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simultaneously monitor the expression of all genes in the human genome. This is an

extremely powerful technique, with applications spanning all areas of genetics. (For some
examples, see the Chipping Forecast supplement to Nature Genetics 21 (1999)). Arrays can
alsb be fabricated using other binding mgiéties such as antibodies, proteins, haptens or
aptamers, in order to facilitate a wide variety of bioassays in array format.

Other surface-based assays include microtitre plate-based ELISAs in which
the bottom of each well is coated with a different antibody. A protein sample is then added to
each well along with a fluorescent-labeled secondary antibody for each protein. Target
proteins are captured on the surface of each well and secondarily labeled with a fluorophore.
The fluorescence intensity at the bottom of each well is used to quantify the amount of each
target molecule in the sample. Similarly, antibodies or DNA can be bound to a microsphere
such as a polymer bead and assayed as described above. Once again, each of these assay

formats is amenable for use with a plurality of binding moieties as described for arrays.
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descri bed a hydrogel that i ncl ude . -
small amounts of analyte and analytes that are only weakly immobilized by the adsorbent

layers of presently available chip formats. A promising approach to achieving enhanced
immobilization of analytes by an adsorbent film consists of varying the hydrophobicity of a
water-swellable polymer, such as a hydrogel, used as the adsorbent layer.

Water-swellable hydrogels based on repeating hydrophobic and hydrophilic
groups are generally known in the art. For example, Reich et al. (U.S. Patent No. 5,962,620)
describe a hydrogel that is assembled from an alkylene glycol, a hydrophobic diol, a
hydrophilic diol and a diisocyanate and water. The hydrogel is a polyuretheane having high
slip, Shore A Hardness values, wet tensile strength and tear strength. The polyurethane is
disclosed as being of use in catheters, shaving products, synthetic valves, veins and arteries,
stents, ports, shunts and coatings.

Shah (U.S. Patent No. 4,693887) has described a hydrogel that includes
separated hydrophilic and hydrophobic microphases for use as a drug delivery vehicle. The

hydrogel compositions are blends of either a water-soluble homopolymer of N-vinyl lactam,
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BRIEF SUMMARY OF THE INVENTION

It has now been discovered that water-swellable hydrophobic hydrogels can be
assembled from a combination of a hydrophobic monomer, a hydrophilic monomer and cross-
linking agent, or from a monomer comprising both hydrophobic and hydrophilic functionalities
and a cross-linking agent. The hydrophobic hydrogel of the invention is particularly useful as
an adsorbent layer on a substrate of a chip used for an analytical method. The hydrophobic
moieties are useful for immobilizing an analyte, e.g., a polypeptide, onto the adsorbent layer.
The hydrophilic moieties allow the hydrogel to swell in water, which in turn increases the

capacity of the hydrogel to immobilize an analyte by allowing the analyte access to more of the
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plasti f)zre.i”erfab\%f1 %n%ﬂl&é?g%oﬁ%tlgg Hl%rtén%ﬂ %chga{sqaurﬂgtal. If the biochip is to be used in
mass spectrometry involving orthogonal extraction, the substrate preferably includes a non-
conductive material. If the biochip is to be used in another detection method, such as
fluorescence detection at the biochip surface, suitable materials, such as plastics or glass can
be used. The substrate typically will have functional groups through which the intermediate
layer can be attached. For example, an aluminum chip can be covered with silicon dioxide.
Other metals, such as anodized aluminum already have surfaces with functional groups.
Alternatively, the substrate may be composed of plastic in which case the functional groups
may already be present as an integral surface component or the surface may be derivatized,
making use of methods well-known to those skilled in the art.

In another aspect, this invention provides a method for detecting an analyte in

a sample comprising contacting the analyte with an adsorbent biochip of this invention to

allow capture of the analyte and detecting capture of the analyte by the adsorbent chip. In
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met hodanalyihisra hipraolegia) the aethpdprafernbhy exnmrises aRlYiRg ARBRITK A thecapipipd

conpri i i G r f ti@n. In

ot nor SRpsGPAoR PcfloTaloen hbdifing P R ATHINIR, BF; Tr Rl bl

get ectie de’@ﬁteﬁ @ t@ﬂ%y aaletéeﬁoeolf thie 1aifel telys, d ﬁlh:(&gs_ceecegle,tecﬁorfsludnﬁseacsjﬁ_@ﬁc e |
etector such as a ) array. In certain egbodi mepnts the et i nvol ves

pr o:‘ i | Ry éﬂ@@ﬁi%larﬁlbeqll&seélt%ﬁe %m%lé‘éolgépgi 1 H;?? B?F&F%%lgjseq;n?lk{%a (&&mpl Ie ?y

applyi i dPERaE s&ndl Ng anal ytes

capt urgelgmtaot %Fﬁgqgggﬁltg lsegﬁfaggfyégg?{%%ﬁlgr tlggcgtgi odns%%?n a Cfaurt her aspect, the

pr esendetéaimgnhalgies pappwicd @stha addtessable lagatior @npicatigns. enbodi ment, the kit

i ncl udes a substyat nd on r _nore.cont.ai ners, charged w noner or
a cross-|inker. #"r?eﬁgﬁ?r é}gpgcg tﬁﬁ?f%ﬁﬁll?‘ffﬂflﬂ%m?gédsesiaﬁ%"?ﬁﬂ@flie%%g& r preparing
a crosgnhddnnest, (ke indelesandibhidite asd 6itdriniée @bntalisay dh@fiedeitia @bndher

i nvention by conmbining the substrate and the cross-1linked hydraogel. O her

aspect e, a abfselinksr.aflep kitiolap optienallyfinalpdes prsswetionsi faypispéne fms-BEedppar ent
fromthe detailed descr. pt] ol | I RERERL {HE

DRAW rggeéanci?qrgssgm%gg ta}slggscoir?%%c%l 05%%%?85 %gf ratt lggg} nug!jgaor bed onto
a chi pafthé Bss-lifkedHydespel.n 1% aqueous trifluoroacetic acid. FIG 2 is a
conparison of mass spectra of an extract of rat brajn c%/t OS‘&]Ia]?ei adsor bed

onto a chip of tQeher wpesis; Prectsandadyagipgss of therrrpsent MYEHLIMY PRarepk
acetongtrides.. . 9 iwLdde; (B) 20% acetonitrile; (C 30%
acetogjrr @it*l%?et%l%@)d(elb%ﬁ%&qg%git)lt(l)éﬁléfri le. FIG 3 is a mass spectrum of rat
brai n dodecyl nmaltoside extract adsorbed onto a chip of the invention: (A)
10% acetonitrile; (B 9 itrile (C 00, itrile; and (D) 40%
acetonitrile. FIG 4%@%&@%@3?@9%’?%@%&8& an extract of rat

brain adsorbed Op{@®.1 is a mass spectrum of an extract of rat brain adsorbed onto a chip of the

invention in 1% aqueous trifluoroacetic acid.

FIG. 2 is a comparison of mass spectra of an extract of rat brain cytosol
adsorbed onto a chip of the invention, washed with different concentrations of acetonitrile:
(A) 10% acetonitrile; (B) 20% acetonitrile; (C) 30% acetonitrile; and (D) 40% acetonitrile.

FIG. 3 is a mass spectrum of rat brain dodecyl maltoside extract adsorbed
onto a chip of the invention: (A) 10% acetonitrile; (B) 20% acetonitrile; (C) 30% acetonitrile;
and (D) 40% acetonitrile.

FIG. 4 is a comparison of mass spectra of an extract of rat brain adsorbed onto
two different chips of the invention following a 10% acetonitrile: (A) sample adsorbed onto
H4; and (B) adsorbed onto H50.

FIG. 5 is a comparison of mass spectra of an extract of rat brain adsorbed onto
two different chips of the invention and washed with 5% acetonitrile: (A) adsorbed onto H4;
and (B) adsorbed onto H50.



two different chips of the invention followng a 10% acetonitrile: (A)

sanpl e adsorbed onto H4; and (B) adsorbed onto H50. FIG 5 is a conparison
of mass swews#70d an extract of rat brain adsorbed onto PCERwSd?/sd1er ent
chips of the invention and washed with 5% acetonitrile: (A) adsorbed onto

HA; and (B) adspidegisaomphibtbn & MEsQ3RAVF AR ehiteldt UBR2bAAA ddsoredntd is a

conparison of mass spectra’of an extract of rat brain adsorbed onto two

di f f ertee diffsieps clgps eftbe inventien o wardedwsthd @ micaetonitode: 44 adserhediongo Hi:a)

adsor be t X n B) adsorbed onto H50. FIG 7 is a conparison of
mass saﬁlgic@sgg%ogﬁ%‘gﬁog%gm m z 3000 and 10,000 of <calf serum adsorbed onto

two different chFps. PR coapasbnvéithaskAfechadetideh bbetmz3008dad 19,000 ot o
H4; and_ (B) adsorbed onto C9. FIG, 8 is a _conpari son of .mass spectra of

cal f s@fl adsasbed ante bve distereat Fhipp apd Wathep Ivithnl P pacsientilp:(4) pdegrbed

acet onl LI it €. o H4; and (B) adsorbed onto H50. FIG 9 is a
comaﬁ%é#ﬁ?llér@s)sﬁg%gécfggoggvveen about mz 20,000 and 100,000 of calf
serum adsor bed ORIG. 8 8@ cdniphas@ndf miss ppecand i vas kedmwidsdtrbed entadeboni tri | e:

(A ad bed anto ; and.(B) adsorhed anto . ,DETAI.L ED CRI PTI ON OF THE
| NVENTERFETARBPY Wﬁmﬁéd Oﬁﬁmﬂwﬁﬁéfﬁ A@g?@éioﬂ%%isa“ﬁ?ad%biﬁs ed
herei nyJigkpfps to a linear Cl6 polyner that is not appreciably

wat er - swel ['abl e, and nore particularly, a chip incorporating the Cl6
pol ynmer. "H50," EHE 9189 comperismedf mass speirarbgordshpbow mai2éx000@nd hydr ogel of

the invention, .and noye. partjcularly to.a chi.p incorporating, a.hydrogel of
the in nwdo?fcalfﬁ%a%?c{s%ﬁ@ Of)\b?ety"é’ %@P‘i %Wd&%ﬁﬁ(gwﬁﬁé%gb%%f%tg ‘by their
conventA)Aabrbed 6t ¢8; and B8 AdsaBed Whiot¢®en fromleft to right, they equally
enconpass the chemcally identical substituents which would result from

witing the structure fromright to left, e.g., -CH2O is intended to al so

recite -OCH2-; -NH i 1 I g%@gllq -S(O) 2HN-, etc.
The term "al kyl , " %ﬂ%lslé*zﬁ Ig#§gg[gz?(?ﬂ§?ﬁalﬁ%ltﬁ§§r subs ]?It uent, neans,
unl ess ot herw se st atAxD FHE{PREPAIRRED BEMBODEMENXRSN, or cyclic

hydrocar bon radi cal, or conbination thereof, which may be fully saturated,
nono- SPPHYIAtIMSat ur at ed and can incl ude di- and

“H4,” as used herein refers to a linear Ci¢ polymer that is not appreciably

water-swellable, and more particularly, a chip incorporating the Cis polymer.

“H50,” and “C9” are used interchangeably to refer to a hydrogel of the
invention, and more particularly to a chip incorporating a hydrogel of the invention.
Definitions

Where substituent groups are specified by their conventional chemical
formulae, written from left to right, they equally encompass the chemically identical
substituents which would result from writing the structure from right to left, e.g., -CH,O- is
intended to also recite —-OCHj-; -NHS(O),- is also intended to represent. —S(O),HN-, etc.

The term “alkyl,” by itself or as part of another substituent, means, unless
otherwise stated, a straight or branched chain, or cyclic hydrocarbon radical, or combination
thereof, which may be fully saturated, mono- or polyunsaturated and can include di- and
multivalent radicals, having the number of carbon atoms designated (i.e. C;-Cio means one to
ten carbons). Examples of saturated hydrocarbon radicals include, but are not limited to,
groups such as methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, isobutyl, sec-butyl,
cyclohexyl, (cyclohexyl)methyl, cyclopropylmethyl, homologs and isomers of, for example,
n-pentyl, n-hexyl, n-heptyl, n-octyl, and the like. An unsaturated alkyl group is one having



mul tival ent radicals, having the nunber of carbon atons designated (i.e
Cl-C o neans one to ten carbons). Exanples of saturated hydrocarbon
radi cal s wooBodegpo but are not limted to, groups such asPgtusyt/361et hyl ,
n- propyl, isopropyl, n-butyl, t-butyl, isobutyl, sec-butyl, cyclohexyl,
(cycl Qﬁh@&l kﬂd‘f@&@dﬂm b81¥cfs| &%ﬂ%bﬂ@t *Eklam hREp L AgSuraRd ailsP BRps Bl ﬁlfcludE Osut
exanple, n-pentyl, n-hexyl eptyl, n octyl, and the |i

unsat wrenetdinitddyio, gingly @-prspemmb ctmyll, ﬁgSOPSH@ﬁﬂﬁWG%@l}@WJWW B- one or

nor e bl e ond tr onds. n [ groups

i ncl ugg% @ ﬁ%‘?’n En %ngg R8Py thyﬁﬁpfg%d "Z‘ ﬁ%%th%cﬁ%ﬁg]logi gydl sopent enyl ,
2-( bUtlé’(ﬂh&@.\/ ﬂxe tefmA<aBEMY adiesydtherwdse oledd iy @eire iy Inklude tiysayerivativeand

3 prop -butynyl, and the higher honol o s and isoners. The ter

"al kylof* aﬁwﬂa Hefreddin reeraidsiail helowi sudhsas hefsrasierht Mﬂ %P%&W%’o%haéﬁe?vat i ves
of al %g&l 9‘1% glqgkdlpgg{]eecalq& Em%fik p, such as "het er oal kyl . "™ Al kyl groups,
g rocar

V\/m ch ar on groups are terned "honoal kyl". The term
"het eroal kyl ," bphd tese F‘ﬁetabalkpl ’t‘@mielhféirl in nowohalanamwﬁthanoifne:r term e eans,

unl ess othervvlse stated, a stable t or branc in r cyclic
hydr od%{gss Atheawise sfatedop Sta‘&léﬁﬁlﬁlé&qriﬁ F%‘F Or% gﬂg/ﬁf %Pr?‘ﬁéal Tat ed
number, oﬁfbn%foﬁgﬂle ?ﬂa%n egn%ﬁfth@ ésedaﬁﬁbtale&@aap&;n%xﬁéemﬁ@hsf & the group

consistin ., and wherein the ni tr@mg and sul fur atons
may oﬂtetemmtbmyebetedﬁoahn ﬁecgrwpobomletlmg off @gnSitredéy, whmaythgpttrmal I y be
quat er ni.ze The het er

i nt er 29 SPEW; FP1GR TKY © lﬂléa E'(e}’[e)eor’(bcy%ﬂnr&j?%ﬂ%mg?n ?telioﬁtémb%lg?’ %naﬁ& V\/m ch the

al kyl @hRuRzds PidRedest e érﬁf@hﬁtﬁgirma be plagedmlag kﬁt@no@b@iﬁibhe)f
i ncl udqgi butZ are not Ilgnﬁll?sgd to, -CH2-CH y CEB CHZ?CHZ NH- CH3

- CH2- Cheheteioriky] @By or @Hbe Sogiiipn grghich thqzallomgmus(le)iﬁ@hsd to thppenmipdsy o) 2-

CH3, Up t
Cuo” hT e SRS B o et e, e AT LS Reem b NP N P and
- CH2- @HS-CEHR)B - NG CHL, YCHS-BeCH S CHs,’ JGHL@@H@LS(;DI)@}Q -CBL-CHsed(0)pr as part

of another substituent neans a_dival ent radi cal r t er oal kyl ,
as ex&%ﬂ»r@Hg@ IQuéHmSl(Pﬂah Q{Zbd}l\é_NCﬁ)@ 3@4|§‘§ 2:?{ S;qug{n tﬂ? Y
- CH2- S %mwg&y PE&EutW:ét &lcRak Kyt @fﬁn@éoﬁﬂﬁ Nﬁ%@ﬁg)%@ﬂ@nz-@an al so
occupy elt er or he chain termni (€.g., alKkyl eneoxy,

al kyl e@hL)xySimikilyythe m@'mﬁh&teroaéltﬂweé rbe'dtsa}ﬁon@s parhef another SIRIE)I’CHG& il

he | e duru U ARl REREAIST ds AP A, A i BB e 1ot e
l'i nki ng1g8aum,- Cﬁzy\ﬁﬂdti@ilz SESHz @H%M-QHZI hporf&fd%wnayleﬂé( @baﬁ heteRRIGREENT S

both -CCOR - and -R ( stituents for the alkyl and het er oal kyl
radi caks alsorctupdi m@lemldm gf {hapkain dermini (et ellyianepry, alkylanegiosre, al kenyl |

heter O?ky‘ié’ le%rrlll?no a&y?enegllarﬁ'\rpcy and f’ﬁeiﬁf(n }f' Stll?ﬁgh%ﬁ‘lf&yzhkylene and heteroalkylene

linking groups, no orientation of the linking group is implied by the direction in which the
formula of the linking group is written. For example, the formula —-C(O),R’- represents both
~C(0)2R’- and —R’C(O),-.

Substituents for the alkyl and heteroalkyl radicals (including those groups
often referred to as alkylene, alkenyl, heteroalkylene, heteroalkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, cycloalkenyl, and heterocycloalkenyl) can be one or more of a variety of
groups selected from, but not limited to: -OR’, =0, =NR’, =N-OR’, -NR’R”, -SR’, -halogen,
-SiR’R”R””, -OC(O)R’, -C(O)R’, -CO;R’, -CONR’R”, -OC(O)NR’R”, -NR”C(O)R’,
-NR’-C(O)NR”R’”, -NR”C(O),R’, -NR-C(NR’R”R’”)=NR"”, -NR-C(NR’R”)=NR"”, -
S(O)R’, -S(O)zR’, -S(0),NR’R”, -NRSO,R’, -CN and -NO; in a number ranging from zero
to (2m’+1), where m’ is the total number of carbon atoms in such radical. R’, R”, R* and

R’ each preferably independently refer to hydrogen, substituted or unsubstituted heteroalkyl,



het er ocycl oal kyl, cycl oal kenyl, and heterocycl oal kenyl) can be one or nore
of a variety of groups selected from but not limted to: -OR, =0 =NR,
=N-OR' , -WBoR040766R , -halogen, -SIRR'R'', -OC(OR, -CpPOrmRsg2/;3der ,
-CONR R', -OC(ONRR', -NR'"CCOR, -NR-CONR'R'', -NR'C(OZ2R,
-NR C(éﬂgstﬁnlgé }uﬂ'ﬁb's'tﬂufewarﬁg AR By ls&l'y?tlﬁuted Vﬁﬂ@lg halog%ﬁ@)sﬁgétltute@()p) 2NR R,
- NRS In a nunber ranging fromzero to (2m +1), where m
is theurtsubsmltutcdmibglr; aﬁbxyar timalleam@oupﬁ, eyeriatkaligroaps. When geompoundsgfy each

pref er i hdependent I fe dro u i substituted
het ero § fentio %9% ??C#‘/gl?é%ﬁoég %pl%’sg%étolyf%t e&porupy%nsubstl t ut ed
aryl, ﬁdébendéh'fl)}’/'seﬁbit@&'fab bt&@@h W 1P, R BadiBR 0y@08ps whaisinotditheslows of these
unsubstituted al kyl, al koxy or thi oal kox groups, or aryl al kyl groups. Wen

a conp@ovgs ippresetie Whandht angrR arelatierhed fothe Sema RitEngsn riogR.GheY C3ndF exanpl e,
each of the I , R and
R"" gro %‘%@1%%&# ealna't%%zggd%&[% ¢ Bg?%%g&lrgén%gﬁa& ?ignrg{%nd R

are atfrsace}aﬁuoﬁmﬁdwbﬁam beilf&m&g&a 1a1tvﬁmhdﬁrt}éymd:anndnpholuwibFrwdthmathtt he
nitrogen atomto forma 5 ered rin

meant GIeFUSTien %%lbs%tuﬁntmnewé Skl{llrw@oﬁrw undststang tﬁ%tﬁme%‘a@ ”H%Ft?ﬁa i nyI
From tfy gnﬁg&héou;%y ACHER Q:'arb%& aMﬁduhH?@%ﬁ)u{)?@tﬁepﬁlaﬁ kididogbmgrohiss, 8idh Wi | |

under st he ter IS nmean o i nclude gr S |nclud|ng
car bonasdrtalmﬂcyb(a.gnd €i5e) agdeﬁﬁh%b}wﬂ atyldp ghyGtQ)§ats, feGVES;, -QE()I@}CH&CHaI oal kyl
CFS and - CH2CF3) and acyl (e.g., -C(OCH3, -C(O CF3, -C(O CH20CHS,
and th@ld1 %%5°)- Each of the above terms are meant to include both
substituted and piiaoihsd dHovt &9k afd et td MElUdPEbtadubstithrdiagdl . As used
herein, the term"heteroatont is neant to include oxygen (0), nitrogen
(N), sutiSﬁbﬂtltt(tS) foamd of thei indinatedigdical Tar get , " and "target species, as
utilized herein gefer o m xture.
Exenpl ary targeté P%‘?g%elcr[gn tgg e%glre‘gét%o f%{m ]Q%%(r%ﬁfttg "ééelp?f&a?%gﬁ%)f tions

t her eofitro@azWyRsilfua(8)i #ddileend8i. ot her bi onol ecul es, drugs, pesti cides,
her bi ci des, agents of _war and ot her bigactive a%]fi%ﬁﬁi% The terogaé"sub tance

to be assayed” aslugeld Mk drgCtRETISS: &5 Wlizef dsrein theSPeqies al HISEFS
qual i t ﬁtah\éggaéxn%(tﬁ%' aﬂ#&@%&t@f?&gﬁﬂclﬁ&@ b &€ ﬁ§tshrﬁfte& ﬁ%eﬁ@‘éﬁ&ﬁ‘orﬁf)nst he present

i nvention stancés include antibodies, antib B/

f r agnethtsof, amztyrmnmnbpdiey paqbbﬂﬂeblpmo@hylcs;pimgsepcmcubalhcslacldmag@é‘so conpl ex
gl ycol i pi ds, lelc acids, effector nolecules, receptor nolecules,
enzyne‘é(ar"}nfjrf?ﬂkﬁrg’kﬂaﬁ Y8 Re 1ike. More illustrativel y, such substances

include, but arergorh §ivsRecd @ beladf¥Ed" as used herein means a substance, which is

detected qualitatively or quantitatively By the process or the device of the present invention.

is

Examples of such substances include antibodies, antibody fragments, antigens, polypeptides,
glycoproteins, polysaccharides, complex glycolipids, nucleic acids, effector molecules,
receptor molecules, enzymes, inhibitors and the like.

More illustratively, such substances include, but are not limited to, tumor
markers such as o-fetoprotein, carcinoembryonic antigen (CEA), CA 125, CA 19-9 and the
like; various proteins, glycoproteins and complex glycolipids such as 8, -microglobulin (32
m), ferritin and the like; various hormones such as estradiol (E,), estriol (E3), human
chorionic gonadotropin (hCG), luteinizing hormone (LH), human placental lactogen (hPL)
and the like; various virus-related antigens and virus-related antibody molecules such as HBs
antigen, anti-HBs antibody, HBc antigen, anti-HBc antibody, anti-HCV antibody, anti-HIV
antibody and the like; various allergens and their corresponding IgE antibody molecules;
narcotic drugs and medical drugs and metabolic products thereof; and nucleic acids having

virus- and tumor-related polynucleotide sequences.



mar kers such as a-fetoprotein, carcinoenbryonic antigen (CEA), CA 125, CA
19-9 and the |I|ike; various proteins, glycoproteins and conplex glycolipids
such as (WD 03m#wpogl obulin ((32 m, ferritin and the |i k@CTWs0Y/a131

hor nrones such as estradiol (E2), estriol (E3), human chorionic gonadotropin
(hCG, Iuteinizipg BeR Ma8ayhikbure, Y8R tOh aGRREAhal iRETuAGERe (4#8tandand t he

| i ke; various virus-related antigens and virus-rel ated anti body nol ecul es
such agh¢sRompeneitsefire ethen corponens iateo fy expBpleadilicgtsnbuligrsi detmeedhendody,

anti-HCV, anti body, .anti-H V. ant.ibgody and the. |ijke: i.OUs .gens and
thel 1 oo PRbydRRG R g A BRlL TR B R gy i O BS T RBE T Ca

dr ugs exasphetiadledd @irR] @i Glsod plaineR fistaltildod) uglival Ranfluidscdiabiosignal Viuidjs- and
tunor-rel at ed pol ynuc| eoti de seqguences, 9 WO 03/Q40700 PCT/US02/ 36171 The
term Seastay ﬂh‘i@@t%}némpp]eéﬁé‘il thetlikeg Mpaingluded prgsolihogel gegolspbstangegBichand

ot her " . : Lk aq Uf fers,
det er gaggﬁc?lg’:ﬂ)t éﬁ' tlgo n? ’ac(r%‘lh% g{lcll %g%gg%gé%gbil%sgfvgﬁﬁ%ﬁ I,r?‘géeﬁdtfﬁ%%cﬁg? e found
m xed baiffels, ekgadtatgebdlverth bubthedikeve exanpl es include urine, sera, blood

pl asma, total blogod, saliva, tear fluid, cergbrospinal fluid, secretory
fluids fromni ppné‘f’ste‘é?hgd@ﬁgq }pi’ém%e%cqlﬁﬁrﬁgéﬁfggrt@ DLRRCHYS CYRpPOYHEs 5 o

subst gp u%ff&?in%%gic@?&éaﬂi'sﬁslﬁﬁ s Gl b8 a Bty hGietidshs tagSReRsed or
dissolved In liquid materials Such as %uffers, exfractants, Solvents and
t he | ibeeneuthkortie thweir sl dormso Mohuemticeampontdsage be used iafthe presant iethaslt i ve
conpounds hatf cause,.an effﬁct in a bio o%i C organi ?lm %Lﬁgﬁ% used as

af f i nitfy BRTTUEIL Jrrodiey atedhesg Compoupds {APHPARY YiCtEReF G (9 8Frs.

Mor eoMgider pIMRiCIEHTRA YOSt G o PEoHES heicBmbbends o SR Best TR kOt esdnhirveticddr ug
form Prodrugs are those conpounds that readily undergo chem cal changes
under physi ol ogi Bhd temwhinding denctionplityV saiesed hereBonpaisidaoisty, whidrkesani n t he

ﬁ;?:?y@?ﬁ%ﬁ/ gq?ltair_lcggcaig-rgh?sé#r?% %%H;As;‘hg';sﬂgstgﬁ&% 539 Qs%Ll eé b thdbis Uz %h iég)z E% [eheans a

certain su ance su subst ance
t o be ofisepedng withatspedfic substines 3o mapetilige it of thendhéy afthe hgventidh Bindpeci fic
substance to_inmobiljze it . on_the chip of the inventigpn. Bindin
f unct iTBRetiqnaliies offuseweragiiciieibe PESHY DYRILGR alagiicetYe MY PRAIGEBPYENer al | y.

Chr omgy; |cHondltadhiE s LOVA dhbigBShRRth P@ﬁﬁ‘l@&ﬁ hificchar ge- char ge,
hydr %ﬁ@?g%ﬁ%p’hﬁ PFIC, s %%%cophobdlhc-gﬁy r (%p*noyl?i >, \_/anﬁgfgirf V\gfa_ll s
i nt er dgtlraphebmeAd/doapibbinatanodes Wirds mtdracti®ne sppberinibivatidyis tlgireaf. Biospetifinal i ti es
general.ly. invol.ve conpl e tary 3-di nension structures involvi one or
mor e gindine RHoE R BreeB PoALstve pipapBaanany s Epe el S BF il eBfha e and
wat er -chaek @k 8f G @bsvd ihftkRgionPo! ymer that is capabl e of absorbing at |east
10 tines, preferably at |east 100 tinmes, its own weight of a liquid.
“Hydrogel” refers to a water-insoluble and water-swellable cross-linked
polymer that is capable of absorbing at least 10 times, preferably at least 100 times, its own
weight of a liquid.
The term "detection means" as used herein refers to detecting a signal
produced by the immobilization of the substance to be assayed onto the binding layer by
visual judgment or by using an appropriate external measuring instrument depending on the
signal properties.
The term “attached,” as used herein encompasses interaction including; but not

limited to, covalent bonding, ionic bonding, chemisorption, physisorption and combinations

thereof.

The term "independently selected" is used herein to indicate that the groups so
described can be identical or different.
The term “biomolecule” or “bioorganic molecule” refers to an organic

molecule typically made by living organisms. This includes, for example, molecules

10



The term "detection neans"” as used herein refers to detecting a signal
produced by the immbilization of the substance to be assayed onto the

bi ndi ng I'&pas/oinroo vi sual judgnment or by using an appropri &Ce/usSke/arnel
nmeasuring instrument depending on the signal properties. The term

fatt a“c@ﬁ—{?nsm%snue%ﬂd&e Akdd R ONBASS Mty labids) rﬁ&bid@ Mucéd atlds) golypetidest
limted coval ent bonding, 1onic bonding, chem sorption, physisorption
and coebiidest peptisle fragerentst carﬁ'mdtaéfrsnilplldﬁ}cﬁéléé’ﬁ@émamn%@ﬂﬂb@ﬁeéﬁgal s used herein
to indicate that rou S d SCL be identical or different.
The t &¥foP Bc?t%l%lré}i?&f“é[go%r??mgl @%orpé% %Dﬁegﬁ{je" refers to an organic

ol ecul e typi calTpe wBHebidlogidaVmagriar Qt@febt§ﬂﬁ$&a,nyﬂfaténal defivedeSom hor exanpl e,
nol ecul es 10 WO 03/ 040700 PCT/ US02/ 36171 . conpri si ng nucl eot '@ am no
aci ds orgapgan,sorgmatttswea@ﬁclh@r w@l@eFfmsagcluqlﬁs&l@lpawé}cﬁhaés sulgg py pye: Rieed,

pepti q’?e. o ﬂLff?fB%%@ or § 198%& ae etd, 'a@'v?é]z st GO BPARAdA Oons of

t hese copro el ns onucl edprot’el n's, poprotelns or the like).
The t ahége! &)gobagbx:tadctmélmulmké'medih,eﬁ&tmnatadyamplteerqr dlelderi ved from an
organi sm organ, tissuye, .cell Vi rps JEA‘ i ol.ogi.cal,.f.l uids
such as saliva, 4fB¥d herqin,agsl e}f}&ﬂﬁbgnéf‘tén (&g@&}?}c atﬁ? t‘a"gnféfél f1 uid,
m |k, S 19F b AGh Sn@r RA¥nD dmﬁsseM R eoifiehlly, wahr act's, cel |
cul turcgh(r]\?llaéléa‘§e a%??%}lat géﬁésian%fgr ol? tﬂe11 ° ﬁscsleld h}Jerel n, a gel

exhi bicontatedlwitl atdegsetwiepe! vhipdres i g/mdiof ba‘am: uhonuCiea$€t Aigdl bind a

certain_anount, of . protei n ynder cer ndi tions. o |1y, when
cont aéf‘gHOW?‘ﬁlcé}cuflé‘a‘gﬁte]’[%g f‘ ﬁ%}tﬁi&tr@ﬁmgoaﬁﬁt}c}ﬁmd VI ﬁggfréfgg%ucl ease A
in 1%m\;'édtﬂcohliQééiﬁBI%tdf%nﬁﬁﬁgjat'1&st"@q g @ﬂfbv‘iﬁ%ﬂﬁﬂm@kﬁé&ﬁ- et hilfiliteooOgetet i C
acid in water, a gel of this invention is capable of binding at Ieast 0.1

mg of mlmﬁer&bboﬁtlbaﬁé)s%mgs/pvé,rm@ﬁemwfmabgf atdqaasgbrng/mmqé;t pieéraiugl y, at
| t 0. /
| Zgzt lefis gl?gs?{ .. s rmarn?mﬁlt %E)lg{cﬁp 8¥teﬂ£1 ? Bﬁtehﬂ'mgglg{}aro PRin ggDQ ﬁglﬁﬁ&%ﬁ’ at

anount oun erm ne Utl n pr otei n usi ng
a sol W@Bcd@énﬂrﬁ@%ﬁ@t%fQtﬁtldd’cdtrfr@nlhgtlvmurmbﬁpmwmﬂmmdl ng the anount of

protein eluted. Water-swell abl e as use? her ej c.?f rs.to g
wherein a unit weaitswetables gsghher "c’iﬁe‘leeé r% ?efeﬁl éﬂnﬁﬁ%lﬁ?? ?rom
about s%t%’lwd?&gsel 05 F0LWhtel Al RSt £ bH{H fO iRl Bbout (ERSHIRBASEd 1190

spect rone ers to an apparatus t detects gas phase ions. Gas
phase weiphtspectronmet ers include an ion sour ce that supplies gas phase ions.
%Ei | Ip[l f,lse on S‘pﬁa(l:stprh%gee ;[o%rsgecltrrc}%eger’efef;r(s)r an gp%'ra&ﬂs t%gts(fetesort)segcz}s'i) érfs%t ers, ion
jons. Gas phase ion spectrometers include an ion source that supplies gas phase ions. Gas
phase ion spectrometers include, for example, mass spectrometers, ion mobility
spectrometers, and total ion current measuring devices. “Gas phase ion spectrometry” refers
to the use of a gas phase ion spectrometer to detect gas phase ions.
“Mass spectrometer” refers to a gas phase ion spectrometer that measures a
parameter which can be translated into mass-to-charge ratios of gas phase ions. Mass
spectrometers generally include an ion source and a mass analyzer. Examples of mass
spectrometers are time-of-flight, magnetic sector, quadrapole filter, ion trap, ion cyclotron
resonance, electrostatic sector analyzer and hybrids of these. “Mass spectrometry” refers to
the use of mass spectrometry to detect gas phase ions.
“Ton source” refers to a sub-assembly of a gas phase ion spectrometer that
provides gas phase ions. In one embodiment, the ion source provides ions through a
desorption/ionization process. Such embodiments generally comprise a probe interface that
positionally engages probe in an interrogatable relationship to a source of ionizing energy

(e.g., a laser desorption/ionization source) and in concurrent communication at atmospheric
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spectronmeters, and total ion current neasuring devices. "Gas phase ion
spectronetry” refers to the use of a gas phase ion spectroneter to detect
gas phasewpDmn®40700MAss spectroneter” refers to a gas phasePCcarusspaarr onet er
that nmeasures a paraneter which can be translated into mass-to-charge

rati Osoﬁhbﬁﬁx%?@@ﬁgrésgﬂl%-wi% QeteSRATS RIBhReSol SR ErBheler] TRE prdferd | on
source and a mass anal yzer. Exanples of rmass spectroneters are,

t i me- oforthlof gmizingrenprgy isca leeari(aved i laaeirdgparption/ianization), énpartiedar, NdiI9eY cl ot r on

reson t tati t I h Lds. of .1h s
s cht r %E%’ g@iﬁ(ﬁ%;ag%g %Ph %ﬂfeﬁ ﬁuﬁédeﬁg‘?% Sﬁégés' :‘gtg?:‘i %%Er}ég f lf%%zéﬁ%l%{tseg%’t mg@? phase
ions. fakiOforBOWsE6®In i 268 bombardmat)aslaaidenergf (Red asplpdias Gesopiogpact r onet er

that provides gas phase ions. In one enbodiment, the ion source provides
i ons t Priodgions getesting secondary iensdiied in preoBday Io1SHass PREIBINGENt s general |y

conpri .a.probe interdt t Ikt L I i

"t or r SRAET 5 FupR iR o HEburRERE: pRAR. k pRORAGERBEORAN Bl B0 | e
desor pintepfaté ot thabprdbd safitcie strackdwitin thedowivingentrgyo M rhegy idesortzst

at nospheric 11 WO Q3/040700. PCT/ US02/ f’p@é?l ar subat nospheric pressure with
a det edbite mplegulsa frophiie sUiiens 1Biodhe gasbass andiARIZET BF%r red form of i oni zi ng
energy is a |l ases Jo s | j (P¥a]4V [ [ haxl ar,
nitrogen | aser s,Pr%%B&%gsﬁfgcgg?g% eéF Qﬁltg?&@gggﬁg%ﬂe&gé Q her forns
of i onamiytgintne gaypliase landpectf@stteraswhss @usasd spestibmster atoiprfsivaldnent ) ,

| asna ene used in.pl as esor pti.on) an rimary ions, generatin

D oo e g kebpEeen i uBRERa 0o Binebe AR BhplBbE s B PEREAME "9,
sanpl esrfcObRGAEHCH dhRtSKprache@to Be REBEof oREiRY @Rexy. s engaged with the
probe interface and the probe surface is struck with the iaonizi gagenergy.

The energy desor‘iochiparefers torp selisl qubsirate bavingie senarelhcrlangspriagedo yichhhase
and ionizes them, ."Probe’ refers t devi . : : .1 ntroduce
i ons d%ﬁpﬁga ot lglﬁttaczlﬁ%\ﬁ)i} 8a3t%rt658a§%%tac§¥5%ngé&?r%%rﬁg’p%er ?ﬁ%?f’gg 1eotrl(%lééuch as a
mass  spefety) 0 FRigakntlyA thedsiehee ofhk biochrenrisys £ phipdlity of addseksatde Riehisdmsat e
(either flexible or rigid) conpri siqgg a sanpl e_presenti g . surface .on which
an ana¢aghef phichlacatien dgs ihs ceplareisasebbemd thee i gerta F@‘E. dimgRiSHPHRIPE ef er s
to a spl.i . L g surface to which a capture
reagen?da*){s%dgeglpgitgﬁg%gs(%‘e%%%p%%a?g&r@g?gﬁ%@%gn )e an i norganic, organic, or
bi ol ogi ¢ noi et yYJporFeapturednalytestdan be detbcied bypk viahietyifdetectiorcmathoilses a

pluraljty of addressable ]Jocations, each of which.locatjon has, the capture
reage n’tnc%‘gﬁlﬁdco’i ‘F?%‘Fré’ie’ I35 B é?%Spéth@,Od% ioBﬁf‘ﬁl &e%ﬁoéifa%?%@ pg¥Ehct i on

as propesohd) Hasic RhRS ﬁli&@&o?p%ﬁ& Eéﬂﬁ@fré%en PRtHoAR! BhEphAB Mnydpegrdadirbe
detected by 'a variety of detéction nethods including for exanple, gas

phase methodpac desmibed ereit. HOfisartiopariistatesiis theoess, of Iy pEhgsri cal

spectrometric method in which analytes are captured on the surface of a biochip and detected

by, e.g., laser desorption/ionization mass spectrometry. Optical methods include, for
example, detection of fluorescence, luminescence, chemiluminescence, absorbance,
reflectance, transmittance, birefringence or refractive index (e.g., surface plasmon resonance,
ellipsometry, a resonant mirror method, a grating coupler waveguide method or
inferferometry). Optical methods include microscopy (both confocal and non-confocal),
imaging methods and non-imaging methods. Immunoassays in various formats (e.g., ELISA)
are popular methods for detection of analytes captured on a solid phase. Electrochemical
methods include voltametry and amperometry methods. Radio frequency methods include

multipolar resonance spectroscopy.
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met hods, atomc force mcroscopy and radi o frequency nethods. Gas phase ion
spectronetry nethods are described herein. O particular interest is the
use of SBNDI03/0s7nmss spectronetric method in which anal yt @sTarse2/sapt ur ed on
the surface of a biochip and detected by, e.g., |aser

desor pintRiducfghzat i on mass spectronetry. Optical nethods include, for
exanpl e, detection of fluorescence, |um nescence, chem | um nescence,

absor bance, refHybophibie gels imagieons sphetéon lsive bean wiglshosudied, bat mEBY i ve i ndex

o or atn e e By SRR RaRaR 1R R e PRPAR el SR Tk Bt Rogs

I ncl ud@abIl£IdASCREY- ROt The edtLEAks &8 @rdvdedBbosiahtbonds, Phgsidg met hods and
non-i magi ng et hods. | nmunoassays in various fornmats ée.\g. ’ ELI SA) are
4 Yat

popul sntangldmnss, tostallisese eharen complgnes hydesadivndings vah B@Tphase.
El ect i cal. .hods~ i : ;
ec rkﬁ%?&ﬂrﬂgﬁﬁéggpﬁhgﬁugé@ﬁi%qﬁa%ﬂe @ﬁaallg%pm&&gm%eﬁﬁégg

ods.
f requency mul t1 pol ar resonance’ spectroscopy. 12 WO
03/ 040s2p8rafR6s, bisaRABGIIeYicek ahd albkoetanoprodyets,dp hime @ feye laseas T wgprepariessol ut i on

have been w dely studied ut nman olyners can_ be cross-linked,to forma
gel . ﬁﬁ_@t sl g}cﬁ}% el Eﬁ%_af . geplling klrgﬂfla%mer%a&ﬂﬁvs 0
Cross '(?iés%hsed s-(ml?escﬁﬂﬁﬁ? Hoggﬁieg Ki %P BANELIBEbsDY meaAl GNEnLAGESstich ! cal

ent angl enent's, crysta ge conpl eXes, hydrogen bondi ng, van der
Waal ' soptical prgpertighSbHc Gehtkey m @5, onADV.GeCES TR ROBY MER §CIENEEmsl KgDusdkl y

I mpor t ant les. in gchem cal ., s tions, bionedical devices and absorbent
_produc\r;l : li(g(ﬁ%éﬂﬁ‘ﬁera\??r&ﬁ&?‘@gﬁrﬁgﬁ%ﬂpropeyti es that nmake gels useful

i nclude their sorptireRncRRasidn B5vidsy\etlobdBnitedMeHidps! thaekmeabivhict-i es to

di ssol ved sol utes, surface properties (e.g., adhesi veness? mechani cal

e
char actellableiand hydephobipt Teahydsephsbidityef tiehydrpgebinpatts, to it thgabilitso ADVANCES

I N POLYMER .SClI EN ed . I . - rk

1993) . RN ?ee%n&%rtpésr OB |°$’@%§ﬁ§?/sr éﬁe@ V&at%f?sgvseél?ﬂlhﬂ‘%%ﬁ%ﬁ‘? 88%3“?*#359 i s both
wat er -angWet kelblicen t8pendipt tehikedimdivéonay sirenhabeailting infenhiecetty dr ogel

inparts to it the ability to_ imobilize anal y]ta%s such .a {gol E&.ptl des. The
vat er -iEweehilgtionof theranglyte by e dyerozst | Grdyerpee éb?fr{é(eg%‘?lh iocgé i5U8knet r at e

the t I LALGE AT ' ! Lo b i § on of
the anrol S e o o B A e B e el
use i ngembiss abdshegliieed f or anal ytical protocols, such as high throughput
screening, proteomcs, .. genom ¢s apd.the |ike n the _sectigns .that follow,
t he hydr ophobi ¢ ﬁ%ﬁ?ﬁg?gﬁ)ﬁ?‘a{?ﬂ OWn%WEIE?ﬁ{’?@C h&%%?lic’gélbe.l 9048 of the
hydr ogflscrisbd@mranad ¥t the Bl dideMiif @n afslyBXL aBYitd, a8 exdiplaficdiyba é1ap foTanss

spectrometric analysis is also illustrated. Moreover, methods of using the hydrogel to

Radi o

produce an analytical device are set forth, as are methods of using the analytical device to

detect, quantify, or otherwise characterize an analyte are described.

The Hydrogel

The hydrogels of the present invention are unique in that they both are water
swellable and capable of binding molecules over a wide range of hydrophobicity under
decreased salt conditions. That is, the hydrophobic property of the gel is not salt dependent.
This character provides improved performance in SELDI in which the presence of salt
interferes with the ability to desorb and detect biomolecular analytes. The salt-independent
character of the hydrogels is achieved by using large hydrophobic moieties, for example,
moieties having at lest four (e.g., butyl) and more preferably at least eight (e.g., octyl)
contiguous carbon or other non-polar atoms. The water swellability is achieved by providing

a sufficient amount of hydrophilic moieties in the polymer.
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spectronmetric analysis is also illustrated. Moreover, nethods of using the

hydrogel to produce an anal ytical device are set forth, as are nethods of

usi ng t hewamalyt7pcal device to detect, quantify, or otheparasorvbaracteri ze
an anal yte are described. The Hydrogel The hydrogels of the present

i nvention are unjQiBelal) pkdiading REYer9titbpRbBicdi8es o Wy eﬁdé&)‘ﬂébs@sapam e of

bi ndi ng nol ecul es over gvm de range of hydrophobicity un decr eased salt
condi tWwaasswetlahtlity.sFort dxemipied hyxhhgdds mage oﬁmpxppmlf acr)riaamgiélam waﬁqbsw@éﬁbie

depen 3 s i.nproved, pe r whi ch
e ho et e - SFhBls RaRes R, nTRGR S PR RIS bR thaibd oo

bi onol gatdcast oﬂﬂﬁ:lsé’ &5 is shil€eseakitnti nHRRRBE&Hen tl@éh@b];ﬁﬁ}bﬁrgr@lip fshepliedbggel s i s
achi eved b u5|q% arge hydr ophobi ¢ noi eties, for , noieties having

at |eslﬁrgeb ydrpphabic migiptysle)e. . aR@ch EEoups Bredariphobie blfélélﬁ CT@FQ}Fﬁf oféhey. | octyl)

conti [ I I g@ﬁ
achi e%gﬂﬁf/ﬁ%rc g@’fg%%ﬁsg&ﬁ%é @ﬁtcllﬁgrg eﬁréa%@o%gﬂﬁ ogﬁl I?l C 1%%%4Ces In the
pol y mesf. PER adtl03p A1) &) @ stAfabld 156343 6B14ih bdth s@@ﬁﬁepdndernr}mﬂmjihu‘gwl ar ger
hydr ophobi ¢ noi eti es on a hydrogel decr ﬁ s er swel | abi | i tqyé%For

and

exarrpﬁéndlﬁga%&ér% stralRbilEy Woslshbomaut ia hagrgp )0 2bgit
PO OSSR ifs (o nggm | Gf Ot fisaldile Eoo-pihnd Grule? BPERRYBI MRy didiilic

hydr o character o ese is sdlt dependent. ,
when trhendrscrp,rthpyydrgphiﬁprriosomelgslcaukbbompr&e ldsa tiger! 0RY%do @phatdiodo nf)ih@t y, e. g.,

an oct e, hydr ophobi ¢ _bi nd char act er, of e r becones

| ess é%lﬂl)flg eap?@ﬁhféﬂi’dr oby owerapvsogcf Seor thag, (J% T‘tfog‘g#(?% In the
case WiighMEPraefblaties AROUIIBT hyRosidbicRbRiofiRld Wolle be Bbait 5Pt dbout 20%,

salt-i ndependent hydr é)hobl ¢ binding and water swellability woul d be about

ten PE@mmr@fgra(ohymph Yoi @pngazs hyBespholiganoipiénsymper Brester hydrophahigine) . hlf one
hydr oppior grera Al BBbrg oc o ARRaR, S A0 biE hERMh i BRBESAS: | fe

pol yrr&rydadmiulidmmﬁeg apliehival Mﬁmmromewmbdmcm@mlaethmmyu-han 0%t o about

50% by . weight. Preferably, the armuni g\h‘g ﬁphobl C rmrm rs wou d be
about tgméroamthﬁz)mhﬂ%p@ hyderxaetiyl gergly DR X YRS AR M YRfE

ol ot St SAEAY &R S RRPRORE hacr R ﬁ@rg%rg?yy@é Bldarel y amount of

t he tot ydrophilic
noi et |}gz$1rcasryphdarlmvkhdcrbfka¢mpahy(ﬁmlm5éelm glmal)mmmlnwﬂlmcmate,tﬁwy)(leﬂiytﬁylb glycol)

et hac RS AR eI Rt Ty SRR R hacr | At e

hydr OW&@%@‘P frhéhﬁt%i%ﬁlate fwﬁeméag?nﬁpytwpglh@&mel @émeﬁgﬁpéﬂéggrcb | ene

gl ycol Y nmondnet hacryl ate,” pol y( ene gl ycol dr mét hacryl ate, acryl am de,
gl ycemdnanestayhsties sropoatethacylaty dfnrml ﬂ&}@p%ybabfrl gthat, end derlvatlves thereof.

Presently preferred hydrophobic moieties are derived from acrylamide

monomers in which the amine nitrogen of the amide group is substituted with one or more
alkyl residues.

Exemplary hydrophobic moieties are derived from monomers selected from N,
N-dimethyl acrylamide, N, N-diethyl (meth)acrylamide, N-methyl methacrylamide, N-ethyl
methacrylamide, N-propyl acrylamide, N-butyl acrylamide, N-octyl (meth)acrylamide, N-
dodecyl methacrylamide, N-octadecyl acrylamide, propyl (meth)acrylate, decyl
(meth)acrylate, stearyl (meth)acrylate, octyl-triphenylmethylacrylamide, butyl-
triphenylmethylacrylamide, octadedcyl-triphenylmethylacrylamide, phenyl-
triphenylmethylacrlamide, benzyl-triphenylmethylacrylamide, and derivatives thereof.

Presently preferred hydrophilic moieties are derived from monomers that
include a poly(oxyalkylene) group within their structure. Poly(ethylene glycol)-containing

monomers are particularly preferred.
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hydr oxybutyl nethacryl ate, 2-nethacryl oxyethyl gl ucosi de,

pol y(et hyl enegl ycol) nononet hyl ether nononethacryl ate, vinyl

4- hydr oxywotoglo4egdher, and derivatives thereof. Presently pC&ftsSor/aad71

hydr ophobi ¢ noi eties are derived fromacryl am de nononers in which the

am ne nitrogen ofy 4 NRHAThIEHRERHA chibodihsl, thehpHophdbic MEhykopiie  al kyl
resi dues. Exenpl ary hydrophobic noieties are derived fromnononers sel ected

f r om NnoieNesiirendetiyéd faomya smglelmonpmenpaging tojh hydrepkotae pyd Brdrerdiiliov- met hy|

met hacyyl am d et hyl et hacryl ami.de.. N-pr | tyl.am de yl

or y1 SRR s, ety PG ARe s BBt b o pulle ot

N- oct aayd toaemfoanddecofiPm| Forielkatl) acryl ate, decyl (nmeth)acryl ate,
stearyl (meth)acrylate, octyl-triphenyl nmethyl acryl anj de, butyl -

tri phenyl net hyl acryl am de, octadedcyl-triphenylﬁ@tH& acryl am de, phenyl -

tri phenyl nmet hyl acr| am dg, - be | -t riphenyl éacgylanide, and derivatives
thereof. Presently pre@@ﬁ%&ﬁ MTM%&% S e derived from nononers
that include a pol y(oxyal kyl ene) group within theirCsbructure. D

Pol y(et hyl ene glycol)-containing nononers are particularly preferred. 14
WO 03/ in4gictothpeymbsol/ Beierents p mesmbsaseal¢cted @i@mfugfﬁtéw@d péan@}éﬁﬁwﬁeﬁéﬂqy; t he

hydr op, I r 441 . atl es ri - OFf i r

navi ng BovARy P BERSERR e LR L AR ok Kb AR B0 SopBOnee

MonoTefepreb@ité Mghehiber sksiteeflomrabanited oistnsabstitimet utkgl; dndtm &ra imeger 1 i t ed

to compounds according to Formula I: OR2 11 Q(Cgl}écl-lzogém CH2CH2CC- - - - ~

CH2 (1 irom;2fo AP ¢ A FremplaRy Blonpmer asprdangiodiogm OREPRAOLY fr om

substi i a , j : i

et or o2 KGRy Rae SREARTe e Sl tlecanss AL RbiciRs T LIeEd by

r epr esghylsneaag - & shictmdieitbsaire tapsas v Ixyl; and m
hylsneglyentb¢CHsEHsQ)- edd thedydmphshic uietis bsted buRédAaliky | d

i i.nt f 2 t0,.100.. A I di tog F I I

s nonBRBnaHs-IGERG FeAHiA RifoRhobi el aE S paiecdty BY pirestog e st

hydr opb R, gnd Rt theSSy @b shili HLERR LY Althng 8 MMhBRLoBdtiFlehe gliédtidedige) - and
|

t he hydrophobic noieties are repreSented by RlL. As is plain, one can alter
the rel ative hydissphiglyanyissesadinkingegentheohipsede prapanpys thedvéweekefthee si ze

of R1,. and. al ter.the hydrophilic.cha e L er of
ot hyt cneagioP beah BhstrERE R bl RIRkAEaks Bl FoiPiI B WG MIIPSE O
pr epar ¢ovglehitg ooicade! Thetrobiinkihg g@nbs tnondysefettied embsdindnnireng gr oups

i ncl ude species that cross-Ilink the nongners . B . .
polymerizable through free radical generation by photo-initiation, most preferably in the

visible or long wavelength ultraviolet radiation. Exemplary cross-linking agents include
unsaturated groups, including vinyl groups, allyl groups, cinnamates, acrylates, diacrylates,
oligoacrylates, methacrylates, dimethacrylates, oligomethoacrylates, acrylamides,
diacrylamides, oligoacrylamides, or other photopolymerizable groups.

In a preferred embodiment, the cross-linking group has at least two vinyl
groups within its structure. Examples of compounds having a plurality of vinyl groups
include N,N'-methylene-bis-methacrylamide, poly(ethylene glycol) dimethacrylate,
poly(propylene glycol)dimethacrylate, trimethylolpropane trimethacrylate,
trimethylolpropane dimethacrylate, glycerine trimethacrylate, glycerine acrylate
methacrylate, pentaerythritol tetramethacrylate, dipentaerythritol hexamethacrylate, N,N-
diallyl acrylamide, triallyl cyanurate, triallyl isocyanurate, triallyl phosphate, triallylamine,
diallyloxy acetate, N-methyl-N-vinyl acrylamide, bis(N-vinyl carboxylic amide), and
polymethaliloxy alkanes. Other appropriate crosslinking agents are known to those of skill in

the art.
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covalently or ionically. The cross-linking groups in one preferred

enbodi nent are polynerizable through free radical generation by

phot o- i niwDagBioerrpo nost preferably in the visible or | ongPaashesgrh
ultraviolet radiation. Exenplary cross-1linking agents include unsaturated

groups, includi ngheVinfyint 8F @ lé?ossf}irﬂdﬂg a@éﬂ%@h reSpenRRE ﬁ?dro@ﬁﬂﬁt'aﬁﬂ es,
diacrylates, oligoacrylates, nethacrylates, dimethacrylates

ol i gorhé'ﬁtmﬂnobw mmersacarwaayrmtbé is welil within therpbiliges of Q@o@f@kgﬂl miheiEsto or
th h t | f
o QR ol E st g 4 B R Bk O,

Exanpl &@ra@fen@ﬁéﬁp Ol Bfl SxdiaplafiGendbdilime®| iheYrash-livkinglagemtasipsed inag hindent
N, N - met hyl ene- bi s- net hacrill am de, poly(ethylene glyc i#)@ag %aml ate,
£

pol y( pPegis erréergbly disim Bi0R8 W&tﬂhp pateto J0rWHEitppTte RSP yl ate,
t t

mcr y1 At e RS oS Hiokl Bl o6 O.0F el B it pisy o1 1
di penttaesd/dhida pdrtshﬁrwghﬂtﬁ“erthéﬁhehydtﬂpphomh ad Hydropidliomendme:. tri al |yl
cyanurate, triallyl isocya urate trlaII hosgqﬁﬁ trlaII Ianlne
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The amecitdd sobutitseccordig-tb iFokimlg Thgent with respect to the hydrophilic and
hydr ophobi ¢ nononers can vary and it is well within the abilities of one of
skill in the art to determ ne an appioprizate anmunt of cross-1inking agent
to forma hydrogel having desired tha terl stics. In an exenplary

enbodi nent, the cross-1inking agent Ji sed in an anount ranging
preferably from 0.0001 wei ght par© 10ywei ght parts, nore preferably
fromO0.001 weight parts to 5 weight rts, nost preferably fromO

wei ght parts to 2 weight parts, based on 100 parts by wei ght of either the
hydr ophobi ¢ or hydr oph| i c monomer. When the cr 0S§- l'i nking agent is a

coval enmmcloﬁ)ss’ymhdadd?; remswempiembpr sdiwﬂb@@hlﬁl R’hsd Chv@relkyhgioned. udes a

| Kk t | h d b t
actor R YEDORER AN Frbrog b sed ol Rl Mok D ) o
r epr eSeRSplRte BRRBEfep B8R G181 tb AHPANBABSIc aifet(zla Kldrogtiky nddsto U snother

cross-linking moiety.

The mixture of monomers and cross-linking agent are generally polymerized
by a known method. The polymerization method is not limited, and various methods can be
used. Examples include radical polymerization using a radical polymerization initiator,
irradiation-induced polymerization, electron radiation-induced polymerization, and
ultraviolet-induced polymerization using a photosensitizer. Among these methods, radical
polymerization is more preferred because this method generally leads to near quantitative
polymerization of the monomers and cross-linking agents.

When radical polymerization is utilized, there are various polymerization
methods, such as aqueous solution polymerization, cast polymerization which is performed
within a mold, thin-layer polymerization which is performed on a belt conveyer,
polymerization which is performed while making generated hydrogel polymer into small
pieces, reversed-phase suspension polymerization, reversed-phase emulsion polymerization,
precipitation polymerization, and bulk polymerization.

The aqueous solution polymerization of the unsaturated monomer may be

performed either continuously or batch-wise, or may be performed under suction, pressure, or
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The synbols R4 and R5 represent nenbers selected fromH and Cl1-Cl6 al kyl
groups. The inconplete bonds represent a link to a hydrophobic noiety, a
hydr ophi WO ogigdy, or anot her cross-1inking noiety. ThePgirAtSoz/a10f
nmononmers and cross-linking agent are generally polynerized by a known
net ho £ ZRle RN nI&] | | parfRfhed BNlle R GUSadtRERAgS can
be ug‘gg&b@éﬁg%rﬁr?nﬁéﬁe radziiaggairlliség%%ragﬁgeg(i@%n using a radical G

pol ymsnelz ad nitnegémihtlianpargon, ior catiprate g#s- i nduced pol yneri zation, el ectron

radi ati on-i nduc ol ri.zati on, and | travial.et-indt rization
usi ng a phot oseﬁihg]i1 Qé?&m% aflpeods S%ﬁﬂ%ﬂ@%&%@é’grmﬁ@%&n@??ﬁti onis
nor e @b Rl didpeRadsaditpslyiRiResbraianetd ih ¥n hg@das inono@ar sedutiuitint at i ve
pol ymeri zati on of the nonomérs and cross-1linking agents, Wen radical

pol ymedvansei dixamplagtaf thezedical pobmecrization By {iaiowinpBis, peradesi B6h 2fet hods, such
as aqueous .sol uti | [ | I i i I rformed
ot TSGR o4 BoRish pBtle, Bk PHGFEL hSBLRBTp UL bapl
conveyrfoxidg @ueRs hzdbh@exind)iaal di-sbpigt pavxidd; retivd mitinds figrmpdrbgr at ed

hydr ogel polynmer into small pi eﬁés, rever sed-Ehase SUSLHF sj@ig A

pol y mERRPAIRG Hie sbevematoRdsEorides A SFYTEIE AN t.54eh %S 1%_}’ \rﬁ;ﬁiqﬁ’ati on

pol'y nﬁﬁfo%ﬁ%ét@ rfonﬁﬁy_q’d%l bl Xﬁ&rdga?&s'c%ic e a@%’ﬁ% QLR saRé Bt d78ompound

pol ynerizatiaon o the unsat ur at’ed nononer may be performed either

cont i roatsidiye an aliriocgroup;sed azy poismetisatiparifitiatoes) sushcesthydrashlogides pfdssure, or

16 WO 03/ 040700, PCT/.US02/ 36171 at heri.c .pressure,.. The.pol ynerization is
pref e riZB1CPIPOPRG FORIIING R RTIRQ %W%ﬁ?‘%%?ﬁl‘%‘ pﬁgg?enzgﬁ%l & ?ﬁsty[?a(;/gb(fn,

hel i use QPR dudlly, EAMRQABRIBASWH 81} RENTQICIE 0l of Bfo-36pONE cdataitihen

pol ymeri zati on, |-f is preferred to dissolve or disperse a radical

pol ymemi angind groupris upesttasithd radigal- aqueous nononer sol ution in advance.

Exanpl es of the f.adical ner.l zatq -t i xi des, such
as anmoni um per@fﬁ Efné?lgl,t 8€%¥§a§c{51?%|%01 eresrf &P’%éﬂ @Ft&i‘%&‘? ﬁ[lm}égger%&etpgt e, hydrogen
per oxXi@enor #0¥ried ep&aingen the iRpttyufdhopenomedand drdadical - but yl per oxi de;
redox initiators fornmed by conbining the above- rrenitﬂltgned gair oxi des and

r educinedyragfésstion injtiater. o A eremplery pnBediments the gt ef the £3diC¥ o1 nani di ne
sul finiec acid,.. and,. ' | i i g

cont aimaaRSigR eGP Eitst Bl i Aefulce &hpRdbioRiakdrs oU00T R AR BRAVES
hydr ochiveightipstspinokdprefeaatty Gonp0diweight pdrtsitn §. Sameighti paotsghasepon These
radi cal pol yneri z?ti on initiators may be wused individually, or in
conbi rRAE SN WP e DGRMAc acid salt of azo-compound containing an

am no group is URRAyAH th n{pef&iuﬁalat thE RSt AHEH Y pofmérhatie@dheal depending
polymeri zation initiator with respect to the .
on the type of a radical polymerization initiator used, it is preferably within a, range of from

about 0 °C to about 40 °C, more preferably from about 10 °C to about 30 °C.

The reaction time is not necessarily limited, but is preferably set according to
the combination of the monomers, cross-linking agent and radical polymerization initiator, or
reaction conditions such as the reaction temperature. In a preferred embodiment, the time
range is from about 1 hour to about 1 day.

In certain embodiments, it is desirable to purify the hydrogel of the invention
prior to its use. In these embodiments, the hydrogel can be purified in a manner known to
those of skill in the art, for example by precipitation with acetone, dialysis or ultrafiltration,
particular preference being given to ultrafiltration. This purification operation allows the
preparation of hydrogels of the invention, which are free or at least substantially free from
reaction products, such as salts, and starting materials, or other non-polymeric constituents.

The preferred method for the purification of the hydrogel, can be carried oﬁt in

a manner known to those of skill in the art. Ultrafiltration can be performed repeatedly, for
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nononers is varied depending on the identity of the nononmers and the

radi cal polynerization initiator. In an exenplary enbodi nent, the anount
of the rawDmalo407pol yneri zation initiator to be used is w thirusa2/s@ange of
preferably from 0.0005 wei ght parts to 5 weight parts, nmore preferably
from Oeﬂ%wﬁbﬂmeﬁ@&&ﬁuﬁl@s 2ARe MBI 1RAI:SA11RASE BarCNsolMcarRRI duit by wei ght
of the nononers. At heterrperature at the initiation of

pol yne?qnilatl@lmhy marllth%d@epéddgfﬂgd ity hes heppeclorved. (ki deairedudsigyaesati zat i on
initia used, refer Cto
wbout - B e R rrisi bF A5 el ot “uBor FERT R AR Rise, | on
time iforeRdmplectis S@dlmhﬂ/chlldrmeto@dtenthtﬂthé Solpticef, emﬁi danasilyEscddginigdtin a t he
conbi nati on_of the nononers, cross-linkin a ent and radi cal polynerization
i ni ti af@Rer SROWReHER P BClNSHBFALIOR SBrogmateer (Geaction tenperature. In a
preferred enbodi ut 1 day.
In certain enbodnlﬁzfrré\;ltl drB}lj}ﬁ l&!t%él s}fa H%@Pf)l%lt Bg{l?re ?# L%fﬁ%e ﬁgg{%}égﬁﬁg? the

i nvent clmrtactq@rzed)and Quamlﬁedbgmdtmbdrshmlemwrfmdlthm sAs tided Heyadin, dlgelerman be

purifi manner. known to thogse of s in the for exanpl e by
pr eci pﬁ} éfqpéﬁwsz veed datdieo shifagey has ar&rwqﬁaH%l:fy PR @ﬂ}is (g etSar
pref er@c{l{;@‘h@@ér) "A8p SHithE QI cﬁ$ﬁﬂ1ﬁ61®tdnﬁ%etf£ﬁﬂﬁy Qx‘értyﬁlbélﬁl défiﬂe@ﬁ?ﬁeﬁﬁé on

al | ows eparatlon of hy rogel s of the i1nvention, h are free or at
| east sﬂd@staah«mgﬁ angd the eerquedmsmredéha Bwidp maxtiudtdssurfacﬂshnaﬁvglalfhs is and
startl materla t he nstitu ferred

et hod PaRREa Bin fie Rigfat CRr S RFsen BYEicn 8 Red coalie Bpser

manner We&mﬁ Adt Adssioaf ecﬁi@ul Rdbeﬁ IFe Gatitd: (ddt])yﬁgﬁtl lobrptihedh iS Reebe per f or med
repeatedly, for 17 WO 03/ 040700 PCT/ US02/ 3 exanple fromtwo to ten

ti mes. inpprpevateshioyein py refaeenog.t Azpifheeriamietied bran agusous duiddhydrephibiey When
conti nﬁggﬁl @/teH&]st lsp}egﬁ ?c?xﬁéﬂe%%lﬁ%&rogsqhg ?I@é&bl %nogfgelg{a g' eved. The

desire egree eS| red. A

sui t abtonsiderd s Be Olﬁydrhlﬂldﬁﬁg lifthe Qﬁud’muﬁ fludd does nof tend Wd&poﬁthlﬁzoaﬁigh um
chloride conten{%of the solution, which can easily be determned in a
manner 2KPRS L #r as gel perneation chromatography (GPC). The

hydrophilicity ng%emﬁdsr 991*%51% Q&ttééi ﬂnﬁ ®t., Bﬂﬁoﬁﬁlﬁ@%ﬂeﬂ%ﬁﬁéﬂh@e

characterized and “quanti Known in the art. As used
her ei nontdreargle hwtw&:hzymedhhd bidtheissrfarsed theogal éf less than 80 bawben thhdluidar e

wettabl e.b ueous fl ui d f|UI S) deposit ed. thereon
Fycr opfiHi BiPras APTURREP Y Dy sTFE R Bia 7T P IARITY i 4SCPRRTast iScont act
angl e @ndidblRa tSYE hﬁ&@pﬁ@&@ lfQHe &ntdcPendlé 14 Featanda® 907 Shdshe flaa@ded Aol ved.

This is discussed in detail in the Anerican Chem cal Society publication

ent i t | waeadsnerienconslylastoss Wstsunfbed ¢fithe geld Thitiedisowssedit detall yhRobert F.
Coul d A.t%o que{nl @lbeml%gl%(?ciet%ﬁbqﬁahgn Qﬁfﬂ%g Contact Angle, Wettability and Adhesion,

edited by Robert F. Gould (Copyright 1964).

Typically, a drop of liquid placed on a surface makes a contact angle with the
surface. As the wettability of the surface by the liquid increases, the contact angle decreases.
As the wettability of the solid surface by the liquid decreases, the contact angle increases.
The liquid-solid contact angle may be determined from techniques known in the art, such as
those described in greater detail in PHYSICAL CHEMISTRY OF SURFACES, Second Edition, by
AW Adamson (1967); F E Bartell and H H Zuidema, J. Am. Chem. Soc. 58: 1449 (1936), and
J ] Bikerman, Ind. Eng. Chem., Anal. Ed., 13: 443 (1941), each of which are hereby
incorporated herein by reference. More recent publications in this area include Cheng, et al.,
Colloids and Surfaces 43: 151-167 (1990), and Rotenberg, et al., Journal of Colloid and
Interface Science 93(1): 169-183 (1983), which are also hereby incorporated herein by

reference.
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i ncorporated herein by reference. A surface is wetted by an aqueous fluid
(hydrophilic) when the fluid tends to spread spontaneously across the
surface. worseswel y, a surface is considered to be "hydr@phaisor3eirf the
aqueous fluid does not tend to spread spontaneously across the surface. A
gel or surface of a gel is wetted by a fluid (i.e., hydrophilic) when
either the contact angle between the fluid and the surface of the gel is

| ess tHhaChiP, or when the fluid tends to spread spontaneously across the

surface of the | . Conyersel a gel or.surface Is,. sidered to be
hydr ophobi ¢ i f ?ﬁ@sc%%‘g%spe‘gﬁ%‘? Ereﬁ%?ﬁ}vglét&%prf’ﬁ@ﬁs %hlgﬁgé}tlﬂ‘gu#qsﬁi d does not
spr eadsiHRRMNE ARAAY kY fRAG RS whits atidtaphebiehydiogelost the vestidbisdi scussed in

detail in the American Chenical Society publication entitled Contact
Angl e, inypebitipgd. i The inyrition Hisslosed hereigialsedndyderabethedsrusingyuehip edpyr i ght

angl = i ERicito ot AR bt e AR BnREL BE S LBl |
I ncr eases thé beprao ot acirgangbdedacihedagemgel. Ahctaberywate subfate basedf the solid
surface by the liquid decreases, the contact angiﬁ&r nqiirlﬂe@%es.

li qui d-sol i d contlfcRressginecpdgn sdudhsr sxpirined and é%ctwﬁggoﬁiqhn t he
, i i irL. i . TRY OF
SURFACEERwEBy A BRE @ SRebiepafl ATEG: AghBbotel oo pelddaliy T

Zui denBhe fehson BhssmpeSommetHs detkdidd i§ Ta3BYyposenalf cldrity aBil lkamptinity of nd. Eng.
Chem,. Anal, Ed,, 13: 443 (1941), each_.of .which are reb L ncor por at ed
her ei nil tr‘?'tE’Flé’!ngh é’é‘?s%ﬁl‘gn?té’@éﬁ%m&? 25 Laitinghespone eal?rggenit HYPIRE Eheng,
et al . gircufRL B g $heAPPesIIMARES ift Fhickothe pRéerft 1RA}ion &inds BHIRARE! Thosd al .,
Journal of Colloid and Interface Science 93&}); 169-183 (1983), which are
al so hefrskiplyin the ent poH atcognire thsit theypethedstset fonibderels anathroailp appiwable to a

PCT/ US02/ 36171 . The Chip, | d_as] h ' ] i d
= chi prne of AP B Rl 8 et FRBS orele FerBER s VBRSO, Br ophob

hydr ogglec®tnoidi@s.i nvention is inmmobilized. The invention disclosed herein
al so includes nethods using a chip of the invention for increasing the
sensitivity, spebhssunnopenis@f therrhin of themyentsm s dispussgd ivdgiaibased upon t he
capt ur a i ey, T based.
Tho. prEspApkTaRBle ARRE i At te BRI IR RO TREEAE R L BRR RO
whi ch erhbbdiments by eachfod tlenoengonents hegeadi yrdoathin veitl doi emtrtdimaitngf atkdrect i on
by mass spectro tre/ﬁ ..The focus on mass spectronetric detection is for
purpos‘é"énllﬂneﬁtiséi‘fqﬁ?k} IRl i city of illustration only, and should not be
construed as limting the scope of the present invention or,

A. Substrates

In the chip of the invention, the adsorbent film for the target is immobilized on
a sﬁbstrate, either directly or through a flexible linker arm that is intercalated between the
substrate and the adsorbent film. The flexible linker is bound to the plane of the substrate
surface, or it is bound to a feature of the substrate surface such as a raised (e.g., island) or
depressed (e.g., a well, trough, etc.) feature. Substrates that are useful in practicing the
present invention can be made of any stable material, or combination of materials. Moreover,
useful substrates can be configured to have any convenient geometry or combination of
structural features. The substrates can be either rigid or flexible and can be either optically
transparent or optically opaque. The substrates can also be electrical insulators, conductors
or semiconductors. Further the substrates can be substantially impermeable to liquids, vapors
and/or gases or, alternatively, the substrates can be substantially permeable to one or more of

these classes of materials.
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circunscribing the types of nethods in which the present invention finds
application. Those of skill in the art will recognize that the nethods set
forth herwonsatsgobr oadly applicable to a nunber of chip fPernsdz3@nd assays
using these chips for the detection of a wide range of target noieties.
The conponents ofpelifgesdi Rrﬁlfin%t 8 shbWaRldrO Gl iflb YaHS§DF phikich Ferls

her ei nbel ow. Those of skill w1l appreciate that each of the described

pr ef esnedasfithsabupported powdsrhalisaesn trysials anddhe Idfe. thes cxonplene rbstraiesan eadi | y

combi ned .wi th the enbodi nents of ot her 0 en WLt hout | im jon. A.
Subst 198{1%\@ qf}r%l Sfrﬂ-gie Elﬂf%?n{ffo’?#eori P qS%%?P?E};quﬂls%?eﬁgr)\{gg?#I Or)ﬁll4ec') r@%ﬂe t ar get
i's i Mgkt lih#esheMBmpBn&H RSisedt@forRi 4 ilktrate tBEtdrtpdientsian bghsenibleinbl e
linker armthat is intercal ated between the substrate and the adsorbent

film frhexampdss byeredisreire & epd aer@nd oxidsalepositad op  firloxadf) OF FE & M8YF f ace,
it ] f . i sed
R

eature.
Subst matsebstadtillyamperaseablelto liguids,acbbsiand/ot bases pr, aBemttivaly,dht substretan be nade
of any stable nmaterial, or conpination of mat ri@ls. Mor eover, useful
subst [°8% &g peEmeable te GRE PHIPEOhBeH Se&rﬂfr’%?é‘?ﬂﬁi%i AEcOyTo ABE PY™BY conbi nati on

of StcBH'ﬁ)toHélﬁL cdiPRd )Sed HNBrFUESI I RLESs S84 A8 d8pdsited oh iagi-h%&f, shéiasl bl e and

can be erther optica transparent or optically opaque. e substrates
can alasglassequerizat mieta lshéehs Hliudhar slayenrfodue vomore eompmenseat be iersalaredr t her

t he sybstrates can he suhstantially, I rneahle to liqui V. [ and/ or
gas es%SF"Yeeé‘Ith&pﬁ%&‘ is@latrﬁtféqués s’?’%@{'ggﬁﬁ'%e% emgﬁg-g)lslg%—tcp%ﬁlb %go(rg%?a)gbl eto
one OrgkIPhahOhrt afd DR o%lel%&sﬁﬁap?foﬁi’ﬁtﬁi bt fourciSudéDr RS/ AR TABCTOMSAR/ 36171
The materials form ng the substrate are utilized in a variety of physical

f or ms appipriate thiterid fosapgtbeulaeppbeditons, gl asses, crystals and the |ike. For
exanpl e, a substrate,can ansi .af - i [ nQr | 4G 0| ra
conposite of nor eméaﬁygﬁbesg&lar?onﬁéénn@%H%J(‘?gged taﬁéellpnocE I%Egedq? hlgllﬁ%gﬂlg conmponent

i S usegydtals fiferFdc $l4bsk) inbaniclheidse/menBNdgatiapolymeasaeiduinddnitions f or
exanpl e a I%ered, structure (i.e. a,s&gond oxi de ge osited an.a first

oxi de)theseok iBorganigsiasses @adsbmitat &f ussin the subsrairgaeiuds, bat ars ot 3%999 to,

- t t t j~al |
nhon %ﬁﬁﬁ%,ﬁ{f)&(‘f&cf{ﬁig&, Eggzﬁgg@éﬁgfgm A& &8 CanN, had sstantdeal |y

i mper neabl e i qu or gase$ or, alternatively, the
subst rcayseals andhglakses parbegabpaed by an etaodardoechniofies. h¥eeefor esarspls, Goodmaarer i al s.

OGS L SRS BB e P b SRl 00
L %A AT T T Sl bkt (1
Those inthe present invention include, ‘but are not limited to, Cs,0, Mg(OH)z, TiO,, ZrO,, CeO,, '
Y03, Cr,03, Fe,03, NiO, ZnO, Al,0s, SiO, (glass), quartz, In,O3, SnO,, PbO; and the like.
Metals of use in the substrates of the invention include, but are not limited to, gold, silver,
platinum, palladium, nickel, copper and alloys and composites of these metals.
Metals are also of use as substrates in the present invention. The metal can be
used as a crystal, a sheet or a powder. In those embodiments in which the metal is layered
with another substrate component, the metal can be deposited onto the other substrate by any
method known to those of skill in the art including, but not limited to, evaporative deposition,
sputtering and electroless deposition.
Any metal that is chemically inert towards the species in a selected analyte
sample are useful as a substrate component in the present invention. The metal layers can be
either permeable or impermeable to materials such as liquids, solutions, vapors and gases.

Presently preferred metals include, but are not limited to, gold, silver, platinum, palladium,

nickel, aluminum and copper.
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skill in the art are able to select an appropriately configured substrate,
manuf actured froman appropriate material for a particular application.
Exenpl ar yweuwbssa7et e material s i ncl ude, but are not |imte@CrajSor/sarygani c
crystals, inorganic glasses i norgani c oxides, netals, organic polynmers and

conmbi nati ons ol anRt ﬁ)nﬂllﬁx§ﬁ1?§ulﬁffﬁte§lﬂéﬁcﬁ| ﬁ)r@f(arhlﬁl@ in the
substrate incl ude tp are not limted to, LiF, i: KBr, Kl, CaF2,

MyF2, pelyalkenBie. gAsﬁﬂyetHyiS;le $ol3iobuatane, ml@b’bllltaldl,fne)ﬂﬁél}’a@ﬁyygﬁ ('flgss and gl asses
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Scientific). I'norganic oxides of use in the present jnvention |nclude but
are nawlycarkonaiés,ielyestsen polyyretianes, pylyemidegy palymades, polysulfese, or 203, Fe203,
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to, evaporative deposition, d el ectroless osition. Any

met al RURE0E PO-ERSHIGCHP yglappegepgrtahwgp gt”hﬁle gﬁrcxgglph 30% gea(;gFléta anal yt e
sanpl enAhe, Hoehk noffmited UPSIRsS, %Q{Hé%@ﬁm allbﬁmﬁlh en@peSeshyleddebi)on. The
metal |ayers can be either per nmeabl e or nger nmeabl e fo materjals such as

| i qui dEhe popartchating ageaptor 8 paﬁuulgaémélcathm wilbhe anpapid feeneeef skl iathe athe| ude,
but are not |im t i i

al um num and co e@rdfurtgﬁr I%\Efeﬁ%l b%@eﬂ%%%%%iérﬁg%gpﬁ%ﬂgg?? h%-r s that
f Olr m tttﬁ@lﬁéébermb %frﬁt@tl%gt dt)mwwftﬁenlgﬂgfa{l@eéﬂﬁpﬂ(jms npoimafdfem thedeection of

ol ye ene, pol yi sobut ene, pol ybutadi ene

Bol gadhétaégﬁé g@pg}?ﬁ‘flﬂ‘/‘f ?%?Pgéﬁigllﬂ?ﬂrétesﬂtﬂ éﬁlﬁ’“}‘{s g)/ C(aﬁ%ligﬁfv‘flnyl s
(e.q. ’U@%X%ht{}% Sﬁi(if‘ﬁﬂ"ioaln*d Yot Eyﬂj Sa‘f"‘itteﬁfﬁ ®ekyyigryl butyral, polyvinyl

chl ori de) yrenes, pol ycarbonat es, yest érs, pol yuret hanes
pol yam des, poI yTha snheﬁce pbd yubstrfto nByse 1p@kg4$1pir1(g>¢hmp®serpmvgthmre¢@d36cl es,

11 ul d | | ul N
i tr oceraoth gt gyt T sbigef Fen b epoisriars MBS e get ner s and
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substantially non-reactive wth the target, thus preventing non-specific
bi ndi ngbegyeenng, @omtstratpblng,rmudtthgobm)g@lepwtlon of metal films. The

substrate can be patterned using techniques such as photolithography (Kleinfield ez al., J.

Neurosci. 8: 4098-120 (1998)), photoetching, chemical etching and microcontact printing
(Kumar et al., Langmuir 10: 1498-511 (1994)). Other techniques for forming patterns on a
substrate will be readily apparent to those of skill in the art.

The size and complexity of the pattern on the substrate is limited only by the
resolution of the technique utilized and the purpose for which the pattern is intended. For
example, using microcontact printing, features as small as 200 nm have been layered onto a
substrate. See, Xia, Y.; Whitesides, G., J. Am. Chem. Soc. 117:3274-75 (1995). Similarly,
using photolithography, patterns with features as small as 1 um have been produced. See,
Hickman et al., J. Vac. Sci. Technol. 12:607-16 (1994). Patterns which are useful in the
present invention include those which comprise features such as wells, enclosures, partitions,

recesses, inlets, outlets, channels, troughs, diffraction gratings and the like.
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ot her conponents of an assay m xture. Methods of coating substrates with
materials to prevent non-specific binding are generally known in the art.
Exenpl ar ywomaniatgo agents i nclude, but are not |imted toPca&luisat/aael bovi ne
serum al bum n, and pol y(et hyl enegl ycol). The proper coating agent for a
particul ar appl igahicRBmplaly eBBo@RRA!, B pattBmfSs AbedShigrbdic alsistafd . 1 n a
further preferred enbodi nent, the substrate material is substantially non-
f | uor dwyerg a pnrabityi efadjdoghitaddfessablmfratuessgwheretrrgeh phthe fagurss ifoteperablyr f er e

wi th t.he tion of. the target. Exenplary l.0 Kk es
el RS Sl iion Wb L fomer ST RMEUAATH URAAUDRELEL ©°
Pham edoeghot flkkiSallyPedrmimibete vat0SBerdfacerdtTeatotes f Tnes, ah apalstehsit sthdre of use
in practicing the present invention can be snooth roug{;ﬁand/or patterned.

The suitbsigeces placasidnarmgrtirudardeatip remaing sebsintiakby ririnedto thahigaaie. cieni cal
techni ity Bﬁe%rre%xemdﬁner}t%e ?)‘a{{t%rﬂzﬁg 2fi3fs Jrﬁiﬂ%ﬂ%ﬁ‘%ﬂmﬁfeggﬁ{ohgﬁ ARd by
et chi ng, stretchi’ng, and the ob e t

r ubbi ng, groovi ng; i que posrtion of netal
fil ms.delie witdbstihadecamantdd@andat et thedevisé.ng t echni ques such as

photolithography (Kleinfield et al., J.  Neurosci. 8;. 4098-12 1998)),
phot oet chi ng, cHERE r@%eérmqﬁy e&'ﬁlﬁi’dwfiﬂt gk?d?‘ﬁf%treapﬁepmff%W%ﬂ%ﬁ%%m Tal.,
Langmyl pied0; i elﬂd%f% LB fiRpriddaiRgupahicthds on a
subsm&gélg%slf%%@?]e%ﬁ y a%)%)hgrsgﬁ%}?a{t% thosgtgfgf&glyiglpl in tlhe gr_t. The si ze
and compbteate by aliérmatinely at‘ 1idr ofPbtechrhguesaab de titized. snltheriftofif teetinyqusya t he

resolution qf the technigque utilized and. t pur pose.f.or which the pattern
is i nt@ﬁt&@&.g TgELt 18 1@@:&%‘? ﬂl,e Sﬁs?tfﬂﬁe’ W@PB%C@MQ@F Cgﬁpﬁﬁ?a}lﬂa?wpé%t}ﬁ?%ére%ss snal |
as 200,01 BbRRYELPAL Redist ufl @tk REIOis ubseyiikptly ddrRovede Resisture XnowWol thesi des,

G, J. Am Chem Soc. 117:3274-75 (1995). Simlarl

ohot ol dftskibindbhyct. Ben faseempior Klqelald ebal, doNemandi. 40951 eaeshden
d d S . Hi . J . .Sci . : - 1994) .
e orotie aiitdimosS SORRyEE 8hoyar br 36eie Sl acol £ Bbmpdgrer Hayild ol 100 )

usetfu esent 1 nven se whi ch
conpr i g@cheatiffeRst Suahthasirsvebnpondin tlyesismpeiatedpard theisabsirate srethessasas i nl et s,

outlets, channels, troughs, diffraction gratings and the |jke._ .21 WO
03/ 040R6BIperyashly he1esist; 3 Hr%ﬁsséﬁ@r?av 8¢ {evetsd gWrFE?C,te wgn‘r'pf‘étof B ng is

used 10 REARNGR oamBURRY BloRodiRY il Alds iy Rfmad] acent addr essabl e

features, erein eatures I's seperably identifiable by a
det ecti on neans.Uding tedtdhmiquexenforthrapoenbdsirates withgattad hevisgdaorsedt ur e

anal yrairesit Gl CATGOPaTEs cabPaBEdur el dBsp! EURe FaRt T s
subst apfyalflal; aeaﬁliéowéh fﬁ@tuﬁ'éﬁﬁ cfe%%ﬁ%?@aﬁliﬁg thlé nERphoBIcRY/AydBghiReBd ment

the pattérning allows the creation of channels through the device whereby
f | ui dscheege asdtother glrrinionl chrtacterisdcsod\ihapattermecnsbiupels. Eeeinnly enbodi ment

the ar'ﬁ:y nghril‘lecac%ef\rﬂ;[ouﬁ(fisr R b%éo%%nécp B 1161‘559{21?151 hydrophilic features by patterning
“walls” between the adjacent features using hydrophobic materials. Similarly, positively or
negatively charged compounds can be confined to features having “walls” made of
compounds with charges similar to those of the confined compounds. Similar substraie
configurations are accessible through microprinting a layer with the desired characteristics
directly onto the substrate. See, Mrkish, M.; Whitesides, G.M., Ann. Rev. Biophys. Biomol.
Struct. 25:55-78 (1996).

The specificity and multiplexing capacity of the chips of the invention can be
increased by incorporating spatial encoding (e.g., spotted microarrays) into the chip substrate.
Spatial encoding can be introduced into each of the chips of the invention. In an exemplary
embodiment, binding functionalities for different analytes can be arrayed across the chip

surface, allowing specific data codes (e.g., target-binding functionality specificity) to be
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noiety is fornmed) is printed onto the substrate. The pattern can be printed
directly onto the substrate or, alternatively, a "lift off' technique can
be utili zw®0.03bm70he |ift off technique, a patterned resi PCTIES0Y/31d1 ont O
the substrate, conponent of the chip is laid dowmn in those areas not

cover ggudy ih R&cH 1%§alt§>h ﬁ{‘fiué éh@e,ﬁﬁ@hﬁ&y IoSatfdHis GAl Hedltibal eREINGparRaskst s are
known to those he art.” See, for exanple, Kleinfield et al.

J. Neudlowdng the: M@@BOmQKB Ylm@&) unlimitedswmebes b differenh 83181 | owi ng renoval of

st component  WEr & pHRRLC atts Sohee erfurd Yok Gand om (he

initi alray, GRUREEEVENed ’flﬁscé@ sil aﬁgy ?O@ﬂi(ﬁﬁs&ﬁ@y Iﬁrhﬂ'fthdiéwe bEudedbeht get amays.
sel ected nunmber of tines wth ferent conponents to I‘OdUCﬁga chip

havi ng a desi r edftbe %bOdlmMﬁ@ff}’ﬁén‘t’%lﬁﬁlné]ﬂ’él@ét’atf%PF‘FPdéTtﬁ)‘\?ém "d’m%l”t%’at es
Wi th %ﬁlj&g?r@ ot e%godeﬂ%?gﬁoﬁﬁmﬂﬁ%fn ﬁhﬁlﬂ%f&tﬂ:ﬁ%ﬁﬂies ﬁ%ﬁlﬂﬁé@é\?&% cs can be

produce or exanp ern ing an array of adjacent
i sol atregioheaf uueeﬁbstmtec rBaal eﬂthlayn biadjrigngnétivmalityedriopletivaldly taydi figrantophi | i ci ty,
char ge, and oi her che cal gﬁCt eristjcs.of .the, pattern constituents. For

exanplBoctRpattyy Alque B‘ﬁ}%HhW dagsagee 1WBetiqrRlity 1§ iPcpisdig R 8t TR¥Fdr ophi 1 ¢
featu rlﬁ@abf&‘/ls RAL Rk 'tﬁ%cg}loé"@i} the Pre?@ﬁt‘&ﬁ@éﬂh%ﬂ eTRd}akeNhg figRtibAARicY ficNd

hydr ophobi ¢ materi al m | ar positively or negatively charged
corrpomnci@radﬂmpﬁmrmdrﬂm the shustraﬁeelaa measchhef ai@ws\ﬁbﬁ lldsﬂtltrmd eaQbf of thompounds

W th har jmlar t o, those he, confined ¢ oun r._substrate
cont | gAHRRS I P EaritEs P BireeiERPb Bahonrerb e fEPRG Srrey i e he

desir Qﬁf‘d@r@@ﬁ@& leqsmatﬁi of @ kgy Hisyre@IToations, wheasih re@dheoftﬁ@@ x Wy locsthonsM ;

Wi t esi des, Ann. Rev. Biophys. Bi onol . Struct. 25:55-78 (1996). The

speci fhag bpynfhﬁ@rwmﬂﬁ?}ﬂ end ¢ighe mﬂa@dlﬂg ferctiopalitie Ebe BYCTOHEY M8t i on can be
incre i spotted m croarrays)
into ﬁaﬁgnﬁﬁgo%g%?@ga@ga{}?ggygﬁf ?Adug%ﬁlg?ﬂrl%gg n be i ntroduced into each of
the chips of theThegpetidllysncoddd Brayesubspdtey gan mcni‘i)dtchwhfenahualba anginmgber of

functionalities for dlffere nt, anal ytes c % dacros§ﬂjﬁ éhlp

surfa&@mpcﬁ’I‘lP@ﬁMIﬁql@@C@EF‘i prabediment, ghis< 1& Oy Ej) b8 PG et Thal ity

speci fl'OCt'otly@OOt &)ﬁmgezp g@ra%g 24070 tg’%lole@OZ/ 36171 reused in each location.
y

In thi's case, e array location is an additional encodi ng paraneter,
al | owi ng the detﬁlmstspanalbrfenaodfedrassw Jupstoated cmntlmdudmlaﬂfy aUY frimbennf

anal ytes. Wil a | ar. nunber . o can be. det ect l,t aneously
usi ng 4 é}Piisa r‘%@glw%lft Wh]é?{‘ ﬂﬁ%ﬂ&é@ t1geaglﬁ1e§|afe %’ﬁ %% i ons nay
limt Bﬁgorﬁﬁ%tlﬁés MSRcleR aci®) BEpoIpIpAMSs, m Ishh Huihee oA f&m@m&e t he
|nvent|on in which spatial ehcoding is utilized, they wutilize a spatially

encodeuetarably froomb® tesl,A¢): iand Bloneiprederalls drone e 0t0¥0gi st ri buted over m

o oroory a i TR Pty Gk ohBBadilh 1 ABsEHBGIA AR bh bhfiinird

support that is coated with a layer of silicon dioxide. In yet a further preferred embodiment,
the silicon dioxide layer is from about 1000-3000 A in thickness.

Those of skill in the art will appreciate that the above-described and other
methods are useful for preparing arrays of a wide variety of compounds in addition to nucleic
acids, are useful for preparing arrays of a wide variety of compounds in addition to nucleic

acids.

Adsorbent Layer
In a preferred embodiment, the adsorbent layer of the chips of the invention
are configured such that detection of the immobilized analyte does not require elution,
recovery, amplification, or labeling of the target analyte. Moreover, in another embodiment,

the detection of one or more molecular recognition events, at one or more locations within the
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functionality, although chips in which the sanme functionality is located in
two or nore locations are within the scope of the present invention. The m
bi ndi ng fwomsioerted ities are preferably patterned on the abaioasda’i n a
manner that allows the identity of each of the m |ocations to be

ascer tanachpid ms%rﬁ%h@‘ﬁﬁﬁ rdeds ﬁdﬁ?&ﬁhﬂ&%&hovélf& cBhdiplion Of feRCthaRB8ialli es are

ordered in ap by q matrix of (p x q) discrete |ocations, wherein each of
the ( ;fracth)l of Ssabiabadsortreat atsdyie domblek e Thus the wased poréionpan beintarisigateing

functi i td The mproarra can. tt e ti al y type
of b ARG AhaR ShaeTs ecoprud bperint Bk sHAd SRR REANG 2 W

i ncl udge samtagnémk |a&dr@§‘s‘rib1@ll'<5’éaﬁ6n)%r th@@lmedﬁstrddﬂlraaﬂd afnetioed enbodi ment ,
mis a nunber from1l to 100, nore preferably, from 10 to %1 000, and nore

pr ef ereusigationoichgiing Hriber aysanbly Redispssembiy, jlodiicatieny or 3wRlilicaios: r at es can

inclu t.] al ny nunber of conpounds. In an enbodi nent in which the
bi ndi gﬁlrg&ﬁﬁé}l%ﬁa‘%éﬁl}’?es are pol ynucl eotides (oligonucleotides or nucleic

aci ds) or pol ypeptiiodests with fmproneddpetificito forlant amaldcanrberdevelppaf ey @bl y, from
10 to 1,000, and nore preferably from 100 te. 10, 000. 1In a(grartlful arly
pr ef erlFeé%PVérHﬁ%‘iﬁSFréﬁferrefl fRASS REREFFSSIVE TP TigRe s Inawhish afgorRms that is

coat eq)rm‘gnhto% Y& ITIQJ Shilelt &R agi'tlfédcﬁlﬁonah Qarffllesto fidtnti onﬁ’cﬁﬁaft%ﬁ Q4th

enbodi‘nment’, e si i oXl ayer is from about I000-30001 in
t hi ckﬁmﬁsrbiﬁﬂmg@haﬂactshsthds inthe art will appreciate that the

above-descri bed er .nmeth u r ar| arrays of a
wi de variety of @6?&9%8&’8&" flﬂﬁﬂéa‘g?@i@g ?’Sﬁ’ﬁ%@i agpﬁfay%cq ofde Og%%nﬁseful f or
pr epariheaibh ataffieswith G@ichank 8F ¥kilfin GRMROEFafilian Relfedehtimive odulitiai

acids. Adsorbent Layer In a preferred enbodi nent, the adsorbent |ayer of

the c hmpigd@fbut tws rioh lisnifetl ém coml@t gﬁmhngam, Gachieent VifcOl Rerantangle st 1 he
: ?gle)ﬂ aﬁ& tr?%a i gﬁ‘fagcgpegh Sihtpd Smﬁédi}neﬁ{‘ the Tafict 1Y ﬁﬁﬁﬂn%%g% ot G 1 on. - or

reover ano I men t he

det ectsutfc®by R§ CopVlyrfBi£tion bvemtal radctive gagml dn 08 amelR ibictathadise locustt e

| ocations within the 23 WO 03/ 040700 PCT/US02/36171 addressabl e adsor bent
film adgelmemdor bgasabet faysnonio theyieefpt i on of nmore than a smal |
fraction of the total adsorbent-analyte conplex. Thus, the unused porti on
can be integj aﬂﬁ.tlﬁ gi e}further after one or nore "secondary processing”
events conduct rrectly in situ (i.e., within the boundary of the

addr essabl e | ocafinanibef ofreacmenpmep@meamﬂaldt forche functiorplizatiern ¢ion

glml;'c: ](cjsla% %ﬁur?a%la I%jlhjc% '%;}1% %rhrgé.}atlyr Z;(e(’){ F&(/%{nf))lre sulbgt?aﬁgsec%?llst}{uctég) (gjtl a plgs%I ion, or

such as polypropylene, can be surface derivatized by chromic acid oxidation, and
subsequently converted to hydroxylated or aminomethylated surfaces. Substrates made from
highly crosslinked divinylbenzene can be surface derivatized by chloromethylation and
subsequent functional group manipulation. Additionally, functionalized substrates can be
made from etched, reduced poly-tetrafluoroethylene. Other methods of derivatizing
polymeric substrates are known to those of skill in the art.

In an exemplary embodiment the substrate is made of glass or another base
material that is coated with a glass-like material and, thus, presents a surface with reactive
Si-OH bonds. When the anchor moiety is attached to glass, the anchor moiety will generally
include a first functional group of reactivity complementary to the bonds at the surface of the
glass.

A number of siloxane functionalizing reagents can be used to form the anchor

moiety. Exemplary reagents include, but are not limited to:
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Adsorbents with inproved specificity for an analyte can be devel oped by an
iterative process, referred to as "progressive resolution, " in which
adsor bentwoams/ogl70@nt s proven to retain an anal yte are te®CeasSoe/sd171
additional variables to identity conbinations with better binding
characterigti Hﬁo&&ﬁQﬁ&zaﬁa@@fSiMAté@drﬁw%tﬂlﬁ&i@aﬂliieoWﬁH aiﬂokah:é,eerndaizmzltayer by

one of many i'nteraction nodalities wth which one of skill in the art is
fanm | i ar. Repoddentlmtdlechopdal ities include, but are not linmted to,

coval ent attachnent, attachnent via p}(l)d%(rrer ent angl enent and el ectrostatic

I
attachment. In & prlbf&rshlorosiiansar et Y MIPF®RY & s i rmobilized onto the
surface by its gopel yierl i idebkiBnd €2Ct RMRde:Q8ByPN the anchor noiety
that is a Iocus%()fQ%ﬁae%g%%@%@y}&ﬁ%naaﬁorbgﬁlt nglgery’onto t he surface.
Anchor noi &, ydidl @ilnpiesxyalkylpdloixiuoes (tilypes sufee andbydboleefodiothe
functionalization of a substrate surface3\/\@1h an anchor noiety. For
(l

exanpl e, subst r & d8lyeigukirmethesdmeprdg YEQRWPIQRYBEYRIPEby| ene, can be

surface der,j vati .C - aGi %1'gq§)t-' 2 converted
to hydr oxyl3|at %%{régﬁgfnﬁ%og%%h%ﬁé%gé%ur ac els %‘s“ﬁ gﬁrgﬁggﬁlﬁ%gﬁt& Iiy))m hi ghly
crosslinked di vighy-hamoprpytaimdkoxsildnace adeniprapylzed by chl or orret hyl ati on

and subsequent functional group nmanipul ation. Additionally, functionalized
subst r at es 4 alimpwec seeaudary egpneallen sdoxapesduced pol y-t et raf | uor oet hyl ene.

O her nethods of deriyati ziing. .pol | € Su Za‘MH't t hose of
skill in the art® lﬁ(%'ﬁn %@‘8%?’5&3?? fééﬁ@;%‘?lrf%érﬂb %H@Bgmrf’%?l |se’rfa§ge of gl ass
or another base nahQtirakd kpicsi(8gSaatRel, whdtlacaylgllasisrilj &e).mat eri al and,

t hus, presents a surface with reactive Si-0OH bonds. Wen theé%nchor noi ety

is attached to gnastll furkersxemplennenkadjment the gapharngigty 15 e VGAEOR #i r st
functional  ar | V- tary to the bonds at the surface of
the g gcggs.I%X%%Eansgféurc{ugg%s(%o}quggg? u#ﬁ?gnal i zing reagents can be used to
formthe anchor noiety. Exenplary reagents include, but are not |limted
to: 24 WO 03/040700 PCT/US02/ 3617 d),-$i-Riy®t oxyal kyl sil oxanes (Sil({hate
surface, functionalize with di borane, and H202 to oxidize the alcohol) a.
al Lyl it the O TP, 3 REQPIR L is B 1inks otp B&MWken silicon

tri chl%r“z:}ﬁﬂol??)sgﬁ %ﬁg\eg_rgug,gﬁg?%{}ﬁ%g%%m@ﬁ 21S é]i olrl%((‘g(r’iiO hpydr oxyal kyl)

si | oxamdX'( sid ¥| Btaresativeateupaoth fryectel yeretivogmip! Yhareactveygiotly Fan also

tri mtbr:eoaxr}fllgrln{)éarr})% t}_le* ad_sgrb(erzlf I%SIgrl arg%?srcgsﬁg&) E&BXJ' %)1%218 Elgrll:)\yalti'\/es having halogens

or other leaving groups beside the displayed alkoxy groups are also useful in the present

invention.

In a presently preferred embodiment, the anchor moiety is derived from a
member selected from styrylethyltrimethoxysilane, styrylethylmethyldimethoxysilane,
styrylethyldimethylmethoxysilane, styrylethyltrichlorosilane,
styrylethylmethyldimethoxysilane, styrylethyldimethylmethoxysilane, (3-
acryloxypropyl)trimethoxysilane, (3-acryloxypropyl)methyldimethoxysilane, (3-
acryloxypropyl)dimethylmethoxysilane, (3-acryloxypropyl)trichlorosilane, (3-
acryloxypropyl)methyldichlorosilane, (3-acryloxypropyl)dimethylchlorosilane, (3-
methacryloxypropyl)trimethoxysilane, (3-methacryloxypropyl)methyldimethoxysilane, (3-
methacryloxypropyl)dimethylmethoxysilane, (3-methacryloxypropyl)trichlorosilane, (3-
methacryloxypropyl)methyldichlorosilane, (3-methacryloxypropyl)dimethylchlorosilane and
combinations thereof.

In another exemplary embodiment, the substrate is at least partially a metal

film, such as a gold film, and the reactive group is tethered to the metal surface by an agent
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3. am noal kyl siloxanes (am nes requiring no internediate functionalizing
step) a. 3-am nopropyl trinethoxysilane -> am nopropyl; 4. dineric
secondar ywarneabkyl sil oxanes a. bis (3-trimethoxysilyl proppuspatiine - -+
bi s(silyloxyl propyl)am ne; and unsaturated species (e.g., acryloyl,

et ha - ' ShbEKBIA, Mysubpbadiswnt , the
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havi ng hal ogens or other |eavingygéqisg2beside the displayed al kgry groups
are also useful in the present invention. In a presently preferred
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(3- acryl oxypropyl)di nmet hyl met hoxysi | ane,
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met haguyt exieuRpYFmebiyplel bmileofuastiidraliesd thdls can be produced from the

met hacr yl oxypr opy

| ) di met hy| chl orosi | ane an conbi nations .thereof. In
anot héprrasponginghalospings. ﬁélr?r?aﬂ?%é’ig& o4 yirgacggn Pg@ffe %%}? PIEMY™8a et al
film i COREENG GBIk iR 6f BRe@Nt 0 the netal
surfagéﬂﬁ%dglﬁng%%ﬁjtdﬂdéSS{/%Dﬁ%%%lzlg%%@%C%Rgso2/ 361711 di spl gyiﬁ avidity for

t hat Swrferevolllnpp 2ir2% 88+15 vpl &f . 28cB4e FhonicaPublishing GuNew Joek.i s at

| east tjally a.gold filmand the group.., which C .t R the netal

sur f aé@%n@%d@ﬁ&%ﬂﬁﬁ%Iﬂ,mcm]é)aglﬁe&éu | F%Ufefl?ra%ar%%%%ratcl}?y%ﬁ% ge Formula IV

Y- S- Rgr¥Zehdtdh wikiha WaicaPtaRRalt. S Sék, Rieltk ORG:ASIOORENDS tRIEONBSWAIENT SBDEURK2, and

X2 is a reactive group or a protected reactive %ro%). X2 can68I 80 be a
0., New .

menbervobf2, phel @k aonvolf 3) pn. 1¥-1ids Chemisabyblishing York, 19 ther

methods for producing compounds useful in practicing the present invention will be apparent

to those of skill in the art.

In another preferred embodiment, the anchor moiety provides for more than
one reactive group per each anchor moiety. Using a reagent such as that shown below in
Formula V, each reactive site on the substrate surface, which is bound to an anchor moiety, is

"amplified" into two or more reactive groups.

(RO)3—=Si—R'-(X"), ™)

In Formula 3, R is an alkyl group, such as methyl, R is a linking group
between silicon and X', X' is a reactive group or a protected reactive group and n is an
integer between 2 and 50, and more preferably between 2 and 20.

Similar amplifying molecules are also of use in those embodiments wherein
the substrate is at least partially a metal film. In these embodiments the group, which reacts

with the metal surface comprises a thiol, sulfide or disulfide such as in Formula VT:
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selected fromthe group consisting of H R3 and R3-S-, wherein R2 and R3
are independently selected. A large nunber of functionalized thiols,

sul fi des wod3diww fi des are commercially avail abl e (Al dripch/tShrsdical Co. ,
St. Louis). Additionally, those of skill in the art have available to them
a manifold of synthetic routes with which to produce additional such

nol ecul es. For exanple, am ne-fgﬂ% gj( 1zed thiols can be produc from
the correspondi ng hal o-am nes 0-cC Bﬁxyl ic acids, etc. by reaction of

CROANICH bR RSB Al R B g E%Snﬁgl%g%g%@s&@%@@%vvsf' %,
pp. 27-34, Che%%gﬁ‘?t{' SR R forNéVRZYﬁ{ckw inkB&Sové A6stribédidi tional |y,
es

functionalized su can be prepared via al kyl t hi o-de- hal ogenation with
a mer cmbmnmmdfth@pesermmv@mmmmm@ @H@M@Thml t@iswstitsyd SULFUR,  vol . 2,

) 4 i ork,
P05 ‘ﬁifét}t“t%?'%d%%%weﬂrogéiﬁs&%ﬁt]‘ ?8%%6%‘“ ?? '{“ i r??%’ﬁ‘%ts?@?%\éh%e
pr esea@ vl a[l}(gﬁﬁﬁrﬁﬁ a&\ylb.ﬁnﬂbealﬁ@:p}aheﬂbxy,fa@ylth&eyloiyﬁlk}ﬂ,l dubstituteierart. | n
anot her pre erred enbodi nent,” the anchor noi ety prow des for nore than one

r eact Mysibgtitigd hsaroarslk ubshiatiest orppsfituteds heigrogyelEagent such as that shown
botod t6 an mmanodt RIEALEBHYY GoSld BaBbiie R HAPRT Beeiietislbifor W1 CD 15

bound to an anc ol ety info two or nore reactive
ar Oupﬁle (B3 cﬁ!avdf@i by éﬁle}mca(l\d) phdtﬁcﬂ%mﬁm] reacBpniR Fa eaamp]lekg/ﬂ anghouppieguch as

met hy Rl i nki bet 1 t
gr oup'f]fk§‘1t 1@%&62@@%&’6"’9‘3%}8@& “&rcgﬁ\geﬁf?av?d 1%’3219%%?%@&% uﬁté:és%ge:]egcaln\éew

and npés‘ﬁerﬂ 1 ng@efﬁb ﬁ]%@n@@lm Rirblcht fympitefMbdiitdroABe wligsn are al so
of use fn see nts erein the substrate is at |east partlallya

met al tHd sicnpe bfthe Ipmentarrtmlﬁpnmhs usehes’ groensp Whishi asticleaetby light sushtagefonet aI

\S/\%r 03 PTG Oh soR e Renedi g Bt Siefd G Enrhu USRI, 2%,
gr oup é‘ﬁﬁl 8 asipsil ﬁl%v\l@{d thoddF sﬁiﬂ”fﬁ tHe A Nﬁiﬁy@le&%&&ﬁﬁo@h@teknmﬁxﬁrmb ary R
u

use for R, R2 and R3 in the above descri rrentf of the
pr eseantt. iSagdnt ¢)@mpl¢1d*unwet alpBiochers. Biophisi AripetOlk: 6523;@%&98@&]83‘1(?? a

unsubst BLY St 2! 08 1o SHOBLE U @ CF o UPaL e £ 93blosb 1agfot | ut ed

acdyla acy oxy,

aryl oRpuizar ¥4 4% YKy Biodhehs U 55: th4&d14dr(1986)$Bdnktet tle,t.szdieCEMmazglll 205-

substituted or unsubstituted heteroc
L 6 Brommine ot aloy Smor 145! 7830-1867 (1989).

Reactive Functional Groups
The reactive functional group serves as a locus of attachment for tethering the
adsorbent layer to the anchor moiety. In a presently preferred embodiment, the reactive
functional group is complementary to a reactive group on a component of the adsorbent layer.
In an exemplary embodiment utilizing a complementary functional group, one or more
monomer or cross-linking group is covalently bound to the anchor moiety via the reactive
functional group. A polymerization reaction is then carried out, producing a hydrogel that is
linked to the substrate. In a further preferred embodiment, the reactive group is capable of
participating in a polymerization reaction with one or more component of the absorbent layer.
Exemplary reactive functional groups (X! and X?) include:
(a) carboxyl groups and various derivatives thereof including, but not
limited to, N-hydroxysuccinimide esters, N-hydroxybenztriazole
esters, acid halides, acyl imidazoles, thioesters, p-nitrophenyl esters,

i alkyl, alkenyl, alkynyl and aromatic esters;
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In each of Fornmulae I1-VI, above, each of Rl, R2 and R3 are either stable
or they can be cleaved by chem cal or photochem cal reactions. For

exanpl e, wp oanettor noi ety that includes an ester or di sulPCirdsobasidi can be
cl eaved by hydrolysis and reduction, respectively. Upon cl eavage, the

adsorbent film i religassd Gra WARKSURSE babericdo Sk dihdls, ddigyagope of

the present invention’is tthe use of groups, which are cleaved by |ight such
as, for exanple, nitaobenzyl derivatives, phenacyl groups, benzoin esters,

etc. O her such cl|eaveabl.e rou ar e l]. .k ho . ill in the
art. Many cl eave(ﬁijl e }&?%.]llﬂg 83?@85@8%’ Eh\réi\%fii‘\%e pagl\rﬁ% lta%(raEeh,Spgg?(P‘@lggrpl e, Jung
et al., Biochem Bi Oﬂﬁﬁéfeopﬁﬁibégzou ¢ch 45 Zorlidmp k) 83 hininkp a lbrbekylat. ,  J.

Biol. Chem, 265: 14518-14525 (1 90%3; Zarling_ et al., J Imunol., 124:
913-920 (1980);: Bouianian, drioknion, gypanign, ojap @hkepridengn, tharghy reaylting 4Be) ; Par k

et al., J. Biol. Cherp, &é\%iént%{%g’c&ﬂ%éeof(ajl?ﬁ%@gogﬁgg 109 ofthePato ex%]atlofﬂ?‘:mm x

143: 1859-1867 (1989). rve I'ona he reactiv unct'i onal
group serves as (@) | ocdisndphilaigtaphmbith afocapablchdphnpigatiag iaDbs-Aklet | ayer to
the anchor noiety. In a presently preferred e_rrbgdi ment, the reactive
functional group is d&#SIoBmEMNAS,TOF gXaRledRFPUdY BEWESon a conponent of the

adsor bent | ayer. ) | N AniE4eBPkabYe ﬁ-gﬁl&@g?ﬁmat StidsbinfnD @erdy EiedngrENt Ar y

functional group,” one or “‘nore nononer cross-| Inki ng group is covalently
bound to the anchor mmisgible wi fortration efbetbonyl dérivativesosish agrfougxample,

pol yneri zation reacti.on is, then carried,out, producing a_ hydrogel that is
li nked to the subst rdfBncs hycga:fq}reﬁ,ﬁgplcﬁgg%}epga%%egd%ﬁ%#c he reactive

group is capable of pPaiHahishiRakGMEnhd addPiRhrelkdyAahivgNadd@sti on Wi th one or
nore conponent of the absorbent |ayer. Exenplary reactive functional groups

(X1 and X2) incl(fide: sulfpngldrabidgroups foupebssaveny saacbers withramingsi {Pes t her eof
including, but not Ilimted.t r ucci ni m de esters,
N- hydr oxybenzt ri azol X AR ?eért'%?mél(’?%lgg‘ﬂaﬁ?%%s, acyl imdazol es, thioesters,

p- ni trophenyl eggprs,thicklglkyips whiidhesay be cahveytay ko disdlfi@deoomichctedwitkasyl 27 WO
03/ 040700 PCT/ US02/ 36171 (b) hydroxyl groups which can be converted to
esters, ethers, al detip¥ig8s; etc. (c) haloal kyl groups wherein the halide

can be later di ;@ aC%i%BPsﬁgﬂﬁiat}lﬁ'ggo%pgwm@ &Ié%upfo%eﬁan@%;acmfed@fanpl e, an

am ne, a carboxylate anion, arbani on, or an al koxi de i on,
t hereby resul ting in altyletedpval ent attachment of a new group at the site of

;[ EeDihgl ggilndg'; O{B ( d)allgein%Q %E]c!hl c%n%gel%gg, f\é\lbiexcarr]np%,%yg ogélcmigns?;ad%%f ticipating
polymerization, acylation, Michael addition, efc; and
1)) epoxides which can react with, for example, amines and hydroxyl
compounds.
The reactive functional groups can be chosen such that they do not participate
in, or interfere with, the reaction controlling the attachment of the anchor moiety to the
substrate. Alternatively, the reactive functional group can be protected from participating in
the reaction by the presence of a protecting group. Those of skill in the art will understand
how to protect a particular functional group from interfering with a chosen set of reaction
conditions. For examples of useful protecting groups, See Greene et al., PROTECTIVE GROUPS

IN ORGANIC SYNTHESIS, John Wiley & Sons, New York, 1991.

Analytes

The methods of the present invention can be used to detect any target, or class
of targets, which interact with a binding functionality in a detectable manner. The interaction

between the target and binding functionality can be any physicochemical interaction,
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reactions such as, for exanple, nmaleimdo groups; (e) al dehyde or ketone
groups such that subsequent derivatization is possible via formation of
car bonyl wermBmatrives such as, for exanple, imnes, hydraPecmasp2/36171

sem car bazones or oxinmes, or via such nechanisns as Gignard addition or

al kyl | inchidup @Rlichi w‘ﬁdu{gf )on&%&ﬂmg hmio &foddtRisDFarl @dr WHALS @fsrationeact i on

wi th am nes, for exanple form sul fonam des; (g) thiol groups Wwhi ch can
be condtEreti etl@tr@nwunﬁew@éQn&)&ndrfédmpédbwht&’ﬁroabl}llc intggdctigless; (h) amine or
sul f hydryl groups which b e,. d; (i)
al kenes whi ch caff ¥hdé& gary%"gbg%te%l }i‘e 1 eyacclh8%g%|rﬁ g%slg{elr Ogam%

pol y me¢mBadiment, adeyll Hase), nnetM i6h @€ mead thnt bibding Eiend BMEe fakdet.eROXfudiher Whi ch
can react with, for exanple, am nes and hydroxyl  conpounds. The reactive

f unct i Braly smbedingat.Hhe EhGapnds 8 hydiogen bendiielstenatiopar ti ci pate in, or
interfere with, ﬁibrhe]% Fe?[% '%{Boﬁﬁﬁ‘&{t%& A t@%ecﬁiéléa%@aﬂpemlew& nchor
Su rate terna

nmoi ety to the |ve e reactive unctlon group can
be propagpeptidé (og paptide or patt¢ing alplOlyImlhleotll(E:’:(eIgl (mﬂngnyudlétmdproeseasiele acifl),a
protectin . Thase_ of skill in th wi | |, understand how to protect
a part?e'ﬂg%l% Eéwoﬁaapleg?rd@aﬂrﬂ%?ﬁrbw lfa@rorﬁ&pmé 2HK3LERTset of

reacti # ee (3 eene
R T G S S S A R M oA G ool
Yor k, d@@nd umraﬂhymemreTchﬁhcrbmdu@ﬁmttmnhbtyeres eramplavaetdan captare abl@aué ed to

detect any tar cI a ar ich interact w th, a,bindi
oot i s 1SR o Bl Eeali B & Sind LR et B piy R oR Bl Ann R 4B HEE2 o
and bi thdiaRGgdnlBed bubehte ti¥ing AR haphyShcaeherteel. | nteraction, 28 WO

03/ 040700 PCT/ US02/ 36171 1 ncluding coval ent bonding, ionic bondi ng,
hydr ogen bondi ngThe/targeieqn hadariyed oy ansogied biolagieal sewiopeingluding by c

d
| nter aﬁnﬁelgngc ’3"31&%1 LLRRoDGh qﬁﬂ{e%’e%hél‘hu'lcper aﬁ}%i JBBQE? 1&{}1@ aid e Y (.

enbodi nteraction i's anionic 1n

an acumalsbmude@emicts fromdiological saipieshivetiangell lygaos] ckl cﬁ]ﬁﬁetn@erdgebr In a
further xenplary odi ment, the interaction | a hydrogen bondi ng
i nt er aBE ﬂ‘gﬁ F@rrpxama @?Wé@eé%a@ﬁ ﬁ@rﬂptw{lﬁé’ 4eawa {ropp jege TNy tigsue of

bi onol cee?l'é,l &IeHaNi8% & cells, normal tissue or cells, diseased tissue or cells, benign tissue or

cells, cancerous tissue or cells, salivary glandular tissue or cells, intestinal tissue or cells,

neural tissue or cells, renal tissue or cells, lymphatic tissue or cells, bladder tissue or cells,
prostatic tissue or cells, urogenital tissues or cells, tumoral tissue or cells, tumoral
neovasculature tissue or cells, or the like.

In another embodiment, the target is a member selected from the group
consisting of acids, bases, organic ions, inorganic ions, pharmaceuticals, herbicides,
pesticides, and noxious gases. Each of these targets can be detected as a vapor or a liquid.
The target can be present as a component in a mixture of structurally unrelated compounds,
an assay mixture, racemic mixtures of stereoisomers, non-racemic mixtures of stereoisomers,
mixtures of diastereomers, mixtures of positional isomers or as a pure compound. Within the
scope of the invention is method to detect a particular target of interest without interference
from other substances within a mixture.

The target can be labeled with a fluorophore or other detectable group either
directly or indirectly through interacting with a second species to which a detectable group is
bound. When a second labeled species is used as an indirect labeling agent, it is selected

from any species that is known to interact with the target species. Preferred second labeled
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pol ypeptide (e.g., peptide or protein), a polynucleotide (e.qg.,

ol i gonucl eotide or nucleic acid), a carbohydrate (e.g., sinple or conplex
car bohydrwOep/oen7om |ipid (e.g., fatty acid or pol ygl ycer ipd#41S02/36171
phosphol i pids, etc.). In the case of proteins, the nature of the target can
depend,uReninbhife, Mt S0P linditR8 1§ andbited bteiynRidptiters F@fepiaimlad one can
capture a |1gand using a receptor for the ligand as a binding

funct itdetél.i ty; an antigen using an anti body agai nst the antigen, or a

b [ . h Lk b
Gerived from anyl BareerednsyREnCebitor MRk ik Rs MR ACERBIRE 0L 0h o

bl ood, fus@fdaRlitys alhk YagetWhblB&ule s&MbRAbelEd Witt .2 d2RGIabE grplpsnmord thapbne and t he
like. It also incl u%es extracts from bi ol ogi cal sanples, such as cell
| ysat edstectebla group.t Wherertha tasget speciesis nultily labgled avithwapes thar ppe dgieciabee sanpl es

are opt.J I | .e. q . i AR R : +ured

1 ssudr it B ot Y BitrlYgifingursnl BBl SRS Bbpofils A mehb o L0 )

t i ssueylgeh tiedhdisiduslafastuoudott casbedistinguished inchale] hatraye gotdimitddato, t i ssue or
cells, intestinal tissue or cells, g@zral ti ssue or, ceIJ'lI s, renal tissue or
cel | s, flyoyessenaeiveaveleagifealisprntion veavelsn gl HyoTp§ceRqreeTgFSIeRy| HUOTeSCHICEst at i ¢

tissu ol | | | | f; i S,
tumor o RSy R PR B oS P ah T Btes{orRE U Pm SR,
enbodifiren¢scendedifttane dight scatienmegdoel cogdlieationsithereofh t he group consi sting of
aci ds, bases, organic ions, inorganic ions, pharmaceuticals, herbicides,
pestici des, and noxi ous gases. Each of these targets can be detected as a
vapor @r Agsz{)jsqui d. The target can be present as a conponent in a m xture
of structurally unrelated conpounds, an assay m xture, racem c m xtures of
st er eoi soners, rde-chipcefthe pressatineastion issysefubsi RRsFEMENG asgeyetair es of

di aster e m xt ures of..posi {1l -] . conpound. Wthin
the  suppanell FobEReRigit BubhB e SO HB o Ba e e R PO h et of

i nt er @aimwiohiraid, compealtiveraesye, DNACHRIVAdindindhakayse Asorsbdencinasizd xt ure. The

target can be labeled with a fluorophore or other detectable group either
di r ectiprigization{Flad), pyoteinraad guclem %Fdaﬁrpﬁhﬁg HSEYS amgd@ee}hepsgweﬂgé@e %-which a
det ect S ahel i &Sin radiR@d as an
indir e’f(!:‘{%J ﬁgg‘gﬁﬁ%&gsgséﬁﬁ&ﬁ%esi\é\g%%e eec%?g%r}q?t?om afﬁge E)g’glgﬂll esmtpﬁgt ?fsé known to
i nt er axxempidrn adshgs. tEhiglicus jsdor dsarityRiféllestratioh ewly and i rdb éhtendedgo Befi@37r040700

PCT/ USD2/ 36171 speci es i nclude, t.,are naot limted to, antibodjes,

apt anetgtt ﬂé?pﬁ“ﬁ%?@ﬁe GvPRipthvE ASH ,OPgﬂ]&_m ﬁﬁe(ﬁ'ftivﬂ.h_&?ﬂl_‘eecfaéer @‘8{ %8%6?%%{_ (?efzbel ed
ei t herg, D&HQHCPk blaif) applichtlé &) A6t s théhri R B dstediihg theipfebéneBahd/by. The
target nol ecule can be Tabeled wth a detectable group or nore than one

det ectamiduat gf otapget\Where the target species is multiply labeled with nore
t han one det ect aﬁlleec

hip of the present invention is useful for performing retentate
chromatography. Retentate chromato graphy‘has many uses in biology and medicine. These
uses include combinatorial biochemical separation and purification of analytes, protein
profiling of biological samples, the study of differential protein expression and molecular
recognition events, diagnostics and drug discovery. Retentate chromatography is described
in Hutchens and Yip, U.S. Patent No. 6,225,047.

One basic use of retentate chromatography as an analytical tool involves
exposing a sample to a combinatorial assortment of different adsorbent/eluant combinations
and detecting the behavior of the analyte under the different conditions. This both purifies
the analyte and identifies conditions useful for detecting the analyte in a sample. Substrates
having adsorbents identified in this way can be used as specific detectors of the analyte or
analytes. In a progressive extraction method, a sample is exposed to a first adsorbent/eluant

combination and the wash, depleted of analytes that are adsorbed by the first adsorbent, is
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group, the groups are preferably distinguishable from each other.
Properties on the basis of which the individual quantum dots can be

di sti nguiwbed/ousered ude, but are not limted to, fluorescemce/usavadiengt h,
absor pti on wavel ength, fluorescence em ssion, fluorescence absorption,

ultr a\é%]?&sga td 4 edHon@ReQHan Ryede[pil@;ct@it Rl 8thet Skl ytad ST QAR RS cohditieseid eretified

quantumyield, fluorescence etine, I@;ﬁght_ scattering and conbi nations
t her etd retain analytey slsTlren bhigsddf preperafve perificatian eraedyres &1 Whigh gn ipure

perform ng assays of bstanti al | fo BN i . J.imted

Po chranBrsananine Seaidre Sopii sy o Morkply HEL Motn B mbiiges 1 L2

bi ndi B RERAIVS anflMOFOSERAGElytd s Sbllected i bimithl Zdxbitent foFh Sifsequembtaind. and

nucl eic acid profil |§219 tassays, sandwi ch assays and the like. The follow ng
3

di scudse.dar fompded). b Nes 6,289,0fhe net hods of the invention in practicing
exenpl ary assaysy. This I8 f. LY Qo hRRiArkia@gd 1s not
o anadt o qat the tillPo RE HYatn lgE:l%ég{éﬁ%fab%ﬂﬁ%ftﬁoﬁ%éedﬁtﬁ}a%?ﬁd‘@hése of 'skill in

t he awof awdlides &ppT £sdlatie, pratestine rewolutiod of fnalyteein asaspie, prefagativeoad| y

applicable to any assay techni que for detecting the presence.apd/ or anount
of a PHF§ettionenanplytemaking pEhes of SPRok ﬁﬁeﬁ‘ﬁgﬂ %fh %&Bﬂ‘%ﬁf mﬁﬁﬂodig‘?rf or m ng

reteng i : hRARUANEAREL niRBd AT B p et RfingN
bi ol O%@émﬁiﬁgﬁ%@%?ﬁ%ﬁé@{%& Eﬁgﬁslﬁlfgﬁ%ﬁlﬁde conbi na%h};ri al bi o%:pﬁem' clerl1
separ ahiyne assdyspureitidds dtri identifying andlytee that preatiffenentiglycxprassry ketwesnol ogi cal

sanpl es,. the study of djfferential protein expressi | ecul
 ecoghdlpBRtaITeS bl beEPRL BedRaRgiot Ry ry ey g HoRhy

chr Oméé.gg E&B&H{n% §ssQ?s§P£ﬂdQﬁ5’¢hodsrfof'%@rﬁFh¢iﬂ% a@Bisls Miap specifidallybindnin aalyte.
6,225,047. One basic use of retentate chromatography as, an anal ytical tool
i nvol ves  exposilngther eppliskidonsochipbesnsi assays bpegd aasspesifiprhinding reagtiongr ent

adsor bent / el.yant. conbi nat i.on til | (o) 1e. anal yte
ander AReBHIFy arefics VR ari RO R0 Pl ERbIEHHIR, hotfhohel B hec brol i,

i dent iphiiesdiered trifeduy gt in fvariowktislogicapfliiie amhiadsy¢ sanipiesa Ingeptrel,
Substrates havi ng adsorbents_ident i'fiaﬁd Lnh this way can be g&sd as

speci fhicasgersconsgistofsrtarash abinding Rmgtionalifsiop thedarger, a8d g MEgPELLFIFILEt r act i on
met ho I Nt i gl cRMYenat i on and
he. il G ARA G R AREn b IR b L B ¥ ot e bent . i s
30 WOIRBMBwlal RETyd 8088 6bztonschepmead mnmmgbbobnandiywli¢sdwhiclh abepl et e it
of other analytes. Selectivity conditions identified to.etaln analytes

al so @awbé%O_ ggmgﬁv 1§’r %’ﬁ‘&ﬁ&@?%@%&??ﬁ’éﬂ%ﬁ%&%W%Osunldﬁ a‘&&?@éﬁ“ﬁ% i mpur e
sanpl g, fORhS RS- FPesHTREACASNd AcBUPBELthg RPASRvidih biyd biotinasisRinaning t hat
retain 1t, i'mpurities are renoved, and the retained analyte is collected

f r om timenmdglobbling, ldctins andswwigeraqoisties angithellike. See, for example, U.S. Patent No.
4,313,734 , issued to Leuvering; U.S. Patent No. 4,435,504 , issued to Zuk; U.S. Patent Nos.

4,452,901 and 4,960,691, issued to Gordon; and U.S. Patent No. 3,893,808, issued to
Campbell.

The present invention provides a chip useful for performing assays that are
useful for confirming the presence or absence of a target in a sample and for quantitating a
target in a sample. An exemplary assay format with which the invention can be used is an
immunoassay, e.g., competitive assays, and sandwich assays. The invention is further
illustrated using these two assay formats. The focus of the following discussion on
competitive assays and sandwich assays is for clarity of illustration and is not intended to
either define or limit the scope of the invention. Those of skill in the art will appreciate that
the invention described herein can be practiced in conjunction with a number of other assay

formats.

31



See, for exanple, U S. Patent No. 6,225,047. The chip of the invention is
useful in applications such as sequential extraction of analytes froma
sol ut i on,wprieguEssi ve resol uti on of analytes in a sanpl e, pprapsar/airve
purification of an anal yte, making probes for specific detection of

anal ytes, met hO%FIégﬂaemrg hfpetifife Bih@hEialshy, (RS §RERs fodk ofsGRMNS iRy

mul timeric nol ecu tHods for perform ng _enzynme assays,. nmethods for
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sources, methaods for identifyi | i gands.for r £ for drug
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is further ilTustrated using these two assay formats. The focus of the

f ol | ovitindjngimstetigkisdebelad withy resgepblabglsays and sandwi ch assays is for

clarity of illustraki: ' t: tddnY fuelefdaBtyodld Mt the
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O et oey by s 0% TR G aHChor b RRRIRBRN
o 3 R 0 08 o SRt o e mbat o
ot her &p@xtdrés displaoeil yoart éréagonist to that receptor. Other variations on this format will be

apparent to those of skill in the art. The competitive format is well known to those of skill in

the art. See, for example, U.S. Pat. Nos. 3,654,090 and 3,850,752.

The binding of an antagonist to a receptor can be assayed by a competitive
binding method using a ligand for that receptor and the antagonist. One of the three binding
partners (i.e., the ligand, antagonist or receptor) is bound to the binding functionality, or is the
binding functionality. In an exemplary embodiment, the receptor is bound to the adsorbent
film. Various concentrations of ligand are added to different chip regions. A detectable
antagonist is then applied to each region to a chosen final concentration. The treated chip
will generally be incubated at room temperature for a preselected time. The receptor-bound
antagonist can be separated from the unbound antagonist by filtration, washing or a
combination of these techniques. Bound antagonist remaining on the chip can be measured

as discussed herein. A number of variations on this general experimental procedure will be

apparent to those of skill in the art.
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is bound to the adsorbent film Various copce i.ons l are added
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i ncubate omtengerature for a preselected tine. The receptor-bound
ant agdcstnbento, 1896 dpaioptee dl. fF dfad Keemn¥BbL2B-2n€1896hi st by filtration,

washing or a caqunbination of these techni gues. Bound antagoni i ning
on the chip canog‘gm%i)ég@’rté@eBtcclffl%%gg@aa‘rﬂ8?’%?%Pr°§e%5%%?&ol{aét§édr %;gt]tg?ons on
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the art. 32 WO 03/640700 PCT/US02/ 36171 Competi tion binding data can be

anal yzegariy azd imargasic conpourdmily @axsesently preferred embodiment, the libraries

synthesized comprise more than 10 unique compounds, preferably more than 100 unique

compounds and more preferably more than 1000 unique compounds.

The nature of these libraries is better understood by reference to peptide-based
combinatorial libraries as an example. The present invention is useful for assembling
peptide-based combinatorial libraries, but it is not limited to these libraries. The methods of
the invention can be used to screen libraries of essentially any molecular format, including
small organic molecules, carbohydrates, nucleic acids, polymers, organometallic compounds
and the like. Thus, the following discussion, while focusing on peptide libraries, is intended
to be illustrative and not limiting.

Libraries of peptides and certain types of peptide mimetics, called "peptoids",
are assembled and screened for a desirable biologigal activity by a range of methodologies
(see, Gordon et al., J. Med Chem., 37: 1385-1401 (1994); Geysen, (Bioorg. Med. Cheim.
Letters, 3: 397-404 (1993); Proc. Natl. Acad Sci. US4, 81: 3998 (1984); Houghton, Proc.
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uni queocal poounais] anm@freltaaﬂszwfmn@tsmﬁlbemwgmtltqﬂwse skpld imths agtnd nor e
preferably nore than 1000 uni que conpounds. The nature of these |libraries
is better understood by reference to peptide-based conbinatorial |ibraries
as an pxedadie. The present invention is useful for assenbling

pept i de-based conbinatorial libraries, but it is not limted to these
libraries. The nbhgRigssnss of thpanalyigdmmabiiized eniee wsarbenifilarandeshangesiar i es of

essenthabhdbrd iR ggfgbfglg}ﬁ PrRd qna;@g&mé&te&m>l P LEASH i dBbGsH] e,

car bohydrates, nucl or ganomet-al [i ¢ conpounds ~ and the
li ke. sﬁbcuﬁométne ete@triom/\ienlgnqhesmmedﬂ:e \Hor: bxanfifgle,lis icengaio ambeqhikriedts lighbrmar i es,
i's i ntende to be | ustrative | i tlng Ligr ig pepti des and
cer t aithe Vippderegion ﬁ F BRECHTMES Pied, t d I]Plélﬁltergﬁ@blf f thg-adsorbgr %ﬁbl ed and
scree r}eﬁeétﬁ{ceatr%ﬁh&ﬁ% eod&yﬁ%geab& @hfﬁ%eﬁéﬁ/ I b:me@mrtﬁe@etmfhgmml ogi es
(see, Gordon et al. Chem |, 1385- 1401 (199 Geysen, (Bioorg.
Med. Qrassed thiosgh @resqu@rbe@gﬁma@d tl(lel@rg@;nt obtight trmaxrmttedA@I@mrlsémr reflgatedg1: 3998
( 1984)canll_)bu e%sgrre]d. l1:‘“56 %evme can utilize a backlighting device such as that described in
United States Patent No. 5,739,879. Light in the ultraviolet and infrared regions is also of use
in the present invention.
For the detection of low concentrations of analytes in the field of diagnostics,
the methods of chemiluminescence and electrochemiluminescence are gaining wide-spread
use. These methods of chemiluminescence and electro-chemiluminescence provide a means
to detect low concentrations of analytes by amplifying the number of luminescent molecules
or photon generating events many-fold, the resulting "signal amplification" then allowing for
detection of low concentration analytes.
In another embodiment, a fluorescent label is used to label one or more assay
component or region of the chip. Fluorescent labels have the advantage of requiring few

precautions in handling, and being amenable to high-throughput visualization techniques

(optical analysis including digitization of the image for analysis in an integrated system
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and infrared re present Invention.
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Microscopic techniques of use in practicing the invention include, but are not
limited to, simple light microscopy, confocal microscopy, polarized light microscopy, atomic
force microscopy (Hu et al., Langmuir 13:5114-5119 (1997)), scanning tunneling
microscopy (Bvoy et al., J. Vac. Sci. Technol A 15:1438-1441, Part 2 (1997)), and the like.
Spectroscopic techniques of use in practicing the present invention include, for
example, infrared spectroscopy (Zhao et al., Langmuir 13:2359-2362 (1997)), raman
spectroscopy (Zhu et al., Chem. Phys. Lett. 265:334-340 (1997)), X-ray photoelectron
spectroscopy (Jiang et al., Bioelectroch. Bioener. 42:15-23 (1997)) and the like. Visible and
ultraviolet spectroscopies are also of use in the present invention.

Other useful techniques include, for example, surface plasmon resonance

(Evans et al., J. Phys. Chem. B 101:2143-2148 (1997), ellipsometry (Harke et al., Thin Solid
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use in pr act| Ci rithetbiechipsasitthis invenénh mmseﬁubfande:fadeeenhaaomldpdee infrared
spect roscopy (Zhao et , ir 13:2359-2 9
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surf aclgz () é S acQ trra%gf%l%%ﬂe analyte. The matrix is selected to absorb the laser energy and

able to

apparently impart it to the analyte, resulting in desorption and ionization. Generally, the
matrix absorbs in the UV range. MALDI for large proteins is described in, e.g., U.S. Pat. No.
5,118,937 (Hillenkamp et al.) and U.S. Pat. No. 5,045,694 (Beavis and Chait).

SELDI is described in U.S. Pat. No. 5,719,060 (Hutchens and Yip). SELDI is
a method for desorption in which the analyte is presented to the energy stream on a surface
that captures the analyte and, thereby, enhances analyte capture and/or desorption.

One version of SELDI, called SEAC (Surface-Enhanced Affinity Capture),
involves presenting the analyte to the desorbing energy in association with an affinity capture
device (i.e., an adsorbent) attached to probe surface. When an analyte is so adsorbed, the
desorbing energy source is provided with a greater opportunity to desorb the target analyte.
An energy absorbing material, e.g., matrix, usually is added to the probe to aid desorption of

biomolecules, prior to presenting the probe to the energy source, e.g., laser, for desorbing the
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anal ytg.diGatchfe 4838cR1aN8yRASHEN the dASSOE aAd h aibaid foR deRrafdimdiht Yintapt ur e

device (i.e., an adsorbent) attached to probe surface. Wien an analyte is
so adsghied the dnalyte from desorption to detection by the detector.

A preferred desorption detector is a laser desorption/ionization mass

spectrometer, which is well known in the art. The mass spectrometer includes a port into
which the substrate that carries the adsorbed analytes, e.g., a probe, is inserted. Striking the
analyte with energy, such as laser energy desorbs the analyte. Striking the analyte with the
laser results in desorption of the intact analyte into the flight tube and its ionization. The
flight tube generally defines a vacuum space. Electrified plates in a portion of the vacuum
tube create an electrical potential which accelerate the ionized analyte toward the detector. A
clock measures the time of flight and the system electronics determines velocity of the
analyte and converts this to mass. As any person skilled in the art understands, any of these
elements can be combined with other elements described herein in the assembly of desorption
detectors that employ various means of desorption, acceleration, detection, measurement of
time, etc. An exemplary detector further includes a means for translating the surface so that

any spot on the array is brought into line with the laser beam.
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desorbing energy source is provided with a greater opportunity to desorb
the target analyte. An energy absorbing naterial, e.g., matrix, usually is
added to wbespswobe to aid desorption of bionol ecul es, priPCI/USO2/prIesent i ng
the probe to the energy source, e.g., laser, for desorbing the 36 ' WO

03/ 040700 PCT/ US02/ 36171 analyte. Typically used matrix materials include
sinapinic acid (SPA) and al pha-cyano-4- hydroxy cinnamc acid (CHCA). The
desortlgfbr fcgt e can be det ect ed by any of several means. \Wen the analyte

isionized in th ces

desor ption/i oni z‘%ﬁ’g lon %3@ ﬁé&& da%%SEQ g@f&eégitdg %%%e b msthods of the

det eCthentlb/ﬁ%iico‘ilﬁ)@&\Fa'il@HEtt@ fife a@tegtgﬁﬂrlchm pr@gfeswtﬁ thmmﬂdwgndatoe; m ning the
time-of -flight of desorbed ions. This information is converte(il nass.

One ndketapruticslslreg dww:éoptnmt resesenser defesdonmend, angipiherpelgisd @reas Pall pes| ve and
det t th t t
et et b OB Bl R MBS b bl ogt 2t

det ectdi@ase@aafiondst sth%e l(s‘a@J ©r%e Rhtedt Wol sem aso 159599677 5,9381588 ramgat e t he

anal yte cor@onents and functi,on l% socjated with reas tt)ate at ach | ocati on
QG- Seiecdplsr tomcegiend {FPENALORSAN b8 SRRIAEI 1Y cligE 45 A t he

anal yt fror “mlahagdduvicl Pr&ebinies: Theetslesor bed

anal yt gugqlﬁé%&d%mﬁgé%gggérnp ?%rfmaglgt&éc]tpor (?et ectscdesorbed ana?e e w t hout

an i ntMeshadisat, end Fepcto, ”qmpbwrewgtedhett&riBCyPl@tqomlcmttmfﬁﬁ@m%sGDliO@a%hase and

subj ec it t guent naI cti on of ormal |y
will %gﬁ% 1&&%3??% Sibes @ﬁ%tf’ foghcﬁw? 18“??16][5%3 IM% 83s ¢ he
quant 'tﬁéﬂogﬂ‘cal s%ﬁstirxa%ewe@éﬁf bf%@lthte@tktebetoﬁd&egi@anéffectbﬁcntﬁﬁm I&iqbdmre@ @héct or
al so can nclude other elenents, ggg a neans to accelerate the desorbed

anal ytliketyongarable bepasetesbrashqldnier, entNgy Sefdtl 3m- nbirylar pdvapiages of -
flight of th te.f d t t
br ef orEie dp ARt elapRtl SRR bR S S LGk a0, BECIER s, A

spect rodhftes, wbid@hdﬂugs wall khekikeyn in the art. The mass spectroneter
i ncludes a port into, which the substrate t hat carr.ies .the adsorbed

anal ytes, . Bhusy amothes prefstedieaipodipentythp grased INVERLPY PEOVIGS R ener gy,
such adsatelb%?ete at? ﬂglélggs Qq%{%{ Lo %eh&he?é”‘és% L datat 'Tfnl;‘ HRd cbhygined &l ﬂ‘tE Qattbidd t he

| aser Tesu esor Intact analyte into the flight tube and
i ts i dphapiited mtsm‘gtaanethbd ghthetinieatigeael/ad d QDdtabelnéspwes at thermwgrdion.

Electrified plates i ortio he vacuum reat an eIetrlcaI
pot entSither ngﬁwrng@B@F%?Wbeﬂed{ﬁt aRF CARRS SUbs g?ﬁi’raﬁ 51&18& %
cl ock ftf‘e%néxh%lﬁéd%d%fanéﬂﬂt@btbtﬁtt%retéeabty§1t ElBL R4 RE BatgiseSTHEt er i nes

velocity o
electromc database of the invention can be maintained on any electronic device allowing for

the storage of and access to the database, such as a personal computer, but is preferably
distributed on a wide area network, such as the World Wide Web.

The focus of the present section on databases, which include peptide sequence
specificity data is for clarity of illustration only. It will be apparent to those of skill in the art
that similar databases can be assembled for any assay data acquired using an assay of the
invention.

The compositions and methods described herein for identifying and/or
quantitating the relative and/or absolute abundance of a variety of molecular and
macromolecular species from a biological sample provide an abundance of information,
which can be correlated with pathological conditions, predisposition to disease, drug testing,
therapeutic monitoring, gene-disease causal linkages, identification of correlates of immunity

and physiological status, among others. Although the data generated from the assays of the
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anal yte and converts this to mass. As any person skilled in the art
under st ands, any of these elenents can be conbined with other el enents
descri bedwbeseiatoéo n t he assenbly of desorption detectorsPCRASOEsEIDY

vari ous neans of desorption, acceleration, detection, neasurenent of tine,
etc. Amnvexib ahiveddBl fah@dl réHEwRRA aﬁanydlmfzﬁ pﬂ:féf?sﬂr&nﬁd?ﬁméﬁtaﬂ%r&htang the
surface so that any spot on the array is brought into line with the |aser
beam E$CMEH@3$@%0HQGﬂﬂ@ﬁﬁ@@@ﬂ%&@iﬂmhﬂﬂnfornat|cs As hi gh-resol ution,

hi gh-sensitivity datase cquired .y ion
become availabIeApgn?ﬁg é&&ﬁ %ﬁ?lex %mﬁg%ﬁre%ggﬁﬁoggéag%g%hﬁgﬁpg

di agnoktidwasin thé her aslemanqge msugataﬁyebmmand 066,215 discldsy etctytiorait , and
other related areas will oqccur. = For exanp di sease narkers can be

dont  FE0HSa RS RSP ESPmBISEYIar SRS FHATHEPTGh e B EITendi ¢ i on or
st age é%??nce uobceecfal?egﬁé.&ed%d.séar ﬁgdzdcanﬁrgmﬁﬁo 31 ofrhbre Ig&o%g@ﬁﬁéﬁon and

5, 710, t oxi co ogi C formati on can be generated to
bet t er hidiareés. dF.8gPatsniri,@3I3 T2 dsdoszs b ralationabdatatesahadng fsmenceAncedson, L.,

o e P S CHRI Aoy AT R AR e A SR Aot0r B AABlen EA DN e chess o
1998) ) 1o @&&%éueh %iéd box el 26 AR th Bs0EES] th 688 DR RRusticidd FE@cisn a

bi ol ogi cal sensor device to predict the |ikely toxicological effect of
cheni cfir obtepusgifidislengtl sefiidoets/from|thy cobleetiaaxqigsuitad latigtlesiqueapss.(Yee, U. S.

Pat ent . 1 m | ar ,advant age r.om dat as | evant to
ot her ?Ng'ﬁoﬁsm%u‘fgé dg%f‘)r‘%sef)ﬁggﬁ {iq}gbagcagh?% f%’sﬁm 06&1%4‘%%35 Iil%fé'iFOts as%le?g hari des,
l'i pi dsseqdlert@Simidido bREqudnkeHata TiokhSn aigen@@ALBASE bied barthedegedsrdimiaity t he
present 1nvention provides a database that includes at |east one set of

dat a abefwgemriakey seyhencgsnd adeseticasence-J ShRateritSalis®d7 disclogegametivdusi ng a
et hoduﬁﬁ%&p& gge&m%g&pfrgggér% idh ek RARP b6l RO RFERQantilS aiB KERELRR

ei t her at abase C pe I'n substantially
any f Ofrrnolnfpum idefabasdabg csm@amnr@pmdmtmasmﬂewaa\nﬂhbkp@dneﬂmny -desived
preferably an el ectronic dat ase. eI ectroni c %lga ase of the

i nvent M8F PSFEIES ﬁ]’Pé"tnﬁé%O “é‘ﬁ?suﬁq Sr RAPRE SefeAR PIORRS ARG  t he
storagg ehGR Gy SHHIRIiferRRMILLR o ter, but is
prefera Sl%g?sd?%‘:ggute h%éjﬁj%}e ar gt networ kl, such as the rid Wde Web.

The f odazssnbﬁd astoa- lpre%mhmcalqubcessmg QOHAP}ade'@Bc;ntwﬁ thh cbmlid@téonpé ptide
sequence. %B;amflt%l# data4 {or cI r|t hrﬁljfjstr%h onl% lr[i} w il be
appar eRIERReRb etiatdafPrdife ffeo B ok Bhsqridefih B B
assenbbagntf 0795w r@?&ﬁi\/ Kkl Atk fehctigd MOwROh BRSPIIOST éabE dathbuéent i on. The
conposi ti ons and hods described herein for identifying and/or
record are divided into two classes, navigational and informational data, with navigational
fields stored in a hierarchical topological map which can be viewed as a tree structure or as
the merger of two or more such tree structures.
The present invention provides a computer database comprising a computer
and software for storing in computer-retrievable form assay data records cross-tabulated, for
example, with data specifying the source of the target-containing sample from which each
sequence specificity record was obtained.
In an exemplary embodiment, at least one of the sources of target-containing
sample is from a tissue sample known to be free of pathological disorders. In a variation, at
least one of the sources is a known pathological tissue specimen, for example, a neoplastic
lesion or a tissue specimen containing a pathogen such as a virus, bacteria or the like. In
another variation, the assay records cross-tabulate one or more of the following parameters

for each target species in a sample: (1) a unique identification code, which can include, for

example, a target molecular structure and/or characteristic separation coordinate (e.g.,
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guantitating the rel ative and/or absol ute abundance of a variety of

nol ecul ar and nacronol ecul ar species froma biol ogi cal sanple provide an
abundancewofosiomf7or mat i on, which can be correlated w th pacraiSoysaal
conditions, predisposition to disease, drug testing, therapeutic

noni t Qjjd s s : bid dolkR98R! (33 itd afPdd Rtk geatiteb@t es of
i mnféﬁ%}:ﬂ%ﬁ%{%@%ﬁ@%}t@ﬁ%@%%%ﬁ% %eluég H&gnﬁﬁlg( 32)?%2%12é Al t hrgugh '? he data

gener dhethrdat opacidsprazsstapshofanile 38 WO 03/ 040700 PCT/ US02/ 36171 i nvention

is suited for ual review and .an is, in a.preferr inent, prior
data processi ng \SPHE ‘ﬂf’Gﬁpé’ﬁ%‘@aﬁ’s?ﬁ%’ﬁts@&geiagdg?tlgF?arzlé)gg °§§P"§1{rg?§§ of

et hodgrobOdatd MAEIRMt@ Rt Rbabe ¥ppaSathd, MHhaGH iddluderhagmemicidls, spticknown i n
the art.” For exanple, U S. Patents 6,023,659 and 5,966,712 disclose a

r el at idisks) maghetcabpiine] digks, ORAM: SRAM HRBMbRBNREM, RDRAN: MR RAMor mat i on

o ondibpoiePiis BeuBlS pelh B o P iup A BT ggg 7 cor & 19

di scl eg@snaCPEldathisoiale daiyabaspichiay itngasendenteordans sisredasnibit rattan
information in a format that allows a collection of agrartia{i‘-length DNA
sequeriB s array ofjeagngtis dogans carmagnstizahleimsegdivay off g0 Y ESR918E FIBIS R t h one
or nor i PLRY h AR NI ik §08L RaGeQueRaDsiséd @m t he
col | eéﬁngﬁ%gg%ggﬁsh{u%ggéﬁﬁnfgggggég%ggg u. S LHGI‘F/'fe?t Zn$’5?706, 49%%31isscl oses a
gene datrabise anéhchagaktosagstaeen, bichmaky beyommthe étansiston) Inoneembedimesfequence

simlar to a.sequence data itemin a gene database .,b d on..the degree of
oi i | dn fyentiph RIgWACSueh Flocags Aricss A campUPt SPTUBRIEH B, pa ont
5, 538, @@ 3Gl ESHerh SROIRY a HolcNfePRESiof BAGHARCRBYrd doagitakhique

patterns of peptides to identify am no acid sequences in conputer
dat abadesifleys oatdazst $0targét dateenscende drosmtpbuisisd svittatayget pource.

[ I1y- ived - | : . U S
Patent | 5. 926, 167 BPLEFGeaE & e3reac ol RishcieRh S REER A kbl MEAR

f unct i pRsihbd Yorfi@ntiRih reldle@pBgtiddtainudiRicacinelysicss, cdrpeising@drfasniagal i ne

anal ytical processing (OLAP), which entajls the consolidati oa of .Br oj ect ed
and acomputezed CABPBIAN REIESL ARERIdT RIS acHhesINPrESEsHY e soFeddinensi on.
u. S. , ' LEsdalletai et he
fiel dsg?g%tﬁgg% ﬁégt% acg))gii)g%?refe%(%%gr%dg é’%%?@? e%%‘%t&% ?%Itmgﬁglt)glgfsaseég , : navi ggti onal
and i ndoaiparitérnsnalinclades sagueicermulygator omaparisbh elgdsitten or ecmpwtesprhg@mar chi cal

t opol ogi cal map which c Vi ructure or as the nerger
P e TR 1 AR HHE B RSN AR ool ™
conputis o iRt ARASE 1LBIRY ¢S fitile PARILIE hicid 80feSSY TR bPSeqabmet Ng i N

conputer-retrievable formassay data records cross-tabul ated, for exanple,
W t h distamspddidy a pglyphetidsoarmielesf acihgantpde gt speeed ni ng sanpl e from whi ch
each sequence sﬂq%(iinzfén fo%%lsro%(fgtregab‘f}\’/agro% Esf"‘:jt rrfﬁgnetic disk, such as an IBM-

compatible (DOS, Windows, Windows95/98/2000, Windows NT, OS/2) or other format

(e.g., Linux, SunOS, Solaris, ATX, SCO Unix, VMS, MV, Macintosh, ezc.) floppy diskette or

hard (fixed, Winchester) disk drive, comprising a bit pattern encoding data from an assay of
the invention in a file format suitable for retrieval and processing in a computerized sequence
analysis, comparison, or relative quantitation method.
The invention also provides a network, comprising a plurality of computing

"devices linked via a data link, such as an Ethernet cable (coax or 10BaseT), telephone line,
ISDN line, wireless network, optical fiber, or other suitable signal tranmission medium,
whereby at least one network device (e.g., computer, disk array, efc.) comprises a pattern of
magnetic domains (e.g., magnetic disk) and/or charge domains (e.g., an array of DRAM

cells) composing a bit pattern encoding data acquired from an assay of the invention.
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In an exenpl ary enbodi nent, at |east one of the sources of
target-containing sanple is froma tissue sanple known to be free of

pat hol ogiwalo3d#wor ders. In a variation, at |east one of PoE/Sous@es is a
known pat hol ogi cal tissue specinen, for exanple, a neoplastic I|esion or a

ti ssue speci nen ERALANMLAAIE pRNileeRcBYE oragnamitifigisssa P dath eiat tnchrdet he
like. In another variation, the assay records cross-tabul ate one or nore

of t hegchetetingimglegzamansigesl on ahmlecgranie commymicatipatdics, fuch asaHeden, (1) a

uni queqidentification e,.which c include : rget

nol ecﬁﬁ?ﬁ?ﬁ%ffﬁag%&ﬁgrca@ﬁﬁ%c%?lprsl}di S%’ltgfg’pdartf[ aé)lﬁ%eﬁ%%ggr? :Ehr?ast?%jtﬂ1 ?e. g., 39

WO 03/i0d0d&QiPkative/Sp 4oz fitéd forlag)cd BippiirEeticodiag dathi fiah @a Jassafy 2y asanpl e

source; and (3) absolute and/or relative quantity of otthcﬁ%t arget species
(it ¥

pr es_erdfatqbﬁset Ieansieing) A luTpliEy lrasemt ieHisabEangdr by he B tod IYpfine and
retrieval of a ggll ?&Eﬁ&?a@f)odihﬁhg?ﬁe iﬂ%@g%@\d&é@%ﬁﬁfm&%&ﬁeﬁtf@f age

appar at us, which can 1 nc e nmagnétic di optica di sks§,
magnetoongting alqueliyskget tDRANabSEAMNtBGERAR) aSDRANMatRDRARYreHBRCIRMMN assaygnet i ¢

bubbl e nemgry devi ces, an her data storage deyices, including CPU
regi stigsut ob&%’iae%w %P@eﬂ}é‘f‘goéhﬁ FEGRICH taﬁér ?ﬁ%ﬁﬁ@ﬁ?ﬁ/‘[,&f&eﬁ& af%ff%}”eﬁ‘egjat a
recor e%f?&e%ﬁ%ﬁalﬂsgaﬁ v@iéht@@%ﬂeecﬁfke% ddta. AR cBtFAYrdessoR fefatpmai NS ON a

magnet | Zabl e nedi'um of “as an array of charge states or ransi stor gate

st at ednitilizdi tadoaimndrexegutofheceipyter programin aiguinest gnd/qy comparspncad|the ‘
conprised of . a.transistor and a charge orage. ar 1 on the
t r ansi SERFSUSn DB A0 HESEL 1S op quﬂk?zth? f?ﬁrabs%)\g%&%%\ag %gry@?%r%ge

devi Cesyecatish SOAPUSEHutEy b e Rilts intREsRNhI frocesS@tPiiiesingghaadny dpat t er n
encodi ng a protein expression fingerprint record conprjsing unique

i dent iffom ke daba filgt whis §PH@GSQS&@é§rYd§§@W@é@fé&a%ﬁb’é‘?ﬂtabul ated with target

source. Wen th | tJ | i LANENLJ ONn
preferably prov?ré{éaggl%gg%%%ﬂlgr(?g&@rdnﬁzléﬁq wléﬁg’k‘?%?lg‘tcgﬁb%%?% e or nucleic
aci d seeurIABESemenMhic is gypiaillyatmdangacessaoemortygeigz R AVMSRAMON bet ween a
peptide or nucleic acid sequence, assay record stored.in or retrieved from

a conpteRAM:sSHRAMYy T agets Areankeshacsording t9ithg degree G forsspNiciSSquence. The

conpary gl : | 5 RasNaador
C oo HAALr A A RaRBRHERCE ATEIRE b P CAPRRIRATIRBAING NG

and/ orth¢ bene cimpantérstin ofrthe qubey tefget hrel resiltstare/eutpwioiaen §O devirspthode or

o nucPaE 2 e B ACEBE C SLET MR R TP Rord] o8 BREFaran G T
provi d&%h@, PRG0EY, ISP AR S MTEUAD02 SR8 10606, VoOxRat. ); o gaecanWendows,
W ndows 95/°98/ 2000, AL/ ndows NT, OGS/ .Zg_ or other fornmat e. gﬁﬁ Li nux, SunGCs,
Sol ar i ®mmArKal @q@blademaipveelepar e gprts_@%ware@zagkaygef(?-s-p C&@fcﬂ’@n‘?ﬁr har d
(T X pA s 8RN S DAl deki¥hte SRIBE hdbfitaforthloi bRKT BRE GGG dat @ from

memory device (e.g., DRAM, SRAM, SGRAM, SDRAM, EPROM, bubble memory, flash

memory, etc.); an /O device can be a terminal comprising a video display and a keyboard, a

modem, an ISDN terminal adapter, an Ethemet port, a punched card reader, a magnetic strip

reader, or other suitable I/O device.

The invention also preferably provides the use of a computer system, such as

that described above, which comprises: (1) a computer; (2) a stored bit pattern encoding a

collection of peptide sequence specificity records obtained by the methods of the invention,

which may be stored in the computer; (3) a comparison target, such as a query target; and (4)

a program for alignment and comparison, typically with rank-ordering of comparison results

on the basis of computed similarity values.
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the invention in a file format suitable for retrieval and processing in a
conputeri zed sequence analysis, conparison, or relative quantitation

met hod. TWeO o3tEni i on al so provi des a network, conprisingpraTgisar/adirty of
conputing devices linked via a data link, such as an Ethernet cabl e (coax

or 10BaseT), teirg Hﬁ'ﬂs‘?lals' Rfethods 2RMNa&ViER, of%dﬁé&ﬁﬁmﬂ@ﬁti{&fdﬁe fiefiet cal fi ber,
or other suitable signal tranm ssion nmedium whereby at |east one network

devi ciluseaigd by(thmq:mtr@iiqs whick fallovay Theseexymplsspiei offesedtogHusteale, byt notdignet i ¢

domai pns . ( netic di sk) and/or charge domains (e.g., an array of DRAM
cel | s;}md‘btﬁﬁg?flﬂéﬁgwf)‘?t{ Upattern encodi ng data acquired from an assay of the

i nvention. 40 WO 03/040700 PCT/US02/ 36171 The invention also provides a
method for transmitting assay data that includes generating an electronic
si gnaH. dfitan el ectronic com‘runi cations device, such as a nodem | SDN

Ler i nal adapt ex, , Bobuer GABLE WIRAENATMMILAD, Gl alld fk i capharioh L he

signal include Ve’ or encryp ormat a bit pattern encodi ng

dat a brf @ohiprofdssSiayer@ona The &itaﬁﬁeﬂlscmﬂnudemmg)r anqok vombonent of thasdsgrbendsul t s
obtai ned by the nethod of the invention. In_a. pref eéred enbodi ment, the

i nven€eigmng desiugdensforpepuing the ¢Bipe gﬁ?eralc@ﬁﬁﬁﬁ?ﬂlﬂ; G GG P Y¥rget to a
dat abﬁﬁ)gl @%P%Iﬁde&r{cggr@ge% Jsébfmﬁfnf%d% 2 tRATCHE b ESRbinsd € foRs ARydeSERYf T esul t

obt ai ne the 1 ntion, and ranki ng database targets based
on t hese dle:ge presaft invbation. t?]h@hun@amlsmen@hde 1 @bstm@e pathgehipiterwhictheent r al

roce is prefera alize execu
bt ogr BRsr s Rittend 1Al olsf mperpRos e ey ST 4 Eeh eSO RRINEY o,
query ¢ta% getyd Wl@@iﬁb%gé nhe HPsrepRiig ALhip bOHRIS®Itivh Foantht/cOmPendnte.
Executi-on of the conputer progran1resu|ts in the central processor

retri _evnga@edktethaéstay data fromthe data file, which conprises a binary
descri ption of ﬁﬁ‘gﬁ%}?iﬁméﬁsﬁjmbodnﬁgﬁ @gﬁ%hti%ﬁvﬁmﬁgﬁ%ﬁ lﬁaﬁldgsqle conput er

program can be secohdary neno Is typically random
acces guheiawy, ¥nd & fiest condRAb th&RAVharg&GRAMa rﬁdinﬁ[élﬁél‘ﬁrecufm gxﬁ tadhydogelr (éian ked

accordi ng to the degree of correspondence bhetween a %ﬁ?&’? %Y{ﬁ{ eﬁ

char asanomsr')c The mpnomsy isdirplgrably af uss i BTeRer I hFAITYSY ¢ OYfiP$Ty) and the
/0O

Sa”E %a{g?ﬁkﬁé éfﬁﬂa‘lf‘yté) hr&% %éﬁ?trﬁﬁdﬁé}{dgﬁtt ﬁ?@gﬁﬁ%l&h&%ﬁaﬁ esu@Hh?&%Fé’lb arean

ral ocess be a conventional conputer
(e ,exérﬁplﬁ,‘ﬁed:lmitému fhhe Emmnﬁﬁgeneﬁdl@haclu%ﬁ@@@qphﬂmmgetmm@omoo M PS

10000 VAX, etc.); n, be a [ Ci or pubI do

mol eciyearophe @P&@P}etéfoggﬁg&@ SBé’&ﬁ‘é%eé a(sgcchd %ﬁg& vﬂn TSE/@:SQ

Sof t ; fle B10 @@Eﬂt@&bnﬁ)hwmtﬁdu@bﬁl sk, a data
ser V\Q@E’Eﬁjg%ﬂr?g%t lﬁg?/pg?g%ffréd(ﬁng %EE\IQ “SRAM SCRAM SDRAM bubbl e

nenor 3hydfolgah Hlherkghastdytjonetly: 190?11@5\ 1mcmlf@@0@&mlﬂé the I‘P@?‘Pﬁﬂﬁaﬂn d&B%rpri sing a
video c(rjolsg qmﬁ%ag agentatokp%xg OcaeradWater-swellable hydrogel of use in the invention, and for
and for attaching the hydrogel to the surface of the substrate.
Other exemplary kits of the invention include containers charged with

monomers and/or cross-linking agents having structures that are different from those in the

first and second containers.
The kits of the invention are appropriate for preparing chips on which an
analyte is detected via mass spectrometry or another detection method. Both mass

spectrometry and other exemplary modes of detection are discussed in greater detail herein.
EXAMPLES

The following examples are offered to illustrate selected embodiments of the

present invention and do not limit the scope of the invention.
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nodem an | SDN term nal adapter, an Ethernet port, a punched card reader, a
magnetic strip reader, or other suitable I/O device. The invention al so
pr ef er ablwopsowi7des t he use of a conputer system such asPcCrhesb2/sascri bed
above, which conprises: (1) a conputer; (2) a stored bit pattern encoding a
col l ection of peptide sequence sgegAfipdigy records obtained by the nethods
of the invention, which nmay be stored in the conputer; (3) a conparison

target, such! MueiasendMetioget; and (4) a programfor alignment and
conparison, typically with r - orderj of co [.S98 ] n the
basis of conput e]g‘ggrfoxia?eé]rclatcvegéyﬁﬁ?y%1%9%@%%%%'?2& % %&5’%;1@8 1 The
mat er i sipini®Ai@df flandackeiiacils atd adebiiithilewediputdhesdtfran Addgct. ur t her
illustrated by the exanpl es, which follow These exanples are offered to

i || ustipethexypsony! rdmethexysilang was prerchassd fem Gelogntrbkethydengits 1n a furt her

aspect .t he. | i i i | | g heation of a
chip 0%1 y%ol}ipglél%ég%&flage%gﬁﬂl\é&%ggd ?}c}%ll I%:OAH%P/&F%C Il\ﬁb:g@y hg%%ﬁ}gﬁ(ﬂ%@?{e}) lé(;ﬂ%rrponent of
t he adgasodamsthaceylate vaisuioasgdufedrh dienohoer-Potyemard DyjacHebchi p. | n general ,
the kit includes one or nore nonomer and one or nore cross-linking agent
that can be conmbined to forma hydrogel of wuse in the present invention.
The kit may; al | el | ; of the chip to which the hydrogel is
attached. ‘IJH%S foh B %ecogtéﬁ nstu;ba f/ provi de instructions or access to
instructions, eAdlat @umming (6463eTa)sbbsistreblpikiiavifgdimeneions P nyn & 78hnp of t he

invention fromthe.co nents .contained.in the kit...ln an e Ay
enbodiwfra%@e Vﬁ{}é‘?‘iﬁ?’g]ﬁ Slﬁf%fllﬂ’éﬁeg’y@?ﬂ?% delrgssahle Pozf ag%ﬁﬁ%&ﬁ ?a and a
first QBRI o thabubsEateRaFBeth ¢ dakingd withnQieeflisrinatedPolyaaer, Rhviaghydr ogel
("a nononer"). The nonomer is preferably of use in preparing a water

swel | dibbleshimihe gedtingipidefinihagpotan anal yte through a sal t-i ndpendent

hydr ophobi ¢ attraction; such hydrogels are exenplified herein. The nononer
general ly includes a hydrophilic noiety and/or a hydrophobic noiety. The
kit al so i nchygdesmansgegenadbsanta ner that is charged with a cross- |inking
agent that is capable of reacting with the npnoper to

f or m
vat er - svel | abl e Thpsilicegelioxideeoated subgiaate wenalarsd nfp E%I]é(&rpﬁg?rméf’?‘ 8Rs for
conbi nj 0 : Lnkij
ot or P H ARG AR 93N, 6bARE a (DAL A ABINNERR,
at t ac hringthdxgsitand (Dodl) was atlfiel. sAfiéreapitathg thi eniztubs for Atrein, ONHeeticacah{iOar y
kits of_ the inv ion,include containers charged wWth noner s and/ or
cr oss-H@)ﬁﬁsﬁ&ga‘ggﬁ%suﬁét\‘ﬁtﬁ@’ %f%%‘f%rigcgn di acggg HH%%“F%?% efsmg ““WSse in the

washed with ethanol and heated to 80 °C for 30 minutes.

In another experiment, the silicon dioxide-coated substrate was placed in an

oven and coated with methacryloxypropyl-trimethoxysilane by chemical vapor deposition.

1.4 Copolymerization on the substrate surface to produce H50

2-hydroxy-(4-hydroxyethoxyphenyl)-2-methyl propanone (50 mg),
nonylphenoxy-poly(ethylene glycol)methacrylate (1.9 g), and poly(ethylene
glycol)dimethacrylate (PEG ~ 1000) (0.1 g) were dissolved in deionized water (10 mL). The
above solution is diluted 10-fold by adding ethanol (90 mL). The resulting solution is
deposited onto the silanated substrate from Example 1.2 (1.5 uL per spot) and irradiated for
10 min with a near UV exposure system. Following the irradiation, the surface is washed
twice with deionized water and once with acetone.

In another experiment, the monomer solution was diluted with 4 g glycerol

and 66 g ethanol.
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first and second containers. The kits of the invention are appropriate for
preparing chips on which an analyte is detected via mass spectronetry or
anot her dwDeswi#wm et hod. Both mass spectronmetry and ot hecTasempdiary nodes
of detection are discussed in greater detail herein. EXAMPLES The
foll owi ng exanples are offered to illustrate sel ected enbodi nents of the
present invention and do not limt the scope of the invention. 42 WO

03/ 040700 PCT/ US02/ 36171 EXAVMPLEXAMPLRAterials and Met hods Ethanol

acetic acid, 2-hydroxy-A- oxyet henyl - 2- met hyl pr opangl i_nnapi ni c
acid, trifluor oa%gat“?(ﬁxgaéftﬁ%?éﬁé 03012)‘83 Eﬁ&lﬁ a«‘éerﬁgf‘sefoﬁé?dg]ﬁaegg%lgho;t S?nﬁ{,&l drich.
et ho pRvlicdd inMahpley/si Tiaéhipvasd Puffavage thchbasd sabesttemPeattateiorysl ene

gl ycol ) di met hacryl at e was purchased from Pol ysci ences.

Nony| phiyitssyafiaswhieh the lexerss byfifsrois)rempredtfrgmibespris fmulafisedved ism

Monongy.- Rol ] . I Lecondl Qx| I rate A flat
al umnﬁdl’}%ﬁ?%ﬁgg%&%%gdﬁgatsrg@gd %qtég%&d}%)@? nag%@%n%%gc} on I%Q%ﬂegmw ni’?# was

sur f ac3® @afutasphfterachivh é4eh Spoti warvabhed twiee bythpifet @r g folldaad dysabiter

| ocations ("spots”) were created_on the _substrate surface by coating with
a per W i 19:026H SpRiWaTeAded seiifated EAN (] gL sinapinieeaciaindile s3RIEMASe t he
spot s. | [ h kd 4 LOxX] qated substrate
was pl aé%ﬂe}%ec?h# gf{%g : opg%?%%ir lzélﬁteé %%(ﬁ%%%éﬁiéo%r%?{ggﬁy%gﬁgr@ th hanol (93
m.), deionized water (5 nL) and net hacryl oxypropyl - trinethoxysilane (2 nlL)

was added. After agitating the m f 2 mn, 1IN acetic acid (50 L)
was added. The substrate was remmﬂoﬁ&t he reaction m xture and the

surface was wasBegnib b Rc@bhan®ds HOkIBLRIOG B0 86 farfi@ilardPaitdubRg. | N

anot her experinent, the silicon dioxide-coated substrate was placed in an
oven ahffersohaastbniiridcanserieations oxthe waphing bufferet hoxysi | ane by cheni cal vapor

deposi tion. 1.4 Copol ymerizati : \ apo
by x4 by dF BASOHEGRAT bR SRR BRS Ak REHPh SR pv sl oo
nonyl plispastomally el Rgesas IR wasihamifidrat e (1.9 g), and pol y(ethyl ene

gl ycol ) di net hac%l ate (PEG - 1000) (0.1 g) were dissolved in deionized
wat er (10 ni). TRe Bramoywende HlG-én is diluted 10-fol d by adding ethanol (90

m). The resul tiagrsQli $HhIESFIG. 3.

The results demonstrate that certain less hydrophobic proteins adsorbed onto

the chip are removed by washing with increasing concentrations of acetonitrile.

EXAMPLE 4

Example 4 provides a comparison of H50 with H4.

The same protocol as Example 2 is used with H4 and H50 except using 10%
acetonitrile in 1% aqueous TFA as binding and washing buffer.

Rat Brain Sample: FIG. 4, FIG. 5, and FIG. 6 by Mass Range

Calf Serum Sample: FIG. 7, FIG. 8, and FIG. 9 by Mass Range

The results demonstrate that certain less hydrophobic proteins adsorbed onto
the H4 chip are removed more readily than those adsorbed onto the H50 chip by washing

with acetonitrile.

It is understood that the examples and embodiments described herein are for
illustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to included within the spirit and purview of this

application and are considered within the scope of the appended claims. All publications,
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deposited onto the silanated substrate from Exanple 1.2 (1.5 L per spot)
and irradiated for 10 mn wth a near UV exposure system Follow ng the

i rradi at iwn,030g06ur f ace i s washed tw ce with deionized ®RaTarsoasd7once

Wi th acetone. I n another experinent, the nonomer solution was diluted with
49 i 1 Q26128 3l TheilEXAVPLE 2 A
bi ndlgé%&ﬁ%j (eizip g{égt %%(1)1? at%trxg}o@f]l Ah?rﬁlﬁwalgﬁ‘%?é%lgg@g?gﬁ*ﬁ each spot of the

chi p gnesydedcall pupssspl e 1. The chip and buffer were incubated at room
tenperature for 5 mnutes, after which the excess buffer was renoved from
the spots. Sanple dissolved in binding buffer (2-3L) was | oaded into each
spot. The chip and sanple were incubated for 30 mnutes, after which each
spot was washed twice with buffer (5 L), followed by a water wash. To each
spot was added saturated EAM (1 L sinnapinic acid), and the sanple was

anal yzed by nmass spectronetry. The results of the analysis are displayed in
FIG 1. EXAMPLE 3 Exanple 3 denonstrates the selectivity of H50 for
particul ar analytes using different acetonitrile concentrations in the
washi ng buffer. The same protocol is used as Exanple 2 except using 10%
20% 30% and 40% acetonitrile in 1% aqueous TFA as washing buffer. Rat
Brain Sanple: FIG 2. Calf Serum Sanple: FIG 3. The results denonstrate
that certain | ess hydrophobic proteins adsorbed onto the chip are renoved
by washing with increasing concentrations of acetonitrile. EXAMPLE 4
Exanpl e 4 provides a conparison of H50 wth H4. The sane protocol as ,
Exanple 2 is used with H4 and H50 except using 10% acetonitrile in 1 %
aqueous TFA as binding and washing buffer. Rat Brain Sample: FIG 4, FIG
5, and FIG 6 by Mass Range Calf Serum Sample: FIG 7, FIG 8, and FIG 9
by Mass Range The results denonstrate that certain | ess hydrophobic
proteins adsorbed onto the H4 chip are renoved nore readily than those
adsorbed onto the H50 chip by washing wth acetonitrile. It is understood
that the exanpl es and enbodi nents descri bed herein are for
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illustrative purposes only and that various nodifications or changes in

| ight thereof will be suggested to persons skilled in the art and are to

i ncl uded wotobjosn7dthe spirit and purview of this applicati @eaTarsd2/ael
considered within the scope of the appended clains. Al publications, 44 WO
03/ 04GyRA P Y P4l patents, and patent applications cited herein are
her eby eference in their entirety for all purposes. 45 WO
03/ 040700 PCT/ US02/36171 WHAT IS CLAIMED IS: 1. An adsorbent chip
conprising: (a) a substrate conprising a surface; and (b) an adsorbent

| ayer attached tlo theAsadsbibest chiheommprnsingie | ayer conprises a hydrogel
conpri si ng hydrophobi ¢ noi et hes and %droghl lic ieties; wherein the

hydrogel is wat er - swek®ablSUAHERIHEHFHR! H30E 0 ough a

sal t-independent hydr @@hotahcadgérgérﬁqaye@aua&edMe@mmeaﬁ;ﬁarem thg Idyer cl ai m 1,
wherein said analyte is a bionolecule. 3. The chip according to claima1,

wherein a menber of said Wump%@hxdmgﬁip@mp@@ngb ppRebigmoigley pndyr oup. 4.
The chip according to clai ¢ leHesal d al kyl group is at least a C4
al kyl group. 5. The chip glggodrpgl ng S &Paim3, wherein a nenber of said
hydr ophobi ¢ npi et i esyheseifl @id M@godel & atenBndiablesat didsdnfanalytd theoughaup of
styrene nononers, (Cl- Cngacr yl am de noponers, and (Cl-Cl6)acryl ate
nonomers. 6. Théaﬁﬂmiﬁpﬁﬂéﬁ‘?é ydiPhabicHERFHOS. wherein a menber of said
hydr ophobic noieties is derived froma nenber selected fromthe group of
(C6- Cl0) acryl amge nopp ionfolectit® chip
according to cl ailjm 1, m’Eg e?cﬁoaﬂ%&qgarlgo?)@%ﬁﬁ %ﬁ?@%ﬂl@{l?gg noi eti es
conpri ses a pol yoxyet hyl ene group. 8. The chip according to claim 4,

wher ei n sai d pol3soxy ékteychigrascgrdingotoi cdaimdls rheesin & msmbss said hydreplobys ycol ).

9. Th?né:lgtll sco(%r?p%sglagglkyp cI a| m 1, wherein said hydrogel further conprises:

4, The chip according to claim 2, wherein said alkyl group is at least a C4

alkyl group.

5. The chip according to claim 3, wherein a member of said hydrophobic
moieties is derived from a member selected from the group of styrene monomers, (Ci-

Ci6)acrylamide monomers, and (C;-Cig)acrylate monomers.

6. The chip according to claim 5, wherein a member of said hydrophobic
moieties is derived from a member selected from the group of (C¢-Cig)acrylamide monomers,

and (C¢-Cyp)acrylate monomers.

7. The chip according to claim 1, wherein a member of said hydrophilic

moieties comprises a polyoxyethylene group.

8. The chip according to claim 4, wherein said polyoxyethylene group is
derived from poly(ethylene glycol).

9. The chip according to claim 1, wherein said hydrogel further

comprises:
a cross-linking moiety covalently adjoining a member of said plurality of

hydrophobic moieties to a member of said plurality of hydrophilic moieties.
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a cross-linking noiety covalently adjoining a nenber of said plurality of
hydr ophobi ¢ noieties to a nenber of said plurality of hydrophilic noieties.
46 WO 03/Wod307RCT/ US02/ 36171 10. The chi p accordi ng toPclraisnz/9g17wher ei n
said cross-linking agent is a nenber selected fromthe group poly(ethylene
gl ycol) nethacrylate. 11. The chip according to claim1, wherein said

surface further 1GONPriResip #bord rclmge%e@élﬁgﬁ@bms sakidgaganident | ayer
to said surface through a coval ent bond. . The chip according to claim

11, wﬂmmmawekwwdﬁmuh@mgnnmem%(@bmbnﬁgb@°D@“ﬁ§Wﬁéﬂeselected fromthe group
con5|st|ng of organothlols organ05|lanes and conbi nations thereof. 13.

The chip accordi ac%ﬁrdrg]t% 1 Bfhe ngeﬁ{l sPIE IR WBhpSES 2

si | ane sel ect ed Fom o>€ Sl

styry |aﬁfahb‘doﬁf®ﬁdlb’ﬁydittaﬁhhg)§aﬁ$ hdsaﬂﬁ:nt lagzérytmhﬁit doyfack theduiaislarvetvhlentytsindane,
styrylethyltrichlorosil ane, styrylethylnethyldinethoxysilane

(5 aeryl oxypr O”E;n“)yLE”Ft ke sl SR QRN RISy

acr yl gﬂ@ﬁ@&%@e@fc hyl s ﬁkl% of c(r%atﬁﬁlﬁﬁﬁ SOXMREAR¥Adstantichl or osi | ane,

- acry oxypropy | or osiT ane,
(3 acmyhmnmpon@ﬂkmﬁfnethylchlorosiIane, (3-
nethacryloxypropyl)trinethoxysilane

( 3- net hacr yl oxypr,opyl.).nme Id| t hoxysi
met hacr yl oxypr opyr ) di '#Eet tgl %111%1 ﬁq%«}hel(e"lé’n the anchor moiety comprises

( 3- metah@ahd/dePeRT @EM s)}trgflleﬁlmtﬂﬁl@ﬂiokyﬂﬁne (s'ﬁyrylethylmethyldlmethoxysﬂane
nethacryloxygkopyl met hyl di chl orosi | ane,

(ﬁ nethageiylipsth) @t}l@nﬁﬂmﬁwlﬁhﬂ@ﬂqlﬁwﬂm conbi nati ons tlher eof.f14.
T .
nonyl SREHERS SRS JRb PRI st ER hIMER R LR & iyl ene. gl yeol )

di met haslodyptapyl)tdbethbhgsilahd, (B-aaytoxgprogytmetiyidimethoxydilenei(B- sai d adsor bent
layer is water swellable. 16 Th chlggaccordlagpto cla 15, wherein a

uni t RENARYPEPYDLimethyretiorsiane A3 AT B GreRy Lt roﬁlrlfa“&n anmount from about
10-ti EEI%’ mﬁgﬁ%&%%ﬂgdltchlmﬂ% - H&&ongﬁ@ip?ﬁ&meﬁ?ylchﬂl@s&iﬂepﬁacCOr ding to

claim surface conprise I'east ~ one addressabl e feature,
sai d mdﬂh@sﬁabymop}datnmeﬁmhamlang (éancthml@xbmpylblay@yldan@th@mdamé3et 0. 47

VO 03/%%% acr ngcl?-l;/gpis)(ﬁmﬁ%g 1ethc§|'x8ysﬂ;1rrtlee( e acry c?xry%'rorf)%’d) fch?érgélm% (3V\her ein

sai d
methacryloxypropyl)methyldichlorosilane, (3-methacryloxypropyl)dimethylchlorosilane and

combinations thereof.

14.  The chip according to claim 1, wherein said hydrogel is a copolymer of
nonylphenoxy-poly(ethylene glycol) methacrylate and poly(ethylene glycol) dimethacrylate.

15. The chip according to claim 1, wherein said adsorbent layer is water

swellable.

16.  The chip according to claim 15, wherein a unit weight of said
adsorbent layer absorbs water in an amount from about 10-times to about 100-times said unit

weight.

17. The chip according to claim 1, wherein said surface comprises at least

one addressable feature, said addressable feature having said adsorbent layer attached thereto.
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selected fromthe group consisting of rigid substrates, flexible
substrates, optically opaque substrates, optically transparent substrates,
i nsul ati yoYBbet7p@t es, conducting substrates, sen conducPCA@Ssubart at es
and conbi nations thereof. 19. The chip according to claim1, wherein said
substrate is a nenber selected fromthe group consisting of inorganic

crystals, inorgafg.c 9TRS&ES accoRiPRNISnPKIvilRSein siltsabstratedk @ai¥nibepol ymer s
and conbi nations thereof. 20. The chip according to claim1, wherein said
sur f acelegtsApions i groveeyisisting pfaigid substiatese Apxblesubiaioncontisally aRadue, wher ei n
said s rate s nber 0 1S] Skl f rough

cur 1 achot 46t Splhu FR 0T PR E6} AL AT PR Shheed

conbi raindudthyy RBktrat@2and Combafatipnatheeodi ng to claim 21, wherein said
patterned surface is produced by a nethod which is a nenber selected from

the group consisting of grooving, phato ithogra%gy, hot.oet chi_.ng, chem cal
etching, mechanithl el®st ?Ccﬁ{‘g‘i‘%)@cfﬁ%lﬁbi”’}ﬁbqr‘?’r?is UbSHteds AR ons

t her eqbiected %fro-ﬁfi' ﬁw%&ﬂ? EorREGRE OF i&l&%ﬁk}féﬁit&l&ﬁ%;%@ loBk s SAbiEaRR kRles,

conpri ses eat ur es ving a size romabout” 1 mcronmeter to about 5
m | | i me¢telssorg@dic pohenatemdenzuadiods thgraod. cl ai m 21, wherein said pattern
conprises at |east one feature which is a nenber selected fromthe group

channel 5. 1 rougr i TR Mo B LR dh SRR G oo RE R P S o1

chip augprding to claim1, further conprising an analyte interacting with
sai d adsorbent layer. 26. The chip according to claim?25, wherein said
analyte is a polypeptide. . 27. The chi,p according to claim 26, wherein said

i nlt eracting conplsesTharhip srogrdieg foseipel.WeisHe1R St drsREsS & QRSN of said
b DRSS F51 15 S5 Sinsfiling 81y B C6AR00 R bRl Bom Eiiids, MHIARAO

adsor burfgcesand cambinatienothegosai d adsor bent | ayer of a chip according to
claim1, thereby immobilizing said analyte onto said chip; and (b)

detecting said | yt.e i nmobilized, ont.o id chip..29. Th hod 28,

wher ei n g aid ad biy n’ghq %@ccgﬁqg Eonc&aégje%@ efein Bid pat’cemed3 surnﬁge 18
produced by a method which is a member selected from the group consisting of grooving,
photolithography, photoetching, chemical etching, mechanical etching, microcontact printing

and combinations thereof.

23.  The device according to claim 21, wherein said pattern comprises

features having a size of from about 1 micrometer to about 5 millimeters.

24.  The device according to claim 21, wherein said pattern comprises at
least one feature which is a member selected from the group consisting of wells, enclosures,
partitions, recesses, inlets, outlets, channels, troughs, diffraction gratings and combinations

thereof.

25.  The chip according to claim 1, further comprising an analyte

interacting with said adsorbent layer.
26.  The chip according to claim 25, wherein said analyte is a polypeptide.

27.  The chip according to claim 26, wherein said interacting comprises an
interaction between a hydrophobic region of said polypeptide and a member of said

hydrophobic moieties.
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hydr ophobi ¢ attracti on between said anal yte and said adsorbent |ayer. 30.
The nmethod of claim28, further conprising, between steps (a) and (b),
washi ng saod3omi7po wi th a nmenber sel ected from an aqueous Ipaftftsnz/3@m or gani ¢
solvent and conbinations thereof. 31. The nethod of claim 28, wherein the
analyte is detected directly on the chip. 32. The nethod of claim28

wherein the analyg.e iArﬁl&ﬁ&pémté@ﬁnég@%alytgggfﬁbﬁgihgﬂ/i oni zation mass
spectronmetry. 33. The method of claim 28 wherein the analyte is detected by

fluorescence. 34() Adseehingsrid rnadie eotoisaifl adsodnal lpyer, of sghip aeeeg onpr i si ng:
(a) contact 'tﬂ&e@;}%ﬁ%ﬁ%&%é%g%galw%%%ﬁa% nt Lfy an anal yte mixture

conprising’ an |Z|n8’sald anal yte to said chib; (b)

washi ng said i mplidetetadg s biydlyte Wnidobiizee vhersakbdgst ed from an aqueous
buffer, an organic solvent and conbinations thereof; (c) applying a matrix

material to the jmmobilize nal yte;. and (d)_ detecting. said analyte by

| aser desorpti or%'pniglﬁmSﬂoﬁiﬁgs"X@ﬁEEts?‘grﬁgﬁ‘%rpmg 13 Ysag}?é?%el?tor maki ng an
adsor hgatonhBbi areaidn WelRA sG@ IR SR8 said @@bor6OMaRAL | Y coupling an anchor
reagent t0 a substrate surface via conplenentary reactive groups on said

surface and said anchor reagent, wherein said anchor reagent conprises a
| ocus for attacHOg alhdwmpethodef claids28,furher| cayprisingbhetwesn densi(moendeby | ocus
with | yvirerd zabl e. hydr ophobi noner. a polynerizabl.e drophilic
monorsr R B B nEp A RE P e PORE! soRau G e B E : BRD) 56174
(c) caopalbymiohgthegeogal d pol yneri zabl e hydr ophobi ¢ nononer, said

pol yneri zabl e hydrophilic nmononer, said | ocus, and said polynerizable

cross-linker, thereby fornin id adsarbent | ayer and i bilizing said
adsor bent | ayer Yo sallf @Ethf’fgl%éc%%mhz%é’f@r?lﬁé}&fs@m ‘?IS'FIIQECWHTJ‘ETS%FI%%QWdi ng to

claimegp, wherein said adsorbent |layer is capable of interacting with an
anal yte'via a salt-independent hydrophobic attraction. 37. The nethod of

claim 35, wherein said substrate conprises a netal, a plastic or a gl ass.
32.  The method of claim 28 wherein the analyte is detected by laser

desorption/ionization mass spectrometry.

33.  The method of claim 28 wherein the analyte is detected by

fluorescence.

34. A method of detecting an analyte, said method comprising:

(a) contacting a chip according to claim 1 with an analyte mixture comprising
an analyte, thereby immobilizing said analyte to said chip;

(b) washing said immobilized analyte with a member selected from an
aqueous buffer, an organic solvent and combinations thereof;,

(c) applying a matrix material to the immobilized analyte; and

(d) detecting said analyte by laser desorption/ionization mass spectrometry.

35. A method for making an adsorbent chip, said method comprising:

(a) covalently coupling an anchor reagent to a substrate surface via
complementary reactive groups on said surface and said anchor
reagent, wherein said anchor reagent comprises a locus for attaching a
hydrogel adsorbent layer;

(b) contacting said locus with a polymerizable hydrophobic monomer, a

polymerizable hydrophilic monomer and a polymerizable cross-linker;
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38. The nethod of claim 35, wherein said substrate conprises alum num and
said surface conprises silicon dioxide. 39. The nethod of claim35, wherein
sai d anchwp os@figemt conprises a siloxane. 40. The net hodPofi/ushasaBs,
wherein said anchor reagent is covalently coupled at a plurality of

addr essabl e | ocagt 1iDB o SMA Dbl Sizabike e phddic ndienERishad of clai m 39,
wherein said si F‘(tg?(caarégogg]e&(tgr%ﬁz)t r@?(ygi |yl pl))rop)sl met hac.rsyl ate. 42. A

met hod for nmaking an palyochzbic lyidigphilscaindnemer sald dosuprandiseig:  (a)

coval ently coupling an.,anchor.reagent to a supstrate.surface .vi

conpl ementary reacti v%OIWS’%ai’leocf]io%;frg(egglﬁr (XA oﬁwgl%sgfdza(%ﬂ@ﬁ%rlaye?%%ent ,
wherein said anchor rgagebiliziageaa k8Rshent let® fald surfab@efiishid 16cushydr ogel
adsor bent | ayer; (b) contacting said |ocus with a polynerizabl e nonomer

conprising a hydrophobic domain and a hydrophilic domain, and a,

pol ymeri zabl e c3®ss- Theaethod pecprding i gl 35, Wepreaisaldgdssrher i98bise monomer
said | i i | e Gl = L] . ing said
adsor béeaﬁ%ﬂﬁf 83@?6%%5 Wm’r%%?ﬁ?%ﬁ% R Jﬁg%se%pﬂgﬁ? dﬁogggélg%ragtgé%“ surface via
said | ocus. 43. The method according to claim42, wherein said adsorbent

| ayer is capabl3.of Tkt method bfigaim 85, elrereinahidtsabstiate eonsises & nubégdandent
hydropl]o i C attlracti on. 50 WD 03/040700 PCT/ US02/ 36171 44. The met hod
accor HHY°CE2&EHPm 42, wherein said nononer has the fornula: 0 R2 R~

O (CH2CH20) m CH2CH20C--~ CH2 in which R is a nenber selected from

substituted or wgubsThd wbddd of Kiim 35Ubisdréib dhiddubstratd stk dlubthim
het eroal kyl , and substituted or unsubstituted aryl; Rz is a nenber selected

f r om sadspidtsytiaer epmpiisss pdicen divsdeal kyl ; and mis an integer from2 to
100. 45. The nethod of claim44 wherein said single species is

nonyl phenoxy- 39.  The method of claim 35, wherein said anchor reagent comprises a

siloxane.

40.  The method of claim 35, wherein said anchor reagent is covalently

coupled at a plurality of addressable locations on the substrate surface.

41.  The method of claim 39, wherein said siloxane is 3-(trimethoxysilyl)

propylmethacrylate.

42. A method for making an adsorbent chip, said method comprising:

(a) covalently coupling an anchor reagent to a substrate surface via
complementary reactive groups on said surface and said anchor
reagent, wherein said anchor reagent comprises a locus for attaching a
hydrogel adsorbent layer;

(b) contacting said locus with a polymerizable monomer comprising a
hydrophobic domain and a hydrophilic domain, and a polymerizable
cross-linker;

(¢) copolymerizing said polymerizable monomer, said locus, and said
polymerizable cross-linker, thereby forming said adsorbent layer and

immobilizing said adsorbent layer to said surface via said locus.

43.  The method according to claim 42, wherein said adsorbent layer is

capable of interacting with an analyte via a salt-independent hydrophobic attraction.
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pol y(et hyl ene gl ycol ) met hacryl ate. 46. The nmethod of claim44 wherein the
adsorbent |ayer is attached to said substrate surface at a plurality of
addr essabwe Boeerdé ons on the surface. 47. A hydrogel conpPCIiusg2/3qia) a
first and a second nononer each conprising both a hydrophilic domain and a
hydr ophobi ¢ domain; (b) a cross-linking noiety linking said first and said

second nonomer 42 a TiHeQM&hSDhcchidihP@laihBe2, whetcihy4d egdbmeckartdé ng to
claim47, wherein said hydrophobic domain conprises a hydrocarbon that is

at | edetmwda:C4 hydrocarbon. 49. The hydrogel according to claima47, wherein
said hydrogel is water swellable. 50. The hydr elf%ccording to claim49,
wherein a unit weight of said adsorbent |ayer sopbs water in an anpunt
from about 10-times to | FBS_S@i ' ight. 51. The hydrogel
according to claim47, aﬁgytﬁﬁppgr%@ﬁ@dr%g Fm&gk%apéﬁ% of interacting
with an analyte via a salt-independent hydrophobic attréaction. 51 WO

03/ 040700 BCTALSR02/36171 52. The hydrogel according to claim47, wherein
said coval ent Tinkage has the formula: OR3 s oRJr irwin which R3is a
menber sel ect ed K'rismnNRdtiRS selactedto@isBbstititgtl ognoubstituteddlkyRsubsitiuirg oar e

menbers selected fromH and C1-C16 al kyl . gr.o .. 53. The, hydrogel of claim
47 wherein said crosél-nls}ﬂ?ﬁglg‘ﬁﬁ‘ﬁﬁ?g?r(g? vh én%gﬁsﬁﬁ%d qrrw%ﬁw%ﬁgﬂgl ene
gl ycol ) di net hacrp ;g enentder sdiBGed HOMQEBLItAGE QF dhiibstitted|litym hd Wher ei n sai d

first nmononer and said second nononmer are derived from
nonyl phenoxy- polny isathintegaefrgmyZcolPfet hacryl ate. 55. A kit conprising: (a)

a substrate Cor’rpé{si. Si nﬂieamgtﬂgcfi 8F&aim 44 wherein said single species is nonylphenoxy-

poly(ethylene glycol)methacrylate.

46.  The method of claim 44 wherein the adsorbent layer is attached to said

substrate surface at a plurality of addressable locations on the surface.

47. A hydrogel comprising:

(a) a first and a second monomer each comprising both a hydrophilic domain
and a hydrophobic domain;

(b) a cross-linking moiety linking said first and said second monomer via a

covalent linkage.

48.  The hydrogel according to claim 47, wherein said hydrophobic domain

comprises a hydrocarbon that is at least a C4 hydrocarbon.

49.  The hydrogel according to claim 47, wherein said hydrogel is water

swellable.

50.  The hydrogel according to claim 49, wherein a unit weight of said

adsorbent layer absorbs water in an amount from about 10-times to about 100-times said unit

weight.

51.  The hydrogel according to claim 47, wherein said hydrogel is capable

of interacting with an analyte via a salt-independent hydrophobic attraction.
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(b) a first container charged with a nonomer conprising a menber sel ected
froma hydrophilic noiety, a hydrophobic noiety and a conbi nation thereof;
and (c) aweasomdocontainer charged with a cross-linking agemusozaari ve with
sai d nmononer. 56. The kit according to claim55, further conprising: (d)

I nstructions for reacting said nononer and said cross-1inking agent,

form ng a water sgwel g E?dﬂ&%@ira‘égﬁrhin hé ehikundghasinaagl sdvelentlinkapghasa
sal t -i ndependent hydrophdbi ¢ attraction, and for attaching said hydrogel
t o saild femmflace. 52

in which R® is a member selected from N134R5 and C;-Cjys alkyl groups; and
R* and R® are members selected from H and C;-Cjs alkyl groups.

53.  The hydrogel of claim 47 wherein said cross-linking moiety is derived
from poly(ethylene glycol)dimethacrylate.
54. The hydrogel according to claim 47 wherein said first monomer and

said second monomer are derived from nonylphenoxy-poly(ethylene glycol)methacrylate.

55.  AXkit comprising:
(2) a substrate comprising a surface;
(b) a first container charged with a monomer comprising a member
selected from a hydrophilic moiety, a hydrophobic moiety and
a combination thereof, and
(c) a second container charged with a cross-linking agent reactive with

said monomer.

56.  The kit according to claim 55, further comprising:
(d) instructions for reacting said monomer and said cross-linking agent,
forming a water-swellable hydrogel which binds an analyte
through a salt-independent hydrophobic attraction, and for

attaching said hydrogel to said surface.
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