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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 reduqible) 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 elécirode_s 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 1dent1ﬁcatwn 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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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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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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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, gléss, 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 fayer
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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wherein:

20 n is an integer from 1 to 6; and
Y is H or a cation.
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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1

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 0.1pl, usually at least about 1 pl and more

usually at least about 1.5pl, where the volume may be as large as 10yl or larger. As
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vents or ports, other configurations are possible, e.g. square, triangular,
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be fabricated fromany convenient material, where representative suitable

mat eri al s,/ A LI | ycarbonate and,.the |ike, where
the surf ggéengg%%ﬁggghﬁé-%% %@%#éﬁﬁ@lyy%gu?%%%%% agg?e;goﬁ,oangén WHesi ve with
respect temboligientsmalse inchides/an it letqiorto Tbescrassckettivnalalipga ofeheihled sndtoddetst r uct ur e

of the ' t rip.. OF parti.cular [.nterest is the use of a
di e- cut ﬁlggtgﬁea-gg'lgﬁ%%ggﬁgeﬁs\% ﬂc’fgt?ys]ﬂ%e ffp%r?v‘fiﬁgn'é' FERYS erfrageeor ebakt  on Zone
The subj efluid feom cliereadtionresbut gmbrally fanges fioRCAbaGED:a 0” €54 1098m% QRGP ar ea
that is defined by the working electrode, the reference el ectrode and the
spacer’ | d50m aboptle}dOr He2e AP es®Ent s 30 are descri bed above. Specifically,

t he wor ki ng ampgeskifis ; i | S Whith f.the
reaction area, v?,hi I eﬂf@gﬁaﬁglg Iggé;?g’r{?%%wﬁ%sg&ghe \A/é?#gm%%%ﬁg}ogggét I on
area. Thdor the spesies et is deteptediby the electradg andtherefareiswsedtbdativedhd |, usual |y at

| east ab . : . | . .where the, volune ma
be as | a?ggc%gkhl%{mor | glr!lgdéé_h.%ﬂls:’gl gﬁwg%ﬁ%ﬂ%sé%é@%%iﬂ; %t i oned g
above, t Ireactiomane typicallycincludes atrledst gn éngyme(shemd atmediatost Inamany einbédigments,, and in

many ;4€ | ' . . The cross-sectiopal area of
the inl g?ﬁ%%:g?@%ﬁ@b&&&f@é%@@ ?ngwassiflgﬁga Ff’r?hsmg%f FETE P | arge to
provi de awprkin @otértto amlizedhranalyte of interessf In ofieniwdrdsy thereddyme compérientofar ea, but

|1 10 5.1 10' 3cn?, | | 5 f bout! . 3
210 1 ot B8 BaserP kel Gt dnkld ket Bl entihis gl rmn b
system vivbohmoseapeyrhes3iya twexk jnrcondettae oxitlize thehaaalpp @f ineepest. Bizyhés ofet ect ed by

t he el ect.r.ode .and, t heref o s used,to derive th concentrat.ion of analyte
1 s phydT G Re oaagtn ey dachBES pbPes FoneS dabfornies GomRroiits e

reactison thelike. t ypi cal ly includes at |east an enzyne(s) and a nediator. In
many enbodi megts, 1Q the enzyne. nenber(s) of the redox reagent systemis an
enzyme or pl uﬂé??&eﬁ'gBF“z@ﬂ‘?WF\é?‘tf“ﬁS?' jargaflep &e?ﬁ‘etpams&lm@tetfﬁre anal yte
of i nt er estich theeledtfoeiemvicul £kt stiiptie desighiedto debeth AilRRY refresentalife &g r eagent
systemis e.up of .a single anal yte oxidjzing enz r a_collection of
fuo o v RS orifese SHpie CASURDR: cHels Ete e erioe Flesio Pdasey

i nt er est lipbptalentipasy plyteidlaimsd, glybsblBlphadpliatios@dase, HRHYSHQ08E dxbte | | Pases,

ki nases, dj aphorases, qui ngprotein nd 15 the |ike.
20 dgfxy%Pogenase, pyruvate oxl% e, alcohofo:gdase, bghrubtm oxidase, uricase, and the like. In

S

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  is 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.



The specific enzynme present in the reaction area depends on the particul ar
anal yte forwoipsfhs t he el ectrochem cal test strip is desipgmasormsiet ect,
where representative enzynes include: glucose oxidase, glucose

dehydr ogenase, ol esterol  ‘esterase, chol esterol ase oproteln

| i pase, glycer oﬁ'] 'eﬁ%f%r@agem Sygtem i geasr ﬁﬁFf&f‘éé‘Bf‘? g"' aﬁ“g\:‘,’fs&f €xi dase,
lactate 20 vﬁi&lw%rﬁmﬂmyﬁwﬁuﬁlﬁfﬁh@m&ﬂﬁ&en@nmmpoﬁbﬁ §pRly rixiges I ubi n
oxi dase, urjca and the |i many preferred enbodl nents where the
anal yte of fom P‘étsql?"smé/f%‘&%m the enzynme conponent of the redox reagent
systemis a glucose oxidizing enzyne, e.g. a glucose oxidase or glucose
dehydr ogenase. The second conponent of the redox reagent systemis a

medi at of c@ﬂiﬂiﬁ%t which 25 is nade up of one or nore nediator agents. A
variety of diff gisBlovitRdb fl;hgrs %&n@ﬁﬁr sofdgmﬁ gctand i ncl ude:
ferrlcyanlde p en zi ne et hosul phate enazi ne met osu ate

pheyl enedi &Whemmmshmmtprﬁemnme mmm eftap analyte in a physiological

2, 6- dlneth or rocene
derivati ves osm Um@@l PYT I ma@‘egfn gbec Eres T Ut 'ﬁ%’ﬂ mg%ﬁ%&g&%leixgi neg the |ike.
I n those emwmmsnalnamclgﬂﬂgh@s&, tholesterp), davgdty nlsolod, and\tlsﬂlkstlnmady 30

gl ucos ox r ents,

medi at g’r par |cu$él 8&%&%&@%& g?%lgcﬁé]gﬁt?%d%g@eﬁﬁ g@g%% s that may be
present i n corteentraﬁan ini :qrhyaolegca] lsam;ilu Wéhilb irf ;frmmplegheeayhya«ttsnet}mdg may bé usad onat e,
citrate, ate,. "Good" fers

PCT! US011 b S50 the ERESprra iR ofah S i ey e IOSPRERATS PRIy ¢ o1 m

The anopunt suchfas tifiee, teal‘sl aliva, anthekienthsy are partieulstly sulnﬁribr iseén dotd@niningof enzyne
conponent pi cal | es , fr.om about O 10% b S Al so
v ded byeRBSHuRoBER o FplH iR Birod e FrstiSs o i et

el ect raghesiogdl test st rips to determne the concent rat i on of an anaI yte in
a physi ol ogi cal A vari ferent an tes det ect ed
usi ng the subj e{gtprgcgglpggie,splﬁgct 'ﬂﬁh’@iiseth"%@éftégﬁﬁ?a'@ m%%fb %cl ude

gl ucose, chpsRMpRANampledtb HeSeacBbr ABOE theted skipCwhdrk the eie&rdmamcallsst preferred
enbodi nents, the sugé]ect net hods are enp glv%ed to determ ne the glucose

concent r at PR 15 deseibehere The paaunt sEphysialogioh samepls, £.2obiped: thaf is intraducedn ect
met hods mm@gxfe W&:flon drs SHRhACH s nsak}%gowe BeHefaB) i'a‘ﬁﬂesCffon%oWi ¥d foul,n @

variety of different phy SIO|O%IC& such as urine, tears, saliva,
and theol i nslaﬂxﬁi@pabmlmﬂﬁvlc hwmplemwgampétrce@m@ the regetionraneaniising 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.



the concentration of an analyte in blood or blood fractions, and nore
parti cul amopusmsghol e i5 blood. In practicing the subj ecrrusstioesids, the
first step is to introduce a quantity of the physiological sanple into the

reaction area . | m.cal. test stripis
descri bed su.gfgl?o T edéégr%ih?\?f%% aﬁﬁ%ﬁ%@%?@%ﬁhgﬁeﬁggﬁgr&&ﬁ?6‘5’8,“t hat is
i nt r oduc describest ahoye, sheramoyny ertheaamel}{nemresem@ the sampl¢ intrpducey intaithy readotidn

gener al | .20 . I fromabout | to 1.6ul.
The sarrpl)é;efjg)%E ﬁg%%&&ggﬁg#%&?%%%%%%?g%y%rtééaﬂgwggw&e PR eni ent
r ot ocol sampiede makiog thiswrrigationythb measuyeticleetiochemizal siymal ie 8picalcoripared al | owed
ltoo w’scktéﬁlte%igu] & g&'gn arzt:, andrtrfe li.ke, as ma! g@go ver?ie?nt.

Fol | owi ng- appri c%ﬂg o% o? ‘f‘ﬁé‘"&%ﬁﬁ?’&"‘?‘ﬂ?Pé“?%é&??@ﬁf%‘&ﬁ%{ es, and

el ect r ocldeterntiadd frome this omperidoni la nimng embedimnents, e eleefrocRnial wor ki n .
S e Y
dependi n e Wi th which
the el ecipedfarmedaviamati@lly b dévives desipitd RAstk withghe 162 BEPIL Bﬂ;dglébl yml;ehher t he
o1 oot r 0 RLTPUL ConRRBESHOTLT ysunbi cbrled 1 Bh PR, AGSPBIDIPE ootk Fnie

( anpeo o Midriabifomaticallp piaetiingdhese(seps, Sdh thitRisdrinedd onliPahiply Mmples ae 9i ve peri od
of time followi ng s | e 1 ntroduction into the 30 réaction area. Methods
for maki ﬁ’gj‘crf‘ﬁ’ez"ggﬂfg‘gg‘é@é‘* S‘Egﬂ‘ﬂépaél’,‘? FoRCATAtion resyibfiam thedewice,ds fartheryr t her
descri bedegcﬂbéd-iﬁcoﬂ%aaiﬁg;uM%pﬁcatfbn%&ﬁl-ﬁ@.%/ﬁg,%ﬁﬁ}%&%nea@?ld@g%ﬁeﬁ, 179; as wel |
as WO 971118465; WD 99149307; the disclosures of which are herein

i ncor por diseiasuss of il is herein ingornorated by refemeneRcT/ US01102510  Fol | owi ng
detection of the electrochem cal signal generated in the reaction zone as
descri bed above, the amount of the analyte present in the sanple introduced
i nto ¥heKfMaction zone is then deternined by relating the el ectrochem cal

The measur e AROBIdcR by R Epdonre Y o ' haciiy B shllbd {10 PO
gener at egrethoginThe kity ofdhe sbjeptrinxentionsdt Jeagttinalidead clsgmohericaitest steipaathd val ues,
ol ect r ooRAmEESfe LA iy s et it os Bs BV SIR b TRACTKIIAE. o1,
deri vat i 8mthetiagude ameane fusoblsiminganbysological sampie. For emathpleuwberathiecal |y by a.
concant r B SAptH oo, Wl shljfor kel B, hyd¥ Rl ol ) " V' ©
r eadi ng Hleod sample®) sfichras a leanoerior stickingy fingerc wilaicagetudtios eestsopsl thelikeh it hat  user
need onl de?t?d?ll, the %86}?& Extg rﬂaj} inaude 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.




reaction zone and then read the final analyze concentration result fromthe
device, is woetsmss described in copending US. applicati ®T&SNRF0N0.

09/ 333,793 filed June 15, 1999 the disclosure of which is herein

i ncorporated by reference. 15 KI T4 wyded by the subject invention
are kits for use in practicing thﬁ%@iﬁethods. The kits of the

subj ect i ndent i BreparatidprecfRlecirnchiemital Test Sttipsct r ochenical test strip with at

| east one rfagleepm(}l“ tI‘?elateﬁ ?eg&&%?éqcﬂial%g%gécri bed above. The subj ect

kits may urther”includé a means tor o Ifj"’hysi ol ogi cal sample. For

](caxa[rﬁl e, where #18.1306 prtw@hmpEMidqmﬁblsduﬁbnik pepaebbect Iki ts rr}ay
urther Jdnc a i.n Q0 . SUC ance for
sti cki ngs a‘#s:g‘ﬁ@g%; Iﬁéﬁwﬁmﬂﬁmﬁg) ‘%ﬂ&gfgfglf‘ﬁﬂ'@?’a%ac’s%ﬁ%ﬂ ion, the
ol Ut i on g ot e nS e e G 7ed e ot £ oL on el ease h certain
enbodi nent ,&qugloq{ip?]!a%m%wh@xaw ‘é’%ﬁ]é‘ir}f}f?ﬁﬁ{)é’&t? A} GHEAMS IS a5 descri bed
?bove, _for oBRingE FoNewRE pRpAGAMUT RN Fol andPalbddibiRhastks ro)S, 1218 x& Sty odes

ol | owi ng san})l e application and rel at[p{;g the detected signal to the

e

amount of &hegfsyarecut.Theisheetsangthen inmersgd 1RMESA solptioniferdlemiontst Thect i ons f or
i ) . ; trety OIS |
using tige csuby Sl id ﬁ@xgﬁf'«{lnerd?&ll] ot Jmt&%#éé-a ﬁf,{:(gxg%@tlt %ﬁu&@% b %m%e@p%ﬂn alyze

concentration 1n a physiological sanp Thes I ONnS nay De present
on one or wtes apdeserihed freRrreeghned) found indppendixsAyrinfra,tocomrethatghscontassent i n t he
kits, and e isidRe 30 The followi ng exanples are offered by way of
illustration and 'not by way of limtation. 9 WD 01/57238 PCT/[TSO /02510
EXPERI MENTAL 1. Té¥ strips laving dinshsiénisef 0 2oclzindhasd thdeait fibinthéxdbode gdid &pir at i on
of MESA Trea | ectrochem gal. Test Strips A (0.1)1% 2-mercapt oet hane

sul foni ¢ agf%a?%ﬁgté gﬁf’f??it%ﬁg?‘??ep %8?’55‘%5&}5%(3@% #Pf\iﬂ"ﬁg ﬁ°@d@‘%\ MVESA
('rl;Cl, Gat abﬂ&dﬁd\ﬁﬂﬂ&kb uded t@saSich adivcht dou?e\éﬂécﬁgrcssﬁ?ségsﬂﬂdl had. H%ﬁk{réﬁrl‘-ﬂ; um
sheets are prepare ttering.the surface o t hi ck pol yester
sUbot rat e VIR BGRRPSt P NS SRR et 4 Pt 8% A e e nd VT of 100
to 500 angghd Gtk pdits wheh sindRihediRtvic@tlie Gol 08 ARl stApS, & shbWR BEFiGO dndind

palladiummaiter rolls, 12 in x. 8.5 inch ) L
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.
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sheets are cut. The sheets are then imersed in the 1% MESA solution for 1
m nute. TwoolB7s®at ed sheet is then air dried for 1 houPCEHHSPOZ® ed f Or
contact angle using a Gonioneter and water as described in Procedure A
found i ngAPPeRELd TimeNfr @, t0 ensure that the contact angle is < 20. Test
strips havi ngﬁg'fl rrgg%lfngns of 0.2 x 1.2inch are then cut fromthe above gold
and metal sh&ke wicking timeof cystive treated giold and palladivetest siripe wasddtermined ast r i ps as

o o~ out  doshta Phicked Courtic Rfbcnlft B o Bhfe 3 ok Rl 1 Cicness

of 0. 005 vanipua tithesifollowing Isenfacel treatment, te. 047 aralid died folleeing treatmeCindap zone,
inlet . apd.outlet ports when sandw ched bet b~the gold and al strips,
as shgmvﬁo“f—‘is@?ge%%w'“?’ “& 5Pt eﬁgﬂ‘ie %@ﬁgigtﬂﬁ HGPT%T%EE Hedi at or,

enzyne apig $ul king agents is ink jetted onto the palladium el ectrode prior
to sandw chi ng the doubl e-si ded adhesive. 20 B. Preparation of Cystine
Treated El ectrochem cal Test Strips Cystine treated el ectrochem cal test
strips wele pCRiaitaFaiGiTMESW Tiedted BidcioslRmibal TSI Y protocol . 25 H.
Characteri zation of stine Treated El ectrochem cal Test Strips A. Contact
Angl e Thé- contartact €e of cystine treated gold and palladiumtest strips
was 4@t er m nethe dintadt MidieRdt MENA Redil hohl BRIdPallARNTRSGiAps fieatdd gﬁfs%iur e B
found in endi x A infra. The contact angle was determ ned at various
tines foftdhlHgvasdetcrpiaed withwaterand agogiomster 7s deneribediindyoeedyrs B folndbini ng
treat nen t; ' IRekAl S dus rature and
Lo Thppdf: AliniETh TR AER As bl iiihed ot Lirtous b W BEBRELS) 0210 .
W cki ng Weatmenthice. Qi 'beldng‘ daysiollowing yreatmenttwhere theistgrizeitempdrapué wasiicum t est
strips ] ' ki Pr found in Appendi x A,
infra. \‘,I\'ﬁ(g%%é‘%’%&? We}%ﬁgﬁé{%?fﬁq%seg) g‘[d%\?@irilrlgu “tinmes follow ng surface
treattsent, i.e. 0, 7 and 14 days following treatnent, and at 5 various

st or age benpe\rgac urilsnh e.g. roomtenperature and 56 C. The results are

provi ded"I n ?&“g )" Characterization of MESA Treated El ectrocheni cal -
Test Strips 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.
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A. Contact Angle 10 The contact angle of MESA treated gold and pall adi um
test stripsyigipsed at pH 5.4 and 11.5) was determ ned porisomasier and a
goni onet er as éescrl bed in Procedure B found in Appendix A infra.The
contact angle et er t var| us t| rre follow ng surface treatnent,
i.e. 0, 7 and \i\g‘?‘ﬂgkﬁg' f‘?j‘l"ll? ?téxggqﬁgargly g&dt enper at ure was
\5/\;3 kC TQe dl&&uhbﬁeﬁuoﬁ{(testﬁﬁ@}ifdﬂ&% ih melﬂz@ﬁmﬁaﬁoﬁgﬂlﬁalnﬂbte&mdtéﬁaﬁgﬁaﬂel 5). 15 B
Stri pa- (1 r GHPREPLY thn Pt it SP e Tge S O eI BDES |
Procedur e By Fﬂﬁ'ablahfdm@'sﬁrfa‘besﬂhﬁfekﬁblt mﬁntef&xexkde@&mblelseum&nﬁﬁt ermned at
various tinmes follow ng surface treatnent, i.e. O, and 15 20 days

fol | owi iy tmealerﬁ@mto @ﬁ@ze&tspwlaeﬁ;@vsm@gleng m@reanrewé@i Furthermore.#he
t enperat ur & Eé?xtsr olnfodfty ThelMPatk dsd(?f‘ihé ﬁbj%étg?st ani Mﬁoereﬁ ng Time
The W cKi n I

Conpari son St time of"three ferent ect em cal test
strips pr ep%ﬁlr é@%lbls@rlm'b@t@n repmesanss o significantcesnisintion to theeart i r st

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 B) Aﬂambliméorisnnmtmditcdhthihepepi&bdtiadmrhea:hdnmmatedjb)f aces were

treated vmt C) was one in
whi ch the pr@ﬁe%'r:[ i 0m suri%@clelﬁl Lﬁﬁtfogt(%?ﬁ{%rea gg‘gﬁéyﬁe‘ﬂdﬁg %urface was
VESA t r eat dnddicatbidatlsiba glcmpnmed\hg referekmb elhe citatiorasf afP pubdieation sdfolr itsdiselomedur e C
found in Appen S _st.or d|n Surest.ep(r) vi 56 C
for 7 and BRoniahe Mg dielsBe bR pl Boontedi br bR R e bl geBions 150
PCT/ US01/ 035Ad entitied tammtersamﬁcaﬁadbydhﬁmnﬁmonnvknﬁmst rate 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 nventipn. SpeciAltheughltye fokkoiigmeentibn hdsbed deiribodn80ine ditail BSWaysdfr i ps  havi ng

dur abl e hyd hLI|c surfaces that i.bit Ierfere e to the
el ect rocher’r‘i‘ﬁgﬂi gnfﬁ’iﬂ Sb‘gngl %‘%&ﬂ'@e&dh’ar APPERERt Qi cki ng

times are nn&%bﬂ&dma@m REhERIE & light6f thteadhMgEof TRid inviitiod tﬁaeeaeﬂxtemgi@d to
nodi fy the surfaces of the subject test strips are odorless. such, the

subj ect | mﬁeﬁmoéﬁcqt@m@%bmadaﬂ@r%wma%pasemfmmhe ST qrscqpﬁef et .

appended claims.
20
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Al'l publications and patents cited in this specification are herein

I ncor por awexhb1sy23s 10 reference as if each individual pubPCTESOLO2510r pat ent
were specifically and individually indicated to be incorporated by
reference. The citation of any pubk’gﬁ&mxop is for its disclosure prior to
the filing date and should not be cOhstrued as an adm ssion that the
present invention is not entitl edrocedane Adate such publication by virtue
of prior invention. 15 Although the foregoing invention has been descri bed
in sone darface Theatment Rifoceduré fox Golt amhPalladivenx Metallizell Maspics poses of clarity

of understanding, it is readil apparent to those of ordinary skill in the
art in | iMateEialis ¢ hb By ’f‘ﬂﬂﬁg%‘ﬁs‘f‘rﬁ%(l?-ﬁ\’féﬁsl”’%z5f)hat certain changes and
nodi fications may ¥, hereto wi t hout departing fromthe spirit or
scope of the appes Fallad®mm siells slee 1346, $sb/ 57238 PCT/ US01/ 02510 Appendi x A
Proceure A Surface Treatnent Procedure for Gold and Pal |l adium Metal lized

Pl ast i cs Chémikdkt er | Zrmercapthe icgtid sivlnadlt ng di sh size 4 Q (10.5"x 14.75"x

2.25") 2. MII-Q Mawbetur TGSt op wat ch 4. Gold and Pal | adi um sheets size 12"
X 8.5" 10 Chenmc .‘?“’_!;;@@“Pt:‘apt oet hane sul fonic acid, sodiumsalt
Manuf act urer TQ Caypabal i M43 Purity: 99% 15 Mol ecul ar W. 164.18
Procedure: 0.1% (ww MESA 1. Wi gh out 1.000(0.0005) g of 2-nercaptoethane
sul f oni c Paédires 0di areei @maMBSAQhi Nng  paper. 20 2. Weigh out 999.0(0 1) g of
MIIi Q water in al §leizssut b.owt0005) g of 2-mercaptoethane sulfonic acid sodium in a weighing

_ paper.

20 2. Weigh out 999.0(+0.1) 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 shects one by onc, 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 vl of water from
automatic pipettc. RHI 2001 systemn captures the image and measure the contact angle from both sides and

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

Procedure C

Wicking time measurement
50

Material:
MESA treated test strips
Fresh blood adjusted to 70% Hematocrit
Pipette- 20 ul.
Pieces of Parafilm for blood application
Panasonic camera model GP KP222

55
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3. Add MESA powder slowy to the beaker. Let it dissolve conpletely

Surface Tregigwainiag 25 4. Cut out Gold and Pal | adi um sheetPCT(USPHESID2" X
8.5") fromthe roll. 5. Pour out the content of beaker to the baking dish
slowy. 6. Coat ghefgl. pridRit tal |layer facing dish bottom
Make sure sheet 7] ScompRéfBYsein gﬁ ﬁg%?g%%m{gﬁ solution. Use the stopwatch to
noni t or coati ng 8t i Twe sidd adbidsing tade afplatform for sty yi Ng time i s about 1 hr. 30 8.
Check the contact angle of Metallized filmw th water by Goni oneter.

Cont act %n@W@oﬂ%d be <20 for An and Pd surfaces Procedure B 35 Cont act
angl e neasur enent rial 1. MESA coated Gold
and Pal | adi um sge%ﬁm an J“ iﬁ@f @%Csﬁ}m t omat ed
Pi petting system 4Qptdting ﬁafnfoware RH12 01 Proce ure Usi ng wat er 11T up the
Aut omat &d Pi pet e mgcsimﬂd‘?d%mmooabﬁmmwml Pd) on the sanple platform

and hold with cha W efttest sipip inttethbapilidry.ne. Drop 3
Bl chegthe othey G‘l tE?ncatures t he
j;%umré"“ff

to 5 uL of watef- f
"%Fg %ﬁé’é‘kt hem
sq{lo frmes, roce

i mge and neasu e 1

Thi s cag be r epeat.g g

nmeasur emrent 50 Uat'ﬁlbﬂ@latemcimgm&ermfrm%ﬂﬁjorl ps 2. Fr esh bl ood

adj usted to 70%sHaephnteprckedurafor Fifpepst e- 20 uL 55 4. Pieces of Parafilmfor
bl ood application 5. Panasonic canera nodel GP KP222 13 WD 01/57238

PCT/ USO;O/ 02510 6. Adobe Prey me a software 4.2 for video capture

14



7. Computer Systemand a Monitor 8. Two side adhesive tape & a platformfor
strip 5 woomswsse: |. Place a strip on a platformand RETASN025Pt h t ape.
2. Place the strip under the canera | ens and adjust the focus and

magni f i c%gqscﬁimédqgnch the Prem ere software and open novie captures
program “Sel ec pS NTSC system for capturing live novie. 10 4. Place 5
uL of 70 % hct bl ood on Parafil msurface. 5. Turn on recordi ng node and
apply blogod fr i - Si ..Siripinto the capillary. 6. Turn
of ft he rglc(')or di%%%@%@ngﬁlsogﬁ@g%%s the other end of test strip 7. G
to the i mage @ndowaremtionaont gefined by oppesing workingland kefererce @ledtrédesches t he

Frames compieedy § mab el WG R le iRl Oh FcSnd gl Bet, 5. To

cal cul at eusfacelmadifiediwith a lbmogetmus surface modificationtagerunddd up Of selfsselbpgat t he

rocedure_for.#,0f sStgips 4 01/ 57238 RPCT/USQO /92510 What |s d ai ned
IIos: 1. afndyale P%%#égﬂ“l@%& Rg $TOpP anis“{&?nate $g'é’“Pe‘§}(‘ﬁ"Fan zone

def i nedI bﬁd@ﬂﬂ@dfyhg}dmlf&ialr@xﬂfgﬁbupem][sm_ dﬂ#y_eﬂbwa%q dl&l@ﬁggﬁﬁgltaﬂd byda ]
spacer | ayer, erein at |east one of .sai, i tst and second el ectrodes has
aIo surfac)é rmg?vj?i B TSAOF FPagenh SYRFTLITBAt 18 Spid Lachanzons, whereinaid redaX: rade up of
sel f @SS qedplht¥gsteriRbMPLiSeS st 1€:3VoneGnAmieiand b nfeliafori ydryl end group and a
second sul fonate end group, wherein said sulthydryl and sul fonate end
groups are separated by a lower al kyl |inker group; and (b) a redox reagent

syst em presentrhé BedirdcHeriba tdst p 2RBRIng'D Sldith N, Whdréln LEEAX oneldk shigagent system
conpri ses at | east one enZ}/me and a nedi ator. he el ectrochem cal test

2. T roch
strip acclsFtpdes comprses? selgried &om the eroup sensisting ft galdyipglladaimy silvesdes
conpri seSriduiBlafonSE&dpes indfnd tirdRideRd Staimléss 4@Nsi sting of gold, palladium

Si | velrs, iridium carbon, doped indiumtin oxide and stainless steel.
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.

15
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15 3. The el ectrochem cal test strip according to Claim?2, wherein said
el ectrode cgﬂgi gold or palladium 4. The el ect rochef&qg%' ob strip
according to 155?%?1, wherein said self-assenbling 20 nol ecu esﬁﬁave t he
formula: HS-(CH2)"-SOBY wherein; nis an integer froml to 6, and Y is H
or a cation® 25 4nelqgirochaumical teststrimmopprisingsst strip according to Caim1,

wherein said at asty rBRBoERAY i 6L Loh 2} W Bes 15 S 1111
WD 01/ 57238 PCT/(,{EEM/ 02510 6. “%‘#%P%%#?%@%@%k@é@%??&g??’?p Bhr i si ng:
(a) a react‘F@FPﬂE’@&enw@P'n‘gde' > $eparaton by i thin specek lape, whetein atflesscoredfsdid fitst odes
conpri sing F&M] { A4 Rk | ayer, wherein at

| east one o ds%&%h |rsicaefegtﬁ%ﬁgg%sgansggﬁ%%{%@ﬁeg%gc@?@%&@%&@% surface
modi f i edS wi mhdificationiayenmads up of felf assediblingodldcales ofake fomyds: nade up of sel f
assenbl i ng nol ecul es of the fornmul ?is'(@fé( .-SABY wherein: nis an

a il

Integer froml to 6; and Y is Ho 7 and 10 (b) a redox reagent
system present in sambermacti on zone, wherein said redox reagent system

conprises enzynes and a nediator. 7. The_el ectrochemical test strip
according to C aim 6, \Ahe’?giaﬂ“g%eﬁg?‘ﬂlé?ﬁﬂ‘fszone has a vol une ranging from
about 0.1 to 10 |I. 15 8. VheHerstatioahadi cal test strip according to Claim
6, wherein said t al ids selected from,¢the group consjsting of gold and

pal | adi E% ({;SE a redox 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)  areaction 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

16
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9. The electrochem cal test strip according to Cdaim6, wherein said
enzymes iwebiggss 20 an oxi di zi ng enzyne. 10. The el ect rRSGESHRAI test strip
according to Caim9, wherein said oxidizing enzyne in a glucose oxidizing

enzyne. T L.cal ' di.ng, to Cl.aimp, wherein
said sel %‘gcéécélgsn%apgﬁgk&%ogcu gaitlﬁ ghg&lgée}%g% 0e %ﬁ@?ﬁ?‘?‘&ﬁrﬂﬁm" r a salt
t her eof 2-nercaptoethenst sulfotieadid off a sali sherenifirand f or use in detecting the
concentratio f alucose in a hysi ol ogical .sapple..said.test strip

conpri si ng: %?( a?“ ?xégacﬁefqltosﬁﬂ%'gl’?}e(esﬁgﬂ %e‘icfg%'st/‘g%g%&ﬂﬁe%?%%@xand

r ef er enceeagdne syistentamprisesphicosegxidizingénzyms andfamalifed. ect ed from the group
consisting of gold and pall adium separated by a thin spacer |ayer, wherein

at |edst one of said first and second metallic 16 "Rl Ljriiqglljlihl,11,,
WO 01/ 57288 PrhE désfrdcHemichDiestatripictordiag to0lainfl % whesiesaidaeictibie goriéhbd) a :
honogenous surface dification |gyer made up of 2-mercaptoethane sulfonic
aci d or &velymeranging Gf“,aba\‘kp-kﬁbmdﬂr edox reagent system present in said
reaction zone, wherein said redox reagent system conprises a gl ucose

oxi di zing enzyne and a nediator. 5 13. The el ectrochem cal test strip
accordi nfdto ﬁ@ﬁ@@ﬂmﬂbﬁegiWMP@dm&Mh@h%memd rgfesepteune rangi ng

from,abo -t . The electrochem cal test strip according to
m, & . 48 _ p g
Claim 12?‘ g%glafgoig?lgcﬁoe erence 10 electrode is a gold electrode. 15. The

el ectrochem cal test strip according to Claim 12, wherein said working

| ectrod ' ' : : f L h
Concentr 301 onByeRanoBRIitl B Sl Bfang 1 Clim (), TheRatal wASHELRLRAET] 1 °

conpri si isgpallafjumagipdtsadag sai d physi ol ogi cal sanple to an el ectrocheni cal
test strip conprising: (i) a reaction zone defined by opposi ng working and
reference netallic 20 electrodes separated by a spacer |ayer, wherein at

| eastis ond6.0f Aaethod of determining the concentration of an analyte in a physiological sample,

said method comprising: .
(@) 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
(i)  aredox 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.

17
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first and second netallic electrodes has a surface nodified with a
honogenous sy dizeasnodi fication | ayer made up of self assrararsongesionol ecul es
having a first sulthydryl end group and a second sul fonate end group,

wherei n sai,d sulfhyd and. sul fona nd, gr Qu are 25 separated by a

| ower al ky|ﬁ1 i nkﬁ?x‘ﬁtﬁ‘%b@ 1 &ﬁ‘)m igirv@ampsa@aéémsagwmw@s@nmn sai d
reacti on zderemlanherein said redox reagent system conprises at |east one
enzynme and a nediator; (b) det ecg'gngz ag electrical signal in said reaction
zone using said netallic electro S(CH; efs§®Y(c) relating said detected
electrical signghereid: t he anount of said analyte in said sanple. 17

e e/ /e, v/ /1 /uh) v, WO 01/ 57238 PCT/ US(c) 1 1 2510 17. The rmnet hod
according to C ai m 1% apéaee frm 4 t6;98d f - assenbl i ng nol ecul es have t he
formula: HS-(CH2)"SBRHMERBLN: 5 N is an integer froml to 6; and Y is
H or a cation. 19. The nethod according to Caim17, wherein said

sel f-assenbli ng nol ecul es are 2- nercaptoethane sulfonic acid or a salt

t hereof. 1@g19. ' ] al: ein said analyte is
gl ucose. 288 Th'gﬂ-%t Eod@%g%ggfggjﬁg’gﬁgﬁg %%&‘818%\5?153%% ’s"ﬁ‘eﬂlq?seadﬁa)i' r eagent
syst em conpierogptoethanegulfoniosasidociadalzthagofenzyne. 15 21. A kit for use in
determypi ng the concentration of an analyte in a physiological sanple,
said kit conprising: (a) an electrochenmi cal test strip conprising: (i) a

reacti on zdhe dBlie methodnccariog i Olgims; litrerirosatll anstfteisyheesdret al | i c

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

glucose oxidizing enzyme.
15
21.  Alit for use in determining the concentration of an analyte in a physiological
sample, said kit comprising;
(@  anelectrochemical test strip comprising:
6)] 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 2
homogenous surface modification layer made up of self assembling
molecules having a first sulfhydry! 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)  aredox reagent system present in said reaction zone, wherein said
redox reagent system comprises at least one enzyme and a mediator;
and
(b)  atleast one of’
30 () a means for obtaining said physiological sample; and

(if)  an analyte standard.

22.  Thekit according to Claim 21, wherein said analyte is glucose.

18
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20 el ectrodes separated by a spacer |ayer, wherein at |east one of said
first andwopmamds netal lic el ectrodes has a surface nodi PERUSH0RIO0 o
honogenous surface nodification |ayer made up of self assenbling nolecules
having a first sulfhydryl end group and a second sul fonate end group,
wherein said sul fhydryl and sulfonate end groups are 25 separated by a

| oner al Ry | Theddtacgonding;to Claih: ¢1,iwhesein saiiphysiclagied bansplé#s BBoRr €sent in sai d
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 n@4.sai Theliyicoldingite Claimn Nk tRreirdalll méans for 6&@&?'5%3 9hy°smcsl%al d. 22. The
kit accordi rf?q t? Claim 21, wherein said analyte is glucose.

ililiPii PRSP Fii wWo 01/57238 PCT/ U501/ 02510 23. The kit according to
Claim 121, wherein said physiological sample is blood. 24. The kit R

according_to i.ni 21, wherein said, neans for obtaining said physiol ogica

5 sanpl eg?-s a’qrejﬂ corginy t?ﬁ[@“’k?l: FeiY stid kit farthercamppisps an mwﬁ said kit

further GRudhdnd R defeotitalen Bl sighfl LsiHEB el @lod | Gegrical

si gnal us_ilgg sai d el ectrodes, anoslg?el attng ?saéiaf? %?gg%]éét@g s?lﬁg%f%éo t he
Hlti)?éf“?‘ﬁ‘t&f%"&b’fﬁle.awlﬁlllllll ~Lrrr/srrr a1 s e 19
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