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ELECTROCHEM CAL ANALYTE DETECTI ON ASSAYS | NTRODUCTI ON Field of the

I nvention The field of this invention is analyte determ nati on,
particularly 10 el ectrochem cal anal yte determ nation and nore
particularly the el ectrochem cal determ nation of blood anal ytes.
Background Analyte detection in physiological fluids or sanples, e.g.,
bl ood or blood 15 derived products, is of ever increasing inportance to
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i ncl ude gl ucose for diabetes managerrenwéester ol, and the like. In 20
response tSo this grow ng inportance of e detection, a variety of

anal yte detection protocols and devices for both clinical and hone use
have been devel oped. One type of nmethod that is enpl oyed for anal yte
detection is an electrochen cal nethatkoducyonh net hods, an aqueous |iquid
sanple is placed 25 into a reaction zone in an el ectrochem cal cell
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i.e., analyte. The quantity of the oxidizable (or reducible) substance
present is thgn esti Et ed electrochemcally and related to the amount of
anal yt e pr esep®e initial sanple. 1 In many such el ectrochem cal
approaches to analarizytdaiededtionnin physmhaioal dluids or samples, e.g., blood or blood

15 derived products, is of ever increasing importance to today's society. Analyte
detection assays find use in a variety of applications, including clinical laboratory

testing, home testing, etc., where the results of such testing play a prominent role

in the diagnosis and management of a variety of disease conditions. Analytes of

interest inciude glucose for diabetes management, cholesterol, and the like. In

20 response to this growing importance of analyte detection, a variety of analyte

detection protocols and devices for both clinical and home use have been
developed.

One type of method that is employed for analyte detection is an

electrochemical method. In such methods, an agueous liquid sample is placed

25  into a reaction zone in an electrochemical cell comprising at least two electrodes,

i.e., a reference and working electrode, where the electrodes have an impedance

which renders them suitable for amperometric measurement. The component to be

analyzed is allowed to react directly with an electrode, or directly or indirectly with

a redox reagent to form an oxidizable (or reducible) substance in an amount

30  corresponding to the concentration of the component to be analyzed, i.e., analyte.

The quantity of the oxidizable {or reducible) substance present is then estimated

electrochemically and related to the amount of analyte present in the initial sample.




oxi di zi ng signal producing system conprising an enzyne conponent and a
medi at or conponent is enpl oyed, where the enzyme conponent oxidizes the
anal yte of interest and then transfers an electron to a nediator which, in
turn, 5 transfers the electron to an electrode in the electrochem cal cell,
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SUMMARY OF THE INVENTION

Mediator stabilized reagent compositions and methods for their use in

75 electrochemical analyte determination assays are provided. The subject reagent
compositions include an enzyme, a redox mediator and a mediator-stabilizing
buffer. Optionally, the reagent compositions may further include one or more of a
wetting agent, detergent, enzyme cofactor and combinations thereof. Also
provided are electrochemical test strips that include the subject reagent

30  compositions, systems and kits that include the same as well as methods for using
the same in analyte detection assays. The subject invention finds use in a variety

of different applications, including glucose concentration determination

applications.



2 BRI EF DESCRI PTION OF THE FI GURES Fig. 1 provides an expl oded view of an

el ectrochem cal test strip according to the present invention. 5 Figure 2
shows the sane test strip in assenbled form Figure 3 provides the results
of linearity test conprising citrate, malic and tartaric acid formulations

according to the present invention. Figures 4 and 5 provide results show ng
the hematocrit effect for ' itic acid

formul ati ons according to BRE e i S gures 6 and 7 provide
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DESCRIPTION OF THE SPECIFIC EMBODIMENTS

20 Mediator stabilized reagent compositions and methods for their use in
electrochemical analyte determination assays are provided. The subject reagent
compositions include an enzyme, a redox mediator and a mediator-stabilizing
buffer. Optionally, the reagent compositions may further include one or more of a
wetting agent, detergent, enzyme cofactor and combinations thereof. Also

25 provided are electrochemical test strips that include the subject reagent
compositions, systems and kits that include the same as well as methods for using
the same in analyte detection assays. The subject invention finds use in a variety
of different applications, including glucose concentration determination
applications.

30
Before the subject invention is described further, it is to be understood that

the invention is not limited to the particular embodiments of the invention described
below, as variations of the particular embodiments may be made and still fail within
the scope of the appended claims. It is also to be understood that the terminology

35  employed is for the purpose of describing particular embodiments, and is not




the scope of the appended clains. It is also to be understood that the
termnology 35 enployed is for the purpose of describing particular
enbodi ments, and is not 3 intended to be limting. Instead, the scope of
the present invention will be established by the appended clains. In this
speci ficati r?o[?ef& 1fedesd MdTBooped tisd pasbArinVertion Wilkbé "an" 5 and
"t he" incl ug@ep urtglrb%r!e Qfd;nce unl ess tﬁﬁe context clearly dictates.

ot herwi se. bstablshedigiy the@pperrgd#'ai’s. al | technical and scientific terns
used herein have the sanme neaning as conmonly understood to one of
ordinary skill in the art to which this invention belongs. 10 \Were a
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20 Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood to one of ordinary skill in the art
to which this invention belongs. Although any methods, devices and materials
similar or equivalent to those described herein can be used in the practice or

testing of the invention, the preferred methods, devices and materials are now

25 described.

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

30 the presently described invention.

As summarized above, the subject invention provides mediator stabilized
electrochemical reagent compositions and methods for their use in electrochemical
analyte detection applications. In further describing the subject invention, the



anal yte detecti'on applications. In further describing the subject

I nvention, the 4 subject reagent fornul ations are described first in
greater detail, followed by a review of el ectrochem cal reagent test
strips that include the subject fornulations and nethods of using the sanme
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about 5 to aboutadABGmAidzEN EbeVE, the audieey ifveotivalpoarides tnediberustabibzgd
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reagent HonpRlestracbesnical reacspl COMRASIOPS, JJE FiPIEsl s PRI RG " F T o jout
great er t han,J&, sEinSare 2dmiRitioHY itest inaBgeinoslestabiehiicat dinelyt tetectiemi cal
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20 The subject mediator stabilized electrochemical reagent compositions
according to the subject invention include at least the following components: an
enzyme, a redox mediator and a mediator-stabilizing buffer. The subject redox
reagent compositions may further include one or more additional components,

including wetting agents, detergents, enzyme cofactors, and the like. Each of these

25 components is now described separately in greater detail.

Enzyme Component

The enzyme component of the subject reagent compositions is, in many

30 embodiments, an enzyme or plurality of enzymes that work in concert to oxidize
the analyte of interest. In other words, the enzyme member may be made up of a
single analyte oxidizing enzyme or a collection of two or more enzymes that work

in concert to oxidize the analyte of interest, allowing generation of the



5 el ectrochem cal signal detected. Enzynmes of interest include oxidases,

dehydr ogenases, |ipases, kinases, diaphorases, quinoproteins and the |iKke.
The enzyne selected in the reaction depends on the particular analyte for
whi ch the el ectrochem cal test strip conprising the enzynme is designed to

detect. 5 %%Ht;%%ﬁﬁﬁ]ﬁ,tail V@igRar Y iBscteiNCEHgRhe D Bf Ofiverexi disiydegl axtdzses,
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derivati vues, regss MBGREdgyri dyl conpl exes, ruthenium conpl exes and the |ike.
I n many enbodi ments, the redox nediator is ferricyanide. Mediator
Stabilizing Buffer Conponent 25 Anot her conponent of the reagent

conposition is a gEdhat @medraht bi ten@agh dowip sxgiondszoreeiok médiatos uidjiet t
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20 benzoquinone, ferrocene derivatives, osmium bipyridyl complexes, ruthenium

complexes and the like. In many embodiments, the redox mediator is femicyanide.

Mediator Stabilizing Buffer Component

25 Another component of the reagent composition is a mediator stabilizing
buffering component. The subject mediator stabilizing buffering components may
be made up of one or more, e.g., two, three, four or more, distinct buffering agents,
where the buffering component stabilizes the mediator during storage of the
composition in dry form such that little if any of the mediator is reduced prior to

30 use, e.g., during storage. A buffer is considered to stabilize a mediator if, in the
presence of the buffer, little if any of the mediator converts to a reduced form over

a given storage period, as described above. Suitable buffers are buffers that do not

cause the background signal in an electrochemical test to increase over time, as
determined using the assays described in the Experimental Section, below. The




6 background sirgnal is the signal obtained when analyte free sanple is

I ntroduced to the electrochem cal testing system The buffering conponent,
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about 5 nol - JARBivalent metal cations. A given buffering agent is considered to have a low
20 binding affinity for divalent metal cations if its binding affinity for divalent metal
cations is less than the binding affinity of any enzyme/cofactor complex in the
reaction mixture for the same divalent metal cations, where the binding affinity of
suitable buffering agents is typically at least about 2-fold, usually at least about 5-
fold and more usually at least about 10-fold, e.g., 25-fold, 50-fold, etc., less than
25  the binding affinity of any enzyme/cofactor complex in the reaction mixture for the
same divalent metal cation. The stability constant for the complexation of suitable
buffering agents to divalent metal cations, particularly Ca®*, as measured using the
assay described in Annali di Chimica, volume 73, (1983), p. 619 typically does not
exceed about 1500, usually does not exceed about 100 and more usually does not
30 exceed about 5 mol*dm®.
In certain embodiments, the buffering agents are small organic molecules.
By small is meant that the molecular weight of the subject agents does not exceed
about 5,000 daltons, and typically does not exceed about 2,500 daltons and more
typically does not exceed about 1,000 daltons, where in many embodiments the



In certain enbedi ments, the buffering agents are small organic nol ecul es.
By small is neant that the nol ecul ar weight of the subject agents does not
exceed about 5,000 daltons, and typically does not exceed about 2,500
daltons and nore typically does not exceed about 1,000 daltons, where in
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about 50 to out™ 75 to 500 daltons. In one
enmbodi ment , frbeabiuuk 761to 5g@dal®or&re pol ycar boxylic acids. By polycarboxylic
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agent s HAvi r{@ nore € oxyl'ic acid groups positioned in a
ci s- posi ti oness one pitaaidhes foaticouitier imthe dgsierd H¥8perni t novenent of the

cis-groups relative to ea h er, ¥ D khonsbjeett .
are of interest, WHBFY £ '{ngh{ge ﬂ%eagwgoor{e%ﬁea%rggk% ?ng% al )

structure, epclycarbaryliar bufeting: agemts, aret confaured b theto e sl PR the

buffering agents are _descri bed 2 Aot eRZmipber e R1
and R2 are iRuslsatRifRinding of dg@gﬁ% Egﬁbc{ngt %@%an%ﬁgﬂhr@rﬂot&(g carebonwgtom;

whi ch meys beplfferepagems tivingahe dr mor cactimzy!lptamd@@unﬁtpﬁs'@ﬂ’f@ddﬂ a figPgsition on

het er oat ons, wher e Rl and t ch
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may be part of a larger structure, e.g., an aromatic ring, etc.
in certain embodiments the buffering agents are described by the following

20 formula:
'8 CH

HO

R1 Rz

where R, and R are independent H or organic moieties of one or more
carbon atoms, which may be linear or branched and substituted with one or more
heteroatoms, where Ry and Rz may be taken together to form a ring structure, €.9.,

25 an aromatic ring structure, and the like.

Specific polycarboxylic acids of interest include, but are not limited to:
mellitic acid, citraconic acid, maleic acid, and the like, etc.

With respect to the above buffering agents, the buffering agents may he

present in the subject reagent formulations as their free acids or salts thereof, or

30 both.



mellitic acid, -citraconic acid, maleic acid, and the like, etc. Wth
respect to the above buffering agents, the buffering agents nay be present
in the subject reagent fornulations as their free acids or salts thereof,
or 30 both. 8 A feature of the subject buffering conponent is that that

the agent(s) thap fea@kest e bltGedWuiferinggompomem e tthatshatr thecagent(s) f18t anount
sufficient to provide for the nediator se;té_gbi | i zi ngj {:a%ﬁﬁ%ﬁt){ ?octli&jeefﬁlflri bed
above. |n fmakes corthe Huiferingscasprangat SRUBTREN PR ZHEHM ¥ a? Pone® Phe

concentrat i f iilg QbR TRANRREBMDARE] ¥ Irbuidngmpositom oftbet 0. 1
to about 108‘%’ wﬁi&?gs?%m{zﬁgmé@a I ¢

bout 0.5 to 500 nM. In .certain gw" nts,
the buffer cobjpcmeagentdompmnaations, he C@”Pwaé%%éﬁﬂlert?i{f{éﬁ?ﬁ cgmgonert/ ggout
0.5t bout 250 | . oovaM. i rthial
obod mad o rarfGEg f;g% abGHY 1% aTbroef\@HbOMM, Q.cp, ftoh aksutlo 500 neerttiai n

conponent I's present at a higher caoncentration,
e.g., from eatpodim&ds theandfet cEmponant isweesent [k arlewgenceoiFfs £19-0i°Ms a
dry reagent 10 formul ati e. bR, o0t 83t ahdit AMOEMRC IR @R cal
test strip oﬂ%gé%bgﬁmﬁ?%md}@atﬁgﬁgﬂm t())efow,_ t he amount of buffering
conponent pregsimertsthe biffyr canpymest isi presany @t 8 ANIher CaRERE2leH A AbbYM 0. 01
to about 40.00, usually from about 0 %‘e Wbt sl QR icahamt
Conponent s A&PophaPclet @%O%bﬂaem%hev%géeggjneﬁpc rrB%g?/ﬁn on nr;ail fuﬂghe_rgi ncl ude
one or Ny e foRfuliten, 69| Minag baguédenbmain elenfreshemics] test WP asngesegeR N
detergent, coenzyne, enzynme cofactor,  stahjlizer ' LIVt MRCHhET B8Ry Or
conbi nat i onsaredler edstail Pelowet engMRYEH ©f :ﬁ@%&ﬂa é@g&ﬁ%gﬁﬁ%\?\%ﬁl ng agenlltEy may
be added, i nQnRitBARGSIEANG RifyesAroapabiuIaidio abbuhi®O0,distislhfear abper 1 ife
reagent conposition to facilitate uniformcoating of the reagent
conposi ti on aoub1@% Wvdet rochenical test strip. A plurality of one or nore
of the 25 conbination of agents may al so be used. The agents used may

i mprove dissolution of the assay reagents as well as enhance the w cking
propertits oPplorghfPMPaR§NtFi |1 strip. The agents include those known in

the art, for exampl gqicRRdVAERNE, thaédgehPedthigsitiongeayt frthemidclade bag CRMCE

Representative types of surfactants/ deter%ﬁ%. of _int erg%§t ‘?{'itn%éﬁjlﬁ ghut

are not |iniblethe dollowing cdditionalceanaponeats Ghiwellindsppglty JEEREM SO
enzyme cofactor, stabilizer, viscosity modifier or combinations thereof.

20  Wetting Agent and Detergents

A wetting agent may be added, in some embodiments in combination with a
detergent, to the reagent composition to facilitate uniform coating of the reagent
composition onto an electrochemical test stip. A plurality of one or more of the

25  combination of agents may also be used. The agents used may improve dissolution
of the assay reagents as well as enhance the wicking properties of a capillary fill
strip. The agents include those known in the art, for example, polymers, anti-foaming
agents, and surfactants. Representative types of surfactants/detergents of interest
include, but are not fimited to: Tritons, Macols, Tetronics, Silwets, Zonyls, and

30  Pluronics. Suitable agents include Pluronic materials which are block co-polymers of
polyethylene oxide and polypropylene oxide. Examples of Pluronic materials include

Pluronic P103 which has good wetting properties and Pluronic F87 Prill which has
good detergent properties. Both Pluronic P103 and F87 Prill also have a cloud point




30 Pluronics. Suitable agents include Pluronic materials which are bl ock
co-pol yners of polyethyl ene oxide and pol ypropyl ene oxi de. Exanpl es of
Pluronic materials include Pluronic P103 which has good wetting properties
and Pluronic F87 Prill which has good detergent properties. Both Pluronic

P103 and F8 Hidh RPlsYiraBlet siteanis properigravatiera izae 80 C
which is degﬁrﬁ)%éo%{ur@b%%}aé?gwhaﬁs@ (réowert avorlads a phase change in the

conposi t i on chamgenig théeorapasition ﬂ@@@@ IryiRgh PRPR8SSCoenzynes 5 Coenzymes whi ch
activate the enzynme conponent of the subject fornulations may al so be
added to the reagent conposition, where desired. An exanple of a coenzyne
of interest BngypyOoehnawesnol i ne qui none (PQQ . O her cofactors of interest
i nclude, but are not limted to: nicotinam de adeni ne di nucl eoti de (NAD) ,

Fl avi n 1é adeni ne di nucl eotide (FAD), cytochronme, and the |iKke, 1E)endl ng
on the type of epexpEnePphicedctivate the enzgne p@rag@’mnt OEHEFHBIe@JPﬁE‘f'B AdS15 In

certain enbodi ments, the subject co 0S h c nor e
enzynme cof ad‘ﬁi‘)?§5°é??z§‘ﬁ%e‘€ @Iagerb nkrédesﬁ@@t W%'t& g%su'e |5§d§(ﬁm? ;Ia

cations, €. Goennfrié &f inligstis pyeoloGiiabline quencne2(CRR)abithdr cofactarapl Htegshe
added to the reagent conposition to hel abi y vent
denat ur at i orin@gde, heutpaigt Bl limie & BiGPY 'Fai‘a‘ﬁ rﬁi{?négs%'hﬂa?&ﬂé {E‘%‘??ﬁlfgrnfhe
redox stafe of E—Iéedlﬂﬁaééﬁo@f (FAD), BRbétiromsnnd the b GipEmdingeaDhaTaeasbr
Exanpl es “of Stabil izl ng agents’'include, but are not limted to.

car bohydr at wz&megﬁp,pll@b'tosih%ﬁé@ag?'ﬂ ehal ose, mannitol, and | actose), am no
acids, proteins (such as BSA and al bum n) and organi c conpounds such as
EDTA and the |ike. Viscosi ty Modifiers 30 Viscosity nodifiers may al so be
added to theEnmageQofatiorsrodi fy the liquid reagent rheol ogy. Exanples of

such agents include poly(acrylic acid), poly(vinyl alcohol), dextran, BSA
and the |ike. ) _
15 In certain embodiments, the subject compositions further include one or more

enzyme cofactors. Enzyme cofactors of interest include divalent metal cations, e.g.,

Ca®*, Mg®, etc

Stabilizers

20
Stabilizers may also be added to the reagent composition to help stabilize .

the enzyme and prevent denaturation of the protein. The stabilizer may also help
stabilize the redox state of the mediator, in particular, the oxidized redox mediator.
Examples of stabilizing agents include, but are not limited to: carbohydrates (e.g.,
25  sucrose, trehalose, mannitol, and lactose), amino acids, proteins (such as BSA and

albumin) and organic compounds such as EDTA and the like.

Viscosity Modifiers

30 Viscosity modifiers may also be added to the reagent to modify the liquid
reagent rmeology. Examples of such agents include poly(acrylic acid), poly(vinyl

alcohol), dextran, BSA and the like.



10 Additional Features The reagent conposition may be present in a dry or
liquid form The anmounts of the various conponents as descri bed above may
vary, and the 5 follow ng specifically provided anmounts are provi ded for
illustration purposes only. In liquid fornulations of the subject reagent

conmposi tions %%Qf conponent is typically present in a concentration
rangi ng fro déﬁr ‘5,{3}9 (?%sabout 450, usually from about 130 to about 270

}LM . The nediator is typi caI ly present in an anmount rangi ng from about

250 to about 100 usual hg ﬁg& g&?% rf%g bRksBROW 218 QPQ oM fo-ﬁ'%.e The

stabi lizing buff rese I'n"ranges as provi ed above. The
concentrati Oém@jnterbf fHRe RIS cbmpom:ritﬂ; yasr alagtmbEIi:lr ebovebmay 8Nyt (andafvut 670

, 1y f b h
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about 1.5 to about 1

|1 f bout t 10%
medi ator is @WQ‘,"@I”H}S wg@g@hprqs,eagﬁ agﬁgnulﬁﬁn%Ph W{ggu'?grllf %DD\G‘E‘ V‘é%(}}éﬁag oagout
85, usually,d pr esérﬁpfﬂe bm @boliP1 8P 4bdie A7 \Mrﬁavtrnedm@- i ttghcdliyziresprvir f er

conponent |s I'n ranges as provided above. The anpunt_of any
coenzynes tyai embobLigt rangingdeont abent256t0 aboat 1900, aeually Ttpm abgwt 29 19 8804k,

about 0. ; aﬁ%(ﬁ)b ”Wo GJféﬁlflén%%%{ %mp-gﬁgnta@ﬁmseﬁf wﬁ'ﬂdnd‘e@f a€tmbvided

typical | bou about 0. 2% /Iw . Rep resent at ive
Speci fi ¢  For apdwvet iTore ofndentretiars bf an® Gloﬁnevnﬂ%ﬁpﬁwf 6[909%5 B’B@c?lP‘PLB

Forml ati on ol atel A" sLlF .28 ThRUS el yees e esBedaiargh epsnnse as

resent 1s an enzyme cofactor Cat+.
In these for %%k@ﬂﬁ»ca?@@n@bﬁdsmﬁoht(HBHoaatnduC'atHMto form the activated

enzyne, or hol d-enzyne. wn t hat I mer
nol ecul e are requr f?r(Sanl%ﬂqu? g‘ﬁ?@%‘f ctfﬁge gﬁﬁﬂg%oﬁﬁ%gﬁr;e@&%%lwgwggg
the 30 mpke gk chm‘t POt 51 Dstidlg frcﬂamm 6oﬁmpammmcﬁm dng Weﬁv@bfh
about 2 to about . I'n further enbodi ment natl 8o
i s between amsﬂtatqr i tygicaliy prgsept &n a'i*r%“%ﬂ r@pg\{;g hae) &%—3&'\5] 0 oehzyrre
|0 these T epLesaRiifih Wboul 78 18/kd 8% tiyninnal Mie statging bufter sbowond s o
1000 kU m, usual'ly at |east about "
present in ranges as provided above. The amount of any coenzymes typically
ranges from about 0.01 to about 0.1, usually from about 0.03 to about 0.06% dry
20  wt/wt. The amount of any cofactors typically ranges from about 0.02 to about 0.2%

dry wt/wi.
Representative Specific Formulation of interest:

25 In a representative specific formulation of interest, the formulation includes
glucose dehydrogenase as the enzyme and PQQ as a coenzyme. Also present is an
enzyme cofactor Ca?. In these formulations, PQQ binds with GDH and Ca? to form
the activated enzyme, or holo-enzyme. it is known that two PQQ molecules per GDH
dimer molecule are required to fully activate the enzyme. In some embodiments, the

30 mole ratio of PQQ to GDH in the reagent compositions is between about 2 to about
4. In further embodiments, the mole ratio of PQQ to GDH is between about 2.2 to
about 2.5. The activity of the GDH-PQQ holoenzyme in these representative
formulations typically ranges from about 10 to 1000 kU/ml, usually at least about 50



i to 300 kU m- The enzyne activity is determ ned using a
spectrophotonetric assay perforned at 30 C. Typically, the 3 parts enzyne
solution is mxed to 100 parts substrate solution. Next, the absorbance is
nonitored at 600 nm over a 5-second period. The substrate solution

conprises 112 | uco 1824 : ML T ;

2, 6-dichlor oPé@bﬂdﬁﬁW& ?ﬁ%ﬁﬁz@%ﬂz %Eﬁﬂ}%éeggtglﬁ?]@&@%?%a%gr?@ﬂ&% tgﬁeassa?%‘ oni c
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formul ation of 10 interest is ferricyanide, which MS) typi call ﬂrgse t in
amount s rangethesufiatam&hel 26-dichierginggphgnolisand P§ MMoRIPRIRFNE: dY.3Nt 8SHBbut

1.0 M Vhen g gsefiront EYRIPESTat BISH /A EREAN sAERIApriskS aB6GOTE. | n

an anount ranging from ab % wt’/ wt . Sucrose, when present,
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buffering agepts. of cific Lnterest e ciir LB Agi 2
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EL ECTROCHEM ghikaligErahds Afons ubam 0 toetd mbbVee ratdigtopirothisiepedifc idaulation ett

i nvention are 20 el ectrochem cal .cells. that i.ncl h | t
conposi t idnsinterestds feticyagde, F'FJF'& B’HﬁcaPX/Bngge%tfm@ﬁgoctniso'%ﬁéﬁéggﬁjlﬁ gfe)(?‘tﬂw
configuratiogs 1ar g1 kil oAt |abein 0.3 he Seboutldsk i bwdhem ptésnt, Rhe ewetting
documents: 5, 723, 284; 5,834, 224; 5,942, 102; 5,972, 199; 5,9%2?” @J(ﬂ;to1

6,083, 710, 62Qent/detregers componeitis Rfesepl if s ANt rAdRG fRNLAREE U i cn
are herein i E)&Wfﬁk%ebyvhéﬁgﬂséﬁg% pRBeahlarasmadriiesngiag om alectit@res: 25
WO 99/ 49307; WO 97/18465; WO 01

_/57510; WD 01157238; WD, 02/ 48707;
02/ 50609; EPabOWEPOBITML Tam Buitsging @Gﬂtséée?}’?‘ff%%'"gﬁf?%ﬁ“? FUAERUERE @S ni ch,
where they apfe Scid2AR hesd bdesett fh teTAiges iphedeniaaved by reference. Any
of these or other electrochemcal cells known to those of skill in the art

may be nodified to incorporate the subject conpositions. 30 In certain

enmbodi nent s, o ber Rl Bell@rkenical cell is present in an el ectrochenical
test strip. E representation of an el ectrochem cal test strip according to

t he subject invention is provided in Figures 1 and 2. Figure 1
As summarized above, also provided by the subject invention are

20  electrochemical cells that include the subject reagent compositions. A variety of
different types of electrochemical cell configurations are known, including those
described in U.S. Patent documents: 5,723,284; 5,834,224; 5,942,102; 5,872,199;
5997,817: 6,083,710; 6,121,009; 6,134,461, and 6,193,873; the disclosures of
which are herein incorporated by reference; as well as other patent documents:

25 WO 99/49307; WO 97/18465; WO 01/57510; WO 01/57238; WO 02/48707; WO
02/50609: EP 0 969 097A2 and GB 2 304 628; the priority documents of which,
where they are U.S. applications, are herein incorporated by reference. Any of
these or other electrochemical cells known to those of skill in the art may be
modified to incorporate the subject compositions.

30 In certain embodiments, the electrochemical cell is present in an
electrochemical test strip. A representation of an electrochemical test strip
according to the subject invention is provided in Figures 1 and 2. Figure 1
provides an exploded view of an electrochemical test strip 10 which is made up of
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provi des an expl oded view of an electrochem cal test strip 10 which is nade
up of 12 working electrode 12 and reference el ectrode 14 separated by
spacer layer 16 which has a cutaway section 18 that defines the reaction
zone or area in the assenbled strip. Figure 2 shows the sane test strip in

assembl ed f%fﬂmf tr%ée fhEnd i e CABRARM 4 sBp&ratsibylepatediagen N6
greater detai |"ow. El ectrodes The subject el ectrochem cal test, strips

conpri si ng whishr bagencutswapsscternis thahdpliers Hentsaction, zere&ryge e a
reference el ekt o enBEl |4 rbe WDLEHUOig belansBe sl chaos are

configured i ated rectangul ar stri ypi cally, the

| ength of thﬁemr&msrandmnemha@eesntbw@ﬂs@rﬁhﬁsﬂtmBF@t@FcﬁEé@gQﬁlow 5 cm usually
fromabout 2 to about 2.8 cm The width of the el ectrodes ranges from
about 0.38 to about 0.76 cm usually fromabout 0.51 to about 0.67 cm The
ref erence elmgrogdes typically have a thickness ranging fromabout 10 to
100 nm 15 and usually from about 18 to about 22 nm |In certain enbodi nents,
the length of one of the electrodes is shorter than the | ength of the

ot her el ectrode, THB®UBjebt electr&ﬁémantmrbms e mipsising thes rexgent cONPSitians

hor t Th Ki d ref trod d
That ot | cansliiens WRPAGIScEPOR AGY a1 BT BTceor e FAneel, BENARDBiehecy "

in the gpri F?efe%rﬂze 2RcFoRAUST Mmfigaiear inaihe forg.of aommed rwammm strips.
conductive material, where representative rrat(? er esttd4 gcénqde
t

but are not Typmatlmdthﬁoleng,tﬁl q?faﬁﬂ‘PLﬁi?C‘Eﬁﬂe& rangps (o °‘§t 1\% apQy

car bon, d0pehguh| '8 g Qﬁ?utsi fd ab&ss2 8tk Tﬁé‘%@th&)ﬂthéﬁ%ledtfbdeeeéhgemfrom
enbodlnents nduc

ive material is oId or pa
princi pl e t leboeht.3& telabovt 6d6 ¢ray UBeallyn %mo?bql'ﬁgj \JE{)H‘EIL?&OM/MPB}PF € each
of the 25 e'r‘éﬁeﬁrér\?ﬁ%eéle&ﬁo&%’}g@%zlyyhé%ds tMEkr%fssaﬁngaﬁ%ﬁrbnﬁuﬁmrm @10 hal  on

the surface 0O nt ath I ayer e conducti ?g ma%er a
conponerts ofarﬁdhtssuﬂyém eU@Jt thp ahowt @31 nsmit I Gestein eRERIIRG adis {eDehg

enpl oyed in the subj A @nbthRdaRE lothdr@ediicer Whkreirsira
rigid mat er i 4I° ?Ptﬁfe qﬁé&t dg%ﬁ% §|'|5&riow dﬁcérq% structural support to the
el ectrode angkrtaimetbodimenkeeit slabout@éﬁ@m gharterest 30 strip as a whol e.

Suitable mater] alﬁ\et vr\]rgrtkianzné) Fe e%lcgyeefgctlao%eg Nie AT EhatalSiZed @ that at
least the surface of the electrodes that faces the reaction area in the strip is a

20 conductive material, e.g., a metal or other conductive material, where
representative materials of interest include, but are not limited to: palladium, gold,
platinum, silver, iridium, carbon, doped tin oxide, stainless steel and the like. In
certain embodiments, the conductive material is gold or palladium. While in
principle the entire electrode may be made of the conductive material, each of the

25 electrodes is generally made up of an inert support material on the surface of
which is present a thin layer of the conducting material component of the
electrode. Any convenient inert backing material may be employed in the subject
electrodes, where typically the material is a rigid material that is capable of
providing structural support to the electrode and, in turn, the electrochemical test

30 strip as a whole. Suitable materials that may be employed as the backing substrate
include plastics, e.g. PET, PETG, polyimide, polycarbonate, polystyrene, silicon,

ceramic, glass, and the like.
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I nclude plasties, e.g. PET, PETG polyimde, polycarbonate, polystyrene,
silicon, <ceramc, glass, and the |ike. 13 Spacer Layer A feature of the
subj ect el ectrochem cal test strips is that the working and reference

el ectrodes as descri bed above face each other and are separated by 5 only a
short distagﬁﬁ S that the di stance between the working and reference

el ectrode | ﬁ% &Ction zone or area of the el ectrochem cal test stripis
extrenely small. This mninmal spacing of the morking and reference

el ectrodes in thg fsag{r?l iﬁl’é%ggtije&teﬁé r%ch%mg:a[)?e%'t” r??)fl%ttﬁ'eﬂ tﬂi%ﬁmﬁg S a

thin spacer |aye etwee e wor king and
reference elr@rétér@deaecﬂmstéu dEsteinsd ca‘bot/énfsceléasrpattmr dndyare sppacated by

ranges from about 1 to about 50 > froma 200 m
The spacér [Pa)e? shertqistades. fuch gh%]ta@l 6523"&% %%WFFBRR%&'%I&@#) ahgrrggpévﬁct h at
lleast an i nlgpdctR@Blin Y Raktiéh EARCE 82 200 eledtbdhentsaitdsy stnp isekiremelyor t
out of the reaction zone as well. A re resenc}w%l ve s

configurat i smallafhisamingaal SPeangiog ¢he workmg FTERCY E@C%%E‘@eﬁ%%‘ﬂe?‘

shown i n tNGsg Lirgur &5 adfesitvamthe? phdsefibe Corl ar trireapabeamiayee positionedl Lar su de
inlet and ouflet vents or ports, other configurations _are g@lﬂsm bl e 5
as

squar e, ovalsantiwichediesweer &tﬁtwwgmgaand feferepes &Iec'[rgﬂ%ﬁpérdi‘ert@

etc. The spacer r NYrRNLEM!| rfﬁjnqz@babt,
wher e 1 fr copapat VS abHafrerB ot lodt £ 40 SRR LRIy TR ebEL:

pol ycar bonat®oagcatidue 200ken. eespacehmysuisf at o asftOtmeV|dp@c@acm<ayé¢n%5/ 20
be treated so as to be adhesjve w.th t to th I rodes
and therebyarﬁﬁlwwa?trﬂe?ﬁearb'f‘lqﬁ@f)ﬂr"étoé% $%C?'8P§8f'?’o§¢f£ﬂ§€%$ﬁfge@¥ﬁﬂ ‘f"g{ o
particul ar 4 RielfRSeatford Rshelstwal paregre%emmlvd@pmmayedednfegﬂjrmmnmnsner| p as
t he spacer |ayer. Reaction Zone 25 The subj ect el ect

i ncl ude a r eSRENI B I AN 2. AVRiE e SPaceTdayRids SRV tﬁ'\%ge \/\B?r%?ﬁathgﬁlg tsatT (r)ljgs

the ref e{iﬁencﬁrc@lla‘?cf'é&qsn apdat BEt SHACQIdel aer .andvbatie Nbﬁtseoel sorntethar e
descri bed above. Specifically, the working and  .reference el ctrog&agﬁlefl ne

the top and Mrgurah@nsmf@ paEsbls. ohiJasAYArEWAVRL tRRACUIY, JGRRIUIR, T i nes
the wal I's of ythe i paglibANaRLEA etcl Mhe/ YpdtBr Wyer h@ay eBetfabricateearom any

convenient material, where representative suitable materials include PET, PETG,
polyimide, polycarbonate and the like, where the surfaces of the spacer layer may
20 be treated so as to be adhesive with respect to their respective electrodes and
thereby maintain the structure of the electrochemical test strip. Of particular
interest is the use of a die-cut double-sided adhesive strip as the spacer layer.

Reaction Zone

25
The subject electrochemical test strips include a reaction zone or area that

is defined by the working electrode, the reference electrode and the spacer layer,
where these elements are described above. Specifically, the working and
reference electrodes define the top and bottom of the reaction area, while the
30  spacer layer defines the walls of the reaction area. The volume of the reaction area
is at least about 0.1 pl, usually at least about 1 pl and more usually at least about
1.5 pul, where the volume may be as large as 10 ul or larger. As mentioned above,

the reaction area generally includes at least an inlet port, and in many

14



Is at least about 0.1 !, usually at |east about 1 | and nore usually at

| east about 1.5 1, where the volune may be as large as 10 | or larger. As
menti oned above, the reaction area generally includes at |east an inlet
port, and in many 14 enbodi nents al so includes an outlet port. The

cr oss- sect i gnglaeRR Ao IH2R.deBlaAlouiBthoro e arosasdctional areaolhadnIPbAny as i
Is sufficiently '

arge to provide an effectjve ntrance exjt Jduid
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5x10- 3cne, @}g@}cleyorf gm@mgtfro% HR rdaetigb arda, dubytASratiyRandesFirenseabout n t he
'S

reaction zo a reagent tornulation according to th resent invention,
i 2hoptz Hip°

wher e the reagrhto dboutsik £ am’, usuallyfiognabgut §ixdQe g abopt “br mat . 10
ANALYTE DETECTI ON METHODS Al so provided by the subject invention are

met hods df using the subject reagent conpositions to determ ne the
concentration of praedin@l e réattian zumesisohagagent oamplagon RSCOEHR, &8 ce,
the methods are described jn ternms of o\.e i Dt 1M €a tppt
strips. HowBresent ﬂ‘]’l’@"?'?ﬂ/ew{"?r@n es”??@tenf F%@gaéﬁphér%% "giﬁ any met hogg of
detecting ap,gagl yte using the subject reagent formulations in an

el ectrochem cal cell is enconpassed within the invention. The nethods,

i ncl ude applying the sanple to an el ectrochem cal test strip that includes

the reaggnt ,carpRIsreenenderHBBs subj ect invention, detecting an 20

el ectrical signal generated by the test strip and relating the detected
el ectrical signal to the concentration of the analyte in the sanple. A
variety of diffenent - 3pRhYSEha Bibj6R idedrioheateunethgds né usiry ther syljagt
strips, where representative analytes include ﬁt COSE. %nolaﬁgw gk a

|l actate, al cedgent apmipesitons Ke. deleThRERy e EEPPEX Liddifrent s” t he subj ect

met hods are enpl t Q1T BRydrehca5thel metnees sendesatibed inderms obthe
physi ol ogi caﬂ%ggg%&%! IEr\%ﬂ‘iﬁlgéq:ironrincp‘ri n(|:i p():I e the subject. m%t‘.holga tﬁ@r}é (peasused
to det erysi neabolie representative tash stipsaHowA¥eTy e INeRiqRys; ity TPl rent
physi ol ogi cal sanples. sych. as, b I the Sdiédtaeagard formaultioe intdney ar e
particul arl f@@g@gﬁf%r&gégtnlﬁnaﬂé?ﬂg% nsﬁﬁ% t he (}:o,ncent ration of an anal yte
in bl ood or elbttamtiemicat telbissncampasaedavifit FedUYSHIP)- i n whol e bl ood.

The methods include applying the sample to an electrochemical test strip

that includes the reagent compositions of the subject invention, detecting an

20 electrical signal generated by the test strip and relating the detected electrical

signal to the concentration of the analyte in the sample. A variety of different

analytes may be detected using the subject test strips, where representative

anaiytes include glucose, cholesterol, lactate, alcohol, and the like. In many

preferred embodiments, the subject methods are employed to determine the

25 glucose concentration in a physiological sample. While in principle the subject

methods may be used to determine the concentration of an analyte in a 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, and more particularly in whole blood.

30 In practicing the subject methods, the first step is to introduce a quantity of

the physiological sample into the reaction area of the test strip, where the

electrochemical test strip is described supra. The amount of physioiogical sample,

e.g. blood, that is introduced into the reaction area of the test strip may vary, but

15
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20 electrochemical signal to the amount of analyte in the sample. In making this
derivation, the measured electrochemical signal is typically compared to the signal
generated from a series of previously obtained controls or standard values, and
determined from this comparison. In many embodiments, the electrochemical
signal measurement steps and analyte concentration derivation steps, as

25 described above, are performed automatically by a device designed to work with
ihe test strip to produce a value of analyte concentration in a sample applied to the
test strip. A representative reading device for automatically practicing these steps,
such that user need only apply sample to the reaction zone and then read the final
analyte concentration result from the device, is further described in U.S. Patent No.

30 6.193,873; the disclosure of which is herein incorporated by reference.

The methods may be empioyed to determine the concentration of a variety

of different analytes, where representative analytes include glucose, cholesterol,
lactate, aicohol, and the like. In many preferred embodiments, the subject methods
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test strip. A.representative reading device for automatically practicing
t hese steps, such that user need only apply sanple to the reaction zone
and then read the final analyte concentration result fromthe device, is
further described in U S. Patent No. 30 6,193,873; the disclosure of which
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whol e bl ood. SYSTEMS Al so provided by the subject invention are systens
for use in the _detection 10 of analytes, where the systens include a
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test strip as desisoifpeddebbythe subieChiNYBRNIAATE SYSEREL0] 5o rochem cal |y
assaying a s | e using t ' fhenCmsitioheasordiiggtodey i ces or
net ers gf’ tHgg‘gﬂﬁﬁeéc‘f’hgrﬁéﬁgﬁiﬁgﬂrngﬁc%qﬁg%l_I ?egl ectrocheni cal %g BAsuring
devi ces. TheuBjebi iagéntioal exs m@qﬁmwawstﬁﬂpﬁé&e%@ed&?t}%ﬁnﬁnq% WplVing an
electric potential to an _.electr ' ihg It ibyat fdagehe sanpl e has.
been int rodﬁééllj?'96590%%%{&§5P§$n§§1a5§ﬁ4|pﬁgélﬁge| I cuggr&ent gi n the cell; and
(c) a means bpfpositi@h@t i ng the current to the concentration of analyte in

the cell. Representative electro ) cal & tyeRMICASctAdoherhtcmtr | bed
in U S Patent dibamENIcEs or E@?EB',S 9%‘?%%‘%%%%34; yg, 93@?102; 5,972 199-1
5,997, 817 71 Qevied 2ihDabiect Meldd yitdally inelids; 1982 1ERNS ffARPNY osur es
of whi chlsare er e'i noi Fllcor orated b refer Id Ahvgeepat ent
. 4 , a a e
document's:  \ap @spuogetentagesn desipsnenBe i BosEh IS e 8335500
02148707; Q02420608 &5Rebh 6P meagAMgprel cBBent in30ei6elB and (¢) a means for
relating the current to the concentration of analyte in the cell Representative
electrochemical meters or devices are described in U.S. Patent documents:
20 5,723,284; 5,834,224; 5,942,102, 5,972,199; 5,997,817, 6,083,710; 6,121,009,
6.134.461: and 6,193,873; the disclosures of which are herein incorporated by
reference; as well as other patent documents: WO 99/49307; WO 97/18465, WO
01/57510; WO 01/57238; WO 02/48707; WO 02/50609: EP 0 969 097A2 and GB 2

304 628.
25
KITS

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

subject methods. The kits of the subject invention include the reagent

30 compositions as described above, where the compositions are often present in a
test strip, as described above. The subject kits may further include an obtainment

element for obtaining a physiological sample.  For example, where the

physiological sample is blood, the subject kits may further include an element for

obtaining a blood sample, such as a lance for sticking a finger, a lance actuation
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25 KITS Al so provided by the subject invention are Kits for use in
practicing the subject nethods. The kits of the subject invention include
* the reagent 30 conpositions as descri bed above, where the conpositions are
often present in a test strip, as described above. The subject kits may
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EXPERI I\/EN'yFA 'EXaHﬁlde T{GG ucose Linearity Results Using Citrate, Milic,

and Tartarate Citric, malic, and tartaric buffer fornul ati ons were

separately formyl %mYﬁ# ex%ﬂp%@%r@%@l@ﬂmé@bf ostenidnpidond byAvdy of
ont ar ne

formulations al'sé ¢ equi val ent anounts of 0.1% anti-foam (RNA
Equi | i 1sr atliomijatios. nM Cadl 2, PQQ (2 x mole ratio to GDH), 200 nM potassium
ferricyanide, and 45 ng/ nL GDH. ¢Bek ation was ink-jetted onto a Pd
substrate. The sensors were test d cont ai ni ng

Example 1. Glucose Linearity Results Using Citrate, Malic, and Tartarate

Citric, malic, and tartaric buifer formulations were separately formulated at

20 100 mM concentration and pH 5.5. All 3 formulations also contained equivalent
amounts of 0.1% anti-foam (RNA Equilibrator), 1 mM CaClz, PQQ (2 x mole ratio
to GDH), 200 mM potassium ferricyanide, and 45 mg/mL GDH. Each formulation
was ink-jetted onto a Pd substrate. The sensors were tested with blood containing
glucose using chronoamperometry by applying a potential of -0.3 V for 10 sec,

25  and then applying a potential of +0.3 V for 5 sec. Testing with blood showed good
linearity with glucose for all cases (Figure 3). Background for citrate and malic
buffers were comparable while that of tartaric buffer was higher. In addition,

tartaric buffer formed an insoluble salt with Ca** making it less desirable.

30 - - .-
Example 2. Glucose Linearity and Hematocrit Results Using Citrate and Mellitate

Citrate buffer was formulated at 400 mM and pH 5.5. Mellitate buffer was
formulated at 160 mM and pH 6.4. Both formulations also contained equivalent

18
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showed that cifraconate had excellent background and performance stability as
compared to citrate (Table 1). The bias represented in Table 1 is given as an
absolute response difference at the 40 mg/dL glucose concentration, and as a

percentage bias for glucose concentration greater than 100 mg/dL.

20
Table 1.
CITRACONIC CITRATE

GLUCOSE | Biasto YSI | Biasto YSIat Biasto YS] | Biasto YSIat

LEVEL atDay 0 | Day 14 @56C | atDay0 | Day 14 @56C
40 6.98 538 457 -7.06
240 6.52 3.69 1.44 -25.77
540 0 1.45 0 -35.35

25

Example 4. Linearity and Stability Results Using Citraconate and Maleic

Citraconate and maleic buffers were separately formulated at 300 mM
concentration and pH 6.5. Both formulations also contained equivalent amounts of
30 0.066% Pluronic 25R2, 0.033% Pluronic 1.62, 4 mM CaCl,, PQQ (2 x mole ratio to
GDH), 800 mM potassium ferricyanide, and 26 mg/mL GDH. Formulations were
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background in both cases; however, performance for maleic buffer formulation

degraded at the high glucose levels — an indication of enzyme instability (Table 2).

5
Table 2.
CITRACONIC MALEIC

GLUCOSE | BiastoYSI | BiastoYSlat Bias to YSI | Bias to YSI at
LEVEL at Day O Day 14 @56C | atDay 0 Day 14 @56C

40 6.17 4.52 0.03 -0.93

240 7.29 3.93 -0.26 -10.93

540 -3.41 -0.08 -12.20 -25.37

10 Example 5. Hematocrit and Stability Results Using Citraconate and Mellitic
Buffers

Strips were made in @ manner similar to Example 4 except that the reagent
was deposited by a manual pipette and dried under a hot plate with a hot air
15 stream. Figures 9 and 10 show the stability data for glucose Sensors made with
citraconate and mellitate buffers. A pH of 6.5 was chosen with a buifer
concentration of 105 and 40 mM for mellitic acid and citraconic acid, respectively.
The sensors were stored at 5 °C or 56 °C for 2 weeks and then tested with 18, 37
and 63% hematocrit blood.
20
The above results and discussion demonstrate that the present invention
provides electrochemical reagent compositions in which the mediator is storage
stabilized. Advantages of the subject invention include more accurate resuits, as
well as obviation of the need to include less desirable stabilizing agents and/or
25 perform a burn and read protocol. As such, the subject invention represents a

significant contribution to the art.

All publications and patents cited in this specification are herein |
incorporated by reference as if each individua! publication or patent were |
30  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

20




GDH), 800 mM potassium ferricyanide, and 26 ng/nL GDH. Fornmul ati ons were 19
deposited on Pd by neans of inkjetting. Initial performance testing with
nom nal hematocrit showed good linearity (Figure 8). Stability data

i ndi cated stable background jn both cases;, however, é{)(ﬁrf% nce {or mal ei ¢
buf fer for mACREIrERd agaH) ad@IFsion hak the pesghmyEiones i entitied to Aqigdats o of
enzyme i nst aRjchiduplidatlt viue & griokinlBA§EANI C Tabl e 2. MALEI C GLUCCSE Bi ast o
YSI Bias to YSI at Bias to YSI Bias to YSI at LEVELat Da ODa 14 @6Cat Da
ODa 14 56C 406.174.520.03-0.93 2407. 293. 93-0. 26-10. 93

540- 3. 41- 0. 08- 12.,20- glgﬁ.%gg : Edri BidetdivoRegwul t s
Usi ng Citraconat éﬂa@ﬁéérﬂ/eﬁﬁ 1?3% C u{{%élrgg Hgﬂ@%g‘a&ﬁr‘l&b‘é@n&ggbﬁn a mar])]nagrj‘l
sinmilar to Bfilystratian end examplader putpogesjstanty ofandgesiarding dt ipyeadifanual

pi pette and i . 8 W . i ry 9 and
10 show the gg%t:{{;gﬂ égtao aftla?&c’)rr} Ighlgéi\{gte}e'ﬁgg@@t %Qg%cﬂﬁg@%‘?ﬁ%&rﬁﬁg@ and
mel | itate buhfbcstaircpaihget addInawificatihns mayliethade ihefdte witheuikenarting i on of
105 and 40 for nel)Jitic acj i jc acid, respectively. The
sensors wer g'wwg'?%ﬁ)'g{c’%sc&p%r&g@a%%lgggééa\%ee's and then tested with 18, 37
and 63% hematocrit blood. 20 The above results and di scussion denonstrate
that the present invention
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provi des el ectrochem cal reagent conpositions in which the nediator is
storage stabilized. Advantages of the subject invention include nore
accurate results, as well as obviation of the need to include |ess
desirabl e stabilizing agents and/or 25 performa burn and read protocol. As
such, the syWieqt gLANEBLSON represents a significant contribution to the

art. Al publrtcatrons and patents cited in this specification are herein
i ncorporated by reference as if each individual publication or patent were

30 specifically andah&dicshibeahiby cbmphigaged to be incorporated by reference.
The citation of any publication 1s for its disclosure prior to the filing

date and shoul d (@t ban202yegist rued as an admi ssion that the present
i nventi oQ i s not &tgnti%r&&xtrﬂecﬂ%ﬁ%ﬁe such publication by virtue of prior
e

i nvention. Althoudh t oregorng 1nvention has been described in sone
detail by way 5(®f i& mestiatat-stabilizingl bekempiesehton guuapowdssulficiait v stoyags
under st andi n

AU 1s readily. arent to those of ordinary skill in the art
in light of s%pglzgésg&%rieﬁaé "b‘%a'{%ﬁ'?s invention that certain changes and
nodi fications may be nmade thereto without departing fromthe spirit or
scope of the appepded clainms. 21 WHAT I.S | VED 1 S A.reagent. conmposition
conpri si ng: 2. (a) S?Qﬁ r@mﬁggmgcilﬁgn a@éﬂaa%@&'@ﬁor@%a segfmgfer 2RSS

medi at ongst alidiycErekyhekéiar present in an amount sufficient to storage
stabilize said redox nediator. 2. The reagent conposition according to
Claim1, wherein said buffer conprises 10 a polycarboxylic acid. 3. The

reagent conposit TR ras§ettdnhdsiok! RicBiding Y 182 Sahérelpbaia grdd@eaydxglic aci d
is nellitic acid and salts thereof. 15 4. The reagent conposition according
to C ai m 2, agidpasliticacd aed saitertberegl-ic acid is citraconic acid and salts
thereof. 5. An electrochem cal cell conprising a reagent conposition

according to d ains o _ _ o .
15 4 The reagent composition according to Claim 2, wherein said polycarboxylic

acid is citraconic acid and salts thereof.

5. An electrochemical cell comprising a reagent composition according to Claims
1to 4.

20
B. An electrochemical test strip comprising an electrochemical celi according to

Claim 5.

7. In a method for making an electrochemical test strip, the improvement
25 comprising:
employing a reagent composition according to Claims 1 to 4.

8. A method for determining the concentration of an analyte in a sample, said
method comprising:
30 (a)  applying said sample to an electrochemical cell according to Claim 5;
(b) | detecting an electrical signal produced by said cell; and
(c) relating said detected electrical signal to the concentration of said

analyte in said sample.
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1to 4. 20 6. An electrochem cal test strip conprising an el ectrochem cal
cell according to Caim5. 7. In a nethod for making an el ectrochem cal
test strip, the inprovenent 25 conprising: enploying a reagent conposition
according to Cains 1 to 4. 8. A nethod for determning the concentration
of an analyte in a sanple, said mnmethod conprising: 30 (a) applying said

e t | ect rocheni ca| cel | ding 1o Clajms: i
C ot 1 cal Si gné KbiaiRRl dsyerauaing £ Foncametn ol oo 18 ERAd ™"

el ectrical glgnalsdi@kkbBempasagntration of said analyte in said sanple. 22
9. AKkit for use in determning the concentratign ?f, g agal yte in a
Flaimee &

physi ol ogi cal  d&hpl @n elegtepckemicabiest $tap AGCOrgiAY 13 chenical test
strip acgording Cl_ai ; 5 (b) at least one of: (i) a sanple

obt ai nrre%t el emsdr_??; ﬁ%????ggn anal yte standard. 10. A system conpri sing:
10 (a) an el ectrocherfical atseswlesebtaipmentelemant ad daim 6; and (b) a neter

for reading said test(ii)st r iaH'an%@te standard.

10. A system comprising:
10 (a)  an electrochemical test strip according to Claim 6; and

(b) a meter for reading said test strip.
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