WO 02/ 04946 PCT/ US01/21292 METHODS FOR | DENTI FYI NG COVBI NATI ONS OF

ENTI TI ES AS THERAPEUTI CS 5 Background of the Invention Many di sease states
are assowabsdiows th a nmultitude of phenotypic changes. ThCHUR@®R21keNg been
apparent in the clinic, but recent advances in 1o genom cs have confirnmed
this observation at the nol ecular | evel. Expression profiling of cancer
cells, for exanple, has reveal ed hundreds of changes in gene expression
caused by nultiple somatic nutations. Furthernore, human cells and tissues
have evol ved homeostati c nechani sns such that they often contain. redundant
and sel f-buffering - IRENTIRY INGRCQMBINAJIAINS €(isi ng a change
in cellular state are oft | e_target, but to the
correct conbination of tar @M@iﬁ#&%@es in nmultiple variabl es
can have a highly specific effect. In contrast, for historical and

t echnol ogi cal reasons, the 20 pharmaceutical, chem cal, and bi ol ogi cal
communi ti es have focused on Backgjpound efdh¢laNentionol ecul es that cause

bi ol ogic effects. This historical paradigmhas resulted in the
identification of small organic nolecules that affect specific proteins,
providi ng val uabl evikRAgieedse sfa@ds ABOhdRobiaRUGEIh ARF1titHBEbEPIGotyPAeSe ol ecul es
are al so useful as probes of the biological 25 function of proteins that
may have t herchaoges. cThighaslang beemappazant itbébeelinist betoetent advansesioi dat i ng
signal transduction pat hways by.actin S _chem cgl r.ot ei n knockouts,
Chereby cllsi HECHIEYeaPRBTLIE EHEERGh o RAMAFBIE R due to ¢ he
interaction OfixfrB&ish HOBilihg OPLAREE &1sWMdr RxRplel Bl rdvealdt RRBERAS targets
and their ability to affec% specific biological functions, 30 they may al so
serve as candthdagessinfgsne expreshonctappedby mudtiple eorapiecmintadionO 02/ 04946

PCT/ USD1/ 2 1291*2urthermore, human cells and tissues have evolved homeostatic

mechanisms such that they often contain redundant and self-buffering

15  signaling systems. Natural signals causing a change in cellular state are
often sent not to a single target, but to the correct combination of targets.
Thus, modest changes in multiple variables can have a highly specific
effect.

In contrast, for historical and technological reasons, the

20 pharmaceutical, chemical, and biological communities have focused on
single, individual molecules that cause biologic effects. This historical
paradigm has resulted in the identification of small organic molecules that
affect specific proteins, providing valuable reagents for both biology and
medicine. These molecules are also useful as probes of the biological

25  function of proteins that may have therapeutic relevance and have been
effective at elucidating signal transduction pathways by acting as chemical
protein knockouts, thereby causing a loss of protein function.
Additionally, due to the interaction of these small molecules with particular
biological targets and their ability to affect specific biological functions,

30 they may also serve as candidates for the development of therapeutics.



Because it is inpossible to predict which small nolecules will interact
with a biological target, intense efforts have been directed toward the
gener at i 0 01/049a¢ ge nunbers of small organi c nol ecul es. TheBp®S@rA292t hen
gathered into what are called "libraries" of such conpounds, with the 5
goal of building a "diverse library" with the appropriate desired
characteristics. Such a diverse |ibrary may be built froma pre-existing
col l ection of smalBecawsedtislimpossibletypusdicy | melegyles ¥aktbi nat or i al

chem stry." These. li.braries.c be . ink NSiti to identif
active nol ecuf §a°(t§f1@10%§8ﬁ’lglc f paége.?’ %heélrsr?e gfé‘il’rgﬁ ﬁa%fé’?é}l &gf&%-&’é@)ﬁ 10 In manz
cases, I eseardgeseri@tfofdene noppdrsufanedl drichiiaiddsculdsh TMeschre al | nmenber s

share a particular characteristic, such as an ability to interact wth a
target prot eithen gatheredtiatoadias piesrelled Sibprapesirefisucloperpemdssvihéif to ninic a

particul ar_ aspect .pof..a class _of .. v al ds.. FEor_exanple, a nunber
of i brar ies ioﬁ\?/gf%élgﬁn%%s lé]ﬁréahpga&ﬁi ﬁr%t(}:ﬁfgggopggpr?%? gé’ ggt ures of 15 natural
peptides. Sucdhardedistied "Suvhta diverkd bbrav\gbﬁﬁ ibacbhﬂdﬁommdlbxaldxﬁﬂtﬁg libraries
(WO 97/ 22594), thiophene |ibraries ( 97/ 40034), and benzodi azepi ne

li braries (USoblgetdon of\malbmolgulss qy mapbe gengspigd psingacombinatasial uct ur al

features rem piscent,, natural pr ¢l:s .and t i ible with
m niaturized c@‘fg 13 as?}egg@%ge%gago%g&keg %P?lnesgﬁ}fesaﬁefﬁg{r?@%ﬁ@. J. Am 20
Chem Soc. 1998ive htflecu®&GSlockWwhE efEll€hBmIBU]. IICOVEI-Z3)pr ocess is largely
built upon an ability to assay rapidly conpounds for their effects on

bi ol ogi calo pr ocesdasnanyrrasdsereserelternbais dayaloppdhbiased Ybrages, anwihéh has been

focused on identifyin conmpounds. that . bl ock, reduce....or. @ nhance t he
i nteractions %Qmméﬁrs%gar&a R C%%ﬁcgeéﬁﬁ%’ssmlﬁﬁse%? ??lgg'lqo %ﬁﬁﬁ?bi ol ogi cal
systens, the yfh @rtﬂgbﬂ $6teil) OF WRBiradteFiStieRhRturaN@atut Sdddigdledits | i gand of ten
may result, either directly or through sone downstreamevent, in either a

del et eri ous omirbisrrefardeuar aspecs of a clags phaatuy serapgundidFeoersmeplerst |y, on a

patient for m{rl]u%%etrro%?itm%%{]eg have ‘t)2een designed to mimic one or more features of

15  natural peptides. Such “peptidomimetic” libraries include phthalimido
libraries (WO 97/22594), thiophene libraries (WO 97/40034), and
benzodiazepine libraries (US Patent No. 5,288,514). One library that has
structural features reminiscent of natural products and that is compatible
with miniaturized cell-based assays has been synthesized (Tan et al. J. Am.

20 Chem. Soc. 1998, 120, 8565).

The modern drug discovery process is largely built upon an ability
to assay rapidly compounds for their effects on biological processes. In the
pharmaceutical industry, attention has been focused on identifying
compounds that block, reduce, or even enhance the interactions between

25  biological molecules. Specifically, in biological systems, the interaction
between a receptor and its protein ligand often may result, either directly or
through some downstream event, in either a deleterious or beneficial effect

on that system, and consequently, on a patient for whom treatment is



WO 02/ 04946 PCT/ US01/ 21292 sought. Accordingly, researchers have | ong
sought conpounds that reduce, block, or even enhance such receptor/ligand
i nt er act ivod82/049i@h t hr oughput screeni ng systens were desi Bap@StiRienzer cone
the practical limtations on throughput for existing biochem cal and
cell -based 5 assays. Traditional syntheses of organic conpounds and

tradi tional biological assays reqw re significant tinme, |abor, and skill.
C

Scr eeni ng t hesoughixi Aeaprdinglyeresedrchasnpoielans paughs spmpewlsteduci ng the tine
and | abor reguirepents associate A .screen.  Hi t hr oughput
screeni ng of’%ﬁ%%%&%“%g@%@@ F%%%wgf&%ﬁggéﬁﬁggg géﬁ%fgﬁgﬁ%s pl ayed a central

rol e in the sear clHil@irthloggkbit eceemng sysi@ns tere dadipned epowvstoraé theew
phar macol ogi cal agents. The inputs to these high throughput screens are

libraries of WeetsakHmitatinag omtenghpuhioassisimg bigchemisal Brleekitpsehg

chemical | v, synLhesizes apheoihes CPUENLAS SEaMa; JRIRLIMGEY! i cal company’ s
proprietary |ITbrary), natur produc such as mcrobial fernmentation
broths), and BibR@Edaby&hyd fe%ﬁﬁlé %%ﬁifg&m&ﬁé,qab&yan&mmi Rateefihgkhechem stry
techniques (Tan et al. J. Am em Soc. 1998, 120, 8565). The libraries
consi st of upnEsIAmNPMbehoieemRREURdsneoafietes redneieibe simend Iplas| | hood of
finding one cg Oé'lnqdntwagsh %%ihr bge %Eloe%rti es to serve as a |lead drug
candi dat e ( TaydgfoRpnty assperatcd, with cach 99, 121, 20 9073-9087). Enhanci ng

the traditional paigditaioughpfke@erths 6OuREse colledtdng af fioletuleshagi stry has
resulted in a dramatic increase in the nunber of conpounds that are

avai | abl e1¢ orthseplaged agentss dolednthe sgaishifer lead eemporndsder thacovered 1 arge
ol o eyt G 8 R e AR, o (e

g nzymnme i Itors,

recept or agonghsdughPiit stadend @Y [frariesldfRohipadhdd haghavedabn hssembledf i nd
conpounds that reduce, block, or enhance a single crucial interaction in a
bi ol ogi cal sySemmrespayte emagally sppigesizedaneleculep {suckgs from a

pharmaceutical company's proprietary library), natural products (such as

15  microbial fermentation broths), and from novel libraries generated by
combinatorial chemistry techniques (Tan et al. J. Am. Chem. Soc. 1998,
120, 8565). The libraries consist of up to a million compounds, which
increases the likelihood of finding one compound with desirable properties
to serve as a lead drug candidate (Tan et al J. Am. Chem. Soc. 1999, 121,

20 9073-9087).

Enhancing the traditional paradigm of drug discovery,
combinatorial chemistry has resulted in a dramatic increase in the number
of compounds that are available for screening, and human genome research
has uncovered large numbers of new molecular targets for screening.

25  Screens may use these new targets in a variety of ways, searching for
enzyme inhibitors, receptor agonists or antagonists. The traditional goal is
to find compounds that reduce, block, or enhance a single crucial
interaction in a biological system (Weber et al., Angew. Chem. Int. Ed.

Engl., 1995, 34, 2280-2282). Additionally, a number of researchers are
3



Engl ., 1995, 34, 2280-2282). Additionally, a nunber of researchers are 3 WO
02/ 04946 PCT/ US01/ 21292 adapti ng phenotype-based assay systens, where the
screeni ngwo 82/pwud or med on whole, living cells, and the repdDusoicf1242he
screen is sone detectable property of the cell (Stockwell et al. Chem
Biol. 1999, 6, 71-83; Mayer et al. Science, 1999, 286, 971-974). 5 The
hi gh t hroughput screeni ng net hods devel oped to date have been designed
based on t he adgptingphepaiyne-hasedjassay pysterds grhcr e sexsaningtieperformed
pharmaceutical._jndust.ry. For historical sons.. :and b of regulatory
consi der ati ong" gﬁaﬂapg}’%‘gic\? 4 alufl ?ke rip%t%@ct)rog,ﬁ’ tsr%eeﬁtl)sdseorr%e %%‘gégﬁai scovery
process pri megropyrty 00 celd (Sioblwelher ACChats. Bidl.609b£6,311-88; Mager bp i 0 serve
as a drug candidate. Cinicians have | ong recognized that the

" one- dr ug- onedlt deigeqe; 199288 1r% 4ot sufficient for the treatment of many

di . Jh h ' ' | f h
the. sams cond t i onrrcnes Rtp L SR¥eriEm R BRIAGRR @arBR0ET "1V, (herapy

and chenot herigdey, debighe®¥aeR lof the e diagloassargbt” Patddigh ehaadointut@gent s 15
have becone de rigeur. One of the nost prom sing drugs of all tines is a

conbi nat i on- - the ehamnaecutigl érdustsy. Jins histeriqal segsonshand beggrescichanges in
femal es after_nenopause.. i s..co sed of .oqver. 22 S ra nd i nport ant
conmponent s. Zﬁg]éfé _%F?n%?er?%%lsl n é’ﬁﬁelovr?d\%gﬁk%%%rsi %\%e_n &eegn gn%owerful new
met hod for peditegveingirodes|pemheaY looky 38 €18 ond hétsveanbletls asy shenat i cal |y
perform ng high throughput screens of conbinations of conmpounds, i.e.

m xtures & niveHchiagl caydidaind édinicdartianalongiscognizeditbedher conbi nati ons

that interact.synergisticalby ] 5. hi ol ogi ca e t hods of the
i nvention can oﬁ%—gﬁg&o}%—éyﬁ%ﬁ#@@ag}% Yer; rs)%ig]{clgeél lt téogﬁ%% ﬁg%ngﬁgo%%y; npounds
that exhibit @k&eoUBhey havkhaivd sohttesbvsistdombaidtioas 6F guemts thhietat each

conmpound in'the conbination may ) .
the same condition, or that have a clear logical connection. In HIV therapy

and chemotherapy, for example, combinations of multiple active agents
15 have become de rigeur. One of the most promising drugs of all times is a

combination--Premarin, which is used to treat the complex changes in

females after menopause, is composed of over 22 separate and important

components.

20 Summary of the Invention

We have invented a powerful new method for perturbing biological
systems. This entails systematically performing high throughput screens of
combinations of compounds, i.e. mixtures or non-chemically bonded
combinations, to discover combinations that interact synergistically in

25  biological systems. The methods of the invention can identify effective
therapeutic combinations of compounds that exhibit previously unknown
therapeutic effects even where each compound in the combination may

have previously have had no recognized biological effect, and even where



have previously have had no recogni zed biol ogi cal effect, and even where 4
WO 02/ 04946 PCT/ US01/ 21292 the conpounds and the conbinati on would not, a
priori, Wa@e2men obvious candi dates to use in conbi nati oRCT/BS@@1ed2ngl y, in
one aspect, the invention provides a nethod of screening two-entity or

hi gher order conbinations for biological activity 5 using at |east seven
entities in at |east a seven-by-seven conbinational array that includes at

| east 49 uni cflie cemppimistangd ke efmbipation wauldnes awigrschave esludes t he steps
of . (a) providing the.entities,. creating the array of conbi nations of
entities, (c)O VFO\ficﬁflﬂ@a%S%Oegs[elgl(cgﬁgﬁ%a%g}clfrrposed of one or nore distinct

bi ol ogi cal i et i esccotdhhglyOmtonetasperttthe irbiehifion ploviREhinidhodes 10 of
entities with the test elenent under conditions that ensure that each
entity/test ejcEefRING BwnemBy pPrbigher erdgr exyahinefians dos hiploginaha@vity(e) det ecti ng
or neasurjn er f_1.he . enent ; l.dent | fying

conbi nat i ognsgusgrflé) étﬂ a|lstt %%%e gteﬁéﬁgscéﬁ&ﬁaeagdna et t lé-c?’ -asggerf %}%ml%@gt?éﬂg{l enment that is
di fferent fromdyh@at@tluaed atQéaseusd aRigut YodbintatienLamdaiiriad. i Dite Mgthodsel f. 15 In
a second, related aspect, the invention features a nmethod for_ screening
two-entity orinajugpethestaps of darpronidingthe cpbries (| weptivgithaarayetfy. The

nmet hod i ncl udes t.he.steps of. creati ap._ar [ t el 200 uni que
conbi nati ons %c}mte%tw&s Oﬁg?gueeshécﬁ)rolmevsl&mgﬁ)qg% re(i;e\r/ri1 eélili ﬁ%mggstegsotf °§?§¥m nt that

i ncl udes one @brd@bendbilloged] nﬁﬂi@ﬂi&&](d}&bmﬁ@iiﬁ% i@ Suray ©f c6@birAGbANG the 20
array of conbinations of entities wth test elenent under conditions that
ensure thit eeldmtisies Mith/hetsst eemantmmdenennditiqng ghat engwgiheggedd from t he

Cdont 1 fyi ng ooy st PeenCEAEnE R @M ART At e b GTheGRERY 7

el enent  t hat messudingfagireprtyl dfane tdseelembRts ind(f) alengfiting YorBbinkfiénscombi nat i on
by itself. 25 The conponents of this assay can be varied as descri bed above

in connect i off entitins thatcause gn eEacipp the tespelementthat is diféarpriiem the hi s met hod

effect of an entity of the combination by itself.

15 In a second, related aspect, the invention features a method for
screening two-entity or higher order combinations for biological activity.
The method includes the steps of: (a) creating an array of at least 200
unique combinations of two or more entities, (b) providing a test element
that includes one or more distinct biological moieties, (c) contacting the

20  array of combinations of entities with test element under conditions that
ensure that each entity/test element contacting is segregated from the
others, (d) detecting or measuring a property of the test element, and ()
identifying combinations of entities that cause an effect on the test element
that is different from the effect of an entity of the combination by itself.

25  The components of this assay can be varied as described above in
connection with the first assay. In preferred embodiments, this method
further includes the step of (f) repeating steps (a) through (e) at least twice,
wherein, in step (a), the array of at least 200 combinations is different in

each repetition. In other preferred embodiments, the array includes at least
5



further includes the step of (f) repeating steps (a) through (e) at |east
tw ce, wherein, in step (a), the array of at |east 200 conbinations is

di fferentwon2/omach repetition. In other preferred enbodi nrOT/@S0I1292ar r ay

i ncludes at |east 5 WD 02/04946 PCT/US01/21292 400 or 1540 uni que

conbi nati ons. Were two repetitions of step (f) are carried out, preferably
those occur within ten days of each other. In a third, related aspect, the

i nvention featQfteslS40pmidustombrinations.e $ierg)twanspetiionsypi stepHimer or der

conmbi nati ons for._biagl ogi-cal tivity. The h i es the steps of.
(a) creating %aﬁrlgf?'gyp%Fer%flyl (ésgtocﬂ%r Wulﬁ?latﬁeen %ﬁg%ﬁ%}?&éﬁg of two or nore

entities, (b) provi@ithigdaelaesitaspb@Mbblintdatibn fdanabsidafetiuiefopr nore distinct
bi ol ogi cal noieties, (c) contacting the array of conbinations of entities

with the testscs¢esingiwonenidy orbigher ordascambinationg o iologigal aetéityent i t y/ t est

el enent cont iNg.lS.s e fr the . . t S tecting or
nmeasuri ng g Sf%eplélgwaé?&%ﬁ?qﬁéegt? psé?tg@nctre,a%g)ag alprggﬁ)%f |a§ %%‘Sr;[g@c@%#enati ons of
entities thatchabiagicR oft#e el nofe tMeidsO®Y pRIvedBREAh test BRimdns tiht f f erent from
the effect of an entity of the conbination by itself, and (f) repeating

steps (a) thringlideg efe enmpreglistinetbiologienl ovadetias, (Gneoniedting themrey, using a

different arr in.each repetition. .The. c anen t.Nj assay can be
vari ed as des@lﬁoﬁlé%dn%bog\%g%g%t_}uets%lﬂb?hgs?%ﬁé% & %%%e?icgﬁe%}hg{és:tg%g In a
fourth, rel at gduasheCdach thety/tBt@MNnh& chRadtiteeis seproRitbdohDthe SCreeni ng
two-entity or higher order conbinations for biological activity. The

net hod i nd? udetbershel) setepingér measpring earoprity0f the teatelement (¢)east 49 uni que

conbi nations of t or re.entities )..providing a.tes | eqent that 20
i ncl udes one ]gilemr@%eg %?!I%r%)m%& _S lS’ff S?tétéefség% Cr?ﬁ?eeatni egte,cg?%fhectg%ttez%r{“gﬁg the array
of conbi nati ofmgt Ridifereht fr6in tNé Efficdtld€ ath Btity VI GHERIYMBIAGIRIN WPNEHLE | ons t hat
ensure that each entity/test elenent contacting is segregated fromthe

others, (d) ded(}tepeating stenada) threpeh (o) deast Y5 mes pger 2ene wedhrent, (e)
ialdgpr;[ai’li ying CSe?PJd?ﬁéihg Q%if?érer?tné[r}é[}) iﬁseaéhhl%%et(i;t?oqls. el‘r%nco%liﬁco%%ﬁts%? tﬁi?e test
15  assay can be varied as described above for the previously described assays.
In a fourth, related aspect, the invention features a method for
screening two-entity or higher order combinations for biological activity.
The method includes the steps of: (a) creating an array of at least 49 unique
combinations of two or more entities, (b) providing a test element that
20 includes one or more distinct biological moieties, (c) contacting the array
of combinations of entities with the test element under conditions that
ensure that each entity/test element contacting is segregated from the
others, (d) detecting or measuring a property of the test element, (e)
identifying combinations of entities that cause an effect on the test element
25  that is different from the effect of an entity of the combination by itself,
and (f) repeating steps (2) through (e) at least 100 times over a one month

period, using a different array in each repetition. The components of this

assay can be varied as in the previously described assays.



25 that is different fromthe effect of an entity of the conbination by
itself, and (f) repeating steps (a) through (e) at |least 100 tines over a
one nont WO pre49ee, using a different array in each repetiPCDUSOITHEI2
conponents of this assay can be varied as in the previously described
assays. 6 WD 02/04946 PCT/US01/21292 1In a fifth aspect, the invention
features a nethod for_screening two-entity or hégher order conbinations for

bi ol ogi cal acti vi th.2 fifh aspegie throiaveniton feeyres panefhed forereepe creating an

array of at | > , uni -enti hi ._.order. conbi nati ons
froma set of R%?\%‘lltgt? eg?‘g)%ht?f oﬁ%g?%v%aﬁ%&saﬁoilgg’go%?ag%gtﬁ‘flgégﬁnlbl? i sing one or
nor e di sti nct nltheddgilaads theviept bR %a) dréatingRintadeliofdt ldas W0 @yuidue
conbi nations of entities with the test elenent under conditions that
ensure that eBrereRiHYof Wghes erder epmhinationsrireis wisshof entisisgr(byat ed from t he
others, (d) d ] .ng. o) .the. te el enent, (e)

i dentifyi n%g cﬁ@%n{lﬁa&] ?86%{5610 %gﬁﬁlﬂg%%l% ﬁllzl’ft &ﬁg&%éﬁ%gcgﬁwl?%% %‘%t on the
property of thwidies!(cpt@ii@iingtth@brraysofidnitififtivhns of entitidievitiefeasst of an
entity of the conbination bé itself, and (f) repeatin? steps (a) through
(e) at |east elgmest under cendibonsdhatgmsuigribaipeh entity/idess clefeat ein, in step

too or ror ¢ vl §@Htepdel RO SRR L oo BPbeBiied ™ caruros o

net hod for scpepeitynef theasdielaidm®(8) Menefiid ddshih@ionkio?leagiiesahatact i vity.
This method includes the steps of: &?) providing a test el ement conprising
one or nore dease aeeffeeion theprepertywi dhd tess elqopgnt et indificrent fiom thest el enent

with at | east itles . under. .condiqfi h ensur.e that, each

enti tyl test erdnasl “ehRSREALATBARILY, BT kT SR HRLETC o)
detecting or tReslr(e)at 18aspiwRReov¥r peridiFoflies Haysadrae@Mvhereth), isstegct i ng
entities that cause a change in the property relative to said property of
the test el entdkthpatray ehetdeassd OM0pP iwetsatibrrontbieaiong dy didfegentithvo an array of
at |east 49 ugli&ggerte%it%%tsj ty or higher order conbinations from

15 In a sixth aspect, the invention features a method for screening
combinations of entities for biological activity. This method includes the
steps of: (a) providing a test element comprising one or more distinct
biological moieties, (b) contacting the test element with at least 100 entities
under conditions that ensure that each entity/test element contacting is

20  segregated from the others, (c) detecting or measuring a property of the test
element, (d) selecting entities that cause a change in the property relative to
said property of the test element not contacted with the entities, () creating
an array of at least 49 unique two-entity or higher order combinations from
the identified entities, (f) contacting the array of combinations of entities

25 with a test element under conditions that ensure that each entity
combination/test element contacting is segregated from the others, (g)
detecting or measuring a property of the test element of step (f), and (h)
identifying combinations of entities that cause an effect on the property of

step (g) that is different from the effect of an entity of the combination by
7



the identified entities, (f) contacting the array of conbinations of
entities 25 with a test elenment under conditions that ensure that each
entity ooobr/eaué on/test el ement contacting i s segregat edP€T@ROrh1e920t her s,
(g) detecting or neasuring a property of the test elenent of step (f), and
(h) identifying conmbinations of entities that cause an effect on the
property of ,steeﬁp\éggggthat is different fromthe effect of an entity of the
conbi nati on bijselt. atdy.ghe tetgleusatiofziepda) isithe sgme aptheftestabl y, the test

el eent of St 8Bl of e UF LB Tn e A5 bIate BT BRr (2L Sopfhdm DU 1€

be desirable T0 Use a erent enen ., cul tured

cells in stepedch)ktepn@.gd culater! etk irpdtep (v) 9h& R wWHole anibialiid &ep §f). t he property
of step (c) is the preferably the sane as the test 5 el enent of step (g),
but it may beSiikarlyaBiedpreperiizef deni(ch iscihe preferablyche yame as tgdestst ep. For al |

ut 1 L o | step. F:
ncl udi ng 5 o FRBRAL er . 8 it o AERRERHD e LIRS UL GBI S 7 cconance

ener gy transfeichGtdpET) assays, a fluorescent cal ci um binding 1o indicator
dye, fluorescence m croscopy, Or expression profilin% The assays

preferably are autkselleaf theassays. aaustere! apjixity sendzen GBAIGIeE CA536 el |
plates. The agsayy %ﬁ@%gfﬁgbﬂm&% La%g tesr%ehggésa a{lﬁosre Uen@ | Of the

process may be perforie m crof’luidics. ernati vel'y, the assays

nmay be execut fgoinict shétgy tiaaifeeFRET)eRtdyk) £lhedesienbslciam Bihllingi ent |ine 15
process. Preferred entities to be tested in combinati on according to the

i nvent i on 18 eindisafss dasfiyerespenceimicroisppynesr iegpissyemprofdmgpdibsds, in
parti cular. tpble FRLTH: S bR s Y EOUSARR AR IRR AT o0 ©
(e.g., netal {weNplatesanTheé ashadd m@H alsé bg.consthuwiddl @ thhighirts ok il kY Ut si de t he
visible range, mcrowave radi ation, infrared radiation, or ionizing
radi ati on process may be performed using microfluidics. Alternatively, the assays
may be executed by using trained scientific labor and an efficient line
15  process.
Preferred entities to be tested in combination according to the
invention are compounds (e.g., non-polymeric organic compounds, in
particular, small molecules; lipids; carbohydrates; peptides; inorganic
compounds; and oligonucleotides, including DNA and RNA molecules),
20 ions, (e.g., metal ions), and radiation (e.g., visible light, light outside the
visible range, microwave radiation, infrared radiation, or ionizing radiation
such as x-rays and gamma rays). Where the entities being tested in
combination are compounds, they are preferably used in purified form, but
can also be provided as components of mixtures, e.g., as natural product
25 extracts. For example, a subset (one or more compounds) can be in
purified form, each of the compounds can be employed in purified form.
Preferably, each entity/test element contacting is in a volume of less than

200 pL, more preferably less than 100 puL, and most preferably less than 50

uL or even 25 pL. In certain circumstances, volumes as little as 10 pL or
8



such as x-rays and ganma rays). \Were the entities being tested in

conbi nation are conpounds, they are preferably used in purified form but
can al soweopeewé ded as conponents of m xtures, e.g., as harws@l21przoduct 25
extracts. For exanple, a subset (one or nore conpounds) can be in purified
form each of the conpounds can be enployed in purified form Preferably,

each entity/test el egent. contactin n a,.volunme of |less than 200 L,
nor e preferab?ansz)Qéﬂn‘?WalﬁsleEeuﬁd %@ong}l&%@é@mpop@@r%an 50 L or
even 25 L. L or 8 WO
02/ 04946 PCT?%%%%@[%SI) even Sgg%ﬁsllpocf& | essp?afl}algyiggsegﬁnigl | tionally, the
conpounds ar eatmhﬁbﬂrmbﬁeyabﬂyﬂemthaﬁHQOhE&ﬁ everaf0 20O Orelin tlme)arewplﬂ eferably | ess

than 1 L, and nost {%ﬁefer | ess than 100 nL or _even 50 n One in the
art will recl5§penies thghsma IVIOBmeﬁdPigrréQ nleorven dnlgmay beysed 1 nL) nay be

used. 5 Pr fer red ﬁr?ﬁe)ﬁ‘reﬁlt M&n@sraeemg ece@g&%géﬁgﬂgoméd ﬁf prmed cells or

non- transforned cel as neurons, sts, sSnobo nuscle cells,

cardi ac cel | sporskanstbmhediaedic) ﬁlchetls hSurogé ifforotd edts, smootbmyisdle cellsl em cel | s,
hemat opoeitic stemcells, nast cel adi pocyt es, protozoans, bacteri al
cell's, yeast t&fipg celfﬁeﬁk%lptakm@ﬁqleefl SSgha&ﬁallf embEoEe Bl ¢is) uding T cel I s

and 10 B cel || BnadGhOE LEnOlor Shh cold ASHESy e BBl Ams ADigRpONSLi t ut ed

cell-free sone | nst’ances, ‘can 1 nstead consi st
of a single ¢l mscwllsynemhle;mmbeltnphmi:mhmmméilsaﬁcladmgdt alisand an

ol i gonucl eotide. The effects displayed b de5| red co |n tlons on the test
el enent 4afe %rcéf@rﬁllb‘ﬁﬁ‘?rss@frfép@ﬂthsﬁli‘%@flmé i andypseansitysd eeNriise t he t est

el ement, suc ) B\
Al ternati vel Yy, g‘?‘ﬁe %ﬂe Qt%ﬁ%% %ﬁgésltogﬁagg{?ﬁv%&fen nalﬁﬁérﬂe)f*??@have f ewer
si de effect s blﬁfogﬁmﬂyﬁ'ﬂlelvhryt mslyculexiehtasa preigat orva olguducisefidd. ef fect, on

anot her, one ound counteracting tOXICIty of anot her conpound
The enti t| es can 5@1 tedisplaygdhy dasised eembigplonsin the teshglediegtience,

are preferably synergistic effects on a property of the test element, such as
15  an increase or decrease in DNA synthesis. Alternatively, the combination
may be additive in nature but have fewer side effects, or one entity may
exert a negative, and useful effect, on another, e.g., one compound
counteracting toxicity of another compound.
The entities can be contacted with the test element in any sequence,
20 1i.e., one entity can be added to the test element, followed by the addition of
a second entity, or alternatively, the two entities can be combined prior to
their being contacted with the test element.
The high throughput screening methods of the invention represent
rapid and powerful alternatives to traditional drug discovery methods
25 employed by the pharmaceutical industry. The invention can identify
previously unknown, and therapeutically potent combinations of, e.g.,
small molecules, some of which may be newly synthesized and some of
which may be known FDA-approved drugs. Where the effective

combinations are entirely made up of two, three, four, or more drugs, all of
9



20 i.e., one entity can be added to the test elenent, foll owed by the
addition of a second entity, or alternatively, the two entities can be
conbi ned wo bpe498® their being contacted with the test el papUsor/2ike hi gh

t hroughput screeni ng nethods of the invention represent rapid and powerful
alternatives to traditional drug discovery nethods 25 enpl oyed by the
pharmaceutical jndustry. The invention can identify previously unknown,
and t her apeutWViigh|aye pleradstF L apprazed. deasnesy commbipation bagihe fgthescul es, sonme of

whi ch may be W hesi zed and f ixch e _known FDA- approved
drugs. Were %Qﬁgntéggégﬁ?@% ea%%r{%?‘ﬁegﬁ ﬁrﬁgﬂé@eeﬁ‘@ﬁ[a}ppﬁ\él BrraoﬁgsSUp of two,
three, four, or nuiBesfedfges @ldlad0intdedof U D4 OforRGll B&kbbarkh?92 Which are

al ready FDA approved, the new conbination has the further advantage of

bei ng easily dhie follosting detadeddpscrpiinto vad fipnpthesdaimst her feat ures and
advant ages_ of the invention will be apparent fromthe foll ow ng detailed
description, and fromthe clains. 5 Definitions "Conbinatorial chem stry
library": As Dsksltipeg ei n, a "conbinatorial chemstry library” is a
plurality of conplex nol ecul es, preferabl rem ni scent of natural products

synt hesi zed from diGesrbingtpepl chemasaryfldiraryToAs npaschaieiasa byonetrpiteiring
different reagtant.s ch sta ofc diversifjcatiaon .of.the scaffold
structure. " [ﬁﬁ\?renﬁ%t@' ﬁﬁrbaf}grgg.a:pth}{gﬁ soéf Oﬁlﬁ?eé%ﬂﬁ?ieg%ﬁ%ip&%ﬁersa l}fi brary" is a

plurality ofreagmitax offbhaed pesdubRayniasicedrem asasiflabRGATINM any of
multiple potential sources, including preexisting chemcally synthesized

mol ecul es10L5 Ywigbiesky tmployangdisierentreactrataliat eathpdage of divespficaticary |ibrary),
Thraries’ geapareBithy s@stinator al chem stry techni ques.
“Diverse library”: As used herein, a “diverse library” is a plurality
of complex molecules that have been assembled from any of multiple
potential sources, including preexisting chemically synthesized molecules
15 (such as from a pharmaceutical company’s proprietary library), natural
products (such as microbial fermentation broths), and novel libraries
generated by combinatorial chemistry techniques.
“Diversifiable scaffold structure”: As used herein, a “diversifiable
scaffold structure” is a compound synthesized from a template structure,
20  which contains latent or active functionalities capable of being further
reacted with synthetic reagents to generate at least one new functionality.
As used herein a “latent functionality” is one that is present, but is
temporarily inactive. Upon release with an activator reagent, the latent
functionality becomes active, and is thus available for further
25  diversification.
“Test element”: As used herein, a “test element” is the system to
which the combination of entities is contacted, and which is then observed
for the effects of the entities. A test element preferably includes two or

more biological moieties inside of a cell.
10



"Diversifiable scaffold structure": As used herein, a "diversifiable
scaffold structure” is a conpound synthesized froma tenplate structure,

20 whi chwont/eiome | atent or active functionalities capabl pRCOUS@129 f urt her
reacted with synthetic reagents to generate at | east one new functionality.
As used herein a "latent functionality”" is one that is present, but is
temporarily inactive. Upon rel ease with an activator reagent, the |atent
functional ity becospandpeintingd Asise hereip, arempowndrgintingr £¢fess 25

di versificati "Tasl..el ng" - u rein, " ment" is the
systemto V\:htlggﬁela ?C@%ﬁ%?ﬁg I%l%oﬁng?toengﬁtﬁli%égigﬁ gcl:agrgptlgsﬁ %I;Eiggnd which is

t hen obser vedpretigiontrbBotehitiead habiisetl e cDINA hi@Barrdyih @6l Aeh.aCiesni. pref erably
includes two or nore biological noieties inside of a cell. 10 WO 02/ 04946

PCT/ US01/ 2129%0¢. 183%pddn @G 1368)-ndhe cougpoudspets-aainbe 250amsesd pri nt i ng”
refers to fhey %gteggﬁkﬁl% r9£ansdct§1E§§}ﬂ§§§%&sﬁﬁéyc %ﬁ?& %oéa*&‘elﬁgfyllnﬁéeﬁ?)j? using a

hi gh- preci si on suc m croarr ng Am Chem

Soc. 1999, 124dherifif o #RGE}faceihfoughradsuostatip of Bydraphdiic 2béadiichsons in 5
dianeter or snaller, and the conpounds may be either covalently |inked or
adhering to the surMawefluidicsiighs eseddreraint Fpicroflyidipy dleypgeBicc i nt er acti ons.

"Mcrofluidicg": e reing. " m | uLdi ¢s” { channel ed
structures made é@%%@u%ﬂ? Hleadﬁlla’y ﬁg}ﬂyg{e r%htgf’ gﬁs?grﬁl(;%\édrlgg?sﬁ},%&’ncl udi ng
convent i onal jpbridalg édﬁ@@lﬁtﬁﬁféypﬁcﬁo]ﬂhﬁgabhﬁ@’.g.@i@@ﬂﬂ"é@ﬁl@ﬁ)gies;o Mount ai n

View, CA; http://wwy, calipertech.com or unconventional nethods (such as
soft |ith&yr ntagfe YW, Keth, hito /gvww.¢plinggesh. caoneanunceventipgal Engl . 1998,
37, 550-575). " jety: ein,. .ink jet" h refers to
both ther rralmfﬂ!rll]%hf lést%tdﬁ%lsas \;\%F ﬁt?@gr aglﬁg?z%eg rébcétdf F'g"z%‘rqél%&&e@%nrg?%ﬁi es for
delivery 15 Basidglvi®Iosn®s 530-375yui ds.

“Ink-jet”: As used herein, “ink-jet” technology refers to both

o

thermal ink-jet as well as piezoelectric spray technologies for delivery
15 small volumes of liquids.

“Small molecule”: As used herein, “small molecule” refers to an
organic compound either synthesized in the laboratory or found in nature.
Typically, a small molecule is characterized in that it contains several
carbon-carbon bonds, and has a molecular weight of less than 1500 g/mole,

20  although this characterization is not meant to be limiting for the purposes
of the present invention. Examples of “small molecules” that occur in

nature include, but are not limited to, taxol, dynemicin, and rapamycin.

Brief Description of the Drawings

25 Fig. 1 is a conceptual diagram demonstrating how two different
reagents could act synergistically inside of a cell, where the reagents bind

to different targets within the same cell.

11



"Smal | nol ecul e": As used herein, "small nolecule"” refers to an organic
conpound either synthesized in the | aboratory or found in nature.

Typi cal | woaz/e4vaé | nol ecule is characterized in that it cparaseRizever al
car bon-car bon bonds, and has a nol ecul ar wei ght of |ess than 1500 g/ nol e,
20 al though this characterization is not neant to be limting for t he
purposes of the present invention. Exanples of "small m)l ecul es" that
occur in nature |1ﬁg1%.&eacogggptaaléh%mdefﬁomé’@atmghqvam 1??97%m cin, and
rapamycin Br | t] ceptua

di agram dermnfse g%%tl ng a@t gcfftlfélgln%d%\lgrféqg%e%?ﬂ&% eée g%tr% em%’r gistically
i nside of a C&hﬂ,tomgét§1ﬂd1ﬁefdﬁagﬁmt&tﬁsm to different targets within the
same cell. 11 WO 02/04946 PCT/ US01/21292 Fig. 2 is a conceptual diagram
dermonstrating how ¥igo3ds a1 @ﬁa@mePéﬁwpgn@émabd%pnwﬁéldgqmm@am y inside
of (an 2r 920! SEnibiElRal DFed SO0 aBAld Rerklt I Sbfl flbligyient 0211 of

tissues. I's an nent a a one vvould obtain in

a 5 conbinat @ﬂffeaéntssnmmétemesﬁ@wh daseésuhsedrehﬁb@nﬁn plBieforeal ts from
five different 384 well gl ates are shown., The results are shown in plate

format, wher WhetedheregrelawwsiabeledAetheangh B, padedrolpmnsplabeled dol ums,

| abel ed 1 C |l as a
nunber, wher e{hg)%% ﬂbggg+l%¥% t|“\$/1|{y ﬁ%k&%ﬁﬁ?dgﬁt\?ﬁpﬂ% @Hﬁe‘%ﬁg’hé\% active
combi nati on i $ndean basatlactivits (nd eifsctpat fgieamR af adtiverbhbthdion iper f or m ng
conbi natorial screening using currently commercially avail abl e technol ogy.
Detail ed Eéscﬁﬂ@ﬂion 15 The present i nvention provides nethods of conbi ning
S oot "Iy AR CRfhof Tor fatorttine ARGGREE O der

conmbi nations in a SCreéening sy &M usH ng rel evant
bi ol ogi cal assyhin@udinke tirtdtly commerc1a11y available technology.

Detailed Description

15 The present invention provides methods of combining libraries of
individual molecules in 2-, 3-, 4-, and higher order combinations in a high
throughput screening system using relevant biological assays to identify
effects of the molecules that are only present in their unique combinations.
Such combinations may then be used to probe and study additional

20  biological systems, may have a direct biological use, and may serve as the
active molecules for novel human therapeutics or other uses in humans.
These combinations may also be useful for promoting the growth, fertility,
maturation, or other characteristic in specific agricultural products,
including animals or plants. They may be useful in creating cosmetic

25 products, fragrances, food preservatives, or nutritional supplements. Thus,
the invention provides powerful methods for systematically performing
high throughput screens of combinations of compounds to discover

combinations having improved properties in biological systems.

12



effects of the nolecules that are only present in their unique

conbi nations. Such conbi nations may then be used to probe and study

addi ti onavo anodi®l ogi cal systens, nay have a direct biol opCTvakowse92 and may
serve as the active nolecules for novel hunman therapeutics or other uses
in humans. These conbi nati ons nmay al so be useful for pronoting the grow h,
fertility, maturation, or other characteristic in specific agricultural
products, i ncl udi Wg pesit thet shamaspaticals intereojingwyitheomeler 8ystems cr eat i ng
cosnetic 25 products, fragrances. foaqd. servatiy .or_nutritional

cuppl enents. TS sy B AR FSher BBl B KR iRl et

systenat i cal | yorghailiihRGctité SFentdthatiafpatt witl BeRiplOmolotl Ragdtons of
conpounds to di scover conbi nations having i nproved properties in

bi ol ogi cal sy$hisrderstaniogef howpherparuticts pparagformgopmef the basas

pharmaceut [ cals interacting.w,th co e uch ells and
tissues aré I fqz&ug,n?‘g S%éteﬁg&r hé)fo eg??i\l/%uﬁ%ﬁéﬁgﬁ eefs an?o%? gllogg&nﬁﬁlﬁpl e active
agents that iRAéwhpsioadh prdniidtsttd pledd Hﬁlr@@iwiﬁprdv%frﬁﬁfsinma]i?*esddﬂiﬁigerStand' ng
of how pharnmaceutical s operate forns one of the bases 5 for our new

strategy for Healmentsyansrgyvideiséfeddvs Gampieader eeteatlppeterctatié s new approach
prom ses to yield dran[ra(;t'?c i(fgroverréen.ts in(fgatn aexisslitlinrﬁgi 1ter eat nents, and
provi de eff ecfhis\e/aése%l?gf éb‘ a§1§’ S EUY f‘llélﬁlflg)m(l’ Nt ractabl e }geases,

particul arly ¢irsd@s&es requiring nodest changes in nmultiple variables. 10
The current dom nant paradi gm of the pharnaceutical industry is one in
whi ch oneldlrug i s Hes¢wreatidemgmiansparatigm ofithepharmaecwisgl wdusirses our

under st andi ngoof. | .tjévar iyabl.e .desi gn reggiﬁeetman s~as_t he § eﬁlst erpiece of a
framewor k. for °Phi Wyikh BRa S 1 abaRag et tei Ay, QIR apeiPrdi vy |
phar maceut i cabgr unberskdirg SFmilivigable déeeh oqufcambhte at tHtenterpiece
of a framework for the systematic development of a new generation of
pharmaceuticals.
15

Entities to be Tested in Combination

As is mentioned above, a wide variety of entities can be tested in
combination according to the invention. These are now discussed in
greater detail.

20

Compounds and Ions

The prevalent class of compounds that are screened according to the
invention are small organic molecules. The compounds can be synthetic or
naturally occurring (e.g., prostaglandins, lectins, naturally occurring

25 secondary metabolites, hormones, etc.). Large libraries of such molecules,
in purified form, are available in pharmaceutical companies, chemicals
companies, and academic laboratories; such libraries also can be
synthesized using known combinatorial chemistry techniques. The

compounds may or may not have known biological activity. The
13



As is nentioned above, a wide variety of entities can be tested in

conbi nation according to the invention. These are now di scussed in (greater
detail. 200@meaunds and | ons The preval ent cl ass of conppangsohad2 are
screened according to the invention are small organic nol ecul es. The
conpounds can be synthetic or naturally occurring (e.g., prostaglandins,

| ectins, naturall y occurring 25 secondary netabol.ites, hornpnes, etc.).
Large |i brari eempgungg ,ﬂmag@@t%sal hbiaﬁlef)ef ?hﬁlﬂé‘@nfl@? ﬁ?n he éyrstb%meém ein

phar maceuti cal, _co n éﬁ% Iaboratorles;
such Iibrarie?oﬁvyggbgﬁggSO?ggh@%%ngggﬂ%§?%ﬁ§ I@% I'na orial chem stry
t echni ques. Tnsran@@maomcg&naatedqforﬁammmﬁhm @caktmwsym@dl@gi feéh aactivity.
The 13 WD 02/ 04946 PCT/ US01/ 21292 conpounds and cpnbinatorial |ibraries of
t he i nvent i onskikifipacidyhasedbeporygl tm%ﬁﬁerﬁensﬂlppmd@est@whww@%rt bound
scaf fol ds, d e m a

di versifi a%l e smc&?ﬁg Jl(Jigyrfi E@Fléﬂég)r%%% s%lln(i}%cﬁ%l% gg{egﬁg)g%cfgﬁ %epoxyol

tenplate or fgREvddie Ryéndd hecdiabidtisreagbaligy todtht sivrntioh indudede. | n
addition to snmall organic nol ecul es, other nol ecules that can be screened

in combinat | ohloaelymeas,ﬁ@cltl@ngﬁhgpmfv&ﬂtﬁdéﬁ(l?l?{éméémm ASLYREREASS i ncl udi ng

Ceceptors. | 1 anaedeoRtnl fyoenRls HEER Wior bR B TS o ot e s,

and peptide haﬁﬂ@g%aﬁ)hunimmrd@mspadd;@pylde abesoned) liphdd; pabybadrategr i des.
| norgani ¢ nol ecul es can be screened as well, as can potentlally
bi ol ogi callfy a@dmlﬁsacglm%l@&chmagam@mﬂewmﬁnbe gcreer@émgéﬁ'e ;68 silver,

& ner, "non. enbRPRaRBABRERRLE SRy R PR A3y 80T e DPbrBARR °°

silver, zinc, magnesium, manganese, calcmm and gold ions.

Other Entities

15 Other, non-chemical, entities that potentially affect biological
systems can be screened according to the invention as well, either in
combination with other non-chemical entities, or with chemical entities, as
described above. Non-chemical entities that can be screened include light
(visible and outside the visible range, e.g., infrared and ultraviolet light);

20 ionizing radiation such as x-rays and gamma rays; hyperbaric pressure;
increased or decreased temperature or pH; gaseous substances such as
oxygen, nitrogen, carbon dioxide, etc., and acoustic vibrations (sounds) of

any frequency.

25 Test Elements
The biological assays used to detect the effects of the combinations
will in most cases be composed of multiple components. In some assays,
the test element is a whole cell, particularly where the assay is a

phenotype-based assay. Such a whole cell assay provides the complete set
14



systens can be screened according to the invention as well, either in
conbi nation with other non-chem cal entities, or wwth chem cal entities, as
descri beav@bny®46 Non- chemi cal entities that can be screenepdriuselaiee | i ght

(visible and outside the visible range, e.g., infrared and ultraviol et
light); 20 ionizing radiation such as x-rays and gamma rays; hyperbaric
pressure; increased or decreased tenperature or pH, gaseous, substances

such as oxygehcomplex mpdeculardniststigny e likely to forma thedwsistat@ vi brati ons
(sounds) of . t %ﬂﬂ% T i i says used to
detect the ef %@?\Laho?féﬁﬁ%%g%lﬁ%%a |°8§§§ Wi aﬁyi Qﬁhﬁégs&?éa agg@h%}gécorrposed of

mul ti pl e conpgseeidtiButed oetloii@: @ediansthat doneriisesbnedltie desiral cwnylet e cel |,

particularly where the assay is a phenotype-hased assay. Such a whole cell
assay provi desystees, @pfiiasimaysaeluda s reppisaeléecbiept ispsrdend®  of conpl ex

say provi deS/saRs : _
il Civar i abl o FaLPann T B Rl B8 Ot s eBall ihner

reconstit ut edordeebloldgiest systeing sudhh@tclestert af ollsimastsyeqfant hgintlisi r ed conpl ex
systens, and that may include sone reporter effect that is based on the 5

| i kely conbi nEogelsdpr mpltiveriableicambinaiersd CrpHNE-Ot her assays enpl oy hi gher
order biological s e es, and ani mal
nodel s for nul ti vaﬁggﬁoég%b%% ttgéﬁngse%@rfgié%sl%%bf%rﬁlgl‘hgﬁ%l ogi cal assay that

i's useful forcaapaundefis teadily adipatd toadhepabifiatorial seeedhihy ofttlapisentt o t he
conbi natorial _screening of the present to_ invention. Assay neasurenents
can incl ude, MYenieehyssay magaspepIsnis @n neledayiy FXamRds: deasnoroidel | menbr ane,

o ot i el Pokibdly oS ROIPh SRk BSRBIR Afo Sebb Pbbir Lon
expr essi on or gafepitiing célepRliSeratieg el ddath, eeligspecifivatitat,€elli ng NRNA, protein,
or a reporter di i%?grztfatigg,zc%ﬂar;}ggatﬁ)%t igé:/riet e&bression or protein levels (measured,
e.g., by detecting mRNA, protein, or a reporter gene), enzymatic activity,
15 phosphorylation, methylation, acetylation, translocation of a protein to the
cell nucleus (or other change in protein localization), ability to resist a
pathogen (e.g., a virus or a bacterium), and ability to produce an immune
response. In whole organism assays, animal behavior can serve as a
reporter.
20 In one example, the assay is a non-destructive assay (e.g., a cell-
based assay in which a measurement of the effect of a compound can be
obtained without harming the cells). Such an assay allows assays to be
performed on multiple concentrations of multiple combinations per well.
For example, compound A is added at increasing concentrations to a well
25 and a measurement is taken after each addition of compound. When a
desired concentration of compound A is reached (determined based on a
desired assay response or on known properties (e.g., toxicity, solubility) of

the compound), compound B is added in increasing concentrations, with an

assay measurement taken after each addition. This process can be iterated
15



1s phosphoryl ati on, nethylation, acetylation, translocation of a protein to
the <cell nucleus (or other change in protein localization), ability to
resi st awoparhwgen (e.g., a virus or a bacterium, and abPCTAgoI292r oduce
an i mmune response. In whole organi smassays, animl behavior can serve as
a reporter. 20 In one exanple, the assay is a non-destructive assay (e.dg.,

a cell- based ass in whic ure o) effect of a conpound can
be obtained WtH S%PW&W%E@QWF% ?5{‘7 @I‘r‘? SAdSPTAFBWs assays to be
performed on aﬂhlbhpbpasgey@e%&ﬂfoﬁﬁédaf it ippft& conbi nations per well.

For exanpl e, conpound A7 s added at 1ncreaSing concentrations to a well 25

and a neasurenent Iitmaya:leaicsaﬁlﬂercop@cﬁmrmlcbmpmsonfaswrtpmiﬂmdfy When a desired
concentration of Aﬁk ached eterm ned based on_.a desired

assay responsleosé‘r]:’(feb%H inpriens éexanf‘?}fi qrRYmations of lity) of the
compound), SCOWdetﬁa a?éﬂs%%tnbafarrtﬁé@aahaaoqan%ea&aeééeons with an assay

measur enment t after each addition. This process can be iterated 15 WO
02/ 04946 PCT/ pislifer21@0ef tumemgells camsbel snmaltmengﬂy soeekehed fak ko &fﬁpc’nundr eds,

t housands, or even | 1'i ons of _as tQ be erfor e plate. It
b desi r a8 BORE AT s oD, pa b B RO B e e ppap B bl e i de
effects of coghiRALLONS o UM RTPhR thaPdeNAlé 8P R0 BffectdnGRERQUNdS that are

screened for their ability to kill or decrease proliferation of tunor cells
can be sinul teailecauspx;zfmedewﬂdnaitmnsi Rembimtives that eppaavtaidve anon- t unor

cells. Conbinatjons,of. conpound hat dis th desjred activity on
tunor cel '8 a ‘?ﬂ {fa‘%}@nmwﬁ eilﬁaﬁble%gf r@%egn%hﬁ?%]éh T'cells are
preferred congj ht%}% oP@&H%biﬂ%ﬁbl% H@Bua&qa% Smitay &rdfurdy undesired

effect on nornma are | ess preferred These atter conbi'nations (or
conbi nati ons mhy,dmvmmmdm df&(btmgatsdlffeﬂeatccmk:cmtca“twmemd slmayld nbtowever, be

effective at ﬁ'éc‘iais%% yﬁe exc uge%ttl;at Iagdl%lon:ﬂ stu yOUI d not
Cell-free media containing complex biomolecules such as proteins,

15 carbohydrates, and lipids are made by known methods, e.g., by lysing
mammalian, frog, yeast, or bacterial cells to provide a whole cell lysate, or
by purifying a specific fraction from such a cell lysate, by using a
commercially available rabbit reticulocyte lysate (commonly used for
performing in vitro transcription and/or translation reactions), or by

20  harvesting the culture supernatant from mammalian, yeast, or bacterial

cells without lysing the underlying cells.

Cytoblot Assay
One method of detecting activity is the cytoblot assay. In this
25 method, cells are seeded into wells of an assay plate. The cells are
preferably adherent cells so they attach and grow on the bottom of the well.
The compounds are added using the methods described above. For
example, the cytoblot can be performed to detect proliferation by

measuring the incorporation of BrdU. In this example, the cells are
16



necessarily be excluded from additional study. Cell-free nedia containing
conpl ex bi onol ecul es such as proteins, 15 carbohydrates, and lipids are
made by Rvowo4ved hods, e.g., by lysing mammlian, frog, PEBREFB)1/11292
bacterial cells to provide a whole cell lysate, or by purifying a specific
fraction fromsuch a cell lysate, by using a comrercially avail able rabbit
reticul ocyte |ysate g;om"mnly used for performng in vitro transcription
and/ or trans|iaeibsted toaatseiprriod ddtimsy (28, e V2 bovsy Themedivmyise super nat ant

from mamal i eas or. bacteri e VSl e underlying
cells. Cyt ob!atgf’n %@gf{tféd&séngfgﬁ%(&mﬁe’ 8%?%%& 1n utl(?t%#‘lt‘ S\;%rtié\’?% ({T%e cyt obl ot
assay. | n thigxtedPorEiphipchanéllvsmdaThesebsad fixed bywhkt haditbn ah7@ssay pl ate.
The cells are preferably adherent cells so t?éé attach and grow on the

bgttom of theetmollandpﬁéspéléw&bﬁfﬁﬁ@%ﬁée%@dﬁ der 1 heurnelihsods descri bed
a . F , | i f i
et gt O skt 4P e e gD RE Y TREp b St Pog ) Lertl o

on o exanpl &, e cells are 16

WO 02/ 04946 RGIHUSNIFICIAAR 0.5%CWh @0 if added t6@hctpeell dek 20 miriutes, (e.g., 4 to
72 hours). The nediumis then aspirated using, for exanple, a robotic
li qui d transfBhie HeViscreutialiged with pselytion of s bplanerd saligalitionhe cells are

fixed by the L& on. of. 7Q%,, et hanol t.e- Quf ed saline (PBS)
at 4C for 1 h@%é)'l‘??@taémpgaiéﬁ evt’ahsu%re e(%g\;ﬁelﬁgglzlghﬁ’ﬁgs clgﬁrg{sare washed once
with PBS. Aft@mdvee, tBBIelisnasvaskdl thicde with MBS dadliies onedwith PBsded to each
well for 20 minutes. The HO is neutralized with a solution of Hank's

bal anced &l tcontriningdhs Yo(aBEs)serin alhimin BIHYansl 0.4 % Tiveerv?0.2RhNaOH. Thi s

solution is renoved, the cell re.. d.twi.ce wi.th.HBSS and.t hen once

W th PBS 1o ORI IR B eRS U SN & YA B3 B, Tween 20

The wash sol yhj, Qi SBEATRNGSbGNE PRI donBhistiks 8H% Bedie issruaPabi@th as 0.5 g/ i
(BSA) and 0.1% Tween 20. This antibody solution also contains a

-

secondary antibody (at a dilution of 1:2000) that recognizes mouse Ig

15  antibody (e.g., the mouse anti-BrdU antibody); this secondary antibody is
conjugated to the enzyme horseradish peroxidase (HRP). After one hour
of incubation, the antibody solution is removed and the cells are washed
twice with PBS. After the second PBS wash, the HRP substrate (which
contains luminol, hydrogen peroxide, and an enhancer such as para-

20 iodophenol is added to each well. The amount of light in each well is then
detected using either exposure to film (by placing a piece of film on top of
the plate) or by reading the amount of luminescence from each well using a
luminometer or luminescence plate reader using standard conditions (e.g.,
0.3 seconds of exposure per well). The amount of light output from each

25 well indicates the amount of DNA synthesis that occurred in that well. A
desirable combination of agents is one in which there is either increased or
decreased light output compared to a control. For example, a combination
that decreases light output would be decreasing the rate of DNA synthesis

and, thus, may be effective in prohibiting or preventing the proliferation of
17 '



nmouse anti-BrdU anti body in PBS containing 0.5% bovine serum al bum n (BSA)
and 0. 1% Tween 20. This anti body solution also contains a secondary

ant i body wan2/eu9dié | uti on of 1:2000) that recognizes nouse PQI/USo1Z1292b0dy
(e.g., the nouse anti-BrdU antibody); this secondary antibody is

conjugated to the enzynme horseradi sh peroxidase (HRP). After one hour of

i ncubation, the antibody solution is renpved and the cells are washed
twice with PBRmosaels. AllerneireicanBgeaissih, light eutpRirepraseats ate (whi ch

contains | um nol h en r oxi an e r ara 20

i odophenol i sﬂ%ﬁé@gﬁ%ﬁé?@% Well _&ﬁ’éﬁé@guﬁ%e é&?‘ﬁpﬁ%ﬁrﬁ %{’e"%@%&m | is then
det ect ed usi ngpreitmple, @200SUI Cohbinhtdrial Yy (th adistgthe opk gigkedof filmon top
of the plate) or by reading the anount of |um nescence from each well

using a | um proRRerant blockethDhts saeasisging; thus.dider toyisi dhfgckemfgar d condi ti ons

(e.g., 0.3 s d f renp . Nt i ght out put from
each 25 well ?‘%%?cgjts Iglg tﬁﬁ%ﬁb‘ﬁﬁtc‘%@%s@g? Eeem slﬂ%%gﬁ{tg%{curred in that
wel . A desipahbited @ibitddaé effert of (R0t Gnifovade In B vafittg b ilgiaeci s ei ther
i ncreased or decreased |ight output conpared to a control. For exanple, a

conbi nati on fefigienfydigensess theiigmung seBe do netprglifsatg de FespRisedot he rate of

DNA synt hesi s . hu b ffective, i r-ohl biti reventing the
proliferati one%}%@%?hﬁb&b%@f% t‘%&”r / ggé’é/cél @?@ 1&%%#6@%#@}1%
Al ternati vel yforagbihg eieBiasit ohdcdn @hdendui futhbinefsBSHRESzean thaicr ease i n DNA

synthesis. For exanple, one could use pri marié cells in, for exanple, a 200
X 1 conbi nét opioapote threggroliforatighi of himpnmesals.f AltemativeipBiscsn spicet ked DNA

synt hesis and._thus, ha axi.c ef f ect t ce . 'fqg this array,
one coul d scrgoér?u odfflnéun%esggﬁrﬁsgrl‘geaa@fgﬁ > tlﬂg?ls e%@“e@é"h%é‘%}ﬁ%‘ﬁ%"s (%om c effect of

the first conmpedimhiine c¥(4d Blogll@k aiTrodlDthat H&fhezh entstedfrognses, the i mune
cells do not proliferate in response to either an allo- or an auto-

anti gen. Usi nperénhieralbderd eatshis simuiatecibiieithies allpopeapso-Afighst hod, one can
screen for c Oﬁp)h{%%a{t%?lg of Eor{q?oa}%é‘ bisht E}pe%ﬁﬁcally inhibit proliferation in

15 response to auto-antigens but not allo-antigens are useful autoimmune

therapeutic candidates.

Other Methods of Detecting Activity
The foregoing cytoblot assay is readily adapted to the detection of
20  antigens other than BrdU. Moreover, one can detect a variety of post-
translational modifications within cells. For example, an antibody against
the phosphorylated version of nucleolin or histone H3 is useful for
detecting cells that are in M (mitosis) phase of the cell cycle.
Combinations of compounds that cause an increase in phosphorylated
25 nucleolin or histone H3 in the cytoblot assay would therefore be
combinations that arrest cells in M phase and are possible anticancer
agents. One could also use a cytoblot assay to detect increases in the
acetylation of, for example, histone H4 using an antibody that specifically

recognizes acetylated histone H4. Compounds or combinations of
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io pronote the proliferation of inmmune cells. Alternatively, one can screen
for autoi mmune suppressive agents. In this exanple, a popul ation of one
type of iwonneeell (a B-cell or a T-cell that has been iBOl/as@dd12920m

peri pheral blood cells) is stinulated by either allo- or auto-antigen.

Conbi nati ons of conpounds that specifically inhibit proliferation in 15
response to auto-antigens but not allo-antigens are useful autoimmune

t her apeuti c mﬁm%ﬂ%g‘k&t Guse AN ereRsel én bypemeebdationgeiAdstong He opale f or egoi ng

cyt obl ot ass ISk ily adapted to the detection of 20 antigens other
t han Br du. Nba%iséoo?/%?ﬁﬁgﬂ%éfgg%n%get ect a variety of post- translational

nodi fications w t lhfheRldg®ingd@fantéaN Hetrodddusd nkip 86 Hlt@rgaiimat tHehe
phosphoryl ated version of nucleolin or histone is useful for detecting
cel s that argedigmne temevslany adfieative §70%ethagel or 4pdpmnaldeydBiimat i ons of

conpounds | halpCause. Me8LeRRS i pRoSAIGLYbALEL PROQUAL GhLD or i stone

H3 in the cyto asSsay wou hereror e Shs that arrest cells

in M phase anstradesbilasshpleétncvitid hafikative agbaidng Spantavilidaddso use a
cytobl ot assay to detect increases in the acetylation of, for exanple,

hi st one H4 usigsht @e-ahvedodfy thitentX-4 p@cirimeshino)). rEwogembmseacet yl at ed

hi stone H4. Conpounds ,or conbhi nations.of ..18 02/ Q4946 ,.P Us01/ 21292
Comounde t noRe e ftah, £OM REMIRS wRlcond dro et Rastied T BB 08 - cou

al so be anti cpieBiffagesile, aﬂdkh%ﬂﬁxéﬁhﬁ&?idﬁﬁbﬁdﬁmhaﬁ. ThaeRy ocedure may be
altered in that the nmediumis renoved and a fixative (70% et hanol or 4%

f or mal dehifde yshally pmariddermatieatipn Steprustngdheserndhericytoblitembotiperignmbr ane of
the cells is then perneabilized by renoving the fixative and adding a
perneabilization agent (e.g., Tween 20, triton X-100, or nethanol). The
menbrane per meabiRdpgatkt Genagaays i s renoved, the cells are then washed with
PBS or Measurement of a property of the test element may be performed
with the use of a reporter gene. This method provides the advantage that,
15 once the reagents (e.g., a stably transfected cell line) are prepared, the
assay is easy to perform and requires less time than, for example, the
cytoblot assay. Reporter genes include a reporter element, encoding a
polypeptide that is readily detected due to a colorimetric, fluorescent,
luminescent, or enzymatic property, and an enhancer/promoter element,
20  which confers specificity to the expression of the reporter gene. Reporter
elements include, without limitation, luciferase, beta lactamase, green
fluorescent protein, blue fluorescent protein, chloramphenicol
acetyltransferase (CAT), beta galactosidase, and alkaline phosphatase.
Enhancer/promoter elements include, for example, those responsive to
25 NFAT, p53, TGF-beta, or any other signaling pathway or stimulus for

which a responsive promoter/enhancer is known.
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Tris-buffered saline, and then the primary anti body is added. There is 1o
usual |y no acid denaturation step using these other cytobl ot enbodi nents.
Report er vGanzodscays Measurenent of a property of the tespCPUSIERIRI2TRY be
performed wth the use of a reporter gene. This nethod provides the
advantage that, 15 once the reagents (e.g., a stably transfected cel
line) are prepared, the assay is easy to performand requires less tine
than, for exanple, the cytoblot assay. Reporter genes include a reporter
el enent encodinggﬁggpolypeptide that is readily detected due to a
colorinetric, flu cent, lum nescent, or enzymatic property, and an

enhancer/ pronot er GileaidithercAlly \Whhildbl€ apbaesgrecHNFRB] y ucifetde expression
of the reporter %ene. Reporter elenents_include, without limtation,

| uci ferase, bepertérgenethatprodyeesdight whes NdEeistaciivased(iratagene k3 uor escent

protein, chl nm, icol _ac Lt ransf . | act osi dase, and
al kal i ne pinogfﬁ’ﬂﬁ’t(ggg fﬁlﬁﬁ?é’ﬁ%%é?‘%er%% eg#a%gﬁegneﬁﬁ‘%ﬁshelr lrgl%f)g’d%a for exanple,

t hose responsgaBichily2atoN4ell lildek intbiFst (igd 2454 hubish hpetrcii@nal i ng pat hway
or stimulus for which a responsive pronoter/enhancer is known. 19 WO

02/ 04946 PCT/qs¥e)1/ Do ggrratprlsBbbHEansretas eslidiney thepaHidbplasmibBNAer gene i s

NFkB, a |uciferase . ter . that . orod e kB i
Dot vat oa (S 5gonuh SREHEoy RS PR bR ERR kB FealB, °,

transfect ed, Qdfb@immbabify TeshdolaHi&s, Bt Bockville,MB), a@ll ladiédi®d 010 i nt er est
(i.e., A549 human lung carcinoma cells). To generate a stably transfected

cel | Iinejo t hem priFkdisiprentainingnhi¥d ersothenaels witadhed tgheglishedli st ance pl asmi d
Rockvi |1 o vopP-aaeGheRls bRy, SBRSEMAR IR a e dBERIE' 224 0r ot her
cel I's attachegchhtdd®r 4l 1% hcilrs atBIPC RGHFLLQ,. 4D% wediuhiie Reniovdd)e plate with
DNA/ | i pof ectam ne is
the cells are washed twice with serum-free medium, and then medium with
10% fetal bovine serum (FBS) is added. G418 is added at a dose
15 (approximately 700 pg/mL) that is just sufficient to kill all cells in a mock
transfection (i.e., a transfection without a G418-resistance plasmid). The
cells are incubated at 37°C with 5% CO, for 2 weeks, with medium
changes every three days. Stably-transfected clones will have grown as
small colonies by the end of two weeks; these clones are separated by
20 ring-cloning and propagated separately. G418-resistant clones are
screened for the reporter gene of interest by measuring light output from
cell lysates with or without transiently transfected NFkB present. Once a
clone is identified with stably-transfected pNFkB, it is used for screening
by plating the cells in the assay plate.
25 For a transient transfection assay, the pNFkB plasmid DNA is
mixed with a transfection reagent, added to a 10 cm petri dish containing,
for example, A549 cells attached to the dish at approximately 70%
confluency. The plate with DNA/lipofectamine is incubated for 4-16 hours

at 37°C with 5% CO,. The medium is removed, the cells are washed twice

20



i ncubated for 4-16 hours at 37C with 5% CO2. The nediumis renoved, the
cells are washed twice with serumfree nedium and then nediumwith 10%
fetal boweezewwum (FBS) is added. (418 is added at a dosRCT/HS01/21292
(approximately 700 gg/mL) that is just sufficient to kill all cells in a
nmock transfection (i.e., a transfection wthout a (418-resi stance
plasmd). The cells are incubated at 37C with 5% CO2 for 2 weeks, with
medi um  chang¥ih sgamyfresmedivagnaad tenappdivmywith 4 8RS & dded. Whel have grown
as small col gm J h oof . X separ ated by
20 ring-cl oni(heg1 S%ﬁeﬁ%?%aﬁg%%@degve@g?é’@& Téﬂ?@-ﬁﬁé@le@?}gﬁ?éc ®nes are

screened for idgy plareféeicrapigy. of interest by measuring light output from
cell lysates with or without transiently transfected NFkB present. Once a
clone is identifi dhewepartesieane gan baisspduceddniong eells usingotheed for screening

by plating . the cells in; the : | i transfection
assay, t he pl\ﬁefi 1%@53%%%&%@%&%@@5&% %ﬁaf;&{rre g‘%{é#%g@ fegﬁ&%’eagent, added

to a 10 cm pepdlistidirgbctianbad célligar uptakie ofxaked BNAASSHe fiethesravillached to the
di sh at approxi mately 70% confluency. The plate with DNA/ || pofectam ne is
i ncubat ed f orregogrgzen ‘?%ﬂyfé?thsfﬁ@fmttw‘ls%r@i%heWP@T%H?WF%ﬂlPermved, t he

vedi um and R SrERRoAT VA TG EICTIn Sk E et 2€T T TES ) o

37C wi th 5% Ci&cfiedd feifours, then plated into assay plates for screening.
The reporter gene can be introduced into the cells using other 5
t echni quedq i ncl uddneg, thepellsoutth thereperter ggne gheraypiladfe, tbey argiseededi nf ect i on,

oot LB AR b 0 25 PR S Rl Bl o
cells to be assgyeldMiltiliropglaefifét (LabgswnishFiahklis,aviggnémngheelidudds
descri bed herl?a:nrc]l'ling device. Compounds are added to form combinations by one of
several methods. After 4-72 hours, the medium is removed, the cells are
15 washed twice with HBSS, a lysis buffer is added (see Stockwell et al., J.
Amer. Chem. Soc. 1999, 121:10662-10663), ATP/luciferin added and
luminescence is measured on a platereader or luminometer (e.g. LIL

BioSystems Inc., Analyst AD, Sunnyvale, CA).

20 Fluorescence Resonance Energy Transfer Assays
In another example, fluorescence resonance energy transfer (FRET)

is used to detect and measure the interaction of two proteins of interest. In
this example, the first and second proteins are fused with green fluorescent
protein (GFP) and blue fluorescent protein (BFP), respectively, using

25  standard molecular biological methods. The DNA constructs encoding the
two fusion proteins are co-expressed in mammalian cells, yeast, worms, or
other cell or organism using transfection techniques described above or
other comparable methods. Combinations of compounds are added. The

plate is placed on a platereader and fluorescence is measured as follows.
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10 Once the cells with the reporter gene are available, they are seeded in
assay plates (96 well, 384 well, etc) with a pipette, nmultichannel pipette,
384 wel | wabromop platefiller (Labsystens, Franklin, M?)PCDUS@thies2 |iquid
handl i ng devi ce. Conpounds are added to form conbi nati ons by one of

several nethods. After 4-72 hours, the nedi umis renmoved, the cells are 15
washed twice with HBSS, a lysis buffer is added (see Stockvvell et al., J.

Aner. Chem Shie dopgy ﬁuombom(@ezBf@ b &gcitedrand theiepussion abi#ed and
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Ener gy Transfw®o ﬁsm&villmeaﬂoﬁf@fmepeamhemlédlmﬁtﬁeea@@mesonance ener gy
transfer (FRET) is used to detect and neasure the interaction of two

proteins of ifiapehare. Thus, @ombinatieplod compaundsithat capspsdbeBYRI proteins are
fused W|th ar t f. ent protein
(BFP), respec@g{\}’eqs o%%t%?e%?%%e&e{a?%%ﬂh%&ﬁg:? de me&)lgygfc])l]é#g% §1(rl:net hods. The
DNA constructﬁu&e@@mmmbaccepm fludgdpporedr ot ei ns are co- expressed in
manmal i an cells, yeast, wornms, or other cell or_organi smusing
transfection techriogesamplesexirpssirassioss emtaigingsim Badt #Et hods.

Conbi nat i ons .CO r I a pl at er eader
and fl uor esce%é@n?wnga@%%egﬂ#%glf%sﬁsﬁ%?% %\%ﬁ%éfﬁ%ﬁ%gg‘&%usoy 21292 The
donor fl uor Opémmf()fBeP,ls BB td theeX hd e0Srandl. t Tigese @kpiebdion oéctéree accept or

fl uorophore (i.e., GFP) is neasured. Increased proximty of the two
proteins W | |are é@mfﬁctﬁﬁ intp manamakianecelly stahlyseri teansisntly reells aeetpeased

pr oteins of i Wb peePirphSR S ououll, SRTRRITHE f RELARIBERIMEALIT Do i1

fl uorescence gfittdBFRGUEASIOGFP) Bﬁfo@@be{oe of BFP @eapl2enméigpr)dssi on vectors
contai ning Smad2 and Snad4 are obtained. The cDNA for GFP i s fused to the
5 end of Sra@easyril andecombinations of compounds that cause an increase in light

emission at this wavelength are identified. Such combinations are causing
15 Smad2 and Smad4 to localize near each other, and may be activating
TGF-beta signaling, and therefore may be useful for treating cancer

chemotherapy mucositis, and autoimmune diseases.

Fluorescent Calcium Indicator Dyes
20 Another readout of a change in a property of a test element utilizes
fluorescent calcium indicator dyes, such as fluo-3 (Molecular Probes,
Eugene WA http://www.molecularprobes.com), fura-2, and indo-1.
Fluo-3 is essentially nonfluorescent unless bound to Ca®" and exhibits a
quantum yield at saturating Ca?* of ~0.14. The intact acetoxymethyl ester
25  derivative of fluo-3 AM (fluo-3 AM) is therefore also nonfluorescent. The
green-fluorescent emission (~525 nm) of Ca*"-bound fluo-3 is
conventionally detected using optical filter sets designed for fluorescein
(FITC). According to the manufacturer, fluo-3 exhibits an at least 100-fold

Ca**-dependent fluorescence enhancement.
22



CDNA for BFP is fused to the 5 end of Smad4. These expression vectors 1o
are transfected into manmalian cells stably or transiently, cells are
treated wé®bhowesrbi nati ons of conpounds, and the plate ispPCTUsa/AL®d W t h
light that excites BFP but not GFP. Fluorescence of GFP (e.g., 512 nm
light) is neasured and conbinations of conpounds that cause an increase in
light emssion at this wavel ength are identified. Such conbinations are
causi ng 15 Smad2 &redls 8nmsbededin welds, fine-3rie addaddobocdisriollemihgrthy be
activating TGF-heta sj and t heyef or useful for treating
cancer chend® Weﬁﬁgfﬁ%atﬂc?‘gns ﬁﬂ’@pﬁ‘ﬂﬁ |aﬁ%?f§1r?ga%‘}cgﬁ'é‘§8§" ¢4 Hor escent
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the cells fol e manufacturer's 1 nstructions ounds are added,
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conmpounds that result an | se in f]yorescence (but are not
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conventi onal | uorescence m croscopy to detect
automated stage is used to image the cells in each well. Combinations of

compounds that cause a change in the localization of the tagged protein are
15  identified. For example, combinations that cause GFP-Smad?2 to
translocate from outside of the nucleus to the interior of the nucleus can be
identified in this manner. These combinations may be activating TGF-beta
signaling and, thus, may be useful for treating cancer, autoimmune
diseases, and mucositis.
20
Expression Profiling with cDNA Arrays
Another assay for the detection of compounds that, together,
produce an alteration in a test element is expression profiling. In this
example, cells are seeded, combinations of compounds are added, and the
25 cells are incubated for 2-24 hours. PolyA RNA is harvested from each
well using standard methods. The RNA is reverse transcribed into cDNA
using standard methods, with the exception that a fluorescent dye (e.g.,
Cy3-dUTP) is incorporated during the reverse transcription. The

Cy3-labeled cDNA is mixed with Cy5-labeled cDNA from untreated cells
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a change in the level or localization of fluorescence in cells contacted
with to conbinations of conpounds. In one exanple, a stably transfected
cell linaverpewssi ng a G-P tagged Smad2 is used. Cells arpCr®&sUe]292
conpounds are added and incubated for 1 hour, and a fluorescence

m croscope with an automated stage is used to inmage the cells in each

wel | . Conmbi nations of conpounds that cause a change in the |ocalization of
the tagged pragddiybridized toaDNedmietostray,HEe. «aNg BiCte® i nat i ons t hat cause
G-P- Smad2 to 1nsk A uj sd | eys ep.nterior of
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activating TGEibeTA redie@saln NgtuedhGendt/Sisopl.rmly Jae19methetebiyor treating
cancer, autoi mrune di seases, and nucositis. 20 Expression Profiling with
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exanpl e, Cel 'S are seeded, conbi nations of ‘conpounds are added, and the 25

cel I s are i ncdidtaingd if e cdpre4sib®bf SachRehy ATRMetiodia vt adedtitpm each  wel |
usi ng standard nethods. The RNA is reverse transcribed into cDNA using
st andard net Headingiiang thaicaesecedssirethchange in genarxpeessiont sughas(e. g. |

3-dUTP) is | oraat ur i . er SCr i Rt . The
gs- I abel) ed crﬁﬂé‘g{ogl Orrfi%l x(felgj a\%, %%%%)/(é&?%@g\éreoﬁ gwragﬁn%aﬁ}ﬁi’ ?gdaf%léer'd cells 23 WO
02/ 04946 PCT/ AMeéthhtilel Ahe axistediydiv profikashub @l By Dbivefiisiphainig aolec(i, g. , a DNA

m croarray commercially available fromAffynmetrix, Santa O ara, CA or
| ncyte, PHl o sugh@g insglingis deiswaied.Andpogranations of cargpeinds ate foyad 1999

(her eby | NCqpROLALER i 81 SEERYE khnea NEALELALINGE. 4Gl 3 and O/5 5

fl uorescence Sp oarray i ndicates t here has been
a change i n tdignexhé efsdtoof dEulgach gene. The nethod is used to identify

Whole Organisms

15 Another bioassay that is compatible with the screening assays
described herein utilizes a whole animal. In one example, the nematode C.
elegans is placed into individual wells (preferably with more than one
nematode per well), and the activity of compounds is detected by detecting
a change in a property of the organism. For example, the nematode can be

20  engineered to express green fluorescent protein at a specific stage of the
life cycle, or only during the dauer state. An automated microscopy
system is used to image the nematodes in each well and measure green
fluorescent protein, or detect morphological changes in the worms caused
by particular combinations of compounds.

25 Another whole animal assay uses large animals, such as nude mice,
that have tumors on or near the skin surface. The combinations of
compounds can be mixtures in DMSO that are rubbed into the skin,
penetrate the skin, and reach the tumor. Alternatively, the compounds can

be administered intravenously, intramuscularly, or orally. Other whole-
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conbi nati ons that cause a desired change in gene expression, such as
reversion of a disease gene expression profile back to a healthy profile.
Al t er nat iweby049he expression profile caused by a gi ven spgnakéway29ml ecul e,
1o such as insulin, is determ ned, and conbi nati ons of conpounds are found
that cause the insulin profile to appear, indicating these conbinations
mmc the effects of insulin. Wole O ganisnms 15 Anot her bioassay that is
conpati bl e wi e1ganise methedneidptesting petivieeald Betndeasiigsmall fafpeles a whol e

animal . In ong_ex I . nat is nlaced i i ndi vi dual
wel |'s (prefer%% f%aﬁyﬁﬁﬁ%ﬁ%“ﬂﬁgﬁwgg§0&%%ﬁ%%%%&§%gﬁn@%ﬁ@?ﬂngﬁgﬁ¥he activity
of conpounds égafielypietRtiuiy (Selaes frosh mieWdARL ahitads)ih ahecH theof the
organi sm For exanple, the nenatode can be 20 engi neered to express green

f1 uorescent peugeBicAn he cultuspdEqrfai period of it intardefined mediyae| aid eges onl y duri ng

t he dauer state...An 3 CI OS [ i mage the
nemat odes.%sn éfg%ﬁé\?\%ﬁ#%h%g@%$%ag‘?aglery?’of%ﬁzﬁ&rglg?séélﬁ eg(rg% in, or detect
nor phol ogi cal mehaneethe itdhsionNaidiE: Rtk 6Emubile HasukisteicBed Bewdeemat i ons of
conpounds. 25 Anot her whol e ani mal assay uses |arge ani mals, such as nude

mce, that hévespringsremneusd cowhmatines Hiat modulateeoatradting wowdi nat i ons of
conpounds can_be, m xt ures, i_.n, DVSO t.h re d.int.o the skin, penetrate
Che skin. and< s Ehblasd iRy RoSioh SR HeBHistnds can' be

adm ni stered intravenously, intranuscularly, or orally. O her whole- 24 WO
02/ 04946 PCT/US01/21292 organi sm net hods of detecting activity could

i ncl ude u® ngl-abeding of omaosads derived fromfertilized Xenopus oocytes that

devel op in defined di organat voi ¢ _cul t ur e. xpl frommce or
ot her ani mal s) in'%ﬁﬁ%ﬁﬁgﬁgm5§%gﬁ°@iﬁeB%m#ﬁ%ﬁﬁi@ﬂﬁﬁggygp%%riod of time in a
defined nedi ugameingd ediiies boingl1g6dléd, iz §6in6 embbiidientd drkadmdore@Mitge vari ety of

ani mal s. Anot her assay = o
combined entities is labeled so that the effect of the combination on the test

element can be detected or measured. Any of a wide variety of known
15 labels can be used, e.g., techniques that have been used widely in
biochemistry for protein affinity chromatography using biotin-streptavidin
interactions or hexahistidine tagged proteins (Janknect et al., Proc. Natl.
Acad. Sci. USA 1991, 88:8972; Wilcheck et al Methods in Enzymology,
Wilcheck, M; Bayer, E.A. Eds. Academic Press Inc. San Diego, 1990; pp.
20 123-129).

Combining of the Molecules

The methods of the invention can use existing robotics systems, 96-
well, 384-well, 1536-well or other high density stock plates and 96-, 384-,
25 or 1536-well or other high density assay plates, with which it is possible to
screen up to 150,000 compounds or more per week. The automation of
this technology can be adapted according to the invention to screen
combinations of molecules. The methods of the invention may also use

microfluidics systems made either by conventional photolithography or by
25



measures the tension of cardiac tissue or nuscle tissue stretched between
two springs; conpound conbi nations that nodul ate contraction would result
i n increas@dzemidecreased in the tension on those springsPCloSuzted2 ng of
Compounds Al t hough sonme assays can be conducted w thout any of the
conbined entities being |abeled, in sone enbodi nents one or nore of the
conmbined entities is |abeled so that the effect of the conbination on the
test el ementuncanvenional metheds Grchessolt lihostanhy of neprvijekboptigal ety of known

15 1 abel s car e uSE oS il ESPLRUER, WA OME BeRluasdontde! Y | 0

bi ochem stry nity ronatograp usi rotin-streptavidin

interactions #o hexiakijetiriiting ot s@@pouRY rieindSedhlaldgiac tAdlitiadally, Proc. Natl .
Acad. Sci. USA 1991, 88:8972; WIcheck et al Methods in Enzynol ogy,
W | check, M tBayesthods of thesigyentigngganiise traipedtephpiciagigbopteadiievego: pp. 20

123-129). Conhi ni h ' it on can use
exi sting rsobor&l %ggﬁgﬁ@%ﬁﬁ g%&%‘ﬁ% tgggoﬁﬁpwﬁ%%?@%ﬁ% hgr hi gh
density st ockofidoaianddshalbe maddprior to2Cordict 1odGheedst element, bethelpi gh densi ty
assay plates, with which it is possible to screen up_.to 150, 000 conpounds

or nmore per vigakbeimatpintbearaseiveof the testelemeninbhesg plating methedsapt ed

according to the. lnyentiq : conbi nati ons of nol ecules. The
nmet hods of thaére%ﬁ%cg%te?%m%ﬁéggﬁlg%g@g’é m crofl ui di cs systens nade either by

conventional photolithography or by 25 WO 02/ 04946 PCT/ US01/ 21292
unconventional nethods %suc_:h as soft lithography or near-field optical
li thography) to mMpmalfiei@g he process. The methods of the invention nay

20 oe )RR G SN, 2 ROyl SRR A, A0 onal Y,
the same resuhhsuARd Thbhegdnple, peiflddehemie cempsytlserEmattidlyconbi nat i ons

combined and tested in a 7X7 combinatorial array. The compounds, which

in this case include seven compounds, are in a stock plate. The compounds

15 are combined in an assay plate. The operator plates a first compound (or

plurality of compounds) from a well of the stock plate in one row of the

assay plate and then plates one column in the assay plate. This is repeated

with a second well from the stock plate, only the plating in the assay plate

is one row over and one column over from those into which the first

20 compound was plated. This process is repeated until the full set of

combinations has been plated.

Robotic Plating
There are numerous methods for adding compounds to wells to
25  form combinatorial arrays, and one skilled in the art will recognize that the
following examples are for illustrative purposes and are in no way limiting.
In one example of robotic plating, a robotic liquid transfer systems
is used. Transfer systems are commercially available from, for example,

Beckman Coulter (Fullerton, CA), Tecan (Research Triangle Park, NC) or
26



of conpounds nmay be made prior to contact with the test elenent, or they
may be in situ in the presence of the test elenent. These plating nethods
are descwaoezo4me nore detail below. 10 Manual Pl ating Conpomudel/2rese be
plated (i.e., added to the cells to be tested) nmanually. In one exanple,
purified chem cal conpounds are manually conbined and tested in a 7X7
conbi natorial_ array. The conpounds, which in this case include seven

conpounds, ardymakiHepkiston, Mbe. Thavebetnpeataraplaes speefiegpbip®eli n an assay
plate. The Ogtﬁer: @E]sg rs%tf(lot?{?%oa{léé et el WC%UIH%T éi?c%]nerow 'ﬂléﬂ {hta?/ roQJJ' pcompou nds)

froma well € 1N one row o dssay plate and then

pl ates one coiiliMmave fhd fnassEayoudldalod: 2 Fill havSthegp@aicaspound,kid second wel |
fromthe stock plate, only the plating in the assay plate _is one row over
and one col urkhegye liquidriransderelevice plaips b stme set of spmpourdsralens@ewas pl at ed.

Thi's pr 0CESS doﬁuﬁ%@héﬂaf%%ﬁ J:ol{nl?xﬁ v&iﬁlrgce%?et thng%l'(l)lg g%@?&g%@?tﬁaggrg been

pl at ed. Robot1<C here are numerous et npounds to

wells to 25 faffereapedlivmat efilldbveadifRitst canfoii). SkidnbResysterhieanart wil |
recogni ze that the follow ng exanﬁl es are for illustrative purposes and
R

are in no wayeladaptefdgr transferting swpl yplusnesf(e-gedotlide pl ating, a robotic

liquid transfer syst | . sfer t.ens. ar. nercially

avail able from f(‘)AFn °§>§%n%?ct%§]‘§§°g§£f%§%an ﬁfe?)eﬁ?ﬁl?%ﬁ]f’?é%tp%ﬁl%) , Tecan
(Research TritadtgofodyaiClordt 01 J. MEd. \WRed?/199948 : PISHL L4801 1 2422t Zy mar k
(Hopki nton, MA). The robotic system gl ates specific volumes of the first

set of cotfporhd&urmpindtinteskndl. 199820:6il 64 7). onk-jstierinters draw igmia wi || have
(ne Same Comauy FA LIRS a8 AU B S T, L7
such that eacuselvweNisWrinted AL ifedtétborid Mee Q@HRE itheachdhdivatigh
row and column for each compound. As describe above, the next
compound is printed out onto the next row and the next column, and this is
15 iterated until the entire grid is plated with combinations of compounds.
Yet another method for adding compounds to an assay plate utilizes
a microarray spotter as developed by Patrick Brown at Stanford University
for spotting DNA. This device uses an eight-quill pen printing head and
eight linear quillheads that are dipped in a stock plate and printed along
20 every row. Subsequently, either the plate is rotated ninety degrees or the
printing head is rotated ninety degrees; the printhead then prints along the
columns. One could vary the size of the print head using, for example,
two, four or sixteen printhead for standard 384 well plates, and higher
numbers for higher density plates.
25 Yet another method for adding compounds to an assay plate uses a
commercially available instrument called the Hydra (Robbins Scientific,
Sunnyvale, CA), which can be equipped with 384 separate syringes that are
capable of dropping a known volume from a standard stock plate of

compounds.
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different colums will have different conpounds). Transfer systens can be
adapted for transferring small volunes (e.g., 1 nL). Another nethod for

ef fecti vavopaodiier utilizes ink-jet printing technology pCGoudaries2 al ., J.
Med. Chem 1994, 13:1385-1401; Lenmo et io al., Curr. Opin. Biotechnol.
1998, 9:615-617). Ink jet printers draw froma plurality of vessels

cont ai ni ng test conpounds; each conpound froma source well is printed out
or injected onto thealignataeecthaod londhe pladngeidgsticompewndmesesol um for each

conpound. As i-he above, the t ¢ und _i i t _onto the
next row and %ﬁ%gf?\‘é@%“é%ﬁ% ,Sucgnaﬁ Q]?%Slesco'mgnn‘l%glal nggl%a@(ﬁf %Er)\l?‘id?ﬁ#’ﬁg entire grid
is plated w tTeshaghigiai(Monatad VEwITOANGS direbely applidpethat®isieadiof or addi ng
conpounds to an assay plate utilizes a mcroarray spotter as devel oped by
Patrick Browrreating amgrepydhaiveudd sreaje thisgrondpeationnlp bNcasiirgysefi ce uses an
eight-quill p I At n I I r I ds that are dipped
in a stock4 plcgl?%&%% nsg?ﬂjtggﬁggﬁ%gﬂa agéo&gé/tgiriygrﬁgvcfﬁgwgdaﬁgont ly, either the
pl ate is rot adiegibaic e YodpaurRiawhiont hethedhiciiettich peiar ons makit ed ni nety
degrees; the printhead then prints along the colums. One could vary the
size of the print head using, for exanple, two, four or sixteen printhead

for standard 384 | _platgs,. a higher nunbers for higher density
pl ates. 25 Yet an%k@?&%ﬁ%@%%ﬂ’g di ng conpounds to an assay plate uses a

commerci al |y avai o @ tho\ak ilresdogait ied ahygldwwxﬁigﬁmmidaﬁ_bsci entific,
Sunnyval e, CA), which can be equi pped with 384 separate syringes that are
capabl e of0 draslepiedgo shaseeseninganeiheds oiyhe inventioriaFor exeswie, 8l 148 16f
conmpounds. 27 02/.0494 CT/ L a rnat e for the

o g o csmgfiud il REER RN R elnEobF WA R TT6 K% oce

commer ci al |y slygi T wofildaMo®alnene adaptealh tighRigidagidn\ysiehainiwiMcew, CA) and

directly applying that systemto
liquid is only added along the rows or only along the columns because one

could simply rotate the square plate ninety degrees and allow addition in
15 the other direction. One would also incorporate into this design, a square
plate holder that would have the dimensions or footprint of a standard 96
well or 384 well microtiter plate so that the adapted microsquare plate
would fit within any existing plate liquid handling system.
Another method of providing the compounds or elements to be
20  tested in combination is to provide them in solid form rather than liquid
form, e.g., as small amounts of dry powder. Thus, two dry components (or
one wet and one dry component) can be mixed and then the combination
added to the cells in the medium (in which the combined entities are
soluble). Solid compounds include beads from a combinatorial synthesis
25 on which a different compound is added. For example, beads could be
added with a bead picker. In one example, the beads are magnetic and
added using a magnet.
In the high throughput assays of the robotics application of the

invention, each well must be spatially addressable independently, and it is
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creating an array that would create this conbination. In this case, arrays
of 5 conbinations at the mcroscale are created using capillary flowto

di stri butveophiet9g@npound sol utions to the intersecti on poi PCEUSKL/A292AL I X.
Alternative Plating Methods One in the art will recognize that any plate
configuration can be 1o adapted to the screening nethods of the invention.
For exanple, a 16 X 16 _square plate wuld have 256 wells instead of the

384 wel |'s i n prefesably passibje s withduamsbagh larae tint tov 08rid-)ead smapi(dewy | i qui d
addi tion syst ' LGh liquid.-isS 0 e I t or only al ong
t he col umms btgcr:Tau e&%’%gh c%rgﬁ‘ﬁld‘dgflré |ay5%r%&1°3%g- %%Xs%gfg?% oai[éz ni nety

degrees and aplhdvna@stigetforming chmbitor@d] Refeesling @6daly® bf tHerigvetdishds al so
incorporate into this design, a square plate holder that would have the

di nensi ons ordeedeestbelewof a standard 96 well or 384 well microtiter plate
so that t adapte 1 [ . L 4fi . Enin: Lsting plate
liquid ha%l i ng s;éi{‘g&mg{aﬁﬁlg@grac @‘Haaﬁ?glg 1%?}%6%61“’[%)?}%&{% h%logg%érp%gé%gs or

el enents to bempROXYZsbbeti¢ anc@ithianattachiedigin trangfe0ddvile subkas isn solid form

rather than liquid form %Vg., as smal | amounts of dry powder. Thus, two
dry conponenta&vajlable thyaughdtWRertted 09r603 odpieaknlyte aad apassaypd@teand t hen

ent i tios are Sugiraon & B -Gk PE R MR R ot B T O

synthesi s 25 w@ahsWdrs ees@pihk fifte tigdss ) drdby Rlidethg Faooexanpl e, beads
could be added with a bead ELcker. n one exanple, the beads are magnetic

and addet? usdepgndingwymdin size (mesiévnicagdly, S0 nbuage gelivesedayitierent pi@ r obot i cs

application of t i i . ial |y addressabl e
i ndependent | y‘?evél%g a}l{;&}fﬁaﬂgffg9%?%%%%%%1{%%%%@4, a%/)r ef erably
possi bl e to vddsbbeubaot in tharegemplep THe stdhd skatimcbigh@tdbot thavpiet® 1 nL) of
each compound from a stock plate. An exenplary robotic
electric dispensor, capable of withdrawing large volumes (up to 10
microliters) from a stock well of a single compound and then dispensing
15 small volumes into each well of an assay plate. For example, the Ivek

Digispense 2000 system (http://www.ivek.com/digi2000.html) has a

resolution of 10 nL and should be sufficient for this purpose.

Non-Compound Combination Reagents
20 If a combination reagent which is present across the entire plate is
not a compound (i.e., if it is radiation of some form), then the plate that
contains the cells and the added compound(s) can be passed by that source
of radiation, thereby completing the forming of the combination. Other
forms of non-compound combination reagents include, for example,
25  hyperbaric pressure and heat.
Some non-compound reagents can be varied in a manner similar to
the addition of a compound. For example, to alter pH, different amounts of
base or acid are added to the wells. Similarly, ions can be added using any

method that is applicable for the addition of compounds.
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platform for perform ng conmbinatorial screening assays of the invention is
described below. s Atwo station robotic platformis created. The first
station We@boe®4@ sinple XYZ robotic armw th an attacheBCpURot/ria9est er
device such as is available through VR (cat#62409-608). A stock plate and
an assay plate enter the station and the robotic armdrops the pins into
the stock plate and transfers these pins into the assay plate, thereby
delivering 1-1000 nL, io depending on pin size (nost typically, 50 nL are
del i vered). Dtéfer§n% pin devices allow transfer of different conbinations
of conpounds, ri bed above in the exanple. The second station of the
robot is a piezo mesiallicheBicdtbtoics (<lAORLAPOINW)dibiany@pltar ge vol umes
(up to 10 mcroliters) froma stock well of a single conmpound and then

di spensi ng 150zmhalf millipu ermbinations) 284 terkialy combinations &p 1 wyveral For exanpl e,
the Ivek | g1 Spense. st.em (h =, PV L Qi htm ) has a
resolutiongggh%gﬁﬁﬁngﬁgggﬁ%ﬁFﬁﬁ8%$§%%Bﬁg%gﬁﬁk?gﬁth?s]%%g%%gggdhbn-%bnpound
Combi nati on Reaggnts 20 If a conbinati on reagent which is present across
the entire plate is not a conpound (i.e., if it is radiation of sonme
form), then the plBreoataiof celggmnn@s qHekly generatgp affeotsveditradesdompound( s)
can be passed. by,.t hat., source.. of radiafion, t Dy . i the form ng
of the conbi nlgff{%é(.m]&lﬁg?abq? 8}“ eblﬁcghmecsé%%ﬂlﬁgl?l%rﬁ%oﬁ%ﬁ?@ﬁ ﬂt(r;kéagent S
include, for ExaAw GuickY rvpemaahécef08sbdy@nanty Be@tentidgal® non- conpound
reagents can be varied in a manner simlar to tﬁe addi tion of a conpound.
For exanple, #wilableslivesse orgiomrdivense librasigat & ldrary{280sompepadsine added to

he well's. Simi.larly, Lons. can be added usj . i
appl | cabi e 1 ot R okanErBistE ReRgaRe A OB s B s 01 21202

Li brary Si ze 19,900 combinations, larger in size than the natural product library recently

used to identify a novel compound affecting cell division (Mayer et al.
Science, 1999, 286, 971-974). A library of 300 compounds in 3 way

15 combinations generates approximately 4.5 million distinct combinations of
entities for a multivariable therapeutic library, larger than the largest
currently generated combinatorial chemistry libraries and with potentially

greater diversity.

20  Activity Rank-Order Screen

A diverse library may initially be tested individually using standard
methodologies. The compounds are screened in a biological assay and
ranked by activity. The most active compounds (e.g., the twenty most
active or the thousand most active, depending on the amount of

25  combinatorial space to be assayed) in the library are then tested pair-wise
and in three-way combinations. If desired, these combinations canbe
again ranked by activity and the process iterated for four-way
combinations, five-way combinations, etc., until a desired number of

effective combinations are identified.
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For small chemcal |ibraries (<1000 conmpounds), all binary (up to one half
mllion conbinations) and tertiary conbinations (up to several 5 hundred
mllion ocvoobreaté ons) can be tested using the systens deseeT/bsa/21ker ei n.
The power of conbinations quickly generates effective libraries to
identify nultivariable therapeutics. The size of multivariable therapeutic
libraries quickly rivals and then expands beyond any conventionally 10
avai |l abl e diverse or non-diverse libraries. Alibrary of 200 conpounds in
pair-w se confjnat.i generates a nultivariable therapeutic library of
19, 900 conbigg?%%ﬁfgﬁﬁgrjﬁ in size than the natural product |ibrary
recently used to Tiéarkidfgefetitalgdrith@Epeatidesainbeet nidthadefor di vi si on (Mayer
et al. Science, 1999, 286, 971-974). A library of 300 conpounds in 3 way
15 combi nat i dﬁgnfg@ﬁ@r%ﬁ%@n@tﬁpw»fiamtwyh@.®sm3, biokagienl aelivibt thalgsbi nat i ons
of entitigs f.Qr jvar i i j r t han t he
| ar gest csﬁr r%lgtﬁlfcs f%glrea e%élg% t% tlri}g{ng@?gﬁt ﬁclﬁiéf%qé‘?p% F%C%rsg? l%s and with
potentially gieaniseksigha®s ahigye b2Qods twhidh yanRsdiryQeties oSeuigeds,A di verse
library may initially be tested individually using standard nethodol ogi es.
The conpoundsletiers, ercttbaniymbiods. anid pspiseied mOCéﬁ&ylb@danemathﬁ barogge activity.
The nost acti oIS e h\Ve t housand
%% HigA %Hﬁgﬁzeg s dhid onte%t ‘% w%?eg%ber?ﬁ? thé pgéultaﬁc?

nost active, ‘depending o e anou I'nat*or 1" al 4¢e°t o be
assayed) in tdige"l) obpairyviss corhbiantideskestl@aéd Gidotnlydn Gasdd dr¥opgs Way
conmbi nations. |f desired, these conbinations can,be again ranked by
activity ahd ether gheseteristic) Gpmx the tqtelpopbot pessiple pEMiiTPaaondiBations v e- way

cay et 904 B sl bbb A5 eSS 4R Rl G At on e

active members of the population are selected (where X is less than N). N

new combinations are formed from the X active combinations using a
series of operators which include (i) replication (the original combination
15 is simply selected again) (ii) mutation (one bit of the barcode is mutated to
a different value), and (iii) recombination (two barcodes are each split at
some middle point and the opposing ends are joined to create two new
hybrid barcodes. This process of selection, amplification, mutation, and
recombination is repeated over numerous cycles, and the activity of each
20 combination of agents determined at the end of each cycle. This provides a
method of testing a limited number of combinations, while still allowing
for the discovery of highly effective combinations of agents.
A method for optimizing the parameters of the genetic algorithm (or
other algorithm) is as follows: C combinations of N agents are selected for
25  study. The activity of each member of the full set of (N!)/((N-C)!(C!))
combinations is determined. Furthermore, all lower order combinations
may be determined as well. With this full data set of activities, it is
possible to evaluate the success rate and efficiency of various algorithms,

or various permutations of a single algorithm without doing additional
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The use of genetic algorithnms provides another nmethod for identifying
conbi nations of agents with a desired biological activity that is 5

di stinct woome single agents thenselves. |In this nethoBCrasi/zRmgl e
agent is assigned a uni que barcode, which can be any series of nunbers,

|l etters, or other synbols. In a preferred node of enbodi nent, the barcode
is a binary code,gzeros and ones). A specified nunber (N, the "popul ation

si ze") of pai ™l Senduraskndbpiopeltwtegiesder Epdipg apdvnegmbipatipnsed on sone 10
ot her charact eri,st | f I pan t L . i.bl LL-W se

conbi nati ons cagrptf %Qrigé’ aé%(f‘ir%}is?l?oo?ﬁ cggxgﬁ%giau? %ggrgg%%%ﬁ?ﬁa@%rﬁg i s determ ned.
The X npost active nenbers of the population are selected (where X is |less
than N). N new conbi nations are forned fromthe X active conbi nati ons
using a seri®Qc tors which include (i) replication (the original

[8)
conbination 15 is 'grB!% i L), matat it of the
bar code isprmt at ea:ﬁ%'o asgﬂtggl%goﬁlflﬁc\%glag%aﬁalﬂat%}]agzgi%ck%rggggﬁlgq}r%ati on (two
bar codes are @pobitédini Boti@btocls imatsl WHE Erg2Qiodk sahtioh fempRESIiNgoLnds are
joined to create two new hybrid barcodes. This grocess of selection,

anmpl i fi cati orcompauads dissolypdiin 1Manieseliesiod dimethylsplaxide (BYSO)bger ous

ond of each counZonieoblinfbe PR oA BT SRR nRRSRIBe BREL " Tbr of

conbi nat i ons, (Métriker'sehhdlogiek). OMiengcorddypé bEstdils sotmsrycafsishi ¢thl y ef fecti ve
conbi nati ons of agents, A nethod for optim zi ng t he paraneters of the
geneti c al@orsampaynds disselved ira} Wornickeljiers of 2MBQ| 4t e\iEral concentbativgt | ons of N

agents are selert for . st ud Vi f of the full
sot of (N )1 (e e el P Doy A bbbl ResBRE% ERRIS . AT | ver
order combi nagdp@dsof amly type offplatd e Medlled Dnddpy oflidstédk Slafeslid data set of

activities, it is possible to evaluate the success rate and efficiency of

vari ous al gorgtetseet —29C fparousing use randackupeopiss ase siprrgl & —80Gofart hm wi t hout

doi ng addi ti %ﬁg_t% \SQQraOg%{ 04946 PCT/ US01/ 21292

15
Assay Plates
Three types of assay plates are used. The size of the pins in the pin
transfer devices described above is adapted to accommodate each size
assay plate.
20 1) Commercial 384 well plates (e.g. NalgeNunc white opaque polystyrene
cell culture treated sterile plates with lid, cat# 164610)
2) Commercial 1536 well plates (e.g. Greiner or Corning)
3) Custom prepared 1536 or 6144 well plates (made from
polydimethysiloxane, Dow Corning) and delran molds, and Omni trays.
25
Software to Manage Compound Additions
Microsoft Visual Basic or programming language is used, using
conventional programming techniques, to write software to operate the

instruments described above. The software will permit the instrument to
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"wet" benchwork. That is, all strategies for finding active conbinations
can be conpared "in silico" and their relative performance conpared. Stock
Sol uti onaw@ 046 ypes of stock solutions are maintai ned. BaviSa@mpeund is
deposited in both stock formats. The first stock solution format consists
of conpounds dissolved in 100 mcroliters of dinethylsul foxide (DVMSO at a
fmal concentration of 4 mMand stored in 384 wel| pol ypropyl ene pl ates

(Matri x Techrf@a@&@@fcodmé asséftp&mﬂat@ ppassay Pl dlack éhquwwndzfméatg% s of 1o

ds di
B I

copi es of eaCdbnﬁpﬁiﬁdQﬁtonhab@—r@t @ssay%u @lﬁs@nréysnminahbﬁs fd‘@d?k plates is
stored at -20C for routine use, and backup copies are stored at -80C for

| ong- t er m st oiciRgaed a5 deiermjng @t%bcmﬁrb@éor@@q@@sm&thasgwn}ﬂna@@@eare used.
The size of t tr C above is

adapt ed tosf acéchgrg’rﬁ;% ]Belg%% ch%ezqtlang lggsgau%ﬁ?%ga’k‘o tf?%“ﬁ?reglgl al 384 wel |
plates (e.g. dﬂ@buﬁd‘ﬂwmw\é‘tb s@ihas MledRateSEhth tiedlassay @edkr eat ed
sterile plates with lid, cat# 16425%@%%00m‘rg‘r¥m al 1536 well plates (e.qg.
Grei ner or Cowidrignovaye %@f@@?bﬁ@ﬁm@@l%@sw deckae 4y i@ibptopl at es (nade from
pol ydi met hysi | oxane, Dow Com ng) and delran nolds, and Omi trays. 25
Software to Manage Conpound Additions M crosoft Vi sual Basic or pr ogramm ng
| anguage i s uS@&deddREfddr af@PMefRE | onal progranm ng techniques, to wite
software to operate the instrunents described above. The software w ||
pernit the& instrurkhercpde pagter is used, using standard techniques, to generate a

unique identification number for each plate, print the barcode on a label,

and stamp the label on the assay or stock plate. Software records the
identity of each compound in each well of each assay plate and stock plate.
A barcode reader linked to the assay deck scans each plate as it enters and
15 leaves the assay deck.
The following examples are provided for illustrative purposes, and

are not meant to be limiting in any way.

Example 1
20 Fig. 1 is a conceptual diagram demonstrating how two different

reagents could act synergistically inside of a cell, where the reagents bind
to different targets within the same cell. In this figure, compound A 10 and
compound B 12 cross the plasma membrane 14 and diffuse freely into the
cytosolic region of a mammalian cell. Compound A binds to protein X 16,
25  which is a kinase, inhibiting the activity of this kinase. Kinase X normally
inactivates transcription factor Y 18 by adding a phosphate group to Y.
Once compound A has inhibited kinase X, transcription factor Y is
activated, and Y translocates into the nucleus, binding tightly to DNA in

the enhancer region of a therapeutic gene, such as insulin. However
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WO 02/ 04946 PCT/ US01/ 21292 read the barcode of a stock plate or assay
plate, track the location of plates on the assay deck, and transfer the
appropri aWeoyvolowie of the correct conpound into the corrpCcT/ussigago2wel | .
Thus all combinations to be screened are determ ned or sel ected

bef orehand, and the instrument carries 5 out the conbination screening in

an automated format, requirjng onl si npl e oper at qr._ st.eps,, such as pl aci ng
speci fied pl df@SHRHB gﬂfgr ys’é%?a@&‘ka“&’ "r"é’ﬁ%@’ioﬁgﬁéﬁé‘_@fifwlg’(?"gﬁﬁ es from
the assay de?ggéacéﬂfbg&éﬁ&gg{g%cr%:ggﬁ%@r F0adeovwaRer, il iHRtBfurd 0 A barcode

printer is u , using stan niques, to generate a ~unique
i denti fi cati csonmouvind B biods @acdnspdijptice, faptor @t ranhevilgac adeinbibitery abel ,  and

sta the | ahel on the assay or. stock plate.. Software records the identit
o e ComdaheIoh dis ereales Gota s By Sapeing Tie Makar bR R o,

barcode 1 eadap daiesle tido kien@RiAYaielia 1 RASCABEM Ry 2% big gnters and

15 | eaves the assay deck. The follow ng exanples are provided for

il lustrative togethes bst nather alang alow avbimationt of dxprdssiohf g i N any way.
Exanple 1 20 tgllg lis a .cor]cept ual di agram denonstrating how two different
reagents coul GOEREUASREFG P cal |y i nside of a cell, where the reagents

bind to differ entpifar gelconullhl Bidghin $RARNGRIdng Ho whi dieffdier e, compound A

G
10 and conpound B 12 cross the plas menbrane~14 and diffuse freely into
the cytosol ircagen amldictaymagistitalbninsidk lof aiCorgaoisng whebe thegedgentsr ot ei n X

e B e B LT s PEL ML S e Kinase X
L0 Yy RGeS SO S bisaR . CBRP ad5°1 T 11,
the enhancer thegpeuticofena ehbmtiapmatlic 5§ énke mspresisechin ﬂlnsaa%tdllls,g Ho%ever 33
However, insulin is ineffective without the presence of the insulin receptor
on target adipocytes in fat tissue. Meanwhile, compound B diffuses into
15 adipocytes 58 in fat tissue 60 and turns on expression of the insulin
receptor 62 in these cells. A and B together, but neither one alone, allow
insulin activity to be restored in this individual.
Fig. 3 is an example of the experimental data one would obtain in a
combinatorial screen of the sort we describe in this patent application. The
20  results from five different 384 well plates are shown. The results are
shown in plate format, where there are 16 rows labeled A through P, and
24 columns, labeled 1 through 24. The level of activity is shown in each
well as a number, where 1 indicates basal activity (no effect) and 5
indicates an active combination. Plate one shows the activity of
25 compounds 1-384, when tested at 4 pg/mL in a bromodeoxyuridine
cytoblot assay for cell-cycle arresting activity in A549 human carcinoma
cells (described below). Plate two shows the activity of compounds 1-384
when tested at 2 pg/mL in same assay. Plate three shows the activity of

compounds 385-768, when tested at 4 ug/ml, in the same assay. Plate
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WO 02/ 04946 PCT/ US01/21292 transcription factor Y is unable to activate
expression of insulin without the presence of a second transcription
factor Zwoo2/wever, in the figure, conmpound B bi nds toPCT/aERSICAIRY | ON
factor Z, renoving an autoinhibitory loop on this transcription factor,

t hereby causing this transcription factor Z 5 to translocate into the

nucl eus, and bind to transcription factor Y. Y and Z_ together, but neither

al one, al | ow WuF Fhexts tha aliviBxl 38957 ven tested at Rabeipbulll e GaWE, i nsul i n.

coui d ac eyrBrbr o ed iR BER TR Anlal M Bl 0T

bi nd to targepatd fiveihbie tenictialyl of 384 phirSsisesombidatidtissoffdogiipoandpnpound A 50
diffuses into beta islet cells 52 of the pancreas 54. Conpound A causes a

t her apeuti c gkre8aveediestgd ph ueiml See-t nppovadpt-884 apd BRS 18 Jeereel | s.
o Oy o ) - c e
Foceptor  n toif glifed BRUIGHLS Al Buly DU RATRANE ool bIBOBIE

di ffuses i nt ocréftinpdigacdifferst Rhdom faat wisesou®iifioas)d Note tsat awellexpr essi on of
the insulin receptor 62 in these cells. A and B toiget her, but neither one
al one, al | ow shomsetivitycThigimspns ghap sompeynsk enwelk Al of themlatedith . Fig. 3 is

an exanpl e of the experd I one. I [ g b L hnatori al
screen of theco§nol?c{un§£?(§e8gzwi%elfﬁ&fﬁ? %&B}é@éﬁ@ cg%%)ﬁh@%??%g}n &I‘%ZRIIZO results
fromfive diffheplatsdfh\WBhipofhdi }3-708) bgh@é\]ﬂha&' he attEt) b tag@haghown in
plate format, where there are 16 rows | abeled A through P, and 24 col umms,

| abel ed 11¢ hresugpound 1 a3 85ayaereire tacidatd anjadtiye spphinafigneach well as a
nunber, where 1 indicates basal activity (no effect) and 5 indicates an
active conbination. Plate one shows the activity of 25 conpounds 1-384,
when tested at 4 gg/nL in a bronodepxytipied ne cytobl ot assay for
cell-cycle arresting activity in A549 human carcinoma cells (described
bel ow) . Pl at eGengsabMethods he activity of compounds 1-384 when tested at 2

g/m.in same assayy,F| ate HifliERioR NP WindthSa A beMbintind combinatorial

15  screening using currently commercially available technology. Human
A549 lung carcinoma cells are obtained from the American Type Culture
Collection (ATCC, catalog number CCL185) and cultured at 37°C with 5%
CO, in Dulbecco’s Modified Eagle Medium (DMEM) with 10% FBS, 100
units/mL penicillin G sodium, 100 pg/mL streptomycin sulfate, and 2 mM

20  glutamate (GibcoBRL, Rockville, MD) (referred to as 10% medium). Four
thousand cells are seeded in each well of a white, opaque 384-well plate
100 (Nalge Nunc International, Rochester, NY) using a Multidrop 384
liquid dispenser 110 (Labsystems Microplate Instrumentation Division,
Franklin, MA). The cells are seeded in 40 uL of 10% FBS-containing

25 medium. .

After 16 hours at 37°C with 5% CO,, 10 pL of a 50 uM stock of a
compound of interest in 10% medium is added to each well, bringing the
total well volume to 40 pL and the final concentration of this compound to

10 uM. Either prior to, immediately afterwards, or several hours or days
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conpounds 385-768, when tested at 4g/nL, in the sane assay. Plate 34 WO
02/ 04946 PCT/ US01/ 21292 four shows the activity of 385-768, when tested at
2 [, 0/ nLwon2o49e6 sane assay. Note that in plates 1-4, nonepCDUStImE220npounds
shows any activity. Plate five shows the activity of 384 pair-w se

conbi nati ons of conpounds 1-768, when tested at 2g/nL (i.e., conpounds

1- 384 and 385-768 were 5 both added sinultaneously to the assay plate at 2
g/ mL each conlgtsuraisecord egiof ggmpeundsiis added by dipping singlipins#seP@onbi nat i ons) .

: . GBIt !
of the ol at ¢ WFOHCRRBRGRISLYsiselely e THE0F 1RABRA SRERRKIRE) WAl CCrpouna

385 (in well #fan REaytpletenlont eV TehigogiesBin3BanseBdeniye 136@8% had no
activity but together 1o (;ongound 1 and 385 S}/nergi ze to create an active
conbi nat i on. @égxmn@ will sudlice (sptalagmsthss 3195001 3%6andh339510393at i on of a

met hod for_pegrf.orn ng c ihatorlal . 15 screeni | ntly

comer ci al i y%gwg'ﬁ%g p[(%g%%ﬁoﬂ%‘aé%“%engeﬁt%&%eﬁl elr}gﬁ%ﬁggrg%lﬁ%ﬁnﬁ cells are
obtai ned fromdaiat AEREE SaRbEYFfRothé dorippundin| sy giir-(AECC, catal og nunber
CCL 185) and cultured at 37C with 5% COQ2 in Dul becco's Mdified Eagle

Medi um ( DVEM) cambinatioys, EBsneceeary toralsashare amdpfiesihiere hiegetolriom 100 gg/ nl
CrerE oAt o B selfor VagPe b MR oL & REOH Rl BRI, . o0

(referred to are ‘see I'n each wel |

of a white, i 8dent 411 PleBib)ero dEREm(d¥alghdMiNtovenp@pBay hanal
Rochest er, using a Multidrop 384 liquid dispenser 110 (Labsystens

M cropl at &0 | nbsenubieved woh the cersbisation. Frankl in, MA). The cells are seeded
[0 10,5 of 0% PSS G5l B ST S BB, SR BABIRIC, 1 000 2
each wel |, brédighduds b contacting with the test element. For example, instead of
keeping one compound fixed throughout the pair-wise combinations, as
described above, it is possible to pin transfer a set of compounds in such a
15 way that all pairwise combinations of that set are achieved. A setof 16
compounds is pin transferred from stock plate 140 to the 16 rows of the
384 well assay plate 100. The same set of 16 compounds is then
transferred to 16 columns of the same assay plate, providing a 256 well
matrix with different pairwise combinations.
20 In each of the foregoing examples (or analogous versions), once the
desired compounds have all been added, the assay plate containing A549
cells and compounds are incubated for 48 hours at 37°C with 5% carbon
dioxide in incubator 120. At the end of this time, 10 uL of BrdU is added,
using a Multidrop 384 110, from a 50 uM stock in medium (prepared from
25 a 10 mM stock in PBS, pH 7.4) to a final concentration of 10 pM BrdU.
The cells are incubated for an additional 12-16 hours in incubator (120) at
37°C with 5% CO,. The supernatant is removed from each well with a 24-
channel wand (V&P Scientific), used throughout the protocol for

aspiration, attached to a house vacuum source. The cells are fixed with 50
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total well volunme to 40 L and the final concentration of this conmpound to
10 M Either prior to, inmmediately afterwards, or several hours or days 35
WO 02/ 046 oP@bAEIS0L1/ 21292 | ater, a second set of conpoundvURGl/Adeed by
di pping small pins on a pin array 130 into each well of a stock plate 140
or 150 and then into each well of an assay plate 100. Matri x Technol ogi es

Pin Transfer device 130 (384 or 96 pins, will suffice (catal og nunbers
350500130 and386saldA4%)), 70560 sHhirsol3AG0 EBepinsrbried orone SREr eicet he testing of

one specific n [ lar t P@? gds in many
pair-wise co ﬁ%ﬁgtllgln%&gﬁt&l%émﬁéc S}?%sr,y%ﬂ 0 % %}%uﬁg\?gﬁ% P atgé)\g\here t he set

of pin- transfwesd /GarPORdsded TRsédld atdlinthigated 5006 teinpthaairer i gi nal
conpound (the one present in all wells) to determ ne whether a novel

property has foo2fasnuigetheywashadotith Heubokd Vet MINaOR /§0Ps Brelne net hod can
al so be used ﬁ@gﬁ&@@ﬁ&oﬁﬂﬁ&ng}f%%%Q%ip?gl?(ngW%‘éwﬁh bQLL G ing with the

test el enent. X eepi ng one cofpoun I’xed

t hr oughout t handpsice witlS®5 GRSSPBITIBPBS, 85 % deseh20ediga)y@5% t is possible

to pin transfer a set of conpounds In such a 15 way that all pairw se

conbi nat i ons ksfvinserumelbumia (JigmeacdidichaSt douiss N@ Berpduddst i s pin

transferred fr tock..pl ate : 1 3 wel | assay
?1?83 Sélgl{lgé(l) £ %%é goﬁtgmgrggo.lg‘gm g{lﬁ]g%l&{setagﬁ fBr§%4

pl ate 100. THE' conpoun ransferred to 16 col ums

of the sanme aggidydp(B1600 H@WHdMER, B30 BiscienceRPhaMitigkh Sen f f er ent

pai rwi se conbi nations. 20 In each of the for;ﬁgoi ng exanpl es (%or anal ogous
ver si ons) 10 onRiegpheA) gad il 2980 dirperupianthmpasclig aniibedy geiiegated i9e assay pl ate
cont ai ning A I [ r. %JI’S at 37C with
5% car bon dioxXi c@%iléﬁalla%‘gggéa&%omrgPa%.?ecﬁ?ﬁ %’h%géehﬁ%%%?’ I&%lgijt%l ne,” 10 gL of BrduU
is added, usTicellsMid tnicdbaied B34n¢ hBur 4troomacrbPergivrs tvesked twioedi um

b W e b, " Owith 80 B8 ind then 20 jL HRP subbirate solution s added to cach ' o O ©!

well. The HRP substrate solution is obtained by mixing equal volumes of

15 solutions 1 and 2 from the Amersham ECL detection kit. The plate is
placed into an LJL Biosystems Inc. (Sunnyvale, CA) Analyst AD
platereader 160 and luminescence is detected in each well for 0.3 seconds.
The activity of combinations are then compared to the activity of the single
agents alone at both the original concentration and at N times the original

20  concentration, where N is equal to the number of active compounds found
in the screen. If a combination shows an activity that is greater than the
activity of the each of the single agents alone at both the original
concentration and N times the original concentration, then a synergistic
effect has been observed. Even if synergy is not observed, a combination

25 may have advantageous properties (e.g., reduced side effects) relative to
the individual components that make up the combination.

The foregoing method is readily modified such that two different

compounds are added in the first step, allowing the testing of three-way

combinations. Similarly, three compounds can be added to allow testing of
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The cells are incubated for an additional 12-16 hours in incubator (120) at
37C with 5% CO2. The supernatant is renoved fromeach well with a 24-
channel wedd2/498F Scientific), used throughout the protocPCTAS61/2439 ration,
attached to a house vacuum source. The cells are fixed with 50 36 WO
02/ 04946 PCT/ US01/ 21292 L of cold (4C) 70% et hanol /30% PBS, incubated for
one hour on ice, washed with 90 .tL of cold (4C) PBS, and then 25 L of 2M
HO / 0.5% Tisen2y compingtions.staddeag suhearaiireachs bigheaBet ed at room

tenperature for. .20. mnutes, then d with 90 L of 10% 2M NaCH / 90%
Hank's s Bal acr%%bdn%é(fn[s oggPWPP%CE(a%%E%%gG bcoBRL), twice with 90 gL of HBSS,

and once with 75 ITHfidERE1Et6IBE cémBiaiiyeenNcatpdudlds ) ind#hi®% bovi ne serum
al bumin (Signma-Aldrich, St. Louis, M). Then 20 gL of antibody solution is

added cont ai ritaljfepatiorgigdescriped Selosnt Thindengriptinn isodlustrativo@Besest i on of

stock, (BD Bigschences-PharM ngen n.io Diego, CA) and 1: 2000 dilution of
anti - mouse | g og@ﬁgnggﬁin% 3n§§\'ayHRP (Amer sham Phar maci a. Bi ot ech

Inc., Piscataway, Q¥dbn comPEMIB-werd tBted@idre Aidan aN IRk efpir-wiRe hour at
roomtenperature, washed twice wth 90 L PBS and then 20 L HRP substrate

sol ution is awhehingtipnsdn the BasiU cytairlet 3@y gb beloaw dosibritefiset dnscelibt ai ned by

m xi ng equal yvolunes of. 15.solutions 1 a 2.fro he Amer.shgm ECL
detection Ki tc_ycllan%rogegiugn.i ;[ﬁe B?Vgggaqpﬂ%&g(ﬁoﬂﬂhy@:?%) u%tpgﬁl%taﬁieﬁp. (Sunnyval e,
CA) Anal yst ARinirieCh&aidel dib@ﬁdﬁﬁ@le%%k@h{eﬂ@&ﬂﬁ?%d sordetueimbpehchn each wel |
for 0.3 seconds. The activi tgl of conbinations are then conpared to the

activity of tmuckasedifiom Sigarn Aldsich kermt Stobohist MOJowergivrigheddnteent rat i on and
active compoutrerrBuflis s ERETERHE  Pnell Eulikidade SR BN act T vi 1y
that is great®sck domiidRe SiatouyntyA 9 e carfmontf cellfevesé f@ded agent s al one
at both the original concentration and tines the original concentration,
then a syner g@ag}? iweell of a 384 white opaque NalgeNunc cell culture-treated plate (cat#
164610) in 30 pL of 10% medium (Dulbecco’s Modified Eagle Medium
15 containing 10% fetal bovine serum, 100 units/mL penicillin G sodium, 100
pg/mL streptomycin sulfate, and 2 mM glutamine, all obtained from Life
Technologies). Each compound was diluted to four times the final assay
concentration (final assay concentrations were 0.25% DMSO, 240 nM
podophyllotoxin, 60 nM paclitaxel, 420 nM quinacrine, 25 pM bepridil,
20 400 nM dipyridamole, 25 pM promethazine, 840 nM agroclavine) in 10%
medium. Fifteen microliters of each 4X stock of compound in medium
was added to one row and one column of an 8 column and 8 row square
(the eighth lane containing only the vehicle DMSO), such that all possible
binary combinations of the 7 compounds were tested, as well as the single
25  agents themselves. The cells were incubated at 37°C with 5% carbon
dioxide for 46 hours. BrdU was added to a final concentration of 10 uM
by adding 15 pL of a 50 pM solution of BrdU in 10% medium. The cells

were incubated overnight at 37°C with 5% carbon dioxide.
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ef fect has been observed. Even if synergy is not observed, a conbination 25
may have advant ageous properties (e.g., reduced side effects) relative to

t he i ndi waozab49eonponents that make up the conbi nati on. TheTASIER42Ng
method is readily nodified such that two different conmpounds are added in
the first step, allomﬁng the testing of three-way conbinations. Simlarly,

th d a dded to al.low testjn f 37 / 049
PC'rI' ? 8882?225828 Co‘gfte‘i/\]é;h%meﬁ’é? %qqswasea(seuat%g g\g’%ﬁwgbﬁ%ach hi gher
order  combi ngﬁdrﬁ@lswa{d @u&gla ﬁsé@ﬁ&fgh?m?e ARBdoLf 4 &&@B&P@ of a

conbi nati on of conpound er at on I's descri bed bel ow.
Thi s descri pt hauseivacion sourbuanf‘@ztmmeolnmrsmﬁgé% ethincd30% Iphodpdhates not

possi bl & pai  PUEEY SETRIAPBVER it RETar IV RO GRS PRSSe bel ow 1 or
their effect gy H?Jabs sﬁ%ﬂ%elfsgﬁ?&f Bt eﬁhﬁlﬁ&ﬁ%&i i60 S gé‘.”ﬁfga?late

(podophyl I ot oxi n, qU|nacr| pri yri nol e,
pr onet hazi ne, wammca‘gated:fca'\mmépueat(rboﬂndempenahns,etﬂeﬁ ﬁxarwﬂsgmte Al drich Corp.,

St. Louis, wer e dr | ass yvi al s and di ssol ved in

di met hyl sul fo Hétefioartfjrga]t‘g OEEIEPE/H‘FE %83/% egR 28NS a@iiidd'iorf‘@ﬁgand A549

| ung carcino e t e opaque

Nal geNunc celnﬁeguir'%lléj ‘éﬁéﬁgitﬁgg&gf%?g zcat# E4%%b?m|ﬁ% % gL of 10% nedi um
(Dul becco' s Mbuehtyetyehaipkaitds oif Qv Ma@ld v agithemnglde@% EahabelboVherie serum 100

units/mL penigillin G so um 100 eptonycin _sulfate, and 2 nM
gl ut am nel?0 al 198 i parhgve "Wﬁ? EﬁpFI@ted‘leg‘énh%WG $ weye washed) W&?ﬂﬂﬁh@ was di | uted

b T T
qui nacri ne, 255 NMLladRBSAB (phafphabbuffdred patinedwitind. é% Bovind geromet ha2| ne, 840
114 agrocl avipe) B A0 PSS, Foldu Ml B! o SBod ity X St ook of
was added to each well (containing 0.5 pg/mL anti-BrdU antibody
15 (PharMingen) and 1:2000 dilution of anti-mouse Ig-HRP (Amersham).
The plate was incubated with the antibody solution for one hour at room
temperature, then the antibody solution was aspirated off and each well
was washed once with phosphate buffered saline. Finally, 20 pL of ECL
detection reagent was added to each well (an equal mixture of solutions
20  one and two from Amersham’s ECL detection reagents). The
luminescence in each well was read on an LJL Analyst platereader with 0.2
seconds integration time per well. The experiment was repeated in two
plates and each pair-wise combination was tested in a total of sixteen
replicate experiments. The data shown in the table depict the mean
25  antiproliferative activity of each combination of compounds. Five
statistically significant (p < 0.001) combinations are highlighted. All
activity is normalized to a set of wells containing cells that did not receive

any treatment. Thus, a value of one represents an inactive substance and a

value greater than one indicates some level of antiproliferative activity.
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reagents) . s Th€smponents. Podophyllotoxin and paclitaxel are both microtubule

10

15

20

stabilizers that arrest cells in mitosis, dipyridamole is an anti-platelet agent,
bepridil is a calcium channel blocker, and promethazine is an H1 histamine
receptor antagonist and is also used as a CNS depressant and
anticholinergic agent. Dipyridamole is generally considered to have a
relatively high safety profile as a human therapeutic, particularly compared
to the toxic side effects of paclitaxel and podophyllotoxin. Thus, in this
assay, dipyridamole enhances the antiproliferative effect of both paclitaxel
and podophyllotoxin on human lung cancer cells. Furthermore, bepridil
enhances the effects of podophyllotoxin but inhibits the effect of paclitaxel.
This result would not have been predicted a priori and highlights the
importance of empirical high throughput testing of combinations to
observe unexpected interactions among drugs. For example, bepridil and
promethazine, neither of which is used as an antiproliferative agent in
current therapeutic indications, combine to strongly inhibit the proliferation

of lung cancer cells.
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| um nescence in each well was read on an LJL Anal yst platereader with 0.2
seconds integration tinme per well. The experinent was repeated in two

pl at es amdo ezet¥pai r-wi se conbinati on was tested in a totBCTOR0ILI1R2eEN
replicate experinents. The data shown in the table depict the nean 25
antiproliferative activity of each conbination of conpounds. Five
statistically significant (p < 0, 0013a conbi nations are highlighted. All
activity is normalized to a set QthenEmbedepsisi ni ng cells that did not

receive any tr eat&rﬁ g{lbhcat aﬁ %&lﬁﬁeﬁ{g ent18 Efl ih Rl gl?o%t %Fé’}ﬂc%ltﬂ) ctive

substance and a val tie gre an one |n I cates sone

antiprolifer aéﬂe\h%rei@lﬂc%tﬂo&‘ate&By\f@efbﬁbémgéﬁoﬁ@iﬁé&iﬁ@éﬁ(ﬂlk?&a vafiltiensa) ) X ° -
ONC O ..fir UN g 0. 00 Q DVMsO1.0
Podophy! | ot oxpﬁthgdsscslbsdrrnﬁhqd teelg” emwntronmﬂnlhaém%@nt107 6.6 6.9 2.3

o brret hazi e TOSE Sk o bifimagh BULGATROR dhe Sccbednfifof e £ 20 () ¢
é 51.2 tlhO Theestict, t ABRAWS thé e cBQGh AR dssciibe@ ki SdrinRetidrDAHRPPT oved
rugs w

specific preferred embodiments, it should be understood that the invention

as claimed should not be unduly limited to such specific embodiments.

Indeed, various modifications of the described modes for carrying out the
10  invention which are obvious to those skilled in the field of drug discovery

or related fields are intended to be within the scope of the invention.

What is claimed is:
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antiproliferative activity that is distinct fromthat of the individual 5
conponents. Podophyl | ot oxi n and paclitaxel are both m crotubul e
stabilizav@or/wae arrest cells in mtosis, dipyridanole ispanuaetiizgl at el et
agent, bepridil is a calciumchannel blocker, and pronethazine is an Hl
hi stam ne receptor antagonist and is also used as a CNS depressant and
anticholinergic agent. D pyridanole is generally considered to have a to
rel atively high sa}.eAyngh@%/ pf scregning mfnamfltymahm}gémnd@y corabinptiensar | y

conpared to the.toxic side effec f clitaxel an odophyl | ot oxi n.
Thus, in thi s%org’é%lg?,calaﬁcﬁ’yﬁgglpgé geagtrisﬁgﬁkee%}t&%ﬁ “%ﬂ??%fgm iferative effect
of both paclikaxalby-aren badpmal bR %) Bo@Prikiv ﬂleh&ﬂf@rtf—@xﬁli‘e?lﬁniqﬂ ls.
Furthernore, bepridil enhances the effects of podophyllotoxin but inhibits

the effect of commbinptienscdf entifiestispid methed comprigiag Hststapswé: been predicted a

priori and_highlight he ...l nport of enpirical high throughput testing
of conbinations to @Q)%EOS’\}%mgﬁ%lgﬁgglﬁgsd i nteractions anong drugs. For

exanpl e, bepridil ang) cRi20AEbAIa2tAS of BembatioR ofWakicibs,i S used as an
antiproliferative agent in current therapeutic indications, conbine to

strongly inhibit the(cppetvidiag attesd glenmnt edmprisins eahermoredisinct40 WO 02/ 04946
PCT/ US01/ 2129%.0 Q.hﬁr Eggi)eodi ments All publications and patents nentioned in
t he above spe ]ifkf%%l PR S e herein i ncorporated by reference. Various

nodi fications and vagd)abht@bng Riid htgy scmibiRabnIF battianith y&l e of the
invention will be apparent to 5 those skilled in the art w thout departing

from t he deopelemsat epsler conditionstbat ¢nsyrerihatmach pptithidesgslemeati nventi on has
been descri bed itnc 1cor}nectieoned/\%;rt h ¢ sggl%'%sfi c preferred enbodi nents, it
shoul d be und&PEPEEE b REr ¥ %I}EHFI ’as cl ai med should not be unduly

limted to such specid)usteetiposh meatuding alpieiRes) of\ias teotidemenl, bhdat i ons of the
descri bed nodes for carrying out the to invention which are obvious to
those skilled in the(l) idsntfyene eprobingiienssfentjtics that cause an effect on

said property of the test element that is different from the effect of an entity

15 of the combination by itself.

2. The method of claim 1, wherein steps (b) and (d) comprise
sequentially contacting said entities with said test element, thereby creating
said array in the presence of said test element.

20
3. The method of claim 1, wherein said test element comprises two

or more distinct biological moieties.

4, The method of claim 3, wherein said test element comprises a

25 living cell.

5. The method of claim 4, wherein said detecting step (e) is

performed by a cytoblot assay.
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or related fields are intended to be within the scope of the invention.

What is clainmed is: 41 WD 02/04946 PCT/US01/21292 1. A nethod of screening

t wo- ent i two orz/od9gher order conbi nations for biol ogical acpCwus§r/aigiang at

| east seven entities in at |least a seven-by-seven conbi national array

conprising at |east forty-nine unique conbinations of entities, said

nmet hod conprising the steps of: 5 (a) providing said entities, (b) creating
€

said array of contf-nih¢ methodrofelaim4, sdherqin yaid detertng sfen (dst el enent

conprising on [ ne distinc i ol ogical noieties, (d) contacting said
array of conbg?{g?%%ﬁsb%'o re@é{tﬁée@g%\n&yh said test 0 elenent under

conditions that ensure that each entity/test elenent contacting is
segregated fromthe others, (qet) detecting or measuring a property of the
test el ement, and 7-(The mgthediafirlaig 4 ovistainsaid detestngpep(¢)ds t hat cause an

effect on _sai %r{(ﬁ‘rﬁe@%%&’% grf’%]&%c‘;%%%n lcggﬁé}%%x?ﬁ%fg%%s '1"fer ent fromthe

effect of an B e conbrnatron The net hod of
claim1l1, wherein steps (b) and (d) conprise sequentially contacting said

entities with said test elenent, thereby creating said array in the
presence of said t&sThemsthodtof chaymzd, wiheeeinsaifl dgtesting pigp k¢)1s wherein said

test elenment ¢ ri S8s . or r L.Stip i i jeties. 4. The
met hod of cl apgﬁ ) e\?ﬁ“ r&ee}é%uél iaoﬂ(?oésstcgllétlcgi%n 'b(?%(ﬁhpgi%sdei%{t%%ﬁ living cell.
5. The method of claim4, wherein said detecting step (e) is perfornmed by
a cytobl ot assay. . o )

10 9. The method of claim 4, wherein said detecting step (e) employs

fluorescence microscopy.

10. The method of claim 4, wherein step (e) employs expression
profiling.
15

11. The method of claim 4, wherein said cell is a human cell.

12. The method of claim 4, wherein said cell is selected from the
group consisting of a cancer cell, an immune cell, a neuron, and a

20 fibroblast.

13. The method of claim 1, wherein said test element comprises a
cell-free medium comprising at least two organic biomolecules and at least
one reporter molecule.

25
14. The method of claim 1, wherein one or both of steps (b) and (d)

is carried out using a robotics system.
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42 WO 02/ 04946 PCT/ US01/21292 6. The nmethod of claim4, wherein said
detecting step (e) is perforned by a reporter gene assay. 7. The nethod of
clai m4, wiereiom said detecting step (e) is 5 perfornmed bpgrasélaierescence
resonance energy transfer assay. 8. The nethod of claim4, wherein said
detecting step (e) is perfornmed by detecting a fluorescent cal ci um binding
i ndi cator dye. 10 9. The nethod of claim4, wherein said detecting step (e)
empl oys fl uorescelfﬁzenh? eethod 9bglaimd, wheeihenaerbah of sigpsitd andhdr ei n st ep

(e) enploys eiag Fr?&f&ﬂ Sﬁ‘gqﬁgufﬂﬁdwéw 11. The method of claim4, wherein

said cell is uman ce net hod of claim4, wherein said cell is
selected fromthe group consisting of a cancer cell, an imune cell, a
neuron, and a 20 fibroblast. 13. The nmethod of claim1l, wherein said test

el ement conprises - Eag methodof el Inideies pag orgoath of algrs (Wwed fDgani c
bi onol ecul es iasrbqn@é J"ﬁ%"ﬁﬁ%lﬁﬁﬁ?@?‘g@%s ?‘ﬂ?ﬁéﬁcm e. 25 14. The nethod of

claim1l, erein one or d (d) 1is carried out using a
robotics system 43 WD 02/ 04946 PCT/US01/21292 15. The nmethod of claim1,

wherein one or both of Steﬁ@d(b and (d) is carried out us
microfluidics. 16.17hEh Plaemalmmrenvméém@r?éeé@mbw%Sof steps (b)

and (d) 5 isio%gr(;rrgglaﬁgﬁ using ink jet printer technol ogy.

10 18. The method of claim 17, wherein said compounds are selected
from the group consisting of non-polymeric organic compounds, lipids,

carbohydrates, peptides, inorganic compounds, and oligonucleotides.

19. The method of claim 17, wherein said radiation is selected from
15 the group consisting of visible light, light outside the visible range, and

ionizing radiation.

20. The method of claim 1, wherein at least one of said entities is a
compound employed in purified form.
20
21. The method of claim 20, wherein each of said compounds is

employed in purified form.

22. The method of claim 1, wherein said entities are compounds

25  provided as components of mixtures.

23. The method of claim 22, wherein said mixtures are natural

product extracts.
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17. The method of claim1l, wherein said entities are conpounds, ions, or
radi ation. 10 18. The nethod of claim 17, wherein said conpounds are

sel ect ed wéppmothe group consi sting of non-pol yneric or gaRrCT/US@meeends,

| i pids, carbohydrates, peptides, inorganic conpounds, and

ol i gonucl eotides. 19. The nethod of claim 17, wherein said radiation is
selected from 15 the group consisting of visible light, Iight outside the
vi si bl e range, and®4.i b ichigd o4 glaimilowheremn sarh effpeitindaynsreisiiai m 1, wherein
at | east one §§ aid entities is a conpound enployed in purified form 20
21. The nmethod of" claim 20, wherein each of said conpounds is enployed in
purified form 22. The nethod of claim1l, wherein said entities are
conmpounds 25 provi ded as components of m xtures. 23. The method of claim
22, wherein said mXxtfHmedhed ef tieptine alpatiprtceurising sdmeinistering t\&pid2/ 04946

PCT/ US01/ 21292 .. . - Y rel | ect is a
syner gi st i% eﬁaftlee'c?}??l cggl%nﬁﬁ%g?%gghg(ﬂ@ro gaalflg F\%\I&% %%@?%ﬁ#aggﬁng'ri si ng

adm nistering to said 5 patient a conbination identified according to the
met hod of claim1. 26. A conbination of entities identified accaording to
the method of cl adm A combigapion of griittarddwnfificd accardimgdeithe wathed®bri si ng (i)
a conbi nati on 1g]fmlenti ties identified according to the nethod of claiml1,
and (ii) a p%ar maceutical ly acceptable carrier. 28. A method for screening
two-entity or higher order conbinations

10 27. A pharmaceutical composition comprising (i) a combination of
entities identified according to the method of claim 1, and (ii) a

pharmaceutically acceptable carrier.

28. A method for screening two-entity or higher order combinations

15 for biological activity, said method comprising the steps of:

(a) creating an array of at least 200 unique two-entity or higher
order combinations from a set of entities,

(b) providing a test element comprising one or more distinct
biological moieties,

20 (c) contacting said array of combinations of entities with said test
element under conditions that ensure that each entity/test element
contacting is segregated from the others,

(d) detecting or measuring a property of the test element, and
(e) identifying combinations of entities that cause an effect on said
25  property of the test element that is different from the effect of an entity of

the combination by itself.
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15 for biological activity, said nethod conprising the steps of. (a)
creating an array of at |east 200 unique two-entity or higher order
conbi nat ivome2/649aén a set of entities, (b) providing a testPel/@remt292
conprising one or nore distinct biological noieties, 20 (c) contacting
said array of conbinations of entities with said test elenent under
conditions that ensure that each entity/test elenent contacting is

segregated from t he9.olkemsthod ¢f claimadt Wherest steps@lri(edFommiseper ty of the

test elenent, and ( i dent.ifyi. nbi nati.qn entities that cause an
effect on sai %ﬂq%‘(”giyo%°é‘$%°§}n%¥m? %gﬁﬁeess‘?'{@lsﬁlﬁé%tt g{eﬁ}ftn%’ iﬂéerglﬂf %rggtténrﬁ fromthe
effect of an gng iy &f thelpi@efcdi sant feStel&tedtt Sel f. 45 WO 02/ 04946

PCT/ US01/ 21292 29. The nethod of claim 28, wherein steps (a) (c) conprise
sequentially contacting said entities with said test el enent, thereby

creating aid arr 0ot h r ; o] aid t . e t 30. The net hod
of claim 2%, furt hgql' t@Wﬁ‘gl ﬁg%ﬁ;{éagt Iéupl)ﬁlgf g?rp§ﬁ§ur1§%hggs?| n%f ep (a) through
(e) at least fopesitn itiroug (& e Ratavices ¥hSredd, i@Ytep 04), 8did b@agt 200

conbi nati ons iégedi f%‘yeb?%%atg in %a(c | repetition. 31. .'_I'hep?re)t hod ofﬁcl ai m 30,
wherein at | eabat leagh2p@ pembinpbiens ipfliféereqy in pach(fepetifiaur within 10 days of
each other. 32. The nethod of claim 28, wherein said array conprises at

| east 400 uni que conbi nations. 15 33. The method of claim 28, wherein said
array conprises at3] edhé method@f Wi 3o, Gzﬁewhﬂatlmﬂavo&?eﬁf[&es dfekdpod of claim

28, wherein said entities are conmpounds, ions, or radiation. 2
10 (f) occur within 10 days of each other.

32. The method of claim 28, wherein said array comprises at least

400 unique combinations.

15 33. The method of claim 28, wherein said array comprises at least

1540 unique combinations.

34. The method of claim 28, wherein said entities are compounds,

ions, or radiation.

20
35. The method of claim 34, wherein said compounds are selected
from the group consisting of non-polymeric organic compounds, lipids,
carbohydrates, peptides, inorganic compounds, and oligonucleotides.
25 36. The method of claim 34, wherein said radiation is selected from

the group consisting of visible light, light outside the visible range, and

ionizing radiation.
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35. The nethod of claim 34, wherein said conpounds are selected fromthe
group consisting of non-polyneric organi c conpounds, |ipids,

car bohydmeo ex949pept i des, i norgani c conpounds, and ol i gonueCrOSIIdE292 25 36.
The nethod of claim 34, wherein said radiation is selected from the group
consisting of visible light, Iight outside the visible range, and ionizing
radi ati on. 46 WO 02/04946 PCT/US01/21292 37. The nethod of ¢l aim 28,
wherein at |east ohe bie wgihgd@fclaimes, whergindriprstippe ehssidgrigiesds purifi ed

form 38. The clalm 28, . ,n each of said conpounds is 5
enpl oyed in p&?5?&§%“?%%?P9égkﬂﬁﬁg*%@?ﬁ%u of claim 28, wherein said

entities are conpounds provided as conponents of m xtures. 10 40. The

met hod of claim 38, wherein said mxtures are natural product extracts.
41. The method of 33-alhe Pgthodiefclam 28awlerein eash of said coyperpdsisi ¢ ef f ect .
15 42. The_net] . J: 8 wherein one or both of steps (a) and (c) is
carried ou u%'%%goygaﬁjéﬁfﬁdgﬁgg‘stem 43. The nethod of claim 28, wherein
one or both of steps (a) and 20 (c) is carried out using mcrofluidics.
44. The nethod of claim 28, wherein one or both of steps (a) and (c) is
carried out using 3hkThemethodof slaimSnhibrisiysaid sntifss are earppdst treating a
patient conpri.sir 1 ni Ln §-§§id patient a conbination identified
according to Pﬁoﬁ%&ﬁ%?g&gﬁﬁ%{tgf)ﬁ] . 63'6. A conbi nation of entities
identified according to the nethod of claim 28.

10 40. The method of claim 38, wherein said mixtures are natural

product extracts.

41. The method of claim 28, wherein said effect is a synergistic
effect.
15 ,
42. The method of claim 28, wherein one or both of steps (a) and

(c) is carried out using a robotics system.

43. The method of claim 28, wherein one or both of steps (a) and

20  (c) is carried out using microfluidics.

44. The method of claim 28, wherein one or both of steps (a) and
(c) is carried out using ink-jet printer technolo.gy.

25 45. A method of treating a patient comprising administering to said

patient a combination identified according to the method of claim 28.

46. A combination of entities identified according to the method of

claim 28.
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47 WD 02/ 04946 PCT/US01/21292 47. A pharmaceutical conposition conprising
(i) a conmbination of entities identified according to the nethod of claim
28, and Wo)2zes94phar naceutically acceptable carrier. 5 48PCHURsIHRE f Or
screening two-entity or higher conbinations for biological activity, said
met hod conprising the steps of: (a) creating an array of at |east 49 uni que
two-entity or higher order conbinations, 10 (b) providing a test el enent
conprising one or nore distinct biological noieties, (c) contacting said

array of conbinari@pgAg%F&E%%ﬁﬁ&¥cé@%ﬁ%ﬁgig%%ﬁiﬁn%ﬁkg@gﬁ%hﬂﬁgﬁ%fconditions

t hat ensure that each es ac I'S Segregated from

the others, 18nt{tik) idteitiEet iabebraing!te dsdrnbihod of plabnesf sndofii)ahe test el ement,
(e) identifying conbinations of entities that cause an effect on said

property of tB geutispByrBeaeptabla cargerdi f f erent fromthe effect of an entity
of the cogbination by itself, and (f) repeating steps (a) through (e) at
| east 25 tinmes over a one week 20 period, using a different array in each

repetition. 49. Th neihalodforatemngdwowhafyirmigicepembijatiohs forgh (e) are
repeated at |east 100 tinmes over_ a 30-day period, using a different array
in each repet biolegical agtivityp saittpaethed eyapETing haistAPA@L: wherein said entities

are conpounds, i g . Bfind Ahaky 8Far 188 YR RRLO A0S 8n G Ur et Dhie??
combinations,
10 (b) providing a test element comprising one or more distinct
biological moieties,

(c) contacting said array of combinations of entities with said test
element under conditions that ensure that each entity/test element
contacting is segregated from the others,

15 (d) detecting or measuring a property of the test element,

(e) identifying combinations of entities that cause an effect on said
property of the test element that is different from the effect of an entity of
the combination by itself, and

(f) repeating steps (a) through () at least 25 times over a one week

20  period, using a different array in each repetition.

49. The method of claim 48, wherein steps (a) through (e) are
repeated at least 100
times over a 30-day period, using a different array in each repetition.
25
50. The method of claim 48, wherein said entities are compounds,

ions, or radiation.
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51. The nethod of claim50, wherein said conpounds are selected fromthe
group consisting of non-polyneric organi c conpounds, |ipids,

car bohydmeo ex949pept i des, i norgani c conpounds, and ol i gonueCrROBIIARA292 5 52.
The net hod of claimb50, wherein said radiation is selected from the group
consisting of visible light, Iight outside the visible range, and ionizing
radi ati on. 53. The_ nethod of claim48, wherein said entities are conpounds

10 enpl oyed in pur?ki Ehe methad afelaimd), wheressaid cemppyrdsare silested n sai d
titi I i ot 55. Th
ﬁgthohezfagfagﬁgg%g%%ﬁlr%%%%ggggfﬁéyﬁggggggg&zﬁ%§ﬁra§6d%§§;gﬁc’ extrac?s.

56. The net hogarBbhydraies) feptidvd) ioetahis edrfp&inlieGind dligansylegidessti c  ef fect.
20 57. The nmethod of claim48, wherein one or both of steps (a) and (c) is
carried out using a robotics system 58. The nethod of claim48, wherein

out u m 58. The method of cl aim 48, wherei
50, The method of Brarih HAogd AR g BuERid o rBbidie e BRI 1 O 7

carried out ugienGoumKodsidtingldf Visihle 1ight) ighO@itsidd theWakiBR/ @ndCT/ US01/ 21292
60. A nethod for screening two-entity or higher order conbinations for

bi ol ogi cal ac#ﬁWﬂﬂ&?w%%ﬁQﬂ-nethod conprising the steps of: (a) creating an
array of at |east 10,000 unique two-entity or higher order conbinations
froma set of entities, 5 (b) providing a test el enent conprising one or

nore distinct bi ofngTE&netidedficRim 48, wherein said entities are compounds

10 employed in purified form.

54. The method of claim 48, wherein said entities are compounds

provided as components of mixtures.

15 55. The method of claim 54, wherein said mixtures are natural

product extracts.

56. The method of claim 48, wherein said effect is a synergistic
effect.
20
57. The method of claim 48, wherein one or both of steps (a) and

(c) is carried out using a robotics system.

58. The method of claim 48, wherein one or both of steps (a) and

25 (c) is carried out using microfluidics.

59. The method of claim 48, wherein one or both of steps (a) and

(c) is carried out using ink-jet printer technology.
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(c) contacting said array of conbinations of entities with said test

el enrent under conditions that ensure that each entity/test el enent

cont acti mOps0egregated fromthe others, 10 (d) detecti nBCDUSOMMEAS | Ng a
property of the test elenment, (e) identifying conbinations of entities that
cause an effect on said property of the test element that is different
fromthe effect of an entity of the conbination by itself, and (f)
repeating steps (ﬂo-tﬁrmﬁbﬁgf@)scmnmsé\g?-epmyc@ highar osdgscpmbipagipns en 15
days or |ess, i I . st ep. i ' .east 10,000 two- -
entity conbi na%géllgé{&%l %c:hrv?t&,r%}]cg@ﬁoﬁ%ﬁgﬁs@@@&g@%ﬁti ons. 50 WD 02/ 04946
PCT/ US01/ 21292  61(a) &rdatinf el afray ofat1eanl 01000 astjub &kb-@tityddr Iegtiert i es for

bi ol ogi cal activity, said method conprising the steps of: (a) providing a
test el enent eweppembigtiontirom afst ef entidies.nct  bi ol ogi cal noieties, 5 (b)

contacting.said te t. . - [ ties under conditions
that ensure that e@ﬁﬁ?«é\ﬁ@ﬁ@f/t&e‘tg&@gh@ﬁﬁﬁ%%g?ggpr fr111tg(g’kf %Stglgcgregat ed from

the others, (BpblslgtfehoiBgespr nmeasuring a property of said test el enent, (d)
selecting entities that cause a change in said property relative to 1o

sai d property of s gortasiingaicherray frombinations of eniitias vad spidiest ties, (e)
! " . i ; g
conti nati ons. Femenf pdh soiffbafal it R Db e S MARCT 70 ) of

conbi nati ons edntgstinigtis €Sgregdtéd Boinethé othetsgment under conditions that ensure
that each entity copbi nation/test @15 el enent contacting is segregated from
the otherd? (g) deltdddetestinger masyting agrepepysidhe lesbelempdt, t est el enent of

step (f), and (e) identifying combinations of entities that cause an effect on said

property of the test element that is different from the effect of an entity of
the combination by itself, and
(f) repeating steps (a) through (e) at least twice over a period of ten
15 days or less, wherein, in step (a), said array of at least 10,000 two-

entity combinations is different in two or more repetitions.
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(h) identifying conbinations of entities that cause an effect on said
property of step (g) that is different fromthe effect of an entity of 20
t he conbiwanr/o4by itself. 62. The nmethod of claim6l, whpePURI 192t est

el ement of step (a) is the same as the test elenent of step (f). 25 63.
The nethod of claim61l, wherein the property of step (c) is the sanme as

the property of st g {) Xgr%éthgc(l) f05r:gcreening combinations of entities for biological
activity, said method comprising the steps of:
(a) providing a test element comprising one or more distinct
biological moieties,

5 (b) contacting said test element with at least 100 entities under
conditions that ensure that each entity/test element contacting is segregated
from the others,

(c) detecting or measuring a property of said test element,
(d) selecting entities that cause a change in said property relative to
10  said property of said test element not contacted with said entities,
(e) creating an array of at least 49 unique two-entity or higher order
combinations from the identified entities,
(f) contacting said array of combinations of entities with a test
element under conditions that ensure that each entity combination/test
15 element contacting is segregated from the others,
(g) detecting or measuring a property of the test element of step (f),
and
(h) identifying combinations of entities that cause an effect on said
property of step (g) that is different from the effect of an entity of

20 the combination by itself.

62. The method of claim 61, wherein the test element of step (a) is

the same as the test element of step (f).

25 63. The method of claim 61, wherein the property of step (c) is the
same as the property of step (g).
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