0 2 FEB 2007 TITLE OF THE INVENTION SYSTEM FOR ELECTROCHEMICAL QUANTITATIVE
ANALYSIS OF ANALYTES WITHINA SOLID PHASE 5 BACKGROUND OF THE INVENTI%)I}I %ﬁ}d
of the Invention - This invention is directed to a system, test method and test device which Conbires
affinity-chromatographic test technique and electrochemical quantitative technique for analysis of one
or more analytes in a test 10 sample. More specifically, this invention is directed to an electrochemical
guantitative analysis system for determination of an nﬁ%@ fe. . proteins, hormones or enzymes,
small molecules, polysaccharides, antitJd WESO%L}E]%}% ) Fgﬁg toxins, viruses or virus particles,
portions of a cell WSHSFEM FORLECTROS HEMI 14l ) EANIIT AT DR raNMeLESEShOFkers that permit

their identification) within a solid ph ﬁ ri ‘){) ent of electrochemical changes
of label(s) associated with a Iabef(‘—:'g sutz ang’é}@%ﬁé‘ﬁ Be@r?é%éegnwith the concentration of the
analyte of interest. The test strip used in this analytical system includes a solid phase affinity
chromatographic medium, having an electrochemical detection system associated therewith, within
the fluid pathway through said medium. The inventions hereinafter 20 set forth in detail are applicable
to quantitative analysis of virtuall?é@%@@%%ggmgﬂg@%n be correlated with an
electroactive speciesyof an glegtrppesy InsiancTilaiiccaanaiiectianife stisgmhasge in
electrical response within the  electrochemical cell-like environment of the test device of this invention.
2. Description BFBAGAK tteﬁgdﬁ‘.’lﬁ“ﬁﬂﬁ’r‘f f3GHYEHCE -‘Wﬂﬁﬁg‘ﬁ%&ﬁ%’ﬂﬂ%l&ﬁ%ﬁ\/ﬁ%ﬂ% alyte within
a solid phase €estrstiiphipahgnatiitmizelveshai wes Saryaimbybiichfaon @ oaliyiesei armalyigsith saexple, and a
labeled stance: interagt with eagc er,.or another reacti stituent, Within the. context of the
prior art,sllLPti)s t%r?@éjr%fopd t%g\llltyéa. ﬁ%‘%%ﬁ&%ﬂ%ué@tsar%%%ggr% , 1 ugf??ﬁ%%t?dé&(a%yar? Sﬁg?g?g%‘frﬁic that is
labeled with aduaeiitative, 2l Bds sYatsaiddrideipnnination spavitodbitdritgaptiotingthaacaaalyte of
interest, or () cropARIEXHAL isoiermed SjiesRatan Ahtioalebhaieiyslial HIgE RAGHON

constituent. The liquid containing the labeled substance and the analyte is then transferred to a
porous film or YHERSHNENSHAEHSS deiens P hiarGeib et aahintigr compounds which have

specific or characteristic markers that permit their identification) within a solid phase

15 (e.g. test strip) by measurement of electrochemical changes of label(s) associated with
a labeled substance that can be correlated with the concentration of the analyte of
interest. The test strip used in this analytical system includes a solid phase affinity
chromatographic medium, having an electrochemical detection system associated
therewith, within the fluid pathway through said medium. The inventions hereinafter

20  set forth in detail are applicable to quantitative analysis of virtually any analyte,
whose concentration can be correlated with an electroactive species of an electroactive
substance that is capable of manifesting a change in electrical response within the
electrochemical cell-like environment of the test device of this invention.

2. Description of Prior Art -

25 A. Immunodiagnostics - Immunochemical analysis for an analyte
within a solid phase (test strip) generally involves an assay in which an analyte, in a
liquid sample, and a labeled substance;, interact with each other, or another reaction
constituent.  Within the context of the prior art, it is understood that a “labeled
substance” can, thus, include (a) an analyte mimic that is labeled with an indicator, (b)

30 a labeled ligand that is specific for interaction with the analyte of interest, or (c) a
complex that is formed by interaction of (a) or (b) and yet another reaction
constituent. The liquid containing the labeled substance and the analyte is then

transferred to a porous film or membrane, where it is drawn by diffusion or capillary



10 2 FEB 2007 action along a fluid pathway of the membrane, and encounters one or more
companion test kit reagents (at least one of which is immobilized within a definitive area thereof). This
labeled substance and/or the analyte is thereafter captured by an immobilized companior &gt 2007
reagent at a test site to form a complex. If the 5 complex is present in sufficient concentration, it
produces a discernible change at such site. Where the indicator is a pigment, such as a metal (e.qg.
colloidal gold), or alternatively, a colored latex particle, the discernible change is generally visible to

the naked eye 2¢HaHONIng FltishRahw 38 oo dby dacrabrase A ENGPIRET fip O gnote
immunochromagogiisphiia aasdyt feagaas@icleistaite T angadiniehiobdiagicalthiiterdeittive

significance is to be attached 10 .their order of discussion as to the patentahjlity of the invention
described and &reﬁamtgarﬁoeaéinf%%r%'%ggﬁ Se“tbeslf:“?fg @Q@ﬁfﬁf,@?ﬁif gaﬁg ?ﬁngdctaé’ &%&%?X B}ckinson)
describes a tesimmethditédr ctatpation désarkamahgenivithaatéslirstt tor fyrarticelatgleds iddidator,
specifically an indi ; e Vi ith , ' test
othod accop b oy e el RSN HSAIRACY RuEi Al e

_ S agnostic use; or, alternatively, in a clinica ]
sophisticated aftgyticaVbediphsendiraier di ccpigmertiorush endicadiglabseieiddngaldingra pigment

or equivalent coleeantiviie &ladart Rl PRy dgdfeerner %ﬁa%%@@?%%ﬁ@f‘a‘l’l?ﬂﬁs?ﬁ@%sﬂﬁef’f analytes
(e.g. pregnancy tes%eé’zo and, thus, capable of detection of an elevated level of analyte. Accordingly,

such assay is r‘é"é‘ﬁ §-as a semi-quantitative determination of the analyte of interest. Because the

test involves a single gtk (B\owingligRiiensofdlee saaptd tashepesicattinye the tess hapdeasome
characteri 8d in the art s%"!?%%i "itest. Roseﬁlstein, US Patent 5 59d1i64§u(gsi ned to recton
Dickinsonizdeséﬁ%’é%mf anm u%ogharsgﬂatogrgﬁ?wi%a{gé rﬁléetﬁgaﬁégseg ﬁporlll ? lﬁﬁng{pfes described
in commonly assdymesi giHi s 40/83304ch¢tbt Ctheip belbet fd) scliss dRRosandte piEstabidtice

incorporates all gtfhe test kit @é&?@é&'&&@%ﬁﬁﬂ@&%@ﬂéﬂ?" of the test strip and contemplates applying

the sample directly to the test strip to reconstitute the reagents contained therein and, thereby effect

the desired analysis. Krngitelt vhdiatBSoPaterhADARThéaserted dthoBeeteunitiekiBsahuivalent
colorants, howeigériged aidakiopitihad sor Rfekiach IPANGRIGEIR it - 9. iRpdyoF ARG IS generally
preferrEd'l-ghe indicator, specifically an indicator that can be visually detected with the naked eye,
thus, making such test method acceptable for home diagnostic use; or, alternatively, in
a clinical setting devoid of sophisticated analytical equipment. The direct indicator of
choice is a liposome containing a pigment or equivalent colorant. The claimed test
method is described as suitable for urine analysis of analytes (e.g. pregnancy test);
20  and, thus, capable of detection of an elevated level of analyte. Accordingly, such
assay is regarded as a semi-quantitative determination of the analyte of interest.
Because the test involves a single step (e.g. application of the sample to the test strip),
the test has become characterized in the art as a “Rapid” test.
Rosenstein, US Patent 5,591,645 (assigned to Becton Dickinson) describes
25 an immunochromatographic test method based upon the principles described in
commonly assigned US Patent 4,703,017 (to Campbell et al). The Rosenstein test
device incorporates all of the test kit reagent in the “same plane” of the test strip and
contemplates applying the sample directly to the test strip to reconstitute the reagents
contained therein and, thereby effect the desired analysis. The direct indicator of
30  choice can be selected from a number of equivalent colorants, however, colloidal gold
adsorbed to a binding protein (e.g. antibody or antigen) is generally preferred. The
claimed test method is described as suitable for urine analysis of analytes (e.g.

pregnancy test); and, thus, capable of detection of an elevated level of analyte or a



claimed test method is described as suitable for urine analysis of analytes (e.g. pregnancy test); and,
thus, capable of detection of an elevated level of analyte ora 2 0 2 FEB 2007 semi-quantijative& 2007
determination of the analyte of interest. Because the test also involves a single step (e.g. application of
the sample to the test strip), the test has become characterized in the art as a "Rapid" test. Swanson
et al, US Patent 5,073,484 (assigned to Abbott laboratories) 5 describes an immunochromatographic

test method utilizing multiple test zones, with E ch zone aroiﬁgi\ﬁed alon%lg ommon Iinea‘%fluid
pathway. As th&TB5HSARHNE n A FERPRAERGE aRRe RGHITIRS flu ﬁﬂﬁﬁ/\r}l& i &88Iyte of
interest (generatllyobssacisteievsitp d it egipliclitiatooy bike cangs & ou ek tesarstirip)) ahdizsd kasmpanion
reagent in eacq)of the test a??&fz%‘d%?ﬁbem tQSeateﬁgz%n(;ess{s precalibrated in reference 10 to a standard,

€Come char 1 . .
and thus the appearance of color In specific test Z0ne correlated with the concentration level of

analyte in the sample Speeisodigg i/, e Reereh@Z3idR4f fassignedytdoin Ahbatimbaratobiesstimated
from the legel oa&ei%eg%eﬂmqﬁs@m pﬂlﬁéi%%m@ﬁ%fﬁﬁr{g%ﬁﬁﬂ%%ﬁ%%géw test also

involves a single step (e.g. application of the sample to the test strip), the test has become

characterized if3ffeZeRe $5a8gd along g couunqn dipesr And sathvayt ssdbedat 1aewised tesUnilever

Patent Holdingg)t desgsihe ariRmiGecmamaien pahicalg st ethnskanglagRus {q g8etary methods
described in the Camg ell et al aé?d Ros .nsteiPn}Patents iscussed above. Q.e§rf §rinci les
(s o % & G@C ’C

differences ideAted and Clamni T%itl\}llé cgfoé, efﬁglfﬁo P afﬁ)ﬁlbflglﬁﬁbé TR With the direct
indicator, in thersggenlmrexdhiifithsitest Tomesudachdditionteis ropes ishecelipristed io sffaehceconstitution

of the lyophilized ingdi ermit its.jint | ith t [ . With the
limited ex%@lptigﬁ gﬂﬁgﬁ %ﬁ%{%@ﬁﬁ#ﬂ%ﬁ%ﬁfﬁ;ﬁﬁ%ﬁg&%ﬁ?%g%é’%gﬁ%gzn e e\%%\é\é level of
analyte, these RefsientTaties devchof araliiuinsticainapis fod pnerdivgluthstitancanirabioncrfiiiean analyte

Ievgl, or for the GRALRALYE Qﬂl%@éi@ﬂu %@sﬁﬂ%@@éﬂ?ﬁx@f&@r&%&%@%ﬁéﬁﬁ Mﬁgﬁtﬁesingle test
environment. B. Instrumental Analysis - Analysis of fluid samples has also traditionally involved the

use of instrumehifiBAtRKanRE hetash davient oPeratsgdbs et alsilayyee RisinglkartsPGrent at given
site/electrode. hypivatipntbLtRIaREFBRI to the test strip), the test has become characterized in the art

15 asa“Rapid” test.

May et al, US Patent 5,602,040 (assigned to Unilever Patent Holdings)
describes an immunochromatographic test method analogous to the test methods
described in the Campbell et al and Rosenstein patents discussed above. One of
principles differences identified and claimed by May et al, is the lyophilization of a

20  sugar, along with the direct indicator, in the sample receiving site. The sugar addition
is reportedly required to effect reconstitution of the lyophilized indicator and thus
permit its interaction with the analyte in the sample.

With the limited exception of the adaptation of the foregoing Rapid Tests to
detection of an elevated level of analyte, these Rapid Tests are generally unsuitable

25  for precise quantitative monitoring an analyte level, or for the quantitative detection
and differentiation of more than one analyte within a single test environment.

B. Instrumental Analysis - Analysis of fluid samples has also
traditionally involved the use of instrumentation and the measurement of changes in
electrical potential and/or current at given site/electrode. Typically, the electrical

30 measurement is referenced to a second electrode, and a number of measurements
made over a given interval and/or defined range of conditions.

The following patents are regarded as representative of this type of

electrochemical analysis. These patents are arranged in chronological order and no



30 measurement is referenced to a second electrode, and a number of measurements made over a
given interval and/or defined range of conditions. The following patents are regarded as representative
of this type of electrochemical analysis. These patents are arranged in chronological orderlhd k8 @07
0 2 FEB 2007 significance is to attach to the order of discussion, or to their relative significance to the
patentability of the invention described and claimed herein. Wang US Patent 5,292,423 (assigned to
New Mexico State University Technology Transfer Corp.) describes a method and apparatus for trace
metal 5 analyskissifieaacsasiplata@ do dhmRider whebscusieion, orrfiectleis. yabativeetignibeanegdradsorption

of the trace meigkfrarhaiiulg spMPIaRAIRAREBRHIBHIGRIPRG(MOrking) electrode that had been
pre-coated with mercury. The Wang test LBlatform also employs at least one additional (reference)

electrode. The electrolfé@ @iy Baientade He2d assigpedctadYew Blexiets Riatp Hmivertither
Anodic StrippinT ddhnodigymTainyféA ox-pr) Ridenbesne thiethtdoping dpatysis @Saacd hiretgported
advantages of the Wang.method and gapparatus.include the ability. to adapt his invention.to on-site
el testingpof SHRMTE TS for E1EE o (EHRAR S o e S B ARt b ok US
Patent 5,753,5 kfqestigned tbeHeatinimetslitfromBaitfid 15u@eikimitia)ad sseribasiated anathative

mmunochromalgarapic. AR NS YRR DR ASIRIy OALHIGYIRL e cicator in

accordance with the procedures associated with so called RAMP"technology.” According to Brooks et

al., the RAMP AR sANIOYY thisrssapgcaddisianabdsimnrariestiadsilarbeaieside MvmgIBA assays. In
thg_ RAM P"tec:wsdggmmseﬂh@n@m fter%eggﬁ_i%&d?awrwu}w@i%%i%iﬂfarflugf&ﬁeeshl@?mgdf '
indicators, is placed in a carir, , and a flujd sample applied to the test strip. The analyte of interest
toracts i NSRRI o BT aEnE B8 IR i R e L P PRl ast vom of
the test strip, andvahifedhef sheoridindinrthodesndinppariaet \iithidethhdesdilitsipto(Srlgs thiprovide an
e ’]‘Pf ldifferentie}ti&)n olf1 tpet25 flyorescent

yi or suspecte p?é) cPanS .w1Hg]

internal standard). The RAMP" t cg:n is, thus, capahl
complex from tﬁ%llfr%%?ﬁgf)s?gn%efr leﬁgggﬁg%r?%ﬂaﬁ?%fe aﬂ% e In the” sam etermine ?hereby.

Brooks et al. aldisnasabdedyshisendongsgerformance of his analysis, contemplate
Brooks US Patent 5,753,517 (assigned to the University of British

15 Columbia) describes a quantitative immunochromatographic assay utilizing an
apparatus for detection of a particulate latex indicator in accordance with the
procedures associated with so called RAMP™ technology. According to Brooks et al.,
the RAMP™ technology utilizes latex particles in a manner similar to enzymes in
ELISA assays. In the RAMP™ technology based analysis, a test strip, having two

20  distinct fluorescent labeled indicators, is placed in a cartridge, and a fluid sample
applied to the test strip. The analyte of interest interacts with one of the indicators
forming a fluorescent complex which is captured in the test zone of the test strip, and
while the second indicator remains in tact within the test strip, (so as to provide an
internal standard). The RAMP™ technology is, thus, capable of differentiation of the

25  fluorescent complex from the internal standard, and the amount of analyte in the
sample determined thereby.

Brooks et al. alternative system for performance of his analysis, contemplate
the use of optical detection methods (light scattering) and measurement of changes in
electrical conductivity or resistively. In one of the suggested alternatives, Brooks et

30 al. contemplates (US 5,753,517 - col. 7, lines 7 - 19, inclusive) the quantitative
measurement of the analyte of interest by the electrochemical detection of a released
electroactive agents, such as bismuth, gallium or tellurium ions, from a complex

associated with the analyte of interest. According to Brooks et al one of these



the use of optical detection methods (light scattering) and measurement of changes in electrical
conductivity or resistively. In one of the suggested alternatives, Brooks et 30 al. contemplates (US
5,753,517 - col. 7, lines 7 - 19, inclusive) the quantitative measurement of the analyte of infefeStEty 2007
the electrochemical detection of a released electroactive agents, such as bismuth, gallium or tellurium
ions, from a complex associated with the analyte of interest. According to Brooks et al one of these 4
0 2 FEB 2007 alternatives involves the use of a chelating agent-protein conjugate as an indicator for
the analyte of int&fesnatiiss igEediaroheNsecstaceislating assntprotgHurea Bt AsRi didicsnsddh for

release the metajrahgligg ionsmisvcbatangurRHRlD MdANRdicapiRRiNge YoM 6t in(agidlescribed by
Hayes et al, Anal. Chem 66:1860- 865(&]]994). 5 The frg)llowing published techni&,al literature is

regarded as repr?;‘glé‘iﬁ?atﬁ?é TSR RS TR O? ARG AR AR AOL I 1A R AN QT DY ABEPLC A ERI N ged in
chronological ordetaandeny &igidscabed by fupdtatlaoAtiati Chrte oot i6CUSSH (1,994 )0 their relative
significance to the patepiahili i i | n imed.herein. Electrochemical
techniques hgave provizgﬁ(f gé%ﬁ‘é%i’@@é@%ﬁﬁﬁ? |F1%tl3l/pelq(%a é%%g%egga%gﬁﬁe%%&?o%}ls, because
of their stable andisepBsiot drgtrachemierlapalysts.defase Papars, aimpleargsdrinichremplogical

cost-effectivenessqBigReaH rg@ﬁ?iﬁéaﬁéehx thigRieMaNRtiAbdawe ifetdsishabr ANALGERVe 66,

1860-1865 (1994)) illustrated the use of metal ion labels for heterogeneous immunoassays with
Anodic StrippingSHfSAMTLRHE REA I AS thespesntien s gihasndifesradersilently linking 15
chelating agent to a pr@kinrtelssnvaiasdusigetemios theviaedahkihaldsaltesviagdooithpdtitite-equilibrium
between th abell%d and unlabeled protein for the.antib g“l obilized on surface.of.a polyester
tube). the nidial PG GE RRGEAT N PoAB Lt Batis e o TR P tecoon
with a hanging nistectign dropt e Kintpbd o(erMIDIE pah desdeffrstatentssoluti@mmBimilaryudigarhy et at

(Wang J., 20 AngleChath o (A653: FORS4199AN ORI edensRptinnc papisch saraeRReinted

sensor, performed the entire assay protocol directly on the surface of the disposable strip, and

employed the hig¥ify SeMSHl e PbBRESn{etribelmBsTTg I I B s Ay Mt aSEiPpiital ion label
in microliter solulenAsaiRsESVYddreasi aliZndhSpnaitd KRR A Se S WohalshON-Biltmprotocol
et i AR UL T A S

competitive equilibrium between the labeled and unlabeled protein for the antibody
(immobilized on the surface of a polyester tube), the metal label was released and
transferred to an electrochemical cell for an ASV detection with a hanging mercury
drop electrode (HMDE) and a deaerated solution. Similarly, Wang et al. (Wang J.,
20  Anal. Chem., 70, 1682-1685 (1998)) employed an antibody-coated, screen-printed
sensor, performed the entire assay protocol directly on the surface of the disposable
strip, and employed the highly sensitive potentiometric stripping mode for detecting
the released metal ion label in microliter solutions. As desired for decentralized
sensing applications, such an on-chip protocol offers several advantages compared to
25  conventional ASV- based immunoassays, including simplified operation (e.g., the
elimination of the separation and reagent volumes, elimination of toxic mercury
drops, and a more sensitive stripping detection mode). The Wang et al. system
requires relatively long incubation periods for pre-conditioning the sensor (prior to
use) and for interaction with the sample; and, multiple washing steps, both of which

30  make this method impractical and cumbersome.



elimination of the separation and reagent volumes, elimination of toxic mercury drops, and a more
sensitive stripping detection mode). The Wang et al. system requires relatively long incub%t' q_—@griﬂﬂ?s
for pre-conditioning the sensor (prior to use) and for interaction with the sample; and, multiple washing
steps, both of which 30 make this method impractical and cumbersome. 5 0 2 FEB 2007 OBJECTS
OF THE INVENTION It is the object of this invention to remedy the above and related deficiencies in
the prior art. More specifically, it is the principle object of this invention to adapt rapid 5 affinity
chromatographic electrochemical anzﬁﬁﬁgﬁ) HJ'[WGHHMM% of analytes of interest. It is
another object of this ipyehiebjkpONiRerR&aRam femelgciioaberiaall AuasdiRiiteasiadyjas of an
analyte(s) Withitrfla solidaghase test format that is comparable in ease of use to rapid
immuchromatogr%lBﬁlocr assays. 10 It is yet another object of this invention to provide a system for
electrochemical quaniMatives@ceigslly pftain dratyieds)lwichjach shiibiphasmtiest foradat irpadving a
simplified mea [ I losta] . potenti ric. measurement of changes
within the ?olidqgﬁgggt%%%ﬁ%o%é%ﬁ%%t%%&%g5(?6%%?@%%%’5{2%(3 gi ﬁa{%ﬁ&?&%ﬁﬁﬁ%}g e(s())Er site. 15 It is
still yet anotherapglies of thierastention to provide a system for concurrent electrochemical quantitative

analysis of a commonigstaaRRISERICIUIRIE iRPaES 19BN R SOl RARES GSLARLRahitaOIVIng &
simplified means for. detection of label(s) by stripping, voltammetry 20 SUMMARY OF THE

INVENTION THEUBHILVEnePalsie PhisR crbalvieRnikithin dinsahd akassotastrioematy thattithitive

analysis systengomgiiabit ancatesifsisixOf4pis imvanteshiao getsinizadign of the concentration of an
analyte Wiltslin a solid Phase test en ironrq)ent Ini}ia! a. test sample solution and a labeled substance
U s vel: anoths ¢ i

are initially contacted, under”’ gss%%? rcoonél'?tclon%, wi inlﬁvsegﬁanphgsen et gn\ﬂrosﬁﬁ%%rﬁt, ahd caused to
migrate along &oichgbetivesd\gtastitahy ¢repshsitivt anf tha yassaytim ats@ohyhesiti vestafosanat sandwich

assay, etc.), thgJaReigd RURRAIGRLS FarsNtareddRora) yrthipadeinigd aieaaiihesolid

potentiometric measurement of changes within the solid phase that are attributable to

the concentration(s) of label(s) within the test site.

15 It is still yet another object of this invention to provide a system for concurrent
electrochemical quantitative analysis of a common test sample for multiple analytes
within a solid phase test format involving a simplified means for detection of label(s)

by stripping voltammetry

20 SUMMARY OF THE INVENTION
The above and related objects are achieved with the electrochemical
quantitative analysis system, method and test strip of this invention for determination
of the concentration of an analyte within a solid phase test environment. Initially, a
test sample solution and a labeled substance are initially contacted, under assay
25  conditions, within a solid phase test environment, and caused to migrate along a fluid
pathway therein. Irrespective of the assay format (competitive assay, sandwich assay,
etc.), the labeled substance is concentrated (bound) within a delimited area of the solid
phase. Within the context of the system and analytical method of this invention, a
“labeled substance” can include any suitable electroactive material that can be isolated
30 within a delimited area of the solid phase, under assay conditions, or which can
release an electroactive component within such delimited area, (also collectively
hereinafter referred to as the “electroactive species”); and, such electroactive species

thereafter, undergo an electrochemical transition (e.g. redox) incidental to



phase. Within the context of the system and analytical method of this invention, a "labeled substance”
can include any suitable electroactive material that can be isolated 30 within a delimited aéeza PEEh%OO?
solid phase, under assay conditions, or which can release an electroactive component within such
delimited area, (also collectively hereinafter referred to as the "electroactive species”); and, such
electroactive species thereafter, undergo an electrochemical transition (e.g. redox) incidental to 6 0 2
F E B 2007 electrochemical quantitative analysis. The observed measurement (transition) of the
electroactive spREFEOMEHSAlfHRHIPLYS ADaRSy rdRGOIseRY BYTYFpSRs ORI OB h S d curve), to
- the concentratiaieofrthetian alyteia§ tatebesdivedihe e Shsensybyereldns] fogorbycioapypamab a
electroanalyticasltm asureme nfs tfl(l)gcc(l)%%rrtrgénati% thSe gL tp xe 18{3?et£9txi10tn é){egktlg a}";hrqlglyte of interest are
potentiometric and potentiostatic.” In eac otf‘?ﬁese ana?yﬁcaﬂ pro oco1s, wo electrodes are
required/involved, andT&eduinastisipdaysie ¢ErRletttsignelysishitioeaswanapnts Jerrdatarotisatiore an
electrochergical, €k ks QAARBMENhW KRl iBS FSRLEIP arthR RIBARGRSMEREE RBMRthe junction

between the ionic conductor (e.g. electrolytes from the aqueous fluid sample, test kit 10 reagents, etc.)
and an electronl® EarRIGEidheskitARMNY aertacalie R A LIPS 2 Errdtnskinv et A9 &trip, the
electrode that resprogsgteathplaadyieBtintetesipwiathatpetiracinaiaubalasretibaidaindicative of
the_ana_tlyte of '”J&[Sﬁ% elsvtl%me%dn{%t .glgfggtqr or \Aﬂlrklggmel&cg](:r) le \{\é,hﬁ{l?saﬁmtehe eltecrtlrode that is
maintained at a°constant poPemn 1al s terme e

e R feraR Ce IS Gt Oda (it response being
independent 1%wvien dmmeiicsohdior (6o redeciohdes fTbodinmeqteafst il insaenmplentest &iimmobilized

labeled sypstanegopiastesh il RdRlaRseIRARRR! (o WitAIMAR e R RIRARUisplacement of

the label from the Iimmobilized labeled substance within this delimited area. In the case of a metal
label, for exam 5/ ifABMENs 254k drspridedhin slss buie dinbremrnds torfis antbdstrintseesifstance in the

release reagentsQiddabadaviosibaandnial fimdativetal swfacgyachveneassp!ex)embaatsirface of the
working electroge .within, the delimiteg a)rea cg the solid pBas% Th%reﬁfter., the delimiéed area of the

affinity chromatolé‘péf)%% te¥t ‘sﬂ?ﬁlﬁ@%uﬁgﬁrg etovgbﬁrgﬁ?ié FafiETHds &H&n‘f}%@‘}agﬁ otk %tripping

S
voltammetry of thestabigpdremtizhis tereted file ‘fefamreetal’ sladtrodedttivesgonso hapdgxindepehdentorking

electrode,l\ghicgfqﬁ%gﬁgﬁesga%njp undergo yet a second

In one of the embodiments of this invention, the immobilized labeled
substance is contacted with a release reagent to initially cause the
release/displacement of the label from the immobilized labeled substance within this
delimited area. In the case of a metal label, for example, the released/displaced metal
20  can be further interacted with the substance in the release reagent solution, to form an
metal film (or metal surface-active complex) on the surface of the working electrode
within the delimited area of the solid phase. Thereafter, the delimited area of the
affinity chromatographic test strip is subjected to potentiostatic measurement, by
anodic stripping voltammetry of the label from the metal film (or metal surface-active
25  complex) on the working electrode, which causes the label, to undergo yet a second
electrochemical transition, (conversion of the label from the reduced form to the
oxidized state). This second electrochemical transition of the label (from the reduced
to the oxidized state) has a characteristic fingerprint that can be monitored and which,
when compared to a standard curve, can correlate directly with the concentration of

30 the analyte in the sample.
The stripped label from the metal film (or metal surface-active complex) and,
thus, the analyte of interest, can be quantified by measurement of changes within the

delimited area of the test strip by potentiostatic electrochemical techniques. The



electrochemical transition, (conversion of the label from the reduced form to the oxidized state). This
second electrochemical transition of the label (from the reduced to the oxidized state) hasta2 FEB 2007
characteristic fingerprint that can be monitored and which, when compared to a standard curve, can
correlate directly with the concentration of 30 the analyte in the sample. The stripped label from the
metal film (or metal surface-active complex) and, thus, the analyte of interest, can be quantified by
measurement of changes within the delimited area of the test strip by potentiostatic electrochemical
techniques. TheSPPRSSOE Bivalsoiraphadicd Gpaiuixe fBrlaihi G R MRAPEDIAR SE 2hvolve the
application of arceleatdCabratential te witdabnied aes, Diefimdefipedorangenthgomaatials, and the

monitoring the rale of eleciian yansiei (eurent) &t each potental, e vayiation.of elecrical potenia
IS analogous to {ﬂen{éklné or a series O? 0|5’t|ca measurement of a COﬂOI‘E‘d In IC&%OI‘ ac% varying the

wavelengths. Theéeetidctlipaleptiod itianalpglisdedith dalatpcodoal ectry ef ¢htiwe shehmitemgeted &lectroactive
species to gain prigse RIREHBNS: (RFHENAR ses&gfmligmn, ,WQQ@MFJ&O&?&&Q&Y%J&%& {hafds indicative

of the concentration of such electroactive chemical species. Accordingly, the resultant current not

only reflects thesigeredevsixpstiforarst i Rusrice slergoactive rpsietivBAIBIatdPsmEFHEBS but also
(when compareg-dauRtidansiarshidhipsonapetialioy af theganalyigdndhe testrarapie. thase
potentiostatic techniques, can,fthu , r%f?a%sure. anélgher%iical sPecies thatés e ectroactith,?ée.g. that can
be made to red SQBSPELIGR L TR HISSORTSH ST P S tro AEIRTEIENG RS HESBHIRE preferred

designs of the teststrip ngefoilin tefeiscticchamical dhicuatiitaticetanalysisveystaensof s invention
has multiplg,co AUt functj g olum f
fo @QQ@@QE%BH&WQPJ&, (igiﬂ HY ﬁ‘éﬁ%%&%é%h%% (ﬁg} GOl 803%@%52 mple and a

absorption of sample by the test strip; (b) accommodate the controlled in éraction
labeled substarédhfithatyidrimiebinsieraBmelind kessRalsatasbimteckiafnetadraribasomprsuest strip; (c)

effect the separafipurefifea gheied Bxisiapssdamdhe enlssensnicAMBaRis Hidig sample; (d),

the concentration of the labeled substa'nce within a delimjted area of the test strip for electrochemical
processing; and™{EHEESOXHARRR ofaterlentashsmitaifs'Bnalyte of interest by electrochemical
means. In another of tidmgrefelieepreferhddiesigis of the fesesmwipmiesi strighdadigiothemical

15  quantitative analysis system of this invention has multiple components and multiple
functional areas to (a) control the volume and rate of absorption of sample by the test
strip; (b) accommodate the controlled interaction of the sample and a labeled
substance with an immobilized binding substance within a delimited area of the test
strip; (c) effect the separation of the labeled substance from the endogenous

20  components of the sample; (d), the concentration of the labeled substance within a
delimited area of the test strip for electrochemical processing; and, (e) the quantitative
determination of the analyte of interest by electrochemical means.

In another of the preferred embodiments of the foregoing test strip design, the
sample and the labeled substance can be combined within a bibulous pad (e.g.,

25  fiberglass) that is maintained in fluid communication with a solid phase affinity
chromatographic test medium. Upon transfer of the sample thereto, the labeled
substance is reconstituted, and the resultant labeled substance and/or a complex
thereof which is formed with the analyte of interest, drawn into such test medium. As
this fluid and its constituents, (e.g. sample, test kit reagent and reaction products

30 thereof), diffuse into and within the affinity chromatographic test medium, the labeled
substance becomes bound to a delimited area (also hereinafter “test site””) along this
fluid pathway.  Typically, this delimited area can be defined by means of an

immobilized binding substance that is specific for interaction with the analyte, an



sample and the labeled substance can be combined within a bibulous pad (e.g., 25 fiberglass) that is
maintained in fluid communication with a solid phase affinity chromatographic test mediun[‘g}Jpr o007
transfer of the sample thereto, the labeled substance is reconstituted, and the resultant labele
substance and/or a complex thereof which is formed with the analyte of interest, drawn into such test
medium. As this fluid and its constituents, (e.g. sample, test kit reagent and reaction products 30
thereof), diffuse into and within the affinity chromatographic test medium, the labeled substance
becomes boundndyiedulimied arempidsehteinalivty andéirsittalcigd dipahik (dlgidyphindivg tTypically, this
delimited area g iefineit BYDEANSQN A dIROIAGH RitAiDg s bstafee P mRaeifc for

interaction with the analyte, an 8 0 2 FEB 2007 analyte mimic or a complex of the analyte and/or a
labeled ligand @'¢/°by bhelty 182aA Bertsprs bfffﬁ?élaﬁwfgfe}&gﬂtﬁe ahHhgttestpistyit ?ﬂﬁ& ora
complex of the mpafiyiel antine alabelectlion oeHkeramashine erding i caneendsated. at the test site, it
can be measured and.the amount thereqf correlated with nalyte in the test sample..5 The
advantagesé’Jl of such c%ﬁ?r%ﬂ%ﬂlqﬁéfgr?t%fl@ﬁ&%nn ?cl)%gﬂ%\gé élcﬁfﬁfg%&%rsﬁc tlﬂ‘éete L|Ig1 %eé‘r%rsflétkll\}ﬂ?/, selectively
toward an electngghctesssydyiesslactively liosard aangeleqimdetite Spleviesost widerUimentatige,and
speciation cap%ﬁ%iér&q[)q‘%ggt m@&p&g’gﬁwggé%{ggggfggﬁh@mponents within the integral

device of the preferred test strip design of this invention, all of the components are 10 preferably
arranged/mounted onlB @8N AsapFdae Batkng faetiongbremposantsemibiaste iateg®lylar). The
substrate of thigd@st de viepsafehal REST B RN naensuativ materahicahigrl@lacirical contact

(direct or inductive cqupling) betyween the affinity chromatographic, test medium of the test strip and an
electrochell%icﬁrgﬁ%ﬁo@;@{%&e@%ﬁﬁ'ﬁé}%%omw@%%ﬂéb YRS ARRHe delimited

15 areas in theflastistree. Adytaore fullyesethkorile infttigdescrigiior ehthbdigeemtednhieithfallows, this
iy . : L : : : ) tal salt. t
Support tayer Al HIRKAIP(h I ALMALS aFALPNRL AnGRORCLYG MBI gL metal sal. o

form what are re ' reinafter as "electrodes”. These electrodes are y arranged along
the support lay&retefizoivcibeomirtperahhindashiediun the helittp iR Ansdrimtlechieclisaiealde coincident

20 with the deliggitedeaigg: of %ﬁ%ﬁ}eﬁit%i%Eﬁéﬁz‘é%ﬂﬂ@e%é&ﬁfﬁ&’@ﬁﬂ%@@ﬁ?ﬁﬁ%é dBgpeRding upon

the electrochemical method of analysis, the test str%p %eneral 3/ . ) i
15  areas in the test strip. As more fully set forth in the description of the Figures, which

follows, this support layer is typically imprinted at two or more locations with a

conductive material or metal salt, to form what are referred to hereinafter as

“electrodes”.  These electrodes are spatially arranged along the support layer to

coincide with delimited areas of the solid phase medium. The electrode coincident

20  with the delimited area of the test site is referred to as the “working electrode”.

Depending upon the electrochemical method of analysis, the test strip generally

requires at least one additional (e.g. “reference” electrode) to form the plates of an
electrochemical cell.

After having concentrated the labeled substance within the delimited area of

25  the test site, it can be measured by a number of electrochemical techniques. As noted

above, it may be desirable, preliminary to performing such measurement, to first

isolate the label from the complex by “pre-concentration” thereof on the working

electrode. This “pre-concentration” process can involve the release/displacement of

the label from the complex and the capture of the label in a reduced form (e.g.-metal

30  film (or metal surface-active complex)) on the working electrode where it is more

electrochemically available or active. Upon completion of this pre-concentration

process, the resultant metal film (or metal surface-active complex) can be subjected to

potentiostatic electrochemical quantitative analysis by anodic stripping voltammetry.



requires at least one additional (e.g. "reference" electrode) to form the plates of an electrochemical
cell. After having concentrated the labeled substance within the delimited area of 25 the test site, it
can be measured by a number of electrochemical techniques. As noted above, it may be desirable,
preliminary to performing such measurement, to first isolate the label from the complqﬁ bYEB 2007
"pre-concentration” thereof on the working electrode. This "pre-concentration” process can involve the
release/displacement of the label from the complex and the capture of the label in a reduced form
(e.g.-metal 30 film (or metal surface-active complex)) on the working electrode where it is more
electrochemically available or active. Upon completion of this pre-concentration process, the resultant
metal film (or metal surface-active complex) can be subjected to potentiostatic electrochemical
quantitative analytis bgréexddit thisippiferiesitanaiviital syBtord REB ROETtdstdtle eteutesdhehiltis preferred

analytical systedua(ﬁr@nwmmaw gHRRIEOSRBMGRLosARTERYY arRN RlYSISDYeRliaMISS Y g’&lpg

voltammetry) the; iS reoxidiz d under 5 el ctrocﬂwemlcal antl ative analytical conditions, and

|
this electrothefif: OF%?]'E} ?nqg n&a Zoel a(lﬁftlcnal?t ere usc’e?jnto %%)eif:(i{ z%rEF'é’fg?é)"i%”ﬁWﬂﬂtSfred The
current signal thgt igpedrrmanareniasd tnitheraxidizrshstpiealis anenipeed. iSheepsisnbaignpiadhat isumber of

system variablgsnéhaethniagienistiesmsfishepaaiahabelans dopsntesir ogenaeamaier.dnsgaeh instance,
however, thesg yarighleg cag, e qBhmIZest l?Neem&HﬂQ%é\dé%t%%”&tegéﬁect %Q{Fg ﬁﬁ'%&&?d'“ons

tailored to correspond to standard curves which are used to correlat response to

analyte conceriftsifBre: MBHs Giethfta KrigRPs19 BeyPRAMIZES R hetRircst E@H%meé‘itgﬁﬁpr BBonse of a
lead metal Gilm amsinrbonitsesttoitirad dnadicespinding atatyisis! franvdevnitdhi gare oimsshtiation of

lead. Similarly, cEr‘EbIa‘ié”U%Hﬁltf‘a‘é s%%éﬁé‘?ﬁ&?@é%’i&%@M%ﬂé‘éﬁbré@%ﬁf‘%r@%@cﬂﬁ@&ﬁﬁ’Fi@f ihg duration
of 15 "pre-concentrati on" nate ﬁ?h(pr#or to electrochemical an%)éSIl )aJ' de qc n of |smuth In the

graphical deplc?o% |s vahig o%ﬁr(?ﬂtl—sﬁng 8Haer € pre- JOREentration mtervaﬂn(whlch

varied from 1 t@'fstﬁ?ﬁ’ﬁl}tbgmﬁlﬁ gmgtﬁ@abﬁﬁém@walo|hl@h§ﬂ?°€lﬁﬁl@ﬂ(Rid%létl@%ﬁ'th‘mzatlon in
analytical procesg. condiiessihenanation ieaigha{thedaaleHiay,ae salacien gntesdandariogurves for

each creajgd, ag 20, 3DRIGRK 1.5%8/% zﬁ%‘? Yt H%QY&%@HPJ@Q%?F? C‘&E‘fé&l ° BF%\L‘A&?RPG
encountered for a given ana yte and over a range of concentratlo ure shows the responses of
In e graphlcal depiction of thlS variable shown in F1g 5 the longer the pre-

concentration interval (which varied from 1 to 15 minutes) the greater the current signal
intensity. Similar correlation/optimization in analytical process conditions is made for
each of the labels that are selected and standard curves for each created, as

20  appropriate, to correlate with the dynamic range of conditions likely to be encountered
for a given analyte and over a range of concentration. Figure 6 shows the responses of
multiple labels in a detecting window in one solution containing Indium, Lead, Copper
and Bismuth. Using multiple labels in this invention, analytes of interest in one sample
solution can be simultaneously quantified.

25 The present invention provides an affinity chromatographic test strip for
quantitating at least one analyte, comprising:

a) an affitnity chromatographic medium comprising a delimited area, wherein the
delimited area comprises an immobilized binding substance, wherein said immobilized
binding substance is specific for capturefimmobilization of a labeled substance and/or a

30 complex of a labeled substance and the analyte, wherein the labeled substance
comprises a label that is electroactive under electrochemical analytical conditions:

b) means for establishing electrical contact between an external source of
electrical energy and the delimited area comprising the immobilized binding substance;
and

35
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multiple labels in a detecting window in one solution containing Indium, Lead, Copper and Bismuth.
Using multiple labels in this invention, analytes of interest in one sample solution can be
simultaneously quantified. 25 The present invention provides an affinity chromatographic test strip for
quantitating at least one analyte, comprising: a) an affitnity chromatographic medium gompeisinga
delimited area, wherein the delimited area comprises an immobilized binding substance, wherein said
immobilized binding substance is specific for capture/immobilization of a labeled substance and/or a
30 complex of a labeled substance and the analyte, wherein the labeled substance comprises a label
that is electroactive under electrochemical analytical conditions: b) means for establishing electrical
contact between an external source of electrical energy and the delimited area comprising the

mmabilized binding supianee: ik EBARN2AERAIVL 4\ memn s SRR B arlGR)

reference contact betw en said external 5 source of electrical energy and an area of
chromatogrsdphﬁ?'rlﬁ“eedﬂfrﬁ SR SR YA RES 8%%?.%%%8&2 THOSFAREUE EAEN RtheT materials,

devices, articlethen the digémiiedctrehas been included in the present specification is solely for the

purpose of providing argoRkRxEEINBE JRBRHY YRR oRatlrisd) delfchs, takerAS aRAkAIGRIN that any
or all of 10 these mgtters fqrm Qart gf the ri(Pri art pase or. were, common general novv.lded e in the
s peen include the prégent s u(:a? i

0
: ) | t .
field relevant to the present mverll?lon S 1t existed before the. ?oﬁl rlﬁf atd of each cfaim “ofthis

application. ThreRit (R1HE HRIARCANBH B W rartderhpidien 8t samsiypRiuEIRRNY e6fbefses” or
"comprising), witldze naderstood parmpliyetieidnctisiaseairavstatatnhbretemeal kindedeipeirsteg, or

group of elemeqis, IGS9O tRIGRS PN IVERHRR SXHUXORPLAN mb%hsﬂﬁgh% SREQRT iRiep, or
group of elements, integers or steps. 20 BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is an

n
illustration, in p& ét’;‘é gf’%}ﬂ%st strip component of the solid phase, electrochemical, quantitative
analysis system of thidlmeegitieit (hisa spasititetiorodbesymem ®marnkece eleraralions ssaeh). as

“comprises” or “comprising”, will be understood to imply the inclusion of a stated
15 element, integer or step, or group of elements, integers or steps, but not the exclusion of

any other element, integer or step, or group of elements, integers or steps.

20 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an illustration, in perspective, of test strip component of the solid phase,
electrochemical, quantitative analysis system of this invention (A: a two electrode
system; B: a three electrode system).

25 Fig. 2 is a cross-section of the test strip of Fig. 1B along plane 2-2.

Fig. 3 is an illustration of the test device of this invention.

30
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25 Fig. 2 is a cross-section of the test strip of Fig. 1 B along plane 2-2. Fig. 3 is an illustration of the
test device of this invention. 30 35 10a 0 2 F E B 2007 Fig. 4 graphically depicts a current.si E@l

. cts acu ’@j? 2007
response curve of a bismuth/mercury amalgam on a carbon electrode to anodic stripping ahalysis over
a range of concentrations (Ing/ml to 50 ng/ml of pre-concentrated bismuth metal label). Fig. 5 .
graphically depicts a current signal response curve illustrating the 5 variation in signal (current)
intensity, as a function of the duration of "pre- concentration” interval, (prior to electrochemical
analysis) in detection of bismuth. In the graphical depiction of this variable shown in Fig. 4, the longer

the pre- concentration irfigrvaganhicilyaepedsfiemr biosignainissptasy theygreatesmhéy/mement signal
intensity. 10 Figurg 6 599%&964_%%91&0@&%@% sidpal ggﬁ%%?wgg igyétrgtilrlggw%fresponses of

multiple labels in a detecting window in one solution contalnln% ndiurm, Lead, Copper and Bismuth
metal labels. Fig. 7eGFaprtaf A 3 CopBhe S eancsesHrS B eprmf tihihy the electrochemical
analysis of a standard Miiggblgmpaitibp diemolutionsrattdsifmed nesidngo neeatifitiontingdeordance with

the system, methad.and.fest siripu(Rigsehé RAQEPisinveRtion.Ciokre8 gianbically dapicts a current

signal response curve illustrating six repeat measurements of a 2.5 ngimi HBsAggjn serum sample
using the system, *PRETHIRIIYh SRSy AL BRI Clealroshsmind Anelsiabin dstpeticpid SigdBhically depicts
a current signal resporsgrahive ierstratingftites measlerehoent of FBsAgthe doggeunhsample, using a

HBsAg antibody laBgled. vk Gad i+ eRRER 389-BIRENID ionS- FiRNES) 10-arapficallydepiets a current

signal response curve illustrating measurement of HCG (left), HBsAg (right) and control label(middle)
in serum 25 samﬁfé’,‘ﬂé’i‘l‘?é’st'lt?'e system, method and test strip (Figs. 1 & 2) of this invention. Figure 11
graphically dépicts a culfemtesigaaipraspiyndpiclreeilivstrsiing reepmpetitivecddtsttong ochhhruman NPOR

(25 mer O”gonucﬁ%gﬁ‘s)es'%t(ﬂﬂgﬁﬂ i§ﬂa§in a detecting window in one solution containing Indium,
Lead, Copper and Bismuth metal labels.

Fig. 7 graphically depicts a current signal response curve illustrating the
electrochemical analysis of & standard Myoglobin antibody solutions at different

15  concentration in accordance with the system, method and test strip (Figs. 1 & 2) of
this invention.

Figure 8 graphically depicts a current signal response curve illustrating six
repeat measurements of a 2.5 ng/ml HBsAg in serum sample using the system,
method and test strip (Figs. 1 & 2) of this invention..

20 Figure 9 graphically depicts a current signal response curve illustrating the
measurement of HBsAg in a serum sample, using a HBsAg antibody labeled by Lead,
Copper and Bismuth ions.

Figure 10 graphically depicts a current signal response curve illustrating
measurement of HCG (left), HBsAg (right) and control label(middle) in serum

25  sample, using the system, method and test strip (Figs. 1 & 2) of this invention.

Figure 11 graphically depicts a current signal response curve illustrating
competitive detection of human NPOR (25 mer oligonucleotide), A (upper) is the
signal of blank solution (without human NPOR) and B(lower) is the sighal of solution

containing human NPOR.

11



signal of blank solution (without human NPOR) and B(lower) is the signal of solution containing
human NPOR. 11 0 2 F E B 2007 DETAILED DESCRIPTION OF THE INVENTION INCIahJé)IFﬁ 200
PREFERRED EMBODIMENTS One of the distinct advantages of the system, method and’test strip o%
this invention, is the unique ability to perform concurrent electrochemical quantitative 5 analysis for
multiple analytes within a given test sample. Thus, it is possible to perform a drug of abuse panel of

assays on a given sample by simnly. yiilizi j I r each of the analytes of
interest within a given samplﬁ%%#%ﬁ@ﬁ%ﬁ%é%e} a m‘iﬁsé%n which follows is not
intended to either limit the scodNCLAIPINGBREFERRER:EMB@DAMEINESfor a single analyte; 10
and, that such descripfigy srqgly digulef 18 aalySIS io A~loeie 2RI iR ot detflanding and
exemplification. As noted above in summary fashion, and once again emphasized, the
electrochemicalinygatigRatvdhsnuneis ahslitmiefRAiPTAVESARSHRIbARsTRhsMieA HaRttadYRcentration
of a labeledssubg{zRer Wthinaigrlimigd-areamhsoligvehase Galpie envkeomentRRGribesealter,
causing an electronic transition |n the form of the label, so as to produce a measurable electrical
signal within the®HioTPR M fERS 198iARIh SARBI &, 3HHEh ThA BE TbETRISH RYitHBRY GBHIRE & the
analyte within thiffesintSabepe siibgaitaifoinsien o€ shdt amaytaeod peogst atatmSaagi vetesampidate step in
the 20 analysis jouting) 1o releaccidisplace e Jabel from dhe abeled substance. gd hereby convert
it, or cause it to PeaCt WItT Aother SUbs ance,ttha? permits greater acce55|bﬁ|ty of elsctrochemical
quantitative anaditbis. Mhitctee femopxamanelitatdatyd] 8t sussttioce midimscndthinginetalyfe.g. labeled
ligand), thejsolgfignandscanaentiation fsraohisiteindhg.delivited atpaoLig lesbotiRdsnerally
requires release and/or 25 displacement thereof from its ligand constituents and the conversion, or
reaction thereofndersandingybreamplifisatigisition to a form (e.g. readily oxidizable or reducible
state), which is more ragdiytayaiile fpr elestrashemiashstaia teRROMRIN IBnRidhe Meeferred
embodiments of this invention, the labeled Ii?and is comprised of a functional grouP that farms a
chelate-like couﬂﬁﬁﬁ%‘fﬁé%e‘@&ﬂ‘é‘é@ﬁﬁ?@ ysis system of this invention is based upon the 1nitial

concentration of a labeled substance within a delimited area of solid phase test

15 environment; and, thereafter, causing an electronic transition in the form of the label,
so as to produce a measurable electrical signal within the environment being
monitored, which can be correlated with the quantity of the analyte within the test
sample.

In certain instances, it may be appropriate (as an intermediate step in the

20  analysis routine) to release/displace the label from the labeled substance, and thereby
convert it, or cause it to react with another substance, that permits greater accessibility
for electrochemical quantitative analysis. Where for example, the labeled substance
is labeled with a metal, (e.g. labeled ligand), the isolation and concentration thereof
within the delimited area of the test strip generally requires release and/or

25  displacement thereof from its ligand constituents and the conversion, or reaction
thereof, so as to cause/effect its transition to a form (e.g. readily oxidizable or
reducible state), which is more readily available for electrochemical state to another.
In one of the preferred embodiments of this invention, the labeled ligand is comprised
of a functional group that forms a chelate-like coupling to the metal label.  This

30  coupling is, however, pH sensitive, and thus, the metal label can be released/displaced
from the complex, after concentration within a delimited area of the solid phase, by

simply contact thereof with an acidic salt solution.

12



30 coupling is, however, pH sensitive, and thus, the metal label can be released/displaced from the
complex, after concentration within a delimited area of the solid phase, by simply contact thereof with
an acidic salt solution. 12 0 2 F E B 2007 Alternatively, where the labeled ligand is comprised of an
indicator (e.g. metal) encapsulated within a liposome, such as described in Campbell atent
4,703,017 (previously discussed herein), that is in turn conjugated to a ligand, the mtegrlty of posome
capsule can be readily compromised/dissolved with a number of 5 common lipid solvents (e.qg.
detergents). The metal can, thus, be released from the ligand constituents of the labeled ligand, and
made more readily accessible/available for quantitative analysis thereof. Where the electrochemical

quantiative analysis Wilicesa0p U SIIRRIAoYRIABIMRIY AR ednadiealdatiof.of gialse. the

released/displaced metal label can 10 be reacted with mercuric ions within the aci £ €diution to

form an amalgatABRSHIRISFoINIRG &RPser%otHRiLBE iHIRAL HefAmebelfe £ aInY Soliatemase
medium..- The £188ttd¢h&rarialisbddistiossed thereitaliiatbisl is, troreafiegateveised ligaddr swbsequent

electrochemicahﬂé@mita@ivsoa&ahf%'@p@maé}ew%&%@mmamamiw@d dhiHRgersHch
transition and correlated. with tr|1ee enc% ??nd C(€ htéa%% alof an %/HE the tesﬁﬁil/S sample. In
3/ roe 8§09t e o SRS SV ERRLI Sthe

order to provide O EELe 'p' use an system and.
quantitative andigam §9§§§H96f%ﬁfsﬂi‘ﬁ\}éti’ﬂ|€ﬁ1'\Qﬁﬂﬁe§%’ﬁ4ﬁﬂlf9°'@ﬁﬁﬂﬁﬂbltég¢a§ﬁme(éwﬁbip foherein a
delimited area thesembizcanigsisatidesioncentrate the analyte of interest. The test devices illustrated

S i re repigagRiae b HiFlal AN DS otd dgd NEpBhgevice
depicted inFig. 1 & 2 is |n|t|all)€tﬂaom osed of an a chromato r?fﬁﬁ‘lc test strip and an

electrochemicaVARAERG ¥y afe W?éyg?ﬁhrﬂ‘?tl?ﬂ?o%ﬁft?&%ﬁﬁ?cr?éeﬁs ﬂﬁ??ﬂﬂlﬁ@é%’ﬂlﬁ?ﬁhty of
discrete artas; mdaigarefitrabdycwicompwifio diabbidiststitcERliemth frome prafesddsnthngbs(3)

discrete 25 corwaﬂmyaeméh&obsﬁwmupmﬁqnevﬂmrﬁr&%@éh&rm‘éssgrwﬁh% Figdinthertest strip

comprlsesasarr]gc?roc%llectlop 12)0ft} VI% IeLt su St?‘e%f%r(lreée‘r Ia%eled Ils%and or labeled

analyte mimic) ﬁre dlspgrsne'%awrg ucﬁ Re Sample ction ]o erreoinciden t?1 or cqonPguous with

the sample coll&XeR}IEIN{a3 Yuartitatsranalygiz and the subtle electrical changes monitored during
such transition and correlated with the presence and concentration of analyte in the test

15 sample.

In order to provide for ease of use and portability of the system and methods of
this invention, the quantitative analysis system of this invention utilizes an affinity
chromatographic test strip wherein a delimited area thereof is configured to concentrate
the analyte of interest. The test devices illustrated in Figs. 1 & 2 are representative of a

20  preferred embodiment of this test device.

The test device depicted in Fig. 1 & 2 is initially composed of an affinity-
chromatographic test strip and an electrochemical detector system.

The affinity-chromatographic test strip (10) includes a plurality of discrete areas;
and, is preferably, a composite of at least two (2) and more preferably three (3) discrete

25  components, in fluid communication with one another. As shown in Fig. 1, the test strip
comprises a sample collection pad (12), having labeled substance (14) (e.g. labeled
ligand or labeled analyte mimic) pre-disposed within the sample collection pad, either
coincident with or contiguous with the sample collection pad (12), a membrane (22),
having substance (18) (e.g., ligand or analyte mimic) pre-coated on the membrane, and

30 a absorbent pad (20) which is used to force migrating of sample solution. In the
preferred embodiments of this invention, the labeled substance is lyophilized (to permit
stabilization thereof prior to use); and, thereafter reconstituted upon contact with the
liquid sample.
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having substance (18) (e.g., ligand or analyte mimic) pre-coated on the membrane, and 30 a
absorbent pad (20) which is used to force migrating of sample solution. In the preferred embodiments
of this invention, the labeled substance is lyophilized (to permit stabilization thereof prior to use); and,
thereafter reconstituted upon contact with the liquid sample. 35 13 0 2 FEB 2007 Within the context
of the system and analytical method of this invention, a "labeled substance” can mclud%?arl\:)'i_%LﬁQQbIe
electroactive material that can be isolated within a delimited area of the solid phase, under assay
conditions, or which can release 5 an electroactive component within such delimited area, (also
collectively hereinafter referred to as the "electroactive species") and, thereafter, undergo an
electrochemical transition (e.g. redox) incidental to electrochemical quantitative analysis. The
observed measure t (transiti f electroactlv or inversely related,
(e.g. by comparlson opgétandarﬁpgﬁgvgﬁto e conce(raltra'tag)ﬁF ot the anal ?e oR{ln e\t%'glorio% the test
sample. In the M@Hé&béfﬂm|ﬁ?@rit?'élfj?rﬁé'lfrﬁ}étﬁﬂt?ne'ﬂ‘igqﬁﬁéd‘é@ﬂi@f’ﬁitthéhgﬁhb%lsgl@iwlIy
comprised of avpngteiniainliganatassbitiatadidyittase methrlabely pratitionstaetvingresh vekytae sample,

this metaliabelrdfgansrild antonith i AnalMe alitielesteln BRSABAE{R (PR A camplex. A

labeled substance, which can be utilized in the 15 affinity chromato raphic |so n concentratlon of

the analyte of IRIZT&ES: %8|‘°hHﬁse%eﬁﬁ??cﬂvﬁrBP&ﬂﬂ?g)aﬂ'&damf'ﬁ‘?ﬂ@ta %é@?n%ﬂ RIS5tEtEreREHrepared in
accordance witfanbiopiedkdadox)decideiie ttnelsStrochemivadqandtiiative acelysical likcvbsereeGary, et al,

Covalent AttaGheaghienidal@aifitorouRs MastaBAeskevRiIgsaRBLIH BHiRIGRbYSe1ftes. Comm.,
Vol. 77, No. 2(1977)p g581 585[4 hICh iS heaeln mgo%) rated b efereoﬁhln 20|I|¥{SF%ftlrF . In brief, a
lalm

metal label can b CY)nJug%Etgdp %%rg &'ﬁ/lfguan spec?flcopor rg Aha Sy | |cat|on of

the proteiflligdnd ByecbvaRMely binding thereto of an "exogenous chelating group” having an affinity
for the metal label. Tinetioh glatiereedronpsdpatiiofanishavastion irttecsdbelot interddt reayehieisovalently

coupled directiy o.{e HingHBERLPIe MigANG pindiiecisaunled braudh apdnssmediatear Imking

group. The 25 coup |ng site must of course be remote from the immungchemica II active site that is

specific for theAHERT DY PRSDPIR LS TR PhiRdePBat RSP R S HBSRe /pad ff ierest

in the sample to form a complex. A labeled substance, which can be utilized in the
15  affinity chromatographic isolation/concentration of the analyte of interest, comprises ard
a protein/ligand and a metal label that is preferable prepared in accordance with the
procedures described in US 4,732,974 and in the lechnical literature, Gary, et al,
Covalent Attachment of Chelating Groups to Macromolecules, Biochem. And Biophys.
Res. Comm., Vol. 77, No. 2(1977)pp58I-585(which is herein incorporated by reference in
20 its entirety). In brief, a metal label can be conjugated to the protein/ligand specific for the
analyte, by initial modification of the protein/ligand by covalently binding thereto of an
“exogenous chelating group” having an affinity for the metal label. The chelating groups
specific for the metal indicator of interest, can be covalently coupled directly to the
binding protein/ligand or indirectly coupled through an intermediate or linking group. The
25  coupling site must of course be remote from the immunochemiically active site that is
specific for the analyte of interest. Metal labels that are particularly suitable for use in the
synthesis of the labeled substances, that can be used as the test kit reagents in the
systems and methods of this invention, include Mg, Al, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni,
Cu, Zn, Ga, Sr, Y, Zr, Mo, Tc, Pd, Cd, In, Sn, Sb, Ba, Hf, W, Re, Hg, T, Pb, La, Ce, Rh,
30 Pr, Nd, Sm, Eu, Gd, Th, Dy, Ho, Er, Yd, Th, U, Pu and the isotopes thereof.
Another of the labeled substances that can be utilized in the affinity
chromatographic isolation/concentration of the analyte of interest comprises an analyte
mimic coupled to a liposome. The preparation of liposome labeled
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synthesis of the labeled substances, that can be used as the test kit reagents in the systems and
methods of this invention, include Mg, Al, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn; Ga, Sr, Y, Zr, Mo;
To, Pd, Cd, In, Sn, Sb, Ba, Hf, W, Re, Hg, TI, Pb, La, Ce, Rh, 30 Pr, Nd, Sm, Eu, Gd, Th Dy, Ho, Er,
Yd, Th, U, Pu and the isotopes thereof. Another of the labeled substances that can be d |n the
affinity chromatographic isolation/concentration of the analyte of interest comprises af Dimic
coupled to a liposome. The preparation of liposome labeled 35 14 0 2 FEB 2007 immunoreagents,
and their use in affinity chromatographic assays, is well-known and documented in the technical
literature, Roberts, et al, Investigation of Liposome-Based Immunomigration Sensors for the Detection

of PolychlorinateghBigesagedsadn@hret, uv¥@lin5aiig anbebibgrbhicl ¥y onis ARN-ASdw® die labeled
substance and/og gomplaxaf the labsl g. ok tartceﬁaag besp qflytees@gﬁttﬁg,ttgyroé'ffus_gn/csgp"'ary
action from the sample appllcatlon pad 12) along't uid wlay of the

chromatographid FHBUQRHGEL0R.s Inaled SIoReRY, Hneknshemilized.
This can be accomplishdd ﬁt(lﬂeeruaadilttdﬁaﬁhwm&z 49)1 the use, for example, of a companion test kit

reagent in the form 10 ﬁt@f&ﬁ@i&ﬂ%&%ﬂé@lﬁ%&@@tﬁl&% qt@%@@@@tﬁdatametaﬁdﬁnsgngly@
interaction with the ana ﬁ\: ta C gh X. Thtl?g ?S the Iabeled substance and/or com
fI W S

migrates/diffuse<SafGHy YHARRY Y R8s YBIR SHIBRETRRAFA L PR HGHR Bﬂ?dlng
substance, and iuldgrethyen @ébﬁﬁ@@éﬁ‘@@t@%@lﬁh@@%ﬁh@ctm. Imfeedewsaitedie tesdction

period,‘sufficientﬁtaatya@/tam&m RUbSHaBEE=AS drdl aseBIliate drinsthrselimitesnanraal thartest strip
to provide the requiigiie, Qm%h% »;hg‘?}?&t?o‘# %E%?n%téatl fille %Pgé ﬁl%‘ﬁ”t%gt‘ﬂ'zféaa&eﬁt‘%wﬁésf olRE

electrochemical detector s stem IS prepare rlntl electrodes (for’a two electrode

system) or tfee &i&et B Bretqivnae §’t I‘?’é{ Mgk $Regbi e eraaipar Wifastic or
other material whteh |anaiya$]ve|lylelecmmaﬂy (hiowns 2 Casoriplel clavesleds udatisighca. sanmjbartero@dipwith

double side adhegjyeissuiRide cggnglnﬁeth@@ﬁlmmomamreég{llcdtgﬁéestqp @H&Hﬁ?ers the

electrochemical detect sgtecrin Ash n the gugr%r(])rter is betvvteeergjthe eletgtroclhre]rr] % ] tt\ector
system and the tg‘g{n?B é :51 ﬁng[hé: ereupon captured so as to accumulate a
test site. After a suitable reactlon period, sufficient analyte/labeled substance has

15  accumulated in the delimited area of the test strip to provide the requisite amount to be
detected and quantified by electrochemical analysis.
The electrochemical detector system (26) is prepared by printing two electrodes
(for a two electrode system) or three electrodes (for a three electrode system) on a
matrix material(e.q., Mylar, plastic or other material which is relatively electrically (non-
20  conductive) insulating). A supporter (24) with double side adhesive is used to combine
the affinity-chromatographic test strip and the electrochemical detector system. A hole in
the supporter is between the electrochemical detector system and the test zone (18) in
the membrane.
The detection and measurement of the quantity of the analyte in the sample is
25 accomplished by means of equipment that can measure subtle electrochemical changes
associated with an electroactive species, as for example, changes in current or voltage
caused by the fransition of such species from the reduced to an oxidized form. In
practice, this can be accomplish by insertion of the affinity chromatographic test strip of
this invention into a suitable measuring device and thereby electrically coupling the
30 device, to electrodes (26) at the test site (18). The electrical coupling of the monitoring
instrument to the affinity chromatographic test strip can be by direct (physical contact) or
indirect (inductive) coupling of the instrument to the electrodes associated with the
delimited area/test site of the test device. The test device is also
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The detection and measurement of the quantity of the analyte in the sample is 25 accomplished by
means of equipment that can measure subtle electrochemical changes associated with an
electroactive species, as for example, changes in current or voltage caused by the transition of such
species from the reduced to an oxidized form. In practice, this can be accomplish bygnsegom®f the
affinity chromatographic test strip of this invention into a suitable measuring device and thereby
electrically coupling the 30 device, to electrodes (26) at the test site (18). The electrical coupling of the
monitoring instrument to the affinity chromatographic test strip can be by direct (physical contact) or
indirect (inductive) coupling of the instrument to the electrodes associated with the delimited area/test
site of the test diectdeallheriastaidlyicousledlo Bl tst@ig-& Bridditet letaton: i prooidew iasitlyotoupled to

the test strip at,gathes IPGAERT RPERAR AcBRIPERb SfSERRR O LINHY Rk SiANYREIgtFomparison of
readings at the ﬁgég,t sSite. The ,eralf.ter, arh%al%gt%:al otential Isﬁ%&%fd to the test site to excitelconvert
, an

the label from SRS R?: ?8{'8 t& aiR BusR lisiffo FOPET 196 ‘AR THRIA iRhanifest in
a number of wigys/delscirdangtigiortdesHeiuirensitionmearitpradid N trrnaiticstrieanfmitsst apied to the
tﬁSt|Sitt;e'| and oglmﬁéfefsw\x;ava,ria&beﬁ@ig@img@ m@emm@ed éﬁb@ébﬁ@gﬁ‘;}dﬂﬁh@ éﬂh}%@ﬂé&h@éﬁﬂ@@'s’tics of
the label. Another desjan for this.test device i icted_ in Fig. 3 wherein the affinjty- 10
chromatograph?g Fﬂ'aes%sétntgea{ﬁg glgjétéggi(gﬁng{ca)(gfgppeé?gra Qfs?grahgré%etop aced %ﬁﬁ{lﬁlg %'bdsitﬁs which is
composed of alifestathestsrestiss S6EfdAPEr cover (32) and a bottom section or base (34); the base
being adapted for colplittgtaitisecdoerthiso tast tdesiral &ndepicode dhthigaffinitiyecsinothatefiirahic test

strip and glectrochamicaARICTHAr SieMathRIGIBABRUSRERAAS AdAMpeT Jgsiriantimnironment.
The isolator (30) is funne| %[5 shaped and adag)?ted tg_direct test kit reagents ggnéi) g?tp\;/ tgf,t site and

thereafter be iNSEPBY VS H-CRBIRSRRS AL I AR in IR SRFEP BRI YRS Rt punches
out a defined apestiantalharaéidhine daeq keingadiipdfensiormntiecse Hiseriss|aeas tdskaliand area

(volume) of mepibnehin selaticehtartoyribime rbtharlesindt BegriterivEPERIGOBEsERNFN Of the
indicator. 20 EXAMRH, HIE, raiaeles o lu R ASTING 97 R8I 400 HuSIaiRerumber of

the
15 shaped and adapted to direct test kit reagents onto the test site and thereafter be

inserted into the housing through a hole in the cover of the housing, whereby it punches
out a defined area within detection zone (test site) of membrane so as to isolate a
delimited area (volume) of membrane, in relation to the volume of the test kit reagents,
for pre-concentration of the indicator.

20 EXAMPLES

The Examples that follow further define, describe and illustrate a number of the
preferred embodiments of the test kit reagents and electrochemical methods of analysis'
of this invention. Apparatus and techniques used in the synthesis of the materials

25 described/used in these Examples are standard, unless otherwise indicated. Parts and
percentages appearing in such Examples are by weight, unless otherwise indicated.

EXAMPLE 1

30 1. Preparation of ions labeled proteins {e.g., antibody and antigen)
Diethylenetriamine pentaacetic acid and Triethylamine were dissolved in
water with gentle heating. The resulting solution was lyophilized to yield a glassy residue
and then such residue was dissolved in acetonitrile with gentle heating. This solution
was added to isobutychloroformate in an ice bath during stirring for complete reaction.

35  The resulting anhydride Diethylenetriamine pentaacetic acid was then
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preferred embodiments of the test kit reagents and electrochemical methods of analysis of this
invention. Apparatus and techniques used in the synthesis of the materials 25 described/hj egé@ tﬁﬁe
Examples are standard, unless otherwise indicated. Parts and percentages appearing in"such
Examples are by weight, unless otherwise indicated. EXAMPLE 1 30 1. Preparation of ions labeled
proteins (e.g., antibody and antigen) Diethylenetriamine pentaacetic acid and Triethylamine were

dissolved in walgEwitRgRNifheRting a Thokesling Rabiior wasivaRhilierd teaielc arglassy residue

and then such residue was dissolved in acetonitrile with gentle heating. This solution was added to

isobutychlorofolfRRE I iddHEREHOM M SIS Ny Ao Feantinbiedeagaitit. 238 tate ballstindBnhydride

Diethylenetriangge-pestaasatisReishnwags theded 6dtHRiERy260 Sorasiathiviticpbateinatnéonf otection
solution at a certain molar r,?lt_llola]t3 erf)gm tem eract]bl e reaction m xturg \?zf%s then dla;}t(lied against a

T
Sl R b e e e Wioan e

citrate buffer. Atﬁmg%letgrsebf AHECSOTLAON Way & d at room
temperaturg. Theotains|@sintitkdBsiAg\sis, diatid €60 gaiAst iphorgiolaite AbfientEbiationnd h&\b, GFoteins

(AntiHBsAg Ab IHEC QW}IMX@W j i i . G- , -Ec. HIVi and HCV

etc.) are well Ia%élee%%%%n@éta lons (e.g., %gﬁg%h&%tggg)&%ﬁm&ﬁﬁ%ﬁfgﬁg %%B%%r%ésél’ng the

method above fndum dhalirea sk rsppprousingviis metod gheymie quolidbphasthe labetid,

chromatographigdest $4¥ustd & Breps %twﬂ@ﬁﬁiﬂé‘ﬁé/a@ﬁﬁﬁ@él{ﬁgﬁ%@%h%ﬂ@t@é’i%ﬁ?&eSt device Two
n

conductive deposits or areas (for a two electrode system), corresponding to the test site (carbon ink
electrode), and the reference site (Ag/AgCl ink electrode) are ink jet printed on a polyester lamina.

The size aheach printegepieaisnbr Akl ondps eXipredyidpraeOiReRNRK. 15 A membrane, having
an immobilized ligand, predisppsed at the test site tection zpne), was lamjnated to the backing layer
T LTSI e e

So as to align the test SR SUATIHE ARSI &l geas%(fee : ’ﬁBéc‘PS ’pca(l’ér f(sz%?ﬂdi?ﬁng the
label/ligand corfutietéstamd &ecbes iikidledisntbe andnibditafermneenth(Aeshighbtikatntode) each end of

the laminate 1o, Qi foe AREr S RRhRI R e 'S8R0 (aBH cAeC R FROASARER o88 With this
Example is depicted ih Figs. 1, 2 & 3. 3. Measurement of the analyte

approximately 5/1000 inch thick.

15 A membrane, having an immobilized ligand predisposed at the test site

(detection zone), was laminated to the backing layer so as to align the test site over the

carbon ink electrode system. A fiberglass pad (containing the label/ligand conjugate)

and excess fluid absorbent medium are each positioned relative to each end of the

laminate to form the assembled test strip. The test device fabricated in accordance

20  with this Example is depicted in Figs. 1, 2 & 3.

3. Measurement of the analyte
In the course of performance of an assay for HCG, HBsAg, Myoglobin or
multiple analytes utilizing the foregoing metal ion labeled ligand(s) and affinity
25  chromatographic solid phase test device, a liquid sample is first applied to the sample
application region followed by the migration of the liquid sample by capillary action
along the affinity chromatographic strip towards the other end of the affinity
chromatographic strip. As the liquid migrates within the sample application pad, and
reconstitutes the labeled ligand(s) contained therein, analyte(s) in the sample react
30  with the labeled ligand(s) forming a complex(es) which is transferred to and drawn
into the affinity chromatographic test medium. = When the complex reaches the
detection region (test site), the analytes in the complex react with the immobilized

ligand(s) in the detection region forming a labeled ligand-analyte-ligand complex(es),

17



In the course of performance of an assay for HCG, HBsAg, Myoglobin or multiple analytes utilizing the
foregoing metal ion labeled ligand(s) and affinity 25 chromatographic solid phase test device, a liquid
sample is first applied to the sample application region followed by the migration of the liquid sample
by capillary action along the affinity chromatographic strip towards the other end of thé éfﬁﬁﬁym
chromatographic strip. As the liquid migrates within the sample application pad, and reconstitutes the
labeled ligand(s) contained therein, analyte(s) in the sample react 30 with the labeled ligand(s) forming
a complex(es) which is transferred to and drawn into the affinity chromatographic test medium. When
the complex reaches the detection region (test site), the analytes in the complex react with the
immobilized ligahite(8)annheundteensiiuanitcainidivi ftelitbetatinigdn dedeyeangtiiavdotathex(es), 17
3 2 FEB 2007 whiteote visfiannst eansitusinismner thedidiassiome entintiertoraredismsieand flew into the

absorbent med&%%ﬁhﬁg;ﬂ@&i{ﬁegnggfe;tabgdda%mﬁg TJ&%%%@?@)?PBQQ’J&%%@’%@ & Setection

region is then registered al e labeler metal lons quantifi the Square 5 Wave's ﬁﬁﬁfﬁg
Voltammetry (SHRL/ SHRPEEs YTBRNHBEN SR AtrispfT PIRAEANPE. HHFRIERPHIR RIACIHIRSIoN (or
formation adsoipthiesacpenunetidratidra @urfacestoiva scophipde 2 @malitditer oinatianfat shetoetal ions.

The foregoing aRalyRis) isBYLSHAHN B RHadRRISMWere the test sample is a turbid solution that can
interfere with more trq_géilti nal optical @eas,uremenﬁ[?chg;%u s, 10 SLEh as a blood or a yrea sample
c Y7e

solution. Fig. 7 graphi ﬁ@"ﬂ Pﬁe@%ﬁséﬁé%t?g%ﬁg et g%o%‘? WL i derA ‘?n'saﬁtibody
solution in diffeterid cohdionttagibeein intectoraarvitterogits tiaditorab avtinskeesuistnrasttelevidnigrig. 3) of

this invention. $lhlaw deteian bmits anshseasipitysailiiis asgaydugaphipary, inudextighamolar
labeling ratio of | [ ti e anji-M [ ' , ' 5 interval of
pre-concentratigﬁo %ﬁ%ﬁgéfo%ﬁ?ﬁi.ngﬁ%ﬁ%%%?@@ﬁ%%%ﬂ%ﬁ %régzgtgrﬁggﬁnuhn?lﬁ%gg 2.5 nglml
HBsAg in serurfiCESRMYRIAT 48 RcRARRCG/iRHEe Systefn, mriieduPaddasistedrcdigig) 3 drithis
invention. A reghvdniinblel hespandetestiabimitecahd \sensibivitg oé ditisnesssyr dimae imt pakt|sio, thierhitianeous

detection for muliple|8BRlY RO LINERIE RIS Rkl Rand thilRyReem s AiBHag dAadHe hasidre (Fig. 3)
of this 20 mventl?n. Fi ure?f %the res ons? 0 BsAg in serum s_amgﬁ?e, us ngFa HBsAg antibody
N H8%% s

» of
labeled by'Pead’ C¥p & K LBRHGIR BRI AINEi 5 47 BOLUS HP % SHgHG 8 Shows

repeat measurements of 2.5 ng/ml HBsAg in serum sample in accordance with the
system, method and test device (Fig. 3) of this invention. A reproducible response is
observed over six repeat measurements. Also, simultaneous detection for multiple
analytes of interest is available with the system, method and test device (Fig. 3) of this
20 invention. Figure 9 is the response of HBsAg in serum sample, using a HBsAg antibody
labeled by Lead, Copper and Bismuth ions, different ion can be seen in the response
curve, which shows that complexes(Anti-HBsAg antibody-HBsAg antigen-Anti-HB sAg
antibody-Anti-HBsAg antibody labeled different metal ion complexes) were formed and
detected in the test zone. Figure 10 is a simultaneous detection for HCG(left) and
25  HBsAg(right) in serum sample, using the system, method and test device (Fig. 3) of this
invention, the peak at middle is a control test which tells that the device is work.

EXAMPLE 2

30 Nucleic acids (Oligonucleotides, DNA and RNA) sensor
1. Preparation of ions labeled oligonucleotide
Diethylenetriamine pentaacetic acid and Triethylamine were dissolved in water
with gentle heating. The resulting solution was lyophilized to yield a glassy residue and

then such residue was dissolved in acetonitrile with gentle heating. This
35
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curve, which shows that corn plexes(Anti-HBsAg antibody-HBsAg antigen-Anti-HB sAg
antibody-Anti-HBsAg antibody labeled different metal ion complexes) were formed and detected in
the test zone. Figure 10 is a simultaneous detection for HCG(left) and 25 HBsAg(right) in serum
sample, using the system, method and test device (Fig. 3) of this invention, the peak at middle is a
control test which tells that the device is work. EXAMPLE 2 30 Nucleic acids (Oligonutfedtide0DNA
and RNA) sensor 1. Preparation of ions labeled oligonucleotide Diethylenetriamine pentaacetic acid
and Triethylamine were dissolved in water with gentle heating. The resulting solution was lyophilized
to yield a glassy residue and then such residue was dissolved in acetonitrile with gentle heating. This

3516 021 E8 iersaliiandaasaldsshisnlsrpumicilarel e sain aliig bathdydngonlino for

complete reaction. The resulting anhydride Diethglenetrl_am_ln?ﬁpentaacetlc acid was then reacted
with oligonucleofFSL8: NG reaHiiRf YA a5 P IR BH P e pDIRE R E AR IS RGIA VAT HhSr"eariae then
dialyzed againswthridignifiicletidsscaiss cdrtaipehsiiutitio ataocderershaeditiyzedctiolutipnuaad

iTrerU?att)etli 35 rﬁ%é&f&?@&@é@&%ﬁ@ﬂf@%ﬁ%@ﬁ@#%ﬁ&&ﬁ%@|a®%_lx_6ﬁﬂi@f%}9§t5&'ﬁe29;ﬁ%éo'U_tion-f
€ lapbeled oligonucie tige . was used t repare a_Soli se & affinjty test sensor. 2, reparatlon (6)
K % o8 %éle%.a §ha & Laplag

affinity chromato '?a\(ﬁ?‘u 3 Hgoﬂh%{'se'?gg 8%ich P8 HE R llﬁrgtivé'% i) 8'@8%5?@&961“‘[9\?0

electrode systerfliglsestcagrinflitig @ fieresaidiositd (edavstethriarrcriedige avrb theerbfe reapersise
(Ag/AQCI ink elegiiagahsse inkinjgttostdeskon a polyester lamina. The size of each printed area is -

4X4mm and ap roximlg,tg%%logo(? é%l}n%@ﬁ}ém%@ﬁ%

ane }é Vi an '!mr}ggbilized ligand predisposed
. . t &lgt { . )
at the test site (detection 15 zone), was laminated to ﬁ‘?e‘%éc n?g ayer so as to align the test site over

the carbonifik electrod¥eyeRdvrtiXertRROFIS O1RIGIE TRAR FIFelatR FYHgHHu RIS (B ate) and
excess fluid absthotast sitedoarbar éie algetpmis)i and ¢hatheteteneachteciid/dbDid ik elavatais) aferimk the

assembled test §ifinfag EsiHpuigestapicaies mraceRuancaMithiiiss Bramrlieisdenictiefdn Figs.
1.2&3.20 approximately 5/1000 inch thick.
A membrane, having an immobilized ligand predisposed at the test site (detection
15 zone), was laminated to the backing layer so as to align the test site over the carbon ink
electrode system. A fiberglass pad (containing the Ilabel/oligonucleotide conjugate) and
excess fluid absorbent medium are each position relative to each end of the laminate to
form the assembled test strip. The test device fabricated in accordance with this
Example is depicted in Figs. 1, 2 & 3.
20
3. Measurement of the human NPOR
In the course of performance of an assay for human NPOR utilizing the foregoing
metal ion labeled oligonucleotide and affinity chromatographic solid phase test device, a
liquid sample contain the oligonucleotide of interest is first applied to the sample
25  application region followed by the migration of the liquid sample by capillary action along
the affinity chromatographic strip towards the other end of the affinity chromatographic
strip. As the liquid migrates within the sample application pad, the labeled
oligonucleotide imbedded in the contact pad is carried out and interacts competitively
with the complement oligonucleotide coated at the test zone to the oligonucleotide of
30 interest in sample solution, forming a labeled oligonucleotide-complement
oligonucleotide complex and oligonucleotide-complement oligonucleotide complex, while
the unbound constituents and fluid fraction continue to be drawn and flow into the
absorbent medium at the opposite end of the device. The formation of the complexes in
the detection region is then registered and the
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3. Measurement of the human NPOR In the course of performance of an assay for human NPOR
utilizing the foregoing metal ion labeled oligonucleotide and affinity chromatographic solid phase test
device, a liquid sample contain the oligonucleotide of interest is first applied to the sampl@ g5FEB 2007
application region followed by the migration of the liquid sample by capillary action along the affinity
chromatographic strip towards the other end of the affinity chromatographic strip. As the liquid
migrates within the sample application pad, the labeled oligonucleotide imbedded in the contact pad

is carried out alfligieretnd i gaantited Ditthendodsrm picte Stamisa Y Rbtaactaaté ¥ aMhe test zone

to the oligonuclgetiele 9 it eEeatidnsppinicpteisdiaes (RTEING préabiteatAtidaUEiRlideosoMmplement
oligonucleotide complex and oligonucleotide-complement oligonucleotide, complex, while the unbound
constituents arﬂﬁﬂﬂﬁ‘?&&ﬁﬁ%@ﬁiﬁ%@%%&f% %@ﬁ&ﬁ%&@&@%‘ﬁ%‘%’é’m B aPS1aL the
opposite end ofdie deviEguidelforshaticn cirtipettdrapliziasion the deteatioNPERON(2S thwsr registered
and the 19,0 2 EEB 2007..labeler. metal ions quantified by th uare. Waye Stripping V.oltammetry
(Swsv). A5 aemrseisond LS o B e o e o

adsorptive accévwpeidis dhexsignihof blenk sadvhopl€w)thertt HureanNROBY andtFe(tower) iothe. Figure 11
shows comp_et'%qaﬁisf%smfbﬁfcbmm&m%@%@r@r@9&99&%?@?9%9@@@@&@%%, method
and test device (Fig. 3) of this invention. A(upper) is the signal of blank solution (without human
NPOR) and B ﬁﬁﬂ/\}éﬁ‘)’?sqwé-signal of solution containing human NPOR. Such result offers a method to
detect and sequence DNA.. 20 0 2 FEB 2007 WHAT IS CLAIMED IS: 1. An affinity chromatographic
test strip for quantitating at least one analyte, comprising: a) an affinity chromatographic medium
comprising a delimited area, wherein 5 the delimited area comprises an immobilized binding
substance, wherein said immobilized binding substance is specific for capturelimmobilization of a
labeled substance and/or a complex of a labeled substance and the analyte, wherein the labeled

20



substance comprises a label that is electroactive under electrochemical analytical conditions; 10 b)
means for establishing electrical contact between an external source of electrical energy and the
delimited area comprising the immobilized binding substance; and c) means for establishihd efecliiéal
reference contact between said external source of electrical energy and an area of said affinity
chromatographic medium other 15 than the delimited area. 2. The affinity chromatographic test strip
of claim | for quantitating more than one analyte, wherein the delimited area comprises an
immobilized binding substance(s), wherein said immobilized binding substance(s) is specific for
capture/immobilization 20 of a labeled substance(s) and/or a complex(es) of a labeled substance(s)
and an analya)T a8 ¢MATRIEIIS:ach labeled substance comprises a different electroactive label and
is specific for interaction/competition with only one analyte of interest. 3. The affinity chromatographic

test strip of clgim | ok 2, JHARIGIRHIEIHRIRAIRS RRTOMAORFARRiGMAMLM CRAIPTSRS Aafrond

delimited area comcf)ns[ng an immobilized binding substance, and wheérein the test strip°comprises (i)
a second meSRTH 18%'[ablishing electrical contact between an external source of electrical energy

and the second del®hitede#Einin ahgprmatagiapkigreedivmoiomnesing adebiniced aipretdhersbe contact
between sidthtel¢lithitediraecaf edagirised energyaobiliedrdmdingaisubbiutite, SXlerepmatagraphic

the preceding M e Bl R & o in
the test strip%%‘ffct,? BLRFP S ?ﬁs %ﬁ%@%‘ﬁ’?&?ﬂg?oaﬂé%ﬁi %ié?%th'etffj'&aﬁ}ﬁ %,%?/&gerein the
predisposed uhstaacsusrmmisesieidabelptinteld felastranctive utilsnyetentspshentieabriealaticalrip of any

one of the preoaditignstaims, 5 wherein said means for establishing electrical contact comprises a

working glgctrode, gpd saidsuaansdabasinRlisiioselpcital slesrneAoPRThaPSaRrse s reference
electrode. electrical energy and the delimited area comprising the immobilized binding substance;
and

¢) means for establishing electrical reference contact between said external
source of electrical energy and an area of said affinity chromatographic medium other

15 than the delimited area.

2. The affinity chromatographic test strip of claim 1 for quantitating more than one
analyte, wherein the delimited area comprises an immobilized binding substance(s),
wherein said immobilized binding substance(s) is specific for capture/immobilization

20 of a labeled substance(s) and/or a complex(es) of a labeled substance(s) and an
analyte(s), and wherein each labeled substance comprises a different electroactive label
and is specific for interaction/competition with only one analyte of interest.

3. The affinity chromatographic test strip of claim 1 or 2, wherein the affinity
25 chromatographic medium comprises a second delimited area comprising an

immobilized binding substance, and wherein the test strip comprises (i) a second means

for establishing electrical contact between an external source of electrical energy and

the second delimited area and (ii) a second means for establishing electrical reference

contact between said external source of electrical energy and an area of said affinity
30 chromatographic medium other than the second delimited area.

4. The affinity chromatographic test strip of any one of the preceding claims,
wherein the labeled substance is predisposed in a sample collection medium in the test
strip.

35
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7. The affinity chromatographic test strip of claim 6, further comprising a counter 10 electrode. 8. The
affinity chromatographic test strip of any one of the preceding claims, wherein the label is 'ﬁ*fﬁ%@b'ﬁm
from the labeled substance. 15 9. The affinity chromatographic test strip of claim 8 when dependent
on claim 6 or 7, wherein the test strip is configured to allow the label to be pre-concentrated as a
deposit on the working electrode. 10. The affinity chromatographic test strip of any one of the
preceding claims, 20 wherein the label is a metal. 11. The affinity chromatographic test strip of claim
10, wherein the label is selected from the group consisting of Mg, Al, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni,
Cu, Zn, Ga, Sr, Y, Zr, Mo, Tc, Pd, Cd, In, Sri, Sb, Ba, Hf, W, Re, Hg, Tl, Pb, La, Ce, Rh, Pr, Nd, Sm,

25 Eu, Gd, Th, Dy, Ho, Er..Yd, Th, U, Pu and the isotopes thereof., 12. The affinity chromatographic
test strip of ary one#cﬁetr?éﬁﬁlﬂ _ é’gi[r?é“e}'gmﬂ\ﬁlﬁg‘teﬂr{ﬁeo aﬁ%fgh dupdiers %ﬂéﬁg’égoéﬁdanalyte
mimic, and théahsigdombstasessinimdyophbisethéass specific for capture/immobilization of the labeled
substance. 30 13. The affinity chromatographic test strip of any one of claims | to 11, wherein the

labeled substgnce coRRPLigRFHR Hsmtag\qrmﬁ ireepQfilized Mipding Wﬁ?@%@c&iﬁge&m&@
capture/immobilization of a complex of tlilg abe%t)ad sulé)

tance and the analyte, 35 22 0 2 FEB 2007
T The i) ST S A SR B G e RS O Sk o PR A IR mbeled

substance coistisaid dMRIBEditTe BHbAsBInRtilgotRsabBrirense Aontaeh eRmRTissSnY tafteertone
analyte, compeletngd& a) the affinity chromatographic test strip of any one of the preceding claims;
and b) a release reagent for releasing the label from the captured/immobilized labeled substance. 10

16. A kit for quantitafing gt ast R A3 ORI gr &is EiNhe COsaALn AR gt strip of
any one olfoclalgns 1,d , 3, 0rg'to
electrode.

8. The affinity chromatographic test strip of any one of the preceding claims,
whercin the label is releasable from the labeled substance.

15 9. The affinity chromatographic test strip of claim 8 when dependent on claim 6 or
7, wherein the test strip is configured to allow the label to be pre-concentrated as a
deposit on the working electrode.

10.  The affinity chromatographic test strip of any one of the preceding claims,
20 wherein the label is a metal.

11.  The affinity chromatographic test strip of claim 10, wherein the label is selected

from the group consisting of Mg, Al, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Sr,

Y, Zr, Mo, Tc, Pd, Cd, In, Sn, Sb, Ba, Hf, W, Re, Hg, Tl, Pb, La, Ce, Rh, Pr, Nd, Sm,
25 Eu, Gd, Tb, Dy, Ho, Er, Yd, Th, U, Pu and the isotopes thereof.

12.  The affinity chromatographic test strip of any one of the preceding claims,
wherein the labeled substance comprises an analyte mimic, and the immobilized
binding substance is specific for capture/immobilization of the labeled substance.

30
13, The affinity chromatographic test strip of any one of claims 1 to 11, wherein the
labeled substance comprises a ligand, and the immobilized binding substance is
specific for capture/immobilization of a complex of the labeled substance and the
analyte.

35
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14 when dependent on claims 1, 2 or 3; and b) a reagent comprising the labeled substance. 15 17. A
method for quantitating at least one analyte, comprising: a) providing the affinity chromatographic test
strip of any one of claims | to 14; b) establishing electrical contact between the external sgyraegef 2007
electrical energy and the delimited area comprising the immobilized binding substance, and 20
establishing electrical reference contact between the external source of electrical energy and an area
of the affinity chromatographic medium other than the delimited area; c) applying a sample comprising
the analyte to the test strip, and optionally applying a reagent comprising the labeled substance; d)
allowing the labeled substance and/or a complex of the labeled substance 25 and the analyte to be
captured/itnmobilized by the immobilized binding substance and thereby accumulate in the delimited
area; and e) cop‘puctl.in%3 ﬁcgrlpch mlrg:1 anal lscls t(;‘)tdS ermkne the con%entratlon fnthe labeled
substance in the delimited are corrgfaf) Ing thig wittPuSe eBhcentration of the aﬁafy?e"§0 18. The
method of clalrr‘i"ﬁefe’(?dﬁfdﬂgﬁjﬁ_jiﬁ%ﬂﬁﬁ‘ﬁﬁ ‘Eﬂ@%ﬂ'ﬁﬁ?t? LRpspmssnrapTiatiagithelabeli any one of claims 9,

or 10 to 14 when dependent on claim 9, releasing the label from the labeled substance and

pre-concentrating theAq@fet@:amgﬁg anede W@r&{ag’t@@&}[pﬂgn§5 2302 F EB 2007 19. The
method of claim 18, ¢ mpr NGeSi gre 5|t fr rking electrode, under anodlc
stripping COI%IUOI‘IS bcé/ oxi ét%t;l%o t%hrgcfép% alpgl(f‘he 3vor Ing %I)éctrr%gg ﬁs‘ur?a 1S %%‘% Y& method of
any one of claimtS'17 to 19, wherein the electrochemical analysis is potentiostatic. 21. The method of
any one of claims 17 b 192 weleassirr¢ngenidoir aeleasingathenialyelidrémptite stphmstiimmobilized

labeled substance.

10 16. A Kkit for quantitating at least one analyte, comprising:
a) the affinity chromatographic test strip of any one of claims I, 2, 3, or 6 to
14 when dependent on claims 1, 2 or 3; and
b)  areagent comprising the labeled substance.

15 17. A method for quantitating at least one analyte, comprising:
a)  providing the affinity chromatographic test strip of any one of claims 1 to
14; ‘
b) establishing electrical contact between the external source of electrical
energy and the delimited area comprising the immobilized binding substance, and
20 establishing electrical reference contact between the external source of electrical energy
and an area of the affinity chromatographic medium other than the delimited area;
c) applying a sample comprising the analyte to the test sirip, and optionally
applying a reagent comprising the labeled substance;
d) allowing the labeled substance and/or a complex of the labeled substance
25 and the analyte to be captured/immobilized by the immobilized binding substance and
thereby accumulate in the delimited area; and
€)  conducting electrochemical analysis to determine the concentration of the
labeled substance in the delimited area, and correlating this with the concentration of
the analyte.
30
18.  The method of claim 17, comprising providing the affinity chromatographic test
strip of any one of claims 9, or 10 to 14 when dependent on claim 9, releasing the label
from the labeled substance and pre-concentrating the label as a deposit on the working
electrode.
35
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21. An affinity chromatographic test strip substantially as hereinbefore described with reference to the
examples and/or the preferred embodiments and excluding, if any, comparative exampleg.,1522. #okit
for quantitating at least one analyze substantially as hereinbefore described with reference to the
examples and/or the preferred embodiments and excluding, if any, comparative examples. 23. A
method of quantitating at least one analyte substantially as hereinbefore 20 described with reference
to the examples and/or the preferred embodiments and excluding, if any, comparative examples. 24

19.  The method of claim 18, comprising stripping the deposit from the working

electrode, under anodic stripping conditions, by oxidation of the deposit on the working
electrode surface.

5 20. The method of any one of claims 17 to 19, wherein the electrochemical analysis
is potentiostatic.

21.  The method of any one of claims 17 to 19, wherein the electrochemical analysis
is potentiometric.

10
21.  An affinity chromatographic test strip substantially as hereinbefore described
with reference to the examples and/or the preferred embodiments and excluding, if any,
comparative examples.

15 22.  AKkit for quantitating at least one analyte substantially as hereinbefore described
with reference to the examples and/or the preferred embodiments and excluding, if any,
comparative examples.

23. A method of quantitating at least one analyte substantially as hereinbefore
20 described with reference to the examples and/or the preferred embodiments and
excluding, if any, comparative examples.

24



