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Abstract: 
           The reverse transcriptase (RT) of the human immunodeficiency virus type-1 (HIV-1) is the 
essential enzyme converting the single-stranded viral RNA genome into double-stranded proviral 
DNA. Non-nucleoside reversetranscriptase inhibitors (NNRTIs) are interesting for developing novel 
potent inhibitors because of their high sensitivity and high specificity. However, there occurs rapid 
development of drug resistance caused by mutation. Nowadays, novel NNRTIs influencing the 
mutation of HIV-1 RT are challenging. In this study, some new NNRTIs are investigated as follows; 
(1) A series of NNRTIs, pyrazinones, are found to active against wild-type HIV-1 RT and some of 
them are also active against mutant HIV-1 RT. Therefore, the specific binding mode of 
pyrazinones to HIV-1 RT is needed for suggesting the design of novel potent NNRTIs active 
against both wild and mutant HIV-1 RT. The combination of molecular docking, 3D-QSAR and 
quantum chemical calculations has been applied. The docked conformation of each pyrazinone is 
selected to construct COMFA and CoMSIA models. Both models suggest that the substituent at p-
amionphenyl position prefers the steric bulky, electron-withdrawing, H-acceptor, and disfavored 
hydrophobic groups. In addition, the obtained interaction energies between compound no. 9 and 
the binding pocket by quantum chemical calculations  show the important attractive interactions 
with Glu138(B). (2) The interaction of a HIV-1 reverse transcriptase inhibitor, S-3-ethyl-7-fluoro-4-
isopropoxy-carbonyl-3,4-dihydro-quinoxalin-2(1H)-one (GW420867X), with the wild type HIV-1 RT 
binding pocket has been analyzed by using quantum chemical calculations. Interaction energies 
between GW420867X and the surrounding amino acids are calculated by B3LYP and MP2 
methods using 6-31G(d), 6-31G(d,p), 6-311G(d), and 6-311G(d,p) basis sets with BSSE. 
Particularly, the interaction energy with Lys101, recognized as the most important amino acid for 
the binding of the inhibitor, was calculated using various models, to evaluate which terminating 
residues have to be taken into account. The optimal results confirmed that GW420867X forms the 
most important attractive interaction with Lys101 via a hydrogen bond between the ammonium 
group and the backbone atoms of Lys101. The results are powerful to describe the binding mode 
of NNRTIs and suggest the design of new potent NNRTIs. 
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            W'E=VCG���XI�?OMM W'$ =' BR -1 WJwE�EA&�LEW'E=VCG>R&�]���xLE���T]�P'�OMMT�� RNA U'�
=B��� WJwE DNA U'�=B��� Q�B?�M?�N�$EKSE'EEKB�PR�'=VSGWJwEQ�B?�M?�N�>R&CRJ�H�K>FK(�D�y� OPHCR
�B�CT]�WD�H�y�LE���T�M��MW'E=VCG�S?UZ'W�R?U'�Q�B?�M?�N�$EKSE'EEKB�PR�'=VSG�%'CR���S%N'?�=SZ�I�?VA&�
W�KST������P�?D�EF[GU'�W'E=VCG���XI�?OMMW'$ =' BR-1 S��E�NELE���@A�)�TA�=SZ>]������BKFRLE���>R&TH
D�zE�J�H�K>FK(�DU'�Q�B?�M?�N�$EKSE'EEKB�PR�'=VSGL�ZCRJ�H�K>FK(�DLE���?�M?�N�W'E=VCG���XI�?OMM
W'$ =' BR -1 >�N�>R&=CICR����P�?D�EF[GOPH>R&CR����P�?D�EF[GU'���S'HCK�E>R&Q]�O�EI�QI��{ S��ERN (1) 'E[D�EFG
U'�=D��VK�EEDMBI�CRJ�H�K>FK(�DLE���?�M?�N�W'E=VCG���XI�?OMMW'$ =' BR -1 >�N�$EKS>R&=CICR����P�?
D�EF[GOPH$EKS>R&CR����P�?D�EF[G WD%&'>R&TH>]����@A�)����T�MU'�'E[D�EFG=D��VK�EELEM�KWB^�D�����T�M
OPH@A�)�|PU'��CyIO>E>R&U'�'E[D�EFG=D��VK�EE>R&CRQI'�I�J�H�K>FK(�DLE���?�M?�N�LE���@A�)�ERNTHL$Z���
B��Q�BU'�'E[D�EFG=D��VK�EESZB?�HWMR?MBKFR�CWP�[P��GS\'��KN�OPH��Z��OMMT]�P'��B�C��CD�EFG�H�BI��
�[^�CM�QK>��������Z��OPHJ�H�K>FK(�DLE���?�M?�N� QI'T��E�NEL$Z����]�EB^W�CR�B'EQ�CWD%&'@A�)��I�
DP����E'�EQ��K�K?�>R&W�KSUANE �S?|P>R&=SZT��OMMT]�P'� CoMFA OPH CoMSIA ��C��XW�E'OEB>��LE
���''�OMMQ�B?�M?�N�U'�'E[D�EFG=D��VK�EEL�ZCRJ�H�K>FK(�DL�ZSR?K&�UANE�S?���WDK&C�CyIO>E>R&>R&Q]�O�EI� p-
aminophenyl L�ZCRUE�SL�xIUANE, CRP��)^HWJwE�CyISA�'KWP}�Q�'E, Q�B��M'HQ'C=~�S�WTE, OPH�CyI>R&=CI$'M
EN]�WD%&'>R&TH=SZCR'�EQ��K�K?�>R&WDK&COPH|P����]�EB^DP����E'�EQ��K�K?�=SZM'��B�C�]���xU'�'�EQ��K�K?�>R
W�KSUANE�H�BI��������Z��U'�'E[D�EFGOPH Glu138(B) (2) WD%&'@A�)�DP����E'�EQ��K�K?��H�BI�� 
GW420867X OPH ��S'HCK�ELEM�KWB^�D�����T�M OPH@A�)�XA��yJOMMU'�OMMT]�P'�>R&W�C�H�CWD%&'L$Z
LE����]�EB^DP����E'�EQ��K�K?�W$IE |PU'���S'HCK�E>R&'?yIL�PZW�R?�, |PU'��CyI����G$�&E>R&L$ZLE��� 
terminate ��S'HCK�E �S?����]�EB^DP����E'�EQ�K�K�K?�=SZ�BC����]�EB^ BSSE WD%&'L�Z�I�DP����E>R&=SZ
CR�B�CXy�QZ'�C��?K&�UANE �I�DP����E>R&=SZ{T�����>]� single point calculation SZB?�HWMR?MBKFR B3LYP OPH 
MP2 SZB? basis set 6-31G(d), 6-31G(d,p), 6-311G(d), and 6-311G(d,p) �S?T��������Z�� X-ray 
crystallography DMBI�'�EQ��K�K?�>R&�]���x�%' Lys101 WD%&'>]����@A�)�P�=JLE��?PHW'R?SXA�'�EQ��K�K?�
OMMSA�SyS>R&W�KS�H�BI�� GW420867X OPH Lys101 TA�=SZ>]����@A�)�OMMT]�P'�>R&W�C�H�C>R&THE]�C�L$ZLE
����]�EB^DP����E'�EQ��K�K?� |P>R&=SZ?%E?�EBI� GW420867X CR'�EQ��K�K?�OMMSA�SyS��M�CyIO'C�CWER?C
OPH�����P��U'� Lys101 |P���@A�)�>R&=SZ>]�L�ZO�S�XA�'�EQ��K�K?�>R&�]���xU'�Q�B?�M?�N�$EKSE'EEKB�PR�'
=VSG>R&>]�L�ZCRJ�H�K>FK(�DLE���?�M?�N�W'E=VCG���XI�?OMM W'$ =' BR-1 OPHWJwEJ�H�?$EGWD%&'L$ZLE���
''�OMM?�L�ZCRJ�H�K>FK(�D?K&�UANE 
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