PATENT Attorney DockoleshawseDDl -5047 REDOX POLYMERS FOR USE I N
ELECTROCHEM CAL- BASED SENSORS BACKGROUND OF | NVENTION [0001] 1. Field of
the Invention [0002] The present invention relates, in general, to polyners
and, in particular, to polynmers for use in electrochem cal -based_sensors.
[0003] 2. Description of the Related Art [0004] The use of PATENT

el ectrocheni cal -based sensors that enploy a redox Attathest BockeaNg.. DMK
enzyme in conjunction with an el ectrode(s) for the determ nation of an
analyte in a liquid sanpl e has beconme of heightened interest in recent

years. Such el ectrochem cal mgxspogmn;gsqr@glngqﬁ to be particularly
suitabl e for continuous ?@T MRE?] ISENK anal ytes (such as
gl ucose) in bodily fluid sa (e.g 00 lt:ﬁlnters tial fluid

sanpl es). For exanple, elect rochem cal - based gl ucose sensors enploying a

redox medi ator, a redox enzynmBACKGROUND OF BNVENTION Can determne (i.e.,
measure) glucose concentration using relatively |ow potentials (e.g., |less

than 0.4 V vs SCE), thereby limting any interfering responses at the

wor ki ng el ecw@?fz For agf Lil‘!t Eﬁ‘r ;desgl ption of el ectrochem cal - based
sensors, see exanﬂl No.s 5,089, 112 and 6, 284, 478, each
of which is hegogay full Yhe bf&@ﬁtﬁﬁmﬁ@ﬂ ré¥tes, %fx 8ERPAC0 JodAReHs ahd) i in particular,

el ectrocheni cal - based sensors, the redox nediator facilitates ectron
transfer betmmlmaSﬁeumclanbymmmleaidbamdsehmsrode(s) of the

el ectrochem cal - based sensor. For el ectrochem cal -based sensors that require
long termstability, such as continuous or sem -conti nuous

el ectrochen cgdgodpsed ghugnsg St SReluted ARt €SSENtT @l that the redox
nmedi at or does?dnot ?I each my&fprvm"rﬁe—vrc—mr‘ryt?b SRelated At of the electrode. Therefore,
it is not desi00dd) e to @hphsyof dedidchierhiealchabd senk@dtrat efipliyed @dsx (fediitoras
readily | eachabl e ferricyani de, benzoqui none and | ow nol ecul ar
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 in recent years. 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.

[0005] In electrochemical-based sensors, the redox mediator facilitates
electron transfer between the redox enzyme(s) and an electrode(s) of the
electrochemical-based sensor. For electrochemical-based sensors that require long
term stability, such as continuous or semi-continuous electrochemical-based glucose
sensors, it is essential that the redox mediator does not leach away from the vicinity of
the electrode. Therefore, it is not desirable to employ readily leachable redox
mediators (such as readily leachable ferricyanide, benzoquinone and low molecular
weight, quinone derivatives, ferrocene, low molecular weight ferrocene derivatives,

ruthenium complexes and osmium complexes) in electrochemical-based sensors. In



wei ght, qui none derivai-=-wasm=ter+-ocene, | ow nol ecul ar wei ght ferrocene
derivatives, ruthenium conplexes and osm um conpl exes) in

el ectrochem cal - based sensors. In 1 PATENT Attorney Docket No.: DDI-5047
addition, if the redox nediator is a substance that is harnful toP§g or
ot her subjects, |eaching of the redox nediator into a n's_or
subject's body is undesirable and thus should be %@gﬁgafeés{%)]) ‘Egivent
redox medi ator | eaching, chem cal conpositions wherein redox nediators are
chemcally attached to redox enzymes have been proposed for use in

el ect r ochen caddiliendfitheaadormedidfoe isr eshbxtanceztiiats hadm faLiwhhunieagioe ather
conpositions can, q%\gﬁyer, suffer froma deleterious decrease jn enz

activity. [008yoleds.leachingafdhsredoxmediatrantardrmanzs/er ohrsubisetns brdvae hed to
wat er - insol “Qh@ﬁﬁﬁﬂ%'&%&hﬁxs@ﬁ&)’lﬁ@é a6hakgs, such as polysilozanes, in order
I'ng. Such ¢

to prevent |eac em cal conpositions, however, suffer froml ow
flexibility, and thus a reduced nediation activity, due to their hydrophobic
nature. Redox nediators _have also been attached to sil oxane pol ynmer
backbones usi M08 dr ophilioirrevapt rrdpy medipterdeachinga ehamisdpospegisionniyhereie| ess,

oLrce each, AL Lo OIS R RSl SRR ALE RS,

redox nedi at or e Sil'oxane ymer bac

of the chen ca cle@fiRBshidaPBaded strivoy OTHREEIoN dniZine§lof sucH Ch&RICAPEEnpdsRIMAN
medi ators covalently attached directly to hydrophilic polynmer backbones are

not suitabl e fam hetevei suffer 4ot & delgtesions desedasein enzpme agtivityodes of an
el ectrochem cal - based sensor. [00081 Still needed in the field, therefore,
is a chem cal conposition that can prevent the | eaching of redox nediators

from the vicipadgr}of an AQlegeitiveRNRAbE RS davSARPBYen 2ttaIRALS QAgrvhi | e
mai ntai ning the redox nmediator's activity. In addition, the chem cal

conposi tion slmsolublesyotlietie pblymennhaif, ise¢heastpodysdozzmes; i oater fxpueeerit t o an

el ectrode of gn gl eckygohiom.cql -based sepsor. Al 58 RSSISS Ackidhy, and thus
areduced mediation activity, due to their hydrophobic nature. Redox mediators have
also been attached to siloxane polymer backbones using hydrophilic eythelene oxide
spacer compounds. Nonetheless, since each hydrophilic ethyelene oxide spacer
compound attaches only one redox mediator to the siloxane polymer backbone, the
mediation capability of the chemical composition is unfavorably limited.
Furthermore, redox mediators covalently attached directly to hydrophilic polymer
backbones are not suitable for efficient and secure attachment to electrodes of an

electrochemical-based sensor.

[0008] Still needed in the field, therefore, is a chemical composition that can
prevent the leaching of redox mediators from the vicinity of an electrochemical-based
sensor’s electrode while maintaining the redox mediator’s activity. In addition, the
chemical composition should provide for an efficient and secure attachment to an
electrode of an electrochemical-based sensor. Also needed is an electrochemical-

based sensor employing such a chemical composition.



based sensor enploying_gsuch a chem cal conposition. 2 PATENT Attorney
Docket No.: DDI-5047 SUMVARY OF | NVENTI ON [ 0009] Redox polyners for use in
el ectrochem cal - based sensors according to enbodinments of the present

i nvention prevent the | eaching of redox nediators from the vicinity of an
el ectrochem cal - based sensor's el ectrode while nmaintaining ad@JHENI r edox
medi ator activity. In addition, the redox pol ynattemeaiDooketNd.i DD&SOKY and
securely attached to an el ectrode of an el ectrochem cal -based sensor. [0010]
El ect rochem cal - based sensors according to enbodi nents of the present

I nvention include an electro gﬂghgﬂ, | pol ymer that prevents a
redox nedi ator included in tgﬁure 0oX pg%ir?eﬁ]??{g% eaching away fromthe

vicinity of the electrode while maintaining adequate redox medi at or
activity. [0011] A redox polymer for use in an el ectrochem cal - based sensor
accordi ng P80%n enbdidexpolysrers fr use Bxdentrocheraical-based sensouascerdingde ophobi ¢
pol ymer bac i t : ) | ymer
backbone) ae?‘ﬁ)%gﬁn ?r(etgg hg gesg%%%g%ﬁ?lp?eg@ ﬁéot?{é%%ﬂéé% eggg%ﬁégg&ég%o%?ophi lic

ol i go(N- vi ny¢ piginigldfdh RRAEdcHRAiYIMasedse¥or aldlaeoad while nitenthireigophobi ¢
pol ymer backbone. The redox polyner also includes a plurality of redox
medi at ors (adegpate rpdpx mediataractyity. elnraddibion, tha sedoxmedianers padbaeiSicientlnt t ached

to each of the hydrophili ol yner. aras. 012] .The hydr ophobi ¢ pol yner
backbone of®" éff:d%gﬁ(?ﬁ?/%pgo g’&ﬁ%?tfﬁ%go @Bele{cﬁg&ﬁ}@%ﬂ%‘tﬁs‘%’%ﬁﬂri on provides for
the redox polyners to be efficiently and securely attached to the surface
of an el ectrochem cal - based sensor's el ectrode. Since the redox polyner

i ncl udes a [p01Mal i t y Hectrastiomicabbiasad sersprstageardingdd embediantoefshean be
imobilized in the vici.nit t he el ectrode. gg(gﬁhpi mmobi.l i zati on can

f
provi de |orpgese{1@r*ﬁ?r§toaaw_f1}%§f{ BegFPds|caRies 3¢ Xf PYYTEHNSLREYME flat  enpl oy
the el ectrqdgyx ﬁl@diaﬁg‘lﬂ'ic'iddéﬁ in BHeHeGox SUtyrh&AP3m TREhRE ARy FHotn e VBGRRFE O 2

pol ymer with hydrophilic
the electrode while maintaining adequate redox mediator activity.

[0011]} A redox polymer for use in an electrochemical-based sensor according
to an embodiment of the present invention includes a hydrophobic polymer backbone
(e.g., a hydrophobic poly(methyl methacrylate) polymer backbone) and at least one
hydrophilic polymer arm (such as a hydrophilic oligo(N-vinylpyrrolidinone) polymer
arm) attached to the hydrophobic polymer backbone. The redox polymer also
includes a plurality of redox mediators (e.g., a plurality of ferrocene-based redox

mediators) attached to each of the hydrophilic polymer arms.

[0012] The hydrophobic polymer backbone of redox polymers according to
the present invention provides for the redox polymers to be efficiently and securely
attached to the surface of an electrochemical-based sensor’s electrode. Since the
redox polymer includes a plurality of redox mediators, these redox mediators can be
immobilized in the vicinity of the electrode. Such immobilization can provide long
term stability to an electrochemical-based sensor that employs the electrode. In
addition, since the redox mediators are attached to a polymer with hydrophilic
polymer arm(s) and a hydrophobic backbone, electron transfer from an enzyme (a
hydrophilic entity) to the electrode (a hydrophobic entity) is facilitated. Furthermore,
enzyme-mediator interaction is aided by the highly accessible nature of redox

mediators attached to the hydrophilic polymer arms of the redox polymer.
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pol ymer arn(s) and-a—hyeemmeiec—backbone, electron transfer froman enzyne
(a hydrophilic entity) to the electrode (a hydrophobic entity) is

facilitated. Furthernore, enzynme-nediator interaction is aided by the

hi ghl y accessi bl e nature of redox nediators attached to the hyd;géégt\gt
04

pol ymer arnms of the redox polynmer. 3 PATENT Atto Do ket
[0013] Al'so, an el ectrochenical -based sensor accor CX ogﬁ*

the present invention includes an el ectrode (such as a carbon el ectrode) and
a chem cal conposition that includes a redox polynmer coated on a surface of
the electrode. The redox pol yner of such an el ectrochem cal - based sensor

includes a h hObIC olyne backban | east one, hydrophili.c pol
arm at t ached ﬁgd’t%ﬁ ?ﬁ)ﬁﬁﬁiet? Tpefiepies ik b@é@kﬁ?ﬁ?‘r’é aa?ﬂ!gl&gét G?ET“#’ t?édox

medi at or s att Efad‘éd
DESCRI PTI ON OF Setnp(gs i OlrérlkfluEl ettgéncblat9 ééfrdsitagg %ﬁgﬁg%&?ﬁe) eatur es and

advant ages of chémicpl @sgmisitioniiaihdlodesw redoxosolphtradoard dnya suefaee efithe to t he
fol lowing detailed description that sets forth illustrative enbodi ments, in
whi ch pri nci plelsstrade. e redexeprlywsr afr%lcty@n rlestEerhemyial-based sgpsos pprdures Ag

drawi ngs in t 015]
FIG 1is a ;\1%%%%?# ﬂgcgpglgﬂﬁ Fﬁ%&bg ep |c ﬁgﬁkoy&gs iruggg)mﬁnﬁr ?&f&d&gé@l

el ect rocheni caldiephétc pé fb@dkfbﬁﬁdaﬂlga plaratity fcedpt atrema&ﬁb@t@hchemto @khbhe
present invention; [0016?ml G 2is asinplified schematic representation of
redox pol ymer $he hydeenhdliaplymeratapl ary enbodi nents of the present invention
i mobilized on an el ectrode of an el ectrochem cal - based sensor; [0017] FIG
3is asinplified depiction of a reaction sequence for synthesizing a redox

pol ymer according to an exegREEF DESTRIPTHON OF DPRAWIRGSNt i nventi on;

[0018] FIG 4 is a cyclic voltammogram of an el ectrode coated with redox
[0014] 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 in which like numerals represent like elements, of which:

[0015] FIG. 1 is a simplified schematic depiction of a redox polymer for use in
an electrochemical-based sensor according to an exemplary embodiment of the
present invention;

[0016] FIG. 2 is a simplified schematic representation of redox polymers
according to exemplary embodiments of the present invention immobilized on an
electrode of an electrochemical-based sensor;

[0017] FIG. 3 is a simplified depiction of a reaction sequence for synthesizing

a redox polymer according to an exemplary embodiment of the present invention;

[0018] FIG. 4 is a cyclic voltammogram of an electrode coated with redox
polymer 300 of FIG. 3;
[0019] FIG. S is a cyclic voltammogram of an electrode coated with

Compound 1 of FIG. 3;
[0020] FIG. 6 is a cyclic voltammogram of an electrode coated with a mixture

of the redox polymer 300 and Compound 2 of FIG. 3; and



pol ymer 300 of FI G 3t Lbddet=l-G 5 is a cyclic voltammogram of an
el ectrode coated with Conpound 1 of FIG 3; [0020] FIG 6 is a cyclic

vol t ammogram of an el ectrode coated with a m xture of the redox pol ymer 300
and Conpound 2 of FIG 3; and 4 PATENT Attorney Docket No. DDI_SOM;]JTOOH]
FIG 7 is a sinplified cross-sectional depiction of an el ectrode B

el ectrocheni cal - based sensor according to an exenphtigpex:Rpekit MontDiB}-504e
present invention. DETAILED DESCRI PTI ON OF THE INVENTI ON [ 00221 To be

consi stent throughout the present specification and for clear understanding

of the presentooziyent i oFIGt hé  ghipliied erodedctibfidl depicabohel ebtrdde@fiaged for
terms used therein: [0023] The term "redox nediator" refers to any chem cal

moi ety capabl élesfrochgriealdesedsensar agensding io pmexsapnlpmigmirodimens o gharmipgeny ) or
oxi dation (don |{)n of an electron(s)) with both an electrode surface and
an enzynme. [O ﬂ] e term™ hydrophilic" refers to any chem cal species or
subgroup with a high affinity for aqueous solutions, such as water.
Therefore, a hydrophilic conpound tends to be attracted to, dissolve in, or
be absorbed in an aqueoBETAILEDIRESCRIBTEIONTOE ERE XINVENTEPNobi ¢c" refers to
any chem cal species or subgroup wth a low affinity for aqueous sol utions,
I ncl udi ng water. Therefore, a hydrophobic conpound tends to repel and not

be absorbed ”Pom aqueo%b"‘e@oﬂhbf&ﬁtthf&%ﬁ@ﬂttﬂ_@ﬁ‘re&&ﬁ% 'if%i%n&% Y&%‘I refers
to a polymer that has been nodified €.g., derlvatlze ) to includ e a

plurality of medoxtandidgaf meg)res[eﬁﬂﬁﬂnﬁéhghe folieviag sefumitians aredierxby providadfl a
redox polymer 100 accordhe/I to an exenplary enbodi nent of the present

i nvention. Red®xeHeiYssaHeIs: i ncl udes, a

[0023] The term “redox mediator” refers to any chemical moiety capable of
undergoing a reduction (accepting of an electron(s)) or oxidation (donation of an
electron(s)) with both an electrode surface and an enzyme.

[0024] The term “hydrophilic” refers to any chemical species or subgroup with
a high affinity for aqueous solutions, such as water. Therefore, a hydrophilic
compound tends to be attracted to, dissolve in, or be absorbed in an aqueous solution,
[0025] The term “hydrophobic” refers to any chemical species or subgroup
with a low affinity for aqueous solutions, including water. Therefore, a hydrophobic
compound tends to repel and not be absorbed in an aqueous solution.

[0026] The term "redox polymer" refers to a polymer that has been modified

(e.g., derivatized) to include a plurality of redox mediators.

[0027] FIG. 1 is a schematic depiction of a redox polymer 100 according to an
exemplary embodiment of the present invention. Redox polymer 100 includes, a
plurality of hydrophilic polymer arms 110 attached in a pendant manner (i.e., attached
at a single point) to hydrophobic polymer backbone 120 of redox polymer 100. Each
hydrophilic polymer arm 110 includes a plurality of redox mediators 130,
schematically depicted by the letter “M” in FIG. 1. Such redox mediators can, for

example, be covalently or otherwise attached to hydrophilic polymer arms 110.

{0028} Since hydrophobic polymer backbone 120 can be readily and securely
attached to an ¢electrode or other component of an electrochemical-based sensor (as

described below), redox polymer 100 has the ability to immobilize redox mediator
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plurality of hydr ophit-ie-—mempseer—arns 110 attached in a pendant manner
(i.e., attached at a single point) to hydrophobic polyner backbone 120 of

redox polymer 100. Each hydrophilic polymer arm 110 i ncl udes a pl ural i ty of
redox nediators 130, schematically depicted by the letter "M | %ﬁiﬁt
i’ ched

Such redox nedi ators can, for exanple, be coval ent
to hydrophilic polymer arnms 110. [00281 Since hyd%iﬂ%’&yg %f&ﬁe one
120 can be readily and securely attached to an el ectrode or other conponent

of an el ectrochem cal -based sensor (as described bel ow), redox polyner 100
has the abili 1190 ingthe vty dfze d@doxhem'daldtaeq:d Enm’r@lﬁbtro,dt:t Epnesar@d@ket No.

DDI - 5047 130 Vi Cl n| t ect m < bas sensor,' s el ect rode
For exanpl e, %’ﬁl‘u B%l?ag? ‘Pneb %}“6 g’n Béur éﬁé‘(fa{b(?nt he surface
of a carbon le@t%deoﬁ@a lﬁy&oﬁh&){@'{&&Q&mnooe't\ﬂée%ﬁ@ﬂ%dp%bl%fa eNPILAP BRI C

backbone 120 and such a carbon el ectrode surface. [0029 FurthernDre a
plurality of aeatbanplediradecsusfaeg.e attached to each hydrophlllc pol ymer arm
the nediating capability of the redox polynmer is not unduly [imted.

Mor eover, al though attached to a hydrophilic polymer arm the redox

medi ators 1ot fipoRn adeBARENARL i iitahe) JrAUREALYbALEE Al I edoX

enzyne to e el ectrons aﬁ exchange el ectrons wt

el ect r ochem chydrbpisiic polyaies arm, Shehmdhtlﬁg%pabﬂﬁﬁﬂﬂthhﬁéﬁoﬁmﬁ ipabtyundaly
backbone 120 can be_any suitabl e hydrophobic ol ymer backbone known to
those of ski | lmytgds Morggyer, aﬂthemg}bntég f‘aP o QPBil}fd?ﬂlWﬁt%'m thewegorased

nydr 9phob! ¢ PRINIRS RASK B MRediic Sy PBL LIRS M TR AL R Ehm g Y Ter

backbone)) . I's circuns I'C hature o nparts a

relatively hi belﬂﬂ@cﬂ@ctﬂfns ayd@sRe Itts)@maﬁge al&tﬁomWMcimmﬁ’abﬁerﬂeMméd

backbone. Alternatlve‘éédrophoblc nononers suitable for use in hydrophobic
pol ymer backBgerss electrasigox pol ymers according to the present invention
i ncl ude, but are not

[0030] Hydrophobic polymer backbone 120 can be any suitable hydrophobic
polymer backbone known to those of skill in the art, including a methylmethacrylate
(MMA) based hydrophobic polymer backbone (e.g., a poly(methyl methacrylate)
polymer backbone)). In this circumstance, the hydrophobic nature of MMA imparts a
relatively high degree of hydrophobicity to the hydrophobic polymer backbone.
Alternative hydrophobic monomers suitable for use in hydrophobic polymer
backbones of redox polymers according to the present invention include, but are not
limited to, hydrophobic acrylate monomers and hydrophobic vinyl monomers.
Examples of such hydrophobic monomers are styrene monomers and buty!l

methacrylate monomers.

[0031] Hydrophilic polymer arm 110 and attached redox mediators 130 can be
any suitable hydrophilic polymer arm and redox mediator(s) combination known to
those of skill in the art, including, for example, hydrophilic polymer arms with
attached redox mediators formed from a combination of N-vinylpyrrolidinone (NVP)
and vinyl ferrocene (VFc). Furthermore, the redox mediators of redox polymers
according to the present invention can be any suitable redox mediator including, for
example, ferrocene, osmium redox mediator complexes, quinone redox mediators,

ferricyanide redox mediator, methylene blue redox mediator, 2,6-dichloroindophenol



limted to, hydrophohicaekate nononers and hydrophobi c vinyl nononers.
Exanpl es of such hydrophobi ¢ nononers are styrene nononers and butyl

nmet hacryl ate nononmers. [0031] Hydrophilic polyner arm 110 and attached redox
medi ators 130 can be any suitable hydrophilic polyner arm and redox

medi ator (s) conbination known to those of skill in the art, i ncl BATEQ'T f or
exanmpl e, hydrophilic polymer arnms with attached rdiioneyParksatdios: PBFE from
a conbi nation of N-vinylpyrrolidinone (NVP) and vinyl ferrocene (VFc).
Furthernore, the redox nediators of redox polynmers according to the present

i nvention can rédxanydisit, thibhie redbmemstoa teallodyafing ddost méditor, SXdpRER]
ferrocene, osm um redox nedi ator conpl exes, quinone redox nedi ators,

ferricyani de redtsmedigionapd anyreembinatenstihereoff edox nedi at or,
2, 6-di chl or oi ndophenol 6 PATENT Attorney Docket No.: DDl -5047 redox
medi ator, thionine redox nediator, gallocyanine redox nedi ator, indophenol

redox nedi atongozppd any HGMid@dihpisied BicRRtic rdpP3Rthtibh 6F fofir k&loR pdlymirs f i ed

schematic representation of four redox polymers 100 according to
enbodi ment s ofl 00 kecopdiag émembedimmenised thepresent inventiaprinumotelizest orodteclecttndtace

(E) of an electroc I cal - based senspor. .In th l,ct.ion o I 2, one of

the redo o ;g%ﬁfgﬁ?_efar} Eg?wéﬁgﬁig?%éﬁmr-%ff? g;m@a%wggﬁ@%mm%?hz na

i ncl udes an 1 , : ; o]

illustrate the n(%(\r/lﬁra?gr%irﬁ V\hsisclzlh reuéo&dcrﬁr%%i“?%lgﬁsal\% ar gﬁgg%gmpg%cmégg angi ng
el ectrons wi t hcevesiten(AdeFEur¥ masimplifettdepadion inteadedeo Riustfa@B8 inaéner iski | | ed
in the art wll recqgni 23 t ha redoxﬂg‘?é me RE.is _ essentially a protein

structure wit Avhich Tedox nediatqrs M precap ??‘:Chﬁﬁ"ﬂ&%lF?ffﬂ"_é withelecfeodgisugacen j s a
Bl ucose) and SxRaiTele N S0 OF accept) an ol eotron with the anal yie.
[00341 In the depiction of FIG 2, hydrophobic polyner backbones 120 are

[0033] One skilled in the art will recognize that redox enzyme RE is

essentially a protein structure with an active site(s) A therein. Furthermore, active site

A is a portion of redox enzyme RE that can selectively recognize an analyte (e.g.,

glucose) and exchange (i.e., donate or accept) an electron with the analyte.

[0034] In the depiction of FIG. 2, hydrophobic polymer backbones 120 are
adsorbed, or otherwise adhered, to electrode surface E. This adherence results in
redox polymer 100 being immobilized to electrode surface E such that redox polymer
100 (and redox mediators M) does not detach from and/or leach away from electrode
surface E when the electrode surface is immersed in a liquid sample. Such adherence
is a highly desirable attribute in electrochemical-based sensors, especially
electrochemical-based sensors that measure glucose continuously i vivo and ex vivo,
since redox mediator M can be toxic to humans. If redox mediator M were to leach
away from the electrode surface, there is a risk that redox mediator M could enter a
human body. In addition, since electrochemical-based sensors require redox mediator
M for operation, it is important that the redox mediator not be capable of leaching

from the vicinity of the electrode surface.

[0035] As depicted in FIG. 2, hydrophilic polymer arm 110 can be adapted to
associate with redox enzyme RE such that pendant redox mediators M (i.e., mediators

that are attached to the hydrophilic polymer arms at a single point) penetrate redox
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adsor bed, or ot herw-se—seremee—t0 el ectrode surface E. This adherence
fesults in redox polyner 100 being i mobilized to el ectrode surface E such
that redox polyner 100 (and redox nediators M does not detach from and/ or
| each away from el ectrode surface E when the el ectrode surface i Jr rsed
in a liquid sanple. Such adherence is a highly desirabl t1 ib%ﬁ;

el ectrocheni cal - based sensors, especially el ect r OXIOERRY, ?C-?‘Bhg j

t hat measure gl ucose continuously in vivo and ex vivo, since redox nediator
M can be toxic to humans. If redox nediator Mwere to |each away fromthe
el ectrode sur émayme Rendbécons sru'ffsdieﬁt}yaﬂoseeol eotivessite & torenvble@idction titansfen

human body. addi ti.on, lnc ctrochem cal - hased senso%@dreqw re redox

medi at or M fg‘? 8%’?3&?1‘8}? 1th tCRAYIE 1nge thergds @ REMRILY 9f T8k be

capabl e of t As
depicted i n FI My% rophi d“ﬁ?tgdcg% gﬁ)ﬁ%ﬁﬁ)ﬁ}f&r%gk ggwg%%gﬁéggggxo‘mgégém ate
wi th redox enk@Oﬂmsl%Eelmmblythlrgt mpdmtiantorrdachmmr(ﬂﬂnchhmelatmay hxgh medi®itinat or s

that are attached taq the hy rophlllc p mer arns at a singl.e point)
penetrate redeSnIHCHA CHPRRP ORpONE 1efgx mgdiatax Aty Lo REOtBFFd become

sufficiently | t f1% t n
redox nedi at Ofel a eg&t&%@sgnl? aEr%gméE’ é%'gsﬁgogmﬁgg@% gqghfﬁhﬁnﬁ%ﬁ@% 12?5 érﬂgegox
medi at ors M pgndiffusd beméémh@deﬁzymacm ahd electpddel suefageol theebpiransidring r edox

polymer 100 has a relatively high nmediation conductivit Such a relatively
hi gh medi at i oflectensdipe pefivieysitg | me@m@w&ﬁ B dntthléﬁ%‘aﬁi the igrm oexibled ox

medi ator enti
hydr ophi lic a%ér%r%i ﬁlg%ltﬁ]&g%‘frée%gﬁ{e(xﬁggh%%hlfg%]L[ﬁoﬁyto m% Cél?%\&?eﬁl Wgélrsl r edox
enzyme RE andfietibility RACasof bowe ldngt dthe Bydrbpkilis hend, it cresstiak rd@mtyf f@m

active site Ato electrode surface E. In this regard the term"fl exible"
refers to theﬂneemw@mbmwaliln@hwmbmﬂ qheragtenistiespfibepolymeni n a

Chei - crosst i MRBanEppyHich be Wil bhicaPmnethEREl "and crystalline or
anor phous characteri st [ cs of the polyner

[0036] Redox polymers can be formed by any suitable technique known to

those of skill in the art. For example, FIG. 3 is a simplified depiction of a reaction

sequence for synthesizing a redox polymer 300 according to an exemplary

embodiment of the present invention.

[0037] The reaction sequence of FIG. 3 includes co-polymerizing NVP and
VFc to form Compound 1 (see step 1 of FIG. 3), derivatizing Compound 1 to form
Compound 2 (see step 2 of FIG. 3), and subsequently grafting Compound 2 to MMA
(see step 3 of FIG. 3) to form redox polymer 300. One skilled in the art will recognize
that redox polymer 300 can be characterized as an amphiphilic graft copolymer
bearing covalently attached redox mediator moieties (namely, ferrocence moieties).
As will be described in the Examples below, such a redox polymer is useful in

electrochemically-based glucose sensors.

[0038] In FIG. 3, the mole ratio of NVP to VFc in each of the hydrophilic
polymer arms of redox polymer 300 is represented as m:n. Furthermore, the mole
ratio of MMA monomers in the hydrophobic polymer backbone of redox polymer 300
to hydrophilic polymer arms of redox polymer 300 is represented as p:q. In addition,



mat eri al from whi-eh—tire==pmamophilic arns are forned. [0036] Redox pol yners
tan be forned by any suitable technique known to those of skill in the art.

For exanple, FIG 3 is a sinplified depiction of a reaction sequence for

synt hesi zing a redox polyner 300 according to an exenpl ary errbo of
the present invention. [0037] The reaction sequen of F %
Adto tr3Ni%| @Iﬁ

co-polynerizing NVP and W to form Conpound 1 (s SR (o

derivati zing Conmpound 1 to form Conpound 2 (see step 2 of FIG 3), and
subsequently grafting Conpound 2 to MVA (see step 3 of FIG 3) to form
redox pol ymeroBodilledia tlekart wallirdcogninethat thewgdox mestiasgnofnedox helymeeddkispol yner
300 can be ch racter ed as an anphiphilic graft copolymer bearing
covalently at g(?ﬁ‘:é"(? dox medi ator noieties (nanmely, ferrocence noieties).
As will be described in the Exanples bel ow, such a redox polyner is useful
in electrochem cally-based glucose sensors. [0038] In FIG 3, the nole
rati o of NVP H3%Fc in Ebeto-polyticszaticarafistepl 1iquIGoB yambe perfionef in ddox

pol ynmer 300 is r ented as..mn rnor.e, rati o of, MVA
nonomers in tW&Sq‘?g ﬁﬂgﬁpﬂxﬁg}aﬁ%@gg@bﬁﬁé&%f‘n ﬂ%%g})%b%%w “z’[‘th
hydrophilic p I [

addition, 8 i%{,&iyrﬂgﬁl\#l&iﬁg?lg F\%{/Q%g)gﬁgghﬁgﬁd i3D(I‘;,l)ﬂli)[hSa[(S)h rﬁg@E I?ngx%lg t e art
wi | | recogni zequérae of FEGr 3 dmpondd dtoan be teferetbo ascmlhgum vidlpyrmlidbes) wittene
(Fc). [0039] The co- pol rrerlzatlon of step 1Lin FIG can be perforned in
the presence 88100?%5?16% Na&rfeT Sxanmte, eqyolpwlys\gwsht in Aheysase of gt he

co- pol yneri z Q1> A T 1#% plqvg,

hydr oxyl grouéﬂo(ap t@ﬁgo ;%g@%?on Hslélkugwge 0 %ﬁﬁ%%@%ﬁ%oun '%\F(E:Qh"be
referred to am: @Iaf@ﬁfpounmylcpu,rfbnéxMQ)bemm the rafiger of@bene] 009 Ridbeat BOUS.has,
for exanple, a nolecular wei In_the range of from about 5,000 to 15, 000

gr ans/ mol e. Firaddigionpthe malp %f?d?fép BN} empioyedm step &of FIG. 3 can be, for

example, in range from about 0.5:1 to about 3:1. Once apprised of the present
invention, one skilled in the art will recognize that Compound 1 will form a
hydrophilic polymer arm with a plurality of redox mediators in redox polymer 300.
One skilled in the art will also recognize that conventional polymerization techniques
will create hydrophilic polymer arms with a statistical distribution of redox mediators
attached thereto. However, the polymerization techniques can readily be conducted
such that a significant proportion of such hydrophilic polymer arms include a plurality
of redox mediators and the hydrophilic polymer arms can, on average, include a

plurality of redox mediators.

[0040] In the reaction sequence of FIG. 3, the ratio of IPEtOH to NVP
predetermines the molecular weight of Compound 1. A relatively high proportion of
IPEtOH will result in Compound 1 being of relatively low molecular weight.
Conversely, a relatively low proportion of IPEtOH will result in Compound 1 being of
relatively high molecular weight. The molecular weight of Compound 1 can,
therefore, be predetermined such that the hydrophilic polymer arms of redox polymer
300 are long enough and flexible enough to enable rapid electron exchange between
mediators attached to the hydrophilic arms and a redox enzyme. However, it has been
determined that if the hydrophilic arms of redox polymer 300 are too long, redox

polymer 100 can detach from an electrode surface. In accordance with the molecular



m n) of Conmpound 1 Cal d<edsm@xarple, be in the range of about 100:1 to about
100:5. In addition, the nole ratio of | PEtOH NVP enployed in step | of FIG
3 can be, for exanple, in range fromabout 0.5:1 to about 3:1. Once
apprised of the present invention, one skilled in the art will recognize
that Conpound 1 will forma hydrophilic polymer armwith a pl ur aPATENGE
redox mediators in redox polymer 300. One skill edAttamenBogket Noi:|PDRH@EY
recogni ze that conventional polynerization techniques wll create
hydrophilic polynmer arms with a statistical distribution of redox medi ators
attached ther gfefsht HRB YiBted abbfe B MORThEASS A, HRVEIEE aEmberof €Res by be
conducted such that "a S|gn|f|cant proportion of such hydrophilic polyner
arns incl ude &opiperad i cgn baifor exdenpleren thetrange offtpnn Breatey thaophtiol aboutpbl yner
arnms can, on average, include a plurality of redox nediators. [0040] In the
reaction sequence of FIG 3, the ratio of IPEtOH to NVP predetermnes the
mol ecul ar wei g4g41pf CompomBRidlbe dtddethad it 6&h hytirphiRE SRREItET MY P taPEt OH wi | |
result in Conpound 1 being of relatively | ow Tolecul ar wei ght. Conversely,
a rel ativel y hnoparprtbpoaiatively ligh dBgeOpf hydrophilistyl to thenhydoopiolapolymeeamt off

rel atively high nol ecul ar i.ght .. The, nol ecul ar wei ght of nmpound 1 can,

t heref ore, beg"pﬂoéd’é’ @%%HQS%%W“W ydy H@ﬁﬁm%ﬁ}?a&’lrﬁcﬂ%%?’wl of redox
pol ymer 300 ' edq)q,m, (=Yl ctron
exchange bet mggﬁ"legg%flgtﬂg}régb%ﬂ%é%gg%(Q)istgﬁgﬂ%}g?é% ixl I C agrrsrg% nglt(fedox
enzynme. Howevexemplhrytemsbdd@eents déthepnesermdnvdmion isich dxe fdriestamplel hydroayetisyl of
redox polynmer 300 are tooQ | ong, redox, polynmer 100 c?n etach from an

el ectrode sur fethacrylae Ndsgpaenydasrylpmiie; gycerp) methecryla AF idgs (Beney
Docket No. : : 7 | | : | , the
aver age nurrb([a)rlak1 (1)1? 9%@%%@?1 rE%%nggfrP\%%%e@é%ﬁ%@?%@%%a@%ﬁ%&?é\nﬁrg range of
from greater ifémert hiydrophididtmohomdr§)@hdrigeb shadbié acchadingly &thde h@thel synthsti¢ he
hydrophilic character of NVP that inparts the relatively high degree of
hydr ophi i ci t yequenéef HGed ophi | i ¢ pol yner arns of

[0042] At step 2 of FIG. 3, Compound 1 is derivatized with
methacroylchloride to form a methacrylate end functionalized macromonomer
(Compound 2). Compound 2 has an acrylate group capable of forming a graft
copolymer with the hydrophobic polymer backbone of redox polymer 300.

[0043] At step 3 of FIG. 3, Compound 2 is copolymerized with MMA to form
redox polymer 300. It should be noted that following step 3, Compound 2 has
essentially been transformed into the hydrophilic arms of redox polymer 300. Redox
polymer 300 is an amphiphilic graft co-polymer with the characteristic of adhering
strongly to an electrode and the ability to exchange electrons with redox enzymes. In
addition, redox polymer 300 is soluble in various common organic solvents, such as

alcohol, allowing for easy dissolution and manufacturability.

[0044] Redox polymer 300 has, for example, a molecular weight in the range
of about 20 Kg/mole to 80 Kg/mole. Furthermore, the mole ratio of p:q can be, for
example, in the range of from about 50:1 to about 150:1. The ratio of p:q is
predetermined such that the redox polymer has a hydrophilic-hydrophobic balance
allowing the hydrophobic polymer backbone, or portion thereof, to be securely

attached (e.g., securely absorbed) to an electrode surface. At the same time, the

10



redox polynmer 300. Alierladdede--hydrophilic nmononers having acrylate or vinyl
pol yneri zabl e functional groups can al so be used in redox polynmers according
to exenplary enbodi nents of the present invention such as, for exanple,
hydr oxyet hyl nethacryl ate, N-isopropyl acryl am de, glycerol nethacrylate and
acrylamide. One skilled in the art will recognize that to enpl oyP&ilENdr ent
redox mediators and/or different hydrophilic nondktarsey Bpekeyle. dMalibeh e
accordingly nade to the synthetic sequence of FIG 3. [0042] At step 2 of
FIG 3, Compound 1 is derivatized with nethacroylchloride to forma

met hacryl at e @pgrophific o iaARsloNMA6 FITRPHOMRer atCHITGNAd1 0 fREly &kBdfiddntot 2 has
an acrylate group capable of formng a graft copolyner with the hydrophobic

pol ymer backbéfeidspmpledbst ipunersesisugnan elego®l At step 3 of FIG 3, Conpound
2 is copolynerized with MVA to form redox polymer 300. It should be noted
that followi ng step 3, Compound 2 has essentially been transforned into the

hydrophi l'i c ajegspf redepshe@ldbERioteBat iRRABX hyROPHOTRS chaPletdrdf AMvahhd philic
graft co-polynmer with the characteristic of adhering strongly to an

el ect rode and impatsadyielativglythighedegnemefdrydrapbobioity tonhe hydreghebie pelymes. | n
addi tion, redox pol r .300 is s ble in.variou ommon _or gani ¢, spl vent s,
Such aa al coRBToonY PEisRG pemebatd s e ROt TR aRE i f e
[00441 Redox polepe BORr ordif to%BMBlaBy erfib SinRhtd R e frb @Rt ivBnddie range
of about 20 Kg/ nol eb(t)o 80 Kg/rrmrl%re. Fur H;ﬂ?mre, theonnle\gﬁratilo of p:qg can
be, for exanpichde for ehamplaniyeirofhobraarrdite vt vB§! thohamentspsitch BS6tyteneBheé rati o
of p:qis pr degerg}'&neij such that the redox polyner has a
hydr ophi | i c- hYHPOPREBFY'A% ance al | owi ng t he hydrophobi ¢ pol ymer backbone,
or portion thereof, to be securely attached (e.g., securely absorbed) to an
el ectrode surface. At the same tinme, the 10 PATENT Attorney Docket No.:
DDI - 5047 hydrophilic polynmer arnms of tEXAMEPIOERSpol yner are allowed to freely
extend into a

[0046] Example 1 — Synthesis of Compound 1 of FIG. 3

[0047] Compound 1 of FIG. 3 was synthesized via free radical co-

polymerization using a reaction solution of 10.2 g of NVP, 0.88 g of VFc and 0.05 g

of 2.2’-azobisisobutyronitrile (AIBN) in 15 ml of IPEtOH. The synthesis was

performed in a round bottom flask.

[0048] Before initiating the synthesis, 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. Compound 1 in the reaction solution was dissolved in dichloromethane
and precipitated from the reaction solution with diethyl ether. Next, the precipitated

Compound 1 was filtrated off and dried in an oven at 50 °C.

[0049] Example 2 — Synthesis of Compound 2 of FIG. 3

[0050] Compound 2 was synthesized by reacting 2.0 g of Compound 1
(prepared as described in Example 1 above) with 0.8 g of methacryloylchloride in the
presence of 1.2 g of dry triethylamine in 20 mL of dry dichloromethane. The reaction
was performed overnight in a round bottom flask at room temperature with continuous

magnetic agitation under a nitrogen atmosphere.

11



i quid sanpl e that llkekees-~such an el ectrode. [00451 It should be noted
that it is the hydrophobic character of MVA that inparts a relatively high
degree of hydrophobicity to the hydrophobic polynmer backbone of redox

pol ymer 300. Alternative hydrophobic nononers suitable for use Lﬁgﬁfdox
pol ymers according to exenplary enbodi nents of the present i nvents

i ncl ude, for exanple, hydrophobic acrylate or vAH9meRBaskeiNo.: DIM1042
styrene and butyl nethacrylate. EXAMPLES [00461 Exanple 1- Synthesis of
Compound 1 of FIG 3 [0047] Conpound 1 of FIG 3 was synthesized via free
radi cal co-[opsilyneri ZHid reactiohi soitidnves cibsequatlywtdshed with hGoRitignof NVP, 0. 88
g of VFc and 0.05 of 2.2'-azobisisobutyronitrile (AIBN) in 15 m of

| PEt OH.  Thesosiaming BilsN {id, 0.5aY pefasssem icarbghate andidisblebwater. ahe ongawgs] Bef or e
initiating I3 ' ' y

bubbl i ng ni‘%h?geg‘zﬁrﬁtﬂ% E%?ié‘?‘ﬁrsé@g‘ﬁhf%‘gagtt%ér?m‘e%ﬂg%}g& %°\Q{r%§%tg¥?%%gﬁﬁ‘gégg%a§' t hen
heated to et@péraiof aBidofi tempataturt ahdet4edieud predéurd) thareby produsingapasfied
agitation under a nitrogen atnosphere. Conpound | in the reaction solution
was di ssol vampiaoifienparndriet Heurifigd gappledif Siompoaad £vms skhiequentbr drisd

sol ution mh h %%%5%@0 her. Next, the precipitated Conpound 1 was
filtrated o an ried”’in an oven at 50 C. [0049] Exanple 2 - Synthesis of
Compound 2 of FIG 3 [0050] Conmpound 2 was synthesized by reacting 2.0 g of
Conpound 1 é repared as described in Exanple | above) with 0.8 g of

met hacryl oyi089]or i de Example 3 pbpathasie oba redox pplymeriageordingtthyanam ne in 20 nl

of dry dichl or otet han The reaction wa rfornmed rpight..in a round
bottom f| as‘fznolé(f‘{'re?‘(ﬁgﬁ?f@ﬁr%?ﬁ"gf'bve\ﬁ??ﬁ ('C%’ri't‘?‘fﬂmymﬁ’égwg?f] tﬁg'gq)t ation under a
nitrogen atggesnhere. RddoRAbENer 30Y K ARYipRNRyNG) wabBmBifzed by free

radical co-polymerization using 1.0 g of Compound 2, 6.2 g of MMA, and 0.06 g of

AIBN in 60 mL of 1-pentanol. The reaction was performed in a round bottom flask.

[0054] Before initiating the reaction, the 1-pentanol solvent was deoxygenated
by bubbling nitrogen therethrough for one hour. The reaction solution was then

heated to 70 °C in an oil bath for 24 hours with continuous magnetic agitation under a
nitrogen atmosphere. Redox polymer 300 was precipitated out of the reaction solution

with diethyl ether and then dried in an oven at 50 °C.

[0055] Example 4 — Electrochemical Evaluation of Redox Polymer 300 of
FIG. 3
[0056] A glassy carbon electrode (GCE) was dipped into a solution containing

redox polymer 300 (prepared as in Example 3 above) dissolved in 2-isopropanol. The
GCE was immersed in phosphate buffer saline (PBS) and tested using cyclic
voltammetry (CV) at 20 millivolts/second between -0.1 to 0.5 volts vs Ag/AgCl. The
presence of reduction and oxidation peaks between the tested voltage range (as shown
in FIG. 4) indicated that electroactive ferrocene was immobilized onto the GCE.

Sixty CV scans were performed and the results indicated no significant decrease for
the oxidation and reduction peaks, which indicates that redox polymer 300 did not
wash off the GCE.

12



00511 The reacti-er—setwmem—was—subsequent|ly washed with a sol ution
ontaining 0.1 N HCl, 0.5 N potassium carbonate and distilled water. The
organi ¢ phase of the resulting solution was then coll ected and concentrated

by using a rotary evaporator at roomtenperature under reduced &;ﬁ%fe,
of
r4g -

t hereby producing a purified sanple of Conpound 2. The purifj.ed
Conpound 2 was subsequently dried in an oven at ééto@ey[%leh%(m

Synt hesis of a redox polyner according to an enbodi ment of the present
i nvention (i.e., Redox polynmer 300 of FIG 3) [0053] Redox polymer 300 (an
anpi phi lic pol0@Agk) wasEzgmplesSi- Flertinchemical Evaliiatiah of Copapounsy2 zat i on usi ng

1.0 f Co 2, 6. f d 0. f LAIBN in 60 nL of | .
- pe n? aﬁol . ?ﬁ@ldsg]act i ong‘\é%sgﬁg?%? ﬁ@gm?(% @%ﬁglﬁﬁf d&ﬁeﬁd%lopal sggtmon cﬁB@S’&Tg
Bef or e i ni ti abbRgobie2 (PaskEPS in'Bidmple PRBENGksctMantissopairaxyaearied by

bubbl i ng nitrogen therethrough for one hour.” The reaction solution was then
heated to 70 ®asimmersed in phasphatobuffet shine (®BS) amd wontested asmgragliet i ¢

itati d i t t msphere. Red 30 i pi tated
o0t of the. 1 oRtREtStCOrt 20 PGB BHoRBrO im0 e AR Hn oven
at 50 C. [ 005B}arfpx@aPing rﬁ‘ag‘nitﬁhce&ittﬁ@GQEH!i&%nd%’éC%ﬁEd)fﬁh';féﬂkéﬁecﬁﬁg&?(raﬁ’ﬁW mer 300

of FIG 3 [0056] A glassy carbon el ectrode ( was di pped into a solution
contai ning reghmwsupassime CV3@ang (s shawec BHE. iSh EriamplieatS thbiioVanpdimsbl ved i n
2-isopropanol . Th i mmer sed in phosphate buffer saline (PBS) and
tested using Wﬁgﬂegé’ff\%gpﬁetry (CV) at 20 mllivolts/second between -0.1 to
0.5 volts vs Ag/AgCl. The presence of reduction and oxi dation peaks between
the tested voltage range (as shown in FIG 4) indicated that el ectroactive
ferrocene was[0089pbi | i zEslamples + Recdtédchemivak Eyakidtion af Redox ®opandrad3006d and
the results indicated ng significant decrease for the oxidation and

reduction peathe Presance of COMPOUBE % hat redox pol yner 300 did not wash of f

the GCE. 12 [0060] A glassy carbon electrode (GCE) was dipped into a solution containing

mixture of Compound 2 and redox polymer 300 dissolved in 2-isopropanol. The GCE
was immersed in phosphate buffer saline (PBS) and was tested using cyclic
voltammetry (CV) at 20 millivolts/second between -0.1 to 0.5 volts. Similar to
Example 4, the magnitude of the oxidation and reduction peaks did not decrease

significantly after 60 CV scans (as shown in FIG. 6).

[0061] This indicates that Compound 2 has a high affinity to the hydrophilic
portion of redox polymer 300, causing Compound 2 to also adhere strongly to the
GCE. In addition, the separation of the oxidation and reduction peaks in FIG. 6 is
smaller than the separation in FIG. 4, which suggests that the mixture of Compound 2
and redox polymer 300 has faster electron transfer kinetics than redox polymer 300
alone and demonstrates a beneficial effect of the homogeneous hydrophilic

environment provided by the hydrophilic polymer arms of redox polymer 300.

[0062] FIG.71isa simpliﬁéd cross-sectional depiction of a coated electrode
700 employed in an electrochemical-based sensor according to an exemplary
embodiment of the present invention. Coated electrode 700 includes an electrode 710
(such as a carbon electrode) and a chemical composition 720 coated on a surface of
electrode 710. The chemical composition includes a redox polymer (as described

above) with a hydrophobic polymer backbone, at least one hydrophilic polymer arm

13



PATENT Attt or ney—Deocket=miemmeppi—- 5047 [ 0057] Exanple 5 - El ectrochem cal
Eval uati on of Conpound 2 [0058] A glassy carbon el ectrode (GCE) was di pped
into a solution containing Conpound 2 (prepared as in Exanple 2 above)

di ssol ved in 2-isopropanol. The GCE was imersed in phosphate buffegygal i ne
(PBS) and was tested using cyclic voltametry (CV) tfat 2 m'Ib' VQ dﬁf?‘(ﬁgond
between -0.1 to 0.5 volts. In contrast to Exanpl PP ocrlfﬁ Prade ot 't he
oxi dation and reduction peaks decreased rapidly upon successive CV scans
(as shown in FIG 5). This indicates that Conpound 2 washed off the GCE

[ 0059] Exanpl @ttaghed @ the hydronkehic polymenbarkbonrm and a phgality Pbredew meaidgoisn  t he

P f Co 60]. A . b | de, (,GCE di pped
nto a sol uti BIRREheAfs phgEene nat B8 e BBhAET SRR L UB oo Yrer 300
di ssol ved in dohsapicanalso infladéFFedon@nizymelRicesd, f? cRiapRhAuBoRWxidike sal i ne

(PBS) and was tested using cyclic voltamietry (CV) at 20 m l'ivolts/second
bet ween -0.1 ooglocdedohydsogeBase. | achredoxmnaympéesecan bet fos exnargplet mgthogdtin-he

oxi dation and, redquctio eaks .di.d not .decyeas significantly after 60 CV
scans (as shofi#® ﬂrfylcea{lln%‘)“.%ef’é%’ﬁdl’?ﬂ?lg‘%ﬁ?&a es that Conpound 2 has a high

affinity to the hydrophilic portion of redox polynmer 300, causing Conpound
2 to also adhere strongly to the GCE. In addition, the separation of the
oxi dati on and{0063Lict i onlipbaild bemnf¢r§ood that varerslaltematiiesto ttheeersb@himantisofi i n

FI G 4, which_suggests .tha e m xture of Coppound. 2 nd redox pol yner 300
hhs fastor of BRURGRTOR Jenbed Reral LD HRHOTOIB P OIS SHisnish ke Ang

denonstrat es 1.¢ hal t YRS ol i ronnent
provi ded by tﬁlé ;!lgﬁﬂggﬁﬁfiogg%o frlr%{nstglraﬁ%@%?g ?ﬁ%ox po?ygn@@%gs%aﬁ%] FIG 7

i s a sinplifiedthorthe seopeaif tlenatladepamt thein eqiivaento bt edvertdtherebge 700
enpl oyed in an el ectrochem cal - based sensor according to an exenpl ary
enbodi nent of the present invention. Coated el ectrode 700 includes an
el ectrode 710
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(such as a carbon elecitosdemmand-a chem cal conposition 720 coated on a
surface of electrode 710. The chem cal conposition includes a redox pol yner
(as described above) with a hydrophobic pol yner backbone, at |east one
hydrophilic polynmer arm 13 PATENT Attorney Docket No.: DDI-5047 gig&ghed
to the hydrophobic pol yner backbone, and a plurality of redox med;

attached to the at |east one hydrophilic pol ymer a¥ameyDegkst Nad Dhel4/edox
conposition can also include a redox enzyme, such as, for exanple, glucose
oxi dase or glucose dehydrogenase. Such redox enzynmes can be, for exanple,
met hoxati n- b&EadM¥® ni coti nam de adeni ne di nucl eoti de based. [0063] It
shoul d be understood that various alternatives to the enbodi nents of the

i nvention described herein nay be enployed in practicing the invention. It
is intended Lhgh e AhieMigg cl ai ms define the scope of the invention and
structures within the scope of these clains and their equival ents be
covered thereby. 14 PATENT Attorney Docket No.: DD -5047 CLAIMS WHAT IS
CLAIMED I S: 1. A redox polyner for use in an el ectrochemn cal - based sensor
the redox pollymer AdEAgK palymgr fof uss iy asysletioshgipicyinhased semsero e 1ed@X | east one

hydrophilic p QEQ- .ached to the hydrophobic polynmer backbone; and a
plurality of ?Jé%gg?m a@t’oé's attached to the at | east one hydrophilic

polymer arm 2. The redaky@@biotic pofynet Badkbdne;Wherei n the hydrophobic
pol ynmer backbone is a » _
at least one hydrophilic polymer arm attached to the hydrophobic
polymer backbone; and
a plurality of redox mediators attached to the at least one hydrophilic

polymer arm.

2. The redox polymer of claim 1, wherein the hydrophobic polymer backbone is a
hydrophobic poly(methyl methacrylate) polymer backbone.

3. The redox polymer of claim 1, wherein the hydrophilic polymer arm is a
hydrophilic oligo(N-vinylpyrrolidinone) polymer arm.

4, The redox polymer of claim 1, wherein the redox mediator is a ferrocene-

based redox mediator.

5. A redox polymer for use in an electrochemical-based sensor, the redox
polymer comprising:

a hydrophobic polymer backbone formed from methyl methacrylate
(MMA) monomers;

at least one hydrophilic polymer arm attached to the hydrophobic
polymer backbone and formed from N-vinylpyrrolidinone (NVP) monomers; and

a plurality of ferrocine redox mediators attached to the at least one

hydrophilic arm and formed from vinyl ferrocene (VFc).

6. The redox polymer of claim 5, wherein the mole ratio of MMA monomers to

hydrophilic polymer arms is in the range of about 50:1 to 150:1.
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hydr ophobi ¢ pol y(net hyl-aeihacryl ate) pol yner backbone. 3. The redox pol yner
of claim1, wherein the hydrophilic polynmer armis a hydrophilic

ol i go(N-vi nyl pyrrolidinone) polyner arm 4. The redox polyner of claiml,
wherein the redox nediator is a ferrocene- based redox nmediator. 5. A redox
pol ynmer for use in an el ectrochem cal -based sensor, the redox

conprising: a hydrophobic pol yner backbone for negttémeynDackdiWNo.@Ph&04%| at e
(MMA) nononers; at |east one hydrophilic polynmer armattached to the

hydr ophobi ¢ pol ymer backbone and fornmed from N-vinyl pyrrolidi none (NVP)
mononers; and a plurality of ferrocine redox nediators attached to the at

| east one hydrophilic armand formed fromvinyl ferrocene (VFc). 6. The

redox pol ymdr of Theaedoxgolwhenraficieimife whetein thatmaele odtioMiN VB o vi¥Fcgs ingthe

hydr ophi li c _poly rne is in the range of about 50:1 to 150:1. 15 PATENT
At t or ney DO&E‘EFO;{%EQ&@J%@‘P%}%Q; redox polymer of claim6, wherein the
nole ratio of NVP to VFc is in the range of about 100:1 to about 100:5. 8.
The redox polymer of claim?7, wherein the redox polyner has a nol ecul ar

wei ght in ti8e rarde redoxa®lygémdflicaimd, 8herp thelredoxdpolifiner ias@anolpallgmer of
claiml1, wherein.there ar luralit f hydrophilic arns attached to the
hydr ophobi ¢ "&b rﬁ‘?‘ﬁfﬁﬁ@ﬂ@@%@r@@@@?‘&é’e, a plurality of redox

medi ators attached to each of the hydrophilic polyner arnms. 10. An

el ectrochem cal - based. sensor conprising: .an electrode; and a chem cal

conposi ti on Scoat ddiespAox nolymerQf cimy I wheredr thegsare aphrality of hydrophilic

arms attached to the hydrophobic backbone and there is, on average, a plurality of

redox mediators attached to each of the hydrophilic polymer arms.

10.  An electrochemical-based sensor comprising:
an electrode; and
a chemical composition coated on a surface of the electrode, the
chemical composition including a redox polymer with:
a hydrophobic polymer backbone;
at least one hydrophilic polymer arm attached to the
hydrophobic polymer backbone; and
a plurality of redox mediators attached to the at least one

hydrophilic polymer arm.

11. The electrochemical-based sensor of claim 10, wherein the chemical

composition further includes a redox enzyme.

12.  The electrochemical-based sensor of claim 11, wherein the redox enzyme is a
redox enzyme selected from the group consisting of glucose oxidase and glucose

dehydrogenase.
13.  The electrochemical-based sensor of claim 10, wherein the hydrophilic arm is

formed from at least one of N-vinylpyrrolidone, hydroxyethyl methacrylate, N-

isopropylacrylamide, glycerol methacrylate, acrylamide, and combinations thereof.
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" chemi cal conposition including a redox polyner wth: a hydrophobic pol yner
backbone; at | east one hydrophilic polynmer armattached to the hydrophobic
pol ymer backbone; and a plurality of redox nmediators attached to the at

| east one hydrophilic polymer arm 11. The el ectrocheni cal - basBdTEMHsor of
claim 10, wherein the chem cal conposition furtAitarnénPbekitNoa DREMenzyne.
12. The el ectrochem cal - based sensor of claim11l, wherein the redox enzyne
is a redox enzyne selected fromthe group consisting of glucose oxidase and
gl ucose dehydr O%BQ%troé&ml&h%aﬁ‘édes%M&%'ﬁ@ﬁhﬁQb WBSeH tﬁ@ﬂ?%pﬁkfbl&' ai m 10,
wherein the hydrophilic armis fornmed fromat |east one of

N-vi nyl pyrr QD?/ backlbym pa/forhyd frm&imwr@t@ mathylinsthacoypate, styrenea btk

gl ycerol methacr cr I am de conbi nati ons thereof. 16 PATENT
Attorney Dol a‘%’c& e, E’BBICO HSth?FFé’ ‘el ect rocheni cal - based sensor of claim
10, wherein the hydrophobic poI ymer backbone is a forned fromat |east one
of nethyl net hacryl ate, styrene, butyl nethacrylate, and conbi nations

t hereof . 17
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