;e3ezz{D|:} v~6~Tz: PASSI VE SAVPLE DETECTI ON TO I NI TI ATE TI M NG OF AN ASSAY
"FIELD OF THE | NVENTI ON 5 The present invention relates to th mmmmmmmmmm

el ectrochem cal assays, particularly to the nmeasurenent of t

concentration of analytes in biological fluid. Mre particul arl ynstahe
present invention relates to a systemand nethod for detecting the

appl i cati on OfPAésswnJSRwﬁfJ,Emimcmmroqm’ﬂmmmmc%ﬁm ASSAY

el ectrochem cal sensor and initiating the timng of the anal yte nmeasurenent
event. 10 BACKGROUND OF THE | NVENTI ON Anal yte concentrati on determ nation
in biological fluids, e.g., bl 03%( or bl oqgd derived products such as plasng,
is of ever increasing inportanc 1 QFJHE El\g%(?ﬁety. Such assays find use
in a yariety of appeGRtANAvaidn$ahict ROe R EHcRYCiniBhIGRLays abor at ory
testing, 15 home testing, etc., where the results of such testing play a
pr omi nentartghkrlyro theemehisagmest of the donvanteemenitanalfytes ivbiolagigal biddiMems e
conditions.. n anal yt.es of interest include ucose, for. dj,abetes
ranageneAHCE RO oBF SROF SrenGoRr B ook wiaEe SUTREhPE o aiealing BRe and t he
like. |napRsdaaBs ef h Sarhple of BioRMia of F6H0! AGRE0 ah eRRBbIHePiEAREROE had | ON
detection, a variety of analyte detection protocols and devices for both
clini cal izitietingotie tindeg phthe ahdpte M@ syemeniopeal. One type of nethod that is
enpl éed for anal yte detection is an el ectrochem cal -based nethod. In such
nmet hods, a sanple of a substance to be tested, e.g., a biological substance
typically in aqueous |iquid BXdRGreOUSD oFatERGvENTIOND! @aced into a reaction

zone in an electrochem cal cell nmade up of at |east two electrodes, i.e., a
count er/ ref erence 2Zoalteeencepteatipndleermpakpmi dpoetcabbeids Bpi blapd 9r blaodedox

r eagent temi it hi. I t . reagent stem
et BBl SRR AL B AG  r RREL s
enzyme mapdags find afe inhevakiedf appldg@ebhs sdsdeings, Ineludiap zlifiealdabgrhterypiebting, of
enzynes that work in concert to specifically oxidize/reduce the anal yte of
i nt ed@st hopwdestingecte aheie thesregd o ispeyteptiiedlana Prndpent selsdnthediagnopss, t he
targeted ] : 1 h AV

therew t ﬁﬁ?ﬁ%ﬁ%ﬁﬁgg?@é&g%f’ggﬁé @&ggycr{sbgggﬁ?ﬁgct I véS) %ﬁ{zﬁgrrr{g?aﬁﬁu%?s a
medi at or 'ghucosd for dimbeesotanagenteng wholesteiod fdylngonjoring eatdiiviabam)arenadin®ns, and

generat i fully active enzyne and a substanpce, i.e.,. the product of the
eact i on ki TERETIE A ZEF GEVHRE JRROTCIAGE PhAHiR e ERittion JEiECLoR drifariely

cor r espoR@Lgyit QefebBort HRRRBIsTaAk IdBR &Y fol B@hICRRRET £ IRAR] Bek Bavel B@nauant ity of
t he oxi di sable (or reduci bl e) substance present is then estinated

el ec2Pocldevdlepdd. y and correlated to the anount of analyte present in the
initial biological substance. ., T hove-described el ectrochem cal cell is
commonly used in tr@“eﬁxl?erﬁr}g‘fm%‘t‘ﬁﬁ‘éﬁgs?gkﬂkgeﬁ g%rtangfyﬁ %g%%m\%f h the

bi ol ogi calectatHehticdlDastkainasthb@ dineh Wetholds | sSsahplecdfeadiibstacdvotbitestéd, et er by
whi ch the el ectrochem cal anal yte concentration is determ ned. Exanples of
assay sy¥idegicalisgbsteanssitipicaliyds aqyepgeiqee formy e gsthlogshs is plpgeshintogt petian t o as

0. 174, 22608 T ERRBEY (R m A o Bt R wEBERICN e, Podttforfierence
i ncogpor eateettotieyandd evrkirgeelectivas e Typistleyya redox rbazeahsyseat Brpreseqt wishin the

coul onetric, anmperonetric or potentionetric, dependi ng on whether the 10
system i ﬁ%Pﬁ?’égg'?f‘ea%ﬁLiaﬁ@a&?H%\g@‘é{n iagiufest legst némnr:%%??nq pEsdRiovdty, in

maki ng t%@%ﬁl%ﬁ&&ﬁ@%@@b%ﬁ&}ﬁ%@ édgﬁ'realggntes SEMTi9 G B yn or2nal yt e

measur enent “assays, It 1S necessary at the measurenent syste e able to
det ect t Iphurplityséeozynuds that e irecabepro & spedifioall yooxidize/stduse thiemnalytd dfat t he

anal yte concentrati on neasurenent fest may be . initiated. Mreover, it is

i npor t ant™§%5t AR ﬁ"é? Sﬁ’?lgﬁeéﬁﬁ%poﬁ’fwi’é}fppﬁhg ef’?&“ﬂ%@’d‘fﬁé&ﬂ@@%@&?‘%ﬂ%%ﬂ sanpl e
conespi Niceme? i@ ebdnthdtvith the eh AAUES)lan8 YereRM&@EwitR CorhB8d aP bXiliRab1E &
tinmeliness of this detection i's inportant in order to mnimze the

pot ent i alredugiblpdnaativbanzysee. df istayoediptor's rae Hererg ayith anexidisablp éonveduriiplne

target analyte and the yeagent system, Perturbatiop is h e in the
equi |1 br PO BTRENDER BIT RN BAMEH o Slopiaerdhe- s abedierdibE desstion: her

t han t he ba@¥deh theindctBeRAgRe anEde hedtdOinnodi@ms cOtespbRdih@fcde anal yte
with the reagent system nedi ator and enzynme conponents. Perturbation is a

: Y n .
parti cul &pneengat efithe fasgaipd #nabiip et lomeuantity of dbgrorddigable ferireducible) substance
1
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met hodol ogi es, known as "chronoanperonetry,” which are enployed in
‘el ectrochem cal anal yte concentration determ nati on nethods, and nost
commonl y enpl oyed in chronoanperonetric assays of an anal yte concentration.

I n many anal yte concentration 25 r,re%sur ement net hods, a constant-vol tage
step fundXessht is sheagshimatedelecipehenueyllyandicgrrelated to the-qreunt ofanalige presgntamd
referenc Chk 1 upon sanple application to the test strip,
results ﬁlrllgglg[%e]rbg(glggﬁa]\gpbsg&gﬁfrent t hrough the el ectrochem cal cell of the
test strip. The madrictabdee-déscribed elpgiachemioal tedige comstonbeused i theifem of @

By S ardRevERE ok 1(aR on SRR R B Al Bl St Aand WEER s g PR 5 30
appl i &d \«ﬂhﬁa%&eﬁ%ﬁ\gﬁicﬁtrrere@&%ewge@dan&ﬁi&&daeéﬂrmeh &gedet.%rﬂﬁnéy%ﬁmrpés- e.,

the neter, “stanps” “this tinme as egi nning of the analyte conceritration
measur emafiasgah aggematict empley these typas ebtestestrsps; eftemtefafedithas biosemsots, ad t he

The el ScTPEERaMSOPRSE Uan Paetien Sone 02k it R hana 37 8SvaRa hae ' ©
bi ol 0gi cafiscRRNRY: Bf Whidh et hérefinBsH erate_rd%ytrgf?eré%_&t ?Hés_@%.yﬂng eaflye to 2

accurately stanp or mark the actual time of initiatioh of the analyte
concent r shapterieabas coutometyit aseperoigety ¢l ohpotantianagstic, sieperfdinhen whethenthe

rodyced as a.result of this electrochem cal. .reacti.on i.s used as rt of
P e a3 i e meouting Svies SRl O PRERY Easkelifdy B abiths R Pl O
accur at e coffn@aBs adtkmindiord he anal yte concentration of the sanple. 5 In

other words, during the tine prior to achieving the predeterm ned current
val ue, i.e., prior Inglectrecheaipil @nalpteaneaseemenhassayishié ismsicessgry thgphé ed to t he
cell will "perturb” the el.ectrochem cal reaction between the target. anal yte
ond the PRebEmehCalatREiEls Riat Mttt ntws roisled e 3l e er
the appl ited tNDAdaB@E cHrideRration BERLRYIeNDebiBay Bitidd® MUfco0Y, itliimgsdiahd

val ue, the greater the perturbation of an el ectrochem cal reaction and,

t hus 15t hdhatghespregenge efipammple bodetaeted 9s wopep dersapmlg emasaaoRoBiRehvith ghel j kel y
to be. A j .Of I.¢. et - t it is
more i1 kere B e PR ThP ArEhas S IRELAMRLh if B ORE GbilE) {1

| ow concenihiraize titspadéntiah fortpartgdiatoh afht yleetrachehii @i rmoniaebdtivaén tesargét r ed
bl ood cells or both. As the currenﬁ3 produced upon appl.ication of voltage to

the el ectd8ieAddas reagent sysBy BeTyrogiry is a<caanssip phessudtuiuenel g anal yt e

concent r ajfd BT N B j j J ) -t he
canpl 6 dot Sapeaich ool TeeaAE SRR e RTROA A e RYndtland <R P A @8cich
accui2ét e pregressad nbeatargen adlyta mathythe raagers epdteramaimtor@mdteneyrot bempbrand,
setting a lower curyent threshold leyel wll |likely make the system nore
sensi tive and fal sdigraigR & BysmEproRlsgrans ™ T A SRR S BrblealEfse
net hod i snéth&doiOsed khowhas chrstRfpedtnetR0 VhitB3reehd1Bydd in McBcHetnib@r eby

incorporated by reference. This patent discloses a chronopotentionetric
met hod wienglytespacersraion dpiermpinghivremediodp and mdsheqnamorls sowleeddn wi t h

h ' s f i. on. d,. of | yi..
const ant R PapReErEEs et R RLE RPTERIP i ARG PR AR of v e

appl 5ng reastfehlent @emstigntcoastaitevtlitagd @ep funogdn Brppled 1d@hd RSE sthip lild).acldie

vol tage across .the working and reference electrodes is 25 then nonitored.
Only wherthg Wpsking prdygéerenge elecafleswwhich eV RO% SAMPH WPHEAPIVB thelge stdp, werplts
nmeasur e AN 1 i i i t ant
current i egratdiforankh ANRIER eI atdc A LT AP 35 130 sl Be

r esul t i nghecappliedtvoltegesmns de fsoffictant togtrighérshgBbanadaic sr cappciemeatadrént €loofint he

anal yte concentrati.qn, this thod. is r nore accurate than the_ .
chr onpar‘rﬁ@"r Efﬁgtprﬂr‘ev‘a‘éf%b‘gsaé‘fpr{ggﬂﬁ@@“d é{’ E?H tih_B ﬁ“‘iﬂ%‘l‘é’f‘?ﬁa"ﬁ%{q pohresdiyof thior der to
pracipce dyBRedPIINRE eRbcelid predéRrRAb e Mreshbid Jaud) Be&S@MmY it Ome At

Y
el ectroniCc circuitry which provides both a current “source for tﬂ-é supply of
t he const“atamps? thimtims tag thefhegomingofttioe srtadyte eargentirattoasheastreiment phaspentior m ng

t he sanpl g detection phase, wel | as_.a voltage soyrce. for .performng the
anal yi e, dOHcGHEHER PERRARSH PEHEOTEHAL oy e et to deciniBhhel he

el ect r onicenédniratibh bythk Wark&red ahdIgik UXRS elebodhBRRDS Alalti GHPHIRRBEIS rdddxal | ow 3
swtching fromthe g%ptlp' cation of the current supply to application of the

vol t age geggshisystent ¢ binlegical isamaple ininitidted praovid ehedwstemtbemng 1ohds® i s
conplete. Thus, it would be beneficial to provide an inproved nmethod of
very accurately, expeditiously and i medi ately detecting the presence of a
sanple applied to an 5 el ectrochem cal test strip. O particular benefit
woul d be such a nmethod and a system for inplenmenting such nmethod which do
not require the application of a constant current or voltage step function
for purposes of detecting the presence of a sanple on a test strip.
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in 873 patent. 1 O SUMVARY OF THE | NVENTI ON The present invention provides
nmet hods and systens for passively and autonatically detecting the presence
of a sanple applied to a biosensor (the "sanple detection phase") upon
application of the sanple, and then initi.atin he asurenent of a

target ed tPHFARlY stapwyqranark the acty 8“‘8&2&‘3?1??0&1&6&6 &a@ﬁﬁownmf@ anal yt es,
of the Saﬂﬁéﬁlrﬁﬁ&ﬁ phise, TRASHE ATRtioR BR#R rrehtPrBAlIcRA 84 ¥ rdtBR s BALD! €
detection. As discussed above, prior art nethods of sanple detection

i nvol ve aglpttrachemiml mhctam ie st asipaetof ithepsampdé detedtion phasee Thasvbe fiagldy st ep

function (as with chronoanperomnetr or ac ent .step functio as w.th
Chr onopot SREEHEA Rt RIRT A Secms teblesetiofur ot hE a3t EfncetiPsitaneh b Sttt
the elect [OGHGWERS, dughh theMhd Rﬁblt {0QkhiBPRE ARCHreddtbieni RBASIHAIPN e RRABRioF S

not 20 commenced until a threshold level I's achieved by the el ectrical
si gnal pr edbe eapla detgrtiemtime, thesibltage apphiest todlggecal) yildlpertpdS et i vel y, as a

result of the lication ,of the, electrical | ut signal.. The_.inventors
hove. di scdoaosiBRical REpEh Rhwtettne e o R reitedhe he B G Be e
neasur emefkpdiia sithend/d? tid mFmryh@é@ﬁw Bt ate GRISFRN&BEvinY thb RduistBRUMERT A
sanpl e 25 detection phase electrical si %nal to the el ectrochemcal cell. As
such, t hethsesbpldotalueetheaeaterdhepertushasionyol ap elegirethpmi¢al scaghen anchthusntheflessn

pur pokbs e ShA B b9 BResrbafld BeadPhER i BB W L °The prosent

invention, this phag@oiher digadvana omsahmbam%e‘roﬂnedny mhdth¢d BERATENIS nitfre 2
sanple within the el ectrochem cal cell, there bridgi nggl the gap between

t he el ect ikadp o preducsangBacsHEns mgasareneh 3ith samples canigiginglgw comggirations of

Al ternati yel i r I r obtain a
current s kEcEf aAReR AR PnfRab ordcd HRS4LIR FeBpl RURE BBEMCY 200

det ect i onpbutddapon applitadonbf vbleags asrhee]ectrbehesidoglicell derieeally duerdasersewitls not ed
or recorded, and a neasurenent related electrical signal, i.e., a voltage
si gnal>, | SCERASHRENAYER IOPCHPRIIPR TR HDELINCRESER PeBeRblvels) theghopegrdhe
purposes Qme;géﬁétk&%&atth?e &é”lPésqikfeBrlr th@megduld Qffretht wilFB@érﬁé‘c‘cﬁfa!téfebFetsﬁgE&&f a

predetermn period of tinme has |l apsed since sanple detection,

r esul ti ngofamathyntoncestpasione Omstheptteuhad, sdtingra tavies comeers uhreshoddilevehwill or its

integrati ove ime, the analyte cancentration is. then calcul ated. The
subj ect ”E?er%&akﬁ?myggmgparﬁisp?%%mar@&gléﬂyé%%%cr EQ?BPISTJ_H or art methods 5 for
sanpl e detection. BagaheekidW Gnple 8Qe@FhehdiRbd BldReldsk&al US. padht RBP! i ed to
the sanple prior to the neasurenent phase, the sanple detection phase of

t he sifbj e6il9387hBdswhishds hesebyineerperatadybypeterancpat hispaisht disdoseadpl e.  Thus,
th | f ; ' Jt. S .
e Lot LAY QIR VEOObR ARRUEETHRLR0A88 v

char act er ¢lgbheantferérhétris angucrls o€ sargpledaeci@d, Insteddaof applyéngacconsaine voltage
measur enent than what is 10 provided by many prior, art nethods. Another
advant ageSteP f4n5EOHtES EHPNERAINOMSHIG TBethad IO} ies ABRIYIHR asmatl afastagt-current

i naccur at aegﬁmc%ﬁtmelw &ﬁggtme%ﬁ%gﬁ%%m%&fné%a P&gx@gggevlgétﬁﬁeé pdes.

Wth the prior art analyte asure t systens nentione any damage
(e. g.25 a glkkomtonitoreduiQnly wwher thiheoltagh éalisdwtoves b cenmir theesholidedtage istthe net er
automatically initiate t al yt sur enment assaé even
iMmve

contacts nm e .15 ne
wi t hout s%%‘?uée‘ﬁ%‘]tr‘? theranalyte mags by W‘{CE'B’E?;IE?’P .apééC@HB%BF? RSN SRt ntion

does not jaheeihny Goltdde natki! jtsfee&dselamgexapm@zs&r%w@kheeﬂeﬁﬁaﬁ%‘ Gittenf hi39@lred OF
pur poses of sanpl e detection, an assay can only be initiated upon deposit

of the safgilosvisgthig paint inkapnésantative ef the analyih eanasairatia, thipmethiod ibfagsmre or .
Because t 0 PIES thed GO R Rl Fnetlid Blefloa b 8 a@lec@r adt& O n, ' VOl ving
30 In order to practice the method of the ‘873 patent, it is necessary to employ
electronic circuitry which provides both a current source for the supply of the constant-
current step function to the reagent test strip for performing the sample detection phase, as
well as a voltage source for performing the analyte concentration measurement phase of the

method. As such, the electronic circuitry further includes the necessary components to allow
3



20 f.ewer steps, the system and conponents necessary to performthe subject
net hods is | ess conplex than for prior art nethods of sanple detection.
More particularly, because the subject methods do not require application
of an externgl. vpltage or.curre for purpgses. of. the | e. det ection
phase, °t hevdetipe FpmafE aiticali e pdet SRR ET aiohieiy IR ke iy B
energy SOeGR&i RN e Habthe s%ﬁle'&&%ti@@ﬁﬁ%sh@@écﬁ%lé’t@ﬁ i nvol ve fewer conponents
than prior art 25 systens. The systens of the present invention include

el ectroni ¢ circuitryhand worpbonbeneficidhta piesidesa ilmprayed oreshasidbioernypr ovi ded
integrally wth a nmeter for receivin l.0sens u as. an_ ..

el ectr ochisrotafly By bnd TRt ReR B2l PR TG en ik el ppriego an

sol uti®dn piecte@iPemidat st sftﬁ;fS. OUS RS S RhefMBAGHE bOSuch SBkhol afd eRutastari stic,
e.g., the concentration of selected analytes of interest, of the sanple.
The el ect mplpmanting suck sethadrwinich de naj tepuikethawpplicaon of & gorpéant cutsend obel ow,

i ncl udes an, el ectrochem.cal cell ris of at |least two el ectrodes,
e e e SRR P hushitier o AR s Dl PR R BT onct f on
zone is dpfefaaslyf @ich h%gﬁéﬁﬂi\ﬂﬁlld heuitk edvagiefirosia BBMmPoneMSha ftHRVINdEsdiibed he
present invention are kits which include test strip nmeters which

i ncor por atfe 7B patstibj ect systems for practicing the subject methods.  \While
t he sybj ect nmet hods, systens andﬁMﬁAﬁ@ﬁF?ﬁE?ﬁ@ﬂvﬁBNdeteCt different types
of biol ogical sanples, such as blood, ‘urine, tears, saliva, and the like,
applied to various Thppesdait itleaddn paiviales amithode bhd systemd floe pasaeiy adent  of
various characteristics, such as anal yte coHrg)f,entra%i ons éhe,y are

parti cul af¥tymareally detecting thepressaceiiactamplnanpiicd iy Pigsenser @he,sampleyr bl ood

fractions : i t I : 3 t
strip ford?tﬁkgmhz% g%én#( ﬁ%ﬁ%ﬁﬂg@ gdoufctg?sgeﬁg)cl)ﬁ’caggﬁegﬁ Fﬁiﬁ%{iﬁg}egﬁéﬁsu@#g@e&gﬁd

ot her obj medeted ddvmteriatge s, g. Ahd cHahuratems affont loe moresmiytes, of thetsamplevihel

beco apparent to those persons skilled jn the art upon reading the

det ainf% ofmf%BrWﬁB}&@eSnmﬁ‘gﬁ@%“Hﬁ’F‘ SPWBiedjre&?Bﬂ‘E' i nvention which are nore
fullly described bel awqistfssBiRhEdyeDERSrFhEEDULET shidp1 AR I €k applitsidin
expl oded view of an electrochem cal test strip for use with the present

i nvent i onof A eectdcedl énput gignglheitifer ntveltegs stepylungitaf (ab withehowwamperometry) or a

el ectrochem cal, test .strip s .15 tine for the .neth of th esent
Tnvent | oncunsng e ficugh Gl ertEndnaldvioniest ) RroElad et OEPPETERSY o
syst em of sdnijfte RiBHEME clcBif8EHehEh] @BIET Withvihyr s%\gsdcﬁ,dthb Pneaburemest phasds Mot al
bi osensor for practicing the subject method. TAI LED DESCRI PTI ON OF THE
PREFEHRRECavBemielEnta troeshld loval deachigved b theotieqrien) sigasl predursdsa ewtensy st ens
for auto i Gal l tectl t he. pr f S . appRld e .bi 9sensor
(the " samgpil Bep Sof s el des i R A or b BRBLFicBU e ecleBiblp ™3
target ed dpwalacteristic, e.g., the concentration of one or nore anal ytes,
of the sanple (the "measurenent phase"), i di at el pon s | e det ection.
The sanpl e detecti oﬁh%H‘dS%‘OE?fhatVﬁélsgﬁYﬁ é&@’%? REEE"S §¥ﬁé?$18%%ﬁé’§‘§ﬁ?€1 Y,
25 i medi ﬁi&h&‘n&bﬁgﬂeﬁ&&?hﬁ%%@% atdy 3RIBIElylcBnfndAc &S SN &Rt aﬁ(}iliiﬂg'dtsample
application of a voltage step function (as Wi th chronoanperonetry) or
curredft  sdesgrctionpbasecsieqtasal signhl totheoeloginichemicahestl \As suTh.ahe silljjext tmeslyasis alos

i nclude el ectronic .circuitry for. perform hese_.steps. Al so provided by
the. pr os ot SEIRIEH T KO BiapplSiigoraR el G H oL BR (o8t 1 G R P o e e

i ncor por adlectidiBenitd] &4 fob YipBER Jf%érf@frﬁﬁ%'tlfel Ampld@téoubh phhseMBViRde 30
Before the present invention is described in further detail, it is to be
under st oopresanainvention, ity phasedhcommanged|paggivedy splslyt ieplpeament of asamaplbodi ment s
descri bed, ..as ,such .mm of .cqurse,, vary. It is alsg to b nder st.,ood t hat
the ter m WiRB5 SletPhemivan Sk e Ridking e o BreS el e el iROGH CL o
embodTeNgehedling a sihdl, ii.g., B@blth%ﬁ efe.dAtandBrely dietdan §lace aRewstbn@rés dhige  Of

the present invention will be [imted only by the appended clains. 6

Where a rédpkieodss andipbiaig 4 airispbsigepddndicativesof sheieample Brgseneswine heiastler veni ng
val ue, t f ' f I . .

ciearly aPEAbERlsR, & e Escigt be B shipflc, BShmbictictoctth AR t RfedBPldHlaed,
and any odriier medsateedenoielated eleveithinggnah| ileg al woltafadigid] Ak adtohawigslly spplied

enconpassed within the invention. The upper. and lower limts of these
across the electrochemical cell for purposes of testing the sample for a selected

4
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5 smaller ranges may independently be jncluded in the smaller ranges is
al so enconpassed within the invention, subject to any specifically excluded
limt in the stated range. Wiere the stated range includes one or both of

the limts, es XC|UdI i ther bot of thos ncluded linmts are al so
e Loy FHTRE RS TET Lereogsee %5 et e SEinle e i e

scientifi hRABasiRANLAENES m%%
under st oo E@‘hg‘%e gr?q%&gﬁﬁéalrgy%ﬁlﬁf%oﬁ?ﬁt? e ar tS to r(lzh tl‘t?téljs |nver?tQ|V8rn
bel ongs. Ahtehthaghalgtmorrednltnadsn fsnuemmlceﬂatai s simlar or equivalent to those

descri bed herein ca Q sed in actl or testing of t resent
invention, alinte '?FB ‘tdﬁé’r‘e‘ﬁl g’ﬁ gY?&&asgeﬁﬁ&errPﬁ‘géPFé‘Peé ‘?ﬂg
descr i pedshansl fédetéctlai‘r'sﬁe&%sé‘@kﬁqsBB@iteﬁﬁtl ue@cﬁctl%tgﬂanaﬁmdwmem ppended

clainms, the si Rgu | ar forns "a", "an", and " 1 nclude plural ?eferents
unl ess t hpm_nanttlme(meaﬂuemetry phiaset tht esmple tdetemius;epham of thalsiibjeettrhethedsndmes noned

ot hods - aHEFBATKAEBRPATan o 1 SHRRIE: T01- e FH4A! e ERA G Bh LGS U drom e
cited. Thﬁleatmém&ﬁgm%egle%%s&ﬁﬂtﬂa%eduﬂt @, WISHHE GRfCcRAlE oS orint hei ¢ 20

disclosure prior to the filing date of the present ‘application. Noth i ng
herei n |sc}tanadte1s¢10r¢£tlrcwempéasbmg mdasussl, o fartohere acdugatp megsurementvbart what i8 s not
entit (fd C% date such BUbltercﬁti on by virtue of prior invention.

Furth PWé{I GOy Y BRI R M provi ded may differ fromtheir actual
publication dates, Wabr fdMn g@dfﬁh@ pRBchtNARMEOA e hk Klifridtioh BB thlse2sr The
present invention will now be described in detail. An exenplary

el ect r ochBwreERte ghyyeBeAsugEEhisaugiq ﬂammdwmlmdlaﬂeleémQ§yé’Btt@twrt0ﬁe

met hods o r i r

expl anat i é%%ﬁ@ytgrng%a?%%g]eﬂtf %@%g?éé\ﬁrﬁogeeéj%foq? 3‘9&9‘2‘2%‘; ‘? hveﬂgﬁxcl)ﬁuggt&) of the
par ti cul agitibr sigoeQrstrgselo@etRledyr thd enetdr\centadk snayfatdneanied]lpinitiatel eeainbigt
description of the subject nethods and the subject systens, as well as a
descrl £t i Bisagweraent apay seHSP avithon| sagnple beipg prepent N@Wmtﬁle&égc Brgause He present
present i C egtration
measuremn&gg%%qoﬁbggtjkolﬁg&vg% z\fﬂgﬂ@ﬂl (r:hrﬁtaﬁgxﬁg{ﬁi ?lﬁ%tgg%lewl Y(%g) ﬁ%@&tﬁng and
t hose ski kdmegle idatettion, an tissay tdn apbe diitited tpvat depbst sfuth sahpleyssivtios wathin

met hods areehjsefglf i.n me g rLgnt of ot her physical and chem cal

char act er Fét emira)icsio P%581%nces. 7  El ectrochenical Biosensors
The subj ect net hOdSB@&stéMﬁsﬁHﬁcﬁh&hH&%& Gmldrihh @i&%ﬁr}ﬁ&ﬁodm\%hﬁn
particularly an el ectrochem cdl cell-based biosensor, 1nto whic he

sanpl 2l bfeyesgiepaltharspstem and aosntmepms necedsaoy tot peafosmdhe e-d)JCCTneﬂmdanseles,sar yi ng
designs of el ec hem. cal sor The St Gommn of these
oo gne. crBTBEEYHRIOF RS Rengi g RRERRE Mot PEHTREH-BPFRG el e
test stri putGeudinethiidedb @d5reqbit€ RppiRatidtsEantixtstha S@Hagd orldufrentiat pipodda of
6,193,873 and in copending U S Patent Application Serial Nos. 09/497, 304,
10 09/ 497theeemplegielesson ghastridic R SYstarBs de net TeAWES iBslypien of suchresignated
herein in f S
confi gureg&{r%? 5@%%&3?%0 lg{hs%eg n@urgetﬁ%n Jm%éld%ﬁé\%é;} Ht)b%ﬁgn %A'tshtgp gig%jg{tn t he
above23 desystéme dTHeatysteins bé fherpeeseasinvddtion tindedesiedmhiddinsansaidsonipeaents han

t est striﬁ_}s%I magf al so be sgltable for usiX/WIth the present invention. For
exanpl e Emay be incosEsied g1 Proyided Hﬁ%rhl With amater qF feceivingen RIgHANSRuFueh on
wherein a t ubul ar
ol cct r oo™ & Bp AR R ARk [P i Al RO bR AREADE | orim of

m cr o- needémsitedydor pepeses bf maasenegalseiactadlt:l@gacaetnmctmg ntttetcemmdtlm ef ructure

for in sity er t surface) ur emen

ot herwi se ?T‘F(t%%?;yé%%/&]dwequ Ogﬂk‘? F?r c'g tWCE’ lrﬁefzts Ht@é&i‘liﬁgf’}%%t ure.
Exanpies ﬂf]]y&lé@éhﬁ@ﬁ%ﬁnﬁ?ﬂﬂu&s%ﬁ‘é]e@!r&meﬁﬁ&ﬂicélﬂc&ﬁﬂ%ﬂ'o’ﬂgt Ieasptwe @leERb &AL
Application’Serial Nos. 091878,742 and 091879, 106 filed on June 12, 2001,

her eby i néer paodtieg amrya reéttren@/mntelfgluectp@depb@wserowhmh|a§e@nt@oIzgscursedefmtré

subj ect delces W ‘Jﬁ écrlb din use with electrochemcal cells in test
strip confA'gEFRITBHE. DINGREHSAIPfEose skilled in the art will appreciate
that the subject dewmﬁ;%omyd B tHésRekeid ihherdion afdikitsaPhieh Mchsdert0q RAIP mederscel |
configuration, including mcro-needle configurations. 25 The type of
eIectrochéﬁﬂ@ahaﬁE@§@ﬂbﬁﬁﬂnﬂthﬁﬁmh%ﬁmadehﬁa&ﬂvaw?w@@weﬁdﬁhg on the
particular nature of the assay and the netér with which the el ectrochem cal
test strip is enployed, e.g., depending on whether the assay is

coul onetric, anperonetric or potentionetric. The el ectrochemcal cell wll
measure charge in a coulonetric assay, current in an anperonetric assay and
potential in a potentionetric assay. For purposes of this 30 disclosure,

t he present |nvention mﬁll be descrlbed |n the cont ext of anperonetrlc
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5 defined thickness and volune. Present in the reaction area or chanber,
i.e., coated on one or nore of the facing surfaces of the electrodes, are
one or nore redox reagents selected to chemcally react the target

| yt . Such 1ts typicall i | east d
et ator it shoufdigAEEEReh peRes Rtk BT RS Rafbe btTR BRI e o
or nore ehged difo%GSl%Qicbl- safplesO§lRh Wo blgoB Jurfle feafsO sk vanshdane 1ike wppRéd foef er ence

el ectrode, one wor ki ng el ectrode and one count er el ectrode and one
r ef er encevarloss typssief elestrochemicaheelle ferahe owesuremente oy atioustheraciesiséese sush as

| ect rod tc. Dependi the t f | cat| it b
desi r abl AV EUBEREREn beY 16 6auielally SiplStited [ ahedeseion &R Eames? ok epd o
al | ow § or o1 J8 Radtfonl aid ek A gSpIRARD tHeadlé@dcREmIRET RARY aftédt stipoHfHeng nore

than one analyte. A representation of an exenplary el ectrochenmcal test
strip 10 da¢nmibdtionfadiglugose amcentration tkerginesent i nvention is provided in the

expl oded vi ew of Fi 1. Test st.ri 0 is mad of bottom ) ayer 12 and
a top layer 24 Sepa?l&cisgan%gﬁxgr %Fﬁgsaég%né?gefa%pggggﬁremfgﬁ H{%Sglqgmgéﬁ%vu

section tlbb%bnﬂeagbﬂ@ﬁt t8 thiRe pisek AANR if theddreapotreadiap Bicadeails Jehd @Bthaad t op
| ayers 12 and 24 are configured in the formof elongated rectangular strips

each havi a4 Systees@f Hhei pieseneinveripa whiehargiaere folly deserieed balewial | y f r om about
3to cm having a width in the range from 20 about 0.3 to 1.0 cm wusually
fromabout 0.5 to 0.7 cm and having a thickness in the range from about
0.2 to 1.2 nm and usual ly frBRE-IBSCRPAOSOFTHE IBRAWNGS ayers 12 and 24
each define a substrate base, 14 and 26, respectively, nade of an inert
support or backi ng Tkt bis an expipdgd view ofah desdiochapisal ¥ Strin {opusamith thy,
sputterigé}ese? 6RAANGET ve material which formthe reference and working

el ectrodes, é 28, respectively. The inert backing material is
typically rigid natEigl 2ks agdpic aphblveltade jpofileiadrasg as tlectedahemicad tgapsitip vb.o
each osfa thee\gl e troﬂgﬁéG and 28 and, in turn, the el ectrochem cal test
striploas YmGAe the ms (e RIGTBt IRER”IANal s i ncl ude plastics (e.g., PET,
PETG, pol yi i de, pOR4CeIDORALBatiP@hy Y SroReleddBh¥SHeal bf a$)dtdrRi QP thecer anmi ¢,
gl ass, and the like. "The conductive material is preferably a netal, where
met al s of presemé inysntiémegerateyeBcoppled ael i electgashdmiqal htosensoy far paictimingdisped
indiumtin,oxide tainl ess steel, carbon and the like. For exanple, a

pal | adi un%u(t,’begk F%‘?H‘Oﬁay formworking el ectrode 16 while a gold coating forns
reference el ectrode 28ppPagesDEsekiTIGV0F $HR PREFERRESENBoDRIENTS hed bet ween
el ectrodes 16 and 28. The thickness of spacer |ayer 12 generally ranges
from%bout 1 to 500Thmpresand inysniaon grovidesingthodg prerdisysmstfer agomatieallySpacer

| ayer 20 he fabr.i fr ny. ni_ent e[l re »

repr esent SOBEAAREFEL e bR} BPMicEROYERsElYor BB i GURRICH phaser) and

pol ycar bothait thidatthgtthe mebdogemdhief a turgeted shavictapaces. g, digeondtiadyn bloded @rat ed
so as to be adhesive with respective el ectrodes. 16 gnd 28 and t hereby

mai nt ai n PAE anahyifs of the éﬁ‘mPlﬁé EI“EE?E%‘E’H@HP%SIC }igape ?tPlyp}‘PPB.Sa‘S‘P@pacer | ayer
20 1's cutgsQda. e Bﬁrﬁf!l'e,‘i!i%te@tiér?ﬁ!%é B8Mthé Q6je&'m&h&d izgeﬁmea aldiVely,
appropriate shape including circular, square, triangular, rect angﬁl ar, or

i rreddfl aringhediatd] yrupauapplicatiprafa sarhgle t@p baosehsbn twithoubépplicetioreafct valtaggone 22
is defined by the faci.ng surfaces of electrodes 16, .28 while spacer |ayer
20 dof | neeR HECETRAI TeCt B e Ry OF ST Bh 3R Rreligh (B e of ¢ he

reacti on @iefopofdhtismelry P MRt subResys@RRAcIfdelelb@roh a}ouitésf@kéﬁfo&ﬁiﬁguﬁ@eut
0.2 to 105.0 pL and nore usually “fromabout 0.05 to 1.6 ~.L. Present in

t he reactsteps. akleapr¥ideddydhd presenhawentioneare kils @t picluske adest sttip mhéter ivbich r edox
reagent syste nerally referred to. as, a si.gnal .producing system which
brovi des Par o Sk erosvieEns Mt ind e Bicth ierRii cal Py Y nt or et w t h
the t3yget anal yte Befoftethe peestitGneention iy dedtrilsyd inffudiealdydad, it i o bi ol ogi cal
sanpl e. The redox reagent system or si %nal 15 produci ng system ty({)i cally

€q,

i ncl udes wderséepst thatfBisdmvepten éoigs birdisd ta e nardrsdarsmhodbnsisodesaribed, as stehy
enbodi ne ' - t rk in
concert 1 0uSRAAER SERTRNG R b REMIIE TP R Gl BBy BREME S SN S
enzyme copgrposerdf defcribirg petiaiarepigaihertysilg andss nadatenfedio 1R 1xhitiakssigdeal yt e
oxi di zi ng/ reduci ng, enzynme_or a collection of two or nore enzynmes that work
i n concerthe serrsxaf dheRieseatiinventiqiewiobediiaitgd enlyby ithy anperded clyipiscal enzynes of
i nterest include oxidoreductases, hydrol asés, transferases, dehydrogenases,
esterases, and the |ike; however, the specific enzyme present in the
reacti on area depends on the particular analyte for which the

el ectrochem cal test strip is designed to detect. Were the anal yte of
interest is glucose, for exanple, suitable enzynes include glucose oxidase,
gl ucose dehydrogenase (either (3-nicotinam de adeni ne dinucl eotide 25 based



pheyl enedi am ne, 1-nethoxy-phenazine nethosul fate, 2, 6-dinethyl-1,

"4- benzoqui none, 2, 5dichl oro-1, 4-benzoqui nonE, phenot hi azi ne derivati ves,
phenoxazi ne derivatives, netalloporphyrin derivatives, phthal ocyani ne
derivatives, viologen derivatives, ferrocene derivatives, osnm um bjpyridyl
conpl exes, rut heni UMDEGATABREEY EEs iHRroyidge: 1t ‘Isr‘lmflﬁé?égﬁhaé PWEYFPEPg\her e
gl ucose | %ddlfa {BRE 6f AE ubRLFIRTbW AR HEAShie BEhERSeRly AbHROSMerwise,
dehydrogenasé 1s the enzyne conponent, a nediator of particular Interest is
f er ri cyarietiegendhe opyses @and lawembiret ofethati rhngeedndvany otheh statedror én¢ervefiing lvelue in

description of the subject nethods. Other reagents that, nay be present in
the.r eactiPdraisbEnE, SlAIRMBATHLPI g ENERione (g%, SPEFK PSR nth pt atte,
phosphat esmaiil@p%g sf}ﬁéﬁ% f?x)"c/i@;?e?ﬂﬂ@nﬂ)h?e inkle8ed thnd ]E'xﬁal'lé?(il%e_ﬁ Wﬁﬂénc%%h%ﬁﬁ@?l i's

general ly presen orm “The anmpunts of the various conponents may
vary, whewihit e iaseniion, sibjesh toyany speriponlyrexclugded Gmitlip theastgfed rangenWisout 0. 1

to 20% by, wei ght. Prem se of the. lnvention 15 As ti1oned.ahove, the
| ovent or Shhsidainge Gapdss o6 gt Dot Kredismit aaiees exddthe SR PRI ol dhose

el ect rochapgal 1imRb hreGid iRGuES BGhERvedth, t he measurement phase _
appropriately and tinmely commenced, w thout applying a sanple detection

phase el ectrical silgnlass definedhethetvaed, abl ¢évbnicabandselentifid kerms aisethereinhave

based .on {he determ nation by the inventors fhat certain. chem cal .
tbst9nc ¢be SyREErRR Rt mYyeaRers BT B R of SRmeRET BT 38 T Shighibisey st em
enpl oyed jhfertilds belopgs.r ARRGUBhGAl ntefhdds and nfatstaetitflacdreguivalneid thadel Y react
with the applied sanple, produce a potential difference across the

el ect r odedesgribedisredn ean alechronsied an thedaracticp o igetingiche presgnt dirvoptiom@imitase
applicatignp_.of cal.si I fhe cel | .fr ext ernal energy
sour ce. ughbeéoﬁ{cglte gkgﬁé{a}@? ?é?%%n?em%tgn%lﬁ gr uc%éd—l ﬁgg %glr e?}gsul t of the
asymetric 25 deposit iuetbedtotédar 8dREd h&a@emt is etppended dl4ms ah@singulenl arl y
t he oxidi zabl e nmedi ator conmponent (e. g% , ferri C@ni de in glucose

concdst r dormh Yet By nindhitho ringluds plured refergpie unlesygiconipst dagrlydictaies

el ectrodeg, Q¥,sere commonly, the deposition of the reagent systemon only
one of the electrodes. In either case, the concentration of the reagent
system or the oxi di ZkpbHicdiamentionedperanire ikogpoeattd herain Wnefeedreets ode,
e.g., the working electrode, than 30 at the other electrode, e.g., the

ref er encefl ‘EFﬁtaﬁa d@ﬁ"é’g’? Fllfdg?th‘?qiﬁea“@ﬁ)élﬁwé%alsr @a@f‘l‘?fﬁ‘%é’f‘%@ﬁ‘cb M€ r eagent

system a'}ﬂ]b‘ii@ﬁi&@'ﬁﬁl&teﬁp"{ﬂé bR AL S SRsedHREU 84 PBdliad Qlel§ $ordheir
feirocyani de when fen-icyanide is the oxidized nmediator) in” an anount,

whi ci20i s disalesuze prvwity therfeling dateefithe present mpplication.t Nothimeg lsareings talie i s t he
asymmetric cton%entrati on. oft tt}e r edox. r eagent sgst%g ?etr\ge n the el ectrodes
that genePRtBIedds spadmission thatdle presenl inyeptrandis nptenytied fo anfedate yeh | 5" 4e 11
of this gamacaicathyPekensl pHorGhichabRNB@ S, tRE aReY &f sublicatidhs phsvided gy of the
concentration of the oxidized nediator to the concentration of reduced

medi at or , differfromtheir acspal puhligatiee dates, eyhigiepan nersl te e dedepeadangy corfiimed. Thi s
relationship is represented by the foll ow ng equation, known as the Nernst
Equation: E_RT In [Q, [RIx nF[Qz [R~ wherein Eis the potenti al

di f f @5ence gener at ethegueeasinvigioal it tosdesdesBibed ihetailniAregxealplggas const ant
(8.31441 VOl -"'K'); Tis the tenperature within the 10 el ectrochem cal

cel I'; n ideqoehemygpldiosspsorusehlc yith thepsiemsent smpiryabledyythe mgthods At the j s

Far aday' . AR e . : 3 tjrons
of the oi?rgélégg@%rr@gngtﬁl (l)r atcgétrfpgh%gr'tkiﬁ\gét’gggw g%ﬁ%ﬁggﬁgg&t}ﬁtﬁr geﬁsr%gées,
respect i vk presamdnjeRfion-amhof thkpaitiauler dikeveoexcmada byt the isvenfors, Hell ovedtiinea
medi ator at .1 he workin nd reference/ cqunter . el ectrodes, respectively. By
cont © gur 1 G led SR oRPRAL REHbEHESRAG BO4R ShicbHotame el S BAEHESPY so
15 t agt heymppaRekital MandfollohsngaRen M diRraehd iaberfioh R scritR in

measur enent phaSe of the subject” nethods can be initiated upon the

i mredi at ¢heleorgextiof andytesgutenttiersimodstrandnt ap@icativnss howeweshrochiismdtt age i s
typically jn.the.ran from.,about...3.1q, 6 nV...lt shoul | so,be noted that
roret hanimisAee s e AR i iodns o Vi iR R e P ik BRlsE

vol tage. dna rhdth&dsSe@DfhIGn nkakiltemef ©F ofRH PhRfcalltsd cHeshigh] SRiraE B Micdeposi t ed
on their own respective electrode. 20 Alternatively, the el ectrode materi al
i tsel f neljiologisalsubgieneelie redox couple if materials such as Ag, Ag/AgCl, Zn,
Ni, ox Cu are used. The present invention fay be used in many applications,
e.g., in the concentration neasurenents of many types of analytes, using a
variety of nediators. Suitable nediators for use wwth the present invention
i n nmeasuring glucose concentrations 25 within a sanple include but are not
limted to ferricyanide, ferrocene, ruthenium and osm um conpl exes. Mt hods
of the Inyention Accordingly, based on the above prem ses, the inventors
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_The .steps of the subject nethods are now described, with reference to Fig.
2, in the context of an anal yte concentration neasurenent perforned on a

bi ol ogi cal sanmple 5 using an el ectrochem cal test strip operatively placed
in a neter of the type nentioned above. In practicing the subject nethods,
the test strips used for the anal yte concentration neasurenment are provided
havi ng a redox reagent systemprovided within its el ectrochem cal cel
wherein the reagent system conprises a mediator conponent, e.g.

ferricyani de, Electroghemival Bidsemdons act eri stics such that a potenti al
difference occurs within.10 the el ectrochem cal . cel on the

cl ectrochem cal T eadlF SIPITH PIFLPS 2D ERTAGHE RRPI i 2 PSRRI Pobove, 1 n
practigi ngatib@lady bh 8XebtrsBReRRAS celBbAre@ bREEGBE, ifdWich the -stFIe@ Haél@g_dals anpl e
or a control solution &for purposes of verifying or trouble shooting the

t est syst anferial isglepesited or transierzddn ddheraate prryingdlesigapobeleettpcbemicabesif-easedd t o
within the test strip cell in t absence of , an,15 t | | pplied

el ect ri capossiha ThemEEromion e s SERER PRI GRn TR HFL Sl Py e
acconpl i sp@ftemyationhidnitoning ifdlid tkdStripsonfighifatibng, Bich dshRodeBicidred & Uad t hen
applying the sanple to the test strip ("on-neter d05|ng"k, It is the

alppl i cat |h Batpmth@-rﬁelslgia&?ﬁ and igeepegAingddSobatent inpliggiass Sariah Nog, 0¥497% Hd;
or "t nlf s BTET 266 Wt ab e U Ren 16wl BRIOLETof IR SR IPNGr Gl R B2

bet ween t hferéRdekiSugh 3elstfips SeRBEEWRR witteds c@lfRutddfdeslectrbohemiddhi S gap is
initially dry, only negl“gible current flows between the el ectrodes prior

to appl i cHeppwerpents, saches theserdisciosed fethe aBoye-idapfifics Rateis refersacrsed by this

negligi ble, pre-sa P [; i t i . f

operational anplif imglreggg(g%ﬂé%g%liogg&%s?g%g I“;]/Jrll tgwtshgpsﬁg%gée@? F%%I%LCE@P 9% nv

to +2 nV, with tRbpriesetit raemttord VFdreaakple, the ekettréchgmical cdlhumy hixea edindsiaaipl e

fornsfg conductive path betwe e. el ectrodes, t hereb _causiqgvgpfotentim
n

nt
di f f el2ncel ’cﬁ“&’é’é’“t"ﬂ@“’_él‘ é&?ﬁ@?gerﬁéop%ﬁ%ﬁtﬂoéﬁtloﬂf’ PenEnECcar %hge
across t h@le&h&@ 'SR Bletifo Rf'ééa%&ﬁcon@iggm\{i’_eﬁ@mﬁfﬁe HPH%'{&HFG{ YRrb R0&1IES
detected to have 1 ncreased above a predefined threshold voltage, designated
as t he saampl, @s sieheareieghertintegra] mitincthe ecedby/starchoevfetGrn isitu E6. g, typically hedaanal yt e

concentration. measurenent i s 30 then .imediat el 0 nced. Typically, such
ot edef | noteCRITCORaF TIGFUSHENS o PREHEE Pey e Surmanican et M 2a2 such
the subj egficriBleb@e StridtO¢! BRamplEs 3P Suchimi¢RS-NecfeCat aiselo¥ed Bl @bBRdifg LIS poi Nt
intinme at which the sanple to be tested contacts the test strip so that

t he dift at PaantohpplisationeSerial &os 9/EARH2 and PO 906 dtled en Junei iZed001Thereby r st
derivativ 3 ol t I | ¢ I i ndi i,on of how fast the
vol t age i§w§%ﬁ%$§PéHfﬁﬁéﬁes§%§P§pg%3863ﬁ?%&ag%ggﬁggggﬁﬁﬁgﬁﬂc%ﬁﬁﬂ & used for
sanpl e appdscribéd imrusel atithcdéctivchdmioaresllehmsdt safp donéigtmeashy; doweterphase,
designated by arrow 4Q of Fig. 2, involves application_of a predeterm ned
test vol t #ged ivihe ah il appregigiedhat dhg subiesk devigesmayPerused yithaay suitahlg

Gener al | ye]e&%ﬂe{ﬁ\ﬁ%} cé{Pé&ﬁgﬁﬁafiﬁﬁ‘,%é &ih mifl%%k?lg.cbﬂﬁ Qudp¢, The resulting
current, produce romthe-e ectrocHe cal cell is then neasured as a
funct2on time. AfteThatype efleleerrovhemaibal messurdrhent vadt issmade mhe varyalspereiing
current is determned to be representative of the, concentration of the,
Carget andh EQariSyIE gk bF AAEAD e ‘tg‘é'h‘éfp%ﬂ‘ltk}ﬂi’ﬁc‘fcrf CPIRY S SRS
about 3 t&nﬂ%ﬁ&%%}i{éperﬁﬁ@g P UReth¥Phe absay id Jbuid?ﬁ‘etﬁé‘,%?pe?&rﬁ@fﬁ@%?u'f 4 to 20
seconds. 10 ternatively, the representative current 'val ue may be an

aver age opotentpirgteit.i The electrarhemicahenit willoheashies ahargglin iaggulometihassay icarenit
predeterm ned tine intervals.during.the predetermned tine. Still, .yet, the
Bont i nuout? TR IRe D PR e BaFAiHdn ¢ ReEaTeTe Sl FoRPURSIEAd peri od
of tije. ¥ikélbsidB)th@prebdift ifveaition SNl baBASHPRITRNke {2 0P hHpeloftuiilisahyson of
this predetermined time is generally at |east about 3 seconds when the
sanpl e i shawevsr.dbrisuhigst dendcesangehe emplpyadeviths agy (ype ebassahand elegtepcherpical
generallygﬁgéﬁ%é%% sufficient time for the reagents to dissolve and for the
medi ator t0 be reduced in an anmount that is readily neasurable. The
concentration of thGeadrally i ahscdnfigiraden anetectiockierhicat! @l gacluddsng ldaktawo
measured current val ue (whether a single, discrete neasurenent, an average
a pl ur al i elgctiydeperquikieends tgference/spunteisdersrodpspagost apartie sharafaeing . 20
Systens for Practicing the Invention As nestioned above, the present
invention also includes systens for carrying out the subject nethods. The
subj ect systens include el ectronic conponents and/or circuitry intended to
be used with and el ectronically coupled to a biosensor, such as a

di sposabl e test 25 strip previously described, into which the sanpled
solution to be tested is placed. Mdst typically, such electronic circuitry

T o, o e T



present invention include such electronic circuitry and such an autonated
nmeasur enent device or neter, wherein the electronic circuitry is conpletely
structurally and functionally integral with the automated neasurenent
device. Fig. 3 is a _schematic¢_diagram of an enbodi nent of a system or

el ect r oni ¥TAHZEMERLATHN 3 G- UYFATTHIELRE in HFSATE Aangy il His fstrasfangement; F ng

t he net hog L i : i £S, o0 be
exenpl ar y&gcr?g)fdﬁ%%i%ls%?tlgﬁgy? (ri)p{; ﬁ Eé:éc?}g}rﬁlﬁee?? %?ﬁﬁ%fl%ﬁ?ﬁéﬂﬁﬁt&é%ﬁ%? ’n(%)rds can
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based (PQQ)) Where the analyte is cholesterol, suitable enzymes include cholesterol
esterase and cholesterol oxidase. For other analytes, enzymes including but not limited to
lipoprotein lipase, glycerol kinase, glycerol-3-phosphate oxidase, lactate oxidase, lactate
dehydrogenase, pyruvate oxidase, alcohol oxidase, bilirubin oxidase, uricase, sarcosine
30 oxidase, ascorbate oxidase, glutamate oxidase, peroxidases, and the like may be used.
The second component of the redox reagent system is a mediator component,

which is made up of one or more mediator agents. A variety of different mediator agents are

known in the art and include: ferricyanide, phenazine ethosulphate, phenazine methosuifate,

10



deposited asymmetrically on said el ectrodes. 15 3. The nmethod of claim?2
"wherein the step of applying said sanple to the said el ectrochem cal cell
conprises contacting said signal producing systemw th said sanple wherein
an el ectrochem cal reaction is created within said el ectrochem cal cell. 4.
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pr edet er reitiRdnitb) cgite) shosphdte G Sood’8buffapmid/thadike. predet ermi ned test vol tage
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an el ectrochem cal cell conprising a signal producing systens conprising
Premise of the Invention
15 As mentioned above, the inventors have discovered that the presence of a
sample within an electrochemical cell can be detected, and the measurement phase
appropriately and timely commenced, without applying a sample detection phase electrical
signal to the electrochemical cell. This discovery is based on the determination by the
inventors that certain chemical substances, when used as mediator components of the redox
20  reagent system employed in the electrochemical cell and caused to electrochemically react
with the applied sample, produce a potential difference across the electrodes of the
electrochemical cell in the absence of or without the application of an electrical signal to the
cell from an external energy source.
Such a potential difference is produced as a result of the asymmetric
25  deposition of the redox reagent system, and more particularly the oxidizable mediator
component (e.g., ferricyanide in glucose concentration determinations) of the redox reagent
system, at the electrodes or, more commonly, the deposition of the reagent system on only
one of the electrodes. In either case, the concentration of the reagent system or the
oxidizable mediator component is greater at one electrode, e.g., the working electrode, than
30  at the other electrode, e.g., the reference/counter electrode. The chemical reaction between
the reagent system and the sample solution produces a reduced mediator (e.g., ferrocyanide
when ferricyanide is the oxidized mediator) in an amount, which is a relatively small fraction
at the short time scale. It is the asymmetric concentration of the redox reagent system

between the electrodes that generates a potential difference across the electrodes. The value
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using said neasur &Y 119[9} . 7. A systemfor measuring anal yte
concentration Tn grsaj] J[ hat has been applied between a working and
ref erence/ counter el ectfode of an el ectrochenical cell, conprising, in

el ectrical communication: 25 rreans for isolating said el ectrodes from
application of an electrical | froma source externa
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R R e R T MR R e e
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the concentrations of the reduced mediator at the working and reference/counter electrodes,
respectively. By configuring a system wherein the sample detection threshold voltage is set
15 to the expected value of the generated potential difference, the measurement phase of the
subject methods can be initiated upon the immediate detection of such threshold voltage.
This threshold voltage is typically in the range from about 3 to 6 mV. It should also be noted
that more than one redox couple may be used for helping generate a larger voltage. In this
scenario, both redox couples must be discretely deposited on their own respective electrode.
20  Alternatively, the electrode material itself may behave as the redox couple if materials such
as Ag, Ag/AgCl, Zn, Ni, or Cu are used.
The present invention may be used in many applications, e.g., in the
concentration measurements of many types of analytes, using a variety of mediators.
Suitable mediators for use with the present invention in measuring glucose concentrations
25  within a sample include but are not limited to ferricyanide, ferrocene, ruthenium and osmium

complexes.

Methods of the Invention

Accordingly, based on the above premises, the inventors have determined that
30 the presence of a sample in an electrochemical cell can be detected, and the measurement
phase appropriately and timely commenced, without applying a sample detection phase
electrical signal to the electrochemical cell. As such, the subject methods do not employ or

involve the application of an electrical signal to the electrochemical cell for purposes of
12



8. The systemof claim7 wherein said systemis a neter configured for 5
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between the electrodes prior to application of the wet sample. The resulting voltage

produced by this negligible, pre-sample-application current flow is due to the offset of
operational amplifier 106, and is typically in the range from about -2 mV to +2 mV, as

25 indicated by bracket 32 of Fig. 2. Thus, the wet sample forms a conductive path between the
electrodes thereby causing a potential difference across the electrodes. The potential
difference or voltage across the electrodes is monitored, and when the monitored voltage is
detected to have increased above a predefined threshold voltage, designated as the sample
detection time (indicated by arrow 40 in Fig. 2), the analyte concentration measurement is

30 then immediately commenced. Typically, such predefined threshold voltage is in the range
from about 3 to 6 mV. As such, the subject methods provide a means of very accurately
determine the point in time at which the sample to be tested contacts the test strip so that the

duration of the measurement event may be accurately timed. The first derivative of the
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1000GHH: | théhdubdm¥éhitslof the resulting current taken at predetermined time intervals during the
predetermined time. Still yet, the continuous measured current could be integrated over a
predetermined period of time. With any of these current measurement protocols, the
duration of this predetermined time is generally at least about 3 seconds when the sample is

15  blood and the target analyte is glucose. That duration generally provides sufficient time for

the reagents to dissolve and for the mediator to be reduced in an amount that is readily
measurable. The concentration of the analyte is then derived or calculated using the
measured current value (Whether a single, discrete measurement, an average a plurality of
measurements or a continuous integrated measurement).

20
Systems for Practicing the Invention

As mentioned above, the present invention also includes systems for carrying
out the subject methods. The subject systems include electronic components and/or circuitry
intended to be used with and electronically coupled to a biosensor, such as a disposable test

25  strip previously described, into which the sampled solution to be tested is placed. Most
typically, such electronic circuitry is incorporated into a meter or other automated device
configured to receive and operatively engage with such test strip and to measure one or more
physical or chemical characteristics, e.g., analyte concentration, of a biological sample held
within the electrochemical cell. Such electronic circuitry may comprise discrete electronic

30 components and/or integrated circuits having multiple circuit elements, e.g., an ASIC
(Application Specific Integrated Circuit) and/or semiconductor devices, e.g., a
microprocessor suitably programmed to execute certain steps or functions of the subject
methods based on certain signal or data inputs received from the electrochemical cell and to

store and record data, both static and dynamic. In certain embodiments, the systems of the
14
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integral with the automated measurement device.
Fig. 3 is a schematic diagram of an embodiment of a system or electronic
5  circuit 100 of the present invention suitable for practicing the methods of the present

invention. Such embodiment is intended to be exemplary and not limiting to the manner in
which the subject methods can be implemented. Circuit 100 is configured to be electrically
connectable to a test strip 101, and generally includes a voltage source 115, a sample
detection sub-circuit 120, an analyte concentration measurement sub-circuit, more

10  specifically a current to voltage converter 125, switches 104 and 108, an analog-to-digital
converter 109 and a microprocessor 110. Those skilled in the art will recognize other circuit
arrangements and components that are suitable for carrying out the steps of the subject
methods.

In performing the subject methods, circuit 100 is electronically coupled to a

15 teststrip 101. Initially, switch 103 of sample detection sub-circuit 120 is in a closed
position, switch 104 is an open position and switch 108 is in the “up” position. As such,
sample detection sub-circuit 120 is operatively electrically engaged with test strip 101, and
resistor 102 of sub-circuit 120 is placed across the electrodes of test strip 101. Resistor 102
prevents false triggering due to environmental noise prior to application of a sample to test

20  strip 101. Sample detection buffer of sub-circuit 103, comprised of operational amplifier
105, monitors the transient voltage (V) across the strip electrodes. Transient voltage Vi, via
switch 108, is provided to A/D converter 109 where it is converted to a digital signal which
is then transmitted to microprocessor 110. Microprocessor 110 continuously compares the
digital value of V| to a predetermined voltage stored in its memory. Such predetermined

25  voltage is representative of the sample detection threshold voltage proportional to the
concentration of the mediator redox couple components, i.e., the oxidized/reduced mediator
concentration ratio, e.g., ferricyanide/ferrocyanide concentration ratio, discussed above.

At the point in time at which microprocessor 110 detects that the generated
potential difference or voltage V; has reached the sample detection threshold voltage,

30  microprocessor 110 records such time, designated as the sample detection time which
defines t=0 for the analyte concentration measurement phase. At the sample detection time,
microprocessor 110 also transmits control signals to open switch 103, close switch 104 and
move switch 108 to the “down” position, respectively. As such, resistor 102 and sub-circuit

120 are disconnected from test strip 101, and voltage source 115 is operatively connected to
15
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concentration of the target analyte from the measured current signal. This analyte

concentration value may then be transmitted to a display unit (not shown).

10 In addition to the advantages previously mentioned, the present invention has
inherent safeguards against unintentionally triggering the system circuit and initiating the
analyte measurement phase, thereby avoiding false measurements of the analyte. Since the
resistivity of the sample is not a criterion for detecting application of the sample, passive
loads, cannot accidentally trigger the circuit to perform the measurement phase of the subject

15 methods. Additionally, if the chemistry of the test strip has been damaged or is not suitable,
e.g., the oxidizable mediator component is missing from the redox reagent system,
application of the sample solution to the test strip does not create the requisite chemical
reaction and, thus, a voltage cannot develop across the cell electrodes, and thus, the circuit
cannot be triggered. Also, once the electrochemical has been filled with a sample and

20  reached equilibrium, i.e., the concentration of the oxidized mediator at both electrodes is the
same, no potential difference can be generated across the cell, thus, eliminating the risk of
re-triggering the circuit. Still yet, the system will not perform a measurement test if the
sample solution does not contain the analyte for which the redox reagent system was
designed. This is due to the fact that the present invention utilizes a mediator in the oxidized

25  state which is converted to the reduced state only in presence of analyte and enzyme. The

presence of the asymmetric distribution of two redox mediator states drives the generation of

a measured voltage.

Kits
30 Also provided by the subject invention are kits for use in practicing the
subject methods. The kits of the subject invention include a subject system including the
electronic circuitry, as described above, or in the form of a meter or other automated

instrument, as described above, for passively detecting the application of a biological sample

16
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5  micro-needle or the like in the detection of the applied sample or material held within the
electrochemical cell. The instructions may be printed on a substrate, such as paper or plastic,
etc. As such, the instructions may be present in the kits as a package insert, in the labeling
of the container of the kit or components thereof (i.e., associated with the packaging or sub-
packaging) etc. In other embodiments, the instructions are present as an electronic storage
10  data file present on a suitable computer readable storage medium, e.g., CD-ROM, diskette,
etc.

It is evident from the above description that the features of the subject
methods and systems overcome many of the disadvantages of prior art techniques for sample
detection in the context of electrochemical analyte concentration analysis, and provide

15  certain advantages including, but not limited to, eliminating the risk of perturbation of the
sample, simplifying the components necessary to carry out the sample detection,
safeguarding against unintentional triggering of the testing process, and providing a very
accurate way for initiating the timing of the analyte concentration measurement process.
Further, such sample volume determination is not subject to variations of blood glucose

20  concentration, blood hematocrit level, the blood donor, testing temperature, and the
concentration of interferences often present in blood samples. As such, the subject invention
represents a significant contribution to the field of biological sample application detection
and analyte concentration measurement.

The subject invention is shown and described herein in what is considered to

25  be the most practical and preferred embodiments. It is recognized, however, that departures
may be made there from, which are within the scope of the invention, and that obvious
modifications will occur to one skilled in the art upon reading this disclosure.

The specific methods and systems disclosed are considered to be illustrative
and not restrictive. Modifications that come within the meaning and range of equivalents of

30 the disclosed concepts, such as those that would readily occur to one skilled in the relevant

art, are intended to be included within the scope of the appended claims.

17
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producing a potential difference within said electrochemical cell without applying an
external signal to the electrochemical cell; and

monitoring said potential difference.

10 2. The method of claim 1 wherein said electrochemical cell comprises two
electrodes and said step of producing a potential difference comprises providing a signal
producing system within said electrochemical cell wherein said signal producing system is

deposited asymmetrically on said electrodes.

15 3. The method of claim 2 wherein the step of applying said sample to the said
electrochemical cell comprises contacting said signal producing system with said sample

wherein an electrochemical reaction is created within said electrochemical cell.

4. The method of claim 3 wherein said electrochemical cell comprises two
20  electrodes and said signal producing system comprises an enzyme component and a
mediator component, wherein said step of producing a potential difference comprises the
steps of:
depositing said signal producing system asymmetrically on said electrodes;
dissolving said enzyme component and said mediator component within said sample
25  wherein a substance is released from said signal producing system in concentration sufficient
to generate a potential difference between electrodes without application of an external

potential source.

5. A method for measuring the concentration of an analyte of a sample that is
30  applied to an electrochemical cell, comprising the steps of:
determining the presence of a sample within said electrochemical cell according to
Claims 1 to 4;
determining a sample detection time by noting when said potential difference

increases above a predetermined threshold voltage;
18
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calculating said analyte concentration using said measured electrical response.

6. A method for measuring the concentration of an analyte of a sample,

comprising the steps of:

providing an electrochemical cell comprising a signal producing systems comprising

an enzyme component selected for reacting with said analyte and a reducible/oxidizable
mediator component selected for reacting with said enzyme component;

monitoring the potential difference across the electrochemical cell;

applying said sample to said electrochemical cell wherein said analyte causes said
enzyme component and said reducible/oxidizable mediator component to dissolve and
thereby release a oxidized/reduced mediator component;

determining a sample detection time by noting when said potential difference falls
below a predetermined threshold voltage;

applying a predetermined test voltage to said electrochemical cell;

measuring the current in response to said applied predetermined test voltage at a
predetermined time after applying said predetermined test voltage; and

calculating said analyte concentration using said measured current.

7. A system for measuring analyte concentration in a sample that has been
applied between a working and reference/counter electrode of an electrochemical cell,
comprising, in electrical communication:

means for isolating said electrodes from application of an electrical signal from a
source external to said electrochemical cell;

means for monitoring a potential difference across the electrodes;

means for determining when said potential difference falls below a predetermined
threshold voltage to indicate sample detection;

means responsive to sample detection for applying a predetermined test voltage to

said sample;

means for measuring a resulting electrical response to said applied predetermined test

voltage; and

19
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5  operatively receiving said electrochemical cell.

9. The system of claim 7 wherein said electrochemical cell is configured within
a test strip.
10 10.  The system of claim 7 wherein said electrochemical cell is configured within

a microneedle.

11. A kit for measuring analyte concentration in a biological sample to be applied
to an electrochemical test strip, comprising:
15 a system according to claims 7 to 10 configured to received said test strip and to
measure said analyte concentration; and
instructions for using said system to measure analyte concentration in said biological

sample.

20
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