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¡¡¡¡ÌåÏµÔÚµÍÓÚÈÛµãÎÂ¶ÈÊ±²Å½á±ùµÄÏÖÏó, ½Ð

¹ýÀäÈ´(supercoo ling)¡£ÌåÏµ¿ªÊ¼½á±ùÊ±µÄÎÂ¶È

³ÆÎª¹ýÀäÈ´µã(supercoo lingpo in t, SCP)¡£ÔÚÊÊ

µ±µÄµÍÎÂ, ÌåÏµÄÚÐè´æÔÚÒ»ÆðÊ¼½á±ùµÄ±ùºË, ²Å

ÄÜ ÓÕ µ¼ ±ù ¾§ ²ú Éú, ´Ë Îï ÖÊ ³Æ Îª ±ù ºË ¼Á( ice

nucleat ingagen ts, INA )¡£ À¥³æÌåÄÚ¸÷Ç»ÊÒ³ä

Âú×éÖ¯Òº, ¸÷Ç»ÊÒ(ÈçÏû»¯ÏµÍ³ºÍÏ¸°ûÄÚ ) ÒòËù

º¬ INA µÄ±ùºË»îÐÔµÄ²»Í¬, ¶øÊ¹½á±ùµÄÎÂ¶È¸÷

Òì, ËùÊÜµÍÎÂÉËº¦Ò²²»Í¬¡£±ùºË³£´æÔÚÓÚÀ¥³æÑª

ÁÜ°ÍÄÚ, Ìá¸ßÈÜÒºµÄSCP, ½µµÍÆä¹ýÀäÈ´ÄÜÁ¦,

ÒýÆð°ûÍâ½á±ù¡£ ±ùºËÎïÖÊµÄ»îÐÔÔ½¸ß, SCPÔ½

¸ß, ³æÌåÒ²ÄÜÔÚ½Ï¸ßµÄµÍÎÂ½á±ù¡£À¥³æÌåÄÚÓÐ²»

Í¬ÐÔÖÊµÄ±ùºË¼Á, ÆäÖÐ±ùºËµ°°×( ice nucleat ing

p ro tein, IN P) ÊÇ»îÐÔ×îÇ¿µÄÒ»Àà¡£ÔÚÈÌÄÍ½á±ù

À¥³æºÍ±ÜÃâ½á±ùÀ¥³æÌåÄÚ, ÆäÏ¸°ûºÍ³¦Ç»ÄÚ¶¼

´æÔÚINA ¡£ÔÚ¶¬¼¾À´ÁÙÇ°, ±ÜÃâ½á±ùÀ¥³æÐèÒÆ

³ýÆäÌåÄÚINA »ò·â±ÕÆä±ùºË»îÐÔ; ÔÚÇï¼¾ºÍÔç

¶¬¼¾, ´ó¶àÊýÈÌÄÍ½á±ùÀ¥³æÑªÁÜ°ÍÄÚºÏ³ÉºÍ»ý

ÀÛINA , ÕâÊÇÀ¥³æ¿¹º®ÄÍ¶³µÄÉúÀíÊÊÓ¦¡£ Òò

INA ÄÜÊ¹³æÌåÔÚ½Ï¸ßµÄÎÂ¶ÈÌõ¼þÏÂ, ÓÕµ¼Ï¸°û

Íâ½á±ù¶ø×èÖ¹Ï¸°ûÄÚÖÂËÀÐÔ±ù¾§µÄÐÎ³É¶ø±£´æ

ÉúÃü¡£±ùºËÎïÖÊ, ÓÈÆäÊÇIN P ÊÇÐí¶àÔ½¶¬À¥³æ

ÈÌÄÍÑÇµÍÎÂµÄÒ»ÀàÖ÷ÒªÉúÀí³É·Ö[ 1 ]¡£

1¡¡±ùºË¼ÁµÄÌØÐÔÓë¹¦ÄÜ

111¡¡ INA ÓëÈÌÄÍ½á±ùµÄÀ¥³æ

Ò»°ãËµÀ,́ INA Ö÷Òª´æÔÚÓÚÈÌÄÍ½á±ùÀ¥³æ

µÄÑªÁÜ°ÍÄÚ, ÕâÐ©INA ¾ßÓÐÍ¨¹ýÓÕµ¼°ûÍâÔÚ½Ï

¸ßµÄÑÇµÍÎÂ(- 10¡æ) ½á±ù, ¶øÒÖÖÆÆäËüÓÐ±ùºË

»îÐÔµÄ²¿Î»(ÈçÏ¸°ûÄÚ) µÄ INA ËùÆô¶¯µÄÖÂËÀ

ÐÔ±ù¾§¡£ÒòÎªÏ¸°ûÄÚ½á±ù, ±ù¾§ÖÜÎ§µÄÈÜÒºÅ¨¶È

Éý¸ß, ÒýÆðÏ¸°ûÍâË®·ÖÍùÏ¸°ûÄÚÁ÷¶¯, Ï¸°ûÖ×ÕÍ

¶øÊ¹Ï¸°ûÄ¤±À½â, ÒÔ¼°ÓÉÓÚ±ù¾§Ìå»ýµÄ½øÒ»²½

Ôö¼Ó, À©´óÁË¶ÔÄ¤ÄÚÏ¸°ûÆ÷µÈ½á¹¹µÄËðÉË¡£ Ïà

·´ , µÍÎÂÏÂµÄÏ¸°ûÍâ½á±ù , Ê¹Ï¸°ûÖÜÎ§µÄÑªÁÜ°Í

Ëùº¬ÈÜÖÊ±»ÅÅ³ýÔÚ±ù¾§Íâ, Ôö¼ÓÏ¸°ûÍâÈÜÒºµÄ

ÉøÍ¸Ñ¹, ÒýÆðÏ¸°ûÄÚË®·ÖÍùÏ¸°ûÍâÁ÷¶¯, Ê¹Ï¸°û
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ÍÑË®ÖåËõµÄÍ¬Ê±Ê¹Ï¸°ûÍâ±ù¾§ÕÇ´ó, ¼Ó´ó¶Ô³æ

ÌåµÄÉËº¦¡£ Í¨¹ýÑªÁÜ°ÍÄÚ´æÔÚµÄINA , ÓÕµ¼½Ï

¸ßµÍÎÂÏÂµÄÏ¸°ûÍâ±ù¾§µÄÐÎ³É, Ê¹Ï¸°ûÄÚºÍÏ¸

°ûÍâÈÜÒºÓëÏ¸°ûÍâ±ù¾§Ë®ÕôÆøÑ¹»ºÂý´ïµ½Æ½

ºâ, ÒÖÖÆÏ¸°ûÄÚ¹ý¶àµÄÍÑË®¶øÊ¹Ï¸°ûÖåËõ, Í¬Ê±

ÄÜ½µµÍÏ¸°ûÄÚ±ùµãºÍSCP, Ê¹Ï¸°ûÄÚºÍÆäËü·â

±ÕÇ»ÊÒ½á±ùµÄ¸ÅÂÊ´ó´ó½µµÍ; ÁíÍâÏ¸°ûÄ¤ºÍÆä

Ëü×éÖ¯Èç³¦±Ú¾ßÓÐ×èµ²±ù¾§¹ýÄ¤, ´ó´ó½µµÍÏ¸

°ûÄÚ½á±ùµÄ¿ÉÄÜÐÔ, ÕâÖÖÏÖÏóËæÍâ½çÎÂ¶È½µµÍ

¶øÓúÃ÷ÏÔ[ 2 ] , Ïà·´ , ÔÚµÍÎÂÏÂÓÕµ¼µÄÏ¸°ûÍâ½á

±ù, »áµ¼ÖÂÏ¸°ûÄÚÖÂËÀÐÔ±ù¾§µÄÐÎ³É¡£Òò¶ø¸ßµÄ

SCPÅäºÏÏ¸°ûÍâ½á±ùÊÇ´ó¶àÊýÈÌÄÍ½á±ùÀ¥³æ

µÄÉú´æ¶Ô²ß¡£µÍÎÂ±£´æÉúÎï²ÄÁÏÍ¨³£Ò²ÊÇ²ÉÓÃ

ÕâÖÖÔ­Àí, ¼´Ê×ÏÈÔÚ¸ßµÄÎÂ¶ÈÏÂÈË¹¤ÓÕµ¼±ùºË

ÐÎ³É, È»ºóÔÚµÍÎÂÏÂ³ÖÐø±£´æ¡£ÈçÈÌÄÍ½á±ùµÄ½ð

Õë¼×³æE leod esblancha rd i ÑªÁÜ°ÍÄÚINA µÄ±ù

ºË»îÐÔ¾ßÓÐ¼¾½Ú±ä»¯µÄ¶¯Ì¬ÐÔ, INA ½ö´æÔÚÓÚ

ÈÌÄÍ½á±ùµÄ¶¬¼¾, ´ËÊ±³æÌå¾ßÓÐ½Ï¸ßµÄSCP,

ÓÕµ¼Ï¸°ûÍâ½á±ù, ¶ø±ÜÃâÏ¸°ûÄÚÖÂËÀÐÔ±ù¾§µÄ

ÐÎ³É; Ïà·´ , INA ²»´æÔÚÓÚ²»ÈÌÄÍ½á±ùµÄÏÄ¼¾

ÖÖÈº¡£

ÏÖ·¢ÏÖ, ÔÚÈÌÄÍ½á±ùÀ¥³æÌåÄÚ, INA µÄ¼¾

½Ú·Ö²¼ºÍ±ä»¯¶¯Ì¬ÓÐ3 ÖÖÇé¿ö: µÚ1 ÖÖÈçÒ¶¼×

P hy llod ecta la ticollis, ÑªÁÜ°ÍÄÚÈ«Äê´æÔÚ¸ß»î

ÐÔµÄINA , ¿É±ÜÃâÒòÏÄ¼¾ÖçÒ¹ÎÂ²î½Ï´ó¶øµ¼ÖÂ

µÄÖ²Ê³ÐÔÀ¥³æÓöµ½Ò¹¼äÑÇµÍÎÂ(Èç- 10¡æ) µÄÉË

º¦¡£ ¾¡¹Ü³¦Ç»ÄÚ´æÔÚINA , µ«ÒòÑªÁÜ°ÍÄÚ¸ß»î

ÐÔµÄINA ¸üÒ×ÓÕµ¼Ï¸°ûÍâ½á±ù, ¶ø×èÖ¹³¦Ç»ÄÚ

±ù¾§µÄ²úÉú, ÔÙ¼ÓÉÏ¶¬¼¾ÌåÄÚ´æÔÚ¸ßº¬Á¿µÄ¸Ê

ÓÍ, ¿ÉÊ¹À¥³æµÄÄÍ¶³Á¦ÏÔÖøÌá¸ß¡£µÚ2 ÖÖÈç²½¼×

P terostichusbrev icorn is, Ðè¾­¶¬¼¾µÍÎÂÑ±»¯ºó,

Ìå ÄÚ ²Å ´æ ÔÚINA ¡£ µÚ 3 ÖÖ Èç ¼× ³æPy tho

d ep lana tus, ÌåÄÚÈ«ÄêÎÞINA , ¿ÉÍ¨¹ýÌåÄÚ×ÜË®

·Öº¬Á¿µÄÏÂ½µ, Ôö¼Ó½áºÏË®µÄÏà¶Ôº¬Á¿, ÒÔ¼°¸Ê

ÓÍµÄ»ýÀÛ¶øÈÌÄÍ½á±ù¡£ÔÚÐí¶àÈÌÄÍ½á±ùµÄÄ¤³á

Ä¿À¥³æÌåÄÚÒ²´æÔÚINA ¡£ÌåÄÚ´æÔÚINA ÊÇÈÌÄÍ

½á±ùÀ¥³æµÄÒ»¸öÌØÐÔ[ 3 ]¡£ÈÌÄÍ½á±ùµÄ½ðÕëñ¨ÎÃ

E u rosta solid ag in isÓ×³æÕûÌå±ùµã(- 9¡æ) ºÍÑª

ÁÜ °Í±ùµã(- 17¡æ) ²»Í¬ , µ«ÕûÌåºÍÑªÁÜ°ÍµÄ

SCPÏàÍ¬ , ËµÃ÷INA ³ý´æÔÚÓÚÑªÁÜ°Í¡¢³¦Ç»Íâ,

ÆäËü×éÖ¯ÖÐÒ²¿ÉÄÜ´æÔÚ[ 4 ]¡£Èç INA Ö÷Òª´æÔÚÓÚ

ÈÌÄÍ½á±ùµÄÒ¶·äT rich iocam p usp op u li Ô¤Ó¼µÄ

³¦Ç»ÄÚ, ¶ø²»´æÔÚÓÚÑªÁÜ°ÍÄÚ, ÏÔÈ» INA ²»¿É

ÄÜ´æÔÚÓÚ±ÜÃâ½á±ùµÄÀ¥³æµÄ³¦Ç»ÄÚ[ 5 ]¡£ÈÌÄÍ½á

±ùÀ¥³æÌåÄÚµÄINA , ÄÜÏÞÖÆÆä¹ýÀäÈ´×´Ì¬, Ìá

¸ß SCP, Ê¹ÆäSCP ÏÞÖÆÔÚ- 5¡« - 10¡æ¼ä¡£ Áí

Ò»Ð©ÈÌÄÍ½á±ùÀ¥³æÈçP. D ep lana tus, ÒòÌåÄÚ¾Û

¼¯¸ßº¬Á¿µÄ¿¹¶³ÎïÖÊÈç¸ÊÓÍ, Í¬Ê±ÒòÒÆ³ý»ò·â

±Õ³¦Ç»ÄÚµÄINA , ¶øÊ¹SCPÏÂ½µµ½- 54¡æ[ 6 ]¡£

112¡¡ INA Óë±ÜÃâ½á±ùµÄÀ¥³æ

ÈÌÄÍ½á±ùÀ¥³æµÄÑªÁÜ°ÍÄÚ´æÔÚ±ùºËÎïÖÊÊÇ

Ò»ÖÖ¸ß¶ÈÊÊÓ¦, ±ÜÃâ½á±ùÀ¥³æÔòÒòÊÜµ½ÑªÁÜ°Í

»òÆäËü²¿Î»´æÔÚµÄ±ùºËÎïÖÊµÄÑ¡ÔñÑ¹Á¦, ¶øÔÚ

¶¬¼¾À´ÁÙÇ°Í¨¹ýÒÆ³ý»òÃð»îÑªÁÜ°ÍºÍ³¦Ç»ÄÚ´æ

ÔÚµÄINA , ÔÙºÏ³ÉºÍ»ýÀÛ¶àÔª´¼Èç¸ÊÓÍºÍ¿¹¶³

µ°°×µÈ¿¹¶³±£»¤ÐÔÎïÖÊÒÔ»ñµÃÄÍ¶³ÄÜÁ¦¡£Ðí¶à

±ÜÃâ½á±ùÀ¥³æÔÚ¶¬¼¾À´ÁÙÇ°, Í¨¹ýÍ£Ö¹È¡Ê³ºÍ

½µµÍ³¦Ç»ÄÚ±ùºËÎïÖÊµÄº¬Á¿¶ø¼õÉÙ½á±ùµÄ¸Å

ÂÊ[ 7 ]¡£ÒÆ³ý»òÃð»îÑªÁÜ°ÍÒÔ¼°Ï¸°ûÄÚINA ÒªÀ§

ÄÑµÃ¶à¡£Zachariassen[ 3 ] ·¢ÏÖ±ÜÃâ½á±ùµÄ¹È¶ê

N em ap ogonp ersonellusÓ×³æÔÚµÍÎÂ»òÈ±ÑõÏÂ

Ï¸°ûÄÚ¾Û¼¯ÓÎÀë±û°±Ëá, ËÉÆ¤ÌìÅ£R hag ium

inqu isitor (L. ) ³É³æ´ÓµÍÎÂ»òÈ±Ñõ×ªÈë20¡æ

ÏÂ, Ï¸°ûÄÚÓÎÀë±û°±ËáÏÔÖøÏÂ½µ, ¶øÆäËüÓÎÀë°±

»ùËáÃ»ÓÐÃ÷ÏÔ±ä»¯, ÍÆ²âÏ¸°ûÄÚ´æÔÚÒ»Ð©×¨Ò»

µÄ½µ½â´úÐ»»úÖÆÒÔÃð»îINA ¡£µ« Sto rey[ 8 ]ÈÏÎª

µÍÎÂÏÂÏ¸°ûÄÚÓÎÀë°±»ùËáÉý¸ßÊÇµÍÎÂÑ±»¯µÄ½á

¹û , ¶øÓëINA µÄ½µ½â´úÐ»ÎÞ¹Ø¡£ÁíÍâÒ»¸öINA

Ãð»î»úÖÆÊÇ¸ù¾Ý¶ÔR. inqu isitor ÑÐ¾¿, ·¢ÏÖÌå

ÄÚINA ²¢Ã»ÓÐ½µ½â, Ö»ÊÇ½«Æä·â±Õ·ý»ñÔÚÏ¸°û

Ä¤Ö¬ÏàÄÚ, Ê¹±ùºË»îÐÔ²»ÄÜ·¢»Ó[ 9 ] , ÒòÎª½«µÍÎÂ

Ñ±»¯ºó¶ø±íÏÖ¸ßµÄ¹ýÀäÈ´ÄÜÁ¦µÄ³æÌåÔÈ½¬²¢²î

ËÙÀëÐÄ, ·¢ÏÖÄ¤½á¹¹ÎïÖÊ´æÔÚ¼«¸ßµÄ±ùºË»îÐÔ¡£

±ÜÃâ½á±ùµÄB olitop hagusreticu la tusÑªÁÜ°ÍÄÚ

²»´æÔÚINA , ½ö°ûÄÚ´æÔÚ±ùºË¼Á(¿ÉÄÜÊÇÒ»Ð©

µ°°×ÖÊºÍ¶àÌÇ) , ¶øÔÚ¶¬¼¾±»ÒÆÈ¥, ÇÒÒ»°ã¾ßÓÐ

½ÏµÍµÄSCPºÍ¼«µÍº¬Á¿µÄ¿¹¶³ÎïÖÊ, ÈçÔÙ×ªÈë

20¡æ, »î»¯Ï¸°ûÄÚ INA , 3 ÌìÄÚ SCP ´Ó- 25¡æ

ÉýÖÁ- 20¡æ, 4 Ìì´ïµ½ - 8¡æ, ÒÔºóÎ¬³Ö²»±ä[ 10¡£

Bakken[ 11 ] ·¢ ÏÖ ²½ ¼×P a trobus sep ten tron isºÍ
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Ca la thusm elonocep ha lusÖ÷ÒªÍ¨¹ýÒÆ³ý³¦Ç»ºÍ

ÌåÄÚ±ùºËÎïÖÊÀ´½µµÍSCP, ¶ø²»²úÉú¿¹¶³µ°

°×¡£N even µÈ[ 12 ] ·¢ ÏÖ ÔÚ ±Ü Ãâ ½á ±ù Ô½ ¶¬ Ó× ³æ

Ceruchusp iceusÑªÁÜ°ÍÄÚµÄL P IN ÔÚ¶¬¼¾±»ÒÆ

³ý , ÔÙÍ¨ ¹ýÇå³ý³¦Ç»ÄÚ±ùºËÎïÖÊ, Ê¹Ó×³æµÄ

SCP ´ÓÏÄÌìµÄ - 7¡æÉý¸ßµ½¶¬¼¾µÄ- 20¡æ, ²¢

²»´óÁ¿ÖØÐÂºÏ³É¿¹¶³µ°°×¶ø±ÜÃâÏûºÄÌåÄÚ´¢´æ

µÄÄÜÁ¿, Í¬Ê±L P IN ÔËÊäÖ¬ÀàµÄ¹¦ÄÜÔÚ¶¬¼¾Ê±

Í£Ö¹, ´ËÊ±³æÌåÒÑ½øÈëÖÍÓý×´Ì¬¡£C. p iceusµÄ

L P IN ÊÜ¼¤Ö¬¼¤ËØ(A KH ) ºÍ±£Ó×¼¤ËØ(JH) µ÷

½Ú[ 13 ], ÓÃA KH ´¦ÀíÔ½¶¬µÍ±ùºË»îÐÔÓ×³æ, Ìá¸ß

¾ß±ùºË»îÐÔµÄÖ¬µ°°×Å¨¶È, ¶øÓÃJH ´¦ÀíÇï¼¾

ºÍ´º¼¾º¬¸ß±ùºË»îÐÔÓ×³æ, ½µµÍ³æÌåSCPºÍ±ù

ºË»îÐÔ, µ«Ôö¼ÓÑªÁÜ°ÍÄÚÖ¬µ°°×Å¨¶È, ÍÆ²âJH

´¦ÀíËùÓÕµ¼µÄÖ¬µ°°×È±·¦Ò»ÖÖÄÜÊ¹Ö¬µ°°×¾ßÓÐ

±ùºË»îÐÔµÄ³É·Ö(¿ÉÄÜÊÇÁ×Ö¬Àà)¡£

ÎÞÂÛÀ¥³æÌåÄÚ²úÉú»ò²»²úÉú¿¹¶³µ°°×, Çå

³ý±ùºËÎïÖÊÊÇ±ÜÃâ½á±ùÀ¥³æ¹ã·º²ÉÓÃµÄÒ»ÖÖÉú

ÀíÊÊÓ¦, µ«¶ÔÄÇÐ©Ã»ÓÐÒÆ³ý±ùºËµÄ±ÜÃâ½á±ùÀ¥

³æ, ÌåÄÚ±ØÐëºÏ³ÉºÍ»ýÀÛ¸ßÅ¨¶ÈµÄ¿¹¶³±£»¤ÐÔ

ÎïÖÊ²ÅÄÜÊ¹³æÌå¿¹¶³¡£Èç¼×³æU lom a im p ressa,

ÒÔ³É³æÔ½¶¬, ÏÄÌìµÄ³É³æÖ»ÓÐ½ÏµÍµÄ¿¹¶³ÄÜÁ¦,

¶¬¼¾ÓÉÓÚÌåÄÚºÏ³ÉºÍ¾Û¼¯¸ßÅ¨¶ÈµÄ¿¹¶³±£»¤ÐÔ

ÎïÖÊ¸ÊÓÍºÍ¿¹¶³µ°°× , ¶øÏÔÖøÌá¸ßÆä¿¹¶³ÄÜÁ¦,

±íÃ÷Îª±£´æÌåÄÚ´æÔÚ±ùºËÎïÖÊµÄ±ÜÃâ½á±ùÀ¥³æ

µÄÉúÃü, ÌåÄÚÐèºÏ³ÉºÍ»ýÀÛ¸ßÅ¨¶ÈµÄ¿¹¶³ÎïÖÊ¡£

¶ø±ÜÃâ½á±ùµÄC. p iceus, ¶¬¼¾ÆÚ¼äÍ¨¹ýÒÆÈ¥Ìå

ÄÚ´æÔÚµÄ±ùºËÎïÖÊ, ÌåÄÚ²»ÐèºÏ³ÉºÍ»ýÀÛ¿¹¶³

ÎïÖÊ, Ò²ÄÜ¶É¹ýÑÏ¶¬¡£ÁíÍâÒ»Ð©Ô½¶¬À¥³æ¿ÉÍ¨¹ý

²¿·Ö»òÈ«²¿ÒÆÈ¥±ùºËÎïÖÊµÄÍ¬Ê±, ÔÙÍ¨¹ýºÏ³É

ºÍ»ýÀÛ¿¹¶³ÎïÖÊ , ²ÅÄÜ±ÜÃâµÍÎÂ¶Ô³æÌåµÄÉËº¦¡£

Í¨¹ýÁ½ÖÖÒòËØ¼´²úÉú¸ßÅ¨¶È¿¹¶³±£»¤ÐÔÎïÖÊÓÖ

ÒÆÈ¥ÌåÄÚ´æÔÚµÄ±ùºËÎïÖÊ, ¿ÉÊ¹À¥³æµÄSCPÄÜ

´ïµ½- 50¡æ¡« - 60¡æ(³¬¹ý´¿Ë®µÄSCP) , ¼´´ï

µ½³¬¹ýÀäÈ´×´Ì¬[ 6, 14 ]¡£́ ÓÒÔÉÏ¿´³ö, À¥³æ²ÉÓÃ²»

Í¬µÄÉúÀíÉú»¯¶Ô²ßÀ´¶É¹ý²»ÀûµÄ¶¬¼¾, ±£³ÖÖÖ

Èº¡£

2¡¡±ùºËµ°°×µÄ½á¹¹Óë¹¦ÄÜ

¶ÔÏ¸¾ú IN P µÄ½á¹¹ºÍ¹¦ÄÜ¹ØÏµÒÑ½øÐÐÁË

½Ï¶àµÄÑÐ¾¿¡£×î³õ·¢ÏÖÏ¸¾úIN P Ëùº¬³É·ÖÈçµ°

°×ÖÊ¡¢ÌÇÀàºÍÖ¬ÀàÊÇ±ùºË»îÐÔ²»¿ÉÈ±µÄ, ÒòIN P

Î»ÓÚÄ¤ÄÚ, ÄÑÒÔÇø·ÖÊÇÖ±½Ó»¹ÊÇ¼ä½Ó×÷ÓÃ¡£

Kozloff µÈ[ 15 ] ·¢ÏÖÁ×Ö¬õ£¼¡´¼(P I) ÊÇIN P ²»¿É

È±µÄ¡£ÓÃP I ×¨Ò»ÐÔÁ×Ö¬Ã¸C »òÄÜÌØÒì½áºÏP I

µÄÄý¼¯ËØ´¦ÀíÄÜÒÖÖÆP seud om onassy ringaeºÍ

E rw in ia herbicola µÄ IN P »îÐÔ, Í¬Ê±ÔÚÕâÐ©Ã»

ÓÐ±ùºË»îÐÔµÄ¾úÖêÎ´·¢ÏÖP I ºÏ³ÉÃ¸»îÐÔ¡£ P I

¿ÉÄÜÆð¼ä½Ó×÷ÓÃ, ¼´Í¨¹ýÃª¶¨ IN P ÓÚÏ¸°ûÄ¤¶ø

ÀûÓÚ±ù¾§Éú³É[ 16 ]¡£ GreenºÍ W arren[ 17 ] ´Ó P.

sy ringaeºÍ E scherich iacoli µÄ IN P »ùÒòÍÆ²âÆä

·­Òë²úÎï·Ö×ÓÁ¿Îª 150kD , ÓÉ122 ¸öÁ¬ÐøÖØ¸´

µÄ 8 ëÄ ¶Î (A la2Gly2T yr2Gly2Ser2T h r2L eu2

T h r) ×é³É¡£½«P. sy ringaeµÄ IN P »ùÒòÔÚE. coli

´óÁ¿±í´ï , ²¢´¿»¯ IN P, ÆäN 2¶Ë°±»ùËáË³ÐòÓë

´Ó»ùÒòÍÆ²âµÄÏàÒ»ÖÂ[ 18 ], ´óÔ¼°ëÊýµÄ8 ëÄÖØ¸´

µ¥Î»É¾µô²ÅÉ¥Ê§±ùºË»îÐÔ¡£±íÃ÷·Ö×Ó½á¹¹µÄÖØ

¸´ëÄ¶ÎÓë IN P »îÐÔÓÐ¹Ø, Ã¿Ò»¸öÖØ¸´ëÄ¶Î¾ÍÊÇ

Ò»¸öÓëË®·Ö×ÓÓÐÐò½áºÏµÄ¶ÀÁ¢µ¥Î»[ 17 ]¡£Í¨¹ýÑÐ

¾¿À¥³æÑªÁÜ°ÍÄÚ¾ß±ùºË»îÐÔµÄÎïÖÊµÄÐÔÖÊ, Èç

¾­¼ÓÈÈÊ§È¥»îÐÔ¡¢¶ÔÈÈ²»ÎÈ¶¨, ²»ÄÜÍ¸¹ý°ëÍ¸Ä¤

ÒÔ¼°¾­µ°°×Ë®½âÃ¸Ê§»îµÈ, ÍÆ²âËüÊÇµ°°×ÖÊÐÔ

ÖÊ[ 19 ]¡£

D um anµÈ[ 20 ] Ê×´Î´ÓÔ½¶¬ÆÚ¼äÈÌÄÍ½á±ùµÄ

°ß»Æºú·äV esp u lam acu la taÑªÁÜ°ÍÖÐÌáÈ¡´¿»¯

ÁËIN P, ÊÇÒ»ÖÖ74kD µ°°×, ÓÉ18 ÖÖ°±»ùËá×é

³É, ÆäÖÐ50%ÊÇA sp¡¢Glu¡¢T h r ºÍ SerµÈÇ×Ë®ÐÔ

°±»ùËá, G luöGln Õ¼×Ü°±»ùËá²Ð»ù20mo l% , Õâ

Ð©Ç×Ë®ÐÔ°±»ùËá²àÁ´ÓÐ½á¼¯ºÍ¶¨ÏòË®µÄ¾Û¼¯×÷

ÓÃ¡£´Ó²ÉÓÃ½á±ùÈÌÄÍÔ½¶¬¶Ô²ßµÄ´óÎÃT ip u la

triv itta ta Ó×³æÑªÁÜ°ÍÖÐ·¢ÏÖÁËµ°°×ºÍÖ¬µ°°×ÐÔ

ÖÊµÄ±ùºËÎïÖÊ[ 21 ]¡£N evenµÈ[ 22 ]ÓÃäå»¯¼ØÃÜ¶ÈÌÝ

¶È³¬ÀëÐÄ¼¼Êõ·¢ÏÖ¸ßÃÜ¶Èµ°°××é·ÝºÍµÍÃÜ¶ÈÖ¬

µ°°××é·Ý¶¼¾ßÓÐ±ùºË»îÐÔ, ÓÃÕáÌÇÃÜ¶ÈÌÝ¶ÈµÚ

2 ´Î³¬ÀëÐÄµÍÃÜ¶ÈÖ¬µ°°××é·Ý, ·¢ÏÖÁËÒ»Ö¬µ°

°× ÐÔ ÖÊ ±ù ºË Îï ÖÊ( lipop ro tein ice nucleato r,

L P IN )¡£L P IN ÀàËÆÓÚÆäËüÐ¯Ö¬µ°°×, ¾ßÓÐÔÚ²»

Í¬µÄ×éÖ¯Æ÷¹Ù¼äÔËÊäÖ¬ÀàµÄ¹¦ÄÜ¡£ ·Ö×Ó½á¹¹Îª

Çò× ,́ ·Ö×ÓÁ¿´óÔ¼Îª800kD , Ö±¾¶Îª¡«135~ , º¬

45%µ°°×, 51%Ö¬Àà, 4%ÌÇ, ÓÉ2 ¸öÍÑ¸¨»ùÖ¬µ°
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°××é³É(A po2É , 265kD; A po2Ê , 81kD ) , Ëùº¬

Ö¬ÀàÍ¬ÆäËüÐ¯Ö¬µ°°×, ¼´Ö÷ÒªÊÇ¶þõ£»ù¸ÊÓÍ, ¶ø

²»ÊÇ²¸Èé¶¯ÎïÑªÇåµ°°×Ëùº¬µÄÈýõ£»ù¸ÊÓÍ¡£ ²»

Í¬ÓÚÆäËüÐ¯Ö¬µ°°×, L P IN ÖÐP I Õ¼Á×Ö¬ÀàµÄ

11% ,ÇÒP IÊÇ±ùºË»îÐÔ²»¿ÉÉÙµÄ¡£ÈçÓÃÒ»ÏµÁÐ

Ö¬Ã¸´¦Àí L P IN ºó, ÔÙ¼ø¶¨Æä±ùºË»îÐÔ, ·¢ÏÖ½ö

½µ½âP I µÄÖ¬Ã(̧P I ×¨Ò»ÐÔÖ¬Ã¸C, ×¨Ò»½µ½âÁ×

Ëá¼¡´¼ºÍ¸ÊÓÍÖ®¼äµÄÁ×Ëáõ¥¼ü) ²ÅÄÜÃð±ùºË»î

ÐÔ, ÆäËüÖ¬Ã¸¾ùÎÞÓ°Ïì[ 22 ]¡£L P IN Ëùº¬µÄÖ¬ÀàºÍ

µ°°×³É·Öµ¥¶À¶¼Ã»ÓÐ±ùºË»îÐÔ, ¾­·Ö×ÓÖØ½¨Ëù

µÃµÄµ°°×Ö¬ÖÊÌå(p ro teo lipo som es, ÓÉµ°°×ºÍÖ¬

Àà³É·Ö¾­³¬Éù»ìºÏ¶ø³É) ÖØÐÂ»ñµÃ±ùºË»îÐÔ, ÓÃ

L P IN µÄÍÑ¸¨»ùµ°°×ºÍ²»Í¬Ö¬Àà³É·ÖÖØ¹¹µÄµ°

°×Ö¬ÖÊÌå, ×îÓÐÐ§µÄÖ¬Àà³É·ÖÊÇP I, Í¬ÆäËüÖ¬

Àà³É·ÖÖØ¹¹µÄµ°°×Ö¬ÖÊÌåÈ±·¦±ùºË»îÐÔ, ±íÃ÷

P I ÊÇ±ùºË»îÐÔ±Ø²»¿ÉÉÙµÄ¡£Í¬Ñù, ¶ÔP I ¹¹³É³É

·Ö½øÐÐÑÐ¾¿, ·¢ÏÖ·Ö×ÓÖÐµÄôÇ»ùÊÇÎ¬³Ö»îÐÔ±Ø

²» ¿É ÉÙ µÄ, µ« ·Ö ×Ó ÖÐ µÄ Ö¬ ·¾ Ëá ³É ·Ö ²¢ ²» ÖØ

Òª[ 23 ]¡£ÔËÓÃÍ¬Ñù·½·¨, ¼´²»Í¬µ°°×³É·ÖºÍ P IÖØ

¹¹µ°°×Ö¬ÖÊÌå, ·¢ÏÖ×îÓÐÐ§µÄÍÑ¸¨»ùµ°°×ÊÇ

A po2É , ÇÒ¾ßÓÐÖÖÊôÌØÒìÐÔ, ¼´ÁíÍâ³æÔ´ÈçÑÌ

²ÝÌì¶ê M . sex taµÄÍÑ¸¨»ùµ°°×²»ÄÜÈ¡´ú¡£L P IN

·Ö×ÓÖÐ,A po2É ¡¢A po2Ê ºÍ P I ÊÇÆä·¢»Ó±ùºË»î

ÐÔ²»¿ÉÉÙ¡£ÃâÒßÔÓ½»ÏÔÊ¾´óÎÃL P IN µÄµ°°×³É

·ÖºÍÏ¸¾úµÄ±ùºËµ°°×ÓÐÃâÒßÒ»ÖÂÐÔ: L P IN ¿¹

ÌåÓëÏ¸¾úP. f luorescensµÄ±ùºËµ°°×ÓÐÃâÒß½»

²æ·´Ó¦; Ï¸¾ú P. f luorescens±ùºËµ°°×¿¹ÌåÍ¬´ó

ÎÃ T. triv itta ta µÄL P IN µÄÁ½¸öÍÑ¸¨»ùµ°°×³É

·ÖÒ²ÓÐÃâÒß½»²æ·´Ó¦[ 23 ]¡£A po2É Í¬ P. sy ringae

µÄ IN P ¿¹ÌåÓÐ½»²æ·´Ó¦, Í¬Ñù P. sy ringaeµÄ

IN P Í¬´óÎÃ T. triv itta ta µÄL P IN ¿¹ÌåÒ²ÓÐ½»

²æ·´Ó¦ [ 23 ], ±íÃ÷À¥³æµÄL P IN µ°°×³É·ÖÒ²ÓÐÀà

ËÆµÄÖØ¸´8 ëÄ¶Î¡£ Í¨¹ýÓÉÈË¹¤ºÏ³É 8 ëÄ¶ÎËù²ú

ÉúµÄ¿¹ÌåÄÜÍ¬´óÎÃT. triv itta ta µÄL P IN µÄÍÑ

¸¨»ùµ°°×²úÉúÃâÒß½»²æ·´Ó¦, ¸ü¼ÓÖ¤Ã÷ÁËÕâÒ»

µã, Ò²°µÊ¾ÍÑ¸¨»ùµ°°×³É·ÖµÄÖØÒªÐÔ[ 23 ]¡£ ´óÎÃ

T. triv itta ta Ó×³æÑªÁÜ°ÍÖÐ»¹ÓÐÁíÍâÁ½¸ö²»Í¬

ÓÚL P IN µÄ, ·Ö×ÓÁ¿Îª77kD ²»º¬Ö¬Àà³É·ÖµÄ

¸ßÐ§ IN P, ÇÒ²»Í¬Ï¸¾ú IN P ¿¹Ìå»ò T. triv itta ta

µÄL P IN ¿¹ÌåÆð½»²æ·´Ó¦¡£ÕâÁ½ÖÖIN P ÓÉ²»Í¬

µÄ°±»ùËá×é³É, Ò»ÖÖº¬39%Gly, ÁíÒ»ÖÖº¬40%

T yr¡£ºóÒ»ÖÖ¿ÉÄÜÊÇÓ×³æ´¢´æµ°°×, Òò¸»º¬·¼Ïã

×å°±»ùËá, µ«Ó×³æ´¢´æµ°°×Ò»°ãÖ»º¬10%¡«

15%T yr, ¶øT. triv itta ta 3 ±¶ÓÚ´¢´æµ°°×¡£¾ßÓÐ

ÌØÊâ·Ö×Ó×é³ÉºÍ½á¹¹µÄµ°°×ÖÊ²ÅÄÜ×öÎª±ùºËÎï

ÖÊ¡£IN P ³ý¾ßÓÐ±ùºË»îÐÔÍâ, »¹¾ßÓÐÔËÊäÖ¬ÀàºÍ

×öÎª´¢´æµ°°×µÄ¹¦ÄÜ¡£À¥³æÒ»°ã½öÔÚ¶¬¼¾²úÉú

IN P, Çï¼¾ÎÂ¶È½µµÍÊÇÆô¶¯IN P ºÏ³ÉµÄÐÅºÅ, ÒÔ

ÏÞÖÆ¹ýÀäÈ´×´Ì¬, ÇÒ»îÐÔÇ¿ÓÚÏ¸¾úµÄIN P [ 24 ]¡£

L P IN ¾ßÓÐÔËÊäÖ¬Àà¹¦ÄÜ, µ«´ÓÆäËüÀ¥³æ(ÈçÑÌ

²ÝÌì¶ê M and ucasex taºÍÃÀÖÞ´óó¹P erip laneta

am ericana) ÑªÁÜ°ÍÄÚ¾ßÓÐÔËÊäÖ¬ÀàµÄÖ¬µ°°×»ò

Ð¯Ö¬µ°°×È±·¦±ùºË»îÐÔ¡£Òò¶ø±È½Ï¾ß±ùºË»îÐÔ

µÄÖ¬µ°°×ºÍÒ»°ãÔËÊäÖ¬ÀàµÄÖ¬µ°°×ÒìÍ¬µã¶Ô½Ò

Ê¾IN P ÌØÊâ·Ö×Ó½á¹¹ÓÐºÜ´ó×÷ÓÃ¡£¶ÔÄÇÐ©·Ö²¼

ÔÚÇò×´Ð¯Ö¬µ°°×±íÃæµÄ×é³É³É·Ö·ÖÎö, ·¢ÏÖÁ×

Ö¬ÔÚ·Ö×Ó±íÃæÐÎ³ÉÒ»µ¥²ã, ´ó¸¨»ù (A po2É ) Õ¼

¾Ý·Ö×Ó±íÃæ¡£

´Ó±ÜÃâ½á±ùµÄCeruchusp iceusÓ×³æÑªÁÜ

°ÍÖÐ·ÖÀë´¿»¯ÁËÒ»¸ö¾ß±ùºË»îÐÔµÄÖ¬µ°°×
(L P IN ) , ¸ÃÖÖÀ¥³æµÄL P IN ÔÚ¶¬¼¾±»ÒÆ³ý, Ê¹

Ö®²úÉú¹ýÀäÈ ¡́£ ¸ÃL P IN ²»Í¬ÓÚ´óÎÃµÄL P IN

»òÏ¸¾úÌåÄÚµÄ±ùºËµ°°×¿¹ÌåÓÐÈÎºÎ½»²æ·´Ó¦,

±íÃ÷Ced ruchussp. µÄL P IN Í¬ÆäËüµÄ±ùºËµ°

°×ÎÞÈÎºÎ½ø»¯¹ØÏµ , Í¬Ê±Ò²·¢ÏÖÆäL P IN ÖÐÎÞ

Ï¸¾ú±ùºËµ°°×·Ö×ÓÄÚµÄÖØ¸´8 ëÄÒÔ¼°´óÎÃµÄ

L P IN ·Ö×ÓÖÐµÄP I ³É·Ö[ 22 ]¡£

3¡¡ÑÐ¾¿Ç°¾°

¶ÔÀ¥³æ±ùºË¼Á(°üÀ¨±ùºËµ°°×) µÄÑÐ¾¿²»½ö

¾ßÓÐÖØÒªµÄÀíÂÛÒâÒå, ¶øÇÒ¾ßÓÐ¹ãÀ«Ó¦ÓÃÇ°¾°¡£

±ùºË¼ÁÔÚ´óÆøÎïÀíÑ§¡¢Ö²Îï²¡ÀíÑ§ºÍµÍÎÂÉúÎï

Ñ§µÈÁìÓòÊÜµ½¹ã·ºÖØÊÓ¡£ÔÚÉú²úÊµ¼ùÖÐ, ÒÑ·¢»Ó

×ÅÖØÒª×÷ÓÃ¡£Èçµâ»¯ÒøµÄÈË¹¤½µÓê, ÔÚÖ²Îï±íÃæ

ÅçÈ÷IN P, ¿ÉÓÕµ¼ÆäÔÚ½Ï¸ßÎÂ¶ÈÏÂ·¢Éúº®º¦»ò

¶³º¦ , ÁíÍâÔÚÖ²Îï±íÃæ¹ã·º´æÔÚ¾ßÓÐ±ùºË»îÐÔ

µÄÏ¸¾ú, Ëü¿ÉÒÔÔÚ- 2¡« - 5¡æÓÕµ¼Ö²Îï½á±ù¶ø

·¢ÉúËª¶³, Ïà·´ , ÎÞÕâÖÖÏ¸¾ú´æÔÚµÄÖ²Îï, Ò»°ã

ÄÜÈÌÄÍ- 7¡« - 8¡æµÍÎÂ¶ø²»·¢ÉúËª¶³¡£½«À¥³æ

±ùºËµ°°×Ó¦ÓÃÓÚ´óÌïº¦³æµÄµÍÎÂº®º¦»ò¶³º¦µÄ
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