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CDE;<=>?@A (TLN) B Bacillus stearothermophilus CDEFGH,IJ<K

LMN*OPQRSTU?VA*WXYSZ[E\]@^-?VA_`a*bcdE

?VAe TLNEfghWXEi`Sjklmn_opqrstuvp*TLNBw)

xyzJ{|]I<-E}XS~��ctl�*���Sjkl��LMtubEp

�*TLNS�t�H��E������EfW�*��l���S�t TLNEOP

��EfWl�B*�cvLS��(0�E���d� ¡¢�cr£pu 

¤¥E¦�E��[1]�N*TLN EOPB§[EJ¨©ªe�H��«¬qp

dipeptideS�N���ct�h*­®��OPE¯�B dipeptideEJ¨©ªE°±S

&£ ²³´t�heµd�Sl¶puq

�q*bE·¸B�µ�cr¹dº*vp*

TLN h dipeptide »E¼½�l¾¿À�_

ÁÂÃÄ]L�Åqp¡¢Æ³Çqlsu

È¡¢LB*TLNh��L�sp 7°±E

dipeptide »E¼½�l¾¿À�_É9�

ÂÊË (MM) ÌÍ*­®Î>ÏÐA+�

ÂÑÒ (FMO) ÌÍ_�sr*�ÓL�Å
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CFGHIE��[1]LB*TLNS 7°±E dipeptides (IY (Ile-Tyr)*LW (Leu-Trp)*VY 

(Val-Tyr)*WV (Trp-Val)*IW (Ile-Trp)*WL (Trp-Leu)*FW (Phe-Trp)) _«¬�Ö*dipeptide

S�t��OP_�Åqrstuvp*TLN-IY (Fig.1) h TLN-LWE×¬ØEWXe*

XÕ�ÅS�NÙÚ�crste[1]*bEÛE dipeptideh TLNE×¬ØEWXBÜ

�µLMtuÈ¡¢LB*TLN-IY/LWÝÞE×¬ØEWX_ßtp�S*TLN-IY/LW

E dipeptide EJ¨©ª_ÛE 5 °±E dipeptide EJ¨©ªSàáq*àáQREâ

_ MM Êã Amber99 L¤äåqpuàá­®¤äåSB�ÂæÌçè.Î+^éJ

HyperChem_�spuêS*ë×¬ØSìq*�í�_î�q*É9�ÂÊËÌÍH

,Ï>- AMBER9_�s¤äåqpubqr*TLNh dipeptide»E¼½�¾¿À�

_ÁÂÃÄ]L�Å´tp�S*ë×¬ØE¤äåWXEÁÂïð_*FMOÌÍ [2,3] 

S�Nñ�puFMOÌÍSB multilayerò_�s*TU?VAh dipeptide*­®bc

d�d 5 Å ÝYS³Ç´t��Âh TLNEJ¨©ª_MP2/6-31GòLÌÍq*bc



ÝÞEJ¨©ªh��ÂB HF/6-31G òLÌÍqpu¤óS*ë×¬ØEôõ¼P_

AMBER9_�s�Åq*TLNhë×¬Ø»E«¬öC÷ø]ù<_ñ�pu 

 

CJK4LMETable 1 S TLNEJ¨©ª­®��Âh*IY/LW»E¾¿À�÷ø]

ù<_úûLü´uGlu143*Asn112*Arg203­® His231B IYh LWE�ýE dipeptide

h¯ ¾¿À�´tu�dS*þ[�E��ÂÆ IY/LW h¯s¾¿À�_`[u�

cdEJ¨©ª­®��ÂB*dipeptideEÿ !"<AQRh��«¬qrstu#

¶r*TLNh dipeptideE«¬SjkLMth$%tu 

vp TLN-IYh TLN-LWE×¬ØS¹&t«¬öC÷ø]ù<B*bc'c*-374.37 

­® -244.38 kcal/mol LMN*TLN-IYEýe TLN-LW�NÆ TLN-dipeptide»E«¬

e¯s�he��¶pu�E«oB��«o[1]hÚP�S6(qrstuTLN-IY/LW

S¹&t«¬öC÷ø]ù<e&£ ½lt·¸hqrB*TLN EJ¨©ªh

dipeptide»_)* +´t��Âe*TLN-IYLB§[³Ç´te (Fig.2 (a))*TLN-LW

LBbE�,l��Âe³Çqls(Fig.2 (b))�he$%dctuTLN-IY/LWÝÞE

dipeptideh TLNE×¬ØSì´t�Å«oB*-.E/{0<L12´tu 
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 (b) 

Residue Energy Residue Energy
Glu143 -78.26 Glu143 -87.01
Asn112 -63.95 Asn112 -74.26
Wat388 -25.93 Wat386 -27.11
Arg203 -25.80 Arg203 -25.86
His231 -25.24 Wat570 -25.71
Phe114 -24.30 Phe114 -23.99
Wat616 -22.22 His231 -22.35
Wat1878 -10.70 Wat1847 -21.68
Wat576 -9.88 Wat366 -13.12
Wat554 -8.05 Wat558 -7.25
Wat2053 -7.30 Asp138 -5.71
Asp138 -6.55 Phe130 -5.33
Asn111 -6.43 Glu119 -5.25

Wat2018 -5.39 Wat846 -5.21

TLN-IY TLN-LW

Figure 2  Asn111­® Asp226h IY/LW» 

E��«¬WX(Å): (a)TLN-IY*(b)TLN-LW 
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Table 1  TLN EJ¨©ª­®��Âh

IY/LW»E¾¿À�÷ø]ù< (kcal/mol) 


