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5 Cross-reference to Prior Application

This is a continuation-in-part of copending U.S.
Application Serial No. 09/282,083, filed on March 30, 1999,
which is a continuation-in-part of U.S Application Serial
10 No. 05/161,876, filed on September 28, 1998, now U.S. Patent
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Background of Invention

15 1. Field of the Invention

This invention relates to diagnostic compositions that
permit the measurement of analyte concentrations in
hemoglobin-containing biological fluids. The compositions

' 20 are based on tetrazolium dye precursors and involve

suppressing the hemoglobin-induced reduction of them.
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“10 t-he conversi on does not upset the delicate pH bal ance of the body.
However, if insufficient anmounts of carbohydrates are present in the body,
~due, for exanple, to dieting, then fat consunption and fatty acid 2.5 AUG 2004
“production can increase to potentially harnful levels. In addition ﬂﬁq(ﬁ
di eters, insulin-dependent patients are vul nerable, because of their

i npai red carbohydrate netabolism Wen excessive fatty acid is used to
supply a body's energy demand, then large quantities of acetoacetate,
acetone, and beta-hydroxybutyrate are produced. These 20 internedi ates are
referred to as ketone bodies, and the condition is known as ket oaci dosi s.
The ketone bodies can nornmally be recycled into other forns by the body,
provided it is not overwhel ned. Therefore, a healthy individual

accunul ates a negl i gobker2pcasRust ©hetheberanalpt es. Wien a | arge quantity
of fats 2 5 AUG 2004 - 31 1s being netabol1zéd in a relatively short
period or when nost of the energy is derived fromfats, nmassive anounts

of ketone bodies arepgigdueed;sExcessi ¥RePEOIUAL! ABSOM aptHBSRL! #hons of

met abol ites can cause céertain neurologrc 5 disorders, | e probl'emi's not
corrected pronpehgrgyKetonegbodneshar bofdyesent ralbhsed andredf factcy

threshold is exceeged, are excreted,via the urine,. Tgey )
5 acids into the c¢irculatory system to be’metabolized

primarily by the liver. In the process, fat i1s consumed
and energy is released and made available to the body.
Normally, little fat is consumed, the fatty acids are
completely metabolized to carbon dioxide and water, and

10 the conversion does not upset the delicate pH balance of
the body. However, if insufficient amounts of
carbdhydrates are present in the body, due, for example,
to dieting, then fat consumption and fatty acid production
can increase to potentially harmful levels. In addition

15 to dieters, insulin-dependent patients are vulnerable,
because of their impaired carbohydrate metabolism. When
excessive fatty acid is used to supply a body‘'s energy
demand, then large quantities of acetocacetate, acetone,
and beta-hydroxybutyrate are produced. These

20 intermediates are referred to as ketone bodies, and the
condition is known as ketoacidosis.

The ketone bodies can normally be recycled into other

forms by the body., provided it is not overwhelmed.
Therefore, a healthy individual accumulates a negligible

25 amount of these analytes. When a large guantity of fats



‘are.easily detected by a nodern clinical analyzer. On average, the
percent ages of beta-hydroxybutyrate, 10 acetoacetate, and acetone are 78%
20% and 2% respectively. Because of its relatively Iom1concentrat%qn and
‘high volatility, acetone is sel dom measured. |nstead, acetoacet at elilshUo 2004
gquantitatively determ ned by a nitroprusside reaction and the

bet a- hydroxybutyrate is 15 quantified with an enzymatic net hod.

Acet oacetate test strips have been avail able for decades. They are based
on. a nitroprusside ion coupling reaction with al dehydes and ketones. An
al kaline urine sanple or a serumspecinen.ig .allowed to react with the

ni troprusside for some mnutes, 20 and a purple color is devel oped. The
intensity of the <color indicates the acetoacetate concentration. However,

acetone '”Ferfe&%sﬂﬁﬂﬁg %aE%ﬁHze%?i%!é'Q%lh%i@%ﬁge%ho%%angQ%d BYr LRg,
as the patient recover rom a ketoaci dosi's episode, the acetoacetate

| evel in urine awdt25fi mhs enetrigycricasies ivedus roakifag st haadsagrosm®unts
difficult. 2 5 AgG 2004 4 The beta-h drgéybéﬁyrate test is ngre useful for
moni tori ng ket of& BEGYE0ROGHESaPEEnET OFHCRE - ha&&G 257 ¥ RePTBRHGAL PO O

bEtajhdeOXYDUtihébé_wbkhmbﬁﬁb%Q&E%ép@aﬁiBguséebégkggﬁnﬁéﬁrbmoF@@ presence
of nicotinam de adeni ne 5 di nucl eotide (NAD) cofactor. (Strictly speaking,

only DS beta- hydisryBeryratté the papbh&nl ysSpresefprardtesi BreBHLly -
Ketone bodies are present in blood and, if a
threshold is exceeded, are excreted via the urine. They
are easily detected by a modern clinical analyzer. On
average, the percentages of beta-hydroxybutyrate,

10 acetoacetate, and acetone are 78%, 20% and 2%,
respectively. Because of its relatively low concentration
and Bigh volatility, acetone is seldom measured. Instead,
acetoacetate is quantitati&ély determined by a
nitroprusside reaction and the beta-hydroxybutyrate is

15 cquantified with an enzymatic method. Acetoacetate test
strips have been available for decades. They are based on
a nitroprusside ion coupling reaction with aldehydes and
ketones. An alkaline urine sample or a serum specimen 1is
allowed to react with the nitroprusside for some minutes,

20 and a purple color is developed. The intensity of the
color indicates the acetoacetate concentration. However,
acetone interferes with the test, resulting in higher
readings. Further, as the patient recovers from a
ketoacidosis episode, the acetoacetate level in urine and

25 in blood increases, thus making the diagnosis difficult.
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“but we omit the "D' for brevity throughout this specification and the
appended clains.) Upon the oxidation, NADH is produced, and its
_concentration is 10 neasured directly with a UV spectrophotoneter. Hence,
the corresponding signal change in the spectrumis proportional i Awgi
anal yte's concentration. Unfortunately, the excitation of NADH o E P4
the UV region; thus, this node of detection is suitable only for

| aboratory instrunments. Another nmethod for nonitoring beta-hydroxybutyrate
is by oxidizing the NADH with a tetrazoliurn conpound. Tetrazoliurn
conpounds are generally very sensitive to_ gtrong bases and to |ight..
Thus, special care nust be 20 exercised to ensure the integrity of these
conmpounds. Neverthel ess, tetrazoliuns have played an inportant role in

studies of tissue m&ﬁ@%@%g‘ nFAL SRl 2a LNE <€l a5 nc0l GamRQUNgS has

been used in probi ng anaerobi c OXI t|o and reduction reactions in cells
Further, they amen250£®ngnhbyoueeﬂodn cbnnenatadnagnostEc31sTbasednp@umm&
are 2 5 AUG 2004 a t plcaII Ft coIo ed or coIorL ounds t hat
undergo a reducP¥d aFéQ@tPSn HQrBF§ BR¥E2BF Y EPef 8|ﬁ 56§H9nd589

yield a highly &Qh?ﬁ?ggéﬁ&gézilﬂ thBe ébeﬂcéggﬂtﬁléHEEnéﬁlaéCQBQﬁ&ﬁé,
sulfhydryls or 5 variants of NADH, DPH, PQQH2 (reduced PQQ -- pyrrolo-
dinucleotide ({NAD) cofactor. (Strictly speaking, oaly D-
beta-hydroxybutyrate is naturally present and oxidized,
but we omit the "D* for brevity throughout this
specification and the appended claims.) Upon the
oxidation, NADH is produced, and its concentration is
10 measured directly with a UV spectrophotometer. Hence, the
corresponding signal change in the spectrum is
propértional to the analyte’'s concentration.
.Unfortunately, the excitation of NADH occurs in the UV
region; thus, this mode of detection is suitable only for
15 laboratory instruments. Anotﬁer method for monitoring
beta~hydroxybutyrate is by oxidizing the NADH with a
tetrazolium compound.
Tetrazolium compounds are generally very sensitive to
strong bases and to light. . Thus, special care must be
20 exercised to ensure the integrity of these compounds.
Nevertheless, tetrazoliums have played an important role
in studies of tissue metabolism. For example, this class
of compounds has been used in probing anaerobic oxidation
and reduction reactions in cells. Further, they are

25 commonly used in clinical diagnostics. The compounds are



.-quinoline quinone), FWMNH2 (reduced FMN - flavin nononucleotide), and
FADH2 (reduced FAD - flavin adenine dinucleotide) are capable of formng
the dye. In clinical diagnostics, these dyes have been found 10 to be
“invaluable for nonitoring the formation of NAD(P)H fromtheir pagFQEUGZWL
conpounds, NAD(P)+, in anaerobic reactions- (See, for exanple, at .
5, 360, 595, issued on Novenber 1, 1994 to D. Bell et al.) The redox
reaction is rapid and is not sensitive to oxygen. The resulting 15 dye
color is very intense and has low solubility in water. |In principle,
tetrazolium dye precursors can be used togneasure ketone bodi es and

gl ucose in whol e blood. However, the tetrazolium can be reduced
non-enzymatically by henoglobin (Fe(ll) ) to forma colored formazan, if

the 20 hemogl Ob' l.%ari GQAINRA I i) %:'&‘io'i-?%s%e'c' anp urldle ¢ 0od.

Thus, free henD b|n causes serious interference wt e neasurenents
I n fact due toukuelmigyomas raqdcitien resulttiant abunteneeesfenfaee @ henogl obi n

relatlve to the e-of interest, .in a,typl.cal ketone body neasurenent,
25 the. i nt e f or FRGLEERaPOFRem FEmSgion A BN oRESEd Sehd o6 206 2004 - b

i ntended si gnal re@LUGRSE aHRATY SR Sis Rakbi-edkakl Y sun £rijfdevar Melr
concentration or above, are not affected as adversely- When the reaction

is carried out Vﬁfhﬁgﬁsh@ﬁaﬂa@ﬁitNﬁ§§#pl@@QHE éie%P%$@hE@Qten@EF§@&Pe

where the quinoline quinone), FMNH; {reduced FMN - flavin

mononucleotide), and FADH, (reduced FAD - flavin adenine
dinucleotide) are capable cof forming the dye.
In clinical diagnostics, these dyes have been found
10 to be invaluable for monitoring the formation of NAD(P)H
from their parent compounds, NAD{(P}+, in anaerobic
reacﬁions. {See, for example, U.S. Pat. 5,360,595, issued
on November 1, 1994 to D. Bell et al.) The redox reaction
is rapid and is not sensitive to oxygen. The resulting
15 dye color is very intense and has low solubility in water.
In principle, tetrazolium dye precursors can be used
to measure ketone bodies and glucose in whole blood.
However, the tetrazolium can be reduced non-enzymatically
by hemoglobin (Fe(II)) to form a colored formazan, if the
20 hemoglobin is not contained within the red cells of the
blood. Thus, free hemoglobin causes serious interference
with the measurements. In fact, due to hemolysis and the
resultant abundance of free hemoglobin relative to the
analyte of interest, in a typical ketone body measurement,

25 the interfering signal from hemoglobin could exceed the



~*s henogl obin oxidation reaction is faster, interference with glucose
measurenents is significant, as well. Since the henolysis of red bl ood

~cells, which causes free henoglobin to be present, cannot easily be

~avoi ded, red blood cells nust be renoved fromsanples prior to testin%,if
10 tetrazoliumis to be used for the analysis. Red bl ood cells can beld AUG 2004
renoved fromsanples by filtering with nenbranes and filters, by trapping
with chem cal reagents, or by a conbination of both methods. Filtration
nmet hods for separating red cells fromwhole is blood are costly and require
rather |arge sanple volumes, An exanple _of a bl ood ketone
(bet a- hydr oxybutyrate) test that uses filtration to elimnate red cells
froma whole blood sanple is the KetoSite(r) test available from GDS
Di agnostics, Elkhart, .IN. ee Ti.etz Texthook of inical .20 .Chem stry, 2d
et ed. by’ C BAPCEEer gPeT w G e e T FRAT GhE L IO 064,
p. 974.) The "tast nbamdl cuse@dnvtadtian estbeas,t Wweef noteh fifayers, ashi ch
makes the <card rather costly and necessitates a large (25L) blood sanple.
Further, the bRE¥ETREY -n¥<Be thendIapFsdon 15 KBET26GY OME7 1NANAERDI nat i on

of filtration ppd.chew;cakakbaRl BG ¢ UBEEneR LRAATRE(L:, @EndcRiey

Encore- bl ood glucose strip, available fromMIles. That strip uses a |ayer
of filster mat eheabgaabiancagdhdtionatiegstapd (pofassekrectinhprference with

glucose measurements is significant, as well. Since the
hemolysis of red blood cells, which causes free hemoglobin
to be present, cannot easily be avoided, red blood cells
must be removed from samples prior to testing, if

10 tetrazolium is to be used for the analysis.

Red blood cells can be removed from samples by
filtefing with membranes and filters, by trapping with
chemical reagents, or by a cémbination of both methods.
Filtration methods for separating red cells from whole

15 blood are costly and require rather large sample vclumes,
An example of a blood ketone (beta-hydroxybutyrate) test
that uses filtration to eliminate red cells from a whole

blood sample is the KetoSite® test available from GDS

Diagnestics, Elkhart, IN. (See Tietz Textbook of Clinical
20 Chemistry, 2™ Ed., ed. by C. Burtis et al., W. B. Saunders
Co., Philadelphia, PA, 1994, p. 974.) The "“Test Card”

used in that test has two filter layers, which makes the
card rather costly and necessitates a large (25ul) blood

sample. Further, the blood must not be hemolyzed.
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5 elimnate interference fromred cells. (See Chu et al., European Pat.
Appl. 0 638 805 A2, publ. Feb. 15, 1995.) Introducing an oxidizing agent
into a system to oxidize the henogl obin to nethenogl obin, is another way
-to reduce the henoglobin. interference. Although 10 ferricyanidesg 5 AUE 200
known to transform henogl obin to nethenogl obin, they also destroy the
desired product, NADH Palner et al., EPO 0O 330 517 B2, published on Aug.
30, 1989, disclose a nethod for neasuring biochem cal 15 anal ytes that
i nvol ves reacting the analyte with an oxi dase enzyne capabl e of electron
transferase activity wth the analyte to_yiyeLd reduced enzynme. The enzyne
is colorinetrically assayed to determ ne the anal yte concentration. The
enzyme reaction is not oxygen- 20 dependent. Freitag et al., WO 94/01544,

publ i shed on JanuaryA290mb%9§€iogi%%'@i?t@a%&% 'Snﬁ?@ﬂ% §cher 31 %BWH% is

anal ysis. The reagent inc es an enzyne, a phenazi ne erlvatlv
tetrazolium sahSedahd ahgi xmeedt Ghetahesalkt Ehgose&bbllbrd g2Bcblse seagent .
2 5 AUG 2004 Storhoff t gl. WO 94/01% 8 ggbtished on anuaré %0 1994,
21 50 di scl ose A €t AbPRIPehEEM: " 6F Sanal 5?5 RAPYYPES $hesYEagliht iidiides

an enzynme, a megdhieépialaantiehhagdghilutNnasabh, adfd (gBraxbdizkBgnagent that
Stabll%zes eliminate interference from red cells. {See Chu et al.,
European Pat. Appl. 0 638 805 A2, publ. Feb. 15, 1995.)
Introducing an oxidizing agent into a system, to
oxidize the hemoglobin to methemoglobin, is another way to
reduce the hemoglobin interference. Although
19 ferricyvanides are known to transform hemoglobin to
methemoglobin, they also destroy the desired product,
NADH .
Palmer et al., EPO 0 330 517 B2, published on Aug.
30, 1989, disclose a method for measuring biochemical
1% analytes that involves reacting the analyte with an
oxidase enzyme capable of electron transferase activity
with the analyte to yield reduced enzyme. The enzyme 1is
colorimetrically assayed to determine the analyte
concentration. The enzyme reaction i1s not oxygen-
20 dependent.
Freitag et al., WO 94/01544, published on January 20,
1994, disclose a stable reagent for analyte analysis. The
reagent includes an enzyme, a phenazine derivative, a

tetrazolium salt, and a divalent metal salt to stabilize

25 the reagent.



.5 the reagent. Summary of the Invention { The present invention provides a
reagent for LO neasuring the concentration of an analyte in a henogl obi n-
contai ning biological fluid. The reagent conprises: a) a flavin-dependent
enzyne that has a flavin bound to it and that has specificity for tHe) AUG 2004
analyte, b) a tetrazoliumdye precursor, 15 c) an electron transfer agent,
and d) a nitrite salt. In an alternative enbodi nent of the invention, the
reagent conprises; a) a Flavin-dependent enzyne that has specificity 20
for the analyte and does not have a lavin bound to it, b) flavin

nononucl eotide (FMN) or flavin adenine -dgnucleotide (FAD), c) a
tetrazoliurn dye precursor, d) an electron transfer agent, and 25 e) a
nitrite salt. 2 5 AUG 2004 - 9 10 is 20 The reagent is particularly suited

for coating onto Storhoff et al., WO 94/01578, published on January
20, 1994, also disclose a stable reagent for analyte
analysis. The reagent includes an enzyme, a mediator, a
tetrazolium salt, and an oxidizing agent that stabilizes

5 the reagent.

Summary of the Invention

The present invention provides a reagent for
10 measuring the concentration of an analyte in a hemoglobin-
containing bioclogical fluid. The reagent comprises:
‘a} a flavin-dependent enzyme that has a flavin

bound to it and that has specificity for the analvte.

b) a tetrazolium dye precursor,
15 c) an electron transfer agent, and
d) a nitrite salt.

In an alternative embodiment of the invention, the

reagent comprises;

aj a flavin-dependent enzyme that has specificity
20 for the analyte and does not have a flavin bound to it,
b) flavin mononucleotide (FMN)} or flavin adenine

dinucleotide {(FaD),
c) a tetrazolium dye precursor,
d} an electron transfer agent, and

25 a) 4 nitrite salt.



‘one or nore substrates to forma dry reagent strip for nmeasuring an

anal yte concentration in a henogl obin- containing biological fluid. A
“particularly preferred strip conprises a) a support |ayer, b) on the
“support layer, a test pad having a coating that conprises i) a 75 AUG 2004
fl avi n-dependent enzyne that has a flavin bound to it and that has
specificity for theanalyte, 1ii) a tetrazolium dye precursor, and iii) an
el ectron transfer agent, and c) on the test pad, a bibulous top |ayer that
is coated with a nitrite salt. Another strip of the invention conprises

a) a support layer, b) on the support layery a test pad having a coating
that conprises i ) a flavin -dependent enzyne that has specificity for the
anal yze and does not have a flavin bound to it, ii) FINN or FAD, iii) a
tetrazoliumdye precun&ofeaged} aB Bheeie@DatIaNsheredgest, c8868iRg5oMG
2004 10 c) on the test pad, a bibulous top layer that is

one or more substrates to form a dry reagent strip for
measuring an analyte concentration in a hemoglobin-

containing biological fluid. A particularly preferred

5 strip comprises
a) a support laver,
b} on the support layer, a test pad having a coating

that comprises

! . .
' i) a flavin-dependent enzyme that has a flavin
10 bound to it and that has specificity for the .analyte,

i1} a tetrazolium dye precursor, and

iii} an electron transfer agent, and
c) on the test pad, a bibulous top layer that is

coated with a nitrite salt.

15 Another strip of the invention comprises
a) a suppert layer,
b) on the support layer, a test pad having a coating

that comprises
i) a flavin-dependent enzyme that has
20 specificity for the analyte and does not have a
flavin bhound to 1it,
ii) FMN or FAD,
1ii) a tetrazolium dye precursor,

iv) an electron transfer agent, and



I e

't 5 coated with a nitrite salt. Brief Description of the Drawings Fig. 1 is
a perspective view of a test strip of this invention. Fig. 2 is an
expl oded vi ew of another test strip of this invention. 10 Fig. 3 is an
expl oded vi ew of yet another test strip of this invention. Fig. 4 i%3$AU52m4
pictorial depiction of the chem stry of a glucose assay of this inven

Fig. 51is a graph that shows the effect of nitrite as P5 a henogl obin
suppressor on a two-layer assay. Fig. 6 is a graph that shows the effect of
nitrite as a-henogl obin suppressor on a single-layer glucose assay.

Det ai |l ed Description of the Invention 20-Thg present invention provides a
reagent for neasuring anal yte concentration in henogl obi n-containing

bi ol ogi cal fluids (such as whole blood) , by producing a concentration of
the reduced form of 3 COlACtale SUh A%125 MIBH) MDERKH 1o BHha: AN

or FADH2 that is a measure of 25 AUG 2004 - 11 the analyfe concentration.

| ncl usi on of nicoeites Wi ttther nitrite salt.

Brief Description of the Drawings

Fig. 1 is a perspective view of a test strip of this
invention.
Fig. 2 is an exploded view of another test strip of
this invention.
10 Fig. 3 is an exploded view of yet another test strip
of this invention.
'Fig. 4 is a pictorial depiction of the chemistry of a
glucose assay of this invention.
Fig. S is a graph that shows the effect of nitrite as
15 a hemoglobin suppressor on a two-layer assay.
Fig. 6 is a graph that shows the effect of nitrite as

a hemoglobin suppressor on a single-layer glucose assay.

Detailed Description of the Invention

The present invention provides a reagent for
measuring analyte concentration in hemoglobin-containing
biological fluids (such as whole blocod), by producing a
concentration of the reduced form of a cofactor. such as

25 NADH, NAD(P}H, PQQH, FMNH,, or FADH; that is a measure of



‘reagent overcones the interference of henoglobin with the measurenent of

t he-reduced cofactor concentration. It is particularly useful for, but not
limted to, nmeasurenment 5 of ketone bodies and glucose. Fig. | depigt 2
typical test strip 10 of the invention, which consists of a test p J?H 2004
affi xed onto a support 14. The support may be a plastic - e.g.,

pol ystyrene, nylon, or polyester - or netallic sheet or 10 any ot her
suitable material known in the art. The test pad is coated with a reagent
that reacts with the analyte to cause a color change. The test pad
preferably conprises a bibulous material, such as filter paper or polyner
menbr ane. However, since the reaction doesn't 15 require oxygen, the test
pad may be a non bibulous material, such as plastic film The reagent

i ncl udes an éscérpcee%é}&f&lthexﬁlwﬁo% s f}yl ide, tyans 2

agent, a tetraz |un1 e precursor, a suitable enzyme actor, an
henogl obi n suppresssoit GQpsronetd yt;h@ ﬁ&émﬁér@nmd:fstfaimdgmuarueltmctnded

for greater stabilit test stri gan al so_pe, a
mul tilayer conﬁeratﬁﬁy%??n%?‘ﬂ r\t,iltr;e‘p Rl‘}:'é‘%dle?o O&yﬁ‘f’d‘cteé%tf A4 12, Tt nit hat
construction, the diRAgeH]1yRYsd@: di sddedudeioeandited Wo | apel Surdént
exanpl e, the henogl obin 25 suppressor nmay be coated onto optional top |ayer

16 and 2 5 AUGHDOetome bodies and glucose.
Fig. 1 depicts a typical test strip 10 of the

invention, which consists of a test pad 12 affixed onto a
support 14. The support may be a plastic - e.g.,
polystyrene, nylon, or polyester - or metallic sheet or

10 any other suitable material known in the art. The test
pad 1s coated with a reagent that reacts with the analyte
to céuse a color change. The test pad preferably
comprises a bibulous material, such as filter paper or
polymer membrane. However, since the reaction doesn't

15 require oxygen, the test pad may be a non-bibulous
material, such as plastic film. The reagent includes an
enzyme that is specific to the analyte, a hydride transfer
agent, a tetrazolium dye precursor, a suitable enzyme
cofactor, and a hemoglobin suppressor. Optionally, a

20 buffer and stabilizer are included for greater stability.

As shown in Fig. 2, the test strip can also be a

multilayer construction, with top layer 16 overlaying test
pad 12. In that construction, the reagent may be divided
between the two layers. For example, the hemoglobin

25 suppressor may be coated onto optional top layer 16 and



“the bal ance of the reagent coated onto test pad 12. Preferably, top |ayer
16 is bibulous and serves as a spreading |ayer and as an absorbent |ayer
to absorb excess sanple. Sanple is applied to top layer 16, and it passy
-5 through to test pad 12. The analyte concentration is deternined by
measuring the col or change through support |ayer 14 or, if |ayer 14 IS not
transparent where it adjoins the reaction area, through opti onal w ndow or
t hrough-hole 18. 10 In the alternative enbodi rent shown in Fig. 3, spacer
20 separates top layer 16 and test pad 12. Spacer 20 is preferably a
non- bi bul ous plastic filmhaving an adhesiyg _coating (not shown) on both
faces. Channel 22 in spacer 20 provides a capillary path for sanple to
flow from 15 opening 24 to neasurenent area 26. The flow depends on air

venting hetvveerttl_%s&g ace of t Giaadgeﬁ: %hc;ldt%rb £dio trgsn:g F!aacyei or,

alternatively, oug op |ona e color change n neasurenent
area 26 i s nonitmEfedablhir oughp o]mtymaﬂl(i vientoiuicdomw bhd Beagmﬁ amya al | be
on 20 test pad 12 or, alternatively, my be d|V|deg_anDn test pad and

one or both of SRFRAHMA IAYSRAIS % athfPEerPefiud 2v8 % | 10 x4 9%°
reagent may be Qpdihe tesinpad ; And A SRR RRY 1 Qled NG, r%aegﬁnltt s es on

one or both of the non-bibul ous |ayers. Wen we refer to reagent as 25
bei ng @ "coati nglrcogt! o Qﬁﬂ@ykmiiMb i Mthen ckntad Yitige Iagdie €51 £ DARYG RO 0i4s

determined by measuring the color change through support
layer 14 or, if laver 14 is not transparent where it
adjoins the reaction area, through opticnal window or
through-hole 18.

190 In the alternative embodiment shown in Fig. 3, spacer
20 separates top layer 16 and test pad 12. Spacer 20 is
preférably a non-bibulous plastic film having an adhesive
coating (not shown) on both faces. Channel 22 in spacer
20 provides a capillary path for sample to flow from

15 cpening 24 to measurement area 26. The flow depends on
air venting between a surface of test pad 12 and an
adjoining laver or, alternatively, through optional vent
18. The color change in measurement area 26 is monitored
through optional vent/window 18. Reagent may all be on

20 test pad 12 or, alternatively, may be divided among the
test pad and one or both of non-bibulous layers 14 and 16.
Thus, a first part of the reagent may be on the test pad
and a second part of the reagent may be on one or both of
the non-bibulous layers. When we refer to reagent as

25 being a "“coating” or “on” a layer, we intend to include
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- 13 the possibility that reagent wll be absorbed into the |Iayer,
particularly if it is bibulous. Al flavin-dependent enzynes are suitable
for assays wth this invention. Suitable oxidase enzynes and their 5% AUG 2004
correspondi ng anal ytes include: al cohol oxidase for alcohol, glucose

oxi dase for glucose, gal actose oxidase for gal actose, chol esterol oxidase

for chol esterol, | act ate oxi dase for L-lactate, urate oxi dase for uric
acid, bilirubin oxidase for bilirubir. , and choline oxidase io for
chol i ne. Sui t abl e dehydrogenase enzynes and the correspondi ng anal ytes

i ncl ude: pyruvate dehydrogenase for pyruvate, D-lactate dehydrogenase for
D-lactate, and succinate dehydrogenase for succi nate. Wien not bound to
the enzyne, a cofactor nust be 15 added to activate the enzynme. Cofactors

that may be added: Jo 4B P-dependeieANZynE inclddle; rddavidio the
mononucl eotide (FMN) and flavin adenine dinucleotide (FAD). In the
presence of thdawsrynmathie wiat W el ¥ edudes bitthdcasfactor. 20 The next step

in the dye-form ng process .is hydrid abstractian fror e e
cofactor by an el ecl&‘rlgln arvalnns'i‘é/ee earbcgenF ?uﬁy%\ae'b% gdreelI et r%gnbeltér a%sjlfﬁe%séa it s
i ncl ude di aphariase,cisidch rased ipoi ¢ dehublegendssd enraaoxd randNADRL ¢
reduct ase, and | i poam de_ dehydrogenase. Nbre preferred, 25 when flavin
cofactdr is usé&PrrHPHEH-EhAMEY ‘EoIdGgie: alconol oxidase for

alcohol, glucose oxidase for glucose, galactose oxidase
for galactose, cholesterol oxidase for cholesterol, L-
lactate oxidase for L-lactate, urate oxidase for uric
acid, bilirubin oxidase for bilirubin, and choline oxidase

10 for choline. Suitable dehydrogenase enzymes and the
corresponding analytes include: pyruvate dehydrogenase for
pyru&ate, D-lactate dehydrogenase for D-lactate, and
succinate dehydrogenase for éuccinate.

When not bound to the enzyme, a cofactor must be

15 added to activate the enzyme. Cofactors that may be added
to a flavin-dependent enzyme include: flavin
mononucleotide (FMN)} and flavin adenine dinucleotide
(FAD) . In the presence of the enzyme, the analyte reduces
the cofactor.

f 20 The next step in the dye-forming process is hydride
abstraction from the reduced cofactor by an electron
transfer agent. Suitable electron transfer agents include
diaphorase, such as lipoic dehydrogenase, ferredoxin-NADP
reductase, and lipoamide dehydrogenase. More preferred,

25 when a flavin cofactor is used, are non-enzymatic electron



S

25 AUG 2004 - 14 transfer agents, such as phenazine nethosul fate (PMS),
phenazi ne ethosul fate (PES), 1-nethoxyphenazine nethosulfate, or Ml dola
Bl ue. Reaction kinetics and stability are the primary factors for ,
"selecting an 5 electron transfer agent or "hydride abstractor”. For v AUl 2004
exanple, PM5 is the universal hydride abstractor, because it has
relatively fast reaction kinetics with nost of the tetrazolium conpounds
| i sted below. For that reason, it is preferred when the cofactor is PQQ
PMS is, however, 10 nore sensitive to light than enzyne-based hydri de-
abstractors. Diaphorase is nore stable and;4for that reason, is preferred
when the cofactor is NAD. The captured hydride is transferred to a
tetrazolium conpound (dye precursor) to forma colored formzan. 15

Tetrazoliumco suit qr. thi Vi ar &

2- (2' benzot hi azoi y: ;%tt -S ?ﬁ%% ?ﬁ?}l&g ﬁ%rga[%l?/{der a@%%ﬁ%‘%%affeazg |Squ
(BSPT), 2-benzagtherezoing -ef{i2)si3], Satch p{ras)l, tletmeazob:ngphdBTDOR)e 2, 3-di
(4-nitrophenyl) tetr | ium (DNP), . 2, 5-di phenyl -3-(4- styryl phenyl) 20
tetrazol i um (Dlgﬁr)h,oﬂfaﬁé()%/"r%ﬁl Sl tb?%]tﬂ‘ﬁéa th]tUreazorreiaLﬁﬁl(cﬁS-k’Né%/l,cps e

3,3 - (3,3 -di mdeayridl dre iphetWilnards £actlH )eor selecting an

bi s[ 2- (4-nitrophenyl)-5- phenyl (-2H tetrazolium (NBT), 3- (4, 5-dinethyl-2-
t hi azobyl) - 2, 5-afigsharyl -RHRnwiemAadgimoy Mipdride abstractor”. For

2- phenyl - 3- (4- Ce%la%(lyéa,h%yé )ISS'trFFet h\)ﬁ'i‘}e%tsra%.zc?'ilyidjrmde abstractor, because
it has relatively fast reaction kinetics with most of the
tetrazolium compounds listed below. For that reason, it
is preferred when the cofactor is PQQ. PMS Ls, however,

10 more sensitive to light than enzyme-based hydride -
abstractors. Diaphorase is more stable and, for that
reasdn, is preferred when the cofactor is NAD.

The captured hydride is transferred to a tetrazolium
compound {(dye precursor) to form a colored formazan.

15 Tetrazolium compounds that are most suitable for this
device are: 2-(2'benzothiazolyl)-S5S-styryl-3-(4'-
phthalhydrazidyl) tetrazolium (BSPT), 2-benzothiazolyl-
{2)-3,5-diphenyl tetrazolium (BTDP), 2,3;di(4—nitrophenyl)
tetrazolium {(DNP), 2,5-diphenyl-3-(4-styrylphenyl)

20 tetrazolium (DPSP), distyryl nitroblue tetrazolium [(D5-
NBT), 3,3°-[3,3'-dimethoxy-(1,1’'-biphenyl)-4,4"-diyl]-
bis{2-{4-nitrophenyl)-5- phenyl(-2H tetrazolium (NBT), 3-
{4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H tetrazolium
{MTT), 2-phenyl-3-{4-carboxyphenyl)-5-methyl tetrazolium

25 (PCPM), tetrazolium blue (TB). thiocarbamyl nitroblue



25 (PCPM, tetrazoliumblue (TB), thiocarbanyl nitroblue 2 5 AUG 2004 - 15
tetrazoli'um (TCNBT), tetranitroblue tetrazolium (TNBT), tetrazolium
violet, (TV), 2-benzothiazothiazolyl-3-(4- carboxy-2-nethoxypheny|)-5-%&-62
-sul f oet hyl car bamoyl ) phenyl )-2Htetrazolium (WsT-4), and 5 75 AUG 2004
2, 2' -di benzot hi azol yl -5, 5" -bi s(4--di (2 - sul foethyl)carbanoyl phenyl ]
--3,3"-(3,3 -dinethoxy-. 4,4' - biphenylene)ditetrazolium, disodiumsalt
(WBT-5). Preferably, water-soluble dye precursors, nore preferably WST-5,
are used so as to be conpatible with biological 10 sanples. Further, when
WST-5 is used, the resulting formazan conpound exhi bits strong spectral
absorption at the purpl e-blue region, thUslﬁéHucing the need for
correcting the background signal from henoglobin. Finally, a henogl obin
suppressor is present in the 15 reagent to curtail the undesirable '
dye-forning realffroazopétfedTWETIgl S5ty 2and roRé veetr&ZBEPdMUSO BT, The

rope of the heaBgkahih i suPRLGISA I&ho 8xbdhz6.-hie ReHnaahl ] - sLq -

met henmogl obin  whic oes not react with the tetrazoliumor forrfazan.
Sur pri singly, nferbteysdl-treth2@yebkenyds -Sedduri2hitrite, potassiumnitrite,

and their deriva#%vgg are g@rg iffgctiﬁ?_'n_suggrgaiga% theT Qenn | gbi n,

whil e not destrdyihgSFR¥ L FedeesaYoPRERY %guﬁﬁ g T opdeizd ) BN,

or FABH2). The2nptriipenab@hiazolyl-5,5’-bis[4-di(2-
sulfoethyl)carbamoylphenyli-3,3*-(3,3'-dimethoxy- 4,4’ ~
biphenylene)ditetrazolium, disodium salt (WST-5).
Preferably, water-soluble dye precursors, more preferably
WST-5, are used so as to be compatible with biological

10 samples. Further, when WST-5 is used, the resulting
formazan compound exhibits strong spectral absorption at
the éurple—blue region, thus reducing the need for
correcting the background signal from hemoglobin.

Finally, a hemoglobin suppressor is present in the

15 reagent to curtail the undesirable dye-forming reaction
between hemoglcobhin and the tetrazolium compound. The role
of the hemoglobin suppressor is to oxidize the hemoglobin
to methemoglobin, which does not react with the
tetrazolium or formazan. Surprisingly, nitrite salts,

20 such as sodium nitrite, potassium nitrite, and their
derivatives, are very effective in suppressing the
hemoglobin, while not destroying the reduced cofactor
{such as NADH, PQQH,, FMNH,, or FADH,;}. The nitriktes are
effective, as well, at elevated temperature and with high

25 hematocrit samples. Sodium nitrite is preferred, because



effective, as well, at elevated tenperature and with high 25 hematocrit
sanples. Sodiumnitrite is preferred, because Y S AUG 2004 - 16 it has
_high aqueous solubility, is not toxic, and is relatively inexpensive.
Optional ly, the reagent may also include a stabilizer, such as a di/dafniin;
metal salt. 5 Although the reagent of this invention can be used in a wet
chem cal node, such as in a cuvette, in preferred enbodinents, the
invention provides dry strips for assaying beta-hydroxybutyrate or gl ucose
in-whole blood. Strips nmay be either single-layer or two-layer. Atwo 10

| ayer strip consists of a nenbrane test pagg preferably of nylon, that is
pl aced between a support and a top layer. The support is preferably of

pol yester sheet. The top |l ayer can be a nesh or any bibul ous material known

inthe art. Ajprefarnedpaterdaleis Off ; q 15 tyeated with
sodi um et hyl ol eoya|%r t}gfubr at ec,m avai | a%lﬁ'le rlgdé‘us' ?hexgi)t}:g)?g%g:r'p. I;o lIaégai rburn,
GA W refer todintsiveteriradxpassivRorex”. Preferably, the test pad has a

positively- charged surface. Mor referably, the test pad, is pol yam de.
The test pad contai PP et %‘?E’s‘?% 35yl @6’5&“551“6%%@ (including a
fl avi nG cof act gytabi IRME A 0rs e aPfa idiS,ANH OGRa1arRG1\VWET-5 (Table 1,

bel ow). The Porex top layer contains a nitrite reagent (Table 2). .
5 Although the reagent of this invention can be used in

a wet chemical mode, such as in a cuvette, in preferred
embodiments, the invention provides dry strips for
assaying beta-hydroxybutyrate or glucose in whole blood.
Strips may be either single-layer or two-layer. A two-

10 layer strip consists of a membrane test pad, preferably of
nylon, that is placed between a suppcrt and a top layer.
The sﬁpport is preferably of polyester sheet. The top
layer can be a mesh or any bibulous material known in the
art. A preferred material 1s a porous polyethylene

15 treated with sodium methyl oleoyl taurate, available frcm
the Porex Corp. of Fairburn, GA. We refer to this material
as “Porex”. Preferably, the test pad has a positively-~-
charged surface. More preferably, the test pad 1is
poiyamide. The test pad contains a reagent comprising

20 glucose oxidase {including a flavin cofactor), PMS ({(or one
of its analogs}, and WST-5 (Table 1, below). The Porex
top laver contains a nitrite reagent (Table 2}.

In a single-layer strip, the Porex layer 1s omitted,

and the entire reagent, including the nitrite (Table 3},

25 is applied to the test pad. DNote that in both the two-



“In a single-layer strip, the Porex layer is omtted, and the entire
reagent, including the nitrite (Table 3), 25 is applied to the test pad.
~Note that in both the two 2 5 AUG 2004 - 17 |ayer and single-I|ayer zsjtmfpzm
~either a flavin-dependent enzynme that has a flavin bound to it or a

fl avi n-dependent enzyne that does not have a flavin bound to it may be
used. In the latter case, a flavin cofactor (e.g. FMN or 5 FAD) is added.
In operation, a user applies a drop of whole blood to the upper surface of
the Porex top layer. As the whole blood or |ysed bl ood comes into contact
with the Porex, the sodiumnitrite is recomstituted and reacts with the 10
avai l abl e free henogl obin, thus rendering the henoglobin harnmless to the
assay. The resulting, substantially henoglobin-free sanple is transferred

to the test padihelownyig;eapPil]afyr ofe GRVidainanal f00ee - Qpddetest
pad, the sanple initiates the cascade reaction to yield a 15 colored dye,
whose concent r a&nxne stipropors i dnklavon thrundin yite worke éhtaain viependéaert

Sarpl e and can b 86 SUIL0e e SLSE LY L e o PIPURIRET0 B0 md 8011

t he change in apidtal Tensthé yiovesr A4 e Ofahiroath Sampiesie aj | havi saig

60% hematocrit _and . containing 0 and 100 ng/dL of glucose, both with and
5 FAD) 1s added.

In operation, a user applies a drop of whole blood to
the upper surface of the Porex top layer. As the whole
bleood or lysed bldod comes into contact with the Porex,
the sodium nitrite 1is reconstituted and reacts with the

10 available free hemoglobin, thus rendering the hemoglobin
harmless to the assay. The resulting, substantially
hemoglobin—free sample is transferred to the test pad
below, wvia capillary or gravitational force. On the test
pad, the sample initiates the cascade reaction to yield a

15 colored dve, whose concentration is proportional to the
analyte concentration in the sample and can be determined
directly with a photometer. Fig. 4 depicts the reaction
for glucose, using glucose oxidase and PMS.

Fig. S depicts the change in optical density over

20 time of blood samples, all having 60% hematocrit and
containing 0 and 100 mg/dL of glucose, both with and
without nitrite. The top graph displays results at 35°C.
The bottom graph displays results at room temperature
(RT). 1In each case, the nitrite concentration was 5 g/dL.

25 In the absence of nitrite, hemoglobin reduces the




"wWithout nitrite. The top graph displays results at 35C. The bottom graph
di splays results at roomtenperature (RT). In each case, the nitrite
~concentration was 5 g/dL. 25 In the absence of nitrite, henogl obin rfsgfiﬁ
-the 25 AUG 2004 - 18 tetrazoliumto forma continuously increasing d b
concentration, with a corresponding increase in optical density. Ntrite,
by renoving the henogl obin (by oxidation), limts the color formation to
that which 5 results solely fromthe glucose in the sanple. Preparation of
the two-layer strip that was used to generate the data depicted in the
graphs is described in Exanple 1, below -Fg.-6 shows the effect of
nitrite on the color 10 formng reaction in the glucose/ gl ucose oxi dase
systemfor a single-layer strip. Blood sanples, all having 60%

hematocrit, contaichedoq iQhm 200 dhdla Qbrdiveess 19N nd rRhs13g ML  of
nitrite. The sanples were run at room tenperature. The graph Shows t hat

the present systemcieatiBtaffectilié & aogemsprengenat unerangehemoediidalup to

A T AR

of the present bmyidation.),l nibxaesplt@del codoz0 fowhalkayar st Ehptwasiidsed, the

anal yte is glucose, _.and the .

5 results solely from the glucose in the sample.
Preparation of the two-layer strip that was used to
generate the data depicted in the graphs is described in
Example 1, below.

Fig. 6 shows the effect of nitrite on the color-

10 forming reaction in the glucose/glucose oxidase system for
a2 single-layer strip. Blood samples, all having 60%
hemaﬁocrit, contained 0 or 200 mg/dL of glucose and ¢ or
20 mg/mL of nitrite. The samples were run at room
temperature. The graph shows that the present system is

15 effective at room temperature and hematocrit up to 60%.
Preparation of the single-layer strip that was used is
described in Example 2, below.

The following examples demonstrate preferred
embodiments of the present invention. In Example 1, a

20 two-layer strip was used, the analyte 1s glucose, and the
enzyme 1is glucose oxidase. In Example 2, a single-layer
strip was used. As before, the analyte is glucose and the
enzyme is glucose oxidase. The compositions can readily be

modified for application to other analyte-enzyme

25 combinations listed earlier. (See, for example, Tiet:z



enzynme i s glucose oxidase. In Exanple 2, a single-layer strip was used. As
before, the analyte is glucose and the enzyne is glucose oxidase. The
~conpositions can readily be nodified for application to other
anal yt e-enzyme 25 conbinations listed earlier. (See, for exanple, Tiledld )8
5 AUG 2004 - 19 Textbook of Cinical Chemstry, 2nd Ed., ed. by C Burtis
et al., W B. Saunders Co., Phil adel phia, PA, 1994, pp 976-978 and
1174-1175.) The exanples are not intended to be in any way limting. 2 5
AUG 2004 A 0.8 gm nyl on nenbrane obtained fromPall 5 Corporation (East
Hlls, NY) was dipped into the reagent of Table 1, until saturated. The
excess reagent was scraped off gently with a glass rod. The resulting
menbrane was hung to dry in a 56 C oven for 10 minutes. Porex (0.6 mm

t hi ck) was soaked in the nitrite solutroh®of 10 Table 2 and then hung to
dry in a 100 C oven for ten hours. Finally, the nmenbrane was | am nated
between a pol yester stock (0.4 mm Mel enex@ polyester fromICl  Anmerica,
W | mi ngt on, BDEktoBdkt e Witiriteeld qhaghat ed, POred., 18dEXAVPLE BuFhes

pr ocedur e of Exanple 1 was repeated, except that

et al., W. B. Saunders Co., Philadelphia, PA, 1994, pp
976~978 and 1174-1175.) The examples are not intended to

be in any way limiting.



the first dip was the reagent of Table 3, and there was no 20 second dip,
since the Porex was not needed. 2 5 AUG 2004 - 21 Table 1. Reagent for a
G ucose Test Pad ConponentsQuantity Water100m 25 Al |
- (2- (- Morphol i no] et hanesul fonic acid) sodium salt MES (MN217.2, Sigma, @p
Louis, MO USA) 2.2gm Adjust pHto 5-7 by adding 6 M HCl) Tetonic 1307
(BASF Corporation, Moun dive, New 1-3gm Jersey, USA) PSSA,
Pol ystyrenesul fonic acid, sodiumsalt (MWV 70,000, Polysciences, Inc.,
Warrington, PA ~2-4gm USA) Crotein (Croda Inc., Parsippany, NJ, USA) 2-4gm
Mannitol (MW 182, Sigma, St. Louis, MO, USA)L--10gm Phenazi ne Methosul fate
(PVMS, MN306.34, Sigma, 30-300 ng St. Louis, MO USA WST-5 (MW 1331. 37,
Doj i ndo) 0. 8-4 gm

EXAMPLE 1

A (0.8 um nylon membrane obtained from Palil
5 Corporation (East Hills, NY) was dipped into the reagent

of Table 1, until saturated. The excess reagent was
scraped off gently with a glass rod. The resulting
membrane was hung to dry in a 56° C oven for 10 minutes.
Porex (0.6 mm thick) was scaked in the nitrite solution of

{ 10 Table 2 and then hung to dry in a 100° C oven for ten
hours. Finally, the membrane was laminated betwean a
polyester stock (0.4 mm Melenex® polyester from ICI
america, Wilmington, DE) and the nitrite-impregnated
Porex.

15
EXAMPLE 2

The procedure of Example 1 was repeated, except that
the first dip was the reagent of Table 3, and there was no

20 second dip, since the Porex was not needed.




G ucose Oxidase (GO TOYOBO) 100-1 O0OKU C 5 Table 2. Nitrite Reagent
ConmponentsQuantity 10 nM Phosphate Buffer Saline, pH7.4, (P-3813, 70 n
Sigma, St. Louis, MO, USA) Ethanol 30 ml SodiumNitrite (MA69, Al drj

- Chem cal s, M| waukee, 5 gm W, USA) Polyvinyl pyrrodi ne (MN 40, 000, %SQ#QEW&
St. Louis, 200 ng I MO, USA) 25 AUG 2004 - 22 Table 3. Reagent for a

A ucose Test Pad ConponentsQuantity Water 100 mi

(2-[-Morpholino] ethanesul fonic acid) sodium2.2 gmsalt MES (MWN217. 2,
Sigma, St. Louis, MO, USA) Gantrez* 6%20 niL Adjust pH to 5.5-7 by adding
50% NaOH Triton X-305 (BASF Corporation~ hhun Aive, New 0.5-2 gm Jersey,
USA)

Table 1. Reagent for a Glucose Test Pad

Components Quantity
Water 100 ml
{2-[-Morpholinolethanesulfonic acid) scodium 2.2 gm

salt MES (Mw 217.2, Sigma, St. Louis, MO, USA)
Adjust pH to 5-7 by adding 6 M HCl)

Tetonic 1307 (BASF Corporation, Moun Olive, New 1-3 gm

Jersey, USA)

PSSA, Polystyrenesulfonic acid, sodium salt (MW |Z2-4 gm

70,000, Polysciences, Inc., Warrington, PA,

{ USA)

Crotein {(Croda Inc., Parsippany, NJ, USA) 2-4 gm
Mannitol (MW 182, Sigma, St. Louls, MO, USA) 1-10 gm
Phenazine Methosulfate (PM5, MW 306.34, Sigma, 30-300 mg
St. Louis, MO, USA
WST-5 (MW 1331.37, Dojindo) 0.8-4 gm
Glucose Oxidase (GO, TOYOBO) 100-1000KU

5 Table 2. Nitrite Reagent
Components Quantity
10 mM Phosphate Buffer Saline, pH7.4, (P-3813, 70 ml
Sigma, St. Louis, MO, USA)
Ethanol 30 ml
Sodium Nitrite (MW69, Aldrich Chemicals, Milwaukee, |5 gm
WI, USA)
Polyvinylpyrrodine (MW 40,000, Sigma, St. Louils, 200 mg
MO, USA) '




Mannitol (MW 182, Sigma, St. Louis, MO USA)1-10 gm Sodium N trite (MA9,
Aldirch Chemcals, 1-5 gm M | waukee, W, USA W5ST-5 (MW 1331. 37,

Doj i ndo) 0. 8-4 gm Magnesi um Chl ori de (MW 203, Sigma, St. Louis, 3-5 gEn :@
USA) Phenazi ne Ethosul fate (PES, MW 334.4, Sigma, 100-1000 St. Loui sZ IMY0 200
USA) My d ucose Oxidase (GO, TOYOBO 100-1000KU 5*Gantrez AN-139 (Poly

Met hyl vi nyl et her-al t-Mal eic Anhydride, MAN1, 080,000, Cat# 41632-0, Aldrich
Chem cal s, MIwaukee, W, USA) Make 6% Gantrez in water, heat to 95 C for

|l ess than 45 mn. to get Gantrez 6% whichis ready to use. 10 -23- 2 5 AUG
2004 W claim 1. A dry reagent strip for- measuring a concentration of an
analyte in a

Table 3. Reagent for a Glucose Test Pad

Components Quantity
Water 100 ml
(2-{-Morpholinolethanesulfonic acid) sodium 2.2 gm
salt MES (MW 217.2, Sigma, St. Louils, MO, USA)

Gantrez* 6% 20 mL

Adjust pH to 5.5-7 by adding 50% NaOH
Triton X-305% (BASF Corporation, Moun Olive, New 0.5-2 gm
Jersey, USA)

Mannitol (MW 182, Sigma, St. Louis, MO, USA) 1-10 gm

Sodium Nitrite (MW69, Aldirch Chemicals, 1-5 gm

Milwaukee, WI, USA .

WST-5 (MW 1331.37, Dojindo) 0.8-4 gm

Magnesium Chloride (Mw 203, Sigma, St. Louis, 3-5 gm

MO, USA)

Phenazine Ethosulfate (PES, MW 334.4, Sigma, 100-1000

St. Louis, MO, USA}) mg

Glucose Oxidase (GO, TOYORO) 100-1000KU
5 *Gantrez AN-129 {(Poly Methylvinylether-alt-Maleic

Anhydride, Mw 1,080,000, Cat# 41632-0, Aldrich Chemicals,
Milwaukee, WI, USA) Make 6% Gantrez in water, heat to $5 C
for less than 45 min. to get Gantrez 6% which is ready to
use.

10



henogl obi n- cont ai ni ng bi ol ogical fluid conprising a support |ayer on which
Is a test pad having a coating of a reagent conprising: a) a
flavin-dependent enzynme that has a fl-@&8kn bound to it and that hag 5 AUG g
specificity for the analyte, b) a tetrazoliium dye precurser, c) an

el ectron tywanghmes: agent, and d) a nitrite salt. 2. The strip of claim1l in
whi ch the test pad has a positively-charged surface. 3. The strip of claim

| whi t f cl 1
further ﬁh@‘? g Rg?gﬁa “ gaghrf po?‘g@%&wgw %rﬁ i 'W‘PO 55" A dry
reagent st i 5"‘% Q?Wﬁ's a8 anfa ﬁs@r,q{l\g Rich i

henogl obi r?t%ﬁpﬁfjm%’@%? PQ&’I affleﬁgﬁnﬁzfiﬁfﬁ?"%ﬂﬂg a support |ayer on which
is a test pad having a coatl ng of a reagent conprising: a) a

f | avi n- dep@raoBianinelepgndenhanzyms thatfhasva Raviolraindotoi it anddhatzas has

speci fi ci tgpetificity ier theaangige, b) fl avin nononucl eotide (FMN) or flavin
adeni ne di nucleotide (FAD), <c¢) a tetrazolium dye precurser, d) an

el ectron tyangt@izoR@@dye gR&ursdr, @ nitrite salt. 6. A dry reagent strip for
measuri ng a concentratlon of an analyte in a henpgl obi n-contai ning

bi ol ogi cal, U:I%IgcﬁBHWanﬁé?'Qa&%rﬁ rt layer on which is a test pad and a

toplayer the te In which the test pad is coated in a
reagent co I‘Iirl n a) a flavin dependent enzyme that has a flavin bound to
it and th gsiiﬁ’elflmtyforthe anal yt e,

2. The strip of claim 1 in which the test pad has a positively-charged surface.
3. The strip of claim 1 in which the test pad comprises a polyamide.

4. The strip of claim 1 further comprising a bibulous top layer overlaying the
test pad.

5. A dry reagent strip for measuring a concentration of an analyte in a
hemoglobin-containing biological fluid comprising a support layer on which is
a test pad having a coating of a reagent comprising:

a) a flavin-dependent enzyme that has a flavin bound to it and that has
specificity for the analyte,

b) flavin mononucleotide (FMN) or flavin adenine dinucleotide (FAD),

¢) a tetrazolium dye precurser,

d) an electron transfer agent, and

€) a nitrite salt.

6. A dry reagent strip for measuring a concentration of an analyte in a
hemoglobin-containing biological fluid comprising a support layer on which is
a test pad and a top layer overlaying the test pad in which the test pad is

coated in a reagent comprising:

a) a flavin-dependent enzyme that has a flavin bound to it and that has
specificity for the analyte,




-24- 1 ~ AUG 2004 b) a tetrazoliumdye precurser, and c¢) an electron
transfer agent; and the support |ayer and/or the top layer is coated with a
nitrite salt. 7. The strip of claim6-pa which the top layer is bibul 0d8b 2004
8. The strip of claim6 further conprising a channel ed spacer spacer and

channel Dbet yeghasdiRint 8Pe lpp¥@irsantrdest pad to provide a capillary path
between the top layer and pad. 9. The strip of claim®6 in which the anal yte

is glucos ' | ucose oxi dase. 10. The strip of claim6 in
whi ch the%% %ﬁ%&é@ﬁnﬁ%@r pgeer(':tgr sor is 2,2 -

di benzot hi azol yl -5, 5' - bi s[ 4-di (2- sul f oet hyl ) car banoyl nyl]-3,3-(3,3 -

i et hoxy 200 1€ SHDRAAIRNEE REFUPT Berap YA CORESOHIT raNE Selisr: ) 12, A
reagent for measuring a concentration of an analyte in a henopgl obi n-
containing biological fluid, conprising a) a dehydrogenase enzyne that has
speci fi ci FyThemstrighef camh Btia,whibl the tan layanmisdebaldesi ne di nucl eoti de (NAD) or
an NAD derivative, <c¢) a tetrazoliumdye precursor, d) a diaphorase enzyne
or an analog thereof, and e) a nitrite salt. 12. A dry reagent strip for
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i'bul ous top |layer overlaying the test pad.
14. A dry reagent strip for determi ning the presence and anmobunt of an

anal yte . ] _ ] ] )
9. The strip of claim 6 in which the analyte is glucose and the enzyme is

glucose oxidase.

10. The strip of ciaim 6 in which the tetrazolium dye precursor is 2,2'-
dibenzothiazoly!-5,5'"-bis[4-di(2-sulfoethyl)carbamoyiphenyl]-3,3-(3,3 -
dimethoxy-4 4"-biphenylene)ditetrazolium, disodium salt (WST-5).

11. A reagent for measuring a concentration of an analyte in a hemoglobin-
containing biological fluid, comprising

a) a dehydrogenase enzyme that has specificity for the analyte,

b) nicotinamide adenine dinucleotide (NAD) or an NAD derivative,

c) a tetrazolium dye precursor,

d) a diaphorase enzyme or an analog thereof, and

e) a nitrite salt.

12. A dry reagent strip for determining the presence and amount of an analyte

in a hemoglobin-containing biological fluid comprising a support layer on
which is a test pad having a coating of the reagent of claim 11.

13. The strip of claim 12 further comprising a bibulous top layer overlaying the
test pad.

14. A dry reagent strip for determining the presence and amount of an analyte
in a hemoglobin-containing biological fluid comprising a support layer on
which is a test pad and a top layer overlaying the test pad in which a first part



I n a henogl obi n-contai ning biological fluid conprising a support |ayer on
which is a test pad and a top |ayer overlaying the test pad in whichy gays 2004
first part - 25 of the reagent of clgsm 11 is on the test pad and a seconou'
part of the reagent is on the support and/or top layer. 15. The strip of

claim 14 igy b edy e cRim 8V & ok an@ié%vegge%nd% @%&hcﬁggﬂ H&he TBEg&itr 1 p of
| 14 el bet T ha 'Tag d
Lest pad e%%?ﬁ%#@@@%?&?ﬁ%@%%ﬁ between the top | ayer and °%adfiyir7. o

The strip of claim14 in which the analyte is glucose and the enzyne is

gl ucose dehydrogenase. 18. The s,triﬁ of claim1l14 in which the analyte is

gl ucose- 6-PhdEBIRAER ChRtRIMNK inewbichdhe Joplayes s&ebiBlSsphat e dehydr ogenase.
19. The strip of claim14 in which the analyte is al cohol and the enzyne is
al cohol dehydrogenase. 20. The strip of claim 14 in which the analyte is

L- I act at e 1@nThehstrign? phmi 84 furtHeacoatistrehy dpagenarse ch2dne Thewaknithe of

clai m 14 ithp vdjiet antiest gid &z pravide demr paBobetveed, the-top layer and

di benzot hi@gpl yl -5,5" -bisr4-di ( 2-sul foethyl) carbanoyl phenyll-3,3 -(3,3"-
di met hoxy- 4, 4' - bi phenyl ene)ditetrazolium disodium salt (WST-5). 22. A
dry reagent strip for nmeasuring a concentration of an analyte in a

henogl obi n- tainin Lol pgical. fluid c rising . a.s ort | ayer on which
s s CestiTy iﬁeaﬂq;g%%w B s Pbisortiar AR i SbES: BBl R S B B« et
pad is coMEFeGRNYdr -conmprising: a) a flavin-dependent enzyne that
has a flavin bound to it and that has

18. The strip of claim 14 in which the analyte is glucose-6-phosphate and the
enzyme is glucose-6-phosphate dehydrogenase.

19. The strip of claim 14 in which the analyte is alcohol and the enzyme is
alcohol dehydrogenase.

20. The strip of claim 14 in which the analyte is L-lactate and the enzyme is L-
lactate dehydrogenase.

21. The strip of claim 14 in which the tetrazolium dye precursor is 2,2'-
dibenzothiazolyl-5,5'-bis»4-di(2-sulfoethyl) carbamoylphenyl)-3,3'-(3,3'-
dimethoxy- 4,4'-biphenylene)ditetrazolium, disodium salt (WST-5).

22. A dry reagent strip for measuring a concentration of an analyte in a
hemoglobin-containing biological fluid comprising a support layer on which is
a test pad and a top layer overlaying the test pad in which the test pad is
coated in a reagent comprising:

a) a flavin-dependent enzyme that has a flavin bound to it and that has
specificity for the analyte,

b) flavin mononucleotide (FMN) or flavin adenine dinucieotide (FAD),
c) a tetrazolium dye precurser, and
d) an electron transfer agent;

and the support layer and/or the top layer is coated with a nitrite salt.



specificity for the analyte, b)flavin nononucl eotide (FMN) or flavin

adeni ne dinucl eotide (FAD), c) a tetrazoliumdye precurser, and d)?§mys 2004
el ectron transfer agent; and the suppqrg_l ayer and/or the top layer is
coated with a nitrite salt. 2 5 AUG 2(%4 - 26 23. A dry reagent test strip
for measuring a concentration of glucose in a henogl obin-containing
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flavin boun attetr e precurser, and iii) phenazine

met hosul fa§ ea{_'PIVB?,[ or an anal og thereof, and c) on the test pad, a bil ubous
top | ayer X APPEMdB¥'ed with a nitrite salt. 24. A dry reagent test strip
for neasuring a concentration of glucose in a henogl obi n-cont ai ni ng

bi ol ogi cab) PN e supBAPIAYEThg tagt RA&hIAYEeE ¢RaINg thRt BAMPRISeSupport | ayer, a
test pad having a coating that conprises: a. a flavin-dependent enzyne

t hat doesi)ghticdsavexidadé thatrdscufidvindaund tobit, fl avi n mononucl eoti de (FMN )
or flavin adenine dinucleotide (FAD), <c¢. a tetrazoliumdye precurser, and

d. phenaziiipgté[péml@m H9& 9rédl¥eer, @hdan anal og thereof, and c) on the test
pad, a bilubous top layer that is coated with a nitrite saft. 25. A dry

reagent g8 brshablclBEufRLAL Mg) LigDIeRSGRaRd AROUNt Of an  anaivte

in a heno I'n-contarning biologl conpri sing
c)on the test pad, a bilubous top layer that is coated with a nitrite salt.

24. A dry reagent test strip for measuring a concentration of glucose in a
hemoglobin-containing biclogical fiuid, comprising

a) a support layer

b) on the support layer, a test pad havihg a coating that comprises:

a. a flavin-dependent enzyme that does not have a flavin bound to it,

b. flavin mononucleotide (FMN) or flavin adenine dinucleotide (FAD),

¢. a tetrazolium dye precurser, and

d. phenazine methosulfate (PMS) or an analog thereof, and

c) on the test pad, a bilubous top layer that is coated with a nitrite salt.
25. A dry reagent test strip for determining the presence and amount of an
analyte in a hemoglobin-containing biological fluid, comprising

a}a support layer,

b) on the support layer, a test pad having a coating that comprises

i) a dehydrogenase enzyme that has specificity for the analyte,

i) nicotinamide adenine dinucleotide (NAD),

iii) a tetrazolium dye precursor, and

iv) a diaphorase enzyme or an analog thereof, and
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a) a support layer, b) on the support layer, a test pad having a coating
that conprises i) a dehydrogenase enzyne that has specificity for t}éjg U
anal yte, ii) nicotinanide adenine dinugleotide (NAD), iii) a tetra 1AUG 00
dye precursor, and iv) a diaphorase enZynme or an anal og thereof, and -27 2
5 AUG 2004 c) on the test pad, a bibulous top layer that is coated with a

nitrite salbn the test pad, a bibulous top layer that is coated with a nitrite salt.



