TABLE OF CONTENTS

TABLE OF CONTENTS
LIST OF TABLES
LIST OF FIGURES
ABBREVIATIONS
INTRODUCTION
LITERATURE REVIEW
METHODS OF CALCULATIONS
RESULTS AND DISCUSSION
CONCLUSIONS
LITERATURE CITED
APPENDICES

Appendix A Theoretical Background

Appendix B Presentations and Proceedings

Page

i
v

vi

21
34
48
50
60
60
88



11

LIST OF TABLES

Table Page
1 Calculated interaction of efavirenz with individual residues (X;) from
B3LYP/6-31G(d,p) and MP2/6-31G(d,p) methods. 36
2 Binding energy and components of the binding energies with BSSE

corrections for the wild-type and Y181C mutant HIV-1 RT

complexed with efavirenz, by various ONIOM2 and ONIOM3

methods. 39
3 Calculated distances of the hydrogen bonds (A) between benzoxine-

2-one (-NH and —C=0) of efavirenz and the backbone carbonyl

oxygen (-C=0) and backbone amino hydrogen (-NH) of K101,

based on X-ray structure, ONIOM2 and ONIOM3 methods for

wild-type and Y181C enzymes. 40
4 Interaction and deformation energy components of the binding

energies of HIV-1 RT/efavirenz complex for both wild-type and

Y 181C mutant enzymes, calculated by different ONIOM models. 42
5 Binding energies and components of the binding energies with

BSSE corrections for the wild-type and K103N/Y181C HIV-1 RT

complexed with efavirenz, by various ONIOM2 and ONIOM3

methods. 44
6 Calculated distances of the hydrogen bonds (A) between benzoxine-

2-one (-NH and —C=0) of efavirenz and the backbone carbonyl

oxygen (-C=0) and backbone amino hydrogen (-NH) of K101,

based on X-ray structure, ONIOM2 and ONIOM3 methods for the

wild-type and K103N/Y181C HIV-1 RT. 46
7 Interaction and deformation energy components of the binding

energies of HIV-1 RT/efavirenz complex for both wild-type and

K103N/Y181C enzymes, calculated by different ONIOM models. 47



111

LIST OF TABLES (Continued)

Appendix Table Page

Al Synopsis of molecular calculations 61



Figure

10

LIST OF FIGURES

Three-dimensional structure of the unliganded HIV-1 RT with the
numbered indications of the structural elements. Finger domains are
indicated in blue, the thumb in yellow, the palm in green, the
connections in red and the Rnase H in purple.

Ribbon diagram showing the p66 (cyan) and p55 (blue) subunit
HIV-1 RT complexed with DNA (gray) and the location of the
NRTI (green) and NNRTI (magenta) binding sites. Crystal structure
coordinates as PDB entry code IRTD.

Structures of selected non-nucleoside reverse transcriptase
inhibitors (NNRTIs).

Schematic concept of ONIOM method.

Schematic representation of the two- and three-layer ONIOM
extrapolation scheme.

Model system used for efavirenz bound to allosteric site of HIV-1 RT
consisting of 22 residues; (a) wild-type HIV-1 RT NNIBP, and (b)
Y181C HIV-1 RT NNIBP.

Model system used for efavirenz bound to allosteric site of HIV-1 RT
consisting of 22 residues; (a) wild-type HIV-1 RT NNIBP, and (b)
K103/Y181C HIV-1 RT NNIBP.

Orientation of efavirenz and residues with largest interactions in the
binding pocket of HIV-1 RT

Residues which have attractive interactions (red) and repulsive
interactions (blue) with efavirenz are shown for (a) wild-type, (b)
Y181C and (c) KIO3N/Y181C enzymes.

Electrostatic potential is shown on the VDW (van der Waals)
accessible surface with red for negative and blue for positive values
for (a) efavirenz interacting with Y181 and (b) efavirenz interacting

with C181.

v

Page

22

22

28

29

35

37

41



LIST OF FIGURES (Continued)
Figure Page
11 Electrostatic potential is shown on the VDW accessible surface with

red for negative and blue for positive values for (a) efavirenz

interacting with Y181 and K103, and (b) efavirenz interacting with

C181 and N103. 45
Appendix Figure
Al A Summary of the iteration procedure for a Hartree-Fock self-

consistent field calculations. 70



AIDS
AMI
AOs
Asp (D)
B3LYP

BBF
BLYP
BE

Cys (C)
DEF
DFT
Glu (E)
Gly (G)
GTO
HAART
HAF
HIV-1
His (H)
HF
ICs

Ile (T)
INT
LCAO
LCAO-MO
LDA
Leu (L)
LSD
LYP
Lys (K)

vi

ABBREVIATIONS

Acquired Immune Deficiency Syndrome
Austin Model 1

Atomic Orbitals

Aspartic acid

Becke's three parameter hybrid functional using the LYP
correlation functional

Backbone Atoms Fixing
Beck-Lee-Yang-Parr functional

Binding Energy

Cysteine

Deformation Energy

Density Functional Theory

Glutamic acid

Glycine

Gaussian-Type Orbital

The Highly Active Anti-Retroviral Therapy
Heavy Atoms Fixing

Human Immunodeficiency Virus Type 1
Histidine

Hartree-Fock

Inhibitory Concentration 50%

Isoleucine

Interaction Energy

Linear Combination of Atomic Orbitals
Linear Combination of Atomic Orbitals to Molecular Orbitals
Local Density Approximation

Leucine

Local Spin Density Approximation
Lee-Yang-Parr functional

Lysine



MC/FEP
Met (M)
MM
MM-PBSA
MNDO
MO
MP2
NNIBP
NNRTIs
NRTIs
ONIOM

Phe (F)
Pro (P)
PM3
0)|

RT

SCF
SCRF
STO
STO-3G
S-Value test
Trp (W)
Tyr (Y)
Val (V)

Vil

Monte Carlo/free energy perturbation

Methionine

Molecular Mechanics

Molecular Mechanics Poisson-Boltzmann/surface area
Modified Neglect of Diatomic Overlap

Molecular Orbital

The second-order Moller-Plesset perturbation theory
Non-Nucleoside Inhibitor Binding Pocket
Non-Nucleoside Reverse Transcriptase Inhibitors
Nucleoside Reverse Transcriptase Inhibitors

Our N-layered Integrated Molecular Orbital plus
Molecular Mechanics Method

Phenylalanine

Proline

MNDO Parametric Method number 3

Quantum Mechanics

Reverse Transcriptase

Self-Consistent Field

Self-Consistent Reaction Field

Slater Type Orbital

Slater Type Orbital approximated by 3 Gaussian type orbitals
The Substituent-Value test

Typtophan

Tyrosine

Valine



