WO 01/ 73114 28 SEP 2004  PCT/ US01/ 07619 REAGENT SYSTEMS FOR DETECTI gGh)Jd'wE
PRESENCE OF A REDUCED COFACTOR IN A SAVPLE AND METHODS FOR USI NG TIZ 04
| NTRODUBDI0D3B4Fi el d of the Invention The field of this i PCEFAIS0ON?61%

anal yze detection, particularly reagent systens for use in analyte
detection. Background of the Invention 10 Anal yte detection in

physi ol ogi REAGENT 8YSTEMS FORMETECHING THE PRESENCE OR A, REDUCED ever

i ncreasi ng i nport t 'S SQGI al vte detection assays find
use in a var%ﬁ?%ﬁéﬁﬁmﬁ*‘%ﬁﬁn %*‘m%mpamﬁ testing,
honme testing, etc., where the results of such testing play a prom nent

role in diagnosis and managenent in a variety of disease conditions.
Anal ytes of interest include al cCYIRODUGTIGINIehyde, gl ucose, glutarnic

acid, 1 ,gléfﬁrgl, bet a- hydr oxybutyrate, L-lactate, |eucine, malic acid,
pyruvi c 1 _ s, etc. In response to this grow ng inportance of
anal yte det eghd fidld ofith¥dhv@iibn N ardfiAe YérBeritil ssﬁibﬁaagy Rla@dn? s émPRFudy i ces
for both clinical and honme use have been devel oped. ny of the protocols

and devianakge tétettionave been devel oped to date enpl oy a signal producing
systemto identify the presence of the analyte of interest in a
physi ol ogi cal sanple, such as blood. 20 One type of signal producing

. system @ag%gdda(jﬂtmgvéﬂﬁghhe detection of a variety of different analytes
is one in I ch a dehydrogenase oxidizes the anal Yte of interest and
concléni t ant | y\nalpg detestiemindbysigiogicst Buds e 2. binod asdlaedrieryed profucts, dcdficed
formof the ] R.H,. i Sy ipg Elﬁﬁt uent
reactioﬁvmlq%ga%ggﬁ%{fag?e g’o&%isﬁgﬂgen : gd%g p eag%zgl%{ecp'&n%?%ggu ate or
a di aphoF agfications indhidins Elinical Aborkey testing| Ilome t2Etimge roX whesk theteulis fuch as

a tetrazoliumsalt, to produce a detectable product. Wiile _a variety of
such si gweh WWSQI?EiarPQO‘Q%E“e‘}?i‘ iRAiRENgEE AN EPBILSEERt in g Vadety of &seqage in the

det ect| QfngifioR Mhdiftedéjhtteét BEndt bicBhENforfAflelARS gluldiel dhugAilldcuies Lo be a

need for e further devel opment of such syst'ens. For exanpl e, "a signal
pr odusci rptycenpd tetarhptiioxibutymatey Lelackafep leugine omblzrasell pymisictacidnstetids, etadna | oner

Co VUL R RS AR or g AR el B O

al ., H hetebindbevicddB8bothTliBizar #3honde VAR HaVe teth béveloped. 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 sample, such as blood.

20 One type of signal producing system that finds use in the detection of a variety of
different analytes is one in which a dehydrogenase oxidizes the analyte of interest and
concomitantly reduces an enzyme cofactor, such as NAD(P)+. The reduced form of the

) cofactor, e.g. NAD(P)H, is then detected through subsequent reaction with a cofactor
oxidizing agent, e.g. phenazine methosulfate or a diaphorase, that transfers an electronto a

25 redox indicator, such as a tetrazolium salt, to produce a detectable product.

While a variety of such signal producing systems have been developed to date for use
in the detection of a wide variety of different analytes, there continues to be a need for the
further development of such systems. For example, a signal producing system which
provided for an enhanced reaction rate and a lower cost would be of great interest.

30 Relevant Literature

U.S. Patents of interest include: 4,629,697, 5,126,247 and 5,902,731. See aiso Raap
et al., Histochem. J. (1983) 15:881-893.
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Signal producing systems, reagent compositions, test strips and kits of the same, as
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well as methods for their use in the detection of an analyte in a sample, are provided. The
subject signal producing systems are characterized by having at least a first and second
electron transfer agent and a redox indicator, where in many preferred embodiments the

25  systems include a proteinaceous and non-proteinaceous electron transfer agent, e.g. a
phenazine compound and a diaphorase. In many preferred embodiments, the subject systems
and kits further include both an enzyme cofactor and an enzyme having an analyte oxidizing
activity, e.g. an analyte dehydrogenase. The subject systems, reagent compositions, test
strips 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.

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
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A feature of the subject signal producing systems is the presence of two distinct
electron transfer agents. By electron transfer agent is meant a compound or molecule that
) can transfer an electron, in the form of a hydride ion, from a reduced enzyme cofactor to a

redox indicator. In the subject signal producing systems, the first of the distinct electron

25 transfer agents is a Jow molecular weight molecule, while the second electron transfer agent
is a high molecular weight molecule. In this specification, low molecular weight means a
molecular weight that does not exceed about 2000 daltons, usually about 1000 daltons and in
many embodiments about 500 daltons. High molecular weight means a molecular weight of
at least about S000 daltons and in many embodiments 10,000 or 20,000 daitons or higher.

30  The molecular weight of the high molecular weight electron transfer agent often will not
exceed about 100,000 daltons. In many embodiments, the low motecular weight electron

transfer agent is a non-proteinaceous compound while the high molecular weight electron
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PCT/ USO1/ G4 ilrﬁy be present in the subject signal producing systems include bacillus diaphorase,

clostridium diaphorase, vibrio diaphorase, porcine diaphorase, and the like.
In the subject signal producing systems, the ratio of the first to the second electron
25  transfer agent is chosen to provide for an accelerated reaction rate as compared to a control,
e.g. a comparable signal producing system with a single electron transfer agent, e.g. only
PMS or a diaphorase. Typically, the ratio of the first to the second electron transfer agent in
the subject systems ranges from about 0.001 to 10, usually from about 0.01 to 1.0 and more
usually from about 0.05 to 0.5 (nmole/U), respectively.
30 In addition to the above described first and second electron transfer agents, the
subject signal producing systems also include a redox indicator. By redox indicator is meant
a compound that is capable of being reduced by the electron transfer agents to produce a

detectable, e.g. chromogenic, product. Where the redox indicator produces a chromogenic
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and he. PHRE AR AP Cr BRI, AP AR R (RTR AT caai 1y
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t b ful
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and 4, : ; the

di scl’é‘sur%‘%‘ ?H”Rh‘h“%%wﬁeﬁhé’?e?ﬁe"iz?fwcﬂﬁr?sg{&ﬁlgﬁ( ef erence. 30 The above

descri bedsuﬁg&n@ t]iphélﬂl]%}’ﬁl(ﬁﬁmd:ﬁ\&ﬁoﬁaﬂabeﬁJhQﬂyléiﬁ?cﬁt@{rhﬂﬁuhﬂe presence

yme co

of a redu actor in a sanplée, particularly an aqueous sarrpl e

and nor e digadium salt @GVST-5X Wmhwl)@ p-lgépnhp@l)-%pgenyhmzehwn
Bof act o <IN 158 FLRECWSd "L EPistiten b e Btinfhte BEER %?)*%%i@w“‘g
PCT/ USO1/ & &1l:80us medmm, whlch is most compatible with biological samples. Furthermore, the
25 resulting formazan compound exhibits strong spectral absorption at the purple-blue region,
thus reducing the need for correcting the background signal from hemoglobin. Other useful
tetrazolium salts are disclosed in U.S. Pat. Nos. 4,490, 465; 4,491,631; 4,598,042; 4,351,899,
4,271,265; 4,247,633; 4,223,090; 4,215,917, 4,142,938, 4,024,021, 3,867,259, 3,867,257,
3,791,931; and 4,254,222; the disclosures of which are herein incorporated by reference.
30 The above described signal producing systems are capable of detecting the presence
of a reduced enzyme cofactor in a sample, particularly an aqueous sample and more
particularly a physiological sample, e.g. whole blood or a fraction or derivative thereof. A

variety of different reduced enzyme cofactors may be detected using the subject signal
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i nt er est cafastdrsidbinterdsciopisde tossdrsenadabeve. oe. hftewirerinamge 4Ry de
dehyd f gl . -
o urose GRBHBuE (e AR, Tl Conrdh R AC AURERARAE Bosp e BUCRADE),

dehyds oggaRetitmtideddehinetnudedtille, @oridoginemile adehiyel dingelnatide fhosphgtey cer ol |
bet a- hydr oxybut yrat e dehydrogenase for heta- hyd ybut yr at e
hydroxysﬂ@?‘@?@%éhﬁ?‘@@&ﬁﬁ?féﬁﬁf&m gidg; pCotmamLes g%*&@ﬂ%&%‘ nase for L-
lact at e, g ghal; QFE PAF S0l qRindiif'GhiASn  Ensipthy dsfagenage for malic
aci d, angi'k py?‘gggﬁwd%%ygrggingsqg% olr gyr uv?_ga%(g}ld. As can be seen from

t he abovpartieyus dmenestahat vy be sncluded fire thersubjgetesignal progueing sysieppdnelude; ypi cal | y
a dehydrﬁﬂgﬁ_gseIS GENT COWVPQOSI TI ONS Al so provi ded by the subject

i nventio Of "conpositions for use in detecting at |east a

reduggd enzyngy, Mdizifg)ehzyihe FRex¥ntaiBieokdi g pfodacitlg systény hecessarilya sanpl e.

The 6 dsp?:nclSsEoi tﬁg na4ture of the analyte to be detected with the system. Representative analyte
oxidizing enzymes of interest include: alcohol dehydrogenase for alcohol, formaidehyde
dehydrogenase for formaldehyde, glucose dehydrogenase for glucose, glucose-6-phosphate
dehydrogenase for glucose-6-phosphate, glutamate dehydrogenase for glutamic acid,

25 glycerol dehydrogenase for glycerol, beta-hydroxybutyrate dehydrogenase for beta-
hydroxybutyrate, hydroxysteroid dehydrogenase for steroid, L-lactate dehydrogenase for L-
lactate, Jeucine dehydrogenase for leucine, malate dehydrogenase for malic acid, and
pyruvate dehydrogenase for pyruvic acid. As can be seen from the above representative list,
the analyte oxidizing enzyme is typically a dehydrogenase.

30
REAGENT COMPOSITIONS

Also provided by the subject invention are reagent compositions for use in detecting

at least a reduced enzyme cofactor, and in many embodiments and analyte, in a sample. The

6



WO 01/73114 PCT/ USOL/ 07619 reagent conpositions may be fluid, e.g. 2 8 SEP 2004
aqueous, or dry conpositions, where in many enbodi nents t
conposi‘Y?BH?‘h#le dry conpositions. At a nminimm the subj %@fwg{ﬁﬁg‘ggnt
conpositions are ones that include the first and second el ectron transfer
agent and the redox indicator, where these conponents are_ described
above. SagEAt saBRRSHIONSMAY, bp H4id; £ 8nadusPs, Qfidry SPBpeBtionsswhergin MY det ect i on

of redugﬁ? ﬁmﬁy t : I | . I

enbodi nén sc,i O%gé@?&ﬁﬁg@ggggﬁ%arg%&sar?aﬁ%ﬂﬁéhsf ‘t‘}??ﬁr ufnh{cilfggg%én enzyme
cof act ofeagentica@npmitiohy are omes thar inclpde nizeyfivst amhsecond Hlecteonceanplensuehisandr e
descri bed above, to RLEACE{‘\I'I' TEST STRIPS Al sQ provided by the subject

i nvent i b redos indicatpnwherg these cpmpenents arg desqribed abave: SHER pgENt pr esence of an
anal yte i ds itabft BRUL ifthderedifdh dFURIEl SRR, gy Strips Tor
assa%i n((fqd c?rgmga{)rg%tg?%ahrlar analﬁyte h whoqe og , e.%&#ﬁﬁs' L4

bet a- hy NADX(Bb tity 4 sdneple. §h mang embetiments| howkeerptheacmpent cmpssitionstfertheeagent
test strip.includes solid, su rt and.a dry reagent. 13 conposition

or s ent IneHES BUFRZVRA 6olacton andin, MAe eXidizing SRATE: BHOTF LSt eRmRABeR: 6y | of
the reggemedaponounds necessary to produce a detectable signal in the
presence of the analyze of interest. In nost enbodi nents of the subject

i nvention, the dry reagent conposition present on the subject test strip
i's qne that_ingcl he foll ow ng nenbers: an anal yte oxidizing enzyne,
an éﬂzyﬁéﬁéw%éﬁgfﬁ? rst and second el ectron transfer agents and a redox
i ndi cator, 2Riskpesvideddylih@subldie iRemitnsire reupeht feRNFaisTonlse ifléaetindthd i n

reater detail supra. In man}/ enbodi nents, .the subject test, strips include
menbr aresence of anpnalyieiam sampleaslppagisulep the Frventionspiopides dry #6gs Qipport may

be a pl I . n, ,O ) =+ O, I ¢ sheet
or any %%sh%r:fg golrjlgip grbnlcglgpna r?g%ﬁﬂg\%@ oighe'gh{? bzfr?? wﬁﬁ%%ﬂeg#gg%ﬁ%nt s, the
t est padn tedfcadesykense,ah®reagean test biripihcudegs assodid sappdri ander drpagagentor pol yrer
25 nmenbrane.  Associated with the test pad, e.q...coated, ont hg.test pad,
o 08 pocapBI ORI bRy e e Y reaBRE coRipSSiiag enrede sl o b The

SUrip Moo o $8mpouride RededsbrPth gr»]radawaedéi@émexignariﬁ HGRERAdeSf IR ialyteder e t he

test pad I's present between the support and a surface |ayer, where one or
mor e r eampenastsinangst embediments sfthesubjecicavention, theydrheeagens SAMPOSBIPNPHEER ur f ace

| ayer. In_ addition. flo . gmn . Dheh f:he test
strip, 52 tﬁcssu Wi#pt‘glggg&gaﬂ%{ud [ 2@&%@?& n ng‘ingI§ e o%lghrr%%?gs are the
test St renBmROR bgyhe tbfabr, dirstednd secbridrelddiron trdnsfeeagentiand & r&idR indtdtor,t he

di scl osure of which is herein incor porated by reference. The subject test

stri¥s reherarach ahiheseconstitaey members afp deschiRod i grRttenddabwsie  one

conveni ent pk | Sy . | iof the
SO "W Th DIPLARELaubuE R Sbirfie! 6988 i gpmad i aa o

affixed to a solid support. The support may be a plastic — e.g., polystyrene, nylon, or

) polyester - or metallic sheet or any other suitable material known in the art. In many

embodiments, the test pad preferably comprises a bibulous, such as filter paper or polymer

25  membrane. Associated with the test pad, e.g. coated onto the test pad, incorporated into the
test pad, etc., is the reagent composition. The strip may also be configured in more complex
arrangements, e.g. where the test pad is present between the support and a surface layer,
where one or more reagents employed in sample processing may be present on the surface
layer. In addition, flow paths or channels may be present on the test strip, as is known in the

30  art. Of interest in many embodiments are the test strip configurations disclosed in U.S.
Patent No. 5,902,731, the disclosure of which is herein incorporated by 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

7



PCT/ US01/ 07619 conposition that includes all of the menbers of the riehgehull:
conposi tyw@kBalk is to be associated with the test pad i RCTRS0INT63?
reagent test strip. Conveniently, the test pad may be imrersed in the
aqueous conposition, maintained therein for a sufficient period of tine
and t hegorfipdsibn thBeinclyed Alecfitksinenbels of thé feegeneagspkitibe tHat Bitoibp Whi ch has
associ ated therewith the 5 reagent conposition is produced. As stated
above, t #soeigied yith wstew pad indhe ﬁml Feagert tGshgrip. feonvemgntly, the 1e8t HAYEAYYE { he
reagent GORROS] i AP ahGeddS cBRBOGICH Afintlired uhefiin foP S surliath: Qerib 6t fRAGRN!

test strip, ere vari ouS nenbers are present 1 n anounts sufficient to
provi de {hen diieé, whieeby the testpad bfthe reapéne teseagewhick baspesiciatedrthérawith ithe
produced on the test, Had. As%cau‘gh, t he coBcentration of non-pr.o eihnaceous
el ect¥ onTeRBEHSPEIPOSIHER S producer A Haleh phovedhieaqreoyssorpasitan willg c't'éfp'i Eal Iy
ranges f (o aboutndre BMHeQeabRGoMpobifibttol bt afdo@Red WY thelidst Mol Of 2 GRagibt whi | €
the concentration of prot el naceous el ectron transfer agent in the aqueous
conposi t tesnstrip/gherefthewariive menbets aropré@o0n anowrsusifficjent taprovide for theo U to

1000 U. The ,concent.ration of redox. reagent present |n the,aqueo

conposi tﬁ?ﬁﬁ'efﬂéﬁﬁ’é‘gtsf'f‘% TeARY c%mmﬁ"o“‘tﬁ@g?é’r?fﬁfe f o5t Rado s g'bcg'utbs% MM to
24mV WhggnRh@ St of RdiEprefendtBous efe@ b iransRASRAL présedtin @ROSRRbESAL i on from
about 1.5 nMto 280n1\/ld}€;l)15ual | y from about S%Enhgto ‘14 an Simlarly,

t he amal gomposiiiati tiprgllnianges Gompheut 1add e 1000 Wnesuplly fzam about 18MMHSUt * 100

Uto 200Q U d | Iy f t. 200 U to 1000,U wh t Oh
oon 800 R B T o SRR R B o
Prepare hiapbaaefingtEfbmbbi50Uel 3688 U, SRk R 16U 15900we! THe )
chl ori de, PIS, ﬁ

, letronic 1307, Crotein-SPA, sucrose, 20 oxami c acid,
sodi um sabhcenaation hfredpk ccag@uPreshns ivsho equesencogiposition 1anges fram about 8AMa nor e

eagent 1040 T byalty ol poRP SE R Aot Wi eiftes e RO RR St BB Y o

si gngk p&eﬂé&iﬁﬁoﬁﬁahﬁmml.gaﬂartbzsm,qahﬂl?,%mawﬁmmtsnnim. 25 find
use in nethods of detecting the presence of, and often the anpu of , an

anal yt e iSimiarlys shepanalytqoxigizingiagens engeranesnin canpgniation ipmabout Hi ¥ eqd
using th ' r ' ] se
oscri bogoBt) S 35 ySEn i pbAEDG0 UG RORPE Whih bikEen® ORhet cEmportalsiff hay

gl ycer ol belpeésenhindhivagbedus camposition emplayedto frepacd thereagat test stop incluyder uvi c
acid, steroids, etc. Wiile i I nCi . Lhe subj net s may. be used
to det er FPARM ﬂ&o'ﬁf‘eg&seé‘%eﬂaﬁ% gﬁfgﬁgéotmcﬁgbf%meﬁ‘f&g{g sé{ﬁ‘ﬁgft ein a
var i f’{‘% ﬁfﬁfeﬂﬁé {‘ﬁde,%aiumwa?ﬂ, HOE GRY. SeARR eRRrimentaRedion, zﬂjgb,rfar afopé s, saliva,

| )

and y are particularly suited for use in determning. the
concent r atetaled descaption &f ¢ represenigliveonethed fior prepprng thetshbjeds reagesy tesh SEwa-
derived sanples, and nore particularly in whole blood. 8 28 SEP 2004 WO
01/ 73114 PCT/ US01/ 07619

METHODS OF ANALYTE DETECTION

The above described signal producing systems, reagent compositions and test strips
25  find use in methods of detecting the presence of, and often the amount 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,
30 and often concentration, of an analyte in a variety of different physiological samples, such as
urine, tears, saliva, and the Iike, 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.



An inportant feature of the subject methods is that use of the subj @@tSEP 2004
signal producing systens that include both first and second el ectron
transf ewagemyg4aprovi des for an accelerated reaction tinRCBYUSEHIOHE ed to

a control system e.g. a systemthat includes a single electron transfer
agent. Generally, the reaction rate is accelerated or enhanced by a 5
factor of | tAndmpepemdeatgrea thelvebjec riethods is EddB usenaf thie sublent sigral

Furthernore, the reac{hiaon r tg .S gr.eater Ifhan the_theoretic r
pr edi ot oBFOGFIBE SHTERS TBLARG % Soth L F10 5B lpciah FRSter SBsiz PioNifes T
rates proydefiededyeaktion ﬁ:‘il@hé’édi‘l!}ﬁl‘ed%Q‘é&rftﬂil‘_s}sfé‘rﬂ%fg‘?ﬁs:f’sﬁﬁ/mlrﬁu thén@ed act or of |

to3. Wiere the reaction rate i's neasured i'n terms o S per sec (see the
exper i mesingle elesgon itransferdgeat) Geesally/ 8e pactiangetefivacceleratedairiepharicad bhach t he

about 0. BECar o100 LARROE B BTSSR 158 Sasnsas FRhFRors ERA s
~about 0. { drBatér thhf titd BedTetiabor prEfRébPAle wHidlewaad Bt expriidd bRgednana!

produci ng system are conbined into a reaction mxture, the reactjion is
al | oned sumpadenefithe satesprowited by b indjyiipalsieciron trapfer pgentgbya fapter of Isi gnal

I ndi cati th o) Nyl e sanpl e,
15 and 1 10 rUebY R FEEAGE At rlfedd e IO Ber R oeR Tk Slperinbal1C %
(and of t ggtiononfid) thé K/bS pérab%foeaicrj@cﬁdlﬂn séith the subjecttsignalproduldsg systense, ht he.
reaction m xture may. be prodyced in any _convepient envirgn t,, such as a
cuvet®o are eppieyedyicalaRaca AU fbirte 10, ksalom pput ﬁaﬂ?vg%nrmﬂd?%m s,

t he abov%sﬁl Ronh S0t @ 3D ON a reagent test strip as described supra. As

such, the subject nethods are now discussed further in terns of nethods in
Wwhi ch a r eagerih theubjessmetbivds, heissmplerpidohesignal producing $ystenpareicembinbil ect

met hods, .the first step is to apply a guantity.of the physi.qQl ogi cal
Sl BHMPReRRp i, e g an fyaloputlp Phoceted i & sBEiep AR b S B
amount  ofgendhdesd SRl indtatiGedTiRheprefin@. of (in@@ften hkidint bf annlple ift the niphe t est
strip may vary, but generally ranges fromabout 2L to 404L, usually from

about155L and thtesulmat sigral isgtetdcted andielated to thegesenge of (asdeafienpmountel) | b ¢ he

bl ood sanpl e, si h [ i ' L,vel

ol R e tehithe. 17 GRBREL sl Il edofith midhice PraBY pRGuch ey VD Y
2011L. \Afbﬂgﬁ?éf?h Qﬁdrd:ﬁndhh@u@h_;ﬂ&icoﬁmgiocgﬂhexﬁﬁd)bcméaiﬂ]i_laﬁdlcamﬁh ; OG&Vb_ erf, im o
ariety o ifferent hematocrits .may be assayed with the subject t hods,
\\//melr e %/hénﬁé’rﬁ'ﬁl&gf‘?‘?m?rﬁ&e 3haNe tensteke PGt of 2 pRgehnt 165t HEDAS ﬁ?ﬁﬂ?ﬁf‘{/ﬂ‘ﬁ% about

25% to 60404y 3fe jé&?ﬂeﬂ%d?%'do@ﬁéiicﬁﬁe@ﬁmﬁé}% RAAPbENdtRodsE whithia Bhgenp, the

2|

sanple is al’lowed”to react wth the nenbers of the signal producing
syst eam t aestrstiipucemplaetdect abl e product that is present in an anount

Phe sarpi o Tr® BiAgie bt SR Hgse s BIGHET T o ML bl $hbe T 0T (e
si gnal  pr@fluieldpicad saiplStFthe i3vistrip, WheR THertask bekipRECdéstifitd /sl The amount of
) physiological sample, e.g. blood, that is applied to the test strip may vary, but generally
ranges from about 2uL to 40pL, usually from about Sul. to 20uL. Because of the nature
25  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 40pL, usually from about 5pL 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%.
30 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 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

9
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system is then determned and related to the anmount of analyte in %ﬁl
initial wapilgrs | N certain enbodi nents, automated i nstr ulPETIESOL/NHI?

performthe above nentioned detection and relation steps are enpl oyed.
The above described reaction, detection and relating steps, as well as

| NSt r UMegism( i9kheR AbdeRhifitd WhdlrblGted 36T Ehe aMicurk BF hikdfte PR Thill&ainpleUInS_ Pat ent
Nos. 5 4,734,360; 4,900, 666; 4,935,346, 5,059, 394; 5,304,468, 5,306, 623;
5, 418, 14ceptafh enpodimes, aupnpia instementsthat perfprrethg aboveanentpngd detggmn

5, 002, 700 RS are pld i A5 st et eendict dedlon galftiuiiens, o

I ncor por At R nsireth&ft o10€ PerfdrmirgBle k&thé tar© furttief Besciib&l MU ISV Batedi syt €
concentration takes into account the constant contribution of caonpeting

reacti ond 73436004 90 86s: 9 935.3449:059,.309; 8.3§4.468. ¢.3P6.62Ht5 AP 1476 Si438 0P tent

X |_ _ - 889,46 2aDe.67 ke 38074
- pr act Lol Re R SRS U Bl S B s DB S PR 0% on

| east i ngRarle1as 346488, SPIODARIT I SHp BBA anch 55872 B94] eleecdibdieshrestaf\wehichdrer e t he
si gnal produci ng system conponents y be cqgonbjned into a single reagent
conposi t hesein mcorgeaqualwef:eree‘;eg.ln&%@gﬁwniswpsaﬁakav@ SPPRAEBITAYN] cortain

enbodi Teflkey mtfo'a&o%hgen@kmmaaﬂaﬁiﬁwm%xs,rfgme@t!iﬂg SctinS 86 fHe dbRervE®sifal, S i N

the formof a reagent test strip, as described supra. The subject kits
may fiur t égrbyi catibratche the meamsenf agcondmgiy.ni ng a physi ol ogi cal sanpl e. For
exanpl e, where the physiological sanple is blood, the subject kits 20 may
further include a neans for obtaining a bl ood sanple, such as a lance for
sticki nggas finger, a lance actuation neans, and the like. In addition,
the subject kits may include a control solution or standard, e.g. an
anal yt e contr lso grevidetl bynthe select snventionsarg kits derduse in praguicipp HesHbIEE | on of

anal yze. | ert ain odi . | |- ; ed

et ame ROl THELTS GIRGALER ThFenyshi G fend Tp ) 61 BB BT

pr odyged desribddabsie] ivBere thef signalopwodrimpsystetn egmponentsintty terabmbiiesdtintng t he

det ect ed product to the anount ofa anal yze i.n thg sar%l e. Finally, the

ki ts i nchigle /4388 COBPISHINE OF HPRINMG & RESERIBP STAR73LT For8 Frﬁfang*rﬁ%‘a‘f’n t he
determ “%b@&im%s,ﬁgm%al B BuchRIG R8IVl b8 Brésenin RE/iatsGh kH foih ofafddgent These
i nstructions nay e present On one or re of the packaging, a_label

i nsert, eanstep,raedescpbeisepra. The swhjgcikitsonayfugther incluglé & meagoforigbtaimiigl jowi ng

exanpl es are ofLered by vay. of Lhiuthd ysRibAaf sdahe s off subjebsidsat on.

20  may further include a means for obtaining 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 2
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 stnip

25 following sample application and relating the detected product to the amount of analyte in
the sample. Finally, the kits include instructions for using the subject kit components in the
determination of an analyte concentration in a physiological sample. These instructions may
be present on one or more of the packaging, a label insert, containers present in the kits, and
the like.

30

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

himitation.
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PCT/ USO01/ 07619 EXPERI MENTAL A. Preparation of Ketone Test Strip An2@ $ER04
nyl on nenbrane obtained from Cuno (Meridien, CT) was dipped into the
reagent Wef01T3Mte 1, until saturated. 5 Table 1 Conponent QESA{USPYOM er 100
m  Tris(hvdroxvnet hvl ) am nonmet hane 1.2 sodiumchloride (MNV56.44, Si St.
Louis. MOJ 560 ng Magnesium Chloride (MN203. Signia, St. Louis. MJ)2.5
PSSA. 1 esulfonic acid, sodi um SBERIMENBALOO)3 inn Crotein- SPA (Croda
inc., Parsip : %?EKE j.d, sodium salt250 ng Teuonic 1307 (BASF
Cor por at%ron, p‘%@%’rﬁ?&@%e. F)rs&g-@ crose (MW 342.30, Aldrich Chem cals.

M | waukee W Ah 0NARN MbH GRmbrany dbinedSr@mCunSiMehdien SCTMaaé Gippédiinto the

D 3- hvdr oxvbut vr at e dehydr ogenase50. 000 U WST-5 (MAN 1331. 37. L)oji ndo,
Japan) 1 r@gepnoDl sy brumibsuwsisdo U Phenazi ne Met hosul fate (PMB)0-3 ng The
excess reagent was scraped off gent ll‘Xbié’ilth a glass rod. The resulting
menbrane was hung to dry in a 56 Coven for 10 m nutes. Porex (0.6 mm

t hi ck) Yvaemgesemked 1N the 5% nitrite solution and then hupneedty dry iin a
100 C oywmed or _ten hours. Finally, the nenbrane 10 was ||d@Mmhted betlween a
pol yest ¢frisgydokmétyhdmgemdfiahenexg pol vester from | O Anerdilégm W | ni ngt on

DE) and] - Sgma SlebouwneMBY . B _Assays Using t/I360MB)| | owi ng

pr ot ocol Magpexi ongde (VW 203 Sigg Sk SOWOMEY | Si ng  40ng/dl (D) 2P

hydr oxy DRSS poby; 0 losqdinm st MW 20.000) dogerihad abovd 3Bfhere thelstrips
vari ed ifarofemSha (rpda Ing ﬂﬁ%@ei—mv&aﬂd#er—a—aphe#a@e—%%em—en—% he

"]
Str|p / Iﬂ'-sg.(”l. }S Sawnln [TVAY P

5

i ciles aple—was ppHi-ed—onto—a—freshiy Preparedt est

strip jhaene 37EAS %rump.ﬁ[\dpgul ReNIL o) oot oreter—ant—@aba—atetsilti on
) W ¢ Mjﬁ “ * I y) H’ 4 )’\M_al] Bw‘r HE=o doe t o LS ql $

was Cco TR } C—teaatg—StT P WasS—T[gidh red—at— 660

KRG OW 645 %, i SCLotgs, MOL. ' © _Strrpwas ;
Am at one—Secon Wo— T nutesT—NextsteTuqtsg aded
From t he2au: < S P

EnoTy buffer—to=a persomal [GEEPter via a
B0 OT ate Wo o (] abﬁimiijon The
RIS at The range where tne T gqacd mgn profill e was
s summariZed 1n lable Z were averages of five

nodi fi ed .
initial IPELE D Ml FREPH
| i near. “The resalt

The excess reagent was scraped off gently with a glass rod. The resuiting membrane was
hung to dry in a 56 °C oven for 10 minutes. Porex (0.6 mm thick) was soaked in the 5%
nitrite solution and then hung to dry in a 100 °C oven for ten hours. Finally, the membrane

10 was laminated between a polyester stock (0.4 mm Melenex® polyester from ICI America,
Wilmington DE) and the nitrite impregnated Porex.

B. Assays
Using the following protocel, 10 uL of aqueous samples comprising 40mg/dL (D) B-
15 hydroxybutyrate were tested on strips as described above, where the strips varied in terms of
the amount of PMS and/or Diaphorase present on the strip. A 10 ml aqueous sample was
applied onto a freshly prepared test strip. The strip was inserted into a reflectometer and
data acquisition was commenced. The relectance of the reading strip was monitored at 660
nm at one-second intervals for two minutes. Next, the data were uploaded from the
20 reflectometer’s memory buffer to a personal computer via a modified seriai cable. The
reaction rate was calculated based on the initial rate of change in K/S at the range where the
reaction profile was linear. The results summarized in Table 2 were averages of five

replicates.. In each individual assay, the reaction rate (in terms of K/S per sec) was observed.

11



replicates.. In each individual assay, the reaction rate (in terns QfWW
per secWwows73dbserved. 11 WO 01/73114 PCT/ US01/ 07619 2BCHUE0IATOLL

is a neasure of reflectance, discussed and defined in USP 4,935, 346, col .
14, the disclosure of which is herein incorporated by reference.) Table 2
provi degKIgie arficashutesof reflevbinee, Ziiécua'shéandadéfmadi irl38Re4,935, M6, télelfotledi cted rate
based on_the sum of the reaction te c tal%i’gﬁ# bi S, di horase and PMS

i ndi vi d@aﬂcloyfr“fe"’fmhr‘é E‘Eef’b‘ﬁc‘?rgo by Jeterenq & Bﬁ?l‘"ﬁl EeéPlf:‘hl ate the
rate precisely. C. Cbserved Rate v. Thgpnetical Rate Table 3 bel ow

. provides _a conparison of the observed rate and the expected or fo

t heor et i FBAD ast RMS Enrmulption Skmamatehdescr i bed assal/BAD JdEMS Formbjagd and PVS
Formul at | on Separatel yDAD and PVS Formil at ed T'Fn%ﬁhmpr DAD Rate PMNS Rat e
Separatef PMD PVBRawget hePMYY nf &]M X cmﬁﬁ AD | PMS | Together
(KI' S/ secl (Wmsy & &S/ DﬂnﬁﬂgJ o dK/Sisech o aiKiyiseaiah o Ml 30 69 1| SEIHES) g g5
3000. 039p 2080 02289161 v300900 1o@PMEqdg f’r@?ﬁm yan BWigag 11@)759&» ? 3095
9000. 1666688 0738.03%1 5900880 5 Sq‘ 2‘?‘50CO 0%_/ 8B0—ER854H—2 .212;();l 0107
15000. 28 a$ethn 1’0&94‘31&:21 l:re;‘l f\r\TnQ'O{aZni-* (I;M Ny bt rmi- i +"tb = n:\o.\jt -SU,. served
. LB A AFp = - = mw A W .I.\J\JIU\.O ?gﬁ.ot czj GJI oaun mt LAY La) J 1M ;ﬁ \ol

Rate (K| ac: 2060 201 N rp wia Al o r\nn Aln = 61

5 ~IV\0‘1\18?JL-JUU- TUJ Uolllos.Slb thz UT I \ W Uso Uz - M‘OO

1500 0.2866 100 0.13 0.4166 1500 100 Too fast*

+ Theoretical rate, i.e. the predicted rate based on the sum of the reaction rate catalyzed by
s diaphorase and PMS individually.
* The reaction is too fast and difficult to calculate the rate precisely.

C. Observed Rate v. Theoretical Rate
Table 3 below provides a comparison of the observed rate and the expected or

10 theoretical rate for the above described assays.

Table 3
Theoretical Rate (K/S per sec) QObserved Rate (KIS per sec)
0.0296 0.0385
0.0617 0.1054
0.1427 0.3095
0.2446 0.5861
0.2872 0.9107

Fig. 1 provides a graph of the observed rate vs. the theoretical rate.
As can be seen by the graph of Figure 1, the reaction rate of the signal producing
15  system of the test strip is accelerated by the presence of both PMS and Diaphorase, where
the magnitude of the observed acceleration is unexpectedly greater than the predicted
amount of acceleration based on the sum of the reaction rates of systems having PMS or

Diaphorase individually.

20 It is evident from the above results and discussion that the subject invention provides
for a significant and unexpected enhancement in the rate of reaction observed in an anaiyte
detection protocol based on the oxidation of an analyte and the concomitant reduction of a
redox indicator. In addition, the subject invention provides for a more economical manner of
analyte detection, as compared to certain prior art methods, e.g. ones that rely solely on
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0.28720.9107 Fig. 1 provides a graph of the observed rate vs. the &8 SEP 2004
theoretical rate. As can be seen by the graph of Figure 1, t r i on
rate of WR8VEdhal producing 15 systemof the test stri J@S@é@?@r at ed
by the presence of both PM5 and Di aphorase, where the magnitude of the
observed acceleration is unexpectedly greater than the predicted anount
of acceldiaphorasa ab thectlecitonitraasieuagent. Asisech; tha sutjeshinvention reffreseptstaens havi ng
PMS or Diaphorase._.d ndi vi y. 20 It is evident fromthe above results
and diséﬂ?@ﬁ@ﬂ ?ﬂg?&pq@tgu jé%t invention provides for a significant and
unexpect ed enhancenent in the rate of reaction observed in an anal yte

detection protocol based on the oxidatjon of an analyte and the
conconi t ant rAY publicgHowyang pateatsited Hdhis spesiication ageerain ingorporatedtihj ect

inventio i . j r . ection, as
oo o YRRt o8/ Heat InaRidiBl GutBEARAT palen TN Gikcilay GRPiER) o0 o1, 20
288EPf20GﬂdicM&l 0d bé ﬁi&ﬂ:ﬂpﬁrﬂéﬁﬁbﬁﬁtﬁ;dc&? BhOcititiepbimg peblicstidn ie ferl iaa@isch;s;:;e
transter: agent. sucn, e u ct 1 nventl on rrepre enfs a st gni f1 cant
cont 11 bUB {0 e Kl GAis and shaR Tgh B Faustiyed s o SR QR dcpreenat oS
speci fi Ci§tnbg€l-gﬁfe8 1 Ghitlite SAPUBREADE By B¥ue éff;{rﬁi &fioR. as i f each

i ndi vi dual I cation or patent were specifically and individually
indicated to be incorporated by reference. The citation of any publication

is for its di osyr rior to the fi.ling date.and s l.d not be

consti ued: as. Afngeah Be ke, el prstesh estre it o Wer W oPSUR T 1 e 1o
ant edat ejastedtion sl iegahple forParpdsed sF:laity unSersthritivip it ir@adifQppareuagh t he
foregoi ng 1 nvention has been described in _sone detail by way of

i'l 1 ust r athosmoberdinapaskill in theart gulighb ettbe tspchings of this ipyen PlGERH GHgnBest | s
readily [ i i Lk i of the

t eachi ng%Pdg'so&lﬁl Sﬁo%\xﬁg&ﬁ: ?%a%%ﬁ%{r&é&?{hé?t?%#én fgosrﬁ ﬁgﬁg&trtrgdl&fokggﬁhgns may be
made t heaspeaded ¢laigist departing fromthe spirit or scope of the appended
clains. 15 13 2 8 SEP 2004 WHAT IS CLAIMED I'S: 1. A signal producing
syst&m for detecting the presence of a reduced cofactor in a sanple, said
system conprising: a dry reagent conposition, said dry reagent conposition
conpri si ng:
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(a) first and second el ectron transfer agents capable of oxidizi ngﬁ SEP 2004
reduced cofactor; and (b) a redox indicator. 2. The signal produci 8
system according to Claim1, wherein said first electron transfer agent
is a low nol ecul ar weight electron transfer agent. 3. The signal producing
system according to Caim2, wherein said | ow nol ecul ar weight electron
transf.er agent is a phenazi ne conpound. 4.. The signal producing system
according to Clains 1, 2 or 3, wherein said second el ectron transfer
agent i WHATHS GRAMMEBAS) ar wei ght el ectron transfer agent. 5. The signal
produci ng system according to Claim4, wherein said high nol ecul ar wei ght
el ectron transfer agent is a proteinaceous conpound. 6. The signal
produci ng system according,. to ai.m i ' | :
conpouhd is an érﬁ_gjﬁépr‘)a.gc‘?ﬁéysgr& A d%f)er%vﬁgghl%r?ge%% %ﬂ?ﬁ[ %@g%%&ﬁ;%%&@omgnsgm e,
t he prsacdksgistegn cdmpmsng:wherein said redox indigator is . a tetrazolium
conpound. 8a difheagsng patpgRitdeiu SHA GreipseEHCARPBTHPhEPRARS of the preced) ng
cl ai ns, vvheﬁlgei n said €fyand emgadelectompuaistir agents capableafioxitiziag paggucsd epthctor,
9. In a nethod for deggeting the presence of an analyze in a sanple, the
[ rrprovement(b conpri si RQedoREEMbANY @ signal producing system conprising a
dry reagent gorrposition acecording to any of Cains 1 to 8, 11 of 12. 10.
A kit for use in,gdetect, ] VW Berbih 2iSRRPLIRctrSRirsh sfer
ki t CO\I!"DH si ng: Tge§Hg‘g?laﬂqu%ﬁ§%{§{s%ﬁ?%iggﬂ%ﬁtgg%%?%gﬁ?gﬂany of ainms 1 to
8, 11 &eﬂiﬁ.alg‘f{m?]r?&u ‘dﬁ‘fﬂ?‘ %F%ERPCIEHIQ syg em according to any of O ains
1-7, wherein said first and said second,.el ectron,transfer. ' .
presend. i n amounilbe sigael PPANGRESYSE 2PLRG fogdnap 2e™ ?re?aﬁabaag’i%gél%}e%ﬁr welght
pr oduc klegrey Bansfertagant i ¢ pheraginercompadid-he t heoretical |y expected reaction
rate for said signal producing system 12. The signal producing system
accordigng to C aime kignalyretinding systain f¢aosting foelClairon 17 o fdrereip gaidisecony electron
sai d sgaRTer feftisaliigh fdlehbi vaighn tleatren rasfeagentt a respective nmol /U
ratio of about 0.001 to 1C 14 ' _
5. The signal producing system according to Claim 4, wherein said high molecular weight
electron transfer agent is a proteinaceous compound.

0. The signal producing system accbrding to Claim 5, wherein said proteinaceous compound
is an enzyme.

7. The signal producing system according to any of the preceding claims, wherein said redox
indicator is a tetrazolium compound.

8. The signal producing system according to any of the preceding claims, wherein said dry
reagent composition is present on a test strip.

9. In 2 method for detecting the presence of an analyte in a sample, the improvement
comprising: :

employing a signal producing system comprising a dry reagent composition according to any of
‘Claims 1 to 8, 11 0812, .

10. A kit for use in detecting the presence of an analyte in a sample, said kit comprising:
a signal producing system according to any of Claims 1to 8,11 or 12.

11. | The signal producing system according to any of Claims 1-7, wherein said ﬁrst_a.nd said
second electron transfer agents are present in amounts that provide for a reaction rate c_)f sad mgnal.
producing system that is greater than the theoretically expected reaction rate for said signal producing
system.

12. The signal producing system according to Claim 11, wherein said first electron transfer
agent and said second electron transfer agent are present at a respective nmol/U ratio of about 0.001 to 1
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