;e3e2../0.0B26B2T2[ b5 STABI LI ZED TETRAZOLI UM PHENAZI NE REAGE m\\““\\\“\
COVPCSI TI ONS ANDmMmmmmﬁmwm USI NG THE SAME | NTRODUCTI ON Flelm“m“

| nvention The fi i nvention is analyte neasurenent |0 Bagk@seound
of the Invention Anahwis« neasurenent in physiological fluids, e.g., blood
or bl ood-derived products, is of ever increasing inportance to today's

soci ety. e | ' ' | YeTolJ LQns,
el ud ng STARIEPED IR PRRAIERIT PHENAARE REACRYTCOMPOSFAN YD
results of such testing pl MIERHODSFORUSINGETHE Sipgnosi s and management
in a variety of 15 disease conditions. Analytes of interest include

al cohol , fornmal dehyde, glucose, glutam c acid, glycerol,

bet a- ydroxybutyrate, L-l actate, | c acid, pyruvic acid,
steroi"ds, etc. In response to thléstﬁ%ﬂﬁggiﬁﬁgortance of anal yte
measurenent, a variety of anal yte nmeasurenment protocols and devices for
both clinical and honme use have been devel oped. Many of the protocols and
devi ces tHield dfishecinmerntiondevel oped to date enploy a signal 20 producing
systemto iden,f h resence .of e analyte of interest in a

physi ol ogi cal IEH%?Q FS@EHV% “WPB@H’ ﬁﬂPP%“énVHrlety of such signa
produci ng systens have been devel oped to date for use in the neasurenent of

a wde variety of different analytes, there continues to be a need for the
furthiér dBackproundef thednvandibnsystems. 25 Relevant Literature Patent

docurent s of i.&mﬁ)rltg?rgeas&gmlélgt in pHysugbglcg f?u71 S, €. b?docp or’ b?30]d’ de:%%eé1 pro%iﬁét?bg

is of ever increasing importance to today’s society. Analyte detection assays find use in a

variety of applications, including clinical laboratory testing, home testing, etc., where the
results of such testing play a prominent role in diagnosis and management in a variety of
15  disease conditions. Analytes of interest include alcohol, formaldehyde, glucose, glutamic
acid, glycerol, beta-hydroxybutyrate, L-lactate, leucine, malic acid, pyruvic acid, steroids,
etc. In response to this growing importance of analyte measurement, a variety of analyte
measurement protocols and devices for both clinical and home use have been developed.
Many of the protocols and devices that have been developed to date employ a signal
20  producing system to identify the presence of the analyte of interest in a physiological
sample, such as blood.
While a variety of such signal producing systems have been developed to date for use
in the measurement of a wide variety of different analytes, there continues to be a need for

the further development of such systems.

25
Relevant Literature
Patent documents of interest include: US 6,200,773; US 5,902,731; US 4,613,569,
US 4,847,196; EP 0 908 453 Al; WO 94/01578 and WO 94/01544.
30 SUMMARY OF THE INVENTION

Stabilized tetrazolium dye-phenazine reagent compositions that include a tetrazolium
dye reagent, e.g., a water soluble tetrazolium salt, and an effective amount of one or more
tetrazolium dye-phenazine stabilizing reagents, e.g., an inorganic Group IlIA compound

and/or a flavin, are provided. In many embodiments, the reagent compositions include

. 1



US 4,847,196; EP 0 908 453 Al; WD 94/01578 and WD 94/ 01544. 30 SUMMARY OF
THE | NVENTI ON Stabilized tetrazolium dye-phenazi ne reagent conpositions
that include a tetrazoliumdye reagent, e.g., a water soluble tetrazolium
salt, and an effective anmount of one or nore tetrazolium dye-phenazine

st abi | i zi mgmbeagéata)te @xglizingsighal propuing s@stenypf MHigh the ngoanuradgé emd a
flavin, are provided. In ma enhodi nents, the reagent c sliti.ons i ncl ude
rerber s JHMERAR FBEH M AEpect o W GHLiEF USSP e e SHHPCRIOHEE
tetrazoli ﬁdm? azl ; geange j [ udes
one or rméragsto %]t e d&@ﬁigwﬂnégﬁ%%?%l@% e?IB‘(r%gnrgp’or'l .,n{ugéna né gﬁhﬁ y%ﬁ%%iog?éi ng
enzyne, eamglyte axidaseahndzan ehzlimd cofpetvasielso providedraad testestiips tHatsiecludaniean enzynme
cofactor. Also provided are test strips that include the subject reagent
conposi t | BRIECt 1£4E5HE FPMRRSIIgNS, ek AFIRIeS A ki HEPRATH et %SlLbap&f St SRS t
Strips. Thg &8 ?&E%&l@%gﬁﬂgsi& ; §ﬂ%x'i NSystdrtSindMifs! mséYr?fh@'ﬁ?ta?tﬂngﬁtt S
find use 1n the neasurenent of a wmde variety of analytes 1n a sanple, such
as a physofal wige vatiety afiphalyteginga sanijl@adchoas apHysaddgicah sarhple pog., blood biSk
(interstifial fluid). BRI EF, DESCRI PTI ON OF THE FI GURES Fi gure 1 provides
char act eré""‘k"é‘f’f’é}i‘f’r? s?ﬂﬁ% (gyter, t“ﬂ@ﬂ"%ﬂi p having a reagent conposition wth
and wi thout borax. Figure 2 provides characterization results of a test
strip having a reagent conposition with arid without FAD. 15 Figure 3
provides charact eri zat i on BRIEGIDESGRIPFIQNDFE $HFE HGURESg a r eagent
conposition with and w thout borax.and FAD. | PTION OF THE SPECILFEI C
ENBODI VENTS St EIBHI LT vides ¢ %ﬁtwmm@ﬁwﬁe%@ﬁé TR G @ ARG SPPPIHLOS g
met hods fWiih hiEWithedDogx. i N t he nmeasurenent of an analyte in a sanple are
provi ded. The subject reagent conpositions include: (1) a tetrazoliumdye
conponent , e. gfigurg 2prowides chandsiterizaton reswlls ofra testistrip Ha¥inga 1ghganhedmposition
corrponent‘:v. @Qd é/%i’ A%k fective anount of one or nore tetrazolium
dyephenazi q REwA U reagents, e.g., an inorganic Group >I11A conpound
and/ ors a fl aviFigurers provideecHaeabierzation rebliles fubpe Qirip RAORIY re QTP 66thpbdsititsh

i ncl ude additional nenbers of an 25 anal yte oxi di zi ng signal producing
system sWHiéhaegwitheutbemnand BAPdi zi ng enzyne, e.g., an anal yte

dehydr ogenase or an anal yte oxi dase; and an enzynme cofactor. Al so provided
are test strips that include the subject reagent conpositions, as well as

systens and kits i ncoDESCGRIPTHIONIGF THIF SRECIFEG EMBODIMENTS subj ect reagent

conpositions) test. strips,. systens and kits find yse in the detection of a
wi de variety ottaifzgdterazqliynhdyesphonazingpagens SomPantionsaad sheshpds fpr theingpc

€. 9. ,20P! 9QGhPhefutdnit bPih BIEAZ):}@?'L? %dﬁﬁeprlé ﬁ:étp(r!)ﬂﬁ@({. %Ersﬁlal:ctfr!:égegt)co gf?i{oﬁse the

subj ect invention Is descri Is to be understood that
i nvent i orin¢ledeidl) 4 fetrazaihn dyd ¢venpement, e.gl, arwaterisoliblestatrazodifiny dalf; (2)went i on

descri bed ,bel ow, as variations of.the particul ar _enmbodinent s be nmade
Cna Gt o1 B e iipahi: Bh £ 3 YtV ARt SR or IS ffPRAth i Y. P5) To9E
be under sfheagkihd\@ibilififg reigtht8 Q. £ 03 iRBFaReSkolp I R tomPeulindnsiQ fivin. In

describing particul ar enbodi nents, and is not intended to be |imting.
| nst ead, MY epbgséments,the syhiess ssagentippmposisansineiude addisengb mesrhses afyant he

apperbgled a(fllaﬁjterrgxidizing signal producing system, such as: an analyte-oxidizing enzyme, e.g., an

analyte dehydrogenase or an analyte oxidase; and an enzyme cofactor. Also provided are
test strips that include the subject reagent compositions, as well as systems and kits
incorporating the subject test strips. The subject reagent compositions, test strips, systems
and kits find use in the detection of a wide variety of analytes in a sample, such as a

30  physiological sample, e.g., blood or a fraction thereof, or ISF (interstitial fluid).

Before the subject invention is described further, it is to be understood that the
invention is not limited to the particular embodiments of the invention described below, as

variations of the particular embodiments may be made and still fall within the scope of the
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In this specification and the appended clains, the singular forns "a," "an"
and "the" include plural reference unless the context clearly dictates

ot herwi se. Unl ess defined otherw se, all technical and scientific terns
used herein have the sane nmeaning as comonly understood to one of ordinary
ski | | i n dppendudtcldimswiiicdlsd ol k& undsretvbd oimt kel tormgisolog® eMbriyed & foathg uriose

val ues is rprovi, ded, it is understood that each in eg_veni ng value, to the

tenth of QftfeserhinRg BArtieyar gravesimentiiond isetdulendrd to R digting Rsigady thgseapst es
other w Seof.tf?@é%&ﬂ_imﬂtigxf%i b@@sq?]t]li%@f}?{ t'gg"a#;%éﬁfdeébl%mr. ange, and any ot her

stated or intervening value In that st nge, 1s enconpassed wthin the
i nvention. The upper and lower |imts of these smaller ranges may

i ndependently be included in the smal]er ranges,. a dare alsg 15 =
enconpassed wi Wrihis speraficationspd gie)appensied slaimg awnslﬂércf%m%am yareead (e d

limt in ih@lﬁd hﬁltrﬁ(?eifege{ﬂggunlm%c?%&n?&t%fe g?ﬁicgzﬁ&?cﬁhér@ﬁepgrﬁﬁa%%&in@& both of

the limts, rahges excluding either or ose I nc Imts are

al so i nclethersvisen all kezhnicxleandisoientifidlearsustdiherstnhotehthe vansemeanidg dsschni cal and
scientific terns used hgrei n have the same 20 neal%ﬂgéas comonl y

under st oRPTIBOYHN Inggrstgpd theneof opdingryskill i dhesart to ¥ hinventon balengsi on

bel ongs. Al though any nethods, devices and ;materials simlar or equival ent
to those described herein can be used in the practice or testing of the

i nventoi on, t heWheefamngaofineldes dsprodided,dels vadetsioad grat adch inteevening vdkectoi bed.

25 A1l publicatipons nentioned herein are incorporated herein hy reference
For the” HF BOQLOBRE JBESF TS cTlet HRies e FRY St agy CroiFT BBerN )ik PEREST and
met hodol agp ﬁEperYeYﬂH S 1fnifl 6B HAaS RAREE, b AdiCotREtMdtEPS iAfRSvenY valueTh @ity be used
in connectioh with the presently described 1 nvention. 30 sunmari zed

above, t hstateditngeitis emooamassed withaw thedsventiaii The epber and kower limits @y ehese
conposi ti ons, and net hods, for, thejr. as, well..as reagent test strips,
cystems dtiler Foee ay (Repaiene it Find Froldiriase JB0aF 950 | hese

| nvensi veen%@ﬁkggse@witﬁixﬁhémﬁﬁ%, Ishbjedt @ hdy spesifiRhlly ORI limipARENIted
COVPGCSI TI ONS summari zed above, the subject invention provides stabilized
t et r azol irangedyWhpierthe staed ranggdrnludse opo of both of thedimigs rangaporsiudingeither od use

in det eCtﬂo@lg o? th‘(’)msedﬁcl\ﬁﬁéél ﬁ;[nYts Qnte also included in the invention.

Unless defined otherwise, all technical and scientific terms used herein have the same
20 meaning as commonly understood to one of ordinary skill in the art to which this invention
belongs. Although any methods, devices and materials similar or equivalent to those
described herein can be used in the practice or testing of the invention, the preferred

methods, devices and materials are now described.

25 All publications mentioned herein are incorporated herein by reference for the
purpose of describing and disclosing the cell lines, vectors, and methodologies, which are
described in the publications, which might be used in connection with the presently

described invention.

30 As summarized above, the subject invention provides stabilized tetrazolium dye
compositions and methods for their use, as well as reagent test strips, systems and kits. In
further describing the invention, each of these inventive features is discussed in greater detail

below.



5 analytes in a sanple. The subject tetrazolium dye-phenazi ne reagent
conpositions of the present invention are characterized by at | east
including a tetrazoliumdye reagent; a ' phenazine electron transfer
reagent and an effective amount of one or nore tetrazolium dyephenazi ne

st abi | i zi REAGENTJeONMBOSIBONS , an i norganic Goup |11 A conpound and/or a
flavin. The tetrazoliumdye reagent is a tetrazolium conpound (dye
precursor) that, upon 10 acceptance of a transferred hydride, fornms a

col ored formazag sphREHEdd abole, TROML ?e'sbn%nw;%ovfaeesthnhfaizeirhwmhﬁv&yer eagent
is a water soluble tetrazolium sal hat 1s capable of accepting a hydride
t o producgheaaziat sragersicompesitios, whish crompnamans ffmctmﬂswn detmm@a wilewtatiety of

tetrazoliu salts of kphﬁ t. include ose, descri bed in 9 908 ﬁ53 t he
di scl osur® esvéﬂuacsﬂnﬁp ¢ &Y eﬁ‘ LGP m X%IPB?PE‘F‘@F@‘?"@F\‘E&O“@%‘ 1EPSUNGt  wat er

sol ubl e tﬁﬁe%%ﬁi\ﬁeHﬂ"&rﬁz?rla%ﬁar@éterﬁi&l%%%Iea&tﬁnélﬂ&h%@%et?ﬁ@ﬁ&n@é%a bgdy by - forml a
2 on page 2, |ines not her class of water soluble
t et r azol i phenazihe slegfor mrefeesqagcrrtcahdde effhasive atsint dfbang dsyndre tamakelivin dye-page
3, lines 10-25 of EF t geC|f|c W? P@g ubl e t zoui
conpoundsP'PEEF H1EOYIREE r%ﬁgS“ B’fe T netARale PRER OPWB?'Efgaé‘ YA not
limted to: 2-fHe apzdiubi é*}?eQJcé/ée}ltﬁ'a&étYe{z\éhm% &)ﬂapoﬁm tt@h? S0t dNAL) u[?dﬂ
tetrazolium (BSPT), 2-benZzothiazolyl-(2)-3,5-diphenyl tetrazolium (BT
2, 3-dio( 4 anccptmpﬁmfwtyans@trﬁelzymdqnfomwe)colozecsfodnmmdust (amanyry| phenyl )

Lty 220! HREERL: Il T RRP L PhGRE A BRI et spplsor
enyl ( 2H cBIchéé}ngl U'g?dﬁBBt-B)prO&Ic@‘li vPatél STRIbIY, |coﬁ)réd'ﬂoﬁ¥1@zlaﬁ |p}oc&05¢l’£tbxedw’llb18|‘|
tetrazolium (MIT), Fhen | - 3-(4- carboxyphenyl% 5-nmet hyl tetrazolium 25

(PCPM) , tletrpzolign salts 19 ueeresre)cluctenh@i@alemhﬁﬂ ihE roo%&ﬂé?’t@ﬁdéﬁilﬂsilﬁ@rﬁf WhiiBT) |
tet t

o bengot 1 Joisf HELRER S RekeldiiEond G U UTHMLR Eazoliismls ptinterest
banoyls) phiaoipld} thdsk ﬂﬁcnhé’cblby form(METordpage @ntines 35 to 48 of EP 0 908 453. Another

2,2 di ben ot hi azol yl 5 b 4-dj (2-sul foet ).car bano, 3,

3 “di met 9&}0' sza&erﬁplageﬁgqreh gna.sakéMfénsmﬂcp%rﬂémmﬁ%ceﬁpf by 10n n(
certain t d | ected f th f:

2o i beb BTG 0T SR BogRsEaTpoUnds e selected from the oron

sul f oet hyl) Car Spﬂtrrf;d \pditelr’spﬂl]bl&eﬁ’azc(lﬁlnﬁmrdpomﬂhov(galts that are of particular interest

4, 4" -bi he ditet azollu m -8). .

2- benzo!to g 31"‘)t arempt 5&‘%6%@2@%@?% 9@@‘2&9}&@8% &E%pbg@pfygéqzw Dear bamoyl ) p
henyl o 2%&92&@&9@3@)(2&5&%1%@11@)%3 BldiﬁnenYﬁItrgzdhﬁmF(quIﬁ')r £d.di@a- many

enbodi nents because it readil g@alsso ves i n an aqueous nedi um ichis

nost 4  wapkenybiteiragplivm EDHIE %dlphgeyha -Esstyryipheny) tetrazolivmm QP t i ng
f s - bl
Ormza”t(ﬁgtgl%&ﬂggoh%%{? ztoﬁur%t @O 3 §3 &%ﬂ{]&& N B\ﬁah& RYC &%gﬁ ue

regi on, educi ng e nee ctln ack ou sl gn from

henogl obi lﬂs[Zle-dlﬁothﬁylaﬁDpINnyt(f-ZH t&rat@lidrﬂ(NBT); m(d;&dlmgemthrmylywams-
dependi ng on the nature of the reagent conposi t whether it is 5

e ociphanyl SH A BuB NI 3 B et o rpReny DD Riy] frtagg

L0 a0 AT A LRE Ay oAb Aiaithe sl (RANBTY EATRAN, °

subj ect rteagmhm;ncﬁmﬂiﬁ) teltnazxﬂumh smlat,r(dl\/l)dibbmzpt’ramzhlmlﬁ#&e(}t—camo)typbnsf er

o1 ol ccuPEDeRRE 14 2o o SUR P e sk (WOR-4. RyCe2e. | on

froma redyeRAHERANTS SBIEURD shlodthf) MRS Rloyikml]-8 3L ES, BadiRldintmyPa aduct .

Speci fi ¢ phenazi ne ‘conpounds of interest include, but are not Iinited to:
phenazi nehiphinyteaz)ditetrazslibos disbditm s(ahl(/&)ST Hh dna:zrtme egbhdisnantwthe, dye

met hg phena2|n met hos Ifat and s n t a u of t he
phenrfl‘}y é‘?pé)élPﬁ%ﬁSF ﬁtﬁgfrgpl & SHER° ?n%l? @Fvﬁ% %“Bﬁg “nature of the
reagent Cé%l'l‘%@ﬁﬂypbﬁﬁam@ylﬂwnym ‘N3 Haméthok e 4.41- U#lshewrena»attetmbnhmt he
concentration the@tpr enazi ne reagent In ‘many enbodi nents ranges from

about 0. ocllscrdwmcsahbw -502brnzathiazalyly3- f4garb@2bblrune@m51phﬁmyi)05% t 10 nM and
Tot s avol tuitbebiRAARRShotndn P A ENA WM sl s e WS-SR bdfrmeg ip

reagent CREPOGhbodIMents bechubd kdadRy aikséllésintah \igueti® widldiuph, voiieh Rrmoder e
tetrazolium 20 dye-phenazi ne stabilizing reagents, e.g., an inorganic G oup

TI'I.A conpound and/or a flavin. As such, 4 n certain enbodi ments, the subject
reagent conpositions include an effecti ve anmount of a G oup )QA conpound.
I n ot her enbodi nents, the subject conpositions include an effective anount
of a flavin. In yet other enbodinents, the subject conpositions include

effectlve armunts of both a G oup IIIA corrpound and a fIaV|n By effective

- ~re Y Y o s o




30 about 2 fold, usually about 2.14 fold greater than the control. Any
convenient Goup |I1A conpound nay be enpl oyed which provides for the
desired stabilization. Representative Goup |IIl conpounds are those include
el enents of the G oup Il TA colum of the periodic table, e.g., B, A, G,
In, TI, V\d:mm;mubte wnhnylomgmﬂismpibs Fttrhxerrﬁbt(auqhelréshmmgcfnmamd compeurldor on or

al um num c ound, where particul ar terest are inorgani c conpounds
that i ncI {Sﬁéfé’eg ét)e@ttélr&%mpeoa at t'hsawateeéﬂleatg%m% foglos ggt%aPEFrﬁ et es,

etc. d X, or
bori c aC| g@%ﬁaﬂ@&ﬁid@%ﬁ%fﬁ A St apil i zwgleg%é;%{éﬁselﬁp f tﬁhr ggct:téatngglg l'ium

dye in t heyeaﬁamusmay aarytdppcmiarlg(yn thamgmse ofr therempent tcoBiPositiom eagit wisiier itisual | y
fromabout |00 to bou 5 400, . 1 n many enbodi mepts, the
concerh r aldsh OBt iogm SGBnqusta%wtf. ttclt Qymage@étééﬁtnx tm'?tf@me%ﬁ%ﬁ from

ranges f f%ﬁ?@#ﬁ@%\g%@&ﬁﬁ%&‘t}ﬁga rfyéf b B3 1 o L AROHM EnEmblcl BuAROUL 1

M Any conveni e e enpl oye provi des for th
desired sﬁrathlaboutaﬁﬁmdt&elpmm%thl ve flavin conmpounds are FMN and FAD. The
ratio of flavi stab|I|2|nr%P nt, to in

tet azoliu e

Commosi tion ¢y Epesitier raReieo B0 igcibge § BhSiaeie SRR s ger Y

bout 0.0 f
FhoUt | i PhenfafBlebirah rARfedgch: .lénﬂetttaﬁ’gﬁ',“%ﬁﬁ'%ﬁt"?ttgﬂf?°%?%‘% A
about 125 trvsfergn&lectrod, nmmeafpuutonhdeeaoanmm até&ducid ewYmee:olﬁ@tdr tath@ oup nl A
and flavin Stal|l nt t in the co tion ratio
o1 he et Shipte farBduRHR Brodie SRS Pennfint PnERIRR BE ittt incTuser Btz
800, us ua;tdtynﬁltéartbagﬁéﬂazﬁa@ ﬁmnmﬁqemmf@@mF§ﬁaﬁ2mefetrtobtﬂfa$é abi li zing

agents) described above stabilizes the tetrazolium dye- ﬁhenam ne system as
descri bedmatbox«)@hemmw metbpawfata andrsefranins SEhileshe ameovat off thephénazise elgbivort one

week. 20 As nti oned abov e subhj ect nt compositi.ons

ot her i el BdaB VLY Sensnlie Db Bite R A o ST RBP SR gl Wt ci g
systemm Byissh@abr WetdH#] the conteh@ationsof m?@ﬂ{enazlﬁé)fdag&it i Mmafy erhb&itﬁaéntm)r €
conpounds or nol ecul es which are capabl e of acting in concert, when

conbi ned, rapgesgresn geeut §. aMde appus 5§|r1§Wauswathromsah0Htﬁ eamN o ahout fa milesence
of, and o ntdqu‘grﬂgﬁ'ﬂfyf% aﬁoﬂ%rltfn?d[’ boﬂpf’hWIe in a given sanple. The term

si gnal produci ng ’sys RS u¥ed oadly to enconpass both a mixture of

all of the realgadﬂttmnnsthettamztohumfdyblaﬁdghmahepomﬂummngdesmbeamba& gl | as a
systemin ich one or nmopre Oﬂi‘(?rihe reagent constituents are sep ia,ted from
t he renmi YQ¥Ft E?Pg‘t“ﬁéme%@'é?ﬁs §?1P%%‘h?f£9°“¥e gmoun{otione gf QK ferazeliumyi ¢ A

nment i gne i ONsS 1S
e o e R b A T s

agent i s Aeswhainl oertain esxhogditeents) dlie swjecama@ntecmhpwmmun@ude aneffectiec f rom t he
| yt f di zed .f
oxi i 21 ney Rb& Sipn M PR ot in e A aripein o e BBl Siephfions elode

dehydr ogegpstfstivaRabuitdf amadﬁnsﬁﬁy@t)meﬂé@b&ﬁhwhtacdhad@ojeémbn@bﬁumtmémae ted
to: glucose oxidase (where the analyte is glucose); chaol esterol oxidase

(wher e t tréfegtive amavnis ef bath ekapep Hkh eompowidend | flayy. Byebfectireamonhis anal yt e

| z0h I
o " b B A LA RS oI SRR e
t he anal ysiuestuﬁtldlryrgwdtdﬁipyidﬂ)dengtyﬂigmﬂﬁﬂaermx ieda%o(tt\/\mesee tttdnel gtsnamytha doss

L-glutamc a ycerol oxidase (vvher t he anal e S cerol

gal act osenqsxt%ci;éht fiakifiging asﬁé(saraamftaémp ugjag Hereya 1°1LPré’ ttta?féew.tbease
(where t S [ lyte is
acti o acrdEmicike skt bGP, AT dendt) Riep e R ABRAR A NG al

oxi dase (thixes eoritted (@hert o atabiizirey agentis ledtploypd)rtﬂwattm Iiksed pomt,(inds @t keagthe

| d | i i i d);
ana 1o 1ibet S fefuriptelikioptie 4 Bl eeeS R iber ol nal uab, but are not
limted to: &W%néﬁeﬁﬂﬁwﬁgmgﬁﬁﬁoﬁﬁd m%%ﬁ@@ﬁ’tblo E@Wh‘{ﬁ@%é@s for the

dehydr ogenase for formal dehyde ose ydrogehase for gl ucose;

gl ucose- qusiwtﬁhlaileatdmhﬁdpmthWe Group Bl coogmainds phcblsqsh am@udegdlmmofdhe
dehydr og ase c_ac cer se.for cher ol ;

bet ahydro tlbgaﬁog" FB@%?@%@% nggt é\qh%ﬂt&;@ oG dp Ban ydroxyster0| d
dehydr ogesasslitherts &B@G%tq) A dsicRhe i SEhoeh 89R0ATRIMA s mpolRic WikR:of | euci ne
dehydrogenase for |eucine; nalate 15 dehydrogenase for malic acid, and
pyr.uvat e dehydrogenase for pyruvic acid.s I n many enbodi nents, the subject
si gnal producing systens al so i nclude an enzyne cof act or that i s capabl e of
interacting with the oxidizing agent in a nmanner such that the anal yte of

interest is oxidized by the oxidizing agent, which agent concomtantly
reduces the enzyne cofactor. Enzyne cofactors of interest include, but are



20 ni cotinam de adeni ne di nucl eoti de (beta-NAD); beta-nicotinam de adeni ne
di nucl eoti de phosphate (beta-NADP); thionicotinam de adeni ne di nucl eoti de;
t hi oni coti nam de adeni ne di nucl eoti de phosphat e; nicotinam de

1, N6- et henoadeni ne di nucl eoti de; nicotinam de 1, N6et henoadeni ne

di nucl eotpatecyddrdaieteat &g 1mrgam<yccrmﬂ>olmqsrihaoinic}melemﬂsere}eme(@@ bamts {dravi n
conpounds, FAD, FI\{NIHet c. Enzynme cofactors icular interest that may

be i ncl udarciagid) wawb?t@@whgregﬁaranbP%Q@mrgtsst & CURROUNGdS & QeratepBgry . NADH
or NAD(P) v S

o her Eraf g bOA Sk er LR AU AL IBARI OB RS @
conposi t |mmpdsymnaﬁhwlya'an@qlftmusbamoﬁ@)msattouosﬂo Secdhlydonpetsiut i100 & fbond use
in various_assay configurati such as cuvette conf |pgc;[grat| ons, which are

wel | rénovrrpq Asshe, armanhgmm@n@awp@g FoncsAgatian ofdhm bronpdiAssatiizipg reagenthat
is not fly S

subst anti aI cc%mlgosm P’}aﬁ’%e)én{” ne u\?\gtq(I’ai\rﬁé u u‘r%]qconpggsqa??gtr?grﬁebrdeﬂt))%\(lé%l |y
found in abeaglaM test strips, as described in greater detail bel ow

REAGENT TEST STRI PS O particular interest i ny .enbodj s. of the
subj ect i nventSBHCHVENie R CQTERRUNE {}3Y) Wiﬁ?%ﬁ%h‘%@rotvﬁgegﬁd%dﬁ%@rr bed
dry reag eéﬂéblﬁ%laﬁslkéﬂré’s{éﬁtaﬂog f184if chP&Hf!ﬁ%J ﬂ{/ﬂ\“ F&D%H@%ﬁb‘ oF ﬂ?\é ih he

presence or concentration of an anafyte in a sa I n particu
i nventoi orsta;hlhnnglemnmrycnsmrtcmszohum cazss;mmewgm’posman m:nctaillgmamglcs foml aybbet | n

sense, t 1007 it 1§ Sufal e HbieBeg sy A3 St pbmenimba ey Bagent

conposi ti QRcHtRE6Hbf ih@era%mtamhﬁﬁgréagert% the'cBRPBRtOf PHRESHrbIMAMBontS] ARAR UP
of all of the reagent conpounds neceSsary to produce a detectable signal in

the lo prabeshZemd, mhdl)aﬁn@hwbeutcﬁml\/hltoabemtﬁ mM.nost enbodi nents of the

subj ect inventy |on resent 0] e su ect test
stripis one tWaRte tRlrs bidor RO R HER R deSi SEPsedl i BE sROSTon,
enzyns, afe edtivYdTRhE@hAGItO6f thade t%%@éﬂt@fypidaﬂ?ﬁirgés feRMbouE WwadbRht §0U, ubl e
tetrazoliumsalt, and borate (or boric acid) and/or flavinstabilizing

reagents, uspply omaAbAUIKO torebew 498nst i t uent nembers are described in greater

detail ab t

O o e cac; TR APTROY TR TR et Bt AE Sy SR LRSelBg -
plastic dyeqamnazuwndyy@hwaea@cnmd Ddve cwltrp&hpeestcﬂrear (sercmctpakdrb@f sthe@t or
any other suitable material known in the art. Associated with the test pad,

e.g., codibedt gerweekhe test pad, |ncorporat ed into the test pad, etc., is

t he rgagent co orrpl ex
arr anzgerrent S, ,g?&%hﬁ%%ﬁ abg%te) tlfehsrulo‘{é & eﬁ é&n&%ltgoglgf}épg%m? (}Uh&r?ﬁ%&s upport

and a su ra‘daamnhkamembemﬂoé A anelge orudmixr@sx gMgmmzsmgmpdtmaeHy signalgmpdueing
processi ng nay, be grese t on#he surface layer. In addition, flowloaths or
channel s S¥ai§mHe Mspaaallegtion ¢fdwoss mats orgpotngs prmelaailes Whighie ganeblef

I nt erest dcﬂnggi'&on@m%éﬁed&ﬁnﬁ Eogkﬁo&%%ta d%ﬁe?taBleCs‘? al EH&E ﬁ%&l@ﬁu@'o‘fﬂﬁé’se‘j in
U. S. Patent 5,902, 731, the d | osure wWhi C herein 1 ncorporated
by ref er guesenced, hmd often modjne of, atpesticubr angige in hgn@nyamphg’élm tecrnrsmna] tionis

assocj_at ed n or _in, .a.carrier ubstrate.
The 2ibs radtismasgSist is Bt GHR o whhmaris YL MiGra RN 18Esant
material dofgitught§obdrhe §1gﬂéﬁ§r6&&ﬁﬂg FhteiPdsSmll £ Shtefia vﬁﬁclﬂ@ﬁeeo&ﬁ&’@%ﬂ*ﬁlkt S as
woul d occur) for exanple, in materials capable of absorbing or "inbibing"
one or nUeLeobeISHRANLS aressepayatedifzom Heatmaindercy thiptepgens epnstibientsne 8., B npl es
of brbuloq,‘:gse %eﬁh | s 30 include, but are not limted to: nylon) untreated
fornms oflbaper ‘rocel lul ose and the |ike which result in chronmatographic
separation of &pﬂm@uﬂmﬂ&bswtr&r mgaﬁlﬂ dhdifiglbydtem vhihe Rulsie@ coAapSSitlons is an

t heret hrough. Alternatively, the substrate may be non-bi bul ous,

Non- 0bul apakyteseidigngrsiana) n@ﬂu@eg pYSESM. T@éﬁaalytcmdlz@éegemm gmemlyande a
support f r escri bed
o, ard ey et BB BPERRL N i icBIRE anpiPloIARLRG CRRRRL pl

confi gur e:ildlmecprhﬁmotﬂmeeariawmmryté onidiapgl eng@heost inferedt mbmﬂemmgneal sanpl e,
e.g., blood, and detection of the chronogenic product produced by the dye
of the srcg%qse&a Walves %yéw@ws Agalytrgxidaspeofiptergskinclide, it @g 19f one t hat
is perm f I i ent
voi 8 spadiif 8 gekERRRshy Wiroik syl PR e kBRI BIIRS (Bt ) 0
take place. A nunber of different porou5 matri ces have been devel oped for
use in various anal yte neasurenent assays, which matrices may differ in
terms of materials, pore sizes, dinensions and the |like, where
representative matrices include those described in U S. Patent Nos:

55,932, 431; 5, 874,099; 5,871, 767 5, 869, 077; 5, 866, 322; 10 5, 834, 001,
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5,441,894 and 5,212,061; the disclosures of which are herein incorporated
by reference. The di nensions and porosity of the test strip may vary
greatly, where the matrix may or may not have a porosity gradient, e.g.,
with larger pores near or at the sanple application region and snaller
pores at dnbl@tteiletcbclbi;tml)r algblosl.oxidaserprhereribadalyeris slcolidil bitrtibinoxidase
configured as a 15 nenbrane test pad and is affixed tQ a solid support,

wher e t hdWhgieghe analyle %@halbw)aetqlee@éldgse (Whers, e praliie is FRplige); dermadehads er )
tall

O oL, eSO A ! By SR B DB B ORI R Bt |

U S. Pat elngluleSw abidy;/dlycevdl; oxiila%@vt&&ﬁtheinﬁﬁ@ iy QQ'texﬁl)Q@ZacY&k jox fdaeGvHEBS ;

5,843,692; 5,843,691; 5,789, 255; 5, 780, 304; 753, 452; 5, 753, 429;

5, 736 5103he snapytg mmtactee)/hasgg;l;atege@asebvhezet@efa%@rs aspopip agids lactate 05, 837;

5 306, 62 Pidsg AindEie amid st AR fugtie ovidag(whis yee ey Fpchel 0, 10
and 4, 734naf@ oxidwee (vistt drwnelyteds matic ahd)a,rp@nhereamndasa cwitgro thatanalyteyis

reference. Exampl es of swtable representatijve,tes tr| configurations
are proviRyB#i¢ F\Cl@ gratpgxidage (Rbsre the tﬁ?@:}“&rﬁﬁli‘) the di scl osures

of which are ety dtmax%%et%ﬁut@afe&%mt&te,em%@noﬁnﬁl BJ 8ol €St Strips

may be fabricate g any convenl ent " prot ocol conveni ent
pr ot aool dehydrogermast ﬂlrtalcmholl ﬁ&mldehymietch:hydmgdtap@fdrlfmma]nehydm ghtcosep Wit h an

agueous sition_that includes a f the nbers. of, the rea
cgrrp03| ¢ idshVamagnase Eortgﬁlcse gL@ -6 %ﬁpﬁﬂt@ﬁet ogcpate o5 glupesedygh ‘%PR@%F’
reagent tg@éttamﬁferdeﬂ?;drggm\é%‘fo?%N&é‘mlctaeﬁ %S’?érop@éil gﬁ%mﬁ’a“se?& I)FE%FJI din the

aqueous conpositio i nt ai t herei or as iclent period of tinme and
then dri égdroxtybutyinye déhydtogenaspéat bofa-hyeoxybatyeste; hydsixysteroipdehpdioghndsas

associ at t her reagent conposition,. i roduced. st at ed above,
he aquedtsEBIE Jelebils RayRPErTer o anatcy Bhrion BeRuRRaree o Bpdhf aftlef
conpasi t i RAydrBgdis@for dedliRtaeid, ¥ad Pyriviee d@SHrdgashse ol fieuvieaaent test strip,

where the var| ous menbers are present in armunts sufficient to provide for
the desired Inmeamytesnbiodiménss, Ittm@lbmt scgmabomdumg sysiems plso inclvdla @d gnzng he

test pad. electr t ran naceous,
the. comcsaipi il in P BEPE o ParSo i Ll S iR sBRER « PN Bhpe S

conposi t iaaalyteyddiifiRtdsyisfoxniias] Hyrtﬁérbﬂhizutg agent, ohfh, 4366k conssthitdrylyfreduveatheut 50
to 10,000 and nore usually fromabout 100 tqo 5,000 ~M, | n_other_ enbodi nent
5 whi ch CHAYES ﬁ?fﬁ@t%(ﬁnﬁme colsctorenfinterestiaclude; by atedioh imisd o éFq Peign
Lransher Aafhiod AEnGEUERRILAN ARLONATIRLRIEAARRE i FlARhEAR R ans ot
agent presen e aqueous comnposit typlca ranges from about 10 to
10, 000, phosphate (IbetanNADtPt);tthiﬁﬁmbhnﬁnﬂ@@dmmoh dmuelemmiaathhqmdatmamatwcadenmeo to

3,000 U eco centrat,jon of t azoliumd tetrazol.iu It
ot osont. ekt BReRRE Shs S rs TNEH %@%?M%@Bﬁtlg%fwlfe"ee

usual I'y fefxbakaite cﬁnﬁ’ﬂ}édtﬁe%ﬂodéﬂ{h cvmﬂrbgﬁ'o Qtﬁlhohﬂ BN PO Ozfrﬂcﬂeﬁr'in ranges
in concentration fromabout "1 mVv" usual yfroma out 3.5 nMto

14 mV  Siceiipanhgs, FARs Fifdlete: Enzytheléofiaters afjparticelavipiasest ey ey ba mcluded in

3000 20 ritht i PR B Pl syt nci it NAYR BN Cent, .. ¢

bor ax (Or bor i &s iadithed Wbeve, HHeasibjebt compidkitiahd arepastemsasfeithen wdi@utryl5 0.1 Mto
about 1 M wusually from about 0.2 Mto about 0.6 M The anount of flavin

st abi | i zicegPagidans. By wet comppyitipniy megnba flgideenampositioppiypigpily/an gads f r om
about 1 ee the
expor i mentrPoyRa: Sush oMb tiSifHindusei TR hvas sBHiaBuRaR; Yk g Bllerce

r epr esentcahfiyratigishotlichaiie RER RAGWNH thBartsBdgcdontpeaigient istragint 8 tompssitidd
METHODS OF ANALYTE NEASUREMENT The above described signal producing

syst éfts, thatdyaeifludisodn driREmesigh aea compesitian thatig Sﬁ‘ésgartuﬁ“hﬁ?%tjs of

det ect i ng,,LBGLRAEE 20 Ssih coffpdsiBbhSite nalb?caﬁg?&md Rireagh estfsh'ﬁ) 8, #lescribed
concentration of, an analyte'in a sa vari ety o rent anal ytes
may be dengmm&ddamﬂngWhe subj ect nethods, where representative anal ytes

i ncl ude those descri bed above, e.g., aIcohoI, f or mal dehyde, gl ucose,
glutam c acid, glycerol, beta-hydroxybutyrate, L-lactate, |eucine, nmalic
acid, pyruvic acid, steroids, etc. Wiile in principle, the subject nethods
may be used to determ ne the presence, and often concentration, of an
analyte in a variety of 30 different physiol ogical sanples, such as urine,
tears, saliva, and the like, they are particularly suited for use in
determ ning the concentration of an analyte in blood or blood fractions,
e.g., blood derived sanples, and nore particularly in whole blood, |ISF
(|nterst|t|al f|UId) In the subject nethods the sanple and t he S|gnal

e . o . .



In certain enbodi ments, a feature of the subject nethods is that the
detectabl e signal is made up of a non-washabl e spot that forns on the
surface of the substrate of the strip. The non-washabl e spot is made up of
wat er sol ubl e formazan product which is tightly bound to the substrate
surface SREAGENTAEESTSTRERSINOt be readily renoved fromthe surface under
standard to washing conditions. By standard washing conditions is neant the
conditions experienced by substrate surface in anal yte detection assays
wher e unbound : B, fac: e of .
standard mashi%gﬁr%gg@?{lf]%?\%t g&elgfyhéose el’rﬁrp %gg@%tggﬁteﬁgé\é&g@ ngﬁe{}{:@% ?g&%%e art
in array swsetlaninclude cheaabovk dasbribedi dratdagentasspystiond@vdeare tmerfigd fordise &l
nucl eic acids are renoved fromthe surface of, an array following a

hybri di zaDEa5HIIBE 5. Preseass arsopesniatipn plcananal yigin 2 sepl Indartkylas BE skill in

the art. . -;gtiﬂ,' : | ucti of a
non- was halﬁ?%lﬁ}sé% to@%ésfcﬁg'étg@? ?cgrcatgpag/]l hegg%g?i??lcgﬁy t%ﬁla‘?lg(gglggog) ’s‘?’%’étgé(}? wher e
t he non- waglhadtybetyspetgluchserette Inuthe btoddbe sevase cthe saalerttltest swipracladesprsotidct . 1 n
practicing many n‘godi ments of {he subject nethods tcge first step.is . to
apply a qURPeT ?‘9‘?6 T 158 R hGATRASHIANRI PSR LiRpTeanst & theg % {eagenticAMPRHEPRIS: he
test strip.,i i o ASY j e, e.g.,
bl ood tha@aé@%ﬁﬁ{%ﬁﬁ?g&%ﬁgﬂ?rgé@nﬁ (r?llcp ma Eo\}gg)g/@ébﬁ&égcg%éfgha;%hges from
about 102p. presence dfxhe analgtealf interbstoln rabss embSdinentstaf tdqubject iBentiars chealry t he

nature of the subject test strip, the blood . sanple si that, is .applied to
Fhe t ost. TEREIhCOOSRON FSert ofinp subiart st Sip ARE that BeGides e foleduBe 21 - t o

40~tT., Ugsidbér¥: dnf Qﬂﬁlﬁ@?;ﬁﬁizﬁ@mzirﬁe%&?%gﬁme Wrasier, bh @REtrbS trhfigerRBYs #1 0gi cal

sanpl e, blood sanples of a variety ferent hematocrits 25 rmay be

assayed wvathr salebls tetjaraliunmeglt enid borated oebariveackh rad/ot flavinstailizing geagentom about
20% to 65% wusual ly, from about 25% to 60% .Faol.l ow | ication of the
Sl o ¢ gvhert @lortncs SRR mERbels Sredetpringilin At BRI RET Che wemmer s
of thg signal RRMEMEDIENEHESE Thd bRICORYICEF iHEh@ch alRhdratfeeyiphd that B- ., the

non-washabl e spot, that is Eresent in an amount proportional to the initial
amount ofaffiked xR whidisyproreThe arppostsnaybesplastici -n e ghdolystyping, nyted odinount  of

the 1 or mit oM Rbmelat st A ol QHARE e FnSbliPlne B UG T '

amount ofthawst yid eigh colted bntotthelestsadpineorpbrateddnioathe tesnipeal 10E i the reagérmat ed
instrunments that performthe above pgentioned detection and rel ati on steps

are enpl GPEWPOSHIRA. BifoSHHP HY alsOhe Fopdsed BmOgCOBPISXFITRREMETHS: £t8- nYhede eps,
as 1 i : (ay r I, ri bed
" U it leshind BDRELTHRLRCh Me RERRA R R E AR he Goe e e on:
5, 306, 623Fmpo¥ddiin kd@plepra@esiOBday be preSert 00 ;thésubface e, Irvadshitdor) 4w paths

5, 620, 863; 753, 429: 573,452; 5,780, 304: 5,789, 255:..5,843,,691;
5,846,4869r°§?@19§%%1?°§1’?%§% tEH AL, 891 kagyh "eﬁtsaaﬁ- Of eS8 MAY wni ch ar e
her ei n i NGREJINhEHLS S t_hé’ tersﬁsftﬁfs e&ffﬁgurétfbnﬁ BRcI8dEh 08, BiteR)NJ. B®odeni vigd anal yte

concentration takes into account” the constant contribution of conpeting
r eact i onslisadosureeofopkich isdierein inearporated by refgrercst i br ati ng t he i nstrunent

accoringly. | TS L.OVi,de e L .i ntion.are Ki f or
use i% practi (l:li(f%r%ge %"rs?éé%!tsﬁegf “g%ﬁs’ et%&%%?ggﬁlﬁgﬁ%?%lgg%’fs at@%ogc%t%cg?'étgte.g.hé}gg Hon at
| east i nadnustdnga Girférahatprigldy cutidgraky Thesubagate amgbe bitshl alsareonWhilgtieust B

si gnal produci ng system conponents may be conbined into a 15 single reagent
conposi t i Bbuleps Sapaphi Bgterial hat exhibits preferential dpfaRiANOT QNG5 MEE SOMPOPERLSy t aj n
enbodi ne ' ' i . k) n i in the
Form of - &=l Gecth J0Pex Bl 1 BRrRICBAbY doedffid A PRI oRE of e |
further icomipotients, aswanss frochroma@iraphiy sepgpéiticis A egipied ofddigibes méterialexanpl e,
where the physi ol ogi cal, sanple js blood, .the subject, kits may further

incl e dnidndut e neb{@atﬁ% nylop) WEpated ipims, of PaBeY sigroselfulpreanfidhe el ci ng
a 20 fingey; : j j : oL d :

ubj ect | 1" Fesp FRE EnBARNAIpAR BERAoy SOsineReld Fouahtl AN Ity ¢
cont rol gmsseditberethh@tghcont ai ns a st andardi zed concentration of analyte. In

certain enbodi pents, the kits also inclu n tomat ed i nstrunent, as
descri bed above'lepyive eetlfcsfli’ﬁfft‘? Wé‘yéﬁﬁﬁ’i‘fgwouﬁ?ﬂ%gﬁm JHeLREs AnGlye st ri p
fol l ow ngn&@gaﬂoﬁs AR deS Al Hian ﬁ@fﬁera%‘u?%bx{‘%r&ﬁ@va‘i‘i%h?ﬁfe%e&r&%'&éi A9 the
amount of analyte in 25 the garrpl e. addition to above nenti %ned
conponents, the subject kits typically fgurther include instructions for
using the conponents of the kit to practice the subject nmethods with the
subj ect devices. The instructions for practicing the subject nmethods are
generally recorded on a suitable recording nedium For exanple, the
instructions may be printed on a substrate, 30 such as paper or plastic,
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kit, but means for obtaining the instructions froma renote source, e.g.

via the Internet, are 5 provided. An exanple of this enbodinent is a kit

that includes a web address where the instructions can be viewed and/ or

fromwhich tae instructions can be downl oaded. As with the instructions,

this rrearmocﬂming)dym'rmide@nba@uifmhmdmhy bm&:zipos'rt%m:hdxgd ﬂ“hea rsattitashire

substrate. Thefol cgtp exanpl es are_offered by i1l ustration and
[

not by wegFnerll xsorv Bﬂf% RS‘PuVldE%ﬂERBl%WERR*NEU%O L(ﬁoglced\semeepe&wnw on

menbr ane dglg)o ped into

t he reageﬂr?\?(g qu:_a Féﬂ?ﬁaﬂﬁ%? uraft)‘%QU&$ e%:ié aTer agent vé’spscraped of f
gently wigrbdwigd sys&n’rqtbsufhahemuhx isngpioayonanieat iagermissiyvetad aqugous fiul 56 C
oven for 10 20 m nutes. (Porex mm thick) was soaked in the nitrite

sol ut Pon AW thaeugh lﬁa%eromsﬁsqmﬁsnwuamﬁw Fpréhel@t?necmwlmoft%mswr s.
Fi nal |y,
Vel enex FPEHERsERoME DIRE MehGHr iR cBR SRt Ha0F bocn boteiBFRd

ni trite- ifopusegnatscusPmalyte medsatdnen? assays, RPhichxmarieesody difedaderrs dfabl e 1
cont ai ns NaNQ 25 Tabl . Reage for d ucose Test Pad m
o 5 o R PO Do EET IO L 11K AT O ST P B L mAEES Ieies Hhose al

MES ( MV Zbderibed $h U P('l tN'oQUSASS%%'\@l 5@@ 098! st ')67t 5,859 ?)7471 ﬁ%ﬁzﬁ M

HCI)O 8 -2.2 gnBorax Loli's, M, ntfrez 6%
(Gantwez %334184 ; 6]800;829&58@08’28;3517@811&3 - 3670,38; éf666 Oéﬁh&dﬁ? 6&Q; SMA010080000,

water, b i4Gme 552 qal e lstontss of HMIHGrebereitpiborg G rERrenee B 1 or
use).2-4 Hi@ﬁ’mbﬁstanﬁ Eo?osﬁy%f ﬁ]et}eﬁggipr}napv@r Q'E't-[ '\ﬁ}%c ?ﬁ'e%@énf( %?%r%y‘%@t i on,
Mount A i ve, to 2 m Manni tol 2, oui s, MO

USA) 1- 10 hm@latpgtos&w gmd&nw?g ,bwléldhlrgﬁr 50%3 mm%@uiha rsamplemppbca(tmuwon dddri ch

Cheri cal 5 smalﬁler pores e?tethe M\' tec'“tj%ﬁ reglon gfn n many embodiments, the matrix is configured as a

15 membrane test pad and is affixed to a solid support, where the support may be a plastic (e.g.,
polystyrene, nylon or polyester) or metallic sheet or any other suitable material known in the
art. Of interest in many embodiments are the test strip configurations disclosed in U.S.
Patent Nos. 5,972,294, 5,968,836; 5,968,760; 5,902,731, 5,846,486, 5,843,692; 5,843,691,
5,789,255; 5,780,304, 5,753,452; 5,753,429; 5,736,103, 5,719,034, 5,714,123; 383,550;

20 381,591, 5,620,863; 5,605,837; 5,563,042; 5,526,120, 5,515,170; 367,109, 5,453,360;
5,426,032; 5,418,142; 5,306,623; 5,304,468, 5,179,005; 5,059,394, 5,049,487, 4,935,346;
4,900,666 and 4,734,360, the disclosures of which are herein incorporated by reference.

Examples of suitable representative test strip configurations are provided in U.S.
Patent Nos. 6,200,733 and 5,902,731, the disclosures of which are herein incorporated by

25  reference.

The subject test strips may be fabricated employing any convenient protocol. One
convenient protocol is to contact at least the test pad portion of the strip with an aqueous
composition that includes all of the members of the reagent composition that are to be
associated with the test pad in the final reagent test strip. Conveniently, the test pad may be

30 immersed in the aqueous composition, maintained therein for a sufficient period of time and
then dried, whereby the test pad of the reagent test strip, which has associated therewith the
reagent composition, is produced. As stated above, the aqueous composition will include the
various members of the reagent composition to be associated with the test pad of the reagent

test strip, where the various members are present in amounts sufficient to provide for the
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13 Phenazi ne Ethosul fate (PES, MW334.4, Si ma, St. Louis, MO

USA100- 1000 nmWST-5 (MW 1331. 37, Do'indo Laborato , Ja an)0.8-4 nd ucose

xi dase (GO, TOYOBO) 100- 1000KUFI avi n Adeni ne Di nucleotide (FAD j0O.2 - 1 m*
If NaNO2 is in Table 1, Table 2 is not needed. If NaNO2 is not in Table 1)
Tabl e 2 idesinedalmountsTalthe réageticomipbsitiftethgeis tprétbwwed ne res €1 pad.i Adichivhere
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detail b galaﬁm g agent, e.g., borax (or boric aid), when present, typically ranges from about
15 0.1 M to about 1 M, usually from about 0.2 M to about 0.6 M. The amount of flavin
stabilizing agent, e.g., FAD, FMN, when present, typically ranges from about 1 mM to about
25 mM, usually from about 2 mM to about 15 mM. See the experimental section, infra, for
a more detailed description of a representative method for preparing the subject reagent test
strips.
20

METHODS OF ANALYTE MEASUREMENT

The above described signal producing systems, reagent compositions and test strips
find use in methods of detecting the presence of, and often the amount of, i.e., the
25  concentration of, an analyte in a sample. A variety of different analytes may be detected
using the subject methods, where representative analytes include those described above, e.g.,
alcohol, formaldehyde, glucose, glutamic acid, glycerol, beta-hydroxybutyrate, L-lactate,
leucine, malic acid, pyruvic acid, steroids, etc. While in principle, the subject methods may
be used to determine the presence, and often concentration, of an analyte in a variety of
30 different physiological samples, such as urine, tears, saliva, and the like, they are particularly
suited for use in determining the concentration of an analyte in blood or blood fractions, e.g.,
blood derived samples, and more particularly in whole blood, ISF (interstitial fluid).
In the subject methods, the sample and the signal producing system are combined
into a reaction mixture, the reaction is allowed to proceed for a sufficient period to time to
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and from the surface. An example of standard washing conditions are those employed by those

of skill in the art in array based nucleic acid hybridization assays, where non-hybridized
nucleic acids are removed from the surface of an array following a hybridization step. Such
15  conditions are well known to those of skill in the art. As such, a feature of the subject
methods is the production of a non-washable spot on the surface of the positively charged
substrate, where the non-washable spot is made up of the water soluble formazan product.

In practicing many embodiments of the subject methods, the first step is to apply a
quantity of the physiological sample to the test strip, where the test strip is described supra.

20  The amount of physiological sample, e.g., blood that is applied to the test strip may vary, but
generally ranges from about 2uL to 40uL, usually from about SuL to 20uL. Because of the
nature of the subject test strip, the blood sample size that is applied to the test strip may be
relatively small, ranging in size from about 2uL to 40uL, usually from about SuL to 20uL.
Where blood is the physiological sample, blood samples of a variety of different hematocrits

25  may be assayed with the subject methods, where the hematocrit may range from about 20%
to 65%, usually from about 25% to 60%.

Following application of the sample to the test strip, the sample is allowed to react
with the members of the signal producing system to produce a detectable product, i.e., the
non-washable spot, that is present in an amount proportional to the initial amount of the

30 analyte of interest present in the sample. The amount of detectable product, i.e., signal
produced by the signal producing system in the form of the non-washable spot, is then
determined and related to the amount of analyte in the initial sample. In certain
embodiments, automated instruments that perform the above mentioned detection and
relation steps are employed. The above described reaction, detection and relating steps, as

- 11
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test strip, as described supra. The subject kits may further include a means for obtaining a
physiological sample. For example, where the physiological sample is blood, the subject kits
may further include a means for obtaining a blood sample, such as a lance for sticking a

20 finger, a lance actuation means, and the like. In addition, the subject kits may include a
control solution or standard, e.g. an analyte control solution that contains a standardized
concentration of analyte. In certain embodiments, the kits also include an automated
instrument, as described above, for detecting the amount of product produced on the strip
following sample application and relating the detected product to the amount of analyte in

25  the sample.

In addition to above mentioned components, the subject kits typically further include
instructions for using the components of the kit to practice the subject methods with the
subject devices. The instructions for practicing the subject methods are generally recorded
on a suitable recording medium. For example, the instructions may be printed on a substrate,

30 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 subpackaging) etc. In other embodiments, the instructions are present as an
electronic storage data file present on a suitable computer readable storage medium, e.g. CD-

ROM, diskette, etc. In yet other embodiments, the actual instructions are not present in the
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The following examples are offered by way of illustration and not by way of

10  limitation.

EXPERIMENTAL

EXAMPLE 1
15
A 0.8 pym nylon membrane obtained from Pall Corporation (East Hills, NY) was

dipped into the reagent of Table 1, until saturated. The excess reagent was scraped off
gently with a glass rod. The resulting membrane was hung to dry in a 56° C oven for 10

20  minutes. (Porex (0.6 mm thick) was soaked in the nitrite solution of Table 2 and then hung to
dry in a 100° C oven for ten hours. Finally, the membrane was laminated between a
polyester stock (0.4 mm Melenex® polyester from ICI America, Wilmington, DE) and the
nitrite-impregnated Porex.)
Table 2 and Porex are not needed if Table 1 contains NaNO,.

25 Table 1. Reagent for a Glucose Test Pad

Components Quantity
Water 100 ml
(2-[-Morpholino]ethanesulfonic acid) sodium salt MES (MW 217.2, 0.8-2.2 gm
Sigma, St. Louis, MO, USA) Adjust pH to 3-7 by adding 6 M HCI)
Borax (MW 381.4, Sigma, St. Louis, Mo, USA 2-4 gm
Gantrez 6% (Gantrez AN-139 (Poly Methylvinylether-alt-Maleic 2-4 gm
Anhydride, MW 1080000, Cat # 41632-0, Aldrich Chemicals,
Milwaukee, WI USA) Make 6% Gantrez in water, heat to 95°C for less
than 45 min. to get Gantrez 6% which is ready for use).

Adjust pH to 5.5-7 by adding 50% NaOH

Triton X-305 (BASF Corporation, Mount Olive, NJ, USA) 0.5 to 2 gm.,
Mannitol (MW 182, Sigma, St. Louis, MO, USA) 1-10 gm
Adjust pH to 5.5-7 by adding 50% NaOH
Sodium Nitrite (MW 69, Aldrich Chemicals, Milwaukee, WI USA) 1-5 gm.*
. 13
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Table 2. Nitrite Reagent

Components Quantity

10 mM Phosphate Buffer Saline, pH7.4, (P-3813, Sigma, St. Louis, MO, 70 ml

USA)

Ethanol 30 ml

Sodium Nitrite (MW69, Aldrich Chemicals, Milwaukee, WI, USA) 5gm

Polyvinylpyrrodine (MW 40,000, Sigma, St. Louis, MO, USA) 200 mg
10 Figure 1. With and without Borax, after stressed at 56°C for 1 week, tested with

blood of 60%HCT and 370 mg/dL Glucose.

Figure 2. With and without FAD, after stressed at 56°C for 1 week, tested with blood
of 60%HCT and 370 mg/dL Glucose.

Figure 3 with and without Borax and FAD, after stressed at 56°C for 1 week, tested

15  with blood of 60%HCT and 370 mg/dL Glucose.

It is evident from the above results and discussion that the subject invention provides
for improvement over previous tetrazolium dye-phenazine reagent compositions, in that it
provides for a convenient way to stabilize the dye-electron transfer agent component of the
system so that light and/or heat exposure does not adversely effect the dye. As such, the

20  subject invention represents a significant contribution to the art.

All publications and patents cited in this specification are herein incorporated by
reference as if each individual publication or patent were specifically and individually
indicated to be incorporated by reference. The citation of any publication is for its disclosure
prior to the filing date and should not be construed as an admission that the present invention

25  is not entitled to antedate such publication by virtue of prior invention.

Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it is readily apparent to
those of ordinary skill in the art in light of the teachings of this invention that certain changes
and modifications may be made thereto without departing from the spirit or scope of the

30  appended claims.
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5 a phenazine electron transfer agent; and

an effective amount of a Group IIIA compound and/or a flavin stabilizing agent.

2. The composition according to Claim 1, wherein said flavin stabilizing agent is FAD.

10 3. The composition according to Claims 1 or 2, wherein said Group IIIA stabilizing

agent is a borate or boric acid.

4. The composition according to Claims 1, 2 or 3, wherein said reagent composition
comprises an analyte oxidizing signal producing system.

15
5. The composition according to any of Claims 1 to 4, wherein said composition is a

fluid composition.

6. The composition according to any of Claims 1 to 4, wherein said composition is a

20  dry composition.

7. A reagent test strip comprising:
a substrate; and

a reagent composition according to any of Claims 1 to 6.

25
8. An analyte detection or measurement system comprising:
(A)  areagent test strip according to Claim 7; and
(B)  an automated instrument.
30 9. A method for detecting the presence or determining the concentration of an analyte in

a sample, said method comprising:
(A)  applying said physiological sample to a reagent test strip according to Claim
7 so that a spot is produced on said strip;

(B)  detecting said spot; and
15
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