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APPARATUS FOR..COVPUTER AUTOVATED DETECTI ON OF PROTEI N AND

TARGETS OF A CHEM CAL COVPOUND Copyright Notice A portion of thle661 J,scl'osure
of thisgalgpbrdocunent contains material which is subject 5 to copyright
protection. The copyright owner has no objection to the facshimheh 2004
reproducti on by anyone of the patent docunment or the patent disclosure, as
it appears in the Patent and Trademark, Office patent file or records, but
ot herwi se reserves all copyrights whatsoever. Background of the Invention
Fiel d oMETRODNAND i APPARATIUS FOR aDOMPUTERAAET OMAELDODE TRCTHIYa0Rt us

for detPROTRINANDENUCEHEIQWCIDI TARGETS OFJC CHENMIEAY, COMPONID €. Aspect s
of the invention relate to selecting proteins and nucleic acids froma

bi onol ecul ar cavity database that a drug can bind to; both geonetrically
and chemcally. This general field is known as "Ml ecul ar Mdeling"(MV) and

"Conput gr_Assisted Ml ecul ar Design" (CAMD). When used for pharmaceuti cal
di scove&%@ﬂﬁf}@&?—%l dis 15 referred to as "Conputer-Ai ded Drug Design"

(CADD) . Deschigttidiofthe @108l reRis PatenBdstuiieinBdntaind atteRf whith i8 seljeaut er
drug target prediction nethod A nunber of strategies have been proposed and
uséd f ofo qopyTightairoigrisaroy Ehe cemyrighhvounerdies mpHabiestipn ¢o thecfagsimible meproducion

chem sty which is described in "Dir e | nat.or | esl. Sst.ry’y, J.
& Hogahy pVORet thE PAERE Uhier by 4% BEEACESHBIR, U PlabBlardth fRBUGlha;,
whi ch i Srademark Offide ipatentiiglor idvoedsgbiotheswise eevengs bl coplriphtowhasoesey”, J. R
Broach and J. Thorner. Nature 384 suppl., 14-16 (1996).; QSAR which is
described in "Strategies for indirect conmputer-aided drug Design", Loew GH,

Villar HO Al korta I, Pharm Rgﬁgl&gou%gﬁ%%t&GIn('gﬁ]t%gB); and structure-based
nmol ecul ar design, which is described in ructure based drug 25 design",
Bl undel Ficld\sfithe lnv@8B8domsuppl ., 23-26 (1996). Al of these strategies focus on

the desi | ead ds (d i ng biol.ogi cal .actiyit
b net o deFhhdaaRon BReo o fttols EAEamas e deiepimpreas o BictBEiebils o
these C%?Eh‘?éiﬂgi S‘Pﬁléél MoRichRS éagggtﬁbf\&mamdedmh@ia& RCIcHR A Pritéihs 3RE QuBlRd for

by these 8- PCT - March 2004 net hods. TheSe interactions have
i npl i caadidnfromoa déqyooldenlyr cdvity ajatabasethef halrug cambwdntoe ot gromsftfieadly andd

toxicity, Although good bi ical actiwvity is necessi a dy

candi da%’(téen?‘fgélg’s uﬁﬂs %ﬁggrag&%#(f?%%ﬁ?wfl Bt sMgﬁﬁuléf ?\ﬁ?‘%ipg'ts(M%? sanfior&gv%%er

ef f ect , Abglitk&MdleculiraBYsH"A@ANMDY. Wheivabdd RS phirriseanical Thesery, abis Sk
clinical trials are very costly and tine consum ng. 5 Conputer nethods and
appar at teferrast tojag qpmpyiehdrigaddPaigDestan” f0ADI)e acid targets can facilitate
fast-speed predictions of drug-protein and drug-nucleic acid interactions
that m ght have inplications for possible side effects, toxicity and ot her
unwant edesdripgionh of et edated desindySumitdardyi me- consunmi ng tests and clini cal
trials. This js particularly inportant given that nmuch of the $350 million
and 12 yBapeeddet compugdugdersebrredistaemef"s? drugs have been squandered ~J
on nmany drugac 1 I ] VL8V f
drug di scovefxyﬁ?ggggaf:ﬁffk{gﬁéﬁe%@gatﬁg%??@\é% aﬁﬁ%g%t l;dg? S%@@*???S?‘?é}g c?a[%i“ﬁg

t he phadmeselhdse atclidedeshbipatordalohemidtny; wihiohois alesapibed i 'Didected corbbingtorial

Di,scov. Today 2, 72-78 997); " dr evel oppent. i1n the United States
(| o8haty5ob'C Hoste Yoriaire S sveripryad (G hishriaolghatt sefeenine,
Phar mac glnichhRr desdbbedifl "1 ﬁ-tﬁr@)ggﬁ.&t{ sdreerfifiE fOP4& Lﬂi@fov_&@“,g{?tlﬁ Bfoagh RHAYer of

nat ural product drugs, particul those " from traditional medicinal

pl ant s, Taomeunk¥eatune. 38 sepphi ddits(1986)..0Q8AR, whicklds degerihedvinlr"Styatepizs ddr on
th | | hani. f " I t.al _ det 1 nat i f
ol ecul SR} SsRg iged e DA ER. ded O Ve B0 B P B 100 Reter . o

conput eg199BY;hadll Saicneebdsddmdiculati @Bdipd,| Which 8 desvibed o f'Strudtufeabdsedigud oW
cost approach to search possible dr ug tar?ets. 20 Feasibility of conputer
drafy t adgeign’, Blndellc dature 484 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

I
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A conputer drug target identification strategy is feasible if: ( 1) a
rsufficiently diverse set of protein and nucleic acid 3D structures is
avai l able, and (2) a sufficiently fast and accurate drug identification
al goritparigg-rovai | abl e under currently avail able and af fordabl e conput er
systens. Prediction of therapeutic effects, side effects andst mxichiz0§4
requires 25 know edge of protein functions. As explained bel ow, these
conditions are being net. At present, .phe 3D structure of 11,346 proteins,
557 protein/nucleic acid conpl exes and 857 nucl ei c aci ds have been rel eased
in the Petods.Toat altaadkionPbB)e ingplidatidns toseroadary tlerapmitis effects, unawantedfsideor e

than 100 th described in. PDB h . .
htto: 1/ S el oy ATERE: RemlitioloBigrbactTg b Bersiy: P Aryscrsrrlise mery R
sequencesss ARlitRMaleser h:madnmeal Blalsdgirngdd Bffedt) eh@lity, SROHANEHILIGE BUGIAT & gap

by structure predictions”, B. Rost, PAP 148-PCT -3 5t" March 2004 C.
Sander . efieaey. ﬁéwsespsipm}éclmleﬂmalsaqewsw costly andtimggopsimuay.. Thus, the nunber

of pr ot ei ns utL abol i c,
et tect, CompFETfed FEMRAIAN L RURhOME, GBI ahdRRARE o L B

anal ysi Sacilithocfas- sp&ecelmeemhe@h bfodrappbdteint dnd deganaemadcimmtﬁﬁct&ihs QR4 rpight ei ns

w th uni que sequence within 5 years, as discussed in 5 "100, 000 protein

st r uct uhaye mplicatiensfpppessible SIde affests, jtoxiigy ans} pthex uwmted effeqiyghaus gostly
(1998) . adHfre- n§LH{11fnh%s?§1£r{&/clmléé‘F'h§a‘?s j‘fﬁs i aRfcﬁIa tp%ﬂgntrﬁ-l%tﬁhﬁt ﬁﬁb}gﬁf I'n
PDB is expected in a~few years. vances in i onal” genom cs and
pr ot eonitles$IS® milben aind §2 iyedre spatt |ouravmsagé tidr dommq:mratl dotgs hgve beerapmandered

e P RS D S RS R EL,
Sci ence agd $ime8@hn 0 %ox(ndlﬂg 7gtratgglé’Tcl=?61€és¢t~°aci'n the pRdrifae&itichl inBh QL ATLER- foAN

ambi tious drug devel oprment ormatte s to link gene sequence to
expr ess emnowhmtbt J/dércwrsdBrugv &soouqumysZ a IZO’@l (3997)st"Nemsdrug Alevelopmenti ig .the

Nat ur e 94 998) s,appear, to |ndto cavities
of prot goﬁ tﬁﬁ%f 1%33 s dPh 3 Aa%m%gt& y YAl 9 &atlal?fﬁg‘ea céallrlf‘ be
i nt roduq:ggnﬁ@ofa@rl 50,av¢-480Pdier drug target identification. A nethod is
15 di scl osed for corrputer aut omat ed generation of a bionolecul ar cavity

dat®base frorhberneleatantrgethpbapnaber af paural prrdugy drugst pastewarlyrHiose diabase
can i nCltﬁgﬁloﬁ%llmQ&lgﬁgf ngl[ﬁn@nﬂe rﬂé%(ﬁbﬁ: 'ﬂﬁ# g?ldér@ tEP@ff&?% 'd[ewgt? %\9' %s base(%
informati on a Fric an em Cca eatures o cavities along w h

t he 3D S)hrtb@hmﬂ@u&ﬁme@hﬁﬁtrﬁalfﬂmseﬂﬁrgm Egpetimentsd dbemhinbiionof awotdcalar targets

H gh- speed dr ug target identification can be achieved by a discl osed

f1 exi bl ©f13 wawal prodBstoisnficaslew apd spetly. FVEVRY aawaw%wth?ﬁ.fgr drugotargehm
searche ei ¢ acids
to whi c\;ildé%tllgl:c\ﬁl)tgﬁ4 ‘g%g%gfrep F(a{gs%épl% ﬁg?&cfx'&@%@ﬁfh‘i{)%l to. ﬁa@%&% ng results
show that the average CPU tinme is 14-20 days for searchl ng a cavity

base_ cont.ai n.ng a thousa ds..of .proteins and nucl eic acids. Existing
ut eﬁv ﬁg{’?{%d%’?@“%tﬂﬁ%ﬁﬁ%‘f‘é ed‘ffﬁ?t(?p ¢ target identification 25 Existing
I i gand pr ot ei A coppliteNdnay @Ret t&aﬂﬁﬁ@arti%n seelepy @&Iasibreqfc?y Iat du?ﬁcx&ftlyadllvbﬁkt ed

size. Human intervention is generally required | oca bi nd lnig site or to
y

derive et efl praeinnangdenuai¢ic aaCkhBQeSthr@SylS Frailebler and Rhrpraudhiciently fast ané
t cki. d |
or ot ei n dsPuiciue dlefifsRfif fbplins itavTanR FdiDchPelly Maleblsing drrgae”

vect or - e@fiplter "B)istRisN Predigfon tctrrrtue fp@@mﬁl@hect@f steakffeds Vdridh t(ﬁ@éfl?t ir@isires
5| nificantly larger than 30 that of existing methods. PAP 148-PCT -4

25 Mar demowiralge nﬁp@é@m funcgions tsregpleincd balow, dicseeonsitions e being gleh cavity
grof' | es are A0hcsdii | @R [Rlcilie ! APIRNbRing 557 HIREEAMIRC G8Y! dofaplexes
at abase. TheseP Tt normal Ty Tequilr umah T nterventi on el ther
| ocat e amblsﬁdl mnglec aeidorhave bganeenau‘sed in deePiotdic Dagabahly (PDB), in&i thehiliberakes

it inpractical to gener te cavhty profiles for thous%{eas of ot ei ns and

nucl ei c 1BEFHES 3 RyTalg HB#E L9PePefenitheds jdesorief, i l})r 3 pherag page
strat egi n 0B GV, t

1t oo i (i e b e Sscle T PRSP
| i g&dnds descrmedtlm"Bnldgm@ the pmtcnes:equenm Welaotre gap bRutpienire pradectians\NB. Raish.
Chem Biol. 3, 449-462 (1996); "Characterization of receptors with a new
negative image: Use in nolecul ar docking and | ead optim zation", C M
GCshiro, and I. D. Kuntz. Proteins




7 Struct. Func. Genet. 30, 31 [-336 (1998). Potential applications of the
+di scl osed conputer drug target identification nmethod The di scl osed net hods
provi de a uni que mechani smfor fast and | ow cost conputer identification of
pr ot ei ngapn_pitic! ei ¢ acids that a drug can bind to. Subsequent anal ysis of
the function of the identified proteins and nucleic acids, celiphat 2og4t he
consideration of 1 S feasibility of drug delivery to site of action, can
then facilitate the prediction of unkngwn targets, secondary therapeutic
targets, possible side effects and toxicity. Thus, the invention has

pot ent i & Sapgéri datnuoRev iBiophysaBiohidl Btiucg 2AShd 18dB6r (1906). i Thusp thel nimMbYN of

nmol ecul ar_, nechani s f drugs ch,as natural products).. $0,  Facilitating
he" det BRORLARD et a Bititnghl ek ioore BereBies dreabiliss Sdiclisganbag
conpoungskicityr@gdeks. Tk iifGodudBol b8 ﬂ!ghtt_h%gﬁf)utpﬁé@'sﬁl fRetHBye3t é?%e@tb?j %o ehdupet
and toxicity of drug | ead conpounds in early stage of drug devel opnent.

G ven othegéitersinatisindola 4OML protéins withueniqueasequartef withini Hryadrsgendistussed in

wcigs 1o G Sihohl GF heboll) B35 Nt sifie: Bidlery oo io% LB Ger
and wi der aphial dubficibitlyldiversel 86t eprofetnsisndaiicRi §6G8s B PDRI i3 ekpa@&Y jnop t o

provide a new nethod for autonated conputer identification of possible
pr ot ei nfamngesrscNewcadyenepstinrfyaetiongl genangiss and prefeemicsris Ipeoviding doformationi s

"o ot e et o U (Rl At oM rERE 4B cRicio ool Bpforiiy 2 ¥ ©
further dedsribed inf"Fuhitonanyaninicn ' abir how deuareae vit e, Nididier GindaMt, aBaHusid,
conput er, %ene%%i &ﬂ &{?rgl gi onol ecul.ar, cavity database fromentries of a

bi ohol eSEIERCEB B/ &1 44e 9441 dpyqtsemiesnissdeseriad: inorPrplepatiess Arb ambitioup shug or

i denti f j ' j r .

| gand- e bt pLltcbin SEirE £ AL BerXelitiie Aot Hheliey B ARfer Yarious
successphgsidogikalrsgated. A. PérgidisdNatursBivgdoh. b6, 39084394 gt ¢98)onf or mati ons to

mul tiple protejn and nucleic acid.entrjes in a biopol ecular cavity database
by the vect orﬁ(/‘é@g%?pﬁ?&f tnping RFHBITY rﬁrﬂﬁg%rquﬁ’é‘al_elfe?%‘%: Tpps. 2 Yampleculen
conf or MghvigNdatdbabd\ean! YedaREdead tPRclitdtt BSmpRePdBp ir %t nigéﬂitﬁfc'gﬁ?rg'ﬁgg{étﬂoﬁ is

all owed at "this stage), an energy mnimzation I's ucte ease
poksi bl dissloged forcdompiutes adtommteshgénerationtafe biomblacriat cavityodatelese dirony eatriés t hat

f the side.chain Qf:ani i l.eotid t i ndj ite E
oo 23 ARl o AR et oOF e ERbA Ry e e MRS SR
si mi | ar atids ih@DBlIakdliti ddntat® i8Qrinak6e abdBERBomAYRER dSERRSal f RAuAS Tftheiicd/bdel

Bui lding with Ener%Refi nenent and it is a packaglg devel oped by
r esear clong wyth the Blstrictupe #1d chgmiad prapsrtisa of thedwst Bemoleauleaf er ence f or

AMBER can bef; jn. " . . i r field r ihe,.
si mul ati on otﬁ 1%’}’-(%1?5 g?lﬁisrh gﬁaégér?dgﬁgﬁ@g%%?gag{ Slé E@?%Je I&M}S%Bsg‘%ﬁﬁﬁ%gﬁ h@é&qu
C120 GoulbibnhdReculderinvetdd HockihgrggertthmDV hiSpgdrithme sediéhes FoXbidmoleahidnadality W

and Kol | maE PA. Jgur nal of the Anerican Chem cal Society 117, 5179-5197 (
199S) . ©8teRassdo Sod preieing And Budleir eidsiawhich agivsndg 9n ligind cagrind of weaklecul e

i nter actbimo,e@egtg% EAIRUhEH it Hpér?%“gﬁgégﬁ& Egggw ga(rgefo%eatremﬁg igoqagir?“d

paranmeters sim!l in that 20 given ation 1s na

r epl ace darbBisR cogaimgea fdyothdusands bf protdins andMocke goadsent i al function. Morse
potential function has been shown to give fairly accurate hydrogen bond
energy in bionolecular systenms, and the use of this potential helps to save

g Io gp rrl[Jnt L %fsggg?gﬁpm} AeiBh dre OPRAS B bflpularDRi8S PR 1 @l function in
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.



described in "Prenelting base pair opening probability and drug bindi ng
+constant of a 25 daunonycin--Poly d(GCAT)-Poly d(ATGC) conplex", Y.Z. Chen
and E.W Prohofsky, Biophys. J. 66, 820 ( 1994). Proteins and nucl eic acids
are sel papemg-@sr nol ecul ar targets of the ligand if the interaction energy
is below a certain value, which is a function of the nunber ¢ marn-2094lr ogen
atons in the drug. Ligand binding is conpetitive in nature. A drug is
unlikely to be effective if its binding 30 is non-conpetitive against
natural ligands and, to sone extent, other drugs that bind to the sane
recept or sit Morgdnes, bdiistoigngethodgfer igeheretings protey chatyprofilesl dry nbasidtablenfos
consi derati.on for I%AP 148- PCT -.6 %t " I\/arclh 2004 tI&ose ca\éi ties kpown to
be |i gaffavBRIMER; of acdipmalepulan savippdanbess: Thase aisthads Morgaly SPUHE BUSER on
t he abovge®Bfidiytolthesioedtd a biRiiRdiRtbrad gehratt & shEGHE E&ALy RoRR, FARFARLE tO
that of the corresponding PDB Iigand in sel ecting putative protein targets.
Li gand- pirigwegcticalie gererate savienprofiesfior thonspadsief proteins and neCiBicasidsi es can be

Gechr 1 bed as AP OF(REROEEalst oo RbRTEA St Bhne ek alrlof® TP B, Al “nd pect

of this disowestyl,dD., KuMeCS@éncéST 01078108021 (199%)] Yddrhinbifehd: Fabf, flBUsifsmited
efficiently place a ligand in a particular conformation into a cavity in a
bi onol edarking af flexibitiligands dorpeniein tinding gitesipWorWelehnk Ruppert.cand) AsNerJaisy:
spheres IR W Y bd M. T .S t i . t .epresent s
ho 1 or e EOL 3, Ao Re8 bt (CREERERToh W rebdblirt uiul'y 1B BeolFORERRT 2
wi t h redpedh rhaetilar dookgigharaf lead roptiatienioa” ,cOOMIiOshire, ayd 1.eh Huntd ®rdteigand
or that of sphere, cluster res ively. In one enbodi nent, a coordinate
system iséma‘efgf‘?l"e %‘rié’ Q{Iilgg‘ﬁfﬁ%é)a particul ar conformation based on three
atons of |argest separation. Then, sets of three spheres matching the

position of these three atons are selected to define correspondi ng
coor di ndlatergigbapmiwationsofsphdisdospdeamputer dragtadges pleatificqpivaimathods as vect ors

Y eorry Coma ol gud e, GPREE L RaBE MaSR 6! Btk GOF o6 henbbrcs o
l'igand tigendifieaydrt Of fHoteHRMEAAHUSRIL Ridefsth Huglclf blddaBNSubsegiaat analdidofber e

“vectors. Aligand is considered to be successfully placed into a cavity if
each of fangtionj ghile vdentibied pretednsegnd onuglei¢ easisls, eruplsghar dhe sonsideration of

fuggh : hi . i nvent i thod i s kniroduced for.
aul bt AU BIVES R HRORG R 49 e, SMRE S B Rish bR

pr ot ei n tagets Usdcondarp chetapbiotis ttirgets Upessibid sidaefectdAhé t6:avity. YTHIS] deafention
contains two sets of entries. The first set consists of cavity entries

cont ai nih#gPPisRA REPHGHOBLBAt geonmetric and chenical features of cavities.
The second set consi . of .ho | €s Wl i r i bout, t he 3D
structure an? cherrqiisﬁ%glftas%l oglgré%t%@nééti%ogf%%n‘ﬁ %&%@ﬁﬁﬁg&rﬁq %F%uﬁfflgl&ai red
information for egeitheawatuyalgndduets)( 1 ) 25 position and radius of spheres
of _a sphere cluster representing a cavity, (é& spheres | ess than 3.5A away
frédf a hydroden bdigilighg: therdeseraumation @t%/ gapppdary herppputic (ifteets| el drgs aadd
(3) the extent ea re | vered by atons of the host bionolecule. The
m ni mum r equi r ed %%%Qngfﬁ%lh&f%@ each host bionolecule entry: ( 1)

posi tions of et onRacilddtintte padictidand pdsitle uawantad 610 efest andIdxibRy bf dug

el ectrostatic charges of atons, and (4) Van der Waals paraneters. 30 Van
der Waal s par anet d¢ad epmapaundeingaely stagp of dipegtevelopmert. i nt er acti on of at ons.

These par anet =" I , h i in "
Socond gener opivEn BRGoRY b adafiss if Sl GRERAER0RY BefGREE jhRmlon for
si B8l at i amnincreagingly divesseased oNpioketnCarCidicic a&ids Belecomitp, avallehlt akhdPdisddagedy
Cl, Gould hR ,k/&irz_tf:gl\]r,_ Fer qusan . Spel |l neyer DC, Fox T, Caldwell JW
and Kol I"ethoglikely gl simd wider;and vider anplipationdpidslg desigd ety 117, 5179- 5197 (
1995). In ongy ‘?mf?q;bﬁg‘%[‘tofqaistiﬁ%r{ti%\’x%térrg()i’deef‘ﬁ&wqﬁé’th&?’ f&n%ﬁ%mia&d u?(%rEd
5 d 1 of no of a

fromthe foll ow ng procedure: (1) Conputation ecular surfac

pr ot ei n identifigatien of passibilaqyrotesi argl nuctaic eciditaras ofdrugst om desi gned conput er

program or the. f the s ware suite Mdus Plus, (. ner at i on,. of

D bher o or oupd isch Birhiss g el i Shfrtioh o mivileds b dteshBin T GioRinedt iodaci o
by 30si NGo afcavitpsBaplotein or fuidioatidesi gned conputer program or SPHGEN of the
DOCK suit of software. (3) Selection of sphere clusters, each inside a
cavity. (4) CQutput positions and ~ chem cal properties (such as hydrogen
bondi ng site, polar or non-polar site etc) of the selected cavity clusters.
The preferred output format is that conpatible to SPHGEN and CLUSTER out put
format. Mdus Plus is described in "An Affordabl e Approach to Interactive
Deskt op Mol ecul ar Modeling,”, T.E. Ferrin, et. al. J. MI. Gaphics, 9,
27-32,37-38 (1991 ). SPHCGEN is described in "Using shape conplenentarity as

N r o a r—- T e

al




25 In a further aspect of this invention, to facilitate fast-speed scoring
~ of binding conpetitiveness against other ligands that bind to the sane
receptor site, ligand-protein interaction energy for ligand found in each
cavi ty pypihspt$ pre-conputed and enclosed in the protein cavity database.
The preferred method for conputing |igand-protein interacti ost” Baeh@pos or
PDB |igands is that conposed of nol ecul ar nechani cs energy functions and
parameters 30 simlar in that given insAMBER Mdification is nmade to

repl ace AMBER hydrogen bond function by a Morse potential function. PAP
| 48- PCT _g_ IBisiaefurtBersabjequtoff diis tfvention torpruwideg s nb¢ ' méthod for 20makédeongpuleri s a
flow diagramthat {llustrates one, enbodi nent of a process for determning
t he poéfﬂmaaowgtaeﬁw BRI CPaYitY %r@sq dHogeeairgs of apgfqm@m § 3 sigucture

mol ecul giavgégure 2 is schematic diagramof an H V-1 protease inhibitor
illustrating a set of 5 vectors X, Y and Z in a three di nensional

coor di nat e sThis inventiomyslgestd 8 neetlywhforadintifnggratemalr mckephacid tagetstofm i n a

sl of Chmapeoiebns br HabABimBERUS Pisrie Biing sibiely b, istesy paTomS
bi onol efubteRsivd doLiiHE ®f iifard MCHRIIBIr naltiplr @R nabiofl WOnu#lé pR&teinStddck)

being matched with a sphere cluster (separate balls) using a vector-vector
mat chi riyckgigenid enfres i ybiomadeduiar gavitshdatahase by tewvsetontvedtar matching algaristhmor

nol ecul ' Kk Lnt.o th Vi of . an H. V=1 praotease nol ecul Fi gure
71 o a SRR oy bR SaiPlbiohrotr 88 idaa Saf b8 FRRCCE SO st o
15 cavidlyshdatalbwee af thivitagd)] sedeegy nitiindizdtion -i§l comnsieanalreldaecaasble skirgur e 8
Ls_ a scgenat i.c diagram of an anticancer drug 4Htanoxifen (dark ball and

stick) deduand tp apymzedheceniomaationof dhn &g préthst af the sigischainjoflaming aeidyete) .

Fi gure beSyi ' chennt i | . : ifenl.est

bi i ng it at W MndRE B netly? S hide ' Wenb RN (hoULEE ARG i
(bal | aalgorsthins land tparemheters )sithidarmtg thatalsed in thet dofiwtate ARKBERT ANMIBER. stdodt dod ed
Description This inyention (s i.nplenented in an illustrative enbodi nent of
this i %ﬁlﬁt?do%éﬁla_ﬁb&l gl it Eggs?sgﬁafﬁr&meﬁf Fiflatts 2 AdPEBES v eBardDY

cavi Uy apltncar UIVERIRLP CaRRARE SaliRaitibo? A RIAGHE 6 AMIDER (A bETEG
conputers. Illustratively, the conputer may take the formof a conputer

wdp kst aini“oh sewwd generati@Gora fielddoRheGOoylation dBMotetspaditickiPeiddipComvindows

ot ovi el Dy rRRBR s Lo bp o e s i Hertefieg i N otes B ep R B
322! Sin.cciatawglrlgﬂ ggg Slédlfmﬁl BAY g6urlsIUGE thetAkiaScanaChdntidala8ocidtp! 1119261 BRsigy dr ug
(1995). Docking evaluation is performed by examination 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



s PAP |48-PCT -9 5" March 2004 potentially useful nmeans to facilitate fast
“and ‘cost- efficient prediction of side effect, toxicity and secondary

t herapeutic effects of a |l ead conpound in early stage of devel opnent.

Def i ni t PaPBI8IPCT Nstructions 5 Instructions refer to conputer-inpl enented
steps for processing information in the system Instructions5®aarde004

i npl emented in software, firmvare or hardware and include any type of
programed step undertaken by nodul es.gf- the el ectronic financing system
2. LAN One exanple of the Local Area Network may be a corporate conputing
net wor kthos® cavitiesukiiown & bedigand beynsl innatdeasbtone tPOBvientehr dormadditionstosadring

conput i vi.ces, caonpri si t financi ng system ar onnected. .| n
enbbai it o e ToREBhe ool ARG el g Fo B ORREHER 19 PP BF ne
Pr ot oc othe(cbaRépdidirg PIDB Uigdns irnseledtitlg putatiat pestéiattargets enfpesd-priMia inteRetib\N
may conformto other network standards, includi ng, but not limted to, the
| nt er naghsanfordigandnfonad o BB entiesorandegpesonpyied #ad epelesedoneiomeleculpBMm s

SNA,  Noyglidy databasd \eh RS FesBiibhBRWRAARN dfedt ofrhidhGEARLAERRHOr The
y gener a} or

m Croprocessor na e any conventi ona pur pose si ngl e-

mul ti-chi p mircadmtieasseat of thidinvsntiorPanetiomvpetoc eathing dgdrithin ig intsduced
processor, _a. 8051 processor, a MPS processor,, a Power PC processor, or an
ALPHA pf%eﬁfﬁmly liceaidearbin atﬂ‘?@“"?‘@‘rﬁ"&ﬁ’@ﬁ‘?ﬂ%éﬂéﬁr“ FRNEY B BRPMAERH A onal

Speci a llgﬁﬂ@%gg@gd%%&?ﬁ 8f atSHE MardS &u&é:%ﬁs?heréé @k R 2Caw epfé{gg?se ss

gr aphi cs proce croprocessor typically has conventional "a
| i nes, twheavity. dnwadctaratpresantsethe relataveopositon (distance amd/ engdritatival) of ematom ot a nes.

ot | BRI SRR 6 BESRER ACH relraher OEnBR WP AR SRS REME Phthe ar ¢

each of sfHeee BRSket R|pEAVEE. BEoNASBBHMEMDa COGHIMRSsysRIPRAIHNHES for‘ielfl%a'ﬂhtiﬁ onal
statenents, and nmacros. Each of the nodules are typically separately

conpi | e@ patdcylareefoinmtionabasgd ginetheseeatoma ofelapgesy peparativhe Tbeinr sets ofighree

follown escription of each of, the,modul es i s used .for ,conveni ence,.to
oscr ! baPhoRE” Fla e oA of inésdwiBHoR: A HRSfd! L BRI SPGPofhe
under goggordiha tegfs ih mesgﬁadlgr@ga. Maymbad apikire baditions dsadetrd (Xeicedrdimtane of
t he PAP 148-PCT - 10 5 " March 2004 ot her nodul es, conbined together in

a i ngl & Hsdgprective naw Foordinate syitems pan thep bedirestle compated rte slork adpelgenle
ink i ! T i : £ el i cal |
connect S @ayis. MR By HECRUC RELIIY o Sy 87 Bbalidbhoac EbPALIIAANGS! ¥

net wor kvectbrst witinephere nectane, ligandds céusiderddetontys iwcédsAily macedide Aceaty if
In addition, the connectivity to the network may be, for

Net Kk . ,
examng[e?a&bm%‘%aaﬁfwarﬁm@tmﬁ "e&%osegp@yé,y veefien Ring (I EEE 802.5),
Fi ber Di stri ytegirhat &pk&kor thisshi@fion FAdBods iABYANLEA FROsingddteNfftshatpde

(ATM. Note that conputing devices may be desktop, server, portable,
had{d- helgdnergtéen pbp, biomokeaylanchraty datsbase drany petriss af onpiragein atri mueleigacidsHo

ner el Skl St 5 5D AERE ot FLASDS (BB T B el DRSS %,
val ue- adgeigy BftivPEdntaidthg information about geometric 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 electrostatic charges are described in "A second generation force field



intranet, and the like. 6. Operating S, std The system may be used in
wconnection with various operating systens such as: UN X, 15 Di sk Operating
System (DOS), OS/2, Wndows 3.X, Wndows 95 Wndows 98, and Wndows NT. 7.
Progr anpyppyglig@uages The system may be witten in any progranm ng | anguage
such as C, C++, BASIC, Pascal, Java, and FORTRAN and ran undé&l Maheh 2004

wel | - known operating system C C++, 20 BASIC, Pascal, Java, and FORTRAN
are industry standard progranm ng | angyages for which many commerci al

conpil ers can be used to create executable code. $. Transm ssion Control

Pr ot oc oforThasianiaion@f ptaeins ahd Rioddio acils"( ToRiell] Wy Qieplals PoBayly & sGoyld GROCOl

conput oMy knd i Feiataor M snelingssrayCrt o b igee LR ROR b ¥ towrabpbre
| ayer. %ﬂ&l&ﬁeﬁcﬁ@éﬁxalwgyﬁq '397‘}9%199-593 provi des the mechanism for

est abl i shing, maintal ning, termn | 0gi cal connections anong
conput er sysimeoss eﬁﬁmsdlmeampbc tnvlealy@r earshecsavlt? ealpy it gennenta«bffrmlthg/ﬁﬂlowmg

rqt ocol . Ad|t roto rts to disti. UIS tiple
P & P oo pioskdiis {0 empuader g bRl sBithier s abitih e b ! Srhande ©
sour ce pRArhpl8dTRRtoiidesigRRLCEbniRSEGAEerath(d? tBO DIMS b th¥ssoftward R MRS PLAS
transmi ssi on of byte streans, data flTow definitions, data acknow edgnents,

| ost or (EoGserwpatmmaifespherctgrammoygmmsawtanvscanmurframsaf thg praf¢inigpingcleic i

It or P Shnn b S5 bR B el B ot AR of SPREEN SBe ESR R G ' 7

I's respeaftwiee (3)0Selettone ob ephici® Rlusers, t dagh Iiny@Ntal Guvitys (9 OBIpAOPodidbns and
identifying possible protein and 5 10 nucleic acid targets of a dr

- t hrbugh chemisak RrAReIEEs su@amhsfstr@gmb@emné sitpnnolas or aerppleg sie efekefithe selgctf:d gand
Is a Sn%%\'/l lu?tgllél The ectgrr@tf oﬁtpq{ @1&& E&aﬁlap g&n@tmﬂe P S?EI@FE&Q{}I ngrUg"Hﬁi eic

acid. A ecu[e represents ein or el c acl I's
process oofput fotinraty Madufsi Rluo nede:scnbmr m ol adfdrésbld Aipgsoadis Yo lmesictigd Pesktop

nver Se MORRIMPLe gy (s dewh. <35 gPlob GHaphigs do Loaid 18 AR PHETY gl ¢

or nmult '1Ph€sc89&f Hf “@él n%@ﬁaﬁecbohﬂﬁerﬁéh‘féﬁty afanGRRiaP ScrBBH £ Mtg‘ﬁ%ﬁnﬁ?ands for 2

(bi onol ecul es) . odinent 'of the fnvention Is a nethod I ncl udes:
a) 1Per f aeaeptog bstuimgsm véknmwmnlsee-dmetnswgalostwturc g d..iDesdarigd et. al, JmMadi pl e

15 conformati ops t P ] elc agi d ry.in onol.ecul ar
cavity %%as@s 9%/@2@; QQ%@ (ﬁl{altlé hg Bl g F%%‘ﬁﬁ‘% 2Ly Qﬁcgéed“’%& P3gfe
preferrm’lmggﬂanﬁlg%!gag/kuﬁzmgpmnp s al so disclosed for generating a
bi onol ecular cavity database fromentries of a protein or nucleic acid 3D
struct ure datBaphbest anjry fe genesited) fpostie folowing precedurgs () dPateropringihyilragen he

conf or mHDhL? '&0[?3 59&’ a§<§eptﬁ%§ Ltv\ﬁAFgglﬁ§% ?(I fécﬂe é&rﬁ régl\?[g?% eﬂ)elrﬁalde?gcifr?)gtaﬁ@ cﬁz}/régsy

energy mnim zaf an alm no

or20wucl aaini de V\Qﬁlsdpaﬁmafew nd) seighingawdeachh&omr gtbaiic Sdlv@ﬂi&ﬁ@dﬂahﬁtdrﬂv(abves
two steps. First is a limted torsion space conformation search, and the

‘second iQuipRITing the auansitiss; Wil e meaferred joupus Jorartnbaies spapatitlade ghe PDB
m ni m zgpion ‘A%m%efblga[tf& ﬁ%ﬂgﬁngféf %Q%@Qh@ﬁbl@?n&? kfkeé%roﬂ“%hﬁ' eﬁldaﬁfgsi are

resi dues using w used mechani cs energy functions
par anet alescribej 18el$:¢¢atuog etdegyprmbmtanoﬁ’oldm@ laad cbmmngl' Hisdnbegg tand &t D. f

the lig - hi.o ecul.e i te cli energy is below a certain val ue, and, in
case th@ﬂga&l?m zﬁ?*l@ bgé | east one PDB entry, this energy is
coggar abl e tht&'Efu}tﬁérgﬁﬁkc{ lbgans- levgxtlt?dnn tbnfa%flﬁz%'ﬁﬂ: BEd Rorilg toli’eomdmg
correspondi ng PDB |igan The preferred method for energy conputation Ts

t hat useompetitcnkessy agandiaothers llgzmisgbhatf bimdt tootle samae peneatmtsms hgamﬂptb)em
(I?gelet ;/t gt\gteé‘)lé?é g%géegtgg?(gr @%ﬂé@éﬁg m ea ca\lljlrt])'E Ierlltr)? il'slprg rzztanlp%iScd nd encioséﬁo t%gl ar

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.



PAP 148-PCT - 12 5" March 2004 Anot her enbodi ment of the invention is a
‘vector-vector matching algorithmfor docking a ligand to a cavity of a

bi onol-ecule. A ligand is conposed of a group of atoms. A cluster of
spheresPAmgoﬁtﬁl Il in a cavity, represents that cavity. A method for
conput er automated creation of such a cavity sphere cluster 5% Matchc004

di scl osed. A vector represents 5 relative position (distance and
orientation) of an atomor a sphere wi.igh respect to a reference point on
the ligand or sphere cluster respectl vel y The al gorithmincludes the steps
of (a) Defining the referen@rigi®icstrim P paugsdi nat e system for the

| i gand usi ng.t hree uniq at at n ese atpns are sel ected
such that at QHUE andS & ﬁg’é" ‘ﬁ?gj@i‘t s'f‘élﬂ@éesaﬁae aﬁ‘%‘?ﬂ%ﬁ“ﬁ&s f’é’r FEQESY, dPR i cal
di st anc@etefininfify thé {a@sshﬂé PR aﬁ@mﬁeleastd%r &B%fxggftnemamm §RGBcdie gand at om
is expressed by the xyz coordinates in this new coor |nate system (b)

Sel ecti ng coﬁgunlaﬂl @mhmammd@grmmra@sﬁmﬁhemasc imhibitet Mustiatony a ssphr e
cl lgstervecor 42 atlve RO 'lt' ans 3%; ese spheres match the
correspon PRgpost (5’?1% © dimspriRnalgogidinale Systefile | gand. A match is
assunmed to b®idure!8 is b sthendlicf diggreMce 4 spheRSdlbdt@riniascality lofske HINUL Brotease

angstrons. The di stance between two spheres is defined as that between the
center Bf%iRese spheres. |If no such combination is found, stop the

procedure. I i f - Qi Nt
and a new coga%gnatligg&s?& lt,@? ’iafg‘iiarﬁg?gl us Sﬂﬂgggsigldﬂ %ﬁle{eﬂau&%{sﬁ%{)ﬁgﬁglng? h‘?he
t hree spm\at}emf.aﬁhmoleenlhor for each sphere is expressed by the xyz
cogrdinates in this new coogrdinate syste 0 (d) npar i |.i gand vectors
with sphere ?&&r%éésaﬁ;évwm@iﬂﬁ&w(g&me @rtwg?})a&gnéﬁﬁféggsma|matgneéa&wi BEphere

| i gand e) Repetitively

execut i Egﬁgs"? %E% 0&% "?sd%é f?]%clt I Hgﬁtglg;(ge |(nat| ons are eval uat ed.
Anot her errbodﬁlgmmtﬁ xsfa Sﬁemalmvelﬂtxstmmonsafaammhﬂmwr fnooleandarpeing rdoekie d riceto etble

generation, 25. of i onol ecul.ar .cavity database fromentries of a protein
or nucl 8?‘@%‘&%%%2 PROIESGIOIeS hase. This cavity database contains two

sets of entripgsire IR $elow BabMafdf aAVdutomASd biREssCRIA RN Sy aNbiemFRcLRP ON
geonetric and chem cal features of cavities, and the other Set includes

hok} entayibsdatdnsefraragbiomobackiar theee- 6@6‘«&5)09%1@3@&3&3% and chenical pr opertl es

of host bio Th nmet ho i ncl.udes the PAR. 14
“12"5ch ver cRIOEHS B SEPmAR P T s bR HEE PLSHRo Do erk B A S bas e
( pr ef er sgek)fdocked iatomht estfodeh @ecehon @edtein gt giick daicaur®ank format), creating
surface profile of the host bionolecule by use of, for exanple, a custom

desi gned pr odigHf Srisandetpiled sehgmatie diggram 59§éh€ 45-tpmarifertpsiosen Bndimg peir
nol ecul ‘”ff{éF[%fu?{;@ profile, constructing spheres that fill or cover the 5
surface o ost nol ecul e by use of, for exanple, a custom designed
pr2yram or aFigxediing sslm‘mmrchagmmfamoﬁ?ﬂ@ibhll andNK sttuictur€)fbeirgf dovkee .

(c) D vi d'thré rslgﬁgr(?fs[_lf\mo separate groups each covering a |ocal region of

iled Description
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



nol ecul ar surface (e.g., a cavity or a groove) by use of, for exanple, a
“custom desi gned program or an existing software such as CLUSTER i n DOCK
suit of softwares. (d) From each group, selecting clusters each reside

wi thin papasstpeml ar cavity. Selection of a sphere in a cavity is based on
its darkness value that neasures the extent this sphere is ceVemeth 2094 at ons
of host bionolecule in that cavity. A sphere is considered to be inside a
cavity if nore than 75% of the directi.gns of surroundi ng space (within a
range of 1 S angstromfromthe sphere) is covered. Such a sphere is defined
as "covpplentially wsefid dneaneo faciljtateSFastandreost effigientapredigtiomiofi s&le @fifst, taxiwityof a

"covered',sphere are ingcluded in that cluster. |f no steer is found, go
pack. t oot SROREy HiferPls PG o kafharbdii iy cory R 7 BSERPwERe o e cavity
cluster, creating a cavity entry of the bionolecular cavity database. This
entry contains positions and darkness value for each sphere, and the nane
and chenical properties of the nearPefinisionfio acid or nucleic acid in the
host 20 bi onygl "i'ﬁ!Pe preferred output format is that conpatible to
SPHGEN and put format. (fJ Repetitively executing step (e)

unts | al | selsstduetiomsarsifdrytoctansputdrsimplengmar sepetor proedssitigeiatorngtion o ke

entry for the bionplecular cavity database. This entry contains xyz
coor di ndY¥emalngtrugtioas cam bgiimplemsaied ia saftwarey firpware of Rasdwaretand inglyde any
bi onol e I j i to PDB
format ; r?gjﬂpg e%l?‘tﬁ}e\ggfé@qéggga&(? #%g%sotdfg%rsg;he{%cc?@?&ufﬁtwﬁgﬁgtgﬂt ries in a
bi onol ecul e 2D EAMNuct ure dat abase are processed. (g) Scanning the cavity
entries to check whether each cayity contains a binding ligand in the
original  str CURPEIAIS of 488 LOpl Aien SR OHO MY bk Bt EPI SBIBB dletork

| nfer ac iR aEYs & theAdeiendt! tol RhichRofpUicty aNEdniput? ((e@ce§%@ﬂx§ﬁ§‘ﬁ those
cavity entrieS without a ligand in the original strucfure to check _&het her
t her e i dinangingsystem are ¢amneeted baore gmbadiment, theHekN ennfopmeto theclrgpamisgionot ei n
or nucl el AP 148-PCT 14 ch 2004 acid, Lf yes, .the process adds
the | ar Sebtrob P Rueisty Pustiol KPCMREF hafEh sBfi ah etk S REERBnG: ng
| i gands tlie AN @ayidonfaht ty - oti¥rogétaarkl stanaamast aiclidiet bifti &att ligiite@f toparsi bl e
protein and nucleic acid targets of a drug Referring now to the draw ngs
and, i n Ipgmatienal aytandagdsrDegapization's Qpe Systeas Jaterpoanecsion, FMiscENAL dovelbs
caff{yi NGy eaaﬂgaé{hgrqnfﬁNE%he identification of possible protein and

nucl ei c acid targe of "a given drug nolecule. Also disclosed is a _
vect or - vect o3, nMiclvipigeessgror i t hm f or det erm ni ng whether a particul ar drug

docks to a pal{ti cul ar bi onol ecgl e. In the process 100, a drug is docked
successi vel y 11§ BIFERFOGSIErymaY, by agy SoBYtional scogtal PYrRost sigles Qsympltiechip

pr ocedur, I } I AT fodfsi 0
The pr oemSRpIAESEE SRt aclf PO hiEtafE, b chifin: PRIDLEAED, A 80 Pthetedor 3,
drug i n NBHRSSk precessoRr o tPoiwer RE apeovkssoBDB) anr AMBHAR upraresBersi dn additidre ¢hé MDL)
Mp(} file format is | paded into a clorrputgr rrerm{%. Of course, it s.oulld be
real i zedMEIPRIOGEIOL e be BRY SORYMUPRRSPECial, PUPQsh MHGTRRROSESSPL SYclings; p shigita

si m | ar lsygnall Peockisof ort . edT i

mor a1y v osetgof b L taphlcd friRasine ThenlolopRooERly GitallF Y YoRleional

t hat pr @ddreeslizespegyentionahdath tings, 3l ene ergnerc sonientibeal eottreldingsles many dr ugs
and ot her smaJ I Fg& @cul es of potential therapeutic value). The NMDL nol
format is us ries in that database. PDB and MDL Mol fornmat are the
nmost popul ar Thersyeteml 8rcoriprisdd’ diCvatons aloddles @5 daogksed it detaiMblowDAS Gth 88 -
The_ process 100 then noves to_a sate 115 wherein the chem cal properties
(p&? t i al2ppisciatied by oge pherdinapnskilingthe i pacheef theprodulgneaippsise vatioussub-seitings, i on
par amet { t r a b : or
B cc bR, dofRioRR et 6 g "R LN GIGS niobI Y BRRUPRRASEVTYT |
t hat hasompilek tmh tiricedARD 4 singletexectitdble propant eThdreBrd, itheefollowingt ddséription of
conpati bl e ttgtht he conventjonal PDB file format but, contains additional data

rel at i ng2Eholthe MOguies isiusgbior prnvenipagertp desceibe e fyictignalily effhe sysienar Thusetoen 25
from t he, ANMBERHaBARWRBGEone by taSE6LME nHRANRE Alal 8P aftdb Ay FddRithub & toLHE of the

simul ati'on of proteins




and nucleic acids", Cornell, WD, G eplak P, Bayly CI, Gould IR Merz KMJr,
Ferguson DM Spell neyer DC, Fox T, Caldwell JWand Kol |l man PA. Journal of
the American Chem cal Society 117, 5179-5197 ( 1995), with additional

vari at i posisepcgonformto the fixed total charge of the drug. Van der Waals
parameters are derived fromthe AVBER reference: " A second S0Mgahex084i on
force field for the simulation of proteins and nucleic acids") Cornell, VD,
Ci epl ak PAP 148-PCT -15 5t" March 2(p4 P, Bayly Cl, Gould IR, Merz KM
Jr, Ferguson DM Spellneyer DC, Fox T, Caldwell JWand Kol |l man PA. Journal
of the déthar modiled vembireld tOgethertivi dl $ingleSthd@ulE 187 mhadd Q94 )ableTing feroéxaaiple)ra
paraneters that are included in the extended PDB format are derived by

r ef er ent@re@ple-dypanyigdink ib@gar gy in protein fol ding and binding". D.

Ei senberg ang /NtherM:t' achlan. Nature 5 319, 199-203 (1986). The process
100 then noves 10 a state 120 where in single or multiple conformation of a
drug may be Thneysi¢rmdnaydnohedst amys typepofe sleotromepllyneommettad i greup o icompntecs

atQms with respect to a ¢ho r.ef erenc int o he drug.in each .

ot or el EF ot B Tollbwify efroikeh it dafraes oA cAreiNeneorts ons
(at om AL ANPOEHWGde AFd NaRbritsQWISNY) Nen AdiBti6E ftks dimectiiyto tRdHetdobk RRAWbe,
coordi nate system These atons are sel ected such that atom A and B have the

| ar gest fafi example reraete omedemotiteemen(IEEE 8P%3), TokenpBing: (EEBOAShnFiber s
chosen Lhe f ty. M i oSl i [ ferom i def ] ned
by the %33.“% ugchb%{r?Eg% Ilntr?ﬁ%%er @%ﬁ rr(;rlnéls)g{r%gﬁ) rﬁg p%?é&ls oMn&% ﬁé?gﬂ'ose teagla{ he
ori gin edmpaigienices may Be 8askiop)Welvegfpottable chandiheld) set-Tdis ok amdeothér desit atom
A and B defines the z axis. The x axis is perpendicular to the plane forned
by Jat onPiconBgurtorcAstsed Dergin; an Intemep mclides HWork: wpiations sichyaspublc infgiaetyct or
for each.l] t IS r i i i

coor di i AL RAEEAHE helitii WIALIORETOE SR Fhi g0
new xyzimt@ad¢tgandahelileyst em for an anti-A DS drug (H V-1 protease inhibitor).

20 Referring back to Figure 1, the process 100 then noves to a state 125
wherein a caé—i—(—é%ﬁ-ﬁ—'ﬁﬁ,ﬁféﬁ%ﬁt he corresponding host entry, in a bionolecul ar
cavity dat abgggsjster ?x?a‘vitrh% JhsE&"fﬁ ﬁmi%&m' WK Ivgtrio&%el;a\ﬁn? A abAs g-]lclaf‘%@: UNIX,

determ nation I s made et her the sane host bionol ecule” has ready been
selSect e®isks Qpergingalystem (POSHeOSreWhadowsh B oo Maoddwes 93s WaelowseP&cardl,
anot herﬁ.nt r\é |.S. selected. If the bionolecule has not already been

sel ecte ,“fi?l S “process 100 proceeds to the next step. The entry that is

| oaded from ﬂi@gﬂﬂh%ﬁﬁ%lg@ﬁty dat abase contains information on the
coordi nate positions of spheres In a sphere cluster that fill in the cavity
of a protei nThe spsiemeanay deiverittanningaiyi programming languagy suelt ab s £coRASIRS

i nf or maty he /' | ues” for r : a

chem caﬁ)‘a%%gjeay%’i %‘sd g he nea\a@{f;ﬁel;i ‘énr%eﬁéheggfe -%I%Qﬁlug eer?tg}gg‘;g{)sg%rﬂd %F?rlgréach
carl ty WBABIChRsscal, Javaaiet FORIR AN actindusey Btadndendtprygraimniing latgoapep fertwhioch t he
| i gand-protein interaction energy for the ligand in same cavity or that
with t hé&anycguamergialcompilerssep beigediomereat expeutaple code2004 i s al so i ncl uded

in the corregpoj : 601 PYot is allows a conparison of the

previ ously determ ne I gand-protern interaction energy with the

i nteraction Anarsmissént ContradPrbwicokEFCR)Nie actransport [1yyes giretota dusBiDifo pravtids @ and
t he Iigarld A dar kness val He of a spherge is a neasure of the extent that
the sphdfibles copgeetigpropipnisda transpodt layeicline SMOBE SoBIRYESS YStemss phls @etwork

C i den I ASi j j e 9 ' i
sazr!fountzll?)%étpg%‘ggeg é(a?ér%géa% lr%atgg\gag?pd%b ngstU%fcgl - g‘%oqn@?hﬂgngs;ﬁgng)%rgﬂ%gtcel: ed.

| n addi tprondesathy medheniem fdraistablishing,t maintdniaggatd tempireting logindleconnectiwnest er
are included in that cluster he host entry contains informtion o

posi t 1 oftiong, SRy FesyS St ¢ | TP druboomh JAd E5eSnr goars QA HbraYgapgtocol.

par amet eXdliticiafly SPEP Prbided proddtdl Qofts @ datiap®ish tllgsle Rb&ARLKEERing on a

Li gand-protein interaction ener for a PDB ligand is conposed of nol ecul ar
mechani sihgénéevise by insluding thgriesirationsnd soussie rportarumbsn twitfoeachiaessagee, TGB t he
AMBER s i ficatjen_i tor e R ;hydrage nd fu ion
oy 0 o ehromy RS PHGRT nt hrePRGsloR  PETRE el o YU R B
1-a e~~ ackyjowlédgments) tost wONchrewpdedat Aejtfahsmisgions,Bandr muitiplexidg ojmutfiple C; j
15 In this function, r is hydrogen bond donor-acceptor distance; Vo, a and
ro are hydrogen bond potential parameters and they are given in "Prenelting
base pair opening probability and drug binding constant of a

daunonyci n--Poly d(GCAT) - Poly d(ATGC) conplex"”, Y.Z Chen and EE W

Prohof sky, B iophys. J. 66, 820 ( 1994); A;j and B;j are van der Wals
paranmeters; E~ is the dielectric constant, q; and gj are the partial
charges of the i-th and j-th atons, and r;j is the 20 di stance between

—yr M o, o - . .



AMBER described in "A second generation force field for the sinulation of
"proteins and nucleic acids", Cornell, WD, Ceplak P, Bayly C, Gould IR
Merz KM Jr, Ferguson DM Spell neyer DC, Fox T, Caldwell JWand Kol |l man PA.
Jour nal papidghyeAneri can Chemical Society 117, 5 179-5197 ( 1995). 25 As one
exanpl e, Figure 3 shows a sphere cluster 13S of an H V-1 probt®aseh0064 ei n
140. The process 100 then noves to state 145 wherein vectors representing
the relative position of each sphere tg;a reference point in the sphere
cluster is generated. In order to calculate the relative position of each
spher e ronnepidonsptiepuglc| aistimgle wawbiknatonoergionf tFingdy, TPRP id 48sfe@diblel Tobt h
March 2004 spheres.(sphere A, .B and fromthe sphere cluster are

sel ect ea‘?"a?ﬁ‘@gté!‘gt‘ﬁf"%@%g%w‘éé da%%%t%& such that the relative positions
of these spheres match the correspondi ng positions of atomA, B and C of

the ligand. A match is assuned to be true if the difference in position is
| ess than 3 angstroms. The di stance Qearvie®n two spheres is defined as that

bet ween t he nter, 5.0f .t e .spheres.. For ,each sel ect.ed 3-sphere .
conbi nat i on, 6te ecnilmo;raérge%tpﬂgﬁlgsmg?rgloﬂs‘écf‘ P‘Sthcﬁ’gf fg’ﬁégetrﬁiy‘%fpé’fséﬁlc‘fé)rﬁt(‘}%f‘n%nd
t hg newngeleicdidid targsts Sé M druSRRRLEh Ani Sut6MARE NigdfidbiémSeddé Nnirse db@hg
coordi nate system (reference point). The |ine between sphere A and B

def i nes Pfasedyregiiligandjiea gmalkinzoleanle; isuedees 2 druge thee earehiad dolarotein emicidiane

f d by : . g . i .

o o rAUd RS e fotBbals o PFeiX of lcteic beliP DoBRATE b YR OB RE'sE

t hi s newneoomtiraahdcayst @igands) ih Bargte ar mubiple coiformativhs I6lecdvirg id-ampher e
c_orrbi nat i ?n, rr&lvt.i Ig‘IQF spgeire veﬁt r sets are generated. for each cluster.

Fi gure 9lgqulisiarbipmelesples laverse deckingiis@ pppcess of dyhierte fionmplestledheandyén her
Wi fh t heinkh d}%l@ﬂ% c%ﬁﬁ{rﬂhﬂ@ﬁsq%zﬁééa%ﬂgfo@fmé %ﬂ?l&%&l&lﬁé%‘&l‘iolé&@& sent i ng

the cavity in H pr ot ease. e protess 1 en noves to a state 150
wher ei n t he @uelembgdoherd ofithegnventionés £ mefhodnimtiimoiudes: a cavity is perforned

by the disclosed yector-vector matchin | gorithm . Drug.vectqrs are, .
conpared to \7gcto §%HHI§§CWC§WB/F31“§§ES_§ ‘?‘ng(go fi‘rih%"l‘ffg i3 E?fy“E‘Hdeﬁti ng
the dif benforafidigti0eih tiibtely r AAMER NAd RatrPfina Hlowb1MA: Vavity tdabhat of a
sphere 20 vector taken fromthe 3-sphere conbination. A match of two

vect or s Veelorkeaioramiatching algaritlemiis displesedt 4sfthe preferddsmpthed forrdoskingaAguethodn
Figure 5, i/ t ) ri of ,drug.vectors s th her.e vectors.
Th o ot isd HIGETor heBoR A bRAMIEh R oaPiy B e, i AR ) SMBHT of

whet her neelett aefd 3D ktriv@aite@latabage. t he drug matches at | east one vector in a
sphere vector set. |f no match is found 25 for all sphere vector sets the
process 100 Mves Relpaging popsible stesic glash apd optgmizingcthe aprfomeationrofithn stalcture

conf or i i o 0 . SO to
ookt ne! WBE fucBCssful) dekid Rt nchgy Bitkimibatin R BRAMMALHadRY B4 Uik g

st at e 2@BainGfhamiiocs ecith er pnoisetide mesidwest arotf tiee Xiparsd. Tle pleferrddop¢edure

steric cl ai\h bet ween the drugigggg host bi onol eful e.is allowed at this

st age. IOVOAYCS Gy epSe SISHE & storen, spase eentosmation seagch, and Hhe seqomfdst ed
to a limg t i f i i Zat L or Jeld i
Cach | TuiBple REBGAR 5P Taficll oRTE AR LRrER L fifinlAibf HF ¥ B Wfig
2004 gr ausoweling Amaio adid oronudeicvadid r&idues arsing widely aséd nutletudds| medhanids i n
t he dru%f‘and th?.se of,the side chain of anm no acids or nucleotides within 5

angst r ofeEY {H 18%_@)‘.@ RATAMESEY or mation with the |owest energy value is
sel ected as tcEe O[HelddtiAL theCstofci BRI ablaSsYdrug tAR80e (R P diiémbiebliow ng
mol ecul ar nmechani cs functi on:
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.



5V- ~Hbonds ~ Vo ( 1-e e~ .0) )z - Vo] + Enon bonded L Af;/r;~"Z - B;
“jlr;=b + d;dj /E r;j] Inthis function, r is hydrogen bond

donor -acceptor distance; Vo, a and ro are hydrogen bond potenti al

par anet gap|RMELt hey are given in "Prenelting base pair openi n(g probability
and drug binding constant of a daunonycin--Poly d(GCAT) - Pol y5dMaispo4
conplex", Y.Z. Chen and E. W Prohofsky, Biophys. J. 66, 820 ( 1994); A ~
and B;j are van der Waa(s paraneters; _g,_is 10 the dielectric constant, g;

and gq,] are the partial charges of the i1-th and j-th atons, and r;j is the
di st ance bet Waethet heembodithesteof ehenmvaﬂtiorp&f anpe@osvat® mathinghe guﬂtlﬁled‘oat om
ver si on for the

AMVB bed t f fiel
i il at FOTKIE ® PEBRERHE CANGY e Piomolarafeass LRk B GPIMPOYS, oics BESHBIOF PIonEyA .
Cl, CoukRisteRof '\%héreKMNﬁfch fi rlHUaSQQWQMre Cﬁe nts TH% r Wy & %etﬁocl%@l g%bgte 197

and Kol | man PA. "Journal of the Ameri'can m ca SOCI ety
( 1995) autvm@tqdr oreatsen bﬁ@ucthemawnye&phcm dusi¢ratsealdy (dlsMnsedal A vdctdryreptes¢ms | ons
of @ Car.t oordi nat e ener. ion are erf rmed. All ons of

Ohe ar BN R GeheE a5 Gealom ieh Hhor 2sphEe il Feetcett pagraes by n

5 angst it 6 tHehfgbdd 88 spitefe AlsteMRShbecRvdlP.VEhel dlgdrith lﬂalﬂaé@tﬁ@hbﬁs%f 20 Energy
m ni m zation can be conducted by steepest decent nmethod described in

"Linear and f®nl i Mﬂlfmt@gﬁdﬁfmﬁgpom andealnew enordimte §ystany forithe cygand using

Eddi
der var 1Y bftps BRE (lchh i EEod BT Biene lGmd BRLRIbCIRIRER SR ol Ak B s
f unct i ofargest diétancé ahé! aEhﬂ Cdlias*lafg%st- verﬁ&a'ﬁl distdnoe 3o ktige’ ﬁﬁ@ﬁct@eﬁ @tom @@ﬁﬂdZB"‘ 25

1/ 2 E, ozzans V' ng ~-~eq + Fr,, bo"ds ~ vO - 8% -

vo%ﬁ + 18R VE%‘HH&QI e@% hgﬂP jatom is Béqreseeq By the gyzpoorginates pl} this P cpn RET -
Q’?é't&ﬂ. 2004 In this function, R 09, and ~ denotes bond | ength, angle

and torsion angle respectively; R~ , 6Ea and ~eq are taken as bond | ength,

angl e and to(ls)| on Salkgting |c0mbhﬁt16rtsaoit thn@ sbierist (spltere W, B aB@@C)KFad/ 4 Gpllere
angst rorqzlg5 = 20%& é) nz), V' = 25 kcal and n =2; r is
hydr ogef§ ?S’ﬁ&“ﬁb%? @ﬂf’ POHP%I% eseawée% maichythg cpaemdmmm@ns B6nd
pot ent i glonp AT AEE h i ng
pr obabi | |0t y and dr ug{fglllé;gga[{g %‘r‘@{"gﬁ?l“%ﬁ H‘eﬂg%ﬁﬁg‘ﬁygﬁ %E?%ff%@ﬁ%( @ﬂtl%gq?

d( WTGC) lesp thsinekangstyoms. Theedistanck ’tBtWethwmphsﬂcy is ddfinpdhysthadbetGoen 82Qefter

1994) ;; onbonded va araneters; s~ is the
di el ect rfgle(sﬁ ?‘Pglfffﬁtl nasuqhﬂorﬂbmaté ?‘Hﬁ‘%p%fpl? ﬁﬁlprg 4Pfes of the i-th and
j-th atoms, @&)d r For bschi RecBdoabafitios! R tﬁel”'l%f@ren-l:,@ fat bRE H‘ieﬁ']%orqute
paraneters are fromthe united atom version of ~0 AVBER descr

second §Eviepder the clusies basedondhe pesitians of theutheeeispheres. The veatpnfr aach sphededs ¢

aci ds" I | d. IR Merz KMJr, Ferguson
DM Spel F@’;&% 'b&‘(& @P&l@':fm tﬁﬁ% %5(/0%‘031 %‘?%ysmm 'PA. Journal of the
Ay i can Chelﬁd)cal Congpaging [gahd Hdctérs SUAH pheRIBdctordhekife (Br 1¥KkinBE s

noves to a St rein the drug-bionol ecule interaction 15 energy is
t hen coﬁﬁ?f??&“a‘ﬁﬁacg‘ﬂ\mitgéﬂ B?“Q@l“??écq{eﬁét legfiang wphege MeAteleul ar mechani cs

,eo\?f}/r ?yj funct EI j i Jegef’ th/et?? @Q?%ltmgcgtép %c)a?;l‘fc( r(%) 8Atlll) Al se%&eﬁ ccxt:l‘%blgé%@ug Ca{}? ed L
ris hy@wdgand bond donor accept or distance; Vo, a and ro are hydrogen
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 geometric 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:



20 bond potential paranmeters and they are given in "Prenelting base pair
~openi ng probability and drug bindi ng constant of a daunonycin--Poly

d( GCAT) - Poly d(ATGC) conplex", Y.Z. Chen and E. W Prohofsky, Biophys. J.
66, 82(hAP1489P4Y; A ~ and B;~ are van der Waals paraneters; E, is the
dielectric constant, q; and g,~ are the partial charges of t5®&Marchi208hd
j-th atons, and r;~ is the distance between them These terns and
paraneters are fromthe united atom vgnsi on of 25 AMBER described in "A
second generation force field for the sinulation of proteins and nucleic
aci ds", Corrg) |, Kabm @ ephaéf PbioBwjt¢ople D) sEoctht daybakd (refikivied file feemguison

DM S | .. E T, | ||, JWand Kol | PA. l. of t
aver i ote SO Aot Pt Batk for@aho e piraseyoriieras. ¢ Bod Hiomeletslf by i on
par ameti@g of| féLekantple, 3udhi i Bram BAEL b£iSHm ngaQN% |§1ac(f:1 ﬁ%@liﬁhs BRQ4 in

3133

protein folding and bindi ng". % EI senberg and an. Nature 319,
199-203 ( 19%%); Enetnh mol¢onlarnsurfpoenpuefild, sonsimpatingspheses Hlag flliof aorerathea of
thf: i-th ftomftThﬁggroc ss,.1 00 theg fﬂ)ves tge a decg' Si gn.st%te | 80 wherein a
det er mi HEEES 9T e MM MRSy 1% OLelon SFRYPEN o P 1SIOM ASSIERTY PLOBFAIR OF Afe
docked ¢xifing@isBftwardsuch @8 SPHGEN inlDO@CEauiti 6fgbRware. confor mation is sel ected
as a possible drug target at state 185 if the conputed drug bi onol ecul e
energy is belcdw -BNIGRE- snkgreg jde | sepprateagioups pashc geysaingbpelacal tregien ogf t he
corres I i d,i h ayi h rec t he . t he
dect o1 DRl S’ Ra0Ca vty By &P ok By sichRE Sl EI TR R T
| n addi priogram e, anexistingaofiwdressueh paCRSTERSinD@CKsuitofksdfywires.t ed to t he
li.gand-protejn interaction ener%Fof a few dozen PDB 7 |igands with various

“nunber of atéhs. HiE CRghgERYDy SEIEFHNEs PR PAhoFesIdRWRhIBDE RAFHEASCAVEY £ r om
the Proggkdidnad gm@#e in4 QzWi%‘/ i balMEh Y d&AER VAR thhNG SRR GHe ShihChH € Of
an inhibitor bouna to HV-1 protease. It energy criterion i1s not net, the
pr ocessspho® wworeret dbyaatoms iof ihost lomblecldOn tthat cheitk Avsphdiens edrdsidiradgto be

conformations are.docked. o,N0, . the process 100 noves tp .150 to dock the
15 moxt ISHARREY iors oy 43 hibe fediod o STorgile paceCulin eirdhecctiatse
200. ThgngRireme®sm Hspherd) iatver0 SaEILs K,fﬁlewﬁ,t&éﬁhe@asl“mueheqnidadidaﬁ, any
bui I t-in database have been searched. If all of the entries have not been
sdar chegpherdidhgsrase agthin fEngetramnefl @ GcoveeedSt sphere 1226 inclyded ie thatj dlusggr] Ifgfo t he
entries . t : an end state 210. Program
clIRPis 9?&’1{21 28 ggm%tegt@g%rpcf S8t Ath Shome: & g

2: Conputer automna gener of a bio R cavity database 'O

Referring now)to Fogedch stlectdiiecavitysclahitas cratfly a @ity amery 2610tht Mioaletylang
out a nethod of generating of a bionolecular cavity database fromentries

of a preavaliyrdasebasgcTiis entyicon@insapnsifions jand tderknepy vypandor pacht whareanad thecl ei ¢
acid enfri fir - ga a i yel C e . Dr 200.
The. pr obung Sl B CRIRRES PO (R GERRE Kl BT EPIFEIRYLIC (PIRE RS, 70,
n20l ei cbmaialecile. skheupteforeddaitpitafoeman isathao campeatible ao 8 RHGENpatide CLUSTERer r ed
file format js the PDB format. State 210: Getting a nucleic acid or protein
entry fPERPEIOEMat abase. If there is a ligand, then conputing the

li gand- prot e{f) enpegiithiyekeciinds: Ui Qi RRc@U \alitP Bhulitrs &RPRYdeREdANY

| i gand and wgﬂ?er inE%the s}}tnlr ucturgg. %éeo ener gy fﬁncti olrtfi su: E%SO rI}I%AF(;' 148- PCT
-21 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.

(g) Scanning the cavity entries to check whether each cavity 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 without 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



V ~H bonds ~ VO ~ 1-a a~~ ¢c0) )2 - VO~ + '"non bonded ~ ~j/r;ji2 - B;j/r;jb
-i- d;dj /E~r;j~ 5th March 2004 In this function, r is the hydrogen bond
donor-acceptor distance; Vo, a and ro are hydrogen bond potenti al

par amet EAB14RCTE hey are given in "Prenelting base pair opening probability
and drug bi ndi ng constant of a daunonycin--Poly d(GCAT) - Pol y5t#ateapos
conplex", Y.Z. Chen and E. W Prohofsky, B iophys. J. 66, 820 ( 1994); A ]
and B;j are van der Waals paraneters;-E+-is the dielectric constant, q; and
a,] are the partial charges of the i-th and j-th atons, and rj is the

di st anc&iBellesn the,aracesshadds the dargest 1f ligandpeeteinsintgractiop setayevalvs ebtheat om

ver si oncg&e%rﬁé%?gwsitpﬁg éaoit%;@hé}e.cond generation force field for the

simulation of p Ins a nucl el ¢ acids", Cornell, WD, G eplak P, Bayly
Cl, Gould IR Merz 10 KM Jr, Ferguson DM Spellneyer DC, Fox T, Caldwell JW

and Kol lLjran PA ~Journal..of .t he Anerican Chem cal Spcgiety 117, 5179-5197 (
'005) . Graam COMgule g caet ol A A AEE GUHEE GA4 (REeih et & aci d or
protein by upefdfing nelw RXARPIRwirEsCHHRl HpaRIchMA!® PR ﬁmgg% gnfuig%s%ﬁwg

sof tware program such as M dus Plus. M dus Plus is descri
Af foor dapresessp b b iearmyingnow raamethed fDe tiet idpntifisiation b possibidvpretin rapd , nutlete.

Ferrin, et,...al. 4. MIl. Gaphics, .9 27:32,37-38 (1991). State,220: FErom
nol ecul g‘r?ldst%r%?tgc(:’éaﬁwgfliqnég, m@!}ﬁgﬁar f}?sp dis&hogpcégs 3 Yesto 1“’|e?t|°2 Wtcbﬂ\ge@rlgotrﬁ]émsfﬁrr face
by usi ndetefrainigx®hgther a ParfitidAOdup dBEKsABaGfarteonl bidiBols&lé. R ke Srd6dss 380, SPHGEN
in DOCK suit of software. SPHGEN i s described in "Using shage

s¢ by the preessiyreor

conpl emdRigas dogkedsugeessinelyita every gty in  bipmaglegulasgayitydataba
bi ndi ng S| : - dj j . tture", 'O R L. DesJarlais et.
al, J. I@ggés(égﬁéedmm%néggﬁgégt%%%%@lé% elf es are divided into separate
griups, wi t h ThagirogisoUuP0degarsi atga state0tH), wingtianthef3Delregureafilesstr 4 A6 in
(e.g.:, .a cavity_or ,apqr ove). Software such as a custom pr‘%gm or the
Q_USTERB;SPQ@H&?H Protgin ﬂlff%RinﬂPB) 8 Malgoulgs Resign d-iméted, ML) Mele fidgiwaahent .
CLUSTER;d j b- MNP : -

h=s 1/ ks éﬁ’ﬁ%ﬁ“iﬁﬁ Bc;ecgf‘ﬁ’é'dat u; l;ﬁéuilnletﬁgll D firse. it should e realizeg, that molecules jn gther o,
sel ect ddmmtears aoficipptbé teefunvdivrcdimiledy.de within a particular cavity. |f one
or nore clusters_are found, go to state 235. If no cluster is found, go to
State 250, SATECTELIMHTAR EErS in e FPBltEhRTare ats fgrrralipRSRHTeHY 1 s
darknes exiéplallQoliddad. FURaHMBR, IMIBLSX BN borhPiry SRNSIAuS aC?aﬁnﬁdc_Hemi@él afp of
host bi onol ecule in that cavity. A sphere is considered to be inside a

cavi ty istrugtireedatshage (moludes maay dirwgscaridoptbernsmalh emad@ules raf otetitiah thepapenatic s

d i ool ecul e OF . i il
bt 30 Ble 9Bl APkl EF o R 4 e RSB NPT Kl
per cent agethe avudt pepuldrifbintattfie3 B epp@ueiof dRgspne s8eE sthilV @dldcolRs. The darkness

val ue is corrptjhéed by scanni ng the surroundi ng space within 15 angstrom of
the sphere. [t rragsse 109 thep meyes toa s8ie HiveWhptery theghemigal prepestiasr @amtial ng

\ ¢ POl . . o oY
ST oeRlrelatty phiRpds, Moy Whdth Bhrafifuchy, i solvefioh Bl Sl Hrfiti - '
cl ust er ahowt rotatdblielbondsrantitsidragen Hoad dofibredrel &3&ptorrsites dftie dRkard pehegasd t y

cluster, create a cavit tr or the bionolecular cavity database. Thi
en??y c&ﬁgé‘i“ﬁg "étoﬁd?}lliﬂugq{?ﬂ?ﬁé@,awnﬂlﬁ‘ﬁﬁgs@gvﬁl ue :‘“oryeach sp?ler e; >
spheres W t hifhi3eRe/RAHDE T Formal HoRaALREH $h %mﬂ{naﬁﬁﬁﬁpﬁ@rfbn#?%tu{‘aﬁe

and polar nature of the nearest amno acid or nucleic acid in the hos
bi onol ecohinsradditiopaldiats sebatmgtto cheimabpropértios.tHaetiad eleetrostaticceharges aentakyn has

aligang. in . th iginal PDR entry, the conpute i gand-profein energy is

al 50 en&m&e g@%?éé}g‘?e%% o‘gtsﬁf%‘dfgﬁ“ﬁr&f‘o' orfﬁgffdcfgﬁglftﬁ‘ﬁp tipg, OEPF‘I@RF and

CLUSTER s nBélkicld@[d8BCormell, 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



State 240: Repetitively executing state 235 until all selected cavity
‘clusters are processed. 15 State 245: Creating a host entry for the

bi onol ecul ar cavity database. This entry contains xyz coordi nates, parti al
el ectr opiapt4gcpchar ge, Van der Waal s paraneters, and sol vation paraneters
for each atom of the host bionol ecul e. The hydrogen bond donbf Mercha2®64pt or
is also indicated. Partial electrostatic charge and Van der Waal s
paraneters are fromunited atom versiofpsof AMBER described in "A new force
field for nol ecul ar mechani cal sinmulation of 20 nucleic acids and

pr ot ei n®; Bagy Ql, GobldR, Mérz KA.Jr, Fergudon DBieSpeliSmyer DOGFox THCTddvell VD84 .

and" bi ndraigan BA. BRLERE aF e namarices, Chemisth SRRt dr 51 251857 o6lhey "rhe "
1986) . TbRaftbEpRamBRrOHbPAHE ifPidXBn HR dxBlied Pﬁg%hﬁilitearé eried tyQbfBnce 2t ©

250: Repetitively executing the previous steps until all entri"es Iin a

bi onol ec Spkvation gmragy inuproteire falding bad binding" pPoEiseherg arkha. Pr didarhlan0Natunen

en at t Once this process has conpl eted, the database can be
further 328’eslfrlgéé§)3t2@§§?)hd those cavity entries that do not have an identified
l'igand ("1i gamd-presess 10@iheh YovePidta $ter20 whedd inls@ddd oomBItBRRdrmatibRar has
identified a Ligand for the same cavity of the same protein or nucleic

aci d. TrRamamIsde generaied apd veaors renresentrg themelativs pppition af atorevwitk sgspeditng

5875 2 fheB B e BoiBEOR 1, 4T Sl bOTRAN FRCe BHE” A UbRRR B or

exi sti nFigmt Rodsed 8nighs awwisqatdnt Ap Boarld Cyarefustd tldefthenhs séfbleacdpsihehnt and
_.nu;(gei c acid té\r%gts of a drug. In contrast, existing conputer methods for
| i ghnd- P8t SORAIRHE Y Mg sThess atpreyare selesied suph Mgt atom “pprd Brizavedhg largest
conmpoun fd e u-ggé g I : rQtei

nucl ei ngsé%rg:'e ﬁrﬁgsﬁfégmgil}egﬁnngﬁgggﬁo S ésg@é]nots Pg‘zg%gbrt? elg %P @%elﬂn itﬁs%ﬁlﬁ% Sttai n
and nuclvertecahpositisreomtiesirad framcthel dine dbfireedibyi theipoingpAland B in thtekali@eddienal

met hods and system di scl osed herein to be used to facilitate the

det er m 1B#%n of unknown drug targets, secondary therapeutic targets, and
al so to facilAiai & it RRosheMithE bARINYT &bﬂ@o&aiﬁ%tsgst%ctréfee&h& ba/inga;tﬁ@ ligg the
anal ysis of the function of protein or nucleic atid targets. ' e

i bt overhghveenfaterne\ dind Bl defiads thect axis. ke txoaxislisqierpregdioniac és theqplane fexrned byg

| i gand ot ej n, dockl systens s in terns of conputation speed apd. nepor
Feau 1 o gth A 8B C e L 346 o 5B doBeb Rt enf Aty JoSecRR iy vh iered
appr oxi radmt iy/exiBess el Bytithe tx§z 6OGTAINALeS it this KBV dia spfteect ors. Here Nis
the | arger of number of spheres in a cavity and that of a drug. 1 S In

contrast, thdigirsRdHedraigssatome &, PrangrQiagethsewithrihe new axz sedrdimatesysietisfor
require {OXG r : | ete the conpari son of distances. As
t he CPUa'(t?\}%ﬂ\{al ‘?ﬁ%%ﬁwrlﬁgﬁg@ﬁe@t&? "proportional to N, our system

acki eves a miBdfening bhclamoFiguieniytied prodst il 0® thehasdves tdCPblatel 1D5 alidein QQaNItES
appr oxi mat el times less nmenory. This signifjcantly inproves the

conput atS¥%. 5&5@‘8@ COREgSRANding bost ghtry, 44 hiomelgeulap savibhfatakase dntpadeth fiom at e.
20 Test igigmbreeuht Tality f &4 of ) Nt i I \v t t
preferred enbodi msr%t ﬁ’}(’)f@ét{ tiagé i fn%?en'f“i géllg@%lp?%%[{tjllgg@ae{%cﬁ tmer Qﬁgrg%éuti C
pr ot ei n temgletule has alrGdydepselteted as drugt thmeb Uf tie-samedastbiaamlecuie kedcdietn on,

several sp:feggcg,l ggotﬁgrngrlxtlr'yn?sd s&&téﬂf 'the tb(lac()jmcl)]l%cule has not already 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 database 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



experinments were also selected. A protein is said to be inplicated if
“experinental evidence shows the protein is affected by the drug but it is
not clear whether this is caused directly by 2S drug binding to that

pr ot ei npafiag-pcgsul ts are sunmari zed bel ow. DrugTherapeutic effectNo. of
Human Proteins IdentifiedExperinmental Findings Confirmed | nms™March 2004

| i cat ed4H Tanoxi f enAnti cancer 1744As irinAntiinflammati onS2416Penicillin
GAnt i bi oti c3037Vitam n CSu | enent 4649\figt.am n ESu | enent 26211 PAP 148- PCT
-24 5" March 2004 Another testing, the RNA targeting antibiotic drug
neonyci i3 alsdaneliidddad tife Rirespendipeg savityfenthpi Thisallows alvompadeny ofithe preaivasly

inplicated b erinments. DrugTher apeuti cNo.. of eri nent al.

H i modsrBte NG R el Siean i e e CRAOh AR RR e BRsd hebeen
Bet weenthd olertmybselectid ft[bﬁlp'tdi@mtahai&digtaaa.gets have been confirned or
inplicated 5 experinentally. Sone of the PDB structures may be of little

rel evance t oAblariesyyvalueafa sphese s @ mepsie ob ther exéent dlapi the sphete Srdoyergd by
i | i in, . J | ] {s..qand 3 |
ool oxbfis MR ik BonfoIEh, A sdneley BRI TN Pyl H cS Y P BERLRET a8, Ton

of geneofthpdassicwofsatroaiditg spude pinay raAGOET Iedrigstramsl fivad tleGbhérePisabivéred. of a
drug. For these reasons, it is difficult to judge their performance. 10 The

It . A )
pr ef er r Bpddifinmg pppraherss that pre withia Srangsiransofifame@ber ip slystes atq inrluded wyihess
drug ta ThENEAJ i fd i add{ t i an. e J and
nucl ei cElgcg:{iEgsT% F?ét %ﬁlg&reén&tn t éeﬂlg%ﬁalutg g%ct)lf bﬁ%@h?f@ﬁ%@’s? ?II% l P l&?‘%ﬁgéér}& In
addi t i ochargése Vda\det Syumbnparahetd3B, std salvationspavimetdrsi dfi b ic bodtdriombleculs, Wi | |

ingrease.the likelihood that a particul ar otein or .nyclejc acid jn.the
. dat-abas ‘%P&Pr%%“‘i Wtet"ﬁ-'éloPe‘?“é_(Eé’n Ordb:ﬁﬁé ﬂﬁ‘f‘{)‘{)ﬁ. C‘?’W&‘?Sé‘ésq%rfﬁo ﬁ@abm@w 15

mol ecul gn&lg AGRNY hid %a%?ndt&grﬁﬁlgf,t El.ﬁl abi :tﬁé %ab@, 48t Gt AMPBERL fk,ﬁia%m

effects for any particular biological nolecule. Details of sone o ese

t est i ngMuodéfigativeris imadehts repdacexAMBIZS hyidxogan beindwiunéiempy ea MBsy grotdntial
corrpoungqs tl)xereqtested usi.nﬂ].a preferred enbodi nent of the system of the 20
pr esent YA FRSF0ESY (MIOie put ative binding targets. The results of
these tests are provided in the table bel ow wherein a series of |igands
were tested to determne their putative binding targets in the Brookhaven
Prot ei n Dat aNa%ﬁubonMm'T"géfi-Ng]n”egmbxnad[f@g/ri,-ge\ﬂa]fréH ®OFestlruct ures and on
putative targets of vitamn E (RVSD stands for Root Mean Square Devi ation
and it is in units of angstrom Energy is the 25 |igand-protein interaction

engr gy and i tn ih$s fulctidh, t $s Dfdrégenl Yoi® dbnor-acCéftorddiSafiée] V,, a and r, are hydrogen

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, g; and q;; 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



-25 5th March 2004 COonpound Docked ProteinPDB |d RVSD Ener gyl ndi navirl V-1
"Prot'easel hsg0. 19- 70. 25k263 O Dupont Merckl V-1 Proteasel hvr0. 21-58. 07acl V-1
Pr ot ease4phv0. 12- 8S. 46Fol at ei hydr of ol ate

Reduct aBaPisfPCT24- 46. 025- Deazaf ol at ei hydr of ol ate

Reduct ase2dhf 0. 46- 65. 49et hot r exat ei hydr of ol at e 5% March 2004
Reduct ase4dfr 1. 64- 65. 66st r ogenEst r ogen

Recept or 1a520. 67- 45. 864- Hydr oxyt anoxi f pnEst r ogen

Recept or 3ert 0. 18- 55. 15uanosi ne-5' -[ B, G et hyl ene] Tri phosphate -Ras P21 121p
0. 17 - gspheregdgphera AT\H and £ Ceomb tlxey prefierd dlaster Area®tgotedl. 1Phet thide ppheres are

Acetyl c I hesterasel oot 0. 93- 39. 35spiri nProst agl andi n H2 . ..
Synt hastreer Bl R 2R B sl Bosonk S ihine sheieh Risdalp o Seydinappsitiens of
Synt hasgtohSXPBAnET obthedRHah@MA Mndtdly {sassumed to be true if the difference in position is
Hydr oxyst er oi d- Dehydr ogenasela270. 71- 50. Oli tam n El dose

Reduct al$st tan 8 apgstmy ibe gistancebetyresn twe sphpresgs dafeddoasabatdttwenahe tantem

El no | d d3. 22- 45. 83i tam n El ut at hi one :
Symet gg@g%ggggélgﬁ-u. 66i tam n E- Ami no Acid Oxi dasel aa80. 32-46. 87itam n

Euanyl yl CycFarsedchvseledséd 3Gphdtei donibination] @it agbanrphdteEALONSIION defindy fHehase
ldjj 2.32 -41.51itamn Eitric Oxide Synthase2nsel. 13-41. 49 PAP 148- PCT

- 26 EXARMBITENSS pRint g the negogoqrdisate; steat iSpherst A Tacheses asdhe ohiginaof & neancer
Drug Ta i T i L qr . i the. .

capabi || TRURge sydemTRbeRaiRind, He AUREAT R NRBEH fef®5 ine A8 T ng
pr ot ei nx@aisgerkoseh talbegstpeiidiouixi foetheipdane famhddbpyphepsst A CRRAETC.dTHY yaRts Was

approved as the first cancer preventive drug in | 998. Extensive research

hag beeﬁa"cﬁﬁd{‘}ﬁ'f'%(h fiom txh'fl%(F&r%@S,' li‘Fclvﬁ?fPhﬂorae?fgt enist PEesSed ibysther Bizei n
t ar get scodr@inat@s frethiseitw ERedinatk 8yHal and nonsteroi dal oestrogen

antagoni sts in breast cancer: basic and clinical appraisal", R E. Favoni,

and A d. cufitherepremorethaname s¢icted Bogpdyre cOndinstionhmukiiphensphehevapesetsc

targets, Aof ifen i he estrogen receptor. Figure 8 10 15 shows an
iIIustr%'t%iggb\&g@étfﬁee%gfe?ﬁ%&eﬂre of a tanmoxifen - estrogen receptor conpl ex

gener at ed byFighe: #fikistiates GpRerao Al BEAkd Of oft bb%phax%hib%tioﬁqggéiﬁm@ﬁﬁ #fen.

the x-ray crystal structure of natural |igand estrogen bound to this
r deept oRCW Yyasensdingle|shisien. fomibe sphate clusteyreprasenting thacaritylin HlYahprobéasel t o t he

sanme site, i ' In_Figure i val 1.daf es Lhe chani sm

descri bed h\é\?iéél: g C%Srssde erelrnl‘i rr?lgk% {(r)o (%E:a&?égé]t%hae e'%%%%?%kl% g’gsa ?%ﬂgglélt%“.e

St at i st cardomdatihdo & anvity it perfomerddly thediscissdhesctaivepio iritohsngsdlgotitegh. Nunber

of human probei ns scanned Nurr%)ér of hupman and,  equi val ent protein tar%ets
y

i dentified 2 BH0vCEBEaLs SRMPATGEEICtors ipgach sphere set. The comparison is made

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



17 (4 confirnmed, 4 inplicated) 20 A detailed list of protein targets
“identified by a preferred enbodinent of this invention is given bel ow
together with references of rel evant experinental testing: PAP | 48- PCT
- 27 5t "PAMHARIRCZIO04 Possi bl e Human Protein Targets of 4H Tanoxifen
identified from|NVDOCK search of human and manmal i an pr ot ei 8% March 2004
PDHPr ot ei nExperi nment al Tar get d i ni cal Ref Fi ndi ngSt at uel npl i cati ont r eat nent
of 1ab2Est r ogen Receptorrug tar get Conf.iygnedbr east cancer 1l akzraci | - Dna

d ycosyl asel azl | dose Reduct asel bnt ar boni c

Anhydr a&Fadosearchati- Bhde rd 85 with hbinggryalffor albmtathlyld bofids iattlee drug and those of the

Reduct r.onoti on ,of | d i . )

- Hydr o@&seét c§1\ré§1| (ggad?u’%ngé F‘Flg ? 859‘%??%%@8%?3?‘#&@8?’@&%% Jrug B 0afrarger withni one
Tr ansf etha$odest iduppy£as GoRIRI@Hsthé ptifitled boFbRMMARE. Bn&PY Y Bmputed by the
annd3l L{qhansf eraseacti vi tycarci nogeni ci t ydenporaril yl munogl obul i n
LanbdadRHAW eI lgerien mechsnics funstiehLi ght Chai nl evel i mmune r esponseb5acr ophage
M grati onl pl gl nhi bi t oryPuri ne Nucl eosi del ul bPhosphoryl asel zqgf na Pol yner ase
Bet a2nlleti noi c Aci d Receptorla25Protein Kinase

Cl fihi bi ti onCORTLaRANV qarcePO awpt At 0o, AT AR L BasgE {€aL rgandr ogen3a

- Hydr oxyst er oi di nducedepati c o

st eroi | af sehydr ogenaseacti vityetabol i sni7Preventi on of Prostagl andi n

H2i rect asoc iget 1ol p -1y phi bi tion firned8l sepSepi apterin
Reduct aser Og@f\cg{sg ’%dt‘g’hb%g%%@ﬁg& g@%ogia%&%t&oé&tgc&u pd ")[é.sro %Fea]%fdé?ﬁfg
Phar nadmind $otentidBpardfitertl dnd (AGOH} givled\th MBremBltindl basdpdiabscuas rlébabimg%ﬂan,
.M E & COY;%I%%K& H Capcer Res. 45, 1644-16S0 5d((1 85). San?ner, . J. &

Sant en, 9TB8 agsinbpha denoansin-Heby d(GEAT)-Paly d(AT6Agomplado¥)Z. Chen

Nuwaysi : . , . AV PiLtot,wH,. C Cancer Res.
56 37049 51 0}1"3%%?3&6"“%%& %88-2%%%%95% B dfe ﬁﬁ%ﬁe‘-‘yéﬂéé?@’&ﬁ‘é?ﬁ?s’ﬁ Is
AlBnen, theidieldridiamstant, g, andaj ke thpadiaPoides@s?Mhe ith dad jARMomO And B491R53 5
(1991) . ..Rowl M G et al. Biochem Pharmacol. 50, 723-726 (1995). Lax,

: ds, :
E. R, $iARGeabgtween tham.qThesgterns andpaameteas age ony thef writed atomevetsioni ofol ogy
113, 104#BHI® : o wR t GR . t - r Res. 71, 96-101
(1980) . EXAI\/PEIE%%,%%)I%nﬁ\ bsfég(%@c&dlfﬁag“ﬁgg%ygcﬁ'%gﬁg‘l thesgﬁpgaﬁto‘és({%sﬂrﬂt Ins an
capabi | nucieioficitsle GaredlerWey GieflaldPrdayly €0 Gould RS Mdry &Mi BN FerguisieDM,f yi ng
RNA target,s. of dr : cin .S an 1 nogl ycoci de anti biotic that
i nhi bi t%’eﬁ}%ﬁ’ 2 ﬂ&f %Foﬁ@%&?ﬂt’k@épé ﬁﬂ?nmn%éf Joymabngd the Ajaerican dvkemjealn
fesind bSocetper7 rmr;gfstl'gxpr(.lg%nce, this drug can be used to test the
preferred embodi ment of thi$ invention. Neomycin binding to RNA is

descri bed i nThespweessi E0bthedi mgvest toaaristatey Il Y& odieden diftyi Bemtibos of @ EMAsianY.
Wang, . m Biol 2. 281-29 995) . stin nerated seven RNA
t ar get SI% P orln%§%W$§% i%gﬁo%@ ?ﬁi@?rw&&a‘{‘é&%@ﬁi P{ g? ‘?rﬂg fggégosler‘féf Beiside- i n
dat abasehainl6ff &finofacidsend MddRBtEVRithRe ak@itbi Sedle sk drel dTRMWeAAb G0 Vin
.experinments,. A structure of neonycin docked to regulatory elenment of a tar

RNA i s WRINAIMEARHure 10. Statistics of the testing result are: Nunber of

R and R d : NAS, an C . exes
tagets i aentionmifdoRansHs conftcbHEyiecly RS, Ao TNeNGHER o “Gheatun
t ar get sanidceomlinédrgstopananing e3¢ redRidnBNDO G, MRBAbeRSer! BHSisbrIVERIdyON984 10 (RN
bel ow toggtéleil W t hhref erences of relevant experinental testing:

method, the search direction is the derivative of the energy function at the current position.

The energy function is:

V=12 ZbondsKr (R - Req)2 +1/2 Zangles KB (e - 9eq)2 +
25 172 Zlorsions Vn [ l- cos(n(q)-d)eq)) ] +
Zvonds [ Vo (l‘e.a(r-'o) )2 = Vol + Zionbonded [ Aij/ rijn - Bij/ r;* + q:q; /e, r;]

1



PAP 148- PCT -29 Possible RNA Targets of Antibiotic Drug Neonycin ldentified
‘by Preferred Enbodi nent of This Invention 5t" March 2004 PDH | dRNAConfi r ned
byl mp bY $t edRef. Experi nent Experi ment| anr A REGULATORY ELEMENT

TARf i ndiPa@l4&BOT RON RESPONSI VE ELEMENT ~Bi ndi ng2, 31 RPI Nl ebqRNAI el h5S

RI BOSOVAL RNAI gi dP4- P6 RNA RI BOZYME DOVAI Nf i ndi ng4l num BONUCEE®RRGTIB0N RNA
COVPLEXI r naA DUPLEXf i ndi ng?5. PAP 148-PCT WHAT IS CLAIMED I'S: -30 5t"
March 2004 1. A nethod of identifying._hpol ogi cal nol ecules that can bind

wi th a drug having N non-hydrogen atons, said nethod conprising: retrieving
an el ect roni dnf thise fomtjon; sRn@Gaartdwrdneeiedmtaeﬂﬁjndnadngdﬁs&{gl@taﬂan 6iohN8ngle
drug; retrieyi P an electronic file conprising a three-di nensional

descri pt7BRetHIela Ry (Feapid §.q ire taken @giberd lenstheaugle snd torsien ngledul the starting

bi of ogi CupehultlR: H00 BEEhS T BRaRy ko af i mateeabet) Thr 45 Beats andhe
drug ane2eaihyatodeond AoRbodREhteAHIsFREES GHY 85; o GRY Flﬂr@?}?%ggﬁ]goquﬁﬁ%% hevel

of the | owest ener m ni m zation conformati on of the ug-an alt he
pl uT al i PHragietess 8!“3)81%’ e giyee éu['Bremeiting ke paio okerting prabablilitg andidrhg binding

L?ﬁ?é'gf’é*a?@a“* BRI, RGEMITRN Er B OieDimelby o Cherongy Tw. 1°°°

m ni m za’mlmﬁsl«yoﬁianhwmtj 66, $3 (1994);;PA L8Rt B BicNRMbbRIEA van Aer Wﬁll&”ﬁé Eﬁ?@te&f
Caima1l, wg @l n identifying biol ogi cal nbl ecul es conprises 1d ing

those bifdf ﬁllecﬁrr’ﬁlcééﬁiﬂésqnt%’étqu Hae theamartialcharges ofshe ettearglj-thewahs, tahatr isS

simlar eter din eract n en y, val ue for the
bi ol ogi (t:%ef)dlgtaﬁéee%é[tg'ga{aﬁl qlaﬁglggno{r%gmﬁ ?ﬁ% pygme §arﬁltﬁ the, Upifed %tSWeveé%lWW in
t hé pr onrIBERBdes&'hl@edrrmt h'ad s@on&lgahéfatlon Y416E Fleltl £RQHP rsﬁﬂﬁl%'&{ Bf gf‘&ts}h@aﬂ

|nteract| . ene evie i s -aN—bN2 cN3-d kcal / nmol wher ei NiIs
number B’f‘c oarFé‘{ Cgrmeflg 313, CigiipkaP, Bayly Clafiguid Hi,eMpm Kb tJarEerguson DM,

tati st t { f f
Zoie'nspE%@‘W%"%"iéﬁf?iq‘v?%%’égﬁﬁﬁ%@i Rbfiny £l FoBil 8F st Ribfict Chemesil m
1, wher §Dﬂle§'al Id, 818 Y {(1996).1 e conpri ses thr ee di nmensi onal descriptions of

rrul tiple conformti onmi)f sai d drug and determ ni ng whet her the drug can
dock to each '8F PEYFESHIQN Hhenmoyss tBlaoslt*ﬁ@llZéIWWI%élEﬁ é%lgdbwppleg@ls intgtactipmg
salisd Mukhdrpy @s GRATRMPRGORY Qlahifidbyh It 2l ol 9 'Ca'
nmol ecul es. @% The rreh{ﬁ‘ﬁod of Claal m1 }dv\ﬁgg ern %twéﬁgn r?:ﬂu’rr?ﬁlar s Cﬁ‘%ﬁ“c? Reer

can docl@“@GO%orrprl ses calculating a vector-vector mat Chl ng aI gorithm

bet ween the drug and each of the plurality of biological nolecules. PAP
148- PCT

V= EH bonds [ VO (1_e-a(r-r0) )2 - VO] + z:non bonded [ A /I' 2 Bu/ru + G qj /8 ru] +
zn!omsi AO'l Ai

In this function, r is hydrogen bond donor-acceptor distance; V,, a and I, 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 By are van der Waals parameters; ¢, is

the dielectric constant, q; and g 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 Ir, 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



-31 5" March 2004 6. The nethod of Claimb5, wherein calculating the
~vector-vector matching algorithm conprises generating a cluster of spheres
that represents a docking cavity in the biological nolecule. 7. The nethod
of O aippplsg pberei n determ ning whether the drug can dock 5 permts steric
cl ashes between the drug and each of the plurality of biol ogstghrciQbesul es.
8. The nmethod of Caim1l, wherein the file conprising a three dinensional
description of a drug is in the Broolgr%v_en Protei n Dat abank (PDB) or

Mol ecul ar Design Limted (MDL) nol format. 9. The method of Cdaiml,

wher ei rintpreteinhfetdingi amdrisinding!. DEeEREhtrg @Rd of. Dhecladhidt. Wahiet ¥1901199-203

bi onol ec%éis) consists of three-di nensional descriptions of cavities of each

of the@® o 18 the compugediselvsatiacoessifdp svrfacesgea! thai-thatom. a dat abase of

bi onol ecul ar: | b SI NG ial @&V .ee- di nensi onal
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The process 100 at state 200 checks whether all 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, the program stops at an end state 210.

Program 2: Computer automated generation of a biomolecular cavity database
0 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
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' &10%D&)I(t}1e nearest amino acid or nucleic acid in the host biomolecule and its distance to sphere. If
0 the selected cavity entry has a ligand in the original PDB entry, the computed ligand-protein
energy is also entered. The preferred output format is that compatible to SPHGEN and
CLUSTER output format.
State 240: Repetitively executing state 235 until all selected cavity clusters are
processed.

15 State 245: Creating a host entry for the biomolecular cavity database. This entry
contains xyz coordinates, partial electrostatic charge, Van der Waals parameters, and solvation
parameters for each atom of the host biomolecule. The hydrogen bond donor or acceptor is
also indicated. Partial electrostatic charge and Van der Waals parameters are from united atom
version of AMBER described in "A new force field for molecular mechanical simulation of

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.
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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 Supplement 46 4 9

Vitamin E Supplement 26 2 11
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expression patterns and pharmacokinetic and metabolic profiles of a drug. For these reasons, it is
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).
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Xk263 Of Dupont Merck HIV-1 Protease lhvr [0.21 -58.07
Vac HIV-1 Protease dphv 0.12 |-88.46
Folate Dihydrofolate Reductase 1dhf ([1.24 |-46.02
5-Deazafolate Dihydrofolate Reductase 2dhf [0.46 [-65.49
Methotrexate Dihydrofolate Reductase 4dfr |1.64 [-65.66
Estrogen Estrogen Receptor 1a52 [0.67 [-45.86
4 -Hydroxytamoxifen Estrogen Receptor 3ert [0.18 |-55.15
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Methylene] Triphosphate [H-Ras P21 121p |0.17 |-80.2
Glycyl-*L-Tyrosine Carboxypeptidase A a 3cpa [1.12 [-40.63
Huperzine A Acetylcholinesterase lvot [0.93 [-39.35
Aspirin Prostaglandin H2 Synthase-1 lpth [4.71 |-32.43

2 ' -Deoxyuridine

5'-Monophosphate Thymidylate Synthase lsyn [0.65 |-50.89
Vitamin E 178 Hydroxysteroid-Dehydrogenase [1a27 [0.71 |[-50.01
Vitamin E Aldose Reductase lazl [0.51 {-50.44
Vitamin E Alcohol Dehydrogenase ldda [0.51 [|-43.92
Vitamin E Immunoglobulin lmed [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 Nitric Oxide Synthase 2nse [1.13 [-41.49
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targets. For a review, see "Sterondal and nonsteroidal oestrogen antagonists in breast cancer:
basic and clinical appraisal", R. E. Favoni, and A. d. Cupis, TiPS 19, 406-415 (1998).
One of the known therapeutic targets of tamoxifen is the estrogen receptor. Figure 8
10 shows an illustration 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)

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

is given below together with references of relevant experimental testing:
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WHAT IS CLAIMED IS:
L. A method of identifying biological molecules that can bind with a drug having

N non-hydrogen atoms, said method comprising:
retrieving an electronic file comprising a three-dimensional description of the
5 drug;
retrieving an electronic file comprising a three-dimensional description of a
plurality of biological molecules to be tested,
determining whether the drug can dock to each of the plurality of biological
molecules based on the three-dimensional descriptions of the drug and each of the
"0 biological molecules;
calculating the energy level of the lowest energy minimization conformation of
the drug and each of the plurality of biological molecule which can dock to the drug;
and
identifying biological molecules as capable of binding to the drug as those biological
15 molecules having an 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 interaction 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-bN*-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.
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F@10%& () 6. The method of Claim 5, wherein calculating the vector-vector matching

algorithm comprises generating a cluster of spheres that represents a docking cavity in the

biological molecule.

7. The method of Claim 1, wherein determining whether the drug can dock
5 permits steric clashes between the drug and each of the plurality of biological molecules.
8. The method of Claim 1, wherein the file comprising a three dimensional

description of a drug is in the Brookhaven Protein Databank (PDB) or Molecular Design
Limited (MDL) mol format,
9. The method of Claim 1, wherein the three-dimensional description of the

10 plurality of biomolecules consists of three-dimensional descriptions of cavities of each of the

| biomolecules.
10. A method of generating an entry in a database of biomolecular cavity
structures, comprising;:
retrieving a three-dimensional molecular structure of a biomolecule from a
15 biomolecular database;
generating a molecular surface profile of the molecular 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 1. 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.
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