PATENT Attorney Docket No.: DDI-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 electrocheni cal - bastAilTEETsors.
[00031 2. Descri pt| on of the Related Art [0004] Ail{bﬁ;eys:a)cmgtNo DDI-5047

el ectrochem cal - based sensors that enploy a redox nediator and a redox
enzyme in conjunction with an el ectrode(s) for the determ nation of an
analyte in a liquid sanple nterest in recent
years. Such el ectrochem cﬁ@@g%w gﬁi@gmed to be particularly
suitabl e for continuous EBECIERCHEMIGALBASED SEN %f anal ytes (such as

gl ucose) in bodily fluid sanples (e.g., blood or |nterstitial fluid

sanpl es). For exanple, elec b sensors enploying a
redox nediator, a redox enz&@ﬁ?mﬁiﬁg‘zﬁgﬁég{m 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 elj@@)il ode. RorFialdfafrthdventéacri ption of el ectrochem cal - based -
sensors, see, for exanple, U'S. Patent No.s 5,089,112 and 6 284,478, each
of which i 40002 eby fﬂhwresmwws@tﬂfaxr@&t%ymr@mélfaéﬁe@o Y9 sd, [im particular,

el ectrochenij ¢ I - based. sen tor facilitates electron
transfer bé? efshf%rru%eg&qécﬁrzocheltmflegﬁadg%qgﬁ%ctrode(s) of the

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

el ect r ocherf0@(3] - basedl gDescaption sbthediedated Arti s essential that the redox

OIS
medi at or d not rom the vicinity of the electrode. Therefore,
't s not dGdMIabi e afh %ﬁ ePlahenycal d2ad10Ts BULSIPIRYR 5ok BedRlh as

readily | eqghall g éﬂz&h%ﬁ@bﬁﬁﬁnct%%ﬂ%ﬁ PRACo A b iWe WRlehiHaRbn of an

analyte in a hquid 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, quinone derivatives, ferrocene, |ow nolecul ar weight 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 BSTEYkans or
ot her subjects, |eaching of the redox nedi at or AttameydDénlauiNos DI I-Hiiher
subject's body is undesirable and thus should be avoided. [0006] To prevent
redox medi ator | eaching, chem cal conpositions wherein redox nediators are
cheni cal | y ,akitiaf Nig the @6 L HRAI2BHZY TeSHsRALE HRE R hPHANQS HHnfaB of'§er I N

el ectrochem cal -based sensors. The redox enzynes of such chem cal

conposi t i onsbjectarieadningeaiahe ralokimeedidtoomica hahet’s or otsr dageassedyns enzy e
activity. [0007] Alternatively, redox nedi ators have al so been attached to
wat er - i nscomgemabloand il hopls Bamiodeai ns, such as pol ysil ozanes, in order
to prevent |eaching. Such chem cal conpositions, however, suffer fromlow
flexibility, and thus a reduced nediation activity, due to their

hydr ophobi qogwgjur e.  Refgrevem deddx0nsditRY Racihs L hesfih] 3bp6§186nd Whékinoxane

pol ymer backbones using hydrophilic eythel ené oxi de spacer conpounds.

Nonet hel esse¢dai medatoscare kireinisplly kiteched toyxetlen enzyniatchavphemr proposeddamnake

attaches only, one redox nedjator to the sil oxane polyner backbone,. the
medi ati on egﬁkssﬁf?ffhewwﬁ-b@ﬁ% EherFcane @3%8§¥W?§r?fip5§° ﬁ*ﬁ%@la%mqsmﬁm ed.

Furt her nor r i I ﬁ%rnq -y to hydrophilic
pol ymer bggﬁ’b%g%cﬁgff%g?&gSﬁ%g%%rgd%g)réc%%%?gi@e t %é\ﬁﬁé cure attachnent to

el ectrodes of an electrochem cal -based sensor. [0008] Still needed in the
field, therefore, is a chem cal conposition that can prevent the |eaching

of redox nd80@tor s f rddisrastavely, apdax medntorrhaye alsprbsenaipdal ibwated sensor' s

| ectrode whj | i nt ai nj h d di.ator’ tivity. In addition, th
cheni cal comEt Pamh ity Gol e s P phBafiaestit otlctioamelel ot t achment
to an el eqtdcafR. WucBBh&hRE! (REHARNIER] hPRSef sEEBSREm 1MW TRXNEBASEnd fudn

el ectrochem cal - o o ) _
a reduced 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 hmited.
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 such 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 |eachi ng of redox mediators from the vi |4‘1TE]§ of an
el ectrocheni cal - based sensor's el ectrode while dAdpmeailackgt Nad&ilai®7r edox
nmedi ator activity. In addition, the redox polyners can be efficiently and
securely attached to an el ectrode of an el ectrochenical -based sensor. [ 0010]

El ectrocheni cal - based sensor sspeiAR YO pnepRadiorent s of the present
invention include an el ectrode coated with a redox polynmer that prevents a

redox mediator included in the redox polyner fromleaching away fromthe
vicinity of the electrode while maintaining adequate redox mnedi ator
activity. [UY921] A r &rdexpelxmess fargee %}b%le‘FtFPCélﬁméqabéﬁeééﬁW%%ﬂmﬁh%@ sensor

oo "0 eh e LIS bR FSRN LR LS HERR By A oPob!

pol ymer bafkpone ro iPC po Iyner

backbone) apdsighit, 8ash emaocmméﬂmkéd s“enwsyér@dtro@emrﬁmmnﬁmﬁ hydrophilic
ol i go(N-vi nyl pyrrolidinone) polynmer arm attached to the hydr ophob| C

pol ymer baeé#tsoate redbremeduitr agtivyreln ﬂaildstwn theatdakemolpmptsisan be effiagéntlyedox
nmedi at or s urality of fe - based redox .nediators) attached
to each of gF%gecﬂgfg}fg% ihef Lo %%Flfﬁ%‘?‘{ C@f@i m’?ﬁg’aﬁ%%’ﬁ%bl c pol yner
backbone of redox polymers according to the present invention provides for

the redox polyners to be efficiently and securely attached to the surface

of an el ecfo@ohen calElbasmtemiabbased sensed dcodelingSonasbddiv@ents edte pol ymer
|ncI udes a plurality of redox mediators, these redox nedi ators can be
bi | i ze@rqsmttlnéerxﬂoalmlﬂ@e &1 eleefrods) costed avith a Rdek pphmssithat pagvents acan

de | t I t based t hat I
?Lev'el et r oo FHTGh ARl b R Fp S B e PSR o st o &
pol ymer W the dydroale mfﬂzlecmamtammg adeguate 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 (2 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 hydrophobi c backbone, electron transfer froman enzyne
(a hydrophilic entity) to the el ectrode (a hydrophobic entity) is

facilitated. Furthernore, enzyme-nediator interaction is aide

hi ghly accessible nature of redox nediators attached to t he @ﬁ% lic
pol ymer arms of the redox polymer. 3 PATENT At f8prey QeskridionyDl- 5047
[0013] Also, an el ectrochem cal -based sensor according to an enbodi nent of
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

i ncl udes aloﬂiﬁhr ophob”ilsO,mleﬂrmoCbelmkbbbﬁéed mnsomord@mgtowmmmﬂxmﬁnt gfol yrmer
arm attach to the dropgl%bl C glo ckbon a Iura ity of redox
e at or e HeEHEhIYEOLILROpReS fh S St doc Gergrdec | EF

DESCRI PTI 5»%5{ tures and
advant agegc\% ﬁ%\ggﬂgggﬁ{nqg%ﬁbgﬁ?%&%)ﬁ g%@%?% a%{ff%%?o effrtg%ce to the

fol I owi ng életmdsadncbemdox pblyater bhatcheatedectibolidrhicallbhdsed saisovmckidbodi nents, in
which principles of the invention are utilized, and the acconpanying

drawi ngs i AYSIRPREPIE prmrﬁ&#éelﬁmearaé&aéfswhYﬁrwﬂ& I@%ﬁtﬁpéambwwhp@w 1thf:[0015]
FIG 1is

ol cct rochelyaPrisik iRt D5t sbER R ol b R R A AR e ™"

present i nyRMydesphili®Pd9merhins. 2 is, a sinplified schematic representation
of redox polyrers accofding to exerrpl ary enbodi nents of the present

invention inmmobilized on an electrode of an el ectrochem cal -based sensor;
[0017] FIG 3 is a sinmplif] [ GLI acti equence for
synthesizing a redox pol hﬁFﬂ%éﬁﬁ@@%@@%m% enbodi nent of the
pr ésent inventi 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] F1G. 4 1s a cyclic voltammogram of an electrode coated with redox
polymer 300 of FIG. 3;

[0019] FIG. 5 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



polymer 300 of FIG 3; [0019] FIG 5 is a cyclic voltammogram of an

el ectrode coated with Conpound | of FIG 3; [0020] FIG 6 is a cyclic

vol t ammogram of an el ectrode coated with a m xture of the redox ol yner 300
and Conpound 2 of FIG 3; and 4 PATENT Attorney Docket No.: DBATENT [0021]
FIG 7 is a sinplified cross-sectional depicti tasheyaRoekes Mo JAB1-8P4 %N

el ectrochem cal - based sensor according to an exenpl ary enbodi nent of the
present invention. DETAILED DESCRI PTION OF THE I NVENTI ON [ 00221 To be

consi st ent gghifoughoufyd hﬁsﬁrs?rﬁﬁf‘ﬁé&%&é-éégﬁ 41 ABpieHGh bPkn ﬁlk@@%y e dfigler st andi ng

of the present i nvention, the owi ng definitions are provi ded for
t er ms useceledimchemical-bi2a Serloe atoprdng teavax amydargtenibodireéercf thioprasgnt cheni cal
noi ety capabl e, of undergoing a reduction (accepting of an electron(s)) or
oxi dat i on PHYHEME on of an electron(s)) with both an el ectrode surface and
an enzyme. 10024] The term "hydrophilic" refers to any chem cal species or
subgroup with a high affinity for aqueous solutions, such as water.

Therefore, a hydr ophDETAICEDIPESARIPTIONQF THBUNVEENEHONO, di ssolve in, or

be absorbed in an aqueous solution. [00251 The term "hydrophobic" refers to
any chem cal species or subgroup wth a Iow affinity for aqueous sol utions,

bo. absor DeljOPR an' aqBadESoR R, BHERONL6) PIPNEY SRR BUTuRer " ref or s
R O LT T A
redox pol yfseterdfdQsatterdh:ng to an exenpl ary enbodi nent of the present
' nvention. I{:fgglox pol %gsgen]ﬁqgeéo?ccrlngc(ljigt%r” %fers 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., denivatized) 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 hydrophilic polynmer arnms 110 attached in a pendant manner
(i.e., attached at a single point) to hydrophobic polyner backbone 120 of
redox polymer 100. Each hydrophilic polynmer arm 110 includes apRi

lity of
redox nediators 130, schematically depicted by ,the Iq%t oM Eyé 1.
oKt N 2o

Such redox nedi ators can, for exanple, be covaﬁéﬁ?ﬂﬁ?’ at't ached
to hydrophilic polynmer arnms 110. [00281 Since hydrophobi c pol yner backbone
120 can be readily and securely attached to an el ectrode or other conponent
of an. el ectlB6aindwiwahith af anl elsensdren(icd-baskedsensdrisceldilode) For ecimxpipol ynmer 100

has the ability to i bi | i re medi at.or 5 PATE Att or ney Docket No.:
DDI - 5047 1399RhpbiE %%hﬂﬁweg%éﬁ%g?ﬁ @ﬁocta?ﬁlﬁl\g%&f@éﬁ 's el ectrode.
For exanpl i 4 he adher t surface
of a car boﬁe’lecgjpéeigcjggo v?pe{’% gicyhlﬁ%pﬁg%? %ﬁﬁ?@%@ P%IE% et wegﬁ(%lgy ‘rit(%%%‘obi C
backbone 12asiteh dettodedudarebon el ectrode surface. [0029] Furthernore, a

plurality of redox nediators are attached to each hydrophilic polyner arm
the nediating capability of the redox polynmer is not unduly [imted.

Mor eover , ugh attached to a, hydrophilic l.ynmer ar he redox

medi at or s ﬁh{’%n an aﬁdﬂ‘&fgfjgreaﬁp}qr%%ytogr 376?%@?@“@5? gﬁ’%bfa\tﬁ T”ﬁﬁa r edox
enzyne to aﬁ)% ad; 3 o \M

el ectroc herrllfay cal - gg:gpecg}ﬁgtirggfh%ﬂg?zggx?gg%gbﬁ?%g%]g?ﬁéﬁﬁ%ﬁﬁ%ﬁgﬂgé{i@%
backbone 120(nitai Mercamyr, slihduahl attatiydrto phglrophilipaiofymer dvag kioredoknown to
those of skill in the art, incl gdi ng {31 met hyl met hacryl ate (MVA) based
hydr ophobi dngERigTraEiahEk psqeateabity Ty apfalfa@vtmﬁteﬁ%ﬂt Wik e Py EBEEYE ool yier

backbone)). i i e i - MMA paparts a
rolat i vel y i Ded e BEh T L ADE ke MALRRY R i d o B Bhic sk
backbone. sBhdcetsnddcirogienydr ophobi ¢ nononers suitable for use in hydrophobic

pol ymer backbones of redox polynmers according to the present invention
i nclude, 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 butyl

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, hydrophobic acrylate nononers and hydrophobi ¢ vinyl nononers.
Exanpl es of such hydrophobi ¢ nononers are styrene nononers and butyl
met hacryl ate nononers. [0031] Hydrophilic polymer arm 110 and gigpehed redox

medi ators 130 can be any suitable hydrophilic BQ?WrDﬂﬁﬁggﬂW7

medi ator (s) conbinati on known to those of skil he a i ncl'udi ng, for
exanpl e, hydrophilic polynmer arnms with attached redox nediators forned from
a conbi nation of N-vi nlyJ pyrrolidinone (NVP) and vinyl ferrocene (VFc).

Fur t her nor écdoghechiaanugameaedpsmediatoadisiopsninegedox mediviadi mgopleenohe present

i nvention can_he sui.t abl e redox di ator including, for exanple,
ferrocene, déﬁir{ﬁgﬁ&émgzdﬁg}gfg?hwaﬁg%wﬁgsg , qui none redox nedi ators,
ferricyani de redox nedi ator, methyl ene bl ue redox nediator,

2, 6-di chl or oi ndophenol 6 PATENT Attorney Docket No.: DDl -5047 redox

medi at or, {0033@hi ne r FdOx2 nedsiatpdified gelidnmtigaeprasentasoofifed rior polymesphenol

redox medi ator, and any conbi nations thereof. [0032] FIG, 2 is_a sinplified
schemat i c #@9 PEROEHDE L] swgeélme@@ﬁofrtﬁaas@&?% |HW§P§H IEIOUIZES PRicRGIcH0de

enbodi ment %PI% eﬁ(ggRP&?&%@E%&@M@&H]%%&J s@ﬁ%ﬁﬁﬁ PL@%glggﬂti o?i?g‘f}.tz{zﬁygg of B’ face

(E) of an eléc em cal - based sensor. Iction , one of

the redox redx\obyrtert Q00 issHRWAtdratHAE M6tH NEdvk thzyand OB henayiBes(dE) t hat
includes an active site (A). FIG 2 1s a sinplified depiction intended to
i 11 ustrat e actee @grlder FiG. 2 wa smphi@ddsemelainantendedoailusteatp diel mawier éx changi ng

el ectrons w,th el.ectrade syrface and redax enzyne 003 e skilled
T Che art Wit PG s Sert Mt Sanatis st RS e SRR Bih clapoe 5Pt of n
structure W iy Rfo&iAMR BELe(s) A therein. Furthernore, active site Ais a
poriti on of redox enzyime RE that can selectively recognize an analyte (e.g.,
gl ucose) and exchange (i.e., donate or accept) an electron with the anal yte.
0034] In t epiction of F]G _ 2, hydrophaobic pol ynmer backbones 120 are
[ ] [8(?33? P (9ne s?(ille in the art W){H rec%gmze thaFt)r 0X enzyme 18

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 frem 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 in 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 Jeaching

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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adsorbed, or otherw se adhered, to el ectrode surface E. This adherence
results in redox polynmer 100 being i mobilized to el ectrode surface E such
that redox polyner 100 (and redox nediators M does not det achPLﬁagf\r]&Iand/or
| each away from el ectrode surface E when the el ctrog[g (g(urﬁ%q f 641?Tersed
inaliquid sanple. Such adherence is a highl y“J@SYaRPekesNor It/

el ectrochem cal - based sensors, especially electrochem cal -based sensors

t hat measure gl ucose continuously in vivo and ex vivo, since redox nediator
M can be t exipnt 8Hamibtsomkefsuffedix]yrobebie at activiylsive rletot enablasdériroavieansfer om t he
el ectrode surface, .there is_a risk that redox nediator Mcould enter a
human body .DeP¥readasies Bgdiatgrid @ng redox o Eal Lnebercdeapbraliyedasdog r edox

medi at or ' [l 1 Se - I ' t be
Capal o of TEISRRAS AhuRNy dachs bTRAS haRbylE Lok 80 0 TRALEbGAES) e
depi cted i noBlHas aZelalively B hediatisd somuctaifi Kleh gaslaﬁed&%@i @fdiaflon associ ate
with redox enzyne RE such that pendant redox nedi ators (r.e., nediators

that are atwoadktyitya@lloie etegtionptei transfep Sloymene raders matiatorsintityl to apothet )
penetrate redox 7. PATENI Attqrne cket . | -.5047 enzy. RE gnd becone
DEF T o1 ent 11500 ediaits ehtivs o af PEt s g mapicaret BL0s ey BRLPEs 1 bdilheen
redox medi %X’Hﬁ i i idy. of redox
medi at or s (’lit/lB'gEefn g%{é yéegﬂtg g%)ﬁe to I?E%éﬁ%&é%ﬁﬁf@%é %’o 51%95?’&%%1%%%1{% r edox
pol ymer 1Q{edn@as &ofrei@ivie\siak W ol dctnode smtface [E. danhigeégard tifie tebucCiileaiblel at i vel y
hi gh nediation conductivity allows electrons to transfer fraom one redox

nedi at or erefers/torthe sl vecrecdprmppitheByiraphybc ames oymoye,withip a ygumeadhis

hydr ophi | i tm- L0 i i | axi R . i ) n redox
erayme e ST EE0 A S el e bobifie ABnE iR SRL 46
active siteahdidheredk Gfenhahdsddiatife & athdrphbisSchap@tdiiticd BEtht pomer! exi bl e”
refers to the relative freedomof the hydrophilic arnms to nove within a

vol une. Thimatefiblekdrniwhiclythediydrdphdiconmefare foemedngt h of the hydrophilic arns,
their crosslink density, and the inherent thermal and crystalline or

anor phous characteristics 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), denvatizing 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 moteties (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 1s represented as p:q. In addition,



material fromwhich the hydrophilic arnms are forned. [0036] Redox pol yners
can be formed by any suitable technique known to those of skill in the art.

For exanple, FIG 3 is a sinplified depiction of areactlon ef for
synt hesi zi ng a redox polyner 300 according to a exe Nermtﬁéfg@\
the present invention. [0037] The reaction sequ 8-
co-polynerizing NVP and VFc to form Conpound 1 (see step 1 of FIG 3),
derivati zi ng Conpound Ito form Conpound 2 (see step 2 of FIG 3), and
subsequent lopie gkidiet iimtheGonwdliredoghizothMBic rédeansdispr 3f gkick pGlynddr 300 if or m
redox pol yrrer 300. One skilled in the art will recognize that redox polyner
300 can be E‘ﬁ%ﬁeaéﬂefr)tzed as an anphiphilic graft copolynmer bearing

covalently attached redox nedi ator noieties (nanely, ferrocence noieties).
As will be described in the Exanpl es bel ow, such a redox polyner is useful

in electrqofeyy cal | yYRA&SHoIginehofRNSARED Sin HIBO38hn b pbifSimed in'the ol e

ratio of NVP to VFc in each of the hydrophilic polyner arns of redox
pol ymer 30@1¢ssn¢eacpﬁleemnp@cyedmnm (ﬂiPEtElH)t thessigrie guemmng)ﬂhe cofpaiymerodativ/A

in t d h I b f I 300. t
WS?SSL?H%IIBE»: <l Ot erRa b OByl W0 PP e Baheeapian | n
ddi ti 047 t
Wil rocoghtd éﬁ?ﬁ‘:\’?ﬂcﬁé el BP'E’efF“%253041&0@@?"11%%8]“%05?%‘%?002Le

(Fe). [ 0039trrddeme eioipiidsyaidrtiag ot erangile, Satlﬁplebulaﬂwalga inthé adhge@{#dint or ned in
the presence of |soprogoxyet hanol %I PEt OH) to assist in_guenching the
co- pol yner i2eaet BR0O tnkp eltam{mlpz h@hqrn@rfeﬁhl%m@fe I@tjﬁpél}ﬁﬂ’ ‘VEgi(i-6: a

hydr oxyl grou n the actl nce ,,of

referred t d“é.‘go‘ét"g%’(’}{ﬁl W’iﬂn? g%% mwetrﬁngq %#%88&@)%? g‘f‘?"ﬁgﬁgéd has,
for® exanpl an a84ifBhehE nddle YQIMIPEfOHI}WP @ﬂ@f‘o}@& i §t@1?‘_1 ATGL 3 2P0 50 15, 000
grams/ mol e. Furthernore, the nole ratio of Fc (i.e.,

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 hydrophlic 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 can, for exanple, be in the range of about 100:1 to about
100:5. In addition, the nole ratio of | PEtOH NVP enployed in step 1 of FIG
3 can be, for exanple, in range fromabout 0.5:1 to about 3: 1.P(n“='T
apprised of the present invention, one skilled in the art wll cogni ze
that Conpound 1 will forma hydrophilic pol ynem@mﬁyv@weaNa;:M—m% of
redox nediators in redox polynmer 300. One skilled in the art wll also
recogni ze that conventional polynerization techniques wll create

hydr ophi | i eygightyraBge @te® abiivichina nsdlatdtivldfeah, tesbErapeh@be0df VE9)eimedi at or s
attached thereto. However, the polynerization techniques can readily be
conduct ed (suspoundal can by friexpmate pihe poreeiosd droot greeiehthandriophort T pol ymer
arnms include a plurality of redox nediators and the hydrophilic polyner
arns can, on average, include a plurality of redox nediators. (0040] In the
reaction s ce of [A=IAE ; f m nes the
nol ecul ar %P‘gﬂt of Cgh%)udgge%pﬁgﬂ?%llgtsﬁeel})@ I guE %}ag%@g?tq%\ﬁ@g?ﬁtl PEt OH wi | |
resul t in Goipaastid rtlabdeelydigh degetead i hydrophilivityno klechildasphilis pitymer Gomver sel y,
a relatively low proportion of IPEtOH will result in Compound 1 being of

rel ativel y Highroismee 30G r Altematye hydsephibe menemershavgigtacoiatesipsyhd 1 can,
therefore, b redet er m.ne h a e dr. il ol ymer .ar of redox
pol yrer 36&?%55%“ agﬁlegﬁgﬁ%%nglll%ﬁas '%]ne%(llscg) %“%ﬁdﬂg“ﬁ‘ﬂ’f‘ J Ogﬁg%? )eéccro ]ingr{(gl ectron
exchange bedxep@hhry eBBbain®inss dtthepheehttifydntien YN RPHvrlek SmpleBy@afyathy €doX
enzynme. However, it has been determned that if the hydrophilic arns of
redox pol yrmeethag@lats, &N-isopropylagrylareidexglyqeodlymeshactgidtecand adetlamidef e an

el ectrode surface.. I n accordance with the ecul a 9 PATENT _Attorney
Docket No. :S%BB%-IBGW%M FRcopmAe Ehah @a&% reHdedRs et AR/ O n, the

aver age nu S : I ' . ange of
' om or eat enEeran Y Eop LB BonotioRR BB eq oA EacctRin ARl o pdbhitnl 7102
hydr ophi | i csegbarcaef&Go3. NVP that inparts the relatively high degree of
hydrophilicity to the hydrophilic polynmer 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
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redox polynmer 300. Alternative hydrophilic nononers having acrylate or vinyl
pol yneri zabl e functi onal groups can al so be used in redox polyners according

to exenplary enbodiments of the present invention such as, for .i
hydroxyet hyl —methacryl ate, N-isopropylacrylamde, glycer oI % gggat e and

acrylam de. One skilled in the art will recognﬁi‘@mqﬂd?octkéﬂé[ﬁpl ferent
redox nedi ators and/or different hydrophilic nmonomers, changes shoul d be
accordingly nade to the synthetic sequence of FIG 3. [0042] At step 2 of

FIG 3, Confpatspilic josyrdérdringlolf Zeckedbit Polyiiet Rraallowke b aeéldextadiinom a
met hacrylate end functionalized macronononer (Conpound 2). Conpound 2 has

an acryl at éiqgidoepndapabiremerses sichianglectigdaft  copol ymer with the hydrophobic
pol ymer backbone of redox polynmer 300. 10043] At step 3 of FIG 3, Conpound
2 is copolynerized with MVA to form redox polymer 300. It should be noted

that foll oweygistep Relarigd into the
hydr ophi | i rlns aé%@%ﬁ)g?jggn‘é"% ﬂg%gt . Re x}dp%bF]))éncgrgﬁ tegb?s an anphiphilic

graft co- p@xlnpmmawlath.veﬂylhaghkﬂagmetoéhychbphoh@cht)atdhbaf hytb‘ch}sctm@pqllymﬁo an
el ectrode and the ability to exchangﬂe el ectrons with redox enz

addi tion, besdenssf yafer mbaners’ 9o 1Aleativg hydrophplic W%iﬂgﬁlﬁ ec 0§ B$e\/ent s,
such as aln‘f?@i%}x e nghnegg"é\@%r&ﬂ c?@)?é{nﬂh%e%b%t aiRa t?”F}@%@&fe%P ARl ity.

100441 Redox exa ecu nthe range

of about ZQndfgdméxeextaﬁ] h bisic abdt16F ViR 1qnoﬁéiﬁergodu@hra@b r@fan@ q can
be, for exanple, in tr@@r g&lr{gowof fﬁgﬁm aboutySO 1 to about lg@ The ratio

of p:qis bphé@yﬂbﬂmﬂﬁ@d such that the redox polyner has a

hydr ophi | i c- hydr ophobi ¢ bal ance all ow ng the hydrophobi c pol yner backbone,
or portion thereof, to be securely attached (e.g., securely absorbed) to an
el ectrode surface. At the sane tine,hbgﬁngg ATENT Attorney Docket No.
DDl - 5047 hydrophilic polynmer arns ont e redox polyner 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’-azobisisobutyromtrile (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 o1l 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 m Example ! 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.
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liquid sanple that i merses such an el ectrode. [0045] It should be noted
that it is the hydrophobic character of MVA that inparts a relatively high
degree of hydrophobicity to the hydrophobic pol yner backbone .Afﬁﬁ X

pol ymer 300. Alternative hydrophobic nononers s#]tablggﬁﬁF # &§ gdox
pol yners according to exenpl ary enbodi nents of tHE5¥ UINRy Sy

i nclude, for exanple, hydrophobic acrylate or vinyl nononers, such as
styrene and butyl nethacrylate. EXAMPLES [0046] Exanple 1 - Synthesis of
Conpound 1{@651FI G 3 THiGéadtioBanhoiondvat sobschldatly3vashsd syt hedutzead via free

radi cal co- polynerization using a.reaction solution of 10.2 g of NvP, 0.88
g of W an@omawggo 13¥ B 1p0.5 3 pofassiun sarbppaaand distilehwahey- Jﬁergamc of

| PELOH. The ﬁs% v nef éul\fv%g S?ﬁlglmf’l Q)v[ag‘?lgen do18 tE{l) %éjc&centgi%a \nglglgg% &8 Before

|n|t|at|ngp%'1 S1'S FEact on SOT Ut i on WaS

bubbl i ng nleb%m@tar hﬂ@bﬁxttafngl?!&hlr% Qhdé&edired presddre, therby beitiubimsipuMdrdt hen
heated to Cin an oil bath for 24 hours with continuous magneti c

agi tati on wadple of Gimpogd. Bremedicd sempleatiompbundiZivahsibsepenilpdrigbl ut i on
was di ssol ved in dichlgoromethane and precipitated fromthe reaction

sol uti on wi't A" 8Vt ‘her. Next, the precipitated Conpound 1 was
filtrated off and dried 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 [0§321epar eEcampliesSc+ Shethesiv ofx aedixepdlyalee ne¢ondingtdaB g of

met hacryl oyl chloride in the presence of 1.2 g of dry triethylamne in 20 nL
of dry di cwmh%!mnhﬁfethemesqnémﬁn@ﬁn (mstfécmmlmré@@mng :3)n a round

bottom fla room tur th cont i.nuo netic a at on under a
ni t,r ogen aﬁﬁ%%ghere %ﬁﬁ‘e&,& (& AEYP Egbckpe ylﬂﬁr V&’Bﬂméﬁ gedt b
' 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.
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[ 0051] The reaction solution was subsequently washed with a sol ution
containing 0.1 N HCL, 0.5 N potassium carbonate and distilled water. The

organi ¢ phase of the resulting solution was then coll ect ed an ntrated
by using a rotary evaporator at roomterrperature und reduce E%gure,

thereby producing a purified sanmple of Conpoundit®mey cﬂfﬁ? Py | e of
Compound 2 was subsequently dried in an oven at 50 C. [0052] Exanple 3 -
Synt hesis of a redox polyner according to an enbodi ment of the present

invention (#0533, Red%xdiﬂﬂ)hé@lE&Qﬂ‘oQﬁelﬁic@lE%lu[aﬂ@ﬁ@ﬂf(ﬁ?ﬂﬁémﬁpiyﬁer 300 (an

anpi philic polynmer) was synthesized free radical co-polynerization using
1.0 g of CH¥§S8Ind 2, A glsgy efrbomect (GCtBa Vgascshppedllm\iawlm@nﬂpnmmmg

1- t .. Th t f d, batt fl
Bef or o1 ni COBTHG 2Bt PRI R EXRBIEL: Fiae LHSH U Dot oRRE o6 SHat ot by
bubbl i ng_ Nyt GaRR:IcAGh SHBERUANIE SN (bm i LRG0 SR | on vt hen

heated to 7 |n an oi ours’w th conti nuous “magneti c

agi tati on wolannmetry{CM)ag2t ndtlivokpbaiond bRectex -P.0lty 0 vafi0 Imasntpisewd pi t at ed
out of the reaction solution wth diethyl ether and then dried in an oven

a]E 50 C. [ Gusuplekdhpmagaitudenidhe P@ﬁh@ﬁwre@%um%d@re@gbwmm yrrelr 300
FIG 3 [0056 t
cont ai ni ng "PPRALEeTS Y aBrler SReph FAHCEST, HERlifes Bo0080RM 2501 ved i n'

2-1 sopr opaR@lshed §8 thd&GERWas i mersed in phosphate buffer saline (PBS) and
tested using cyclic voltammetry (CV) at 20 mllivolts/second between -0.1 to
0.5 volts vs Ag/ Agd . The presence of reducti on and oxi dati on peaks between

the tested age r ass FI G 4) indicated that eletroactlve
ferrocene \Xé&qt‘mmbil ’c?rﬁ oﬁ‘?’fér micakfyalpatign i drdoxeholyiper #Ot Wed and

t hd resul tg b cant decrease for the oxidation and
reduction pggggésgv%ﬁc 6 Oggt ezls that redox polynmer 300 did not wash off

the GCE. 130060] A glassy carbon electrode (GCE) was dipped into 2 sclution 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. 7 is a simplified 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 inctudes a redox polymer (as described

above) with a hydrophobic polymer backbone, at least one hydrophilic polymer arm
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PATENT Attorney Docket No.: DDI-5047 [0057] Exanple 5 - El ectrochem cal
Eval uation of Conpound 2 [0058] A gl assy carbon el ectrode (GCE) was di pped
into a solution containing Conpound 2 (prepared as in Exanple]; fﬁ@fe)
di ssolved in 2-isopropanol. The GCE was imersed in phoipqﬁtegg% sal i ne
(PBS) and was tested using cyclic vol tammetry (&Upmey & N PP econd
between -0.1 to 0.5 volts. In contrast to Exanple 4, the nagnitude of the
oxi dation and reduction peaks decreased rapidly upon successive CV scans
(as shown hftadhk&to ﬁm)e-hy'ﬂi‘ﬂrﬁlobﬁcﬂc@ﬁhasoatﬁf@hemﬂéaiﬂy ofRAbe thedidtofshe CGCE.

[ 0059] Exanple 6 - Electrochem cal Evaluation of Redox Polynmer 300 in the
Presence ofti@hepture a 1§a9080] hydrephakbsyolymenham. olf desireddtheral®) was di pped

into a solution.containin ] xtur,e of Conpound and r.edax pol r 300

di ssol ved FAPBOTEGHPEhARDMelflrs e Sy RiEB Al FRAPRESHHATE BUS: sal i ne
(PBS) and wasikestfflydR)oBlhsey Shiieredek reﬁiéxﬁﬁésr&in 6EMbr @ian?ﬂe,%lsﬂhbﬁ(&iﬂﬁ/ second
between -0.1"to 0.5 Vol{s. Simlar to anple 4, the gni tude of the

oxi dati on aastdreedinotinamigealesindidmnddotidebadse significantly after 60 CV

scans (as shown in FIG 6). 100611 This indicates that Conpound 2 has a high
affinity to the hydrophilic portion of redox polynmer 300, causing Conpound

2 to al t h ddit.jion.. t J f th
oxi dati on S0 eauct odobid Be bitferyodmat iRl estE SRERBE s SRsBr o
FIG 4, whigghinsga@sdeicihal hdréig nidydebng89edG PRakiRhedhe adnti&d o iPol ymer 300

has faster electron transfer kinetics than redox polyner 300 alone and
denonst r at egerdadahaifthe fellovehg etime fiefirecthi svnpg ef dwuisvéentdnapdistructuresnvi r onnment

provi ded by .the hydrophjlic polyner, arnms of .redox pol r 300. [0062] FIG 7
P o1 ol S e G0Re Sbibpre R Bei B uon Bos T EEFode 700
enpl oyed in an el ectrocheni cal -based sensor according to an exenplary
enbodi nent of the present invention. Coated el ectrode 700 includes an

el ectrode 710
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(such as a carbon electrode) and 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.: DDl -5047 attached
to the hydrophobi c pol ynmer backbone, and a plurality of redox nediators
attached tgndtheciaimddagst one hydrophilic polynmer arm |f desired, the redox
conposition can also include a redox enzyme, such as, for exanple, glucose
oxi dase or glucose dehydrogenase. Such redox enzynmes can be, for exanple,

net hoxat i - ARAEGLLNméN 6Pl iR Endgeidenémitalcid3L6 seRddr de PadBChonriél63] |t

shoul d be understood that various alternatives to the enbodinents of the
i nvent i on “4BWE¥MBed herein nmay be enployed in practicing the invention. It
is intended that the follow ng clainms define the scope of the invention and

structure TN these clains and their equival ents be
%h))gt)%'o%& p&ﬁg’?&%ﬁ@k ne

covered ther t is clarhed is: 1. A redox polymer for use in an
el ectrochem cal - based sensor, the redox polymer conprising: a hydrophobic
pol ynmer bastldaeneaie W@yidrdpdrdiztpotymeer aydratiabhdd to thohydrephabicpalyrhectwetbbre; t he
hydr ophobi ¢ pol yner backbone; and a plurality of redox nediators for
facilitat ﬁ‘?& el ectron transfer between at |east one redox enzyne of the
el ectrochem cal - based sensor and at | east one el ectrode of the

el ect r ocheGlity PR FRfdx He8RErs fbAciatif@bictiYorPfrar Pt BewdsH attif4st opbt ached to

the at |east one hydrophilic polymer ar wher ei n the hydrophobi c pol yner

m
backbone ir84eK SRgIME I 15 dlegtachemicehpased fepsri@nd| akieast ang Sigelrodefithdne.
electrochemical-based sensor, the plurality of redox mediators attached to the at
least one hydrophilic polymer arm,

wherein the hydrophobic polymer backbone is a hydrophobic poly(methyl
methacrylate) polymer backbone,

2. A redox polymer for use in an electrochemical-based sensor, the redox polymer

comprising:
a hydrophobic polymer backbone;

at least one hydrophilic polymer arm attached to the hydrophobic polymer backbone;
and

a plurality of redox mediators for facilitating electron transfer between at least one
redox enzyme of the electrochemical-based sensor and at least one electrode of the
electrochemical-based sensor, the plurality of redox mediators attached to the at
least one hydrophilic polymer arm,

wherein the hydrophiiic polymer arm is a hydrophilic oligo(N-vinylpyrrolidinone)
polymer arm.

3. A redox polymer for use in an electrochemical-based sensor, the redox polymer

comprising:
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2. A redox polyner for use in an el ectrochem cal -based sensor, the redox

pol ymer conprising: a hydrophobic pol yner backbone; at | east one
hydrophilic polymer armattached to the hydrophobi c pol ynmer backbone; and a
plurality of redox mediators for facilitating electron transfer between at

| east one redox enzyme of the el ectrochem cal -based sensor and at |east one
el ect r ode g0fydtdpobielpefhic? BaekBone forRERISEbnS RIRERI metRryMt (AMAYY of redox

nmedi ators attached to'the at |east one hydrophilic polymer arm wherein the
hydr ophi | iCB1YFer armis a hydrophilic oligo(N-vinylpyrrolidinone)

polymer arm 3. A redox polynmer for use in an el ectrochem cal - based sensor,

t he redox ElicHoRGh i 1 KRR rmed from
met hyl netaﬁgg%y gtwm&c%om%@?}tggﬁgﬁgg@%h@ﬁ%yQ‘r%%ﬁﬁ?i C pg?@ér)rer arm
attached t2odfermedyiipno NHomilpyristdipars (MBEriobereersaand f or med from

N-vi nyl pyrrolidinone (NNP) nononers; and a plurality of ferrocene redox

medi ators attached . to the at |le an drophi lic arm  ,and romed from
Uiyt Ter AORUALY Blieeotn Ry MR o S8% 2 Grshose rilierbif e o e
rati o of A forarearfens ving fefyebnedWFE).c pol ymer arms is in the range of about
50:1 to 150:1. 5. The redox polyner of claim4, wherein the nole ratio of
NVP to VFc is in the range of about 100:1 to about 100:5. 6. The redox

pol ymer of claimb5, wherein the redox polyner has a nolecular weight in the

range of 204KeddRlex belyRRar KOASR] € -whkfein the mole ratio of MMA monomers to
hydrophilic polymer arms is in the range of about 50:1 to 150:1.

5. The redox polymer of claim 4, wherein the mole ratio of NVP to VFc is in the
range of about 100:1 to about 100:5.

6. The redox polymer of claim 5, wherein the redox polymer has a molecular
weight in the range of 20 Kg/mole to 80 Kg/mole.
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