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35 U. S. C w?fy“(sé} of U S. provision patent application Serial No.

60/ 201,921, filed on May 4, 2000, and U.S. provisional patRrit/us@eprkication
Serial No. 60/221,034, filed on July 27, 2000, each of which is

I ncorporated herein, by reference, inits entirety. This invention was
made with governnment support under grant numbers DARPA/ ONR R13164- 41600099

and NI H (National |nstiPR® fcﬁ_i@ CA77808 The governnent has
certain rights in the inv %Fiugn. E%ﬁ&;%m@ﬁﬂm*r The present
invention rel ates te—protb-REENING ORPROTEIN APgTva4ge- scal e study of
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subst rjgt mﬁﬁﬂ/‘ﬁ%@gi \(;v]?ﬁm |ng{t€gSY%e¥mﬁm&whﬁﬁBe&urt her
relates {o conp %ﬂbfmmﬂmmaﬁ@ﬁdlmt&&% natel n chip

subst r at d3e SoRamketdiun Serplin LBfes i ¥ENL I O The sequén I'r]r%l ROWGAE78pSI0NES
has resulted in the identifiCation edfw‘T”gPﬁe nunbers of open readi ng franes
(ORFs). Currently, significant effort is devoted to understanding 30 gene
functi ontby Mﬁ#ﬂpatter ns and by gene disruption phenotypes.

| mport.ant advances in this effort have been possible, in part, by the-
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encoded protein, analysis of the biochemmical activities of fhe
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genone sequence makes it possible to perform biochenical assays on!}%z\py gn
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protein encoded by the genone. To this end, it would be useful to

hundr eds &YO#H®¥2ands of protein sanples 5 using a single protein chi p.
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screen the ciédeatly devisedimétiSdsAr for s veraI bi ochemi cal activities
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1999, “Genome-scale cloning and exprecsgon of individual open reading frames using
topoisomerase I-mediated ligation,” Genome Res. 9: :383-392). Using atecombination
strategy, about 85% of the yeast ORFs have been clo ned in frame with GST coding re,

30 inavector that contains the CUPI promoter (inducible by copper), thus producin GS'I‘g1011
fusion proteins (Martzen ez al., 1999, “A biochemical genomics approach for i 1denghfym
genes by the activity of their products,” Science 286: 1153-1155). Martzen ez al, used )
pooling strategy to screen the collection of fusion proteins for several biochemical acu:m
leg., phOSphOdleSfﬁl‘ase and Appr-1-P-processing activities) and identified th -
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wever, strategies to analyze large numbers of indivi
protein samples have not been described. ® of individual
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Thus, the need exists for a protein chip in which the wells are dénkel§V 200
packed on t‘ﬂﬁ chip so as to gain cost, and tinme advantage over the prior
art chips a *fg1%Bbds. Citation or identification of any reference in
Section Il or any other section of this application shall RAT/UsigQesi der ed
as adm ssion that such reference is available as prior art 5 to the present

~invention. |11, This g nvention . The ivention is direction to
- ool oxlslTol A lie S n

protein chi i.e , positiona Whinhrthy setié Lns on a
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em cal reactions. Also, the invention 15 is
directed to polyners useful as protein chip substrates and nethods of .
maki ng chi B4 ' 2B | 'vﬁnﬂjg ected to compounds useful for the
derivatization of protein —1n one enbodi nent, the present invention
provides a protein chip conprising a flat surface, such as, but not
limted to, gl &%®iBvdntieg i %&%@ rotein_arrays can be produced on, for
exanpl qq %@ﬁﬁsﬁﬁi delzq smljsc t attggFPéﬁFGEW%rmqsﬁimahﬁdd@W@zﬁgg bg
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anal ysi schips.t 18 % G8 g @0ount , aﬁb@%@ﬁp&mﬁhﬂmpﬁj@. The
gener al advanjages o as'gﬁ?ggﬁgmmynmﬁﬂﬁﬂmsd%n%%&pg 'as%ggs__i ncl ude
the ability %W&mﬁbm&s@ﬂﬁ,}éﬁo . pr ot ei n- probe |§ﬂr8 thupss,
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)

PCT/ USOL/ 14526 the solid support, wherein the plurality of substahdedlQy 200!

‘consi sts of at least 100 different substances per cn2 |n another

enbodi ment, the invention is a positionally addressable array conprising a

pl ur aftots94.7di fferent proteins, or nol ecul es conpri sipggrddengiszonal donai ns
of said 5 proteins, on a solid support, with each different protein or
nol ecul e being at a dlfferent position on the solid support, wherein the
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ol boul ot B aerﬁ%%ﬁﬂ@ﬁ%#ﬁﬁ%&%ﬁﬁﬁ L T ]

pr Qhetomprising amlmghtyeifﬂlﬁmbmm,,sehnted fsml the ssoygmonmsisting 0f each

uner cPRinS HALAIR ey ipBlond Aot SFLdBRIRS IR (8 R (G PP

s uppopotainsostaiiigg yallnienatenialpyl 2 solidesuppsa.swity cach dlﬂ'méwbﬁmm r

enbod sipbo # l1's on
t he sﬁ%@?&é‘%ﬁ%ﬁ%&ﬁiﬁ%n vﬁ%?@ﬁ]&?%sggﬁs y of t e vveI I sthiwg at | east
100 mmnwmw@,pmemwm Xidesspelyimidest hod of

ek @Eﬁ@hﬁéﬂ%ddm?ﬁtﬁ GWIHQ a plurality of wells on
the surtace of a solid support co r|.5|.n sti-ng an array

froma ni cm ng Wﬁ%ﬁﬁgﬁﬁ ggreater t han
100 V&kﬂ;ﬁiﬁi@a efﬂﬂfesaﬁﬁamnc&)saem&bnﬂﬂe whmsﬁﬁ@ofnventlon is a

rrethod ot ﬁl ng a EOS.III%I’I&H%]]a dress(g{) ar %s?vﬁ @lsr;?lga pl ]thrallty
?’e‘l&fﬁ% steps of casting

a s e %mgmmmﬁanfmmamuppmmm eathdﬂﬁa‘mt substpacmdmmg a

o8 18 it nciih. i BF sy SR e B %F‘Sa'ﬁ%‘ Shbaice e 2N
emommmmemmass-glmwmymﬁgom¢ ally addressabl e
3: (r)ﬁ% Cgon5| St I ng&gpb%%ﬁcsﬁ;ﬂﬂlg es corrpr Si ngﬁ Hﬁ?tht?gﬁfhﬂgg%g Lgeof
sai d the awéicaof asplid supped) wherein tae densits of thegrellsiinatigat 40P wells'cmit erial , on a
solid SUppﬁ{etprcMBw%ﬁhﬁkam a method of making a positionally addressable
25 aray comprising 2 plurality of wells on the surface of a solid support comprising the step of
casting an array from a microfabricated mold designed to produce a density of greater than
100 wells/em? on a solid surface. In another embodiment, the invention is a method of
making a positionally addressable array comprising a plurality of wells on the surface of a
solid support comprising the steps of casting a secondary mold from a microfabricated moid
30 designed to produce a density of wells on a solid surface of greater than 100 wells/cm”® and
casting at least one array from the secondary mold.
In yet another embodiment, the invention is a method of using a positionally
addressable array comprising 2 plurality of different substances, selected from the group
consisting of proteins, molecules comprising fimctional domains of said proteins, whole
35 cells, and protein-containing cellular material, on a solid support, with each different
" substance being at a different position on the solid support, wherein the plurality of different

-4-
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substances consists of at |east 100 different substances per cxn2,

conpr ik fhdsskiye steps of contacting a probe with the acraspi/asds det ecting
protein/probe interaction In still another enbodinent, the invention is a
nmet hod - of using a positionally addressable array conpri SI ng a plurality of

di fferent rotelns b of said
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protel%%i%ﬁ?&a%%g%#%%?&gg erial, “on a“’so ﬂlg%ﬁ%%grg%ne%ﬁeach
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t he Sdhﬁ,gﬁsag ;&&?I&ﬁ%*ﬁﬂ%%ﬂmh@r o differeiSublthndts, stidetet Tone tid Woup
protein proeln eracCti o I'n t _anot her enbodi nent . thelnvgﬁlonlsa

met ho¢oBsisting @W@ aﬂwﬂpm fctionaLdomains ot wid protsing urality of
di ff eleid 28dPt3ReCORtaintsy QbR @B difs Slid $Bppotl) wilisich diffigest! pr ot ei ns,

nol ecul es corrprl sing. functi Qnal of sal totein whole I1s, and
pr ot eFvRstEEE BEEE g@. gﬁ‘ﬁ?ﬁ soll P‘&’&‘%ﬂjé‘ﬁ ’f‘dﬂm Bach
di ﬁ%%ﬁ&éte&&BﬁimB cif&tai:ixae; aforghoss kilioon catbidepcaseblebxidespor t

\é\ﬂglroglp?n th@ gl uiaF;)% of, di fferen subst%%ﬁﬁs argﬁtachec&g}gﬁpmﬁt}gl zgl ![ﬂe

st epsstop: smmtmggpmmmﬂeﬂmmhy,tmmaqummiddmbemmh% pr ot ei n/ pr obe

i nteractio .0 T8 m :{1!38 nmet hod of
using a po@? ?t %&%‘%&%e aer%(r&gy conprisi Eg e tep f depositing a
pI urawmewwmgbﬁMQfmwmmﬁeﬁ BE9UR | ng of

aa;a,sgﬂg H;ltcﬁﬁs( QR hal R iASofOhid pidlth WhbR NS, Wwhol e
?{) rotern-caontai n|n elili'%l ar matertal, on ap;lg d support, with

30 e aedlsands W&L%Whﬁﬁ%ﬂ@l%ﬁ‘ﬂWhe solid
iggpgﬁn% : a@dkﬁﬂdﬁ ﬁdhngﬂﬂﬂlsﬁﬁ@th%tr@wh&bﬂﬂﬁéﬁlﬁﬂﬂﬁlﬁhﬂﬂ@émat |€agt

i tferent su ces per.c n r e array, an
det et M%@ﬁﬁﬁ@@%mw 24 elycidootypoby SABEHPRGHESS  he

l nverﬁﬂl&ﬂ cdofnpiisiip! the steps of conBi@tifg f probici vitiedhk wrrag dindsistdotisg ar r ay conpri si ng
N the ste s of de805|t|ng a pl uraI|ty of different sub 35 selected fromthe

Mot ei ns, nol ecul es conpr|5|ng functi onal .domai ns of
sa| d pr otdnrmﬂaﬂoﬂieembb&mwgmbwqﬂmusamdﬂmdnﬁwmtwmﬂnt erial, on a

sol i d JURRRAL srrll Sdiniiing £8Ycbs Of BpOLRRE S plurality of different substances,

' selected from the group consisting of proteins, molecules comprising fumctional domains of
said proteins, whole cells, and protein-containing cellular material, on a solid support, with

30 each different substance being at a different position on. the solid support, wherein the
phuratity of different substances consists of at least 100 different substances per cm’,
contacting a probe with the array, and detecting protein/probe interaction.

In a specific embodiment, the invention is 2 method of using a positionaily

addressable array comprising the steps of depositing a plurality of different substances,

35 selected from the group consisting of proteins, molecules comprising functional domains of
said proteins, whole cells, and protein-containing cellular material, on a solid support, with
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PCT/ US111/ 14526 each different substance being at a different p&E#tNQ% QW“
“the solid support, wherein the plurality of different substances consists
of at | easbolgfkdi fferent substances per em, and wherein the solid
support is a glass slide, contacting a probe with the arreyirusmnehsdgf ecting
protein/probe interaction. 5 In another enbodinent, the invention is a

nmet hod of ' ositionally addressable array conprising the steps of
deposi ti ng&? %&ﬁﬁf@WM&%ﬁ@ﬁemmﬁon@soW%Wi sing
functionwlmbfﬁfﬁfmﬁﬁﬂﬂmﬁéé%tcﬁhﬂﬁsof& gacf??% . .support: With éacnc
di fferentwﬁ&%ll in_gr. nol ecul e being a A& eng sahstanoes por cnifeasel i d
support, erei ?Sq%ﬂp.m;sagglw sb C,@ﬁﬁdﬁgﬁpt%émﬂﬁewghﬁ(ﬂg :

consi st s bteat/plobapitera@iénof al | expressed proteins 10 wih’the {;fﬁé'“gype of
bi ol ogt cal actdvity in the genome of an organism contacting a probe wth
t he ar5r ay, an&hgg?%ﬁ?q’@dpn?%%@vehﬁemisanhémadofﬁkiﬁg@gbﬁﬁo di ment, the
inventioﬂdﬂmaablmtdag@o@b' i’%@%h@%}'ﬁ%ﬁ "Hz%(&dressi bl'e "array conpri sing
t he step&&%“ﬂg siting a pluralrty o , s Bf%ﬁ‘{%ﬁ‘ﬁ@,ﬂtmoteim)lcecul es
conprisi ng funct P ORHFNg fetinmal domamisef saidpestaias, dﬂhﬁ»lﬁ%h?o%%ﬂ?” Wi th
each 15 prdteinbﬁhﬁl&queiﬂgﬁ%l&iﬁaggpg,g- at a differe oot P4k on t he
solid S’blﬂ%a d@ere' nthe plurality o tion © $plick smppartowhereirethel es
consi sts o f difigren WOIWMprMSOWE%é@m&!Iﬁﬁ% e of
bi ol ol ¥t thetsamie ttypei of Hidlogigs!! ty B thé efo%gea% sm_and whefel n the l'id
support m%egbgﬁ‘tsmal i de,. contacting. a ‘Bro | P PIEMUsH, somacting @ mrebect | ng
protein/pro &11 ] lhe é% EQF {ine Potein/probg ftetactiorenbodi ment, the invention is a
met hod- of malipepthenenshodiment] thy invad@6Es S array conprising the steps of
casti ngawﬂ@%%g&%m cpof ?b_ri te ??rg%ﬁogo}&'é%‘%ﬁggﬂf‘%“ﬁlg’oduce a
densityﬂ% wells on a BtiPe e feps o A nratibyeor diffBrenBhioidisd r

deposi t Wf’mﬂgﬁm& iphal damiaing oFkaid! t6inE " SUpStances, sel’ected from
| ' N ShoBdii ! dl?ﬁe_s cor&rlrlpér“li‘0 | RV donai ns

t he g8 odifffefeifHloddih BEmoRlcult 1. 61.0S 4. OD! €
of sai gqlﬁrﬁiel Sﬁl %gﬁoe.ge%g@zﬁ SYhPesEoR-ondhe solid suppose) whidrein gRt eri al ,
on a s ( TP imaledull@rconsists 8Pai L ' in a,different
wel | orwiththeSainb Sy UTBRSIb o IaPﬁ@@pt fkgr. enbodi_ﬁnﬁ?,é%?ﬁlggﬁ@wm
met hodsgfidg'gki Hg a posi tl%l% % ALt %5%%4&@3@@@%%& eps of
casting a P?&%ﬂﬂiﬂi Rachingiaqurotiecdoith gt L6 m&ﬁg%g t;o ﬁrgoduce a
densi t yotefackied.| s on a solid surface of greater fv’han 1 we oRe |
, cashi ng at ¢l an rray fromthe secondary nold, and depositing it, the
wel ?2 a_pl u%%%ﬁﬁﬁﬁ%% n%’ﬁ%‘!qialﬁ@emﬂm@bmbﬁdgfaw;ﬁb%ﬁr oup
consi sﬂcﬁ‘w&lepmeﬁmpﬁs@ﬂ@@wpggfc&ggg% i ng.functiL.onal dondlns of said
proteidﬁ%{&@g;.@oﬁﬁ%f agfrl‘ PLO ei n- contal _%hl '%ﬁ'@ﬁﬁ-?ﬁ%? Hetted mold not
attached 1.9 a,soll sﬂ%’ﬁ 0} Wit o 8 sRlHl sicfate ob preatentinh 00 RecIRAIPhrgn 2
di f f erERESINGIN the 3615 0 phetliyrodidifires .-ns.»..u;- enti&l i s _a et hod
of malkafpgotaing AEbleb BBl addE essabl e array “‘conpri SHEOUR EPRSItingc ast i ng
a sﬁc%nmary_'rml_d, f;gﬂn?'ﬁiﬂmrﬁ%% M&moﬁmummlecens,m

: celi 'mawd&-on-'a-mﬁd:suppmmﬁmhdiﬁ-m,mﬂ tanc .

m-a different well on the solid support. being

In another emibodiment, the inventionis a method of making apositionally
.Wle array comprising the steps-of casting a secondary mold from a microfabricated
mold designed to produce a density of wells on a solid surface ofgmatea-lhén 100

30 Wells/.emz, «casting at least one array from the secondary mold, and depositing m the wells-
plurality of different substances, selected from the group consisting of proteins,-,moleculesa

comprising functional domains of said proteins, whole cells, and protein-containing cellular

material, not attached to a solid i iffer ' ing i
e support, mﬂ1 cach different substances being in a different

35 In yet another embodiment, the invention is 3 method of making a positionally

- - - ’
addressable array comprising the steps of casting a secondary mold from a microfabricated
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WO 01/83827 PCT/US01114 2G nold designed to produce a density ofl e NCY 2;0{14
a solid surface of greater than 100 wells/cnz , casting at |east one array
fromthe Yeromssary nol d, and depositing in the wells a plurality of
di fferent substances, selected fromthe group consisting BCT,{!JS@{/Q&:;IQ?,
nol ecul es conprising functional domains of said proteins, whole cells, and

pr ot ei n- combRi F&%l I u(llar terial, with each different substance being
in a different N PROGyses Db?f@veﬁﬁ(onhssoﬂdeﬁﬁd%&f@&t&@#ﬁﬁ} ion,
. protein" Wellséng, easting at ledst boas BoR 4, Rﬁrtio of "a proteln, or

pepti de. Ry BT o e prepared fromrec n’é‘ﬁdsé%ﬁmﬁhlgsihdﬁbw

or gani sm Ii’pl)ref_e,r abi Y- DREH o, pelsefed fiomshe tronp lobssign, 1l i an_cel Ilsl;ggor

produced W@P%Mmﬂdbnﬁinsloggggi,tm%nf%ﬁ; che 'c;tf‘l"?i"g’sfﬁf’f%?glefed.

As 'usad Mﬁ@%'ﬁ%on, “functionar ol ’WW@MMg&emhgﬁ.ei n

which is 15 nécess é gent fibstance heing in gydifercat gfi r ed f unct i onal

activity. Exanples of functional domains include, inter alia, domains which

exhi bit ki nase, protease, phosphatase, glycosidase, acetylase, transferase,

or other enzymatic activity.Q her exanples of functional domains include

t hose donmai ns 4hi cDefititing bi ndi ng activity towards DNA, RNA protein,

hornone, |igand or atigen. 20 As used in this application, "probe" refers

to anépchem'(é%lé reagent which binds to a nucleic acid (e.g, gDNA or RNA)
ei n.

or pr wsecin this applidagion ) ¢ e.dnter .alia, ,other Proteins,
pept i deSpmtﬁ,i.ﬂQ%ee%g&%, mo.ﬁ\wﬁ% g%t%rlg g%%ﬁ%@%mﬁonmﬂzecul e
subst rat(%s and | nww& frowstecombin pﬁmv@[@@%ﬁ?’ ﬁ?ﬁﬁhorm)nes,
ed36) dasRst , yt oki nes, ut at hi one,
y boiect Al B tnafih S e prodnendein

st er oi ds, S BB
i mmnoglﬁﬂgﬁehﬁﬁdﬁ@iﬁ@ré%gwﬁ,g’r{po dr af es, REPT ot rypsin,
and biotin. -.%E&Ch protern. &F%‘P@Béyaﬁlﬂmmd.p is preferably located at a
known, predetﬁ?r‘ s application, Shnét@aEqy ,s#%o@or . such that the identity
of edéh-nmmﬁ%%éjw t e.m ned. -'romngﬂl O*Ssmmmm sol i d
SUpportdozﬁgi,Lf},%&ndgthe protel ns an ﬁPﬁ%‘@?"MWaEW&si@mn@dr essabl e
array on a soll u’ﬂf%ﬂ”ﬂ:d%m/whﬁhieeﬁibﬁmg%%o& t he Dr aw ngs
Fi gurel@y%g-mw@mﬁm .nation strategy, tRfP protein
ki nase d. i igﬁ%%}%mﬁéﬁﬁw-ému@mm) t hat
pr oduc«iﬂq‘EST %l:ISI 0 mcﬂldaetﬂosed“mwmchﬂxﬁbﬁbindingaoﬁvﬁytowardsb |

£, protein, hormone, Yigand or antigen. NA,

20 As: in thi icati ” .
used in this application, “probe” refers to any chemical reagent which bindstoa

- eflc acid {e.g., DNA or RNA) or protein, Examples of probes include inter alia, othy

. . . > > q
teins, pepﬁdcs, _o.hgcnucleotldm, polynucleotides, DNA, RNA, small molecule
substrates and inhibitors, drug candidates, receptors, antigens, hormones, steroids,

slutathione, immunogiobulin. mains,
25 carbohydrates, maltose, nickel, dihydrotrypsin, and biotin. gl “

N Each protein or probe on a chip is preferably located at a known, predetermined

Brief Description of the Drawingg

Figure 1a. Using the depicted recombination strategy,
were -cIoned m a high copy URA3 expression vector (PEGKG)
35 proteins under the control of the galactose-inducible GALIO

119 yeast protein kinases
that produces GST fusion
promoter. GST::kinase




35 protein under the control of the gal actose-inducible GAL10 pronﬂt&rNUV 2
GST: : ki nasg I.J WD 01/83327 PCf /USOL /1426 constructs were rescued into
E. coli ,,a?dn‘@g&aences at the Send of each construct were determ ned. The
whol e procedure was repeated when nutations were di scover eBCT/UBdgusses | b.
| munobl ot s tcl);mGST: :ki=e fusion proteins purified as described. From
three atter®@ clisOibers 38 &] t eins re purified. In spite ofrepeated
attenpts, dl‘:ﬁﬁﬁiu%ﬁ ﬁl 1}@@‘1&5{1 @u‘%ﬁbﬁ@%@%@é&@é'{-@ﬁlcﬁ‘ eboh diBtnicthwe
~wnunobl otti ng analysf8W @I@?cﬂdupsﬂasimpeataewﬁ utjaﬁ‘?el ed with star‘y.reFi gure
2a. The protein chips used in the m 10 the feglr}ﬁowl n[b“ﬁ@ﬁ cQvergibnl at i cal |
di y ep cted. %ﬁﬂgﬂﬁ i thl ymey siloxane (PDVS) was Poured over an
acrylic master ¢ uaehlpisof GET:kidag: £k ai ni.ng . the wells was Pe
avay Y%Lﬁfﬂ@dhmaa&egb@;sm&%&. %Xt’ t he _surOEl ce 0 Pf“’fgg‘éﬁﬁ%mbeit hen p
ached 0 THE s Puifieds |l spitwofrepbaisd 5

was deri [ tach W th
| % ESA, gﬁtgésgﬁg;ﬁ%gﬁwﬁEMﬁMdb?mogﬁ added. After -1 tictbat i on
for 30 m ﬁhﬁl&whbda@wﬁhsta}ﬁ t hepxotein chips w msﬁ%&%’?ﬁ’éﬁ%{%lﬁdpshhﬂ DYna
~ics Phu ~~ to both X-ray Tilmand a Mahar sphorhnager, which has a
resolution of 50 PMand is quantitative. For twelve substrates, each

| dnase assa w Kigure 2a, Thepmteinchipsusedinthcr stad

| b el . wgus.wae first blocked with 1% BSA, agier
. thethhmmhnase 1A W;Shec!bu&'er well‘cadded. After incubation for30 minutes at 3g°C
: chips extensively, and exposed to both X- ecu]ar,
Dy . : - -ray film and a Mo,
sui, _ hospl-mrlmager, which has a resolution of 50 pfm and is QuanﬁIBﬁve. For twelv: .
- sizrates, mhhnaseassaywas.repmtedaﬂmsttwice; for the remaining five. strat ’
assays were performed once, e bts

Figare 2b. An enlarged pictiwre of 3 protein chip,

usmg the following formula: SI.=F, /[®,

compared with GST alone. Several examples of
greater than three,
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as the repeated at |least twice; for the remaining five substrg} 4 REYayHs
wer eper #onned r once. 20 Fibre 2b. An enlarged picture of a protein Chl P
Fi gure Protein chi d p an & UM as.Sav n ril+- the signal of ' -

1 vuuvR W83 7every chip indicates negative control MBST/US@IUI-@Qﬁltlon B4

showed strop |flnase reactions, alto g "' activities in all 12 25 ough no

vi si bl e signal could be detect ed on a western bI ot (Fi gure Ib)_ Figure 4a.

Quant i t at i ve Figned §5i Bhylaepetit! tRieerived B89 thERR (%{ﬁ‘lﬂ_ﬁ g using a
and t he data

Mol ecul viti.es_were _Dynam cs Ph
wer e exp @néé ngnéneniﬂh ipg g‘ﬁP@Eﬂ@ﬂ%PﬂWﬁeﬂ(ﬁlﬂéﬁmmm&dmgot hen
t r ansf oseghencesmfithopdlp(Tyr-Gisyleases Kﬁase@%ﬁ%ﬂﬁé ﬁﬁ{ %F%ﬁﬁ
our’ reac are g

ccar c. " SRERRbI it TeBn oh s o ERRBsombD: ) drogram FiThe kinasds o
det epni ﬂﬁcmﬂymhaqﬂnogﬂae pblycr}tramu;ﬁe%dw@ed by gm?gi@ ){mx@ihgta' ea,g(& at ed

usi ng tﬁ@ for Sﬁ

where i re resent sié?ﬁm%m s Wémniﬁ@z Wﬁ@hwﬁlﬂmpphtwhbsﬂﬁbe

i dent i tBOIWTyrK6Hu); atesindiasted by asteriks. B8 shé 7@9@&&9& a kinase i
on sub MF?"% P eats the W|th T al one. evera exarrpl es of

Ki nase%s?gem Cl g?‘?@‘%%mm h NOV 21 wen SI is greater than three. At
NOV 7004 WO (c)1183R27 PC: T/ USO 1/14-5526 Figure 5a. Phylogenetic tree
derijped from‘iH%u‘ee mul ti sequence al i gnment,

il ust rating corgrEe[nggE Sﬁ é{%é kﬁﬂ@wwlagep'@em@ 2&ndhani no
sequen®asitions offirag dasi¢ Topidues ad kinetiictne (VO ERiuk Rhich 3R nlbk%fex@dﬂmghf d u)

Sinﬁr 3‘“‘5‘“ %ﬁ%‘%’?&é@%ﬁyﬁ%@ﬂ B ATHEHR B oMipRiede Thomspaytine 1) ar o

i ndi ca penplly md@km&stbﬁabmakdpbly(’l‘w—(}lu)

15 y Figure 6. Cross sectional views of lithographic steps in aprocess- of making protein
chips.
a. A silicon wafer with two layers of silicon on either side of an oxide layer.
b. The silicon wafer with a resistant mask layer on top.
¢. The etching process removes silicon where the surface is unprotected by the
20 resistant mask. The depth of the etching is controlled by the position of the oxide layer, i.e.,
the etching process does not remove the oxide layer.
d. The mask layer is removed, leawng the etched silicon wafer.
€. The protein chip material is applied to the mold.
£ After curing, ﬂwpmtemchlpxsmnoved&omihemold. The protein chip has an
25 Image that is the negative of the mold. :

Figure 7. Kinase/inhibitor assays on a protein chip. A human protein kinase A
(PKA), ahuman map kinase (MAPK), three yeast PKA homologs (TPK1, TPK2 and
TPK3), and two other yeast protein kinases (HSL1 and RCK1) were tested against two
30 substrates (i.e., aprotein substrate for PKA and a commonly used kinase subsira:te,-MBP)
using different concentrations of a specific human PKA inhibitor, PKlct, or a MAPK
inhibitor, SB202190. As shown in the figure, PKIo can specifically inhibit PKA activities
using both peptide and MBP as substrates. However, SB202190 did not show any
inhibitory effect on PKA activity. Itis also interesting to note that PKlc did not inhibit the
35 three yeast PKA homologs (TPK1, TPK2, TPK3) or the other two yeast protein kinases
tested, HSL1 and RCK1.




use this substrate are indicated in boxes. Rad53 and Ste7, whi cmcg)% ot
phosphorylate poly(Tyr-GAu), are indicated by asterisks. As shown, o of
t hese ki n¥4@8143827 in four sequence groups (circled). O Figure 5b.
Structure of the rabbit nuscle phosphoryl ase kinase ( PHO1I 2880171806
positions of three basic residues and a nethionine (Met) -residue, which

are prefer®nti abehilefiq &ikl ascs that can use poly(Tyr --Au) as a
substrate, are indi cated: the-2 reilloR (Asp) residue is usually found

i n ki nases that do not use poly( Ir yr-Gu). 15 Fire 6. Cross sectional
views of |ith ITheGhLAS: ar c steps w a process of making protein a. A
silicon wafer. w teﬁmﬁvvcﬁ)mflgsy%'%%afto ?thPJBGhlP@;i@,ipdsﬁibnsmﬁgd&gsﬂﬂe%%ge #ayer.
b. The si ﬁﬁﬁéﬂhmﬂ,mﬁﬂﬁﬁﬂ&wgégcai ?0#1 top. e The etthi'hg
process r prowiashiy dog q{@a%re tg(e surf.ace |sea§t§'§‘§¥r HEeCEyfuggtion, avi@fein the
resi stant_mask. The dept S it e@?@‘fﬁwgwcﬁs.cblphﬁﬁbbﬁﬁ,mfkg%%g ition of
the oxi dePi, ?Wn@gqmﬁmch-ﬁmhémg}awmtgﬁ?not reqove the oxf de

| ayer. d.pMﬁ&dW s emoved, | eaviing ™ U EEaTeY lesatedasa lumiver . ©.
The protein,chip materi al qtgeﬁ‘gaWM@%m&.iﬂmﬁﬁdéﬁ{acﬁg%@g éhei?’.gm chi
is reno @?W%m,ﬁﬁmmdhﬁawoiﬁéﬁ i _h%gfo_i YRge thAto TS t he
negat i veoﬁhﬁhggﬁ%%iﬁ. Ki pasel mhi bi tor as%’%‘@‘é’%dﬁ itseletl o miztimds A
humanlﬁr%%i.n i nase (‘éﬁ%" ef%%pﬂﬂ'mﬂeﬁméﬁ&%ofﬁlg{egﬁ east
pica Romfdgast enemumple. m@vﬁnmwﬂ,-ﬂl\éﬁg&t.h r .yeast pr ot

ki n, asesfarbighl W\%@n&e t ed ai nst two E@Pwt(:mchips, a

pr ot ei nrﬁﬂﬁtrate;i’or PKA" an a%ﬁ%ﬂ@édmmmmw usi ng
differen He T "?#-’Hﬁ?ﬂbﬁmsﬁmﬁ&hﬁdmg}‘%@hi bjtor, PKIc ., or a
MAPK immnwm&%w i h@sf_igurg,_ A rﬂm@mficauy

i nhi bit g ctivities using DO ﬁ“&g Pr: '%Mmefmm,bﬁbes. However ,
SB202190 did not show any inhibitory effect on PKA activity. It is also

i nt ed8sti ng Twone WeAnvdiedn' inpibit the 35 three yeast PKA
homo! ogsturd Pk digr D42 s’ipm)ﬁd I‘soi’lﬁﬂf’r %‘I‘B?ﬂg?"#%ﬂ%a@blmmomﬂﬁsﬂ@;s
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tested, HSL 1 and RCK1 . Q W () 01/83827 , PCT US01;14 -526 NOV 2Qp ;Droyi D
‘Description of the Invention The invention is directed to protein chips,

| .e. posiwoyigkd;z;dd , y a ressablef arrays o 5 proteins on a solid
support, useful for the large-scale study of protein funcp(i;ﬁﬂsmym%dei n the
protein chip contains densely packed reaction wells. A positional fy

addressablfﬂ?atar.racéJS Erovi des a confuguration such that each probe or
protein o 1k g Q@WBE%@ﬂﬂamhdﬁf@mSubd@i&é%ﬁg@Qﬁﬂfegg%iti'Qn on the
sol i d_suptier solidsappdrt) Whetdd ted@inbisd Y, ;A each probe or can be &8t8PRiomed
. . . 1c 1%0 er éug .. .
fromits aﬁe tion on'the ar |2a§, p‘r e CHerei substancas tensistsofat tasdiggect ed t o
met hods 0 ﬁeg’iﬁ'a’s %%Ww@dﬂﬂm&oﬁﬁ@uﬁi&ﬁﬁ%ﬁaﬁﬁgﬁ&unt, and/ or
npl e

functional ity hfanotiel enBadikiink ast. one sa . e invention also is
p pr esgntagdjﬁé@téetg o net hogs 5(%@%3'%’11 %@PWB?%HNadﬁmwmmm@rgﬁ{%i ty
and snal | Vol uive° %@5%;%%@@@@6&&%#%%&5 directed t
Pol 3 mmmmﬁmmnﬁowawggﬁafﬁb% Sé&es an nmet S W%Iﬁ‘ﬂ@cﬂl@s
gPr ot ei n@&ﬁﬁﬁqﬂT%M\ég%: O'rt]h &rgb sﬁei;: Al 5% 8B protein-costinihg E€iiuihhe
denvati zat1 Ol | VP atit.subftarlde [ pent,.the -
i nvent i oﬂld@ﬁdsmﬁ@%@&ﬂum%%fzﬁ#e ar~ ray o#rgtaﬁl A PeSitignemy| j ¢ y
of diffe&ﬂ%&%&f ances, sglected fri WSBJ’WMM@OEGWL(M ns,
nol ecul es ~corn’ RS oﬁhﬂ%lﬁu_ anb(ﬂﬁmM@j@f, fyﬁf‘i‘m?'%uﬁ cells, and
pr ot elﬂ-%’bﬂtaacﬂsmgsiﬂgbfgbﬂiﬂ‘e%kﬁ;s%ﬁmﬁtc%? |id support, W each
di ff?re’ﬁlu&ﬁﬂﬁ&é‘dl&&ﬂt}f t he S%L,'q g}'getweensoan:? T pobediinent, esid
In another partioular submsw- "315.. ts_. ctween 30.a 50 different substances per cm?
. o ent, said plurality of different substances consists of betw
50 and 100 different substances per cm?. , ween

15 compnsmg aplurality of different proteins, or molecules comprising fanctional doma;
sa:d ?mtﬁns, onasolid support, with each different protein or molecule being at al?di;ns- o
posﬂ-mn on the solid support, wherein the plurality of different profeins or molecul o
:)nlsx;iz;f at least 50%, 75%, 90%, or 95% of all expressed proteins with the sam:;pc of
iolo activity in the genome of an i i
20 eukaryotic or prokaryotic, and is'prcfm‘abmlg;:]mmammal,For mtf:oommm-m@ -
primate, mouse, rat, cat, dog, horse, cow, chicken, fungus such as yeast, Drosaphilé, C.
elegm,;etc. "Suchtype of biological activity of interest can be, but is not limited to .
wc acuuty (e:g., kinase activity, protease activity, phosphatase activity, glyo:)sidase
af:ety-/lase.actmw, and other chemical group transferring enzymatic acﬁvity) n;cl cacid
25 binding, hormone binding, etc. - ’ e

A. Production of Protein Chips |

; | The protein chips with densities of wells i an arcay of the present invention are
0 Wiycw from master molds which have been stamped, milled, or efched using

zoldsl.d Once a master mold has been produced, the master mold may then be used directly
mold the protein chips per se. Alternatively, secondary or textiary niolds can be cast from
35 the master mold and the protein chips cast from these secondary or tertiary molds
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20 different substances support wherein the plurality of different 4 NOY %
_ substances consists ofat |east 100 per 2 In one enbodimt, said plurality
of different substances consists of betw 1 een 00 and 1000 diff erent

subst apgee3gsy cn2. I n another enbodi n said pity of n stu
stances citf b ronsss Cetween 1000 and 10,000 d eren gj&f)ﬁs‘tﬁ?g[cleaszgper cn In

tet her enbodinent, said pluralit of diff ny eret sbt usances conS| st of

bet ween 10,0 and 100 di fferent sub stances per _cp2. .In aaot hhed
embodi ment, ldl.lﬁaH%PP}FdB Omﬁyeméﬁpa@gﬁtéﬁﬁlﬁé@? op Y atiget ween

100, 0( )&mmmh@ﬁpm%@sﬂfcon,%lﬁﬁl @m@&,sladzﬁmaese bedpo wﬁfeﬂ@nﬁéﬂnsa%té

enonent Pl t st.ance ousksts' “of betneen

1, 000, O%C’gﬁg)ef@%%‘@%oﬁ? %* Lily the nge misterig] ilionaatesnsi st s of

bet ween 10, 00A:<XGO na&énﬁ&@: Q&dndary! 6 teftfary MURBAAMEES pRAUCET fhe | N Vet .
3Q different substances consi sts of

e e i b ek ool
pI ur aI icastingf, imtlddisg either poross GNRMSpoROus sofid supports. Ceramics, amorphous silicon :
carbide, castable oxides that produce casts'of SiQ, when cured, polyimides,
polymethylmethacrylates, and polystyrenes are preferred solid supports, with silicone
elastomeric materials being most preferred. Of the silicone elastomeric materials,

10 polydimethylsiloxane (PDMS) is the most prefetreh solid support. An advantage of silicone
elastomeric materials is the ease with which they are removed from the mold due to their
flexible nature. , _

Figure 6 illustrates an example of one method usefisl for realizing high-density
arrays-of wells on protein chips according to this invention. A silicon wafer with an oxide

15 layer sandwiched between layers of silicon is provided (Figure 62). Known as silicon-on-
insulator or SOI wafers, these wafers are commonly available from wafer. supply companies

(e.g., Belle Mead Research, Belle Mead, NJ, and Virginia Semiconductor, Fredericksbarg,
VA).
: The silicon wafer is then patterned and etched via an etch process (Figures 65-d).

20 The buried oxide layer acts as a very effective etch stop and results in highly wniform etch
depth across the wafer. ‘Etch depth is independent of the etch process and merely is
determined by the thickness of the top silicon layer.

A wet chemical etch process (e.g., using KOH or tetra-methyl hydrazine (TMAH))
can be utilized. However, this technique is slightly more dependent on the crystal

25 orientationof the silicon wafer. Thus, 2 technique using a rarefied gas (typically SFo) in a
reactive jon etch (RIE)is preferred. RIE etching techniques are capable of realizing highly
anisotropic wells in silicon that are independent of the crystal orientation of the siticon -
wafer. The references G. Kovacs, Micromachined Transducers Sourceboolg, Academic

Press (1998) and M. Madou, Fundamentals of Microfabrication, CRC Press (1997) provide

30 background on etching techniques.
Both types of microlithography can be utilized on a single chip to obtam the desired

combination of well shapes. Wet-chemical etching is an isotropic process which gives U-
shaped wells, while RIE is an anisotropic process which gives square bottomed wells.
After etching the wafer to realize a master mold, it can be used to cast protein chips
35 (Figures 6e-f). These structures can be the protein chips or themselves be secondary or
tertiary molds from which additional casting of protein chips occurs.
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stsof at leat -s 10,000, 000,000 different substances per cn?. y@thV azt[][]q

~anot her enbodi nent, said plurality of different substances conS|

| east | 0' 000, 000, 000, 000 different substances ri. | n anot her enbodi nent,

the iW¢aNkkhe? IS a Positionally addressable arny per pefs@Piadaed! urality of
di fferent substances, selected, fromthe conprsing group consisting of
proteins, nolecules Conprising functional d i oma ns of sidi a protens,

whol e cell's and pr ot cont ai n el l.ul ar 1, 200! WD 01/ 83827
PCT/ Usol 1 14586, i ecrmicich sabpd of Sas apos o sHsACARAle BBk substance

bei ng @myiisthigld hﬁﬁiy@pﬁéusldﬂrth@ﬁnﬁ:bélefﬁﬁﬁﬁ gy ural ity
of dif erent S tances of dat ast 1 |ff nt sub%t ances per
o, s pprodice 2 SRy of weflyan a s

errblodl thé?ﬂéﬂ??ﬂ?&lh?r[nhﬁottﬁermoﬁﬁﬂﬁm d?cg@fdrofm&wsttmnauyﬁpr{s' ng f5
a p u | eren SuRns e e ro consisting o
aﬁéf%@%%@@@%@ﬁﬁﬁ%ﬁ& %!f';%@ 2 sghd g'ail roteins, whol e

Ce' th’ doabel hﬁﬂiﬁ&ﬁhhﬁﬂ%ﬁlﬁdﬁhﬁiﬂteﬂmolﬁm&gﬁﬁ ’do(i)rﬁ(ﬂlm@fu’ 'é W th

eac s ei ng at., a_di @si ti on. on e soli

suppo%lf’"s’Wf&”@'ﬁ PWW&P@ rﬁté{?&t“ﬁﬁt’l W@sf about 30

t? 10?113 ﬁi)ﬁﬁhed ¢ maembmmmmﬂﬁzmeﬁpsmemﬁ@Mgmnt sai d

p uralit ifferentf 10 substances.copsi st subst ances per
ﬁﬂﬂé‘aﬂ@%@ %ﬁ‘l‘mﬁlfﬁ t ances.

corml ebﬁtmﬂ&nﬁrﬂe&@mlsbﬁérthuﬂmmﬂpmfﬁablybmmet her

§¥théf%ﬂ8§&f BhosT RS Aplys e aBiotoll o By S Slhiohiy ARREERRETTT ' °

enmbodameys; s plurdlity ofidifferénd sutistnecespsaidcisdoiienl the gudup eondiitingzof proteins,
molecules comprising finctional domains of said proteins, whole cells,wand protein-
containing cellular material, can be deposited such that each different substance is found in
15 adifferent well-on the solid support.

B. Features of Protein Chips

The protein chips of the present invention'are not limited in their physical

20 dimensions and may have any dimensions that are convenient. For the sake of
compatibility with current laboratory apparatus, protein chips the size of a standard
microscope slide or smaller are preferred. Most preferred are protein chips sized such that
two chips fit on a microscope slide. Also preferred are protein chips sized to fit into the
sample chamber of a mass spectrometer.

25 The wells in the protein chips of the present invention may have any shape such as
rectangular, square, or oval, with circular being preferred. The wells in the protein chips
may have square or round bottoms, V-shaped bottoms, or U-shaped bottoms. Square
bottoms are slightly prefesred becanse the preferred reactive ion etch (RIE) process, which
is.anisotropic, provides square-bottomed wells. The shape of the well bottoms need not be

30 uniformon a—partiwlaf chip, but may vary as required by the particular assay being cammied
out on the chip. |

The wells in the protein chlps of the present invention may have any width-to~-depth
ratio, with ratios of width-to-depth between about 10:1 and about 1:10 being preferred. The
wells in the protein chips of the present invention may have any volume, with wells having

35 volumes of between 1 pl and 5 pl preferred and welis having volumes of between 1 nl and 1
1 being more preferred. The most preferred volume for a well is between 100 nl and 300
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e array 15 conprising a plurality of different proteins, or nolefju} 0V 200

‘functional dommins of said conprising nteins p, on a solid support, with

each different protein or nolecule being at a different position on the
k4 Wwherein the plurality of different protifsedissap! ecul es

sol i dysd'¢y
[ 28? at least 5001., 75% 90% or 95% of all expressed proteins with

consi sts
the sane type of blologlcal acti i vty in the genorrre of an organi sm
B kax oti d

For ex r n 0, euk

70y o BLTFE et ofis mylyere st ReRE e S f et telimd o el 8 (1 O

rmuse,bétarteemmplcmdhoosll,, , g, e, cow, chi(;ken, fungus such as east D
The protein chips of the invention can have a wide variety of density of wells/om?,

The preferred density of wells is between about 25 wells/cm? and about 10,000,000,000,000
5 wells/om®. Densities of wells on protein chips cast from master molds of laser milled Lucite
are generally between 1 well/cm® and 2,500 wells/cm®. Appropriate milling tools produce
wmﬂsasmmaﬂasIOO;nnhxdhnwkxandIOO;Hnapau.andnchﬁmcwﬁihnnhusux
' mold etched by wet-chemical microlithographic techniques have densities of wells
generally between 50 wells/om? and 10,000,000,000 wells/cm”. Wet-chemical etching can
10 produce wells that are 10 pm deep and 10 pm apart, which in turn produces wells that are
lessthan 10-pm in diameter. Protein chips cast from master mold-etched by RIE
microlithographic techniques have densities of wells generally between 100-wells/cm® and
25,000,000 welis/om®. RIE in combinafion with optical lithography can produce wells that
are 500 nm in diamefer and 500 nm apart. Use of electron beam lithography in combination
{5 with RIE can produce wells 50 nm in diameter and 50 nm apart. Wells of this size and with
equivalent spacing produces protein chips with densities of wells 10,000,000,000,000
wells/cm®. Preferably, RIE is used to produce wells of 20 ym in diameter and 20 jum apart,
Wells of this size that ave equivalently spaced will result in densities of 25,000,000
wells/em’.
The microfabrication and microlithographic techniques described above bave been
used successfully to wet-chemically etch silicon wafers with well sizes of 560 um or 280
pm with spacing of about 1 mm. This combination of wells and spacing produces arrays of
about 410,000 wells/cm? and about 610,000 wells/cm?, respectively. When well size and
spacing are equivalent, protein chips with about 3.19 million wells/cm® and 12.75 million
25 wells/cm? are produced. :
. Inone embodiment, the array comprises a plurality of wells on the surface of a solid
support wherein the density of wells is at least 100 wells/cm®. n another embodiment, said
dmuﬂyofwdhishﬁw&ml@ﬁameMvaﬂﬂ@m?]hammmﬁeumoﬁmmmgsﬁddmmﬁy
of wells is between 1000 and 10,000 wells/cm®. In another embodiment, said density of
'vwﬂhnsbawwmnIQMOOamdlﬂuﬁﬂﬂwmﬂshnx.B{mﬁanoﬁwmenﬁmdunmﬂ;mmddamﬁyof
wells is between 100,000 and 1,000,000 wells/cm®. In yet another embodiment, said
density of wells is between 1,000,000 and 10,000,000 wells/cm®. In yet another
embodiment, said density of wells is between 10,000,000 and 25,000,000 wells/om®, In yet
another embodiment, said density of wells is at least 25,000,000 wells/cm®. In yet another
embodiment, said density of wells is at least 10,000,000,000 wells/cm®. In yet another
embodiment, said density of wells is at least 10,000,000,000,000 wells/cm’.

20

30

35
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acet 3; ivity, and other chenical group transfeppiR@ofpgydratic
activi“ty ?‘ssgﬁsl eic acid 25 bindi h ng, ornone binding, etc. i‘!'éroductlon of

Protein Chi s The protein chips with densities of wells in an array of the

present inventiopn are_. 30 preferghly cast from naster nolds which have been
st anped, m M ed, MM%" bri catonor mcrolithographic

techni ques. Preferably conventional mcrolithographic techniques and
materials are utilized in the roduct.l on of_ the n&st(ﬁg:h nol ds. ce a

mast er ol dliRe gybhodipentthe present javention proviss @ PRI R YRE ect | y
to mlﬁ:ﬁb@saémwbﬂtﬁdtmmweghssehdeel m@im Qﬁﬁbépmdueédb@,rtlary

Thede G2 sommnle slew siomm wgiﬁ%“eh%gﬁfcﬁlez%ac”p' S st t“?fa&e"t BT, UsoL1
52G Thalowasd ﬁigdlﬁiaﬂ: fﬁiﬁ(ﬁmt,%dlohﬁmhﬁnﬂuybﬂm e for
&f;?&%@%ﬁ%&%%@%ﬁ%ﬁ?r hipls ﬁhﬂ@@f’ o S AR o1
M cr olth HkOWt 3R ice dfiike Sl sappertd Tiad te&isdrimﬂiekb&ﬂhcb&ﬁd&ﬁ&cﬂ@&tﬁlet he
pr ot el %@W%%M@n% @ﬁ*%éh@éiﬂ*‘beewi@ B SRR Lport ¢ ha
| s my imbcledule di0conkpor@d. The litikkiregn bé tiemofzotieuws componnd that deivatizdsithe support s.
S o SR o ey e Befibe b andiioR AP 53 t@%ﬁr?ﬁﬁé%i?iﬁingl
ar e p ofthersofid sappart! Fhedinket may eovatenilylar coneovalently bmd the; proteins or
probes fo:the surface of the solid support. In-addition, the linker canbe. an inorganic or
organic molecule. Preferred linkers are compounds with free amines. Most preferved
15 among linkers is 3-glycidooxypropyltrimethoxysilane (GPTS). )
In another embodiment, the protein chips of the present invention bave several
advantages over flat surface atrays. Namely, the use of wells eliminates or reduces the
likelihood of mss-coniannnailon with respect to the contents of the wells. Another
advantage over flat surfaces is increased signal-to-noise ratios. Wells aflow the use of
20 larger volumes of reaction solution in a denser configuration, and therefore greater signal is
possible. Furthermore, wells decrease the rate of evaporation of the reaction solution from
the chip as compared to fiat surface arrays, thos allowing longer reaction times.
Another advantage of wells over flat surfaces is that the use of wells permit
association studies using a fixed, limited amount of probe for each well on the chip,
95 whereas the use of flat surfaces usualtly involves indiscriminate probe application across the
whole substrate. Wheuaptobemamlxwreofprobeshasahlghaﬁmty, but low
specificity, the indiscriminate application of the probe mixture across the substrate will
saturate many of the proteins with the high affinity probe. This saturation effectively limits
the detection of other probes in the mixture. By using wells, a limited amount of a probe
30 canbe applied to individual wells on the chip. Thus, the amount of the probe applied to
individnal proteins can be controlled, and the probe can be different for different proteins
(sitnated in different wells).
Once a protein chip is produced as described above, it can be used to conduct assays
and other chemical reactions. For assays, proteins or probes will generally be placed in the
35 wells. The presence or absence of proteins or probes will be detected by the application of
_ probes or proteins, respectively, to the profein chip. The protein-probe interaction can be
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mcr dhahmmmemmt prgjeimncchip Theguiotems af deriavéntion candlelis selntion,sol i d
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' ISi ui d cast .r{gterl al , %% 0 CUI’I ng the cast materl al ugtl I” the cast is '
Since the wells are self-oontamed, the proteins or probes need not be attached or S
‘bound to the surface of the solid support, but fa&m‘*the-proteins-or probes can simply be
placed in the wells, or bound to a substrate (e.g., bead) that is placed in the wells. Other
. substrates include, but are not limited to, nitrocellulose particles, glass beads, plastic beads,

30 magnetic particles, and latex particles. Alternatively, the proteins or probes are bound '
covalently or non-covalently to the surface of the solid support in the wells. The proteins or
probes can be bound directly to the surface of the solid support (in the well), or can be
attached to the solid support through a linker molecule or compound. The linker can be any
molecule or compound that derivatizes the surface of the solid support to facilitaie the

35 attachment of proteins or probes to the surface of the solid sapport. The linker may
covalently bind the proteins or probes to the surface of the solid support or the linker may
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wel | S(@&ﬁmdagbﬂaamm&ﬁﬁpmdﬁ wel |l s/cn?2 Densities of wells on
protein chips cast frommaster nolds of laser mlled Lucite are generally

between 1 well/cn2 and 2,500 wells/cn2 . Appropriate mlling tools produce

wel |l s as shbal | Assg&@ﬁnrﬁmmgm er and 100 pm apart. Protein chips cast

fr%gn master nold etched by wet-chem cal mcrolithographie techni qgues have
ities of wells generally between 50 wells/cm 2 and 10, 000, 000, 000
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and 10, oL APAsh m@@&&&&&m&%&s&wﬁt@m DStioh @i vakiban - 10 pmin
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pr Odumgouﬁilé&cﬁ%@r mlprdﬂeﬁﬂmbﬁémd:ﬁcaﬂhbmcﬁed b¥inker adéa, t hi s size and
' chmmlmmm fluorescence, radiolabeling, or atomic force microscopy. Probes
binding to specific elements in the array can also be identified by direct mass spectrometry.
For example, probes released into solution by non-degradative methods, which dissociate
30 theprobes from the array elements, can be identified by mass spectrometry (see, e.g., WO
98/59361). In another example, peptides or other compounds released into solution by
enzymatic digests of the array elements can be identified by mass spectrometry.
The types of assays fall into'several general categories. As a first example, each
well on the array is exposed to a single probe whose binding is detected and quantified. The
35 resulis of these assays are visualized by methods including, but not limited to: 1) using
radioactively labeled ligand foliowed by autoradiography and/or phosphoimager analysis;
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el | enzyMistid Witivity of interest, and wherein a plurality of different enzymatic-and/
substrate activities are assayed, and thereby identifying and measuring the oelllﬂar
repertoire of particular enzymatic activities. Similarly, the protein chip can be incubated
30 with-whole cells or preparations of plasma membranes to assay, for example, for expression
of membrane-associated proteins or molecules, or binding properties of cell surface proteins
or molecules. Cells, markers on a cell, or substances secreted by a cell that bind to
pérticular locations on the protein chip can be detected using techniques known in the art.
For example, protein chips containing arrays of antigens can be screened with B-cells or T-
35 cells, wherein the antigens are selected from the group consisting of synthetic a;ltigens,
tissue-specific antigens, disease-specific antigens, antigens of pathogens, and antigens of
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p%btlcgl alln PétQd 1emeuimvﬁpmmqﬂmshgoﬁbmmﬂwmmteir
chip art| r| ei.n-c r cells can
be offtiES &féﬂaﬁﬂ%ﬂ %’ﬁ%%ﬂ%ﬁ?%ﬁbﬁl nllﬁ’/ or coi urm
chrommmkﬂdﬂmsemtﬁiaan@vmm asueripsake(of reglicadtiye or P2

];nra?gt I MW%%F&E c%&%t 1T Cl a@%‘?&gat ural rrerrblrglng; prior to

or apmpb&st mmmmtbﬁaﬁw %MW@PPWW O%nbodi ment
g:lgal Inléaﬁc Gnicldibdsar material ,-or cells can be ganbeddeq
e ey mr b ﬁ%@"&%ﬁ%&f doss o oS i 2 1) P
| nVepii-PR ciitelt@lat &g’iﬂéﬂ&,‘ ¢l membrane preparations, wholé cells, efc.) can provide
for large-scale or exhaustive analysis of celintar activities. In particular, one or several
. screens can form the basis of identifying a “footprint” of the cell type or physiological state
30 of acell, fissue, organ or system. For example, different cell types (either morphological or
functional) can be differentiated by the pattemn of cellular activities or expression
determined by the protein chip. This approach also can be used to determine, for example,
different stages of the cell cycle, disease states, altered physiologic states (e.g., hypoxia),
physiological state before or afier treatment (e.g., drug treatment), metabolic state, stage of
35 differentiation or development, response to environmental stimuli (e.g., light, heaf), cell-cell
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.20 or bound to the surface of the solid support (e.g., in a well Ddr N 00
flat surface), or bound to a substrate (e.g.. bead) placed in a well of
the solid support. The placenent of proteins or probes in the wells can be
acconwliaisagk7by usi ng any g neans, such as bubbl e | et PEF/USHK]4E26 pri nt er
heads. A mcropipette dispenser is preferred. The placenent of proteins or
probes can either be conducted manually or the. 25 p Since the wells are
sel f-cg E%é’d ﬂéoén%laﬁé/oia olif BEfreRRACafDiisbRe-3hécaebgehedindfin De

aut omat e rougﬂ%‘{J ude of a grorrputggrﬁ connect ed tg@% machi ne, bound to

t he sumpleibexpression. sol 1d support, but rather the proteins or probes can
sinply be ﬂz?ﬁﬁﬂ %Fﬁ&%dﬁﬁbkﬁmf&ineﬁ%ﬁ%iﬁnﬁcﬁdéﬁ AleBsulréd fsing BRAD) t hat

n

is placed. i O her ™ substrates i n¢l ude ut are, not Ilmted to

ni t r o@Eptein Ses ¢fihe p@se@s invgpiians Ipaspect @%&?«i@%&a@p%@sm@em
parg i ‘iﬁe?énzg?ﬁe%ﬁt laéﬁ\ﬁglr Prbtelntst prétbing bA alchipdat-belilldutitiea! FoPsxhiplBy Obes are

bound cov non- coval entI to the surface of .the soli d support in
he w%wm@emefmmcm@%mmeﬁmxw Y 2 r f ace of
the sghinfoRftPhis W&h&%mmﬁﬁ@mmmnssp&ed support
t hrough a I'i nker nol ecul e .or corrpound The |inker can rml ecul e or
corrpomam o sigedl is produced e.g, dromy (ﬁ;@m tdC‘I litate
t he 3%@,&@@{@%%@%&3@@ mmﬁmmgmmud support
The linker r coval ently bi ngeﬁf&aﬁﬁ%tel ns robes to the.sur acepgf
¢ hd0s Fempta oRsFs ool ! comiponedy BOTABAA RIS HCT) U S01
I'1. A5ditepérit $rothims BRIesdRlyctRied tifeir teatieelelifédt on sainplestwitier can be

an inor( anlc or ecule. Preferred linkers are corrpounds W th
free ‘%Bg’ta“%ﬁﬁwg%ng linkers is

3-gl yci dooX‘h@ bfwmmm@wwmmmmm whi ch are

Pﬁ?er£§V Len lf% 58@8?'&}0 %Qegfﬁ gmiguiirgfat CeE-“ V%H SUI’ ace.suchofasm):‘ g:’:m o

t e15 adhiameteristics ofproteiise Fac txample, it probin ohips candbeused holassass thens,

el ec'?ér%ésgpg\gl C, %S‘h&% Mgww%nat ?"EQ‘W ﬂ%r%&hﬂwhng,

DNA- Mchmthmmm(l’mg&mp PREST fusipeprtantcan baprbest toj detaming thens t hat
utili @Eﬁkﬁﬂ O@g,&mﬁﬁ BRI 'detélﬁdqlsﬂés’tﬁihaﬁ%,
enzyr?é g trate, avi d| n (or strept a\ﬁdl n %and biotin (or

b| ot| : WW@% PE- bi ndi ng proteins

. rel -, d :ﬁhﬁ&i ﬁqiﬁepmhgmawtﬁmg&ﬁéd_ bg

expr ssed Wt u r ot II’l at ave a I Nt es or substrate
t hat ?wtfgwmﬁs'fa&e{;ﬁ é&gg(?d f%éf ’PF&P‘%‘?‘ or

f usi ¢agpaaielctulat Deiug ammmwmmmmmmmm@wme

\lmrrrrgno f‘l%%lé{sléﬂ 13 donm gﬂ | nal to%% E})?W%Wﬂ% vatives,

gl ut mmmmmdwammm&msmmwmmme

Agéays on %&&Wéﬁw&v&%ﬁ Gh e prebiitica b 4 ininek&apect | vel y

substrate (for chemiluminescence) or-a flaorogenic: substrate (fOIBhem!ﬂmenﬁe)
enzymatic cleavage yields a !nghly.- Tuminescent or fluorescent product whlch-can be
detected and quantified by using, for example, 2 Molecular Dynamics scanner.
Alternatively, the signal of a fluorescently labeled secondary antibody can be amplified

30 using analkaline phosphatase-conjugated or borseradish peroxidase-conjugated tertiary
antibody.

Identifying subsirates of protein kinases, phosphatases, proteases, glyoosuias%
acetylases, or other group transferring enzymes can also be conducted on the protein chips
of the present invention. For example, a wide variety of different probes are attached to the

35 protein chip and assayed for their ability to act as a substrate for particular enzyme(s), .2.,
assayed for their ability to be phosphorylated by protein kinases. Detection methods for
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.I'n one enbodi nent, the protein chips are used in assays by usin&lﬁtﬁgyafﬁw
enzymati c assays that produce chem.l um nescence or fluorescence. Detection
of various proteins and nol ecul ar nodifications can be acconplished using,
for ayaWiRksszy photol um nescence, fluorescence using nBCT/Ps@EsA¢ substrat es,
enzymatic col or devel opnent, mass spectroscopi c signature markers, and
anplification (e.g., by PCR) of oligonucleotide tags. Thus, protein/probe

o A8 AcEA, BRI afehoP Hmifel k2 Haclsh of PTG LARRSALA 25 “TLATP

ol abel G- om c Torce mcroscopy. Probes binding to specific el enents
in thend APy onflemresoent;agtbadyfprobesithat bindde mhesphpamno aidsyFE, probes

Erelaﬁg‘}%?wh I PherSa it Perplial e £ BRIAA BHIADABRY Gl oo piiraslicales  °O (e
( seer kinsge acﬁﬁﬂyﬁﬂbﬁ&%i}) andiﬂlcrsasmyrmmatrpﬂ@re@m Pé@ﬂmﬁﬁ@bﬂ]@émounds

| acht Phraony it il Vi RAGRE S fhaRR fufia IR atohoSuple 1 P P

generptotmamhmnbéﬂemcﬁbmd@hémp&wmga@ndmﬁ@sﬁ}ﬁﬁﬂghéwﬁray i s exposed

to a gingle oewh Q“i a5 fobd Sinoliiencdd results
of th %u ze%ﬁby ﬁ.gt s |nc ugg:g but not Ilmtedto 1)

usi ngsngndﬁanmﬂmkeﬁcdwy@mdm) pepiideoimgm arequodiced by and/ or

Lo B e die e o s
inity

fl dﬁremnheussgyedlreawbrm de%é‘!

hapt e !J@@rcﬁﬁta@ #eait, 3) mass spect rometry; 4)
atom C rce m cr op g) ‘??uorescent poI arl Zatdaa(t ho&ls aﬁgh“)l i ng

circle arermB'&biPS %8 circle
anpl I@,,} ﬁ&nﬁg P ~ Imﬁm&mm&hgw&ﬁe@mwhddwmcatuon to
mul tipl ex tatlon dete 15

PCR ( Cﬁn‘sﬁvémﬂrt R Rk it L S

PCEs ihaicaiéaﬁe hﬂﬂw&ﬁﬁr@lﬁﬁ |wmm@nmm:smmvi@wusu ng a

ng'[ m%%omtﬂ Wg%ﬁgwg#@gnﬁgrm n gro alh %ag?g?- bet al

TGF- bet a'[];aseamm nmmonsynﬂgpﬁa)ﬂlamrelmm aqid igarEsR assay”,

Sc/)ﬁrgie%?é ge? usi ng a m@mt&?%? ba ed det tl:’ka\ﬁleon

unhcmbmﬁemsq gs:@ln deyNa; and 9)

ofﬂ%o a r;y I's %?(ﬂé‘?gm%l%tl BI e pmai)es wﬁpﬁﬂwﬁgé |ncLug§_ﬁ§hpg§: ! ng
Alternatively, ﬂacprobe can bc an; mzyme substrate or inhibitor. For example, the probe

can be 2 sabstrate or inhibitor of an enzyme chosen from the group consistingof kinases,
phosphatases, proteases, glycosidases, acetylases, and other group transferring enzymes.

25 Afterincibation of proteins on a chip with combinations of mucleic acid or protein probes,
the bound nucleic acid-or protein probes can be identified by mass spectrometry (Lakey et
al., 1998, “Measuring protein-protein interactions”, Curr Opin Strct Biol. 8:119-23).

_ The identity of target proteins from pathogens (e.g., an infectious discase agent such

.as-a virus, bacterium, fungus, or parasite) or target proteins from abnormal cells (e.g:, |

30 neoplastic cells, diseased cells, or damaged cells) that serve as antigens in the immune
Tesponse of recovering or non-recovering pafients can be determined by using a protein chip
of the invention. For example, lymphocytes isolated from a patient can be used to screen
protein chips comprising arrays of a pathogen’s proteins on a protein chip. In general, these
screens comprise contacting 2 positionally addressable array with a plurality of

35 Iymphocytes, said amay comprising a plurality of potential antigens on a solid support, with,
each different antigen being at a different position on the solid support, wherein the density
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and quantified.. The results of these assays are visualized by rreyh‘béiov 200

“including, but not limted to: 1) mass spectronetry, 2) atomc force

m croscopy 3) infrared red or fluorescently | abel ed conmpounds or

pr ot ey, anplifiable oligonucleotides, peptides @¢rmsol/egesar mass
Iabel S; and 2g) by stinmulation or inhibition of the protein's enzymatic

activity. information is gleaned from m xtures of probes because of the

be .\t R htent Rlshis 5 leret 10D YiffrPi At EgR AR VA et esihe B ottt e
prof:lglsfbred Imﬂt:m'rl.le‘(‘)ns gn the rra(mthat ggaspbmﬁofmboﬂﬁe:nt,ﬂyinphnt e\rllvnbeIf
o obecEeDBaR R Mtk P oet s proteis® By el ) HHRE Sl FPat ¢

i nter e@dllsﬂi?aﬁlahug@i @ramidhee oﬁhﬂlgeneanskna'edhhenebmﬂenhﬂnngtmgﬂtlaaﬁgms -

I nc %ngﬁ'&t n wth cell extracts, wherein each well on the chip-
con? ai $F&VEL 2 O%f% to assay an enzymatic activity of interest, and

wherein a mmmwmmﬁmmmmmmtmmemm“mpmmfm ies are

par ) GaPP ke IR e e holp i PR Yo eB B baflpor T ©

I NCubakdldr Tveells. Fooéxangid, B;ccltsqanbpmmamdmﬂtaqﬁmnﬁpmnmbmﬁQem assay,

or i KaFrolseBfs ek SRl deban iR B8 fucph Bie B bl o iy 0 011

mar ioe basahinameityt. , Thersoswsh of antigess savhe fatkxbyple; fom autblogos tikues

parti BfsdeeChni ques
knovvn(élug ?é?&%%%ﬂé&?o‘gél n CEI%S cont ai 1 ng r’rays of

ant i gepecificer discasespasiinaniic @@Pﬁ%ob syntheticgmtisopser ei n t he antigens are
sel ected f WW bieSiotaté tih b paBditicin bb usi® seRea! i ¢

anti gens, cii&)sease speC| nti .antigens [(I;’f {)at hogens, and anti gens of
- 18- profeinchips compriging g@s h ng’éé"est' Res. The
ants 0§Hedts ca IARRY Subd@iisd OF it protERIB OmMB&rebgan be

deterni ned by establishing at what pos tL he ac |vat|on of the
cel | sdﬁgﬂﬂs&m@ﬁ‘@&‘ﬂ@ﬂ t?é‘?f&%‘gﬁ‘s‘%%ed by vari ous
meanscdndidagdi Ng, but not limted to, det ecting anti body synthesi s,
detecting or t|o H. i n .ag of cell
surface ﬁbﬂ% HT’&"‘F%‘%B*‘ Pgél t’%%ﬁt%“%éd%b@g i nduced or

supprabstatdcdsythatrice gﬂawmlB-cdlsmﬂodlst |Emmbebmhom areC3b recept or,

oo O o A R e &ﬁv‘?&*‘%%“f %%“ﬁ%em."?é@é"fk%%sse e or

secraseajredyﬂlaicbyaécnﬁfyms anbityrtgracivalpBeealisordel | type
can E‘“‘?U?m“ & iScatksj.h protein chips containing
arrays o& utative m‘fﬁﬁ‘hﬁﬁ co%%"%t&st he steps of contacting a

posi ti onal TEensmbgn. e herassayed by VaBPWS or r ay

upri %&ﬂm%&h&iﬁ@)wmpﬁm&b&i&a aﬁ@mdﬂieﬁ@mthe group

g(r)%tsl sting qf pr%i'rdl %LBCN ﬁnal dogl Inzl of Oﬁagd
sol i sifActon ekﬁ'm-belhach\fahﬁnent
P el S Z?w&r@“?%ﬁs&?%@ %&%W?%%% i%i M oSt one on
t he smemio&mbeﬂemﬁmgdbyMMassaw iFor exmioplech ¢hromiwm (1 Cr)Geldasedi vi si on
can g assaﬁegecp%bof fifiort %g@n and subsequent activation of cytotoxic T-cells (see,
30 e.g., Palladino et al,, 1987, Cancer Res. 47:5074-; Blachere et al,, 1993, J. Immunotherapy
14:352-6). |
The specificity of an antibody preparation can be determined through the use of
protein chip of the invention, comprising contacting a positionally addressable array with an
| antibody preparation, said array compnsmg a plurality of potential antigens on a solid
35 support, with each different antigen being at a different position on the solid support,
wherein the density of different antigens is at least 100 different antigens per em®, and
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detecting or measuring incorporation of 3H4hymidine by a cell. Kk NO¥apppy
‘be of the same Il type (i.e_, a honpbgeneous popul ation) or can be of
different cell types. 20 In yet another exanple, cellular uptake and/or
process #yge3ei7 proteins on the protein chips cm be aseayaboby4s2¢ or exanpl e,
using radioactively |abeled protein substrates and neasuring either a
decrease in radioactive substrate concentration or uptake of radioactive

substr gt tiﬁ%phgﬁoﬁ%ﬁﬁle&gg@g@ 3@?"%&’” P,lﬁ%guf,&{ y BithdSitiagggnosti ¢ or

t her apeut?c purposes ary sk > "art can_appreci ate nmany
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cel | ul'’ar e@%}hﬁﬁq’& ﬁ‘Jﬂ]?gane es, cetlgne'c ?Tenbrane prepar ati ons, tSV\t/{:?ol e cells,
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reat (e g..

before or after

drug treaj nment tabo sta e, stage of
35 W wmmwbﬁmap aﬁﬁl‘%"%ﬁ@ﬁ& li (e.qg.,
|1 ght acfMG8}. ) ForeRinkp o&ﬁﬁxﬂ% WMWG

hp;g;actlonsﬁt%éll-spemflc %Eg SH’%‘%}) Erotelg xpre(ﬁ‘i@cﬁ%%g%% e

per f Ofdfﬂﬂna%adciﬁﬁ &, apeeteiirchip mmgnglananwbﬁdxf&mmtps of the

Gy nieRcs a0 by Ppfarspa i RGP o AR BB BB 0 ) T

Forn sediffepditiation gmmﬂm&emﬂsmep@mmeubohwm{agem ed and

oyt Sopiel T GiR ohlid T e phodl Bod S al, il e:rel\r,r;hsﬁgnal

i s prmdqeusgxﬂxepmmmmofmmmﬂwwmmm% Sazymatic
actlv %%-ens Heatidhl Fe AP af: PHysidisgis onpound 10
#%ﬂ@%nce% ects of cgaggﬁnds on enzyrratlc%ctlwtles of

dlffe¢1@ng y conparing their relative effect
nayganpl eSA‘ﬁh&:QhOel ttﬂ@l&nﬁ ﬂtm'gbtsm &wmmacmﬁmbﬁmsmﬂbgty of

strategl es of usi th densj r ot ei,n..chi the resennt
i nverf¥4HHS ‘Q’G’gﬁﬁ‘? ﬂ“’lfé‘n%??é% g{%’fﬁ‘ﬁﬁm R ?ecal and

fUﬂCtﬁ]ﬁ&%‘) wﬁﬁa el inixturei(e.pr mfﬁlasaceﬁ@anmﬂassayhgfprot ei n chips

wih %&iﬁ%t s aﬁqﬁﬁ%ﬁbﬁﬁ%ﬁﬁ%@ﬁ%%%ﬁ% B, Chip of
O C rotern
a?@é&%

 oaf S et PR RE R W‘ﬁeﬁ"*" 20
scence errti nlneséenc uo escence or 20

other't:ansfmseadlwty,forexample. In another example, aprotem
auayefdxﬁ'aentpmﬁmnscanbemﬂactedmﬂlaeeﬂextaaﬁnmwusatapmuwlmshge
of cell differentiation (e.g., pluripotent) or from cells in a particular metabolic state (e.g-,
mitotic). The results obtained from such assays, comparing for example, cellsin the

30 pmmceorabsmeofadmg,orceﬂsatsevetalstagmof- erentiation, or cellsin -
different metabolic states, can provide information regarding the physiologic effect on ﬂle

cells under ﬂwee conditions.
The protem chips are useful to ldentzfy probes that bind to specific molecules of
biologic interest including, but not limited to, receptors for potential ligand molecules, virus

35 receptors, and ligands for orphan receptors.




cheni | | uorescence . For exanple, a primary antibody to the protefrk MOV 200%
‘interest is recd by a fluoresceutly |abeled secondary antibody, which is
then nmeasured with an instrunent (e.g., a Mol ecular Dynam cs scanner) that

exci t @go bixgsi1 uorescent product with a light source amdrdepegi=st he
subsequent fluorescence. For greater sensitivity, a primary antibody to the
protein of merPst is recogni zed by a secondary antibody that is
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anot h&paditians, deteominingdrug sproificityiby detgmpungwhereapdhe grray thedmg bagad, ysi ng
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pr ot eﬂﬁ&aﬂﬁ'fchiﬁ oy o a1 idealied segbnd whip. fmﬂs,rmeheayp&hﬂassay@ﬁsmgﬂ;ep:btem oup-
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ord| nefifsctsdfdrisgs, nhd chasifying dmgs. rﬁmmmmm&bmmm@ﬂgt ei ns on

g?eas%%% |n§ﬁ}# propert nu‘g’l %ﬁJ ?ﬁrﬁg‘fys s,
b@pmddmm

honnm&qmlgtmh mndﬂate@,m

a- pr gf DﬁlAlb for%eé.ﬁﬁn&feﬁug%ﬁchﬁéﬁuf For
exanmpl e, if P)’l ndlqlg LS. t h act Vi ty of t he chi cont al ni.ng candi date
DNA- W@%mﬂy Hig subsetsfpre ®natural or
synt %ﬁrbx&i,o&ﬁﬂ}oi%@ the'chijl Qhueiheér, amﬁmveatmﬂymemrray of

pr ot ei na can be c%%l eﬂ Oiit 0 ar al | eI on I g Br O%fl n Cgi ipgoﬁ\uglr gg?i gg,n be a
poI y nucl e%ﬁ&v&@%pmﬁem chips ofﬂ:eprmmt mvemlon canbepmbedmﬂle-pmm
of potential inhibitors, catalysts, modulators, or enhancers of a previously observed
hmqmﬁmgaumnﬂmadﬁmWerbbgmdnxmmmaInﬁknmmmgﬁmémnmh,
blocking of the binding of a drug, or disruption of virus or physiological effectors to
30 specific categories of proteins, can be analyzed by using a protein chip of the present
invention.

The protein chips of the invention can be used to determine the effects of a drugon
the modification of multiple targets by complex protein mixtures, such as for example,
whole cells, cell exiracts, or tissue homogenates. The net effect of 2 drug can be analyzed

35 by screening one or more protein chips with drug-treated cells, tissues, or extracts, which
then can provide a “signaiure” for the drug-freated state, and when compared with the
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Tn one embodiment, a kit comprises-orie or more protein chips (i.e., positionally
addressable arrays comprising a plurality of different substances, selected from the group
cons:stmg of proteins, molecules comprising functional domains of said proteins, whole
30 cells, and protein-containing cellular material, on a solid support, with each different
substance being atad:ﬂ'erentpomtlon on the solid support), wherein the plurality of
different substances consists of at least 100 different substances per cm?, and in one or more
¢containers, one or more probes, reagents, or other molecules. The substances of the array
can be attached to the surface of wells on the solid support. In another embodiment, the
35 protein chip in the kit can have the protein or probe already attached to the wells of the solid
sapport. In yet another embodiment, the protein chip in the kit can have the reageni(s) or
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assayed, thereby identifying substances that have a general abili{yktNJV 200
“activate B-cells or T Us or subpopul ations of |ynphocytes (e.g.,

cytotoxic T-cells). Induction of B-cell. activation by antigen recognition.
can beypmaayad by various . neans including, but not PCTseedsste, detecting
or neasuring antibody synth 25 incorporation of 3Hthym dine, binding of
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ra romce s.a apartlcular af cell ere i ation
(eg DN\ g&%‘?‘?‘%"*‘ﬁ‘ (‘5'51'592 te (e.g.,
and assayed for k| nase activity. The results obtained from such assays,
conpari ng _ pl g, cel | y _!-.:-i ence or absence of a drug, or

cells at s era rots SFCHE ®3cells in different nmetabolic
states, can prOV|de |nfornat|on regardlng t he physiologic changes in the

f:%Zt ge'z) @Eéﬂgﬁ?gomferent ?I Vi slcan %’eﬁ@ég 8%&’ beth8prefied | 1Y O
from recombinant ovctexpresmonman orgamsm, via ﬁ-agmentaﬁon oflarger
‘proteins, or chamcallysynﬂmsmed, are ufilized in this invention to form the protein chip. "
Organisms whose proteins are overexpressed include, but are not limited to, bacteria, yeast,
insects, humans, and non-human mammals such 4s mice, rats, cats, dogs, pigs, cows and

30 horses. Purther, fusion proteins in which a defined domain is attached to one of a variety of
natural or synihetic proteins can be utilized. Proteins used in this invention can be purified
prior to being attached to, or deposited into, the wells of the protein chip, or purified during
attachment via the use of reagents which have been previously attached to, or deposited
into, the wells of the protein chip. These reagents include those that specifically bind

35 proteins in general, or bind to a particular group of proteins. Proteins can be embedded in
arfificial or natural membranes (e.g., liposomes, membrane vesicles) prior to, or at the time
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treating a protein chip of the invention, containing many differgrt NOV 200%
‘proteins (e-g.,. a peptide library), with a conplex protein mxture (e.qg.,
such as a cell extract), and assaying for nodifications to the proteins on
t he oRblbskRy exanple, a. protein chip containing an REWESOL14326di f f er ent
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proteins on the chip with a drug or drug cand| date under di fferent assay
condi MIons Exguiple ki niAmplysis of Yeast PrateinKinases lisiug BrofepbCUIDs, o o the arny
thg,drug bound, 15 and neasuring the anDunt of drug bound by each different
protein. Bioassays in which a biological. activity is assayed, rather than
bi ndi ng asdaylntredgction or natively be carried out on the sane chip, or on an
i dentical second chip. Thus, these of assays using the protein chips of the

i nvention are u efuI for stud [ S Qtentlal
si de effe@% %ﬁ‘%ﬁl ﬁggusgjs::ﬁl‘—)tﬁs% te| n ch| ps of
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tegulaimg basic cellular functions, such as cell cycle control, mgnal transduction, DNA
replication, gene transcription, protein translation, and-energy metabolism’. The availability

30 ofacomplete genome sequence makes it possible to analyze all of the protein kinases
encoded by an organism and determine their in vitro substrates.

The yeast genome has been sequenced and contains approximately 6200 open
reading frames greater than 100 codons in length; 122 of these are predicted to encode
protein kinases. Twenty-four of these protein kinase genes have not been studied

35 previously®. Bxcept for two histidine protein kinases, all of the yeast protein kinases are
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_several, or all, of the proteins on the chip. Further, the rel agiyeJ0y 2004
affinity of the drug 25 candidates for the diufferent proteins in the
array can be determ ned. Mreover, the protein chips of the present
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enzymatic activity, or biological response. In this manner, for exanple,
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or Wﬂix@éﬁ&:ﬁ@%&éﬁé%ﬁdﬂﬁ%ﬂuaiﬁism&ep&ewa&esnteractlon of a probe and a

protein or noleculé, reagents useful for assaying the biological activity
of a protein or nolecule having a biological activity of interest, and/or
one or norg, Me@eds, proteins or other nolecules. The reagents useful for
assaying blologlcal activity of a protein or nolecule, or assaying

[ racti ons between a probe and a protein or nolecule, be contained in
each wel | or sdl.ect eQelli€nliarg Cauiserusissnd PrafeinFudficatioeagent s can be 25
solution or in solid form. The reagents may include either or both the

proteins or nolecul
Using the recombination strategy of Hudson et al®, 119 of 122 yeast protein kinase

genes were cloned into a high copy URA3 expiession vector (pEG(KG)), which produces

30 GST fusion proteins under the control of the galactose-inducible GAL10 promoter’”.
Bricfly, primers complementary to the end of each ORF were purchased from Research
Genetics; the ends of these primers contain a common 20 bp sequence. Jn a second round
of PCR, the ends of these products were modified by adding sequences that are homologous
to the vector. The PCR products containing the vector sequences at their ends were

35 transformed along with the vector into a pep4 yeast strain (which lacks several yeast
proteases)'®, and Ura® colonies were selected. Plasmids were rescued in E. coli, verified by
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and the probes required to performthe assay of interest. In one 04 NOV 4
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' 2. Chip Fabrication and Protein Attackment
25 ’
Chips were made from the silicone elastomer, polydimethylsiloxane (FDMS) (Dow
Chemical, USA), which was cast over microfabricated molds. Liquid PDMS was poured
over the molds and, after curing (at least 4 hours at-65 °C), flexible silicone elastomer atray
sheets were then peeled from the reusable molds. Although PDMS can'be readily cast over
30 microlithographically fabricated structures, for the purposes of the kinase assay described
herein, molds made from sheets of acrylic patterned with 2 computer-controlied laser
milling tool (Universal Laser Systerns, USA) sufficed. |
Over 30 different arrays were tested. The variables tested were width and depth of
the wells (widths ranging from 100 pm to 2.5 mm, deptbs from 100 pum to 1 mm), spacing
33 petween wells (100 pm to 1 mm), configaration (either rectangular arrays or closest
packed), and well shape (square versus round). The use of laser milled acrylic molds
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Full-length proteins, portions of full-length proteins, and peptid@st NOV 20
"whet her prepared from reconbi nant over expression in an organi sm produced
via fragnentation of |arger proteins, or chemcally synthesized, are
utiliwe@dssgeyhis invention to formthe protein 3 O gaftEHPMNGS¥ prot ei ns
are overexpressed include, but are not limted to, bacteria, yeast,
insects humans, and non- hunan manmal s such as mce, rats, cats, dogs,
pi gs, gp,gt lﬁyhtehﬁatotéhﬁk@maeg@ﬁ@nwpmo%bmms sbfarging domai n
S attac ed one a variety of natural or synthetic proteins can be
uti | i zedaméterst ei ns used in this invention can be purified prior to being
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rou proteins. Prote| carJ e enbed M art|f|C|aI
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of h'w o atlicR pRitEiRs ehipa;n ?sohhﬁbnﬂﬁedaéddegemﬂmavdlmld 10 15 ks,

is a preferred_expression system. Lhe ef temls
pl BNSHpqubatedpei 0’&33@?3?‘0 %&fﬁ?é%ﬁgﬁggﬁ“hﬁt ase Chai n r‘eact i on
(PCR) 100 eﬁmtac 700) thuek ifies, tﬁwensmrmaked hwith méasmnms@m

Ccpr oLRd) SR tﬂm i R Rt TS, MY A PR e |

pulisf grdupe waxaveidedd protein. The BAG TO BAC m system anet her eukaryotic

expre55| on em | ngggh G6n! oF hiialsh bl wshed PoMsi | | €,
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by r o ﬁil !ﬁl & ﬁim Eﬂzgnier N5 SRtehdi G whéhidy with IPBS, @83 Goumdpr ession is
dri ve% e actlv er, .and tgﬁtﬁgre can rg@ iesent up to
25% oéntitiodics srere ANk -

20 (Amersham, USA). Up 1o 8x10” pg/pum’ ofprotemcanbe attached to the surface; a
minimum 8x10° pg/pm? is required for detection by our immunostaining methods.

3. Immmoblotting, Kinase Assay and Data Acquisition

25 Tmmunoblot analysis was performed as described™. GST::protein kinases were
tested for in vitro kinase activity" using ®P—y-ATP. In the antophosphorylation assay, the
GST: Kinases were directly adhered to GPTS-treated PDMS and the in vitro reactions
carried out with ¥*P-y-ATP in appropriate buffer. In the substrate reactions, the substrate
was adhered to the wells via GPTS, and the wells were washed with HEPES buffer and

30 blocked with 1% BSA, before kinase, *P--ATP and buffer were added. The total reaction
volume was kept below 0.5 plper reaction. Afier incubation for 30 minutes at 30°C, the
chips were washed extensively, and exposed to both X-ray film and a Molecular Dynamics
Phosphorimager, Wlﬁch has a resolution of 50 pm and is qﬁantitative. For twelve substrates
each kinase assay was repeated at least twice; for the remaining five, the assays were

35
performed once.
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30 35 Exanple 1: Analysis of Yeast Protein Kinases Using Protein (Chi R8YA004
" Introduction The foll owi ng exanple exenplifies the various aspects of
protein chip production and a nethod of using the protein chips of the
presend oi/gpgenti on. The protein chip technol ogy of tPETFSOs@46i Nnvention is
suitable for rapidly analyzing. |arge nunbers of sanples, and therefore
this approach was applied to the analysis of nearly all yeast protein coded

by an orga JBterﬂiéﬂe fdde ok dhi8Slated st genomne
has been se@qotsjence g% cont-ai ns p%%lgfirfryatelx 6200 ooenaes roter n
ki nasé@ﬂmarfmﬂ@r&euﬁa/ [FacsBbr yr at itdh JAnh whess/i moyss

regul Sm&% D b aRSe, aRd €] 185rcbikd th@f&l&%&éﬁ%&b?h SI gnal
t ransduct |on repllcatlon enetranscrlptlon proterntranslatron

and ekinagg epsubsauteswomparpd ith GST alonei ty  of a conpl ete genome sequence

s it possible to analyze all of t he protein kinases reading franes
greater than 100 codons in Iengt .122 of these are predicted to encode
protein kinases4 TwlingseSegmenge / loggnete Tegses have not been
st udi ed previously Except for two hIStIdIne protein ki nases, all of the
yeast protein. klnases are " NOV 2.00 WD Q1/83827 PCT/USOl/14526 menber s
of the Ser#ﬁﬂﬁpesﬂﬁﬁﬂﬁ?£§@?ﬁﬁ?ﬁﬁsﬁﬁt sexegaﬁwr 4Ry not exi st

al t homaeﬁﬁr@& FREOLE prolein BiRffks wehAlenBROTERA ﬂie@wsmrwlalguim%e and
tyrosrne QFX§JSEen re&%?ted8 ¥¥th he devel opnent, of the rQtejn chip
a0 nsRgihe QW¥¥§Q nWﬁ?é ﬂﬁ@dﬁﬁﬁ éﬁ%ﬁﬁi of the
bl ochgsinGhe SWIESVPROES, m%amwmmwmmaém&acchar onyces
cerevi si.ae . has been gonduct eg I@R&ﬁﬁ@#ﬁ%ﬁﬁ@lﬁgﬁﬁﬁ cglg utilized
wer e m%%‘glﬂ’%‘“%?‘?e s pl aced
8 . =ihﬂﬁmhﬁunﬂnmhﬁboﬂmrknmkamﬁ&khw&uzsumﬂnihe wel | s

%LS%%&%&M%#%@B@ g °ﬁ§§lﬁ&am%ﬁﬁ‘ﬁ#f§?§ et ”i?ﬁ'gs o

pr 08 esubseghegres obméspenging tethtc clanmm;albe twerctgtracicd

S: E?a %@#&@W%sse% i n ye%%%ampurr fied

and &Bigayed)f or their ability to phosphorylate 17 different substrates.

Nearly all of the kinases tested (93% exhibited activities that were at

| east. five- foId hi gher than control on, one nore substrates,

|ncIud|ng 18 of3-24 %ﬁevﬁwe g@?@ﬁ?ﬂ@ﬁh es. Thirty-two ki nases
bited 15 preferenti al phosphorylatlon of one or two substrates.

Tmenty seven klnas s readil hos a [ Since only
five of tH&s Ml@@%lﬁ% %@mﬂ%@%ﬁ tﬁﬁ’%n%sfﬁct i on ki nases
(1. ere,laﬁ‘rm Enhamhmw @MHﬁwt ,mmmrmmmﬁymmhoﬁmh abgktyl t g[ eatly
expand our, kn Q E@E§g ﬁhgé %Jﬁﬁ ?QI phosphoryl ate tyrosine
resi ?ﬂ?@P%EFq%dﬁéaqﬁt ua s%&c éﬁf&%ses of ten share conmon
am nht!p:ﬂbtb:ﬂﬁmﬂsmsdulgmomdyeaaﬁdmp M&W!{Ll%bgﬁmﬁlﬁ'hese results

gsﬁg tgﬁt ﬁmqﬁiyﬁkaq éﬁ? bs useful for
hﬁgh oug pgt screenlng o rotéern |ochentca ng%|V|ty, and for the

anal yeshudeds wethiscretized valvesin }. Matrices were deri; the pairwise R
Iﬂnnnnngdmﬁamxsbeuwamlmqmnnmmhﬂpnﬁﬁaxandumnxﬁedphykm@umsvwze SRR
cmmpmwdumngﬂxﬂﬁtﬁdﬂmgdn&hkmﬂumumﬁsﬁmnmhqnnxﬂmdﬁasnmﬂamembdn1
tthEﬂﬂipmugmmﬁ4ofﬂwITnHJPthmnepwdmge . In each case, the input-order of

30 taxa was randomized to negate any inherent bias in the organization of the data set, and
optimal hierarchies were obtained through global rearrangements of the tree structures.

C. Results

35 1. Yeast Kinase Cloning and Protein Purification
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'B. Methods 30 35 Cell. Culture, Constructs and Protein Purificati@nkUDWgldl
the reconbination strategy of Hudson et al9 , 119 of 122 yeast protein

ki nase genes were cloned into a high copy II'RA3 expression vector

( pPEG W®BIY8383Fhi ch produces GST fusion proteins undeP@WeS0dad#260l of the
gal actose-inducible GAL] O prontexi. Briefly, primers conplenentary to
the end of each. ORF were purchased from Research GCenetics; the ends of

these pri meUsingQYesdibinatsraibstdlclbing satent cwe ttwempteewﬂdne thiewitir®f PC .

t he ends,.of these duc d|f|ed ddln secuence that are
horol oﬁ%%gm&?nﬁl‘\’g ég h’m% brg‘gﬁ Ector sequences
at the{gE r@s@m bteﬁg mﬁéﬂthéb@m&@fﬂfe gamcmmaﬂﬁdxﬂ:imeast

strai n I C sev al St Ot eases UI’ 0 I es were
sel ectg &%’g ““"&‘B‘F %“e "E’g‘ 315{]4 NOV WO
01/ §383%71ue113@ Aﬂiﬁ@ﬁ'—éxﬂi o?f%aﬁl mﬁﬁmtdr@aetenmem tds:ﬁgﬁm stiatapy] 1TbRFPNA

sequen an t.he vector-in nctl det er m ned. usi ng a priner
conpl e %‘}' Jeasg genesywerg f""ﬁ&@l %Eﬁg(% W -shift
mut atlamemeﬁaymﬁge(ua.sm(A) stretch in the am no term nal coding

region. endent clones were required to . find the co t .one
that naint Qf‘t?e‘ééfggﬁﬁﬁﬁ%’ﬂf qu@@%g?edt 1h yegst EBE”BF@\% B*/‘“g(ftna'tppl ng

PCR pronmm t beﬂisaﬂflstandilﬂ @alstoeals'. nﬁ:rtheaﬁecﬁ'ﬁdgﬂ ﬂlz@ﬁstrmed t
Do U e Pt et LR s eyl e PR B st R i RBgms o '
cel | sfbﬂ:emoﬂﬂhet!ﬂnam bthaﬂdhgtlmfﬁﬁompwasum GnnfebBx  about 0 5

cal actaer At A fopTnsiiB i G it R S 103 S eSOyl |

expr epmmmmmwmmm@mﬁnmmﬁmmgbw t he

fggﬁspyﬁﬁﬁﬂggﬁ&ﬁ%ﬁgym S %ﬂﬁ?{ér ankﬂfeﬁg@sé r?&ﬂ #I%\ﬁo“a’giglé’fBS m.

pl dﬁel(ﬂ)ﬁﬁlﬁh}mmwmﬂeﬁ weﬁotmbmgnmwbiwmgmwads. Cell's

\glra(r)'?el ns %re pur I::P%ﬂﬁ% g%??ﬁ%‘%%i str W? ut at %F%%qw&%’ead-sr ;ﬂzi o

st andﬂqﬂeeplptmmgxfomlg@emmega% nqﬂwn%amgom:mr i fied

|4!!ﬂ§§;? Sroleind\@sing!$H il ned by
corrparlng g mas| e stalnlngngatterr] the purlfled roteins with the
pat t ePyiawenis Wmm gahz% sofiseeples. The
r 30| TRerkfos, &ﬁgﬂd%h@émfo&ﬁmmt mmah% pure. To

20 p theac d r.m. of te.chall enged with 0.4 M
NaO ”‘ﬁfﬂné a’f}?ﬁ#ﬁ YR perord o Hﬂﬁ%’tﬁ%?‘ﬂ wvgbalt 'y {y
was Wﬁh@mﬁsp&mlmmnghﬂm.reﬁﬁﬁwméﬁowmm no |l oss of kinase
activity. Chip Fabrication and Protein Attachnent 25 Chi ps were made

fromthe silicone elastomer, polydinethylsiloxane (PDVS) (Do
2. ProtemChxprlgn

25
Protein chips were developed to conduct high throughput biochemical assays of 119
yeast protein kinases (Figure 2). These chips consist of an array of wells in a disposable
silicone elastomer polydimethylsiloxane (PDMS)". Arrays of wells allow small volumes of
different probes to be-’densely packed on a single chip yet remain physically segregated
30 during subsequent batch processing. Proteins were covalently attached to the wells using a
linker 3-glycidooxyprepylirimethoxysilane (GPTS)"2. Up to 8 X 10? pg/pm? of protein can
be attached to the surface (see Methods).
For the purposes of the protein kinase assays, the protein chip technology was
configured to be compatible with standard sample handling and recording equipment.
35 Using radioisotope labeling (*P), the kinase assays described below, and manual loading, a
variety of array configurations were tested. The following chips produced the best resulis:
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Chem cal, USA), which was cast over niicrofabricated nolds. Li qugcik gI%BZUD
‘'was poured over the nolds and, after curing (at |east 4 hours at 65 O,
flexible silicone el astoner array sheets were then peeled fromthe
reusaleotiBiads. Al though PDMS can be readily cast ovewpc®ise1/14526
m crolithographically fabricated structures, for the purposes of the
ki nase assay described herein, nolds made from sheets of acrylic patterned

L 2 SRS NAOT Lok L5 d 850 sof bl 109 Ay Sah PRI/t o,
wer e vitahgaaclsioptdn ptraioh e 1.3 In(rm@ttt]hs%gx\ils\grmm pSwdofsiess 2.5 m
coﬁf i gfFASi YO @%’r‘ﬂ@:’ a?%ﬁ%%‘f‘ﬁ&“&?%% "6?36‘?1’ tsfﬁé IEWHI wel | shape

( SquAT in¥e dulysisO Ohihs-wekd pladsd:atop nhaserropmshdlmd‘oahmdﬂmgpnqiod& (F?@.uﬁ4 NOV WO

A ébh?ac%éso ﬁwérshs%réf R e

deterrﬁxf@s Bestice webiré typically Fgurale mmmlghammmbmwmbﬂmﬂhepma s,

t r.eat ei ther 10 M Na OXI de or
2 5 P YR m@%fyﬁ” Hé%%c#ﬂ*%fmt@?%‘ﬁ% PRGN 7 5
GPTS tmmhtcwmmmmm@mmmmmﬁmmmhmsw the wel |'s
relatlvet ntr or o after .
vvashl o’fﬁ%&%@ﬂ @ﬁ#ﬁ@p@é&ﬂ]ﬁ errpera ‘E’H?g lcl)ré’ffps wer e
i i) aesnunoflbétesdehCe.sol ution (95% EtOH, 16 mM HOAc) W|th shaking for 1 hr
at roomtenperature. After three washes with 95% ME -!e chips were cured
at 135C for 2 Irrs under vacuum Cured chips can be stored in dry Argon for
months. To attadh pr diasgescale Kinascokispys Uing®sotein 6lips ons were added to
the wells and ated on ice fort to 2 hours. After rinsing with cold HEPES

buffer (10 nM HEPES, 100 mM NaCl 7.0) threetlrreswﬁe wells were
bl ocked wi Mh%@@ﬂmmbwmgwéﬁ?ﬂam%m dn TBdifigrent of t he

uS e50 s Glrdmi AFERd GieeRt Gfip 'EAlR cHipAhd Bisavbd dsp QU ERMAE avoi ded.

To determ ne he concentratlon of prote| ns that can be Ii'nked to the
t r eat Sibstetoes followselh)Amptephospheryiagan.c2) Boyrys HistoneH 1 rommop kimass sham  USA)

vas ahjiaghrey 3 %&h&%&ﬁ a%ﬁﬁﬂm%&fmﬁte)d#j M{:/blﬁil'ﬁasﬁf piiobfn @Gt onAf ter
extensive wasping wth PBS_ und_ant i ,d| es wWere. dztecteg Jng an
' er MusA) . Up

enhan

to 8xB&iding)Hesy ?ﬁmﬁmmmmam@muwﬂ’ 7a(acm Sx10713
I

|mmn@mb§fé1?°%ﬁ<&3ﬁd R

was p&nﬁmbme @mapsis)?eﬁ) Mk (ﬁﬁ“&quomaemlhmsmwlt ﬁnedmanome invitro
E: RZSM& i@r}gmhgﬁer e Wﬂ@sgﬁ% e In Vi ?lt’ge =r
r eact 110A%k2 ( asma]lmolecule u'ansportprotem) 12) Hsl1 (aprotemkmase involved in cell
cycle regulation)”, 13) Swi6 (a phosphotranscription factor involved in G1/S control)”, 14)
25 Tub4 {a protein involved inmicrotubule 1111{:1&::;11:1(’311)23 15) Hog1 (a-protein kinase involved
in osmoregulation)®, 16) Hogl (an inactive form of the kinase), and 17) GST (a-control).
For the autophosphorylation assay, the kinases were dmactly adhered to the treated PDMS
wells and *P-y-ATP was added; for substrate reactions, the substrates were bound to the
wells, and then kinases and *P-y-ATP were added. After the reactions were completed, the
30 stides were washed and the phosphorylation signals were acquired and quantified using a
high resolution phosphoimager. Examples are shown in Figure 3. To identify kinase
activities, the quantified signals were converted into fold increases relative to GST conirols
and plotted for further analysis (Figure 4a). '
. As shown in Figure 4a, most (93.3%) kinases exhibited act:vuy five-fold or greater
35 over background for at least one substrate. As expected, Hir25, Pbs2 and Mek1
phosphorylated their known substrates™ >, Swi6 (400-fold higher than the GST control),
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0 4 NOV 200
carried out with nP-y AlP in appropriate buffer. In the substrate
‘reactions, the substrate adhered to the wells via GPTS, and the wells were
washed with HEPES buffer and bl ocked with 1% BSA, before kinase, -" P-T-
ATP awd dusbésr were added. The total reaction vol une peamiségpis2bel ow 0.5 |
per reaction. After incubation for 30 mnutes at 30C, the chips were
washed extensively, and exposed to both X-ray filmand a Ml ecular Dynam cs

35 Ph ative.
For 1 vaPuL e o highrt ghd RetPAURACRRI) rMpelively PHE AR ARy O ' 1T,
t he remt?ﬂsh“gtedmwmﬂwa?ﬁﬁa‘?@ctﬁdm@fﬂp shate st been spulial prewiousiz094 NVO
01/ 83 UR0 r Efﬁfﬁqﬁéa | ficit
i ndex Ii !}\-gs c%[{ culngtgég“um %ﬁ%ﬂ ovmiril ?8 %FHSES@ %thﬁ!%&?é / [(y
Fi 1 + lfsbidine kinases ($In), Yil942¢) apdplospholinid kivesasde.gddeqlh of ki nase used, r -
f
" epg esent s td\goddipk s&s&%m w,m%ggfyafygﬁa il il e T ease of a

ki nase I on substrate r co I nase Sequence Al i gnnment s

and PW@F@@'@W@M@@@VW%@&@O&W&H s Sgveralexemplasare or e

Ki nasgp, ;ﬁllﬁ:ﬁ aaes of the 107 protein kinases were
generatg‘ghvmt m@ﬁg@rAL W a IgorlthnBS 10 using the Gonnct 250 scoring
mat r i Mpd@/bioinfommble valgeduizgenomelyeast/chin.c Fhistyctae kinases subiterbsubstatem t he

cat ifm‘ém B AT DBFES%DROSZW%W% Har0

prdBa @Qﬂﬁ!ﬂ%‘é’ sirates g prefaemtally Iafedibyprsticulat nase
Eﬁgsse oftﬂﬁ?&js;% @%&é%&nﬂnﬁapmha &ﬁ&nﬁvdwégn t[le .
co ng mat i X r ot ei correspondi ng to the
el eveﬁ ﬁi?}'c m%&%g%ﬁﬁ%ﬁaﬁﬁf@ t%ésé?i%’gnrrent s, and
gh)e piﬂéiﬁ@weﬂzltee ﬁ:ﬁéi@flﬁll:gl W&&M&ﬁbﬂ%g@mﬁhﬂﬁ&%ﬁn (Figure
a un.ctlona in ei n, Chi 0. Vi e .the
appr H‘g‘fs’g’é‘lﬂ‘é h?ﬂ?s“‘ﬁ%&@tﬂ%pmf*’é’ﬂf i’&gﬁ}e to the
exwrfom m e&\@f&ﬂhs@r Ieliﬁiﬁié &R b2 I

b"'w%@ﬁ%ﬂmf’vsf% S Soll bl SERDH n@ siBherge e s, 57

2000)4b)APpevidus studiés mggmbﬂmﬂc‘d@mm with-Gie3, iG1a4%; So620t dned Slﬁﬂ protein

(o, 1 DuhpuR35e e solfeply i Bk i el BERLS Bmall b o SFEIAAR oY Dot o

ex perpigd by atcrpitingi Ste20 andat Skmbot ed phyl ogenes' were conputed using the
Fi4ech- Margol i ash | east squares estinmation net hod45 as inplenented the
FI TCH progranB4 of the PHYLIP software package. In each case, the input
order of 30 taka wNeastiraméainiMany Dupkinecifie, ‘l'ﬁ‘m_erent bias in the
organi zation of the data set,. and optinmal- hierarchies were obtained

t hrough gl otbal rearrangenen gdl?;l t he tr%e st r’l{[a thoslgesul t%ﬂm

phosphorylate both Ser/Thr and fyrosine, Based on sequence analysis, all but two yeast
25 protein kinases belong to the Ser/Thr family of protein kinases; however, at the time of the
study, seven protein kinases (Mpsl, Rad53, Swel, Ime2, Ste7, Hri25, and Mckl) were
reported o be dual specificity kinases'. We confimed that Swel, Mps1, fme2, and Hrr25
'readﬁy phosphorylate poly(Tyr-Glu), but we did not detect any tyrosine kinase activity for
Ste7, Rad53 or Mckl. Mck1 did not show strong activity in any of our assays; however,
30 Ste7 and Rad53 are very active in other assays. Thus, fheir inability to phosphorylate
poly(Tyr-Glu) indicates that they are either very weak tyrosine kinases in general or at least
are weak with the poly{Tyr-Glu) substrate. Consistent with the latter possibility, others
have found that poly(Tyr-Glu) is a very poor substrate for Rad53 (Ref 19; D. Stem, pers.
comm.). Interestingly, we found that 23 other kinases also efficiently use poly(Tyr-Glu) as
35 asubstrate, indicating that there are at least 27 kinases in yeast that are capable of acting in
vitro as dual specificity kinases. One of these, Rim1, was recently shown to phosphorylate
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35 1. Yeast Kinase Cloning and Protein Purification ) 1 Nov 2004 WOV 200t

'01/ 83827 PCT/ US01/1-1526 Using a reconbi nation-directed cloning strategy',

we attenpted to clone the entire coding regions of 122 yeast protein

Ki nasevcomasz7i n a hi gh copy expression vector (pEQ Keryrustetssps oduces GST
fusion protei ns under the control of the gal actose-inducible GAL10
pronmoter” (Figure la). GST:.:kinase constructs were rescued into E col s,

d 5 Al AR Sk
this s ﬂﬁéﬁ%ﬁs%@s@% e o hdh ns‘s%"'geﬁ%%% heq"
i n- frahaasci"génsmmrﬂnag@egmtmm umlzqre %/0 arge

(4.5- Saﬁpg hﬂ&%ﬁ febRS SoR¥ BF MbQAUSEHHdd sy €aSt
and pur % vﬁ@ﬁ@?&g cu taggggé%eﬁg gl ut at on% beads and standard
pr ot ocsicbkinafesr t he case of Hogl the yeast 10 cel |s were treated with high

salt to activate the enzyne in the last five mnutes of induction; for the
rest of the kinases, synthetic nmedia (URAl xa finose) was used. | nmmunobl ot

anal ysis of all 189 f@bmb@s.ﬂv@wmmct@sﬂmwwﬁmar ed that 105 of
the yeast s produced si&ﬁﬁ ke e d P FyHSGRY IBhAt&I Ns; i n nost cases the
engt ﬁ%ﬁ Py ofmtj

fusions were full [ usi on protein per m of starting
cul ture was obt ai ned (Fi gure Ib) However, 14 of 15 119 GST:: ki nase '

sanpl es mrﬁeﬁ%&%@ﬂg%ﬁﬁ Brﬁﬁ!l&ﬁisb@ﬂi’d%@é Yo Tondp W&Mcﬁonélhese
prgltggl ns are_ not sta over r%(raoduced Iné‘t&?e pep4 pror?g se- defrcr ent strain
th rejplenshipso pmnhmr Bp@angther |ng our
procegﬂaﬁﬁ 1&&&;8 )Mﬁ&ﬁﬁ%bﬁem&uﬁmaﬂw selidibs: O70%R( GST
fusio £ ot €i ns™u |ng 50 n1 I's. a t.ioe oqmnajtgrwg SS and not %gllcable
for perEfsmolilyrtidfimsey “it%’ﬂf‘b‘i“% ﬁﬁ'ﬂ} row ng
cel | skindsd 9 oitihized WWWWWMWOM

wth WAMMT s SPErO P sEffioR i b aivnd 84 ot ve 1o

t hngQeqmm ﬁhmtﬁienoﬁmmoaeds'gmtaeqtﬁmmnhﬂpﬁmnﬂmﬂ@@oﬁ(ﬂwed to

condu rou i nase s
(Fi guﬁ")f)k%s kg’é’és%ﬁgﬁév%g’@%ﬂaa%ﬁgﬂgy &”&@P’f I’n a%sabl e

si | i c(ihreearelysinpeand que 1y dinsathibring); oo tesisiue (20 Mmmemﬂb’s al | ow
mal | 35%@3]55 gﬂgq Q,ﬁfslggg(p@@e "W chi et
femal M?@a%gregaﬁ ur#901 ubsequent batch proc%"ssrwn‘gSt P
P of cofte msidsies o perte Pytalytic RereB of Saepelogil (Bimie 303> suspesting that

3- 9 V§ GRMPRYAIE il SIERRY Ysobmttn. (GPTS)12. Up to 8 X 10 Rg/n2 of

protein bé attached to the surface (see Methods). For the purposes of the
protein ki nase assays, the protein chip technology was refigured to be
conpati bl epwi Bixe ard sanpl e handling and recordi ng equi pnment 35 Usi ng
radi oi sotope labeling (P), the linase assays described bel ow, and nanual

| oading, a variety of array configurations were tested- The foll ow ng

chi ps produced 1he bEairge-scald Analysisaf Brot@inZ{inaeg 01. 183827 PCTI US01/ 14526
roggd wells with 1.4 mn diameter and 300 m deep (approxinmately 300 nl),

10x14
- This study employed a novel protein chip technology to characterize the activities of

119 protein kinases for 17 different substtates. We found that particular proteins are
preferred substrates for particular protein kinases, and vice versa, many protein kinases
prefer partlcular substrates. One concem with these studies is that it is possible that kinases
30 other than the desired enzyme are contaminating our preparations. Although this cannotbe
rigorously raled out, analysis of five of our samples by Coomasic staining and immunoblot
staining with anti-GST does not reveal any detectable bands in our preparation that are not
GST fusions (see methods).
¥t is important to note that in vifro assays do not ensure that 2 substrate for a
35 particular kinase in vitro is phosphorylated by the same kinase in vivo. Instead, these
experiments indicate that certain proteins are capable of serving as substrates for specific

-35-




. . . . Lg 4 NOv 20
~rectangular array configuration with a 1.8 mmpitch. A master nold of
twel ve of these arrays were produced, and a | arge nunber of arrays were
repeatedly cast for the protein kinase analysis. Chips were placed atop
m cr ogoopessat i des for handling purposes (Figure 5 2a)ecr/isoiamsmys covered
slightly nore than one third of a standard m croscope slide and two arrays
per slide were typically used (Figure 2b). Although a manual pipette nethod

L0 Pl gggccDuRkaiyio %geﬁﬁthetvﬁhi sisF I BEPACRNAA (AR B diifdpbhges may al so

be us tron tein I p conflguratlon may_ al so_be_ used

with dwnéwbnés@ﬂeﬁgnwbmh@aadx uﬁera@c@yar terded. | Kiothes exprrimentaiig isd

ant i b%?‘:éﬁ R foBsises rdBHlalfHO&RE HEM det ection of 10
I muno m—gscence €ﬁr cal&e‘ Ki'nase Assa¥s OUSI n%’aPr otein Chl ps Al 119

GST: : pr oteuGﬁmsnstenéwﬂbthmé@aéhMWd) s like in 17 -
diffe 2 930 I eHﬁgemnééﬁmtmr&Tﬁnﬁ& thfllﬁbfs%ﬁ&mal ps- Each chip was

assaye using a different strate, as fol Aut ophosphoryl ation, 2)

Bovi nphespberylate theirkamows srbsirates Hhaw ASsAYS Faﬂh?rmosy, Yy efdhekmapes (a commn

subst Xé?%é_;b@ I M%E%dz %)c%eé'_t
t enui E%Wk?- |Wﬂﬁ%ti6?ralﬂsv?r;eﬁbéd}ane osphoprot ei n i_nvol ved I n
buddi fig)kinases thetpi®sp. WMW%PW?‘%?@@&W%

checkpghntp, 7) G c2 20 (a phosphoprotein involved in budd| ng) 8) Redl (a
meiotic phosphoprote| n i_nportant for chronmosone synapsi s) 9) Mekl (a
g%ﬁla S,

meidt i c préltbwgil@l %%W?‘eﬁﬁ‘il 10)

POIb ngﬁ&EItﬁﬁabi ljéwk?t{al?ymﬂeﬂla}:ksumcimr eskaf@igl L
substrac mo) ecul e ransp r ot.ei a
pr ot eAgHvRio ﬁﬁ%@%M ?ﬁﬁ%‘%’i @é%mlﬁ%

pPhos pl beiveSalduphdisads, dhﬁfltFﬂJtﬁecﬂs@)on{ngl okl (a

rotein |nvolve e nuclea i on)23 a protein
EI naseere ivaied & 1?‘%‘?3{‘8?8%&9%{* é %#Q%Oerpf ormof the k
. mpg@:epaﬂﬂmilid&]mmmwa@meﬂmaﬂeaﬂmpbﬁﬂmmzymmﬂm assay, the

cldod oot fiss PG ertp @I A Spd B ek B e Rory T8 TR ey Y

and tﬂnﬁﬁh&(omsam ﬂ@mymwm@pg mtve mwm@wgﬂﬁ@ﬁ%ﬂme re

conplyet f""gﬁﬁlﬁﬁﬁﬁ’ and the phosphoryl ation. signals were
acquire d quant| I e | ng Al gh resol ution phosphoi ma Exanpl es are
shown in ﬁw@eassmon &Wﬁ&%& ) ¥etfhal s were
C%V?dén%eﬂ.nﬁfﬁzw% %fiﬂn Wm&%ﬁ:ﬁeawal roadklopl ot ted for

further anal |gure Ln Fi e 4a. nDst 3% ki nases
exhi spEeiating ‘lfPS‘siEY"‘g SB ?’Bﬂ?ﬂ’o‘g‘?‘ir at | east one

subskéqulefices Amxmem&dﬁ&m%m spiokylatepoby(Tor-Gla) amtdihei r known

S vl P ek T e B BRI B 15 o

hi ghmmmmm&@mmtﬂwef ﬁemcﬂ%a:&ame of éhoother residues et 18 of

ﬁgsﬂﬂttﬁvﬁ l}S%l]&gﬁéeJ or re SU stra@g%ﬁsas Bogsgﬂomgbsmentlonal

k| nafesisn onthosihatda tud. Thesetlinisazesidues seay qonGirsubstrate meptficity hyd

phos ,gmNE&I S-RESCHORIESHRN figliRr SPeci ficity,
t he %W%ﬁ% ar H‘]’ggdl\t/\lfaggﬂiﬁlﬁt her o8

conelahon of ﬁmchonal speclﬁclty with protein kinase sequence for all protein kinases.

30 2. - Protein chip technology

In addition to the rapid analysis of large number of samples, the protein chip
technology described here has significant advantages over conventional methods. 1) The
chip-based assays have high signal-to-noisc ratios. We found that the signal-to-noise ratio

35 exhibited using the protein chips is much better (>10 fold) than that observed for traditional
microfiter dish assays (data not shown). Presumably this is due to the fact that *P-y-ATP

-36-



1,

normal i zed agai nst the average of its activity, against all subsfriaNQ 2004

‘Several exanples are shown in Figure 4b; all the data are avail able at
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-index (SI; see Methods) equal or higher 10 than 2, and reciprocally, nost
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i nvol ve east c d| ng, f erent at.ed Dbf 20,
Ki ng, versRial 4 nEC@@WOh‘@e&g‘ie\}@SQ‘g ‘ﬂ’r"g Qg%?@?&%i‘."ﬂ&f"&‘ Tor evi ous
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enzymiﬁexb@ﬁsﬁve'%ﬂ@ﬁ&bﬂoﬁtsmmmgﬂbéﬂtbforeaﬂdaﬂwdE]nmmlcr&bnchtedl sequence
anal ysi s al | “but tvvo é east rotel n ki nases belong to the SerAl r

f ankl ynolds 9 alseicasy 19, Fodi ,‘ at the lime of the study, seven
protein ki flﬂﬁ&ﬁuéﬂfhﬁﬂwanﬂydEprrﬁmi Ais préleavchipibechBologyis alsc k1) wer e

IrtnrggI tagﬂggpggg' fi eCI i3 CI %ﬁory%pﬁ%ﬁ@%%ﬂgﬁggﬁ n('\)/Pséet ect

any t mﬂeaseesmaﬁhcmhssays mmwn@mmmeﬁowsml Revendly, ¢ 82 not show

act | v s PR gl gﬂfﬁsﬁ%a. AN té&'ﬁos& %%“gme e

_ polm(ﬂ;etmﬂhj)reakndCEH’fquomhm tAddongh ki nases in

gener%]m@{shﬁ m&smb&éﬁ%%ﬁ%& ls%P ﬁaens Consi st ent
Wi th Tatter pOSSI | I Ity, ot hers have f ound tha ol is a
very peunmgiibs ﬁmoenre#ems @Yﬁ?&geﬁO“ﬁmﬁl%F erestl ngly,

we f oupehitd\@h be3makyRed inkd )e(:uiﬂynisediﬂt) as 35
a substrate, |nd| catl ng t her are a Kin ast that
are cysiswh g‘ﬂ"%ﬁ W&bﬁ%ﬁ% @%@h&% t hese,
R Bh, mwmmwhwwmﬂmﬁageﬂMWmMWMS%W
PCT/ USOL, / 1426. ki nase30 . | n s ed the
nunb PHEWE IOV IRIGHarray %ﬁ%‘%@ﬁ%“ﬁ speC| ?ﬁa{ﬁ maseéilgﬂ?md has
rai s%ra@pﬂ@gmbmﬁgmhchbmmgsmds iheragtivale Tyr
residue on.it Y ﬁ%est cammiedolpna fide
dual W? ﬁb&%ég&%&%ﬁ@‘?sv\een uncti ona Q.Eehgl flﬁicll“t)é a d g\m no
Sequeatctbu;pmtemtwcl?ﬂlqn(w;lﬁ WI@W@WM@P BF yeast

éﬁ? *JR)@%&S allows us to conpare the functlonal 10 reI ationship of
protefn kinases to one_anqther. W found tEa .of the klnases t hat

:)Eosphgr yl WWW@PW@%@W
sequeinfifionty A%ilable sample handling and recording equipment. Faﬁmpmpm array
dimensions remained relatively large compared to dimensions readily available with
microfabricated silicone elastomer structures”. We have cast PDMS stryctures with feature
30 sizestwo orders of magnitude smaller than those reported here using microlithographically
fabricated molds, while others have reported submicron feature sizes in microfabricated
" structures®. These results indicate that well densities of microfabricated protein chips can
be readily increased by several orders of magnitude. The protein Ohlp technology reported
here is readily scalable.
35 In conclusion, an inexpensive, disposable protein chip technology was developed for
high throughput screening of protein biochemical activity. Utiity was demonstrated

Y% i no aci d

-37-



of the poly(Tyr-Gu) | inases cluster into distinct four QFOU@St}O;Q{]? 2604
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sequence simlarity of their conserved protein kinase donmains (Figure 5a).
Furt hayoexsdgpnati on of the am no acid 15 sequence reveal/wséiPuset ypes of
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therehy allowng further analysis.” In this respect, ese’ assays are
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detgct ed- Bdﬁitbﬂifww Bedonic B&AE Fehve 278, 48OBRE(I®7AS the

procegses ccur VI.VO Con | St ent the idea that, many of the
subst fat esrﬁg{r—"%cf@?‘y W%”@%% %&ng‘gﬂ?%

observat i orgeﬁ&tdﬂeﬁéﬂﬂﬁﬂaﬁmeﬁalyéﬂ' S2fence 285 01-904 (199¢). , phosphoryl ate
their kno bst our Fur t.her nor.e f the ki nases
et KO ShsL AL 520 Bl A50R bn S SGER oF Bl iy b 135"

Thus we emmwmmmbmmpnm@mwma% in our
|tro \e,tg are likely also to do so in vi 10 Although nost of the

: k| nases ictive in our _ assays, several were not _ Presunably, our
prepafat i ommeetmlm&oqumm foridentifying geganhy the es of

an activahQivigfof WR&iFproahictd Wcidice 386! rlqgg_lqgg-'(m')_ng condi tions. For
exan e 2 TS, Sufassanam S., Bingham J., Whyte D, and Hunter T. The protein
kinases of Caenorhabditis elegans: A.model for signal transduction in mmiticellular
25 organisms. Proc. Natl. Acad. Sci. 96, 13603-12610(1999).
8. Hunter, T., & Plowman, G.D. The protein kinases of budding yeast: six score and
more. 77BS 22, 18-22 (1997).
9. Hudson, J.R., ef al. The complete set of predicted genes from Saccharomyces
cerevisiae in. a readily usable form. Gerome Res. 7,1169-1173 (1997).
30 10.  Mitchell, D.A., Marshall, T.K., and Deschenes, R.J. Vector for the inducible
overexpression of glutathione S-transferase fasion protein in yeast. Yeast 9, 715-23
(1993).
11.  Rogers, Y.-H., ¢ al. Immeobilization of oligonucleotides onio a glass support via
disulfide bonds: a method for preparation of DNA microarrays. Analy. Biochem.

35 266, 23-30 (1999).
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not active in our assays, mght be lacking its activating cycling4 ROy P00
case of Hogl, cells were treated with. hi gh salt to activate the enzyme.
Since nearly all of our kinase 15 preparations did exhibit activity, we

preswye dilabyat | east sone of the enzyne in the preperatisanddms been
properly activated and/or contains the necessary cofactors. It is likely
that the overexpression of these enzynes in their native organism
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25 notldobv Reemes K., asal Bdeman@&ﬁawtbﬁtqshemﬂﬁmyes AnBp. pre¥glhor yl at e

pol y(TTyr - éﬁﬂ: se ki nase residues
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speci ficit g E%ﬁb l;f;g@&gg r all protein k inases. 30 2.

Pr ot egg Chkmu;ﬁi\)hlﬁﬂﬁgﬁl %ﬁm” anamésmof Iar e iglggan’oer of

sanpl t e | nt

advant ages t mm@ma&& ibh by %S@m%ﬁﬁk@m jhege high
no%se rati os.

si gnal -t o- We“found that the signal-to-noise ratio 35
exhi bi t ed 339933B{d9Pet ei n chips is much better (>10 fol d) than that

obser ypd fMfenbds2eiNG, RBA4-MaBDoAAIALP BE and Robder AS SR MEKIYa ridicbis-spbifion

Presumably this is due to the fact that.

01/ 83827 PXeRR S5me Fedirsd fon OB SYREPSIS, y"l—’*’ﬁ%’é”‘ﬁ?@%%&gﬁ%}er

di ghers. 2)Bdilis; IV S RobderGIS: Syadptarand domplex wiorphopentdis aitdesisted-ons vol umes
are 1/20-1/4 nmount use he il shes; less than
20 ng of pm%?&‘fﬁi’@é’ﬁ %ﬁ#ﬁgﬁpﬁggﬁa&{%ﬁognzymtlc assays
usi ng protdtumo&m;ﬂpmtaneﬁen@rtﬁl)ﬂs@;@ﬁﬂ-%3@%&) t hough only 105 fusions

wer e teﬁél@lﬂ n A B ot i ¢ activity
greattebre than t1ve> ?Xlg ove écR[eF%%m of atpﬁeast one substrate. For
exanpl e, Wmmmm%%mm%?¢n many of the

or e n By, o BT, ?ﬁy‘ég‘e’p%.9bﬁf2 b and Ga).o4) Enally. the
ch| ps’loar e&W@ﬁp T‘%‘h%ﬂﬁ% g Mﬁ%a%i’ g’é‘i‘ut s ?‘/’or each
array- Theigdsei9tfaired gﬁ.aﬁﬁﬁydgeﬂﬁ h&ﬁglﬁwﬁa Sabchimdysead | nexpensi ve.
s appl TL%%%%“%%“@Y%? B Ao sty s” St s aFp e
b| ndlz]g aPmamt, Y., Pared, 84 s Bidiagmater, Sichnd Sigden M ayimbaalatpd Bingses pr ot ei n
coor ker s BeRS GESpopesyol il AR on R perfioB Y . TUC s
CUPl pr owgtoskdeton i yérst Fereh & Bew 31 176ct87:(A899). cl ones has not been
oot ;‘/"eig!stsh%ﬂa&ieﬂ,%,&ﬁ&ﬁﬁ@,%e&,iﬁ,%ﬁ&é&a,'%.?&i&%ﬁﬁé&,ﬁ%ﬁﬁb&ﬂéﬁzwm ng pool s
regulaior as a target of the yeast PKC-MAP kinase pathway. Science 275, 1781-
1784 (1997). -
30 23. Sobel, S.G. & Snyder, M. A highly divergent gamma-tubulin gene is wsenhalfor
cell growth and proper microtubule organization in Saccharomyces cerevisiae. J.
Cell Biol, 131, 1775-1788 (1995).
24.  Ferrigno, P., Posas, F., Koepp, D., Saito, H., and Silver, P.A. Regulated
nucleo/cytoplasmic exchange of HOG1 MAPK requires the importin beta homologs
35 NMD35 and XPO1. EMBO J. 17, 5606-5614 (1998). '
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containing the fusion proteins. The advantage of our protein chi wgﬁm
'is that all sanples can be analyzed in a single experinent. FurYher

al though this study used ells which have the advantage of segregating
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| - medizat edrabhoaﬁ,lmm.,mmm FEherniaysi3®a. Q9 and Whitesides, GM. Using
25 clastomeric manbranesasdrymsismdfordryl:ﬁ»ofﬁ Langmuzr 15, 2973-2984
{(1999).

34,  Mylin, L M., Hofinann, K.J., Schultz, LD., and Hopper, JE. Regulated GALA
expression cassette providing controllable and high-level output from high-~copy
 galactose promoters in yeast. Methods Enzymol. 185, 297-308 (1990).
30 35. Higgins, D.G., Thompson, J.D., aid Gibson, T.J. Using CLUSTAL for multiple
sequence alignments. Methods Enzymol. 266, 383-402 (1996).
36. Gonnet, G.H., Cohen, M.A., and Benner, S.A. Exhaustive matching of the entire
. protein sequence database. Science. 256, 1443-1445 (1992).
37.  Bairoch, A. & Apweiler, R. The SWISS “PROT protein sequence data bank and its
35 supplement TrEMBL. Nucleic Acids Res. 21, 49-54 (1999).
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The following example presents three protocols that, for illustration purposes only,
provide different methods of using the protein chips of the present invention to assay for

1. Assay Methods for Protejn Kinase Activity

i Autophosphoryiation Activity
30 (1)  Protein chips were washed three times with 100% EtOH at room
temperature. The chips were then coated with the linker GPTS (1% in 95% EtOH) at room
temperature for one hour with shaking. Afler washing with 100% BtOH three times, the
chips were dried at 130°C for 1.5 hours under vacuum.
(2)  GST::yeast protein kinases, one kinase species per well, were bound
35 to the wells of the protein chip by incubation for at least one hour. The chip was further
blocked by 1% BSA.
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ifi. Kinase activity - Protocol II

(1)  Protein chips were washed three times with 100% EtOH at room
temperatare. The chips were then coated with the linker GPTS (1% in 95% EtOH) at room

25 temperature for one hour with shaking. Afier washing with 100% BtOH fhree times, the
chips were dried 2t 130°C for 1.5 hours under vacuum.

(2) A substrate (for example, GST::yeast protein) was bound to-the clnps
by incubation for one or more hours. The chip was further blocked by 1% BSA and the
chip was washed.

30 (3) A different protein kinase was added to each well of the protein chip,
along with kinase buffer and P~y-ATP, and incubated at 30°C for 30 minutes. The protein
chip was washed extensively after the phosphorylation reaction was completed. The chip
was incubated with iodoacetyl-L.C-biotin in the dark at room temperature ovemnight.

(4)  Afier washing, the chip was probed with fluorescent-labeled avidinto

35 getect the phosphorylation signals.
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[

100% Sirkt #fBBodyt N Chips were dried at 130C for 1.5 hours under
vacuum .. yeast protein kinases, one kinase species per .well, were
bound 35 t 6he follong exagmlesproyde, far Hlugttennpeses, paly; OLPSIPEast one

hoyg . thEpeotsili AipRT the present invention to assay for proteases, nucleases, or G-protein
. receptors. Protein-protein interactions generally can be assayed using the following ora
similar method.

Al An is of Protease Activi

Protease activity is assayed in the following way. First, protein probes are prepared
consisting of various combinations of amino acids, with a C-terminal or N-terminal mass
spectroscopic label attached, with the only proviso being that the molecular weight of the
label should be sufficiently large so that all labeled cleavage products of the protein can be
30 detected. The protein probe is contacted with proteases attached to a protein chip at 37°C.

After incubation at 37°C for an approptiate period of time, and washing with acetonitrile
and triflaoroacetic acid, protease activity is measured by detecting the proteolytic products
using mass spectrometry. This assay provides information regarding both the proteolytic
activity and specificity of the proteases attached to the protein chip.
35 | Another rapid assay for protease activity analysis is to attach proteins of known
sequence to the chip. The substrate proteins are fluorescently labeled at the end not
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bl ocked by 1% BSA -41 OV 201 Kinase Activity - Protocol | (1) Pro%qg WW“ZB){P
‘were washed three tines with 100% Et OH at room perature. The chi pS were
then coated with the |inker GPTS (1% in 95% EtOH) at room 10 tenperature
for on® dx@sgzwi th shaking. After washing with 100% Et Gid-idogg4d2kmes, the
ere dried-a t 130C for 1.5 hours under vacuum (2) A substrate (for

exanpl e, GST:yeast protein) vvas bound to the chips by incubation for one

mshedﬁﬁ%@{ Gy fipr Hin ttintio i R ASEER(O L Tl e MRAERR 191, "

pr ot ei 1§ lestupon pmt@ﬂgsmmh Mw@uﬂﬂsoremo@mﬁmﬁeﬁi@pmmbemdwﬁmed at

30C f g4 &P‘E? fter the
phospho ationr c-ﬁ%n vva e%fa%ﬁ# 3 E ?ﬁﬁﬁg spem%ﬂ%%ﬁ’%g‘[ef/ﬂATP si gnal ,
repr emm@ua@myammmdmmmuwmwpm otein by the protein -
ki nase probe was detected and quantified by a 20 phosphoi nager. Kinase

activity - Protocol | T (1) Protein chips were washed three tinmes with 100%
Et OH at rodh An aliysis g easehdetivityat ed with the linker GPTS (1%in 95%

Et OH) at roomterrperature for one hour with shaking. After washing with
100% EtOH three tinmes, the were dried at 130C for 13 hours under vacuum

(2) A subs®usless¢ adfivitysisntsessed @she sgoe sranperes desoribed fotpyatedset astiviiy, ¢, by

b e g@%%éubﬁ% ﬁ@tﬁteh | ocked by 1% BSA
gggutﬁw ﬁi&bsvas wasI Hg&ﬁ %dﬁﬁlb er eﬁ‘t%g%é)o?g e(3)y n knase
wa§0ap@bﬁds'd§§ﬁteﬁ/e WAs sueh, flupreseently tagaer aneleigiacid fragraents that arerelgasedibyy - ATP,
and | RediBAL g6ty Siilbel dtectid BY MikirEstenck)6r tRE Bi8lb# acid fragments can be

detected divectly 'by.mass specirometry.

C. Analysis of G-Protein Cdn led Receptiors

15
In another type of assay, compounds that bind G-protein coupled receptors are
identified. Initially, the G-protein receptor is cloned as a GST fission protein, with the GST
portion attached to the C terminus of the G-protein because the C-terminus is generally not
involved with determining probe specificity. The G-protein::GST fusion profeins are
20 attached to the wells, preferably by association with glutathione. The G-protein receptors
are then incubated with a mixture of compounds, such as a combinatorial chemical library
orapeptide library. Afier washing, bound probes are eluted, for example by the addition of
25% acetonitrile/0.05% trichloroacetic acid. The eluted material is then be loaded into a
MAY.DI mass spectrometer and the pature of the bound probes identified.

IX. Exam ample IV: Analysis of Protein Klnases Inhibition by Specific Inhibitors
Using Protein Chips

30 The following description provides, for exemplary purposes only, methods of using
the protein chips of the present invention to examine protein kinases for sensitivity to
protein kinase inhibitors. Protein-protein interactions generally can be assayed using the
followmg or similar method. |

Substrates were bound to the surface of the GPTS-treated microwells on the protein
35. chip at room temperature for one hour, then blocked with 1% BSA and 100 mM Tris pH
7.5, and washed three times with TBS buffer. Kinases and different concentrations of
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chip was washed extensively after the phosphorylation reaction Wa5q< b NOV 201
conpleted. The was incubated with iodoacetyl-LC-biotin in the dar ai\“ oom
tenperature overnight 3 WD 01./83827 (4) The specific "P -1-ATP signal,

repr esambi/sgrgz7aut ophosphoryl ati on, was detected and guanideiigdsby a
phosphoi mager. PCT/US01114524 (3) Kinase buffer and a "Py-ATP probe was
added to each we incubat ed at 30C for 30 mnutes. The chip was washed
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phosp hphgdphbnylallonm@naﬁ was eaaﬂemout RBY°Cfor thitty Win(tks. 8 A2 coniIFtiddSorhd 4526

5) Th .scanne X ,4000A scanner whi ch
fon moeftiteh eieletCchiy SR Rethet SRy B LES BE R rom ferBS Gt gnd
300- 40then allewah. @hBhMbMMiW&&@%WbyW@&Ebﬁﬁem oﬁq:utra],t ed log a
slide m,croarxays of the present invention), which wo

ot Ihgrvﬁ('gjgggi my}ﬁm(ﬂ“tﬂli‘gs% gﬂ%‘%‘f yf ocus. Ugl ng t heI m\;dl f : ed) AxonI Genep:Jx
4000A scaméiypman ipeoteinidyse Yo A)c a hmadn tapdisise (APK), thigeoydastiBKA

| nt or aRRnE Rl TR Goblt PPl oyt St ol iR BT el afoR ) o1 i )

is remmwmmbmtnandpmﬁummnmanﬂllaomﬁoﬂyhﬁbcbl ed

Lo 1 nalispifatds NI Y Gl pebaom R B A BBEhRRR PR el 1 The

purd(F iinddibitg) obSBmmeu(a Mgrxﬁﬁmm eds shdwn REFiguMed, IPRIG shigfigdiyd, and

I ncubat f everal ho The chi p I s washed and probed with
eithefnﬁg‘f“’gmm g?‘ir %ﬂtﬁﬁg\dﬁ? JHovegyer, BEdpadid ng the | abel

on t hentfibis Hethie gkt pmmnaa IESI'PmeTPKB bethe\Wifid? two KbAPpRASH

e BT it wetﬁi@%ﬁﬁfﬁmﬂﬁ%? g Sl Tabeteo

provide, for illustration purposes only, methods of 20 the protein chips of
t hgs sen |lr!1‘ve Lo L0 3, rf ) ' oteagses, nucl eases, or G -protein
tors. Prot i Siaio ' can be assayed using the

foll ow ng b.r a Glass bmr@hhadUSAl)ad'cm mahédﬁl‘ﬁ -Botsamindnivm HRdxd¥idd ease
ot epay stuist A308K nbBabECR L O T o B Th e Cerm nal or
N-t er m nal 2-massThesigks Wetennsedwﬁhultra-pmwatcrfomum&sforsm(“mm’)
each, then rinsed with a large volume of 100% ethanol (“EtOH™) to completely remove the
20 water. Slides were then rinsed with 95% ethanol three times.

3. The stides were immersed in 1% 3-glycidoxypropyltrimethoxysilane (GPST)
solution in 95% EtOH, 16 mM acetic acid (“HOAc”) with shaking for 1 hr at room
temperature. The slides were rinsed with 95% ethanol three times at RT.

4. The shides were cured at 135°C forzhrsmdervanmm Aﬁm'coolmg, the

25 slides canbe storedmArgonformonﬂ:sbcforeuse

5. Approximately 10 ju of each protein substrate (in 40% glycerol) were
arrayed onto a 96-well PCR plate onice. A manual spottmg device (V&P Scientific, USA)
wasused to spot appreximately 3 nl of each of the samples onto the GPTS-treated glass
slide at RT. In one embodiment, 768 samples are spotted on a single slide. The slides were

30 incubated in a covered and clean chamber at RT for one hour.
6. A slide was blocked with 10 ml blocking buffer (100 mM glycine, 100 mM
Tris, pH 8.0, 50 mM NaCl) at RT for one hour. The slides were washed with TBS buffer
(50 oM Tris, pH 8.0, 150 mM NaCl) three times and spun to diyness at 1500 rpm for 5
min. .
35
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~spectroscopic | abel attached, with the only proviso being that ttﬂelE NPY 200!
nol ecul ar wei ght of the |abel should be sufficiently large so that a

| abel ed cl eavage products of the protein can be detected. The protein
probavd g1/t acted with proteases attached to a prot #GL/GHLE4/ 37C. After
i ncubation at 37C for an appropriate period of tine, and washing with
acetonitrile and trifluoroacetic acid, protease activity is neasured by
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Anal ysis of G Protein Coupled Receptors 15 20 in anot her type of assay,
conpo¥hds t Referenced Gitedr ot ei n coupl ed receptors are identified. Initially,
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Substrates were bound to the surface of the GPTS-treated nii crowelgs Nq){, .
the protein 35. chip at roomtenperature for one hour, then bl ocke l(/vl £
1% BSA and 100 M Tris pH 7.5, and washed three tines with TBS buffer.

Ki nases and different concentrations of 0 ~t fi 'g" 20 WH O 01/ 83827

PCT/ USOL /14526 kinase inhibitors wef®e added to the microwells in the
presence of 33Py --ATP. The phosphorylation reaction was carried out at
30C f@:r 'éty m nutes. After conpletion of the reaction, the protein chip
was washed extensively with TBS buffer at roomtenperature, and then
allowed to dry, Phosphorylation signals were obtained by exposing the

prot eln chifprdsiionslly pddsessable pEgy eompaitng aplyrdiy Rbdifstrat substapcasan prot ei n
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6. The array of claim 5 wherein each different substance in a different well is bound to

the surface of the solid support.

7. The array of claim 6 wherein each different substance in a different well is covalently
bound to the surface of the solid support.

8. The array of claim 7 wherein each different substance in a different well is covalently
bound to the surface of the solid support through a linker,

9. The array of claim 8 wherein the linker is 3-glycidooxypropyltrimethoxysilane.

10.  The array of claim 6 wherein each different substance in a different well is non-
covalently bound to the surface of the solid support. '
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wher eif) t hehglang) @ﬂ’clﬁfn th@nstefnfBE BRkalsy Qﬁﬁx@fb‘ﬁ%r nedleéuli'e% (%ﬁglfﬁg of &t f‘t | east
Q pro ei ns

1.0() differ anc p crn erei.n luralit

consi sts o SE%VZ g@’ ngdll e@fﬁﬁsvﬁg@ée%sr%t aW"’t‘YPetCHcé"%la&‘Eatype of

bi ol ogi cal acamrity\nntkge genombef geoumiemof an organi sm and wherein the
plurality of nolecules consists of nol ecules conprising functional domains

of at;d east hé%r@yogf HMih 1&?9&9&3[396)5{] r Q64 ﬁ@h\f‘ﬁst\bltﬁ 9310?@%%1 EigtRﬁty vf}%eb I ol ogi cal

act|V|ty Int enor ne rein the
plurality igferest ﬁw@ﬁtedim thﬁrﬁ?@@ @@ﬁ@tl@g of laﬂasp@tph@mhatawommws, 000

differ ent FdBgisas Q)@fﬁar upqmn@fe%% ARPmeH nORicdicld lﬁﬁﬁﬂ% pﬁﬂaﬁﬁ %Bﬁﬁéneoer
clw' Q0 ..and s Oggﬁ&%fg%dent substances per crn 100, 000 and
1, 000, 000 DIRIPE R 2 &

17.  The array of claim 14, wherein the solid support is selected from the group consisting
of ceramics, amorphous silicon carbide, castable oxides, polyimides,
polymethylmethacrylates, polystyrenes and silicone elastomers.

18, The array of claim 17 wherein the solid support is polydimethylsiloxane.

19. A positionally addressable array comprising a plurality of different substances,
selected from the group consisting of proteins and molecules comprising functional
domains of said proteins, on a solid support, with each different substance being at a
different position on the solid supports, wherein the plurality of different substances
are attached to the solid support via a 3-glycidooxypropyltrimethoxysilane linker.

20.  An array comprising a plurality of wells on the surface of a solid support wherein the
density of the wells is at least 100 wells/cm?.



The array of claim1 wherein the solid support is a glass slide. fhe KUY 240
of claim1 wherein the solid support is conposed of a silicone elastoneric
material. The array of claim1l wherein each different. substance is present
inadifferent well on the surface of the solid support. 6. The array of
claimb5 wherein each different substéhce in a different well is bound to
the surface of the solid support.. The array of claim6 wherein each

di f f | h f
diffengnt ﬁg@%&a %?cfa go%&%aﬁtdeﬂf a)ot‘t@e&gl\fsalg 0 6%8%88 ﬁ@ﬁ%t e surface
subst ance |W?1]é061f$@903?ﬂd %@QUWQIS&@Vaﬂ@,ﬁW@dWWdISﬂm ,J0P08Gendf t he

sol i d suppargooldu0GHIR/cn?l biTKEw0,000 e dai; o0, 00D welRicm?8 wherein the linker is
3-gl yci dooxypropyl tr| rnet hoxysi | ane . T he array of claim6 wherein each

diffe bst anc di.ffer en non- coval e hound to the
Surt 528 or IREHATBF el A SietTES By of fReBR R P el otB i m 6
wher ei n eaghougi doilsstmg ofqubisimanoé mabecaledicofpriging fmeetibndl domainslbdraid to the
surface of gl‘«ﬂ&n? QL seﬂﬂﬁ’rpgf %?ell% %th eJ&{Eedﬁér%ﬁ‘tysuB;tflr?c{eaD'e g pf%@gfllﬁl n each

di fferent stdnce in a I'n SO ion: é‘array of
cl ai m 5 whaH&rentewdh wel | contains reagents for assaying bi ol ogi cal
activity of a protein or nolecule. A positionally addressable array

conpr 28i ng Tée pirby af d:lh]Yn mﬁw@bieirﬁéa%ﬂ&veﬂr&hﬁaiﬂa&eag@hts sS4 EFiofoRERI | Si ng
functi onal sai d eins, on a solid support, Wth™ each

di ff erent B?bvtqﬁoﬁad)ﬁom(géﬁ‘ﬁ %ing at a different position on the solid
support, wherein the plurality of proteins or nolecules consists of at

| east 260% Bhe atrhy ekgnios 2@ dhepmrdimes ol thiweliears deeveey depl ahd Bipdl ogi cal
activity in the genonne of an organism 15. The array of claim 1.4 wherein

the phsir al irhy 2 9%y & Qhidl @@waeremc%ﬂésesftﬁé)%nﬂré befweeh 1 d gﬁcgi g(ﬁ % or at

| east 90% of all” expressed proteins wth sane type o ogi cal
of c¢claim 14 wherein

actlv or of an ism 16 The array

the e ‘%Jr esgé'aetgi)‘g?gﬁnﬂgmﬁnatﬂ’?S’éloﬁﬁlﬂgaggifeééarbl%@ﬁy\ﬁof‘}m’é@g 3 pliysef wells sel ect ed
fromthe gomtp sedfasd aftd sagidelippdrnesesisingwe plepoises,  prot cases,

acetyl ases, oth fe Iq e & ac d bi nd

proteins, hor er&{Stlg%gngrf&?t ﬁgﬁl efdﬁéi%brl i cﬁﬁldb(‘? ﬁép%dg Orﬂr% P ﬁsflen%[}gofThe
array of claim walls oms@:dwswfaee ngm@tesﬂnpp@@(ﬂ wells/emf.ect ed from the group
consisting of ceramcs, anorphous silicon carbide, castable oxides,

pol yi g deg meth&@bYREhS ¥ IpEitibAATyY dak ﬁw@,
cl astomer s me1t8 The Qgﬁzj cl gl m 1§§&bldg§keal>y§;0¥{ﬁ% ﬁ%aﬁj(}ﬁlrgﬁi pdort

pol ydi met h{# %SBS&%%) RASSGARRSISENG e sfeRfr Hssabl e array conpri SI ng a
plurality of difa)erecdstisgbsécmndas mold éloaci ﬁtﬂcrbfabﬂtettétﬁm@fmmgﬁ@d\ﬁ)‘ sting of

B Corid suppor t+ i tEOME PG SR BB R  Cr en " "

position on the soI |Wel§&ﬁq;1p0rané wherein the plurality of different
substances are ttaé‘a@ﬁﬁ%&t‘leés‘t’Gnéﬁljrdﬂti@ﬁg%g&mi’daﬁx fhold.

3-g|ycidooxypro | tri methoxysi | ane

28.  The method of claim 26 or 27 wherein the casting of an array further comprises the
steps of:
(a) covering the mold with a liquid cast material; and
(b)  curing the cast material until the cast is solid.

29. The method of any of claims 26-28 further comprising the step of:
depositing in wells a plurality of different substances, selected from the
group comnsisting of proteins and molecules comprising functional
domains of said proteins, on a solid support, with each different
substance being in a different well on the solid support.



?0. An array conprising It plurality of wells on the surface of apsply [g/ 200
support wherein the density of the wells is at |east 100 well s%:m "

NOV 251) 49 The array of claim 20 wherein the density of the wells is

bet ween 100 and 1,000 wells/cn2, 1,000 and 10,000 wells/cm, 10,000 and
100, 000 wells/cm~ , 100,000 and 1,800,000 wells/cm, or 1,000,000 and

10, 000, 000 wells/cm . 22. The array of claim 20 wherein a plurality of

di f engnt %@%ﬁ&ﬁ@@éfafug%k%faﬁrﬁggé g@f\%}&% t}grd%Hﬁaf é%’?ﬁé o 1‘14“9 betwe%nﬁég' ns and

nDIecuIes conpris ent in

i
the wells, a@f Wogé‘tq%ls@ﬂ?f bPAhands1{RGwiells/dzel, Hg 090 é@delﬂO 006) vaellSﬂmi ferent

wel | . The aoowoeﬁd ¢,080,008 Qe beme b e6g o ald 1(?(9?]@@0%1&%’;%9?”“ for ,
assayi ng bi ol ogi cal act|V|ty of a protein or nol ecul e he array of claim

20 wh n-yol unes e _betwee i an 1. 25. The array of
ol ai b WAL @G T sy 2o R Fheresy Beem s arom Sanaelatomar: net hod
of making a positionally addressable array conprising a plurality of wells
on t héZsur fThe ameifodeofsddiindSsubpeintthe bgyid cast ngtdriabisst séicont elastagier.ng an array
froma mcro fabricated nold designed to produce a density of wells on a

sol i d3sur f acee@bd of ﬁﬁh?[hetﬂib@ﬁ‘loﬁﬁ § YRirdsgdttThrra I'(B?gla S i‘éﬁ' ng a
posi ti onal I%maddres}gea rray conprising a ura ity o on the
surface of “YMELYRg" - conprising the steps of: (a) casting a secondary

mol d froma m c(af abcomacttg@apfobdwdﬁsﬁm@@l @ produce a density of wells
on a solid surfgage of, ater | I's/cnt; and (b) casting at |east
one array from the se%tg‘?]t?%pmte l’P@'Ob%gl o1 %O het hod of claim 26 or 27 wherein
t he casti n% of an array further conprises the steps of: (a) covering the
nol d ¥t h &he mgthod of glemPgtvelerein theaprabe stan comymngnbstate onsthiitreri al  unti |
the cast is solid. 29. The nethod of any of clains 26-28 further conprising

the s8®p Ofhe HREHRFI I ichEMi3a WIRKSiS tie ;s}bw ﬁ'a‘ s‘ilMstfhfte &K lﬁﬁi%n@mf asiRaces,

sel ected from%E hgro@ﬁ conSLstlfﬁéjn gl ns and nol ecul es” conpri si ng
functi onal © PR Brauip; conystHEs as?)ghp °S§’ fipees SRIBISBICS; aciiviaten B

di ff erent othebgbapoendfeiring ehzymaesdi f ferent well on the solid support. 0 4
NOV 200. 50 The nethod of any of clains 26-29 wherein the density of the

16, 008" anar KoBERSh SAcleff 3 iRl U s R ctosn i ARG (Bpsifg o) ™
1,000, 000 RiqéFinsobgmuglotides pelyeyslcoting DMhBaHAesmalhmomcutslsabmt@fa 3()
wher ei n t hgrugichadiditss, $aBpioks, aﬂﬁ%%}nhls@@aﬂs edh%ﬁﬂf?)ﬁﬁld‘é antlEB&eyPgixn&Hlo%E claim28

wherein the Ii asy materl cone’, cl ast oner, A net hod of
using the mv@q%ﬂ?ﬁﬁnﬁ%&ﬁe@ﬁ % kéa‘i‘h&#rosﬁ@ﬁ%fw@ it 1
37.  The method of any of claims 33-36 wherein said detecting of protein/probe interaction
is via a method comprising using mass spectrometry,

38.  The method of any of claims 33-36 wherein said detecting of protein/probe interaction
is via a method comprising using chemiluminescence, fluorescence, radiolabeling, or
atomic force microscopy.

39. A method of making and using the positionally addressable array of claim 1
comprising the steps of:

{(a) depositing a plurality of different substances, selected from the group
consisting of proteins and molecules comprising functional domains of
said proteins, on a solid support, with each different substance being at
a different position on the solid support, wherein the plurality of
different substances consists of at least 100 different substances per
cm’;

(b) contacting a probe with the array; and



conprising the steps of: (a) (b) contacting a probe with the arragyy EH@ 20
detecting protein/probe interaction. The. nethod of claim33 wherein e
probe is an enzyne substrate or inhibitor. The nethod of claim 34 wherein
the probe is a substrate or inhibitor of an enzyme chosen fromthe group
consi sting of kinases, phosphatasesil proteases, acetylases, and other
group transferring enzynes. 36. The nethod of claim 3-3) wherein the probe

is chosen from E&mﬁgt%ﬁﬂ%o%ﬁ%ﬁ/ﬁ@g? g{‘ﬁf“g{‘% ei ns, oligonucleotides,

pol ynucl eot i des, Substrates. drug candi dates,
receptors, antigens, steroids, phospholifids ant i bodi es, gl utat hi one,

i t nl nfi®ogl donethad abmaking andaping she, positiorally adtirespahle erraspefi daimaHd biotin. 37.
The met hodcathpadive e Sgcjpgioﬁs 33-36 wherein said detecting of protein/probe
interaction 1s \SI a nmet hod (ionBri sklnrg usi ng mass s(ﬁect]r onetry, 38. The
met hod of any of®cl affROSHEEAPIHIABIATAIderrf HREmst rBOlBTleSHOBREHEpr obe
interaction is via fumdbiudomainsbf siidgraising @naizelid buppores itk red
fluorescence, radio i Or 1 Bell ) net hod of
maki ng and usi ng thehg%gﬁt Qgﬁgﬁler Hig%%’r g?gé%%%ﬁf%gﬁtﬁo?@%gioﬁye gAéélgerrpri si ng
the steps of: (a) deppporti wheraingheplrality obprothins arrmeslecudesmonsists e€at sel ect ed

fromthe group consieaiisng, of alPsQk&kabpraRethsPHEHEsESe G bR unct i onal
dormains of said protejns, on a solid support, wth edch different

substance being at &R AeEcnABE Of PHATESHSThe sol i d support, wherein the
plurality of di{ter ecintsutingtagneieswitiotiriasiag; 4fd at | east 100 different

subst ances per E ( ont act i Qbe. wwth the array; and 0 4 NOV 20(
51 (c) detecti ngcbproaget?ﬁ?n}grpé%tgm?f%?@ef%@atr?cg % 40. A method of naki ng and
using the positionally addressable array of claim 14 conprising the steps
of : (4} deplsineiheg 0§C%un|83|0irf19 witeradn fhespbd sunpodtiet ghass gidenol ecul es
conprising functional domains of said proteins, on a solid support, with

each 4 ffﬁ&@éﬁho@éﬂﬂ@]ﬁtﬁyﬁfﬁ ANRInAEH BabRAi08ePA [y3nhoty8 cMbrifiag te sipson the
solid support, wherein the plurality of protei'ns or nolecules consists of

at least %0% of all expressed proteins with the sane type of biol ogical
activity in the(ayenocmtactihg arpositigaallysaddresinblcandyacith ngluaaljty obe wi th t he

array; and (c) det eﬁfiﬂprﬂgcﬁés? tsﬁh r:-.Jnrljav_P rCSBSHSIhQB Eft@ﬁh&r 8Ppotentia1 antigens on
a solid support, with each different antigen being at a different position
on the solid support, wherein the density of different antigens is at least
100 different antigens per cm?; and
(b) detecting positions on the solid support where lymphocyte activation

QCCurs.

43. A method of determining the specificity of an antibody preparation comprising the
steps of:

() contacting a positionally addressable array with an antibody
preparation, said array comprising a plurality of potential antigens on a
solid support, with each different antigen being at a different position
on the solid support, wherein the density of different antigens is at least
100 different antigens per cm”; and

(b) detecting positions on the solid support where binding by an antibody
in said antibody preparation occurs, thereby deducing the specificity of
the antibody preparation.

44.  The method of Claim 43 wherein the antibody preparation comprises antiserum, a
monoclonal antibody, or a polyclonal antibody.



41 . The nethod of claim 39 or 40 wherein the solid support is aldi aly 2004
slide. 42. A nmethod of identifying an antigen that activates a

| yni pli ocyte conprising the steps of: (a) contacting a positionally
addressable array with a plurality of |ynphocytes, said array conprising a
plurality of potential antigens on ¥ solid support, with each different
antigen being at a different position on the solid support, wherein the

densi yy. of T4k biSh&Nds AR ' %D i.fferent tigens per cng ;
and (b) det e.cH_ng%s@?ﬁ)ﬁ%%ﬁf?%@ES%i | gs_?tﬂ %g%ti%n\ﬁﬁ%‘Pgsﬁsfo?ﬁﬁba cgts;

acti vat i onChigResiGy ingla ghaip, ymanirgdogr syathetiemniibedicshe specificity of an

anti body preparation conprising the steps of: (a) contacting a

posi t #6nal Te ateicdsgahihien 45 wayrei 4olibady BiinBaEictédidd B ERREREL b arSg d array

conpri sing laral it f. potential antige na saolid support, wth each
di ff erent E%P%gﬁjeur??%%?ﬁn/tgplgt’agé %qcP?%I%ﬁ'Embﬁ’g@ i?ﬁaitgﬁlds (591“?1]?83%8? ?aé‘? support .
wher ei n t hentihodgiprapagttiodj femevingtunbntndy@osndasy aitibodgsind dbROtiak bdeklent

L0

antigens pgheCitfhe 34y detecting positions on the solid support where
bi ndi ng by an anti bo in said anti body preparation occurs, thereby

deducing the specificity.of the antibody preparation. 44. The nethod of

d ai n4£3 mﬁé%tﬁﬁgﬁfée%n%}wﬂ%e@ﬁamﬁw tg‘?ﬁﬂ?ﬁ@és anti serum a

monocl onal anti @ydy, catadtingalpsitiondly ﬁi_ﬂ&dsmfl’é’arra%y"@ith 4 bepulBldiost gfis;C ai m 43
wherein the anti bodysap %ﬁ)ar at i on.co%@élaiigs tl:(gpf ragnents, hineric, single
chai n, hunmani zed, or %@/ HeqrePTLtE fally ol iterpniSubstaness. ssfectaddrom 43

wher ei n anti body bi nidieggotpscodesisiing efthroyinspmblctlencprprising fuaytional t h a
fluorescently | abele ;1 b t j . i. b in said
ant i body preparati on&@%ﬁ%&%‘ﬁ%@% }sﬁ.gccgﬁ%g?g%ﬁ?bﬁ%@h&%ﬁ&i@fecti ng
bound 1abel on the Hrickyl, onz solid supppHowith faghgliffetentsubetancerticingpin
conprising the stepsdigfienf fsite@ GGk sHI8 SupPOR] a«haaﬁlthy?é}ﬁﬂf 8?&@1*%#6% array

with a population of cells; . said conprising a plyrality of different
subst ances, sel ect e&“ﬁ’?taﬂ?esf%@a}@sbw‘%ﬁ%ﬁngﬁbﬁﬁn% BsF B‘Pgiaﬁé, nol ecul es
conpri si ng funofb) onadetectiogmbsitions omsthe dolixt 9ippbN shewhaltegened dchivitpnd

prot ei n-contai ning ¢ hl![&éhqﬁ Cgi?teri al, on a solid support, with each

di fferent substance belng af % different position on the solid support,
wherein the density of different substances is at |east 100 different
subst®ncest kEcopppisingand (b) detecting positions on the solid support where

m togenic actiVajy idne orhbi€ 8BaysLIRIAR! 1 confifisind KplhraGRPWSisNh the
surface of a solid support wherein the density of the wells is at least
100 wells/cm?; and
(b) in one or more containers, one or more probes, reagents, or other
molecules.

49.  The kit according to Claim 48 wherein said one or more containers comprise a reagent
useful for assaying biological activity of a protein.

50.  The kit according to Claim 48 wherein said one or more containers comprise a reagent

useful for assaying interactions between a probe and a protein.

51.  AKkit comprising;
(a) one or more positionally addressable arrays of claim 1; and
{(b) in one or more containers, one or more probes, reagents, or other
molecules.

52.  The kit according to Claim 51 wherein the substances are attached to the surface of
wells on the solid support.



(a) one or nore arrays of claiml. conprising a plurality of well§ piNGhell
surface of a solid support wherein the density of the wells is at |east

100 welly/cm; and (b) in one or nore containers, one or nore probes,
reagents, or other nolecules. 49. The kit accor di ng to G aim48 wherein
sai d one or nore containers conprised® reagent useful for assaying

bi ol ogi cal activity of a protein. The kit accordi ng to Claim48 wherein

said gpe OThm{t%CE&Hﬁg't@@i mCARE S tﬁe mtﬂ?{iﬁ#l ard Qe ASFRYh Ql?ea) one

interactions between e and a

or nore po§¥‘%“Pd3ﬁ8$lﬁt§ngeﬁpdﬁl@§§saBh@P&WWsP@?ea%an@QﬁYiaSB%rlil@f«‘l@l@)acldrblmhég or nore
cont ai ner s prodifis, thﬂi@fr@or&rmﬂnﬁﬁ foeagent s, or other nolecules. The kit
according to C aimb51 wherein tﬂe substances arc attached to the surface of

wher v i nd e KB B il R SS .08 viiredd suid Sine e RESRlRIGRBiS: ot 1 ng
of ki nasesis splestegHroma thegroyr amsiating of kivsteypctwits phosphetass actisity, cprdnnanm ng
proteins, @&ﬂflt@oélg@%agé Q&ixﬁ% &feﬂxlfs'erﬁﬁtlw é d%"gttra%%efrﬂlglazm‘wl By fe CYC:‘ ?'Om; ‘ ﬁ'g

to 53, whereln sard same b1 ol og

group consPSt PR a%"’ﬁ&s@n&@{“’r @‘iﬂfh}lg aﬁhﬂ% rad BOEA b’@ﬂlﬂglaﬁ:y‘ﬂt)pr ot ease
activity, glycosidase activity, acetylase activity, group transferring
activhiy, Theheiycas 1&@hjﬂ0b¢ Oﬂ(tlﬂl@lsalcﬂb!Zﬁl, W}ierehpiaimﬁaﬁldqw@bﬂﬁol@g{cwl ty, and DNA

blndlng ac i .. wherein
sai d sane %du‘(rﬁt&; S eCT dolh(iméa ¢ %3? F?}}stymgg’f g‘é‘?%eczicgﬁlw rpélﬂ‘?‘ﬂjfﬂ@s%?%\m

consi st i ngPr@fﬁ‘aF@ mge‘-yagiwamdaye a@hﬁsmwﬁe aautliyv gtoyp trapsfetrmasetivict,i vity,
gl ycosi das S r ivity,
el o1 ¢ acti b bl biAER D ormBhe bkl ng Pﬁ?%@dfﬂﬁﬁgﬂﬁﬁ ‘Bi ndl ng
activi The .net hod, as_in clai m40. V\/nereln said same type of

bi ol oa%cm ”P%%PP@P#;?S insclaigy i%twrcm SHfhSIRe e of ool aeiivly laﬁelr@twhse
activity, hoeshhgioapeomddtingiof kinags &ttﬁﬁﬁqﬂ@@pha‘ms&ﬁcﬁw@ proRskdagRrigct i vity,

acetyl ase Y qrou ransf ert V, cleic aAc] d b| ndi ng
St vy, Dottt el bR SRR0, BB i i A ue el

pOSi ti onalblydlaadﬁ@‘agfabbmmwdnmimg aativaly, amidDNAi tiidigg 5@ivdyf f er ent ki nases of
an organismon a solid support, with each different kinase being at a

di ff eyent ﬁ%kﬁlbﬁ’ﬂlyoelﬂdrésg%léﬁg din %%pgﬁﬁlpné’i’ﬂg 56 aftrdrd} KARSS dppnof different

t fi
proteins on eargséls at ast proteirns per cm. The
posi ti onal T HeMP8ISRHH supnosh Bith eaeh differmnt Elnéi‘enl?%‘?g ab rhfferent nasdiogonay
conpri ses th&@&hcﬁsm‘pbeﬂe\mherklmnﬁfsﬁalsﬁi oBdlifforeie pioddths &Pthe Bhey ROSidasor | y
addr essabl rr of claim57, wherein the array conprises 61
di fferent ‘ﬂlﬁﬁlgeg%eéjogef% Il;uganl sm 60. The positionally addressable protein

array of claimb57, wherein the array conprises
The positionally addressable protein array of claim 57, wherein the array comprises

100 different kinases of an organism,

59.  The positionally addressable protein array of claim 57, wherein the array comprises
61 different kinases of an organism.

60.  The positionally addressable protein array of claim 57, wherein the array comprises
92 different kinases of an organism.

61.  The positionally addressable protein array of claim 57, wherein the array comprises
107 different kinases of an organism.

62.  The positionally addressable protein array of claim 57, wherein the array comprises
116 different kinases of an organism.



92 different kinases of an organism 61. The positionally address$b1leNOV 200
protein array of claim57, wherein the array conprises 107 different

ki nases of an organism 62. The, positionally addressable protein array of
claim57, wherein the array conprises 116 different kinases of an
organism 0 4 NOV 20[ 54 63. The pos?4ionally addressable protein array of
claim57, wherein the array conprises 1.19 different kinases of an

or ganiggm : it 0r i .. 57,

whor ein et poSfoRaR ARSI SU BRRAG il £ Sl kel cSHBUCs The
posi ti onal Iy}9 diférreniddanases frasganismr ay of clai m 57, wherein the array
consists essentially of between 50 and 122 ki nases of an organism 66. The
posi ticanal IThe pdsitiesaBidddreasdbdyprofei Addydt BEmO, WHBRALIHS abB chihpages are

yeast kin e 071, Ihe itionally addressable array of claimb57, wherein
the array ?2%??%%r%nté(§%a(§?§‘%saﬁnl°§ganésfm'one or nore copies of 100 ki nases of an

organism 68. The positionally addressable array of claimb57, wherein the
ar r ay 68 onsilée positioraily agdressablecprotsin argayodf clmchit ivhkiein ik larray cortsistki nases of

an or gani s@sehallyldtbeRARintdonal by AdETSAR SRR 8y of claim 68, wherein
the array conprises all of the kinases of an organismthat are encoded by

nucl ei.c aci,d codi,ng.seqyenc that are less_than 4.5 kb in length. 70. The
posi tpgnal ILFS(E‘e BB%}P%@%% reéq,asi‘yar@y OéIC!i‘iuﬁwg §§65VOH rein{he Kigases aryegdinpr i ses al |
of the ki kames. of an organi smthat are encoded by a nucleic. acid coding
sequence that is of an appropriate |ength such that the kinase can be
produged ugi . i Y, . it RY
addr eég'abl Zhgg?%{; 0 Cﬁﬁ%ﬁ&?&fﬁ%@?%ﬁﬁhﬁggwh%% H&tﬁggﬁﬁﬁg@t&g&%ﬁéeﬁ IElelly array-
possess kPhaueeorgaerewppips o7 200 Kinesepoban ¢prgarifiy addr essabl e array of claim
57, wherein reagents for assaying kinase activity are in contact with the
arraye8.73. ThegodBsRUg a@lireSdadieEral ot ﬁﬁimWﬁﬁﬁér@in&ﬁ@a@@%({l}l&ﬁﬁﬁf|0}ie gfdressabl e

array conprises .50 kina rganism 74.. The nmet hod of clains 65-68,
wher ei n thgmf)eo%qp(lqsoqf&?ﬁef}aglﬁ’dﬂeg@ﬁﬁ&H’gﬁﬁsro Jr OB es 100 ki nases of an
organism 75. The nethod of claim 65-68, wherein the positionally

addr eé%abl hapesiyoratppdissmblehiQy kif nhge 68 gihasindhgamiysenmptiseNIVoXhe 1 76.

The net hod |l =0 i TR I ay
compri ses. Asof sRBansRRa P EReh BF AR ANBRK ORI S BEL S
wher ei n t htapds kb wdangth. addressabl e array conprises essentially all.
ki nases of an organism 78. The nethod of clainms 65-68, wherein the

posi tY@nal The pekitiepiabidreuabRn@9 BPEiaGL S8, wherein the array comprises all of the
kinases of an organism that are encoded by a nucleic acid coding sequence that is of

an appropriate length such that the kinase can be produced using recombinant DNA
technology.

71.  The positionally addressable array of claim 537, wherein most of the kinases on the
array possess kinase activity.

72.  The positionally addressable array of claim 57, wherein reagents for assaying kinase
activity are in contact with the array.

73.  The method of claims 65-68, wherein the positionally addressable array comprises
50 kinases of an organism.

74.  The method of claims 65-68, wherein the positionally addressable array comprises
100 kinases of an organism.

75.  The method of claim 65-68, wherein the positionally addressable array comprises
119 kinases of an organism.



all of the kinases of an organismthat are encoded by nucleic aci @ &oNﬁHgﬂH
sequences that are less than 4.5 kb in length. 79. The nethod of cl ains
65- 68, wherein protein/probe interaction is detected by detecting
enzymatic activity. 80. The method of claim 79, wherein the enzymatic
activity is kinase activity. 81. Theddositionally addressable array of
claim1, wherein the array conprises 50 proteins of an organisns wth the

same pe ' | : | M The. L dressabl e array of
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same type &P2kingsesgif@alorg@dsnyity. 83. The positionally addressable array of

claimit, wherein the array conprises 100 kinases of an organism 84. The

posi t 7pnal iMie adthicRisEradMits B5LERY viHerdih Ao PokitionhIBy Sddicdsiile AFh A omBARS ses 119
ki nases of an prﬂgqiﬁn1 85f The 805|t|onally addressabl e array of clains
81-84, whePBFH AR of ap Qrlk® ki nases.

78.  The method of claims 65-68, wherein the positionalty addressable array comprises
all of the kinases of an organism that are encoded by nucleic acid coding sequences
that are less than 4.5 kb in length.

79.  The method of claims 65-68, wherein protein/probe interaction is detected by
detecting enzymatic activity.

80.  The method of claim 79, wherein the enzymatic activity is kinase activity.

81.  The positionally addressable array of claim 1, wherein the array comprises 50 proteins
of an organism with the same type of biological activity.

82.  The positionally addressable array of claim 1, wherein the array comprises 100
proteins of an organism with the same type of biological activity.

83.  The positionally addressable array of claim 1, wherein the array comprises 100

kinases of an organism.

84.  The positionally addressable array of claim 1, wherein the array comprises 119

kinases of an organism.

85.  The positionally addressable array of claims 81-84, wherein the kinases are yeast

kinases.



