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(57) Abstract: An analyte sensor for the continuous or semi-continuous monitoring of physiological parameters and a method for
making the analyte sensor are disclosed. In one aspect, the analyte sensor includes an electrode, a sensing layer in contact with a sur -
face of the electrode, and a protective membrane. The sensing layer is a crosslinked, hydrophilic copolymer including poly(alkylene
oxide) and poly(vinyl pyridine), and an analyte sensing component is immobilized within the crosslinked, hydrophilic copolymer.
The protective membrane is a crosslinked, hydrophilic copolymer including alkylene oxide, vinyl pyridine and styrene units. The
method involves the formation of a sensing layer on a surface of an electrode, followed by the formation of a protective membrane
on a surface of the sensing layer.
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ENZYME IMMOBILIZATION BY CROSSLINKING

CROSS-REFERENCE TO RELATED APPLICATION
{8001} This application claims priosity to U.S. Patent Application No. 13/930,8590,
filed Jone 28, 2013, which is hereby incorporated by reference in s entirety.

BACKGROUND

18602} Unless otherwise indicated herein, the materials described in this section are
not prior art to the claims in this application and are not admitted to be prior art by inclusion
1 this section.

[B083] The continuouns or semi-continuous mounitoring of physiclogical parameters
has applications in many arcas of modern medicine. Electrochemical-based sensors are
believed to be particularly suitable for the monitoring and quantification of analyics {e.g.,
glucose) in bodily floid samples (e.g., blood, tear film, urine or nterstitial fhud samples).

The use of an clectrochemical-based sensor that employs an analyte sensing component, {e.g.,
an enzyme) in conjunction with an clectrode(s) allows for the quantification of an analyic in s
Hquid sample by detecting the product{s) produced from the reaction of the analyie sensing

component and the analyte.

SUMMARY

18804] In one aspect, an analvte sensor is disclosed. The analyte sensor includes a
sensing layer in contact with a surface of an electrode, and a protective membrane. The
sensing layer 18 a crosshinked, hydrophilic copolymer including poly(alkylene oxide) and
poly{vinyl pyridine) and an analyte sensing component imnnobilized within the crosslinked,
hydrophilic copolymer. The protective membrane is a crosslinked, hydrophilic copolymer

meluding alkylene oxide, vinyl pyridine and styrenc umnits.
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RHELERY In another aspect, a method for forming an analyte sensor is disclosed. The
method mvolves forming a first solution of a hydrophilic copolymer, a crosslinking agent and
an apalyte sensing component, and depositing the first solution onto a surface of an electrode.
The hydrophilic copolymer of the first solution inclades poly{alkylene oxide) and poly{vinyl
pyridine}, and is subjected to conditions suitable to promote chemical reaction between the
crosslinking agent and the hydrophilic copolymer, providing a scusing layer. A sccond
solution of a hydrophilic copolymer and a crosslinking agent is formed and deposited ounto
the surface of the sensing layer. The hydrophilic copolymer of the second solution inchudes
alkviene oxide, viny! pyridine and styrene units, and 18 subjected to conditions suitable to
promote chemical reaction between the crosslinking agent and the hydrophilic copolymer,
providing a protective membranc.

S These as well as other aspects, advantages, and alternatives, will become
apparent {0 those of ordinary skill in the art by reading the following detailed description,

with reference where appropriate (o the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

18007} Figure 1 is a graph of current produced by an example glucose sensor at
ghicose concentrations of 20 pm to 1,000 ym in phosphate buffered saline (PBS). A lnear

relationship between current and ghicose concentration was observed (see inset graph).

BETAILED DESCRIPTION

{8668} The following detailed description describes varioos features and fimctions of
the disclosed systems and methods with reference to the accompanying figures. Inthe
figures, similar symbols typically identify similar comaponents, unless comtext dictates
otherwise. The illustrative method and system embodiments described herein are not meant

to be Imiting. It will be readily understood that certain aspects of the disclosed methods and
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systems can be arranged and combined in a wide variety of different configurations, all of
which are contemplated herein.

18009] In one aspect, an analyte sensor is disclosed. The analyie sensor can include: a
sensing layer in contact with a surface of an electrode, where the sensing layer could be a
crosshinked, hydrophilic copolymer with alkylene oxide (AQ) and vinyl pyridine (VP) units,
and an analyte sensing component immobilized within the copolymer; and a protective
membrang, where the protective membrane could be a crosslinked, hydrophilic copolymer
with alkylene oxide, vinyl pyridine (VP} and styrene (8) units.

16616] In some embodiments, the analyte sensor is an enzyme-based bioseusor,

These devices are able to convert an analyte-concentration-dependent biochemical reaction

signal into a measurable physical signal, such as an optical or electrical signal. The
biosensors can be used in the detection of analytes in clinical, envivonmental, agricualtural and
biotechuological applications. Analytes that can be measured in clinical assays of fluids of
the human body include, for example, glucose, lactate, cholesterol, bilirabin and proteins,
lipids and electrolytes. The detection of analytes in biological fluids, such as blood, tear film,
or intestinal fluid, can be important 1n the diagnosis and the monitoring of many discases.
8611 In some embodiments, the analvte sensor is a component of a bedy-mountable
device, such as an eye-mountable device, The eye-mountable device can be configured to
monitor health-related information based on one or more analytes detected in a tear film (the
term “tear film™ is used herein interchangeably with “tears” and “tear fluid™) of a user
wearing the eye-mountable device. For example, the eye-mountable device can be in the
form of a contact lens that includes a sensor configured to detect one or more analytes {e.g.,
glocose). The eyve-mountable device can also be configured to monitor various other types of

health-related information.

[SFS]
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{6612} In some embodiments, the body-mountable device may include a tooth-
mountable device. The tooth-mwountable device may take the form of or be similar in form to
the eye-mountabic device, and be configured to detect at least one analyte in a fhid {e.g.,
saliva) of a user wearing the tooth-mountable device.

{8813 In some embodiments, the body-mountable device may inclode a skin-
mountable device. The skin-mountable device may take the form of or be similar in form to
the eye-mountable device, and be configured to detect at least one analvte in a floid (o.g.,
perspiration, blood, ete.) of a user wearing the skin-mountable device.

18814} The sensor as described herein can include one or more conductive electrodes
through which current can flow. Depending on the application, the electrodes can be
configured for different purposes. For example, a sensor can inclode a working electrode, a
reference electrode, and a counter-clectrode. Also possible are two-clectrode systems, in
which the reference electrode serves as a counter-electrode. The working clectrode can be
connected to the reference electrode via a circuit, such as a potentiostat.

18615} The electrode can be formed from a conductive material and can be patterned
by a process used for patterning such materials, such as deposition or photolithography, for
example. The conductive materials can be, for example, gold, platinom, palladivm, titaniom,
carbon, copper, silver/silver-chloride, condactors formed from noble materials, metals, or any
combinations of these materials. Other materials can also be envisioned.

{8016} The sensing layer of the analyte sensor can be a crosslinked, hydrophiiic
copolymer with a backbone of poly{allivlene oxide) and poly{vinyl pyridine) and an analyte
sensing component, such as an enzyme, inmobilized within the copolymer. As discussed in
greater detail below, the crosshinks are covalent livkages betwoen same or different
copolymer backbones and the immobilized enzyme can be embedded in or covalently linked

to the copolymer backbones. Various conformations and compositions of these units can
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provide the desired propertics of the sewnsing layer, which inchude hydrophilicity and the
ability to immobilize an analyte sensing component.

18817} In some embodiments, the crosslinked, hydrophilic copelymer of the sensing
fayer can be a block copolymer. The block copolymer can be varipus types of block
copolymer, such as diblock, triblock, tetrablock, or multiblock copolymer. In some
examples, the block copolymer has one or more intermediate non-repeating subunits, or
junction blocks. In other embodiments, the copolymer can be an alternating, periodic,
statistical or graft copolymer. In some instances, the copolymer nclodes two distinct
monomer units, such as a diblock copolymer.  In other instances, the copolymer has three
distinct monomer units, such as a ferpolymer.

[8818] The poly(alkylene oxide} of the backbone of the crosslinked, hydrophilic
copolymer of the sensing layer can be any suitable poly{alkylene oxide), such as
poly({cthylene glyeol), poly(propylene glycol), poly(butyliene oxide) or a maixture thereof, and
can be a copolymer including a combination of two or three differcnt alkylene oxide units. In
some embodiments, the poly(alkvlene oxide) of the crosshinked, hydrophilic copolymer is a
block copolymer inclading blocks of two or three different poly{alkylene oxide) polymers. In
certain embodimends, the poly(alkyiene oxide) is biock copolymer of poly{cthylene glycol)
and poly(propylene glycol). In other embodiments, the poly(alkylene oxide) is poly(ethylene
glycol).

18019} In some embodiments, the crosslinked, hydrophilic copolymer of the sensing
fayer inclodes a copolymer of poly{ethylene glvcol) (PEG) and poly(vinyl pyridine) (PVP).
The copolymer of PEG and PVP can be a block copolymer, having one or more blocks each
of PEG and PVP. In some embodiments, the sensing layer includes a dibleck copolymer of
PEG and PVP.

[8026] The ratio of alkylene oxide 1o vinyl pyridine in the crosslinked, hydrophilic

RN
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copolymer of the sensing layer can be varied depending on the desived properties of the
crosshinked, hydrophilic copolymer of the sensing layer. In some instances, the PEG block
can be longer than the PVP block, thus modulating the hydrophilic/hydrophobic characier of
the material, and providing an enviromment for keeping the analyte sensing component, such
as an enzyme f{e.g., glucose oxidase), tmmobilized and/or stable, and accessible by the
analyic of interest.

{8021} In some cmbodiments, the crosslinked, hydrophilic, diblock copolymer of the

sensing layer has the formula:

wherein n and m are independently selected to provide poly(vinyl pyridine) and
poly(ethylene glyeol) blocks each having number average molecular weights (My) of about
300 to about 10,000, In other embodiments, n is an average value of from about 5 to about
100, and m is an average value of from about 5 to about 250, For ease of tllustration, the
pyridine nitrogen of the poly{vinyl pyridine) of the sensing layer is drawn as being covalently
hound 1o a crosshink (i.c., crosslinked). One of skill in the art will recognize that, in practice,
not gvery pyridine nitrogen of the sensing layer may be crosslinked. The cross-links are not
mcladed in the molecular weight determination.

18022} The properties of the crosslinked, hydrophilic, diblock copolymer of the
scusing layer can be adjusted to achieve desirable propertics, such as hydrophilicity,
permeability, nomber of crosshinkable groups, and the ability to tmmobilize the anaiyte
sensing component. In certain embodiments, n 18 selected so that the M, of the poly(vinyl
pyridine} blocks falls within a range in Table 1, and m is sclected so that the M, of the
poly(ethyiene glycol) blocks falis within a range in the Table Z. For example, the

6
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crosslinked, hydrophilic, diblock copolymer of the sensing layer can have a poly(vinyl

pyriding) block with an M, between about 5,000 and about 6,000, and a poly(ethylene glyeol)

block with an M, between about 8,000 and about 9,000,

Table 1. M, range of poly{vinyl pyridine) block

{values are approximaic).

Low High
500 1,000
IREVY 2,000
2,000 3.060
3,000 4,000
4,000 5,000
5,000 6,000
7,000 8,000
8,600 9,000
9,000 10,000

Tabie 2. M, range of poly(ethylene giycol) block

{values are approximaic).

Low Bigh
500 £,000
1,000 2,000
2,000 3,000
3,006 4,600
4,000 5,000
5,000 6,000
7.000 8,000
8,000 9,000
9,000 10,0600
{8023} The properties of the crosshinked, hydrophilic, diblock copolymer of the

sensing laver can be adjusted by varying the valies of n and m. In some embodiments, the

ratio of the average number of vinyl pyridine units {corresponding to n) to the average

number of ethylene glycol units {corresponding to m) can be selected from Table 3. For

example, when the average number of vinyl pyridine units is approximately 2,000, and the

average number of cthylene glycol units can be approximately 4,000, the resulting vatio of
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vinyl pyridine units to ethylene glycolunits 1s approximately 1.2,

Table 3. Ratio of vinyl pyridine units to ethylene ghycel units
{all values are approximate).

vinyl pyridine ethylene glycol

i

] 2

i 3

1 4

i 5

2 3

3 4

{ 16

{ 20

i 50

i 160

{8024} The analyte sensing component of the sensing layer is & moicty that can be

mmobilized i the crosslinked, hydrophilic copolymer and interact with a corresponding
analyic of interest. In some embodiments, the analyte sensing component i an ehzyme.
[8025] In some embodiments, the immobilized analyic sensing component can be
embedded in the polymer matrin of the crosslinked, hydrophilic copolymer of the sensing
layer. The embedded sensing component does not have a covalent linkage to the copolymer,
but is swrrounded by the crosslinks and copelymer backbone of the crosslinked, hydrophilic
copolymer,

[8026] In other embodiments, the mmobilized analyic sensing component can be
covalently bound 1o the crosslinked, hydrophilic copolymer of the sensing layer. The
covalent boud can be through a linker, which can have the same formula as the crossinks of
the crosshinked, hydrophilic copolymer. Thus, in some instances, the analyte sensing
component has one or more groups that can chenucally veact with the crosshink precursor,
such as when the analytc sensing compounent is an cnzyme having one or more amino,

carboxyl, hydroxyl or thiol groups available for reaction with the crosslink precursor. As a
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result, in some embodiments, the analyte sensing component has one or more oxygen,
nitrogen or sulfur atoms covalently bound, optionally through a linker, to the copolymer
backbone of the sensing layer.

{80271 In certain embodiments, the sensing layer includes a mixture of immobilized
analyte sensing components, where some are embedded in the polymer matrix of the
crosstinked, hydrophilic copolymer, and some arc covalently bound, optionally through =
linker, to the copolymer backbone.

18028] The analyte sensing component of the sensing layer can be selected to monitor
physiological levels of a specific analyte. For example, glucose, lactate, cholesterol and
various proteins and lipids can be found in body fluids including, for example, tear film, and
can be indicative of medical conditions that can benefit from contimicus or semi-continuous
monitoring.

18029} The enzyme immobilized in the sensing layer of the analyte sensor can be
selected based on the analyie desired to be monitored.  For oxample, physiclogical
cholesterol levels can be monitored with cholesterol oxidase, lactate levels with lactate
oxidase, and ghicose levels with glucose oxidase or glucese dehydrogenase (GDH).

8036} In some embodiments, the analyte sensing component can be an enzyme that
vndergoes a chemical reaction with an analyte to produce detectable reaction products. For
example, a sensing layer including glocose oxidase (“GOX”) can be situated around the
working electrode io catalyze a reaction with glucose {e.g., B-D-glucose) to produce
hydrogen peroxide (H2O2). As shown below, the hydrogen peroxide can then be oxidized at
the working clectrode to releases clectrons to the working electrode, which generates a
current,

GOx .
glucose + Oy = HR0, + ghuconolactone
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Hy0y — 2H 4Oy +2¢

18031} The current generated by cither reduction or oxidation reactions can be
approximately proportionate to the reaction rate. Further, the reaction rate can be dependent
on the rate of analyte molecules reaching the electrochemical sensor electrodes to fuel the
reduction or oxidation reactions, cither divectly or catalytically through a reagent. In a steady
state, where analyte molecules diffuse to the clecirochemical sensor clectrodes from a
sampled region at approximately the same rate that additional analyte molecules diffuse to
the sampled region from surrounding regioms, the treaction rate can be approximately
proportionate to the concentration of the analyte molecules. The current can thus provide an
mdication of the analyte concentration.

{8032] In other embodiments, the analyte sensing component can be ghicose
dehydrogenase {GIDH). In certain instances, the use of GDH can require the addition of a
cofactor sach as flavin adenime dinucleotide (FAD), micotinamide adenine dinocleotide
(NAD), flavin mononucleotide, pyrrologuinoline quinone (PQQ) or a coenzyme.

16633) The protective membrane can be a crosslinked, hydrophilic copolymer
including a backbone of alkyiene oxide umits, vinyl pyridine units and/or units of other
polymernizable moietics such as styrene, mothacrylate, and acrylate.  The protective
membrane controls the equilibrivmm between the concentration of the analyte (e.g., ghcose) in
the sample solution, and the analyte concentration in the proximity of the sensing layer
clectrode surface. When all of the analyte arriving at the scnsing layer is consummed, the
measured output signal can be linearly proportional to the flow of the analyte and thus to the
concentration of the analyte. However, when the analyte consumption is liotied by the
kinetics of chemical or electrochemical activities in the sensing layer, the measured output

signal may no longer be controlled by the flow of analyte and may no longer be linecarly

P

proportional fo the flow or concentration of the analyte. 1o this case, only a fraction of the

10
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analyte arriving at the sensing layer is consumed before the sensor becomes saturated,
whereupon the measured signal stops increasing, or incrcases only shghtly, with an
increasing concentration of the analyte. The protective membrane can reduce the flow of the
analyte to the sensing layer so the sensor does not become saturated and can therefore
effectively enable a wider range of analyie concentrations to be measured.

18034} The alkylene oxide, vinyl pyridine and/or other polymerizable units of the
protective membrane can be varied to produce desired properties of the protective membrane,
For example, flow of the analyte across the membrane can be dependent on the specific
anafyte being monitored, and thus, the protective membrane can be altered to obtain optimal
propertics for monitoring a specific analyte. In some applications, the hydrophilicity of the
protective membrane can be increased by increasing the ratio of alkylene oxide units to vinyl
pyridine and/or other units {e.g., styrene). Alternatively, a less hydrophilic membrane can be
obtained by increasing the ratio of vinyl pyridine and/or other units {o.g., styrene) to alkylene
oxide units.

18435} In some embodiments, the crosshinked, hydrophilic copolymer of the
protective menmbrane iocludes a copolymer of alkylene oxide, vinyl pyridine and styrene.
The copolymer of alkylene oxide, vinyl pyridine and styrene can be a block copolymer,
having one or more blocks each of poly(alkylene oxide) (PAD), poly(vinyl pyridine} (PVP)
and poly() (P5). In some embodiments, the crosshinked, hvdrophilic copolymer of the
protective membrane includes a triblock copolymer of PAD, PVP and PS.  In other
embodiments, the crosslinked, hydrophilic copolymer of the protective membrane includes a
diblock copolymer, where one block includes PAO and the other block inclades a random
copolymer of vinyl pyridine and styrene. Tn other embodiments, the crosslinked, hydrophilic
copolymer can be a PAO capped random copolymer of vinyl pyridine and styrene. In some

examples, the PAO caps both ends of the random copolymer, while in other instances one

i1
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end of the random copolymer is capped with PAO.

{8036} The pobvialkyiene oxide) of the backbone of the crosslinked, hydrophilic
copolymer of the protective membrane can be poly{cthylene glyeol), poly(propylene glycol),
poly(butylene oxide) or mixture thereof, such as a copolymer including a combination of two
or three alkylene oxide units. In some embodiments, the poly{alkylene oxide) of the
crosstinked, hydrophilic copolymer can be a block copolymer including blocks of two or
three poly(alkylene oxide} polymers. [n certain embodiments, the poly(alkylene oxide) can
be block copolymer of poly(ethyiene glveol) and poly{propylene glyeol).

18437} In some combodiments, the crosslinked, bhydrophilic copolymer of the
protective membrane can be a diblock copolymer, where one block includes PEG and the
other block includes PVP and PS. In certain embodiments, the diblock copolymer can have
one block that includes PEG and the other block that includes a random copolymer of vinyl
pyridine and styrene.  In other embodiments, the diblock copolymer can be a PEG capped
random copolymer of vinyl pyridine and styrene. In some examples, the PEG caps both ends
of the random copolymer, while in other instances ove end of the random copolymer is
capped with PEG.

188381 The ratio of alkylene oxide units to vinyl pyriding units to units of other
polymerizable moieties, such as, styrene, methacrylate and acrylate i the crosslinked,
hydrophilic copolymer of the protective membrane can be varied depending on the desired
propertics of the protective membrane. In some cmbodiments, the crosshinked, hydrophilic
copolymer can have a lesser proportion of alkylene oxide to vinyl pyridine and/or other
polymerizable moicties, such as, styrene, methacrylate and acrylate, to provide a protective
layer that is less hydrophilic and offers increased mechandcal strength to maintain the

ntegrity of the sensing chemistry during #ts use in agueous environment.



WO 2014/210482 PCT/US2014/044613

{8039} In some cmbodiments, the crossiinked, hydrophilic copolymer of the
protective membrane has similar a structure and/or properties as the crosslinked, hydrophilic
copolymer of the sensing layer. Similar properties between the copolymers of the sensing
layer and protective membrane can enhance compatibility between the sensing layer and the
protective membrane.

18048} In some embodiments, the crosslinked, hydrophilie, diblock copolymer of the

protective membrane has the formmula:

N O ’
MQO%\/ \’\/\o’u)\/ \ T
i X Me Me A
Sn
o y

wherein x, y, v and s are sclected such that the poly(ethylene glycol) block and the vinyl
pyridine/styrene copolymer block each have a mumber average mwlecular weight (My) of
about 1,000 to about 100,000, In other embodiments, x is an average value of from about 25
to about 2530, and v is an average value of from about 5 to about 50. For case of illustration,
the pyridine nitrogen of the poly(vinyl pyridine} of the protective membrane is drawn as
being covalently bound 10 a crosslink (ie., crosslinked), which is described below. One of
skill in the art will recognize that, in practice, not every pyrnidine nitrogen of the protective
membrane will be crosshinked.

[B8041] The properties of the crosshinked, hydrophilic, diblock copolymer of the
protective membrase can be adjusted to achicve desirablec properties, such as the
hydrophilicity, permeability, nomber of crosslinkable groups, or thickness of the protective

membrane. In certain embodiments, x, can be selected such that the M, of the poly{ethylene

v

glycol} block falls within a renge in Table 4, and v can be selected such that the M, of the
vinyl pyridine/styrene copolymer biock falls within a range in Table 5. For example, the
crosslinked, hydrophilic, diblock copolymer of the protective membrane can have a

13



WO 2014/210482

PCT/US2014/044613

poly(ethylene glycoly block with an M, between about 5,000 and about 18,000, and a vinyl

pyridine/styrene copolymer block with an M, between about 40,000 and about 50,000.

Tabie 4. M, range of poly(ethylene giycol) block

{values are approximaie).

Low High
500 1,006
LO00 2,006
2,000 3,060
3,600 4,000
4,000 5,000
5,000 6,000
7,600 8,000
8,000 9,060
9,000 10,006

Table 8. M, range of vinyi pyridine/styrenc copolymer block

{values arc approximate).

Low High
5,000 10,000
10,000 20,000
20,000 36,000
30,000 46,000
40,000 50,000
50,060 60,000
70,060 80,000
80,000 90,000
S{L0G0 106,000
{80431 The propertics of the crosshinked, hydrophilic, diblock copolymer of the

protective membrane can also be adjusted by varying of the values of x, y, vand 5. In some

cmbodiments, the ratio of the average number of cthylence glycol units to the average number

of vinyl pyridine units to the average number of styrene unils can be sclected from Table 6.

For example, when the average number of cthylene glycol units is approximately 2,000, the

average rumber of vinyl pyridine units 18 approximately 5,000, and the average rumber of
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styrene units is approximately 1,000, the ratio of ethylene glycol onits to vinyi pyridine units
to styrene units is approximately 2:5:1.

Table 6. Ratio of ethylene glycol units to vinyl pyridine units o styrenc uniis
{all valucs arc approximaic).

ethylene vinyl
e styrene
glycal pyridine
i i 1
1 3 2
2 3 1
3 5 2
2 3 ]
3 10 2
1 10 1
5 20 5
5 5 i
10 10 5
10 20 i
20 50 3
] 5 1
3 i 2
[B043] The thickness of the protective membrane can vary depending on the desired

properties of the analyte sensor. The thickness of the protective membrane, as measured
from the top of the sensing layer to the top of the protective membrane, can play an toportant
role in regulating the flow of the analyte to the sensing layer. Depending on the copolymers
ased in the sensing layer and the protective membrane, and the type of analyte sensing
component used, the thickness of the protective membrane can be from [ess than about 1 pm
to about 20 um. In some instances, the membrane can be loss than 1 um in thickness, where
n other applications the membrane can be about 1 pm to about 10 ym n thickness. In
certain applications, the membrane can be about | pm to about 3 pm in thickness, where in
other applications the membrane can be about 3 um o about 7 wm or about 7 pm o about 10
pm in thickness. In some embodiments, the protective membrane can be about 2 pum in

thickness.

ot
o
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{8044} The crosshinks of the copolymer of the sensing layer and protective membrane
are fragments that can result from the reaction of molecules (i.e., crosshinking agents) having
two or more reactive groups, such as bi-, tri-, or tetra-fumctional groups, that react with one or
more reactive groups of the copolymer. The reactive groups of the copolymer include
carboxyi, hydroxyl, thiol, pyridyl and amino groups. The crosshinks of the sensing layer and
protective membrane can be of the same structure, but in some instances, have different
structures. The crosslinks of the sensing layer and protective membrane share similar
characteristics, however, and for simplicity, will herein be referred to as “the crosslinks”.
18045} In some embodiments, the inunohilized analyte sensing component can be
covalently bound through a linker to the backboue of the crosslinked, hydrophilic copolymer
ot the sensing layer. The linker can be a fragment resulting from the reaction the crosslinking
agent with one or more reactive groups of the analyte sensing component. The reactive
groups of the copolymer include carboxyl, hydroxyl, thiol and amino groups. Thus, the
linker covalenily bonding the analyte sensing component to the copolymer backbone of the
sensing layer can have the same structure as the crosslinks as described herem.

16846] In some embodiments, the crosslinks are derived from crosslinking agents
containing two or more epoxide groups. Chemical reaction of the epoxides with the
crosslinkable fumctionalitics of the copolymer of the sensing layver and/or the copolymer of
the protective membrane can proceed through wnucleophilic attack of the crosslinksble
fonctionality at the clectrophilic epoxide carbon atom, providing a crossiink containing two
or more secondary alcohol moileties.  For example, a copolymer having nitrogen
functionalitics, such as a pyridine group, can veact with a crosslinking agent having epoxide
groups to provide crosslinks containing B-bydroxy amine functionalities.

{88471 In some embodiments, the crosslinks inchide poly(ethylene glycoly (PEG).

For example, the crosslinks can be of the formuila:

16



WO 2014/210482 PCT/US2014/044613

OH
iﬁf‘g}/i:\o%\/oﬁ/\}; |

whereinzis 0, §,2,3,4,5,6, 7,8, 9 or 10

[8048] In certain embodiments, z is an average value of from about 5 to about 250.
[8049] in other embodiments, z is such that the number average molecular weight

{M,} of the PEG portion of the crosslinks is about 200 to about 10,000, For example, 2 can be
selected such that the M, of the PEQG portion of the crosslinks falls within a range in Table 7:

Table 7. M. range of the poly(styrene) (PEG) of the crosslinks
{values are approximaie).

Low High
196 500

500 1,000
1,000 2,000
2,000 3,000
3,000 4,000
4,000 5,000
5,000 6,000
6,000 7,000
7,000 8.000
8,000 9,000
9,600 1,000

HEHESH Suitable ¢rosslinks are derived from, for example, diglycidyl ether, NN-

diglycidyl-4-glycidyloxyaniling, and diethylene glycol diglyeidyl ether.

8051 In another aspect, a method for making an analyte sensor is disclosed. The

method can mvolve:
a) forming a first solution inchiding a fivst hydrophilic copolymer, a first
crosslinking agent and an analyte sensing component, where the first hydrophilic
copolymer includes poly{alkylene oxide) and poly{vinyl pyridine);

b} depositing the first solution onto a surface of an electrode;

17
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¢} subjecting the first solution to conditions suitable to promote chemical
reaction between the first crosslinking agent and the first hydrophilic copolymer (7.2,
curing) to provide a sensing layer;

d) forming a sccond solution of a second hydrophilic copolymer and a second
crosshinking agent, where the second hydrophilic copolymer includes units of
alkylene oxide, vinyl pyridine and styrene;

e} depositing the second solution onto a surface of the sensing layer; and

) subjecting the second sohution to conditions suitable to promote chemical
reaction between the second crosshnking agent and the second hydrophilic copolymer

(i.e., coring) to provide a protective membrane.

16852] In some embodiments, the first solution can be formed on a surface of an
electrode. For example, each component, or a combination of one or more components, can
be individually deposited. Similarly, the second solation can formed on 2 surface of the
sensing layer.

{8053} In ceriain cmbodiments, the first solution includes a first hydrophiiic
copolymer, a first crosslinking agent and an analyte sensing component. The ratio of these
three components can vary depending on the desired propertics of the resulting sensing layer.
In some cxamples, the solution can be about 10 % by weight o about 40 % by weight first
hydrophilic copolymer, about 28 % by weight to about 30 % by weight first crosshinking
agent, and about 20 % by weight to about 70 % by weight analyie sensing component.

18054] The first hydrophilic copolymer of the first solution includes poly(alkylone
oxide) and poly(vinyl pyridine). The copelymer used can contain various combinations and
conformations of these polymers to provide the propertics desired in the sensing layer, which
can include hydrophilicity and the ability to tmmobilize the analyte sensing component.

{8855] In some cmbodiments, the first hydrophilic copolymer can be a block

18



WO 2014/210482 PCT/US2014/044613

copolymer. The block copelymer can be various types of block copolymer, such as diblock,
wriblock, tetrablock, or multiblock copolymer. In some examples the block copolymer has
onc or more intermediate non-repeating subunits, or junction blocks. in other embodiments,
the copolymer can be an alternating, periodic, statistical or graft copolymer. In some
mstances, the copelymer has two distinet monomer units, such as a diblock copolymer. In
other jnstances, the copolymer has three distinet monomer units, such as a terpolymer.

{8656} The poly{alkylene oxide) of the first hydrophilic copolymer can be
poly(ethyiene glycol), polv{propylene glycol), polvibutylene oxide) or mixture thereof, such
as & copolymer that jncludes a combination of two or three alkyiene oxide untis. In some
embodiments, the poly(alkylene oxide) of the first hydrophilic copolymer can be a block
copolymer that inchudes blocks of two or three poly(alkylene oxide) polymers. In certain
embodiments, the poly{alkylene oxide) can be block copolymer of pely(ethylene glycol) and
poly{propyiene glycol).

{8057} in some embodiments, the first bydrophilic copolymer includes a copolymer
of poly(ethylene glveol) (PEQ) and poly{vinyl pyridine) (PVP). The copolvmer of PEG and
PVP can be a block copolymer, having one or more blocks cach of PEG and PVP. Tn some
embodiments, the first hydrophilic copolymer includes & dibiock copolymer of PEG and
PVP.

[B058] The ratio of PEG to PVP in the first hydrophilic copolymer can be varied
depending on the desired properties of the hydrophilic copolymer of the sensing layer. In
some instances, the PEG block can have more units on average than the PVP block.

6659} In some embodiments of the method, the first hydrophilic, diblock copolymer

has the formwla:
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wherein 1’ and o’ are selected to provide the crosshinked, hydrophilic, diblock copolymer of
the sensing layer as deseribed herein.

5068 The analyte sensing component of the first solution can be sclected based on
the analyte desired to be monitored. For example, to monttor physiclogical cholesterol
levels, cholesterol oxidase can be used, and to monitor lactate levels lactate oxidase can be
used. To monitor glucose levels, the analvie sensing component used can be glucose oxidase
or glucose dehydrogenase (GDH)L

[B061] In some embodiments of the method, the analyte sensing component includes
one or more groups that can chemically react with the first crosshinking agent to form a
covalent bond through a linker to the copolymer backbone of the sensing layer. To some
imstances, the analyte sensing component can be an enzyme having one or more reactive
groups, such as an amino, hydroxy or thicl groups, or combination thereof In some
examples, the curing of the first solution provides a crosshinked, hydrophilic copolymer
having an imumobilized enzyme with one or more oxygen, nitrogen or sulfur atoms covalent
bond to the copolymer backbone through a Hnker. One of skill will recognize that during
curing, various linking and crosslinking outcomes are possible. For example, Hinks between
two or more analyte sensing corgponents can form, or an analyte sensing componend with
multiple reactive groups can form multiple links to other analyte sensing components and/or
the copolymer backbone,

18062} In other crobodiments of the method, the analyte sensing component does not
react to form a covalent linkage to the copolymer backboue, but is embedded into the
polymer matrix upon curing of the first solution. In certain embodiments, some of the
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analyte sensing component reacts with the crosslinking agent and some does not react,
providing a sensing layer that includes a mixture of immobilized analyte sensing component,
where some is embedded in the polymer matrix of the crosslinked, hydrophilic copolymer,
and some is covalently bound, optionally through a linker, to the copolymer backbone.

{8063} The second selution includes a second hydrophilic copolymer and a second
crosslinking agent. The ratio of these components can vary depending on the desired
propertics of the resulting protective membrane. The second solution can include from about
50 % by weight to about 90 % by weight second hydrophilic copolymer and from about 10 %
by weight to about 50 % by weight second crosslinking agent.

{8864} In some cmbodimenis of the method, the second hydrophilic copolymer
melades units of alkylene oxide, vinyl pyridine and one or more other polymerizable
moieties, such as styrene, methacrylate and acrylate. In some instances, the copolymer can
be a copolymer of alkylene oxide, vinyl pyridine and styrene. The copelymer of alkylene
oxide, and styrene can be a block copolymer, having onc or more blocks ecach of
polytalkyiene oxide) (PAQ), polv{vinyl pyriding) (PVP) and polv{(styrene) (PR). In some
embodiments, the copolymer includes a triblock copolymer of PAQ, PVP and PS. In other
embodiments, the copolymer can be a diblock copolymer, where one block includes POA and
the other block mchudes vinyl pyridine and styrene onits. In other embodiments, the diblock
copolymer can be a PAQ capped random copolymer of vinyl pyridine and styrene. In some
cxamples, the PAQO caps both ends of the random copolymer, while in other instances one
end of the random copolymer is capped with PAO.

{8665} The poly(alkyiene oxide) of the second hydrophilic copolymer can be
polytethviene ghycel), poly(propyiene ghycel), poly(butylene oxide) or a mixture thereof,
such as a copolymer having a combination of two or three different alliylene oxide uniis. In

some embodiments, the poly{alkylene oxide) of the second hydrophilic copolymer can be a
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block copolymer inchuding blocks of two or three different poly{alkylence oxide) polymers. In
certain embodiments, the poly{alkylene oxide) can be a block copolymer of poly(ethylene
ghveol) and poly(propylene glycol).

{8066} The ratio of alkylene oxide units to vinyl pyridine anits to other polymerizable
moicties, such as, styrene, methacrvlate and acrylate, in the second hydrophilic copolymer
can be varicd depending oun the desired propertics of the resulting protective membrane. In
some embodiments, the copolymer can have a lesser proportion of alkylene oxide to vinyl
pyridine and/or other polymerizable moicties, such as, styrene, methacrylate and acrylates. In
some cmbodimenis, the second hydrophilic copelymer can be similar in structure 1o the

hydrophilic copolymer of the first solution.

18867} In some embodiments of the method, the second hydrophilic, diblock

copolymer has the formula:

Meo/f\/ \E\\.//\O)lw
) 4%

{8068} wherein x°, yv7, v’ and ¢ are selected to provide the crosslinked, hydrophilic,
diblock copolymer of the sensing layer as described herein,

16669] The first sohstion or second solution can be formed in an aguecus medium,
alcobolic medivm, or mixture thercof. The aqueous medium can tnclude a butfered aqueouns
solution, such as, for example, a solution containing citric acid, acetic acid, borate, carbonate,
bicarbonate, 4-2-hydroxyethyl-i-piperazinecthanesulfonic acid (HEPES), 3-
{[tris(hydroxymethylmethyilamino} propanesalfonic acid (TAPS), N N-bis(2-
hydroxyethyhglycine (Bicine), tristhydroxymethylymethylamine (Tris), N-

wristhydroxymethylmethylglyeine (Tricine), 3-[N-Tristhydroxymethylmethylamino]-2-
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hydroxypropanesulfonie acid (TAPSO), 2-

{{misthydroxymethyDmethyljamino} ethanesulfonic acid (TES), 3-(N-

morpholine jpropancsulfonic acid (MOPS), piperazine-N,N'-bis(Z-cthanesulfonic acid)
(PIPES), dimethylarsinic acid {Cacodylate), saline sodium citrate (SSC), 2-(N-
morpholino)ethanesulfonic acid (MES), 2(R)-2-(methylamino)succinic acid, or phosphate
buffered saline (PBR). In some embodiments, the first or second solution can be formed ina
mixture of 8 buffered agueous solution and cthanol.

18678 The first solution or second solution can finther include components that ald in
the formation of a homogeneous selution or facilitate formation of a sensing layer or
profective membrane with specific propertics. A component can be added (o aid i the
dissolution of the other components or o achigve a desired concentration of the other
components. A component can also be added to provide a sensing layer or protective layer
with desived optical properties. For example, a dye can be added to provide a tinted or
colored sensing layer or protective membrane.

18071} The tirst and sccond crosshiunking agents can be of the same structure, but n
some instances, have different structures. Because the first and second crosslinking agents

o 66

share similar hydrophilic characteristics, they will herein be referred to as “the crosslinking
agent”.

(8872} The crosslinking agent can have two or more reactive groups, such as bi-, tri-,
or tetra-functional crosslinking agents that undergoe chemical veaction with the crosslinkable
fonctionalitics of analyte sensing component of the first solution, and/or the copolymer
second solution.  In certain embodiments, the crosshinking agent reacts with amine
functionalities of the first and/or second copolymer, such as pyridine groups.  In other

embodiments, the crosshinking ageut reacts with amino, hydroxy or thiol functionalities, or a

combination thereof, of the analyte sensing component.
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{8673} The crosshinking agent has a hydrophilic portion that can be water sohible or
soluble in a water-miscible solvent, such as an aleohol. The hydrophilic portion of the
crosslinking agent can have one or more heteroatoms, for example, nitrogen, oxygen or sulfur
atoms.

[B8074] In some embodiments of the method, the crosslinking agent ncludes
poly({cthylene glyveoly (PEG) and two or more reactive groups at the termind of the PEG. For

cxample, the crosslinking agent can be a PEG diglycidyl ether of the formula:

0
______ ,»\,,o%\ AN
77O >

wherein 7 is selected to provide the crosstinks of the sensing layer and protective membrane

jrmm——_e——y

as described herein.

18075} Examples of suitable crosshnking agents include, but are not linited to,
diglycidy]! ether and N N-diglycidyl-4-glyeidyloxyaniline.

18476} epositing the first or second sohution onto a surface of an electrode or
sensing layer, respectively, can be accomplished by a number of methods, and can provide a
relatively flat surface of substantially uniform thickness. The depositing can be performed
manually with a micro-syringe, or by sutomated fabrication processes with nano-jet
dispensing equipment.

18877} In some embodiments of the method, the amount of the first and/or second
solution deposited onto a surface of an clectrode and/or the sensing layer, respectively, can be
selected to provide the desired thickness of the sensing layer and/or the protective membrane.
fn some embodiments, the amount deposited on the electrode can be about 50 nL/mm’ to
about 500 nL/mum’. In other examplos, the amount can be about 50 wim to about 150 pm, or
about 150 pm to about 360 um, or about 300 pm to about 500 pm in thickness. In some

embodiments, the amount can be about 150 al/mm”. In some instances, depositing about
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150 nL/mm” of the first solution onto a sarface of an electrode provides a sensing layer that is
about 2 pm in thickness after curing. Tn other instances, depositing about 150 nL/mm” of the
second solution onto a surface of the sensing layer provides a protective membrane that is
about 2 pm in thickness after curing.

[8878] Conditions suitable to promote chemical reaction between the first
crosslinking agent and the analyte sensing component and/or first hydrophilic copolymer of
the first solution can be selected based on components of the solution being crosslinked
and/or linked, but not to degrade the analyte sensing component. In embodiments where the
anafyte sensing component 18 an enzyme, the temperature and pH of the method can be
selected to proserve the activity of the enzyme.

{88791 Conditions used for erosslinking and/or hnking in the first solution are
selected to promote chemical reaction between the reactive groups of the first crosshinking
agent and the reactive groups of the analytc sensing component and/or first hydrophilic
copolymer. When the first hydrophilic copolymer and/or analyie sensing component have
nitrogen-containing crosslinkable groups (e.g., pyridinyl and aming groups, respectively),
conditions can be selected to promote crosslinking and/or linking between the nitrogen and
the reactive group of the first crosslinking agent. When the reactive group is an epoxide, the
nitrogen of the first hydrophilic copolymer and/or analyte sensing component can undergo
nucleophilic attack at one of the electrophilic epoxide carbon atoms, providing a crosshink or
linker, respectively, having one or more secondary alcohol moieties. Likewise, conditions
can be selected to promote reaction between the second crosslinking agent and the second
hydrophilic copolymer in the second solation.

16088) The order of the depositing and the curing can be modified depending on the
curing conditions and the characteristics of the first and second solutions. In some

embodiments, the curing of the first and/or second solution can be mitiated before the
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sohution is depostted. In other instances, the curing of the first and/or second solution can be
mitiated after the solution s deposited.

{8081} In some embodiments, the depositing and curing can be repeated multiple
times to obtain a protective membrane of certain thickness and/or composition.  In some
mstances, the first protective layer is about 2 pm in thickness. A third solution inclading a
third hydrophilic copelymer according to the hydrophilic copolymer of the second solution
can be formed and deposited, this time on the first cured protective membrane layer, and
cured to provide a second laver of protective membrane.  In some embodiments, the third
solution has the same hydropbilic copolymer and/or crosslinking agent as the second
solution. In other instances, the hydrophilic copolymer and/or crosslinking agent of the
second and third sohutions are different. Depending on the components of the second and
third solutions and the curing method, there can be crosslinks between the first and sccond
protective layers. o other instances, the use of differcot second and third solutions provides
different protective membrane layers.

186082} In some embodiments, the protective membrane can be about | pm 1o abowt
20 um in thickness. In other embodiments, the protective membrane can be about | pm to
about § um, or about 10 pm to about 15 pm, or about 15 pm to about 20 pm in thickness. In
certain embodiments, repeated depositing and curing of the second and/or third sclutions can
add about 2 wm of thickness to the previous protective membrane. In some instances, the

repeated depositing and curing results in a protective membrane that is 5-10 pm in thickness.

Examples

Example 1. Immobilization of GOx in a Crosslinked Poly(vinyl pyridine) (PVP) and

Paly{ethylene glyeel) {PEG) Dibleck Copeolymer: Formation of the Sensing Layer.
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Glucose Oxidase (GO
agthanol/HEPES

Copolymer A
Mn x 10% PVPIPEG: 5.0/8.5

8083 Three solations were made using a solvent containing 35% (v/v) cthanol and
65% (v/v}) 20 mM HEPES buffer (pH = 8.8): (A) 20 mg/md GOx; (B) 20 mg/mi crosslinker
(z'=10, PEG (400) diglycidyl ether); {(C) 20 mg/mi Diblock Copolymer A (Purchased from
Polymer Source, product 1D: PE3R2-4VPED). The three solutions with the volume ratio:
AB:C = 0.3:0.25:0.45 were mixed on a rocker for 2 hours at ambient lab tomperature to It
the crosshinking reaction to occur. The solution mixture was then deposited on the electrode
surface using micro-syringe. The deposited amount was 150 nL per mm’. After air-drying,
the electrode was further cured for 12 hours at ambient lab temperature. The resulting GOx

layer had a thickness of about 2 um.

Example 2. Formation of a Crossiinked, Poly(alkylene oxide} Capped Random
Copolymer of Vinyl Pyridine and Styrene over the Sensing Layer: Formation of the

Protective Membrane.

. - (‘)
. O A )
MeQ’ ‘\/O o e w7 o J[\’ f\/ i‘v‘-e()'f\/ %\/\ /LX/ T
\f 8} z M "\41
Me E\/e ¢ j
\1 Glucose Oxidase (GOx)

athanol/HEPES
- l-'O /
Capolymer B OH
Mi x 10 PEGH{PVR/PSY: 5.0/40.0; J\\/Of,/\OT
xtshy's 22:8:70 m{

{8084} A solution of dibiock Copolymer B (20 mg/md in 83% cthanol-15% HEPES
buffer, pH= 8) (Purchased from Polymer Scurce, product ID:P14260-EOS4VPran) was

mixed with a solotion of crosshinker (20 mg/ml n 85% cthanoel-15% HEPES, pH =R} at a
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copolymer:erosslinker ratio of 0.9: 0.1, The mixture was mixed for 2 hours and 150 nL/mm’
was deposited onto the layer formed in Example 1, followed by atr-drying and further curing
for 12 hours at ambient lab temperature. The resulting membrane had a thickness of about 2

um. The procedure can be repeated to increase the thickness of the membrane.
Example 3. Analyte Sensor Performance in a Glucose Solution.

18085} The analyte sensor formed in Hxample 2 was fested at concentrations of
glucose in phosphate buffered saline (PBS) ranging from 20 pm fo 1000 pm. The sensor was
submerged in PBS and the glucose concentration was increased every 5-10 minutes. The
current generated st the clectrode was measured using a pofentiostat. A linear relationship

between current and glucose concentration was observed. See Figure 1.

{8086} Although the crosslinked, hydrophilic copolymers in the above examples
mchide methacrylate groups, there are a number of othylenieally unsatwrated groups known
m the art to be capable of undergoing polymerization. Ethylenically umsaturated monomers
and macromers may be either acrvlic- or vinyl-comtaining.  Vinyl-containing monomers
contain the vinyl grouping (CHye=CH-), and arc generally bighly reactive. Acrylic-containing
monomers are represented by the formula:
Qo
w.i.mf

{18087} Examples of suitable polymerizable groups may mchade acrylic-, ethacrylic-,
rtaconic-, styryl-, acrylamido-, methacrylamido- and vinvi-containing groups such as the allyl
grogp.

{088 In addition to the above disclosed methods of forming crosslinked, hydrophihic
copolymers by  the polymerization of cthylenically unsaturated monomers  and

macromonomers, additonal chemistries will be known to one or ordinary skill in the art to
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from such copolymers. As an example, epoxy chemistry, in which moltifimctional amines
and multifunctional epoxy compounds are nixed together and cured, can be used to form
crosslinked, hydrophilic copolymers. Additionally, urethane chemistry may be used, n
which multifunctional isocyanates are mixed with multifunctional alcohols and cored 1o
provide crosslinked, hydrophific copolymers. Other chemistries for the formation of
crasstinked, hydrophilic copolymers exist, and will be well known to those of ordinary skili
in the art.

HEERY 1t should be understood that arrangements described herein are for purposes of
example only. As such, those skilled n the art will appreciate that other arrangements and
other olements {¢.g., machines, inferfaces, functions, orders, and groupings of functions, ¢tc.)
can be used instead, and some elements can be omitted altogether according to the desired
resulis. Further, many of the elements that arc described are functional entities that can be
implemented as discrete or distributed components or in corjunction with other components,
in any suitable combination and focation,

16894} While various aspects and embodiments have been disclosed herein, other
aspects and embodiments will be apparent to those skilled i the art. The various aspects and
embodiments disclosed hercin are for purposes of illustration and arc not intended to be
timiting, with the trae scope and spirit being indicated by the following claims, along with the
full scope of equivalents to which such claims are entitled. It is also 10 be understood that the
terminology used herein is for the purpose of describing particular embodiments ooly, and is
not intended to be Hmiting,

16891} Further, some embodiments may include privacy controls which may be
automatically implemented or controlled by the wearer of a body-mountable device. For
example, where a wearer’s collected physiological parameter data and health state data are

uploaded to a cloud computing network for trend analysis by a chnician, the data may be
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reated o one or more ways before it is stored or used, so that personally identifiable
mformation is removed. For example, a user’s identity may be treated so that no personally
identifiable information can be determined for the user, or a user’s geographic location may
be generalized where location information is obtained (such as to a city, ZIP code, or state
level), so that a particular location of a user cannot be deternmuned.

180924 Additionally or altematively, wearcrs of a body-mouuntable device may be
provided with an opportunity to control whether or how the device collects information about
the wearer {e.g., mformation about a user’s medical history, social actions or activities,
profession, a user’s preferences, o7 a user’s current location), or to control how such
information may be used. Thus, the wearer may have contrel over how information is
colfected about him or her and used by a chinician or physician or other user of the data. For
example, a wearer may clect that data, such as health state and physiological parameters,
cellected from his or her device may only be used for generating an individual baschine and
recommendations in response to collection and comparison of his or her own data and may

not be used in generating a population baseline or for use in population correlation studies.
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CLAIMS

1. An analyte sensor comprising:

a sensing layer in contact with a surface of an electrode, wherein the sensing layer
comprises a first crosslinked, hydrophilic, diblock copolymer having an immobilized analyte
sensing component, wherein the dibleck copolymer comprises a first block of poly(alkylens
oxide) and a second block of poly{vinyl pyridine}; and

a protective membrane comprising a sccond crosslinked, hydrophilic, diblock
copolymer, wherein the diblock copolymer comprises a poly{alkyleng oxide) capped random

copolymer of vinyl pyridine and styrene.

2. The sensor according to claim 1, wherein the first crosslinked, hydrophilic diblock

copolymer having the formula:

wherein n and m are such that the poly(vinyl pynidine) block and the poly{ethylene
glycol} block cach have a number average molecular weight (M) of about 500 to about

10,000,

3. The sensor according to claim 1, wherein the sccond crosslinked, hydrophilic diblock

copolymer has the formula:

. o
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wherein %, y, v and s are such that the poly{cthylene glycol) block and the vinyl
pyridine/styrene copolymer block each have a mumber average molecular weight (My) of

about 1,000 to about 100,000.

4, The sensor according to claim 1, wherein the sensing layer or the protective
membrane has crosslinks of the formula;

OH

2 - O E 9 -
ool s
OH - )
wherein z is 0- 11,

5. The sensor according to claim 1, wherein the analyte sensing component is ghicose
oxidase.
6. The sensor according to claim 1, wherein the scusing layer or protective membrane is
about | pum to about 5 pm in thickness,
7. The sensor according to claim 1, wherein the immobilized analyte sensing component

is covalently bound, optionally through a linker, to the first crosslinked, hydrophilic, diblock

copolymer,

8. The sensor according to claim 1, wherein the first crosslinked, hydrophilic diblock

copolymer has the formula:
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wherein n and m are soach that the poly(vinyl pyridine) block has a mumber average
molecular weight (M) of about 5,000 and the polv{ethylene giveol) block has a number
average moieccular weight (M.} of about 8,500;
the second crosstinked, hydrophilic diblock copolymer has the formula:

. O
O .
oo 0o A

fMe Me

wherein X, v, v and s are such that the poly(ethylene glycol) block has a nomber
average molecular weight (M) of about 5,000 and the vinyl pyridine/styrene copolymer
block has a number average molecular weight (M) of about 40,000,

the sensing layer and the protective membrane have crosslinks of the formuala:

?{\?;\o{‘votji‘z

wherein z is 10; and

the analyte sensing component is ghicose oxidase.

9. A method for manufacturing an analyte sensor, the method comprising:

forming a first solution of a first hydrophilic, diblock copolymer, a first crosslinking
agent and an analyte sensing component, wherein the first hydrophilic, diblock copolymer
comprises a first block of poly{alkyiene oxide) and second block of poly{viny! pyridine);

depaositing the first solution onto a surface of an electrode;

3
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curing the first solution to provide a sensing layer;

forming a second solution of a second hydrophilie, diblock copolymer and a second
crosslinking agent, wherein the second hydrophilic, diblock copolymer comprises a
poly(alkylene oxide) capped random copolymer of vinyl pyridine and styrene;

depositing the second solution onto a surface of the sensing layer; and

curing the second solution to provide a protective membrane.

10.  The methed of claim 9, wherein the first hydrophilic, diblock copolymer has the

formula;

- ,D 'E
T
im'

els
iRy
= N

n
wherein n’ and w0 are selected such that the poly(vinyl pyridine) block and the

poly{cthylene glycol) block cach have a number average molecular weight (M,) of about 500

o about 10,000

11 The methed of claim 9, wherein the second hydrophilic, diblock copolymer has the

formula;

\ o
O
X

M e/ hie

\ o s
gl
%‘\ 2 '

- Y ,

wherein x°, v°, v" and 8” are selected such that the poly(ethylene glycol) block and the
vinyl pyriding/styrene copolymer block cach have a mumber average molecular weight (M)

of about 1,600 o about 166,060,
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12, The method of ¢laim 9, wherein the first or second crosslinking agent has the formula:

: o
. O/:\\/Q%\/{"}'\
AW i
O - 4z

wherein 2 1s 0-10.

13. The method of claim 9, wherein the sensing layer or the protective membrane is about

1 gm to about § um in thickness.

4. The method of claim 9, wherein the analyvte sensing component i glucose oxidase.
15, The method of claim 9, wherein the sccond solution comprises about 90 % by weight

second hydrophilic, diblock copolymer and about 10% by weight second crosshinking agent.

16. The method of claim 9, wherein the forming, depositing, and curing of the second

solation 1s repeated to increase the thickness of the protective membrane.

7. The method of claim 9, wherein the amount of analyte sensing component is about 10

% by weight to about 40 % by weight of the first sohstion.

18. The method of claim 9, wherein the amount of first crosslinking agent is about 20 %

by weight to about 30 % by weight of the first solution.

18, The method of claim 9, whergin the amount of first hydrophilic, diblock copolymer is

abowt 20 % by weight to about 70 % by weight of the first solation.

(O8]
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