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AbstractÐDocking experiments were undertaken using a number of published crystal structures of HIV-1 reverse transcriptase
complexes with various non-nucleoside inhibitors. The docking method was validated by successfully docking each ligand, in the
conformation found in the crystal structure of the complex with the enzyme, back into its binding pocket in the right orientation
and position. Each ligand was then subjected to conformational searching and a database of unique low-energy conformations of
all ligands established. Docking this database into each of the reverse transcriptase binding pockets showed that all inhibitors could
be ®tted into each di�erent pocket, without alteration of the pocket geometry. This contradicts ®ndings from earlier docking
investigations and implies that the conformation of the binding pocket in each di�erent complex is conserved su�ciently to allow
particular uniform ligand binding modes. The inhibitor conformations selected by this docking process are mostly the same as the
one the ligand adopts in its own pocket and the selected conformations and orientations exhibit an impressive degree of similarity in
the arrangement of their steric and electronic features. A correlation has also been observed between inhibitor ¯exibility and
tightness of ®t into the pockets with the more ¯exible inhibitors achieving a tighter ®t and thus fewer favourable orientations upon
docking. # 1999 Elsevier Science Ltd. All rights reserved.

Introduction

Reverse transcriptase (RT) performs several critical
roles in the replicative cycle of the human immunode®-
ciency virus (HIV), and thus considerable e�ort has
been directed towards this enzyme as a target for thera-
pies treating the acquired immune de®ciency syndrome
(AIDS). A striking feature of RT is its considerable
conformational ¯exibility1,2 (believed to be essential for
several of its catalytic actions),3 which has complicated
attempts at traditional structure-based design of non-
nucleoside RT inhibitors (NNRTIs).4

To date, fourteen crystal structures of HIV-1 RT in the
apo form1,5,6 and complexed with nine di�erent non-
nucleoside inhibitors have been published.7±14 These
structures have provided a great deal of insight into the
conformational ¯exibility of RT, including the struc-
tural changes that are induced by binding of NNRTIs.

The crystal structures have shown that although por-
tions of the inhibitor binding pocket (NNIBP) possess
similar geometry in each of the NNRTI complexes,

several regions undergo signi®cant conformational
changes when bound to di�erent inhibitors. The volume
of the pocket can di�er by up to 100 AÊ 3 between the
di�erent complexes.5,7,8,10 Despite this variability in
NNIBP structure, the crystal structures show that the
inhibitors, in their bound conformation, achieve a rela-
tively good degree of steric overlap with one another.
The compounds nevirapine, 1051U91, a-APA, HEPT
and 9-Cl-TIBO (Fig. 1) occupy a common volume of
100 AÊ 3 out of a total volume of 440 AÊ 3.8,10

Docking studies involving non-nucleoside inhibitors
and HIV reverse transcriptase have been performed
previously,4,15,16 and have shown that the di�ering
pocket geometries can a�ect the validity of the relative
ligand binding energies calculated when docking other
NNRTIs into the cavity.4 Most importantly, it has been
shown that the optimal binding energy is most often
obtained only when the correct NNIBP structure for
each particular inhibitor is used as the starting con-
formation.4 According to this study, the changes in
NNIBP conformation serve to optimise, and `custo-
mise', the protein±ligand interactions with each inhi-
bitor.4 The consequence of this customisation of pocket
geometry is said to render ine�ective the use of any
`consensus' NNIBP structure for accurate modelling of
protein±ligand binding for anything but the most closely
related NNRTI analogues.
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Although these previous docking experiments allowed
limited ¯exibility of the NNIBP amino acids and
optimisation of the ligand conformation within the
pocket, they have studied only a limited range of
NNRTIs.

To investigate the e�ect of the NNIBP conformational
changes on inhibitor binding, it was attempted to dock
the various inhibitors into the di�erent pocket geome-
tries. The approach employed in our study was to gen-
erate a series of low energy conformations of many
di�erent inhibitors prior to docking into a larger range
of di�erent pocket geometries, using an automated
molecular docking program. Although this method does
not explicitely treat NNIBP ¯exibility, or account for
the e�ect of protein±ligand interactions on the con-
formation of the inhibitor, it enables the binding

potential for a large number of inhibitors and con-
formations to be determined relatively rapidly.

Results

Docking was performed on the seven high resolution
crystal structures determined by Ren et al., complexed
with the NNRTIs nevirapine (1),10 1051U91 (2),10

HEPT (3),10 MKC-442 (4),7 TNK-651 (5),7 Cl-a-APA
(8)10 and 9-Cl-TIBO (7).8 These structures were selected
because of their comparatively high resolution (2.2±3.0
AÊ ) and uniform crystal space group. Use of structures
within the same crystal packing prevents any structural
changes introduced by di�erent crystal lattice forces,
rather than the binding of di�erent inhibitors, compli-
cating interpretation of the results. Inhibitors were,

Figure 1. Non-nucleoside HIV-1 reverse transcriptase inhibitors used in this study.
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however, selected from the entire set of available crystal
structures (as their conformations were to be altered
anyway), and include 8-Cl-TIBO (6) and Br-a-APA (9),
in addition to those listed above. The chemical structures
of the inhibitors are presented in Figure 1.

The program DOCK 3.5 (Department of Pharmaceutical
Chemistry, University of California, San Francisco) was
used in all docking experiments. DOCK explores many
di�erent relative alignments of ligand and receptor
molecules, in order to determine geometrically and
energetically feasible ligand binding modes.17±24

Validation of the docking method

To ensure that the ligand orientations and positions
obtained from the docking studies were likely to repre-
sent valid and reasonable potential binding modes of
the inhibitors, the DOCK program docking parameters
and our sphere selections (see Experimental) had to ®rst
be validated for each crystal structure used. Each
NNRTI, in the conformation found in the crystal
structure of the RT-NNRTI complex, was docked into
its corresponding binding pocket, to determine the abil-
ity of DOCK to reproduce the orientation and position
of the inhibitor observed in the crystal structure.

Contact scoring calculations showed that in six of the
seven crystal structures, on the basis of shape com-
plementarity only, DOCK determined the optimal
orientation of the docked inhibitors to be close to that
of the original orientation found in the crystal (see
Table 1). The low RMS deviations (all below 1 AÊ , for all
heavy atoms) between the docked and crystal ligand
coordinates indicate very good alignment of the experi-
mental and calculated positions, especially considering
the resolution limit of the crystal structures (2.2±3.0 AÊ ).
Visual inspection of the docked coordinates relative to
the crystal structure NNRTI coordinates showed that in
all cases the top three scoring results, and usually more,
had orientations very similar to the crystal structures.

The high proportion of correct contact scored orienta-
tions calculated in each pocket indicates that the con-
formation of the NNIBP alone, contains enough

information to accurately reproduce the crystal struc-
ture binding mode of the inhibitor, without requiring
further p-stacking and electrostatic complementarity to
distinguish them from other binding modes. This
implies that the three-dimensional shapes of each pocket
are highly mutually complementary with that of their
respective NNRTIs.

The exception was 9-Cl-TIBO, for which no orienta-
tions were docked into the binding pocket. This could
possibly be due to particularly close association between
the inhibitor and protein in the crystal structure, thus
producing a large number of steric clashes and prevent-
ing any favourable calculated interactions. A contact
scored docking run in which the size of the inhibitor was
reduced, by removing all hydrogens from the ligand,
returned 4394 favourable docked orientations, however,
the highest scoring orientation had a RMS deviation of
almost 2 AÊ from the crystal structure.

Similar results were obtained when using a force ®eld
scoring scheme for measuring protein±ligand interaction
energies (see Table 1). The good correlation between the
docked and crystal positions and orientations obtained,
using contact and force ®eld scoring was, however, not
repeated when attempts were made to optimise the
ligand positions using rigid body minimisation prior to
scoring. Nevirapine, docked into its own NNIBP geo-
metry had very large RMS deviations (>3 AÊ ) for the
highest scoring orientations and both the orientation
and position of the ligand were completely di�erent to
the crystal structure. Since excellent reproduction of
the crystal binding mode was achieved without rigid
body minimisation, this method was not pursued any
further.

As none of the structural waters are conserved amongst
all the RT-NNRTI crystal complexes, the docking
experiments were performed without water molecules in
the NNIBPs. To test this procedure, nevirapine was
docked into the binding pocket in the presence of the
single water molecule located within the pocket in the
crystal structure. The ten best scoring results were all in
identical relative positions to those calculated in the
absence of water.

Docking of multiple ligand conformations

Multiple low energy conformations of each inhibitor
were generated using a simple molecular dynamics (100
fs at 900K, followed by collection of 50 conformations,
each after 1 ps at 900K) and minimisation protocol and
a unique set of conformations was collected by selecting
a set of conformations that di�ered by at least 0.3 AÊ

RMS from each other. The selected conformations
covered the range of energies of the entire set from the
molecular dynamics calculations. The conformation of
the ligand in the crystal structure was added to the set.

The number of unique conformations generated for
each ligand varied enormously (Table 2), and gives
some perception of the ¯exibility of the di�erent
NNRTIs.

Table 1. Docking of NNRTI crystal conformations

Inhibitor PDB ®le Contact Force®eld

RMS Orientations RMS Orientations

Nevirapine 1VRT 0.331 318 0.480 554
1051U91 1RTH 0.915 676 0.756 581
HEPT 1RTI 0.946 45 0.895 42
MKC-442 1RT1 0.679 3 0.613 13
TNK-651 1RT2 0.495 3 0.417 4
9-Cl-TIBO 1REV Ð 0 Ð 0
Cl-a-APA 1VRU 0.980 70 0.786 53

Highest scoring orientations from docking of seven NNRTIs into their
NNIBPs in the conformation found in their respective crystal com-
plexes, using contact and force®eld scoring. RMS deviation of highest
scoring orientation from that reported in the crystal structures, and
the total number of ligand orientations found by DOCK for each
scoring scheme. DOCK could ®nd no favourable orientations of 9-Cl-
TIBO in either scoring mode.
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It was expected that the speci®c geometry of each
pocket would provide some ®ltering of the large set of
structures used as input for DOCK to yield a relatively
small and characteristic set of compounds and con-
formations, that would allow the interpretation of the
ligand and NNIBP conformational features that gave
rise to the binding mode of each docked compound.

When contact scoring was employed, DOCK was,
however, much more proli®c in its ability to dock the
input structures into the pockets than anticipated.
Between 66 and 99% of the database was successfully
docked into all NNIBP structures.

Application of force ®eld scoring to the database proved
to be more promising, reducing the number of docked
conformations signi®cantly, and these docking results
are the ones interpreted in the next sections.

Inspection of the 10 to 20 highest scoring inhibitor con-
formations, and their relative orientations, after docking
and force®eld scoring of the database, showed only lim-
ited speci®city for the inhibitor from which the NNIBP
structure was derived. Conformations of nevirapine and
1051U91 dominated the highest scoring structures of
most of the seven binding pocket geometries, despite the
protein structure being derived from a di�erent NNRTI
complex. In four cases, the highest scoring conforma-
tion did not even belong to the original ligand in the

complex from which the structure was derived (Table 3).
This suggests that, despite the di�erence in pocket
shape, only relatively minor adjustments of each ligand
conformation are required to allow the NNRTIs to ®t
into other pockets. Reassuringly, the highest scoring
conformation of nevirapine, MKC-442, Cl-a-APA,
TNK-651 and 1051U91, when docked into their own
pocket, was found to be identical or very similar to the
conformation in the crystal structure of the complex.
For HEPT the RMS value between the docked con-
formation and the one in the crystal structure was also
not very large (0.351). The 1REV pocket again was the
only one where the original ligand 9-Cl-TIBO (7) was
not docked in amongst the 15 highest scoring structures.

While the docking scores are, strictly speaking, not
directly comparable for di�erent ligands in di�erent
pockets, the scores for one ligand in di�erent pockets
should at least be similar and this was indeed found to
be the case for nevirapine (1) (Table 4). As mentioned
above, nevirapine ®ts into all pockets (except for the
1RTH pocket) very well as evidenced by the high rank
of the highest scoring nevirapine conformation.

Superposition of the docked conformations over the
crystal structure orientation of the original inhibitor of
each pocket showed very good alignment of major
structural features. Despite the structural diversity of
the NNRTIs, the aromatic rings of most of the high
scoring docked conformations were aligned with one
another and with the crystal structure orientation, as
were many of the various other functional groups in the
inhibitors. This suggests that a signi®cant contribution
to the docking scores was made by the electrostatic com-
ponent of p-stacking interactions between the inhibitors
and NNIBPs. Those conformations that had large rota-
tions relative to the majority of the other docked con-
formations still retained a good degree of overall steric
overlap, occupying the same volume even if the corre-
spondence between functional groups was not conserved.

Figure 2 shows the high degree of steric similarity and
overlap of the conformations docked into a NNIBP
structure of each of the four classes of NNRTI exam-
ined. Each component of Figure 2 shows the crystal
structure conformation of the inhibitor from which the
pocket structure was derived, and ®ve di�erent NNRTIs
in their highest scoring conformation and relative
orientation, from two di�erent view points. A signi®cant

Table 2. Unique conformations of NNRTIs

Inhibitor Compound
No.

Conformations Energy range
(kcalmolÿ1)

RMS
range
(AÊ )c

Nevirapine (1) 2 142.2±142.2 0.6±1.4
1051U91a (2) 6 61.7±74.0 0.3±2.0
HEPT (3) 29 3.6±9.5 0.3±2.2
MKC-442 (4) 20 3.7±10.3 0.3±1.7
TNK-651 (5) 38 9.1±14.2 0.5±2.9
8-Cl-TIBO (6) 20 24.0±29.4 0.7±2.5
9-Cl-TIBO (7) 22 22.6±28.1 0.8±2.7
Cl±a-APA (8) 7 6.1±13.8 0.6±2.1
Br-a-APAb (9) 12 7.7±15.2 0.9±2.7

aNitro substituent replaced by carboxylate, see Experimental.
bDibrominated analogue of Cl-a-APA.
cAll heavy atoms were used for superimposition.
Number of conformations of each NNRTI di�ering by at least 0.3 AÊ

RMS after molecular dynamics and minimisation, ranges of minimised
energies and RMS deviations from the conformation of the ligand in
its complex with RT of the selected conformations.

Table 3. Docking of the ligand database into the di�erent pockets

Highest scoring inhibitor (force®eld scoring) docked into each pocket

Pocketa Inhibitor in crystal structure Inhibitor docked Score Comments

1VRT Nevirapine (1) 1051U91 (2) ÿ36.334 (1) ranked 3rd, score very close, RMSb 0.00
1RT1 MKC-442 (4) TNK-651 (5) ÿ40.321 (4) ranked 2nd, RMSb 0.00
1VRU Cl-a-APA (8) Cl-a-APA (8) ÿ41.277 RMSb 0.00
1REV 9-Cl-TIBO (7) 1051U91 (2) ÿ33.967 (7) not in ®rst 15 structures
1RT2 TNK-651 (5) TNK-651 (5) ÿ46.946 RMSb 0.00
1RTH 1051U91 (2) 1051U91 (2) ÿ37.662 RMSb 0.06
1RTI HEPT (3) MKC-442 (4) ÿ31.330 (3) ranked 4th, RMSb 0.35

aSee Table 5 for codes.
bSuperimposition of all heavy atoms with crystal conformation (see text).

1166 S. J. Titmuss et al. / Bioorg. Med. Chem. 7 (1999) 1163±1170



feature of the superposed structures is the alignment of
the butter¯y-like curvature of each NNRTI, as shown in
the left hand column of Figure 2, amongst the various
types of inhibitor structure. The 9-Cl-TIBO NNIBP
possessed the least degree of complementarity in the
overlayed docked structures, and the original inhibitor
itself was not amongst the ®rst ®ve di�erent inhibitors
docked into the pocket.

Discussion

The docking study of Kroeger Smith et al.4 found that a
reliable correlation between the calculated binding

Table 4. Docking of nevirapine (1) into the di�erent pockets

Highest scoring conformation (force®eld scoring) of nevirapine
docked into each pocket

Pocketa Inhibitor in crystal structure Score Rank RMSb

1VRT Nevirapine (1) ÿ35.687 3 0.00

1RT1 MKC-442 (4) ÿ31.369 4 0.59

1VRU Cl-a-APA (8) ÿ34.815 3 0.00

1REV 9-Cl-TIBO (7) ÿ32.238 2 1.37

1RT2 TNK-651 (5) ÿ30.042 3 0.00

1RTH 1051U91 (2) ÿ32.599 14 0.00

1RTI HEPT (3) ÿ33.997 2 0.00

aSee Table 5 for codes.
bSuperimposition of all heavy atoms with crystal conformation.

Figure 2. Shape complementarity of Docked NNRTIs. Relative orientation of the highest scoring conformation of each of the ®ve highest ranking
structures (thin lines) docked into the NNIBPs of the named inhibitors (crystal structure conformation drawn in thick lines). Two di�erent per-
spectives are shown of each overlay (left and right columns, respectively).
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energy and experimental inhibitory potency could not
be made when an inhibitor was docked into a NNIBP
geometry not derived from its own crystal complex.
While the current study has not determined binding
energies, it has been demonstrated that the ®ve docked
ligands shown in Figure 2, drawn in grey, belong to at
least three of the four di�erent classes of NNRTI in
each case, suggesting that with reasonable adjustments
of conformation, most NNRTIs are capable of ®tting
into the di�erent NNIBP geometries. The ability of
DOCK to ®t low energy conformations of di�erent
NNRTIs into the one pocket geometry, often with bet-
ter scores than conformations of the original ligand,
implies that the NNIBP shape may not have as great an
in¯uence on docking calculations as previously sug-
gested. DOCK orients ligands on the basis of steric
factors only, therefore these results show that the pocket
geometry is su�ciently similar in the di�erent complexes
to allow other NNRTIs to ®t into the cavity. Although
the NNIBP has been reported to change conformation
and volume with di�erent NNRTIs, the steric and che-
mical complementarity illustrated in Figure 2 suggests
that a considerable amount of structural similarity
remains, particularly the features that favour the but-
ter¯y shape and aromatic character of inhibitors.

There is a correlation between inhibitor ¯exibility and
the number of docked orientations calculated. The more
rigid ligands, nevirapine and 1051U91, can ®t into the
binding site with several hundred favourable orienta-
tions, while the ¯exible NNRTIs, such as HEPT and
analogues, can adopt comparatively fewer favourable
orientations. This suggests that the association between
ligand and pocket may be closer for the more ¯exible
molecules. This could be so because the combined con-
formational freedom in both the binding pocket and the
inhibitor may allow both to adopt a more mutually
complementary geometry, leaving minimal ``free space''
in the cavity to allow the ligand to adopt other orienta-
tions during docking whereas the rigid NNRTIs must
rely almost entirely upon conformational change of the
NNIBP to tailor the interaction.

Calculation of the proportion of each NNIBP geometry
®lled by its ligand, from the reported pocket and inhi-
bitor volumes7,8,10 provides some support for this.
Flexible HEPT derivatives occupy around 45% of the
NNIBP, whereas the rigid ligands occupy around 36%.

This could also explain the inability of DOCK to ®t the
9-Cl-TIBO back into its own binding pocket. The ¯ex-
ibility of this ligand may allow a particularly close ®t
with its binding site, producing steric interactions dur-
ing docking that were above the acceptable limits of the
program parameters.

In most cases, the highest scoring conformation of any
ligand docked into any pocket is the same conformation
that the ligand adopts in the crystal structure of its
complex with RT. This preference for the docking of
crystal conformations may be related to the fact that the
conformational searching was performed in vacuo, while
the crystal conformations are in a protein environment

and so may be better suited to interacting with the gen-
eral pocket environment.

Conclusion

A validated docking study on a set of unique con-
formations of nine non-nucleoside inhibitors into the
empty binding pockets of seven di�erent reverse tran-
scriptase±inhibitor complex crystal structures has been
undertaken. Four major ®ndings have been discussed in
this paper. Firstly, all inhibitors could be ®tted into all
binding pockets, without alteration of the pocket geo-
metries. The inhibitor conformations and orientations
selected by the automated docking program exhibit a
large degree of similarity in the arrangement of steric
features and aromatic rings and the crystal conforma-
tion of the ligand is usually preferred, even when the
ligand is docked into a di�erent pocket. Lastly, a cor-
relation has been observed between inhibitor ¯exibility
and the number of docked orientations calculated with
the more ¯exible inhibitors achieving a tighter ®t and
thus fewer favourable orientations in the pocket

Experimental

Atomic coordinates for all three dimensional protein
models were obtained from the Brookhaven Protein
Data Bank.25,26 A total of 14 sets of high resolution crys-
tal structures of HIV-1 RT in NNRTI complexes or apo
form were downloaded. Table 5 lists the crystal struc-
tures (not all were used in this work) and some statistics
relevant to the accuracy of the coordinates.

Docking studies were performed using DOCK version
3.5 (Department of Pharmaceutical Chemistry, Uni-
versity of California, San Francisco).27 The FORTRAN
77 source code supplied was compiled and used without
further modi®cation, as were all utility and script pro-
grams (except for utility program autoMS, where a
minor error was detected; details available from the
authors upon request).

Crystal structure preparation and sphere generation

Ligands and all crystallographic waters were removed
from the atomic coordinate data ®les and hydrogens
added to the protein. As some DOCK utility programs
cannot work with the extremely large RT coordinate
sets, a reduced subset of the structure was used for
processing by selecting only thoses residues lying within
25 AÊ of the Ca atom of p66 Tyr188. The NNRTI bind-
ing region was de®ned by selecting a further subset of
residues within 10 AÊ of the location of the inhibitor in
the crystal structure. The solvent accessible surface of
this 10 AÊ subset was generated at a density of three
surface points per AÊ 2 using the MS program with a 1.4
AÊ probe.20,21 Spheres with radii between 1.4 and 4.0 AÊ

®lling potential binding pockets on the solvent acces-
sible surface were generated using the DOCK utility
SPHGEN, grouped into clusters of overlapping spheres
and manually edited to remove those that did not fall
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inside or around the entrance to the NNIBP, as deter-
mined by visual inspection, using InsightII version 95.0
(Molecular Simulations, Inc., San Diego). A short script
was written to convert DOCK ®le formats into a format
readable by InsightII. Generally, of the 150±240 spheres
generated for each crystal structure, approximately 60±
70 were su�cient to describe the NNIBP.

Contact and force®eld scoring grid preparation

The grids for docking were generated at a density of
three grid points per AÊ for the region enclosing the
spheres with an extra margin of three AÊ . Contact grids
were calculated by distmap with receptor hydrogen
atoms removed, close contact limits for polar and non-
polar atoms of 2.3 and 2.8 AÊ , respectively, and a cuto�
distance of 4.5 AÊ . Force®eld scoring grids, generated by
chemgrid, were calculated using AMBER28,29 para-
meters and the receptor structure with hydrogen atoms
added, a distance dependent dielectric function of 4.5r,
polar and carbon atom close contact limits of 2.3 and
2.8 AÊ , respectively, and a nonbonded interaction cuto�
of 10 AÊ .

Ligand preparation

After extraction of ligand atom coordinates from the
RT/inhibitor complex struture PDB ®les, hydrogen
atoms were added, bond orders corrected and CFF91
force ®eld potentials set using InsightII. For 1051U91,
the ligand in the PDB ®le 1rth was di�erent to the
structure reported in the literature10 and was corrected.
There are no parameters for the nitro substituent on the
pyridine ring of 1051U91 in either the CFF91 or the
CVFF force ®elds and this had to be replaced by a sui-
table group. The carboxylate group was selected.

Inhibitor conformations were generated using the
CFF91 force ®eld and Discover version 2.9.7 (MSI, San
Diego, USA) via InsightII. The molecular dynamics and
minimisation protocol for the conformational searching
involved initialisation of dynamics at 900 K for 100 fs,
followed by 50 consecutive dynamics runs at 900K for 1
ps each. The 50 conformations were then minimised for

100 iterations using steepest descents and then with
conjugate gradients until the maximum derivative was
less than 0.0001 kcalAÊ ÿ1. Cluster graph analysis in
InsightII of each set of dynamics conformations
revealed many duplicate or very similar conformations
(RMS values within 0.3AÊ ), which were subsequently
discarded from the data set. This left between 2 (Nevir-
apine) and 38 (TNK-651) `unique' conformations (17 on
average for the 9 inhibitors). The resulting 156 con-
formations were combined with the original crystal
conformation of each of the ligands into a DOCK 3.5
format database using DOCK utilities.

Ligand docking and database searching

Ligand docking was performed using both force ®eld
(AMBER parameters) and contact (van der Waals only)
scoring options. The chemical matching, degeneracy
checking, critical sphere clustering and ligand mirroring
options of DOCK 3.5 were not used. The default
DOCK 3.5 parameters were used for all options unless
otherwise speci®ed. The output from each dock run was
sorted according to contact or force ®eld score, as
appropriate, and a set of the best 5±20 conformations/
orientations extracted using DOCK utilities. Visual
inspection of relative positions required superposition
of the crystal structure and docked inhibitor coordi-
nates using Insight II. A UNIX script was written for
the rapid extraction of contact, force ®eld and RMS
scores from DOCK output ®les.
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