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analyte is a protein, then the sensing elenent used is usually afsa#ti body
since the interaction of the anti pRuyVopt hvch§oProtein (antigen) is very
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spectrofluorineters (see, e.g. ,“UT‘él.L_T,I‘b‘ETWZTﬁurface pl asnmon resonance
i nstrunments (seBionfkdioal gensorsl.afe used 36 Fepttihe mesdntchend/orkedncértrationlaf a wide

t heref ore be advant ageous to devel op a quantitative i,m’ru{wassa t.hat |‘s
bot h i nexpeaighwet ambyies; nhen s dnyteris 2 psicingthen g sensing glemsnt Hesdes geualive| d
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anti body and then a second antibody-probe conplex binds to the antigen. In
25 these pspeofrofiuarimgiers(sefet HodsS: Soidé,%9R), spifecepasmongespmanes iastaumenia (seg.

requirgd. The shi ps. . pt.raduce, conpl gxi intg.th sa r re
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not require any washing steps and is suitable for a single use as a

di sposabl efodboinger fighl Wanfrechyandhmunesdnseranguiong na cquisifagatian, dibitionpippléingi ve,
di sposabl e_i nm nos§nsor (tir;at dree%ﬁ?es gJo) a\rﬁasah steps and thus generates no
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timng steps argohRftbhifdmafunbi8ayssAE clafifled Mo IRDTRMee6ddy: REMpERE ¥ssays
ui ~m~i m i H-m- adapted to antigen-anti body interactions over a w de
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potential advantages. Such sensors .may.be.sinpler to fabricate, .as reagents
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a pseudo-anti gen-probe conpl ex, a nodi fied-antigen-probe conplex, or an
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broad term.and, is us in its ordinary nse, i{ncludjng, wthout .
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term"nodified-antigen," as used herein, is a broad termand is 10 used in
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different than the antigen of interest, by virtue of being bound to a probe
wi | | bi nd dispashbleidewiobi | i zed anti body, but not as strongly as the antigen

of 15 jnterest, which is in an bound state. Wiile the preferred
enbodifrents are di scussed pri mﬁw@m pseudo-antigen, it is
under st ood t hat Aag)aali9E IndXpeREvE @mb%légfmlﬁﬁﬁdsém%%%% fifs {ﬁ%ngs%hsteps

substituted for a pseudo-antigen. It may be easlier to ensure at the ratio
of anti bodgnd chentgegemtepr nbeliquidbdwistedianproyeledpr o, irmmunosensors of certain
pseudo- anti gen-probe in, the reaction chanber is correct as this will 20
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,antigen-probe is bound to the antibody during manufacture of the sensor, in
contrast to prior art nethods where the correct ratio is typically achi eved
by controlling reagent |ay-down rates’and surface densities. The sensor of
preferred enbodinents may al so be particularly well suited to slower
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enbodi nent di sposabl &€ device for  use In detecting a target antigen in a
flui d sanglogtiorsoftheveadah cltahtedeva suppbricbntdined tlereiract i on chanber; an
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i mmobi |i zed anti bady . detectiaqn chanber; .a sanple ingress to_the
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conpl ex anty et antigen,c & pseudo-antrgen, or a

nodi fij@d- apkd @eits oﬂ'ilitarp k&Re, inedinp oWidistant lindiatibs inip&s thd hat besnhemeslyor
fl uorophores. In an aspect 'of the first embodi ment, the probe may include

an enzyme,orsafhérwase @pdrlé'@ééudeﬁ}ﬂ@rthﬁg@ﬁé@ed apigen biRds jor i dmmobalized pfifady.t he

det ection cha A fur e i nc a X an
ot i bl 0 de s sPEte) f, WiChn el of e, RS IieBy BP Wi iniech Blon® @RI,
fiirther iRglkH@&@ybetREEAHOkS or&ﬂﬁbreﬁﬁthdm el Ati g@rpbE AtRtdst) B9 r)ttemtf beld} und
corrpl exes between transition netals and nit ro%gn cont ai ni ng heteroatom ¢

speci es, oo % grabecyidhbiad. toThe imegabilizedepptibedy, et npnay sierngly puthieentigentof
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and the imobilized anti body. The enzyne substrate nmay be supported on a 15

det ect i on whdifisdraniiganempypbe Suhstl@}w fot mpsendersplégen. of the first enbodi nent,
the imobilized, anti suppor.t ed,.on .a on chanbr int r
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detection chanber, and may incl’udé a 20 first substance such as an enzyne
subst r2 e, essentially atanr autwnaambltbf Wwhen the raatlgennambe mndpfpedrantigenprabe, @tm:pmtmed

the roact | EERETBE/ o e FiteriRairasBRtitr Sa el seBob R konEst o prict "
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non-specific binding of proteins to a reaction chanber internal surface,
that may buates @pé@lﬂltfw dsnsigies.c She sﬂmedomrmrrnd tetmboelcrpptsrma)wswrhc eritizblariyhe
support mat ude a nesh. mgt.er.i al a nmesh mat eri al
el i ng WEhSRUERY slobier dEmuoErdeN incisey wbein BB Re duprapiscpay be
pol ystysre ns%wpqthm@é SODRGERAM ?rs%uhé BMfaenGh tHE RartERturk BEfRAbnsof REySHARET ¢
material may include a fibrous Tfilling material, such as a fibrous filling
mat eri al ithe libelihmgpdaf p@nsrmamos uﬁboramulpodt@lc)ﬂséasns wherl the s¢rsoy contdatna drop of

cel I ul ose, lg%ilg rene car bonate, polysulfone, or m xtures 30 thereof.
The suppor? B eaﬂa“ﬁ’%ff fude a porous material, such as a sintered
powder, or a nMagrORQE emMBodRIEAL, ANBspokslle ﬁéﬂ@@#& uséi ﬁ eBIYeRNE a
i ncl uding pol yneric materi al such ‘as pol ysul fone, po yvr yl 1 dene

di f | uori defluidyghmple lsptdvmedséleaicemairmludu% are@cthmdhﬁmbbmanrmhmbmzed antibody

ol ya |l ate,, or, m xtures. th The support. nater may, i ncl ude a bead.
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conduct i ng®PR wtlgeg% IH;{H s,lessr stronglydhangthe target antigen to the immobilized antibody; a
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I'n an aspect of the first enbodinent, a detection chanber wall nmay be
transparent to a radiation emtted or absorbed by the probe, and the
radiation is indicative of a presence’or 10 absence of the reporter conpl ex
in the detection chanber. In an aspect of the first enbodi nent, the device
i ncl udes aletbstier thambdran sdmipé ingress ¢ohli tdacmonnblzangtien; sridea semptei passageavayer
is substantially filled the |rst enbodi nent, the device

i ncl udes g’e e the W@"tf'ﬁé’aﬂ’émﬂ’ﬁﬁtﬁfﬁg? ﬁr%te%tlo on chanber vent in a distal

end of the det i tahOR &t%mﬁerﬁrsﬁétﬁb&ﬁeﬁbﬁteﬂ{é% ét}tsetfi:loﬁ‘fpléxnzﬁttg r&a&tal
chanber vent at a dlgta end of the reaction chanbe n as ect of the
first enboutipenta piehéo-tatigpnl onntmgdified-antigedesTize protvama@- mehudtirediojsotapes.n.
The reporter co Iex ti gen may i nclude a nononeric C-reactive protein.
Al t er nat | V@FSMoR éesr%‘pa RQrEPhOERp| ex antigen may include a C-reactive

protein derived,f 0 r
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C-reactive protein to the antibody In an aspect of the first enbodinent, a
val | of t Heclude ap enaying Rahmraic, & oxamale, apfovdiaatle Sulsial SRAMEIGORR| (dEs a

pol yot nyl SO S s RLsE kel KR8 » RRIAEE IR fupBiprepdlliofnbens, o
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such as titanium dioxide, carbon, silica, glass, and m xtures thereof. In

an aspect fefricypidé.i flde @medil%efmhelt imeluge @Heuffqiidhajc?éﬂw&rﬁherpﬁlﬁﬁtf@osm@,or

such as flavi n nmonon eot | a deni ne di nucl eot | nlco e

don ne. i TERAs GTRRHAST S FRie 8 RS RN S e SRR IR
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detecti on chanber may al so i nclude an enzyne substrate, or an apoenzyne. -4

In an as pemzymf:, aek thei inemokifipespntibedy. (Hee przobe subsiraidaBayahe shpyartedaen iavi t y
regul ki.nase or hosphoryl ase. The detection chanber may

al so i cI uquecﬁﬂngﬁ%al?félgﬁﬁgrﬁ”éf?g or an enzyne. In an aspect of the first
enbodi ment, t hemphQkgeck BEMYIRS etbBHRicRt IhS HRHBbilizeWAfBod P may Bekhpirted on

mul ti - subuni t enzyne. In a second enbodi ment, a nethod for determ ni ng an
anount of arepetiogeshamher igtanior purfack! ui d sanpl e is provided, the nethod

| uding th f the f1ujd t
cl U9 e Spepehe 68 RIS A R BES Mo RS e
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the 10 reaction chanber, wherein the reporter conplex antigen i S bound to
t he i APobi ﬁnstedbstamq mhyls aam:dzmnfeméxstnatt,hemeéptm @ra bltfﬁqyt thwat say ibgenpiirteds

| ess stron nthetar et a he b||| nti bod

di ssoci at |ﬁb¥ Iteid FRthp ¢ %‘pP%‘%B%?eélrarl Bfﬁ) ‘ftar n"xary (t%ga 'IX%BP'IW zed
anti body ik Qea{ctl@n Chathbrs PMEay iR d"ﬁbc@n@@&ﬁsta‘ﬁee Qﬁchtaﬁ%ﬁlﬁ&gﬁiedaﬂ{dbgﬁy to
the i mmbilized anti body’ transferrlng the fluid sanple to a detection
chanber; athd r@@lﬁt@ﬂmlm,ng am agerouthat pfevemp oronespedfnpdlieding roft pretdinuial a
sanpl e, vvher he am)LJ?nt of reptgrter [of0) Iex%ds i ndi cative, of fhe anount
of Larget SRUICGEHAPRAL PR SHEACERBak Tioy b Sipngiied of A Splaksk¥itRitne FPPSECond
enbodiyent mafeRsl. SHIRRY BPoxtt RS {8 'ir[a'y’]ﬂclﬁéﬂaea frledh thaB@ B! Br Linth1€ §LiGh! Mikerial
chanmber includes transferring the fluid sanple to an el ectrochem cal cell
havi ng a fingletling| ecmlobuh@rambha ase polydlefing cpalpeséer, Thdorst egllwddsedepaystimenag an

amount of or.ter 20 Iex |nthefIU|d anpl e al so.i.ncl ude:
appl yi ng. PYBRmATRS POERHRE, (ohdnpilires RS [ OB 4RO ARAISALoRAY nEEds de
in the el eglhRc REHL AlatetBl, sucRNE ATBBRIE M8nd AMELAMhcly ttttgrﬂ?%nﬁt% ﬁt&hrfs”t

is indicative of an amount of reporter conprex present sanpl e,
and wher ei pnlydidharmlyetteohytoapwlh@se,qmiﬁtﬁxne polynatbomite, \polyahlfbie o AikiwkesOf
t ar get, ant

en . . . .
30 tlhgreof. The support material may include a porous material, such as a sintered powder, or
a macroporous membrane, for example, a macroporous membrane including polymeric

material such as polysulfone, polyvinylidene difluoride, nylon, cellulose acetate,



25 I'n an aspect of the second enbodinment, the step of transferring the
fluid sanple to a detection chanber includes transferring the fluid sanple
to a detection chanber including an efectromagnetic radiation transm ssive
portion. The step of determ ning an anount of reporter conmplex in the fluid
sanpl e nayolmehiandpigdpolyprylsice o5 nukturasxthersein g The supposcinpisHalgmey iteclude a

radi ati on,transm ssive portion to el ectromagnetic radi ati on, whereby the 30
electronaéﬁgiic radi ati on passes through the fluid sanple or reflects from
the fluid sanplig;anagsbciOitht Gidt RehbBdiRCAD Md dettioh BRarhR Gl QI ATREH dectrode

radi ation after it passes through the fluid sanple or reflects fromthe

fl ui d sanmnd a saberdeilectiode. At dgastrang of he finsi eledtiode and thersecondiahectofie i ludes

reporter conplex present in the fluid. sanp]e, .and erein th nmount. of
Fepor t 81 CoRpieng! Pt St SopPin Bk GO S ec A Gereh T PR
Descripti atﬁfu%ﬁ,hfol&,]' RS ]g,frb&, arSRORExe WAR BIAGY (ddRim ke alrebxiat, &n
i munosensor of a first preferred 5 enbodi nent that i ncorporates an

el ect r ochemwndadtingglolymdt) & mXtiwhothsreaf.cr oss- sectional view (not to scal e)

along line A-A'_of an enP di ment of . the i nosensaqr OfllFlagr re 1. FIG 3
shows a top vi Sasseect pt e firshembediment, adgtrgUemehymbsy wall padehe trangparent to
enbodi nent - cg}ﬁ{g] : e s EVSGor 4 pons
cross- sect] %ﬁ%&lob?@%%ﬁ%?%bgﬁg {eh)%(btgf%hg |§1de§£§“ lg%ll’ldgcr? lerrbo'iljprrent of the
I Mmunagensabkerzt of tigueporfer chRbRixlie theldeseetiopthapbenf the Preferred Enbodi nents
The follow ng description and exanples illustrate a cﬁ}gef erred enbodi nent of

the present inviaran enestroithe st embtediymensfthe ideyice inelides agfatecir that delefihaze
Lhat 1 e RN ARERN e BB A8, BBl il | G0S of this | avention
that are enconpassed by 1ts scope. Accordi ngly, e description of a

preferred enmbodinn@nbspebouf thenfifst Rembdémieat the deviae tindlhdesse pieecing nidads phiatsent
i nvention. A sensor strip is provided that contains two chanmbers: a
reaction clhan®adeteation clpsmbes veriningndipiabend of the defeetiqnschamber. v Ehe devies, may
reacti,qn chan rai t - rgo an

i rrrrunol?)r eaag%"%xﬁ{ud&‘ﬁg?ag?bﬁgr%ﬁ%&?ggﬁl}ca?ESIQLSFE&? %%Qﬁm{}?%gc& I gﬁ- are detected
in the detecti on mhepdeof the Mk@EbddemeHIARE tdrgdt antifd AcluiGShRhAS€Rkadtivet he
sanpl e. The reaction chanber and detection chanber are arranged such that
sanpl e mayprptesw fFhentapREer somplesnardigamisady ingluslet hanenomesici orerttiyRbRpteins t er

t he i mmunozfeaction ha ken ace .in the.reaction mber . g t sone
of 25t he b RERRLSRE RERed R P Gtmeg R RS e et PP e Bl SR B e
presence lonshudifPeetiss,de habb@ibadpnanfdd/CeehctiOe pRiteth wierbia il dffinity of the
preferred that sufficient sanple Is transferred such that the detection

chambed0 i schepiqallyiraedifiod Ernepatiye pretein| ty therantibodyuis fless itlapt angdfpityeof the human
transferred . Chl . er such that the presence of a probe may
e oA S5 R BRT

be detected an e-detection nethod enpl oyed. 30 The reaction

chamber cont ai Mg aarkpd206f &8 first chibddibidnt, 36FalDIf the' e Fon chBRBEY driazesl] BF thei n
it. The antibodies can be i mobilized on a wall of the chanber itself.
Al t er nat i wegiiophehapher bingludss reayndberial nsushi 45 pelyessar, apaystyrene, peolscarbenate,
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25  chamber or the wall of the reaction chamber may also include a filler, such as titanium

dioxide, carbon, silica, glass, and mixtures thereof.

In an aspect of the first embodiment, the probe includes an enzyme co-factor, such
as flavin mononucleotide, flavin adenine dinucleotide, nicotinamide adenine dinucleotide,
or pyrroloquinoline quinone. The enzyme co-factor may be linked to the reporter complex

30  antigen through a flexible spacer. The detection chamber may also include an enzyme

substrate, or an apoenzyme.



,powdered materials, or, in particularly preferred enbodi nrents, beads of a
mat eri al such as are commonly known in the art for supporting antibodies.
lil the preferred enbodi nents, the i mobilized anti bodi es are bound to what
is referred to_as a "pseudo-antigen” linked to a probe. The .
pseudo- ant i genIpraghaspsrings the firsle cmbodimsnt, | the crfobsindudss athgnzyee agdivity
strongly i gen,of i I I e |

det ecten Tl S B7Dkend O MiskPhorglie HRLOSEINE FanbBCudlh G B
i ncl ude apnAMM&BIbsitRESIrAn e@fyrhdie same protein, such as a dog protein or a
pig protein, linked to the probe. Ili this exanple, antibodies to the human
version of thelpeoiaspeat af deifirptotmbadmaent] thetpheber iwelodéeson proieinisebuahwhiches

ani mal _version of .the protein, linked to a suitable probe, is 10 bound to

t he inﬁnbpﬁﬂfgangﬂ?ﬁB L88YHEr m an ant i body- pseudo- ant i gen- probe conpl ex.

Wien sanpl e filh§ bR dleRbplindht C'RBIEH forticbRliding hRGMbR dtfa thiMRt antigen in
pseudo- anti genprobe di ssociates 1nto solution, since it is relatively
weakl y bouanfthid sarhple i;ptoividedythe Anafyothinc mdimguhd stops efinpleaicinlg tbx fleid fretpleema
bound pseudo:antkggg-probe.and f.ree Qse do ntigeH-probe, Iea%ing ﬁp free
anti body BFAcHPRGhENPYconjaining ap émmobliized gapqdy qufé KeBPRY GHIP PS5 TCHKTNg ¢
wll stro i t e } [[aTel Lt ! t@et he
pseudo an??gﬁhﬁpro gpgﬁgﬁ?%ﬁ|§§€@E%E@H%ggdgg#gﬁﬁﬁgéﬁﬁg?ghgi?%ggﬁﬁﬁﬁ?J%?
Thi s poocesstion | dhambed, i wihezeinnthe | reperbest conipled laytigehl isobourtde tatlie gmmobrizetie
sanpl e has hound to the antibodies and there izygg equal a U?t qf

pseudo- ant#PHeeflyn BB evierea the reppates SOmPlgnantier Pl clr?s%lﬁtt‘?‘bggg tha he faRgt ¢ o
an i nmobi | .z | Ml ' A6 0 < j 5 ' :

o1 Ut on. DEEGHEhE PRyt Sl RB G R AR PR PR TSRO R B thieen, |
sanpl e i s fhow i iGndYikzddraatibodyi insctha fiidosadipss biridivg £ partion of etel targedintigen
pseudo-anti gen-probe in solution reflects the ori?inal concentration of
anti gen i riotthe inmebilized |antibody; fraasierrmgdthe fbgsamatesto # lstesHom Ichampemand

bet ween fr : ' - ' ' 0 t frat
ant i gon 1 esRing WURRENE PeRiil PEApRE G0 Re BulLhdifle, BRch O ETHO e b
pseudo- antregeter 26mpleR ieindidaticecs the pneutt@f drpdtgatiggriahrlly sn trliy stnpleat

bi nds nore weakly to the anti body than the target antigen, but there is no
need to physi cdnia) aprerbeidhe peeopd embediment. demnsten obansfesiing the fhnd syvply PR or
to sanpl e JnLhOdUelion el Rageutal MPAlSkaRbl (5 BR8S0cHANEN Ll Baving o

i mruno-reactl ons have taken place, the Tiquid sanplé contal ning any
pseudo- antfirgiesle@tdieeandi HeecdngkléstRde.t MEheastep RO deREmirting hansi®int &d rE?oﬁdiIe
detection chanber. 30 In the detection chanber, the concentration o
pseuddlantcog@iexpipithe Prids eample rmashelsg anplide:i apphving wr petenttal ketweenlthe first
obt ai ned. I upt h seudo- anti gen-probe, may di ssociate info
sol ution eevféec?{glg%l a{l%gﬁ) abs 8%];1:5}68 oSt geenfﬁ?ctr%m? T lnfﬁ?le,angsfn%as?%% ) i E’he
bound and wteg¢in RE€ UGRerarit iifdibatie0dean ahe@d b M@p&tdH donlet BrdsBntSRl el @ild | f
this occurs, then the signal generated in the detection chanber due to this
free pseuddnale: pedwhgicgbihej anqung af eaporer contpdex ifriodicativ ofthe ameivint hf tagget
subtractean%QPIthe antigen concentration result as part of the analysis
procedure. ¢copendi ng Application No. 09/616,433 filed July 14, 2000,

i ncor perat ed heh ah Bsgectdf the@oadeMbbdiniehs tiRNdtéy @Wansﬁﬁixggnmmﬁﬁﬂ 1Bk hp
with a |linked i muno-reacti on and detection chanber is descri bed. {J ke

Nl i
t he sensordetfetien plvseben dnadides tighbfemingrthe Syl sampde tala-dateciiore phgmisnanéindingal | y
conpl exed wi th.an anti body .i mobilized on a rface within the reactio
chanber . B BuBRlc B FRRkmeS7E REfRoBo, theeepsal detiping oy araount o1

i ntroduct lrgjbrtéf GOMMLE ihNhe e ERAAE | ARy I BRIudeA e Q@ﬁf % MPosing th

i mobi | i zed on one 10 surface and antigen-probe is inmmobllized on a ot her
surface ofelactremagugiici rediatibm tansmisiiie pogBmploeeleeronmgnetitu calintiont evlisheby the
react LOn chapber, the antigen-prpbe dissol.yes into the solutjion and

corrpe? gs \I?Petc ° g?eélgﬁa(ﬁﬁu?‘g%asé‘%ﬁ&oé‘glilg‘reff%és%m]?]ﬂ% egfsfem the, Buidesample: of
usi ng t he an@Rsitofthg ARRbIee@idraRe MectrAUBLG: AIitiof|arESit LBk hpgtic
factors to ensure t%at tljﬁg@anti genc rbi nc%g to the1 ar?t I f)lo%f/l %Eyhgée{%l??lﬁgﬁlp ere
first) inspnpleareefiests foor e Switlisgmple] Fherenbtbe pripertg is indizatve f @ Naechttod
spatially renove the antigen-probe fromthe antibody in the reaction
chanber, and the sensor can function when the antigen and the anti gen-probe
bind with equal strength to the antibody. In preferred enbodi ments, the
sensor is a single step, no-wash i munosgnsor. The sensor is a single use,
di sposabl e device that enploys a reaction chanber and a detection 20
chanber. Any suitable detection nethod can be utilized. Suitable detection
met hods i nclude, for exanple, visual detection wherein the devel opnment of a
color is observed, or spectroscopic detection wherein reflected or
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.aperture extending through a sheet of electrically resistive material 36.
The aperture is shaped SLtCh that it defines a sidewall of both the
reaction chanber 22 and the detection chanber 28, as well as the sanple
passageway 38 between the two chanbers 22 and 28. By extending the aperture
from t he persxieraPmpled presentf intthe flpidasampln apdh shswin the anynt ghreperteheomlesdge

of the sheet 37.. the,sample ingress,. is also fornmed. Ili one enbodi nent,

t he thi ckr’iségléhc vy ﬂgthgﬁglg{m%gqgéﬁaﬁtelééf'he entire height of the reaction
chanber 22 and detection charm@éfﬁ&criﬂi_ﬂmtmprm%ssane. | n anot her

enbodi ment, the height of the reaction chanber 22 is greater than that of
the detection dHGnieshon8.a mpreawt (noh ta keatderf apinphuggsertosrofitefightprefeaadt he
detection chanber 28 is prepared. by |ayering,nultiple sheets 32, 34, 30 and
36 t ogét héafn%c’%e%%@ﬁll%o&%gfs %rgel#r%_ﬁ%nﬁcgvg}l- has an aperture defining the
si deval I's 74 anfjg/6 QhoRth dde-seQrmbl Qv NABLES LRdlepdoietiBet WOA’ chrarher
28 as descri bed above. This mddle layer 36 is sandw ched between two or
nore addi tentbodimérapé the i82numosknsdr, oftfiguraddi ti onal | ayers 32 and 34 having an

aperture defining the side wall,k 74 of the reaction 9 chanher 22 only,
the layers 32 ﬁ%- 3 SO @pipPy¥ieih (R @na@}éw A N IRROEsGE qihg RYEEEL on

chanber 2 1 N : i I 60 and 62 of the detection
chanber c%}rrf)dralrals&el'gHetIﬁlg’g'g&%ggjeo?at Zana%gﬁggg%%@c%ﬁmy be prepared as descri bed
bel ow.10As i | | usHIGat 4 hows Fi giros-sBcticmat i iedi @st 44 sake)t doherlat BBt hef ot t om
40 of the reaction 5 chanber 22. The pseudo-antigen-probe 50 is conpl exed
to the antamediraentaf theppununessnseidf figdrede tet hered to any suitable surface

within the reaction Cha%f‘a‘hed%e%rigtti‘aé g?&ﬁq’géf@n@d%%di&g&%ﬂ a surface of a
support within the reactd . in electrode layer 52 is
mount ed or for e ooy &ésdepiich mid etweneeiusivite el mefanied sdmbodimentsef the

mat eri al 36, extending over the aperture form lg the,det&lecthipon chanber 10
28 and f oripyeHt YRR Wedetailsolhoypet %1}@11“5%{] BeOHHRRLIEE FASVEIRERS 36,
€9, ﬁy %&i%g&?ss'a}{& - ol AN BENAR! URSndidhC i Care coﬁﬁ%ﬁebghﬁé‘ tscope.
activafed adhésives, pressure sensitive adhesives, heat cured adhesives,
chem cal | yA¢edsedifiglgdihe sleseiption of apedfbrredibnbodimsnt shotildf donweatdtbmsd vesimiathd t he
| i ke. The el ectrode | ayer 52 may be prepared by coating (e.g., by sputter
coating assceBr of he Pese INVen@7/ 18464, by screen printing, or by any other
sui tabl e met hod} s%n%l?%% ff rﬁl/ﬁ‘é& ‘iﬂa‘f%'ohééinrs‘%&Joscthla%ﬁﬁeﬂgﬁé%F:Ac%i'oHP’c%a}beeP af'i't% 2
suitable material, tor &xa e, alumnum copper, nickel, chromum Steel,
st ai nl ess deteetibn cRArAbdrN Wikarpslk ligtbceimed (athd @gactioiRchamitbet) wReteid EdmporhRALT ,

i ndi um oxi de, tin oxide, mxed indiumtin oxides, gold, silver, iridium

m xt urdds tthe paeple undeige er imGupeTspatiens Queer merepetdpsisrof dhelngpuprspaiien §icene,
and the like, |f. tro | s to be cat hode i n e

el ectroc hedr%l‘?ecC gﬁd 'e éﬁ? ,ﬁét{%ﬁleoﬁl (glﬁﬂ%g{){neor%% %rquéﬁgtgfeﬁtﬁf %gt(f, R %rgseéli él}r%{%es,ample'

al um num TRNREtionBheMBEr andlHetttibithane hre ffaabéd 88 tBitQehplehay oW om

pal | adi um carbon, carbon m xed with a binder, indiumoxide, tin oxide,

m xed i ndithefeartorosiiagbst ingpihg detectioreehamber.di um m xtures t her eof ,

conducti ng pol yrgr ch as_pol. rrole qr pol.yacetyl ene, .and, the like.. If
el ectrode 52 is %T%B%P%@gﬁo'égcgé%rpg ot%%eni pﬁaz‘te%t elrgﬁ(i“?é c%@lﬁ’lbﬁralat %%gtcs&qe Aris
to comy i rth@rdﬁ@ﬂéﬁ%ﬁﬁlF}Hiiﬁ RramofértidzioNEe 8stbioaRERBbEUWhEE tBEPRAUnERITUIRERL;E OF

storage, then suitable materials include, for exanple, platinum palladium
carbon, cdletsstedrind egakxpedhtoobiaimdaesulti deismpnefoedihat sufficiont samplerisdeahsferred

indium ti i.des d.. silv iridiu Extures thereof ..conducting.
pol yners rs1§ uc tgag tg%%%%)eﬁl?‘ilcéargﬁérplgl s)}lgﬁ%%lyghg?&’jamgleﬁ%eﬁlﬁ fk‘gﬁcﬁﬁ SFPRfES!S
sui tabl e ftemsfésed 36 ttR! REction eBantber 8ich thét BE BreeeTR I laHrSbeMnh bk l*al%tea%agﬁxat S

30 present in the sensor 20, nanely, they do not react chenically w
reagent s anakyged piothedeteatiorometbhdemplayed.duri ng sensor fabrication and

storagge. -10 second thin electrode, .| ayer 54 is nounted on the osite
si de %? of the '@}ee%e?&foé‘a?l}a{f‘rhﬁé§f’§?’i“\§é‘“ﬂh‘f"ﬁ?ﬁ‘l Y %%?“tlﬁF‘léJc?fe‘ﬂeéeﬁa i”ﬁ‘&‘og@&ed!t he
aperture fyigihng THEnHBERES dAbeGRRIBAIzed Bn aSIASE the clhMiBPr s SIEC %@tgg%ﬁgeél‘gglr |

62. In this enbodinent, the inert, electrically insulating layer
ates the dheentibngéesbmay bagmsobdizcdtonsa 3Eppartocodthinddr eftkinathk yreadfionnditnder. ng

| ayer 36 e | ayers .3 n 4 at redeterm ned separ ation. Provided
this sepalssglt“i%@ﬁ St P%ff?drlle“@%g\&gﬁ{e not E)‘.nﬁtesé%’stﬁirﬂ‘égnmétter%]ﬁuléllampéorz%ématge?(l}%

m crons, the current flow ng between the el ectrodes 52 and 54 will be
directly proportional to the concentrati@n of reduced nedi ator after a
suitably short tine relative to the detection tinme enployed. In this

enbodi ment, the rate of current rise is directly related to the rate of the
enzynme reaction 10 and therefore the ampbunt of enzyme present. In certain
enbodi nents, an el ectrode configuration other than an opposing relationship
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200 mcrons, and nore preferably fromabout 5, 10, 15, 20, 25, 30, 35, 40,
45, or 50 20 mcrons to about 75, 100, 125, 150, or 175 microns. uz certain
enbodi ments, however, it nay be preferred that the el ectrode spacing is
greater than 500 m craons, for exanple, 600, 700, 800, 900, or 1Q00 njcrons,
or even gmexderedmatarials, or, ingparticulzsly prefered jembodinaentsyheads Gif griatgrial g as

detection I Qr . i L& d:ypically about 0.3
m croli teragpggrmrﬁgg@lﬁnéu’gﬁ%%caﬁo%pﬁl@é?gﬁgag@o%ér@m)r e, preferably about 0.5,
0.6, 0.7, 0.8, 1arthepréfeRedrietbodintetss tlie0 iramobiliz@D ant@bdickOare HoundQo what iSO,

or 90 mcroliters, and nost preferably about 1.5, 2,6 2.5 3, 3.5 4, 4.5,
or 5 mi cr aferred s ava apssudo-gntigen” Snkal fopprohe Theypsendo-agfigengroechips tosths

However, i.n certai,n di nts. larqger or s | eres vOI eferred
for ond or‘mﬂbot%ﬁh%?fl ﬁnﬁgg ‘?yeéjgf P%tnascﬁ?aor?gﬁrasatﬁa 4 éendge l\égetri%gﬁsl% @hﬁ’g@?‘ﬁ%’h@g

el ect r odegnfiderpidthertetdciedtil @ h@he pdtaln, b aBEtablByseadb-Raigeh estt thily include

el ectrical 30 connection with a neter (not shown) through the connection

end 66. The aonhlecrses of thetsamhewetpinasuch asr dogqueteincerl 2 pigrmelein;, dinked tonthehe

el ectrodes 54 d.56 in the detection chanber .28 vi,a copducti.n I.AC not
Shown) 1 e B bRcreBi e ABERAIREr 1 FHGRT STEan of U ARG e Pttt
conducti ngnht raeksn ??}ﬁﬁi)e?tanﬁfth@ $hi8R3$ veRPosf hb %rcfti:iln,gr;rdﬁfn@d RONQHELR pfoBeaRd 54

coated -11  onto the internal surfaces of 32 and The neter in
connedii orbonnt o theemoileet iaotibaiyda @6 drsantibpdirbeeudd-anipgdnyprole eompleent i al

bet ween t he el e\g{ rodes 52 @CL 54 in the detection chanber ﬁ8 ataal ing the
el ectrical si gnding" g&HBILat' et egicagiiony ¢ ér’r?eérﬁ@)lt]msfﬁ",c 1o Of SR PFS)! g’t%‘flg j the
response gﬂ}aﬁ'@%@éfcia GO bRl bivicd 'itaﬁsmattiﬂlblggw&%l&r %Q%K@W9{§ﬁﬁi%@¥.anA

ext er nal evice such as a printer or conput n ot her enbodi nents
utilizing dmesic eqhidibtical wilkterst ibetwees t raupd spsefidceantigen-prohy anat ek giseudo-one
or both internal faces of the detection.chanmber typically. ed,, with at
| east two WHgER-PHPEsiepyiag spme frﬁﬁﬁ%‘iﬂiﬂdyg’"%‘gﬂ% S gf ﬁ’@f‘;rllé&gt‘%er%m;ﬁe solution,
count g/ r nG ¢ B8 1oL iRk BodPbinlidedsiRl §F praeRncS &Y eMhefdo-2
separ gltse ?&?%?en@e%f%g){ ?o e,0 may be nplr%s}gnt. nJngIV\hentputi I |nc2| ng cfbe

pot ent i omedntigen-gatbectndro ntesveo s, pidudosatigen-probe apadolgionf rihas proaegs tvid

potential difference petween ensing el ectrode gnd.a reference el ectr.ode,
but need rfONLBYEE BRHLH %afﬁﬁ‘a(ﬁé{ﬁﬁl(‘?itbf‘ga%‘%ﬁ%tfb&‘?iséfpp]lﬁglaﬁé%“d( iodhe pahadigscand | 1

hodi ‘ . : o e
detect | on heenSafull i BEPEBULR:in fifhe B4 AR SRAGH! JRARYH Snifh
t r anspar enhattinds toenImmubeded agtifodgfwitlalipddce ofe pseatiodafitigen-frobohsesoledon.| i i

the case of visual detection, a sinple color change in the detection
chambeld 28 is oWden gldor 3 prerdsterminse fractipmrqfdhe antisan i thersemplooispouad tethei on

radi ation i B QL : re ; d

' adi ati on FIPTEAR GG (EYRI S AE (RRRH R PR iR pfiers 2R
anal yzed. drigihdieca@esirationt sfastigensinothes paapleos tople asefeired daitdimeais,meehod,
| ayers 32, 46, 34, and 42 are 20 transparent to radjation at the wavel ength
of ~choi ce. SIRABIAT BAfYegn dFrsrand: brusd grrerdreaniigepipeobenist slicdiape to sAswhdhder
Fayer 36 ciser d3biuan Bhat UF SOFRTS InEATCG N prklerdhol'eF Y bERIRINRRHET o
on it L5uppRLbS UHERREa PSeudbAnligatesrobel fsf edfifloyed. th&XARTY B6reOleakBl Rthékstibody
suitable for the substrate of |ayer 36 include polyester, polystyrene,

pol ycar borfhtkthearggbnpigenshus shergisno predfie phtisally sengea thepserslot antigpmptabieat e.
These may ' jal . illed with.suitable fillers to
conf er desil?éranéb eé%lpt0 ?%gﬁ&jcfrg S%E@%a‘t@%%‘lgﬁ%é’c?ﬁg} ?elrtgg% pr&aaﬁlpql%tbo%sf materi al s

sui tabl e as filAResStheneiigito-reattiondrieiveQhkdn flat&athé Qiquid bafbleMadikdingeany
carbon, silica, and gl ass. | es of suitable adhesives are pressure

Exa
sensi ti ve REERIsHRiEEsn-PrRhst hbsrﬁiecggem the pnijbagligsiim franddereesd tpebe detgctian chapiber.and
hot fl@w I : tiv . the spacer .| ayers thensel ves ma
consi 33'? ofa’ﬂ gﬁg E%‘It? gtbqrﬁéﬁaag‘{?ggid\}%s&?é? mgglsoérfglpéaf(f?@a[né@g 'Elzi)%ﬁzi’éesﬁ]& mafﬁ? %Hilélebeen
formed earik n®hsired bfitea feablt bb@tne@n process, then one is provided, for
exanple, by formng a notch (not illustrated) in the edge 37 of the device
20 that i nter settssallamouns of ithmpsshdorpatigepsprobel may digsecidigsintedsadittiar] evennin
Figure 1 not es an. aperture 30 piercing,) rs 32, , and 36 but no
| ayers 42q§%3 Foce ?%aé‘gé?}bﬁtﬁ? s ‘ﬁﬁ’ ﬁsﬁgglﬁg‘bgﬂf‘ﬁgﬂg%{% p@ﬁ@"(‘f@t“@&?‘ﬂ’&h’e
chanmber 28. Since layers 42 and 46 are not pierced initially, the only
opening to the atnosphere of the detectimn chanber 28 is the sanple
passageway 38 opening into the reaction chanber 22. 5 Thus, when the
reaction chanmber 22 fills with sanple, the sanple passageway 38 to the
detection chanber 28 is blocked. This traps air in the detection chanber 28
and substantially prevents it fromfilling with sanple. A snmall anount of
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28, no nore filling of the detection chanber 28 will take place. The vol une
of the reaction chanber 22 is typically chosen so as to be at |east equal
to and preferably larger than the volunme of the detection chanber 28. By
opening the vent 30 to the atnosphere, sanple is transferred to fill the
det ect i on redshimgesquilibriurhin sodyttonqrelf thie oegyeh daerbie pignak gateraiedhweldie aletestion
connected to splengjd in the nmeter. An i. osensqr 100 of .another, .
enbodi monEhaBeeras Db 9 RergleraeaardbedS VRAGT et praarul S8 M flshds A
first shapgird@defiorh e mgeﬁc&%emidﬁh@s%%@aﬁ%ﬂhelalq@b@p%ce@ﬁresI m | ar

thi ckness are each situated atop a bottomlayer 116. The first spacer |ayer
112 i s rect anguhaopémdinghApplicatinnl Nes 09i61 6488 diled Jullid 4pR030, nedorpatgied Tegeinf

t he bottog)] I a¥er 116., The .20 secpond spacer |l.ayer 1114 iZ’tal so rectangular in
shape, Sand®Yi ETEPIGalleHS GRUTRE BolRYHIGASIAY, SIHR gViLh 2plinled; URPUNQsTRAPYOT ABth ¢ he

first spa . i T L5t a i : 16
and the. progeisy Shubber i) ASpMaL SUnfROThe Sthel dpafiond RlERRnes iers. 4120,
122 of t hessidbeantigeh-prabe infitallyeemhploxede hdthben ahflodyT rembbilizedn drayesurfate
forms the bottomwall 126 of the reaction_ chajgber 124. Qg{égodi es 164 are
tet hered twihindheseachion chember, ihéhesenseraeh ABRICANRRNP- AY0.44 prior to the
anti gen- pr. . PS - ant. ] = 1 1S, b ]

ant1 bod battiayRliaRaft i 8T Neain; Henlsts JHBHILD 3 SrkRENELE bn one,
first 19hapeefaspaserantigeteprobd 3s imsmobilizedtondamtiopy dunfacd iof she strmpiod chpmber.

| ayer 112. A fourth spacer |ayer 130 has a slit, 132 extending through the
proxi mal eWhen semple iy wirodpesddnio) thy sraciapchagbsr.dhe anfigcaaebs digsolvgs infpethe

| 130, .The f - - i it t t d
shaped spaolodnd CpsRtivih BRAREin o mil? dethe it Pl O ARS8
132 in thesimpuht Ber&bﬂ@ﬁAﬁﬁlﬁfﬁﬁén Nor 09/61 6)43 Sictievpitari fyroait kihdticufat tosst tecbhswe t he

detection chanmber 132. The portion 138 of the -13  second spacer | ayer
exposed bythetise entigengpds tp theantiben By Sstgrthergyfust) imoraferenss tonke 3teeim 138

of the_.detectiopn chanber. 132, .The proxi nal 140 of e.slift 132 for.

Che. padsagtiy “Hatpatibint fird ParBifty FRRafE AdsParirtidns e
chanber 13Re rcbldfoPERMBER| arfiNfle d&fboPEant fABctiWhéh BRambEed aEtheladfloépiThea
portion 134 of the sidewall of the 5 reaction chanber 124. A fifth shaped

spacer 142indpthlegpralistrergth prethe @ntibadyf i r st shaped spacer |ayer 112 and third

haped | 128, is,.sit d_atop the thjird | 128 A
Sixh shaped spagerera) ambigeh e R R 40i5els Meb b BAEE I n BN ot T acer
layer 114,sehsorRé aGahlatRD dispesabRuUddviveshapsshlsRas edacli@y Sliandtd aniMat dbtddtidn

proxi mal ends 146, 122 aligned. The portion 170 10 of the sixth spacer
| ayer 28xpchenbpy tAny siifableldRedtiont method en thespiaized. | Syitablel dete¢tiomimesthdds t op

170 of the_detection chanber.132..An erture 148 extends thr.ough the sixth
shaped spdREraf Aok e i gpstam whReinabe Gpdinati 8Pkl g0t it
di st al enckgééft?os@cﬁpié B&restidnt wHedein 2&feectdd di M@Hsmitieg li3Relk udéRtolfiéshRY dBnges in
portion 150 of a sidewall of a vent 154, allow ng displacenent of air from

t he det ectlighh absrabdnse. 10B2a pseferred pinbedimient; thedplectionAmethpd| isyelectisberhisal,s

fitted th ifth 14 i xth 144, . The, t
| ayer - 196 MO8 e FlrisRRESFenl BY Rhtld gRBiecCionhy ab@E SLor R inkisactio on "
al i gnmgnt médstirecithe aperture 148 in the sixth shaped | ayer 144. In certain

embodi ments, it may be preferred to delay the filling of the detection
chanber 132 t o Metheds indederices forsehipinimgredectiorhdnaidalt theasneawnisorf fuidshmples24,

to allow tinme. 20 for. t.he.i munqg-r tions to prace i reaction
chanber 12"5%158“%‘2@*&5%8?9?&?1%?6% P%tept_skﬁglﬁciagf?’ég\%_ofgféggfﬁsﬁg%‘&dv‘@hthﬂﬁoI e
158 in | ayer 200 wHieH i9incbaforAbd Bérein WML REne irliks éda?etymmno-react' ons. Wen
the reaction chamber 124 fills with Sanple, air is trapped in the detection
chanmber 132, whitsHimingwdthesvariou$ teshstages nice. fthe keadtion sthgsanipthe detdttien stagd,abl e
time ter_s lLle has filled the reaction chanmber 124, at |east one of the
top | 3 er %@Igggﬂ‘&net W@n%lybd%qf%‘i‘ﬁ%lvﬁs'ePmﬂ%mé&%e t@@nﬁﬁﬁt@f‘lﬁléﬂl)’a@d\?@qﬂﬁ% Q¥ ant
hol e 148 qfigh8lsoifat ffeMbdlwihil Re AabtidVchande: Arfd ' needl e
or bl ade. gelﬁ t iasébglgcur sVY thee al rlﬁc tﬁ% det @gﬁe%ﬁﬁ%rﬁ%r%nﬁé?%s@%ggn vent

t hr ough t he hollnbeBments hof eerkbrs fuitabied fon usayweith 1di6ctanbémicall Ataction are
aperture 148 or 154 _ thus al] owi ng sanple to be drawn into the detection
chanber 135U5ta inRispres d; F%S@ﬂgrﬂi}r‘g%%3 B chpifIguas ¥ iac oprviewdpft s dirst

di splaced air to be vented. 30 The height of the detection chanber 132 is
typically selected to be less than the hgight of the reaction chanber 124
such that, in conbination with the surface energies of the faces of
chanbers 132 and 124, the capillary force in the detection chanber 132 wll
be -14 greater than that in the reaction chanber 124. The stronger
capillary force in the detection chanber 132 serves to draw sanple into the
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'Fabrication Methods For purposes of illustration, details of the
fabrication of sensors of preferred enbodi nents are di scussed with
reference to the sensor depicted in Figures 3 and 4. The sensor strip 100
is typically constructed of |ayers of material |am nated together, Ope or 5
nor e spacesmbpogjmens of 25e180 satreansis%auqe@ i§ pesstsgstiangl ey, ghewing detadsef ther om
| ayers 142 and 1 The sp cer yers ve a heS| fac IIowI rs
112, 128, A fop i ango e itﬁ‘?t ﬁha B SRR AR tB‘SS'Zt" secbhd
Al ternati vghyodihbg oifraaseﬁgorlsanﬁmd IriBeREels Waso S RE A Vs, Sovang a@!ﬂaﬂ§ b¥ehe OF
may conprise a material capable of “adhering to adjacent |ayers by the
appl i cat i creagsfontvhambemahddhe getegmnrcbainbhera | ani nati on nmet hod. 10 The
detection chagber 132 is a capillary space where layers 114 and 144 form
the end vvafll‘%gglﬁ—rthe space and the thickness of |ayers 128, 130 define the
hei ght. Layers 'F]]'}elluﬁﬁqn %?fs&ﬁ%f WS Bres&ft RvedsioR YR B@tp?e"‘pafe‘aruﬂf%ﬁ%%wn
coatings (not ustrate at formthe el ectrodes of "an el ectrochem cal
cell or naﬂauﬁlntyexaéevﬁdmefabhemtdnotdelmqmrmevlrwes;edbm priepdring décttmelmgxcabglsmosect ed
of electrically conductive materials. In constricti.on, ect Lon chanB’

n of

132 is typ$e@§lpg)¢eY’6?§1@Eet?yngr$cI§r aIBatmcwomﬁ‘é}Wgé’yr ?1515 ing

| ayer 130. i a

el ectrode alg-@a&gﬁlﬂhﬁ é‘ﬁ Ee}{:%érgdg%gﬁn?dé a?i'bn%?’rga %§°r%s§§tﬁ%o ré argqﬂﬁdfg%sgg be
for mediby wilivihg Meh-electedcheimwabdetéctionmetipods. porti on of the spacer Iayers
with the areas renoved such that the reaction chanber overl a s SBII@HQ t he

det ecti on chanb®ythg ppeferred, smpadiments afifke HE&“@B‘P%CBf’PrEH&WHéWdIQ ‘&‘6‘350 int o
Lhe veact! oy G PIHARS 334 £NERRIS AfhukrCotdisbhan ReExbAINAL 80111 orire
external face of T ayers 12, 1 ayers ? 4% respectively, to form

the end wainhriudodensols’ Mmagf be pephiednbic hssoimbling 24riodh éhih rayeno -of vaitidpl shad s
and 162 can be coated onto an internal face 126 and/or 174 of l|layers 116
and/ or 156mgierigls aceording to) thisnfarey sensor |fehricatien gietherds £ greaawall kngwadn ghg art-
Iayers 112 n
be adher edTY% %ﬁf@%ﬁﬁ%&%ﬁ %ﬁ&esﬁﬁ?glvésfia%ﬁ%&lﬂ’r%%e Ar-reeﬁs{g%c %c\]/eg @’3% ]}6%96&?
adhesi ve I@y@nagmameb@ﬁbﬁrm@r face of | ayers 112, 114 and | ayers 142 144,
respectively, or on the internal face of |ayers 116 and 156. The vent 148
and/ or 154 can HdwR ergeélomlvqﬂmentf ﬂwrﬁe@ﬁowopm@ﬁleﬁgoehemaé celﬂ]ﬂﬁu@lwzerg an

| ayers 114, 130, and m.t he vi ew of i,fyi t he trlp
fabr1 cati o PE: S8, oot SdRY il i) ARt s Y Bl st

and/ or 154rghrd hQ SRR W 6fRcRE stlier wtane FigRoL ! 4 Odsd Rktidbhef theAchsoP thr&lgiTber
124 and/ or the detection chamber 132°is forned, as -16 this makes it

easi er2@ o hohAeXe Bhe wpetontudiahiber Thand éﬂteqteha;hambs‘rﬂﬂoarbewtmd yhfermingndyer s)

and the vent, and aI 0 reduces th r. of pr.ocess a dlfferent
enbodi ment PHE gerRdeaTodEhs shed ok el They gRHaE oAb Fn ot ten sty

layers 114shaﬂ)éc§ such3et f4ffinddd stie@aRtE R REGlon! ARRLEAYE R (tHé)Hetectlon
illustrated) 5 |l am nated over both ends of the hole thus forned. This has

t he advant cigenbsf 2§ el dsribe sqmplmpasaagewayéﬂ betveeep thogtevot dhesbers ZZamdaB Biy6

Separ at o1 yorias TR apORN FRL e Mor e aad 24 6h e rBistion thiRbar Glpugy to the
punchi g tgﬁg?“&ﬂ‘th'eaéﬁ%éﬁﬁ%e ible Hideanth L10OTHAM DL e dhilcnent, the

| ami nation of layers 116 or respecti vel | eaves an openi ng of
158 t o onl thicknessfefdke sifeet Madsﬁxres }ﬂl&lﬁﬂrcﬁhﬂgﬂl(bftth&lﬁsa@tﬁdlycmﬁﬁ)eﬁQ?lefldl derettéqe i s
used. 1n a further e od| me the |l ayers 116 and 156 can _ be fornmed and

| ami nat ed $51108Y &8s “ﬂ?il affdt %4%%0@@??8& hey gipbpdimens thadheigy efothsoteagiarend

to cover t 8 rd ne

to punch tﬂ%(g%hg?a%?ga% Qs’ ﬁg‘b cléﬁlchtog %Rert e \‘}e%l ac %Ch%%%rcz%éfaand
addi t i onal greatpehdightethan mBQIbtebﬂxénJéliahﬂieﬁds id grepdred Byl 19¥ehg haltpld sheeidd2 afl, t he
hol e thus forned. The | ayers may be adhered to each other by any sui tabl e

met hod30 f ofnde3ipgpiber. phhesmisddée Fé!eﬁsaﬁt ofithe labrduis e apettira tdeBniag s $ideveglistbk

| dh b
T chant oo AR of B BRLERR R e ARRe 0%k WeB ol HRtT PR GS (B PRLHSve o bl or
the sensormadd@e Pajler 1360isOfanBR XK P Bl dah w00 ¥t QHEﬁBhQnﬁg%g r3ezt Qx?ck%ﬁnﬁ%r

as will be appreciated by one of skill in the art. For ex e ven

may be pr osdditeshat hayersgd? tmd 34 dpvinl dnhapestire e firtime tHrodido matif 74 b tigt reagtiorbot h
the top and bottom of the strip, or through one or nore sides of the strip.
The vent may be of any suitable configuragtion, and nmay extend directly into
a portion of the detection chanber, or may follow a circuitous path into

t he detection chanber. The detection chanber may be of 25 any suitable
shape, for exanple, rectangular, square, circular, or ii-~~egular. The

det ectl on chanber -y abut the reactl on chanber or a separ ate sarrpl e
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25 the surface 60 or 62 facing the detection chanber 28 and an adhesi ve

| ayer (not shown) is coated on the surface 33 or 35 facing |ayer 42 or 46,
respectively. In the enbodi ment depicted in Figures 3 and 4, the detection
chanber 132 has electrically conductive coatings, (not illustrated) on_ the

i nternal fchember 22 3@lnrihe 13¢ i and 34 darebysleaning, endswals 68 axk pdsthen an
el ectrochem cal sensor - SO _contai.n in, the 30 de tioon c 132
is adry ﬁggﬁgﬂ?(£%?@?rg@ZFE&ﬁ%r?25%@“%9%3@%??%f@ﬁfé® F%L%%ﬁggteégggﬁgﬁand,
i f necessahymbar {REMce SRBELES R ARABYEwWRIch svasIbe PBepalR LTHeYIHDRBENREN i TS
oxi di zed and reduced foilns and capabl e of being oxidized or reduced at the
cel | el ectrodesAs HlStrated\irbEigher2, aptybodies d4laee totleswltp theobatom 4@ bf fhd réactiohe
det ecti on chanber 132. Wen, the i mMmunosensor is in use, the e%ectrod are

correced PBMBAr @2t el ke Psgudorantigan-prabe; 3 1y omplexedde the | bRadied 4 hidGgh
external c I I : , : e
enown | n + RSG5} gt Mhetd A S auliate SARTRNE ol ANELIGE s BReRl
Appl i cati aB aNeall & &4 SRBicd dPa fippett withibeetreadion cR4nbdr299 and copendi ng
Application No. 60J345,743 filed on January 4, 2002. If the_inmunosensaor
20, 100 is operAtfisst thisi ¢lectrodg dayst 52 @ﬁwmeéﬂméer &uraee onrens side A et thesdrdmical

d i h h he & i als,f ich.th ' icted
need ot HaEEb SR bl Rt ST I prhig T 5aBE M dekecliB IO
descrifped ADYYPiRmEnglth BiEweN '60d Tﬁférlﬁﬁ &2i fayc B adHebel fontdle kit BETRIBOSHNBOT S

of preferred enbodi ments because of ir ease of processing, |ow cost, and
| ack of r esthesivé.t ySuitableeadfenives amdudsarfpt examplpt heat| achwated tadbpsives, paepsure

Cystem ar eenShe uFsee g €8 st Rl 0L R SFiR METhET paliSLES, "
not necesQ§QXRﬁ@mﬁ@gyaga@%ﬁﬁqm@J | i ght source and photocell are used to

anal yze light transmtted through, or reflected fromthe solution in
det ecti on chanbEhe elentrodeelayedh62iimaynbe pireparesl by ebaimee(k.g.0 by spntkert exmting gist

t hrou t he top .sur f e sensor. t.hen throu t he. | e, ere it.is
ot otb o GpaioRadn ST 8hed B SEIR Pviafine by BY dndt S Rie Mol L
and the to , Ll : h j : i [
Shone T ¢ st sl by CaZ RAGGE Bt leInABHY € RIRAL, BEAkipph) 6Fpek,

i nt er nal | ynirledl) dodmdinhettevwbestainless geel, platmsn,ofalladieny ebbot canbarhamiteer withtai |

it passes out through the other side of the detection chanber, where it is
det ect ed. Pipfler; Hd @%Hgditweqﬁl - Tied ingjup ingies, 20 ﬁﬂ&ers rifuma Fx res

bel ow t he t j tQ it | yzd ng
Tont that P06 BRYSIATRERRRIC SR E POpbirok bt BORRGAFLA:, M IR RE VHL OO
i n co@ndiglectiydpls2cate ba ubal as0dLathddelihdhé eleetlodhemidal Selint therb euwitaBl mididlsmay
be adapted for use with the i mmunosensars of preferred enbodi nents

utilizi ng Bplfeder geanerle, dwmngey, sppperAnekslrrhromym; steeh stabplessi secbrplefinuint s
it may be At | f; CiracC o L nd
oot 5 PUESEL St oI L b lnBUSERE NS pELE R
09J404, 11%xifReageld; silvendridiuheg mikhires thedest, Cosdietihg polyidees duthae @sBMFADdlcIE
Reagents for use_in the reaction chanbe i mmobi | i zed anti body,

nber, e.g.,

pseudoant i RSYACEBE, ansuhs Bke. Hetretiods 52 %ﬁa%ﬁ %@ﬁq 35, angely irb@eﬂqsp'@@h%acain

the wals s afy §he feanhd il %Bma@&svitgrox?@ ﬁqgesuﬁﬁ%c%s %Lriglpes S} S5 ik agRager
W ﬁl chanpers, tﬁ utI’IX or

on an 1 ndependent support containe I'n a ne ,
may be seldtoraggpher suigblel thatetisls hechgin fer example) pheinnh pall &En0E4Bsh, @ardone
chanber wal|s or electrodes,. the chenmicals may be applied by use of

printing tBERAI Yillks? REnder. kindign joxidendingpxide,cmixed inglimp/éin eifles; igedd, sbwesen

printing, ;s L | tthogr. , I [ n preferr

erbodi ment o ARE0 teteds ARG pAlak A6t b Bolpltrde e SoRkdpag ane
W thin a chaiker Mabstiabl Juirabld férusdfay elebtrdtRt B2and 58ard doAatibleafitiPtheGEagehie
reagents or other chem cals onto the surfaces of the reaction chanber or
det ect30on RIpseRbEY the senspndl, Bemghv Hey algawt seacochsmigadly twitthesagants atrthe poteniial
them wi t hi cﬁg% %;d&prqw%nd§ﬁ§nd nt %gﬁgorts, whi ch are then placed into a
chanber. SUiTabfe" RdepERdeAt  SaPP_PIS P8 ude, but are not limited to,
mesh materials, nonwven sheet materials, fibrous filling materials,

macr opor ous nenbranes, sintered 10 powders, gels, or beads. The advant ages
of i ndependent supports include an increased surface area, thus allow ng
nore anti body and pseudo-anti gen-probe to be included in the reaction
chanber, if desired. In such an enbodi ngpt, the anti body bound to the
pseudoanti gen-probe is dried onto a piece of porous material, which is then
pl aced in the reaction chanber. It is also easier during fabrication to
wash unbound protein fromindependent 15 supports, such as beads, conpared
to washi ng unbound protein off of the surface of the reaction chanber. In a
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In yet another enbodinent, the walls of the reaction chanber are porous,
with the 25 anti body bound to the pseudo-anti gen-probe incorporated into
the pores. In this enbodinent, the liquid sanple is able to wick into the

porous wall, but not |eak out of the defined area. This is ac_co%i hed by
using a macr opdy ceeondethin shrstiode avem his modatedopn dhaepReSiRasife affgof the

i h 119 t h . ) | f
comnl o outtsrta TP RaRast. kb bERHE ] REAEEE BERIE e EREGRE D)
30 Hodges ch&hb@!28, f'hd R¥ofn iaNdERRNGARaIB6M PRI th ebollindéntiBadfert, BRSHically
mat eri al s, nonwoven sheet materials, and fibrous fill naterials include,

pol yol ef i mssulgpingylagtreBs, sepathienshe cd¢dtrolobegringosubstrytes 38s and 3y c Rr¢forahitses,
pol ysul fones, m xtures thereof, d i ke. Suitable -2 ICI.QPOr,QUS
oribr afes B 1k S EAPDR SIS ST ct A AT Epatny B3Py OBt e,
pol yvi nyl i i1 [ Nyl on I Lyt hRCiwkates.,
pol yacryl astg@s??u% £<St %}?{élg@? ﬁ%grhé%)éfg,?’ gerslqugﬁle&: i@@gl Etﬁ_ﬁig%gﬁ? ?%glgingg’und to the
pseudo- antfioyng petaleen Hryeldvrodens nimbSH will bé directiygroportionl €0 the, copotngrating|

acetate. By varying the solubility characteristics of the patrix_ in tqﬁa
sanpl e, cohredicEdaedintaradisr apuitahdy phast Bimg refativio; the dstestanotima smLowsHe Ray

be achi evegd. i | ust 'pF' . . i B vRRLLRBH! Y
be di sposgglsieﬁl%f’ ﬁlemeélg’ttfel%{a?%%fé 5%%“5%&&@?6#%@3&?2@8‘%%@ oﬁl;/ I anPl ude an
enzyng (s ubgt tiadrefofdthe dmaantoflRheyarg pieeshta nmedi at or, capable of reacting with
the enzyne part of the pseudo-antigen-enzyne 10 probe 50 to produce a

det ect abl e si grial certpie epbadimensh gt r aleeiradsd corltguration, ofler pthad et OPREEINEL pe
of sufficient. anppunt such that e f.re i : nt
o8B0 Bl b, RSP, O oo, U R ROcSS

with the éRZYH s ( enzyne present.
For i nst angiet felatioRshis N THEClcbGodts WeASR: idxittaber wbstghtitystmtiahndingenaty, a
sui tabl e enzyne nedi ator 64 and %I ucose (if not already present in the

sanpl e) i deddsdiffasenti sizes andéorqdifiseant shanehanbes elegirodss may Lomprise dhersame

wherei.n an el,ectrochem,cal detection .syst is used, .ferri ni i S.:

sui tal}:ge rFé’Bfi'éét%B'F ‘Mgdepal, of Lﬁlilf?%fﬁr(f:temﬁrgﬂf‘%t o@gl]ef SRHPRS | eldchrod cogﬁguritlgn,

di chl or ophgrQhj NEARBAMRCS6r fé_@ﬁ@iti%&i%lllb@tagpﬁ&ttté Hosé bi &kl irpthelast. and

ni t rogen-containi ng heteroatom c species. Buffer may al so be included to
adj ust the pH dh atprefegradrpinbodiment éheleleemde dayech3Rvivel S &e meuntestimsspargllelThe
| ucose, nedi ator,, and buffer rea ts .64 are pre t ..n,suffjcien
Lot cpppobeniatsnibia sl B g man ob rul b R dabysd as 50, 0y e
substrate B inforbidNah@dndt¥ froRrbHNEBRE hsut &) 10f 15120699 VIR 33! @ders. od 30
internal surface 40 of the substrate 42, which forns the base of the

react i20n chindysrto 2Bouti %, 400Gt 4, W@, ror g8 usioramsit iy eertgin emboditndota, hdwewer, it
anti bodies 44 to t.he tigen to be detected in,th anpl e. The antj bodi es
T e Gt P E Bt RrbErRrbE s Bradst ot oD iR 5 SfRbliat0s,
substrate A9 so500b53t10008McBhE obeler GERMEHaI 1,2t heyr SUREtimals. 42 during a

test. Optionally, during or after application of the antibodies 44 to the
i nternal surfackhes®lahe phtheglgkestiomtiandltity oatheagationdbsaiberad typicgblyeabent 0.3

- ifi i ndi f t ei to thi f [ i t
howny < A o S e Bt ol ke Foie PO b out B 0580 Jh 8t um
al bumzg ( BSA\hicliReO P Mot 201 $RU0ARD, 66270286 002 HEEHRS, amhhﬁpgé@e@& nt,

e.g., TRITON X100 surfactant’ manufactured’ by Rohm & Haas of P del phra,
Pennsyl vardbant b6, IVEENE) I6ir 4,ak5,amt 5 miemlifessctouabedt By7,1 8319, Adei2,chd 16t or 18

W I mngton,. -21 | aware. The noni gni c surfactant sel ected does nqt

denat ure. pHSEAIS: BE"Co FoG e DR IRES: HiSsh el Faleies ot bg prgterred
substrat e geohSor ybth HthE kachbRAURMYEE In ﬁ@faxtefn@o Ghattiped 1h a test. In
preferred enbodi nents wherel n el ectrochem cal detection is enpl oyed,
enzynes may be Tisedeamdeh &4 pndlse. inBhanipteetiorothamber 218 @nesezylaesl innglketdleal but

are ng limted to, 5 horseradish peroxidase, glucose oxidase, and gl ucose
dehydr8gerfoagectiop Wil a mstes (ngicghoway drerghy thy coprsstior erd, 6.0 JhA £eBNSS oAt

dependent : T 0 . e cp-factor.
Beampl oo, SRoYAPRS Y ERleA0aRARGian Wt e VlenR 81 A1 ST RIS iy
nononucl e@s vie cofiduvihg trackehoesh@ivyiC ek iptieferrét €abddiRBhIOBuRERE] HEFigure 1,

di nucl eoti de, and pyrrol oqui noline quinone. The co-factor is 10 preferably
| i nked t o these eenduciias trgks consist joff lestengiansesf the fHimsof cohdudtor $2endS4tapatsidnd
to the apoenzynme. Wien the probe is a co-factor, the apoenzynme nmay
optionally be co-dried with the enzyne gybstrate and nediator in the
reacti on chanber. The probe can al so be a regulator of enzyne activity.
Exanpl es of suitable enzynme regulators include, but are not limted to,

ki nases or phosphoryl ases. Enzyne regulators 15 may alter the activity of
the enzyne by changi ng the state of phosphoryl ation, nethyl ation,

o o o o, Y M



It is advantageous to have the antibody immobilized on beads before it is
conpl exed to the pseudo-antigen-probe. This allows all the antibody sites
to be occupied by exposing themto a high concentration of the

pseudo- anti gen- probe, Excess S)seudo- antigen-probe is then readily, renoved
by centri thedntemnal suigashs paSornd dd  Bhadetersn vhneCHoR B dh sPnncktion aiea

sensitive to. anti.,gen.concentrat]j about, 1 t. ~ M

(i or omol 4 is e D RPEGRE BhieRRD PR YR ettt a2 RERY o ctstinn
cor r esponQahBera PR Uinalzihgylé Blectibal kpdhla NFehérbied! @isﬁllagblg al 3Fons8! Bhtidualigr ogr
ans/ nmL). However, the sensor can be nodified (e.g., by changing the

separ at i orstdratgwhe respireseeh ewtrorgesd optiom}lydrpkmitivgg stordfrespoesas tp an eatomadf

vol t age pudfs,es) to assany antiﬂ&lgn 10 concentrations in the range 0.1 nM or

| ess t8 0.9pVieRISHTh 355y RFIIEEAL CRBRMFim detectabl e linit of the assay is

det ermi ned by tmeot_ﬁrane&%&ﬁfeh@nutﬁfmﬁgs IR0 @RI G R85/ ﬁﬂ{:ésbgﬂ)bohdh&ihg

reaction chanber. This nolar concentration is therefore set to correspond

to the expeated anasrgeordfotimirtemalafiatésgefithe deteetivin dtaimbes ateHapicalbyeusedpivathl dty
encountered in sanples of interest. For.ex | e, the concentration of

O ¥ eact | vacast By RRPErars HSOUntEREH # PTSingy R URe Pl horONy FLboa R or
from about t LGr. A Ruege of haehs. t hat
may be ass%étgoéﬁ%’calqll}ggg%gg%&ér&e&qﬁ 'EES ﬁis tégg?%fgr,e Al phé fg’t S%}?{’)‘% %Ii n,

Car ci n@enbr yoni Whamtiiiliging p&enti@mndtiiv detpctidrempathodsa tih raeteisappatile of meesuriigac
Troponin T, Digoxin, ferritin, Gamma gl utanyl transfer ase cat ed
henogl obi rthe gpipatudl stifferoncsrhsiween a %ﬂé\ﬁ‘&g iei’ch%, ang 315 f@}ceéif‘r??‘ff’g?ﬂ%&t need not
gonadot r opj i eyl i i lin, serumanyloid A

t hr onbl asﬁe%apwggf%éﬂemgggg?{elhgélgﬁwege\érﬁggs%%ﬂggnbi n, Thyroxi ne, Tunor
anti gen CA125, Thusmbodifienge wheilnh-dsual udmectiant big aefl<CAnéé 2Gectfosopy ant thgen
CA19-9, and Tunor antigen NVMP22. The sensors of preferred enbodi nents are
not i mit edptection meetherkuspdothe hasend2andadfy peiorslayess 84 and 431250 transpesyt & ther
use inJveterinary a ni h I [ i . Y Llgen i s
too s | Vet il Bl e k3R B UeRRE WERle GRE ot Mhdk glu B, T HimER

hapt en andcoiétt cha@bem BRNIBEctc Skdnted 28 ik Nobisbived Walh tHhehsf of ercflb@ance
invention is not l'imted to the assay of protein antigens or to |arge

: L e g
mol ecul es, speetroscepyalisisctigniailiation & shene thaoughdasergdhandAd ansl/or lages Mhendbdi es

sui table for, use.in the sors of preferred, epbodi nent s i.nclude, . but are
ot 11 m t e BN R ArOrS 19 S L chiRRoT GhaPti s antRed off 1o e
ant i bodi escagaRf Ah8EnREoNBERIER0PY o ARG UBIRLForOheMBl) fddrs 30t UBOSH emd HGR as
F(ab)2 or Fab. The anti body can =23 be conposed of ~genetical I'y engi neered

or syrOhettransparemjrte madiatof at theuwavelength dlodhiows, Redighiomss shofe thrsighgthe sahpien
Fragnment varj abl e). speci es., Th nt i bodi es be conpl exed to native
anti gen pr‘B_tSf%%g%?‘?t’toB ﬁﬁ@gﬂ(}ga& tﬂlf;ieg%r nu%f%’b‘gﬁgen@@hﬁl SLli]‘e‘(ipseudo- anti gens
i nclude anti geng f feMerRkR&IboaRRGk, Sayer B8 cotRRR £sublsfrate WitB Tayer bEAGdsHR

protein is to be assayed then the pseudo-antigen may include ‘cani ne,
feline, egmphshovhy\conted ooviismeppep sur€icad OoandaloivansiGface 42t i Branlest ef materials

Pseudo-anti gens can_al sq be made b difying the native antigen. For
exanpl e, i Ablpafr ClPe SbiTgie B Joet P9 gmflﬁéqogwlyggta&eerelﬁtmsﬂe,t Helr}cargonate,
pseudgsant § JGfle iRy ahd GriteBbR, feh€ tdrOHhAte ! ABedAhhY fe RGN AfGleriaRl
C-reacti veIs pr ot el na\/\hiﬁJéh hag’, Eglggllﬂ?se am'rﬂfa, ca(r3 box;e/{l, lﬁ%g? ogﬁ, tF]ei”gﬁ %rr
di sul fi de mapbpdillkd witkrsudable illeodid ceunfer dssirylet bigticak s anechanibelt gropemies.t he
Presence Oé Abﬁenc of .an Antigen ) . . .y
xamples of materials suitabl€ as fillers include, but are not limited to, titanium dioxide,
carbon, silica, and glass. Examples of suitable adhesives are pressure sensitive adhesives,
heat and chemically curing adhesives and hot melt and hot flow adhesives. Alternatively,
30  the spacer layers themselves may consist of a suitable adhesive.
If a sample ingress 24 has not already been formed earlier in the fabrication process,
then one is provided, for example, by forming a notch (not illustrated) in the edge 37 of the

device 20 that intersects the reaction chamber 22.
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The sensor may be used to determ ne the presence or absence of an antigen
in a sanple as follows. Referring to Figures 3 and 4, the strip sensor 100
contains a reaction chanber 124 and a detection chanber 132. Sanple is

i ntroduced into reaction chanber 15 124 via port 166 or 168. The separation
bet ween | ayer s Thealaghad cigde mniigued danetesen aperérg 30 picreiRgilzyersiZeddapnd 36
surfaces i,s, such th t he le will be awn i nt.o. reactiaop chanbe 4 by
capillary b&&f‘f"oﬁyerﬁ{g;cﬁt&o%é glﬁrgg?ﬂ?g}“el'_f‘é%%ﬂi“a?‘?%‘%nﬂ%@ idtggecﬁ%l}l C_ﬁ %%e{gﬁ%?zed
to an int &inal1af@692 1Ak 48fard 6t fi6REd Erﬁfi‘al&bﬁ{@&ﬂy dpéhindRPHd Gt@AbipheRbhebe
conpl exes 162 are bound to antibodies 164 such that substantially all the
ant i body rdetojon thambesi28eais thiosaniie passtgayey W epeRidghhoctkededstion chamber 22.
pseudo-anti gen-prohe 162, hl this dinent, the probe is an enzyne. . In

Fi gureS4, e when H&dsﬁa?tsonsﬂﬁmeaéf gﬂﬁt‘w 8WE’/Ieoﬁleogﬁ€‘pfeaﬁaés¥%’a&Z"%ttﬂethP
eaction c tyql vant: skiy ; 0 AN -tdgan,gne
face 126 g%ﬂgﬁén%%%g??gﬁscﬁa§§%¥a€22ﬂ%$q§§§t%ﬁlgﬁPg g&%%ggrgggﬁghppor? (not
i1 ustr at edpstadtaillyipseveantiafropdiliing With saedid | Asmehambent df24mpliowilenter ther
ease of fabrication it is typically preferred that the 25 antibodi es 164
are only istaction eharobes 28oduringrthe fimerhetwesacvhenthe samplerfirsteontasts ha operRingg| e
support erial en ) t u rt..18.Us I ild

SupROr TR o o PO TRISY kel SRS R PR ool a8,
chanbery 132owWewek,Nehck iBe §883le hdHivet GaNlyORARS TheeyRAINEY38 foothe RMRONGIE chaster | ng
the support to at |east one face 126 of the reaction chanmber 124, or by

sel ect i ng 28 eo siare filingstfahedgectionshsmped8: willitake nlageh afhe tolema abthegprcsion30

th h th : 134 into d ti h 1

sel coti ng eEHERGE it BPEH FIBAL hEF &) [ HHIRHa DT BHEHERESA R F ouer
face 126 ofoi€ of RRGIQRoR BRI 282 BN tRe $8ITRI0%0 itRe AthRBPARE, sBfplOist he
detecti on chanpber 132. -24 When sariple fill 124,

s the reaction chanber

t he pseudarasfengdne GlizfierdetpetmnechiBBerd2Rinbhe wnantay be dpetcddbycmednacif nehdle
sanple and a sna|| fr?ctlon of the pseudo-antigen-probe dissociates from
the antsi bo@nawed Rasalehoy! Wthe B5ieH e. Sufficient time is then allowed for
the dynam c equjl i hrj . u - i - enz
probe 162 to 5 b BEpHRArIeT AR ANoian RuRRRUE S HikEgS Ind e KT
anti gen, v sBphiedds followe. sA firanghpedtiaydr a2 and iabecyndlhdpddgpacériia 4 layer of
pseudo- anti gen-enzynme probe 162, eventually displaces the .
pseudo- antSIGHAC dickpgss e gach sipntedmion a dattpmaaysarddf. tHt finst srager lgyenl12 is

i mmobi i ze ihao 4 will . di S s@nk] - enz o] 162
nto sol ut ot Sa it i aEeEE R RAGHE LS O L IRORIR 6° Ihec,

the sampl eseténd dpat@dureed14 & 416 recthiguldrda GhdpeNarkdis fidedted @ the BdGtom layer 116
predetermned tine is set such that there is sufficient tine for

subst ant i atlaydigipncepgpagthfsorarike §eshspaset lagersbidpl Bhe distal e¢geak?) of the first spacer

pseudo- ant,. gen-enz robe 162 ind to the antib 164. Alternatiuely,
Phe. pr edet B 840 Mottt S0t A ol b sorfed Frefduim ity ORdrodphf hTdpds oo
di spl aces Jffige Ha€Wdlls 3PiHeGeA1iBA CRAnEL 4240 ThHE BEitdIR 1431 PO drRRWNe B&itbm #AaliThe

time that the sanple is introduced into the reacti on chanber 124 can be

i ndi cat ed By efhideysationfahambsratdd. e Antiodiespt @k sicrtgtharedupttbe bottom 126t eff thenot
illustyated) conpected the sensor 100. This action is ed 1o tr igger a
timn Sdeﬁe%céloflncg?m%ﬁf &é‘?r aﬂ"(?d’in%gfﬂ?fpf & q:ra%sguciq-ar{;}ggﬁgrob&ef {5 Bapndnfg ﬁ’gt er
devi ce is weeRISAlINoditIELICh an enbodi ment, the user manually tinmes the
reaction period. 20 In the case where el ectrochem cal detection is used to
det ect the resultthiod shipedispacendayeed28) sinslar ithehdpado i ificnt shiysed spaogl leydras

been intro ced.intg t he r%acthon chanb&r 124 can_be aut onated. As ]
descri bed Hpoticsitugisd ftaihs tistisnpted spacsr laysk d1%nAclourib epacep layery1 3ags) a slit

portion of E i ta 41 i i tjon
Panbar 12 A LA A SRE BRE ¥ Yye drinO BN Aol Blvirds e LSRG GO0,
then @0 | ehstpdcoenlagbreld0r cirSorh fpatr laldrus t 3@EiRMA)edat6p MeSEIHd shApdd®acer
detection chanber 132. If these el ectrodes énot illustrated) are placed in

t he d_elt Iectlicl}t‘ﬁ*i ldgdwﬁbﬂiejpsqxirr@bérmtlﬁat 134 aligll& t (;Fée bt 132 the lf?gﬂhsr@b@damde
oacti on ohh Y54 RThASH iR of o RS St 125 risorieh, 28 68 des

(not illustr ated) and create an electrical signal which can be used to
trigger the timng device. 30 A predetermined tine after the timng device
has been triggered, either by the user gn.automatically, the

i nmuno-reaction phase of the test is deened to be conpl eted. Wen the

i mmuno-reaction phase of the test is conpleted, the vent 158 to the

at nosphere is -25 opened. For exanple, a solenoid activated needle in the
meter may be used to pierce |layer 156 and/or |ayer 116, or additionally
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-2G The above description discloses several nmethods and materials of the
present invention. This invention is susceptible to nodifications in the
met hods and materials, as well as alterations in the fabrication nethods
and equi pnent. Such nodifications will becone apparent to those skilled in
the art frenoml spaessilayer gxpasad by thenilis 182 seihedourth space lpyead 80 dermsithe hettom
invention djsclaosed herein. nsequently, i.t s naqt intend at. thi

i nvention ’gié P* % EefeetPn H’?"g%écll%gi c%ﬁﬁ’b@f‘WéLtﬁEd 8‘i4§)c‘i’¢)§1§dﬁﬁe’£ﬁe&‘ﬂmsb@]€
that it c ibbisfeith (01 5calfith BhdrfcRabl Ra FOULDBLION diifbet 1821 MR
scope andoﬁs{ag%arg?ltvh}ép?r?fghfé%bégt ?eoaglas@len]’g%egi eg\élﬁn t‘ﬁe at%ac‘%ed gf alnms. Al
patents, afpkintdich®n34 ofittet fotihiespaceefagerckddeforns 4 pdrtivarly ofaliesiderabyf the
incorporated by reference in their entirety. -27 WHAT IS CLAIMED IS 1. A
di sposabl ereatipnechamber 124e i n detecting a target antigen in a fluid sanple,
t he devi ce conpgisin I J : I Iod I f

within the reac)éiféfﬁ1 %ﬁg%gpﬁhggﬂaﬂr}ég%? Fg?ﬁ (s:%a Qltat)a)lgﬁgg@ﬂ%érlfdg‘?dngmgé%gg%el lz%)r(lagﬁa
reporter coiilsB¥peAniphdfiaydd 128 Lisasithatkd Qtopr tBe ehitd spacaki@gert 128t he si-@Rehipid
conpl ex antigen, wherein the reporter conplex antigen Is bound to the

i mobi | i zespagertlapysod ¢4, similanineshapantot the secopd shaped spasst laxerabltd; iscadsidridep fhess
strongly than. the target .antigen .to.the I. bili.zed t.i body;,..a _det ectj.on
chanber ; aggghﬁpﬂ’eﬂﬁﬁg@ééaﬁﬁiﬁyli%%tpfgﬂg%ﬁ%eé?’ %‘%“5@&‘8?8‘3@& Qnay
bet weepy th | hayBr@kpaBE b} iR He18£1d @B feltaaker 14y 230 FhifisdRY tdpe Of
claiml, et?lg?i%h%ﬁgc%eg}érte? con%l ex antigen is sel ecetre%&fri omt hg gr ocﬁjg
consi st i ng1f ofithe détactipatchambegEy?, Am geeeuctor48rdxiapd s threugh the nimth shapetl gratemgen.
3. The device of claiml, wherein the probe is selected fromthe group
consi st i nglayer ¥44adihs; digalomnest S0 thensryred8 and fBs distib cad ,15%196&@&13%% arey
The devi ce | & L Qi r C :
dehydr ogen%lg%l? 8'8%‘%1%’6 %?é gh or}'? ﬁlgﬁe%ﬁ;n&gﬁ g@ﬁ%edr Eggwrr%} %E ilélnggngnﬂsghi?l %}cr)]yeymg

subst r at e. digpladdngenti 6 hie roaf theldaietlidn chahbeel IR idie filln mytiisamiples t A adrelayer EY6
oxi di zabl e substrate. 7. The device of claim6, wherein the enzyne
subst r b e isditsdiaves thy) fifghhspacenloys. 142rad sixth spacer laypral4s. sThe toptipgar 156 also

conpri sing. a diatar. 9..o.The.device of claim8, wherein. di at | S
el bot od T PONEEHAT R 18 QRPN o ™8 R Bt dh il e PPt Bl ik
bet ween t r gsixih Shpb®lagks140Nd ni trogencont ai ni ng het eroat om ¢ species, and
ferricyanide. 10. ‘IQhe device of claim3, wherein the sanple has a pH, and
wher ei n t he devincesrai tmbpdigrentso ipmay ds preforred do dtehatthag:ﬁh@ of theedgibrtsi t he

sanple. 11.. The ice of .claim 10 erei.n. the buffer conprises .
Shosphat e SPTFeRLRY I Srae s B0 et ReL R e esilian SherRBeiarZec hafs g o
stabi | 3zer for Whe i Ind-RAcBSRDL  JréRkd 3 BRI khARS Ahmb&aFl4. OREhERN R SIMhents,
sel ected fromthe group consisting of the target antigen, 30 the reporter

conpl ex anthisgechievas nfoyming avent hoks 158 bayer 1 b@amiion iédfter t@mplEhien o€ thiece
of claim®6, wherein.the enz substrate is orted on a .detection
chanber | nBPHHteegliqrte oV et i reapgon ohambir 245 ik Symaple, oigscFapRd i the

| oD | 1 Zeglradifoh RAMYbASI DURARMEE AR iRbRdHeld ORI §impIB! Al !a%ﬁit&ﬁiéftiﬁ‘%e'
15. The device of claiml, further conprising a support ‘material. 16. The

devi ce of aftaisampls, hastfdledi the rdaeticn plirmitier 124 eatiledst bse ohtheaoméyeni Shiand thee 5
detectjon chanber, and \Qg?rei n a first substance selected fromthe group

consi st ng®%m y%rngfrﬁ? BeRFiaEed abgverbaivatidiole Liftiobal thevens helad58dyed on
or cont al Ngghable! fyibd REPHORAGPSEELAL - Willen HIE od&HL e Uir & Hdid@etion
wherein the support material is contained wthin the reaction chanber, and
wher ei n a seadedl32ibat wene ehrsedlehie ddlef 148rorthbe: F4oldpmedmsSlapdrilng aafl/ok 186 via

aperture 148 or 154, thus allowing sample to be drawn into the detection chamber 132 from

the reaction chamber 124 by capillary action and the displaced air to be vented.

30 The height of the detection chamber 132 is typically selected to be less than the
height of the reaction chamber 124 such that, in combination with the surface energies of

the faces of chambers 132 and 124, the capillary force in the detection chamber 132 will be
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10 immobi li zed anti body, the reporter conplex, and an agent that prevents
non-specific binding of proteins to a reaction chanber internal surface is
supported on or contained within the support material. 18. The devi ce of
claim16 or 17, wherein the support material conprises a material selected
from the ggreapr thenghasin thy redctignrehambersl2dr i Hie strangar isepillaryf fordeiip ghandategtionl | a

13 "Tho. detepeni iy 1o SerBrHeche ferBeron iy any pRabid FES;

el ectrode phgidh epmay £l4eCm@d et off hﬁnged{ff&%miims Gh apilIhss fABEREIMI Al

| east one of the first electrode and the second el ectrode conprises a

mat eri al selaadteed desambetdhia dgtadup compmdingtAppdicationalNorA%iA6,232(fled ppdarcm2tkel |
chromium steel, stainless steel, palladium platinum gold, iridium
carbon,” cat¥h ni xed with binder, indium oxide, tin oxide, a conducti ng

pol ymer, and m yf P ehrgﬁl%&fimex%}; thz!['h%%gg?gk 6% Rhctidi?éiBber W?}@E‘daggagreater

det ecti on chanber ™ wa transparen radiation emtted sor bed by
t he probe, thahetiehdiglithe thadetastionnchambemn dTloehdiste offthadqeivanhemBér istymtaEbnce
of the reporter conplex in the detection ¢ The devi ce ?f claim

hanber. 22.
1 furt hor 2ka3P) SHRKGTA OB AEECRISIrab DB 3Py 400 35510 250, THARIE OF gk
ti i i alzl faicl el I f i
hharel o PRFDSrd AT Al 810 A1) 20, 05, 36 s, 4545 ASARIGGR GabSli s, 125, 1

devi ce1®f ¢5@ilmslor MdTeMmEdrons. MEhdse detetiton chambleekeiglits iageparticulsdy well editéd tom
t he group consisting of a nononeric Creactive protein, a CGreactive
protei n deepplisationsomieseindhe oprand bopiem;vealls ofilep detedtionichambsy-conyss glgctrode

C-reactive protein wherein an affinkt : AR ] - I

C 1 eact | verdy digreUBeL Rt 2 6 il YpBhashitfsvitbpein ERERb Gy LR
C-reacti veeRpRiy&d Whefit 61l ABfghROgYatebthad ABoweSI0CRI@nsCinay B brefofted. eThese
wal | of the defection chanber or a wall of the reaction chanber conprises

further codgeétions chanbdr| keights mey alMeebeleuitahde ovhen detertd® milegdsi athehhan
filler ,is filler.material selected,frogmthe.qr consistikng of, tifanium
di oxi b ° c BRERSH B8 TindE Rl 1 treaopi A iohBt g IPuBoioled 36+
claiml, wWeesgdlB, 4d8pie-dRRICAID MR, ANTRBRYIBH KghtaGhf) be pibferfdte dexnge of
claim27, wherein the enzyne co-factor is selected fromthe group

consi st i ngembodimgnisna welhbeight efoabodeo00; 789, §00adedthmictpraer wote; geeven about

ni cotinam de, {0, afen) 98 4 RUCLEOLT St nBmBY bE PrdArid bl Bei St P M seaction
chamber is typically greater than that of the detection chamber. However, in certain
20 embodiments it may be preferred to employ a reaction chamber having the same or a
similar height as the detection chamber, or even a smaller height than the detection
chamber. The detection chamber height is typically from about 5 microns or less to about
1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, or 5 mm or more, preferably about 900, 800, 700, 600, or 500
microns or less, more preferably about 450, 400, 350, 300, or 250 microns or less, and most
25  preferably from about 5, 10, 15, 20, 25, 30, 35, 40, 45, or 50 microns to about 75, 100, 125,
150, 175, 200, or 250 microns.

When the immunosensor 100 is an electrochemical sensor 100, the top surface of
the second spacer layer 138 and the bottom surface 160 of the sixth spacer layer 144 which
are exposed by the slit 132 in the fourth spacer layer 130 may be partially or completely

30 coated with a conducting material. Alternatively, layers 114 and 144 may themselves be
made of electrically conductive materials. Electrical connection between the two
conducting layers (not illustrated) and a meter (not illustrated) enable electrochemical

measurements to be conducted within the detection chamber.
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29. The device of claim 27, wherein the enzynme co-factor is linked to the
reporter conplex antigen through a flexible spacer. 30. The device of claim
27, further conprising all enzyne substrate. 31. The device of claim 27,
further conprising an apoenzynme. 15 32. The device of claim1, wherein the
probe conpifabsicatiomMethedsre activity regul ator. 33. The device of claim 32,

500 The devi et BREPIRsSY iGN BT PEIRS TuRiciT BE Shully RIPARGASE
The devi cesRfiodihahtiNar2diséustdd®ith GOBRhES i Be 3BnsBRAMITEed 3P Figlh&s TaNd 6 Tafe

claim1, wherein the probe conprises a protein subunit of a nmulti-subunit
enzyne. 37sengorrsttind@0 iotypotetle constiuntpdanf layeruof meferial taarigased togethgen One &
fluid sanple, the nethod copprising the steps. of: | aci he f]uid
Sanpl o 3 ol RAG et L0 et ey hbbind Didbpdith ffa e Lena
reporter cppl g]%rg&r | Id L gC VAR,
wherein t hg‘mz;n?lrfeb y i @#@%Sge \%ﬁt rl%ﬁ f?%qggg@{vﬁ%}%?%ﬁgﬁge?: Q%g%fﬁ@?d er
reporter cbrplien, amd il4e o bs hebilitogether. t Adteimtivdy, ihe epacentlayeod yhenaolesvnetyei n
the reporter conplex antigen binds |ess st_rongI%/ than the target antigen to
the 30 i rmesssist olean adhesive @y mayicomprpat Makrial ¢eable 9f adfferipgdo pAdiaernt el ex
antigen fr L } L ' ly . I;d sanpl e; binding a
portion of{?1 ﬁé& Cé‘?‘g}gta Pf'é%]att ?Igdgﬂ%éstgﬁeg%ia&%g}aw@egt@ﬁt i body; -30

transfgyring thend betedichadham®et D32Misdetplarppaet amssy layand 14 ahé nad by tien
anount of reporter conplex in the fluid sanple, wherein the anmount of

reporter cembivalls phthespiesaandithe gricknges efloyeis 128, 138rdgéine dba hejelf. i laversalldy in

the fluid .. 5 .38. Th th im37, . ..wh [ At f

trans er i F6 THECHT B Ssdfgp utgatredat Ssprols serdiBerok Dusiedl 8 i dhonng
the fluid sRERIRs bP aRRIRHEEIHAEAN B GRImABLAc as tHcelSdtREES ﬂ&ﬂﬁ@iv@ﬁb%@&l‘cﬂle of
conprising a first electrode and a second el ectrode. 39. The nethod of

cl ai m 38, Wieg eomstubted of efectyicalle cendvichvmatenialsndo reongfuctiepodetestion eipinbsr i n
the flud | e coppr. ses:, 10 applying a potential between.the.firs

el oct rbtie LA WBicalb drvined e prisine st onellenr i stoBts AaPionABISER 1ohe
current | SThRULGR ¥5righ ANIIEOYI0 Bh HISPIELE! oCRURICPERERN: hrtal BE eld Ui
sanpl e, and wherein the anount of reporter conplex Is indicative of the
amount of tlactgehemitbl gdhn initially in the fluid sanple.

The reaction chamber 124 can be formed by punching or otherwise removing a
portion of the spacer layers, with the areas removed such that the reaction chamber overlaps
20  with the detection chamber 132, thus causing the detection chamber 132 to open into the
reaction chamber 124. Layers 116 and 156 can then be laminated to the external face of
layers 112, 114 and layers 142, 144, respectively, to form the end walls 126, 174 of reaction
chamber 124. The immuno-chemicals 164 and 162 can be coated onto an internal face 126
and/or 174 of layers 116 and/or 156 prior to or following the lamination of 116 and 156
25  onto layers 112, 114 and layers 142, 144, respectively. Layers 116 and 156 can be adhered
to layers 112, 114 and layers 142, 144, respectively, by an adhesive layer on the external
face of layers 112, 114 and layers 142, 144, respectively, or on the internal face of layers

116 and 156.
The vent 148 and/or 154 can advantageously be formed by punching a hole through
30 layers 114, 130, and 144. From the point of view of simplifying the strip fabrication
process, it is particularly advantageous to form vent 148 and/or 154 at the same time as the

cut-out portion for the reaction chamber 124 and/or the detection chamber 132 is formed, as
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40. The nethod of claim 37 wherein the step of transferring the fluid
sanple to a 15 detection chanber conprises transfernng the fluid sanple to
a detection chanber conprising an el ectromagnetic radiation transm ssive
portion. 41. The nmethod of claim40, wherein the step of determnin n
anount of thispgagltesit easigpite relipve ﬁéeprrq>4ncd:1§awﬁ§qabr%waﬁhlgé>§twq$e the éb%m%‘? ©)
exposing t I ve portion to 20

A8 5l GG %H%?s'a%a%% ﬁlgtgx?}ﬁftbﬁgolgfr@&§ﬂt n@é

el ect romagnetic ra ation ctro gnetl c radiation passes

through the fl undh 9EfRER @ibddghéRCie Yer®Mu8hesd,| 1580 caabpl foimen 8y rpunckiagi ng
a property of the electronagnetic radiation after it passes through the

fluid sanpheugh laycs dd4.5116, 030t Hd4f nd 456 anghladditianalr tepe layies ﬁmp;lduatyatqda

di r Iex pr.ese n the fl ui
and vindr o O ZS Ot 51O Bp P B 15 e bt uesstomeriRofn
ft t I 1
" AE. Aae. RORIAERn I i Frbiefol e YRR 3R by hols covsuing tage lavert,
. AY. AE. AE.(AytYilANMtrafed A¥ephritély/ CAREImBtivelHi vent hole 148 154, 158 can be formed by
Cyom tbeal ealeletaleal e thpslerleslatlaabichesheAhaglsilskany oo

$$$99 ] a] ca
] ca] cﬁgfd@; a}e%g‘]‘%}* a]@g] ?%%8&} g‘]ca cal%@g&bﬁ&féﬂ% %Lf)a% %ﬁa%) 155
56966&?)5711711758@1/51msheea(]ecla];c@]eqa]lsba] cal] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] C
a] cal ca] ca] ca] ca] ca] cal ca ] caJ calca]cal ca]ca]ca! 8, 840889a999*: : :

. <5 <=>>77 @ DEARKAVRTUSY @vbodimerh shediayprsal 16aAnd Eibcenche] @a}lé%m]ae%l]lc’a]né&?ficta] ca]

] gii=
ool ool oal Al h&%%g%%@%@tﬁ%“ FCC PR FREREGH RN L S8 by U2 2
a] ca] ca] calenpl sglcathal cahgal erdmiphecbar) tahaeh aabed] Badsal s, amadnaamatbst st
t'u/uz}o%yBl Os{ Pl wnmhc”Y] c]] ca] ca] ca] ca] ca] ca] ca] c”*a] ca] ca] ca] ca]ca]calca]c
a] ca] ca] cabuajtbayou]ldd,) ] ¢38 ala} &hiilt@q%abm%)gée%yga}(oat% @a?trate]dé -lé]umn]ated]over ‘]bot | cal

kf a\ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] c”a]ca]ca

ca] ca]ul% T V%%’ﬁ%&]"l%%%f%ﬁ‘f& na] ca] ca] cal ' 95=0& yv~x}q] ?H{vqgl gb] X]]]ca] ca] ¢
a] ca] caj ca] ca] cals alyerl way bel zﬁlﬁh‘éé]@%a@@ﬂﬁ‘c@]t]ﬁﬁéﬂycﬁhﬁﬁiecéleﬂﬁhc?drC@sla%?d 162a] ca
] ca] ca] ca] ca] ca] ca! Vi %=YLr MM wr mhc”Y]]]] caJ ca]ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] pra:]suae] ceadited caheaye apwable apdlabiyal, c Aptc ahelt] adhpsiwgse alagniatwnObya

HHE mhc” Y] . a] caJ ca] c
a] ca] ca] cAPBHF P ELTER AL B HT BT PRl G ME O SBbea) oot cat (8o,
H(k(((J))); The above-described configurations for the sensor are but two of many possible
***+E+4++,,m,,-Uk---).d/}/}xsnid_Z]]]]]ca] ca] ca] ca] ca] ca] ca]ca] ca)] cajcaJca
] ca] caZ_|0ca] cma]igax]auax]xa:ﬁ)] te] acaﬂomae]sam]ldm] apatecmtaid]yoadeadskidl] io diic at.c Bbg ¢xXaimiE0p00
e e by st
(yg(/%" g' 0- ]}%Cf"lbgo/tq%g (t;{hégf) 'OIE fhrdfu %‘%(r(r%?ra%i of th(e): o§ r £ (’ghe yen Or/lgag b(e) of an %’10 %
& () - Y" 10%ugalle-conlgaratiqn), am@rm%c&n(i direetlp MR (p))rtuﬁbe the detectlon chamt;er or

"100 0 - 0 [V 9 1 1009 -Y

To% & ()- e Kiogy§ oiesploPab s g deestion sbabt (Hhe siorton dopmter SOSE
& () 250" l&ﬂs‘ﬁlt@le sﬁaﬂe(,)%l‘géx@np‘l’e E&fug%ﬂa@,%dﬂé‘reg Llraﬁ)fr, or irregular. The detection

chamber may abut the reaction chamber, or a separate sample passageway between the

reaction chamber and the detection chamber may be provided. Sample may be admitted to
the reaction chamber on either side of the strip, as in the sensor of Figures 4 and 3, or only
through one side of the strip with the opposite side blocked by a spacer, as in Figures 1 and
30 2. The detection chamber may be of any suitable shape, for example, rectangular, square,
circular, or irregular. The detection chamber may be contained within the body of the strip,
and access to the detection chamber may be provided by one or more sample ingresses

through the top, bottom, or sides of the strip. Typically, a particular configuration is
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10  analyte present, a second electrode 54 or 52, acting as reference electrode is present which
acts to provide a reference potential. In the case of an amperometric sensor 20 wherein the
sensing electrode current is indicative of the level of analyte in the sample, at least one
other electrode 54 or 52 is present which functions as a counter electrode to complete the
electrical circuit. This second electrode 54 or 52 may also function as a reference electrode.
15  Alternatively, a separate electrode (not shown) may perform the function of a reference
electrode.

If the immunosensor 20 is operated as an electrochemical cell 28, then the sheet 36
containing the apertures defining the reaction chamber 22 and/or detection chamber 28
comprises an electrically resistive material. In a preferred embodiment, sheets 32 and 34

20  also comprise an electrically resistive material. Suitable electrically resistive materials
include, for example, polyesters, polystyrenes, polycarbonates, polyolefins, mixtures
thereof, and the like. Preferred polyester is polyethylene terephthalate. In the sensor
depicted in Figures 1 and 2, the layers 32 and 34 are substrates coated with electrically
conductive material 52 and 54. The electrically conductive material 52 or 54 is coated on

25  the surface 60 or 62 facing the detection chamber 28 and an adhesive layer (not shown) is
coated on the surface 33 or 35 facing layer 42 or 46, respectively.

In the embodiment depicted in Figures 3 and 4, the detection chamber 132 has
electrically conductive coatings (not illustrated) on the internal face of 138 and 170 which
are suitable for use as electrodes in an electrochemical sensor cell. Also contained in the

30  detection chamber 132 is a dry reagent layer 172 comprising a substrate for the probe
enzyme and, if necessary, a redox species capable of cycling the enzyme between its

oxidized and reduced forms and capable of being oxidized or reduced at the cell electrodes.
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their ease of processing, low cost, and lack of reactivity to reagents and samples.

Optical Detection

In an alternative embodiment, an optical rather than an electrochemical detection

system are used. According to this alternative embodiment, electrodes are not necessary

15 and an external light source and photocell are used to analyze light transmitted through, or

reflected from the solution in detection chamber. In one embodiment, it is preferred to

shine the light through the top surface of the sensor then through the sample, where it is

reflected off the lower sensor layer and then back up through the sample and the top layer,

where it is detected. In another embodiment, light is shone in through the side of the

20  detection chamber and totally internally reflected between the end faces of the detection

chamber until it passes out through the other side of the detection chamber, where it is

detected. In these embodiments, the layers above, to the side, and/or below the detection

chamber are substantially transparent to the analyzing light that is passed through the layer

or layers. The techniques described in copending Application No. 09/404,119 filed on

25  September 23, 1999 may be adapted for use with the immunosensors of preferred

embodiments utilizing optical detection systems. Alternatively, in certain embodiments it

may be preferred to use a combination of electrochemical detection and optical detection
methods, which is also described in Application No. 09/404,119.

Reagents and Other Materials Present in the Immunosensor

30 Reagents for use in the reaction chamber, e.g., immobilized antibody, pseudo-
antigen-probe, buffer, mediator, and the like, may be supported on the walls of the reaction
chamber or on the walls of the detection chamber, on an independent support contained

within chambers, within a matrix, or may be self supporting. If the reagents are to be
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the reaction chamber or detection chamber, it may be advantageous to support them on or
contain them within one or more independent supports, which are then placed into a
chamber. Suitéble independent supports include, but are not limited to, mesh materials,
nonwoven sheet materials, fibrous filling materials, macroporous membranes, sintered
10  powders, gels, or beads. The advantages of independent supports include an increased
surface area, thus allowing more antibody and pseudo-antigen-probe to be included in the
reaction chamber, if desired. In such an embodiment, the antibody bound to the pseudo-
antigen-probe is dried onto a piece of porous material, which is then placed in the reaction
chamber. It is also easier during fabrication to wash unbound protein from independent
15  supports, such as beads, compared to washing unbound protein off of the surface of the
reaction chamber.

In a particularly preferred embodiment, the antibody bound to the pseudo-antigen-
probe is supported on beads. Such beads may comprise a polymeric material, e.g., latex or
agarose, optionally encasing a magnetic material (such as gamma Fe;O; and Fe;O4). The

20  bead material is selected such that suitable support for the antibody is provided. Suitable
beads may include those marketed as DYNABEADS® by Dynal Biotech of Oslo, Norway.
Optionally, a magnet may be included in the meter to hold the magnetic beads in the
reaction chamber and to stop them from moving to the detection chamber.

In yet another embodiment, the walls of the reaction chamber are porous, with the

25 antibody bound to the pseudo-antigen-probe incorporated into the pores. In this
embodiment, the liquid sample is able to wick into the porous wall, but not leak out of the
defined area. This is accomplished by using a macroporous membrane to form the reaction
chamber wall and compressing the membrane around the reaction chamber to prevent
leakage of sample out of the desired area, as described in U.S. Pat. No. 5,980,709 to

30  Hodges, et al.

Suitable independent supports such as beads, mesh materials, nonwoven sheet

materials, and fibrous fill materials include, polyolefins, polyesters, nylons, cellulose,

polystyrenes, polycarbonates, polysulfones, mixtures thereof, and the like. Suitable
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The antibody bound to the pseudo-antigen-probe may be contained within a matrix,

5 e.g., polyvinyl acetate. By varying the solubility characteristics of the matrix in the sample,
controlled release of the protein or antibody into the sample may be achieved.

As illustrated in Figure 2, dried reagents 64 may optionally be disposed in the
detection chamber 28. These reagents may include an enzyme substrate (used as a probe)
and a mediator, capable of reacting with the enzyme part of the pseudo-antigen-enzyme

10  probe 50 to produce a detectable signal. The enzyme substrate and mediator, if present, are
to be of sufficient amount such that the rate of reaction of any enzyme present with the
enzyme substrate 64 is determined by the amount of enzyme present. For instance, if the
enzyme is glucose oxidase or glucose dehydrogenase, a suitable enzyme mediator 64 and
glucose (if not already present in the sample) is disposed into the detection chamber 28.

15 In an embodiment wherein an electrochemical detection system is used, ferricyanide
is a suitable mediator. Other suitable mediators include dichlorophenolindophenol and
complexes between transition metals and nitrogen-containing heteroatomic species. Buffer
may also be included to adjust the pH of the sample in the detection chamber 28, if
necessary. The glucose, mediator, and buffer reagents 64 are present in sufficient quantities

20  such that the rate of reaction of the enzyme with the enzyme substrate 64 is limited by the
concentration of the enzyme present.

The internal surface 40 of the substrate 42, which forms the base of the reaction
chamber 22, is coated with pseudo-antigen-probe 50 bound to antibodies 44 to the antigen
to be detected in the sample. The antibodies 44 are adsorbed or otherwise immobilized on

25  the surface 40 of the substrate 42 such that they are not removed from the substrate 42
during a test. Optionally, during or after application of the antibodies 44 to the internal
surface 40 of the substrate 42, an agent designed to prevent non-specific binding of proteins
to this surface can be applied (not shown). An example of such an agent well known in the
art 1s bovine serum albumin (BSA). A nonionic surfactant may also be used as such an

30  agent, e.g.,, TRITON® X100 surfactant manufactured by Rohm & Haas of Philadelphia,
Pennsylvania, or TWEEN® surfactants manufactured by ICI Americas of Wilmington,
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The probe can also be an enzyme co-factor. Examples of suitable co-factors
include, but are not limited to, flavin mononucleotide, flavin adenine dinucleotide,
nicotinamide adenine dinucleotide, and pyrroloquinoline quinone. The co-factor is

10  preferably linked to the antigen by a flexible spacer to allow the co-factor to bind to the
apoenzyme. When the probe is a co-factor, the apoenzyme may optionally be co-dried with
the enzyme substrate and mediator in the reaction chamber.

The probe can also be a regulator of enzyme activity. Examples of suitable enzyme
regulators include, but are not limited to, kinases or phosphorylases. Enzyme regulators

15  may alter the activity of the enzyme by changing the state of phosphorylation, methylation,
adenylation, uridylation or adenosine diphosphate ribosylation of the enzyme. Enzyme
regulators may also alter the activity of the enzyme by cleaving a peptide off the enzyme.
When the probe is an enzyme regulator, the enzyme is co-dried with the enzyme substrate
and mediator in the reaction chamber.

20 The probe can be a protein subunit which is part of a multi-subunit complex. An
example of such a protein subunit is one of the subunits in the multi-subunit enzyme
cytochrome oxidase.

The antibody and pseudo-antigen-probe can be complexed together before being
dried into the reaction chamber. Complexation conditions are chosen to minimize the

25 amount of free (uncomplexed) pseudo-antigen-probe, as this species will increase the
background signal in the assay. The amount of free antibody is also minimized as this
species will bind antigen and stop it from displacing the pseudo-antigen-probe, thus
reducing the sensitivity of the assay. For example, it is possible to optimize the
complexation of pseudo-antigen-probes with antibodies by “crowding” the solutions with

30  inert macromolecules, such as polyethylene glycol, which excludes volume to the proteins
and thus raises their thermodynamic activity and enhances the affinity of their binding to

one another. See, e.g., Minton, Biopolymers, Vol. 20, pp 2093-2120 (1981).
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10  concentrations in the range 0.1 nM or less to 0.1 mM or more.

The maximum detectable limit of the assay is determined by the concentration of
pseudo-antigen-probe/antibody in the reaction chamber. This molar concentration is
therefore set to correspond to the expected range of molar antigen concentrations that are
typically encountered in samples of interest. For example, the concentration of C-reactive

15 protein encountered in a typical pathology laboratory is from about 10 nM to about 10 uM
(micromolar).

Examples of antigens that may be assayed include, but are not limited to, Alpha-
fetoprotein, Carcinoembryonic antigen, C-reactive protein, cardiac Troponin I, cardiac
Troponin T, Digoxin, ferritin, Gamma glutamyl transferase, Glycated hemoglobin, glycated

20  protein, Hepatitis A, B and C, chorionic gonadotropin, Human immunodeficiency virus,
insulin, serum amyloid A, thromblastin, Prostate specific antigen, Prothrombin, Thyroxine,
Tumor antigen CA125, Tumor antigen CA15-3, Tumor antigen CA27/29, Tumor antigen
CA19-9, and Tumor antigen NMP22,

The sensors of preferred embodiments are not limited to the assay of human

25  antigens, but are also suitable for use in veterinary and animal husbandry applications.
Also, if an antigen is too small to be immunogenic, then it can be attached to a carrier as a
hapten and antibodies can be raised to it in this way. Therefore the invention is not limited
to the assay of protein antigens or to large molecules, but is also applicable to small
antigens as well.

30 Antibodies suitable for use in the sensors of preferred embodiments include, but are
not limited to, the natural antibodies, such as IgG, IgM and IgA. Suitable antibodies can

also be made up of fragments of natural antibodies, such as F(ab), or Fab. The antibody can

-23-



10! X. $10%RBRB&’ () -!, $109BB& ()-!\ $10%/BVB& ()-! X$109RBRB& ()-!, $10%BB&' () -
" 1S$109%BMB&' ()- " g~ _@ 10! X. 3,"10% h& ()-3"10% h& ()-10% h& ()- 10B 10B
10B<1098& ()-! X. $10%RBRB&' () -] ?dE~_@ 10! X. 3f"10% h& () - 10% h& () - Z10%
h& ()-3F "10% h&'g S $10% h& () - 3ML0% h&' ) H dE~ @ 10! X. 3 1"10% hé& () -
10% h& () -be-cromorsd of) gengticly sagipgeredon Hughs (ﬁ)agsrem'@cqf ratural antibagies, @chisx.

F+10% h&' () 0% har() - 3" " 109 358" 10% h& ()- $$10% h& () - 34" 10%
he ()- o TRBY %%53%89 i Qﬁﬂﬁfnh%?rt"c)bpe% iS00 ne ()- ,5%10% h& ()- 1"10%
h& () - 390" 10% hghel dntibbie® t0Y6B T0fiplekedid XativeOidtig 2n %ﬂ&o&‘ﬂd&t&) pseudo-hafgen

U& ()-!'f$10% U U& ()-!f$10%JU& ()- 10 h 10 h 10 h< 0% h& ()-r2}[<{Y7 10!!
9%4.0% U&' ()probas. Bgavples ulkpgepdo-antigens include antigens from other spemes For example, if

5 human C-reactive protein is to be assayed then the pseudo-antigen may include canine,
feline, equine, bovine, ovine, porcine or avian C-reactive protein. Pseudo-antigens can also
be made by modifying the native antigen. For example, if human C-reactive protein is to be
assayed, then the pseudo-antigen may include a monomeric form of the native pentamer, or
C-reactive protein which has had its amine, carboxyl, hydroxyl, thiol or disulfide groups

10 chemically modified.

Using the Sensor to Determine the Presence or Absence of an Antigen

The sensor may be used to determine the presence or absence of an antigen in a
sample as follows. Referring to Figures 3 and 4, the strip sensor 100 contains a reaction
chamber 124 and a detection chamber 132. Sample is introduced into reaction chamber

15 124 via port 166 or 168. The separation between layers 116 and 156 and the surface energy
of their internal surfaces is such that the sample will be drawn into reaction chamber 124 by
capillary action. Reaction chamber 124 contains antibodies 164 immobilized to an internal
face 126 of the reaction chamber 124. Pseudo-antigen-probe complexes 162 are bound to
antibodies 164 such that substantially all the antibody recognition sites for the antigen are

20  blocked by pseudo-antigen-probe 162. In this embodiment, the probe is an enzyme.

In Figure 4, the antibody is shown as coated only on one face 126 of the reaction
chamber 124, but it may advantageously be coated on more than one face 126 of the
reaction chamber 124 or coated onto a separate support (not illustrated) that is contained in
the reaction chamber 124. However, for ease of fabrication it is typically preferred that the

25  antibodies 164 are only coated on one portion of the reaction chamber 124, or on a single
support material. When a separate support is used to immobilize the antibodies 164, the
support is such that it does not enter the detection chamber 132 during the test. This can be
achieved by, for example, adhering the support to at least one face 126 of the reaction
chamber 124, or by selecting the size or shape of the support such that it cannot enter

30 through the sample passageway 134 into detection chamber 132, or by selecting a support
of sufficient density such that it remains on the lower face 126 of the reaction chamber 124

when the sample is transferred to the detection chamber 132.

24-



%0% & ()- !'f %0%UsU& ()- 3 $10% U& ()-! D3 $10%UQUQUE’ () - XMRSTU{ Y7

' 10! 1 19$10%B+B& ()- !#$109BB& ()- 10 U 10 U 10 W<10%

U& ()-!N. $10% U U& ()-!X. $10%UeU&" ()-% z[ 9{ Y7

10! 11 Ny&$10%-BHB&' () - &$109B& () - m S&$10%VBMVB&' () - nB10YB&' () - ! ;
$1096B5B&’ () - | NbemBEnKl} fillache negationlamambe#mlﬂ% psends-fytigen-£0BMOBrobe 162

o AT T Ao S o,
oy 5L 48 T 5 i 72 o s e
-{Z8 the dynamic equilibrium between bound and unbound pseudo-antigen-enzyme probe 162 to

5 be established. If antigen is present in the sample, the antigen, which binds more strongly
to the antibody 164 than the pseudo-antigen-enzyme probe 162, eventually displaces the
pseudo-antigen-enzyme probe 162. Thus each antigen that binds to an immobilized
antibody 164 will displace one pseudo-antigen-enzyme probe 162 into solution.

The end of the reaction step is a predetermined time after the sample is introduced

10  into the reaction chamber 124. The predetermined time is set such that there is sufficient
time for substantially all of the antigen in the sample to displace pseudo-antigen-enzyme
probe 162 to bind to the antibody 164. Alternatively, the predetermined time can be set
such that a known fraction of the antigen displaces the pseudo-antigen-probe 162 to bind to
the antibody 164.

15 The time that the sample is introduced into the reaction chamber 124 can be
indicated by the user, for example, by depressing a button on a meter (not illustrated)
connected to the sensor 100. This action is used to trigger a timing device (not illustrated).
In the case of visual detection, no meter device is necessary. In such an embodiment, the
user manually times the reaction period.

20 In the case where electrochemical detection is used to detect the result of the
immuno-reactions, the indication that sample has been introduced into the reaction chamber
124 can be automated. As described above, when sample fills the reaction chamber 124, a
small portion of the detection chamber 132 at its opening 140 into the reaction chamber 124
will be wet by sample. If electrochemical detection is employed then at least two electrodes

25  (not illustrated) are present in the detection chamber 132. If these electrodes (not
illustrated) are placed in the detection chamber 134, such that at least a portion of each
electrode (not illustrated) is contacted by the sample during the filling of the reaction
chamber 124, the presence of the sample will bridge the electrodes (not illustrated) and
create an electrical signal which can be used to trigger the timing device.

30 A predetermined time after the timing device has been triggered, either by the user
or automatically, the immuno-reaction phase of the test is deemed to be completed. When

the immuno-reaction phase of the test is completed, the vent 158 to the atmosphere is
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by the meter, as in the example above, or manually by the user in the case of visual
5  detection wherein no meter may be used, e.g., the user inserts a needle through the layers
156, 116, 114, and/or 144 into the detection chamber, thereby forming the vent 158.

The opening of the vent 158 to the atmosphere allows the air trapped in the
detection chamber 132 to escape, thereby allowing the detection chamber 132 to be filled
with reacted sample from the reaction chamber 124. The reacted sample will be drawn into

10  the detection chamber 132 due to increased capillary force in the detection chamber 132
compared to that present in the reaction chamber 124. In a preferred embodiment, the
increased capillary force is provided by suitably coating the surfaces 138 and 160 of the
detection chamber 132 or, more preferably, by choosing the capillary distance for the
detection chamber 132 to be smaller than that of the reaction chamber 124. In this

15 embodiment, the capillary distance is defined to be the smallest dimension of the chamber.

When the detection chamber 132 is filled, the reagents 172 dissolve into the sample.
The enzyme component of the reagent layer 172 reacts with the enzyme substrate and the
mediator to produce reduced mediator. This reduced mediator is electrochemically
oxidized at an electrode (not illustrated) acting as an anode in the detection chamber 134 to

20  produce an electrical current. In one embodiment, the rate of change of this current with
time is used as an indicator of the presence and amount of enzyme that is present in the
reacted sample. If the rate of change of current is less than a predetermined threshold value
(taking into account that some pseudo-antigen-enzyme probe 162 is liberated into solution
as a result of the dynamic equilibrium that is established between the free and bound

25  pseudo-antigen-enzyme probe 162), then it is indicative of no significant amount of pseudo-
antigen-enzyme probe 162 present in the reacted sample, indicating the lack of antigen
present in the original sample. If the rate of change of current is higher than the threshold
rate, it indicates that pseudo-antigen-enzyme probe 162 is present in the reacted sample in
an amount greater than the threshold value, and thus antigen is also present in the sample

30 initially. In one embodiment, the rate of change of the current is used to give a measure of

the relative amount of antigen initially present in the sample.
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U& () - FOZl%V/entlon This invention is susceptible to modifications in the methods and materials, as

well as alterations in the fabrication methods and equipment. Such modifications will
become apparent to those skilled in the art from a consideration of this disclosure or
5 practice of the invention disclosed herein. Consequently, it is not intended that this
invention be limited to the specific embodiments disclosed herein, but that it cover all
modifications and alternatives coming within the true scope and spirit of the invention as
embodied in the attached claims. All patents, applications, and other references cited

herein are hereby incorporated by reference in their entirety.
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WHAT IS CLAIMED IS

1. A disposable device for use in detecting a target antigen in a fluid sample,
the device comprising a reaction chamber; an immobilized antibody fixed within the
reaction chamber; a reporter complex comprising a probe and a reporter complex antigen,
wherein the probe is linked to the reporter complex antigen, wherein the reporter complex
antigen is bound to the immobilized antibody, and wherein the reporter complex antigen
binds less strongly than the target antigen to the immobilized antibody; a detection
chamber; a sample ingress to the reaction chamber; and a sample passageway between the
reaction chamber and the detection chamber.

2. The device of claim 1, wherein the reporter complex antigen is selected from
the group consisting of the target antigen, a pseudo-antigen, and a modified-antigen.

3. The device of claim 1, wherein the probe is selected from the group

consisting of radioisotopes, chromophores, fluorophores, and enzymes.

4. The device of claim 3, wherein the enzyme comprises a glucose
dehydrogenase.

5. The device of claim 3, further comprising an enzyme substrate.

6. The device of claim 5, wherein the enzyme substrate is an oxidizable
substrate.

7. The device of claim 6, wherein the enzyme substrate comprises glucose.

8. The device of claim 5, further comprising a mediator.

9. The device of claim 8, wherein the mediator is selected from the group

consisting of dichlorophenolindophenol, complexes between transition metals and nitrogen-
containing heteroatomic species, and ferricyanide.

10. The device of claim 3, wherein the sample has a pH, and wherein the device
further comprises a buffer that adjusts the pH of the sample.

11.  The device of claim 10, wherein the buffer comprises a phosphate or a
mellitate.

12. The device of claim 3, further comprising a stabilizer, wherein the stabilizer
stabilizes at least one component selected from the group consisting of the target antigen,
the reporter complex antigen, the enzyme, and the immobilized antibody.

13, The device of claim 6, wherein the enzyme substrate is supported on a

detection chamber interior surface.
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reaction chamber interior surface.
15.  The device of claim 1, further comprising a support material.
16.  The device of claim 15, wherein the support material is contained within the

5  detection chamber, and wherein a first substance selected from the group consisting of an
enzyme substrate, a mediator, and a buffer is supported on or contained within the support
material.

17.  The device of claim 15, wherein the support material is contained within the
reaction chamber, and wherein a second substance selected from the group consisting of the
10 immobilized antibody, the reporter complex, and an agent that prevents non-specific
binding of proteins to a reaction chamber internal surface is supported on or contained
within the support material.
18.  The device of claim 16 or 17, wherein the support material comprises a
material selected from the group consisting of a mesh material, a fibrous filling material, a
15  porous material, a sintered powder, a macroporous membrane, and a bead.
19. The device of claim 1, wherein the detection chamber comprises a first
electrode and a second electrode.
20. The device of claim 19, wherein at least one of the first electrode and the
second electrode comprises a material selected from the group consisting of aluminum,
20  copper, nickel, chromium, steel, stainless steel, palladium, platinum, gold, iridium, carbon,
carbon mixed with binder, indium oxide, tin oxide, a conducting polymer, and mixtures
thereof.
21. The device of claim 1, wherein a detection chamber wall is transparent to a
radiation emitted or absorbed by the probe, wherein the radiation is indicative of a presence
25  orabsence of the reporter complex in the detection chamber.
22. The device of claim 1, further comprising a detector that detects a condition
wherein the reaction chamber is substantially filled.
23. The device of claim 1, wherein the target antigen comprises a human C-
reactive protein.
30 24, The device of claim 1, wherein the reporter complex antigen is selected from
the group consisting of a monomeric C-reactive protein, a C-reactive protein derived from a

non-human species, and a chemically-modified C-reactive protein wherein an affinity of the
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25. The device of claim 1, wherein a wall of the detection chamber or a wall of
the reaction chamber comprises further comprises a filler.

5 26. The device of claim 25, wherein the filler is a filler material selected from

the group consisting of titanium dioxide, carbon, silica, glass, and mixtures thereof.

27.  The device of claim 1, wherein the probe comprises an enzyme co-factor.

28.  The device of claim 27, wherein the enzyme co-factor is selected from the
group consisting of flavin mononucleotide, flavin adenine dinucleotide, nicotinamide

10  adenine dinucleotide, and pyrroloquinoline quinone.

29.  The device of claim 27, wherein the enzyme co-factor is linked to the
reporter complex antigen through a flexible spacer.

30.  The device of claim 27, further comprising an enzyme substrate.

31.  The device of claim 27, further comprising an apoenzyme.

15 32.  The device of claim 1, wherein the probe comprises an enzyme activity
regulator.
33.  The device of claim 32, wherein the enzyme activity regulator comprises a

kinase or phosphorylase.
34.  The device of claim 32, further comprising an enzyme substrate.

20 35.  The device of claim 32, further comprising an enzyme.

36.  The device of claim 1, wherein the probe comprises a protein subunit of a
multi-subunit enzyme.

37. A method for determining an amount of a target antigen in a fluid sample,
the method comprising the steps of:

25 placing the fluid sample in a reaction chamber containing an immobilized
antibody and a reporter complex comprising a probe linked to a reporter complex
antigen, wherein the antibody is fixed within the reaction chamber, wherein the
reporter complex antigen is bound to the immobilized antibody, and wherein the
reporter complex antigen binds less strongly than the target antigen to the

30 immobilized antibody;

dissociating a portion of the reporter complex antigen from the immobilized
antibody into the fluid sample;

binding a portion of the target antigen to the immobilized antibody;
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a #$%&I5( 38.  The method of claim 37, wherein the step of transferring the fluid sample to
a detection chamber comprises transferring the fluid sample to an electrochemical cell, the
electrochemical cell comprising a first electrode and a second electrode.
39.  The method of claim 38, wherein the step of determining an amount of
reporter complex in the fluid sample comprises:
10 applying a potential between the first electrode and the second electrode; and
measuring a current, wherein the current is indicative of an amount of
reporter complex present in the fluid sample, and wherein the amount of reporter
complex is indicative of the amount of target antigen initially in the fluid sample.
40.  The method of claim 37 wherein the step of transferring the fluid sample to a
15  detection chamber comprises transferring the fluid sample to a detection chamber
comprising an electromagnetic radiation transmissive portion.
41.  The method of claim 40, wherein the step of determining an amount of
reporter complex in the fluid sample comprises the steps of:
exposing the electromagnetic radiation transmissive portion to
20 electromagnetic radiation, whereby the electromagnetic radiation passes through the
fluid sample or reflects from the fluid sample; and
monitoring a property of the electromagnetic radiation after it passes through
the fluid sample or reflects from the fluid sample, wherein the property is indicative
of an amount of reporter complex present in the fluid sample, and wherein the
25 amount of reporter complex is indicative of the amount of target antigen initially in

the fluid sample.
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