; ~e3e%@L 6T@~~~i =i WO f12/-871(i PCT/USII1/~"1(13U D FFERENTI AL PHAGE
CAPTURE PROTEOM CS Field of the Invention 5 The invention relates to (V1
met hods WO o¥4@nt i fyi ng and isol ating proteins and ot her BCHIUSHIAIAE0

nol ecul es usi ng phage di splay techni ques. Background of the Invention There
is an increasing need, particularly in -the fields of nedicine and
agriculture, to identify and char nol ecul es whi ch participate

in a 10 wide variety of biologicﬁﬂﬁﬂﬂh @a and to find new nol ecul es
capabl e of nodul ating these proc y to search for nove

bi oactive conpounds is to screen |ibranes of natural materials or

synt hesi zed nol ecul es t echni ques _whi ch ¢ ange in conplexity
from si npl e bi ndi ASLEFHER BHAGE S APSULE QRO BEOMICar epar at i ons.
Unfortunately, selecting nDIecuIes of 15 i nt erest fronllarge ensenbl es or
repertoires can be time-consunung and costly, and often only provides |eads

which require further investi gﬁitewggmqn%l\ﬁ%ﬁpnent Recently, there have

been several devel opnents both ion of libraries and in the
net hogs of their T3Rlig¢ent@ash ¥Aes tdmethat} foridentEdinghedisblatingncy and

ef fectiveness of this approach. Phage display technol ogy, |argely devel oped
in the 1990sins andwotlien biologica elcdedilenuging tphagejdmpﬂnw\tﬂchmcp,lepr otein (or
peptide) is displayed on the surface of a phage virion, while the DNA
encoding the protein is contained within the virion. Thi's direct physi cal

| i nkage between the display Prgtein dIthe DNA encoding it 25 allows for
successi ve rounds of selecti Lar ge phage di spl ay

These Povs my ortiste B ATREERARL B A R RIAARY RaRORuIES b WREha BRUSCL! o
PCT/ USO1 éa(%?chg&l@%tlﬂ& | CéharERESSE e rﬁ@k@ﬁrdsai«hﬂch%m@ b iaavariety of

macr onol such ‘as réceptors, polypeptides, enzynes, carbohydrates and

ant i hodi ewidd vetisty ddaiolphawe peavesits andibietindw anolebelek ichpablead by virt ue
of the inter action of the dlsplayed protein with a cognate Ilgand and the
capt ur ed mbdglatmgrthb@ mwmeSf Qng Wey tmsesseh &or lmvetbbma&tm compgmndshage

di spl ay technol ogy omerfu tool .for the % ﬁﬁtlon of epptldes
that bi ndistt8 S@aﬁegétblﬁﬂ%e padird m@@ea{ééﬁt%&%}?&@ mplequitSnisipg assa

| f
i bi ¢ or Scnic 88 wHBTeF o R TP AT BokPSFLRE ARESEhLRER 02 PRV
?ﬁ‘e’e: gg'n?i& af Cat@f)gﬁ&%@%@&l?eﬁ‘ﬂ?ﬁ&%%flﬂﬁﬂﬂa%@y' Me@enﬂé)llﬂl&‘%@éseoﬂ nvol ves

ar conponents such as pr ot el ns, that are

causald y igéebeflotolaifeenbeattioconrepetidiies ¢im be timme-obhaming aniccm‘sﬂm shed by
| ooking at differences in protein conposition or protein action between

di seased amdioftemlontypiavides idads whih equinedirtherciavestigatipnuaid eat ed pati ent s.
Unfortunatgﬁg present methods of anal yzi ng bionol ecul es are tine-consum ng
15 and exPeyieREennd suffer frominefficiencies in detection, inaging,

f Th d f d
Poeei T e it er orR@BRgdE e ARUE bedl SR cfalidbyBIIRRGS BT MY, Of Tl el N
woul d facgéﬁél? i6n B?ﬁbkﬂ% Aﬂrfd ﬁﬁhb %tﬁ&d@bf)dh@ﬁ* eddctioar@Bich Hae di agnostic

and drug devel opnent t hough the genom cs approach has advanced our

underzy anfthpevet th@efﬁkﬁeﬁé andaffbstivinebs of this appropeloc Biwpe, displapas
significant limtations. For instance, the functions of products encoded by

i denti fi ettchankgy; largely deyisbepedl mychml%&s,us an i DINAS qfe@h@’@bmqueaﬂe

frequently unknown,  and inforpmat| abou ost-tra aﬁlonal nodi, f.J catlons
£ %8 b ot Sibiels ARToleHb(GF RSPLAS) HAiRENY PG KERAS Ao Bhage 1 rioTy erhile

geqﬁeg(r:g now %F(’% ent tt hat E ﬂpﬂ{e ;%ofﬂﬂg tu%b?s under go

post-tran aP?§%81“H§§E F%BV?SR ngnzﬁn ycosy? i"on g

.phosphory L)ﬁ;,gFlur tlhﬁl&% el Aleodigflayed ?I 6t€'ﬁﬁ£rﬁl fREHN A bﬂ@cktﬁﬁg ¢l

propertie protein expression is often subject to 2 wo
Ua/ axz§  allows for Successwe rounds of selection and amplification. Large phage

display libraries (“PDLs”) can be generated and screened against target

molecules. These PDLs may encompass an enormous number of different

A
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PCT/LJSO 1 /.1903U post-transl ational control, so that the cellular |evel

of an nMRNA does not necessarily correlate with the expression level of its
gene proWexe2/48Fgr t hese reasons, there is a need to suppl BEAENSOGEAWN ¢ dat a
by studying the patterns of protein and carbohydrate expression, and of

post 5 translational nodification generally, in a biological or disease
process through direct analysis of proteins, oligosaccharides, and other

bi ool ec lﬁeﬁﬁideﬁﬁney FEREEM Potdrrlal lighndd &F £OMISE cRaBkSrohtbistmey si@l i at i ons
in cellul’ar protein | evels between normal and di seased states by detecting
and quantdstretéptorsppltygspiides anzyhespeabehydiassehnd aatibedies h&ndividunahRNA

| evel . However, the 10 proteom cs_approach faces nunerous obstacl es,

_i ncl udi ngphagepias heorapitesedtfyomithe dibraredsdry vistugnfriba meteraciiegeof thad
guantitati.on of proteins TechniCﬁéac nst.rai nts haye heretoéore i npeded t he

rapid, codsPleyedprotem Wil eegnaiegand fpddhe CapRrsE PUASE A1 8 of prot ei ns

Pvent ortRBiEs S dnft R S Hsic e ol BlsoBhaE SATRL EEhndiBe T NG G 1"
quanti tat}?jdéﬂeﬁﬁl Wo@?ﬁiﬂ&% s@_ﬁféti@hfbﬂ)&?ﬁﬁé@ﬂﬁ%hﬁﬁtodﬂafé&%&%GQEE.‘"%@@ anpl es

over a W range o ative abu nce. The invention provides for the

i denti fi gadptiles @haypfiad eiunserass K]ilsrplm tivpecioe examipla asaptigens inwadeinovel
sequence or novel post 20 translational nodifications, and supplies a neans
for char apiepogtivigrasandyineanhibitms,afr aspgonfsiconiftagonigtsrefageeptorsagai nst
such proteins. In one aspect, the invention . provides a nefhod of

i dentifying a pr&2eg siratgay yoredtviedering d&ﬂﬁ@suﬁﬁ‘iﬁ%ﬁ%‘ié}%st@tnqaﬁvglaves (a)

appoil®, Bis R EoRs e BhtlssBRRR bR kL M flat thidboh kB, Rl Ahatteldg 10 @
froma seggngd é’aglgglfr?]}a girlﬁﬁi:id“tbdtl‘fé‘histegs 13)‘6.@&0 MThis@af ‘@RS @R RnhyRAYsheliC)

exposi ng a pepti. el c acid coup Ibrary at |east one tine to an

array forppthdhing hefiffainéds iaeotetn sompbsitioarorditetein aodof bptwéen WO 02/ 8711
PCT/ US01/ .~ 1030  exposi ng the first product at |least one tinme to an array

formed bydistzsed(dnyd ltealthyandviduaeoobetwrendreated md untreaietiquitientst of t he
i nvention, the nmethod further includes the steps of (e) .exposing .a
pept i de- nUafaitenatelyd prasept wgthadsrafapabzing hiomelgeules gee HBSCHUBURMAGY f or ned

2t ZZ@& ‘B Ehcisn T 5 stk frof Pt ispE0R a UbuFIBR Wb o b o™
: 3 : , bl [
s speckVnEr g g Mgl | T PR 55 TRV T, IR AR i bl

sanpl es. {fpcaf@HTBregEROM dEEnget Betweinitsidldgicdl udapléheSied neviady 10

addi tional” steps: (g) conbining the second and fourth products to produce a

pool ed prwouidd facilitateathiel ideytificatidmeomiol cspical tangets for diggrasbierandgdragpor t i on
of the anplified pooled product to a support to provide an array; (j)
exposi ng AeeaPMERt.bi ol ogi cal sanple fromthe first or second type of

P e RIS e Eerionidl affroth Al ABVatea Vi RmldetsthfiBE Y 4° 2
the genetic basis of biological processes, it has significant limitations. For
instance, the functions of products encoded by identified genes -- and
especially by partial cDNA sequences -- are frequently unknown, and
information about post-translational modifications of a protein can rarely be

25  deduced from a knowledge of its gene sequence. It is now apparent that a large

proportion of proteins undergo post-translational modifications (such as
glycosylation and phosphorylation) that can profoundly influence their

biochemical properties. Furthermore, protein expression is often subject to

_2.




15 a conpl ex biological sanple fromthe first or second type of individual
at least one tine to an array fornmed by step (i) to provide a sixth

product , Wine/7me t he conpl ex biol ogi cal sanple is froma PgpasSef/490adi vi dual
which is different fromthat used in step (j); and (1) conparing said fifth
product and the sixth products. In a preferred enbodi nent, these products
are conpared using nmass 20 spectronetry. The nethod of the invention allows

for the igealtdistafonalcoitréll 56 BiRRRE ScIMARIRER] ban MRNPOEEE ngarP! s by

using affinity chronmatography and phage display techniques. Wth this

met hod, ané&RBRrdytcakett ath thedixgeesish levdi vt fisigbneprodiet.conpar ed agai nst a
sanpl e taken froma non 25 diseased individual to identify differences in
.the expression ofFdrithessl reasonss theare s aneedta suppempniegenadarepdada bir om

nmedi cat ed and, non- nedi cated i ndi vi dual.s _can |i kewi se be conpared. The

i dent i fi cHpfpmedhe gaiterms{gustare and carboky r%taﬁapg‘s%@anan@éegp PP8t-bi ol ogi cal
-targetss and i.nfornati useful for, -4 2/ 1871G PCT/ 1JSQ4/ ~9030

di agndet | Eansiey il iped Reih Bearllu: i o pihecan pEB R AR DTS 1o be
conpar ed g; r ' J. ' oy r , 1 ncluding
(i souce, ey RahBEPCRRIMS AR RIoK, Ald itk B ESecaR 238, or

cul tured p@lgeohiripeeldasfiprettoniies sédlam siidyevaddtionslin ceAuldrroiett ogi cal

sanpl es may be taken froma body fluid, such as cerebrospinal fluid (CSF),
bl ood, saleves,batweensprmebars] dsaasedestites by detestingemidnpiantitating sweat ,

mlls, bile, plasma, serum |ynph, urine, pleural effusions, bronchial

| avage ase¥nressionpt digrpyetain leveli wathardban the mBNAdevsl gleveretethenbodi ment

t he dy fl IT:li dis CSF. 10.1n éet anotquer finbodi rT&.nt, t he bi ol 8%‘ al sanpl es
are filom BEOTRATRIGS APPRACH; faces B MGrQs obstasdvs. cluding  sample COMPIGKILY.i ganent

skel etal ﬂ?p%é%e%tﬁ%ﬂha%é%ﬁ e, Qgg[] ’3119*&3%%’ ofﬁ%‘gﬁﬂns}{e?éaﬁlicgr ain, spinal

cord, peripheral nerve, NnoSe, esophagus, stonmach,
i nt esti negodeNAY havié Bbktofdte BPeded tHeaaPid cobl-afe@ive, hynothaibienand
pituitary, thyroid, pancreas, adrenal gland, 15 ovary, oviduct, vagina,
manmary géystematieahalykis,of yroiens andbsibel biomelecslesipyesent il bigdbgicade, | ynph
vessel, ‘white blood cell, T-cell and B-cell. The arrays of the invention
can be pregaples by crosslinking the conplex biological sanples to a solid
support. The sanples are preferably treated with chem cal agents to
denature the proteins pr for to being adhered to 20 the support. In a

prefellrsred enbodi nent of the i VEl ti At ehﬁlv% ]%hde-nucl ei ¢ acid coupl ed
library is a phage display li Ebahzrrnsti—pﬂ?ﬁa- ably an antibody library,
or a reconbi nant i SpleayntahveNidd &atGred BRdthelgs Fdrisahden FRE qiahtigiRnPr oduct s
formed by exposing a library or conplex 25 biological sanple to an an ay
may i ncl ud@pmittine andaitkerd Bbmdieatieddifferntg bitndeh camipéesarveayn Widee. |,

fl owt hrough product) or material which bound to the array_and was
subsequentangerodirelasizg abundances| Thetnvissting psevidas for. thendentifigatiop &fr conpl ex

bi ol ogi cal sanpl e.may be exposed to the ra [tiple tines, in,order to
9 pl‘OtClTlE as kno¥vn species, Or as species Wi {1 no)(/einsJequeBce or novel post-

20 translational modifications, and supplies a means for characterization and

isolation of specific affinity reagents against such proteins.

In one aspect, the invention provides a method of identifying a
protein, polypeptide or other biomolecule that involves (a) adhering a complex
biological sample from a first type of individual to a support to create an array;

25  (b) adhering a complex biological sample from a second type of individual to a
support to create an array; (c) exposing a peptide-nucleic acid coupled library

at least one time to an array formed by step (a) to create a first product; and (d)
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-5 WD 02/ ~871(~ produce the product. PCT/US(IIl/-49113U O her features and
advant ages of the invention will be apparent fromthe follow ng detail ed
descri pt Mnoxds8reeof and fromthe clains. Definitions 5 BypCadiserisgl' is
meant directly or indirectly linking a portion of one material to a portion
of another material, either covalently or non-covalently. By "anplifying"
is meant increasing in nunber. By "array" is neant a plurality of polyner

Sequencese)&p%sﬁlgbﬂ%(ﬁ@{ Plodulep liegﬁ%feodﬁlg%‘uﬁ 'aﬁfagitfgfé-ﬁsmd B 'gtf%@%t I des,

etc.) or other "bionol ecul es whic 0 are associ urface of a

subst r at ecrestesigepeond prédwotpl es of arrays include a protein affinity colum
and a phage affinity colum. By "conpl ex biological sanple" or "biol ogical
.sanpl e" is meant laopesatbaiiment bfithe insiemtieon, dhe aiatkad furtier iaxlndes € by, or
secreted by an i ving organism includjng single-celled m ce o0-organisns
(such as S(Sélst %ﬁ’ﬁegeénaswgaanpﬂﬂs- Hideimactd %@HIQF?BW%V hisashBng §ohtoas pl ant s
-and ani mal. s oL 1 nsian rtebrate.or a jammal,, .and in rticular a
heal t Ry ot %%B@F%H%‘%‘fﬁ%ﬁ%ﬁﬁhﬁ%@ﬁ&{? %ﬁBTCQBItOdeF ’émﬂL@a??(ml?éﬁ}e th‘f"%ect ed by
a condi ti gadQ&t Ai1 Sk 1 i L i gcal fluid
obt ai ned ]?‘}?om aérzltyégslsﬁlt%e)eolrn%s:E}t)%{1 gﬁjggefé?ﬁmygF ga%?g(?nc%g?%glf%%d, pl asna,
serum urproductdi Tiee sexondndsfouital protiudtd maOb@avephed) profetdb@pys humor, or
any bodily secretion), a transudate, an exudate (e.g. fluid obtained from
an abscesvasgy speairontetiey, teidentidy différentesobetoeen tiid tmarbiological samplesi d

obtained froma joint (e.g. a.normal joint or a joint affected by disease
such as rheumat ol 2Bpther eibodipent dzg methad wclugss the follespinge arthritis).

{*'W: i&g""ﬁ Eavs@fﬂ'%@aaﬁg%g%:bf@;i@ﬁ@% {55650 B ARy Brodiel leombreEace! | s
Cott et SRIETprodiiRl, () At € oople ol R ALRRA D BBFDHE 0, o
to -6  hpliREBHAdAProlRa th o Bt B RbY e atr -ng%é ncl udi ng but

not limted to prelimnary separation techni ques an uration. For

exanpl e, cehplex diolbgsmlesmpbnfrbm etfirstoestcand tepdpLiridividual stubast! | ul ar
fractionation for separate analysis of bionolecules in distinct subcellular
fract i onsonedige tppptasraysfosmedhygger 6i) e provide aiftftleproduett &) Sxpésinge cel | .

o e o LA, RS SR ST R R T 2
s e G e B e R
si ngl e- caldngsteRbidTBlbidat 8hhpleds from a type of individual which is different from
that used in step (j); and (1) comparing said fifth product and the sixth products.
In a preferred embodiment, these products are compared using mass
20 spectrometry.
The method of the invention allows for the identification of
differences be;cween two biological samples by using affinity chromatography
and phage display techniques. With this method, a sample taken from a
diseased individual can be compared against a sample taken from a non-
25  diseased individual to identify differences in the expression of biomolecules
within the two samples. Samples from medicated and non-medicated
individuals can likewise be compared. The identification of differences

between such samples can lead to biological targets and information useful for

.



organi sm such as a plant, animl, fungus, protozoan, or bacterium In a
preferred enbodi nent, the individual is a mammal, nost prefer ably a human
or ot her WO 0878 speci es. By "peptide-nucleic acid coupl eBCTUSIEHI30 | s
meant a collection of 15 peptides wherein each peptide is |linked (directly
or indirectly) to the DNA that encodes the peptide. An exanple of a
peptide nucleic acid coupled |ibrary would be a phage display |ibrary

(" PDL"™) cﬁﬁgﬁfe’tﬁsan E%a’ceuﬂ%éﬁd@vmo anght.” pol ypepti de” are used

i nterchangeably herein and refer to any chain of two or nore am no acids 20
joined to each offiierbiblogiesitsampldsondse amparddfcaabepeken flonbarvdde regar dl ess
of post-translational nodification (e.g., glycosylation or

. phosphor yvatdtyf biothgioat @@@ﬁ@s,lmwledmgdnﬁsugs @@@h@s eptthelige ﬁ@meﬁtwg, and

and anel yERES tféra«agn”s fgﬁ%ﬁ%é@e”f?ﬁlﬁw%é et BR8yed Hangrod fgfiebour o
.refers to i.caly sanpl e,
and 1 nel BB s iegr%iéﬁ ! e R, o s R flenabfich

ol i gosac (@%;: and
nucl eic ;ﬂg@ S é|alogidd§al teﬁ{soﬁhﬁﬁjeﬁﬁggglé z 1%%%%%%%%%’ | ') U3U
By ' SUbStﬂil@Ikebll@rplaﬁﬁépsmﬁm ll}‘EmpBanﬁn@?) Yeural effasions,rronploinblivagayt er
insoluble material, which is prefer ably rigid or sem-rigid. The surface
can have asoitesne syhowiahdhvibér Iing pettipdarly preferred embheastiment the bbeers, chi ps,

slides, wafer, s, fi bers magnetic or nonnmegnetic beads, gels, tubing,
strips, pﬂ&kde@ CSE)ds S pol ymer s parti cI es m croparticl es capillaries,

d i ke, The : h
ool 98 enches TaSRERRARES PRI %ﬁf e RS T R "
pol ynucl %‘edﬁﬁlmﬁﬁ QHHE fbogleoégi’{lﬁl dgﬁﬁl y%zﬁ‘gglﬁt Flyél@ta? %?stc[earsﬁlo%ﬂ'i‘ be

hydr ophi | br capa Ie 0 eingr ndere ic and 1 ncl’udes 1 norganic
powder s ghGHleaBedit,[H168d, BIBOAS M G HIH sp@al d6rd Pperipherl naivenabsy,al
polyneric materials, particularly ‘cellulosic materials and material s
derived ftracheaglung, nmthsemzlphagusf |stmnacdnmmtastmeggqqhmemt@llsemgtmsf ilter
paper, chromatographi ¢ paper, etc.; .syntheti.c or nodified na& urally

OCCUrTi nguwllrﬁ lraédels&B’I@Oﬁ!ﬂl@ﬂlﬁisdliéllﬁaw’,dhﬁmléemrtﬂr%%se adrepphglandyol y (vinyl

I N M e
pol ymet hag n¥l?ﬁg%eqgh%ﬁﬁ\tf@éhﬁn%lﬁt%rtﬂl?@&Eé‘l'laf%lell{ﬂﬂ']@rbe}]lp‘)' yvinyl butyrate),

etc. eit use ¥es or In conjunction wt ot her materi al s;

gl ass avai | abl e % B8 P§Sthe SRV MY dhScan B pleparctlsly thssslinkiag that ur al  or
synthetic assenblies such as |iposones, phosphollpld vesicles, and cells

can al so temphgy pkapical sanipiesioya &ilidisgosupfbe samplasame potteeblyor e G ass

(CPG, which conS|sts of a glass mate ix epared .uni formy por es of
def i ned sirgated gl shemicad pgents o Sﬁkwﬁf%@l@dﬂG%&@%B’r‘obtcbbﬂpgéé\{m@se%

subst or surface may be acconplished by well known techni ques, comonly
avai | Iel}erﬁulpﬁgthterature 25 Brief Description of the Drawings FIG 1 is

e, Soner L, 12915 0t .o BRGRRIThL S i i apee i 3 1 cos
coupled library is a phage display library, most preferably an antibody library,
or a recombinant display or synthetic peptide library.
The various products formed by exposing a library or complex
25  biological sample to an array may include either material which did not bind to
the array (i.e., flow-through product) or material which bound to the array and
was subsequently released (i.e., eluted bound product). The library or complex

biological sample may be exposed to the array multiple times in order to
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WO (12/-L871( PCT/USOL/.~9030 FIG 2 is a schematic diagram show ng an
initial capture of phage by the protein affinity matrices. FIG 3 is a
schemat | wadizagresm showi ng a subsequent capture step, in WWCTHSEHEGM t hat
were captured by the first affinity colum are then run 5 through the
second columm, and vice versa. FIG 4 is a schematic di agram show ng the
preparation of a set of phage affinity matrices by pooling and anplifying
t he flOWSI{TBHQ&@{B %%ﬁ tFIG 5 is a schematic diagram showing a third
capture epin conpl ex bi ol ogi cal sanples fromtwo different

i ndividuals are pﬁﬁéﬁfbam’eguﬁﬂ adOataged obthefhogeticf Wilhibeyappatent fiesh col umms.
FIG 6 is a schematic diagram showi ng the identification o proteins that
.di ffer behedelowing detpieddesaptinethetsalandifoen thawiss. by el uting proteins
t hat bound to phage affinity colums and analyzing the proteins via nmass
spectrometry. 15 FIG 7 is a schematic diagram showi ng the isolation of

-affinity reagents against proteins.that.differ between two conplex
bi ol ogi cal sanmples. FIG 8 is a ch%ﬁ%%Q—é‘-dl agram showi ng a cycle for

depl etzi on of theyps X

bi ol otgi cal sanpl é Q@H’gﬁiﬁghé&ég #Hé%rcgl lrﬁh% %ﬂ%ﬁgggtlgr e of

| ess abunﬁaﬁhaﬁb Q?@i‘@(‘)ﬂi‘%fBﬁ&)ﬂll@i/\dﬁweﬂidleelﬂﬁﬂ@Whlﬁhtl?foﬁﬂjmd@ﬁlelﬂﬂ}@t eins from
a pair of conplex biological sanples FIG 10 is a schematic di agram

summari zi ng the Bytaapliffing? i meant inateapingge mapbearr e pr ot eoni cs as
illustrated in FIGS 1-9. Detailed Description 25 In devel opi ng new net hods
for di agnosi ng aﬂﬁi”tfﬂé@{ gnaalm%lelas%ltypfnoymﬁipmn@e&@gd&ﬁteims)f the key

1 ul t t I h.
Sis?ﬁ. o conden dhssmideid®, ronag@algeq b alnd o gitet Bermgtecties whigh, 5o, (-
PCT I
exprﬁ Si 0 e@é%‘%/%%%dﬁ 12@21?6 @Jﬁ’ad ?l{tﬁﬁ%;[ef |S\/LﬂJ ugfs%nélésrbgg‘en&gl nventi on
provi des 1?1011%&? fd?élncﬁﬂﬂﬁpr'dwuﬂlﬁ%nﬁ R eﬁ‘lﬁi@gjoﬁﬁimsanp' es in order to
determ ne t |I?fer ences I'n protelns ‘and ot her

By “complex biological sample” or “biological sample” is meant any

solid or fluid sample obtained from, excreted by, or secreted by any living
organism, including single-celled micro-organisms (such as bacteria and yeast)

15 and multicellular organisms (such as plants and animals, for instance a
vertebrate or a mammal, and in particular a healthy or apparently healthy
human subject or a human patient affected by a condition or disease). A
biological sample may be a biological fluid obtained from any site or substance
of the organism (e.g. blood, plasma, serum, urine, bile, cerebrospinal fluid,

20  aqueous or vitreous humor, or any bodily secretion), a transudate, an exudate
(e.g. fluid obtained from an abscess or any other site of infection or
inflammation), or fluid obtained from a joint (e.g. a normal joint or a joint
affected by disease such as rheumatoid arthritis, osteoarthritis, gout or septic
arthritis). Alternatively, a biological sample can be obtained from any organ or

25 tissue (including a biopsy or autopsy specimen) or may comprise cells
(whether primary cells or cultured cells) or medium conditioned by any cell,

tissue or organ. If desired, the biological sample may be subjected to
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5 bionol ecules that are present in the sanples. In a preferred enbodi nent,
a pair of protein affinity matrices are prepared fromthe two bi ol ogi cal
sanpl es wo mscmnpared. A phage display library i s exposedCTaSomeosmtri ces
in a series of capture steps which results in the isolation of phage that
bind to those proteins that are different between the two sanples (i.e. the
"difference 10 proteins"). These phage are anplified and used to prepay a a

set of pggpggnﬁgﬁm@geﬁﬁa%gﬁ% in ttﬂd%llﬂﬂié&?{o g?ermﬁﬁw@éﬁg?tmar ed are

t hen exp ri‘ces 1n order to capture erentially
expr essedephilgabs 8nd/BY deRMBALONY PorSéxiphsle! @R iRtk acal Beasesotedbj ect to
a sanple taken froma heal thy subject, one can identify biological targets
.of t her apaut $ubjestdd 16 sobejiudat fractionation doc scranatel asatysst olbiomadeciles dr ug
devel opnment. For exanple, a receptor that is found to exjst on only a

sanpl e t alkalistingpubcdivlanfeetionsdies. pualensopr ¢iugs foym B}éﬁf@r@éﬁﬁ?&& ration in

‘he di , . al . .

L1 ea tontlgRe AL st Bskscheh el A I Frgumatest i LT IR of 11 i oy
d ificity for th : [ | , d

dover oprentiitieie Rphife e Rt 6t o REEERAEBIPRE NGNS 1T Bl o,

| evel , or ‘e‘fﬁ@fl%ﬁtﬁﬁl@%ﬂéeé?%l@}iﬁbEgot'éflﬁat ment may provide an indication of

benefi ci a]l or toxic e n ani mal, such as a hunan patient. Sanpl es
can be taken froByp“wtpising! isehsamniallondagsohtapety ocoamribetiveen twad not |imited
to skin, bone, cartilage, tendon, |iganent, skeletal nuscle, 25 snmooth
muscl e, hmatdrjalbl ood, bl ood vessel, brain, spinal cord, peripheral nerve,
nose, trachea, |ung,. nputh, esqphagus,. stomach, intestine, kjidn ut erus,
uret dids, ur et hr a, BY[ BddeidualyorosHaTesinis meant st“ég{},'cej\t’?gr%i IH‘,lf“ﬁSﬁﬁaéas,
adrenal gl and, ovary, oviduct,.vagi.na I i , sem nal
vesicl e, Peanism, sugy as %aﬁglaglﬂé’ g@ﬁlﬁgﬁﬁ{?&{ﬁfg%%v&r%# ﬁ%/%ph node,

| ynph ves ' iidG8l s 2AR8nBfChlost Prdrerabsyh hiahlad sanpl e
sour ces iﬁ%f%%%@bﬁogg?g&hglﬁﬁdﬁgg ltsg, e%ith’eHoglgcolr?r?z%tive, nuscl e, or
nerve ti sgg@rpﬁqng@gbédieg_l uids, such as cerebrospinal fluid (CSF), bl ood,
saliva, tears, nucous, pancreatic juice, semnal fluid, sweat, mlk, bile,
5 plasma, serum Byffpeptide-imelgicdod catiplefiflitandsis theam a@hicdlection afe,

Varl S opepidtkorBercuL et BTN I LEFS (SFeuthoorTSRRSEY bio BsraNeY BRTbei ng

tudi ed. For j . . CSE be taken t.q st ' i tral

mervous s§aTRS URPFEidEn AP aRe e 8! et dray e ARSI BhibYS G cence

of the Papetefe a'ﬂla%ﬁﬁi%ﬂﬁf‘ﬁb% t(;ap @,Pu as cancer, any or all of the types
ich a

of tissues or cell's e refated directly to the particular type of
cancer (e.g. |ynphhé @inisytepade:, “gictein’rand Geolapeptidescare Meedods f or
properly collecting and storing various biological sanples are known in the
ant, and imyrohangeabdpdeiingndmefendo any eheinodf twreosmopt eming agidepar at i on of
Affinity Matrices Using Biol o%ﬂ cal garrpl es ,gf(%er t.he bi ol ogi c sanpl es
have Heenjaned éxeach othes by psplide bapds oF mpditicd peptids bopds 168Mdisss Qfiher i ng

each of the sanples tqg a par.ate support (F . nbodi nent of
the i nvenPPghla Slln%tl%qaﬁéﬂ}o‘? lcﬁﬁ(’%ﬁ?-gm Voﬁgiaﬁo&mtl%%%pbﬁ%ﬁ%g% "a solid
support or gel t L hLS; I: Db 16 Lisberent proteins
or ot her bionol egmﬁg?F&giaﬁn?gfng&ggs?\gfe%dgﬁétgf@h?’%%1{1%glgalg%lfl}ftg are not
limted torGBRR! bubisafsrRSgeredlMasslicatid &) She itehdficatigisand analysis of

pol acl yl oyl nor phol i de, vari ous plastics and plastic _copolyner s such as
any biomolecule. As used herein, the term “biomolecule” refers to any organic
25  molecule that is present in a biological sample, and includes peptides,
polypeptides, proteins, fatty acids, oligosaccharides, lipids, steroids,

prostaglandins, prostacyclines, and nucleic acids (including DNA and RNA).



NYLONTM TEFLONTM pol yet hyl ene, pol ypropyl ene, pol y(4-nethyl but ene),

pol ystyrene, polystyrene, polystyrene/latex, polynethacrylate,

pol y{ et hwloeieets2t t er epht hal ate), rayon, nylon, polyvinyl BGEABeH-EY30

pol yvi nyl i dene difluoride (PVDF}, silicones, polyfoinmal dehyde, cellul ose,
cel lul ose acetate, nitrocellul ose, and controlled-pore glass (Controlled
Pore dass, Inc., Fairfield, -11 WO (12/871(i PCT/USOL/ ~903(1 N.J.),

aerogel s (see, ey, « »Qf. ¢ b i { Y 9 (
1992); Rao et al., Js.u tgfgr i%tél ghlns%?%nge% %%itBaglgfp?%{fggg)ﬁOﬁéggi&%?ﬁgeﬁ J.

Phys. D. ifslubldimterial 2whrdds padfetablPdipid ohkem&ribad g The suffave €@ am  Soc.
74:1987-92 (1991) and the like, and other materials generally known to be

_sui t abl e lfave angeote ofa afumbei v slaglesysusch dsrmamprasfesy fildrseohipd; stides, t he

support is a streptavidin, sepharose col um. wever, screenjng can be
carried ouefessn fHhemprmagngtie %&B@awtscmeggswﬁ%@bmg@%4%69121&%9; r%&%h as

. tej , il b ttached, t .s0l.id t r.at e-h { t
ol A TeEs racte RS AP EREEIS il oG IRE AT SRelf it s coont
i I ut ] g . T, t d, f
exampi o Sbh CATGrriaBo KNS HER KEWRIISTBENARY B hfioRERRENS, Tor
al | owi g cieqal \REAYPSCriicbpIaRkLESHIAY of BehdrBiombldcut! dri gands.
e

Unbound conponents can washed away fromthe bound conplex to either

provi de abanldit Thasulstiitaigart be hiydropdtilicrot eapabds obbemng endeded af finity 15
columm, or to grpvi de the isolated target nol ecul es thenselves. After
unbound badegp umngummé%orga@lwmgﬂsam as sHicapmagaesmesulfte,i s

and tifle |FTSEAT B P B S MR Al dePt AT AT R RIS Gl be o
. . ! : _ _ f

ot condBA s UFRREE Bt CARABYL ShPEs Bk Stk SRR AR TN ©

fornam dmap-gmﬁ‘fa:t’@gﬁﬁﬁfbtpﬁﬂeﬂ%tég Shthe@é of asidificd adaglly Sebirfre g SDs) .

Many .t echniques are khown in"the ant” for attaching proteins and ot her

bi ool ec upslyniers,aushlas nitrbecliosey ppldnlose acethteapolyhosryldddonidded in, for
exanpl e, Biocoi zjugatioja: Protein Coupling Techni ques fog- the Bionedi cal
25 Sci encealyaditylasidencross libked dexbersagoresa, pakiraceglate, pelycteylenar k, NY
(1988). Any suitable derivati ion or solid phasg binding nmethod may be
used.t3 n ROIPEIRNIGRSY PO 6%’%&?1 uf%’é’ip}?@Y%tVFf’é PO m@etgawy?aé% bi ol ogi cal
sanple arge a red eIl ! t t.e] nd, Usi:{d . trate or
support t%%ly‘fl&ﬁ%ﬁanes\éegk%aﬁ#&%%\@%iop @&Vﬁﬁ}ﬁﬁ#ﬁ%ﬁﬁigﬁcﬁﬁlﬁ%@gs%ylggi n or an

avi di n-r eﬂh%%‘rﬁ_@lxge? RGH @611%03011%&1?93%&‘ h@dteﬁalﬁigms@%@éildblé B_@Bﬁcﬁ%lﬁ?sl,' y binds

to the avi rel ated conpound thereby attachihg the proteins 1o the

subst r at egerfibfiey, nvethls, kndiire e N 4tural loir sgnthgtipassembites salchasbe used as a
means for attachi ng the sanple proteins to the support. 5 Prior to adhering
e

t he sanpl kgogconeshphesppdimid vesislosy andrelss em alhe bempleyedyA seaapmlyur ed to
| ow f mp et is. A variety. of di i at | t.hod
knovrsl 1 ik BiPPos i R BARIE Glasti B iR AR RTC oA LA BTTHS i 11 7o
e . . d _ _ . S0 e,
Por exanppparLudisnd i Bl deHetuledRia? AR b EAERE JTThfR 4! ude
chaot r opegthef 8ithoRBERs AN GatPHRSATRRIThAY beaksempaSkkdiBy weali zat i on.

known techniques, commonly available in the literature.

25 Brief Description of the Drawings

FIG. 1 is a schematic diagram showing the preparation of protein

affinity matrices from two different biological samples.



Alternatively, if the associations of proteins in the sanple are to be
preserved, such treatnments are omtted and the protein conpl exes may -
opt i onal WP (z&s8ereossl i nked to i ncrease stability. By preseP@l/tig01/49030
associ ati ons, phage agai nst one nenber of a protein conplex nmay allow for
the isolation and identification of 15 nore than one conponent of a

conpl ex. Peptide-Nucleic Acid Coupled Libraries In accordance with the
present inventio th r W Ay, Ty i re used
A e e e R e i e
col | ecti afe @roteaPif . mabedegl N each peptide is 20 linked to the DNA
encoding it. In a preferred enbodinment, the library is a phage display
_library. DisplayFl@cBnshsghemepe diagnim showohg esubsequent paptueeistepom cr eat i ng
| i braries of nodul arly coded bignol ecu)] es that can be screened for desired
proper t i e¥hichihage thafevers<qapiursd bythe fl?ﬁta%fﬁélﬂ%q(’i‘t“in@saréfﬂlfa} g ay

.technql ogi t |y high .detecti itivit dth bility to 25
det er i ndraid BergeeR ol WAKIPEIBrmound rapi diy after initial
vt o A va Y 4% aRERGSalE BB hENOR b fhe Bdpard ol SFn BUSSTE N

i nvention, includi'ng i mmune or noni ne and~sin arn Fv or Fab
fragment apiolb@lifity 1§atric¥pog%/opﬂiﬁ§ hhd RaTp SRl theH0SR-thidug plegse. and

reconbi nant -di spl ay or synthetic peptide |ibraries. Exanples of suitable
phage di splay |i B 5ds aacHematit diagrenf showihgiarthpdepahatistep mrehishl | known
in the art and described in, for exanple, Barbas, F., et al., Phage

Di spl ay: ovmplsartielogicalsamplesdsra tgr difreninpdividualsanepassedoough o her 5
l'i braries which. can used are described by Li M, "Applications of

di spﬁ&y 84t I%ﬁeiagﬁ F&tHC%SA%ﬁ%P’é", Nat ure Bi ot echnol ogy 18:1251- 1258

(2000}. Peptide Idprar:i ] ast I L .given

| engt h, whose se&l&?ngelg%ﬁsgggﬁ%%g??a %12105%6 %gﬁg? cheélgi?{% %‘hggﬁ’ﬁ%%%“g‘m no acid
resi dues @bt 8RR HRGREEA Blo sdbiia 189 ¥iological ShmplcsUuselutiiparies is to
select 10 h?gﬁ?é;ffinity b?ﬁ ers fron?the tygi cal pgol of bi ngers that is
found agapresding eait bpuadlo phagebffinitihedluams sdrambydng fthe ptateimsvpd est form
the nmethod of the invention uses a single binder of nodes ate/low affinity,
whi ch i s webespastrodigiivhg t he process for optimal protein capture and

rel ease Phage di spl libraries can be sel ected based on.thei.r particul ar
15 p?lo(’perti es, d}g@?ﬁilﬁ@ %ﬁelﬂﬁgct‘ﬁlﬁa@&’&ﬁﬁpﬁéﬁ@ﬁo %ﬂﬁf}%ﬁaﬁeﬂﬂ{yt he
properties_of the affinity.r .SO |l es .t he choice
bet ween p@ﬁ_g?%té a&ﬁﬁlsghﬁt%%&ﬁ%%ggtgfgl&g\ﬁ%gly&ﬁ %%ﬁ%ésﬁggggﬁgg _tngﬂe net her a
desired affinity HiERpgeEl dchealeREAHAGIOShoWingd ¢! Yor tioPopihe used
preferably contains as large and diverse a popul’ati on of binder s specific
for the choseabgrizpt pratsingasishinl tero dffeCanmaimplee biolegicabsamplesi brari es can

be used to capture as many species as possible fromthe chosen sanple.
Utimtely, "pangil6t.Sosiacschanaticsliagrasnshoveingdbe capiupe af less abupday

devel oped which contain_binpder.s for al] known species i.n an rticular

Lype X sBERIES falewRiEge dopltion,of updautarateing dsim araine bEOmAleK £ { ni ty

matri ces 25,gener at romtwo di fferent biological sanples in order to
RoLSERR el J o

capture p at the proteins that differ between the two sanpl es.

The sequence of phage (EXRATHERatE EARMM diinfia@Bing2@todessfifr St, the phage
library is exposed to a protein affinity matrix prepared fromthe first

bi ol ogi califfasiligl.phhize caphwe ptoteomics as illustrated in FIGS 1-9.

Detailed Description

25 In developing new methods for diagnosing and treating a disease, it
is important to identify the key cellular components, such as proteins and other

biomolecules, that are associated with the disease. One way to identify such

-9.



- 14 WD (12/871f PCT/U SO | /9U30 phage is washed away, and the bound
phage is released and then exposed to a protein affinity matrix prepared
from t hewaeeondicbi ol ogi cal sanple. The fowt hrough from t hPETHEEIHNI30exposur e
step is retained and contains phage that bind to proteins present in the
first biological sanple but not the second sanple. 5 An identical phage
library is exposed to the affinity matrices in the reverse order, i.e., the

r{@é&ﬁ:ﬁff&p&ﬁsgkg&% ﬁif%‘@ﬁ@és%ﬁ@gﬂg %\gg}%ﬁ’éibh YRl &RRaREderom t h

library i

second sé%b e unboun age 1s wa and the bound phage is

el uted ang dhamhs*xRasgduadls, @ protein affinity matrix prepared fromthe
first sanple. Thé flowtlliough fromthe second exposure step is 10
_retained and confThensepdragayeitidn pioviddse meaneforcopnpareng two complesecond
sanple, but not the first sanple. Thus, thg fphage i brary gogs t hr ough two
capture shiejegicalisanmpdes it edes te determing ihgghiterancas in proteine ad ofhglough t he

: [ ffini [ f he bi ol gqi cal dth
Pouna SphadlemENeSHIET ipt AgopReERn A koo b b SR ol ADge whi ch

vound Lo AHEQERSHIBLTIR R, BhRetan feandnidicatagmal e, ore

exposed t el n affini %y na fromt secon anpl e.
Conver sel ﬁgy b@é@ﬁ@ax‘é’ﬂl A g‘h@%@ didpayt NBrapy & exposallfih thd salidesiin avetiosr ed from

t he second sanple, are exposed to the protein affinity mate i x prepared
from the §f sftueanEpewhioh ssabehi trtisolatioh of phage ethattbepd i@thasesul ts in the

i sol ati on of phage that are capable of binding to tho‘seﬁfgrot ei ns which are
di f f er ent piwé¢ine &mt tane differsnt hetavesadbea dwe sapipdes (iehther fdifferancsugh phage from

the second capture step nay be pool.ed, | i.fied, and use 0 _prepare a set
of i diht i BEAteInR el Rgseinhiags %?&W@é@gfﬁ&ﬁm&f‘tt%?}é@&ééﬁfﬂgl’}t‘%?p addi ti on,

t he phage be used i . £11.AI . j S

"differ en%ﬂﬁ‘é?yo?lgﬁhcses ’ ?@e@eﬁgbglga})as'.aiﬂﬂiéé yel{}%%gﬁ%?i(g%éﬂ %haeégsi |0ni ty
Matri ces - : [ e PfePontiallly dXpraedpirefintavi®y been

sel ected ﬁ%é t%é%ﬁaglgg&d@?ﬁlﬁgi |1 brary by enxgogure toeg?%t eiln \§¥i nity
matrices gs@plsag atsangoeskedt Rom 5 diseadedsubiset ¢ hisairpje tekenifomn a( FI G 4) .
Met hods for preparing 5 phage as an affinity matrix are known in the art
and descr heathy subjectxenpkan idsntifyibielogicahtargets of therapestis andinol ogi cal

Met hods 215: 151-161 {1998). These phage affjnit trices.can be used to
directly dasaentie H@pmt@m‘z?g@%reagéﬁwpag%girﬁb‘ls @%ﬁgﬁg&?ﬂ& ToF ei‘%@BEessi ng the

lei no any acredbion RRERaTP saiton Y (TBRIE KGET % SR e 20T 70

conpl exes ind"i?ﬂd‘dﬁl ldré? aRlifefiTon S AHFrOInth e Akt szhﬁ%@', hiy @rvose

conpl ete anal ysis. oss-l1nked filamentous phage can be successfully

enpl oyed digogsitlal tdreet Afrfdiaghosipor irbitoadnt ofishe disdadehdndiddetoon, uslegafd

aggr egat ed "phage encoding an affinity capture peptide avoids the need to
decode t héompbtodprvieshighpdfinityendesgacifisity foy thewssepter provides epead prepare an
15 affini t%/ capture matrix, althoygh this can be.done .if (iie@i red. As shown
in FIZ 5,SI'E@WWg@(Cb'lugl%ielfmm%l}irrﬁé@em@ﬁ?’%OEﬁ“F‘fSB?(é‘ﬁf“Hln  DHEEPs are

exposed to the .phage affinity matrices.; T j i to the phage
mat 1 ces. RATEBUAAESE B O clABRlghsES dulnG RpEhEh ek tfbuted. D
sanples. B A ' iDETECA ahh@iRARGEcHRS hitiesappaivshed 20
away and tlé]@E%ﬂéél}?]8ﬁgégﬁ§lﬁlsérafpglééfﬁ§g&ﬁ§n(rtlh%énaI yzgd (FIG a61)},5 ll.ISi ng any of
a variety of iden§imtatdadrbemniten fieom iatwideorrivey bb degdasdypes, mdlhdingrt . ( See
Gygi, S.P., et al., ture Biotechnol ogy 17:994-999 1999); Gygi, S.P., et
al ., Curr bubpbnlimbiedttecshimlbobt; catilage t¢rivnoligamgat, sikelegal mapsclir oc Nat | .

Acad. Sci. USA 96:6591-6596 (19 ;. Mrgorodskaya,, O A, et al.., Rapid
CommuBs. wawpoth muscle, heart, blo(od, %?o)od VGSSgl, {)ram, spinal cord, peripheral ﬂerve,p

nose, trachea, lung, mouth, esophagus, stomach, intestine, kidney, uterus,
ureters, urethra, bladder, hypothalamus, pituitary, thyroid, pancreas, adrenal

gland, ovary, oviduct, vagina, mammary gland, testicle, seminal vesicle, penis,

-10 -




25 Spectrom 14: | 226-1232 (2000); Munchbach, M, et al, Anal Chem

72: 40474057 (2000); Link, A J. et al., Electrophoresis 18:1314-1334 (1997);
Washbui - weet2z8bie, Nature Bi oTechnol ogy 19: 242-247 (2001) CcT/UR01249p30ef er r ed
enbodi ment, the eluted proteins are passed through a reverse phase colum -
16 WO U21-4A71( PCT/USU /~9113(1 into an ESI mass spectroneter. The
proteins are identified by mass fingerprinting and sequencing. In addition

to identiiyiidifinghlons, hihn S@ePHARRbI00N RNSTSAPhEI BubeinoOridie ot her,

one skill art apprecdiate that the nethod of the invention can
al so be ugedbicsaaaiierssun@sdhdllae, g drewet Bnbtedftogepitidl il redmgicotes) t wo

sanpl es. Depletion of Mbst Abundant Proteins As shown in FIG 8, in one
_enbodi nenhusdle} hendriv ¢issigmor boddyfheds, sinchdacergprospnalsfleid{CGiied wi t hin
the biol ogi cal sanples can be depleted by recovering the bouypd, phage after
t he i ni tiklbodaglivectestsyeaus, pacreahifiuiésyiseuna Hwd, Hreatemi ‘rul?glﬁri ng phage

.affinity colums, and repeating.the cycl.e using .the nethods.described above
and iA tr@la@aan%ﬂr@%grlaﬁﬁ e el EHsiAns. prefilial &Vagg SO Bt

conti nuouslg\é ragﬁﬁﬁaed until the limts of detection of the analytical

devi ce havd Bt eached. Once the abundant proteins have been depl eted,
the differences ifhdfifiréd Of 8 Gatple MENRSn BABePEn anairitedf dastorsdi ng to 15

t he techni ques descri bed herein, 'using sanples containing | ess abundant

pr ot ei ns. subhi® tAk hanse fodrthe dsehsd drcaindaombeimgatediad. Hor ehstaese, 6SHr esent

in very low quantities in the biological sanples. The present invention is

i |1 ust r atedylbe taken tostudyiandiseasavbite opnted ngEes HEEMANWRHE PRBSCABA of t he
nmet hod of  the pr sent{ i nvention,to a l,es of

Eaﬂqr of 20 h{Jman

cer ebhilos pitieg mey hedakessty stugy @ diseassod the PRRPIRRS: CREATHYATSHICBAS) i i ti ng
of the invention. E t t e : j teins
Dfferi ngcaé]é:FW %ﬁ@@f’gﬁ%ﬁé@g? ngefg%?%}f%@ﬂ%%ﬁ?‘fﬁ??mf?@c es for
Two Sanpl ; f(e.0) { Bl ipabnidseid. rRRgbesamty£dCol | ection
Sanpl es oﬁﬁlg%ﬁqﬁog%%n%ol(? g\é\?ggﬁf rom%ﬂ\z/o di ff er)ént §iandi J\‘/Ei?%ual s by | unbar
punct ure Methodd Ririprép&dytalleging dittesterinpivasioab bivldgicaheainpleslaye be pl aced
in an ice bath and brought to the Iabo_ratorﬂvj for analysis. On arrival in.

t he | abor khowy,in thead, 8K swyprasy dehending iva the marire @ddle samplerove
circulating cells at 2,000g for 10 mnutes at 5 C. The sanpl es can be

ei ther processed inmmedi ately or stored at -7 C until analysis (Sanchez,

J. C d chst.rasser ~.D. F " Protgone | ¥ Si ot ocol s" in Method in

Mol ectd ar “EREEEY ‘-e" LYy -"-“"a"wi (1999)). Sanple
Preparation To di SREEHR BoRMEH SBRHIE! RS AndoiRbteldaSees! AFaysind L 0
mninize proteininter actiohs, aliquots of the sanples ( | 00 ul) are nmade
up to a fppalicaciisenédied bormdokridylegelant tiosantiles tnd sepabid suppoct aci d, and
incubated in ice for 60 mnutes. They are then buffer exchanged using a

Hi Trap DefRlQ.i g IGaineremadioresh afitirhimventon, the areyHy aribnitymatriyyst em at a

flow rate of 5m/mn w,th phosphate-buffered-saline (PBS). 15 and col | ected
in a finathasdnglndesn solid supportRE 2ebin ‘Hiﬂc ﬁpgpwﬁm(ulgﬁlcl%y of

20  different proteins or other biomolecules. Suitable matrix materials include, but

are not limited to paper, glasses, ceramics, metals, metalloids,
polacryloylmorpholide, various plastics and plastic copolymers such as
NYLON™, TEFLON™, polyethylene, polypropylene, poly(4-methylbutene),
polystyrene, polystyrene, polystyrene/latex, polymethacrylate, poly(ethylene

25 terephthaléte), rayon, nylon, poly(vinyl butyrate), polyvinylidene difluoride
(PVDF), silicones, polyformaldehyde, cellulose, cellulose acetate,

nitrocellulose, and controlled-pore glass (Controlled Pore Glass, Inc., Fairfield,

-11 -




fl owthrough can be passed through a SepPak colum and washed with PBS to

i solate peptides for additional analysis if desired. If the in vivo

associ at wae/f16pr ot ei ns axe to be preserved, then the adBCTUSNEIOF0
guanidine HO and formc acid are omtted, and the CSF aliquots are diluted
1:2 with PB S before the next 20 step. Protein Biotinylation. In the next
step, the proteins in the buffer exchanged sanples are biotinyl ated.

| mredi at g ' , i Sk f oaigS- LC- Bi ot i
i 2 s o anp ke et Sie Ry el ghaig ppeifis faigieatT A LOBUEE (S Cual t o
CSF sanpl@gand HAacabat §. Mutbisl. S6fende 28:30001(399AH BRRGt b1 M FliyssICl, pH

7.4, and incubate for a further 30 mnutes to inactivate the remaining
-biotin |ixks Phfe 22780%-7041(¢089k Kibi & Jang, dleAnl. tCarsmn§oa. HTPEP-Ikesal ting
Col um (Amer sham Phar maci a Bi otech) on an HPLC systemat a flow rate of

5m / ni n WilPALBE! {iEolike, andiothersmpierialpgeneraly kngwn todecpitablezipy use

. PCT/ USCQL/,~903U 150 nM NaCl ) and collect.in a final volume of 200 ul.

(Bar bas, ipaffipity gplumps, oHea W%Bli'ﬁgﬁnﬁ?o@é‘%}ﬁatﬂ& SRS 2 %B?Hia@gm ng Har bor,

and desaloRmOst GofERRT iR et EBE R he el e prl Bty B OG0y 3
H Trap 5%@@@631\6 %pg?e phar ose Col um (Amersham Pharmaci a Bi otech) on an

HPLC syst'em equll I with TBS at 0.1 m/mnute. Wash this col um

("Colum 1), w Hioﬁﬁléchlés,@ﬁcﬁfﬁﬁgﬁtteihs,%aﬁ dazilyHeeattachpé a6 atsblid process for
a second human CSF sanple, named Sanple 2, to yield a second col une

(" Col umm Ribjtrate)wiiagtthey actSissipuobil{zed Ggandy thiad iseracs iwigh Capt or e Phage.
Pass 103 to 104 equival ents of a Phage Peptide Lié)éarél (eg 2 X ?;I([)l

par t i1l escomgplemeniasyanglestles presens i p gpdiopgigngadied (@ eeﬁ’g’ﬁtraiee 49 in 5m
of TBS over eac

f_Col 1 2 HPLC fle f 40
R R e S R e

m / m nut e ] : yth 1 m
panni ng. clERYTBLH S 3RE BRE bl Rg o Hlitebuliog Db duidR B P ¢
flow r atigefidsOUabBLTCBHIPRNBAR &albewhsivdasiapism Pedodrdecdmplekitons

cont ai ni ng” phage, buffer éxchange using a H Trap Desalting Col um (Anersham
Phar naci aeiBieptpechifle erscdutibiPlackys thenaeget adleavies boendfo thendffmity wi t h TBS,
and collect 20 in a final volupe of about 1 m. et al., Phage

Di splldy: ooluaisepatepyowWee t 1sclster Eﬁgﬂr{golﬁﬁwlﬁéﬂl}éIBar l‘j’grﬁsaﬁﬁ@mlﬁn.d’ (¢c)
CRR 1S ShE | a0 SO0 8RR R BB SBh s, Poos
RO, Y7 o Ao L ot gl 0
and buf f epjordflecules captured in a affinity matrix can be separated and released by
denaturation either through heat, adjustment of salt concentration, or the use of
20  adestabilizing agent such as formamide, TWEEN™-20 denaturing agent, or
sodium dodecyl sulfate (SDS).
Many techniques are known in the art for attaching proteins and
other biomolecules to a substrate or support, such as those described in, for
example, Bioconjugation: Protein Coupling Technigues for the Biomedical
25  Sciences, M. Aslam, A. Dent Groves Dictionaries, Inc. New York, NY (1988).
Any suitable derivatization or solid phase binding method may be used. In a

preferred embodiment, the proteins of the complex biological sample are

adhered by biotinylating the proteins and using a substrate or support that
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WO 02/-4871G PCT/ US(1 1/ ~9113(1 exchanged phage from Col unmm 2 over Colum 1.
Capt ured Phage from Swapped Columms are Eluted. Elute the bound phage from
Col um 1w e2us8lienil Paroling Elution Buffer (0.1 M HC adjpet/gdoto3pH 2. 2
with glycine) at a flowrate of 0.5 m/mnute and collect 5 fractions. Pool
the fractions containing phage, and neutralize with about 140 ul 1M Tris
Base, pH 9.1. Verify the pH has been raised to yield a solution of pH
2.0-8. 2 FERRARE dbltiR oPLRGEASnYelded BomBBHAA éé’.??‘&?eﬁtﬁ@i’?l‘hﬁ?'?ﬁ@bi%ﬁnﬁ ep Il
Specific age %apture Difrerence Proteins (aJ Preparati‘on of Phage
Affinity sMatitlosllyifds b thevidialreRliad eompoahd therebl atathingub phage from
Colums 1 and 2. Anplify Phage. Cells for Phage Infection are prepared

. accor di ngroteinh o fhel subsiraig. Wieowsll kdowiTspesfie bizdisg pgirs may @129 bef K91
cells to a culture tube containing 2 m of NZY. Incubate overnight at 37 C
wi th vi gotsedassharaniqrasachipgthe sgmple progeins 40 thasuppsitd f1 ask cont ai ni ng
.20 M _of NzY WtE’AQQ ulhof. t he over,ni ghﬁ@culture. Shaﬁe vigorously (25 0
rpm &t 3 7 C uhtioF 1P Rdheing e smbles Ko e uRPaT i BIPASDS 06805 = 0. 45:
this takeg..a - . ' o JOOAT 10

m nut es t%"é 1‘9313\?}%R§d%%%ttﬁgércf%) %lgwg%g%ﬁog?gagﬁ%@%g%gs}% i\% Y aégre t he
OD595; i tdipdcRfisrabnétiidiRure kietwnlia tBO afveid Bapbeldzedtio diedk @bet@ﬁl)- 4.
Transfer the culture to an OCak Ri dge tube and centrifuge at 600g (2,200
rpm in aoBipivAkd, sSRAlize pooteinsy amtjunfodd pratpinsovithin thiersatgdesat Thesem
tenperature or 4 C._ 5. Discard the supernatant_ and_gently resuspend the
cel I s i n methedsanclnge sor exammds, .tre@.tmwtawsth@uanwbnﬁﬂéhfﬁmmc acigps. nd

| t fl k d shak tl 100 t 37 Cf 4 i nutes. -20 WO
51 - 51 (vamiots bee oGy, e gente, beris Dhkes Parktiopis nd kel { be and

centrifugg,at . 2800 . 1 n . 0 r i r 10
m nut es a‘fgltﬁ .a%gfgglll’gﬁgleoq‘sf6&%°%%%€£Wi$§éfﬁ g%ed§%né@gsaggg%ggh)gé%}eyt{(§ gently
in1lm : fohitted afd tHEPRotbHEcdiR thdyCSptidieily B use, and
store onoslfugfé]l tllénatlltﬂﬁgtsr e%ro?%lereataog.t Tﬁe ceI(I:s girez(e%e}stycﬁ?sed [ r}rﬂrredi ately but
wi || st aycresdtiiedntd ihoreaphsatgbilitynf 85t preserfvig assbeiatidaysphabecagasist onare no
| onger conpetent if they ) ) . ) )

member of a protein complex may allow for the isolation and identification of

15 more than one component of a complex.

Peptide-Nucleic Acid Coupled Libraries

In accordance with the present invention, the protein affinity
matrices described above are used to screen a peptide-nucleic acid coupled
library, which is made up of a collection of peptides, wherein each peptide is

20  linked to the DNA encoding it. In a preferred embodiment, the library is a
phage display library. Display technology represents a collection of methods
for creating libraries of modularly coded biomolecules that can be screened for
desired properties. Two of the most important characteristics of display
technologies are extremely high detection sensitivity and the ability to

25  determine the structure of a desired compound rapidly after initial screening.
A variety of phage libraries can be used, in the present invention, including

immune or nonimmune, and single-chain Fv or Fab fragment antibody
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remai n aggregated after gently shaking of the tube in which they are
stored. The final concentration of cells should be approximately 5 x 109
cel | s/ M wal@/48Bsr bas, F. et al., Phage D splay: A LaboratB€T/UNMIM30, Col d
Spring Harbor, New York (2001)). Infect the Stained Cells Wth El uted Phage
1. Determne the concentrati on of the phage by agarose gel el ectrophoresis
or spectrophotonetry. | Infect cells by distributing 10 ul of diluted

V' si ons (ifadel: N I%oﬁfﬂﬁ&fé ttagfpwf @9ﬁﬂh€h€i\b 1iaé A &rsogﬁfh}nﬁplfe%a@ tubes or

nto well's acrdgss a row o e ELI SA p ate. starved or

f resh, higiatRnshdge dieplag librafeslalid ehhijues Ifmcuhbﬁ{;ﬁepﬁl atioqraré erghler at ure for
10-15 mnutes. 3. Induce the tetracycline-resistance genes by adding 150 ul
.(for 20 rhrmvmmthe qa’tanésl)‘:sctldneﬂ imy fc(rfaxamﬁlc,rB@l@as,rFtagé o) of NZY

Fﬁt”te?'m”lt” isp! @h;&%’%mﬁcﬁ%? Mgl Gold q}rfziﬁ%}bar”;w‘éwa&% e &ahr s ng
shakeSi n SHARR UipicH Pl b TGS o AERubRT LV N o RRbPREREE SRS ana i x
ﬁnhgrgte : Itztrp%ll bgztu\t}\nlpg(% @Eﬂ‘b’m? a!]%tﬁﬁé??tb%ﬁ% et1 ?gll:zj?g 1|in}5ezsf ‘ﬁﬂb?zo ul of

co 2 011 160 ucfchite o AU ODE AT ghond00 L o

concent r dength, efhdsetseqegimics have bsés ramtomlyagmdnerted\g) vanyt the @ftfhoiasid

determ ned igi%\lxptlte” ng. Titering of an _unknown sa nﬁbe i s usually done
al ongsi deregisiues af ﬁﬁféblﬂ@ﬁitloailtmléuﬁbéll goa} dorcusing shclp ibeariagtis de selafber of

por ol 3&1&1 L
have been ﬂrpc}%itnﬁ RABGE sglleeti% th RH%ﬁﬁéleQﬂ foltfre tﬁé‘g@?ﬁ@d bP W th the

diluted prh serve as contral en coun |ng

col oni esqn%ﬁﬁ&?ﬂé’e{a &1%12& bideF 6f nﬂd%lﬁeﬂéﬁ/%{fﬁﬁﬁy ﬁ/ﬁ[&ﬁg séﬁ@teﬁ of diluted,
infected cells onto agar plates containing 40 ~.glm teh acycline.

Spr ead onduri@tie mecesd fouloptimal pnoteirt ciptereparad edeand i ncubate over ni ght at
37C. 7. For spot titerin use plates that have been dried by incubating
themwith their [Rhageakdsplaydibrarieszan te seleniedbasedon thedr particilsd for a few

Dl at & wi PIOPGEISS: SeRaBrEONhEBPel BES fesfitad TCHS OGS of tihch spot
(2l ARG BRGSO RS, R o S GRS dPRR D,
over ni ght 3 @b phage display libraries related to whether a desired affinity reagent is
a peptide or an antibody. The library used preferably contains as large land
diverse a population of binders specific for the chosen sample as possible.
20  Compatible mixtures of libraries can be used to capture as many species as
possible from the chosen sample. Ultimately, “panproteomic” and “proteomic
subset” libraries can be developed which contain binders for all known species
in any particular type of sample.
The phage library is passed through the protein affinity matrices
25  generated from two different biological samples in order to capture phage that
bind the proteins that differ between the two samples. The sequence of phage
exposure is shown in FIGS. 2 and 3. First, the phage library is exposed to a

protein affinity matrix prepared from the first biological sample. The unbound
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8. For colony counting (especially fromspot titers), the tetr acycline
resi stant col oni es should be small, but visible. To prevent the overgrowh
of 20 cowaniees7i6( 1 ) take the plates out of the 37 C i nedbasav49pbidf og a

| eaving for the night, let themsit overnight at roomtenper ature, and put
them baclc at 37 C the follow ng-day until the colonies r each the right
size; or (2) if the infections are done |ate at night, incubate overnight

at 30C a h | .ani PRGHBAI

Fol 1-owi g A Ao A oo B R0 i 2,
they shoul i asfifite thedix prefared fidm tieyecand @i@l@gfﬁa@@amﬁhﬁyrl@@ﬂohe stored
for several weeks ifT the plates are sealed wth Parafilm (Barbas, F. et

cal ., Pl zageou@ibsfrbaythissdcandreaposyrestepuislretaduddaBbcomtgindaphage thadvndor k
(2001)). -22 WD 02/-t8711 PCT/US111/~9030 Lanme-Scal e Preparation. of
Phage 1. tPipsRtednsipssenlia the finstrtielogical spmmilechutiey the veeandsampls. 1.5 m

Tubeas and | nocutSTt E1eBBE HRLTES) Fesporrd Ol g8 or ey
d51 S =~ ! . : i i i L | s. Shal

\allingor ousﬁ;?vfl%g%gggml "éfe‘tct)lﬁéglggdﬁy q%ﬁ%i‘?&? égﬁ Q’%ﬁﬂﬁgﬂl #?%#ggg%ﬂfog p. | am(‘: ©

culture gﬁ‘ggaﬁd?ﬁg’)’ﬂn tHe GEQARIYahpleg T lieqﬂg)ouﬁﬂ%lﬁgb lietvath&l ewhY andih&

m cr of ug spiming full-speed ( 14,000 rp or 2 mnutes. Transfer
20171 of Wdumdoplage-is ehitad ahd ghaupxposed tantprotimaffimshnisx prepkded

m crocentrifuge tube containing 5 1~1 of 5X Lysis Mx (warns the Lysis M x
to mal ce fomethedirsispmple. iThesowttheongh fiom thy speerd exprpure fiendate tube in a

70 C water .bath for 15-20 m nutes. and m crofuge briefly. Logad a,15 1~1
sanpll® orfetrined andcapiainsRhaget ?‘hglﬁla t@@ﬂ%‘?tegﬁd’rgﬁ‘ﬂﬁ 1{93 e éeqo SR Crant i ty of

f88.4 ph a ontrol .(2 x 101 phage particles = 100 ng DNA). Run this
gel eithtaatgﬁt}@éﬁ%%{ saﬁ]pA on in the procedure (to be sure the phage yield

is good; 10' Z pary,al fl; ; I  Ih@eamdt of the
procedure (to detrlteﬂrl% ﬁ?ﬁag%le@ggnw%itgﬁ%gfmFgﬁEéGﬁ%uﬁ?%t?%% phage). 3. Divide
t he cul t ugtep fthephagebibiargrippgsdeduhraipd-tie peeein affirgey matddessprép@8d 0

m /bottle) Centrifuge at 2,400 g for 10 mnutes at 4 C. Wthout 20

di st ur bi nffotmheaedablogpel semplasrandsthebound phiagg ercrasosersidndnghpseemirdant i nto
cl ean bottles, and r egentrif,Li?g at . 6,200g for gto mnutes at 4 C

Car ef il | ycapiuie stei thepbasadviel Paynd ¢ dheprofein aifnibymatiix prepared £ e

ot B TSP PulAr kb o TR B R ol g ™)+ 20
P12 A SORERREEE Syt n el et bl 10 Lo
| east 4 h@iabsx prepaged fonditey secohd samphCare &osed to the protein affinity

matrix prepared from the first sample. This combination of capture steps

20 results in the isolation of phage that are capable of binding to those proteins

which are different between the first and second samples. The flow-through

phage from the second capture step may be pooled, amplified, and used to

prepare a set of identical phage affinity matrices for further screening. In

addition, the phage may be used to isolate affinity reagents against the

25  “difference proteins” (See FIG. 7).
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WO 021 -t18711 PCT/US01/~9030 5. Pellet the phage by cents ifuging at 6, 200g
for 40 mnutes at 4 C Discard the supernatant, being careful not to

di sturb wuoeopshicet. Renove the residual supernatant by brPETNH1/49030
recentrifuging the bottles, tilting each bottle so that the pellet is
opposite the r emai ning supernatant, and aspirating with a 1-ml 5 pipettor.
6. Add 7.5 m of TBS to each bottle and shalce at 150 rpmin a 37 C

i ncubat or T {RL; 30 mnutes to resuspend the pellets. Centrifuge
briefly t%ﬁageil\{/ H.]% 50|1§%S|yon to the bottom of each bottle. Tr ansfer the
sol uti on. om al IAJ @idéudsell ub8e, (e phagé itich Bavchérigdediodiom Bnse_each
bottle with 10 another 7.5 ml of TBS and add to the Galc Ri dge tubes. Each
_tribe shophagentisplhpvibrarytlyt exposora trepioteisGifinity BadtnisesateiesediBes with TBS
and m x the phage thoroughly, by inversi . trjfuge the. tubes at

10, 100- 22gengafe pdiet ebphpgrialdmnt m,gtnc@s[(ﬁi]@ &r%éﬁfg PREREMEs. Transfer
.the sypernatants to.,.fresh,  tared Qal c. Ridge, 15 a id.ne the
vol umes (PRpEE 3sAn atfigity iatrEs atg KRoWHR gﬁgk@w%%%gjgpuﬁq‘o‘%%bgﬂg’aﬁ tribe,
and i nver | AL ' | DR W 4196 P POSS)L CrIRIsECI Pi tate
by i ncuba ?lg@neittﬁg”?‘glg’élgﬁP@szg{l{%%ﬁf%f%gﬁﬁ%\l@fce. A Keayy) precipitate
shoul d a e affinitGehA®icks LA bBRGEA B Hatedy Rrage thyblotogichl dagiples at 10, 1009
for 40 20 mhutes at 4 C. Renove the supernatant as in Step 5 above. 10.
Add 10 m beihg EBfipasedabriot thpassResthemantlehthrphgly thepehdgstmbirixg sy y

vortexing, and then allowing the pellet to soften at frcgomte{;})erature for
about 1 hmay be tueatedasalisgussehplp ¥; LSTIZ AR & VARl BSIACIAUNVE t he sol uti on

d L (f ot h to be furt if.i.ed CsC ity- di ,
add ol y mefiodidd Sredsp plo @i roinnbEes FRER N DRI 88y Lombine ¢ he
t | at.a i i j 1)1- /

pCry Ui 1PRuGR T 4% e el Sy Rs, GBS bicd TamMROR AR os
10, 100 22ca?199§ sﬁ&fesé@pgi é?ﬂﬁl%ﬁe@mr‘e&ﬂy o ATRERATfcationd, ad thealifect he

cl eared supenl at ant m each tube imto a 15-nl pol ypropyl ene snap-cap tube

and st or eygd offagdieiated phagarenkodihg ba. affinitdeapnire peptidbeveds denneat i on and
yield of phage particles, treat o
to decode the appropriate peptide sequence, synthesize it and then prepare an

oo

15  affinity capture matrix, although this can be done if desired.

As shown in FIG. 5, complex biological samples from two different
individuals are exposed to the phage affinity matrices. The proteins that bind
to the phage matrices include those proteins which are different between the
two samples. Proteins which fail to bind to the phage matrices are washed

20  away and the bound proteins are eluted and analyzed (FIG. 6), using any of a
variety of identification and quantitation methods known in the art. (See Gygi,
S.P., et al., Nature Biotechnology 17:994-999 (1999); Gygi, S.P., et al., Cuur.
Opin. Biotechnol 11:396-401 (2000); Oda, Y, et al, Proc. Natl. Acad. Sci. USA
96:6591-6596 (1999); Mirgorodskaya, O.A., et al., Rapid Commun. Mass

25  Spectrom. 14:1226-1232 (2000); Munchbach, M., et al, Anal. Chem. 72:4047-
4057 (2000); Link, A.J. et al., Electrophoresis 18:1314-1334 (1997);
Washburn et al., Nature BioTechnology 19: 242-247 (2001)). In a preferred

embodiment, the eluted proteins are passed through a reverse phase column
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an aliquot of phage with Sx Lysis Mx (as in Step 2). Run 1- 5- and 10-p,]|
sanples on a 1.2% agarose gel in 4x GBB, using as a standard a known anopunt
of phagewo®@aserh i n the sanme way. Include on the gel a saP@l/ES¢I/3p30t he
original cultc~re supeniatant (Step 2) to cal cul ate the percent yield.

El ectrophoretic 10 analysis is also inportant for denonstrating that only
one DNA species is present; this is especially inportant for fd-tet der
ivatives,: whi t i} B6ficdB9h@s Ng phage with
appr oxi n&lgéﬁg-sggﬁag%%%@@{%%er ggmﬁéﬁlgfig%%ggf phagg particles can be

nor e accumgeibiyinﬁgggaa@équ@ﬂgcm agdicloaxoadentifyanppystins thawever, this is
better done wth Cl-purified 15 phage. The infectious_properties of the
_phage ( Tmebdntdnmnbysanmde predotthetather ong skilled lnﬁh@@ﬂiwﬂfyppﬁmﬂtﬁ tet-der
ivatives i s about 20 pal-ticles/TU, eg eas that of . vvlé)& tﬁlpel de]%i vatives
i s about thapthermethadytthe inventiqn ganalpo b ysed indeisHnBe ST FYelShey are
.not tq be Cl pur.ified) should;not exceed approximately 3 x 10'3/nl, so
once ghe 5@%@’%‘%%8 {45 ul%]ss lul own, it shoul d be adj usted
accordingly with TBS. To inpede cell growh, the solution can be adjusted
to a final concentration of 0.02% (w v) sodium azide or 20 rnM Na2EDTA. The

phage canpbglefoArdMosnAbuRARS HrotdR% (v/v) sterile glycerol at -18 C
(Barbas, F,"et al., Plzage D splay: A Laboratoy a-anzcal, Cold Spring
Har bor, New Yor k A26lidw Jin FPG. B inagree @ubodimendtofdheinentoa thermaastent s 1.

Foll owi ng the | arge-scale pr eparation of phage above, the fjn vol une of
each pr epabudashpeisinscopgained within thesbiologagnlpamples qan E@Iﬁﬁﬁi@@ﬁlbm%o 2.

peon o peboy et Hie BRn e Mg hS RaAL ChpthRONED (GO, BRBHETHETT TooLr
d ' 255k : — 10 _Thi
S ho LTt et st Bi¥palihg Pl 3Py BfuninsChnd POSGRink (AERyTleidont) - Th S

o/ M. Thepfansistdesefibbdabeed aihd antiRaBxAgplelietéwd The steposticwn 111 in a tar
ed beaker or plastic cup, and then r etuniing it to the beaker it carne

from (be BUGS. § andlior &in bhemitintvaislyt tepepiedamtidthe Hatitssaft dateefionedfgthe 1 nl  of
water at lg). If necessary, adjust the density to with CsCl or

) : 1.3 ¢/
buf f er. 3andlytiealidevieseaxbenmnarcaghesh Emosdhr ebundand pIotsns DAYERRED tri be. Be
10 sure that the tu are f.illed.to t top {as they can,collapse during
centri f ugdeplsked; thy gﬁ%@“‘ﬁéd@éﬁ%\gﬂpﬁo%‘ﬁ W eéc%ﬁjﬁﬁ\éaﬁé@ﬂ agcg);%?l% v w)
sol utjon G- ~1Bal : t d ' lution from
one tiU@an {ehtg?l?cllllg}"lg%é%&ﬁ%ﬁg@n%ﬁéh%gélsggﬁz Stél%lt%l t?'(%S %ﬁéeﬁltaﬁg%- Pl ace t he
tubes in groVWQ SMifal1oesTuEiRhtiFhR6n aﬂgra_emtsrwmiunen%t b8 préeft imom for 48
hour s at C. 15 For the 70.0 Ti r otor, spin at 5 8,000 rpmfor 20 hour s.
4. Car ef ukky loemuantities inthe bidlogivat kemplesor, place in a rack, and set them

up, one at atime, in a clanp stand. Illunynate the ¢l anped Lelsjbﬁ,fromthe
top with a stronglhepesniinveghen ivilsiated onthgdolonang ALk hichhp) . Ther
a wll be two, bands toward t top,of,t hl be. . The pha ban which w ||
be fai nt, 46%FTiRESARAD lﬁaﬂﬂ%ﬁggl&gf@&od@ﬁﬁwl%@&m RIOBHG A 1g8fj ust -
visible a I f ts I j ; d (which is
or obats v PREE il ikl Atnal hAE EESER THRRRAMEILI bbb BadD 0 S ' i
in width, jasgddd f BeNalitingiof tRPRIvextioRt el y 1.33 g/ni. 25 5. Attach a
sterile pipet tip to an aspirator punp and adjust the aspirator to a .
noderate speed. Hold the pipet tip at the neniscus, and aspirate the fluid

overlying the phage band to within_2 Intn of the upper edge, being careful
not to disturb the phage band. Wt HKXAMRIWRE phage band with a - 26~ WO
o .

> -- "'i LS VS :..i C ‘;. :‘“’. d [JT€
_punp. The phage b N i 1S t L f band t hat
| i es under neat h. @qjur\é‘ﬁ)%atlg qxﬁﬁféﬁéﬁfﬁ%ﬁy% ﬁ?ié:%g?o%’g g,é', }rér%@l;t(t}'he 5 band
with syringe, as for CsCl-purified plasmd. 6. Transfer the extracted phage
‘bands to a“26-nil, screwcap polycarbonate cents ifuge tube for the Beckman
60 Ti rotor. 4-6 phage bands can be pooled in a single bottle. Fill the

tube to the shoulder with TBS, close the cap firmly, and invert repeatedly
to nux. For centrifiigation, balance ani_l_ nst




10 another tube filled with water. 7. Centrifuge the tubes in a Beclcinan
60 Ti fixed-angle rotor at 50,000 rpmfor 4 hours at 4C to pellet the
phage. Pwwomfsficand di scard t he supenl atant, recentrifugePECRESHAINHX
briefly at a | ow speed on a tabletop centrifuge, and discard the remaining
supernatant, with the pellet pointed away 15 fromthe |liquid. 8. Resuspend
the pellet in 10 mMl of TBS; vol-tex gently, centrifuge briefly in a

table-top centrifupgk Colldton! Banfitdbf Rimee @SF arctollectd frbm tved | et to
soften overnight at ' 4 C Vortex to dissolve the pellet. 9. Top the bottle

wi t h TBS,diffecarttindivideals by fembat pthetuphsge stesilclc@tamenolke sdrapkaper nat ant

as in Step 7. (Note; This step_is optional, %lvi ng sonewhat pur%(g phage.)
.10. Resusthendd immediatelst be plavebiman ie bith gnd broughigothe faboiplorp&Oner

liter-equival ent of starti ul ture;  thi ives a t.i ci pat.

concent r A1 0B a1y '15‘.tﬁ‘?}Eﬁ’&ﬁ§tpm’.th€rkﬂ§}s$@11?lt%ﬁ§ﬂﬁﬂ§ﬁe ?"gﬁﬁﬁ&e 0l e calc
-Ri dge .t ub : I k Bt r r the
phage-ScpnISt%glﬁ{nli% ncgp@géﬂélﬁggﬁészn% ?,gogg i&gﬂ)l{ﬁ{m%g P%rgb;ﬁgrsle, pé%a(%? g;aeg tube. At
this poi n%ithéﬁﬁbé’éﬁhé&ﬁﬂ&éa@dtegeo@éwﬂa aa&wml@tﬂeiﬂag;ﬁsiy diehehd.cool ed phage
to a final concentration of 0.02% (wWv). _27 WO 02/8711 PCT/U SO 1 /9030
Al t er nat | il MochkigassET . Fari‘PhetcoardAanlyaisfProsdcolsshimelfer/midsan of 20 nM  12.

Measure the concentration of phage particles spect ro[ljhot onetrically, and/or
by agar osklodetulet Bianlogphekdilg, HuganpiBrgss Tialewphbdé1992)). 10-g and 10-i in

TBS/ gel at i dtiter. | ncl ude the, ) [ ti d ti trol
A 00d | nf 6ct 1 ve Siile FeBRFAO. STAGRDSRHRSIY BROIIBE S0ASBancent r at i on o
hysi.cal ticl 0.l I ol o t | i ght,
o1 AL 57 AL 05, A oy om |1
condi ti on rhh&%ﬁg E? 2} cBRb&thRlonPd e %Lgdl?ﬁ&iné FYEL Md YoM JorrhBar bas, F.

et al., Phcrge ay: A Laboratory Ma~ Col d Spring Harbor, New York
(2001)). 4, Michrudhtednindte Fotes0 hiahtcPHEgey fiel thon baffeCexdsmged~zki ~zg. M x

one vol une of phage (all subsequent volunes in the paragraph are r elative
to this vosinge)Hglfrap Resattirg Cobtro fAcumskam dhdimgciaddios>ch) 281aM pV | |
(P ad) usHBRG oy em ai Rovdelgof FoU minavdap o srsbad R i of 76. 3
T e TSl ot IR FREE O ey o o7, 2o
PEG sol ut 5ad {{:bagh c52BE ALk AlkiPa ¥epPiloLskutnd Afd washed with PBS to
isolate peptides for additional analysis if desired. If the in vivo associations of
proteins are to be preserved, then the additions of guanidine HCl and formic
acid are omitted, and the CSF aliquots are diluted 1:2 with PBS before the next
20  step.
Protein Biotinylation. In the next step, the proteins in the buffer
exchanged samples are biotinylated. Immediately prior to use, make a
0.5mg/ml solution of Sulfo-NHS-LC-Biotin in 2mM sodium acetate, pH 6.0.
Add 50 pl of this solution to the desalted CSF sample and incubate in ice for 2
25  hours. Add 500ul 1M Tris-HCI, pH 7.4, and incubate for a further 30 minutes
to inactivate the remaining biotin linker. To remove unreacted biotin, desalt

using a HiTrap Desalting Column (Amersham Pharmacia Biotech) on an

HPLC system at a flow rate of Sml/min with TBS (50 mMTris-HCI, pH 7.5,
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20 reaction mxture for 12-16 hours in a seal ed tube at room tenperature,
and quench unreacted N-hydroxy-succinam de by adding 8 vol unes 1M

et hanol awione/48ptd adj usted to 9 with HC ) and 0.89 vol unesPGI/NBNAEY30
Continue rotation for an additional 1-2 hours at roomtenperature. Dilute
the cross-linked phage in TBS (at |east 10 volunmes) and wash 5-6 tinmes by
25 centrifugation, aspiration or decanting the supen~atant, and resuspend
t he pell i N3 haal L at(g valtuePugBs and
stare at qzég.lﬁl\és %Sgﬁggﬁﬁaggyﬁg&lﬁggg%bgl(t]?rzrln?b%(r’)gvﬁayatfon.ggack t wo
0.5 nl cobypnsy: UADES&GReManIBL ColBiSpheeHatier, 2w Yorke(2081))882- O1), each
wi th cross-1inked phage equivalent to about 2 x 1 O 3 particles.
_Equilibrate the CapamesColnanPrplotationy asha hiatinylatzdanddesdtetol ums or

non-col um batch nethods are al so appropriate). Sanpl e Pnepanation. To
di ssoci atselsmiropr haman GhE sampls, nepid é;%‘,npgn]d QVsT ﬁ’ﬁﬂ&nﬁﬁg e protein

A TR SHRARR S T AR b A, 221
ard et B ARERN Vi THUACEL AR okn I ReplBRGechamUS 0 2

f1ow rat e 9f withm( Ml B PR aP D OsANAi e ReP@ai-tﬁﬁlﬁraeeisﬁBﬁh saoshdol lect in a
final volune of 2 m. Pass the | ow nol ecul ar weight flowtl >l ough over a
SepPal ¢ doinmm Cadsanasle, nambd BBEtle 2i toyiatda pemdiedumor (“Aodimnaial
analysis if desired. If the associations of proteins 15 in the original
sanple ar a to be preser ved, then omt the additions of guanidine HCO and

formc acid, and djlute t F iquois 1:2 with PBS before the next step.
(c) Capture St ep(ab%“"("ﬁggpcé?ezgtfgpﬁe Differe. ce P~otei ~as Captcs~-ed B'll3~
Phaggl _()COl Uz~zs. Pas%ide %’a%?’tﬁwfé%{geswls ?g‘g{) ?@decéli{?é’l@ﬁts% WAl ed

cross-1inked phage col'um on an HPLC systemat a flow rate of 20

~z| [ 'm nutge _d@%%ibfreﬂ%r (k% tIbFoyghiRlesfor allitrPot DR IERIGIcdvEldie N sanpl es
and whi ch \IHI be used”in subsequent cycles. Wash the colums with 20 m
TBS at a f(’ayuivdlents) irD5ml ol MBS ove: eachDf Colmoz/ & Z orGH BBOC - 1' | (130

Step II'l" ~uantitation and ldentification of Difference Proteins (FIG 6)

| sol at e Diyisteangat.acBowratedf4Q plmiputg. M asdighe sofymns with ApmlddBagt a6 ute the
bound proteins frfomthﬁ golums with 1 m Panning Elution Buffer (0.1 M HC
adj ust ed Hewpgpteol0.yimKmynyie ne) at a flowrate of 0.5 nmi/minute and

| 100 5 ~, 1.fractiens.  Pook, Lh ' : ol | ith ab
Ta0 3B 1M e 1 GapRred PRGe ROEMRd ERBE I RO EnARAEAAT M 0 B0
sol ution P%mgﬁg Eif68n Butf@) AR ME adiwtéeRid PH 22X angacRayat aqibwhase

Col ums an ctrospray Mass Spectronetry gestio~z of Pi~otei~is to

Pept i des. radyy6pbid int/enihnee aabhpdlést firacipas. Rubl e fbotiens eordainesppbagd,i ze in 8
M urea, 200nM NH4HCO3, and 20 nM Cad 2 and quantify using a Bradford assay.
Add Endopbuffenewhapge asingoeHil rapdpesminng Si0kymp s Asnersham Fd e-t 0- enzyne
ratio of 100:

di gesti oanQfﬁﬁ}ﬁ)&%QgQ\Hﬁﬁg%’gtﬁﬁlt %I?’r?gga{ﬁ'ra};ﬁ%‘gf ? i%ng%m &b&‘ﬁ]ﬁsf i sdflece
 mounit ot MEATEh e pEaegnh: SRERESE 5k PIAMDHARY S hecai ¢ e
T K-HPO S P E 2y mat f ¢ di Gesti on
net hods are al so appropriate).
(c) Capture Step Two (FIG. 3)
Proteins Capture Phage from Swapped Columns. Pass the eluted
and buffer exchanged phage from Column 1 over Column 2 on an HPLC

25  system, at a flow rate of 40 pl/minute. Wash the column with 20 ml TBS at a

flow rate of 0.5 ml/minute. Repeat this process with the eluted and buffer
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(b) 2D Chromat ogr aphi ¢ Separation of Peptides. 20 Bi phasic M crocapilla~y
Col una~a. Construct the bi phasic colum, by pulling a fused-silica

capi | | arwo(ek@Bsm i.d. x 365 ~mo.d.) with a COz based |CEUSPUWNWr to
make a fritless colum. Pack the colum first with 8 cmof 5 ~mC 18 RP
particles (218TP C 18 VWydac) and then with 4 cmof 5 p.m.strong cation
exchange particles (Pol ySULFOETHYL Aspai-tam de; Poly LC). -30 WO

02/ - 1871%%‘?%%%@%#8@9&%%@]%3{11 severednahhqsa. Load the peptide mxtures

onto the rocapi I l'ary columm. D splace peptide fractions from
the SCX to the RBupailcligtiRteypomESwippeicColminguediiuieat dpluge ddi ents: (1)
0% ( 1') 0% ( 1 "), 0% ( 1™") 0% ( 0-10% (3) 10-20% (4) 20-30% (5)

. 30- 40% ( GouAd-piRQfrdm EDtuBin, 1 Svitndl nflDanbdeeEsaiorBufler (0.4 Medtldes from
the RP pal-ticles into the mass spectroneter, using a Iine%r radi ent of

0- 60% RP-adjusied tapHnd. A widhk shicimaat gl ow sateco! (b priymunHg s tﬁ?&llﬁ‘étrs are, for

.RP-A huffer,. 0.5% acetic acid, 5%acetonitrile;for RP-B.. 0, 5% {c acid,
80% adet dHIdtions cEoglihie &agligns coRdping A ge ndcdalizs weith AT f‘ﬁgm 25 0 M
KCl; for ~ i % i ; ] kL1l Cl (other
Spear at |@4%é‘?ﬁ8§jg pa{r? g%ﬁ&%‘@%?@%ﬁ??&%&%& %g%?qg e%:ltd ~db§1l0algt§|0| c Anal ysis.
Perform mpgsg, B kb SesIRNAHY BisShAmdEp g r@ArCoIaQui @n trap nass
spectrorrencztigf8 %Igi%gféﬁaéan ggl p.S, San Jose, da) g;éun and operate as descri bed.
Directly couple an Integral cluomatography workstation (PE Bi osystens,

Foster Gity, mass 15 spectroneter equi pped with an
el ectrospStap I srepice Bretedns

.AYpee g ) ey: ;J‘?' 1 =Ya andlay
e o i bieptaof Whsks RS MO TRR R Qo com ) ary &t 25oc
entify an c I a equencing | ~Tlit
e JOPSP Y S Lol Zien bt e bW LA SEaRhRGM CHUARS1 43l 20
identify spectra @@J@Zﬁg{ge@ r@almﬁ-%@ge Mfekiibh Yré PRipacs Reddeding ©ns.

Col -rel ate proces m mass spectra wth standard ORFs using the
program JaeMEBdwinpidtecsln a DEC Al pha workstation. Performall searches

W t hout considering the protease used because many proteins in the mxtures
do not 25 digest lt olxansfer atsingle codonynef KOploglls tap e piedestalgie t he

Coat ot 0% S0t oS Tecuhats premiabat ad b il viedpus BTenEL250 P! ot Do

i t 1 t | | : h
statdd (2) Aasi g anOealaiE 13 5abh onh o lidns 8y G873, ghlifa00 ebrenar oe
PCT/ USI | l(lre%lﬂ%ﬁt alhRule Snhls v o\f@ﬁﬂg é?%(ﬂghgz ﬁ@ﬁ’@(‘l unkiY Pid EelRehvet2 I f the

cross-correlatior score 1s greater t er charge state, +2 if the

pr el i m nanyhed arie-10aphasa@ODs,; Fos6.45 Nihis lkes abdut hé-Zhengy. state with the
hi ghest score is chosen. Use t.lfle sel ected charge of the peptide in the
final protein idéntUsé sk sirekingty 308 rpmdfor A€ minutes to allow the bacteria

to regenerate sheared F. pili. Measure the ODsqs; it preferably should not be

20  over 0.65 (best at 0.55-0.65).
4, Transfer the culture to an Oak Ridge tube and centrifuge at 600g

(2,200 rpm) in a SORVALL SS34 rotor (or equivalent) for 10 minutes at room

temperature or 4°C.

5. Discard the supernatant and gently resuspend the cells in 20 ml of

25 80 mM NaCl.
6. Transfer the mixture to a 125-ml culture flask and shake gently

(100 rpm) at 37°C for 45 minutes.
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5 SEQUEST output fromthe other charge state discarded. Filter the
correlation r esults using the value of the cr oss-correlation scor a and

t he mat cwexdh2seouence for each spectrum For singly char geRCHEPIHEEY, retain
spectra with a crosscorrelation score to a ttyptic peptide great than or
equal to 1.5. For multiply charged peptides, retain spectra with a
cross-correlation to a tiyptic peptide 10 greater than or equal to 2.

Elimnate all Sp@.ct”gﬁng\fe&-ﬁh&ggﬁﬁﬂ&% 5 Oplid RABGABE And @bniFREEE RESSOESE

criteria fromfilrther consideration. For thée protein identifications, sort
the filteneghg gsH) frSat §SShavtobaEguibeRht)dfer $0qHintesatt4fat. are derived from
the sanme aiuulotated ORFs in the genone. Protein identifications based on
_mass spectra cor BelRaurngfftie supernatanioans! wesispeadtthg sells gestlpapd inakefl ar e
consider ed valid identifications. Single peptides that alone identify a pr
ot ei n ar 4 HamAPbyfiesl i dated after meeting the following criter ia. First,

.the SEQUEST cross-correl.ati score jmust be agreater than. for a +1

tiypt ilgc pepti de ?r P%h@rceﬁﬁaqp e pghenyiny eogn(ig Oﬂ??btlg‘gl%teh%ti de. Second,
the MS/ MB, . ' i &?rt; | garly above
basel i ne rfgﬁgé%édg: %?&g?ﬁ{ﬁfé?%%%g% ﬁHﬁlg‘d g%&rir]y’ E’Q‘?\wlﬁgl y Otﬂcl)ﬁ {tﬁ%p% or y ion
series. FRowHdeNinfddidnyfok Qfew! dls, TRE CelPaRthd onpeptohipeentébildye shoul d be
intense ions. Fifth, unidentified, intense fragnent ions either correspond
to +2 fragmeih aggrezaned afier garly sifakomppobthettube amivbiclathieysartstaredne of t he

ends of the peptide. After going through this process one can be fairly
conf i dent Thé fimapeencsintratioardells showd beranproxinptelye? #sl ko Sanples 1

and 2, approxi e relative abundance,ratjos,can he.d rm negd using

R i Wan Cebants ot ehe Phage ity oA avgrete s MamiecPl SPIRE HbRi " 5.
et al., Dyre ~ is of Protein Conplexes Using Mass Spectronetry.

Nat u~~e %nggpégt@%@b 17:676-682 (1999)). -32 WO U2/8711 PCT/USII 1
/911311 Step IV Isolation of Affinity Rea eg nts Against Difference
Proteins Pool the flowthrough phage as indicated in FIG 7. Amplify phage,
prepay a phage afliifgu:the Snireed Cefls &idh Bhargd Rimigarms, and capture difference
proteins as described in steps Il1(a)-(c) above. The nunber of proteins 5
identified in step Deterpiinethe ¢encenisptiomebtha phagerty agaiase gaki on and

identification of djfference proteins) (FIG 6) is a guide to the nunbers
of di sti nelechpBl@resisgepechaphofeB¥! ™o be tested. Assignment of phage clone

specificity to identidied N S: { : : | sol ate
Capt oﬁged Pnot ei ~gze'Lbfé%tgc%ﬁepéiegﬁﬁﬁuﬁlil&ymF?Jﬁarfrlél}fggl‘{}ﬁle)hgﬁ%ssb%luHé’ rpr otein
fromthe 5 10t i i | 0Qvdllvhdrioks adpwsifed to pH
2.2 wth %%%ﬁé&??‘*?%&@%@%@%ﬂ mm;%%%ﬁ{hg and col | eSct 100 ~1
fracti onsflekibd¢ EINSAf placd. idats 1@nd ofistatved oz fresti, igledensitg ¢€lls-(-H2 M Tri s

Base, pH 9.1. Verify the pH has been raised to yield a solution of pH
7.0-8.2. 167 cells)dmenbateyatEpomelgnmesature-for HhbS aliguie. protein is identified

using an LCQ Mass_  Spectropeter as .descr. ibed in step,l.l]l ove,. and
illustrated in FIG ?rsi,CUC@% 6ﬁ@ﬂ‘%%(&llfl%1l?ﬁ%%ta’cl%g%ﬁsj?y @%4}-58,113 MIERR d be a

si ngl e, prot.ei the,s e _be _di i | unment. 3.
rser g2 pitige A B8 1 uf Oy Rl gbtiiste AR GENZY SchBipin T 1o
particul ar g : hd ik THGHA ° ¢ RAtPHREShifeht sitARig (@S, al | ows
its speci PF@?’?%%&EQE%%? %(la%.n?gr%e pr?z%gt gpg? ovi de z; slpelciefli i af f%lgli ty
reagent aggipiag tidBLDIS Atilhte) fand0 nfinoes cfssing 1.5hal mewmicentrifoge tulespept i de
or anti body can be determned to allow the production of hiﬁh ﬁuri ty

pepti de oplavetthedalyes wisidandpwndstadhsakenaad shalieoasan merbator BHEEYi nct phage

cl ones may be jsolated which 25 bind tg the, sa rot.ei.n. Their affinities
may det er%%iﬁgoﬂlg@fchem eﬁilqe§q1'e_03)§n111g, 3118 mix the ce sBy p1petﬁng.

25 4. Dilute the infected cells in flexible microtiter plates with NZY

containing 15 pg/ml tetracycline. Mix 20 pl of cells with 180 pl of NZY+tet
for 1:10 dilutions, and 2 pl in 198 ul of NZY+tet for 1:1000 dilutions.

-21 -



WO 0 2/-t871( PCT/US011~90 30 Step V ~ Depletion of Myst Abundant Proteins
(FIG 8) Prepare protein affinity matrices and performinitial capture step
as descrwichedisin steps |1 (a) and (b) above. Elute the bouneCphaygeIew
indicated in FIG 2 with 1 nil Panning Elution Buffer (0.1 M HC adjusted
to pH 2.2 with 5 glycine) at a flowrate of 0.5 m/mnute and coll ect
fiactions. Pool the fractions containing phage, buffer exchange using a

Hi Trap Desal ting lié%ﬂﬂﬁ . sﬁ%ﬁ i Bl en 'kﬂq@] ystem at
a flowrate of SS%m n w Qq‘@g?’%n ggpﬁ%g%liﬁhﬂfa&ﬁgggl 1oI ulrre of)gabout 1
nil. 10 g H@ﬁaﬁ*mﬁ%ﬂ‘gflﬂﬁexﬁﬁ%oﬂ“ﬁéﬁﬁg ofantinkno®e RBynflbagesudlyuderieZS. Pool the
el uted phage from Col unms and 2. Anplify phage, prepare phage affinity

_mat ri ces mAonggidagelcmifectad witina posipivercentiol phagmedope pumbesofisi ng t he
procedures described in ste({)s I'l1(a)-(c) above. _Pasa_ 1.5 nd of Sanples 1 and
2 over a netigleanddsdnesd and that bas periyreyarusin tifsred:ns Z9RdRPSHBIEC syst em at

“Gepl eded nbiRie s Ibbutied Fifatotin e e PRIt bshe (P
o at o red S G fiter aonfinthariRl b IOUBel PHRE ML o (e

bound pr al;@id18s, SERM A eGRIgHNS c¥hfrdl. Whdn Panitincdlonieson cBlonyet 1(0. 1 M HA
20 adjustedto pH 2.2 with glycine) at a flowrate of 0.5 m/mnute and

collect IpO.~,| fractions. Pool the fractions and neutralize with about 140
~ 1 1IMTris Base, pH9.1. Verify the pH has been raised to yield a solution
of pH 7.0-8.2. The Eouplate theongi sweadh0Qel oldilwied, misgted sell§ entRecessary,

ond Ancr NgSanea e gontmmsAUL s e ity SEr LR ale Bt he o
d I f i ffinit i i fi ffinit
ongent o Syl VPR plabs B ERBTRRMEATICT SPPT) Loladt Slep v
New c, c'~le with'l WS, 1RE PLALNhatBh I bESE dfik@WytiEsBMg from Step

B .
V, which are the dep etpg)g protein ?arrpl es, the cycle deScribed above is

repeat ed thehGwitQ)the SR AdkbwGans 3G hgubepiretristerilethoald fodafewproorei ns 5
Steps V and VI can be continuously repeated until the lim¢ts of detection

of the anBefore spottiangy nrek lthe platesewhersagebspotiupeio Enberdplata v¢ll8a-hough t he
present invention has bee scribed with reference to.preferred
embodime n@%r,er%ﬁllrbé g?k ﬁlg T?éhurﬂtd&%étegtpiﬁg?: aXek ]13}3052‘3: B}‘ﬁté' W’FLplé’?Etgﬁt ial 10
char acteristics d W t [ id 0 |1 d t her eof ,
can make At t’%ﬂ%e(ﬁ%éﬁéﬁgé'hlg#(}h%gﬁ ‘%‘Bcsg?ll) It)l%es ()Oﬁ)gt?ﬂgapéipr@\s&{eénl%(ﬁgg b’? g&g apt it to
vari ous uﬁi‘fi,eﬁleﬁ'?ﬁiv&?‘ﬂ‘ijé gla?&sandﬁtﬁeﬁﬁaté vkl Aghi 4 3drcart will recogni ze or
be able t0o ascertain usihg no nor a than routine experinentation, |nany
equi val ents to tI% Beecolbhy cetubnl (Espesiatlly frdra spov tters)o thelesacyde-her ei n.
Such equival ents are 15 intended to be enconpassed in the scope of the
present i resistatit@olonies should be small, but visible. To prevent the overgrowth o
20  colonies, (1) take the plates out of the 37°C incubator before leaving for the
night, let them sit overnight at room temperature, and put them back at 37°C
the following day until the colonies reach the right size; or (2) if the infections
are done late at night, incubate overnight at 30°C and have someone check the
colonies at the beginning of the following day. Once the colonies have reached
25  optimal counting size, they should be stored at 4°C until they are counted.
They can be stored for several weeks if the plates are sealed with Parafilm.
(Barbas, F. et al., Phage Display: A Laboratory Manual, Cold Spring Harbor,

New York (2001)).



Al'l publications and patents nentioned in this specification are herein

I ncoi por ated by refer ence. What is clainmed is: -35 WO 02/ -1L8711

PCT/ USOLweo238716l al nS 1. A nethod of identifying a pol ypep€T/4801/8630d net hod
conprising: (a) adhering a conplex biological sanple froma first type of

i ndividual to a support to create an array; 5 (b) adhering a conpl ex

bi ol ogi cal sanple froma second type of individual to a support to create

an array; (c) expgfj%@g%@gggg%b%w.gfp}lgg@ci d coupled library at |east one
med by s

time to an array ep (a) 'to ¢t eate a first product; and (d)

exposing said filstPigk @Illsﬁic%lahahgﬁstedcnmoﬁiieﬁanﬂ(mianaaahriayl f.ommed by 10 step
(b) to create a second product. 2. The nethod of claim1l, further

_ lcpgpr i si rltglc'ltdxmnfmﬁ@ ?be coplrinirgdS0ny of MZb’émgéimncP@cpl@omms ebabl ed

i brary a east .one tine to _an . ) b [
pr oducty;l thber, an ioapaate ol af awora-Hie lekneonainipga00 mhet RZE ARG an arr oy
forne t.e t Q. f th d . ; f clai ,
fortngr ety dinkhvah fuf aubitPoRE Ay UG EBRBRNCY and o o
fourth pr(gggﬁfplgg)r;gg)ggggbgﬁgrgtﬁo@.m 2, fiuther conprising the steps of:

(g) combining s ourth products to produce a pool ed 20

product; and (h) 2amghi§fek 100308 cRROIEH PO FAME nicrad@ntriiige Bbe, B8A1G
PCT/ US01/-L9030 5. The nmethod of claim4, further conprising the steps of:

1), ok caiion torks tymhiwt oyt i biprr Ly,
175 i ol o Bl it S
comprilsi fglarpeeipiigembe con{alnln%rfao ufg% 5X6Lys-{sh ReXeined ak If}lfs"f‘s' Rig:to" Urther
make sure the SDS is in solution); mix by pipetting. Incubate tube in a 70°C
water bath for 15-20 minutes and microfuge briefly. Load a 15 pl sample onto
a 0.8% agarose gel in 4x GBB, and run. Use a known quantity of f88.4 phage
as a control (2 x 10'® phage particles = 100 ng DNA). Run this gel either before
15 going on in the procedure (to be sure the phage yield is good; ~10"
particles/ml of culture supernatant), or at the end of the procedure (to
determine the percent yield of PEG-purified phage).
3. Divide the culture from Step 1 among four 250-ml centrifuge
bottles (~230 ml/bottle) Centrifuge at 2,400 g for 10 minutes at 4°C. Without
20  disturbing the cell pellet, transfer the phage-containing supernatant into clean
bottles, and recentrifuge at 6,200g for 10 minutes at 4°C. Carefully pour the
supernatant into fresh, tared, 250 ml centrifuge bottles and determine the
culture volume in each |
bottle (1g = 1ml).
25 4, Add 0.15 volume of PEG/NaCl solution to each bottle of measure
supernatant. Screw caps on tightly, and mix thoroughly by inverting the bottles

gently approximately 100 times. Incubate the mixtures for at least 4 hours on

ice or overnight at 4°C.
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(Ic) exposing a conplex biological sanple fromsaid first or second type of
i ndividual at least one tinme to an array fornmed by step (i) to 10 provide a
si xt h preduet487sherei n sai d conpl ex biol ogical sanple is PeHHPH/AHYe of

i ndi vidual which is different fromthat used in step (j). 7. The nethod of
claim6, further conprising the step of: (1) conparing said fifth product
and said sixth product. 8. The nethod of claim1l, wherein said conplex

bi ol ogical sanpl ¢ beuddnt pATbEpYicEifuethe HE206 RAUCHikHRS Bl A2Coher ein

said tissue is selec group~consi sting of epithelial,

connect i Biscafdsthik Supamdtditl béing terefilhgotetdistdrivthecpelen Remohertles n sai d
conpl ex biological sanple is froma body fluid. -37 WO 02/ 8711>

. PCT/ US01/re§idasl duperiidiantniet hrdflpfrecdndiifugiog tiwhiotties, tilting dashpottlasa i s

sel ected fromthe g,r oup consi sting, of cerebrospinal fluid, .tfl ood, . sal i va,

mucous, ttBakthe pellghisraniosteths ranagag Wemqtﬁﬂﬁﬁng\ﬁéﬁltr?m}g WR‘&“E)ST%E pl asma,
.serum_ lynph, urine, pleural effusions, bronchial |avage, ascities, and S

synovﬁal Prqgﬁiit?ﬁ' 12. The method of claim 11, wherein said body fluid is

cer ebr ospinal 11yl dqqlPs nfl6r TBYBLaEh botd Md shilieiaisd [k th £GTPLx

bi ol ogi cal sanple’'is froman organ type. 4. The met of claim 13,

wher ei N SakGhALHAR dpyPSxinSatel! Feheshites erdsispeidthe pedless. Senagfugle sl cin,
bone, cal-tilage, tendon, |iganment, skeletal nuscle, snmooth nuscle, heal-t,

bl ood, by asdele the silatios po tied battord of pech phtitea Traesferthersodetion r achea,
| ung, nouth, esophagus, stomach, intestine, kidney, uterus, ureter s, ur

etlu a, birasdl fourdbaijentonaraiaed OgkRidggtybes Rt eachhote sdgth  adr enal
peni 90 1 yarathen g s BES i Pote g e obES dednpE SR MBI, "
ol s iy ATl 67 ot i) 64 8PTBS S B g pilecsarple |
w)pgz; E8g%g.a%%9gho§%s}%%gbal , connective, nuscle or nervous tissue. -38
7. Centrifuge the tubes at 10,100-22,700g for 10 minutes at 4°C to
clear the supernatants. Transfer the supernatants to fresh, tared Oak Ridge
15  tubes, and determine the volumes (1g = 1ml).
8. Add 0.15 volume of PEG/NaCl solution to each tube, and invert
gently approximately 100 times. Allow the phage to precipitate by incubating
the tubes for at least 1 hour on ice. A heavy precipitate should appear.
9. Collect the precipitated phage by centrifuging at 10,100g for 40
20 minutes at 4°C. Remove the supernatant as in Step 5 above.
10. Add 10 ml of TBS to each tube. Resuspend the phage pellet by
gently vortexing, and then allowing the pellet to soften at room temperature for
about 1 hour. Vortex again, and briefly centrifuge to drive the solution down.
(If the phage are to be further purified on a CsCl density-gradient, add only 5
25 ml of TBS to each tube, resuspend the phage, and combine the two

supernatants into a single Oak Ridge tube.)
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| 7. The nmethod of claiml, wherein one of the conplex biological sanples is
froma diseased individual and the other conplex biological sanple is from
a non- di s@apad7iendi vi dual . 18. The nethod of claim 1, whePEI/HSGABIB t he
conpl ex biological 5 sanples is froma nedicated individual and the other
conpl ex biol ogical sanple is froma non-nedi cated individual. 19. The

nmet hod of claim1, when ein said |ibr ary is a phage display library. 20.

The met hod of cl ailnClér thbeiperiamaishy coiteifyging thatuebesiabd0yl (0-brary. 10 21.
The met hod of claim 19, wherein said library is a reconbi nant display

li brary. 22700mEmE) moutes attenmtdigperseneairrt ‘€aiRourithe alepréds a synt heti ¢
peptide library. 23. The nethod of C{,ﬁi m 1, wherein said ff’)rst pr oduct
_conps i sespaErasant Fomeachigbe BEaMdl X Wﬁppﬁfﬁnﬁﬁﬂﬁﬂﬁapﬁé 2pSING st ep
(c) and vvasArogtJbS@gu n‘tcly rel eased. 24. The nethod of claiml1l, when ein said
second prat&duct! rf&l ses material that did not bind to the anay during the

- €xposigng step (d)o - 9%?1?&?1%’%& &ku%%ﬁlaﬁﬁ'Jiélfd-olfﬂg%%teﬁ%{t@% f@fhod of

claim2, wherein §ai roduct conprises “nateri ound to the

array durdngidif oPphagk Reits 5RILyse MiRdadasSep2yeRuANt 15y andliwagkd. 26. The
met hod of claim 2, 'wherein said fourth product conprises 5 material that

di d not hiantpleooh lacl A% agardse pelgintheGBiasingass efan(ald a Rrownramewtthod of
claiml1, further conprising treating the caonplex biological sanple of step
(a) or stafiplage tprated in thesame wanechide ogtherged aampla Torn dhapHemal wher ei n

the. supporilier SSpEpata (SEPeDdp PIAE B beent Labareoradi I ethod of

| ai m,1, ' . of st b
are 30 HEETER 8% Srbbatt RENCiy i akRR AorYRnb INRRRRICS 18 51 %8 p.
(a) or st sél?() tHi§ ié&}ﬁ%ﬁd@l@ﬁ%ﬂlﬂ”{ﬁﬁ P§:Std-tet eetlfatpedsd wihighpedn deletseied conpl ex
bi ol ogi c sanple. 32" The"net'hod of claim 1, wherein both the array of
step (a) wradcytimegemy, génarhiipg ph)gawdthcappaorihglycs-bgenohwEsnghsai d

support to said conpl ex biological sanple. -40 WO 02/ -4871G
PCT/ US! | | ¢ongengetias of phegeparisdeotarchemarsaceuraiedy assessed BY ft h pr oduct

and vas. SUBSEQOLAIYEIE BADEE: O3 C P THObGHELROR Hith GoCHRUFEIT oai
o B, SIS TR EL R IB D HE S e e
I, furt hefit s sinmeetNg 8f RRtAIdeaBlivEyisubosad pareasd TS, adbéreas

that of wild-type derivatives is about 1 particle/pfu.

13. The final concentration of phage (if they are not to be CsCl-
purified) should not exceed approximately 3 x 10"*/ml, so once the phage
20 concentration is known, it should be adjusted accordingly with TBS. To

impede cell growth, the solution can be adjusted to a final concentration of

0.02% (w/v) sodium azide or 20 mM Na,EDTA. The phage can be stored long

term in 50% (v/v) sterile glycerol at—18°C. (Barbas, F. et al., Phage Display:

A Laboratory Manual, Cold Spring Harbor, New York (2001)).

25 Phage Purification on CsCl Gradienis
1. Following the large-scale preparation of phage above, the final

volume of each preparation should be 10 ml.
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36. The nethod of claim2, further conprising the step of anplifying 10
said fourth product. 37. The nethod of claim1, further conprising

anal yzi ngos@v4878econd product via nass spectronetry. 38. AtEUsE{490x Of
claim2, further conprising analyzing said fourth 15 product via nmass
spectrometry. 39. The nethod of claim5, further conprising analyzing said
fifth product via mass spectronetry. 40. The nethod of claim®6, further

P ot Joh a3 WekigRich 314 B oA Sliod] GrdPSGIGGIER e e 20 47, The

met hod of claim rein sal SIXt cts are conpared using

Mass speydaRBFAgan, aerladd th‘éQeQ@dpehﬁZ&ﬁhE [/ ARDTBIRO3En4Pweldhe ofet hod of

claim1, wherein said library is exposed to the anay fonned by step (a)
. nor e t hanl 7 gt(ower and abeat thesacight of dte yosselwnd. C8GBI: phagenteTBS=of claim |,
wherein said first product is exgosed to the array fqornmed by step (b) nore

man one Q. gélgb .ol'lzis sheeldsgive lgga ﬂﬂaﬁlp/v GMO’E}SfOIﬂHOHvﬁ@S@ét aof claim 2,

. h
onZ;? ﬁﬂe Sasity oddebbinl ARty oL S I%Era%yca&%g@seﬁ%%ﬁ%?v%ﬁ#f‘ér Wt‘ n
time to rfsﬁ%@t’ﬂié%bﬁ%@ﬁ‘ﬁigﬂpr 0@3‘313%@ TR % it Beal e BRE | 20, one
the Comlﬁ?mmg) sﬁﬂef}ﬁﬁﬁrsﬁ@ﬁ@él@t&ft t18d FiBef b that 6% gigh 1t#e ofivat@y forned

by step (i re than one tinme to create said fifth product. 47. The net hod

of cl ai maﬁlg?/ﬂ RcBssatie adiug liex dongtyogi Lalg/mbwmitteCs€] ébbsffep (k) is exposed
to the away fornled by step (i) nore than one tinme to create said sixth
product. 48. The3ndrtsfenthecicdumedf eaple bedkertine® apalyalbnyrdpbg.dde and step

(fj are the sane al | ay. he met hod of claim erein the array of
step 10c) amethat WHGS@%?BGE%H&?Q aérth%}y%allcoﬁ@sm%%gnz/ | 871(

i %’%@?ﬁ&éﬂ b%@&é@%‘%ﬁ?‘ ag8 R ouph B} 2 a10F (P RpiRlia | o
array of %@&ﬂﬂ)T QdBﬁla‘ﬁQeQ ttﬂfe@ ﬁ‘%ﬁ@fgﬁlﬁ’éé %ﬁﬁonffr(ﬁﬁ .onklt§ Method of

cl aim 6, enelnt earrayo step step are the sane an-ay.

53. The naidinét, of b?'aﬂdfﬂgﬁmo\!@@s@l lohﬂth@n&broﬁm tobe.Rlage the)tubeslirsiep (1c) are
different arrays. -

AL AL mwmﬂmgm@bm@embtom and&eAliigs. ah3Z, 0008 pan Stk hoursAYE° AY&. A Al &
AY. A\i SAI l'?A\ c\>(19th§|70'68(%1 f‘cl)tof\l sgﬁnf\zf 5 8'6\\60'(6)«%131'?\12 fo?l’;(z) flA\OFIE 'S. A& AEA & AL AR A . A& P
4., Carefully remove the tubes from the rotor, place in a rack, and set

them up, one at a time, in a clamp stand. Illuminate the clamped tube from the
top with a strong, visible light source (such as a halogen desk lamp). There will
be two bands toward the top of the tube. The phage band, which will be faint,

20  bluish, and homogeneous (smoky looking), should be just visible above a
narrow, stringy,
flocculent, opaque white band (which is probably PEG). In a good phage
preparation, the phage band is about 5 mm in width, and its density is
approximately 1.33 g/ml.

25 5. Attach a sterile pipet tip to an aspirator pump and adjust the
aspirator to a moderate speed. Hold the pipet tip at the meniscus, and aspirate

the fluid overlying the phage band to within 2 mm of the upper edge, being
careful not to disturb the phage band. Withdraw the phage band with a
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5 Include the proper positive and negative controls A good infective titer
(TU/ml) is approximately 5% of the concentration of physical particles
(virions/ml).
14. Store the phage at 4°C away from light, or in 50% glycerol at
—~18°C for long-term storage. Under these conditions, titers are stable for at

10  least several years. (Barbas, F. et al., Phage Display: A Laboratory Manual,
Cold Spring Harbor, New York (2001)).

(b) Preparation of Identical Phage Columns
Cross-Linking. Mix one volume of phage (all subsequent volumes
in the paragraph are relative to this volume) at a concentration corresponding to
15  1.26 mM pVIII subunits in water with 0.15 volume 0.5 M NaCl and 0.15
volume 1 M NaH,PO, (pH adjusted to 6.9 with NaOH). To this solution add
0.0026 volume of 76.3 mg/ml NHS-dextran. Immediately mix the reaction
mixture by vortexing, add 0.15 volume 50% PEG, and vortex again. The phage
will precipitate in the PEG solution (final concentration 5%). Rotate the
20  reaction mixture for 12-16 hours in a sealed tube at room temperature, and
quench unreacted N-hydroxy-succinamide by adding 8 volumes 1M
ethanolamine (pH adjusted to 9 with HCI) and 0.89 volumes 5 M NaCl.
Continue rotation for an additional 1-2 hours at room temperature. Dilute the
cross-linked phage in TBS (at least 10 volumes) and wash 5-6 times by
25  centrifugation, aspiration or decanting the supernatant, and resuspend the pellet

in fresh TBS. Suspend the final pellet in 10 volumes TBS and store at 4°C.
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TBS (Other columns or non-column batch methods are also appropriate).

Sample Preparation. To dissociate bound proteins and other
species, and to minimize protein interactions, make up aliquots (1.5 ml) of the
original human CSF Samples 1 and 2 to a final concentration of 3M guanidine
HCI and 0.2M formic acid, and incubate in ice for 60 minutes. Then buffer
exchange them using a HiTrap Desalting Column (Amersham Pharmacia
Biotech) on an HPLC system at a flow rate of 5 ml/min with phosphate-
buffered-saline (PBS) and collect in a final volume of 2 ml. Pass the low
molecular weight flow-through over a SepPak column and wash with PBS to
isolate peptides for additional analysis if desired. If the associations of proteins
in the original sample are to be preserved, then omit the additions of guanidine
HCl and formic acid, and dilute the CSF aliquots 1:2 with PBS before the next
step.

(c) Capturé Step Three (FIG. 5)

Sample Difference Proteins Captured By Phage Columns. Pass 1.5
m] of Samples 1 and 2 over a dedicated cross-linked phage column in TBS on
an HPLC system at a flow rate of 20 pl/minute. Keep the flow-throughs, which
are the depleted protein samples and which will be used in subsequent cycles.

Wash the columns with 20 ml TBS at a flow rate of 0.5 ml/minute.
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Isolate Difference Proteins Using Phage Aﬁ‘i}-ziﬁ/ Columns. Elute the
bound proteins from the columns with 1 ml Panning Elution Buffer (0.1 M HCl
adjusted to pH 2.2 with glycine) at a flow rate of 0.5 ml/minute and collect 100

5  plfractions. Pool the fractions and neutralize with about 140 pl 1M Tris Base,

pH 9.1. Verify the pH has been raised to yield a solution of pH 7.0-8.2.

(a) Analysis by Cation Exchange/Reversed-Phase Columns and
Electrospray Mass Spectrometry
Digestion of Proteins to Peptides. Lyophilize the samples prepared
10  above, and resolubilize in 8 M urea, 200mM NH,HCO,, and 20 mM CaCl,
and quantify using a Bradford assay. Add Endoprotease Lys-C (Boehringer-
Mannheim) to a final substrate-to-enzyme ratio of 100:1, and incubate at 37°C
for 15 hours. Dilute the Lys-C digestion fourfold with water, and add modified
trypsin (Boehringer-Mannheim) to a final substrate-to-enzyme ratio of 50:1.
15 Incubate the trypsin digestion mixture at 37°C for 15 hours. Desalt the peptide
mixture on a reversed-phase column, lyophilize, and resuspend in 5 mM
K,HPO,, 5% acetonitrile (pH3) (other chemical and enzymatic digestion

methods are also appropriate).

(b) 2D Chromatographic Separation of Peptides.
20 Biphasic Microcapillary Column. Construct the biphasic column, by
pulling a fused-silica capillary (100pm i.d. x 365 pm o.d.) with a CO,-
based laser puller to make a fritless column. Pack the column first with 8 cm of
5 um C18 RP particles (218TP C18 Vydac) and then with 4 cm of 5 urﬁ strong
cation exchange particles (PolySULFOETHYL.Aspartamide; Poly LC).

)
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s 10 ()ace‘(t)gn%gf{e f((n) RP-B, 0.5% acetic acid, 80% acetonitrile; for SCX-B', 0.5%
acetic acid, 5% acetonitrile, 250 mM KCl; for SCX-C', 0.5% acetic acid, 5%
10  acetonitrile, 500mM KCI (other spearation methods are also appropriate).
Mass Spectrometric Analysis. Perform mass spectrometric analysis
on a Finnigan LCQ ion trap mass spectrometer (Finnigan Corp., San Jose, CA)
run and operate as described. Directly couple an Integral chromatography
workstation (PE Biosystems, Foster City, CA) to an LCQ ion trap mass
15  spectrometer equipped with an electrospray ion source. Operate the
electrospray needle with a voltage differential of 5.5 kV, and hold the heated
desolvation capillary at 250°C.
Identify and Quantitate Via Mass Fingerprinting and Sequencing
With Electrospray Mass Spectrometry. For automated spectrum and data
20 analysis, process each raw tandem spectrum as described here. First identify
spectra derived from single or multiply charged parent ions. Correlate
processed tandem mass spectra with standard ORFs using the program
SEQUEST running on a DEC Alpha workstation. Perform all searches without
considering the protease used because many proteins in the mixtures do not
25  digest to completion. For multiply charged peptides, use the following criteria
to determine whether to select the +2 or -3 charge state: (1) Choose a

particular charge state if the cross-correlation score is greater than or equat to

1U more than that of the other charge state. (2) Assign a score to each charge
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v VBVR/V(Ilw Y7t£ tl o tide in the final protein identification analysis and the
charge of the pepti pro io y
5  SEQUEST output from the other charge state discarded. Filter the correlation
results using the value of the cross-correlation score and the matched sequence
for each spectrum. For singly charged peptides, retain spectra with a cross-
correlation score to a tryptic peptide great than or equal to 1.5. For multiply
charged peptides, retain spectra with a cross-correlation to a tryptic peptide
10  greater than or equal to 2. Eliminate all spectra with cross-correlation scores
not meeting these criteria from further consideration. For the protein
identifications, sort the filtered results to show unique peptide sequences that
are derived from the same annnotated ORFs in the genome. Protein
identifications based on mass specira correlating to one or more unique tryptic
15  peptides are considered valid identifications. Single peptides that alone identify
a protein are manually validated after meeting the following criteria. First, the
SEQUEST cross-correlation score must be greater than 1.5 for a +1 tryptic
peptide or greater than 2 for a +2 or +3 tryptic peptide. Second, the MS/MS
spectrum must be of good quality with fragment ions clearly above baseline
20 noise. Third, there must be some continuity to thé b or y ion series. Fourth, the
y ions that correspond to a proline residue should be intense ions. Fifth,
unidentified, intense fragment ions either correspond to +2 fragment ions or the
loss of one or two amino acids from one of the ends of the peptide. After going
through this process one can be fairly confident of a protein identification. For
25  proteins common to Samples 1 and 2, approximate relative abundance ratios
can be determined using Finnigan LCQUAN software and peak heights of

molecular ions (Link, A.J., et al., Direct Analysis of Protein Complexes Using

Mass Spectrometry. Nature Biotechnology 17:676-682 (1999)).
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proteins as described in steps [I(a)-(c) above. The number of proteins
5 identified in step III (i.e. the step involving the qﬁantitation and identification
of difference proteins) (FIG. 6) is a guide to the numbers of distinct phage
clones that need to be tested.
Assignment of phage clone specificity to identified protein is carried
out as follows:
10 1. Isolate Captured Protein Using Phage Affinity Columns. Elute
the bound protein from the column with 1 ml Panning Elution Buffer (0.1 M
HCl adjusted to pH 2.2 with glycine) at a flow rate of 0.5 ml/minute and collect
100 pl fractions. Pool the fractions and neutralize with about 140 pl 1M Tris
Base, pH 9.1. Verify the pH has been raised to yield a solution of pH 7.0-8.2.
15 2. Identify Eluted Protein. The eluted protein is identified using an
LCQ Mass Spectrometer as described in step III above, and illustrated in FIG.
6, except that since the major component should be a single protein, the sample
can be directly sprayed into the instrument.
3. Assign Phage Clone to Identified Protein. The association of a
20 particular phage clone with the identity of the protein it captures, allows its
specificity to be defined. The phage provide a specific affinity reagent against
the protein, and if necessary, the identity of the peptide or antibody can be
determined to allow the production of high purity peptide or antibody, via well
established methods. Multiple distinct phage clones may be isolated which

25  bind to the same protein. Their affinities may determine their utility.
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described in steps I(a) and (b) above. Elute the bound phage as indicated in
FIG. 2 with 1 ml Panning Elution Buffer (0.1 M HCI adjusted to pH 2.2 with

5 glycine) at a flow rate of 0.5 ml/minute and collect fractions. Pool the fractions
containing
phage, buffer exchange using a HiTrap Desalting Column (Amersham
Pharmacia Biotech) on an HPLC system at a flow rate of 5 ml/min with TBS,
and collect in a final volume of about 1 ml.

10 . Most Abundant Proteins Captured By Phage Columns. Pool the
eluted phage from Columns 1 and 2. Amplify phage, prepare phage affinity
matrices and phage columns, and capture difference proteins using the
procedures described in steps II(a)-(c) above. Pass 1.5 ml of Samples 1 and 2
over a dedicated cross-linked phage column in TBS on an HPLC system at a

15  flow rate of 20 pl/minute. Keep the flow-throughs, which are the depleted
protein samples and which will be used for the next cycle (FIG. 9). Wash the
columns with 20 ml TBS at a flow rate of 0.5 ml/minute.

Isolate Difference Proteins Using Phage Affinity Columns. Elute the
" bound proteins from the columns with 1 ml Panning Elution Buffer (0.1 M HC1

20  adjusted to pH 2.2 with glycine) at a flow rate of 0.5 ml/minute and collect 100
ul fractions. Pool the fractions and neutralize with about 140 pl 1M Tris Base,
pH 9.1. Verify the pH has been raised to yield a solution of pH 7.0-8.2. The
eluted proteins can be further purified if necessary, and can be an invaluable
source of “native” material for further structural and functional studies,

25  including providing a standard for the development of immunoaffinity based

assays using the specific affinity reagents isolated from DPCP.
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Step VII. Continuing depletion of abundant proteins

5 Steps V and VI can be continuously repeated until the limits of

detection of the analytical device have been reached.

Other Embodiments
Although the present invention has been described with reference to
preferred embodiments, one skilled in the art can easily ascertain its essential
10  characteristics and without departing from the spirit and scope thereof, can
make various changes and modifications of the invention to adapt it to various
usages and conditions. Those skilled in the art will recognize or be able to
ascertain using no more than routine experimentation, many equivalents to the
specific embodiments of the invention described herein. Such equivalents are
15 intended to be encompassed in the scope of the present invention.
All publications and patents mentioned in this specification are

herein incorporated by reference.

What is claimed is:
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individual to a support to create an array;
5 (b) adhering a complex biological sample from a second type of
individual to a support to create an array,
(c) exposing a peptide-nucleic acid coupled library at least one time
to an array formed by step (a) to create a first product; and
(d) exposing said first product at least one time to an array formed by

10 step (b) to create a second product.

2. The method of claim 1, further comprising the steps of:
(e) exposing a peptide-nucleic acid coupled library at least one time
to an array formed by step (b) to create a third product; and
(f) exposing said third product at least one time to an array formed

15 by step (a) to create a fourth product,

3. The method of claim 2, further comprising the step of:

(g) comparing said second product and said fourth product.

4, The method of claim 2, further comprising the steps of:
(g) combining said second and fourth products to produce a pooled
20 product; and

(h) amplifying said pooled product.
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(j) exposing a complex biological sample from said first or second
5 type of individual at least one time to an array formed by step (1) to

provide a fifth product.

6. The method of claim 5, further comprising the step of:
(k) exposing a complex biological sample from said first or second
type of individual at least one time to an array formed by step (i) to
10 provide a sixth product, wherein said complex biological sample is

from a type of individual which is different from that used in step (j).

7. The method of claim 6, further comprising the step of:
() comparing said fifth product and said sixth product.

8. The method of claim 1, wherein said complex biological sample is
15 from a tissue.
9. The method of claim 8, wherein said tissue is selected from the

group consisting of epithelial, connective, muscle, and nerve.

10. The method of claim 1, wherein said complex biological sample is

from a body fluid.
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12. The method of claim 11, wherein said body fluid is cerebrospinal
fluid.
13. The method of claim 1, wherein said complex biological sampie is

from an organ type.

10 14. The method of claim 13, wherein said organ type is selected from the
group consisting of skin, bone, cartilage, tendon, ligament, skeletal
muscle, smooth muscle, heart, blood, blood vessel, brain, spinal
cord, peripheral nerve, nose, trachea, lung, mouth, esophagus,
stomach, intestine, kidney, uterus, ureters, urethra, bladder,

15 hypothalamus, pituitary, thyroid, pancreas, adrenal gland, ovary,
oviduct, vagina, mammary gland, testicle, seminal vesicle, penis,

lymph, lymph node, lymph vessel, white blood cell, T-cell and B-

cell.
15. The method of claim 1, wherein said complex biological sample is
20 from a cultured cell type.
16. The method of claim 15, wherein said cell type is derived from

epithelial, connective, muscle or nervous tissue.
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5 samples is from a medicated individual and the other complex

biological sample is from a non-medicated individual.

19. The method of claim 1, wherein said library is a phage display
library.
20. The method of claim 19, wherein said library is an antibody library.
10 21. The method of claim 19, wherein said library is a recombinant
display library.
22. The method of claim 19, wherein said library is a synthetic peptide
library.
23. The method of claim 1, wherein said first product comprises material
15 that bound to the array during the exposing step (c¢) and was

subsequently released.

24, The method of claim 1, wherein said second product comprises

material that did not bind to the array during the exposing step (d).
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25. The method of claim 2, wherein said third product comprises
material that bound to the array during the exposing step (e) and was

subsequently released.

26. The method of claim 2, wherein said fourth product comprises
5 material that did not bind to the array during the exposing step (f).
27. The method of claim 1, further comprising treating the complex

biological sample of step (a) or step (b) prior to said adhering.

28. The method of claim 27, wherein said treating comprises denaturing.
10 29. The method of claim 1, wherein the support of step (a) or step (b) is
a solid support.
30. The method of claim 1, wherein both the support of step (a) and the

support of step (b) are solid supports.

31. The method of claim 1, wherein the array of step (a) or step (b) is
15 created by crosslinking said support to said complex biological
sample.
32. The method of claim 1, wherein both the array of step (a) and the

array of step (b) are created by crosslinking said support to said

complex biological sample.
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34. The method of claim 6, wherein said sixth product comprises
5 material that bound to the array during the exposing step (k) and was

subsequently released.

35. The method of claim 1, further comprising the step of amplifying

said second product.

36. The method of claim 2, further comprising the step of amplifying
10 said fourth product.
37. The method of claim 1, further comprising analyzing said second

product via mass spectrometry.

38. The method of claim 2, further comprising analyzing said fourth
15 product via mass spectrometry.
39. ‘The method of claim 5, further comprising analyzing said fifth

product via mass spectrometry.

40. The method of claim 6, further comprising analyzing said sixth

product via mass spectrometry.

20 41, The method of claim 7, wherein said fifth and sixth products are

compared using mass spectrometry.

-4] -



| 10% ()- L 10% ()- "10% ()- 10% ()- !F10%: ()-[aVK@10 10 10 10
10F9109& ()- 1S109& ()- &0-109& ()- |. 109& ()-!pl 9' 1 109& ()- ~xzX6VK@ 10

I X t! 109AVQ P2/48734.0%& () -! 9f "109%& ()-!f"10%J& ()-! M 109RRECH)usW/19%& () - Sbw
Us+@ 10 : 109& ()-! JF5& 10%pé& ()-! FLOMLOY& ()-! P*10%

& ()-1aYew ! 10%& ()-1<@ 10%&' ()-9 } !Z!jK@10 :10% 10% & ()

| >f "1 100 (& ()-10%4 & ()- 10%& ()- M 10%& ()-f 10 10ZI1*" " $#a?2K@

1%2/5 ( &@f‘? Os/flo:/& gh{(f% met ####/%‘%%%%W%féhlb%a&%%&f?ﬂ%th ?)%%L ()-3S

10% & ()- LO910%8néd b Steé% &drk-than one time to create said first prod

LfF " @10%(~(& () - KSLS In00arN - 100d] & () O 100 & ) 3 T00m| & ()-y
109%| & ()-4: 10%4] & ()- &M 10%| & ()-S 10( 10(~Wa|9/a/m(\1§ 1?%15%?& 03

G' 10%I| & () -3510%| & ()-y 10%| 3 10%4| & () 31004 & ()- 1T

Normal * "4Radi ng 18]18¢ o chilpign 2 Y"@'@lelmé&@l fﬁr@t BBt iseepiisad tadhe”

&? gluln? Iig]r ; gr a'é%%gfl l‘ﬂlc"meg ]by stepkfba)dmm% tﬁa}l one tlme go cxgea%a lalzl secon acfi Ing 93] c”A

Font} 8- 5<RCKS][ . cﬁ/ﬁ%t/ XXs"Nd_L!'"&(*,.02468: <>@DFHILNPRTVXZ\ ~" bdf hj | nprt vx
z' 0V9C"NXen{5 'Y _

& >))+,n02i 347! 8: y>?@ BCRESFkGI #WNP] S" U\/X[ ] ~a(df hwj / mr prvwkz} c~T<qu 51nBG
SBXOIW-t| h Ga@5o; 6X ] EApzZ! $#K$~%Wh "HPUR () *+,-./0123456789:

<=>7? @\BCBEFGHI J KIIRGRRSTD\DKMT] 2] Wheadmm deitidibrakyt mmmrssd wmeGéMses New
RomanAri al Couri er. New'h Root EntryWrdDocunent @
formed by step (b) more than one time to create said third product.

45, The method of claim 2, wherein said third product is exposed to the
array formed by step (a) more than one time to create said fourth

10 product.

46. The method of claim 5, wherein the complex biological sample of
step (j) is exposed to the array formed by step (i) more than one time

to create said fifth product.
47, The method of claim 6, wherein the complex biological sample of
15 step (k) is exposed to the array formed by step (i) more than one time

to create said sixth product.

48. The method of claim 2, wherein the array of step (c) and step (f) are

the same array.

49. The method of claim 2, wherein the array of step (¢) and step (f) are

20 separate arrays.
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50. The method of claim 2, wherein the array of step (d) and step (e) are

the same array.

51. The method of claim 2, wherein the array of step (d) and step (e) are

Separate arrays.

5 52, The method of claim 6, wherein the array of step (j) and step (k) are

the same array.

53. The method of claim 6, wherein the array of step (j) and step (k) are

different arrays.
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