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Abstract

TIBO derivatives are important non-nucleosde HIV-1 RT inhibitors (NNRTI). Severd
TIBO deriveives have shown high potency to inhibit RT and one (Tivirgpine) has entered into
cinicd trids The Free Energy of Binding (FEB) is a numericd way to express the binding
afinity of a ligand to its receptor and has been agpplied in screening candidates in raiond drug
design. In this work, the FEB of 42 TIBOs in RT was studied. Reative FEB is expressed in the
foom of a linear combination of vdw, dectrodatic, solvation, and nonpolar solvation energy
terms. The predicted FEB activity of the TIBOs studied has a good correlation ¢2=0.8680, ¢ =
0.8298) with respect to the experimentd activity (plCsp). Based upon the data reported here, the
PB/GS solvation energy term is very important in predicting the binding afinity of TIBOs in RT.
In  summary, the Dock-MM-PB/GS method is a promisng technique in predicting
ligand/receptor binding affinity and that it can be used to screen relatively large sets of molecules

in areasonable amount of computer time.



I ntroduction

The Acquired Immune Deficiency Syndrome (AIDS) clamed over 3 million lives in 2002
with an edimated 5 million people being infected with the Human Immunodeficiency Virus
(HIV) each year. To date, no successful cure for the disease has been reported. The Reverse
Transcriptase of the Human Immunodeficiency Virus type 1 (HIV-1 RT) is a unique enzyme of
the virus that transcribes a sngle-sranded vird RNA genome into double-stranded DNA, which
is subsequently integrated into the host cell genome by an integrase enzyme™ RT plays a vitd
role in the replication of HIV-1 and has been an important target for drug development in
tresting AIDS. RT is a dimer protein consisting of two related chains. 66kDa (p66) and 51kDa
(p51).>1° The p66 subunit resembles a human right hand and thus the four subdomains of p66 are
referred to as the thumb, palm, fingers, and connection. The polymerase domain and the RNase
H domains are located on the p66 subunit. New DNA is syntheszed between the cleft of the
thumb and fingers subdomain while avird RNA strand is held in place as atemplate !

Severd drugs tha target this enzyme have been approved by the FDA for the treatment of
AIDS? Two classes of inhibitors have been identified for RT.'® The first is a nudleoside analog,
in which a nucleoside analog is incorporated into the DNA synthess by RNase H resulting in
chan termination. The nucleosde andog lacks a hydroxyl group and can not reect with the
nucleosde any more preventing DNA eongation. The second class of inhibitors is the so-cdled
norn-nucleosde inhibitor (NNRTI), which bind a an alosteric Ste on the p66 subdomain, called
the non-nucleoside binding pocket (NNBP) (Figure 1).>42?° TIBO and its derivatives are one
class of NNRTIs tha have demondraied dgnificant activity for RT inhibition. One TIBO,

Tivirapine has entered dinical trids™®



Severa crystd sructures of TIBO/RT complexes have been solved 9112123 These
dructures are providing vaugble ingght into the binding orientations and interactions of TIBOs
in RT, but the binding complexes of many other TIBOs ae not yet known. Although it is
assumed that these dructurdly smilar TIBOs bind in a sSmilar orientation to RT, further
exploration of the binding Sructure of other TIBOs is necessary to understand the mechanism of
inhibition and to ad in the desgn of more potent inhibitors that are effective to RT mutants
which emerge when HIV is exposed to aNNRTI.

An dternative way to predict the binding structure of a subdrate in its receptor is by a
docking Smulation, which has been successfully used in many applications®*** Some docking
methods have demondrated promisng power to predict reasonable binding dructures.
Combinations of the docking method with other techniques, such as MD smulaion, free energy

)3 and comparaive molecular

cdculation, comparative molecular fidd andyss (CoMFA
smilarity indices andysis (CoMSIA)***® can provide vauable insghts into biologicd systems
and ad in raiond drug design.®*° Severd ways in cdculating the free energy of binding (FEB)
have been suggested and used in different gpplications. In one approach, Jorgensen, et d. have
successfully gpplied Monte Carlo and Linear Response Equation (LRE) to caculate the binding
dfiniies of many systems*®>? The free energy perturbation (FEP) and thermodynamic
integration (T1) approaches have been used to edtimate accurate free energy vaues. However, to
obtain accurate results from a sufficient datisticd sampling, these methods require lots of
computer time and therefore they®® are normaly suitable for small sample sets.

Wang, e d. devdoped MM-PBSA and applied the method to predict the activity of 12

TIBO-like inhibitors®*>" A reasonable correlation between the caculated FEB and experimental

activity was obtaned from therr cdculations The MM-PBSA method obtains a satistic average



energy over a number of gructures sampled from MD snapshots. It is a useful tool to andyze
energetic properties in the post-processng of a MD smulation. However, the procedure requires
an MD dmulation to sample a number of binding Sructures followed by a cdculaion of the
energies for dl of the dructures For a sample set contaning a large number of ligands, this
method is dill very time-consuming.

Recently, other dternative methods have been developed to estimate the binding free
enagies, induding CMC-MD, the linear interaction method, and “Ludi”-like approaches. These
have successfully been used to produce reasonable FEB in selected cases.®® Many works have
shown that Poisson-Boltzmann and generdized-Born models are good ways to edtimate the
electrogatic pat of the solvation effect in a binding process. Although some work demonstrates
that the norma mode andysis can be used to edtimate the entropy effect in a process, it is dso
vay time-conauming.>**>*° The entropy contribution is rdaivdy smal for less flexible
molecules and can be cancdled out in relative free energy caculaions. The entropy contribution
is usudly ignored in most cases. To further develop and apply the approach, we have gpplied our
method to large set of molecules.

In this work, 42 TIBO-like NNRTIS/RT systems were used to test our approach and further
develop a fast and convenient way to caculate the FEB of a large set of ligands in their receptor.
We first used a flexible docking method (Autodock3)®! to predict the “preferable’ binding
dructure of the ligands in RT. Then we used traditiond MM methods to cdculate ligand-
receptor interaction energies (DEge, DEyaw), the Finite Difference Poisson Boltzmann with a
Gaussan Smooth Didectric Congant Function method (PB/GS) for the dectrostatic component
of the solvation energy, and the solvent-accessible surface for the nonpolar part of the solvation

energy (ZAP program).52%® As stated earlier, the entropy is rdatively smal for aset of rdaivey



rigild molecules and can be ignored in this case. Therefore the cdculation of entropy is not
induded in our method. Because the binding energies are obtained usng empiricad force fieds, it
is reasonable to scde these energies when usng them to edimae free energy. So a linear
combination (or linear response) drategy was used to express FEB usng different energy
components. A number of different scoring functions have been developed usng a gmilar
srategy, in which a training set of molecules were used to obtain te necessary scding factors.”
Our approach is dmple, fast and draightforward. It is most advantageous for evauating the

activities of large sets of molecules, where cdculation of rdative binding affinities is needed.



M ethods

Data Set and Coordinates Preparation. The starting coordinates of the HIV-1 RT/TIBO
complex (1IREV)?* were taken from the Protein Daa Bank (www.rcsb.org). After hydrogen
atoms were added, the substrate (9CITIBO) and the protein (RT) were saved separady using
Molecular Operating Environment (MOE) progran (Chemicad Computing Group, Montred,
Canada). Amber94 force fidd® was used to assign the partiad charges on the protein and for all
dructure minimizetions A dructure minimization was performed to relax these newly added
hydrogen aoms by fixing dl other non-hydrogen aoms. The minimized sructure of the protein
was used in later docking smulations. All other subdtrates were built using the 9CHTIBO as a
template. PEOE charge®™® was used for these substrates and full optimization was performed to
minimize each dructure. The minimized dructure was used in docking smulations. The sructure
and activity of the 42 compounds used in thiswork arelisted in Table 1.56°7°

Docking Simulation. Autodock3®! was used to perform the docking smulation. All single
bonds of the subsirates were trested as flexible and dlowed to rotate fredy. The Lammarckian
Genetic Algorithm (LGA) in Autodock3 was chosen to perform the docking smulation.”* The
hybrid search technique conssts of a globd optimizer modified from a genetic dgorithm with a
2-point crossover and random mutation and a loca optimizer with a Solis and Wets dgorithm.”?
Random seed was used for initid quaternion, coordinates, and torsons. A 0.2 A step was used
for trandation and a 25-degree step was used for quaternion and torson. The maximum number
of energy evauation was 250,000 and the maximum number of generations was 27,000. The rate
of gene mutation was 0.02 and the rate of crossover was 0.8. A docking box of 60x60x60 points
with a grid spacing of 0.375 A was used in the caculations. The run number of individuas in the

population was set to 20, thus a total of 20 docking configurations were determined for each



docking cdculation. The choice of a “preferable’ docking configuration was based on the vaues
of the binding free energy and the number of configurationsin a cluster.?°

Poisson-Boltzmann Solvation and Solvent-accessible Surface Calculations. Continuum
solvation method numericdly solved by Finite Difference PoissonBoltzmann (PB) with a
Gaussan Smooth Didectric Constant Function method (PB/GS)°%%% was used to esimate the
solvation energy effect on the binding process of an NNRTI into RT. In the continuum solvation
modd, different dielectric congtants were used in the solvent aress and solute aress. For a
collection of point charges, the dectrodtatic effect acting on a given charge by al other charges
can be expressed by Poisson’s equation as follows:

N.e()Nf(r)+r(r)=0 (1)

where r is the postion vector, r is the charge dendty, f is the dectrodtatic potentid and e
is the didectric congant. The latter three are the functions of the postion vector r. Different
methods use different functions to determine the didectric condant and the charge vaues at the
boundary between solute and solvent. For example, UHBD uses a distance-dependent
interpolation to cdculate the didectric congant and the charge vadues a the boundary. PB/GS
uses a Gaussan representation to describe the variation of the dielectric congtant for a solute in a
continuum solvent. A smooth variaion of didectric congant from low vaues insde the solute to
high vaues in bulk solvent is obtained by Gaussan. The Gaussan of charge dengity  a) is given
by the following equation:

r a(r) = paexp(-kra?/sa?) )

where pa is a height factor, rp is the radid distance from aom A, and k is a dimensonless

exponent. The charge density for a molecule can be expressed by:

Fmoif) = 1= O @- 1 4(1)) &)



This equation can be expanded into:

Fmol) = @ T alr) - & TaAl0)r () + ...

A>B
=1 gm(r) + “intersection terms’ 4

wherer gm(r) isthelinear summation of dl aomic terms.
Therefore the spatial variation in the didectric constant can be expressed by the following
function:

e(r) = esolute + (Esovent - Esolute )EXP(-AT aum(T)) (5)

where A is a suitable congtant, and both egjute aNd esovent &€ diglectric constants of solute
and solvent, respectively. The totd charge contained within the grid cdl ijk is expressed in the
following grid integrdl:

Qijk= )y dr 1 moi(r) (6)

A linearized PB equation can be written in the following form:

N.e(r)R.f (r) = -r (r) —ko?f (r) 7)

where ko is a congtant as follows:

ko? = 2€?Nar ol /kt (8)

The linearized PB equation 7 is solved by the Finite Difference method based on a grid
map.

To save computer time with an effort to sacrifice as little accuracy as possible, a focusing
technique was used to solve the PB equation for macromolecules. A coarse grid is gpplied on the
whole protein and a finer grid is gpplied around the binding site. The boundary condition of the

finer grid is obtained from a caculation result from the coarse grid. In this work, a grid spacing



of 0.25 A and 3 A were used for the finer and the coarse grid, respectively. Didectric congtants
of 2 and 80 were used for protein and water, respectively.

The nonpolar solvation contribution (?Gp) in a binding process of a ligand in its receptor is
edimated by the solvent-accessble surface area buried by the complex, which is caculated by
the grid-based Gaussan smoothing technique as given below:

?2Gh= g?A )

where g is the energy coefficient of every unit surface area change when nonpolar solutes
transfer from a low-didectric solvent to the high dielectric solvent, such as water. The empirica
vdue of g is normdly determined by a trid st of molecules Different vaues have been
suggested for different applications.

MM and Binding Free Energies. The dructure minimization and MM energy cdculdion
were performed using the MOE program. AMBER4 force fiedd® was used. A combination of
minimization protocols, which conssts of Stegpest Descent (SD), Conjugate Gradient (CG), and
Truncated Newton (TN) methods, were used in dl minimizations. In the protocol, the RMSD
gradient limits in SD, CG, and TN were 1000, 100, and 0.1, respectively. The iteration limits in
SD, CG, and TN were 100, 100, and 300, respectively.

After a preferable binding sructure was obtained from docking smulation, the complex
was patidly minimized by rdaxing the ligand and the side chains that were within 7A from the
ligand while dl other atoms were fixed. After dl energies were cdculated, factor andyss (FA)
and multiple regresson andyss (MRA) were used to derive a LRE-like equation:

?2G° (FEB) = W1? G aqw + Wo? GPye + Wa? Gl + W4?GP, (10)

where wi, wo, ws, and ws are weight factors. ?GP is binding energy, which is energy

difference between ligand/receptor complex and free protein and ligand:



?2GP= ?Geomplex + ?Gprotein + ?Giigand (11)
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Results and Discussions

9CI-TIBO docking back its binding ste. As stated earlier, the coordinates of RT from
1REV were used in this work. To validate the docking protocol, 9C-TIBO from the complex
(IREV) was docked into its origind dructure of RT. After the ligand was removed from the
binding dte and placed a the binding Ste entrance, a docking smulation was performed. The
docking result is liged in Table I1. Out of the 20 configurations from the docking smulation, 19
configurations (No.1- No.19) were very smilar in binding orientation as compared to the crysta
complex with a root mesn square deviation (RMSD) of smdler then 1.2A. Only one
configuration had a large RMSD of 2.148 A compared to the crysta structure. The ? Guinding
edimated from the docking smulation shows that 18 out of 20 configurations have nearly the
same FEB vdue with a maximum difference of 0.18 kcal/mol (rdative difference, 1.6%). Also
the docked energy of 18 configurations is nearly the same with the maximum difference of 0.35
kcd/mal (rdative difference, 2.6%). All of these docked configurations were superimposed onto
the origind crystd dructure (Figure 2). It can be seen that, 18 of the 20 configurations bind in
the same orientation with a very amilar postion as compared to the RT crystd structure. There
is only one which binds in a different orientation from the crystd dructure. It is demonstrated
that the docking smulation reproduces the binding structure and orientation of the ligand in its
caysd dructure very wdl. In our previous work, smilar docking smulations produced smilar
satisfactory results®’®® Therefore, this docking smulation protocol is used to dock al other
TIBOsinto RT to find their binding structures and interaction energies.

Docking of the molecule set. After the vdidation of the docking method usng 9CHTIBO,
al other molecules were docked into the same coordinates of RT. The same docking protocol

was used for al docking cdculations. In each docking smulation, 20 configurations were
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obtained and were grouped into different clusters, where a cluster is defined as a group of
postions that has a RMSD of < 1 A for non-hydrogen aoms. Shown in Table Il are the
docking results of dl sets of molecules in which data related to the cluster and FEB are reported.
From these reaults, it can be seen that there are 1-3 clusters in each smulation. In most cases
more than haf of the configurations fdl into the mgor duser such that the ligand binds indde of
the NNRTI binding pocket of RT. Of the 42 docking smulations, 28 (67%) have more than 15
configurations in their mgor clugter; 40 (95%) have more than 10 (50%) configurations in their
mgor cluser. The result demondrates that the docking smulation can dock these TIBO
inhibitors back into the NNRTI binding ste well. By visudly checking the docking positions and
orientations, it is seen that in a mgor cluder, dl configurations from the docking bind in the
same orientation and with very smilar podtions. The few number of clugters in each docking
gmulaion could mean that the smulation does not suffidently sample configuration space. By
superimposing the “preferable’ binding configuration of dl molecules from ther mgor duders,
we can see that these molecules bind in the same orientation and in a dmilar postion with
respect to the tricyclic ring system. Since these nolecules dl have the same tricyclic ring moiety,
it is expected that they will bind in a smilar patern in the NNRTI binding ste of RT. Severd
avalable crysd RT/TIBO complexes show that they have lowv RMSD for common structures
after the complexes are superimposed together. Based on dl of this evidence we are confident
that the docking results can be used for further caculations.

FEB was edtimated from the Autodock3 results. All of the docked complexes in the mgor
cduger had very smilar FEB vaues. The average FEB (the vaue before +) and the range (the

value dfter +) areliged in Table 111. For most complexes, the rdative change was within 3%.



Although we obtained reasonable FEB vaues from the Autodock3 smulaions, represented
by areasonable linear correlation (2=0.724, 0.973, respectively) with respect to the experimental

27,80 the FEB seems to have

activities as demonstrated in our two previous docking caculations,
no reasonable correlaion to their activity (plCsp) in this work. The plCso for the set of TIBOs
dudied varies over a large range, from 3.24 to 8.52. But the cdculated FEB varies in a narrow
range from -10.0 to -12.6 kca/moal.

Calculated Free Energy vs. Activity. In each docking smulation, the “preferable’
structure was picked as the docked structure to be used in the FEB cdculations. Since Autodock3
treets a receptor rigidly during the docking smulation, an energy minimization, neglecting a
solvaion term, was peformed on the preferred docked complex. The vdW and eectrostatic
energy between the ligand and the receptor was cdculated for each minimized complex. Also a
desolvation energy and solvent accessble surface area (SASA) change was cdculated usng
ZAPS%5  These energies are listed in Table IV. A graph of these energies vs. activity (plCso) of
the ligands showed inconsstent corrdation to the experimentd activity for al ligands. A scheme
gmilar to Linear Response was used to develop a FEB rdationship based on these energies,
which can express the activity of these TIBOs. Multiple regresson andyss was performed using
Statidtica (StatSoft, Inc). The properties of the find regresson modd are liged in Table V. From
the results of the corrdation factor andyss, it can be seen that SASA has the most sgnificant
correlation to the experimenta activity (plCsp) with a correlation coefficent of 0.86, and the
electrogatic energy (?Gge) has a less dgnificant corrdation to the activity with a correaion
coefficient of 0.08. It indicates that in the binding of these TIBOs, non-polar solvation may be a

maor driving force in their binding and may contribute to incressed activity. The corrdation

between predicted activity and actud activity is shown in Figure3. The cdculated activity has
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good correlation to the actua activity with a corrdation coefficient (r) of 0.93 (r>=0.87). The
FEB expresson accounts for nearly 87% of the variance of these four energy components. The
predictiveness of the modd was further assessed using cross-vdidation method (leave-one-out).
The result shows tha the modd has good predictability tothe activity with a cross-vdidation
coefficient () of 0.9109 (g = 0.8298).

As dated early, the mgor interest in drug design is to express the variance of free energy
over a set of active molecules. The scaled energies produce a reasonable vaue for the FEB, by
which an activity (plCso) was caculated. The residues between the caculated and experimentd
activities for dl compounds are depicted in Figured. The caculated activities were satisfactory
with deviations of < 1 compared to the experimenta activity(pl Cso).

Biological Implications of the Docked Structure. The docked complexes of dl
compounds show that they bind in a very dmilar petern in RT. To illudrate the binding
dructures of compounds with different activity, we superimposed the four ligands showing the
highest activities as follows TIBO2 (dark green, plCso=7.47), TIBO3 (red, plCs0=8.37) TIBO10
(lignt green, plC50=8.52), and TIBO21 (purple, plCs0=7.60). Two ligands showing the lowest
activities were dso evduated in the NNRTI binding ste TIBO26 (colored by eement,
plCs0=3.24) and TIBO33 (colored by eement, plCs0=4.00) (Figure 5. For clarity, not al of the
ligands are included in the figure. It can be seen that a the 8 or 9 postion, the X substituent of
these sample ligands is locaied in a farly smilar postion. The location of the Z-subdtituent of
these sample ligands seems to have no relation to ther activity. There is no apparent binding
difference between the highly active ligands and less active ligands. So, the binding postion and
orientation can not be used to explain the activity difference. In the energy cdculaion, we aso

explaned that the vdW energy does not sgnificantly contribute the activity difference. Thus,
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other effects, such as solvation have a dgnificant contribution to the activity difference of this
family NNRTIs. This suggests that the hydrophobic property of a NNRTI is important to its
activity. This property is the driving force for the binding of a NNRTI into the allosteric pocket

of RT.
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Conclusions

We have presented herein a FEB method for the binding affinity of 42 TIBO-like non
nucleosde HIV-1 RT inhibitors. The binding structures of these ligands in RT were predicted by
flexible docking smulaions. These docking caculaions demondrate that docking smulations
can satisfactorily reproduce a bound complex from a crystd structure of the RT/TIBO complex.
Superpostion of the caculated binding complexes for the entire set of ligands from docking
gmuldaions, shows tha dructurdly sSmilar ligands bind in a very Smilar patern. The ligands
bind in the same orientation as found in crystd sructures of RT/TIBO. All of the ligands bind in
a dmilar pogtion ingde the NNRT binding ste of RT and are found to fit the binding pocket
well.

The caculated FEB for these ligands reasonably predicted the activity for this family of
ligands. The cdculated activity has good corrdation to the experimentd activity with a
correlation coefficient (r) of 0.9317 and cross-vdidation coefficient (g) of 0.9109. Usng an
optimized linear combination of four energy terms, vdW, dectrodtatic, solvation (electrostatic
pat), and nonpolar energies, the binding affinity for a large st of ligands in the receptor can be
accuratedly and rapidly determined. The Dock-MM-PB/GS combination demonsrates that a
reasonable binding dructure can be identified and that the cdculated binding energy is
reasonably determined. The PB/GS method predicted reasonable solvation energy terms, which
enabled a satisfactory FEB expresson to be built. In this work, it was noticed that among these
energy terms, the ligand solvation (electrostaic and nonpolar) plays a mgor role on the
determination of the activity of TIBOs.

This work suggests that in a rdative FEB cdculation, which is of mgor interest in drug

desgn, the contribution of different energy terms can be scaed by a set of weighting factors to
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determine the correlation. In practice, it is known that the same energy term plays different roles
in different type of sysems. This is one of the reasons that reasonable activity models can be
obtained based on different energy terms. The work reported here successfully applies a
modified MM/PBSA method®*>"¢°, which can be applied to a large set of molecules.

The cdculaion of the change in solvation upon ligand binding in a protein is a chalenging
problem. This sudy as well as many others has shown that the solvation effect is an important
driving force on ligand binding and a key factor in the expresson of activity of a set of ligands.
An accurate and fast method to directly cdculate solvation energy (al effects) ill remains an

important chalenge.
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Figure 1. The protein structure of p66 subdomain is colored by secondary structure. 9-CI-TIBO
(colored in green) bindsin the NNRTI binding Ste which is highlighted by a surface
enclosed pocket.
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Upside-down Side

Figure 2. Superpostion of al docked configurations (lines) of 9CHTIBO on crysta structure
(red gtick). Out of 20, one (blue) has different binding orientation; another (green) has
different akyl chain binding pogtion; al others have very smilar binding modes.

24



Predicted vs Actual Activity

8.5 1
3651
2
©
Q
o

4.5

2.5 . . .

2.5 4.5 6.5 8.5
Actual

Figure 3. Actud vs. predicted activity values by the free energy equation. Theline is perfect
modd (Y =X) and points are data points.
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Figure 4. The residues between actud and predicted activities by the final regresson modd. It
can be seen that for nearly al compounds, the difference between the actud activity
(pICso)and the calculated activity isless 1.
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Figure>5. Superposﬂon of 9x TIBOs from docking results. Four potent ligands with hlgher
plCso are labeled in different colors: TIBO2 (dark green), TIBO3 (red), TIB10 (light
green), and TIBO21 (purple). Two ligands with lower plCsg are colored by element:
TIBO26 and TIBO 33.
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Tablel. Structures and HIV-1 RT Inhibitory Activity of Compounds used in the Work.

compd X Z R Y plCso
1 H S DMA? 5Me(S) 7.36
2 9-Cl S DMA 5-Me(S) 7.47
3 8Cl S DMA 5-Me(S) 837
4 8SMe S DMA 5Me(S) 8.30
5 8OMe S DMA 5Me(S) 7.47
6 8-0C,Hs S DMA 5Me(S) 7.02
7 8CN o) DMA 5Me(S) 594
8 8CHO S DMA 5Me(S) 6.73
9 8-CONH, o) DMA 5Me(S) 5.20
10 8Br S DMA 5Me(S) 8.52
11 8l o) DMA 5Me(S) 7.06
12 8l S DMA 5Me(S) 7.32
13 8-C=-CH o) DMA 5Me(S) 6.36
14 8C=-CH S DMA 5-Me(S) 753
15 8Me o) DMA 5Me(S) 6.00
16 9-NO, o) cPmP 5Me(S) 448
17 8NH, o} cPmP 5Me(S) 307
18 9-NH, o) CPM 5Me(S) 42
19 9NMe, o) CPM 5Me(S) 518
20 9-NO, S CPM 5Me(S) 561
21 9F S DMA 5Me(S) 7.60
22 9-CFy o) DMA 5Me(S) 523
23 10-Br S DMA 5Me(S) 5.97
24 H o) CH,CH=CH; 5Me(S) 415
25 H o) 2-MA°® 5Me(S) 433
26 H o) CH,CO,Me 5-Me(S) 324
27 H o) CH,-2-furanyl 5Me(S) 397
28 H o) CH,CH,CH=CH, 5Me(S) 430
29 H o) CH,CH,CHs 5Me(S) 405
30 H o) CPM 5Me(S) 436
31 H o) CH,CH=CHMe(E) 5Me(S) 4.24
32 H o) CH,CH=CHMe(Z) 5Me(S) 446
33 H o) CH,CH,CH,Me 5Me(S) 4,00
34 H o) DMA 5Me(S) 490
35 H o) CH,C(Me)=CHMe(E) 5Me(S) 454
36 H o) DMA[R(+)] 5Me(S) 4,66
37 H o) CH,C(CH=CH,)=CH, 5Me(S) 415
38 8Cl S DMA H 734
39 9-Cl S DMA H 6.80
40 9-Cl S CPM 4Me(R) 566
41 9-Cl o) DMA 5Me(S) 6.74
42 H 0 DMA 5Me(S) 548

2 3 3-Dimethylallyl. ° Cyclopropylmethyl. ¢ 2-Methylallyl.
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Tablell. The RMSD and Docking Energies (kca/moal) from the Docking Simulation of 9CH
TIBO to its Origind Crystd Structure of RT (1REV)

Configuration RMSD* ?Gginging 2 ? GBinding” ? Epocked 2?2 Epocked

1 1.066 -11.04 0 -13.34 0

2 1.032 -11.04 0 -13.34 0

3 0.995 -11.05 -0.01 -13.33 0.01
4 1.036 -11.02 0.02 -13.32 0.02
5 0.988 -11.01 0.03 -1331 0.03
6 1.057 -11.01 0.03 -13.3 0.04
7 1.022 -10.99 0.05 -13.28 0.06
8 0.908 -11.02 0.02 -13.26 0.08
9 1.052 -11 0.04 -13.26 0.08
10 1025 -10.94 01 -13.25 0.09
1 1.018 -10.96 0.08 -13.23 011
12 1074 -10.96 0.08 -13.23 011
13 1012 -10.91 013 -13.22 012
14 1.049 -10.96 0.08 -13.22 012
15 0.986 -10.95 0.09 -13.22 012
16 1.082 -11.01 0.03 -13.21 013
17 0.964 -10.87 017 -13.12 022
18 0.808 -10.91 013 -12.84 05
19 1.195 -10.61 043 -12.99 0.35
20 2.148 -10.6 044 -12.21 113

1. RMSD, root-mean-square deviation of coordinates between the configuration and initial position (from
crystal structure).
2. The energy difference between this configuration and the 1% configuration.
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Tablelll. The Configuration Information in Docking Simulations of All Set of TIBOsto RT.

Compound # of #inmajor ’?GBmding3 Compound # of #inmajor ?Gainding
Cluster ! cluster 2 Cluster cluster
1 2 18 -10.8+0.1 22 2 10 -11.7+0.1
2 2 17 -11.0+0.2 23 2 19 -10.7+0.1
3 2 19 -11.4+0.1 24 2 18 -10.1+0.1
4 2 14 -11.3+0.3 25 1 20 -10.2+0.1
5 2 12 -11.140.2 26 2 16 -10.2+0.1
6 2 17 -11.9+0.1 27 2 14 -12.2+0.1
7 2 14 -12.6+05 28 2 18 -105+0.1
8 3 14 -11.6+0.1 29 2 14 -10.0+0.1
9 2 18 -12.140.3 30 2 14 -10.1+0.1
10 3 17 -11.240.2 31 1 20 -10.5+0.1
11 3 12 -11.5+0.1 32 2 18 -10.6+0.1
12 2 6 -11.3+0.1 33 2 19 -10.5+0.1
13 2 12 -11.3+0.7 34 2 17 -11.0+0.1
14 2 16 -11.9+0.1 35 2 12 -105+0.1
15 2 16 -11.4+0.1 36 2 16 -10.6+0.1
16 2 18 -11.2+0.1 37 2 17 -10.8+0.1
17 2 16 -11.240.1 38 1 20 -10.7+£0.3
18 2 14 -11.3+0.1 39 1 20 -10.3+0.3
19 2 8 -11.3+0.3 40 2 19 -10.8+t04
20 1 20 -11.0+0.1 41 2 19 -11.1+0.1
21 2 18 -11.1+0.1 42 2 16 -11.4+0.6

1. Thenumber of clustersthat all configurationsin a docking simulation are grouped.

2. Thenumber of configurationsin the major cluster.

3. Thefreeenergy of binding from Autodock3, kcal/mol.



Table V. Cdculated Energies and Estimated Binding Free Energy of All Set TIBOs
(kca/moal).

Compound _ plCsg ?Gyaw ?2Gae  ?Gsoly _SASA  ?Ged- plCsopred

1 7.36 -42.177 -15.143 7.80 -2756.4 -9.63465 7.06352948
2 747 -39.123 -12.341 10.25 -2798.1 -10.2646 7.525375
3 8.37 -39.759 -12.693 11.07 -2813 -10.5464 7.731975
4 8.30 -50.872 -9.366 10.24 -2803.1 -10.4771 7.681158
5 747 -47.197 -16.021 11.39 -2800.5 -9.14108 6.701672
6 7.02 -49.258 -18.76 11.79 -2824.4 -9.37238 6.871243
7 594 -41.456 -17.388 12.75 -2789.9 -8.70028 6.378501
8 6.73 -44.483 -20.383 16.18 -2796.7 -8.29043 6.07803
9 520 -48.047 -19.574 12.80 -2780.7 -7.67799 5.629025
10 852 -39.285 -12.279 11.43 -2833.6 -11.5912 8.4979658
11 7.06 -44.541 -14.968 8.46 -2778.9 -8.60382 6.307787
12 7.32 -43.827 -11.371 7.27 -2818.1 -10.7816 7.904388
13 6.36 -42.376 -14.112 12.73 -2791.5 -9.41292 6.900971
14 753 -44.011 -14.229 12.71 -2818.7 -10.3196 7.565683
15 6.00 -42.903 -10.061 11.53 -2761.9 -9.14114 6.701719
16 448 -43.136 -21.866 5.32 -2776.1 -7.03394 5.156844
17 3.07 -46.687 -18.279 8.52 -2709.7 -5.32 3.900292
18 4.22 -40.793 -19.326 7.32 -2724.9 -5.83215 4.275771
19 518 -45.185 -23.258 16.55 -2781.2 -7.10771 5.210929
20 5.61 -42.635 -17.695 8.62 -2791.4 -8.55653 6.273113
21 7.60 -35.885 -19.656 7.04 -2834.4 -9.90902 7.264679
22 523 -35.995 -25.632 7.76 -2802.1 -7.49371 5.493921
23 597 -40.673 -16.023 11.93 -2798.8 -9.3191 6.832183
24 415 -41.399 -12.22 7.28 -2679.1 -5.63545 4.131563
25 433 -39.094 -18.976 9.45 -2702.8 -5.20934 3.819162
26 324 -39.975 -16.22 8.85 -2660.1 -4.1908 3.072431
27 3.97 -52.19 -18.586 6.93 -2709.6 -5.02388 3.683194
28 430 -42.497 -17.585 7.24 -2720.8 -5.98688 4.389205
29 405 -39.208 -14.65 6.80 -2685.2 -5.41339 3.968761
30 4.36 -40.423 -17.943 8.09 -2691.4 -4.93458 3.617725
31 4.24 -44.273 -12.58 5.40 -2692 -5.88624 4.315422
32 4.46 -41.327 -14.879 7.79 -2693.1 -5.60067 4.106066
33 4,00 -42.537 -13.204 8.02 -2690.8 -5.83122 4.275089
34 490 -42.803 -13.86 9.10 -2739 -7.46082 5.469811
35 454 -40.716 -16.253 8.21 -2718.4 -6.26304 4.591669
36 4.66 -42.192 -14.943 7.44 -2708.8 -6.11991 4.486736
37 415 -45.65 -12.563 7.68 -2717.7 -6.8271 5.005208
38 7.34 -40.063 -13.291 6.81 -2778.9 -9.07511 6.653307
39 6.80 -42.969 -15.785 8.79 -2790.4 -8.91291 6.534389
40 5.66 -38.743 -14.753 8.33 -2762.9 -8.26707 6.060904
41 6.74 -41.082 -16.933 8.46 -2765.7 -7.83276 5.742496
42 5.48 -45.285 -13.279 6.99 -2727.6 -7.03412 5.156976

Calculated free energy of binding, ?G.a4 is calculated from optimized linear combination of ?Gge ?Gyaw,
?Gsoly, and SASA from regression.

Predicted pl Csy is estimated from ?Gea ¢ using the following relationship: ? Gyinding = RTINKgissociated ~
RTINICso = -RTpICso, Where 298K is used in the work for temperature T.
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Table V. Regresson Properties of Fina Free Energy of Binding vs Activity of TIBOs.

plC50 ?GvdW ?Gele ?Gsolv SASA
Correlation Factor 1.00 22 -.08 .38 .86
Intercpt
B -64.45 .0256 0.1538 0.0164 -0.0267
St Err.of B 5.725 0.02670 0.02673 0.04010 0.002092

Correlation coefficient, r = 0.9317; r> = 0.8680
Cross-validation coefficient,

F =55.902; p < 0.00000
q = 0.9109; g° = 0.8298
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