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BACKGROUND OF THE INVENTION

This invention relates to the field of separation science and analytical
biochemistry.

The methods of this invention have applications in biology and medicine,

20 = including analysis of gene function, differential gene expression, protein discovery,
cellular and clinical diagnostics and drug screening.

Cell function, both normal and pathologic, depends, in part, on the genes
expressed by the cell (i.e., gene function). Gene expression has both qualitative and
quantitative aspects. That is, cells may differ both in terms of the particular genes

25 expressed and in terms of relative level of expression of the same gene. Differential
gene expression can be manifested, for example, by differences in the expression of
proteins encoded by the gene, or in post-translational modifications of expressed proteins.
For example, proteins can be decorated with carbohydrates or phosphate groups, or they
can be processed through peptide cleavage. Thus, at the biochemical level, a cell

30 represents a complex mixture of organic biomolecules.

One goal of functional genomics ("proteomics") is the identification and
characterization of organic biomolecules that are differentially expressed between cell
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types. By conparing expression one can idgntify nolecules that nay be
responsi bl e for a particular pathologic activity of a cell.

For exanpl gypes.d@By edmparingeexpressionroneltan identify molecules that raxy be sespoynsiblecfoncer
cells but not {n nornmal cells.is useful for diagnosis_.and, ultimately,
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but they are difficult to combine efficiently. For example, analytical chromatography can

separate biomolecules based on a variety of analyte/adsorbent interactions, but
multi-dimensional analysis is difficult and time consuming. Furthermore, the methods
are limited in sensitivity.

30 Clinical diagnostics requires the ability to specifically detect known
markers of disease. However, the development of such diagnostics is hampered by the
time necessary to prepare reagents that specifically bind to markers, or that can
discriminate the marker in a complex mixture.
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Thus, tools for resolving complex mixtures of organic biomolecules,
identifying individual biomolecules in the mixture and identifying specific molecular
recognition events involving one or more target analytes are desirable for analytical

25 biochemistry, biology and medicine.

SUMMARY OF THE INVENTION
This invention provides devices and methods for retentate chromatography.
Retentate chromatography is a combinatorial method to provide high information
30 resolution of analytes in complex mixtures through the use of muiti-dimensional
separation methods. It provides a unified analyte detection and functional analysis
capability for biology and medicine that is characterized by a single, integrated operating

system for the direct detection of analyte expression patterns associated with gene
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function, é;?@?g/lsgn %unct ion, cell functiog, and the function of whole
organi sms. In one aspect, this invention provides a unified

oper at i NgfupytéIE Prowein ﬁhmndhsmwﬁmynm aﬂdagﬂﬁaicaon of wholtnbrggnismsf ulimcorieon,
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Thus, thi | nvent ((i)rr? %?Hga@gg&gﬁﬁgﬂé%at}r d|Pe 4 ?g%%%c‘gﬁgﬁo%gﬁggt ?ﬂc.:ﬁégew ce
15 10 t hasnalgtes heer separatedzinca bgcond\ dimensiarsbased of ass lbypdesatption sacalrcnntttry pl ex
anal yte p ocessin

det ect ed, el'%e ?%gﬁﬁq%ﬂo%ﬁﬁ‘ﬁg?c h%,'eﬁ-?), W%“C@??@Te?g’%lg%hgss‘?éﬁ tSlnyof t wo

or nore i SRR SAlytes! I it YoF the>hdiBbent td ezmcmﬁe analytes ad&5t8 prsvlaeyl "
(i.e., addressable ch| " location) during a single unit operation.
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addr essabligecting analyte WPHHER W0t eltted off the WasdiBért!ih %anrﬁBﬁa‘lsdlﬁ&n%éﬁﬂﬂgy tes

exposed to diffeerent adsorbent sites (1 finity sit
"spots") dhus,hretentate ghrompsograplyf provides dinget mfprmndmabmns:hemtcal or structural

25 characteristics of the retained analytes. Second, the coupling of adsorption

chromatography with detection by desorption spectrometry provides extraordinary
sensitivity, in the femtomolar range, and unusually fine resolution. Third, in part
because it allows direct detection of analytes, retentate chromatography provides the
ability to rapidly analyze retentates with a variety of different selectivity conditions, thus
30 providing rapid, multi-dimensional characterization of analytes in a sample. Fourth,
adsorbents can be attached to a substrate in an array of pre-determined, addressable
locations. This allows parallel processing of analytes exposed to different adsorbent sites

(i.e., "affinity sites" or “"spots") on the array under different elution conditions.
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Retentate chromat ography has many uses i1 biol ogy and nedicine. These
uses include conbinatorial biochenical separation and purificatidn of
anal ytes, the studyRetentate chﬂonwtdgreplahhmmagbneesenmi@lgsy and MIW ediesy
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i anal yt e udigeoverne different conditions. This both purifies the

anal yte and identifi

a samnpl e. Substrat egnf?ak%%&%%aog}égﬂag é% &%@C B?ﬁﬁ{ﬁvéy?acoﬁﬁﬁdéoused
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extraction nethod, anple is osed to a_ first adsorbent/el uant

' conbi nat i WHMUPW%WC%WQPWV@T % yanalyte upder the different copditionsed by
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characteri zed ticular, selectivity conditi on at an
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doesliot enppsed,esequenuallye o adsombente thav eetyin ignimlputrities areoremoyed) afpktheng of
the target analy ect of the present

te., . Anot her, as
i nventi on '?‘gmf’ﬁépalﬁ?e‘s&@flé‘ff?‘? S'ﬁmbf'heo%'éofhenhg?ré S“bseq‘gnﬁl'%'ﬂjabl e mol ecul ar
recognition events, e &t%ftﬁ?ﬁﬁvénﬁﬁﬁ‘tld &ﬁﬁexahtahgaar 9@9@&%’?&% e 25

array, does not require ermoval or consurrptlon of nore"than a sma
fracti on o¢coghitionctvent (e.g., targetaatisorbentatarget anglyts irféractjon) r@ammmhyrau on

o ocoss! ngariegiR s ol PR Flart RicPisetde tpestion iy G SRR e Gsttdar

of t#e addiresspibile!the assoialed Bbletilles Bt ANERCcAlized! (1.4 "Yé@inedD dtuRet i on
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modi f i cat Rdressblealogation. c Ahatas, seleationiand detecyion, by ditestraeansy loes not require
Adsor b h be devel oped b
sor bent o rééi?%&"%ﬂpe”e%ér{o gg’bén?;g &%9%ng anafyf! °° “EVE OPRL oY

an iterative pfocess ogr essi tion," in which

adsor bents or Anatheraaspect pf alie preisent' iavenitionais ki ahey d@ection $ocrecsk Miokd)

additional, variables to identit
desirable molecular recognition events, at one or more locations within the addressable

25 array, does not require removal or consumption of more than a small fraction of the total
adsorbent-analyte. Thus, the unused portion can be interrogated further after one or
more “secondary processing” events conducted directly in situ (i.e., within the boundary
of the addressable location) for the purpose of structure and function elucidation,
including further assembly or disassembly, modification, or amplification (directly or

30 indirectly).

Adsorbents with improved specificity for an analyte can be developed by
an iterative process, referred to as "progressive resolution,” in which adsorbents or

eluants proven to retain an analyte are tested with additional variables to identity
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In one aspect this invention provides a method for high information

25 resolution of at least one analyte in a sample. The method is a combinatorial separation
method that includes separation and detection of multiple analytes in parallel. The
method comprises the steps of a) exposing the analyte to at least two different selectivity
conditions, each s'electivity condition defined by the combination of an adsorbent and an
eluant, to allow retention of the analyte by the adsorbent; and b) detecting retained

30 analyte under the different selectivity conditions by desorption spectrometry. Detection
of retained analyte under the different selectivity conditions provides a high information

resolution of the analyte.
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In one enbB@BER2cach different sel ectivi ty condition is defined at a

di fferent predeterm ned, addressable |ocation for parallel processing. In -

anot her ”bﬂdéﬂ?&ﬁbo&xﬁén{@&ﬁ q@ffaeﬁmel&ﬁm lesncﬁhems @éfiredl £8P0 g
the analyte to a first selectivity condition at a defined |ocation

to all ovdxffeltennprednteunnteﬂea@ra%yble lpgationcfop parallghiprocessing; In gnogkerect i ng

Cpoct r orfaRte s, YR Eeron Gopipiithe B e of ) bR e AR AT B "
sef ect | Vdeieﬁueﬁﬁ dondifion 8f a defined locAorlIRS Al rét@@n Mthé Anal @ ?Iteow Bt ent | on of

the analyte to the adsorbent; and iv) detecting ai ned analy

undSr t resisezbentadi)sistesting vetained anallyte Wilen pheyBes Isﬂmtmtysqsv@dttmrm dssorpnon

10 " o PEEETRr Y o e e adioTotnd o 88, SRER SRt o e T R e
t he or gamk defined locatibrP EPARSW Irétentiorfdf thezinaBte fthe rmmahw lanid iiv), detectinig!
surface receptor or an intracellular receptor.

I n anot Hetairedotalyte wnderibe saepndrelactivirpenditian by damraﬂon SPESHOMSHY - a
hydr ophobi ¢ | ”teraﬁ{ é}gem&&%ﬂgm the Bﬂhg@uctahd& p}b%cﬁh&éé‘ciﬂm[l) eric

carbohydrate, a le ing gen r'ocarbon of a
comnpi natnglechiae E:Omf)lexl O”r mmbhﬁlecular asserrﬁﬂlylo dn amothert hﬁb@dimnbmatorgmet t ached
to a substrate conprising glass, ceramg¢ magnetic material, an

or gani c pigmpleeple is apsRayRe; AR Hamupﬂfépbulws rﬁa@qlwrfﬁpe gefeptaz or an intracellulgret o
or a ”Et%k:eﬁi&at ed with an organic polyner. In another enbodi nent the

adsor ben is in the formof a mcroenulsion, a latex, a |layer or a
bead. I n anot her ehbasbthernémbdiimefit the atlmrhtﬂtmmmpmrsest ireaniohs4 catien,ar e
arrangedmlgp aline or an o t ogonal arra In nbodi rrent t he

adsor ben hobic, Teractionadsorhent 3 B‘?lé‘p b f‘f“él Wta“'l"i)caa??reﬁgﬂﬁ'éﬁeo Adestie
analsyt es pdotat md&g enbodi nent
thgsadso? ggﬁtése ﬁ& %Fiekﬁe%ca{)%gs%xynbf xggg@?irag‘tbg%md fferent x'I ocati ons
after t hembodimghetheadsorbentois attacked:the substrate comipeising\glass, cemadii¢,ions. | n

e SRRk S A g S R, SRR AR,

+ 1 anot hjers@ GRAthEBN o P witha GHeatie'pRBihald FOARRNES RibdaiGi:ithO ad S0BbdRS S

~of the analyte by |aser desorption mass spectronetry.
| n anot h@rmeshdamgﬁa misroesaiision, & latsx, colapen oom beasd. elnsanathercembaslimgnt the ze

n0onel ediord S e Sl aRRHREE i a0 S GHERRL B AlioBls o

pl uralit umeédxﬁfeheﬂiel adsbx\beﬁl@mild: locaftd Gif & substrate at différeReTbchtiord! bedorel the ent
adsorbents and the sane el ua Anot her enbodi nent

. further awakes §’@s°’%ﬂ%¢%¥°e‘5‘eéﬂeﬁm‘}m eenditionss Jincanothes embodiment gl pdsoshents
 adsorbent Btaed 8haaBRirite o GHreATocRARAD aftl ey R Lxpiked IS HheeNt 1T Om

selectivity conditions. In another embodiment the different selectivity conditions
25 comprise different binding conditions or different elution conditions.
In another embodiment the step of detecting comprises detecting the mass
of the analyte by laser desorption mass spectrometry.
In another embodiment the selectivity conditions are selected to optimize
retention of analyte by an adsorbent. In another embodiment the at least one analyte is
30 more than one analyte. In another embodiment the plurality of selectivity conditions are
defined by at different adsorbents and the same eluant.
Another embodiment further comprises the step of providing a substrate

comprising adsorbents at addressable locations, each adsorbent being an adsorbent from a
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selectivity condition identified to retaig the analyte. In another
enbodi nent the elution conditions differ according to pH, buffering -

capacity, kelectivieyt condition, identifisdeo retainuthielanalyte. In anather embadiment the elution
detergent type, detergent dr ophobi.city.or dielectric constant
I n anot herc%ﬂﬁi‘sr@'g{e?ﬁ@r&“ﬂ %H])P T10g (Cap3qILY; f‘%}“%ém&q“o?lé"aéﬁ'eﬁ%‘@?ﬁrﬁed
by the sang detergent strength, hydrbphdbiihy 6 digfERa itant N ©
i nvention plr]%\a/l?t ggﬁaq%et ﬁené ‘¥%°r' gga%eéxntsl angth y rbﬁ‘h traction of anal ytes
from a samhh enothied embsdimentthoi platality of selectivitpicondifiensatieodefimed by the same
purifi | cat [ ou‘agevel oprment nmethod for nmultiple analytes in parallel. The
met hod® the steps of a) exposing a sanple conprising

anal yt es tO a first 9gl,86iHe¥ einbodinitat ii® hvetidiPprovided!d ﬁéthbﬂti%f‘&é Bnt¥dl
analytes by a first adsorbent and to create un-retained sanple;

col | ect i ng extraction- ofeanalytesdfremng samplenpkhis isnay cembinptozial, aempbsepagptmneand

£t 1 e SR S ekpmen: v G oo i e e e od Smpries
un-r et ai neghSBPY 6 aPEihoSing LiBsTIE Bompfkia ARslyRIb A frsti0deivie) LoflffoR'igN!

selectivity conc? ti'ons by desorption spectronetry.
~I'n ant her aﬁewenctenuhn of ianalytesibyrs firstadstrbens andise tcmtteeunﬁctamd capplepb)
L Bpect O R the e e R R IR s L "pOtiaE e Sh rethined skiple fo”

a gradi ent

anot her as Q%Eoﬁd‘béledt xt?raohemoartewd@sfe&nﬁsﬁ Redndiies B&%é&éﬁd ¥%&dorbent and to
|dent|fy| ng a selectivity condition with inproved resolution for an anal yte
in a sanpl reapun-retaingd samples and ehdetesting ratined agalyte fanderthe|ditfenent selectivity

sel ectivit analyte in a sanple by (i)

exposi ng a¥: §§§§§§ k)g%g&gﬁ{loﬂ gﬁ%cﬁpw ty conditions, each

sel ectjvity conditi orintbtiee dspet is irteatiompRvidesdl msteitarfas:aesbnatdnc and at
east one el ution .Characteristic; (bl detecting. anal yte retained

under each SBRSLEIRSITY €YMPLSRE An ddsqshent whose @F%@@ngﬁﬁmﬁﬁ gyadientd
Pii) i dentﬂéﬁg% &&g{.@ﬁﬁéa\{.la&g condition that retains the 25 anal yte;

and (b) ide ying a selectivity condition with inproved resolution for

[ he anal yte Hn ax@ﬂ)eraqb&tthmgwahtnbrepnivx@sa inethdd rfgr pf@ressivelyl stic
br elution .characteri sel ec I,ty condition

ti.c. dcci ent, f.i eg
Bra bl g iAgEHEgRg L selectibity cDRirian with IiGyS eSO tpE for b ERAlytS ins s %)
2; gﬁswg t hﬂxezlgagngtﬂlcsﬁ?ﬁsé@%fst@g ofela) Gdenti®y %Csbleway S6Hidr 0RP réwiﬁ§ &hn

condition in the nodified set conprises
sel ect i vi t \anglyte tica sampleibys(i) nanamg:a)sample twascyof smwaﬂ@qm)loas tuaqhil ng

onst ant sapieceflly Bkl qEmBal §jedt obe biling RptRiimii R o toam pp cudon

rodi fied sehak¥teristic; (i) déREAAP ahalPeSRAGISIQITRIEF b!adhhs%lechﬁitilbaﬁdlhbﬁ b9nal yte
i th inproved resol ution conmpared with a prior_identif

kel ecti vi t yicsQpEiPR SPeFromearys rﬂﬁéd}lﬁéﬂ@t@b‘ﬁ&r& seiestivie candijon that éﬁé@ﬁ ithey

25 analyte; and (b) identifying a selectivity condition with improved resolution for the

analyte by: (i) selecting at least one binding characteristic or elution characteristic from
the identified selectivity condition and adding it to a selectivity characteristic constant set;
(ii) exposing the sample to a modified set of selectivity conditions wherein each
selectivity condition in the modified set comprises (1) the selectivity characteristics in the
30 constant set and (2) a binding characteristic or elution characteristic that is not in the
constant sét; and (iii) identifying a selectivity condition from the modified set by
desorption spectrometry that retains the analyte with improved resolution compared with

a prior identified selectivity condition. One embodiment comprises the step of repeating
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step (b) at least once. Another enbodigent conprises repeating steps (b)
until a selectivity condition is identified that retains“only the

target gepls & feastronche Asviéreembodiment comprises repeatmg steps &s)cunhela aspect
this invention provides a substrate for desorption ectropetry

conpr i sBelectivity.epnditinanis idensiticd tgegng@ms\ﬁqlg,% ot jagakyte; ﬁ@i’i‘t iS8WPt resol ve
5 |yt nbodi t
e ot 1L i P RSO S i, oToo o

el uant  fpettontitrysedmpyising by adsonbksit ifrom arselectivity comditionscidentifiedow mollvg t he
eluant in conbination with the adsorbent. | n anot her

aspect ﬂhl@ab’ﬁﬁ/b}‘lﬁhﬁ)ﬂleﬁﬁ%\ﬂfd&@g@f‘% Frsefutign. Jnsps embogdiment the substrate i cat i on
an anal %,?ﬁ; ﬁ;?[ﬂeafbdnw kit rcom -B?Q e ttﬁ@%?k@dﬁ % EfRitiin 8 10

exposi ng trne sanpl'é to a substrate un r a pFura | rent
sel ect i instmctionmylon using the eluant mdmmnnatmg with ehmnitoshcat yte under the

different selecti VI ty conditio desorpt i on ectronetry; and
dentifying sel ectiAdef esamﬁvtﬁmxlanwp%m%a % Wethad {PY PEPRBIVE( 2 ned:
b) puri ﬁ)ﬁgﬁgatﬁ&???aﬂélgﬁefr&% i Snplt O'THE Mbihod|coiipridts thelshéisiitay

ed selec

i denti f C ndltlons a sequence of steps onpr|5|ng i)
exp®si ngxposing theptamplo taa sabsatdunder Lamierahlys of differentisdleativity eohdawmct ivity

dition to all t ft te by the. adso
Separ at %E@cﬁaé‘ resRieg wbalp e U TRy St i S By R, e
subst rahgr R edgg[ Ind identi fyingQeleBfitity SoridiGordNadét Vhidhofe tan8lyed foebindd;

I n anot IS 1 nventlon provi des a nmethod for preparing a
subst r ath ﬁumfy»ngtthcanalgteatw tepeatingo fier 2 phurglity oﬂdtﬁfemahmeauﬂamsdthMtNod is a
conbi nat or for the. de§ n_and Jj denti.ficati

anal yt e CQ f’? A %338??%#)@ eps, QOMISIg. P fRppying the sample, i’ an ﬁ?f’dg?lgr'ﬂ’élfr

angé yt eshe ideaified RaEcPARPEInER or! toealbefttertionadf th RAAYRDY e JdscHBeAY; if)
at least two different selectivity conditions, each selectivity condi ti on

defi ned spparaung the analyte femp .anampbﬁ%mataﬁ ol sefained by the substaateyand iiid 0 al | ow

retentiq adsorbent; b) identifying by
;, desorpti (@H&tét ﬁggaﬁg%ﬂgw eas rgﬁ%t selectivity condition 25 under

“which the anal yt e Insaroffietiaspet thiﬂdn\&hn@li? idescn methodsfor prepaciagry i si ng at
| east one adsorbent of an identified selectivity condition. In one

" enbodi msHbstrate, éors@%ctm at least one apalyieiip @ SARI mIhissBEthod di &) qopbiiratarial east
on 0: sel gﬁ&rxx& tfé(r ifg'n gLiﬂgrﬁ ﬁc\ﬁﬁbr? Bf anﬁ%# %Lélh)f ald%orbents QI 15315}@1’1}( 4 iffS are

ai ne ano
pr epar i niptezting b&tgeaamlﬁesrpﬂhsmmhm pdtmpxaselstthe stepsdf a) évqwsmgtmaisampteanon t he

| yt d ut dit
ot Hibreast pie difereat el SrRoRs. qadh Slrviy contign BROS) By 6 o
subj eot AnflifRRHEorAPARGHRAL 8RS R ¥iuahr, 16 WMowORLnHbA S UK hfa dsr%e This is

a conbi nat ori al net hod for sinultaneous detection of milti pl e
di agnostadsorpenk dv) ddentiipingdiyhdegorption spectrometry at least one selectivity condition

25 under which the analyte is retained; and c) preparing a substrate comprising at least one

adsorbent of an identified selectivity condition. In one embodiment, the step of
identifying comprises identifying at least one selectivity condition under which a plurality
of analytes are retained. In another embodiment the step of preparing comprises
preparing a substrate comprising a plurality of adsorbents that retain the analyte under an
30 elution condition as a multiplex adsorbent.
In another aspect this invention provides a method of diagnosing in a
subject a disease characterized by at least one diagnostic marker. This is a combinatorial

method for simultaneous detection of multiple diagnostic markers. The method
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conprises the steps of a) providing a suhgtrate for use in desorption
spectronetry that conprises at |east one addressable |ocatron, each -

addr essablcempeises ihersteps roira) prowiding a substratedfds asdindesbipaionr spectrometry that east
one of the diagnostjic nmarkers under an el utjon, condition;

..b
exposi ng Fﬁ@PSiéb%?‘_rlﬁ?% ong agdressab *%‘é‘?"%aﬁ?ﬁq‘ édq"FW]_FHQCaél?Sj P, #the
elution 5 adsorb&ﬁ'@h%fe@&v&soaﬂ%ﬁ‘ﬁné Srehd HEgnQJIictrgﬁ-kgfsatﬁfdgﬁ &h et ndiddRd ©)
detecting retal ned di agnostic mar kér by desorption spectronetry.
Det ect i ng b) exposingl tht substrate itg arkiologicabsample dxom the subject dndeprtheietutivh t he
di sease. " . I.n ot her aspect this, jnvention provides a
it for deprdifipRgo allow sieption of te diagnostic sieker and &) detertine ratping dingapsis o
for use i ' ORletry. mé- ; viies
-addr essabll}%gﬁé)lggfihgﬁ?pggg eggdr essébi?gﬁﬂlz ocati (;ﬁ&gg%%?(i;sgfr%argﬁﬁg}gsor bgnt
t hat diagnesis|ofdbe diseasmal yt e under a selectivity condition conprising

rpos g, e <am Tt sepct i FRRSUR s 1 Pr S i St
the kit '%aﬁxﬁgé e&ﬁﬁﬁgiﬁ%@l)byls@s&hwﬁk ke irP fle SR WOl ForiBiK SHat &ﬂ@g&é@m

'substrate cofrprises a plurality of addressabl’'e | ocations,” each addressabl e
1 ocal@ on 1é&ast one addnessablienigcationa ¢ach addressablatlocation| comprising anadsochent diatt he

: idi agnosti c g{ﬁr kers. . diti | n anot her ,aspect thi Sd I nvention
" iprovi des Aty gnabyts undery, sHleqtiity condition comprisig.the adsorbent and an eliatte oo ¢

jone adsor RaAL2) theddlu Bt lin@ARHBHS FREXxPBSifg RS M to the selectIRY RbAditiBS. ah
. lleast one adsorbent resolves a plurality of diagnostic markers for a

pat hol ogi cwe embodimensrthe kigris gharacterined by epluralioof diagnostic markers and the n

toandi aat oSupttast, (bRpki el biyPlied o} Wb TocAfins, Serbfroshitd sbaBBh, 1o
f or p§ ot eiddmprising an 8d0Ebent €t iresdl Vs W deashond of BR<diagnbetid Magkse- chemi cal

properties. The nethod conprises _ . the steps of a) determ ning a val ue
set specifyi ng nat chingnothestaspest ks inyentien providesi 3 sybsirplg for desorpdientond

physi co-c ] Larh S | [ i)
posi ng. peganedy Bclifg St 16 bnadtbliest &R che oI Caiin
_gcondi t i onsyheskinrthe at dstoonet adsorbeht rdselves atplumality of diagmosdt ymarkés fohe
substrate | di at ed , D basis of attraction that identifies a physico-
-fcheni cal cﬂ%ﬂ&‘%ﬁi@f‘?‘é‘%&?ﬁqrﬂ@ PAUSPLSAMBIRal yte: and ii) detecting retained
nal yge under the jf ; L\l b alg]
%0 In anoftﬁEr aspect This ?Iﬁ‘}e?lﬁbh‘f)kéﬁd@sod"ﬂieﬁ'ldgln@r i&’lg&‘ﬂgol : fdgfg)ﬂ#gut or

pectronmetry; and b) performhg, in a progr ama
he st eps candidptesdoran analyte prateith a Jbiscmethod 95 agombinaterial m&Bhod for pretefirer of

set of r.ef erence pol vpeptides, a yalue set.specifyin t |east a first

nd iSRG DR Sk e OB shEiRLBropethe? e mr iR omprises
ol ypept i dBé steph bf 2 Beteirhiding #alue set specifingoneh paR@fetdry ifoPad REst a first and
Pphysi co-chem cal characteristics of the protein analyte; iil

‘korting frsgeendphysinosehemtical chpracierisic obr\nreisin anadyts aly arigmpla b isexposing tthe n

L he ggtch analyte to a plurality of different selectivity conditions, wherein adsorption of the protein

-

analyte to the substrate is mediated by a basis of attraction that identifies a physico-
chemical characteristic of the protein analyte; and ii) detecting retained analyte under the
different selectivity conditions by desorption spectrometry; and b) performing, in a
programmable digital computer, the steps of i) accessing a database comprising, for each

30 member of a set of reference polypeptides, a value set specifying at least a first and
second physico-chemical characteristic of the reference polypeptides; ii) inputting the
value set specifying the physico-chemical characteristics of the protein analyte; iif)

sorting from the database, reference polypeptides having value sets within the match
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par anet ers%%$ﬁy5§3(§?t ed reference pol ypeg | des provide identity candidates
for the protein anal yte. Unsorted references pol ypeptides+~are those -
excl uded g AAER! I Tie Sl Rtk ﬁﬁg polypeptides provide 1denmy chAlli@Red ' the pRéiein

t his mvgntlon provi des a et for Sequ dnt | al retaini ng

anal yt es andliytes Binsonted referanmlnoimspudesme rthnsplee;chnﬂatﬂ ap ndentifyr eandhd-msl ar 5
assenbly nonitoring net useful as_ a, met dru covery by
mol ecul ar 38 {}FF ?PE’FE%%WW sﬁe’f‘ﬁ&‘&d% E'élyhe st eps
of ‘a) ©X ROt | ¥&§t mmieamd is a muﬁxﬁme%cﬁhhdfﬁﬁ%le%ﬂﬁ? b?%ﬁﬁraﬂﬂﬁ'e&x?ara”
eluant to allow retention of a first analyte by t adsor bent, and

e
det €kt i n@ssembly dsanitosing anethed. eItbn; ma@bapaumm@pémdmmmvewm ms)}emlae

ret ai ned first.ana bec S cor ds rbent: b) exposing a second
sanpl e t FSGIEUAR i Mﬁd% %&Fos @%fﬁfi’%‘{&gﬁ%ﬁf%‘@%m i on
of a secqpd priphm ﬁsbbbehhm to an elmqemw;re@éiﬁi@hbﬂm firstafalgRt BEtHeng the

adsor bed second anal yte by desorption spectronetry, whereby the
 ret ai ned adearbet, and dptecting: therasisorbed analyter by desorptinerspectrometry, whereby the

1 a0 i s R € Rttt Jilobellt ) 2o g B i Saflc B BCC.
| conppi si rsgcddilary aduoris and € hn @RANBH alw B&Ieﬁiid?ﬁéff @becoba ndiyteby 'ﬂ&:
adsorbent, wherein the activity of_ the nzyme on the epzyne

subst r at SESANSAT e@soabemoms’cﬂetmﬁge ad*'@ﬁ%ﬁda%q‘:@’fl‘? §B41Eterh)1 desqrption ness;
b) exposi duct by
d)esor Bt [ oﬁ&&&ﬁeéyspec r orret ru%%fm@geb%?rg%g%‘gr w%els’&élpdet ection

of the enzyne. In angther aspect this mveht;omprﬁvhﬁes mp&mtildﬂdesectmg anten2yme
rovides ,a neth r de m ni n et her ana .
Si f f er entiPA ?aFPg‘F eé@ﬁtmfté é,comap?qs%g ﬁ'tep%lP%ya)éB?BY‘B glilqiphasr—iqogtpram
sec I '
secesd . an adsofedt 8 ?Eg@ﬁ:@@h&sﬂ&%ﬁﬁ& Rohd Sdstiseht! wﬁé}em;ﬂnglbggsg%f fHe

ferenti expressi on nonitoring entl al
pr ot ei n cingpinayon mhenzwnhsubsuatqapmdmstarwodu@ﬂmvufg a characteastxodmbbcniam ng a

f t t ent h f t I f t t
sel act | vilhgiss SRR gy subuFEs 1o 1 sotelel aof o SeisBRRE i prdipchty: SRipcon”
‘anal yt e igpedthen&ey.0 Thtetbing m@gmdue:é] FndeE‘% deteRiof R €hé bitiyme, condi tion; and

c) detecting a difference between the first and the second retention
maps. A difference Imanogher raép@hﬂhlb mmpgn prqmets@smthod for deemining mhethen

tha the | S:cfll £ 1 first egon

0 B0 " crAoabs i Bt ot £ BHEGhAy FhRtse Rl in 3 R0 Rnd Ao00E"
dl ffer entmalogicaemlﬂssemdqﬁéme@ms tisepulciol fcememat&ml Infeth@fbridiffefential geit.ed
second sanpl es, 30 nprise the cells or material fromthe cells

1 anot her eﬁm&fﬁmﬁmmmm&ehm@éfemmbpmtem displayet @hmﬁﬂmjl opTBprises tbmstag%ﬂf
i | t t t h
oo s 79 RBEERRS L AR 48 P AL 8 SRR fr gl AU o

] but not selectivity oondmemdn)ctldwmhmygcaadecmﬁtmuohrmam foruhe aaalymiimﬁtseédiﬂ
fir ig bi Oslalgrﬂ)llec ?Ar t?’lg S | te: se%cr:t'ivxty condition; and c) detecting a difference between the first

-_

and the second retention maps. A difference in the retention maps provides a
determination that the analyte is differentially present in first and second samples.
In one embodiment the method is for determining whether a protein is
differentially expressed between two different cells, and the first and second samples
30 comprise the cells or material from the cells. In another embodiment the method if for
determining whether an agent alters the expression of a protein in a biological sample
further comprising the step of administering the agent to a first biological sample but not

to a second biological sample. In another embodiment the first biological sample derives
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froma healthy subject and the second bi oj2ogical sanple is froma subject
suffering from a pat hol ogi cal condition. The sanple can be*“sel ected
from for fexanhealthylsubjict tnid iR, second bml@crau Isamplé it iffom @ .subjeed suffesingfaémar e
found to be |ncreased I n.sanpl es fromp hol o subjects are
candi dat e aipahplegicat c?&ﬁ“ﬂ%‘? Wﬂ”c? P%rﬂ%?xamh,aweg@,. Wikgar ker

5 [ nvoI ;&ml JYBEI
I n anot her aspceﬁthqfs%l S invention prov é a )rrr%t%g ?%r | ‘ésnf’ﬂ“ P%\tgmgg}cfﬂgand

for a rec qub;ucts ii’ee:anéﬁbmdimgnqsnc seskdrbe Genepalyo onfiymationvofdi dignestisuhadkent e
conprisi n,adspr bent vvherel n t he, receptor is bound to the

adsorﬁent mﬁ?lvé&ﬂﬁ@ﬁ‘@‘f’ theypagksr in many sp tor to a sanple containing the
i gand under condi ti gnand tBis"iﬂVéiﬁmB?SWEs h el for 1&@1&3‘3&@3 fighd! e

ligand; and c) detectling boun l'igand by desorption spectrometr
| n anot herforapreceptohi Themuethod comprisesi the steps pﬁr@qmomgmgaa sutestrater comprising

det er mi ni et h t modul at ndj t | yt d
an e é%o % whepeid Hhe rebepioy of Rouml Oohe datatbes By Siphdbe Soved s The
nmet hod conpgé %a Sﬂmplet &ﬁnﬁhﬁ@&h@hgﬁid Gﬁdé‘:"c@hdﬁﬁoﬁs &HRARIW 5&:@1@6&%&5 B an

adsor bent to target analyte 1 bi nds under an t1 on

~ condil0i on; rebgptex pod ithegligdnd; sud <) dattsetmg)b@um hmgdly dasatpyion spectramettshe

; agent under the el ution C ndlthnthta al | ow b %I ng bet ween t[g gqar get
anal yte and the PRt l:‘)mﬁﬁffq,?&l?rﬂ& &% 4 SHSERNE JRedRd KTy bet ween
the targetqddahinirg ﬁH&h&h@n apSR hRMates bmdmgtaeud&ipx B ga&n&wiﬂ@w ry; and
d) determ ni ng whet her the neasured anount I's differen han a
icont rol anadsorbent. Fihislisraycombinatonial method, for drug dissprsspd The métbod amgptlses

pot weon ¢ e SRR Ty piovitink & SibaRA el A prSclf B B e sect S

it he agent bidyuwad&sarbéliedbn @ondition; b) exposing the substrate! td tRO Gird@RRflyte At fo the
“dnvention provides a nethod of detecting a genetl package

cont ai ni ngagenpynger e ebitionccanditiondnabigusbinding) besuenan the t%rgetmnaimtand the
speci fical

oo nat or idiprtati o) e o Anodth 40 piRTZhARREN el afeck Bnatkfl AR HEGben®
display |iby aegorpum lspazhmmetﬂye and el) d’étetmirﬂﬁg wamembﬁmmfufemt afount is diffdrgnt

retentate ng or, tar tein te i.n situ invitro

$t ranscri pt &’gﬁ ‘Hg"tml Eﬁg\%’oﬂ& gﬁerg B&s enostd @@ettﬁ@“%?‘@&‘eof a)

provig ng gnderhé Eﬁttx%n%ﬁﬂirdoﬁ'vﬁﬁxdﬁt the agemt e@gé%aﬁ&h mb}naag&xa ding a

display library that conprises a plurality o rent genetic
packages, wumowntodnidf @pemntrgbammlm lpdlcktag&atdrq:)agem mypdulages|binding eot i de t hat

30 [ tid t hat tid t d
Bach difTorent o in e abfert SRS hrageaS & ool St B e R e oo

-pol ypepti dgaokﬁgélbomﬁx e%GE Kekcle6tide that encoﬂé@ﬁiio%ebt'i& &éﬂﬁ Etfaﬂkﬁéciﬁbah?e

‘display library under ion conditions to al 'ow specif bi ndi ng
“bet ween a bisdy te pttarget adrorbenin Fhis i, im o§e ASREEE mmatﬂmk wethod fge seledting

pac Kage  apalyte-specific phage from a display library, including the use of target proteins isolated

by retentate mapping or target proteins generated in situ by in vitro transcription and
translation. The method comprises the steps of: a) providing a substrate comprising a
target adsorbent; i)) providing a display library that comprises a plurality of different
genetic packages, each different genetic package comprising a polynucleotide that

30 comprises a nucleotide sequence that encodes a polypeptide agent, and each different
genetic package having a surface on which the encoded polypeptide agent is displayed; c)
exposing the substrate to the display library under elution conditions to allow specific

binding between a polypeptide agent and the target adsorbent; whereby a genetic package
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conpri sing the poﬁ ypeptide agent is reffined on the substrate; and d)
detecting a genetic package retai ned on the substrate by “desorption-
spect r ogaih %ﬁsmg the polypeptide agent is retained onnthe subsichteeand d)f dedutimgegemede t he
display library is_a phage displa | i brar I n anot her enbodi nent

t he phapickpge mneql /N %%Fa@n%émtoqwcsom ol ypeptide is a single

chai n anti body. ﬁ?},? éqﬁkfd t [ :

pol ypepti de anal y?‘é pﬁre{h% | gg@%ha y tlg%[(gr glagqgi%‘é'em aZRﬁagglc}xsspl%

di T f er elibrapyie Iftanpeer embodiment thespimpbds MIB ol anothert émbaditnent tee conpri ses
a cell or cell nenbrane. enbodi ment,, the step

of Spr ovPelypeptideds & single ghain aghbodys ) another emboJuqe t‘a"&% BFEHXthsé‘orrpr i ses
t he ste QAP

wher ei nB@P{gépndd ar%wh%?%?ﬁgémw ?regna yéttglle%cer an el uti gn rgog#de 5t | on;
and ii )Irexmhemgnbodlment !hbesuhstme bempr:kes 4 tell bacglbmembaind.e under the
elution condition_to all retené‘eon of th et anal yte by the

adsor bent, wher ebyR{o88 ERenty pLoviding the %“&F Bpsishgnthe
In one gﬂ% Q@ YdiEibent &J}ﬁpﬁ%é Qg%gégﬁwtﬁ i-o°vx<ﬁn %rﬁsﬁuﬁe ¥ ingedmomﬁ step

of ii) oSl ng ent onprl es the step'o rodu0|ng
t d0get ke the adsorbens rdtainoa target ddalyte undenai ehmohy:ondntmnt amnd {i) axpdsiig on

f I d d h I d f h
compr | SBIEAHEPTIEH HR a5k AOAIG o e SBTRL RN to Albw reemionbder ace.
I'n anot %Fetedﬂﬂ B85 'the hirvee SivhérkBy Wgé%angyie b&BnRIIRE BBt aﬁbehvi]nds

an anchorfng pol ypeptlde and (2) at least one farget genetic-package having
a surf abeone embodiment) Spitanget aralytadhatanggt palypensideiand the dtea af di)grxposing

pol ynuc R RasaEeeh somptiosbe 6o icheing S \etast RBERAE: 7 R o7 Oies e

taygyet  adsorb&ift Wy inVigb ttanskabien bﬂhwyxﬁﬂlt@hus eRESdiR thel tﬁrgét)flaﬂ'péﬂldeh?md
adsor bent through the anchoring pol ypeptid

anot her cambarthersomprise amplifying the p@lenuqicmp!el sequenge y» §ftu onghe @ubmutm g

agent: i sqlattng. n AholtgFcRY et Bk GREFa: WineRAEL (5 (aREnt BEP hindS
. pol ypephah Gacksaig polyp?ptlde and (2) at least one tarigét p&yetib Paclfpeafividghd surfaveent i on
provi des_a_substrate for desorption spectronetry conprising an

adsor bedisplaying Biemhmn&nelumpt}ﬁ’g and|a taegat @@%ﬂﬁmmt@% e target surface

o, S e BRI ComBhhED o RLEAEy P IR BHRER i

conpri Seﬁccmep(théltwgéteﬂbmﬂent?:@vherem dneotarget pgnetidpackagd isdsoundgvahee t hat
encodes the tartg* Bol ypepti de. I n anot her aspect

this i nfasprbent hoEIng ROLYRSPLdR:t ect i ng transl ati on of a
pol ynucl eoti de. Thg dﬁﬁhﬁf@nﬁgﬁﬁﬁdrﬁﬁ% ﬁx@ﬁxoﬁtfﬁﬁﬁexoéom@')xseg Bg ¢! tﬁ@fﬁlo@“@?t rate

conpri sing an adsorbent Tor use I n desorption spect contacti ng
t he substepsit sequencing the nucleotide sequence that encodes the polypeptide agent; isolating

25 the retained genetic package or producing the polypeptide agent.
In another aspect this invention provides a substrate for desorption
spectrometry comprising an adsorbent that binds an anchoring polypeptide displayed on a
surface of a genetic package, wherein the surface of the genetic package further displays
a target polypeptide and wherein the genetic package comprises a polynucleotide
30 comprising a nucleotide sequence that encodes the target polypeptide.
In another aspect this invention provides a method for detecting translation
of a polynucleotide. The method comprises the steps of: a) providing a substrate
comprising an adsorbent for use in desorption spectrometry; b) contacting the substrate
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with the pol ynucl eoti de encodi ng a pol ypggtide and with agents for in vitro
transl ati on of t he pol ynucl eoti de, whereby the pol ypeptide*is

produced; vith fheRsyAEIédiRleenbSding acpoiypeptide and withelgenmifot i Rirfoomarishitivat dfon
of- t he podgepeptlde by the adsorbent; and d) detecting retained

pol ypept i D9IYGB@G?MQ,GVP§§§CM%¥WMD& produesd; 6) exppsingothe substrage to an
252 0 ARSI OB ST (o st

subst r at e pobyjeptidé by desqiptionispécronfetiyd s Deteetion op diesplypeptide provides deveotioalf a
strip. The strl contajins six different sets adsorbents classified

accor8i ng of dransiation of ghe pelyguclgetideact i on (hydr ophobic, ionic, coordinate
coval ent and m xed function). The strip contains several spots for
each type of adsorbent, allowi ng interrogation of the spots at
different tinmes with di f BRIER DESCRIPTION OBTHE DRAWINGS'd subsequent

anal ysi s. | g. depj¢cts a orth nal array of

adsorbents (surface F}&ér%‘?ﬂ‘?‘%ﬁ m{’gm BiRg 3 pality C%%\aﬁ%f pentspRtsqin the

addressablgj, étﬁ S Tﬂ_é" d}%&eﬁ@éﬁs ﬁﬁsrﬂeﬁfsr‘alﬂs&ﬂe‘_ﬂ accoﬁh &
dsor ents 0

The array ‘Inclu arious n exposure to e anal yte each
stripo basnsaﬁ‘rattmctums@gdrdp}lohxcv mmcatopommab eavdlent(and| mixed fungtionhr dhieol d

. jmodi fiers). Anal ysis of retention g‘gdﬁqr dlcﬂi]fer.ent sel ectivi ttX

~icondi ti on SR SRS  several spAtS o ¢ASh thpe ok gHeat alowing lnterﬁqggqtlppé)f ¢ spots
Fig. 3isA4 difides: fifHed Wiftl\aftferdrld RGAMAD ok B ankf aeﬁgu%sa{? g by 20

desor ption analyte fromgiven |ocations on t array and quan Itative

detection of the Fig. Zdepictbad oxthaponal amay | of sadsortients (pirfage intemsstion
spectrone |II trates, an _ex

conput er %W%%@r?%%‘fﬂ eaddressa'I:) eqlo(?f‘@ Q‘F ¥ 2l gan o&’gggéﬂgﬂfyze

jdat ajgenerappet. DYhE AeralrinSlaRes V4Aties l[dsetb xﬁth 16 M anadyte O BRH
isystem 1 vx/n?ch I ncl uﬁgg la rmnsl tor 3, scrgen 5, ﬁ’ogxa%xlpgsel%re keyboard 9, sgrgp

and nmouse can bevwashed by angrievaf letbfsemwat)bﬂméﬂmld modifiers). nhualysivof t ons

t h at may btgf%%Pllo{Qlet gér i s s?@‘%‘gw&“g e,_—%%]é g rglgﬂﬁéﬁjg%,lpq\fgr&(’ ot . shown)

i ncl udi ng mefige.i ncorporating the present I nventi on Al t hough a
§CDRO\/I 17 1s shown as_the_ conputer readable storage ned ot her

orrput er readabl e st SiageiseirPEescRiation iof ghe uwﬁ&atwm%lymmﬁmalmsdwu ves,

| ash \V Fooaarel |oF
,fhouses f amels § lh of Jﬁgﬁe g%@é%ﬁﬁ i's{ n%#g% hfcl)& sth%lﬁ)que&ea&g?ocggesor
nmenory, arritsbﬂxedladalyte by laser desorption mass spectrbingtryAB shows a system bl ock

di agram of conputer S used to execute software, that can be
used to anal yze dat a%gge é{néﬂ- af‘kFé‘aBWées%f CPRPWRE SHHFm Ased to execute

software that can be used to analyze data generated by the present invention. Fig. 4A

shows a computer system 1 which includes a monitor 3, screen 5, cabinet 7, keyboard 9,

25 and mouse 11. Mouse 11 may have one or more buttons such as mouse buttons 13.
Cabinet 7 houses a CD-ROM drive 15 and a hard drive (not shown) that may be utilized
t to store and retrieve computer programs including code incorporating the present
invention. Although a CD-ROM 17 is shown as the computer readable storage medium,
other computer readable storage media including ﬂoppy disks, DRAM, hard drives, flash
30 memory, tape, and the like may be utilized. Cabinet 7 also houses familiar computer
components (not shown) such as a processor, memory, and the like.
Fig. 4B shows a system block diagram of computer system 1 used to
execute software that can be used to analyze data generated by the present invention. As
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in Fig. A4A corf%ﬁter system 1 i ncludes ppnitor 3 and keyboard 9. Conputer
system 1 further includes subsystens such as a central priocessor -
102, sysincRigrmréonipgdfer sysem 1 includesanémicorl Beandlﬁeybodh‘sﬁl Gompiatpt systeh g,
rem)vabl e disk 112, fjxed disk 116, network I nterface 11]%, ?}51
speaker further facludes subsysteans Rieh 453 GeoFRbREACESSOT V82 ofY SIS NEMATY

corrput er I R d drive,
fla c&ﬁ?di‘[%? 166%213& E@ f:’lgg’%ﬁﬁyedﬁgﬁ sﬁg%lG 'S drlgg?gggéﬁf‘g?ﬁ/e of an

i nt er naI 1ﬂmfa‘bedrl|8v and spcaker IEIRAIRcmnvablce;hﬂt ki2 istepessentativebf removablens
suitable for use wi t h t [ nvent i.ncl de a d| ti onal

or Pewer CAMPYEE readable m léi‘%ﬁﬂ%@p’eéﬂ@?ﬁe B%Gt Em%‘ﬂ?é’(eel?ﬂrd rive, tlagh| ¢

i ncl ude h o 1 | refre tod & %yﬁ,&en) or
nmenory 1@1&%@,{@&16%6111& PR sk P16 1 S?Igasm A?—%xlgf S owlslsggent I on nmaps
for | ysobDRAMy ddhe kled: e Ethen ¢commuerisystemsssuitable for nse Mithi the psesemduWémmnt
adsor bent s a,ndl&a \é&& [ ff rent .el uants. 6A- 6B
show t heM2¥JB¢ ‘HP“? Wﬂr RRsHStems-o dipr £xample; agpther computgr, sy ‘8‘?‘@5 in
human  seguiih Gy rOBds86r ?G‘?Gr@eﬁtmulﬁfbrocessor System) or memoty 95

7A- 7B show the reso | on at ki ow and hi gh hol ecul’ar mass anal ytes
i n Mumancasheum by a var| ety of adsorbents usi ng t he sane el uant.

Fi . 8A-8B sh t ol d Lof - .,
alnglsyt es in ;rg}tNer %e%%s éﬂtf:t'gﬁeraei)? lng\"gﬁ%séjf%/ yzgaggp%grﬁega ﬁiﬁtﬁﬁ"’@ﬂ%‘%‘?s as
the el uajciuding six different adsorbents afd Sevefal AiF¥ent &@@MYL i on of analytes in

preterm infant urine usi n% hydr ophobi ¢ phenyl adsorbent and three
different eluants, Higs @A Bgshpw the gesplugion/atrlpwodnd high moleelarcmasseof et ent i on

ET gonio%&%}?‘}%é ?bl’%ﬁ F‘é“é%bg [g“ C-réh @?ﬁga&%’?ﬁ% I Ogul ture medi um of

tworsdi f.f erent br eafigs WCIB shelwl thblreszﬂunon at low and high molecular mh$sdof 11 shows
a conposite retention map of preterminfant urine exposed 25 to
sel ecti vP@%‘Y@éﬂGWP’éﬁé‘eﬂ@ DY g vagiety; ok adsorbene Heing Qs sasesh elantag t hr ee

 different eluants. gB show the resolutxorf éﬂo%cfﬁ%ﬁ@n&e&}%@r AhgEgs onal

~ phage display |ibr

4 pol yacryl ani de gel (l%ﬁ

mass) of preterm
i nfant uanalgtes in preterm mfant urme by a vaﬁety ofl&issitens wsmgaWhmi asftheoelaantng W t h
e havin rfac;e rotein that

specifically bi ndsq{‘éeg {"%Y’@é?mgﬁmfgang%ﬁ@ 19 E F&tlé agbunne $ipg @ ed at the
t OpphoVgyf oﬁ%?r?rxgﬂylf ﬁéﬁ@%ﬁd fiitdd ulfﬁ?aﬁféumﬁ?s%ﬁm f BRLdECLG

desorptlon spectr tTy through the detection of 't ny coat pro elns
t hat phagelective retem‘nntqflqms of Ahe ahalytes (t)oby the Fweent washeconditiorsever al

peci f1 cal 1y bouna. FlenyB 0. S B ion of apuy @ Hgef illnte quédiv of

two different breast cancer cell lines.

Fig. 11 shows a composite retention map of preterm infant urine exposed
25 to selectivity conditions defined by six different adsorbents and three different eluants.
Fig. 12 shows a two-dimensional polyacrylamide gel (pI and apparent
molecular mass) of preterm infant urine.
Fig. 13 shows a method of panning with phage display libraries for a
phage having a surface protein that specifically binds to a target analyte. The substrate
30 depicted at the top shows that even a few specifically bound phage can be detected by
desorption spectrometry through the detection of the many coat proteins that phage
contains. At the bottom, a substrate with several adsorbent spots is developed so that the
target analyte is specifically bound. Phage are exposed to the spots. Bound phage are
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PCT/ US98/ 1 detected by desorption spectronetry. PcIgesIsn2ee8 to
anot her sp ce{%”gze i sol ated and 1€@r own. Fi g.
14 shows how a ligand agent, in this case a single chain antibody, -
i dent i f i gedtdd By [BeSdtption Bpécuthetyn Plagesmind 3o anothelsspopent be dsalated aadt ar get
protein for 5 use in protein-protein interaction studies. Atarget is
purifiedgoWhsjtu (spot 2) and used to pan a phage display |ibrary
(spot 4). A singlegehai i % Heand 98¢t Gt Ehsats SANELhAR anti a
substrate (spot 6) F?a% 1a‘pnsa sso%geint %ga%%ég%a’r ggt LSt hen éaldsor@eagl tbgd}{'he
si n?I e ciaam?ﬁgd by atpamnin;[g_mndghod'ﬁhntb'eglsgbas an adsorbahn aé dock artangbtapmmilli%fonL
rotein-protein interactjons (spot..8). . . ., i 9. shows
B St hodbeoin EReHR RIS ISR FRicoe s AraFE fsPulifisd 51 (sRes 3) A6 A0 o
Wi th prof el o pabadl itikaty g&fh .1 R SIS chAf AnfbSdy 1! iSo1ated ialid aRbERAMY. A
single {;ﬁiﬁ‘pﬂé%%fiﬁﬂlg '?Il bg‘la'ly(3 pec)ificsqlggor a tapget ygrotei nis docked to a
spot on asebswate (spet 6havayladsdrbent. The targek imthen adsorbedita thersimgle ghainbody

which, itself be dacked through i . .protel T
STl cbedin: FBoByaras oRolesust i it Shlly brleirorrein eph b frvor 87

candi dates. The abigistys Showd's ntihid foR s@ie@:iin?%rh@@aﬁdi_@ét&i forRhebBilfty and to
interfere with 15 | 1gand binding to analyte iS nonitored 53/ desorption
Y.

spd®t r onimterfere with protein binding to a ligand; ip thisccase @\eingle-ghain gatibedy. s é singleng

drug candi dates, for the.abilift Q. . Laterfere with protein binding to
2 1 ganactammannefbwer e fing et Broisings depfita T s St Grolgo e
figure, gxfifple, 2N AnfiPhag®hitiiody vHECH, itselfotant Be doEked mugﬂtlﬁbfeﬁf Awth

anal yte bi nding by binding, itself, to the |igand by desorption
spect r onpratsin GO The single chain antibody isgxposertosthe karget proteinand 4¢ dsug eeni ng

(Target  prpasiee. o The el g e o bine jo the PAREF Bheieifiahl b SeBltbeepbl; |
11)15 As iigand Bindingvicoarfalyteds frofitored byt desofptiofapedtfonianked to the substrate

becom ng, itself, an adsorbent for the ligand. In this case, the_analyte is
docked t hrough Fig. 16 showsgpanethed forereepmg drug gandidatgs for the ahlity & posed

to the I|j . angl : salliel i : . gto

interfer gﬂ%ﬂ%?aﬂ%ﬁ%%ﬂﬁ%@%nﬁalgagﬁér&eﬁﬁgﬁx dt‘%gﬁ\n lﬁﬁl tb tﬂ*l‘#&gg&%e?bd@’g

e.g., bi prévignst figirbeetcepyohe amomitptsethe iability of ther drdghiy intesfereptvithanalyte

1 spectrongfry. e ) Fig. 18 depicts a flow chart begi nning

| with threT_Emﬁ‘é‘l‘ﬁ Py ibindingitss]f, to the ligand; by %sewsnoaw%;‘rﬂwgssed mRNA or

{ polypeptides and e@g[‘%%&bsfahﬁaﬁé&féﬂ Rfeefingidrug candidatdd #6N@3 tbRiphat f or m
for specifically binding the polypeptide for detéection by desorption 30

spect r omistesfere with target protein (Target protgin d3 binking to®sedondary ligand(fTarget nap of

Herophi | ys | . : dsor hi . Fig. . 19A anioni
adsor bent IO ¢ i prpvigy o REUSHrbn tred) j docRea 'the BT (|
adsor benbecdrhing, 18, 4 adsoptepbifer e 3ipalk®Nln this case, the analyte i¥'\Gb8&d3HAMgh

{ PCT/ US98/ 12908
: - a single chain antibody. The target is then exposed to the ligand and to the drug

25 candidates. The ability of the drug to interfere with binding between the analyte and the
ligand (by, e.g., binding to the target analyte) is monitored by desorption spectrometry.
Fig. 18 depicts a flow chart beginning with the identification of
differentially expressed mRNA or polypeptides and ending with the creation of a
diagnostic platform for specifically binding the polypeptide for detection by desorption
30 spectrometry.
Figs. 19A-19D show a retention map of Hemophilus lysate on an
adsorbent array. Fig. 19A: anionic adsorbent; Fig. 19B: Normal phase adsorbent; Fig.
19C: Ni(II) adsorbent; Fig. 19D: Hydrophobic adsorbent.



17 Fi gs. 20A-20C show progressive resolution of an

anal yt e i nywideegaBed us | ysate. The adsorbent in each cPEARPE13W8
ani oni ¢ adsorbent. Fig. 20A: In a firstistep, after -exposure to the
sanpl e, the spot was washed with 150 [err]l of- 20 mM sodi um * -

phosphate, 0.5 M sBigsu20AR0G shabsy proigréssive resolaticeohan andlyte, intAenaphilns bent

and sodium 5 phosphat e characteristic, of %\J]e el ua%t \kﬁ{*‘g dded to a

const antlysag. aheaﬁlawg’e%w cach case Was an anionig-adsorbent.o Fig. ctR 3 1355} 8teRps

added. F 7.0, the
b 8 i, ¢ 10, AT L BB s

spot was was d [err]],
t ot al). ﬂﬁog)hamm 5/M sadilim ichioride, pH Tl slada snmpdamphmmdspfbem and sddiumpot

W t d | 0, 15 M Nad 15 | total). 10
Fi gé. 219&%%1% HW‘E‘EBS%%WS,‘: B t%@sﬁﬂ%ﬂ % °B%¥‘Wééé? %fgﬁ%g@ﬁ ?(?'naA)
nor nal W&uﬁﬁﬁ‘éﬁhﬁgé beé%ﬁﬁ%dé@“ﬂ% pI1): 20 Ingé&umﬁ’ﬁ&&abm B’ nor mal

serum on ent array Fi 21B. Retentate map of
di sease phesphate,npHi7.0, the spotvas mashed wnhd'y()i%(Tmt)onsXIQQ arid Q. ISMCNaGb(lé()ned

I f bot nbj rl f ashi
o4 ey e ot S0 m son AL PhbueiatY 8. G, bSO
convert §gadnd it 100 WM ifRdavete, tmwmwmm pRigthly! es retained froma

nor mal serum and the solid bars represent anal ytes retained froma
di §@ase ser um Fi gFigd121A-21D show thelieshlts efaicamparisoncbetiveen tgmpoments in

di f f the t | t ed,
whero. ¢ PTA MTBR SEREn oS SRRIAIRINY: JOEF AL RRebaral PR of pervial KA cod
and an ad!sbﬂfén@ y dﬂ(ﬁ%tsit@ gl YIS Rewerae niipt b diteass BmPbARhf | cant

i ncreases i n the disease serum (5 to 10 fold increases).

Fi gs. 22tsobent ey £uBhpite.i Sigr IC:rRetaimed @palites of footh sasvmyr samples areas ed

Aount - oraketh ERNSEIAY HaficR Fo ol (REBRETMon, 356 BN feliihl
Fi g5. 23AafBibisbenvered Qﬂfa&ia@ thepdasihdd BarsIrypresenit Analyies eethined ficiha KuHAD 25

cancer patients shown in " view' format, Difference maps between
pat i ent sSeTumy apghghe solid barg rmm apalytssresained from acdiseasy serpm. pFigs &

| ncr easeg, %méi‘gﬁtﬁatk/ﬁlé(;rg %feparl'}aﬁlé %@ff&en%feg%t\rwefn the two samples, a fdn%;%n[s;rg ée(ﬁ

show detection o ["aser
. through islgenemtes; twhene die taltne cgfahe rithinkd canaltytqsrfmm ltht: sabiples] ateudalcuisted and he

origi naI JAQ[ery] .phage per m r e frp 0 to - 100, 000, 000, 30

Fi gs. ég?‘g g%‘t‘%@ a@a{y{mr&a@p& lVfl‘§‘ é‘@é‘ﬁﬂgp} IsANkInEreRses 1 the diseasey
antzo- N[LSsee,ﬂhl(igqul(ﬁﬁﬂ@qh@ga%@gbent Fig. 22A shows captured ML3 phage w th
peaks representing gene VIIl and gene IIl proteins. Fig. 22Bis a

control show ng pe®iigs. 22A-22D ishew aseomeparigon [of reteptateomigpsafis wobtrol, diseiasegd v
g?g | (lnggbl étg)%[tgga@d mouse urine on a Cuﬂmdggrlng%? ?u%d quantitation of amount of a
marker in diseased and drug-treated urine.
Figs. 23A-23D show retentate maps of analytes in urine from four human
25 cancer patients shown in "gel view" format. Difference maps between patients 1, 2 and
3 show two common analytes that are present in increased amounts in these patients.
Figs. 24A-24E show detection of M13 phage by laser desorption mass
spectrometry through the detection of the gene VIII coat protein. The dilutiens of the
original 10'? phage per ml range from 1:10 to 1:100,000,000.
30 Figs. 25A-25B show the capture of M13 by desorption spectrometry using
anti-M13 antibody as an adsorbent. Fig. 22A shows captured M13 phage with peaks
representing gene VIII and gene III proteins. Fig. 22B is a control showing peaks

representing the antibody adsorbent (singly and doubly charged).



18 Fi gs. 26A-26D show adsorption of ML3 phage bearing
an anti -tagv&'% chai n antibody by tat protein adsogfsSIs3RIN§l e
strength i own under phage dil utionsyg from1:10 to 1:10, 000.

Figs. 27A-27B show retention maps of TG-[err] binding to docked TG--[err] -

5 receptor fusi qegrzgseP6Dahow diSérplioh of ME phadtWoariagthuadnil@0 single

(Fig. 27B). The solid line shows binding w thout the esence of
free TGFc[mn raptibedsey &t profein adsorheat. Single fegpgth 1s shownypnder phags, ditpiions
presence [ tor. Figs. 28 to 31 show t he
resol vi n \}\Blr%r%’}‘ gt@ﬁf ate chromat ogr aphy. Figs. 28A-28C show
resol ution Of pr ot digs IMA0TBeow retetiion ypt of Uﬂlhg Biudihgph@lbbked TGF-8
cationic and Cu(ll) adsorbents at nolecul ar rra mO0 kD to 30 kD. Each

ret & nedreceptor fusinBPyotEin & t apfmldiig-2f Ayand ¥ 1184@1 Iﬁ@!gg /B 'Ifl’ﬁesoliﬂr

h
P e S BHERL ol G freence o 64 31eH K, T a2 SO
cati oni c biding i the)prestnoe TGH-8 mtepmrl ecul ar masses from about 30 kD

to about 100 kcD. Fig. 30 ShO\é\E canbi ned. r esol utlon from0O kD to kD of

15 Herophi | us pr%g%l%“’f 3o the rFolving RO OfFgtentalk fhromato gjap shows
conbi ned [ from
combl el Figs. 28A58C Shot! t@£bé Qm&%g ot HetbpitustigShe %lnF %yﬁ{'é;}h%m)&sm ron
bi kb ng ohtiduid ahd CugH) pdsmrhems abmlennlarraiasm}!sfwtbélmb to 30 kD. Each retained

Fi gs. 33A-33B sh bi ndj f f d to GST f t 20
ocked  + BualAte.i FapHsR e P 2ybar 18 egaitiof thesBRE o e3e i Uhei ey QUHBE | | Gand
to a Congtgined analyte. 2Fi&Y 298230 o ?&bhitAl Lagﬁ%%egﬁmﬁ%mﬁé@ﬂ%?% or

(Fig I NVENTI ON
| . DERBkNg Hydiphobic, cationic and Cu(Il) adsoghentss st ulolecnlad muassesr fiwmeabout 80 kD

t echni cal d scientifi.c r used, herein ani ng.commonl y
under st 0(591 taﬁ*?e% nll: l§ki€56 555“'? ﬁo’?‘H@egrrqul‘B‘%ﬁBWW?@sm% kb n# nvention
bel pngs. zmﬁ'ofih%& ProtBihs 'FRINE eREIF B the thidedRAsoBene! ik BY sﬁbwcamsﬁﬁar al
definition of many of the ternms used in this invenfion: Singleton et al.

| DI CTI ONARasoBRion from 20vkDROBI G0 KIbwf Alanaphi/ropratsins fionpexch ofithedhree094) ; THE
CAMBRI DGE 30b DI CTI ONARY OF SCI ENCE AND TECHNOLOGY (\Wal ker ed., 1988);
THE GLOS ﬂ\ Bhs- GENETICS, 5TH ED., R Rieger et al. (eds.), Spriﬂger

Verlag (1991); and pigl 82&hows the bﬁ(amgadﬂ GS"HEudt&RBERembld hrnidl GAsdbERY OF

* BIOLOGY (1991). As used herein, the followi ng terns have the

~ meani ngs ascribed tBigendiA3aBehowshiadingiafa wepiiciigaad to GST fusion receptor \ip

98/ %gg /dfﬁlée&to an adsorbent array (Fig. 33A) and lack of binding of the ligand to a control

array that does not include the GST fusion receptor (Fig. 33B).

DETAILED DESCRIPTION OF THE INVENTION

I DEFINITIONS

25 Unless defined otherwise, all technical and scientific terms used herein
have the meaning commonly understood by a person skilled in the art to which this
invention belongs. The following references provide one of skill with a general
definition of maniv of the terms used in this invention: Singleton et al., DICTIONARY OF
MICROBIOLOGY AND MOLECULAR BIOLOGY (2d ed. 1994); THE CAMBRIDGE

30 DICTIONARY OF SCIENCE AND TECHNOLOGY (Walker ed., 1988); THE GLOSSARY OF
GENETICS, 5TH ED., R. Rieger et al. (eds.), Springer Verlag (1991); and Hale &
Marham, THE HARPER COLLINS DICTIONARY OF BIOLOGY (1991). As used herein, the

following terms have the meanings ascribed to them unless specified otherwise.



19 "Anal yte" refers to a conponent of a sanple which
I s desirablyg, §£§ and detected. The term can ref erPQTAUSISARIG| €
conponent or a set of conmponents in thqg sanpl e.

Adsor bent" refers to any material capable of adsorbing an analyte. The 5

term "adsorbent” iAnsye" beemitd 4 @o:ﬁptfxeht bPi Rahpleawhich 3¢ GesirabBy te’ﬁimed
("oonopl ex adsorbent™) (e conpound or functional ﬁ'le to
Ffe

whi ch t Bad datectede The &rwoe@(fef%me a s;n&!e componery| Qfr &6t Of COmpans

mat eri al errul ti pl ex adsorbent™) to which a sanple is exposed. The
adsorbent fraterials in a nmultiplex adsorbent are referred to as "adsorbent
speci es. Poxdsextsenp! feferito alg mesterddl| capitile af iadsorbingearsatadyite. atFhecan

cogrl se a nultiplex adsorbent 10 haracteri zed by many different
r be fRTI% pRASOERENE lsglsedax%n t%%%fﬁﬁha'g 9t §P$‘S|f§a‘e%t(a¥n°nop ex adsarBenit br s,

ad
or anti ?'9%' ef):om o tdﬂe glncESﬁzﬂLHr ﬁ}g aﬂlﬂﬁrﬁﬁeﬁé liSbidosed, and to a

" Adsor b' efer etecta bet we sor’bent and an
anal yt e phiraligr oﬂoﬁfzrmtanaw:fiale r("m;aBiplaxgp,dthbbnﬁm tcewhmhta §éampleds iexpdsgd.

threshol d nodifier). Subst r ;e ers to a,solid
phase t JbRrAdserbsat matesialsin a F‘E’“&QIF’&EWHI’W aye; referre ERJG% rbent species.

"Bi ndi n n{ﬂﬂé t

di ct at eg:o?%g&gﬂ Cﬁdgges(s)%lﬁ%‘rflécg sor ent or gﬁﬁgﬁa yte élaq?{vl\%lfpg%sdgsgregﬁps have

di 10 er erharacterized byndan}gdxffmcmcaﬂmrbmtl specie$ (e.gncaiont mhmeemateuhlso metal
conditio t he ads nt s bind anaJ e with different
degr ees & gFla%ﬂ*?’l?ﬁ o °g dslﬁ’d %‘%gﬁnélbf‘sdﬂ‘?&éhq%?r&ﬁ’é for 20 exanpl e,

degree of salt-proMRiReL1 Rifefsas the BeteEl8Bie Windihg Wéea faﬂbdwofbeh@&ﬁpsd on,
degree of hydrophilic interaction, degree of electrostatic

i nt er actansalyte eithtrdiefioneordhfter rwaghmgrmﬂe am eluant (selecnvxty threshold modifier).” Bi ndi ng
condi'tions" refer e hindin r|st| anal yte
i s exposed. 25 §ubsg'ate rei%rs 4 Ef@tgﬁf 1o W gn P@Q’é{ﬁen&d%ﬁ?ﬂhﬂﬁf cally a

sol§iti orgepbdield. i s used to nediate adsor ption of an analyte to an
adsorbent. EI uants al so are referr'ed to as "selectivity t hr eshol d
nodi fiers. "Binding characteristic r@ﬁmm@nclzeﬁaﬁdanémwﬂce! feawrethatt o a

f eat t
| (sel zéf.d"&% s ¢ ibatiiop BF 4t dutdrbdyeFor S angiyee, BED Aokl HabBliterent 1
£, 30 aﬁnﬂmg chinaowehistics if " undeelthasama Iehmand:ofxdhabnmtme ddorbents bindathe er i stics

i f, when ontact wit adsorbent, the degree of
af fi nit 2 WB"%NQ%@@C adF&@es of aftinityy E}stc F%cfﬁ‘é’rsycs EPCEH% gor
chag act e bl dephse! W&lt-ﬁr@fno?éiﬁmﬁérﬂctldﬂ"'degﬁg o nylfopRebid interaction, degree

" WD 98/ 59362

PCT/ USo&fiydogphilic interaction, degree of electrostatic interaction, and others described herein.

"Binding conditions” refer to the binding characteristics to which an
analyte is exposed.

25 "Eluant" refers to an agent, typically a solution, that is used to mediate
adsorption of an analyte to an adsorbent. Eluants also are referred to as "selectivity
threshold modifiers."

"Elution characteristic" refers to a feature that dictates the ability of a
particular eluant (selectivity threshold modifier) to mediate adsorption between an analyte

30 and an absorbent. Two eluants have different elution characteristics if, when put in
contact with an analyte and adsorbent, the degree of affinity of the analyte for the

adsorbent differs. Elution characteristics include, for example, pH, ionic strength,



?

20 nodi fication of water structure, detergent strength,

m)dl ficatio ophobi c i nteractions, and ot hers degausysd2908
Her ei n. Wcbusbiés "Elution cgegditions” refer to the elution
char acteristics to which an anal yte I s exposed. 5 -

iSel ecti vigoliffAabR of wa:at étﬁ.lcufréf 8étergefit Strdn@tt, UhedifitatidiCofCpydrbpidbi©n of an
adsorbent havi ng particul ar bi ndi ng characteristics and an el uant havi ng

parti cul ainteractionsnand others desgribed bevein-i cs that dictate the specificity with

whi ch the analyte isgpefained.to 4 pga 1.t %O&Rg&t&ergs&ltc?li Z.?{ @ga%gg

the el uant. y con
seI ectivi isYex?BQédaCt er| stics to which an 10 analyte is exposed
"Basis for traction" refers to the chemical and/or physico:-cheni cal

pr opdrties which cadlSelegtivithehasacteristico reterita # featwrg afdhd sempination of an

| m?} ;ggﬁg“Fgﬁpﬂgwgng&gwééﬁﬁ@ndﬁgsén@ﬁa&fsﬁsg b o EruBPndihg Biticffdr Shucie

"Resol ve, chara@emsticsithay, dickate the sspedifitity wih which|th¢ analyefie ratained thehedet ect i on
of at |east one analyte in a sanple. Resolution includes the detection of a

pl ur al i t yadgorbent after &ﬁém?gé%mi Heeeldamtpl e by separation and subsequent
differ enti al detect |..?g{ Bﬁ pLe (ﬂxﬁ&lsd%ﬁr to the felé‘bﬁ:v?]tg'g:ﬂ#a&%ai%{e?@s fbowgmcﬁta?)

separation of an ana ot her ana
Rat hey , aaualyteﬁareapd;sad that allows the di st| nction bet ween at | east two

:| anal ytes suffices.

h info t|on re ution"
refers to resol uti onBéflszfﬂr attraction’ refers to the gheni‘l‘ﬁﬂ YSHQF& aﬁot only
det ecti on 1 g&leo R o- chemi cal
pr operty gﬁ;pekﬁ@s i)}%%ﬁsfeog%ge evaﬁt?ztlbe Ct CEI ar nass.

"Desor ption spect rori’Stne;lgmrcﬂTa;trection“ aefers tmdleahtedst)eof theqatractionadfyane i n
whi ch the anal I S sed.to ener |ch desorbs the analyte froma
st ati onar }® 03?%’1%? ﬁxe?%ﬂggkgo&'g ;?&ﬁg@’ ‘and the desorbed analyte or a
di stjgigui shabl e por t"'REQolQE " tredciutivn, ® ok "Yesolution of AM2kARLT RferdYo ﬁledﬁété'&foﬂr
rWIthOUt an internedi ate step of captur| ng the anal yté on a second

| st ati onar pf gtileast one analyte i m a sample Resolutiominchusies theedasectionoofi aiphiralityiofig t he

presence, nge or._a t to et ec
PRetont | oRSAVERdf & Yagitit bR pelarior pod, pubseansRb Hffereh Qe WEmtigh does

§ washi ng wnbhreyjrire! thé@bmplete separatlon of an analyte from Rt sthér zﬁﬁlyi@st 'a fEk@fe to
data indicating the detection (optionall I ncl udi ng detecting nass)

{of an anaRgpther; any pepamtigndhat @ﬁw medhmctlge betyeeniat yeasbin analytes suffices.
20 "High information resolution" refers to resolution of an analyte in a

manner that permits not only detection of the analyte, but also at least one physico-

chemical property of the analyte to be evaluated, e.g., molecular mass.
"Desorption spectrometry” refers to a method of detecting an analyte in
which the analyte is exposed to energy which desorbs the analyte from a stationary phase
25 into a gas phase, and the desorbed analyte or a distinguishable portion of it is directly
detected by a detector, without an intermediate step of capturing the analyte on a second
stationary phase.
"Detect” refers to identifying the presence, absence or amount of the
object to be detected.
30 "Retention" refers to an adsorption of an analyte by an adsorbent after
washing with an eluant.
"Retention data” refers to data indicating the detection (optionally

including detecting mass) of an analyte retained under a particular selectivity condition.
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"Retention map” refers to a value set spyecifying retention data for an
anal yte retai ned under a plurality of selectivity conditions. *

"Recogni tion profi PRétentidremap! oefarsvial aiealue setsypecifyipg metentidmtlatacfor ebent i on

of. n anal yte ynder a pluraljty of selectivity conditions. 5

" Conpl exanayss éﬁ’@l“F@“&H%\q ?ngaﬁ%me‘aieﬁe}("%ﬁo HOM$-of 2 or nore anal ytes.
"Fragment” refers b itfQtofiie® referd BFa VAR £fbpechfinsRldiive refenfiby of C2
breakdown of an ana?yt . Fragnents r%y bg In a ne%tatc?g@éor ioﬁi C gt ate.
"Di ff er cant armltyte ymders a ipluralityedfesetectivity coaditionsabl e di fference in the

itati . titati f nal .10
T Lot 1l ot ChmPlaRR bl o o Ry BRofR U Zioe Womeyanats o
organ or organi sm rRelehflintOrefiis td o prddiibes fitAE chéifichl, ehbPfbte, Ur pHySRRI

| ysates or honbgenat es, or body fluid sanples, such as blood, urine
or cer ethreakdawal of amadalyte. Fragments may be in a neutral gmitonic $ateaol ecul e" refers

to an organic nol egule of .hiologi.cal _grigin, e.0., Ssteroids,. am no
aci ds, nucl eoti des, B%ﬁ?f&?'é, ?Bfegf}%t F’grﬁ"??m;fofjffﬁ‘ﬁﬁmﬁ&qf%@?e Fhthe alitagve

car bohyd&a%l%ﬁ%ﬁ‘)eiﬁgggce of an analyte. "Smal | organic nol ecul e"
refers to Organic nol ecul es of a"size conparable to those organic
nmoll@cul es gener al | yBidegicalrsamipla” metersito 8 sampleTdarivied fnorasacyimese elly tissuec

bi opol yners (e.q.. .praoteins., nucleic acids, etc.). Preferred small organic
ol ecul cafean Of ohignifin dncikie, BB fmBfadr csfofisbs or R b B 2000 a, o
up to abgythogdédafesDar bely fluid samples, such as bloodBufiRé by ¢Bfebrdspiml flui® a pol ymer
of biological origin, €.9., polypeptldes, _ pol ynucl eotides,

pol ysacchari des or "Pegani¢ prosmalende’( zefers to @n-organi¢ molepuje-ef bindagical origin,

e at o b oy GRihg APOE INCIRCES TREGET By BEHpERE Comprex
nonsnat ugazbbhydeates! ok lipits. anal ogs thereof |inked via peptide bonds,

related naturally occurring structural variants, 25 and synthetic
non-natural | y occur®mal osggnie groleqyls’crsfers tg organis molsples ofta size; cempanghle

synt hesi | : tf ' The
) Efhos Ble APl ey peitaRy uitd B RHFRAPALKRED TR BRRDE Sfeank
;. " pept i debiopylyimeas (g.gr,efreteins; mucleic acids, etw).t Ppefesrpe piniall rganic molecules

"Pol ynuc| eoti.de;, refers to yner, c 0 f nucl eotj de its. 30
Pol yhuc | B dasize i (bt 0P e TBcte abPRn2 0 Be.e Pt tn s aboutitdh B
deggyr i bonucl ei ¢ aogghpolymer” referft s bofmter dftibIdgIcaI 6riginl €. BNﬁg?: titfes el |
as nucleic acid anal ogpso.ynll\lurclrgié aci é;o ‘r angl?ogs liﬁ?\‘él ugglé t spe wfsfl ch
i ncl ude pelynuclecrides) polysasaharideg oy polyglyeenides (2.2 dali- ohtri-glycerides). engage i n
| i nkages with ot her..PniJcI eo& iwdes ot her ihan t he na& ur ally occurr.in

olypeptide" téfers to a polymer composed of amino acid residues,

related naturally occurring structural variants, and synthetic non-naturally occurring

analogs thereof linked via pepﬁdc bonds, related naturally occurring structural variants,

25 and synthetic non-naturally occurring analogs thereof. Synthetic polypeptides can be
synthesized, for example, using an automated polypeptide synthesizer. The term
"protein" typically refers to large polypeptides. The term "peptide" typically refers to
short polypeptides.

"Polynucleotide” refers to a polymer composed of nucleotide units.

30 Polynucleotides include naturally occurring nucleic acids, such as deoxyribonucleic acid
("DNA") and ribonucleic acid ("RNA") as well as nucleic acid analogs. Nucleic acid
analogs include those which include non-naturally occurring bases, nucleotides that
engage in linkages with other nucleotides other than the naturally occurring



-a WO 98/ 59362

PCT/ US98/ 0 PCT/USHB/12908
1 phosphodi eSter 5t)ond or which include bages attached through |inkages ot her
i than phosphodi est er bonds. Thus, nucl eoti de anal ogs incl ude, for -

exanpl e gRckphbdiB&er bond or whdehkﬁﬁb%sesMﬁ&ﬁé&ﬂﬂéﬁE&ﬁﬁlﬁ@es other than
phosphorodi Phl oat es, phosphorotriesters, phosphoram dates,

1 bor anophphgsphediestenbends: p mygleotide aezﬂpssamc hfar exampls anhwithout

ke subigtppARBReYIGkES Thospibatioll dosoRibinkl, phbepiiiiintilfs, |

aut onat egofahibp lfdéPhit%lrﬁemqupﬁb@Hoﬂhm ' ¢hifal ehethyl Phds dphonates 2iQumetftl y refers
ol ynucl eot i des he term "ol i gonucl eot i ically refers to

|

gﬁoﬁ? r ggngmml@mdeaegcptgeﬁ@ﬁm geide (RN ASL andithe li %&ys mlméléequm be ¢
Il b t d b

o o S cBpthesizaty 95 Slafitle. Ahe YA Sfdindttf DRPA fineEH o teby GRERICALES DY

(i. Atypitalls, reférs td) lasé pblynukleotigesacThe term "ohgonucleoude" typlcally refers to
Detectabl e noiety" or a "label"” refers to a co%o& tion tectabl e by

spect r os &t @01Y|§H6‘98%¢Férrg6%mll¥) g greatr than ap ByReRtidss. Bf"’"é R&ni cal
means. gﬁ? atoes od thét %N fnu%!ﬁ&fi&' S ggpﬁéesxs r@@ﬂg%‘fe& % E]IENA[ féqﬁlrﬁ“e (e,

fl uoresc el ectron-dense reagents nﬁnnly
usekd in Iy CE,LC)SA)ns ds@inchides maRNAastquencei (e ,genlUn G, h@))imwhlch g repiauds
proteins for which antisera or nonoclonal antibodies are available, or
nucl ei ¢ aéid nol ecul es with a sequence conplenentary to a target.
i The detectabl e noie n e L] OBASHA ch as a
! radioactive, chr om&ér%&@moﬁf%oroégcgﬁas?gﬁg ﬁ& tgl‘%nsmgcan Z’yused to
© quanti taswctﬂmecmwhomnfheMaidbmhenmabllmnmoeheynm ar shespical niEhss. 2Bor

detectable | et I n or a C 0,a priner _or probe
ei t her amiple Mﬂﬁﬁ% m@?"&? %o?&re’uq} ﬁ"rsﬁem ﬁs,oeg?cq%(ilegmg Feags8Sngen
bongss, € efizymés\@0g DA *bin@ibrly used in an Eﬁ.@ﬁﬂﬁ%bﬁﬁﬂs@éﬁi\%ﬁlﬂ AfiSxigéin, haptens

bi oti nyl at ed nucl eotides that are recogni zed by strept avadi n.

det ect ablaad mmtemp fonyvhich antisera oxymeno¢laualrantibodiesiarecavailable, or nunlcxs@md

ot cct abPIORRE Yith g ASHek ok ipRbtidl S £ e FRCI bR e ot "ot 1Y

det ect ablgendtates taymesrdige kignal, ispelds afradiohétivé| BBropfugefiie] or fldFescent signaBs
" biotin, mhlch I.s a binding, partner for streptavadin, or a nucleotide

s eq uence thaticaa bejused to quantgtﬁt@ the gmongt phbeund: datestable maigsy dransample.sddgence,
h I

01 iR, A0RE) EAE B oAl 8y srachd o Grilich i eiae

it seI f | sbedlentlyyi drhhmu‘ghuoncs wemﬁenwmjbehydlfbgerbbmisng goatﬂcnqrorajcﬁpoﬂray be

Lol e bingetie EloRdR S plbReuSed Rcizordes e s %a«?q%nasﬂiavyh&mm@m

mol ecul e TiHaaferdctatid! gidiét? xﬂsx B8& ikbdy b imeu};n@& Lah rngi}ect deéecRoWﬁ%g ot her

| abel ed nucl el ¢ aci ecul es. ( See, er an usner,
involve the binding of a second dlrectly or mdlrectly detectable moiety to the detectable

25 moiety. For example, the detectable moiety can be the ligand of a binding partner, such
as biotin, which is a binding partner for streptavadin, or a nucleotide sequence, which is
the binding partner for a complementary sequence, to which it can specifically hybridize.
The binding partner may itself be directly detectable, for example, an antibody may be
itself labeled with a fluorescent molecule. The binding partner also may be indirectly

30 detectable, for example, a nucleic acid having a complementary nucleotide sequence can
be a part of a branched DNA molecule that is in turn detectable through hybridization
with other labeled nucleic acid molecules. (See, e.g., PD. Fahrlander and A. Klausner,



WO 98/ 59362

PCT/ US98/ ]\%g,% /5 PCT/US3§12908

Bi ol Techno ?%Lsé88) 6:1165.) Quantitagion of the signal is achieved by,
e.g., scintillation counting, densitometry, or flow cytonetry.

" Pl ural igyy /relRAslog? 19887611689 Quantitation of the signal is achibVdd by, e.gr,
"purification”™ neans renoving at | east one contam nant from5 t he
conposi tscimtillation coyntings densitomettys oF SloMoeytameTYnot require that the purified
conpound be,:00% pur A "ligand" is a conpound
that specifically bﬁlﬁ%é Omga?sa?tglg%st rtrvt')'?'ecul e. A

"receptor” is conpepijffyt lat"pafificationt ahéans lremdsing @it dedst gnedontaminant from

"Anti body" refers to a pol ypeptide |igand substanti Ilﬁenclﬁgecg bx% an 10

i mAinog|the gPmpogjtion t@beimﬂﬁég|mwpﬂ%éa¢e%r}otdmw¢a§m & PRpieh empRd: h
speci fi ;Dal iqbr%nf bi nds and recogni zes an epitope (e.g., an antigen). The
recogni &d r%%[l obulin genes include the kappa and | anbda |i ght

chai n constant regiofigaad®tsis a thmpahmithat specifically binds todetarget melecdlen and nu
heavy chain constant region genes, and the ri ag),i m‘runoigl obul i n
vari abl e regi on gefieFeCeRIRL 1S GPEPO Esté‘%cg?.l/%a“é{ inds; Q& gaRfinogl obul i ns or

as a nunber 15 o) " ' @ﬁéﬁ?ﬂt gm._tag \ tion

wi th various peptidég@dyTﬁ?%%&ggbb%g%ﬁ%de , eé‘g%ﬂ%@e an echgb "[err]

f r agment ignmitisgldilin gene tor imiyHogiobulia @endse oeifragnmnssothereof, whichaipecifisally

anti body fragnments ejther g,r odu&ed % t he nodjficatiqn of whol -ariti bodi es
or bingy, and: reppERIZes; 2D SPILORE (€8, o 20 ANHBET) o cHHRTERERIZENIMMUPEZlaPHIEY i es. | ¢t

al so inc : d ' t§ MES, hJTeric
ant 1 bod; SEE Trtyde the 1BB0Y S8 Ranb AR GAR conRCIgRILerRS, LR MNES gabihd ™
refers tdeltahepsifoar dridomudfeauy chaimeconsthntiregion genes, andhthe nyyriddbinmuizgiobulin
conprises one or nore heayvy.chain constant region domains,. CHerr], err]
and G, oTAcfabIe REiaT et ARTHOLUAS Gt B oci, I PRSP RIS B EnS i hmbet
A is0andoiveRt chiGeitized Eagthentsitoditiet ¥ikestDAFiS varbls pditidisest Ofnigr 1S

specificall'y i'mmnoreactive wth" a cofpound analyte when the |igand or
r ecept oringhudes, ¢.gncFabdaedili(ab)’ biragienys.r dhetterom "antibodyi ‘sasiusedrhereint alse of
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A ligand or a receptor (e.g., an antibody) "specifically binds to" or "is

specifically immunoreactive with" a compound analyte when the ligand or receptor

25 functions in a binding reaction which is determinative of the presence of the analyte in a
sample of heterogeneous compounds. Thus, under designated assay (e.g., immunoassay)
conditions, the ligand or receptor binds preferentially to a particular analyte and does not
bind in a significant amount to other compounds present in the sample. For example, a
polynucleotide specifically binds under hybridization conditions to an analyte

30 polynucleotide comprising a complementary sequence; an antibody specifically binds
under immunoassay conditions to an antigen analyte bearing an epitope against which the
antibody was raised; and an adsorbent specifically binds to an analyte under proper

elution conditions.
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"Expression control sequence” refers to a nucleotide sequence in a

25 polynucleotide that regulates the expression (transcription and/or translation) of a
nucleotide sequence operatively linked to it. "Operatively linked" refers to a functional
relationship between two parts in which the activity of one part (e.g., the ability to
regulate transcript'ion) results in an action on the other part (e.g., transcription of the
sequence). Expression control sequences can include, for example and wiihout

30 limitation, sequences of promoters (e.g., inducible, repressible or constitutive),
enhancers, transcription terminators, a start codon (i.e., ATG), splicing signals for
introns, and stop codons.
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("selectivity conditions”) an 2) détecting the retention of adsorbed
anal yt esptogeins and RNA may include introns.

"Energy absorbing molecule" refers to refers to a molecule that absorbs
energy from an energy source ina desorption spectrometer thereby enabling desorption
of analyte from a probe surface. Energy absorbing molecules used in MALDI are

25 frequently referred to as "matrix.” Cinnamic acid derivatives, cinapinic acid and
dihydroxybenzoic acid are frequéntly used as energy absorbing molecules in laser

desorption of bioorganic molecules.

IL RETENTATE CHROMATOGRAPHY

30 Retentate chromatography is a method for the multidimensional resolution
of analytes in a sample. The method involves (1) selectively adsorbing analytes from a
sample to a substrate under a plurality of different adsorbent/eluant combinations
("selectivity conditions”) and (2) detecting the retention of adsorbed analytes by
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second di nensi on of separation, separating adsorbed anal ytes from

.

each ot hespamtios; gepazating adsosbedsanalytee from tesa that are BereadserbeghyDeésorptiores 5
' | | i i t i i g . . :
eparar | Dok Ptcrbudbin Bk S B scS i Gisholeioh, S RfadaliB o it bR 070 ©

anal yt es apd1gRs fidif eholpotiet QC&dr&inFMo mass. Bevaisti feteptite shivnategrapky involves
determ ned. This nultidinmensional, separation provides both

resd ut i usingfa pluealisy of differentselsctivity conditigns.apanysdimgasions of separation are

Further, _t,h a . | ' t hat
To "] v ot SEpliY B bE bnd GE Bicfe HARYEL uhlertt O MRAVRD [ T8
st ruct ur eosditléRy also can befderetiningd. Fhisanuitidémelsidnali separitiohasroeides both

t hensel ves, be used as adsorbents to dock other anal yt es exposed to
t he substesqiusion) of the analytes andhelscharateriZalien. pr ovi des a rapi d,

e subsfesglution of Gaispabie | |
The mot hod can-t ake Sty ¢ FADE 6fif sERRaLH@linMockbl /4 Soenuate mep

- adsty bed is amendbleltd fiatimn tmadpaiation teexamineofop exampk, lapalgief ftascant dndfmt i ons

and each ) adsor bent i shed with the sagne el uant el ectivity
t hr eshol &ungsigns | Alsp, thed BAyIES can, MemsEERR usedias aéﬁéq?’ﬁ{“é tp dogk othesed

to the SaiRyadIahheiltodhe SRy Sif S th btk Hvegtion proVileeh %@y and

washed w erent eluants. I n another e I me teis
adsor bed ndtidintendiohbamhhighdsforinatios réesohptonsofcaralygesdi f f erent | ocati ons and

washed with 20 t di f.ferent. el uants.. 1 n anot her odi mepnt, the anal yte
is adsorbed to an a P’Bg'ﬁ’? can ese&'ﬁ@\ﬁ&?ﬂ%d?Q\AOP?\_CHI%P”HW‘EE’GWS‘%%

r et gt | ORJérbEE I &6 différeftadsbRsenBIRAWaSshydeally dfférent locations¥adleaeh Wi th a
second, different eluant, and subsequent retention is detected.
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Speci fical |

o sper si PRSP § AP, HERFEH FIoanty 4 FHRSERNERT ERAETRGRdH deseleds or ool of on.
When t he
A. Methods Of Performing Retentate Chromatography
25 1. Exposing The Analyte to Selectivity Conditions
a. Substrate preparation
In performing retentate chromatography an analyte that is retained by an
adsorbent is presented to an energy source on a substrate. A sample containing the
analyte may be contacted to the adsorbent before or after the adsorbent is affixed to the
30 substrate that will serve to present the analyte to the desorption means. For contacting
purposes, the adsorbent may be in liquid form or solid form (i.e., on a substrate or solid
phase). Specifically, the adsorbent may be in the form of a solution, suspension,

dispersion, water-in-oil emulsion, oil-in-water emulsion, or microemulsion. When the
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Probes can be produced as follows. The substrate can be any solid

)

25 material, for example, stainless steel, aluminum or a silicon wafer. A metal substrate
can then be coated with a material that allows derivitization of the surface. For example
a metal surface can be coated with silicon oxide, titanium oxide or gold.
The surface is then derivatized with a bifunctional linker. The linker
includes at one end a functional group that can covalently bind with a functional group
30 on the surface. Thus the functional group can be an inorganic oxide or a sulfhydryl
group for gold. The other end of the linker generally has an amino functionality. Useful
bifunctional linkers include aminopropyl triethoxysilane or aminoethyl disulfide.
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deri vat |amedﬁadlsonbhnts are readyafigs@sbent, e.g., polyneric beads derivatized
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| ocat i orembodirdensripdhat the) analptgtdanfhgradsonbed o dhe fioys sbhstrateein one physical
25 context, and transferred to the sample presenting substrate for analysis by desorption
spectrometry.
Typically, the substrate is adapted for use with the detectors employed in
the methods of the present invention for detecting the analyte bound to and retained by
the adsorbent. In one embodiment, the substrate is removably insertable into a
30 desorption detector where an energy source can strike the spot and desorb the analyte.
The substrate can be suitable for mounting in a horizontally and/or vertically translatable
~ carriage that horizontally and/or vertically moves the substrate to successively position

_each predetermined addressable location of adsorbent in a path for interrogation by the
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chgy n bound to theAgadhsich@iof tli/adsobent te thepsubstrite @an bel secomplished throughhi s
mechani sm of buil di ng .t he adsorbent on the substrate is particul-arly useful

when t ha variety of meshanigns. 1desubsraiecan bg derivatized wigh 3 fglly psepased such as a
DNA .__hi 1 d b
succass anebieule by auaching VB BicUERIy Bretar sl MRkt |68 oY

usi ng neabsesdte. K Klwnnatively) ahaadsorbem|dag dreuformed odahe bilptrdfe by aft&biingoh ogy .
See, e.g., U S Patent l& SB§§45’ 934 (Fodor et S,I ) s

As can BECCHESOR mplsayle;tg the substraje-gpd subscauently addingadditional precyrser 1000,
10;9€00 r A ' i ze of
{hiP00 SHolEBlEs B He Rl Glih BRuSPUPURGu drdle Byt frst frEbi b molReles X0
and pur fhismekbanismrof building thetadserbenton theesubsirateris pamiculably ubefulovhen thé t he

cont | nuddsbena Galiier Srfinend dchindyner sy ena HEA G RV rolditle” X"
advant aggsistyrer RisAYDEHR chi e TRO¥Ided B9 sRBeHssivtlyBddingPbAed RF alfirdBasen t he

substrate to permt eval uationh against a plurali te;@o.f di fferent
el uant s aggached torthe substrae usiog anethgdscknoyn in the art pEoligamsleptide £hip f ut ure use

oA er atEEPlon s S 2A 1 1 SO PRAE Mo BB S edd P 5RY T "Dossi bi e to
utilize the plural A§ ¥a®be 36en frofi Fil. ') fahfeivads! &¥d &id sSmahpws ded 100, 1600,

conbi nation of different adsorbents wth respect: to a single sanple

and t herl®f300hemnmoss adspsbents can R gevplod to atsingle sebstrate: ehhe sizgiafithe. The

use of | d: [ e r S r evagl | on of
2”oi gl SABER sito'm8ly b8 kB Blpel iF BBt SR Sl blteeT VROHRMTC 1 g
mul ti pl dt needonet! teglasgerithan the diameter of the impinging energy source (e.g., laser spot

25 diameter). The spots can continue the same or different adsorbents. In some cases, it is
advantageous to provide the same adsorbent at multiple locations on the substrate to
permit evaluation against a plurality of different eluants or so that the bound analyte can
be preserved for future use or reference, perhaps in secondary processing. By providing
a substrate with a plurality of different adsorbents, it is possible to utilize the plurality of

30 binding characteristics provided by the combination of different adsorbents with respect
to a single sample and thereby bind and detect a wider variety of different analytes. The
use of a plurality of different adsorbents on a substrate for evaluation of a single sample

is essentially equivalent to concurrently conducting multiple chromatographic
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experiments, ‘each wth a different chronmgjgography colum, but the present
met hod has t he advantage of requiring only a single system+

Wren the substimehs, eah WiHRS diffeledt dhionvateiraplls G61GR1H, Hut tHe presdid mhdthiod Bad Y

useful to provide the adsorbents in predeterm ned addressable |ocations. By
provi di ng tbe advantage eforequisingtonly @ simglelSYHeMi ned addressabl e | ocations, it

I s possible to wash . . erdi .
addressabl e | ocati on%e?ﬂﬁggﬁ%%e lé]f:lt?gﬁ? Q;prl]v.grapgf %%#Bg%ﬁgdégsﬁ? cularly at

a second RiseRite provids trdslisorbents in predeérminedvaddressableClobatictisLiaBy prdvidinpi s
manner, the bi ndi ng characteristics of a single adsorbent for the

anal yBe cdhe pdsashents in predetermned addressable dacatiens,dt 15:p0ssibls t0 washiAR adsgsben
each sel ecfi.v AR Lol A L Fd t
Thoa it dafist pbRRlerbidcdaRbatifio 15cHR0R B b Hret Gusle 2 1o s ar BHRGE
pattern, hitta eceiid peedeterminedemidressatiieidcation waitic b secondi gleant. dntthisgnaarder, the
arrays, or. regular curves ;ﬁjch as circles, Sim]larly, when the

subst r at e ipding sharagtesistics,pf 2 single afsproent for the analyte,can,be, gyaluated in the

possible t [ i : Fekhif : otd
adsor bent é}ﬁ&\g%g?@éﬁ%l\?a uat e%@%Wé?ﬁgﬁﬁg%lﬂgt i cég%%ﬁgxﬁgt?b%%cs of
. adsondent the atisorbéit in a diffesemomyof Théaddressable. lobations cahde qremgedlin ahp

f}’g'sgﬁf:g Sla%@%,?lg#;%gfggq%ﬁpgﬁ gglu?atrlpca%tel%t such as Iingsl, er&roggrtlal %g;sa%,bgrnxt'eséuia?( EL)h ©
I ncr ement ' SQE r . | es
bt “adsor barr ek, Suah i SRy, Whed B sbstrae includes & pluglity of diftéfehl
 provi ded badsesbentse st isipogsibletbiavaluateya singlti dlaantewith pespgetetoieack differemnt s on
he substraje. . The different. pol ri ¢ _adsorhent.s cap he pr.ovi ded by
bt achi ng aRspitest,inprde gt eralnus e bindng'arate s of dcetver Adtompard RIS he
- POl ySIi Z5fretihck @R thd Oant2NH i§ BIsB1gtadibRAo VAR the®ihding IcBiracteristics &f€act i on
t varied degrees of conpletion for each adsorbent. Al so, the term nal

unct i onal diffierenp sdsarberits: ip teypresence af differenteluantsso as to chenmically
~ derivatize themto 25 varying degrees with different affinity reagent
. {e.g., -NHerr], or COO. By termnating t he pol ynerization or

: fderivatization reaction, adsorlpgnts JIatrententaler GraaRas Adsorbent Surfaces
ol ymeri zation or derivatization are produced. The varying degrees of

. bol ymerization or A seriegof adsarpents having diffexsat hinding eharacigristics gan be
B feriegon o o _ . ) .
ErbodDont PoviiRa 8 syiRiediatly 4 BhitRlin AY dffBfchf poymeric RGBeRE Y whlburate,

bi opol ymer Theldifferenttlymeric adsoshbents ean be provided by attaching a precufsotansdleasde 6 he
pol ymeri zaﬁpi on, reactj ons., can_be carried out in a reacti

. ti,on, vessel ,
tather t haheSHOItAe.silizingcthe Ppolymerizagpn 5actione ang, KrpHRAting the pelymetization
varying reaction ® Mieagde?i’é% Ht (cBhptétionStof @BcP SddrsRht sy thindinhl N9 an

- aliquot of product from Che
: functional groups in the polymers can be reacted so as to chemically derivatize them to
25 varying degrees with different affinity reagent (e.g., -NH;, or COO"). By terminating
the polymerization or derivatization reaction, adsorbents of varying degrees of
polymerization or derivatization are produced. The varying degrees of polymerization or
derivatization pro:vide different binding characteristics for each different polymeric
adsorbent. This embodiment is particularly useful for providing a plurality of different
30 biopolymer adsorbents on a substrate.
If desired, the polymerization reactions can be carried out in a reaction
vessel, rather than on the substrate itself. For example, polymeric adsorbents of varying

binding characteristics can be provided by extracting an aliquot of product from the
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reaction &@%’3/598%2 t he pol ynerizati on/ dggi vatization reaction is’
proceedi ng. The aliquots, havi ng been extracted at various points

during thgchol ¥9§T§H £2{He PYIAREHYA{on/derivafizdtRAGEeAdIbn is proceedingl TN hliquots,
vari ed degrees of polynerization/derivatization to yield a plurality of
di f f er enbavinis bedreextsactethat varigqusrpoints durigg the polymerizatieryderivatization rraction

ALt er nat ML F3AY P dieprays ot DoiBerbihbHBhpblaiph O R aThEHIOL I3 e
by " sequegiffedért)adsSiibetsi "Phé Bferémiatiqents lof pfbditit icas thdhebe iliedOd’, adsorbents
wi t hdraw ng an aliquot of product, and re-start% t he

pol yner i hawing different/bindingt ¢haracteristics. Adtesnatiyely. prplupality) of differgnt adsoehentst

each terpgination.poji i1l .exhibif. i d . .

pol yneri i %Rf‘ﬁ'é&?‘(/gi |s%‘hn8%ﬂ£ﬁ% egtslﬁéhiées S &\?\A&ﬁﬁﬁﬁlﬁ% ithoeereghpl)?rhr ality of
adsor beniithdfawing Aa\dliggiotlof prydast, abi reistgting) teagdlgmeritativhyderivatization

I n one enbodinment, a substrate is provided in the formof a strip or a

pl ate  reactiom.hgkhei produets sytragted aherch teanination paing Wil exhibit yasyingslegmesg

characterjsid []: €541 . - - di i ] i or
cxanpl e Ok BRISBRIGH Ak aitEa and as a refli WA oV S RNl PR B lenes™
hy dgoo phohaing idifferenebigdinadcimkactetistigs.ny dr ophobi ¢ at the other end. O, a
pl ate 15 I's provided that_is meaklg hydr ophobi ¢ and _ani oni c i.n one

corner, and str ong!lH one embomm@arwb_wsmpmi% in the, formg of @é&éﬁ’l&!’ yplate
OPPOS! ! Pl EbatedWith ABFeRE WP i LK Mofd Binding charddRdHSt Valiel B 2 one-
gualitatirve analysis of an anal yte. sorption gradients can be made by a
cont r ol | et twpdimengiprial gadiemt. oFohgxaipley astripeis rovided haviag an sisorbentethan a

ontro Pobvnt it et :
the di oS MEHKIE PYRTRBIgbiR fteiie SHoRnd SURRELY BYdsOBRLPic ah B tper ikt o0r. APHEF gy
angjss, ﬁ@pﬂbﬁ/i&é'ddtﬁapfstxgérﬁ]@%;ﬁ&d&bﬁ&bie Ahd affonid H bR corner, andW¥trotilyf er ent

adsorbents  with different binding characteristics.
The sanphygdrophobicrandpnidonic im she diegonallylopposite eemeri Such hdsospréa pradients areer

: bef t h b j [ L th (1 at '
ot b o e et Al o AR, AP rRB SRR R BB
 the adsochawélledTéiRaypdpplidation oty fAdwing hatehlad?6ssodl BirfRe iara Goeliviged with

- the sanple. The sanple can be contacted to the adsor bent by bat hi ng
. or soaki FRANDRRtasatiew ingremental cemplerign Of ageactignpvey thedimensian, of thejgradient.

o o outis PlocSt @K 0rdphea g Btk D pRHRE S Gronll pRHITSE Biier |

i contact ‘oridifféerent adierbementvithldifferent bindagdeHarawteristive sanpl e can be contacted
! to the adsorbent by _sol ubili zi nﬂ'g}lg efﬁaq le in or 30 adm xi nhg_the sanple

with an eluant and EéniasRRlecgnia e ANaHe Hayche eantacielitos theadsorbent either
t ggk?gz%gfag% of ghea wydseg%epg i gg&&gghmrgzsgﬁsgﬁéo@ﬁs&g Ay suR2%18 ikthod
" which will enable binding between the analyte and the adsorbent. The adsorbent can
25 simply be admixed or combined with the sample. The sample can be contacted to the
adsorbent by bathing or soaking the substrate in the sample, or dipping the substrate in
the sample, or spraying the sample onto the substrate, by washing the sample over the
substrate, or by generating the sample or analyte in contact with the adsorbent. In
addition, the sample can be contacted to the adsorbent by solubilizing the sample in or
30 admixing the sample with an eluant and contacting the solution of eluant and sample to
the adsorbent using any of the foregoing techniques (i.e., bathing, soaking, dipping,
spraying, or washing over).
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b. Contacting the analyte to the adsggy bent Exposi ng
the sanple to an eluant prior to binding the analyte to the -
adsorbent has the effeck. of @ositdctingathe amalyteaottheiadgordfent he adsor bent
whi | e si mul t anegusly contacting the sanple to the adsorbent. Those

conponents of the ExpRsing the sampjg o fiupntprier tocbinging the andlytsttodhe ¢ her eby

be retained,w i acl P IS |1 bind the
adsor be nqrh%?rr]?e{xkéasp@g § g% g‘e&;}i"y’f’ﬁgﬁgﬁ? fs%lﬁ.?tg’rl%%g‘%?a \%\iﬁb\(%ﬂd i has been
conbi nedsimuithndolisly vantacting tha iaeapié i theaddsorbsempo Mhoses corhporentd 6f theisathple t he

adsorbent in the absence of el uti characterjstigs Whi¢ch nodify the
sel 8cti thxyhdyllltmgd to the adsgrhent ggﬁal_er%y ge retamecs wi 1‘:’1\Qu e OWethgénpl e shoul d

be cont t rPl?&p | | ; G s §.0
allow t %&E y seﬂﬁgﬁg&lﬁﬁ t otﬁe{]%&sg%ggggieﬁ?. yetSF‘ggF ltt;/e, p%rhlgﬁlsﬁg%ﬂﬁgﬁ?vgl&
cont act elghsvbeeh coimbimedavith ¢hd sample pratheydhar all epmpencnth ovtticlB &ild brshwbsthand

about 12 hours. , Preferably, the sanmple.is c acted to.the anal yte
for a petdspepent “b@F\ﬁé’é?Fcﬁtﬂﬁﬁl““mycm%‘%’ggdﬁﬂgh m?gl?}ﬂﬁgﬁtsgi%t’Wn?ﬁ 'g@ 15
The te”pﬁfsgfﬁéh? at which the sanple is contacted to the adsorbent is a
function of thée particular sanple and adsorbents selected. Typically, the
safple is cThe aamhple shouldnse caisaotérbta theradisorbentforra periotbef tmer e and
pressure nditio owever . or .so S l.e di fied.tenperature
(typical Fﬁﬁ‘f@?ﬁ@@h%ﬁﬁ?ﬁ%‘éPWﬁf‘&ﬁ&dfﬂrge Ura'gyplcaﬁly.,%%gmp i®»ns can be
desi r abl gyiigedMvith the ahAPR fo¥ adRE RN REBkEeP¥bduR 30sctdtids! ad dbdui I hahds. 20
Anot her advantage of the present invention over conventional detection

t echni quBecf¢rablyi the sample ieeumacted tathei analyse fon @ period of betwesn abaut f er ent
experime cted on a very small amount of sanple.

s to,.be con
- Ceneral |y, s%\°°98? ﬁ%a%?mslé?n%f’gﬂ?om ai ni ng froma few atommol es to 100

pi ggmol es of anal yiThe itéinpdiatire it vaich] the is@mpftOis[cdntaktedi 16 the'hddozbeénitis a
for binding to the adsorbent. Analyte may be preserved for future

exper i mefunstign pf thepparticulpy samplg and adserbents selseted. HErpicAlly. ks sampleihent

~ location ' - ' 1 o ' f 8 [
det ect | e LI B8 uier Sthehche ifiperarure and bfBR oRORIRG, oA,
i Ther ef or for somel sampless enodifiedtemipeyatarev@ypicaliyp4 P Cfthruih 37 °C) -and ppessures
angilbgsi s,, the present invention provides the advant age
of enabl FoRslitions fan;be desirahle and will b, readilydatesmipable By thase skilled dB dheyafi s
an r eluants to Lo} | ey | ting
2 a(r:rypolo . RSofRE %@%@t%%%e Prédeif GiVentibfBverinventibral Qstectits
PCT/ US98tetB8iq8es is that the present invention enables the numerous different experimen®Sto be

conducted on a very small amount of sample. Generally, a volume of sample containing
from a few atommoles to 100 picomoles of analyte in about 1 ul to 500 ul is sufficient
for binding to the adsorbent. Analyte may be preserved for future experiments after

25 binding to the adsorbent because any adsorbent locations which are not subjected to the
steps of desorbing and detecting all of the retained analyte will retain the analyte thereon.
Therefore, in the case where only a very small fraction of sample is available for
analysis, the present invention provides the advantage of enabling a multitude of
experiments with different adsorbents and/or eluants to be carried out at different times

30 without wasting sample.



C. Washi ng the Adsorbent with Eluants After the
sanpl e is wyYsaes@d with the analyte, resulting in the bindi REWYSIS2908
the analyte to the adsorbent, the adsor3fent is washed with el uant.

Typically, to provide a mul ti-di mensi onal anal ysis, each adsorbent
location is washed withcat | &¥ashing the Adsarkent with Eluantsnd di f f er ent

el.uants. Washi ng he el yants

Fetained on a specfRe it sraple dh forikd Wi ind FpARR. 5 SpfREE i Bl Glaine of
char act ahk ahalyfe £ theasorbent, theladsertien s %@hddhmmleluamon fallg} & pRividesa of
the eluant provide the select|V|ty conditions - whi ch control the

anal yt esmuli-dimengiong! anadysisd soelp adsorbant decaiionrs fpshed with atfeashadfistand a

S R Bl e Y RU IR Bhiab RS apli oo .,

exanpl e, regfinéP6 adpevified laSorbértd| Fheeoinbidation ubite Biadingreharactstistive df dhe h
the first el uant prior to contacting the sanple to the adsorbent.

Exposi ngadspebenhand ther fdutxwe charagt@n&tm anftthe eluant ppvids theselgctivitygonditieasis| y

\émpgroi?%ﬁ%hr&gfrhgﬁ% %Ieml Iié??‘#’ IE% lé‘@‘rs\lg %‘[e o’ e et uclﬁ bent

and 15 step sélectivedniervoves Sample tdmpontatsrﬁemtthwﬁborbbm first eI uant After
t he conbi ned solution is contacted to the adsorbent, .the adsorbent
cadObe washed wi t hmﬁévasbmsrﬂewars%smérﬂut using a vw%mfst,echmques For

Ve, ShaBCHEH 05 e IO ISR B0 P s g s

adsor bengrige é’dhtacungrtaé yiraplectonte adsorbent. i Exmugl uha sampler tobti'le rfirasa:lumt
spraying, .or washing over the substrate t he el uant The
i nt r oducPHYMtaoPr @mslgtﬁpe% Iysith cogtagting the sameple t%fhea4¢sprhea1§/ has 4gefirst s

best achj] ginpaél When t he
anal yte %‘ oun o?x ba soréb*e}%t?é fgetét 3{1 ft%ethleoaélg1 ﬁ)ﬁo g‘r?(f dgorbeﬁtr% q ty
of 18i ff emmseqwhtlarw:shmgethe mﬁkm'}oent wmh thee fivea chianty  Ffeg, the nbmbmctilsolunon is

Cl dant | SRR thy groea e Heshenenl Caf % gt aith breCseBorh 6 FobseueBf oo

at one | ggagdon may be determ ned after each washi ng wi th el uant by
- following a repeated pattern of washing with a first eluant, desorbing and
 detecting retai nedvéaﬁlﬁl)gv}adsﬂxbmvmg the ahalyte beund therste camibe| uant, and
desorbin

e oSy S R0k OB b B BR SR Bl EEINRS, o

a pour al hfadlytefbodind ftkeren i |au @Njadt; Wt Byorihdifng SsptRyiags 6f Washing lover the substrite S
manner the adsorbent with retaj ned anal yte at a single location may be

r eexani n¥dth the eluanyy (Thedntpdpcsioprof ehpangte small tiaraetgh frats ob affinidi ragent is

col l ecti t!]&];l anal ytes retai ned after each
ndi vi dud ‘%h’ﬁ%‘i)f’% of GRS Brbsy oo 036

PCT/ US98/ 12908 When the analyte is bound to adsorbent at only one location and a pHirality

of different eluants are employed in the washing step, information regarding the

25 selectivity of the adsorbent in the presence of each eluant individually may be obtained.
The analyte bound to adsorbent at one location may be determined after each washing
with eluant by following a repeated pattern of washing with a first eluant, desorbing and
detecting retained analyte, followed by washing with a second eluant, and desorbing and
detecting retained analyte. The steps of washing followed by desorbing and detecting can

30 be sequentially repeated for a plurality of different eluants using the same adsorbent. In
this manner the adsorbent with retained analyte at a single location may be reexamined
with a plurality of different eluants to provide a collection of information regarding the
analytes retained after each individual washing.



The foregoing nethod is al so useful when adsorbents are provided at a
plurality @b Jafsgskgt er m ned addressabl e | ocations, whether t hPCTAIRIBILANB S
are all the same or different. kgwever, when the analyte is bound to
either the sane or different adsorbents at a plurality of+locations,-

the washing step nEye fokdgdingninettridyis Atsocisefiil avhenddsbrbentstate fFovded &ea
systematic and efficient approach involving parallel processi nq. Nanel y,
a
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| ocati o b el [ - el el uant,
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t he second adsorbent. In other words, all of the adsorbents are washed with
103 elsiagta mare systomaticrand ¢ffigient approgeh invelvine paatiel progessing, e Namely,
detecte | : t LT, ection
2t each 1 25p BEphshil Tah B8 carricd outly HASERBEA' aidroctidh afther Hcpfibn WA
adsor berluahtjthén ovashing atsecomhadsoriet fwith eloent, iyenadesorhingl and derectidg the

desorption and detection, The steps qf washing all adsorbent |ocations,
f ol | owedndlyte retained by ths, figst Ga%hgﬁd@?iééﬂeéﬁe"a esgEhing 48< 9FisEHRE PBAIYEI on can

b |.j 1 ' ' , d
ont o apamel ¥y BeRtead dshenep, Iy pel et i of tkHishroch drb hBORE 27
of 1&nal luant ami theseafier @nalytecretaindtbbly ieachsedesbrbeti eintiadeteztdd for each lardeion bent
e her O sbiod el P 48t ok Bt i abon, TR B, o
di f f er eRfasRing@forSedch 4dSGrbEht’ Rkation may BeASINIGSted F8Gved

a second sta%e o{)
2. . Detectron ] Anal ytes retai ned by the adSorbent
af t er walesirptjomand detectidre d The stepe of washingsalbadsozhent lggatibps,dfollowedibyed on

the substrate are.detected by, desorption spectronmetry: desorbi ng the
bl vt o SpidibfioR a5 BRI afh S5 OEbY HRARERH BE Fenelied dop prlwaBRAPC: 0o, po
a.15 Maifferéfit €104nte IA thik iffdhner, and entire array may be utiRg&Ptdéffizidnflg anal yte
‘fromthe adsorbent involves exposing the analyte to an appropriate

ener gy dSstermine the¢hpragter iof analytassn o sampleg Theamethad \is usefik whether alht

ener gy | ' ) s I i gh ner gy
Tt e AdsdEBElABLR G bAMER wit i VAP efigal UEuB MisPUaliibe Sgt of nefiRE
.lanmp. Atheplueility oif\adsorbente aee gashed with acplardiRy af different elhariteda it firs. Heat
may al so be, used to i nduce/aid desorption. Met hods of
desor bi WS-QMI%?gei-oni zing anal ytes for direct analysis are well

knggn in the art. One such nethod is called matrix-assisted | aser
desorption/ionization, WO 98/ 59362

PCT/ US98/ 12908 2. Detection 35

Analytes retained by the adsorbent after washing are adsorbed to the

substrate. Analytes retained on the substrate are detected by desorption spectrometry:
desorbing the analyte from the adsorbent and directly detecting the desorbed analytes.
25 '
a. Methods For Desorption
Desorbing the analyte from the adsorbent involves exposing the analyte to
an appropriate energy source. Usually this means striking the analyte with radiant
energy or energetic particles. For example, the energy can be light energy in the form
30 . of laser energy (e.g., UV laser) or energy from a flash lamp. Alternatively, the energy
can be a stream of fast atoms. Heat may also be used to.induce/aid desorption.
Methods of desorbing and/or ionizing analytes for direct analysis are well

known in the art. One such method is called matrix-assisted laser desofptionlionization,



or MALDI. In MALDI, the analyte solution is mxed with a matri x sol ution
and the (qogsddexture is allowed to crystallize after bei ngPEEAISBA2848 on
an inert proge surface, trapping 3% he analyte within the crystals my
enabl e desorption. The matrix is selected to absorb t he laser energy”
and appareviADDI. "haMALDI | thetanalyzersolytien is mixddt with ai mavbssoiptioroandithe 5

or 0t o1 nmdure 36 allowesd i FTRIAERS aftes TEinE denestied OF 4 Tner] b utface, FanRigRy ot
al.) an ' i
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Sur f ace-en esorption/ionization, or SELDI, represents a
si gni fi chetaserienergy andeappassntlly impant 4t testhefanalyse,i reswlting in desasption and and

itivity. .10 SEl.DI i d i bed . Uni d St t 5, 719,.060
(FuS cherienisaion; Sjencegypyie waffix absdrbs igne 1y fangs. TMEALET 67 lanes projeins e
whi ch t%s@ﬂ@é@'ﬁﬁlel . M.s.sgmfeﬁds,tms,tdse (ERBéMRAndp 619/ and U.S. piffert 55045894

t hat enhances anal yte capture and/or desorption. In contrast, MALD is a
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mol ecul ePesorption), involves the use of a layer of energy absorbing material onto which the

analyte is placed. A substrate surface comprises a layer of energy absorbing molecules

25 chemically bond to the surface and/or essentially free of crystals. Analyte is then applied
alone (i.e., neat) to the surface of the layer, withdut being substantially mixed with it.
The energy absorbing molecules, as do matrix, absorb the desorbing energy and cause
the analyte to be desorbed. This improvement is substantial because analytes can now be
presented to the energy source in a simpler and more homogeneous manner because the

30 performance of solution mixtures and random crystallization is eliminated. This provides
more uniform and predictable results that enable automation of the process. The energy

absorbing material can be classical matrix material or can be matrix material whose pH
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Al ternat by fle/probbQuiRé.yt € can be detectably |abeled with, e.g., a

fl uorescent nnlety or with a radioactive noiety. In these cases, the
detector can be a fluorescence or radioactivity detector. 25

A plurality of detection nea qﬂ;ﬂg ' to fully
i nterrogate the anal yt erbcforrp(r)ti%1 and uncﬁegén&g’gsggl g{ﬂe’gf&w th retentate

at gmch location The desorbell hﬁa@tdf €ah be detected by any of several means. When the
Desor ption Detectors, 30 Desor ption detectors conprise
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20 resolve and detect them: the fact that ionized analytes strike the detector at different

times provides detection and resolution of them.
Alternatively, the analyte can be detectably labeled with, e.g., a
fluorescent moiety or with a radioactive moiety. In these cases, the detector can be a
fluorescence or radioactivity detector.
25 A plurality of detection means can be implemented in series to fully
interrogate the analyte components and function associated with retentate at each location

in the array.

c. Desorption Detectors
30 Desorption detectors comprise means for desorbing the analyte from the
adsorbent and means for directly detecting the desorbed analyte. That is, the desorption |
detector detects desorbed analyte without an intermediate step of capturing the analyte in

another solid phase and subjecting it to subsequent analysis. Detection of an analyte
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B. Selectivity Conditions
One advantage of the invention is the ability to expose the analytes to a
25 variety of different binding and elution conditions, thereby providing both increased
resolution of analytes and information about them in the form of a recognition profile.
As in conventional chromatographic methods, the ability of the adsorbent to retain the
analyte is directly related to the attraction or affinity of the analyte for the adsorbent as
compared to the attraction or affinity of the analyte for the eluant or the eluant for the
30 adsorbent. Some components of the sample may have no affinity for the adsorbent and
therefore will not bind to the adsorbent when the sample is contacted to the adsorbent.
Due to their inability to bind to the adsorbent, these components will be immediately
separated from the analyte to be resolved. However, depending upon the nature of the
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That is, the adsorbent can exhibit two or more bases of attraction, and thus be known as

a "mixed functionality” adsorbent.

a. Salt-promoted Interaction Adsorbents

25 Adsorbents which are useful for observing salt-promoted interactions
include hydrophobic interaction adsorbents. Examples of hydrophobic interaction
adsorbents include matrices having aliphatic hydrocarbons, specifically C,-C,, aliphatic
hydrocarbons; and matrices having aromatic hydrocarbon functional groups such as
phenyl groups. Hydrophobic interaction adsorbents bind analytes which include

30 uncharged solvent exposed amino acid residues, and specifically amino acid residues
which are commonly referred to as nonpolar, aromatic and hydrophobic amino acid
residues, such as phenylalanine and tryptophan. Specific examples of analytes which will
bind to a hydrophobic interaction adsorbent include lysozyme and DNA. Without
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¢ bind 25 ydrophilic interaction adsorbents ecause of a group or

. conbi natsenmlaﬂbmminr(BS:&dl d residues (i.e., hydrophilic am no acid

. residues) that bind through hydrophilic interactions i nvol vi ng
hydr ogen bonding or van der Waals forces. Exanples of proteins which wll
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adsor benicgtmatl phase adsorbents such as silicon-oxide (i.e., glass). The normal phase or silicon-

oxide surface, acts. as a functional group. In addition, adsorbents comprising surfaces
modified with hydrophilic polymers such as polyethylene glycol, dextran, agarose, or
cellulose can also function as hydrophilic interaction adsorbents. Most proteins will bind
25 hydrophilic interaction adsorbents because of a group or combination of amino acid
residues (i.e., hydrophilic amino acid residues) that bind through hydrophilic interactions
involving hydrogen bonding or van der Waals forces. Examples of proteins which will
bind hydrophilic interaction adsorbents include myoglobin, insulin and cytochrome C.
In general, proteins with a high proportion of polar or charged amino acids
30 will be retained on a hydrophilic surface. Alternatively, glycoproteins with surface
exposed hydrophilic sugar moieties, also have high affinity for hydrophilic adsorbents.
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This results 1n the generation o pH environhents on the adsorbent
whi ch ar provides an intensity of positive charge that can.be continuously varied as a function of

25 pH. Cationic interaction adsorbents bind anionic sites on molecules including proteins
having solvent exposed amino acid residues, such as aspartic acid and glutamic acid
residues.

In the case of ionic interaction adsorbents (both anionic and cationic) it is
often desirable to use a mixed mode ionic adsorbent containing both anions and cations.

30 Such adsorbents provide a continuous buffering capacity as a function of pH. The

- continuous buffering capacity enables the exposure of a combination of analytes to
eluants having differing buffering components especially in the pH range of from 2to

11. This results in the generation of local pH environments on the adsorbent which are
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residues having oxygen groups such as aspartic-acid and glutamic acid. For example,

25 immobilized ferric ions interact with phosphoserine, phosphotyrosine, and
phosphothreonine residues on proteins. Depending on the immobilized metal ion, only
those proteins with sufficient local densities of the foregoing amino acid residues will be
retained by the adsorbent. Some interactions between metal ions and proteins can be so
strong that the protein cannot be severed from the complex by conventional means.

30 Human £ casein, which is highly phosphorylated, binds very strongly to immobilized
Fe(IIl). Recombinant proteins which are expressed with a 6-Histidine tag, binds very
strongly to immobilized Cu(II) and Ni(II).
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e. Enzyme-Active Site Interaction Ads4x bents
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interactions include proteaseEnzgnrbActive Site InteractisroAdsatbenes, ki nases,

and nucl eases. The interaction_is a ence- s ecific jnteraction of
the enzyme bindi ng $9serbgpiswhick are usefyl, for é’gf"tg'v ee?CHV?)ﬁ’é‘F ;’Fﬂgl“}g with

t he cat al n of
i sty pe Stbap e pieddfs (16 30 B4R, SHokRaases, kinaieland Bucledee?, b
prot ei ns Jhd ipteractior is msequngcd-gpemﬁs- in;esammnoof thy enzyme biniding) sitpen e i n

th Nb f t hi bi t
|t eror o spine Gricaly AROPGIYRIRTLHih e FalyBe bisdihe siet Rgishe eme.r Hoevme
Al ternati \Sgldi ng & Sifes R Ehil" ee ﬁﬁleaf"d?' SEhpH, KBV sitE 6 RSN %tlﬁcti?g with

i mmobi li ze gl ni ne ads .

Rever si bl grdfeins apd peptides manmgdylsmcj-mmnemt lysine-arginine pairs in their sequesiser bent s
whi ch are seful or,. obs ..bl e coval en ctions

el de. aMOTPrPERDE Frhean AesR: PR Bk B aRY Eh sk SRR Teienegk of

I nteracti %nje'éllxzed %gﬁﬁhbeﬂkénhﬁﬁély,d&rﬁéﬁbﬁﬁé&%r@ @ﬂﬁétiv%'l)“%thl'ﬁg@'ah' i zed
sul f hydryl groups, ner capt oet hanol or i mobilized

) glthl(bt hrumnmbxhzfdérargmneaadsodmnt.s based upon the formation of

oval ent disul fide bonds between the adsorbent and sol vent exposed cysteine
residues on the analyte. Such adsorbents bind proteins or peptides having
cysteine resi dues fand Wﬁl@bﬁﬁeﬁﬁﬁt&@cﬁﬁn%ﬁbﬁﬁﬂ' fied to
gontai n reduced sul fur conpounds. g.
Q@ ycoprot ei n | nt er addserbenissuhish mesuseﬁxl for observing reversible sgvalensdntesacsions h

are usef ul,

gl ycopr ot e"ilé;‘&f @g'?@g%( e%‘%’aggés( {l&{ §d§g E(;eg ?éﬁﬁﬁ% %Chﬁg%‘% ﬂgé’aﬁ?ﬂfbu lize
lecti®is  adsorberts u&ludeﬂid@tbmem damprisﬁ@ iedrhgsiligal fiafliyded)grbinsy, @.¢, an
exanpl e of which is 25 CONCONAVALI N[ err]. which is conmerci a I

Bvai | abl e Mereantosthaneher immpobilized dighiothrietol. " 'Fhe interagtign is\eased @pgreyhe Such
adsor bent | r

o eoul ar PR dolilen BaRBL bofds Sbeud ) ARLHRL and solverd B0 M seeipe,
bf anal yt eesidvesan thatasalpet Sadbhadsorbehtsrisind prareins ?mrpla:pﬁﬁes havgzg aymemmh
hdsor bents |, cIu . .glycoptoteins, cularly histidine-ric

51 ycopr ot SFSidU inucleiq "f"‘é‘?saé’ﬂf) baseyy “anéed to fRngain Jedyced sur gorgpounds.
D 98¢ 59362

PCT/ US98/ 12908

5 g. Glycoprotein Interaction Adsorbents

Adsorbents which are useful for observing glycoprotein interactions
include glycoprotein interaction adsorbents such as adsorbents having immobilize lectins
(i.e., proteins bearing oligosaccharides) therein, an example of which is
25 CONCONAVALIN™, which is commercially available from Pharmacia Biotech of

Piscataway, New Jersey. Such adsorbents function on the basis of the interaction
involving molecular recognition of carbohydrate moieties on macromolecules. Examples
of analytes which interact with and bind to glycoprotein interaction adsorbents include
glycoproteins, particularly histidine-rich glycoproteins, whole cells and isolated

30 subcellular fractions.
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In one embodiment, the biospecific adsorbent can further comprise an
25 auxiliary, or "helper”, molecule that does not directly participate in binding the target
analyte.

i Degrees of Binding Specificity
By exposure to adsorbents having different modes of interaction, the
30 components of a sample can be grossly divided based upon their interaction with the
different adsorbents. Thus, the attraction of the analyte for adsorbents having different
modes of interaction provides a first separation parameter. For example, by exposing a

sample containing the analyte to a first adsorbent with a basis of attraction involving
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and also exhibits a second, different basis of attraction. The mixed functionality

25 adsorbent may exhibit hydrophobic interactions and negatively charged ionic interactions
so as to bind hydrophobic analytes which are positively charged. Alternatively, the
mixed functionality adsorbent can exhibit hydrophobic interactions and the ability to form
coordinate covalent bonds with metal ions so as to bind hydrophobic analytes having the
ability to form coordination complexes with metal ions on the adsorbent. Still further

30 examples of adsorbents exhibiting binding characteristics of intermediate specificity will
be readily apparent to those skilled in the art based upon the disclosure and examples set
forth above. |
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2. Eluants )

25 The eluants, or wash solutions, selectively modify the threshold of
absorption between the analyte and the adsorbent. The ability of an eluant to desorb and
elute a bound analyte is a function of its elution characteristics. Different eluants can
exhibit grossly different elution characteristics, somewhat different elution characteristics,
or subtly different elution characteristics.

30 The temperature at which the eluant is contacted to the adsorbent is a
function of the particular sample and adsorbents selected. Typically, the eluant is
contacted to the adsorbent at a temperature of between 0°C and 100°C, preferably
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solubilized in the eluant solution affects the ionic strength of the eluant and modifies the
adsorbent binding ability correspondingly. Eluants containing a low concentration of salt
provide a slight modification of the adsorbent binding ability with respect to ionic

25 strength. Eluants containing a high concentration of salt provide a greater modification
of the adsorbent binding ability with respect to ionic strength.

c. Water Structure-Based Eluants
Eluants which modify the selectivity of the adsorbent by alteration of water
30 structure or concentration include urea and chaotropic salt solutions. Typically, urea
solutions include, e.g., solutions ranging in concentration from 0.1 to 8 M. Chaotropic
salts which can be used to provide eluants include sodium thiocyanate. Water structure-
based eluants modify the ability of the adsorbent to bind the analyte due to alterations in
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f.15 Conbinations of Eluants Sui tabl e eluants can be
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as eluant is typical in reverse phase chroniatography. Inclusion of ethylene glycol in the

eluant is effective in eluting immunoglobulins from salt-promoted interactions with

thiophilic adsorbents.

25
f. Combinations of Eluants
Suitable eluants can be selected from any of the foregoing categories or
can be combinations of two or more of the foregoing eluants. Eluants which comprise
two or more of the foregoing eluants are capable of modifying the selectivity of the

30 adsorbent for the analyte on the basis of multiple elution characteristics.
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C. Analytes

. Th? present invention permits the resolution of analytes based upon a
variety of biological, chemical, or physico-chemical properties of the analyte by
exploiting the properties of the analyte through the use of appropriate selectivity
conditions. Among the many properties of analytes which can i)e exploited through tﬁe

use of appropriate selectivity conditions are the hydrophobic index (or measure of
hydrophobic residues in the analyte),

30

the isoelectric point (i.e., the pH at which the
analyte has no charge), the hydrophobic moment (or measure of amphipathicity of an



5 t he nol ecul e), secondary structure conponents (e.g., helix, parallel
and anti pangblogkozs2 sheets), disulfide bands, sol vent-expPCEAISHs/12908 on
donor groups (e.g., His), aromaticity 49 (or measure of pi-pi

I nteraction anong aromatic residues in the analyte) and the |inear

di st anc enblyte\erthecdxteny ©ff asymmetry in the distribution of polar ariihwonpoburaresidues), the

! o Jberal Sipale oiopusst (O ke P SXFORCN 4h i HSRINn O FDREEeLIp e
PO A L ad”S . hod
S€l ec '%al?e) a.moleuﬁﬂpgtﬂﬁgrﬁ fﬁ'ctéleta‘é&‘i\iﬁsﬁl??%’fgg:ﬁgé @ﬁﬁfohﬁh'sﬁ?fa#:@ g{:\%tﬁgfgg 0ds

of the present invention. er properties o

whi ch céahe ainalptettheletudsisscl as theatistributiom of bulkypside chaihsalong the backbahy o€ from
t he_sa e W1l he readily known and/or deternipable t hose, skilled in

L heS art b milcule) s sHeORATK SIS CRBPOTRILS (R £1 Pebn PUALCl snd anfiparalle

The i nveypbdiye fdObdnds N t1& ' Efh® t@e t S al es
whi ch can_gye)egﬁ?yzed@ss’a%#g@gg%@gyﬁophe sg?i“}:l@sl(ig%ﬁ g?gb?f%%seo S
state, dptr meagyire of pi-pi intenactien Among ercgpatisl residuks ibthei analyté) and thedineae.

Solid or,.gasequs sanpl es are preferably solubilized in a suitable
. sol vent @%%&W%ena%ar% ﬂ"g‘g'rrpl e according to techniques well
within the skill sz’%és@(ﬂﬁ?,rdp?esbﬁﬂti% exanipres of the ﬁrgﬁﬁﬁf E&p%rﬁ&s%ﬂﬂh‘iﬁh be

conposi tion, non- bi ol ogi cal organi c conpositio r 1 norganic
coggosi texploitedfor theaesnlutien of a igivenmnalyte from a samplenbye thte selectionpfr t i cul arl y

o1 ol ogi RPEF ISRy RE TRt B thdh of g asonl fvendign.” Octr
non- bi ol spithtsle iprépediedl 6f analytes whithRQsifohfilthe bRAS Forcresalutivn 6f f&gﬁ%ﬁé\h&]ns of
smal | organi c_and inorganic¢ nol ecul es. he anal yt es

may be SRl frem thesemple:wilk beseadily| knowaoans/exdesernzipable byethoseskitled:fimr
assenbl 'tﬁégm%ﬁl cﬁﬁ@ﬁx@%téﬂ ggﬂ%{)glgag{ in% ti&y uses, nolecul ar fragnents,
ons. afyte can be a S|ngpe

ions, or a € an onponent of the sanple or a
cl 48s of st Thecinventiveymethodis aef limited ivittogispedt 'ty thefypes Of sa@pRs | ¥
rel ated conponents havi ng_one or nore characteristics (e.g

0 . e char s
mol ecul a¥high cambe apalyzads c Samples sambe in ghg solids digyid, or gaseous state, although

hydr ophabi e ; N
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The analytes may be molecules, multimeric molecular complexes,

25 macromolecular assemblies, cells, subcellular organelles, viruses, molecular fragments,
ions, or atoms. The analyte can be a single component of the sample or a class of
structurally, chemically, biologically, or functionally related components having one or
more characteristics (e.g., molecular weight, isoelectric point, ionic charge,
hydrophobic/hydrophilic interaction, etc.) in common.

30 Specific examples of analytes which may be resolved using the retentate
chromatography methods of the present invention include biological macromolecules such
as peptides, proteins, enzymes, polynucleotides, oligonucleotides, nucleic acids,

carbohydrates, oligosaccharides, polysaccharides; fragments of biological
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certain hahd&sytpeb'sﬂmmsal?@m HPEG, amd enpolymers of ady awb eort moredefi the abbeé.n
elution conditions not only resolves analytes in a m xture by

separating them from each other and from anal ytes that do not possess the
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chemni cal char act erDegtegtiop qfonnnlytcsmdsonb#@ ¢o an@dsarbens inder parsiculat eluntivnyt es or
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Thy$ daleRaiple, molecules that are cationic at a particular pH will bind to an anionic adsorbent

-q

under elution conditions that include that pH. Strongly cationic molecules will only be
eluted from the adsorbent under very strong elution conditions. Molecules with
hydrophobic regions will bind to hydrophobic adsorbents, while molecules with
hydrophilic regions will bind to hydrophilic adsorbents. Again, the strength of the

30 interaction will depend, in part, upon extent to which an analyte contains hydrophobic or
hydrophilic regions. Thus, the determination that certain analytes in a sample bind to an
adsorbent under certain elution conditions not only resolves analytes in a mixture by
separating them from each other and from analytes that do not possess the appropriate
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of retention to a plurality of cationic and anionic adsorbents under elution at a variety of

PH levels reveals information from which one can derive the isoelectric point of a
protein. This, in turn, reflects the probable number of ionic amino acids in the protein.
Accordingly, the computer can include code that transforms the binding information into

30 structural information. Furthermore, secondary processing of the analyte (e.g., post-
translational modifications) results in an altered recognition profile reflected by
differences in binding or mass.



1

The conputer program al so can include code that receives instructions
froma progg@ggggﬁ,@s i nput. The progressive and | ogi cal pat hRGI/P818/12908
selective 1 desorption of anal ytesSs¥rom specified, predeterm ned
| ocations in the array can be antici pated and programed 1 n advance.-
The conputer can tinanether embodiment, aetention assayshare resformed undempthessameaset on.

Dat I de th f. det I th

e & fugEwlesivly tresholds og i, BHERS FAL PR ARCNE Trefch gpek SR S MO
‘outlierge @@I-. 4 atmnarefn&&mhé%etemdmd%é | peseidedr ﬁeﬂgai of

dIStI’IbUtIXn) calculating the relative ing affinity o

anal yt emg‘naban aﬁyefeamn@ indicage dnalytes that are differentially expresscdrh)g thectwg c¢lh;g dat a

be displ d f f t fof. . th

cons e, HSPLEY BEukE, Fr Sl bbbl R e R e T o
Mass. | Rignal stren gﬁgeémen two @a&mldﬁs@xyrsedue&ébyaﬁndmaﬁh WidrPdnalytbdgrest r engt h

of a S|gnal 'S pl ayed al ong a |l i near axis |ntenS|ty of darkness,

' resul ti ngcreasingly @p;ﬂeeuemnﬁysctaineélbmbe Bdsogbens in sheylayo agsays. anot her
format, signals gt certain threshold ar sent.ed as, _vertical

|ines or bars ooty B b S s Yol REaf TECKT i iitons o2

Accor di Tedm a 0 ﬁmﬁiﬂér dseiRpers EThe proRressive andad?gfibalt ﬂﬂﬁyeﬁir%élec@@é a also can

be presented in gra phs of S|gnal strength for an analy grouped
actQr di rigsarptipn @ m@y@ﬁémsmq ied; pregetermined) loeations ém theatrrast can . 25

V. APP {[é! é?&l% GURQYAT OGRAPHY
Ret ent a'tatka\ L 95”% Yo nvoI ves a conbl nat ori al separation net hod

i ncl udi ng det ect | OThea¢uinguier cuattemisforini the dafa imd inothet faﬁﬁwfoeqmslanﬁﬁbﬁl lel.
These onbi nat or i aI met hods have, many applications. Such

appl i catDmgnalu@s&aemqm%atmaao determining, ieof:, SEBILIERREHY2Y A feRationfl yte

- detecti tﬁ&?ﬁ | b saes S | es;
pr ot ei nqgurl ca |noﬁ8¥rleeélﬁ%g%°?5§%§| yi nédgfs péeifg?éfrgrc] &taageew?trl%mﬁghgﬂage
di 45! ay predeterminéd ktatistical distribbtion), and aalbulagmg thenzlagive binding affinity éfathget

epitope identificafion usjng conpl ement ary phage display libraries;
protein 3§ Fﬁslgfr a!i‘ yawg fatd, physi co- cheni cal WD
_5 gg{r ;5 ?J% 8523 /12908 The resulting data can be displayed in a variety of formats. In one f%rgxat,

{ propert ithe stréngthof arsignal és displayedeoma graphoas arfunction ofi uolerstlatithissr dmt i al

!proteln di_ spl X1 cpl " N Itan ou et ect.i on of
PPt pr s Smar, refegredt s e emESRE 508ienf oF 3 AT Y qP%“‘fﬁ‘B{‘%u 2
+ asgenbl Viirgap hi@rimeﬁsx@r& ok '&Ehlﬁlfl% ixf‘atY cArance slmnmbwmé B8Rl 4.
ctranslation. or Sequentially Extrac g

Anal yt esamthsmfmnggaals reaching 2 certain threshold amReuresentedeaascierical tings ap bgrs

of ' asor BN EPBGHRAl Rards PR BRattoe Fisf Ackiinely o HE Bprdsle 4 Y

analyte detected. Data also can be presented in graphs of signal strength for an analyte

grouped according to binding characteristic and/or elution characteristic.

25
IV.  APPLICATIONS OF RETENTATE CHROMATOGRAPHY
Retentate chromatography involves a combinatorial separation method,
including detection and characterization of multiple analytes in parallel. These
combinatorial methods have many applications. Such applications include, without
30 limitation, developing target analyte detection schemes; developing protein purification

strategies; protein purification methods; identifying specific phage from a phage display
library that bind to a target analyte, including target epitope identification using

complementary phage display libraries; protein identification based on physico-chemical
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25 spot about 2 few millimeters in diameter. The adsorbents are selected so as not to

adsorb an analyte one wishes not to be depleted from the sample. After several iterations
the finally collected wash is depleted of un-desired analytes, leaving the desired ones for
subsequent analysis by, for example, desorption spectrometry or traditional
chromatographic methods.

30 In another embodiment, unretained sample is, itself, analyzed for analytes
by any analytic technique. Even after a single retention step, this process allows one to
examine materials adsorbed to an adsorbent and those analytes that are not adsorbed.
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25 constant set of selectivity characteristics known to retain the analyte. In a first step a
series of selectivity conditions are tested to identify one that retains the target analyte.
In a next step, one or more of the selectivity characteristics of the selectivity condition
are selected for the constant set for further analysis.
A new set of selectivity conditibns is generated. Each of the conditions in
30 the new set includes the selected characteristics in the constant set, and at least one new
condition not in the constant set. For example, if the constant set includes an anionic
adsorbent and a low salt eluant, the new condition could involve varying the pH of the

eluant. Each of these new variables is tested for the ability to improve the resolution of
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One variable absorbent or eluant from the selectivity condition identified to
result in retention of the analyte is then selected for use on all subsequent selectivity
conditions. As used herein, it is said to be added to the "set of selectivity condition

30 constants. "

In the next iteration, one tests the ability of the target analyte to bind

under a second plurality of selectivity conditions. Each selectivity condition at the

second set includes the elements of the selectivity condition constant set. However, each
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round that resolves the analyte best uses a buffer at pH 6.5. This eluant can now be

added to the set of constants, which now includes an anion exchange resin and a pH 6.5
25 buffer. In the next iteration, the selectivity conditions include this constant set, and

another variable. The variable might be, for example, addition of a new component to

the eluant, such as different ionic strengths; or another adsorbent can be added into the

mixture, such as variety of hydrophobic adsorbents mixed with the anion exchange

adsorbent; or one may vary the density of the anion exchange resin. Again, a selectivity
30 condition is identified from this set that shows improved resolution of the analyte.

The process can continue until the analyte is purified to essential

homogeneity. In this case, the selectivity condition is specific for the analyte.
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25 used to design larger scale chromatographic (elution-based) protein purification
strategies. The adsorbent bases for attraction, the binding conditions, and the elution
conditions (i.e., the selectivity conditions) for a target analyte protein become defined by
retentate chromatography. This information can save an enormous amount of time,
energy, and precious analyte that would otherwise be wasted during the trial and error

30 process of purification strategy design that is now in place. This section also provides

for large scale purification efforts performed with commercially available adsorbents.
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25 adsorbents that provide these bases for attraction. Such a custom adsorbent is very
selective for the target analyte. One or a few custom adsorbents can suffice to generate a
recognition map for the analyte. For example, if it is found that under particular elution
conditions an analyte is retained by adsorbents that bind materials that have certain
degrees of hydrophobicity, positive charge and aromaticity, one can create a custom

30 adsorbent by design or through the use of combinatorial synthetic strategies having

- functional groups that attract each of these three characteristics. Detecting binding to
this adsorbent identifies the analyte.
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25 resolves at least one diagnostic marker of a pathological condition.

The preparation of such probes involves, first, the selection of markers to
be detected. The marker can be a marker for any disease state, e.g., cancer, heart
disease, autoimmune disease, viral infection, Alzheimer’s disease or diabetes. For
example, detection of prostate specific antigen (PSA) is highly suggestive of prostate

30 cancer. HIV infection can be diagnosed by detecting antibodies against several HIV
proteins, such as one of p17, p24 or p55 and one of p31, p51 or p66 and one of gp41 or
gp120/160. Detection of amyloid-842 and tau protein in cerebrospinal fluid is highly

indicative of Alzheimer’s disease. Also, the markers can be identified by methods of this
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spectrone
example, the specific affinity of an antibody for a protein, a polynucleotide for a

complementary polynucleotide or a lectin for a carbohydrate. Such specificity was

25 necessary because these means of detection were indirect: the target was not identified;
a label, frequently bound to the adsorbent, was identified. Accordingly, the more
specific the adsorbent, the less likelihood that contaminants would bind to the adsorbent
and interfere with specific detection. However, desorption spectrometry results in direct
detection of an analyte. Accordingly, the presence of contaminants does not interfere

30 with specific detection unless the signal of the contaminant overlaps with the signal of the
target.

Methods of diagnosis involve, first, selecting a patient sample to be tested.

The sample can be, e.g., tissue, blood, urine, stool or other bodily fluid (lymph,
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structural characteristic with only a subset of the proteins in the database. Accordingly,

25 identity candidates are found by sorting the proteins according to structural characteristics
shared with the protein analyte. Thus, in view of the inaccuracy, degree of specificity,
or level of confidence inherent in identifying one or more physicochemical properties of
the reference, one cannot expect that proteins in the database will perfectly match all the
characteristics of the reference. Accordingly, the match parameters can be set to

30 identify, for example, the closeness of fit between the protein analyte characteristics and
the characteristics of the reference polypeptides in the database.

As our identification of genes in the genome increases, the chance that any

protein analyte exists in the database as a reference polypeptide also increases.



anal yte at one stage of the process beconmes an adsorbent at the next stage.
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This invention al so provides nethods fé62 perform ng enzyne assays.
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detecting an amount of enzyme activity, in a sample. The method takes advantage of the
25 fact that the activity of an enzyme often produces a product whose mass is different than
the original substrate. In the method, a solid phase is prepared that comprises an
adsorbent that binds the substrate. An amount of the substrate is bound to the adsorbent.
Then the adsorbent is exposed to the sample under conditions and for a time that allows
any enzyme to act on the substrate. Then, any bound material is detected by desorption
30 spectrometry. Detection of an analyte having a molecular mass characteristic of the
product of enzyme activity provides an indication of the presence of the enzyme. The

signal strength will be a function of the amount of enzymatic activity in the sample.
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25 development or differentiation, or in different parts of the cell cycle. However, the
method also is useful in examining two cells of the same type exposed to different
conditions. For example, the method is useful in toxicology screening and testing agents
for the ability to modulate gene expression in a cell. In such a method, one biological
sample is exposed to the test agent, and other cell is not. Then, retentate maps of the

30 samples are compared. This method may indicate that a protein or other biomolecule is

: increased or decreased in expression, or is changed some way based on different

retention characteristics or different mass.
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25 Also, the method is counter-intuitive. Generally, one seeks to decrease the
complexity of an analyte mixture before analysis. Fragmentation increases the
complexity.

Accordingly, in one embodiment of this invention the sensitivity of
detecting an analyte is increased by converting the analyte into lower molecular mass

30 fragments before detection. Fragmentation can be achieved by any means known in the
art. For example, protein analytes can be fragmented using endoproteases.

Carbohydrate analytes can be fragmented using glycosidases. Nucleic acids can be
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receptor is produced as recombinant fusion protein that includes a moiety for specific
binding. For example, the receptor can be fused with the Fc portion of an antibody.
25 Such portions bind to protein A which can be incorporated into an adsorbent.

The sample tested for the presence of a ligand is at the discretion of the
practitioner. For example, if the receptor is a nuclear receptor, the sample can be
nuclear extract. If the receptor is a cytoplasmic receptor, the sample can be cytoplasmic
extract. If the receptor is a cell surface receptor, the sample can be fluid from the

30 surface to which the cell is exposed, for example, serum for an epithelial cell surface
receptor.

The sample generally will be incubated with the receptor under

physiological conditions for a time sufficient to allow binding, for example 37° C for
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25 : Rapid screening of combinatorial libraries for drug candidates requires the
ability to expose target interactions to thousands of drugs and identify agents that
interfere with or promote the interaction. Retentate chromatography enables one to dock
one member of 2 ligand/receptor pair to a substrate and to use it as a secondary
adsorbent. Then, after exposing the member to its partner and to the agent, one can

30 determine by desorption spectrometry whether and to what extent the partner has bound.
Advantages of retentate chromatography in screening methods include the ability to
specifically dock the receptor to a substrate through an adsorbent, the ability to rapidly
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2. Receptor and Ligand _

25 The adsorbent and the target analyte need not engage in specific binding.
However, in particularly useful methods the adsorbent and the target analyte are a
ligand/receptor pair.

In one embodiment, the ligand/receptor pair are a hormone and a cell
surface receptor or an intracellular receptor. The adsorbent can be an entire cell or cell

30 membrane in the case of a membrane-bound receptor. A protein receptor or other drug
target candidate may be used as an adsorbent to screen combinatorial drug libraries.

Hundreds or thousands of drug candidates can be applied to a single receptor type or
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30 3. Test Agents

A test agent that is to be screened for its ability to modulate prothymosin

expression is administered to the test animal or to the cultured cells in vitro. The choice

of the agent to be tested is left to the discretion of the practitioner. However, because of
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[ n .su yanti.t that it is not p055|ble or practical to

i sol at eg é
| gener at 2 % b 't’ﬁlb Emisties ipgju ALS PR Limtedh 10ipeptoids<(PGX RublicativoiNes t he
steps oW@®ORrIgI35026 0008y, %n@@déﬁrlﬁgud cﬁph@{]&% W bPeA1564194° O
providing a display library of geneti a es 3 I splay
Oct. 1993), random bio-oligomers (PCT Pubhcauon WO 92/00091, 9 Jan. 1992),
benzodiazepines (U.S. Pat. No. 5,288,514), diversomers such as hydantoins,
25 benzodiazepines and dipeptides (Hobbs ez al., (1993) Proc. Nat. Acad. Sci. USA 90:
6909-6913), vinylogous polypeptides (Hagihara et al. (1992) J. Amer. Chem. Soc. 114:
6568), nonpeptidal peptidomimetics with a Beta-D-Glucose scaffolding (Hirschmann ez
al., (1992) J. Amer. Chem. Soc. 114: 9217-9218), analogous organic syntheses of small
compound libraries (Chen ef al. (1994) J. Amer. Chem. Soc. 116: 2661),
30 oligocarbamates (Cho, et al., (1993) Science 261:1303), and/or peptidyl phosphonates
(Campbell et al., (1994) J. Org. Chem. 59: 658). See, generally, Gordon et al., (1994)
J. Med. Chem. 37:1385, nucleic acid libraries, peptide nucleic acid libraries (see, e.g.,

U.S. Patent 5,539,083) antibody libraries (see, e.g., Vaughn et al. (1996) Nature




20 agents to be screened; exposing the library to the target to

speci fi calyyp gg@bs2n genetic packages through interact PER/USO¥/ 12908 o
target and detecting retained genetic 70ackages by desorption
spectronetry. These steps can be conducted in

par al | @iotechnodogyarlde)ndaddidnfand RCFAERG/10287), carbehydyate libmarifisdaes £- & t hi n

asocr §ikng ¢ din CCBR Saienoe A T2 Tant B D057 BBl 5 3o 28 88 sl ng

of - I'i Resanic molecuftRbratics deeOB. g2NBerizoRRbApIResS tmhealggs) @ZEEIG] PincTB,Wi t h
i ndi rect” det ect1 on neans. Provi di ng the

subst r page 33, isoprenoids U.S. Patent 5,56G%588, ithiazelidiponss mﬁénmmnonw Pes

2% ar oo S HO0H G pipined TR Ay’ o25 ) AT ARG Toe, Wihonbline SCTVE 29

SCreenggmp bﬁn&“ﬁ §nm&h®596 33’mebe§1zbafawxﬁeslszss St das Netlikeh he tar get
adsor bent aI r eady attached. In another enbodi nent, the substrate is

provi ded by pr ovdﬂﬂngesafosﬁbtspmtlpnalf combinatorialdibrariessaretomunerciallyt bi nds
a target éigag) eY e, €. g p§>§; R'?Pg %Oalg@g l?l&iqvtan&:d Engmaﬁe%hymuﬂoﬂngY

i W0 98/ %Y
J PCT/ USQfibh98%, Rainin, Woburn, MA, 433A Applied Biosystems, Foster City, CA, 9030

elution-conditions to allow retention of the anal yte, and using the target
at® or bdes, Millipere, Bedford; MA)t for the display library. In one enbodi nent,
the target is differentially expressed between two cell types that
are being conpared. For exanple, the targets may be derived from
- differentially exyletlicadréfSeneratiigyAfents i THaeSpetifivhlly Bind /s aadlyte
! pol ypeptides. Methods of identifying such differentially expr, essed pr ot ei ns
' by retentate This inyestign g vges methods dar awrﬁwgeméd eghoviagle chan
Once a | ne,.can
devel opagl hi)&ﬁ E:l%"ll t %1@%%%?@3% ?Elﬂ%&u%g \#(;ﬁg égérngiﬂf’vltesgﬁ?hegaﬁaasl yte.
Ms e spec1ﬁc miig‘nesﬁzbhge,msr forafvcking tafgetshin ﬂnaah;dyeof lsgaaﬂﬁecebmr inter&tionsisi ve.
The nethods fo rogre resol.ution of analytes descri bed above

ket Themetton if paichiRy, st dor SERSTRYNE RUAA 50T (ATECLS thatyrpy Only be
speci fijedthled lﬁ isBch SmAiR hﬂﬁﬁtn?é&%&it i€ i ﬁ&%&sﬁ&!’f&l ?ﬁﬁcﬁ@m@é SendriteOffibodies

- enbodi nment, bound target can be nodi g., by exposure to
©an enz;b}eunmumzmg an animal. The methgd involvesi the lsieps Dﬁpromdmgd sibstrife diamingt t he

mMRNA or

ESTs ar® r%%&lp?qegdhwgq &IPVW@%FFQ@OF&%%% erent ! aI eﬁ%tgim?ds are o

t pgnscrigesd o §cfe%ﬂéd %@@sm theé llbﬁhrﬁ rtd thé %étlto cspe@ﬂcaaqfsewﬂ rgbneuc for
docking.” For exanple, a substrate for desorption spectronetry having a

pl ur al ipagkages through inlaractipe Wit thettarges apd dpteetdine rerined genetic packages dyer | ai d

with a C t her eby creating a well with the adsorbent
at the %éé@?g P?a#é“ﬂﬁ 2 In the well one places - reagents for in
vitro transcri pti PhesantepsicaiYeadondicted ih paratief forrLRtgemnib& <l Re6HENERNA

analyte candidates within complex populations without transfer losses and ambiguities

25 associated with separate selection and detection procedures, including off-line

amplification and labeling strategies associated with indirect detection means.

1. Providing the substrate
The first step of the method involves providing a substrate that comprises
30 an adsorbent that will serve as a target for a polypeptide agent of a display library to be
screened. In one embodiment, the substrate is provided with the target adsorbent already
- attached. In another embodiment, the substrate is provided by providing a substrate that
has an adsorbent that binds a target analyte, exposing the adsorbent to the analyte under



20 (usually in the formof cDNA). (For nethods see, e.g., Sanbrook et

al ., Mol ecwoesisesez Cloning - A Laboratory Manual, Col d SpRGTUSSEA
Laboratory, Cold Spring Harbor, 7INY, (1989) and Current Protocols in
Mol ecul ar Biology, F.M Ausubel et al., eds., . (Current Protocols, a~
j oi nt velution conditionscto aliove reserionl ofsthe agalxtes dod asing, the targetaadsothenh as the
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conbi nagipbinatography methobs afeydestribepabodes (" pol ypepti de agents"). However,

singl e chain antibodies are . attractive because they can be used in
subsequent i nmuno&ssapdifferentially expressed protgin analyie s identified, one can

PCT/ US9 0 .. .us . 72

Vany ki GeTEoR € spleqisy Gongition that whambiguously tesolves the apalyte. Mere. oY

basi ¢ cprefeablyptetehtion of theednalytsisi spetifie ardxalusiveh fiint mefhods [foy progedssive
associ ati on between tide | igDand to he screened and a

: a . POl ype .
r dBov er EEBPlEtIGR Of @aewgétqea@hﬂa&%ogg dt ppssible to 1dentify selectivity conditiogs
physi c £ abl ' ' LhEEkd I £X, I n
Phs catbatRAMIANY I 3 BBl hiifte Hork JBAMIEY Ll B 16 e UmERRERL 000 |
pol ypepbouhd tagget can be medified/fe.g. ,dypaipdserecbami engytbe phage gen?)ma whi ch
encodes the pol ypeptide, The establishpent_qf a si cal assoQciation
bet ween pol ypept | tergtiyelyh dhe msthed; gan '?ﬁg!‘b?ti%lF mRNA Gr Egiﬁcﬁﬁesi%wsaneous
mMass sc ng; W i
i 11 er omeaRdr A sclffilly BeSed HIRITA of ESISNEL MenhiREd 89 TopUREIGHDAS, .
aflfsi ni t Yhem thestOmolecules geet transcribed and) ¢ransiamgdtin avirp aik &e sipra ok agexisovbent
enriched b ffinLty screening to the . target. The identity of
pol ypepgqrdé’é:ﬁﬂﬁgs 31: s-ﬂ%’aﬂ? Mfﬁtﬁgét"‘p};’ﬁ Pﬁ@@?t’%{ﬁpﬁ?gvﬂlﬁr@r ViR& 2 plur};hty 9% om
their rgs ' Us Jeve vala] - b ' I, €d as
havi ng. SsoRsent ¥foti 16 BiEpired;D IO sitatne WiheneR ik YRR ubd Ybreby
synt hes¢reatdng a vrll withythe adsarberitat she base of therwells . Inithe well one places The

i . f at | d.f i splay | i
bact er | BARCHS 1on it tre ramriipaen S REbtatin, Sty B8 BB eieded mBNALs, Fo
ang F1. (usually in {RSforMOstkcIDRIA) | F6F hﬁdld\c}'lg Beard.gs SAnREBEr 810! MgRUldIeS L0 be

di splayed into either glll or gVvill of "these phage form ng a fusion
pr ot ei nClaning —eA4 d.aborwapt Mapmaly Qold Speing Harbor Lahoyatory, Bprirgddecbor,

MacCaf f Rt Y1o¥8) St Caivéds PREOGH I Moiddiis Bibfhey 2342 Kisubel et al., eds..,

(Current Protocols, a joint venture between Greene Publishing Associates, Inc. and John

Wiley & Somns, Inc.)) Translation of the mRNA or EST produces a polypeptide that is
25 adsorbed. The cylindrical tube is removed and the adsorbent spots are washed with an

eluant, so as to identify a selectivity condition that retains the polypeptide analyte.

2. Providing the display library
The second step involves providing a display library. The display library
30 is comprised of genetic packages that display on their surfaces any sort of combinatorial
library of peptides ("polypeptide agents"). However, single chain antibodies are
attractive because they can be used in subsequent immunoassays.



20 Kang, WD 92/18619 (gene VIIIl). See, also Cwirla et al., Proc. Natl.
Acad. Sci w&'9f¥se362 87, 6378-6382 (1990); Devlin et al., SECENSW/AY
404- 406 (1990), Scott & Smth, 72ci ence 249, 386-388 (1990); Ladner
et al., US. 5,223,409 and Ladner et al. U S.- 5,571, 698. "Such a
fusion protein coMaly Binds af dispheyl limqenammeusmklaye knowm in thecaret &d

t th th th de to.b d
nd of baee comepbof dispuTREBRts B g ENaLURFIerh B RdRoH SSPTAATC IV ERR A Lo .
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PCT/ USY, yee ptides. Genenc packages dlspla?'mg a polypeptide with affinity to a’3
(bacterlop ade Or "phage) nmkes it "possibleto produce hunman sFvs with a

viGie r sarget hihd to the targdtfandi thesgspackagesi ave entchadaby affinityscresping to the

bhagentHEttectb HepfiBef BRYBAHEs DnRR s sHEF HARESRs ¥ e SORERRY 0
sequengRsm idir Respectivi geRofies. fl@§1n§m@hﬁﬂ%dsrﬁpél?lﬁ@dd@ﬂdeﬂmafhﬂﬂﬁr@ﬁ

transfected into cel | s and packaged ection wth hel per phage.
Use of binding affinityyfor erdesired targst methsn fbs@vn@psmd in bylk by conventionsl on

prot ei DSeahs forrred fromcoat protein and displayed pol ypeptide with wld-type
copi es of coat protein expressed fromthe hel per phage.. See, e.g.

Gpsrard, WO 92/ 09fR0genetic packages most fmquentlyﬁxﬂearfyﬂﬂisplayllfbrm aran be used
to dlsplay pol ypeptides in_an anal ogous 10 er. For_exanp di spl ay
of hundacirppge; patticulagly; Glagentous P fsggﬁqﬂ%phage M13, Eﬁl@&ﬁ%& virus

6951" ¢ Mgt SRt 1 ifderde i @%zmsﬁg%%"’% e fe aitplayed ity herdfi'or

this caM]I of the:seI plmgle;fpapin@bﬁ:mrepmwpl aSeed e{g_ f)mowce, o eillgﬂls,acteegf t ghge
. ; O S |

S0 o Mg U0 8 FiaoRB  MaRCatfery  WQ Py Olqa2 d8tna rD: HEE, BT GASRIE oo by

Dogrova , o gzhsd\i@i et Q*m)l%e 8158 Cwitfatet)al. , Proc Natl. Acad. Sci. USA Cells

can al so be used as replicablé genetic packages. g eptides to be
di spl ay8&dd 63786382 élﬂﬁﬂi, Davlin £t gbné&cie Q04408 4199 biSebt & Bmith, s

d t f ' Sal |1
Cyphi mErTey 2080356 388 (180 Ladter @5E. (8Csihtorind PadeBE b W 01
chol er a57Kb9®sisath a fRFiOH PiBtetn cORpESRrd ﬁFﬁﬂ%ﬁﬁémea@sanQ from hieeseed a
meni ngi tidi's, Bacteroi des nodosus, Moraxella bovis, and especial ly

Escher irgtein other thanghe phagecoptameteins Polgpentide tebeglisiayved and fitherhst ei ns
ans di Sﬁeﬂé iﬁdorbélenkaﬁqfﬁm?émadr a fr%@nent thereof. Exogenous coding sequences are

often inserted at or near the N-terminus of gene III or gene VIII although other insertion
sites are possible. Some filamentous phage vectors have been engineered to produce a
second copy of either gene III or gene VIII. In such vectors, exogenous sequences are
inserted into only one of the two copies. Expression of the other copy effectively dilutes

30 the proportion of fusion protein incorporated into phage particles and can be
advantageous in reducing selection against polypeptides deleterious to phage growth.
Display of antibody fragments on the surface of viruses which infect bacteria



5,571,698, and Ceorgiou et al., Nature Biotechnol ogy 15, 29-34 (1997) and
ref er enceswo 9s/59362ci t ed therein. For exanple, the |anB prot elPCTISH12908) |
i s suitable. 25 313 Screening the display library

The third step involves screening the display |ibrary to.i dentify a |jgand -
that spbasteriephage asiphage) makesait ngslblwé nggﬁhgc)é rhéfff@“tﬁé%(ﬁ iYith 2 yade & %iji s
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agent sdalf}r; er gpgtlﬁl%eﬁlccon [ t%ﬁlszé'appropri ate for speci fic binding
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have agents that recognjze the target bind to the target al readgwattached
to the Rhagemidyectors which epg ﬁEa REPtein-and phage pAckasing $raIERCES PUb ound

%gggf g\ggxgg &3¢ b cdgaBil S RPRLAtfon. OPhdPRmids are tridsfdckint® BElS dfi'packaged
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(e.g., prote n contact, a selectivity condition optimzed for
t he target adsor b&ukaryotie viruses eantbe/iised todisplapopolypeptidesniniafiiapalogouse! uent )

i s ch , t hat_qnl y. | t of ot t .
sd0ect; Batet, cFor ey disdy O poriditiadl S5bto BoRNS BRI BRI phage
(i.e., RURSRIa virus has'b¥entepéited By HaA dial g ProadNRIbARId. StnduRAaRE 97a9sel y

bound to the target adsorbent are . elimnpated by exposure to eluents
t hat di $731p(1925). Sporesican misot besused asireplicabls gengtic pagkages. In thisgdseor bent

i nteracti,on . Those phage di spl ayin aoly tides with the, highest

11 i BoITEptes BfE Sy Ry from M G SRR YR 36t R, diey e sgores

4. DnbRCBI FebriIRURAe 1RER répordabaositabR! a8ejuefced WFtoat prdidins of these
specifically bind the target he fourth step, the

In the
bilddi ngsperesjagapriovided dyBerovas atiab , JaMpd: Bidl. 486.eE18(1987). by desorption

spectronetry. For t.he as_t o] opi of ,a
singl e coat prot eg?ﬁggg%ﬁls&% %és%ggée"ﬁpgﬁé%g%e%ofyﬁaﬁéﬁr[&qeon
spect r odgplayed hftcinserted int6 agienp enéaiing a leell Protett tad oSG ressell ahaheleélct abl e.
In this way, one can determ ne whet her the library contai ned a phage

havi ng SHfacgerBacterial aslis including Selmonelatyphivsuiume Bacillus sublils,nave genetic

package : n | | . cap:he..per in 20
Dar ai | o suomP RS G Hosk MR Shotkid?, RIGHRRI heRnERier Abidtfrh G Sirbtae,
pIROsi caNeidserta pieningitidis, Bacseroides imvdbings, Morgeelkobivistandheptaalty Esshesichiat
di sl odge all the genetic,loacka es bound to the
coli are preferred. Details of outer-surface proteins are discussed by Ladner et al., US
5,571,698, and Georgiou et al., Nature Biotechnology 15, 29-34 (1997) and references

cited therein. For example, the lamB protein of E. coli is suitable.

25 3.  Screening the display library
The third step involves screening the display library to identify a ligand
that specifically binds the target. The substrate bearing the target is exposed to the
display library that displays polypeptide agents under elution conditions appropriate for
specific binding between the polypeptide and a target molecule. Genetic packages that
30 have agents that recognize the target bind to the target already attached to the substrate.
Removing unbound particles and retention of bound particles results from exposure to the
elution condition. '



surface. This nethod is particularly powerful, because even a few phage
bound to t¥wossezsz anal yte can be detected. PCT/US98(12908h e
case of ML3, the preferred detection mgghod is to nonitor, by 25

desor ption spectronetry, the appearance of the gene VIII coat prdtein as a -
"mar ker" prAopepwlation ofi gendtic pdckagasaimﬁris case MiY phags, ercpnsebntimgsi tive"

(phage peviarEpde ithieledl fofflingupie GHRL BrEmche ARHueed o b Rplilegle oA
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gene X, and gene |11 (including their fusion products).
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poi nt for other uses. WD 98/ 59362
PCT/ US9 gptllggggl to the target adsorbent) and phage loosely bound to the target adsorbenty gre
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and isolating the ucI eotide fromjt. The isol ated phage are reproduced
byl® he foruthe target a F@PCW@H‘?@ he retai ned phage can be exposed
to a biol ogical arrpllflcatlon vehicle, for exanple, E. coli, plus
nutritive nmedia to grow the genetic packages for subsequent

anal ysis. Single o. onesDetamhgbbunﬂfgtheﬁeihekhﬁeﬁrcoﬁtmﬁmg)agbmstﬂﬁd to

anal yte retai ned on substrate

Sequenci ng the nucl eot i Recificallg hind éh%é%ﬁ&‘?ﬁ the pol ypepti de

agent u .Gy t he
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f ofS pr obydemgrpnbn spedtsqmgity. dé?omgemlnple, the MlSSﬁmge has tlg:mmﬂsmf\mbws of a

i solatin enetjc cka fro ent roducing it,
. isol ati A& ag@"?‘ﬁﬁ’cl (Wpd; dg‘lsBEQﬁSn f"'f?é 1“!98? 0% &p B'&H’é"ﬁé’e e any
avai | abhsat proteins ﬂa«aﬂfe dxkledgapaﬁw arerraét&sasuet ftﬁ tﬂﬁﬁga:y'e%\?f?ﬁﬁ be

reproduced in situ by contacting t he subst appr opr| ate
mat er i ahethegshe librasy contained; aaphagedxavm&m agmnt bl}attﬁoan@;mtdtel wargct In order
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N2 eot ipdealleb atidiffegeritMocution? On a pxkibe\/\ﬁr fRA¢Ubstrate Gan hi¥e a ﬁ?st@maimﬂhéléﬁr ent
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the sur Saldiciently largesso-thakthedlager rﬁWSé‘Pf disladge all| the jgenetic packages bound to the

surface. This method is particularly powerful, because even a few phage bound to the

analyte can be detected.
In the case of M13, the preferred detection method is to monitor, by

25 desorption spectrometry, the appearance of the gene VIII coat protein as a "marker"
protein signal. In this manner, we have detected "positive" target adsorbents with as few
as 5 phage particles (pfu) bound (phage particle number estimated by calculation from
known dilutions). Other phage markers, in order of preference, include gene V, gene X,
and gene III (including their fusion products).

30 After detection of those adsorbent locations with the highest affinity
adsorbents, that is, those locations within the array with the fewest phage retained after

exposure to high selectivity conditions (i.e., stringent eluents), the bound package can

now be used as a jump-off point for other uses.
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conditions so that only one kind of phage binds to an epitope.
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Fur t her p:ukage bén anethet bmbodnmmmaqumdm wseperfarined dg eitt. ail’hé mbmotla:aget can
L slgem Bg is |ikel to | volve a glrea er affl bet ween

the two“’c"ﬂv Sing %gﬁ%‘ﬁ’cc pac. gcs REmee ipeleph ?eélggﬁ‘% | ution

meighod, kGRS mdaRsl &BOVPCR. Several different genetic packages may have bound to
different epitopes available on the surface. In this case, one may alter the elution

conditions so that only one kind of phage binds to an epitope.

7. Producing the polypeptide agent
25 One valuable next step involves producing the polypeptide agent. The
| isolated agent can be used, e.g., as an adsorbent for specific detection of the target in
diagnostics or for the study of ligand/receptor interactions.
In one method, producing the polypeptide involves first sequencing the
nucleotide sequence that encodes the polypeptide. The amino acid sequence can be
30 derived from the nucleotide sequence. Sequencing can be accomplished by the method
as described above. The sequence can be the basis for recombinant or chemical

synthesis of the polypeptide agent.



8. | sol ati ng peptide epitopes of a’target

versi on t hiyp sgoexd al | ows one to isolate peptide epitopes oquaT"Qﬁ?s’n”a
target analyte. The nethod enpl oys an 7@nti-idiotypic"-Iike approach In
sumary, the epi topes of a target analyte are screened with, e.g., a
phage display |i bimagotha’mmeﬂmdl. theepolypeptide cph dgpredinedihy, repragucing tnhgl e

Shage apeeleackag ¢ This 1 PEichRely Bt SHER 1bt stkfic B coniains mamdc"F o
frst o t%ﬁsﬁpﬁ'ﬁeg";ﬂl‘é@éﬁaﬁé‘wt e g A e R  he
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oSy pept | do. agent A Feps sfetoraing Tod O BEA b GbBARty AT BRGRLE v 5
E?;?—? 8 slgg)/“fggg hThé gucleotide sequence encoding® th8pbBBeRtide is either sequenced 071'7

agent i isolateshbypay) means sehsaothosg discyssed \Jiben, theusleotide sequenge ihas a coat

with hu . : ' poS P Thi S
phage |§’g' “ﬁ’gﬁ 1538@(81'%@10? fox. thet &S:r&s@{) ecp(%oéok&grésoéha%*%g&?@c%%l shed
t hr oughseqeesice, o ?erkmmy\ inkédito tiensileptide sbddenc@ encoding thegsodypeptilie C Ahebe

nodi fied to include a receptor for a ligand on the substrate. The phage 5

i slOt henexpIp¥siQy vecsor,cancthgp e dissd e, §XPresy Q‘FWOIX%’—REE‘? AZETR ARGATINABY he
library prl&ownm tag t he docked phage are detected and isolated as
descri bed. Preterably, tﬁe second display library contains a nass

| abel of sone sor it Baderstoddhtiat tlgaafge\/bim comtainamnorecthan loae epitope.

di sting ished from en 111 of the docked to, the substrate. Thus,
the O AcCordingly. e JRFHe 8R PEPAUEE SROTR AEAT,GH, RO RGRIIds ABRLTSERR 107 B an
adsor bepj ftan depend upon 10 whet her the bound substance is used,
subsequen to bind anot her substance. As one can see, the ability
talshi nd a substanéliarg&l-spnciﬁbraganty cdmchmnbsu@tasmdsoxbantsdonp'rohce usakin

f meﬁﬁ;ﬁo d‘sﬂgcha%l?p%t%sl Iny dn&d%lgc? d:qtgéo %arggatbega%gg %ﬁéh";‘?r'o esr gtgr'xftaxn on eir

EXAVPL Eﬁltface agents that specifically bﬁhﬁmtequgew sy P BP LSS & Rolate ﬁEQQngVﬁ‘Gﬁ'V of
il lustration, not by limtation. he

fol | ow ngnpkanpb@ms,t mﬁfaglbldngwgl samples; tand gndletest the tamt dylesymption
-Chl cken Fg%ﬁ‘g‘#?e i‘XﬁRMe ( &eJﬂSgﬁr '];h xg{era%h%g l}EPWélén tR agen la%/d[tge t;lrget can t er )

is avai
20 be blospec1fic, it is likely to involve a greater affinity between the two than an adsorbent

O!"l '

developed by the progressive resolution method, described above.

8. Isolating peptide epitopes of a target
In one version this method allows one to isolate peptide epitopes of a
25 target analyte. The method employs an "anti-idiotypic"-like approach. In summary, the
epitopes of a target analyte are screened with, e.g., a phage display library. The isolated
phage contain, e.g., single chain antibodies that recognize the epitopes of the analyte.
These phage are used, in turn, to screen a second display library. The phage from the
second library that bind to the single chain antibodies of the first contain displayed
30 polypeptides that mimic the structure of the epitope recognized by the single chain
antibodies.
In one embodiment of this method, a nucleotide sequence encoding a

polypeptide agent that binds the target analyte is used to produce M13 phage in which the



20 Si gma Chem cal Conpany, St. Louis, MO "Human serum refers to a
conposi t i GRo9k/s9362 [err]] of human serumdiluted 1 to SPERUSSS/MAY08
sodi um phosphate buffer, 0.5 M Nad, PR 7. 0.

used herein, "ng" neans mllig means mlliliter(s); ™[err]l"

rreans agent 6¢ displaysd as acmlonsum Sm%/met'ﬂll{ss )thxs ‘Phage hasaheoat aw&nbwgcirgésa " |vr"
per ceﬂ?c"l?‘gs Bt%lee‘ﬁfw pepidd’ §9W 3%6‘;5 a&e lgﬁgénas%d%%&legq P@ed (I)\la(C):Ir

means a@gbrbeRitC can BEAcccsﬂTiplm throughté.gf | AifigaRicdat BindS gene 111, or |
PROTOCOLS FOR RETENTATE CHROVATOGRAPHY 3 The fol | ow ng

pr ot oc gere HI cam barmodified to inckedeqa receptos fop adizandiopghe substrate: o The phage
/ USE)%&’T% g:géoSed to a second display W/ %%fi@t%c packages from the library tygt bind

A- Peotiecddcked phingd ere ddtectddpnd ixpldted as deschibedrn Prgferablly, thSaedord Arr ay)
1. Sanpl e treat nent Dilute the biological sa serum

uri ne, display Wﬁ%é?n%ms@em%sc\ﬂ’?llﬁfe‘%§%hf° that their genep) h‘fm‘m% Be100 in |
FEPES, g1 RualAd oGSO orth fudge GRRRE MPARRGRS TN, e oDl

necess I cation’ Add

sanpl e idehtifichtisr bf A shbsmmtamfamly'te virget" Mrramin adse:benocanT@eﬁli fubbn
adsor bent array or ,a hydrophobi c, adsor bent arrug prewet each spot

wiQ h 0 whefher rqur baerd amspm ds B¥igh avbﬁeﬂgcns ys tosbingt ano RaRFes afABI0BEL 0 t he
S pot b % & e aﬁﬁﬁ o\ bHﬁi 4 @uﬁs?arﬁé Xo an already QbbiRW s%ﬁ&%é:e daB &%ﬁﬁt{ st e

InDst 0 dryness
a. Ammthodscmbﬂbmmy ccmdxti(ﬁls that\seldetivelyt refnowe tthe eﬁnnﬁllylﬁiaﬁﬁecbr Na
phosphate, pH 7.2. Add the first 2 [err]|l of wash solution to the
spot b SRbtaceh e sanple is conpletely dry. Let the wash solution sit on the
spot for at least 15 sec. Pipet out and in 10 tinmes. Renove the first wash
conpl etely, repeat with the second wash of 2 [err]l of the solution.
Vish spot 2 with 0.2 M NaCl in 20 EXRAMPRESsphate, pH 7.2 as above.

The following éxamples are offered by way of illustration, not by way of
limitation.
In the following examples, the following products and terms are employed.
Chicken egg white lysozyme (1 pl diluted to 10 picomole/ul water), is available from
20 Sigma Chemical Company, St. Louis, MO. "Human serum" refers to a composition of 1
pl of human serum diluted 1 to S in 20 mM sodium phosphate buffer, 0.5 M NaCl, pH
7.0.
As used herein, "mg" means milligram(s); "m!" means milliliter(s); "ul"
means microliter(s); "cm" means centimeter(s); "nm" means nanometer(s); "M" means
25 molar; "mM" means millimolar; "min" means minute(s); "%" or "percent” is percent
by weight unless otherwise specified; "NaCl" means sodium chioride; "TFA" means

trifluoroacetic acid.

I PROTOCOLS FOR RETENTATE CHROMATOGRAPHY
30 The following protocols are examples of procedures for performing
retentate chromatography.



-with 20 mv

20 Wash spot 3 with 1 MNaC in 20 nM Na phosphate, pH 7.2 as above.

Wash spot dyobg/deséd nM TrisHC, pH 8.5 as above. Wash WSWWQ’%

0.1 M Na acetate, pH 4.5 as above. 78 \Wash spot 6 with 0.05 % Triton

X100 in 20 nM HEPES or Na phosphate, pH 7.2 as above. Wash spot 7

with 3 MureA.in PPototblHioPHtetentaba MApping dusing (Fhrontategraphic Series Arrayash

spot 8 with 10% acetonitri|le in water as above. Wash t he whol e array

with water thoroughly. Sample treamenty,  { e chi p. Add 0.3 [err]l

Energy r o S r | f Newldd thil e,
0. 5o, PORRE e HOWRIGRE Safiple g S, G, M BlpiReIoR Lell ittt fecion) 1

ret ai ndmom%oﬂ‘mtm éﬁoﬁamrHEBES ori 20, mMsblna phesphase,i phl/ 7.3ni Centrifnge to clarify

fI | nMass spectroneter. WO 98/ 59362

P us ccessary. 79

b. Nor mal phase adsorbent array Wash spot 1 with 5 nM HEPES, pH 7.

Add the first 2 [err]l of wash solution to the spot before the sanple

i's corrpl etely dry2. Let SamplwmthMmtuon sit on the spot for at | east 15

w th t B0l sgERle"G°S b e ShPT S ARIEARY. TSprisel St f TP CUED Shdefery BT
w th 20pHM lizgdrB B @ﬁ&éﬁrb&t&ﬁa Hﬁ@t eaéirspot ith0. Q?éP‘débtomtnle cont\i\ﬂﬁﬁg 0% 3

phat e, pH 7.2 as above. Wash spot 4
wildh 0. TFA. Meddaw!pi@éo ﬂpﬂwsmwe&se auﬂoa@tomtrﬂe is dgyash spot 5 with 0.05%

wash spaoy stete 10 kpiaBAE e8RS ip st ORMeseh 15"\ Raa, pri 7.2 as

above. Wash spot 7 with 1% TFA as above. Wash spot 8 with 30%
i sopropanol : acetonitrile (1: 2) in water as above. Wash the whol e
array with water 8hor oy Air dry the chip. Add 0.3 [err]lI

Ener gy Absorbing Ml ecyl e (s t | prepared in 50% acetonitrile,
0.5%trifluoroacetic ac%l d). f?ﬁlUﬁi@ aﬁ%&éﬁ{‘#@ﬂe chi p. Anal yze the

r diSai neWashapei 1 with 28cinM HEPES oh Naphos;ﬂieteorpp{ 7@/ Addithien first2 ul of wash
time-of sglllxtllgn tto ﬂ%ssspo% ?)efore ee Sﬁ:ﬁ&e is %ompletely dry. Let the wash solution sit on the
spot for at least 15 sec. Pipet out and in 10 times. Remove the first wash completely, repeat
with the second wash of 2 ul of the solution.
Wash spot 2 with 0.2 M NaCl in 20 mM Na phosphate, pH 7.2 as above.
20 Wash spot 3 with 1 M NaCl in 20 mM Na phosphate, pH 7.2 as above.
Wash spot 4 with 20 mM TrisHC1, pH 8.5 as above.
Wash spot § with 0.1 M Na acetate, pH 4.5 as above.
Wash spot 6 with 0.05% Triton X100 in 20 mM HEPES or Na phosphate, pH 7.2 as above.
Wash spot 7 with 3 M urea in 20 mM HEPES or Na phosphate, pH 7.2 as above.
25 Wash spot 8 with 10% acetonitrile in water as above.
Wash the whole array with water thoroughly.
Air dry the chip.
Add 0.3 ul Energy Absorbing Molecule (saturated solution prepared in 50% acetonitrile,
0.5% trifluoroacetic acid).
30 Air dry the chip.
Analyze the retained protein on each spot with laser desorption/ionization time-of-flight mass
spectrometer.



C. TED-Cu(l1) adsorbent array Wash spot 1 with 20 nM Na
phosphat e, wWo §sddsdpCl , pH 7.2. Add the first 2 [err]l of wasHPCT/US98/12908
solution to the spot before the sanpl g9 s conpletely dry. Let the wash
solution sit on the 25 spot for at |least 15 sec. Pipet out and in 10
times. Renove the firsb. wasNoemabpheseladsorbent arrayr epeat with t he second wash

Of 2 [ﬁ{&b of the g?ﬁhda%%?%pﬁz V\g%H tﬁg?{rstg%\g\l,é) wash SO dt%gﬁzt&ﬁgﬁpgg 20

W t h 1 [
2bove. %fwm%éﬂéﬁfg?ﬂ‘ﬁ&wﬁalmm B o pufon S T S0t forateadtOLs

above sec. Pipet Wtszkndsm)lo simest Remoys e firstomasiiamnpletelyn repeanawiththeseaons

5 M Nag I—|1 fgh I above. WD 98/ 59362

1 UsTash of of the solution. 80
V\aSh Sﬁﬁhlﬁsﬂ&ttﬂ“wﬁh'\ﬂdﬂhMNd“ﬂ phde]No. IEHQSNB@I pH .28 bbdvell , pH 7.2 as
above spot oT A as_above. Wash spot 8 with 10%

acet oniWash spat3 with0 mdM MNsophosphate, 0.5/dE NaChepHiTo? as abe¥ss wi t h wat er

t hor ou I h|p 0.3 [err]l Energy Absorbing
Mol ecu?@“’%&ﬁ?%rﬁf@h ng }ﬁth}‘%ﬁ %? Bﬂe‘qd’olaﬁ 3’\989 ‘acetonitrile, 0.5%
trifluowadsspdts #6thd.05% Triton xmodmzotrhm ®fai phosphate, 0.15/M| NZEl, tpIe 702k ned
protein on each spot with | aser desorption/ionizat | on tinme-of-fli ght mass

100  sboveroneter. : Hydr ophobi ¢

d b h. { TFA. Add
?hZC)][l f@%‘ DS r(qu ]Nlnho% %\k\gg% %Mnﬁé gﬂ?%ha@eaﬁelsoﬁ N"ai:i S%rltlcr;’rga %go/%earrpl eis
conpl etwlayh glsdt7 with 1%€TPAMS gbovelt i on sit on the spot for at |east 15 15

sec. glet out and in 10 tines. Renove_ the first wash conpletely, repeat
with tWaghspatc with 30% igapsopanop:aceteniftile(1:3)Ha veaser a5 shove. Wash spot 2

o SO SO L ISR AR 00N SeSh SOt 8 in 0. 05%
15 Air dry the chip.
Add 0.3 pl Energy Absorbing Molecule (saturated solution prepared in 50% acetonitrile,
0.5% trifluoroacetic acid).
Air dry the chip.
Analyze the retained protein on each spot with laser desorption/ionization time-of-flight mass

20 spectrometer.

c. TED-Cu(ll) adsorbent array

Wash spot 1 with 20 mM Na phosphate, 0.5 M NaCl, pH 7.2. Add the first 2 ul of wash

solution to the spot before the sample is completely dry. Let the wash solution sit on the
25 “spot for at least 15 sec. Pipet out and in 10 times. Remove the first wash completely,

repeat with the second wash of 2 ul of the solution.

Wash spot 2 with 20 mM imidazole in 20 mM Na phosphate, 0.5 M NaCl, pH 7.2 as

above. '

Wash spot 3 with 100 mM imidazole in 20 mM Na phosphate, 0.5 M NaCl, pH 7.2 as
30 above.

Wash spot 4 with 0.1 M Na acetate, 0.5 M NaCl, pH 4.0 as above.

Wash spot 5 with 0.05% Triton X100 in 20 mM Na phosphate, 0.15 M NaCl, pH 7.2 as

above.



o et i e

[err]l

- Add up s

20 Wash spot 4 with 3Murea in 20 mM Na phosphate, 0.15 M Nad , 8}0 .
as above. wo9s/s93edhsh the whole array with water thoroughly. PCT/US9 1908 dry

t he chip. Add 0.3 [err]| Energy8@bsorbi ng Ml ecul e (saturated
solution prepared in 50% acetonitrile, 0.5%trifluoroacetic acid).
25 AWasHrspot 6 evithh3 M urea in 20 | ¥a phosphates t0al 5 dti NaC1 pHri7 .@rasedowe.spot
with | ager deso&%l OP%I ,?lgl zatl on t| me-of -flight mass spectroneter.
PCT/ Uso¥ashgpet 7 with V89362

81 Wash spot 8 wih 10%P£ce£&m'le ixpwaéﬁtaktasdw Antigen Assay; Receptor-Ligand
Assay (u5| ng Pre- activated adsorbent array)

1. I nﬂiﬂshlthcsmomamdy withi watey thowogghdy.act i vat ed adsor bent array

& a&e at ed adsorbent array on a flat clean surface. Spot the
bod?gb é:éf or control solution onto each spot of a

pr e-act hiated ,a %’)embséﬂﬁﬁ%’ MslenBé (SturatedNsdhutor] Prephred in 50% a@étonitrile,
i sopropanol (add 1 Terr i body/ spot before the isopropanol is dry).

IncubatGS(%[mﬂm])macmlchhterrperature 2-18 h) in a humid chanber.
Use pi pﬁt @{9}‘ ve remai ning solution fromthe spots. Bl ock
resi duat*™y 1{es on the spots by adding 1 nl of 1 M ethanol am ne, pH

7.4 in REgiykOthe re@iRd ﬁfb@ue&i ea{cﬁ s?bﬂ Witk Rider desBRton/ioflizatidh itne of TRSIRSHass F oom
terrperature 30 min). he chip twice with 1% Triton X-100 in

PB® Subpestrgmetdie chip in about 9 m of wash solution in a 15 ni
conical plastic tube and rock on benchtop agitator for at |east 15
m nut es. Wash with 0.5 MNad in 0.1 Msodiumacetate, pH 4.0 as

above. 15 Wash withd).5 I\Hj}ﬁﬁbhwic(idéor&rﬁrarﬁdja pH 8.0 as above.
Rinse with PBS as above. Then _cover the chip w PBS and store at 4[err]C

until r gg@p spet L ith 5% acetonitrile in 0.1% TFA Agd the figtr?dphgf ypslhmlpg@htqgﬂle
l'i gand spot| befor?qﬂ% gﬁﬁgg g{plé?élgtd&f ﬁés‘gémhht %‘fmﬁm Bf oft the pda‘q’gr af R st

or’sanple very | ow anth gen or T'igand
colkent natsea rPlpqstLdut atid im0 mﬂesnRemnva;hel firsbwastbcamppleteds sepeat Waththe secomdot s

on the chi ,o rocessor wells with 200 [err]|l PBS two tines.
g@gr%[lélrﬁ’f]‘i‘eéf’ le to each wel | . Seal with adhesive

tape.  wash spoPgWhRl So% adectielié i 0( 1% efffA Gs Ubov@OmM tenperature, 1-18 h).
Wash spot 3 with 0.05% Triton X100 in 20 mM Na phosphate, 0.15 M NaCl, pH 7.2 as
above.

20 Wash spot 4 with 3M urea in 20 mM Na phosphate, 0.15 M NaCl, pH 7.2 as above,
Wash the whole array with water thoroughly.
Air dry the chip.
Add 0.3 ul Energy Absorbing Molecule (saturated solution prepared in 50% acetonitrile,
0.5% trifluoroacetic acid).

25 Air dry the chip. .
Analyze the retained protein on each spot with laser desorption/ionization time-of-flight mass
spectrometer.
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25 3. Washi ng Renove sanple fromthe spots,
wash each spa@bgiédsh 2 [err]l of 0. 1% Triton X100 in PBS, pH PCT/US98/y2908
two tines. Add the first 2 [err]|l of wsh solution to the spot. Let the

wash sol ution sit on the spot for at |least 15 sec. Pipet out and in
10 tinmes. ReBiwve tPetdcol for Antibodg-AntigenesayrReceptapbigand Assay ifasing Pred
wash of 2 [err]l of the solutjon. This is followed by a wash wth
0.5 MNadl in 0.1 WEF‘E%“ ent array) Wash the whol e array with water
t horoughly. b i/ ot%hnod tivated adsorbent

PCT/ US98/ 12908 1. Immobili¥atia ody on pre-activated adsorben 8azrray

: APddcesd presictivetedi adsokbénbﬁmimen a flat cleati surfiicy. Spot thhamtibody or recofdor 0. 3
I\él Ener or.bi n cuI e (saturated, o tb60n of Si naeE1 icieéﬁif i)r
or of Gomtrof plion Paig A4k  PEg-AGHIYATCQ, JSOrbeps Y POV iy
acid). t protein on each
oot wi OF ifopfogal zzéd;? . o%?%?ﬁ ot beflRe i Bobrfpalidl i8 d0pf
spect r odntubate (4°C or roon tempereBELGN § IhDn IaFlﬁﬁnidE:mbENSOZYNE 10

W generated a recognition, profi I e far |ysozyne using high-information
resol uti R‘B?‘e‘i‘?t VE TP E”Pﬁéi{kﬁr ‘e includes resol ution of

| ysozymgueg Fesidual active s1te§ldﬁ%é)§ii&§by addi §4ﬁﬂﬁéf ﬁMéﬂhﬁél&nﬂﬁe,‘iﬂH 9 @S
selectivity threshold nodifiers.” The resu S di fferent

sp&t r ogwapth; entire chirr and mwba}temarmmnérqhambpnérognwnmmmrmmm)or operties

USI ng awgﬁhﬁ}nﬁéw}fﬁs‘g%ér% TAP‘P%;?‘ 100 in PE&SOQ%&R%C‘R‘Q on o géd"gﬁft e

| ysozyneydsh sdfistRsh nCa 18 mhIOtthicd Plastio ftulie and rock &hbmt@gdgaatuﬁoﬁ af 1Qst 15
adsorbent array of a silicon oxide adsorbent on a stainless steel

substratlmnu#ter |ncubat|on in a noi st chanber at roomterrperature for 15
e | f : w th one of the
fol | ow ﬁ"gags‘ﬁzg’é“‘tosg(l‘é‘ ﬁnv‘??;"“ anfifl YA or 3.9 S’Srs) (1) 20

mvisodi mahmrmtsemmﬁq‘:em O,rlI-M7TﬁsHCl pH 8. 02} aBg& M NaCl in 20 nM sodi um

phosphat e buffe é) t.l)xe in 20 mM sodi um phosphate
buf f er, Fpse PB as above Then cover chxp W1th PBS and store at 4°C until ready to use.

2. Binding of antigen or ligand
Gently shake or blot off PBS on the chip.

20 Add 1-5 ul of sample to each spot. For samples with very low antigen or ligand
concentration, put the adsorbent array into a bioprocessor. Wash the spots on the chip and
Bioprocessor wells with 200 ul PBS two times. Add up to 300 ul of sample to each well.
Seal with adhesive tape. '

Incubate with shaking (4°C or room temperature, 1-18 h).
25
3. Washing
Remove sample from the spots, wash each spot with 2 ul of 0.1% Triton X100 in PBS, pH
7.2, two times. Add the first 2 ul of wash solution to the spot. Let the wash solution sit
on the spot for at least 15 sec. Pipet out and in 10 times. Remove the first wash

30 completely, repeat with the second wash of 2 ul of the solution. This is followed by a wash

with 0.5 M NaCl in 0.1 M HEPES, pH 7.4.
Wash the whole array with water thoroughly.



25 (4) 25 nmM sodium acetate buffer, 0.125 M NaCd, pH 4.5, 5) 1%

TFA, wb0y/s958%0 acetonitrile in water, (7) 20% acePEE{USP$12908 n
wat er, (8) 0.05% Tween20-in 20 r8¥ sodi um phosphate buffer, 0.15 M
NaCl, pH 7.0, and 30 (9) 3Murea in 20 nM sodi um phosphat e buffer, pH
7.0. 4, AnalysisiofiRethinedcPrateinspi petting 1 [err]l of wash
solution in and out of the spot of adsorbent three tines. This
process AEE‘%E‘&? B-with a fresh aliquot of wash sol ution.

Ther eaft t i ' sl
Add .Is%xogﬂéggy Hbsoebing M&&aﬂé_(y%agg/ sgg%ﬁg:zxﬂoﬁ SihkpihicOA cidSreEAMPor

times. An a

PCT/ USOSZHC#0grepared in 50% acetonitrile, 0.5% trifluoroacetic acid). 83
0.3.[err]l of sinapinic acid (5 ng/m 50% acetonitrile:0.5% TFA) is added
and” al | d%d@dioqéﬁe&lg air dry. The array is analyzed with the mass

spectro ze tHS béifinéd piotéif GRRatiaspot widhiaser desorptiiliorizidion tivke-6f T1idht flaks
tube. The data is analyzed by conputer and exported to GRAMS/ 32¢

(avai | alfpectrometeXaal actic | ndustries Corporation) for data overlay 5
present ati on. Fi gure 5A shows the conposite mass
spectrum of a | ysozyme recognition profile on a normal phase

.chr omat q@r apRECOGNIFIONSPROFILEAORLYSOZYMEt om profile shows the
| ysozyme signal intensity retained on the silicon oxi de adsorbent after

wadfi ng wi t Wepgenerafgd { & reeggaition prefilgsfosnlysezysns using chigbrintpsmation

(0.2-0. e | LY LEi d he .
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| | ysozymaadgérbens eadh wider @) vatieth oft diffdrentoseleexivite thresignld invelifiers haTlgeeksalt i9H

1 7) adsorbent involves an ion exchange nmechanism_Lowering the pH of the

1 sel ect i AQ gifferent spegtrpgzaphs| thatdiffereatly characterize, the-physicorehemical proprrtissaf um
acetatelpg%&ﬁk, or <2in1l1% ThA, alnost conpletely elimnates the

negative’chargé on the silicon oxide adsorbent, 15 and | ysozyne is not

retldi ned any |l onger. Including polarity nodul ati ng agents, (e.g.,

o i the A Eidyme Becapoition Bronfe USBEr BForetinf Adsorsent atray
urea in e .
i nteraction of -|.y5€ﬁiéﬁgr?\é?%*€vlﬁiéelg'§&yhfé)ﬁ' hadd_ed to _Vgﬁj,llgesg%@gss agfpent. Thi s

i ndi cates that the ot teraction nmechani sminvol v
1 _hydr ophi dhromatogeaphixt sepies adSorbent array of a siliddn oxideyadsorbent BeaosjainiesosteY of i | e

Using a rgphopi c. Adsorbent Arra i,cken e white
[y sosy mPRFR It G gn o iBPEY gpargber at roomfempeatye, (08 15 SRy PG
adggr bendifferend ¥pstf of tidsdnde APl wikhed @At pa¢ op lvbidlo embAe (selectivity coat ed
on silicon oxide-coated stainless steel substrate. After incubation in a
nmoi st  threshold modifiers):

(1) 20 mM sodium phosphate buffer, pH 7.0,

(2) 0.2 M NaCl in 20 mM sodium phosphate buffer, pH 7.0,

(3) 0.4 M NaCl in 20 mM sodium phosphate buffer, pH 7.0,

25 (4) 25 mM sodium acetate buffer, 0.125 M NaCl, pH 4.5,
(5) 1% TFA,

(6) 10% acetonitrile in water,

(7) 20% acetonitrile in water,
(8) 0.05% Tween20 in 20 mM sodium phosphate buffer, 0.15 M NaCl, pH 7.0, and
30 (9) 3M urea in 20 mM sodium phosphate buffer, pH 7.0.
Each wash includes pipetting 1 ul of wash solution in and out of the spot
of adsorbent three times. This process is repeated with a fresh aliquot of wash solution.
Thereafter, the spot of adsorbent is washed with 1 ul of water two times. An aliquot of
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(sel ecty ¥ b¥hitic interackigh SN0 d Modifiers):

20

B. Lysozyme Recognition Profile Using a Hydrophobic Adsorbent Array
Chicken egg white lysozyme is added to various spots of a
chromatographic series adsorbent array of polypropylene (C; hydrophobic) adsorbent
coated on silicon oxide-coated stainless steel substrate. After incubation in a moist
25 chamber at room temperature for 15 min., each different spot of adsorbent is washed
with one of the following eluants (selectivity threshold modifiers):
(1) 0.1% TFA,
(2) 10% acetonitrile in 0.1% TFA,
(3) 20% acetonitrile in 0.1% TFA,
30 (4) 50% acetonitrile in 0.1% TFA,
(5) 0.05% Tween20 in 20 mM sodium phosphate buffer, 0.15 M NaCl, pH 7.0, and
(6) 3M urea in 20 mM sodium phosphate buffer, 0.15 M NaCl, pH 7.0.
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25 (1) 0.1% TFA, (2) 10% acetonitrile in 0.1% TFA, g3 20%
acetoni tri i éamsols2l % TFA, (4) 50% acetonitrile in 0.PCFYEIR/12908
(5) 0.05% Tween20 in 20 nmM sodi um phosB#éate buffer, 0.15 M NaC, pH 7.0,
and 30 (6) 3Murea in 20 mM sodi um phosphate buffer, 0.15 M NaCl, pH
7.0. Each wash imcludes\pipeiting d defs wpshpsalutienyim andeeut] of the speksh

or ocessOf adioairas fie Himds" oTRS Hrpcess is rrpPars LA s Alafiy of WEkh soblbidh.
Ther eaf p@ferwirds, S2Upo0bf adkopbdiris wiashedewithd Wi b whtdrewb]tim&! Aataiqubvef

times. An aliquot of WD 98/ 59362 .
PCT/ US98/31 gbofsinapinic acid (5 mg/ml 50% acetonitrile:0.5% TFA) is added and allog®d to
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spect r ofhi) ahd wsé0nemaflight tubgeThedata i§ 3fdlyzed by comphtenand axpdtedntof | i ght
tube. The data is_ analyzed by conputer and exported ta GRAMS/ 32¢ for
data ovE&RAMSH2cfoRdats eyerlaycpresentation. Fi gure 5C shows the
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polGir i t $hewy Qﬁ’f%{m&g%&'ﬁl 1ptengjty retaifie °né'é%b15ﬁ4i09 obig Csjadsqmhentsafiescti vi t y
h h it ' .o Th
t hr es oA WitiP0. 106 0 Ache! MR pBRkrfy &a@%agg%g&g (e.g. e

acetonitri concentration range for e t he
hydr ophateteniGile) in the sekdtvity ¢hreshald nediBemdfedsed/shehetention of Wysenymb on

I ' I ti t aj.hed s t he .C3 d ph | f
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i nt er aciysgpyrm f}oh? gi%ﬂ%ﬁ%bﬁ&bi% g;)fg ARSHBEh RERANERN0-56%. eﬁﬁm%aﬁ?ggael udi ng

.g., Tween , Oor urea, In the selectivit hol d
motfi f i eTwken203. grnte cimthieyselestivity threshold inmalifiert doelsinon sighificastly yeducerth¢ he

hydr ophobi ¢. phenyl adsor bent . D. Lysozyme Recognition
Profil e"ﬂg‘?lffg‘ %ﬂfg'ﬁ?ﬁy% BHKE%BY‘HQRPOI’AF Gy pdsorbent. Chi cken egg

.. white |ysozyne .i.s added to various spots of an adsorbent array of

ani onic group (S err]) adsorbent (i.e,, a_ cationic exchange adsorbent)
coated on 20C. siliysezyme Recoguisionfrofile Using 8 Rhenyl Hydusephohie Adsprhent
I ncubation in a m)A%;a chanber at roomtenperature for 15 mn., each
di fferent spot of "a &rbent is washed with one of the fol |l owi ng

| el2mnts (sel ecti viGhickew & while Iysdz§me is hdded to variohid sp@® offdneddorbent

phosphat e buffer, 1 MNaCl in 20_nmM sodi um phosphate

i H 7.0, 2), 0. N,
! buffer, agpypf@,olystye'ene (phenyl hydroplgol:o)lc) adsorbent coated on silicon oxide-coated

stainless steel substrate. After incubation in a moist chamber at room temperature for 15
min., one spot of adsorbent is washed with one of the following eluants (selectivity
threshold modifiers):
25 (1)0.1% TFA,
(2) 10% acetonitrile in 0.1% TFA,
(3) 20% acetonitrile in 0.1% TFA,
(4) 50% acetonitrile in 0.1% TFA,
(5) 0.05% Tween20 in 20 mM sodium phosphate buffer, 0.15 M NaCl, pH 7.0, and
30 (6) 3M urea in 20 mM sodium phosphate buffer, 0.15 M NaCl, pH 7.0.
Each wash includes pipetting 1 p,l. of wash solution in and out of the spot
of adsorbent three times. This process is repeated with a fresh aliquot of wash solution.

Thereafter, the spot of adsorbent is washed with 1 pl of water two times. An aliquot of
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25 (3) 0.2 MNad in 20 nM sodi um phosphate buffer, pH 7.0, 9&;1)

0.4 M Nad wapog2épzgdVl sodi um phosphate buffer, pH 7.0, ( BET/VS9$(A
sodi um acetate buffer, 0.125 M Nad , " pi8s4. 5, (6) 0.05% Tween20 in 20
mM sodi um phosphat e buffer 0.15 MNad, pH 7.0, and (7) 3Murea in -

20 mM sOd phnbkmnunmt wid($ m/mléﬂw agetogigrile:0.5% TFA) is added axmadlowmbto
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V\D 3@33??39 08 Figure 5C shows the composite mass spectrum of the lysozyme rec'é)gnition
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reduces the interaction of 15 | ysozyme wi th an anioni c adsorbent. This
i ndi cates that t he i nt eraction of a hydrophobic | ysozyne protein
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E. Lysozyne Reco nition Profile Using an tionic Adsorbent Arra

Chi cken egg whi t e Chickenyegg white dysozyme l&addemm varinus spbtsenf andadsothent 20

array o ati.ont c uat e LY, dsor bent. coat ed

' oxi o compl P Hidhic BB ST aafiRudf 0R AR kREhanee Abihened Rated gnoi o1
¢ chagrber silicoh @Xide-coiay Shinleds bREl Sibstra. , After incub@8eirda hdi§taHambepht Of
adsorbent is washed wth_one of {he followlﬂ%e uants (selectivity

thres holreoRdemperanye for 15 min., each differont spath adserbpntais evashed avith one of the
; following eluants (selectivity threshold modifiers):

(1) 20 mM sodium phosphate buffer, pH 7.0,
(2) 0.1 M NaCl in 20 mM sodium phosphate buffer, pH 7.0,
25 (3) 0.2 M NaCl in 20 mM sodium phosphate buffer, pH 7.0,
(4) 0.4 M NaCl in 20 mM sodium phosphate buffer, pH 7.0,
(5) 25 mM sodium acetate buffer, 0.125 M NaCl, pH 4.5,
(6) 0.05% Tween20 in 20 mM sodium phosphate buffer, 0.15 M NaCl, pH 7.0, and
)] 3M urea in 20 mM sodium phosphate buffer, pH 7.0.

30 | Each wash includes pipetting 1 ul of wash solution in and out of the spot
of adsorbent three times. This process is repeated with a fresh aliquot of wash solution.
Thereafter, the spot of adsorbent is washed with 1 ul of water two times. An aliquot of
0.3 ul of sinapinic acid (5 mg/ml 50% acetonitrile:0.5% TFA) is added and allowed to



25 (2) 0.1 MNad in 20 nmM sodi um phosphate buffer, pH 7.0, (3)

0.2 M Nad g 98@o3gd sodi um phosphate buffer, pH 7.0, ( BETRISAS/A3988.Cl
in 20 mM sodi um phosphate buffer, pH 7.88, (5) 25 mM sodi um acet ate
buffer, 0.125 M NaC, pH 4.5, (6) 0.05% Tween20 in 20 mM sodi um -

phosphatair duyt f The afrag §s andlpzed withithe. Massospeggometef TSing\3 pitkogen Aasep (384 sodi um
phosphat e buf f er S pipetting

| [err] Im@f%’é ﬁoé:BTHﬂf?glgﬁ“qeh —gh%l dﬁtﬂtis gpalyﬁeéi %85%5&3%388%8%5%@ ent three

times. TRAME/IZEES data boR Al Bidsetitdtlon2 fresh aliquot of wash sol ution.
Thereafter, the spot of adsorbent is washed with 1 [err]l of water two

times. An aliquot Kigure SD shows the compasifegpassgpectrum of the lysozyme

PCT, US98/ 12908 . . . _
0. 3 | or FFCEND RERfHS, PR 2 5atign exchages cumemangiaphic seriet 2y s The bt o geq
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The retention of the basic |ysozyne prqotein gon the cationic adsarbent is
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‘tenperature for 15 mn., each different spot of adsorbent is washed
wi 88 ondysgzyteewith lahanionic edspsberg. This indigates! that theiinteractionsifal bydrophdhier s) :

1) 20 di h buf f . 5. M Na 7.0, . 2) .5 nmv
o s ol WSGAYISCPTONRIS S, IbF ARFCHA Adsottsgt ft ookt b g polesisy pfghé siant. (3
0.1 M sodium acetate buffer, 0.5 M NaC, pH 4.5, (4) 0.05% Tween20

in 20 mM sodi um phosphate buffer, 0.15 M NaC, pH 7.0, or (5) 3M
urea in 20 mEsodi LysozsmeResognitios Brofile Using mnCatignic Adsorbent Array

h h incl ud ' ' | ut | ' d h
Spot o o aaeGRisRER bR beltFidrmels aHBEL i Bartbus Spls bl ' 17 s
al gquot Atayes Eationici{quakrnath amind)elsSibeheéoatéd6n siiebn Okidecatddestdiniess washed

with 1 [err]l of water two tinmes. An aliquot of .
steel substrate. After mcubanon_ in a moist chamber at room temperature for 15 min.,

each different spot of adsorbent is washed with one of the following eluants (selectivity
threshold modifiers): '
(1) 20 mM sodium phosphate buffer, pH 7.0,
25 (2) 0.1 M NaCl in 20 mM sodium phosphate buffer, pH 7.0,
(3) 0.2 M NaCl in 20 mM sodium phosphate buffer, pH 7.0,
(4) 0.4 M NaCl in 20 mM sodium phosphate buffer, pH 7.0,
(5) 25 mM sodium acetate buffer, 0.125 M NaCl, pH 4.5,
(6) 0.05% Tween20 in 20 mM sodium phosphate buffer, 0.15 M NaCl, pH 7.0, or
30 (7) 3M urea in 20 mM sodium phosphate buffer, pH 7.0. |
Each wash includes pipetting 1 xl of wash solution in and out of the spot
of adsorbent three times. This process is repeated with a fresh aliquot of wash solution.
Thereafter, the spot of adsorbent is washed with 1 g1 of water two times. An aliquot of
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and al | oneqy$9gsezsz  air dry. The array is analyzed with thePGRSIS98/12908
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the interaction of |ysozyme (which has a single histidine residue in
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decr eas @Smirifal. retention of |ysozyme on the i nmmobilized copper
adsorbent. It is believed that this is a result of the protonation
of1@ he histidine residue on |ysozyne, which inhibits the coordi nat e
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anc mat ography 1s able to provi
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A Humgn Ser um, roteln Rec tian Pr l e Usin n bilized

Vetal | SHAREGH 383y o5 gasbtbent 18 wasfied witn S e colloine et < o
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oxi de- cdhlwnﬂﬂaaodiumphespéateblffﬂ‘t P M NaQlepH hOubati on in a noi st chanber

vashed P hTAGRERAE R 56 o sl gl R it CCRRENARSY By W conora

nogo f i e(8) 0.1 M sodium acetate buffer, 0.5 M NaCl, pH 4.5,
(4) 0.05% Tween20 in 20 mM sodium phosphate buffer, 0.15 M NaCl, pH 7.0, or
(5) 3M urea in 20 mM sodium phosphate buffer, 0.5 M NaCl, pH 7.0.
Each wash includes pipetting 1 ul of wash solution in and out of the spot

of adsorbent three times. This process is repeated with a fresh aliquot of wash solution.

25 Thereafter, the spot of adsorbent is washed with 1 ul of water two times. An aliquot of
0.3 ul of sinapinic acid (5 mg/ml 50% acetonitrile:0.5% TFA) is added and allowed to
air dry. The array is analyzed with the mass spectrometer using a nitrogen laser (355
nm) and a 60 cm flight tube. The data is analyzed by computer and exported to
GRAMS/32c for data overlay presentation.

30 - Figure 5F shows the composite mass spectrum of the lysozyme recognition
profile on the immobilized metal chromatographic series adsorbent array. The bottom
profile shows the lysozyme signal intensity retained on the immobilized copper ion
adsorbent after washing with pH 7 buffer alone. Including a histidine-binding
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20 Human serum is added to various spots of an adsorbent array of

immobilized metal ion (tris(carboxymethyl)ethylenediamine-Cu) adsorbent coated on
silicon oxide-coated stainless steel substrate. After incubation in a moist chamber at
room temperature for 15 min., each different spot of adsorbent is washed with one of the
following eluants (selectivity threshold modifiers):

25 (1) 20 mM sodium phosphate buffer, 0.5 M NaCl, pH 7.0,

(2) 5 mM imidazole in 20 mM sodium phosphate buffer, 0.5 M NaCl, pH 7.0,

(3) 0.1 M sodium acetate buffer, 0.5 M NaCl, pH 4.5,

(4) 0.05% Tween20 in 20 mM sodium phosphate buffer, 0.15 M NaCl, pH 7.0, and
(5) 3M urea in 20 mM sodium phosphate buffer, 0.5 M NaCl, pH 7.0.

30 Each wash includes pipetting 1 ul of wash solution in and out of the spot
of adsorbent three times. This process is repeated with a fresh aliquot of wash solution.
Thereafter, the spot of adsorbent is washed with 1 ul of water two times. An aliquot of
0.3 ul of sinapinic acid (5 mg/ml 50% acetonitrile:0.5% TFA) is added and allowed to
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e fop v
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1 e | |l Sepharose, available from Sigma), 2
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| mmobi | (%%id’f?éﬁ!h.aﬁéé,i s(car boxynet hyl ) et hyl enedi am ne- Cu Sephar ose) .
After incubation in a noist chanber at roomtenperature for 15 mn.,
20 (4) cation exchange, and
(5) immobilized metal (tris(carboxymethyl)ethylenediamine-Cu).

Each adsorbent is coated on a silicon oxide-coated stainless steel substrate.
After incubation in a moist chamber at room temperature for 15 min., each spot of
adsorbent is washed with 0.05% Tween20 in 20 mM sodium phosphate buffer, 0.15 M

25 NaCl, pH 7.0 as the sélectivity threshold modifier.

Each wash includes pipetting 1 ul of wash solution in and out of the spot
of adsorbent three times. This process is repeated with a fresh aliquot of wash solution.
Thereafter, the spot of adsorbent is washed with 1 ul of water two times. An aliquot of
0.3 ud of sinapinic acid (5 mg/ml 50% acetonitrile:0.5% TFA) is added and allowed to

30 air dry. The array is analyzed with the mass spectrometer using a nitrogen laser (355
nm) and a 60 cm flight tube. The data is analyzed by computer and exported to
GRAMS/32c for data overlay presentation.
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(5) immobilized metal IDA-Cu, Chelating Sepharose, available from Pharmacia), and
(6) immobilized metal (tris(carboxymethyl)ethylenediamine-Cu Sepharose).
After incubation in a moist chamber at room temperature for 15 min.,

25 each spot of adsorbent is washed with water as the selectivity threshold modifier. Each
wash includes pipetting 1 ul of wash solution in and out of the spot of adsorbent three
times. This is repeated with a fresh aliquot of wash solution. An aliquot of 0.3 ul of
sinapinic acid (5 mg/ml 50% acetonitrile:0.5% TFA) is added and allowed to air dry.
The array is analyzed with the a laser desorption/ionization time-of-flight mass

30 spectrometer from Hewlett Packard (Model 2030) that uses a nitrogen laser (355 nm) and
a 150 cm flight tube. The data is analyzed by HP MALDI TOF software and exported
to GRAMS/32c for data overlay presentation.
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(6) lﬂ)g HAvater, Each wash i ncl udes pi pettlng 1 [err]l of
wash so
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shovs 108 glosanipigic TRS(SRRANT 50%CdcetoHitrilS 0N B TRA) B Qdid and allowed to air
dry. The array is analyzed with a laser desorption/ionization time-of-flight mass
spectrometer from Hewlett Packard (Model 2030) that uses a nitrogen laser (355 nm) and
25 a 150 cm flight tube. The data is analyzed by HP MALDI TOF software and exported
to GRAMS/32c for data overlay presentation.
Figure 9 shows the composite mass spectrum of the pretérm infant urine
protein recognitiofx profile on the hydrophobic phenyl adsorbent of a chromatographic
series. The application of various eluants having different elution characteristics on a
30 single adsorbent differentially enhances or decreases the retention of different
components of the complex protein mixture. One of the components (marked by *) is

selectively retained on the hydrophobic phenyl adsorbent when 01% Tween20 in PBS is
used as the eluant.
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‘Fhe use dcyitewards, the: spob pgegqogbq@, 1s washed with 1 ul of water two times. An aliquot of

] 0.3 ul of sinapinic acid (5 mg/ml 50% acetonitrile:0.5% trifluoroacetic acid) is added

] and allowed to air dry. The array is analyzed with a laser desorption/ionization time-of-

flight mass spectrometer that uses a nitrogen laser (355 nm) and a 60 cm flight tube.
25 The data is analyzed by computer and exported to GRAMS/32¢ (Galactic Industries
Corporation) for data overlay presentation.
Figure 10A shows the composite mass spectrum of cell secreted protein
recognition profile of cell line 1 on an immobilized metal (Cu) chromatographic series
adsorbent array. The application of various eluants of different selectivity thresholds on

30 a single adsorbent differentially enhances or decreases the retention of different

components of a complex protein mixture like cell culture medium.
Figure 10B shows the composite mass spectrum of cell secreted protein
recognition profiles of both cell lines on an immobilized metal (Cu) chromatographic
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25 Fig. 11 shows a preterm infant urine protein recognition profile on phenyl
hydrophobic adsorbent of a chromatographic series. The application of various eluants
and adsorbehts yields multi-dimensional information. The use of different selectivity
conditions differentially enhances or decreases the retention of various components of a
complex protein mixture (such as preterm infant urine), resulting in detailed resolution of

30 analytes,

In contrast, Fig. 12 shows a two-dimensional separation of proteins in
preterm infant urine according to pl and molecular mass. The gel provides information

about two dimensions, only, as compared to the six dimensions used as adsorbents in
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unbound analytes were recovered by washing with 2 ul of 100 mM imidazole in
phosphate buffered saline two times. Each wash was accomplished by pipetting the wash
solution in and out of the spot ten times. The washes were transferred to a spot of

25 adsorbent array aliphatic hydrophobic site.

The sample was allowed to concentrate to near dryness on the hydrophobic

site, unbound analytes were removed by washing with 2 ul of 5% acetonitrile in 0.1%
trifluoroacetic acid two times. Each wash was accomplished by pipeting the wash
solution in and out of the spot ten times.

30 Each spot of anionic, normal phase, Ni(Il), and hydrophobic site was
washed with 2 ul of water to remove remaining buffer. An aliquot of 0.3 gl of sinapinic
acid solution in 50% acetonitrile 0.5% trifluoroacetic acid was added to each spot. The
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Fi gures 20A-20C show the retention ma;?SOf Henophi | us Iysate on .

adsor bent . array Cu( i te after . washi )
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an af f ianalytesdngpe¢ sample. i ni dazol e, to the same buffer (Fig. 20C.), the
protein "*" was highly resolved fromthe other analytes in the
retentate map. This strategy of progressive

i dent i YRRt i PROGRESSIVE RESOLUTION iOR ANVANALYTE | nproved resol ution
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di agnosti Cs. Mouse uri ne

al?0 quotwashed widh 150 ubof 20rmM Sodlﬁ@d&@ékha@, U5 M sodivm ehioride,spH - One‘\ was
second spot was washed with 150 ul of 0.05% Triton X100 in addition to 20 mM sodium
phosphate, 0.15 M NaCl, pH 7.0. A third spot was washed with 150 ui of 100 mM
imidazole in addition to 20 mM sodium phosphate, 0.15 M NaCl, pH 7.0. Each wash

was accomplished by incubating the wash solution with the spot for 5 min with mixing.
!5 The wash was repeated two times. Each spot was washed with water to remove
detergent and buffer.
The adsorbent array was removed from the bioprocessor. An aliquot of
0.3 ul of sinapinic acid solution in 50% acetonitrile 0.5% trifluoroacetic acid was added
to each spot. The retained analytes on each spot was analyzed with laser
i0 desorption/ionization time-of-flight mass spectrometer.
Figures 20A-20C show the retention map of Hemophilus lysate on
adsorbent array Cu(Il) site after washing under the three elution conditions described
above. Multiple peaks in the mass range 2000 to 18000 Da were observed. The protein
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Proteins marked with a "*" in Fig. 21D are present in significantly greater

amounts in diseased serum than in normal serum. The results illustrate a method for

25 discovery of disease markers that can be used in clinical diagnostics.

B. Mouse urine
An aliquot of 1 ul of normal, diseased or drug treated mouse urine was
applied to a different spot of an adsorbent array Cu(ll) site. After incubation at room
30 temperature for 10 min, each spot was washed with 2 ul of 100 mM imidazole in 20 mM
sodium phosphate, 0.15 M NaCl, pH 7.0, two times. Each wash was accomplished by
pipeting the wash solution in and out of the spot ten times. Each spot was finally washed

with 2 ul of water to remove remaining buffer. An aliquot of 0.3 ul of sinapinic acid
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Triton X100 in phosphate buffered saline. An aliquot of 1.5 ul of normal or disease

20 human urine was applied to a different spot of an adsorbent array aliphatic hydrophobic
site prewetted with 0.5 ul of isopropanol/acetonitrile (1:2) 0.1% trifluoroacetic acid.
After incubation at 4 C for 30 min, each spot was washed with 2 ul of 50% ethylene
glycol in 10 mM TrisHCI, 0.05 M NaCl, pH 7.5, two times. Each wash was
accomplished by pipeting the wash solution in and out of the spot ten times. Each spot

25 was finally washed with 2 ul of water to remove remaining ethylene glycol and buffer.
An aliquot of 0.3 ul of sinapinic acid solution in 50% acetonitrile 0.5% trifluoroacetic
acid was added to each spot.. The retained analytes on each spot was arialyzed with laser
desorption/ionization time-of-flight mass spectrometer.

The retentate maps of urines of four cancer patients and 2 normal human

30 are shown Fig. 23A. Multiple protein peaks were retained on the adsorbent array
hydrophobic site after washing with 50 % ethylene glycol in Tris/NaCl buffer. To
identify possible disease markers, difference maps between individual patient urine and
normal urine are plotted. Each bar in the difference plot above the baseline represents
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25 B. Identification of M13 Phage by Adsorbent Array
Rabbit anti-M13 antibody (Strategene) was immobilized on Protein A
Hyper D (BioSepra), and washed with phosphate buffered saline, pH 7 extensively. An
aliquot of 1-10 ul suspension of M13 phage (10" particle/ml) in growth medium was
incubated with 1 ul aliquot of immobilized anti-M13 antibody at 4° C overnight. After
30 washing with 0.05% Tween 20 in phosphate buffered saline, pH 7 and then with water to
remove detergent and buffer, an aliquot of the captured phage was analyzed with laser

desorption/ionization time-of-flight mass spectrometer in the presence of sinapinic acid.
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Tat protein was observed in a concentration dependent manner (solid line). Figs. 26A-
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array (dashed line). These results illustrate a very sensitive method of detecting a phage

'5 containing a gene that encodes a single chain antibody specifically recognizing a target

analyte,

XI. SCREENING TO DETERMINE WHETHER A COMPOUND INHIBITS
BINDING BETWEEN RECEPTOR AND LIGAND
i0 The methods of this invention can be used to determine whether a test
agent modulates the binding of a ligand for a receptor. In this example, we show that
retentate chromatography can detect the inhibition of binding between TGF-8 and bound
TGF-8 receptor used as an adsorbent by free TGF-8 receptor.
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0. 4% NP40, H 7.2 t d b te.
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7.2, three tines. wash was acco pi peti t he

wasﬂ 3 othere wasilnugliml SUTGEfB (Fig. 2Bt dashed ling).vdn thlﬁﬂblsmﬂ@hstbetm tingnal |y
butf or . Se0ne (el Bifl repsol Yl i SpoohfP Bintfhd SFRHY for the igang, ¥ Sffpfind %

| aQet oni veryl effective competition) ob the fardet unslgrcsihdimg avent. V\Bﬁth&dﬂmi' dates! ltiee Spot .
The retai ned GST fusion recept.o zed with Iaser

© des olr pt Fatiey olothe Aaxge anal Vmwdftpl%;dﬁﬁ’ﬁ@t B the P%% éﬂg aPF‘?“Qe .
< A ' s 100 mM 25
- An aliq dufs 38 aésﬁtegxﬂfNPﬁlgfxndﬁTlofn‘b?' the eﬁ?cﬁ%?? the fhod{flaf HY%}&

. sodium c pH 7.2, was to a spo an adsor bent
array nor nal _ site. A sanple containing only GST protein (with
| N0 recei’) RESofRANG POWER U RETENTATE CHROMATOGRAPHY

25 This example demonstrates the ability of retentate chromatography, with

its parallel processing of a sample under different selectivity conditions, to resolve
proteins in a sample.
Hemophilus influenzae lysate was prepared in 10% glycerol. After

centrifugation, the supernate was diluted 1:3 in 0.01% Triton X100 in 25 mM HEPES,
30 pH 7.4. An aliquot of 2 pl of the diluted sample was added to a spot of adsorbent array

cationic site. After incubation at room temperature for 30 min, the spot was washed

with 25 mM HEPES, pH 7.4. A second aliquot of 2 ul of the dilute sample as added to

a spot of adsorbent array aliphatic hydrophobic site. After incubation at room



spot as a negative control. The solution was allowed to conc&r}?r@gnmst he

spot unti | WO 98/59362 al nost dryness.. Q.5 [err]l of 10 MM T

sodium chl oride, pH 7.2, was added to 101 each spot. The, sol ution
was renpved usin pi pet _after 10 s st a

t enper atpgpgrame or%o mPn the spot was was I“’a&‘ﬁot‘&g*“r& aﬁqut]q?ryoyl gf gm ution
cont ai ng;g pleSFAs’ dddeli tdadpot Bf Qdédrﬁérﬁra‘ﬁ'ay Cu(ll) site. Afér Hbulitionrat! | gands
was i rmedi ate y added to each spot. The adsorbent array was

i ncubat mom temsperatus far3thmin, the smbwas sraghadawithd.0%% Triteo ¥1008ach spot was

‘F“,’ac‘%,h acsig@ofgggg buffered saline, pﬁaf 30343 aliquot of 0.3 of sinapinic acid solution in,30%

W tsh 2 & {]éidrﬁﬂrﬂ@h %%mew&e&aeém%t Aded 1th lefic dpok) THe MBI ardalyRed bAES.

acconpl i shed by pipeting the wash solution’in and out
of t he eqnhtsxteenast analyzed Avitia laseu desorption/ionization ginjeepf-flightmass spectrometer.

4- hyd % I 5%
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mass spectroneter. Fig. 33A shows the binding of a
speci f i sspatagiancandidetestion ofi multiple analyes in parallelot her 1igands to the GST
fusi on receptor which is captured on an adsorbent array nor nal site.

Fi'g. 33B shovvs that there is no binding of the Iigand to GST protein al one
(wi th ngy, QUENMASSMLQUOQHMTDETW STRUQM'UREﬁeFVGS as a

negative control of the 10 experi nment

present invention %Q’W@eﬂm@a@ﬁeﬁ methadsof-building a sepondary a@p@w&m a
h t
Goscr  pPHAR gasofBdn:® TRCEcbhdary IABRER BEX Sl Hebifc okl 4710

t he mvwgmqmal,ytél becone apparent to 15 those skilled in the art upon
t he i nventiqn shoul d,

- review of this speC|f|cat|on The s e Q
LS ef ore, ' be ot dhmAUKRDt AG(D-5ul TGS b e FaCspior e a 204 Toe 100, bu
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al ong w scope of equi va
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i 20 pr i five aimoes. t The spotrwasnfinally washed with 2 p.l of water two times to remove
remaining buffer. An aliquot of 0.3 ul of sinapinic acid solution in 50% acetonitrile,
0.5% trifluoroacetic acid was added to the spot. The retained GST fusion receptor was
analyzed with laser desorption/ionization time-of-flight mass spectrometer. (Fig. 32.)
An aliquot of 0.5 ul of GST fusion receptor in 20 mM Tris, 100 mM
25 sodium chloride, 0.4% NP40, pH 7.2, was added to a spot of an adsorbent array normal
site. A sample containing only GST protein (with no receptor) was applied to another
spot as a negative control. The solution was allowed to concentrate on the spot until
almost dryness. 0.5 pl of 10 mM Tris, 50 mM sodium chloride, pH 7.2, was added to
each spot. The solution was removed using a pipet after 10 seconds of standing at room
30 temperature.
An aliquot of 1 ul of a solution containing one specific ligand in a library
of 96 other ligands was immediately added to each spot. The adsorbent array was

incubated in a moist chamber at room temperature for 1 hour. Each spot was washed
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WHAT IS CLAIMED | S: 1 102 1. A method for preparing a
substrate for detecting at least one 2 andlyte in a sanple conprising
t he st apith@rul of 30% isopropanol:acetonitrile (1:2) 1§)wq§§rp(5g/p,}§n@sne§§%a W55t | east

‘wo diff ] | i o C c i
defi neaacgél%ph‘eé&golﬁﬂ’ iﬁé{l{)%ﬁl%o a%‘n%&r g‘(ején}?i %‘ﬁg ané ‘§b&0&h‘éﬁ§§ht?{ﬂ?¢i é{qgﬁ]ow
r et ent i ¢fr0.8f pltdfex-eyaioyd-aytisoxybimnandicoadie solutién in 50% acetonitrile, 0.5% b)
I dentifyi ng by desarption spectronetry at |east . one selectivity 7

condi t | tHiugrRAcEtiG AT H’Vﬁsl‘@d&aéﬁ’ s spat. r'glea?‘wgﬁ?é digang on the receptof was

C) 5P’ DRhiy3ad it RSer @dse bhi¥htish ﬁinel-&eﬁi‘ghpﬂﬁs@ﬂ:%@{tbﬁgierpf an 9

identified selectivity condition. 1 . . The met hod of
claim 1 wherein tFig.SB3dpshaiws therhindipg of acspegificdigand out of adiratyf off 9y at
east e Rt 1 e G o TeaRie it hafB 5 eh s Fbe b RS
step ofgqar e?%r'i BB GHOWRthSihere is no BInERB dfMEe ﬁtgﬁﬂtbfd G3TeprofdiR ‘alovie\With no
plurality of "adsorbents that retain the analyte under an 3 el ution
condi t i recepter)captired phdhe saveaixajt whichiserves as a negative controliof the A et hod

f progressively identifying a selectivity condition with 2 I mproved
rgéol ut%ﬁ“ﬂﬂ‘gan analyte in a sanple conprising the steps of: 3

(a) identify a selectivity condition that retains an analyte in‘a 4

sanple by: 5 . . . (i), exposing a sanple to a set
of selectivity colbepresent inveationsprovides glovek materiplscandametheds ferr retentatey  at

Lﬁgf ; c? %ﬁp@?odgir{@y(? h%ﬁl%t s%rei:iﬁtci e&aﬂ)ﬂ%sq{aﬁ basd pp&?deg, ﬁé %gqvé Cc}qsgnafpt‘ji%isyt e
ret ai nejlluptistdve ARCHotSebtEiRtive.i Mardy variations df theoihvbitistewill Bedonie SpReéntqQset ry;

and 10 . . . . (ijji). identifying a selectivity
cdidi t i base skilled &n therart upen raview of fhis| speeificitinn. 1 Phe scope of the invention

(b) i de{h&'th{e&ﬁ ibtgere?oré,e{:? Gtetrhinéd G Wit fferdhid'id HR'BYGE abLTBHEL! BR fh¥ead 3

t he ana
should be determined with reference to the appended claims along with their full scope of

equivalents. B

All publications and patent documents cited in this application are

20 incorporated by reference in their entirety for all purposes to the same extent as if each
individual publication or patent document were so individually denoted. By their citation
of various references in this document Apﬁlicants do not admit that any particular

reference is "prior art” to their invention.
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(i) selecting at |east one binding chd@3cteristicor elution 15,

characteristic fromthe identified selectiyj i | d adding it to a
sel ect iWHAT 18 CLAIVEEP I :eri stic const ant m*“lﬂmﬂ“““mlm
(i1) exposing the sanple to a nodified set W Visty*18 condi tions
wherein each selectivity condition in the nodified set conprises (1) the 19

sef ectivity charagteri @ ifethdd'for peep@iipt #8ibskate fordieted)ing ableast org
characteristic or elution 20 characteristic that is not in the constant
se2; aragalyte in a sample comprising the steps of: (iii) identifying a

selectivity condition f A £ . je
sp%ct rometry that ret af‘igw%ﬁ%défyﬁ% E{ }eﬁ%tr%"\?e%f%@g?‘ﬁ%%‘h@gonpar ed 23
Wi 4 h a qniiftfons deithi deletivit! contlitiont defined iyt the tombiration of an adsorbent and aib.

The method of claim4 further conprising the step of repeating step 2
(b3 at eheanss tooallew reteption of the analyte by the agisorbentihe nethod of claim5s

copprising repeating s th] . | Vi [ Ly On: k
idéntified that retai ni’sgﬂ{'@}fyﬁ@ Wa?%gfptg’r?aﬁp%ﬁ %8'?1?%%4 Keé&fs) %éé&%ﬁq

7.7  Aeondifon @ider fWhich @5 ailyeris $@aitiedpaBd ry conprising an adsorbent 2
froma selectivity condition 1dentified to resolve an anal yte ggl t he net hod

of8claim4. 1 c) preparing a subgtrate corpprising at Jeastconstadspelient of am t he
formof,a kit further conpeising an 2 el uant fromthe selectivity

condi t i‘&ﬁn?#eq Féi?cftﬂ’é‘?i %q{g&b‘#ﬁusi ng the eluant in conbination 3 with the
adsor bent . 1 9. A nmet hod for determ ning whet her an

analyte is differentially 2 present in a first and second bi ol ogi cal
saipl e conpri si ng2t he skhspmetiod of claim 1 wherein the step of identifying)comprisesi ni ng

et S et A R pre koS WBthonl thaof Sl & brhatity of ARG 48

3 retained.

1 3. The method of claim 1 wherein the step of preparing comprises

2 preparing a substrate comprising a plurality of adsorbents that retain the analyte under an

3 elution condition as a multiplex adsorbent.
1 4. A method for progressively identifying a selectivity condition with
2 improved resolution for an analytb in a sample comprising the steps of:
3 (a) identify a selectivity condition that retains an analyte in a
4 sample by:
5 (i) exposing a sample to a set of selectivity conditions, each
6 selectivity condition defined by at least one binding characteristic and at least one elution
7 characteristic;
8 (ii) detecting analyte retained under each selectivity
9 condition by desorption spectrometry; and
10 (iii) identifying a selectivity condition that retains the
11 analyte; and
12 (b) identifying a selectivity condition with improved resolution for
13 the analyte by: |



5 b) determ ning a second retention
anal yte in WREPB6hd 6 sanpl e for the sane selectivity coﬁ%}o@%%ugand

7 c) det ectind4a difference between the, first and
t he second retention 8 WD 98/ 59362
pCT/ US98/ 12908 (1) selectmg at least one binding characteristic or efption g

10
thas ¢ hedusHatE it e i BTl BR bR o Sede IECRTLBAURY, 00
10. Theharsdteristicodonstant setd wherein the first b| ol ogi cal sanple derives 2

froma healthy subject and the second biol ogical sanple is froma subject
suflfering from 3 a pat hol d&) exposing,the:sagiple to a modified set of selectivity 17

and8seccrindiiond BhdHoin $R'Blefivity cBhaioR': the HRBRA"E LBPHES Gy g ' 121 1 o
wheoei n Mmmﬂmm QD e ¢onetintiset and (2) Wrtihdiby chiragetietd oY elution
condi tions 13 The nmethod of claim9 conprising,

beTZQre td@argqterpstwrﬁ%tmtumghe f:wgstqpt'set #Mdp of converting the analyte into

Thdlanal yio. 1o se " byl a SeRtabEfondigon gl ins inBRRR o4 1

St ep of By»ues‘drpﬁsn Spébiohnfteneat tetaxas the Reiljterwitd mpProved re@haBip&dpatedi t al

conput er. : The nethod of claim9 for determning

1 whé@3her mthaagpmr identified selectivity C@dﬂiﬂ%& on of a protein in a biol ogical

flsanple further conprising the step of 3 adni ni stering the agént to a
first biological sanple but not to a second biol ogi cal sanple.

1 5.  The method of claim 4 further comprising the step of repeating step
2 (b) at least once.

1 6. The method of claim 5 comprising repeating step (b) until a
2 selectivity condition is identified that retains only the target analyte from the sample.

1 7. A substrate for desorption spectrometry comprising an adsorbent
2 from a selectivity condition identified to resolve an analyte by the method of claim 4.

8. The substrate of claim 7 in the form of a kit further comprising an
eluant from the selectivity condition or instructions on using the eluant in combination
with the adsorbent.

9. A method for determining whether an analyte is differentially
present in a first and second biological sample comprising the steps of:
a) determining a first retention map for the analyte in the first
sample for at least one selectivity condition;
b) determining a second retention map for the analyte in the second
sample for the same selectivity condition; and

c) detecting a difference between the first and the second retention

00 N O Wi W =

maps; .

) O O |||\




-1 16. The net hod of claim 10 wherein the sacg‘ple IS

: sel ected frW@ 988362 group consisting of blood, urine, seruf

AESB12%8e.

-1 17. The met hod ofl0%!l ai m 10 further conprising
“identifying an analyte 2 that is present in a greater anount ih second

bi 8 ogi cal sanpl e t han wherebe afdifferenbe dn thy reténtion mapseprovides ahdetermination
2081 9" Sed i S i e St S B PR bt T RS e O L 4

hol o
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18.- The nethod of claim 1l wherein the first cell extract is derived 2

frdm a heal t hy cell0.andThéxmethodoofoclaim © whereinctheifirsiibiologichl sampleaderiveser
t ho nosing.in a subje

. cell. 1 . 19. . of dia t a

| di ZeasefOALR deplthy subjeqtand; the secoqt@ggfo SHPB’%&B%{% et g 5ORY t he
| st @ps Of pathological condition. a) providing a substrate for use in

" desorpti Oon spectronetry that 4 conpri ses at | east one addressabl e

. resol ves at | east gne the dia Sti rker nder, an el uytion candition;
6 i 1] O'I-he mﬁfh%%géﬂﬁgtﬁ“E%iPﬁﬁ?@glc@ samples eRmpEise sanpl e
: ermthﬁrsi%h;%%%?Ing%%HiS@f&s.t he elution condition to allow retention of the

¢ diagnostic nma

| ocation, each addressable |ocation conprising an 5 adsor bent that

c) detecting retained
di agnostic marker by desorption spectronetry; 9

wher eby detecting retaijed di,aghosti c rker, provides a diagnosis 10 of

t hg di sease. 1 12. ‘The methiod OPCIQ’G? @WEWSIHW@FHGGRB?“ E14R; GRMPrISER@r ei n

di anos'?ﬁn.;m%q;fv ﬁ@ﬂf%h@i'ﬁoﬁ; a 2 plurality of diagnostic markers and
sable loc '

t he addtes ations conprise adsorbents that 3 resol ve the
plurality of diagnostic markers. 1 21. A kit for

detecting an anal yte i sanpl e rising (1) a 2 substrate for use in
' dedorption spectrodetry %%M&g& 9-gomiprising. fisdors dhe step 0| detesting, the
' |l oeatio ag,q%, ' Et%%’ | QE?%F | ves
Z anQanaI f‘/tte%%g%“ un g?ﬁg'&g@%ﬁﬁé’?ﬁl}acon |{r;§%lﬂg[g§?r%(?slg§ﬁéllg eﬁgggs%r eér%t and

an 3el uathan thedngss)oftthe analytent

1 14.  The method of claim 9 wherein the step of détecting a difference is
2 performed in a programmable digital computer.

1 15.  The method of claim 9 for determining whether an agent alters the
2 expression of a protein in a biological sample further comprising the step of

administering the agent to a first biological sample but not to a second biological sample.

16.  The method of claim 10 wherein the sample is selected from the

2 group consisting of blood, urine, serum and tissue.

1 17.  The method of claim 10 further comprising identifying an analyte

2 that is present in a greater amount in second biological sample than in the first biological

3 sample, whereby the analyte is identified as a candidate diagnostic marker for the

4 pathological condition. N
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5 or instructions for exposing the sanple to the selectivity condition.
1 WO 98/59362 22. The kit of claim21l for the di agnosPETHSI812908
di sease wherein the at 2 | east onejpgal yte is at |east one diagnostic
mar ker for the disease. 1 23. The kit of cl*aim 22

wherein the di seapg ch@heeietliod 6ficlaiind 1pWhérein the first celDbxwacrds aefived mar ker s
and the substrate conprises a plurality of addressable |ocations, 3° each

adlir es feoma headthy icsHl andrthe iseqond ceHl exdrnst iscdarivedfromaseanger cell. | east one of
the 4 di agnosti c markers. WD 98/ 59362
PCT/ US98/ 12908 107 1

241 The kit of g9 ai MA2metdod’ofi diaghosingointa itfectds @isbae ichafacterized bytex 2
adsorbent conprising adsorbent species that each retain at |east one
di 2gnodeast onediagnostic marker comprising the stepsoef:  The kit of clai m 23 wherein

| dsor bent _does. 2 i se. a bi opol
| 563 “*The kit of ol af nPoBviRG & TubsrRB I8t LSS uf ackorien HEbomety it
ggﬂmr | S@mptisel a8 RAstSHRCaddressable 18cationgeaet hddre®abierlocatioh comprisixig an

The kit of claim 26 wherein the ligand is an antibody. ..
285  /adsotbent that résolves at deagt onmof thecdingnastic ynarkegsrungien gn glutionseondision; 2

adsorbent in at | east e addressabl e l.ocati.,an, wherei n at. |l east one

adsorbent resolves 3 gygx%qsbqgi ef[ Lﬁqatﬁi%gg?ngg{oﬁbmﬁrﬁwgfcgﬁ?r&rmﬁ subject

payhol qgideptheCAREbA cORifioR 1 AlOW! refetiori DTth& diagndstic marker; and 29.

The substrate of claim28 wherein at |east one adsorbent does not 2

coBprise a bi opol ymer . c) detecting retained diagnostic marker by desorption spectrometry;
9 whereby detecting retained diagnostic marker provides a diagnosis

10 of the disease.

1 20. The method of claim 19 wherein diagnosis involves detection of a
2 plurality of diagnostic markers and the addressable locations comprise adsorbents that
| resolve the plurality of diagnostic markers.

21. A kit for detecting an analyte in a sample comprising (1) a
substrate for use in desorption spectrometry that comprises at least one addressable
location, each addressable location comprising an adsorbent that resolves an analyte

under a selectivity condition comprising the adsorbent and an eluant, and (2) the eluant

Nh AW N e

or instructions for exposing the sample to the selectivity condition.

22.  The kit of claim 21 for the diagnosis of a disease wherein the at

2 least one analyte is at least one diagnostic marker'for the disease.

23.  The kit of claim 22 wherein the disease characterized by a plurality
of diagnostic markers and the substrate comprises a plurality of addressable locations,

each addressable location comprising an adsorbent that resolves at least one of the

$HOW Y e

diagnostic markers. -

Ll



1 30. The substrate of claim28 wherein one adsor bent

resol ves t hwaes/s93¢# ural ity of diagnostic markers. PCT/US98/12908
_ 107 .
24.  The kit of claim 23 wherein at least one adsorbent is a multiplex
2 adsorbent comprising adsorbent species that each retain at least one diagnostic marker.
1 25.  The kit of claim 23 wherein at least one adsorbent does not

2 comprise a biopolymer.

26. The kit of claim 23 wherein at least one addressable location

2 comprises a ligand specific for a diagnostic marker.
1 27.  The kit of claim 26 wherein the ligand is an antibody.
28. A substrate for desorption spectrometry comprising at least one
adsorbent in at least one addressable location wherein the at least one adsorbent resolves

a plurality of diagnostic markers for a pathological condition from a patient sample.

1 29, . The substrate of claim 28 wherein at least one adsorbent does not

2 comprise a biopolymer.

1 30. The substrate of claim 28 wherein one adsorbent resolves the
2 plurality of diagnostic markers.
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