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PROTEOM CS Field of the Invention 5 The invention rel ates h for
identifying and isolating proteins and other biological n&%@ﬁ%ﬁggﬂﬁ%ing
phage di splay techni ques. Background of the Invention There is an

i ncreasi ng need, particularly in the fields of nedicine and agri@ulture,
to identify and characterize the nol ecul es which partigg ﬂ“\&“@ 10 wi de
vari ety of biological processes and to find new nol ecu of

nodul ati ng these processes. One way to search for novel biegeatstve conpounds
IS to screen libraries of natural materials or synthesized nol ecul es, using
assay techniques ' ' ' ' bi ndi ng
reactions to el ab%ﬁ%&f@%gﬂﬁgﬁﬁp ratl g%@@oqﬁnat ely,

sel ecting nol ecules of 15 interest fromlarge ensenbles or repertoires can
be tine-consum ng and costly, and often only provides | eads which require
further investigation and deveFlgefthe Raeatbhy, there have been several
devel opnments both in the generation of libraries and in the nethods of
their el ecti on wWilzhinivaxtoR felatesrtommathodsefeafidentifying anddsadatiagt i veness of
this approach. Phage display, 6 technology,, |argely developed in the 1990s,
is an in vproteing andetherrbipkngical muelecwles wpingrphegs SRR teEHLARSH i de) i s

di spl ayed on the surface of a phage virion, while the DNA encoding the
protein is contained within the virion. This direct physical |inkage

bet ween the di spl ayed protei J: it 25 allows for
successive rounds of selecti [)%&31%56%?10 %e?glgggfﬁ&gmrge phage displ ay
libraries ("PDLs")Tic48id&n il?&@és‘i%%ﬂeé’d‘,%a%ﬁétﬁﬁﬂ?@n eaFeRds éfmeeicingddecul es.
These PDLs may enconpass an enor nbus nunber of " different

agriculture, to identify and characterize the molecules which participate in a

10  wide variety of biological processes and to find new molecules capable of
| modulating these processes. One way to search for novel bioactive compounds
is to screen libraries of natural materials or synthesized molecules, using assay
techniques which can range in compléxity from simple binding reactions to
" elaborate physiological preparations. Unfortunately, selecting molecules of
15 interest from large ensembles or repertoires can be thne—coﬁsunﬁng and costly,
and often only provides leads which require further investigation and
development.
Recently, there have been several developments both in the
generation of libraries and in the methods of their selection which have
20  improved the efficiency and effectiveness of this approach. Phage display
technology, largely developed in the 1990s, is an in vitro selection technique in
which a protein (or peptide) is displayed on the surface of a phage virion, while
the DNA encoding the protein is contained within the virion. This direct
physical linkage between the displayed protein and the DNA encoding it
25  allows for successive 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
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| igands to a variety of nacronol ecul es such as receptors, polypeptides,
enzynmes, carbohydrates, and anti bodi es. Individual phage RGHUSH/40030t ur ed
fromthe libraries by virtue of the interaction of the displayed protein
with a cognate |igand, and the captured phage can be 5 anplified by

I nfection of bacteria. Thus, phage display technology is a very powerful

tool for the,. 1O, ' : ' ese
pept i des REDIRREIGiEEbeRtseRE BbleATa) lipahastondivhded itaRhoBRABHIES suck]

vacci ne gp&@ I<OBSk i HByiniel] Rirbek s, &sd agibodies. Bidiejduayoni sts
of recept g?s. lt%ﬂs’sP@gpggt)}G?%)ré devel’opirng %(iirggriostic tests and drugs for
treating dhagceh beaapnired Gomshé librarferttyi virtmtdfdhe aftekasyionedlthe ar
conponents, such as proteins, that are causally related to the disease
process. Uipapahpufttianwiih acxogmats ligard) angythe caRiveed Rhags ¢aebences in

5 Bt bbb B ICHEE RO RO
D LR B PR SEEE o i BB e
Ut 11 L8Ot Al Soph e o e nimoss gl ect

specific ange et ween gical sanples. Such met hods
woul d facidyt iORE ak daA ki iARbitRs, At 42ialodibtset attaporists éirecetagnost i ¢
and drug éggﬁ\}gﬁfsﬁ%rreﬁt. ggyAlthough t'he ger?om' cs approach has advanced our
under st andi ng of QOrdesstgremt far develepiaf diagriasticdedts pnd dissgefor treatings
significant limtations. For  instance, the functions of products .encoded
by i daft i fdisehsgémeslves thenidentifipaiéon of ey gelular CQMRONRALSs el AtRIORINS or o

L][ eg“g?f)'t éh;tngrgorp\gnpgg ngplgigaftg R Blc')oucteséj.o”fﬁi'stcra%nosﬂe%t bOR&loriRiegcat i ons
by looking at differences in protein composition or protein action between
diseased and healthy individuals or between treated and untreated patients.
Unfortunately, present methods of analyzing biomolecules are time-consuming

15 and expensive, and suffer from inefficiencies in detection, imaging,
purification, and an'alysis. Thus, there is a heed for methods of detecting
specific diffefences and changes between biological samples. Such methods
would facilitate the identification of biologicai targets for diagnostic and drug
development.

20 Although the genomics approach has advanced our understanding of
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 1arge
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
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25 deduced from a know edge of its gene sequence. It is now apf)grﬁpt @Eat a
| arge proportion of proteins undergo post-translational nodif A

(such as glycosylation and phosphoryl ation) that can profoundly influence
their biochem cal properties. Furthernore, protein expression is often
subject to -2 14 JUN 2005 post-translational control, so that the cellular

| evel of an nRNA does not necessarily <correlate with the expression |evel

of its gene product, For these reasons,. therge is ed to suppl enent
Genon ¢ dat B ERRARE EprihE 50 5t ik Rl IS Lol RNG. o BoneseED
expressi on, ;apghiOfiRqRs é:%ir@s@ﬁ;lna}éxl'e‘i’eﬁlts gi@l'?gjrb&ﬁ:rt.' on 5 generally, in a

bi ol ogi cal or di sease process through ct anal ysis of proteins,
ol i gosacchar i desForahebeatdsons, theveris| aamagtl és supphemednt geremnic dgtaftyestuwllyirfg the

proteom cs seeks to study varjations in cellular protein | evels_ between
normal and RAUSEREPraieigiand casabohxs@@@fcplﬁgﬂ%&naega?stttr&pﬁlﬁ@or@imoésfsqaaﬁn at the

proteindev rat : @ml g m cs
approaché fa engrarlll h@%bdéggﬁgtg}aleg, ﬂg%%ﬁ%ﬁ%%ﬁ%?éﬂ%@f%ﬁ%ﬁﬂg@t y, large
rel ative aboligbsieharidesgad dhet biorasteciled. | The Wirgqohirgefield of grotdomicadecks to
constraints have heretofore inpeded the rapid, cost-effective,

reproduci bl ¥¥dayrriatieysingriiaE Prfr JRPls bstwsparerlandrliscatedetates ol ecul es
present in @ét@étﬁg'élﬁ%%lﬁgg@lr%xpt%gﬂpﬁ‘Eythgfpr(;ts%ﬁ éé\%‘l'ef%lexoﬂﬂa&ﬁxemm Ryant

i nvention featur Isolation an uantrtation of proteins and
ot her bi onoHewsavezsthdipfdteomicg afyebashefacessanpleesus@betaclas, heledingsgaplef rel ati ve
abundance. The invention provides for the identification of proteins as
known sikci eampleyty, lasgeysiative abypdancesngs. aad quanisaiogrof psoteins. Technical

post - transl sﬂﬁﬁls&%@g héljf&)?(glje ?ﬁg?de%qge f#lpcg lc&?-seffegt[i\glg? ?%?oéu%!ble, and.

characterizatiron and 1solation spec arfini réagent s 'agai nst such
20 pr ot ei nSsyslemadib an@l$§1€6f proteiv® dnd\Eidr bsinglealEsdessent Ediblogicall sanhdst i fyi ng
a polypeptide, said nethod conprising: (a) providing one or nore first
arrays conprising one or nore pol ypeptides from a first conpl ex biol ogical

sanple froma first type of i@qmaggghhgqﬁ%rnﬁgnto a support;

15 The present invention features methods for isolation and quantitation of proteins
and other biomolecules differing between samples over a wide range of relative
abundance. The invention provides for the identification of proteins as known species,
or as species with novel sequence or novel post-translational modifications, and supplies
a means for characterization and isolation of specific affinity reagents against such

20  proteins.

In one aspect, the invention provides a method of identifying a polypeptide, said
method comprising:

(a) providing one or more first arrays comprising one or more polypeptides from
a first complex biological sample from a first type of individual adhered to a support;

25 (b) providing one or more second arrays comprising one or more polypeptides
from a second complex biological sample from a second type of individual adhered to a
support;

(c) exposing a peptide-nucleic acid coupled library at least one time to one of
said first arrays to create a first product comprising one or more species of said library

30 that either (i) bind to said first array or (ii) do not bind to said first array;



25 (b) providing one or nore second arrays conprising one or é

pol ypeptides from a second conpl ex biological sanple froma se oY %ﬂ%e of
i ndi vidual adhered to a support; (c) exposing a peptide-nucleic acid
coupled library at |least one time to one of said first arrays to create a
first product conprising one or nore species of said library 30 that
either (i) bind to said first array or (ii) do not bi nd to said first
array; 3 14 JUN 2005 i d first product | east .one tinme to
one of said seco é?éé‘%ﬁs %PTSLP%QP% gleéétd)élﬁ&mﬂfr%’&ﬁ &%ﬂﬁ?ﬁogﬂﬁaawe or
nore speci egestt aSBdhdirédict BEMREGhg SABdr rﬁék@ﬁécws(df)salla'ﬂ}ﬁ ertﬁ:@ﬂQt sfarend
array or (ii) do not bind to said second array; (e) exposing said

pept i de- nucdl)sblnda@saidsmpdedayorb(maldynatblhéassaubmond amgay;0 one of 5 sai d
second arrays to, create a third uct [ofo) Ng one or nor.e specie

said library th e)é[?c{swgrsat({qgepgfi%&u? 8‘°§8ﬁdanB @Hﬁ axy ptlgash png Pm)e t@enfh b| nd
to said §ec&'fkﬂse%ﬁ&¥vraﬁ'lg chehile aet’ﬁﬁﬁ kB ,risﬂ-}%’cq)e%r %’d%@ts eslof@sih one tine
to one of said first drrays to ate a fourti pro uct corrprlsmg one or
nor e speci ekbrofy that mlthbhdl)lninmtcmhnd:secbhdiarrw om(@) dd Bot(bihd b said seosdamayh;i r St
array or (i%{? do not bind to said first array, wherein the presence or
absence of dspeci es in said second or fourth product is indicative of the
identity of a pofrypeRkindQaidhRid bdREEs 5 & Jde'oFhai conpl ex
bi ol ogi cal sanpl es absg tin ngoél %I rg&rstadrg secondc eé’o%’r%?g&tbl 0 %%I cal

sanpl es, ocrestot fmlﬁsmﬂuctmohipﬁsmg iwee anmiord specics af €hid thirdtpreduepthaxeither
le conpared to 15 said second conpl ex biol ogical sanple.

'tl)'lhgl gglclglﬁlj éﬂg‘gflé‘hﬁ‘% It gray P 9“8%1”8 fhspi@ st gireoer abl y via nass
spectrometry, toghdefht ﬁregér{cfe%li Q@atégﬁ%@i@s H{'s‘%ﬁ o & gh{fﬁona?ﬁgl es.

I n anot her enbodi nent, netho t he oW ng a teps:

(g) conbi mmdgaumofsthe cmduamf afpmlyﬁebthw thais peeseitt ipsaid fiee agd perondd ﬁr oduct ;

(h) anplifying_ 20 the ooled product; (I adherl a portion of the
anplified poEmRlgx bwifwe&af s3raplss, abssnb Satcgf itst #hd eo Oalml@zyblot gicabsaselphg a

conpl ex bi obg: bt 3 leSale @M uREin' dal SfirsCeontifiéPBRIogical sample compared to

15  said second complex biological sample.

The second and fourth products may be compared, preferably via mass
spectrometry, to identify differences between the two biological samples.
In another embodiment, the method includes the following additional steps: (g)
combining the second and fourth products to produce a pooled product; (h) amplifying
20 the pooled product; (i) adhering a portion of the amplified pooled product to a support
to provide an array; (j) exposing a complex biological sample from the first or second
type of individual at least one time to an array formed by step (i) to provide a fifth
product; (k) exposing a complex biological sample from the first or second type of
individual at least one time to an array formed by step (i) to provide a sixth product,
25  wherein the complex biological sample is 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 spectrometry.
The method of the invention allows for the identification of differences between
two biological samples by using affinity chromatography and phage display techniques.

30 With this method, a sample taken from a diseased individual can be compared against a



type of individual at least one tine to an array formed by st#dpygy )2gds0
provide a fifth product; (k) exposing a conplex biological sanple fromthe
first or second type of individual at |east one time to an array formed by
step (i) to provide a sixth product, 25 wherein the conpl ex biol ogi cal
sanple is froma type of individual which is different fromthat used in
step (j); and (1) conparing said fifth product and the sixth products. In

f d enbod th t
Cpctromet 1y PR KM SO PRI 41 RBEFERere IR RPression o of
di fferences fshvReMes WRihehwessAples ATRhSISs HMmLiﬁécﬁgaté’cf dddWdn¥medicated

chromat ogr aphy and phage di splay t'echni ques. 30 th this nethod, a sanple
taken from andhvuhlaksexan ilikelwise tha @bmpaned b&he tntqnaﬁeahcmng difStrerced bateat buch005
sanpl e taken fr -d's asgﬁ indiV|¥“gl to |de y differences in the
expr essi on ofmP S&ﬁB ¢34 taregtp an I?%Wﬁpéé | es from medi cat ed

and non-nedi cated individuals can |ikew se be conpared. The identification
of differences between such sanples can |ead to biological targets and

i nformation useful for 4a 14 JUN 2005 PCT/ US01/ 49030 di agnostic and/ or
pharmaceuti cal devel opnent. The biol ogi cal sanples to be conpared can be
taken froma wde variety of biological sources, including tissues, such
as epithelial, connective, nuscle, or nerve tissue, or cultured cell types
derived therefrom Alternatively, 5 the biological sanples may be taken
froma body fluid, such as cerebrospinal fluid (CSF), blood, saliva,
mucous, tears, pancreatic juice, semnal fluid, sweat, mlk, bile, plasng,
serum |ynph, urine, pleural effusions, bronchial |avage, ascites, or
synovial fluid. In a particularly preferred enbodinent, the body fluid is
CSF. 10 In yet another enbodi nent, the biological sanples are from an organ
type, including skin, bone, cartilage, tendon, |iganent, skeletal nuscle,
snmoot h
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muscl e, heart, blood, blood vessel, brain, spinal cord, perlibbygyadoner ve,
nose, trachea, lung, nouth, esophagus, stomach, intestine, kidney, uterus,
ureters, urethra;, bladder, hypothal anus, pituitary, thyroP&T/UsdHd108%s,
adrenal gl and, 15 ovary, oviduct, vagina, mamary gl and, testicle, sem nal
vesicle, penis, lynmph, |ynph node, |ynph vessel, white blood cell, T-cell
and B-cell. The arrays of the invention can be prepared by crosslinking the
conpl ex bi gl.0gi rﬁﬁgp Bt i8&ll ded FopRResHt! - The sanples are preferably
treated vm‘?lﬁgg%sce{ﬁ:li%a agent s&fgt géelnat Sre the proteins prior to being
adhered to 20 thalsipiptugicallsanmles &f by carparedadinientaken from awidention, the
peptide-nucleic acid coupled library is a phage display. {i brary, nopst

pr ef er abl yvanetyfibholdgidal sewrogs, inpluding BeHeB; Mhtascﬁpéﬁlei\‘? >GONBGHI Yot i ¢

gﬁﬁ;i o %Lﬁ@%&%@? E&w@éﬁ%ﬁé’f@r{’c&?&%&%%liﬁfn%%e%&eﬁEE%%E%?%@#hhe?x{'%ﬁ%&"f ahi ch
' ' . . e, . i whi ch
béugﬁ"i% 't EQS}@cﬁﬁSHﬁ%%ﬁéﬁﬁgéaﬁgﬁﬁbeé B30 B8 e o Gqr RIS o N
B ray i ¢ ARG PRRDYedH AT oo, R e e R T e e

product . ablakfn, S dyphoafae Yletif2e effuxfoiis| bronshidl 1aeageppar ent
from the%gp{’g\%%h detail ed dZSCI’I pti oﬁjthereof and fromthe clains.

Def i ni ti ongscifesPyr Syadivialifigd. s arpeaticuldily geefeyredrembodineant theihadki ng a
portion of one material to a portion of another naterial, either covalently
or non- covéluehis @SF. By "anplifying" is meant increasing in nunber. By

pept | 488, ol | gonuarastimetier ser i BR e BOIRERT s fp s e ehh B oret o

whi ch type, including skin, bone, cartilage, tendon, ligament, skeletal muscle, smooth

muscle, heart, blood, blood vessel, brain, spinal cord, periphéral nerve, nose,
trachea, lung, mouth, esophagus, stomach, intestine, kidney, uterus, ureters,
urethra, bladder, hypothalamus, pituitary, thyroid, pancreas, adrenal gland,

15  ovary, oviduct, vagina, mammary gland, testicle, seminal vesicle, penis, lymph,
lymph node, lymph vessel, white blood cell, T-cell and B-cell.

The arrays of the invention can be prepared by crosslinking the
complex biological samples to a solid support. The samples are preferably
treated with chemical agents to denature the proteins prior to being adhered to

20  the support.

In a preferred embodiment of the invention, the peptide-nucleic acid
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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10 are associated with the surface of a substrate or support. {Exaupl8® of
arrays include a protein affinity colum and a phage affinity colum. By
"conpl ex biol ogi cal sanple" or "biological sanple" is neantp%frﬂ‘}s‘”é‘é‘ﬂ“d or
fluid sanple obtained from excreted by, or secreted by any living

organi sm including single-celled mcro-organisns (such as bacteria and
yeast) 15 and nulticellular organisns (such as plants and aninmals, for

i nstance a a mamal, and in particular a healthy or
appar entlypﬁdéog'{*ﬁgé%kﬁcrl}gﬁ'subj ect or a human patient affected by a

condi tion or di seag@ler MatubbPhbidaintsarpifahetyvdrtion wilbbegbpaent fron

obtained fromany site or substance of the organism(e.g. blood, plasms,
serum uri e fddidveingaietaibeddescriptiof thertof aad femdbeislasmsyi t r eous hunor, 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 froma joint (e.g. a normal.[oi.nt _or a joint affected by disease
such as rheumatoid arthritis, osteom&?—ﬁg@, gout or septic arthritis).

i
Alternatively, a bjolpagical s | i f £ 25
tissue % I ncl udi ng ybiag%gangr au eg%gﬁ?%%@cﬁpn%ﬁ;ﬁgﬂy%mé% %ﬂi‘g@g e|8f1§
(whet her prj Jigf; GfIrlad)eifer EBYRISMG WIdidn-ooedertyy. any
cell, ti ssrllLﬁée{&éérﬂ %%gﬁﬂﬁfnf Gf;éelgi?glgn tfehiea ’beilole(ggi cal sgnpl e may be 3s%bj ect ed
to -6 14 JUN 2005 BGTAdsifdR031R mealtiinteasingrinonmsiserng, i ncl udi ng but not
limted to prelimnary separation techniques and/or denaturation, For
exanpl e, cells or Biysures damésat axplvaditedf palimenggasienees (o8- Duokdns, ul ar
fractionation for separate anal ysis of bionol ecul eﬁl El?n di ft i B”%t .
subcel | ul arpeptides.iadigonusleptidss Ay macleptidss, §ic-} guAther RigmplesPlsiWiight s 5 of
the cell. See Deutscher. (ed. Vet hods ., | n I . - 990) .
Si ni | ally, arEAsSRsHAtEd i%‘f}% i %ﬁfa&ﬁﬁ’ 8&‘\?&&?@%@?@%%@?’}#&@% %i cally
rel ated bio I | Y (9 olhmpeant al | ow ng
Leleted o opphag 5By Ry BoRh 8 DhopE R g,
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 rtheumatoid 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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materials. 10 By "individual" or "subject” is neant a singlejéeuw&dmﬁr
mul ticellular organism such as a plant, animal, fungus, protozoan, or.
bacterium. In a preferred enbodi nent, the individual is a RGEMAEN1/49930st
preferably a human or other primte species. By "peptide-nucleic acid
coupled library" is meant a collection of 15 peptides wherein each peptide
Is linked (directly or indirectly) to the DNA that encodes the peptide. An

exanpl e of Bgﬂ&gmak;ggr&b%ﬁggmaﬁgwh%élﬁﬂi&rdab?ggnﬁﬁﬁﬂy%garaﬁbﬁge di spl ay

l'ibrary (" terns ™~ pepti "protein “pol ypepti de" are used

i nt er changeadnyqerfidloredshat@fhtion! Forryaipié, elll ok teswds dmrte edtiaetedici ds 20
joined to each other by peptide bonds or modi fi ed pepti de bonds, regardl ess

of post -t nadshbjectetio subdefulzafiactiofiation forgieparady hnaliysis adrbiomolecules
phosphoryl ation). The present invention is useful for identifying and
anal yzi ng ipdistischsubasliulardraasionsge geprateips o5 sirngainad s differdnd Sartst i cati on

erers B0 ajierdhies DoTRBradand HraoRu R e IoEn 820 o) CP Banpl .
and ! IS TRERY. IRSagBYBRRILER P BRSSP ShRenieb o ang
nucl ei c aC'rQl%Fédﬁ%Mb&ﬂG%@%ﬁ%n%}ls. 7 14 JUN 2005 PCT/ USO01/ 49030 By

"substrate' support™ is ne any porous or non-porous water insoluble
material, which i sByrekpbsiaey is imdadt sllowhid cdrtacicto otcar betwaenawaan have
any one of a nunber of shapes, such as nenbranes, filters, chips, slides,
waf ers, fi lmeatsrialsagneti c or nonmagnetic beads, gels, tubing, strips,

plates, rods, '5 polymers, particles, microparticles, capillarie and the
li ke. TAe substrat Bycandividuad vaﬁﬂﬂéﬁy16PM§W¥ﬁé@Hﬁ?ﬁﬁﬁﬁ&OEH@Huﬁ.1¥kﬂls,

ol ynucl coRMaBYSTUg AR BLTEr BB Bty protosban! BPBhEm. Ina
preferred embodiment, the individual is a mammal, most preferably a human or
other primate specieé.

By “peptide-nucleic acid coupled library” is meant a collection of

15  peptides wherein each peptide is linked (directly or indirectly) to the DNA that
encodes the peptide. An example of a peptide-nucleic acid coupled library
would be a phagé display library (“PDL”).

The terms “peptide”, “protein” and “polypeptide” are used
interchangeably herein and refer to any chain of two or more amino acids

20  joined to each other by peptide bonds or modified peptide bonds, regardless of
post-translational modification (e.g., glycosylation or phosphorylation).

The present invention is useful for identifying and analyzing
proteins, but is more generally applicable to the identification and analysis of
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).



bound. The substrate can be hydrophilic or capable of being rdndgygdugs
hydrophilic and includes inorganic powlers such as silica, nmagnesi um

sul fate, 10 and alum na; natural polyneric materials, partPERIUDO1/Y030
cellulosic materials and materials derived fromcellul ose, such as fiber
cont ai ni ng papers, e.g., filter paper, chromatographic paper, etc.;
synthetic or nodified naturally occurring polyners, such as

11 ocel | ul ose, | S8y ULgRER0SS A Epndith 1o taY i BbIs i non-fglovaeratka de.

I
cross linked dext?éa%, agar ose, poflyacrylate, p et hyl ene,

pol ypr opy| gREHIE matédalWH RUuireReiblyResidsinseatiaigido Tierfaedaat e,
pol y(et hyl ene terephthalate), nylon, poly(vinyl butyrate), etc.; either

used by thevsshy ese of aimunstwerjafishepesy sudh as otendiranes, dilteas, chipd, sidegvai | abl e
as Bioglass, ceramcs, netals, and the |ike. Natural or ,syntlhet i C
assenbl i eswafrrh, fibersi pEgoatie or pau@pgRtt pberdse gels) BIDING P PlalesdRdsy so be

igﬁ'siilfs?' oﬁog/?@n;}gglggfﬁiﬁfﬁgi %?gr‘épéﬁ&?%&tcaﬁﬁleﬁﬁﬁia&%h?ﬂﬂi?ﬁﬁ%&%ﬁ?@@%ﬁﬁ%’ size
consi 5{% oPORTYTESRATHLS _
surface e e 3eeBRpF ST s 1508 T, ke O cRHRICE 808 21 b
face m _ A ¢ _
chemat i ¢ VST K BE PP o e et ot 11 ces

fromtwo dBBﬁﬁd?"ﬂhthﬁb@%ﬁe%ﬁ beaiyr§5hilie ot4aphble BT LRIMETidsodd 49030 FIG 2

is a schematic diagram showing an initial capture of phage by the protein
af finity nhydiopddlic FhGinduies mosgdreopowdersi suphean siheaimesnesim selfatent
capture step, in _which phage that were captured. by e first affinjty

col uml@r eand ehiming; BatirlopRINMERS BalEHAls parfmﬁeﬂxaﬁaﬁﬁpe@ Wé@?&fsﬁﬂ 4is

a schemt] ?naot“er? rsac'@n%%g\%onrg cteﬂgldgcra,es}?lacinaatsiﬁg]er%con?aiﬁﬁltg ﬁ)e[pers, e.g., filter
paper, chromatographic paper, etc.; synthetic or modified naturally occurring
polymers, such as nitrocellulose, cellulose acetate, poly (vinyl chloride),
polyacrylamide, cross linked dextran, agarose, polyacrylate, polyethylene,

15 polypropylene, poly (4-methylbutene), polystyrene, polymethacrylate,
poly(ethylene terephthalate), nylon, poly(vinyl butyrate), etc.; either used by
themselves or in conjunction with other materials; glass available as Bioglass,

" ceramics, metals, and the like. Natural or synthetic assemblies such as
liposomes, phospholipid vesicles, and cells can also be employed. A commonly

20 used support is Controlled Pore Glass (CPG), which consists of a glass matrix
prepared uniformly with pores of defined size. Immobilization of proteins and
other biomolecules on a substrate or surface may be accomplished by well-

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.



phage affinity matrices by pooling and anplifying the flowthricugliNptidye.
FIG 5 is a schematic diagramshowing a third capture step in which conpl ex
bi ol ogi cal sanples fromtwo different individuals are pass€FTHYIYR? 10 a
set of phage affinity matrices/colums. FIG 6 is a schematic di agram
showing the identification of proteins that differ between two separate
conpl ex bi ol ogi cal sanples by eluting proteins that bound to phage

affinity col ums ames anal ¥ ZdhRendtitading@ie siswitigaan itisl cpeatersfiptage. byl5 FI G
7 is a schematic diagramshow ng the isolation of affinity reagents

agai nst pr eesproseih adfinity fhiairicket ween two conpl ex biol ogi cal sanples. FIG
8 is a schematic diagram showi ng a_cycle for depletion of the nost abundant
proteins within tvoIG@li¥ iser schemaiepliagram showyinga subseghent captyrg step,jig

hematic di hgwi ng t h | ab t -2 t ei
Fol | ow ng PYACHBRRER s "re SBUANEY SrofE ALLHPBRD BT AT GERCURp ox

DO omng : il e

of vt or SONER sttt D, BpdPRETE S TPl Dot Tared 10 FIGS 161
Det ai | ed Descri ptipfg2hid fsdfnedtRPAiagrais $howidiome frepardtiddyTH 8 ofnd

treating a disease, It 1s inportant~to identifty the key cellular

conponent s phiHe Bffﬁﬁt}pfrﬁh%éssoyﬁp@bl(m%@ﬂd amiptifiphgche fow-theughrphagssoci at ed
with the disease. Oie way to identify such -9 14 JUN 2005 PCT/ US01/ 49030
conponents is to | BHR. 5 iva dilicneatémdiagram showing a thixg capiurestepdn weaich

di seased and healthy jndividuals. The present jnvention provjdes means
for conpar icﬁglptlmblﬁdﬁgllcéksafbplﬁﬁ@@I’éé‘f"oé&fﬁle@%mqﬂ\vm arﬁ@aéﬁcia&ﬁﬁ)ﬁéhthe

g;];rfplerei. Clesri‘ slg?gfrggé% gﬁ.ﬂgﬁ%@g%ﬂéﬁq&ﬁlgml ecul es that are present in the
FIG. 6 is a schematic diagram showing the identification of proteins
that differ between two separate complex biological samples by eluting
proteins that bound to phage affinity columns and analyzing the proteins via
mass spectrometry.
15 FIG. 7 is a schematic diagram showing the isolation of affinity
reagents against proteins that differ between two complex biological samples.
FIG. 8 is a schematic diagram showing a cycle for depletion of the
most abundant proteins within two different complex biolo gical.samples.
FIG. 9 is a schematic diagram showing the capture of less abundant
20  proteins following the depletion of abundant proteins from a pair of complex
biological samples.
FIG. 10 is a schematic diagram summarizing the process of

differential phage capture proteomics 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-



pair of protein affinity matrices are prepared fromthe two bigq] %%
sanples to be conpared. A phage display library is exposed to the natrices
in a series of capture steps which results in the isol ati 88TASOpHge t hat
bind to those proteins that are different between the two sanples (i.e.
the "difference 10 proteins"). These phage are anplified and used to
prepare a set of phage affinity matrices. The biol ogical sanples being

conpared are t ; | iof HtWeeEn dseassdt ur e
di fferent |°mﬁ%§§§§§§g%?§{ %ﬁ%@éﬁcﬁ?qﬁﬁ%@r‘ Fkng aSISbgrrpI e t%kgr? froma
di seased wmthgqnaiﬁgﬁﬂg.e taken froma healthy subject, one can

i dentify brological targets of therapeutic and 15 di agnostic inportance and

| ead structures fqthe@wgexﬁeineémmmgnovid&sra meanp fex, compameg pvorcomplexi s
found to exist on only a sanple taken froma diseased individual, or at a
di fferent Isiotupscalrsatmipdes imondes taldetsamine hermifierencsy 18 PrFEMSsand0thst ent i al
target for diagnosis or treatnent of the disease. ln ddit){))ﬁ?n ‘?ng | i gand
found to Heipmdieqesthat are prespnt indbeispmplesy R HIRIEITESS IR des a

| ead 20 struycture for ug devel opnent. E . ' i es
whi ch chan@ﬁé&olfjpf%te’a‘i at utppmﬁes'aéqlg}gpag‘]%tlﬂgé %%‘S‘f‘? @[Q?{):gitc g%‘ﬁ%ﬁ’? r eat nent
ma rovi de ,an_ _indigati i : | { heéml , such
e a ooy rormpaleds A #hade REHIEY licla), if bxpledtothe Beiuicts Ala sOHeR

types, inchpd Hets WatcH tediftseh e isklationlufithageahatibiadeo thesedon,
| i ganment, éﬁ%@?ﬁ Sscl e, 25 smooth nuscle, heart, blood, blood vessel,

brain, spipaeiaotiiat apediffrenabetvesenche twosempleatire she {‘dEerenesut h,
esophagus, stonach, intestine, kidne uterus, -ureters, urethra, bladder,

hypot hE) anpmteipst)ui Tlaesg, phaggrase mphi Tk adsuseddparrgpared st @ RIR8Fy . ovi duct,
agi na, nammamar, | and, testjcle, sem ngl vesicle [ - 10 2005
PCT/ USOL/ 485868 Swgmes+ ;f&ﬁi)wi%’é?gh %?ﬁ‘&ﬂ%ég‘é’@ C,O%ﬁ&?@ag‘? s %’é?q%?d Ycel |

et S e P PP AR BT s i 1 1,
cer ebr ospi E&Bthﬂ'g% s(aﬁﬁﬁ}: taken from a diseased subject to a sample taken from a
' healthy subject, one can identify biological targets of therapeutic and
15 diagnostic importance and lead structures for drug development. For example,
a receptor that is found to exist on only a sample taken from a diseased
individual, or at a different concentration in the diseased sample, may serve as |
a potential target for diagnos'is or treatment of the disease. In addition, a ligand
found to have high affinity and specificity for the receptor provides a lead
20  structure for drug development. Furthermore, a protein species which changes
its distribution, level, or characteristics during treatment may provide an
indication of beneficial or toxic effect in an animal, such as a human patient.
Samples can be taken from a wide variety of organs types, including
but not limited to skin, bone, cartilage, tendon, ligament, skeletal muscle,
25  smooth muscle, heart, blood, blood vessel, brain, spinal cord, peripheral nerve,
nose, tréchea, 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 -



bl ood, saliva, tears, nucous, pancreatic juice, sem nal quidh4§nﬁpg mlk,
bile, 5 plasma, serum |ynph, urine, pleural effusions, bronchi | @%ge,
ascities, or synovial fluid. The source of the sanple is JHOREWIBA®¥Ed on a
variety of factors, such as the nature of the disease or condition being
studi ed. For instance, CSF my be taken to study a di sease of the central
nervous system while pancreatic 10 juice nay be taken to study a di sease

of the pangy,gas. lynipRndisIFRMHISTEEE], Witk Fldod ¢aNCBicellaiid BiceM. | Oftfert he
types of tissues”or cells which are'related directly to the particular

type of casaRiblésamplt yomizes ducligenbudaee net limjtedwy, dpsthehial,yceoadectiwgt hods
for properly collecting and storing various biological samles are known

in the art muscle, eaypeves tissieponbipddy flvidshsuelescerebrospiral ShngI(6SF

Preparation_ of Affinity Matrices Using, Bi ol ogi cal | es Aft : e
bi ol ogi cal bieRfhisalvadFarsy BuIFoHs) PACTEAIIC I} e‘B%naéMSs%?at’ r{’ﬁ%s are

one. orodd Ao DA i, SRSl ofs SRR P EE AR e O o "

i ncl udes a ] s ort or gel to which is -attached a nultiplicity of 20
di fferent Sﬁﬁ{)‘éllqlngugir)' ot her bi onol ecules. Suitable matri X material s

include, but are TaE sbiid 6fkht @applels clilsas besed G2 baATIesy ofBioRrs,
nmetal | oi ds, pol acryl oyl nor phol i de, various plastics and plastic copol yners

such as  N¥YuENaMheTrRuENG I hepdisgaseror| condjtiqrobgipg spydiedeFor instance, CSF
pol y(4-nmet hyl butene), polystyrene, polystyrene, polystyrene/latex,
pol ynet hacmpaybe taliesl tp(stady pahiseass of Hreceamntiad narvous sysigah WG BAICTBIS (vi ny |

but te), .pol yvinyli difl j.d RPVDF il . | yf | dehyd
col T ur o8, 1BGr g be R i wucy Ridiiee r AFRnctensy T i reRr i BOPER 6 age.
Control | , | 1k - : 030
N 0. °aere§°3§? ?E"gég? 3 §fthe SR S BlPs of Gegp ik e 2R bt chN B0 100
(P %322) A Rag,q8ficithr typd o \BHiRE! B.g. IPEIPRR 1¥8ipBOrh, E49PRhy tRaslalyledal ., J.
"~ Methods for properly collecting and storing various biological samples are

known in the art, and may vary depending on the nature of the sample.

15 reparation of Affinity Matrices Using Biological Sample
After the biological samples have been collected, a set of arrays or

matrices are created by adhering each of the samples to a separate support
(FIG. 1). In one embodiment of the invention, the array is an affinity matrix
that includes a solid support or gel to which is attached a multiplicity 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-



Appl . Phys. 22:7309-734 (1989); Kim & Jang, J. Am Ceram Soc.q ,74'@9@- 92
(1991) and the like, and other nmaterials generally known to be SL]II a % for
use 5 in affinity colums. In a preferred enbodi nent, the ®OFIBEO1/49080 a
streptavidin sepharose colum. However, screening can be carried out on
other solid phases or in solution. Bionolecules, such as proteins, can
easily be attached to a solid substrate where they act as immobilized

ligands that interact with 1 onpl. e thar . Iy igy a solution
co%t act ed Nd.) a@roggg%(spg,t%g., egpseé&ﬂg'g @8&@%@?@@‘2@ 1?4? %rqnjé%(%g:rpl e a phage
di splay |ilr 1S S v fafol. 41 i W \rmet -
nol gcu%/es (ﬁgséﬁ &%Fﬁ&e@ég@&ﬁél’%%?l%%@dé lygllr%gz’dgéc%%ﬂb%ﬁrfgg’gg?rp%nent S
can be washe [ s CRR! ® J. @irhhe€erapi. Bodd §4al 3B3-02i on
| acki ng tngpf’j‘a%@% %@B@f@%ﬁ&’ to t‘%ga%?’fji %ﬁly 15 col um, or to provide

the isol atqdgl RbgEhEMkeCMl E6tHeh ameiale gendallyknowotonbe shitalg fouwse
subst ances* are” washed away, the bound material is eluted, often,i,n an

el uent ¢ haj ffiesgnsltimsads agrafdrred drebodiorentfibetsuppett IR AGTEREVI¢igand. The
bi onol ecul es captured in a affinity natrix can be S%Qaratgd aogd rel eased by
denat ur at i ssphetdseerolttno JgpwEEer, SCERENLRE GABRE CAISd U Q8 A1BRE SAUS on, or the
use of 20 a destabilizing agent such as fornmam de, TWEENTM 20 denat uri ng
agent, or ph@@ﬁ@ﬁﬂ’élé@hﬁ&ﬂmsul fate (SDS). Many techniques are known in the

art for attaching Iﬁfp?g & gﬁlggan%lé; Oel{sltb%;el?ﬁsg%%%ﬁ%%&taﬁa&imé g or

support, such as t ! I or”’ “exanp Bi oconj ugation: Protein
gogelelsn%i Iﬁﬁghﬂ%ﬁ#’@e“rﬁ%&ﬁﬁ%mr &%%e%?%?%ﬁh@iﬁ);e%tl ??tl)lﬁg] d/eA\'ri \[/)z? |t zation
o o o 1 D e o e o by b ot | ot 70 e
B; gt gi n: g@duma ito @)rrcgscscﬂmdr ﬁlrgexamlﬂq pﬁage idhgplay liprary, i p?/ﬁwcggb@ythe g
PeT sy 42gi§u(1)ity matrix, allowing target molecules to be captured by the immobilized
ligands. Unbound components can be washed away from the bound complex to
either provide a solution lacking the target molecules bound to the affinity
15 column, or to provide the isolated target molecules themselves. After unbound
background substances are washed away, the bound material is eluted, often in
an eluent that loosens the association between the target and the ligand. The
biomolecules captured in a affinity matrix can be separated and released by
denaturation either through heat, adjustment of salt concentration, or the use of
20 a destabilizing 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 Techniques 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 beused. Ina

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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i ncludes avidin or an avidin-related compound (e.g. streptaviténuN 202
biotin specifically binds to the avidin-rel ated conpound thereby attaching
the proteins to the substrate. Other well known specific HRGHVHYHE®0rs may
al so be wused as a neans for attaching the sanple proteins to the support.
5 Prior to adhering the sanples to the support, the proteins of the sanple
may be denatured to allow for a nore conplete analysis. A variety of

di ssoci at i yecligéovidimoe ak aoidinirelatétec@npowndl (a%ystt@twsiddm)t T Hertsakinup
protein conplexes, solubilize proteins, and unfold proteins within the
sanpl es. Thpeafically bods tonthewyelinfrelatedk eomppeynd theaeby attaching theiani di ne HCL,
formc acid, 10 various, chaotropes, detergents, _heatjng, phase.

partiti oni R§Otemsdodheisuhsirats: iner walltons spestfjc binding palis sers: 489 bs of
proteins in the sanple are, tao .be preserved, ., .such,treatnents are omtted
and the prb‘?%‘?ﬁse Dé)ﬁ% aﬁa&‘lasttﬁ%ﬁgpﬂ} Boteps &E}iq P29 o i ncrease
stability. By presgpyi | Al LIS : of a

pr ot ei ng conpl ex magh\éll' ?%\?vaﬁ%ﬁ)&%ﬁ{eeéi%s 18?&3%%%%3 Fﬁé%bte?é}%}%gggﬁﬁ%f 15 nore

than one coppANeiayde AekAHIRIANS-allRPFIAEMNYE boinplAe iadalyaisd! R alicBy gf i es In

accordance wth thé present invention, the protein affinity matrices

descri bed dissoeiative methddsarsknewn ia thepttiadd-mag beiusedito Yreakuyd pdteihi brary,
which is made up of a collection of peptides, wherein each peptide is 20
| i nked to chmpbbyeseaelndiihze proteing, andounfold prateisgivodhinthe sampées) iThesey is a

ﬁQ? ggdgi Sf Iax?gtb%ég{ﬁ ‘F:Pfiﬂigkg E{egﬁ%ﬁﬁofgW{tg%@g’aﬁééﬁf 1‘3‘5&%!%8 th can be
of ;?23 ay Verigt R bR SRS BB LR e ol AR b R BDRRErFORA e&'f the
a1y 10 AferlaliGeR) elRaSUAHGILE Eorbleifls AP AthABPONTE pAREa, af ter

initial screening. "Avariety o raries ¢ be used, in t

present i ngash hRatmems!didiongitted AR AR gfotﬂiﬁrttdﬁ‘iibleﬁes ang sptiglatiydeai n Fv or

Fab fragnent antibody -13 1 4 JUN 200 ) o )
crosslinked to increase stability. By preserving associations, phage against one
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 isa _
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

-13 -



PCT/ USO1 /49030 libraries; and reconbinant-display or synthetyg biggle
|ibraries. Exanples of suitable phage display libraries and techni ques for
their preparation are well known in the art and descri bed rgryusoomomssanpl e,
Barbas, F., et al., Phage Display: A Laboratory Manual, Cold Spring

Har bor, New York (2001). Oher 5 libraries which can be used are descri bed
by Li, M, "Applications of display technology in protein analysis",

nanber s of IBETRReY BeomtRyak RE A e BRE JL AR, BRpBIor T

gener at ed ' AL ' | -4 sual goal
Por uei ng SESHUTF¥phal ARIAPBERs AL R R B e e
typi cal pogho@Rh iRitRe@fFSadd\@sciibed i fdr agampid, Babay, IFy, etldl., Phagei ns that are
screened. Inits sinplest form the nethod of the invention uses a single
bi nder of sl d/Labwratdryifayyaliobh SpsingdiaboedNew 0¥ orky(20h¢).pOtherss f or
optimal protein capture and rel ease Phage display |ibraries can be sel ected

based oh t hibrarigsawhichutaarberasasiaspslesered e pani npplications phdigravnal ysi s
ired and_the properti. ffipit ' d. F
] o ¢ RSRERBRBIOIEE gLt adais Dtde e b2 St SsRagOBEr ar | s
lated to wheth desj.r ed. af fini ] i ti body.
The I tbrary used: pRatieppiied pltirist JeSF e el or o8 L8R et 2 on ot
bi nders s P?&{gctg ngggeugéggmﬁeeﬁw@émi ﬁnﬁénﬂ??%h&‘_a?ed B0/ 420 TR k& abidxt Ur es

of libraries h to capture as nmany ecies as possible fromthe

chosen sanpbgdudd 4ti gBhogitiorane asedpoal fangditpsedelibiacies $sitessléct! i brari es
can be devel oped which contain binders for all known species in any

parti cudar higipeffofitsbindess fdtrethetypizal pobokofbindersdbated fonndagainshe protein
affinity matrices 25 generated fromtwo different, biological sq%‘gl es in
order to casatyallpretans that arpperaenae by iy @F‘P&leﬁtlfﬁﬂndﬂl’efrélst}’@ét B the two

| es. f. ' h ' : . Fi ,
he’ phage AP v epEl pirgototmpdr e el AT W sBeBB cu rom
the Tirst b o 3% ProSAiRb optiiial PRI Chpture and release

Phage display libraries can be selected based on their particular

15  properties, depending on the type of analysis required and the properties of the
affinity reagents to be isolated. For example, the choice between peptide and
antibody phage display libraries related to whether a desired affinity reagent is
a peptide or an antibody. The library used preferably contains as large .and
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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-14 .14 JUN 2005 PCT/ US01/ 49030 phage is washed away, and the'quggNgﬂﬁge
Is rel eased and then exposed to a protein affinity matrix prepared from
t he second bi ol ogi cal sanple. The flow through fromthis s®&CFAHOERWSEUr 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 | i brar yphagefis wedshed porgd ahd tite bo@idEphagy fsirblchyedBid then eXpRRed éslaf rom
t he second sanpl e. The unbound phage is washed away and the “bound phage is

el ut ed and pioteinaffinigdnatoixepreparedifromfthe sédondisivtogicglrsapgled The flowt he

first sanplie. The_flow.through fromthe second exposure step is 10 retained
and cont ai ndrergiyEropnthis seernd exposurestap ipresained and Cton’eam%pgagt thatpingl  but

t the fi t | e. Thuyus, ,t h Jib th h t
Coeps I n | Reprofeis BrestBhi thdish Botoairekanyple BUERCLBS SAPBLENIBIL. br ot ei n
ffinit tri . I i | d, the.b d ph
Are recovered in Uhe Al b B A I U8 o B R AR SR L o e
protein affjeRetet JFBES, ii%. AR BME i?fffrgkre%s@e& id &Pr&%ﬁ% miﬁfctglawosed to the

protein affinity matrix ‘prepare rom e second sanple. nversely, phage

whi ch boundprepatddefrpmotheisecarid sathple. Thed uhboundeflaigeds Wahed A agesdite
sanple, are exposed to the protein affinity matrix prepared fromthe first

sanpl e. Thikowshphage iseiutefl andghen exposadso20potsinlafinity mdtaxisepatdon of
phage that are capable of bindipg to those proteins which are different
bet ween t helfPiy f?rﬁHS%Elﬁndf %eaﬁg?ve@.mmfrpnbtbﬁtww@ BXPPHEGSteprism t he

sscond 2P o4 AR TSN RE: RRELSSe, AR o tin CdaboR0 b2 soRL PR, o1
BP??; gx ?@gﬁf‘ﬁﬁ@ ﬁ;ﬁ‘%‘aﬁfﬂﬂ% ?J];\If |2(r)16t5y reagents against the 25 "difference
Thus, the phage library goes through two capture steps. In the first
step, the phage library is passed through the protein affinity matrices prepared
from the biological samples and the bound phage are recovered. In the second
15  capture step, the phage which bound to the protein affinity matrix prepared
from the first sample, are exposed to the protein affinity matrix preiaared from
the second sample. Conversely, phage which bound to the protein affinity
matrix prepared from the second sample, are exposed 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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PCT/ US01/ 49030 Phage Affinity Matrices As discussed above, thet phageaphi ch
have been selected fromthe phage display library by exposure to protein
affinity matrices are used to generate a set of phage affi PCTSHBLIICES
(FIG 4). Methods for preparing 5 phage as an affinity matrix are known in
the art and described, for exanple, by Smth et al., Journal of

| mmunol ogi cal Met hods 215: 151-161 (1998). These phage affinity matrices

can be usei;to dg’ ﬁﬁcElgmﬁgeen t he bi ol ogi cal sanples being conpared.
Prior top t hrough the phage matrix, they nay be
treated, as di SCUSARH;IRRNE] aﬁéw%@gﬁag& whidRRRGS Ve selb@BQE M e 10

net hods to break up protein conplexe olubilize proteins, and unfold

proteins t h’sh' e QMéplayi exp cﬂuﬁenﬁd ®itein affinitythatnkeslafe useddot ous phage
can be suc ssfully enpl oye dlrectly or affInIM purifications, and the

di rect usegemfereaggrsegaf pHaghaffmirmetticeg (EEGaf) dsalor prepasbit i de avoi ds
the need to decode the appropriate peptide seq hesi ze .i t, and

Ei hen p& Sparphages aspp ﬁfm1W|m?Ump$ﬁ@%mﬁ arfipr@ Gi%'lbteﬁr rc"d‘ﬁ“ﬂéio?}f:le i f
As FI G .5,

.bﬁZLC.edum ﬁ&%? h“e@% et b of fiammatasie Wéﬂw‘" r @33%@%% Ks that

bet ween t heh 4“&?&9a ﬁﬁﬂ% chaiEEs bAEbEUSed RORRAIPSeBE b RIARA Qtdles o0

are washed PéhtPﬁoP&Pﬁ&Esﬁ@ﬁfé'é&&;ﬁé@ttﬁbug]@%@iﬁ@h@mk&m@%éf' G 6),

usi ng any o ety of identification and quantitation methods known in

the art. (S@a (Bﬁgieatecﬁal?dls@isse?d aboNgusing Blyooﬁazlvanbuyg;fdls'fscﬁmnm9 (1999) ;
Gygi, S. P., %l , CQurr. Qpin. Biotechnol 11:396-401 (2 %@ Qda, Y, et
al ., Prad I\tmlethodA(tadbreaEh’cup pustain o@mplxes,sHIEbilize pugteiny, A daya, O A ,

et al., Rapid Commun, Mass 25 Spe trom, 14: 000 chbach, M,
et al . Anal proteias to allowmmpre go8 g@ggysmt,l(ﬁllpssi{ug( age}xtous prflage

R b e P SR R T
passed t hroyah, &, J Y158 phAES EnCiHE™n affinity capture peptide avoids the need
to decode the appropriate peptide sequence, synthesize it and then prepare an
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., Curr.
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, 72:40477-
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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-16 1 4 JUN 2005 PCT/US01/ 49030 into an ESI mass spectroneter. 1‘ffhéUl‘br2%ei ns
are identified by mass fingerprinting and sequencing. In addition to
identifying proteins that are present in one sanple but noPCTHeOBINEr, one
skilled in the art will appreciate that the nethod of the invention can

al so be used to determne differing levels 5 of a protein between two
sanpl es. Depletion of Mdst Abundant Proteins As shown in FIG 8, in one

embodi ment jgfo AMESI @M@s%tdp%ﬂtroﬂé&rme RiAg arY idehakied by magy ai ned within
t he bi ol ogi cal sanples can be depleted by recovering the bound phage after

the initialfisgepprintngtaad sefhénciry. Iaapdition todddstifyteg protgis thatepar i ng phage
affinity colums, and repeating the cycle usi 31% the nethods described
above and ipresemé LEeamsame butwnotrthe otherp ons iskillediin thepdsyilBappréci@atean be

continuously repeated until .the J]imts of detectiqgn of the _apalytical

devi ce. navehaLER Teode theipentian i mgake %P@t@ﬁﬁ@%gﬁmg lg¥plset ed,
the diff.erences in t I 0l ogi cal ;sanpl es can be anal yzed according to 15

t he tecénidﬂgﬁpﬁgg%ﬁgﬁggeﬁgw Fﬁ?u%§$ng sanpl es contai ning | ess abundant
proteins. This allows for identification of proteins which nmay be present
in very low quantities in the biological sanples. The present invention is

il lustrat ec%@p_l]etjbﬁ of WMbowWA BandxtAebeeifdi ch describes an application of the
nmet hod of the present invention to a pair of 20 sanples of human

cer ebrospi nal fl ui AY<8Fn iITREGe] ampdree ermbodinmentweithe imtemidad tHeambst
limting of the inventjion. EXAMPLE Step |. Proteins Capture Phage Agai nst

Prot ei ns Di FHUaARRGPINEINE SANBARGS é/éthémhngi@g)egiaali ssmpies savbedaplated by t y
Matrices f Orrecerxy\ginsga{ﬁel begurgci: Ilnl%geze?ftell) the -ir]ﬁzial capture step (FIG. 2), amplifying
10  the phage, preparing phage affinity columns, and repeating the cycle using the
methods described above and in the Example below. The steps shown in
FIGS. 8 and 9 can be continuously repeated until the limits of detection of the
analytical device have been reached. Once the abundant proteins have been
depleted, the differences in the biological samples can be analyzed according to
15 the techniques described herein, using samples containing less abundant
proteins. This allows for identification of proteins which may be present in
very low quantities in the biological samples.
The present invention is illustrated by the following example which
describes an application of the method of the present invention to a pair of
20  samples of human cerebrospinal fluid (CSF). The example is in no way

intended to be limiting of the invention.

EXAMPLE

Step I._Proteins Capture Phage Against Proteins Differing Between Samples
(a) Preparation of Protein Affinity Matrices for Two Samples (FIG.

25 1.
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1 4 JUN 2005 PCT/US01/49030 Sanple Collection. Sanples of hunehi Q8K 2008
collected fromtw different individuals by Iunbar puncture in a sterile
container. The sanples should inmediately be placed in an picagydaatsbnsand
brought to the laboratory for analysis. On arrival in the |aboratory, the
CSF sanpl es should be centrifuged to 5 renove circulating cells at 2,000g
for 10 mnutes at 5 'C The sanples can be either. processed immediately or

o o0 o LRt oo PR R
Humana Pr eaﬁred-gﬁ% iy dMls(l}}lgﬁl?ﬁBar (P%%'E'le‘é iTRGRE 1R CoRthineiO THe SaRMIE € bound

proteins a speciles, to mnimze pr Ot eln 1 nteractions,

al i quot's Oﬂéma' ﬁ&m %@%Acedah%nmes@atmaﬁd)bm Itlaitliet)labemtdsxgztfo@n of 3M
guani di ne .2Mformc acid, and incubated in ice for 60 m nutes.

They are t hgsl bme@raremhﬁntjmdabmtorg, theHC SFaspmipdesaghoudd) beskntrifugedie sham
Phar maci a Bi oglech) on an HPLC systemat a flowrate of 5ml/mn with

phosphas e- bethoee etteshatingeellpBER, 000200 10aninadescat 57C.d g saaplgs caBeof 200! .
Igfu%‘iwaﬁleﬁé&%&»%é rnsmestely 05 RVed Bt T elEr BRAGH (SPORME Tal vsi s i
the aadi ¢ 1 8RS HAcHGtrama: Der ra Ol arimedls BRSROaIs2 A BLoG e cr
allauots angofblbhMolody, Wdl h1f’?§1¢g@ 85 SrddieTHRMa, N(16R). Protein

Bi oti nyl at t st protei hs in the buffé& exchanged

sanpl es are bi oti nghapeslPr ép’ﬁmﬁbﬁt gloydipsdotatetboundgrotehicearnd othebmy/ i
solution of Sulfo-NHS-LC-Biotin in 2nM sodi um acetate, pH 6.0. Add 50 ¢l

of thi $OSO|SEE¢1GSI, drrl tohmimlasat peateiaShteachins, aliquots ofshe @amplqs&éo@lé}) 2 25
hours. Add

to inacti vmg?rialdél\ﬂrl{c;: ﬂggécwfcgnzrﬁapn %Eglvl[ %g%ﬁ%@lﬁﬁgﬁé@ rrB??igt imn,nUt o
desalt us Iarclziqd %nti“ 1-r|1_rcu atgg n 1<§e| for 680m¥nr{11%es( 'Ql‘rﬂsery 8 rg]henhguf%grce'xachghgéc? ch) on an
using a HiTrap Desalting Column (Amersham Pharmacia Biotech) on an

HPLC system at a flow rate of 5Sml/min with phosphate-buffered-saline (PBS)
15 and collected in a final volume of 200p1 . The low molecular weight
flow-through can be passed through a SepPak column and 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 HCI 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 ! of this solution to the desalted CSF sample and incubate in ice for 2
25  hours. Add 500l IM Tris-HC, 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 5ml/min with TBS (50 mMTris-HCI, pH 7.5,
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HPLC systemat a flow rate of 5m/min with TBS (50 nMIris-HCO, TeHJ@y S5 18
1 4 JUN 2005 PCT/ US01/ 49030 150 mM NaCl) and collect in a final volune of
200 | (Barbas, F., et al., Phage Display: A Laboratory MamRGH/USo@abeBoSpri ng
Har bor, New York (2001)). Capture Colum Preparation. Pass a biotinylated
and desalted solution froma human CSF sanpl e, naned Sanple 1, over a

H Trap 5 Streptavidin Sepharose Col unm ( Arer sham Pharnmaci a Bi ot ech) on an

HPLC syst F hth-T ' AR Ft hitsy c

(" Col um igg)q&\%ﬁﬁ@ggﬁjc%ﬂé#&gy lygl"lr]ﬂl%fzg?gﬁgepeaf Ff’%tsﬁl'b?!gg‘ggs f or
a second hyuem, C3 ssuratsy Marksl, GalPhpridg Habyt, Néw v &ke@od1po! um

(" Col um Z!Z%&gﬁ?gfﬁgaptureﬁgt ep One (FI %Sr 2% 10 Proteins Captur? Phage. Pass
103 to 104 equi val €apavelCaAuhadyepaRaidrn. dBadsi dbiatinylated 2nad desdltgdar ti cl es
for a library of 2 x 10' clones would be 103 equival ent 8'217 in 5mL of TBS
over each sblutonufitorn a haman CHhsamplepnaned\Bameple laovar a fblrapt e of 40

| /m nute. Wash the, col yms with 20 TBS at..a fl.ow.rate _of O. m nut e.
15 Capt@ure@tlﬁ’@é@/ég%?r CIE}E’&‘P .91um£fg1ﬁﬁ‘z%hha%maglchﬁ) QDﬁnﬁBE i ng
Elution Buffer (0.1

of "0, 8"t/ mvsigrecotibhd 2Rl 1B5a oLflmiute b B EpBitn i rPumen, " ©

phage, buféser ' L AR B R | &g Phar maci a
Bi ot ech) on1 z’nwﬁéﬁ(@afgggfgﬁgg% 120 |Tﬁt'low ré??géé%%ﬁ%b%féﬁés and col | ect
20 in a fingmaptsraagiplahaihed Satpld Baobasld dsecehddolumBhi@dehPha@qy: A
Laborat ory Manual , Col cFéprl ng Hargor, New York (2001)). (c) Capture Step -
Two (FIG 3) Proteins Capture Phage from Swapped Col unms. Pass the el uted
and buffer exchanged phage from Columm 1 over Colum 2 on an HPLC 25
system at a flow é@t‘gamﬂrmstep/%mtﬁl& Aash the colum with 20 Ml TBS at a

10 Proteins Capture Phage. Pass 10° to 10* equivalents of a Phage
Peptide Library (eg 2 x 10"' particles for a library of 2 x 10° clones would be
10° equivalents) in Sml of TBS over each of Columns 1 and 2 on an HPLC
system, at a flow rate of 40 pl/minute. Wash the columns with 20 ml TBS at a
flow rate of 0.5 ml/minute.

15 Captured Phage are Eluted. Elute the bound phage with 1 ml
Panning Elution Buffer (0.1 M HCI adjusted to pH 2.2 with 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

20 in a final volume of about 1 ml. (Barbas, F. et al., Phage Display: A
Laboratory Manual, Cold Spring Harbor, New York (2001)).

(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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flowrate of 0.5 m/mnute. Repeat this process with the el uteq@% b%ﬁ[ﬁer
-19 1 4 JUN 2005 PCT/ US01/ 49030 exchanged phage from Colum 2 over Eo um
1. Captured Phage four Swapped Col unms are El uted. El ute thect/osungdophage
fromColum 1 with 1 m Panning Elution Buffer (0.1 MHCO adjusted to pH
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 | 1M

Tri s Base, 9.1, Verify t H has_begn jged to yield a solution of pH
7.0-8.2. nggéq“gteqi@a&eﬁ%?%ﬁpwh?ﬂg%gﬁ%%ﬁage from Colum 2. Step Il
Speci fi ¢ Phage Cap L, ( | Rr e ' ge
Affinity Matrix (F%ﬁﬁ%iﬁz%rgggfﬁgwﬁeg%élﬁ%wg C?P?V\l/-a% atr')(r)%gftep age from
Col ums 1 a@¢nd- ha@@@dxﬁno?mel- w1 siffennfiEpEatoH Bakie0.d4re HCgpar ed
according to the Tollowing protocol: 1. Transfer a single colony of K91
cell's to aadjisted® pHIR2 with ghycine) at 2 fiow rate AOYS nilinimse endwellecght at 37

C with vigorous shakin &‘250. rpm). 15 2. Inoculate a_125-m1 fl ask
cont ai nf ng fizetions.dloolzie Fiaction contasring phagenasdmeytitalizg with abowh @ pl

vigorously (250 rpm at_37C untjl. the cells have, reached md-|o ase
(ODB95 = -dﬁ\Aéff;n&ﬁage,p%Lﬁsl. sty the BFbhaschmesTaissd t@é’ééglaowagﬂﬁﬂi‘)%@?fo 100
rpmfor 10 m to,al.low the bactenia tq.r ner ared F. pili.
Measur e thg’%geﬂqﬂ e PEY At W&@ﬁl@uﬁ&ﬁ}?g%q%goééﬁng{]ZS (best at
0.55-0.65). 4. Transfer the culture to an Cak Ri dge tube and centrifuge at
600g (2,200 rpm in a SORVALL SS34 rotor (or equivalent) for 10 m nutes at

room temth%W%P@&ifﬁ@hge Chsoed Diffbense Peseiisant and gently resuspend
the cells in o 25 80 nM Nad .

(a) Preparation of Phage Affinity Matrix (FIG. 4)
10 Pool Phage. Pool the flow-through phage from Columns 1 and 2.
Amplify Phage. Cells for Phage Infection are prepared according to
the following protocol:
1. Transfer a single colony of K91 cells to a culture tube containing
2 ml of NZY. Incubate overnight at 37°C with vigorous shaking (250 rpm).

15 2. Inoculate a 125-ml flask containing 20 ml of NZY with 400 pl of
the overnight culture. Shake vigorously (250 rpm) at 37°C until the cells have
reached mid-log phase (ODsy; = ~0.45; this takes about 1.5-2 hours).

3. Use slow shaking to 100 rpm for 10 minutes to allow the bacteria
to regenerate sheared F. pili. Measure the ODy;; 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 NaClL

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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6. Transfer the mixture to a 125-nl culture flask and shake gepgl yyy 6dhO
rpm at 37 C for 45 mnutes. -20 1 4 JUN 2005 PCT/ US01/ 49030 7. Transter
the m xture to an OGak Ridge tube and centrifuge at 850g (2PGDUSHPIP30i N an
SS34 rotor- (or equivalent) for 10 m nutes at 4C. 8. Pour off the

supernat ant and resuspend the cells gently in 1 m of 4'C NAP buffer. 5 9.
Keep the cells on ice when in use, and store on ice in the refrigerator.

The cells are best~u ' | A bl 1 ge

i nfection for a fe\7v' ayg.bfgﬂi?gé I(Eizifellﬁlllﬁs(e BOP%E %%@gﬁﬁgg%?ﬁ?{ﬁ%&%@%emi n
aggr egat ed @f$0%y rE) il ah SRk kOGr Pbr sdifivaIeRE) for 10hEtntehy4BTEe stored. The
final concenfration of cells should be approximately 5 x 109 cells/nl. 10
(Barbas, F. et al. 3. PagofbiErmpemadahtednl @sospendithe@ie]ls @ehtly §pdimbofar bor ,
New York (2001)). Infect the Starved Cells Wth Eluted Phage. 1. Determ ne
t he concent4f°£%\fﬁﬂ’<bﬂff%e phage by agarose gel el ectrophoresis or
spectrophot onetry.

virions 5( I Ielss t han 9c1)r g%ﬁg‘;e léo(i?:éé%@bllilgil'g% Ia;?ﬁ{s{p@%o%lggglghﬁ{q glulggt ?Sbesd
O T e BB RAR TR Bl B So e R BgRhb b 8 el dyflor™ v
by Bddi g TUUE TRy o e e e e R 1 fge

tubes) of Ném#A®agaidpatd it gettiyl shaRinpgaelitlel tabe dmehhith tiy: areneatbat e at
39'Cwith intermtient shaking (or tapping the ELISA plate) for 30

m nut es. | fThisfingl dorfcentrativnodcels shduldeetappreximatebe® xt HE cellinsl.

upsi de-down _in a beaker and shake in an_incubataor. m?ri e{c{ gp m crof uge t he

t ubes H&F orBashenitngt ahndhegaDisbarel ILgbpyatery danugd, Cold Spring Harbor,
New York (2001)).

Infect the Starved Cells With Eluted Phage.
1. Determine the concentration of the phage by agarose gel
electrophoresis or spectrophotometry.

15 2. Infect cells by distributing 10 pl of diluted virions (less than or
equal to 10° particles) into microcentrifuge tubes or into wells across a row of a
flexible ELISA plate. Add 10 pl of starved or fresh, high-density cells (~5 x
107 cells). Incubate at room temperature for 10-15 minutes.

3. Induce the tetracycline-resistance genes by adding 150 pl (for

20  microtiter plates) to 1 ml (for microcentrifuge tubes) of NZY containing 0.2
ng/ml tetracycline and mixing. Incubate at 39°C with intermittent shaking (or
tapping the ELISA plate) for 30 minutes. If using 1.5 ml microcentrifuge tubes,
place the tubes upside-down in a beaker and shake in an incubator. Briefly
microfuge the tubes before opening, and mix the cells by pipetting.

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.
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25 4. Dilute the infected cells in flexible mcrotiter plates i & WUNZ2005
containing 15 p.g/m tetracycline. Mx 20 gl of cells with 180 | of NZY+tet
for 1:10 dilutions, and 2 | in 198 gl of NZY+tet for 1:1008CEHUSEY#M83. - 21
14 JUN 2005 PCT/USO01/ 49030 5. The concentration of tetracycline-resistant
transducing units (TU) is determned by titering. Titering of an unknown
sanple is usually done alongside cells infected wwth a positive control

phage whose nummbets ofye BahLdrttafhUf thfakeame 1a8idtant danblscibg enitp (PUD ous| y

titered. A good pos control is a’stock of CsC-purifred fd-tet or
f 88- 4 phagg.det@hlificd B3ttifering. Mewmingtofeat esknuwhsahplpdsdishally donbuf f er
alone, in parallel wifh the dil ut eg. phage sanples, serve as the negative
control . \Wiengsidectllsnfeotednvith a fositivarennteol phagewhmsemwmbarafe titering,
spread 100l o_% diluted, infected cells ontg 10 NZYda%a:r ‘%at eg cont ai ni ng
40 g/ m t eparticles/mhis kispwe aad dhat has heen pesvigrslytiered: PhgR0¢ PPHEVHI at es and
I ncubat e overnight at 37 Far, t, I1t8yd ve been
dried By iGRERIS ﬁ&tOQIﬁBM'IPU‘FW@aBHFHGEQr igkg%hﬁgégc%hﬁﬁ%%a %érhaor
sterile hopd faqr .a f \QLHC S, r | e agvhere each
spot (up t © %8&‘1?11 Bﬁggg;&ﬁv&\ﬁﬁw bg@fe?f orﬁ%?hﬁﬂgl gl{gft}}(t%%rlg%ﬁg?ﬁgfg di luted
phage over S ' i PRlehQountiag dotonisgd éslony ki B) . Let
%%gﬁ%st %a@@ tHé‘%l{:%agﬁ%%kr oun€iag S \'f

the agar a rops spots should becone flat), then invert the
pl ates andTincubate overnight at 30C. 8. For colony counting (especially
fromspot titers), the tetracycline- resistant colonies e(s{{'mﬂd be smal |,
but visible. To pr@&vEot plate tiverengyspread Ki0nlzd dilytechitaiectedigellsqadot he pl at es

out of the 37C i ncubator before |leaving for t.he nigh ,’Ie them sit
over ni tht NZY agar plaipesentarang aﬁdxaémﬂ@mchaﬁ-@%%aé%e Ptr‘?%& BbI | owi ng day

fate at ni ghetoprEys Sealerneafihal A G dnitt e a7 Smone check the
7. For spot titering, use plates that have been dried by incubating
them with their lids askew in a 37°C incubator or sterile hood for a few hours.
Before spotting, mark the plates where each spot (up to 16 per plate) will go.
15 Carefully dot 15-20 pl of diluted phage over each spot (a multichannel pipettor
can be used for this). Let the agar absorb the drops (the spots should become
flat), then invert the plates and incubate overnight at 30°C.
8. For colony counting (especially from spot titers), the tetracycline-
resistant colonies should be small, but visible. To prevent the overgrowth of
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)).
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col onies at the beginning of the followi ng day. Once the col onf 4sJUaes5
reached 25 optinmal counting size, they should be stored at 4' C until they
are counted. They can be stored for several weeks if the RGETENVAIB0seal ed
with Parafilm (Barbas, F. et al., Phage Display: A Laboratory Mnual,
Cold Spring Harbor, New York (2001)). -22 14 JUN 2005 PCT/ US01/ 49030
Large-Scal e Preparation of Phage 1. Pick all single transfected col onies

and m x each in aga,%eujcalgip;-@p@,%‘bhidyw@g@ube containing 220 | of NzY
nmedi um Pool contents of all “tubes, and Inocul ate each of two 2-liter

f1asks contai ni ng bORicH aldsinrtramefected tolopied araf mixeackcircailifembi t h t he
di luted, pooled cells. Shake vigorousl for about 20 haours at

37" C. 2. Trdosicentrifigedibetontaining 320 ﬁagﬁéﬁggﬂggd?um&’@@hppm&a&eowbe, and

i kL

t7 8C na;?;ﬂ%é"&/ Hﬂ @5@“?@'%? _es %EE&O‘?}%‘&G%B?‘);@ g%lzgeﬁtﬁmﬁév g%%ﬁ%lgte tﬁbe in a
éﬁdgg@rfo}Qbﬁg}%aggﬁ@é?qdcm crofuge briefly. Load a 15 | sanple

onto a O. se ge and run. Use a known quantity of f88.4

phage as a controd, ([ZFapnsféP100 Em@geulnﬁettbql(ﬁsmli@&oa@tamge tuBenandi s gel
either before 15 going on in the procedure (to be sure the phage yield is

good; - 101pellpttitei axlledn m mirrofugethy spimnipg fubispaed (14008apmidorAd of the
procedure (to determne the Eercent yield of PEG purified phaa%). 3.
Di vi de t he miniutesr elansfer 20up of thephrgefapntaipmg supeseaiant togiesh8otmbs (- P230

i st ur B g rkGEDGsaize Wb coniekug Srhiate sk Cirrm AR BB ME B 1 neo
(L:)l)ﬁ?nt Egt tgske 809 hESHIY [ 1h 49 futfin) SmPOBY piSduidl. HcbhRSuBE iftr7oe@r efully
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 Culfur@ from Step 1 among.four 250-m! centrifuge
bottles (~230 ml/bottle) 'Centriihge 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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supernatant into fresh, tared, 250 m centrifuge bottles and qqtg ? F@%the
culture volune in each bottle (g =1m). 25 4. Add 0.15 volune 0O NaCl
solution to each bottle of neasure supernatant. Screw capBCDUSoN{pad y, and
m X thoroughly by inverting the bottles gently approximtely 100 ti nes.
| ncubate the m xtures for at |east 4 hours on ice or overnight at 4'C. -23
14 JUN 2005 PCT/ US01/49030 5. Pellet the phage by centrifugi ng at 6, 200g

A A g e
recentrif n%gr}ggﬁgﬁéﬁa% lBé fgf;g tBQibtufh 8 pélr@!t Rbﬂ'ﬁ)vléQhé et is

opposite Supet ha aspirating wth a 1-m 5 pipettor.

6. Add 7. f Qﬂ Tré@brf&ﬂﬂ.l heldee Bottles tilting ¢éacthdbdile €0
I ncubat or F%ﬂduglp%-lrﬁ%ér%grtf@f/&lo %1 nut es tg?) gesuspend thglgpel l ets. Centrifuge

briefly tgpgf ﬂhé%adll@ems@pdsmnm rerhhininpsupematant acd aspireting Witlhadred t he
solution fromall four bottles to two tared OGak Ri dge tubes. Rinse each
bottl esw tgipdflomnother 7.5 ml of TBS and add to the Oak Ridge tubes. Each

t ub houl'd h a_tot | | t b h TBS
?Edi(r)an:gh%gﬁg?e 6a\iz Ot ¥ %Suﬁge@r%g t@%ﬂe gnd %ﬂ?{lg :el?rﬂg'n esf'E a]E

or ni_nut es g ansf er
t he super naCHPRLET £oF 4g@gﬁ11n@tg}ya%0 B%F&étg%p ﬁkgﬂ%ﬁ?ai §dcgt8%trﬁnﬁ11 %e t he
vol urres ( ﬁéﬂﬁ drl%e theSo1Bida t¥ %é’%@ttt St df'-:e@ch'%@&lé Ofahkfet the sélaciont ube,

and invert proxi mat el Imes. Allow the phage to precipitate
by incubat png, al&?&ﬂ?&?ﬂgs f&fw@tarb@@dk Ridpewnbes Rinse edcthbattle withei pitat e

shoul d appear. the precipitated phage by _centrifuging at 10, |
OO0y f org 40ancther 7.5 ml of TBS and add to the Oak Ridge fubes. Each tube should now
have a total volume of 30 ml. Balance the tubes with TBS and mix the phage
thoroughly by inversion.

7. Centrifuge the tubes at 10,100-22,700g for 10 minutes at 4°Cto

clear the supernatants. Transfer the supernatants to fresh, tared Oak Ridge
15  tubes, and determine the volumes (1g = 1ml).

3. 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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20 minutes at 4C. Renpbve the supernatant as in Step 5 above. 1%0JUNMEI510 ni
of TBS to each tube. Resuspend the phage pellet by gently vortexi ng, and
then allowing the pellet to soften at roomtenperature for PQBY§e/¥0¥our .
Vortex again, and briefly centrifuge to drive the solution dow. (If the
phage are to be further purified on a CsC density-gradient, add only 5 25
m of TBS to each tube, resuspend the phage, and conbine the two
supernatants into dlsiCiegreh@atpdrndtaats bipeentrifitging 4hg bitbeaco 3 OPON-US01/ 49030

11. dear the_supernatants by centrifuging the tubes at 10,100- 22,7009 for
10 ni nut es 22,7902 %01 bopunutesaé renmiemperauretardt €. S dhe slegegchat ant from

h tube int 15- I I - t d_st t.4Cinth
dark. 5 12, SUpSTaRleT AP REEAcHE PO a1 G TaPY BeaTEp-pRdghe Al S e,
treat an al iwi%&%@/ﬁge with 5x Lysis Mx (as in Step 2). Run 1- 5- and

10-1 sarrplaets o) agarose gel in 4x GBB, using as a standard a known

amount  s0f phage t neatRdiditimbing tﬁ@?@%@gﬁﬁgtibﬁ%ﬁ%el@rbﬂﬁ]fhg%?arﬁcl%&”@éﬁ_ from

the original culture supernatant ) to cdlcul ate t percent vyield.

El ect r ophor gi aliquidt cfiptagsiveith Sxdlysis Mir@id anStep @). Randnst-raadi iggul hat only
one DNA species is present; this is especially inportant for fd-tet

deri vat i vessamples bneah2febgarese pel int4x GBB,alsingasye staadartba knawinrampnzige
be. mor o accot BRAESreHSQEL Bt Bc wEE A 58 SHaNIp 1o thoABBRA thi <
the phage (SURPPuBsaA NieRbaa i leRess prgint RetE HatFoRiaag; ' o
der 1 vatltye s AV B 415 HABOalf ot e iRty e B DRI oot 1Y P e
(if they argregeit; tls @@e%‘é@laﬂyﬁﬁiﬁ&rt&ﬂ)foﬁﬂme‘t derivhtivess Seticiapan d¥iet@iRl ¥ 3 X

1013/ mM, so once the phage .
tetracycline genes, generating phage with approximately 6-kb genomes. The

concentration of phage particles can be more accurately assessed by
spectrophotometric énalysis; however, this is better done with CSCl-puriﬁed
15  phage. The infectious properties of the phage (TU/ml) can by analyzed by
titering; the infectivity of fd-tet-derivatives is about 20 particles/TU, whereas
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 Gradients
1. Following the large-scale preparation of phage above, the final

volume of each preparation should be 10 ml.
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20 concentration is known, it should be adjusted accordingly R &> To

| npede cell growth, the solution can be adjusted to a final concentration
of 0.02% (w v) sodium azide or 20 mM Na2EDTA. The phage c&RTABIE{%Ed | ong
termin 50% (v/v) sterile glycerol at-18 C (Barbas, F. et al., Phage

Di splay: A Laboratory Manual, Cold Spring Harbor, New York (2001)). 25
Phage Purification on CsCl Gadients 1. Followng the | arge-scale
preparation of phag V, ¢ fy : eflfcPTaAd then shoul d be
10m. -25 1 4 JU ,%@%ﬂ@/%%/dfg%é%%ﬂ %@Sﬁsgﬁtﬁg 83 g of CsCl into a
tared 50- ngeaw@g%in, dAd add e ré%ﬁ@g@ided jage. Add TRS t6 hdinad svsightafed phage.
Add TBS to a 1F| n wei ght of 10.75 g (over and above the wei ght of the
vessel and)§$€lg gd%ﬁaﬁdﬂbiﬁﬁé;tbe weight 6f ghe vausebanch©S@: phage TAB® =of a 31%
(ww solutionof CsCl with a 5 densjity of 1. m. T nsity of the

sol ution chf75e)cThishwuld give bhmief a %i(W]]‘éStsg{‘-@@nlfégé%aFWﬂth;ﬂyast ic cup,

T ot R RS e TR R i o
djust the_density tq 1.3 g/ i th .3 |
L e ket B ol i e gy ol o
filled t h i i tr dif
L2015 Sy VR G e B B v

n ra volune wt solutton of CsCl in TBS.

Bal ance t hg | #epnedibsiryanajiuet fherndensity w6 il gimiowithr@sCloor tufferher, or by
addi ng nore Cl solution to one tube. Place the tubes jn a %Xew%[e

sW ngi ng- bucket r o3 dFramsfér dkavolumeef eactdreakeoinipm palyaigmesiyos. B¢ 5' ¢ 15
For the 70.0 Ti rotor, spin_at 58,000 rpmfor 20 rhours. 4. Carefully renove
the tubles Sumthahthertubes aresfiledtq thedop fagkthey fASAAPSEANINE ~ one at a ti ne,

o LR gob e A R S SRBHA URrhd B A 104 R ot om0
of CsCl in TBS. Balance the tubes, by transferring solution from one to
another, or by adding more CsCl solution to one tube. Place the tubesin a
SW40 swinging-bucket rotor and centrifuge at 37,000 rpm for 48 hours at 5°C.

15  For the 70.0 Ti rotor, spin at 58,000 rpm for 20 hours.

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), sﬁould 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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be two bands toward the top of the tube. The phage band, whi chi wiyyl 2086
faint, 20 bluish, and honbgeneous (snoky | ooking), should be just visible
above a narrow, stringy, flocculent, opaque white band (whi ERTIUSOHWBADI v
PEG . In a good phage preparation, the phage band is about 5 nmin w dth,
and its density is approximately 1.33 g/m. 25 5. Attach a sterile pipet
tip to an aspirator punp and adjust the aspirator to a noderate speed.

Hol d the pi ﬁ%}fye et trAfsTeBipes Giteferably sailk), dk Settch et Alstdrile/ @ldagi ng the

phage band w Thin 2 mmof "t he upper edge, 'being careful not" to disturb

t he phage bambfeMpipetiatinchidddozhage band with a -26- 1 4 JUN 2005
PCT/ US01/ 49030 pol yet hyl ene transfer pi Bet .(preferably sterile), or, better
yet, a st erperstalicpaenp+ FTagphege banskwilhbe aisecous;itey to peeiddhaflacsulsntp. The

phage band wil] be_viscqus; try.tq avoid the floccul ent . band that lies
Pndor noat n. bind GaF ige Bogmeate 47 U5HBE FaIgksen RUNRIOTERtHRS, EHEOV Bigand v th

bande te o by BSyFiEe, at Bt G ORnedplalhdE | ©T oSt the for the Backman
60 Ti rotor. 4-6 ptgaqq.agﬁgggjse c'?é'd e%nh?%@a%@ﬂﬂ,es g‘gvté  Fill the
W t , | I r

tube to the shouldef _ cl'ose “the cap y, and invert repeatedly
O e o i R TR i o B e i S

50, 000 r pm éar betpboledsinat sidgletwtfiel Fidltthe tebeptiocthe shoolder ovith AW, dlasear d t he
Cent T Tuge, tharGapaATBE Baq ARVt RReAdy SUpEF. BT A0 IANER HOBe219BY R4ABY: i oo
ggﬁ%/l ylPQ:fe:lg‘iT‘]? glggllbie%liléjd wéi}’th vﬁgt%lr{spend the pellet in 10 M of TBS; vortex

7. Centrifuge the tubes in a Beckman 60 Ti fixed-angle rotor at
50,000 rpm for 4 hours at 4°C to pellet the phage. Pour off and discard the
supernatant, recentrifuge the pellet briefly at a low speed on a tabletop
centrifuge, and discard the remaining supernatant, with the pellet pointed away

15  from the liquid.

8. Resuspend the pellet in 10 ml of TBS; vortex gently, centrifuge
briefly in a table-top centrifuge to drive the solution down, and allow the pellet
to soften overnight at 4°C. Vortex to dissolve the pellet.

9. Top the bottle with TBS, recentrifuge to pellet the phage, and

20 remove the supernatant as in Step 7. (Note: This step is optional, giving
somewhat purer phage.)

10. Resuspend the pellet in TBS as in Step 9, using 12 ml of TBS per
liter-equivalent of starting culture; this gives an anticipated concentration of 3
x 10" virions/ml. Transfer the phage to a sterile Oak Ridge tube and centrifuge

25  at6,500g for 10 minutes.

11. Transfer the phage-containing supernatant to a 15-ml

polypropylene, snap-cap tube. At this point, sodium azide can be added as a

preservative to the cooled phage to a final concentration of 0.02% (w/v).
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briefly in a table-top centrifuge to drive the solution dovvn,Hand al'l ow the
pellet to soften overnight at 4C. Vortex to dissolve the pell et’UNg".UU5Top
the bottle with TBS, recentrifuge to pellet the phage, and p@Rusamoysm the
supernatant as in Step 7. (Note: This step is optional, giving somewhat
purer phage.) 10. Resuspend the pellet in TBS as in Step 9, using 12 m of
TBS per liter-equivalent of starting culture; this gives an anticipated

trati f..3 g [ . T t terile Cak

Ry dge. tube ARERATRLY: Tga AL B, Mol R onl o FRUGRSL20 AV CF r i
hage- i ni o 3 : - be. A
i e point - Sods unt Boy e Lok Soferktrefon AR PR oo the cool ed

phage to aghi ' : dewel klectidbhbrekis] UN 2005
sheaoaentiny sk i gaiok g Hocstptines

PCT/ USO1/ 4 ternativelvy, an be used at a final concentration
of 20 mM  12. Mea$BrBilutetheqimagetl0d; 1 Ghand 1013 ayd BSigelatincand titer.
spectrophotonetrically, and/or by agarose gel_ electrophoresis. 13. Dilute

the phafje Iftlpdetheproper possiveramisggtive contralsdd goodrinfeativediietide t he
proper positive and negative controls A good. infective titeg TUmM) is
appr oxi mat &{/m1) Efapmwé%ﬁélé’nf"?%qf%ﬁ Geﬁg“ﬁmﬁé’i%‘aﬂfclﬂ%}fsﬂq PéEtICIEén rions/n).
14. Store the'c@{%@ﬁ.@ at 4C away fromlight, or in 50%glycerol at -18 C
for Iong-té‘r’lﬂﬂ ge. Under these conditions, titers are stable for at 10

| east several year tgo 1igh$ Rdrdin:50%% ledpest aF v

Manual , Cold Spri ?i‘é ﬁ%ﬁ?f’kﬁs %c?r??‘%gli) o )" Prepar ati on of 1 denti cal
Phage Col umg° O fordohs- inf gtordde (iter Yaesersonditiqiisadicers atd stabhsfogaent

vol unes in the paragraph are relative to this volune) at a concentration
cor r espondileast keveral 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
lwill 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.

-28 -



15 1.26 MM pVII|l subunits in water with 0.15 volune 0.5 MNagru‘ﬁmdzdaSIS
volume 1 M NaH2PO4 (pH adjusted to 6.9 with NaCH). To this so I'on add
0.0026 volune of 76.3 ng/m NHS-dextran. | mmediately m x thect/esaiioen

m xture by vortexing, add 0.15 vol une 50% PEG, and vortex again. The phage
will precipitate in the PEG solution (final concentration 5% . Rotate the
20 reaction mxture for 12-16 hours in a sealed tube at room tenperature,

o hanol am ne ( pr akPretEE7ERIRHEY A T ¥ EERRR B, o

Conti nue r bQP; af sty QsHe 18-93ROUT hf»@ftm&gs'mm?édéﬂ?a eDilute
t he cross?fh?h?g 1ap]?:g)éc§&},2-f’ggg2,( at eIiégas%)t?’glo \?b ucmes) and wash & 63 mes by
25 centri f ggaivalent tasbionelio10'dpaditen) Bqndlibrace thepplnahaoh andiPL.Cesuspend
the pellet 'in fresh TBS. Suspend the final pellet in 10 vol umes TBS and

store at 4G@ystegBwithd JUN 2005 PCT/ US01/ 49030 Col unim Preparation. Pack two

0.5 mM colums (Amersham Pharmacia Bi otech, HR_ 5/2, Code 18-0382-01), each
with crdss TBHKEAthsnaplimrser Ron-eplummbatsh grethods argiadsg, appropriate)-

oot R PSR ol WAL, T %
i ssoct at e SRUAT. BB of OFin SOERURS AL BNILEU 1 SRR

1 and 2 too%igihaﬂhurﬁgﬂmgg SahbRA 10£n@ﬁ4t9uqm£iceﬁcedﬂﬁti@rﬁtﬁxﬁ%dahmmbc aci d,

and incubate Tn ice for m nhutes. Then buffer 10 exchange them using a

H Trap Des&ICl agd OtMnforieracid hand Rcabatkdndce ByrofEntiputes. EnertBlffesyst em at
aflowrate of 5 nmi/mn wth phosphate- buffered-saline (PBS) and coll ect

in a fifal exchange tifen2 uging PHsErapHaedadting Golwnni(AmewhantPrar@acienr ough over

a SepPak cql.um and Lth PBS to isol ate, peptides. for additional

anal ysis i %w&qlﬁw_% sysiep@t &tﬂ‘b‘ﬁ@tﬁf‘)fp{) B’ﬁ)éi%w‘t{‘ 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
15  in the original sample are to be preserved, then omit the additions of guanidine
HClI and formic acid, and dilute the CSF aliquots 1:2 with PBS before the next
step.

(c) Capture; Step Three (FIG. 5)
Sample Difference Proteins Captured By Phage Columns. Pass 1.5
20 mlof 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.

-29-



15 in the original sanple are to be preserved, then omt thet adqunt 2001s of
guanidine HCO and formc acid, and dilute the CSF aliquots 1:2 with PBS
before the next step. (c) Capture Step Three (FIG 5) Sanmex/iBoifesence
Proteins Captured By Phage Colums. Pass 1.5 20 m of Sanples 1 and 2 over
a dedi cated cross-linked phage colum in TBS on an HPLC systemat a flow
rate of 20 |/mnute. Keep the flow throughs, which are the depleted
protein sagpl RS e e sh the

col umms vvi o2t TBS-at—a* ~ateE—t ™ e éﬁ‘ﬁ @IS}U@IZOOS

PCT/ US01/ 49030 St ep I [1: Quanti tat I on and I dentification of Difference
Proteins (FIG 6) Isolate Difference Proteins Using Phage Affinity Col ums.
El ute the bound b FanRe Prornd Ui Phade AfinPEahimes. BElite e Buf f er
(0.1 MHCL adj ust?lggla?o ijZEZ 2 with glycine) at aﬁmgj\/av@rate of 0.5

m /minute b@@hd;?tdterrts fi6f) the lcofunand withsl mPPahnirg=Elutiont Buffer fht Mdd€t al i ze
wi th about 140 IMTris Base,  pH 9.1. Verify the_pH has been raised to

yi el d a soadjusted tofpIpA. thheglzcm@hpt aflow Ete og iﬁﬂfmute and collect 100

SZSZ??%%:& Epciious. Eb?oscﬁah%trégﬁ%égftﬁe Frlize i ﬁéoﬁﬁﬁt I 3R, 1
uant | 1y uBFS i varfidy P Rait RisedR SO0 H EitHn 8 E}%%o;t”z.cﬁse?- e

Mannhein) to a final substrate-to-enzyne ratio of 100 1, and incubate at
37C for 15 hours. Dilute the Lys-C digestion fourfold with water, and add
modi fi ed tryp3| n @ 19 &5-Od{vH Bk ¢Ranice/Reversed-PhadesCohimnd smdnzyme
rati o of 50: 1. cubate the trypsin digestion mxture at 37C for 15
hours. Desalt the BiotiodprayriViessiSpearomaetrgver sed- phase col urm | yophi li ze,
and resuspend in 5 inM K HPO4, 5% acetonltrllebg oth chem'c | and
enzymati c di gest i oRigassionad PrateinaiosBentifase dryon ﬁze he Samp es prepare

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 tntl strong
cation exchange particles (PolySULFOETHYL'Aspartamide; Poly LC).
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(b) 2D Chromat ogr aphi c Separation of Peptides. 20 Bi phasic Mﬂrg@@@
Col um. Construct the biphasic colum, by pulling a fused-sili Q:

| ary
i | | ary

(100mW x 365 mo.d.) with a C02_ based |aser puller to makermesfiriédoess
colum. Pack the colum first with 8 cmof 5 mC 18 RP particles (218TP C

18, Wdac)

and then with 4 cmof 5 mstrong cation exchange particles

(POIySULFCETHYL_ASpartanide; Poly LO. -30 14 JUN 2005 PCT/ US01/ 49030
Pept | de_Separ at | onPekmdsiSeaniont stadhspeptide atixaurthonty edsphasic

nucr ocapi |
particles

(1"') 0% (2). 0-10% (3) 10-20% (4) 20-30%, (5) 30-40%

5 and (7)

spect r onet

nl / m nut e.
acetonigri
acetic aci
10 acet oni

llary columm. Displace peptide fractions fromthe SCX to the RP

nscregapitary cohomnnDispldae pptdedrantiomatfrom(thy SOXK ¢dthe RPo (1"), 0%
?{% 0% '§ 6) 40-100% of SCX-B',

pevilesosing thefollewisgmeltatep grashentsc(IXO% 4D 02b €57 Bed ' he mass

Okl e o % 86 A0S V-0 Gke) 41" Fopon AT .01 o5

L&l y . @ L&t ifel KAAHN-S -B', 0.5%
A 3f \eS o O B btRfR ort ) RERARLIes sh et ™0 0y son
SpédtfomefeP M ER8AienPBRDHIBRIIE BOSS3 Rhfindes &t 300

-

appropriate). Mass SpeCtronetric Analysis. Perform mss spectronetric

anal ysi s
Jose, CA)

el nenfite) Molsite-pRa3d bufférs ape nfas R B-pebuffer€l 3% dcktioacghs%or p., San
run and operate as described. Directly couple an |Integral

chr omat ogr apéipnitvide;kert RPiB,0.6 HAEa®itinsasd 502 acotomatrile) oy SCAYB's 0.54h LCQ i on

trap mass

15 spectrometer egui ppe | n.el ecyraspr i on source. erate
the el ect B6&H deé%d$@twwlea8§gﬁ,&%£(ﬁi f@é&‘téaﬁﬂ% agele pgd, gi%d %I d

Fi maor b0 nepRgoarieSoRmiER ) (ke Rbestitcn meolfddy b ARComiBRlbielry Tror

aut onat ed

as descri bed here.

15

spect r u"h@g gg&@{:@o%gf;?é;%xgis%s. PERGES tnRRSPedtRIERRIRRIARECT F UM

ent
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
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

25

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
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 equal to

1U more than that of the other charge state. (2) Assign a score to each charge
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spectra derived fromsingle or multiply charged parent ions.1&ojynkese
processed tandem mass spectra with standard ORFs using the program SEQUEST
running on a DEC Al pha workstation. Performall searches W ppoRk01/4903
considering the protease used because many proteins in the mxtures do not
25 digest to conpletion. For nultiply charged peptides, use the follow ng
criteria to determ ne whether to select the +2 or +3 charge state: (1)
Choose a particular charge state if the cross-correlation score is,greater
than or equstdte (b5 foriryptie stavhnS futtryartia endd, dné the srpsgrEoBRelation goo%e ssi gn a
score to each charge,-31. 1 4 JUN 2005 USO1/ 49030 st at 45 .for tryptic
start, +5 fgiﬁatFFaEg’i eather Gharge s +cfg£é§85 gty sePIsd gis ea%/gr

than 50, arias A0 ShEPisstiBige sids Wick 9 HEGHASEORY oBOREE Y MERAIGEfRd PO
sel ect ed ﬁ%gﬁogﬁg@gg@ 416 fica) phStef idshtifEAtGH AndlgeBlanfiRat | on

anal ysis. a out put om the other charge state discarded.

Filter she oROUERST batputfeslthe ottsdrithatgeestute) discapled.ilter tirsearmslatbbmt i on
score and the nmatched sequence for each spectrum For singly charged

pepti des, resultsmsipgthe zalietdf the cromscorvalation stareranddbe enatehed saqpsnre
peptide great than or equal to 1.5. For nultiply . char eqﬁﬁ}gpt I des, retain

spectra wi tfor gach spectouns Borsinsly eharged poplides, peiain WECHG &t%PSSrhan or
cqual (02 ELILESLe 8l POkt BURAL LR e R B, REPT RGO
that  ar o duRroRhBRPSHer Feblrl Bl R A B Pprtcttot o SRR beiRep o e
ont N2 4088 RGP ST, AR, Bepeln 18 Speeionueon i
that al one neteneéting thespicoiteinfrane furtireraongidesdtiote fed the perteieet i ng t he
following criteria. First, the SEQUEST cross-correlation score st be
greater t haidetificitionsy sett the filtered rgsupsiteshow wiere pepdfaseaneness gak 2 or +3
tryptic DEpEEriedd(aeﬁvSe?icf?gr%’ thg rs],gml\e/[sa/nl\(n'rslotated ORFs in the genome. Protein
identifications based on mass spectra correlating to one or more unique tryptic
15 peptides are considered valid identifications. Single peptides that alone identify
" aprotein 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 the 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
Joss 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 jons (Link, A.J., et al., Direct Analysis of Protein Complexes Using

Mass Spectrometry. Nature Biotechnology 17:676-682 (1999)).
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spect rum nust be of good quality with fragment ions clearly 1abQul Hé&sel i ne
20 noise. Third, there nust be sonme continuity to the b or y ion series.
Fourth, the vy ions that correspond to a proline residue sha/usoaent ense
ions. Fifth, wunidentified, intense fragnent ions either correspond to +2
fragment ions or the |oss of one or two amno acids fromone of the ends
of the peptide. After goi ng through this process one can be fairly

confi dent EC P 9éSthfloh @F F ..lus. & AloaRi 2 oM
and 2, approximate re a |ve abundance ratros can be eterm ned usi ng

Fi nni gan LCQUAN software and peak heights of nolecular ions (Link, A J.,
et al., Direct Analysis of Protein Conplexes Using Mass Spectrorretry
Nat ur e Bi ot echnol oBgolithediwraBroyghopitge. as-igdicated mLNCizdosAR@vfyrsmga,goso
Step I'V: Isolation of Affinity Reagepts Agar nst DrfcIerence ot ei ns Pool
t he rowtﬁF@?@%Pbﬁﬁ%é ﬁ@w Ayitdeeseend phagecgol vrrmw req&reepare

P desor | RIS SETPER ?@p%mréﬁ%en %ﬁéfpfrfgé [here  brotelns
i stepsllbyditisfe itnhﬁeﬁlﬁf__( Enfﬁg)s‘féﬂ"ﬁl g{hélﬁttéﬂaﬂanﬁﬂa 16%?1{3 latiopat i on

of di fference pr el ns IS a gur nunber s st nct
phage cl opegifféihcs pesteid) TRIGE6T Rt g&%@'t@'ﬂlﬁ@ﬂﬁm@érsﬂﬁ&ﬁ@t@t%ﬁ gpecificity
to identified protein is carried out as follows: 10 1. Isol ate Captured
Prot ei n UsiciuneSthgiene¥d forbe testédl ums. Elute the bound protein fromthe
colum with 1 m Panning Elution Buffer (0,1 M HC adjusted to pH 2.2 with
gl ycine) at a fl owAssignmsnt@{phage elone spegificitydiol ld@mtlﬁqcbprqtemrla@m Pool
the fractions art]ci neutralize with about 140 11M Tris Base, pH 9.1. Verify
t he pH has%éﬁ‘? ¥ed to yield a solution of pH7.0-8.2. 15 2. Identify

SpectrSieter as dedeatdele CRPBYERFrPTeiahs FARe iR RGy Phraits HERE

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 ul 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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6, except that since the major conponent should be a single p{ﬁfgﬁi ' 5the
sanple <can be directly sprayed into the instrunent. 3. Assig a@g Cl one
to ldentified Protein. The association of a 20 particul one with
the identity of the protein it captures, allows its speﬁ?ﬁ@?@%g@g be
defined. The phage provide a specific affinity reagent against the
protein, and if necessary, the identity of the peptide or antibody can be
determned to allow the.prodyctian o i.gh [ pepti de or antibody, via
vel | eseoigR Vehieplehonghvlosi,ahundant Lrole) c(,FﬁBh%yge cl ones may be isol ated
which 25 bind to the sanme protein. Their affinities may determ ne their
utility. -33 1 4 JUN 2005 PCT/ USO1/ 49030 Step V: Depletion of Mst Abundant
Proteins (FIG RPBf ety AFERIY rAAtHcRS hid pREfohedaithidapairbetep dsni ti al
capture step asgﬁ,r gcr?{)edﬁl n sttgps (a) ange( b) above. I_ute?he bound
phage as desetits iacktéps I(E) &hd Poyibiovel BluteRthe tiongd Fhage as iRdicated i60. 1 M HC1
adjusted to pH 2.2 wth 5 glycine) at a flowrate of 0.5 m/mnute and

col | ect fHIGCRI with 1 Rddannieg Eiutiar Boffer (bhdi BChadjmstageto pldi%2willkchange
using a H Trap Desalting Colum_ (Anrersham Pharnmacia Bjo h). opn an HPLC
syst efn atglycinelat a How 1'@26 Bf%5/1ﬁyﬁllmlﬁerim%5§’,1{2°5#&°98?$- Otlieiﬁe }h‘raFEﬂ%ﬁ vol ume
of about 1 m,., 10 Most Abundant Proteins Captured By Phage Col ums. Pool
the el utcé’&t%wé@e fromColums 1 and 2. Anplify phage, prepare phage

ffinit oS ; Ensli(hf tei '
the pr @G LGS ARAR0E BeinE HiTip ISR Lot il (RBERRRd B °of Sanpl eo
1 and 2 Pﬁﬁ?@g@%ﬂ%@tfﬁp% &1 PEE-C Etes Ahaliewaeteofs bil/MESwith TBSHPLC

system at a e of 20 I/mnute. Keep the flowthroughs, which are

t he depl eipddcolleePired finabupluase efisboutilcimlwi | | be used for the next cycle
(FIG 9). Wash the colums with 20 ml TBS at_a flow rate of 0,5 nml/nuiute.
10 . Most Abundant Proteins Captured By Phage Columns. Pool the

=.a¥y

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 HCI
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 immur;..affinity based

assays using the specific affinity reagents isolated from DPCP.
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Isolate Difference Proteins Using Phage Affinity Colums. EI ute Lﬂﬁ po;gggd
proteins fromthe colums with 1 m Panning Elution Buffer 1M &U
adjusted to pH 2.2 with glycine) at a flowrate of 0.5 rﬂlmnute and
collect 100 | fractions. Pool the fractions and neutralize with about 140 |
IMTris Base, pH 9.1. Verify the pH has been raised to yielgbpusaldéioon 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 |ncI ud| ng pr ovi di ng a standard for the

devel opnment 2t S oy dle cogabundas payieingsi ng the specific affinity
reagents isolated from DPCP. -34 1 4 JUN 2005 "PCT/ USO1/ 49030 St ep VI. New
cycle with | ess abundant proteins Using the flowthroughs fromStep V,

whi ch are the depl ei n_ sanpl t he cycl e described above is
repeated (FIG 9). e[%% %‘W O%YWP%hﬁwéoﬂle%fle@tVoWhtﬁh atiouthd deplepedopmiteia 5

St eps Vand | Ay repeat e e limts of detection
of the anal ya}ﬂggﬁr[gg%ygg% B%Cg%%OYeelgEﬁB%ﬁ em~ £gﬁbodi nents Al t hough the
present invention has been described with reference to preferred

enbodi ments, one skilled in the art can easily ascertain its essential 10
char act er i s8teg &/ TAnComiihliagtdes bhndam bifie Ql rit and scope thereof,
can make various changes and nodificatlons O invention to adapt it to
various wusages and conditions. Those skilled in the art will recognize or
be able _to ascertal n using_no nore than routine experinentation, many
equi val énts to thedS eﬁpée |a¥18c @mm:mlomfsl}t@eawdamuldhe(ﬂmwﬁbed herein.

Such equi v S_ar i d.to be enconpassed in the scope of the
present i n?gﬁﬂt@ﬂ.oﬁp ﬁﬁkﬁcgﬂ&r"d?%h%‘ﬁd besat iaehedrent i oned in this

specification are herein incorporated by reference.

Qther 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 varioué ~

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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What is clainmed is: 1 4 JUN 2005 Clains 1. A nethod of identifying a

pol ypeptide, said nmethod conprising: (a) providing one or nore firké Junr 2085
conprising one or nore polypeptides from a first conplex biological sanple
froma first type of individual adhered to a support; 5 (b) providing one
or nore second arrays conprising one or nore pol ypeptides froma second
conpl ex biological sanple froma second type of individual adhered to a
support; (c) exposing a peptide-nucleic g@}q;coupled library at | east one
time to one of said first arrays to cre ™% first product conprising one

or nore speci esyof Saifethbdbfidéntifythetd Wy RptiAE saidimethddebrhprisimg:d first
array or (ii) do not bind to said first array; (d) exposi n(Izl said first

product at | eas(a)prwidingent or mare kst aredyd compBsios aRG OFBOXEPO Yheptides o econd

product conpri si ng, one ,or. npre cies.of said fir t i ther
(i) bind t%&%FWﬁE&&HﬂO&F?{‘%@‘“@% E?‘P)asfHBt O °fg‘|“ﬁ‘<¥ “ﬁ‘%‘l g‘g‘gg"%g}é@osn@‘%e{?r ay; (e)
exposi ng sai d PERikiadinE ohebEnded sbesRIATAA chinBfisihy ot of Mafd padfyeptidese to one
of 15 said second arrays to create a third product conprising one or nore
speci es of fremi aisecondeamplex hinlogital sampleiffonbp serond typgiod llg‘éléﬁél %h?rsgl e (i)
do not bind to said second array;, and (f) exposing said third product at

| east one fYAP8™ 0 one of said first arrays to create a fourth product

conpri sing one gl APSEnSPHEHRIR-RiklefPdcil Edtipled 1A ae leattivre tithd loned® (i)
bind to said first array or (ii) do not bind to said first arr_ax' wherein
the presenssd dirstahspnioarete a fiss pradust Gompgising aneesmpre spaciasof R LIGEAIE t |

and sedbnatEbApe DBt s e S s et R R and second
oL 5, BB B34 et AIBSEBe iy ST i
bi ol ogi cal ceatyd ecortl protiectwemipdingfone bainorelspetias ofsaid frstpradustibatiettberst ep
of: (9) C(()i%?rlrdi tg %ai%iasiec(:jonsdea%r%r)]/dor ?iri)o our%t b?nrclldtossgiid%ego%%ra:[rrgyp roduct.
(e) exposing said peptide-nucleic acid coupled library at least one time to one of
15  said second arrays to create a third product comprising one or more species of said
library that either (i) bind to said second array or (ii) do not bind to said second array;
and
(f) exposing said third product at least one time to one of said first arrays to
create a fourth product comprising one or more species of said third product that either
20 (i) bind to said first array or (ii) do not bind to said first array,
wherein the presence or absence of a species in said second or fourth product is
indicative of the identity of a polypeptide that is present in said first and second complex
biological samples, absent in said first and second complex biological samples, or not
present in the same amount in said first complex biological sample compared to said

25  second complex biological sample.

2. The method of claim 1, further comprising the step of:

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

30 3. The method of claim 1, further comprising the steps of:
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30 3. The nethod of claim1, further conprising the steps of. 36 1 (1 \CJ]‘H\A
2005 (g) conbining said second and fourth products to produce a poo @ 2005
product; and (h) anplifying said pooled product. 4. The method of claim 3,
further conprising the steps of 5 (i) providing one or nore third arrays
conprising one or nore species fromsaid anplified pooled product adhered
to a support; and (j) exposi ng said first or second conpl ex bi ol ogi cal

sanpl e at é&SaSt one t| d th|

fifth
product co FP’%‘PH’@“% ﬁ%?@aefygrtpgg%c{ucge Fo(r%iél?négg aﬁﬁlro;ag?tvor sgcolndt

conpl ex bi ?{) ?}hngédmb@ol%&ﬁod@btt her (i) bind to said third array or 10
(ii) do no d to said third array. 5. The method of claim4, further

conpri si ng the step of: (k) exposing a said first or second conpl ex
bi ol ogi cal sarrpl e at eas n arrays to provide
a sixth pr oduct 4 corrp E}hginog iﬁlnﬁn&‘gthp% ?/pé %lﬁglh% érigor?? 15 said first or
second ¢ ”HEE%VE] 9%9195 &%oﬁf%ﬂi?ﬁ Srrhydaonrik W%ronéb) mdirdisheties Sdhdsaidi rd array

0

or (ii) d to said third ‘array, erein said conpl ex biological
sanpl e i s dinpfifiedptoled productirdberad éxla bupportepnd j) . 6. The nethod of claim5,

furth th f d
i 1 xt h ODFERASERE saib i o seEvitsmon ot biafeRiear Apfidl A1kt Sht bR BAEGE 20C
conpl ex big %@%l%aﬁ%@r@vﬁﬁafﬁmrﬁr@ddct SSitiprisikPore or khérepolypeptids foindi m 7,

wherein said tissue’is selected fromthe group_ consjsting of epithelial,

connect i ve saidifisstios secand camplex, biglogitalsampidibat either(ihbind 1o saifh thied HrayQryg 1 r st

cz)(r)ogecond %(i'))n;% Eéblljrlxdoto sgdtﬁud alsrg}r,rpl eis froma body fluid. 30 37 14 JUN

5. The method of claim 4, further comprising the step of:
(k) exposing & said first or second complex biological sample at least one time to one of
said third arrays to provide a sixth product comprising one or more polypeptides from
15 said first or second complex biological sample that either (i) bind to said third array or
(ii) do not bind to said third array, wherein said complex biological sample is different

from that used in step (j).

6. The method of claim 5, further comprising the step of:
20 (1) comparing said fifth product and said sixth product.

7. The method of claim 1, wherein said first or second complex biological

sample is from a tissue.

25 8. The method of claim 7, wherein said tissue is selected from the group

consisting of epithelial, connective, muscle, and nerve.

9. The method of claim 1, wherein said first or second complex biological
sample is from a body fluid.
30
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10. The method of claim9, wherein said body fluid is selected fromthe
group consisting of cerebrospinal fluid, blood, saliva, nucous, te&#rsyyy 2005
pancreatic juice, semnal fluid, sweat, mlk, bile, plasm, serum |ynph,
urine, pleural effusions, bronchial |avage, ascities, and synovial fluid.
5 11. The nethod of claim 10, wherein said body fluid is cerebrospinal
fluid. 12. The nethod of claim1, wherein said first or second conpl ex

bi ol ogical sanple is fro n-0f gan. 13 . . =Y , Wherein
said organ is s d'ect }EFW@’]ﬁgt‘)ﬁgfagpgugﬁgrgélnsgdswygrm%?%gﬁsgﬁfeggdr@&garti | age,

tendon, |i ganEBinsistigloftakbroysiahienui8, BI6dd) sililacnacoush@ars! pariekeatid juibd,0od
vessel , brain, spinal cord, Bgripheral nerve, nose, trachea, |lung, nouth,
esophagus, sestinaletbhi], sweate stilknbile ilasmeay serumelbymph, wring, pleyral gFESIARY, bl adder,

15 hypot ha)] anus,, pituitary, thyroid creas, adrenal gland, ovary,

ovi duct , \%@%?1 IQWSF%S’I@H&,YH?V&H@%Q& seninal vesicle, penis, |ynph,
| ynph ngpde, |ynph vessel, white blood cell, T-cell and B-cell. 14. The
met hod of claim1, wherein said first or second conpl ex biol ogical. 20
sanpl e i s from &l.cul The exthod of claim 10 whengi saishbasty fBP@lisrﬁeﬁ’,mWfl?ﬁ;gi”ﬁl- sai d
cell is derived fromepithelial, connective, nuscle or nervous tissue. 25
16. The nmethod of claim1l, wherein one of the conplex biological sanples is

from a di seasedjndi yvhdukhdat i@ 1QWhefeirs Sl kiex obbdeba@teaples digdgicdls from
a non-di seased 1 ndividual. 38 14 JUN 2005 17. The nethod of claim1,

wher ei n oneamyple ihfeoroampmlrgan. bi ol ogi cal sanples is from a nedi cated
i ndi vidual and the other conplex biological sanple is froma non-nedicated
i ndi vi d®al . 518.

13.  The method of claim 12, wherein said organ 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.

14.  The method of claim 1, wherein said first or second complex biological

20  sample is from a cultured cell.

15. The method of claim 14, wherein said cell is derived from epithelial,

connective, muscle or nervous tissue.
25 16.  The method of claim 1, wherein one of the complex biological samples is

from a diseased individual and the other complex biological sample is from a

non-diseased individual.
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19. 20. 1O0library. library.21. 1522. The nethod of claim 1, wherein said
library is a phage display library. The nmethod of claim 18, wherei pygaigh
library is an antibody library. The nethod of claim 18, wherein said
library is a reconbi nant display The nethod of claim 18, wherein said
library is a synthetic peptide The nethod of claim1l, wherein said first
product conprises one or nore species of said Iibrary that bound to the

first array durjng 0 and ed.

23. The net hod L? gﬁ 8‘ aﬁzg gﬁﬁ‘)e Lot perco0 g}é?n%'“%aggs ﬁ%ﬁo 20
mor e speci ﬁ"émojm%bge& iﬂdﬂlduﬂfl‘ﬁﬂd’ﬁ{e &mfcoﬂlb@xflﬁélo@bﬁlﬂsah@H iRdrodeaond array
during the exposing step (d). 24. The nethod of claim1l, wherein said
third prodomt-mediepted sebvidnad. or nore species of said library that bound to
the second array during the exposing step (e) 25 and was subsequently

rel eased. 25. The nethod of claim1l, wherein said fourth product conprises

one or s nore Spegi eSTRE metdod dfieldid 1Ok saidBbragy id apdiagdiisplay tibtang 1 i r st
array d5ur| ng the exposing step (f). 30 39 14 JUN 2005. 26. The nethod of

claiml1, wherein the first or second conpl ex biological sanple was treated
pri or to bei ng her sail u 27. T nmet.h 6, wherein
said first or s gond%g?) F@% ?ﬂ‘glg'l%c&' ereyi i rgryv&%gg tflb daq{b 28. The
met hod of claim1, vvhereln t he support of step (a) or step (b) is a

20.  The method of claim 18, wherein said library is a recombinant display

10  library.

21.  The method of claim 18, wherein said library is a synthetic peptide
library.

15 22.  The method of claim 1, wherein said first product comprises one or more
species of said library that bound to the first array during the exposing step (c) and was

subsequently released.

23.  The method of claim 1, wherein said second product comprises one or
20  more species of said first product that did not bind to the second array during the

exposing step (d).

24.  The method of claim 1, wherein said third product comprises one or
more species of said library that bound to the second array during the exposing step (€)

25  and was subsequently released.

25. The method of claim 1, wherein said fourth product comprises one or

more species of said third product that did not bind to the first array during the exposing

step (f).
30
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solid support. 10 29. The nethod of claim 1, wherein both the support of
step (a) and the support of step (b) are solid supports. 30. The,npjousof
claim1l, wherein said one or nore first or second arrays were created by
crosslinking said support to said first or second conpl ex biol ogical 15
sanple. 31. The nmethod of claim1l1l, wherein said one or nore first and
secong arraYs mere created by crosslinking said support to said first or
second conpl ex ol ogj ¢ a 2 erein
said fifth prodﬁ% h% g@é gﬁhﬁnl %%%%nni@ r%?%?%%n@@yﬁh%??ﬁﬁ lggrst or
second conglie %Q{reﬂb&@hoﬁafﬂéir@ddhét*edhﬁsuikﬁsdppotthe third array during the
exposing step (j) and was subsequently rel eased. 25 33. The nethod of claim
? m?ereln salg si xth prgduct conprises one or nore pol ypeptides fromsaid
irst or secon onplex. hi,ol.0 .6 t ra
during the expo% ng iﬁ%ﬁwpﬁ?‘gc %aégagﬁlggﬁﬁg%§$y re %ggg@ﬁﬂ%%9b¥%gﬁaetﬁod

of clai4n 1sanipléwa§ﬂe&fﬁﬁ’éd.i sing the step of anplifying said 30 second
product. 40 I4 JUN 2005 35. The nmethod of claim1, further conprising the

step of anmplifying said fourth product. 5 36. The net hod of claiml1,
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37. The nmet hod er ‘¢conpri sing rth product
via mass spafd uppBikry. 10 38. The net hod of cl ai m4 further conpri si ng
analyzing said fifth product via nass spectronetry.

10 29. The method of claim 1, wherein both the support of step (a) and the

support of step (b) are solid supports.

30.  The method of claim 1, wherein said one or more first or second arrays
were created by crosslinking said support to said first or second complex biological

15  sample.

31.  The method of claim 1, wherein said one or more first and second arrays

were created by crosslinking said support to said first or second complex biological

sample.
20
32.  The method of claim 4, wherein said fifth product comprises one or more
polypeptides from said first or second complex biological sample that bound to the third
array during the exposing step (j) and was subsequently released.
25 33. The method of claim 5, wherein said sixth product comprises one or

more polypeptides from said first or second complex biological sample that bound to the

third array during the exposing step (k) and was subsequently released.

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

30  second product.
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39. The nethod of claimb5, further conprising analyzing said sixth product
15 via mass spectronmetry. 40. The method of claim6, wherein said4f iy Baagnd
si xth products are conpared using nmass spectronetry. 20 41. The mat%o of
claim1l1, wherein said library is exposed to the first array nore than one
time to create said first product. 42. The nethod of claim1l1l, wherein said
first product is exposed to the second array nore than one tine to create
sai d second product. 25 43. The nethod of claim1, wherein said library is
exposed to the second array nore than one tine to create said third
product. 44. Thgs met tRemefhodloficinh, 1, Mitheetommrisink thbistep of anglifiting saiéxposed
to the first 30 array nore than one tinme to create said fourth product. 41
14 JUN 200funb pragivet.met hod of claim 4, wherein the first or second conpl ex
bi ol ogical sanple of step (j) is exposed to the third array nore than one
time to create said fifth product. 5 46. The nethod of claimb5, wherein
the first or seg@nd TREBletodifeladgil; Alrthes somprsing asilring da)d seconk poded t o
the third array nore than one tine to create said sixth product. 10 47.
The net hodviefmask apagiremeitier ein the first arrays of step (c¢) and step (f)
are the sane array. 48. The nethod of claim1, wherein the first arrays of
step (c) and step (f) are separate arrays. 15 49. The nmethod of claim1l,

wherein the secempd aThawftfd ofickim(1q furthed compiisifig nalyrirg $did famirpreducay .
via mass spectrometry.
10
38.  The method of claim 4, further comprising analyzing said fifth product

via mass spectrometry.

39.  The method of claim 5, further comprising analyzing said sixth product

15  via mass spectrometry.

40.  The method of claim 6, wherein said fifth and sixth products are

compared using mass spectrometry.

20 41.  The method of claim 1, wherein said library is exposed to the first array

more than one time to create said first product.

42, The method of claim 1, wherein said first product is exposed to the
second array more than one time to create said second product.
25
43.  The method of claim 1, wherein said library is exposed to the second

array more than one time to create said third product.

44.  The method of claim 1, wherein said third product is exposed to the first

30  array more than one time to create said fourth product.
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50. The nethod of claim1, wherein the second arrays of step (d) and ep
(e) 20 are separate arrays. 51. The nethod of claimb5, wherei A 4t BeN 2Py g
arrays of step (j) and step (k) are the sane array. 25 52. The net hod of
clainms, wherein the third arrays of step (j) and step (k) are different

arrays.

10

15

20

25

42

45, The method of claim 4, wherein the first or second complex biological
sample of step (j) is exposed to the third array more than one time to create said fifth

product.
46.  The method of claim 5, wherein the first or second complex biological
sample of step (k) is exposed to the third array more than one time to create said sixth

product.

47.  The method of claim 1, wherein the first arrays of step (c) and step (f) are

the same array.

48,  The method of claim 1, wherein the first arrays of step (c) and step (f) are

separate arrays.

49. The method of claim 1, wherein the second arrays of step (d) and step (€)

are the same array.

50. The method of claim 1, wherein the second arrays of step (d) and step (€)

are separate arrays.

51.  The method of claim 5, wherein the third arrays of step (j) and step (k)

are the same array.

52.  The method of claim5, wherein the third arrays of step (j) and step (k) are

different arrays.
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