜ

õɲɇɞɠɚɜɉɗɀɕɢɠɇɝȿ6řÐJɯɾɽʺʎ RNAiËɡ1ɊɍɞɈŬqɏɵ

ɜɃɴɮɢɢȿ<#ŠɠD�Ēčɣ�õɝɂɴɀņɡȿɾɽʺʎ RNA iËɣɾɽʺʎ

�ěɢĊ¨ɞɮɃɅɴĒčɝɂɴɈȿC ʓʾʣʅǫɡɱɴɾɽʺʎ RNA iËɡȗɒɴ

ŧǏɣ�ɐɊȿC ʓʾʣʅǫɈďŠɞɒɴu�ɮõɲɇɡɠɚɜɃɠɃɀɕɍɝȿþŨ

ŶɝɣȿC ʓʾʣʅǫɡɱɴȷŚɾɽʺʎɢ RNA iËɡŁĿɸɂɜȿɕɢD�ʲʂʝ

ʏʱɸǒõɒɴɍɞɸţŠɞɐɗɀ 
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3. �ȴñĨ  

 

 

3.1 ƎƧɞɾɽʺʎ  

 

3.1.1 ƎƧ  

ȸ DishɆɱɦ Plateɣɒɨɜ IWAKIǊpɸ&őɐɗɀä$ɣɒɨɜʅʹˀʾʪʾʕ=

ɡɜǁɚɗɀ 

ȸ Vero/hSLAMƎƧɣɻʧʹʂʰʛʹʋʺɢƫƎƧœāɝɂɴVeroƎƧɡȿȷŚɾɽʺ

ʎɢd�#ɝɂɴʤʚɢ SLAM ɸÂ¤ŠɡŞŋɏɔɗƎƧĈɝȿ
¡��ɢćȤ�

éÛɢŨŶ�ɡɜđŸɏɵɗ 11ɀVero ƎƧɣ IFN-βȈ��ɢʩʼʳˀʓˀȊDɸē

âɐɜɃɴɗɭɡƱł6řɢǞ�ɈɝɉɠɃƎƧĈɝɂɴɀDMEM ƎƧ�ě|y

ˁNissui˂ɡ 500 µg/mlɢGeneticinˁG418˂ɸĳRɐɗ|yɸőɃɜƕÖɐɗɀƓ�ɣ 3ȿ

4óɡ�«ǁɚɗɀɾɽʺʎɢÈĆ�ȴɆɱɦɾɽʺʎɢP)Ūǝɡ&őɐɗɀ 

ȸ BSR-T7/5 ƎƧɣȿƦ7ʡʱʎʓˀɢƫƎƧœāɝɂɴ BHK21 ƎƧɡ T7 

polymeraseɸÂ¤ŞŋɏɔɗƎƧĈɝɂɴɀ50 µg/ml G418ɸlɬMEMƎƧ�ě|

yˁNissui˂ɸőɃɜ|ȳɐɗ 41ɀ�ȃŠɡɾɽʺʎʓʾʣʅǫɸŞŋɏɔɴɗɭɡ&ő

ɐɗɀ 

ȸ B95aƎƧɣʯˀʳʐʖʚɢ BƎƧœāɝɂɴ B95-8ƎƧɡȿEpstein-Barr ɾɽʺʎ

ˁEBV˂ɸÖƔÈĆɏɔɴɍɞɡɱɳÞŦɐɗŇÉɝ|ȳɝɉɴɱɄçƶɐɗ|ȳƎƧ

ɝɂɴɀDMEM ƎƧ�ě|yɸőɃɜ|ȳɐɗɀ�ȴőɡȷŚɾɽʺʎɸ�ɯɒɗ
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ɭɡ&őɐɗɀEBVɈȷŚɾɽʺʎİ
ɡĲ8ɐɠɃɍɞɣȿŪǝɏɵɜɃɴ 42ɀ 

 

3.1.2 ɾɽʺʎÈĆ�ȴ  

ȸ IC-B Ĉɣȿ1990 §ɡɣɐɇÄƤɇɲ[ȦɏɵɗȿȷŚɾɽʺʎɢȏŏĈɝɂɴ 42ɀ

þŨŶɝɣȿɕɢȈ��ȋFɸɮɞɡƐàɅɾɽʺʎ$ǊÏǂɝɂɴʹʢˀʎʍɿʟ

ʘɼʅʎɸőɃɜǤǊɐɗ IC-B Ĉɸ&őɐɗɀǤǊɐɗɾɽʺʎɣȿB95a ƎƧɸőɃ

ɜ 3tƓ�ɐȿ¸ɲɵɗ��ƅ�ɸ&őɐɗɀɾɽʺʎɢP)ɣ Vero/hSLAMƎƧɸ

őɃɜMedian tissue culture infectious doseˁTCID50˂ɸĸ�ɒɴɍɞɡɱɳĤ�ɐɗɀ 

ȸ C protein-deficient MVˁMV(C-)˂ɣȿIC-BĈɢȈ��ȋFɸɮɞɡȿC ʓʾʣʅǫɢ

ŞŋɢɫɸēâɐɗƐàɅɾɽʺʎɝɂɴɀŽĩ��ȿŻ=ƻ@éÛɡɱɚɜʹʢˀ

ʎʍɿʟʘɼʅʎɡɱɳ$Ǌɏɵɗ 24ɀC ʓʾʣʅǫɢēâɣȿPɆɱɦ V ʓʾʣʅǫɢ

ɻʰʠȍȋFɡ²ȪɸɂɗɅɠɃ 2ſÌɡʎʚʖʩʉʛʾɸ�8ɒɴɍɞɡɱɳȿCʓʾʣ

ʅǫēâɾɽʺʎɸ$ǊɐɗɀC ʓʾʣʅǫɢŞŋɈēâɐɜɃɴɍɞɣȿɾʀʎʓʾʨ

ʼʖʘɼʾʆɡɜŪǝɏɵɜɃɴ 24ɀ$Ǌɏɵɗ MV(C-)ɣȿ|ȳƎƧɸőɃɜ 2 tƓ

�ɐȿ�ȴɡ&őɐɗɀ¸ɲɵɗ��ƅ�ɣȿVero/hSLAM ƎƧɸőɃɜ TCID50 ɸ

ĸ�ɒɴɍɞɝP)ɸĤ�ɐɗɀ 

ȸ ÈĆ�ȴɢ'ɞɐɜȿþŨŶɡɆɃɜȯƛɡőɃɗ 3.5 cm2 dishɸőɃɗÈĆñĨ

ɸŬɒɀVero/hSLAMƎƧɣ 90%ʉʾʧʺʀʾʚɢŇÉɝ&őɐɗɀDMEM|yɸȝ

Ƀɗ¶ȿ150 µl ɢŀƿĴ|yɆɱɦɾɽʺʎĹİˁmultiplicity of infection˅moiˆ

1~5˂ɸĳRɐȿ37Ⱦȿ5% CO2ɽʾʃʵʪˀʓˀɡɜ 1÷ȖɽʾʃʵʪˀʚɐɗɀɕɢȖ

15DɆɉɡʩʻˀʚɸáɲɐȿƎƧɡɾɽʺʎĹİɈ�ȂɠɊɇɇɴɱɄɡɐɗɀ�Ĵɸ

ȝɃɗ¶ȿ500µl ɢ DMEM |yɸőɃɜ 2 tīɃȿ100 µ/ml ɢ Fusion blocking 
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peptideˁFIP˅Z-D-Phe-Phe-GlyˁPeptide Institute˂˂ɸlɬ DMEM|yɸ 1 mlĳRɐ

ɗɀFIPɣȷŚɾɽʺʎɢFʓʾʣʅǫɢș�Mɝɂɳȿ��ƅ�ɢ>ÈĆɸș�ɒɴ

ɗɭɡ&őɐɗ 43ɀɾɽʺʎɈ�Ŧɐɗ dishɯʕʖʩȿʦʫʖʚɣʁˀʚʅʻˀʨĺƹɐ

ɗɢəȿȆEɡBDɐɗɀ 

 

 

3.2 ǛƼɞÑ#  

 

ȸ ņɡǗǶɢɠɃțɳȿǛƼɣ Nacalai tesqueŮǊɸ&őɐɗɀ 

ȸ ĺƹĠɣǮƋĠǊǾǇƝMILLI-Q SPˁMillipore˂ɝ$ɲɵɗ 18.2 MȽɢǮƋĠɸ

ʁˀʚʅʻˀʨĺƹɐ&őɐɗɀ 

ȸ Nʓʾʣʅǫɡ�ɒɴÑ#ȿN56-2ˁmouse monoclonal˂Ɇɱɦ Pʓʾʣʅǫɡ�ɒɴ

Ñ#ȿC110ˁmouse monoclonal˂ɣwŸÈĆŜŨŶÌɢ"ƽ�4ŏɡD�ɐɜɃɗ

ɘɃɗɀȷŚɾɽʺʎɡ�ɒɴÑ#ȿα-MVˁToyoshima Ĉ˅rabbit polyclonal˂ɣȷŚ

ɾɽʺʎɸÑ_ɞɐɜɾʊʄɡ6řɒɴɍɞɝ¸ɲɵɗÑ#ɝɂɳȿŽĩ��Ż=ƻ@

éÛɇɲD�ɐɜɃɗɘɃɗ 45ɀC ʓʾʣʅǫɡ�ɒɴÑ#ɣȿ�ƭƹɸőɃɗŞŋ

ƉɡɱɳƇǊɐɗƐàɅ Cʓʾʣʅǫɸɾʊʄɡ6řɒɴɍɞɝ¸ɲɵɗ polyclonalÑ

#ɝɂɴɀβ-actinɡ�ɒɴÑ#ɣ SigmaɇɲǬ8ɐɗɀGFPɡ�ɒɴÑ#ɣ Nacalai 

tesque ɇɲǬ8ɐɗɀ�ĔÑ#ɞɐɜ&őɐɗȿAnti-Mouse IgG HRP conjugatedȿ

Anti-Rabbit IgG HRP conjugatedɣ GE healthcareɇɲǬ8ɐɗɀ 
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3.3 Şŋʪʅʓˀ$Ǌ  

 

3.3.1 pMV107 (-);GFP 

ȸ T7 polymeraseɡɱɚɜRNAiËɏɵɗ¶ȿMV polymeraseɡɱɚɜǱ?ʿǋǊɏɵ

ɴɱɄǘǕɐɗʳʙʺ MV ʈʠʱɝɂɴɀSidhu ɲɈ$ǊɐɗʪʅʓˀȿpMV107(-); 

CATɸ}þɞɐɜɆɳȿChloramphenicol acetyltransferaseˁCAT˂ɢ�ɷɳɡ enhanced 

green fluorescent proteinˁeGFP˂ɸ�8ɐɜɃɴ 35ɀɽʾʊˀʚɣpEGFP-N1ˁClontech˂

ɸ Ȓ z ɞ ɐ ɜ ȿ 5’-AGATATCCGAGCACCATGGTGAGCAAGGGC-3’ Ɇ ɱ ɦ

5’-TGGCTCGAGAATTACTTGTACAGCTCGTC-3’ ɢ ʩ ʸ ɽ ʯ ˀ ɸ ő Ƀ ɜ

polymerase chain reactionˁPCR˂ɡɱɳ�¥ɐɗɀ�ñȿȵċɣ pMV107(-);CATɸȒ

z ɞ ɐ ɜ ȿ 5’-CTCGGATATCCCTAATCCTGCTCTTGTCCC-3’ Ɇ ɱ ɦ

5’-CTGCTCGAGTTGGTTGAACTCCGGAACCCTA-3’ɢʩʸɽʯˀɸőɃɜ PCR

ɡɱɳ�¥ɐɗɀɕɢ¶ȿɽʾʊˀʚɆɱɦȵċɣ EcoRV ɞ XhoIɝJțȌƌBŌɐȿ

ʸɽʈˀʌʷʾɐɗɀ 

 

3.3.2 pMV107 (-);Luc 

ȸ T7 polymeraseɡɱɚɜRNAiËɏɵɗ¶ȿMV polymeraseɡɱɚɜǱ?ʿǋǊɏɵ

ɴɱɄǘǕɐɗʳʙʺMVʈʠʱɝɂɳȿʻʮˀʓˀȈ��ɞɐɜFirefly luciferaseɢȈ

��ɈÙ8ɏɵɜɃɴɀ 

 

3.3.3 pCHA-C 

ȸ NýŹɡ HA-tag ɸƒiɏɔɗȿIC-BĈɢ C ʓʾʣʅǫɸŞŋɒɴʪʅʓˀɝɂɳȿ
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ʩʼʳˀʓˀɣ CAG ɝɂɴɀ�L$Ǌɐɗ pFlag-C Şŋʪʅʓˀɸ BamHI ɡɱɚɜ

įWɐȿC ʓʾʣʅǫɢȈ��Æ~ɸlɬȊDɸEɳCɐɜɽʾʊˀʚɞɐɗ 38ɀýŹ

ɣ klenow fragment ɸőɃɜ¦ĻWɐɗɀȵċɝɂɴ pCHAɣ AflIIɝBŌɐɗɢə

jĎɡýŹɸ¦ĻWɐȿɽʾʊˀʚɸÙ8ɐɗ 39ɀ 

 

3.3.4 pHis-C 

ȸ NýŹɡHis-tagɸƒiɐɗ IC-BĈɢCʓʾʣʅǫɸŞŋɒɴʪʅʓˀɝɂɳȿƐà

Ʌ C ʓʾʣʅǫɸǤǊɒɴɗɭɡőɃɗɀɪɗ C ʓʾʣʅǫɢÑ#$ǊɡɮőɃɗɀ 

 

 

3.4 His-tagƒiƐàɅʓʾʣʅǫƇǊ   

 

ȸ �ƭƹɣ BL21ˁDE3˂CodonPlus RIL-pLysSĈɸőɃɗɀpHis-Cɸ�ƭƹɡ�8ɐ

ɜ¸ɲɵɗʉʼʝˀɣȿ100 µg/ml AmpicillinɆɱɦ 34 µg/ml Chloramphenicolɸlɬ

LB|yɡɜȿOD600=0.3ɡɠɴɪɝ 37ȾɝØŢ|ȳɐɗɀIPTGȧĿĳRŕDɞɐɜ

�ȐɸʕʵˀʨɡɞɳȿĚɳɢ|yɡ 0.1 µg/ml ɞɠɴɱɄ IPTGɸĳRɐɗɀë÷Ȗ|

ȳɐɗɢə�ƭƹɸtcɐȿBinding bufferˁ500 mM NaCl, 20 mM Tris-HCl pH7.9, 

0.1% TritonX-100, 5 mM Imidazole˂ɡÊĽɐɗɀġ�ɝʩʼˀʨʓɽʩɢʒʝʇˀʓ

ˀɸőɃɜȿƎƧɸƄũɐɗ¶(60w, 2D, 5t)ȿ6,000 rpmȿ4Ⱦȿ10Dȅ¼ɐɗɀ�

ĴɸHʕʵˀʨɡtcɐɗ¶ȿ10 krpmȿ4Ⱦȿ30 Dɝ>ȅ¼ɐȿ�Ĵɸtcɐɜʊʾ

ʩʺĹİɞɐɗɀƇǊɣ Novagen ɢ pET system manual ɸ`ƣɡǁɚɗɀBinding 

bufferɝëtīɚɗ Ni-NTA resinˁNovagen˂ɸʊʾʩʺĹİɡĳRɐȿ˃÷Ȗ 4Ⱦɝ
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åÔɐɗɀʁˀʩʾʂʸʱɡʊʾʩʺĹİɸĭɐɜ Ni-NTA resin ɸ3�ɐȿ¸ɲɵɗ

Ĺİɸ Flow through ɞɐɗɀɕɢ¶ȿNi-NTA resinɣȿBinding bufferȿWash buffer

ˁ500 mM NaCl, 20 mM Tris-HCl pH7.9, 0.1% TritonX-100, 10 mM Imidazole˂ɸȬŗ

ɡĳRɒɴɍɞɡɱɳīĮɐɗɀÓCɣȿ100 mM Imidazoleɸlɬ Elution bufferˁ500 

mM NaCl, 20 mM Tris-HCl pH7.9, 0.1% TritonX-100˂ȿ300 mM Imidazoleɸlɬ

Elution bufferȿ500 mM ImidazoleɸlɬElution bufferȿ1 M ImidazoleɸlɬElution 

bufferɸȬŗɡ 500 µlɓɛĳRɐȿ¸ɲɵɗĹİɸʓʾʣʅǫĹİɞɐɗɀʓʾʣʅǫ

Ĺİɣǻăʢʖʧɺˀˁ20 mM Hepes-NaOH pH 8.0, 50 mM NaCl, 10% Glyerol, 0.5 

mM EDTA, 0.1 mM PMSF˂ɸőɃɜǻăɐɗɀtcɐɗʓʾʣʅǫĹİɣ

SDS-PAGEɡ�ȕɐȿCBBĆƷɐɜƇǊ«ɸŪǝɐɗɀ 

 

 

3.5 in vitro RNAiË  

 

ȸ RiboMAX Large Scale RNA production systems - T7ˁPromega˂ɸőɃɜȿʯʝʵɻ

ʺɡ·Ƀ in vitroɝɢRNAiËɸǁɚɗɀT7 RNA polymeraseɡɱɚɜǱ?ɏɵɴʪ

ʅ ʓ ˀ ɸ Ȓ z ɞ ɐ ɜ ő Ƀ ȿ 53 mer

ˁAGUAGAAACAAGGGUGUUUUUUCAUAUCAUUUAAACUUCACCCUGCUUU

UGCU˂ɢ RNAɢiËɸǁɚɗ 40ɀiË¶ȿ6% Native PAGEɡ�ȕɐɜţŠɢʢʾ

ʛɸEɳCɐƇǊɐɗɀƇǊɐɗ RNAɣ[γ-32P] ATPˁ3,000 Ci/mmol˂ɸ}ǫɞɐɜ T4 

polynucleotide kinaseˁTOYOBO˂ɡɱɳ 5’ýŹɸ 32Pɝè�ÀďǦɐɗɀɕɢ¶ʧɿʠ

ˀʺʿʅʼʼʬʺʱÓCȿʀʓʠˀʺƇǊɸǁɚɗɀtcTŊɣƇǊLɞƇǊ¶ɢʕɿ
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ʻʾʉʧ5ɸʌʾʕʻˀʌʷʾʂɾʾʓˀɡɱɳĸ�ɐȿľ«ɸĤ�ɐɗɀ 

ȸ RiboMAX Large Scale RNA production systems - T7ɸőɃɜ�Ǘ 53 merɡťǉŠ

ɠȋFɸɮɛ 53 merɸiËɐȿjĎɡƇǊɐɗɀýŹɸè�Ƙʸʪʺɐɗ 53 merɡ

�ɐȿťǉŠɡƒiɏɔɴɍɞɝȿ�þȓ RNA ɞɐɜ�ȴɡ&őɐɗɀ 

 

 

3.6 Filter binding assay 

 

ȸ tcɐɗƐàɅʓʾʣʅǫɆɱɦýŹɸè�ÀďǦɐɗ�þȓ RNA ɣȿBinding 

bufferˁ20 mM Hepes-NaOH pH 8.0, 50 mM KCl, 3 mM MgCl2, 1 mM DTT˂
ɝ 10 

µl ɢb¾ƉɝĲiɐɗɀCompetitiopn assay ɸǁɄȢɣȿɍɢb¾Ɖɡɏɲɡȧè�

ÀďǦɐɗĉȍɸĳRɐɗɀ30ºCɝ 30Dɽʾʃʵʪˀʚɐɗ¶ȿʝʚʼʐʺʼˀʎƮɡ

ʎʮʖʚɐɗɀʝʚʼʐʺʼˀʎƮɣ�Lɡ¦ǄWɐȿɻʖʐɽőɢǇƝɡʐʖʚɐɗɀʊ

ʾʩʺɸĳR¶ȿ500 µlɢ Binding bufferɸ 2tǽɐɜʝʚʼʐʺʼˀʎƮɸīɃȿʁ

ˀʚʸʍʁʆʸʧɼˀɡɱɳČCɐɗɀ 

ȸ � þ ȓ DNA ɣ ȿ 40 mer ɢ ʩ ʸ ɽ ʯ ˀ ȿ

5’-AGCTTACCATGCTGACCGGGGATCTGCTCCCATCTCTACG-3’ɸőɃɗɀɪ

ɗɍɵɡťǉŠɠȋFɸɮɛ 40 mer ɢʩʸɽʯˀɸȿťǉŠɡƒiɏɔɜȿ�þȓ

DNAɸ$Ǌɐɗɀ 

 

 

 



 20 

3.7 Electrophoresis mobility shift assayˁEMSA˂  

 

ȸ �ȴñĨ 3.6 ɡɂɴɱɄɡb¾ɏɔɗȿƐàɅʓʾʣʅǫɞè�ÀďǦɐɗ�þȓ

RNAɣȿżȐɢ Formamide loading dyeɞĲiɐȿ8% Native PAGEɡ�ȕɐɗɀɕɢ

¶ȿʈʺ�ńĒɡɜʈʺɸ�ńɏɔɗɢəȿʁˀʚʸʍʁʆʸʧɼˀɡɱɳČCɐɗɀ 

 

 

3.8 Minigenome assay 

 

ȸ NȿPȿLɸŞŋɒɴʪʅʓˀȿpCITE-IC-NȿpCITE-IC-PΔCȿpCITEko-9301B-Lɣw

ŸÈĆŨŶÌȿŻŒǠ4ŏɡD�ɐɜɃɗɘɃɗ 44ɀNȿPȿL ɢhŞŋʪʅʓˀȿɆ

ɱɦʳʙʺMVʈʠʱɝɂɴ pMV107(-);Lucɪɗɣ pMV107(-);GFPȿɕɐɜ pCHA-C

ɣ 1: 1.5: 1: 1: 2ɢOiɝȿBSR-T7/5ƎƧɡ�8ɐɗɀTransfectionɣ Gene juice

ˁNovagen˂ɸőɃɜȿʯʝʵɻʺɡ·Ƀǁɚɗɀ�8ɒɴʪʅʓˀɢȐɸʊʾʩʺȖ

ɝżɐɊɒɴɗɭȿɕɵɖɵɢŷʪʅʓˀɸőɃɗɀ 

ȸ ʳʙʺMVʈʠʱɞɐɜ pMV107(-);Lucɸ�8ɐɗ�iɣȿLuciferase assay regent

ˁPromega˂ɢʯʝʵɻʺɡ·ɃȿLuciferase ɢĬÀɸĸ�ɐɗɀɪɗȿƎƧĹǒİɣ

BradfordĨɡɱɳʓʾʣʅǫľ«ɸĸ�ɐȿʙˀʓɢǉĖɡőɃɗɀʳʙʺMVʈʠʱ

ɞɐɜ pMV107(-);GFPɸ�8ɐɗ�iɣȿɾʀʎʓʾʨʼʖʘɼʾʆɡɱɚɜGFPɢŞ

ŋȐɸČǖɐɗɀ 
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3.9 RT- quantitative PCRˁRT-qPCR˂  

 

ȸ őÇɐɗÈĆƎƧɣȿMagExtractor-RNAˁTOYOBO˂ɸőɃȿʯʝʵɻʺɡ·ɚɜ

Total RNAɸÓCɐɗɀɕɢ¶ȿDNase I bufferˁ10 mM Tris-HCl pH 7.9, 2.5 mM 

MgCl2, 0.25 mM CaCl2˂ɡÊĽɐȿ10~20 Uɢ DNase IˁLife technologies˂ɸĳRɐ

37ºCɝ 30DɽʾʃʵʪˀʚɐɗɀʧɿʠˀʺʿʅʼʼʬʺʱÓCȿʀʓʠˀʺƇǊɸǁɚ

ɗ¶ȿ10 mM Tris-HCl pH7.9 ɡÊĽɐȿNanodropˁThermo˂ɸőɃɜľ«ɸĤ�ɐ

ɗɀ 

ȸ Total RNA ɡlɪɵɴ mRNA ȐɸČǖɒɴɗɭȿOligo(dT)20 ɸʩʸɽʯˀɞɐɜ

SuperScriptIIIˁLife Technologies˂ɡɱɳǺǱ?b¾ɸǁɚɗɀqPCR ɣ Faststart 

SYBR Green MasterˁRoche˂ɢʩʼʚʉˀʺɡ·ɚɜʊʾʩʺǤǊɐȿThermal Cycler 

Dice Real Time SystemˁTAKARA˂ɸőɃɜČCɐɗɀ&őɐɗʩʸɽʯˀɣǅ 1ɡ

Ŭɐɗɀ  

 

 

3.10 6řĥȚĨˁImmunoprecipitation assay˂  

 

ȸ ʪʅʓˀɸ�8¶ȿ36÷ȖƑȃɐɗ BSR-T7/5ƎƧɣȿ|yɡ HormaldehydeˁƏľ

« 0.2%˂ɸĳRɐȿ�ķɝ 10DɽʾʃʵʪˀʚɒɴɍɞɝCrosslinkɐɗɀɕɢ¶ȿ|y

ɡ 2M GlycineˁƏľ« 125 mM˂ɸĳRɐȿ�ķɝ 5 Dɽʾʃʵʪˀʚɒɴɍɞɝ

Crosslinkɸ/ĕɐɗɀ�ĴɸÚɜȿƎƧɸ PBSɝ 5tīɚɗ¶ȿScraperɸőɃɜ 1.5 

mlʕʵˀʨɡƎƧɸtcɐɗɀ2,000 rpmȿ3Dɢȅ¼ɡɱɚɜƎƧɸĥȚɏɔȿ�Ĵ
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ɸɢɖɃɗ¶ȿ300 µlɢ IP Bufferˁ50 mM Tris-HCl pH 7.9, 100 mM NaCl, 30 mM 

KCl, 0.1% NP-40, 1 mM PMSF 1.5 µg/ml Heparin˂ɸĳRɐɗɀʩʼˀʨʓɽʩɢʒʝ

ʇˀʓˀɸőɃɜȿƎƧɸƄũɐɗ¶ˁ40wȿ30Űȿ5t˂ȿ15 krpmȿ4ºCȿ10Dɢȅ¼

ɸǁɃȿ�Ĵɸtcɐɗɀ300 µl ɢ�ĴɸʌʹʉʜɽʏʛʕʵˀʨɡŲɐȿÑ#ɸĳR

ɐɜȿ4ºCɝ 2÷ȖɰɴɯɇɡãÔɐɗɀɕɢ¶ȿ20 µlɢ Protein AɸĳRɐȿɏɲɡ

30DȿjĎɡãÔɐɗɀ2000 rpmȿ4ºCȿ1Dɢȅ¼ɡɱɚɜ�ĴɸɢɖɉȿIP buffer

ɝ 3tīɚɗɀɕɢ¶ȿ10µlɢ 2 x SDS sample dyeɸĳRɐȿ�Ĵɸ SDS-PAGEɡ

�ȕɐɗɀ 

 

 

3.11 RNA immunoprecipitationˁRIP˂assay 

 

ȸ �ȴñĨ 3.10ɡɂɴɱɄɡ6řĥȚɐȿ2 x SDS sample dyeɸĳRɒɴLɢʊʾʩ

ʺɡȿ120 µlɢ Elution bufferˁ50 mM Tris-HCl pH7.9, 100 mM NaCl, 1% SDS, 10 

mM DTT˂ɸĳRɐȿ70ºCɝ 15Dɽʾʃʵʪˀʚɐɗ¶ȿ�ĴɸtcɐɗɀÓCɐɗʊ

ʾʩʺɞȿ5%ɢ6řĥȚLɢƎƧÓCİˁInput˂ɸ��ɢä$ɡőɃɗɀ�Ȑɡ�

ɐɜ 10%Ȑɢ 5 N NaClɸĳRɐȿ70ºCɝ 45Dɽʾʃʵʪˀʚɐɗɀɕɢ¶ Proteinase 

KˁƏľ« 0.5 µg/ml˂ɞ 0.5 M EDTAˁƏľ« 10 mM˂ɸĳRɐȿ37ºCɝ 30Dɽʾʃʵ

ʪˀʚɐɗɀ2.5 µg Glycogen �x�ɝʧɿʠˀʺʿʅʼʼʬʺʱÓCȿʀʓʠˀʺĥĝ

ɸǁɃȿƇǊɐɗɀĔɡ DNaseI BŌɸǁɃȿ>«ʧɿʠˀʺʿʅʼʼʬʺʱÓCȿʀʓ

ʠˀʺĥĝɡɱɚɜƇǊɐɗɀĥĝŅɣ 10 µlɢ 10 mM Tris-HCl pH 7.9ɡÊĽɐȿ1 

µl ɸ RT-qPCR ɡőɃɗɀǺǱ?b¾ɣȿvRNA ɡņŘŠɡƒiɒɴʩʸɽʯˀȿ
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5’-ACAAAGTTGGGTAAGGATAG-3’ɸőɃɜȿSuperScriptIII ɡɱɳǁɚɗɀɕɢ¶ȿ

qPCR ɣȿTHUNDERBIRD®SYBR® qPCR MixˁTOYOBO˂ɢʩʼʚʉˀʺɡ·Ƀȿ

vRNAņŘŠɠʩʸɽʯˀˁǅ 1˂ɸőɃɜ vRNAȐɸ�Ȑɐɗɀ 
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4. �ȴƒĄ  

 

 

4.1 ÈĆGüɡɆɃɜȿMV(C-)ÈĆƎƧɝɣ MV ÈĆƎƧɱɳɮǱ?ȐɈĵ

�ɒɴ  

 

ȸ C ʓʾʣʅǫɣɾɽʺʎɢ RNAiËɸÐJɒɴɍɞɈȿMinigenome assay ɸőɃɗ

�ȴɡɱɳ~nɏɵɜɃɴ 36ɀɕɍɝɪɓMinigenome assayɸőɃɜȿC ʓʾʣʅǫɡ

ɱɴRNAiËÐJɸŪǝɐɗˁv 5A˂ɀLuciferaseɢĬÀɸĸ�ɐɗɞɍɶȿ~nɟɆ

ɳCʓʾʣʅǫɢŞŋȐ(�ŠɡȿLuciferaseɢĬÀɈ!�ɒɴɍɞɸŪǝɐɗˁv5Aȿ

lane 3ȿ4˂ɀʻʮˀʓˀȈ��ɢŞŋɈ!�ɒɴɍɞɸČǚɒɴɗɭɡȿʳʙʺMVʈ

ʠʱɞɐɜ GFP Ȉ��ɸőɃɜjĎɢ�ȴɸǁɃȿɾʀʎʓʾʨʼʖʘɼʾʆɡɱɳČ

Cɐɗˁv 5B˂ɀɕɢƒĄȿC ʓʾʣʅǫɢŞŋȐ(�Šɡ GFP ŞŋɈĵ�ɒɴɍɞ

Ɉõɲɇɞɠɚɗˁv 5Bȿlane 4ȿ5˂ɀC ʓʾʣʅǫɣ vRNPɸčËɒɴɾɽʺʎu�ɞ

;�xɒɴɍɞɮ~nɏɵɜɃɴɍɞɇɲ 37ȿC ʓʾʣʅǫɡɱɴȷŚɾɽʺʎɢ RNA

iËɧɢȗ�ɡŦţɐČǖɸǁɚɗɀ 

ȸ ÈĆ 36÷Ȗ¶ɡɆɃɜȿMV(C-)ÈĆƎƧɣMVÈĆƎƧɱɳɮǱ?ȐɈ�Ƀɍɞ

ɈɒɝɡõɲɇɞɠɚɜɃɴ 37ɀɕɍɝȿÈĆGüɇɲǱ?ʿǋǊɢʦˀʅ¶ɢÈĆ 36

÷ȖɪɝɢƑ÷ŠɠɾɽʺʎȈ��ɢǱ?ȐɸČǖɐɗɀɪɗȿC ʓʾʣʅǫɢɮɄɥ

ɞɛɢĒƨɝɂɴƱł6řɢÐJɈȿC ʓʾʣʅǫɢ RNAiËɡȖÞŠɡ²Ȫɸɂ

ɗɅɴfƨÀɸÜȝɒɴɗɭȿVero/hSLAMƎƧɸ�ȴɡőɃɗɀƎƧɡMVɪɗɣ
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MV(C-)ɸMoi=1ɝÈĆɏɔȿ12ȿ24ȿ36÷ȖɝƎƧɸtcɐȿmRNAȐɸRT-qPCR

Ĩɡɱɳǒăɐɗˁv 6˂ɀRNAiËɡ½ȭɠu�ɝɂɴ NȿPȿLɢmRNAɸĸ�ɐȿ

β-actinɢmRNAȐɝǉĖɐɜĞǲČǖɐɗɀɕɢƒĄȿ~nɟɆɳȿÈĆ 36÷Ȗɡ

ɆɃɜɣȿɃɓɵɢmRNAɮMV(C-)ÈĆƎƧɝɣǱ?ȐɈ�RɐɜɃɴɍɞɈŪǝ

ɏɵɗ 37ɀɍɢĿɣ Minigenome assay ɡɱɳ¸ɲɵɗƒĄɞ�ƳɐɜɃɗɀ�ñȿɱɳ

ÈĆɢôɃ÷üɝɂɴ 12 ÷ȖɡɆɃɜɣȿɃɓɵɢ mRNA Ȑɮ MV(C-)ÈĆƎƧ

ɢñɈMVÈĆƎƧɱɳɮ!�ɐɜɃɗɀɾɽʺʎʓʾʣʅǫɢŞŋɸɾʀʎʓʾʨʼʖ

ʘɼʾʆɡɱɚɜǒăɐɗɞɍɶȿÈĆ 12÷ȖɡɆɃɜ C ʓʾʣʅǫɣŞŋɐɜɆɳȿ

�ɢɾɽʺʎʓʾʣʅǫɞŘɠɳȿÈĆ÷ȖɸǷɚɜɮŞŋ�Rɣɫɲɵɠɇɚɗˁv

7ȿlane 2ȿ4ȿ6˂ɀÈĆ 12 ÷Ȗ¶ɣȿǋǊɱɳɮǱ?Ɉ2 ɡǭɍɚɜɃɴ÷üɝɂɳȿ

ɾɽʺʎʓʾʣʅǫɯɾɽʺʎʈʠʱȐɣ�ɠɃ÷üɝɂɴ 12ɀɍɢɱɄɠ÷üɡɆɃɜȿ

C ʓʾʣʅǫɣǱ?ɸ,ǿɒɴ1ɉɈɂɴɍɞɈŬqɏɵɗɀ 

 

 

4.2 C ʓʾʣʅǫɣ N ʓʾʣʅǫɞŤÞƒiɒɴ  

 

ȸ ĔɡȿC ʓʾʣʅǫɈďŠɞɒɴɾɽʺʎu�ɢj�ɸǁɚɗɀÈĆƎƧɸőɃɗ6

řĆƷɡɆɃɜɣȿNȿPȿL ʓʾʣʅǫɞ C ʓʾʣʅǫɈɕɵɖɵ;�xɒɴɍɞɇɲȿ

ɍɵɲɢu�ɞƒiɒɴɍɞɈßĸɏɵɜɃɗ 37ɀɪɗȿʐʾʔɽɾɽʺʎɢ

Minigenome assayɡȷŚɾɽʺʎɢCʓʾʣʅǫɸŞŋɏɔɜɮȿRNAiËɢÐJT

ĄɈǏɲɵɠɃ�ɇɲȿȷŚɾɽʺʎ C ʓʾʣʅǫɣȿ��u�ɝɣɠɊȷŚɾɽʺʎ

œāɢu�ɞƒiɒɴɞßĸɏɵɴ 46ɀɪɓȿC ʓʾʣʅǫɞ vRNP ɞɢƒiɸČǖɒ
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ɴɗɭȿvRNP čËu�ɝɂɴȿNȿPȿL Ɇɱɦʳʙʺ MV ʈʠʱɢŞŋʪʅʓˀȿɕ

ɐɜCʓʾʣʅǫŞŋʪʅʓˀɸƎƧɡ�8ɐɗɀ36÷Ȗ¶ɡƎƧɸtcɐȿPʓʾʣ

ʅǫɡ�ɒɴÑ#ɸőɃɜ6řĥȚɸǁɚɗɞɍɶȿC ʓʾʣʅǫɢ;ĥȚɈǑ�ɏ

ɵɗˁv 8ȿlane 6˂ɀɍɢɍɞɇɲȿCʓʾʣʅǫɣ vRNPɡƒiɒɴɍɞɈõɲɇɡɠɚ

ɗɀɏɲɡ vRNA Ɉɍɢƒiɡ½ǍɝɂɴfƨÀɸČǖɒɴɗɭɡȿʳʙʺ MVʪʅ

ʓˀɸ�8ɐɠɃ�ȴĀ�ɝjĎɡ6řĥȚɸǁɚɗɞɍɶȿvRNA ȧ�x�ɝɮj

ų«ɢ C ʓʾʣʅǫɢ;ĥȚɈČCɏɵɗˁv 8ȿlane 7˂ɀɍɢɍɞɇɲȿC ʓʾʣʅǫ

ɣ vRNPɸčËɒɴɾɽʺʎʓʾʣʅǫɡƒiɒɴɍɞɈŬqɏɵɗɀ 

ȸ Ĕɡ NȿPȿL ʓʾʣʅǫŞŋʪʅʓˀɸĎɁɠƐɫiɷɔɝ�8ɐɗƎƧɸőɃɜȿ

C ʓʾʣʅǫɞɢƒiɸČǖɐɗɀƎƧɡŞŋʪʅʓˀɸ�8ɐȿ36 ÷Ȗ¶ɡtcɐ

ɜȿÑ PÑ#ɸőɃɜ6řĥȚɸǁɚɗˁv 9A˂ɀɕɢƒĄȿC ʓʾʣʅǫɞ P ʓʾʣ

ʅǫɢɫɸ�8ɐɗƎƧɝɣ;ĥȚɈɫɲɵɠɇɚɗɈˁv 9Aȿlane 5˂ȿɕɢĀ�ɡ

Lɪɗɣ N ʓʾʣʅǫɸ�8ɐɗƎƧɡɆɃɜɣ P ʓʾʣʅǫɞɞɮɡ C ʓʾʣʅǫɈ

;ĥȚɒɴɍɞɈõɲɇɞɠɚɗˁv 9Aȿlane 2ȿ4˂ɀjĎɢ�ȴɸ�«ɣ N ʓʾʣʅ

ǫɡ�ɒɴÑ#ɸőɃɜǁɚɗɞɍɶȿN ʓʾʣʅǫɞɞɮɡ C ʓʾʣʅǫɢ;ĥȚɈ

Ǒ�ɏɵɗˁv 9Bȿlane 5˂ɀ��ɢƒĄɇɲȿCʓʾʣʅǫɣNʓʾʣʅǫɞŤÞƒi

ɐȿPʓʾʣʅǫɞɣNɪɗɣ Lʓʾʣʅǫɸ�ɐɜȖÞŠɡƒiɒɴɍɞɈõɲɇɞɠ

ɚɗɀ 
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4.3 C ʓʾʣʅǫɣ�þȓ RNA ɞƒiɒɴ  

 

ȸ ȷŚɾɽʺʎɢʈʠʱɣ�þȓˁss˂RNA ɝɂɴɀɕɍɝ C ʓʾʣʅǫɈ ssRNA ɞƒ

iɒɴfƨÀɸ in vitro ɝČǖɐɗɀN ýŹɡ His ʓʆɸƒiɐɗƐàɅ C ʓʾʣʅ

ǫɣȿ�ƭƹɸőɃɗŞŋƉɡɱɚɜǤǊɐɗˁv 10A˂ɀɍɢƐàɅʓʾʣʅǫɞȿ5’

ýŹɸ 32Pɝè�ÀďǦɐɗ ssRNAɸőɃɜȿEMSAɸǁɚɗˁv 10Bȿ�Ĝ˂ɀɕɢ

ƒĄȿè�ÀďǦɏɵɗ ssRNAɢʢʾʛʌʧʚɈǑ�ɏɵɗˁv 10Bȿ�Ĝȿlane 4-6˂ɀ

ɪɗȿjĎɢb¾Ņɸ Filter binding assayɡɱɚɜČCɐɗɞɍɶȿʓʾʣʅǫɢĳR

Ȑ(�Šɡȿè�ÀďǦɏɵɗ ssRNAɈČCɏɵɗˁv10Bȿ�Ĝȿlane 5ȿ6˂ɀ��

ɢƒĄɇɲȿC ʓʾʣʅǫɣ ssRNAɡƒiɒɴɍɞɈõɲɇɡɠɚɗɀ 

ȸ ɾɽʺʎɈÈĆɐɗ��ƎƧ=ɡɣ ssRNA��ɢĉȍɮ�xɐȿɃɓɵɮCʓʾʣ

ʅǫɞƒiɒɴfƨÀɈɂɴɀMV(C-)ÈĆƎƧɡɆɃɜɣƱł6řǞ�ɢ­ɉȑɞ

ɠɴ dsRNAɈƺŵɒɴɍɞɈŧɲɵɜɃɴ 34ɀɱɚɜȿC ʓʾʣʅǫɈ dsRNAɡƒi

ɒɴɍɞɝƱł6řɡɱɴÈŧɸ6ɵɜɃɴɍɞɮßĸɏɵɴɀɪɗ C ʓʾʣʅǫɣ[

ňŞŋɡɆɃɜɣĉɡ�xɒɴ 38ɀĉɡ�xɒɴŌœɡɛɃɜɣ�õɝɂɴɈȿ�

�ɢ DNA ɞƒiɒɴfƨÀɮƣɅɲɵɴɀɕɍɝȿC ʓʾʣʅǫɢĉȍɧɢƒiņŘ

ÀɸČǖɐɗɀɪɓȿĉȍɞɐɜ ssRNAɆɱɦ dsRNAɸőɃȿFilter binding assayɸ

ǁɚɗˁv 11A˂ɀɕɢƒĄȿdsRNAɧɢƒiɣ ssRNA ɱɳɮ®ɃɍɞɈõɲɇɡɠɚ

ɗɀĔɡȿDNA ɞɢƒiÀɸŪǝɒɴɗɭȿFilter binding assay ɢ¾őɝɂɴ

Competition assayɸǁɚɗɀʓʾʣʅǫɞè�ÀďǦɐɗ ssRNAɢ�ɡȿȧè�Àď

ǦɢĉȍɞɐɜȿssRNAȿssDNAɪɗɣ dsDNAɸĳRɐȿb¾ɏɔɗɀɕɢ¶ȿʝʚʼ

ʐʺʼˀʎƮɡʎʮʖʚɐɜČCɐɗɀɕɢƒĄȿssRNA ɈùɮTŊɱɊè�ÀďǦɢ
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ĉȍɞźiɒɴɍɞɈõɲɇɞɠɚɗˁv 11B˂ɀ��ɢƒĄɇɲȿC ʓʾʣʅǫɣ

ssRNA ɡņŘŠɡƒiɒɴɍɞɈõɲɇɞɠɳȿÈĆƎƧ=ɡɆɃɜɮ C ʓʾʣʅǫ

ɣ vRNA ɞƒiɒɴɍɞɈŬqɏɵɗɀ 

 

 

4.4 C ʓʾʣʅǫɣ N-vRNAɢƒiɸǤƀɒɴ  

 

ȸ Nʓʾʣʅǫɣ ssRNAƒiʓʾʣʅǫɝɂɳȿvRNAɢ�þȓȊDɸ��Wɒɴɍɞ

ɝ RNAiËɢȒzɞɐɜĒƨɒɴ vRNPɸ±Ëɒɴ 9ɀɍɵɪɝɢƒĄɇɲȿÈĆG

üɡɆɋɴ C ʓʾʣʅǫɡɱɴǱ?,ǿɣȿN ʓʾʣʅǫɆɱɦ vRNAɸ�ɐɜǁɷ

ɵɜɃɴɍɞɈßĸɏɵɗɀɕɍɝȿC ʓʾʣʅǫɈ vRNP±Ëɡȗ�ɒɴfƨÀɸČ

ǖɐɗɀVero/hSLAMƎƧɡMV ɪɗɣMV(C-)ɸÈĆɏɔȿÈĆ 24÷Ȗ¶ɡƎƧ

ɸtcɐɜ RIP assayɸǁɚɗɀtcɐɗƎƧɣȿÑ NÑ#ɸőɃɜ6řĥȚɸǁɃȿ

;ĥȚɐɗ vRNAȐɸ RT-qPCRɸőɃɜČCɐɗɀʆʸʧɣ vRNAɂɗɳɡƒiɒ

ɴ NʓʾʣʅǫȐɞɐɜŬɒˁv 12A˂ɀɕɢƒĄȿMV(C-)ÈĆƎƧɝɣȿvRNAȐɂ

ɗɳɢNʓʾʣʅǫȐɈMVÈĆƎƧɱɳɮ!ɊȿCʓʾʣʅǫɸēâɐɗƒĄȿɾɽʺ

ʎʈʠʱ�ɡƒiɒɴ N ʓʾʣʅǫȐɈ!�ɒɴɍɞɈõɲɇɞɠɚɗɀɪɗȿɍɢɞɉ

ɢÈĆƎƧ=ɡɆɋɴ vRNAȐɸČǖɐɗɞɍɶȿMVÈĆƎƧɢñɈMV(C-)ÈĆ

ƎƧɱɳɮɯɯ�Ɋ�xɒɴɍɞɈõɲɇɡɠɚɗɀ��ɢƒĄɇɲȿC ʓʾʣʅǫȧ

�x�ɝɣȿvRNAɡƒiɒɴNʓʾʣʅǫɈ!�ɒɴɍɞɇɲȿCʓʾʣʅǫɣȆE

ȐɢNʓʾʣʅǫɸ vRNAɡǉ3ɐɜĒƨŠɠ vRNPɸ±ËɒɴĒƨɸɮɛɍɞɈŬ

qɏɵɗɀ 
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5. ƣ�  

 

 

5.1 ÈĆGüɡɆɋɴ C ʓʾʣʅǫɢǱ?,ǿɡɛɃɜ  

 

ȸ 4ǁŨŶɡɆɃɜȿCʓʾʣʅǫɣȷŚɾɽʺʎɢRNAiËɸǧɡJ¹ɒɴ1ɉɈ

ɂɴɞŬqɏɵɜɃɗɈȿɕɢD�Ēčɣ�õɘɚɗ 36ɀþŨŶɝɣȿC ʓʾʣʅǫɢ

RNA iËɡȗɒɴĒƨɞɕɢD�ʲʂʝʏʱɸǒõɒɴɗɭȿÈĆƎƧɡɆɋɴɾɽ

ʺʎǱ?ȐɸƑ÷ŠɡǒăɐɗɀɕɢƒĄȿɍɵɪɝɢ~nɟɆɳȿ36 ÷ȖɡɆɃɜ

ɣ MV(C-)ÈĆƎƧɢñɈ MV ÈĆƎƧɱɳɮǱ?ȐɈ�ɃɍɞɸŪǝɐɗ 37ɀ�ñ

ɝȿÈĆ 12÷Ȗ¶ɡɆɃɜɣȿMV(C-)ÈĆƎƧɢñɈMVÈĆƎƧɱɳɮɾɽʺʎ

mRNA ȐɈ!�ɐɜɃɴɍɞɈõɲɇɡɠɚɗɀC ʓʾʣʅǫɞƒiɒɴɾɽʺʎu�

ɸÝƍɐɗƒĄȿN ʓʾʣʅǫɞŤÞƒiɒɴɍɞɈõɲɇɞɠɚɗɀɪɗȿin vitro ɢ

�ȴƉɡɱɳȿɾɽʺʎʈʠʱɞɮƒiɒɴɍɞɈŬqɏɵɗɀɍɵɲɢƒĄɸɮɞɡȿN

ʓʾʣʅǫɞɾɽʺʎʈʠʱɇɲɠɴ vRNP ±Ëɡ C ʓʾʣʅǫɈ²ȪɸɂɗɅɴfƨ

ÀɸČǖɐɗɞɍɶȿMV(C-)ÈĆƎƧɡɆɃɣȿMV ÈĆƎƧɱɳɮ vRNA ɂɗɳɡ

ƒiɒɴNʓʾʣʅǫȐɈ�ɠɃɍɞɈõɲɇɞɠɚɗɀ��ɢƒĄɇɲȿÈĆGüɡ

Ɇɋɴ CʓʾʣʅǫɡɱɴǱ?,ǿɢD�ʲʂʝʏʱɡɛɃɜȿ��ɢɱɄɠʳʙʺɸ

ƣɅɜɃɴˁv 13˂ɀ 

ȸ ÈĆŤ¶ɢƎƧɡɣȿɾɽʺʎƅ�ɇɲÖəǴɪɵɗ vRNP Ɉ�xɐɜɃɴɀɍɢ

vRNPɸȒzɞɐɜǱ?ɈǭɍɴɈȿɾɽʺʎƅ�ɇɲÖəǴɪɵɗ vRNPɢɫɝɣȒ
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zȐɈ�YDɝɂɳȿTŊɱɊǱ?ɈɝɉɠɃɞƣɅɲɵɴɀɕɍɝȿ�ȐɢǋǊɸǁ

ɄɍɞɡɱɳȿǱ?ɡőɃɴȒzȐɸ�ɐȿǱ?Ȑɸ�¥ɒɴɀþŨŶɡɱɚɜŬqɏ

ɵɗȿCʓʾʣʅǫɡɱɴNʓʾʣʅǫɞɾɽʺʎʈʠʱɢƒi,ǿɣȿɍɢÈĆGüɡ

Ɇɍɴðǐ vRNP±ËɡȗɷɚɜɃɴɢɝɣɠɃɇɞßĸɐɜɃɴɀǋǊɡ�Ʉ vRNP

±ËɡɛɃɜɣȿ�ȊɈõɲɇɞɠɚɜɃɴ 47ɀƎƧ=ɝŞŋɐɗNʓʾʣʅǫɣȿ[

ňɝɣ�ɢ N ʓʾʣʅǫɞĉ=ɝAȥ#ɸ±ËɒɴɈȿP ʓʾʣʅǫɞ;Şŋɐɗ�

iȿPʓʾʣʅǫɈD�ʌʴʫʼʾɞɐɜNʓʾʣʅǫɞƒiɒɴɍɞɝ��WɐƎƧǫ

ɡ�xɒɴ 48ɀɪɗȿPʓʾʣʅǫɣNʓʾʣʅǫɢƒiʛʲɽʾɞɣŘɠɴȮ{ɝ Lʓ

ʾʣʅǫɞƒiɐȿL ʓʾʣʅǫɞɞɮɡǋǊɸǁɄ 49ɀN-P ǋi#ɈȿǋǊȊ ɡʹʅ

ʺˀʚɏɵɴɞȿP ʓʾʣʅǫɸ�ɐɜ�÷Šɡ N-P-Lǋi#Ɉ±Ëɏɵȿɕɢ¶ N ʓ

ʾʣʅǫɣðǐ vRNAɡƒiɒɴɞßĸɏɵɜɃɴɀŋxɪɝɡȿCʓʾʣʅǫɈɍɢ

Ēčɡȗ�ɐɜɃɴɞɃɄ~nɣɠɃɈȿþŨŶɢƒĄɇɲȿCʓʾʣʅǫɣNʓʾʣ

ʅǫɸðǐ vRNAɡTŊɱɊoɦǴɬ1ɉɸɐɜɃɴɢɝɣɠɃɇɞßĸɐɜɃɴɀɕ

ɢƒĄȿvRNP ±ËɈ,ɏɵɴɗɭȿǱ?ɢȒzɞɠɴ vRNP ȐɈ�ɅȿǱ?Ɉ��

ɒɴɀ�ñȿC ʓʾʣʅǫȧ�x�ɝɣȿN ʓʾʣʅǫɞ vRNAɢƒiɈȁ¬ɒɴɍɞ

ɝȿvRNP ɢ±Ëɡ÷ȖɸǍɒɴɀɕɢƒĄȿǱ?ɡIőɝɉɴȒzȐɈĵɚɗɍɞ

ɝȿǱ?ȐɈĵ�ɒɴɀ��ɢ�ǡɇɲȿC ʓʾʣʅǫɣÈĆGüɡɆɃɜ vRNP±

Ëɸ,ǿɒɴʌʴʫʼʾɢɱɄɠ³OɸɐɜɃɴfƨÀɈɂɴɞƣɅɜɃɴɀ�¶ɣȿ

vRNP±Ëɡ CʓʾʣʅǫɈȗ�ɐɜɃɴɍɞɸȿŏW�Šɠ�ȴƉɸčƁɒɴɍɞɝ

ǜƎɡǒăɐɜɃɊ½ǍɈɂɴɀ 

ȸ þŨŶɢ�ǡɝɣȿMV(C-)ÈĆƎƧɡɆɃɜɮȿÈĆ÷ȖɢƑȃɡ�Ƀ3DȐ

ɢɾɽʺʎʓʾʣʅǫɈŞŋɒɴɍɞɝȿvRNP±Ëɢȁ¬Ɉǒįɏɵɴɞßĸɏɵɴɀ
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�ñȿ~nɡɮɂɴɞɆɳȿÈĆ 36 ÷ȖɡɆɃɜɣȿMV(C-)ÈĆƎƧɡɆɃɜȿǱ

?ȐɈ�RɐɜɃɗ 37ɀɍɢŌœɡɛɃɜɣ�õɘɈȿ3DɠǱ?ȐɈ¸ɲɵɜɃɴ

ɡɮȗɷɲɓȿǱ?ɸƔɋɜɃɴfƨÀɈɂɴɀɪɗȿMV(C-)ÈĆƎƧɡɆɃɜɣȿ

ǋǊȐɈĵ�ɐɜɃɴɍɞɮõɲɇɡɠɚɜɃɴɀɍɢɍɞɇɲȿC ʓʾʣʅǫɣÈĆ¶

üɡɆɃɜɣȿÈĆGüɞɣŘɠɳȿǱ?ɸÐJɐȿǋǊɸ,ǿɒɴ1ɉɈɂɴɍɞɈ

ßĸɏɵɴɀ 

 

 

5.2 C ʓʾʣʅǫɈƒiɒɴɾɽʺʎu�ɡɛɃɜ  

 

ȸ þŨŶɡɆɃɜȿC ʓʾʣʅǫɈ N ʓʾʣʅǫɞƒiɒɴɍɞɈõɲɇɞɠɚɗɀɪɗȿ

Nɪɗɣ Lʓʾʣʅǫɸ�ɐɜ PʓʾʣʅǫɞȖÞŠɡƒiɒɴɍɞɈõɲɇɞɠɚɗɀ

L ʓʾʣʅǫɞ C ʓʾʣʅǫɢƒiɡɛɃɜɣȿL ʓʾʣʅǫɢÑ#Ɉ8Íɝɉɠɇɚ

ɗɗɭČǖɝɉɠɇɚɗɈȿƒiɒɴfƨÀɣɂɴɀɮɐȿCʓʾʣʅǫɈLʓʾʣʅǫ

ɞƒiɒɴɢɝɂɵɤȿC ʓʾʣʅǫɣ L ʓʾʣʅǫɸ�ɐɜ RNAiËɸǤƀɒɴ1

ɉɈɂɴɍɞɮßĸɏɵɴɀɪɗþŨŶɝɣȿin vitroɢ�ȴƉɡɱɳȿCʓʾʣʅǫɈʈ

ʠʱɞƒiɒɴɍɞɈŬqɏɵɗɀC ʓʾʣʅǫɡɆɋɴ ssRNA ɞɢƒiȮ{ɸõɲɇ

ɡɒɴɗɭȿC ʓʾʣʅǫɢ�Ř#ɢ$ǊɸǛɫɗɈȿƐàɅʓʾʣʅǫɢtcTŊ

ɈÅɊj�ɡɣƲɲɠɇɚɗɀ�¶ɣȿC ʓʾʣʅǫɞ N ʓʾʣʅǫɮɐɊɣ ssRNA ɞ

ɢƒiȮ{ɸõɲɇɡɐɗ¶ȿʹʢˀʎʍɿʟʘɼʅʎɡɱɚɜƒiȮ{ɸēâɐɗ C

ʓʾʣʅǫɸŞŋɒɴƐàɅɾɽʺʎɸ$ǊɐɜȿɕɢȮ{Ɉɾɽʺʎ�ěɡɟɢɱɄ

ɡ²Ȫɸ�ɅɜɃɴɇɸǒăɒɴ½ǍɈɂɴɀ 
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6. ƒǟ  

 

 

ȸ 4ǁŨŶɡɆɃɜȿCʓʾʣʅǫɣȷŚɾɽʺʎɢRNAiËɸǧɡJ¹ɒɴ1ɉɈ

ɂɴɍɞɈŬqɏɵɜɃɗɀCʓʾʣʅǫɢ RNAiËɡɆɋɴD�ʲʂʝʏʱɸõɲɇ

ɡɒɴɗɭȿȷŚɾɽʺʎɢǱ?ȐɸƑ÷ŠɡǒăɐɗɞɍɶȿÈĆ 36÷Ȗ¶ɡɆɃ

ɜɣ MV(C-)ÈĆƎƧɡɆɋɴɾɽʺʎǱ?ȐɈ��ɐɜɃɴɍɞɸŪǝɐɗɀ�ñȿ

ÈĆ 12÷Ȗ¶ɡɆɃɜ CʓʾʣʅǫɈɾɽʺʎɢǱ?ɸ,ǿɒɴ1ɉɈɂɴɍɞɈŬ

qɏɵɗɀC ʓʾʣʅǫɈƒiɒɴɾɽʺʎu�ɸĐƍɐɗɞɍɶȿN ʓʾʣʅǫɯ

ssRNA ɞƒiɒɴɍɞɈõɲɇɞɠɚɗɀɕɍɝȿÈĆGüɡɆɃɜǱ?ɢȒzɞɠɴ

ðǐ vRNP ±ËɡŁĿɸɂɜǒăɸǁɚɗɞɍɶȿMV(C-)ÈĆƎƧɡɆɃɜɣ

vRNA ɂɗɳɡƒiɒɴ N ʓʾʣʅǫȐɈ�ɠɃɍɞɈõɲɇɞɠɚɗɀɍɢɍɞɇɲȿ

C ʓʾʣʅǫɣÈĆGüɡɆɃɜȆEȐɢ N ʓʾʣʅǫɸ vRNA ɡǉ3ɐɜĒƨŠ

ɠ vRNPɸ±Ëɒɴ1ɉɈɂɴɍɞɈŬqɏɵɗɀ 

ȸ þŨŶɡɱɳȿC ʓʾʣʅǫɡɱɴ RNA iËɧɢȗ�ɡɆɋɴD�ʲʂʝʏʱɢ�

ȊɈõɲɇɞɠɚɗɀC ʓʾʣʅǫɢĒƨǒăɸǽɐɜȷŚɾɽʺʎɢ�ěĒčɸǒ

õɒɴɍɞɝȿ�āŠɡɣɣɐɇņŘŠɠħŝĨɢȕŞɯȿɾɽʺʎʪʅʓˀɞɐɜX

ŝɢ�ɡǨŉɒɴɍɞɈüµɝɉɴɞƣɅɜɃɴɀ 
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7. ǥǳ  

 

 

ȸ þŨŶɸȀǁɒɴɡɂɗɳȿǩȎɠÑ#ɸD�ɐɜɃɗɘɃɗȿwŸÈĆŜŨŶÌȿ

"ƽ�4ŏɡ¼ɇɲÈǥŔɐ�ɌɪɒɀʪʅʓˀɸD�ɐɜɃɗɘɃɗwŸÈĆŜ

ŨŶÌ�ȔȿŻŒǠ4ŏɡ¼ɇɲÈǥŔɐ�ɌɪɒɀɪɗȿɎ×�ɞ�ȴÿîɸD�

ɐɜɃɗɘɃɗȿŽĩ��X�XŝƉō�ºŏŅ�ŨŶ�ȸ Ż=ƻ@éÛɡıɊÈ

ǥŔɐ�ɌɪɒɀƏ�Ɏ×�ɸǪɳɪɐɗȿŽĩ��ȸ ĢŒÃ��Ȕȿ�ȖƖiů�

ŨŶůȸ  eêgSéɡıɊÈǥŔɐ�Ɍɪɒɀù¶ɡȔ§ɡĶɳ�ɊɢɎ×�ȿɎ

SǔɸɃɗɘɃɗȿŽĩ���ȖƖiů�ŨŶůÈĆŏŅ�ˁD�ɾɽʺʎ�˂Ũ

Ŷ�ɢšĎɡ^Ɋ¹ŭŔɐ�Ɍɪɒɀ 
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ǅ 1. Quantitative PCRɡőɃɗʩʸɽʯˀʐʖʚ 

 

Gene Forward Reverse 

N 5’-CCCTCTGCTCTGGAGCTATG-3’ 5’-GCCAATGTGGAACTGACCTT-3’ 

P 5’-GGAATTTCAACTAAAGCC-3’ 5’-CTACTTCATTATTATCTTCATCAG-3’ 

L 5’-CACGGTATTACATCTTCACG-3’ 5’-GCATCTCTGTCAATTAAAGG-3’ 

β-actin 5’-TGTTACCAACTGGGACGACA-3’ 5’-GGGGTGTTGAAGGTCTCAAA-3’ 

vRNA 5’-GGGACAAGAGCAGGATTAGGG-3’ 5’-ATCCGGGTTTCCAATTAACC-3’ 

 



Nucleoprotein (N)    

Phosphoprotein (P)  

Large protein (L)  

Fusion glycoprotein (F)  

Hemagglutinin glycoprotein (H)  

Matrix protein (M)  
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42. Ø�čČĹęù�u� 
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43. Ø�čČĹęù°¯öÅ�<�� 
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44. Minigenome assayù*� 
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46. Ui#bøâßôÛMV(C-)Ui�¤õúčČĹę¾�ÊäyEëð 

Vero/hSLAM�¤øMVĿBlackŀýðúMV(C-)ĿGrayŀĉmoi=1õUiëÛUi12Û24Û36aÏ

Nø2,ëôRNAĉX ëðÜRT-qPCRtøăąÛčČĹęÅ�<ĿNÛPÛLŀùmRNAÊĉk

 ëðÜĠľĝúβ-actinùmRNAĉ�ßô®qëðÜAU; arbitrary unit. ND; k 
�Ú�



47. Ui�¤øâçĆčČĹęĝļĩē¼ù�� 

Vero/hSLAM�¤øMVýðúMV(C-)ĉmoi=5õUiëÛUi12Û24Û36aÏNø2,ëôÛ

čČĹęĝļĩē¼ù��ĉčďęĝļĬĻĞğċļĔøăą�¸ëðÜ�)úNĝļĩē¼Û�

ÕúMĝļĩē¼ĉ�íÜ�
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48. Cĝļĩē¼úvRNPö�/íĆ 

BSR T7/5�¤øÛpCITE-IC-NÛpCITE-IC-PΔCÛpCITEko-9301B-LĿlane 1-8ŀĉD�ëðÜ0

aøÛpMV107(-);GFPĿlane 1-2Û4-6Û8ŀÛpCHA-CĿlane 2-4Û6-8ŀĉD�ëðÜ36aÏNø�

¤ĉ2,ëÛWPW�ĉ�ßô��sÑĉ¬òðÜLane 8ú��sÑùW�Óx%ėļĭĹ

õÞąĦđğċĬĖļġĻľĹöëô�ßðÜ�)úPĝļĩē¼Û�ÕúNĝļĩē¼ĉ�íÜ�

WB: α-MV 

WB: α-C protein 
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49. Cĝļĩē¼úNĝļĩē¼ö�/íĆ 

A. BSR T7/5�¤øÛpCITE-IC-NĿlane 1Û3Û4ŀÛpCITE-IC-PΔCĿlane 1Û2Û4Û5ŀÛÚ

pCITEko-9301B-LĿlane 1-3ŀÛpCHA-CĿlane 1-5ŀĉD�ëÛ36aÏNø�¤ĉ2,ëôWPW

�ĉ�ßô��sÑĉ¬òðÜŁúÓ}��÷ĨļĢõÞĆĿâïĄæW�ùlight chainöQĈ

ćĆŀÚB. BSR T7/5�¤øÛpCITE-IC-NĿlane 1Û3-5ŀÛpCITE-IC-PΔCĿlane 1Û2Û4ŀÛÚ

pCITEko-9301B-LĿlane 1-3ŀÛpCHA-CĿlane 1-5ŀĉD�ëÛ36aÏNø�¤ĉ2,ëôWNW

�ĉ�ßô��sÑĉ¬òðÜ�)úPĝļĩē¼Û�ÕúNĝļĩē¼ĉ�íÜ�

WB: α-MV 

WB: α-C protein * 
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410. Cĝļĩē¼ússRNAö�/íĆ 

A. :§ªãĄNc�øHisĝĔĉ�/ëðCĝļĩē¼ĉ�¯ëðNÛSDS-PAGEøFÎëôÛCBBi©

øăòôk ëðÜ�Õú�ÍùHis-CöQĈćĆ�\áĝļĩē¼ĉ�íÜ,Êù9ß2��ùX 

ėļĭĹĿlane 3ŀĉ
�ù@×ø��ëðÜÚB. EMSAĿ�rŀâăûFilter binding assayĿ�rŀÜ^C

Rnºëð100 fmolùssRNAömÝ÷{JùCĝļĩē¼ĉ+PêîðÜ+PNÛĕĹøFÎëðĿ�

rŀÜ�Õúĝļĩē¼ä�/ëôĘīġëðö£áĄćĆRNAùĨļĢĉ�íÜ0mùe�õ+Pêî

ðėļĭĹĉĤġĻĚĹĻľę¨øęİĞġëÛk ëðĿ�rŀÜ�
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31 

14.4 

45 

1    2    3    4    5 

Marker 1   2   3   4 
Elution # 

B 

His-C (fmol) 

100 fmol 32P-labeled ssRNA 

0   312.5   625  1250  2500  5000 

1    2    3    4    5    6 



411. Cĝļĩē¼ússRNAö}��ø�/íĆ 

A. c�ĉnºëðssRNAâăû	dÌĿdsŀRNAĉ�ßôÛ�\áCĝļĩē¼öù�/ĉ

Filter binding assayøăąkµëðÜÚB. Competition assayÜÓ^C�nºëðssRNAÛssDNA Û

ýðúdsDNAĉÛ^CRnºëðssRNAâăû�\áĝļĩē¼öw/ëÛ+PNĤġĻĚĹ

Ļľę¨øęİĞġëðÜ�

A 

B 

ssRNA  

dsRNA  

His-C (fmol) 
100 fmol 32P-labeled ssRNA 

0   312.5   625  1250  2500  5000 

ssRNA  

Competitor nucleic acids (fmol) 

ssDNA  

dsDNA  

His-C 
50 fmol 32P-labeled ssRNA 

0       25       �50       100 

500 fmol 



412. Cĝļĩē¼úNĝļĩē¼övRNAù�/ĉ¹�íĆ 

A. Vero/hSLAM�¤øMVýðúMV(C-)ĉmoi = 1õUiëÛ24aÏNø2,ëôRIP assayĉ

¬òðÜWNW�ĉ�ßô��sÑĉ¬ßÛRT-qPCRtøăòô�sÑëðvRNAÊĉk ë

ðÜĔķīúvRNAÞðąø�/íĆNĝļĩē¼Êĉ�íÜB. Aö0mùe�õUi�¤ĉ�

TëÛtotal RNAĉ2,ëôRT-qPCRtøăąvRNAĉk ëðÜĠľĝúβ-actinùmRNAĉ�

ßô®qëðÜAU; arbitrary unit�
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413. Ui#bøâçĆCĝļĩē¼ùp¥øóßôùĵĠĹ4 

#bùUi�¤õúÛčČĹę�<ãĄYñ¿ýćðvRNPùþõú¾�ùË6Êä�(!

õÞĆðĀÛEÊù°¯ä½èĆÜvRNPLVÄ�øâßôÛN-P°/�úÛ°¯Æ�øÞĆL

ĝļĩē¼âăûPĝļĩē¼ø�a�ø�/ëðNÛNĝļĩē¼ä_²vRNAø�/íĆö

[zêćôßĆÜCĝļĩē¼=5�Ŀ�rŀõúÛCĝļĩē¼äNĝļĩē¼övRNAù�/ĉ

�ÃíĆðĀøÛvRNPä'~ăæLVêćĆÜíĆöÛ¾�ùË6ö÷ĆvRNPùÊä8áĆð

ĀÛ¾�Êā8:íĆÜ�`ÛCĝļĩē¼Ó=5�Ŀ�rŀõúÛNĝļĩē¼övRNAù�/

øaÏäããĆðĀÛ¾�ùË6ö÷Ć_²vRNPùÊäyEëÛ�höëô¾�ÊäyĆÜ�

In the presence of C protein�

Incoming vRNP�

Nascent vRNP�
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Transcription�

Transcription�

Replication�
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In the absence of C protein�

Incoming vRNP�

Nascent vRNP�

mRNA�
Transcription�

Transcription�
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Cytoplasm�

mRNA�

Nascent 
vRNA�

Translation�

Viral proteins�

N-P complex�
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