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COVPQOSI TI ONS AND USI NG THE SAME nernr~~~ Field of the |Invention

The field of this invgghson is anal yte neasurenment Background of the
I nvention 1o Anal yte measurenent in physiological fluids, e.g., blood or

bl ood deri vSUABIDIZEDSIETRAZIOIENNV REAGENT COMPOSITIONS ANDIMETHODS
society. Analyte detection assays find use in a variety of applications,
including clinical |aboratory t %H@!N@Jmﬁéé\flﬂng, etc., where the

results of such testing play a prom nent role in diagnosis ﬂ’lm nt
in a variety of disease conditions. Analytes of interest in m m
for mal dehyde, gl ucose, glutam c 19NREDUAGTYONr ol , bet a- hydroxwi)glpllé ,

L-lactate, leucine, malic acid, pyruvic acid, steroids, etc. In *ponse to
this gtowi ng i nportance of analyte nmeasurement, a variety of analyté

rreasurerrep;eﬁ%gghgﬁieﬁti&{i d devices for both clinical and home use have been
y

devel oped: prot ocol s and devices that have been devel oped to
dat e enpl oy a Fhefiaeld gf thislinvemiprsiy ah@yte tnoeaswdementf y t he presence of the

anal yte of interest in a physiological 20 sanple, such as blood. Wile a
vari ety of such signal producing systens have been devel oped to date for

use in thgag%@!ﬂdqmﬁggmgém@nw de variety of different analytes) there
continues to be a nee or the further devel opnent of such systenms. 25

Rel evaht Li t er Analyte rreasaremedbiouphysiologivh! fluids eastbloodtonileod digived paRIUAE3; US
5,902, 731; EP 0.908 453 Al: WO 94/01578 and WO, 94/,01544. SUMMARY OF THE
AVENTT NS CUBP TR PP O o B (U BBR I ASEATE IPHAE Pl ude a
tetrazol i yamdly 6f 4ppHeRivns, iBeclfding liMelabsiftbHkingEhdAE Rstikkletdl wheréhd a
nitrite tetrazoliumdye stabilizing reagent, e.g., a nitrite salt, are

provi ded. rashlthefrpycie residrs play @ promipentrelg de dtageesifandimanggement in a variety of
disease conditions. Analytes of interest include alcohol, formaldehyde, glucose, glutamic
15  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
producing system to identify the presence of the analyte of interest in a physiological
20  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; EP 0 908 453
Al; WO 94/01578 and WO 94/01544.

SUMMARY OF THE INVENTION
30 Stabilized tetrazolium dye reagent compositions that include a tetrazolium dye
reagent, e.g., a water soluble tetrazolium salt, and a nitrite tetrazolium dye stabilizing
reagent, e.g., a nitrite salt, are provided. In many embodiments, the reagent compositions

include members of analyte oxidizing signal producing system of which the tetrazolium dye



i nclude nenbers of anal yte oxidizing signal producing system of which the
tetrazolium dye is a nmenber, which systemincludes one or nore of the
foll owi ng additi onal conponents: an anal yte oxidi zi ng enzyne, e.g.) an
anal yte dehydrogenase or an anal yte oxi dase; an el ectron transfer agent;
and an enisynmembérawhish syséém onghudes odedr moe df elst followingsaddieinal eoshpodents:ham

subj ect reagent conpositions, as I .gs systenms and kits incorporating the
SUb) ect  { BUVECKIBATE SAMS. Sirn et SRHIOLEUA LAl Fome SKBre: of Flepion

syst ens aﬂgn#éxla?erfltﬁ 5l dSkhiz{Me EORCOE 234 SORAkd fe Bst WrR AR BE stk vt es
in a sanple, such as a physiological sanple, e.g., bllood or a fraction

t her eof , taagérBEofmpotigenst as well a dystienhs anBRILEHcORSERNPTHeGNbER! EHBHHSGIRES
Figure_1 provides the UV-Vis ectrum for -5, n agueous sol ution,

i Chout NSO FERe ComPRSINO, RRCH R S And R JaPeRO RS pIAButPHE 8- i s
spect rum f,Qde ViBEryofiafal§@s 8P Sansk, WhélPah a PHysidI D ampredes ., blo8br Pfraétiink for
24 hr. Figure 3 glr;-bovi dgg the .rnZI?I ect ancewsyf)ectrum ofIMV\STgS on a nenbrane

Wi t hout N&oRf,165 I8k deterstitighfluidy. dark for 7 hr. Figure 4 provides the

refl ectance spectrum of WST-5 on a nmenbrane containing 0.3 M NaN02 under
light or dark for 7 hr. DESCRI PTI ON OF THE SPECI FI C EMBODI | WI1ENTS 20
Stabilized tetrazol i um dy RIEEQ3ESCRIPTIONIJH THE FIGURES hods for their use
in the measurenent of an anallé{tle In a sanple are provided. The subject
reaged® conposFiguenkpriomides the BV 1\ ppesapmdpn Wipd -8 shistisens solwiag, yithoutat er

sol ubl e t ol | uUm: sal effective anount of a nitrite stabilizing
agent, e. gltaN‘?)g é\d#ﬂ@g%g r?qulzﬁmﬁhny enbodi nents, the subject reagent
conposi tions i Figutedkpradidies theraV-Viesgeetrsmdbr WS Taf &l yjueomsxdolliting oyith iINANGD,,
produci ng 25 system .such as: an anal yte oxidizing enzyne, e.g., an analyte
dehydr ogeHBdes light ofdlagkfor ¢4 Br-oxi dase; an el ectron transfer agent; and an

enzyme cof act gl SGroRIY ileEnakicl Sk P TAn d AEhHAe WiosHRLRE!

reagent conposi tions, wel | "as systens an its I ncorporating t suf)j ect
t est $%ri psderTight adajkefor 7heagent conpositions, test strips, systens and
kits find use in the detection.of a w de var.li of analytes in a.s | e,
such as a physhﬂu@g prav1dgs, s reflectange ,speggurﬂo(g:ygé’ﬁ-ﬁ%qmg faé‘ﬁcf"f‘féﬁ’l@lﬁfa&?or

| SF (i nt epsNaNO3unddrdiH) or &28 Rr¢ Hrhe subject invention is described
further, it is to be understood that the invention is not limted to the
particul ar enbodi nents of the invention described bel ow) as vari ations of

the particul ar enbodi woﬁhﬁﬁis @égyéggﬁm n the scope of

t he appended cl ai ns. SO -to-be urnogers er m nol ogy
enpl oyed i s foBtabhReditiasiRin® HyciRagent &irigbsRdNE bfdhRthodihedhdiBidesSn tnd s
not intended to be limting., Instead, the scope of the present invention
will be eBicapirensenof pyanahde Hhpeameniearg|pagvided. IThe syhject spagenticorpOpigANEnd t he
appended H , . H n n n n n n i |

FeF or ence oh| B e RBI T UL Bhphhls £ 5 waicP LtuBBraom S lln B
ot her w seamatit df aafitritecsadbiliziolg sgane etg. fa dtritesais In sweohylretbedimdnay; ¢het dubjestane

meani ng as _commonl y .understood, to one of ordinary skill .in.the arf to which
Uhis | overteEa CRRPUNES irliferc fordiaeBpes af gharaus frigiAbbaend prodscing
under g4 Oogysiéh%}sué}?&h an BByt SR dNGng/ @rlz?)@e, &2, 3shal ROBEhRfodeRRe \WRkh aﬂ’eﬁ%’dﬁge

lower |Iim t unless t he context clear di ¢t at es ‘ot herw se, between
upper andokidage; an elagtrongfansfeangantiragd an angymersofatére rAlse progttledard tastestripsni ng

value in that stated range, is enconpassed within the jnvention. .The upper
ond T ower o taefidB B suh @K Ramcnd comFRTRAS S el Pt Bl tr Piatine e
in the snahtigt tdsBREBS Tha BebjedtReabeMLotposiBmS &Rblsthbs, Ridlethnd Kiveitd @8 in

subj ect to any specifically excluded ['imt in the stated range. \Were the
stat ed rafgaetastiprdicswislievagetylsdanalyes inraesampld, such asawsiotogival sample.ig.her or
bot h t in .11 - [ uded in the invention. 20 Unl ess
defi ngéd opﬁ%?v(\)nrgg‘{a&gﬁﬁh{ﬂjgrogﬁtrﬁ’n%&rgnaﬁtg%i@?l )i fic ternms used herein have the
sanme neani ng as commonly understood to one of ordinary skill in the art to

which this invention belongs. Al though any methods, devices and materials
simlar or equPetreie suljestipatige sdesyingd hather it s bpanderstgod thai he practi ce
or testi ”%v%}fm%rhg nbgﬁs’xﬁ%c} fh Pﬂ%c@ﬁleén%(fdﬁg%rﬂ?g I%nvellfdh G&3rBOLHdIR, Sls! 2! S
are now descri bed. publications mentioned herelrn are Incor porated
herein by reference for the purpose of describing and disclosing the
conponent st hat are described in the publ2 cati ons which m ght be used in
connection with the presently described invention. 30 As sumari zed above,
the subject invention provides stabilized tetrazoliumdye conpositions and
nmet hods for their use, as well as reagent test strips, systems and kits. In
further describing the invention, each of these inventive features are

di scussed in greater detail bel ow




'REAGENT COWVPOSI TI ONS As summari zed above, the subject invention provides
stabilized tetrazoliumdye 5 reagent conpositions, which conpositions find
use in detecting a wide variety of analytes in a sanple. The subject
tetrazolium dye reagent conpositions of the present invention are

char act er ivagatidny ofithelpastilar anﬂbudiirrregtsana)eberrazdﬂ dndrstitl\fell métpethe seopd ofithe

effective ano of a.nitrite ilizi nt The etrazllumdye
reagent i §P%F“H%°§ elarey ftysd B%B%WHE(S&%' tB&é{E F‘quglbf H f’étl?fd@émsﬁnce
of a trangf Sésrcﬁgln%qﬁfcqﬁr eﬁxﬁﬁ(ﬁfﬁleﬁtscﬂ'{ﬂﬁ R mfehar@dzt%rbemmugtmstua WR W¥ope
enbodi nment s trazol ium dye reagent is a water sol uBle tetrazoﬂ)um
sal t t hat of thequesabi ievaritioacdd beiestgblashbg Uy iteppended obiirne a wat er sol ubl e,

col ored formazan product. Water soluble tetrazoliumsalts of interest

i ncl ud® those described in EP 0 908 453, the disclosure of which is herein
i ncorporated by, fpf §leSifieRion A the ﬁpgw'én&gd m&ﬁrthéeﬂn'gmaﬁf&ﬁ@r“@z% URdS@hds Of
interest 15 include those describ b ormula 2 6n page 2," lines 35 to 48
of EP O 96)&1mﬁaulumhmfdwrce¢lmh:sstmfconsvaxtaleasl(yldumates othervazeo [Unless deflinesl of

i nterest Iude 0 SC |be forrrual | i nes 10-25 of EP
0”008 253 HEpUEF ALt 2 estiS 3% Beatin DB pienRRes hat “ar o
of parti cdb@moni @ldemstodd6 bHéij, or@Hﬁarﬁd]&l fM0the hit 1 WARItRLS invention belongs.

2- (2' benzot hi azol yl ) - 5-styryl - 3- (4' -'pht hal hydrazi dyl) 2o tetrazolium
(BSPT)0 2-benzot hi azonI (2)-3,5-di phenyl tetrazolium (BTDP) 2,3-di (4

ni trophenyl) t ﬁeﬁ%?r%rz: o{‘ DNP%leirq uge'dp E%Yrﬁg%cgo% tﬁ agh %ter%’mgg vzﬁltlef ?ZOl Fum

(DPSP)) di styr i urri

- [ 3, 3thedemtatofeheyunitlofthe liwehnid ynlebs die-cdhieki élb@r[}zdlétﬁtd@lotﬂeﬁphéﬂﬂv)/eeﬁ ph
enyl (-2H tetrazoli um (NBT), 4, 5-di met hyl - 2-t hi azol yl) -2, 5di phenyl -
tetrazol i ¢ yapRTInd lowgr kit of ehaé W@ﬁrﬁﬁé@bﬁ@ﬁ&/ﬂ?ﬁeéﬂh’éﬁﬁymﬁéﬁ‘lﬁ‘zm thetm 25
(PCPM, U I TCNBT) ,
tetran tr Soraanns; Falchpst Ryl RERVERIG THenbRs i LA ot ifbee
2- benast hsmb&rhuﬁg‘e@lmdy-lﬁde(péndmﬂptbxyncﬂr&dInmhyrahﬁnyﬂ manges| éhd(dze algb f oet hyl car
banoyl )pheB%/I ]-2Htet razol ium
2, 2' di benSBIImRResIHdyYithin the igyenti noﬁUPJf°%t8|am5émfran&Pb<‘dH#ﬂlﬁwéﬁyihf' stategt _ (3,
3" -dineth I
cer tai m onbg: e R e oo B %x&lﬁﬁé?’éﬁ%*
2,2 -di bebmhtdﬁtlazsoluydlu@dﬁimltﬂ af dlsdinchuled fiothe iptentam.banoyl| phenyl | - 3, 3 (3 3
- di nmet hoxy- 4, 4' - bi phenyl ene)ditetrazolium disodiumsalt (W5T-5);
2- benzot hi azol yl - 3- (4- car boxy- 2- met hoxyphenyl ) - 5-[ 4- (2sul f oet hyl car banoyl ) p
henyl bo 2H t et r Mk uam(e%Th&)manﬂl kﬂﬂnédl kd scénliffe tbinsnis8d BEeMthalve the SARIBY
enbodi ments because it readi i ssol ves in an aqueous medium which is
nost conp#eERping apcemmonty lﬁ@?@éwé‘aﬁﬁﬁ efcordimaryt skl imghe art twhich $his invegtion
f or mazan 0 | e- bl ue
regi on BSRRLATBIN o AeBbdGSREH hikerAl Rl HheBhaletoRGR ) O
henogl Obl descWibed Rertinean e usdd iafthd ﬂnﬁcttoetolr&‘adhg ofthb 1Mﬂtléﬁa@£p&feﬂfe§i vary
dependi ng on the nature of the reage conposition, e.g., whether it is in
dry or wefnethifds, devies E%E‘éﬁf‘?létaf%?f’“()aes?ﬂ%ggye reagent in many enbodi nents
rangessfromabout 1.5 nMto about 50 m\) usually from about 3 nmMto about
40 mvland nore usually fromabout 3.5 mMMto about 28 MM In addition to the
tetrazolium dyéxlbmrhﬁoati@smdondiﬁtereibaméncmmmdﬂnjemm by eedigremde footposi t i ons

al so include an dve nt. of a nitri st abj

ot fect | vePumomne! sesctn EndTSeliiiug be SaPebisplsthat il dsserbrets B iealns. o § um
conpound  Midhaight be us%driﬁhorﬂﬁmrsﬁhu tHeQiTeNe m}?’ a&dringd mbéMphed, e.g.,

altered, by exposure to light. In other words, the ampunt of nitrite

stabi | i zi ng agent enployed is one that is sufficient to provi de for a

S P S T R R T

prior to ebapadtiéisisadinmcdibdsAot BEir agHhi Well d@/fba?@fﬁé@ﬂﬂﬁp@@ﬁ&ﬂ& andkigs. i qui d
reagent conposition is considered to be stabilized for (gurposes of this

i nvent i onfyrthegdescaibmedheimyention, pach of theseinvertiverfaatines aper digrasseiddr gregler owi ng
exposure ?&lpbgﬁkldoes not exceed about 2 fold, usually about 2.5 fold as
conpar ed he "si'gnal properties observed mhen it is not exposed to |ight,
as determ ned using the evaluation 20 protocol reported in Exanple 1,

bel ow. A tetrazolium dye conpound preseni in a dry reagent conposition is
considered to be stabilized for purposes of this invention if any
difference in its signal generating properties follow ng exposure to |ight
does not exceed about 2 fold, usually about 2.3 fold as conpared to the
signal properties observed when it is not exposed to light, as determ ned
usi ng the evaluation protocol reported in Exanple 2,



25 below. The ratio of nitrite stabilizing conponent to tetrazoliumdye in
the conposition typically ranges fromabout 2 to about 500, usually from
about 7 to about 200. As such, in nmany enbodi nents, the concentration of
the nitrite stabilizing reagent in the conposition ranges fromabout 0.1 M
to about 0.8Musually fromabout 0.2 Mto about 0.6 M Wile any suitable
nitrite stabilizing agent may be enpl oyed, of particular interest are
nitrite S§$@§EN%GQMP@%HQ§SSOdIun]nltrlte potassiumnitrite, and their
derivatives, where sodiumnitrite is of particular interest in many

enbodi nents of the invention. The presence of the nitrite stabilizing agent
stabilizes theAIsetmmmlzédmbaﬁyethwisquleqt #ppeiidn providegitabitixqsuamliom dye | east
about 3 hours, often at ast abaqut gérours and, sonetj mes at | east about

10, 155 20ca8en comoswgnwﬁv compRyHEns fad yserp defRetingwise, vaflﬁté of gpalues 1n
reagent - cupasll TR, i}ééFIeﬁ%IcIleIWer?nI mﬁmmoﬂgeﬂmg EndTRVEARDR off 2N
anal yt e oxi |ng si ghal produci ng system By signal duci ng 5 systemis
nmeant a cohdrammzmd byfat teast including e tetmrpoundye wagend ket an effectitie atmoamtmf(aapabl e
of acting in concert, when conbi ned) to produce a detectable signal that is
i ndi cat i vBUBE SARIZNGEABTL of | and often amount of, a particul ar anal yte in
a given sanpl eThd igrabSfum SI/QféﬁéenPIs%Uﬁéz’wuﬁﬁ/&inﬁﬂjﬁ(d&%%cﬂfs%@%é&

enconpass both a m xture of al the reagent constituents of the S|gnal

pr odud® ng asopptaem ofsa trasisfered haduddes farms iarcoldedformazangrodust.dn sfanyhe 10 reagent

tit t ted,.f th t t
ca) as FEDpREERR Mo etirglivh B eagen FoneAEpuoRe e Ba Rl rar Banedg "
system of of hResiHy @Hﬂidrﬁl@'f@9§idh¢@i‘ﬁatb§so@ﬁbl@%Idté@fo@ﬁﬁhiﬂnzpr&ﬁlcﬁ Vg Rt sdl'xﬁb]éIUCl ng
system The anal yte oxi di zi ng a&ﬁ@p is generally an enzynme that is capable

of renovi tegragoliymd paltseoffintorestinelu s deseribedrin @P&?O&4§3pﬂ@dhﬁ@@sm of gvhich
di zed f | ud
onalyt o ol IR inchRforRBR bY FersONE Ball kb B EIE R Sin S fiferpicE 1

include, eludertkose@esdribeil be forimula PonipaRe, tixedds® 4(8\Mfa?eo 9(19894ﬁnaAydtﬁen S
gl ucose) chol esterol oxidase (where_ the analyte is cholesterol); alcohol

oxi dase (fleesy @ waer soiphl @,tegaicélum wadp of intergst inclyde; thoss desraibed Pwﬁ@wl% hen
anal yte | ?é%éj "‘%%%5 o'FI%PIO@UB idase (where the analyte is choline);

f or mal deh rogenase ( ere the analyte is fornal dehyde);
gl ut amat e oxi dSpemﬁmM/atee solhiele agietzyliven bsmpeugidstoasﬂlts tlzat iack) of pyitioméar ddteesti dase

wh th t d t h I t
Gal act osencliteadugromrdmbineac  SRenBeREh Syt e o Pralpradit oy
lact abe oxidasifurk (BSPE), bhn ARy (m Is%bh&yaetﬂiolluhﬁmm Qékﬁfiﬁe (where

the analyte is |euci ne): mal ate oxi dase (whefe the analyte is malic acid);
pyruvat e oxfophenyl) iamesolivnhdNiNa P Jtciphesyls (%W&IIPI@HBI(}MI)EIZOIWEQ(EP‘SR) dase

(where th it ses of
it er et CIrOTOQE b elfbusingr ur Nedes 08 it fenPOR Y- BilE £ Q0

al cohol ; bia(2ved- d@ﬂ@pa@ym)emde@geaasamfzanumNm dﬁ(wﬂexmeghyl@m@zdgmyﬂﬁogenase
for glucose gl ucose phosph enase for gl ucose-6-phosphate;

o1 ut St & BRGNS SRR (VLG oD o B yBber BNy EROLOBhf ot

I I X
Py otyst PP BrTHL AR o) S o ABERE Rk Pbn B KPR WL ©
L- | act at etettageloim €TNBY,detogelimmeridlety (’1I\é)|,12+heezotImaicahlazmiglh3/-d4 cgrboras?- f or

embodi nenfethpaheral) G Sipayrommhareplr BictRaiin (Tl a8 zy e

cof act or HIIﬁﬁzdtﬁlaE@}?laf’Ijebl% -4i2 QARG Ghrirhdy 1 HRA LSS IngiRGRAY - -2

manner such that the anal interest is oxid zed by the oxidizing
agent, whbiphemyjene)dicatrazolinim achsdd;unn s UGS T 5 elmztymndmﬁemmsr, theedyey me

f f int but t
R R T b 85 2.2 R Sthlaedi D sbisfiiche. adeni ne
di nucl eot kgle BIMhﬁy 8 yA1-NADR) 3 - diftle @ik §.04 i DSiBhelS A RIRe RSz oMiuf C| eot i de;

t hi oni coti nam de adeni ne dinucl eoti de phosp hate; ni cotinam de

1, N6- et hedisadiani sadt (¥ WSD; é’obﬂﬂd@thlaﬁﬂdb&(ﬁ'&ﬁﬁb@éy 2:m@hoxyphendlemlhé2-
di | eot hat I
copmpoundS RS e RARC Aot N EE SRR, 1 Bl e

that may be 1o included in the subject signal producing systens include:
NADH or NAD(P)H and PQQH2. In addition t© the anal yte oxidizing agent, the
subj ect signal producing systens typically include an el ectron transfer
agent. By electron transfer agent is neant a conpound or nol ecul e that can
transfer an electron, in the formof a hydride ion, froma reduced enzyne
cofactor to the water soluble tetrazolium product. Electron transfer agents
of |nterest 15 |nclude both Iom1and hlgh nDIecuIar melght electron transfer

e o o, o o



20 electron transfer agent often will not exceed about 100,000 daltons. In
many enbodi nents, the |ow nol ecul ar weight electron transfer agent is a
non- pr ot ei naceous conpound whil e the high nol ecul ar wei ght el ectron
transfer agent is a proteinaceous conpound. By proteinaceous i s neant a

pol ypept i deangrembotiymemts teecanseit readilyrdissebks irfarvajue@isymafiuhpwhizhliemoktar wei ght
non- pr ot ei nacegus el ectron transfer agents are of 25 interest. These agents
ncl ude:  FPRPRHES SHADIARSFHIsaRPRS: R pre, Hie|rgsuatingnarmagap Ccomrauidin chr ome
(LO); phenagi PAl ¥A . henazi ne
i hosul e SR B AR AR e P EhATofiEh R el fie (ENERa £

4- napht holcofreingdhobeekgrophd nighdiifenm hasogoth. déhilRThaadourtof tlediewadolioat i on,

T o (TSR AT e B o) s €0 et Tylene o e
as phenoxag iR (e rm, Woﬁc@tx‘éﬁ?ﬁ)’oﬁ @gﬁ%e re?gt?né Pd; Hg*l% grglfaocﬁ it |rar$e frof-D

(BCBA), benzo-a-phenazoxoni um chlori Me I ndopheriol s such as
2, 6- di chl abogHenhmM tcnabophEh oM, (U@ ) from ablout3daM toebostdOhmisarsi mdealsealyer ' s

green and .phenyl e bl ue; and,.the like. O particular interest in many
enbodi nentf’%nh%“bﬁgﬁ&&ﬁﬁé’b@&} s) e.g. PMB, phenazine ethosulfate,
met hoxyphenazi nedRtifPRHthé fi@zaHth &f doaiPofd dWRED&! d9¥5e the billfed: PgBRI ecul ar

wei ght, non-proteinaceous el ectron transfer agent in nany e‘ﬂgodi ments. In
many éfbodpmpasigonstdise inclgde ameiéastivepmornt@iha nifritst ssihbizing agens | Byceffastive r ansf er

5 agent is_an _enzyne that i abl e .0xidi zi ng,.a reduced,cofactor, e.dg.
NanCP) Hy SRR ST A oo} aGRBRRS ok A i Chre Pl SRR SR & np ©
produci ng a@yeitedytorhprofiied o atfedediR Siteteld] By &dposire @it MSTiedr vy AR | S a
di aphorase, such as |ipoic dehydrogenase, ferredoxin-NADP reductase,

| i poani de ateHp M avsitesiebilizingpgend employedyisrane dhat is wifigient 40 pervidedpr 8i aphor ases
are avail . . > kve 10 reiall

avai | abl o AP igRD eu B TR FRe B pHOVAR L FRETRET bl Wend ErBRERRER S Guc ng
systens i medavdlesslpfaihethesit s exposydas dightdraiatl pribruschlira@erifatis g, A Vétiizolum

di aphorase, porcine di aphorase, and the like. As indicated abgve, the
subj ect cONHEAPPOWHPIGSER! 1h AU reagenkrqmpgsitigatis gensifleyeddg bpstabtlizedfor By wet

conpositi i : - U PRSI L O Ly D) . =B

conposi ti %EI.IJO ﬁﬁq@g#@g&lﬁ gr?g???%géntﬁg gﬂl’tsngl rgérl ggﬂuelééfg%rsbésl coér%;riB 3%‘?2‘& ons,
such as cexpssue todighi dpes abi exesed atlouth fald.cuswally abonoh fold as hempared tdthedr y
conpositions is neant .a co sition that is t flpyid).i.e., in dry form
SUCh a5 o SEOMCRETEhPHoHIPI REEL | iStenisrposei o Riessaleichinsiiinecho aaiaiSs
conpospt i YRsiod fefo¥Rll FREk MBI UNLEISW. haB@RMiu cBinpbiRi prasentifiSLaybed in
greater detail below. 20 \GENT TEST STRI PS particular interest in many
ermbodi nenteagent compositib éscronpideed to bhstahibzaddag pyrposes of this mvprtiantifany ncl ude

t he above i LY f . 4 re in ded far use in 25
reasur g UTaCisedE et EERaRia ORRAS U0 R o 's TF A0S hcod -

parti cul ambotiti2efoldyuantly @Boyr 2@/ ioltess dimpasddto ik digial propaitics @bdepvedavtiparit iscul ar

anal yte in whole blood, e.qg., betahydroxyhutyrate, glucose, etc. In the

br oadest #8h@Posedie lighhgeActermpaed wiing the e¥lpafipapratogdreppriedpp Sramaked. a dry
reage C kL O : t VAN ption is
g R e T L i e R T L L R
si gnal i ntypieali3@anges frencaboof 2 tdaboan$0y tsallly fiont &voas T . to laboun20. Asoadi ment s
of the subject invention, the dry reagent .conpqsition present on the

subj ect t S EpTbphiTReatsy s coRgeniratien GEHBE MtFE DY ARG FEEdRE BF SOMARSIURLI yt e
oxi di zi ng G3gY fBm HBuHI MR ARLEGRRS usudlly BbRHHAN.S MaRS{Rl GBI While any\at er
soluble tetrazoliumsalt, and a nitrite stabilizing reagent, where each of
t hese consuitablenitritersiabidizingeagentdnayche dreployad, of pratie@vardeterest arabirite. salts) sneny

enbodi_pents, fhe subject test.stri include. a nenbrane test, pad.that is
a1l t 68 sodRmiEh Belr 55 bile, e ey B TSR en Bt igor

pol yst yr epgrticOMt Rifereflin MaRPEiBEdiffents of theTR{Htioh CTIR&en&d oftRY nififeer
suitable material known in the art. Associated with the test pad, e.g.)

coat ed ons@bilizingagent stabilizes thedeipazolivadlye ntith respsct todighperposese of at least abaut
reagent conposition. The strip may al so be configured in nore conpl ex
arrangenents, e.g., where the test pad is present between the support and a
surface | ayer, where one or nore reagents enployed in sanple processing my
be present on the surface layer. In addifgion, flow paths to or channel s may
be present on the test strip, as is known in the art. O interest in many
enbodi nents are the test strip configurations disclosed in U S. Patent No.
5,902,731, the disclosure of which is herein incorporated by reference.



.I'n the subject test strips, the dry reagent conposition is associated wth,
e.g., present on or in, a carrier material or substrate. The substrate nmay
be bi bul ous or non-bi bul ous. By 15 bibulous is neant a material that
exhibits preferential retention of one or nore conmponents as woul d occur,

f or exanpB épudsnofrentae idasd Hoatephdlre amf sontzesiatebianigagyabsutrid| b, 120, 2448, 12 houws e
conponents, as occurs in chromatographi c separations. Exanpl es of bibul ous
mat eri al s®T ®W€%de, but are not limted to: nylon, untreated forns of paper,
ni trocel | ul ose : | JpK 6, | G dBRYbdnt EOmEo ' %R%E tion of
conponent s conf\g?%gdgﬁerﬁl 4%%%%5%#0% %re %ﬁpgg%wgﬁggﬁ?%ug .d%

Al t er nat i addiyonal endbeissif matealpeyoxibzing sighal lpuddmaing siktembB P silgoalpreduoiigr at es

i nclude inert porous ri.ces_whi ch provide su rt. for the varjou
mobert ofSeHeIGHAR CIASHOL P Sy TE COMBSIS BE GG IEa WGP AP HE AL o
posi tive ehaipaf conddRSEhAPLdrASY, 8 Sro RS Rdobb iR I HLH ihgeRdr YR 2
| ocation for —application of a physiological sanpl®) e.g., | ood, and

det ect i onpmfertichef,@hd ofteyamount f ,adpacticubaradalyedn b\gienasamypke. The tehe signglnal
produci ng_syst.em As such, . the matrix is typically o that i s permssive
bt “aqueo BHRRESYIGA RS B eS s o paib e Pyl & k! ereatBace for ¢ he
chenm cal ¢&RGHIARDS He sighRl podB@hg PYsRaWES WEll YS§RMN B WK o @GRoredf MeDer

of different porous nmatrtices have ‘been devel opéd for use in various analyte
meas ut®nereagent saysituents arh separatgdcieem theyreniainder ofithe reagend cofistiBsnisae.gr pRiss

pore sizes, di rrenﬁlitons and the |like) where representative matrices include
those desBEFBR4 KU S. Patent Nos: 55,932,431; 5,874,099; 5,871, 767;
5,869, 077; 5, 846 ndaAtiondd 2b3de, ARklsighnl %ﬁﬂu&'ﬁ sysrerB 0P1h8 48bjeér cOBpoditidas is an

5,670, 381; 5,663,054; 5,459,080; 5,459, 078; 5,441,894 and 5,212,061; the

di scl osur asplye owadizing sigral peadaringisydenptheanalyiaskidiamgrageids genseally agi nmensi ons
and por osj f o I r. i y or
may ot nem IS cleBl oF Lish Gl @lae ooy AR cleRio b ol 10
sanpl es appkidizad ferim ofape aalpeadasaat beidizhtg @aymes dihiatefsst artude analggioaidasdsn
many enbodi pents, the matrix is confi gurgtgiaas a. nenbrane test, pad and is
211 xed ¢ endansbs dehydpsenases- (ahde pesey _ref%hﬂ{;ﬁisl& %Ptareawﬁlen&eg.ﬂg., 5
polystyr egﬁlcogydx%sﬁgwﬁé% bﬁ@%&@lpﬁe iQFIUGFsIe?,chthstgﬁ)?S idgge r@ﬁ%re%@?r{al Ligd abl e
material Known 1nt art. ntefest i'n many enbodi ments are the test
stri p conthgestadl)paisohdl sxidasdehere the SalyPaisatohdl)sbilibibey axidsse ;(wherd 6lg;, 836;

5,968, 760; 5,902, 731; 5,846,486, 5,843,692 .5, 843, 691: .5, 789, 255:

5. 780, 304?“%‘95%?‘%%‘%’3“)5‘3%3*?2’2 aseg(" %,tg@gﬁalg? ‘ffg‘,og%éi fogmal 2‘,‘&@3; 383, 550:
381, 594, 5&@@5@%@ e h@%ﬁhggﬂélyt@i%ﬂﬂ&gd@;gﬁﬁalﬁﬁgbxﬁlam%%qm Eﬁagyté@@;
5,453,360, 10 5,426,032; 5,418, 142; 5,306, 623; 5, 304, 468; 5,179, 005;

5. 059, 394L-glutem: apgd); glicyghoxidae (whae thegmal yieria glycaral); gaactoseipxidese (vheser es

of which el n.i K por . ] . it
Fepr esent GEpaSleds BalaE R AL AR P FLERE Be dSRIP SRechbic el o
6, 200, 733o%idakeIwhHeR tiSdnalyi& & ldéticdcih pleasin©bxiddse (Whéare ehd@rabjtdrisileuwirepor at ed

by reference. 15 The subject test strips, may be fabricated enpl oying any
conveni enfM2fioeudee (Whefe theapons Bivalisrastidydyiruvate @xddass hvhere the analyiesis "t he
t est d i .qn: Qf ' ' NS SORABIE ;gL that includes all
of thgsarreﬁg{é&fg%g@ilﬁéeﬁégfééén&%éngggﬁ%l?{g2§?ﬂr’g%&§?e t%‘Ell)lgg'associ ated with
t he test pad i Analye dehpdibgemasaparitinteresttindtide, put e nvelimied {oy jlcolid t est pad

may be i rsed in the aguequs si,;tiQn, maintaine herein for a
Cut 1 oi enfelygraBsBas o 3lopbos Ay mAIa s O et B By ARV S UGG of ¢ he
reagent t Qﬁyd%g'ehﬁe‘mﬂ'délb‘cdgésgl@c%%@-%ﬁﬂab%aié&h?%é&ha&@ﬂ)r \%ﬁlﬁlg&pé-pﬁ&%ﬂs,i tion

is produced.” As stated above, the aqueous conposition i ncl ude the
vari ous nghiteenate déhydigenasa denrglutemiganid; gl ysaral delydregsnseifon glycemlt beta-he t est

Prountd o YRRt SRy odenBie B Bl Fal i PR RO SRo e Pl e | "
conposi ti ik steaitl; 1.3adeate dél@ebgenase ey IL-eftatdd dchcinbdehyibgenabefof ledsink Ralate

el ectron transfer agent is non-protei naceous, the concentration of electron
transfer defedrogsnassdar mplic a0, and ghiaiyais delavdsessnasedar pypricafidy ranges from
about 10 to 50,000, usually from about 50 to 10,000 and nore usually from
about 100 to 5,000 p,M In other enbodi nent where the electron transfer
agent is proteinaceous, the concentration of the electron transfer agent
present in the aqueous conposition typically ranges fromabout 10 to

10, 000, wusually 30 from about 50 to 5,000 and nore usually from about 100
to 3,000 Um. The concentration of tetrazoliumdye, e.g., tetrazolium
salt, present in the agueous conposition ranges fromabout 3 mMMto 36 MV
usually fromabout 6 mMMto 24nM When present, the enzynme cofactor ranges
in concentration fromabout 1.5 mMMto 28 mM wusually from about 3.5mM 10

. a A o o I oy



find use in methods of detecting the presence of, and often the anmount of,
i.e., the concentration of, an analyte in a sanple. A variety of different
anal ytes may be detected using the subject nethods, where representative
anal ytes include those descri bed above, e.g., alcohol) fornal dehyde,

gl ucose, ~glut 4ﬁﬂrﬁn?6inﬂodiﬁ{e)i€s?fh@|subj9@tts?gn5%;§ibw@§}¥feﬁis%sdiﬁélaﬁé @i énzyrhe

| eucine, malic acid, pyruvic acid, steroids, etc. Wile in principle, the
subj ect neofistes thahis aspatle etiinfesaciiag avith the oxidiZing ag§Bhiad magr sHchdhgat the
concentrat | f ) i vak:i j f ' ical

canpl os, e d Bt a0 SR L0 o OG- Rkl Shith FRAREpRIMLAIRKERS e, |
sui ted forenthife tdfacler Bnaymé Ofadtbs of aneestiin@idepbutaire At 1ahiadd/foei.¢.)bded-0od or

bl ood fractions, e.qg., blood derived sanples, and nore particularly in

whol e Bl oover;otlngmd(cia%@r@ﬂ@dﬁnpcla@tldrq (betaNAD S betg-nieptingpigecadeningdifgigleotid e
sanpl e an [ | ' : ' dpto. a.reaction.

it ure. The el GREN RDPL LA AR RITRIAGe; BRI BURARGE lhine, | o
t o gener atdinuledtignphosphate;aftotinamide I, N6-eftfcasaietifie dinucRoddfmicninamite N6 )
analyte in the sanple, and the resultant sjgnal is detected and related to
the preserféensrdeping dinicleeHdaprasabaterand gyEplprquinaling QEINORRHTQQ): pRE flaksy e

steps may CE -} i i

e R A G T R
enbodileentiscludddan dieosubjest sgml paidecipg aysteraninalude A DH aréSADER)H gdRQQH2.
described supra. Lp.certain enbodjments, a feature . of the subject methods
' that the. detbeddipio e SHARE tasnb s HISH yIEM RE WS BE SR 1 o e
on the sup U@l addiE 3l dléchon FARBONHES hhe ahflorn made
up of wat éiﬁgﬁ\yﬁ ?lg&lf%rférlrgb;{%} for(s)du?: © V\hBi%"(::h i snt i g%%eg%ﬁnc tga 30 oﬁe

subst r at e s mdieute thatadan tfansfer an elentroot inlihe foemaif layhydedoivadirbmamedibeedsur f ace

under standard hi n ondj ti , t andar,d hi ng conditions,i ant
Uhe-cond, eronte it BuboRals) saie tedh B PRt BReUESRET b BT BB cny s
wher e 1gnb9hmdq&mmmw_ﬁﬂq mgﬁ niofeclRir WRIERY Edcthdankiee agdntd. ¢ this s‘iﬂéciﬁéamﬂ, € of
standard washi ng conditions are those e%I oyed by those 11 of skill in

the art i dowmalgculsdeeighiraans & medqcylapysightihabdges Robersagsabophd0Q9 daltons,

non- hybri qj i ids ar - rf 3

Fol 1 ovi ng oRfBYG: BB B ATR LETRKELIHENT bUS DEREH Mo RoBUIR . o
skill in tWweigmieands nileehlar svefghabliatdeast aoneSA00khjatons et ihankmyiesnbolignents
production of a non-washabl e %%Ot on the surface of the positively charged

5 subst r atl®;00Q:08 28.00% dalinss o higheh The gdrculas Weigabol the siehiReleqdarawveighy bl e

f or mazgn j.Ci SRAY mm ' : ds,

t he fizzr@strégéteggﬁlhgn tf% a%%gtlcti/ﬂeg ‘%}ga?ntl t§ 0 the ﬁ@sﬂtloggﬁggﬁnggﬁr%fgﬁ%ggf he
t est stri phe lomemeletiier weight dtatiop tiagsfdeagent is@dosypotainaddoes aompaindofhile the
physi ol ogi,cal s le, e.0., blood,.that is applied to the te strip may
Vary, but HaEParRg pefbeleqa et tita s FGTARu GBI Hrom about G-I,
to 20w, . JRaemusRudfs méint ApoRéptide 0P poliyhiRris HpineGd theft, Sstrip, the bl ood
sanple size that is applied to the test strip may be relatively small,
rangi ng i n si ze Farity abloewtmolseularoveighfinontpsotginaceous glectapouiansisriagenss aoef| | .
Where Pl o i hysi ical. . - I . a variety of

di ffer2§nt qﬂtg’rr?gtt' tgggsie% §¥%§Acﬁ‘g{ea§évé§§%@i\}ﬁ% H%@%&@ﬁ@tﬁ%&%ﬂgds, where the
hemat ocr i t(ARY andhgacHrome(bOR phe2 et sudhSXophertauile| phehazine alehosulEAdGRMSH 0%
15 Fol Il owi ng application of the sanple to the test strip) the sanple is

al | oned t PhFeazsic aliashifatpanpthpp@henagineymethasulfatgiand sefgmine gnetid tlefmephtheloduce
a detecta . 1 : h tonk S e LR an
amount - pr opEr g henbinfizinel ARNARPTIAR K8 Rdica Pllon, RS, iy [THEE Burt A
present i (AA)eazeeenPl(AB), BaercalriAM}), nethydeteddicaMB), pretdlsrie, greengMGsdngnal
produced by the signal. producing, systemin the for t he non- washabl e
ot s CHuis P O DR CE R AR i SRS DT e AR R g ey (ST
initial sam i a4 mﬁi Sy i - , .perform
t he aboveq)@lﬁtlt (c)llneg}(q%gjeetg%?i(gn a dggr?]g 3)%?}2&#5&}2’%@%&;2%%@%?“?‘ﬁé)’above
descri bed Indmphendfnsuctiek @E-diohlosuptieticd idophenos (BOEP); &kl Inddrhindssuchgkr unent s
for performng the same, are further descriped in U S. Patent Nos.

4,734, 360;Bla4%b%ﬂlqé&rew,@§@?9 ?ﬂe@?@s@f,@gw;l&s-, @ma,ru@}gar igtesgsbingpany

5,418, 142; 5, 426, 032;

7



.25 5,515,170; 5,526, 120; 5,563,042; 5,620, 863; 5,753,429; 5,573, 452;

5,780, 304; 5,789, 255; 5,843,691; S, 846, 486; 5,902,731; 5,968,836 and
5,972,294; the disclosures of which are herein incorporated by reference.
In the relation step, the derived anal yte concentration takes into account
t he const ambodimentsi deiphanaziaé compmaids, gy, PMK; tphemmirtecthdselfatbser ved si gnal
e.g., by calibrating the instrunment accordin 30 KITS A's rovj ded by
the subj ediethBhfRGRe MethoRplfae pagt sa&@@np,nwlpﬁrgbﬁscssw wemétﬁsﬁe@welﬁé& hods.
The kits 1 : I L L J si gnal producing
system as%&tpﬂﬁ%}ggﬁ)l gglétgb\lglg\%',sfg\?vﬁ%&teinﬁﬁ? yséingfndg?}q%}t%duci ng system
conponent s may Ibmaspembodichentst the highimaglémilareagght pracinpaeois eloctrartrasfear at ed,
e.g., present.in separate. conéﬂi ners.. ln certain ﬁnbodi mf\g%ﬁ ‘tihe i gnal

oF oduich ng G 6 GTEFRe Kt jr<agaile of s iDSA EAcef) CoRELOP & N D Heskne ¢ est
strip, as cgﬁ%?r{itaﬁﬁﬂre%@ihgtheﬁ@@az%%?iu%?ialt'ﬁfttﬁe sﬂ?r}ﬁl bedhE'iﬁg S ﬁ&h.%%zﬁay”e_ans for
obtai ning a 5 physiol ogi cal sanple. For exanple) where the physi ological
sanpl e i s ebibodidentshthiselejteonttransfes enrygnefiuia diaphorasec buehiais dipnisaiebydrogenasst, ai ni ng

a blood s | e, . as.a lance fo icking a.fi r..a, lance actuyation
reans. - andeEHn NADP TR iF ripam e e ate NA PR iefhie 8580 o

sol ution Q&ri&Y dndidpKbraes dre AailAN@hnd BaFBNéhPlby&D WhetedBprlelatatient ai ns a
standardi zed concentration of analyte.” In cer?’al n enbodi nents, the Kits

al so ilfcl gammercialy ayadetdel dipphorases thatEy be asesentde thepulieabvgnal pragecidgt ect i ng
t he anmoun r d n . i | QW s a j cation
and rel at its?ﬁsgél{lglgg@ggé ‘ﬁg@s &p{g@g)ﬂ%fa ’ %1%%(%@15{1%%% ’ng&%oa 13?12&?38 ’ E(Erlgfngarrpl e.

| n addi ti dimphorash)an®thedikel oned conponents, the subject kits typically
further include instructions for using the conponents of the kit to
practice the sdisjiedicatesbabnygsthasiubiect RRMpesitiqns acpresay pcutier WBEOL ¢¥t r uct i ons
for practi.gi I j - ¥ Ltabl e
recor di ng AEATIREBY e Ehm PRI R0 RDEE Aok h R BEAGH, OF bl

subst nat e compoditias Spepesmpasitpdnagind aise mtvariodsassacdonfighetions sudhcdsicansteray be
present in the kits as a pac e insert, in the |labeling of the cont.ai ner
of the Ki F%t{‘]g‘{f%ﬂ%‘é’n‘g}ﬂfé a@ﬁéé@gfowa in ghe arty SPTBROSHFQTS 18 S AOOHPOMY OB
subpackagii@)s & Fluid, Ne Q&Y SRR U Dmpobitioh ik IGbiRRIG TReREESENt as an
20 electronic storage data"file present on a suitable conputer readable

st or age nudiamined wateCISREAMFordpasikteins @re tgpicallyl foupdin ageat teahdbopl, Ardessribadhe
act ual instructigﬁqslsre not present in the kit, but nmeans for obtaining the
i nstruct i OhECRELATE! Pt e source, e.g. via the Internet, are provided. An
exanphg of this enbodinent is a kit that includes a web address where the
instructions can _be viewed and/or fromwhich the instructions can be

downl oadeREAGENTHEST SIBMShe i nstructions, this means for obtaining the
instructions is recorded on a suitable substrate. The foll owi ng exanpl es
are offered by way of illustration and not by way of limtation. 30 13
EXPERI MENTAL 5 Obpartichlar interkst inguaap ambbddirmen.of tHe sWbfsct inktriion,ardBagent Gesty5 mV|
NaNO2 (0 or. 0.3

strips 'thaMmclude the above described dry reagent compositions and are intended for use in
25  measuring the presence or concentration of an analyte in a sample. In particular, the
invention provides dry strips for assaying for a particular analyte in whole blood, e.g., beta-
hydroxybutyrate, glucose, etc. In the broadest sense, the reagent test strip includes a solid
support and a dry reagent composition present thereon, where the dry reagent composition is
made up of all of the reagent compounds necessary to produce a detectable signal in the
30 presence of the analyte of interest. In most embodiments of the subject invention, the dry

reagent composition present on the subject test strip is one that includes the following

members: an analyte oxidizing enzyme, an enzyme cofactor, an electron transfer agent, a



The above sol utions were set under |ight or dark for 24 hr individually.
The solution was neasured by UV-Vis by 10 fold dilution. The results are
shown in Figure 1 & 2. Figure 1 shows the result of the solution wthout
NaNO2, the solution was set in dark or under the 10 |ight respectively.

Figure 2 simsssolubke teesaolitmadalt] 4nel asotrisé stabsiliving heddaMO@hereleactsall théseon was set
i n dark or under the |ight respectively. 15 Exanple 2, In dry form Table 1.
Dry form EBRSEHEhMEMpSE) aEe desaibaddn erates detail \Be¥s: 100

m (N-[ 2- Hydr ox [ I NE= N e 5 : ' ' [ sal t
(H(EPE[S) E\%v 260?@%& LH#EF)&E%%{SL@S P‘é‘”%&%ﬁéﬁ? %ﬁgjdé%ér}g@%ge%ﬁg rtgat(f‘éé( FW
381.4, Si affied$d a sblidisippoThdiappat hagBantplan -G Opotydyrene nylonl et64 ( BASF
Co oration, Moun Aive, New Jerse , USA) 1.5 nRopose (. 182, Si .ma, St.
Loui s, 5 MOPOLeHSE: wseﬁa%gﬁw PT 4y O(t'iwgl}fzbie mateanl keoeh 1%%?“-#159\%@&%&“% ,
USAO or 2 - ' L d : . |

Naora uco R P?%é%@( %%T%@otshg?él% 89‘%&0@@% AT B?‘gc‘f ?Cy’qs fftfedbent

Met hyl vi ngbmpbstiem|Tthe st pehay alémbe configered Mi\iror© 886w arrGegetheB, & g6 Vher?,

Al drich em cal 5, M| wapkee . USA ke 6% Gantrez in water, heat to 95
C for 1 estht ipaais ReEse bevgen He PR HACHTS: 1 Bc e B Ot TR —, m
nyl on menppansea @dnf;[];ﬂsl Ff&@dar@afhéy BeprBRnedd B8 shffaellaydr. Ihadditien, f1&# pathpped
into the reagent of Table 1, until saturated. The excess reagent was
scrapdfl ofof clepanelsynayi etpresentsongthe sest stopl, as Thinavwesinl the agy Glintereshin magy hung t o

ot um i EoPATGER kel od SRaeTE TR RREAUTD. BRSO S N Uftallie )"

The refl eqlisgBeref which iFBBRIMNCorpORtADITHfefficky Macbath. The results are
shown in Figure 3 & 4. Figure 3 shows the result of the nenbrane w thout 14

NaN02, the nentt thesubiget tesstrips, e dry 1gagenhesnpasiiion|is gsocipted pady £:gelpyesei gur e

or “undar  CRe" e g e BERG AR, S iRl nad DELBFRNS AR EPuRE A e

di scugsi omibubals i§ heamwahatetialitha erhibinprefepstitidefetdntion iofrprioans@icompehents
previous tetrazolium dye reagent conpositjons, in that it provides for

as would occur, for example, in materials capa%)le of absorbing or "imbibing" one or more
components, as occurs in chromatographic separations. Examples of bibulous materials

include, but are not limited to: nylon, untreated forms of paper, nitrocellulose and the like
which result in chromatographic separation of components contained in liquids which are

20  passed therethrough.

Alternatively, the substrate may be non-bibulous. Non-bibulous substrates include
inert porous matrices which provide a support for the various members of the signal
producing system, described infra, and may have a positive charge. These matrices are
generally configured to provide a location for application of a physiological sample, e.g.,

25  blood, and detection of the chromogenic product produced by the dye of the signal
producing system. As such, the matrix is typically one that is permissive of aqueous fluid
flow through it and provides sufficient void space for the chemical reactions of the signal
producing system to take place. A number of different porous matrices have been developed
for use in various analyte measurement assays, which matrices may differ in terms of

30  materials, pore sizes, dimensions 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;
5,834,001; 5,800,829; 5,800,828; 5,798,113; 5,670,381; 5,663,054; 5,459,080, 5,459,078;
5,441,894 and 5,212,061, the disclosures of which are herein incorporated by reference. The



-a convenient way to stabilize the dye conponent so that |ight exposure does
not adversely effect the dye. As such, the subject invention represents a
significant contribution to the art. to All publications and patents cited
in this specification are herein incorporated by reference as if each

i ndi vi dualdimersidrsahd @orosity pedhe dst WEp enaypacy freath, Whemnte imachxvindyed iy not
I ndi cated to be incorporated by reference. The citatiqn of any publication
is for itda¥s apPiesity eradiene g ovitharger P‘Prﬁb“?i‘&f)éatéh‘as@}*iﬁﬁF‘EPIWBE’O'b@g&Br@@drued

as an admgs; Egppvc;rggag,l}éw@et%%ﬁ? or, TG Uhploigfl a%thlh@hgﬁ é&f%ﬂfegg‘%e such

publlcatlon rior nventlo or ego
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15 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
immersed in the aqueous composition, maintained therein for a sufficient period of time and

20 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
desired amounts in the reagent composition that is produced on the test pad. As such, where

25 the electron transfer agent is non-proteinaceous, the concentration of electron transfer agent
present in this aqueous composition typically ranges from about 10 to 50,000, usually from
about 50 to 10,000 and more usually from about 100 to 5,000 uM. In other embodiment
where the electron transfer agent is proteinaceous, the concentration of the electron transfer
agent present in the aqueous composition typically ranges from about 10 to 10,000, usually

30  from about 50 to 5,000 and more usually from about 100 to 3,000 U/ml. The concentration
of tetrazolium dye, e.g., tetrazolium salt, present in the aqueous composition ranges from
about 3 mM to 36 mM, usually from about 6 mM to 24mM. When present, the enzyme

cofactor ranges in concentration from about 1.5 mM to 28 mM, usually from about 3.5mM
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8. An anal yte detection or neasurenent system conprising: (a) a reagent
test strip according to Cainv; and ( b) an automated instrunent. 30 9. A
nmet hod for detecting the presence or determ ning the concentration of an
analyte in a sanple) said nethod conprising: (a) applying said
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10928 () - AR XA e RGN M SR koY it

109Z&1§ ) - Gt RRalig acid,' phAkdBRadid, s&IA8E &td, WHikSihgEhSiple, the subject methods may

10°/<Z&: (),slow& ( -(10%2& ()-9' ' 109%& () - Y40%/& (t)a_ $£ma o in 2 variety o

109Z8& () - be uspdie t)enm)a@egpresence, and often concentration, of an analyt variety of
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).

20 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
generate a signal indicative of the presence of (and often amount of) analyte in the sample,
and the resultant signal is detected and related to the presence of (and often amount of)
analyte in the sample. The above steps may take place in a suitable volume containment

25  means, e.g., cuvette, where the reagent composition is a fluid composition. In many
embodiments, the above steps take place on a reagent test strip as described supra.

In certain embodiments, a feature of the subject methods is that the detectable signal
is made up of a non-washable spot that forms on the surface of the substrate of the strip. The
non-washable spot is made up of water soluble formazan product which is tightly bound to

30 the substrate surface such that it cannot be readily removed from the surface under standard
washing conditions. By standard washing conditions is meant the conditions experienced by

substrate surface in analyte detection assays where unbound component has to be removed

from the surface. An example of standard washing conditions are those employed by those

11
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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
5  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.
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

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

15 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
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

20  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
well as instruments for performing the same, are further described in U.S. Patent Nos.
4,734,360; 4,900,666; 4,935,346; 5,059,394 5,304,468; 5,306,623; 5,418,142; 5,426,032;

25 5,515,170; 5,526,120, 5,563,042; 5,620,863; 5,753,429, 5,573,452; 5,780,304, 5,789,255;
5,843,691, 5,846,486; 5,902,731, 5,968,836 and 5,972,294, the disclosures of which are
herein incorporated by reference. In the relation step, the derived analyte concentration
takes into account the constant contribution of competing reactions to the observed signal,
e.g., by calibrating the instrument accordingly.

30
Kirs

Also provided by the subject invention are kits for use in practicing the subject

methods. The kits of the subject invention at least include a signal producing system as

12



1 $$109& ()- !, s $10%& ()-!,s $10%& ()-BCXyl J91! 10 1!;s$10%& ()-!

$1096G8 ()- !#3 $10% & ()- ! $10%j:j & ()- MLO%G& ()- 10 x!!#" %H#)} [ <91!

19' $109%G&' ()-!; 9" $109%& () - %d0%3& () - s$SL0%P& () - ! ;

S$109EES ()-!65$10% } & () - #$& & &' &u' (OML!

19' $10!, / é&itBéd dblo&é (v)heke, B}$Js@%alqiro&ic@r)g—syit@m]dbnmh&t#m‘}’&e(c))mbmed intoa
C#109%& ()-. (P)*+, OML! ! | %$1a€% %kz?&) y$100@4& () -7!1y$10%.,}, & ()-Z
MB109%478& %‘)‘glFlreagm‘ sifign (’5 SqPArategy Sf(‘)t Lpepgraiq Gmainers. ﬁ&lcﬁflt $1o%} 116

$100&!
% $100/§L% &#?éqm% ifﬁ‘%%}‘al N |g}s§i‘%%>vv‘2%e% itk %S-ll“él%e 5B 1% 0 2 &

' () - ! 65108, )as Uwﬁmﬁlp@ ‘e Eebjgtqt kits n[aE’FEuﬂther 1gdudeOZme DR Gpsddddifig (@) - ! ;
(l/asv\igzqg@‘BElr)g gl(,:z%% é‘%@% r%gg/%ﬂ@ gg;;z;g\ly%igol:qglqal sample is blood, the subject kits

may further include a means for obtainin g a blood sample, such as a lance for sticking a
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

10  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
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

15  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,
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

20  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
kit, but means for obtaining the instructions from a remote source, e.g. via the internet, are
provided. An example of this embodiment is a kit that includes a web address where the
instructions can be viewed and/or from which the instructions can be downloaded. As with

25 the instructions, this means for obtaining the instructions is recorded on a suitable substrate.

The following examples are offered by way of illustration and not by way of

limitation.

30

13



$10%.hLh& ()-!,1 $10%.hLh& ()- @ 9$10%

0& ()-! @9%$10%h& () - &BoCDMEFFFFW [ M 1| @10% 10GhCh 10Ghch

10ChCh! 1- $10%NhCh& () -s! 1- $10%ChCh& () -s! $10% h

h& ()-s! D$10%lhdh& () - sFGE A"IK\ KzX9M ! | #10%

h& () -, ! (#109%HH& () -, ! (#10%t Ht & () -, ! #3#10UChCh& ()-,! 10%hé& ()- 10%

h& ()-\ KLLLQVD*P+PA<.: 10[[!; R

($10% [ & ()-! @$10% h* h& () -! @ $105&E % h&' () -$10% h& ()-y"10%

h& ()-+P, P- PPi QQ<S, TA<: 10[[! (Y ~$10%\ & ()-! (Y

"$10 |\ | & ()-, $10%| & ()-!, $10%& ()-!, $10%& () (10[[ 10[[, TBUVXKXY: [ ZX6<:
10[ ! 6- $10Fxp@ple) L, In S3B00Hfor| & () - #109%4U& () -

#10%)| o] & ()- ! @10%| 4| & ()-"'Y ~$10%4| 4| & () - [ [<[=[\n*t_oM

10[ ! 6-$10% | ! (, $109H& () -1 #, $10U%F CF & ()-! (3, $10%hHh& ()-T,, $10% hLh& ()-
10jj 10jj olOi MESaR $BWSTM 6, DM N Partl AN () - t 9610%

h& ()-Z! 6%510%/th&' ()-Z$10% & () -m ; $109% h[ h& (3- m $10%

& () - 8ef f fThe abdne-solativo$ wer@gou,eqe&hgt)mz dadefpr24 he individsdly &Th¢ solutign waslO0 h 10

e Ter P risbare PYUSEY N i ¢ Edtoro ShERAS afhown i Figyisolek 2 Fiew oo &

() - AnnnKogpévpsitie 1@t OF 2! sofatibe Y ih&ul NaNO,, the solution was set in dark or under the
34|\/$10%1| & ()-2110%4| & ()-0nt10%4| & ()-S/ Y10%!t| & ()--10% & () -"~ppgqqqqr G _
10  light respectively. Figure 2 shows the result of the solutlon with NaNO,, the solution was

set in dark or under the light respectively.

Example 2, In dry form
15
Table 1. Dry form Components Table

Components Quantity
Water 100 ml
(N-[2-Hydroxyethyl]piperazine-N’-N[4-butanesulfonic acid, sodium 1.3 gm
salt (HEPES, FW 260.3, Sigma, St. Louis, MO, USA)

Borax decahydrate (FW 381.4, Sigma, St. Louis, MO, USA) 3.0 gm
Gantrez* 6% 20 mL
Pluronic L-64 (BASF Corporation, Moun Olive, New Jersey, USA) 1.5 gm
Robose (MW 182, Sigma, St. Louis, MO, USA) 5gm
Sodium Nitrite (MW69, Aldirch Chemicals, Milwaukee, WI, USA Qor2gm
WST-5 (MW 1331.37, Dojindo) 0.9 gm
Adjusut pH to 6.0 by adding NaOH

Glucose Oxidase (GO, TOYOBO) 100 KU

*Gantrez AN-139 (Poly Methylvinylether-alt-Maleic Anhydride, MW 1,080,000, Cat#
20  41632-0, Aldrich Chemicals, Milwaukee, W1, USA) Make 6% Gantrez in water, heat to 95
C for less than 45 min. to get Gantrez 6% which is ready to use.

A 0.8 pm 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

25  glassrod. The resulting membrane was hung to dry in a 56°C oven for 10 minutes
The membrane was coated with and without sodium nitrite was set in set under light or dark

for 7 hr individually. The reflectance of the membrane was measured by Macbath. The

results are shown in Figure 3 & 4. Figure 3 shows the result of the membrane without
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for improvement over previous tetrazolium dye reagent compositions, in that it provides for

a convenient way to stabilize the dye component so that light exposure does not adversely

effect the dye. As such, the subject invention represents a significant contribution to the art.

10 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
is not entitled to antedate such publication by virtue of prior invention.

15

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

20  appended claims.
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1. A reagent composition comprising:

a tetrazolium dye; and

5 an effective amount of a nitrite stabilizing agent.

2. The composition according to Claim 1, wherein said tetrazolium dye is a water

soluble tetrazolium salt.

10 3. The composition according to Claims 1 or 2, wherein said nitrite stabilizing agent is a

nitrite salt.

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) a reagent test strip according to Claim7; 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 on said test strip is produced;
(b) detecting said spot; and
16
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