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: Assisted Molecular Design" (CAMD). When uscd for pharmaceutical discovery, this field is

15 referred to as "Computer-Aided Drug Design” (CADD).

Description of the Related Art and Summary

The need for a computer drug tdrget prediction method
A number of strategies have been proposed and used for rational discovery of new
drugs. These include combinatorial chemistry, which is described in "Directed combinatorial
20 chemistry", J. C. Hogan Jr. Nature 384 suppl., 17-19 (1996); high-throughput screening,
which is described in "High-throughput screening for drug discovery”, J. R, Broach and J.
Thomer. Nature 384 suppl., 14-16 (1996).; QSAR, which is described in "Strategies for
indirect computer-aided drug Design", Loew GH, Villar HO, Alkorta I, Pharm Res 10, 475-86
(1993); and structure-based molecular design, which is described in "Structure based drug
25 design", Blundell. Nature 384 suppl., 23-26 (1996).
All of these strategies focus on the design of lead compounds (drug precursors) having
biological activity against a defined protein or nucleic acid target. Possible interactions of

these compounds with other proteins and nucleic acids are not accounted for by these
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20 Feasibility of computer drug target identification

A computer drug target identification strategy is feasible if: (1) a sufficiently diverse
set of protein and nucleic acid 3D structures is available, and (2) a sufficiently fast and
accurate drug identification algorithm is available under currently available and affordable
computer systems. Prediction of therapeutic effects, side effects and toxicity requires

25 knowledge of protein functions. As explained below, these conditions are being met.

At present, the 3D structure of 11,346 proteins, 557 protein/nucleic acid complexes
and 857 nucleic acids have been released in the Protein Databank (PDB), and the number
increases at a ratc of more than 100 pcr month, as described in PDB home page
http://www tcsb.org/pdb/. About 17% of the proteins in PDB have unique sequences, as

30 described in "Bridging the protein sequence structure gap by structure predictions”, B. Rost,
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20 biomolecule inverse docking algorithm. This algonthrn searches a biomolecular cavity

database to find proteins and nucleic acids to which a given drug or ligand can bind or weakly
bind to. Testing results show that the average CPU time is 14-20 days for searching a cavity

database containing a few thousands of proteins and nucleic acids.

Existing computer methods are not capable of drug target identification
25 Existing ligand-protein docking algorithms are useful only to cavities of a limited size.
Human intervention is generally required to locate binding site or to derive a reduced model of
a large cavity. Thus it is impractical to use existing method for automated docking of a drug to
an arbitrarily chosen protein or nucleic acid in a database. For comparison, the disclosed
vector-vector matching algorithm is capable of dealing with cavities significantly larger than
30 that of existing methods.
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has potential applications in:

. Facilitating the determination of unknown molecular mechanisms of drugs
(such as natural products).
20 J Facilitating the determination of secondary -therapeutic effects of drugs and
drug lead compounds.
. Facilitating the prediction of possible unwanted side effect and toxicity of drug

lead compounds in early stage of drug development.
Given on-going rapid advances in structural and functional genomics, information for
25 an increasingly diverse set of proteins and nucleic acids is becoming available. The disclosed
method likely will find wider and wider application in drug design.
It is an object of this invention to provide a new method for automated computer
identification of possible protein and nucleic acid targets of drugs.
It is a further object of this invention to provide a new algorithm for docking a ligand

30 to a cavity of a protein or nucleic acid.



It is a further object of this invention to provide a new algorithmfor

docki ng ayd 30 to a cavity of a protein or nuclei WO
01/ 18627 3@'%%/ 00138 -5 1t is a further object of t(k?lcz‘"\%drqv’enﬁon to

provi de a new net hod for automated conputer generation of a bionol ecul ar
cavity database fromentries of a bionolecule 3D structure database. This
invention relates to a nmethod for idenkifying protein or nucleic acid
targets of a 5 drug by neans of |igand-bi onol ecul e i nverse docki ng
strategy. Thi dtisafatlegybipanf ﬂnmvensummqsevldea d@cmethgd&r agtomagediedmputesi ngl e

or rrultlplecn orrthl rote| d.en es in
a bi onol EUFAF 3@?&9"%&{&“@% 3"‘39 e vgf? or q{/‘g%? £ Tglﬁgulggb Stre“ £uFh
descri bedddtabagayv. 1f a part i cul ar conformation of the | i gand can be fitted

t it ] t .

i eat | on ' DLERRIED SRt SmelEE fordtetifioe BB b nkie REA B ot

opti s ze dhg Byomﬁﬂi’sr’ﬁﬂhmd&iorﬂd‘l&:uﬁr lngers) dotkigy swdtegyh e Thisdsiratdggi perfofmanm no
aci ds or nucl.eot,i i ndi on i s conducted

es site., Ene mnim

o el g SUERER A i han Mgy mBpts Skttt ' pARiAe Protdn SR b
sé 011: twar e Ahﬁﬁ&d cdecMGER ik amﬁlﬁlefcmgr caﬁlﬂﬁ dﬁglﬁde pgie Ne&bﬂ\lr?dloﬂma:migg a@ﬁﬁﬁ@%’ f

erl nenen a it acC e evel Qpe earc a ni,ver si (0]
Cal i f or ni ée @Q}fd Iﬁ"’@?‘i"c |I§E gam g"e?‘é‘f%‘é%‘?”f ot R‘%NBEF@S gu‘?dof?n‘ij cavity (steric X
second geggshak bRéwdd @8s §th danféhl":r hﬂnmmloaag Sondedte dloGERAR Dossitile Bidfit ei C
aci ds", Cornell WD, Cieplak P, ly C, Gould IR I\/Erz KM Jr, Ferguson
DM hel | fashand mpm&et#ecor&fnam? theimg anddbel ofthe side chaig pf gmanopeids
Arerican fhastiea atSpel Eﬁﬁhn%lﬂtc Eaihzrg rhimizatledOR) corldasdsd rtg 8Mad yablished i S

performed by exam pation o and i onpl ecul e inter aé& ener gy comput ed
AYBER sfards

from ol eela?r&}lmﬁé%mfeeeréml&y t9 thatbsed 43 therafiyare B BER sf2ndsof hat 20
given in AMRER Méud fsuaaﬁlgowlm SEf¥RSC Refnenfit AGE IANBFanaMaF@geaelb;saadby

function by a_  Mrse potential function. Mrse potential function been

‘shown to FFeAEChem;at waae&npﬁ?eh forpjasS asrAngitsAdA drisregse fon AMBRER can by faund

Systgs, anda fs&enal Séhefdtioh mrée 94 ?d?ttﬁeaéxmmaiunﬁo f}i?otﬁxiﬁb’ 8nd ﬁﬁ[ﬂgdlédld%?, Gdnlieil
unction I n | ONDI eCcul es

consi deraw[}g | 'cation_of Morse ent i al

descri bed G‘Fﬂléﬁgi Bayly BaGeulg Ry Ngﬁemg Begnsen; PV prelieeysr R Kpxde ng
const ant Qﬁldﬁeﬂwmnﬂm&ﬁwmp%a%ﬁ%ﬁmé’ﬁﬂax AHeAlEho5aM19X5179%187 Chen
and E. W Prohof sk Bi ophys. J. 66, 820 (1994). Proteins and nucleic acids

are sel ecfl@95)s Dogking evaluation ds gg{fcgm@ql by [eamination of ligand-biomolecule interaction
energy computed from molecular mechanics energy functions and parameters similar in that

20 given in AMBER. Modification is made to replace AMBER hydrogen bond function by a
Morse potential function. Morse potential function has been shown to give fairly accurate
hydrogen bond energy in biomolecular systems, and the use of this potential helps to save
computing time considerably. Application of Morse potential function in biomolecules is
described in "Premelting base pair opening probability and drug binding constant of a

25 daunomycin--Poly d(GCAT)-Poly d(ATGC) complex", Y.Z. Chen and E.W. Prohofsky,
Biophys. J. 66, 820 (1994). Proteins and nucleic acids are selected as molecular targets of the
ligand if the interaction energy is below a certain value, which is a function of the number of
non-hydrogen atoms in the drug.

Ligand binding is competitive in nature. A drug is unlikely to be effective if its binding

30 is non-competitive against natural ligands and, to some extent, other drugs that bind to the

same receptor site. This binding competitiveness may be partially taken into consideration for
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structure database., This cavity database contains two sets of entries. The first set consists of
cavity entries containing information about gcometric and chemical features of cavities. The
second set consists of host entries containing information about the 3D structure and chemical
properties of host biomolecule. The minimum required information for each cavity entry: (1)
25 position and radius of spheres of a sphere cluster representing a cavity, (2) spheres less than
3.5A away from a hydrogen bond donor or acceptor atom of the host biomolecule, and (3) the
extent each sphere is covered by atoms of the host biomolecule. The minimum required
information for each host biomolecule entry: (1) positions of atoms, (2) hydrogen bond donor
and acceptors, (3) partial electrostatic charges of atoms, and (4) Van der Waals parameters.
30 Van der Waals parameters describe the property of steric interaction of atoms. These

parameters and partial clectrostatic charges are described in "A second generation force field
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2 an der Waals parameters. (3) Assigning to each atom atomic solvation parameters. (4)

Outputting the quantities, with the preferred output format being compatible to the PDB
format. Atomic solvation parameters measure the solvation effect of atoms and they are
described in "Solvation energy in protein folding and binding". D. Eisenberg and A. D.
‘Mclachlan. Nature 319, 199-203 (1986).

25 In a further aspect of this invention, to facilitate fast-speed scoring of binding
competitiveness against other ligands that bind to the same receptor site, ligand-protein
interaction energy for ligand found in each cavity entry is pre-computed and enclosed in the

' protein cavity database. The preferred method for computing ligand-protein interaction energy
for PDB ligands is that composed of molecular mechanics energy functions and parameters

30 similar in that given in AMBER. Modification is made to replace AMBER hydrogen bond
function by a Morse potential function.
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Figure 8 is a schematic diagram of an anticancer drug 4H-tamoxifen (dark ball and

stick) docked into the estrogen receptor protein (light stick structure).
Figure 9 is a detailed schematic diagram of the 4H-tamoxifen/estrogen binding pair
from Figure 8.
20 Figure 10 is a schematic diagram of neomycin (ball and stick structure) being docked
to the tar RNA of HIV-1.

tai iptio
This invention is implemented in an illustrative embodiment of this invention by a
plurality of computer programs and a biomolecular cavity database, which are loaded into and
25 executed on one or more computers. Illustratively, the computer may take the form of a
computer workstation such as a SGI Octane R10000, an IBM compatible PC (both Windows
and Linux platforms), or other similar computer system.
This invention provides a fast and low cost method for identifying possible protein and

nucleic acid targets of a given drug. It has particular application in drug design. It provides a
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3._Microprocessor

The microprocessor may be any conventional general purpose single- or multi-chip

microprocessor such as a Pentium® processor, a Pentium® Pro processor, a 8051 processor, a
MIPS® processor, a Power PC® processor, or an ALPHA® processor. In addition, the
20 microprocessor may be any conventional special purpose microprocessor such as a digital
signal processor or a graphics processor. The microprocessor typically has conventional
address lines, conventional data lines, and one or more conventional control lines.
4. Modules
The system is comprised of various modules as discussed in detail below. As can be
25 appreciated by one of ordinary skill in the art, each of the modules comprise various sub-routines,
procedures, definitional statements, and macros. Each of the modules are typically separately
compiled and linked into a single executable program. Therefore, the following description of
each of the modules is used for convenience to describe the functionality of the system. Thus, the

processes that are undergone by each of the modules may be arbitrarily redistributed to one of the
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._Programming L.angunages

The system may be written in any programming language such as C, C++, BASIC,
Pascal, Java, and FORTRAN and ran undcr the wcll-known operating system. C, CH++,
20 BASIC, Pascal, Java, and FORTRAN are industry standard programming languages for which
many commercial compilers can be used to create executable code.
8. Transmission Control Protocol
Transmission Control Protocol (TCP) is a transport layer protocol used to provide a
reliable, connection-oriented, transport layer link among computer systems. The network
25 layer provides services to the transport layer. Using a two-way handshaking scheme, TCP
provides the mechanism for establishing, maintaining, and terminating logical connections
among computer systems. TCP transport layer uses IP as its network layer protocol.
Additionally, TCP provides protocol ports to distinguish multiple programs executing on a
single device by including the destination and source port number with each message. TCP
30 performs functions such as transmission of byte streams, data flow definitions, data

acknowledgments, lost or corrupt data re-transmissions, and multiplexing multiple
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b) Releasing possible steric clash and optimizing the conformation of the structure

of the successfully docked entry by energy minimization on the whole ligand and the side
chain of amino acids or nucleotide residues around the ligand. The preferred procedure
20 involves two steps. First is a limited torsion space conformation search, and the second is
multiple iterations of Cartesian coordinate space energy minimization for the drug and
surrounding amino acid or nucleic acid residues using widely used molecular mechanics
energy functions and parameters.
c) Selecting the protein or nucleic acid as a drug target if the ligand-biomolecule
25 interaction energy is below a certain value, and, in case the cavity has a ligand in at least one
PDB entry, this energy is comparable to the largest ligand-protein interaction energy of the
corresponding PDB ligand. The preferred method for energy computation is that uses
molecular mechanics energy functions and parameters; and
d) Repetitively executing step (a) to (c) until all entries in a biomolecular cavity

30 database are searched.



chain of amno acids or nucl eotide residues around the |igand. The
preferred re 20 involves two steps. First is a lijm si on space
conf or mat ivgn&Zearch, and the second is multiple iterati?rrl}ssggw&o rtesian
coordi nate space energy mnimzation for the drug and surroundi ng am no
acid or nucleic acid residues using w dely used nol ecul ar nmechani cs energy
functions and paraneters. c) Selecting,the protein or nucleic acid as a
drug target if the |igand-bionolecule 25 interaction energy is below a
certai n val ueAnather, embodimers ¢ththeciaventign aa zeddrgactdr inmtehing elgadthmnfer PDB
entry, this.enet. .S . conpar e t he, l.argest |igand:protei p_jinteraction
ener 5y ofePitE < bathied acRUBRY DrfmbRolinch NS bapnPL S RERHE P 1EP  dher oy
conput at ichuster ®f tsplstresy swbich il lie @udagity, mepragentscthate cavityy Af methtd dorscompalter

paraneters; and d) .Repetit.ively. executi,ng step ( to.(¢) until all entries
in a bi 0%10513{%55 gag §i%f yuchsp € i‘fyaﬁpi? ¢ ‘é}}’%ﬂs’éa‘ﬁs@h@é‘fh’% glyefg’éiepresems
PCT/ $COQOréltkiveGositidi? (distarich and eridntadionpeit anaitonk bea sphépnwith Fespet & a/efidrance Vect or

mat chi ng _al gorjthm for .docking a ligand.to a.cavity .of a bionolecule. A

e OB e B iRt ribpeasaD e St bR ol Kapfurs S on i 1)

in a cavity, (@prcDeining the adferenoe pojht akd anéw acorlimite i@ tf@rthe Rgtnd Eihg d

creation of such a cavity,spher, uster is also disclosed. A vegtor

r epr esent&egupgyealons, ab’&iﬁt g@ﬁd%&i CSH TS A sﬁé?‘&‘ﬂf‘ﬁﬁi“&ﬂ‘lfmﬁf Aé'ﬂggtl@ﬁ] or a

sphere vvilérlgest ﬂﬁﬁﬂﬁ&h zlmucatan roelfxasnaigeﬁ veriodl [disti0e hhth;:“inﬁ a;advefem atpnA&raad Bl ust er

respecti T a rithmincl udes e steps of. (a) .Def.ining the

Tt O o B Sicter T ot et Blob 5 Rl D R roOudi e BT PRy o

uni que atsgsiEm.(atom A, B and Q These atons are selected such that atom A

and B has | argest_di stance, .and at C has | argest. vertical_ distance to the

line between ®om ?‘?EHEE B?m'fﬁat‘ﬂ‘}%°gg]Hf%?P?’F’8F%§’gE‘ﬁ A4 %éﬁﬁ tim Psng?f)ressed

by the XWhsePSicHithakieSrelativd Posions of ey sphétad Match Vst &)ﬁespoﬁ@i)lﬁ peditshk :ongt
ere..cluster

conbi nati ons of three spheres (sphere A, nd C. froma sp

such t hati¥hé- Papd G Qféh%%nﬁm%?%ﬂstaﬁe@ef E"pa]?f‘etf'ﬁ’s‘f Hhct CHerPRiE 1R BPFHIBndi ng
posil§i 0Ngesdthan 3taE8trdms Brirniistdnce bettviaen twodphetes id\dbfied s tifat BaweUIREE defitebe true -
I f the differenge In position is 15 Jess than 3 a gétrom;. The di stance

bet ween tohhe gress Ifino spely gombipatian isifoynd;ster,the proe enter of these

spheres. |f ng)suckyreahzcRabd Sombifationl difine S offcich® RiResdlERey cdedindtor each -

sel ected conbination, define the reference EOi nt and a nefyv co rcLi nat e
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expressed by the xyz coordinates in this new coordinate system.
20 (d Comparing ligand vectors with sphere vectors. Matching (or docking) is
successful if each of all ligand vectors matches at lest one sphere vector.
(e)  Repetitively executing step (c¢) and (d) until all selected combinations are
evaluated.
Another embodiment of the invention is a method for computer automated generation
25 of a biomolecular cavity database from entries of a protein or nucleic acid 3D structure
database. This cavity database contains two sets of entries. One set includes cavity entries
containing information on gcometric and chemical features of cavities, and the other set
includes host entries containing information on 3D structure and chemical properties of host

biomolecules. The said method includes the steps of:



system for the cluster based on the positions of the three spheres. The
vect or forW 312{5 here is expressed by the xyz coordinates in this new
coordi nat e sy 8 20 (d) Conparing ligand vectors with %ﬁ?ﬁﬁ”@’ov&tors.

Mat ching (or docking) is successful if each of all ligand vectors matches
at | est one sphere vector. (e) Repetitively executing step (c) and (d)
until all selected conbinations are eyaluated. Another enbodi nent of the
invention is a nethod for conputer autohated generation 25 of a

bi orol ecul ar  qayi t FrodfbRbRSEof 4 Ki6mERENE SB sRfictire Ra@bAk preferrBdl GleSfomagd d 3D
structure dat%t’)??e. ,T{bla? gaw y database cgntains two sets of entries. One
set incl ulesmap TPl Hafa.Bank igRpal), reqting surfsespiofisofote haw hiameleculeby

chem cal seaf, frexaple BotistontdesigBprbHem @t BeExistRil softwit WitaSs Migls il ri es
cont ai ni ng i nf(%r"ma }&oq?rﬁ(‘)@ 3D structure and chemcal properties of host
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creating g sUtArefuch as SYHEEN imBOCKsuitnfseftware by use of, for exanple, a
cust om desi gn Pr OaidiR Of IhStd r . £ D)
From nol ecul asébsurfaceﬁ%r (%)Plaf:asé%dgo%]ég?lr%ezgéﬁg@s&ﬂlgkbgger?%a'%ﬂ @F%I 1.:Qgir{’?'cgéer t he
5 sur f acempieculacsurace (ol 2 cavity ¢rya gmeve) by hesy ofe femexamplea acanstoondesigsedyned

Pr ogr am Opro@tm of %h Sliétig sSAWANRES o5 ¥§ UsFERSE hik dfSbfiwatd, t Of software.

(c) Dividing spheres into separate groups each covering a I'ocal region of
nol edul ar surf@ce Fromy cachagronp, sejecting slugtersosach resjdeuwishiofa paticule eamitye, a

cust om desdi@a6sl of » E}?Ll%feai'g‘ bavity iseBgsT:tf of'fs ﬁé}me‘é?(/ﬁueg ngg‘lrn?aasg% ik T&'t%nh Hlime

suit of softwares. (d) Fromeach group, selecting c each resid
within a PAFEiTeavarcd dyvatams of isst biomplspulofin that gavisy oA isphese isaoonsijered thssed on

|ts dar kngsge ¥ 8wy if Make EARY 8Pk BRedih OB subBlifiing BRE! Giltsh FOMEL SF1DY
atons of host bionholecule in that cavity. A sphere€ r's considere £o'be

i nsi de a ¥@Mramy frpm theyspberehisieoveed. Siich hspheierie defined os tdovened'r. duiadtiiting, smace
(Wt n & ; S e) i > Such sphere
o' doti nogqnagdibaties barS RLAR, bf £Tbhalka® GRiEHhe sRIGRYTH B oRlEr 1S
angst r onsclester is foungd, gp bark te pto fad and start with embtltbriemrt.hat cl uster. 1f no
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cavity database. This entry contains positions and darkness value for each sphere, and the

name and chemical properties of the nearest amino acid or nucleic acid in the host

20 biomolecule. The preferred output format is that compatible to SPHGEN and CLUSTER
output format.

® Repetitively executing step (e) until all selected cavity clusters are processed.
Then creating a host entry for the biomolecular cavity database. This entry contains Xyz
coordinates and other chemical parameters for each atom of the host biomolecule. The

25 preferred output format is that compatible to PDB format; and repetitively executing step (a)
to (f) until all entries in a biomolecule 3D structure database are processed.

(8)  Scanning the cavity entries to check whether each cavitly contains a binding
ligand in the original structure. If yes, the process computes the ligand-protein interaction
energy and adds it to the cavity entry.

30 (h)  Scanning those cavity entries witﬂout a ligand in the original structure to check

whether there is a ligand in the same cavity in any other entry of the same protein or nucleic



(e) For each selected cavity cluster, creating a cavity entry of the

bi onol ecul ar cavity database. This entry cont ai ns posi dar kness
val ue for Y8 here, and the name and cheni cal prope%#?’géoz({dgtshe near est
am no acid or nucleic acid in the host 20 bionol ecule. The preferred out put
format is that conpatible to SPHGEN and CLUSTER output format. (f)
Repetitively executing step (e) until ‘? sel ected cavity clusters are
processed. Then creating a host entr); for the bionolecular cavity

dat abase acidNifSyesNhe Yrécesst #de She MrgestCo0ligAn M piotein ameadiohemepheniveadf the
paranmeters for each aé om of the host bionoleculc. The 25 preferred out put
format i Soweenendingligapdsde thegViBB W or nat : and repetitively executing step
(a) to (f) until all entries in a bi ool ecuIe 3D structure database are
processed (g) Scanning the cavity entries to et her%f:a cavity

cont ai ns Peogsemdr RgmPHegeadiceioniebPessid ﬂﬁ"a‘F‘”é‘f’ ‘ﬁ?@c’ GRS process

conputes the Ri@ang- Wi@ﬂx@ drawﬁg@srtd, Qtﬂpatﬁ&ﬂﬁrg!’o mgdread,dmet:s tdisclobed g£avi ty
entr%/. 30 (h) Scanni ng_ those caV|dnéFentr| e
na
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in_any obhgha gété 6D AQIrenttﬂ'ﬁ‘g PBIRBuIR M distiEd 184 GkabiCvedor thbfchihg 2korithm for
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aci d yes, the process adds t‘g I est o
| i gand- pdetewining ehsthaea P%’Hc"éﬂéﬂ“@ﬁ/d"@]&% ige narticplzpbiopgier dﬂ%glﬁ@“ﬁ n¥s to
the cavi g, S0h5cked EJce&E@Eiy%o e‘@}%%ﬁ alb%@éoﬁtaﬁ@dvirg da@bRe B telpeocdwé ei n and

nucl eic acid targets of a dru Re errlfdg now to the drawi ngs and, in
parti cul @ descaibedibglemeand givien én the flewghastofdumue b 5 process 100 for carrying

out 4@ 1met hod &pr H’egs 'rb@me i GRal eife 310, AR LR m%irﬁétﬁreamé STk anaci d
targets of a gi vg ru ecu e. Also disclosed is a ect or

mat chi ng Bib@«ba\rmrﬂwtﬁl@rDatﬁ@ﬁe(Rﬁml%MW@F‘IB@“&“ bﬁ?‘ﬁdéM% 4 ‘i‘l” %lfcfers%a‘t 0 a
particul §{ 1A RloSF rx?putér'}nénlftﬁ'y PP c6dSe, 1 4Bould beFedlided ﬁlaﬂﬁﬁié&ﬂesstﬂcdﬂfh‘ﬁSI vely

to every entry 1In a&lbl onvol ecul ar caV|ty dat abase by the procedure as
descr i bedoryatsae antigipgied énfunetiontsimilarlyw chart of Figure 1. 10 The process 100-

begins at a s Uh&méry | £ Qlorral§r ded by
Br ookhaven Prg?%ar né%ta%q%b%%m%@@%%ﬁrar Dergr (rat Li m?eﬁzx‘;tl\?/% " Mol "

fil d5f or reaternal sodr@ad&t qxntleaMRJ-nmﬁ'E companythat I’E?d“(i?ﬁﬁ gepulgric
realized s&l}% ftg ﬁs t udQs AR brugd hdTBher afidl ﬁﬂfebtﬁéspﬁt &ﬂertu@l ithfaﬁéumen
es

hormatl ly ‘ol Tt MIDky mol format is used for es in hat datebase POB snd MBI N1 et
are the most popular format for 3D structure of drugs and other small molecules.
The process 100 then moves to a sate 115 wherein the chemical properties (partial
20 electrostatic charges, Van der Waals parameters, and solvation parameters) and information
about rotatable bonds and hydrogen bond donor and acceptor sites of the drug are generated
and saved into a computer file that has an extended PDB format.
This extended PDB file format is compatible to the conventional PDB file format but
contains additional data relating to chemical properties. Partial electrostatic charges are taken
25 from the AMBER reference: " A second generation force field for the simulation of proteins
and nucleic acids", Comell, WD, Cieplak P, Bayly CI, Gould IR, Merz KM Jr, Ferguson DM,
Spellmeyer DC, Fox T, Caldwell JW and Kollman PA. Journal of the American Chemical
Society 117, 5179-5197 (1995), with additional variations to conform to the fixed total charge
of the drug. Van der Waals parameters are derived from the AMBER reference: " A second

30 generation force field for the simulation of proteins and nucleic acids", Cornell, WD, Cieplak



15 external sources. For exanple, MDL is the conpany that produces a

popul ar 3D structure database (includes many Pt her

snal | gg(mnglgkzof potential therapeutic value). The rmloﬁébgrnat S
used for entries in that database. PDB and MDL Mol format are the nost
popul ar format for 3D structure of drugs and other small nol ecul es. The
process 100 then noves to a sate 115 erein the chem cal properties
(partial 20 electrostatic charges, Van der Waals paraneters, and sol vation
par amet erPsBaﬁyd:I | Gdudd IRy Mearn KMl Hergusoh DM Spellineyrl DG Fdx Ay GaldgethJWand donor
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aken 2050 g neekmmR LB o B’ B Breabyod & EOM iR Wiee G For

t he sinmul3ag,1on-20% (186). ei ns and nucI eic acids", Cornell, WD, Ci eplak P,

Bayly C, Gou | R, KM Jr, Fer DC, .Fox. T,
Bay Y O U L MRS dh LGSR B, Sol e ehiplSRhforaaat, 117,
5ﬁ79 5193}(&%%&5% be gmer\b/teadxgh ﬁdcﬁiﬂepx\eﬁnuﬂg tht@ Rslative pﬁﬁgcﬁxﬂéﬂﬁt%rﬁs Mﬂﬁrefphe)éﬂﬁ lvtB EtR al
char ge (0] e . an er ame ers, are erive m e
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pr ot ei NS ragie DtGle8 fiic aemdﬁ{é (at6Rr 288 bnd mre@sapdoaieﬁm& Jx&f%&ﬁé’e?pmm and a

PCT/ SGOO 00138 . - 15 ly G, Gould IR Merz KM J Ferguson DM

spellf ney devseordingie sI"Ste’é‘fad ?t°WWIG°R6ISP%WaW°mJ%&P%§I haye the largsster i can
Chem cal @ice¥%mldne mﬁﬁ%ianﬁl:ﬁe?d&@%ﬁa posliih ofsmo\&ab Rchbgnd¥Rhe istehtat are

i ncluded in the extended PDB format are derived by reference to "Saolvation
ener gy i rYefsicakrosition gn thesigigatrem phedinesiglinedrhy the points &y 3d ip threedimepsionalh| an.
Nature 3pae9, 199-203 (1986). The process 100 then noves to a state 120
where in SI ngle or multiple conformation of a drug may be generat ed and

vectors repr e$deR iAnt§ cheien 28 fhe origin phRa% Feprdipgte axsem (rpfetamnce peipclhetlipe g

Chogen r leRfBRaRmPRIaRA BARGhAGHEYE Yeis] TheSaHts ﬁq,e;fpewaharqa il ;ﬁmﬂ%ﬁﬁeﬂtlfyd As
illustrated in_Figure 2, three unique atons (atom A, and C) are Used to

def i ne t 1Hom & & 8 Psihexingn be daivad foroo el navis. Elgﬁsmmr forrrasle ligandns  ar e
sel ect ed sphtl ekprRisedbP i?ihéyéé&nﬁn&l&vﬂtm@ﬁewl SdoBifivdte sydiedf ance from one anot her

on the drug. The 05|t|on of Atom Cis chosen as the furthest wvertical
posi tion on tﬁegumwu;mﬁatqw A,lﬁen%mgtrﬁm with theaepotyatcordingtedystem for

three- di nRRFHAIBS drpRAPE-1 protease inhibitor).

20 Referring back to Figure 1, the process 100 then moves to a state 125 wherein a cavity

entry, and the corresponding host entry, in a biomolecular cavity database is loaded from a

biomolecular cavity database 130. A determination is made whether the samc host

biomolecule has already been selected as drug target. If the same host biomolecule has been

selected, another entry is selected. If the biomolccule has not alrcady been selected, the
25 process 100 proceeds to the next step.

The entry that is loaded from the biomolecular cavity database contains information on
the coordinate positions of spheres in a sphere cluster that fill in the cavity of a protein or
nucleic acid. In addition, the cavity databasc contains information on the *“darkness values”
for each sphere, and the name and chemical properties of the nearest amino acid or nucleic

30 acid. For each cavity that has a ligand in at least one PDB entry of the same protein, the

ligand-protein interaction energy for the ligand in same cavity or that with the largest energy



Atom A is chosen as the origin of new coordi nate system (reference point).
The line 15 between atom A and B defines the z axis. T?ﬁ'rﬁc@o%ioﬁsi S

per pendi cYQPVE#7t he plane forned by atom A B and C. The V axi's can be
derived fromx and z axis. The vector for each ligand atomis expressed by
the xyz coordinates in this new coordinate system Figure 2 illustrates
atons A, B and C together with the n_epg_xyz coordi nate systemfor an
anti-AIDS drug (HI V-1 protease inhibitor). 20 Referring back to Figure 1,

t he pr ocgutsolfiluded émtheovespbmling cavist entry2 Thistatlowes acampmsison of theeprevigyslyand t he

correspondi n st entry, .in g.bionolecylar.cavity d b Ls.l.oaded from
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sanme hosthe chiranllselectt&PHB prattin endiie ligmd. sel ected as drug target. |If the

sanme host biopol ecul e has been sel ected, .another..entry i | ec If the
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pher o optip Sirocinm pF FCPGing e i Fange o 1Spogristns o e ierfis SVARAG | )
addi t i onyy 4daRiosSanly lspheritRd afoviGRns angdtormddfamethted in dhistérhaee incladddrietat val ues”
for each sphere, and the nanme and chem cal . properties of?.rh;ig near est am no

acid or RustFleiThe 9stoenty copfinscinfommatipn; ¢n, Psifigns.siam typesy paral ¢lechiostatie, o e

PDB ent 1 ¥hfofes! ih 863 Wadld Pir@hnbters! 4R solva@ashridiedére o atofiks & host ibivmadsealegy for
the ligand 1n sane_ cavit

C Te . ty or that with the |argest ener 01/.18627
PCT18530 0/ pndprotein gnigraction Energy, cfgﬁ gPR #g%“c???qpéﬁo%edﬁnﬂécégﬁﬁpa@ﬁﬁ ry.
This al | gN§eP feREBRY afi® pafimeidd€ shifl] GuShit tiketand]i aechd AQMBER sysiemi n
interaction energy with the_interaction energy EE“'WH ed between tge
cur r ent | Mogificatiencis mpde f7 Hplack WEEFh@’qugﬁ%\r]i’g?d neLPR P¥ <% MRlF RIS, spher e
IS a nmeagifolThi ORrgdufidtontiiat the sphere is covered by 5 atons of the
host bi onol ecule. A Sphere is considered to be inside a cavity if nore than
75% of the direction of surrounding space (in a range of 15 angstrons from
the sphere) ig-over ey, q-daddytijor, any sphrecssrthaig/arg Wthin 5
angstrons of a nenber In cluster ‘are I nc uded in that cluster. The host
entry contains information on positions, atomtypes, partial electrostatic .
charges, Van . ; @F&% | @dtanR@ B bRd § aftf hydfoge® | N '
hos?gbi onol ecﬁ\q{él.s%hﬁ?’gggrl - r%%g?%%?éggﬁron enérr\gby f_orl%a PDB ligand is
conposed boid pnténtiel agameitess essare given iy Pramelting base i PPpRipg Arobaildty apdh | ar |

but not 4e KARE: cStalt e . ANRERRIEPER? d(GCAT)-Poly d(ATGC) complex”, Y.Z. Chen
and E.W. Prohofsky, Biophys. J. 66, 820 (1994); A; and B;; are van der Waals parameters; &, is

the dielectric constant, q; and qy; are the partial charges of the i-th and j-th atoms, and r;;is the

20 distance between them. These terms and parameters are from the united atom version of
AMBER described in "A second generation force field for the simulation of proteins and
nucleic acids", Cornell, WD, Cieplak P, Bayly CI, Gould IR, Merz KM Jr, Ferguson DM,
Spellmeyer DC, Fox T, Caldwell JW and Kollman PA. Journal of the American Chemical
Society 117, 5179-5197 (1995).

25 As one example, Figure 3 shows a sphere cluster 135 of an HIV-1 protease protein
140.

The process 100 then moves to state 145 wherein vectors representing the relative
position of each sphere to a reference point in the sphere cluster is generated. In order to

calculate the relative position of each sphere in the sphere cluster, combinations of three



Modi fication is made to replace AMBER hydrogen bond function by a Mrse

potenti al The energy function is: V = EH bon rol) 2
£ VO] + I?H%gﬂ‘(%;ﬂded [ A/lr,;'2 - Bi/-r,;6 +qiq, /e, Y&félhlgyvahls
function, r is hydrogen bond donor-acceptor distance; VO a and r0 are
hydrogen bond potential parameters and they are given in "Prenmelting base
pair opening probability and drug binging constant of a daunonycin--Poly
d( GCAT) - Pol y d(ATGC) conplex", Y.Z. Chen and E.W Prohofsky, Biophys. J.
66, 820 (spbeds (sphere Aq R aigk Ch fromy e splhre v!astblsarpaclamd e bese three; spheres are

di el ectri nd
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Yot

ligand. A mat EIS assuned to betr i f the Eere e.in 03|t i on

| ess than 3 anbSISFeRHE Mo thap ong seleete f%@@rfm l?§P ‘?f‘fcﬁ'i?ﬂs%f% t hat
bet ween thegmtarfor&chf;lu&thﬁse spheres For each sel ected 3-sphere
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coorid nat ﬁevsxﬁ@md(ﬂaw‘sgﬁtem& tRO$phkre. clubk2e rdprd3enting thwravinsiaFHVe] gotas. B
defines the z axis is chosen_to be perp ndlcular to,the pl ane

formed by spheﬁwf&cesg?% eft mayes 1o asiate 139 whersin, the flacking »f a, g in oA 2

axi s. Thecot@siintiod 8a cavifis pEHGHRA b§ HRINCREEREEcRY-vENG nRtehingQgirilmat €s i n

this new coordinate system
dDrug vector% are compared to vectors in each sphere set. The comparison is made by

computing the difference between the xyz coordinates of a drug vector with that of a sphere
20 vector taken from the 3-sphere combination. A match of two vectors is assumed to be true if
the difference is less than 1 angstrom. Figure 5 illustrates the comparison of drug vectors with
sphere vectors.
The process 100 then moves to a decision state 155 in order to check whether each of
all vectors of the drug matches at least one vector in a sphere vector set. If no match is found
25 for all sphere vector sets the process 100 moves to a decision state 160 to check whether or not
all conformations of a drug is docked. If not, the process 100 moves to 150 to dock the next
conformation. If yes, the process 100 moves to a decision state 200.
Otherwise the process moves to the next state 165. However, steric clash between the
drug and host biomolecule is allowed at this stage.
30 At state 165 the successfully docked structure is then subjected to a limited torsion-

space conformation optimization to relieve steric clash. This optimization involves a torsion



If there are nore than one sel ected 3-sphere conbination, nultiple sphere
vector sets _are generated for each cluster. Figure 4 illustrates spheres
A, B and dv81m’é86€7?sphere conbi nati on together with the FES5A%PY

coordi nate system for the sphere cluster representing the cavity in H V-1
protease. The process 100 then noves to a state 150 wherein the docking of
a drug in one conformation to a cavi ty, is perforned by the disclosed .
vect or-vector matching al gorithm Drug Vectors are conpared to vectors in
each sphegradessetrch e O‘Ctompa%wﬁoﬁ mtsrvuletﬂealbmtatabmmtis inghé trag dnd theseafdr

between th oor di n es Q Wi hat,.of here .20
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|IIustrat§§ t he Cﬁ%@%rl s% drtgos vectors with sphere vectors. The
process O¥Rema a%?"%l@&f bn state 155 in order to check whet her
each of all vectors of the drug matches at | east one vector in a sphere
vectqr set. If nq matc\?v s‘(jﬂg nd 25 for all sphereg vector sets the process
100 Roves to & Qéswsilofs (Lfat'e) Ié’@]foznahelelﬁ% t't%i(ruorq-%(ﬁ Hhi | conformati ons
of a drug is docked. If not, the process 100 noves to 150 to dock the next
conformation. |If yes, the grocess 100 noves to a decision state 200.

Ot herwi se t he %ﬂﬁ%@%“%ﬁﬁ/’é ydrogenthong, donor-agcspiar digigncer e a6 1o ¢ Bydreges| ash
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state 165 the successful ly docE d structure is then subjected limted

t or si on- Hpabiading sprstashef a)wuewym-zl’alx HSGADRely AT GP)eomplext, aéa Clm s
opti m Zatdna%wpmhe{@g ﬁlépﬁ{,s;h ;@ra;t égé? \;95?44} %K? Ecl{e%ﬁ?ﬁ%xo%gg%a antéterd,’

search of “rotatabl e s in t'.ﬁe dr ug
and 10hos dheflictebtgic coistiot, ghandy;odre tlmpnwah@xatgss of the i+t adtjith etomy anHiryis the
angstrom i's
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fol | ow ngAMB[EBcddsmbecmc Mahiserond geretation forse Wickd teHﬂ!pommsla(:w of proteifsrandOQ) )2 - -
VO | + Enguichonsigd ] ir] ' |
functi on R dr%mﬁér%i B’gfr)]dcﬁélrii%r@?cé tlngog rl%gr;z %Jl’aﬂeg%%mr gMdr e

hydr ogen Spbﬂmdyepd?t(érﬁwca'l‘, GrddvealtoTVé rasd Mmahé‘/\ doumyl ofcthe iAmerippre@hemicalg base |

pai rycopend bafisl 4 drug bindi ng constant of a daunonycin--Poly
ﬁT)-%ﬁQ%bg{ﬁT@? Slég?l’réf%g)", Y.Z. Chen and E.W Prohofsky, Biophys. J.
66, 820 (1994)The ArgcessntDOBhgn anozes/na dte VMawberpiar e iterationscof 4 Cartesian

coordinate energy minimization are performed. All atoms of the drug and those of the sidc

chain of amino acids and nucleotides within 5 angstrom of the drug are allowed to move in
this minimization.

20 Energy minimization can be conducted by steepest decent method described in "Linear
and nonlinear programming, 2™ edition", D. G. Luenberger, Eddison-Wesley, 1984. In this
method, the search direction is the derivative of the energy function at the current position.

The energy function is:

=172 Eb(:mdslcr (R = Req 74112 ZanglcsKe (e = eeq)z +
25 1/2 Zprions Va [ 1 - cOS(($-65)) 1 +
szonds [Ve(l i Vol + 2 0avonded [ Au - Bij/rij6 + Qin/Sr rij]



10 the dielectric constant, qi and ql, are the partial charges of the i-th

and j-th 0 nd rij is the distance between them and
Pl S

par anet er omthe united atomversion of AMBER descri A
second generation force field for the sinulation of proteins and nucleic
acids", Cornell, WD, Ceplak P, Bayly CI, Gould IR, Merz KM Jr, Ferguson
DM  Spel Il neyer DC, Fox T, Caldwell JWYand Kol |l man PA. Journal of the
Anerican Chem cal 15 Society 117, 5179-5197 (1995). The process 100 then
nmoves to a stbx ¢hid 7Rnctivny &R,n60,iahd v i depotes ibond loigtla @agle eandatorsiomangienat e

I ni m.zat i f d. All di dth .of th
e chaRe Siaione o i Rt b Foe bl h Bl ot n bF “Bfny g

are al | owegknire, KIBY 900 RealArhblSangithn?) 21%'&-" 200 ko Aok @Fanf), Wi, B4 ZAkdapAngan be
conduct ed by steepest decent nethod escribed in "Linear and nonlinear
pr ogr anm A, 1 2yérogen kand donorpaccaptor disianpa 2pd Vo, a20diTs & hydopen bondgotentigly t hj s

net hod, LBAmeRAImA tﬁéyra%s%iveﬂ il Prdhuidlebdsy phit Yfenitiy ﬁr&lﬁbﬂﬁﬁﬁ:ﬂydﬁéﬁﬁ{dh@n at
the current position.” The ener function is: V=1/2 "bonds (R-_Req)2 + 1
/2 Em rs cRestang of adaupgmycin--Epby Q&}éﬂﬁzﬂsﬁﬁy GHSTGE) pomplex”e YsZ.nCheniand EW. " 4 zH

bonds '_‘é?&hﬁ»?sk?%ﬁiﬁ-ﬂ'f@h.)s% 320@991;3; AL 9B, BRRERbnbedVdr der Wahts pardhdidrt;l | 6 +
gigj /fir rij] WO 0T/ 18627 PCT/ S 00138 -19 In this function, R 00, and
0 denot e, ipthedlidlentrig ¢onstantgy;eand gl atedhs pastinl shagpes of thedpikand jblajomsRand r; B, 9 and
4)eq are 4 a I nd_t ' ngle i tidg

b uot ur A eRARE el Hidke GAR iRl LR BBl Be Tyt LR M OY )

= 230kcalAMBER describd ir 'I4s sévpuid geremtion forcel Gnldr fon theeghinolation of proteins andd Va, a
and ro ar v dr oge t | al r a r ' N

P enel ¢ e Sy 0 Lo v, ClRbl8 e, B TR BHAIRE Micd KM Bl BN
daunony ciSpelrigiey DfY, GOAT), -TaddwellAIVARGTK otlorap [Péx 'Jourhal Zof tidh dmnezican Ehéical

Pr ohof sk, ..Bi Y& 70 0 (1994);; AU and BU are nonbonded van der
Waal s paﬁgﬁ%@{fe‘ﬁzﬁﬁrl%ﬁlgfgl%ﬁé dielectric constant, q; and gl are the

partial char g@be pfocesad 0D theln amas jto 4 ktatet K¥¥eyhegeird the ; drug-biomoleeuld iisttmetion
bet th . T t d t f t It { [
of 10 AVSEREU IS IBFT BRI o Calaled FaRBEdR Bher SR Frip P rap Rt e '

si mul at i dimetibn:pr ot ei ns and nucleic acids", Cornell, WD, C eplak P, Bayly
cl, Guld IR Mrz KMJr, Ferguson DM  Spellneyer DC, Fox T, Caldwell JW
and Kol I man PA. Journal of the Anerican Chem cal

V=2 ponss [ Vo (l'e'a(”o) )2 = Vol + Zoonvondea Aij/ l'ij12 - Bij/ T ijs + qq; le, 1'ij] +
z:ulramsi Acl Ai

In this function, r is hydrogen bond donor-acceptor distance; V,, a and r, are hydrogen

20 bond potential parameters and they are given in "Premelting base pair opening probability and
drug binding constant of a daunomycin--Poly d(GCAT)-Poly d(ATGC) complex", Y.Z. Chen

and E.W. Prohofsky, Biophys. J. 66, 820 (1994); A; and B; are van der Waals parameters; €, is

the dielectric constant, q; and q; are the partial charges of the i-th and j-th atoms, and r;;is the
distance between them. These terms and parameters are from the united atom version of

25 AMBER described in "A second generation force field for the simulation of proteins and
nucleic acids", Cornell, WD, Cieplak P, Bayly CI, Gould IR, Merz KM Jr, Ferguson DM,
Spellmeyer DC, Fox T, Caldwell JW and Kollman PA. Journal of the American Chemical

Society 117, 5179-5197 (1995); Ao, is atomic solvation parameter given in "Solvation energy



Soci ety 117,5179-5197 (1995). The process 100 then noves to a state 175
wherei n the drug-bi onolecule interaction 15 energy is tpti."ergcﬁ ted and

eval uat ed ‘159"15 g the foll ow ng nol ecul ar mechani cs enérgy unction: V =-

EH bands (VO (1-e"'( .") )2 - VO + Enon bonded [ A, ,/ryl2 - B, /r16 4igj
lar r;,] + Eaws i Aa, A In this function, r is hydrogen bond
donor - acceptor distance; VO, a and rQ,gre hydrogen 20 bond potenti al

paranmeters and they are given in "Prefmelting base pair opening probabili ty.

and dr ugn proxdh Helding rand diding”. B. Eisanteng endA- Po[Mclath@EARNpROB 1P, dOXEET)
l ex", . X 2. d _E. Pr ohof | . 20 (1994); A;;
and B 5106 and Ack teaaremsd poeb AR ife sialP S e B Rlon 20 (000

and Bij ers, c, el ectric constant, qi
and % ar e t heThapiotat 100 then emved totshdecisionistaten 1B wherein Raleterminatibnriy miade t he

di stance hetween th These, t.er ns r ter [ . .{.ed atom
Cersi on’ OTheBer R pLAIhsatiEy ot St TR PEEES of Bl SR MASaHhE T B0
si muat i eenfofmdtiontieiseRciadichs M possitle dagg cisge; aCotate!1BS if\Bhe Chrepitek dRg- Bayl y

Cl, Guld.IR rz KMJr, . Fer N el | er DC__F , [ 1w
and Kol | ?%ﬂ?‘cﬁ‘?ﬁ"\{ﬁ\]ﬂ\ﬁ?&x&ﬁ below W&iﬁﬁéﬁgﬂaﬁc@ﬁ’@%aﬂnﬁt ‘%88@8%"%1%7‘3‘" ©5197
(1995); &BirespondiigPDE ligaid\mihe@BvipaTheFbess [H0Ren moves Bothv dedision state20fy WO
01/18627 PCT/ SGOO 00138 -20.in protein . faldi ng ﬁnd gi ndidnlg". Dd dEairgenberg
and A DHert PaisHe pumbes of non-hiydrogqm aioni 4n the g, In addyion, a; & ¢ 809 d & 1 o ¢
sol vent - aafpaREPissE iyt ddbale Hpaddisoteint ifiteficton eikigy pf o devs doZAPDBIEn
noves to a decision state 18? V\/nerﬁiwg,a (geter_m' nation :lﬁ ngﬂg l.v\,h t.ner the
sel d8t ed ligawds Jyithoyariows pymper of atoms. igapd proteith IR, of, these PR Headds 1 i n a
parti cul gfom the PRINiPDARIBaAK | S Sel ected as a possible drug target at state
185 if the conputed drug bi ono] ecul e .ener i s bel ow,-.aN- hN2- 5 cal / nol
and it is conPiNEnt sha%s auncrpmpe 9f edﬁ“g‘F?g Bioh g™ BrEPior ﬁwcﬁuﬁ“&ﬁt
cavity. Tiifteddt.Qf Giivfizy eRitbriol 9 not@ie 3hd slodele] 0dansves e Gdcision sBB0190 tiietieek N i s

t he nunber of non-hydrogen atons, in t and d

yd e drug. In dition,.a, C
are par avhether all drgicpniprrpations are;dopked- {}dwt the %F‘?cﬁsén@i} &%F%{Lnlﬁa i EP%{(C?‘IC on
Ie_nerlgé Ofpesk &ﬁiﬂnﬂﬁ%ﬁﬂfﬁ’%}xf&%&ﬁeﬁﬂlﬂg&m%shb a\daéiéieluaaufeaomer hof at ons. Ege
i gand-protein structure of these igands is .fromthe Protein Data
Bank. Figure @hgpmgess4R0 é&%fﬁﬁlzgs (‘J"r““?'f?@’k’ﬁ‘g‘&' ngries, f i builgn gaﬁa%la%%l?agﬁ or
bound t 0 yelbVsehrchid, Bt MPTRhe dkricdMaveot Gednt seiirtclfad, (he pruekssTO0 retirthetofthostass 100

noves to a decision state 190 to check
125. However, if all of the entries have been searched, the program stops at an end state 210.

Program 2: Computer automated generation of a biomolecular cavity database
20 Referring now to Figure 7, there is disclosed a process 200 for carrying out a method
of generating of a biomolecular cavity database from entries of a protein or nucleic acid
database. In this program, protein and nucleic acid entries from a database are successively
processed by the process 200.
The process 200 is carried out as follows:
25 State 205: Open a protein or nucleic acid 3D structure database on a local or remote
computer. Preferred file format is the PDB format.
State 210: Getting a nucleic acid or protein entry from the database. If there is a ligand,
then computing the ligand-protein energy using the energy function given below. Removing
any ligand and water in the structure. The energy function is:

30



whet her all drug conformations are docked. If no, the process 100 noves to
150 to dog{; E’Qles 15 next conformation. If yes, the process 100 noves to a
deci si on StRP¥®50. The process 100 at state 200 checks RMAFEGIVPOIZE | entries
in the built-in database have been searched. If all of the entries have
not been searched, the process 100 returns to the state 125. However, if
all of the entries have been searched,,;t he program stops at an end state
210. Program 2: Conputer automated generation of a bionol ecular cavity

dat abase 20 Raf=eljiad a¢wets” Pi-gyt e I, L0¢0er)'s Blirfed @gognp process 200 for
carrying out a nethod of generating of a bionolecular cavity database from
entries of a protein or nucleic acid database. In this program protein

and nucl ei ¢ adi thiefilncties «f i qhe AydtogeabBuna @nbr-SdERaSSiktiftey V,PLAa8TSeR by the
process ﬁ‘og Thg ‘g{octess 200 is carried out as follows: 25 State 205: Open
a prot ei MY8PEFRY LI Roteptiali Ppmeters ad, they am Bikesin dhremelfing dpseopaiy epping

conput er .prébabiliey ardl drid inkig"Ednstaft bha EBorhpinBtoly A(@CATI POy %@h‘dd}g a

nucl gic aci d of ‘P%oéel n E try fromthe database. IT there is a |igand,

t hen’ comsaPIRG - (he: PHEARE B ot ieherlon Biopivdi 6y 520 d98Me Aggnd Bneeivemdei ven
bel ow. Remaid A&y d isq lLh ) gy, f.unction
Jer 30 Wo 01/ heas pcfrﬁs%%‘?‘%%“i‘%‘é@k?“‘: gadt ot fodphtaPena e i angg 1) )7
VO + ~aod-thatease and Ju/i$ ithe1distancg; l}eﬁwﬁfe}lﬁhf}m-gﬂgﬁe teEns Fd paramisiess drerfotn de, r i s
the hydr qafey R vaISRAT srAARBHIC YedlliBiARE 8A s\,égonda ﬁégtiﬁg BFE fidly q{)rog\en. bond
potential parameters and they are given in, rent I'Nng base pair o &ni ng

pr obabi | istgulatiog of prateins andinugleisnids'a Gomstl, WDy SirpiainR; Baylyre] Gould GRAMp=Pol v

d( AT60) o gfﬂgég Y ' : 66, 820
(1994); %r? qur?c? IS(jm %lyézs.san gfﬂé\lg%vé’ gﬂ‘?‘g@r{j‘}grag? %é)?mla}sﬁ{\himﬁ?a I°£§’teri C
const ant Amgricamghemical foeietyHd 704795297 €192ges of the i-th and j-th atons,

The ' united abas et oran oy O e R of e ToR el o WBRE S FE R or ce
field f oforgxampls; senstomt saftwafe progremi arsn axistinplsoftears pacgraiasuchGarvidd PludiD,
Fox T Aol 1% iy den b T . RorislS Kbrddep proRRly RekobMnilF
Sociléty Modelinel'7DESH@TN, (el 9D 5) MobtGraphics] 9, 27CX2c34+38 (499W)] ecul ar surf ace
profile of t hgtaﬂ:uﬁO?iﬁoﬁ%gec%arps{n%&i Frogpé, l(:Ignestrl(x)(]:t’sphems that fill or cover the
surface by using, for example, a custom program or existing software such as SPHGEN in
DOCK suit of software. SPHGEN is described in "Using shape complementarity as an initial
screen in designing ligands for a receptor binding site of known three-dimensional structure",
20 R. L. DesJarlais et. al, J. Med. Chem. 31, 722-729 (1988). The spheres are divided into
separate groups, with each group covering a local region of molecular surface (e.g., a cavity
or a groove). Software such as a custom program, or the CLUSTER program in the DOCK
suit of software can be used in one embodiment. CLUSTER is described at DOCK web-page:
tp:// .cmpharm.ucsf.ed dock htm].
25 State 225: From each group, select clusters of spheres which reside within a particular
cavity. If one or more clusters are found, go to state 235. If no cluster is found, go to state 250.
Selection of a sphere residing within a cavity is based on its darkness value that
measures the extent this sphere is covered by atoms of host biomolecule in that cavity. A
sphere is considered to be inside a cavity if morc than 75% of the directions of the

30 surrounding space is covered by atoms of host biomolecule. Of course, one of ordinary skill



for exanple, a custom software program or an existing software program such
as Mdus Plus. Mdus Plus is described in "An Affordabk,g,r@?&mgﬁgh to

I nteracti \)@Bé@f’??op Mol ecul ar 15 Modeling", T.E. Ferr .

G aphics, 9, 27-32,37-38 (1991). State 220: From nol ecul ar surface pr of| I e,
construct spheres that fill or cover the surface by using, for exanple, a
custom program or existing software sygh as SPHGEN in DOCK suit of
software. SPHCGEN is described in "Using shape conplenentarity as an i nitial
screen i fin dRsirgcould) clhdogahxgherf urrlowerrlmmemagns doil r’odwnguxs theescopfe ¢frtbevpresent

t hr ee- di nensj.on sfr.uct ur DesJar | em 31,
722-729 ("i‘@gé‘j a'#‘ﬁ %"r%“g fs °°&'?R}‘ é'%}’ FRIEnE g‘e"' %‘?‘ta%‘“é”é% o’?]f“ I\éﬁ%m[ %ea h

group co\wagstidth 6f ihe&pheré €ls watueois tho pertion af theudifeations (of .the surrcmndbag' ispage or a

groove). Software such as ro TER i.n the
DOCK  suicPvesed Bpkashatpms E‘Hﬁ'i"%’@élg% gﬁ (‘P‘ Hng%‘ggnglr‘r‘gﬁ?ﬁtlﬁeewtaah%ﬁ Eﬁ’q% Acribed
at DQCK %@wmesmgéﬁbﬁ@ofémmhﬂrcmswm& ietidekinthalctiork htm . 25 State
225: From eac roup sel ect. clusters of spheres which

particul ar 5. Fpr eath selpcterhraxity, plysiprs FRcats accay iy, FRITY @Ba‘leg"‘g?%}‘?cé’ *”2‘321 | f
no clust %vﬂysdaftﬂﬂ&d TS ehtfy Sdnddif @ﬁ&itlon SRURS, 408 Hafkhes \&liiﬁeﬂsleeakﬁ spisbrd)g

within a cavity Is based on its darkness value that neasure e extent

this s phépbﬂ‘FSsz@DW 3 S aaspmpeferhydrogemband denes pp PEERiPE ﬂi’en“af’l?aﬁ“?l P91 pafure

sphere i, hﬁﬁra‘ﬁﬁné £iP6r hidRlRiFinGRdsdbibholeBil S ardd ey distatée @ sphbe. If
dlrectlons of

30 surroundin ‘ﬁgce I's_covered by ato of _host

bi o8l ecuheselatedcavibsentrydins adie preingl PPB efsy othe £aBDYe %&ﬁﬂ"@@f&?’ﬁo 138
-22 in thg .g&txs GRY! GuGhL0RR HeRhed offpul QIMRE: REhGCEIRBABIMOISHRGEN tdidn t he
scope of th present ~invention. The darkness value is conputed by scanning
t he surr%@@ﬁﬂé@mﬁhl n 15 angstrom of the sphere. Its value is the
portion of th% 86t kﬁﬁkﬁu@él teQecuﬁH R854 GinBP a8 SselcBed Edabilly RJustaRs breat ONs
mul tiplied by in u solid angle). In addition, any spheres that

5 are w tmOWS$dangstrorrs of a menber in the cluster are included in that

clugfer. Stat g £3945.F6feaGRCH o8| Gdyedr @R bibdholebwlad @’vatyCda%*é& Thisastiulyy entry
for the bi onol ecul ar cavity database. This entry contains I tion,

radi us, coedtaihaxKzieeidivaies, partiy) eleglipstatic shatgs Van def W aals PATRIREFTS, a:’:? 531?5?*5’& rom of.
a hydr Og?&ﬂm ﬂ'g'}%h Qﬁmat?fqgé)ﬂ&'i bon&fecﬁl@ MEneAiydrdpeh dbnd)Adriér Or actbptoNi '
m no_aci

near est nucleic acid in the host bionbol ecul e and 6‘#5 di st ance
t o spher ealsolifdigaied. Rartiglslestrogtaticcohorge ymbmq@cr Wépgls paramptaerarp fromnited 9Mna)  PDB

entry, the, WAI[@%E#( R055eR DY £ inw tgﬁ‘.@ IFi4 1*01s nﬁle%ﬁaﬁﬂ%&faﬁﬁal shfislatisredfer r ed
out put formm conpatible to SPHGE
20 nucleic acids and proteins", S. J. Weiner et. Al,, J Am Chem. Soc. 106, 765-784 (1984).
Atomic solvation parameters are from "Solvation energy in protein folding and binding". D.

Eisenberg and A. D. Mclachlan. Nature 319, 199-203 (1986). The preferred output format is

that compatible to PDB format.
State 250: Repetitively executing the previous steps until all entries in a biomolecule
25 3D structure database are processed. The process 200 then ends at a State 255.

Once this process has completed, the database can be further scanned to find those
cavity entries that do not have an identified ligand ("ligand-less" cavity), but there is at least
one PDB entry that has identified a ligand for the same cavity of the same protein or nucleic
acid. The largest ligand-protein interaction energy of the corresponding ligands is added to

30 each of these "ligand-less" cavities.



CLUSTER output format. State 240: Repetitively executing state 235 until
all selec Lty clusters are processed. 15 State 245 Mg a host
entry forRYe(ﬂtéﬁ@?%nol ecul ar cavity database. This entry cor@?ﬁ%giyz
coordi nates, partial electrostatic charge, Van der \Wal s paraneters, and
solvation paraneters for each atom of the host bionol ecule. The hydrogen
.bond donor or acceptor is also indi c_ai3e_d. Partial electrostatic charge and
Van der Waal s paraneters are fromunit'€d atom version of AMBER descri bed
in "A new for @nefadentigé of thiveintbodintent ofthdimmertiah os¢rrauisting mathods i21ls miqieei C
acids and proteings”.. S. J. \Winer et. o Am Chem .Soc. 106,. 765-784
(Toga) " cabiifle L Gpcing pospioleiohan wimslol i g Al I SHPS) SR o o
f ol di ng ageshpaten dhiet@ds fdo. ligahd-penntin rdgckingl is"designed/fbrasthdeatng hisitiple ehahizal
199- 203 (1986).. Th referred out put. format_.i t hat .conpati.bl e PDB
format. Sompatust do Sl fk: oo HroRids i §on Wad i B OTOUHS OLPBIAS Bt hess |
entrises igéxisinpmeodsarehe capdble3d? Mg Groidif asiBhabicRidfhageR0be 8aged. The
process 200 then ends at gl St@te é‘SS. Once this pr_ociesa has cq{éple ed, the
dat abase can | _’sf'm‘"c“ﬁéf’l’aé’ 4nAbewY BemmatRpds Ard dysteehdielgss ﬁ’F’fcf“e‘_e? H5Ed #o not
have an igéintatd th@ektdringaten 6f inkdawsldiu $§§et§,@éﬁohd’a)r¥l tetpeiititasgets, and hisd RASt
one PDB entry that r‘las, id?ntified a ligand, for t sarire,caf\ébt *@gt t he sane
prot ei n ofciitiq e predicipyy of siffe effegtsand tokicyy fesef 251 1BF ANAlYHETHEE PBTIUNEY gy of
t he corr espeRtiragcltit 9adthsgdtss added to 30 each of these "ligand-Iess”
cavities. WO 01/18627 PCT% SGOQ) 00138 -23 One, advant age of thi.s enbodi nent
of the invent iB‘ﬁ IgprayeRept Qf ihﬁQ‘lsﬁbﬁ%‘ffﬁt°r‘¥°‘i“ir§°&]ﬁp%19@°esé Qﬁ%{t??‘ls’i‘?%/l‘%ﬂ“d‘f i ndi ng
possi bl e poRicidkARGyaRbas ¥ fm &6 of 36MABhEHAN spRed b@ melidrE Mduiréifidnt. € Sti NY
conputer nethods for |igand-protein docking i's designed for screening
mul ti pl e EFAREAFCIOTEHPOMAGRING FrocPHPIBHEARFes RBPIEX DingRundhiRcoBRIFt DI nd to
a_pr ot ei Nhetomptriséd & V3ol HIRAS & thelaeger oF hilBbeTBF Sitides M £ cARY ahdRAPbE Of
finding protein and nucleic acid targets of a drug. This unique capability
-al | ows th@?’&fet hods and system di sclosed herein to be used to facilitate
the det er m naty, Qndst, WK Wﬁhc@fdikﬁnké‘rpgﬁghﬁms &N BleY i iR ARAHSdsCre@F et S,
and also to facilitate the prediction of side effects and toxicity based
on the anwpyaimately N Hreundsretqomplate theppamnarispnop! diglancescAndhedChU tiyes and 10 The
| mpr OV eMeRbmby sbfifreflbiGh ARECEALIN, B HREmeRIAG REARER AYfbaikic | N0

J N times faster CPU time and requires approximately N times less memory. This significantly

improves the computation speed and the size of cavity that the computer can manipulate.

20 Testing results on four protein targeting drugs have shown that the preferred
embodiment of this invention correctly selected their therapeutic protein targets from 5,000
proteins in the built-in database. In addition, several proteins confirmed or implicated by
experiments were also selected. A protein is said to be implicated if experimental evidence

shows the protein is affected by the drug but it is not clear whether this is caused directly by

25 drug binding to that protein. The results are summarized below:
Drug Therapeutic No. of Experimental Findings
effect Human Proteins
Identified Confirmed Implicated

4H-Tamoxifen | Anticancer 17 4 4

Aspirin Antiinflammation 52 4 16
Penicillin G Antibiotic =~ - | 30 3 7

Vitamin C Supplcment 46 4 9

Vitamin E Supplement 26 2 11




protein docking systens is in ternms of conputation speed and nenory
requirenent. The  disclosed vector-vector matching process only requires
appr oxi mat WPYVME2T ounds to conplete the comparison of FEASGOYI0%re N s
the | arger of number of spheres in a cavity and that of a drug. 15 In
contrast, the distance-distance prograns used in the existing nethods
require approximtely N4 rounds to conplete the conparison of distances.
As the CPU time and nenory requiremed#-is proportional to N, our system
achi eves a maxi mum of approximately N tines faster CPU tine and requires
approxi matel y I RAES

conput ati on s‘bdgbet érrfgsgx %ﬁgé}é@ggg%‘%}@‘ﬂ?ﬁﬂﬁ% Léoﬁ@eig()l?r%nﬁlltﬁ g? IrIcan tr?% €‘Sbul ate.
20 Test i @whick &hasbesn confirmedanst loimplicatedfost ixperirdentigs have shown that the
preferred enbodiment of this invention correctly sel ect ed thel r

i

t her apeut [pgForeE Tt e aSeuticd™ PNICH pTu_rmpir.ﬁ)ehdlegk% Gibh T Jat abase.
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| S caused “-et+Feety—by bi-RoRe—to—that—prot-eti- ﬁhc f caums are

Fman Pr ot el ewvaarﬁ%#%. e, the, i oceel Bave B RRORPCIY At hcer 17

4 4 5 Aspiexpefiméifaily."SonRoTehd POB Siucture GnayRRNdfaitlld delvdacd \tt bxbdxﬁg keryB @he’ﬁe
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difficult to judge their performance.

10 The preferred embodiment of this invention can be used in identification of drug
targets. The identification of addition 3D structures of proteins and nucleic acids will
augment the ability of the invention still further. In addition, the development of 3D
structures of additional conformations will increase the likelihood that a particular protein or
nucleic acid in the database will be in the relevant conformation. Increasing the biological

15  molecule database will also increase the ability to detect solvation effects for any particular
biological molecule.

Details of some of these testing are given in the two examples given below.
Example 1

Several compounds were tested using a preferred embodiment of the system of the
20 present invention to determine putative binding targets. The results of these tests are provided
in the table below wherein a series of ligands were tested to determine their putative binding

targets in the Brookhaven Protein Database.

INVDOCK testing results for several PDB structures and on putative targets of vitamin
E (RMSD stands for Root Mean Square Deviation and it is in units of angstrom. Energy is the
25 ligand-protein interaction energy and it is in units of kcal/mol).



Bet ween 25%to 57% of the identified targets have been confirnmed or
i nplicated 5 e rimentally. Sonme of the PDB structures 9:{ little

T el evancewtooolﬂgsﬁgi ng study. These include entries cont glE%%ﬁg ol 8y an

i nconpl ete section or a chain, irrelevant nutants, and some macronol ecul ar
conpl exes. In addition, discrepancies may result fromlack of consideration
of gene expression patterns and phar_?gt_:oki netic and netabolic profiles of

a drug. For these reasons, it is difficult to judge their performnce. 10

The preferred enbodi nent of{this invention can be used #8® | dent|ificafli on of
drug tafJgets. JJhe identifigcation of addition 3D strugtureb of [oroteins and
nucl ei ¢ hci ds V\TO‘\E&%E‘EI augnent| t he abi PITT SFOTHB i nvent i|of® st PP [FAFPher. In

addi t i onprtesdevetropremt ok R okt tres of —addrt Tyl oY aryEbE Pns
will incfease the likelihood that a particular protein or {nuclleic a¢id in

t he dat apess of Dhpdne mdrck hepreliewattaeont or mat 1 on. T ndmeasionzy tihss.o7
biological 15 nolecule datapase will also increase thg ability to detiect

sol vati off*effects for any pHFYilckioar2sehi ol ogi cal mol eqth™. Opk4 ?T?%‘*Bf sone
of theseptogti-ng-are given—po pherbve txampios given hepowt —xanphe 1
Several fonpounds were test ao?’yum ng a pre‘ﬂ‘cer_red enbodi t ['of* the 'Sygt em of
the 20 BIFSEEHCIRFYENTT OM 1 BiRyE-EFJILIE RPAIcELdeVE DI TOT TERREA0JES S|- 65145 |
results bf these tests are brovided in the table bel dw wherein a sefies of
| i gands perlettested t o det epibydgofdlets Rpdicadseve bi ndi gt @r fret sﬁ-ﬁsg he
Br ookhaven_Protein_Dat abhasel | N/DQCK testing.results

struct ur B&*%88% on putati ve AFgaes *afeniPY amin E ( RVBIY S affd8’ flb‘fs'l%ct Mean

PR N ol + £ + =
Squar e Deviatta e td TS R Redpearostrom—Ener g e Sl 1 %715
| i gand-pfotein’interaction pnergy and it is in units qf kcal/nol).
01/ 18627 cRP&GREHD67/ 0BIZS - P5  PDB  Conuound Docked Priotel h 1d [RVED Ener gy
Indinavif IV-1 Protease | hsp 0.19 -70.25 k263 O Dupoqt Merck 1)V-1 Prot ease
| hvr 0. 2pethydege Triphosphyty BrRpseB¥e 4phv 0. 12 - 88. 46 [FBPalelT hydft-éf ol at e
‘Reduct ase—+dhf——24—46—02—-5—DBeazatplate—hydrofolatqdRedtetase—2dhf| 0. 46
265. 49 Glycyl-*L-Tyrosine ICarboxypeptidase A a 3cpa [1.12 |-40.63
Huperzine A Acetylcholinesterase ivot ]0.92 {-39.35
Aspirin Prostaglandin H2 Synthase-1 lpth K.71 [-32.43
2 ' -Deoxyuridine
S ' -Monophosphate Thymidylate Synthase 1syn [0.65 (-50.89
Vitamin E 178 Hydroxysteroid-Dehydrogenase [1a27 [0.71 {-50.01
Vitamin E ﬁldose Reductase lazl [0.51 |-50.44
Vitamin E Alcohol Dehydrogenase 1dda 0.51 |-43.92
Vitamin E Immunoglobulin lmcd [3.22 [|-45.83
Vitamin E Glutathione Synthetase 2hgs {0.54 {-41.66
Vitamin E D-Amino Acid Oxidase laa8 [0.32 }-46.87
Vitamin E Guanylyl Cyclase lawn |1.51 {-40.57
Prostaglandin Endoperoxide
Vitamin E Synthase 1djj (2.32 [-41.51
Vitamin E itric Oxide Synthase 2nse {1.13 (-41.49




et hotrexate Di hydr of ol ate Reductase dfr 1.64 -65.66 strogen strogen
Recept or 1@5)2“ [45.86 L-Hydroxytanoxifen strogen Re t 0.18
-55.15 anosi ne- @7 [ B, G et hyl ene] Tri phosphat e 1- Ras P21 ﬁ%‘g“a"’%{ 80.2
lycyl-*L-Tyrosi ne arboxypepti dase A a 3cpa 1.12 -40.63 wuperzine A
cetylcholinesterase |vot 0.93 -39.35 spirin Prostaglandin H2 Synthase-1

| pth k.71 -32.43 '-Deoxyuridine 5'- I\/bggphosphat e hym dyl ate Synt hase |syn

0.65 -50.89 Vitamin E 17(3 Hydroxyst efdi d- Dehydrogenase 1a27 0.71 -50.01
Vitam n E ldose Reduct ase IazI 0. 5kxAurig2 Vitamin E Al cohol Dehydrogenase
| dda 0.51 -43.92 |tamn | mmunogl obul i n, 45.83 Vitamn E

| ut at hi one Synt het ‘fﬁ‘b’é"“(?f@?"geﬂf"ﬁéhe ARt~ Mﬁri’rwﬁaw‘m d Oxi dase | aa8
0.32 -46.87 Vitamn E uanylyl Cyclase |awn 1.51 -40.57 Prostaglandin
Endoperoxide Vitam pn E Synthase |djj 2.32 -41.51 itamn E Nitric Oxide
Synt hase 2nse Ehﬁsntw&&ceagl%t%xaf%zwspéw dexiest b sgpability efydrrgfenied

| denti fi c@mbsimerdt oFakid GhienfiGd irf 1aBntiAh} PR Urgdd Uf driBSORdnhdXiYed f€a AR Cancer
drug tanmoxi fen was used to test the capability of the preferred enbodi nent

of thds i KOO BHcancer jdqug and yyasgepproyediap tb%f@%t@n@r RIpYFgve 4ol W8 i s a

vel |- 5 keoihsa{ebarRaas b%%n&fb@ed"@lsthﬁm?ﬁ%‘ﬁﬁ:ﬂldﬁ& d 8Qerbifatibn GPﬁé?ﬁFotem
preventive drug in 1998. Extensive research has been conducted on th

drug, i ncFagfthgona Fyied, sematereidalomdinosstyrpideleqestrogen apaganistyiy brepst @PF‘E’W see
" St er oi dakb,gd\ghdRBReda ﬁlagﬁl' 139%5 FE\BQ? Qn@ﬁt@gﬂﬂl‘s 9f1§S o |4!%-Qﬁ§ Eg@@f'c er: basic

and clinical appralsa E. Favoni, and A 19, 406- 415
(1998). One of @mf tkhésmwrt therappriigttargets of gmoglfeﬁ IStthmqos@hrchﬂthEIgzé@t& ogen

recepy or . sidwl'%hSiBiration of the structure of a tamoxifen - estrogen receptor complex generated by
the preferred embodiment of this invention. For comparison, the x-ray crystal structure of
natural ligand estrogen bound to this receptor is also included. Both the drug and the natural
ligand bind to the same site, which is shown in Figure 9 which validates the mechanism

described herein for determining molecules that bind to drugs targets.

15 Statistics of the tamoxifen search was:
Number of proteins scanned 2,000 (CPU time 2 weeks)
Number of human proteins scanned 1,164
Number of human and

equivalent protein targets identified 17 (4 confirmed, 4 implicated)

20 A detailed list of protein targets identified by a preferred embodiment of this invention

is given below together with references of relevant experimental testing:



10 shows an illustration of the structure of a tamoxifen - estrogen

recept or ml 8, 0€ener at ed by the preferred enmbodi nent gofdlebdspidgvention.
For conpari son {he x- ray crystal structure of natural Ilgané estrogen
bound to this receptor is also included. Both the drug and the natural
ligand bind to the sane site, which is shown in Figure 9 which validates

t he mechani sm described herein for dgyerm ning nolecules that bind to
drugs targets. 15 Statistics of the tanoxifen search was: Nunber of

prot ei ns BessibirdduRagBeoteiglargétsrof 4H-Haslosifen identiiied fem KUWO%KGG%FIN of scanned
1, 164 Nunber of human_and elwingmhrdmapmylian rofamg_
confi rmedl, 228 i npl i cat®edyeip) A detﬁmeewelnitslt gﬁtot
by a pre orrodl enbodi-ment—of—t hi-¢— BRSPS on _Sractys

referencessof Eel.ayank.&pR6L | Mentfl,y ,t§§‘§étngCoM

- 27 PossifOiE %ilmgosﬁé&e‘ S_Of 4t TaioxT 1 e roent T red from | NVDOCK
sear ch of ldoggdgeugég;gﬁdrr pPIoter s MM ExperTmentg—{Tar get
Qini cal FRE (L ARLIT antyAkles | TPIT catton eatmentf of Ta52 ESt n

Recept or g taErget—Conf i rmed brgast—ctancer It akZcd@Btidriskia Jycpsyl ase

| azl | dos$e Redpuctase | bnt Carbofeeréabydr ase conbijtmekamn Demyrpasged

t herapy fpz | Porvdrdfirdpef Bedicka vet ase | epvel can egncer Pronpt i Bn_pf | dht,
1733 - Hydroxys i?md tunmor ifdt ¢hydrogenaskg | nhi bi bi [PxOFoCERT i r s regression

3 lutat ffishhe fEEEr'l. Slpprgssed epoiQuisiIdression s

Glutathione Transferase

Al-1, ISuppressed Genotoxicity
1gsd, [Glutathione S- nzyme and Fnd
319 Transferase ctivity carcinogenicity i
" [Temporarily
Immunoglobulin Lambda |enhanced Ig Modulation of
1mch ILight Chain level immune response |5

Macrophage Migration
1plg Inhibitory

Purine Nucleoside
1lulb Phosphorylase

Lzgf Dna Polymerase Beta
2nll Retinoic Acid Receptor
la25 Protein Kinase C Inhibition Confirmed Anticancer 6

laaB D-Amino Acid Oxidase
Effect onl
ndrogen

3a -Hydroxysteroid induced Hepatic steroid

lafs Dehydrogenase ctivity metabolism 7
Prevention of
Prostaglandin H2 Direct basoconstrlctlo

ipth Synthase-1 linhibition Confirmed n 8

lsep Sepiapterin Reductase
Tyrosine 3-
2toh onooxygenase

Favoni, R. E. & Cupis, A. D. Trends Pharmacol Sci. 19, 406-415 (1998).
Levine, R. M., Rubalcaba, E., Lippman, M. E. & Cowan, K. H. Cancer Res. 45, 1644-1650
5 (1985).
Santner, S. J. & Santen, R. J. J. Steroid. Biochem. Mol. Biol. 45, 383-390 (1993).
Nuwaysir, E. F., Daggett, D. A., Jordan, V. C. & Pitot, H. C. Cancer Res. 56, 3704-3710
(1996).



| gsd, |ut athi one S- enzynme an and 31jr rrransf eraactivity carcinogenicity
enporarily gI obul i n Lanbda enhanced I g 4odul ati on ' é/_i ght
chain | evel'® We response 5 acrophage Mgration ipig f‘%?’%’%’g? Purine -
Nucl eosi de |ul b Phosphorylase |zgf na Polynerase Beta 2nll etinoic Acid
Receptor 1a25 Protein Kinase C Inhibition Confirmed Anticancer 6 | aaB

-Am no Acid Oxidase Effect o androgeng.3a -Hydroxysteroid induced Hepatic
steroid | afs ehydrogenase activi té net abolism7 Prevention of
4

Prost agl disavaneril. Ampen.ddoByhenan; &5 Hajbrpbn&yindeessen, L. CaHiPMIE PBrB488481 r med 8

| sep Sepi apte ﬁeduct ase Tyrosine 3- toh 4onooxygenase Favoni, R E. &
Cupis, A {’rends Pharmacol Sci. 19, 406-415 (1998). Levine, R M,
Rubal cabaFOWEﬂdS M. GptvanBioghemPhagnacelyin 231026 (1995Tancer Res. 45, 1644-1650 5

1985 t . | . 45,
50,83 3290 ?%g’gg?t ‘ﬁﬁ?&%ﬁ? sngﬁ H& eﬂzét"‘\f &gh%fw*i %hggé?ﬁmog,b\@i > l%‘?ot H.

C. Cdncer Res.l0%6(198%04- 3716 (1996) W)Ol/ 18627 PCT/ SGOO' 00138 - 28
Ritchie G. A. Recent Results Cancer Res. 71, 96-101 (1980).

EXAMPLE 2

An antibiotic drug neomycin is used to test the capability of the preferred embodiment
of this invention in identifying RNA targets of drugs. Neomycin is an aminoglycocide
10 antibiotic that inhibits bacterial protein synthesis. A number of RNA targets have been found
by experimentation. Hence, this drug can be used to test the preferred embodiment of this
invention. Ncomycin binding to RNA is described in "Specific binding of aminoglycoside

antibiotics to RNA", Y. Wang, R. R. Rando, Chem Biol 2, 281-290 (1995).
Testing generated seven RNA targets for neomycin out of 195 RNA related entries in
15 the built-in database. Three of these RNAs have been confirmed and 1 implicated by
experiments. A structure of neomycin docked to regulatory element of a tar RNA is shown in

Figure 10. Statistics of the testing result are:

Number of RNAs and RNA complexes scanned: 195
Number of RNAs and RNA
20 complexes targets identified: 7 (3 confirmed, 1 implicated)

A detailed list of RNA targets identified by a preferred embodiment of this invention is

given below together with references of relevant experimental testing:



Paavonen, T., Aronen, H., Pyrhonen, S., Hajba, A & Andersson, L. C APMS
99, 849-8 1). Rowlands, M G et al. Biochem Ph 723-726
{1995). ngg 0@% Runstadt, F., Plasczyk, H., Peetz, %%hﬂ?lggfers H.
Endocri nol ogy 113, '1043- 5 1055 (1983). Ritchie G A Recent Results Cancer
Res. 71, 96-101 (1980). EXAWMPLE 2 An antibiotic drug neomycin is used to
test the capability of the preferre d odinment of this invention in
identifying RNA targets of drugs. Neonycin is an-am noglycocide 10

antibiotic that inhi bipogsikie RN« Ta}gegrdghghamwujrhgues,ny&nnurrber of RNA

targets have been foygshtined ®yFeeter2a Eiiboafined?d This Inbéntiodr Ug can be used to
test the preferred enbodinent of this invention. Neonycin binding to RNA

is descri[ped I ~Specitic_blndi ng or anfinagl YGos! empaidattd i1 csjt 0 RNA",

Y. Wang, |[R®R® |Rando, CheM'Biol 2, 281- 9’(:%? Teswi ng o&Rkr it ed seven
RNA targets forl peonycin out of 195 relafe Bxpexinjept the built-in
dat abase. |* REGIRATORMNNEMENE ZhR) o o BIRAIHS,  ned -and || npl!] ed by
experi nmenigwe A éﬁ“ “ﬁf’%“s&?m ngbwg?nkﬁ‘eﬁxgto regul atory elfemengy of a tar
RNA is sh T rgure 16— StatTsticsjof—thetestinmg resuttiare} Nunber of
RNAs and REBGTOMAL ®kied. 195 Ngmber—of— S—and RNA[20-conpl exes
targets i {1 Tp£0Ps RNA( RIEOOYME DoMAGN | |BimBinsat €d) | A detalledal 1S of RNA
targets i t | f REEONUSLEQPROTBINRNZE dOMEHBR]!I nent of this inventilon 1§ given
bel ow t og U WH@J@IQ% estlbng: WO

01/ 18627 PCT/ SG00/ 00138 -29 Possi ble RNA Targets of Antibiotic Drug
Neonycin ldentified by Preferred Enbodi nent of This Invention PDB |d RNA
Confirmed by inplicated Ref Experinent Experinent |anr A REGULATORY
ELEMENT TAR inding 1 |aqo | RON RESPONSI VE ELEMENT RN Binding , 3 Pi AIRPIN



| ebqg RNA | el h 5S RIBOSOVAL RNA igid P4-P6 RNA R BOZYME DOVAI N Bi ndi ng 4
mum | BON | N RNA COWPLEX irna | RNA DUPLEX i ndi ng?.5. 01/ 18627
PCT/SGOOV&E?@R%E_ LECEitijiittg b Lrieirtilil Mms %ﬁ&%ﬁ“&g’&%wmls:
1. A nethod of identifying biological nolecul es that—can-bind-wi.th _a drug
havi ng N non-hydrogen atons, said nethod conprisi ng Ip2VYi Ng an
electronic file conprising a three-di ngnsi onal desgﬂ'!,'ﬁmgmmgm drug;
retrieving an electronic file conprisifig a three-di ensi opbaly *btion of
a pluralWBATOR ¢TAIMED 3l nol ecul es to be tested; ‘determining whet her the

drug can dock ,to each of. the yral.ity. of Qiological ,.nolecules based on
Che t br ee-di minsi oAdet e ssBarEbinlobieflandlialr Bty ik frioie e
bi ol ogi Calrnm}hﬁﬁéﬂeﬁ&tonﬁaéamxh&hbd@ngﬁ'ﬁingﬂer gy level of the |owest energy

m nim zation conformation of the drug and each of the plurali.t f
bi ol ogi cal nol ecul BHRHMEARSIGFraie filg GomRRTlsing 4, e °‘défﬂ%f‘s1°aglrfrﬁf‘f’9’inﬂ%°gfhﬁl ogi cal
nmol egul es as @ajgabl e of binding to the drug as those biological 15

nol ecul es having an energy | evel of the | owest energy mnim zation
conformation bel offtifViigctetlestionicelile cotpprising a thise-dimedngigpe! ffesqptiphf 2

wherein identij fﬂlmgoﬁigbggglq@hmgwt@s%dgonpri ses identifying those
bi ol ogi cal nolecules th have an interaction enerqgy |level that is simlar

to a previously deR'EFHTIAGYhetherathe drgorinciogh t/cagh of dher ppraifyeotihiglpgigal c al

mol ecul es_and nR1 69 BeseddiOthe Ated Bitlentibidl JedcApfidhS oF AT AR Vel Yeadilof the
protein. 3. The nethod of C aim2, wherein the previously determ ned

i nt dPaction ehiolegical malggtles;s - aN-bN2- cN3-d kcal /nol, and wherein Nis the
number of atons of caﬁ’cdldtﬂ?ﬁ'l%ené@? 16Vel ¢F the Bwedt Ribrgly AlfmPalid ®hRirdation of
e

statistically fitted to | igand-protein interaction energy of a few
the drug and each of the plurality of biological molecule which can dockto the drug;
and
identifying biological molecules as capable of binding to the drug as those biological
15 molecules having_ari energy level of the lowest energy minimization conformation
below a predetermined level.
2. The method of Claim 1, wherein identifying biological molecules comprises
identifying those biological molecules that have an interaction energy level that is similar to a
previously determined intéraction energy value for the biological molecules and a second drug

20 that binds to the same cavity in the protein.

3. The method of Claim 2, wherein the previously determined interaction energy
level is -aN-bN2-cN*-d kcal/mol, and wherein N is the number of atoms of a ligand, and a, b,
¢, and d are parameters statistically fitted to the ligand-protein interaction energy of a few
dozen PDB ligands with various number of atoms.

25 4, The method of Claim 1, wherein said electronic file comprises three-
dimensional descriptions of multiple conformations of said drug and determining whether the
drug can dock to each of the plurality of biological molecules comprises matching said
multiple conformations of said drug with said plurality of biological molecules.

5. The method of Claim 1, wherein determining whether the drug can dock

30 comprises calculating a vector-vector matching algorithm between the drug and each of the

plurality of biological molecules.



dozen PDB |igands with various nunber of atoms. 25 4. The nethod of Caim
1, wherei | ectronic fi di menshQH?s{% | ptions
of nmul ti plqgé%ﬂf rmat i ons of. J‘ﬂm“mﬂ!mmummﬁrm ni ng wh &ﬁ%{ drug
can dock to each of the plurali‘ty “of “bi bl oyi cal nol ecul es conprises
matching said multiple conformations of said drug with said plurality of
bi ol ogi cal nolecules. 5. The nmethod of;d aim1, wherein determ ning whether
the drug can dock 30 conprises calcu atl ng a vector-vector matching

al gori t hm bet éeen Theemethad afnGlagnch whertinecalqulatinial the yvegﬁor-mcmrogatchhg

nmol ecul e 0 7 . 1 1 L1). PCT].S000400138 *
701 €0 UL A1gontin CobdniR& peneratid b it %g iptefel that kdrbsehts 4 §Ack<mg ViR ROhE

vect or - vbivlagicahmbletileng al gori t hm conpri ses generatl ng a cI uster of spheres

that represents a.dqcki i eleiNe The net hod
of daimail, erelﬁ‘% tgg?noglc%%%v\htathemri E"“”éfr"ﬁ'g S"éhr? ogﬁ gpceaPrrq‘)tcg steric

cl ashies bpamisstent tleshds bgwesndthe dmp and edchef the phwdhty of élogicd Inmdgcolrs. nol ecul es.

8. The met hod, of ai m ein.the file c rrpr|5| hr ee. di rensi onal
description of a c?lrbl.?gmfliib‘il\r,ﬁ\’,?te(ﬁgﬂ%tlb ﬁ‘ St Ew "Iﬁ?aangﬁ ¢ digyasio
Mol ecul adedodpticgnof d_idm'gt Bdn (th@B)odkh:ivcﬁdTrﬁtﬁh.Dﬁaba’ﬁhe{PDB) loo dMaiécular Desieh

wherein the.t nS| nal description of the 10 plurality of
bi onol ecfﬁf'&ﬁe‘%@r hree- di mensi onal descriptions of cavities of each

of the bi oer.ecuI'Hﬁc. mwod Af rEhinod, @Ihc@&n&feaﬂ:irdegixmmsmtar xlesbﬁptibndﬁt thbase of
bi onpl ecul ar,. cayi.t ruct ures risin retrievi I eer dj n5|onal
ot 2t gt B bibaolgPiny SiS P piabmr R dopmiony et Sefhes Pl 655 4

gener at i mgpnivlethlescul ar surface profile of the nolecular structure, sal d
profile conp I|t Qf posi tions of surface ato of the

bi onol ecul e; E;Qner“gt’?’ﬁ‘s i e t"i’.ﬁ WHH I @hdpta S‘Ef’é?/é’% ‘P‘H’émgrﬁsi'll%fc&?v&?'
surface @ﬁ-ﬁﬁtﬁrb@com?ﬁbﬁ{gtlfyl ng a cavity as a cluster of spheres which are

covered by a pluralj of urface, at
y P retnle%//mg a three—dslmens?'onal mo(l)ecular structure of a biomolecule from a
15 biomolecular database;

generating a molecular surface profile of the molccular structure, said profile
comprising a plurality of positions of surface atoms of the biomolecule;

generating a series of spheres that cover the molecular surface profile;

identifying a cavity as a cluster of spheres which are covered by a plurality of

20 surface atoms;

identifying the coordinate positions and radii of the spheres within the cluster
as a representation of the position of the cavity; and

storing the positions and radii of the spheres within the cluster as the entry in
the biomolecular cavity database.

25 11.  The method of Claim 10, wherein identifying a cavity comprises identifying
spheres having vectors with more than 75% of their directions covered by atoms of the
biomolecule.

12.  The method of Claim 10, further comprising identifying a darkness value for

each sphere within the cluster, and storing the darkness values in the biomolecular cavity
30 database.



identifying the coordinate positions and radii of the spheres within the
cluster as _a representation of the position of the cavity: and storing the
positions RAVISEH i of the spheres within the cluster agcifﬁgo f"fsy in the:
bi onol ecul ar cavity database. 25 11. The nethod of C aim 10, wherein
identifying a cavity conprises identifying spheres having vectors with
nore than 75% of their directions cov%ed by atons of the bionolecule. 12..
The met hod of Claim 10, further conprising identifying a darkness val ue for
each sphere W3t hi IThe hethddisf €laim d0dvlckehi andurhlitg ofanieeds thaibisaslebtlart he

bi onol ecul ar .cavi t 30 dat abase. WO 01/18627 PCT/ SG00/ 00138 -32 13. The
met hod o?a"@'g?tgl?aﬁ) ©red n a plurality of entries in the biomol ecul ar
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