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[0002] The use of enzymatic electrochemical-based sensors that employ a

redox mediator (e.g., ferrocene) and a redox enzyme (such as glucose oxidase) 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 enzymatic electrochemical-
based sensors are believed to be particularly suitable for continuous or semi-
continuous monitoring of analytes (for example, glucose) in bodily fluid samples (e.g.,
blood or interstitial fluid samples). For example, enzymatic 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 enzymatic electrochemical-based
sensors, see, for example, U.S. Patent No.s 5,089,112 and 6,284,478, each of which is
hereby fully incorporated by reference.

[0003] Proteins surrounding a redox enzyme’s redox center can preclude
direct transfer of electrons from a redox enzyme to an electrode of an enzymatic
electrochemical-based sensor. Therefore, in typical enzymatic electrochemical-based
sensors, a redox mediator is employed to facilitate electron transfer between the redox
enzyme(s) and an electrode(s) of the electrochemical-based sensor. In such a

circumstance, the redox enzyme cycles between oxidized and reduced states, driven



enzyne(s) and an el ectrode(s) of the el ectrochem cal -based sensor. In such a
circunst ance, the redox enzyne cycles bet ween oxi di zed and reduced st ates,
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molecular weight ferrocene derivatives, ruthenium complexes and osmium
complexes) in enzymatic electrochemical-based sensors. In addition, if the redox
mediator is a substance that is harmful to humans or other subjects, leaching of the
redox mediator into a human’s or other subject’s body is undesirable and thus to be

avoided.

[0005] Furthermore, the redox enzyme and redox mediator of enzymatic
electrochemical-based sensors must be able to favorably interact with one another and
the redox mediator must be able to exchange electrons with an electrode of the
enzymatic electrochemical-based sensor. In other words, the activity of both the
redox enzyme and redox mediator should be maintained while inadvertent leaching is

prevented.

[0006] To prevent redox mediator leaching, certain chemical compositions
wherein redox mediators are chemically attached to redox enzymes have been
proposed for use in electrochemical-based sensors. The redox enzymes of such
chemical compositions can, however, suffer from a deleterious decrease in enzyme

activity.



wherein redox nediators are chemcally attached to redox enzynes have been
proposed for use in el ectrochem cal -based sensors. The redox enzynmes of such
chem cal conpositions can, however, suffer from a del et eri ouspdaENgase in

enzynme activity. 2 PATENT Attorney Docket Nojgto Dotk NPOOBL-5045
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redox mediators and redox enzymes from the vicinity of the electrochemical-based
sensor’s electrode while maintaining adequate activity of the redox mediator and

redox enzyme.
SUMMARY OF THE INVENTION

[0009] Ionic hydrophilic high molecular weight redox polymers according to
embodiments of the present invention prevent inadvertent leaching of both redox
mediators and redox enzymes from the vicinity of an electrochemical-based sensor’s
electrode while maintaining adequate activity of the redox mediator and redox

enzyme.

[0010] Tonic hydrophilic high molecular weight redox polymers for use in
enzymatic electrochemical-based sensors according to embodiments of the present
invention include a hydrophilic polymer with ionic portions (e.g., ionic monomers
incorporated into the hydrophilic polymer backbone) and a plurality of attached redox
mediators. The redox mediators can be, for example, covalently attached to the

hydrophilic polymer in a pendant manner.



i nvention include a hydrophilic polymer with ionic portions (e.g., ionic
nononmers incorporated into the hydrophilic polyner backbone) and a
plurality of attached redox nediators. The redox nedi ators cpgT{EWTfor

exanpl e, covalently attached to the hydrophilj I [ F
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accordi ng gémobnbodl ments of the present invention can be synthesized by,
for exanple, free radical co-polynerization of a nediator-containing
nmononer (such as vinyl ferrocene (VFc)), a hydrophilic nononmer and an ionic
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association both minimizes leachmg of the redox enzyme and fosters activity between

the redox enzyme and the redox mediator.

[0013] Ionic hydrophilic high molecular weight redox polymers according to
embodiments of the present invention can be synthesized by, for example, free radical
co-polymerization of a mediator-containing monomer (such as vinyl ferrocene (VFc)),
a hydrophilic monomer and an ionic monomer. In such a synthesis, the hydrophilic
monomer can be employed to synthesize a major portion of a hydrophilic polymeric
backbone within the redox polymer. The hydrophilic nature of the resulting ionic
hydrophilic high molecular weight redox polymer provides for swelling and/or
solubility of the ionic hydrophilic high molecular weight redox polymer in an aqueous

solution (such as an aqueous bodily fluid).

[0014] The use of an ionic monomer results in the incorporation of an ionic
portion (i.e., a charged functionality) in the ionic hydrophilic high molecular weight
redox polymer, while the use of a mediator-containing monomer results in a mediator

being attached to the ionic hydrophilic high molecular weight redox polymer.



solution (such as an aqueous bodily fluid). [0014] The use of an ionic
nmononmer results in the incorporation of an ionic portion (i.e., a charged
functionality) in the ionic hydrophilic high nol ecul ar wei ght pAT&#X
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medi ator being attached to the ionic hydrophilic high nolecular weight
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hydr ophi | ithe wcgimpamfieg diastingseifgiitich:edox pol yner according to an exenplary
enbodi ment _of the present invention; [0018] FIG 3A represents a transient
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curve corresponding to the transient current response of FIG 3A. DETAILED

DESCRI PT| GRzyomaticrteqtqeimricaibased sensor;
[0017] FIG. 2 is a simplified representation of a reaction sequence for

synthesizing an ionic hydrophilic high molecular weight redox polymer according to
an exemplary embodiment of the present invention;

[0018] FIG. 3 A represents a transient current response of an enzymatic
electrochemical-based glucose sensor that included a cationic hydrophilic high
molecular weight redox polymer according to an exemplary embodiment of the
present invention tested with sequentially spiked boluses of glucose; and

[0019] FIG. 3B is a calibration curve corresponding to the transient current

response of FIG. 3A.

DETAILED DESCRIPTION OF THE INVENTION

[0020] To be consistent throughout the present specification and for clear
understanding of the present invention, the following definitions are hereby provided
for terms used therein:

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 a redox enzyme,

The term “redox enzyme” refers to biochemical capable of specifically

catalyzing the oxidation or reduction of a substrate molecule.



[ 0020] To be consistent throughout the present specification and for clear
under st andi ng of the present invention, the follow ng definitions are hereby
provided for ternms used therein: The term "redox nediator" rpAgENItO any
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el ectron(s)) or oxidation (donation of an electro

el ectrode surface and a redox enzyne. The term "redox enzyne" refers to

bi ochem cal capabl e of specifically catalyzing the oxi dation or reduction
of a substrate nolecule. 5 PATENT Attorney Docket No.: DDI-5045 The term
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and a negatively charged redox enzyme (RE). The negative charge of redox enzyme
RE is depicted by “-* symbols in FIG. 1 while a redox center of redox enzyme RE is
depicted by a capital “A.”

[0022] Cationic hydrophilic high molecular weight redox polymer 100
includes a hydrophilic polymer backbone 110 with ionic portions 120 (depicted by the
“+” symbols in FIG. 1) and a plurality of attached redox mediators 130 (depicted by
the “M” symbol in FIG. 1). Once apprised of the present disclosure, one skilled in the
art will recognize that although cationic hydrophilic high molecular weight redox
polymer 100 and hydrophilic polymer backbone 110 are both hydrophilic when
considered as a whole, ionic portions 120 and redox mediators 130 need not

necessarily be hydrophilic.

[0023] The molecular weight of cationic hydrophilic high molecular weight
redox polymer 100 is typically greater than 16 Kg/mol. In this regard, it should be
noted that a relatively high molecular weight does not necessarily lead to a
permanently high affinity between a cationic hydrophilic high molecular weight redox
polymer and an electrode. However, for the circumstance where the cationic

hydrophilic high molecular weight redox polymer is not entrapped in the vicinity of an



art will recognize that although cationic hydrophilic high nolecular weight
redox polynmer 100 and hydrophilic polynmer backbone 110 are both hydrophilic
when considered as a whole, ionic portions 120 and redox nedpatrgng 130 need
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[ 2- (acryl oyl oxy)ethyl]trinmethyl anmonium chloride (AETMAC). Alternative
cationic nononers suitable for use in the present invention include

[0025] Ionic portions 120 can be any suitable ionic portions known to those of
skill in the art including, for example, cationic units (e.g., monomers) incorporated to
hydrophilic polymer backbone 110. Suitable cationic monomers include, but are not
limited to, [2-(acryloyloxy)ethyl]trimethyl ammonium chloride (AETMAC).
Alternative cationic monomers suitable for use in the present invention include
quaternary ammonium cationic monomers and tertiary ammonium cationic
monomers, such as (3-acrylamidopropyl) trimethyl ammonium chloride, [3-
(methacryloylamino)propyl]trimethyl ammonium chloride, [(2-methacryloyloxy)ethyl]
trimethyl ammonium chloride, vinylbenzyl trimethyl ammonium chloride, 2-

(dimethylamino)ethyl methacrylate and 2-(diethylamino)ethyl methacrylate.

[0026] If desired, embodiments of anionic hydrophilic high molecular weight
redox polymers according to the present invention can be formed via incorporation of
suitable anionic portions into a hydrophilic polymer backbone. Suitable anionic
portions include, for example, carboxylic acid monomers (e.g., acrylic acid,
methacrylic acid, and maleic andhydride monomers). An anionic hydrophilic high
molecular weight redox polymer can be beneficially employed with a cationic redox

enzyme. For example, glucose dehydrogenase (GDH) is weakly cationic at a pH of 7.



guat ernary anmoni um cationi c nononmers and tertiary ammoni um cationic
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(et hacryl oyl am no) propyl Jtri net hyl amoni um chl ori de, PATENT
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interaction wth negatively chaFge I.e., anionic) ‘redox enzyne RE.
interaction with negatively charged (i.e., anionic) redox enzyme RE.

[0029] The relatively high molecular weight of ionic hydrophilic high
molecular weight redox polymers according to embodiments of the present invention
facilitates their use with enzymatic electrochemical-based sensors in a manner that
prevents inadvertent leaching of the redox mediator and/or redox enzyme. For
example, the high molecular weight can facilitate an affinity with an electrode of the

enzymatic electrochemical-based sensor.

[0030] FIG. 2 is a simplified representation of a simple one-step reaction
sequence for synthesizing an ionic hydrophilic high molecular weight redox polymer
200 according to an exemplary embodiment of the present invention. The reaction
sequence involves the co-polymerization of acrylamide (AAM), vinyl ferrocene
(VFc), and [2-(acryloyloxy)ethyl] trimethyl ammonium chloride (AETMAC), as
shown in FIG. 2. The reaction sequence of FIG. 2 is conducted at 70 °C using 2.2’-

azobisisobutyronitrile (AIBN) as an initiator.

[0031] The ionic hydrophilic high molecular weight redox polymer 200 that

results from the reaction sequence of FIG. 2 can have, for example, a high molecular
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medi at or and/ or redox enzynme. For exanple, acul ar wel ght can
facilitate an affinity with an el ectrode of the enzynatrc

el ect rochem cal - based sensor., [0030] FIG 2 is a sinmplified representatlon
of a si nplveightef aprepximairly il b¢ q‘«.r]@we@rrd)as asyﬁtghb%\rezag?gnalﬁcularnwegt

hydr ophi | i i C ] X polymer 200 according to an
exenpl arybg,r‘%1 I rrelg]r‘irjt%Oen #HI% Wg}raggg#?ﬁréﬁmnti on. The reaction sequence
i nvol ves the co-polynerization of acrylam de (AAM, vinyl ferrocene (VFc),

and [ 2-(acryl oyl oxy) et hy trimethyl ammonium chloride (AETMAC), as shown
in FIG 2l0 r eactlt &e edkthgt AAMELs eznplgyeéian@hﬁsltewloartsewr@eaéu ng 2.2' -

bi si hydr ophi |
hon ot ed o i tWﬁa&%&ﬁvﬁ@%%#ﬁé&%@ar%% PHTIPRES onct i on ¢
sequence Qfsidtt @ the f&ﬁfhubﬁ\é?a r19¥v YRR N lechl HveigTRb R AymE. PATENT

Attorney Docket No.: DDI-5045 weight of approxinmately 110 Kg/nmol (measured
as a wei ght average nol ecul ar wei ght by gel perrreatr on chromat ogr aphy

(GPO)). | It s edthtAAMls d i ction
sequence g&f)ﬂl %Et@u’gih t‘HSén arporigns éwé cﬁ%ﬁﬁk’%‘p‘g %tion rate
coef 11 ¢l eltprtlifod 2358154 AR TRUOPecdfa, fn £} bl el ecul ar
wei ght redox pol yner. 033] In 2, rélative no ar portions of AAM
VFc, and Aﬁi@\ﬂ%fmneabdueﬁrmsmw ascambenfoarexlarpplermstheca:mgvﬁlom atoot L hi s
regard m can, for exanple, be in the range fronrabou% 84 to about 99, n
can be, fd¢ 2RSUARpING P £3n ben riexamales o smgE O onveraélwdp outdfd p can be,

for exanple, in the range of fromnearly 0 to about 10.

[0034] The physical conformation of ionic hydrophilic high molecular weight
redox polymer 200 is highly flexible such that portions thereof can segmentally
diffuse between a redox enzyme’s redox center and an electrode of an enzymatic
electrochemical-based sensor to realize rapid electron exchange. In this regard, the
term “segmentally diffuse” refers to portions (e.g., redox mediator containing
portions) that can become solvated and move about while remaining attached

(tethered) to the ionic high molecular weight redox polymer.

[0035] The cationic portion of ionic hydrophilic high molecular weight redox
polymer 200 fosters an affinity with negatively charged redox enzymes (such as, for
example, glucose oxidase). In this regard, affinity between ionic hydrophilic high
molecular weight redox polymer 200 and glucose oxidase has been observed in the
form of flocculation when they were combined in an aqueous solution. Such an
affinity enables rapid electron exchange between the redox mediator and the redox
enzyme since the ionic charge provides for a close contact with the redox enzyme’s

redox center (also known as the redox enzyme’s active center).

Example 1 — Synthesis of an Ionic Hydrophilic High Molecular Weight Redox
Polymer



[ 0034] The physical conformation of ionic hydrophilic high nolecul ar weight
redox polymer 200 is highly flexible such that portions thereof can
segnentally diffuse between a redox enzyne's redox center angAgENE ectrode

of an enzymatic el ectrochem cal -based sensor A@Oﬁlgilﬁoggetwﬁgl)ggg@gron
exchange. In this regard, the term"segnmentally ditfuse"” refers to portions

(e.g., redox nediator containing portions) that can becorre sol vated and

Tove 8 e d8 oty neronit GudphitR ke liler Bon O POEHT CORGEFEPA 1 o hi gh
mol ecul ar WRisghhedi RA0 a 04 MAR%A] &pgolyﬂéﬁﬁtﬁ)n%m?f al tefdtiott sWhiondeaa! d veI y

charged redox”enzynes “(such as, exanpl e ucose oxidase). Inth

regard, afdfiaciytamibe{Addn, Odrgaf &Wd[b@hrﬂloﬁoﬂy)@hyl]tmnieﬂqdIaa:rmamurght redox
pol ymer 20 andégl ucos oxj dase. hgs been obéerved in th f or m of

floccul ati EtTPt% W18 eb WY Herargene G Aotnddli®S 88F dtdion. Such an
affinity enaflicsmiaB bnﬁneﬁl(ﬁ‘fﬁﬁ? £X6 ARG Rl g %%Qaﬁ oT &ﬂ%lgﬁ?'vﬂ} and the

redox enzyne since ionic arge provi close ¢ tac with the

r edox enzymﬁactmﬁmpeﬁameard1(1adrsrmd<bmwmasskt he redox enzyne's active
center). Exanple 1 - Synthesis of an lonic Hydr ophilic H gh Ml ecul ar Wi ght
Redox Polyner 9 PATENT Attorney Docket No.: DDl -5045 [0036] Ionic

hydrophi | ggo{?)}gh ml]&?e%'lje fnt\éﬁ %@Ee 6%3[&8% tﬂé)l'e%/agﬁgn s?o%)uo%fwﬁ c%ox? enaféd

synt hesi z a free'radic nerizatron using a reac ¥R Sol uti on of

1.8 g of Wywupby MGofd ¥ ondhdurd Thk réRoh dollf6d whgmeﬁma@a Ry14 ¢C idret hyl
amoni um chloride (AETMAC), 0.3 g of vinylferrocene (VFc), and 0.03 g of

2.2' - azobingildwbufoy ﬂé rlilptlrslwléh ¢ouvENpUS magnetio agitationndeiea viffogéoxane and

th | (1,1 v/ t f und b t fl k.
To0s7 Borimashnite Tt e R B R P e e Sl E B Be R || 2

deoxygenatygfihed with acetone to provide a purified sample of ionic hydrophilic high molecular
weight redox polymer 200. The purified sample was subsequently dried in an oven at
50 °C.

[0038] Relatively low molecular weight portions of the purified and dried
sample were then eliminated through dialysis against de-ionized water. The dialysis

employed a cellulose membrane dialysis tubing with a molecular cutoff of 16 Kg/mol.

Example 2 — Preparation of an Enzymatic Electrochemical-Based Glucose
Sensor Electrode Employing an Ionic Hydrophilic High Molecular Weight
Redox Polymer

[0039] An enzymatic electrochemical-based glucose sensor electrode was
prepared by applying 0.5 uL of a 1% (w/v) aqueous solution of ionic hydrophilic high
molecular weight redox polymer 200 (prepared as in Example 1 above) onto a carbon
electrode (2.25 mm X 2.25 mm in size) followed by drying in an oven at 50 °C for
about 5 minutes to form a redox polymer coated electrode. Next, 1 uL of a 10% (w/v)
glucose oxidase solution in phosphate buffered saline (PBS) was applied to the redox

polymer coated electrode and then dried in the oven at 50 °C for 10 minutes.
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by bubbling nitrogen for one hour. The reaction solution was then heated to
70 Cin an oil bath for 24 hours with conti nuous magnetic agitation under a
ni trogen atnosphere. The resulting polymer precipitates were pilipgred of f

and repeatedly washed with acetone to provide rHE ) ionic
hydrophi lic high nol ecul ar weight redox pol yn’%t?o]gg%bui‘lﬁ%}gﬁrl Fggjssarrpl e

was subsequently dried in an oven at 50 C. [0038] Relatively | ow nol ecul ar

wei ght portions of the purified and dried sanple were then elimnated
t hrough dil8494Mi s agd} pRiptipcqmidningd2apg af polyeibyleniglige(FED and)] ¥yma of

cel lul ose j ' uhi ' .ary eyt of £, . /ol .
Erarpl o 5 POERuear LT UL S HAHEEGEP BE MBI E L2 BoprirdB
Sensor El Néxt,@@uﬁ@ﬁk&wmm@ﬂhﬁ(tth@d{a@E%%ilieid(to kheddledvilde prdparedsi ght  Redox
Pol ymer [0039] An enzymatic el ectrochemni cal -based gl ucose sensor el ectrode

was pr epalesatibied immetiatelyalipve and dried imths evgngt ideton S0 sainutes.ohhePEl oni ¢

hydr ophi I'i ¢  hi | ecyl ar i ght .redox _po] yner ., 200 repar.ed as in Exanple
Y above)  did SPEGH Fusfed ahattisfied cihoR mRRkARE yalhrel i GRSHE " o7 | oved by
drying in 138ropHBeR Béh R8ldeufaPiveighPRidbx ?WHQ@@aﬁcPthE%’ldBo@e bgdase (ROl ymer

coat ed el eCtrode. xt, 1 L of a 10% v) glucose oxidase solution in
phosphat e redoxfeazpdesialthaeic(tPBI thvslecdmde whilst allowhing smaldmolgpulay meight oat ed

el ectrode and then dried in the overhat 50 C for 10 m nutes. 10 PATENT

At tor ney [BBEREES: N6h as gJFossolppnee freretiighgli on cont ai ning 52 ny of

pol yet hyl eni mne (PEI) and 106 ng of pol y(propyl ene glycol) diglycidyl

ether (PPGDGE) was mixed in 1 nL 2-isopropanol. Next, 0.8 L of the

PEI / PPGDGE xaimyilel 8 e- T'asing @f itheBnzymaticERctrotianiealbBasydr Sshsas Eledaode i bed

i mredi at elgf Fxafipte 2nd dried in the oven at 50 C for 30 minutes. The PEI and
PPGDGE formed a cross-linked dialysis nmenbrane which retained ionic

[0041] The electrochemical glucose sensor electrode of Example 2 was tested
as a working electrode in a three-electrode sensor system in PBS over a glucose
concentration range from 0 mM to 15 mM. The three-electrode sensor system

included a working electrode, counter electrode and reference electrode.

[0042] The working electrode was poised at 300 mV vs Ag/AgCl with the
three-electrode sensor system open to the atmosphere at room temperature and under
gentle magnetic agitation. Boluses of a concentrated glucose solution were
periodically added to the PBS to increase the glucose concentration of the PBS. FIG.
3A shows that the current of the three-electrode sensor system increased rapidly and

then reached plateaus following the addition of each bolus.

[0043] The working electrode was also tested continuously for ten hours at 15
mM of glucose (not shown in Fig 3A) and exhibited a current response decline of only
about 17%. Such a response is a dramatic improvement in long-term measurement
stability compared with enzymatic electrochemical-based sensors employing small

molecular redox mediators.
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hydrophi l'ic hi gh nol ecul ar wei ght redox pol yner 200 and the gl ucose oxi dase
(a redox enzyne) in the vicinity of the electrode whilst allow ng small

nol ecul ar wei ght anal ytes, such as glucose, to penetrate thepatimgugh.
Exanpl e 3 - Testing of the Enzymatic HEl ectrochgmifa) pBasgNooanpRsodd ect rode
of Exanple 2. [0041] The el ectrochem cal glucose sensor el ectrode of Exanple
2 was tested as a working electrode in a three-el ectrode sensor systemin

PBS over cose ncentratjon.range fromO mMMto 15 mM The

t hr ee- el ei?‘?‘{ﬁ‘ie sen g&' §é§ 2AAlbration fyEE rigeRoadHs teIFdGt 38 @8PIcHBaINt er

el ectrode gpgnt" BF@@& I%q,ﬁ;org 5 THE FKioR getrode was poi sed
at 300 nvcvs Agf?%gg’ vm%‘ﬁ es t rcget?%ﬁ%!:trgggcea“geérﬁllgorgugfstgem open to the

at nospher eppitoximatetytlmepeinaheraagabetwead2 mMgadtlb enMagneti ¢ agi tati on. Bol uses

of a concentrated glucose solution were periodically added to the PBS to
i ncrease the glucose concentration of the PBS. FIG 3A shows that the

Fonched T s "f oRpERSapic R RbISEE SEEhRHER RO BRI L UPT
el ect r ode emttodmhents dfethe preserifivention shrybd eusily eynthesived. & addtionyhheof gl ucose

(not shown in Fig 3A) and exhibhited a current response decline of only
about 17%magaaryveighipionicerrpreresngdrbypical; copfosmatiemean be adgptgdier m

measur ene . i r.ad W Y. j i - hbased sensors
enpl oyi ngr}%or?’é %%IP%D %ﬁ%@%ﬁgﬁ@@%@fa{%&rgﬁwtf(fgh%pqg,% {poe’rfe%kerggDocket No. :
DDl - 5045 [1R4é/ét whth ®edodBnkzgmes)cal i bration curve corresponding to FIG 3A

depicting current response versus glucose concentration. This calibration
curve is approximately linear in the range between 2 nMand 15 mM [ 0045]

Foni e hydrgpR i ¢ il TR 6ol Rl AN SO PN L2558l &

the invention described herein may be employed in practicing the invention. It is

intended that the following claims define the scope of the invention and that structures

within the scope of these claims and their equivalents be covered thereby.
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enbodi nents of the present invention can be easily synthesized. In addition,
the nolecular weight, ionic properties and physical confornmation can be
adapted to provide for a high electrode affinity and redox aPATENT (for

exanpl e, fast electron transfer with redox engysmey DotiBR4R).: DDI-SOwul d be
understood that various alternatives to the enbodi ments of the invention

descri bed herein maybe enployed in practicing the invention. It is intended
that the Bﬁb&gming clainms define the scope of the invention and that
structure in the scope of these clains and their equival ents be
covered thereby. 12 PATENT Attorney Docket No.: DDI-5045 CLAIMS WHAT | S
CLAIMED I'S: 5 1. An ionic hydrophilic high nolecular wei ght redox pol yner
for use i WH&IZlprak ABMEDESt r ocheni cal - based sensors, the ionic hydrophilic
hi gh nol ecul ar wei ght redox pol yner conprising: a hydrophilic polyner that

includes ionic portions; and a plurality of attached redox nediators, 10
wherei A the nollecul £ RBicgMdrghiliciagh gipleculay averght redox nolgrerdsY wedhar wei ght

I . S ik . iy I
hei on r cqniayediecki8@fertfiat hofPLenats, ABTAE B oBANE RRA hbiEclulf o2 &
hydr ophi | iredoxqlofyreér doagkisimge. 15 3. The ionic hydrophilic high nolecular

wei ght redox polymer of claim2, wherein the hydrophilic polynmer backbone
is formed at | adidrophilic palymerthefringludesyienie paitions; A€r vyl ani de nononer (AAM) .

20 4. The ioni %prft\(rgfi@por}‘iakth&legirg&xmécﬁgtgl's?r wei ght redox polyner of claim 2,
10 wherein the molecular weight of the ionic hydrophilic high molecular weight

polymer is greater than 16 Kg/mol.

2. The ionic hydrophilic high molecular weight redox polymer of claim 1,
wherein the hydrophilic polymer is a hydrophilic polymer backbone.
15
3. The ionic hydrophilic high molecular weight redox polymer of claim 2,
wherein the hydrophilic polymer backbone is formed at least partially from a
hydrophilic acrylamide monomer (AAM).

20 4.  The ionic hydrophilic high molecular weight redox polymer of claim 2,
wherein the hydrophilic polymer backbone is formed at least partially from at least
one of hydrophilic monomers with an acrylate polymerizable group and hydrophilic

monomers with a vinyl polymerizable group.

25 5. The ionic hydrophilic high molecular weight redox polymer of claim 2,
wherein the ionic portions are incorporated in the hydrophilic backbone and the redox
mediators are covalently attached to the hydrophilic polymer backbone in a pendant

manner.

30 6. The ionic hydrophilic high molecular weight redox polymer of claim 1,

wherein the ionic portions are cationic portions.
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wherein the hydrophilic pol ynmer backbone is fornmed at |east partially from
at |least one of hydrophilic nononers with an acryl ate pol yneri zabl e group
and hydrophilic rnonomers with a vinyl polynerizable group. 2pAFENMhe ionic

hydrophil'ic high nolecul ar weight redox polymegy bakie: No.: MBEs649 the
ionic portions are incorporated in the hydrophiﬁ@%c%acﬁﬁ%néland t he redox

nmedi ators are covalently attached to the hydrophilic polyner backbone in a
pendant nmanner. 30 6. The ionic hydrophilic high nol ecular wei ght redox
polymer of claim1, wherein the ionic portions are cationic portions. 13

PATENT  Attorney Dogheti, e h%@&(;gi@%“g}l Iﬁqolf'&!ilﬁr mggiéﬁﬁagﬁgap@e} bEc1fingh,

nol ecul ar wei ght redox poly nic portion is
formed of Wherdimdreyibniglpoxtyones yrredraf i dvyylogionyaihylitrdbethpll ammoiurAETMVAC) . 8.
The ionic h?/d_r ophilic high nol ecul ar wei ght redox polyner of claiml,

wher ei’ tﬁbqpéﬁﬁéEEB?$¢bn is formed of at |east one of a quaternary ammoni um
cationic nononer and a tertiary ammoni um cationic nononer. 40 9. The ionic
hydr ophi I i ¢ hi gh nol ecul ar wei ght redox polyner of claiml1l, wherein the
redox nedi ator 8 s fdmeqesioaydlophilic hdzh mbRciulanweighy@ieppolyimer bf @hinid] ecul ar
wei ght redox polyner of claim1, 45 wherein; the hydrophilic polyner is a

hydr ophi | ivdhepan (hedenis perinsris ferareded ableast oae of a gugternary mmppighsAdenishi | i c
acrylam d oner W .onic.portion is fornmed at | east partially
from][2- ?%Jélr%y eggll'1 %éy e rﬁfﬁ“ﬁﬁ@@f&g}&%%ﬂ?ﬁ% chl ori de (AETMAC)
incorpgrated in the

9. The ionic hydrophilic high molecular weight redox polymer of claim 1,

wherein the redox mediator is ferrocene (Fc).

10.  The ionic hydrophilic high molecular weight redox polymer of claim 1,
45  wherein:
the hydrophilic polymer is a hydrophilic polymer backbone formed at least
partially from hydrophilic acrylamide monomer (AAM);
the ionic portion is formed at least partially from [2-
(acryloyloxy)ethyl]trimethyl ammonium chloride (AETMAC) incorporated in the
50  hydrophilic polymer backbone; and
the redox mediator is ferrocene (Fc) covalently attached to the hydrophilic

polymer backbone in the form of vinyl ferrocene (VFc). .

11.  The ionic hydrophilic high molecular weight redox polymer of claim

55 10, wherein the molecular weight is approximately 110 Kg/mol.

12.  The ionic hydrophilic high molecular weight redox polymer of claim
10, wherein the relative molar portion of AAM is in the range of about 84 to about 99,
the relative molar portion of VFc is in the range of about 1 to about 6 and the relative

60  molar portion of AETMAC is in the range of from nearly zero to about 10.
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50 hydrophilic polyner backbone; and the redox nediator is ferrocene (Fc)
covalently attached to the hydrophilic polyner backbone in the form of
vinyl ferrocene (VFc). . 11. The ionic hydrophilic high nol ecghgipngei ght
redox polynmer of claim 55 10, wherein the nol [ i I xi mat el y
110 Kg/ nol . 12. The ionic hydrophilic high mllgtgou%%D%egmo"r@gg(?%gl ymer of
claim 10, wherein the relative nolar portion of AAMis in the range of
about 84 to about 99 the relative nmolar portion of VFc is in the range of

about Ito aboutl36 ardetemic hydrephilie highgnelseular weight redorpolrEenalslpian 1.n t he
range of from. rly. zero t. out ~10. .14 PATE Attorney Docket No.:

DDl - 5045 @%@ﬂ@%ﬂgﬁf@%ﬁ)ﬁo&lggﬁl |c°f icgaﬂa%ﬁ%lfdg\%cﬁ rzilronwlélferght redox pol yner of
claim1l1l, wherein the ionic portion is formed of a carboxylic acid nononer.

65 14. The ionic hydrophilic high nolecular weight redox polynmer of claiml,
wher eith t he i ordidc hyldeagnit hydrophidih highl reeletular weightrederepelymsoofsteim i,s a

tioni dr.ophi.li.c. high, nol | i ght I . 15.. The ioni
Fycr ophi 1| MERBrE PR G mpleatfe BerephERCE PEOTET i acetohis vner ai -t ne
ioni ¢ hydngahphilie Hy orgghﬁpw_g%ﬁt MabgpbiyhReoX polymer is an anionic
hydr ophi i € hi gh nol ecul ar wei ght redox” pol yner. 15

15.  The ionic hydrophilic high molecular weight redox polymer of claim 1,
70  wherein the ionic hydrophilic high molecular weight redox polymer is an anionic

hydrophilic high molecular weight redox polymer.
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