METHOD FOR MANUFACTURI NG AN ELECTROCHEM CAL- BASED ANALYTI CAL TEST STRI P

W TH HYDROPHI LI CI TY ENHANCED METAL ELECTRODES 5 BACKGROUND OF | NVENTI ON 1.
Field of the Invention [00011 This invention relates, in general, to

anal ytical devices and, in 10 particular, to el ectrochem cal - based

anal ytical test strips and associated nethods. 2. Description of the

Rel ated Art [00021 The determ nation (e.g., detection and/or concentration
measurenent) of an 15 analyte in a fluid sanple is of particular interest
in the mediMETHODI KORMANKBEAQTURING ANEIBRCTROCHEMICALLBASED ne

gl ucose, ChU{RALYPICABAHSTSTRIPOWIRRIAYD ROPHILICPIYEENHANCRD i n a sanple
of a bodily fluid such as urllng&Lm@ Rogpesstitial fluid.  Such

determ nati ons can be achieved using analytical test strips, based on, for
exanpl e, photonetric or electrochem cal techniques, along with an associ ated
meteg. 20 For exanple, the OneTouch(r) Utra(r) whole blood testing kit,
available fromLifeScan, Inc., MIlpitas, USA, enploys an

el ectrocheni cal - based anaBACK&GROUND OF INVENTIOMN det ermi nati on of bl ood
gl ucose concentration in a whole bl ood sanple. [00031 Typi cal

el ectrochem cal - based anal ytical test strips enploy a plurality of 25

el ectrodes (ei. Fialdd ‘ﬁ?rllﬁ\/ io?ll ectrode and a reference el ectrode) and an
enzymatic reagérmd—lio—ef—arc&ﬁr‘t-at e an el ectrochenical reaction with an analyte
of intengsgijand, tTEs BR¥ntiord@IRMnEnkRE t6 andeidal dkviess id, ihe anal yte. For
exanpl e, an el ectrochem cal -based analytical test strip for the

det @0mi nat i opagicutpirtoeetroonmeinglrasedanalytical tsbiotdpssandpssocidad enpl oy an

enzymati c reagent that includes the enzyne gl ucose oxi dase and the 30

medi at or fer Mg t de. Further details of conventional el ectrochem cal -based

analytical test strips are included in U S. Patent No. 5,708,247, which is

héreby incorporated in full by reference. -1 BRI EF DESCRI PTI ON OF DRAW NGS
2. Description of the Related Art

[0002] The determination (e.g., detection and/or concentration measurement) of an
15 analyte in a fluid sample is of particular interest in the medical field. For example, it \
can be desirable to determine glucose, cholesterol, acetaminophen and/or HbAlc
concentrations in a sample of a bodily fluid such as urine, blood or interstitial fluid.
Such determinations can be achieved using analytical test strips, based on, for
example, photometric or electrochemical techniques, along with an associated meter.

20 For example, the OneTouch® Ultra® whole blood testing kit, available from LifeScan,

Inc., Milpitas, USA, employs an electrochemical-based analytical test strip for the

determination of blood glucose concentration in a whole blood sample.

[0003] Typical electrochemical-based analytical test strips employ a plurality of

25 electrodes (e.g., a working electrode and a reference electrode) and an enzymatic
reagent to facilitate an electrochemical reaction with an analyte of interest and, thereby,
determine the concentration of the analyte. For example, an electrochemical-based
analytical test strip for the determination of glucose concentration in a blood sample
can employ an enzymatic reagent that includes the enzyme glucose oxidase and the

30 mediator ferricyanide. Further details of conventional electrochemical-based
analytical test strips are included in U.S. Patent No. 5,708,247, which is hereby

incorporated in full by reference.



100041 A better understanding of the features and advantages of the present
invention wll be obtained by reference to the follow ng detailed
description that sets forth 5 illustrative enbodi ments, in which the
principles of the invention are utilized, and the acconpanying draw ngs of
which: FIG 1 is a sinplified expl oded perspective view of an

el ectrochem cal - based analytical test strip according to an exenplary
enbodi ment of the present invention; FIG 2 is a sinplified plan view of

the patterned conducti veBREFEDESCRIBTIONOEDRAWINGSal - based anal yti cal
test strip of FIG 1; FIG 3 is a sinplified plan view of a portion of the

electrically-insulating substrate, conductive |ayer and insulating |ayer of
the el ec chem cal - pbgsed anal yt.i cal., test strip.of FIG .1; FIGs.. 4A and 4B
are o molRREG depibriih e et ERE A ti E b3 aft Boiorees boHeniescabiniety PR
metal el ect r odgy pHLHAGR .eirelil&lcwéHietfbﬂawslgldéta%&fateg&@ﬁoﬁ W IGE it h

hydr ophi I'i ci ty-enhanci ng ieties thereon, respectively. FIG 5 is a bar
chart sdepi cti fljnstragverarhbsdimentsait wiiol tie frorcipdescd faherinyehidors atbsitiliaéd and thief ace,
a clean polyester substrate surface, a clean gold substrate surface treated
with MESNA aggcompangag d5eVies pbWhishbstrate surface treated with MESNA, 20

FIG 6 is a bar ch epi cti he ter contact. angle fo cle ol d
substrate surf acefﬁé{' gf eaaﬂm@ﬁ?laa %%18 efd;lfeéSpse ﬁtﬁ%a‘élgwt(r%éqgteﬁee&%g}?%mlﬁ%%ﬁﬁe%nd a
clean gold subgfiyRda® tesh it %@@orﬁfng%;ﬁﬁieﬂrﬁﬁla%%d@zﬁlbﬁtrqﬁhé)ﬁ@%tfilWen’éiMﬁ), _
weeks; FIG 7 is an artist's rendition of a photographic inmage of a portion
of a conparison elFéGt2 echeimptiied pleetevanfithgtpatiained esudustive fryer ofthgol d
electrodes in the 25 abhsence of hydrophiligcity-enhancing noieties on the
upperlosurfaceegFtrP%n{:}%ql aseq W’Sale@tsffﬂé’fcfgq-é’a chart of current response

versus YSI determ i .g%ﬁ@@%ﬁ@?%ﬂ&%%%ﬁ% oét‘é}?éé&@&fi%%lﬁﬂgsula

) in .
el ectrochem cal - base est strip w ne ec% Modes in

the absence ofkubindtedpbriductié Jayendi@riasnginpdagdriof shedsledtfoRherpftal-bas3q agalyficste of
the gold electrodes; FIG 9 is an artist's rendition of a photographic imge
of a portion &dstsnp oflFéGt ochemi cal - based anal ytical test strip with gold

metal el ectrodes a%‘i&é.dzb{‘ gn& Bt simplified depictions of a chemical sequence for treating

15 a gold metal electrode surface and the resulting gold electrode surface with
hydrophilicity-enhancing moieties thereon, respectively.

FIG. 5 is a bar chart depicting the water contact angle for a clean gold substrate
surface, a clean polyester substrate surface, a clean gold substrate surface treated with
MESNA and a clean polyester substrate surface treated with MESNA;

20 FIG. 6 is a bar chart depicting the water contact angle for a clean gold substrate
surface, a clean gold substrate surface treated with MESNA and a clean gold substrate
surface treated with MESNA after storage for two weeks;

FIG. 7 is an artist’s rendition of a photographic image of a portion of a
comparison electrochemical-based analytical test strip with gold electrodes in the

25 absence of hydrophilicity-enhancing moieties on the upper surface of the gold
electrodes;

FIG. 8 is a chart of current response versus YSI determined glucose
concentration for a comparison electrochemical-based analytical test strip with gold
metal electrodes in the absence of hydrophilicity-enhancing moieties on the upper

30 surface of the gold electrodes;

FIG. 9 is an artist’s rendition of a photographic image of a portion of an

electrochemical-based analytical test strip with gold metal electrodes according to an



-2 exenpl ary enbodi nent of the present invention that includes

hydr ophilicity- enhancing noieties on the upper surface of gold netal

el ectrodes; FIG 10 is a chart of current response versus YSI determ ned

gl ucose concentration for an el ectrochem cal -based anal ytical test strip
with gold nmetal 5 electrodes according to an exenplary enbodi nent of the
present invention that includes hydrophilicity-enhancing noieties on the
upper surface of the gold nmetal electrodes; and FIG 11 is a flow chart of

a process for exaiplhsdnmbioditgerd om@llidprem:nofnvaﬂtloreﬂh@chbmabﬁnydzalbhlhm}ed
anal ytical test strip according to an exenplary enbodi nent of 10 the
present i nveneilpncinpERAEiERIIESCRPPERERCCCH SPlEMeVEITIr@i¢s] 0005] An

enbodi mrent of an e oche bas d ana ticaly, d.e stri p according to
T8 the oresent 1 nvElg: S Prgrt A5 SURTH aran R ke, S Rl EHEE rar e and
at | east one c%ﬁﬂratﬁin%} ﬁﬁgl%ct(ré‘clﬁrmc@ bQ@d%Hﬁh@él t6dt 8¢t @Hﬁ‘)goﬁi' magsed on a
surface of the electrically- 1nsulating subs In addition, the netal

el ects ode hasehnumhpebaﬁdmgacenmx@hpbhyﬂMmﬂhnhﬁaﬁt&epmhamunmguamﬂﬂucal

noi eties thereon and an enzymatic reagent |ayer disposed on the upper

surface. Det aitickudeg Radrapkidie i cHbacaanEEHes an the §pPE FaRagmoRihe gold meta
el ectrochem ca b ed anal ytical test strip are described with respect to

the further & rsﬁa?‘Pts di scussed below. [0006] FIG 1 is a sinplified

expl oded per SpeCt' ‘FK}VI 181 aGfovBh 8t 6104 pro6dte ThiGahmiTasiedng apattivhidgfah test strip
10 according to the present invention. Electrochem cal-based 25 anal yti cal

test strip 1Oclccdahgmscakibassdentlyticaltésy sirppswbadingyosuesemataey ¢dbodinpat ofer ned
conductor layer 14, an insulation layer 16 (with el ectrode exposure w ndow
17 é&tendlngﬂFHE?@Pﬁmﬁﬁﬁﬁp an enzymatic reagent |layer 18, a patterned
adhesi ve layer 20, a hydrophilic layer 22 and a top film24. As will be
described in nore detail below wth respect to FIGs. 2, 3, 4A and 4B,

patterned conduct opDEBXELEDDESCRIBFIONOEIRE INVENTPOBS and at |east a
portion of each of these el ectrodes has an upper surface with

hydr ophi li city-enhancing noieties (depicted in FIG 4B) thereon. -3
[0005] An embodiment of an electrochemical-based analytical test strip according to

15 the present invention includes an electrically-insulating substrate and at least one
metal electrode (e.g., a gold metal electrode) disposed on a surface of the electrically-
insulating substrate. In addition, the metal electrode has an upper surface with
hydrophilicity-enhancing chemical moieties thereon and an enzymatic reagent layer
disposed on the upper surface. Details, characteristics and benefits of such an

20 electrochemical-based analytical test strip are described with respect to the further

embodiments discussed below.

[0006] FIG. 1 1s a simplified exploded perspective view of an electrochemical-based

analytical test strip 10 according to the present invention. Electrochemical-based

25 analytical test strip 10 includes an electrically-insulating substrate 12, a patterned
conductor layer 14, an insulation layer 16 (with electrode exposure window 17
extending therethrough), an enzymatic reagent layer 18, a patterned adhesive layer 20,
a hydrophilic layer 22 and a top film 24. As will be described in more detail below
with respect to FIGs. 2, 3, 4A and 4B, patterned conductor layer 14 includes three

30 electrodes and at least a portion of each of these electrodes has an upper surface with

hydrophilicity-enhancing moieties (depicted in FIG. 4B) thereon.



[0007] Electrically-insulating substrate 12 can be any suitable
electrically-insulating substrate known to one skilled in the art

i ncluding, for exanple, a nylon substrate, polycarbonate substrate, a

pol yi m de substrate, a polyvinyl chloride substrate, a 5 polyethyl ene
substrate, a polypropyl ene substrate, a glycol ated pol yester (PETG
substrate, or a polyester substrate. 'The electrically-insulating substrate
can have any suitable dinensions including, for exanple, a wi dth di nmension
of about 5 mm a |I|ength dinension of about 27 nm and a thickness di mension
of about mm 1 ; - d I M{g)l e,
froma sé@%(grk pri n'?a é%cﬁggﬁ%ynlg ﬂ?gﬂtn?én%%igtrr]{[ex%ﬁ%%ﬁz&zsgsrtgggfﬁlﬁﬁ%agyghflﬁsuI ating
i nk i s conmmer gubdttaye lawewil @ldne skilledin Hreconincludidgy fireramples s aglonsabdtmtd). S. A
under the nanme "Insul ayer."” Patterned adhesive |ayer 20 can be forned, for

exanpl e, frompalysaeasfe sphsitatey pdohimide substrate adioly eyl shipside subsisianar ci al | v
ilable f I Ad [ t St aff i 09
Fyaroghi 1 ¢ 1 apREbAeRBTRhe Bhonb AN undek S Bilel boifefPEIR

properties thahbdfairet 8 pWBiebtengibamste§ Thé 51@9&1@&11;&31@&1&1% REepsues) calanesany
anal ytical test strip fo by a fluid sanple (e.g., a whole blood sanple).

Such cl ear fi lsngatde dindhstoosmelading, |for exanipla blvedfly dimenfion of sbors|Sepm3M of

M nneapol i s, nnesota U. S. Top film 24 can be, for e le, a clear film
Svor ot bd bycHE ARn et afebow AR 310 adfickags ATaPRaIn £ S0t 6. 5aBRuer o al | y
avai l abl e from Tape Specialities, Tring, Hertfordshire, UK 25 [00010]
Enzymatic reagent |ayer 18 can include any suitable enzymatic reagents, wth
the sel eqbaosp of emEs@idnClay@ageah be baiid, fependpmr] from 4 igcartintige t 0 be

determ ned. For exanple, if glucose is to be determned in a blood sanple,
enzymati c r eagenvlatingyink. Such zsmednyingabde tsilating indris ghuorsseialdy Avadleblgdras e
along with other co nents. . necessar r functional . pperati,on.  Further
details regar difiJ* ?FFE’?F’CM@%EHTC%FQI%%S ungey t ﬁBHEFeﬁgP%XWem?’ gieedsed
anal ytical teshnslivd Ber 20 QR BmedS eximpleStroRAd &3terhintable $feks @62, the
contents of whic Yatr e§ehrer eby full ye i ncor po*gf eg by reeic er el}\ge.e%- 48[00011]

El ect r ochem cakndithaeatihasiat yomaricidlpsivagable frohDApalio Belhasvesf Aatwoedl, f or

exanpl e, by the segue,nti al aligned formation of patterned conductor |ayer
14, 15 Staffordshire, UK.

[0009] Hydrophilic layer 22 can be, for example, a clear film with hydrophilic
properties that promote wetting and filling of electrochemical-based analytical test
strip 10 by a fluid sample (e.g., a whole blood sample). Such clear films are

20 commercially available from, for example, 3M of Minneapolis, Minnesota U.S.A.
Top film 24 can be, for example, a clear film overprinted by black decorative ink. A
) suitable clear film is commercially available from Tape Specialities, Tring,

Hertfordshire, UK.

25 [00010] Enzymatic reagent layer 18 can include any suitable enzymatic reagents, with
the selection of enzymatic reagents being dependent on the analyte to be determined.
For example, if glucose is to be determined in a blood sample, enzymatic reagent layer
18 can include oxidase or glucose dehydrogenase along with other components
necessary for functional operation. Further details regarding enzymatic reagent layers,
30 and electrochemical-based analytical test strips in general, are in U.S. Patent No.

6,241,862, the contents of which are hereby fully incorporated by reference.



insulation layer 16 (with el ectrode exposure w ndow 17 extendi ng

theret hrough), 5 enzymatic reagent |ayer 18, patterned adhesive |ayer 20,
hydrophilic layer 22 and top film24 onto electrically-insulating substrate
12. Any suitable techniques known to one skilled in the art can be used to
acconplish such sequential aligned formation, including, for exanple,
screen printing, photolithography, photogravure, chem cal vapour deposition
and tape | am nation techniques. 10 [00012] FIG 2 is a sinplified plan view
of patterned conductive layer 14 of electrochem cal-based anal ytical test

strip 10. Patterned conductive layer 14 includes a counter electrode 26
(al so ref080tHd t o Elecoeheriearhase ticaldeyt strip 1G east beweryfaefured, &gt r ode 28,

a second workin | ectyode 30.and a nt act r . 32. Altho 15

ol sotrochen caiedy hnaryerid et AT A Eted SoRARITITF 14 uai ng
three el ectr Ofii1‘§§1ati01?f5%@1d1@Rﬂﬂ?el@ét_r&l'e%‘i?és‘?ﬁé‘@/m&%] rPagesiap tleydthicabhy st
strips according to the present 1nvention can include any suitable nunber
of el®ct r odesendyif¥fit 3¢agEntiinyerr] Sepateineddahdbye fayersiO, Wpddophidicdhyer 02 adé téd8 and
second working el ectrode 2Q 30 can be_ formed of any suitabl e el ectrode

metal i ncl udi Al 2f entaslasipeally-igenlging sybptratail dnmAny|saitable fsechpgps knomto

titani um pal | adi ym aj | e I ofi: 8y .ectrodes.typically
results in a ?r%etsgﬁ%ee(i lélct{g?)lagpl\l/\})% ﬁgegﬁ éﬁg%mhsglgg%l %eqﬁ%é}lfrl g%ﬁ%eglf‘égn%{?# ace. 25
[00014] FIG Bicludife, FordXlai 'le?gcr@é@ﬁhﬁﬁ@‘,"bﬁﬁtol@th@%ﬂabhﬁ("jph@fo_gravure, chemical

el ectrically-insulating substrate 12, patterned conductive |ayer 14 and

i nsul ati ng | ayapout Geffestodemdianeamimasion iexhoiguesy) of el ect r ocheni cal - based
anal ytical test strip 10. El ectrode exposure wi ndow 17 of insulation |ayer
16 eiboses a portion of counter electrode 26, a portion of first working

el fac”“@oéf‘zp]a”d aFR?.rél fg%%g@ﬁhﬁ%f@%?v%{ ﬁf;&%ﬁ{eﬁ%ﬁ ?iv@?aF}/ePi‘E”Bky counter 30

el ectrod Xposed port ng el ectrode exposed portion 28

and second welektirdttherlitbasdanaHos ekt p@ipt i00PaBened Rufidutgive $yer 84 fdclidds
sanple is conmunicated to el ectrode exposure wi ndow 17 and t hereby

operativel y capewdercddeaifodn 26 dale eaferral to|as atreistruce glsolrede) pofirst siorldeg, fir st
w0 Ki NG el et 00 RS SR By B SPN onc s 38, ShG5Lg00e xposed
15 electrochemical-based analytical test strip 10 is depicted as including three electrodes,
embodiments of electrochemical-based analytical test strips according to the present

invention can include any suitable number of electrodes.

[00013] Counter electrode 26, first working electrode 28 and second working electrode
20 30 can be formed of any suitable electrode metal including, for example, gold,
palladium, platinum, indium and titanium-palladium alloys. The formation of such
metal electrodes typically results in a metal electrode with a smooth, albeit

hydrophobic, surface.

25 [00014] FIG. 3 is a simplified plan view of a portion of electrically-insulating substrate
12, patterned conductive layer 14 and insulating layer 16 (shaded with cross-hatching)
of electrochemical-based analytical test strip 10. Electrode exposure window 17 of
insulation layer 16 exposes a portion of counter electrode 26, a portion of first
working electrode 28 and a portion of second working electrode 30, namely counter

30 electrode exposed portion 26°, first working electrode exposed portion 28’ and second
working electrode exposed portion 30°. During use, a fluid sample is communicated

to electrode exposure window 17 and thereby operatively contacted with counter



[ 00015] Counter el ectrode exposed portion 26', first working el ectrode
exposed portion 5 28 and second working el ectrode exposed portion 30" can
have any suitable dinmensions. For exanple, counter electrode exposed
portion 26' can have a width dinension of about 0.72 mmand a | ength

di rension of about 1.6 nm while first working el ectrode exposed portion
28" and second working el ectrode exposed portion 30'can each have a width
di mensi on of about 0.72 mmand a | ength di nension of 10 about 0.8 mm
[00016] Fol | eidcrgdé expused portioh 26N ithtavdrkihg edeotiodd 6xpgsad pertivad & and sebhd e

| ayer 14, and the disposition of hydrophilicity-enhancing noieties on the
counter el ectvasliagelestoseexnased Periond0). the first working el ectrode exposed
portion 28 and the second working 15 el ectrode exposed portion 30
enzymatic reagent layer 18 is applied over counter electrode exposed

portion (g6o15] f 1 r SICHMRELS N 1BHECEIREEPEHBRI6Y AW drRMeZdect®E eRFGeA PortidAr Ki NQ
exposed portlon 30'. Details regarding the use of such electrodes el ectrode

exposed port|2(8han<hmdo&d1mrﬂahgelec'ea¢ﬁeamokeaiymmoﬁ3)® ctahéladean’ysmtahtd on of the
concentrations of analytes in a fluid saq& al beit. wi_.t hout the
hydr ophi | i ci t§morsieish 4198 ERyIPIST “AUnEss eh&é@ qqs@asq%pqrﬁpg%.%aaweﬁémd@re in

S, Patent Mo 8535 8551 079808 oh S IUGRE BN BB POYRh Sl g o ence.

[00017] During use o em cal - ana tica StTi p

determ ne an w@RRgEl&@ 68 eRYse@pbBioni2g’ é}mf $adbald ﬁz@ﬂ?ﬂhg elebtr8de ex@o@éﬁbcﬁﬁé&? ose
concentration in a whole 5 bl ood sanple), counter el ectrode 26, first

wor ki ng el ect30oze cagh bawe &thhdlmmiqnmé abbusk Fouien 361 aaleagmmwsdnpf) moni t or
an el ectrochem ‘:(LS reaction induced current of interest. The magnitude of
such®a currerfPo¥ {'H8n be correlated with the amount of analyte present in
the fluid sanpl e under investigation. 30 [00018] The current neasured by a
wor ki ng el ectrode is governed by the followwing sinplified equation: -6 i =
nFAJ Eq.[00016}her e:Followdngformation eflinsulati@nlayernl 6, patternedro@iduofivelapet 140 asd
gener at ed durlng t he reaction;
the disposition of hydrophilicity-enhancing moieties on the counter electrode exposed
portion 26’, the first working electrode exposed portion 28’ and the second working
15 electrode exposed portion 30’, enzymatic reagent layer 18 is applied over counter
electrode exposed portion 26, first working electrode exposed portion 28’ and second
working exposed portion 30°. Details regarding the use of such electrodes, electrode
exposed portions and enzymatic reagent layers for the determination of the
concentrations of analytes in a fluid sample, albeit without the hydrophilicity-
20 enhancing moieties described in this disclosure, are in U.S. Patent No. 6,733,655,

which is hereby fully incorporated by reference.

[00017] During use of electrochemical-based analytical test strip 10 to determine an
analyte concentration in a fluid sample (e.g., blood glucose concentration in a whole
25 blood sample), counter electrode 26, first working electrode 28 and second working
electrode 30 are employed to monitor an electrochemical reaction induced current of
interest. The magnitude of such a current can then be correlated with the amount of

analyte present in the fluid sample under investigation.

30 [00018] The current measured by a working electrode is governed by the following

simplified equation:



5 Fis the Faraday constant; A is an area of the electrode at which a
reaction occurs (also referred to as the active surface area of the

el ectrode); and Jis the flux of a species of interest to the electrode. 10
[ 00019] Based on equation 1 above, a reliable and accurate determ nation
(e.g., quantification) of an analyte concentration in a fluid sanple

requi res know edge of the area of the working el ectrode at which the
reaction occurs. It has been determ ned that the sensing area of an

el ectrode in an el ectroc¢hkeifiddal - based anal ytical test Bgrip is is dependent
on the uniformty and adherence of an enzymatic reagent |ayer to the

el ectrode throughomhel??anuf acturing; and during use. In addition, it has been
determined that enpl oyi nigs a nmasaed elmertty ode wi t h hydr ophi i ci ty-enhanci ng
nmoi eties thereon inprovdsanhisbensffedéotiohy gaietatad berenthe redctienzymat i ¢ r eagent
layers and, thus, the regiRdughddyldohstamtnd accuracy of results obtained with

el ect r ocheni cal - based 20, @Eﬂla%aéﬁilfg glgéltodéfa{*x,ﬁ% t"‘g‘%% ctiIR cR¥rsHE ré}@&

el ectrodes. [00020 epl ctl ons 0 em cal
sequence for treat %’s‘[ﬁe aﬁt“éeoﬁuafaaﬁ%?rgﬁo hgceichgg )surface 40 and the resul ting

gold netal electrod®surface with hydrophilicity-enhancing noieties 42
thereon, respectively. Flisthafluxehs snesies Réintgestdp s eleetradei ch gol d net al
surface 40 is exposed to a hydrophilicity-enhancing conp05|t|on 44 to

pr oduce quro hilicity enhanC|n nnletle 42 and Ilbe te hydrogen. [00021]
The react(0849 fhat 8@&%@1%@9@% aQoygp pdel] %ndeqce\éﬁa? ergRgtiondegnd t he

thiol (-SH_gfouishdidraRhhiv! oK GRAARE NP fRMRRRS Iatiddlay dhatrded by

a general reactl on-‘sequenc
H2 Seq. 1 Wh@ﬂ’e@ of the %ﬂkﬁlgeélédﬁ%ﬂe at WhlchlthStedetidi Wehrs. dt RRASIckh ueﬂeﬁnﬁlhaltmd

side group, or negatively charged side group; Ris a carbon chain from for
exanpl e, Cl t the@8nsing area of an electrode in an electrochemical-based analytical test strip is
15 dependent on the uniformity and adherence of an enzymatic reagent layer to the
electrode throughout manufacturing and during use. In addition, it has been
determined that employing a metal electrode with hydrophilicity-enhancing moieties
thereon improves the uniformity and adherence of enzymatic reagent layers and, thus,

the reproducibility and accuracy of results obtained with electrochemical-based

20 analytical test strips that employ such metal electrodes.

[00020] FIGs. 4A and 4B are simplified depictions of a chemical sequence for treating
a gold metal electrode surface 40 and the resulting gold metal electrode surface with
hydrophilicity-enhancing moieties 42 thereon, respectively. FIG. 4A depicts the
25 manner in which gold metal surface 40 is exposed to a hydrophilicity-enhancing

composition 44 to produce hydrophilicity-enhancing moietie 42 and liberate hydrogen.
[00021] The reaction that occurs between a gold metal electrode surface and the thiol
(-SH) group of hydrophilicity-enhancing composition 44 is described by a general
30 reaction sequence of the form:

X-R-SH + Au - X-R-S'Au’ + % H, Seq. 1

where:



SHis a thiol group; 5 Au represents atomic gold; and X-R S-Au' represents
a gold netal electrode surface with a hydrophilicity-enhancing noiety

t hereon. 10 [00022] In sequence 1 above, R can be beneficially limted to
the range of C1 to C5 to provide a hydrophilicity-enhancing conposition
that is soluble, yet avoids the formation of self-assenbled nonol ayers on
the gold netal electrode surface. Self- assenbl ed nonol ayers of

hydr ophi | i ci ty-enhanci ng noi eti es need not necessarily be 15 avoi ded, but
their formation is di ffKerblthdrep@mrsirdelgrorqi teositivelw chaged aidergeepp, be an

el ectrode surface\dghidbely Shar gé(p_‘ﬁaé:g,log@ cl ean. The manuf act uri ng of such

sel f- assenbl ed nonol ay bott ﬁ%&%ﬁ'] gt than the
non-sel f-assenbl ed di sIQ i?tbfr ?ﬁ rop% I crpty enﬁancr ng noi eties that
h& Iectrode surface with a MENSA

occurs spont aneously b %)Pﬁ rg 1
sol uti on as descri bed efug ‘éﬁcgtsraFP ’ﬁrgé’ »20 di scl osure. [00023] Furthernore,

the thiol group (apPs® referred to as a "tail" group) enables a conjugation
bet ween the gol d metal X{ReStAodeprssentsrgoldmttdlivtectrpde epiiceivaitlt - enhanci ng

conposition to occur. Ihydeshhiliditgrenhidng @bty theeedint | vel y charged or 25
negatively charged side group "X" (also referred to as a "head" group)
provj, des for a hydrophilic |nteract| on with an enzymatic reagent | ayer,

thereby i Qvi ng t he unlfo he e e .of the enzy eagent
| ayer % et allnéle@‘éftn%& ér a“ji‘?r Fé?@?ré%ﬁetoéjﬂrglé ﬁgg
gr oups i ncI ude, ted to H2 (am ne)

| :
ar oup. COOH (IHaY’ggf%ﬁhépﬁﬂt?“y%ﬁh%%ﬁr%ﬁ?&rtﬁﬂdﬁ5‘318?1 YO a80is B5024] A
noted above, HRG. k&N R1ssdried Bonera%re oﬁ@he%gol&ere?ﬂre@&tme 3Srfake. SRECEr

chain") is a factor 1 n determ ning whether or not the
hydr ophi | i ci tagsemiblat aionglayemsiof hiydephilieityHeslirms e moietiéreneel eot nextesasily bace as
a sel f-assenbl ed nonol ayer.
15 avoided, but théir formation is difficult to control, often slow and can require an
electrode surface that is atom1cally clean. The manufacturing of such self-
assembled monolayers is, therefore, more difficult than the non-self-assembled
disposition of hydrophilicity-enhancing moieties that occurs spontaneously by dip
coating an electrode surface with a MENSA solution as described elsewhere in this

20 disclosure.

[00023] Furthermore, the thiol group (also referred to as a “tail” group) enables a
conjugation between the gold metal electrode surface and the hydrophilicity-
enhancing composition to occur. In addition, the polar, positively charged or

25 negatively charged side group “X” (also referred to as a “head” group) provides for a
hydrophilic interaction with an enzymatic reagent layer, thereby improving the
uniformity and adherence of the enzymatic reagent layer to the metal electrode upper

surface. Examples of suitable head groups include, but are not limited to, the
following groups: NH;, (amine) group, COOH (carboxy) group, and SO,0H

30 (sulphonate) group.

[00024] As noted above, the length of the “R” group (also referred to as a “spacer
chain”) is a factor in determining whether or not the hydrophilicity-enhancing
moieties are disposed on the electrode surface as a self-assembled monolayer.
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L [00025] Although FIGs. 4A and 4B and sequence 1 are illustrated for the
circunstance of a gold netal electrode surface, once apprised of the
present disclosure one of ordinary skill in the art will recognize that

ot her netal electrode surfaces can also be beneficially treated to dispose
hydr ophi li city-enhancing noi eties thereon. 5 [00026] Enzymatic reagents are
formul ated such that they readily mx with common fluid sanples (such as a
whol e bl ood or other bodily fluid sanple) and, therefore, typically consist
of conpof[eenes] t hat AikheugteRidisl ¥Asat Ul adisaquapde 0 use Slobtrited fisr.the tirhimsstarkeen
determ ned that such conponents have an affinity for hydrophilic or at |east
10 anphi phi | i ef &g0lfl masal elgatrode yrigge, ence apprised q#élieapre&qnééw:g@érewméces are
natural ly hydrophobi.c, .l n other, words, .S net.al .el.ectro surfaces tend
Lo repel et eprtintoy e n Bl P O Bt ffie TRl clfochidklgifest ap 66 be

hydrophi lic C@éﬁéﬂ@ﬁﬂ? 116l €N HishSeUYdApha T BRhAfcii CRSRMES Iherdon. However , it
has been determ ned that such netal el ectrode surfaces can be rendered nore
hydraophilic (i.e., be hydrophilically-enhanced) by treating the netal

el ectrode surfaces with a hydrophilicity-enhanci ng conposition that

di sposesl0®lophi | Fepymaticargents 3 formudatedauch Ahat feeyirsedity B with 68MmOw f ace.

e

conposi tions nercapt oet hanesu

3- mer capt opr ogaRaRY R iof codpbibntPthat Ae PRIINEG1GPIAR afesouk BBRIbAs. A6hsk and
its honol ogues, bis-(2 sul phoet hyl)di sul phide, ) .
bi s- ( 3- sul phopecnpietorniinag thati sueh aordporemts foga es affimirfonhydrophitic or et laast d,

cysteine, cysteam pe, and cystine. Wien such hydrophilicity- 25 enhancing
conpddi tions f‘rﬁg]iuagﬁlcé“gg??ﬁound with a sul phonate noiety (e.g., MESNA) or a
compound with an arnino noiety (e.g., cysteam ne), the adhesion of a

enzynmat i gent layer. to.the er, surface of a al el ectrode.is
parti cul @’r"ﬁ’g enha&@etySﬁT%b%g¥r%&rf§$ grean%lglaffghg:irp pf&% fc ?‘letaert he wat er
contact angl ewbfls, &lcBaRetAIA1EL1RIAR SRS tendUb t@REWaR), aqReSlsCRMtRAL YAAt er
substrate surface (B), a clean gold substrate surface treated wth MESNA
(O and a cl esnlufpwisyweith signfichsithydtaphdio doammpenentemnéit @uch ad/EStynatic reagents).
15 However, it has been determined that such metal electrode surfaces can be rendered
more hydrophilic (i.e., be hydrophilically-enhanced) by treating the metal electrode
surfaces with a hydrophilicity-enhancing composition that disposes hydrophilicity-

enhancing moieties on the metal electrode surface.

20 [00028] Examples of hydrophilicity-enhancing compositions are compositions that

contain 2-mercaptoethanesulphonic acid (MESNA), 3-mercaptopropanesulphonic
J écid, 2,3-dimercaptopropanesulphonic acid and its homologues, bis-(2-

sulphoethyl)disulphide, bis-(3-sulphopropyl)disulphide and homologues;
mercaptosuccinic acid, cysteine, cysteamine, and cystine. When such hydrophilicity-

25 enhancing compositions include a compound with a sulphonate moiety (e.g.,
MESNA) or a compound with an amino moiety (e.g., cysteamine), the adhesion of a
enzymatic reagent layer to the upper surface of a metal electrode is particularly

enhanced.

30 [00029] FIG. 5 is a bar chart depicting the water contact angle for clean gold substrate
surface (A), a clean polyester substrate surface (B), a clean gold substrate surface

treated with MESNA (C) and a clean polyester substrate surface treated with MESNA



-9 (D). FIG 6 is a bar chart depicting the water contact angle for a clean
gol d substrate surface (A as in FIG 5), a clean gold substrate surface
treated with MESNA (C, as in FIG 5) and a clean gold substrate surface
treated with MESNA after storage for two weeks (E). The MESNA treat nent
reflected in FIGs. 5 and 6 was a 5 mnute exposure 5 to a MESNA conposition
consisting of 4g/L of MESNA in water. [00030] As depicted in FIG 5, the
treatment of a clean polyester substrate surface with MESNA did not

si gni fi cant | yIyl FéG. 6 eea barchaip depicieng the ofaterivontaceanglpfir peddanrgoblipdbsiratee  as

evi denced by water conta angle, The difference in th Sur ter
contact 10 stglrr%e B‘\,ﬁdn%&%ﬁ% Rlean 2P IO & 'sﬁr,eatﬁﬁévmsgff* (@S 15
i ndi cat th f j SNA
CTone T oot 1571 Bind PERLTESh AhuRiE LR, S SHREOND) SHE RGN AT,

evi denced by wedkel(ExOTheMESNW treatmEhereflettedin B« SsmbstwatLs sinitaegpdyact a
wat er contact angle of approximately 78 degrees, following treatnment with

MESNA, the walperMESh aeemperifien ¢onsistipdebdd/hef MESHA insvaergrees. It is
postul at ed, wi thout being bound, that such a reduction in water contact
angle, and therefore increase in hydrophilicity, inproves the uniformty and

adhesi onigofio enzy?E gg;rigﬁgglgpr.l f%ﬁea?ﬁetﬁ%?@ﬁ?%ﬁ%ﬁg%sﬁp 5ithsfHelsBfBce With Ot her

words, the treate strate surface,

hydr ophi | i ci tlyHESNyadil g sippifedandy alidréhebydrophilitity efkthe blean polyesteeshbstnaté or m ty
and adherence with res&c}act to enzymatic _reagent layers. 20 In addition, the
data of FIG ® qvideneed by watst cenectaaglge tlihe difisrengstin thepsasyrad wafgr eontaghy si st s

fter t ks, of, st . . ' h . ilihcity i
pentd ci ol v RIS HEDPE nEURP R HRARDEE Do FRRARRE O MHCRRR Mt 150,03 ) °
Tabl e 1 bel owrddsbst driacclomt gld SoRtraetsudid Wit MESNA ssibsdandy alsidif@ces that

had 25 received various treatments. For treatnents 1-15 of Table 1, cleaned
gol d subst r at @hanwes) thedwypgupbiicity of/EsNariacd as dvadenced by wdier avrtdcti anglehd itabl e.

Treatment 16 consi ste of cleanjng a gold bst r at e rface t, N0 exposure
TO NN and Sirmngdlafibsiie SirGer bt Rater Sustt Beh e eRrEotely o dess, Thre
dat f Tabl i i i gk i i i : t

ata of 1a efoi'lo{vg}%nt‘f&ttﬁe i ﬁ%%‘?g%ﬁ %%?koﬁﬁg%%%!maé zizby\ﬁ@)zlﬁfate%pg‘ﬁ ac

angl e and, thus, ancement i ilrcity nd enzymati c reagent
| ayers adhesi ofegided. Wik bostaliated, withoutheirgdivuad sflavduch agdeduceisp iis watr tonthESNA

for a tinme period as short as 1 mnute. The data of Table 1,
angle, and therefore increase in hydrophilicity, improves the uniformity and adhesion
of enzymatic reagent layers to such treated gold surface. In other words, the treated
gold substrate surface, which has hydrophilicity-enhancing moieties thereon, will
exhibit improved uniformity and adherence with respect to enzymatic reagent layers.
20 In addition, the data of FIG. 6 indicate that the reduction in water contact angle

persists after two weeks of storage. Such persistence in enhanced hydrophilicity is

beneficial with respect to easing manufacturing time constraints.

[00031] Table 1 below lists the water contact angle of gold substrate surfaces that had

25 received various treatments. For treatments 1-15 of Table 1, cleaned gold substrates
were exposed to MESNA solutions as indicated in the Table. Treatment 16 consisted
of cleaning a gold substrate surface but no exposure to MESNA and treatment 17
involved no cleaning or exposure to MESNA. The data of Table 1 indicate that a
significant reduction in water contact angle and, thus, enhancement in hydrophilicity

30 and enzymatic reagent layer adhesion and uniformity, can be achieved with an
exposure to MESNA for a time period as short as 1 minute. The data of Table 1,

therefore, indicate that the manufacturing of metal electrodes with hydrophilicity-

- 10 -



therefore, indicate that the manufacturing of netal electrodes with
hydrophilicity- - 10 enhancing noieties on their upper surfaces could be
acconpl i shed using conti nuous web-based processes (such as the processes
described in WD 01/ 73109, which is hereby incorporated in full by

ref erence) that have been nodified to include a netal el ectrode upper
surface treatnent nodule. 5 Table 1 Treatnent # MESNA Tinme (m n) Average
Water Concentration (g/L) Contact Angle (degrees) 1 16 1 41 2 16 2 52 3
16 5 49 4 16nhBndlg mbicties db tle2r upped surfat8s calild b aG&omBishebuhdg céhthudls 63 10

41555 111160 121 254 131569 14 1.10.64 15 1 15 58 16 d eaned
- 78 17 Not Webshared processes (qygh 39 theapasssscsidesaibed amnp @ Of (134 83) whigh is

demonstrat e ofanAGhenhslldTn MiopeAEkhls ool bl ERHISRRMLER reRRed Ana vti ca

electrode upper surface treatment module.

Table 1
Treatment # MESNA Time (min) Average Water
Concentration (g/L) Contact Angle
(degrees)
1 16 1 41
\ 2 16 2 52
) 3 16 5 49
4 16 10 50
5 16 15 52
6 4 1 48
7 4 | 2 65
8 4 |5 53
9 4 10 63
10 4 15 55
11 1 1 60
12 1 2 54
j 13 1 5 69
14 1 10 64
15 1 15 58
16 Cleaned - 78
17 Not cleaned - 79
[00032] Comparative Example
[00033] To demonstrate characteristics and benefits of electrochemical-based analytical
10 test strips according to embodiments of the present invention, a comparison between

an electrochemical-based analytical test strip with gold electrodes in the absence of

hydrophilicity-enhancing moieties (1.e., a comparison electrochemical-based analytical

-11-



10 test strips according to enbodi nents of the present invention, a

conpari son between an el ectrochem cal -based anal ytical test strip with gold
el ectrodes in the absence of hydrophilicity-enhancing noieties (i.e., a
conpari son el ectrochemi cal -based anal ytical -11 test strip) and an

el ectrochem cal - based analytical test strip with gold netal el ectrodes
according to an exenpl ary enbodi nent of the present invention was
undertaken. [00034] FIG 7 is an artist's rendition of a photographic inmge
of a portion t&€Gtrgf) aad an®leetrechanucildrasabinabaseldestrsaiy withajold mstal slectrgaleni t h
gold electrodes in the absence of hydrophilicity enhancing ieties on the
upper surfac eacsvrdﬂrrgetogkmeefe@u)ﬁaa Fhedimept Qf til? prea@ﬁile‘f@tlsww%ngebf ior to
the application of a blood sanple thereto. Portion 100 i ncludes an
electrically-insulating substrate 102, an insulation |ayer 104, counter

el ectrodg)oezzqosed PIS.17 18 An hRGL s réddtion O dpHgo2hytié (rRgR SPayuTaeh POT bf #n 108,
second 10 working el ectrode exposed portion 110 and enzymati c reagent | ayer

112. sThe congesiochemicei-basad pnalytical teshgfantwithegodd elegodasdn thecabsendeed by whi ch
it was applied , are.described in.U S Patent No. 5,708,247, which i reby
ful Ty oot poge iy S et iR op S AgTaeg obMe iy tieridens Ko

enzymatic re : : ) Land Ei ! 3

counter electr (E}Iets g%lgéelgéggr%ﬁyotﬁb t%@%l%a?ﬁ E% E%E)Eisngﬁreerﬁei%{e%? eotlﬂ%lgl;;(gjs ed
portion 108, iackdsempeidctyrioalkyi-inguleting subetiate dRpomadsylatidn yerllDd, cdunts
indicating a | ack of adherence thereto. Such a |lack of uniformty and/or
adherence i s cledmdglexpesgdparting Kog Gt Mopng eleeBodmexposedipartion 403, saeandr at e

el ectrochem cal -based .20, anal yt.ical test strip results. .| itdon, it has
bee nh);let erm n‘garkfrhga?eie%tﬁo r%??s}céd PP géoéle]ﬁt% a}ng)/eg%%rn%}%csrggée 3138’§r gﬁ e’héect r ode
surface in t h@mRsRImOIRhztHeHCRREdnt fyby T 1264HARRE hidehJadyekhiBh itk £ @?ﬁbd y
damaged during physical nmanipulation that occurs in conventional test strip
manuf act ur i ngarpdesveibsé & Hitl Patent Nepai768,847, vdnch Iséheadbydtillp deormmatedibe upon
exposure to a fluid sanple. 25 [00036] FIG 8 is a chart of current response
versus YSI delel#i%ed gl ucose concentration for a conparison
el ectrochem cal - based anal ytical test strip with gold netal electrodes in
t he absence of hydrophilicity-enhancing noieties on the upper

15 [00035] As is evident from FIG. 7, enzymatic reagent layer 112 exhibits significant

non-uniformity over counter electrode exposed portion 106, first working electrode
exposed portion 108, and second working electrode exposed portion 110, thus
indicating a lack of adherence thereto. Such a lack of uniformity and/or adherence is
postulated to be a contributor to unreliable and inaccurate electrochemical-based

20 analytical test strip results. In addition, it has been determined that enzymatic
reagent layers disposed on an electrode surface in the absence of hydrophilicity-
enhancing moieties are easily damaged during physical manipulation that occurs in
conventional test strip manufacturing processes and can separate from the electrode

surface upon exposure to a fluid sample.

B [00036] FIG. 8 is a chart of current response versus YSI determined glucose
concentration for a comparison electrochemical-based analytical test strip with gold
metal electrodes in the absence of hydrophilicity-enhancing moieties on the upper
surface of the gold electrodes (i.e., comparison electrochemical-based analytical test

30 strips corresponding effectively to the depiction of FIG. 7). The best fit line and R2

value for the data of FIG. 8 are indicated on the chart. The data and R2 value of FIG.

-12-



surface of the gold electrodes (i.e., conparison el ectrochem cal -based

anal ytical test 30 strips corresponding effectively to the depiction of FIG
7). The best fit line and R2 value for the data of FIG 8 are indicated on
the chart. The data and R2 value of FIG -12 8 are an indication of the
repeatability and accuracy of neasurenents nmade with the conparison

el ectrochem cal - based anal ytical test strips with gold el ectrodes. [00037]
As noted above with respect to FIG 7, enzynmatic reagent |ayer 112 exhibited
a b5 lack of G8nrdaorimdicgtiemaf e mqreatabﬁity\/amha@urﬂcmoémmurbmamgmhadlema't}aﬂhe

el ectrode. It is postulated that such lJack of uniformty and adherence
will lead to FoERHIFOREISHOghfnicalhagedgnabyical fiestsbrips With galdAeqtiodss. as i t
adversely and unpredictably affects the sensing area of the working

el ectrodes. 10 [00038] FIG 9 is an artist's rendition of a photographic

i mge of F@OBW ti on AZQRtedlf abdke wethaes é)’e@@tBQ?IGCW enP§@atc ARgbntlaverll 12 egtibidd 4 P
hydr ophi ['i ci ty-enhanci ng noi eti es osed on the upper surface of gold

el ect§ odes. Flagk of unidprinutysandmdhergnce2@bepemployedwitha goéébmet&lalqc@ﬂd@ﬂtas bl ood
sanpl e thereto. Porti 20'n | udes. an el ectricall sulatin substrate
305" an i noul BestERe R sToba ek ot it ancr L e s VUL R iehradts o st
15 vvorkl ng el gﬁgﬁ%s
portion 210 gd%g Ogﬂ{zaeﬁﬁg'?@ g&%g%gﬁmp;éﬂ%vé&s@ ﬂ llréggg%b%( gﬁé%gglgﬁzy
reagent | ayer ad3f thlendorkig ¢fedtfodds. by which it was appl ied are described in

U S. Patent No. 5,708,247, which is hereby fully incorporated by reference.
FIG 9 indicates that enzymatic reagent layer 212 is uniformand fully

expotba MRRLN' S0BfGEhaRatus RenG e 8Lt PBleBaniEduatt phr piRRt 20 ofpf ! O
addi tion, it v@so@kRidH @@&dtahaf}m@myw qu@mﬂmltytéfmﬁﬁngmafe@% asedan

el ectrode surface wth hydrophilicity- enhanC| ng noieties were robus
physi cal  nmanbptieatppensurfaat obgaldredecirndesorilén® idepiats poetsén 200 pyorrta o act ur| ng
processes. 25 [Q0039] Hydr oghl lici ty enhanci ng. noi eties ‘gere di sposed on

counter el ect Ml PR BRSPS MG, Porsag nRludgs @ eestrsly-BRpladeg
Rt o A PR B ER N A R T 13,,
Ir '6132 ‘rfs 2;[2' S exPpasHE EleORSdy éxpdsdil pdfion 208, Recondpdrkingteléfroaé eﬁ;ﬁt?sﬁdif@bﬂtﬁmr eagent
210 and enzymatic reagent layer 212. The composition of enzymatic reagent layer 212
and the method by which it was applied are described in U.S. Patent No. 5,708,247,
which is hereby fully incorporated by reference. FIG. 9 indicates that enzymatic
reagent layer 212 is uniform and fully adhered to counter electrode exposed portion
20 206, first working electrode exposed portion 208, second working electrode exposed
portion 210. In addition, it was determined that enzymatic reagent layers disposed on

an electrode surface with hydrophilicity-enhancing moieties were robust to physical

manipulation that occurs in conventional test strip manufacturing processes.

25  [00039] Hydrophilicity-enhancing moieties were disposed on counter electrode
exposed portion 206, first working electrode exposed portion 208, second working
electrode exposed portion 210 by submerging them in a 4g/L aqueous solution of
MESNA for 2 minutes followed by a water rinse. This exposure occurred prior to the
application of enzymatic reagent layer 212.

30

[00040] FIG. 10 is a chart of current response versus YSI determined glucose

concentration for an electrochemical-based analytical test strip with gold metal

-13 -



30 [00040] FIG 10 is a chart of current response versus YS|I determ ned

gl ucose concentration for an el ectrochem cal - based anal ytical test strip
with gold metal -13 el ectrodes that have hydrophilicity-enhancing noieties
on their upper surface of the gold electrodes (i.e., electrochem cal-based
anal ytical test strips corresponding effectively to the depiction of FIG
9). The best fit line and R2 value for the data of FIG 10 are indicated on
the chart. The data and R2 value of FIG 10 are an indication 5 of the

repeat abi | i t yelagitbdrs ak Beye 9fdrophElastyraiendisg mMaiteiewoh thdihepr eaificeaieRs cal -
based anal ytical test strip with gold electrodes. [00041] A conparison of

FI Gs. 10 and ®lilgltcaedesdi.¢helectrorhemiqabhassdianplylicad et a@@a caggsponding

el ectrochem cal -based anal ytical test strips that enploy a netal el ectrode
with 10 hydr ogffigctivelytty therdeptation of FEE <D é@le@ﬁstefﬁ lmpmgd Rsuvalugcior die datreofnet al
el ectrode are superior to a conparison el ectrogchem cal -based anal yti cal

test strip W FIG. motaaé ind@lab@lorOde shirh) THedAPSRNRE valfue SPFNG. 10 are an indication
hydrophi licity-enhancing noieties. For exanple, the R2 for the date of FIG

10 is5 0. 9985, ofth8 k@éhﬁabﬂ hnd 4R0AKE BEReaR¥@heritdhale withl tHe eRbtrotheridalf or the
data of FIG 8. 15 [00042] FIG 11 is a flow chart of a process 400 for
manuf act ur i ngbaseganalyidaal tefst sirip wathegatld elebieedesal - based anal ytical test strip
according to an exenpl ary enbodi nent of the present invention. Process 400
i ncl udes form ng at Ieast one netal electrode (e.g., a gold netal,

pal | adi u ﬁgﬁg

el ectri ciamp?f]l nsul atl ﬂgd s?ﬂ@g' g\(} Erﬁfg atégqgitg?y% ggtﬁbéﬁtﬁft é{g%g}tlrrag 8f
havi ng an uppaéctrdchsmdaabesedaaalgraéalfmt Sthips thas t@plodlDmefa0OIRéBddeSutis equent |y,
t he upper surface of each of the at |east one netal electrodes is treated
wi t hi& hydr ophydro@uhgﬂtsemn@magm@tﬁ@@@mv@nelt wirfage af Gemmetakdertindpere sur f ace
of 25 the netal .electrode wt _ city-e cheni cal ,noi eti es
t hereon, as SgJ[pepgrrttoha (forlpgalrlggn g]fﬁ%o*ﬁ a:lbge f}gﬁﬁ%ﬁggg@c‘g Inféq’}ed usi ng,
for exarrpl e, aBrculdl it @bsdnc8df %ﬂthyh%tlﬂicﬂy%nhﬂ%ﬂgﬂnﬂgztféb PF&0&ahipk, the
techni ques, spray coating techni ques, and

R2 for the date of FIG. 10 is 0.9985, a significant improvement over the R value of

0.774 for the data of FIG. 8.
15
[00042] FIG. 11 is a flow chart of a process 400 for manufacturing a portion of an
electrochemical-based analytical test strip according to an exemplary embodiment of
the present invention. Process 400 includes forming at least one metal electrode (e.g.,
a gold metal, palladium metal or platinum metal electrode) on a surface of an
20 electrically-insulating substrate with the at least one metal electrode having an upper

surface, as set forth in step 410.

[00043] Subsequently, the upper surface of each of the at least one metal electrodes is
treated with a hydrophilicity-enhancing composition to form a treated upper surface of
25 the metal electrode with hydrophilicity-enhancing chemical moieties thereon, as set
forth in step 420. The treatment can be accomplished using, for example, any suitable
treatment technique including dip coating techniques, spray coating techniques, and
inkjet coating techniques. Any suitable hydrophilicity-enhancing composition can be
employed including those described above with respect to electrochemical-based

30 analytical test strips according to the present invention.
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i nkj et coating techniques. Any suitable hydrophilicity-enhancing conposition
can be enployed including those described above with respect to

el ectrochem cal - based 30 anal ytical test strips according to the present
invention. -14 [00044] The following two exanples are illustrate, in a
non-limting manner, treatnent technique sequences that can be enployed in
treatnment step 420 of process 400: Treatnent Exanple 1 5 (a) clean upper
surface of the netal el ectrode(s) by placing themin a 2% v/v aqueous

sol ut i on[08D44legr eaFThafollosvigg tvivd examey ary jIlfstrate2innd mart-Bmitivig manmar} tesgaemtt ur e.
(b) Rinse the netal electrodes with ter to renove excess degreasant. (c)
Di p the net al teehEges sfqEsnges that gamby employedindreainentistap 40 almepesss 44k ¢ wo
mnutes. 10 (d) Rinse the netal electrodes with water to renpove excess
aqueous solution. (e) Dry the nmetal electrodes in a clean environnent.

Tr eat ment ExalT@agneht ExhmBleare the netal el ectrodes into an ultrasonic bath
wi th an aqueous solution 15 containing 2% v/v degreasant (e.g. M cro-90)
and 4y/ L MESNA) .clgan)upBensuefce of the meiad edcirade(s) byplacingithena soml% Watahuenusa

t enper at ur,e. of C. i nse t4H tal electrodes with water to renpve
xcoss. dRiheeEAT (Lebc-a) b M S ALIoB BERFSHES - 20 [ 00045]
Thereaf ter, . %Sﬁl‘?@e fh%gnéﬂl &é&%ﬁéfwﬂﬂ@va%&?%%&W@éx'c&ssr&%%%&m.' ayer 1s

applied to treated upper surface o e at least o net al el ectrode.
[00046] It sh@yiDiphke thieckt ekicnodbstitata ApAl bqueduakdlatiadf VEESNA) fohewenbodi ment s
of the 25 invention described herein may be enployed in practicing the

i nvent i oPNUes. i s i ntended that the followi ng clains define the scope of the

gL 20 i 5 e IS LA 00 Blufese o

! (e) Dry the metal electrodes in a clean environment.

Treatment Example 2

(a) Place the metal electrodes into an ultrasonic bath with an aqueous solution
15 containing 2% v/v degreasant (e.g. Micro-90%) and 4g/L. MESNA).
(b) Sonicate the two minutes in an ultrasonic bath at a temperature of 50 °C.
(c) Rinse the metal electrodes with water to remove excess degreasant and
MESNA.

(d) Dry the metal electrodes.

20
) [00045] Thereafter, at step 430 of process 400, an enzymatic reagent layer is applied to
/ the treated upper surface of the at least one metal electrode.
[00046] It should be understood that various alternatives to the embodiments of the
25 invention described herein may be employed in practicing the invention. It is intended
that the following claims define the scope of the invention and that structures and
methods within the scope of these claims and their equivalents be covered thereby.
30
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CLAIMS 1. A method for manufacturing a portion of an el ectrochem cal -based
test strip, the nethod conprising: 5 formng at | east one netal electrode
on a surface of an electrically-insulating substrate, the at |east one

nmet al el ectrode having an upper surface; treating the upper surface of the
at least. one netal electrode with a hydrophilicity-enhancing conposition
to forma treated upper surface on the nmetal electrode with

hydr ophi | i ci ty-enhanci ng chem cal noieties thereon; and 10 depositing an
enzymati c reagent Ilayer on the treated upper surface of the at |east one
metal el ectrode characterised in that the hydrophilicity-enhancing noieties
conprise acpéms (sul phonate) group. 15 2. The nmethod of claim1, wherein
the form ng step includes formng a netal electrode of at |east one of
gold, palladium platinum indium titaniumpalladiumalloys and

combi nati ons t hegr 1 Bee T . .claim rein.the formng step

i ncl udes f(li')'r m ng "geglt'cfdegog tma%ﬁféa%@é’ gcﬁ%hm?r'ecﬁlaaf’ egchéw?’r ¢ ea.P 'bﬁs.egﬁsg STBt ﬁ‘Sd of

cl aim 3, whethed nompmssihg:eat i ng step enpl oys a chem cal reaction of the form

25 X-R-SH + Au ;4 X-R. S .Au+ + /[, H2 ere: X.iS S02CH ., (sul.phonat e)
group; g is a OB natﬁﬁ?ﬂt (Pne é"-?t?lselﬁafo\ag(ﬂ" 3 oytase Og@“Afﬁeﬁné lé'é‘gﬂ"?aé‘"&t onic
gol d; and gubstrate Abicatil €t B8CmER] élé’&ro@@hibiﬂ@&:ﬁ&pg@}ﬁﬁfa&&de surface with a

hydrophi licity- enhanci ng noiety thereon. 16 The met hod of cl ai m 4,
wherein Ris a ®eatBenthendiper sutface ofnle o least oge cmetad elggipodgetitbdaof any

one of cl apfRophifiGtyenhihGhE cBmpbEtdd SR idY aSEERISBRRE AUAUSbY the metal
electrode with hydroﬁhilicity-enhancing chemical moieties thereon; and
10 depositing an enzymatic reagent layer on the treated upper surface of the at least
one metal electrode
characterised in that the h).rdrophilicity-enhancing moieties comprise a SO,0H

(sulphonate) group.

15 2. The method of claim 1, wherein the forming step includes forming a metal
electrode of at least one of gold, palladium, platinum, indium, titanium-palladium alloys

and combinations thereof.

3. The method of claim 2, wherein the forming step includes forming at least one

20 gold metal electrode.

4, The method of claim 3, wherein the treating step employs a chemical reaction of
the form:
25 X-R-SH + Au— X-R-SAu* +% H,
where: '

X is a SO,OH (sulphonate) group;
R is a carbon chain;
SH is a thiol group;
30 Au represents atomic gold; and
X-R-S"Au" represents the gold metal electrode surface with a hydrophilicity-

enhancing moiety thereon.
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fornms hydrophilicity-enhancing chem cal noieties on the netal electrode in a
non-sel f- 5 assenbl ed nonol ayer manner. 7. The nmethod of any one of clains 1
to 6, wherein the depositing step includes depositing an enzymatic reagent

| ayer that includes a glucose specific enzynme. 10 8. The nethod of any one
of clainmse 1 to 7, wherein the treating step enploys a o
hydr ophi i ci ty-enhanci ng conposition that includes MESNA (2-nercapt oet hane
sul phonic acid). 9. The nmethod of claim8, wherein the treating step

i nvol ves dipping the at |east one netal electrode in a

hydr ophi li ci ty-enhanci ng conposition that includes MESNA to 15

spont aneousi| y fTHemmahdd eRdl4ith 4)ppRfeirsRl isf Bebonrthkingn MRirahge®f€s td de with
hydrophi licity- enhancing noieties thereon. 10. The net%od of any one of
claims 1 to 9, wherein the form ng step enploys a photolithographic

techni que.g 17 The method of any one of claims 1 to 5, wherein the treating step spontaneously
forms hydrophilicity-enhancing chemical moieties on the metal electrode in a non-self-

5 assembled monolayer manner.

7. The method of any one of claims 1 to 6, wherein the depositing step includes

depositing an enzymatic reagent layer that includes a glucose specific enzyme,

10 8. The method of any one of claims 1 to 7, wherein the treating step employs a
hydrophilicity-enhancing composition that includes MESNA (2-mercaptoethane
sulphonic acid).

9. The method of claim 8, wherein the treating step involves dipping the at least one
metal electrode in a hydrophilicity-enhancing composition that includes MESNA to
15 spontaneously form a treated upper surface on the metal electrode with hydrophilicity-

enhancing moieties thereon.

10. The method of any one of claims 1 to 9, wherein thé forming step employs a

photolithographic technique.
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