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During the past decade, in silico approaches for seeking
active compounds to target proteins have become more popu-
lar in drug discovery due to significant advances in computer
hardware and software. There are a large number of docking
programs (e.g., DOCK,1) AutoDock,2) GOLD,3) GLIDE,4) Ph-
DOCK5)), and many applications of these programs have
been reported by various research groups. In major pharma-
ceutical companies, in silico approaches have been used to
solve complicated drug design problems, leading to an in-
creased appreciation and understanding of in silico ap-
proaches among medicinal chemists, pharmacological scien-
tists and other researchers.6,7)

We have applied several in silico approaches to advance
our drug discovery efforts, including structure-based virtual
screening (SBVS), ligand-based drug design (LBDD), frag-
ment-based drug design (FBDD), and assessment of protein–
protein interactions (PPI).8) We have been particularly suc-
cessful in efficiently finding active compounds for various
target proteins (e.g., GPCR, kinase) by SBVS, and have gen-
erally used an in-house docking program, CONSENSUS-
DOCK.9) CONSENSUS-DOCK is a customized version of
the DOCK4 program in which three scoring functions
(DOCK4, FlexX10) and PMF11)) and consensus scoring have
been implemented. We previously reported the advantages of
CONSENSUS-DOCK over DOCK4 in SBVS for a target
protein, death-associated protein kinases (DAPKs).9) To con-
firm the advantages of CONSENSUS-DOCK by using other
types of proteins, we compare the docking calculation results
obtained using CONSENSUS-DOCK and DOCK4 for 16 X-
ray crystal structures in this paper. We report that CONSEN-
SUS-DOCK provided better docking calculations than
DOCK4 for most of the 16 X-ray structures chosen from the
Protein Data Bank (PDB).12)

In CONSENSUS-DOCK, three scoring functions
(DOCK4, FlexX and PMF) are implemented in the DOCK4
program and consensus scoring13) is performed in the pose
selection, and the compounds are ranked to reduce the weak-
nesses of each scoring function. DOCK4 is a force field
based docking program developed by Kuntz et al.1) and is
used for automated molecular docking of flexible molecules.
DOCK4 uses electrostatic and van der Waals interactions
evaluated over a grid to calculate the binding energy of a

docked conformation. FlexX is an empirical scoring function
and is implemented in the SYBYL package. Standard param-
eters of FlexX’s scoring function are used for iterative grow-
ing and subsequent scoring of docking poses. PMF is a
knowledge-based scoring function that combines the accu-
racy of empirical scoring functions with the advantage of
higher generality and therefore wider applicability.

Various kinds of consensus scores have been used by sev-
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Fig. 1. Comparison of the Binding Modes

The X-ray complex structure is shown in light gray and the outputs of the docking
calculations (DOCK, CONSENSUS-DOCK) are in dark gray. (A-1) (A-2) For 2C5Y,
the output from CONSENSUS-DOCK was very similar to the X-ray structure. On the
other hand, the output from DOCK was significantly different from the X-ray structure.
(B-1) (B-2) For 2A0C, the output from DOCK was very similar to the X-ray structure,
but the output from CONSENSUS-DOCK was incorrect. However, the difference was
not radical, and was primarily due to the purine ring being flipped by the pyrimidine
ring.



eral research groups for virtual screening,14,15) CONSEN-
SUS-DOCK calculates these three scoring functions simulta-
neously. The consensus score of score 1, score 2 and score 3
is defined by MAX (score 1, score 2, score 3), where MAX (
) means the maximum value. In other words, we chose the
most unfavorable value from the three scores. Using this def-
inition of the consensus score, each scoring function comple-
ments the others by hiding artificial minima from each scor-
ing function, and false positives in screening are decreased.
This methodology has provided better virtual screening re-
sults than DOCK4.

Before SBVS, we usually examine the docking simulation
by CONSENSUS-DOCK using a small-scale (approximately
1000 compounds) test-set database to determine the docking
calculation conditions. These 1000 compounds are selected
randomly from commercially available compound data-
bases16) after filtering by druglikeness.17) The test-set data-
base includes active ligands (ligands in X-ray crystal com-
plex structures are preferable). For each compound in the
database, the molecules are washed (removal of salts or
minor components, deprotonation of strong acids, and proto-
nation of strong bases) by MOE,18) then the three-dimen-
sional structure generator CORINA19) (version 3.46) was
used to calculate three-dimensional structures, including
stereoisomers and tautomers.

To compare docking calculation results from CONSEN-
SUS-DOCK and DOCK4, we selected four types of proteins
intensively researched by pharmaceutical companies and in-
stitutes as representative drug discovery targets: kinase, pro-
tease, nuclear receptor, and GPCR. One kinase, protease and
nuclear receptor were selected: kinase; cyclin-dependent ki-
nase 2 (CDK2), protease; Factor Xa, nuclear receptor; estro-
gen receptor (ER). For each protein, four X-ray crystal struc-
tures of the protein binding a different ligand was selected in
order to examine their feature in the comparison of the dock-
ing calculations. In contrast, since there are only a few X-ray

crystal structures of GPCR, we used four related structures:
beta2-adrenergic receptor (PDB code; 2RH1, 3D4S), beta1-
adrenergic receptor (2VT4), and A2A adenosine receptor
(3EML). The selected X-ray complex structures are listed in
Table 1.

Docking calculations were conducted using CONSEN-
SUS-DOCK and DOCK4. In CONSENSUS-DOCK, scaling
parameters were optimized for the equalization of the contri-
butions of three functions (DOCK4, FlexX, and PMF). Note
that in this paper, “DOCK4” refers to “the standard force
field score of DOCK4.”

The results are shown in Table 2 and Fig. 2. In Table 2, the
ranking of each ligand from an X-ray crystal complex struc-
ture in the test-set database, and the root mean square devia-
tion (RMSD) of the ligand docking calculation result against
the ligand from the X-ray crystal complex structure, are
shown together with the crystal structure PDB code. In Fig.
2, the results are plotted using Spotfire20) for easier compari-
son. For CDK2, CONSENSUS-DOCK showed better rank-
ing results than DOCK4, but the CDK2 RMSDs were not as
good as for the other three proteins, FXa, ERa and GPCR.
These results are probably due to the compactness of the lig-
ands and the large size of the ATP binding site, so several
binding modes are likely. As shown in Fig. 1, there are a few
cases in which the binding mode of the CONSENSUS-
DOCK output is partially flipped versus the X-ray structure,
but overall the binding mode was not significantly different
from the X-ray structure. Regarding FXa, CONSENSUS-
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Table 1. Selected X-Ray Crystal Complex Structures and Their PDB Code

Table 2. Comparison of the Docking Calculation Results Obtained Using
CONSENSUS-DOCK and DOCK4

Protein PDB code Docking program Ranking RMSD

CDK2 1B38 CONSENSUS-DOCK 1 2.344
2A0C CONSENSUS-DOCK 82 1.720
2C5Y CONSENSUS-DOCK 20 1.442
2R3H CONSENSUS-DOCK 193 2.599
1B38 DOCK4 1 3.582
2A0C DOCK4 251 1.679
2C5Y DOCK4 301 6.567
2R3H DOCK4 548 6.096

FXa 2BOK CONSENSUS-DOCK 2 0.711
2JKH CONSENSUS-DOCK 81 0.892
2VWN CONSENSUS-DOCK 346 2.505
2VWO CONSENSUS-DOCK 364 1.367
2BOK DOCK4 1 0.959
2JKH DOCK4 67 0.749
2VWN DOCK4 454 1.947
2VWO DOCK4 482 1.396

ERa 1GWR CONSENSUS-DOCK 111 0.790
2P15 CONSENSUS-DOCK 30 0.988
2QZO CONSENSUS-DOCK 69 0.624
3ERT CONSENSUS-DOCK 1 0.786
1GWR DOCK4 295 0.790
2P15 DOCK4 139 0.997
2QZO DOCK4 120 1.649
3ERT DOCK4 11 0.845

GPCR 2RH1 CONSENSUS-DOCK 4 0.924
2VT4 CONSENSUS-DOCK 23 0.917
3D4S CONSENSUS-DOCK 89 1.167
3EML CONSENSUS-DOCK 640 2.12
2RH1 DOCK4 16 0.998
2VT4 DOCK4 155 0.895
3D4S DOCK4 45 1.154
3EML DOCK4 4 0.837



DOCK provided better results than DOCK4 for three of the
four X-ray crystal structures; the exception was 2JKH. Since
the DOCK4 score estimates the interaction energy between
the ligand and the protein in the 2JKH complex better than
the PMF score does, CONSENSUS-DOCK did not improve
the ranking and the RMSD for this complex. For ERa , CON-
SENSUS-DOCK provided better ranking and RMSD results
than DOCK4 for all four crystal structures. For GPCR,
CONSENSUS-DOCK provided better ranking results than
DOCK4 for 2RH1 and 2VT4, but ranking results for 3D4S
and 3EML were not good; in particular, the result for 3EML
was much worse than the result obtained using DOCK4. This
poor result came from the defectiveness of PMF to this tar-
get. When PMF was excluded from the scores used in CON-
SENSUS-DOCK, the ranking was improved.

The ranking results for the 16 X-ray complex structures
calculated using CONSENSUS-DOCK or DOCK4 are
shown in Fig. 3, and indicate that, in general, better results
were obtained using CONSENSUS-DOCK. For most of the
X-ray structures, the RMSD results from CONSENSUS-
DOCK are better or similar to the results from DOCK4, and
for 9 of the 16 X-ray structures, the ranking is significantly
improved. Therefore, one of the merits of using CONSEN-
SUS-DOCK appears to be its efficiency in ranking active

compounds in SBVS.
We also compared the RMSD of the outputs of the dock-

ing calculations (Fig. 4). We output 100 docking results
about the ligand of CDK2 (PDB code; 2C5Y) and sorted by
scoring. In CONSENSUS-DOCK, the outputs were sorted by
CONSENSUS score, whereas in DOCK4, the outputs were
sorted by DOCK4 implemented docking score. The top 30
outputs are shown in Fig. 4, the RMSD of the top two out-
puts in CONSENSUS-DOCK are below 1.5 Å. These results
suggest that that CONSENSUS-DOCK provides a more ac-
curate docking simulation than DOCK4.

In conclusion, we conducted docking simulations using
CONSENSUS-DOCK and DOCK4 for 16 X-ray crystal
complex structures. Comparison of the results demonstrated
the advantage of CONSENSUS-DOCK over DOCK4 for a
number of important X-ray complex structures. These results
indicate the usefulness of CONSENSUS-DOCK in SBVS.
We are in the process of applying SBVS protocols using
CONSENSUS-DOCK to other medically important proteins,
and will compare the results to other docking programs.
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Fig. 2. Comparison of the Docking Calculation Results from CONSEN-
SUS-DOCK and DOCK4

The dot color represents the docking program used: black; CONSENSUS-DOCK,
gray; DOCK4. The dot size reflects the reciprocal of the RMSD of the top ranking out-
put from each docking calculation.

Fig. 3. RMSD Sorted by Ranking of CONSENSUS-DOCK

This graph clearly shows the advantage of CONSENSUS-DOCK over DOCK4. The
dot color represents the docking program: black; CONSENSUS-DOCK, gray; DOCK4.
The dot size reflects the reciprocal of the RMSD of the top ranking output from each
docking calculation.

Fig. 4. Comparison of the RMSD of the Top 30 Outputs from Docking
Calculations Using the CDK2 X-Ray Structure (2C5Y)

In CONSENSUS-DOCK, the outputs were sorted by CONSENSUS score, whereas
in DOCK4, the outputs were sorted by DOCK4 docking score.


