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Progresses in structure studies of influenza A virus NS1 protein
GUO Ying-ying, WANG Jing-fei *

(State Key Laboratory of Biotechnology, Harbin Veterinary Research Institute,
Chinese  Academy of Agricultural Sciences, Harbin 150001,China)

Abstract: Nonstructural protein 1(NS1)have been reported as one of the major virulence factors of Influenza A
virus. The protein is a small, dimeric, multi-functional protein which takes part in both protein-protein and
protein-RNA interactions, and has a crucial role in the ability of the virus to evade the antiviral response of the
infected cells. According to its multiple functions, NS1A protein is made up of two domains: an N-terminal RNA-
binding domain (RBD) (residues 1–73) and a C-terminal effector domain (ED) (residues 84–230/237). The structures
of the two domains have been crystallized. In this review, we described the current understanding of NS1A
structure and function as well as the relationship between them.
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A ÐÍÁ÷̧ Ð²¡¶¾ÊÇÒ»ÖÖÑÏÖØÎ£º¦ÈËÀàÒÔ¼°ÐóÇÝ½¡

¿µµÄ²¡¶¾£¬ ÊôÓÚÕýð¤²¡¶¾¿Æ£¬ Æä»ùÒò×é°üº¬ 8 ö̧·Ö

½Ú¶ÎµÄµ¥̧º¹É RNA£¬ÆäÖÐµÚ°Ë½Ú¶Î±àÂëÒ»̧ öÏà¶Ô·Ö
×ÓÖÊÁ¿Îª 26 kµÄµ°°×³Æ×÷·Ç½á¹¹µ°°× 1(Nonstructural
protein 1, NS1)¡£A ÐÍÁ÷̧ Ð²¡¶¾ÖÂ²¡ÐÔÓëºÜ¶àÒòËØ

ÓÐ¹Ø£¬ µ«NS1 µ°°×ÎÞÒÉÊÇÆäÖÐÒ»̧ öÖØÒªµÄÓ°ÏìÒò
ËØ¡£ ÑÐ¾¿±íÃ÷£¬ NS1 µ°°×ÄÜ¹»ÔÚ¶àÖÖ¶̄ ÎïÄ£ÐÍÖÐÓ°
Ïì²¡¶¾µÄ¶¾Á¦£¬ ÊÇÒ»ÖÖ¿¹²¡¶¾ÃâÒßÒÖÖÆ×Ó£¬ ¿ÉÒÔÍ̈

¹ý¶àÖÖ»úÖÆµ÷½ÚËÞÖ÷ÌåÄÚÃâÒß·́ Ó¦¡£ Ëü¿ÉÒÔÍ̈¹ý×è

Ö¹I ÐÍ̧ ÉÈÅËØÊÍ·ÅÀ́ ÒÖÖÆ»úÌåµÄÏÈÌìÐÔÃâÒß£¬ ²¢ÇÒ

Í̈ ¹ý¼õÉÙÌåÄÚÊ÷Í»×́ Ï̧ °û³ÉÊì¡¢ ½µµÍÊ÷Í»Ï̧ °ûÒýÆð

T Ï̧ °û·́ Ó¦À́ ÒÖÖÆ»ñµÃÐÔÃâÒß [1]¡£

NS1 µ°°×ÊÇÒ»̧ ö¶à¹¦ÄÜµ°°×£¬ ÄÜ¹»²ÎÓëµ°°×

ÖÊ- µ°°×ÖÊ¡¢ µ°°×ÖÊ -RNA µÄ½áºÏ¡£ ù̧¾ÝÆä¹¦ÄÜ¿É

¶̈ÒåÎªÁ½̧ö½á¹¹Óò £ºN-¶ËRNA½áºÏÓò (RNA-binding
domain,  RBD)(°±»ùËá²Ð»ù 1-73)£»C- ¶ËÐ§Ó¦Çø
(Effector domain, ED)(°±»ùËá²Ð»ù 84-230/237)£¬Á½
ö̧½á¹¹ÓòÖ®¼äÓÉ loop ÇøÁ¬½Ó¡£ NS1 µ°°×Ö®ËùÒÔÊÇÒ»
ö̧¶à¹¦ÄÜµ°°×ÊÇÒòÎªµ°°×ÉḮ æÔÚ¶à̧ ö¹¦ÄÜÎ»µã£¬ ¶ø

ÕâÐ©¹¦ÄÜÎ»µãÓÖÓë½á¹¹Ïà¶ÔÓ¦£¬ ¼́ ½á¹¹ÊÇ¹¦ÄÜµÄ»ù

¡́¡£ Ä¿Ç°ÑÐ¾¿½ÏÎªÇå³þµÄÖ÷ÒªµÄ¹¦ÄÜÎ»µãÓÐ RBDÉÏ



116 ÉúÃü¿ÆÑ§ µÚ22¾í

µÄRNA½áºÏÃæ¿Ú́üºÍ EDÖÐCPSF30½áºÏ¿Ú́ü¡£ NS1
µ°°×Í̈ ¹ýÕâÐ©¹¦ÄÜÐÔÎ»µãÊµÏÖÆäÒÖÖÆËÞÖ÷¿¹²¡¶¾·́

Ó¦µÄ¹¦ÄÜ¡£ Ä¿Ç°ÒÑ¾-Í̈ ¹ý́ Å¹²Õñ¡¢ X ÉäÏß¾§ÌåÑÜÉä

µÈ·½·̈²â¶̈ÁËÒ»Ð© AÐÍÁ÷̧Ð²¡¶¾¶¾ÖêµÄ NS1 µ°°×¾§
Ìå½á¹¹£¬ ÆäÖÐ°üÀ̈ NS1 ×ÔÓÉ  ×́Ì¬ RBD ºÍED µÄµ¥

Ìå¡¢ ¶þ¾ÛÌå¾§Ìå½á¹¹¡¢ RBD ÓëdsRNA ¸́ ºÏÎï¾§Ìå

½á¹¹¡¢ EDÓëCPSF30 F2F3 ¸́ ºÏÎï½á¹¹ÒÔ¼°È«³¤ NS1
µ°°×µ¥Ìå¾§Ìå½á¹¹¡£ ÕâÐ©½á¹¹µÄ½âÎöÔÚ½á¹¹Ë®Æ½ÉÏ

½ÒÊ¾³ö NS1 µ°°×·¢»Ó¹¦ÄÜµÄ»úÖÆ¡£

1¡¡RNA½áºÏÓò½á¹¹

Ä¿Ç° PDB¾§Ìå½á¹¹Êý¾Ý¿âÖÐ¹²ÓÐ 5ÌõAÐÍÁ÷̧Ð

²¡¶¾ NS1 µ°°× RBD ¾§Ìå½á¹¹¼ÇÂ¼ (PDB ID£º1NS1¡¢
1AIL¡¢2ZKO¡¢2ZOA ÒÔ¼° 3F5T ÖÐRBD ½á¹¹ )£¬Ê¹
ÓÃDiscoveryStudio2.1Èí¼þ¶ÔËùÓÐ½á¹¹ÖÐ RBDµ¥Ìå½ø
ÐÐ½á¹¹µþºÏ·¢ÏÖ αÌ¼Ô-×Ó RMSDÖµÔÚ 0.54µ½1.26Ö®
¼ä£¬ µ°°×ÖÊ¶þ¼¶½á¹¹ÕÛµþ·½Ê½»ù±¾ÏàÍ¬£¬ ½öÔÚ loop
ÇøºÍ̧ ö±ð°±»ùËá²àÁ́ ÓÐÇø±ð¡£ RBD µ¥Ìå½á¹¹Ä£Ê½Ïà

Í¬£¬ ¾ùÓÉ 3 ö̧²»Í¬·½ÏòµÄ α- ÂÝÐý×é³É£¬ ÂÝÐýÖ®¼ä

ÓÉloop ÇøÁ¬½Ó¡£
Í̈¹ý½á¹¹·ÖÎö½ÒÊ¾³ö NS1 RBD½á¹¹ÓòÊÇÍ̈¹ýÕÛ

µþÐÎ³É¾ßÓÐ 6 ö̧ÂÝÐýµÄÍ¬Ố ¶þ¾ÛÌåÀ́ Ê¶±ð dsRNA
µÄ[2, 3]£¬¶øÇÒ NS1 RBD ÓëdsRNA µÄÏà»¥×÷ÓÃÄ£Ê½Ò²

ÒÑ¾-±»½âÎö¡£ NS1 RBD ÊÇÓÉ 6 ö̧ÂÝÐýÐÎ³ÉµÄ¶ÀÌØ½á

¹¹£¬ Ã¿̧öµ¥Ìå¶¼°üÀ̈ 3 ¸öα- ÂÝÐý £ºα1¡¢α2¡¢α3 [4]¡£

ÔÚRBD ±íÃæÓÐÒ»̧ ö½ÏÉîµÄ¿Ú́ ü£¬ ¿Ú́üµ×ÃæÓÉ 2 ö̧·́

ÏòÆ½ÐÐµÄ α- ÂÝÐý α1¡¢α1' ÐÎ³É£¬ ËÄ±ÚÓÉ·́ ÏòÆ½ÐÐ

α - ÂÝÐý α2¡¢α 2 ' ÐÎ³É¡£
1.1¡¡RNA½áºÏÓòÓë dsRNA ¸́ ºÏÎïµÄ¾§Ìå½á¹¹

ChengµÈ[1]²â¶̈ÁË RBD ÓëdsRNA ¸́ºÏÎï¾§Ìå½á

¹¹(PDB ID£º2ZKO)£¬Ö¤ÊµÕýÊÇÇ°ÃæËùÌá¼°µÄ½áºÏ

¿Ú́ǘ¦Óë dsRNA ½áºÏ¡£ ÔÚ½áºÏºó dsRNA µÄ́ó¹µ̧²

Ç̧ÔÚ½áºÏ¿Ú́ üµÄ±íÃæÉÏ£¬ dsRNA Ë«ÂÝÐýµÄÖáÏßÓë

NS1A ÖÐ·́ÏòÆ½ÐÐµÄÁ½̧ö α- ÂÝÐý α2¡¢α2’ µÄÖáÏß»ù
±¾Æ½ÐÐ (Í¼1a)¡£²ÎÓë dsRNA Ê¶±ðµÄ¹Ø¼ü°±»ùËá²Ð»ù

ÓÐArg38¡¢Arg35¡¢Arg46 ¡¢Thr5¡¢Asp29¡¢Asp34¡¢
Ser42 ºÍThr49 µÈÎ»ÓÚ·́ ÏòÆ½ÐÐ α- ÂÝÐý α2¡¢α2' ÉÏ
µÄÒ»Ð©°±»ùËá (Í¼1b)£¬ÔÚ½áºÏ¹ý³ÌÖÐÕâ¼̧ Î»°±»ùËá
Í̈¹ýÐÎ³ÉÇâ¼üÓë RNAË«ÂÝÐý²úÉú×î³õµÄ½áºÏ¡£ Õâ̧ö

½á¹ûÓëÍ̈ ¹ýÍ»±äÊµÑéµÃµ½µÄ NS1RBD¹Ø¼ü°±»ùËá½á

¹ûÒ»ÖÂ [ 1 ]¡£

ÁíÍâ£¬ ÑÐ¾¿Õß»¹·¢ÏÖ NS1 RBD Ö®ËùÒÔÄÜ¹»Çø

·ÖdsRNA¡¢dsDNAÒÔ¼° dsRNA-DNA ²¢ÇÒÎÞÐòÁÐÒÀ

ÀµÐÔÊ¶±ð dsRNAÊÇÒòÎªÁ½̧ ö·Ö×ÓÖ®¼äËùÓÐµÄÏà»¥×÷

ÓÃ¾ùÖ±½ÓÖ̧ Ïò RNA Á́ÖÐÌÇ - Á×Ëá¹Ç¼ÜÓë 2'- ôÇ»ù»ù
ÍÅ¡£ Arg35 ºÍThr49 ¿ÉÒÔÖ±½ÓÊ¶±ð RNA µÄ2' ôÇ»ù»ù
ÍÅ£¬ ÁíÍâ»¹ÓÐ Thr5¡¢Asp29 ºÍAsp34 ¶¼¿ÉÒÔÍ̈¹ýÑÎ
ÇÅÊ¶±ð RNA µÄ2'- ôÇ»ù»ùÍÅ [1]¡£

1.2¡¡¡¡¡¡¡¡¡¡RNA ½áºÏÓò¹¦ÄÜ

ÔÚAÐÍÁ÷̧ Ð²¡¶¾̧ ÐÈ¾¹ý³ÌÖÐ NS1 RBDµÄRNA½á
ºÏµÄ¹¦ÄÜÖÁ½ñÈÔÎ́ ÑÐ¾¿Í̧ ³¹£¬ Ä¿Ç°ÆÕ±éÈÏÎª RBDÍ¨

¹ýÓë²¡¶¾ dsRNA½áºÏ̧ôÀë dsRNA£¬Ê¹Ö®ÎÞ·̈ÓëÆäËû
Ï̧ °ûÄÚ¾ßÓÐ¼¤»î I ÐÍ̧ ÉÈÅËØ×÷ÓÃµÄµ°°×²úÉúÏà»¥×÷
ÓÃ£¬ Ê¹ËÞÖ÷Ï̧ °ûÎÞ·̈ ²úÉú β Ȩ́ÈÅËØ£¬ Ó́¶øÆðµ½ÒÖÖÆ

ËÞÖ÷ÃâÒß¡¢ ÔöÇ¿²¡¶¾¶¾Á¦µÄ×÷ÓÃ¡£ Ö®Ç°µÄÒ»Ð©½áÂÛÏÖ

ÔÚÒÑ¾-±»Ö¤Ã÷ÊḈ íÎóµÄ¡£ ÀýÈçÔÚÔçÆÚµÄÑÐ¾¿ÖÐÈÏÎª

NS1 ¿ÉÒÔÍ̈¹ý RBD ô̧Àë dsRNA ¶øÒÖÖÆÓÚ RNAµÄµ°

°×¼¤Ã̧ (PKR)µÄ»îÐÔ£¬ µ«ËæºóÖ¤ÊµÊÇ NS1 EDÓëPKR
µÄ½áºÏ²úÉúÒÖÖÆ×÷ÓÃ [5]¡£ÁíÍâ NS1 µ°°×»¹¾ßÓÐÒÖÖÆ
RNA ³ÁÄ¬ÌØÐÔ (¼´RNA Ȩ́ÈÅ»îÐÔ )£¬ÀàËÆÓÚÒÑÖªµÄ
RNA ³ÁÄ¬ÒÖÖÆ×Ó¡£ Ô-ÒòÊÇ NS1 ÓëRNA ½áºÏ¶øÒÖÖÆ

RNA Ȩ́ÈÅ¡£ ²»Í¬µÄ AÐÍÁ÷̧ Ð²¡¶¾¶¾Öê¾ßÓÐ²»Í¬µÄÒÖ

Í¼1¡¡NS1ÓëdsRNA¸́ºÏÎï½á¹¹ (a)ÒÔ¼°½áºÏ¹Ø¼ü°±»ùËá (b)
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ÖÆRNA ³ÁÄ¬»îÐÔ [1, 6]¡£

NS1µ°°×ÓëºÎÖÖ RNA½áºÏÖ±½Ó¾ö¶̈ NS1µ°°×µÄ
¹¦ÄÜ¡£ NS1 µ°°×¿ÉÒÔÍ̈ ¹ýÏÂÁÐ»úÖÆÓ°ÏìËÞÖ÷µ°°×·-
Òë£ºÍ̈¹ýÓë mRNAµÄ3'¶à¾ÛÏÙÜÕËáÎ²½áºÏÀ́ ÒÖÖÆ³É
ÊìÏ̧°ûµÄ mRNA ºËÊä³ö [7]£»½áºÏ U6snRNA¡¢U6atac
snRNA ÒÖÖÆÇ°Ìå mRNA µÄ¼ô¼- [8, 9]£»NS1 µ°°×¿ÉÒÔ
ÓëË«Á́ RNA(dsRNA)½áºÏ£¬ ÒÖÖÆ 2'-5' ¹ÑÏÙÜÕËáºÏ³É
Ã /̧RNAÃ¸LÅÔÂ·¶ø¼ä½Ó×èÖ¹ α/β Ȩ́ÈÅËØµÄ²úÉú£¬ ½µ

µÍËÞÖ÷Ï̧ °ûµÄ¿¹²¡¶¾»îÐÔ £»ÁíÍâ NS1Óë²¡¶¾ RNA½á

ºÏºóÍ̈¹ýÓë ED ½áºÏµÄ eIF4GI ÁªºÏ×÷ÓÃÊ¹µÃ²¡¶¾µÄ
·-ÒëË®Æ½Ôö¼Ó¡£ Òò́Ë NS1 Óë²»Í¬ÖÖÀàµÄ RNA(RNA
µÄÐòÁÐ½á¹¹¶¼¿ÉÄÜ²»Í¬ )½áºÏ¾ö¶̈ NS1 µ°°×µÄ¹¦ÄÜ¡£

2¡¡Ð§Ó¦Çø½á¹¹

Ä¿Ç°Ò»Ð© A ÐÍÁ÷̧Ð²¡¶¾¶¾ÖêµÄ NS1 µ°°× ED ½á

¹¹ÒÑ¾-±»½âÎö³ö£¬ PDB ¾§Ìå½á¹¹Êý¾Ý¿âÖÐ¹²ÓÐ 7 Ìõ
A ÐÍÁ÷̧ Ð²¡¶¾ NS1 ED ¾§Ìå½á¹¹¼ÇÂ¼ (PDB ID£º
2KKZ¡¢3EE8¡¢3EE9¡¢3D6R¡¢2RHK¡¢2GX9¡¢
3F5T ÖÐED ½á¹¹ )£¬Ê¹ÓÃ Discovery Studio2.1 Èí¼þ°Ñ
Ã¿̧ ö½á¹¹ÖÐµÄµ¥Ìå½á¹¹ÌáÈ¡³öÀ́ Í̈ ¹ýµ°°×ÖÊ½á¹¹µþ

ºÏ·¢ÏÖ α Ì¼Ô-×Ó RMSD ÖµÔÚ 0.92 µ½2.05 Ö®¼ä£¬ ¶þ

¼¶½á¹¹¼̧ºõÏàÍ¬£¬ ½öÔÚ loop ÇøÒÔ¼°ôÈ»ù¶ËÄ©Î²́ ¦ÓÐ
Ëù²»Í¬¡£ °µÊ¾ÁËËùÓÐ A ÐÍÁ÷̧Ð²¡¶¾ NS1 ED µ¥ÌåÁ́

ÕÛµþÄ£Ê½»ù±¾ÏàÍ¬£¬ µ«ÊÇ¶þ¾ÛÌåÏà»¥×÷ÓÃ½çÃæ½áºÏ

Ä£Ê½²î±ðºÜ ó́£¬ Õâ¿ÉÄÜÓë¶¾ÖêÌØÒìÐÔÓÐ¹Ø»òÕß¿ÉÄÜÊÇ

ÓÉ½á¾§Ñ¹ Á¦Ôì³ÉµÄ£¬ ¾ßÌåÔ-Òò»¹ÓÐ́ýÑÐ¾¿ÈËÔ±µÄÉîÈë

ÑÐ¾¿ [10, 11, 12]¡£

2.1¡¡NS1 µ°°×Ð§Ó¦Çø¾§Ìå½á¹¹ÌØÕ÷
ÑÐ¾¿±íÃ÷ NS1 Ð§Ó¦ÇøÃ¿̧ öµ¥Ìå¾ù°üº¬ 7¸öβ-ÕÛ

µþ¹É¡¢ 3 ¸öα- ÂÝÐý£¬ Õâ̧ ö½á¹¹±»³ÆÎª α- ÂÝÐý β- ÐÂ
ÔÂÕÛµþ£¬ ÊÇÒ»ÖÖÐÂµÄÕÛµþ½á¹¹¡£ Ö®ËùÒÔ³ÆÎªÐÂÔÂÕÛ

µþÊÇÒòÎªÔÚ½á¹¹ÖÐ 6 ¸öβ- ÕÛµþ¹ÉÐÎ³É 1 ö̧ÐÂÔÂ×́µÄ

ÍäÇú²¢ÇÒÒÔ 1 ö̧³¤ α- ÂÝÐýÎªÖÐÐÄ¡£ Õâ6 ¸öβ- ÕÛµþ
¹É¾ùÔÚ α-ÂÝÐýµÄÒ»²à£¬ ÐÎ³ÉÍøÂç×́ ÊèË®ÐÔÏà»¥×÷ÓÃ

ÖÐÐÄ¡£ ÈçÍ¼ 2a ËùÊ¾£¬ µÚÒ»̧ö β- ÕÛµþ¹É (a)ÔÚÐÂÔÂ×́

½á¹¹Í»ÆðÒ»²à£¬ ÓÉÒ»̧ö¶Ì α- ÂÝÐý (A)Á¬½Ó β- ÕÛµþ¹É
b ÉÏ¡£ ÔÚÕâÖ®ºóÊÇ 5 ¸öβ - ÕÛµþ¹É ( b ¡¢c¡¢d¡¢e¡¢
f)ÒÀ́ ÎÊ×Î²Ïà½ÓÐÎ³É·́ ÏòÆ½ÐÐµÄ βÕÛµþÆ¬°üÎ§×ÅÖÐÐÄ
µÄÂÝÐý B¡£Õâ̧öÂÝÐý B ÊÇ½á¹¹ÖÐ×î³¤µÄ α- ÂÝÐý£¬ Ö®

ºóÁ¬½Ó×Å f¡¢g ÕÛµþ¹ÉÓë d ÕÛµþ¹ÉÅþÁÚÇÒ·́ ÏòÆ½ÐÐ¡£
ÕÛµþ¹É g ºóÃæ½Ó×îºóÒ»̧ ö¶þ¼¶½á¹¹ÊÇ α- ÂÝÐý C£¬ÐÎ
³ÉÐÂÔÂ×́ ½á¹¹µÄ¼âÈñÍ»Æð [10-14]¡£ÁíÍâ£¬ ÑÐ¾¿Õß»¹·¢

ÏÖÐ§Ó¦Çøµ¥ÌåµÄÊèË®ÐÔ½áºÏ²Û (ÈçÍ¼ 2bÖÐÂÌÉ«µÄ½áºÏ
²Û)¡£Õâ̧ö½áºÏ¿Ú́üÊÇÓÉ Gly183~Asn188°±»ùËáµÄÖ÷
Á́ÒÔ¼° Lys108¡¢Lys110¡¢Ile117¡¢Gln121¡¢Val180
°±»ùËáµÄ²àÁ́ ÐÎ³É¡£ Ä¿Ç°ÒÑ¾-Ö¤Êµ́ Ë¿Ú́ üÊÇ ÇÐ̧îÓë

¶à¾ÛÏÙàÑßÊ»̄ÌØÒìÒò×ÓµÄ 30 kDaÑÇ»ù (subunit CPSF30)
F2F3Ð¿Ö̧ »ùÐòµÄ½áºÏÎ»µã¡£ Das[12]µÈ½âÎöÁË NS1 ED
ÓëCPSF30 F2F3 Ð¿Ö̧ »ùÐòÏà½áºÏ̧ º́ÏÎï¾§Ìå½á¹¹£¬

·¢ÏÖÆä½áºÏ·½Ê½ÎªËÄ¾ÛÌåµ°°×̧ º́ÏÎï£¬ ²¢ÇÒÔÚ½áºÏ

F2F3 Ð¿Ö̧»ùÐòºó ED ¶þ¾ÛÌåÏà»¥×÷ÓÃ½çÃæÓÐ½Ḯ ó±ä

»̄¡£ Ë́Íâ£¬ ÁíÒ»̧ öµ¥ÌåµÄ Trp187 Ò²¿ÉÒÔ½áºÏµ½Õâ
ö̧¿Ú́üÖÐ¡£

¾Ý±̈ µÀÐ§Ó¦Çø¶þ¾ÛÌåÏà»¥×÷ÓÃ½çÃǽ æÔÚ 2 ÖÖ²»
Í¬µÄÄ£Ê½ £ºÂÝÐý - ÂÝÐýÏà»¥×÷ÓÃÃæ (Í¼2c)ÒÔ¼°ÕÛµþ
¹É- ÕÛµþ¹ÉÏà»¥×÷ÓÃÃæ (Í¼2b)¡£Ä¿Ç°¾¿¾¹ NS1 Ð§Ó¦
ÇøÐÎ³É¶þ¾ÛÌåÊ±ÊÇÄÄÖÖ·½Ê½»¹Ã»ÓÐ¶̈ ÂÛ£¬ µ«ÑÐ¾¿Õß

ÆÕ±éÇãÏòÓÚºóÕß¡£

2.2¡¡Ð§Ó¦ÇøµÄ¹¦ÄÜ
NS1 µ°°× C ¶ËÐ§Ó¦ÇøÖÁÉÙ½áºÏËÄÖÖ²»Í¬µ°°× £º

ÑÓÉìÆðÊ¼Òò×Ó (eIF4GI)¡¢Ë«Á́ RNA ÒÀÀµµÄµ°°×¼¤Ã̧

(PKR)¡¢¶à¾ÛÏÙÜÕËá½áºÏµ°°× II (PAB II)ÒÔ¼°ÇÐ̧î
¶à¾ÛÏÙÜÕËáµÄÌØÒìÐÔÒò×Ó 3 0  k D a ÑÇ»ù ( subun i t
CPSF30)£¬ÌåÏÖÁËÆä¶à¹¦ÄÜµ°°×ÖÊµÄ±¾ÖÊ¡£ NS1 Óë
eIF4GI µÄ½áºÏÄÜ¹»̧ Ö̈úÐÔÌá̧ ß²¡¶¾ mRNA µÄ·-Òë £»

ÓëCPSF30¡¢PABII½áºÏºóÍ̈ ¹ýÓ°ÏìÏ̧ °ûÄÚÇ°Ìå RNA
3'-Ä©¶Ë¼Ó¹¤ÄÜ¹»ÒÖÖÆÏ̧ °û²úÉú mRNA£¬ÌØ±ðÊÇ IFN-
β µÄmRNA£»ÓëPABII µÄ½áºÏÄÜ¹»×èÖ¹ PABII ÔÚËÞ
Ö÷Ï̧°ûºËÄÚÑÓ³¤Ç°Ìå mRNAµÄpoly-AÎ²£¬ ²¢×èÖ¹Õâ

Ð©Ç°Ìå mRNA µÄºËÊä³ö¡£ Ä¿Ç°³ýÁË NS1-CPSF30 ¸´

Í¼2¡¡NS1Ð§Ó¦Çøµ¥Ìå½á¹¹ (a)ÒÔ¼°¶þ¾ÛÌåµÄÁ½ÖÖÏà»¥×÷ÓÃÄ£Ê½ (b¡¢c)
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ºÏÎï¾§Ìå½á¹¹ÒÑÖªÍâ£¬ NS1 ÓëÆäËüµ°°×µÄ×÷ÓÃÄ£Ê½
ÈÔÎ́ÑÐ¾¿Çå³þ¡£ Ë́Íâ£¬ NS1 Ð§Ó¦ÇøÁíÒ»̧ ö¹¦ÄÜÊḈ Ù
½øNS1 ¶þ¾ÛÌåµÄÐÎ³É²¢Ê¹ÆäÎÈ¶̈ [11]¡£

3¡¡È«³¤ NS1µ°°×¾§Ìå½á¹¹

BornholdtºÍPrasadµÈ[10]±̈µÀÁË²ÉÓÃ XÉäÏß¾§Ìå

ÑÜÉä·½·̈²â¶̈³öµÄÒ»Öê H5N1(A/Vietnam/1203/2004)A
ÐÍÇÝÁ÷̧Ð²¡¶¾ NS1 µ°°×¾§Ìå½á¹¹ (PDB ID£º3F5T)£¬
ÕâÊÇ¶ÔÈ«³¤ NS1 ¾§Ìå½á¹¹µÄÊ×́ Î±̈ µÀ¡£ ÑÐ¾¿·¢ÏÖ¾§

ÌåÖÐ RBD¡¢ED µ¥ÌåÓëÓëÆäËûÒÑ½âÎö NS1 µ°°×µÄµ¥
Ìå½á¹¹Ê®·ÖÏà½ü£¬ µ«ED ½á¹¹ÓòÖÐÓÐ 3 ¸öβ- ÕÛµþÕû
ÌåÆ½ÒÆÖÂÊ¹ÆäÏòµ¥Ìå¼̧ ºÎÖÐÐÄ¾ÛÂ££¬ Ä̧±äÁË ED Ïà

»¥×÷ÓÃ½çÃæ¡£ ²¢ÇÒÒâÍâµÄ·¢ÏÖ NS1 µ°°×¶þ¾ÛÌå²¢²»
ÊÇ2 ö̧µ¥Ìå¼òµ¥µÄÐÎ³ÉÒ»̧ ö½á¹¹µ¥Ôª£¬ ¶øÊÇ̧÷×Ô½á

¹¹Óò (RBD¡¢ED)·Ö±ðÓÚÁíÍâ 2 ö̧µ¥ÌåÏàÓ¦½á¹¹ÓòÏà

»¥×÷ÓÃÐÎ³ÉµÄÁ́ Ëø¶þ¾ÛÌå¡£ Òò́Ë£¬ ÑÐ¾¿ÕßÌá³öÁË

NS1 µ°°×·Ö×ÓÍ̈ ¹ý½»»¥Ê½½áºÏÐÎ³É³¤Á́ ¶þ¾ÛÌåµÄ¹Û
µã¡£ ÔÚËæºóµÄÑÐ¾¿ÖÐÑÐ¾¿Õß·¢ÏÖÃ¿ÈýÌõ¶þ¾ÛÌåÁ́ ×é

³ÉÒ»̧ öÂÝÐý×́ ¹Ü×́ ¹Ñ¾ÛÌå£¬ Ã¿̧öÂÝÐý°üº¬ 3 ¸öNS1
¶þ¾ÛÌåÁ́¡£ ÆäÖÐ½áºÏ dsRNAµÄ¹Ø¼ü°±»ùËáÎ»ÓÚÖÐÐÄ

Í̈µÀµÄ±íÃæ£¬ ¶øÐ§Ó¦ÇøËùÓÐÒÑÖªµÄÅäÌå½áºÏÎ»µãÔò

È«²¿±©Â¶ÓÚ¹Ñ¾ÛÌåÍâ±íÃæ¡£ ÑÐ¾¿ÕßÈÏÎª £ºÔÚ²¡¶¾̧Ð

È¾¹ý³ÌÖÐ NS1µ°°×̧ôÀë dsRNAµÄ·½Ê½ÊÇÍ̈¹ýÐÎ³É¹Ü

×́ ¹Ñ¾ÛÎïÀûÓÃÆäÖÐÐÄÍ̈ µÀÍêÈ«°üÎ§ dsRNA¡£ÕâÖÖÄ£
ÐÍ̧ÕºÃÄÜ½âÊÍ NS1 ô̧Àë dsRNA£¬Ê¹ÆäÎÞ·̈ÓëÏ̧°ûÄÚ
ÈÎºÎ dsRNA½áºÏµ°°×Ïà»¥×÷ÓÃ£¬ ±ÜÃâ¼¤»î̧ÉÈÅËØÏµ

Í³µÄ»úÖÆ£¬ ²¢ÇÒÒ²·ûºÏ²»Í¬³¤¶ÈµÄ RNA¾ùÄÜ¹»±»̧ô

ÀëµÄÏÖÏó¡£ ¶øÐ§Ó¦Çø»îÐÔÎ»µã±©Â¶ÓÚ¹Ü×́ ¹Ñ¾ÛÎïµÄ

±íÃæÒ²ÄÜ¹»±£Ö¤·¢»ÓÆä¹¦ÄÜ¡£

4¡¡¡¡¡¡¡¡¡¡½áÓï

¾¡¹Ü½üÄêÀ́¹ØÓÚ NS1µ°°×½á¹¹µÄÑÐ¾¿ÒÑ¾-ÓÐÁË
ºǗóµÄÍ»ÆÆ£¬ Á½̧ öÖØÒªµÄ½áºÏ¿Ú́ ü¾ùÒÑ¾-²ûÃ÷£¬ µ«

ÓÉÓÚ NS1 µ°°××÷ÓÃ»úÖÆµÄ̧ ỐÓÐÔ¡¢ ¶àÑùÐÔ£¬ ¶ÔÓÚ

NS1 µ°°×È«³¤½á¹¹ÒÔ¼°¶þ¾ÛÌå»̄ ·½Ê½ÈÔÈ»ÖªÖ®Éõ

ÉÙ£¬ »¹ÓÐ́ ýÓÚÑÐ¾¿ÕßµÄ½øÒ»²½ÑÐ¾¿¡£ µ«ÊÇÒòÎª NS1
µ°°×ÒÑÖª¹¦ÄÜÎ»µã°±»ùËá¾ßÓÐºÜÇ¿µÄÒǺ «±£ÊØÐÔ£¬

Õâ¾ÍÊ¹ÎÒÃÇÒÔÕâÐ©¹¦ÄÜÎ»µãÎª°Ð±êÑÐ¾¿ÐÂµÄ A ÐÍÁ÷

Ð̧²¡¶¾µÄ·À¿Ø¼¼ÊõÒÑ³ÉÎª¿ÉÄÜ £º¿ÉÒÔÀûÓÃ NS1 Í»±ä
ÖêÀ́ ÑÐÖÆÐÂÐÍÖÂÈõ»îÒßÃç [15]£»Õë¶Ô NS1 ½á¹¹ÉÏÄ³Ð©
¹¦ÄÜÎ»µãÉè¼Æ¿¹²¡¶¾Ò©Îï  [16]£»ÀûÓÃÖØ×é²¡¶¾±í́ ï½Ø

¶ÌµÄ NS1 À́ ¸̈ ÖúÖ×Áö¼²²¡µÄÖÎÁÆ [17]µÈ¡£ Ëæ×Å NS1 ½á
¹¹ºÍ¹¦ÄÜµÄÖð²½ÈÏÊ¶£¬ Õë¶Ô NS1 µÄÏà¹ØÑÐ¾¿Ò²ÔÚÖð
ÈÕÔö¶à£¬ NS1 ÒÑ¾-³ÉÎª A Á÷̧ Ð²¡¶¾ÖÂ²¡»úÖÆºÍ·À¿Ø

¼¼ÊõÑÐ¾¿µÄÁíÒ»̧ öÈÈµã¡£
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