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Virtual screening, a computational method to identify bioactive compounds among a vast number of

chemicals, is in use with a great expectation of saving time and cost necessary for actual screening of

bioactive compounds. Virtual screening techniques can be categorized in two, namely Ligand-based Drug
Design (LBDD) and Structure-based Drug Design (SBDD). Conceptually LBDD and SBDD can be com-
plementary with each other, but have been developed and applied independently. In order to improve the

current methods, we developed 'Multiple Docking' method which utilized LBDD and SBDD complemen-
tarily. In this review we describe this new method, along with a computer software system 'Xsi' developed

to realize the method.
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(a) X-ray structure of the ligand binding domain of estrogen re-
ceptor o with Tetrahydroisoquinoline (1XQC, blue), Raloxi-
fene (1ERR, pink) and 17B-Estradiol (1ERE, yellow)

(b) Ligand binding site of estrogen receptor o with the three lig-
ands

BEEE structures of three ligands bound to estro-
gen receptor o
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MoleculeSetFileSD sdfile;

Array<Molecule> am; Declaration of class

MolecularMechanics mm; and array

Integer i;

//

sdfile.setFileName (“test.sdf”); Import molecules from
am = sdfile.getMolecule(); an SD file

//

i=0;

while (i < am.size()) {¥
mm.setMolecule(am[ i ]);¥
mm.minimize ();¥
mm.clear();¥

i=i+1;¥

15
// h
sdfile.clear();

sdfile.setFileName (“test_mm.sdf”);
sdfile.setMolecule (am);
sdfile.output(); J
quit;

Energy minimization by
molecular mechanics

Output molecules to
an SD file

BEEEE Xsi script for energy minimization by mo-
lecular mechanics
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Category Xsi_Class Xsi_Function Description
MoleculeFileMol 8 1/0 for MOL format file (for single small molecule)
File 1/0 MoleculeSetFileSD 9 1/0 for SDF format file (for multiple small molecules)
MoleculeSetFilePDB 11 I/0 for PDB format file (for protein)
CSVFile 22 1/0 for CSV format file (for text data)
Molecule 31 Information of small molecule
Molecular Universe 9 Information of protein or multiple molecules
Information Constraints 12 Constraints information for small molecule
UniverseConstraints 20 Constraints information for protein or multiple molecules
MolecularMechanics 19 Molecular Mechanics calculation
MolecularOrbital C(NDO 2 Molecular Orbital calculation
MonteCarlo 48 Monte Carlo simulation
Docking 38 Docking simulation
Molecular LigandAlignment 53 Ligand alignment
Calculation RotationAngleReservoir 2 Storage of dihedral angles
Descriptor 5 Strctural descriptor calculation
Field 5 Projection of molecular properties onto grid cross sections
PotentialField 8 Projection of potential energy onto grid cross sections
RMSMinimizer 7 RMS calculation
Integer 6 Integer variable
Real 5 Real number variable
String 6 Character string variable
RandomNumberGenerator 5 Gneration of randum numbers
Miscellaneous ClusterAnalyzer 10 Cluster analysis
Similarity 5 Similarity search
Clique 6 Clique search
Statistics 10 Regression and discriminant analyses, etc.
Utility 12 Operation of array etc.
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-3 General purpose functions for drug design
programmed by Xsi scripts

Tertiary structure generator
Residual conformation optimizer

LBDD/  Conformation search for diverse set

SBDD Confromation search for multiple minimum set
Combinatorial conformation generator
Substructure conformation search

Structural descriptors calculation

Molecular surface calculation (polar/non-polar/total)

Similarity or k-nearest neighbor search

Similarity matrix calculation

Cluster analysis and diversity extraction

LBDD Pharmacophore mapping with output of MOL format file
Multiple ligand alignment based on pharmacophore similarity

Regression and descriminant analysis with selection of
explanatory variable

Grid-projected descriptors calculation
3d-QSAR (CoMFA/CoMSIA)
Ligand alignment with conformation adjustment

Random structure generator in active site of protein
Water molecule mapping in active site of protein
Potential field generator with output of PDB format file
Grid-based Docking

Cartesian-based Docking

Substructure conformation search in active site of protein

SBDD

Binding energy calculation
Molecular surface calculation for ligand/protein complex
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11152 External softwares used with Xsi

Category Function Software
Molecular Viewer PyMol
2D ISIS Draw, Chem Draw
3D DS ViewerPro
Molecular Editor R-substitution Accord for Excel
Database ISIS Base, ChemFinder
Protein PDB Viewer
File Format Converter BABEL
Statistics SPSS, S-PLUS

RandomForest, LibSVM,
NEUROSIM, BayesialLah
Molecular Properties Dragon, WSKOW
Molecular Dynamics TINKER

Molecular Orbital MOPAC

Analysis Infomatics

Molecular
Calculation
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T
Docking study of the common core substructure

Target Protein

I
Docking study of peripheral fragments

IV

BGEEEN  Scheme for the stepwise docking study
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Identify candidates for the binding model of each ligand
based on complementarity with target protein.

A 4
Cluster the binding model candidates of each ligand
based on similarity between the candidates

A 4
Identify the optimum cliques of binding models of each
ligand based on similarity between the models

A 4

Select the best clique of binding models of each ligand

BEE  Procedure of docking study for both com-
mon core substructure and peripheral
fragments

(@

®)

Hydrogen bond acceptor (red), Hydrogen bond donor (blue) and
Hydrophobic center (gray).

(a) Molecular properties mapped on a model compound.

(b) Molecular properties projected onto grid cross sections

B Examples of molecular properties
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Generate some conformations of each compound,
keeping the coordinates of the common core
substructure in the active site of the target protein

Optimize the energy of all conformations with the
target protein, and select the complexes within a
defined energy range as candidates for the binding
model

A
Select the optimum binding model of each compound
based on similarity with the previously configured
models

A
Predict the binding activity of each binding model
using the correlation equation derived from the
reference ligands

BEEEE  Procedure of virtual screeing based on the
multiple docking model
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Free energy of binding between ligand
and target protein
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