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1 ²ÄÁÏºÍ·½·¨

ËùÓÐÄ£Äâ¾ùÔÚ SGI 02 ¹¤×÷Õ¾ÉÏ²ÉÓÃ Molecular
Simulations Inc£¨MSI£©¹«Ë¾µÄ Insight II 98 . 0 ¿ÉÊÓ»¯Èí

¼þ°üÍê³É . Affinity ±»ÓÃÓÚ½«ËóÂü¶Ô½Óµ½ EP6 µÄ»îÐÔ
ÖÐÐÄ£Û6£¬7£Ý. Discover£¨MSI£©ÓÃÓÚÄÜÁ¿¼«Ð¡»¯ . ËùÓÐ¼«Ð¡
»¯¾ù ²É ÓÃ Ïà ÈÝ ¼Û Á¦ ³¡£¨consistent-valence forcefield£¬
CVFF£©.
1 .1 °ë¾­Ñé¼ÆËã

ËóÂü ·Ö ×Ó£¨Í¼ 1£©µÄ ¾² Ì¬ ÐÔ ÖÊ ºÍ ½á ¹¹ ÓÅ »¯ ÓÉ
MOPAC 6. 0 Èí¼þ°üÖÐµÄ°ë¾­Ñé AM1 ·½·¨Íê³É . Ëó

Âü·Ö×ÓÓÐ 2 ¸öÊÖÐÔÖÐÐÄ£¬ÄÜ²úÉú 4 ¸öÒì¹¹Ìå£¬Ñ¡È¡

PRCR-ËóÂü½øÐÐÑÐ¾¿ . AM1 ¼ÆËãµÄ¾²µçºÉÓÃÓÚÏÂÒ»

²½µÄ·Ö×Ó¶Ô½Ó£¬ÓÅ»¯µÄ½á¹¹×÷Îª¶Ô½ÓµÄ³õÊ¼½á¹¹ .

Fig 1 . Schematic diagram of soman. *£ºthe chiral
atoms.

1 .2 EP6V ºÍ PRCR-ËóÂüµÄ·Ö×Ó¶Ô½Ó
Ó¦ÓÃ MSI ¹«Ë¾µÄ Affinity Ä£¿éÈí¼þ£Û6£¬7£Ý£¬½« PRCR-

ËóÂü¶Ô½Óµ½ EP6V µÄ»îÐÔ²¿Î» . Affinity ÊÇÒ»Ì××Ô¶¯
¶Ô½ÓÅäÌå£¨¿ÍÌå£©µ½ÊÜÌå£¨Ö÷Ìå£©µÄ³ÌÐò£¬¶Ô¸ø¶¨µÄÓÉ

ÅäÌå·Ö×ÓºÍÊÜÌå·Ö×Ó×é³ÉµÄÌåÏµ£¬ËüÄÜ×Ô¶¯µØÒÀ¾Ý

ÅäÌå / ÊÜÌå¸´ºÏÎïÄÜÁ¿·¢ÏÖ×î¼ÑµÄÅäÌåºÍÊÜÌå½áºÏ
½á¹¹ . ÓÉÓÚÔÚÈ«¾Ö»òÌ«´óµÄ¹¹Ïó¿Õ¼ä·¢ÏÖÊÜÌå-Åä
Ìå¸´ºÏÎï½á¹¹±È½ÏÀ§ÄÑ£¬Òò´ËÏÈ²ÉÓÃÊÖ¶¯¶Ô½ÓµÄ·½

·¨È·¶¨ËóÂüÓë EP6V µÄ³õÊ¼½á¹¹ .
¶ÔÓÚ¿¹Ìå£¬×î¿ÉÄÜ²ÎÓë¿¹Ô­-¿¹ÌåÏà»¥×÷ÓÃµÄ°±

»ùËá²Ð»ùÒ»°ãÎ»ÓÚÆä 6 ¸ö»¥²¹¾ö¶¨Çø£¨complementar-
ity determining region£¬CDR£©. ÏÈ²ÉÓÃÊÖ¶¯¶Ô½ÓµÄ·½·¨
½« PRCR-ËóÂüÒÆµ½ 6 ¸ö CDR ÇøÖÜÎ§£¬½Ó×Å½« EP6V ¹Ì
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¶¨£¬ÓÃ·Ö×ÓÁ¦Ñ§ºÍ·Ö×Ó¶¯Á¦Ñ§·½·¨ÓÅ»¯ PRCR-ËóÂü
ºÍ EP6V ¸´ºÏÎï£¬ÒÔ±£Ö¤ PRCR-ËóÂüÓë EP6V ¸´ºÏÎï

³õÊ¼½á¹¹ÖÐÃ»ÓÐ²»ºÏÀíµÄ½Ó´¥£¬ÒÔ´Ë½á¹¹×÷Îª×Ô¶¯

¶Ô½ÓµÄ³õÊ¼½á¹¹ .
½Ó×ÅÀûÓÃ Affinity ½« PRCR-ËóÂü¶Ô½Óµ½Ä£½¨µÄ

EP6V µÄ½áºÏ²¿Î»£¬¹¹½¨ PRCR-ËóÂüÓë EP6V ¸´ºÏÎï½á

¹¹ . ¶Ô½ÓÊ± EP6 µÄ½áºÏ²¿Î»Ñ¡Îª 6 ¸ö CDR Çø . ÔÚ¶Ô

½ÓµÄ¹ý³ÌÖÐ£¬́ó¶àÊý²ÎÊýÑ¡ÎªÈ±Ê¡Öµ£¬¿¼ÂÇÁËÈÜ¼Á»¯

Ð§Ó¦£¬½éµç³£ÊýÈ¡»ùÓÚ¾àÀëµÄÄ£Ê½£¬ÓëÍø¸ñ¼ÆËãÓÐ¹Ø

µÄÆäËû²ÎÊýÈ¡ÎªÈ±Ê¡Öµ . ÊÕ¼¯µÄ¹¹Ïó¸öÊýÎª 10 ¸ö£¬

Ñ¡Ôñ¹¹ÏóµÄÄÜÁ¿ÅÐ¾ÝÖµÎª 125 kJ£¬ÅäÌå·Ö×ÓÃ¿´ÎÔÊ
ÐíÒÆ¶¯×î´ó¾àÀëÎª 0 . 3 nm£¬×î´ó½Ç¶ÈÎª 180 . 00º£¬¶Ô
ËóÂü·Ö×ÓÖÐÐèÒª×ÔÓÉÐý×ªµÄ»¯Ñ§¼ü¾ùÔÊÐí×ÔÓÉÐý

×ª . ·Ö×Ó¶Ô½ÓÊ±½á¹¹ÓÅ»¯²ÉÓÃÃÉÌØ¿¨Âå¼«Ð¡»¯·½
·¨£¬Ã¿´ÎÓÅ»¯ 1000 ²½ .

ÈáÐÔ¹¹ÏóËÑÑ°½áÊøºó£¬½øÒ»²½ÔËÓÃ·Ö×ÓÁ¦Ñ§ºÍ

·Ö×Ó¶¯Á¦Ñ§·½·¨ÓÅ»¯¶Ô½Ó»ñµÃµÄËùÓÐ½á¹¹ÒÔ»ñµÃµÍ

ÄÜ¹¹Ïó£¬ÓÅ»¯½ö¼¯ÖÐÔÚÅäÌåºÍ½áºÏÇøµÄ°±»ùËá²Ð»ù

²àÁ´ÉÏ .

2 ½á¹ûºÍÌÖÂÛ

2 .1 EP6 ÓëËóÂü·Ö×Ó¶Ô½ÓÄ£Äâ

¹¹½¨ËóÂü¿¹ÌåÃ¸ÈýÎ¬½á¹¹µÄÄ¿µÄÖ®Ò»¾ÍÊÇÎªÁË

½øÒ»²½ÁË½âÆä½áºÏÄ£Ê½ºÍ´ß»¯ÐÔÖÊ . ÔÚ¿¹ÌåÃ¸ÁìÓò

ÀïÑÐ¾¿×î¶àºÍ×îÉîÈëµÄÊÇ´ß»¯õ¥Ë®½â»òÒÒõ£»ù×ªÒÆ

·´Ó¦µÄ¿¹ÌåÃ¸£¬ËùÓÐÕâÀà¿¹ÌåÃ¸¶¼ÊÇÊ¹ÓÃ¹²éîÁ´½Ó

ÓÚÅ£ÑªÇå°×µ°°×»òÑªÀ¶µ°°×µÄì¢Ëáõ¥¹ý¶ÉÌ¬ÀàËÆÎï

£¨transitional state analog£¬TSA£©Í¨¹ýÃâÒß·¨Òý³öµÄ . Í¨
³£°ë¿¹Ô­µÄì¢Ëá²¿·ÖÓë·¼Ïã²¿·ÖÅþÁ¬»òÕß±»Ò»¸ö¼×

»ù·Ö¿ª . Ä¿Ç°ÒÑ»ñµÃÁËÐí¶àõ¥Ë®½â¿¹ÌåÃ¸»òÆä TSA
¸´ºÏÎïµÄÈýÎ¬½á¹¹£¬ËüÃÇµÄ½á¹¹·Ç³£ÏàËÆ£¬ÌØ±ðÊÇ

TSA µÄ½áºÏÄ£Ê½£Û8£Ý. ÓÕµ¼³ö EP6 µÄ°ë¿¹Ô­Óëõ¥Ë®½â
¿¹ÌåÃ¸µÄ°ë¿¹Ô­ÔÚ½á¹¹ÉÏ±È½ÏÏàËÆ£¬Òò´Ëõ¥Ë®½â¿¹

ÌåÃ¸µÄ½á¹¹ÐÅÏ¢½«ÎªÈ·¶¨ËóÂüºÍ EP6 µÄ½áºÏÄ£Ê½Ìá
¹©Ò»¶¨µÄÏßË÷ .

·Ö×Ó¶Ô½ÓÊÇÈ·¶¨ÊÜÌåºÍÅäÌå¸´ºÏÎï½á¹¹ÓÐÐ§µÄ

·½·¨Ö®Ò» . ÔÚ¶Ô½Ó¹ý³ÌÖÐ¸ù¾ÝÐèÒª¿ÉÒÔ½«ÊÜÌåºÍÅä
Ìå·Ö±ðÊÓÎª¸ÕÐÔµÄ»òÈáÐÔµÄ£¬ÔçÆÚµÄÑÐ¾¿ÖÐ½«ÅäÌå

ºÍÊÜÌå¾ù×÷Îª¸ÕÐÔÌå´¦Àí£¬µ«ÕâÓë¿¹Ìå-¿¹Ô­Ïà»¥×÷
ÓÃµÄÊµ¼ÊÇé¿öÆ«²î´ó . ¿¹Ìå£¨Fab 17 / 9£©µÄÈýÎ¬½á¹¹
Îª¿¹Ìå-¿¹Ô­Ê¶±ðµÄÓÕµ¼ÆõºÏ»úÀíÌá¹©ÁËÖ¤¾Ý£Û9£Ý.
¹ØÓÚ±½¼×ëß / ÒÈµºËØµÄÑÐ¾¿Ò²±íÃ÷£¬ÊÜÌå½á¹¹µÄÎ¢Ð¡

±ä»¯¶ÔÅäÌå¶Ô½ÓÓÐÖØÒªÓ°Ïì£¬ÔÚ¶Ô½Ó¹ý³ÌÖÐÓÐ±ØÒª

ËÉ³ÚÊÜÌå½áºÏ²¿Î»£¬¹Ì¶¨ÊÜÌåÓÐ¿ÉÄÜµ¼ÖÂ´íÎóµÄ½á

ÂÛ£Û6£¬7£Ý. Òò´ËÊ¹ÓÃÅäÌåºÍÊÜÌå¾ù´¦ÀíÎªÈáÐÔÌåµÄËã
·¨À´ËÑÑ°¿¹ÌåÃ¸ / ÅäÌå½á¹¹ÊÇÊÊÒËµÄ . Affinity ½«ÊÜ
Ìå·ÖÎªÁ½²¿·ÖÓÐÖúÓÚ¸ü¿ìµÄËÑÑ°ÅäÌåºÍ¿¹ÌåÃ¸¸´ºÏ

Îï½á¹¹£¬½ÚÊ¡¼ÆËãÊ±¼ä .
Ê¹ÓÃ Affinity ½« PRCR-ËóÂü¶Ô½Óµ½ EP6V µÄ½áºÏ

²¿Î»ÒÔ¿¼²ìËóÂüºÍ EP6V Ö®¼äµÄÏà»¥×÷ÓÃ . ÔÚ¶Ô½Ó

Ê±Ñ¡È¡ EP6V µÄ 6 ¸ö CDR Çø×÷Îª½áºÏÇøÓò£¬ÕâÒ»²¿

·ÖÔÚ¶Ô½Ó¹ý³ÌÖÐÊÇÈáÐÔµÄ . ÔÚÕû¸ö¿Õ¼ä½øÐÐ¹¹ÏóËÑ
Ñ°£¬»ñµÃÁËÒ»ÏµÁÐÄÜÁ¿Îª 766 ～ 837 kJ¡¤mol - 1µÄµÍÄÜ

¹¹Ïó .
±í 1 ÁÐ³öÁË PRCR-ËóÂü-EP6V ¸´ºÏÎï¼¸ÖÖ²»Í¬

¹¹ÏóµÄ×ÜÄÜÁ¿£¬Ïà»¥×÷ÓÃÄÜ£¨°üÀ¨·¶µÂ»ªÏà»¥×÷ÓÃºÍ

¾²µçÏà»¥×÷ÓÃ£©ºÍ EP6V ÖÐ¾àÅäÌå 0 . 5 nm ÒÔÄÚµÄ°±

»ùËá²Ð»ù . ±í 2 ÁÐ³öÁË¸´ºÏÎïÖÐµÄÇâ¼ü¼°Æä¶ÔÅäÌå
-ÊÜÌåÏà»¥×÷ÓÃµÄ¹±Ï× . ´Ó±íÖÐ¿ÉÒÔ¿´³ö¾²µçÏà»¥

×÷ÓÃ·Ç³£ÖØÒª£¬ÀíÂÛÄ£ÄâºÍ¾§ÌåÑÜÉäÑÐ¾¿Ò²±íÃ÷ÔÚ

ì¢Ëá TSA ºÍõ¥Ë®½â¿¹ÌåÃ¸µÄ¸´ºÏÎïÖÐÇâ¼üÊÇÖ÷Òª

µÄÏà»¥×÷ÓÃ£Û10£¬11£Ý. ²»Í¬¹¹ÏóÖÐÓëÁ×õ£»ùµÄÑõÐÎ³ÉÇâ
¼üµÄÇâÀ´×ÔÓÚ°±»ùËá²Ð»ùÖØÁ´µÄ Asn 52£¬Asn 59£¬
Thr 55£¬Thr 101 »òÇáÁ´µÄ Tyr 95 . ÕâÐ©²Ð»ù¶ÔËóÂüºÍ
EP6V Ïà»¥×÷ÓÃ¹±Ï×´ó . ËóÂü¸½½ü£¨0 . 5 nm ÒÔÄÚ£©µÄ

°±»ùËáÎ»ÓÚ H-CDR1£¬H-CDR2£¬H-CDR3 ºÍ L-CDR3.
²»Í¬¹¹ÏóµÄ×ÜÄÜÁ¿ºÍÏà»¥×÷ÓÃÄÜÃ»ÓÐÃ÷ÏÔ²îÒì . ½ø

Ò»²½ÓÅ»¯ºó×ÜÄÜÁ¿ºÍÏà»¥×÷ÓÃÄÜ²îÒìÈÔÈ»ºÜÐ¡£¬Òò

´ËÒÀ¿¿ÄÜÁ¿²îÒìÀ´ÅÐ¶Ï¹¹ÏóºÏÀíÐÔ±È½ÏÀ§ÄÑ .
ÔÚÒÔÉÏ½áºÏÄ£Ê½ÖÐ£¬ËóÂü·Ö±ðÍ¨¹ýÓëÖØÁ´µÄ Thr

101£¬Asn 59£¬Thr 55£¬Asn 52 »òÇáÁ´µÄ Tyr 95 ÐÎ³ÉÇ¿

ÁÒÇâ¼üÓë EP6V ½áºÏ£¬µ«ÔÚÓëÖØÁ´ Thr 101£¬Asn 59£¬
Thr 55 »òÇáÁ´ Tyr 95 ÐÎ³ÉÇâ¼üµÄ¹¹ÏóÖÐ£¬ËóÂü·Ö×Ó

Î»ÓÚÁÑ·ìµÄÍâ²¿£¬¶ø²»ÊÇÔÚÁÑ·ìÀï . ¶ÔÓÚÓëÖØÁ´ Asn
52 ÐÎ³ÉÇâ¼üµÄ¹¹ÏóÓÐÁ½ÖÖ½áºÏÄ£Ê½£¬Ò»ÖÖÇé¿öÏÂËó
Âü·Ö×ÓÎ»ÓÚ EP6V µÄÍâ²¿²¢ÇÒËóÂü·Ö×ÓÔ¶ÀëÇáÁ´ Tyr
95£¬ÁíÒ»ÖÖÇé¿öÏÂËóÂü·Ö×ÓÎ»ÓÚÁÑ·ìÖÐ£¨Í¼ 2£©. ºóÒ»
ÖÖÓëÐí¶à¾§Ìå½á¹¹ÖÐ¿¹Ô­-¿¹Ìå½áºÏÄ£Ê½Ïà·ûºÏ£¬Òò
´ËÕâÊÇÒ»ÖÖºÏÀíµÄ¹¹Ïó .

¸´ºÏÎï¹¹Ïó±íÃ÷ÇáÁ´ Tyr 95 µÄÑõÔ­×ÓºÍËóÂüÁ×
Ô­×ÓÖ®¼äµÄ¾²µçÏà»¥×÷ÓÃ¶ÔÓÚÎÈ¶¨¸´ºÏÎïÊÇÖØÒª

µÄ . ÇáÁ´ Tyr 95 µÄ·ÓôÇ»ùÑõÔ­×ÓÓëËóÂüÁ×õ£»ùÑõÔ­
×Ó´¦ÓÚÊÊºÏÐÎ³ÉÇâ¼üµÄ¾àÀë·¶Î§ÄÚ£¬µ«ÏàÓ¦µÄ¼ü½Ç

Ì«Ð¡£¬²»ÄÜÐÎ³ÉÇâ¼ü . ÇâÔ­×ÓµÄ·½ÏòÔ¶ÀëÁ×Ô­×Ó£¬±í
Ã÷Á×Ô­×ÓÓëÇâÔ­×ÓÓÐÒ»¶¨µÄ¾²µçÅÅ³â×÷ÓÃ£¬¶ø´ø¸º
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Tab 1. Docking result of PRCR-soman and EP6V£¨kJ¡¤mol- 1£©
Et VDW Coulomb IEt Sub5

1 - 25603 - 65.10 - 61.80 - 126.90 H33£¬H50£¬H52£¬H57£¬H59£¬H101£¬L90£¬L91£¬L93£¬L95

2 - 25577 - 38.31 - 63.64 - 101.94 H52£¬H56 ～ H60£¬H65

3 - 25545 - 53.00 - 58.49 - 111.49 H33£¬H47£¬H50 ～ H52£¬H55£¬H57 ～ H59£¬L90£¬L93£¬L95

4 - 25563 - 32.66 - 106.43 - 139.08 H33£¬H50 ～ H52£¬H55 ～ H59£¬L95

5 - 25549 - 19.05 - 121.42 - 140.46 H59£¬H101 L91 ～ L93£¬L95

6 - 25551 - 5.07 - 106.34 - 111.41 H101£¬H102£¬L31b£¬L49£¬L91

Et£ºtotal energy of the complex between PRCR-soman and EP6V£»VDW£ºVan der Waals interaction energy between PRCR-soman and EP6V£»
Coulomb£ºcoulombic interaction energy£»IEt£ºtotal interaction energy£»Sub5£ºthe residues about 0 .5 nm near soman in the complex between PRCR-
soman and EP6V.

Tab 2. Hydrogen bonds in the complexes and the contribution of special residue for the interaction energy

H-bond
donor

H-bond
acceptor Distc / nm AA number VDW/ kJ¡¤mol- 1 Et / kJ¡¤mol- 1 IEt / kJ¡¤mol- 1

1 H52:ND2 O11a 0.291 H52 - 3.22 - 44.55 - 47.77

1 L95:OH O2b 0.273 L95 - 13.16 - 11.76 - 24.92

2 H59:ND2 O11 0.274 H59 - 3.79 - 64.39 - 68.18

3 H52:ND2 O11 0.273 H52 - 0.78 - 52.96 - 53.74

4 H55:OG1 O11 0.238 H55 14.97 - 100.94 - 85.97

5 L95:OH O11 0.238 L95 13.97 - 92.53 - 78.56

6 H101:OG1 O11 0.239 H101 14.47 - 100.36 - 85.89

AA£ºamino acid. a£ºthe oxygen atom from soman phosphoryl£»b£ºthe oxygen atom from soman pinacolyl£»c£ºthe distance between H-bond
donor and acceptor .

µçµÄÑõÔ­×ÓÓëÁ×Ô­×ÓÔòÓÐÒ»¶¨µÄ¾²µçÎüÒý .
¶ÔÓÚ¿¹ÌåÃ¸»òÃ¸£¬́ß»¯ËÙÂÊ£¨kcat£©Í¨³£²»ÊÇÊÜÊµ

¼ÊµÄ»¯Ñ§²½ÖèÏÞÖÆ£¬¶øÊÇ²úÎïÊÍ·Å£Û8£Ý. ²úÎïÒÖÖÆÍù

ÍùÊ¹¿¹ÌåÃ¸´ß»¯Ë®½â²»ÄÜÔÚÓÐÐ§µÄ·½Ê½ÏÂ½øÐÐ . Ëó

ÂüË®½â²úÎïÓëËóÂü½á¹¹ÏàËÆ£¬ÆäÓë¿¹ÌåÃ¸µÄÏà»¥×÷

ÓÃ¿ÉÄÜ¶Ô EP6 ´ß»¯Ë®½âËóÂüÓÐÓ°Ïì . Ç°Ãæ¶Ô¿¹ÌåÃ¸

µÄÍ¼ÐÎ·ÖÎö±íÃ÷ EP6V µÄ»îÐÔ²¿Î»ÊÇÒ»¸ö³¤µÄÁÑ

·ì£¬ËóÂü·Ö×Ó½áºÏÓÚÆäÖÐ£¬ÕâÖÖÐÎ×´ÓÐÀûÓÚ²úÎïµÄÊÍ

·ÅºÍÏû³ý£¬¿ÉÄÜÊÇ EP6 ¸ß»îÐÔµÄÔ­ÒòÖ®Ò» .
2 .2 EP6 ´ß»¯Ë®½âËóÂü»úÀí

´Ó Brimfield µÈ£Û2£Ý±¨µÀË®½âÓÐ»úÁ×Ëáõ¥µÄ¿¹ÌåÃ¸
ÒÔÀ´£¬́ß»¯ËóÂüË®½âµÄ¿¹ÌåÃ¸ÑÐ¾¿ÒÑ¾­È¡µÃÁË½Ï´ó

½øÕ¹£¬µ«ÖÁ½ñÃ»¼û¹ØÓÚ¿¹ÌåÃ¸´ß»¯Ë®½âËóÂüµÄ·´Ó¦

»úÀí±¨µÀ . ¿¹ÌåÃ¸´ß»¯Ë®½âõ¥µÄ»úÀíÒÑ¾­ÓÐÏàÓ¦µÄ
±¨µÀ£¬²¢ÇÒÒ»Ð©¹Ø¼üµÄ°±»ùËá²Ð»ùÒÑÓÉ X-ÑÜÉä¼¼
Êõ£Û11 ～ 13£Ý»ò¼ÆËã»úÄ£Äâ£Û14£ÝÈ·¶¨ . ¾¡¹ÜÓÕµ¼ EP6 µÄ°ë
¿¹Ô­ºÍÓÕµ¼õ¥Ë®½â¿¹ÌåÃ¸µÄ°ë¿¹Ô­½á¹¹ÏàËÆ£¬µ«´ó

¶àÊýÄ£Äâõ¥Ë®½â¹ý¶ÉÌ¬µÄÁ×Ëáõ¥Ö»ÊÇõ¥Ë®½â¿¹ÌåÃ¸

µÄÒÖÖÆ¼Á£¬õ¥Ë®½â¿¹ÌåÃ¸Ã»ÓÐË®½âÓÐ»úÁ×Ëáõ¥»¯ºÏ

ÎïµÄ¹¦ÄÜ . Íõ×ÖÁáµÈ£Û1£Ý±¨µÀµÄ EP6 ÊÇÄ¿Ç°Î¨Ò»È·¶¨
ÁË°±»ùËáÐòÁÐÇÒ¾ßÓÐË®½âËóÂü¹¦ÄÜµÄ¿¹ÌåÃ¸£¬¶àÖØ

ÐòÁÐ¶Ô±ÈÏÔÊ¾ EP6 ºÍÆäËûõ¥ÀàË®½â¿¹ÌåÃ¸ÊÇ¸ß¶ÈÍ¬
Ô´µÄ£¬µ«ËüÃÇ¿ÉÄÜÓÐ²»Í¬µÄ·´Ó¦»úÀí . Í¨¹ý¶ÔÄ¿Ç°

»ñµÃ¾§Ìå½á¹¹µÄõ¥Ë®½â¿¹ÌåÃ¸µÄÐòÁÐ½øÐÐ¶Ô±È·¢

ÏÖ£¬³ýÁË¿¹Ìå 6D9£¨PDB Code£º1HYX£©Íâ£¬ËüÃÇµÄÖØÁ´
His 35 ¶¼ÊÇ±£ÊØµÄ£¬²¢ÇÒ¾§Ìå½á¹¹ÏÔÊ¾ÖØÁ´ His 35
»áÔÚ´ß»¯·´Ó¦ÖÐÆð¹Ø¼ü×÷ÓÃ£¬EP6V ÖÐ¸Ã²Ð»ù±» Glu
È¡´ú£¬ÆäÈÜ¼Á¿É¼°±íÃæ»ýÎªÁã£¬²»ÄÜ²ÎÓë¿¹Ô­-¿¹Ìå
Ïà»¥×÷ÓÃ£¬Òò´ËÕâÁ½ÖÖ´ß»¯¿¹Ìå¿ÉÄÜÓÐ²»Í¬µÄ½áºÏ

²¿Î»ºÍ¹Ø¼ü»îÐÔ´ß»¯²Ð»ù .
ÉúÀíÌõ¼þÏÂÁ×ËáÈýõ¥ºÍì¢ËáôûµÄË®½âÍ¨³£ÊÇ¼î

´ß»¯ µÄ£¬Ç× ºË ÊÔ ¼Á ½ø ¹¥ Á× Ô­ ×Ó ÇÒ °é Ëæ ×Å ¹¹ Ïó ·­

×ª£Û15 ～ 17£Ý. Ã¸×÷ÓÃµÄÁ×ËáôûË®½â·´Ó¦¹ý¶ÉÌ¬Ò»°ãÊÇ
ÎåÅäÎ»µÄ . ÎÈ¶¨·´Ó¦µÄ¹ý¶ÉÌ¬½«½µµÍ·´Ó¦µÄ»î»¯ÄÜ
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Fig 2 . The possible conformation of complexes be-
tween PRCR-soman and EP6V. These pictures were drawn
by Molscript . The high contribution residues for combining were
showed in ball-and-stick mode. Unimportant hydrogen atoms were
omitted for clarity . Soman located between the residues of the heavy
chain Asn 52 and the light chain Tyr 95 and formed hydrogen bond
with theε-hydrogen atom of heavy chain Asn 52£¬the electrostatic
interaction between light chain Tyr 95 and soman is also important .

¶øÊ¹·´Ó¦¼ÓËÙ . ÔÚ¶¯Á¦Ñ§·ÖÎöÊµÑéÖÐ£¬ËóÂüË®½â·´

Ó¦·¢ÉúÔÚµÍ¼îÐÔ»·¾³ÖÐ£Û1£Ý£¬Òò´ËÇ×ºË½ø¹¥ÊÇÔÚÎÞÃ÷

ÏÔ¼î´ß»¯Ê±·¢ÉúµÄ£¬¿¹ÌåÖÐÑõ¸ºÀë×ÓÎÈ¶¨»¯ºÍÆäËû

¾²µçÏà»¥×÷ÓÃ½«ÓÐÖØÒªÓ°Ïì .
ÖØÁ´µÄ Asn 52 ºÍÇáÁ´µÄ Tyr 95 ÔÚË®½â´ß»¯»úÀí

ÖÐÆðÖØÒª×÷ÓÃ . ÖØÁ´µÄ Asn 52 Óë°ë¿¹Ô­µÄÑõÔ­×ÓÖ±
½ÓÐÎ³ÉÇâ¼ü£¬Çâ¼üµÄ¼ü³¤´óÔ¼ 0 . 14 nm£¬õ£°·µÄÇâÔ­
×ÓÊÇÑõ¸ºÀë×ÓÎÈ¶¨²¿Î» . ÇáÁ´µÄ Tyr 95 ÓÐÁ½ÖÖ¹¦

ÄÜ . ÔÚÃ×ÊÏ¸´ºÏÎïÐÎ³É½×¶Î£¬Tyr 95 ·ÓôÇ»ù£¨ p-OH-
C6H4-£©µÄÑõÔ­×ÓÍ¨¹ý¾²µçÏà»¥×÷ÓÃ°ïÖúÖØÁ´µÄ Asn
52 ¹Ì¶¨ËóÂüµÄÎ»ÖÃ . ÇáÁ´µÄ Tyr 95 ÓëËóÂüÖ®¼äµÄÏà
»¥×÷ÓÃÄÜ½ö½öµÍÓÚÖØÁ´µÄ Asn 52. ·ÓôÇ»ùµÄÇâÔ­×Ó
´¦ÓÚÄÜÓë°ë¿¹Ô­ÖÐÍéÑõ»ùµÄÑõÔ­×ÓÐÎ³ÉÇâ¼üµÄ·¶

Î§£¬µ«ÓÉÓÚÁ×Ô­×ÓÓëÇâÔ­×ÓµÄ¾²µçÅÅ³â£¬ÇâÔ­×ÓµÄ·½

Ïò±³ÀëÑõÔ­×Ó . Òò´ËÖØÁ´µÄ Asn 52 ºÍÇáÁ´µÄ Tyr 95
Ò»ÆðÍ¨¹ýÇâ¼üºÍ¾²µçÏà»¥×÷ÓÃÎÈ¶¨¸´ºÏÎï . ÔÚËóÂü

µÄË®½â½×¶Î£¬ÇáÁ´µÄ Tyr 95 Ôò¿ÉÄÜ²ÎÓëºÍ´Ù½øÇ×ºË

ÊÔ¼ÁµÄÐÎ³É .
ÓÉÓÚÔÚµÍ¼îÐÔ»·¾³ÏÂµÄ¼î´ß»¯·´Ó¦Ã»ÓÐÇ¿µÄÇ×

ºËÊÔ¼Á²ÎÓë£¬Ë®·Ö×Ó¶ÔËóÂüµÄË®½â·Ç³£ÖØÒª . Ë®·Ö

×ÓÔÚ¿¹ÌåÃ¸´ß»¯Ë®½âõ¥µÄ·´Ó¦»úÀíÖÐµÄÖØÒªÐÔÒÑ±¨

µÀ£Û15£¬16£Ý. Í¼ 3 ÏÔÊ¾ÁË¿ÉÄÜµÄ´ß»¯¿¹Ìå´ß»¯ËóÂüË®½â
·´Ó¦»úÀí . Ê×ÏÈ£¬ÇáÁ´ Tyr 95 µÄ·ÓôÇ»ùÑõÔ­×ÓÌá¹©

Ò»¶Ô×ÔÓÉµç×Ó¸ø»îÐÔË®·Ö×ÓÊ¹Ö®³ÉÎª²¿·ÖÇâÑõ»¯

Îï£¬Ëü½«½ø¹¥ËóÂüÁ×õ£»ùµÄÁ×Ô­×Ó . ½Ó×ÅÇáÁ´ Tyr 95
ÓëÖØÁ´ Asn 52 Ò»ÆðÍ¨¹ý¾²µçºÍÇâ¼üÏà»¥×÷ÓÃÎÈ¶¨

¸ÕÐÎ³ÉµÄÎåÅäÎ»Ñõ¸ºÀë×Ó . ÔÚÎåÅäÎ»ÖÐ¼äÌåÉú³É

ºó£¬ÀëÈ¥»ùÍÅÀëÈ¥£¬ÕâÊÇÒ»¸ö²»¿ÉÄæ¹ý³Ì .

Fig 3 . A possible mechanism of soman hydrolysis
catalyzed by EP6 .
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Computer modeling on the abzyme catalyzing soman hydrolysis

HU Yuan-Dong£¬ZHENG Zhi-Bing£¬WANG Zi-Ling£¬JIAO Ke-Fang£¬RONG Kang-Tai£¬LI Song
£¨Beijing Institute of Pharmacology and Toxicology£¬Beijing 100850£¬China£©

Abstract£ºThe PRCR-soman was docked into the
active sites of variable region of abzyme EP6

£¨EP6V£©using the automated flexible docking pro-
cedure£¨Affinity£©£¬the complex structure of soman-
EP6V and the interaction energy between soman
and EP6V show H-bond and electrostatic interac-
tion are important . The residues of the heavy
chain Asn 52 and light chain Tyr 95 play a key
role in the process of the soman hydrolysis£¬and

water molecule is also important in this process
under the physiologic conditions.
Key words£ºsoman£»antibodies£¬catalytic£»pro-
tein structure£¬ tertiary£» hydrolysis£» computer£¬
modeling
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