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Õª¡¡Òª:Ï¸ °ûÄÚ¼¡¶¯ µ°°× ( actin)Í¨ ¹ý Óë actin½áºÏ µ°°× ( actin binding proteins, ABPs)Ïà »¥×÷ÓÃ,ÐÎ³ÉÒÔF2actin

Îª »ù´¡ ¶àÖÖABPs²Î Óë×°ÅäµÄ̧ ß¶ÈÓÐÐòµÄ³¬ ·Ö×Ó¾ÛºÏ ½á¹¹ ,ÐÐÊ¹¸÷ÖÖÖØÒªÉúÀí¹¦ ÄÜ¡£ÔÚÌå Íâ ¾ÛºÏ Ìõ ¼þÏÂ ,²» ´æ

ÔÚF2actinÎÈ¶¨ ¼ÁÊ±́¿»¯µÄ actinÖ÷ÒªÍ¨ ¹ý ×Ô×°ÅäÐÎ³É´ó ³ß¶ÈµÄ¾Û¼ ¶̄Ñ»ý½á¹¹ ;ÕâÖÖ±í ¹ÛÎÞÐòµÄ½á¹¹ Ìå Ïµ ÓÉÓÚ±»

ÈÏÎª ²»¾ß±¸Ï¸ °û¹¦ ÄÜ»î ÐÔ¶øÊÜµ½ºöÊÓ¡£ÀûÓÃ¼¤¹âÔ­×ÓÁ¦ÏÔÎ¢ ¾µ( atomic force microscope, A FM )ºÍ Í¸ Éäµç×ÓÏÔÎ¢

¾µ( transmission electron microscope, TEM )¼¼Êõ,¶Ô actinÌå Íâ Í¨ ¹ý ×Ô×°Åä¹ý ³Ì ÐÎ³ÉµÄ́ó ³ß¶È¾Û¼ ½̄á¹¹ ½øÐÐÁËÏ¸ ÖÂ

µÄ¹Û²ì ºÍ ·ÖÎö ¡£ÑÐ¾¿·¢ ÏÖ , actinÔÚÌå Íâ Í¨ ¹ý ×Ô×°Åä¹ý ³Ì ³ý ÁËÐÎ³ÉÎÞÐòµÄµ°°×¶Ñ»ýÎï Ö®Íâ ,»¹ ÄÜ¹» ¾ÛºÏ ÐÎ³É¸´ ÔÓ

µÄÀëÉ¢½á¹¹ ,°üÀ¨Ê÷×´·ÖÖ§µÄÏËÎ¬ ´Ô¡¢ÎÞ¹æ¾íÇúµÄÏËÎ¬ ´ØÒÔ¼°¾ßÓÐ²» Í¬ Ö±¾¶µÄ³¤ ÏËÎ¬ µÈ;ÕâÐ©́ó ³ß¶ÈÏËÎ¬ ¸´ ºÏ

Îï Ã÷ÏÔ²» Í¬ ÓÚÔÚABPs»ò¹ý Á¿ F2actinÎÈ¶¨ ¼Á²Î ÓëÏÂÐÎ³ÉµÄÓÉµ¥̧ ù Î¢ Ë¿ºÍ Î¢ Ë¿Êø¹¹ ³ÉµÄ¾ÛºÏ ½á¹¹ ¡£±í Ã÷ÎÞ ABPs

»ò F2actinÎÈ¶¨ ¼Á́æÔÚµÄÇé¿öÏÂ ,Ìå Íâ ¾ÛºÏ µÄ F2actinÔÚÒ»¶¨ Ìõ ¼þÏÂ¿É½øÒ»²½¾Û¼ ²̄øÈÆÐÎ³É¸´ ÔÓµÄÏËÎ¬ ½á¹¹ »òÎÞ

ÐòµÄµ°°×¶Ñ»ýÎï ¡£ÊÂÊµÉÏ , actin×Ô×°Åä¹ý ³Ì ·´ Ó³ÁËÆä¹Ì ÓÐµÄ¾ÛºÏ ÈÈÁ¦Ñ§ÌØÐÔ,ÉîÈëÌ½Ë÷½«ÓÐÖúÓÚÀí½âABPsÔÚ

Ìå ÄÚ actin³¬·Ö×Ó¾ÛºÏ ½á¹¹ Ìå Ïµ ×°ÅäÖÐµÄµ÷¿Ø×÷ÓÃ¼°Æä·Ö×Ó»úÖÆ¡£

¹Ø¼ǘÊ :¼¡¶¯ µ°°× ; ×Ô×°Åä; ³¬·Ö×Ó; ¼¤¹âÔ­×ÓÁ¦ÏÔÎ¢ ¾µ; Í¸ Éäµç×ÓÏÔÎ¢ ¾µ
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A bstract:A ctin is capable of being assembled into ordered supra2molecular structures in living cells based on the com2

bination between F2actin and actin binding proteins. It can also be polymerized into complexes by self2assembly in vitro

which usually were recognized as seeming random aggregates different from those assembled in cells, which were thus ig2

nored for quite a long time. In the present article, the laser atom ic force microscope, a novel tool for surface structure

exploration, and transmission electron microscope were employed to investigate the large2scale filamentous structures

form ing in actin self2assembly in vitro. It was demonstrated that the actin could be polymerized into discrete filamentsof
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tree2l ike branch structure, random coil filaments cluster and long filamentswith different diameters in F2buffer besides

random aggregates. These polymerized filaments clearly exhibited the structural polymorphism and showed obvious differ2

ence from those assembled under the regulation by actin binding proteinsor phalloidin. Itwas indicated that the dynamic

equilibrium of actin polymerization/depolymerization and the native conformation of F2actin were possibly responsible for

the emergence of large2scale filamentous structures by self2assembly in vitro, which in fact reflected the inherited features

of actin dynamics. In2depth investigation on actin self2assembly in vitro would be helpful to understand the rolesof actin

binding proteins in the regulation on the actin supra2molecular structures assembly in cells.

K ey words: actin; self2assembly; supra2molecule; atomic force microscope (A FM ) ; transmission electron micro2

scope ( TEM )

¡¡ ¡¡¼¡¶¯ µ° °× ( actin)ÊÇÕæºËÏ¸ °ûÄÚ×î ±£ÊØ¡¢º¬Á¿×î

·á ¸» µÄµ°°×ÖÊÖ®Ò»,×÷Îª Ï¸ °û ¹Ç¼ÜºÍ ½á¹¹ µÄÖ÷Òª³É

·Ö ,¾ßÓÐÖØÒªµÄÏ¸ °û¹¦ ÄÜ[ 122 ] ¡£ actinÒ»°ãÒÔÇòÐÎ¼¡¶¯

µ°°× ( G2actin ) ºÍ ÏËÎ¬ ÐÔ¼¡¶¯ µ°°× ( F2actin)Á½ÖÖÐÎ

Ê½́æÔÚ¡£ G2actinµÄÒ»¼¶ÐòÁÐÍ¨ ³£ ÓÉ375 ¸ö ¡«377 ¸ö

°±»ùËá²Ð»ù×é³É ,·Ö×ÓÁ¿Ô¼Îª 43 kD¡£Ìå Íâ ÈÜÒºÖÐ,

ÔÚM g2 +»ò Ca2 + , K + »ò Na+ ,¼° A TPÓÕµ¼ÏÂ ÄÜ¹» ×Ô

·¢ ¾ÛºÏ ÐÎ ³É ¸ß ·Ö×ÓÁ¿¡¢ÓÒÊÖË«ÂÝÐý½á¹¹ µÄ F2ac2

tin[ 324 ] ¡£ÔÚÌå ÄÚ, F2actinÄÜ¹» Í¨ ¹ý Óȩ̈÷ÖÖÀàÐÍµÄ¼¡¶¯

µ°°×½áºÏ µ° °× ( actin binding proteins, ABPs) Ïà »¥×÷

ÓÃ,×°ÅäÐÎ³É¸÷ÖÖ̧ß¶ÈÓÐÐòµÄ³¬ ·Ö×Ó½á¹¹ ,ÒÔÐÐÊ¹²»

Í¬ µÄÏ¸ °û¹¦ ÄÜ[ 5 ] ¡£ actin²» ½ö×÷Îª ²» ¿É»òÈ±µÄ³É·Ö²Î

Óë¼¡Çòµ°°×½éµ¼µÄ¼¡ÈâÊÕËõÔË¶¯ [ 627 ] ,¶øÇÒÒ²¿ÉÒÔÍ¨

¹ý ÊÜµ÷¿ØµÄ¾ÛºÏ ¶¯ Á¦ Ñ§¹ý ³Ì [ 8 ] »òÄý½º2ÈÜÒº×ª»¯ [ 9 ]

½éµ¼Ï¸ °ûÔË¶¯ ¡£³ý ´ËÒÔÍâ ,Ô½À´Ô½¶àµÄÑÐ¾¿±í Ã÷, ac2

tin²Î ÓëÁËÔ¶±ÈÒÔÇ°ÈËÃÇÈÏÎª µÄ̧ ü ¼Ó¹ã ·º ºÍ ¸´ ÔÓµÄÉú

Ãü»î ¶¯ ,ÈçÏ¸ °ûÔË¶¯ ¡¢°ûÖÊ·ÖÁÑ¡¢Ï¸ °ûÕ³¸½¡¢ÐÅºÅ×ªµ¼

¼°Àë×ÓÍ¨ µÀµ÷¿ØµÈµÈ[ 10215 ] ¡£ÓÉÓÚactinÔÚÕæºËÏ¸ °û

ÖÐµ£¸º ÁË¶àÖÖÖØÒªµÄÉúÀí¹¦ ÄÜ,×ỐÓ±»·¢ ÏÖÒÔÀ´ ,Æä

½á¹¹ ºÍ ¹¦ ÄÜ³ÉÎª Ï¸ °ûÉúÎï Ñ§ºÍ ½á¹¹ ÉúÎï Ñ§µÄÖØÒªÑÐ

¾¿ÄÚÈÝ¡£²» ½ö¶àÖÖG2actin¸´ ºÏ Îï ¾§Ìå µÄÔ­×Ó½á¹¹ ÒÑ

»ñµÃ²û Ã÷[ 16218 ] ,¶øÇÒF2actinµÄÔ­×Ó½á¹¹ Ä£ÐÍÒ²Í¨ ¹ý

ÏËÎ¬ X2ÉäÏß ÑÜÉä[ 19220 ] ºÍ µç×ÓÏÔÎ¢ ¾µ³ÉÏñ ¶øµÃµ½½¨

Á¢[ 21223 ] ¡£ÔÚÌå Íâ ¾ÛºÏ Ìõ ¼þÏÂ ,³£ ³£ ¹Û²ì µ½́¿»¯ µÄ ac2

tin×°ÅäÐÎ³É¾Û¼ µ̄Ä¶Ñ»ý½á¹¹ ;ÕâÖÖ±í ¹ÛÎÞÐòµÄ½á¹¹

Ìå Ïµ ÓÉÓÚ±»ÈÏ Îª ²» ¾ß±¸ Ï¸ °û ¹¦ ÄÜ»î ÐÔ,³¤ ÆÚÒÔÀ´Î´

ÒýÆð×ã¹» ÖØÊÓ¡£´Ë Íâ , Îª »ñµÃÁ¼ºÃµÄ¾ÛºÏ ½á¹¹ ,ÔÚ

actinÌå ÄÚÍâ ½á¹¹ ¡¢ÐÎ Ì¬ ºÍ ¹¦ ÄÜÑÐ¾¿ÖÐ, Î¢ Ë¿ÎÈ ¶¨ ¼Á

(Èç¹í ±Ê»· ëÄ¼°ÆäÑÜÉúÎï µÈ)µÃµ½¹ã ·º Ó¦ÓÃ¡£ÓÉÓÚÉÏ

ÊöÔ­Òò,´¿ actin¾ÛºÏ Ìå Ïµ ÔÚÌå Íâ ¼òµ¥ÈÈÁ¦ Ñ§Ìå Ïµ ÖÐ

(ÎÞ ABPsºÍ ¹¤¾ßÒ©Îï ¸ÉÔ¤)×Ô×°ÅäÐÎ³ÉµÄ́ ó ³ß¶È¾Û

ºÏ ½á¹¹ ¼«ÉÙÊÜµ½¹Ø×¢¡£

ÎÒÃÇÀûÓÃÔ­×ÓÁ¦ÏÔÎ¢ ¾µ( atomic forcemicroscope,

A FM ) ,Ò»ÖÖÒÑ¹ã ·º Ó¦ÓÃÓÚactin½á¹¹ ¡¢¹¦ ÄÜ¼°¶¯ Á¦ Ñ§

ÑÐ¾¿µÄÐÂÐÍ±í Ãæ½á¹¹ ·ÖÎö ÒÇÆ÷[ 24 ] ºÍ Í¸ Éäµç×ÓÏÔÎ¢

¾µ( transmission electron microscope, TEM )¶Ô actinÌå

Íâ ×Ô×°ÅäÏË Î¬ ½á¹¹ ½øÐÐÁËÑÐ¾¿¡£·¢ ÏÖ actinÔÚF2»º

³å ÒºÖÐ,Ã»ÓÐÎ¢ Ë¿ÎÈ¶¨ ¼Á́æÔÚµÄÌõ ¼þÏÂ ,ÄÜ¹» Í¨ ¹ý ×Ô

×°Åä¹ý ³Ì ³ý ÁËÐÎ³ÉÎÞ ÐòµÄµ°°×¶Ñ»ýÎï Ö®Íâ ,»¹ ÄÜ¹»

¾ÛºÏ ÐÎ³É¸÷ ÖÖ̧́ ÔÓµÄÀëÉ¢½á¹¹ ,°ü À¨Ê÷×´ ·ÖÖ§µÄÏË

Î¬ ´Ô¡¢ÎÞ¹æ¾íÇúµÄÏË Î¬ ´ØÒÔ¼°¾ßÓÐ²» Í¬ Ö±¾¶µÄ³¤ ÏË

Î¬ µÈ,Óë actinÔÚABPsºÍ ¹í ±Ê»· ëÄ½éÈëÏÂ ×Ô¾ÛºÏ ÐÎ

³ÉµÄÖ÷ÒªÓÉµ¥¸ù Î¢ Ë¿ºÍ /»òÎ¢ Ë¿Êø¹¹ ³ÉµÄÁ¬ÐøÍø Âç

½á¹¹ ÓÐÃ÷ÏÔµÄ²î Òì [ 25226 ] ¡£

1¡¡ ²ÄÁÏºÍ ·½·¨

1. 1¡¡ ²ÄÁÏ

G2actinÌá È¡×ÔÅ£¹Ç÷À¼¡ , ´¿ »¯ °´ ÕÕSpudich ºÍ

W attµÈÈË[ 27 ]µÄ·½·¨ ¸ÄÁ¼¡£·ÖÀëµÄ actin´ï µçÓ¾µ¥µã

´¿ ,´¢ ´æÓÚ4 ¡æµÄ G2»º ³å ÒºÖÐ±¸ ÓÃ; Na2A TP¡¢DTT¹º

×ÔSigma, Tris2base¡¢Tris2HCl¹º ×ÔPromega, ÆäÓàÊÔ¼Á

¾ùÎª ¹ú ²ú ·ÖÎö ´¿ ; CSPM 22000weÐÍÔ­×ÓÁ¦ ÏÔÎ¢ ¾µÎª

ÖÐ¹ú ¿ÆÑ§Ôº»¯ Ñ§ÑÐ¾¿Ëù±¾Ô­ÄÉÃ×ÒÇÆ÷ÓÐÏÞ ¹« Ë¾Éú

²ú ,Ê¹ÓÃNANOPROBETM NPÐÍ Si3N4 Ì½Õë¡£

1. 2¡¡ ·½·¨

1. 2. 1 ¡¡ ÈÜÒºÅäÖÆ¡¡ G2»º ³å Òº ( 2 mmol /L Tris2Cl,

pH 7. 5, 0. 2 mmol /L CaCl2 , 0. 5 mmol /L DTT, 0. 2

mmol /L A TP) ºÍ F2»º ³å Òº ( 5 mmol /L Tris2Cl, pH

7. 5, 2 mmol /L M gCl2 , 100 mmol /L KCl, 0. 5 mmol /L

DTT, 0. 5 mmol /L A TP) ¾ù°´ ³£ ¹æ·½·¨ ÖÆ±¸ ,ËùÓÐÊ¹

ÓÃµÄÈÜ¼ÁºÍ ÐÂÏÊÅäÖÆµÄÈÜÒº¾ùÍ¨ ¹ý Ö±¾¶0. 22 ¦Ì mµÄ

ÂËÄ¤¹ý ÂËÈ¥³ý ¿ÅÁ£¡£

1. 2. 2¡¡ TEM ¸º È¾É«ÑùÆ·µÄÖÆ±¸ ¡¡ ÊµÑé×éÊ¹ÓÃÆÕ

Í¨ F2»º³å Òº ,¶ÔÕÕ×é¼ÓÈë¹ý Á¿¹í ±Ê»· ëÄµ½ F2»º ³å Òº

ÖÐ,Ê¹×î ÖÕÈÜÒºÖÐµÄ¹í ±Ê»· ëÄÓë G2actinµÄ·Ö×Ó±È́ ï

µ½5 ¡Ã1»òÒÔÉÏ ,Ê¹¾ÛºÏ Ìå Ïµ ÖÐµÄ¹í ±Ê»· ëÄ³ä ·Ö¹ý

Á¿; ·Ö±ðÓÃÊµÑé×éºÍ ¶ÔÕÕ×éµÄ F2»º ³å Òº½«1 mL ´¿»¯

G2actin¾«È·Ï¡ ÊÍÖÁ100 mL ,Ê¹ÈÜÒºÖÐG2actinµÄ×î ÖÕ

2¡¡ ¡¡ ¡¡ ¡¡ ¡¡ ¡¡ ¡¡ ¡¡ ¡¡ ¡¡ ¡¡ ¡¡ ¡¡ ¡¡¼¤¡¡¹â ¡¡Éú¡¡ Îï ¡¡Ñ§¡¡±¨ ¡¡ ¡¡ ¡¡ ¡¡ ¡¡ ¡¡ ¡¡ ¡¡ ¡¡ ¡¡ ¡¡µÚ 17¾í



Å¨¶ÈÎª 5 ¦Ì g/mL ,È»ºó½«ÑùÆ·ÖÃÓÚ37 ¡æºãÎÂÏä ÖÐ·õ

Óý 30 minÊ¹Æä¾ÛºÏ ¡£¾ÛºÏ Íê ³Éºó ,ÔÚ300Ä¿µÄÍ­ Íø

ÉÏµÎ ¼ÓÊÊÁ¿́ý ²â ÈÜÒº¡£³Á½µ15 minºó ,Ð¡ÐÄÎü È¥¶à

ÓàµÄÒºµÎ ,È»ºó°´ ÕÕ̧º È¾µÄ³£ ¹æ·½·¨ ÖÆ³É´ý ²â ÑùÆ·¡£

1. 2. 3¡¡ A FM ´ý ²â ÑùÆ·ÖÆ±¸ ¡¡ÓÃF2»º ³å Òº½«1 mL

´¿»¯ G2actin¾«È·Ï¡ ÊÍÖÁ100 mL ,Ê¹ÈÜÒºÖÐG2actinµÄ

×î ÖÕÅ¨¶ÈÎª 5 ¦Ì g/mL ,È»ºó½«ÑùÆ·ÖÃÓÚ37 ¡æºã ÎÂÏä

ÖÐ·õ Óý 30 minÊ¹Æä¾ÛºÏ ¡£¾ÛºÏ Íê ³Éºó ,ÔÚÐÂÏÊ°þÀë

µÄ¡¢¾­ F2»º³å Òº½þÈóµÄÔÆÄ¸±í Ãæ ( 1 cm ¡Á1 cm) µÎ ¼Ó

5 ¦Ì L ´ý ²â ÈÜÒº ,Ê¹µ°°×ÄÜ¹» Á¼ºÃ·ÖÉ¢¡£³Á½µ15 min

ºó ,×ÔÈ»ÍÑË®ÒÔ¾¡¿ÉÄÜÎ¬ ³Ö actinÕæÊµµÄ¾ÛºÏ ½á¹¹ ,ÖÆ

³É´ý ²â ÑùÆ·¡£

1. 2. 4¡¡ TEM ºÍ A FM ³ÉÏñ ¡¡ ÑùÆ·ÖÆ±¸ Íê ³Éºó ²» ¾­

¹ý ÈÎºÎ Îï Àí ºÍ »¯ Ñ§́ ¦ Àí ,Á¢¼´ÔÚÊÒÎÂ ÏÂ ( 25 ¡æ) ÓÃ

TEM ºÍ A FM ³ÉÏñ (½Ó́¥ Ä£Ê½) ¡£Ô­×ÓÁ¦ ÏÔÎ¢ ¾µ²É¼¯

µÄÍ¼Ïñ ±£́ æÎª BM P¸ñ Ê½,´¢ ´æÔÚµçÄÔÖÐ×ö½øÒ»²½µÄ

·ÖÎö ¡£ÉÏÊöËùÓÐ²Ù×÷¾ùÔÚ³¬ ¾»¹¤ ×÷Ìõ ¼þÏÂ ½øÐÐ,ÒÔ

±ÜÃâÎÛÈ¾¡£

2¡¡½á¹û

2. 1¡¡ ¸´ ºÏ ÏËÎ¬ ½á¹¹ ¸º È¾É«µÄ TEM ¹Û²ì

ÔÚ¹ý Á¿Î¢ Ë¿ÎÈ¶¨ ¼Á¹í ±Ê»· ëÄ½éÈëÏÂµÄ actinÌå Íâ

¾ÛºÏ ÊµÑéÖÐ(Í¼ 12A ) ,µ¥¸ù Î¢ Ë¿Îª Ö÷ÒªµÄ¾ÛºÏ ÏË Î¬

³É·Ö ,ÆÕ±é½Ï³¤ ,µ¥¶À́ æÔÚ»òÔÚ³Á½µ¹ý ³Ì ÖÐÐÎ³ÉÓÉÈ¡

Ïò ²» Í¬ µÄÎ¢ Ë¿×é³ÉµÄ½»Áª½á¹¹ ,·Ö²¼½Ï¾ùÔÈ;»¹ ÄÜ¹Û

²ì µ½ÉÙÁ¿ÓÉÊý̧ ù Î¢ Ë¿¹¹ ³ÉµÄÎ¢ Ë¿ÊøºÍ ÏË Î¬ ·ÖÖ§µÈ¼ò

µ¥¾Û¼ ½̄á¹¹ ,µ«¹Û²ì ²» µ½́ó ³ß¶ÈµÄ̧ ´ ÔÓÏËÎ¬ ½á¹¹ ; ÎÞ

¸ÉÔ¤Ìõ ¼þÏÂ (Í¼ 12B, Í¼ 12C, Í¼ 12D ºÍ Í¼ 12E) , actin

Ìå Íâ Í¨ ¹ý ×Ô×°Åä¹ý ³Ì Ö÷ÒªÐÎ³ÉÀëÉ¢µÄ¡¢́ó ³ß ¶ÈµÄ̧ ´

ÔÓÏËÎ¬ ½á¹¹ ,·ÖÉ¢µÄµ¥¸ù Î¢ Ë¿ºÜÉÙ¡£¾ßÓÐ½Ï´ÖÖ±¾¶

µÄ³¤ ÏËÎ¬ ºÜ³£ ¼û,¶øÇÒ½Ï³¤ µÄÏËÎ¬ Ò»°ãÖ±¾¶½Ḯ Ö ,¶à

ÓÐ·ÖÖ§²úÉú,ÔÚÏË Î¬ ½á¹¹ µÄÖÜ±ßÇøÓò́æÔÚ́ó Á¿µÄµ°

°×¶Ñ»ýÎï ,¿ÉÄÜÍ¨ ¹ý ³Á½µ¹ý ³Ì ÐÎ³É ¡£Îª ½øÒ»²½¶ÔÎÞ

¸ÉÔ¤Ìõ ¼þÏÂ actin×Ô×°ÅäÏË Î¬ ½á¹¹ ½øÐÐ¹Û²ì ºÍ ·ÖÎö ,

ÏÂÃæÀûÓÃA FM ¿ªÕ¹ÁËºóÐøÑÐ¾¿¡£

Í¼ 1¡¡ TEM ÏÂ¹Û²ì µ½µÄ́ó ³ß¶È actinÏËÎ¬ ½á¹¹

Fig. 1¡¡ The large2scale filamentous actin structures under TEM

2. 2¡¡ ¸´ ºÏ ÏËÎ¬ ½á¹¹ µÄ A FM ¹Û²ì

2. 2. 1¡¡¾Û¼ µ̄ÄÏËÎ¬ ½á¹¹ Ìå Ïµ ¡¡ ÎÞ¸ÉÔ¤Ìõ ¼þÏÂ , ac2

tinÔÚÌå Íâ Í¨ ¹ý ×Ô×°ÅäÄÜ¹» ¾ÛºÏ ÐÎ³É´ó ³ß¶ÈµÄÊ÷×´ ·Ö

Ö§ÏËÎ¬ ´Ô½á¹¹ ºÍ ¾Û¼¯µÄ¡¢Ïà »¥²øÈÆµÄÎÞ ¹æ¾íÇúÏË Î¬

´Ø (Í¼ 22A , Í¼ 22B) ,ºÍ TEM ¸º È¾½á¹û Íê È«Ò»ÖÂ¡£ÔÚ

¸ü ´ó ³ß¶ÈÉÏ ,·ÖÖ§ÏË Î¬ ½á¹¹ µÄ²à Ö§½øÒ»²½²ø ÈÆÐÎ³É

¸ü ¸´ ÔÓµÄ¾Û¼¯½á¹¹ (Í¼ 22C) ¡£Í¬ Ê±Ò²ÄÜ¹Û²ì µ½ÎÞÐò

µ°°×¶Ñ»ýÎï ,ÆäÐÎ³É¿ÉÄÜÓëÑùÆ·µÄÖÆ±¸ ¹ý ³Ì ÓÐ¹Ø (Í¼

22D) ¡£

¹Û²ì ±í Ã÷,Ê÷×´ ·ÖÖ§½á¹¹ µÄÏË Î¬ ´ÔÓÉ¶à¼¶ÏË Î¬

·ÖÖ§ÐÎ³É ,ÏËÎ¬ ³É·Ý¼äµÄÏà »¥×÷ÓÃºÍ F2actin¶¯ Á¦ Ñ§

¹ý ³Ì µÄ¶¯ Ì¬ Æ½ºâ¿ÉÄÜÊÇÊ÷×´ ·ÖÖ§½á¹¹ ²ú ÉúµÄ±ØÒªÌõ

¼þ,µ«Ïê Ï¸ µÄ¾ÛºÏ ¶¯ Á¦ Ñ§»úÖÆ»¹ ÓÐ́ý ½øÒ»²½ÑÐ¾¿¡£

ÎÞ¹æ¾íÇúµÄÏË Î¬ ´ØÓÉ́ó Á¿µÄÏË Î¬ »¥Ïà ²ø ÈÆ¡¢́Ø¼¯ÔÚ

Ò»ÆðÐÎ³É ,³ÊÎÞ¹æÂÉµÄ¾íÇú·Ö²¼×´ ¿ö ,ÍÆ²â ÓëÊ÷×´ ·Ö

Ö§½á¹¹ µÄÏËÎ¬ ´ÔÓÐºÜÇ¿µÄÍ¬ Ô´ÐÔ¡£¶þÕß¿ÉÄÜÎª ¾ÛºÏ
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