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method. In such methods, an aqueous liquid sample is placed into a reaction zone in an
electrochemical cell comprising two electrodes, i.e. a reference and working electrode,
where the electrodes have an impedance which renders them suitable for amperometric

20 measurement. The component to be analyzed is allowed to react directly with an electrode,
or directly or indirectly with a redox reagent to form an oxidizable (or reduq_ible) substance
in an amount corresponding to the concentration of the component to be analysed, i.e.
analyte. The quantity of the oxidizable (or reducible) substance present is then estimated
electrochemically and related to the amount of analyte present in the initial sample.

25 In electrochemical analyte detectors used to practice the above described methods, it
is often desirable to modify the surface of the metal electrodes to be hydrophilic. A variety
of different techniques have been developed to modify the surfaces of metal electrodes.
However, such surface modified electrodes tend to have limited storage life, thus limiting
their potential applications.

30 As such, there is continued interest in the identification of new methods for
modifying metallic electrode surfaces for use in the electrochemical detection of analytes. Of

particular interest would be the development of a method which resulted in a storage stable
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group and a second sulfonate end group separated by a short chain alkyl linking group,
where 2-mercaptoethane sulfonic acid or a salt thereof is preferred in certain embodiments.
The subject electrochemical test strips find application in the detection of a wide variety of
analytes, and are particularly suited for use the detection of glucose.
20
BRIEF DESCRIPTION OF THE FIGURES

Figs. 1 and 2 provide a representation of an electrochemical test strip according to the
subject invention.
Fig. 3 provides an analysis of the contact angle of various cystine treated metallic
25  electrodes at various times following treatment.
Fig. 4 provides an analysis of the wicking time of various cystine treated metallic
electrodes at various times following treatment.
Figs. SA and 5B provide an analysis of the contact angle of various MESA treated
metallic electrodes at various times following treatment.
30 Fig. 6 provides an analysis of the wicking time of various MESA treated metallic
electrodes at various times following treatment.
Fig. 7 provides a comparison of the wicking time of various cystine and MESA

coated electrodes.
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20 In this specification and the appended claims, singular references include the plural,
unless the context clearly dictates otherwise. Unless defined otherwise, all technical and
scientific terms used herein have the same meaning as commonly understood to one of

ordinary skill in the art to which this invention belongs.

25 ELECTROCHEMICAL TEST STRIPS
As summarized above the electrochemical test strips of the subject invention are
made up of two opposing metal electrodes separated by a thin spacer layer, where these
components define a reaction area in which is located a redox reagent system. A
representation of an electrochemical test strip according to the subject invention is provided
30 inFigs. 1 and 2. Specifically, Fig. 1 provides an exploded view of an electrochemical test
strip 10 which is made up of working electrode 12 and reference electrode 14 separated by
spacer layer 16 which has a cutaway section 18 that defines the reaction zone or area in the

assembled strip. Fig. 2 shows the same test strip in assembled form. Each of the above
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representation of an electrochemcal test strip according to the subject
inventioRydgisp4gvided 30 in Figs. 1 and 2. Specifically, Ptgusdigsovi des an
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test strip as a whole. Suitable nmaterials that may be enpl oyed as the
bacRf nginert backing material typically ranges from about 51 to 356 um, usually from about 10 to
153 um while the thickness of the metal layer typically ranges from about 10 to 100nm and
usually from about 20 to 40nm, e.g. a sputtered metal layer. Any convenient inert backing
material may be employed in the subject electrodes, where typically the material is a rigid
material that is capable of providing structural support to the electrode and, in turn, the
25  electrochemical test strip as a whole. Suitable materials that may be employed as the backing
substrate include plastics, e.g. PET, PETG, polyimide, polycarbonate, polystyrene, silicon,
ceramic, glass, and the like.
The subject test strips are further characterized in that at least one of the metallic
surfaces of the electrodes, and in some embodiments both of the metallic surfaces of the
30 electrodes, that face, i.e. border or bound, the reaction area, have a surface modification layer
present thereon. The surface modification layer is a homogenous layer of self-assembling

molecules that renders the surface stably hydrophilic in a storage stable manner. More

specifically, the surface modification layer should impart to the surface a low contact angle,
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substrate include plastics, e.g. PET, PETG polyimde, polycarbonate,
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wherein:
20 n is an integer from 1 to 6; and
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Of particular interest in many embodiments of the subject invention are surface
modification layers made up of 2-mercaptoethane ethane sulfonic acid or a salt thereof, e.g.
2-mercaptoethane sulfonate sodium.

25 The working and reference electrodes as described above may be fabricated using
any convenient protocol. A representative protocol includes preparation of the metal
electrodes by first sputtering the metal layer of sufficient thickness onto the surface of the
inert backing material. Next, the electrode(s) to be surface modified, or at least the metallic
surface that is to be modified, to have the surface modification layer is contacted with a fluid

30 composition, e.g. an aqueous organic solution, of the self-assembling molecule. Contact may
be achieved by any convenient means, including submersion slot coating, grevure printing of
the electrode into the composition. The concentration of the self-assembling molecule in the

fluid composition typically ranges from about 0.5 to 1%, usually from about 0.05 to 0.5%
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where representative suitable materials include PET, PETG, polyimide, polycarbonate and
the like, where the surfaces of the spacer layer may be treated so as to be adhesive with
respect to their respective electrodes and thereby maintain the structure of the
electrochemical test strip. Of particular interest is the use of a die-cut double-sided adhesive

25 strip as the spacer layer.

Reaction Zone
The subject electrochemical test strips include a reaction zone or area that is defined
by the working electrode, the reference electrode and the spacer layer, where these elements
30 are described above. Specifically, the working and reference electrodes define the top and
bottom of the reaction area, while the spacer layer defines the walls of the reaction area. The
volume of the reaction area is at least about 0.1y, usually at least about 1 ul and more

usually at least about 1.5ul, where the volume may be as large as 10ul or larger. As
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vents or ports, other configurations are possible, e.g. square, triangular,
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respect é&&aﬁ}ﬁérﬁ#@& RRREY S &l %@Pmd%& &8& 0 r?al?Xre%Tmeai{ﬂ@t mf%efe'i ucture

of the electrochemcal test str part |cu I nteres use of a
di e- cut motsbhay-wiryeslloaghesiivf: 1(251tlsztlargptcaprowhie anpffeetivel eayrafice dasittofon Zone
The subjfg%# ele trochem cal test SE, i.nclude a reaction zone or area

that is ebif‘cflﬂ‘éa%r%t Agnegs é‘rorri phout gr &9 et 19 s rusgallyand t he

spacer | (8ot epent s 30 are described above. Specifically,
t he wor kﬁrg an r%e %rrgﬁ?gsxglbe rodes define the top and bottom of the

reaction ar earesdnt intht heactipragres isl axedox chagemagstemewhieh kdageit syfemnRadtibPn
area. The voI une of the regﬁtlon area is at |east about 0.1 pl, usually at
| east a BDE eppeciegifatip desectg whaﬁl%ﬁroriea%c{ theresore 13 ussd to Wagyathehe vol une may

be as | AodBertratid R St aRtiyt Laf Qﬁ{gsmﬁ%yc@ ell’ﬁl%%é@q{ %%elr{?‘%&%ggegem Rl oned

above, the reaction ar ea ge udes at and in
many errbamiuomamastyp;bdb' 1n¢iudlasdel£aarancnn2yme(s) zprdrzt mediter. anysEﬁrbbdmmts area

of t e| | et _and_out @i ort g%y ﬁaSIt i s..suf |C|enthglarge
to pfovit %@(n‘@f’?eéﬁ ° {e“b‘F anfe BIE ¢ RIvRalityertienzunesdhatar ea,
but geneyakliy c6mRES o&rd@z@ta@%myt%fﬂa%ésttla Glfer WOrdg Mhe e &?H@'cbxl oRerft'c?M
about 1.3 x 10-3 to 2.5 x 10"3cn2 . Present in the reacfion area IS a

redox r dbgyeadpx sSASERISYSIRA lémafdeageﬁa sxgglstaeﬂytprqxwdldeg enfyore arfaccodpeszings t hat

concent P camesk SEnie ThRAS R AREREh G e RREe SRR BT PRngt

syst em mitefeninclutie bridases erebiydrogerasaalipases, &&iabe}é ﬁlﬁﬁﬁdiﬁké§ dqiindpe@sins aRd
enzyme(sgke and a nediator. In many enbodi nents, 1o the enzynme nenber(s) of
t he Pedd 1r‘léf‘agent systemis an enzyne or pl urallty of enzymes that work in

concert to ox h%' ég Iig'gnz?'% XYés%nth tllléﬂllle%tﬁﬁlta?reé cﬂep@ﬁ&e(gn e ggﬁchfap gnazyr(‘{% Yo

conmponent of edox'reagent systemi1s nmade
oxi di zi n@ﬂnﬁxym&cﬂoch‘ennml t&scsmpns dn‘s1gne&\m d)&tedtpwhereme;ymtahhaénzamek in
i nterest. Enzynmes of ipterest jnclude

gg ingg;teért“’?‘&%n E‘Fé%e‘%i‘g lIl Oﬁ%géﬁ' rogepgsgscholesierd)ifsterasescholpstere) oitags:ns and

lipoprotein lipase, glycerol kinase, glycerol-3-phosphate oxidase, lactate oxidase, lactate

20  dehydrogenase, pyruvate oxidase, alcohol oxidase, bilirubin oxidase, uricase, and the like. In
many preferred embodiments where the analyte of interest is glucose, the enzyme
component of the redox reagent system is a glucose oxidizing enzyme, e.g. a glucose oxidase
or glucose dehydrogenase.

The second component of the redox reagent system is a mediator component, which

25  1s made up of one or more mediator agents. A variety of different mediator agents are known
in the art and include: ferricyanide, phenazine ethosulphate, phenazine methosulfate,
pheylenediamine, 1-methoxy-phenazine methosulfate, 2,6-dimethyl-1,4-benzoquinone, 2,5-
dichloro-1,4-benzoquinone, ferrocene derivatives, osmium bipyridyl complexes, ruthenium
complexes and the like. In those embodiments where glucose in the analyte of interest and

30  glucose oxidase or glucose dehydrogenase are the enzyme components, mediator of
particular interest is ferricyanide. Other reagents that may be present in the reaction area

include buffering agents, e.g. citraconate, citrate, phosphate, “Good” buffers and the like.



15 the like. The specific enzyme present in the reaction area depends on

t he partmlﬁyzﬂnal yte for which the electrochenical tespCsiUSIPO2SH0
designed to detect, where representative enzynes include: glucose oxidase,
gl ucose dehydrogenase, chol esterol esterase, chol esterol oxidase,

I'i poprotein [Thgaedox rgpgeat pystenkisggaerallyyprgseat vy drg fomp I ameuntsiofshe, | act at e
oxi dase,,,l:act i | dase,
b1 11 by 2 855 Gohthit A YERORRRRhe by Prble Anfhon Bl I MR e
wher e t fimmaataiuy 04 tofl0Pmbemesht.i s gl ucose, the enzyne conponent of the redox
reagent systemis a glucose oxidizing enzyne, e.g. a glucose oxidase or

gl ucose dehydrogenase. The second conponent of the redox reagent systemis
a nedi anpsrepRpPonent, which 25 is made up of one or nore nedi ator agents.
A variety of different nediator agents are known in the art and include:

f erri cyani de Algshenesided by herrobjecipnegngion gheemethp deeofrmsingabe bubgeat,

pheyl enedi am,ne,. . 1- net.hoxy- phenazi ne net hosul f gt e, . . .

D6t meCRg P e IR U RIS RERLNE PR B R Bisnilyts e PBvOOBiF ocene
deri vat kumfigle. ASATietNOP Tkt Yhal e Phe ke detetttd A tHY suBjeekba B saitedche | i ke,
I n those enbodi nents where glucose 1n the analyte of interest and 30

gl ucoseTeXegaBEVO ANl tecissladeslgencogirstasolplagtate, alceholyans the filse Tamany

mediygt Obre%rr b dithétts 1R St p"i’wquo gggﬂ-ﬁ‘gl? '{}gea% e that may be

' i
present "1 n the reaction area |ﬁ%ﬁﬁ%gaﬁh erin Cl'traconate,
ci tr at ecopleospiat ie,a phgsokbgichldatrpies Véhild ih bandiplk ehe subjednBtho8y @38 be used
PCT/ US01/ Q2510 he redox reagent systemis generally present in dry form
The anpihfegpng ﬁ@ C\?ﬁ?‘?“&ﬁgo’éSgﬁbﬁ‘{@g’i“’smr?a‘ﬁﬁr\‘/’%i’r‘if,dléﬂ%‘?té’h'b’ﬁ%b&’r?ﬁ]lﬁ%np!ﬁs’ enzyne

conmponeRicht XRiraal te¥rs! NGE Sind tHeARe2lRY Ereq;a#i%l@dr%(%(t){?t&y fo%is%ﬂt det%nﬁﬁé"ws Al'so

provi ded by the subject invention are nethods of using the subject

el ect r othearvinceritratios of an anghge irblded er bood fra¢tens,camdendre paitonladfy imwhalgal yt e in
a physi ﬁié)ogi cal sanmple. A variety of different anal ytes nay be detected
usi r% t R&° ubj ect test strips, where representative anal ytes include

gl ucose, choliestaefighg teatbtemetBbED B firstatdh ik h@intiodBee 4 udlBiByofth® preferred
enbodi nents, the sugj ect methods are enployed to determ ne the gl ucose
3]

concent physiadegicd sampleyrip dhaoigaetinn asemef the taghstrip, Wherp thegdeqrasheisaldedsj ect
B N L S T e
into the reaction area of the test strip may vary, but generally ranges from about 0.1 to 10ul,
20  usually from about 1 to 1.6ul. The sample may be introduced into the reaction area using any
convenient protocol, where the sample may be injected into the reaction area, allowed to
wick into the reaction area, and the like, as may be convenient.
Following application of the sample to the reaction zone, an electrochemical
measurement is made using the reference and working electrodes. The electrochemical
25  measurement that is made may vary depending on the particular nature of the assay and the
device with which the electrochemical test strip is employed, e.g. depending on whether the
assay is coulometric, amperometric or potentiometric. Generally, the electrochemical
measure will measure charge (coulometric), current (amperometric) or potential
(potentiometric), usually over a give period of time following sample introduction into the
30  reaction area. Methods for making the above described electrochemical measurement are

further described in U.S. Patent Nos.: 4,224,125; 4,545,382; and 5,266,179, as well as WO
97//18465; WO 99/49307; the disclosures of which are herein incorporated by reference.



such as urine, tears, saliva, and the like, they are particularly suited
for use {pglayegm ning the concentration of an anal yte i rcoluseno2sro bl ood
fractions, and nore particularly in whole 15 blood. In practicing the
subj ect nethqds, the first step is to introdyce a quantity of the

physi ol ogi caﬁsoﬁ%\‘fﬂlgéieferﬁ%’_l? e clegiroshsmicy ggnalgeneratcd sk thegpadtipn zpfetse t he
el ect r oghgiheRhbdv@Sthe affduhPof the FRHRE bRAEHt ' HeAamPREnRERILEY irfth tmﬁaﬁﬁpg' cal
sanple, e.g. blood, that is introduced into the reaction area of the test
strip magnearthen determypedehyaklaying theglestrbchemicdb sighal@o thet amdunOof anah@e usthal | y
fromabout | to 1.6ul.. The sanple may he introduced. into the reaction area
St o AP e i e B o neRr e riecBaHCa SipnlaS htaty EEHAED | he
reacsi ofio eHe@fynaPidneiél from aWefiks dfiPrevib iR sR@atd S6htR] BRstaAdid VilBed kK@, as
may be convenient. Follow ng application of the sanple to the reaction
zone, aderBwed Honeiiscampanis It Baphembadinerts the laetredhemical sigrahce and

wor ki ng_g| } 25 r . I de may
Vary. depRafkBef s MRS e thAGHRM G s AaN ECRAEOlE ETC DY
whi ch t perfeinedtauaahativalipby & dsticestdesipnddstoengrk oyigtithe esy strigap rsucg aealuehet her
t he assgy i s coul onetric, amﬁ:@%mi c.or potentionetric. Generally, the
el ect r oCh&HYEFONGFRYANANEIN G SEMPleaRBlirdetotha iegestiiB ot Irepfetentatiye reagingeieyice

(a ro i At entd i ive period
O T o T el BlaEf R hesd SO AR uliilecd SBApbl, ABle 8 (B8 V8 Phos

f or makieagtiomeormizaddhehersed iHedthabimabte cwiventratmin rasdtfuone thendeviresis fiintharher

described i. S. Pat.en S.. 4,224, 125; 382; and 5 6,179; as well
2s Vo | Sweritedissiop l%ﬁ@ké@vl}w{lﬂ%S%iiaievoogﬁﬁi%éffﬁmwﬁqéré cPEi

i NCOr POGRERGUrEYE WACAiEAGEin ifcofradkiBy28RrdR6d | USOL/ 02510  Fol | owi ng
detection of the electrochem cal signal generated in the reaction zone as

descri bed above, the anmobunt of the analyte present in the sanple introduced
i nt Qs t h?{eacti on zone is then determ ned by relating the el ectrochem cal
si gnal 5"t he amount of anal yte in the sanple. In nmaking this derivation,
t he nmeasur ed Agdesrovded Brtieadubietin®dntios ate/ifisdat Lie if prazatiag tie subjeche si gnal
generated froma series of previously obtained control or standard. val ues,
and demethadsebheaismfithe subjeshipyention it laapt ipglude aneledrasbemisal tesistrip with

el ectro ' I frgaalg &q%grt t | ,on
deri vat ?Qﬁggstg) g%é‘?ﬁf%g%doedslérl éej%fga 0\?(51?’ %B%S&%g?? ?)?vr%gﬂ%&?dg%? }t%gﬁly by a
devi ces fidter grkdetaoneuns Korvabtdinitg e phesdlogitalispmple. Borockaoplea whatettbe of anal yte

concentratiqn .in a sanpj.e | i to. the tesgt strip. A representative
r ead? ngpgyés‘llﬁqe%cﬂ sampleql)bloo&ptge SIE)?ect %ts may raler mcfudg a means for obtaining a

blood sample, such as a lance for sticking a finger, a lance actuation means, and the like. In

addition, the subject kits may include a control solution, e.g. a glucose control solution that
contains a standardized concentration of glucose. In certain embodiments, the kits also
comprise an automated instrument, as described above, for detecting an electrochemical

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

30

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

limitation.



10 for automatically practicing these steps, such that user need only apply
sanpl e twddigs723seacti on zone and then read the final anal pC&USOM@SHL r at i on
result fromthe device, is further described in copending U S. application

serial no. 09/333,793 filed June&@m di scl osure of which is
herein incorporated by reference o provided by the subject
inventign ar eridrsidnddf RI&RrocRerRitACdsCoipigs t he subj ect methods. The kits of
t he subj ect invention at |east include an el ectrochem cal test strip with

at | eastA.one Pseparation ofddES Ackieated Blecupehemicsidest friprescri bed above. The
bject kit 3 d | i |
Sammr e For AT et i SR R RGT RS AT BBttt Che

subj ect digsblsingry0dougrh MIEES A ITCL atdogt a0 1B int® bOR i Ml @ whleP Gb1g aAp! €,
such as a | ance for sticki nqé’a finger, a | ance act uatl on neans, and the

li ke. | walladigm shests are peepatqs Spuitfring thajurfaseofiad il Hugk podyesiesisubstiore, e. g. a
gl ucose g AOERY ation of

gl ucose. P{‘écggrbr ?ir?uehrgalgpE@tasSE%&hﬂﬁmgl%F gghp%ﬁﬁggggﬁo%gg{] onmat ed

i nst r unebtainedsFolksang bﬁ’qbamhouefth‘egzrga‘lembpallagnumnedta%ngqlzeimxc%1 h signal
using the el ectrodes foll ow ng sanple aPpI ication and relating the detected
si gnal Bbeets 36 cadbashests ap dhaprimmersed i theaip MES Aselutien forlainkie: Ihe ncl ude

| nstp uctcbggg slfxé% 1sl{ﬁér{1gr Pll?&i fo? Y HoBE ind £a98 i ctoﬁt%t:rhaﬁy 5 z{'G%n%meter and
determ nation o an yte concentration 1 n a phy I'e.” These
i nst r uctwatersasnescribed prB@emur@A fomed mrAppendix of, infreetopmskr@ghatghe aodtabel

i nsert containers present in the kits, and the like. 30 The foll ow ng

exanp | e@ngEd f¥er ed by way of ilustration and not by way of limitation.
9 V\D 01/ 5723 ]gﬁgdé:{ PERI

El ectrochem gfaF)(%y %%H‘Q’K“g‘ér"gg&?gﬁ@hh%?e tﬁé@%ﬁ%}ét ed Elvee ?lfic?gﬁem cal
Test St meped sh\ee(ti)aﬁﬁ) dreuidefaapheaddcaoehaitd] oest strips lasifc(llthSAA gotd sttipandi s
prepar ed 5 dissolv 1. 00Q gm NMES talog # M)913) into 999 gm
M1 QP 1 SR age aﬁg’wﬁgﬂvaeh %:Hﬁes‘h’éég’%b?wlé%?f@ SINBYIVE &msw SHiP ¢ ho
surf ace pgfin@a ?h181h1es§ m:boml MBS FuH R IdRkRa thi HBRRRkIEL RhctRA Joad! iHig such

that a surface netallic layer of 100 to 500 angstrons iIs
and outlet ports when sandwiched between the gold and metal strips, as shown in Figs. 1 and
2. A dry reagent consisting of buffer, mediator, enzyme and bulking agents is ink jetted onto

the palladium electrode prior to sandwiching the double-sided adhesive.

20
B. Preparation of Cystine Treated Electrochemical Test Strips
Cystine treated electrochemical test strips were prepared according to a standard
industry protocol.
25 1L Characterization of Cystine Treated Electrochemical Test Strips

A Contact Angle
The contact angle of cystine treated gold and palladium test strips was determined
with water and a goniometer as described in Procedure B found in Appendix A, infra.The
contact angle was determined at various times following surface treatment, i.e. 0, 7 and 14
30  days following treatment, and at various storage temperatures, e.g. room temperature and 56

°C. The results are provided in Fig. 3.

10




obt ai ned. Follow ng preparation of these gold and pall adi um master rolls,
12 in X §opishesg sheets are cut. The sheets are then i nmecsadoi/ostohe 1%
MESA solution for 1 minute. The 10 coated sheet is then air dried for 1
hour an tesR%d for_.contact angle using a Gonioneter and water as
describ®d i nYPFGR&dHPe A found in Appendix A infra,to ensure that the

contact anghgel : ok M IBRS . Lo ich are
then cut fr.ogﬁ_te h‘gdg%%eré’eggﬁ%s“g%%ﬁ%? gllH agﬁgglftl S angéggégﬂigg%g%twgﬁdr#cat e
el ect r odessnbedin Rreeeduse €ifpundas Appehding, infrag®hel widkingimewas d&emaihédaati um
strip are.used t andwi ch a di e-cut. doubl e sjded_pressure sensitijve
adhesi v&¥ &Y %neﬁgg,l?c%m% S‘t’%fcg I fl'eOB’gg%“q ﬁ‘! gaﬁ'a f‘g{O&‘?%HF%WeH? é‘-“iﬁtt ar ea
t hat s de{imns stdiggé Rapeiadited QNE rodrit@iperAiid AT ML tSuMISe 5%@4?&% inhed

bet ween the gold and netal strips, as shown in Figs. 1 and A dry

r eagent Figoflsi sting of buffer, nediator, enzynme and bul ki ng agents is ink

jetted onto the palladiumelectrode prior to sandw ching the doubl e-si ded
adhesive. 20 B. Preparation of Cystine Treated El ectrochem cal Test Strips

Cysti nelllr eaChgraélesicitioncdTONES Al TreR6d ERCirbéemi®l FefifStiggy ed according to a
standard industry protocol. 25 Il. Characterization of Cystine Treated
El ect r oB8heni £antasedaglet ri ps A Contact Angle The contact angle of cystine

tregted gold |, adi i r.Im . WM d a
oo, o' STRBLORRLLANIMESA ShCURS HMAIE Bl
cont act aahtl . &) wasddemeéned wikl water uad h @usiotmerse as Hedctibad in@®recodhirc® féunddh nent ,

i.e. 0, 7 and 14, 30 days follown reatment, and at various storage

t enper af*BPEEIX év ’gﬁ‘%arﬂﬁrﬂop@ wg%éeé?{a“@é at ganigysdimesdpllquaing swrfageovi ded i n
Fig. 3. / { CKi j i C ki ti me of
cystil :gé%n\eé% gé %?ﬁ%ﬁa@d ,f'jgl Ei|Ha!’o|L 'iﬁf?m&%é’?tgmswe%{sﬂgx%é%h%%eﬁrgnmﬁ“ég '6&515 36

descri b¥d The esulsetepvidetl auFigs SA: (pEppenahdSBApH hf 6. The wi cking time was
determ ned at various tines following surface treatnent, i.e. 0, 7 and 14
day® following treatment, and at 5 various storage tenperatures, e.g. room
tenperagure @AkinPTime The results are provided in Fig. 4.

The wicking time of MESA treated gold and palladium test strips (treated at pH 5.4
and 11.5) was determined as described in Procedure B found in Appendix A, infra. The
wicking time was determined at various times following surface treatment, i.e. 0, 7 and 15

20  days following treatment, and at various storage temperatures, e.g. room temperature and 56

°C. The results are provided in Fig. 6.

IV.  Wicking Time Comparison Study
The wicking time of three different electrochemical test strips prepared as described

25  above was compared. The first electrochemical test strip (Case A) was one in which both the

gold and palladium surfaces were cystine treated. The second electrochemical test strip

(Case B) was one in which both the palladium and gold surfaces were treated with MESA.

The third electrochemical test strip (Case C) was one in which the palladium surface was

cystine treated and the gold surface was MESA treated. Wicking times were determined as
30  described in Procedure C found in Appendix A, infra,on strips stored in SureStep® vials at

56 °C for 7 and 14 days, and the results are provided in Fig. 7.

11



[11. Characterization of MESA Treated El ectrochem cal Test Strips A
Cont act QP78 The contact angle of MESA treated gol d apdTpabil@dioum test
strips (treated at pH 5.4 and 11.5) was determned with water and a

goni onet er as_described in Procedure B found in,  Appendix A, infra. The
contact angl el Raboye el sddliscussiof dempnstptgdlat signifisartigmpievedce t reat nent ,
i.e. O, : 1 : tar ature was
N Bt T SR R WA S LA N L
W cki ng prowided biethei soljiectgnvantien. ipetifiSAlyt stesige dtableletbctnachepeitdl acht stmps est

strips (treated.,at, pH 5.4 d 11.5).. determ ned as described in

Pr ocodurBvBErGtARE - rRees it ki o TR g e e bR i ned a
vari Qus mhéd¥Bemetl boMidigedSipetiasdt HaQa t¥E W cking tBnesQire gro@méd.lﬁlra{%rﬂaae,s the
follow ng treatnent, and at various stor?fge tenperatures, e.g. room

t enper atsurfacemddifigng Gageamisused $ modify the srfacasdd dhg subricytestastrips\are pdemtgsag Ti me
Conpari spn T i CKJ I 1 hr i e rochem cal test
strips p[rgse%lgb’éggggg]g%&v%l %@greb%@n&%&\s/%ﬂx&\'ﬁ%nt%g%@?@@{ mllhgg#ti rst

el ectrochem cal test strip (Case A) was one in which both the gold and

pal | adi um surfaces. were cystine treated. The second el ectrochem cal test
strip (Case A pulicalions and pagsnisisitpdinthissaecfigation Alsnessin IngeTRTaEd Puces were

treated W Q/Ia:.ﬁ% T: L r i LhPiddFARES) Wwas one
in tOi ct{\é{ehecpa aeé?hulﬂgigﬁip ?laég"gﬁ{:/\agigh 023?211:% |mn‘9eelgljterS gct%éccfﬁgﬁg&)?ﬁe go}1 surface
was MESAndicaed adbe Wiarpbrated bynreferenee e THe tigativinrd dny putd@adiesis foteddisalosure
Procedure, C fqQung. in Appendix A infra,on strips.stored jn SureStep(r

Vi s aiPriosE engine fale i 2o Pt DEGRISIHE! PO R bG pascHeRgl 7.
11 VD 034 R723RUBET 4RO 0224 BoKafoR BpVsuE®e phibsindgiod! scussi on demonstrat e

that significantly inproved el ectrochem cal test strips for use in the

determ nation of an analyte in a test sanple are provided by the subject

i nvention. Spgcificall st or.age..stabl.e el.ecttrochenm cal test strips having
cur 981 & nycir Sftoef e BreaBbl YEESARR el BEHPREREPPE N il
el ect r ogingafidh ai SRAPW RIPHEposds DEiadity eurkipeindmeail 6 feadiB dppateniocki ng
times are provided. Furthernore, the surface nodifying reagents used to
nodi fy tthesefordieary skill in e asiipjliabt of the teaghingsyef this dnvgaen dakcertain changes

and modifications may be made thereto without departing from the spirit or scope of the

appended claims.

20
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As such, the subject invention represents a significant contribution to the
art. Al wyhlgeations and patents cited in this specifi carcousar@sierei n
incorporated by 10 reference as if each individual publication or patent
were specifically and individually ,indi.cafed to be incorporated by
reference. The citation of any publ AR is for its disclosure prior to
the filing date and shoul d not be ¢Qpsdduved as an adm ssion that the
present invention is not entitled to antedate such publication by virtue
of priorg,J, AV j ing i i has_been descri bed
in sgnme Sdler?‘ aclg :Dltgl‘f%{?nme/a'g/tglz)@u%qﬂ?g&shér;gﬁ %’?gﬁg‘d&mgrrh%%ng?%ﬁ 'ﬁ%ses of clarity
of undemngiapi: N9, 1 byrk:SgidsEBHink ¥isAPRAEMS 5%Q4.74-R959)0f ordinary skill in the
art in light of theMieachidgs of this invention that certain changes and
nodi fications may 3bstopasten t hereto wi t hout departing fromthe spirit or
scope of the appendeadand Rallafium Betskize VIDXRL$57238 PCTI USOL/ 02510 Appendi x A
Prodédure A Surface Treatnment Procedure for Gold and Pall adium Metal | i zed
Pl ast i c£hemicalht er j2angcaptpethqny puifonigacidsspdigmigalng di sh size 4 Q (10.5"x 14.75"x
2.25") 2. MII -QW‘E"@F“’S’.T top watch 4. Gold and Pal | adi um sheets size 12"
X 8.5" 10 Chenmic a.‘?“’_ﬁg-’; P&hpt oet hane sul fonic acid, sodium salt
Manykact urer TC (E l; °{¢1(1)\401%13 Purity: 99% 15 Mol ecular W. 164.18
Procedure: 0.1% (w A 1. Weigh out 1.000(0.0005) g of 2-mercaptoethane
sul f oni grRedie:S0digi®, i 3m3 MERAGNI Ng  paper .

1. Weigh out 1.000(0.0005) g of 2-mercaptoethane sulfonic acid sodium in a weighing

paper.

20 2. Weigh out 999.0(20.1) g of Milli Q water in a glass beaker.
3. Add MESA powder slowly to the beaker. Let it dissolve completely

Surface Treatment:

25 4. Cut out Gold and Palladium sheets (size 12” x 8.5”) from the roll.
5. Pour out the content of beaker to the baking dish slowly.
6. Coat metal sheets one by one, metal layer facing dish bottom. Make sure sheet is
completely covered with solution. Use the stopwatch to monitor coating time (1 min/sheet).
7. Drying time is about 1 hr.

30 8. Check the contact angle of Metallized film with water by Goniometer. Contact angle
should be <20° for Au and Pd surfaces.

Procedure B

35  Contact angle measurement using Rame-Hart Goniometer

Materials: 1. MESA coated Gold and Palladium sheet
2. Rame-Hart Goniometer Model —~100-00-115
3. Automated Pipetting system
40 4. Software RHI 2001

Procedure: Using water, fill up the Automated Pipette system. Place the sample (Au/Pd) on the sample
platform and hold with clamp. Open RHI 2001 program and set up the baseline. Drop 3 to 5 uL of water from
automatic pipette. RHI 2001 system captures the image and measure the contact angle from both sides and

45 averages them. This can be repeated for several times.

Procedure C

Wicking time measurement

50
Material:
1. MESA treated test strips
2. Fresh blood adjusted to 70% Hematocrit
3. Pipette- 20 uL
55 4. Pieces of Parafilm for blood application
5. Panasonic camera model GP KP222
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20 2. Weigh out 999.0(0.1) g of MIIi Qwater in a glass beaker. 3. Add
MESA powggs 015479l ¥ to the beaker. Let it dissolve conpl et ecyustuedsace
Treatnment: 25 4. Cut out Gold and Pal | adi um sheets (size 12" x 8.5") from

the roll. 5. Pour out the content of beaker to the baking dish slowy. 6.
Coat rmet al s ]\jéméY‘d*Péi?Pé‘Fefam ng di sh bottom Make sure

. t man h
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01/ 523238 PCT/ USOL/ 02510
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6. Adobe Prem ere software 4.2 for video capture 7. Conputer System and a
Moni tor o g8l de adhesive tape & a platformfor strip pPETRisovexsswe: 1.
Place a strip on a platformand hold it with tape. 2. Place the strip under
the canera | ens .and_adjust the focus and nmagnification. 3. Launch the

Preni er eVaakls{daimed As) open novi e captures program Select 30fps NTSC system
for <capturing live novie. 10 4. Place 5 uL of 70 % hct blood on Parafilm
surface. 5. Turn on recording node and apply blood fromeither side of test
strip in.to tAmecleatpddhenmopl testostrifif oompmdirig:t he recor di ng node when bl ood

reaches the other end of test strip 7. Go to the | e wi ndow and anal yze
[t e 1 n ik wrEHE e deiiad aosts MErkinGa et SR ood
reaches depftaiiib9la PAckr 1aef, tWiRE&n 808t b€ of farBSt sRUREokBledtfRIRBR{sSECONdS)
and 15 displays’in | ower window. 8. To calculate w cking tinme, divide

nunber curtheeamedifigfl wathachomagenpusparace medifeaiipadayes made up obpelsass¢mldingd 14 WO

01/ 5 723 Smgigﬂlc%‘gﬁlg\.g?{r%;a)%gt sruﬁgﬁrylgeﬁld%%ﬁﬁgira{ sse:c%quosu’ﬁ%ngtle %ﬁ& g?%? gf:h(ﬁ:%gnah g st

strip conpris I 'ned by Oppost n

r ef er encrideulfbidrolcsd shifsepaemt @dupyara sgagfed by aldver aldyblitien gidupt g@bt one of
said first and second el ectrodes has a . surface nodified with a honbgenous
surface nodi fPtat i dedprjceLeHaydenPresentdn siid fRachpp EPRey Whtsiesald ©dokavi ng a
fir S | £ O end group, wherein said
suIf%yd?%%R%né¥§ﬁf§gﬂg?§ygﬁgﬁgP@E%@gg@gnggagggﬁgg by a | ower al kyl 1inker
group; and (b) a redox reagent systempresent in said reaction zone,

wherein said redox 10 reagent system co i.se t l.east one enpz and a
medi at or? 2. fl}}?eﬁ?@“é’(?g‘frﬁ‘ﬁﬂg?ﬁt SHIP geerding: tp; alg’cid}‘a}mﬂﬁatt lgastoge HF &%{émmher ein

at | easte)Qnedef cotdrfles £ hietd 5Q88& fremné g&%p%pmtag o?;gg&&,tpﬂaﬂaéiﬁﬂmirv@e group

consisting of gold, palladium silver, “iridium carbon, doped indiumtin

oxi de anddismacarbessloped@idium tin oxide and stainless steel.
15
3. The electrochemical test strip according to Claim 2, wherein said electrode comprises

gold or palladium.

4. The electrochemical test strip according to Claim 1, wherein said self-assembling
20  molecules have the formula:
HS-(CH2).-SO3Y
wherein:
n is an integer from 1 to 6; and
Y is H or a cation.
25
5. The electrochemical test strip according to Claim 1, wherein said at least one enzyme

includes an oxidizing enzyme.
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15 3. The el ectrochem cal test strip according to Claim?2, wherein said

el ectrod ises gold or palladium 4. The electrocherg soipsdioStrip
accordi ngwgg{%rzéﬁgm 1, wherein said self-assenbling 20 nolecules ﬁéave t he

formula: HS-(CH2)"-SOBY wherein: nis an integer froml to 6; and Y is H
or a catbon. 2B efectrPhensta ¢¢st stripewinpabingest strip according to Caim 1,

wherein said | east one enz j ncl udes an_oxi di zi ng enzyne. 15 WO
01/ 57238 PCT/ f?téoy 28¢fgon é‘.’"eﬁf?‘/?%g?%ﬁ PRRAJIE veoTking @ad referenes lesitadesi ng: (a) a

react i oncafpsitted meed sitace BENSItEDLYR fHih E‘;Qlc@irl_gyerr?&vﬁér@iﬂ%? 16351E8HHe’ PAST first

conprising a netal surface separat'ed by ‘a thin spacer |ayer, erein at
| east on@dofecany metajlicelectrades has @shrfacesnedifiedtwith e omodemulasrfacesur f ace

nodi f4 ed_w ace b.nodificati ayer nade up of self
asse liﬁ‘é‘dﬁiﬂ@ﬁx@gﬂ?@?@@%ﬁéﬁg éliﬁ%lergghngﬁgglfai&s)“ﬁwufﬁher ein: nis an
integer from1l to 6; and Y is H eIS-eCEaf-Sogy and 10 (b) a redox reagent
system present in sgi d.reaction zone, wherein said redox reagent system

conprises enzynes aHECH nediator. 7. The el ectrochemical test strip

according to Caim®6, V\Q%[laﬁli-g i i zone has a volume ranging from
about 0.1 to 10 I. 15 8. eltg %l@%%ﬁggnkcgﬁ%test strip according to Claim

6, wherein said netal iY¥ istl@cteationfandm t he group consisting of gold and
pal Iﬁ)di um 9., ,The el edct rochem cal test strjp according to.Caim@6, wherein
sai d%enzymes (b c| u@yLedox reagent system present in said reaction zone, wherein said redox

reagent system comprises enzymes and a mediator.

7. The electrochemical test strip according to Claim 6, wherein said reaction zone has a
volume ranging from about 0.1 to 10 pl.

15
8. The elctrochemical test strip according to Claim 6, wherein said metal is selected

from the group consisting of gold and palladium.

9. The electrochemical test strip according to Claim 6, wherein said enzymes include

20  an oxidizing enzyme.

10. The electrochemical test strip according to Claim 9, wherein said oxidizing enzyme

in a glucose oxidizing enzyme.

25 11 The electrochemical test strip according to Claim 6, wherein said self assembling

molecule is 2-mercaptoethane sulfonic acid or a salt thereof.

12. An electrochemical test strip for use in detecting the concentration of glucose in a
physiological sample, said test strip comprising:

30 (a) a reaction zone defined by opposing working and reference electrodes
comprising a metal surface selected from the group consisting of gold and palladium

separated by a thin spacer layer, wherein at least one of said first and second metallic
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20 an oxidi zing enzyne. 10. The el ectrochem cal test strip according to
Caim9, whehag sai d oxidizing enzyne in a glucose oxidipoTuporosyne. 25
11. The el ectrochem cal test strip according to Claim®6, wherein said self

assenbl i n%g HD| ecul e | s 2-nercaptoethane sulfonic acid or a salt thereof
12. An dll€tiofstins s wapce wedified with athamageroussurfeccmodifigationdaysonedaupafi on of

gl ucose i—ﬂleﬁ:apﬁ@ﬁﬁh@%ﬂ -nﬁadcicﬁgﬂﬂg’éaﬂ’thé'g&fjaﬁ(?ﬁ strip conprising: 30 (a) a
I Kl

reaction zone define y OpposSi hg Wo ng and reference el ectrodes
conpri sing a (het ala mdok emgernalstemetesentamsiitl @eagtion Poss) Mlefdin §8d fidogol d and

pal |l adium separated by a thin spacer |ayer, wherein at |east one of said
first ar{ﬁagsﬁgﬁg’ﬁif%qr’é‘?'%lsﬂag OW&B‘?‘F‘B%?@%’"?@W@SB@WQBN el ectrodes has a

surface nodified with a honobgenous surface nodification | ayer nade up of
2-mer capt oet hane sulfonic acid or a salt thereof, and (b) a redox reagent
syst em pBesenkhejelecirgchemieal dest smipasperdingtie Glaim Kamdereirdad reachgeinedyst em

conpri ses | ucose oxi di zi e and a nediator. 5 13. The
el ect ro%hve()?rtllmg%{angglgtfpoﬂ g‘?"ﬁ“@g‘c@ﬁ@lﬁg to Claim12, wherein said reaction
zone has a volunme ranging fromabout 0.1 to 10 |. 14. The el ectrochem cal

test strip according to Caim12, wherein said reference 10 electrode is a
gol d el dét r odée elegtrothmmied] éest stoiphrenirdalz to €34imst2; mhemicsaidiiefigeice C ai m 12,
whergin efe%{rgdé’\ﬁ[a}%ﬁ]cgglﬁclétg?ﬁ rode is a palladiumelectrode. 15 16. A nethod

of o}et ermning % ation of an anal yte in a physiol ogical sanple,

said nethod conprising: (a) applying said physiological sanple to an
el ectrochem cal test strip conprising: (i2i>d)ﬂ'a reaction zone defined by
opposi nd>wor KihgglesHachesrieal &gst atripweegriling to Sipim) 18 wherassagbwarkingdedssoda

spacer I 1 i t least one of said first and second netallic
el ectroéﬁéslﬁ%aagwgleéslgért é’g'e nodified with a honogenous surface nodification

| ayer nade up of self assenbling
1516 A method of determining the concentration of an analyte in a physiological sample,
said method comprising:
(a) applying said physiological sample to an electrochemical test strip
comprising:
) a reaction zone defined by opposing working and reference metallic
20 electrodes separated by a spacer layer, wherein at least one of said
first and second metallic electrodes has a surface modified with a
homogenous surface modification layer made up of self assembling
molecules having a first sulfhydryl end group and a second sulfonate
end group, wherein said sulfhydryl and sulfonate end groups are
25 separated by a lower alkyl linker group; and
(i1) a redox reagent system present in said reaction zone, wherein said
redox reagent system comprises at least one enzyme and a mediator;
(b) detecting an electrical signal in said reaction zone using said metallic
electrodes; and
30 (c) relating said detected electrical signal to the amount of said analyte in said

sample.
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nol ecul es having a first sul fhydryl end group and a second sul fonate end
group, V\W:{(ﬁi/ﬁzﬁai d sul fhydryl and sul fonate end groups areTdBSorepa at ed by
a lower alkyl linker group; and (ii) a redox reagent system present in said
reaction_zone, wherein said redox reagent system conprises at |east one
enzyme aAd a Thedneihest according igetlaist | hgvhereie said self-assemblingrradleiuiestaivel theeact | on
zone usiﬂg}%uﬁgi d netallic electrodes; and 30 (c) relating said detected

el ectrical signal to the amount of said analyte in said sanple. 17 WO
01/57238 PCT/USO /02510 |IT The SO, pSMmdi ng to C aim 16, wherein said
sel f-assenbl i nol ecul es have the fornula: HS-(CH2)"-SOBY wherein: 5 n
is an intege™®f%¥Mm 1 to 6; and Y is Hor a cation. 18. The nethod
accogding to O ai p; : i j | f-assenbl i ng nol ecul es are 2-

mer capt oet hane suﬂliﬁ?gl%fgb@rpgggﬁg t hereof. 10 19. The nmet hod accordi ng
to Claim 16, wherd& s Haiacamm yte i s glucose. 20. The nethod according to
Claim 19, wherein said redox reagent system conprises a glucose oxidizing
enzyme. 15 21. A kit for use in determning the concentration of an anal yte
| n_a phys! ol q6e aitkhodeBidhg 81élnki % WHRFGR Sald G askibif) mbIEGhEFOOM cal
test strip conprising: (i) a reaction zone defined by Opposing working and
r ef er enBe€raptagthane sulfmmicacd o ospltsthersphir at ed by a spacer |ayer, wherein at
Ieaé one of said first and second netallic el ectrodes has a surface
nodified with a honogenous surface nodification | ayer nade up of self
assenbl 19g  The method according to Claim 16, wherein said analyte is glucose.

20. The method according to Claim 19, wherein said redox reagent system comprises a

glucose oxidizing enzyme.

15
21. A kit for use in determining the concentration of an analyte in a physiological
sample, said kit comprising:
(a) an electrochemical test strip comprising:
() a reaction zone defined by opposing working and reference metallic
20 electrodes separated by a spacer layer, wherein at least one of said
first and second metallic electrodes has a surface modified with a
homogenous surface modification layer made up of self assembling
molecules having a first sulfhydryl end group and a second sulfonate
end group, wherein said sulfhydryl and sulfonate end groups are
25 separated by a lower alkyl linker group; and
(i) a redox reagent system present in said reaction zone, wherein said
redox reagent system comprises at least one enzyme and a mediator;
and
(b) at least one of:
30 ) a means for obtaining said physiological sample; and

(i1) an analyte standard.

22. The kit according to Claim 21, wherein said analyte is glucose.
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nol ecul es having a first sul fhydryl end group and a second sul fonate end
group, WoRs@lsssai d sul fhydryl and sul fonate end groups apeTABoB&SHr at ed by
a lower alkyl linker group; and (ii) a redox reagent system present in said
reaction zone, wherein said redox reagent system conprises at |east one
enzynme and a nediator; and (b) at |least one of 30 (i) a neans for

obt ai ni sai i i . and. . (i), an _anal yte.standard. 22. The
Ki t accg?'di ng(Pl £ ?%Ré%%‘?}%ﬂ‘%f?@&%@?je‘?rﬁﬁsg?aﬂginé%@é’falcsaﬁaw%%%’.?00 8 WO 01/57238
PCT/ US01/ 02510 23. The kit according to Clain 12 1, wherein said

physi ol ggi cal_. sanple i.s blood. 24. The kit according to Caim21l, wherein
sai d megg's fh.rhe gﬁtaﬁ?(?ﬂiﬁ‘é tQ zﬁﬁmﬁy&h@ieﬂ’g‘ia@mafﬁ farehtmaing saig phgsielegicals. The
kit accesfhlas 4@ndd ai m 21, wherein said kit further conprises an automated
instrunment” for detecting an electrical signal using said el ectrodes and

rel ating said detected signal to the anbunt of analyte in a sanple. 10 19

25.  The kit according to Claim 21, wherein said kit further comprises an automated

instrument for detecting an electrical signal using said electrodes and relating said detected
signal to the amount of analyte in a sample.
10
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