PROTEI N ARRAYS AND USES THEREOF 5CROSS- REFERENCE TO RELATED APPLI CATI ONS
This application clainms the benefit of priority of U S. Provisional

Appl i cat i¥R 2RB/038BB 245, 852, filed Septenber 25, 2009, WRCEASRE0RQE0&LyY
incorporated by reference in its entirety. 10FI ELD Enbodi ments herein
di sclosed relate to the field of protein arrays, nmethods for nmaking protein
arrays, and uses of the arrays for research and to di agnose di sease, anong
other things. 15 Protein arrays allow nmany protein-based assays to carried

out in parallel. They e et eased, throughput conpared to
i ndi vi dual assays. The IF-cat-ty \I’ e Y9G SRREY assay and require
|l ess tinme per assay as well. As a result, arrays generally provide greatly

reduced costs per 20 assay, even when the cost of fabricating the arrays is
taken into account. In addition, sinultaneous performance of nultiple

assayssi n arrays pﬁ%ggﬁ*é'%f‘@%‘?Wﬁﬂﬁ&éﬁ?‘g‘ﬂs@ﬂﬂ@?ys and t he

ability to assay the sane parare i miltip ading to inproved

p&gci si on ?ndl Absu@rdizatién chgs tise bemﬁigf@ﬁo’;ity d:frtdjSéiFTiu‘aibioaafaySd I'n

addi tion, ful enQmi rotein_ arrays offer 25possihilities for detecting

prot eome (PR C%E’&r}g?-n&{gf‘g@g?ef'lﬁﬁt%&%‘?@h3.5s %ﬁ@'\"ﬂﬁ%f?&hﬁﬁew surveys will
be powerf {Heob bﬁeJWréfél‘iﬁ{cétiﬁﬂgiéﬂlﬁréigpt ein-protein interactions, decoding
anti body binding specificities and cross-reactions, and for identifying

bi omarkers for diagnosis and patient stratification, to nane a few salient

applications. 30Several major for mat@i%@fD protein arrays have been
described. In forward phase protein 0-arrays capture proteins with well

defined speci f Egiiddameh® hétai distbaéd tabielotharRld &@B&ézh%%g@,t defi ned
| ocations in an array and target conpounds are identified and quantified by

t he posi t M&ikodmierinmakdng proteln arays, aodwgesfof thearrpye fargesearchrarghto The
primary u f LAl jS to interrogate individual sanples to
determ neaﬁggwﬁ%@és\éé%gg’ g,t@ﬁg Ogﬁ%ﬁ%fn f a | arge nunber of different

conponents sinultaneously. In one typical type of forward phase array, the
array_is made up of a panoply of antibodies specific for particular
ant i gb?]s and the array is used to nmeasure the presence and anmounts of these

o egenany ErEOBMEh SRR ORI SR SRty BT 08
mono- spec phratlet. eflo@nprovidechreatly increased throughput compared to individual
assays. They typically use less reagent per assay and require less time per
assay as well. As a result, arrays generally provide greatly reduced costs per
20  assay, even when the cost of fabricating the arrays is taken into account. In
addition, simultaneous performance of multiple assays in arrays provides for
redundancy of individual assays and the ability to assay the same parameter in
multiple ways, leading to improved precision and accuracy of results,
compared to individual assays. |n addition, full genomic protein arrays offer
25  possibilities for detecting proteome wide protein-molecule interactions. Such
genome wide surveys will be powerful tools for understanding protein-protein
interactions, decoding antibody binding specificities and cross-reactions, and
for identifying biomarkers for diagnosis and patient stratification, to name a few
salient applications.
30 Several major formats of protein arrays have been described. In
forward phase protein micro-arrays capture proteins with well defined



as an anti body specific for a particular antigen. The primary use of
reverse phase arrays is to characterize a | arge nunber of sanples for the
presence WAFOHMIZFE of one - or at nost a few - conponeREI/USAHOOFG08EL rat i ve
use of reverse phase arrays is to screen a series of nono-specific
reagents, such as 15antibodi es specific for particular antigens, against a
collection of different cell types. A nunber of reviews on protein
arrays haseetitighepiminastiadar tangath ade iomobiizeg p¢ definsd incatidositt ages and

di sadvant s _of rrent protein arrays.technal ogi | ncl udi ng_t hose of
Joos and B1ERARAEHGBmeRL B8 ele HesdliPe PBEAPERET By 4he PablofRahd

l'i m tati onfensifiéOot bifbmg of PsAREIABARE abdy. 4hprimaRbusdbeoneardal . (2004) ;
"Protein mcroarrays for nultiplex analysis of signal transduction

pat hways, Phage arraysdiocnissropgia individeg saryyes todetersinge bedres¢nso9) ;

"Protein mu.Gr f ' ' " .- Bi 93:
1407 79168 ERRER o Blad M aHBERAS dirén i ¥ampohRte s RaRR 0 AR T hoay
25 Si gnat typicdl typeBofofivawaer phastcavay, \thé aialyds e & 68hIpahaplyRsfot eonoci s
6.7: 1115-1122, Additional ref %r ences are provided under VII, bel ow

Previ ous PRBRRAias sPeeilie fannaricy'anartigensandoitsarsydsusediipveessuwadde nunbers
of purifi ' [ thEgde Vg, nsfection of |arge nunbers
of previ oﬁﬁs%r”%%é’?zadﬂ%% (ﬁrtlto aa'ﬁggse{n%(:‘glﬁssea\mé%h, after growmth and 30
expressi on of trheversmphas: eda@\spanaple of yamglasrarsidriayelraral/henn t he

f t , limted by th f tei t hat b
by not 1tat PIFbastER BB A0S hdnoiTeadery Vmicky Mifes mafiasSRc i GRGERE SUERT i cat i on
that nust gheroxbeeyBpkeficesch ﬁ@ﬁ%@érr&dti@ehhﬁ‘h@rﬁrﬁﬁarryéis(é‘é‘fsre'\l@rsbhe latter

category have been [imted by heterogeneity in transfection and expression

resul t s apbagy atmays is i cheagiesze aragensimber ofsaraplas fer ibBtries@RLe r om

conf | uent ) n Sur insitu. F sons, and a
variety of ﬁgtal’?i?%r?f%gggge—i ﬁrsgta'ﬁpgﬁ?eﬁy é"scg)ﬁéweé@%i f\ﬂﬁ!ﬁ@strﬁqﬁ? ¥ g’lsgfotf om a
variety ofeldrse phhs®asrags it @i sagyaatges of anshd-bBesdfic feayontedubniasi nproved
protein arrays and for arrays that provide functionality not available with
preseh? t aphbeisgypedific for particulanantiganse apaysha seledipnfdifierephselhr e

provi ded \way of illustration and describe a few of the many aspects and
enbodi nent’s 0f the inventions herein disclosed. Many others are descri bed
herein and w | A fnembero leyicaypan priteincartdaseavekvddrepublishedewaichs t o whi ch

they  pert g0 1

ﬁp‘éé,e ué)e];s, tarc]i(\a/antages and disadvantages of current protein arrays
technologies, including those of Joos and Bachmann (2009); “Protein

20  microarrays: potentials and limitations,” Frontiers in Biosciences 14: 4376-
4385; Chan et al. (2004); “Protein microarrays for multipiex analysis of signal
transduction pathways,” Nafure Medicine 10(12): 1390-1396; Hartmann ef a/.
(2009); “Protein microarrays for diagnostic assays,” Anal. Bioanal. Chem. 393:
1407-1416, and Caron ef al. (2007); “Cancer Immunomics Using Autoantibody

25  Signature for Biomarker Discovery,” Molecular & Cellular Proteomocis 6.7:
1115-1122. Additional references are provided under VI, below.

Previous protein arrays typically either comprised relatively small
numbers of purified proteins or were made by reverse transfection of large
numbers of previously arrayed DNAs into a host cell which, after growth and

30  expression of the transfected DNAs, were lysed in sifu. Arrays in the former
category have been limited by the number of proteins that can be practically



15phrase "any of the foregoing or the follow ng" in the nunbered paragraphs
I ndi cates that the various elenents set forth in the nunbered paragraphs
can be coMBi2AEYP3BRSany way, and it is used to provide eRpMUSR0OHBbrt for
any such conbination. Applicant reserves the right to set out explicitly
and/or claimany one or nore of the conbinations thus abbreviated, in whole
or part by 20anendnent in this or any successor or related application.
1.01. A neblainkd; éinatﬁakbsn@eediﬁmttiek;mf@mmm plmrdfiqar(ibaitln@ rapgtihe ng a plurality

cor  espontValsopIC PR RR) ERSEi bp e ortv i Bhe fattanhefeadty Batte Boedy ol ¢y

of protei itk b‘?Wt@ﬁ)‘@%ﬁeit@Wﬂ%l%f@@ﬁd@éiﬁ%&’@ggb@si%%%ﬁé ﬁn@%y%é' s via a
25correspondi ng pluralit exogenous DNAs, A" et hod for

making a bmdedunﬁof@rrr égnssédhg& tayt he ohfaingd frgm genftuent p@lls Wys@@;gn an

whor el g BLo%. for Bed Rhdhs. 8ol s 81 Gheln bR Bor essed 20
ther ei n vpresentig@nalsniDNOHEXframda var;@tmaiflhﬁdtah@n@g&tftdtsz;mVSNtagd@eéﬁdn P1
through Pn are all different fromone another, S1 through Sn are all

di  f er ent thareds ameesfot eproved peotgin armaysyand farattays thabprovidend x is an
I nt eger fftﬂf&l%{\%@?ﬂﬁoﬁanﬁmg%ﬁ?ﬂé%nta@cﬁﬁéloéfrt h herein, x is a fraction

of the genes teirn regions’’in a genonme, particularly as
set forth el sewhere hereln In enbodlnents as set forth herein below, x is
a set &Hnber of genes, loci or protelq codlng genes of an organi sm

1. 03. ' et hod for maki ng a protein arlt conpr|5|ng appl yi ng 10pr ot ei ns

e e
posi ti on 8R¢ describe a few of the many aspects and embodiments of the mventtons
herein disclosed. Many others are described herein and will be readily
apparent to those skilled in the arts to which they pertain. The use of the
15 phrase “any of the foregoing or the following” in the numbered paragraphs
indicates that the various elements set forth in the numbered paragraphs can
be combined in any way, and it is used to provide explicit support for any such
combination. Applicant reserves the right to set out explicitly and/or claim any
one or more of the combinations thus abbreviated, in whole or part by
20 amendment in this or any successor or related application.
1.01. A method for making a protein array, comprising applying a
plurality of cell lysates, comprising a corresponding plurality of proteins to a
corresponding plurality of positions on a support, wherein said plurality of
proteins is expressed in said corresponding plurality of cells via a
25  corresponding plurality of exogenous DNAs,
1.02. A method for making a protein array, comprising applying lysates
L1 through L, comprising proteins P through P to positions S1through S, on a
‘support,
wherein each lysate Ly is of cells Cy, comprising protein Py expressed
30  therein via exogenous DNA Dy and is applied to position Sy,
wherein



wherein P1 through Pt, are all different fromone another, 15S1 through Sn
are all different fromone another, n is an integer greater than 1 and x is
an i ntegeWO2PH381380 n. 1.04. A nethod for nmaki ng an ar P&Y/USR018/081041 ns,
conpri si ng: applying a plurality of |ysates conprising a
corresponding plurality of 20proteins to a corresponding plurality of
positions on a support, thereby producing an array of said plurality of

pr ot ei ns, P throughéteira adialifferens ibesorze enptheduced by a met hod conpri sing

expressing a p urallt f t a corresponding plurality of cell
col onies or cu ﬂd?fgggﬁsgaﬁ@@rcﬁfg%rgampﬁborm ﬁ'?%tﬁfefy of exogenous DNAs in
celI's of said gos aRiigegef grefted thdheSandgnd iysing each of said plurality of
cell colonies or cultures thereby to produce a corresponding plurality of

| ysat es conpri sllﬁwgnwﬁgefc%@mekﬁbﬂdl ng plurality of proteins. 1.05. A nethod

or mors prot oi teerkolmi & St ARTMhR s FIGEEPT a1 1

cul tures proteit celing Rl Mt Pémjmbl paﬁ@blaﬂy%mm@rt%l&@wmwﬁb@n of said
colonies or cultures; sing each of said plurality of cell colonies

or cul t ur BsemRediBrgNts e peidfaeth r‘@’@'@rbeé%\ﬁohdﬁ %ermiémﬁﬂ @nyQﬂeSI JRFhPES
conprisin ﬁ@ln%&qq%géﬁéglgf&go dHi@hi ty of proteins; appl yi ng

sai d pIur Ity of ates conprising said correspondlng plurality 5of
proteins to a ¢d3 edpuethoddopmakalg & pratbirparsay, iconsprismepaspipipgr t ;
10 proteins P4 through P, to positions S, through S,, on a support,
wherein each protein Py is expressed in cells Cy via exogenous DNA Dy
and is applied to position S,
wherein
P4 through P, are all different from one another,
15 S1 through S, are all different from one another,
n is an integer greater than 1 and
X is an integer from 1 fo n.
1.04. A method for making an array of proteins, comprising:
applying a plurality of lysates comprising a corresponding plurality of
20  proteins to a corresponding plurality of positions on a support, thereby
producing an array of said plurality of proteins, -
wherein said lysates are produced by a method comprising expressing
a plurality of proteins in a corresponding plurality of cell colonies or cultures via
a corresponding plurality of exogenous DNAs in cells of said colonies or
25 cultures, and lysing each of said piurality of cell colonies or cultures thereby to
produce a corresponding plurality of lysates comprising said corresponding
plurality of proteins.
1.05. A method for making an array of protein, comprising:
expressing a plurality of two or more protfeins in a corresponding
30  plurality of cell colonies or cultures via a corresponding plurality of exogenous
DNAs in cells of said colonies or cultures;



t hereby producing an array of said plurality of proteins. 2.01. A
nmet hod according to any of the foregoing or the foll ow n%, wherein said
prot ei ns WPSOEB138xpressed via said DNAs in said cel | sPCEUS201085408t hod
according to any of the foregoing or the foll ow ng, 10wherein said proteins
are present at high concentrations in said |ysates. 2.03. A nethod
according to any of the foregoing or the foll ow ng, wherein at |east any of
50, 60, 75, 80!y58& edth ofofid plurakity bhoed oblosisconprulivegsthereihhter t han
controls, is,at |least an 0. 05 25, 0. 35,
.50, " o8t EQTanBRigplsalhyof 3R ridising'sdid comasBondsg™ 5 5

4. 00, 4 5?!urallﬁ§o@9rot5m50 6. 00, 7. 50 10.0, 15.0 or 20 per cent of the
total protein in said cells. 04. A nmethod according to any of the
f or egoi ng or tﬁ@pwgmﬂmﬁlyrabwéaf&{slat%ﬁcqﬁsﬁa@wnﬁ@w%wrmﬁpmmgm!ura!tby 85, 90,

95, 99 of o RONERL 1581 RIRbRAR pIOLIR/ ot ARG 2k8ppbi. expressed in sal d

cells via’s exogenous I's”su antially nore than

any endogenous tietpbepssdutiraf arsarrdywpamt;ﬁumiultynos;mo@bmel | s. 2.05. A
met hod accor di n%sto any of t he foregoi ng or the follow ng_’t wherein at | east
any of 50, 60, Banetwd aggordag tognyof Tsotyegoisaicy th BleWRg. ot her t han

control s unt that is at
[ east any""h%f@*‘%"o‘?ﬁ’b‘?e'éé%@%"% Rt TRl SF DN fikeRg BTNt (N ! ® oo,
75, 25100, 1252. OIBOA m@modmOrmﬁQtoéﬁ@ofﬂ&ﬁforé@@ngb;m@foilmwﬁ@ or nore
times ndageno ? ressi on of ote n.in said 2. 06.
A ot HB0 wERETH R DiotaRS 358 piks™ ot Bigh Bocert At BRI SRE S her ei n at
east any of 50.090A Feindiacdbing o of ,of%e RiredORYRthe RIwHE! ei ns, 30
5.00, 5.50, 6.00, 7.50, 10 Ber cent of the total™ protein in

sai d | ysatéherein at least aOY 0f50n§0h6‘él &k &5y 8DNng5.t an0Q¥ afisaid piatejobng or the
foll ow ng et gl BohiloR! is'di38kst 3Ry 0. 5010.855, 085, 8%0, 815 PasB35%° "
0.50, .075, 1.00, 1.25, 1.50. 1.75, 2.00, 2.25, 2.50, 2.75, 3.00, 3.50, 4.00, 4.50,
15  5.00, 5.50, 6.00, 7.50, 10.0, 15.0 or 20 per cent of the total protein in said cells.
2.04. A method according to any of the foregoing or the foilowing,
wherein at least any of 50, 60, 75, 80, 85, 90, 95, 99 or 100% of said proteins,
other than controls, is expressed in said cells via said exogenous DNA in an
amount that is substantially more than any endogenous expression of said
20  protein in said celis.
2.05. A method according to any of the foregoing or the following,
wherein at least any of 50, 60, 75, 80, 85, 90, 95, 99 or 100% of said proteins,
other than controls, is expressed via said DNAs in said cells in an amount that
is at least any of 1.5, 2.0, 2.5, 3.0, 4.0 5.0, 7.5, 10, 15, 20, 25, 30, 40, 50, 75,
25 100, 125, 150, 200, 250, 300, 400, 500, 750, 1,000, 1,500 or more times any
endogenous expression of said protein in said cells.
2.06. A method according to any of the foregoing or the following,
wherein at least any of 50, 60, 75, 80, 85, 90, 95, 99 or 100% of said proteins,
other than controls, is at least any of 0.01, 0.025, 0.05, .0.10, 0.15, 0.25, 0.35,
30 0.50, .075, 1.00, 1.25, 1.60. 1.75, 2.00, 2.25, 2.50, 2.75, 3.00, 3.50, 4.00, 4.50,



5 lysates, other than controls, the concentration of each protein in each
| ysate is at least any of 1, 2, 3, 5, 10, 15, 20, 25, 35, 50, 100, 150,
200, 250,WO@3011/03838 400, 450, 500, 600, 700, 800 or 900PGFUROIHOSWE1 | east
any of 1, 2, 3, 5, 10, 15, 20, 25, 35, 50, 100, 150, 200, 250, 300, 350,
400, 450, 500, 600, 700, 800 or 900 mg/m . 103.01. A nethod according to
any of the foregoing or the follow ng, wherein the proteins collectively
conpri se, 5410, befks 16.G0V7 .60, TR0, P50 BQRO 13, codd of #ig to5dl préotein Blsaids, 70, 75,
80, 85, 99, P or 98 per cent of the proteins encoded by a genone of an
or gani sm YBA*Enbodi ments t he organismis a manmal . I n enbodi nents the

organismis any, G?neA%eﬂ]o@fDé&%rdthtt@ aﬁ{("%ﬂhe f’b’?élg}ﬂh? o@% RoRdrigrate. 3.02. A
met hod according to an foregol n |'owi ng, wherein the

ol e BOrrain i ableaclampot 66, 60, 76080; B5.50,85. 36 oraD0oasr B8, 40 46 50,

by a_nnaNegEo Rl 568 s8ral termoBbugial B e f8 o BREP MBS R ng or
the foll ogt Rast Wbﬁﬂ e 136, aor ag, mraﬁlcﬁesomm €155 200, 260 @B 358Ny of
1,000, 2,000, 3,000, 4,000, 5 000 000, 7,000, 8,000, 9,000 10 000,

11,000, 140 @o%ﬁd £90p660, 100, cﬁﬁﬂ Ol’l@Q)wmim abirast epyebd; 218, Dot 15
20,25,35,50,100,150,200,250,300,350,400,450,500,600,700,8000r
900 mg/ml.

10 3.01. A method according to any of the foregoing or the following,
wherein the proteins collectively comprise, at least any of 20, 25, 30, 35, 40,
45, 50, 55, 60, 85, 70, 75, 80, 85, 90, 95, or 98 per cent of the proteins
encoded by a genome of an organism. In embodiments the organism is a
mammal. In embodiments the organism is any one of a mouse, rat, sheep,

15 goat, dog or primate.

3.02. A method according o any of the foregoing or the following,
wherein the proteins collectively comprise at least any of 20, 25, 30, 35, 40,
45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 98 per cent of the proteins
encoded by a human genome.

20 3.03. A method according to any of the foregoing or the following,
wherein the array comprises proteins of at least any of 1,000, 2,000, 3,000,
4,000, 5,000, 6,000, 7,000, 8,000, 2,000, 10,000, 11,000, 12,000, 13,000,
14,000, 15,000, 16,000, 17,000, 18,000, 19,000, 20,000, 21, 000, 22,000,
23,000, 24,000, 25,000, 26,000, 27,000, 28,000, 29,000 or 30,000 different loci

25  of an organism.

3.04. A method according fo any of the foregoing or the following,
wherein the array comprises at least any of 1,000, 2,000, 3,000, 4,000, 5,000,
6,000, 7,000, 8,000, 9,000, 10,000, 11,000, 12,000, 13,000, 14,000, 15,000,
16,000, 17,000, 18,000, 19,000, 20,000, 21, 000, 22,000, 23,000, 24,000,

30 25,000, 26,000, 27,000, 28,000, 29,000 or 30,000 different proteins.



19, 000, 20,000, 21, 000, 22,000, 23,000, 24,000, 25,000, 26,000, 27,000,

28, 000, 29,000 or 30,000 different |oci 3.05. A nethod according to
any of t WOR28H4Y8138g or the foll owing, wherein the arrafCE@priooasht | east
any of 1,000, 2,000, 3,000, 4,000, 5,000, 6,000, 7,000, 8,000, 9,000,

10, 000, 11,000, 12,000, 13,000, 14,000, 15,000, 16,000, 17,000, 18, 000,

19, 000, 20,000, 21, 000, 22,000, 23,000, 24,000, 525,000, 26,000, 27,000,
28, 000, 29, 0003&5. 36, roethopgaxicording te eanwef e aggbipg or ielibeirg, been

appl i ed.

fol | owi ng™WN§AP @%gf‘ﬁ@r"gﬁﬁ’t}%gﬁa °r§?9§ﬁ§qc§fﬂ%%£§'ﬁe%%0°rﬁ@% rr%%‘%'lgg,e 200,
250, 350, 63000, 7000, 810010®,06b, G@050E. 1@0@)0 4320@&) 13, 6810.,14606100.5,00; 00,
10, 000, 15,000, or 10 20, 000 p05|t|ons
16,000, 17,000, 18,000, 19,000, 20,000, 1 000 22 ,000, 23,000, 24,000,
5 25,000, 26,000, 27,000, 28,000, 29,000 or 30,000 positions to which said
proteins have been applied.
3.06. A method according to any of the foregoing or the following,
wherein there are at least any of 10, 25', 50, 75, 100, 150, 200, 250, 350, 500,
750, 1,000, 2,000, 3,000, 4,000, 5,000, 6,000, 7,500, 10,000, 15,000, or

10 20,000 positions per cm?.

3.07. A method according to any of the foregoing or the following,
wherein there are at least any of 10, 25, 50, 75, 100, 150, 200, 250, 350, 500,
750, 1,000, 2,000, 3,000, 4,000, 5,000, 6,000, 7,500, 10,000, 15,000, or
20,000 lysates applied per cm®.

15 3.08. A method according to any of the foregoing or the following,
wherein there are at least any of 10, 25, 50, 75, 100, 150, 200, 250, 350, 500,
750, 1,000, 2,000, 3,000, 4,000, 5,000, 6,000, 7,500, 10,000, 15,000, or
20,000 of said proteins applied per cm?

-3.09. A method according o any of the foregoing or the following,

20 wherein there are at least any of 10, 25, 50, 75, 100, 150, 200, 250, 350, 500,
750, 1,000, 2,000, 3,000, 4,000, 5,000, 6,000, 7,500, 10,000, 15,000, or
20,000 positions per cm? with said proteins applied to at least any of 50, 60,
70, 80, 90 or 95% of said positions. |

3.10. A method according to any of the foregoing or the following,

25  wherein the spots are any of 10-50, 25-75, 50-100, 75-150 100-200, 150-250,
200-300, 250-350, 300-400, 400-500, 500-750, 400-800, 750-1,000 um in
diameter.

3.11. A method according to any of the foregoing or the following,
wherein the area of the features are any of 10-50, 25-75, 50-100, 75-150 100-

30 200, 150-250, 200-300, 250-350, 300-400, 400-500, 500-750, 400-800, 750-
1,250, 1,000-2,000, 1,500-3,000, 2,500-5,000 pm?*



3.07. A nethod according to any of the foregoing or the follow ng, wherein
there are at | east any of 10, 25, 50, 75, 100, 150, 200, 250, 350, 500,
750, 1, 00O 201141381383, 000, 4, 000, 5,000, 6,000, 7,500, 1E6CHES2019495(8D, or
20,000 | ysates applied per cn2. 153.08. A nethod according to any of the
foregoing or the follow ng, wherein there are at |east any of 10, 25, 50,
75, 100, 150, 200, 250, 350, 500, 750, 1,000, 2,000, 3,000, 4,000, 5,000,
6, 000, 7,500, 30,2006, methootconding o eﬁgbobfhesfa)irwwngbeﬁmfcﬁpwmmd per cnR.

3.09. A hod di t f. t f the fo

Souher ef nVPAGH (5 Seate” o sehBhnagnd BE helatss tssdish samiarg 508 50,
350, 500, 23595-25, 800, 2608125379 HD-1d0 0!51155 P00156, P£290178, PAR12280, 000,

15, 000, or 20, 000 03| tions per cm2 with said proteins app’l ied to at |east

any of 5020850782 @(75 8606509600001 400080 Lbns. 3. 10. A net hod

ro iy of 0. BT RAHEOALRAY 85 abpSr B 63t of B RIBRT00° 550- 350,
300- 400, #BersNbhe EGﬁcérﬁﬁhtloﬁQﬁ-pfﬁﬁlélns?iﬁ(babhﬂ%teF@at leadt anpber . 2.3,BL. A

met hod according to any of the forego or the foIIovmn wherein the area
of the 1edbulBeitad. 3ay50:100-159, 268, 260 39, 365, 496 4o SBB0608H Ao,

1000 2. 068 % 9T R a4, A easfialy B 255 4295 S B30 880 cor ai o

to any of 100e15@r28donag, 800,360, H6D| 658 F@O Bioér 200, 80Goc8dd erg/tndh. cent er
spaci 25, 20-40,

35250125 75 4% o metiireokuind 188y Praarfpadif o5 Sie Tlebiimo, 225. 275,
250- 350,  3Pr&iR%oro4t |é99ra">rﬂpoft50? 80, 75, 80, 85, 90, 95, 99 or 100% of said
lysates, other than controls, the amount of lysate protein is the amount of total
protein in at least any of 100, 150, 200, 250, 300, 350, 400, 450, 500, 550,
600, 650, 700, 750, 800, 850, 900, 950, 1,000, 1,500, 2,000 or 2,500 of the
15 cells of the lysate.

4.03 A method according to any of the foregoing or the following,
wherein for at least any of 50, 60, 75, 80, 85, 90, 95, 99 or 100% of said
proteins, other than controls, the amount of said protein expressed via an
exogenous DNA is at least any of the amount of said profein expressed via

20 said exogenous DNA in 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600,
650, 700, 750, 800, 850, 900, 950, 1,000, 1,500, 2,000 or 2,500 cells in which
the protein was expressed.

5.01. A method according to any of the foregoing or the following,
wherein said cells are eukaryotic cells.

25 5.02. A method according to any of the foregoing or the following,
where said cells are prokaryotic cells.

5.03. A method according to any of the foregoing or the following,
wherein the cells are any one or more of HEK293, COS, CV1, BHK, CHO,
Hela, LTK, or NIH 3T3 cells.

30 5.04. A method according to any of the foregoing or the following,
wherein the cells are HEK293T cells.



54.01. A method according to any of the foregoing or the follow ng, wherein
the concentration of proteins in each |ysate is at least any of 1, 2, 3, 5,
10, 15, 2Ay020H/03858 50, 100, 150, 200, 250, 300, 350, 4EBCT/UFZHI/08HE! 600,
700, 800 or 900 mcrogranms/m | or at least any of 1, 2, 3, 5, 10, 15, 20,
25, 35, 50, 100, 150, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800 or
900 ng/mM . 104.02. A nmethod according to any of the foregoing or the

fol | owi ng, wheB4i1n f\oneﬁ{todlae:a:stdiamo ahyB@theﬁiﬁ:mg’cﬁng 80ihe3tollo®ing, 95, 99 or

100% of sa'hd I%{sat es, efr % ntr @ t he armu t of 2%sattg protein is
t he amouny"gf®! Wﬁlorﬂ?%ee? Tk eé‘?g‘?% ﬁ‘fr’%hﬁf@o E8&NeHFAD50, 300,
350, 400, pAhling500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1, 000,
1,500, 2,000 or 2,500 of the 15cells of the |ysate.

6.02. A method according to any of the foregoing or the following,

5 wherein one or more of said exogenous DNAs each encodes one of said
proteins and each such protein in each such exogenous DNAs is encoded by a
cDNA, a genomic DNA, or a synthetic DNA.

6.03. A method according to any of the foregoing for the following,
wherein one or more of said exogenous DNAs is an expression construct

10 comprising cis-acting elements effective for transcription in said cells operably
linked to DNAs encoding one of said proteins. In embodiments the cis-acting
elements include a promoter.

8.04. A method according to any of the foregoing for the following,
wherein one or more of said exogenous DNAs is an expression construct

15 comprising a promoter (and, optionally, other ¢cis-acting genetic elements)
effective for transcription in said cells operably linked to DNAs encoding one of
said proteins, wherein said DNA encoding said protein in each of said one or
more exogenous DNAs is a cDNA, a genomic DNA or a synthetic DNA.

6.05. A method according to any of the foregoing or the following,

20  wherein said promoter is any one or more of a CMV, SV40 or MMTYV promoter.

6.06 A method according to any of the foregoing or the following,
wherein one or more of said exogenous DNAs encodes a chimeric protein
comprising substantially the amino acid sequence of a protein for said array
fused in correct reading frame to a tag sequence effective for any one or more

25 of attachment, immobilization, capture, purification, detection and/or
guantification.

6.07. A method according to any of the foregoing or the following,
wherein said tag is any one or more of a GST, HA, V5, HIS, DDK (or FLAG) or
myc fag.

30 6.08. A method according to any of the foregoing or the following,
wherein said tag is a myc/FLAG tag.



4.03 A nethod according to any of the foregoing or the foll ow ng, wherein
for at | east any of 50, 60, 75, 80, 85, 90, 95, 99 or 100% of said

prot ei ns, WE2AEYO38B8n controls, the ampunt of said prot ePRTARBNEHZWEL vi a an
exogenous DNA is at | east any of the anpunt of said protein expressed via
20 sai d exogenous DNA in 100, 150, 200, 250, 300, 350, 400, 450, 500, 550,
600, 650, 700, 750, 800, 850, 900, 950, 1,000, 1,500, 2,000 or 2,500 cells
in which the pBdi%i A mathoebauoesding to any of thebfdddgoifg wetifbllawiay, di ng to any

of the foregoi.ng or the follow Wherein said cells are eukaryotic cells.
255.02. A% ﬂagaéﬁ%‘é’@?@?ﬂﬁnt‘;@nﬁﬁg&ﬁ atﬁ‘ngp@F%'&Bﬁ REPrEPSIPREEEVN owi ng, where
said cells ar eewookwmeﬁda a,?é%'o\rﬁ\r)\%to an ofﬁu&%w]e@siﬂgb?% ffiQAY, N9 to any of

the foregoing or the follow ng, ereih the ce re any one or nore of
HEK293, CaberadvpaiBexquandos PMALompTises@ coustuet Brownt-omeogo0d4. A net hod

according to_ an f. the.for ing or.the follow ng, wherein the cells are
HEK29 céé(foﬁ |Xaf%na} ac%&a%gﬁ%ie%ﬁg%gwna@m gﬁ!cﬁ%getr%ugr%ﬁngfeqqqglr}gog egoi ng or
the fol | optdtein Wﬂg%ﬁgj’z}oma% nore of said exogenous DNAs each encodes one

of said proteins. A nmet hod according to any of the foregoing or the
fol | owi ng, 5 whAeklei A moathasragesrdingfo aay @f Hreipseerisg Prke Bllewinthcodes one of

1 oving, 5 whck 3 odes one o
by a CDNAN TR ANGIF NG PR cSbrleBs P EUHET A HARIBIR ccor aing 1o

any of thesdomnisigaionigl dctivatiba df exprasisivg, ofvdresesd sy s Yenasrcoaingali d
exogenous DNAs ]g S aB expression construct 10 conprising cis-acting el enments
ef f ect? vePFSRMNPRAREATHAY on in said cells operably linked to DNAs encodi ng

orrorer o a7 0% DAEORASIRG S S5 ioARisNg bR 10 @
f ol | owi ngwhahaindhe sopeorbis amy supdortdestrivedgeristes) Ekdwhess hereéxpr essi on
construct 7.02. A method according to any of the foregoing or the following,
wherein the support comprises nitrocellulose.
15 7.03. A method according to any of the foregoing or the following,
wherein the support comprises a nitrocellulose coated glass slide.
8.01 A method according to any of the foregoing or the following,
wherein the proteins are purified from the lysates prior to application to the
support.
20 8.02 A method according to any of the foregoing or the following,
wherein the proteins are purified prior to application to the support to at least
any of 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, 99% pure.
8.03. A method according to any of the foregoing or the following,
wherein the proteins are purified prior to application to the support so as to at
25  least any of 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, 99% of
the total protein applied to the suphort.
8.04. A method according to any of the foregoing or the foliowing,
wherein the proteins are purified by affinity chromatography prior to application
to the support . |
30 8.05. A method according to any of the foregoing or the following,

wherein the proteins comprise an affinity fag and are purified prior fo

10



15conpri sing a pronoter (and, optionally, other cis-acting genetic

el ements) effective for transcription in said cells operably |inked to DNAs
encodi ng WASIHHO38EEd protei ns, wherein said DNA encodi n§CIA{SA018/08R081 n i n
each of said one or nore exogenous DNAs is a cONA, a genomc DNA or a
synthetic DNA. 6.05. A nethod according to any of the foregoing or the
follow ng, 20 wherein said pronoter is any one or nore of a CW, SV40 or
MM TV pr oapplératiof.to 6ha\suppdrd by adfostydirmgmetograghyépediic fategeffimityor t he

foll owi ng, wherein one or nore of said exogenous DNAs encodes a chineric
protein cﬁ%ri sing substantially the am no acid sequence of a protein for

said array fusggg, NAGREIRELad®Adhg% BhP BB tHOfoRed g DR BEETMBWRIS ecti ve for
any one or nore 25of attachnent, i nmobilization, capture, purification,

det ect i onwhetio the profeinsicomprise. a peptide aingy tagrane ere gutiietbpdeng to any of

Ger. i "9ePaan i BupStt REp IS FioaBstaby she R T thE a%hedBr i ng o
any of thaffingyeapi ng or the follow ng, wherein said tag is a nmyc/ FLAG tag.
6.09. A nethod according to any of the foregoing or the foll ow ng, wherein

sai d expr essi off-Wonhtpathod accardjoats 28y of hafoppeaiag 6n thetilewing. 10. A
thog 0 ShErY . : »
e R e T T

exogenous Sés a Co ruct nol ogo I natori al

act i vat i oapplicagioprtesise soppdrt oy ireniogalfniy deoeatracihyngsiag @nodrdibodior sai d
protein array, . A nethod according to any of the foregoing or
the f&¥ oﬁpﬁéflcw{épﬁi[ﬁjéiﬁ‘gj exogenous DNA conprises a construct for

Qggg'd?gguz recgnpi NAlAktRd f&dordigl t8anglof BPfRESHAG Pih&fbisddggenous gene
wherein the proteins are purified from the lysates following application to the
support.

9.02 A method according to any of the foregoing or the following,

15 wherein the proteins are purified following application to the support to at least
any of 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 97%,. 98%, 99% or more
of homogeneously pure.

9.03. A method according to any of the foregoing or the following,
wherein the proteins are purified following application to the support so as to

20 be at least any 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 97%,. 98%, 99%
or the total protein immobilized on the support.

9.04. A method according to any of the foregoing or the following,
wherein the proteins are purified following application to the support by binding
to an affinity moiety on the support specific {o the proteins expressed via the

25  exogenous DNA, and removing unbound material.

9.05. A method according to any of the foregoing or the following,
wherein the proteins comprise an affinity tag and are purified following
application to the support by binding to an affinity moiety on the support
specific for the tag, and removing unbound material.

30 9.06. A method according to any of the foregoing or the following,
wherein the proteins comprise a peptide affinity tag and are purified following

11



10protein for said array. 7.01. A nethod according to any of the foregoing
or the foll owi ng wherein the support is any support described or |isted
el sewher eVREPHY(§8138 7.02. A nethod according to anyP&T/USREOEY0i ng or
the foll ow ng, wherein the support conprises nitrocellul ose, 157.03. A
met hod according to any of the foregoing or the follow ng, wherein the
support conprises a nitrocellul ose coated gl ass slide, 8.01 A nethod

accor di nga58icafiyn % thSubIIeBP biHAIRY td BS afPlity PMbIBE: spétscSoR thd1e prot ei ns
are purif?%@lfro%the Ilf/@g{ejgri (l)'?jto agpl ifck:,atiloﬁﬁsto t he support. 208.02 A

met hod acgeptitienigotanchigmering nebewn@ gwiterdglor the fol | owi ng, wherein the

bt 500 o005 TosL7 TEmEleRacsBifREle ARL bDhaiecug SPRB bR, 10t 570
A et hod wperdid the drotediyc@hptisss & OTEQalfiityasg bihe drelduevied dollowieg ei n t he

proteins are purified prior to a%cation_to the support so as to at 25
| east anyapplication tedhs strpgrt bykinding/4o as effintyanoighogpearifig fogtg DEYY, of t he

t ot al i ' : : t k: t
" ohes ol BAP NG KRR e 1y bbb ke Lo en
affinity affindytdgigrapDK-ppecdfic tatilampt.i cation to the support . 308.05. A

met hod according . to,any. of the foregoi or the follown jn th
prot ei ns conprﬁgéna _%fé?ql%?frﬁ‘ytaéﬁoﬁﬁbg g’?@”%a{ﬁhﬁif@@%’r‘ﬁ'%?ﬂhﬁ’%_ﬁé@i”ﬁcat ?on to
the suppopiy @éﬁygf%fgrggcyﬁp%ﬁ%? specific for the affinity tag.

8.06. A nethod ‘according to an the foregoing or the follow ng, wherein
t he pttei ns coid2i Sepratgie privgacadrding toyamagf thedogowinet fhedellpwingr t o

Sappl | cat b8Mphinyt KRR oMot 600 ¥ 66547866 % 886 Y6 9B5°7 o, for the
8,000, 9,000, 10,000, 11,000, 12,000, 13,000, 14,000, 15,000, 16,000, 17,000,
18,000, 19,000, 20,000, 21, 000, 22,000, 23,000, 24,000, 25,000, 26,000,
27,000, 28,000, 29,000 or 30,000 different proteins.

15 10.03. A protein array according to any of the foregoing or the following,
comprising at least any of 1,000, 2,000, 3,000, 4,000, 5,000, 6,000, 7,000,
8,000, 9,000, 10,000, 11,000, 12,000, 13,000, 14,000, 15,000, 16,000, 17,000,
18,000, 19,000, 20,000, 21, 000, 22,000, 23,000, 24,000, 25,000, 26,000,
27,000, 28,000, 29,000 or 30,000 different loci of a genome of an organism.

20 10.04. A protein array according to any of the foregoing or the foliowing,
comprising at least any of 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80,
85, 90, 95, or 98 per cent of the proteins encoded by a genome of an
organism.

10.05. A protein array according to any of the foregoing or the following,

25  wherein there are at least any of 10, 25, 50, 75, 100, 150, 200, 250, 350, 500,
750, 1,000, 2,000, 3,000, 4,000, 5,000, 6,000, 7,500, 10,000, 15,000, or
20,000 lysates applied per cm?.

10.06. A protein array according to any of the foregoing or the following,
wherein there are at least any of 10, 25, 50, 75, 100, 150, 200, 250, 350, 500,

30 750, 1,000, 2,000, 3,000, 4,000, 5,000, 6,000, 7,500, 10,000, 15,000, or

20,000 of said proteins expressed via said exogenous DNAs per om?.

12



affinity tag. 8.07. A nethod according to any of the foregoing or the
follow ng, wherein, the proteins conprises a DDK affinity tag and are
purified YWPi2BH/GB38ppl i cation to the support by i nmunoafPfiTAiSgq10/050031

chr omat ogr aphy using an anti body 10specific for the DDK tag. 9.01 A
met hod according to any of the foregoing or the follow ng, wherein the
proteins are purified fromthe |ysates followi ng application to the

support. 9.02 fompt AQitoRfeahdy %@c§>fea G £ Sy bf‘l%effel‘e@%g{'gr e fohlswingl | owi ng,

15 wherein the proteins are purif | oW n I cation to the support
to at | eawhesaiy ablesBdwny 602, 5@%0 775%3085%9@3% 996%10@5%0f9h% 98% 99%

or nore of hono [ to any of the
f oregoi ngQB?"??Eﬁ% chi\/#wg l&seqrﬁ atpﬁgg% Q)et gﬁwﬁ)@ng&‘ @%ﬁﬁ’) &e d foll 0\>//vi ng
applicati @kprte@sé@eiaswa@&b% SRORESDNA @(btlmsmbnymme anmoup0ts s6i0% 70% 75%
80% 85% 90% 95% 97% 8% 99% or the tot géotel n_inmobilized on the

suppor . protein e@fWSEdAVIﬁ@ﬁI%@(QQ%'@U&Wﬂ%WQW 300: 2PBr 38i 3P or t he

foll f I [
ol o nasoghgdfidn 8ghegh e oe78badd ol Sbhauks ool sl on 10 e

proteins 2q00esisE800icells rewRichescabeszid pradélh, wasdxpresssd.ng unbound mat eri al .

9.05. A nethod accordin to any of he fore or the f . Wh
t he proteins c é\ePYQ iR @Ay ACFOF @%ﬂaa%gg W&PWQ%’&Q b %Wﬂ\dﬁ‘g erein

applicati 3 Sl RARRSH nding to an affinity noiety on the support
specific ? Fg}@ta cs r%ﬁo% ng unbound material. 309.06. A nethod

accorddng to am‘l Q. Atmetffom#dgmte@ntnmgthe antitHbasiyi S@Ciﬁmemdmrtdiesq)r ot ei ns
conprise a e affinit ar e urified.fol lication to
Che’ supporeadipistincry mhreanddi I PRITE Poriaty eOMsE e aRbept  de t ag
and re”DV'aﬂﬁbé'dikb%H% Pt iaffay accord|n§t&$ny6ff1@ﬂa>@@b@§§@f@heﬂﬂ)ilbw;r@w of the

foregoing or the follow ng, wherein roteins conprises a DDK affinity

tag and alaéd[ﬂﬂtébmmétmgfh}htﬂlﬁﬁnﬂ’ﬁ@%éb@w%ﬂwfﬂmt & erwosliippeisttheypreieiiti ng to an
atfinity ”?r'a?;@én%?r?c' fa" gulgs%nt en?ra% of all the proteins encoded by a genome
15  in accordance with any of the foregoing or the following.

11.02. A method for determining one or more specificities and/or one or
more cross reactivities of an antibody preparation, comprising contacting an
antibody preparation with a protein arrays in accordance with any of the
foregoing or the following and determining binding of antibodies in the

20 preparation thereto. In embodiments the antibody preparation is a whoie cell
anti-serum. in embodiments the protéin array comprises a substantial fraction
of the proteins encoded by a genome in accordance with any of the foregoing
or the foi!owing.

11.03. A method for determining the binding specificity of an antibody or

25  an antibody preparation comprising determining the binding of the antibody or
antibody preparation to a protein array in accordance with any of the foregoing
or the following and from the binding fo the array thus determined identifying
the proteins specifically bound thereby. In embodiments the protein array
comprises a substantial fraction of the proteins encoded by a genome in

30  accordance with any of the foregoing or the following.
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affinity tag and renovi ng unbound material. In enbodinents the DDK specific
affinity tag is a DDK-specific antibody. 10.01. A protein array
accor di ngVPOHP8 BB t he foregoing or the followi ng, nmad&CHBISAH)/03H03t he

f oregoi ng net hods. 1010.02. A protein array according to any of the
foregoing or the follow ng conprising at |east any of 1,000, 2,000, 3,000,
4,000, 5,000, 6,000, 7,000, 8,000, 9, 000, 10,000, 11,000, 12,000, 13,000,

14,000, 15, 00041 .b4d, AGRethbd 18P 8etelBirfdeY prot8indiOmarkbro @ disease 000, 22, 000,
23, 000, 24,000, 25,000, 26,000, 27,000, 28,000, 29,000 or 30,000 different

pr ot ei ns. camposing determiping hinding £f sarRieirag ene anyort heahY or egoi ng or t he

6. 000, 7 BB BHB% o mSsasksp iR serf i aReate V1 oo,
16, 000, 1f 8@oteinldraAPM addrddiice Rk @09 of Ae fBOGoIng 2r 6RO folBYIMAN@NA24, 000,

25, 000, 26, 000, 27,000, 28 000, 29 000 or 30,00 I fferent, l.oci of a genone
of aR %][ ggﬁ%&ﬁe%‘f@somh%btﬁﬂm fhaspEiples B%F?‘ﬁj"qaétﬁé{rﬂ‘ﬂdcé's?q?@df oregoi ng
or the fo th%' b ; , i , , 90,

55, 60, 65, lﬁQ?g%%{;hl@gW%%ﬁn g@ﬁ%@r@%dgg? %%gr?t% é'o,fh:‘%t% ﬁqeb%;a’rlrgtégﬁsntgéencoded
by a genopwotein arrmyocarapiises a substantial fractivd. @3he prgteisaintodeddy aaccording to

any of the foreqgoing oy the .followng, 25wherein there are at |east any of
10, 25, 5@?“‘?‘@?’%@68” ce Yy ,a%ﬁtﬂgéafe@w%%‘&fﬁ%@- 2,000, 3,000,

4,000, 5,000, G1@BOA e folQeRPRinidG bRMarkers BoaAddimERInesissld, ed per

cn2. 10.06. A protein array according to any of the foregoing or_the
f ol | oW ngcompesEigriatawniaing kindinglte ssproigip asfay1o acegrdasge with anyoef theso, 200,

250, 350, ;500,307 50e 1318MRy oF i ol SR 1SR on H¥ore! - SO0

10, 000, 1
healthy subjects and from one or more subjects suffering from an autoimmune

disease, and from differences in the binding of the antibodies in the samples
from the healthy subjects and the subjects suffering from an autoimmune
15 disease determining protein biomarkers of the autoimmune disease. In
embodiments the protein array comprises a substantial fraction of the proteins
encoded by a genome in accordance with any of the foregoing or the following.
11.06. A method for determining biomarkers of a disease characterized
by the presence of antibodies not present in healthy individuals, comprising
20 determining binding to a protein array in accordance with any of the foregoing
or the following of samples from one or more healthy subjects and from one or
more subjects suffering from a disease characterized by the presence of
antibodies not present in healthy individuals, and from differences in the
binding of the antibodies in the samples from the healthy subjects and the
25  subjects suffering from the disease determining protein biomarkers of the
disease. In embodiments the protein array comprises a substantial fraction of
the proteins encoded by a genome in accordance with any of the foregoing or
the following.
11.07. A method for diagnosing a disease characterized by the
30 presence of antibodies not present in healthy individuals, comprising
determining binding to a protein array in accordance with any of the foregoing

14



20, 000 of said proteins expressed via said exogenous DNAs per cnR.

10.07. A protein array according to any of the foregoing or the follow ng,
wher ei n aWOI28HEB8BRy of 25, 50, 60, 75, 80, 85, 90, 95, POHUSR0I9HFO0AL of t he
positions to which said proteins are applied the anount of said protein
expressed via said exogenous DNA is at |east any of the anmount of said
S5protein expressed via said exogenous DNA in 100, 150, 200, 250, 300, 350,

400, 450, o%%’fggcﬁﬁingﬁﬁ%n Qﬁ%od?%ntaﬁﬁigg BDle $obh a¥Bjec?pBssibly000, 1, 500,

2000, or 2,50 s”in which each sai rotein was expressed. 10. 08.
A pr ot ei nsuffering faiorodhdidinpase aneyfrem thabirding gbaniipaskies ndhesianuvie fg,

conprising alignnent markers,., 1011. 0 t ining the

anti - _bodyﬁkep%ré i Hée{?‘"ﬁ%ﬁber alg§%ic§ie grétgsﬁregﬁel@%dogﬁﬁegge%?é%mi bpdi es to
prot ei ns, ofHFEIMSNBINE PRGtARE Aigy 8dmpritedadyibsiantiabfradtionedfrthapretgirsccor di ng
to any of the foregoing or the Tollow ng and determ ni ng bi n]glln .of the
anti boly eheedatby Rroeswmiinasosdante witlhesy of Hie lyeeRIng OF S TollodKst ant i al
fraction of al e i : ! nce with any
of the foregoi hé‘tdgr’ ”\p'ﬁg{@é’ﬁﬁéw ng[.gﬂqg QYgr%ﬁQ@%rﬁg%\&%ﬁe%%ﬁ%gé’det er m ni ng
one or noeempasikigfdetéiriamhgasiddioy toreproteinaraydn assomaace wiiht amsofthean

anti body preparation, conprising contacting. an anti body. preparation with a
protein a Q‘"ﬁ?@'“&?%ﬁ%@?'@ﬁ'&%ot\ﬁgﬁ”ﬁ?CBWW' RO PEL3 Rggligﬁalt he fol | owi ng and
det erm ni alel i e Syhl id Qi i e 0. In

enbodi rren? g”?ﬁ@?ﬁﬁ?ﬁ@ﬁgpEkgggirségﬁhlggkt?ggaa{a\%ﬁlg@iﬁptcﬁ\t’? B ggﬁm In
enboditrenabsemes, phe pedsenae reayd/adhp rinsmmt of saidspratainal Irf embodorerds t he

t ei ded by i d i th f t ' th
POl ow oo saipgle i aiRBa dvoiEs IF rramnis e Sefie Ao er ZEEP R, "0 0
ant i body th@%ﬁﬂbt@ﬂﬁéxe?%idﬁ@iaaéraéidgén@@mmﬁic@g diel eraTpriteigs oheakl ndi ng of

the antibody or antibody preparation to a protein array in accordance with
any of theighet trigosdiption nateway| inembgdiEnents changes MHaMIPRG of M ArBdfar r ay

t hus determ.n id b EVI : ] : ereby. In
enbodi rrenlaghpﬁgn%er’g’t%g"hggglggéﬁ%orﬁr%ﬁ@%i& a%gggésbiﬂgﬁt% |ir g%ﬁdﬁjr} g{cég?éo% of the
protenns ensHidesd.bin empotpnents %ir&ﬁn%ofimmmm'nwadietao’tﬁdajsimg]ené @regoi ng or
t he foll ow ng. i 11.04. A nethod for deternini ng I%r)ot(g?iin bi omar kers
of di seas@OrediptaiRBSRECIHR ABHRGIPRg E%PWQ&T‘%‘?"S%P%%_ HIORASHES or mor e
peal thy | adla(kaiakey Mdelddin ARk cERhECH chitbidirtigksressdd er i ng
froma disease 10 a protern array 1 n accordance with any of the foregoing
or the folieoahegogamsus DNA and endogenous proteins of one or more signal
transduction pathways. In embodiments several determinations are made in
20 succession and changes in the status of proteins in one more signal
transduction pathways are monitored.
11.09. A method for determining interactions between smali molecules
and proteins, comprising determining the binding to protein arrays in
accordance with any or the foregoing or the following of a sample comprising
25  said small molecules. In embodiments the small molecular are any one or
more of small organic molecules, fats, fatty acids, fatty acid esters, lipids,
sugars, glycans, nucleic acids, polynucleotides, amino acids, peptides or
polypeptides, or any other small molecules. In embodiments the small
molecules are detectably labeled with a detectable label. In embodiment
30 binding of the small molecules is detected using a secondary agent that binds

to small molecules bound to the array.
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5 fromdifferences in the binding of the sanples fromthe healthy and

di seased | ndi vi s determ ning protein bionmarkers of I .. 1N
enbodineﬁ@@qPﬁggg&%tein array conprises a substanti al f%gggggﬁ%@%%?he
proteins encoded by a genonme in accordance with any of the foregoing or the
followi ng. 11.05. A nethod for determ ning bi omarkers of an autoi mune

di sease, 10conprising determning binding to a protein array in accordance
with any of the foregoing or the follow ng of antibody-containing sanpl es

fromone or nore healthy subjects and |furom one or nore subjects suffering
from an autoi nmune di sease, and from differences in the binding of the

anti bodi es in tABrA@hRSakd BRIdsRS d@%kﬂ@yaré%ieﬁ%?emﬁ afobérq%‘n‘:'%%ﬁfgfs of

suffering froman autoi mune 15di sease determ ning protein bionar
t he aut oi rheiherdindwaveanings éorfmsierskites! intibe pristteiwhich they pestgini ses a

substanti gl fr Lon of .the proteins.encod b nqQne. i.n accordance with
any of St h%@%?é%%m Qﬁ d%ﬂ"éecfgﬁ?\pﬁwsﬁ&erem. %dorﬂargyégﬁ%%%&\fﬁod for

det er mi ni rgphireiBhk ©f SeRhindefhs a8 PheaiRaiealdt Zeth byldheTpeasence of

anti bodi es not present in healthy individuals, conprising 20 determ ning

bi ndi ng t dlustiative explanatians pre selutExalsivaly 8 anpidto understansing ¢ or the

fol |l ow ng; I R, Q r : i . 0 ne or nore

subj ect s s’ﬁ%@?}:ﬁ%gﬁ?%m a ﬁ?g%aésned@ﬁgréggﬁ 8?‘ F%gQ%Sfﬁg 1@'?%13@&%}1 gf

ant i bodi eshootd potdsenndémnstduoeltiotindulylifnit itiiel ilventiaméh dnpmagi f f erences in the
of the antjbodjies in the sanples fraomt heal t hy subjects and the

bi ndi J e
Zésubﬁgcts suf flé’rsf’h”gl-\‘%wgrhlen. Feead S@e@igfthy,p.@i SN MRS frkers of the
di sease. 'dbn%@@tﬂﬁ)e’iﬁ‘tt@ro%gﬁ riticfe 7 18 ok Wast OMIdE o eolfBatedthafibe! Fact 1 on

of the proteins encode a genone I n accordance w ny of the foregoing
or the folthewan or they may all beé tifésfentA net hod for di agnosi ng a di sease

characterized he 30presence of anti IS, not esent in healthy

i ndi vi dual s, c%fsi @?Hapacﬁ'&ae'??ﬁ%?w B‘f?ﬁg@ﬁ&ﬁ'&f%gt}%@‘ﬁg%ﬁt%? in

accor dancey|ality 6y céfs (depefAle06ensSop&icH) 1A0RBARIIAH BN 950031 or
the follow ng of an antibody Containing sanple froma subject Ppossibly

suf f erlPng thrasighthevieresnisaatderst 2 cpemaef thadeligmey benthelsegneer ihevt he sanpl e
to the arr r o3 Qi t he absence or the presence of the disease. In
enbodinenﬁ§¥¥%g%%ﬁg¥%%ﬁgarray conprises a substantial fraction of the

proteins Proteins P, through P, designates a plurality of n proteins, numbered
consecutively 1 through n, where n is a least 2. Some of the proteins may be
the same or they may all be different.

20 Positions S1 through S, designates a plurality of n positions (generally
in an array) numbered consecutively 1 through n, where n is at least 2. Some
of the proteins may be the same or they may ali be different. The identities of
some or all of the proteins may be know or unknown.

DNAs D¢ through D, designates a plurality of n DNAs, numbered

25  consecutively 1 through n, where n is at least 2. Some of the DNAs may be
the same or they may all be different. The identities of some or all of the DNAs
may be known or unknown.

The terms “respectively” (and “corresponding”) used with these
designations means a correspondence between them. For instance, lysates

30 Ly through L, of cells C4 through C;, expressing proteins P, through Py, via
DNAs Dy through Dy, at positions Sy through S, respectively means lysate L, of

16



5 encoded by a genone in accordance with any of the foregoing or the

fol | ow ng. 11.08. A nethod for nonitoring signaling transduction

pat hways, WO3AH138138g det ermi ning binding to a protein aﬂ’%iwsﬂﬁ‘)/&é@élf dance
with any of the foregoing or the followi ng of a sanple conprising proteins
of signal transduction pathway proteins, whereby said binding is indicative
of the 10 absence, the presence and/or the anount of said proteins. In

enbodi nentglld 0¢ exprERbRg roteiiPglvia DAIA Dl yEpésition 8, dyeaplleofices €anpl e
conprises cells in which protein exgres& on via an exogenous DNA can alter

t he prot eEXRregpingratedn Ené(!a PNanRe gt PPYHOD e hfiRe) SO A 1B i Meed-ranges in
any one o e N é?l{@rl nodi fication, or stability
of said p?g{gé?HgQ%re%?Wfﬁ?gggﬁfDN ?T%’(‘)é ment s gl‘ndl ng of the proteins is
det ect ed usi ngAetibody aswised pieatiniimeisge pblycloaal afrbdicescional entitmtlieent s
binding to the proteins array s used to .deco ctio ctions

bet we p?BE’(Qer’i' afivgsy hereqy. \'/’icgidléﬂg Q%H&ﬁ‘%@ddﬂiﬁ%ﬁﬁ[@ﬂ%ﬁﬁ%@%fot ei ns of
one or  Mokeais) eiitherts AMeiid PgRRhiMEMAe IbARBIYIRITCAIEY! A

determ nations are nade I n stuccessli on and chan es I nh the status of
prot ei ns antioody wmla;:megmaldascahedqur@map@ﬂm\m;@ratel b9 t)dvelgre

or ot of ns, ARG TN Br RRhi iy TRE-BF HlF an SRR b Eae L T °°

accor dancqaemrbbm@ém) 2% dbb@nﬁw :ag@r egarﬁpzetlhsaif ot daromg“rm @fro@ t\mrmda@
conprising 25 said snmall nol ecul es nol ecul ar are

any oh@é o cnﬂﬁé\@255&12166&%1&6“%@@@0|(é%80)f%lp§hema1&90%&:&886) fatty aci d
t
colers, T o e B oy RO g, o

enbodi men{$984)eProomdtl AvhdSal BS%@S@‘&-&@Bamlwdm@icbmmﬂmamtnbeityect abl e
| abel . I n _enbodi nent 30 bi ndi n(g of the spall IecuI% F%S de':q«;ct ed using a
secondar y TAgERN CRABIN R JRINIBOERS, 35 ‘F‘r%ﬁcé@@pé% JHRINR'E

vords, L et iBoRoBhm A SANEER) bR finbierst A1°(1999) UNInARERG ER8yCe w th their

ordi nary an| ngs to ose ski in t e arts'to ertain,
S5exceps ad48Byie1B@f hnmmddarwlb@dymemiecutesm deseribiechfor ekbmpta it i ve

i Puetrat cRearasal orSh AR s 2t Yerigyanttta] (BhBfsolbhee®
under st angizng 53361 SSB’%Hd' 9ne Fges PusiRaE6h AR GRRG 787880, qtmng%d limtative

of the invention, and should not be understood to unduly limt the
i nvent i on Sep. 24y 1984, arxb epy uectianal ﬁagm@ﬁta_@btamddm@yca melgedlebty of n

the | yoat SUCRED T PRSI EBH AhbOh B hd oo o en el s (genoral 1y
a popgbation ofArtigehss uséd hbf@u@h‘o@ty dﬁﬁid@mé eayag@huwalchtauoﬁé an cells
(generally n cell popul ations) unbered consecutive
immune response in the body, typlcally by binding to an ant%oéy T-cell
receptor or other antigen binding an antibody, T-cell receptor or other antigen
binding immune system molecule. An antigen typically has one or more
epitopes.
25 Array as used herein generally refers to an ordered arrangement of
discrete positions. A protein array typically is an ordered arrangement of
proteins in discrete positions. Often proteins arrays comprise a set of discrete
positions on a surface with proteins disposed at one or more of the positions.
Typically, the positions, particularly those with proteins disposed therein, are at
30  known locations in the array, and the positions typically have a spatial address,

such a 2-dimensional denomination, akin to an x,y coordinate in a two
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15 through n, where n is at |least 2. Sone of the cells may be the sane or
they may all be different. Proteins P, through Pn designates a

pl uralityWB20H/ 8 B8ei ns, nunbered consecutively 1 throufRTAS2MEPW3H is a

| east 2. Sone of the proteins may be the same or they may all be different.
20Positions Si through Sn designates a plurality of n positions (generally
In an array) nunbered consecutively 1 through n, where n is at |east 2.

Sone of t Hengsddredl ICartesyarbeodimateanpstem. t Obyioorly, alrbydbeadibkfmagsmin  The
identities of so or all of the g{ﬁteins y be know or unknown. DNAs Di
t hrough DANYEEFRAGEIMEIY ANdAtheyaddressiBUASeRIGSTANRE 88 Qutively 1

t hrough n TP th
Pl plelrtfe dnidufoch AR ofnostiBrE, A b6t o R B el AT T, e

may all b ferent tities of sone or a
known or anbedinentSisomeonsll bf hepgwotdinelnydn gaay ate Enowspoodineg”) used with

t hese desi gnat [Qns. means, a _coyrespondepce between the For j.nstance,

[ yaates 3001t HRUNEREY freltio SHRte pRNERgR STty SEon s ne P,
through Pmodfiedl oS dPinatiradyebeling INRO S UChARSDRAstAEPUSsfal T espectively
means |ysate Li of cells Cl expressing protein Pl via DNA D1 at position

S1, |ysat basgs, dncarppladingdalesipr efsehamgicathoredifiedZDNAs. BMpleomaay Phée ti on S2,

posi &1 on erem Bl st s Gatdhedie iy B et BLEERS ST DA EhErG momocl onal
anti bodi epofyandledtitey adm veusedan efich thacante naypsiictnas RNAd.ted to the

foll ow ng; F(ab)2and FFgﬁg)_ fragnents, includi n% f_ra?rr,e_nts of the follow ng;
hybr i 80 ( cMateeye) washifays mitesivged dntoashed Sofl ityrigalvnt isosorvestsgite wWnt er

(non- coval ot RS pifbee’inecsbid s odsRbys Bhn IS RoRRES, cral” (1072)
Proc Nati eAg@gsibd iSsultib§AcB9 ligsh@rod66ractiREAl i ch etal . (1980) Bi ochem
fuston et al ) DL asbferin o Jehaie Sororih 188, Eamaiesaaly RapHRAse and
trimeric apAofNe t&RLTBIK &WFLAE&C&:%E ué’éd‘ibié?@ﬁﬁ%;ea%&ﬁ@%.i bed in for
exanpl e Pack et al. (1992) Bi ochem 31:1579-1584 and nber etal. (1992) J.
| mund$ ogy 151E9Bopedaimdividual speeific deatumsdipunblasaitusturableatiees)y obed f or
exanpl e | N antigen that are recognized (bound) by an antibody. Antigens comprise
one or more epitopes. Different antibodies may bind the same or different
epitopes on a given antigen. The epitopes on a protein antigen may be
defined by continuous or discontinuous portions of the amino acid sequence.
20 Recombinant protein is used herein to mean a protein produced using
molecular cloning techniques, such as a protein expressed via an exogenous
polynucleotide, such as an exogenous DNA. As discussed in greater detail
elsewhere herein, expression of a protein via an exogenous polynucleotide
can be engendered by introducing into a host cell a polynucleotide encoding
25  the protein or by introducing into a host cell a polynucleotide that engenders
increased expression of an endogencus gene, such as by promoter activation,
or by other methods.
Specific binding-partner as used herein indicates an agent that binds
specifically to a target. Specific binding indicates that the agent can
30 distinguish a target, such as an antigen, or an epitope within an antigen, from
other non-target substances. An antibody specific for an antigen and the
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Ri echmann etal. (1988) Nature 332:323-327; Verhoeyan etal. (1988) Science
239: 1534- 1536; and U. K. Patent Publication No. GB 2,276,169, published Sep.
21, 1994;WarR811/88138f uncti onal fragments obtai ned from sBERUBIEOMN0EE, such
as fragnments that retain antigen binding properties. 20Antigen is used
herein broadly to indicate any agent which elicits an i nmune response in
the body, typically by binding to an anti body T-cell receptor or other

anti gen bantigeryasnamexainptyof Spenifid bindingiariners. Atdpecifertindieg pairiner ng

i lequl e, A ' ical Ly, h ' .
DBA 1y A SHES B he Senst ufalif S e UBed o adietfR seiben AboVe hefdnbng
di screte pResk! iypitally A RHete bf %%@Fgﬁiﬁ@bﬁﬁiﬁg’. Fér éxarApRchapeaificangement of

proteins in discrete positions. proteins arrays conprise a set of
di screte pisiing pagnerofa pigteiasanwetects spedifisfegiypatieh asta spauesicenore of

i spossd PharerdiBisrEtfosbafl Ak BRin R PefisTertiud 23 Re"bhe Posi 11 ons
typi cal | yirsttecesa sptihédibraaa &f @dsino auiels @ Ldefinsnciamiebl eefayi Fati on, akin
to an x,y coordinate in a two dinmensional Cartesian coordinate system

Obvi ous| yinsiancgy anERibedy thaldinds g PEIsin ecicame May maretifieforsidr essi ng
schenes ¢ I i Q&?c{i. i td.ens and/ or
of protei %@o@%nﬁﬂ@ggﬁ%&l{éﬁgg%tgg?rhe{éﬁ?,gpg%@éor a 7?60@? aﬁ?g% gﬁoétdglﬁﬁs in an
array ar eakidanndificatian, ssich 3BNdsphosdatidreofdirosire dwospbotyrosine), or it

ol ydeoxyri bonul cl eptides, i.ncludin dified_for f naturally qccurrin
DA, 1€1¢ eebPRPEC taf 2 arrtiGipT Fateeydiate SPREIerg (@4ER) SIUGHIQHBM cal I y
modi fied {dASrotdA] gﬁgﬁ&r&h@‘g_ the exanples and illustrations herein are
witten in terns of , ot her polynucl eotides can be used in nuch the sane

way, such as RSMpportpsedbergdiywhereiRigAMean msudakepwviding stiutiose tcel |
typically jt is converte o} d the phrase expressed vi.a_an exogenous
DR ¢ hus” 1St rsBY Blacle BRI AT o B - Lo AR S3EEPRH i 5P n

DDK i's US@dqu@hﬂaﬁgPsté@l@aO&ﬂhé rﬁ@rﬂﬁb!@ﬁoh@%qmmf@é@é {hé_ mgyandso FLAG The
terms DDK and FLAG are used interchangeably herein. 15Epitopes are

i ndi viduaMsefectURROrt ait DA 008 O MAE CoOMmuanenialsurb asa aigps slidaferant i gen
t hat : i 4 A . i - i . i
opi t opes, SEIAREEE lhbElosRY a8 RF AR bicAIRS i gfBlgss O o more

v
BRIEF DESCRIPTIONS OF THE FIGURES AND TABLES
20 Table 1 is a schematic diagram showing a general method for making

arrays in accordance with various embodiments of the inventions herein
described.
FIGURE 1 is a schematic diagram showing a modular array layout, with
an enlarged view of a subarray illustrating the layout of duplicate samples and
25 controls. '
FIGURE 2 shows a protein array of 3720 lysates spotted in duplicate
(7500 spots in all) on a Schott nitrocelluiose coated glass support slide. (A)
shows the array after staining with colloidal gold {6 visualize total protein. (B)
shows the array after immunostaining anti-FLAG antibody to visualize in each
30 lysate the protein expressed via the exogenous DNA.
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epitopes on a given antigen. The epitopes on a protein antigen may be
defined by continuous or discontinuous portions of the am no acid sequence.
20Recombi WaRPIBB3i n i s used herein to nmean a protein BESARIEYFYBhg

nol ecul ar cl oning techni ques, such as a protein expressed via an exogenous
pol ynucl eoti de, such as an exogenous DNA. As discussed in greater detai

el sewhere herein, expression of a protein via an exogenous pol ynucl eoti de
can be engendeFHaURYE: 3 i 2 sdoeinatic digsam ¢faspChdG-enirpekyreseionotsctis encodi ng

25t he protein or introducing into a host cell.a-pol ynucl eofi de that
engendor <1 repResdip bEFBELT bR Ea SreiTons TV eTBR LRURMEEhEHE or oo er
acti vati omaj@rfubytisiidiees BetHOwsstor, includiSg @se DMV braibRefoRdttdiyy as used
herei n indi cates an agent that binds specifically to a target. Specific

bi ndi ng i HanseriRtiontn gUkaretiagefis, thaP\sHlprain feiuiepficatianaingutkaryatich as an
R i R s U

speci fi c biontligyGapariyoier sneoingre cedistanbe gehog tpastfeeantisSioipesdidtancén t he
sense that it can be uged to detect a target above background noi se,

typi cal |y MaPIOKABIGIeH B¢ enkRyelseiresrRectivali Relyadenylaliampiosals{ospeci f i c

bi nding p K hRA i {fd Coi 5 ? a
sequenge’ Sor St Boldergleiof I Bk ATRS, oy AR Fdd el B SRR P oat ure
can be f oforibiAaaplkcadiodeh ipnaichrpoteésr of ami no acids or a defined chenical

e opltifre tof QOB SRafPihe SovahBlethibdhert s ysReRHod Brftap b ©
speci fic BAfibGdypReS bfdtEintdaPoRS7 2D g@ngi?fsis‘b%?tbg% d_ﬁgﬁéhté%npé‘géﬁbt@rw ation of

tyrosi ne (phosphotyrosine), or it 10r be specific for a particul ar
car bohydr att@cedwpeggeatadogiasy byeroert sidaictAlrsbpwsiherssrayraftari n, anong ot hers.

wnton pr ol aiRECHRYAEE Wb FERLAG RO To IRL AP R AT h Prefestssiont ©i <
sol i d andtisd extejenodis| INAtiRkeh tydsatdie (BpsHans tiel Ay sfesiimraghdairiige t he
array and to 15use it. Support_can_have one or nore conponents, such as a

gl assl&| i wéthitbe agdtnh antibedy. o here ivees Pasibye lysgirihighlighteshbyeni zi ng
proteins Lao@n 95 tAss reaction was detected. (C) shows an enlarged image of the
section of the array containing the spots binding to the p53 antibody. The
upper panel in (C) shows. anit-FLAG immunostaining in the enlarged area,
including serial dilutions of control proteins. The lower panel in (C) shows the
20  reaction of the duplicate spots binding the p53 antibody (highlighted by the
arrow). | |
FIGURE 5 illustrates the use of a protein array to decode a monoclonal
antibody generated by whole cell immunization. (A) shows immunostaining of
the array with the monoclonal antibody. A positive signal is indicated by the
25 dashed box and the arrow. The inset shows the positive area at high
magnification, with the duplicate E-Cadhedrin | positive signal highlighted an
arrow. (B} shows the resuits of a Western Blot analysis confirming specificity
of the monoclonal antibody for E-Cadhedrin 1,
FIGURE 6 illustrates the identification of breast cancer biomarkers
30  using a protein lysate array.
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| V BRI EF DESCRI PTI ONS OF THE FI GURES AND TABLES 20Table 1 is a schematic
di agram showi ng a general nethod for meking arrays in accordance with
vari ous eWwP3A1BBI38 of the inventions herein described. PCT/US2010/05@BGURE 1
is a schematic di agram showi ng a nodul ar array |ayout, with an enl arged
view of a subarray illustrating the | ayout of duplicate sanples and
25control s. FIGURE 2 shows a protein array of 3720 |ysates spotted
in duplicate (7hedeltpane! shows the reaults stinsnunestainitethewdreaewitb seadngl ass

Vi sual 1 zo"PBTaPElesRanter balfert RSPkl Terphh BB Aelshs R0 Beffhe "ant - FLac
anti body toxas,sighlighted by aaolys3@nd khaive dritergetiah @nturg8® BesseA, Biandt he
exogenous _DNA. FIGURE 3 is a schematic diagramof a pCW6-entry

expr essi ofr-vector for expressing proteins in cells via an exogenous DNA.

The di agram sh U Ay ] : 1hacl.uding the CW
prom)tgr for s'?r%rgm éﬂécrl ptsfgl?{hﬁll *@m@fﬁ’%’i gﬁgﬁﬁoxéomf[lﬂgzoé@gg origin for
replicati earum. EmcaggoiareassAeBlad @ cobikspynd tagnlengsatiarasrAd and G egi ons
with nultiple restriction sites for cloning, kananycin /[ neonycjn

resi st ancfi(P {9&43& p@&?ﬁﬁ?ﬂ"ér %bﬁt‘?oﬁ}@[ ?%ruf'bg?‘gﬁ_ aﬁ@'eﬂn%in t@lﬂa‘%é’("éﬁ"’é‘ﬁd

eukar yot efmr AoB@fid/6) YerpdtsAlaRVbBL ORI palisnt Bt EAARH dPfuto-

pol yadenyl ation in eukaryotes and an I'i bacterial origin of replication for
DNA repl i eatibedies in theatantsod sesim torbeusrREMinsh etdiffierentgiesdiohsaifte of bi ndi ng
of a g@argﬁégri zed anit-p53 antibody to a protein array of 3720 |ysates
spotted i plicate on a Schott nitrocell ul ose coated gl ass support slide.

(A) shows the FJABLE 2fd 8schamaroHisjraf6F ab &mbadinerdtidGmaRngbasyst 0
visualize the protein expressed via the exogenous DNA in each |ysate. (B)

shows t he Uaingarotaiepuiiae et saphg In swmbodimerisdhe profsmsaaieitag@isd There i s
R G Tt e e S
cont ai ni ngntibediepot s binding to the p53 antibody. The upper panel in (C)
i1 Ut Fons. of cOHEDBE pBPURREMAgRINg N SBSHEA Rl (e TaiohEABIOIOY cact i on
of the dupddderf SroffiRd BuRiidtfirBm 10ParRRAnFRhbbefWHOM B8 iy8htRDhyPiighhe arrow).
throughput immunoaffinity purification using an anti-DDK antibody.
TABLE 3 is a schematic diagram of an embodiment for making arrays using in-
situ purification of proteins on the support.
20 FIGURE 8 is a schematic diagram of an embodiment for making arrays
using a step of on-support purification, in which FLAG-tagged proteins are
immobilized on an anti-FLAG coated support and other proteins are washed
away, producing an array of purified proteins.
FIGURE 9 shows on support immunoaffinity purification of FLAG tagged
25  proteins from lysates on an anti-FLAG antibody coated nitorcellulose support.
(A) shows a small area of an array made on an anti-FLAG antibody coated
support. (B) shows a small area of a matching array made without the anti-
FLAG antibody coating. In both (A) and (B) the upper insets show
immunostaining with anti-myc antibody to visualize myc spotted in this part of
30  the array, and the lower insets show immunostaining with anti-beta actin
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FIGURE 5 illustrates the use of a protein array to decode a nonocl onal

anti body generated by whole cell inmmunization. (A) shows i nmunostai ni ng of
the arrayWQRi2H/BBB8nonocl onal anti body. A positive sign&CTUS2018@5Wat ed by

t he 25 dashed box and the arrow. The inset shows the positive area at high
magni fication, with the duplicate E-Cadhedrin |I positive signal highlighted
an arrow. (B) shows the results of a Western Blot analysis confirmng

speci fi ci eptibpdyt indioatine OF Gren-speaifie)ddyding of prateisdbiat do not comprise

FI GURE 6 h{ EBAEAL s the identification of breast cancer biomarkers 30using
a protein’lysaté arriay. The |l eft panel shows the results of

i munostaining the array with serumfrom a breast cancer patient.
Positively reacting areas are set off in dashed boxes, highlighted by
arrows, and shown enlarged in enlarged areas A, B and C. 5The right panel
shows control immnostaining with normal control serum Enlarged areas A B
and C correspond to enlarged areas A, B and Cin the left panel show The
control serum does not imunostain the positions immunostained by serum
fromthe breast cancer patient; but, reaction of auto-antibodies in the
control serumcan be seen in C at different positions of the 10array.

TABLE 2 is a schematic diagram of an enbodi nent for making arrays using
proteins purified fromlysates. In enbodinments the proteins are tagged with
DDK epitopes and are purified by imunoaffinity using ant-DDK anti bodi es,
15FI GURE 7 shows honogeneity by SDS-PAGE of ten nyc- FLAG (DDK) tagged
proteins purified from 10 randomy chosen whole cell |ysates by high

t hroughput i mmunoaffinity purification using an anti-DDK anti body. TABLE 3
is a schematic diagram of an enbodi ment for nmaking arrays using in-situ
purification of proteins on the support. 20FIGURE 8 is a schematic diagram
of an enbodi nent for making arrays using a step of on-support purification,
in which FLAG tagged proteins are imobilized on an anti-FLAG coat ed
support and other proteins are washed away, producing an array of purified
proteins. FIGURE 9 shows on support imunoaffinity purification of FLAG
tagged 25proteins fromlysates on an anti-FLAG anti body coated
nitorcellul ose support. (A) shows a snall area of an array nade on an
anti - FLAG anti body coated support. (B) shows a small area of a matching
array made wi thout the anti-FLAG anti body coating. In both (A) and (B) the
upper insets show i nmunostaining with anti-nyc anti body to visualize nye
spotted in this part of 30 the array, and the |ower insets show

i mrunostaining with anti-beta actin
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Embodiments of the'invention herein described provide, among other
things, protein arrays, methods for making protein arrays, methods for using
protein arrays and devices that incorporate protein arrays. Certain

5 embodiments provide methods to determine protein-protein interactions, verify
antibody specificity and identify cross-reacting species, decode antibody
specfficities identify biomarkers, diagnose disease, and stratify patient
populations, among other things.

As further illustrated herein in embodiments the proteins in the arrays

10 are comprised in cell lysates. In embodiments, the lysates are made from cells
in which the proteins are expressed via an exogenous DNA. In embodiments
lysates are made from cells that over-express proteins via the exogenous
DNA. In embodiments lysates comprising different over-expressed proteins
are applied to specific positions in an array, such that the identity of the

15 proteins is known by their positions in the array. In various embodiments the
structure and/or the function of over-expressed proteins may or may not be
known. In embodiments exogenous DNAs activate over-expression of an
endogenous gene. In embodiments exogenous DNAs encode proteins. In
embodiments exogenous DNAs comprise cDNAs and engender over

20 production of the proteins the cDNAs encode. In embodiments the cells are
mammalian cells. In embodiments the cells are human cells. In embodiments
the proteins are mammalian proteins. In embodiments the proteins are human
proteins. In embodiments arrays comprises a defined number of genes. In
embodiments arrays comprises a defined fraction of the proteins encoded by a

25  genome, such as the human genome.

In embodiments, proteins are purified from the lysates prior to
immobilization. In embodiments the proteins are fusion proteins comprising an
affinity tag and are purified by immunoaffinity purification and then immobilized
in the array. In embodiments the proteins comprise a FLAG affinity tag and

30 are purified by immunoaffinity using an anti-FLAG antibody.
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o] Vv Enbodi ments of the invention herein described provide, anong
ot her things, protein arrays, nethods for nmaking protein arrays, nethods
for usi ngVP2BtIdBI38r r ays and devi ces that incorporate pPETASAVIGOFUNE.
Certain 5enbodi ments provide nethods to determ ne protein-protein
interactions, verify antibody specificity and identify cross-reacting
speci es, decode antibody specificities identify biomarkers, diagnose

di sease, and slyrahbbdimeaits earotadepaleapirifiesl frowupgptos hesita bitegs. As further
illustrated herein in enbodi nents the proteins in the arrays, 10 are

conpr i sed@ppiicadipn byyindiag to gr atimiygergrbtcoatad stprafte & gMPORHBRNEr om cel | s
in which : i X Ar, VA n; . ; odi nents
|ysates ab L Rna S o B B o R N ) R genous
DNA. | n erdagentand $hd pedties arespecifically bbdrfdetoemsupymt ceadpdegitiethepr ot ei ns

are applied to specific posjitions in an ray, .such t t Jdentity of
the 18br oftiniie edseison 1y Mlareriorpodhacare Aded andhei iy ous
embodi MenfenyeRe did WU FO’IRS il the wétar@me%v@a%n@w@m% kot ei ns
may or may not be known. |n enbodi nents exogenous DNAs activate

over - expr esbodimerits dhe affthilydagisa fféAE taga affisity seagenyénauentiNAs encode
pr ot eins. Lg errrﬁ&di ment s exogenous DNAs conprise cDNAs and engender over 20
producti oﬁ IG':'L’ Yotei ns the cDNAs encode. In enbodi ments the cells are

nmamal i an cel | gy ehBogiiaes FRstem drgysald Ssedl © dutemiinegrb®in-proteimbodi ment s
the proteins are manmal i an proteins. In enbodinments the proteins are human

pr ot elths. Interaghionsi ieembodinmen) ar@ys e 4684 40 ilemtife do AetasBineANgERée. in
nbodi i . f j : =T ded b

225 genodiary BYCHRBAER el Bifds'setiicall Shyldhabfihen e Bacocel o

purified troggrthetsl ysates prior to i mobilization. In enbodi nents the

proteins are fusion proteins conprising an affipity tag and ape purified by
i munoaf i ni tyThEMPPAEARHS PraledStERYS 9 t?ec&t?%mpﬁgh%wggfsct )ﬁ

Foay PR 2B S5 A0 BRG] gt 1 ed by
15 and monoclonal antibodies, and antibody derivatives. In embodiments arrays
are used to decode antibodies, that is, to identify the proteins to which an
antibody binds, such as, in particular, when that protein is not known.
in embodiments protein arrays are used to determine the proteins to
which antibodies in autoimmune sera bind. In embodiments the autoimmune
20  diseases are any one or more Lupus, RA or MS.
in embodiments protein arrays are used to identify autoimmune markers
of health and/or disease. In embodiments, protein arrays are used fo
determine autoimmune markers of heath and/or disease. In embodiments the
autoimmune markers are markers for autoimmune diseases or cancers. In
25 embodiments the autoimmune diseases are any one or more Lupus, RA or
MS.
in embodiments protein arrays are used to determine the binding of
non-protein substances to proteins. In embodiments protein arrays are used
to identify the protein binding partners of non—proteih substances.
30 Array making methods

27



I n enbodi nents, proteins are purified fromlysates in situ after
application by binding to an affinity reagent coated support. In

enbodi merWVe 2pHdB&138s are fusion proteins conprise an af PCRIGSYOOAFPBhat
binds to an affinity reagent and the proteins are specifically bound to a
support coated with the 5affinity reagent, by the interaction between the
affinity tag and the affinity reagent, and unbound proteins in the |ysate
are renoved frpembedneistiie alrBysBRotbraRaLlS,, fheesdt prdtdit ofag is a FLAG tag
and the affinity reagent is an anti-FLAG antibody. In enbodi ments protein
arrays ar Bopdlation gf ﬂ@t’f@ﬂm PIEePFing & Qﬁ"db’%*@l@”!ﬂﬂ%ﬂ%@%ﬁmﬁiﬁ andn embodi nent

arrays ar oteins to
whi ch a prsg#@ﬁﬁ t%\l n%s%gtgé% olséfaﬁnd&% Wﬂ%@m &%}@H?@Cﬁo&égaﬁ eact s.

I n enbodi peoités |slappe¢d133 aldmenancm:mdhé apdlata&nomdf&he lysasaseiwrhscart y and/ or
the crpss-reactivit l,udi n oth ol ycl onal

ant bod| es n X
15and +on8ERER Fheaﬂqut%alo@ eéHBPQHt%(ng?EF ?‘Oéﬁ? £55¢ Ve di ment s
arrays ar t ti e eins to
a1 2y 20 A DNAGAURG B0K HOF BRic gl sefes 4 BEX FiguEheois el no |
known. a genemlacbemmﬁenmhmg)aﬁays tromagesl !asaeasredccmrdaece withne t he
proteins to which nt| od es ne sera bind dinents the
aut oi mun&MRYNUNERELL ryegﬁgn o%ég%?%oé’vﬁ_ﬂﬁ‘ﬁg d"ﬂﬁn%‘PnWm%m aray|

enbodi rrenhmdérmta@;bam%rrfcemtraﬂ@ al RettRNf dntbGdhRIntTNE oAk er s of
heal th and/or disease. |In enbodinents, protein arrays are used to determ ne

aut oi Hruna ahier kel abler2 abows adnaihed far Bwking anraysoinmasiordancse wile aaut oi nmune

The aut o RRETEbCwh e EpHSty g st iRl B8Rk e Ao v orpod: mont <

protein aarrays Tabie Bsedws@ d@ttﬁrcrﬁomméu‘mg birags Moacdordancedwitheinn subst ances

to proteins. In enpbodiments protein arrays are used to identify the
protein bfeﬁmqqﬁﬂﬁﬁfr‘f’h@rﬁé“ Brotaina-a5e Suefied §ﬂ§"sf°é'ﬁ’d,‘&th93@ﬁé‘¥ BY apdRiSY net hods
affinity method.
15 In aspects of the inventions herein described, embodiments relate to

arrays that encompass a substantial fraction of the proteins expressed by
genes in a genome of an organism. Certain embodiments moreover relate to
arrays in which the proteins are over-expressed via an exogenous DNA in a
host cell prior to application to the support. Certain further embodiments relate

20 to arrays in which the concentration of proteins in the array is higher than in
host cells in which it is expressed, and in embodiments to arrays in which the
concentration of proteins in the array is higher than it is in host celis in which it
is expressed via an exogenous DNA.

Methods for making arrays in embodiments, as illustrated herein, can

25 employ any suitable methods for expressing proteins in celis via exogenous
DNAs (or other polynucleotides), lysing the cells and applying the lysates (or
proteins purified there from) to a support to form an array. Methods for
expressing proteins, making the lysates, and applying the lysates (or purified
proteins) to supports to form arrays in accordance with various illustrative

30 embodiments are described in greater detail below, and further illustrated in
the Examples.
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I n enbodi nents the arrays are fornmed by, for each protein of a popul ation
of proteins, preparing a cell lysate conprising the protein and applying
the | ysatWO281103338i ti on on a support, wherein the |ysaP€TUSROIBAEN3Dr ot ei n
is applied to a different position, the application of the |ysates forns an
S5array of the proteins on the support, and the protein is expressed via an
exogenous DNA in the cells fromwhich the |ysates are nmade. Figure 1 shows
a general schepeptbipg fopkirags arrays fromcell |ysates in accordance with
enmbodi nrents of _the invention, Figure 1 shows | mensi onal protein

: / atw d
array made in BEUBINGJRACRIAYS I e Oﬁim%P?W@t'ﬁﬁﬁm&“ beissuAaesitosdset forth
in 10 Tab Tahi 3 : | r ' cgordance with
an enbodi %rgenébt\ﬂ%?e\ﬁ% E)‘ragg')é\?‘ﬁfpg?@@‘gg?q; r%‘W rsg%eﬁfgzttéésmrgﬁlgb?pt o form ng
t he arrayembalineer® thhdwst eelisedrieczlikboyotitaddiing laenblimantsdbercglimaes wi t h an

mbodi rent_wher gi tei ified after form.ng th b i
Situ ot {1 MAY ROl STBPAMRNIE LY ae hyaah soln RN REBFNSREer i bed,
enbodi meNtReWALAS Refdn AThAYDIiRleRBESRAFSaRDIMESoRBkpRssigaaki on of the

proteins expressed bg genes in a genonme of an organism Certain enbodinents
nmor eover paitaing in Seahestyeslis in embodirnertsmremeembetsrof aliarsxiribissed via an

exogenous i ost l._Rprio , | 1.0 u Certain
further eﬁ%@g ﬁ@%&gn} @7%%@5% 5‘é\otn%ggfg?Bhg%fﬁor&f%%%ﬁggh?%ﬁ %%n of
protei ns DNASeinasrhBydienid Gheriet hedy tompass acRtihed inumiErat uniques
expressed, and in enbodinents to arrays in which the concentratjon of
prot elths lagl.iaenesr prajeinSosinghaenas@ivegionss opan keading &lanes or heilks oft i s
expressed

V] : for ' I i ment s,
as i 1 ust PcDsHk, SRR SR iRl dPLRGRC! SctR plRoded, 24E obBl SBR86. (o g
prot ei ns biy, celv, omiea nexrdggngosiaDbiAsurhan gehbere. pol ynucl eoti des), |ysing the
cells and applying the |ysates (or, proteins purified. there from to a
support to for?lﬂg&ﬁéﬁgaéggaa FedY gepe eﬁ?woﬁgﬁhpﬁgoﬁmﬂ%at he
| ysat es, =ralo Yy ; Lot IS ts to
o m ar T o g e B e e

descr i beddefingn chroenostenaliregiool within dmelgénemedhal intludes allgdssibia he Exanpl es.

Proteins fe(>)(crmé31 tHe%3n be spliced together. More than one transcript can originate

from a single genomic locus because of alternative exon usage and/or
differential splicing. Thus, each unique gene locus can be represented by
multiple expression clones, each containing a polynucieotide for a different

20  transcript originating from the same unigue gene locus. By proteins
comprising loci as used herein is meant that the proteins correspond to loci,
that they are encoded there.

The total number of genes, protein-coding genes, unique loci and the

like in the human genome is a matter of on-going research. For instance, see

25  Nature 431, 931 - 945 (21 October 2004) and other articles in that issue which
describe the number of human genes. The NCBI maintains a comprehensive,
integrated, non-redundant set of nucleotide sequences from the human
genome referred to herein as the Reference Sequence Collection (“‘RefSeq”).
The collection, which is meticulously curated and continually updated, is

30 described in, for instance, Pruitt KD, Katz KS, Sicotte H, Maglott DR, Trends
Genet. 2000 Jan;16(1):44-47, Pruitt KD, Maglott DR, Nucleic Acids Res 2001
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Proteins for arrays in enbodinents of the invention herein described are
obt ai ned vi a exogenous pol ynucl eotides in host cells, often DNAs. In

enbodi merWVOZRB/I3BSB cel |l s are eukaryotic cells. In enbo@CHEHMRYIOHY3Lel | s
are 5 mammalian. In enbodinments they are human cells, as further discussed
el sewhere herein. The pol ynucl eoti des, such as DNAs for expressing the
proteins in the host cells in enbodinents are nenbers of a library. In this

regard t hgar e/2a(1): b3ANM0NTResNGBE hhhéissoloiinternete Bethegaial (MDY INationdes, such
as DNAs. In enbodinments |ibraries nay conprise i

d nunb
10 Toci | kery,of fesliong (S Natigaal &erger &«asﬁghmaa@ﬁPrﬁeua?é’w%ﬁ%einbﬁuf he
ik f t,
sheop. i go CRPRo Eal s REITBRES SRl ARE (RpIoCEN Plo@et @uaRisEwid 1 - 02t
regard, ahttp:dadsinlor. mﬁwéemrﬂzl)ls'Selqaéec& obpcslymmdemmtas fooskpriesaingn a

chrormsorre A gene lqcus is |seI e u e to a
15def |§1edp@”ﬁ?’8gro ﬁ%sézﬁ'ﬁ Ilﬁ’(f‘\ ‘%Heg%%ﬁ H@Pﬁj‘?@%ﬁ@%ggﬁ%} ?nﬁosm bl e
exons thaf, G@Br Hstaswédéé%dw&eeeﬁeanm@us%bm CRASEHARMEL RIniPAR, Ori gi nate
froma singl e genom c | ocus because of alternative exon usage and/ or

di f f er ent ASD, $WIGTGiIR. IAhus, each uni que gene | ocus can be represent ed by

R ey R oL B

proteins Qﬁiﬂiﬂéll&lﬁ@tﬁ@gen@ﬁe%@ﬁ] iaeeete@st émﬂbﬁﬂtw I, 26h80p8H 40, s,
correspond to | oci, hey are encoded The tot | nunber of

genes!O pr 8PedH- Q%(ﬁ%@%@ﬁe%o 8i%Qu85 %Elgga/n(ﬁa'ﬁ%éaﬁuﬁﬁén patwean) ol genone
(51" ot obPioB kY 8 St Scffay 68 hri 8Bficme? IR chalifibfts’stion PG - 549
ﬂgnnb?redﬁﬂgg'mgeﬁmgeﬁmmﬁgw e eniancas Trom he A Benont Lot of e f ed
to herei nah aghanyke %%2% @guéﬁ ‘géj(éh %a:@po (ﬂﬁeﬂz"sg@ §§ ﬁ%ﬁgﬁ §I7k ection,
For 1 nst apgd) S Lt B oy B2 ¥E et 2000

Jan; 16% 1) hametrgerRroet in mmbomrgemistsumlabmtasehay sompsisRessEBtantiajan 1:
29(1)137 14

2T Aol P SRBS el SR e PR B 6150 2 58 o
40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 97, 99% or more (and values in
between) of the protein-coding genes in genome, such as the human genome.

In embodiments such libraries comprise polynucieotides, such as
20  DNAs, for a specified number of unique loci, genes, protein coding genes,
open reading frames or the like, such as at least any of 5,000, 6,000, 7,000,
8,000, 9,.000, 10,000, 11,000, 12,000, 13,000, 14,000, 15,000, 16,000,
17,000, 18,000, 19,000, 20,000, 21,000, 22,000, 24,000, 26,000, 28,000,
30,000, 35,000, 40,000 loci, genes. protein coding genes, open reading frames
25 and the like.
Subarrays
In embodiments protein arrays are organized into subarrays based on
particular, general proteins features, such as functional or structural features,
when a protein is expressed during the celi cycle or during the development, or
30 where it is expressed in an organism, or where it is located in cells, its
involvement in a given metabolic pathway, its relationship to a disease, efc. In

30



Oct. Chapter 17, The Reference Sequence (RefSeq) Project (available via
http://ncbi.al mnih.govientrez). Sequences of pol ynucl eotides for

expr essi NYOZOPYEEVBNns, as wel |l as nunbers of loci and g@RELS2HAMSYEL | ocat ed
in RefSeq and in other data bases such as GenBank, Sw ssProt, GenSeq, EMBL,
Uni Prot, ASD, IMGT, IPD, IPI. I n enbodi nents such libraries conprise
a substantial portion of the unique loci in the genone, such as at | east

any of 5, edBoddientdarray8.andfor s‘lﬁbarr%@sni@?@up&ﬁotéﬁ@s tHelh ard felaféd, by80, 85,
90, 95, 97, 99% (and valuges in between t he unique |l oci in a genone,

such as t!ﬁ‘éOWQWWEﬁ@ﬁ@C' fic disaassd;! ﬁ@m@@'ﬁ‘@ﬁtﬁ ARG RRAORAYPFEFNS | se a

bst ant t f 20, 25,
Substant ey A6 Bl GRS Fal R BBRATEPIGHRA pismBlanefaStpgglin of 20,
(and val uesupled bateptens) Galbrdtdéla ogepks eceptogs mareolfanioty; &sptdieinls human
genone, In e diments s 92{ ?’rarles n’g{ @ha substantltal portion of
genes 3 n FOP ﬁ%‘?ﬁ’é’to@uE’ﬁa MV 1Of18qe¢ r%?%)tg'fs erQy NOIFIONSSeCepOTEE 40, 45,
50, 55, GﬂeurféﬁanZQvlttJrErec@&or@%nz?@xesgﬁma%s JRSPIREME bRgdriRMgr,val ues in

between) of the protein-coding génes in genone, such as the hunan genone.
| n enmbodi meclesr; swiclear imgrabiase; eodpmiasmq)rﬂtwlm,e"ottwwdﬁehévsoeenm DNAs,

for a specifie unber of unjque.| oci t dj open
readi ng. 1 PURECeIgY framo e Rl s 1y P BEG: buftopleR i8R 88877 oo,
8,000, 9,¢ Qg%nl:@iaﬁﬂ@is Adcle8Phorkerifbcebbre 08todHofR0P 445, 000, 16, 000,
17,000, 18, 000, 19, 000, 20,000, 21,000, 22,000, 24,000, 26,000, 28,000,

30, 0010 35hom®wataeemmohe@§es rfwsebodigsterases: dpeteiyiraidiakisg: ApEDIPdRG ng
frames 25 s are

or gani zed RSN F syBRIRs. BTieopox ank OX RGleRE P Goic EiteBERYT, 20
such as fme&Hv{orpad)term;waNAmet{ab@ﬁsm)eetc when a protein is expressed
during the cel | cycle or durlng t he dev- o:nent or 30where it is expressed
in an organis [N pE XOORNRHS LIRS | s, its invol venent in a given
met abol i ¢ pat hY}@ m%ﬂﬁnéﬁ%@?b@ﬂ%ﬁr@ é@r@ss@élﬁ%@s ffeht whidh theTpesegent s
arrays and/or subarrays may group proteins t are related by invol venment
in a $pecife madiesdasan ekmg@nmdi)mnm;cﬂnrlsaqsaamtdhethwﬂtavf@emy group

proteins such a ransmenbr ane |.aga, menbr ane) ; rote l.e

recept orsP r%eﬁ‘r'ﬂtté?r‘feﬁ%u ﬂé’f?ﬂ%eg’&a{‘i?% Eysrqg%— '?5@98?1@6{68%3%&#%“5 coupl ed
recept or S by ghé BREGENGUSTONAD A drfSERIRNSS tHel SHoflifl [ EVETRRreeRRPNanS;
neurotransmtter receptors; enzynes; kinases; cytoplasmc; organellar,

nucl ear; cels varthasxpganeus BAfoplyaLhich is ma@bthﬂhtherpffﬁﬁﬁdﬁ@fq) ced|igsosomal ;

CyL 05kl SR8t TR R B S prodB ik PRBFERI 5181 "

phos ph@t apessereQimbagion ¢fithe pirodersisDaResin gmbbddinents H‘fe‘ prokeings
ATP- bi ndi ng cassette (ANC); cytokines; honeobox and HOX gakﬂsiigl nt egrins;

t r anspor t Fedugaskendogenstialyrn cals: Bpt ikieprreused Al @'ﬁi'“g‘éﬁ

levels via the cells via the exogenous DNA. In embodiments the protein is

over-produced via the exogenous DNA in amounts that substantially exceed
the amount produced in its absence. In embodiments the protein is produced
25 in amounts that are at least any of 1.2, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 6.0,
7.0, 8.0, 9.0, 10, 25, 50, 75, 100, 150, 200, 250, 300, 400, 500, 750, 1,000,
2,000, 3,000, 5,000, 7,500, 10,000 or more times as much as the amounts
produced in the cells without the exogenous DNA.
Exogenous DNAs for Expressing Proteins
30 By exogenous DNA is meant a DNA that is not a naturally occurring

DNA in its natural setting in a genome; that is, that it is not an unaitered
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Protei n production via exogenous DNAs |In enbodi nents proteins are expressed
incells fromwhich the Iysates 15 are nmade via an exogenous DNA, which is
to say t O 20HO3BPBunt of the protein in the cells and PREASBYIOHBHe

| ysates - is engendered substantially by the exogenous DNA. In enbodinents
the protein is over-expressed in the cells via the exogenous DNA, by which
is nmeant that the protein is produced in the cells in excess of the anount

the cell Semm@éhcmsoghmnviartﬁwd!tbrmtenﬁogertdls timy.eFppicalygrstogendown of the

exogenous nbodi nents the protein. is produced.en ously in
celI's; buPNAg a*’esDHP‘éd‘ﬂf’égu%d ’H’los‘t"gﬁgﬁ‘? YA inP W reRam %@/g%ﬁ&‘gl a the cells
Vi a the e ﬁggé%qg j géjégé@d via the
exogenous% I n am)unts t hat sgggiﬁaﬁ%}eg;é?géiir?e@(?@ﬂ%% t produced in

i ts absenetthedin ismzddiatfnts ashenprein eind/drsaspa fbiore gratsinn Iarmunts that are
at least a of 1. .5, 2.0, 2.5, 3. .5 4,0, 4. 5.0, 6. 7.0, 8.0,
9.0, 1 @‘X’Oﬁﬁne% in %@6 ‘"‘i%%fg 92&9@9*‘93%%'\5%?)3"64'68"&’86%&‘”?%6?“31‘,”0‘88, 2,000,
3,000, 5, QM oﬂeﬁd}gssnéﬂv@%r@br EBAGridteEE @iScuBse @% ﬁ@raamrﬁeﬁ?owroduced

in the cells without the exogenous DNA. Exogenous for Expressing
Prot ei ns B@BgercuyBhbualsprray ke .aﬁaathatomm zat dossmt eacpde theaal |y

an unal + PEROUR e SRR B s T Rk PoBFRR Bl Bl Bont T gt ' "

Typi cal | y hogensiiguectibmation. DiVhsyibe awdowedor DNA et tosmptiseswhly &known
reconmbi nant DNA techniques. Oten the exogenous DNA encodes the protein to

be exp? essedionsdfithegens for therprptaimfo be exprassed, sHEhanh asomsBEcHer a f usi on
protein. b%né crbay Bémoﬂ)gg;h Seb Bfr%h@?ﬂogﬁﬂgy%e%nﬁﬂ% tidtr oduced into
cells in ormor pression vec ors or constructs |scussed in
great er dehaodieda&ieqwot@xcm&:hca&iarﬁ)mpmssmnmnsbec’am abidhveasarthBNA t hat does
not encode the protein to be exp such onstruct that acts
by non- hoﬁBﬁ@QdﬁE'oﬂ"e’EBW Haﬂf%“ﬁuptﬁé?wpf%@% aéppxmay%ﬁl\ﬂ}’?hat conpri ses
only a 10egegém% ONA &t aﬁg@néé}é tﬁé‘ﬁrd&f&h@hﬂﬂl’% BSIsVIRIRTEGEmSUHEE as a
construct to ene acti vat hohol ogous reconbi nation. It may be a
const tfict of hae oemdemotehmimr@nearmy such as an expression construct, in

whi ch case the _coding regi,on maybe uninterrupted for interrupted. And it
may be ot her e@&ﬁ@@@&—% at engenders the production in the cells of
desired amount $, dafodRiEntera pRAGINIGCAR BRBY ivExmRsBEd #Ycelpa@dsi on vectors
I n enbodinents a protein for an array is expressed in cells via an

exogenous exRgenoia DN that isqn expiesaionaschr (plergsfaresdior agian 6Xaresaien
expr essi O?gﬁ&?ﬁcg[ Hfatt)enwﬁés BCORESN LG IRWHIEH thePhihg sWhi&itd f3f #fodi N9

sequence
20  protein is operably linked to expression control sequences (also referred to as

cis-acting control sequences) that provide for the desired transcription and,
ultimately, production of the protein in a host cell. In embodiments expression
vectors replicate autonomously, such as those that persist as episomal
elements in cell. In embodiments expression vectors integrate into host cell
25  DNA, such as those that replicate with the host cell DNA. Any suitable
expression control sequences can be used to produce proteins in cells. Such
expression confrol sequences include but are not limited to promoters,
enhancers, ribosome interaction sites, such as ribosome binding sites,
polyadenylation sites, transcription splice sequences, transcription termination
30  sequences, sequences that stabilize mRNA, and other sequences that

engender, regulate, facilitate, increase and/or achieve a desired effect on
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20protein is operably linked to expression control sequences (also referred
to as cis-acting control sequences) that provide for the desired

transcri pVPSALIARE38yl ti nat el y, production of the protei RCGIASAREE03tel | . In
enbodi ments expression vectors replicate autononously, such as those that
persi st as episomal elenents in cell. In enbodi nents expression vectors

integrate into host cell 25DNA, such as those that replicate with the host

cel | DNA. priction baptateies MaessdgenoterDNAlin sdthstcels Suah doatrubed to produce
proteins in cells.. Such expressjon contr,%l_, sequences i nclude hut are not
limited t 3°PIVNFEE&2E Pespigrediar hosisommatitiity.draetbledression.ligh as

ri bosorre Piﬂ@'A'&%pf!nhﬁ?berPQﬁd’ Bﬂ%?ﬂeﬁﬁéglg etk IntdrAPSGndtts ngrﬁ ke
sequences, transcription termnation sequences, sequences that stabilize
mMRNA, andusefokin thisqegackimnctudattreiagideror Tepudnaters foadiaktaral bpstsncr ease

oA 11 AlpBhTader Bl ofleaBBrp Bl bridbir fealt ARE NI, Faop e Ol
conpat i bi s\ag; CMUSHPREVERPERSEEreor @b@&yﬁ%&eﬂ‘@}%pﬂ%ﬂémn@%nﬁ her

desirable effects. In enbodiments pronoters useful in this regard include
trp, lac,Celigc,. or T7 pronoters for bacterial hosts; 5 alpha factor, al cohol

onrdase or PORRINGE Sk Mso o PO e e ileeROb Y,

i 11 ustrat invengxmprESEVeremas inshowekohematicdiytiaifg@e®mdi nents of the
invention, pCM/6-entry, is shown schematically in Figure 3. 10i ntroduction
of exHyenous 1% ogenous DHAYN GalISHI e syst em or net hod can be
used to introd E]\tlgg t i f ession
of proteins fojrdﬁﬁéo’ I ng!egryrsg/r@%? R@%@ggﬁﬁt%&gﬁotlﬁ%@@e?wg%r cﬁﬁg{e are
many wel | p&iyouclentddmoihdo telis fonexprassiongoihoeimnfbrondieng palaysirc! eot i des t hat

can be used,in.this regard, 15su t hose descrihed in the references |isted
ot her - bEMbRdR o e Ien oo RetR S REErY B KIGMEmEUAs o sewner e t hat

can be uspoloRBEIONATHHEREr bEINLANBIS Ll e b Wetth itigdeasr, cal ci um
DEAE- Dextr

phosphate precipitation, electroporation, Injection, Tran-nedi at ed
t r ansi®ect baeh togsidascribed in theoreierescea istedifatherbaidwh Aageny suiiiieh enhance

e roduct R B SEhrpoBRr R Pl et PRI Car e PR T RIS ST ot
into the g invehtish RBIBIK Bes@ilRer aRUaU! siispiale PrRicRitation,

extra-chronmosonmal |y or integrated into a chronpsone(s) of the host cell.

The DNA, 6lechereration) iir@iose DEAE -Dextrapaenediaias féansféqthmﬁtsai@m Withvel y and/ or
i nduci bl yy, W i f th
ool SUEHReS Hhonb BB A ARRS Vich WOMncE IR BRSPS ! e

case that virsl framscioptien MutooddNdan bbiugkd BANtrotiucaty @NAs sntighérenpl ate f or

expressin he prqotein of jnterest.
P %ofynucl%o’(c)ldes ir}]to cells in which, after entry into the cell, the DNA (or other

polynucleotide) persists extra-chromosomally or integrated into a
chromosome(s) of the host cell. The DNA, or other polynucleotide, can be
transiently, constitutively and/or inducibly expressed, in accordance with well
25  know methods. Where the polynucleotide introduced into the cell is not DNA,
it will often be the case that it is copied into DNA, which DNA ultimately is the
template for expressing the protein of interest.
Cells
As noted above, celis that express proteins of interest can be made by
30 introducing exogenous DNAs (or other polynucleotides) into host cells,
selecting the cells that have taken up the DNA, clonally propagating the cells,
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Cells As noted above, cells that express proteins of interest can
be made by 30i ntroduci ng exogenous DNAs (or other pol ynucleotides) into
host cel IWO28H/@88138ng the cells that have taken up the BRRUSMIQM0BY
propagating the cells, confirmng that they express the protein of

I nterest, and then storing, and/or further expanding the cells to produce a
sufficient population of cells to nmake |ysates sufficient for making
desired acorfirmingthdt aidyeexmbbotse proteinaflintsrastrarehthenatotimg dna/éhe art,
such as for instance the nethods set forth.in the 5references on nol ecul ar

cl oni ng | {usthes exppRdiag the celis to prodHee @i siEirienthanuation ofgeligdk makear r ays can

be nade byl S bbbt ; ' AT |
pr okar yot ?"E’é%éﬁug‘éo?meféﬁ}é’%ﬁot é(j:egée sr,r éﬂlié:’:](r:? ﬁ%br%%\%é;@%? %wégmﬁ\?nor ani mal
cel | s, yeasd rautinesimtat inan soelh bs foranstanuedine owithads setdhrtasn @@, Cvl, BHK,

CHO, gLaIL fLTK, NI H 3T“3?, I2931 and,JtO HE%QSBSE?eI | s, such as HEK2931 cel | s.
Lysat eferences oNdRoELHIR) Slanid lifted 1%'Wi ng any suitable method. In
embodi ment st hg, bybalpndME RAStSIRIBE Aokt ISshy<L6aS bE WSAH BY irPASY Or
functional features of the proteins. Many such nmethods are well known to

t hose of swiable cebime, sheh ancwithoytdimitationanokeryaticleelisphguitsyeligent | ess

buffers a buf f er. ' t ent.s. as_l.ncl udi f , lysis
buf f er coﬁ%gsl’ mcr‘.%‘g*@%ga{’%§%§t¥’g%“ﬁc&|@E’?@J‘g‘%ﬁ i?é%r%%%@g}ﬁégéeﬁ/g’t%%{js for
lysing cehlimadreiigeddchkao®Os,rCYNeBRK! CHTI Helch, UK INIH 3T 298, ahdni ted to
det er gent I'é%(sis, soni cation I%Zsis and lysis under pressure (French Press)
and t Hb | HEK293mells eprdtipsrbti 9(:‘3I:|Je<3"=%ﬂ§ncentration of proteins in each |ysate
in at |east 20y afles40, 50, 60, 70, 80, 90, 95 or 100% of the lysates in
the array is |east=any of 1, 2, 3, 5 10, 15, 20, 25, 35, 50, 100, 150,
200, 250, 300, LgsMes 480 bedbade 500 celBOusi7Ha@any 800able rAéthodi dnogranms/ m , 1,

2, 3, 5, 10, 15 20, 25 35 50, 100, 150, 200, 250, 300, 350, 400, 450,
500, 600,eﬁ@@%*%@'@tséhegﬁ??‘?@egﬁ‘?dsze@ﬁeﬂe desirgd %t,rucgwagaa%) urictional

features of the proteins. Many such methods are well known to those of skill,

15  Forinstance, lysates can be made using detergentless buffers and buffers with
detergents, such as including RIPA buffer, lysis buffer containing SDS,
hypotonic lysis buffer and the like. Methods for lysing cells are well known in
the art and include but are not limited to detergent lysis, sonication lysis, and
lysis under pressure (French Press) and the like.

20 In embodiments the concentration of proteins in each lysate in at least
20, 30, 40, 50, 60, 70, 80, 90, 95 or 100% of the lysates in the array is least
any of 1, 2, 3, 5, 10, 15, 20, 25, 35, 50, 100, 150, 200, 250, 300, 350, 400,
450, 500, 600, 700, 800 or 900 micrograms/mi, 1, 2, 3, 5, 10, 15, 20, 25, 35,
50, 100, 150, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800 or 900 mg/ml,

25 or1,2, 3,4, or5 gm/ml

In embodiments the concentration of proteins expressed via the
recombinant DNAs in at least 20, 30, 40, 50, 60, 70, 80, 90, 95 or 100% of the
lysates in the array is at least any of 0.01, 0.05, 0.10, 0.20, 0.50, 0.75, 1.00,
2.00, 3.00, 4.00, 5.00, 10.0, 15.0, 20.0 per cent of the total protein in the

30 lysate.
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I n enbodi nents the concentration of proteins expressed via the reconbi nant
DNAs in at |east 20, 30, 40, 50, 60, 70, 80, 90, 95 or 100% of the |ysates
in the arWey0114038138| east any of 0.01, 0.05, 0.10, 0.20, PETAH2019/050931 1. 00,
2.00, 3.00, 4.00, 5.00, 10.0, 15.0, 20.0 per cent of the total protein in

t he 30l ysate. I n enbodi nents, |ysate concentrations are 0.2 -4
nmg/ M and the protein expressed via an exogenous DNA is between 0.1 and 2%

of the total pogrebodinentsnbssterentenisitora arer®2eimydmt apddhei ns are
purified before Sapplication to the arra [ t he

: ., the caoncentrati 0
r econbi naPOtYPGEIFESed 1R anApeorPEals DA sihetveesd. Lan %gto(?glf{%, 40, 50,
60, 70, 8, t&§ 95 or 100% of the proteins applied to the array is |east
any of 1, é) , 5, 10, 15, 20, 25, 35, 50, 100, 150, 200, 250, 300, 350,
400, 450, 500, Ire&Bbodidients dheoeinddCombivany peoteinsigre purified efde 10, 15, 20,
25, 35, 50, 100, 15 200 50, 300, 350 0 400, ,450, 5Q0, .6 700, 800
or 900° ng?ﬂ?ifcagfm%?%f’ agay 4he gongepitatign bfsﬁJﬁﬂSP?@b‘”MB{)%e@a‘Hqﬁ% nmade on

any sui t abhgicHBRYifer Mredthedstion, 80e40264, 6U, 78e86!90,.05 6r sodRdfRats t he
solid support can be any material that is an insoluble matri x and can have

a rigid oprcdeins-apiptied te ther acay isl inashandeivbit, S, 51 Re18.b @5 3598, menbr ane,

such as niLkO |44 ~0 | a nbrane materials
sui tabl e ?@63@@%2%0%@%& i@gp‘f‘@‘?’négddé%&o e?ﬁ@'%@ ﬁgggér:rrays. Such
nenbrane m!@’@?férﬁsmyi,b@y 3 rea0stangd,mh, @5, Bay 108 1951wee| 288, 30QpB%0f ed, such
as nitrocellulose nmenbrane material on a glass slide. in enbodi nents
suppot@s AHY, 470,408 8005 (eh 800 ¢ SREM/MNb&x 1, & Bi ¢, 5 98¥Mhcl udi ng t he
surfaces of el 5 Si n integrated circuits and MEMs devices, and plastics,
i ncl udi ng pl asgﬁ*@ﬂpﬂat es, such as mcrotiter plates, including, for

i nstance, 96- walriays 384-heetiadgiorr any $witabid avsort, aghetbét inasnea paser of ot her

capaci t e?-zéveral.‘ In embodiments the solid support can be any material that is an
insoluble matrix and can have a rigid or semi-rigid surface. In embodiments

15 the support is a membrane, such as nitrocelluiose, nylon, and the like, among
other membrane materials suitable to act as supports for applying proteins to
make arrays. Such membrane supports may be free standing or may be
themselves supported, such as nitrocellulose membrane material on a glass
slide. In embodiments supports may be glass, such as glass slides, silicon,

20 including the surfaces of elements in integrated circuits and MEMs devices,
and plastics, including plastic plates, such as microtiter plates, inciuding, for
instance, 96-well, 384-well microtiter plates, as well as those of other
capacities.

Exemplary solid supports include, but are not limited to, substrates such

25  as nitrocellulose (e.g., in membrane on a glass slide or in microtiter well form);
polyvinylchloride (e.g., sheets, on glass or in microtiter wells); polystyrene latex
(e.g., bead, on glass or in microtiter plates); polyvinylidine fluoride; diazotized
paper; nylon membranes; activated beads, magnetically responsive beads,
etc. Particular supports include plates, pellets, disks, capillaries, hollow fibers,

30 needies, pins, solid fibers, cellulose beads, pore-glass beads, silica gels,
polystyrene beads optionally cross-linked with divinylbenzene, grafted co-poly
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Exenpl ary solid supports include, but are not limted to, substrates such
25as nitrocellulose (e.g., in nmenbrane on a glass slide or in mcrotiter
wel | for WO 28Y03%138y| chl ori de (e.g., sheets, on gl ass oPCTUSARI808103L er
wel I's); polystyrene |latex (e.g., bead, on glass or in mcrotiter plates);
pol yvinylidine fluoride; diazotized paper; nylon nenbranes; activated
beads, nagnetically responsi ve beads, etc. Particul ar supports include

pl ates, %Jf,@ﬁt ?gé;%tcggamzd’@%éé@%@ be'aeblméthpsé@larﬁi@@%@des pins, solid

fibers, por e- %l/ass eads Ica gels ol ystyrene beads
opti onal I 9pmr®!$-dr®$ﬂtle&emi\tiﬂh M 1m§fabm+mé¢ibylegedmaecwgala§s WD

2011/ 038138PCT/ US2 | de beads, |atex beads,
di net hyl aB?Q'IC}ﬁﬁ W@?%(gﬁ’gl b ¥(i|r8ﬁ§$$'§/ p?’%@pmkgg Wlet hea S A ex beads
N-N -bi s-acryl wéiﬁbbwn%tﬁdlpa@fen@,ar@raita@hae?eo Bapparts eia cvaterd andidt a

hydr ophobi ¢ poly I n enbodi nent s protelns are attached to

suppgri s OD@"C@M@&Péh@ﬂ@'ﬁﬁ/ o eﬁ&%ﬁ@&ﬂsé?fp %%rh ge attq Gaﬁ%dﬂjl nments proteins
can be at cilitate
att achrrenpﬁﬁ‘%%q:ie % Q};]‘i t‘ée¥ Sgnp &ﬂ t eb‘fﬂn ﬂ%édé?ﬁé%@ggﬁr otei ns can

beI nodi f i aftet Qﬁ?tﬁﬂhémtltc&tlmth)r Eyeeaibbdimmta@lnMnts ¢am géawlfththaymtate
pol ystyrene, poly ate, polyimde,. pol eth
pol yvi nyl OF BBP‘?’&@&@@%W%@ gylﬁmﬁyﬁr‘@n@g@ﬁ% R@E\@dpfﬁa he t'm
pol Ysacchiidery gl ybiansc P"“"”fﬁ"?"‘V@g&’*”@“%iéﬁ*gﬁ‘“eﬁ#“é”%ﬂ;SEQE”E

e
Rydr og&lh vagmmeplypeptm q&xﬂysmbam:le,q:!diye&uif@uppb@‘wsyrr@@apolw!éid@mlﬁt | 5.
nong t hese es coat ed such as Schott
15Next er i BH!V&'?Pﬁ%@IRﬂ?@g&%I@PBE@S sif¢ \%g‘éa?‘ % ?@gaé} es to Supports
Pr ot ei ns, &H@Ro@ﬁhét@oﬁﬁdﬂo@el )é@atr@s% %émﬂ@%%d/@laota@r susgatoesatiege, can be
applied to arrays in a vari ety of ways. I'n enbodi ment s they are applied
uil ng gomo(é fikas.ray printer. Mcroarray printers can be differentiated into
t hree 20gr oups I | r
spot t1 ng-sampi &bt iidseRirk Dot iieB Bl bR AIRSREE AT S SENOR
spottess, Nederser n;@ogemg%@gndmd ovic- Nad et al., 2006). The solid pin
arrayer devel oped by,Aushon i s spgcially designed for printi ng conpl ex
m xtures, suchAppliealion pllygates i guUPRONEHr ks wel | with viscous protein

sol Uti ons 10 PR Wik UsTh3801lySRtes dxpRSsaNHS B ®xoBbnous gene,

can be applied to arrays in a variety of ways. In embodiments they are applied

using a microarray printer. Microarray printers can be differentiated into three
20 groups by their printing tip architecture and mechanisms for spotting samples:
quill pins (split pins), piezoelectric (ink jet) spotters, and solid pins (Barbulovic-
Nad et al., 2006). The solid pin arrayer developed by Aushon is speciaily
designed for printing complex mixtures, such as cell lysate, and it works well
with viscous protein solutions to produce uniform spots on slides (Spurrier et
25 al., 2008). Uniformity with this spotter is very good, as illustrated in Figure 2A,
which shows an array stained with colloidal gold. Total protein in the spots is
uniform across the array, and the concentration series in each sub-array show
appropriate scaling, which likewise is uniform across the array.
Array Geometry and Spot Density
30 Arrays can be made in a wide variety of formats, sizes, modulaity and

can be made with a wide variety of positions, proteins, features, feature sizes,
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25 al., 2008). Uniformty with this spotter is very good, as illustrated in
Figure 2A, which shows an array stained with colloidal gold. Total protein
in the sp¥PR013¥FBf or m across the array, and the conceRETASEHA08WE] es in
each sub-array show appropriate scaling, which |ikew se is uniform across
the array. Array Geonetry and Spot Density 30Arrays can be made in a w de
variety of formats, sizes, nodulaity and can be made with a wide variety of

posi ti onsfeai@tsPaess, ﬁe@ﬁirérdé‘éupéw ¥bBtrelsZ Bfgnmésehafersanges, feature
occupancy, controls, alignnment markers and references anong others. In

enbodi rrent@‘emam@eeamcmga@t EEast any of 10, 25, 50, 75, 100, 150, 200

10,600, 515, 00l S5PodIs mSie ALl pritl 19,2080 75 200400, A 0l e

there ar e280, wcaﬁooarmooi 000, 2280, 5@,0075 00008,00056,00200, 5(1[50,0 (KKD 500,
750, 000 000 3 Q00, . 4, 000 5,000, 6,000, 7,500, 10,000, 15,000, or
20, 000’§ I yééﬂ@g ng@ﬁ@@ R%‘“mnﬁf@rf&'ﬁ 6@@@”@&@ on the array per cn2. In

enmbodi nen 00, 250,

10 350, 58@ wggﬁn%ﬁ%é@ér&z&g% @%&88'80* O%g 5@0705()@@063'%02@@5&2) 10, 000,

15, 000, oBSQOS@IﬂG’W At 2,00 13l k dl, 00 & &@G&)&@@@;Oﬁ%@l\ﬂ@ applied to

Sy of 1018280, 530,480 eied bRl dftaiaint pBsBoRE s TSy ABRaST 5, 000

3,000, 4, QQme%dQﬁQ&nts%@@Oardat%t ah9.d109, 2355@ 00001580260 @500si ti ons

per cn® ont e arrays wth said proteéi nse‘:_ngg@1 G@ﬂto at | east any of 50, 60,
|

70, 810 9850y 5Q%%B5K, 1sﬁsﬂ€H 2in§] £3, 001 4,000 @s7.608, 19,88Pes” and/ or
oA or 5068 ShaB3uuTbaRH sS St eknd Sl 250>
500- 750, 4ffr80QositithsloW i 4ay pér cm?
In embodiments there are at least any of 10, 25, 50, 75, 100, 150, 200,
250, 350, 500, 750, 1,000, 2,000, 3,000, 4,000, 5,000, 6,000, 7,500, 10,000,
15 15,000, or 20,000 positions per cm? on the arrays with said proteins applied to
at least any of 50, 60, 70, 80, 90 or 95% of said positions.
In embodiments the lysates and/or proteins are applied in spots
(features) that are any of 10-50, 25-75, 50-100, 75-150 100-200, 150-250,
200-300, 250-350, 300-400, 400-500, 500-750, 400-800, 750-1,000 um in
20 diameter.
In embodiments area of the features comprising lysates or proteins in
the array are any of 10-50, 25-75, 50-100, 75-150 100-200, 150-250, 200-300,
250-350, 300-400, 400-500, 500-750, 400-800, 750-1,250, 1,000-2,000, 1,500-
3,000, 2,500-5,000 pym®
25 In embodiments the center to center spacing of the features (spots) in
the array is any of 5-15, 10-20, 15-25, 20-40, 25-50, 25-75, 50-100, 75-150,
100-150, 125-175, 150-225, 200-250, 225-275, 250-350, 300-400 or 400-500
um.
In embodiments the protein spot size is 110 to 300um in diameter. In
30  embodiments center to center spacing or positions and/or proteins on the array
is 150 — 250 um.
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20 di aneter. I n enbodi mnents area of the features conprising |ysates
or proteins in the array are any of 10-50, 25-75, 50-100, 75-150 100- 200,
150- 250, ¥O@YBPEs13850- 350, 300- 400, 400-500, 500-750, 4ECTEHR01/PEY3NL, 250,
1, 000- 2, 000, 1,500- 3,000, 2,500-5,000 pn2 251 n enbodi ments the center to
center spacing of the features (spots) in the array is any of 5-15, 10-20,
15- 25, 20-40,. 25-50, 25-75, 50-100, 75-150, 100-150, 125-175, 150-225,

200- 250, 225- 2(}8ing2bPa ,Dgl@gtgm, 400- 500 urn. In enbodi nents the
protein spot siz€ TS umin dianeter. In 30 enbodi nents center to
(L:Jgnter spaci ngABy sp@%bieurwtboaﬂh@gwaprhﬁlé%&ﬁisf%ﬁet%naraworrﬁeqwmg 250 urn.
ing Arr Iy b d
for det ec??‘ﬁ@ga%%ﬁﬁo% #'Hg '%Proéeméw?aaggen? bﬁdﬁggﬁﬁoﬁgﬁkﬁ%gr 01(:a e:Jflg

arrays. |asgiyecseneats isehisbdinants seriwich assayssard.used. dnbodi ments sandwi ch
assays are used. |In 5enbodinments radjionetrjc,, colori

cheni 15uni e@bedineents radigmetiic Goleripelre. BRRBILTRESSEENGR @ﬂ@/géﬂuormeyg:rtal n
embodi ”enﬁéséoeég%éé@%ré&sﬁﬂt 'E{?(&g}‘tafﬂ bBSm?e?ﬁQYeﬂakﬁ%o% SGUYAndiAGY sui tabl e

i munoassay can used, T nc I nst ance i munassays),
ELI SAs, (essaysefdriimdtades, mnyrmsmblmmmaasmy ce w@u(swzynladmmﬁmoas ays),

imTunofI uor esce S and 10i I tatj.an assa he like.
| embodi MERTESdR PSE o GBI RETRShOda See GTRe [RRGER AL AgePEnt,
directly h@éthszotmotehkmb%nﬁ&ws%@y rramuhoﬂnsre%béaue bSs#lRl aha ned by
detecting and/ neasuring the directlTy bound Iabel. In ermbodi ments

i ndi r ¢t Irabehbprgcinitatiod sisaays, wssdtherikahile Brbtasimagtisaiiresg ahedings  det ect ed

L Bl b T FRLE g RS el BeRBLa ol lfpRERPEL ="
in the array is determined by detecting and/or measuring the directly bound
label. In embodiments indirect labeling methods are used in which binding of
agents is detected by interaction with a detection moiety that is not part of the

15 agent and not part of the protein on the array. For instance, in indirect ELISAs
binding of an antibody to a protein in the array is detected by a labeled
secondary antibody that binds to the first antibody. Colotimetric, radiometric
and fluorimetric detectable markers that are useful in embodiments include but
‘are not limited to rhodamine or rhodamine derivative, biotin, avidin, strepavidin,

20 afluorescent compound, such as Cy3, Cy5, Alexa-555, Alexa-647, Dylight-349
or Dylight-649a, chemiluminescent compound, such as dimethyt acridinium
ester, and the like.

In embodiments enzyme-immuno assays can be used for detection. A
variety of such assays are well known and routinely employed in the art that

25  readily can be applied to protein arrays, such as those described in for
example Voller, A., “The Enzyme Linked Immunosorbent Assay (ELISA),”
1978, Diagnostic Horizons 2, 1-7, Microbiological Associates Quarterly
Publication, Walkersville, Md.: Voller, A. et al., 1978, J. Clin. Pathol. 31, 507-
520: Butler, J. E., 1981, Meth. Enzymol. 73, 482-523; and Maggio, E. (ed.),

30 1980, Enzyme Immunoassay, CRC Press, Boca Raton, Fla..
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bi nding of an antibody to a protein in the array is detected by a | abel ed
secondary antibody that binds to the first antibody. Colorinetric,

radi omet r'WO 28H#38138ori metri ¢ detectabl e markers that ar @CHASEYIV/OFH31

enbodi ments include but are not limted to rhodam ne or rhodam ne
derivative, biotin, avidin, strepavidin, 20 a fluorescent conpound, such as
Cy3, Cyb5, Alexa-555, Alexa-647, Dylight-549 or Dylight-649a,

chem | um nescepf | IBRPRGNSHHlicTEaElioHR fdYhrodGed BbRredAxbfbentppd the |ike.
I n enbodi nents enzyne-1 muno assays can be used for detection. A variety of

such assafféoreseentgirbdueiefiionasdloriganicrasifluodgenioysasiratasher art that 25readily

can be appli.ed to protei rravs, S S e i I anpl e
Voi e, - pimiagsesheR TS PefilBiTes e Sup But B Al b Ry e g ™

Di agnost i pe léﬂwé{m B a imple Mnplcphdithen aflendpsechat estis@magiterly

Publ i cati on, | kersville, Ml.; Voller, A etal., 1978, J. din. Pathol.
31, 507- ShomE@eaniesubsrateis cajugaetgdeian anibpsy Theoniygasieis and Maggi o,
E. (ed.),; . . S P2r ; .

fL1 s ot ITEROERR Y IPY Rt PRAST BfmotcRiiddainamichAfer digh b, ader.

f 1 uor escemcupatishucosjubatenthabhas hgbiboundio Hriotzing gethecarsabistwaghesi,  or

| um nescence from chem | urni nescent substrates. One, or e, enz may be
enpl oyed. 8V@Ya %W%IQ@”PHW‘@W@H?%?F&P ﬁ@@?ﬁﬁé%@gﬁt%@tég)‘{ﬁ? 'Qc%g?r:{%aonpgeni c
substr at ejy i%e%ls%?%tsﬁérfo@l infd'td Manmﬁzﬁﬂwwﬁtwom&wm@d wi th,

I moDbi otiter dish well f

for instance, protein ized In mcr . After
i ncub®® i oprateinjinglae enictediter mdatenver!l tocgankrate tpesolirad produdie athealngas washed

. Signal, t] h ' bstrate | d i ncubat ed
" T he worsdmEat 8 servtion. e efut &SP ERRak e LIRS re B A 1EREE bound o
the 10prokgidunt Bf bb@n&r}gﬁ:ﬁjﬁgiﬁe@rm{ mbitatiays ahegedadtef the régdtiened product .

In the Iinear regime of the reaction, the anount of col or produced is
pr opor t i ogenerady ik eiheiuprecipitaisoonte adnnd e surfacs, spribaldt does pals, the

duct of . . : i~ it ind th
Surrace, JMBRARERGSI0AART<Tbeonell s Bou CThE SRS i Riatt 0, ' s
boundjs Thesationajreatly anpyifies tre dignaidfedrh eachtiadihy esepl. i ELISAS dan si gnal from
each binding event. ELISAs can e Io,_t\/\q or pore enzynes for adqiti onal
anplifi ca€noy e e WW@@ZV@P%‘{’T&@/‘”@B @R@'&E@t'%o %_V"L"E%V%‘?? Yand
readily cRREpRAdaR! RiokR 10 R gwahd%gg@ SarPhé B¥apfed LA Wit BRAGHDEd.

Many enzynes have en used successfu that can be 20enpl oyed
i n enbodi wenalys asileréinddesgribat. not linmted to: nal ate dehydrogenase,

denydy ogenase, NEHHIEI TS CerOBRRS BRES SUotRRTAV I EHSES 1hat BEe Bhosphat e
| somebgse efibp& RcbrhbBodfdeits dASIBding tiit!iob mitBasehiAseR.

dehydrogenase, staphylococcal nuclease, delta-5-steroid isomerase, yeast

alcohol dehydrogenase, .alpha.-glycerophosphate, dehydrogenase, triose

phosphate isomerase, horseradish peroxidase, alkaline phosphatase,

asparaginase, glucose oxidase, .beta.-galactosidase, ribonuclease, urease,

25 catalase, glucose-6-phosphate dehydrogenase, glucoamylase and

acetyicholinesterase.

Any suitable substrate and label for these enzymes (and others) can be
used in ELISAs, such as but not limited to (as mentioned above) colorigenic,
fluorigenic, biolumingenic and chemilumigenic substrates, which give rise,

30 respectively to colored, fluorescent and chemiluminescent products.
Radiolabeling also can be used. Fluorescent labels useful in embodiments
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aspar agi nase, glucose oxi dase, .beta.-gal actosidase, ribonucl ease, urease,
25 catal ase, gl ucose-6-phosphat e dehydrogenase, gl ucoanyl ase and

acet yl choVPELHBEsE e, Any suitable substrate and P&BAIS2418/05¢08kse
enzynes (and others) can be used in ELISAs, such as but not Iimted to (as
menti oned above) col origenic, fluorigenic, biolumngenic and chem | um genic
substrates, which give rise, 30respective|y to col ored, fluorescent and

chemi | umi Wut@r@%h&ﬁem*ﬂ% ﬁiﬂ@Wr@ flciBsEEn ;Qﬁhfé‘éﬁﬂ*la@ uor escent

| abel s useful in enbodinments include but are not limted to the foll ow ng:

f | uor esceflodasangi Phyceeattarinrpiyganyadn, lnphyeesianin, o-ppihptdahysaiand

oY O LB AL DL SR o B HERBERETY, | 2be!
t her omat i areafét hited o IBATIES!, isbiindiagh titerobrticiatiridinivmssitér, anidagslel at e ester.

Bi ol uni nescent | abels useful in embodiments include but are not linited to
| uci f e} i nachidipiune pakt and pxalate estarn BiglHningroeabladelsapeafuldan be enpl oyed, and

that have poedthgnEinale SRR ot IRl BE S MR TR 8OO Lo aye
t hat can bmy@hﬁebitelialaehommm em’pﬂm@g{aadd tiusfmggﬂngtaeemnmhasmne@mm een for
(r of er r cdDEEO UM aRd B RSP IV RIE et bally PREUY ARSI pol ypept | do.
et ect bl SIS o"L?%‘?%?%ﬁ?%*%ﬁ%’i”&i%ségﬁéﬁ%“?“% e arpl 65

(and tonpesgatts thereof) or agents, such as candi date bindi ng conpounds or

anti bodies. 11 Sstr tivie sresi h'sfrref rd afge e cri bed bel ow. I n
enbodi nents th = of proteins in an

array, such asTastinteesitR®, ofraﬁ*@&?p@bféargﬁlmnstﬁdﬁmgefemldm&@rézdes and 20
ot her bindi ng nol ecul es. Agents can be enzynes or other substances that

nodi fy pol§paentsidhat f@@@'ﬁ V&iﬁh RY hindsdo @vﬂﬂ'ﬂ?ﬁ%ﬁ@sﬁﬁwew i 8N gIgy&iaRs) . Agent s
can conpr 86, iU 98 (L ANESiNentPAfLys 41Alsctd Rt Bn@hgts HhotehRlipept i de)

15 arrays, such as the binding of samples (and components thereof) or agents,

such as candidate binding compounds or antibodies. lllustrative uses in this
regard are described below.
In embodiments the agents are specific-binding partners of proteins in
an array, such as antibodies, receptor ligands, aptamers, polypeptides, and
20  other binding molecules. Agents can be enzymes or other substances that
modify polypeptides, such as kinases (which phosphoryiate proteins). Agents
can comprise any substance or moiety that can bind a protein (polypeptide)
including, but not limited to, chemical compounds; biomolecules, such as
polypeptides (amino acids), lipids, nucleic acids (nucleotides and
25  polynucleotides), and carbohydrates; inorganic molecules; organic molecules
and the like, alone or combined.
Using Protein Arrays to ldentify Proteins to Which Antibodies Bind

In embodiments protein arrays as described herein can be used to
screen for and identify the proteins fo which antibodies bind. Antibodies,
30  because of their specificity, are widely employed for diagnostic and therapeutic
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i ncluding, but not [imted to, chem cal conpounds; bionolecul es, such as
pol ypeptides (am no acids), |ipids, nucleic acids (nucleotides and

25pol ynucWeaP11d88y8 and car bohydrat es; inorgani c nol eculPE3/USHYAH081

nol ecul es and the |ike, alone or conbined. Using Protein Arrays to ldentify
Proteins to Which Antibodies Bind In enbodi nents protein arrays as

descri bed herein can be used to screen for and identify the proteins to

whi ch an%?@%% @e@ausé\m iR AsiG ;nmmsa@@a@ mifiRids, sreghtigeristyith ar e
wi dely e I agnostic and therapeutic WO

2011/ osslwsmm@sa@mbb joo Fiternet pos Bet eBEelUS®WSE | imitations in current

assays met hods I gen | eract are not
entirely knovvnWh(:Qw an ‘hﬂ‘iﬁs %ﬁ\l\é%{é&%‘g %&:ﬁﬁz.aﬁlggg{‘é gﬂg rgfirlllgt antigens, the
resul ti ngaﬁtﬂidch@sia@g@zﬁ@raﬂyeﬁﬁaﬁlctanzehasa@élﬁg Ispedf|a$o:ﬁeahgntxgmm hitbef or t hat
antigen. In the 5case of protein antigens, the proteins tglpl ca{ y conprise

one orS nofesepf POiRIE andIRRs cthelprﬁaﬁemsdualcab\hppmﬁ 8f &HeRY Feal | y.
Epi t opes ’tc{‘wﬂ[c‘?:tlﬁgl@%éﬁ? B BobifisBiAd Qgéczﬂ@é%/f QE’FHEH&%HH Pteirfadh bi@as of the

protein b ont’rnuous reglons rotein t are fol ded
I nt o proxfornied nat dﬁigebpmh’emwm,s pdrtiees df Mntmabuteisbchm@%@mnume bi ndi ng

specificity of ap anti h to 10 t I db
cross- r eaf@9igns Poihet e e“ﬁr&ﬂsté?ﬁégaﬁgfmec?%?gﬁﬁyﬁh@‘%ﬁ@e’gbe ({:?oﬁrr}oalrcg';):at opgs

Cross-r eaﬁﬁaﬁéuynsg%n?tﬁn@atéhg ¥He &ﬁ@hg@d&h‘%ﬂ}/ lPhR awﬁaacf@utg&ﬁcase@ are used

for anal yti cal therapeutic purposés i nes such cross-reaction
ar i se$0 beagusteimn Camblemcmc;bltma nmu:@srraact«matq plder prpteipstibplecaidaiors in

di fferent proteins. c 15 i | ff vari ants of
the sane Hﬁ) T RNy q{rsém % ?%?’p&s %83%553&‘;3@ F‘ﬁ b% éf'ﬁgg‘%&lﬁ%@%@%{gurs in two
proteins LafeRABHSMibYdieSRE Tsb8dst arfytiiad bad Iﬂser@iwuﬁxspun'pdsesthe sane cel |
and tissue types, and in different types, such as occurs when splice

variation occufometinacs peeBIOSEEBRGIQN ARTARPECAUSEARANHIC a6 i s i nport ant
tsg Cﬁnggr Ztsgagaﬁéo] ’{h%@%‘ghﬁ féﬁ %PﬂB%@Bc?%erIQ%%réﬂf p@?éiﬁ? rhisd@le6ddupn assay,
15 in dtfferentlaliy»splaced Varlants of the same primary transcript or because,
simply, the sequence occurs in two proteins independently. Cross-reacting
proteins may occur in the same cell and tissue types, and in different types,
such as occurs when splice variation occurs in a tissue-specific manner.
in general, it is important to understand the specificity of an antibody for
20  use in detection assay, such as a diagnostic assay, or in a therapeutic. For
many purposes it is important to characterize the antibody's interaction with its
specific target and its cross-reactivity. Global understanding of antibody cross
reactivity has not been readily obtainable using current technology, because
there has not been any way to determine the interaction of an antibody with
25  the proteome in whole. Much the same is true for the interaction of other
proteins (and non-protein agents) that bind to protein partners.
In embodiments herein described, protein arrays can be used to screen
antibodies for cross-reaction o proteins other than the primary antigen and, in
particular, to gain an understanding of interactions with a substantial fraction of

30 the proteins encoded in a given genome. In embodiments in this regafd
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many purposes it is inportant to characterize the antibody's interaction
wth its specific target and its cross-reactivity. d obal understandi ng of
ant i body WPE8EV/BREEt | vity has not been readily obtai nabPETHS2EHY0EWRT ent

t echnol ogy, because there has not been any way to determne the interaction
of an antibody with 25 the proteone in whole. Mich the sane is true for the
interaction of other proteins (and non-protein agents) that bind to protein

partners. ?éﬁbr@éﬂ@dé RIS RTRICAbEE heféiResle pRARILRITTY Wigfaly Maentiee used to
screen anti bodies for cross-reaction to Br oteins other than the primary

anti gen ap@neiintrue for pther hpgsLf ageptsytiieh ol RIRKERSt andi ng of interactions

with a substantisply biAghi At i0ehfil BGAbMAS FBRAARE 1N & given genore.

n enbodi nment s escri bed herein are
particul arly ubetertain Maddoditengsamretdis atmaye deecritddhbereiry pas befusagdot s t hat
bind proteins, Using Protein Arrays to ldentify Bi rkers of Disease 1In
cerpaj%_eaﬁEﬁﬁﬁB%W§%%ﬁBFEVW?QFW&V§°B¥§HP?Q@W3ﬁ ?@pﬁqgﬁﬁﬁﬁédﬁgéﬁﬁ%o 5 det ect
ant i bodi eg, 5 QdYaREbRY IRYLMITMINR EhRARSRS sABRcgaidiate fh HiRRAR, Such as
cancers. [n autolmune conditions, subjects generate an inmune response
agai nst ssddponneiageitst selfidntipess andt thbsdisatbodicevftan@rasseiull matkeksr s f or

autor ant | IS AeRse TGRSR A Prodnoa prEatmes Tof BRRTAE ANeT Sotlim ar r ays
as 10 desgliddastidiRfi&l B R RnBENUFPHHIcA c@@b,efnhr@rﬁﬁo&ihférﬁﬁ prstbipsartayside ch such

protei n-bi ndi ng auto-antibodies bind. In other cases, cognate antigens are
known]0 at deserited hergitr ¢an badispd de deferminaihe proteias & which sihapteian be used

nt 1 bod ebNaing AT B BRY. R BER 2bEe <R AP AR, o1 i
arrays as|¢igs i paearbp@itdincarayseasusatribed therein vandd beeditsdsteaminehe

presence and/or the apmpount of such auto-antibodies. For instance, in
accor dancehafacterze-and/ar BessdieBsiaiterniiiadiedvention in this regard,

ant i sera, bl 00gof GRORGRL thatlith BRowABHLAknGSh bPotblr, MPERLAMRUAS! T om

subj ects, such as ose a or or actually su ring trom autoi nmune
condi 1§ ongrotemnaray28s dppdribed harejpr carebe uaed &y detesmiver teralzbehcei thed, to

O e ko e 5013 Bl HBOMBAIED, PPl Y 50, o e
sanpl es t BatoRiaRde Wit tdis BhodithehRi dthé thvieh8oR K B régardSaitera, | _
characterize the auto-i nmune antibodies in the sanple and thereby di agnosis
heal t h, ribllodotorapenents dilidasandder eelis (fa Remers fend T sbpigsts, such as
those at risk for or actually suffering from autoimmune conditions, can be
20  applied to protein arrays as herein described, to determine the target antigen
(proteins) to which they bind, and/or to determine the absence, presence
and/or the amount of auto-antibodies in the samples that bind to particular
proteins in the array, so as to characterize the auto-immune antibodies in the
sample and thereby diagnosis health, risk or actual disease or the like in the
25  subject.
Similarly, in accordance with certain embodiments of the invention in
this regard, antisera, blood components, fluids, and/or cells (to name a few)
from subjects, such as those at risk for or actually suffering from diseases that
engender the production of antibodies not generally found in the absence of
30 the disease, can be applied to protein arrays as herein described, to determine

the target antigen (proteins) to which they bind, and/or to determine the
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Simlarly, in accordance with certain enbodi nents of the invention in this
regard, antisera, blood conmponents, fluids, and/or cells (to nane a few)
from subj¥e2811/BHBR as those at risk for or actually suPFEUSAYOLFWA

di seases that engender the production of antibodies not generally found in
t he absence of 30 the disease, can be applied to protein arrays as herein
described, to determne the target antigen (proteins) to which they bind,

and/ or t oaEsdrRibResenRe ARBENEe and@Rlieetrasiifsdiédh petamples that
auto-anti bodies in the sanples that bind to particular proteins in the

array, sobid tedasiaiacieteinein he alfaY. Sedisds sharagierize s antihndienidr eby

di agnosi sye | : di ; i ke ect. 5

The for egg'!%n%{rh@se cérdf’gttﬁleg‘%b@‘?{éa ﬁéuselg g)% gﬁrﬁ)’leré%r %’Ie%kg‘\fvéti (fﬁ%és r él'?@e\sﬁék?i "gu S

enbodi mentre safbjédte i nventions herein disclosed. It is to be appreciated
that a wde variety of additional aspects, features and enbodi nents wll be
appare%t fromreading the disclosure to those skilled in the arts
pertaining t Nerqt foraBirkfudtbfiofhathé B SAOREIHKtr B GafiBYENt | ONS

herei n di scl osgﬁé c\)}'e\dﬁrfgfh_r eb§8I Iab\?\nmrjl%@exg&g’{)%e_s descﬁ EEoe@i Ialiust rative
enbodi menegmbotimentsaif therinveotionsapersim disctosedanicie toiberapraetciotes! thepact s of

i nventions. herein described 15an fewillustrative applications .of them
These exa eegaré%’{g O?ﬂgﬂglomg/aﬁﬂeﬁ?%g??@éeso?n#ﬁ@qoﬁ%ﬁ?ﬁsd’ﬁh bﬁeﬂp@laﬁe@escri bed.
EXAVPLE lfrofff Riagliny fecdiofibs @ tvithbsc Dlaxinmhkelris filtaifpyanagto obhichman
Protein Genes Enbodi nents of the invention provide arrays with substanti al
f r act dnsaxpalbwithin therscope gt kvestienthawinEiseospE. a genone. The

I nternational Human Genone Sequenci ng Consortium estimtes that there are
about 20, 000- 25,000 protein-coding genes in the human genone (Stein,

2004). The follow ng exanples illustrafe the production and use of protein
arrays with ap%r oxi mately 10, 000- 20,000 spots containing from,

appr oxi mat el y 3hgdellawing exgmpies dessribedistralygambrtiaentsrabogieiny s wer e

pr oduced } L€ R and | dr it i A ned into
t he rrarrrraﬁlﬁ%@ggx %Sggﬁ%ﬂhgg%? lo/‘)ritﬁp nb@?g% %@g descf)lhgggﬂﬁgl OW. " d)I\/PLE 2:
pCW- gnt r gnecfeor illfistratepamdisations dfethEmeahhdéyeexdmples are in no way

limitative of the inventions herein described.
EXAMPLE 1: Protein Microarray with Approximately 50% Coverage of

Human Protein Genes

Embodiments of the invention provide arrays with substantial fractions
20  of all of the proteins coding genes in a genome. The International Human
Genome Sequencing Consortiulm estimates that there are about 20,000-
25,000 protein-coding genes in the human genome (Stein, 2004). The
following examples illustrate the production and use of protein arrays with
approximately 10,000 — 20,000 spots containing from approximately 3,500 —
25 10,000 individual human genes. The arrays were produced using OriGene,
Inc. libraries of validated human cDNAs cloned into the mammalian expression
vector pCMVB-entry as described below.
EXAMPLE 2: pCMV-entry Vector for Expressing the Human Proteins

Proteins for the arrays were expressed via a pCMV-entry expression

30  vector, schematically depicted in Figure 3. The vector has several features that
make it especially effective for overexpressing mammalian proteins in
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Proteins for the arrays were expressed via a pCW-entry expression 30
vector, schematically depicted in Figure 3. The vector has several features
t hat makeWP20B4¥EB8al |y effective for overexpressi ng maRfFdUSAHHPWBLI ns in
manmal i an host cells for making protein-arrays. It conprises an origin of
replication effective for efficient episonmal replication in eukaryotic
cells (Sv40 On), and an origin for replication in bacteria. It conprises an
expr essi omanasiabart hostorells dJoveakingt protedmiamgyandt ecimfprisesrdn evginegsi on in
manmal i an cells, 5._conprjsipg.a,CW praonoter,. nmulticlonin eqi , and a
pol yadeny[SRIFBIoRBERENE 2R EMBieNt SBicHA daricatiol 1 PLKRDALF BALS CRYAS and DK
epi topes stantPah bR RF réfiRaBoh HRESGStA! IbrabaRl ar 8% ssing

Cterm naWW%- DDK tgggedrp@ogei ns. Tﬁe. lt agtcs{ﬂ)ar[&é~ ef faect i%%égigg conveni ent
nmoi eti es tassafietfoc coneraent goning gindefiitient eqoassionin mammpliarssels, pr ot ei ns.
The vector _conprise 10 17 pronpter.upstreamof th | ticloning regions
for efti cPRUPNTg R CMYPIosACteh BUREENE gl afd APTNTINEIN | { conpr i ses
a second eMBBESTh®BXSRSSRIN Caskette SXdY iIABRIUBSY ntid/and BDISEpitsRegTaskers for
selection in manmal i an and bacterial host cells (kananycin and neonycein

r esi st ancEpgfeers of the pelyapeaylgtion aigaal for espiassingsCdetreingl myr-BH% and DDK
tag seque i Lol egi h r ' - Lon

pr ot oi ns. HEEed ptofbind.c PhR gt ofe Vircde R RIIERIeRT rticdAaEteldtthg

bact eri al apnelpusifyrsg thed tecotrfBlidhtlyse)qressepr proteiny. Thewettr cobibriseE¥AMPLE 3:
Over - Expression Lysates Mre tha@ 12, 000 over-eforessi on | ysates have been
made H&i nd / RIRRIPISBNEIreand Ahe MEBCoOREARNSHOF $THIERA SRNSREPYRNEIN- expr essed
in 20 HE ; ; h | s ' nobl ot
anal yses. PRasracayss (BREKHIEE) REBTRFRES ool toh ettt racseh fof™

post t r anskapiesaialy drodirésistnicemsamkecauforiselections irer@Enemsliam apg daetarialThe
expressi o rofiles for all the |ysates .were exam ned and annqtat.ed

i vi dualPht SalfegERaBy e and Bsgpiih SesiRiRoRe BE0oF GroRSr ety Chosen
25l ysat es comprises CRERRIASR It ARY BIDK {Rf sélinces in BeregRsiPaithBaTivpr ot ei ns
are at least 100 tines hi %r%er than its endogenous counter-partner,

i || usi¥ at edpiessPngefitagged Tsien peieinsoft eoreprisssprestgiomf sephoaties fam

rost —cel 1 Rl EbabBaRbaRATKER LAY R A B AR B fnob ot
is around 95% EXAMPLE 3. Over-Expression Lysates
More than 12,000 over-expression lysates have been made using

human cDNAs cloned into the pCMV-entty vector and over-expressed in
20  HEK293T cells, and they have been validated by anti-Flag immunoblot

analyses. Expression profile analyses also showed that proper

posttranslational modifications occur in this expression system. The

expression profiles for ail the lysates were examined and annotated

individually. Figure 2 shows expression profiles for 8 randomly chosen
25  lysates.

Expression levels for most of the recombinant proteins are at least 100
times higher than its endogenous counter-partner, illustrated in Figure 2. This
level of over-expression provides an extremely high signal to noise ratio
relative to the background from the host cells themselves.

30 The overall success rate for anti-Flag immunoblot is around 95%.

EXAMPLE 4: Printing Over-expression Lysates on Nitrocellulose Slides
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EXAMPLE 4: Printing Over-expression Lysates on Nitrocellul ose Slides
Overexpression |lysates were printed on a Schott nitrocellul ose slide.

Fi gure 1 WAME/GEB138veral | | ayout and subarray specifi caPCHAS201095%Rbwn i n
the figure, each slide was divided into subarrays, typically 40 subarrays
per slide. The enlarged area in the figure shows the |ayout of each
subarray. As 5indicated in the figure each subarray contained the follow ng
control s and nRvrREXPresaiRn fYsatesBBAcqyhtat @nBEACkYtb nirocehtlase shdemr ker s;

purified it 1.5 ntrols);..lysa f HEK293T cells
transf ect %ﬂﬁg%%g%@p%%ﬂmgbé&\@?% p%ﬁ%éa?%e é%%?&ﬁp)",] %f erence
di l ution Sgureesach shde Wak enlvi@sd iy subhagyd, uppieslyd4®tebasayd Peeslidebl i sh

ref erence_concentration 10 curves for quantifying exogenous reconbi nant
protei n expe &sarged area indthediskre ahowy dhe layput aheach sykaray: o t he

GST-nmyg- F real | Il r . t I d curve of
Si gnalsci n{r@nﬁgﬁé’d;ﬁﬁfye ﬁ%gﬁ?$§P§%H§?8¥ﬁ éé%rﬁ%nf?ﬁ%\h@gs@lg&g%%ged protein
expr essi omarikersaysiriied 8 3ade3 and Edcy 5 nirentationl mbdkees; Jusifiddmdoudecr oar r ay

slides, 15usi Pi otters, .i rtjcul shon 2470 array spotter.
5. 000 spottd Rl g FoRtbonse Bertes HER2A Sallr wansieniedcvh 2 1m x
S51lmmnitr e j igé ps. 16, 000
pot s ver o R e o BB M 5B0% PEo 1t er
spot s wer pupiiechGET -myctfiag &tsicre praiginadtaaestgblish refgience coacentratidrat | ar ger

20 ni | | ul (21 60mm . I n.keeping.with anbi | yt
theor b eV Ee 100 BERE0¢ TReGeniey lsokibi g b raei BUSPRG OB It 26 (i ns.
1989) . Unifidrfay lysafesy Tasignasirahané e3ST- iy cSBL AGEomRehirafihipBerddd urn
spots, while signal intensity was about the sane. Details of array

fabri cat i 88rvaddo sstabiish aipadardxBIrgs plisignghistessiytve. senasintr@dondemon arrayer
oL o Y A RS e BTARE R S0 ToLal b ayerat (4
Di mensi ons: 21 Aalaysmeeré esde oniSehptbnittdeatiowse(standardahicroarray slides,
15 using pin spotters, in particular an Aushon 2470 array spotter. 9.000 spots
(features), 200-300 pico liters each, were printed on 21mm x 51mm
nitrocellulose pads on the standard slides using 110 um pins. 16,000 spots
were printed with 85 um pins. As many as 22,000 150-200 pico liter spots
were printed on the slides using an 85 um pin on a somewhat larger
20 nitrocellulose pad (21mm x 60mm). In keeping with ambient analyte theory,
detection sensitivity increased with decreasing spot size (Ekins, 1989).
Uniformity of signal was greater for 85 um spots than 110 um spots, while
signal intensity was about the same. Details of array fabrication are set out
below.
25  Slide type: Schott NC slide
Aushon arrayer pin size  85um

Slide NC pad dimension: 21mm x 60mm

Total subarrays: 48 (4 columns x 12 rows)
Subarray Size: 4200 um x 4400 um
30  Subarray Dimensions: 21 columns (Horizontal) x 22 rows (Vertical)

Median Spot Diameter:  ~150um
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Medi an Spot Diameter: -150um Spot Center to Center Spacing: 200um

D st ances between Subarrays: 200um Replicates per Sanple: 2 Slide nade to
t hese spe¥P2PHABEBRs can conprise 22,176 features 5(spof§Y/USIUSHSHIT
duplicates of 10,464 unique proteins spots (such as |ysates) and 1, 248
control features. Lysates in Rl PA buffer containing 1A) NP-40 were
spotted onto the nitrocellulose slides using a solid pin spotter. O her
sol ut i onsSpahCestaide Larder Pracingng28den as those that contain ot her

det er gent g,; T%Q'a !{%Ei s ts, uch as those described in Chan at
al ., -2004@;1%%” |s‘ﬁ€%zu q e%ﬁﬁ%%zooé&&@sat es were spotted directly from
source pl Repficated par Saspgéting was carried out in a controlled environnent
at 70%rel ative hum dj tq\ékt%o m nin ze evaporative effects on sanple

concent r at i ons Mg MadRoBasHEPECHIGRIIgNS; GaN sRINBNITeY4 166 faplyresi matel y 9, 000
ts.g 15 [ ' L; t b
Shotting FrmZSdet afpieatcd BF 1084 iRl BIPHLE shAR QlcAFRySaEsF ™ ™
par al | el . amd 1f248 bentrotifeatoreme evaporati ve ef fects on concentration during
array fabricatjon.the es, can be di Stri d into seyeral source plate
and }s/pot_te:j inL}S%ﬁt9§ I'rbwﬁ'g(t?“%ﬁé@waﬁ@é)ﬁ% NE@@W?@@?@?‘X?B@’S@% go IoP\g >
that it 'ﬁit%\éﬁﬁﬁié%%li@éﬁ géﬁh@% s@@%ihgpeﬁéam{n@r%l Ak P Lded fbro 9! ycerol

(or other stabilizing and ahti- evaporative agents) can be added to the
spotting blnfirg sughkxastmseshatoantain otbar deteqpenis QuahaolyopiQueagentsof t he

prot ei(? L&y asWseecyéi‘slclfji%%ﬁ% l@fxa%t@tiar}.i, %OW atnla I&ighljza. Q %lt al., 2003.
Lysates were spotted directly from source plates and ali spotting was carried
out in a controfled environment at 70% relative humidity to minimize
evaporative effects on sample concentrations. This worked well for printing
arrays of approximately 9,000 spots.

15 For larger arrays, the fabrication time can be kept the same by spotting
from several source plates, instead of one, serially or in parallel. To further
minimize evaporative effects on concentration during array fabrication the
lysates can be distributed into several source plates and spotted in parallel, so
that none of the samples is exposed so long that it is adversely affected.

20  Alternatively or additionally, 4% glycerol {(or other stabilizing and anti-
evaporative agents) can be added to the spotting buffer.

EXAMPLE 5: Evaluation of Chip Quality
Quality of the protein arrays was evaluated by staining with colloidal

gold to evaluate fotal protein and by anti-Flag immunostaining to evaluate

25  recombinant protein Colloid gold staining shows high uniformity of spot
morphology for fotal protein across the arrays, illustrated in Figure 3A.
Immunostaining with anti-FLAG antibody showed binding of FLAG-myc fusion
proteins across the array, seen in figures 3B and 5A. Variability in amount of
anti-FLAG binding reflects differences in fusion protein expression in the host

30 cells and consequent differences in concentrations in the lysates. Purified
GST-myc-Flag fusion protein was applied directed to the arrays to serve as a
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gold to evaluate total protein and by anti-Flag inrnunostaining to eval uate
25reconbi nant protein Colloid gold staining shows high uniformty of spot
mor phol ogyOR2BH/A33138] protein across the arrays, illustrZCEFS2HEIYEEe 3A

| mmunostai ning with anti-FLAG anti body showed bi ndi ng of FLAG nyc fusion
proteins across the array, seen in figures 3B and 5A. Variability in anount
of anti-FLAG binding reflects differences in fusion protein expression in

t he host BUewnce sianrtlardfgedeiernining cencamiredions of tusiempraieine irs lvisatashe

arrays. o Der Uiy SEleq Krarbbah PlRaR T 3 alBRhEF Rd-EOBREERE:  ons of
fusi on prBigeired, and lunifeireity oflihe dliutivh isefles eah @2 dendhaldiuppét dghtl | ust rat ed

in the enl arg|e_d area of the array in Figure 1, and uniformty of the
di | ution BaP¢ld8 FEHHEAC seen in the upper right panel in Figure 4C 5EXAMPLE

Spel:?ﬁqf:: w' 219 RAMPOEYS: ARG At i ! §siy13hSte Arrays /Nt POy
'él_her apeutic agAhir:]ichy sﬁmmﬂlamymﬂm} isa&siti;nagllfg_r motecutaradiologgreseartihantihe

i agnostig and therapeutic use of antibadies. (ross-reactivities can cause
Fai 2o posTETaREH s 2 HEoR IO R Re el o UL IR FiBciog Hefiapharpout |
ant i body hﬁ&%é@ﬁéuﬁ@ué@%ﬁﬁﬂiﬁcﬂﬁ@s.' @rc%%?’eegléﬁviﬁﬁgs 8hn cgﬁgé)@a%e PB&itN{é‘St ance.

Enbodi nent s Qf i nventions herein di sc I nclude the use o
over expr ekxikiviogigabreseaialy aut sidgeffests fod trarapgutiganticbdydréatatenhgsant i body

el udi g, i dent i fyi d/
peci 14 ¢i Pe BNl 6 oo ol Mt BoRPLE <3 & IRRIRRY ur  ner mor e
can be ushgrdifdiseisetiinduge thelass bf yvaredpiakighaysatehfickbdithyador

15specificities and cross-reactivities of other proteins, as well as other

types of iagnébingeand validatingyantippdysperifighy riaglvdingiidentifyingrangéerd, a

previ ousl J L ] . 05 e agai nst a
| ysate ar ¥%§£?E)e§%§ﬁ¢@g98§¢é{@%%@o%@E&O%’rg%}ég{;t%t'%y %%{@Em?g%?p?ﬂ&dng 3700

di stinct ayaysEABdmmre caf beuseantoinedttigats, idéifp addanlitddediie biaihgd bot h
with the p53 expressing |ysate and with endogenous p53 of the HEK293T host
cel |'s15 Thepasliilies And srasreaolyiben phaties ATt s el arpioet HRFSEY 11 mes
greater tprgﬂe%d?@s signal from background HEK293T expression. In addition,
the anti body bound to several other |ysates at |evels notably 25above
background, buBylvessoft itkasiration ihithidiregartdo atpgrevipa8lylossadcerifad t her

i nat | d that the higher p53 signals i |_of these |ysat
e et BOUFIORAT SOUAYIPT RE4 R resEan e P INEL R DRRBBBUCOREEHD 1 ol hor

t han over 3700 overexpression lysates comprising 3700 distinct myc-FLAG human

20  fusion proteins. The p53 antibody reacted both with the p53 expressing lysate
and with endogenous p53 of the HEK293T host cells. The signal from the
overexpression lysate was more than 10 times greater than the signal from
background HEK293T expression.

. In addition, the antibody bound to several other lysates at levels notably

25  above background, but less than the binding to the p53 lysate. Further
examination showed that the higher p53 signals in several of these lysates
was due to stimulation of p53 expression by the exagenous protein rather than
cross-reactivity of the exogenous protein to the anti-p53 antibody. Similar
results were obtained using a mouse monoclonal anti-p53 antibody.

30 The results, illustrated in Figure 4 show that over-expression lysate
arrays can be used to study protein interaction specificity and cross-reactivity
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cross-reactivity of the exogenous protein to the anti-p53 antibody. Simlar
results were obtained using a nouse nonocl onal anti-p53 anti body. 30The
results, WOI2054B38138d in Figure 4 show that over-expr essiPER/USPEIAN0E008} r ays
can be used to study protein interaction specificity and cross-reactivity
and to determne effects of overexpression of a |arge nunber of proteins
(individually and/or in concert with one another) on expression of other

pr ot ei ns, apate detaraxing effecis of pyvemxpeessiordotr ugs nptmi:temqﬁs:rotems

Fmuni zat (Beeua) SgdRira Bk GRh RS N Berastth PESlBherate

nmonocl onapraeinsbpstitiegiarly U w@amegfazlnyﬂogéﬁ@ué piotgmaoc! onal antibodies for
bi omar ker assa s and cancer theray Ho Wi der use %f vvhol? cell

i mruni zati on t ECAMMBLES: | Reending ! 1 : gléhi ng t he
targets Obelhﬁnﬁﬂ{@é’cﬂ)ﬂ onal anti bod| es that are ini t| aI |y obtained. Oten
this task“rs—very-expensi ve and takes years to carry out. I n

enbodi nent s ovEviipicel snoninizatiaheanbensat tagerdrajesmoaocloealised to qui ckly
determ ne t r ot el bi ndj hg tar ets of protein bindin ents, such as
the cel | uPBIOGISE SUshsRIORY Snscticmenesiabal aniibgdiss TarBOME ke LA S

ener at ed I ing the bindin
g aﬁé%n@@roﬂh%{é@ Hb\?@?ﬁ!‘ it ﬂbé&q@%!g%ﬁ |mPﬁL dttoR N9 g

specificity or speci partners as antibodies, is
referred teshhéusisrs hsngecedibydhe dlfﬁculty &rtted)eﬁmiemgsthe tatgetsofthgar d are

illus id fication of .t cially avail able

anti - -caﬁmﬂ&w Qﬁ ﬁ%?f@esfh};ﬁq%?'?ﬁ‘yﬁ%ﬁ% d Eifgqrhéﬁsn’{%&&,vg ni zi ng nouse
W th MCF- éxpaBips ¥n dditdsn@dts ¢6bhgy oghi noyanma et al ., 1989). | mmunost ai ni ng
data show that the target stands lgntljt clearly fromover 3700 different genes

(Figure 5A). THeembpgineits pvetexpipssion lysaigsonicsersyy akips ean bsl wsedanal ysi s

N e T

t her apeut iaS$he Sellarpriotdindimsing spdeificite®vf prinoeinal Mhiitodiengeneraga nst
tunors_re ent a class, of pﬁr oteins that could E)r ove val uabl e di agnostic

and pkdgn ¥t"‘i’ ¢ pall sargnizagen dedunaues. Thetoppadng e bipdigcsrasifinityions
represent (hasrnfls BEERdIRAb RS s, P EnfiSsAds §s PirerBE tdhbldif sty of

decoding.

Embodiments in this regard are illustrated by identification of the targets
of a commercially available anti-E-cadherin antibody that was initially obtained

20 by immunizing mouse with MCF-7 mammary carcinoma cells (Shimoyama et

al.,, 1989). Immunostaining data show that the target stands out clearly from
over 3700 different genes (Figure 5A). The conclusion is further supported by
western blot analysis (Figure 5B).

EXAMPLE 8: Tumor Biomarker Discovery

25 A variety of proteins serve as disease indicators and surrogate end

points for developing therapeutics. Auto-antibodies produced by patients with
cancer against tunors represent a class of proteins that could prove valuable
diagnostic and prognostic indicators of disease. The possibility such proteins
represent has not been realized, in part because of the difficulty of

30 characterizing auto-antibodies in human sera.
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30characterizing auto-antibodies in human sera. A variety of

nmet hods have been devel oped in hopes of overcomng this difficulty, such as
SEREX ( SeWB128H/B&138| dentification of Antigens by RecombPRANS2ELHPWIL on

Cl oni ng) and SERPA (Serol ogi cal Proteone Anal ysis) (Gunawardana and

D amandi s, 2007); but, they all have substantial 5di sadvant ages.

SEREX can provide wi de breath of coverage with clear annotation for each

cl one; but, itA\@rigdsetimethadschameohesrydevalop@Nn kogresisivenicdmingdhis

pave. any SR REF e ST TEPERAIPRBHeBES ALARIREE bEChinol ogy makes i t
10di f fi cuRecbmbiaryEXpaEgRom OMihg0dndBERFR (Serolugicmbeena di scovery
st age. SERPA identifies auto-anti bo(%%dt argets bé i mmunobl otti ng and

MS. | n esb8absis) seraawardananant Diamandint 2¢bdi kel thevalbavessebstantdl t o

det ect cog@%gaﬁ.ﬂapbgens i n human tissue |ysates subjected to 2-D | EF/ SDS

PAGE. Protern antrgens in the gel that bind auto-antibodies in the sera

t hen are i dent SEHRIEX bpn phovids wige bteaik ob pyverdbe withrctisagaencabipebdrs prot ei ns

to harshly denaturing.conditions suffers, fromdetectjon insensitivity
Fagh clase P | i

and i rr epPBEUEIWE Pt _“ﬂ?aaaﬁmfhﬁ%?@ angalie Nﬁ‘i?’fﬂrﬁﬁﬁ'?n Afentify
anti gens_geiie Al B s RS RoblitindprbRARNIGUPIPLEILcRS, doWEP: i ze and

a mass spectrum typically contam nate y other protein nvol ved in

carryi ng bave ghg ppstitansiativhat madificationst Monegvarpthe 20ENogy mekes iher ei n

descr i bed er he limtations of nmethods such . SEREX and SERPA f or
dent 17y ASTENGRSurA et Py OF Belen Svrgmarah Bt <L BisgoRm 989 co. 1
embodi nents, t BERPAIERIMFesALBLANTITE Rrgdts By idMNHtIdAg bAE Mschingene, so
that the proteins are known at each l'ocation’in the array. Mreover, in

enbodi menB§SENRE, SEER epnigining ane-anthegiesaisdiseaiur smlEsiarirtast cognatt essed

post-tran ' I LD | u odi nents
are ill us%bg@%@‘@yﬁ%’rﬁéﬂits'é@%ﬁ%%&e%%ﬁé%%@?&?gﬁg%%IP 9%%@2@ cancer
pati ents. aMigemsainthy ¢l thike Diveaeato-aetidealiedinwhe Besettenf srerybntifreitbycancer
patients or from age mat c_Elg% heal t hy patients and then i mrunostained to

vi sual? z e RS P ECLLTPECHUNM i nFW%ﬁ@i%@PipéW@'@etPé‘%%WM&e@@Mmei ns in the
et o TR SR Rt Rl Al SRR IR L ve
Purifi ed Bdditiennit sandesdifficGlido Bleapify amigensifrérhitbalimiid data that the
technique provides — IEP, size and a mass spectrum, typically contaminated
by other proteins involved in carrying out the western blot and detection steps.
20 Embodiments herein described overcome the limitations of methods
such as SEREX and SERPA for identifying and characterizing protein antigens
of auto-antibodies. In embodiments, the proteins arrays have a clear
annotation for each gene, so that the proteins are known at each location in
the array. Moreover, in embodiments the proteins in the arrays are produced
25 and well processed post-transiationally in HEK293T expression system.
Such embodiments are illustrated by the identification of auto-antibodies
in breast cancer patients. Microarray slides were incubated with sera from
breast cancer patients or from age matched healthy patients and then
immunostained to visualize where auto-antibodies in the patient sera bound
30  proteins in the microarrays. The results reveal a distinct autoantibody

immunoreactive pattern for different human serum, illustrated in Figure 6.
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Previ ous research has shown that anti-Flag i munoaffinity purification

technol ogy can be used to isolate Flag-tagged nmultiple subunit protein

conpl exesWP2ZBHWB¥ESBexpr essi on | ysates under native condPCirP30106H108hg et

al., 5 1993; d oeckner et al., 2009). W applied this approach to isolate

FLAG nyc tagged proteins expressed using the pCW6-entry vector in HEK2093T

cells. The general approach is depicted schematically in Tables 2 and 3 and
EXAMIARE 9. dfutiies

results forl O Prpdein Adrayise- nevpiepdmmynonyrification: appr oach
ErAG Svs: 0" BV bR itony gkt ag M sy fitebfor i pr £

10: On ChigehRoloiglicaatioused to ;soia@Fiﬁy-u@ggaﬂlnﬁmlaplblswbuﬁmprﬂ@wsed to produce
m croarra de?crl bed herein. Qﬁieneral schenme for making protein arrays

usi ng on- gﬁ?’g%ﬁﬁﬁ KOMe QVEGHPIessitpiyeates Underapiiee songilions (fehiang et abThi s
exanple deses i GRSckiS é?tra‘?d%b@)o’\/\/%f?@ﬁﬂ%i%'%ﬁ E @YioMsbid 1 AR | T ed

human reconbi’'nant proteins using a dy ( FLAG
epi t ope ataggad|arotalmwres$mﬂy$lngFﬂhath\éV@-ehtrgMeytarmmHﬁi@)ﬂS& ¢adist i de. The

i ion b Fl a d
except | ond? JeBF P ABPIIFRTOR dEPITes CerERL Al Rablber2 angnd Fasylts 20qual ity
ant i - Fl agfoa0 rAsbirely dhaxen laﬁs%lfe@éféd@rm INFiguid B! 9k KRA6L&Fcan BE' udi ng

nouse, rabbit, goal and even chi cken. Such anti bodi es 'are avail abl e
commer ci ak$§d st anygpitopedags, rl@cﬁudmg@n@wtllmted taHitishmytf ELAGHIMPh qual ity

ant i a n cl | antibodies, often used for

i m"run@prgm pi'tation’ y}@@&@“@ééﬁ% E %@ %'fd (ﬁﬁé Son- chi p purification is

depi cted in Fi gAMPBLE HBKZ93ThiePlrifivgtines conpri sing FLAG nyc tagged

proteins expressed . in the HEK293T cells via the pCW6-entry vector or

| ysat es ?f enpPP-@iRpeLiteation casche used éﬁ]@de"@@qréayt@r@g‘éﬁqf@eéo)nt r oljs)

were spo n an

it ocel | T 5LS ARHRTATERER foF AR bRERRAR T i PR Then

probed wi istdegicted iy dablet 3 BodiFdgured.vi sual i ze i nobi |i zed FLAG nyc tagged
eta-actin anti hodies to visualize actin

t t
Péﬁri fu o T RS RSP e G PAICtion of & RPN BTt R OMB4i qur e o,
anti - g@ﬁﬁ&pﬁumahriébé\abrn%w@ahﬁém& FnﬂW%ﬁmﬁﬁd%hﬁt@bﬂs bound to

t he antl LAG coated nitrocellul ose s ina stight, relatively uniform
densel y saglindy(F$p63 epiiwre and anit-FadAG antivodye Flag isaa bighdy i des in a

negat i ve EONERSeERERARE. 152 huciBtRGupBEiean PRaDRe oo A P o v
no anti - bahibodiytisRxtc Iy &rding Gref sgtsicS@Hisndand '%@@P'TQ@BS\GW ted

slide, show ng that blocking step was effective to prevent non- spe0|f|c
20 qualsty anti-Flag antlbodaes have been produced in cf:fferent species, including

mouse, rabbit, goal and even chicken. Such antibodies are available
commercially, such as those from OriGene, Inc., which offers high quality anti-
Flag mouse monoclonal and rabbit polyclonal antibodies, often used for
immunoprecipitation analysis.

25 Efficacy of the on-chip purification is depicted in Figure 9. HEK293T
cell lysates comprising FLAG-myc tagged proteins expressed in the HEK293T
cells via the pCMV6B-entry vector or lysates of empty pCMV6-entry vector
transformed cells (negative controls) were spotted onto uncoated nitrocellulose
slides (negative control) and nitrocellulose slides coated with anti-FLAG

30 antibody. Slides were then probed with anit-myc antibodies to visualize
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10bi ndi ng and that bulk cellular protein was efficiently washed away after
spotting the lysate on the slide. Anti-nyc antibody binding to the uncoated
sl i des shWQREAIRBESNg of bul k cellular protein in a difPGIISIPOSWE h a
dar k annul us. The on-chip one step inmunoaffinity purification can be
used with any tagged proteins and thus can be applied broadly to proteins
produced via an 15 exogenous DNA using a vector that expresses tagged

fusi on pr oeohdized RLAG-oyc tapged gsotens dreviths anti-bata-aetirs antbadigs s DDK

(FLAG for,.thi YL The fol lowmng references and those cited
el sevx/neregﬁégg%gépg?%@@?gp{é%pﬁt%gﬁggrc\ggwgf Bﬁ)tﬁi@rei nintheir entireties,
particul arly agstifustfated PeRiglis 9sami-atic dribodhibiitind eswenel ek efygnced
herein. Information on pol ynucl eoti des, &)\(gesm on of exogenous genes,

expr essi ofi Hp&ctegpsd pieteing bowrb@uibeiasii-f AG cortabritegetdpse sigasch amay be
e ! . . _ . TOTH! i
s5avai | abfdht Ft b BEE oHRRl s Blning Sno WREHL AN bulto w1 0n 20 N ey’

be found uncodted slids$ ane broaderf neré diffuseiang leeé deassepot. Therklveesoet al,
Pol ynucl eot i.de ridization, |IRL Press, 1985. Davis et al., Basic Mthods
in Ml ecuf m@@gﬁ‘( ae@a@@\mﬂt@&% @%@ag-wo@métm%qn gither typp &f , 1986.

Qoni ng andohaars (M e e iihostani e Sp8on fE ot FLRYE: el
et al., CopatentsliPeoshawing that Nbtkivglstap Bes lefiggtivel ohorevéhieyor&secific | nc. ,
1994 E(? t Bﬁ\d?rggegﬁdn Ehat bulk cellular protein was efficiently washed away after spotting
the lysate on the slide. Anti-myc antibody binding to the uncoated slides
showed binding of bulk cellular protein in a diffuse spot with a dark annulus.
The on-chip one step immunoaffinity purification can be used with any
tagged proteins and thus can be applied broadly to proteins produced via an
15 exogenous DNA using a vector that expresses tagged fusion proteins. A

variety of tags can be used in the same way as DDK (FLAG) for this purpose.

Vil
The following references and those cited elsewhere herein are
20 expressly incorporated herein in their entireties, particularly as to the specific
subject for which they are referenced herein.

Information on polynucleotides, expression of exogenous genes,
expression vectors, protein production in transformed celis which may be
useful n carrying out embodiments of the invention is well known and widely

25 available in the arts to which embodiments pertain. Such information may be
found in, for instance, in the following references.

Hames ef al, Polynucleotide Hybridization, IRL Press, 1985.

Davis ef al., Basic Methods in Molecuiar Biology, Elsevir Sciences
Publishing, Inc., New York, 1986,

30 Sambrook et al., Molecular Cloning, 39 Ed. CSH Press, 2001.
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S5Addi tional information, noted in citations herein, may be found in the
foll ow ng references. Bar bul ovic-Nad, |., Lucente, M, Sun, Y.,

Zhang, MWOMABARRBS A R, and Bussmann, M (2006). Bi oPRTAS3&0{034p31
fabrication techniques--a review Crit Rev Biotechnol 26, 237-259. 10Chan,
S. M, Ermann, J., Su, L., Fathman, C. G, and Uz, P. J. (2004). Protein
mcroarrays for multiplex analysis of signal transduction pathways. Nat Med
10, 1390- 1396. Howe, GenechlgaingantManipiieiion, Gambridga-teagrsity Piess, and

Becker, K4 5‘5 (2003). Analysis of mcroarray data using Z score
transformagl on. J Mol Diagn 5, 73- 1581. Chiang, C. M, Ge, H, Wang,

Z., Hoffmann, AusuleicetRaeQarrenRPréioctld 99 8oledliaaBRIJFT Aobh Wile08
pr ot ei n-cgghgi E%ng conpl exes and cofactors involved 1n transcription by RNA
1'an

pol ymer as 99 to thepgeseM 2 2749- 2762, 20Chiang, C. M, and Roeder,

b FLAS onit opRRIERA! ARorfioR hofedSR Ao nEBF Ty bEIARS fthkon Tactors

by FLAG epitope-taggli ng and pepti elutron.
Eki ns, R falowirigBgreridakt i - anal yte i nmunoassay. J Pharm Bi oned Anal 7,

155-168. 25d . ., Boldt, K _ S h A d Ueffi , M
(2009) . Tandegﬁgﬁ]ﬁﬁr’w?&%r‘i’ #‘Fg%‘?’@owﬁo(‘ﬁu@%‘r gﬁ%”&%l‘@?@%&w néi\/l?n lian
Cel I's by Bh@s@bhﬁPMF'GZ’@(‘;’)SE?@WOJ@% f&&k’&&éﬁ tMnA@Q%%%ie%%@72-

Goshi ma, N., Kawanura, Y., Fukunnoto, A., ura, A, ., Satoh, R,
Wakanmat suRex Bioteghaab?2® 237-25%i nura, K., Nishikawa, T., et a/. 30(2008).

Human, pr ot ei n oRYy verting t transcripto N0 kn, vitro-
expre%@ed pr ot %F@f éNM’O%ﬁﬁ%g%s‘{SéuqO:LEgmap% é ang‘i&ai {DI é'zaa@&b.,g)'a ,
Buness, APotsirhmiictbarrys fofinmimfsiexanal dleélgﬁalﬂans%ctid'ﬂ_ubé!hwa%, Naot, D.,
Korf, U, Wenann, S., and Poustka, (2005). Systematic conpari son of

surface c&@q @5139&"%‘?% ein mcroarrays. Proteomics 5, 4705- 4712.
Cheadle, C., Vawter, M. P, Freed, W. J., and Becker, K. G. (2003).

Analysis of microarray data using Z score transformation. J Mol Diagn 5, 73-
15 81.
Chiang, C. M., Ge, H., Wang, Z., Hoffmann, A., and Roeder, R. G.
(1993). Unique TATA-binding protein-containing complexes and cofactors
involved in franscription by RNA poiymerases Il and lil. Embo J 12, 2749-
2762.
20 Chiang, C. M., and Roeder, R. G. (1993). Expression and purification of
general transcription factors by FLAG epitope-tagging and peptide elution.
Pept Res 6, 62-64.
Ekins, R. P. (1989). Multi-analyte immunoassay. J Pharm Biomed Anal
7, 1565-168.
25 Gloeckner, C. J., Boldt, K., Schumacher, A., and Ueffing, M. (2009).
Tandem Affinity Purification of Protein Complexes from Mammalian Celis by
the Strep/FLAG (SF)-TAP Tag. Methods Mol Biol 564, 359-372.
Goshima, N., Kawamura, Y., Fukumoto, A., Miura, A,, Honma, R.,
Satoh, R., Wakamatsu, A., Yamamoto, J., Kimura, K., Nishikawa, T., et al.
30 (2008). Human protein factory for converting the transcriptome into an in vitro-
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wherein each protein Px is expressed in cells Cx via exogenous DNA Dx 15and
is applied to position Sx, wherein Pl through Pn are all different from one
anot her, WP 2HWBHR S, are all different from one anot hEFT/U$2918/08193] nt eger

greater than 1 and 20x is an integer fromlto n. 3. A net hod
according to claim1 or 2, wherein the proteins conprise at |east 1,000
different loci of an organi sm 4. A nethod according to claimany

of cl ai nsWhdtlis olaithedjs:wherein the proteins collectively conprise at |east

20 t of ,th t i coded 25 by th of ‘
5. A et hod acdor di AgnEBOs BERIGR RPN 3iFSgenp sine: PR HMBHEERore i s

human genpimhrough L, c@mpﬁsﬂ?%&@tbi%i’?ﬂ@bﬂ@hmté‘PﬁsﬂBn@S@E%uéh@%r&ﬂﬁh 5,
t I p

wherein for a east er cent of "said [ysates, the anount of |ysate
protein appPpertl to each 30position in the array is the anount of total

D011, Chs1 aspcTDERR SAan RS Lo Ts STy G2 Empr¥ig nroteln Py exgresssdor i ai ms
1 t hr oughtifareinhisa ekogémsusPDRizeDpanals bbgﬁéaém@tw 8.applied to

nitrocel l ul ose on a glass slide. A nmet hod according to any of
clainms 1 throu$he®Nwherein the support is coated with a capture reagent

specific E,Erth'%ﬂgﬁi%i%}%t%ﬂh&eiﬂgreﬂyﬂoﬁpgnéaﬁ%@,ns conprise the tag and are

purified birndi capture fFeage 9. A protein array,
conpri sing |ys8&dsroughtSyrareghl differeatrhonsomgapotbeei ns Pi t hrough Pn at
positions Si thr,ouah Se on a sut;%port, wherein each |ysate Lx is of
cel | sl&x, conpPilPRdNtsO8T greptey thaRk@ded therein via exogenous DNA Dx and

appl i ed to positd @A iRéger from 1 to n.
2, A method for making a protein array, comprising applying
proteins P, through P, to positions Sy through S, on a support,
wherein each protein Py is expressed in cells Cx via exogenous DNA D,
15 and is applied to position S,
wherein
P+ through P, are all different from one another,
S4 through S, are ali different from one another,
nis an integer greater than 1 and
20  xis an integer from 1 to n.
3. A method according to claim 1or 2, wherein the proteins
comprise at least 1,000 different loci of an organism.
4, A method according to claim any of claims 1 through 3, wherein
the proteins collectively comprise at least 20 per cent of the proteins encoded
25 by the genome of an organism.
5. A method according to any of claims 1 through 4, wherein the
genome is a human genome
8. A method according to any of claims 1 through 5, wherein for at
least 50 per cent of said lysates, the amount of lysate protein applied to each
30  position in the array is the amount of total protein in at least 100 cells of the
lysate.
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10wherein P1 through Pn are all different fromone another, Si through Se
are all different fromone another, n is an integer greater than 1 and x is
an i nt egeWO2PUf381380 n. 1510. A protein array, conpri si n§CHUSEE0{4Z00p]

t hrough Pe at positions Si through Sn on a support, wherei n each
protein Px is expressed in cells Cx via exogenous DNA Dx and applied to
position Sx, wherein 20Pi through Pn are all different fromone another, Si
t hrough Sn are7al | Airhéwodraccbrding dmanpobdtlaans 1rthraughnt,iwierger thgr eat er t han
1 and x is an integer from1l to n. . 11. A protein.,array according to
claim 5 oprolaNs A ETE Vs alReATs SPURH Lo sBmseltiose Sxf Blesside000 dif1erent

l'oci of an orgghi SN method ackdrdify b6 Ah@ioh cRfay tﬁﬁﬁf{{kﬂ?,%ér@jrﬁh@ m any of
clains 9 through 11, wherein the proteins collectively conprise at |east 20

per cent ®fPpdikismrasted withehearfe® magenespreitintoren affindy thenandhihe
13 P! bR e REGRE DG nb 28 Wil B Billing 16 HoUfluiProaffBRE o' n 30 the

genon¥ is

9. A protein array, comprising lysates L4 through L, comprising
proteins P, through P, at positions $4 through S, on a support,

wherein each lysate L, is of celis Cy, comprising protein Py expressed
therein via exogenous DNA Dy and applied to position S,,

10 wherein
P+ through P, are all different from one another,

Sy through S, are all different from one another,

h is an integer greater than 1 and

X is an integer from 1 to n.

15 10. A protein array, comprising proteins P; through P, at positions
Sy through S;; on a support,

wherein each protein Py is expressed in cells Cy via exogenous DNA D,
and applied fo position S,

wherein

20 Py through P, are all different from one another,

Ss through S, are all different from one another,

n is an integer greater than 1 and

X is an infeger from 1 to n.

11. A protein array according to claim 9 or 10, wherein the proteins

25 comprise at least 1,000 different loci of an organism.

12. A protein array according to claim any of claims 9 through 11,
wherein the proteins collectively comprise at least 20 per cent of the proteins
encoded by the genome of an organism.

13. A protein array according to any of claims 9 through 12, wherein

30 the genome is a human genome
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WO 2011/ 038138PCT/ US2010/ 050031 14. A protein array according to any of
clains 9 through 13, wherein for at |east 50 per cent of said |lysates, the
anmount of WPO8HYW8138ot ei n applied to each position in t h&CEAASAA0{08008he
amount of total protein in at least 100 cells of the |ysate. 515. A protein
array according to any of clains ,9 through 14, wherein the proteins or the
| ysates are applied to nitrocellulose on a glass slide. 16. A protein
array accordi nd4t o Aryrotsin @rayrascording bughy ebclaithe Pdhroughel Hhvdieseins

conpri se fifli h ort by .a captyre reagent
specific ngraqt!%ée&aswqér{iaot%y?p gﬁ‘?%&?ﬁ?é%"ﬁ?@ﬁﬁgai%%%%nrﬁﬁp%a % or

det er mi ni egct besitibnd tig: aa@&ﬁig‘ﬂh@i drilo@ht cfRoRNpIAIGIAYN &t It bo@eipbepar ation
conprising determ ning the binding of the antibody or antibody preparation

to a protBl$Y8#t€ay according to any of claims 9 through 16 and fromthe

determg nation kgent izf jndi L £.F Gl f [ . or

ant i bggdy pr epalr1 g't i oﬁ @’%E@%%Qﬁgfﬁﬁggf% ﬁg§§¥ E’E@'&W%?éh@ hmgﬂfég%n

det er mi ni tige prodeias o1 holyaatesrareapplied éasdrocetvipse snnggldes atidgeéni ng bi ndi ng
of sanpl es fron.one or re health ,ing?ividu Is,angfro one qor npre

di seased i ndi vi'gual & @Bﬁ%ﬁfrﬁéj e\“CFBé 3B SECIAENSG Y fhsin! amhgiefc cor di ng

f \ _ . . rre e eh
to any of @ @o’f@n@cbﬁfp‘?i?gthnléffmﬁsﬂ%dé%@ B(B@T.Ecﬁmé tpbheoxpé'agbﬂﬁeo  the

sanpl es fromthe heal thy and di seased 20i ndivid erm°ni ng protein
bi omar ker geagent Bpedfic éerdbe affinity tag immobilireditbdrdior det er mi ni ng bi omar kers

f ] o s ecuieiar o AL
ont Fobly- Cont i ngPaRepios e REtsTitEng e bR elshetit B Beantibary o om one
or nore sumi@@d;ﬁp@?&f@trdmrﬁpmg@ewWiggwmbmcﬁr@mh@asﬁib@aw&i n array in

according to any of clains 9 through 25 cand fromdifferences in the
bi ndi ng ofNtibrdYaprEPBEHICSS 16 A Preleinsampy ascending torrnyheftlainys 8 tivesgbs and t he

o1 o ker 406101 4R 41 @RI Bt R ey B8 SRERRENIG BorrilbPay m i ng

bi omar ker sr aftisodli srepaeaticndonptaeinzdad they atrbg. presence of anti bodi es not
present in healihy indiyiduals, conprising 30 determ ning bi ndi ngof sanpl es
from ohe or m)?é- heélmﬁg\;‘ogtfﬁf a@%mﬁﬁﬂgﬁ@%\wg”@(k%r@dﬁﬁﬁsécts suffering

froma di eeasfiehBAsk AT IAindngldI2RTASEReM ofd ofRidioRdagy ot present In

heal t hy i ndi Vi |'s to a proteifn array according | ai ms 9 through
16, and f inchinidiidls @endrfoes one driveotts didease dihdivivhuzds sutiedheiomna tiseasanpl es

O e e b Sk o A eSS Tl 55 1B A ™S 025 1
a di seasedffersRdsShitA@Birtling Bethe samples from the healthy and diseased
20 individuals determining protein biomarkers of the disease.

19. A method for determining biomarkers of an autoimmune disease,
comprising determining binding of antibody-containing samples from one or
more healthy subjects and from one or more subjects suffering from an
autoimmune disease to a protein array in according to any of claims 9 through

25 16, and from differences in the binding of the antibodies in the samples from
the heaithy subjects and the subjects suffering from an autoimmune disease
determining protein biomarkers of the autoimmune disease.

20. A method for determining biomarkers of a disease characterized
by the presence of antibodies not present in heaithy individuals, comprising

30 determining bindingof samples from one or more healthy subjects and from
one or more subjects suffering from a disease characterized by the presence
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presence of antibodies not present in healthy individuals, conprising
determ ni ng binding of an anti body containing sanple froma subject

possi bl y WO2PHYQ3BF8f rom t he disease to a protein array PRTASEUOGPNELto any
of claims 9 through 16 and fromthe binding of antibodies in the sanple to
the array 10 determ ning the absence or the presence of the disease. 22A
met hod for nonitoring signaling transduction pathways, conprising

det er m ni AG2Biibaslieynef pressahipl ealibyindividdglsgo st piotain eirayi apearding &msduct i on

pat hway p kNS, e] i.ng. t ny,of clainms 9 through
15, wner Byl BY B RRARELE A RpRifgHeps il Relielb o™ ne

15absenceantiledips fsthecsanaples dront thee BEBItHY sudje@t8iaddRh@sBbRSts suffering?3. A
nmet hod for determ ning interactions between small nol ecul es and proteins,

conpri si ngoReErdEPRsTURIENKIRGPIICiH biemarkpiscofdbagisesisag sai d snal |
ol ecus es to ppet el A QRS PERYNELRG d fisBB¥e BhaflcfiiTighy fhgough 16. 20
presence of antibodies not present in healthy individuals, comprising
determining binding of an antibody containing sample from a subject possibly
suffering from the disease to a protein array in according to any of claims 9
through 16 and from the binding of antibodies in the sample to the array
10 determining the absence or the presence of the disease.

22 A method for monitoring signaling transduction pathways,
comprising determining binding of a sample comprising proteins of signal
transduction pathway proteins to a protein array according to any of claims 9
through 16, whereby binding to proteins in the array is indicative of the

15 absence, the presence and/or the amount of said proteins.

23. A method for determining interactions between small molecules and
proteins, comprising determining the binding of a sample comprising said small
molecules to ;:irotein arrays according to any of claims 9 through 16.
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