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‘We report a novel method, ChooseLLD (CHOOse biological in-
formation Semi-Empirically on the Ligand Docking), which
uses simulated annealing (SA) based on bioinformatics for pro-
tein-ligand flexible docking. The fingerprint alignment score
(FPAScore) value is used to determine the docking conforma-
tion of the ligand. This method includes the matching of chemi-
cal descriptors such as fingerprints (FPs) and the root mean
square deviation (rmsd) calculation of the coordinates of atoms
of the chemical descriptors. Here, the FPAScore optimization
for the translation and rotation of a rigid body is performed
using the Metropolis Monte Carlo method. Our ChooseLD
method will find wide application in the field of biochemistry
and medicine to improve the search for new drugs targeting var-
ious proteins implicated in diseases.
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Many protein targets implicated in diseases have been dis-
covered through biochemical experiments.'” As a result, the
competition between pharmaceutical companies and other
organizations to discover drug-like compounds, which inhibit
or activate those protein targets, is fierce.>* Experimental
screening for drug-like compounds has usually been per-

Target protein

* Homology search
* Structual alignment
* Fitting

Database of structure

as PDB

Druggable

fingerprint
database

if necessary, selection by
target ligand similarity such
S8 Tar 3

from target protein ligands

Target protein-
i d ligands
©)

M if possible, virtual
fingerprints are added.

The protocol of ChooseL.D

Cylinder: set of data

O©N(D)

Chem. Pharm. Bull. 56(5) 742—744 (2008) Vol. 56, No. 5

formed using an industrial robot to determine the interaction
of the compound with a drug target protein. Since the cost of
such screening is extremely high, in-silico screening of com-
pounds for potential activity against the target protein is be-
coming popular. Many pharmaceutical companies are using
in-silico screening programs, such as DOCK® AutoDock®
and GOLD” created by Ewing et al, Goodsel et al. and
Jones et al., respectively. DOCK 4.0 is a program used for
automated molecular docking of flexible molecules, where
the intermolecular interaction is described with the non-
bonded terms of the AMBER® molecular mechanic potential
of Lennard Jones, 12-6 dispersion term and 12-10 hydrogen
bond term. AutoDock also uses the Lennard Jones 12-6 dis-
persion and 12-10 hydrogen bond terms. The screening pro-
gram GOLD is based on a different 8-4 dipersion” force
field. All three programs, DOCK, AutoDock and GOLD, use
classical mechanical potentials. Here, we report a novel
method, ChooseLD (CHOOse biological information Semi-
Empirically on the Ligand Docking), which uses simulated
annealing based on bioinformatics for protein—ligand flexible
docking. Our docking method is mainly based on informa-
tion such as fingerprint (FP) of a chemical descriptor, with
some use of available information on the predicted protein
structure and X-ray or NMR structures of protein—ligand
complexes. Figure 1 shows the schematic diagram of our
protein—ligand docking protocol. In the upper left corner of
the diagram, we placed a target protein of interest and aim to
select one or more ligands with low molecular weight. The
query amino acid sequence of the target protein is aligned in
a filter with a CE Z-Score of 3.7 of the Protein Data Bank
(PDB)'? database, which includes ligand molecules, termed
the family ligand set. Alignment methods such as PSI-
BLAST!'"V are then applied.

A FP of a chemical descriptor is determined on the basis
of covalent bonds that the molecule is composed of. FP is
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Fig. 1. Scheme Map of ChooseLD Protein—Ligand Docking

Target ligand is docked to the isolated target protein, and the predicted ligand—protein 3D-structure is produced after the fingerprint alignment and the simulated annealing proce-

dures.
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Fig. 2. Steps Used in the Shrinking of the Fingerprint Band

(A) FP band extracted from MDL CMC Library of drug compounds. (B) FP band
extracted from collected ligands in the binding site. (C) FP band used to calculate
FPAScore. (C") The same as (C) band. (D) Vector of library ligand coordinates set for
the same FP, and vector set for the (C’) band. (E) Vector of docked ligand coordinates
set for the same FP, and vector set for the docked ligand FPs. FPs which exist in (A)
and (B) bands are assigned to (C) band. FPs are able to have different Cartesian coordi-
nates.

composed of two, three or four atoms as FP composition ele-
ments. Moreover, this FP includes information about the
atom-type, such as used in SYBYL,'? and bond-type; single,
double, triple or aromatic. A long band composed of multiple
FPs corresponding to all FPs extracted from the entire collec-
tion of the drug compounds contained in the MDL Compre-
hensive Medicinal Chemistry (CMC) Library'® is shown as
the (A) band in Fig. 2. A band composed of all nonredundant
FPs extracted from the family ligand set is shown as the (B)
band. All the FPs of the (A) band and the (B) band are com-
pared, and the unmatched FPs in A and B are deleted to gen-
erate band (C). The (C) band is subsequently used to calcu-
late the FP alignment score (FPAScore). In the (B) band, a
modified FP may also be added, which can be generated from
multiple FPs obtained from several ligands in the family lig-
and set. The (C") band is the same as the (C) band. Each FP
in the (C’) band corresponds to the assembly of several
atoms, each with its own Cartesian coordinates. If the same
FP is found in the (B) band in the family ligand set or in the
mixing of the ligand set during the extraction process of FPs,
this FP is then considered to be redundant or degenerative.
However, such redundant FPs still have Cartesian coordinates
different from other FPs in the (C") band. In the (D) band, the
FPs of the same type, but with different coordinates in the
family library of ligands, compose a Cartesian coordinates
vector of the redundant FP set. In the (E) band, the FPs of the
same type, including different Cartesian coordinates of the
docked ligand, compose another Cartesian coordinates vector
of the redundant FP set. The selection of one Cartesian coor-
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Fig. 3. The Equation Used to Calculate the FPAScore

Equations 2, 3 and 4 are substituted for three terms in Eq. 1.

dinates element from a Cartesian coordinates vector in the
(D) band or the (E) band is performed in the simulated an-
nealing process.

Next in the process, the FPAScore is newly defined by Eq.
1 shown in Fig. 3. FPAScore is used to determine the most
stable docking conformation of the ligand. The FPAScore
value is optimized in the simulated annealing (SA) calcula-
tion carried out 1000 times. A single SA process is carried
out by changing the molecular position of the ligand ten
thousand times without changing its conformation. This
method includes the matching of chemical descriptors and
the root mean square deviation (rmsd) calculation of the co-
ordinates of atoms of the chemical descriptors. The FPAS-
core optimization for the translation and rotation of a rigid
body is performed using the Metropolis Monte Carlo
method. This optimization process is performed one thou-
sand times to obtain the maximum FPAScore, which deter-
mines the most stable ligand conformation. The value of
RawScore(aliged_fp) in the Eq. 2 is maximized in the SA
calculation process accompanied by variation of the value of
In(fp_rmsd*'+1.0). The fp_rmsd is the rmsd value that is the
result of the least-square fitting using the FP alignment. The
nafp in the Eq. 3 is the number of docking ligand atoms
covering the FP region. The nap is the number of docking
ligand atoms covering the target protein region. In the calcu-
lation of the benchmark sets, both k2 and k3 are equal to
one. Atom(i) in the Eq. 4 is the sequential atom number of a
ligand. Density_of_atom(atom(i)) shows the ligand atom
number in the area of direct interaction with the FP.
Total_density_of_atom(molecule) is the denominator for the
ligand and is used to standardize the numerator. The mean-
ings of each of the Egs. 2, 3 and 4 that make up Eq. 1 may
correspond to a particular physicochemical property. Equa-
tion 2 may reflect the stability of Gibbs free energy, Eq. 3—
the occupancy of the docking-ligand in the binding site and
Eq. 4 may describe the contact ratio of the docking-ligand to
the binding site.

Results and Discussion
In order to test the protein—ligand docking method based
upon bioinformatics, two benchmark tests were performed by
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(€))
Tc Range ki failed PDBID
0 [ 20 [ 30 [ 40 [ 50 J 60
success rate(s)
056-008 | 460 | 546 | 576 | 589 | 563 | 586 |ivas 1Gov
0.76 —0.08 50.0 61.0 60.7 62.1 59.4 62.1 1v4S
0.96 - 0.08 55.6 621 64.4 65.2 65.8 64.8 1Vv4S
average 50.5 59.2 60.9 62.1 60.5 61.8
(b)
) success rate (%)
Docking soft Corina MINI average
DOCK 21.6 20.6 21.1
AutoDock 26.2 27.0 26.6
GOLD ChemScoreSTD 45.5 45.3 45.4
GOLD GOLDScoreLib 441 44.9 44.5
GOLD GOLDScoreSTD 45.2 46.7 46.0
success rate (%)
ChooselLD TC 0.56 - 0.08 | ™. 40.1
ChooselLD TC 0.76 — 0.08 \\'\\_,\ 44.8
ChooselLD TC 0.96 — 0.08 T 46.4

Fig. 4. Success Rates for Two Benchmark Sets for Tanimoto Coefficient
(Tc) Ranges, 0.56—0.08, 0.76—0.08 and 0.96—0.08

(a) 85 benchmark set. The kil value in Eq. 2 in Fig. 3 was varied from 1.0 to 6.0.
Docking calculation of 83, 84 and 84 protein targets succeed in above three ranges, re-
spectively. Since family ligand sets were not found, the ligand-docking results were not
obtained for 1V4S and 1G9V. (b) 133 benchmark set. The success rate of ChooseLD is
compared with DOCK, AutoDock and GOLD. Corina'” and MINI'® show the method
to determine initial ligand conformation. ChooseLD uses the furthest conformation
from the experimental conformation. 116 protein targets were used in the 133 PDB tar-
gets.!>)

using two database sets composed of either 85'¥ or 133!
PDB structures. Each PDB code in the 85 benchmark in-
cludes a druggable protein and a drug-like ligand.'” On the
other hand, each PDB code in the 133 benchmark set, which
is completely different from the 85 benchmark set, includes a
druggable protein and generic compound as a ligand. After
the ligand molecule was docked to the target protein in the
two benchmark sets, the rmsd value of Cartesian coordinates
between the docked ligand and the X-ray analyzed ligand
was calculated. If the rmsd between the predicted and experi-
mental results is equal or less than 2.0 A, the docked confor-
mation is considered to be acceptable or close to the experi-
mental value.” If the docking state is within 2.0 A, docking is
considered successful. Using the 85 benchmark set, the con-
stant k1 value was optimized to be 4.0 by varying it from 1.0
to 6.0 as shown in Fig. 4a. Three regions of 0.56—0.08,
0.76—0.08 and 0.96—0.08 of Tanimoto coefficient!® (Tc)
were used for calculating the success rate of docking using
this test set. Each of the FPs of the docking-ligand is sequen-
tially compared with one of the FPs of a single ligand in the
family ligand set. The ratio of FP identity determines the Tc.
In this set, the FPAScore calculation for each target protein
was performed ten times. When the optimized k1 value was
used, the average success rate for 85 targets was 62.1%. For
the k1=4.0 value, the success rates of Tc ranges 0.56—0.08,
0.76—0.08 and 0.96—0.08 were 58.9, 62.1 and 65.2%, re-
spectively. If the Tc values using chemical descriptors are
0.56, 0.76 and 0.96, the test ligand’s interaction with each
protein in comparison with the docked ligand, is regarded to
be close, very close and almost identical, respectively. In the
docking calculations carried out for the 133 benchmark set
using the k1 value of 4.0, the success rates of Tc ranges
0.56—0.08, 0.76—0.08 and 0.96—0.08 were 40.1, 44.8 and
46.4%, respectively (Fig. 4b).
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The FPAScore calculation for one target protein was also
performed ten times. Compared with the success rate using
programs DOCK, AutoDock and GOLD,'” shown in the
table of Fig. 4b, the success rates of our ChooseLD program
are almost equivalent to those of the docking program,
GOLD. Our program is mainly based upon a bioinformatics
basis set called FP using new Eq. 1, while the GOLD pro-
gram is based upon the classical mechanics potentials includ-
ing information such as the number and type of hydrogen
bonds between the target protein and the interacting ligand.
Thus, direct comparison of the success rates of the two pro-
grams may be meaningless. Nevertheless, our program is
comparably more powerful than other availabe programs,
when the researchers want to carry out protein—ligand dock-
ing and in-silico screening of a target protein. In the future,
the number of PDB codes with the interacting ligand will be
increased. It is anticipated that such an increase will improve
the success rate of our ChooseLD method. We believe that
our ChooseLD method will find wide application in the field
of biochemistry and medicine to improve the search for new
drugs targeting various proteins implicated in diseases.

Experimental

Docking calculations were performed using 200 CPUs with Linux clus-
ters. These CPUs consist of Pentium4, Core2Duo and Opteron, which have
various clock frequencies. Depending on the number of atoms of a docked
ligand or a library ligand, one docking cost time is about 1.5—27 min for
one CPU.
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