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Software development of ligand-binding analysis for
structure-based drug design
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Structure-based drug design (SBDD) is one of several methods in the rational drug design
toolbox for modern drug discovery industry. SBDD uses the known 3D geometrical structure of
proteins, which are most often derived from X-ray crystallography or nﬁclear magnetic
resonance (NMR) techniques at an atomic resolution, to assistin the development of hew drug
compounds. At this level of resolution, researchers can precisely examine the interactions
between atoms in protein targets and atoms in potential drug compounds that bind to the
proteins. This ability to- work at high resolution with both proteins and drug compounds makes
SBDD one of the most powerful methods in drug design.

As experimental methods such as X-ray crystallography and NMR develop, the amount of
information concerning 3D structures of protein targets has increased dramatically. For
processing the dramatically increased data fast and efficiently, in the last decade,
computer-assisted SBDD method has increased considerably and played an important role in
drug design. The most fundamental goal of it is to predict whether a given “molecule” usually
referred as “ligand” will bind to a target protein and if so how strongly. In this study, a new
software was developed fork the ligand-binding analysis for a target protein, including several
parts as follows: binding-site prediction, feature analysis of predicted binding sites,
ligand-database establishment, ligand selection. In SBDD, also in our software, binding site
identification is the first and prerequisite step. In this study, we presented a new algorithm,
Roll, implemented in a program named POCASA, which can predict binding sites by detecting

pockets/cavities of proteins with a rolling sphere. To evaluate the performance of POCASA, a
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test with the same data set as used in several existing methods was carried out. POCASA
achieved a higher success rate of 77% than the other methods. In addition, the test results
indicated that POCASA can predict meaningful shapes of ligand binding sites. Based on the
predicted pockets/cavities, geometric and chemiéal analysis of putative binding sites was
performed. For geometric analysis, two features were considered in this study: volume and
shape. The number of grid points in predicted pockets/cavities was used to represent the
volume of putative binding sites. A well-established technique, Principal Component Analysis
(PCA), which is a useful tool for finding patterns in data of high dimensions, was applied to the
shape description..For chemical analysis, the chemical features of surrounding étoms in
protein molecule were extracted as the binding-site chemical features. A ligand database
including 8641 ligands in Protein Data Bank (PDB) was established for ligand selection. For
the binding analysis of one ligand candidate in the database, a similar way to analyzing
putative binding sites was carried out. A gird-based method was used to calculate van der
Waals volume of the ligand candidate. All stable conformations of the ligand candidate were
generated and PCA was adopted to analyze the ligand shapes and only several representative
conformations were remained. The comparison of the geometric and chemical features
between ligand candidates and putative binding sites in protein target will give an estimation of
ligand bi'nding affinity. Several tests were accomplished and the results substantiated the

usefulness of our software in the ligand-binding analysis.
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s Iz £ < EKIFREH(SBDD: structure-based drug design)i¥, IRADEFIERIZ &
STEERFED—DOTH 5. SBDD BIZ L 2HEER TIX, XBREREBERTH N
IR ILIRIE (NMR) CRESNWEBEHEORTFEEREY Z LItk b, RF4oMHE
DIRBER Koo ERBEENATHIZ LT, FEERF—F vy Ve TA3EAKL, £
NICHEET HRABERILED L OMOBEERAOHMERRL LB TE 5. BEHEY
BT HRF L EAEHEEVEERTIRTFLOMOMEERAPERICOND Z L
2, RARFZBNWT SBDDEORVEELRGETHY, £, TOFEERELBRAL
FHEOD—2IZLTW5.

XBRHERFES NMR EXREL T, BEHEOZREEICET2HROBIIRENIZH
mif. enhboDT7F—%%, B, BHEMIOET DD, 20 10 £/, vy
a2 —F—%ZFIH L7 SBDD (k3 BBE L, BARHOSB CEERRFZE I TERL. £
DOFEORGERNRIT—NIE, HIFFB (VHR) E2D550E5h, bLE
FRbIXENETHSERECREETHINETRITAZLTHS.

AR TIX, V¥V FREARBTODHIZ, LW 7 hoxT%, UTFD4-20D/8—
Ve LTHAELE., £hbid, BEE TR, FRLCESHMALOMNT, VY Ry—
ER—2DWE, TLTIT FBEBRTHS. SBDD ERZBWTIHE, BEAEMLERET
BTER, BUIDAFRRRZRAT v 7 THY, TNEAY 7 b =2THETLRKTH 5.
IOFRETIE, FOEDIZHLWTATY XA (Roll) #B% L, 7L TPOCASA L4
SFTa s AIEBIAALT. Roll ik, BERHEOHFRERF - THREZEEGREIYE, &
BEORTyy ME¥Ex T 4 —%FRL, BAWMEHETS. ‘

POCASA D7 3 —<v V AZFETHIDIT, BEOT 0S5 AZFEMT 3 DIED
NWeDlRULT—Fty NefEoTF X MHEEER L. TORKE, POCASA I,
DEDHFELVE N TTREWVIRBIBEERLE. &bIT, TA MNHEORKERIL,
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POCASA R U H v FHEEHMUOBEELL FRITEAZ LERLE. Z0OEDIZIE, KR
WIRT v MEXYET 4 —PoHE LTSI ORMER), (L2 EERK L.
BATERREFT DT DITIL, 2 OOME, BRLBLERLE. &HIX, Ry MEy
VTG4 — %R T 57y FROEE LTRDE, £k, BERHT 5 DIZIE, Principal
Component Analysis (PCA) (BRFTTDT —F b IBONRF - 2RRTHOEHEA
RFETHD) AV —F, LEOEFTORLDICE, BRESFREOLFEHEE
RHIH U7, U Y FEBIRO 7= HITIE, Protein Data /Sy 7 (PDB) A5 8641 Y >
REEDRI T RTF—ER—R2HAB L. T—FR_R—=ZANBRBAL Y H v FERHILE
YOS LTMT HITIE, FEBULBITT 20 LRABROFIETITok. T2bb, &
B RODIEDITIRK, Ty FENLTZ 7o FAT 7 — VA EFEE RO, VT FiE
WLEMDTRTORERALV T+ A= a v ERAESYE, £LT, VIV FOWLE
27202 PCA ZHEAL, W OPORBHRa LV T+ AT aryOHEBRLE.
VH MEREBRESZ—7 v P OBMER, (LENFEOLRICLY, #HELLKS
EALE U RORKEOFEE Lz,

Pk, BBFRETIE, XREABETROONW-BREDEENL Y ¥ FREEHME
TR D7HOHFLWEFEEZRFE L., SELERTAMNORER, BRELEY 7y =
Tix, VAV FERBRINCBVTHERICANTHD Z L 2R L. ABRBEMBET
FETERICIISERZ2LOBDH Y, Lo TEER—FIX, PFHEEMLBEREREL (&
MBE) OEMNEREESNIBERHL LD LBDE.
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