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Description
BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates, in general, to
sensors and, in particular, to enzymatic electrochemical-
based sensors.

Description of the Related Art

[0002] The use of enzymatic electrochemical-based
sensors that employ an enzymatic reagent, for example,
an enzymatic reagent that includes a redox mediator
(e.g., ferrocene) and a redox enzyme (e.g., glucose ox-
idase), in conjunction with an electrode(s) for the deter-
mination of an analyte in a liquid sample has become of
heightened interestinrecentyears. Such enzymatic elec-
trochemical-based sensors are believed to be particular-
ly suitable for continuous or semi-continuous monitoring
of analytes (e.g., glucose) in a fluid samples (e.g., blood
or interstitial fluid samples). For example, enzymatic
electrochemical-based glucose sensors employing a re-
dox mediator, a redox enzyme and a working electrode
can determine (i.e., measure) glucose concentration us-
ing 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 electro-
chemical-based sensors, see, for example, U.S. Patent
Nos. 5,089,112 and 6,284,478and JP 10-113200 A.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] A better understanding of the features and ad-
vantages of the present invention will be obtained by ref-
erence to the following detailed description that sets forth
illustrative embodiments, in which the principles of the
invention are utilized, and the accompanying drawings
of which:

FIG. 1 depicts a copolymer that can be employed in
a binding agent of a water-miscible conductive ink
according to an exemplary embodiment of the
present invention;

FIG. 2 depicts another copolymer that can be em-
ployed in a binding agent of a water-miscible con-
ductive ink according to another exemplary embod-
iment of the present invention;

FIG. 3 depicts yet another copolymer that can be
employed in a binding agent of a water-miscible con-
ductive ink according to yet another exemplary em-
bodiment of the present invention;

FIG. 4 depicts a reaction sequence for creating a
copolymer that can be employed in a binding agent
of a water-miscible conductive ink according to a fur-
ther exemplary embodiment of the presentinvention;
FIG. 5A is a simplified top view depiction of a portion
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of an enzymatic electrochemical-based sensor ac-
cording to an exemplary embodiment of the present
invention;

FIG. 5B is a simplified cross-sectional depiction of
the enzymatic electrochemical-based sensor of FIG.
5A taken along line 5B-5B;

FIG. 5C is a simplified cross-sectional depiction of
the enzymatic electrochemical-based sensor of FIG.
5A taken along line 5C-5C;

FIG. 5D is a simplified cross-sectional depiction of
the enzymatic electrochemical-based sensor of FIG.
5A taken along line 5D-5D;

FIG. 6 is a flow chart of a process for manufacturing
a portion of an enzymatic electrochemical-based
sensor according to an exemplary embodiment of
the present invention;

FIG. 7 depicts a simplified reaction sequence for the
synthesis of a high molecular weight redox copoly-
mer of acrylamide and vinylferrocene that can be
employed in a binding agent of a water-miscible con-
ductive ink according to an exemplary embodiment
of the present invention;

FIG. 8A is a graph depicting calibration data of an
enzymatic electrochemical-based glucose sensor
according to an exemplary embodiment of the
present invention obtained in a continuous flow
mode;

FIG. 8B is a graph depicting current stability over
time for an enzymatic electrochemical-based glu-
cose sensor according to an exemplary embodiment
of the present invention;

FIG. 9 is a graph depicting calibration data of an en-
zymatic electrochemical-based sensor according to
an exemplary embodiment of the present invention
obtained employing a microfluidic test system;

FIG. 10 is a graph depicting transient response to a
variety of glucose concentrations for an embodiment
of an enzymatic electrochemical-based sensor ac-
cording to the present invention;

FIG. 11 is a graph depicting integrated transient re-
sponse to a variety of glucose concentrations for an
embodiment of an enzymatic electrochemical-based
sensor according to the present invention;

FIG. 12 is a calibration graph for an enzymatic elec-
trochemical-based sensor according to an exempla-
ry embodiment of the present invention;

FIG. 13 is a graph depicting response stability for an
enzymatic electrochemical-based sensor according
to an exemplary embodiment of the present inven-
tion; and

FIG. 14 is a graph depiction calibration data for an
enzymatic electrochemical-based glucose sensor
according to an exemplary embodiment of the
present invention.
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DETAILED DESCRIPTION OF ILLUSTRATIVE EM-
BODIMENTS OF THE INVENTION

[0004] A water-miscible conductive ink for use in an
enzymatic electrochemical-based sensor according to
an embodiment of the present invention includes a con-
ductive material, an enzyme, a mediator and a binding
agent. In addition, the conductive material, enzyme, me-
diator and binding agent are formulated as a water-mis-
cible aqueous-based dispersion wherein the binding
agent becomes operatively water-insoluble upon drying.
In this regard, one skilled in the art will recognize that a
dispersion is essentially a mixture comprising discrete
particle material (e.g., particles of conductive material)
dispersed in a continuous phase of a different material
(e.g., a continuous binding agent phase). Characteris-
tics, benefits and other exemplary details of water-mis-
cible conductive inks for use in an enzymatic electro-
chemical-based sensor according to various exemplary
embodiments of the present invention are described be-
low.

[0005] Water-miscible conductive inks according to
embodiments of the presentinvention enable close prox-
imal juxtaposition between the enzyme, the mediator,
and the conductive material, thereby facilitating rapid
electron exchange (i.e., electron transfer) therebetween.
Such rapid electron exchange can lead to a beneficial
increase in current collection efficiency.

[0006] Water-miscible conductive inks according to
embodiments of the present invention are readily em-
ployedin conventional enzymatic electrochemical-based
sensor manufacturing techniques such as, for example,
screen printing techniques. Furthermore, the water-mis-
cible conductive ink are suitable for being immobilized
upon drying to a substrate of an enzymatic electrochem-
ical-based sensor as a conductive layer, thus preventing
loss of mediator and/or enzyme from the conductive layer
during use of the enzymatic electrochemical-based sen-
sor. In addition, in comparison to a conventional discrete
electrode, the conductive material of such a conductive
layer can have a greater mediator accessible surface ar-
ea.

[0007] Since water-miscible conductive inks according
to the present invention are formulated as aqueous-
based dispersions, they are readily compatible with typ-
ical enzymes and mediators. In addition, water-miscible
conductive inks according to the present invention are
advantageous in that their water-miscible nature enables
a wide formulation latitude in terms of the proportion of
enzyme and mediator which can be incorporated therein
as a uniform dispersion.

[0008] Water-miscible conductive inks accordingtothe
present invention can be easily manufactured, and are
readily applied to substrates of an enzymatic electro-
chemical-based sensor. The water-miscible conductive
inks are, therefore, beneficially suitable for rapid and cost
effective production of enzymatic electrochemical-based
sensors. Furthermore, since water-miscible conductive
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inks according to the present invention combine an en-
zyme, mediator and a conductive material into a single
composition, the number of processing steps and ex-
pense required to manufacture an enzymatic electro-
chemical-based sensor is beneficially reduced.

[0009] Itshould be noted that a water-miscible conduc-
tive ink according to the present invention is a conductive
ink that can be dissolved and/or otherwise dispersed uni-
formly in water or other aqueous solution, although the
water-miscible conductive ink can alsoinclude an organic
solvent that does not induce phase separation (i.e., a
water-miscible organic solvent).

[0010] Suitable conductive materials, enzymes, medi-
ators and binding agents, as well as a descriptions of
suitable techniques for formulating the conductive mate-
rials, enzymes, mediators and binding agents into a wa-
ter-miscible conductive ink according to embodiments of
the present invention are detailed below.

Conductive Material

[0011] Any suitable conductive material (also referred
to as a pigment or carbon ink as a context may warrant)
known to one skilled in the art can be employed in em-
bodiments of the present invention. For example, the
conductive material can be a finely divided conductive
particle material such as a carbon black material, graph-
ite material, a platinum particle material, a platinized car-
bon material, a gold particle material, a platinum/palladi-
um alloy particle material, a palladium particle material,
a ruthenium particle material, or a cerium particle mate-
rial. The size of such finely divided conductive particle
material can be, for example, less than 100 microns and,
preferably, in the size range of 1nm to 20 pm. In addition,
the size range can have a bimodal distribution.

[0012] When a water-miscible conductive ink accord-
ing to embodiments of the present invention is employed
to manufacture a conductive layer of an enzymatic elec-
trochemical-based sensor, the conductive material of the
water-miscible conductive ink can serve as an electrode
and exchange electrons with the mediator of the water-
miscible conductive ink. In this regard, once apprised of
the presentdisclosure, one skilled in the art will recognize
that conductive layers formed from water-miscible con-
ductive inks according to the present invention contain
the conductive material, enzyme and mediator that were
presentin the water-miscible conductive ink used to form
the conductive layer. Since the conductive material and
the mediator (as well as the enzyme and binding agent)
can be formulated as a uniform dispersion, the resulting
conductive layer has an enhanced ability for electron ex-
change between the conductive material and the medi-
ator in comparison to electron exchange between a dis-
crete conductive material layer (such as a conventional
electrode) and a separate mediator-containing layer.
[0013] Once apprised of the present disclosure, one
skilled in the art can select a combination of conductive
particles, binding agent, mediator, enzyme, and, option-
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ally, a water-miscible organic co-solvent that produce a
uniform dispersion and, upon drying, a uniform conduc-
tive layer (e.g., a conductive layer with an essentially uni-
formly distributed enzyme, mediator and conductive ma-
terial). Conventional and well-known experimental tech-
niques for assessing uniformity of dispersions and con-
ductive layers (such as visual and Scanning Electron Mi-
croscopy (SEM) inspection and mechanical characteri-
zation) can be employed in doing so.

Enzyme

[0014] Any suitable enzyme known to one skilled in the
art can be employed in embodiments of the present in-
vention. The enzyme can be, for example, an enzyme
that selectively recognizes an analyte (e.g., glucose) to
be determined (i.e., detected or measured) within a fluid
sample (such as a blood sample). As is known to one
skilled in the art of enzymatic electrochemical-based sen-
sors, such an enzyme partakes in an electrochemical
reaction that is the basis for an electrochemical determi-
nation of the analyte by an enzymatic electrochemical-
based sensor. For example, the enzyme may shuttle
electrons to an electrode (or other conductive material)
using a mediator, thereby enabling a current to be meas-
ured at the electrode which is proportional to analyte con-
centration.

[0015] The enzyme can be, for example, a redox en-
zyme such as a glucose oxidizing enzyme. In this cir-
cumstance, an enzymatic electrochemical-based sensor
that employs a water-miscible conductive ink containing
a glucose oxidizing enzyme can be used to determine
glucose in a fluid sample (e.g., a whole blood sample).
Examples of a glucose oxidizing enzymes include, but
are not limited to, glucose oxidase and pyrrolo-quinoline-
quinone (PQQ) glucose dehydrogenase.

[0016] The formulations of water-miscible conductive
inks according to embodiments of the present invention
enable the enzyme of such water-miscible conductive
inks to be operatively immobilized to a substrate of an
enzymatic electrochemical-based sensor. The operative
immobilization is such that the enzyme, while immobi-
lized to the substrate, is able to react with an analyte and
transfer electrons to the conductive material via the me-
diator.

Mediator

[0017] Any suitable mediator known to one skilled in
the art can be employed in embodiments of the present
invention. A mediator is essentially a chemical entity that
can operatively exchange electrons with both the con-
ductive material and the enzyme of the water-miscible
conductive ink.

[0018] The mediator can be, for example, ferricyanide
orferrocene. In addition, the mediator can be a polymeric
mediator such as those described, and referred to as
redox polymers, in co-pending European Patent Appli-
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cations Nos. 1621 636, 1 630 234 and 1 642 984. Such
polymeric mediators can be water soluble and of a high
molecular weight, such as a co-polymer of vinyl ferrocene
and acrylamide.

[0019] A suitable mediator with limited water-solubility
such as, for example, ferrocene or tetrathiafulvalene/tet-
racyanoquinodomethane (TTF/TCNQ) can be prepared
for formulation into a water-miscible conductive ink ac-
cording to embodiments of the present invention by dis-
persion or dissolution of the mediator into a water misci-
ble co-solvent such as, for example, methyl carbitol or a
glycol ether solvents prior to formulation. Such a water-
miscible co-solvent enables the mediator to be effectively
dispersed with the conductive material, enzyme and
binding agent of the water-soluble conductive ink despite
the limited water-solubility of the mediatorin the absence
of the co-solvent.

[0020] The formulations of water-miscible conductive
inks according to embodiments of the present invention
enable the mediator to be operatively immobilized to a
substrate of an enzymatic electrochemical-based sen-
sor. The operative immobilization is such that the medi-
ator, while immobilized to the substrate, is able to react
with an enzyme and transfer electrons to the conductive
material.

Binding Agent

[0021] The binding agent of water-miscible conductive
inks according to the present invention serves to opera-
tively immobilize the conductive material, mediator and
enzyme of the water-miscible conductive ink to a sub-
strate of an enzymatic electrochemical-based sensor.
[0022] The binding agent can include, for example, a
resin polymer and a counter-ion, wherein the counter-ion
renders the resin polymer soluble in water by deproto-
nating or protonating an acid or base group of the resin
polymer. The counter-ion can be volatile, such that when
the water-miscible conductive ink is dried, the counter
ion essentially evaporates and the resulting binding
agent (i.e., the dried resin polymer) becomes operatively
waterinsoluble. For example, the resin polymer can have
an acid group derived from a carboxylic acid species,
and the volatile counter ion can be derived from a volatile
amine such as ammonia, N’N’dimethylethanolamine, or
a volatile organic amine. When the volatile counter-ion
evaporates from the water-soluble conductive ink, the
resin polymer can become ionically cross-linked onto a
substrate of an enzymatic electrochemical-based sensor
in such a way that the enzyme, conductive material, and
mediator of the water-insoluble conductive ink are sub-
stantially immobilized. For a resin polymer with negative-
ly-charged acid groups, the negatively charged acid
groups may ionically bind with positively charged species
on the resin polymer itself or with any of the conductive
material, the enzyme and the mediator.

[0023] The usefulness of binding agents can be en-
hanced by the action of co-solvency effects, whereby the
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presence of a water miscible organic co-solvent in the
water-miscible conductive ink improves the water-solu-
bility of the binding agent. Such organic co-solvents can
be, for example, removed by evaporation when the wa-
ter-miscible conductive ink is dried. Notably, upon con-
tact with a fluid sample during use of the enzymatic elec-
trochemical-based sensor, the organic solvent is absent
and the resin polymer is operatively water-insoluble. Suit-
able water miscible organic co-solvents include, for ex-
ample, alcohols, glycol ethers, methyl carbitol, butyl car-
bitol, ethylene glycol, ethylene glycol diacetate, diace-
tone alcohol and triethyl phosphate.

[0024] Once apprised of the present disclosure, one
skilled in the art will recognize that various components
of water-miscible conductive inks according to the
present invention are commercially available. For exam-
ple, a water-miscible combination of conductive graphite
material and binding agent suitable for use in various
embodiments of water-miscible conductive inks accord-
ing to the present invention is available as a conductive
graphite paste from Coates Electrographics, a division
of Sun Chemical Screen, Norton Hill, Midsomer Norton,
Bath UK, under the catalog number 66756. A further wa-
ter-miscible combination of conductive material and bind-
ing agent is commercially available from Precisia, Ann
Arbor, Michigan, U.S.A. as water-soluble conductive ma-
terial LFW201-H.

[0025] The dried binding agent of a conductive layer
formed by drying various embodiments of water-miscible
conductive inks according to the present invention can
serve as adialytic membrane, with the mediator, enzyme,
and conductive material being constrained within the
dried and operatively water insoluble binding agent and,
thereby, immobilized to a substrate of an enzymatic elec-
trochemical-based sensor. Such a dialytic membrane
can allow relatively small molecules, such as glucose, to
penetrate therein and interact with the constrained en-
zyme.

[0026] Referringto FIGs. 1,2, 3 and 4, suitable binding
agents for use in water-miscible conductive inks accord-
ing to embodiments of the present invention can include
a polymer with carboxylic functional groups, anhydride
functional groups, and/or phosphoric acid groups. For
example, the binding agent may be a copolymer of pol-
ystyene-co-maleic anhydride 10 depicted in FIG. 1, a hy-
drolyzed copolymer of polystyene-co-maleic anhydride
20 depicted in FIG. 2, a copolymer of polystyene-co-
maleic anhydride which is partially hydrolyzed, a partially
esterified copolymer of polystyene-co-maleic anhydride
30 as depicted in FIG. 3, or a phosphoric acid functional
polymer 40 derived by the reaction of phosphoric acid 42
with epoxy resin 44 as depicted in FIG. 4.

[0027] Furthermore, binding agents can also be formu-
lated to contain a copolymer or terpolymer made by
blending suitable acid functional vinyl monomers, such
as an acrylic acid monomer, and/or a methacrylic acid
monomer, and/or an itaconic acid monomer, and/or a
maleic acid monomer, along with other vinyl monomers,
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such as a methyl methacrylate monomer, and/or a sty-
rene monomer, and/or an ethyl acrylate monomer, and/or
an isopropyl acrylate monomer, and/or a butyl acrylate
monomer, and/or an acrylonitrile monomer, and/or a me-
thyl styrene monomer, and/or a vinyl benzoate monomer,
and/or an acrylamide monomer, and/or and a hy-
droxymethyl methacrylate monomer. Such polymeric
binding agents combine water miscibility with excellent
conductive material dispersant properties.

[0028] Referring to FIGs. 5A, 5B, 5C and 5D, an en-
zymatic electrochemical-based sensor 100 according to
an embodiment of the present invention includes a sub-
strate 102, a reference electrode 104a with an electrode
surface 106a, a working electrode 104b with an electrode
surface 106b, and a conductive layer 108 disposed on
electrode surface 106b. Conductive layer 108 is formed
by drying a water-miscible conductive ink according to
embodiments of the presentinvention as described here-
in. Therefore, conductive layer 108 includes a dried bind-
ing agent (that is operatively water insoluble), a mediator,
an enzyme and conductive material. Although conduc-
tive layer 108 is depicted as being disposed on working
electrode 104b, a conductive layer formed from water-
miscible conductive inks according to embodiments of
the present invention can themselves serve as a working
electrode or other suitable conductive component of an
enzymatic electrochemical-based sensor.

[0029] Enzymatic electrochemical-based sensor 100
also includes a reference ink layer 114 and an optional
insulation layer 112. One skilled in the art will recognize
that FIGs. 5A through 5D depict only a portion of a com-
plete enzymatic electrochemical-based sensor and that
additional components of the enzymatic electrochemical-
based sensor (e.g., a housing, analysis/microprocessor
module, and electrical communication circuits) have not
been illustrated to avoid unduly complicating FIGs. 5A
through 5D.

[0030] One skilled in the art will also recognize that
reference ink layer 114, which constitutes an electro-
chemically active layer integrated with reference elec-
trode 104a, sets the "zero potential" against which a
measurement potential is applied at working electrode
104b. One skilled in the art will further recognize that
although FIGs. 5A through 5D depict an enzymatic elec-
trochemical-based sensor with a two electrode format,
other enzymatic electrochemical-based sensor formats
known in the field can be employed in embodiments of
the present invention.

[0031] Substrate 102 can be formed, for example, from
a sheet of polyethylene terephthallate, polybutylene
terephthallate sheet (commercially available from, for ex-
ample, GE Plastic, United States), or from an oriented
polystyrene film (commercially available from, for exam-
ple, NSW GmBH, Germany).

[0032] Reference ink layer 114 can be formed, for ex-
ample, from Ag/AgCl paste (commercially available from
Gwent Electronic Materials, Pontypool Wales, UK) or any
suitable electrochemical reference material including,
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but not limited to materials that include a metal that forms
a partially soluble salt (e.g., silver, copper, titanium and
lithium).

[0033] Theoptionalinsulationlayer 112 canbeformed,
for example, from a dielectric screen printable ink paste
(commercially available from, for example, Sericol Inks
Ltd.). Reference electrode 104a and working electrode
104b can be formed of any suitable material known to
one skilled in the art.

[0034] Reference electrode 104a, working electrode
104b, insulation layer 112 can have any suitable thick-
ness. However, a typical thickness for each of these lay-
ers is in the range of from 1 micron to 100 microns.
[0035] FIG. 6 is a flow chart of a method 600 for man-
ufacturing an enzymatic electrochemical-based sensor
according to an exemplary embodiment of the present
invention. The manufactured portion can be any conduc-
tive layer such as, for example, an electrode, an electri-
cally conductive trace or the conductive layer depicted
in FIGS. 5A through 5D. However, one skilled in the art
willrecognize that although FIGs. 5A through 5D illustrate
an enzymatic electrochemical-based sensor that can be
manufactured using methods according to the present
invention, the methods are not limited to the enzymatic
electrochemical-based sensor depicted in FIGs. 5A
through 5D.

[0036] Method 600 includes applying a water-miscible
conductive ink to a substrate of an enzymatic electro-
chemical-based sensor, as set forth in step 610. The wa-
ter-miscible conductive ink includes a conductive mate-
rial, an enzyme, a mediator, and a binding agent, with
the conductive material, enzyme, mediator, and binding
agent formulated as a water-miscible aqueous-based
dispersion and wherein the binding agent becomes op-
eratively water-insoluble upon drying.

[0037] The substrate can be any suitable substrate in-
cluding, for example, an electrically insulating substrate
of an enzymatic electrochemical-based sensor and/or a
conducting substrate of an enzymatic electro-chemical
based sensor.

[0038] The application of step 610 can be accom-
plished using, for example, any suitable application tech-
nique including screen printing techniques, dip coating
techniques, spray coating techniques, and inkjet coating
techniques. The water-miscible conductive ink applied in
step 610 is further described herein with respect to water-
miscible conductive inks and enzymatic electrochemical-
based sensors according to the present invention.
[0039] As illustrated in step 620 of FIG. 6, method 600
further includes drying the water-miscible conductive ink
to form a conductive layer on the substrate that includes
an operatively water-insoluble binding agent.

[0040] The drying can be conducted at a temperature
and for a time period that is sufficient to immobilize the
dried water-soluble conductive ink to the substrate and
form the conductive layer, but insufficient to significantly
degrade the activity of the enzyme. For example, the wa-
ter-miscible conductive ink can be dried at about 75 °C
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for about 20 minutes.
Example 1

[0041] A water-miscible conductive ink according to an
exemplary embodiment of the present invention that in-
cluded the enzyme glucose oxidase, the mediator fer-
rocene and a commercially available combination of con-
ductive material and binding agent (available from
Coates as water-miscible graphite paste 66756) was pre-
pared. The water-miscible conductive ink was formulated
as follows: 50 mg of glucose oxidase was dissolved in
0.7ml of Analar water. The resulting solution was added
to 5g of water-miscible graphite paste 66756, followed
by mixing with 25mg of ferrocene that had been dissolved
in 1ml of methyl carbitol co-solvent.

[0042] A portion of the water-miscible conductive ink
described above was coated onto a glassy carbon elec-
trode and dried in an oven at 75 °C for 20 minutes to
create a glassy carbon electrode with a conductive layer
thereon. One skilled in the art will recognize that such an
electrode with a conductive layer thereon represents a
portion of an enzymatic electrochemical-based sensor.
[0043] The electrode with the conductive layer thereon
was tested at a constant potential of 300mV in a beaker
containing a stirred buffered glucose solution. The test
employed a silver/silver chloride reference electrode and
a platinum wire counter electrode. An amperometric re-
sponse to increasing glucose concentration in the beaker
was observed. Amperometric testing was performed for
a period in excess of 12 hours, through successive
changes in buffer and glucose additions. Upon extended
testing, the amperometric response decreased. Itis pos-
tulated thatthe decrease was a result of a loss of mediator
from the conductive layer.

Example 2

[0044] A hydrophilic high molecular weight redox pol-
ymer (i.e., redox polymer 700 of FIG. 7) suitable for use
in a water-miscible conductive ink according to an em-
bodiment of the present invention was synthesized by
the free radical co-polymerization reaction depicted in
FIG. 7 using a reaction solution of 1.8 gof 97% acrylamide
(AAM), 0.3 g of 97% vinylferrocene (VFc), and 0.03 g of
2.2’-azobisisobutyronitrile (AIBN) in a 40 mL mixture of
dioxane and ethanol (1/1 v/v). The reaction was per-
formed in a round bottom flask. The reactions was per-
formed with 5 molar percent of vinyl ferrocene and a 95
molar percent of acrylamide.

[0045] Before initiating the reaction, the reaction solu-
tion described above was deoxygenated by bubbling ni-
trogen 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 atmos-
phere. The resulting polymer precipitate was filtered off
and repeatedly washed with acetone to provide a purified
sample of polymer precipitate. The purified sample was
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subsequently dried in an oven at 50 °C.

[0046] Relatively low molecular weight portions were
then eliminated from the dried purified sample through
dialysis against de-ionized water using a cellulose mem-
brane tubing with a molecular weight cutoff of 13 Kg/mol.
The resulting composition was a hydrophilic high molec-
ular weight redox polymer (i.e., redox polymer 700 of
FIG. 7).

Example 3

[0047] A water-miscible conductive ink in accordance
with an embodiment of the present invention was formu-
lated using redox polymer 700 described in Example 2.
The formulation included mixing together 30 mg of glu-
cose oxidase (obtained from Aspergillus Niger), 160 mg
of a 5% aqueous solution of redox polymer 700, 1 ml of
Analar water, 3g of water miscible graphite paste (com-
mercially available from Coates Screen, a division of Sun
Chemical, as catalog number 66756) to form a homoge-
neous aqueous-based dispersion.

[0048] The water-miscible conductive ink described
immediately above was coated onto a substrate of an
enzymatic electrochemical-based sensor (namely, sen-
sor artwork of 3.75 square millimeters with conductive
tracks and a reference (screen printed Ag/AgCl) elec-
trode). The coated substrate was dried at 75 °C for 20
minutes. The dried coated substrate was then placed into
a flow-through cell, and connected to a potentiostat. A
potential of 300mV was applied to a working electrode
(formed from the water-miscible conductive ink as de-
scribed immediately above), with a Pt wire inserted into
the cell to act as a counter electrode).

[0049] Phosphate buffered saline (PBS) containing
glucose at physiologically relevant concentrations in the
range of 0-20mmol/L was flowed across the enzymatic
electrochemical-based sensor at 0.7ml/minute. The gen-
erated current response was proportional to the glucose
concentration of the analyte being flowed at a given point
in time, as exemplified by the data of FIG. 8A, and was
stable for a period in excess of 20 hours. The stability is
further exemplified by the data of FIG. 8B, which depicts
11 hours of data.

[0050] Based on the data of FIGs. 8A and 8B, the en-
zymatic electrochemical-based sensor of this example
is eminently suitable for the detection of physiologically
relevant concentrations of glucose, in a continuously op-
erating mode. It was postulated that the water-miscible
conductive ink employed in the enzymatic electrochem-
ical-based sensor combined the advantages of an immo-
bilized high molecular weight mediator and immobilized
enzyme, with improved electrochemical communication
between the enzyme, the mediator and the conductive
material.

Example 4

[0051] A water-miscible conductive ink similar to that
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of Example 3 was prepared but with the addition of a
rheology modifying agent (i.e., Cabosil LM150 hy-
drophilic fumed silica). The incorporation of a rheology
modifying agent (such as Cabosil LM150 hydrophilic
fumed silica or Cabosil TS 610 hydrophobic fumed silica)
canimprove the suitable of the water-miscible conductive
ink for screen printing.

[0052] The water-miscible conductive ink was formu-
lated by combining 540 mg glucose oxidase from As-
pergillus Niger, 8.14 g of a 5% aqueous solution of redox
polymer 700, 60g of Coates 66756 water-miscible graph-
ite paste, and 1.6 g Cabosil LM150 hydrophilic fumed
silica. The combination was mixed at a high shear rate
(i.e., 2000 rpm) for 5 minutes until a uniform, high vis-
cosity paste. The high viscosity paste was then printed
through a screen mesh using a DEK 248 screen printer
onto an enzymatic electrochemical-based sensor sub-
strate and dried to form a conductive layer. The resulting
enzymatic electrochemical-based sensor was essential-
ly as depicted in FIG. 5D.

[0053] The enzymatic electrochemical-based struc-
ture thus formed was then tested in conjunction with a
microfluidic test system. When tested with several glu-
cose concentrations, the response of the enzymatic elec-
trochemical-based structure was largely stable and linear
up to 20mmol glucose concentration at 300mV, for a pe-
riod in excess of 10 hours.

[0054] In a further test, various concentrations of glu-
cose in phosphate buffer were flowed through the micro-
fluidic test system at a rate of 200nL/min. The current
response (depicted by the data of FIG. 9) was propor-
tional to glucose concentration employed. The data of
FIG. 9 indicates that a continuous stable measurement
can be made over a time period in excess of 10 hours,
without the need for recalibration or baseline correction.

Example 5

[0055] A further enzymatic electrochemical-based
sensor structure and microfluidic test system as de-
scribed in Example 4 was prepared and tested with an
analyte generated by mixing freshly extracted human
plasma with phosphate buffer in a ratio of 1:2 such that
the resulting fluid was a close physiological match to hu-
man interstitial fluid. Glucose additions were made to this
fluid to generate a range of samples that represented the
usual physiological glucose range in diabetic persons.

[0056] The resulting sample liquid was introduced to
the microfluidic test system in 5 minute bursts at a rate
of 300nL/min, during which 0V potential was applied be-
tween a working and counter electrode of the enzymatic
electrochemical-based sensor structure. This was fol-
lowed by a 10 minute interval during which the analyte
was stagnant. During this 10 minute interval when the
analyte was stagnant, a 300mV potential was applied to
the working electrode, and a transient current response
was measured. This process was repeated multiple
times, each time with the sample liquid containing a dif-
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ferent concentration of glucose. The current response
generated ateach measurement cycle is depicted in FIG.
10.

[0057] The data of FIG. 10 represents measurements
made at 10-15 minute intervals over a period of time in
excess 20 hours. The data of FIG. 10 indicates that glu-
cose concentration can be determined from the current
response by either an amperometric measurement of the
current at a chosen time or from a coulometric measure-
ment made by taking an integration or partial integration
of the current response at a given measurement time.
For instance FIG. 11 is a graph representing the coulo-
metric integration of each current transient shown in FIG.
10, indicating both the glucose level of the analyte sup-
plied, and the time at which the measurement was made.
FIG. 12 depicts a calibration curve derived from the data
of FIG. 11. The data of FIG. 13 indicates that the enzy-
matic electrochemical-based sensor exhibited stability
over a period in excess of 20 hours when tested in the
manner described above.

Example 6

[0058] A water-miscible conductive ink as described in
Example 4 and keptrefrigerated at5 °C for 21 days before
being tested. When tested as described in Example 4,
there was no significant difference between the current
response obtained using the water-miscible conductive
ink that had been stored for 21 days at 5 °C, compared
to water-miscible conductive ink that had been manufac-
tured, printed and tested on successive days.

Example 7

[0059] Awater-miscible conductive ink accordingto en
embodiment of the present invention was formulated by
mixing 83g of Precisia LFW201-H water soluble conduc-
tive material and binding agent, 8.7g of a 5% solution of
redox polymer 700 (described above), and 0.5 g of Glu-
cose oxidase from Aspergillus Niger. After mixing, the
resulting water-miscible conductive ink was coated on
(i.e., applied to) a printed carbon electrode as described
in Example 4. The resulting enzymatic electrochemical-
based produced a signal of about 10 nA when exposed
to 10 mM glucose. The signal was maintained for the
duration of a 1 hour test, thus demonstrating operative
immobilization of the various components of the water-
miscible conductive ink.

Example 8

[0060] An water-miscible conductive ink according to
the present invention was formulated from 5g of finely
powdered poly-styrene-co-maleic anhydride partial iso-
octyl ester with a cumene end cap of Mw 2300 (obtained
from Aldrich) dissolved in 20g of 2-butoxyethanol to form
a polymeric resin paste. Next, 12g of graphite powder
(particle size 2 micron, obtained from Aldrich) and 2g of
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Carbon black (grade black pearls 3700, from Cabot
Chemical company) was mixed with the polymeric resin
paste on a triple roll mill for 10 minutes. This was followed
by a 10g portion of the resulting mixture being further
mixed with 0.5g of N'N’ dimethylethanolamine a volatile
counter-ion, available from Aldrich). Next, 3mls of water
was added to form anintermediate mixture. The electrical
resistance of a portion of this intermediate mixture coated
onto a polyester substrate with a no3 K-bar, was approx-
imately 300 ohms per square.

[0061] 1.3 grams of the intermediate mixture was
mixed with 0.56g of a 5% aqueous solution of redox pol-
ymer 700 and 30 mg of glucose oxidase from Aspergillus
Niger to create a water-miscible conductive ink according
to an embodiment of the present invention.

[0062] The water-miscible conductive ink was coated
onto a carbon electrode (as depicted in FIGs. 5A through
5D) and tested in a flow system at 0.7ml per minute with
solutions containing glucose at 0.7ml per minute over a
period of about 5 hours. A current of 80nA in response
to a solution of 10mmol glucose was obtained during the
testing.

Example 9

[0063] A water-miscible conductive ink according to an
embodiment of the present invention was formulated by
mixing 120mg of glucose dehydrogenase-PQQ adduct
(commercially available from Toyobo, at greater than 500
IU/mg) with 6.1g of a 3.5% aqueous solution of redox
polymer 700. The resulting mixture was added to 65g of
Coates 66756 water-miscible graphite paste. 930mg of
Cabosil LM150 Silica was then added and the resulting
composition was mixed with a stirrer at 2000rpm for 10
minutes.

[0064] The water-miscible conductive ink was printed
onto a 3.75 mm? electrode artwork with a silver/silver
chloride reference electrode and dried for 20 minutes at
75 °C to form an enzymatic electrochemical-based sen-
sor. The enzymatic electrochemical-based sensor was
tested in a flow-through cell as described in Example 4,
at 300mV applied potential, and using glucose in phos-
phate buffered saline solution, flowed at 0.7 ml/min. The
current response obtained is depicted by the data of FIG.
14. The current response was stable over the 2.5 hours
of continuous sensor operation and testing depicted in
FIG. 14.

Claims

1. A water-miscible conductive ink for use in an enzy-
matic electrochemical-based sensor, the water-mis-
cible conductive ink comprising:

a conductive material;
an enzyme;
a mediator; and
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a binding agent including a resin polymer and a
volatile counter ion or including a resin polymer
and a water-miscible organic co-solvent that is
removed from the water-miscible conductive ink
upon drying of the water-miscible conductive
ink,

wherein the mediator is a chemical entity that
can operatively exchange electrons with both
the conductive material and the enzyme, and
wherein the conductive material, enzyme, me-
diator, and binding agent are formulated as a
water-miscible aqueous-based uniform disper-
sion, wherein the binding agent becomes oper-
atively water-insoluble upon drying of the water-
miscible conductive ink, and wherein the binding
agent is present as a continuous phase in the
water-miscible aqueous-based uniform disper-
sion.

The water miscible conductive ink of claim 1, wherein
the conductive material is a finely divided conductive
particle material.

The water miscible conductive ink of claim 2, wherein
the finely divided conductive particle material is at
least one of a carbon black material, a graphite ma-
terial, a platinum particle material, a platinized car-
bon material a gold particle material, a platinum/pal-
ladium alloy particle material, a palladium particle
material, a ruthenium particle material, or a cerium
particle material.

The water miscible conductive ink of any one of
claims 1 to 3, wherein the enzyme is a glucose oxi-
dizing enzyme.

The water miscible conductive ink of claim 4, wherein
the glucose oxidizing enzyme is glucose oxidase.

The water miscible conductive ink of claim 4, wherein
the glucose oxidizing enzyme is pyrrolo-quinoline-
quinone (PQQ) glucose dehydrogenase.

The water miscible conductive ink of any one of
claims 1 to 6, wherein the mediator is: ferrocene;
ferricyanide; a polymeric mediator; or tetrathiafulva-
lene/tetracyanoquinodomethane.

The water miscible conductive ink of claim 1, wherein
binding agent includes a resin polymer and a water-
miscible organic co-solvent that is removed from the
water-miscible conductive ink upon drying of the wa-
ter-miscible conductive ink and the water-miscible
organic co-solvent is at least one of an alcohol, a
glycol ether, methyl carbitol, butyl carbitol, ethylene
glycol, ethylene glycol diacetate, diacetone alcohol,
and triethyl phosphate.

10

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

14.

15.

16.

The water miscible conductive ink of any one of
claims 1 to 8, wherein the binding agent is at least
one of: a copolymer of polystyrene-co-maleic anhy-
dride; a hydrolyzed copolymer of polystyrene-co-
maleic anhydride; a copolymer of polystyrene-co-
maleic anhydride which is partially hydrolyzed; a par-
tially esterified copolymer of polystyrene-co-maleic
anhydride; or a phosphoric acid functional polymer
derived by the reaction of phosphoric acid with epoxy
resin.

The water miscible conductive ink of any one of
claims 1 to 8, wherein the binding agent is a copol-
ymer of at least one of: an acrylic acid monomer; a
methacrylic acid monomer; an itaconic acid mono-
mer; a maleic acid monomer; and at least one of: a
methyl methacrylate monomer; a styrene monomer;
an ethyl acrylate monomer; an isopropyl acrylate
monomer; a butyl acrylate monomer; an acrylonitrile
monomer; a methyl styrene monomer; a vinyl ben-
zoate monomer; an acrylamide monomer; or a hy-
droxymethyl methacrylate monomer.

An enzymatic electrochemical-based sensor com-
prising:

a substrate; and

a conductive layer formed from a dried water-
miscible conductive ink according to any one of
claims 1 to 10.

The enzymatic electrochemical-based sensor of
claim 11,

wherein the dried binding agent of the conductive
layer serves as a dialytic membrane:

The enzymatic electrochemical-based sensor of any
one of claims 11 to 12, wherein the substrate is a
working electrode.

The enzymatic electrochemical-based sensor of any
one of claims 11 to 12, wherein the conductive layer
serves as an electrode of the enzymatic electro-
chemical-based sensor.

The enzymatic electrochemical-based sensor of
claim 14, wherein the conductive layer serves as a
working electrode of the enzymatic electrochemical-
based sensor.

A method for manufacturing a portion of an enzy-
matic electrochemical-based sensor, the method
comprising:

applying a water-miscible conductive ink ac-
cordingtoany one of claims 1to 10 to a substrate
of an enzymatic electrochemical-based sensor;
and
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drying the water-miscible conductive ink to form
aconductive layer on the substrate thatincludes
an operatively water-insoluble binding agent.

The method of claim 16, wherein the applying step
is accomplished using a screen printing technique.

The method of claim 16 or claim 17, wherein the
drying step is accomplished at a temperature of
about 75°C for a time period of about 20 minutes.

The method of any one of claims 16 to 18, wherein
the drying step immobilizes the water-miscible con-
ductive ink to the substrate, thus forming the con-
ductive layer.

The method of any one of claims 16 to 19, wherein
the applying step applies a water-miscible conduc-
tive ink that includes a polymeric mediator.

The method of any one of claims 16 to 20, wherein
the drying step forms a conductive layer that serves
as an electrode of the enzymatic electrochemical-
based sensor.

The method of claim 21, wherein the drying step
forms a conductive layer that serves as a working
electrode of the enzymatic electrochemical-based
sensor.

The method of any one of claims 16 to 22, wherein
the applying step applies a water-miscible conduc-
tive ink containing conductive material that includes
finely divided conductive particles with a size of less
than 100 pm.

Patentanspriiche

1.

Wassermischbare leitfahige Tinte zur Verwendung
in einem enzymatischen elektrochemischen Sensor,
wobei die wassermischbare leitfahige Tinte Folgen-
des umfasst:

ein leitfahiges Material;

ein Enzym;

einen Mediator und

ein Bindemittel, das ein Harzpolymer und ein
flichtiges Gegenion oder ein Harzpolymer und
ein wassermischbares organisches Cosolvens,
das beim Trocknen der wassermischbaren leit-
fahigen Tinte aus der wassermischbaren leitfa-
higen Tinte entfernt wird, enthalt,

wobei es sich bei dem Mediator um eine chemi-
sche Entitat handelt, die sowohl mit dem leitfa-
higen Material als auch mit dem Enzym operativ
Elektronen austauschen kann, und

wobei das leitfahige Material, das Enzym, der
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Mediator und das Bindemittel als wassermisch-
bare wassrige einheitliche Dispersion formuliert
sind, wobei das Bindemittel beim Trocknen der
wassermischbaren leitfahigen Tinte operativ
wasserunldslich wird und wobei das Bindemittel
in der wassermischbaren wassrigen einheitli-
chen Dispersion als kontinuierliche Phase vor-
liegt.

Wassermischbare leitfahige Tinte nach Anspruch 1,
wobei es sich bei dem leitfahigen Material um ein
feinteiliges leitfahiges Partikelmaterial handelt.

Wassermischbare leitfahige Tinte nach Anspruch 2,
wobei es sich bei dem feinteiligen leitfahigen Parti-
kelmaterial um ein Rulimaterial, ein Graphitmaterial,
ein Platinpartikelmaterial, ein platiniertes Kohlen-
stoffmaterial, ein Goldpartikelmaterial, ein Platin/
Palladium-Legierungspartikelmaterial, ein Palladi-
umpartikelmaterial, ein Rutheniumpartikelmaterial
und/oder ein Cerpartikelmaterial handelt.

Wassermischbare leitfahige Tinte nach einem der
Anspriiche 1 bis 3, wobei es sich bei dem Enzym
um ein glucoseoxidierendes Enzym handelt.

Wassermischbare leitfahige Tinte nach Anspruch 4,
wobei es sich bei dem glucoseoxidierenden Enzym
um Glucoseoxidase handelt.

Wassermischbare leitfahige Tinte nach Anspruch 4,
wobei es sich bei dem glucoseoxidierenden Enzym
um PQQ-Glucosedehydrogenase (PQQ = Pyrrolo-
chinolinchinon) handelt.

Wassermischbare leitfahige Tinte nach einem der
Anspriiche 1 bis 6, wobei es sich bei dem Mediator
um Ferrocen, Ferricyanid, einen polymeren Media-
tor oder Tetrathiafulvalen/Tetracyanochinodome-
than handelt.

Wassermischbare leitfahige Tinte nach Anspruch 1,
wobei das Bindemittel ein Harzpolymer und ein was-
sermischbares organisches Cosolvens, das beim
Trocknen der wassermischbaren leitfahigen Tinte
aus der wassermischbaren leitfahigen Tinte entfernt
wird, enthalt, und es sich bei dem wassermischbaren
organischen Cosolvens um einen Alkohol, einen
Glykolether, Methylcarbitol, Butylcarbitol, Ethylen-
glykol, Ethylenglykoldiacetat, Diacetonalkohol und/
oder Triethylphosphat handelt.

Wassermischbare leitfahige Tinte nach einem der
Anspriiche 1 bis 8, wobei es sich bei dem Bindemittel
um ein Copolymer von Polystyrol-co-maleinsaure-
anhydrid, ein hydrolysiertes Copolymer von Polysty-
rol-co-maleinsaureanhydrid, ein teilhydrolysiertes
Copolymer von Polystyrol-co-maleinsdureanhydrid,
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ein teilverestertes Copolymer von Polystyrol-co-
maleinsdureanhydrid und/oder ein durch Reaktion
von Phosphorsdure mit Epoxidharz erhaltenes
phosphorsaurefunktionelles Polymer handelt.

Wassermischbare leitfahige Tinte nach einem der
Anspriche 1 bis 8, wobei es sich bei dem Bindemittel
um ein Copolymer von einem Acrylsdure-Monomer,
einem Methacrylsaure-Monomer, einem ltaconsau-
re-Monamer und/oder einem Maleinsdure-Monomer
und einem Methylmethacrylat-Monomer, einem Sty-
rol-Monomer, einem Ethylacrylat-Monomer, einem
Isopropylacrylat-Monomer, einem Butylacrylat-Mo-
nomer, einem Acrylnitril-Monomer, einem Methyls-
tyrol-Monomer, einem Vinylbenzoat-Monomer, ei-
nem Acrylamid-Monomer und/oder einem Hydroxy-
methylmethacrylat-Monomer handelt.

Enzymatischer elektrochemischer Sensor, umfas-
send:

ein Substrat und

eine leitfahige Schicht, gebildet aus einer ge-
trockneten wassermischbaren leitfahigen Tinte
geman einem der Anspriiche 1 bis 10.

Enzymatischer elektrochemischer Sensor nach An-
spruch 11, wobei das getrocknete Bindemittel der
leitfahigen Schicht als dialytische Membran dient.

Enzymatischer elektrochemischer Sensor nach ei-
nem der Anspriiche 11 bis 12, wobei es sich bei dem
Substrat um eine Arbeitselektrode handelt.

Enzymatischer elektrochemischer Sensor nach ei-
nem der Anspriiche 11 bis 12, wobei die leitfahige
Schicht als Elektrode des enzymatischen elekiro-
chemischen Sensors dient.

Enzymatischer elektrochemischer Sensor nach An-
spruch 14, wobei die leitfahige Schicht als Arbeits-
elektrode des enzymatischen elektrochemischen
Sensors dient.

Verfahren zur Herstellung eines Teils eines enzyma-
tischen elektrochemischen Sensors, bei dem man:

auf ein Substrat eines enzymatischen elektro-
chemischen Sensors eine wassermischbare
leitfahige Tinte gemaRk einem der Anspriiche 1
bis 10 aufbringt und

die wassermischbare leitfahige Tinte trocknet,
wodurch eine leitfahige Schicht auf dem Sub-
strat gebildet wird, die ein operativ wasserun-
I6sliches Bindemittel enthalt.

Verfahren nach Anspruch 16, bei dem man den Auf-
bringungsschritt mit Hilfe einer Siebdrucktechnik be-
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werkstelligt.

Verfahren nach Anspruch 16 oder Anspruch 17, bei
dem man den Trocknungsschritt bei einer Tempe-
ratur von etwa 75°C Uber einen Zeitraum von etwa
20 Minuten durchfiihrt.

Verfahren nach einem der Anspriiche 16 bis 18, bei
dem im Trocknungsschritt die wassermischbare leit-
fahige Tinte auf dem Substratimmobilisiert wird, wo-
durch die leitfahige Schicht gebildet wird.

Verfahren nach einem der Anspriiche 16 bis 19, bei
dem im Aufbringungsschritt eine wassermischbare
leitfahige Tinte aufgebracht wird, die einen polyme-
ren Mediator enthalt.

Verfahren nach einem der Anspriiche 16 bis 20, bei
demim Trocknungsschritt eine leitfahige Schicht ge-
bildet wird, die als Elektrode des enzymatischen
elektrochemischen Sensors dient.

Verfahren nach Anspruch 21, bei dem im Trock-
nungsschritt eine leitfahige Schicht gebildet wird, die
als Arbeitselektrode des enzymatischen elektroche-
mischen Sensors dient.

Verfahren nach einem der Anspriiche 16 bis 22, bei
dem im Aufbringungsschritt eine wassermischbare
leitfahige Tinte aufgebracht wird, die leitfahiges Ma-
terial enthalt, das feinteilige leitfahige Partikel mit ei-
ner GréRe von weniger als 100 pum enthalt.

Revendications

1.

Encre conductrice miscible a I'eau a utiliser dans un
capteur électrochimique enzymatique, I'encre con-
ductrice miscible a 'eau comprenant :

un matériau conducteur ;

une enzyme ;

un médiateur ; et

un liant comprenant une résine polymeére et un
contre-ion volatil ou comprenant une résine po-
lymere et un cosolvant organique miscible a
I’eau qui est retiré de I'encre conductrice misci-
ble a I'eau lors du séchage de I'encre conduc-
trice miscible a I'eau,

dans laquelle le médiateur est une entité chimi-
que qui peut échanger fonctionnellement des
électrons a la fois avec le matériau conducteur
et 'enzyme, et

dans laquelle le matériau conducteur, 'enzyme,
le médiateur et le liant sont formulés comme une
dispersion uniforme a base aqueuse miscible a
I'eau, le liant devenant fonctionnellement inso-
luble dans I'eau lors du séchage de I'encre con-
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ductrice miscible al'eau, et le liant étant présent
sous la forme d’'une phase continue dans la dis-
persion uniforme a base aqueuse miscible a
l'eau.

Encre conductrice miscible a I'eau selon la revendi-
cation 1, dans laquelle le matériau conducteur est
un matériau particulaire conducteur finement divisé.

Encre conductrice miscible a I'eau selon la revendi-
cation 2, dans laquelle le matériau particulaire con-
ducteur finement divisé est I'un au moins des maté-
riau suivants : un matériau de noir de carbone, un
matériau de graphite, un matériau particulaire de pla-
tine, un matériau de carbone platinisé, un matériau
particulaire d’or, un matériau particulaire d’alliage
platine/palladium, un matériau particulaire de palla-
dium, un matériau particulaire de ruthénium, ou un
matériau particulaire de cérium.

Encre conductrice miscible a I'’eau selon I'une quel-
conque des revendications 1 a 3, dans laquelle I'en-
zyme est une enzyme oxydant le glucose.

Encre conductrice miscible a I'eau selon la revendi-
cation 4, dans laquelle 'enzyme oxydant le glucose
est la glucose oxydase.

Encre conductrice miscible a I'eau selon la revendi-
cation 4, dans laquelle 'enzyme oxydant le glucose
est la pyrrolo-quinoline-quinone (PQQ) glucose dés-
hydrogénase.

Encre conductrice miscible a I'’eau selon I'une quel-
conque des revendications 1 a 6, dans laquelle le
médiateur est le ferrocéne, le ferricyanure, un mé-
diateur polymeére, ou le complexe tétrathiafulvale-
ne/tétracyanoquinodométhane.

Encre conductrice miscible a I'eau selon la revendi-
cation 1, dans laquelle le liant comprend une résine
polymeére et un cosolvant organique miscible a I'eau
qui est retiré de I'encre conductrice miscible a I'eau
lors du séchage de I'encre conductrice miscible a
I'eau, et le cosolvant organique miscible a I'eau est
'un au moins des solvants suivants : un alcool, un
éther de glycol, le méthylcarbitol, le butylcarbitol,
I'éthyléne glycol, le diacétate d’éthyléne glycol, le
diacétone-alcool, ou le phosphate de triéthyle.

Encre conductrice miscible a I'’eau selon I'une quel-
conque des revendications 1 a 8, dans laquelle le
liant est I'un au moins des liants suivants : un copo-
lymere de polystyréne-co-anhydride maléique, un
copolymeére hydrolysé de polystyréne-co-anhydride
maléique, un copolymére de polystyréne-co-anhy-
dride maléique qui est partiellement hydrolysé, un
copolymeére partiellement estérifié de polystyréne-
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co-anhydride maléique, ou un polymeére a fonction-
nalité acide phosphorique résultant de la réaction de
I'acide phosphorique avec une résine époxyde.

Encre conductrice miscible a I'eau selon I'une quel-
conque des revendications 1 a 8, dans laquelle le
liant est un copolymere de I'un au moins des mono-
meéres suivants : un monomere d’acide acrylique, un
monomere d’acide méthacrylique, un monomeére
d’acide itaconique, ou un monomére d’acide
maléique ; et de I'un au moins des monomeres
suivants : un monomere de méthacrylate de méthy-
le, un monomere de styréne, un monomere d’acryla-
te d’éthyle, un monomere d’acrylate d’isopropyle, un
monomere d’acrylate de butyle, un monomeére
d’acrylonitrile, un monomére de méthylstyrene, un
monomere de benzoate de vinyle, un monomére
d’acrylamide, ou un monomére de méthacrylate
d’hydroxyméthyle.

Capteur électrochimique enzymatique comprenant :

un substrat ; et

une couche conductrice formée a partir d'une
encre conductrice miscible a 'eau séchée selon
I'une quelconque des revendications 1 a 10.

Capteur électrochimique enzymatique selon la re-
vendication 11, dans lequel le liant séché de la cou-
che conductrice sert de membrane dialytique.

Capteur électrochimique enzymatique selon l'une
quelconque des revendications 11 et 12, dans lequel
le substrat est une électrode de travail.

Capteur électrochimique enzymatique selon l'une
quelconque des revendications 11 et 12, dans lequel
la couche conductrice sert d’électrode pour le cap-
teur électrochimique enzymatique.

Capteur électrochimique enzymatique selon la re-
vendication 14, dans lequel la couche conductrice
sert d’électrode de travail pour le capteur électrochi-
mique enzymatique.

Procédé de fabrication d’'une partie d’'un capteur
électrochimique enzymatique, le procédé
comprenant :

I'application d’une encre conductrice miscible a
I’eauselon 'une quelconque desrevendications
1 a 10 sur un substrat d’un capteur électrochi-
mique enzymatique ; et

le séchage de I'encre conductrice miscible a
I’eau pour former une couche conductrice sur le
substrat qui comprend un liant fonctionnelle-
ment insoluble dans 'eau.
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Procédé selon la revendication 16, dans lequel I'éta-
pe d’application est accomplie en utilisant une tech-
nique de sérigraphie.

Procédé selon la revendication 16 ou la revendica-
tion 17, dans lequel I'étape de séchage est accom-
plie a une température d’environ 75 °C pendant une
durée d’environ 20 minutes.

Procédé selon I'une quelconque des revendications
16 a 18, dans lequel I'étape de séchage immobilise
'encre conductrice miscible a I'eau sur le substrat,
formant ainsi la couche conductrice.

Procédé selon I'une quelconque des revendications
16 a 19, dans lequel I'étape d’application applique
une encre conductrice miscible aI'eau qui comprend
un médiateur polymere.

Procédé selon I'une quelconque des revendications
16 a 20, dans lequel I'étape de séchage forme une
couche conductrice qui sert d’électrode pour le cap-
teur électrochimique enzymatique.

Procédé selon la revendication 21, dans lequel I'éta-
pe de séchage forme une couche conductrice qui
sert d’électrode de travail pour le capteur électrochi-
mique enzymatique.

Procédé selon I'une quelconque des revendications
16 a 22, dans lequel I'étape d’application applique
une encre conductrice miscible al’eau contenant un
matériau conducteur qui comprend des particules
conductrices finement divisées avec une taille de
moins de 100 pm.
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