
1E02 

!"#$"% &'()*+,-./012345 6789

:;<= >?@= A?BCD E?FGHIJKLMNOPQR >?A?STUV A?E?WXYZ A?K9

9

[\]^!"#$"% &'_`ab5cdefghijklmnl()eopiqrsl3tuvwxky

z{|-./012e}+,k~��phl+,34������e��{iq��k��l���

S'��'�3tky{|l!"#$"% �����h��k��iq�kl!"# �'�'��k 6 78r

����h��k ¡/.�e(){i¢!"#6£q!"#6 e`¤|�' !"#$"% ��e��i5�¥lcd

�¦§�h�5�¨©��iqªfk��l!"#$"% '«`¬5®¬e¯f°±h�5���iq9

9

²³9´9

9 !"#$"% µl¶·¸�l-./0123t¹º&¢!"#£k»¼¤i½¾¿À¢ÁÂÃ,£3t+

�ÄÅÆÇÈÉÅÊ1&¢"%£�ËhÌÍÎq!"#$"% �µlÏ�1ÐÑÒÓ1ÔÕÖÉ×Øk»¼¤|lÙ

tÚÛµ !"# &�Üt,k��{l¿tÝ'Þ+µ¸ß' "% &�Nà,k���hq!"#$"% &µl"%

`á-2 âHãFä 5 !"# `á-2 ãå²æ²J$"â¢ç£eèé°±|��°�ÌêÎl�ë�S'�3txéì'í

1-îÉ0ÉÅÊ1ï1 �1/ðñzÅÆÇÈÉÅÊ1kò`°�|¤h:óôr�' !"#$"% 'õ

öz`Ú÷µÌ6ÎeøùLq9

9 !"#$"% kµl¤§úû()�ü�n�ËhqS�ýþ\�'µl+,-./01234eÿ

 i�,k��|¤h�55l!"#'!õe"7r��#$~�i!"#ê�"%e��|¤h�5�Ëhq

%&µl�'mnkú¤|()eopiqrsl+,34µl'(µy)3tkz*| ¡/.�e

+�,p|yz{|¤i�l%&«`,� ¡/.�e-.{iqril!"#ê µ�ðÕÑ1e/�ÿ

ékcd�0§�h�55Ì1Îl-./012~��p'2'34�5É56Ò �D�¤�5�78

9�i�l%&l678r���{i !"#6 e:;�h�5�(<e=>iq9

9

²²³9?&9

9 ª@�µl!"#ê 5 !"#6 k»¼¤i !"#$"% ��elA�B� !"#ê$"%l!"#6$"% 5CDqr

il¸ß' "# ��k»¼¤i "% e "#$"% 5CD�5k�hq9

¢Í£9+,-./01234������9EFGFH>IJKFK9KLG>MJE9NH>OMFGP>PJQG*9 RSTée{|¤

h5>�±h¿tUe Í-./0125>�� "QKF9Í 5lA�kop|�VTé{|¤h¿tUr�

-./012kèé�h "QKF9êl°WkÕÑ15A'Xb'�3te Í -./0125�h "QKF96

e��{iq%&µ "QKF9Í 5 ê 'TY'>eöZ�hq9

¢ê£9!"#6$"%*9 !"#6 kú¤|l34�5É'[\]3¢^$�£e:�lãå²æ²J$"âç k��{iqA'

�e`¤| âHãFä � "% e����k{|l!"#6$"% e��{iq9

¢6£9_`2��*9 � 6ê 3t:aãJ6êLb�c� 6ê 3tk ädeopie:aãJ6êäL'mú'_`2e

kú¤|l"#$"%?9!"#ê$"%l!"#6$"% ��e��iqä!fg$6ÍEhhÈi�'���Ëhq�bl"#$"%?9

!"#ê$"%?9!"#6$"% '��jdµl"#$"% e Í 5��kl!"#ê$"% 5 !"#6$"% µlA�B� 66llm l

9�i:noµpÿ�öZLq

9



²²²³9TY5�q9

9 rsl!"#ê 5 !"#6 '34�5Érs'cde¨ûjhijltP$G"I¢H£ ¡Ò2e-.{

i:Ínkú� Íuu9Nv' "% ��lw ÍLq+,34µ "QKF9Í eò`{iqâHãFä �µlxyz3kj

d{|�È&e}�|¤h'�l~y� ¡Ò2'���lÀ�,kµ ê k�hµs�Ëhqw�û

W�ûh��kl»��É�' !"#$"% '��µD7"�Ëhq°|laãJ6ê 'ÿéµl!"#6$"%l!"#ê$"%

'�kcd�0§��|µ¤hý''l�$Wý�`Èi�'cd�Ëh�5��ûhq¾?laãJ6êä

µl!"#6$"% µ "#$"% kµðð�hý''�3�cde�{i�l!"#ê$"% µ��5��|�¤�cd

9�iq9

9 9 9 w Í9!t -RMS(E)~y� ¡Ò2

A. WAT32 B. WAT32H

aãJ6êä � !"#ê$"% �����cd9�i'µl-./012~��p'2k��h34�5

É56Ò �D�¤�5����Ë¥�:!"#6$"% �µlAýAý-./012'~��p���W�

û�iLqaãJ6ê �µl!"#6$"% µý$¥� !"#ê$"% �ý~��p����|¤�¤ijl!"#ê$"% ý�

�{�û�i5���hq

9 �bl+,34en{§�ühijlaãJ6êä kú¤|l"QKF9Í 5 ê �lguu9�9'¢!£"#$"%

e Í³�9�v y��iqnoµpÿ����h�l��kr5jh5l"QKF9Í �ý "QKF9ê �ýl!"#6$"%

µl~��p�d5~��pk�h34�5É56Ò � "#$"% 5� d9�i'ky{l!"#ê$"%

µl~��p�dµ¡¢¤kD�§��l56Ò ýD�û�iq9

9 ªfûWl-./012'~��p�£¤k��W�¤e�µ !"#ê$"% ý�`k�h�l-

./012'~��p��¥k��he�µ !"#6$"% e}��5�¦§�Ëhl5T¨��hq�bl

+,34µl!"#6$"% 'ÿéµl"QKF9Í �ý ê �ýcd�©5��w�W�û�i'�ljd�j¤

"QKF9Í '©��Sò�Ëhqi9{l��µy)3tek�hûýª��¤'�l°Wk«¬�¦\

�Ëhq9

9

®9 BCDÄ¯°±²³´lµ¶·´l¸¦¹Cº'»¼�k½{r�q¾=¿µlJST-CREST

 ¡À|Á2Â-./0123t¹º&k�hÃ73t��Å`_�'õöÄlb�cBCDÄÄÅÆ

ÇÈÉþnÊË(SFR)'ÌÍ'@���r{iq 

9

¶Î9 [1] Y. Komeiji et al., Chem. Phys. Lett. 372 (2003) 342. [2] Y. Komeiji, et al., Comput. Biol. Chem. 28 

(2004) 155. J. Comput. Chem. 30 (2009) 40. [3]Y. Komeiji et al., J. Mol. Struct.: THEOCHEM 898 (2009) 2. [4] 

D. G. Fedorov, K. Kitaura, J. Chem. Phys. 120 (2004) 6832, Chem. Phys. Lett. 433 (2006) 182. T. Fujita, et al., 

Chem. Phys. Lett. (2009) in press. 


