PATENT Attorney Docket No.: DDI-5046 ELECTROCHEM CAL- BASED SENSOR W TH A
REDOX POLYMER AND REDOX ENZYME ENTRAPPED BY A DI ALYSI S MEMBRANE BACKGROUND
OF INVENTION 1. Field of the Invention 100011 The present i nveRatipNT rel at es,
in general, to sensors and, in particular, tQA%#ﬁ@%fBEﬂ&T&E?bD@@@@?
sensors. 2. Description of the Related Art [000 e use of

el ectrochem cal - based sensors that enploy a redox nediator and a redox
enzyme in corﬁ{ unction wi.th an el ectrods%sl)%f or the determ nation of an

anal yte i nEREGIROGHEM CALRASFD SENSHR HEIEH A REP O X ROEYMER AND

el ect r ocheni cal REBEe ENYNEY ENIRABREDR Y A DALY SESMEMBRANE sui t abl e for
continuous or sem continuous nonitoring of analytes (such as glucose) in
bodily fluid sanples (e.g., blood or interstitial fluid sanples). For
exanpl e, el ectrochem cal - based gl ucose sensors enploying a redox nedi ator,
a redox enzyne and a worKi yne (i.e., measure)

gl ucose concentration usi nggr(gkgmgﬁ9 ?gpﬁﬁ%l s (e.g., less than 0.4
V vs SCE), thereby limting any interfering responses, at the working

el ectrode., Fqor. a further description of electrochem cal-based sensors, see
for exanplle Heldogthednrentionn, s 5 089, 112 and 6, 284, 478, each of which is
her eby ful hncorp t r | i,cal. .

el ect rochelhy%l | - basgf spggssegfi)sﬁyélfiogl rr%%%gkmrég%g!’ glr gl?‘“%lééﬂiglalﬁ ‘at ggmcg}aé’ct ron
transfer hetweeocHehicdl-ddexd sensorsre(s) and an el ectrode(s) of the

el ectrochem cal - based sensor. In doing so, the redox enzyne cycl es between
oxi di zed and reduced states, driven by the presence of analyte, a redox

medi at or sur f f | ectrode. The net result of such cycling is
t hat el ec?jr?g?ueiscgﬁtgénc(?ttctﬁ%uﬁelaggpéﬁt ed or donated at the surface of the

el ectrode [ppodje t he TiRdRx oeakyﬁ&h@ﬁﬁﬁﬂbbéh!synso%éﬁ?hhﬂﬁy b r&doRIhé&timat
oxi dation state and catalytic characteristics. PATE o
and a redox enzyme in conjunction with an electrode(s) for the determination of an

analyte in a liquid sample has become of heightened interest. Such electrochemical-
based sensors are believed to be particularly suitable for continuous or semi-
continuous monitoring of analytes (such as glucose) in bodily fluid samples (e.g.,
blood or interstitial fluid samples). For example, electrochemical-based glucose
sensors employing a redox mediator, a redox enzyme and a working electrode can
determine (i.e., measure) glucose concentration using relatively low potentials (e.g.,
less than 0.4 V vs SCE), thereby limiting any interfering responses, at the working
electrode. For a further description of electrochemical-based sensors, see for example,
U.S. Patent No.s 5,089,112 and 6,284,478, each of which is hereby fully incorporated

by reference.

[0003] In typical electrochemical-based sensors, the redox mediator facilitates
electron transfer between the redox enzyme(s) and an electrode(s) of the
electrochemical-based sensor. In doing so, the redox enzyme cycles between
oxidized and reduced states, driven by the presence of analyte, a redox mediator and a
surface of the electrode. The net result of such cycling is that electrons are either
accepted or donated at the surface of the electrode while the redox enzyme essentially

maintains its original oxidation state and catalytic characteristics.



Attorney Docket No.: DDI-5046 [00041 For the determ nation of an analyte in
an aqueous liquid sanple (e.g., a bodily fluid sanple such as bl ood, urine
or interstitial fluid), a degree of water solubility for bot RATENT edox

enzyme and redox nediator can be beneficial inAf&hsEDotketNRIDDRgO4sIequat el y
rapi d reaction kinetics. Therefore, conventional electrochem cal- based
sensors may incorporate a redox enzyne and a redox nediator that are

R e e e

sem - cont iyadRY HuRl AfpIOGRE AL SRodPASRLrahteRaES HAAS aldegrekbf Wateressenti al t hat
the redox mediator does not |each away fromthe vicinity of the el ectrode.

| n addi t i ealubility fardotlethexedpxdinayme and redox mediatorcan biabené¢ficidlan tdnms of o humans

or other subj.ect of .t he redo i at or | ot her
SUb ect s YR FeatrE PRGNt ie THE RSB PRl G BUE eBifak

medi at ors Uﬁé’éﬂ%eﬁ&?@nﬁ& E&%ﬂﬁﬂa&q r¥@xednz e ahd R kRlox R diftbt that AelsyWBledChai ns,
such as polysilozanes; in order to prevent |eaching. Such chemi cal

conposi ti omsn adnwnesrbquldsampbr fromlow flexibility, and thus reduced
reaction kinetics in aqueous nedia, due to their hydrophobic nature.
Mor eover, redox nediators covalently attached to hydrophilic polyner

backbones (86631 01 _Stick gfé%{?gélfé?m&{lfbhfédes@ﬁso?ﬂﬂat REGHE R gg&%gg%ﬁslggﬂ&f&t t achment

dlrectlytoa el ec an electroc 00071
Still neededontinubheoi seaictontimersletacerocliemiedi-batcdgiluash eensonl ithaaised sensor
that enpl oys a redox enzyne and redox nedi ator, yet does not suffer from

i nadvert eﬁ[ssenp@légﬁ'th@regpx mdiatersioes Batleaab avmy/fam thegdsintsaf theor f romthe
vicinity of..f 88 aﬂﬁgfoﬁcﬂ‘?ﬁ@ £abx %ﬁﬁ%r??@%s Ml rh?:ﬂﬁﬁll kﬁatgg dion, the

redox nedi ator a nzyme of such an e ectrochemca sensor

shoul d exyir btHer ad@qmﬂ&lcmng@mm: red@agiediator kito @thufitin’s2or AT Ibjedits or ney

Docket No.: DDI-5046 )
body is undesirable and thus to be avoided.

[0006] Redox mediators have been attached to water-insoluble synthetic
polymer chains, such as polysilozanes, in order to prevent leaching. Such chemical
compositions, however, suffer from low flexibility, and thus reduced reaction kinetics
in aqueous media, due to their hydrophobic nature. Moreover, redox mediators
covalently attached to hydrophilic polymer backbones are not suitable for efficient and
secure conventional attachment directly to an electrode(s) of an electrochemical-based

sensor.

[0007] Still needed in the field, therefore, is an electrochemical-based sensor
that employs a redox enzyme and redox mediator, yet does not suffer from inadvertent
leaching of the redox enzyme and/or redox mediator from the vicinity of the
electrochemical-based sensor’s electrode. In addition, the redox mediator and redox
enzyme of such an electrochemical-based sensor should exhibit adequately rapid

reaction kinetics.



SUMVARY OF | NVENTI ON [ 0008] El ectrochem cal -based sensors according to
enbodi nents of the present invention include a redox enzyne and a redox
medi ator, yet do not suffer from inadvertent |eaching of thepag@®NT enzyne

and/or redox nediator fromthe vicinity of anagb@e} DRERtNo.t PPI-5046
el ectrochem cal -based sensor. In addition, the redox nedi ator and redox

enzynme of such enbodi nents exhi bit adequately rapid reaction kinetics.

[ 0009] An el ectrochem cal -b i o an enbodi ment of the
present invention includes ﬁ&@g&ig@mﬁﬁﬁgpgast one el ectrode surface,
a film disposed on the el ectrode surface, and a dialysis nenbrane di sposed
on the film The filmincludes a redox enzyne and a hydrophilic redox

pol ynmer (i[0@08] a polEledrochemitahhaseds¢mmotsadcordohgxo embodinomfssyf thé or exanple, a
coval ently attached. redox nmedi at or [

. In _ addition, the dialysi nbr ane
serves to PFERERVEOnRGRde bEﬂdﬁﬁﬁPgﬁ?ﬁa’}de”dﬁgo’éH‘f istor, vt doret witker %eow of the
el ectrode.; gﬁ%‘m Z%&oﬁy' : i s X enzynme
and a hydrlgﬁie{lflgq%arg 0 pglilf/%ea(r)pg? a su f#?%%trﬁ%dlﬁ?g 81)r{rlot gg%fné{ wei ght
t hat t hey alelecabdpabthe electogtentited-tdsal seases. breaddithog thd @AdOmediatmranthot h t he
redox enzynme and hydrophilic redox paolynmer are entrapped.in the vicinity of

the el ect redRx ggymgef guch srabadiments exhibit adegyatehgpidseactiopkintiéss and t he

el ectrochem cal - based sensor can be enpl oyed for continuous or
sem -conti nuous neasurenents over an extended period of tinme (e.g., for ten

hours or [boowger). FAM tloettsohemical-bscl werisop hddotding) & 4Hf @mbddiinbst dfasox pol ymer
provides for adequately rapid reaction kinetics in the presence of an

aqueous | irgesent isyention. ingriGRIDESERAPYIN! ERstoRAvaiTsde oo taee, afilset t er _
onder ot ool ot 8 o SBM L SRR R S Ber S B A AR T S0, o'
1 2ed, e et msy " Docket
No. : DDl - 5®@t4¢hed redox mediator(s), for example, a covalently attached redox mediator). In
addition, the dialysis membrane serves to entrap the redox polymer and redox enzyme
in the vicinity of the electrode. Such entrapment can be accomplished by employing a
-redox enzyme and a hydrophilic redox polymer of a sufficiently high molecular

weight that they do not pass through the dialysis membrane.

[0010] Since both the redox enzyme and hydrophilic redox polymer are
entrapped in the vicinity of the electrode by the dialysis membrane, leaching is
prevented and the electrochemical-based sensor can be employed for continuous or
semi-continuous measurements over an extended period of time (e.g., for ten hours or
longer). Furthermore, the hydrophilic nature of the redox polymer provides for

adequately rapid reaction kinetics in the presence of an aqueous liquid sample.
BRIEF DESCRIPTION OF DRAWINGS

[0011] A better understanding of the features and advantages of the present
invention will be obtained by reference to the following detailed description that sets
forth illustrative embodiments, in which principles of the invention are utilized, and

the accompanying drawings of which:



[0012] FIG 1A is a sinplified top view depiction of a portion of an

el ectrochem cal - based sensor according to an exenpl ary enbodi nent of the
present invention; [0013] FIG 1B is a sinplified cross-sectPaT@NTepi ction
of the electrochem cal-based sensor of FIG |Att&@kﬁmoak&mg).iﬁ)nﬁ50& 1B;
[0014] FIG | Cis a sinplified cross-sectional depiction of the

el ectrochem cal - based sensor of FIG 1A taken along line 1CG1C, [0015] FIG

IDis a si i.fied ssasectio epi ctipon. of the | ectrochem cal - based
sensor of 1001 | A"t R TAER g Rsa el Y BisTep oEf eofoR R ol 11 e
depi cti on epdctrbbiRntiOal ks Rk d8ording¥o aX eXthplufy @hbddimenefihdpieseand vi nyl
ferrocene (VFc) to forma redox polyner for use in electrochem cal-based

sensors adsumtdpmg to exenpl ary enbodi nents of the present invention; [0017]
FIG 3 is jplifi piction.of the grafting.of VEc to polyethyl ene

ol ool (PEBRIo s or G- TGS Sty erossschional dibisfign of Bihe cal - baed
Sensors  G&LabehdAdciibaSe LR of ROPPAIRALRNGNinENB-PBESent i nvention; [0018]

FIG 4 is a sinplified depiction of a reaction sequence for grafting
f errocene [8@FHoxal ddiiGdéCtina pimipldiet ghasseeational depietipn of @®19] FIG 5 is a

cyclic vol tammogram qf ap el ectrode fested in various solutions containing

t he redox eﬁ)‘??ﬁ?ﬁ‘%mlﬁ‘?ﬁlﬂféseﬁf'or[ﬁé@ ]1‘1E‘—'It%en6‘1qn§ I’é‘eé%réc vol t ammogr am obt ai ned
for an el de cogied it B sintd1E e e-sPa] iohlcPthe?2 1 N the absence of

a dial ysi 36%sﬁm ane?ﬁﬁ‘)&gﬁ IS—‘IIHEX:h l7 (S ascyc ?E(Ie\ll)olltoar%mgr am obt ai ned for an

el ect r ode efszabeltemicilibas¢hens@ddFIGO1 A naken afonglliGe 1D-8Dd t hen subsequently

coated with a dialysis nenbrane;. and [0022] FIG _ 8A and 8B _depict the
magni t ude (8018l he gl Jd6sé ivasimp)ificd depietiamef the co-pobymseizingPfdY- time for an

e e e At SHlbihe 5971 SR BT L Ay o Y gEERILESE oot
m nut es ofin tleetrddMemit¢atbhscdrseass ssterding toadxeinplasy embodimhehtsGf tBfpresent
invention;
[0017] FIG. 3 is a simplified depiction of the grafting of VFc to polyethylene
glycol (PEG) to form a redox polymer for use in electrochemical-based sensors
according to exemplary embodiments of the present invention;
[0018] FIG. 4 is a simplified depiction of a reaction sequence for grafting
ferrocene carboxaldehyde to polyethyleneimine (PEI);
[0019] FIG. § is a cyclic voltammogram of an electrode tested in various
solutions containing the redox polymer of FIG. 2,
[0020] FIG. 6 is a cyclic voltammogram obtained for an electrode coated with
the redox polymer of FIG. 2 in the absence of a dialysis membrane;
[0021] FIG. 7 is a cyclic voltammogram obtained for an electrode coated with
the redox polymer of FIG. 2 and then subsequently coated with a dialysis membrane;
and
[0022] FIG. 8A and 8B depict the magnitude of the glucose catalytic current as
a function of time for an electrode coated with the redox polymer of FIG. 2 and
glucose oxidase, both with and without a dialysis membrane. FIG. 8B highlights the

first 10 minutes of the 100-minute measurement that is shown in FIG. S8A.



4 PATENT Attorney Docket No.: DDl -5046 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON [ 00231 To be consistent throughout the present specification and
for clear understanding of the present invention, the foll oMPAQBISF i nitions
are hereby provided for terns used therein: TRgommey Dock&dx: DBAisas@r "
refers to any chem cal noiety capable of wundergoing a reduction (accepting
of an electron(s)) or oxidation (donation of an el ectron(s)) with both an

el ectrode surface a I r j refers to any
chem cal species or rﬁﬁ@&r‘@%ﬁ’xm‘woﬁ* Mgﬁ% er or agueous
solutions. Therefore, a hydrophilic conmpound will tend to be attracted to,
di ssolve in, or be absorbed in water or an aqueous solution. The term

" hydr ophoHD@23lr ef er sSTalee mlsméthr@léﬁhosﬁég prserspenificationandiferclear| ow
affinity fo or. .aqueous. sol ut i Ther e a hyd hobi onpound
fends 15 TEnging o g HIEeDisd Ptk At Trlo WiredieRhfons st TR b The
term"redqyr Rahyi®Rd thé8fhers to a pol yner that has been m)dlfl ed
(derivatized) to |ncI ude at | east one redox nediator. [00241 FIGs. 1A
through 1D depl"ﬂtetempdreﬂommedfatcaﬁr@hsad) amctheniica mdetyedpabdeaSor 100

accordi ng an. exenpl ary enbodi ne th rese |on

Bl oot r ocnimMEZPIngsSa Sioh (B enges Th uron K dation (YSHBO3OF 8 er ence

el ectrode JQ4an(sYy with BOtheheechBAE st et akEa AR enByOT ki ng el ectrode 104b
with an el ectrg yslur?gkce 106D, 21 Fhlrcl m 168 di seposed on el ectrode surface
106a, and a di alhegersn figydoopnkc Iréfers iy chedicahspeciesrod Gbgroup with a high

El ectroch;eag_cal based sensor 100 al so_includes an insulation |ayer 112 and
a ref er encdlinifklor Xatst o1 aqueops, golutions, dipereforespphydrephjjic porpppgvilldendhat  Fi Gs.
1 Athrou t | St em cal - based
sensor angm’%a{&ag |t§|d5%§'%clgrr&§g%eahgés}bo m?%éei@q}ea?t ﬁgc(ﬁg%%a%ﬂbased sensor
(e.g., a housiTig,teranchydsophobict refersto asg oliennoslshesiesordubgeap withed low

comuni cat i on ci f cui ts) have not been illustrated to avoid undul ¥
conpl i cat @,%mm iog wafex of RA¥QYH solpgions. Therefore, a hydrophobic compound tends to

repel and not be absorbed in water or an aqueous solution.

The term "redox polymer" refers to a polymer that has been modified

(derivatized) to include at least one redox mediator.

[0024] FIGs. 1A through 1D depict a portion of an electrochemical-based
sensor 100 according to an exemplary embodiment of the present invention.
Electrochemical-based sensor 100 includes a substrate 102, a reference electrode 104a
with an electrode surface 106a, a working electrode 104b with an electrode surface
106b, a film 108 disposed on electrode surface 106a, and a dialysis membrane 110
disposed on film 108. Electrochemical-based sensor 100 also includes an insulation
layer 112 and a reference ink layer 114. One skilled in the art will recognize that
FIGs. 1A through 1D depict only a portion of a complete electrochemical-based
sensor and that additional components of the electrochemical-based sensor (e.g., a
housing, analysis/microprocessor module, and electrical communication circuits) have

not been illustrated to avoid unduly complicating FIGs. 1A through 1D.

[0025] One skilled in the art will also recognize that reference ink layer 114,
which constitutes an electrochemically active layer integrated with reference electrode

104a, sets the “zero potential” against which a measurement potential is applied at



[ 00251 One skilled in the art will also recognize that reference ink |ayer
114, which constitutes an electrochemcally active layer integrated with
reference el ectrode 104a, sets the "zero potential" against RATENG
measurement potential is applied at 5 PATENT AftémenBycka®iei DND-5046DI - 5046
wor ki ng el ectrode 104b. One skilled in the art will further recognize that
although FIGs. 1 A through 1D depict an el ectrochem cal -based sensor with a
two el ectr . f e : ] known in
the i ol d CtfimgetcliBle WO OnPURALRTAER GBY riRRFHBENRPthal SRR 7061

Subst r at e Fi02. 1@ thrbgeh D @esict drodletroan@hiRal-Basedsehsseth a@lvo epolryéd heyl ene
terephthal | ate, BOl ybutyl ene terephthal |l ate sheet (commercially avail able

from for fesmaipether actochenical-based sagordogmats known irf thefiekthcasybeent ed

pol ystyrene film.(comrercial ly, available from for exanple, NSW GrBH,

Ger many) . %@‘F?é@?ﬁ%&?&%@h?%?@ern?inlv nté%nn be fornmed, for exanple, from
Agt AgCl  paste (comercially available from Gwent Electronic Materials,

Pontypool Wales, UK) or any suitable el ectrocheni cal reference naterial
i ncl udi ng,[082f] not 1Substrate 102 cambe foringd.dor ¢xempledtamie sheetref al that forms a

partially sol yble salt ) sjlve 0 [ tibtaniumand lithium. [00281
| nsul at i orfofy§§'lfy E’Tigerfﬁpi’gﬁ%gtﬁ’ Bp%ﬂt,y [ein.S?erg‘QM]Iaée, ShF%gﬁ?%mcﬂcé?lbct ric screen
printabl e gyvRiadafbe, fr QBB GF BladitaUhA& Stafcs B fibAY arferdmRdde. Sericol | nks
Ltd.). Reference el ectrode 104a and working el ectrode 104b can be formed of
any sui t golystyretedilia(cotomaneialipaalebkekidn,dar ¢xantphe NGW.GiaBH, &campiyg,
reference and working electrodes 104a and 104b can be forned from
conductive ink, such as a carbon conductive ink. [00291 Reference el ectrode
104a, wor kiyggel ect rnade A4 1425 ¥l Ao bANE!, frikand adhRhyssoimenbr ane
110 can hgve alny sui tabl e ﬁﬂ}(cwgess. Illlowever, ‘a tyﬁ@al’ ?ﬁjl%%lg;%s for each
of these |payte(eommeiciallylagaildrigfromf GiverBldctronar Materials] BOntppan 3vides, [ 00301 Fi |l m

108 incl udes a redo nzyme and.a_hydrophilic redox. pol ynmer . .
UK) or any suéabeie e]Yectrochemical rg%erenge matelglal incﬂudinrg), bu% not limited to

materials that include a metal that forms a partially soluble salt (e.g., silver, copper,

titanium and lithium).

[0028] Insulation layer 112 can be formed, for example, from a dielectric
screen printable ink paste (commercially available from, for example, Sericol Inks
Ltd.). Reference electrode 104a and working electrode 104b can be formed of any
suitable material known to one skilled in the art. For example, reference and working
electrodes 104a and 104b can be formed from conductive ink, such as a carbon

conductive ink.

[0029] Reference electrode 104a, working electrode 104b, insulation layer 112
and dialysis membrane 110 can have any suitable thickness. However, a typical

thickness for each of these layers is in the range of from 1 micron to 100 microns.

[0030] Film 108 includes a redox enzyme and a hydrophilic redox polymer
(not depicted in FIG. 1). The redox polymer and redox enzyme of film 108 are
entrapped in the vicinity of working electrode 104b by dialysis membrane 110 and

insulation layer 112.



(not depicted in FIG 1). The redox polynmer and redox enzyne of film 108 are
entrapped in the vicinity of working el ectrode 104b by dial ysis nenbrane 110
and insulation layer 112. 6 PATENT Attorney Docket No.: DD PAXENT 0031]

The hydrophilic redox polymer and redox enzymea@émty DRRANABDRSOS Of a
sufficiently high nol ecul ar weight that they essentially do not pass through

di al ysis nenbrane 110 (as di scussed further below). The hydrophilic redox
pol ynmer r.edox zZy can. haye any suitabl e nol ecul i,ght .t hat
rovi des M3Hne. nydF BRI e S ST b Eamen e Ureb gy en

di al ysi s rgalnaReent] HReERblebular %%Et M%@?Qésleﬁt?all?‘?f(@%ié)t ggés)fﬁﬁ‘)'h?h have a

nol ecul ar wei ght of “greater than out 10 kg ol " 00 Dal Tons) and such
redox enzydiagsihmembeaned|10¢ed discussidgntthefbetpveatTve hyteophBicGedoxDadlymas (5 kg

nmol "1) and preferably greater than 80,000 Daltons (80 kg ol-1). In this
regard, i anl gedggenaiin o gqva@agéu%h?ﬂ@glﬁcvelar wswgkthéh&rw\%fs ﬁ%{él)"% mol ecul ar
wei ght of j " -Dhigl ysi s
menbr ane f%%gﬁggg%ﬁe%p %‘ﬁgﬁgﬁﬁa@%‘?@s"? (eﬁ]é??r{(/(gﬁgg% gé\}c)m bﬁ%]?ée?c éérgn&ki ght
conpounds s@eh bydrogiilic egiex pobmepshsyctaraoleclaonmgbht offpréaterrthhrmibouell @ kg hi gh

nmol ecul ar meh%ht conpounds ée.%ﬁ, t he hydrophilic redox polymer and redox
nedi at or &nolf {(1PADBpitensy apd sughiedox ¢nzymes havei ainplecyar weigkt dlgreateict r ode

104b. The i f f a i ., glucose)
ai 1 usi on BAEPT DRI G bRty e ROURR MBI (B ) 072
menbr ane 144"y ak thig regivd Sttistnokddehst giidssé SxidRsEh 2R xiARYMe) Aad at he art,
including a cast polyner dialysis nenbrane or a cross-l|inked pol yner

di al ysi s rmeeteeudareveigired|appioximgelyx8MP08 Dalipns o kgineold).al ysi s menbr anes
include (i) a cast dialysis nenbrane fornmed from an acetone sol ution
containing 2% (wv) cellulose acetate (CA) and 0.7% (w v) polyethyl ene

gl ycol (PHG3ANd (iiDjaBsiEmdsi8brahd NKEH aBS ¥ Richdhalond) R1ARERNeREe formed from
a 2-isopropanol solution containing 5% (wv) polyethyleneimne (PEl) and
0. 7% (w v)m@etulqrpy @ ghitl compoyghdsc(elg), ghiapkg)cian phss therethrough, while relatively

high molecular weight compounds (e.g., the hydrophilic redox polymer and redox

mediator of film 108) are retained in the vicinity of working electrode 104b. The

dialysis membrane can also function as an analyte (e.g., glucose) diffusion control

layer and interferent excluding layer.

[0033] Dialysis membrane 110 can be any suitable dialysis membrane known
in the art, including a cast polymer dialysis membrane or a cross-linked polymer
dialysis membrane. Non-limiting examples of suitable dialysis membranes include (i)
a cast dialysis membrane formed from an acetone solution containing 2% (w/v)
cellulose acetate (CA) and 0.7% (w/v) polyethylene glycol (PEG) and (ii) a cross-
linked polymer dialysis membrane formed from a 2-isopropanol solution containing
5% (w/v) polyethyleneimine (PEI) and 0.7% (w/v) poly(propylene glycol) diglycidyl
ether (PPGDGE).

[0034] Hydrophilic redox polymers suitable for use in film 108 can be formed
by, for example, covalently attaching a redox mediator to a relatively high molecular
weight polymer. The hydrophilic nature of such a hydrophilic redox polymer

facilitates a favorable interaction between the redox mediator of the hydrophilic redox



ether (PPGDGE). [0034] Hydrophilic redox polyners suitable for use in film
108 can be fornmed by, for exanple, covalently attaching a redox nediator to
a rel atively high nol ecul ar weight polymer. The hydrophilic RATENT of such

a hydrophilic redox polyner facilitates a favosgshey Datiadt . |19D1-l_se4fween t he
redox mnedi ator of the hydrophilic redox PATENT Attorney Docket No.

DDI - 5046 pol yner and the redox enzyne such that adequately rapid reacti on

Ki [ b d 035] T d f f.il 8 b
Cui tabl o PEUB NG YRRy s e CR RS P Recibt REREBRa, - Bt

non-Iinithghgmanples i nclude glucose oxidase, |atate oxidase, bilirubin
oxi dase, sarcosi ne oxi dase, choline oxidase, chol esterol oxidase, and
xant hi ne oxi dase, glucose dehydr ogenase, al cohol dehydrogenase, per oxi dase

e.g., hor di sh r ox a e) an at 0036 a benefit of
fal egt rochd I I-Eas e§8 ; g"ﬁﬁ gfg"fl gg ‘Ie tﬁlélﬁtrg °6‘fe“FWé‘eplresent
i nvention h,88h t&@ﬂ@ﬁﬁﬁéﬁﬁtﬁ@%eﬁﬁ(eﬁﬁﬁr@ﬁu{ rﬁﬁldlhﬂlﬁlr&re%ﬁﬁabféé in@i¢t handl ed in

sol ution during nmanufacturing. Therefore, the manufacturing of such
el ect r ochggicosd e)bdmdlamendasecblﬂmbnn amlda&cysmtco,smengglda‘se,rclmkacrpkldase

conventional, printjn [6fe) t echpi que 003 is a schematic
repr esent &gf’]@ﬁe’iﬁ’éﬁi‘@f‘%’] ch 8§ ldPﬁﬁ’g“G?Srﬁ‘%By&Og?"@g% k‘g%‘f’ﬁrrer 200 suitable
for use i xenpl ary enbodi nent s
of the prerasee {}8% n@%???g%?da Q@oég?"?%g%ﬂ@%%g’ o€>i<lseepol ymer 200 can be

formed by free radical co-polynerization of the hydroph| lic nononer
N-vi nyl pyrrol i di none (NVP) with the redox nediator vinyl ferrocene (VFc)

initiated QQBGI 2' - adbisiadienefifafyplestioehamisalbapehgensoss pegording (& hydr ophil i ¢
MONOITET S n}@)% einﬁ 5&9? §1['e§le(ﬂt 1}1\%%10{11 tﬁa? goﬁﬁéne{lﬁst{ﬁaeg?c Gt)r %F%&%?&%}P ner,

hydroxyeth nonofmer and ene g yCco
macr o- ”Dn(aﬁﬁhandl@d\mtb%lutﬁiﬂbﬁlhmg %ﬁaﬁﬂfd‘cﬁhn@vﬁherefore the manufacturing of such
electrochemical-based sensors can be achieved using, for example, conventional

printing and coating techniques.

[0037] FIG. 2 is a schematic representation depicting a process for forming a
redox polymer 200 suitable for use in electrochemical-based sensors according to
exemplary embodiments of the present invention. As depicted in FIG. 2, redox
polymer 200 can be formed by free radical co-polymerization of the hydrophilic
monomer N-vinylpyrrolidinone (NVP) with the redox mediator vinyl ferrocene (VFc)
initiated by 2,2’-azobisisobutyronitrile (AIBN). Alternative hydrophilic monomers
known to those skilled in the art, such as acrylamide monomer, hydroxyethyl
methacrylate nonomer and polyethylene glycol (PEG) macro-monomer, can be

substituted for NVP.

[0038] The mole ratio of NVP:VFc is represented in FIG. 2 as m:n, can be, for
example, in the range of from about 100:1 to about 100:5. It should be noted that if
the proportion of VFc is greater than about 5%, the resulting redox polymer may
become insoluble in some aqueous liquid samples. Moreover, if the proportion of
VFc is less than about 1%, the redox conductivity of redox polymer 200 may become

too low to support the electron exchange rates needed for determining glucose. It



[0038] The nole ratio of NVP:VFc is represented in FIG 2 as mn, can be,
for exanple, in the range of fromabout 100:1 to about 100:5. It should be
noted that if the proportion of VFc is greater than about S5%PAMENT esul ting
redox polymer may becone insoluble in sone aguesHsy boslktt WosanPl-8646
Moreover, if the proportion of VFc is |ess than about 1% the redox
conductivity of redox polyner 200 nay becone too |low to support the

el ectron exc e rate ee or, .determ n| ucose. |t 8 PATENT
At't or ney Bﬁeﬂ&agm&em Itﬂ‘gé %ﬁ%‘{{ 18 c chargptgge %B\?}j‘eﬂn?ma rteifel {;' hilic
character g WPh& iliSitPto RIS poIGhnY¥r Jgh degree of hydrophilicity to

redox poly 200. 039] Redox polyners suitable for use in
eIectrochenlcaI based sensors accordi ng to enbodlnents of the present
i nvention can _ include an table edox . Iudln but not
i ted t 39039 um deaK 88 ermw%%efor g Fio cﬁﬁgnca PERHFEIS b Lo,

2, 6-di ohl groiraAoRleRBbainlshisAhepmetat ineHas gn\;lgg@nggeag%?@%oxcom nati ons

t hereof. Furt nor e ere rrers can exanpl e from
any sui t almhelidiyprdinolpting] butrmnhnmed ncrgmbmdmgomphkes;qumbnenﬂsmtyamde hydr ophilic

nononers wWith an acrylate or a vinyl Eol ymeri zabl e functi onal{r%;oup.
Exanpl es drethyengdluen2efi-dishlarpiadepiisaele Hioring. galleeyanie, indephenel

hydr oxyet iyl TBHAREHYIBE Crutber SAPLRRAASIN AL 6, ORI ofor TRAgEr v/ 2t © and

acrylam d rent nme ors nononer s

shoul d be fafe ariydéugblé hyaephiliz Ih&amwrmwng mwnot 1irﬁ1t5d@ h¥dropKiG40] Redox
polynmers suitable for use in el ectrochem cal -based sensors according to

enbodi nentnsormrnermltb.aegemm enevinyopplyasrizebledupetiangl gredp. Esampleanpl e, by

rafting a.h e ne P ol yvi nyl

gyrrol i gor?gl%?‘y%gpblbfmf? elrﬁlﬂ%g](e%g')‘%é 1{‘% (ithl%/yéle e%é% k ((‘ lﬁ%’&jpS )éepl )ét S
a reacti Qébp%ﬁﬂ%%ﬁﬁ@mfdéf%gééﬁtm%aé@ﬁtéﬁldaﬁ lzirﬁldstFB} diffefdPxaankorger 300 for
use in electrochen cal -based sensors according to exenpl ary enbodi nents of

t he pr esennd hydrophilic amnoTtess, changes shouddbriantonlingly made to the prod@ss shosmpl oys
benzoyl peﬁ gi((i}%e as an

[0040] Redox polymers suitable for use in electrochemical-based sensors
according to embodiments of the present invention can also be formed, for example,
by grafting a hydrophilic polymer (e.g., polyethylene glycol (PEG), polyvinyl
pyrrolidone or polyethyleneimine (PEI)) to a redox mediator. FIG. 3 depicts a
reaction sequence for grafting VFc to PEG to form a redox polymer 300 for use in
electrochemical-based sensors according to exemplary embodiments of the present
invention. The reaction sequence depicted in FIG. 3 employs benzoyl peroxide as an
initiator in the presence of styrene to form redox polymer 300 via a hydrogen

abstraction mechanism.

[0041] FIG. 4 depicts a reaction sequence for grafting PEI to ferrocene
carboxaldehyde to form a redox polymer 400 that is suitable for use in embodiments
of electrochemical-based sensors according to the present invention. In the reaction
sequence of FIG. 4, the secondary amine group of PEI forms a Schiff base (i.e., an
imine) with the aldehyde group of the ferrocene carbvoxaldehyde. Since the Schiff
base bond formation is unstable, sodium borohydride (NaBHy,) is used to reduce the

imine to a tertiary amine.



initiator in the presence of styrene to formredox polyner 300 via a
hydr ogen abstraction nmechanism [0041] FIG 4 depicts a reaction seguence
for grafting PEI to ferrocene carboxal dehyde to form a redoxppdiEN®Er 400

that is suitable for use in embodiments of elggdhesbREk&Ns. PBPEY0FENSOr S
according to the present invention. In the reaction sequence of FIG 4, the

secondary am ne group of PElI forns a Schiff base (i.e., an imne) with the
al dehyde group of the ferrocene carbvoxal dehyde. Since the Schiff base bond
formation is unstable, sodium borohydride (NaBH4) is used to reduce the

imne to goggAtiary ﬂi@fﬂﬁow&§%ﬁbﬁgs iiftfstrafe Ay d%%ﬁﬁfaté\ﬁnfhepgg)éégﬁﬁd [0042]

The follow ng exanples illustrate and denonstrate further aspects and
benefits dienditeof electhwhtmalal-based derserssesrdanpaoredibodimenteofthdiprmseaits of t he
present invention. Exanple 1 [0043] Cyclic voltametry (CV) with a 5%

sol uti on (MYfPHABsphate buffer saline (PBS)) of redox polymer 200 of FIG 2
was performed with a glassy carbon electrode (GCE) at 50 nvV/s between - 0.1
and 0.5 V vs Ag/AgCl. Curve 500 of FIG 5 was thereby obtained and
denonstrates that redox polyner 200Exsampledox active at the glassy carbon

el ectrode. &f%dOM] Next, glucose oxi dase (aor edox enzyne) was added to the
PBS to a [80d3ent r atGyshic ypltammstryi(GY) With ar%e sxlupem @8 phpsphate disiuent Cv scan

decr eased [ i as._.s v .. decr ease
in the oxisalz el@%%é%%f reéoexd @\YA@S‘EEZ%@%% bo_? %%Ssggﬁ%%§é§g%§ Iéag%# to curve
500 can bej&irbdé BCEFattI mVEBheendi 0. Lhh®O.SNeseIALI AECIT ICuFé bE0 TG | on of
gl ucose oxi dase and/or an adsorption of glucose oxidase that resulted in

t he passi Vavasghersby abtaingi lang dempmsiratss that sedogmpolynaey 290 istddew getéverdtyhe gl ucose
was added %o t he PB§ tto concentration of 100 mM This addition caused the
oxi dat i on &45°Y PO} geiFiease, as demonstrated by cv

[0044] Next, glucose oxidase (a redox enzyme) was added to the PBS to a
concentration of 0.05 wt%. The redox peaks of a subsequent CV scan decreased
slightly, as shown by a curve 510 of FIG. 5. The small decrease in the oxidation and
reduction peaks of curve 510 in comparison to curve 500 can be attributed to a small
dilution resulting from the addition of glucose oxidase and/or an adsorption of glucose

oxidase that resulted in the passivation of a small portion of the GCE.

[0045] Subsequently, glucose was added to the PBS to a concentration of 100
mM. This addition caused the oxidation current to increase, as demonstrated by CV
curve 520 of FIG. 5. Since the glucose oxidase converted all of the ferricenium
moieties at the electrode surface to ferrocene moieties, there was no reduction wave
observed within curve 520. The characteristic shape of curve 520 may also be
referred to as a catalytic wave in which the maximum current is proportional to the

glucose concentration.

Example 2
[0046] A GCE was dipped into a solution containing a 5% solution of redox
polymer 200 of FIG. 2 dissolved in 2-isopropanol. The GCE was then removed from
the 5% solution and allowed to dry. The GCE was subsequently immersed in PBS
and tested using CV at 20 mV/s between - 0.1 and 0.5 V vs. Ag/AgCl. The magnitude
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curve 520 of FIG 5. Since the glucose oxidase converted all of the
ferriceniumnoieties at the electrode surface to ferrocene noieties, there
was no reduction wave observed within curve 520. The charact epiginNge Shape

of curve 520 may also be referred to as a Cat,@fté(&%%DW@lY&Nd?: %Eﬁb“é he

maxi mum current is proportional to the glucose concentration. anple 2
[0046] A GCE was dipped into a solution containing a 5% sol ution of redox
pol ymer 200 of FIG 2 dissolved.in 2-isopropangol. The GCE was_t hen renoved
from the ob8hesslQr Pesks derdcased mupdly uporpyccessive (CscanssasspwadnEHE 1§ i nrer sed

in PBS ang: [ ;&e(%%ﬁ] - Ag/ Agdl .
The magni ?&iﬁﬁ%g%iwoﬁ t0 %}%}% Om:a%ét X %% Q%%lfglgg?ngte ﬁgyrd }éagg')l(f\peaks
decr eased niciphrathe/toupaap s¢dok @odinve 20V i drndcindgoStheWWCE.n FIG 6. This

i ndi cates that redox polyner 200 washed off the GCE in the absence of a
dialysis nenbrane to entrap redox polynmer 200 in the vicinity of the GCE.
Exanpl e 3 [0047] A coated el ectrodS%X%ﬁ RABEPAr ed by applying 0.5 L of a 5%
(wv) solution of redox polyner 2 'RS5l ved in 2-i sopropanol onto a

carbon el ggo47pde (A ESatéd1&ctroddSwd¥prepabdd BIVIRE1YING d.}S){iLn&lfd »oawven at 50 C

for about 5 mnutes. A dialysis menbrane was then formed on the coated
el ect r ode sbintipn eprador gobynzw 200 dissolvedimt 2xisnprogaRshoftay a§arben tlattosle acet at e

o i 60 1t Q-EABTRC 2 PuB) (PMEHEY ARG stpeh o K G RrPoRt SEIEUFbrAG).

m nut es. HgyEdnBRGraie Xt ddlifer| BB on theCBgted ¢eRirddd B Psdl retained
| arge nol echar V\g gﬁe reéox pol yrroe? 5'00 In tre Vi cﬁpﬁ/ ofst encar bon

el ect r ode.coftamifg P oweéparcloas actese (CApzhd WHBHEG @l scetaleove was i mrersed in
PBS and tested by CV at 20 nmv/s between - 0.1 and 0.5 V vs. Ag/AgCl. The

magni tude of the redox peaks initially increased upon successive CV scans

due of an hgighi al ek Ngs AL o CAREG AELANWad pRe@t@tlNbhia decr eased,  as

shown
electrode and dried in the oven at 50 °C for 30 minutes. The CA/PEG mixture formed

a cast dialysis membrane that retained large molecular weight redox polymer 200 in
the vicinity of the carbon electrode. The GCE prepared as described immediately
above was immersed in PBS and tested by CV at 20 mV/s between - 0.1 and 0.5 V vs.
Ag/AgCl. The magnitude of the redox peaks initially increased upon successive CV
scans due of an initial wetting of the electrode and then gradually decreased, as shown
in FIG. 7. It should be noted that the observed rate of decrease in FIG. 7 is less than
the rate observed in FIG. 6. This indicates that the dialysis membrane of this example

aided in the entrapment of redox polymer 200 in the vicinity of the carbon electrode.

Example 4
[0049] An electrochemical-based glucose sensor without a dialysis membrane
was prepared by applying 0.5 pL of a 5% (w/v) solution of redox polymer 200 onto a
carbon electrode (2.25 mm X 2.25 mm) followed by drying in an oven at 50 °C for
about 5 minutes. Next, 1 pL of a 10% (w/v) glucose oxidase solution in PBS was

applied to the electrode and then dried in the oven at 50 °C for 10 minutes.

Example 5
[0050] An electrochemical-based glucose sensor was prepared in a manner

similar to that of Example 4, except that the electrochemical-based glucose sensor
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in FIG 7. It should be noted that the observed rate of decrease in FIG 7
is less than the rate observed in FIG 6. This indicates that the dialysis
menbrane of this exanple aided in the entrapnment of redox pobpymaENT200 in

the vicinity of the carbon electrode. Exanple g &19%3&}@?N - DDI-5046
el ectrochem cal - based gl ucose sensor w thout a él alysis rrer?br ane was

prepared by applying 0.5 L of a 5% (w v) solution of redox polynmer 200 onto
a carbon electrode (2.25 mMm X 2.25 nm followed by drying in an oven at 50
C for abdigludeds dialyals megghrane coatedhergom voregpgsifigallin diedidlysidase sol ution in

PBS was ' j | v, 50 C for 10
minutes. Diaunfte (iBgoRNE ATk Rlpcr tritru b BoBP IRl o
prepar ed icontainif2ér(w/ ) G laad 01706 PEGtinatetbxea Mieadidlysie xesmiraidnabs t he

el ectrochem cal - based gl ucose sensor 11 PATENT Attorney Docket No.:

DDI - 5046 ifprenaddeepalyingf $3ilsoftbistir ARECminters te pe elestiochybriealbaead fical 1y, the

di al ysis nbr ane coat ed..t her eon a st . pol [__nmenhrane pr red from
2 ol ut 1 oS L RS Svine E a5, BRRE SenlR IR LA Sy R Vi
menbr ane wesfor 8@ miRHeD YTIRNOA MO PES slktidd fokiédba bt Bfafgsiy éMbRnt ehadtn

el ectrochem cal - based gl ucose sensor as described in Exanple 4 and then

dryi ng t heetgiandage molachlar wicight sados @olyder 300 30d thenmedaxsenzyime (GA, glncbsPEG
solution for .cast dial ysi.s rane that, retajns ]arge, nol ecul ar
e gt e SOKIAB T Sl e e et e el eh 35 ebEHReto TS dase)
whi | st al Itﬁ’é%tﬁﬂn%ﬁ?" | nol ecul ar wei ght anal ytes, such as glucose, to pass
t heret hrough. Exanple 6 [00511 The el ectrochem cal - based gl ucose sensor of
Exanple 4 (without a dialysis nenbrane) and the el ectrochem cal - based

gl ucose sensor of Exanple 5 (with @ di al ysi s menbrane) were independently
tested in the presence of 100 nM gl Rle6 The wor ki ng el ectrodes of each

el ectroc h?ﬁ&ﬁ?‘ - bas el%e%?&%@hé%(:ﬁ-b%@@@@ﬁgos@%«L,IYg%PQf Example 4 (without a

dialysis membrane) and the electrochemical-based glucose sensor of Example 5 (with
a dialysis membrane) were independently tested in the presence of 100 mM glucose.
The working electrodes of each electrochemical-based sensor were scanned between -
0.1 and 0.5 V vs. Ag/AgCl at a rate of 20 mV/s while open to the atmosphere and at
room temperature. The resulting catalytic waves were recorded every 10 minutes over

a 100 minute time interval.

[0052] FIG. 8A and 8B depict that the catalytic waves exhibited an oxidation
current that decreased rapidly for the electrochemical-based glucose sensor that did
not have a dialysis membrane. This suggests that redox polymer 200 washed off the
electrode of such an electrochemical-based glucose sensor. However, for the
electrochemical-based glucose sensor that included a dialysis membrane, the catalytic
wave exhibited an oxidation current which decreased more slowly, thus indicating that
the redox mediator and redox enzyme were retained in the vicinity of the electrode by

the dialysis membrane.

Example 7
[0053] An electrochemical-based glucose sensor with a dialysis membrane
was prepared in a manner similar to that of Example 5, except that the dialysis

membrane was a cross-linked polymer film that included PEI and PPGDGE. To form
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0.1 and 0.5 V vs. Ag/AgC at a rate of 20 nmv/s while open to the atnosphere
and at roomtenperature. The resulting catal ytic waves were recorded every
10 minutes over a 100 minute tinme interval. [00521 FIG 8A apd18®mepi ct
that the catalytic waves exhibited an oxidati ogoby DRBkettNIRI DBRSHARSE
rapidly for the el ectrochem cal -based gl ucose sensor that did not have a
di al ysis nenbrane. This suggests that redox polynmer 200 washed off the

el ectrode of sych an el ectrogchem - base [ u sensor. However, for the
el ectr ochémaﬁlﬁgvééséaerab@es @%Hggiﬂ @rﬁ'aw%i Re Pﬁﬁé@Dﬁ‘ﬂwaxwxgdnenbr ane, the
catal ytic i bi j i Epal sl ow vy,
e T nat QG Y PEOPPODRIE SRl TH5L P Bk g MRS WIS D0

t he vi ci nith¢y PBY/PPGPGH miMtiiedeaskippliédi® akicatedshtbonridetrade (prépaaeddissin/ [ 00531 An
el ectrochem cal - based gl ucose sensor with a dialysis nenbrane was prepared

in a manndixagiplg 4 apovep andhdriedoin apexgp RS C Br3Opminutes: ThaBE pRd ysis  nenbrane

was a CroSssAd fil.mt. I P form12
PATENT A??’(ﬁ%‘g%%%é‘c‘%?%ﬂa ‘h@b’glgg{f@bgaﬁd@ﬁgg%ﬁ%fg?gr%é%&@@fpng of PEI
and 106 nWif§sifRecGRansaha réfne targé AGBICHRF wielzht wdakgoﬁﬁ&é?ﬁﬁﬁ)ﬁd tHexture in 1
mL of 2-isopropanol. Next, 0.8 L of the PEI/PP m xture was applied to a

coat ed carbdnx enzpoe wddlst #ljovapg pmall mwlgonlar meigh pralytesisucteds glnepsdrtoed in an
oven at 50 C for .30 mnutes. The PEI and PPGDCGE solution formed a dialysis
menbr ane iPIETRC PSFSRT8EEY “cr oss-1i nked pol ymer dial ysis nmenbrane that
retains |arge nol ecul ar wei ght redox polyner 200 and the redox enzyne

whil st allow ng small nol ecul ar wei ght anal ytes, such as glucose, to

penet r at e [00f] et hr ougis.cop@opiaed witheutbemgdophdthat thei lydophiliveiatgelobfund t hat

the hydrophilic nature. of e .cross-|inked I r _dial ysi rane,
Formea 11 g e Waiedaq et B bEsn oL HPYLE REh SR PR hel |1 mg when
I n cont actyohhibh REIATH SRR iRk when in contact with an aqueous solution.

This swelling provides the cross-linked polymer dialysis membrane with hydrogel

characteristics. Therefore, the resulting membrane can be referred to as a hydrogel

layer. Furthermore, the penetration of relatively low molecular weight analytes (e.g.,

glucose) through such a hydrogel layer is much faster than the penetration of relatively

high molecular weight redox polymers and redox enzymes.

Example 8
[0055] A redox polymer suitable for use in electrochemical-based sensors
according to the present invention was synthesized by a free radical co-polymerization
using 10.4 g of NVP, 0.87 g of vinylferrocene (VFc), and 0.11 g 0f 2,2’-
azobisisobutyronitrile (AIBN) (see the sequence depicted in FIG. 2). The reaction was
performed in a round bottom flask. Before initiating the reaction, the reaction
solution was deoxygenated by bubbling nitrogen therethrough for one hour. The
reaction flask was then heated to 70 °C in an oil bath for 24 hours with continuous

magnetic agitation under a nitrogen atmosphere.
[0056] The resulting redox polymer was dissolved in dichloromethane and

precipitated out of solution with diethyl ether. Next, the precipitated redox polymer

was filtered and dried in an oven at 50 °C. Low molecular weight portions of the
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This swelling provides the cross-1linked polyner dialysis nmenbrane with
hydrogel characteristics. Therefore, the resulting nmenbrane can be referred
to as a hydrogel layer. Furthernore, the penetration of rel apAvrgNT | OW

nmol ecul ar wei ght anal ytes (e.qg., | ucose) thr { ayer is
g y (e.g g ) &Mﬁ?%ﬁ%&ﬁy%ﬁﬂ@m y

much faster than the penetration of relatively ecul ar wer ght redox
pol ynmers and redox enzynes. Exanple 8 [00551 A redox pol yner suitable for

use in electrochem cal - based, sensor.s ccording.to the present jnvention was
synt hesi z &eA0FPORYReTaKere IEGg‘gﬂF‘}?@rfﬁ%léﬁlF agﬁm%épﬂ@mi@f wakjr-ojrher\wp, 0.87 g

of vinyl f%ilgsgﬁfggingw a cefilfhsf M&&%w@hgﬁolﬁwkﬁéomﬁ%%&” le (AIBN)

(see the seq epicted 1n FIG e reaction was orned in a
round bottom fl ask. Before initiating the reaction, the reaction solution
was deoxygenated by bubbling nitrogen therethrough for one hour. The
reaction flask was then heated to %@)’“‘E“Plﬁs’an oil bath for 24 hours with

cont | nuouaodanet | o Aok bl YafBTe o lkd FNEHBIRERNGLE shOOSOL The

resul ting redox pol ved 1 n di chl oronet hane an precipitated
out of solagédrding\té tlbddigicaisl ofehdipreseniventidmeapdydttiepizedbed geaftiox pol yner
was filtered and dried in_an oven at 50 C. Low nol ecul ar weight portions of
the 13 PAPENESs (as depipied IDBEkeY). KoVFc pptigowes fiwstipserpist Pirdissoling @-6&n

el i m nat ed Qu di Si S ;agains - .oni The ialysis tubing
vas ool PV B et SR (R A3eEe ERr R ARSI s S SOk e ol o
[0057] A nediedt! bfindsig G.QADEQfBéHzoylS;ﬁ:r@ﬂd@{?@%)riﬁqW)@&dmb@??& sensors
according to enbodi nents of the present invention was si/ﬂrg hesi zed by a
grafting apetberseparatescontapast @BEGsokition w3 propaxgddysoixing tig oldEG i r st prepar ed

by di | vi 0.6 Q. VEC jn .2. f.st . t t ai :
penzoy! _piraetier sbebEh5ERohdut 2 Eatrudtletamatatn g SR S henzoy
peroxide (709 in 1.37g xylene. In yet another separate container, a PEG

solution was prepared by mxing 1 Qg of PEG
[0058] Next, the VFc solution was added to the PEG solution at 90 °C to form

a VFc/PEG mixture. Immediately after the addition of the VFc solution, the benzoyl
peroxide suspension was added to the VFc/PEG mixture to form a reaction mixture.
Upon initiation of grafting, the reaction mixture formed into single phase that was red-
orange in colour. The reaction mixture was stirred at 90 °C for 2 hours and then
allowed to continue stirring overnight at 70 °C. The reaction mixture was, thereafter,
transferred to 50 ml of analar water, causing a red/brown emulsion to be formed that
contained a redox polymer. The red/brown emulsion was suitable for use in coating a
GCE during the preparation of electrochemical-based glucose sensor according to an

embodiment of the present invention.

Example 10
[0059] Yet another redox polymer suitable for use in electrochemical-based
sensors according to embodiments of the present invention was synthesized by a
grafting process (as depicted in FIG. 4). In this synthesis, 0.3g of ferrocene
carboxaldehyde was mixed with 50 ml of dry methanol and 18g of PEI to form a
reaction solution. The number average molecular weight (Mn) of the PEI was 10

Kg/mol and the weight average molecular weight (Mw) was 25 Kg/mol.
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(ol ecul ar weight 8 Kg/nol) with 20 g of ethoxyethanol and then warnmed to 90
C. [0058] Next, the VFc solution was added to the PEG solution at 90 Cto
form a VFc/PEG m xture. Imrediately after the addition of theaYfEynsol ution,
t he benzoyl peroxide suspension was added to Aﬁ?@lﬁé@ﬁ%ﬁ?@ﬁﬂﬁbﬁ-@d@ forma
reaction mxture. Upon initiation of grafting, the reaction mxture forned
into single phase that was red- orange in colour. The reaction m xture was

stirred at 90 C forﬁ hours and then |l owed tQ continue stirring overnight
at 70 C. HA®Weact i Jhefraqtignsolntion wap subsaayestly stirpdplsanahipiifor dhagysm  of

anal ar wat@gy., L : ;Qﬂéﬁz | il . contai ned a
redox pol yﬁn%rré&ﬁﬁg%ggﬂnﬁtg\aéﬁbdw g?o a\%ﬁ@&gh?%@&%ﬁ? gﬁglgggﬁ%?\dcoati ng a GCE
duri ng t heegbanpiagahindayed thehewdgraphlyd TLCalvithasaethghdlehsants &hs e¢sulicodr di ng to
an enbodi nent of the present invention. Exanple 10 [0059£e Yet anot her redox

pol yner sUiliGatssang wdicgted that all of the %&H@ﬁﬁe&axb%fsalé@lwdeé@ﬁﬁﬂc dde @imingg t o

enbodi nent gpih&g? present invention was synthesized by a grafting process
I n

(as depi ct’e G 4). In this synthesis, 0.3g of ferrocene

car boxal dehyde was m xed with 50 ml of dry nethanol and | 8g of PElI to form
a reaction solution. The nunber average nol ecul ar wei ?ht (M) of the PEI
was 10 KdPoMll and t¥extwiOghg obsashivg borablydidd was adsied e 1Q mljpof methapsl, Kg/ nol .
14 PATENT Attorn ket .. DDl -5046 [ 00601 .The.reactign sol ution was
subsequent T RS fbn aageckigeoc i} oo, p 22008 g e B R M ¢ or ed by
removing %ﬂéﬂ%@&i%ﬁ@ﬁe ddagurh 88fohiy@ide Bletehdn 30RitioR ¥ak Qfifed tbriaRi N | ayer
chromat ography (TCC) with a nmethanol elutant. The results of TLC testing

i ndi cat ed adfiitionall2 hairs, tfbldo et byothe geadualr dalditwincdHy del dfavatere Mdxdch fusthem i mi ne

after 2 hqgurs. [00611 Next, 1 .of sodi rohydri de S.added to 10 m
of | met handh ! QR WER AN SRdan i e 31 ERT S GBIbGTBRN S e duce ¢ he
Imne to %zfc%dt. e edt ol SolutiGh Wak tRASxREctE iR 80 W A ARy Udgo the

reaction solution was stirred for an
remove any possible organic impurities. The organic phase was then discarded. After

the extraction step, the reaction solution was dried overnight in an oven at 70 °C to
yield a redox polymer suitable for use in embodiments of electrochemical-based

sensors according to the present invention.

[0062] It should be understood that various alternatives to the embodiments of
the invention described herein may be employed in practicing the invention. It is
intended that the following claims define the scope of the invention and that structures

within the scope of these claims and their equivalents be covered thereby.
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additional 2 hours, followed by the gradual addition of 15 m of water.
Next, a further 20 m of water was quickly added to insure that all of the
sodi um bor ohydri de had reacted. The reaction solution was theaTgxacted

with 100 mM of diethyl ether to renove any po&t’%&%fDBElQ&'Noc-Ib 4pad i es. The
organi ¢ phase was then discarded. After the extraction step, the reaction

solution was dried overnight in an oven at 70 Cto vyield a redox pol yner
suitable fgr use in enbodi nents of el ectrochem cal -based sensors according
to the pré%le%W$ nvention. [00621 It should be understood that various
alternatives to the enbodinents of the invention described herein may be
enployed in practicing the invention. It is intended that the follow ng

cl ai n8 defWHAT IseCEADMEDOS: t he i nvention and that structures within the
scope of these clainms and their equival ents be covered thereby. 15 PATENT
Attornéy Docket No.: DDI-5046 CLAIMS WHAT IS CLAIMED IS: 5 10 1. An

el ect rochqm&r?él-e&?o% g?i?ﬁ%&ﬁg{eg%g@éb%&?wgn electrode with at | east one

el ectrode surtace; a el ectrode surface, the film
including: a radetrede wid;at Rast onelRydtro@dddrface;r edox pol yner; and a dialysis
menbrane di sposed on the film wherein the dialysis nmenbrane serves to
entrap the redddilpoligeased pp therleafiode sanfdeethe filmdndpdiagy ode. 15 2. The

el ectrochem cal -baseadr SNSOk %f I}C%Lai m 1, wherein the dialysis nenbrane is a
cross-1linked pol yner Gr & ysnyén hEibrane. 3. The el ectrocheni cal - based sensor

of claipm 3, wher ei n gtlAréphAfsSrelb0SYmer; and
a dialysis membrane disposed on the film,
wherein the dialysis membrane serves to entrap the redox polymer in the vicinity of

the electrode.

15 2. The electrochemical-based sensor of claim 1, wherein the dialysis membrane

is a cross-linked polymer dialysis membrane.
3. The electrochemical-based sensor of claim 3, wherein the cross-linked
polymer dialysis membrane forms a hydrogel layer upon contact with an aqueous

20  solution.

4. The electrochemical-based sensor of claim 1, wherein the dialysis membrane

is a cast dialysis membrane.

25 5. The electrochemical-based sensor of claim 1, wherein the redox enzyme is

glucose oxidase.

6. The electrochemical-based sensor of claim 1, wherein the redox polymer is

30  synthesized by co-polymerizing N-vinylpyrrolidinone and vinylferrocene.

7. The electrochemical-based sensor of claim 1, wherein the redox polymer is

synthesized by grafting vinylferrocene to polyethylene glycol.

16



pol ymer dialysis nenbrane forns a hydrogel |ayer upon contact with an
aqueous 20 solution. 4. The el ectrochem cal -based sensor of claiml1,

wherein the dialysis menbrane is a cast dialysis nmenbrane. 25A§E»ﬁhe

el ectrochem cal - based sensor of claim1, wherej

gl ucose oxi dase. 6. The el ectrochem cal - based é@ﬂ%o Dlg c¥gf2? mhereln t he
redox polyner is 30 synthesized by co-polynerizing N-V|nylpyrroI|d|none and
vinyl ferrocene. 7. The el ectrochem cal -based sensor of claiml, wherein the
redox polynmer is synthesized by grafting vinylferrocene to pol yethyl ene

gl yCOI 168 PAT%h%eleéIr(T)c(?l o h§al- @Q{Jﬁgﬁgdlﬂ% oicl%'lsxgﬂéel?ﬁhgre §Q$}01 er 1s -

el ectrochem cal ased sensor o erein ere

synt hesi zagnthysiggdetyt graﬂmfgeiénr@abaaeaxbaxdlmﬂdemtﬂsaethﬂemmwmﬂ)ene| m ne (PEl);
9. The el ectrochem cal -based sensor of claim1l1l, wherein the redox polyner

has a nol ecul ar wei ght of greater than 10 kg nol-1 (10,000 Daltons). 40 10.

The ! ectpcher ol iaseth R0k Bhel il 1, WARLE helboy SsiicAngYT™ has 2

nol ecul ar "wei g gr gat

el ectrochemle@haxhaagm rtﬁﬁnﬂjla%]iﬁblt] (10000 Pakohk)e el ectrode is a 45
wor ki ng el ectrode. he el ectrochem cal - based sensor of claim 12 further

i ncl udidong a wor ki ng eI ectrode. 50 17

10.  The electrochemical-based sensor of claim 1, wherein the redox enzyme has a

molecular weight of greater than 5 kg mol™ (5,000 Daltons).

11. The electrochemical-based sensor of claim 1, wherein the electrode is a

45  working electrode.

13.  The electrochemical-based sensor of claim 12 further including a working

electrode.

50
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