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Abstract
Virtual screening of small molecules against a protein target often identifies the correct pose, but the
ranking in terms of binding energy remains a difficult problem, resulting in unacceptable numbers
of false positives and negatives. To investigate this problem, the performance of three docking
programs, FRED, QXP/FLO, and GLIDE, along with their five different scoring functions, was
evaluated with the engineered cavity in cyctochrome c peroxidase (CCP). This small cavity is
negatively charged and completely buried from solvent. A test set of 60 molecules, experimentally
identified as 43 “binders” and 17 “non-binders”, were tested with the CCP binding site. The docking
methods’ performance is quantified by the ROC curve and their reproduction of crystal poses. The
effects from generation of different ligand tautomers and inclusion of water molecule in the cavity
are also discussed.

INTRODUCTION
Since the emergence of an increasing number of 3D biological structures, molecular docking
has become a major computational method for discovering and designing new ligands for
biological targets.1–7 Since the pioneering work of Kuntz et al.,8,9 many docking programs
have been developed, based on different physicochemical approximations. 10,11 In each
program, a pose generator needs to be combined with one or more fast-scoring functions. Many
studies have been carried out to evaluate their performance.2,13–25

Docking programs are designed to reproduce a ligand’s pose seen in the crystal structure. They
are usually parametrized with a training set, containing a large number of diverse protein–
ligand crystal structures, and then evaluated with one or more test sets. The optimal parameters
are chosen to give overall best results. Usually two criteria are considered for evaluation of the
docking performance: reproduction of the crystal structure of protein–ligand complex
structures26–37 and ranking of ligands in the databases according to binding energies.38–45

Even though some docking tools and studies have been tailored to work with particular kinds
of protein–ligand systems,46,47 most commercial docking programs focus on generality and
might not produce accurate results when dealing with unusual systems. Scoring functions,
particularly empirical scoring functions, have common weaknesses. For instance, larger
ligands tend to receive better scores. Docking programs also have a tendency to position ligands
to match the shape of the protein surface. Therefore, ligands with large groups projecting into
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the solvent in the crystallographic structure are not handled well. Asymmetric ligands with
symmetric features (“pseudosymmetrical” molecules) also are difficult to dock. Docking
programs sometimes position them at a 180° angle to the crystal binding mode. These “near-
native” poses might be ranked better than the crystal poses; thus the docking programs would
discard the correct poses and pick the “near-native” poses with poor rmsd values.30,48

Since each docking program has its own algorithms and parameters, it is advisable to use
caution in different situations, depending on the size, hydrophobicity, and solvation
accessibility of the binding pocket. However, discovering the best docking performance for a
specific case is not straightforward. Shoichet et al. recently published studies on model charged
and hydrophobic binding pockets with the program DOCK3.5.54.49–51 This paper expands on
their research of the charged model binding site in cyctochrome c peroxidase (CCP). The study
focuses on investigatiion of the docking performance of different docking programs. Three
docking programs have been studied: FRED,52 QXP/FLO,12,53 and GLIDE.54

A model binding pocket needs to be small and simple enough to study. An example is buried
nonpolar cavity of T4 lysozyme created by mutations.55,56 The model in this study is an
engineered pocket in cyctochrome c peroxidase (CCP) with a substitution (Trp191 → Gly).
57 The CCPW191G pocket is completely buried but negatively charged. Several exposed
backbone carbonyl groups and Asp235, ligated by five water molecules and a potassium ion,
contribute to the negative charge (Figure 1). This binding pocket has been studied extensively,
with 43 known ligands58 and 17 compounds that do not bind to this pocket.59 Most binders
are small heterocycles with a single positive charge. For 35 known binders, X-ray crystal
structures of the complex have been determined. In addition to the study by Shoichet, Brooks
et al. also used this model pocket for their λ-dynamics approach.60,61 Olson and colleagues
tested AutoDock3.0’s docking ability on this pocket with 33 compounds (16 binders and 17
nonbinders).62 Olson’s study included clustering of the stochastic docking results, and the
adjusted score was the average predicted binding energy augmented with a penalty equal to
the number of clusters of 100 docking trials in units of kilocalories per mole. The method was
able to separate binders and nonbinders with the adjusted score.

FRED (fast rigid exhaustive docking), developed by OpenEye Scientific Software, Inc. is a
fast docking program based on multiconformer docking instead of the more widely used
incremental construction.21 The ligands’ low-energy conformations are pre-generated by
OMEGA, part of the OpenEye suite.63,64 FRED rigidly fits these conformers into a pre-defined
binding site and ranks the poses by scoring functions. Among the eight scoring functions
implemented in FRED, two functions, Chemgauss3 and Zapbind, 52 include desolvation terms
in their scores and are therefore chosen for this study. The Chemgauss3 scoring function entails
these interactions: steric, hydrogen bond, metal–ligand, ligand, and protein desolvation. Each
interaction is described by a base function that is smoothed by convolution with a Gaussian
function.65 The Zapbind scoring function combines a surface area contact term and an
electrostatic interaction term calculated using the Poisson–Boltzmann (PB) solvent
approximation.66 The surface area term is calculated using a Gaussian-based method, while
the PB energy is calculated using ZAP. Zapbind is very sensitive to the presence of even minor
atom clashes, and therefore, the ligand coordinates require a force-field refinement. Zapbind
is the most computationally expensive scoring function among all the ones integrated in FRED.
All other functions typically can examine and score all possible poses of a ligand in the binding
pocket within seconds.

QXP/FLO uses Monte Carlo perturbation with energy minimization to perform full
conformational searches for flexible molecules.12 Between the initial perturbation and energy
minimization, an additional fast search step produces approximate low-energy structures.
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GLIDE (grid-based ligand docking from energetics) applies a series of filters to search for
plausible locations of the ligands in the binding pocket before docking to reduce the number
of pose candidates. A grid is used to represent the shape and properties of the receptor by
different sets of fields. Ligand conformations need to be exhaustively enumerated in the ligand
torsion angle space. After initial screening to locate promising ligand poses, ligand geometries
are minimized in the binding pocket using a standard molecular mechanics (OPLS-AA force
field67) and a distance-dependent dielectric model. The top candidates are then refined by a
Monte Carlo procedure to examine nearby torsional minima. To rank the best docked poses, a
model energy function combining empirical and force-field terms are used.68,69 In addition to
the standard precision (SP) scoring function, GLIDE also offers a new scoring function of extra
precision (XP) that incorporates novel terms and has been shown to improve the selection of
actual binding poses.70 Both scoring functions are investigated in this study.

All three programs are widely used in molecular docking, but a detailed evaluation for docking
into charged pockets has not been reported so far. Our study investigates their performance on
CCPW191G binding pocket with different docking protocols by quantitative comparison of
binder/nonbinder separation, and docked poses’ RMSDs. We also evaluate the importance of
including HOH308 in binding pocket during docking.

METHODS
The CCPW191G receptor structure was downloaded from the PDB Web site71 (PDB code
1AC4). All water molecules and the potassium ion in the pocket were removed, except for
water molecule 308 (HOH308). SMILES strings of 43 binders and 17 nonbinders were
downloaded from Prof. Shoichet’s research Web site.58,59 MOE72 was used to convert
SMILES into 3D structures, add hydrogens, calculate AM1BCC charges,73 and obtain
minimized geometries. Visual inspection was carried out to ensure that the 3D structures were
correct. Unless mentioned otherwise, default parameters were used for structure preparation
and docking.

DOCKING PROTOCOLS
FRED

FRED52 requires a set of low-energy conformations for each ligand. The conformers were
generated by OMEGA74 and stored in a single binary file. Because of the small size of the
ligands, the rms threshold between different conformers of OMEGA was set to 0.1Å, instead
of the default value of 0.8 Å. A total of 102 conformers were generated for 60 molecules.

FRED docking consists of 4 steps: exhaustive docking, optimization, consensus structure, and
the optional force field refinement. During exhaustive docking, a pose ensemble is generated
by rigidly rotating and translating each conformer within the active site. The active site is
defined by a box of 5 Å (default) extension in all directions from the bound ligand. Two
complementary volumes, named the inner and the outer contour, are generated by building two
isocontours of the same shape potential grid at different contour levels. The generated pose
has to overlap with the inner contour and not exceed the outer contour. All surviving poses are
scored with a scoring function (default = Chemgauss3), and the top 100 (default) poses are
passed to optimization. In optimization, a systematic solid body optimization is done by rigidly
rotating and translating the poses at half the step size used in exhaustive docking. Chemgauss3
(default) is used in this step to score the poses during optimization. The poses then go to
consensus structure, in which the poses with the top consensus scores (default = PLP,
Chemgauss3, and OEChemscore) are retained, and all other poses are discarded. The user-
defined number of top poses is written out with their scores (except for Zapbind scoring
function). For Zapbind scoring, a Merck molecular mechanics force field refinement needs to
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be performed. The refinement consists of full coordinate optimization of all ligand atoms. It is
required for Zapbind, which is extremely sensitive to small atom–atom clashes. The flowchart
illustrates the FRED docking protocol (Chart 1).

In our study, the receptor structure was protonated using Molprobity,75 which also examines
potential misinterpretations of the crystallographers that involve “iso-steric” χ side-chain
terminal flips of asparagine, glutamine, and histidine. The heme cofactor was protonated with
MOE. Hydrogen atoms were added to HOH308 manually. Visual inspection was done, and
the bonds and protonation states were carefully corrected. AM1BCC charges were added to
the receptor using Chimera76 and to HOH308 and all heme atoms using MOE.
FRED_receptor77 was used to prepare the receptor structure file. A box around the bound
ligand molecule 2,3,4-trimethylthiazole from the crystal structure was created by a 5 Å
extension in all directions to define the binding site. The box volume was 1913 Å3; the inner
and outer contours are 43 and 243 Å3, respectively. No other constraints were applied in the
setup.

Default parameters were used in docking. Docked ligands were ranked by the Chemgauss3
scoring function without Merck molecular mechanics force field refinement. The docked poses
then underwent the refinement and were ranked by the Zapbind scoring function. In the rmsd
result, please note that Chemgauss3 rmsd refers to the docked pose before the refinement;
Zapbind rmsd applies to the poses after the refinement.

QXP/FLO
The receptor, the heme cofactor, and HOH308 were protonated the same manner as for the
FRED docking preparation (receptor by Molprobity, heme by MOE, HOH308 manually). We
did not use QXP/FLO’s protonation and hydrogen optimization tools. Instead, we removed
nonpolar hydrogen atoms on the receptor and ligands using QXP/FLO. The protonated 3D
structure was loaded into QXP/FLO,53 and the working set was defined as 7 Å from the bound
ligand 2,3,4-trimethylthiazole. All nonpolar hydrogen atoms on the receptor, and the ligands
were removed.

Docking was carried out using the MCDOCK conformational searching/energy minimization
procedure of QXP. The receptor was held rigid. (The binding site marker atoms are listed in
the Supporting Information) The ligands were subjected to 100 cycles of Monte Carlo
conformational searching and energy minimization. For each small molecule, the 10 lowest-
energy conformations were saved.

GLIDE
The receptor structure from the PDB was prepared with the “Protein Preparation Wizard” of
Maestro.78 The heme cofactor and the iron ion’s charges and connectivity were carefully
inspected. The receptor’s structure was protonated, charged, and refined using Maestro. The
receptor grid for future docking was also generated. All ligand structures were prepared with
Ligprep.79 All tautomers and different protonation states were generated.

The refined receptor with and without HOH308 and protonation-enumerated ligand structures
were loaded into Maestro. Two docking runs were carried out, with SP or XP scoring functions.
Ten poses per ligand were saved for each docking run. No other changes were applied to the
default docking setting.

ROC Curves
To quantitatively compare all docking methods, the docking result was analyzed using the
ROC (receiver operating characteristic) curve,80 which describes a docking method’s ability
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to avoid false positives and false negatives. Since the true positives and the true negatives are
known in this study, the ROC curve is particularly suitable. The effectiveness of a docking
method can be quantified by the area under the ROC curve (AUC). A theoretically perfect
performance has an AUC value of 1.0; while a random selection performance presents with a
0.5 AUC value.

rmsd Calculations
The rmsd values have been calculated over heavy atoms of the docked pose and the crystal
pose of the same ligand when applicable. To avoid overestimation of the rmsd values,
symmetry operators have been included in the calculation routine to the interchange equivalent
atoms in the symmetrical molecules. The “best pose” is defined as the docked pose that is the
nearest to the experimental binding mode, whereas the “top pose” is defined as the docked
pose that is ranked first.

RESULTS AND DISCUSSION
Binder/Nonbinder Separation

All docking results are analyzed in terms of ROC (receiver operating characteristics) curves,
and the AUC values are shown in Table 1. The actual scores and rankings are listed in the
Supporting Information.

FRED—Results of all four docking tests (with Chemgauss3 or Zapbind scoring; HOH308
present or absent in the binding pocket) are shown in Figure 2. The Chemgauss3 scoring
produced less satisfying results and did not separate binder from nonbinder ligands well. The
ROC curve even fell below random selection in the middle. The average AUC (with or without
HOH308) of Chemgauss3 scoring is 0.62. Most ligands in our test set are small and hydrophilic,
and the CCPW191G cavity is deeply buried. Kellenberger reported that FRED usually fails
for these type of ligands.30 The ChemScore scoring function was used in their study.

However, Zapbind scoring produced much better results than Chemgauss3, with an average
AUC of 0.855. The Zapbind score has two components: the “Zap” and “Area” terms. After
reviewing both components of all Zapbind scores, we observed that the Area term does not
distinguish much among all binders and nonbinders. The Area term accounts for buried area
contribution to binding, and it is calculated using a Gaussian-based method. The “Zap” term,
which is calculated using the Poisson–Boltzmann solvent approximation, is responsible for
separating binders from nonbinders.

The inclusion of HOH308 in binding pocket did not improve docking result. For both scoring
functions, the inclusion of HOH308 actually made the AUC value slightly worse.

Two nonbinders cannot be ranked acceptably by either scoring functions in FRED:
methylammonium and dimethylammonium. Both compounds are acyclic, unlike all other
ligands. For Chemgauss3, the scoring function requires at least three connected heavy atoms
to generate atom types. Therefore, both compounds are too small to be properly assigned atom
types. Chemgauss3 could not calculate energy contributions except for steric interactions, thus
both compounds received artificially low scores. For Zapbind scoring, both compounds have
unusually favorable contributions from the Poisson-Boltzmann solvent approximations, which
results in higher ranks than all other nonbinders.

In addition, consensus ranking was also tried with FRED, in which the poses returned from
exhaustive docking were scored by both Chemgauss3 and Zapbind scoring functions, and the
consensus “score” is the sum of that pose’s rank in both scoring functions’ lists. However,
consensus scoring cannot outperform the best scoring function.81 The consensus rank shows
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that it did not separate binders and nonbinders as well as Zapbind, but it did outperform
Chemgauss3.

QXP/FLO—QXP/FLO did a very good job in separating binders and nonbinders, with or
without HOH308 in binding pocket (Figure 3). The average AUC value was 0.905. The
inclusion of HOH308 again did not result in any improvement. In fact, it reduced the AUC
value slightly. From the ROC curves, it can be seen that docking without HOH308 was able
to identify 74% of the binders before any non-binders; while for docking with HOH308, that
number dropped to less than 50%.

The two outliers observed in FRED docking, methylammonium, and dimethylammonium, still
ranked top two among all nonbinders in QXP/FLO docking. Both methods reached limitations
when docking unusually small molecules, even though they worked well for other molecules.

It should also be noted that lowest-ranked molecule, isoniazide had positive scores. According
to its FLO energy terms, isoniazide has a strongly positive VDW energy contribution (more
than 40.2 kJ/mol). It should also be noted that isoniazide has the highest molecular weight
among all binders and nonbinders. Therefore, QXP/FLO was not able to dock isoniazide
without clashing into the protein because of its size, which resulted in the abnormally high
VDW energy contributions.

GLIDE—The ROC curves of all GLIDE docking results are shown in Figure 4. AUC values
of all four docking trials are lower than 0.70, lower than FRED with Zapbind scoring and QXP/
FLO. XP (extra precision) scoring surprisingly performed worse than SP (standard precision)
from the AUC values. The inclusion of HOH308 did not significantly affect the result.

Figure 5 shows the ROC curves of the best result from FRED, QXP/FLO, and GLIDE. QXP/
FLO outperformed the other two methods by ranking more than 74% of the binders higher than
any nonbinders.

RMSDs of the Predicted Poses
Among the 43 binder ligands, 35 have crystal structures for comparison. All rmsd results are
illustrated in Figure 6–Figure 15. The ligands are listed in the order of their molecular weights.
The successfully docked ligand is defined as having TP-rmsd or BP-rmsd less than 1 Å. Table
2 shows the number of successfully docked binders for all docking runs.

FRED
Figure 6 and Figure 7 show RMSDs of docked poses using FRED, with Chemgauss3 and
Zapbind scoring, in the docking test, while HOH308 was removed from binding pocket. It
shows RMSDs of both the top pose (pose with lowest energy) and the best pose (pose with
lowest rmsd to the crystal structure among the top 10 poses).

According to the FRED developers, refinement, which is required for Zapbind scoring, is a
“double-edged sword”. While it removes atomic clashes in ligands, it tends to move a ligand
to a poorer geometry relative to the crystal pose. The reason is that crystal poses are often not
at a force-field minimum and, therefore, cannot be located by force field refinement.

FRED performed reasonably well at reproducing the binders’ crystal poses. Before refinement
(Chemgauss3), 14 of 35 binders had TP-rmsd values of less than 1 Å; 28 binders had BP-
RMSDs better than 1 Å. The refinement made rmsd results were slightly worse. After
refinement (Zapbind), 10 binder ligands had TP-rmsd values better than 1 Å, and 25 had BP-
rmsd values better than 1 Å (Table 2).
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Figure 8 and Figure 9 show the rmsd values of docked poses using FRED, Chemgauss3, and
Zapbind scoring, in the docking test with HOH308 in binding pocket. Compared to the results
without HOH308 in pocket, both the TP-rmsd and BP-rmsd values are slightly worse. Before
refinement, 12 ligands have TP-rmsd values better than 1 Å; 25 ligands have BP-rmsd values
better than 1 Å, and 10 binder ligands have TP-rmsd values better than 1 Å; 23 have BP-rmsd
values better than 1 Å (Table 2).

Docking without HOH308 gives better means and standard deviations of the TP-rmsd and BP-
rmsd values than docking with HOH308. The best mean TP-rmsd (1.61 Å) and BP-rmsd (0.82
Å) of FRED docking are from Zapbind scoring without HOH308, consistent with the ROC
plots.

QXP/FLO
QXP/FLO outperformed the other two methods in reproducing the binders’ crystal poses.
Between the two tests, the docking without HOH308 appeared to be superior: 21 binders have
TP-rmsd values better than 1 Å, and 34 have BP-rmsd values better than 1 Å (Table 2 and
Figure 10 and Figure 11). In other words, QXP/FLO can reproduce almost all binders’ crystal
poses with less than 1 Å rmsd, among its top 10 docked poses. The only ligand that has a BP-
rmsd worse than 1 Å is 2-aminothiazole (PDB code 1AEV). The mean TP-rmsd (1.27 Å) and
BP-rmsd (0.52 Å) values are better than all other docking results.

GLIDE
The GLIDE rmsd results of all four docking trials, with or without HOH308, SP, or XP scoring
functions, are included in Figure 12–Figure 15. Regardless of the inclusion of HOH308, SP
scoring has slightly better BP-rmsd values than XP scoring, but more no. 1 poses in XP scoring
are closer to crystal poses than those in SP scoring (Table 2). The overall rmsd results of GLIDE
are worse than those of QXP/FLO; they are also slightly worse than those of FRED.

One ligand, 2-methylimidazole (PDB code 1AEU), had an erroneously high TP-rmsd value
(10 Å) with GLIDE, in XP scoring without HOH308. During docking, GLIDE incorrectly
placed the ligand in a pocket at the other side of the heme cofactor, resulting in the bad rmsd.
Two of the top 10 poses (nos. 1 and 4) were put in this incorrect pocket, and they were in
contact with PRO145, forming one hydrogen bond with the carbonyl oxygen. Similarly,
GLIDE also docked another nonbinder ligand, tetrazole, into this pocket. In this case, all 10
poses were positioned in this PRO145 pocket. None of the other binders or nonbinders were
docked in this pocket.

For GLIDE, a box with the default diameter of 10 Å is set up in the active site. The diameter
midpoint of each docked ligand is required to remain within this box. To avoid erroneous ligand
positioning, a smaller diameter of 8 Å was tested in docking with XP scoring and no HOH308.
No “out of area” docking was discovered; the mean TP-rmsd improved to 1.61 Å, compared
to 1.99 Å using the default diameter. However, no improvements were seen in the mean BP-
rmsd and the AUC value. The same smaller diameter was also tested with other docking
conditions (SP with or without HOH308, XP with HOH308), no significant improvements
were shown in RMSDs and AUC values. In some cases, the result was worse. Therefore, using
the smaller midpoint box can avoid the “out of area” docking, but does not seem to affect
GLIDE docking results considerably.

Tautomer Generation
The possibility that GLIDE’s unsatisfying result was related to the ligand tautomers was also
studied. For comparison, ChemAxon’s Marvin82 was used to confirm whether Ligprep’s
tautomer generation was complete.
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Ligprep generated 98 different protonation states and tautomers for all 60 binders and
nonbinders. Marvin’s Calculator Plugins82 was used on these 98 isomers to see if additional
tautomers could be generated. Default parameters were used, except “protect aromaticity” and
“protect charge” were unselected. Only two ligands (4-amino-5-imidazole carboxamide and
isoniazide) had new tautomers with at least 1% distribution among all tautomers of the same
ligand. All other new tautomers showed 0% distribution and thus were considered insignificant.
This led to the conclusion that Ligprep’s tautomer enumeration is practically complete and that
the docking result was not affected by tautomer generation in this case.

HOH308’s Effect on Docking
The importance of HOH308 in docking had been noted in other studies. In reports by Rosenfeld
et al.62 and Brenk et al.,49 HOH308 was kept in the binding pocket during docking. In
Rosenfeld’s study, another cavity water HOH401 was also optionally kept in binding pocket
when stochastic docking gave ambiguous result, such as 2-aminothazole, 3-aminopyridine, 4-
aminopyridine, and imidazole. In two cases (2-aminothazole and 3-aminopyridine), docked
poses (with HOH401) became more consistent to the crystal pose than docking without
HOH401. In the other two cases (4-aminopyridine and imidazole), docking results could not
be improved and disordered ligand binding in the cavity was believed to be the cause.

However, HOH308 did not seem to affect docking results in our study. Of all three methods,
docking without HOH308 seemed to produce better results indicated by the ROC curves and
rmsd results. The inclusion of HOH308 showed little or no improvements.

Moreover, the decision to keep the cavity water or not cannot be made without comprehensive
experimental studies. Brenk et al. discovered that, with extensive crystallography study,
HOH308 is likely to take more than one position in the CCPW191G binding pocket according
to the ligand binding modes.49 In this study, HOH308 was prohibited from moving during
docking. However, the improvement on CCPW181G docking from a movable HOH308
remains intriguing for future studies.

CONCLUSION
CCP W191G is an excellent model for docking exploration. It has a fairly small cavity, which
is completely negatively charged and buried from solvent. It also has been studied extensively,
resulting in sets of binders with crystal structures and nonbinders. The test of separating binders
and nonbinders using three popular docking programs, FRED, QXP/FLO, and GLIDE, showed
that, even when studying such a small binding pocket, docking programs have limitations in
ranking the ligands. The inclusion of HOH308 in active site showed little effect on docking
results in this study. Among all docking runs, QXP/FLO outperformed the other two methods
in separating binders and nonbinders and in accurately reproducing crystal poses.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.

Abbreviations
TP-rmsd, top pose rmsd; BP-rmsd, best pose rmsd; CCP, cyctochrome c peroxidase; BD,
binder; NB, nonbinder; VDW, van der Waals; ROC, receiver operating characteristics; AUC,
area under ROC curve..
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Figure 1.
Cavity of CCP W191G, with bound ligand 2,3,4-trimethyl-1,3-thiazole (PDB code 1AC4).
Water molecule 308 (red) is conserved in all structures. Four water molecules (green) are
superimposed from unbound CCPW191G (PDB code 1CMU). (This figure was made using
Chimera.76)
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Figure 2.
ROC curve of FRED docking results.
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Figure 3.
ROC curve of QXP/FLO docking results.
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Figure 4.
ROC curve of GLIDE docking results.
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Figure 5.
ROC curve of best results from FRED, QXP, and GLIDE docking.
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Figure 6.
rmsd results using FRED with Chemgauss3 scoring and HOH308 removed.
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Figure 7.
rmsd results using FRED with Zapbind scoring and HOH308 removed.
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Figure 8.
rmsd results using FRED with Chemgauss3 scoring and with HOH308 in binding pocket.
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Figure 9.
rmsd results using FRED and Zapbind scoring with HOH308 in binding pocket.
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Figure 10.
rmsd results using QXP/FLO with HOH308 removed.
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Figure 11.
rmsd results using QXP/FLO with HOH308 kept in pocket.
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Figure 12.
rmsd results using GLIDE (SP) without HOH308.
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Figure 13.
rmsd results using GLIDE (XP) without HOH308.

Deng and Verlinde Page 25

J Chem Inf Model. Author manuscript; available in PMC 2009 October 14.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 14.
rmsd results using GLIDE (SP) with HOH308.
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Figure 15.
rmsd results using GLIDE (XP) with HOH308.
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Chart 1.
Flowchart of the Docking Methodology of FRED
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Table 1
AUC Values of All Docking Tests

AUC value

FRED no HOH308, Chemgauss3 0.63

no HOH308, Zapbind 0.88

with HOH308, Chemgauss3 0.61

with HOH308, Zapbind 0.83

QXP/FLO no HOH308 0.92

with HOH308 0.89

GLIDE no HOH308, SP scoring 0.66

no HOH308, XP scoring 0.59

with HOH308, SP scoring 0.67

with HOH308, XP scoring 0.61
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