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There are nunerous situations where one is interested in performng a
multiplicity of determnations in a single vessel and being able to

i ndi vi du¥Q 82/@&t7ermi ne the result of each determ nation. POT/OREE47380 be

abl e to achieve the individual results, it 5 is necessary that each

determi nation be independent of the other determ nations) and that each
determ nati on pI’OVI de a product that can be neasured and distinguished from
t he prodE‘ r h tigfet er ni nati ons. One of the areas of interest is

the effect of Tﬁe@wfe%memo@rs.@awdrrs%@@bn%|ﬁtepégaé@in'5e¥fo%m§%2yﬁes In
screeni ng conpounds for biological activity, one i1s interested in 10 the

ef fect ofMUtiRiCiBorhsiGlRTINNAToBRE Beinglp vessehpRebeing abledelindividualiidetsiminet of t he
. conpoundiHyyeeME Y¥EshtdddmialioROth drasast abTé"ﬁ)r S8 thd ndﬂ/gn‘eﬁaf:t%@ul&eftf orm a

singl e determ nation under the sane conditions, Sso as termne the

effed® of ﬂeﬁéS%Yrﬁtﬂﬁ gachaetgripnation ha Iyd@ner@mzwé@e olhgedetgrminationsnand

-determn t

i nt erest% Bﬁc@?&hﬂﬂhéﬁinp@@?n???lp&&% H&Eg&gg@mﬂﬁgﬁﬁ i a%reed:i%r‘ g ﬁ%ogﬁ'oig si de

ef f ect s. MRaPaeais gtiheotharigetesmipationss for bi ol ogi cal activity, there is also

an interest '@n@e&f%ﬁ@a@bgaf.ht@?ﬁfémeteffe&&ragﬁaﬂg&d£hWﬂomema&%aon

cellular activit as ecific en cel one woul d be

i nt er est plrality efcangymesi thQfmvg;a@omwmtnld@ fardlidlogical actiyityesns isrintefestedan ei ns,

t he ti Mt i r 0 relation to

a coﬁ%ou{rﬁ? %ﬁe%c%ft}rﬂ gggog H?édegﬁér%é@sma%rta@%t%%gmlagggé %#f&tr?gth%es for which

enzyne nmmpwl‘@@fngnmmsdh@i@radodﬁt@gﬁoﬂmrefgra;éldnesmnmderrma singter acel | ul ar

[ eCept Of GerchftinGlior G ¥R arfle SbRtMdn C@0hs (I diSmfife h@regférct\i?fftﬁé ofhifling, -

screeni ng because the receptors are | Vol h an abol i sm

Many r eceptamlwahia@éeezmoa@m nel, oniwdmemne the bwisgubalractmtyeqjttrm 25

i nsul i n-

pl at el et E%E?@'feogéf%ﬂr%g\%w Es}?c%fﬁt%%%?kﬁ{%ls?me e'gfﬁl:; %‘%anfn g@%ﬁo N8d to

enzyh®e feidegfseipi ng the receptors (Bunemann) V\hen a Ilgand binds to the

Zpec' fic sitegaliqas E&%Sﬂhgkomgguﬁ&é%rcﬁblb ic8Cd wﬂi ﬂ?er%%%lgc?gﬁ i Qbstin SN2y Te
omai n. I n nmany cases enzyne IS pro e|n a can € neasured by

det er mi nde'fEUnlntﬂg thheffe@ttOéa@hammlsmmmrgﬂraentm ceflular agtivith etsite spegifid de. 30

Since ma i T i s (Pike,

1984, Bl gﬁ%él ey gggﬁ@é%"? o V‘ﬁ)ﬁ"cg’lsﬂis}El @Yer&? E’e‘?f‘g mﬁgbﬁb} rfgga%& perfor m

t he recep@lblﬂar&gsw,%sny qﬁumtelm |ﬂm:‘ga¢tl\véy of indizigoel e(rizynrmas,egr amodrizymne\prof imce onl y

the specididieltb% &%Hqud la%wrgé %ﬁ‘[}gnpas the potential to activate the

ynme donain, the receptor assa nonitoring its enzynme activity may

av0| d t he nonO@p@@emabclaﬁsmﬁamgymesfmwh‘blmawzampmamiemmnwbeldwwd for both 2

WO 02/12 y for many

recept or 2V HEL ngg SR ERd of HEGGAR LBy CSHth ABresEREd PEp oA

screeni nglassao tgﬁtmfmﬁdwgtmerm@emps&)tf@ re€eptorisicipé trivalyed lr'g@aﬁcyrmelbeqmdor

bi ndi n r ke i be

scr eengdnﬁw ﬁ‘?'lﬁr ?‘té %?C%QS%go?éht he {j% & s@é@%%&@sﬁl'}?ﬁcg&lég , a large

nunber osulisliikecaraythuiagior Cmepiﬂécepﬁd&bmﬁbgrbwb’r faptpr cindpbatelet-der vedrgtm\/dht ors of

| i gand/r t &Hﬁie r

concent rgat%.ﬁ’g:ﬁw'“téf a§c§rﬁ§¥«%é§8%0ﬁ%@%b§£gm r adt/tl%oér?% gljtngrf%'(s:aests? %E& ﬁ{@rgg%qor_?he third

vari abl e(Bunentpanyf Wéen adiganthbindea thesppoiiiaditeoof a)telo;eptoentztyml,y asfigates ot her

recept or yi I ing the

Concent r 1 Seaer ¢ Emg forkalf. kAER) ok, he IRIhOR htent PP Baf) 19,

cel lul ar b%ﬁﬁﬁﬁé@%ﬁﬁdﬂi@fﬁéﬂ@l%@ﬁﬁﬂ@? of nhas@wryiahrn:sewf agsynéhdiapeplidepl es. By

f
coul s upeamaty BEefo el Ofich St R SRt el G, RIAF sRRSANy, PP
_and/ or pS@W‘@)eltéﬁmeﬂté@ t@eﬂevébﬁtamethbdrto n@ererthe rm&yﬁSS%bmmmgof t he
| nvent i Ofr.lh tr%nQ?tﬁogﬁ c%’UnJ;Ptﬂe ng%uﬁ&‘ﬁ? b?uﬁw frfaRIrEPiﬁgnc?Her}’ {Egoassay

met hod. orm’ng f eac ns in
. t he pr eseetestialfto Qﬁtu/ﬁm ﬁhﬁﬁnwm@ﬁzmmtmmgemaltway lbyammiprlmﬁ itsenrymeat es,

Corr espondl i B oo bR sRee RESARG EeRE TRRR MR BALE (s foragin .

substrate have different separation characteristics fromeach other and
fromthe other substrates in the set and their correspondi ng products.
After performng the reactions, the products, and preferably also the
Substrates in the reactions are




separated in a single separation nmedium For each separated product and
substrate, a separation characteristic effective to identify that product
and subswoana2swid a signal 25 related to the anmount of theCpusdestrssand
substrate is detected. Fromthis) the anmount of substrate converted to the
correspondi ng product in each of the reactions can be determ ned. The
separatign c cterlstl of the sub trates anqrrgroductfmj greferabl

el ectropﬁ%’@t %B??qytipdleﬁ‘zérﬁe@ﬁé@f P6B1RBY E3GeR e RSBRTBINAEF NeTMONER T | uence
of an el afd icwtBEadidrebebpt@st hough ot her separation characteristics, such as

behavi or when separated by exclusion or ion-exch e chromat ogr hy,
i soel ectric fHt P?@”%?Orﬁﬁg@o'é%ctf‘?%ESBEabé‘? gf 'ﬁh'gﬂ'%éiﬂ?mcﬁmgﬂb' ¥he.

. substr at efer@Beb R BES BOMBIMEs P& yakisbldPihabPRusl BeospsaiRiat TMearfdariakier e the
detecting incl udes detecti ng the fluorescent signal fromeach product when

i rrad? at BENRIeSH camppist @%eéfe?rée—aéﬁ@?t"é’mt@h oli&§ltBIRPLAdS deriveddram A1 2s 7

» PCT/ LI SORkbréry dipdtdriliaPiRBibASR &S AjarRifeesitiBteradtibs. Phelbaédridwaphbie iy ek
reactions are carried out in a single reaction m xture contai nin

pl ural i t POBPOURG ERICRATationz (aktye t%@r@newratlen of FesepiQy {igang- bweﬁ@'rcgssayed is
effecti veaﬁaq)l&@ﬂM@éﬁeaWtr@teSt%nﬁ%ﬁa bﬁbﬁ%rbﬁzﬁﬁ% 6%06thme6éﬁf6rure to the

correspondi ng product. The enbodi ment be Used) for exanple, to 5
det er m nkingses ProeiNdhetargrtcel Tosting fer imizing Uheeﬂoﬂﬁ?”tfﬁ*'oﬂ iof fest ent

eNZyN®S eBmBoGidls), andlﬂgs%yln‘@%&%#&t66|o|the$%Qﬂ]lér'é?ﬂ?ﬁwe&’ﬂ%ﬁ?atéliﬂ?ed@iréi grent

enzynmes in the reaction mxture are obtained fromthe cell under such
sel ect edla@® PURBARTESEAY SamRIps.uB¥ CPMDBINGEi afinrie Ohtedes! waﬁablﬁ@m @vel s of

acti vi ty ffiigiael REap oﬂb%@d%ﬁb%ﬁﬁzﬂ@%dd&e%é’ ﬁurlnbeﬂ 4t d3ehiHaPRdddel tand test
cell conditions, the performng Egr ating O detecting, and determ ning

steps ar e pgripinaed mﬁforfrerpwéﬁ@w’é@ma Wfﬁbférmuli'ﬁiet%aﬁel | s in both the
control and test conditions. For exanple, to determ ne changes in the

| evel s of activity of each of a group of enzymes in a cell, when the cell
is ei@osédmm.@iéﬁéﬂiﬂ&ﬁbm or being tested for its ability to inhibit or
activate the heyugl s@fect NRe ﬁ’ﬁ%ht}ﬂn |Hcl9(§es°ep (g]lf?;ge% el d8af it theeNZy NES,

t he perform ng, separatlng detecting etermning 15 steps are carried
out for & I@clyS@SapmnmgoarpwpéﬂwlqngymerQﬁCéoraﬁm the peseasgolayralityo t he

agent. Exeaplyales QbetRes i a EéVdf Qﬁéstfdﬂé“é HH@errc%ﬁ&%ﬁK eﬂfédﬂ ﬁ) Sw¥ABR and cell

signaling pathway enzynes. In another general embodinent) for use in
assayi ng eNAENe prkeiiaia o BeITesPORRe PEgEAt Where the nrqsiust digash sybstrale @Bd ng t he

acti ypty 4 sibshalerhBdimiemse Wﬁarratlén @ﬁb?réi&@n&@s "fr%ﬁFééch’ihéPral‘?Bdeﬁfrﬁ fegmed in

separ ate reaction m xtures, ere each m xture cont ai ns one or nore
enzymes &Hher substiatesia the sekng taeibeerresperding piedupis. dder pe @D‘lﬂ"&&thﬁt es. In a

nore Spe?%édtl%@@é’gr‘o@ﬁ@t% aﬁ@érefé?@oly Bis® ML EUbsREtel M thelreSMRYBL N9 t he
ability of test conpound to affect enzyne activity, the reaction m xtures
al so contaparataddn grsingle separation medium. For each separated product and substrate, a

separation characteristic effective to identify that product and substrate and a signal
25 related to the amount of the product and substrate is detected. From this, the amount
of substrate converted to the corresponding product in each of the reactions can be
determined.
The separation characteristic of the substrates and products is preferably
electrophoretic mobility in an electrophoretic medium under the influence of an electric
30 field, although other separation characteristics, such as behavior when separated by
exclusion or ion-exchange chromatography, isoelectric focusing or mass spectroscopy
are also contemplated. The substrates and corresponding products may be fluorescent-
labeled, where the detecting includes detecting the fluorescent signal from each product

when irradiated with a fluorescence-excitation wavelength.



both of (a) one of a plurality of different test agents and/or one of a
plurality of different 25 concentrations of a single agent. The reaction
m Xt ur eswar@/1edthi ned prior to separating the substrates ROKUSNEHUSt s of
the different ‘reactions. The different substrates in a set may include (i)
an enzynme substrate moiety, (ii) a mobility nodifier that inparts to each
substrate and,its corr ndi ng product.in the set uni gue .s ration
character i ot 1 1D Y dPTeed SRR drasht B8 Sl b eRapacfbos At PruSTBAS wor her
substrat ﬁ@g@rraamhrrﬁguaaewda)rngnmgf@blarbstyldﬂldlﬁ’f@mrﬁ ehzyraey] m(l;]bre ¢aoch dfmgr ter g
noi ety that rmts dete of a si r sa ubst rat es_and products
" The sgRovimRS s i e Biron abone ol SRS Bubt [ & st r at o

. moiety, andulehs tﬁ@&urfdspunmﬁglpfddebt ”I&béd?@oc(dlmerlmﬁa)p@é)hsétﬁféﬂﬂx@rﬁwaé’itcﬁoum ed
to the O|I%€ﬁeptl é P nore am no ac§p substitutions in said

ol i gopepfeENELRe [siel &F@%"Vft)‘né SR 2 wralyiob HyferRitt eapness inReel, undgp

» U2/ 1257 BERRELSERN onttbridDivRéreltiné di\fi@r@\hénz@lﬁﬁﬂs% tisd@iagforthixtdie afd | gopept i de,
and (iii) different reporter npieties with different charges and/or

mol ecul aPPiRéegitos thegell yoder sichseleriedfell sPediiRns ons bet ween a recept or

enzyme and a Fbﬂ@é@ln@%lﬁlﬁq éﬁdd’g’ébﬁfﬁeﬁé@ﬁ&%ﬂ%@hf%éb(@?a@ﬁiub\ﬁfty, t he
separate enzyne reaction m xtures Ere eraply include (i) the one or nore

sel ect ed ®BAZYRFES 3(Geily inheth epntrohard Eeﬁ call-copditions, dhe peréorawnd. seraalit r at es,

and {pii Be@@%@%n&%férﬁlrﬁﬁg%t@;ﬁﬁ ar%%?r%@jtd@?dr@h%yrﬂés bb@ldebgﬁiﬂdthe'déﬁé wdi ng, in
at |l east one reaction mxture, a concentration of g1ana sufficient to
C

produce 8ptitharoniral podtesh sorditianse For gyaraple d@é’ectﬂm’t"l'ﬂa es indhe igvetsuifes

pref er abbygok éé@ﬁofry)%rbhg%ﬂénzyh%sﬁﬁ a\ckflaviadh tﬁ@é}ém é)e?bééﬂ foyanl éﬁéﬁ{ of
non- acti vated enzyne he reéceptor enzyne exanp

recept or Rﬁ"ﬁ’é%b%’ﬁ& {psteddpr xabiljty 0 inRibi o éE‘ﬂ‘ﬁ%F@de‘éﬁ' st tbe %CBV'MRS%ﬁGF yl ate
an ol i gopepé bﬂlﬂeméﬁtfﬁn@yméqu perfdernty, s@ﬁtﬁbﬁ’né Rietdctifq ihdidetdrning ecept or

[ klnasezﬂ;vvheret e fg is insulin nd i nsulin receptor kinase, where
t he Wgaﬁ PE e eRITied ﬁ“t phe@ws@é%m%ﬂrorem?@ls&geé% ang e%%@f"l‘r&tt@s in the

set incl ydeaddh® PkdHOBREIrbASs &t&?&%@&%uﬁa%@ed@w\as% b bRd c&f- the type

not ed above.” 15 For assaying the ability of one or nore test agents to
i nt er f er 8I0RAKNG PatyuMEeRZYMSPat ed enzyme activity, at |east some of the

reacti on m xt y &gt Yeehhl eHBoéﬁ'r@Hr&'f@rrhéeQn 3BsAMd FRlereenF Rk bRiropd Of
ligand, one of a plurality of ferent test agents. Alternativel y, or in

addi t i onaggnts ineiabibiting e SB"I“UPH@Q P‘@aﬁ%'b"&frpfrﬁ selented epzymeaithe e2¥Meddi ti on to an

opti ogl conGem ARtdePRrRéd Il SpBFhte RIRLOT niRiRs CORGE %Eﬁ?ﬂuﬁﬂ@ ®@htais (east one
test 20 agent. In another aspect, the invention includes a set of enzyne

subst r at 8e Pbmoffé?'?@mﬁsrﬁj‘da(”r)rﬁﬂ@ PpMesesHhsialpsdrogs higyset ohaubskatesncl udes a

plurality of @0zyifRe SpoSfid &hBSdimBAG ford¥ iM&crééningfor @R aValBathidliRd BBilig DI ety
at which an enzyne in the assay reacts with the substrate, to convert it to

the corr @E}%h@ﬁrﬂ@%ﬂd‘a giect eQ’FY')‘e Actibilyi thergaction migiirasesq RMaIN APRPE s to each

substr at ot (b}&weccﬁrar;ﬂﬁr%ﬂﬂcﬂfﬂﬂfe%rﬂ@&%gérﬂs bh@/oﬁ@ﬁe ofa PRkiYeoraffRpsmt | on
characteristic wth respect to the separation characteristics of other

subs®? at é@n%amcé@p%?ﬁi? RgeHr J@Gé@%cnpﬁ mikgaresere cam@inedinripr i r eport er

noi ety tl@aﬁaram{gnhb%usaméé bﬁ@F@Hu&s%fmlﬁéréﬁt%éaidﬁsSUbStrat es and products
in the set. The reporter noie be, for exanple, a fluorescent

reporter. The 1 ey bpiEates @ra %‘%é‘hﬁ)’l incluge (i) %%@ZYQEP $sHRG Teiel efi
functiongl mwnmy%dﬂfer kidbaggsts thRabNdimGraty/shd Bs Eotfdspehdifg pfRabd iatd protein

set, a unique separation characteristic with respect to the separation characteristics of

30 other substrates and corresponding products in the set, and (iii) a reporter moiety that
permits detection of a signal from said substrates and products in the set. Where the
substrates in a set have an oligopeptide substrate moiety, and the mobility modifier may
be (i) non-peptide moieties coupled to the oligopeptide, (ii) one or more amino acid

substitutions in said oligopeptide that preserve the substrate moiety but alter the



ki nases, protein kinase C, kinases regul ated by Ca2+/ CaM cyclin-dependent
ki nases, ERK/ MAP ki nases, and protein-tyrosine kinases. The kinase may be a
prot ei n wioneges€nzynme in a signaling pathway, effective teCphsEpHTRy| ate an
ol i gopepti de substrate, such as ERK kinase, S6 kinase, IR kinase, P38

ki nase, and Abl Ki nase In this enzyme 35 assay, the substrates in the set

i | ude th ubst , d 2/ 12S5-t 7

bot Va1 el HeRERbndGr S5t HEhE piEoHesRad Buid irgrens FRoraLbaETES

i nt le_reS'([jwrtmdgﬂePétﬂtkktd@rgei;@hd/@)(ﬁrmscel,arSﬁé@hi@ll n?sle tJQK I\/Ag Ki naSﬁ et

CVCIl I n-adaepen n | hases I has Dl at el e ervi e 0 act or
‘eceptor , opi HEFHA NGFERITS S PlRra NS DEbyRea reRaion B TEATH & oY KAoHB! hod

- for assay gipn@ae ties rdtep@r-enzymesctivay, thg saparald grpeetreg@ion nsiids ate, the
substrates in a set have an oligopeptide substrate noi et')équgnd th nobi | ity
I

modi 7 er PERESraBY inqlydedHihe epe PEE Fﬁﬁ Gl eRamiSdd) e RO 6‘6@5? e (i)

- one or nNHeBsABT Sithshated, antPEil)idnktor ltve diffekdift cOMdBRREMS dfend tg%hdpreserve sai d
substrate noi ety but alter the nol ecul ar wei ght and/or char t he

ol i gopeptniclﬂ’é"”gaﬁblat{'?‘ﬁt Pe F‘?%P’éﬂt’“t‘@p@ﬁ?%‘iarﬁ@?@t prligapg tSHﬁ'S'Pgtfter%?ﬂ”‘:@har ges

and/ or nBh@ALl REivaRNDI e eﬂz?mtéhm S&MHe pddtebn ﬂh&t@@s?rﬁél@bfy%hw‘r%n&f the
i nvention will beconme nore fully apparent when the |l ow ng detailed

descri pt ligandpto PIR¥IAE FRSNEYHA aicgwt,yé%\@l PhnLAstYAtedi 8RYMEt h t he acconpanyi ng
drampgs. Brighe I;&%bfdr%hﬂ'ﬁem tﬂéefd?fe&ﬁ\ﬁnﬂﬂ,ﬁ al@céﬁt&-kﬁaﬁe@ﬁgyrﬁe BffactRe,

simplified plan views of mcro di cs devices for car out

el ect r opiorreastivated sigtar @@H@Sﬂiorwﬁﬁetﬁ'bq”@?@ﬂ)ttd@a%‘?ﬁtﬁﬁ§ CgFR,lwpere

accor dangf Wahf id BEF :Fé\ééﬁtblr ARinaké qmwer%@trgéna% ﬁué@lnrﬁbﬁ@iﬁsgmh@bgﬁtbans of
nul ti pl exed enzyme assays with 4 different Kkinases, show I3)assay roducts

and subskingsegvierajhe '@l@&déﬁﬁ%‘t'mat@tEﬁé@‘Fﬁﬂt@"rQ'VY'Z@ assey, thapypstraigsamiess ar e

el ectr 0pB@tlﬁanmec&.gab&aﬂdeIsaesﬁﬁbt@wr@mesm@%ow.értbfﬁqak{t;é ﬁét@ﬂtabtﬂré‘as es,
shovm ng assay products and substrates (3A) subst ecificity (SB)

Fig. 13 i s an EPEasSAYHELPS P gPe ar more teﬁt@s@éﬂsmﬂgﬁﬁférea\wa apfth 3 cl asses

of 25 ki BafRted &AAlfhe a@ﬁvrﬁ)"@t RBsEAiE SHAPetibh mtgwcgﬁtaﬁt Weadityn t8NZy nes

I n an individual (5A) an rrultlcgl exed (5B) assa or mat | gs. 6A and 6B
are inhi Eﬂppbfﬁ‘ah%%téﬁﬁ%tf&fhgﬁﬂ Ane ﬁH?\?lUt'Rl&Y of(ﬁﬁsreahtastrﬁgemsm exed (6B)
assay f Omﬁ@rtn’atlv?&)(] Fr 6h agdlﬁtﬁp‘éﬁle@ﬁ‘t ﬁn@éﬁtﬁ@?@dcﬂgﬁ ﬁﬂit@rfes%oﬁ‘ﬂéhtt irPACRINRSY tBNZY T
assay with ol i pase and PKA ki nase; Fig. shows an el ectropherogram
of a mul @p@pgm@ Oétgggty'atp@rof@wr@ge phmpm;concentratlons of at least one test .

20 agent.

In another aspect, the invention includes a set of enzyme substrates for
performing a multiplexed enzyme assay. The set includes a plurality of enzyme
substrates, each having (i) an enzyme substrate moiety at which an enzyme in the
assay reacts with the substrate, to convert it to the corresponding product, (ii) a mobility

25  modifier that imparts to each substrate and its corresponding product in the set, a
unique separation characteristic with respect to the separation characteristics of other
substrates and corresponding products in the set, and (iii) a reporter moiety that permits
detection of a signal from said substrates and products in the set. The reporter moiety
may be, for example, a fluorescent reporter. The enzyme may be, for example, a kinase

30 from different functional groups of kinases, including cyclic nucleotide-regulated protein
kinases, protein kinase C, kinases regulated by Ca*/CaM, cyclin-dependent kinases,
ERK/MAP kinases, and protein-tyrosine kinases. The kinase may be a protein kinase
enzyme in a signaling pathway, effective to phosphorylate an oligopeptide substrate,
such as ERK kinase, S6 kinase, IR kinase, P38 kinase, and Abl kinase. In this enzyme

35 assay, the substrates in the set include the oligopeptide substrate, and a mobility



insulin receptor pathway; Figs. 9A and 9B show el ectropherograns of a

mul ti pl exed ki nase assay used for 35 nonitoring cell signaling pathways; 6
WO 02/ 12&0lm/1Rdr/ US( 11/ 2-1758 Fig. 10 is a plot show ng tP@r/usmeHd’ssf |igand
enhancenent of receptor kinase activity; Figs. 11A and 11 B show the effect
of various EG-/ EGFR ratios on neasured |levels on EGFR activity with first

11A) and 1B trates: 5 .Figs. .12A and 12 | ot s .show
(114) 2 oo B bR, Sl i B BB el
subst r at 8¢ kirhge, JUK, MAdWEnadee cydisulepandrd Gpases P3G kirases patelecegiied | |

Ki - and Figs. 14A 14 | ot s _show h i t
| o gt fe et icali gkt E o airtet AN an Can) and Low
.activating |i ]gaﬂﬂsé:mrmm_aﬁrfoatfdémsggm@b?éﬁfr ?:b‘t&eﬁ@ﬂ?xe?&w_aomg@tdligmeptige ed
Descr tiron .o t he C |.C I "Tent,s e. presen | hventl o ) |l recte
Do S P bkt 1R A TRTEs T Al oLl anayieE SBETe M amitne s gy o1 b
- whi ch t hendbiimimbaifief may be ai) ndh-bepicenhoietidy eRupREItE Mie BligdpdBtided (i) bae eel or

detected in a singl etection forpat. T neral types of multiplexed
resays. aMore BTG pUIRanS fubs PRaieoliet 4 Birsere SRR MiFdi pi o
enzymes auEalfs iy diecilal Weighbam/drachaide0dst the slidopepiide, bAE (iPy Bfease of a
plurality or, set _(%,f di,tgfe ent nziéme gltjbstrat%i. Each enzyne is capabl e of
convert i FPBIFEMOtEteRW l%é‘?%{t arges andiop Maksy Mief‘é'tﬁ)roduct, where the
substgat es andhess br$ BPRELBECH aAE fedtSreb aF thedRvehtibh RilEdtconmiéthreguisepar at i on
characteristics tha 8a}l | ow tgeetﬁﬁero ucts, and pref eral;l)l the substrates, to

be separ 2PRrent LN ot SSCHI0R  dhsainyention AR POHENoBecond
general ashale hodeapaigingidr@mings) Section B, a plurality of enzyme reactions
is carried out separately, e.g., in parallel. The separate reactions nmay
contain one or nore of the same or different enzynes, one or nore of the

sane or ikf PesHbtighofiRé DBwingki bitors or activators, and/or different
concentrations_of inhbitors, activators, or substrates. As above, each

reacf?on ni xt % 1AANda] haregiapliied aneviews st misrfwidicgayices & BEVHY ®bnvert ed
to an asseetrapifstels sPapitionvberRitblRes HitlioRd foJaRs, if AaEéRaaMRAItther oduct s
have different, unique separation characteristics, as above. In one

exenpl ar Y"VER#IYI nent, the different reaction mixtures contain a receptor

enzynme 30 t hatrigss 2KRWPE fteRfecbheral@ehsdf rhmmilés&etdeéhz?rm@séma«mmthe
ligand itself, at one or nore of a p uralltyFof sel ect ed concentrations,

and ei t h&fffegeptkinagas: shewindESaRLRIPAYCts 8NH GUBRiFaien@h) ra5d suRelrate $Be¢HdY to
inhibpt @ppptinul ate |igand-receptor binding, and/or different
concentrations of such a test conpound. After carrying out the_ individual
reactions, th&igSARNDGHP AeReFEPNgIogrHEHB AUPiewRd %@#gleaﬁﬁsﬁ}‘?‘ With 4nd

det ect i onjiffekeritkmaBes dMeivihgd3daPbroduéts ahalsBbstrafes (W) dntidubgiyate specificity

PCT/ USOL/ 2- 4758 I n both types of assays, the products and preferably the
subst r at é3Bar e separated on a single separation nmedium and the separation
characteri sti ¢if4 igankidtieghérbgraftionashiiiiéxddedn2l@d dsay With aResés &f t he
product are determned. Fromthis, the anount of substrate converted to the
cor r é2poffiigSpr oduct by each enzyme in the 5 reaction can be deternined. A
preferred sepaigt BAMNAIEE @ddhashoft ilattinhé c@lres iLap ktediyried®ir individuaher e the
products and substrate re separated, for exanple, by capillary

el ect r ophefrledidmylipipxe ) @83 RET¥n and detection steps are considered in

Section C. | n FRgobAeihdEEgetinhibiiién madairbmentsIn amiimtidul 8X) e substrat es
for the ITU|tI%%?EX reacti on nethod, as discussed in Section D. 10 A
df(g hagsay format;

Si ngl e- r &AER!

30 Fig. 7 shows an electropherogram of a multiplexed enzyme assay with

phospholipase and PKA kinase;

Fig. 8 shows an electropherogram of a multiplexed assay for enzymes in the
insulin receptor pathway;

Figs. 9A and 9B show electropherograms of a multiplexed kinase assay used for

35  monitoring cell signaling pathways;



Mul ti pl exed assays of enzynes and/or enzyme substrates are performned,
wher eby the enzyne activity of the nediumis as to at | east one enzyne is
det er m naah o2past7i cul arly the effect of an agent on the enegRESEHEHVASI ty of
the nedium Famlies of 15 enzynes sharing a common characteristic, or
famlies of substrates sharing a comon functionality acted on by an
enzyne, or copi i r. r . Y. | I ' ficient
eval uati on of E@n?@#&%?@t é&%@@%ﬁ I%fquﬁ@ﬁgy&n@ah%n%%giof l?e(%lﬁ&ogﬁlga%lzynes of
t he enzyaetivitgnposi ti on need have no conmonal ity of function, other than

oxaml o, o cr g b apd T phdE o YRS BrplS BaTIeCR ! APAEhRd, ; ot o

. and/ or pleveidsainsEGER sepatyatithdirst(d1 Aledrecdezdnd Whid) subdimtgs; esence and anount of

i ndi vi dual enzyne an det erm ned. or ecific . in the

amount or nat E&é i%'& ?ﬂ%qgﬁﬁé‘?{ &BgﬁoyH@/tB%%ﬂﬁ%Pgemgntioﬁ% I%'O%S%f t he
-efBGCFdOhFFﬁmﬁ@EﬂDan@&?M?ﬂi@GB?MﬁmthﬁprOdthSmgay behdeternined f
i ndi vidual ly api llary e t rophor esi.s ere e ampunt or, nature o
t he products Fﬁ'ggéﬁﬁ‘pﬁb’@dﬁé"'@@eﬁw %@%%86%9 @RI {Hass 55950 esul t i n
the absence ofFig‘sthafgﬁcmtl4ﬁ“é_i’€pl8¥$$§maﬁngm‘tdngd@Incrgye;_ftd)r_rldlsin@mrr]adtiawat_r use for
screeni ng. conpoynds, for theiy e on, enzyne .acti vi changes

ool | ul ar MERAERGTRRd consenatAn AL BrAraEo i At W2 The
assayo r eqith'EeSF hawdrnpgetAorset of substrates that can be individually 30
determ ned. Depending on the nature of the enzyne activity to be

determ ned, each of the substrates will have the appropriate functionality
and conf gregaigtion ofieUdpddie Hrtnefimertal ity to permt binding to the enzyme
active site a under goi nq, enzynati ¢. nodi fi cati on., The i ndi.vi dual
substratesar «3‘?‘?85%?888'“8?’%1986% eqt%cgg 3 fethod OW@HF?t'"@fm‘mﬁ@e it
reacti ?Dasw%g,rmﬁwslé‘?a?@mt_ Efh ﬁne{r@gﬁsidfrpugr@laﬁﬁéréntiemzymbamb t ar@ ?

separ ation characterjstic ows f.or separatlon n e
&t Tahlors0 st deteciaalin @ Sngle Seleion Hgndts 313 S8R ST SADITEPRE changed
clhar act eﬁb%ﬁ%r%bnﬁeh@la@e&hﬁﬂlﬂﬁﬁfsn gﬁiaﬁlé@iri Mtbhmmﬁwammamred in

el ect rophoresi s, . .chromat ogr aphy. and mass spectjpongtry. ry

separ at | GRS¥EIrALESAT] We@gﬁ"gﬂ@g‘%? BRATRIENce Hf)%gﬁirefléﬁ orﬁﬁ?eﬁdx'&fnlgp?depend on
t he predenibyraa@tlibstates! Eachabgae i9@HableadT oIy one 6f.the Balshttases tofa t he

nol ecul e, but also on seconda&% factors, g such aa,sh%%@ %ﬂg

hydr opholSPEESRPNARGAERdICh Ve Hie SuSttes And caRESROBIB PGS RAAL i on, t he

prodpgt s difePshiCefigURYseparatith icharae R idstharaliely the Braubst amd pefdrablateet have
di fferent segaar ation characteristics framone another and fromtheir

cor r esposHPsitptet e serarateg fiomengpRotherp agiigle separtionNedidMs et al so have

di ff erent sepan akbeshddtieed laesayst e detdiltimBectn®, keslualig of eamneach of the
products in such that each _substlrﬁt and itls 10 corresgé){gdj ng
gk g §eRpap

t he, set, h .
product CERFUIRRS i§iRRHiR QU SERRPEN § %ril PAER SRRETYISIRRYCYL_Yy
Exenpl ar yong @k snodéd ofsthb shimat s HiffePsnt edgyrh s, tdne or Mot bi e saimel orldéfedéricussed

bel ow. The enz S nmay b ivided into different. qro . hased .on, the nature
of s L Arais I onran vk, Saitol AliSent corEeRic 8 PRpISE: aubators
gi dor Edl:b@fsatsﬁfatesl Yasstsove! éétilhsrfaaétm&fﬁixtdré OOvREIAS ©fe annhoLei g&seﬁteer Isynt halses.
particul ar ipterest are asses 0 5 enz s that ve p i ol ogi ca
si gnifi cé’ﬁ‘B%’.'e? Relng 8?1'}‘S‘Fﬁtﬁg?(i’ ﬁ'&?ﬁ%?é"aﬁ?%[’@%Hc kgﬁ%{&ég‘?s %sgﬁa? #46s, esterases,
protei n pafssitridaggFodictonBedifsrent Lifigos gbparaton chardiaistice ais ghove ehses,
i and the articularly enzynes

dehydr ogenases, oxi dases, reductases i ke
o M haipB SmBnment A RS SRt reBitonBhares SonthR irmERR Sty
gl yceey! ahatigknawittoechatlated oginhsitde By al ligaatiythe ligars), itseifieatensmy nuee bir t her

subdi vi sions, .as_in the kinases, 20 where e ki.ngse ma specific for
 phosphor i HiiaK c6poletibf sencaRietons At ST T iRR e PRLR A 1 pept i dos
and lolr ot %icrbl%neér s émzmywmhign@tr siElatd I:jdangﬁé(tdwc& batdirtgeaswox?dww_ | s,

usual ly at least 3 enz s and may include 4. or re_enzynes. Wi any
. maxi num rﬁ?ﬁﬁ%rpraﬂ?”seﬂpﬁ%gg‘ 'GP IqO”}Pé’xB‘ti'b %t?'é‘?%y':y'n&so"gﬂ'ﬁr'ﬁﬁwéﬁallreﬂ%'topa‘rt,ﬁet her e
wi | | usuabhstioheniktamsrare kRambihdd 25 ddipbiztiba ot asndsteeton oftheprosuets bpd f ewer t han
9, gggeralk' in the range of 2 to 8, nore usually in the range of 3 to 6,
converi ert é”%e%o 6. A group of enzymes will generally have conpatible
reaction conditions, such as pH and ionic strength, however cofactor
requi renents, netal ion requirenents, gnd the like, involving assay

conponents having relatively | ow nass concentrations, e.g. cofactors, need
not be conmon.




30 By independently active is intended that |ess than about 20% of the
conversion of a substrate will be due to enzynes other than the intended
enzyme. WaneonsLondi tions require that each of the enzynmeRCpUSMiHess a
measurabl e rate during the course of the reaction and will generally be
that each of the enzynes has at |east about 10% usually at Ieast about

20% preferabl eas about , 50% its t ur nover
U2/ 125. 17 PCT/ v?'p@fwiype,s B8P3t ’é"efpé?&{% 2 %P?feé%g}hes%%{r?t&?@re Wi t hout
si gni f i caaparbtetianfesisgle separation hedoomzodeind sepetatéch cfheracté're;tlobhmmenzyrres.

F h ' ed [
condi 11 oRER Bt SR Rlete it S e P e € BRRIP RS PRELHERG ng on
. the nat utte &naﬂnttdneutmuzwm\vaneld &smemrmtmrﬂu@qirommw eayh bezyne iurthe I y

occurgring or. s etl nt nt het.i c ce

separét ‘?‘?Cltg'&ﬁﬂ” Eﬁgg ﬁqénP reaéfagartaﬁl%claarant @Stl‘}r'%at?{?ﬁoéﬁjoﬁ%“cgr oduct
-wi 'l be dﬁibﬂh 0, alrles tmqauadidc,ysl mff/smf@ltratds_a@ebe;isd?afedaﬂokem;ﬁlerby caplllary ] |
spectro trig, rticul ar uQr ric, detect chenmi ca
dot ect | oAECEBPITPS (Fak (U SsPardlion aagidElCph sieRt piseansered BRSO Fi cat i on
of mul ti pd gxstBerkispasietrasardttion prsviddstAss of alilkstratdsdbofe Bhiitleeld reaaioaes t hat
phosphorylate a h droxeyl_ ro}l@ many of which have high specificity for a
parti cul et @%@F&K’ﬁ%?ﬁ dig e Bydr oxyl group, may provide intra- or

i nt enphosphoryl ati on (one may conpete with the intraphosphorylation with a

hi gh concentration of _a conpetitive substrate), and enploy a 15 conmon
react ant MA —reaign ally have about the sane nedium requirenents. The
concentration Mﬁlt.m@yﬂmswd of @ﬁméahh&/ob@nzmetmerategar@Femhma f1 pM Ei 0

n of product

1uM nore properl Uis defl ned as luno

format | oN"’ﬁeFP%é!ﬁ‘f“? %‘é‘?y”&%ﬂﬂl"w Btjé‘? m%& é%ai’yoﬁ%ﬁmwn%ﬁ Sl @Nstven in
Exanpl es pirtulakip thad@Hecy 8 3h ddent be At emm‘ecwﬁvty &Mbe ARARMEGT Pemilles bhe
targeted ki nase(s in 20 vitro con |t|o s.to support activity of exenplary

ki nades §Féyr6§<seﬂi%”i"9|ae99”HB‘P'bG\P%{ﬁ%FPB$t'°oP F'We§é’f§H 1§sShaRBeg greemmes}

exanpl e, flrftBoffBEAdtedN o 8 @hankymé SsHbohfindtiBas HefsHt e eplpldjeden frRGhapide
anount of a nucleoside triphosp hate such as ATP, usuaII at a

concent r #0f GHicient pYRIUGloR L eBFy%l‘}tﬁCt'M'tlef aMANZHNE CPRLOBHPR e?rhe SUoeSs HEPES

or Tris, oitelerggmercahippsiBién Abe®hHREEEIHMbhAY bﬂ‘uhé‘t@nr aiheethah bakuf 1 -
50mM at .a pHin the range of 25 about 5 - 9. I ndivi dual enzgrres w |

general | wtgr@sblpégrgpﬁthp@u SgPHHISLASSAY 1@ "'r“&ﬁ@fé’fcfPr FHIRIe. 12 Y9 n torms ofy|

Freqpent IsieCatfec@ns are enpl oyed, such as I\/g I\/h and Ca, generally at

concentrations in the range of about her additives may include
Hhere e

DTT at a conceeitplino fates g r(?dea{?E?dﬁ S@pafatedmdem% ances

sodi um okdren¥aBAsl aeuREf |ﬁlﬁ/l@u@|eﬂiﬁﬂe§i§arﬁbé3@ét§ﬁﬁhé@br @ﬁeﬂeﬂsp’b&ﬁcrange of
about O. 30 2 nMto inhibit co m nati ng osphat ases. (Al so, _inert

protein FAFNISS N MG RN E fElreS %9&%%1@“?? angier RFPAYGLR, i pdicalivg of trEener ally

at a Conféﬁéétrcﬂfah@gehﬂ dei’ehlaﬁﬂlﬁ tied ;@Eactb nﬁéylberdéierfmﬁé’d deuﬁn;EMent
non- sgem fic bindi nglpand i nacti vat| on of | ow concentrati on assa

conpénencapliay sixaraPhqetis, WherodRt 2BRYYRS MBI GOREOIUES BURF BEENIEAT many

mammal i ar&hdgis ﬁﬁay Behsonieaed t tootne irésUMan feesbseHte aﬁthé @@QihtOfTh%' stpreed
t enper at ur es in e range of 20 t veni ent | room

sual | (o}
(ca. ZSCW?t@?ﬂ?é?%’tflTrgé paﬁ!& 'aiése R o074 'I‘S;F‘?”\?@WC% fep fiel e%r‘i]‘gborh‘?’lfﬁ hroughput
appl i cat igefisty, @m@bs mncéuumeh@yma actmftedenz’:ymé acdivitsored mgdfuhooniftett o 4h,
nore usual ly out control mas%egf s wll be

perfornmed, whené qsﬁ%y ?eayﬁe%havan%? ﬁ@i %Sé'\ﬁi et Fampie Wed with a
specighi ¢ getsireat @ep@ﬁd“ﬂ@bh tes nathfe 6ﬁﬁ§bh@ﬂn@éctﬁ/h¢t&bé§6&k§ﬂﬁnm tdach of

combi nat Itr?engubos];ratse% wuﬁ Fg\;eet e a%%ro%trlai%rfun&lo%%y and com%rma)tlro%sa ?thor absence
- functionality to permit binding to the enzyme active site and undergoing enzymatic
modification. The individual substrates are labeled or become labeled as a result of the
enzymatic reaction, whereby the enzymatic reaction results in a change in a separation

35 characteristic that allows for separation between the reactant and product. Usually, the



of its respective substrate. In perform ng eval uations of candi date
conpound activity, the candi date conpound is added at a desired
concentreio@n2er7 a plurality of assays may be perfornmed wahushe+randi dat e
conpound at different concentrations, covering ranges of 10 1 to 5 orders
of magni tude. Dependi ng on the acti vity range of interest, the
concentration of the ca ndlg}ft range from abou Mto 1 nmv

dependi nghaiged Fhargqtaristicwtl %E’?q ) MigraiLHES,RHC éﬁé"“’oi)“r‘?g ™unber of

enzymes gRctrdhof@al, ld:ﬁ‘torﬁé‘t@gr@@hyléﬁd fasé Bsediidfietd! OAE ekdmpahi sdpafdtiencandi dat e
is being investi %at ed, icular inter are candi date conpounds,

whi ch ar %h*’ﬂé?tﬁ@St d?/@keﬁr@%ﬁ%ﬁt'q @Bb'BWoW'Eiﬁh Wil de‘a&’@f‘g\?’i”tt@e predgmingftiypp Fie

usual I'y bies§e thads, and BRap£ii Eheadina o halhole Qs Wut blRe oe.rsewrﬁadaﬁact:orsAfter
conbi ning a I of the conmponents in the reaction m xture, Bﬂz\%gl cal l%bt he

enzyres BN FuHAPEANE YEFRRBORIN AFCoRting inRitimAcFiapt fepiyre nygnt

- si nul t angRUsroddds bicalca by BEzypElchbAl?Sion bl els@B6irtesin $satl Ha0wafeteht
proceed. One or nore aliquots may be taken to obtain a tine course of the

react i Ons%gar@@necg@ﬁac&ns(tlﬁ%frgwagpg@r apd frog thais RoePPINAIRE SLDSHANRS.  eact i on

may be qp?‘é?éﬂ&%@ @ﬁés@ﬁgﬂré’@sﬁf‘thb%@t Bk Rbve &ﬁ%ﬁ%d&at%ﬁ%b#ﬁdé?@tléy fgrRsses,
such as heati n% initiation of separation of substrate fromthe enzyne,
?

or ot her oedANReesnd frmapach phingpreducts i t%$%v@qq1lt0%¢teraﬁhéub%fﬁt%a§d its

enbogh MRS FePonding p?o%ﬁ@vcémwgﬁkquay%aq&emhaIdat&tgaﬁﬁma|t.a@§e&§&@yed ina
single reaction mxture. Figs and 1 B show 2 he channel network in
two typeExempancaly sprbhsiaies f@é#ﬁed@@‘i\]@éﬁi'tpﬁ Wilbbe QES%GSGGPG{% separ ati on
and det ecti onTheaRyrREs mBY b8 divided ih® d?t?érléﬁtrdfou&, basdd oh the nbitfd 6@hed 20,

i ncludes a separation chahnel intersected two side channel s, which

di vi de t Fetalygerdhreactiom EhranaImeg wapﬁlne@qﬁshwdéaﬂs%%%rﬁ%ﬁawglyaﬁem an

I nt er medyah&e BR8P iSoristh8dRan £iljaaBs 3ﬁsyn?r%e§no¥'8§ﬁ16@§ﬂh€é?é§}%é cl8§Hsi 28. A
sanmple is contalned in reservolr 30 30 network and | oaded into

regi th 2enzqu5ethafs%avs|@ys@@siqabmgraflwpeaaeeseserpﬂya@ém@eo@@team@n@ms of the
separati ggy tﬁ:‘é@@é‘%'ster&@és bfkﬂelﬁlpﬁﬁéﬁr%%% %érﬁer‘%&é @ch@&hé’éest BhtRathsds; at e and
pr oduct conponents of the reaction to nove into rough” a separation
medi um c8ftedsescdeydngennses, oxdases mslugtases apdite tiks: peﬁl@vlaﬁhéomne% uch as a
st andar d;{eREQ fPaki hg%? ﬁ,’fr&%@&ﬁg%ﬁe%tb%fh orBasit Bha' ”r%?'?@rﬁd: 69%65 by, dRynst ream
end of the region, used detect mgration o | e subst rate and
product Bedralzing eaides. dndsy elass dheregprube further SWl\oezmszssmthe kinases,

PCT/ bt S| Whbere t%%%ﬁa g@w d Qd}%tﬂlcxor pﬂoga%rynbmr%ﬁerrme OhrdoRfesRpgrat ed product
and substrate termned, for exanple, according to neasured
by peak HEPHM FE@thQé{g{kp%nt@&S apdPEteigs.of exenpl ary run conditions are given
in the Exanpl Qﬁe%ﬁksﬁ% cEl'ana&or% W RYudR dfisHspd kaﬂhé‘sS u%ﬁéi@%'led%?ﬁmr k 33
with a separation chann 5 1s intersected two si channel s, which
di vi de t RBZYegfaanst méh'r@h&‘?ﬁ’e@r mafecEyaesn Mvle any %&W&f‘l%ﬁ‘bﬁé@ﬁ on 34, an

'nt er medalin&ANM bR A OtrHAE a5 @Prafticalfimatidtdthare \MI?%%[:Q@'BeCfBﬁ/BF‘@nanQQ' on 38. A
sanple contained in reservoir 40 in the network I"'oaded into region 36 by

drawthg SHieHIN ePEBRES: FOre asallydewer thew Or eanerayiin ”}432'3“9@ Pt ISRIPE | 0adi ng,
the sarrphguarmweaiaﬁg@sﬂa Rf@%berﬂém?m%rﬁ SA gfo@pweafﬁﬁ@ﬁwm@@né%met ect ed
as above. ampl e 1 describes a single-m xtufe multiplexed reaction for
four dif f]éy%ﬁ@mpatlble reaction conditions, suich as pH and ionic strength however cofactor
requirements, metal ion requirements, and the like, involving assay components having
relatively low mass concentrations, e.g. cofactors, need not be common.
30 By independently active is intended that less than about 20% of the conversion
of a substrate will be due to enzymes other than the intended enzyme. Common
conditions require that each of the enzymes provides a measurable rate during the
course of the reaction and will generally be that each of the enzymes has at least about

10%, usually at least about 20%, preferably at least about 50% of its maximum turnover



ki nase enzynes, in a reaction mxture containing a set of different enzyne
substrates. To confirmthe enzymatic reactivity, an individual enzyne assay
was al sowparfiessmed for each of the 4 enzynes foll ow ng t hCBBS$ME/2PT8t ocol as
for the nultiplexed assay by 95 using only one enzynme and ifs substrate in
the assay. The peak |dent|f|cat|on is shown in Fig. 2A. To denonstrate

SPect 1 Cihy i Db dBLEAEC AR Kion kDS ARSA 1AL AR HESoARbAAL ned

const ant e SaNE pro e nultiple ssay,
except taddeddnt hembizeremzymes.was added together with the substrates for the

th 3 20 t
orner 3, 20, BN @RS U GBS N PebBE AR
. each of Cdﬂtdltfoosrforetheynmne(s)jwttmmeamsctpnateembefrateheD@phmim@nrzﬂ'mmatwsed in

enzyrba. & 0o Bltes SRadad e byPE Dol ke naie Bt BBt oocc ot "t i s

- exper i mefieéquendy syntAétial edinesfor ateemostlﬂanpm;)amiioa%enmqmsfane nsettfer af t er

optim zi of t ex i ment al 0 as _to, have d anounts
of ' br oqutretiostot e PabpER Boo Gl i 15ea 58, Belin g A BReRBRE " "ana

Wi t h t heallowsitbt spdcirophgtomatic, ganticHadclidorimietric, datectidrsor eéctdichemicalr t hese

t hree ené%tmes with one enzyne incubating with substrates for the other two
enzymes tube as in Exanple 1, with the results shown in Fig. 3B. 30

I n BExanpl e 3, Nusteativetdidite $LEbjet$Edehm)nasﬁmyexehfpﬂaﬂcahloasﬁamltipiexlsd Raes
phosphoryl at e

ser ne and threonin ctivel with the
D bepr ot B o The BRePSs R oMt Rt G BRMeR Tias bRy 8 vl 908 s o
in Fig. #wnylgawhlcﬁem%htghatpecmhg/ faba bar!tuyulangerdm*oamegpfostnelhyﬂ;]caylcgreuplgnal :
I ntensit or eac substrat,e an C onali IO |nteS|nge
react i onx}?yffcﬂ?’ﬂ - inffg-or'i "(T?P'l%' %@glm? S‘Zq%i‘?eé T’%éhero denonstrate that
simlar mtrapmphbwtioﬁwmraahugbeonceedaucm @fmwmpetmeymna@aanw@npmyg ]
S|ng me reacti.o action roduct enerate Yy
Src- na§ apaﬁgaffﬁ?”ts%ﬁé ‘?féfgie '&iﬁ‘u f’%tz&%aa%&g%%f meBiRy  and for
PKA al ongh&Bendekihatidh &f émymepwege@bré@aﬁuhmﬁe kahnigg .of EB:)utwelvetom@M ingsfeout . As

seen fromth »d t lots in the two figures, .substantially the
same 1 cabtorgy B9 St TP s et o tmiiSitr bicRyrL Bt drana

nul ti pl econutone).r Basthplary a8s5y usefitionshes givenlin Exeposieed-gi n Exarrpl e 5 was
designed to s s.int mul. t i

w t hat - f ,
substanti al | y&”ﬁ@@gﬂgﬂgfaﬁ@ cco(glc]@H%ﬂ%oelpr}qﬁ‘)ébqarf%ggarggt% '@Pﬁ‘%}f;vé” enzynes.
The mzyWoeﬂﬁauw@t_ova@p&n actiiitp @6 exerapigrykireaesvard elentplitied beldweand®renzyme
was prese@ﬁ elt er in f or mat

mul ti pl eSER2YRR ?Wm’é‘ttﬁ?ls'gllftggorg%‘)%pnzpkn?@ee@ﬁCtl"?‘béﬁr\eﬂ%'yfr?%}iﬁeéghe picgenisedence of

aﬂdl ti ﬁ_ngh effectie aneiuny oS numeédma tﬂyh@smbte» emwseATrmesmaw dmashnojt ngf f eclt
the inhibitio reasy r ement ei.t her articu t val ues
are corrpﬁ?%?ﬁlngatl'%‘r'” R raRgeq BP%%@d a%&ﬂw? S@‘?r’i’é‘?f E\ﬁHCh ﬁﬂ}'@%a?rerﬁs‘g
1; or mat . b gemErhWbe" gisaltdriceneatorah 3ite @h@abne@bthKA ea}@mm,[ma %-Bmihe ra@eaydrret hgfl
esc ed, i em)nstr est t the tipl exed .assa apt abl e
o’ ot f oot e aBulidal SRS TRael Generalb s AtERe et ATOHS BT 1OO8AhI oped t o
obt ai n remnR@bI-SngMqu@ntlwﬁm‘el rare al’fnﬁlbyed! rSut:hlas I\eggaﬁrpdargi Ca) hﬁ t wo
enzynes in t ssay_ar ol i er_the
condi ti oﬁgneﬁ@'?ya"i'at Cgﬂx?ﬂ a%?ﬁ tBe &3‘3%588 dQﬁK%néf é@éﬁgd Wi PPexed assay
gi \d/es subgiuastDTA! ttya tdsrm:aﬁﬂatﬁmn‘g tsimaye bE&ddCti 8. 1acszmmldln\d/sotcha'hsuahalaaphol i pase
and PKA as The I ed assa t ho escr.| I n 7
vol ves AP nEREy St R CB T imBRUSY b Fr e AR B mrln g AR
IPsuﬁmn Qeﬁrapbmmﬂmdmtse&mnardg Wmeﬁaa_sww&ﬁ nt@rnm&am tnleycu»elrimmml | edasch he use
of the assa tecting activitjes of several, cellu enzynes in
o si ngl o35 AYARGY. geyn SRER. el sRDET U ALS EuenBRIE B NG SESRGH: "t he
acltl Vi Itl es1d06 righal, tch;ljreeeretrm?ayurmecnﬂahlfnbmgsulnnm’laatosivamwnsdfyovmaamdemmtdanlh n a
nul tipl exed ass simlar or _Si t.aneo a t he
cactiviti @gsqyfcomﬁopeﬁs Prﬁzﬁmc?é’ﬁm S P ﬂ&%é@f%ﬁﬁy* §en in
Examﬂ 2 &Emélhntmsbsﬂaéeéac%n |sR§h‘3neca(E]lﬂ aﬁhabmWélbvétb@temmyéthmss hovvr;ol n

0 i nvest te [ a i nsvvee e same
exce oHF'fﬁ”éSHéFﬁ? %ﬁ@e{ ﬁé&cg éY‘?”éﬁrﬁ@ a?fﬂa(%f Igg %G'PP?{Q é‘:é Were used
in the assay to check the cross reactivity. As shown in the Fig. 9B, |ess

than 1 % cross reactivity was observedmbetween ki nases and the substrates
for other kinases.



Therefore, these substrates are specific for their respective kinases in
this experinent. It is evident fromthe above results that nultipl exed
enzyme aweas2gdin be 35 perforned, where not only can theP@RUBMI2HYS80f t he

i ndi vi dual enzynmes be determ ned 13 WD 02/ 125a7 PCT/ US(I 1/ 2-47S8

i ndependently of the other enzynes that are present, but al so agents may be

added ang; . nt s san eae t I be

Get or m g EroRCAEapPlicdidf 3Rl 1R ERNITRLSd) If RIRHIRZSRE.A B
enzynmat i Ooreaswallp@banidd.$éd élot i ng substrates that can be separated, using
for exanple cayl [ S, t e he enzyne
activity of ne%étai&%Pﬁﬂé&ﬁ%ggﬁﬁeﬁén\?%%egﬁ (':—@H‘g(g V‘rllg%? g%yaﬁ?fgar%ﬁ%%d. I n

. t hi s manaszynoawili eadatemdiniogbwitlaa speciiapibdirates s wel ad tiioreaatian ofithe

and i achim Wi SpnBReleld dneuBRtaBr kP ahisndlnits, FL e Ssplle & fiftcg 1 Crar
enbodi nent itofespbative subsitaten, i ndi vi dual enzyne-assay reactions are carried

e , - Fol . et

ract ons't hel LR EEERAAbH S eansrl St tPu b TN FR bR, ™ et onsy

ar e conbcomgdoandiis seded at 2desiredcoscengiation eaatpiwalityretiassays eay.be by CE. Each

e Bor PR TS TBSB8 AL ARG lneBResayRne BRLSREE, o,

a singl e1s0bsirdert ef fragnitide Eepeydiagdnhdhg betbaty ranyeasiditerestid on m xture. The
t of bst r at I i,n th ti has .t al ti

2o that  Patgrreien i PRt EidgP onaabds hmaenrfnelde UL FRRiE of ¥ Chcn

subst r at entishehted actbdity L€ thearaddidgtep thedutibdn @¥ enzymeglie tisemadiam, 61 nature

char act er| t%t i.C

al l.owi n hem t.o be 20. separated. fro ne..anot.her .
S ar 9! PRl WO G Rel s R IR EERAEr OF oR BRI st
al | owl ng ateheamdidatd eorappuaridat which monbeing insastigated fanbiofagal adtivityg teleer
substrates. As indicated ve..the suhstrates in a .set nmay be distributed
g5 ai Prisseir ALl i &ROF s e Safians ohalse lault, 1o or ror e per
m xture. | n omgteexa@nphmgalladie empomentstih ¢hearsaetionvaixiue, tysicalpphe ed to
| i gand-activated por 25 ligand-inhipited receptaors, for, purposes of
screeni n&n@@esaﬂbdoﬁfﬁ?%‘f E%P%%%Eha938%1%@@%&@”99,&)’4??g'{Ts)'-ﬂan%?USacti vating
enzyne aeatidion pf the\substrates,ane regciidr is allowed tb precedal. ané ot moRCAliqaos.may
Receptors represent .a significant, class of targets for drug screeni
because. PRAJIEEE PIVOR B ToHTSEc NGIGRIaN Sis Srh Qb 4TS SR TeFs o fads Spolr
i NpoRo analquotathy réaution hyheadunchatbby adhing ao inhibien istopped by sieasturiMpny
receptors_have enzyme dommins.. 30 such as the insulin receptor
| houl T o PIAEBSTRs Aot FaLeer LBt Soapritieh AR bairfle FEEt Be Sniayme. or
pl at el et other comdnigrndowidantact or (White). Sone receptors can be coupled to
enzyme for as ing the receptor Bunenmann).. \Wen ligand binds to the
Speui i o si t o e peBH R Hefs {ariols Bybakinats oiPe pERLBaBbliN ' onsyre
domai n. luhigernyltiple sezymed erecassppe ins single odavtion kiixtase, Figdi1éatandaiB sreow _
TeasyE o0 W clEhe! AuBK RS lyobl 8r SBborbratr URSE NS h 2k Bl RSyt et i €
separation and detection reaction. Briefly, the network in Fig. 1A, indicated 20, includes
a separation channel intersected by two side channels, which divide the separation
channel into a downstream separation region 24, an intermediate sample volume region
26, and an upstream channel region 28. A sample is contained in reservoir 30 in the
30 network and loaded into region 26. After sample loading, a voltage is placed across the
ends of the separation channel, causing electrophoretic migration of the substrate and
product components of the reaction to move into and through a separation medium
contained in separation region 24. A detector (not shown), such as a standard confocal
fluorescence detector, positioned adjacent the downstream end of the region, is used to

35 detect migration of sample substrate and product bands through a detection region,
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WO 02/ 12s.17 PCT/I11SI11/2~7s8 Since the receptors targeted in this

enbodi nent of the invention either have enzyne donains or can be coupled to
an enzynwda ey12at’say, the assay nmethod is applicable to scPEBNENRIESY | brary

conpound for conpetition with |igand-receptor binding and direct inhibition
of the enzynme domain. To illustrate the nethod, Fig. 10 shows 5 intrinsic

dli - i Vi i,Vi , f i d I f
(EarR T R2aiokbiy SEhriibt BY FiseBrrt®) REPMart 50 B2oH mh¥pe() ow
| i gand| r eletgtined; tmegatpkt, becoydingit mbaswedbg pebloneight draeak Reea. Details

| i gand-e ptor..enzyme activity. Firs i f a conpound conpetes
with therhl?lggérﬁgla%@%bqoﬁg'i“ﬂ%s '§ YFE '?Z@e%’f%??'e? h%IOWeceptor enzyne activity
,Wﬁuld be Ibet Wi 18 sigavs2a aﬂuﬂomﬁmcrci?nnasmwb mtgsat\{giﬂm ﬁgamuﬂ@h dgm_ﬁeﬂtﬂatno'f
show gcomplete ¢ tition. In second,scenario, if the conpound is a potent
corrpe%i t & m;q{aeﬁf??g@vgp Waﬁﬁ}’%ﬁ%ewpgt e {wpsr%'aﬂﬁaa@%mf? Briumtilts to
- conpound doemepéar sepadtitm egicCRp balintedadide \watipit Willinie S Béleindrin | nsi ¢
enzyme activi tnﬁ' hAt the_th%d situation,, i%, the library conmpound is an

i nhi bi t orPEBEFRENBNES) FRIR AR fySafRE aRipedin reserydiE 44 st theinevalk 1S be

bet ween Qoaed istoaggiorR 36 AyRIpavang shimbiedrdr theviebbrvbipirdd Feseplirt420TAfidr he 15
enzyne. Baseg on the above deié%cussi OB) i%sgﬁossi ble to screen a library
corpound SPBIPY 1PGAIRE. BE SAMRYF SBERIRIANF RO, CURRYRRITS A% ssParaled and el uci dat e
t he nechaetstedds shamgi ng receptor enzyne activity, a high concentration of
t he conpound n b sed. If the enzyne activity never drops bel ow the
intrinsic act ic"'sﬁafﬁe ﬁj HesTibRpSang's-o V@HH‘EJF‘R}’%F%‘@%@"I fopfour differaat |  gand. On
t he ot herkifaa@nzyrhied, e aeegdlion naglievddnyaidihg elseRElifcrefRXGRyMe2barmENt of a
library clorrcpoﬁﬁnd dré}ﬁ, bﬁl ow the intrj ns“i@i activity or to zero, this
compound 'PCAHER the enzynaln reacyily; e ndividual spaneiasaay wasiseRastormed fofay not
be necessatl of hedPeryiies flionae) thB@aRiel #6®B0IMs bt m@!ﬂgtiﬁeMHﬂgy ei t her
conpzkln with ligand or inhibiting enzyme donain is to stop the harnful

h to stop t
si gndP t S9N P 5ReRa NG Alts sybpirale db e assay-g Fmperioideniticat) i shewe. g. )
oncongenen PigoeARsS) . 25 In screening for conpounds that are capable of

inhibiting | igran /[ receptor bjndi ngé there are two, and sonetines three,
vari abl es t hat Oréjfé'i‘o ale-snesifiety ofike Aultipiexed gseay. theeagsay yplungWakl e is the

test conmpainEinetthétant afid thesdn® GStdteMRRswe ad % theSRIRPIRESasiesi ved from a
l'i brary ofP(%gtentl i nhibitors of Ii gand/recegtor interaction. In the

I
present & (ﬁt‘até’”ﬁ’aqrt?eeWWSé’Yascﬁdngé?g%'éﬁ%@ﬁ g subgiratrs foF theeatleer 3 n
sepapat e eag@ays BQ., ModubkRSte fEARE eRBMAINthE AséEmRNFYTEALEKh B sptih el
concentrati %% g{%l i gand, where each reaction m xture contains a substrate
froma sét9-6P: {54 FOSHERRLINLY PriveenRach 9 e fqueengymesyanddbg  di f f er ent

separ at i @absthAe61tAe ofidr @dyriss WRldah tfslexgbria@miti on D bel ow. The reactions
m xtures, or rti néfit her eof containing the products and substrates, are

t hen conbi ned,~@BR& af83FrPRS 2 sénitayeethediavalving thebwes ayzyans Hekingsed 35 as
t o separ ®dcoptor hairek @hti FIKACRingsed - TheQdREdJedTiNs @kperimBHiwidsty, to identify
each_product 15 .n2n2sa~ PCTIUSII|/2~758 and substrate. Those test
conpag ndgeffﬁatstr?}ﬁ&\?ﬁ%‘g@é?dﬁé@hP%{B?f@aeﬁ%ﬁﬁ%r Griimiziagatihe lcgp@imental | denti fi ed
as pot entcbaditio)db dateRaledsalsioed anfpadbirédudtdor et A @hatk Faction, as

| i gand/ recept i nt eraction,
9 de?emeg En the examp}e, and with the results in Fig. 3A. The specificity was also studied

for these three enzymes with one enzyme incubating with substrates for the other two
enzymes in one tube, as in Example 1, with the results shown in Fig. 3B.

30 In Example 3, the method is used to assay three classes of kinases:
phosphorylate tyrosine, serine and threonine, respectively, with the substrates and
reaction conditions given in Example 2. The results, shown in Fig. 4, again demonstrate
the ability to detect position and signal intensity for each substrate and corresponding
product in the single reaction mixture.
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The second variable is test-conpound concentration, relative to the 5
concentration of receptor ligand. As noted above, it may be necessary to
exanm ne wzemesgctivity |levels at several different |iganeT/esdl/eoipound
rati os to determ ne whether the conpound is a conpetitive inhibitor of
| i gand-receptor binding or is sinply inhibiting enzyne activity, and to

determi ne t heﬁ%ﬁ%ﬂ%ﬁé’t‘é'tﬁ s%nla%'n?ﬂn% Eﬁwe I&Sére%%%%@ﬂw %ﬁ%lt &glf'r{ ective.

Thi s can be done, 1h accor dance I'nvent1 on ing a
pl ur al i t pssdy asap arsinge-eezacme mastlorealdmne:owurae foir repctioe pmdzuy!rganefatembpr est, an

opt i el SOEEALI BbLOG. Slc diLART R3600L RN Eld b gt/ BRhe oS

conpound “conc eac ate substrates in a
. Subst r at and KA lh"laenuleanedmeanmm(lEngas5Bamret tmned:ommlksembearﬁxdmpihe(pesdwd as
above, to |dent|f B?r oduct trate. i nformati gn, and

d..s i,

FhoV s L or e orkin PR e PEaGE SurRtn N b s S raddip kbt WRlRHHEBhE" %1
- set, conuebﬁthahg@%rmyme\/andynmuple&mzwae résctioonsttuest ed from a single
rrultiplexeda sult, The thi vari.ahl e he .effect of .t etest
conpound on oﬁﬁ%%t@ d'@%@@f"p[ﬁd%g?s Pgi'g?ﬁdoﬁz sﬁ("o ﬁ%t ENGHMET Mt he t ar get
cell. Asnuﬂtrptl)&@%s%aplf@'n}aﬁmw él}imﬁﬂdw tr@{sammepmsettbeaép?amlwbrmﬁm_ Wn_unﬂ
test|ng can e one I Ccl ent n mu | n .OI’..t, n | C
Lhe. ef T o 5 SEHD S0 0 ENAEH CHRIAY R APE G AR A NG ‘GURR5e ThE s ayed i n
tEQe nxln esengen®ivas préseheéutﬁeymoé smglﬁ@nzméyﬁlﬁm (Fugoﬁmdommamcer&g/aﬁbl i ga]pds

a es ermns a e nera rnn es scusse a ove or
= e hal o [TTEL (4 S SPRR oGy TEHemmareser B aRlRE Lk RES SEVaRR 1
op}3 i mal i @égﬁiﬁlﬁ@@%ﬁh@ﬁe hﬁttur@rtid‘e@rnot ?}%&Eﬂé’lﬁﬁﬂﬁonmd@summotmwl ffer Ent
substr at S e | e ctivLt nmeasur om Kl gs.
Tin and et B, B 108 valeg rite FoRPorORS) BemmadeEsay fpel
subﬁtrat @ad inthadyzdl assdyrfolmal. Sirdifarseais weré aBofobtatheiPian kipamat IB Ki nase1
Wi t n opti EGF EGF tio e ons strate
e i et 1 Abersry Brier cehaine S Exim bl damens didhiba e BLiEHS " o
sgen lndlétsgay |§&B?pt_§8|lelt® dgraferbelaaw@f@nayméz Feneré b@nﬁ@ﬁﬁzohmﬁ@’imﬂ_ ks ﬁgn be
obt ai ne N, a t exe ccor ace t he nyent i on. re
Ooeh U 1 FERLEa e BRI RSsnals ah7yBifs Gt ags. bR Pl feey tarR
ratios, %ﬁﬁyrﬁéteanﬁe bg@ysdﬂbéhdis’v}ﬂ'@ﬁpésfe(ﬁﬁdai’m ta%tsmtdamet theldogditions vi dual
reaction then conbi t he products and subgtrat Fﬁs separ at ed

e st ngPet FER o Sudisorn MAG. e PulBEroS ey d B RRy B and 16
Vﬁ' Ozd)éﬂséaxé &Zaf@hh&@éfn&w}dﬁs%ﬁs@dumﬁe mRa PKresbshes. each (r]I eaction. From
this, dose respons urves like tho sho in Figs, 12A an B are
const ruct ed. sl':@ﬁr%‘l‘ 3’@do%$ﬁﬁﬁﬂe?%de§e$ﬂtée%§’@f"pﬁgz'”é(géﬁﬁl S‘?‘@régﬁ%en f or
conpetit leﬂﬂyrﬁés:rnetﬁ@insghrarﬁcagt@npaﬂww)aytrmhelyzmunmﬁeeérbter kinadd, fErk kinase,
| i gand- activation o ece 5 enz isS e two EGFR
fragnent &M G\é%ek"é"’lsl?dIoe‘ge"F tr‘?etf‘? Uang){thSP@/ é‘%ﬁé ge?ﬁ@%ﬁﬂﬁglpﬁﬁbfs, tes and
bl ock bi rdiergl @filulaensmtbsio aaie phthivag!£as ®ith Bolplehimctat. | Mgty shdwen EGE s
adde en fromTaple 1 in Exa | e, 10 i gh concentrations of the
f raggﬁnt hﬁiz'i‘eea‘éw&'éstog&‘?ﬁgﬁ?&@ymﬁ %H%ﬁ@g.@ag%qqs& TQ”'%?G(L@'—ER but not to
basal enzyuiipid@dedssag.activity in the absence of Ii ga_nd) 10 To car ry out
this study in A s,lm'“anI ell sas 0(?'%|ntuﬁ{ neousl;t/ Qsesa?nr}lzg%ﬂgagtﬂlﬂielsl (litiple enzymes |r(13 d
a cell-signaling pathway is given in Example 8, with the kinases S6, P38, and Ab1, with
the results shown in Fig. 9A. To investigate specificity, the assay conditions were the
30 same except only one kinase and the substrates for other two kinases were used in the
assay to check the cross reactivity. As shown in the Fig. 9B, less than 1% cross
reactivity was observed between kinases and the substrates for other kinases.
Therefore, these substrates are specific for their respective kinases in this experiment.
It is evident from the above results that multiplexed enzyme assays can be

35 performed, where not only can the activity of the individual enzymes be determined
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ratio, are mxed with each of a plurality of different concentrati ons of

the selected test inhibitor, and one of the substrates fromthe substrate
set. AftwoO ®@arsyi ng out each separate reaction, the reactPGHURIRHIBes are
conbi ned and anal yzed as above in a single separation nmedium vyielding a
dose response curve for t he corrpound s inhibitory 15 activity. As another
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acti vat i ngctiorgameteofl dontasnuag e smbseatbh end prczlnoty of ¢ reactigrisg bre coomthredd t i on

w th EG- when e chalnc eptrati.on of 3 uMwas used as
Shown 1 12kl sep4ated i F sigbie epBidihpdiufag an o X Ehe nbEuS rsetth

i gand i nhxtbretmeylc@cﬁaapnpuﬁmddeenzyrfmdam@uh@lobmomubsedteeuin itssimplest

ITLI|t exed ass%a i n actc rdance the| |n t gcgt%t VNO 02/ 12e7

PCT/ My FSEGEEY LR eoar?s?rY a&B%F’d‘“ (46 {4 R SNENYS RIS PIgRe

opti rral I wmmaxttlongm((mrel nhi bi ti ng) anmount of |igand, each of a plurality
of different q@g tra a sel ecte subr@ratefrom

Che suber rat o 1B REMSBhE0REs Pnplevan O REI RGN pRS hefSate Gl RS e

aszay m a*sm.a&:s%camedmgmblsn@b rmd%ﬁi hﬂlt?ldxsd vedans Tatispeachuatbstraiepmyat ed ?

and quantitated as abov romthe inforpation ose curve o

fha Joalin bl SrofuclTvB uhite sepdria e SrieS bl g 1§ e

consRo uckepkrated fﬁmpamaﬁmahenarsimwaﬂw@n bmhe“ﬂﬁ@mmﬁthmIqL@méppraaber ably the

associ at e strate fr %ﬂg reacti on fe ar"atthed on a

S nol e s ERABLET ST M BPM GEEe AEHIHG SR Ao L AN AL ATe

cont ai ni sgbgtfmes:ommnuuedteprabdu@ttbe (satmtkawseih ersebinay deldistfibutédamobgt r at es)

fromthe g&aett' oni aE{J)rp to a % gme ar ation_.nedi um such as

el ect r opABIEEFLeaG B%F’B’f ik ?I‘?sedﬁ"?.frﬁ"x rec f HRPORPERS MM or a nmss

spect roscopy rtrednmexermldryad@hcﬁh@hﬁe&amy membddhja;bdhedb@hge&td@:tmte@onent S

are parated on.that nedium 15 A p erred._sep medi um .S an

o eclh noligritnabikdifenPR Ao teea B SERNET o EBR Tal R RS oF) Ui i cs

devi ce Ofcapditﬂebﬁllpterféﬂlsg:bt MNam@m&yﬁmramanabmntagermbam@e@anmmmp&mts acr oss

aseparatl ord |n illustrated in

Several I ORRER HersaBrERatsr i SebRr it SR PL Fadle i arisdres i Ot Ton of &

pl urali tyoeoéuqartbé),esreamublmdbsbelagmnm ancI arexthbolisra cObsypalcias membriapce, manyret hod.
uot enera nore than,abo

20 Conveni en no 5.u i.S
ranst or Feehts® prednudids i SeediE bRoneed” el sFodatar LBWaHbRE SamtiBss 11 ary
el ecBo opIsocIetas thedesdlin eecwtdsrhmsuIm-lﬂecgrbwthtfba:tou@beaﬂoe@brdrephalrgemwm factor,
pneunatlc into i nte t stem in capillary or
Phe T ke anyAatgp ity sl A I R feadve eiefie Bin i Gaigy to°dRime

for assaying the receptors (Bunemann). When a ligand binds to the specific site of a

receptor, it typically activates the receptor's enzyme domain. In many cases, the

enzyme is a protein kinase, which can be measured by determination of the rate of

35  phosphorylation of a synthetic peptide.

14



donestic and foreign Letters Patent and published patent applications. See,
for 25 exanple, U S. Patent nos. 5, 750,015; 5,900, 130; 6,007,690; and WO
9081 45693WwOW'19719717 and WD 99/ 15876. Figs. 1A and 1 B ipCUBESIIEUTSt WO
types of mcrofl ui di c devices suitable for use in CE separation and

fluorescence detection, as described above. The conditions under which the
separation i sOiPest REePiarsdargsieddn this,empodiment\pf the {nyegtion eithef Ravehat ure of

the 30 Fhfrﬂg Hetdomdifd\Sidantid Etipithtd ah%nﬁﬁﬁ&fdr%@sépﬁh@éé&égvﬁe‘ihémt have

simlar ilities under the condltlons of el ectrophoresi s
condi t i capplieahle tascregning a dibragy @czmmungdcpfeqmn@éborbwﬂbmmd -fegeRior bmélggusu ng

convent | gplveOnhRARR i He SRIEIBaIE! FEHLARIEUR Sl ! Fknd T dent i Ty

. each product and su I ther eac S correspondi ng
r epoibt erintiinsic angdViganrd-detivily beatbiity Ieve|scnfteptdetmaltgrowthdactqueceptot (EGFRE

product/substrate nore cqno t o know. t e se aration

Char act 4 ST HgreGgprol BsSp e dhitic PRy Se b AE ORI BoRERE anc

subslt r atcdnceimteition), lgm»aabcz Woﬁdoﬁétpﬁé:ﬁtéwb@gaﬁ@édhéﬂo@b%cdﬁ%r eevzgma |agtlwlyf f t hg
sanpl e i epar at e E ea pr.o S trate can be identifie
From &t FHoUR camsouaarRetes i nBJReS Lo BIna B The facepiGhng teogiver

product serpfhesdldity w86 be befvilentsiate 2 andistdgé qcmﬁhﬁng thelonflound apear d. This
is illustrated in several of the flgures 5 above, where particul ar product

and 1Qubdiat shew samalete,cempelitian; I sasole sepnaringl the Gamaraund inarotenyr at i on

behavi oreopsiftcHianl 'a?de@shlg?\ &IrieBhtPatidh ORE Birf Uiibria s to @8mPBund-
el ectrophoretic gel. Foll'owm ng separation, the conponents are detected,

first tdJdeeeptenan &h%.re%m’ enzysie woild Q@'Véhp\gtth%mtrwweﬁﬂﬂ’@e aetivitys cAtdhel | y, to
measure tﬁ1r&’ Qﬁuaubﬂtnﬁfﬁ%'hb)’aq Bouri’on RAMhILIR %‘ﬁecHnngﬁ\@‘ﬁoﬁ'La‘ﬁ? ’t?f%c@R{SF asure

of the relative anounts strate and product r eac ere

subst r atenzymetactivity-wih be beﬂmmrﬁ and sthge 2a Agmem ishibitor wilt totally ghit off feoduct

bot hhav, | I orption
and 18 <2y, FEEa £ RF QAR dgtasa6h s BbsiBp 1§ ppen sl BARBSGABECL
can be digand binding donmetntldxeamd eﬂyate mmbmea.kaeiLg:iﬁa@e the rpechemisar efas, even if

other s uct |rs fer. tection,characteristics.
ohore praneRbleceaid Rk «PRia BRI BaNtsiEER b A8 BiRsta SR bR b

rel a; i vgf #ﬂetemymelacwi@rmeedmps belswahe trim‘nstcaadtcgm thee Oﬁiﬂmwlgld hst grdb?b@: a

st andar or ar| n ei er ent sured | evel.s t s for

neasur i rﬂg“ﬂ?% '9955'3 tq:"a irf %’nﬁlgg eRYme RATNIN aftphaq)cﬁ@g PS8 1 ed
et faed, édmmbodubrhay wiﬂpwwb&irdswmmm |f1{rln§ib%ﬂﬁt7tdryo kedoctigl. A standard
20 fl uorescenc on squrce is directed i'l? nst a.,detection zone in a

downst ré’Qmp;?UF‘g 'Woﬁ}fﬁ'lk‘?‘%é’"éﬁrﬁg'@tt? Sﬂzyr'i‘%l?“im?'"a WEVED !tdBRERIPE i ssion of
the ZonemecessEfcdEmalsinrteb@PapbSe bi MidingetambsUnd diiner sorBpatinghairght or

area recorded provjdes a neasure of product and substrate concentration in

the sani¥9and o7 ihibiting engYe demaiRtis i Rlop A harTlsignal iransdugtion i¥al¥edine ¢ o
assi on_qfé BellRrFoR P mdsBslf (3, HeBAGETY SoBssagluct pair Lo a particul ar

substrate in the substrate set, to cog&are the | evel s of

sub@br at e- t o-IprseteaBINg dorRAMRGUHAS frtat aeeeapable inhikiting ligand&egapter binding,

there are two, and sometimes three, variables that must be screened, as noted above.
The first variable is the test compound itself, e.g., a large number of test compounds
derived from a library of potential inhibitors of ligand/receptor interaction. In the present
method, a large number of test compounds can be screened in separate assay

30 mixtures, each containing the enzyme and an optimal concentration of ligand, where
each reaction mixture contains a substrate from a set of substrates having the same
substrate moiety, but different separation characteristics, as detailed in Section D below.

The reactions mixtures, or portions thereof containing the products and

substrates, are then combined, separated in a single separation medium, and analyzed

35 as to separation characteristic, e.g., electrophoretic mobility, to identify each product
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to each different enzyne in a nulti-enzyne assay, or each different
reaction in a nmulti reaction assay. 30 D. Substrate set The substrate set
provi dedweyo2ti2e47i nventi on i ncludes a plurality of enzyne RUDESIEHES, each
having (i) an enzynme substrate noiety at which an enzyne in the assay
reacts with the substrate, to convert it to the correspondi ng product, (ii)

bilit f t hat t h bst r at d,it di
o oduct PHOBHEEE TheSet bR tut B o eRe LR B P R e Sa i oRdpoct Lo
t he sepaleel ame igdraified be pbehtial candidateb &sr dkigs cap@blR2df IizerférihgRiH USOL/ 2~758

substratﬁs apd correg%o(gdl ng products in the set, and (iii) a reporter
noi ety t Sﬁm‘%@f;ﬁ‘?t?%m e on of a signal fromsaid substrates and products

.in the set. Ththersepmd@"r|amen§te5st-b@mpmmdr¢ure‘emrétimat refdtivewstHehe product and
subst at fol | owi ng.separation

e to be det ct ed, ef er abI at| ,
in th sé‘B'&‘F Tafien EFWF Pd5A§|5'8 q%‘;??f F egetS88t togaming, or ophor es
-or dyes gRYyrh€ absad JevB%oat@b@érsll cﬁﬁeréﬂﬂq@hhcﬁte?st ebmpaurmi rlaﬁdss © @sérmihe sui t abl e
reporters. Alternatively, the report cataly noi et that is

T Pogt | vainpthe: Tiectmusuatis.t Somasitue iy oh igandrRe e edind obe YR abi &

react i on s G Hyfe édmty aAd deasteinkifg theconeemvdid dwhichPRé iat appl i cation
unber of different

Serial No. 601293, 821, Iled_‘JVB 26, 2&01 10 A(ﬁlﬂ
f 1 uor esc&PEPaFR Fig¥ beiafieiven Thisecan g Nes INACEEIATNSE VIR RecigvenionePy, sStryer,
Sci enge t8Rdudhid§ a(p]&ﬁﬂ% oﬁ%a?été'ﬁébctléﬁs @ach BBﬁlamR@Vthe Bhamhe Bt intbtest 413

{1972). One grou ugrescers is e xant hene whi ch i ncl ude the

f
fl uor esc@PH’E‘aH“é)ﬂC@étﬁe op Sifigang. WWW?’@Wﬁ@WF%XQ%WWPBWdand rosami nes
and rhodaphaesratih®y, aH8 Sadr @FBI@raﬁty‘éif Q?dwre%uab@a&é ¥Pabldayeteodet. The

rhodam nes and fl uorescei ns ave a 9- o- car boxyphenyl group, and are

derivatives ofl NgreaciRnHRXymseg (ReAaMRIrRLANd ATRERsSed rebanwdo Kieatify

conmer Ci %'ablﬁ/pﬁt)d%bﬂ%@b‘édr&t@ Frdi s Hﬁcﬂhﬁatl@ﬂ dridahe Reaue 187316 prvfiigh can be
used as the sjte for bonding or as e bondi ng. functi onality. For exanple,

am nd® and@nf subHraies fon saeh %gﬂet'ﬂlquti GRECBRERRIOR B SURES @Pdeavai | abl e.

Anot her  gbpstruced ffdrHArfRfemultipRIBOHESEy ras@t.t he napht hyl ami nes, having an 20
am no group in the al pha or beta P05| tion, usually al pha position. I|ncluded

anong t he napﬁﬂ‘ﬁﬁh'@f?ﬁ’ﬂ@b@dﬁﬁ?ﬂﬁf@ gfrthe iesﬂicﬁ@f’ﬂ%da%' ﬁ@ﬁ'aﬁ’l'ﬁyﬁlﬂs &9sul f onat e,
1-anili n@ﬂ?éaa@ééfstmtr%@es 5h bf ANAd ?ar@étcbeﬁ Ps tcah Bk Gppicidted Paiideat e

sul fonate. Sone napht hal ene conpounds are found to have sone non-specific
bi ndi ng B8O dhigiPRasesef qoRpoupd tssting san ba dane eicierily ya Myltiple-ez¥® nedi a

wher g9t hgo@RUR Wwhith tRE @H&H BY ihe dohipolthd 8H enSy&lig#wi ihleritiBRS 8AS AT €
nul tidentate 1igands that include nitrogen-containing macrocycles, which

have conjASeAIesdn HIaRessnoeaia Plirelily Bi OlBpeeTayBIes: INPHEISE asesiaied byandismmy be
opti onal | y s ulksiahipléscslr2 bk ehitstit3hé geﬁer9|rbrm@.pwslaﬂgjugge@awa@n§r@r on

nitrogens, Suitable nmacrocycles includ e erivatives of por phyr i ns
azapor phyinalsassayiommad, Taapgry I Eemple SivAptigeadiedeiaraing orimal i ke
nacr ocy cligand/#abstar ARiBh Frihe ESFIEGR phitdlsiy Svotoiffereat s(Bkiatdl (rigs.oeal i zed.
The azaporphyrln derivatives include phthal ocyani he, benzotri azaporphyrin
25 d 11B). The kinase activity measured from Figs. 11A and 11B were plotted as a
function of EGF/EGFR ratios, for both substrates. The plot in Fig. 12A shows a 6.3 fold
enhancement in kinase with an optimal EGF/EGFR ratio, when the enzyme is acting on
substrate 1. The maximum level of enhancement was about 11-fold with substrate 2, as
seen in Fig. 12B.
30 It can be appreciated how the same information can be obtained in a multiplexed
format, in accordance with the invention. Here each different reaction mixture contains
one of the selected EGF/EGFR ratios, and one of the substrates from a substrate set.
The individual reaction mixtures are then combined, the products and substrates

separated in a single separation medium, and the relative levels of substrates and
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and napht hal ocyani ne and their derivatives. In some instances fluorescent
fusion proteins may be enpl oyed, using green fluorescent protein or other
fl uor escei@xozpedt’ei n fused to a pol ypepti de substrate. ForP€&l/E841y2d¢i®em cal

| abel s, including el ectrochem | um nescence {ECL), the ECL 35 npieties
enconpass or ganorret allic conpounds that emt eI ectromagneti c radiation, 20

WO 02/1 25-L.7 us a I S of

el ect rocPle:gl 8% é %’J‘{féf EZ%% %ﬁ&gb@co%faﬂgﬁ‘lc"g Stehr %ﬁrdnsg U%ﬁ??genéhoﬁanpl es are
4,4' |5, 5hdvat indfigs. m;zhdndpwaai'emenﬂe(cte)c(4 et hyl pyridine)(CGCa.+ CF3 S03- ;
and Pt (2-(2-thi i i . substrates
are sel(ec'g ed Eﬁ%aﬁ)g Sﬁrg éL}Be pg ?P{Réa rsﬁ%}’ trggg}c %Aﬁn%eépﬁb lSroduct, a
. uni que s é&eeramingoamtadaniste) tbat cahnmenﬁerehmmelgaed{actrmtrea@hadxtriaee remdtoal | ot her
substrates and cqrrespongdi cts in the the, se t on
chor s ohralfe PERIERPE R BEPR st YoR i MR |

- pr ef er ablhe hedis bmﬁmﬂ iock hd) ocBEGRiandeon { inaiease at kitasaradtiat sha eto
each subs}] tﬁrétg 5 ct umvge?o eiam grialrugﬁ lc ach rlrstrc| sy g
ehr omot o S gen e TobIG 17 BBl b aR o AR EPes & BB 11 have
differ enfradjmdm@mblablettbeappréﬁmg\gﬁanhéﬁ(tsiﬁadltrarty areﬁcgrrr? brama! t@lrblasara]lze. For mass
spectronetric ere ility nodifiers w ave

di fferen?”ﬁﬁ%"s@é’glsl(ﬂd%)é' ggﬁ@bﬁ?m&ﬁ’gh@?rﬁ& %/he mobi lity nodifiers are
unref@t ed to trbeasylast hat Rudyeind malt bﬁéﬂtohﬁé the mleednidl | bffixed s of
this type surtablagv or 1 gyfri Ig}ﬂff ent 12 eléenz;jrog rtg?nd\/twa l;rarsron
Lhiy act oty plecmireg anh saf abe Blbfail of Gt laSHetonsBiRe Sl feliad o1 o
gOI ﬁ6605gnfhwb+,la$uhetduemmwmh m&tr&es%ﬁﬁheaugstrat@%tptﬂf@?eﬁrr?hﬂg eiutredal ref erence.
uch nodifiers typica ave, repeatin nit, qgrou t hat art uni que
char ge/ nBSRR EREo e RS IaN ARk SR ETPIER SARLRRZedas SbBB P & o ol oty
is a bi OQﬂbhéWparéirdﬁhre’tmrﬂryléldilhg@mblré@onﬁ@b@rvmmhé/c&ﬁpbdr@@ ihhibigry be

vari (fg rovr de differences in separation characteristics, that is, to
func ona Whe mobi lity nodifier. For exarrpl e, amno acids in an

ol i gopepti de that e not related Ira era ti on t he enzynme
may be substi t“ﬁtaé'&ﬁ}%e?(?fﬁ?'@a@@em’”ﬁ 8%” i"d?%’?edrﬁ?%%t Vﬁg@f? Mor size or"
vary thecgihrgcgén @ith insalinlikgots fadtr (rkzrr)cmwgrrﬂuaht mmu@ﬂéma(msor@)fmt hi s
type, one first identifies the am no aci ds necess for 25 enz

speci fi cleSpPiar Hiddnasgiactvityiwasebserngds (aen loghisigste dé@'\é‘ﬂq Eadin, ES'ISZIHH‘Hi tions
desi gnedh@phbfl Blte HsURPAY RElIR rlnbﬁrﬁula@fjttﬁﬁﬁ ré&QDEriGHEsE BBtivity BGW.

substrate, It nust be tested to confirmthat substrate kinetics aré
unchahge@s msichias AHaldgeren a high epneantretiomes used {TatielZinFxampied 13 RABWN

SUDSU T A o BRABHIRSE PkoBhe UG Fl s ARl GALHGAR L, SOPBEBLEOTY |11

nodi fi er be e changes | eparation
char act esrgstflparst diffarence @fcﬂmhemmfarhfdag@eptqn kinage aamty fr@l‘rasregyeraémd/ or si ze

of the d C El 9 r
char ged ﬁé\% dtség%'g f%qér:t)u @‘H&S?&gﬂ# er g‘ﬁﬁ%ﬁr’m gbh L@g {3? S 'Rre ovvn The
fol | ow ngqsemaﬁzmhem)nhéuﬁatﬁrcmhm wag crmssmtmTﬁmmmdtreuirmne r@ctwbtcmhggmce enzyne
assag f Ob ts in af)cor d nce th t Fe L nvent{é ) The exanples illustrate,
but 73 nBNAY 285K PE ANl rEeePigHnaRaciflne of the I nvention. 21
The competition between insulin B chain and epidermal growth factor (EGF) with
receptor Il receptor was performed to demonstrate the assay method for use in
competition between an activating ligand and a putative competitor by monitoring
receptor kinase activity. Fig. 14A shows inhibition of ligand-induced receptor Il kinase
30 activation by a non-activating ligand, at a high concentration of activating ligand. Itis
also possible to show near complete competition with EGF when a lower insulin  chain

concentration of 3 pM was used as shown in Fig. 14B.

It will be appreciated from the above how the ligand-inhibition assay just

described would be carried out in a multiplexed assay, in accordance with the invention.
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WO 112/12s.17 PCT/11S()1/2-47s8 EXPERI MENTAL for Exanples 1-8 The

i nstrunmentati on used conprised a con-focal m croscope system equi pped .

wi th Ar+wo®ansgptical system A power supply with four i|POBEPSHAEBAIS v
controlled 5 voltages was used to control the separation process. Two ki nds
of LabCardTM mi crofluidic devices were enpl oyed as depicted beI ow as stick

diagranms _for th ration | t Iexed as m . The
Channe! BRRLIASEAT FEAYS WA MTBLAe e e BRI R bt OF kit The
reser voi amovRl ¢ ligafhd,8ach f dipansiteof. difiére dontbetratieag entest eombassayndaf f ers
are |isted bel ow e n bst r S Src Ki nas Tyr timal sub:
FI TC - AE P?&%ﬁéﬁ?&[@iﬁ% Poel gﬂ (T pedaEe @V& %‘5”; sei n

- Ki nase (E@rcilond:hﬁélaé@aymmmeco%mem m&sme(sﬂibst}ateﬁr'rd:pmasse tdéi nase

Serl Th R Ki FI TC KSPGEYVNI EFG '
oo e T EO o aRare GRg DBUOTTAtal: ASRs (SohPhaEIe PUNE RSt or i ol

anm no gr edippoddl, Thigs saHAgétitiae 8indingal todndyenNR oupseugedpared in D.I. H2O0 at
1 mM The substrate concentration in each assay is described in the assay

protocols. Al enzynmes were purchased from Upstate Bi ot echnol ogy, except

t hat Receptsdpatdtidh dhaToetd&ona generous gift. Reaction Buffers and stock

sol utions: 25 4) with 2 L | bum n2. 50 MM HEPES
si[g@tratem

(pH 7.4) 3. 10 HWﬂf%@BﬂﬁrﬁgﬂaBkth%@@ PN HHL8EBn in 50 mM

HEPESS. Seedilibidldrel g& péﬁbtéﬁ\/bhﬁeﬁg@se@amommwfdrmaBGnéku Reca 7. 10 mM
Mid2 + 5 MV Mnd 2 Tn 50 mM HEPESS. 100 ATP in 50 PES, Al| the

cheni cal §aMgle rﬁl%&ﬁ%ﬁprﬁammethaswem%quueﬁz(/ga%PéefﬂaP@r?élge}ﬂaﬁer%ﬁvates
Si gmaChefofths reddtions WRPPHED B §ing BeELAEMBA meli(m8 sTiBIe afeldciroprerstt assays in

Exanples 1-9 were perforned with several enzynes %}ﬁgl cally tvvo to four) in

one tube seﬂ?f@t'%@&@”m Rt AFRMRGBERRM ey mingr BERESS OSLOPY MPAUPAANSTT, 1 v
Na3V04, By Wh%aﬁiﬂ% pl‘deM’MBQréies Sorfipbridiéd Zre seperabd (le’&@ﬁieUQﬁh substrate

each for each enz%/ma used in the assay Vari ous anmounts of enZ}/I’T'ES wer e

usedPor différRIR r@QpS@PPWéﬁrﬂ@eggma@samlﬁcéwmﬁr%'ﬁ@%m@sa syitAbleci nds of

LabCard gbgaafibriiéélice BeVestuiseicRiER| P HRAyhO HesdriBel bBBNDfR b SarsRigAr at i on
of substrates and products. These are depicted in Figs. 1A and 1 B, as

descr i be@NAEEY EOMPRBSTIR ARES AdPRBANPHANITEEE SORRFTE P Hel-kBown MeMRtsh w t h

various laanmiskatedlin8eldarsi\Re figurd® efectophdrBlic Sepgtr@iBAlA1d bahdRe¥&itionl orsuppl y
wi th four 10 i.ndependently controlled voltages was used to control the

separ at i GrPIyAlY ©f grobesand subsiiatss £23n aﬁ%ﬂplﬁﬁ?d gethigmedirdnas a con-focal

m crogcope sym%ﬁemyo@ﬁ%nwjatfqewe#anlkéxmﬁmo@mhﬁ%ow a8Yrafbibrréd® theagent s
and assay buffers are |'isted 15 Mul'tipl exed enzyme assay

with fousaRPledse’varaf asyerpiugies fevies Pycap#ia@/ eipctigphoraiicApViseRitebl i s the
same as dgestlyithefligh 'éléc'&@gﬁi@r@ﬁé & pridiuf{ofiE Mjectibh t6 AA YTBGratsPs)stein bhby
experiment were 3 eac casei n ki nase, src-Kkinase, Receptor
syringe, caplllary or the like. Microfiuidics devices are described in ‘a number of
domestic and foreign Letters Patent and published patent applications. See, for
25 example, U.S. Patent nos. 5,750,015; 5,900,130; 6,007,690; and WO 98/45693; WO
99/19717 and WO 99/15876.

Figs. 1A and 1B illustrate two types of microfiuidic devices suitable for use in CE
separation and fluorescence detection, as described above. The conditions under
which the separation is performed are conventional and will vary with the nature of the

30 products. Longer times will be required for products that have similar mobilities under
the conditions of the electrophoresis. The conditions will be applicable to oligopeptides
or other substrates using conventional voltages for capillary electrophoresis.

In order to identify each product and substrate, either each substrate and its
corresponding reporter must have a detectable reporter that is unique to that

35  product/substrate or, more commonly, to know the relative separation characteristic of
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Il -ki nase and P144 ki nase. The substrate for src-kinase was cdc-2 and the
substrates for the other kinases were |isted above for the correspondi ng
ki nases. whhe/ot7al assay 20 volunme is 60 uL and is incubak@usil/24T8m
tenperature for 45 mn. To stop the reaction, 10 uL 'of 100 nM EDTA was
added to the assay m xture. Before performng an analysis, 70 uL D.1. H20

was added _i,nto . the ass olution for di]Jution of the an tes and.t he
ot e EalibrRod G RYAS, ifidef ThelHiarttd rafcR ool e RmR ey s
al so per thersapaplé @rsepaciiedby CHE, dachnarpdies ahdlsLibstratg) chirinbe fiamtiigar fedro@tel as f or

the multiplexed 25 assay, by using gnly o enzynme and its bstrate in the
hosay | THEPESSicelua ey i v intnditio BIREY POR ntiSBsicive bt

. speci fi chlativ@ftobhetmm? piftaﬁekttaxmay?hih& iglm@y?d/iﬁlsemaié\@&h@ﬁ@mréai ned at h60
uL and the sa rot oc ol.l owed as for t mul tiplexed assay,, except that
oni 5 e S NEe R Bt PO Ara st sl il St Tta s teher 3 30
enzymes khovwn migratisriistaviak ovhka applieel & yiRgieiprodUtsasst@ye paikdiae) . As can be
seen in Fj b, there is no cross reactivity between each of the four
enzymes gﬂggfr? reiAR8!r at es of the other enzymes used in this experinent.
The s]§r>ar g_ti ogonﬁwih@egﬁaﬁh,m*;eo?iilnﬁﬁ@wemsare@éﬁeg@wmﬁrsgm dél@mm;i@lbfi ed Iaa?_Card
mcroriuldlc evice W e TollOo n | ectl on and, separatl on condltl ons
(sanpl e Pepafation payacteslceny apyve. onfl SSogey o9 measuiersipal isesity o€ 9758

lsnj ees It paeawg&%hf c;’ﬂpeﬂ@‘ lbfefz aﬁggn%"s‘aﬂsnd‘ tllatity Péztétiv%da?g&ﬁi;% mv s{r@té alala 3 :

epar at i on: a : at. we nd 4; a :

Dot act i oRTAdHBor e ESremsHbsTaaR g S ABS supa AL AV ARMPBIAIS 260
HEPES + its pdab€ biiiRade eazpiedetectivhchhiicRXietlcse 82y TRioPssEaNcaMsarptih ee _
ki nases angl their specif] mtzéFl ct.3) The a%sa% protocol is the sane as in
Exanpl e N0 ¢AUSS{ MY SRECERADFELAYE AN qfghaj subgiratg aad £ PG | - ki nase and

PKA ki nagegterrhifed MehPIRER rélhtivePeak heritd oritlaks ardae, SMW 8MbE subsgird assay
mance after timzing the experinental conditions, so as to have

perf or o] [ )
bal aﬂ%edp%ﬁjﬂﬁma"ﬁfhag? giiteee %PE?F“‘P% ARSOHRICH ¢ V¥hese pragivet signal aleeds - ki nase,

the opti FRlas@B! it fendcBsstith ki Melrantivd @a6étioPbhatdtterRNéy sRha 0Bt used in
this experinpent was 1 u src-kinase, and 5 uL each for PKA kinase and

L o ] :
Recept or PIadugispiohaveprandard & compaeng Heifstifesentrasasgtediere!bef or e st oppi ng

the reaction etiashdifBOmé8sitHngProdied andvsimidlite HGHAE Breanal Mfowh. QR ohBe
nodi fied LabCard m crofluidic devi %}{Pt he assay sanple was diluted with 70

uL of D. Prefeiges mefhodsiheprequsis 3o tes gz (ieprescanty 1abglede A firREdnzynes

Wi t ha@nefigare¥eahcbREmOabh SeLirdd Ishisekeitdgalsa betectibezdticiffa dods@BZ S i n one
t ube. The sane _procedure andilgrr]etreat ment were used_ to stop the reactions

and 20 dPPUiPA of Kie sepaEajion mgdium. apddiugracyasesemisaianof HiesZoReds MRaswade as

used for pipsaEidardligHedersetor. Fhe Mahbl dight ©F a2z %68 da8 pRiddstdmédNiee of | asses

of kinases (Fig., 4) The assay protocol is the same as used in Exanple 1.
The nul tpmd&?te%‘daﬁé’éyafescoﬁﬁe%@t'of‘l'ﬂ $eM&es of kinase, which

phosphor yl at e Wil @8iab6ve 86tebtih iAREMEIMIE RN AGw pbESIFIEd h¥didrY eacht@siSRY Was
i ncupated for 1 hr w each for Pl CA and Receptor 1] kinase and 3 uL

th 5 uL e 3
for fRP PEAUCHYr suPRRIE-Pragrct a0 § Padiedar Hbstate n fasHhsEate sgh@nddRd to stop
the reactbwparitbe Wveldtd slibstraas-ERaprosasitodvémiondoeeathistibsifdte, dopesperdidgbCar d

m crof | ui di c deyi ce was used for perform ng the apalysis. The injection was
done by %o each éal#erent enzymeslnamlﬁti-eﬁzyme assay,gor each A?ﬁergnt reaction?nar*u t(n;-

reaction assay.

30  D. Substrate set
The substrate set provided by the invention includes a plurality of enzyme

substrates, each having (i) an enzyme substrate moiety at which an enzyme in the
assay reacts with the substrate, to convert it to the corresponding product, (ii) a mobility
modifier that imparts to each substrate and its corresponding product in the set, a

35  unique separation characteristic with respect to the separation characteristics of other
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30 applying 800 V at well #2 for 60 s while grounding the other 3 wells.
The sanple is in well #4. The separation condition is: 0 V for well #1, 800
V for wewosiz#2sand #4 and 1500 V for well #3. The separatponusiigiuzgce is 3
cm Arelatively long separation distance was required to resolve the
conmponents that have simlar nobiliti es 24 WO U2/ 125-17 Exanple 4: Tine
course stud Fi gs PCT/ USI | 1/ 2- 4’? protocol . as, used for
Eeanpl e PURIAREH G5teSoRRATERIBH PRI e kRN BoROE B ELASINE and
addi tion d@fecaomMéélg@élemsmd@smmmsr&r@mhuaé anpaset. Src 5 kinase and PKA
ki nase were ua_%d for the tinme course Freshly pre-diluted src kinase

b P AP St Rioieth 5 a0 g RetaIiyP S BPAELARD S UREs [RBer 1t o

. adj ust tfaeté‘ctdmabreaémuptqugﬁmétr@wrdnaw%g pbfatleﬁuh th@'s‘éPératl@n Q}eﬂhdpﬂ- F@emmrci al
src-kinase and the final apmount of ki nase eqw val ent to

conmeP ci EPEBIORNRIOeH detpetion. HiRiPRRPTeher Bies LY Bsetdhé?%%%liﬁ'%be t he
-reacti on rYesiel@aelmbaiér Biass BPaAEBR rehoral Aﬁemauaévy Hies repbitBiahappsay W th

bot h enzynes or the two separate assays wt nly ‘one enzyme, equival ent

condi ti 0K3 %P@q@w%a&@fﬁct%m %%ﬂ%@@ﬁ&@b@rmaﬁ%d‘&g‘%‘?mﬁ%ﬁ%[ s] .

However, siifdise %a@tu&@éerﬁﬁ&%tsﬁ@Mctﬁégﬂésfdrlﬁé‘@tn &H-blSE LD &L phient S5ifichiyn Vol unes,
si nce the vol unme_ of the enziﬂ%&@%ﬁ ess than 1 % of the total ‘assay vol une.

For the rﬁ?F'ﬁﬁ%‘Pe@@@?%ﬁ%aiﬂed Qs for both enzymes were present. Only

the ggecific SURSKERISR differdt ‘ﬁﬁ@r@&c&? afé)aesfchsed dhy beidRs PRSIy rdieq;modi fi ed
LabCard microfluidic device was used for_ the analysis with thé sane

condi t i oMemely. SHYEx &aisnee 162,78 (H9%D @od E}S@%ﬂq ehak ANRORPMBIoagM: 411§

i nternal (s dand gfédptkﬁrf@néﬁé%b&% @I%% *eRBEnE AyERMHIAH inkill8e B iRidFesRbinkhe
reaction. As shown in Fig src- ki naSe and PKA ki nase showed very

good | i n&&ryed,fremp 3, Ga%mmiy-ﬂmmenymarémwé@l anddosaminepprdd@daminesdi vi dual
assays. Abfifed PSR @BéW%SQJbﬁQthyHHﬂ B $BHEMNB8 &hé lidréstdind Ve a

mul ti pl exed assay vs. individual assays, which indicates that the two

enzyiBs &%C@ﬁé)()ﬁlhpﬁ!d oKL BEA @esnderyalives of - ?rﬁﬁ"tbpbw@,@éﬂx%@@wf%lt Theseat e
equal to cbﬁﬁbuhd% ér@%ou‘r%r&bwallé‘@lé Pth- sugétﬁ?m@ oR’ thezéhéanT';] Lib, IS EAHY

(Fig. 6) This experinent derpnstrates that i bl tion neasured
in both rbﬁlltsieélaéi'@ﬁ'@sf§é90ﬁ®?91@ﬁasathﬁ bpading fungtipnalits for exarmie. amisoasd mi | ar

results. ié@ﬂﬁ?@y%ﬁébé s%%@ﬁ*hfédqmrég?éiﬁ cbhﬁoﬁﬁégaalﬁsavﬁﬁ’é{%' n Exanple 1 except for

t he nunber of ‘enzynes and use uorescein as an internal standard.
For src-Kki nasé\noﬁwekemm K iflHarsscesth cprmppwiIdsorre phepnaridiylzmings. J@isgdins gi ft was

usedafor a}'rhﬁ‘o HRb M fh'eocﬂph%t blcbéta &)sqmgaé@ulaha%mbﬁ%auaé%mbﬁ@fhe

PKI'-[6-22] waS used for ki nase st ud I nhi bitor concentration
range i s n@pbthglgming mp%&nés ﬁr%rgén%thﬂammonqwhm sionplrateniiagsd: The

reaction ‘é?ﬁtﬂd’@débéiﬁ@ﬁatfa%rnd‘}zop-iﬁltﬂdMltélnébrﬂhéién@%lﬁngfe 8bie n%BF’thBléﬁek' nase

fromfresh | uted enzyne solution (simlar approach as in le 4). To
stop the CPE@@W%”P(S@”'E’S‘%@%?PW?M@Q spreifi¢ RiRAiROLP greteip e féé’s@?"ﬂﬁ‘bes wer e

heat ed ateqiRds ehfioyindaiaddth)irkdbi@ Rhere the amount of protein is minimized. Other

25 fluorescers are multidentate ligands that include nitrogen-containing macrocycles, which
have conjugated ring systems with pi-electrons. These macrocycles may be optionally
substituted, including substitution on bridging carbons or on nitrogens. Suitable
macrocycles include derivatives of porphyrins, azaporphyrins, corrins, sapphyrins and
porphycenes and other like macrocycles, which contain electrons that are extensively

30 delocalized. The azaporphyrin derivatives include phthalocyanine, benzotriazaporphyrin
and naphthalocyanine and their derivatives.

In some instances fluorescent fusion proteins may be employed, using green
fluorescent protein or other fluorescent protein fused to a polypeptide substrate.
For electrochemical labels, including electrochemiluminescence (ECL), the ECL

35  moieties encompass organometallic compounds that emit electromagnetic radiation,
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WO (12/12nv PCT/ U S111 /2-4758 denatures the enzynes). If the assay

sanpl es were not anal yzed i medi ately, they were stored at -20C i nmedi ately
after enwyne/identat urati on. The anal ysis conditions are exBCU/U§oHHBESsane as
used in Exanple 1 with a nodified LabCard m crofluidic device. The results
(Fig. 6) indicate that the presence of the other kinase does not affect the

5 inhibiti h bl
Por "o MR TARAEIE B ol e b e TR SR e e ©
Mul ti pl exrentonz FrEmpRs aye w4t 5, H%Kﬁerﬁemsmpwmhﬁhe(s)phelhvymsehr(eﬁogng *OF10 This

experime t that .i.t is feasible to performa nultiplexed enzyne
assay W %hdl%gﬁ@r’@ @Ie%'g&”%?e)énzynes where common conditions can be

- enpl oyedI to otnhelnﬁbbrlﬁpmggb&sen a’ﬂg%lsmtr?%sfaué pelvéted faingsit td e mdstriatd exedcI )
assay_so ut | on contains nmM Mh

2 mM - A '%%‘P’Q@?&’Pnd'ﬁgﬁm%ntﬂé‘r%@ §rPae@ TXHtggérﬁﬁ?e”éffca‘ﬁ'wregge%*GO GREN

- subst r at ggheeagdal @mebemdstretbém&;orréspdndmg ;Sxﬁd@ch@&ﬂh@ tsetpaﬁaer(esh@rm P7147)
and 0.5 uL of . PKA ki nase. . For dual Sa%/ﬂ‘aé)b@l nd |tlglns as for

as
mul ti pl ex@RArANALGNARRARS 'ﬁﬁ'éé%le'%‘kt rect'ﬁé'i“’t&'m’ W %fﬁ’&' Preleralityst r at e

were added se@btedttbﬁnﬁérﬁamﬁu%ué@e/nﬁse raﬁ@au@ow@faeelt@émmtréeranao mn and
the enzynes were denatured é heatin to 100 or The anal ysi s

condi t i oR©PMFe Wheredhaseparal afayter ?%‘E '%ﬂHP‘F‘PE’G@P&!S’Cﬁ’?PBraé'@”r#‘Er of luidic
devi ¢g) Qndrdrt obRiBAMBbIieN vmwdawrdlweeneﬁydpwﬂdmﬁﬁsvwﬂahgel nfelE8fAr wdight, 7

shows that the assay for these two enzynes can be multipl exed. Exanple 7:
Moni t or i R§YRRSIZHs [PT Wast ?WF"&F‘@H’%”I@W& Si K¢ PHRraNEyoRiiity a%dé)e“z‘ﬂ”'@ﬁtﬂ%rl ment al
condi ti oQgrefet nBskEs. Pl exi ng the key enzynes (bi ochem caI sarrpl es) involved
in the pat hvva?(n 50 mM HEPES ( I\/% SR%(A mV Na3Vvo4, 1
mv ATP, 30 p, %%Q?Weéﬁlé‘é“t(@ﬂ“%”tn@?é“@ﬂ!tW@OE 5K entg'afﬁﬁzqu hﬁa?é'és"r?ts

FAM - KKK%R@EWCEE@:‘&E%BV&MI@S RlodfibrkCofliitis R}@%\nta@e e uﬁﬁaﬂﬁh@ @%rédﬂps tate

bi ot echnol o? k-2 ki nase state Bi ot echnol o \k% uL insulin
recepPor el rRP'?P&%*éC ?9593@"1‘1“&’5‘ Chﬂ?éte&'é‘a‘)mmsbeﬁﬂ(gﬁffél?‘éﬂ‘ ‘?Qﬁg e%PQEtE’PEe”ét room

t enper at léngcléﬁérQWi) Qe/re%semnp@an@ealNbs,bmb(nggzoo%) a&ﬁmcoeﬁ@ralé@hélramlt%/ PCT/ U SO
1 /2-4758 Mul tipl exed ki nase assay for nonitaori na cell signaling
[

pat hways r?fﬁﬁe@§e §AC'?am§’d!9855 tyERﬁ&aVﬁﬁﬁe&F'”%éﬁwwtl%ﬁﬁ’sftB?t IMRELiUpIRed assay:
50 mM HEPE&fgéM‘éSE ré’ﬁos teéé%@i-ﬁ-érenlnm&ifm?’vodf 2 MM Md 2, 2 M ATP, 60 uM

substrates each kinase (Ab
Where the substrate moiety is a biopolymer, such as an oligopeptide, this moiety

20 itself may be varied to provide differences in separation characteristics, that is, to
function as the mobility modifier. For example, amino acids in an oligopeptide that are
not related to substrate interaction with the enzyme may be substituted to increase or
reduce total molecular weight or size or vary the charge of the oligopeptide. In
constructing substrates of this type, one first identifies the amino acids necessary for

25 enzyme specificity, then makes amino acid substitutions, deletions, or additions
designed to alter electrophoretic mobility. After constructing a new substrate, it must be
tested to confirm that substrate kinetics are unchanged, or if changed, the kinetics must
be standardized to a known substrate. A combination of substrate modification and
separate mobility modifier may also be employed.

30 Finally, changes in separation characteristics can be achieved by changes in the
mass, charge and/or size of the detection group. Flourescent groups with different
numbers of charged base or acid groups, or different molecular weights are known.

The following exampies illustrate various combined-enzyme and single-enzyme
assay formats in accordance with the invention. The examples illustrate, but in no way

35  are intended to limit the scope of the invention.
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5 ki nase: FI TG LC EAlI YAAPFAK; p38 kinase: FlI TG LC- KRELVEPLTPSGEPNQALLR, S6
ki nase: FI TG LC-LRRASLG), 3 uL S6 kinase (Upstate biotechnol ogy), 0.5 uL
p38 ki naW® (2UB§t7at e bi ot echnol ogy) and 0.5 uL Abl ki nase PCHRUBNQIHBN) .

I ncubated at roomtenperature for 3 hrs. To stop the reaction, heat the
assay mxture at 80 Cfor 1 mn to denature the kinases. 10 Specificity
study: the experinental conditions were the sane except only one kinase and
the substrates for other two kinases were used in the assay to check the
cross reactivity. As shown EXPERIMENTAL for Bxamplesmir8l % cross reactivity was
observed bet M ef ore,
hose substr at bo "y arEaBuB by Com g A arbrel s Eind b 3R T Bauptel 1 ¢

. EXPERI MVENItAArT n@se@mwwgem mpwm%witfgpocmdsmﬂnmanmmntmﬂed mM HEPES— Na

H: NaCl EP 50 mv HEPES
(Pos 1 ¢ vl B el 0 TRt BB lon it TR MRPRE OGS 0 v v 2
: Iil ?é:/l :VESTNEC\;%&U?& govisés abe e:g;é?,gdkad-ﬂéblét&lbélow%s%glﬁ?a EIBHERSMEG} m?ugé: _

- I nNas In
10% acet F‘Epaéﬁti“g) IQZEBM%X"" IaSQ?%M”rﬁdﬁﬁniw%dﬁéaﬂ? r‘%ﬂ"?"(‘ﬁ‘no“ BroviBed for use
as a gif bapth x8Y 78 Wedkh With! VarisuPRhhREE T'hB r@ée'rvon's'.'%éré@'d: rﬁM idPhcEY VNI EFG) - 35

100 uM | (prepared in 10% aceti C acid) Bi ochen) WO U2/ 12~.~7 1 nM
Insulin (3 chain (Signma) PCT/USOL/ 2~7s8 Acronyms HEPES

N- [ 21y dapmei é,]tglaggrggé ffdrs brditddangsp! fonic acid] DIT: Dithiothreitol
ATP: Adenosi ng -trlagho)g%hatrsé EG-R Epi dermal growth factor receptor
EGF. Epi dermmaEngyroes and aubsiratesse: I nsulin grow h factor Receptor |l: an

insulin related re E@R@éﬁ\(%éf?&w%ﬁbzgﬁa@%ﬂ#I\Pé@ﬁ@glngkpr EGFR assay:

25 uL of 100 mM HE

- CDC-2 sub: FITC-LCKVEKIGEGTTGVYK
15 - Casein Kinase (Ser): FITC-RRRDDDSDDDK
- MAP-Kinase (Thr): FITC-PKTP
-  PKA-Kinase (Ser/Thr): FITC-GRTGRRNSI
- Receptor lI-Kinase (Tyr): FITC-KKKSPGEYVNIEFG
! Fluorescein isothiocyanate was used to attach fluorescein to the terminal amino group.
20 The substrate stock solutions were prepared in D.I. H,O at 1 mM. The substrate
concentration in each assay is described in the assay protocols. All enzymes were
purchased from Upstate Biotechnology, except that Receptor ll-kinase was a generous
gift.
» Reaction Buffers and stock solutions:
25 1. 100 mM HEPES (pH 7.4) with 2 mg/mL Ovalbumin
50 mM HEPES (pH 7.4)
10 uM fluorescein in 50 mM HEPES
100 pM fluorescein in 50 mM HEPES
50 mM DTT in 50 mM HEPES
50 mM NagVO, in 50 mM HEPES
10 mM MgCl; + 5 mM MnCl; in 50 mM HEPES
8. 100 mM Mg-ATP in 50 mM HEPES
All the chemicals for preparing the above solutions were purchased from Sigma

30

N o a b~ w Db

Chemicals.
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Mmd2 + 5 MmMMd 2, 3 uL of 1 MNaCl, 1 uL 50 mM DTT, 1 uL 50 mM Na3V04, 3
uL glycerol, 2 uL 1 % Triton X-100, 2 uL 100 mM Na- ATP, 3 uL EGFR ki nase,
vari ous wieonest’of EG-, and 3 uL substrate (50 uM final cReEBSI24TS80n) s
added to initiate the 15 reaction. Before adding substrate, incubate the
m xture for 5 min to activate EGFR by binding to EG-F. The incubation was

done at 30 C fgg n?tﬁnd%)!édtéészlyé“ih Ex'a:th\tpnsz é%%p&#or%%@ Wit delvdrd) bszymfided or

the sanple is frozen to stop I nase reaction before analysis. For the

frozen stvpraly tuade josirksinwas tlﬂi@r fmas@av mvdiesa08iane?d M HERESHRY! 7 Anal ysi s
d 20
was doneoq %l\ht%ﬁﬁaﬁ%r%l%i}v@ﬁ 1 %ergf/gﬁﬁedd:hgnynnécg > ik R/Tg:&oa{f;%ﬁ fppctive

separati an I &n I'njecti was 1yl ng wel | #2
-for 30 spmldecsugsmatacbangfmtelaeh engins usethie tisepsaagt Manogoaniotintew are: 0 V

Recept or S U iitertdl Sient & ottt R elafios °10° Ty o 2 +

-5 MM Md 2, 1Tub Ki@tisnd¥ILBBTardImictoflbiinddvives Wiste ethpldyed Odr etddtiiph@BtATP, 1 ul

oeP o b Syl PR RIS st BB P T RETR Bt s ng

| i gand bdeshrlbgdj abevel Thesthapihepdimension &dgb [ﬂmdepttec&@pmwnbth Withmeesus ubst r at e

(50 ECM ﬁﬁ j%ncrentratl %lﬁ |n|t gte trh rea )] 'h.bfre addi ng ki nase
substr at culbEt &S S 'Hleﬁ pg(\évt aﬁ é’p YSUERPBY 11 ki nase by
bi nditng trﬂepemidnltlyn cantrolled vnl@gﬂsaﬂamevjas cdutrc&ttadsepacatiohemr@@sat The 30 for 30

mn. Either 10 of 2 EDTA i s _added e is froze ntostop
The" r eact PBHTBERIPE usdily SPlectipas adonT el iccaisRe arm s dner f or med
i medi at aFyasdriopticdl Bgstemg  tAllehs rmpkais .andnsbysbaffars arediste] ioslove nodi fi ed
Henry chip with 5 mmeffective separation |ength. The injection was
performed by applying 400 V at well #2 for 45 s while 28 WD 112/12S-47
PCT/ US01/ 2. L7S8 groundl ng ot her welBxamplhe separation conditions are: 0 V
for |1 #1, -
enhantement of “EFRGE N0 Y G228 GRLARCY L YsHcenent of
EGFR ki nase aOhewastay prBMoEGﬂ\e:sameahae@mbtebm E@I{Férieraﬂmoaﬂt Tblety by as
much as 4 fold as rre sured with subgmgate Accor.ding to .the {qlterature

when EGFEBRYIRS YSSORiHS exReringid wereip ik eagh of Gselt kingiee pieatinasst REFERIYT t he

recept or ||-Kikuae R, PK/*JEmEQé?hﬁEB SUBstratelToF srofdrast MR QOshd the sabsmates
transnmenbrane protein, EGFR has its_kinase donmain |nside the It has

been repHrt thrjothgpkingsgs WerRdisted abavEERI%AITesPaNTing Kinases eme(}pt(:aﬁgmy n

Si gnpd i cgplime is BE'LEARRs incBbdtbd 8t RoRtichierature FB# 45 ﬁ‘frpcﬁ§§toh5ﬂwef f2aBfbr, N Many
aspects of the devel opnent of carcinomas. The extent of enhancenent

obser ved 10 mLtafi180 seM AP TAswap addast torihe assay niktare. hdeforecprifaraigian t he

Iiteratur S unt was
studi ed W ?Hég fﬁ:&%%ﬁsﬁ?gﬁég%?égd %?LE%:% %g%‘(?\gforﬂﬁ H']Qt'w OX% 9@5 rate 2).
For the dodéhe saipdiseonditradys endymatia bsaoctivitye ao dntividual aniyone mymsmcf or
either s t I are

T sted | RERdoRBaESnG S3RERAES R ie stfle BRbodd BEfor 4L IbERE BT -
tightdy tesdyd, us(mmameoaeenwmqaemrhaawmmlnzm amhéfseaoepkmeafupammn a
st oi chi one ow‘ﬁrlg?ql of EG- is added. This is reached at a nolar ratio of
EGF to E equal 10 0.5:1 probably because EGF causes dinerization of EGFR
so one nol eculTe dm‘mcEGﬁateaameaiﬁCitthbe trwliptexkd @asays thef asBair MoluMieavads nase

o) EcrnRed o o9 Pt H adle e HaVel B b BeSR dredle 2 s o1

except that only one enzyme was added together with the substrates for the other 3

30  enzymes (i.e., no substrate for the enzyme in the assay mixture). As can be seenin
Fig. 2b, there is no cross reactivity between each of the four enzymes and the
substrates of the other enzymes used in this experiment.

The separation of the assay products was performed on the modified LabCard
microfluidic device with the following injection and separation conditions (sample is

35  always in well 4):
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25 enhancenent in kinase with an optimal EG-/ EGFR ratio) when the enzyne is
acting on substrate 1. The maxi nrum | evel of enhancenent was about 11-fold
wi th subetreties@2, as seen in Fig. 12B. Exanple 10: Screent@RudEL435830 Thi s
exanpl e denonstrates the use of the assay to screen for conpetition
(screening antagonists) that can interfere with |igand-activation of a

ki nase recept @ enzy, ‘ P ts were studied
for their abi ﬁ'?(gﬂtﬁb@a\{Epg%ﬂhéﬂgéwg%%érg?lgg@ﬁ%? l'ock binding of EGF
and consequenSepaatieradeV ahwril had® et well 2andd; 700 ah el 3s- 47

PCT/ L1Sf 11/ Z'b’é@timgﬁolt (s added. In this experinment, 50 uM EGFR
substrate 2 was used.” The R and EGF concentration were used at 50 nM and
.55 nM respect ExdEm.: 488 in/si28dmi n Tabl e 1, | ess enhancenent is observed when

t he fxagnent i ) Y d gJE%{ EGF concentrati on.
Howevfrér, it d%ggg'ﬁg{)ﬁ @%r?p%\t,%ﬁw@ﬁ)%?éessﬁf’he @E?gd]pr onot ed enhancenent .
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dose respRBSIQL Y dbykifiaye, bhd S piLeenfaPK/Skinbsswind Reapdor ILdnadBasid on t he

significant 20 difference of enhancenent for this receptor kinase activity
fr om' Sev ey WagRRdRAtedar §0dnip SpToreElopaing 4 spgliansby 2l 1 AkaRb  hsul in (3
chain, ok ERIRUt Belodedrfalys orl A8 Whddificd LEBaRd midroXilidit BeVie, #tpadsapas chosen

for denonstrating the receptor-Iligand binding assay by nonitoring the

recept or SRiNpleswasdiied wigh 7¢ ¢k of RilsHeX pEhe ARepiticity Bvag RIS 4diehioe thegs used
with a f ltﬁ?gg 5 with oh &6 inbhbaAi Mtﬁrégﬁfifaggéggﬂ 'ﬂ%egotﬂér WodRBfRes B ensure

a saturate I ndi ng between receptor an .
one tube. The same procedure and pretreatment were used to stop the reactions and

20 dilute the assay sample. The analysis conditions are the same as used for Example 1.

Example 3:
Multiplexed enzyme assay with three classes of kinases (Fig. 4)

The assay protocol is the same as used in Example 1. The multiplexed assay is
25  for three classes of kinase, which phosphorylate tyrosine, serine and threonine,
respectively. The assay was incubated for 1 hr with 5 ul. each for PKA and Receptor |
kinase and 3 pL for MAP (Erk-2) kinase. The same procedure as in Example 1 was
used to stop the reaction and dilute the assay sample for analysis. The regular LabCard
microfluidic device was used for performing the analysis. The injection was done by
30 applying 800 V at well #2 for 60 s while grounding the other 3 wells. The sample is in
well #4. The separation condition is: 0 V for well #1, 800 V for wells #2 and #4 and
1500 V for well #3. The separation distance is 3 cm. A relatively long separation

distance was required to resolve the components that have simitar mobilities.
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fo the lnternal standard (fluorescein) was used to monitor the extent of the reaction. As

shown in Fig. 5, both src-kinase and PKA kinase showed very good linearity for about 1

hour in either the multiplexed or individual assays. Also, both enzymes had about the
20  same reactivity in the multiplexed assay vs. individual assays, which indicates that the

two enzymes are operating independently in the multiplexed assay at a rate equal to

that in the individual assays.

Example 5:
25 Inhibition study (Fig. 6)

This experiment demonstrates that the ICs, or inhibition measured in both
multiplexed assay format and individual assay format show similar results. The assay
conditions were the same as used in Example 1 except for the number of enzymes and
use of 1 uM fluorescein as an internal standard. For src-kinase, a known kinase

30 inhibitor provided as a generous gift was used for the inhibition study. A commercially
available inhibitor PKI-[6-22] was used for the PKA kinase study. The inhibitor
concentration range is 0 — 50 uM for src-kinase and 0 - 150 pM for PKA kinase. The
reaction was incubated for 40 min with 0.4 plL each of src- and PKA kinase from freshly
diluted enzyme solution (similar approach as in Example 4). To stop the reaction for

35 quantifying the inhibition, the assay tubes were heated at >80°C for 1 min (which
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WO (12/12y7 PCT/ US111/2~758 WHAT IS CLAIMED IS: 1. A nutipl exed enzyne
assay nethod conprising: performng a plurality of enzyne reactions in the
presenceWsf 0241286t of enzyne 5 substrates, under conditi onBCEUBEAHIBe t O
convert an enzyne substrate in the set to a correspondi ng product in the
presence of the enzynme for that substrate, where (i) each substrate and the
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- char act emuitiplexed agsay tpabt afut ipdividdaassay fasmapr oduct, t he anount of
substrate converted to the correspondi ng product in each of said reactions.
2. The nethod of claim1l, wherein the separation characteristic of said 20
substrates and products is el ectroffx@msie 6: nobility, and said separating

| ncl udes separghiipxbdenARS e ARinAPRA S4B NN B A0 g i Lhi n an

el ectrophoretiT nedrunt under tne rnftaence ot am apprred erectric field.

3. The net hod Tbis expaiiment dethenstiatestthet isiafikaside ésp@rfmm@dmuléaspmmmmn_m oduct s
25 are Sgglééaﬂﬁélﬂﬂdnﬁ re?nf"&?gée@r&f efibfifi \gﬁé]% cfg’ rﬁon ébndﬂaos fis WEh ngnﬁ) og%ligé m 1,

wher ei n etec 1 ng urther 1nc ectin r eac
subst r at eblairaresepratie enzymeiiaivropeerirgtesc Tbemmnlwdtassmdemwdwcmrcmm 50

et hod of MRS O GthBL e Ve, ZFRY Nl ZomPUBATR Gfmonalt < ar e

f 1 uor esc@ndreycdinbs irtehnabdtandsad damllﬂt/l &0bstiges eadnfdebott @heghes)g ul ke
fl uorescent si gnal fromeach product when irradiated with a fluorescence

exci fat i RO H’%ﬁ?g(tsrgm%ﬁﬂ“%“éé’/ia'e?f PiEh/Knpapy Fprindiyiigaiassayi thet hod of

claim 1, suhelcahfitism 5’5R’JrHﬂfﬁldlé)&éd%%SWé!ﬂ&s"e@@EéﬂQﬁat‘yn@ SRl drizffhe@i I N @
single reaction mxture contajning a plurality of different ehzymes, and

each of #aPHPYRE Wete addegrintadpe 9%‘53(3’6”'6@@&’?9 BFRaYS esninguiated for 088N n sai d
r eact i on Rl MilEyhidsiWifte @BRARRRARMNERENPLBIHEb0 °G for 2 min,

The analysis conditions are the same as used for the modified LabCard

20  microfluidic device, and the separation medium was 25 mM HEPES with 1% PEO. Fig.
7 shows that the assay for these two enzymes can be multiplexed.

Example 7:

Monitoring an insulin-stimulated signaling pathway (Fig. 8)

25 Experimental conditions for multiplexing the key enzymes (biochemical samples)
involved in the pathway: 50 mM HEPES (pH 7.4), 2 mM MgCl,, 1 mM DTT, 1 mM
NazVO4, 1 mM ATP, 30 pM substrates (S6 kinase: FITC-LC-LRRASLG; IR kinase: (5-
FAM)-KKKSPGEYVNIEFG; Erk kinase: FITC-LC-PKTP), 3 uL S6 kinase (Upstate
biotechnology), 1uL Erk-2 kinase (Upstate Biotechnology) and 1 plL insulin receptor

30 kinase (Sigma). The assay was incubated for 1.4 hours at room temperature before
performing analysis (Fig. 8)
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7. The nethod of claim6, for use in determning the levels of activity of
each of a plurality of different enzynes in a cell, under selected cell
condi ti ow®, 0lagt7ei n said different enzynmes in said reactiBCI/HBU{MHTS are
obtained fromsaid cell under such selected cell conditions. 10 8. The
met hod of claim7, for determ ning changes in the levels of activity of
each of a group of enzynes in a cell, 55‘2 gg%trol and test cell conditions,
wherein said perform ng, separating, g, and determ ning steps are
carri ed outMdiipie>edizimese asbaaionewnftorim ddiiesianalihe pathwabse (Fign O9AGndBB]: t est
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cel | -si gpalrh ?Qnﬁ’éﬂafﬁ\‘@%r%%g e stogﬁhé?eaﬁ:a-%? He&E 8% %y ﬁm‘@ﬁr@a%BO f’(z FordSSaying

the effect one or nore agents'in ting or s e activity
of a sel Guméqjdmwhelﬂhaﬁ n said performng step includes perform ng

I I wh
g‘;lcthh?’n )e(t > rega ngn%t@gl W?&S HEAGHARR Nt cSRARR Rers g?ecéérg?é‘ekﬂe?& Hrﬁlgé?u ere

one or nore enzynmes an re of the
30 subst Kineee and the sibistiatesfor ofitrr twh &inases watedmgnm themssgy $a eeck the her

i ncl udes S ”ﬁ?ﬁ m t

substrat egd%gtrﬂ%&“o%au%t gh(g R ltl&#ﬁ?ﬁéﬁ&r%sﬂée%c@?% dbrggr\/Eod of claim
11, for between WSQEﬁthWQ‘ @l’ostﬁateemcnmnwsaswbere%e dbegsosubdtratapalg e of
affectin E%ﬁ[}/ separate reaction m xtures 34 WO
02/ 12s7 % @gﬁ?%ggmso |£Fﬂ@%n§ne or both of (a) one of a plurality
of dildferent test agents being tested for its ability to activate or
inhibit the activity of t KW a RE%Q &, plurality of different
concentrations of a singl e agen él'lﬁé AI\‘RIB?%%% f)% claim1l, wherein the
di f f er entMATTHRIALSt es | nStack eolulionst ude (i) an enzyne substrate noiety, (ii)
a mobility nodifier thajg LEBER.N daegﬁl_[a,tli)on characteristic to each

substrate and its correspondi ng produ the set that is unique with
respect to the separati bMMBa@racteristics of other substrates and

corrgﬁpondl ng products Sd]nﬁ\ﬁ‘ %SOW S) a detection noiety that
permts detection of a S|gna rom sal substrates and their

correspondi ng products. 5amM Nag/Qe0 RONMHERES m 13, wherein the different
substrates in a set Naveydflon X-100 in 50 mM HEPES

100% glycerol
100 mM Na-ATP
25 10 mM MgCl,
5 mM MnCl;
1 mM substrate in D.1. H,O
(Sub1: FITC-RRLIEDAEYAARG; Sub2: FITC-IEDNEYAREK)
0.5 mg/mbL EGFR kinase (Sigma E-3641)
30 0.2 mg/mL EGF in 10% acetic acid
Receptor Il kinase (unknown concentration, provided for use as a
gift)
1 mM Receptor |l substrate in D.I. H,O (5-FAM-
KKKSPGEYVNIEFG)
35 100 uM IGF (prepared in 10% acetic acid, CalBiochem)
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ol i gopepti de substrate noiety) and said nobility nodifier is selected from
the group consisting of (i) non-peptide noieties coupled to the

ol i gopepwide/12§47i ) one or nore am no 15 acid substit uti onNBCT/HSEIER4TES
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enzynme, but alter the separation characteristic of the oligopeptide, and

(ti1) different reporte jeties wi.th.different separation
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bet ween a receptor 20 enzynme and a ligand known to affect the
receptor-enzyne activity erein said separate enzyne reaction mxtures

i ncl ude (FPOYEPd enzyne"'%?gg' N‘ﬁ%‘héﬂérof(ﬂh@ﬂtﬁ’ﬁ%eég' refhenestiionieacdl i i) one
.or nore different conceptT-abitHierend) sai d |igand, including, in at |east one
reaction m xture, a conc1en_trati on of ligand sufficient to produce optinal
activation of the enzyns!P-2¥engsingRstriphPsRb@tf ¢l ai m 15, wherein at | east

-one of the reaction m xt@QFRSEFABING GfovH Rt tbéaptdry no ligand, to provide a
enzyme activity level of non-activated enzyne. 30 17. The nethod of claim

15, for assaying the abffrifridermaherayth fa# test agents to interfere with
li gand-activated enzymec@eidsvlih Yromheickrat | east sone of the reaction
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of a plurality of diffeResaPiardsendnsufin selated recepjor with/akingsemsiomaisisol/ 2- 1758
18. {e nethod of claim 15, for assaying the effect of one or nore test
agents to interfere wwth |igand-activated enzyne activit where at | east

come of the rEIOFIOTEGEREE5AY: ZAhiat 160 TMHERES GbhZeit TGk 6 MM i gand

and one {of e c t] t a t. 5 19.
The ot nlgclt 8 UGS Y OO CRGIGH A RESONMBTE SI0 SORRNEOEIEM | > 20
enzyne effyeetol,\2eyL 1% Taitoraxi1i00a2 ad 190 bl Na-ATPRB® g BEGPR ldhaseanaridusgopept i de

substrate, and t ubstrates in sajd t include, suych i gopepti de
SUbet 1 at Smoantssl EGE dRRa s st BhaEat st i etsdo kiR MRy of (i)
non- pept irk:tio BbiokS addibgbesktiate, iltaba thé h@nerbi §lfin {d AivaBEGFR Bpr e am no
acid substitutions in sald oligopeptide that preserve recrEcig[gnl tion of said

subst r at ®NYKIOdLFEGy he @cehatipndvasione gt 8@ rCINa30sBiRdp dihrofFitberalels e i sti ¢ of

the ol i 9opERINI EDTANEGdlEd by th@isfaﬁgﬂ@a@tfrogsﬁ REthP theahalel iBactithidarde f f er ent
15 20. The net hod I

separation characteristics. 15 e od of claim19, wherein said

r ecept or 2BAY§Fe Fpsthediogen eampleoanalyids was aprferBies immadintely aflethgwiRBer e t he
l'igand i s EGFAnhRERRIZA ddnk I A1BSECardRBERaS, Ry s8R, 15 Withsk chh efRBEVERK and
insulin receptor ki nase, where the ligand is 1nsulin. 21. The nethod of

cl ai A9 11 sep@ratien lengthi dnieetiopias rerformpd Ry applying 4900 Yhat walltzder 3 s while m 21,
wher ei N gl AR vietisS The SbpatalisPBAAdRNE LRHI V for Well #1, 700 V for well #2
and 4, 1500 V for well #3.
Protocol for Receptor [l assay: 30 uL of 100 mM HEPES (pH: 7.4), 10 pL of 10
mM MgCl, + 5 mM MnCl,, 1 uk. 50 mM DTT, 1 pL 50 mM NazVO,, 2 ul. 100 mM Na-

25  ATP, 1 uL receptor Il kinase, various amounts of Insulin 8 or other insulin ligands
[activating ligand] and/or EGF [competitive inhibitor of activating ligand binding], and last
step is to add 3 pL receptor |l kinase substrate (50 uM final concentration) to initiate the
reaction. Before adding kinase substrate, incubate the mixture for 5 min to activate
receptor Il kinase by binding to insulin B. The incubation was done at room temperature

30 for 30 min. Either 10 uL of 200 mM EDTA is added or the sample is frozen to stop the
reaction before analysis. For the frozen sample, analysis was performed immediately
after thawing the samples.

Analysis was done on a modified Henry chip with 5 mm effective separation

length. The injection was performed by applying 400 V at well #2 for 45 s while

28



consi sting of ERK kinase, S6 kinase, P38 kinase, and Abl kinase. 23. A set
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connection with insulin-like growth factor (IGF). A significant enhancement (>4 fold) in
receptor Il kinase activity was observed. Other ligands tested include insulin, insulin o
and B chain. Both insulin and insulin B chain stimulated this receptor kinase activity by
as much as 20 fold when a high concentration was used (Table 2). One Insulin 3 chain
dose response study for this receptor is shown in Fig. 13. Based on the significant

20 difference of enhancement for this receptor kinase activity from several ligands (4 fold
for IGF, > 20 fold for Insulin and insulin B chain, only about 3 fold for Insulin o chain),
insulin B chain was chosen for demonstrating the receptor-ligand binding assay by
monitoring the receptor kinase activity. For this experiment, 25 uM substrate was used
with a fixed amount of receptor !l and varibus amounts of ligands to ensure a saturated

25  binding between receptor and ligand.
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The competition between insulin B chain and epidermal growth factor (EGF) with

RO DEEZ [ <YNC

this receptor was performed to demonstrate the assay method for use in competition
between an activating ligand and a putative competitor by monitoring receptor kinase
10  activity. At a fixed receptor concentration, two concentrations (3 pM and 15 pM) of
insulin B chain (activating ligand) were used to conduct the competition experiment with
various amounts of EGF (competing non-activating ligand), which led to comparable
IC50 of 0. 2 - 0.3 uM. Although the competing, non-activating ligand did not show
complete competition at the higher insulin B concentration, it is straightforward to

15  measure the binding competition based on the changes in receptor kinase activity.

Fig. 14A shows Inhibition of ligand-induced receptor Il kinase activation by a
non-activating ligand, at a high concentration of activating ligand. It is also possible to
show near complete competition with EGF when a lower insulin § chain concentration of
3 uM was used as shown in Fig. 14B.

20

All publications and patent applications cited in this specification are herein
incorporated by reference as if each individual publication or patent application were
specifically and individually indicated to be incorporated by reference.
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detecting, for each separated product, a separation characteristic effective to
identify that product and a signal related to the amount of the product, and
15 determining, from the detected separation characteristic and signal detected for
each product, the amount of substrate converted to the corresponding product in each

of said reactions.

2. The method of claim 1, wherein the separation characteristic of said
20 substrates and products is electrophoretic mobility, and said separating includes
separating the substrates and corresponding products within an electrophoretic
medium, under the influence of an applied electric field.

3. The method of claim 2, wherein the substrates and corresponding products
25  are separated by capillary electrophoresis.

4. The method of claim 1, wherein said detecting further includes detecting, for
each of said substrates, a separation characteristic effective to identify that substrate
and a signal related to the amount of the substrate.

30

5. The method of claim 1, wherein said substrates and corresponding products
are fluorescently labeled, and said detecting includes detecting the fluorescent signal
from each product when irradiated with a fluorescence excitation wavelength.
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said different enzymes, wherein said performing, separating, detecting, and determining
20 steps are carried out for enzymes obtained from the cells before and after exposure to
said agent.

10. The method of claim 9, wherein said group of enzymes are selected from
groups consisting of receptor-kinase enzymes and cell-signaling pathway enzymes.
25
11. The method of claim 1, for assaying the effect of one or more agents in
inhibiting or stimulating the activity of a selected enzyme, wherein said performing step
includes performing multiple separate enzyme reactions in separate reaction mixtures,
where each mixture contains (i) one or more enzymes and (ii) one or more of the
30 substrates from said set, and wherein said performing step further includes combining
said reaction mixtures prior to separating the substrates and products of the multiple

reactions.

12. The method of claim 11, for use in screening for or evaluating a test

35 compound capable of affecting enzyme activity, wherein the separate reaction mixtures
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10  said substrates and their corresponding products.

14. The method of claim 13, wherein the different substrates in a set have an
oligopeptide substrate moiety, and said mobility modifier is selected from the group
consisting of (i) non-peptide moieties coupled to the oligopeptide, (ii) one or more amino

15  acid substitutions in said oligopeptide that preserve recognition of said substrate moiety
by said enzyme, but alter the separation characteristic of the oligopeptide, and (jii)

different reporter moieties with different separation characteristics.

15. The method of claim 11, for assaying interactions between a receptor
20 enzyme and a ligand known to affect the receptor-enzyme activity, wherein said
separate enzyme reaction mixtures include (i) said enzyme (ii) one of the substrates
from said set, (iii) one or more different concentrations of said ligand, including, in at
least one reaction mixture, a concentration of ligand sufficient to produce optimal

activation of the enzyme.

25
16. The method of claim 15, wherein at least one of the reaction mixtures
contains substantially no ligand, to provide a enzyme activity level of non-activated
enzyme.
30 17. The method of claim 15, for assaying the ability of one or more test agents

to interfere with ligand-activated enzyme activity, where at least some of the reaction
mixtures contain, in addition to an optimal concentration of ligand and one of a plurality
of different test agents.
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23. A set of enzyme substrates for performing a multiplexed enzyme assay,
25  comprising
a plurality of enzymes substrates, each having (i) an enzyme substrate moiety at
which an enzyme in the assay reacts with the substrate, to convert it to the
corresponding product, (ii) a mobility modifier that imparts to each substrate and its
corresponding product in the set a unique separation characteristic with respect to the
30 separation characteristics of other substrates and corresponding products in the set,
and (iii) a detection moiety that permits detection of a signal from said substrates and
products in the sef.

24. The set of claim 23, wherein the detection moiety is a fluorescent reporter.
35
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