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20 Background Art

Westernblot and immunoprecipitation (IP) are the most frequently used
procedures in laboratory research lab for analyzing a protein for its expression,
molecular weight, degradation, and conformational changes. Westemi)lot procedures
detect the presence of an antigen of interest by an antigen-specific antibody after

25 separating proteins by electrophoresis on an acrylamide gel, transferring separated
proteins from the acrylamide gel to a nitrocellulose membrane and immunoblotting.
IP is a procedure that is used to study the properties of a specific molecule by
immunoprecipitating the molecule from a protein mixture and separating the mixture
of immunoprecipitants by electrophoresis. Despite the popular use of Westernblot

30 and IP, these procedures remain time-consuming (requiring a minimum of two days to

complete each) and are complicated. Both methods rely on electrophoresis for protein
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devel oped ELI SA assa r a speci.fic.kinase,, Fqr the ELLSA. assay, the cell
yeat ot rom dhils mishig) 56 eRtyalrmriy s teTagehay fhe At oF@ABEREY wi th an
anti body agaijfi®ipdtatdg $itd @tk subbidtgen to al low binding of the desired protein
onto the surface of 96-well. After the 25 binding, cell |lysate is renoved

from the wel | and BldPAzssaysare Widghousied forsctdeging-agopistsiahd entagonibsder a hat i s
directly or indirectly .conjugated with enz : noupt of . the antigen
of i nterest AR pinber APHERA ot nTR T roflieafit Shepiieinabfo Tty

ELI SA assays bdl6gidfictieflof Hpoedif eRecentld! GLeAVEDESA RisafohdledeeRr devedlspeda
single antigen rather than analyze nultiple antigens on a single 96-well

plate. 30 Twdonmeasysing past-tepaslatioral masifiention isuch 25 tyogisephospherylatiemal yze
genore. v e ) LNGPURREISASSETE, PRI PR ENRSHShond UBRERY L' o
the cporent tSadiclliemahgiinalyaibaldChemisthys Q85PN %1 W6) aDn BOKA agway$or i s far
Pel ow the Lot 6P ntuced Bl TRDR phosphosyiaton. Many ghoupt dlso have developed  + -0
ELISA assay for a specific kinase. For the ELISA assay, the cell lysate from each
sample is added into a 96-well plate pre-coated with an antibody against a desired
antigen to allow binding of the desired protein onto the surface of 96-well. After the
25 binding, cell lysate is removed from the well and replaced with another antigen-
specific antibody that is directly or indirectly conjugated with enzyme. The amount of
the antigen of interest is then determined by the activity of the enzyme activity.
ELISA assays are designed to screen a large number of samples against a single
antigen rather than analyze multiple antigens on a single 96-well plate.
30 Two-dimensional gel electrophoresis is widely used to analyze genome-wide
protein expression and modification. However, the accurate determination of each

protein remains difficult since the resolution of the current two-dimensional gel

electrophoresis (3000-5000 spots) is far below the total number of cellular proteins.
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Disclosure of the Invention

The methods, kits, arrays and other compositions of the invention provide for

contacting a biologically active or activated sample of proteins with a solid support

25 array of capture molecules specific for target proteins that may or may not be present
in the sample. The post-translational modified proteins bound to the capture
molecules on the solid support are detected using detection means that specifically
recognize the modification moiety. The detection means herein is contacting
immobilized target proteins (immobilized by binding with capture molecules that

30 immobilized on the solid support) to a detection molecule that specifically bind to
modification moiety, a detection molecule that specifically bind to target protein, or

contacting immobilized target proteins to a detection reaction that specifically react
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I nvention is rected to a nethod for detecting rotein nodification of a
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protein is imobilized 25 on sai d solid support; and b) assessing
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preferably ug@@mg@lc&cumsgh throughput format. For exarrpl e, the protei n

nodi fication status (or profile) of a 30 plurality of target proteins can
be assessed sinultaneously by contacting the plurality of target proteins
wi th an i nmobi |IZ%&1€ %t)ture nol ecule, or a plurality of immbilized
capture nol ecul es taneously. Alternatively, the protein nodification
statux0 (or profi ﬂxe))né)ispact;sihﬂ@E@eﬁt&h@ﬁttioﬂﬁ@ﬂi@édﬁe&t@m hethad faskedting

S|nultaneously by contactln% -4
protein modification of a target protein in a sample, which method comprises: a)

contacting a sample containing or suspected of containing a target protein with a
capture molecule immobilized on a solid support, said capture molecule is capable of
specifically binding to said target protein, whereby said target protein is immobilized
25 on said solid support; and b) assessing modification status and/or identity of said
immobilized target protein.
Although the present method can be used to assess the protein modification
status of a single target protein at a time, the present method is preferably used in a
high-throughput format. For example, the protein modification status (or profile) of a
30 plurality of target proteins can be assessed simultaneously by contacting the plurality
of target proteins with an immobilized capture molecule, or a plurality of immobilized
capture molecules simultaneously. Alternatively, the protein modification status (or

profile) of a single target protein can be assessed simultaneously by contacting a
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capt ur e W@PE24es si nul t aneously. Preferably, the proteipcTrussosiosat i on
status (or profile) of a plurality of target proteins can be assessed

si mul t aneou ' Hrali | Lt h a
plurality o?grger}ﬁ%%ﬁgﬁqg@%&ng%lhtpgfﬂrrj{)ﬂlggmzé%c%t%?%(gﬁéeué%;%. lt%&?ﬁ%g"pr otein
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conbi nation"theréfor, that is capable of 10 speci fically binding to a
target protein, dhegpreeiomaobficatioprsiatus (o) pofile) gflany aluralityofe., granmef

0rotel 1. Bt il L SARLULR HRLSFUL Aol e B TR, BRL 00, 11 0"
bi nding to mmﬁtioﬂﬁﬁiisi(s;dp@ﬂg%@ﬂalgmcﬂffsira&ufaqapraﬁd@i fihcliBhslRireRE €I n. I n

anot her specific enbodi nment, e capture nol ecule is capabl e of
speci fi cal | pras¢ingianggssessed. nodi fi ed 15 formof the target protein but is not

capabl e of specif, cal L ndin Q an u L fl.ed . formof e t.arget
protein. In a pré’*r‘@r‘?‘lég““z 0%3?‘%‘8Lef(,°rtcﬂ%£§§g?ﬁp§r%5’g}&"’iﬁllsecaipéagﬁsr anti body,
e.g.10 a pol ¥sdcofivally BidikOdYs tafzetBioRbh, Vi dhe aninoBosl¥mbaiis)Ttal fl@dlityf sragment
retaining its desired binding specificity, or a conbination thereof. Any
sui t abl e sofargetPIRIpBsLcap b8 used 5tBe canfurereolprule anthe praspridmethed. oleongx anpl e,
20 the soli > b L1 l. ' ; . NHam ¢,

phot or esi st ,gpe?:%ée?{nﬂo(gfrfﬁ grgbﬁ‘f%é&t%‘%g%? ?IQ 1%5218 |°?§ﬂ’%{‘]%°§g$'3’ ?@dén g’eb%l[eﬂngany

ki nd of sui haldiftedgmd raatunhodiftadferms ef gtargea pfdteih. Hummohdr specifiet of sti cks,
or a set of beads. Exenplary flat supports can._c rise a slide, a chip, a
filter, or § Fhahe SaRiirh molecule Gl pesificalbinding g 2 modified

postt4d ransl gt kdteiragkk foi | : Sfuiodi pr esent
ot o, Dro o PARRCBIGGTY IS LigBle oLt pec A BIRTRE RGO AR
present net furth ¢irthe¢ tadget phassiphdn g ipeferved erabwtiykrt; thercaptuet mpleaule osizn

ADP- ri bosyl at .0 addi tipn, of, a.paol.ypeptide sjde..chain, dition of a

hydr ophobi Cmt&ogng.g.aﬁgoﬁagfl?li %1'38?9(,51 %{}“Sg%?h?“g’tb&ay 15 ﬁgo@pgigfﬁné

enbodi nment , rdtfiflingfitQieEiRaT bihdihs epecificiie ops safibinatidmstherregphor yl ati on on
tyrosine, serine, thregnine or 30 histidine residue. In another specific
embodi ment, the Adyisuitde slidsuppory sepbs wred 4n the pressat methgdpln enesexamiple. i s t he
addi4q4 on of L tid Clyf .C dj : ition
ot by dr opHiol shigns ool t3d stteo bl ntBtbdstccPARRS pifRBlesiy, HlbPH)
e.g., nyri pbigher supppatl Mheabkd sypdrtican be of arprkihd opsudtablecgeometic fofrag,nesyl or

enr anyl genr anyl
g y'e e.g.)a/t flat support, a set of sticks, or a set of beads. Exemplary flat supports can

comprise a slide, a chip, a filter, or a membrane.
Any protein modification, especially post-translational protein modification,
25 can be assessed by the present method. Exemplary protein modifications that can be
assessed by the present method include phosphorylation, acetylation, methylation,
ADP-ribosylation, addition of a polypeptide side chain, addition of a hydrophobic
group, and addition of a carbohydrate. In one specific embodiment, the
phosphorylation to be assessed is phosphorylation on tyrosine, serine, threonine or
30 histidine residue. In another specific embodiment, the addition of a polypeptide side
chain to be assessed is the addition of ubiquitin. In still another specific embodiment,
the addition of a hydrophobic group to be assessed is the addition of a fatty acid, e.g.,

myristate or palmitate, addition of an isoprenoid, e.g., farnesyl or genranylgenranyl,
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I nositol ‘anc & g., a carbohydrate group conprises g e
present nethod can be used in different formats. For exanple, the target
protei n can deadditinmiiflaj gheabsyli-phasplatisiybiniosital anchaty &gt R carbobydvetsrereu apt ur e
nol ecul e 5 and t he gleygti Ic portion of the target protein, and then the
protein nodi FIRREED P¥us of the inmobilized target protein is assessed.
Al ternatively, thend preS@i niditidedal teared R diffeFeRPidrina®d For exdrfisle Sthe €drbétC

i nteraction between a capture nolecule and the nodification noiety or the
conbi nat i on proteineamegiinimebilizeshviathesspgcifigdnterstipepetivgrr a cppitre mplegle t he

target. protein,,and then the i.dentity of .the.i Llized : . protein is
10" Segebsac 8 Bepidlf Rotibf of & alsy pidteif g WK pHAER L AERIR SR " 1D
first i nmobpf the etmdbilized tRbdt peotsilis assessell N Allteiritioelp Athk eargét fFoRE dandl | ¥

binding to both a nodified and an unnodified forns of a target protein,
and then t heimmabiizedyirdshe speifiginteraction betwesp pcaptaregnelsegeandihst ei n i s

assessed by Y| ' k| . I 0 W | on
o ccul e 1 ha SHFREORBoldtF ! EEBlbiAREn bPIR Hod bRl Aty Borifie 0
protein but pertionbf drpadgteprofeis pad tHenahé identityrufithginirmobilieed marged pfdted is
target protein itself. In this enbodinment, the npdification status of the
i mobl0l | zed assassgdt ApsBtivgly. henespseifis emhodunent fhe tasgetprotem is firgtapl e

physi cal or i E ) ' - e ans
can conpri seﬁgﬁgir)ﬁ%géq 6‘%?@%,5 |ec§{|? ‘glgfl‘ggfﬂélt FSI cﬁhé\ﬁe g?é’%%'ﬁgﬁ:%lrlgtﬁ g‘?‘%ﬁ’yf&} {l:rgt I on
moi ety. Al t enmdifiedaing antuhmogifiedifomhs affa ahgetpoatin Zhdrthenthe pasdificationistdusany

sui tabl e anal yti cal an e.g.,. chromat ographic,.. el ectrophoretic, protein
sequenc ng. - Hbe apeE Ry BioialR AR oY PBRCIREE SRR etk o
nodi fi cati onyrgadigtiith 4 det@Righ RESle e Raf isTafdHOSE s!}ié@i&icaﬂ}‘ﬁin}%lﬂ{g%tthe protein Is

first imobi FI zed by a capture nolecule that is caggb[ e of specifically
bi ndildg t o amodifieditanget proteirobuttifhnoticapafde op specHically binding tadhe vapeodified of

specifically, 25 bindin 0,.an. un . fied.form.of the tar rotein, .and
Chen t ho. i auiFRet prafrmnitel R AR s o ReneioPrd Gibe Bubiged
contacting t hegdt Frabinldad 8Ro badeRImNeA b iother Whitdbl@pkiai@l bt HemTBAl@6dahe t hat

i s capabl e of specifically binding to the unnodified target protein itself

but is not cHpegrampls, tepltisicalcen dhpmigah means ¢an comprive ghgmical ergadietsotopicot ei n.
30 The prot ej | {1 ] Us _of t oY go) X =] . ity of
target prot (laﬁ%ﬁgg,}qb nb%%%}h gg’r?&i %hgg nm%%t?aé gég(gdé&agy&'? l?gysd&elso Z ﬁgé% od.

Pref etabl y, tieenss@idotprise any suitable analytical means, e.g., chromatographic,

electrophoretic, protein sequencing, mass spectrometry and NMR means, for
detecting the protein modification moiety. In another specific embodiment, the target
protein is first immobilized by a capture molecule that is capable of specifically
binding to a modified form of the target protein but is not capable of specifically

25 binding to an unmodified form of the target protein, and then the identity of the
immobilized target protein is assessed by contacting the immobilized target protein
with a detection molecule that is capable of specifically binding to the unmodified
target protein itself but is not capable of specifically binding to the modified target
protein.

30 The protein modification status of a target protein, or a plurality of target
proteins, in any sample can be assessed by the present method. Preferably, the sample

to be assessed is a biological sample.



to be assessed is a biological sanple. -6 WO 01/ 27624 PCT/ US00/ 41062 The
pr ot ei nW@oli/37%628t i on status of any target protein, or anpcriusoesiosy of
‘target proteins, can be assessed by the present nethod. Preferably, the
target protein t gﬁﬁﬁ S < ' Lal ool el ongs
to a group of prgth gﬁrnoéaﬁmt ﬁ%&@%ﬁ?%ﬁ%ﬁ#ﬁ?fbﬁ&@f gﬁgo iclg{%ﬁmeé\%ﬁggg, )
expressed i prodeiss, &gre bofssemsked by yind presen predwde dPréferablya theathiget pyotein exipr essed
in a tissue type,.expressed jn . an organ type expressed.n a deyel opnent al
stage. a pr GUETRY HBLRIVED it a biciaical patPny ielings {42 BE0NR of gFUEns Wik g sease
or di sorder jdeyifiéal OF sitdiRg Biol&Yical fMPoR! kprliOSFin@RIRTIcen c?élé’,/ pred&ddif!l ty I's
altered by drug or other treatnents. In another aspect, the present

i nverft i on i 8 cell Fwpet @xpressedainractissueltyper exiptiserd ihyanpgganitgpdiesprsgiedan by

di stinguishgble marker(s) associated with .a biosanple, .which conprises: 1)
Gssessing. pROCURRRA SR A POfF Paprs Sintrisin grdReindy i g A seate
above- descr ppgidordeelypeds s@%e, 6§§E&ﬁéiﬂ@v&%@&ﬂir&s[ﬂﬁ%ﬁl&{&&ﬂiﬂ@ Rafblei®yof a
conpar abl e control Diosanple through the above-described nethod; and 3)
conpari ng t Heigmrether treptnginisi cation profile obtained in step 1) with the
protein nodificatj r.of.il ' in.stenp: ' ' -

bi ol ogi cal | y di sH %%ﬁ*?esf %%éﬁcg ‘%ér)%rt%é‘"{}‘g ﬂ‘r})ﬁg‘l“?’} ‘?;@Eﬂ%%‘ﬁ& %’r %?‘Fplé%ﬁn%éff {Q)éérr“ﬁf%’j“g

asso at ed bividdicatigidistiigaishaiit markdr@) avsakihtgd withe bidemipié, vildchtathpadesal | y

di stingui shabl e protein, nodification profile marker(s) are indicative of
the protei nth¥fgesmgaroein medficationgrofileeof agyienampiethrough the ebovewtesaribedn t he
bi osanpl e i o1 Lt S : Ll e
present i nvr;hr<1e [ ghyﬁgsﬁ%?léﬁr (’étgln?rggcgﬁ%tf&ﬁlﬁ)ééﬁlgﬁf'gg# Pﬁgﬁbt&%{l gﬁﬁﬁﬁ%ﬁél ?cat i on,
whi ch kit ctmughsthe abae-desadgidunethodiaad 3) eompariy the peteio maificationd support,

sai d capture | ecul e, i s capabl e of specifically bipdi 1o, a target
oot el nt anBroje HURHE EHOnL0RS Hirprast PPUETIAR BPRA MG BiPaRe ty o
sai di g ar get jdedRfyHiSlogichlly Hi3tidSlisABR! fi6lifBBiGiatidn R oRleaAMREr(§)RLEREHQN | S
directed to an array of protein capture nol ecul es, which array conprises:

a) a solid withpeidtbiosamgley)Prafepahly,ah¢ idgntified Wialogicaly distinguisteble protshi | i zed on

peci 11 cal | oBRRaon PO AR sl ind s AR P SR ERRR R B0 e

nmenber pr ot Biolbgidal Soupteframi wiick thetis@tipldisdeavérs. Preferably, the plurality
of target proteins conprises a group of structurally and/or functionally
related proteins. In yet another aspect, the present invention is directed

to ay array of pk‘?&‘ihc’f‘arra:s

In still another aspect, the present invention is directed to a kit for detecting

protein modification, which kit comprises: a) a capture molecule immobilized on a

solid support, said capture molecule is capable of specifically binding to a target

protein; and b) means for assessing modification status and/or identity of said target
25 protein.

In yet another aspect, the present invention is directed to an array of protein
capture molecules, which array comprises: a) a solid support; and b) a plurality of
capture molecules immobilized on said solid support, wherein each of said molecules
is capable of specifically binding to both a modified and an unmodified form of a

30 member protein of a plurality of target proteins. Preferably, the plurality of target
proteins comprises a group of structurally and/or functionally related proteins.

In yet another aspect, the present invention is directed to an array of protein .

capture molecules, which array comprises: a) a solid support; and b) a plurality of
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capture whi ch array conprises: a) a solid support nd
plural i tgx{%ﬁf’%‘?v\o 01/ 27624 PCTI USOQ 41062 capture nol ecEFF‘é(Hg‘f (ﬂ’rﬁg& li zed

on said solid support, whérein each of said nolecules is capable of

bi ndi ng to a cgpeict inoiscalss immebil\izachoasaiddbl‘id etalpoﬁnwmem t;Gbeof aaidwailéqudes
protein, tho f or ecti

activity I n ng:apihlﬁ?@n‘gg%@c? spefﬁ'g: %’F8B“e?¥f |arW‘éq'l? ey ’Em fyr(gzc%lrgaalif(?dan
array of enzmemsg%stl{@t es, which array conprises: a) a solid support; and
b) a plurality of substrates inmobilized on said solid support, wherein
each of said substrates is a substrate of a nenber enzyme of a group of
structgral | y and/ o » : . .Preferably, at |east
one of "t he nmenber €Nz on reaction. In
yet another aspectip }tehﬁldiheﬁ‘sagﬁﬁct |t]‘ié’ﬁ{é mrhveﬁndm ts&ﬁieefédtt@aﬁakay of &izyme
detecting nzymatic activity, which kit conprises: a) an array conprising

a solid suppcﬁ(‘%s'ffai?ﬁsl“éﬂc hortay siompyisest: ay & selid suppert; ahddia plutalityef syhsteateso| | d
Suppor . ¢ Mher iRt B el flohalRo P SR BaltPo ALRHRBLEALSIs ey BulIEOBEY
enzyne of a group o ruc ural 9 an finctiona 130 enzynes; and
b) neans for membasdnzagmact agrdup dffstracwinllyfantifee fmfmribﬁry xeraze;dmymlem yet

anot her aspect, .the present |nvent|on is directed to a nethod. for

det ect!Png enzlitﬁﬁmléy,a?ééqaﬁ g of themembel Nz e eﬁa%%%aromﬁs@gma)
contacting a reg% oanmpl e containing or suspected of containing a group of
structurally an 107 functionally related target enzymes with a plurality of
substrates i mobi | Inzed awsther aspazt,ithe prepgminventibee issdirecedab addt fondetectingst r at es

is a substrate of a nember enzyme of . sai roup of target e nmes under
Condi &1 ons. oUREIBREe OAg PR ammaite S at Rga eSmeighes sol] Sibpoe, and s
reactions i ”Vﬁh}é'lﬂgo%bﬁhdté’@mﬁh&hﬁi‘éﬁ sHaed §idesp ?@r@%&}elﬁ%ﬁéﬁéﬂ A 25

enzymatic activiti'es of said target enzynes. Preterably, at |east one of
the tdbget esubyimases isatsubstatsoln member enzyndiof iagaoupoof stgisrallyrandRiri ef

De t th ' Fi | | t t th t he P-
Pr o r oy s gt omalsat e Enbhs fad | metth o f6Reing asfn gt Ssfel ng
I mobi | i zed %Cﬁqbgl\/ﬁzgﬂn@pnm onal surface. Step 2: PTKs fromthe cell

| ysate are captured on the two-di nensional surface at speC|f|c posi tions.
Step 3: An enzyne- Ingret angthermspert.dhe pregentdnygntigaissdiregted;to p-methodfor

detecting enzymatic activity in a sample, which method comprises: a) contacting a

20 sample containing or suspected of containing a group of structurally and/or
functionally related target enzymes with a plurality of substrates immobilized on a
solid support, wherein each of said substrates is a substrate of a member enzyme of
said group of target enzymes under conditions suitable for said target enzymes to
catalyze enzymatic reactions involving said immobilized substrates; and b) assessing

25 enzymatic activities of said target enzymes. Preferably, at least one of the target

enzymes catalyzes a protein modification reaction.

Brief Description of the Drawings

Figure 1 illustrates the principle of the P-Y Prodrray . Step 1: Specific
30 capturing antibodies against PTKs are immobilized on a two-dimensional surface.
Step 2: PTKSs from the cell lysate are captured on the two-dimensional surface at

specific positions. Step 3: An enzyme- or a fluorescent-dye-conjugated anti-P-Y

-8-



WO 01/ 27624 PCT/ US00/ 41062 antibody binds to P-Y residues in the PTK Step
4: A ch®R 2 escent or fluorescent signal is generat eBCTESIOMID@at e P-Y
|l evels in the PTKs. Figure 2 illustrates the arrangemnment of an exenplary
merbr ane pr QhfbsiyBihdto P-¥ rbhdes iR theTIK WtE94 Qd théMBuhMéSddnt &Mfluddescent
Definitions Unless defined otherwi se, all technical and scientific terns
used her ei n siggakis gengrated tpindicate Prg lgvels in bo sl y under st ood by one of
ordinary skill in the art to 10 which this invention belongs. Al patents,
applications, published applications and other publications and sequences
from GenBank and Fgdien ithashate’ 3@sart RigeeRbIaf exfi@pRiy Imem®rdnd Gesteiaraatagd by
reference in their entirety. If a definition set forth in this sectionis
contrary to or otherwise inconsistent with a definition set forth in
applications, published applications and other publications and sequences

from 15 Genmﬁ%?@aﬁﬁfﬂgro‘ﬂ%@lﬁgﬁﬁ? that are herein incorporated by

ref erence, ' Iin this section prevails over the
definition that I[lffJ ntconrporat ed herein by reference. As used herein, "a"
or "an" mead¥ "at 1 eaci™one" or "one or nore." As used herein, "protein”
enconpasses pol ypéssdefingd otHenags ald e:cBAidalp@Bstidatific #PméasddiReei BaRI N,
"protein nodification"” refers to addition of a peptidic or non- peptidic
noi ety to a theHMmsimeaning asds sepmoply weestapd hypng of prdinaty skidainitemarbio t he
peptigli c chal: : ' i 1l t [ i

hon- ot af otich Bl g Btk AURaRHE 1l fip HHIREH L Exlns and

non- pept i di othep peblycatiems dvd sequtnded frora (reaBanlpaed ether databasesreferedno or

pepti di c conponent .of a conpl ex. containing such prqtei.n or peptjde, 25
Pref erabl y, Defsinetg RFORRAIFEA BY £elRoncs B BFiE &tgeodt 2 3?@%9%_@%3%# mpt_f’;m ein
modi {1 cal | OectiokiS By 10 Yihdrivi¥e thedhbioRAl with B UehifiuBRALI bRt on | ncl ude

phosphoryl ation, acetylation, y Ion, ADP-ribosylation, addition of a
pol ypept i de applitatiohsapnblishad dpplicationsfand othed pulplitatipns apdsgpuensesiframidi ti on of a
car bphydr at use erein "c ure molecule" refers to a | ecul e, or
ol or Srnamb EbePe: S baeet GRS Aot SoaRmt E i abiier PRASRUOR ndi ng
to a target s@rfoitRimthisdecOREprevdils e LtheRleRition that is iaciiptiabdd Heyeif byt ar get
proteins. The capture nol ecul e can be peptides, proteins, e.g., antibodies

or recept or §&fenEgonucl eoti des, nucleic acids, e.g., -9 WO 01/27624
PCT/ USOQO' 41062

1% 14

As used herein, “a” or “an” means “at least one” or “one or more.”

As used herein, “protein” encompasses polypeptide, oligopeptide and peptide.

20 As used herein, “protein modification” refers to addition of a peptidic or non-
peptidic moiety to a protein that cannot be considered as the elongation of the peptidic
chain of the protein. The addition of the peptidic or non-peptidic moiety can be in
vivo or in vitro. The peptidic or non-peptidic moiety can be added to a pure protein or
a protein or peptidic component of a complex containing such protein or peptide.

25 Preferably, “protein modification” refers to post-translational protein modification.
Exemplary post-translational protein modification include phosphorylation,
acetylation, methylation, ADP-ribosylation, addition of a polypeptide side chain,
addition of a hydrophobic group, and addition of a carbohydrate.

As used herein, “capture molecule” refers to a molecule, or complex or

30 combination therefor, that is capable of specifically binding to a target protein, or one

or more member(s) of a plurality of target proteins. The capture molecule can be

peptides, proteins, e.g., antibodies or receptors, oligonucleotides, nucleic acids, e.g.,



protein !F?NA or RNA nol ecul es, vitam ns, oligosaccharj

car bohyd?@?’d‘fé;}% I pids, small nolecules, or a conplex thergg#\/%%@‘“ﬂ?ed
herei n, "macronol ecul e" refers to a nolecule that, without attaching to
anot her nol ecpioeeinibmdzwg)ﬁblﬁéoDRN@enereaulies;g/itamimi;t’)ligxmdychaﬁdes, sabohydratas,| vy
binds to the cronol ec As us ereln, "small nolecule" refers to a
mol ecul e t hat Ilpkﬂf”t%&ﬂi]tmf)@?ﬁ\e?@ra%m B‘FTS tes or without attaching to a

macr onol ecul e or asi!slh\éé’cﬂﬁereins"m%aﬂ@@cﬁleoiefeﬁ%ﬁrn?élé&ﬂle that, %ﬁﬂioh@ﬂibchih@t
specifically binds to the sma nol ecule. Preferably, the small nolecule

has a nol ecul & anetheagmoledwlg, is eapabbwcf gemerhtingsan mwomimspamlqaﬂnbmdwm the10
preferably, the smal I m)l ecul e has a nol ecul ar wei ght that is about or |ess
than 5,000 dSPFEOQIGsed herein, "vitanin® refers to a trace or gani c

substance requir ed Asfised Bérka Mo DB LGB reTBt8 8 8 Snol &R tht, baikolsfolmitgt | on
as conponents of certain coenzymes. 15 As used herein, " pid" refers to

wat er - i nsol ubhemoeiggsegates gr watbyut(ﬁﬁgelnng to amacrommdetile mmdﬂafaat ésdneapablend
fromcells and ti ssues b e C oLm ther
he Used hor o Benersitcin sigpay Rgt SeciRalE Blris st bri p SR gE bRk, "7 e
a given ||ga@ﬂ1all BesleRiOhS dvaylcbgianwtightthb/is @B6wtI0r 16 titin 1y0TU0NRAtofis. More
nol ecul es. 20 Rece tors may also be referred to in the art as antl-llgands

As uselD her ei mjref{:x]q ly, thesastlanolaeide hat @ mojegulan weight thet israbauieydess|than 5,000
Recept ors can ? sed in their unaltered state or as aggregates w th other
speci es. Recep or's may be attached, covalently or noncovalently, or in
physi cal contact V\AAsmsedhexeubrmhmg" refere &s a tracd trganidistuiextdrcy réquiredili rect |y
via a specific binding substance or |inker, Exanples of receptors, include,
25 but are notent3ipbiclegicd):spesies Piastyitamins frmwefﬁ@ppe%f)%?egtagmface
receptors and,i -palizing receptors, nonoclonal antibodies and antisera
reactive with speCitic antigenic determ' nants [such as on viruses, cells,
or othks material s]As wsedierein, bliqbi;ihwfémm waees-insolublie ioily ac igrknsy prgphicdes,

cof actors, Iectl ns, ars cel cel | ul ar nenbr anes,

chari des
o ohmel | cSubsiiegs HHERE exBrole Eonnials ShA tissier Py BomeA SoLieR. SEans

receptors, inGhissfofHlor@ther. Not restricted to: a) enzymes: specific
transport protelns or enzynes essential to survival of mcroorgani sns,

whi ch coul d serve dss usad hetein, Bdrecaptoi"iefers © 4 mplypanld]jthas dheen atimity forld
given ligand. Receptors may be naturally-occurring or synthetic molecules.

20 Receptors may also be referred to in the art as anti-ligands. As used herein, the
receptor and anti-ligand are interchangeable. Receptors can be used in their unaltered
state or as aggregates with other species. Receptors may be attached, covalently or
noncovalently, or in physical contact with, to a binding member, either directly or
indirectly via a specific binding substance or linker. Examples of receptors, include,

25 but are not limited to: antibodies, cell membrane receptors surface receptors and
internalizing receptors, monoclonal antibodies and antisera reactive with specific
antigenic determinants [such as on viruses, cells, or other materials], drugs,
polynucleotides, nucleic acids, peptides, cofactors, lectins, sugars, polysaccharides,
cells, cellular membranes, and organelles.

30 Examples of receptors and applications using such receptors, include but are
not restricted to:

a) enzymes: specific transport proteins or enzymes essential to survival of

microorganisms, which could serve as targets for antibiotic [ligand] selection;
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WO 01/ 27624 PCT/ US00/ 41062 b) antibodies: identification of a

| i gand- WOneli21624si t e on the anti body nol ecul e that conbi pepushddioézne
epitope of an antigen of interest nay be investigated; determ nation of a
sequence that m g ¢s:an: | LG: epiet | e to .the .devel nt of
vacci nes of whi CE} %‘ﬁleb%?ﬁgr'uhEndc?ggﬁkalﬁgso(%bogs?g%g%%%}é‘rﬁién%s?teﬁ%'rtge 8?“@@35“@&%1 E’quences
or lead to thecsdeviabonithiic gitopebfibreshtibenonpéres gty idvestigstedpounds
useful in therapeutic treatnents such as for auto-inmune di seases c)

nucl ei ¢ aci determigatan ¢f aseanence hat migeRAn aptigenia epipRsBMNlcad to)kR,  bi nding -
sites; d) c | ' : ol | , that
are capabl eﬁ&%&%&épg%ﬁﬁﬁ%bgﬁg cg%ﬁézgﬁ?r}% insﬁ%&?ﬁ@%}ég?%%@ ﬁeg&{csgﬁl\iersi on
of orfe or neeguenceaot at o the develepmentrafirelated diighbstic apents opobmpepidsdes
generally include a binding site specific for at |east one reactant or

reaction i nBSHERthErPEYHE raFments syeh pgiof ergnEImMYnE difedsiSmat e to  the bi nding
site, in whicht L: g adqi | LAl £ ¥lng the
bound react ant [Efnéed,ccwgé.:é‘%l@adg&y%dg? gfl’i]te pﬁ%ﬁsag:%%gggaéfﬂ d{% e)’d(h}c(])(?ﬂr?r%ne
receptors: eiédserm nation of the ligands that bind with high affinity to a

receptor is usef i n the devel opnment of ho e replacenment therapjes; for
exanpl e, identi faic%ﬁta%c Bqupqugﬁgquqursbprﬁff%y BB@EC tl—f@éﬁ.?}r’g‘f ?ﬁi’g?glieead to
the 1¢devel oBPERoBihg dicHeRichPrea@it iAVol MR ARk ESRRWIEsf M8 Gr inorO@Riadlafits to
receptors: determination of ligands that bind to the opiate receptors in

20 the br ai ang er merefpupducs; swrh pidynept gesegencrally inctedecafeinding wite spegifiecforrent s
for norphing an el ated drugs. .As _used herein,. "antibody" includes

ant i body 1 + Bgeient Raflef bratatan iqtimiBis 8% &) frive HeBBy pifimHeRs) | gn
chain and t g bislih@kited i’ @BicAthefunatifiedivyis captdidiof chermftal lysRetiReigihs,
"humani zed anti bodies” refer_to antibodies that are nodified to include
"human" seqbeHdasaciant fseeneg.abi-datent Noad, 24348 st ration to a human wil |

not j ovoke an | ohEFRRRR: dMEHIATY SOl AR, Mk i HER PO e

are ‘known. For €xanple, t at expresses e nonaocl ona
ant i body i sto adetemeds byefnkeiaahddaeidpnidifof sarhmone wpdademenkthempiesafior ant i body

I n which the am no,30..acid ¢ osi tion t he non-vari abl e regions is based
on huran anprBBiadnirgaio SRt grehed IR st bRyt 1 B dent ity such
regions. AsqMeRpritat 6f drugh® donfrd bidsd prsduid anlis i ntended to include -
guantitative an qualitative determ nation in the sense of obtaining an

absol ut e val ue f Dropiateregeptorst desermination of ligands that bind to the opiate receptors in

20 the brain is useful in the development of less-addictive replacements for morphine and
related drugs.

As used herein, "antibody" includes antibody fragments, such as Fab
fragments, which are composed of a light chain and the variable region of a heavy
chain.

25 As used herein, "humanized antibodies" refer to antibodies that are modified
to include "human" sequences of amino acids so that administration to a human will
not provoke an immune response. Methods for preparation of such antibodies are
known. For example, the hybridoma that expresses the monoclonal antibody is
altered by recombinant DNA techniques to express an antibody in which the amino

30 acid composition of the non-variable regions is based on human antibodies.
Computer programs have been designed to identify such regions.

As used herein the term "assessing" is intended to include quantitative and

qualitative determination in the sense of obtaining an absolute value for the amount or
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11 ri V‘Q(P&//z%zqm PCTI US00/ 41062 poncentration of the ' ?@%/Q’stog/glogfm ng an

honpcysteine co substrate, present in the sanple, and al

i ndex, ratio, percentage, visual or other value indicative of the |evel of
anal yte in tennceairasion ol thesanalsiie ei2. ranlorpecysteinaqo-Bibsiratei presant Kythe saaple,

chem cal spe t. e Itself
but may for %ﬁé%ﬁ%ﬁ@%é}ﬁgﬁéﬁi&&aﬁ t S%ﬁ&% Lbsﬁgl%?zh% raH%grrl&E% stognce

used her ei n, thedew ofignadyte i thechmpll | Assessthent mby be directalr lindireet addettie pr ot ei ns
refers to a gnoup of proteins, at their natural t hat

fu e
struct ur al | yehemikelpediptastually dgieciedaiced pet ofontse P%%@é%ﬁ?f @vtgn?y for
cel lulsar org al organs, expressed
and/ orsabe fu%g‘i#‘gﬁg |dg ?%gjgst%ér}r‘%éﬂgﬁos ogl ca‘?ééygsaae@? e.g., a particular 10
cell cycle stage o wedkdreipntangratip of staeturally mdioeﬁmeﬁbrmﬂigl/rdateld@rcbmm’fi onal

in the sanme i ol ogi cal pat hwa artlclar nmet abo
si gnal transEiEFI® gr%q% em}étaé?hephtéatur@f atsaqu SRty QJIY Emé%ﬁ q;,ated
functionally,y ﬁE %@cﬁf@ﬁb%ogy%%d ce‘ﬂma}‘ é&ﬁél‘}gelo‘%teh ‘?ﬁ"ﬁk sﬁl‘ﬂ@ u@g&g%yns

bel onging to the same group roup structural 'y and
functionall yor@hatea[jrepsedtaad/ios be cﬁamxpnwlfmtlmtslamelbmingdel stages, dgnampamculm

protejns belo to the, s e. f or even all the
prote‘ beF‘gﬂ ﬁ%@“ﬁ%e ?fﬁ’é@‘aﬁ@g Eggge Rge’ﬂ%rgﬁfn‘ﬁé?(&?ﬁ e fupghagnal fiy thgsae o e
protein” ref Sfo%éléhl%am%&eéé‘ Egﬁfuchﬁr HeMoRym pfaﬂﬁva?eélhnélftrah&ﬁxcﬂb}ﬁ“ ent
source or storage formfor Such nutrient. Non-limfing exanples of

nutrient or patbmg,eetprb"h@ i'greup qf:smmmrgllly and/or, funetidngllyrirelated pedeins” raed 20
ferritin. contractile or r ot ei refers.to a

br ot el 't hat *BdBHE Pt ol b Sredbe e RCREMP] dhel BoBBRY act, to
change shape str@crtuxtanf/ ABY/er AlGnally¥elatediprbteindd caxmetirasly @fchedehéahid e or
notile protelns i nclude actin, myosin, tubulin _and dynein. 25 As used
herei B st r tive roigingbelprging tor the sarge geoup, pEoLERNOT A OF evencall the peqtpivsr t i ng
filaments, capi gi ve biological structures strength or

pr ot ection. %@Rﬁg‘i“ﬁgﬁg }lﬁ%&% anl%l'es of structural proteins include keratin,
fibroin, collagenAsalsadherginaMilitrifiit F e Proein” Asfetstod pretein that is deddeis e
protei n" refers tlo a protein that defends organisns . 30 _agaj.nst invasion by
ot her speci ethegiells dheruytrient saynce g Ftorges Agrm fgs such mtripply 1\@3{&%‘!8@ of

defense prot gk fifpled6f MitfieRYr sRPHeGiotels HdiARAARdid, BVABRIh, Rirk!ahgus toxin,

20 ferritin.

As used herein, "contractile or motile protein" refers to a protein that endows
cells and organisms with the ability to contract, to change shape, or to move about.
Non-limiting examples of contractile or motile proteins include actin, myosin, tubulin
and dynein.

25 As used herein, "structural protein" refers to a protein that serves as supporting
filaments, cables, or sheets to give biological structures strength or protection. Non-
limiting examples of structural proteins include keratin, fibroin, collagen, elastin and
proteoglycans.

As used herein, "defense protein” refers to a protein that defends organisms

30 against invasion by other species or protect them from injury. Non-limiting examples
of defense proteins include antibodies, fibrinogen, thrombin, botulinus toxin,

diphtheria toxin, snake venoms and ricin.
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di phtheria toxin, snake venons and ricin. -12 WO 01/ 27624 PCT/ USOQ 41062
As used YRPEA24 " equl atory protein" refers to a protei nPERASIAEPES
regul ate cel lular or physiological activity. Non-limting exanpl es of
regul atory pr ot eAssised imrtingdéeguistoty protein’aefens tocr protedsthaciwips egtlaepi N and
r epr essors. used herein, "the captuyre nolecule is capabl e of.

speci fi cal | §¢! ]*H(ﬂrﬂ?By%‘Bloglcbﬁquﬁy'nﬁépfpgﬁr‘é‘ﬂn&ﬁﬁ“ﬁﬂeﬁ GHAORIPIONIRS: of a

target prot gichdeFRAA él@@dfthB%&@Q%Hﬁﬁotraﬁh%ﬂlrgyrgﬁ&sbi nd to the target
protein through specific interaction between th capture nol ecul e and the-

pepti di ¢ porti onAsfus¢dieereiar be captaeanalecudanis capabloof specifically bindingttar get

protein through s Lfic,interacti bet n the capture | ecul e _and the

odi 11 cat | oRPHRERg IS HESTHRE A B Cop HRE HREE Peeas vt FEFGHE « he

nodi ficati omolekﬁlelraah %]gﬁa 18fthd fAgzek letcﬁ@ﬁtx) ROQEIL PR cifRSntFRHoN BERebn thet he capture
y

mol ecul e is capable of specifical inding to a nodified formof the
target prot edptursmoleanigand the pepridic portiop of thei target protsim ané gannet hind tetheodi f i ed

f f th : in" h h | ecul bi
the tar ger By B iPbiusnel B rekdtthe pPSeER Bie BEnIRRIHE S8R0, o 1°
nol ecul e anghodifRatién MY, io¢ Md IMBIRAtRInYT tigd pdplidicosoridmald the ndifidadiowept i di c

portion and the nodification noiety of the target protein, and cannot bind
to tHe tar gBwigly of Gietargesotl§i- specific interaction between the capture

ol eoule, and the 0GRl flrfinPYh LARAIAIGIS RIBBIIPEALELcal g A5 3 UoCd

herein, "sanple" ers to any contarn an r 20

whi ch an ansailodifeddemmyf the talgst prewdin Biés satrppablerad/specifiaally bindpigtabn sanpl e,

such as a biological flujd or a bio]ogical tissue. Exanples of. hi ol ogi cal
fluids incl mo@%rigo,rm 1t tre PEIR, mEapY Wt G CRRITe rgreHe oy ot 19 sput um
cerebral _Spiyadbrebd stbflin hfteh spBUfit! uterallfU BebhEor thi/bébrie hé1Bedld kit the

Bi ol ogi cal tISSée are agg eggt es of cells, usually of a particular kind

t ogeltSher wi triodifivetion mofety, oe khadcambisatiostod tleepephidic fontion andehe modificatien
structural materials of .a human,,ani ngl. | ant, bacteri al un or viral
structure, MOMY Bﬁ REPTETMIREy gud c@ﬂ%@??‘hﬁe BrgEtrate @%L\?Bg‘i'aﬁ%%sues.
Exanpl es of ijpradiRaitedbeentthé e MdieculaldiHe pestiRd fortibh BPHE targkibretpdes,
arteries and individual cell(s). The sanple nay al so be a m xture of

t arget pr ot alope.cont ai ni ng m)'ll ecul es prepared in vitro. As used herein, "a.
comparab . con g DAY S 9680 AR Al A ARRRI iy * 7Y
presEnt nmet Whith ankbhlgtelssar i dysiredl Thesatipleanaydissd bibjogidab sahplecsush as 4 any,
of these biological fluid or a biological tissue. Examples of biological fluids include urine,
blood, plasma, serum, saliva, semen, stool, sputum, cerebral spinal fluid, tears, mucus,
amniotic fluid or the like. Biological tissues are aggregates of cells, usually of a
particular kind together with their intercellular substance that form one of the
25 structural materials of a human, animal, plant, bacterial, fungal or viral structure,
including connective, epithelium, muscle and nerve tissues. Examples of biological
tissues also include organs, tumors, lymph nodes, arteries and individual cell(s). The
sample may also be a mixture of target protein containing molecules prepared in vitro.
As used herein, “a comparable control biosample” refers to a control
30 biosample that is only different in one or more defined aspects from the biosample,
and the present methods, kits or arrays are used to identify the effects, if any, of these

defined difference(s) between the biosample to be assessed and the control biosample

on the protein modification profile of the biosample. For example, the biosample to
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defi ned ofﬁrngace(s) bet ween the bi osanple to be assessed and the control
bi osanpl 0% e protein nodification profile of the bi ogﬁwsgo 41065

exanpl e, the biosanple to -13 ElIl, W 01/27624 PCTI USOQ 41062 be assessed
and t he cont b®hsskssed anpthe mamolbnoﬂarpileymil deﬁﬁvp&ﬁ@mplqgndagicaiammhl

condi tions and gonpar gbl e cal . abnor conditions, can he
subj ect ed t oconditqnsas eoeﬁgeffeaa%w i?@eﬁa& nore"ﬁ%qnér H@Fc%ﬁn%&rsug%ﬁ to
treatments, gffferdff Hgs iche ! dnéRifical " mﬂigﬁa‘a%e Atug MRt € B cai aa%veatffom As
used herein, "a gr8 struct 'y "and/ or Functlonally rel ated enzynes”

refers to a gif&mntbfoleglzglm;es atc thelr natural status, that are

struct raIIyllnk cated at th same Ia Ioca

cel | uI ar or ganel | géus?‘i)@ﬁ?’é‘d ’TWOPPIQ uraﬁ cﬁ uget ﬁgﬁteg)?f}%?@

and/ or be fUuRgéisedalrdup mﬁzﬁa&eam%agﬂusaalstaaisa&ﬁﬁare%trqcmmen 1kl cul ar
cell cycle stage or deve oprment al stage, or expressed and/or be functi onal

in 10 t he saisateiat t}glsemle cpkinlanimgationsge.g., eclbéartqrgmeuﬁs thesatedoh itersapeet hway

signal transduction ct,as a.r or for

2ct vat i on- obSSepERvRR B ssef andihod BmBuoraR h B s Bl Subl AAERY 413 42
and/ or funct paiighlay célEtRiceda@erii0sopmend] stait, ¥r bxprbdde®amd/of RAGihcliom] in
enzynes belonging to the sanme group. The "group of structurally and/or

f unctl®nal | y theslamedvolegizglnathwaya g gpraefaétncalmrymtmqlmepmwev,tsmﬁl 15 two

cneynos el SAuRRgt T piuBE TR oE SulipetlBr fud FERAE] el Ror CUERAR

tissue or or gartisnest.f The rEoRest sthefuralBy drd/cr ﬁxﬂ@{tﬁaﬂy Be1£88 bRyt hedd) i n
which a gene is expressed ei ther transientl constitutively, only in

certain tlsseélé’ inglude atdmast twe enzyBies bploaging to %/hessw@sgr@vp oFbparEoupef As used
herein, t'S§HGct g%&/& RureiGR %Qltaie% m¢ Pah PrefEl H;/Sm@iﬂge [fdFe than

|ntraceIIuIar su nces surrounding t ere‘are basi ¢ tlssues in

t he bhiy: 1) twepnzym&lslhemngﬁﬁg to tirsatel greup,leguemajolnmy:bﬁm avgn bll dledenzgoiee, and
cartil age; nmuscle .tissue; and 4) nerve tissue. As used herein, "organ"
refers to an elﬁgglpg(gcpt}}eﬁ@m&gag,upexem, sing a specific 25 function, as of

respiration, secr@{sl,ﬁgd Rérefll g&?rés% m’%suéé 3 _{:}g?fb ifidth&Her” fe?ér?#c?ato any

of various phot osynt hetic, yoti c ar organi sns o
ki ngdom Pl anigems exphessmmaﬂemtm&dﬂ:d}ya mdmcxprgsseé,rdmhymansmnﬂy@r ni ng

ohlOroP! Bt R o5, CaLL 1Al bR BSKL T QEQIEN Qe uoed
: 20 As used herein, "tissue” refers to a collection of similar cells and the
intracellular substances surrounding them. There are four basic tissues in the body: 1)
epithelium; 2) connective tissues, including blood, bone, and cartilage; 3) muscle
tissue; and 4) nerve tissue.
As used herein, "organ” refers to any part of the body exercising a specific
25 function, as of respiration, secretion or digestion.

As used herein, "plant” refers to any of various photosynthetic, eucaryotic
multi-cellular organisms of the kingdom Plantae, characteristically producing
embryos, containing chloroplasts, having cellulose cell walls and lacking locomotion.

As used herein, "animal” refers to a multi-cellular organism of the kingdom of

30 Animalia, characterized by a capacity for locomotion, nonphotosynthetic metabolism,
pronounced response to stimuli, restricted growth and fixed bodily structure. Non-

limiting examples of animals include birds such as chickens, vertebrates such fish and
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30 Ani mal i a characterized by a capacity for |oconotion, nonphotosynthetic
net abol i ¥ Iﬁz‘bnounced response to stimuli, restricted ACIWS90/at082 f | xed

bodi |y structure. Non- limting exanples of animals include birds such as
chi ckens, vendrafsakash SUitefafshrabBis, vad, WRs Qs 66w4, d%CIMelé§0éUa€s19§1%es manmal s
such as mce, rats, rabbits, cats, dogs pi gs, cows, OX, sheep, goat's,

horses, momkankeysand asheraonthomanprimates: i rat es. As used herer n, "bacteria"

e on o B8 KBkl HSAL R A AR B s O

Bacteria pr diféndidigf sing 1dihyf @ith nbfi-06mpiréhehliRd katilai BNA addny
anti-bacterial antibiotics interfere with bacteria grotei ns. synt hesi s but

do not af f &ibosames qfgbet 708 . HRssteria grotginsynihesis differs %éb%tékf cukaryeieers to a
gaj or subdi “Mﬁh{%{lo&c{eﬁgﬂ Bﬁﬁ)ﬂ(g{cs ?nteﬁ“é% %rmh ﬁa@ﬁzrﬁrgg&gﬁp ?ﬁ‘hﬁ sabut IMB%‘{O
am positive Ba asmnas, en cteria,

cterra acteri eroba
pseudononas aﬂbctthé]incﬁemfﬂlasts are eubacterr a. The cytopl asm ¢ nenbrane of
eubacteria contal & g@}j er-1jnked |Iplg there is peptid g_@ycan in the cell
wal | (if present F81m, rEUbaFETI G ETHIOAMAOE & Y‘@BHP \hgsieriari a. As

used herein Eﬁféaa?&ﬁgl%%iérﬁ NI r§mt sﬁlv%h@( i3 %9%*0\6'21&% vee {pﬂﬁmqg(:t eria

except the eu% cteria ere are t mal n or ers arc eria:
extrEhe 15 kalembactess, psemidmmgerrrkcldmbplmﬂsramxubdetpﬂmd’ém cﬁr&plassnm

therrmphiles. Arch cteria di.ffers from.eubacteria in ribospo

structure, R ePiota hriim et e e 18 PorlgBERER et es

i ncl udi ng erﬁ“}ﬁ Hﬂpﬁﬁi‘ﬂdxﬂﬁonsﬁ%vﬁ%& M8ESVertd in Elibdéterial €f €rs to an
obligate i ntracel lular parasite of IVI Qfg but non-cellular nature,

consi sting of DNAsorsememndarahqsbmterr wtto avnajossbdivigioreof the bageris anet er
from about 20 tf abogt t300 ses (élggl tg n?re cl.assification)
have a doubFE<l TR PRA e“i ?F& 6551?8}% o1 0f aENpebaGIEig AT e o

si ngi - st r ahgdieghilddNhethanbdefls and QiIpE-depbritiefit dxltlemél therfRphiléve a
doubl e-stranded RNA as _their genone; Class IV viruses have a positive

singl e-str aﬁd@&emrasdlffﬁerfrorg enkasisTiatn é‘bWﬁtﬂl‘i‘F@e\hﬁ PasSersien 6B SHmRIA;

Cass Vviry n@é?@fr eir 25 genone used
as a tenpl ate ?or Rﬁa@@%ﬂﬁfegeﬁgﬁéﬂgéﬁé@gss Vi rus‘?og Lave a positive

si ngl e- stranded RNArsqlalmam buitusivrdfrs 2o aiNsbligatecintrectilaiae pamasitoof lvingbut
replication but

| so . in S. jOI’Ity of yiruses are
r ecogni zed BWfﬂ@qﬂr'?gﬁg’é‘émF‘ﬁ‘é@ ﬁ:ﬁﬁz‘e" *ﬂlaraa APTOER 8k o v S P8R &t yot es.
Viruges of Blaglefd: ¥t sbdit 20 k& Wkt 360 RRC ((QhdsIRAASRBaltimore classification)

have a double-stranded DNA as their genome; Class II viruses have a single-stranded

DNA as their genome; Class III viruses have a double-stranded RNA as their genome;
Class IV viruses have a positive single-stranded RNA as their genome, the genome
itself acting as mRNA,; Class V viruses have a negative single-stranded RNA as their

25 genome used as a template for mRNA synthesis; and Class VI viruses have a positive
single-stranded RNA genome but with a DNA intermediate not only in replication but
also in mRNA synthesis. The majority of viruses are recognized by the diseases they
cause in plants, animals and prokaryotes. Viruses of prokaryotes are known as
bacteriophages.

30 As used herein, "fungus" refers to a division of eucaryotic organisms that grow
in irregular masses, without roots, stems, or leaves, and are devoid of chlorophyli or

other pigments capable of photosynthesis. Each organism (thallus) is unicellular to
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30 As us ,n, "fungus" refers to a division of eucar | r | SNB
t hat groﬁv%@(ﬁzsiﬂr“regul ar masses, W thout roots, stens, or %ggb'gsg&‘@ﬁg are

devoi d of chlorophyll or other pignents capable of photosynthesis. Each
or gani sm ( t hfilamesjoussandrpasedsses byanched sargatigstrycturgy{byphae) spmounded broel 41062

filamentous, _apd SSess ranghed _sopat | truct ures: phae) surrounded
by cell wal Wgﬂ%ﬁ(ﬁﬁ%{ﬁﬁ%é&cﬁgﬁﬁﬁm rorci)ﬁﬁ?flﬂg8$nt%1§fr}$?{;llaen%&ci%nt aining true
nucl ei . As used h@keiséd heréling @HsRsO6r dibsrded efers tofaqjathdlegical Raiditibo i 4l
condition in an _organismresulting from e.g., infection or genetic

def ect, and efeapiseyigpulting e, .8 delsetion emgencds Apfeenand charagtaized by o n,
"infection” ' lon of the body of a nmulti-cellular organism
W th o%trgani s%‘%kﬁﬁgqlég%@g%ﬁﬁé potential to cause disease. As used herein,

"infectious organiasnised Béreins “infection Orefids teinvadian of the bafpbf & ndulti-celhlae
infection of a nulti-cellular orgggi sm Most infectious organisns are 10
mi cr oor gani s RE2aBISELWHE ofganismsdhathigve thei potetigl togayse diggasgsed herei n,

neopl asm ( neopl asi,q) k new nd: : e
same. as tumor whiorseEhEED. [REENOR Mkt kR 4n oAl i TR L
neopl asti c pralsefifeetionoot granki-clinlae veganism.t Mostinfetioas afatibas arel gi nal
stimuJus. As ysed herein, cancer refers to Eg_lgeneral termfor diseases

cauself by anjufrpprEANEmSSHChaY YigiiehO2¢teipAnd MOBlised herein, "an i mune
system di sease or 1,304 AgEin, h&l BfRab PR mEIRe Hoih GRS by a
defect in the i rrm?ne@sygfrglrrrli ﬁTﬁ)zés?nn&rrﬁg@asslggeg}n ﬁ?s&% conpl eé( and hi ghly
devel oped sysieans thestme aas fuma'swbithinsaysbalipdnégn oromalegiantndnlidiel Ayperphasaaier s. | f
a person is borRr} with 1@. severely defecti vebi m’run? %yst em, deat h from 20
infection by SCRAFGPrOHEATER PETHST TG R M5 0peca of 1 WERa SUBHFS- | n severe
conbi ned i Mmunodefsizk&Réréin, bafekr Rfers b @Féﬁé‘?ﬁ 1 for d‘id&@éesfcﬁa@eﬁ_bv@ﬁ%' gypeui | ds
up inside inmune systemcells, killing Them and thus devastating the

i munkS syst ef maligaank turadr. i nmune systemcells is also the basis for

D George syndromne:, | er .devel opnent of. the th «QlLand means that T

cell production i ésd}r;%& ﬁlg)TSWé(fn %E?&%S%P%‘ilﬁsﬁ%a%‘%%%?%@ “esult from

ei ther an eX?@ﬁlﬁidgﬁ:a] tondixtor’ &REA BLa Béfedt!in theiniBingBysRmAt TIRGKmurle®ystem
e

exanpl e, ast , tamlial Mediterranean fever and Crohn disease .
(i nfl anmat or ys berippleypadbighly daveloped system,ryehita missiqay is sipple] t9seelt andddlli mmune

system whil ¢, AULR! Y PGP HhAREH 2 3Evei¥l) HePlB v imBAL Sy st HefitnHordl! 2DET €5

are

20 infection by a virus, bacterium, fungus or parasite will occur. In severe combined
immunodeficiency, lack of an enzyme means that toxic waste builds up inside
immune system cells, killing them and thus devastating the immune system. A lack
of immune system cells is also the basis for DiGeorge syndrome: improper
development of the thymus gland means that T cell production is diminished. Most

25 other immune disorders result from either an excessive immune response or an
‘autoimmune attack'. For example, asthma, familial Mediterranean fever and Crohn
disease (inflammatory bowel disease) all result from an over-reaction of the immune
-system, while autoimmune polyglandular syndrome and some facets of diabetes are
due to the immune system attacking 'self' cells and molecules. A key part of the

30 immune system's role is to differentiate between invaders and the body's own cells -
when it fails to make this distinction, a reaction against 'self' cells and molecules

causes autoimmune disease.
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due to the i mune system attacking 'self cells and nol ecul es. A key part of
the 30 W@dHY624stem s role is to differentiate between porasessioend the
body's own cells - when it fails to nake this distinction, a reaction

agai nst ' sel f cehl §safdrdiR! it tatSolishPdsse @:‘Hi?&rﬁé?"'?@f_ef&itéﬁi‘ﬁﬁxolég]:@alm
01/ 27624 PCT/11S00/ 41062 'As used herein, "a netabolism di'sease or

di sorder" reiditontcausediutdmsiroigi methbalizriocdssas. dMetatlishyis ¢he meansiby wisithbol i ¢
processes. abol,ismis the a b i t he body deri.ves energy and
Byt hes: zesTE RETEHSTIYR: simeg ard & Hiesibe e ihes el el néets GRRL UREa: eq. and.
prot ei ns WecapdhydfatdsAd prét¥ing We)eapid &oa,agcéﬂz?ﬂﬁtibﬁéaeﬁ&smemmnﬁrxﬁiném@ and
vitamns. There'is a significant |evel of tolerance of errors’in the

syst &m of tand, viaming, t Bherois a signifieant levghef tdlstance of emers in theasysteme oftendiavi dual

will suffer_from i sease. , A nunber .of .diff.eren Z may ,compete to
rodi £yt e B0 SS9z gk MRS o i SAE W R R Y afRRCT
the same eng nugbet &f differedt stayinRt YhaglcofipbRi6 Imddify thé SdnteslbRica; arld therrse Wi | |

only occur if a critical enzynme is disabled, or if a control 10 nechanism
for a met ab®Ry be prrhihay one way teechisye thessameendiresuds for avariety of metabelichone

di sease or (i . £10 | L efects
I n genes i rrlgt)e?@g%?{ °f .OP%{eﬁsées\?nt(ljlron ?%%} g%d&g ‘céﬁ%w%%q%?]s%gg%g?ad%%ﬁ
connecti ve medauism fofametatiolic pathway icaffectedsed herein as a broad termt hat

i ncl udes bones, cartilage and tendons. For exanple, defects in 15 fibrillin
- a connective t’i“%%ft?éhﬁf%’&e?ﬂnisﬁ]&tanfi§°Pﬁg’é?%5§ﬁgglsﬁrdﬁﬁk’??f’§s'toﬁ’e ti ssue strong

vet  f1exi Bhanalofiedi2Bndifibh Blssy BF OB ithides iflbértirt BRNhE (dhRRbATAE

S
caused by a defett in a fate transporter In cartilage. Two
di seases t hiahctomi gfimasckest dandaoghectivel 6fsies. Comertiee tissse issusedhewint dsearsel ves

are Duchenne nuscul ar .dystroph an ot qni c_dystroph DM. DMis
anot her' dykmn%teﬁﬂﬁﬁti"ﬁ“éeaiggﬁés%ﬁ@ F“H%“%gp%ﬁﬁ#ﬁﬁt %ﬁe%? é’ease, t hat
i nvgkves t hghrkpansbRitclbe Bssik phdidth tige iJ MRAant infthakihg R tisSucistrofb $6l ©
protein kinase gene. DVD involves a defect in the cytoskeletal protein,

dyst r ophi n, flegible h cause Magéantsandromsy while diasirephie dysplasiasis caused by a dagectined
horeinn ; . oY . Ceal
erein, ~a J‘&ﬂfé%‘i%n%@egg%@dﬁﬁ%ﬁd e, PurPdilEse &%}Jcﬁéﬁtglﬂﬁ%&@n&&’é@&' ca

condi tion cause e hervous syste e central

nervous 25 iaylkd mosclé cells thdmseives afrOudheanemusqulardystrophyM@MD3 uisd em  The
brain and nervous system

forman intricate network of electrjcal signals
that are rcBPYRRICHYETY (9_5& dPMae Py érﬁ;&r@mmw@n ﬁ@é%,s"g%éem '
memgp! €s, tﬁ&ﬁ{ﬂ%{onad}&amdt%ol\%@ﬂ% éiéﬁtaﬂéiér?@i%ﬁuél&gfgg r%}ioe%g%ik ¥inifihgct the

nervous system hlave a géneti c conpone sone are
muscle protein kinase gene. DMD involves a defect in the cytoskeletal protein,

dystrophin, which is important for maintaining cell structure.
As used herein, "a nervous system disease or disorder" refers to a pathological

condition caused by defects in the nervous system including the central nervous

25 system, i.e., brain, and the peripheral nervous system. The brain and nervous system
form an intricate network of electrical signals that are responsible for coordinating
muscies, the senses, speech, memories, thought and emotion. Several diseases that
directly affect the nervous system have a genetic component: some are due to a
mutation in a single gene, others are proving to have a more complex mode of

30 inheritance. As our understanding of the pathogenesis of neurodegenerative disorders
deepens, common themes begin to emerge: Alzheimer brain plaques and the inclusion
bodies found in Parkinson disease contain at least one common component, while

Huntington disease, fragile X syndrome and spinocerebellar atrophy are all 'dynamic
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punp. Tr anspebEpdteins) Whid stop HemPeérA irddad DN@Sindfe hornsd MayBieanes are
key to maintaining the right balance of 25 ions in cells, and are vital for

trans¥ t t i ngsighajingi nstwerkmmpinge n somany gspests of mermal dhedtipnelt dvrot shrpaisingct s
'nion channgl g Adng GROABOAER R 18 sofle (2R Tn 2 UERAAY £%eQN

As used herein, "a transporter disease or disorder” refers to a pathological

condition caused by defects in a transporter, channel or pump. Transporters, channels
or pumps that reside in cell membranes are key to maintaining the right balance of

25 ions in cells, and are vital for transmitting signals from nerves to tissues. The
consequences of defects in ion channels and transporters are diverse, depending on
where they are located and what their cargo is. For example, in the heart, defects in
potassium channels do not allow proper transmission of electrical impulses, resulting
in the arrhythmia seen in long QT syndrome. In the lungs, failure of a sodium and

30 chloride transporter found in epithelial cells leads to the congestion of cystic fibrosis,
while one of the most common inherited forms of deafness, Pendred syndrome, looks

to be associated with a defect in a sulphate transporter.
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where they are |ocated and what their cargo is. For exanple, in the heart,
def ect s™i fﬁ%ﬁ'assi um channel s do not al | ow proper transHEYSMHHBE2

el ectrical inpulses, resulting in the arrhythma seen in |ong QI syndrone.
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chem.cal structures agai nst I.sease target.s . to,identify "hits" (see, e.g.,
B oach. et SFeEhg B EatpuTSptlin Con BeHmAG vtr ety KRR nacare, o O
384:14-16 (A&@ﬁhﬁaﬂ;ﬁm@%ﬁ €199%); Ferhhridles, IFIBQ UGHAUrom (RCIRAA PidsRSnte,

di scovery tool in the pharmaceutical industry, Lab Robotics Aut ofrat i on:

8261-|265 ( 1Biosip!. Serdentngdéd (199D; Butbeumeer dly, mdmdngi@tfprf)igbsi dePt, }J] .
Bi . S ' 2:1 .1997); B , ' i gh-
Chroughput  CEeBR sGietain Cibls opH! PR Bl 727838 DE RIS gpshafibnfge M O

operations Jgkly abtcaitttet &l dnfefudized € haidR i€ prtphtibR gt pracaduses
preparation, assay procedures 10 and the subsgguent processi ng of |arge

vol Ufes of andtthe sybsequentprioesssing ofilasee velumes ohddanot by way of |imitation,
t he detail ed de | bt i ' ' | $.0i: Ml ' . ctions
that foilov B REBEEE0F dRghE aulitaRhy AivicP iffitiph e BbiddifesCiling
aspect, t heoftheimehtionis dividenintostheisulsettiahsttatdolbmv.nod for detecting

protein nodification of a target protein in a sanple, which nethod
conprises: a) contacting a sanple containing or suspected of containing a

target protgin "Mef}rtﬂs.fﬁﬁﬂéﬁéﬁgﬁtﬁﬁﬂlrﬁo&iﬁ@% i zed on a solid support,

said capture nolecule is capa specifically binding to said target
protléi n, wher ebylnsmicdspest, gl present giventicn ismdiretlict to & thetlpd fondstedtibgsol i.d

support; and b) as si.ng modi ficati.on status d/or .dentity of said

T imobi || 2Py DR RRIEPef  aeh OIS tha raecRich B el ed 1o
assess the gun@icEhgad@fpleicodtai oﬁu@?éd:ﬁedﬁfc@nﬁiﬂﬂﬂé Qtér%d’t(iﬁdteiﬂr\mlﬁin at a
time, the present nmethod is preferably used in a high-throughput format.

For exanpl esaptuse molesulsiimmabalizad oma sohid suprart spidcapietmpleyulets eapablegfur al i ty
of target ps{gg& lgél e@ﬂp'rng% &g ?a\%g%g;r&ki'ﬂ“%@%ﬁ?ggiggagé F??&anaigﬁ Hﬁbflﬁ@d

plurality terns an | mmo ture nolecule, or a
plural ity oén saidhedlid suppstt; and bl wssessiny modifiestionsstatus aralieddeattity ofbdiér nat i vel vy,
the protel nimrrrr?o iifi;e%atgriggtnpr%%e%;[. us (or
Although the present method can be used to assess the protein modification
status of a single target protein at a time, the present method is preferably used in a
high-throughput format. For example, the protein modification status (or profile) of a
25 plurality of target proteins can be assessed simultaneously by contacting the plurality
of target proteins with an immobilized capture molecule, or a plurality of immobilized
capture molecules, simultaneously. Alternatively, the protein modification status (or
profile) of a single target protein can be assessed simultaneously by contacting a
target protein with a plurality of immobilized capture molecules simultaneously.
30 Preferably, the protein modification status (or profile) of a plurality of target proteins
can be assessed simultaneously by contacting the plurality of target proteins with.

The protein modification status (or profile) of any plurality, i.e., group, of

target proteins can be assessed by the present method. Preferably, the protein
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profile)_of Ingle target protein can be assessed sinultan s| v by
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si nul t aneous] ntactin h ' [ i . The
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cellular organelles, |ocated in the sane tjssues or 5 organs, expressed
and/ or be f ubklagiselpathyay ireg. s prtighiar mglabalism pahway, signpl ?ra’&Sdﬁa??'Fcul ar
cell cycle s r vel t ] SSE6; ctional
h the same PR or S8R R o, e e o o A R
si gnal transduct i bna speaiffvembodimerstcthe gsoup ofsguttarally d@ndfor dupdiohalkéyrelated

activgtion or a.biological. function etc. In a specific enhadinment, the
gr oupl%of st rH’(?E%?SallsIaﬁ%%‘mj‘fﬂﬂmﬁeﬂﬁc?titbﬁépﬁ“yrall gatseigat TB?%ag’BéPﬁ}%e §28%€3 gr oup

of proteins, .Afydrpidneldd WdH-limididSeanipfalordhéh tkdir@fodnRlié iacHad®
cellular organelles. Non-limting exanples of such celTular organelles
i ncl ude nuchealeys, mitocdndridy Ghdgroplabts ipisamies, ERs, bodgi mppara@kes, 1ySosagies,
appar at uses, SOSOnes '

I
o ocoms.  EYHGRTBESSHEO R Igh BRI S PP RO

of

cl vacugl es, or
T SRHETeS OF TR QHe SYioRatm e oifer plaSs
organel | es. Hfhintha st @IlukP8fdahéifesenbodi ment, the group of structurally
and/or functionally related proteins is |located in the sane tissues or

or gankd. Exenpl ar yIn anptheespeaii¢ embodimenta dhe groep obssruchisaliiend/enfsaetionslly ner ve
tissues. Exe]r_gﬁtgé ro?éig?ﬂﬁ%érage%loiﬁggen%?séﬁgssoqr%aglgg ;%Qerglinlra%)(jhﬁss%xf i'ncludF ar

annul ospi ral “0rgan, audit Vittz m/entricu

organ, Corti ceringétive, epithicliafl, musclie or nedva tigsuedr GaempRidorgagainciude agxt er nal
femal e gential organ, external male genital organ, floating organ, flower-
spray organ B83CeRiery prgan ofthsicyss angplospiral osgas, ayditony ArespgaievigteaR.or y or gan,
organ of heatl ' f ' | Lxt I genit al

or gan, -1 nt 1 oare Perenbfth &l WPben) EER| Grelf LN GRSE D F (PRE end bl

neur dlendi noestemabfemalogdntial anpun,extamal neflo pertital organy fi@ating ot geni, Aowegan,
organ of Rosennul |l er,

ense organ, or of snell, spiral organ, 25
subcomi ssur SPTa%PERR of Yy %ﬁ"%&ro"@?’bgﬁoﬁg’s‘ﬁb ’h‘?fﬁ%‘l"aﬁe‘?a% Hh‘gdnt oreps Pk
organ, targehearing, internal female genital organ, internal male genital organ, intromittent organ,

Jacobson organ, neurohemal organ, neurotendinous organ, olfactory organ, otolithic
organ, ptotic organ, organ of Rosenmiiller, sense organ, organ of smell, spiral organ,
25 subcommissural organ, subfornical organ, supernumerary organ, tactile organ, target
organ, organ of taste, organ of touch, urinary organ, vascular organ of lamina
terminalis, vestibular organ, vestibulocochlear organ, vestigial organ, organ of vision,
visual organ, vomeronasal organ, wandering organ, Weber organ and organ of
Zuckerkandl can be manipulated. Exemplary internal animal organs include brain,
30 lung, liver, spleen, bone marrow, thymus, heart, lymph, blood, bone, cartilage,
pancreas, kidney, gall bladder, stomach, intestine, testis, ovary, uterus, rectum,

nervous system, gland, internal blood vessels, etc can be manipulated.
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rel ated protharasterishes, such asanrien pT §Prage proteins,LopliRatile an mawig/msetemgnct i onal
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notile proteins, ructura er’ns, proteins, or regulatory
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of 10 specificall inding to a target protein, or one_or re. menber(s) of
a pllfral it ySPsfi teplly gléﬁmgrt%@é?rﬁgtprefam BEORE RINeLe membere) ot glgitgehi e i n the
present net : qf .l | : e S
capabl e of %f)%f:ﬁo?%gﬁql%?/n E?ﬁ%:dr%%%%%g?ﬁ@Mc%édpﬁiﬁggﬁgﬂgg%lgn%gﬁ?| ed forns
of a t ar get sperificembodimeng,tb¢ bapturepededile is capiihdel bhepetificallebindimguo ot ecul e
i s capabl e of ,specifically.hinding to a nodified 15 form of. the target

br ot of . bt P ane o il SR Aclier Protei: HgRPBeLeRHifod 11 ad f or m
of the taroghbdiRbM the ch u?eﬁbﬁﬁﬁéﬁ@éﬁpﬁﬁﬁé%%ﬁ&ﬁﬁoall?m&&%%tﬁodﬁ‘ﬁ'e@cm eis
an antibod a pol ycl onal antibody, a nonoclonal antibody, an

! €. t . - I3 . v :
ant i1Body f r ik the tacaehproteve bikis nelceAprble ob sprsifingils s teianymmyified
conbi nati on.t her.eof.. The captyre | equl an cr.onol l,es such as
copti tos.  pPBST R gl Srofddhl H ol Ea fufh ol T BEL AR AEER BUCT 122
nucl ei ¢ aci diftibody,@. g., Ppclyelonal Ahtithdyga BidhoclonalRiNAbsdy, es ahiisody\fragaienns, .
ol i gosacchari des, _carbohydrates, ]ipids, or small _ nol ecules, or a conplex
t hereof . ArFFIAHHBE HP ﬁ@l@ﬁ%g spssificy: org combipationdheseofs peci f i cal |y bi ndi ng

to a target profgl Dunf ndeul calWeSndPaREE RS Qch 3s Pptidal iprdtefdl, & 1 96t
proteins, can be useg as the 25 capture m)§ ecuﬁ?]e I n t;ﬁe plpgsent n‘é’t hod.
For 26xanp| eantibndigsresteceptamspigonugleatidesymucleic acids, e.g., protein-binding DNA or
RNA molecules, vitamins, oligosaccharides, carbohydrates, lipids, or small
molecules, or a complex thereof.
Any proteins or peptides that are capable of specifically binding to a target
protein, or one or more member(s) of a plurality of target proteins, can be used as the
25 capture molecule in the present method. For example, enzymes, transport proteins
such as ion channels and plimps, nutrient or storage proteins, contractile or motile
proteins such as actins and myosins, structural proteins, defense protein or regulatory
proteins such as antibodies, hormones and growth factors can be used.
Any nucleic acids, including single-, double and triple-stranded nucleic acids,
30 that are capable of specifically binding to a target protein, or one or more member(s)
of a plurality of target proteins, can be used as the capture molecule in the present

method. Examples of such nucleic acids include DNA, such as A-, B- or Z-form
DNA, and RNA such as mRNA, tRNA and rRNA.
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pho?] phat i dKI sﬁrihg&%pi@m&hﬂbﬁ?hmgogm@ﬁh;Memmiiesaandijg@h'glﬁnsides, iﬁﬂhlﬂ‘@lﬁh api ds
such as sphin el jn, cerebrosides a angl. i osi , Sterqls sych as

chol est er ol aﬁﬁ%%mb%&tww gn ﬁ@r@&at%a%%}/ exieid 16 faskacids ey ty acids

can be satu f :acl : : .0 ' | St Ld.agpal mtic
acid steari gﬁ%@?eéi f@%&cxé&é&ﬁ §W&Rxc%§1dé?]:§fr1sﬁc 364 Spali¥tid 2 dé,l,cste.%?ihqmdge

: arachi dic aci | gnoceric aci or can
unsat Ur at ed amchidicaaridisndsligrioceric agidy aricaw be unsaaaattd fattyeaddssict asl i nol ei ¢

acid, linolenic.aci.d and arachidonic acjd. Any sujtaple solid sypport can
be. Used | ¢ RRTRISE AR PR . PROlSiaid SpleBle actd Araeidarippdilt "can be a
silicon, plastic, AnylQRablesk@&kPsupp6r 3 Be u%@lqg(ﬁ'ieeﬁr’eé?én( edRIAe NIn Ohe eRAMYIEET

support. The solid Support can be in any kind of suitable geonetric forns,
20 e.g., a fKhersobidspppart cea bea silidons plastks nylon, glass cerafmit ghdtoresStanpbaroy 1 at

supports can onprise a.slid a chi a.filter,. or nbrane. .Solid

suppor t s and PREEIEUROST Theisolif siuprligh pEan past Kiod ¥ ip et PRES FSt he
sol i d2@EUPPOr g tafadt saprork AQ¥Ibisticks)6r 28dt of Gadlish Exefpthry Raedippalt ¥an sol i d
supports and nethods for inmobilizing desired capture nolecules on the

sol i d suppor c8mpHsg a gide, yehipr 3 Bker. pha membrane. Snlidgusearts avd metheds e
immobilizing desired capture molecules on the solid supports that are known in the art

can be used. Preferably, solid supports and methods for immobilizing desired capture
molecules on the solid supports that are described in the following Section C can be
25 used in the present method.

Any protein modification, especially post-translational protein modification,
can be assessed by the present method. Exemplary protein modifications that can be
assessed by the present method include phosphorylation, acetylation, methylation,
ADP-ribosylation, addition of a polypeptide side chain, addition of a hydrophobic

30 group, and addition of a carbohydrate. In one specific embodiment, the
phosphorylation to be assessed is phosphorylation on tyrosine, serine, threonine or
histidine residue. In another specific embodiment, the addition of a polypeptide side

chain to be assessed is the addition of ubiquitin. In still another specific embodiment,
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tyrosine, serine, e or histidine residue. In another specific
enbpd!nentxonWEEGMgwddsdn of a polypeptide side chain to be assessed is the
addition of ubiquitin. In still another specific enbodinent, -22 WO

01/ 27624 PCT/ US00/ 41062 the addition of a hydr ophobi ¢ group to be assessed

is the addi%h%oﬂ{laﬁ’or{ atty acid, e.g., nyristate or palmtate, addition of

an isoprenoid, e.g., farnesyl or genranylgenranyl, or addition of a
gl ycosyl - phosph Rhiosphorylating capling] Sp .rgl.apoaoga%@%w serne, rermne

conprises glycasyl. ,5..Phasphoryl ation.. P I | . '
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for exanpl Ant { bodi : icf.iigat i
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such as phenpéphoyyiaeeé cesidtud il agprot&arsudiBas phrospliprylatedicelum 20 Sex 73.r Amohgt | onal
GU

nodi fi cations, protein_phosphoryl ati f to .be th
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state. The £Js?E&ngw§th§HMFM'faJ SvARhirdCd poREn B 428 ve BiaeRb ah ativen,

serine/threoni ne orylation and "hi'stidi ne phosphoryl ation. The
phos$phor y| atadtenTheprofednphiaphitplakon asdude tyresing phospharylagien, VEK 1 /2

(Ser217/221) .h been found to conir.ibute to fhe L ' ), J [

si gnal pat %V?WIWWFHW Rjpts ‘WB#W@%% 3@% W&f@é’?%‘tﬁggenﬁ

ki nase Thr lor§@4/Ry NMABXKinAds{BhiPEHa y2204) Bed MEK R0 (Fer2 BHEAT NidKbedrilfond@3) has

been found to contribute to the activation of strezhsﬁ ii fgjr’;’glnég{ath y. The
d) 0 1

phosphor yI 4o coriribfite Ak the(astivationyof nEtegenissignal pathway. T ase
e el SRAGANRE s YRR LA Rab @ REPEFr185] bRIMRRE and
20 (Ser189/207), SEK1/MKK4 (Thr223) has been found to contribute to the activation of
stress signal pathway. The phosphorylation of Akt (Ser473), Bad (Ser112/136) and
p70 S6 Kinase (Ser411, Thr421/Ser424) has been found to promote cell survival and
prevent cell apoptosis.
The phosphorylation of pathway-specific transcription factors also can serve
25 as a reliable marker for pathway activation. For example, phosphorylation of ikB-a
indicates activation of NFkB signal pathway ( ); phosphorylation of ELK1, CREB,
Etsl, Ets2, CBP, PEA3, p90rSk and CEBP indicates activation of mitogenic/
differentiation signal pathway ( ); phosphorylation of ¢c-Jun, Elk1, ATF2, c-myc,
SAP1la and PEA3 indicates activation of cytoskeletal organization signal pathway ( );
30 phosphorylation of ATF1, ATF2, Elk1, Max, CHOP, CREB, SAP1a and MAPKAPK-
2 indicates activation of apoptosis/stress signal pathway. Several ErbB family

receptors are implicated in tumor formation and these receptors are activated through

self tyrosine phosphorylation.
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MEK1/ 2, SAPK/'JNK, p38 MAP ki nase,  MKK3/ MKKB, SEKI/MKK4, Akt, Bad and p70
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designed for anal vzing.fphosphoryl ation sta f _pat hway-specific
transcripti onpa{’t]@‘g%/ydf‘psegggcqfar"g?rép&%&%?}gsa é‘é?@ﬁﬁ Ton Acet yl ati on can be
detected by use of an acetyl ated-1ysine antibody. 20 Acetylation of p53 is

associated with a change of its transcriptional activity after DNA danage.
Acetyl ation oficgtylaiethe H3 is increased in response to DNA danmge and

mtogen stinulati ofeeilaRERLS Be QLAY GPIR drSh e Rldll ik RubA. Pe used to

20 Acetylation of p53 is associated with a change of its transcriptional activity after
DNA damage. Acetylation of histone H3 is increased in response to DNA damage and
mitogen stimulation. A protein array comprising acetylation can be used to
simultaneously analyze multiple proteins for their acetylation status in a single assay.
Such an array can include capture molecules for p53 and various histones including

25 histone 1, 2A, 2B, 3 and 4, and using acetylation detection antibodies the modification

on these capture molecules can be detected.

Methylation

Methylation specific antibodies can be used to detect proteins having a
30 methylation on one or more amino acids of a polypeptide sequence of the protein.
Detecting methylation may be useful in a variety of biological contexts, for example,
in human neutrophils and other cell types, Ras-related guanosine triphosphate-binding

proteins are directed toward their regulatory targets in membranes by a series of
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simlar eff gl Argnilngeced-thRADFAERS PR sﬂ%%?%fd&@%eﬁéﬁé@-re%&ﬁ??ieiﬁs? pl asma

menbrane. | nhibitors of prenyl systeine car net hyl ati on ectively
bl ock0 neut r sphircludesfon examsple HRus P -RaspReRasi Rhoh s Raclf BackRal retd. at ed
proteins for, their t hyl at{ on, can be used.to si,nultaneously analyz

et hyl ot on ALPREs (P Aol MO e B PR R as vy S ARGR BiclinBi! &6 .y
These Ras-r @ndﬁ&ﬂvﬂgbiﬁb Afealdd aGadteinitayd The fRAG-resRaPreinktoRa protéin Ras,
R-Ras, RhoA, Racl, c2, Ral, etc. Antibodies (capture nol ecul es)  agai nst

each of Ras-spEpltaseicaptyedardthn a dsisstionsantibady spesifiq fos mefylatipadan piti-ar ea of
a protein ar e | ' ' captured
and then a dStEpolfarTRBanToREE d ChRepS ptleR oAk R R eI

met hys at i on havé bdendydthyareiact s t he captured nol ecul es to detect those
proteins that 15 have been nethyl ated. ADP-Ri bosyl ation ADP-ribosyl ation
specific anti bodies can be used to detect proteins having an ADP

ri bosyl ati opzpypgiihdsyBtibeN. Detecting ADP ribosyl ation can be useful in a
vari ety 20 of brological contexts, including, for exanple in the case of
when chol er a t oxiADP-ribdsp@onapedifiaantibodids canbe ybesk to detect proteits lavingreal |

intestinal egitheli The,..activation i _ated with ADP-rihosylation
of & nunber A Bpaviftion woAdHiony Delstting A SRGHHEN chhbeuiriih 3Ry and
a 472kd pr obebidtodies dbmexts,Inélidinb) fo€ BxAMs16 &1 the case of when cholera toxin

induces activation of adenylate cyclase from small intestinal epithelium. The

activation is associated with ADP-ribosylation of a number of proteins including Gs
alpha subunit and a 40kd, a 45 kd and a 47 kd proteins located in the bruch-border
membrane. A specialized ADP-ribosylation protein array can be made for studying
25 ADP ribosylation of these cholera toxin related proteins. Antibodies (capture
molecules) against each of these proteins can be spotted each on its own specific area
of a protein array. The protein array is used to capture these proteins from a sample
of proteins and the captured proteins are detected for their ADP ribosylation through
contact with an anti-ADP-ribosylation antibody (the detection molecule). Another
30 example of use of a protein array for ADP ribosylation is in the case of poly-ADP
ribosylation of histones which is found to increase significantly in mitogen-activated
lymphoid cells. A specialized histone poly-ribosylation protein array can be used to

simultaneously analyze poly-ribosylation of various histones. Such a protein array
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Dot ect | ¢ P ol y . . i
bt qui t 1 - Spaibtplit ot (RLR, ALk BN LB Ol Bhid Ry TR Ui 1o R
exanpl e. Ubi ephiidh is abur@iantly prdsatt$n bl eukryaticadills &b thechariinb gedupudli aigioki n, an

evol utionary highly conserved 76-am no acid polypeptide which is
abundant | y prselysineside ghaing o taygstipzoteias) Ybiantinasion-derendsnpdegipdagpn éne or
O 5! e SRRk ATBpRSh A B A Wablalal b ISRETMIERLY
damaged or n@biquigaionpdeddshpottant Wblednicelhidgalatiph ayd signplardmdictionl Proteincel |
regul ati on angd. si gnal tralglsducti rf Protein. ubiq ié' nation can_be a
reversibl e pPg’ﬂgg alpR cang "C%Fﬁ"FﬁﬁI ©Brasessiang 1%1’%’@§§ by tweclasss Of ubi qui tin
conj ugati ng RAMRRS x i Gk £ i s L& 1 nati on
is found to Ee resbgﬁgﬁélﬂgﬂpjgg%égeéﬁwgg@g?e-s é%ﬁ@%rkgg%rpg%g% ib%]y(’)f
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degr adat | on 1S B &7 oRins B reRRP ™ PL HEGreSe R PeiGr BT IR Jun
B andyp53. PB@&BB@,Vdﬂicﬁ}iii%ioﬁfis t3pSRible FFMRE A RAdaBBRof QR AanRrphionsls their
hal f-1ife significantly by blocking their wubiquitination. A protein array

for ubi quiti deeters incdading e-JumsA P dun BranddBy Phagpharylation of these
transcriptional factors prolongs their half-life significantly by blocking their

ubiquitination. A protein array for ubiquitination can be designed for analyzing a
group of transcriptional factors involved in stress signal pathway. Such a protein

25 array can contain antibodies against, e.g. c-Jun, ATF-2, Jun B and p53 etc. A protein
array for ubiquitination can contain antibodies against cancer related proteins such as,

e.g. p53, b-catenin and cyclin D1 etc.

Hydrophobic Group Addition

30 Addition of a hydrophobic group to a protein is another type of protein
modification that affects the biological activity in a cell. Several hundreds of cellular
and viral proteins are now known to be covalently modified by lipophilic moieties.

These proteins include proteins, guanine nucleotide binding proteins, transmembrane

-26 -



group of transcriptional factors involved in stress signal pathway. Such a
prot ei n W42 can contain antibodi es agai nst, e.g. c-BGHUSHMI0E2 Jun B
and p53 etc. A protei n array for ubiquitination can contain antibodies
agai nst carmeeeptme aidedrap stadcnirabpreteids. @smongthg mgsbSomihon Ay érphoiad cyclin D
1 etc. Hydrophgbi¢ Goup Addjtion 30 Additjaon Qf a hydrophobic¢c group to a -
protein is BA lﬁ@.wrwﬁbf)aav agids (rmymistategg prisaifrelnisoprstoids Hamesy and

bi ol ogi cal C gk al

ot ot ey S acitlf afd ERtbey BEYEHAIA) A hcfors F‘*.h%%%? ﬁa?‘*ﬂ%‘?‘e‘%. s,
These pr ot ethase prmsinsdnﬂlmn%sqnmsm-gmmm nEeractidrspmenibrane bifiding affioityiand,

t ransnenbr an 01/ 27624 P /US 062 Ece t or d vi ral

st ructural 3a§§l,$§a UnSTHEHOR bY FOURIGr h‘%ﬁ""(}?e % PRt i ons are

fatty aci dsde(vBWdﬁﬁﬁ‘is@oﬁﬁﬁbn%ldrH Ra'%trﬁﬁtant' &Qde%'f%&Efla(tfoﬂra'Bﬁ‘c@é{e B&e
geranylgeranyl%, and gl’ycosyl - phosphati dyl inositol anchors. The |ipid
at t achnment cedlular lressfommationiahiity.nWhilemeess Of)hmrémllrp- pimpmrmlatmm s act i ons,
menbr ane bi.ndin ffini. and 5 cel L.ylar sig t.ransduct i the

Todi {1 6q prOeerRE. pialaianas ¥ et sk HaodidR sea R Bedia i on and
a Ras nut andepaRyitdythtidh o hRHY bRide 8¥ntAiNeQ@d tRns1b&dtion of eld dsparmltdymaf ormation
ability. While nost of |ipophilic phosphorylation is irreversible,

pal it oy| atpreiein Bom memlrase 9l ayigsobcleipophibe mpdifiostian of protaiesare ofenices

depal m t oy1 MEPhsRLblt foftild G ein\AR%A8kd RAESLAGR Ketkofll, 1516
nodi fi cati ospedific phibclytackaaeari- fae:ibsylsdrmdbeydxsbmedr&i ﬂbmifyché presdncagf cel | s

with .a radi oact | ve I45| d, subunit. Recently, lipid  specific antibody such
as anti - f arlipephilicanedifieation; & protsin agay %Anppplyllf Hé’dpﬁfé§%6@ emtain aihophi | ¢

modi 11 cat i QfiraydRA@SEHd: BEE BihabRoflchMARRL birforBRUriALAL Aol SRR FAAIAT N an
array of anti I es each cap aptiring a protein of interest froma
cel I15] ysat efoit&na‘lymngﬂna Ipyesena dﬂllESppﬂflﬁS dipikbyod sexosg entitfody speqificiagansatheecond
anti body s eC|f ainst the lipid of interest. Another exanple of
addi ti on of ‘pédﬂ ‘B'gﬁﬁ bic group is addition of an isoprenoid. For exanple,
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presence ofiseuencadhy [Fgeexampletd prateinanps tardetegbsuch geranylearany lstien parsbe ay can "
contaln - anjdhach £ abERRhY KT Sl ARR iSkoRAAIAE Bl iplR and

Rho etc. el n-ar rnesyl ron-can or analyzing a
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protein ar ra?x 1bgc£1a125 (%ggtiui?el r?lolaegﬁllesb) a%amgt RaplA/Krevl, Rac, Ral and Rho etc. A
protein array for farmesylation can be designed for analyzing a group of proteins for
the presence of farnesylation. A farnesylation protein array can contain antibodies
against H-Tas, N-Ras, K-Ras, Lamins A, Lamin B, transductin T subunit, and

25 Rhodopsin kinase.

Carbohydrate Addition

Addition of a carbohydrate to a polypeptide sequence of a protein can include,

for example, glycosylation. Protein glycosylation is an important post-translational

30 modification occurred in the lumen of the rough endoplasmic reticulum and in the
Golgi. To date, there are estimates of over 200 glycosyltransferase enzymes involved
in the addition of sugars onto newly synthesized proteins. Specific carbohydrate

structures participate in cell-cell and cell-substratum interactions affecting processes
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different formats” For~ exanple, the target protein can be imobilized via
the spécific interaction between a capture nolecule and the peptidic

portion of the target protein, .and.then the.protein nodification status of
Phe | mobi || zed ¢ afeRreisRbiefod can bt Ssxa AT TRPRdPEH v EPYSXepiole, fos et
protei n can Qgorth ¢aBRAMMAREZeia fhRRpSRBE Infidract IA RERED @&pﬁﬁ&‘?ﬁﬁ&uﬂ’e
capture nolecule and the nodification noiety or the conbination of the

modi fi cati on andithe pepaidis pdriopefihie darget protein, end thien thveproteinmodficatien statuand
e T U

20 immobilized via the specific interaction between a capture molecule and the

modification moiety or the combination of the modification moiety and the peptidic
portion of the target protein, and then the identity of the of the immobilized target
protein is assessed. Accordingly, in one specific embodiment, the target protein is
first immobilized by a capture molecule that is capable of specifically binding to both
25 a modified and an unmodified forms of a target protein, and then the modification
status of the immobilized target protein is assessed by contacting the immobilized
target protein with a detection molecule that is capable of specifically binding to the
modified target protein but is not capable of specifically binding to the unmodified
target protein itself. In this embodiment, the modification status of the immobilized
30 target protein can also be determined by other suitable physical or chemical means
(Seee.g., Yan et al., J. Chromatogr. A., 808(1-2):23-41 (1998). For example, the
physical or chemical means can comprise chemical or radioisotopic label of the

protein modification moiety. Alternatively, the physical or chemical means can
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P detection system, 818 less capture molecules Ree‘i‘ieg arrlg) the less capture molecule-

target protein binding pairs will be generated and/or needed for detection), on the
binding affinity between the capture molecule and the target protein, the expected

25 relative amount of target protein in the protein sample, and other considerations. The
amount of capture protein should be sufficient to generate detectable signal by the
conventional means used in the laboratory. To date, the detection sensitivity for
radioactive 32P and fluorescence dye such as DBCI (a dicarbocyanine analog of
indocyanine green) is 100,000 molecules. Therefore, the amount of the capture

30 protein should be greater than 100,000 if the modification specific antibody is directly
linked with a single radioactive 32P molecule or DBCI molecule (Silzel J, ef al, 1998,
Clinical Chemistry 44:2036-2043). However, less amount of the capture protein can

be used if the modification specific antibody is linked with multiple detection
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means used i rbeldwe fcbredddnmnalrlynforfﬁatldnl élhetsiee afehespiot om bensuhe rarigeyf Albout 5

radi oactive 32P and fluorescence e such car an nalog
o ndocy an W tgRa S REEERGSD Hioraiiie o herEpuk of e GRBISHOT "6 't he
capture 30 pr h&‘oﬁhﬁ%‘iﬂ RBORRLAS tnehaﬁarmg@metéctﬁon@s@duf:ms hetios
specific antibody 1s directly °linked a Single radioaCtive 3

mol ecuSe or Da@lbemsedtospet thSichptate mpleeuleal Forngearing@ pmtemaml@hmmys(tspgt

44: 2036- 2043) . V\<FBVEI‘ éless rmun of .the ¢ %ure n%tEI N _can
X

S
the nodifi cat PERSSPEER 1 Hamgterh iy ‘?‘E“}‘.“H&‘é’ P% ngnggaselgrgigeﬁegﬁ 8%9 WO
01/27624 PCT/ 42QQ8Keha 04, et@'l%@'"ﬂgmm%ﬂmé?t%ﬂm dﬁﬁrﬁig%?ol@iﬂﬁz (spot

conj ugation or enzyne arrpllflcatlon (see bel ow for "additional

i nf or mat i on) . sizhis >Jmne indiameters ppatting parbee 4chiaved thrangleusing eervigntional iab t o
about 1 cmin dltirreter for exanple. The anount of the capture protein wll
depend on t heP'8F%% of the spot and the linear range of detection assay.
Varioyg neans 5 caThdrges Gibldcaleswilk prefegatlp bt Bognd el Aaghre mofeuldytanar i ng a
protein mcroarray (spot size is <l mn in di arreteré mechani cal

mi cr ospot t i ngeRINEE Phiilg &ithe fgeat snqleaethatigates apy mashitentiogiatistygn the tasget
1998, TIBTE ) r Is > mm
i n dianeter )C'_brsl)geg??\?a ﬁglgaf?lr }glgfhg k?’e&eé?/ged1 gg ﬁﬁ%%tulflé lglt&'né%gnveghl%%g | ab

pi pette. 10 Tk&edeiffgﬁthempbcﬂﬁult)eand affinjy ﬁlﬂflﬁhhgpMCbhtmﬁlgdt(prcaemamlﬁr e

nol ecul e at an epitope or site of the target, nolecule that | eaves any

modi fi cati on FARWE aderuiacan; rlﬁ@tobﬂﬁeét%fi € sQlid JuppPR by Sellewingiamgosedure,

det ectyjson nol ﬁﬁ‘é&ﬁa#}@t &fo) &v&%&tﬂ{l@cﬂﬂé ﬁfelﬂr&efn L arbRtkingr @@@ﬁ (ee.

specificity and ng particular target prot
capture nol ecddyemﬂargelaanlourﬂﬂm tontainingrsohuitien s followed tlnppmsmgtwwafydhd: blackigg a

procedure, 1S for exa I rst .bl ocki ng the ro ei.n array

wi th bl ocki ngrera%%%?&‘ aﬁi{o‘?ﬂﬂﬁfkﬁ‘@%@gﬂ? ARy ‘Sé%ﬂ(‘ B sol uti on)
fol l oved by rbi@ﬁﬂg@@\a@ﬂva&&ﬁsaammcﬂgm cem&s&tasaduﬁgmyﬁ'atgem T&Sanetha%ST
The protein array is then incubated with "biologically activated sanple

such as cel | Ppscinaseanhdbitars sudphasphate inftibitors are ususliyinebuded in thedysatssnase

i nhi bid,ors an hosp i bitors are. ual | sat s
After The i ncggg’f &‘8 r\nc‘{bﬂtémw St &P ‘%‘?‘?WS e“t‘ﬁ%%‘ewéﬁh’% Pég‘g-foli
followed by byineapitioarwith inddifRdiibn-spcifiantibedy foraramd bksly ot 6. THOUN I

hour or so. The
protein array is further washed with TBST or PBST and subjected to appropriate

procedure for developing detection signals.
Once the capture molecules are immobilized on the solid support, the solid
25 support is contacted with a biologically active sample of proteins comprising target
proteins that may have undergone the subject protein modification. The target
proteins specific for a given population of capture molecules bind the capture
molecules and remain bound after washing. The detection can be achieved through
linking modification-specific antibody with detection molecules such as fluorescent
30 molecules or enzymes that are capable of depositing substrates such as fluorescent
molecules, chromogenic substrates and chemiluminecent substrates. Modification-
specific antibody can also be linked to detection molecules indirectly through

molecules such as biotin or other haptens such as fluorescein and digoxigenin etc. for
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protein arra¥ I's further washed with TBST or PBST and subjected to
appr opr Y%/2784 5cedure for devel opi ng detection signal s.PGEESO0MKS2capt ur e
nol ecul es are inmmobilized on the solid support, the solid 25 support is

contact ed winplifftatib! Bkyeidds ihkad birsiRavRiaa o enBimdliskcalnGbed aimt the t ar get
proteins that may have undergone the_subject protein nodification. The '
target pr chaptands dsaaised for ks desectionedogehigyae Bisates pmplifeation, e susiatss bi nd

t he captur I ' ' Lon can be
achi oved b EReANR IrERS Bl Bkl It Nt AGRERERRE 1, O
mol ecul es sfigdresesinfand digoxigonin 362, foll@eed Bsdaectonbyrepzyméslinlede capabl e of

depositing substrates such _as fluqgrescent | ecul es, chronobgenic
subs?rat es SFB2EABNPT WVWG&@%F“‘WW&B%@.“ tggmﬁt?‘bat i on- specific antibody

can al so be |'inkggl Ecﬁnﬁ?{{ggﬂr%idg%f&% @?rrtwgci Gv‘r“tﬁ_td%bécﬁ%{ BRRule SO ftY €S
such as biotin or other pt'ens such ‘as uorescei n and di goxigenin etc.
for -30 WO foi fhi2 3GRecRToHcliSN0dMitonch. AlHe diffe@nt rarget prutsinewill bedoeekned

strepavi din_or, enzyne |jnked-antib agai.nst the hapten i then used for
he ft ect {Bhhe B3R BFE ARG ione d N BV PE o leGHe cange SBURIET [ or ¢ he
enzymes canyhg ﬂi%&hgmoi&ur&b@aﬂb ?&ftﬁ?’frﬁdﬁ%aﬁb@géiﬂg aétpawﬁm@a:mbm such as

fl uorescein and di goxigenin-etc., owed by detection by enzynes-1inked 5
st r éfavi di reanibe@rpaytnd ahiankibetlya fariesanipleag nolypeptidedatmiagtsperifidityefobthend t ar get

proteins are t.hen.contacted w th. detecti,on | ecul es ecifi fqr, the
Lb] oot pr PRAHeristh 7 (A FFEt ProtPin sk o35 (el Bh s S eapeid | be
screened fQbpéieTheaReqIoAiRbIBcI®hAY Bétdrilzated WMelSd0sstth Qiletveliff tlenscan be
an anti body or other binding nolecule specific for the nodification being

det ect ed. TBe&- enrymssigyfluayescant, premilysaipescent deteclan Msans), oy dirmselves a

pol ypepti de ' Lk G : A Cati roteins
Phat "are balfaate BBt £k dies desfiatfB “Lid 6 1260, Phelédfof M o P 0
nol @sul es rt?glvdaecttnmh ulgailﬁdax_t llaa:rfﬁleéxuﬁ@ld, a galodﬁg_e;aﬁ bligo fﬁg;)’:mﬂuoréﬁ:egt tag,
enzymati c, uorescent, _chem | ym_nescent etecti on neans),, or_ nay

t henmsel ves OI%é@_ott%’GEFnWe anyoogiss aEPrusF%? fetest ‘h%b‘d’@gé’é?tﬁ'&ﬁ’efpr The tag,

| abel, or aftiple, 2dcIBAdIRreally iﬁaag cHEbEE ¢ BnfiBhEE Witk ndfinbesuch@s exanpl e,
a color tag, an oligo tag, a fluoréscent tag, ~ or a radio tag, etc. Were
ant i bodi es akainapbdsphetade(AR) hotse rddishmetroidase (HBP) boothers femptest a

2l kal i ne pifECEHet L ETpMST VigR BukF aoh eRiC it Bl - Rl T,
diregt det|giAgi RfecEOMineBruRE. Wi th |inker nol ecul e such as biotin or
ot her for subsequent 20 linking to detection nolecul es.
or example, a modification specific antibody can bind an antigen captured on
the solid support. From there a monoclonal antibody linked with a detection molecule
or molecules binds the first antibody. Fluorescence molecules can then be detected
without amplification of the signal. Alternatively, enzymes can be added that provide
25 amplification of the signal, and then either fluorescent molecules, chromogenic
substrates, or chemiluminescent substrates are detected. Another option for detection
can be that a second monoclonal antibody binds the first monoclonal antibody, but
this second monoclonal antibody is linked to indirect molecules such as, e.g. biotin, or
other haptens such as fluorescein, or digoxigenin, etc. These indirect molecules react
30 with a strepavidin or hapten antibody linked to enzymes. Detection then proceeds
from either fluorescence molecules as a substrate, chromogenic molecules as a

substrate, or chemiluminescent molecules as a substrate for the enzyme. Alternatively,

for greater amplification, these enzymes can react upon substrates linked to another
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For exanpy@oysresdi fication specific antibody can bind an ﬁ{?t,ﬂ,ﬁgﬂ (ﬁgpt ured
nke vm% a

on the so |d support. Fromthere a nonocl onal anti body |1

detection nol ec cuI e s the firs{ .anti hod F| uor.escence

nol ecul es caﬁmphé??tlﬁ’é”ﬂ ttmglapreamu%dé%l%l&m ’f"}{? h‘é(Ltcg‘dﬂéh‘m

Al ternativel t i Gi@nzﬁ'?né thfidnG@hdi et the
signal, and %{ gﬁwé%{t ?%Pﬁe@ggﬁ%{r}g@&l% ' hrono Iﬁ(SAnl cncxgubstrat es, or
cheni | um nes flaptesenh shramegenar e alhemdutmnhscmeubsmateeptse@mlisabeldeale,(ndsom can

be that a second non clon I t.i bod nds the rst nmon onal i body,
but | hi e SelBCTRN Er O ot MRlegHen Biplody SrEkPf ePrHHA B BETAS suth
as, e.g. biotbgr-1997 Cﬁﬁ@nﬁ@rﬁl%%l@n@ﬁumﬁéhﬁ WiRhemadNons, IaE. di goxi genin,
etc. These indirect nolecules react 30 wWith a sfrepavidin or hapt en

anti body |inked tJ;nemztgxmemﬁeteewmmntt,nbmomao@@@dsphater@mlmcpneerted into

fl uorescence.nnl ecu bst.rat e nol.ecul es

Cubot rar e o imma piteRe fo RHECn Gietnic BROBTRRT] sy PR HE S RS2 12y e

Al ternati vel YechfiQies®Teasiablogypi? Ed. ({Nohﬁflﬂollﬁﬂ%n&néa‘{rmﬁseﬁ%ﬂ NeSA¥brigpon
substrates |inked to another -31 WO 01/27624 PCI/USOQ 41062 anplification

mol ecul e, e. dnstii mqthﬁr specibe ém@edmen@rth@lplglsaamxglaﬁm sulestrates agghleghimiabeledr n
react th st 0 pLen. a Q nked to en t hat then
eact i (n " B The SRRt TR RO RO acrd TRE Al QeBRE SRE oo See
Ausabel et althmtrmlssphatd) (ATP?—Q-!Mt@J&Ioﬂ'PP omlerﬂlfeldiﬁus@ﬁskhwsteﬁl ®kogy series
of | aboratory technique nmanual s. 1987-1997 Current Protocols, 1994-1997

John W ey atkiogmsphorylated pradugias then reaotedivriticiodadnstil derivativetod adagjani ¢

phosphat e can _be ¢ rted into nor e to det.ect inorganic
Phosphat o | ncanprSEh Fieae epilSumd S 2HA e Rl AR AL feber fF gy 50 o
(Nort h- Hol | amﬁérﬂnﬁhireaéncﬁltﬁa\pt@ﬁde Mevetibarmtdah. for the agiduht ofhekpiesry BHegi i C
enbodl ment t he phosgI orylation substrates are |left unlabeled 10 on the

arrayl3 The suigongand llﬁf@obiﬁgﬁwwuﬁﬁilw hP8Hd8%D3i ne 5' - O (3-

t hi ot ri phosphat e) et ep, t he
t hi ophosphoryl at e#ﬁu@mb&% en sr%etgcgpa ta%({tﬁthélgbace@ﬁfaﬁggrl v | ve of a
tag conpoungrotdine, ihagy sanpiewan be assessetl &y theprekbed muthidd. ereltefabd:}emlmasmmﬁé or

or chem | um nﬁcence t hat p ovi de detectjon nean for_the am)g)gti%gf,
phosphor yl at it®AE 335359 &1y bigkneisdl RIMPIEovich as & bicdegire] flud ora bip Ygpue.

(1999)). The g f‘ésrbf'i‘iﬁ% it A3 indiuat Hﬁné’fblébdt ﬁfa%@% Jehith es'algv%%mgxé or esent

plurality of ta pr ot |ns I n any sanple ca ‘assesse
met ho20 Pref est(mlhlsputmm eeshrab Bpmaltﬂmtb,aeas,snsasdammoac fiued arghe hke sanpl e, such

as a bi ol ogi flujd or a biologic beolo cal
furds ot udgolgeicalisshfsn egeRginct b iipallypf Bbedndind ogbttedwit

their intercellular substance that form one of the structural materials of a human,

animal, plant, bacterial, fungal or viral structure, including connective, epithelium,
muscle and nerve tissues. Examples of biological tissues also include organs, tumors,
25 lymph nodes, arteries and individual cell(s).

The protein modification status of any target protein, or any plurality of target
proteins, can be assessed by the present method. Preferably, the target protein to be
assessed is involved in a biological pathway, belongs to a group of proteins with
identical or similar biological function, expressed in a stage of cell cycle, expressed in

30 a cell type, expressed in a tissue type, expressed in an organ type, expressed in a
developmental stage, a protein whose expression and/or activity is altered in a disease
or disorder type or stage, or a protein whose expression and/or activity is altered by

drug or other treatments.
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20 stoog‘,o(ﬁz#% m cerebral spinal fluid, tears, nucus, amiotic fluid or
the Iiké ogi cal tissues are aggregates of cells, uBGHPY43p625
particular kind together with their intercellular substance that form one
of the struct uraln aspesificainsbodiment|thepresentanéthed candbearsed tdass¢ssprattin f ungal

l seuce.  Bxmgiiatin PR S e S S ehilu g RS, o e
| ynph nodestissues, @idl@En@bdol bbnk] didalartfigdd, bfukele TRGueRndtneive ek, f i cati on

status of any target protein, or any plurality of target proteins, can be-
assessed by the pbransther speeifioembmlimert; tisipyesenhmethad gen bpusstde assess be

o ot & s w PR Rcallof pibeft BF% SR SRt AR BT of Bedoflt Bialhe,

stage of cehkpeeifid Ranction) ae6SRepitation sedretich br digpstionexpressed in a tissue
type, expressed in an organ type, expressed in a developnental stage, a
protei n whose exhygikangthes ppcdic epbadiment, the pagsent eethpd can bp wsed deassess

di sorder ty . | r [ | MLty is
al tored by Pl nikiiGol brIEbOL Hle ST, B8 HaAR el kel |7
speci fi ¢ enhggienkitteriatahd apphecawteriaptingde. g Cldsgess ¥llvirgsen s doggupr ot ei n

nodi fication profile of a particular, tissue such as epitheliumtissue,

conndctive tissiiexst anefhenperific smbadimenbibe st mgthad cagde userkio|agsess ssue
and nerve ! bt moihiANoR PRAICHLpAiCu SHUIE disorkife, SR A RiredtiBhN 00 Can be
Ifica ITe o

used to assess 5 protein lon pro a particular organ, i.e.,

any part of nedpéashoigomasa)c caicery an anspee s¥sian flisaaseion disowter,af metebglismat i on,

secretion or. di gesé.i or& In st not Qer Spegi enbodi nent, the present
&t

) il fi
ot hod can Hiscase orciserdes adguiscle snd bops distast P isTdSh AN SY B AI5a: | cul ar

organi sm syCdisiiderPh 3ighal B&aSPép diREErCHr PiransPoller di RURPSH di¥drderand
archaebacteria, vifus, e.g., Oasses 1-VI viruses, or fungus. 10 In yet

anotlBer speci fi clneyebenitherspecifin emppdisient, theprietein ssmplpecangothetfror tisaiss

protein nodifieatio rofile of articular di se or di.sorder”, such as
i ect i on. orelRineS ol s Pis SroB il B B4 RERCE o AR, Dby,

di sorder, afugtsafed. yeas) dibactede Dhe shimal ckdrbe, 8.gii fish,anghibid meptile,sease or
di sorder, a nervous, system di sease, or disorder, a sigpal disease or

di sorder, oinseet{s-geptorhiy), of wammal. ofheymammed can hee.gra hupan, peimats, deeci i ¢

enbodi nment ,cgtn%da{tp &i,ghéﬁrg} &w.can come fromtissues or cell lines, for
exanpl e. The protein Sanpl'é can be from e.g. an aninmal, plant, fungus

(e. @0 yeast) or Weetes ¢canpafisen smhadel usirga freteireagay, &.¢ a shmpanigohibetvesen
Sl - TG TR T TR v TN TR
in a condition, the control sample can be e.g. from a normal tissue and the
experimental sample can be from changed tissue, e.g. diseased tissue, or the control
and test sample can be from the same tissue or cells or from different animals; from
25 the same tissues of a different developmental stage. The organisms in a comparison
can be e.g. wild type, diseased, knockout or transgenic. The array could also
represent different tissues or cells from the same body. The control sample can be,
e.g. untreated cells and the experimental sample can be treated cells. The treatment
can be various biological, physical or chemical treatments such as, for example, any
30 drug treatment whether a known approved drug or a test drug. The treatment can also
comprise such treatments, e.g. as administration of a growth factor treatment, UV

irradiation, or other drugs, chemicals or therapies to treat a disease or condition or to

cause a change in a condition.



cat, rod% Beat sheep, or cow. 20 Where a conparison ii) ﬂ;@%ﬁ 25| ng a
N ' Y pa1962 5
y from

prote| n array, €.g. a conparison between a control array

a protein mxture of a particular condition or change in a condition, the
control sanple caril‘limeblelogicaﬂy active sampicadf protssiseambel fohecamq:ﬁecdmminechin sarrpl e
can be fromch ssue di seas tlss or.. t he ontro nd test
sanpl e can bé"eﬁq t‘%ﬂ@“}sﬂg‘%’ée ispla gc}r%nmu RIS fFIS PPRY %ﬁ‘ﬂns b AHETEt £ ¢ om
25 the same tdeﬁ§uﬁ§u@EeﬁnﬂbeoarSdHy mﬁz{@lo?etmmﬁirce%tm& pItEftiAfydRAtapA® 1N a
conparison can be e.g. wld type, diséased, knockout or transgenic. The
array coul d absdulategp puseins arctl whishétis desigablecto text farghe pro{tmqunfécaﬂanﬂlabody

ol eScan baipeareq mak et CHl biarRe ey HEarehst an RSB el
physi cal or cAregi¢ah thé €§Fr@ﬁmr%t§dé¢ bf Bplechilar B%agpéeﬁes 8NMbeAtody whhighat nent
whet her a known a gprove drug or a test dru treatnment can al so

conpri se suchn@n 987 1998 Carrrens Pealagails,d0P 198711(2}111 Wﬂgym Rons dncor

t reat ment, irr dlalon or .ot her . 0 treat
a di sease or cond| i“0R hSF a3pget fhis presen 18%%?35’8 'F ﬁlrﬁ&%% %‘ﬂg f°’p§e‘§®/ ng

01/ 27624 PCT/ $i91Q1{c4ltP ARtindlishableomakes) dsYociatbd Wﬁh%admiaﬁappé whicH eirfsrisesn be,
f or exarrpl e contained in cell |lysate. The proteins may be isolated from

nul ti ple cel | 13)355?3’(55[59& atqt@nsn@ﬁ@ﬁtm@r@fﬂp of a bjgsample; thenugh theahoive-descaibed body

which it 1 s daghod Al e s bfoteif M eHhlatol bisife bk Bor B Afo ihaphyte an
occurred in tdhm\gamwd ﬂaov@&llekcribytdmeeﬁodmyd Becamspimizatle pmtdﬁaﬁfdiﬁmdonn

Ausabel et al eds n the Current Protocgl. of Mol ecul ar Bi ol ogy. series
of | abor at orypfpgl?rﬂh‘%i{]@i insieR ) vath thgproteipgnod: F#tmprP%tqb&%@ intep) 1997

John Wley ang.5 ?ﬂ% dol{)%iﬁall}j ﬁisﬁr@ﬁ&%ﬁle b tmo&xﬂc?tﬂ{ngﬁ‘gﬁferh Kg:&ggbﬁggbcﬁﬁed

directed to a ne I"de yl ng |o ogl ca I st ngul
mar kerlifs) asswith atid iosamplea Hnefamtgp Ithes; icheuntii foddl blolngrcaﬁjeélstmgxﬂslmblmemm ng

t ei dif bi o t he,. bo e-described
et hod: 2) - as@EQORHPEIBHL HagHP e SpanvE ob e LG oL BRP Bt s of
bi osanpl et hg;gigleat SRr@PRYRVIRSCTH ek Bl 8 deridtd 3) conparing the protein

nodi fication profile obtained in step 1) with the protein nodification
profile obtained in step 2) to |dent|fy bi ol ogi cal | y di sti ngui shabl e

Pr of or bl y. 151 dSHE APAEBIS 0P EAFE#S PENER ROMEAUBR o protein

nodi figgation prof i ingstilfunleiet 89pedt, thel prekenBinviiftidfis Hirected &f £kip foraRtdctisgt i on
profile of the biological source fromwhich the biosanple is derived.
protein modi 1cat10n which kit comprises: a) a capture molecule immobilized on a

solid support, said capture molecule is capable of specifically binding to a target
protein; and b) means for assessing modification status and/or identity of said target
protein.

25 Although the present kit can be used to assess the protein modification status
of a single target protein at a time, the present kit is preferably used in a high-
throughput format. For example, the kit can comprise a plurality of capture molecules
that is immobilized on the solid support, each of said capture molecules is capable of
specifically binding to a member protein of a group of structurally and/or functionally

30 related target proteins.

The protein modification status (or profile) of any plurality, i.e., group, of

target proteins can be assessed by the present kit. Preferably, the protein modification
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C. Kits and arrays for detecting protein nodification 20 In still another
aspect, WM/ FfM¥sent invention is directed to a kit for JBEBESIMI062Dr ot €i n
nodi fication, which kit conprises: a) a capture nolecule immobilized on a
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status (or pr proteins can
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WO 01/ 27624 PCT/ USOQO 41062 status (or profile) of a group of structurally
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target protein, nmor e rre l'ura tar get
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anot her spegidihf, 1%@%9&'&&7&%111%%?&1&&% Bf £ cimbiGbetheRogapabl e of

specifically binding to a nod rmof the target protein but is not
capabl e of Speci fAtrwashitgrblbsmiuﬂ .wgpom) camb@meddntheauesmt kibr In afe exampleathget

f body,
0. 5. o5 pol A DHEPOISER BE Ay o RGBT i B AR GOy P agnent

retajyi ng |F§lyﬁ%§ shppdrd i THISBHA S dafi bk Yn a9 kidd 60 5lliaBRI deametritefonat, Any
suitable solid support can be used in the present kit. In one exanple t he

sol i d suppofg- @aﬂ@t B@Pm)ﬂs B isetcad sticks) ersa seg of headsn Exgmal@y flasppparts can

phot or esi st &ez{slfare ;gmBoA ﬁ@oﬁé’ﬂ)@ﬂ{b}meme solid support can be in any
kind of suitaple geonetric forns; .g., a flat support, a set of sticks,

or a set of beadgnyhpretsin modaﬁéitain esppcxa}ly pos:tamnslamsrml peein neidifitation, chi p, a
[ er, or o merbiac A RLoLeLn Bod LAt ) on, - SSREE! Ak atcan asessed
20 by the present method include phosphorylation, acetylation, methylation, ADP-
ribosylation, addition of a polypeptide side chain, addition of a hydrophobic group,
and addition of a carbohydrate. In one specific embodiment, the phosphorylation to
be assessed is phosphorylation on tyrosine, serine, threonine or histidine residue. In
another specific embodiment, the addition of a polypeptide side chain to be assessed

25 is the addition of ubiquitin. In still another specific embodiment, the addition of a
hydrophobic group to be assessed is the addition of a fatty acid, e.g., myristate or
palmitate, addition of an isoprenoid, e.g., farnesyl or genranylgenranyl, or addition of
a glycosyl-phosphatidyl inositol anchor, e.g., a carbohydrate group comprises
glycosyl.

30 The present kit can be used in different formats. For example, the target
protein can be immobilized via the specific interaction between a capture molecule
and the peptidic portion of the target protein, and then the protein modification status

of the immobilized target protein is assessed. Alternatively, the target protein can be
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can be a @40y the present kit. Exenplary protein nodif | t hat
can assesse 20 by the present nethod include phosphoryl g@:l‘gﬁkﬁ)b/ﬁ)ﬁ%z

acetylation, methylation, ADP ribosylation, addition of a pz(t)rgg/tgept i de side
chai n, addi t iilmmobilized yadtthg spesificingragiion betweenzcksipture modgcule ®hydrate. In
one specific _enpedient .. hosphoryl atd on_t Q. | .y
phosphoryl at inbcfr?%@%anto?r%oslfn&g? tlge&oﬁxﬁoégat{%ro 5%[ rr?ggloﬁrcgﬁ?rgﬁlﬁ%?)z gﬁidr {ehs%ipg 8%‘.‘1% n
anot her specigbitfonesfieltaigs protéincaraittlid theridaititpoptl wpe introlsligel et n to be
assessed 25 is the addition of ubiquitin. In still _another specific,

enbodi nent,  Reteld8 pisesvd ofAcgordingdy. di RebsRecHicombadiment. the dargstarotedn ishe

fadd' ti on of q’lrgt"ﬁn ob'ilﬁie(a’qyez &ptur%o'lesclh?étﬁat% c?&%her%ttsgésgiczﬂﬁ%i Hl?lg t8 fooﬁln

i soprehoid, e. g., farnesyl or ‘genranyl genranyl’ or addition o

g: ycosy: - pggapTrEadiﬁd&hnd ?Oﬁxin’fl@dliﬁadilgd}ﬁfs,ofaa.t;&gﬁtd m??m,laﬁltiyt]gbnahe?@ﬁﬁ'mﬁcmrrpr i ises
gl ycosyl . e present kit can be used in different formpats. For exanple,
the target ptadiserfithe ipmphilized 3pgat prateinys assessed By sentacting the mﬁﬁ@ﬁf bet ween
a capture nol : L di ' . : ' nd
Thent he pr ot SEy Srouff b ARcRERb fcfeci byl cBablo\ HEGECINPERNRE B URT | ¢
assessed. Al tmodifitd taegey prdtéia bunisget capablesifispedficdily bitdiny\@ the/ idntidified

PCT/ USQ0/ 41062 i nmobi | i vi.a the specific interaction tween g .capture
mol ect¥e and 1186t PTRESHR F?eiﬁﬁpébfsm 8 ipiegt. t@ﬁ@tvéﬁiwsv%ftﬁ% ogﬁletlﬁgnob?hze%
modi fi cation tsﬁkﬁﬁrxt&m%ﬂgo e rllified Wg%gpghiaﬁle%?sikar&%her_a{cqt Rleths. and

then the identity of the of the I mMmobi target “protein I's assessed.
Accor di ngl y, Homexaneplspihe iphjsicad wb chlirmealt mezns ean eemyptiserhemadal or sadioifotopic

i nobi | i zed .mol ecul e that i bl e of i fically hindi
to both ~a nothd ob R Red Rt Baenh LBy He BBl oty "t hor
the nodi fi cathéins cit e&mﬁri@fan?@ﬁitémh&m@@ﬂmhﬂ ggt, caf&ﬁaﬁbgrabﬁc?ssessed by

contacting the i nmobilized target protein with a detection nol ecul e that
i s capabl e ofelegrophoretalprotein seguengingomapespenisemetre and NMRmegnsifet n but i s

Tser e ot AEASHRE i i mBy BB Pieht TP thEEhe o o s
target prot eigioeiis @rsimbbileied bifianagnipy moldiale thatii§ a4pabledTspedifitalyr

chem cal neans. . For exair_}ple t he physical or_ chem cal mnmeans can conprise
chemical or rbipdiag &t Bediied fame pf e tanget pretsinbyt inBet capebie phspactically.

Al ternativel Vbin&iﬂgmoé}}’&ﬁrﬁﬁdiﬁé’é f&&e@tﬁé‘{mgﬁ?&ﬁincﬁ tﬁgm{eii&&t Xf?l‘é! table
anal ytical neans,“e.g., chronatographic, el ettrophoretic, protein
sequef@i ng, namsotseditagaeproeimizchsddviedriyasonitacting thedeineotilized thdpet procdirei n
nodi fication npiety. |n anpother specifjc enbodinent, fhe target teinis
first inmobi Vg dﬁﬁc%f’c‘aﬁl%ﬁﬁﬁé %waepﬁaﬁecﬁ?@ﬁa:&m@g oithe Bs@f)fiﬂ{e& ly

target protein itself but is not capable of specifically binding to the modified target

protein.
The protein modification status of a target protein, or a plurality of target
25 proteins, in any sample can be assessed by the present kit. Preferably, the sample to
be assessed is a biological sample.

The protein modification status of any target protein, or any plurality of target
proteins, can be assessed by the present kit. Preferably, the target protein to be
assessed is involved in a biological pathway, belongs to a group of proteins with

30 identical or similar biological function, expressed in a stage of cell cycle, expressed in
a cell type, expressed in a tissue type, expressed in an organ type, expressed in a

developmental stage, a protein whose expression and/or activity is altered in a disease
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bi ndi ng dified formof the target protein but is not capabl e of
speci fi (\;\é(ﬁ@:?@% nding to an unmodified formof the targePCHUSIMEAIAS2 and t hen
the identity of the 20 immbilized target protein is assessed by contacting
t he i nmobi | brdisortertype opstages bna prat¢ih whoseexpresson amdioe activatytih altered bgapabl e
of specifical |y bi.nding to the unnodified target protein itself but is not
capabl e of %ﬁﬁ*&?&ﬁ%"ﬁ?ﬁdi ng to the nodified target protein. The

protei n modificatd et spkéifid enPbditnen®tBEkit BaPhRIhEy cdthprisePhUhshicti¥ndfor t ar get

25 proteins, in _any sanple can be assessed by the present kit. Preferably,"
t he sanpl e vung e Kits bpepagents andbuffess; agiloar) aeemiser(sifer the itsontenisdi fi cat i on

st at of any ta el 0, l.ur al.i f r.get rotei ns, can be
asseged by %/he E?’Zets‘éﬁé‘%’i %SB qurtéxfg?eg%rﬁﬁl?veﬁhgﬁ?saﬁbeecie%r}gg?gpﬁyPf)prtg FIl ossessed
i's invol vedcdpura nmivleduldi siichRadal wompribat Nosolidsuppdit; @8 byh pRirslitgions with 30

i dentical or simlar biological function, expressed in a stage of cell

cycl e, expr eapsud maleculesdmmobiljzed ongnidrselid sapnoit, avhereinseashiof paid molequdessed i n
an organ ty ' : ' ot @i se

expr caet on’ BearSESERRE bl Bingi {5 bR EHL AR 105 Bk Ei;

PCT/ USCQO 4 1fiembeoprothirs of alplurdlity ef arges pagsins. OPreferablptthé plurdliog 6f @xges essi on
and/gr activity is altered by drug or other treatpnents. In one specific
enbddi ment , PRFENSGOMRILRS # GTOURSH sturiprelly and/gy funqlenallyrelated Projeins.usi ng t he
kit b) reagent STRORHIeliGhe undBMiFRl fndbfi0 LG brokélh td BPadtbised
contents. 5 In yet another aspect, the present invehtion Is directed to an
array of prly therpresenerayecanmhbecsanees pbuvpreferably, differemtripoliogiest acéyitizs.sThe d
support; and k. l,ural it f ¢ ure nol ecul es innobiliz n said solid
subport. whiegiisd i iiBpaii Jorms ottt e geE ioin 10 OF Sped PY (881 1y bi nali ng
to both a g?@ké‘n't 8aPEdh @ﬁre%iﬂﬁ@%é,'lﬁﬁipfe%r%l?{]diﬂ‘ereﬂ?ﬁ%'fol@éi@&%bﬂdiﬁf)ns?_oor

plurality of target proteins. Preferabl { e plurality of target
protléi ns cobiplogiabstatuggso dhepresent anay san b ysed-ig/identify pathiven attivatior| Zhed

proteins. The dified and un | fied.for.ng. of the sa ta rteinto.
be assessedpref)e;ﬁ??lﬁ%y f)ar“eag oglfe %Egg%xdggﬁfyhagg}gﬁéo&%fa oeP gfs ‘F'-‘&{“g%fy MRt f er ent
bi ol ogi cal Amttiotially @slated peoteiD Ahk ippetetritiray wam Qirthee Ye lieudr® goheratea sane

target protein to be assessed b?/t@t he present array can represent same, but

pr ef er abl y, madificatigmprofla corrst A PhysiqingiGad rendition gryg Eraggetand st at uses. -
The presentg; y LAeNGd | | .y esent.
array can a?lg%aE%eTﬁeggrgpc?%‘dfr eﬁénlo?l%/ actélegg? P%hﬁ%?é’%}ﬁé%dédf %? pg%tirl;ﬁ@ llffmal |y

and/20r f unstatunnEhd presat atrayl car Asebaused hergepeblEnlogral parturkatioh watsed bybe used

to generate, a
d drug and other treatment.

In yet another aspect, the present invention is directed to an array of protein
capture molecules, which array comprises: a) a solid support; and b) a plurality of .
capture molecules immobilized on said solid support, wherein each of said molecules

25 is capable of binding to a specific epitope generated from modification of a modified
protein, e.g., Rb.

In a specific embodiment, the solid supports can be a two-dimensional
relatively flat surface. For example, the solid support can be a slide, a wafer, a filter,
or a membrane. These supports can be made of any material to which the subject

30 capture molecules can be immobilized, and upon which the protein modification may
be detected with a detection molecule. Thus, for example, the solid supports can be
made of glass, plastic, polymer, nylon, nitrocellulose, metal, or a favorable or useful

mixture of any of these materials. For a wafer or rectangular two dimensional solid
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nodi fi cat"{,eral 68j| |l e correlated to a physi ol ogi cal condi twé"%}ég'{qu .

treatnent an | sease. The present array can al so be use

physi ol ogi cal or pathol ogi cal 20 status. The ’gr esent .array . can altixg be used
to record bi ofUPEPIRVORERQIE BaPRatonsfsaptursmolgelgs arsdmarabalized optg theseld | 1y
yet anot her ] L ovent i o i ' I

protein captas}?’ g&trtr%} %‘?ﬁf@i ﬂﬁaﬁ(}té &i\zt;lr%{rq%ii)f1 ‘f:}gé‘n;‘?%@ggtgg téég%tg;l}?%{ng %g%géqu and
b) a pluralitgetedftioncageenles tostreen ferproteimbodifizatbnan thase daptateddargeppor t
wherein each of said nolecules 25 is capable of binding to a specific

epi t ope gener B8PS r om nodi fi cation of a nodified protein, e.g., Rb. In a
speci fisc enbodi mentye §dif stPhd 'Bethéd'th 18} R \SiRAsibnal

rel ati\?el y flat sur %ce. th’ ’g@%@,&f"he so%ﬁjﬁgup ort can be anasl i de, a
waf er, a filtsrface,candanayerehindmeforhdseultiplestickss(e@a Aatsticknidestups, ang eaddit er i al

to which the bj ect 30 capture nol ecyl es can be i mobiljzed, an on
Wi o e pr ol AR PolEatle SRBWA O of 6 RLRT pranaesif Eopanhe Rl o
Thus, for exagphére &Bﬁr@ﬁbie@uféb‘ RRAIsES, t6RMbr Bifore SRAR apd mQH@ﬁ)Scapﬂjlrélﬁﬁd 8etect

polymer, nylon, nitrocellulose, nmetal, or a favorable or use m xture of
any of these thetperticalas pratein modifi¢ationspughéc The gelichsuppon naiyradseshesndlectsar i d
-37 hig" WO 01/.27624,RPCT/US00Q/ 41062 . support wo.,or_nore popul ati ons, of
capturl? mol ectl 8605, 4 B SEphs 86 5exs SRS cbited W prbBt e iaBlirs o

di stinct | ocafidihe ehfirePodlatib® ofBeds gl itPudeed@ spetific FbNEvoAsnaleRhrget
detection nol ecules to screen for protein nodification in _those captured
target prot epipicinshaying the sarme-tngueteinmmgdificatipm Eagh thead wihbe eoded o angul ar
two di nensi ong| kN t r t] ' (e.qg.
1’2t st toks oftatkeRits b8 Ea AA ol aSiciis!clbut Y R BE blbls Wl S dehoe (20
particul ar prohihproei it nodulatsd. Bdhik ke bead and stidke hfaydnhadeco fiaplyesatégsl ar e
used, two or m)re}ef;tﬁiré,gs are nmade_to, capture and detect he particul ar

prot ei k¥ nodi f fERP WPyFRose described ingluding, 6,8 glaay Piasie D9EBY) PWER on 10 of
beads. A bead ' t | | . ca re
mol ecul e, anaﬂ{oﬁ%hg%?l’ ?‘féta%?ggﬁéﬁ%'ﬂegf u%ggidg&\gm%w???’c%%éeggg salg'pgf:hllé fic
for two or nobeadsatigkd, stripspodresontigiansisolid supposta o bey gmledy ©p.evith abai éddeak i on.
Each bead will be coded q mar ked to. be cJ ear, what target protein is

o ured on 1 1k ek 48 Menity hf Sunes. te Bororhaph deheants o pHo ey S B WAR 2gof h

the bead and é&dtffgﬁumcﬂaﬁpmﬂﬁa&i% ABMd BRESthrdImolecuddd TRBhE eV, thbie purpose
descri bed including, e.g. glass, plastic, polynmer, nylon,
20 practitioner needs to keep track of what capture molecule 1s where on the contiguous

solid support, stick, strip, or bead, so that the target protein is identifiable.
Two or more capture molecules are immobilized onto the solid support. A

capture molecule can be, e.g. an antibody specific for a target protein, but may also be
a non-antibody molecule, e.g. a lectin, or other protein, polypeptide, or peptide

25 specific for a target molecule. The capture molecule may also be a non-protein
molecule, for example a small molecule, nucleic acid, polynucleotide or other type of
molecule capable of being immobilized onto the solid support and also capable of
binding a target protein with some affinity and specificity. A solid support (e.g. a
slide, wafer, membrane or filter) will have a variety of spots or positions on which

30 populations of the same capture molecules can be placed. At each spot or location
many molecules of a particular capture molecule can be immobilized. The amount of
capture molecules required for detecting an amount of bound target protein will

depend on the detection system being used (i.e. the more sensitive the detection
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i mmobi | i zedﬂmmentrﬁed}@cﬁucblasﬂﬁﬁé(a dxambowagmeca@pb)glé indocyaningignen)ds t ar get

Peror ron o S lebips, Yngiiore Rt Aoyt bt e Cortte mpRitoBpla et o'

whi ch 30 POfhkh 200,006 ifFhe MbAifRAITGh $HREIfd AatiPRIYES dire&lCinikedsvitl A6ifgle At each
spot or location nany nolecules of a particular capture nolecu e can be
MW

i mroBi | i fzechadfPﬁ@tl Obﬁu‘e@apﬁflrlénwlé%(ﬁlbsl I et@h 1998, @W’@égéemlsﬁgban
foed (i o, THESIGHAT, HBORLG, Rathmbuy QPRI RL U BB NS S0y 41062

system t hanbelﬁsaﬁx&pstpemﬁc mﬁhwdyhgﬁnklﬁieﬂﬂlﬁl migblé Betettimomolkpiley 2P,

nol ecul e-tar et prote| n_hinding pairs will be generated and/or needed for
det ect i on) , DBfLtdte) Eﬁrmﬁhrﬂgreaqumg@yon BRENRYEN Amplification isee PRPWd e and the

target pr Ot&ﬂdﬂlonrahglfc%%iﬁﬁﬁﬁfdrﬂe tdf¥ie l:'e[ﬁ] b th Pah@@%;f&’&o% §iyfh fn the

protein sanple er ‘consi ratlo e anount capture 5 protein
shoubd be sabbofit tcmnin dﬁamegemﬁ]rakmﬁlet dae ahﬂoantsofghataptu;te phacioovillelepensinal
e detection,sensitivity for

means used in the If bor at%@)é 1o dat e, EH %
r adi oact i veP"3Bp SiZf Qf the et W the lineay janek of Aeteetiqnesay: oV HIWS IRy S ¥ anal og
of Indocyaruse@ugg;ﬁﬁme dagturelﬁl@leQQle P Ssep g alfiblchl BicRoartdyqspuiBizgls of the

capture protein should be greater than 100,000 if the nodification
speci fi ¢ antimady diamei¢r),anechgnical mistpspptiing and mkgetémgaﬁ praferr@détp bwsegz P

2. 5030° 20 TR SR Pl el e e AN

t he 20nodi f ijgat nmmusdiemefer)cs;amﬁngbﬁdxbeiaahxlevmmebughtdmn@tbhv@tmnﬁlewct i 0 n
nol ecul es (32P, DBClI, etc.) through direct conjugation or enzyne
anpl i fi cat iRPeYsee bel ow for additional infornati on). The size of the spot

can be in the rafge,lt ARRUAIeIViH PrdtBrably be bound to a capture molecule at an

epitope or site of the target molecule that leaves any modification moiety on the target
protein available for binding a detection molecule later. A capture molecule is

25 selected for the specificity and affinity for binding particular target protein. The
capture molecule can be immobilized on the solid support by following a procedure,
for example, as follows: first blocking the protein array with blocking reagents (e.g.
dry milk, gelatin or BSA containing solution) followed by rinsing away the blocking
reagents using e.g., TBST or PBST. The protein array is then incubated with

30 biologically activated sample such as cell lysate and tissue lysate etc. for a few hours.
Proteinase inhibitors and phosphate inhibitors are usually included in the lysates.
After the incubation, the protein array is then washed with TBST or PBST followed

by incubation with modification-specific antibody for around 1 hour or so. The
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15 about 3‘, m&h&t"dl aneter, for exanple. The amount of the ﬁ?%fé[’@ﬂ? ot ei n

w | | depen he size of the spot and the |inear range
assay. Various nmeans can be wused to spot the capture nol ecul es. For
preparing a ppoteiaray mrfgaherrayasbs@)mthsmf‘eT pePBET and subjeritedhiorappjopriatec hani cal

m crospotting and |n tLing i to be used (Shena M et al,

1098, TI BTECHPS*%4E d%)velo %gd%}egég?? grotei n array (spot size 20 is >l
mmin dianeter), Slmaﬁdtm sFémﬁ&Jemasdin&mdntahﬁgughnmsbﬂnged:mi&ateb@ﬂajseﬂ ab

pi pette. The target nolecule will preferabl e bound to _a capture nol ecul e

at an epit opin e kits far dstecting progip @todnﬁswé@m é\nmatlbw@as; adiethey polyeiopgle at i on
t the ta |
lme)‘![ :r y 5g\ncapt(:a giee® %l‘gf’aeltﬁf@%%hﬂ se%@g% ed or e ’g%e@ ?[lea %’nt%ﬂ’(a %Hﬂ%ﬁ%‘n 1(:a

for binding pﬁ{efrécﬁ'tdaﬁrbetlﬁécﬂﬁiprbdﬁeﬂhﬂanﬂBbﬁyaﬁ@jbi ure nol ecul e can be
I mobilized on the _solid support 4\; foll ow ng a procedure, for e c“'.;rrpl e, as
follows: first bl odieraptibady agayusedinghe kif cop ﬁpiﬂd%%‘ﬁbanry (; dry

Bl ocki ng - r eag e fefilfheduloAnBR blah polyihd MR aBalh O ?&ﬁ‘?@rﬁeﬁ
i ncubat ed wi t hyl38, ﬁnly&tmne,qjol}wmdtchmtdedar @ajypfc@ymne,kneaaamcaﬂ)ﬂotd)msmtm and

tissue |ysate etc. fqor a_f ours. .., Protejngse ]nhl hitors and,.
i nhi bi tbrs ar é“%ﬁ%l}rf%‘iﬁ Rratera g‘d thg stlifen sydageds a siligpp djoxidgorag q1 ﬁe t he

protein art ay sl NIy t%&h&%"t 8ot BT iR Tl ilok AN Al it AGHBRL Wiy W L1

nodi ficati on- speC|f|c a or daroun hour  or so. The -39 WO 01/27624
PCT/ USOQ' 4106 be ipthetfetnm oﬁtubecy beads{ dists silicomships) mictdplar8Spolyvinyigdneand

bj ected t d f | d t] ls. |
2ot her speci ABiogsaY FEN TR, RigpeaplpiiipBRbRSedvim mBoHTEe Qe useq
in the kits fourddghReivrite, RoRpBidus m%ﬁrmcea@ '}lasﬁ@)@@i{;}gglb?ragnesm% her

pol ycl onal, 5 nonoclonal, single chain, ragnent nt If( ab) 2
fragmeht, or amengstothers, aipbirality of@a}ynm@lqmeﬁorepbkaiuu@émlﬁ@tlanwdﬂédy any

arrays. The an |bod arr ed t.he Kit ed on a suitabl e
20 18 surt acamer Siacdshilp T Srifooling ploreif erdforBATER R dmBiihoRite).
cel l ul ose, pol yacr Wh@mlﬂ@odlesr&hfbﬁ attaﬂie)d&b meedwd siFhce\byanly ri¢theds ldowerin
pol ypropyl ene, ceramc, photoresist or ber surface. Pr eferably, t he

si licon surfadke ars(sge smeraikm%@&?ﬁ&@l%rwé) %9/14%369} Fon example, the angibadiepran

f bly, f b
Pl Al LB AR dSelPS kel SRR BB TOd g Lagse ™ be
pol yvi 2| i denattachiedl taithei sdefadeRYEdaph menispacific, spe&:ﬁoamlvbluhpaen-nevdiemne nyl on

nb , oth
renbrane, o e[eavable or non-cleavable linkage(s). The cleavable linkage can be cleavable upon

physical, chemical or enzymatic treatment. The arrays can be arranged in any desired
shapes such as linear, circular, etc.
In one example, antibody array can be printed on a solid surface using pins

25 (passive pins, quill pins, and the like) or spotting with individual drops of solution
(WO 99/40434). Passive pins draw up enough sample to dispense a single spot. Quill
pins draw up enough liquid to dispense multiple spots. Bubble printers use a loop to
capture a small volume which is dispensed by pushing a rod through the loop.
Microdispensing uses a syringe mechanism to deliver multiple spots of a fixed

30 volume. In addition, solid supports, can be arrayed using piezoelectric (ink jet)
technology, which actively transfers samples to a solid support. In addition, the
methods disclosed in WO 95/35505 can also be used. The method and apparatus

described in WO 95/35505 can create an array of up to six hundred spots per square
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non- coval eft(11):5022a5%26. é9%r)an in shiesynthishis cam hkam( s). The cl eavabl e | nkage

can Je cl eavabl | ..or..enzymat.i,c treat The
arrays can bo aMIRGRforealssPeckRgt o RS IR TRl SRS v i =

etc. In onﬂleematmdaﬁaplaraflsbaﬁmmba@yre@&mdm BYatift@ @l Ondl. BRLhénsurf ace using
pi ns }l:)asswe pins, quill pins, andthellke or d))ottln W|th

i ndi vi dual %ﬁ(&b@&:ﬂl%dB&?,lMﬂuwemegga Ajagay.. Blpelsetmre7 07 cf 14wl W enough

le t | idt
G Shense TR 8falh ARt ry Tt s, st and FRICSRONGD | L9 C ol
vol ume whi Bhbntdier(ihl.s PR3 R 9927075 199 al of%ldhm’r@itgbrﬁOMed bPEeference

M cr odi spensing uses a syringe nmechanismto deliver nmultiple spots of a
fixdd 30 vbtrendn their eigetyi on, solid supports, can be arrayed using

pi ezoel ectric ( £s to a
solid support. Méﬁgggﬁ’t}feg%mpﬁ%g X:fh&"ginﬁlé‘xg% gégétljglll&n %?%@%@g@%g}%an al so
be used. Tihe art&mk:l(mbladujwaqhmgtataﬂayﬁﬂmhdlsbﬂabelmtm\ﬁﬁé Srbfizimmnincr eat e an
array of u Si X hundred per square_-40 WD .01/27624 P 00/ 41062
centi neter H%#fs‘o)arﬁf’ﬁ%‘gu‘gﬁpa’é ‘i}bs R DNy Re1cipg hapsingn F%Jg?)ot

Sui t abl e (%Qélﬁﬁﬁlﬁeﬁte': QN SSHYkt I"rB{chB%{Mcﬂ&Q&erle&?bﬁHted'19996p| to about |
p.g/p.1. Further, other ~nethodS of creating arrays, including
phdt50I|thograph|c printing (Pease, et al., PNAS 91(11):5022-5026, 1994)
and in sity synthesis.can.be used hods for coval ent attachnent of
ant i bodi esﬂt 0 akgfﬂyl’ g"@ﬂﬂﬂ&?"ttﬂ%‘fsef%ﬁ(?% ipg engymatic 3CVY 1o es of such

net hods are foulnyet Bnddhiértdspect tthe Blesent Addntiomisaliftedd to H&(r@ oféigyht3, 1989;
Ahluwal ia, et al., Biosens. Bioelectron. 7(3):207-214, 199 Jonsson et
al ., Bi ochubstraes, mmanmmges 2dasolidsupprrteand b) siwshty @tsubstrates

Bi omat er i f by

r ef erencea{fgm ﬁ%r‘%ﬁfnﬁ&? el r ﬂ%‘?%er&kﬂe?ﬁl degQ idfCJ{'bet u%gl ‘Eégﬁgﬁ{aﬁ@% fic

bi rdi ng t omamber énctysieof ageovgr e smbthrd{hycmd/or mnctxbﬁallyrfelamltbnzymbmde washi ng

the arrayegd sol,id syrface h boyi ne serum al bum
y gre?erably, at Jeast one o\?dﬂtxe member enzymes catglyzes a proteln modification

reaction.
In yet another aspect, the present invention is directed to a kit for detecting
enzymatic activity, which kit comprises: a) an array comprising a solid support, and a
25 plurality of substrates immobilized on said solid support, wherein each of said
substrates is a substrate of a member enzyme of a group of structurally and/or
functionally related enzymes; and b) means for assessing activity of each of the
member enzymes.
In yet another aspect, the present invention is directed to a method for
30 detecting enzymatic activity in a sample, which method comprises: a) contacting a
sample containing or suspected of containing a group of structurally and/or
functionally related target enzymes with a plurality of substrates immobilized on a

solid support, wherein each of said substrates is a substrate of a member enzyme of
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(BSA), r ltpted non-fat mlk, sal non sperm DNA, porci ,Eﬁﬁ 1y, and
the like gﬁiee*’ Jjusubel , el al., Short Protocols in Ml ecullg"rer |0?(5)(g'3, 3rd

ed. 1995). 15 D. Array, kits and nethods. .for detecting,enzymatic activity
N’ yet  amot naFO RS tatbon BES HES ORI B IGO R IPEERA U6 SAAIERS By of
enzyne  substb@ales enNHhAR RidtRYs GRINihS 85d ifhoBilZed 5ebsBHRROMd b)aBstsding a
plurality of substrat’es imobilized on said solid support, wherein each of
sai d subst r ateegymaticeactivlsies ofisaid target eagymesyiiyefezably; rab least anegf dagptarget
structurally and/or functionally rel.ated enzynes. Preferably, at |east one
of the rrenberenmmﬂgﬁélRféggylﬁofﬁﬁS?t_éqweﬂ‘é@“fication reaction. In yet
anot heg aspect, t hEheIh@s@idh also\peoNileN w indthdd o€ aétestidgler2ylfatic h&vigahact i ng
enzymatic activity, which kit conprises: a) an array conprising a solid
support, and baologiBally agtiveior yetbvatesi (o2 plse €8 enzhiveatically activeror agtivated)|saaple

, wher ei h-of _sai d.subst is. bs: f b
of B gr oup. oot S ERE T et i BARh A BimsRighe W bBo L ko PSR B 8D ™
nmeans for assp&@iegy€ bibstrhtt nidle@aes inthobiliged GHEMD SlippRZa4tR f whithyh agnot her

aspect, the present invention is directed to a nethod for 30 detecting
enzymati c actasaisuhstrate for gasprne oipable dhdhgwanccarpnatenodulatienap aduesly a

sanpl ¢, cont ai nj r 100 ng: .].v _and/ or
Funot 19nal |y Do disoRPRRr e Lofl gk MR llalihcfle SRl bibBliite
i mobi |'i zed @hzgmatially desupproteins thianhsy sct@ache @himobilidedsubstratas asders a
substrate of a nenber enzyne of -41 WD 01/27624 PCTI US00141062, sai d. group
of target enApFEBaimeRnditassand periarmadetapipblercarymaticreadtiogen B ipmobilizsd
catal yze enzys%édra%;raﬂé‘a%ﬂe%&% a4 Mie"rﬂofﬁﬂéti%n' JHBP lishat @M??HE@:H?& meff D)
assessing enzymatic activities of sald target enzymes. Preferably, at
| east one of (kich ds@2febr plesplorgktion) &l yoésule thatapedificattydbihdcthe isobjecteact i on.
5 The invention al so pr.ovi.des a .nethod of . detecting enz tic activity in a
b1 ol odbcal 1y RviaRe BPodeo i FeKia dgtechrbE e ai) thece b $OPaErve of
activat ed) sadamop?ise QlceRAiR eRkyRaticTREvITR WiRGeih ShdprasdnicE 6a BirtiRURY kAl yithtid
solid support conprising two or nore enzyne substrate nol ecul es
i mobi | i zed oetiviteinsaigameple irepasts informiatiomaluan bindegicad sctivityupresengirethEor  an
enzynme capabl e o t.@le sane en%(mattic nodul.ati on on fl t rvget iLOt uybstr.at e;
contacting t FEBGT i thSTEYBAYC BTRY LD FOMBYPTH YRR de dRnisrests JFpP i ng
ené ymat i cal | ygragp toiRisBhg bekinse, BRéspiBtise) Glansfrakd) ipidkiade! isdf@razipst r at es
under

20 glycosidase, lipase, ligase, nuclease, peptidase, protease, ubiquinase,

glycosyltransferase and glycosylase.
The invention also includes a kit for performing the detection of enzymatic
activity in a biologically active or activated sample of proteins. The kit comprises a
solid support of two or more enzyme substrate molecules immobilized on the support,
25 and reagents for practicing the method just described. The invention also provides a
solid support comprising two or more enzyme substrate molecules immobilized on the
support, each of which can act as a substrate for an enzyme capable of the same
enzymatic modulation on a target substrate; wherein the solid support provides an
environment for an enzymatic reaction at the immobilized substrates under enzymatic
30 conditions, and further wherein any modulation of the substrate by the enzyme can be

detected with a detection molecule under detection conditions on the solid support.

E. Exemplary methods, kits arrays and uses thereof
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enzymat i ﬁm lons and perform a detectable enzymatic reaction on the

I mobi | :vg%ﬁ s%‘tbst rate; and detecting an enzyne nodul ati ERTARMYHES ypst rat e
with a detection nean (such as 32P for phosphorylation) or nolecul e that
speci fical |y bi ndTae fdipvandiesctibdscceetainyaxemiptaryrorplefariedméthodsy kiies, atraysdet ect

whet her or nof .the sappl e.of proteins conprise a certain enzymatic
activity, wﬁ‘éct@ieﬁ“??f'e‘ﬂgre%%ence of a particular enzymatic activity in a

sanpl e inparts i TE%%EI-& £Profdd® birayPbiPh 89d GftherRdrial hrbac @BERhg iblddifes

sanpl e. The enzymatic activity cdn conprise an enzymatic actrvity selected-
fromthe gatapprapsiati eoncergratibn kierlaisleon pipesificdocasion of therssffacafoea féw pi d

ki | 20. i dase,. I Ny | . ] .
o ordase. - oRuaDT augnieH gl ABbRior 0 bR e THE SR 0t 1671 BRE PR SR ane | on
al so incl UdFéss@ssHiéh ﬁx@{eirpsrnhﬁrgréaﬂgoiﬁtyqfl@h%tdagtumg eI Mirb@in, AHebeyi ty in

a biologically actrve or activated san‘g§e of proteins. The kit conprises a
sol i d supposurfages inglide coated slidganpirecedlytose prnyommenthranes arqensmerciadly on t he

support, 25 and,feagents for practici t he .nmet hod j ust descri bed. The
ivent i on” aFEEREb o ReTg o oA EmBne a5 Al $bs B T enzy e
substrate netigeidhesk SoRII (Kieéhs] NH); khass slidep pa be piealidiedfromiXedvopen act as a
substrate for an enz&me capabl e of the sane enzymatic nodul ation on a

tar gét substHawthe flein the solid support provides an environnent for an

. . z O ( 3 _ .
condi i ons. and For Tt MRIdTARP bR SHerTRte 1 Bt Elny GAE BBl st
enzynme can becoanel cfoectdwbidrptonierteclid membrines threughneenurd e Beeine Gerum

conditions on the solid support. [E.. Exenplary nethods, kits, arrays and uses
Chereof - 4bYRITES Vs amificalisis thepgised w¥qr5qe|twq1§p%émn6@§ A& ai n

exenpl ary  Ofuelih Rl 66V Bidfied blchdin Ry AK5r elBAINECHE abitBRyLbBECO! | TO

prepare a protelin array on a two-di nensional 3urface, capturing nol ecul es
at adpr opr i bewndde sioely diasalvet iaracuffer dolotior esp as déscrubédineahe vistrodtionse sur f ace

for a few 5_houss or oyerni ght r .absorptign.to,the surf . _The surface
for absor pt TR Xssap (EuRiabes N5gn? BPGHBY 06 sase e s profin ¢ ne
capturing nEhpeHhm besaule tHedifdifg takBeplace i gAGRS atmitfe! giblep Sk pfbtéihi des,
nitrocel lul ose or nylon menbranes are commerci al | avai |l abl e:

ni trocel | ul gukthese myst bp imiwifregforna for binding tribe sveilﬁbén@mtqde‘ow #-8rhogeshl ei cher
6, Sonuel | (gl oS8 DU TS RRe RUS AR SE A oo ADRERESy 1
captaori ng mMhkedonmatidon©fa covalent bound between the surface and the protein.. The antibody
solution is then incubated. Antibody cal also be coated onto strepavidin coated slide
through biotin-conjugation.
To practice the invention, cell lysate can be prepared from the source that
needs to be studied. The source can be a cell line, tissue or animal. Various methods
25 have been used extensively for the preparation of cell lysate. The cell lysate is then
used to incubate with a protein array. The protein array is a two-dimensional surface
or a population of beads or a population of sticks. Each protein array could contain an
array of antibodies each with multiple copies spotted on a specific area of the two-
dimensional surface or a single type of bead or stick. After the incubation of cell
30 lysate with a protein array followed by a few washing steps, proteins recognizing the
antibodies on the protein array are bound on the array. The bound protein array is
then stained with modification group specific antibodies (second antibodies). The

second antibody is preferred to be pre-linked with a detection molecule such as a
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be coat edyg¥hmeged absorption onto the menbranes through p@EGHsladeVi N
serum albumn (BSA) or mlk solution is then used to saturate the
nonspeci fic binding of the nenbrane to derive a prepared protein array.
For gl ass sl i, ahenzyme, »dH§ ot vragioactvrtagibatibscamnensvisible reeegnized iyn a

buf fer sol uti g, .aS cribedq he .i ructi ons. s ,
bt horoe. " kBFee S0 pnAERERAE TS S M o AP RO
(i mportant begaussfoirhstida chehgtdofl tA& protdih acdetérfiinetDhrduph therdetectipnytesn t he

protein, and these nust be in the free formfor binding in the 1) is
i ncubat ed f obugt an fissecond antibadyy dtir dassprotein, arraymade WNXQW%@‘K&B

sol utign of 6 LS | bound
bet weeh t ne Sutacss thedfigfioh 8 Yedrin rtbolt) SmirBb{IBk O o rfeSRVEL S
i ncubat ed. An¢fetendy farahe idestity f deweted grareihe. Bor thp proteihnrag atxld onla de

t hrough biotin-conjugation. To practice the inyention, cell |ysate can be
prepared frokoPpationg '?,"@gfi pftickpddag op gagheking gfpead or pHeEk sTVPTAS atgifrence,
cell line, ti - A AN AR ' \Y xtensi vel y
N e A et e 3 R e

i nc]thbat e wt haéoﬁec?liefpmtagm?dgthegt@ thatatariba e?m?a;sedﬂ} s:epfn_mi lhadEmir}]lonal ol
surfa or a.popul atiop of beads qr popul ati on. of sticks. C rotein
array (Qoul d QUEERYagn Profeingray ol ABaipRRInARIPUFtoR GheRETRF SEHRRes
spotted on a EAGH fded t88&BmAhe hARIHTmalipPR G -PRA siﬁluh&?&ﬁ_sn?r ade3biglide type
of bead or stick. After the incubation of cell” 30 lysate wth a protein
array fol |l owdsldw. a few washi ng steps, proteins recognizing the antibodies
on the protein arr are bound.on the.array. The bound protein array. is
Chen st ai ned wi ¢ n THEGRPER O L Mot s A il ATFasE v gl ot

anti bodi es) . iffefest &€ pRRENtTOE 4 PAIM dfiRE.eTRE intabdidnREoRs %%%ufé‘&g:r&\ﬂein!ﬁ ofl
detection nolecule such as a -43 Fm~ WO 01/ 27624 PCTI USQCQ' 41062 bioti n,
an eniyne, a idigeesbenta theprpisicarraye Thegrotein armyds then wasbedsevera timpsibyed by

naked eyes af vel h n f . x:[(gse , i l\qn of
the protein a%ﬁfi)pggtr?% Sﬁﬁr;lagﬁ%‘rya%ﬁg 8@9{5 ‘f‘%eco?)ltr]p%%sgi n |d§6dlé‘t%;?rlr%’r%ggyf rough
the det ecti orNgGlspldmM4)land PBSqS0 i MR d2 2 NadY) with addikien pf détedgeniar r ay
made on a two-di nensional 5 surface, the | ocation of capturing antibody

i nrobi | i zed GHCh AT weeng0 todhegame IBST and-PRS Bl & e fallowed hyiipgubgting

det ect ed t.el I | 0 : | ads or
St1 ks, t ag ne secof philBafih Ebehidl SinE TR Doty RAIEDBaR, BRATS, 1
i dent R0y of qeotentarhys tieaiwashedlhfew times agnibevithAIRST tdf gat oidafawnspecifal i go,

i of . her hat can, be easily used to separate beads
\rM_a? Iho ' eq”e”‘i}{n&lﬁg at?cp gev%fopeche}rl?lgmgnescence signal or c%iorzletrlsc sqgna? accoeging to the

detection system conjugated to the second antibodies. If the second antibody is
directly conjugated by horseradish peroxidase (HRP) or alkaline phosphatase (AP)
enzymes, colormetric substrates can be used to develop signal. If the second antibody

25 is conjugated by biotin, for example, a chemiluminescence detection system (Vector
Laboratories, Burlingame, CA) can be applied as well.

The methods, kits, and compositions of the invention can be used, e.g, to
monitor modification of group of proteins of interest, by identifying affected proteins
in, for example, knockouts, transgenic animals, or microbile-infected or diseased

30 model animals. The invention can also be used to determine molecular mechanisms
of pathology in disease or tumor biology, to discover the effect of therapeutic drugs or
environmental toxins on critical pathways, to understand the roles of critical genes in,

for example, cardiovascular and neurological disease, cancer, toxicology, cell-cycle
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10 different tags. Protein array could al so contain a popul ation of enzyne
substr aveso1/27bat are used to determine activity of nulti ptensbwyees
si mul t aneousl y, as descrl bed below. The prepared protein array is

i ncubated with a cell sat where proteins qf erest sent for a
period of tfeﬁﬁlan?‘ﬁ@pf’ﬂté’ o‘rtfesaﬁ Ie S%&B?lﬁ‘?‘ge%‘llarat‘%ﬁnt??t °6fd°gﬂg'“i‘%lterest ’

onto the prgdfeitivertdins, Jﬂaqorera%g» dﬁsé’a"sé Bpelafid Hﬁ@ébe‘é@a‘ﬁ@@ﬁcl%ﬁ!ﬁrs% fes.mes by
appropriate solution (a washi ng sol utiori can conprise TBS (50 Tris, 125

mVM Nad, pH 7. 4Moanqum§ro@csmmmﬁda9@mummgsrqwm mieray cani ielaceetdplished irof

d h T, 2 T foll d
b ergent g EOn R Pt SRaean BB aPios SpRkimbes (TR 5E ridercond

anti gody i nfoBatiorare hdibcidled it Stivatddn R T, sheasTGPR Fardily elWepliofBs again
with TBST to get rid of nonspecific binding and devel op chem | um nescence

signal or chyiesipekinage mcepials cas playH mgotpbrdehl@ thejformation greydranth conj ugat ed

2, L1, secondaaall ROHLER el T BRI IRh B e BFS taapate o

col or met ri Cheet Hotdeietengigtolatx ﬂﬁxﬁﬁeé mcmeit@lzm? £in§NQ FGH faniilyePBEFON
ant i body 25 i s COI’IJ ugat ed E&iﬁ?l otin, for_exanple, a chem | um nescence
“det ecti on sipmikyminswiae family, famibt anddG Elfmlhgémng@eseé%ﬁwm EPied as

wel ljg The ”E%@dé%ﬁi Smﬁ?ﬂnmmgpws' PHEF qgce R | LLasloy g&g@%&gysed

e.g. to noni i'cation ‘o oup o oterns o
i denti fyi ngIGsH feeerited i m irsubn pecepion farfiby a:&bdd@ﬁ Irecepton®d&an HGF teceptogeni ¢

ani mal s, m. CI’ObI ted or di seased 30 del The | nvention
can al so befaUg]é(d‘a‘P’B 'gPﬂ‘?FPebWV%](YE‘?g’r?‘ gfﬁ%tw“o]?‘”gﬁ’ﬁ%ﬂeaw ™y di sease
or tunor biphagyecdpforanflPusd F@F%Eefpid% Ere%vél{?&f 1§%Efolg€né§fsqg %uﬂfort the

environnmental toxins on critical pathways, to understand the roles of
critical gegrewth of tunfooantkmrfpmtlomanmeGulTélﬁ sxgmhn@qfﬁﬁﬁgpmkorﬂﬂstease

| | | VW0, 01/ 27624 PCT/ US 4106 |
2333503. L R TR xecBlon Lol 50 0udtng ol res i msBetagc pEEidIBt | TVl o

defective pidgioRh B&ll typbsl A RTE$rotbn SifayrcaddsiperasientdiseRs echérﬂﬁge in
clinical sanples. Mnitoring protein nodification using rote| n arrays can
be acconpl i abmegma! }yaopp{@te@&ﬂgmtugmr UsYES. eli‘%ferTIéPr(ﬁe‘gra&?M Atibpdigept or
tyrosi ne Kipases r Wth
activation Iﬁ(rﬁ—gsuc §&€8E&§ améﬁ{/rﬁrtg@é% {cl)’ratsl?ﬁ?s yros”ﬂ; i nase
receptors cphosphcyroginganiibaly. Hxlampies of herayscal ot these, lings oav inchudd, errgt astasis

man c s. Jo dat.e, r i nase rec ors have,
bee%f oundaﬁéférf@mﬁ PQjein agray &ﬁ@%ﬁeaﬁr%@ %B%“E&'b%a‘ﬁ Pg!,gw&f@w |y, PDGF
protein array (FGFR1, FGFR2, FGFR3, FGFR4, FLT1, Flk1/KDR, FLT4); mitogenic
RTK (EGFR, ErbB-2, ErbB-3 and ErbB-4, IGFR, PDGFR, FGFR1, FGFR2, FGFR3,
FGFR4, FLT1, FIk2/FIt3, FIk1/KDR, FLT4).

More specifically, a protein array for EGF family receptors (also called the

25 ErbB family of receptors) can be organized along the following known biology of that
receptor family. There are four members: EGFR, ErbB-2, ErbB-3 and ErbB4. EGFR
and ErbB-2/neu are prototypes for a family of structurally related transmembrane
proteins that play a role in the development and progression of cancer. Like other
tyrosine kinase receptors, ErtbB family receptors are activated through tyrosine

30 phosphorylation upon dimerization induced by their ligand binding. The solid support
can be contacted with a cell lysates from, for example, breast cancer cell lines to
determine the identity and levels of activated EFG receptors in the family that are

present in any particular lysate.
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famly, ivaggiamdam |y, NG famly and HG- famly. Anong thesgsdoRefRt oF S,
EG- 10 famly receptors, FG famly receptors, PDGF receptors i1 n PDGF

receptor famly, |G- receptars.in insulin receptor, famly and HG-
receptor/Met in HEFEtoNpEbPHieing Iyplved im g sizpaldrrnsdumtipntstneayi 30 &ved in the

t f ti : : ' fraim : t
urmor Tornma 'rx?JhntoYéﬁ%u{gﬁaé@?&sé?é %néﬂp%%’r??ﬁ?xhge%g?%me Ia}g]f’ b¥4/@ﬁ‘fhf%mt éeD ors

are involved i n angl og h tunor an
formati on of pIBIMAP&dase, INKearsl Aktdigme pathwa@E. rheqhbsphokdatidrbof proteidd@re

receptor fam al.so i ndyce the invasivenes nd netastatic potential of
Varbus. cel I GG Bk BrHR RGOSR aPFEL BRI oM RHH G NE SR AP
Screens ng a%Béﬂmkér}he?s‘ioEéiﬂ@%ﬁ@bﬁ?‘faﬁ&‘pﬁdéggé-tﬂré&ﬁh'&gml#ﬁ@ %Wdﬁg?&fﬁélﬁd for

array, antibodies against RIKs are spott onto a Surface and their
activation i sxemplecareahtibpdaspécifiptoasplivsphorpkiadaesidué obalprotdin sumhlass of

arrays along these lines can 'nc.;):ude, e.g. 20 EGFR fam |y protein array

(EGFR, ErbB- é’ﬁmﬁﬁ"ﬁgl?ﬁiegﬁﬂuﬁ% =4Y; angi ogenic RTK protein array (FGFRI,
FGFR2, FGFR3, F@%Froﬁgﬁgr&éihé {%@Ruedﬁﬁﬁbﬁnnmnt&e%gicﬁl fulRdtorl :ngﬁ%so BebB- 2,
ErbB-3 and ErbB-4, 'GFR, PDGFR, FGFRI, FGFR2, FGFR3. FGFR4,. T1,

F1k2/ Fl t 3, Flmneniten usmgrprotain pray pEer dxanwpld, he Stapfaotikyi of peteiny caobe EGF

fani | | | he 25 ErbB.fanily. of r. b
or ganiGed af okl S f et behstBios arb ASp RS of wscrPAEBARe e 1° There
are four mermheinscripachRactésis Bt Zransthi Brodald F6k VB¢ cyt6IdnR and Bebvinh Fitars TRim ar e

prototypes for a famly of structurally related transnenbrane proteins
that play a rgtaplasm toHuclges: ebigisrase activatediihioyel phosphonationn ddere are {Stajt her

yr osi ne 30 ARBUBRSTNR Pk, gun Difmarn b3ieTanCr TE0A2a N i buieani

bi ndi ng. The fsPIFNdaf 4 BRA B or SEIB0NRSARH 0B St YoRIIGED| IFN/EA: Statfshamy for
exanpl e, breast cancer cell Tines to deternine the identity and |evels of

acti vadi ed EFGtatssbefpt BRE, GH, ERE® drdmjclugershSiat 6 far ILp¢ axskiliil 3i n additipmrsomeul ar

| ysate. -45 01/ 27624 PCTI USOQ 41062 A group of prateins involved in a
si gnal transgi)%tﬁ ?@ﬁ?ﬁaﬁcﬁmd g&ﬁ‘ MHOGFRIG Stedal A dngress ﬁafeﬁle%ﬁr efamafe. Stir

exanpl e see ; 961%“942! b : o ' J nd Akt

si gnal pat hmﬁsgi.&h#"ﬁg@g}{os or ﬁ%ﬁ%%ﬁ&psﬁgggﬁﬁgﬁ@ﬁe%@gﬁgﬁ %%1@3@ e.g.
phosphot yr osipathveaye Stdtl carabe albo detjvapdiatbpiugh dNKnsi gisgdimgiplat hovagrenid s yfpurkd
phosphoseri ne-speci f.ic anti body, and phqspho-threoni ne-proline ti body, or
al so for exgﬂﬁraé,andﬁ‘paﬁ?'}tﬁglaﬂx é‘ﬁ@‘ﬂ“ﬂi 36‘8 “&tab’ﬁ%iﬂ{‘épt}‘l“g? g"d'egé’g i%??ﬂéasS? a
protepm such fasapopRRELNOSIL Binfitly frotdifl afthy SBf cohtrin antibodies against each Stat and

the activation of Stat can be detected by phosphorylation specific antibodies, such as

those described herein.
A group of proteins whose modification is associated with a certain condition
of a type of cell or tissue can be monitored using a protein array. The condition can
25 be, for example, ischemia. Ischemia is a medical condition that induces many cellular
response in brain. Many key regulators of various signaling pathways have been
activated by phosphorylation. They can include CREB, ATF2, c-Jun, Jun B, Jun D,
c-Fos, Rb, p44/42 MAP kinase, p38 MAP kinase, INKs. Ischemia condition protein
array can include proteins whose modification such as phosphorylation is associated
30 with Ischemia condition. This protein array can be used for classifying the degree and
type of Ischemia condition through generating a fingerprint of phosphorylation status

of those Ischemia related proteins.
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IFN a/ (3; Stat 3 for gpl 30 users an hers; "Stat 4 for 1L-12, IFN cc/p;
Stat 5a andElsated strogipe plosphmylatiopof ECH rserptyrd EGFen)én]8S8), &rb B-2.detar L- 4 and-

I L13.. I n additi.on, ,S ats are also.activated ot her m togeni.c signal
b St r ose Shihs Paa BESFAICHRNoeh T 18 bR Ehot Bl yinehAS ol hIHF ) S
ki nase si gneleiaibnRdiytosivie pRebpldliglftiotdepl PAF AR @ fR¥@ited S dhihcefdt8 Ilfy al so

activated through JNK signal i ng pathway and was found to play an inportant
rol e in i ndussuesRndrig closelcamelated vaghthe npdaliinolyement of egncer gegsepfyed or

apopt osi s. . f ami,| of ej ' is I e i nst each
Srat and ¢ RroiyE B o} kel FoR bl 8B o Bl AR BreBtsh
speci fic anagainttirse foud plotéis andihei tyosiae phaphiiglaion stafusds deprmihedbpt €i ns

whose nodification is associated with _a certain condition of a type of

cel 110or t sutiee axhPisohetrasicaatibadynglhus protrin aravcanle used g elasiifyt i on can
25 be, for gxapple, ééflnﬁghﬁlce}sqﬁ%ﬁ%@ ééat@g di cal condition that induces
many cel | ul ar respo%se I'n- brain. ny Eey r&'ﬁ'l ators of various signaling
pat hways have be6ther asdsiof siegutoteyn aayspbthodd, aits and cofhysositioms caminclnde CREB,
ATF2, c-Jun,, Jun B, Jun D, - Fos, . p44[ 42 NAP. ki nase, p38 MAP ki nase,
INke, | soheideRtitiaian of Sealiaras. BRngh AT Adn ok cRaE: HOCkHib e

modi fi cati ofayetcd niRlo8Re RSN BrlifAls & ASHOCBHAhnRRaIVcANbd Sadiea a
condition. This protein array can be used for classifying the degree and

t ypdSof | schiys, an awaniéan berused todgiermjesmolecilaymechanisyes ¢frpatholagy in
phosphoryl at.ion status of.those |Ischem .elated proteins. -4 01/ 27624
T Usoa 41965 Rt Bimse bislOe ForeRGRPR: dieeRbE R RERE R Hormpetlle sy of
mar ker pr ot & envirehdegtalngink of atiticdl pathways,a6 uad<astaid tHe rales of tritigal condi ti on
such as a disease condition, Fqr exanple a protein array for typing human
| ung cancer PaBwaYsdn candiqvasrulas and neyrelpgicad disgasecanecrplosicsokngyy sk €6 of EGF
receptor ( - (Pl : =, [ : . been
found to be glré%éllp’ép gé%%sﬁlgﬁﬁﬁ%sr{e%hge?a%gtgﬁa iae%ggf%{g/cgl'ltfﬁo'ﬁ#ég‘i‘&%cgrosi ne
phogphor yl atneamfooidepfifbhgdefected pathwayd ed t o cancerous lung tissues and is.

closely correl at i.t h .t he .nodal invol ve t. of cancer and, di.sease-free
y gq’ar\l%ly of proteins possessﬂlg a s\llm{fgrqnoc em(istry property but mvo?\%ng

different biological pathways can be studied and/or monitored using a protein array.
For example, an MKK (MEK) family protein array can be made. Mitogen-activated
protein kinases (MAPKs) mediate many of the cellular effects of growth factors,

25 cytokines and stress stimuli. Their activation requires the phosphorylation of a
threonine and a tyrosine residue located in a Thr-X-Tyr motif (where X is any amino
acid) (Lawler S, et al. Current Biology 1998, 8:1387-1390). This activation is carried
out by a family of enzymes known as MAP kinase (MKKs or MEKs). To date, there
are seven MKKs identified. These MKKs were found to activate different MAPKs

30 that involve in p44/p42 MAP kinase (Erk1/2) pathway, SAPK/INK pathway and p38
MAP kinase pathway, etc. MKK1 and MKK2 activate p44/p42 MAP kinase in
p44/p42 MAP kinase (Erk1/2) pathway, MKK3, MKK4 and MKK® activate p38
MAP kinase in p38 MAP kinase pathway, MKK4 and MKK?7 activate JNK in
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pathways. A fam | Sm?iiarBzr QMAP%:{&Q@% te‘?n§x'r A belth e SR ik ialmoPer ty
but involving differenf biological ys can be studi ed and/ or

moni t or ed uSsYStENEs, ﬁwodstmglashaaic MAFPckmwea(NMK) bavelcen {dvmidicd. ahhdsg pr ot ei n
array,.can be en- Ivate rotein k es e many
of  tHO ot I MBS pn G f B el Sera e GE et Don A RELALY Tl
Their activagdseste! %%%&eiehﬁa%ﬁb%ﬁih@és)@eﬁtgk&ﬁh%dﬂlfférBﬁtﬁdih'ah”ﬁ WélPasithe

tyrosine residue [ocated in a r X—Bé motif (where X is any am no acid)

(Lawler S, ee-Jun N-@m’ime}rkmﬂedmlﬁ and m%smé@owhlchtﬂlmtmﬂnalen is

d k
ot e, “tner o sbs RebOB HiPlorRRBHTER M3 R AR S Eetic 2°
di fferent MABKMIBRS hdis thwgml: vetramsnfiddgid ZorhblifetARAEMATK Firdlly patdinay

SAPK/ JNK pat hway and p38 @ MAP ki nase ]Eat hway, etc. MKK1l and MKK2 activate
p44/ gd2 NAP RIFHEGAR GoRSistfAnest or AMARIK family E}embe@ s protgin arpyallowkka and

et vat e et tachiRERTn ot A HARE BT B i orifed AR
MKK5 acti vat aaglEIﬁK@yBl\Ylﬁé avtivesel RiARKgindrhteati vation dfshelﬁNdeSpGrmlﬂgEmgnal

di scovered. An MKK f te| array can consist of nosg or all _ MK
fanm |y menbePEhWays ﬂmfw@p LR RIOAFIP SR PRI R ARse ] theien sy Rt 1 on of

activated M ed for in a single assa The
KR nfifyihd Ak%ém@?%@@ﬁ%ﬁis. m g y.

activated 5 MKKs i ndi cat e of their correspondi ng signal
pat hviddys. Ther ef oGeoupskiproteins whose modification signals activation of a particular signal

pathway can be studied and/or monitored using a protein array, which can be called a
pathwayfinder protein array. The following two lists identify the pathway on the left
and the corresponding marker proteins on the right that would be captured on the

protein array and detected for their corresponding modification.

25
Table 1. Exemplary marker proteins for certain pathways
Pathway | Marker protein
P44/42 MAP kinase pathway phospho-MAPK 1 & 2
phospho MKK 1 & 2
30 P38 MAP kinase pathway phospho MKK 4 & 7
phospho-JNK
phospho-c-Jun
JNK pathway phospho p38 MAPK
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famly | rray can serve as an efficient way for identifyin
acti vat S&dﬂél?%fégﬂa pathways. Sinilarly, a MAP kinase fani F’?Tﬁ}s('}%/"ﬂ"gz array

can be made. In mammal i an systens, five distinguishable MAP ki nase ( MAPK)
have been identified. These 10 MAPKs ar ephséphbWEKIKi3rg he extracel | ul ar
signal -regul ated kinase 1 and 2 (ERK 1/2) cascade, which preferentially
regul ates cel INGKBRRBWERd differentiati onPh%t%’hWék$ as the c¢-Jun N-term nal
kinase (JINK) arglE K cascades, which i inly in stress
responses like i n?%gmm%?i on and apopt osi s?f‘%ggldgg%ﬁarrenber ERKS is
activated by INKKS kinakeipathvwayught t o tr anphodpheipd0&6 Kimasepr ol i f erati on.
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pat hways. Therl¥ St pathmikyf ami |y prot ei n phosphodAK sephosplasSamn ef fi ci ent

way for identyfyi .activated signal path . 20 s of proteins whose
nmodi fi cation S}"(é%b[ﬁgng&qaé%yon of a partpg‘ﬂlax%gf"sé‘aé’%&%pat hway can be
studi ed and/ orpiyPD & wffhWSy NY a protein ghéspho-SHHCh&oAN be called a

pat hwayfi nder protein array. The following two lists identify the pathway
on tHe |eft P7 ipethe@yr espondi ng mar ker phespheiSmeadoh the right that woul d

be captured o rotein array and detgct,ed for i rrespondi ng
nmodi fication. r}%%&?gs &y Exempl ary mar ke?e roé?}éolrﬁlgkpgwﬁ‘ég?t ai n pat hways
Pat hway Mar kerwpt gdtieway P44/ 42 MAP ki nase pRéspheyGIKpspho- VAPK 1 & 2
phospho MKK 1 & 2 30 P38 MAP ki nase pat hway phospho MKK 4 & 7 phospho- JNK
phospho- c- Jun P33matheayhway phospho p38 MAPROSP @.@55\0 01127624 PCT/ US00/ 41062
phospho MKK3 F hway phospho-i kB ] Hway phospho- CREB P70 S6
ki nase pat hvvaifn%rl]@s E’Sﬂg 0 S6 ki nase ph%ﬁgma

15

A pathwayfinder protein array could contain antibodies (capture molecules)
against some of marker proteins listed above. After reacting with a protein sample,
the capture molecules would capture the corresponding marker proteins, and the
phosphorylation state of these marker proteins would be detected by an appropriate

20 phosphorylation-specific antibody.

A protein array can be used to monitor enzymatic activities of a group of
proteins of interest. For example a group of specific kinases can be studied for their
activities, listed in Table 1, and also elsewhere herein. Also a group of proteases can
be studied for their activities, for example, a caspase family substrate atray can be

25 made. Caspases are involved in apoptosis. There are a total of 10 caspases identified
to date. Caspase family substrate array can allow simultaneous analyzing of several
or all caspases for their activities in a single assay. In caspase family substrate array,
the substrate for each caspase is immobilized on a solid surface. These substrates are
usually in colormetric or fluorometric format and can be detected after the cleavage.

30 For example, a fluorescent or a colormetric dye is attached to the substrate molecules
such as DEVD as Caspase-3 substrate or IETD for Caspase-8 substrate. Upon
cleavage of the substrate by caspase, the fluorescent or color signal is decreased

proportionally to the activity of corresponding caspase. Alternatively, two dye
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phospho- Y0¥ 764nospho- Stat  TGFb/ Acti vi n pat hway phospho® §%§E§”§’4é6‘3 BVP 2
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Table 1, and“& sewhere a group oF car

studi ed for tégildtesedl ptbtifemmnﬂfyrcoﬁmmmg@rog&ess&ﬂﬂmghalmﬂesmetimbomt e array
can be 25 nade. Caspases are .invQlved in apoptosis. There are a total of 10

caspases i dentiiin the G} phasgobthecsll sxele. Rirhas jhree Bunctionallyistingt bigding| | ow
si mul t aneous d@%ﬂézahﬁgntglfacé%ﬂ{ ?’ktl {Degﬁir atriﬁ?&é‘iﬁ?%ci\ﬁ%é BEE FAGhiYIE! €S 1N

a single assay. I'n caspase fam arra substrate for each
caspas® i s i nnmivriptios dacorssc- sblltyﬂsmakirﬁseandﬁbmmmblsabam$svedrI@{CXEual ly in

colornetric or f] onetric format and .can be detected_after ecleavage
30 For exarrpl“émlf E?ﬁ %QWC@E& @@r:d?mw f@nﬁr%'sgt?&ageﬁ B¥dY o the
substrate mD hﬁﬁ bﬁlﬁﬁ’{% taﬁ'r %uﬁﬁor?i c%%%?héé dhofflatkEdD) for

0 eav

Caspase-8 su strate ge o u strate by cdspase, the
fl uorescent onultipliaty czf sgesdnd chffdenndqﬂmdphopylapm hascheah lslyOWmtotmedldatleth ty of

correspondin aspas Al.ternati vel t WO e -.49. WD Q1/27624 .

ST sty 41085t Rat nadtr? AT in S Rb PHPROIaligh Ste BIRteId AN Forais Be
attached to gr&ipgeH ghoSpHSRD aﬁtﬂsodxe@f ERh afgsﬁstcal SRYITRFoRY ofﬂﬁbs B&RPS These
resulting a Ioss of a fluorescent | uorescent  si IS ener at ed

from t he resiaitibddiesgsntinelude antl-phospKO-Rb (Ser795), anti-phospho- b (Ser249/
anti-phospho-Rb (Thr373), anti-phospho-Rb (Ser780), anti-phospho-Rb (Ser807/81 1).

After capturing various form of Rb on the protein array, a Rb antibody recognizing

both unphosphorylated or phosphorylated Rb is used to determined the amount of Rb
20 at each conformation.

Kits of the invention are designed to detect protein modification in a
biologically active sample of proteins. The kits comprise a solid support of 2 or more
capture molecules immobilized on the solid support, each of which can specifically
bind a target protein that is capable of a subject protein modification; a detection

25 molecule specific for the subject protein modification in order to detect whether or not
a captured target protein comprises the subject protein modification, wherein a target
protein comprising the subject protein modification imparts information about
biological activity present in the sample; and instructions for use of the kit. The
instructions may follow many of the guidelines set forth above for practicing the

30 method of the invention. The kit components are as described above for the solid
supports and detection molecules. Other reagents, tools and/or buffers may also be

included in the kits. The kits may also comprise containers for the kit contents.
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array. Y9 8E7624yanpl e, an Rb phosphoryl ation site protei FCHPSWA186N
identify inmportant activation states of retinoblastoma (Rb). The

retinoblastom t?ﬁ@?ny&ﬂ%rc%ﬁﬁﬁfses it a cérﬁgdygi@&?&n?ﬁislingoe{ Ql{dLsiﬁhﬁéri on by

controlling progression throdgh the restriction pornt- w the Gl phase

of the cel | caymising Ror inaxe ¢aphuee nfolsrotes dmalobilizdil o ithecsupbom daalnepf vehoetai ns and
i nt t ith critical. | at . t.ei ' di t 2F family of 10
transer i pt | 0 PeuREHG bied § HreRlrpbirbir haublH B Rpi e Ph ks or vea
LXCXE  not i fargetpioteifythhespeeifiR At Bind RROSRRRE WodcuRR Al ek Binﬂﬁ%tbﬁaﬁh enRb

activity by preventing binding to these regul atorg targets. can be
phos@hor y| athe gupport; andray bovnsl fardet prodgin on thessupnpert gart bedateatediwithpsletgaidony| at i on

has been shg to nmodal ate- Ro. function beth in,vitr nd in vivo. Rb
Dhosphory ! AnPReg PRkt B Broinpif hhand fidhel Mndichd £ a3 8erdtolinl *. 72

anti bodi es, cox@sifteagidtdis nodifiRe6n,lihformatish soubbiotdpien EivithiRewnt iant | bodi es
can include anti-phospho-Rb (Ser795), anti-phospho-Rbh (Ser249/252),

ant i - phosphBRle thesmgised the rashpoities iRimpatady sthe solid supRoKS 8fho- Rb
(Ser807/81 ' i =] rray, a
Rob anti bodyéarngt(%éggn% %{dr%g&gg{ h&grrl%@ Saglﬁgsrc%ﬁ%@gg&vg 5?‘8%%5 p gx}eg{ege{lrg.dﬁl}g I s used
to det er m najechprossimtnodifivatibid on 2Gokd sigpoh canvbmprizdsiaanodiftdtionctletieed
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modi fi cat i cand addifiened hicarboB$dnatel clthelsebjeptguroteirmbddificethen enuthe sclid prppori n
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bi ol ogical activity present in the sanple; and instructions for use of the
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for practicj ] . Ly | Ol e S are as
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PCT/ US00/ 4199%8isting,ef 3 faify aeidoan isgpispoideanda %‘éﬂc%ﬁyt‘ah?ﬁﬂgi‘tﬂv)}gﬁl%ﬁépﬂ“F’é‘?rng a
sol ing supp S Qhr | bbd on the
i SRR L e R S R (T
capabl e of gencanglgenrangl. f Theatartmrhydrsteeadslition can comprise a glycosylation. The

capture molecules on the solid support can be antibodies. The detection molecules
can be antibodies or lectins. The solid support can comprise any types of solid
support described above. The biological activity present in the sample can comprise

25 any biological activity that is implicated by a protein modification, including any
described herein.

Applying the principles of the basic method of the invention, the invention
also provides a method of identifying and characterizing a changed condition. The
changed condition is capable of manifestation e.g. by protein modification or

30 enzymatic activity. The method is practiced by contacting two solid suppotts each
comprising 2 or more capture molecules immobilized on the support with a first and
second sample comprising target proteins; wherein each solid support comprises an

identical amount and pattern of capture molecules and each capture molecule on each
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target proteinsa | h. s@li d. rt [ ' | cal anmpunt
and pattern o éfg}i%)wf}ﬁé gle:hgﬁgl llﬁseogtﬂé%&%g@g%' c‘}aﬁ"glﬁ é a?rrgi?gga 1€ gﬁi@%ngch -51 WO

01/ 278@4 PCT/idn(dbilikkAGEptufcahbldcslePwa bolihsupppr ehpdtlabt spebificallpbindinget
protein that is capable of a subject protein nodification; and further
wher ei n the [FEFaID PEYRIBSeVhapindherapturs maleriesage spesHirdior £ 6% more proteins

selected from the group consisting of Rac, MEKK3, MEK4, MEK7, JNK1, JNK2, c-
jun, Elk-1, Jun D, and ATF-4. A protein array may comprise immobilized capture
molecules on a solid support capable of specifically binding certain proteins, wherein
25 the capture molecules are specific for a 2 or more of proteins consisting of mitogenic
pathway group comprising phosphorylation of any of p44/42 MAP Kinase
(Thr202/Tyr204) and MEK1/2 (Ser217/221), a stress pathway group comprising
phosphorylation of any of SAPK/INK (Thr183/Tyr185), p38 MAP kinase
(Thr180/Tyr182), MKK3/MKKG6 (Ser189/207), and SEK1/MKK4 (Thr223), a cell
30 survival pathway group comprising phosphorylation of any of Akt (Ser473), Bad
(Ser112/136) and p70 S6 Kinase (Ser411, Thr421/Ser424), activation of NFkB signal
pathway comprising phosphorylation of ikB, activation of mitogenic/ differentiation

signal pathway comprising phosphorylation of any of ELK1, CREB, Etsl, Ets2, CBP,
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and the_second sanple represents a changed condition; contacting the first
and secH®PV2Ei d support with detection nol ecul es capabPGI/E$004d462ct i ng
nodul ated target proteins 5 bound to capture nol ecules on the solid
support; arREADR9eF agl CERP detiesicrof cyadkélerabsiganisativn digial pathehy and second
solid supports to identify and characterize the changed condition. The

c hanggddcomHYEngﬁﬁsﬂ@rﬂaE%ﬂ@@ﬁ of calwp, B oA Fare-my .03 01 2caid REAbssi bl e
provided t %d%?g]%ﬁs)s&e%?ﬁn%ﬁ%%ﬁ%&@ﬁrﬁs&%g%ﬁ%ﬁﬂo@ ¥r hiifof RTEFENCE Or

absence of a pfotern no Ivity present I'n the test
10 prot ei n ATRKIEk],MahiCGHOPHEREBNEAPI @ andbdA FGARK 6 cAiprateinarray smayccur ri ng.

Thus, the changed condi.ion may copprise, fofr.exanpl e, condi L
sel eet ed f (R REE iligegap ﬁWQCSFle%OHﬁé%%_@‘,PPgR&PB?d’?‘% ?@?ﬁﬁ_@ﬁﬁfy a
chem cal trlﬁﬁ&iﬁ%@&naiﬁg%cﬁ§hs,%ﬂé9eiﬁgli{e§% tur@moRRURS ggg Ofpgaﬁg%z & bl ogi cal

change, a devel dpnent stage, a ease stage, i sease progression.
15 Exenpl arproginstseiented froay thergrgupberndisting o phiosphontylatérbprotdihsonfithe ExbBenpl ar y

d those depicted in t t abl € limti f th
venti on. 0 TesroRs HOnPST BFRe RS dbis] LB o Btel B ee of
protein arrgyscdhipe! ihﬂ;ob‘il%ﬁtcﬁﬁthfésmgrecﬂ@?bﬁﬁTsoli'-H ﬁ?giéﬂ cBpbid bfcat i ons or

subj ect enzymatic activity possibly useful along rinciples of the
i nvéfiti on. spegifieallsi binding gyrtain prajeinprvisireiy tikocaptnre hioldcried arsgpecifie fom? ecul es

on a solid support capahl.e,of .specifically.bindin certai tejns, ,
Sherern t nettiSe phasBaEs BlordREScchattianl o fHolf foncfnk BERCRIBREER |\ o
from the QrEVGFeeiepiort SO, Sit, MAGA4MEHUAD Kilbki<k. AVBistein AL may 6rprise | un,

El k-1, Jun D, and ATF-4. A protein array nmay conprise inmobilized capture
nol ecul es dmmebilizad sapigspdetcculss anp solid suppetiicapablg pisperifigalhgbiadingai n

proteins, V@éﬁ&ﬁiﬂ}ot%ﬁls;Qﬁer‘éﬁﬂh%@nﬁ?%gx?ﬁ%@és A SR BRol b Gr e @ 2 Or more of

proteins consisting of mtogeni group conprising phosphoryl ation
of dafy of hbsphidrilitedifrotaine sel¢ciid ROV thy pRAOP condistingfipd42/42 IMAPIKihae]) , a

(et 631 Ty . SRR Lhp Eonee BR8P, S RBkRito St 89 207)

and SEKI/ MK¢h J6TRInase3) A p?otaﬁlahag%aj%mpv@é irRAbDIBYA SHpRMB nt M dsTn Y
phosphoryl ation of any of Akt (Ser473), Bad (Serl112/136) and p70 S6 Kinase

(Ser411, Tieolid syigervcapiable ot spogificaliy bukdingricBain pyoigins, wherauethe capipeei si ng
phosphoryl ation.of i kB .activation of mtogeni differentiation .signal
ot hiay corBpIRR PRt 3riniite Bfotdhd et fror'he BoBP bpRitep off I o
- 52200 01/ 26624 TRPGT hwdSB0pIBL Badtenithhd cyp B D 1K A2pebtdirBifay Ay icempticn Of i

cyt oskel etal organization signal pathway ) o
immobilized capture molecules on a solid support capable of specifically binding

certain proteins, wherein the capture molecules are specific for 2 or more
genranylgenranylated proteins selected from the group consisting of RaplA/Krevl,
Rac, Ral and Rho. A protein array comprising immobilized capture molecules on a

25 solid support capable of specifically binding certain proteins, wherein the capture
molecules are specific for 2 or more farnesylated proteins selected from the group
consisting of H-Tas, N-Ras, K-Ras, Lamins A, Lamin B, transductin t subunit, and
Rhodopsin kinase. A protein array comprising immobilized capture molecules on a
solid support capable of specifically binding proteins active in a function selected

30 from the group consisting of mitogenesis, insulin activation or deactivation, apoptosis,
cell survival, stress signaling, geranylation, farnesylation, tyrosine phosphorylation,

serine phosphorylation, threonine phosphorylation, kinase activity, NFkB activation,
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group consi sthi Rp&dtiveaBove HEAtifR KinaselBagymé®i and Rho. A protein array
conprising imobilized capture nol ecules on a 25 solid support capabl e of

specilbical ly binding certain proteins, wherein the capture

specific for 2 or

consisting of HTas, I _ _ ot ( n-
subunit, and Rhodp,ﬂ&hﬁldf—ymget ProBdind fur'V ariewsyPEodéiRArhf | mmobi | i zed

nore farnesyl ate

N- Ras,

K- Ras,

Ak

A

Lam n B,

nol ecul es are

ins selected fromthe group

transductin T

capture molecules on a solli Asunnan,rapablp of specifically bind
prot ei ns |&ernvbgem a [INK i ojp3eMAR ddUbuit §pddm2lgr o &K o Kisasesg
m t ogenegiesylat ngeririan pstréssat | kimase deadnation i) MAPapopt osi s, (Mylnm;J
stress sildoml i pgl- ger pnyl at i pBtredsar ngsyl at i on kikaseosi he phogghoryl at
serine phosphofl utied i op, threpni ne phdsphoryl ati on, ki hase adtsubstryte
activatign, - b3 WO D1/27624 PCT/ USQO0/ 41062 | JAK/ STAT signahing,
ubi qui ti rjggion REBpOA €| MEKKEV| f55 11 T d ORLETT 544 MIRPC] AKKT N4SETR?
Tas MAPK kinase Serd73 | substrate
Thr180 Thr202 Thr30 | for p38
Tyr182 Tyr204 8 kinase
and
SAPK/IN
K
N- Krevl | MKK7 | MKK3 ATF-2 | p42 MAP | Bad c-Jun
Ras Ser189 kinase Ser112 | substrate
Ser207 Thr202 Ser136 | for
Tyr204 SAPK/IN
K kinase
K- Rac JNK1 MKK6 Jun B MEK1 p70- Elk1
Ras Ser189 Ser217 S6 substrate
Ser207 Ser221 kinase | for
Ser411 | MAPK/E
Thr42 | RK and
1 SAPK/IN
Ser424 | K
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signalin cel | ~adhesion, cytoskeletal organization, and rece%tor
si gnal i n’googaém ary enzyme substrate arrays can incl ude?CT8IS0U4146) e, t he
pepti de sequence EAI YAAPFAKKK as a peptide substrate for Abl protein
tyrosi ne[KLAAYERAl © ANNKIET [SHKK I af ¢psK RREK2Ccan [l@sies peiphdtile spbstrate
for cal np y‘ﬁl nN dependent pr Qg Ki nase. Pr gtgim psubgtrat es }S‘@rM'AIPC ude,
for exanple, ATF-2 ag a sutslﬂ_&ﬁ_,)e for p38 ki and SAPK/ Jun can
be a subgtratg for SAPK/ JNK| Kinase. |El kI can be a priotein Séﬁ §tfr£té‘t for
MAPK/ ERK| and SAPK/ JNK. | nactli ve. p42 MAP kilnase can |be a prr tern substrate
for MEKI|and/ gr MEK2 iki nase§. MBP 10|can be |a protein substy c- Raf
ki nase. Wth sjone of |[these protein sybstrates, the dite of l\/é)t (e.q.
t he peptide sequence)| may suUffice asla substlirate for idetect kmaseﬂp ki nase
activity| Lamiis|,Riior exajupl e,|.AEFlpr ot ¢bn arr ayEESL ki ase enf Acti vity
could inpglpudg, e.g. |ATF-2, {c-Jun, E Icht;:ni'nnichrm p4d MAP k snﬂ»s‘eatanj MBP as
substrates for| the rlespectilve aboveli denti f| 9389 nage enzyhfos c-Rdf TABLE 2
Exenpl ary Target Protleins fqr Variou$ Proteijn Arrays |Farn gekinastNK p38 MAP
Ubi qui t pAdfp2—AKT 'rs S5 at S S KI ase -ipation VAP
(enzynm X yll - Stress)‘jﬁfnes!g?%2 atlc ‘gu st étﬁé Rap | A MKK4 pB8 c-Jun
p44 MAP PREUTATIF-2  Tds MAPK |ki nase Se 73 sub rate Thr 180 [Thr 202 Thr30 for
p38 Tyr| ™82 Tyr204 § kinasd and SAPK/JN K N Krey 1 MKK7Z MKK3 AfTF-2 p42
MAP Bad ¢swhwi | Ras Sdr 189 kijnase Serl|12 substrate Sgr207 Thr202 Sef136 for
Tyr204 SARK/JN K kinase K-l Rac JNKI MKK6 Jun B NEKI| p70- FIkl Ras] Ser189
Ser217 SGRewobstrate | ATF2 |ELKI Etsl
opsin Ser383/38
kinas 9
€
c-myc | MAX SAPla
Ser62
SAPla | CHOP CREB
PEA3 | CREB CBP
Ser133
SAPla PEA3
c-myc CEBP
Ser62

10

The following example is included for illustrative purposes only and is not

intended to limit the scope of the invention.

Exam

ples

1. Preparation of a membrane protein array
A nitrocellulose membrane (2X4 CM Protran BA85, S&S) in soaked in phosphate

buffered saline (PBS). Antibodies specific for the target proteins of interest (listed
below) are diluted 1:100 in PBS. The diluted antibodies are spotted in 25 ul aliquots

onto a nitrocellulose membrane through a well created by a dot blot apparatus

according to the position indicated below. The membrane is washed in PBS, and kept
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Ser 207 j,nase for Ser4ll MAPK/E Thr42 RK and 1 S 424 K
-54 WO gg@@%ﬂ?%ﬁ/ US00/ 41062 Lam Rai JNK2 SEKI p53 NE%?W@@‘HI%E%CH ve
ns A MKK4 Ser217 p42 MAP Thr 223 Ser221 kinase substrate for MK | /2

ki nases Laur in FB® contpining/ X FYs thimdgbsdl. WRPimmoBilized proteinSue 3g®d s bydtovest e
Ser389 for c;Raf.kinase transd ELK | ATF2 cyclin Stat3 uctin DI Ser727 T
subun it RAEBESRE®E Bk Etsl opsin Ser383/38 kinas 9 e c-nyc MAX SAP 1 a
Ser62 SAP | a CHOP CREB PEAS CREB CBP Ser133 SAPla PEAS c-myc CEBP

Al:c-erB2  (Neomarker, located at Union City, CA)
5 A2:c-erB3  (Santa Cruz Biotechnology, located at Santa Cruz, CA)
A3:c-erB4  (Neomarker)
A4: actin (Sigma, located at St. Louis, MO)
B1: EGFR  (Santa Cruz)

B2: FGFR  (UBI! (Upstate Biotechnology) located at Lake Placid, NY)
10 B3: IGFR (Santa Cruz)
B4: c-fes {Oncogen Science, located at Cambridge, MA)
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Ser62 The follow ng exanple is included for illustrative purposes only and
is not womaeneed to |inmt the scope of the invention. 5 pcr/Esemgbeas 1.
Preparation of a nmenbrane protein array A nitrocellul ose nenbrane (2X4 CM
Protran BA85, S&S) in soaked in phosphate buffered saline (PBS).

Anti bodi es specific for the target proteins of interest (listed 10 bel ow)
are dil ut ed2.1:Safpld prefpB@ionThe di |l uted anti bodies are spotted in 25 ul

bl ot appar at vl NG TR AEEER and At e Ba Ve sulrodh 8 AR ane. | <
pashed 1N Fliiaififg s %S B 70V AL Eei et i sbific «?\il\rg%?sa' ning

0.1 % thinerosa he 1 mmobil1z proteins are [i1sted as fo see

Fi gube 2): HWiffer{&0BIM(TiiscOinpHén, 15@mM &&aCht!l M BEGTA, t1ymMIRr3BOA2t00c- er B3
(Santa Cruz Bi ot echnal,o ?4%& d at Santa CGuz, .CA) , A3. c-er

( Neonar ker )“ﬁ@?‘a‘i%f F‘Hd(g g}fﬁagéng‘HI %Rm@‘ﬂ‘.nﬁrﬁﬂﬂﬁpél,n a%yé))pep%?t?n’ E’E;?o/"( Sant a
Gruz) B¢ FRER) £l (b Salcen el achr Mmook il shibuBliaesd, NV 10
B3: IGFR (Santa CruZ) B4: c-fes {Oncogen Science, l'ocated at Canbridge, M)
-56 WO 01/ 2diBeet to@Toteis0mhdat@tion 8f 1 8wiml.e preparation Cell |ines N H3T3,

NI H3T3/ EGFR and NI H3T3/c-erB2 were cultured in DVEM containing 5 % FBS to
70% confl uence. Cells were harvested and sonicated in lysis 5 buffer (50
"M Toi s. O, 3 plHRbAdizAGEh With NevGtein TyrMine ®hifase YPTRY biriWaine drBRinddrakadai ¢
acid, 1 mMPVSF, | ug/nml aprotinin, leupeptin and pepstatin, and |% NP40).
Cel | |ysate was RBRPFoteingEay smembragsoygserncgbated with DejertorBlonk: sellitiont was
diluted to t e ' (o} 48 . @fb(é | . with
Protein T r@{sﬁ‘ﬁ?a&flﬁg@m %&ﬁ{:}’ﬁbfr{g%%%ﬂ{(g%qey‘ﬁ?gy II\%?%‘ 'gjl?’n array

menbr anes WsHR0] Y5OuhRE NaCMDI Deveers 20y, BI0OGH celblysite ovas dediiled ofigldstiebur gh,

MD) for 1 hr. Rinse nenbrane_wth TBST (50mM Tris.d
wrap, then the membrane PTK was placed down facing the cell lysate. The membrane

r~

15 was covered with plastic wrap to prevent evaporation, and kept at room temperature
for 1 hr. The membrane was washed with TBST for 10 min 3 times. The membrane
was incubated with 1:1000 diluted anti-phosphotyrosine-peroxidase (anti-P-Try-POD)
(Boehringer Mannheim) in TBST for 45 min. The membrane was washed with TBST
for 10 min 3 times. The membrane was incubated with ECL reagent (Amersham) for

20 1 min, then wrapped with plastic wrap. The membrane was exposed to X-ray film.
The results indicated a positive at position Al on the membrane that was hybridized
with cell lysate prepared from c-erb2 transfected NIH3T3 cells, indicating that a
tyrosine phosphorylated c-erb2 target protein was in that cell lysate.

(1) membrane 1 was hybridized with cell lysate prepared from NIH3T3 cells;

25 (2) membrane was hybridized with cell lysate prepared from EGFRtransfected
NIH3T3 cells;

(3) membrane was hybridized with cell lysate prepared from c-erb2
transfected NIH3T3 cells. Membrane (3) indicated a signal at a location on the upper
left-hand corner of the membrane at position Al.

30

4. Testing ErbB family receptor protein arrays

To determine the optimal conditions for a protein array for the ErbB family of

receptors (also called the EGF family of receptors), each ErbB receptor can be tested
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PH7. 0, 1% fM.biaC! . 0. 1% Tween 20). 100 ul cell lysate mﬁ’ﬁ‘%@&?ﬂﬂ‘?n

pl astic wap, en the nenbrane PTK was pl aced down faci
| ysate. The nenbrane 15 was covered with plastic wap to tgéevent )
evaporati on, tm@abklelptheaqonﬁm@ns fas ilroeriire pay fnodrdar thoptimiize the specalirityifas

washed with IB S

13000 di 1 vt e EABstehCarfRy? s Bidpor] RCcHRER AR SaptBomp REAR S0 0AEL)
(Boehri nger bﬁd&iﬁwﬁoﬁihelmezﬁ&&?ofﬂre B}EBn‘kcreptonfann?(d) BEGREEDBZ EYBvS,t h TBST
for 10 mn 3 _tines. rane was i ncubated w ECL reagent (Anersham

for 20 1 m nErkBréh MPé\pﬂ)%cqmm (Eﬁaésjf% J,@tﬁka@m fﬁ@eﬁ&?ﬁﬂa%%é(@x%?ééed to

X-ray dilm .

merrbrasl;le thatGa-’vr\%estﬁ%gl?legl ze%w@n% ceI I %7 (?é'g?)lr gg:whtelé ﬁnﬁsgﬂ)e

transf ected lGM&chdeBﬁ reéceptor Bitteagdtvigh EGF tb)mmala)&earmrrwwmymkméed c-erb2
target protei (1) menbrane 1 was hybridjzed with

cel | |ysat e BP%S\S’ISSE’I(IJ‘R# E&’&c B ;%E%’ ai gemalgsuQWSMaﬁﬁe TResyalyotstheli zed

with cell O%Bf I C T rane
was hybri di zg i F%lf;gﬁ%ﬁ%ﬁ%ﬁr edﬁ%gﬂr%hckgug& ’ggeﬁ?’g[)r?x%is) e?:é cflﬁqﬂg
cel | s. Menbr awebétdd withdhe EtbhRip@tein gmay. The apéaifiadétectionroftBE Ripgiag the

| eft-hand corner. of the nmepbrane at position A . 3 esting ErbB
fam | recepPEﬂte‘BraB‘F%ia?Fa&lsggﬂ} CHHIGR é‘lgﬁ?lﬁBQ'taH?dm ﬁﬁ%régraﬁe?? fs for a

protein arragfpn aznh%rgsh:%pwsranhmﬁfongrsg@@pﬁ&h%dﬁigsmcal led the EGF fanmily
of receptors), each ErbB receptor can be tested WO 01/ 27624

PCT/ US00/ 41062 t & 32ip adl llsm(Ruggler@,eret RO oFEBS.S29i203) &ramsfecigd imithor der

Spoted w ¢ hERER Shmpbledhy el Shr By e p o iy d BB 4 speRBesr | °
the ErbB reCﬁ@tE@tﬁorf SBrbB-1 Bsifg thelpiein adsaytenBifesno si hﬁBvﬂﬂameW%rﬂ% cell

l'ine (KaSSI s J, et al., din Cancer Res 1999 Au ; 5(8):2251 60; Reddy KB,
et allS Int E@&wpemggﬁrm@ anggirbB-43spo1s- aid amm@g smpm@rséigbBo?c $PoL.EGFR and

ELBS;‘E’J??SPL? ecR A P B o R b B I e M G HE ¢ e
speci ficity tfresipe-pheiphopildted EABs 3y SpevifiEGEtectidnfor EfBB 3|u¥ﬁx?ttﬁe protdih MDA- 468
cells is incubated with the ErbB protein array. The specific detectlon of

EGFR usi ng t ABY BSSAY 6RBYeS o signplsebiained from the ERTR wcenion EghBr2andtfirhBried

Egg tsge Erb@p&sﬁﬁ&??ﬁ&{gsxgﬂ%nﬁﬁ'ﬁ% g&.BA spots and a strong signal from

20 A 32D cell line transfected with ErbB-4 is stimulated by heregulin to derive

tyrosine-phosphorylated ErbB-4. Specific detection for ErbB-4 using the protein
array assay ensures no signals obtained from the EGFR receptor, ErbB-2 and ErbB-3
spots and a strong signal from ErbB-4 spot.
The dosage response of tyrosine phosphorylation of ErbB family receptors can
25 be detected by the protein array for that family and compared with dosage responses
detected by Westernblot analysis. MDA-468 cells are stimulated with EGF at 3000,
1000, 333, 111, 37, 12, 4 or 0 pM separately. An aliquot of the lysate from each
sample is prepared and incubated with the ErbB protein array to determine the level of
tyrosine phosphorylation. An equal aliquot of the lysate is immunoprecipitated with
30 EGREF antibody followed by Westernblot to determine for the level of tyrosine
phosphorylation on EGFR. This process is repeated for each other target protein in
the array (ErbB-2, 3, & 4) using the 32D cell line, stimulation with heregulin at 3000,
1000, 333, 111, 37, 12, 4 or 0 pM, and in each case an aliquot of the lysate from each
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A 32D cell Iine (Ruggiero, Met al., 1991, FEBS, 291: 203% transfected with
ErbB-2 O34 ated by heregulin to derive tyrosi ne- phoSERYBYVHEd Er bB- 2.
Specific detection of ErbB-2 using the protein array assay ensures no

si gnal s obt gamgld if preparedend oubftbdRwith QRPEDB, priteifartayad deferibed lepdliof and a
strong signal from ErbB-2 spot. A 32D cell Ilne transfected with ErbB-3 is

stinul ated Byoyiae pasphoryiasioneand thesergsuits Preccoptrasgshasdyporelatedpwithsresultsspeci f i ¢
det ect f |
obt ai ned 1 r ST Wb Rl A LA B BrorR Lo REP R SRS T S B0 LS

signal from Er bBASscemtofIZQonBéHIl liresks lis éstabdishadofios EebB medeptot fandfilybB- 4 i s

stinul ated by, here ulin erive rosi ne- phosphoryl ated ErbB-4 peci fic

detection f &FtiveHBRY amaépﬁg gﬁ&“‘fﬁ‘éf‘é‘ 0 Cofppag Hﬁscgﬂ@msﬁ&sr%%r’rﬁﬁfng? gh

obt ai ned fr r ong
%{)E@ﬁlﬁggotr&ﬁfrﬁgeg%to@ BeRvealdl- Eﬁf?%te%zea Rh6r %‘ﬂqlrﬁg 2 bef

signal fromEr sage response of tyrosine yl ati on of
Er bB fami | yuseld®DAr4S53¢ BF-4725 MIRA cfétl eNB @ MEY-1, WDWA&%S;AA}B If, MDARat

MDA 458 col PAM AR &SR e ARABPbe s s AT B0y g biet of i, ™1, %,

or 0 pM sepaiaipl Yandh RSP h:998-1009). I DIRad SelfsapiRtRmakied SAHAEGE had Pr epar ed
and i ncubated with the ErbB protein array to determne the |evel of

tyr ol ne phberspualiny| Bhd lysate fuamezpgh lof theseeait lmcs ig yred Ity ingulbate wth the ErbB

hmp (r)np;\gc:‘ i:‘)tt?a’h gldrfl% e&et‘éﬁnl?%ﬂ’ﬁ@ld{)‘gﬁggﬂ 05 bﬂ’?sﬁ‘? @XOSVﬁSt ?ﬁqug process

I s repeat edErB re%@ﬁtbrsot’lhﬁﬂeﬁe&bﬂ@&od@:ﬁ@ﬁlﬁisﬁhdr?lanbxhBf ﬁaéfeaﬂrbﬁﬁﬁbe%t&s ishalso% 4)
using the 32D cell” line, stimulation wt hereagul in at 3000, 1000, 333,

111, 37, 12 demrrmme@bpwesmlpm@b@w dhess camparafiye data gre tb%cq’ry%@@ from each
-58 WO 01/ 2762 h th
5 1727624 P Jtll[li]ng(}?({rﬁl #poglé ozﬁ?eve%r c?ll Rﬁ@sﬁé‘&&ga@o@g p ory a&ﬁ@st the

ErbB protein array yrosine p 3% and
t hesk r esul ti# Hglescan@ait ofl aahdtionbf &ieairbﬂ favhiljreceptotstia thd ExbB grotein

West er bl ot anal ysis and t propose rot ei n anal ysis., A.screen of 12
tunor cel | PIREISSA% @‘Féﬁ‘?f%@cﬁe’% mrqeée’g?ﬁﬂb%@a OLACKYRQPL i on usi ng
an ErbB pr O‘ixﬁhlﬂto@é ' Rialtile &H%Fk?ﬁﬁoieﬁﬁaHﬁhbn&’s B?Erﬂ@fecéﬁl@r piRagefF&e0f the

- tyrosi ne phosphoryl ated receptors. Twelve well-characterized tunor cell
lines are adedec( MDAcré&Bng, BTid Alvedcel INDye- 1S 8dmini@ated Mese ©st K. SThevpl- 468, A43

1, MDA- 231, LCC6 Ov d | OA (av t the AL a D et al.,
Toos, O nSAE e BER RscER s saes MG fons BoshREy PRI 1 o e
W t p(EGE andetéfls ﬂ%ﬁ@&kﬂt%ﬁnd iERelsloy pRéhbARMRERESR Plotdilcmhat fekhpthied®ds i s used
to incubate with the ErbB . . o
the capture molecules on the solid support. Candidate molecules for inhibiting ErbB
receptor activation are then selected. Some candidates may appear to work most
effectively on some but not all ErbB receptors, and thus cocktails of the test drugs
may also be tested.
25

Since modifications will be apparent to those of skill in this art, it is intended

that this invention be limited only by the scope of the appended claims.

-59-



protein to determ ne the individual |evel of tyrosi ne b hosphoryl ati on
of four %%"fsgce lge0f tyrosine phosphoryl é’lq Bfoqﬁ?lese

Er bB receptors is ﬂﬂi” mrﬁpg Ey West ernbl ot anal ysis. These
. AChi

conparative data are thentcoh @th |ine fromgroup of 12 cancer
cell lines tested above is selected that has 15 the hi ghest amount of

activation of the ErbB famly receptors in the ErbB protein array assay.

This cell line is;sel esa? @&h%@%é&&&%ﬂ%@ﬁm&ﬁrmﬁ ﬁgatfo% Qtt @fﬁe)tevﬁfd oll

i nhi bitors. I\/UItlple d erent potent Inhibrtors o cept or
activation arsanpleeWhrchmhﬂﬁcniccmp‘rsem ng, and the cell | | ne is adm ni stered
t hese %est drugs. The cell sate contacts an ErbB.r tor arra and a
tyrosihe phosphor ¥ at i Gﬂmﬁ?ﬂ‘} FIPIR COPEIBIELT SHIPeLEE c? Aang 3 Y&t s of

phosphoryl at gghtiaragt a B4 'nﬂbieéulf@ﬁnrﬁélﬂhﬁékp&‘x‘ﬁ %l@éﬁpp&ﬁesaﬁﬁ. Hire N R es
on the solid support. ndi date nol ecules for 1 nhib rb receptor

activati on aniscaphln of elb%:diceﬂy bBuling toaaidl tdmgetpromay, \alpmelar saidtapget prateintis
effectively on s§ 5) g @% Er bB receptors, and thus cocktails of the
test drugs HEEC BB SPRSPRYSUPPET S Mt e nodifications will be apparent to
those of ski II inphhi s agdebsing inouﬁic'aﬂ&&a%g and/BPidehiitySofisBdSRndbiliRg tlu?@@ ted
only by the scope of the appended clains. _59 ifl1ld WO 01/27624 1111

PCT/ USDO/ 410@®0tein| | | 111 11111! 111111111 C1 L Ms ~. Cainms 1. A nethod
for detecting protein nodification of a target protein in a sanple, which
met hod conprises: 5 a) contacting a sanple containing or suspected of
containing a target pridieghdthod sftlanChRvHer€n APhaalilyofitagebpbicsadson a sol id
support, said capture nolecule is capable of specifically binding to said
target prot e|CﬁmaWﬁéf“é%‘)}h%Hﬁ“ﬂoblé‘ﬂ%?apﬁ%rémlw\ﬂ%smmmuﬁb’zed on said solid
support; and b) assessing nodification status and/or identity of said

i mobilized target 10 protein. 2. The nmethod of claim1l, wherein a
pluralsty of targét prdﬂeimhdcbofdmmaoﬁ}&dewm&plhmwnﬁtat‘g'ekpm&ins:apture

nol ecul e sinul t aneously. nmet hod of c wherelnthe luralit
of target pr &ngﬁges a gr%up o structurg?y and/or fgnctIona{ly rela <’i proteins P y

4. The method of claim 1, wherein a target protein is contacted with a
plurality of immobilized capture molecules simultaneously.
20
5. The method of claim 1, wherein a plurality of target proteins is

contacted with a plurality of immobilized capture molecules simultaneously.

6. The method of claim 1, wherein the capture molecule is capable of

25 specifically binding to both a modified and an unmodified forms of a target protein.

7.  The method of claim 1, wherein the capture molecule is capable of
specifically binding to a modified form of the target protein but is not capable of
specifically binding to an unmodified form of the target protein.

30

8. The method of claim 1, wherein the capture molecule is an antibody.
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conpris p of structurally and/or functionally related proteins. 4.
The met F}V(S(agg?kg‘rai m 1, wherein a target protein is cont alC&WSQY/$1962
plurality of inmobilized capture nol ecul es sinultaneously. 20 5. The net hod
of claim 1, wher@in aTheutesiddiof cifimt 3 mdeteiptivtselid support is e¢ieaed fdmwhé h a
plurality of immobilized. capture pol ecul es sinulfaneously. 6. The met hod of
claimi, V\/nSF%ﬁprfoPﬁéuﬂﬁa‘g:tsﬂic@nrﬁ)lPﬁlfuPlélopsgﬁﬁsépmmo&‘ot%%‘pEgbﬁ’ ®al |y
binding to g?"”p‘}&s ified and an unnodified forns of a target protein. 7.
The met hod claim’l, wherein the capture nolecule is capabl e of '
specifically binding to a nodified formof the target protein but is not

capabl e of specifica bi ,ndi t.o an,.unnodi fi formof the target
proteln. 30 8. Tﬁé nebjhggle&o(ﬁcqq%ilarﬁnﬁ%@%} Spﬁgsw;?ﬂﬁo@%F%%ﬁ?te is an
antibody.  s85hoW0a Qdi/of éhd4, bilaléeoR¥£13062 9. The nethod of claim 1,
wherein the solid support is selected fromthe group consisting of silicon,
pl astic, nylon, glass, ceram c, photoresist, rubber or polyner support. 5

10. The met hod of,, cl aign | erein the solid.s Qrt conpri.ses fl at
support, a set oflsti wg,meg}m&ao@g’moﬁ)’ B’z‘grc?é"’. thiﬁpwgoﬁ@%ﬁsﬁfa S?'Idg’iam 10,
wher ei n t hechibai fiRelBP4 neGdidlel Ses a slide, a chip, a filter, or a
menbrane. 10 12. The nethod of claim 1, wherein the protein nodification is
selelted fromthe group consisting of phosphorylation, acetylation,
met hyl ati on, ADP4,rib i iqti [ kde. si. i n,
addition of a hyé%ophgﬁlé{%:’%¢°§ﬂ°5,°?aq'§n’d"‘§’§‘éf?‘§ }h%r?? %F p;,gg @%#gﬁhoéd?g?g&gdw 13.
The met hod fibnrthaigroupZonsikegesfiphokshopylaser) acetylatiom méthylatiolg ARdH no  aci d
resi due selected fro he oup consi sting .of tyrosine, seripe, threonine
Festatns ldine SRy v

and hi sti dFiR@sYasyny FeRAREPHe Sidg chain.addifjesafahydrRphabigierawpn of a
pol ypept i de ;54 S&titisG¢ 4l Agaddi tion of ubiquitin. 15. The nethod of
claim12, ergejtlﬁirl]lﬂe ac?(!ﬁ?qth:yon of a hydrophobi c group
15
13.  The method of claim 12, wherein the phosphorylation is on an amino
acid residue selected from the group consisting of tyrosine, serine, threonine and
histidine.
20 14.  The method of claim 12, wherein the addition of a polypeptide side
chain is the addition of ubiquitin.
15.  The method of claim 12, wherein the addition of a hydrophobic group
is the addition of a fatty acid, addition of an isoprenoid, or addition of a glycosyl-
25 phosphatidyl inositol anchor.
16.  The method of claim 15, wherein the fatty acid is myristate or
palmitate.
30 17.  The method of claim 15, wherein the isoprenoid is farnesyl or
genranyigenranyl.

AR AR
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Is the aggit of a fatty acid, addition of an isoprenoi | Lion of
i by E?H' C’?'Esé'?g?dr# 15,

a gl ycosyl osphatidyl inositol anchor. 16. The nethod o
wherein the fatty acid is ristate or almtate, 30 17. The nethod of
claim 15, wherein&he Tlmp;%népﬁchagnflarwgﬁsrym the carfehydipty| s eomprises
11111111111% L ! 11 11 11121 * CL -61 1,E WO 01/ 27624 PCT/ US00/ 41062
18. The net ROES" cl ai m 12, wherein the carbohydrate group conprises

gl ycosyl. 19. The nmethod of claim®6, wherein the nodification status of the
5 i nmobi li zed ta\r,\]gglet protein is assessed by contacting the i mpbilized

target protein h alkremebed 6f clain 6¢c Wherepmthe modilieatigp stateyofdheci fical Iy

bi ndigg to t. L £ . | l: . .fically
bi ndi Bg o AT Fikek o is ALQLE B Bilacig M pRARRHe BlecRAG ¢
claim 6, whewih adtfeeticmniblacalettharis sipablesofapedifieallyi bindihg kd thednddifigbtarget ot ei n
Is determ ned by a physical or_chenmcal peans. 21. The _nethod of ¢l aim 20,
wher ei n t he RIFE budjis get %ﬁ@#egwq%sﬁﬁy budig tod %“%‘H@‘ﬁ‘iﬁé targst Brafgito; sot opi ¢
| abel of theqfotein nodification moiety. 15 22. The nethod of claim 20,
wherein the physical or chemcal neans is selected fromthe group

consi sting of chromatographic, electrophoretic, protein sequencing, nass

spectronetry and ns for, defecting the protgin . nodification noiety.
26240 The et nocdof. oRBi REHOGGR EleaD 6. PRETH LR PR IEFOP R AR || zed
target prot ﬁﬂrﬁoﬁiﬁz&ﬁt%ﬁ‘g%lﬁﬁn@téﬁ{ iCRMrAfhdd 4 El’?ysidﬂTBPéﬂehﬁé’ﬂ mén§let protein

with a detection nolecule that 1s capabl’e of" specifically binding to the

unnmodi fied target protein itself but is not capable of specifically

oo et gl L hh BERGH RER B Ref e TR P flratheley
comprises chemical or radioisotopic label of the protein modification moiety.

15
22.  The method of claim 20, wherein the physical or chemical means is
selected from the group consisting of chromatographic, electrophoretic, protein
sequencing, mass spectrometry and NMR means for detecting the protein
modification moiety.
20
23.  The method of claim 7, wherein the identity of the immobilized target
protein is assessed by contacting the immobilized target protein with a detection
molecule that is capable of specifically binding to the unmodified target protein itself
but is not capable of specifically binding to the modified target protein.
25

24.  The method of claim 1, wherein the sample is a biological sample.

25.  The method of claim 1, wherein the target protein is involved in a
biological pathway, belongs to a group of proteins with identical or similar biological
30 function, expressed in a stage of cell cycle, expressed in a cell type, expressed in a
tissue type, expressed in an organ type, expressed in a developmental stage, a protein
whose expression and/or activity is altered in a disease or disorder type or stage, or a

protein whose expression and/or activity is altered by drug or other treatments.

T -



25. The_nethod of claim 1, wherein the target protein is involved in a

bi ol ogi 8%9%’5?%3/, bel ongs to a group of proteins wth PEERS4dP620r

sim lar biological 30 function, expressed in a stage of cell cycle,
expressed in a cell type, expressed in a tissue type, expressed in an
organ type, expressed,in vel opnent al .st.age, . a. protein 0Se expression
and/or activity ?g al ﬁe‘?‘%‘goﬁ? radﬂﬁgﬁaggl 9g1gﬁ91§cpﬁgg}gu{s§)§geg}ar Sde, or a
prot ei n Whoggog%iel it PBoSHMPIE  wiRbh tdthpisesS al tered by drug or ot her
treatments. | LILELEr e rrrrt et 11 - 62 wCL W 01/ 27624
PCT/ US00/ 41062 2B. Aassessingcprbiein inddification prgfilsi afladgosaaiple/thadoughithgui shabl e
mar k§r(s) associ ated w t.h .a bbﬁ)sgr‘ml e, which conprises: 1) assessing
protein nodification H’re Ioéc M4 bi osanpl e through the 5 nethod of claim
1, 2) assessing pyot ehﬁeﬁ&@frb&ﬁ{ BAIfRERN prefikfofa GaifasbdEdtePNt I Ol

bi osanpl e through the nmethod of claim1; and 3) conparing the protein

modi fi cation profil e biosampledhrionghsthemethodwfidiaithk andr ot ei n nodi fi cati on

profile obtained,yn step 2) to identifv.biologically . 10.disti i shabl e
protein nodifi caﬂ on fﬁl@?ﬁng Pﬁ?g‘?”(‘ 5)0%£C§§8? g{oﬁe ‘F‘Regé‘bf‘ap Ef‘%ﬁéﬁ% e. 27.
A kit for detecting pg@t@ﬁ odfitiatibs pidfillobtsined th dtbp 2)rLTRELTR biologidally
capture nol ecule inmmobjlized on a solid _support, said capture 15 nol ecule
i s cdbabl e of specifi digtingnishahlgipseteingnedifigatipa;profilsirasrker(Qfasasiatedewith f or
assessing nodificatiog:stakis,@nd/ or identity of said target protein. 28.
The kit of claim 27, erein plurality of capture nolecules is 20

i mobilized on the solid support, each of said capture nolecules is capable

of specifically_bindi 0.a menber protein of a group of structurally
and/ or functionaf{vy rén%&%adfta?tg&mﬁw mpfgcatian, Whikh Il sorRATsera m 27,

wherein the captyye ”beﬁwegnélécxﬁé‘ﬂﬁ%ﬁli%d%a%%iugb&iuaiﬁ QR ng to both

a nodi fied and an unnodifie orns of a target protern. 30. The kit of
cl ailh 27, wmelegiile is tapablzf speifially dinding t© ctargebpwtah; andpeci fi cal | y bi ndi ng

t dified f f th t.protein but | | e, of
Speci f1 cal |y bi nbk ng PEMROLHGtTR B P GIacE BB o LT HrEeho

protein.

28.  Thekit of claim 27, wherein a plurality of capture molecules is
20 immobilized on the solid support, each of said capture molecules is capable of
specifically binding to a member protein of a group of structurally and/or functionally

related target proteins.

29.  The kit of claim 27, wherein the capture molecule is capable of

25 specifically binding to both a modified and an unmodified forms of a target protein.

30.  Thekit of claim 27, wherein the capture molecule is capable of
specifically binding to a modified form of the target protein but is not capable of
spectifically binding to an unmodified form of the target protein.

30

31.  The kit of claim 27, wherein the capture molecule is an antibody.

NN
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31. The kj | ai m 27, wherein the capture nolecule is | .
11111111 of%hz%lllll INL s - | MWD 01/ 27624 PCTI %@6@#&@(‘3@%’ 32.
The kit of claim?27, vvherelnthe roteln nodi fication is selected fromthe
group consisting 33 phbedioelalaim h wheeain theairpisin magdifiegtion isgalected from

ADP-ri bosyl | O e

hydr ophobi caté? g{}upc sgét}n(%ﬂ p%r}ﬁ‘ o?’q La&égééngﬁm?# gfetﬁﬂ?%ﬁﬂ#ﬂh%&?ﬂo “claim
29, wherein ddﬁﬁlolmﬂ lafpobypleptide sitlathiin, ellditoa olfmlipﬂtdphéb'id gréug; ged adaidredth i s
assessed by cont act| ng the i mobili Zed target protein with a detection

nol ecul e t hak carkohy, {?é\fbl e of specifically binding to the nodified target
protekn but is not capable of specifically binding to the unnodified

targef protein itself. 10 34. The kit of claim29, wherein the nodification
status of the i mashil i Peckit bﬁaflgﬂt 2y rvetiergin thesmddifieatiomsatubyf the pinymobileded or

chem cal neans. 35.  The kit cl aim 30, wherej.n the | dentity of the
i nobi | i zed ‘REGFGRFOLEIN 5 ﬁﬁf'eéﬁ"éﬁﬁ' faptacting tiedmmgbiliznd tateet WQtet"PlEthhr?rﬁ?EﬁCPPﬁed
target protej ' fiically
bi i ng-t o RO e 3R of SoecliRaly Wriilg B hé oRARA ipelirolRERS CF
speci ficall yndnlcaphbtugoﬁsped:lﬁealfmbinﬁmgdotl‘amgpatod[ﬁedtterget po&ein thadf.kit of claim
rther conprising: 20 a) instructions for using the kit; b) reagents
and Bﬁffers and/or c) a container(s) for the kit contents. 37. An array of
protein capture my ecufgskit Mﬁ%@r@%raﬁmmﬁ@man&ﬁst@ms af ®elimfhobiiRear t ;
and b) a plurality of capture nolecules i mobilized on said solid support,
wher ei n eacHarget pretein rrletarmires bysa physidel er demigd miehsal |y binding to both a
nodi fied and an unnodified formof a nenber protein of a plurality of
target proteins. 30 38. The array of claim37, wherein the plurality of
target proteins 3INnprTkekit f @aonBO aif/h&émwfdéﬂitbbfﬂm&mﬁoﬁlumtm@eﬁl ly

related proteins. [LLELELL TP EHL T 1111111
15 protein is assessed by contacting the immobilized target protein with a detection

molecule that is capable of specifically binding to the unmodified target protein itself

but is not capable of specifically binding to the modified target protein.

36.  The kit of claim 27, further comprising:

20 a) instructions for using the kit;
b) reagents and buffers; and/or
c) a container(s) for the kit contents.

37.  An array of protein capture molecules, which array comprises:
25 a) a solid support; and
b) a plurality of capture molecules immobilized on said solid support,
wherein each of said molecules is capable of specifically binding to both a modified

and an unmodified form of a member protein of a plurality of target proteins.

30 38.  The array of claim 37, wherein the plurality of target proteins

comprises a group of structurally and/or functionally related proteins.

N N
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CLMS -64 W 01/27624 PCT/ US00/ 41062 39. The array of claim 38, wherein
t he nodiwoed2zs24l unnodified forns of the same target protitaudsanfaesi fferent
bi ol ogi cal activities. 40. The array of claim 38, wherein the nodified and

unnodi fied forns,Qf the s t et, pr.ot.ei n r. esent di.kferent
physi ol ogi cal co%gi ti ih%a%?y %ﬁ?‘&'ﬁf’%ﬂhﬁ <P CJB%‘@‘EQ@&’?‘FWB"%{{"FQPW Flaim -
40, wher ei ntHehameairgt proteinsiRlle diffdremmiolbyicaalctivisgs. activation. 10 42. The.

array of claim40, wherein the array is used to identify activation of a
group of structurally and/or functionally related protein. 43. The array of

cl ai m 40, whereipgat he : i fi. i ofile
correlated to a g%'ysig oé‘?éélaﬁ)fs%%ﬁgﬁ’ﬁ@ﬁ?&grﬂ%ghgdrlgg%%nedﬁ?ﬂgé\%ﬁ%?g@ggg. 44,
The &rray ofhechmimardél prowivrepresér differémphisiologied] comditibesor biglapical

physi ol ogi cal or pathol ogical status. 20 45. The array of claim40, wherein
the array i $38%d to record biol ogical perturbation caused by drug and
other treatnent. 46. An array of protein capture nolecules, which array
conprises: 25 a) a solid support; and b) a plurality of capture nol ecul es
i mobi | i zed on sél.d s®hé airaupiodaim 40, wheren theealy ivhsedao idemtfyepathivesy | s
capabl e of %PECL“ cally binding to an epitope generated by a specific
modi fi cati of¥8H¥Ry of "a nodified protein. 30 47. The array of claim 46,
wherjg n the nodified protein is Rb. 48. An array of enzyme substrates,
which array conprises: a) a solid support; and | 1111111 II11111 1111111111
Il 1111 -65- * 1. M Bh¢ arapgd dbdimp4(s vheROTIHESDRY 45064 to identifypictivatiant y of

substrates | FTpRLL 17 6d. kS ki 4RP Wikiea BRSS! "

43.  The array of claim 40, wherein the array is used to generate a
15 modification profile correlated to a physiological condition, drug treatment and

disease.

44, The array of claim 40, wherein the array is used to identify a

physiological or pathological status.

20
45.  The array of claim 40, wherein the array is used to record biological
perturbation caused by drug and other treatment.
46.  Anarray of protein capture molecules, which array comprises:
25 a) a solid support; and
b) a plurality of capture molecules immobilized on said solid support,
wherein each of said molecules is capable of specifically binding to an epitope
generated by a specific modification moiety of a modified protein.
30 47.  The array of claim 46, wherein the modified protein is Rb.

48.  An array of enzyme substrates, which array comprises:

)RR

a) a solid support; and
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structurally and/or functionally related enzynes. 5 49 e ar of claim
48, wherein at | east one of the nmenber enzynes cat al ){zes a protein
npdi fication read®i on.2 muralify ofj substeptesdemeatilized W;Amndc,suamn vrhegeinphi ch

activity of e HRaBHEN b Bt RegBBbenidblor R0, b inBRRaR "0

enzymatic aqhdmrﬁmammﬂlysamﬂdeanzmbgh met hod conprises: a) contacting a
sanpl e containing or suspected of containing a group of 15 structurally
and/or functionally related target enzymes with a plurality of substrat es
oDy 20000 2.490! | i upR0 el WAL RACH 10k S oF U BRbIRH iy
substrate of a rrenber enz sal d group tar get enzynes u

condi tions wtahabtepfmemsmdiﬁcamngﬁcuenzyrres to cat alyze enzymat i c
reactions involving said inmobilized substrates; and 20 b) assessing
enzymatic activities of said target enzynmes. 52. The nethod of claimb51,

wherein at |east sne of wlts: dALHRk BARIRSCER, ALMER Rt oRGALEL N

each of ifs4ahstrates is a substrate of a member enzyrre*,_ﬁfmﬁmgjal%&o of
Yy

nmodi fication reactlon IIIIIII 1117
a) the array of c1a1m 48, and
10 b) means for assessing activity of each of the member enzymes.
51. A method for detecting enzymatic activity in a sample, which method
comprises:
a) contacting a sample containing or suspected of containing a group of
15 structurally and/or functionally related target enzymes with a plurality of substrates

immobilized on a solid support, wherein each of said substrates is a substrate of a
member enzyme of said group of target enzymes under conditions suitable for said
target enzymes to catalyze enzymatic reactions involving said immobilized substrates;

and

20 b) assessing enzymatic activities of said target enzymes.

52.  The method of claim 51, wherein at least one of the target enzymes

catalyzes a protein modification reaction.

* C L M N *
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