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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 reduc_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 electrochenﬁcal 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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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 varicus times following treatment.
Figs. SA and 5B provide an analysis of the contact angie 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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scientific terms used herein have the same meaning as commonly understood to one of

ordinary skiil 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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surf acelﬁol_g ) fu'fh(il%t ¢ ﬂnck%\égs 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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first sputtering the netal |ayer HE-(GHf;-SO:¥nt t hi ckness onto the surface
of the wherein:
20 1 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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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 0.1pl, usually at least about 1 pl and more

usually at least about 1.5pl, where the volume may be as large as 10ul or larger. As
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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 second conponent of the redox reagent systemis a nedi ator cor‘r?onent,
whi ch 2Oi0¥5788le up of one or nmore nedi ator agents. A varfk/YSq{02510
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‘is ferricyanide. Qther reagents that nmay be present in the reaction area

i nclsudeMBwfid®LS i ng agents, e.g. citraconate, citrate, phosphate, "Good"
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gl ucose, cholesterol, lactate, alcohol, and the |ike.
pr ef er rasgcenttation ie apbysiolhgicalssinpls Wisleho genciple therpibpsges thethodd anayrbeiused t he

gl ucose copcentration in a physiol pgi cal sanpl g,. Wi I n.pr.inciple the
subj ecﬁorépm tﬁgﬁo%cgnﬁgtécapo ol H’&B’g"r‘rﬁ%‘éﬂ@g};"fg‘!}ﬁnﬁﬁﬂ{ &5?1%‘?5’%5’!1 S%{ﬁplﬁ?\al yte
in a vaitkbyuie, @drf, aRVE apditl eOded ale iRl 88y suited 6o A8 iMB&tBRmininBar S,
saliva, and the |ike, they are particularly suited for use in determning
the cortbegencspiratiomef amanahae i opdhonblaed fragtiansounl merecparveuarlysinaviade e
parltsi CLE{I&SJ y in whole 15 blood. In practicing the subject nethods, the
first step’is to introduce a quantity of the physiological sanple into

t he reacti oringredichig theeubjeqtm&hsdspthesirer fep Rao Gltasduco 6 RAsRRAf tHRST .
strip iiydescri bed supra. The anount of ph¥si_ol ogi cal sanple, e.g. blood,
that i Physielogiaksample inte thereactionareaef the aest sirip; wheredhe elgmqslcmw? testy, but

gener alﬁjrry {S%rrp gﬁ:‘rsge)%‘%wanﬁu@u%f;pyysi% ictaﬁgan'rrigg?fé%lécfao M RO oluded

1.6ul. e sa eIntro I nt on area using any
conveniistetthg reacoom hreawtfichetestherip anp iveryybyt generally eariged friiont abaul 8. Irtealdul, on
ar %%’ é}xls{:gﬁ,)\ﬁ(rjor%%bout 1 to 1.6ul. The sample may be introduced nto 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 conventent.
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.
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concentration derivation steps, as descri bed above, are perforned

aut omatdiscdesuye of whichés/heseig inpospasated by sefgtankewi th the test strip to produce
a value of analyte concentration in a sanple applied to the test strip. A
representative reading device 10 for automatically practicing these steps,
sucys tiKtrsuser need only apply sanple to the reaction zone and then read
the final anal yte concentration result fromthe device, is further

descri bed i A peavfetbiths subjset inventipn aredilts far useon Powstigng trowibiect ed June
15, 1990ethB6s. Tﬂgigxk%?'tﬂeesustec L& hiohSit rkﬁﬁtﬁhauﬂ@ﬁpii@&f&?@ﬂicgwtehesftﬁﬁ gaRe: 15
Krrs Al'so provided by the subject 1nvention are kits for use in practicing
t he subitdeast omeedunfads modifeedkndtal eddettolde, s departtted iaboveen The sutgect kitastayi ncl ude
an electrpchem cal test_strip.with at |.east ope_surfac di fied netal
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means fldeodsamileisugh as a lance for sticking a finger, a lance actuation means, and the like. In

addition, the subject kits may inclede 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 physiologica!
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.
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the pa]iadmm 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 pailadium 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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15 '
B. Wicking Time
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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appended clains. 20 12- WO 01/57238 PCT/ USO1/ 02510 Append] edure A
5 10 1530528 ce Treatment Procedure for Gold and Pal l ahé?ﬁsﬂ}g@g | zed
Plastics Materials: 1. Pyrex glass baking dish size 4 Q (10.5"x 1,_42 éﬁ"@m
2.25") 2. MII-Q Wter 3. Stop watAppeAdix@! d and Pal | adi um sheet s Si E

12" X 8.5" Chem cal : 2-nercaptoethane sulfonic acid, sodiumsalt

Manuf acturer TCl Catal og # M)913 Pracedyre 4905 Mol ecul ar W. 164, 18 - 2
AUG 2004 Procedure: 0.1% (ww MSA 1. Wigh out 1.000(0.0005) g of

2- mer c aprbateliBreatmenf Brocedace for Gudd andiPalladiven Metalized Bhstics 2. Vi gh out

999.50(0.1) g of MIli Qwater in a glass beaker. 3. Add MESA powder slowy
to the Matatigds: | el Ryrex diassdajlingadish oiapt QUL 5)x BUTSF w225 Treat ment: 25 30 4. Cut
out Gold and Pal | &dyilhQ Wateet s (size 12" x 8.5") fromthe roll. 5. Pour

out the content of g;  the baking.dish slowy. 6. Coat metal sheets
ong,by one, netal 4'Im ﬂé‘?’ﬂﬂ%ﬂéﬁ%t?{&ﬁ Make sure sheet is conpletely

COVEr ekl 50! U g difonk s QR B O O Lor coating time (1
m n/ sheet : Manufacturer TCl
Catalog # M0913
Purity: 99%
15 Molecular Wt 164.18

Procedure: 0.1% (w/w) MESA
1. Weigh out 1.000(+0.0005) g of 2-mercaptoethane sulfonic acid sodium in a weighing
paper.
20 2. Weigh out $99.0(10.1) 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 8.57) 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 shest 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 Amomated Pipette system. Piace 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 trcated 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

13




7. Drying time is about 1 hr. 8. Check the contact angle of Metalliz
filmw WORKEE38by Goni oneter. Contact angle should be X’ZG:fTGi’S“Rﬂzsde Pd
surfaces. Procedure B 35 Contact angl e neasurenent using Rame- I:lagrgu[;‘l[][]l.
Goni onet er Mgt esdoBé BremiereVEiRAre £261 G6ko and Pal | adi um sheet 2.
]tame-Hart Goni Coipuit SyMeaiahd a oA 0- 11 3. Automated Pipetti ng system 4.
Sof tware RHR. ZDAlsidéradiesickiam: & dehigm\a@kep, fill up the Automated Pipette
system Place the sanple (Au/Pd) on the sanple platformand hold with

cl arfp. KygesgureRH 2001 program and set up the baseline. Drop 3 to 5 uL of
water from éut%??ﬁ?ﬁ‘é‘%ﬂﬁ;ﬂ*ﬁ@nawmﬂ 2pem capt ures the i mage and neasure
t he contact ia@.? [yaichthe paresea lensgndiadioghthe fagie andmpgpificatipn. s can be
repeated for’s ?‘Wﬁf’:‘éﬂ%‘?"é“ Eoagragiprek PR SRt FRRS N F ¥ni@iem for
rratﬁ)rlal 1 g o hcl 2 Fresh bl ood adj ust ed to 70%

Henatocrit 3. " o Lm fo
appl ication 3-5 T:Egﬁl@ﬁ i me%ﬁg ﬁhﬁnﬁcsﬁéégg; of é$% alg Adobe
Prem ere soffw&oﬁlﬁmﬁg%w%ﬁ W Bse 1l marfeQUERHIGE 1 M:&Eﬁ]mstﬁ Qnd?ouMamtor

8. Two si de adhafh¥Rod R§GesEhedthel @id] m&mm&mmc&gs AUG
2005' 5 Pr ocedurdisplays inRiwaeRindowst ri p on a platformand hold it V\nt)h tape. 2.
Pl ace t he st8.i Touakhaate witking tme rdivide amsbeasfdracely witht30t he f ocus and

magni fi cati oh. Fpeal e profedur for Pobswiilsr e sof t ware and open novi e captures
program Sel ect 30f ps NTSC system for

g

20
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capturing live novie. 10 4. Place 5 uL of 70 % hct bl ood on Parafilm

surface. 5. Turn on recording node and apply bl ood from either si de,nzoh
test strip into the capillary Turn of f the recordi ng node whe p%@&‘
reaches the other end of test 7. Go to the inmage wi ndow and anal yze

~it. Use In mark when bl ood touches the strip and out mark when bl ood
reaches the other end. Software does the frames count (30 franes/seconds)
and 15'y di sphaysirbéhemattesiviisledmpringTo cal cul ate wicking tine, divide.
nunber of frames with 30. 9. Repeat the procedure for 4 of strips 20 14
1. An el ect fdchenfeagtionzege defined by eppRsgsYaikgng pag refereneaiestBleyone def i ned

by QppQqsi] i r - I pacer
P s e R e R i et K S
sur f ac aufadinfddéfibdwitia Borhagepgersodacesurdibasomiagerfmadatupof sd! taseambimge up of
sel f assenbl i . ol_ecul es havi a first sulfhydryl .end group and a
second %‘ﬁ?*&fﬁﬁ?‘éﬂ%ﬁ&“@F‘Hﬁ‘\éf}“ﬁﬁé‘f@?? andd sFedd R%%"'!nd 850#89‘%‘3‘ 'Bnate end
gr oups saideusigRey ah@suiina® ch@yRupadrk Ydpatatsakgra igwerakyMigkee igroup avhereime

sel f-assenbl ing nolecules are_ identical; and (b) a redox reagent system
pr esentlliths selfpgepllpgmalsrules s [depfidh: @t said redox 10 reagent system
conprises at |east one enzyne and a nediator. 2. The e] ectrochem cal test
strip accor 8ng ®&dex seagent sYSifTR PEFGIT it Sajdrgaqtiop Aencohersingaidgedsst r odes

COMPY | Sespe YREAlcomPliGELERal bRMDG ShOYRefaRs] Sting of gold, palladium
silver, Tridium carbon, doped indiumtin oxide and stainless steel. 15

3. The el ectrochem cal test strip according to Clains | or 2, wherein said
sel f - se ' . : e - c,wherein:  20.
nis i o ogererranc T paen PR O P im0l

el ect r cidserpfies gbmprises aguatdlselggedfrom ity grourGicasingnglof: goldpaBdiumneaiteirn sai d at

| east OR&umC BA¥LE db&%h“ﬂﬁrﬁ 1A E Eﬂan\%s:?g{géf”e -35

15
3. The electrochemical test strip according to Claims 1 or 2, wherein said self-
assembling molecules have the formula:
HS-(CH2)-SO3Y
wherein:
20 n is an integer from 1 to 6; and

Y is H or a cation.

4. The electrochemical test strip according to Claims 1, 2 or 3, wherein said at least one

enzyme includes an oxidizing enzyme.

5. The electrochemical test strip according 1o Claim 4, wherein said oxidizing enzyme

in a glucose oxidizing enzyme.

6. The electrochemical test strip according to any of the preceding claims, wherein said

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

7. The electrochemical test strip according to any of the preceding claims, wherein said

reaction zone has a volume ranging from about 0.1 to 10 pl.

15




5. The el ectrochem cal test strip according to Claim4, wherein said

oxi di zing enzyne in a glucose oxidizing enzyne.. 6. The el ectrochem cal
test strip according to any of the preceding clains, wherein said-3Qu§eisf
assenbllng nnlecule i s 2-nercaptoethane sulfonic aC|d or a salt thereof.
7. The elgctro n d|n

cl ai s, erei frdtgtgc'}E ltgdﬁegcr?gg%?m%"& %ﬂ%%é‘ﬁg }E'?H?Ofk?gr(')%?g dju 0.1to
10 pl. 155£d1-}détkﬁeeémﬁns@ngmt hod of determ ning the concentratl on of an

anal }rte in a physiol ogl cal. sa sai d nmethod co in a) applying
sai d physi ol ogF“éaI apRhpNEsadp égBIQBEE’tSF’BEHé?ﬁ’b’g{F“EOé l“?sgs‘ﬁﬁgﬁl‘)ﬁﬁ’fﬁg to
any of sthe preg%y@gttﬁlp?écgaino&mmdet ecting an electrical signal in said
reaction zone using said metallic Oel ectrodes; and (c) relating said

det ected el ect f) cal detsctjngn glestridabsignbinsaidoeacsign aongrigingtseidimetadid d sanpl e.

9. The nethod ag {ogwgn&o Caim8, wherein said analyte is glucose. 10.A
kit for use in ermning the concentration of an analyte in a

physi ol ogi cal &anplrelatisgsaild ddt¢cteciaigorrical sigyal w3kedmant ef eckanelyteanis@dl t est
strip accordi n?aﬂ%g any of Clainms | to 7; and (b) at |east one of: 0O(i) a
nmeans for obta °g sai d physi ol ogi cal sanple; and (ii) an analyte
standapd. 16

9. The method according to Claim 8. wherein said analyte is glucose.

10. A kit for use in determining the concentration of an analyte in a physiologicél
sample, said kit comprising:
15 (a) an electrochemical test strip according to any of Claims 1 to 7; and
(b) at least one of:
(i a means for obtaining said physiclogical sample: and

(i) an analvte standard.
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