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(57) Abstract: Sensor stability is crucial to successful, long term in situ analyte measurement. Systems, methods and devices herein
exhibit increased long term measurement accuracy of circulating analytes, such as glucose, lactose, or others, which makes the tech-
nology herein particularly suitable for real time, long term in situ analyte measurement. Systems, methods and devices herein variously
comprise crosslinked sensor layers, sensor sites that are internal to rather than at an edge of an insulating layer and other structural
improvements, as well as sensors exhibiting the improved long-term stability in analyte measurement resulting therefrom or otherwise

facilitating long term use.
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SENSOR STABILITY

CROSS-REFERENCE TO RELATED APPLICATIONS
{6001} This application claims priority to US Provisional Application Serial
Number 63/421,738, filed November 2, 2022, which is hereby wncorporated by reference in

its entirety.

BACKGROUND

16002} Accurate ongoing monitoring of analytes, particularty physiologically
relevant analytes present in a human subject, 18 of particular importance o human health,
Current approaches require an iterative process of sample removal and assaving which is
uncorntortable and which, dependivg upon tirmog at which samples are recovered, may fail
to capture analyies at ime points where their concentrations are highest or lowest, time poinis
which are often of most physiological relevance.

{80031 Recent improvements to ongotng monitoring allow a device to be
attired to an individual Tor an extended period of e, allowing for continuous ywontonog.
However, probes in these systems are often subject to declings i accuracy over time, often
due to Inss of bonding of probe constituents and delamination of membranes arising from
protonged hydration and associated swelling,

{80041 A major issue for products involving sensor technology 1s that sensor
performance 15 inconsiatent over time. That 13, 3 given analvie amount may be seen (o vary
over time as a result of degradation of the sensor rather than variation in the actual amount of
the analyte. This phenomenon may livot sensor efficacy as well as the time over which an

individual sensor may be deployed, for example deployed in sitn in an individual.

SUMMARY

{30051 Disclosed herein are sysiems, methods and compositions related to
analyte detection, such as analyte detection 1o sitn within a subject o many cases an analyte
15 detected in a lopnd solution, such as a body fluid either derived from an mndividual or in
situ within an wdividual, though detection of analytes 1o media partially or largely
comprising arfificial components is also contemplated. Sensors and methoeds of use of sensors
disclosed heretn exlubit remarkable stability, both in the capacity 1o detect a signal over time
and in the signal dritt which is observed during ongoing detection events. This makes the
systens, methods and compositions herein particularly suitable for ongoing internal

monitoring of an analyie in anindividual, such as circulating lactose, or glucose in the
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context of disbetes treatment or amelioration. The technology s general, bowever, and s
applicable to a broad range of analytes or conditions for amelioration, treatment or
observation.

{80861 The disclosure herein is turther undersiood in the context of a number
of emmbodiments.

180871 Dhaclosed herein are sensors, such as sensors CoOmprising one or more
of a solid base; an insulating layer aftixed 1o the solid base, wherein the insulating layer
comprises at feast one opening that does not share a border with an exterior edge of the
insulating laver, so as to expose a portion of the solid base removed from the exterior edge of
the insulating faver; a sensor layer comprising s biocompatible polymer and an analyte
detection moiety capable of detecting an analyte; and an exterior layer that completely
envelops the sensor layer,

{06081 A number of solid base configuration are consistent with the disclosure
herein. Solid bases way be a wire or needle, or any shape up to and wclading s waler or other
iocally planar or flat surface. Solid bases are often conductive or comprise a conductive
component motety such as one or more conductive traces 1n g conductive or nonconductive
core, such that they may transmit an electric current. This conductive component may also
serve as a structural core of the solid base. Alternately, some solid bases comprise a
nonconductive sohid core that serves a primanty stroctural function. Such a solid core may
have a conductive coating or conductive traces or veins etched or otherwise added to or
wtroduced into the solid core. Conductive sehid bases or conductive constituents of solid
bases may comprise any number of conductive materials, such as a conductive metal, for
exarople, gold, platinum, indium, paliadiur or steel such as stainiess steel, although other
metals are also consistent with the disclosure herein, particadarly metals that are conductive.
Nonmetal conductive bases are sinularly consistent with the disclosure hergin. Alternately, a
anon~-conductive solid metal or nonmetal base that s modified to support a current, though for
example o conductive coating or 8 wining configuration, is also consistent with the disclosure
here.

180091 Current generation is facilitated in some cases by generation of a bias
voltage in the samiple. Bias voltage 1s generated using, tor example a pair of electrodes or an
electrode and the solid base. Suitable voltage biases in various embodiments herein range
from near O volts to 1 volt, Tor example less than 0.3 V), less than 0.6 V. or less than, at least,

about or exactly, 0.1, 0.2, 0.3, 0.4, 6.5, 0.6, 07,08, 09 or 1 V.
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18618} Some solid bases cormprise a component that i3 both conductive and
reactive, such that when in contact with a signaling component such as hydrogen peroxide
{H203:), the solid base component reacts with the signaling compounent to vield an electric
charge that may then be conducted by the solid base. Exemplary reactive and conductive base
metals include platinum, rhodiurg, widium or a combination of these metals. Furthermore, in
some cases a conductive, nonreaciive metal is used in combination with a reactive constituent
such that the reactive constituent reacts with a signaling molecule such as hydrogen peroxide
to vield a charge which s then transmitied by the conduciive solid base constituent.

{6611} Ap insulating layer is affixed to the solid base, such that in some cases
the insulating fayer preveots charge from passing through the fayer to the sohd base.
Alternately or in combination, an insulating layer is impermeable to an analyie, such that it
precludes an analyie from passing through the insulating layer. Exemplary insulating
membranes are plastic, such as polyimide, or alternately polyurethaneg, PEEK or Teflon,
among or an siternative having simiar chemical or insulating characteristics.

{88121 Asused herein, a layer is a coating or covering that comprises part of a
sensor. Layers are alternately permesble or impermeable to one or more signaling molecules,
analyies or charge, and if impermeable may be in some eases ablated or punctured to aliow
the one or more signaling molecules, analytes or charge to traverse the layer specifically at
the site of the ablation or punciure. A permeable faver, auch as a layer that permita the one or
more signaling molecules, analytes or charge to traverse the layer in the absence of a site of
ablation or puncture, 15 1o sorue cases referred 1o as a membrane. Alternately, in some cases
the terms are used interchangeably, such that permeability is a functional distinguishing
factor of a component referred 1o as a layer or membrane,

188131 An wsalating layer consistent with the disclosure herein often
comprises at least one opening that does not share a border with an exterior edge of the
wnaulating laver. Accordingly, a portion of the solid base, removed from the edge of the
insulating laver, 13 exposed or free of the jusulation otherwise effected by the wsulating layer,
such that charge, analyte or both charge and analvie are accessible through at least one
opening, such as a hole in the insulating layer.

{214} Such a hole or openiog may be present in an insulating layer prior to
contacting 1o a solid base, such as in cases where the insulating laver is “wrapped around’ or
“romed on” or otherwise affixed to g solid base. Alternately, 1o some cases an unperforated
insulating layer precursor ts conviacted to the solid base, and contacted t¢ an ablation agent to

perforate the insulating layer. In particular, when ao insulating laver s applied by dipping a
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sotid base oto g Hauid precursor of an wosulating layer, or when a lguid or agrosel precursor
of an insulating laver, or other application of a liquid precursor of the insulating layer, is
applied to a solid base, then perforation or ablation of the insulating fayer s often employed.

{86151 A number of ablation agents are consistent with the disclosure herein,
such as chemical agents, heat or cold, laser or other clectromagnetic energy, or a physical
ablation agent that may pierce or abrade a bole 1nto the insulating layer. Other ablation agenis
and other approaches to perforating the insulanng laver are contemplated and consistent with
the disclosure heren.

{6316} In the case of a wire, a polymer insulating laver may be prepared by
igser ablation of, for example, the iopermeable polvmer polyimide in a discrete pattern that
allows for the exposure of the desired surface area of a reactive conductive solid base
constituent such as platinurg.

{63171 For a flat substrate, a photoresist is used along with photolithography
i create micropatterns within the polyimide substrate, for example using conventional
methods in the art.

180181 Alternately, in some cases a solid base is contigured such that a
conductive or conductive and reactive component acceases one or more signaling molecules,
analvtes or charge only at a limited portion of the solid base. In these cases the remainder of
the sohid base 1s preferably nonconductive, and the conductive or conductive and reactive
component is limited iny its access 1o one or more signaling molecules, analvies or charge by
the rerpaining nonconductive sold base constituent. To these cases the solid base
nonconductive constituent comprises the insulating layer in addition to providing some
structural ngidity as g sohid base constituent.

186191 An insulating membrane may not completely envelop the solid base,
such that a current may be transnutted distally from the hole. Nonetheless, an insulating tayer
coaling a wire soiid base may cross-sectionally surround the wire 8o as to provide hoop-
rigicity to the stracture, even in the vicinity of the hole or opening in the wsulating
membrane.

180201 Insulating membranes may be nonreactive or alternately be
functionalized so 88 10 present a reactive motety, such as a hvdroxy moiety or a carboxy
moiety, or other moiety that facilitates covalent binding of an insulating laver to a biosensing
fgyer and 1n soroe cases wdirectly 1o an outer layer.

180211 Surface modifications of polymer surfaces 1o effect surface

funciionalization have been widely performed using plasma, corona discharge, ultraviclet
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Hght, jon beams or bornbardrent, y-radiation, and cherical solutions to roodify macroscopic
surtace properties, such as wettability, friction, adhesion, biccompatitility, and molecular
recognition. fo most cases, the formation of oxygen-coutaining functional groups, such as -
O and ~COOH, occurs on the polymer surfaces.

16022} External to the insulating layer, either as a laver on a locally planar
surface or radially from a wire core, for example, i3 a sensiog laver.

00231 A number of sensing layers are consistent with the disclosure herein. In
particular, 4 senstog layer that supports or 13 compatible with enzymatic activity, and
comprises ummobilized enzymes is consistent with the disclosure herein. Some sensing layer
polymers comprise a hvdrogel, such as a negatively charged hydrogel, for example
polvacrylate or polyurethane, or other suitable immobilization matrices consistent with the
disclosure herein. A sensor layer generally 1s often permeable to the analyte or porous, 8o as
to allow an analyte to access the hele or opening 1n the insulating membrane, even when the
hole or opening in the wsulating roembrane 1s covered by the sensing layer generally

1806241 The sensing layer is often deploved so as not to completely envelop the
insulating layer. Consistent with this deployment, the sensor layer 15 often deploved so as to
contact the solid base or to allow analyies to contact the solid base only through the interpal
hole or opening in the insulating layer.

{86251 An analyte detection motety is often embedded in the sensing laver
Alternately, a detection moiety 1s tethered to the polvmer of the sensing layer, or of another
constituent of the sensing layer. A raurober of analyte detection moieties are consistent with
the disclosure herein, and an analyte detection moiety 1s selected o correlate with a target
analvte. Often, an analvte detection moiety s a protein, for example av enzyroe or av
antibody. In the case where the analyvte is ghucose, a preferred analvie detection moigty s a
glucose oxidase enzyme, although other enzymes that detect or catalyze g transtormation of
ghicose into a molety suitable for generation of a current in the solid base or otherwise are
detectable, Tor example at the sohd base, are also consistent with the disclosure berein, An
example, among others, of such an alternate enzyme performing this function is glucose
debydrogenase.

{80261 In the case where the analyte 1s lactate, a preferred analvie detection
moiety 15 & lactate oxadase enzyme, although other enzymes that detect or catalyze a
sransformation of lactate into a rotety suitable for geperation of a cutrent 1o the solhid base or
ctherwise are deteciable, for example at the solid base, are also conststent with the disclosure

herein,
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(80271 A suitable analyte detection motety teacts with the analvie or catalyezes
the generation from the analyie or triggered by the analyte to form a detection product. An
exemplary detection product vields a current when contacied to the solid base. In some cases
the detection product, or the current, or both the detection product and the current, are in
proportion to the amourt of the analyte present, 50 as to allow measurement of the current to
indicate the amount of the analyte present, through some or all of a dynamic range. An
exemplary detection product is hydrogen peroxide, which is generated by the enzyie glucose
oxidase reacting with ghucose. Often, the sulating layer 18 impermeable to the detection
product. In contrast, often the sensing layer, or an external biocompatible membrane, or both
the sensing layer and an external biocompatible eembrane or layer s permesble to the
detection product. In some cases the exterior layer is selectively impermeable or impermeable
to other products or analytes, such as products that may interfere with measurement of the
desired analyte or detection of the signaling moleculs.

{80281 Sensing bavers are iy some cases nonreachive or mmert. Alternately, in
some exemplary embodimenis the sensing laver is functionalized with a reactive moisty, such
as a moiety compatible with cross-linking 10 a reactive moiety on the insulating layer.
Exemplary reactive moieties tnclude carboxy or carboxylate moieties, or hydroxy or hydroxyi
moieties, although others are also consistent with the disclosure herein. Consistent with these
reactive moteties, in some cases the sensor layer 1s covalently bound to the tnslating
membrans.

{80291 Hxternal to the sensing layer, either as a layer on alocally planar
surface or radially from a wire core, for example, is an exterior membrane or layer. An
extenior layer is ofien permeable o the analvie or porous 8o as fo allow the analvie o pass
through to the sensing layver, facilitating generation of 8 detection product.

180301 Hxterior membranes are in s0me Cases nonreactive or inert,

Alternately, in some exemplary embodiments the sensing laver s funcrionalized with a
reactive motety, such as a moiety compatible with crose-hinking to a reactive moiety on the
extenior membrane or layer. Exemplary reactive moteties include vinyl moisties, aziridine
moieties, oF epoxy motenes, although others are also consistent with the disclosure herein.
“onsistent with these reactive moisties, in some cases the sensing layver 1s covalently bound
o the exterior membrane.
18031 Sensors as disclosed herein often compnise at least one hole in the

insulation layer, in some cases at Ieast two, at least three or at least four holes, such as at least
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1,2,3, 4,5 6,7 8 9, i0ormorethan 10, ornomorethan 1, 2, 3,4, 5, 6,7 8 9 10, or

exactly 1,2, 3, 4,5, 0,7, 8,9 or 10

{B032] Sensors as disclosed herein exinbit substantial sensor stability, such
that 10 ongoing measurement conditions, some sensor results do not exhibit substantial dnift
Ongoing measurement 18 performed in vitro o, in exeroplary cases, in situ 1o an individual. In
some cases signal drift 1s no more than 1% per hour. Some sensors disclosed herein exhibit
signal drift of no more than 1%, 2%, 3%, 4%, 5%, or 0% signal drift. Alternately, some
sensors exhibit signal diift of no more than 1%, 0.9%, 0.8%, 0.7%%, 0.6%, 0.5%%, 0.4%, 0.3%,
.2%, or 0.1% per hour. This low signal drift is observed even after 1, 2, 3, 4 or more than
four days of measuring, in patticular after 1, 2, 3, 4 or more than four days of measuring an
analyte in situ in an individual.

180331 Also disclosed herein are mothods of making sensors, such as the
sensors described above or elsewhers herein. Some such methods comprise one or more of
the following elements: contacting a solid base 1o an jusulating agent o form an tnsulating
iayer on the solid base; forming at least one hole in the insulating layer such that the solid
base 1s exposed at the hole; contacting the insulating laver to a detection precursor
comprising an immobilization polymer precurser and an analyte detection moiety capable of
detecting an anaivie; polymerizing the polyvier precursor to torm a sensing layer that spans at
ieast part of the wsulating faver and the at least one hole 1y the insulating layer, crosshinking
at least a portion of the sensor taver 10 at least a portion of the insulating layer; contacting the
sensor layer (o an exienior layer agent to form an exterior layer, and crosshoking at least a
portion of the sensing layer to at least a portion of the externior biocompatible fayer. In some
cases the crosshinking 18 performed w succession. Alternately, in some cases all lavers are
deposited and then all of the crosslinking ocours. For example, crosslinking may be effected
by depositing all the layers, subjecting the deposited layers, membranes, or layers and
membranes to oxidation 30 as to generate functional moteties, and then crosslinking
compatible functional moteties 1o one another. A result of these approaches 1s that a sensor
comprises a chemically fused system, such that two or wore layers are covalently attached to
one another and to the msulating layer, which often conveys stability and accuracy over time
to the sensor system.

{08034} Contacting the solid base to the insulating agent varicusly comprises
spraying, dispensing, or spin-coating the insulating agent outo a flat surface of the solid base
or dipping the solid base into a liquid composition of the insulating agent, and in either case

then polymerizing the insulatiog agent or allowing the wsulating agent to dry o the sohd
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base. The solid base 15, as above, in some cases oviindrical, such as a wire or needle, or
iocally planar. The solid base is or comprises an electrical conductor. In some cases, the solid
base comprises a core and a clad. The corve provides rigidity and robustness while the olad
provides efectrical conductivity, and may also provide a reactive surface at which the
electrochemical reaction occurs. Exemplary clad metals are platinur, inidiom, rhodium, 2
combination of metal and rhodium, or other metal or nonmetal reactive conductors.
Exemplary core materials are platinum, rhodinm, 2 combination of metal and rhodium,
widinm, a combination of irtdium and platinum, tastalum, ook, stainless steel or other
metal of nonmetal or nonconductors that mayv confer structural rigidity to the sensor.
Alternately, some bases comprise a conduchive motety in addition to or aliernative to g
conductive or conductive and reactive coating.

{0035} The deposited insulating layer 15 not an electrical conductor, and 13
preferably impermeable to the analvie and to a detection motety. Similarly, the insulating
igyer is often inpermeable to a solvent. The deposited insulating laver often comprises a
polyiner or is polvierized from monomer units o form a polviner. Exemplary insulating
iayer coraprise a plastie, such as polvimide or other constituent discussed herein. Otften, the
wnsulating layver 18 a polymerization product of the insulatiog agent or a solidified product of
the insulating agent.

1806361 At least one hole is formed internal to an edge of the insulating layer.
The at teast one hole 1s formed in some cases via etching, such as chemical etching, laser
etching, heat elching, or mechanical eiching, or a combination of these approaches,
Alternately orf in combunation, an insulation laver may be deposited by pouring an insulation
agent onto a solid base and allowing it to cure into shape around the solid base lo particular,
in some cases the solid base 19 placed inte a mold and then the nsulating laver precursor is
poured into the mold.

{80371 Alternately, particularly i the case of a locally planar surface, a flat
polyimide base roaterial may be deposited and then platinam or other electrode matenal, or
platinum and other electrode material s electrodeposited tnto a surface such as 2 well to
rnake an electrode functional polvimide substrate. An example of an electrode tunctional
polyiniide substrate is shown in Figure 1A and Figure 1B Forming the whole often
comprises gblation, such as laser ablation, of the msulating layer.

180381 Independent of how the at least one hole is formed, the hole made
through any of the methods above provides access to the solid base by a solvent or carrier,

such as 2 solvent or carrier in which an avalyte 15 suspended or dissolved.
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18039} A sumber of insulating faver delivery methods are consistent with the
disclosure herein. For examiplie, a solution of insulation ayer pracursor such as such as
polvamic acid, a polyumude precursor, 13 dip-coated onto the substrate via a reel-to-reel
system and then heat s applied o remove solvent and solidity the polymer on the surface of
the base metal as a thin coating.

1806481 The wanlating layer formed thereby optionally comprises a
functionalizing motety. The functionalizing motety 15 1t somme cases attached to the tnsulating
agent prior to polymerization or solidification. Alternatively, the agent may be added through
a chemical reaction, such as oxidation, performed on the polymerized or solidified insulating
igyer. This modification variously occurs prior (0 or subsequent to contacting the insulating
fayer {0 the sensing laver or the detection precursor.

18041} Functionalized moteties tacilitate the bonding such as covalent
bonding of the insulating layer to the sensing layer. Exemplary functionalizations include
hydroxy moteties and carboxy moteties. Crosshinking variously occurs concurrently with or
subsequent t¢ contacting the insulating laver {o the sensing laver. An effect of this
crosslinking 1s to stabulize the sensing layer bound to or around the insulating laver, thereby
enhancing the stability of the sensor and accuracy over time of the senor,

{60421 A crosshinking configuration i1s shown in Fig 2

180431 The sensor is in some cases formed by contacting a sensing layer
precursor 1o the solid base coated by the insulating layer.

{80441 Contacting the solid base and the insulating agent to the sensing layer
variously comprises spraying the sensing laver precursor agent onto a flaf surface of the
insulated laver on the sold base or dipprog the insulated laver and solid base o a higud
composition of the sensing layer precursor agent, and in either case then polvmerizing the
sensing layer precursor agent or allowing the sensing layer precursor agent 10 diy on the solid
base. Alternately, in some cases a prefabricated sensing layer is wrapped or ironed on to the
insolated layer of the sohid base,

18045} In exemplary embodiments, the sensing laver s deposited so that
sensing signal does not reach the solid base other than through a hole in the insulating layer.
For example, the sensing faver 1s deposited in some cases 50 a3 uot Lo eoguit the insulating
fgver, or otherwise so as to not access the conductive portion of the solid base other than
through a hole internal to the insulating laver. Other contigurations that restrict
communication between the sensor layer and the solid base are also contemplated and

consisient with the disclosure herein,
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{8046} The sensing layer 15 10 some cases cross-linked or bound to the
insulating layer through functionalizing groups. The functionalizing group is in some £3ses
present in the sensing layer precursor. Aliernately, the functionahizing group 15 added to the
sensing layer pursuant to polymenization or subsequent to polymerization. Exemplary
functionalizing groups comiprise hydroxy moieties, carboxy moieties, azinding moishes,
vinyl moteties, epoxy moteties, though any functionalizing group that may bindto s
complemerntary functionalizing group of the tnsulating membrane 1s consistent with the
disclosure herein, particularly a functionalizing agent that may be bound to the insulating
tayer without abolishing bicactivity, such as sensing meoigty activity, in the sensing laver.
Exemplary seosing laver precursors comprise one of mwore of hydroxy moteties, carboxy
moteties, aziridine moigties, viny] moieties, epoxy moteties. External biocompatible lavers
optionally also comprise a hydrophilic compoenent, so as to maintain seny-permeability of the
membrane, particularly to a solvent, a carrier, or an analyte or detection agent, for example an
aquenus solution comprising an analyte such as glucose, lactate, or both glucose and lactate,
such as an interstitial fluid.

{0047} The sensing laver comprises a sensing motety. Attaching the sensing
motety to the sensing layer vartously comprises delivering the sensing motety concurrently
with the sensing laver polymer precursor or delivering the sensing mwoiety subsequent o
delivery or subsequent o polymerization or solidification of the sensing laver precursor.
Exemplary sensing moteties are proteins, such as enzymes or antibodies, or synthstic
recepiors such as boronic acids, that retain some activity pursuant to polymerization,
functionalization or cross-linking to the insulating layer or the external membrans or both.

{0048} As an example of how crossholiog may be effected, the following is
provided. It 1s understood that alternatives are known in the art and consistent with the
disclosure herein. The reaction of polyfuncuonal aziridine cross-linkers are acid catalyzed.
They are typically used to react with the carboxyitc acid groups on acryhic adhesives. To
cross-huok, an active hvdrogen may be availlable to open the azmdine ning. The exemplary
reaction mechanism 13 shown below,
g.“\“\““?« ~
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18049} The active hydrogen oo the carboxylic acid group on the acrvhic or
polvurethane resin reacts with the nitrogen of the polyfunctional aziridine, which opens the
ring to cross-link the resin. Since polyfunctional aziidines ave tin-functional and the acrvlic
emdsion of polyurethane dispersion or polvacryhie acid can be multi-funcrional, a eross-tink
density or network is formed through this reaction mechanism. The polviuncional ariridine
and carboxyhic acid reaction will occur at ambient condition as the coating, nk, or adhesive
drv. Adding heat in the drying process will increase the rate of reaction. As the system drigs,
the pH drops, which accelerates the reaction of the active hydrogen of the carboxylic and
with the polyfunctional aziridine.

{8088} This reaction roechanism roay happen toternal to the sensing layer and
may also cocur on the surface of the oxidized polyvimide surface; in both cases a carboxy
group 1s being crosshinked with the polvfuncional azindine.

{60511 Alternately, a more elaborate cross-linking scheme comprises a tie
igyer in between the polyimide and the sensing layer. In this system, more extensive oross-
finking moteties are used, constituting an iniervening ‘tie layer” comprising silane attaching
to hydroxy groups having carboxy groups at the other end, and this then reacts along with
carboxy groups in the sensing layer. Exemplary tie layer configurations are shown in Fig. 3
andd in Table 1, below.,

186521 As mentioned above, this reaction mechanism is provided as an
exemplary embodiment. Various other crosslinking chemistry technologies are also known
and compatible with sore or all of the disclosure berein,

{B0XR3] Various permutations of tie layers in combination with the core
structures disclosed herein are presented below. A general feature of these interveniog layers
is that they often add stability, such as via covalent attachment or provide a source of
additional chemistry to effect crosslinking or otherwise increase stability of the sensor.

{54} Table 1

Structure 1 Structure 2 Structure 3 Structure 4
External Layer
External Layer External Layer Primer Layer
External Layer Primer Layer Sensing Layer Sensing Layer
Sensing Layer Sensing Layer Tie Layer Tie Layer
Substrate Substrate Substrate Substrate
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I8055] Alternately, some lavers may be relied upon to provide additional
funciionality.

18056} The sensor 18 10 some cases formed by contacting an exterior
membrane precursos 1o the solid base coated by the tnsulating layer and the sensing layer.

{8057} Contacting the assembly of the solid base, the insulating agent and the
sensing layer to the extenor membrane precursor vasiously comprises spraying an exierior
membrane precursor onto a flat surface of the sensor precursor or dipping the sensor
precursor into a iguid composition of the extenior membrane precursor, aud in either case
then polvimerizing the exterior membrane precurser or allowing the exterior membrane
precursor to dry on the sensor precursor. Alternately, in some cases a prefabricated exterior
membrane is wrapped or ironed on to the sensor precursor, and additional application
approaches are contemplated and consistent with the disclosure herein.

{30581 The exterior biccompatible membrane layer is in some cases
funcuonahized, so as to bind 1o the sensing layer. Funchionalization 1s effected by
functionalizing the exterior layer precursor. Alternately, the exterior laver is functionalized
pursuant to polymerization or selidification, or subsequent to polyvmernzation or solidhfication
Exemplary functionalizing moieties include vinyl moieties and bydride moieties, though any
motety that is able to cross-link or bind 1o sensing laver functional moieties are consistent
with the disclosure heretn, partienlarly when the erosshinking is effected without abolishing
biosensing activity of the sensing layer.

IB059] Ag an additional example, the exterior membrave way be polymerized
via a bydrosilylation reaction where a viny! silicone prepolymer is reacted with a hydride
stlicone prepolymer. A vinyl functional bydrophile 18 mcluded as part of the reaction mixiure
in order to render the final polymer membrane semi-permeable o the analyte of interest and
stroultaneously covalently attach the exierior membrane to the sensing layer.

{6068} The layening and cross-linking convey a degree of durability 1o the
sensors, such that they are stable and accurate for long-term tse, such as use in vivo,

{80611 Dhaclosed herein, accordingly, are sensors that exhibit durabiliy or
stability so as to facilitate long term use, for exarmple, use deployed i vivo in an mdividual,
Nuch sensors are restitent to degradation that may arise from biofouling, layer separation or
other challenges to structural integrity or performance.

180621 Sensors in some cases exhibit a signal drifl of no more than 1% of
signal/hour. Some such sensors exhibit a signal dritt of no more than 0.9%, 0.8%, 8.7%%,

0.6%, 0.5%, 0.4%, 0.3%, 0.2%, 0.1 or tess than §.1% per hour, This low signal drift is
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observed, for example, In sensing glucose or lactate or other analyte at a concerdration of
about 400mg/dL, or alternately about 300mg/dL, about 200mp/dL, about 100me/dl. or less
than 100mg/dL or at least 40 mg/dL. In some cases the sensor coroprises crosslinked layers,
such as crosstinked layers disclosed above. Kimilarty, in some cases the sensor s generated
through a process comprising crosshinking of two or more lavers to one another.

1806631 Signal to be detected i3 1n some cases accessible to a conducting
moiety only though a gap or hole in an insulating laver, such as a gap or hole that maimtains
it focal structural integrity due fo one or more than one layers superimposed on top of the
hole and in some cases cross-linked to the insulating layer or {0 a layer external to the
insulating laver, so as to provide stractural integrity 10 a sensor at the measurement sife,

{80641 Similarly, signal {0 be detecied is in some cases generated in a signal
iayer that maintains 11s local structural integrity due to one or more than one fayers
superimposed on top of or beneath it and in some cases cross-linked {o the signal layer, so as
i provide structural integrity 10 a sensor at the sensing site.

180651 Similarly disclosed herein are methods for extending sensor
performance comprising making or using the sensors as disclosed herein.

{60661 Sunitarly disclosed herein are methods for detecting analytes ina
sample external to or internal 1o an individual. Some such methods comprise one or more of
the steps of creating a bias voltage in the sample, and measuring a current passing {0 a
conductive base through at least one opening in an insulating layer, wherein the at feast one
opering does not share a border with an extenor edge of the insulating laver. Suitable
samples include body fluids such as circulating bloed, and may be performed in a fluid
internal to an mdividual, Bigs voltages of from above 0 to | volt are conternplated bevein,
such as nomore than 1, 0.9, 0.8 0.7, 0.6, 0.5, 04, 03,02, 01, or less than 0.1, as well a3 at
icast or no more than 0.001, 0.005, 0.01, .05, 0.1, or greater than 01, Other bias voltages are
contemplated and consistent with various embodiments of the disclosure heretn. Bias voltage
is generated using, for example a pair of electrodes or an electrode and the solid base.

180671 Current arises at the opening in the insudating laver through contacting
of a secondary signaling molecule such as an oxidation product. Current formation 15
facilitated by the generation of a bias voltage in the sample, 1n particular where the solid base
i3 in “poie’ of the bias voltage and the other 18 in the sample solution. A number of axidation
products are cousistent with the disclosure herein, such as hydrogen perovide. Signaling
molecules are variously generated through reactions on the analyte or analytes, such as

enzymatic reactions Reactions often comprise the action of an oxidase, such as a glucose
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oxidase or lactate onidase. More exhaustive lists of potential enzyroatic reasction constituents
are disclosed elsewhere hersin, and additional enzymatic participants are also contemplated
i Hght of the art.

{80681 Such reactions would generate a stgnaling molecule popudation, and
often a charge, in proportion to the amount of analyte within or in proxanmity to the opening or
openings in the insulating layer. Thus, the current is often proportionate Lo the conceniration
or amount of analvie molecules 1in the vicinity of the opening or openings in the insulating
fayer

{3069} Often, diffusion of the analyte or the signaling molecule in the vicinity
of an opeming in the tusulating layer 13 Hivuted, for example so as to faciiiate scourate
quantification. Limiting diffusion varicusly comprises covering the opening using an external
fayer, such as an external layer permeable or semipermeable to the analvie,

{6078} The current is then conducted by the base or by a channel or channels
within the base to 8 sensor. The wsulating layer precludes corrent from passing to the
conductive base other than through the at least one opening, such that current is proportional
to the amount of analyte or signaling molecule at the one or more operings. Thus, the
methods allow for current 1o be measured as an indicator of presence and amount of analyte.

{8671 Suitable analytes include, for example, glucose or lactate, though a
broad range of analvtes may be detecied using the methods herein,

180721 Methods herein allow ongoing, reliable detection of an analyte, such as
o siin o an wndividual, for extended pertods of time. Detections are variously performed
contiuously or intermititently on a sample in an individual for atleast &, 16, 18 or 24 hours,
or 2, 3, 4 or more than 4 days. Such prolonged or ongoing practice of the detection methods
exhibit a signal drift of no more than 1% of signal per howr, or levels of signal drift specified
elsewhere herein, after at least 6, 16, 18 or 24 hours, or 2, 3, 4 or more than 4 days, Low
tevels of signal drift with ongotog or prolonged signal detection are achieved at feast tn part
due to selection of sites for measuring current passage to a conductive base through at least
one opening in an insulating layer, wherein the at least one opening does not share a border
with an exterior edge of the insulating layer. By selecting at least one opening in an insulating
layer that does not share a border with an exterior edge of the insulating layer, one may
perform ongoing, reliable detection as the detection site retains its structural integrity over
time, particularly in comparison to at least one opening in an insulating layer, wherein the at

least one opening shares a border with an exterior edge of the insulating layer.
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INCORPORATION BY REFERENCE

{60731 All publications, patents, and patent applications mentioned in this
specification are herein incorporated by reference to the same extent as if each individual
publication, patent, or patent application was specitically and individually wdicated to be
incorporated by reference.

18074} In particular, US2022/0167886A1, published June 2, 2022, relates to
chemistries consistent with the disclosure heretn, and is incorporated by reference 1o it

entirety.

BRIEF DESCRIPTION OF THE DRAWINGS

JB075] Figure LA Needle sensor contfiguration,

{6076} Figure 1B, Locally planar sensor configuration.

186771 Figure 2. Crosslinking configuration.

{80781 Figure 3. Tie layer crosslinking configuration,

8079} Figure 4. 1 rom Tip exposure wire schematic.

BR80T Figure SA. 1 mun Tip exposure wire cutrent measurement
{6081} Figure 5B. 1 mm Tip exposure wire current measurernent
180821 Figure & 4x slit hole exposure wire schematic

{00831 Figure 7A. 4x slit hole exposure wire current measurement
180841 Pigure 7B 4x shit hole exposure wire current measurement
{B08S) Figure 7O 4x slit hole exposure wire current measurement
{0086} Figure § Ix shit hole exposure wire

180871 Figure 9A. 2x slit hole exposure wire current measurement
G088} Figure 9B, 2x slit hole exposure wire current measurement
{089} Figure 98U 2x slit hole exposure wire current measurement
{6099} Figure 10, Ix skived exposure wire

180911 Figure 11A. Ix skived exposure wire current measurement
0092} Figure 11B. Tx sived exposure wire current measurerent
{80931 Figure 12, A schematic of a glucose sensing system

{08694] Fig 13 A Clark Error Gnid for a 4-hole slit probe.

{8095} Fig. 14, Data from a sensing system heren configured to detect lactate,
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DETAILED DESCRIPTION

{396} Accurate, ongoing monitoring of a target analyte i situ in an
individual or other subject requires a durable, accurate sensor. The sensor must be able to
make ougoing messurements and be resistant o the destructive effects of the local
enviroriment. To survive in such an environment, a multilayered sensor must be resisiant fo
the delanunation effects that otherwise result from swelling and bydration that result from
prolonged contact with blood or other subject bodily thads.

{6097} The disclosure herein addresses these challenges, both through an
smproved mechanical structure and through am improved chemical relationship among sensor
constituents. Accordingly, ermbodirnents incorporating mechanical structural improvements,
or embodiments wcorporating iroproved chemical relaticuship among constituents, or
embodiments incorporating both mechanical structural improvements and improved chemical
relationships among constituents, represent a clear improvement 1o the art.

180981 Analvie dotection sensors operate by converting presence of an analyvie
10to g detectable, guantifiable sigoal. Often thes process of converting coroprises chemically
catalvzing the creation of a detectable signal molecule from a target analyte at a predictabie
rate relative 1o the arvount of analyte, such that detection of the detectablie signal may indicate
amount of the analyte in a sample. Such a signal may generate a current, particularly when a
bias voltage is generated in a saraple such that signaling molecules such as hydrogen
peroxide may vield a current when in countact with a conductive solid base. Many approaches
for the use of bias voltage to create an environment in which a current may be generated
from, for example, an oxidation product are well known in the art

180991 A number of analytes may be targeted for measurement using the
general sensor structures disclosed heretn. An avalvie that bas recetved particular attention s
glucose, notable for its harm effects when not properiy reguiated by insulin, as 15 the case
with individuals sutfering from diagbetes. Other analyies, such as lactate or any analyie that
may be involved i a reaction s¢ as to generate a current, either directly or through a
detectable signal molecuie such as hydrogen peroxide (s}, are cousistent with the
disclosure herein,

181801 Glucose is readily acted on by the enezyme glucose oxidase, which
catalyzes the generation of hydrogen peroxide (H: G2} in an equimolar amount o the amount
of glucose present. Hydrogen peroxide then acts as detectable signal molecule, which vields a

current when in contact with a conductive solid base.
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16181} The disclosure s consistent with glucose detection, but 1s also
applicable to a broad number of target analytes from which a quaniitative signal can be
generated. A quaniitaiive sigoal may comprise a reactive signaling molecule that 15 produced
upon contacting of the target analyte to a detector such as an enzyme. The reactive signaling
molecule may then vield a charge upon contact with a reactive solid base constituent.

131021 A number of examiples of enzymes suitable for detection of their
indicated target analytes through the release of the oxidatively reactive species hydrogen
peroxide are listed below. As a partial bst, they include enzyies of the oxidoreductase BCH
class such as glucose oxidase, lactate oxidase, malate oxidase, glucose oxidase, hexose
oxidase, cholesterol omidase, aryl-alechol ondase, L-gulonolactone oxidase, galactose
exidase, pyranose oxidase, L-sorbose oxidase, pyridoxing 4-oxidase, alcohol oxidase,
catechol oxidase {dimerizing}, (S)-2-hydroxy-acid oxidase, ecdysone oxidase, choline
oxidase, secondary-alcohot omidase, 4-hydroxymandelate oxidase, long-chain-alcohol
oxidase, glycerol-3-phosphate oxidase, xanthine oxidase, thigmmine oxidase, L-
galactonolactone omidase, columbamine oxidase, hydroxyphyianate oxidase, nucizoside
oxidase, M-acythexosamine oxidase, polyvinyl-alechol oxidase, {8)-stylopine synthase, {8)-
chellanthifoline synthase, berbamunine synthase, salutaridine synthase, {S}-canadine
syithase, D-arabinono-1 4-lactone oxadase, vaniilyl-aleohol oxidase, nucleoside oxidase
{H20Z-forming), D-mannitol oxidase, xylitol oxidase, prosclanapyrone-it oxidase,
parcmamine &-oxidase, 6" -hvdroxyneomycin € oxidase, aclacinomyein-IN oxidase, 4-
hydroxymandelate oxidase, S-{hydroxymethyhfurfural oxidase, 3-deoxy-o-D-manno-
octulosonate S-oxidase, {(Ry-mandelonitrile oxidase, aldehyde oxidase, pyruvate oxidase,
oxalate oxidase, ghvoxyiate oxidase, pyruvate oxidase (Cod-acetviating), ndole-3~
acetaldebyde oxidase, pyridoxal oxidase, arvi-aldebyde oxidase, retinal oxidase, vaniifate
monooxygenase, abscisic-aldehyde oxadase, (methyhglvoxal oxidase, dibvdroorotate oxidase,
fathosterod oxidase, coproporphyrinogen oxidase, protoporphyrinoges oxidase, bilirubin
oxidase, acvl-CoA oxidase, dihydrouraci oxidase, tetrahydroberbenne oxidase, secologamu
syathase, tryptophan a b-oxidase, pyrroloquinoline-guinone synthase, D-aspartate oxidase, L-
amino-acid oadase, D-amino-acid oxidase, monoamine oxidase, pyridoxal S'-phosphate
synthase, D-ghiamate oxidase, ethanolamine oxidase, putrescine oxidase, L-ghutamate
oxidase, cyclohexylamine oxidase, protein-lysine 6-oxidase, L-lysne oxidase, D
glutarmate{D-aspartate) oxidase, L-aspartate oxidase, tryptophan o, B-oxidase, giveine oxidase,
L-lysine G-oxidase, primary-amine oxidase, diamine oxidase, 7-chipro-L-tryptophan oxidase,

psendooryricotine ondase, L-arginine oxidase, pre-moyeotaciocn synthase, sarcosing
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oxidase, N-methyl-L-amino-acid oxidase, N-6-oethyl-lvsine oxidase, {(Sp-6-hyvdronycotine
oxidase, {R}-6-hydroxynicotine oxidase, L-pipecolate oxidase, reticuline oxidase,
dimethviglyveine osidase, dihvdrobenzophenanthridine onidase, Nl-acetylpolyamine oxidase,
polyamine oxidase {propane-1,3-diamine-forming), N3-acetyispermidine oxidase {propane-
1, 3~-diamine-forming), spernune oxidase, non-specitic polvamine oxidase, L-saccharopine
oxidase, d-methvlaminotustancaie wadase (formaldebyde-forming), Nealkylglvcine oxidase,
4-muethylaminobutancate oxidase {methylamine-fornung), coenzyvme F420H2 ondase,
ghyphosate ondoreductase, nitroalkave oxidase, acetvlindoxyl oxidase, factor-independent
urate hydroxylase, 3-aci-nitropropancate oxidase, hydroxylamine oxidase {cyiochrome),
catechol oxidase, laccase, L-ascorbate omidase, o-aminophenot oxidase, 3~
fydroxyanthranilate oxidase, rifamycin-B oxidase, ubiguine! oxidase (non-electrogenicy,
grixarone synthase, dihydrophenazinedicarboxylate synthase, superoxide oxidase, reticuline
oxidase, isopeniciilin-N synthase, columbamine oxidase, reticuline oxidase, aursusidin
synthase, tetrabydrocannabioolic acid synthase, cannabidiolic acid synthase,
dichlorochromopyrrolate synthase, Generally enzvines from the 7 classes (oxidoreductases,
transferases, hydrolases, bvases, isomerases, ligases, and translocases) can be immobilized
into the enzyme layer and utilized for detection of target analytes.

10103} Consistent with the broad range of enzvmatic detection moieties seen
above, a wide range of analytes for detection are compatible with the disclosure herein. These
analytes include glucose most prominently, but also iactate and a broad range of
monosacchandes, carbohvdrates, alcohols, amino acids, enantiomers, and small molecule
metabolites as indicated or understond to be subsirates of the enzymes listed above, among
other examples of analyies for detection. Many enzymes or nonenzymatic detection moieties
act through the release of a reactive oxidized product such as hydrogen peroxide.

Alternatively, some enzymes such as debyvdrog

CNAse enrymes of nonenzymatic detection
moteties vield electrons directly, which may lead 1o current generation tn a reactive or even a
novreactive conductive solid base constituent. Examples of these detection rooteties include a
broad range of dehvdrogenase enzymes, as well as nonenzymatic detection moisties. An
exemplary nonenzyiatic detection moiety 18 borarue acid, which serves as a glucose receptor
and when coupled to 8 redox system can display a change in its electronic state upon contact
with glucose.

18104} Accordivgly, hyvdrogen peroxide, molecuies that involve electron
transfer, and a nunvber of related molecules that may directly or indirectly giverise to a

charge that may be detected upon contacting o 8 conductive solid core constituent such as g
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reactive conductive solid core coustituent are contemplated and consistent with the disclosure
herein. Broader examples of detection moieties are also contemplated, such as
polymerase/primed vucleic actd template complexes, which may detect a complementary
base by incorporating that base into the primer, yvielding a phosphate mictety as a signal
molecule.

18105} Generally, any analyvie that is amenable to enzymatic or other
generation of a detectable signal molecule 18 suitable for detection using a probe herein. One
class of detectable signal molecules readily vield a current when in contact with a conductor
solid base. Hydrogen percxide 15 an example, as are a number of oxidizing or reducing
molecules that may contribuie or accept an electron from a conductive wedinm.

{81861 In the embodiments contemplated above the detectable signal is a
current, which 1s generated upon contacting of a detectable signal molecule to a probe
constituent that 15 capable of conducting a current. Current generation is faciliiated in some
cases by generation of a bias voltage in the sample, such as a bias voltage 1o the range of
about 0.1,02,03,04,05 06,07 08,09 or I Volt, or a bias voltage ocutside of this range.
Metallic solid bases are preferred for receiving current trom detectable molecules and
transmitiing that current distally from the detection site to where the current can be
quantiiatively measured. Platinum and rhodiom are preferred solid base embodiments, though
any number of conductive metals are consistent with the disclosure hersin, as are nonmetal
conducting solid base materials. Some additional solid base examples consistent with the
disclosure herein wclude carbon paste, silver paste, and conductive polymers such a3
polyaniline, polypyrrole and poly(3,4-ethylenedioxythiophene), poly(3,4-
ethylenedioxythiophene)-poly{styrenesultonate), and polythiophene.

181871 A sumber of nonenzymatic or nonreactive detection aysiems are also
contemplated Tt should be understoond that noneleciric detectable signals are also
contemplated, along with non-oxidatively reactive detectable signal molecules. For example,
some detection aysierns counsisient with the disclosure herein comprise binding of an analvie
to an antibody rather than 10 an enzyme.

31081 Antihodies are large Y-shaped proteins produced by plasma cells that
are utilized by the framune system to identify and target pathogens such as bacteria and
viruses. Their small size, high stability and easv genetic mampulation make recombinant
antibody fragroents valuable and robust tools for the fabrication of immunosensors.
Antibody-based bicsensors have revolutionized diagnostics for the detection of a pigthora of

analyies such as food and environmental contanunants, biological warfare agents, dhot drugs
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and disease markers. Iomobilization of antibodies onto a sensor surface without altering thewr
specificity and immunclogical activity is one of the most crucial steps in the fabrication of a
suceessful immunosensor. The moobilization step affects the detection limt, seositivity and
overall performance of the immunosensor. Orientation of antibodies on sensor surfaces can
be controtled by the interaction between specific reactive groups on the surface and on the
antibody,

I019%] Antihodies may generate signal moieties by, for example heing
coupled 10 a reagent that, in an anbibody/avalyie-binding specific manner, generates a charge
or a detectable species such as hydrogen peroxide that reacts with a reactive solid base
constituent o generate a current in the solid base. OUne example of thes s the enzyme-linked
immunosorbent assay (ELISAY, an immunciogical assay commonly used to measurs
antibodies, antigens, proteins and glycoproteins in biological samples.

{6118} As antibodies may be generated {o target a broad range of antigens, use
of antibodies in detechion further expands the range of analytes that may be assayed for using
the sysiems and methods herein.

{0111} Sensor Stability A feature comumon to g number of these detection

mechanism s that they are chemically harsh. Thai 1s, they subject sensors {o stresses such as
oxidative stresses that may serve to degrade the sensors over time, impacting their accuracy.
Both hydrogen peroxide and molecules that involve electron transter (such as redox
reactions} are reactive and may act not only on the solid base but on other constituents of 8
sensor system, to the detriment of long term sensor stability and accuracy.

{0112} In addition, the envircnment from which target analytes are drawn,
such as blood, may self serve to degrade sensors over fime. This s particularly true wheo
detector layers absorb solvent or carrer lguad, as this absorption may result i expansion or
delamunation {"wrinkling”} of various sensor layvers. Anv of these phenomena may impact
solid Brase reaction zone size, local volume, reagent acceasibiitty, or otherwise challenge or
impact the long-term accuracy of a sensor,

18113} Probe accuracy relies upon a known, defined area upon which a
detectable signal molecule may act to generate a current or other conductible signal,
Vartation in this area, for example by separation of tnsnlating layers that form a border of this
area, may result in signal drift over time, as the reactive area changes. Without being bound
by theory, separation may result from, for exarple, degradation by onidative stress caused by
a signal detection molecule, or delamination of one or more lavers due to absorption of an

analyie solvent or carrier Hguid,
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10114} Exposing an end of 2 wire probe or edge of g flat detection surface is
vulnerable to degradation because there is hitle structural integrity to prevent the insulation
membrane at the edge of the detection area from fraving or delaminating Structural tension is
at best applied ounly paratlel to the insulation border edge. As the tnsulation layer expands
through absorption of water or degrades through contact to oxidative molecules or current,
there may be a decrease in the structural tension holding the wnsulating membrane 1o place at
the sensor ares border. This may result in a change in the sensor arga, IFMpacting sensor
ACCUTACY Over e,

{4115} Disclosed herein s technology related 10 maintaining sensor infegrity
in the face of tong-term use. Two aspects of this techuology, operating alone orin
combination, comprise mechanical structural stabilization and chemical structural
stabilization.

{41146} Probe configurations disclosed herein in some cases faciliiate probe
struciure and prolonged marntenance of probe roeasurement accuracy by mamtaming
structural integrity of the detection area borders. This is accomplished by stabilizing an
imnsulating layer in the vicinity of & detection area. As a resuly, there 15 reduced vanation in
detection area size over time, which may lead to more accurate measurements.

[0117] Mechanical Structural Stabilizanon. Mechanical structural stabilization

is effected by increasing the number of directions from which tension on an insulating
membrane may hold the borders of a detection area in place. This is accomplished by
generation of a hole in an interior section of an insulation membrane, such that the edges of
the detection area are distal to the exterior edges of the insulation membrane. The borders of
this hole then define the edges of the detection area. Because the detection area is bound on
all sides by a continuous insulation membrane, the membrane provides tension pulling
against or counteracting any force acting to pull the insulation membrane away from the solid
base. Without being bound by theory, it is likely that this serves to preserve the detection area
by preventing the insulation membrane from peeling off of the solid base.

{8118] Generating a sensor baviog a bole whose edge 19 tnlernal to the
insulating membrane and not continuous with an external edge of the insulating merabrane 13
accomplished through a number of approaches.

{3119} In some probe configurations herein, a pre-pertorated insulating
mernbrane 1s wrapped onio a eylindncal solid base, such as a wire, or adhered or “ironed o’
to a locally planar surface. The perforation or perforations then define the sensor area on the

sobid bage,
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10128} Alternately, a hole or holes are generated by ablation of a generally
applied insulation membrane. The membrane may arise from a monomeric precursor, such as
a monomer 1o g solution into which a wire solid base is dipped, or which 13 sprayed, painded
or otherwise deposited onto a locally planar surface. The insulation membrane i3 allowed o
polymerize or solidity, and then is locally ablated to form one or more tnternal holes.

131211 Ablation is effected through a number of approaches known in the art
Ablation may be effected through application of heat, pressure, force, electromagnetic
cuergy, laser etchang, or chemical etching such as etching ustng an acid or other reactive
agent. Ablation is characterized by the creation of a hole in an insulating laver of known size
or gt least size that can be modulated. The hole must be sutficiently deep to sitow the analvie
or the signal indicative of the analvie to pass through. Examples of ablation consistent with
the disclosure herein mclude, tor example, laser ablating, photochencal machining,
sputtered deposiiion, elecirochemical plating and deposition, and photolithography.

181221 Chemical Structural Stabihization. Chemncal structural stabiization ig

effected by chemically binding two or more layers of a sensing instrument £ one another,
such that structural integrity of one layer is conveyed to other layers, in particular the
wanlating layer,

13123} Sensors disclosed herein variously comprise one or maore of a solid
base, an insulating membrane, a sensiog laver and an exterior membrane. By crosslinking one
or more layers, one may increase the structural integrity of the sensor as a whole and of the
sensing area in particular

{41241 Crosslinking 15 eftected by reacting functional groups on adiacent
imyers 30 that the layers or merobranes become chemically bound at the functionalization
SrOUpPS.

IB125] Insulanng layvers, often comprise an impermeable polvmer, such as a
plastic, so as to limit aceess (o the conductive solid base. Exemplary impermenble layers
include polyurethane, PEEK, Teflon, or, often, polvimide. This membrane or layer s
optionally functionalized using bydroxy or carboxy moieties. These moieties may be added to
nonomenc constituents or may be added concurrent with or subsequernt to polyierization.

{41126} Adiacent sensor layers often comprise a biocompatible hydrogel, such
as polyvacrylate or polyurethane. Thas laver s optionally functionalized using carboxy
moieties. These mojeties way be added o monomeric constituents or may be added
concurrent with or subsequent to polymerization. More generally, any functional group that

mway covalently or noncovalently bind {o a functicual group on the 1usulating layer or exterior
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mernbrane, and which is not inconsistent with detection motety activity, 1s consistent with the
disclosurs herein,

1271 Adjacent to the sensor layer is often an exterior roembrane. Exienor
membranes may be functionalized so as to covalently or noncovalently bind to a functional
group on the sensing laver. Exemplary functionalizing moieties include vinyl moteties and
hydride moteties. More generally, any functional group that may covalently or noncovalently
bind to & functional group on the sensing laver, and which 15 not inconsistent with detection
motety activity, s consistent with the disclosure herein,

{4128] Without being bound by theory, cross-binding among layers of a
sensor serve to stabilize the sensor, such that readings remain consistent over Hme, asis
needed for use in a device that 15 to be performing long-term measurements on a subiect.

{0129} Turning to the Figures, one sees the following

{0138] At Fig. 1A, one sees an exemplary sensor sysiem. The distal end, leff,
is configured to be located under the slan, while the proamal end 18 contigured for electrical
connection. The sensor has in this case a thickness of 50 ¢ t0 150 p. The sensor comprises
three electrodes: & working electrode, left, of sputter coated Pt a central reference electrode
of Ag/AgClink, and a rightmost counter electrode of sputter coated Pt used to generate a
bias voltage Traces emerge from each electrode for electrical connections.

IB131F At Fig. 1B, one sees an exemplary sensor systern baving multiple
working electrodes and a reference electrode on a polyimide surface.

32 At Fig 2, oune sees addition of a tie layer to 2 functionalized surface.

{4133} At Fig 3, one sees addition of a tig laver to a functionalized surface.

10134} At Figure 4, ove sees a schematic of a wire probe core. Unly the sohd
core and the insulating membrane are shown. The solid base is coated by the polyimide
insulation layer by dipping 1nto a pre-polvmerized imide solution. Following polymernizanon,
the outermost 1 mm of the solid base at feft 15 ablated s¢ a3 10 expose the conductive solid
hase The leftmost end of the probe i3 exposed by ablating the wsulating fayer so as to
generate an exterior edge rather than by ablating an interior hole i the insulation layer that is
not in contact with an exterior edge of the insulating layer. The nightmost end of the probe s
also ablated; this portion of the solid base does not contact the sample but conducts current to
a measuring device.

IB133] At Figure 5A and again at Figure SB, oune sees a measure of

performance of a probe having a core as depicted in Figure 4. The v axis indicates current in
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sucroAmpers, ranging from 0to 0.03, with 0. 003 intervals labeled. The x axis indicates time
in seconds, ranging from O to 70,000, with 10,000 second intervals marked.

1136} Measurements were made at 400 rog/dl glucose, and dnitt absolute
values of 2. 2% and 1. 9% were observed 1o Figure 5A and Figure SB, respectively.

3137} At Figure 6, one soes a schematic of a wire probe core. Ondy the solid
core and the insulating membrane are shown. The solid base is coated by the polyimide
insulation layer by dipping 1nto a pre-polvmerized imide solution. Following polymernizanon,
four separate 0. 25 vom holes, two ou each side, are ablated so as 1o expose the conductive
solid base. The insulating layer is ablated at interior points 50 as 1o generate four intertor
holes in the wsulation layer that are not 1y contact with an exterior edge of the 1sulating
iayer. The leftmiost end of the probe is also ablated; this portion of the solid base doss not
contact the saraple but conducts current 1o a measuring device.

{0138} At Figure 7A, Figure 78 and Figure 7C, one sees a measurs of
performance of a probe having a core as depicted in Figure 6 The v axis indicates current in
microAmpers, ranging from 0 1o 0.03, with 8. 005 intervals labeled. The x axis indicates time
in seconds, ranging from O to 70,000, with 10,000 second mtervals marked.

{1139} Measurements were made at 400mg/dL. glucose, and drift absolute
values of 0.2%, 0.5% and 0. 1% were observed in Figure 7A, Figure 7B and Figure 7C,
respectively.

{81401 At Figure &, ons sees a schematic of a wire probe core. Only the solid
core and the msulating membrane gre shown. The solid base 18 coated by the pelyvimide
insulation laver by dipping inio a pre-polymerized imide solution. Following polymerization,
bwo separate 1 o holes, one on each side, are ablated 30 as to expose the conductive solid
base. The 1nsulating layer is ablated at inlerior poinis so a8 10 generate two interior holes 1o
the insulation faver that are not in contact with an exterior edge of the insulatng laver. The
feftmost end of the probe is also abiated; this portion of the solid base does not contact the
sample but conducts current to 2 measuring device,

131411 At Figure 94, Figure 9B and Figwre 90, one sees a measure of
performance of a probe haviong a core as depicied in Figure 8. The y axis indicates current in
microAmpers, ranging from 3 to 0. 03, with 0. 005 intervals labeled. The x axis indicates

time in seconds, ranging from 0 to 70,000, with 10,000 second intervals marked.
181421 Measurements were made at 400mg/dL glucose, and drift sbsolnie

values of 0.6%, 0.8% and 0.1% were cbserved in Figure 9A, Figure 98 and Figure 9C,

24



WO 2024/097730 PCT/US2023/078317

respectively. At Figure 9C, measurements were impacted by saraple evaporation starting afier
30,000 seconds, and measurement failed atter 45 000 seconds.

01431 At Figure 10, one sees a schervatic of a wire probe core. Only the solid
core and the insulating membrane are shown. The solid base is coated by the polyimide
insulation laver by dipping indo a pre-polymerized imude solution. Following polyinerization,
a single 1 mwm skive, is ablated 530 as to expose a ring or band of 1 rum in width on the
conductive solid base. The insulating layer is ablated so as to generate 2 hand gap in the
inanlation layer, effectively generating two new exterior edges of the insulating laver, which
is now bisected. The lefimost end of the probe is also ablated; this portion of the solid base
does not contact the sample but conducts current to a measuring device.

{8144} At Figure 11A and Figure 118, one sees a measure of performance of 3
probe having a core as depicted in Figure 10, The v axis indicates current 1o microAmpers,
ranging from Oto 0. 03, with & 005 intervals labeled. The x axis indicates time in seconds,
ranging from 0o 70,000, with 10,000 second intervals marked.

{81451 Measurements were made at 400mg/dh glucose, and drift absclute
values of 1.7% and 3 0% were observed in Figure 11 A and Figure HLE, respectively. Ag
Figure 118, measurements were imapacied by sample evaporation starting after 50,000
seconds, and falled shortly thereatter

iB14a} Coliectively, Figures 1 through &8 indicate that the probes tested
herein each performed well in long-term glucose assays. However, there was a notable
improvement to probe stability, as indicated by lower absolute doft values, 1o assays using
the probe cores of Figure © and Figure ¥, both of which involved probes comprising at least
one hole ablated 1ternal to the msulating layer, such that the hole or holes were separate
from the external edges of the insuating faver

{81471 At Figure 12, we see a schematic of g sensor. The schematic shows a
cross-section of the various parts of a ghucose detecting sensor system, described as follows,

181481 Atleftis a platinum sold base that s reactive with hydrogen peronide
and conductive.

0145} To us right is an insulation layer having a hole 1nits center. The
wnsulation layver 18 not otherwise porous to hydrogen peroxide, the detection molecnle in this
systemn. Hydrogen peroxade that comes into contact with the platinum base reacts to vield a
current in the base,

{8138} To the right of the insulation layer ts the sensing layer, which

comprises a biocompatible polymer and a detection moiety, 11 this case glucose oxidase
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{((3OX) The seosing laver s permeable to bydrogen perovade, oxygen and glucose, as well as
to the solvent or carrier. Glucose that comes into contact with GOX is oxidized to gluconic
acid, vielding reduced GOX and hydrogen perovide. When hydrogen peroxide contacts the
reactive platinum base layer, it vields a charge and molecnlar oxygen, which reacts with
reduced GOX to recover oxidized GOXL

BI85} Tothe right of the sensing faver 13 the semipermeable external
rnembrane. The external membrane 15 permeable t glucose and molecular oxvgen, and
serpipermeable to gluconie acid and hydrogen peronde, such that gluconic acid and hydrogen
peroxide are allowed to escape but not fo enter the regions 1o the left of the external
mernbrane. As a result, only hydrogen poronde resulting from GOX aetivity oo glucose s
available to react with the platinum at the opening of the insulating layer fo generate a
current, such that the current 1s indicative of the concentration of ghucose in the solvent or
carrier.

{01821 The wsulating layer, the sensing layer and the external membrane are
each covalently linked to their adjacent later 50 as fo maintain the stability of the sensor
generally and the integrity of the gap 1n the insulating layer in particular.

{FIR3] AL Fig 13, one sees a Clark Brror Grid of 2 comparison of a8
commercial CGM to a 4-hole shit wire configuration as disclosed herein. The v axas indicates
estimated glucose, 1o mg/dl., in units of 50 ranging from 0 to 400, The x axis indicates
reference glucose, in mg/dh, i units of 50 ranging from 0 1o 400. Region A on the grid
indicates points corresponding to measurernents within 20% of the reference. Region B
ipdicates points cutside of 20% but which would not lead o inappropriate treatment. Region
C indicates points leading to inappropriste treatiuent. Regon D indicates a potentially
dangerous fatlure to detect hypoglveemia or hyperglycemia. Region E indicates points that
mnay confuse hypergiyeemia and hyperglycemia

{1154} The vast majority of the points fall within region A, indicative of
measurements within 20% of the reference, with the remainder largely falling within region B
smmediately adjacent to region Al

IB135] At Fig. 14, one sees performance of g lactate sensor consistent with the
disclosure herein, Af the y-axis on sees current, 1o nA, ranging from (10 16 in intervals of 2,
Along the y-axis one sees time, in seconds, ranging from 0 to 7,000 in mmtervals of 1,000, Thus
data indicates that factate, and other analytes aside from glucose are readily sensed using
systems disclosed herein, and that lactate oxidase, or a range of enzymes, may be used o

intfiate a current upon resction with an analyte.
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181561 As used herein, the term “about” in reference to a number refersin a
range spanning +/- 10% of that number, while in reference o a range, the term refers o an
extended range spanning froro 10% below the lower himit to 10% above the upper hwmit of the
TAnge.

{33157} The disclosure 18 turther understood in hight of the following numbered
emsbodiments. 1. A sensor comprising i} a solid base; 11} an insulating membrane affixed to
the solid base, wherein the insulating membrane comprises at feast one opening that does not
share a border with an exterior edge of the insulating laver, 50 85 1o expose a portion of the
solid base removed from the exterior edge of the insulating layer; 111} a sensor layer
comprising a bocompatible polymer and an analyte detection motety capable of detecting av
analyte; and v} an exterior laver that completely envelops the sensor layer. 2. The sensor of
any of the previous embodiments, such a5 embodiment 1, wherein the solid base 15 a wire. 3.
The sensor of any of the previous embodiments, such as embodiment 1, wherein the solid
hase cormnprises a locally planar surface. 4. The sersor of any of the previous embodiments,
such as embodiment 1, wherein the solid base can conduct an electric current. 3. The sensor
of any of the previous ernbodimnents, such as embodiment 1, wherein the solid base comprises
a metal. & The sensor of any of the previous embodiments, such as embodiment S, wherein
the motal comprises platinuny. 7. The sensor of any of the previcus embodiments, such as
embodiment 5, wherein the metal comprises rhodium, 8. The sensor of any of the previous
embodiments, such as embodiment 5, wherein the metal comprises iridium. 9. The sensor of
any of the previous embodiments, such a5 embodiment 1, wherein the 1usulating membrane
cannot conduct an electric current. 10, The sensor of any of the previous emboediments, such
as ernbodiment 1, wherein the msulating membrane 15 impermesble 1o an analyie assaved by
the analyte detection moiety. 11, The sensor of any of the previcus embaodiments, such as
embodiment |, wherein the at least one opening of the insulating membrane 15 formed via
abtation of an unperforated precursor contacted to the solid base. 12, The sensor of any of the
previous embodiments, such 85 embodiment 1, wherein the msulating membrane coroprises a
plastic. 13, The sensor of any of the previous embodiments, such as embodiment 12, wherein
the plastic comprises polvimide. 14 The sensor of any of the previous embodiments, such as
embodiment 12, wherein the plastic comprises polyimide selected from the group consisting
of polyurethane, PEEK, and Tetlon. 15 The sensor of any of the previous embodiments, such
as ernbodiment 1, wherein the msulating layer does not completely envelop the sohid base.
16. The sensor of any of the previous embodiments, such as embodiment 1, wherein the

wnsulating layer comprises an insulading laver functionalized reactive mosety. 17, The sensor
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of anv of the previous embodiments, such as embodiment 10, wheretn the insulating layer
functionalized reactive moiety comprises a hvdroxy! moiety. 18. The sensor of any of the
previous embodiments, such as embodiment 16, wherein the insulating layver functionalized
reactive molety comprises a carboxyl motety. 19 The sensor of any of the previcus
embodiments, such as embodiment 1, whergin the biccompatible polvmer of the sensor layer
comprises a negatively charged bydrogel. 20. The sensor of any of the previous
embodiments, such as embodiment 19, wherein the negatively charged hydrogel comprises
polvacryviate, 21 The sensor of any of the previous embodiments, such as embodiment 19,
wherein the negatively charged hydrogel comprises polvurethane. 22, The sensor of any of
the previous embodiments, such as embodiment 1, wherein the sensor layer s permeable to
the analyte. 23, The sensor of any of the previous embodiments, such as embodiment 1,
wherein the sensor layer does not completely envelop the insulating oembrane. 24 The
sensor of any of the previcus embaodiments, such as embediment 1, wherein the analyte
detection motety is embedded in the blocompatible polymer. 25, The sensor of any of the
previous embodiments, such as embodiment 1, wherein the analvie detection moigty is a
protein. 26, The sensor of any of the previous embodiments, such as embodiment |, wherein
the analyte detection motety 13 an enzyme. 27, The seosor of any of the previons
embodiments, such as embodiment 1, wherein the analyvie detection moiety 18 an antibody.
28, The sensor of any of the previous embodiments, such as embodiment 26, wherein the
enryme is glucose oxidase. 29. The sensor of any of the previous embodiments, such as
embodiment 26, wherein the enzyme 18 lactaie ondase. 30, The sensor of any of the previous
embodiments, such as embodiment 26, wherein the enzyme is an oxidase. 31, The sensor of
any of the previous embodiments, such as embodiment 26, wherein the enzyme yields
hydrogen peroxide when 1o contact with the analyie. 32, The sensor of any of the previous
embodiments, such as embodiment 1, wherein the analyte detection moiety reacts with the
analyie to form a detection product. 33, The sensor of any of the previous embodiments, such
as embodiment 32, wherein the detection product vields a current when in contact with the
solid base. 34 The sensor of any of the previous embodiments, such as embodiment 32,
wherein the detection product comprises hydrogen peroxide. 35, The sensor of any of the
previous embodintents, such as embodiment 32, wherein the detection product comprises an
electric current. 36, The sensor of any of the previous emtbodiments, such as ermbodirent 32,
wherein the insulatiog laver 18 iropermeable o the detection product. 37, The sensor of any of
the previcus embodiments, such as embodiment 32, wherein the sensor laver is permeable o

the detection product. 33, The sensor of any of the previous erobeodirents, such as
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embodiment 32, wherein the exierior layer s permeable to the detection product. 39 The
sensor of any of the previous embodiments, such as embodiment 32, wherein the exterior
fayer 18 impermeable to the detection product. 40 The sensor of any of the previous
embodiments, such as embodiment 16, wheretn the sensor laver comprises a sensor layer
functionalized reactive maoiety. 41 The sensor of any of the previous embodiments, such as
emsbodiment 40, wherein the sensor layer functionalized reactive motety comprises a carboxy
maoicty. 42, The sensor of anv of the previous embodiments, such as enthodiment 40, wherein
the sensor layver functionalized reactive motety coruprises a hydroxy moety. 43, The sensor
of any of the previous embodiments, such as embodiment 40, wherein af least one sensor
igyer functionalized reactive moiety 1s covalently bound 1o at feast one insulating membrane
funciionaiized reactive moigly. 44. The sensor of any of the previous embodiments, such as
embodiment 1, wherein the exterior layer s permeablie to the analyte. 45 The sensor of any
of the previous embodiments, such as embodiment 1, wherein the exterior layer is
semiperieable to the analyte 46, The sensor of any of the previous embodiments, such as
embodiment |, wherein the exterior layer Houts diffusion of the analyte. 47, The sensor of
any of the previous embodiments, such a5 embodiment 43, wherein the exterior layer
comprises an exterior layer functionalized reactive motety, 48, The sensor of any of the
previous embodiments, such as embodiment 47, wherein the exterior layer functionalized
reactive motety comprises a vinyl moiety. 49 The sensor of any of the previous
embodiments, such as embodiment 47, wherein the exterior layer functionalized reactive
motety comprises a hvdride motety. 50 The sensor of any of the previcus emboduments, such
as embaodiment 47, wherein at least one exterior layer functionalized reactive motety is
covalently bound to at least one sensing membrane functionahized reactive rooietv. 31, The
sensor of any of the previous embodiments, such as embodiment 1, wherein the exterior layer
comprises an exterior layer functonalized reactive moiety. 32, The sensor of any of the
previpus embodiments, such as embodiment 51, wheretn the exterior layer functionalized
reactive motety comprises a vinyl moiety. 33, The sensor of any of the previous
embodiments, such as embodiment 51, wherein the exterior layer functionalized reactive
ety comprises a hvdride motety. 54, The sensor of any of the previcus embodiments, such
as embodiment 31, wherein at least one exterior layer functionalized reactive molety is
covalently bound to at least one functonalized reactive motety on the sensing layer. 35, The
sensor of any of the previous erobodiroents, such as embodiment 1, wherein the at least one
opening comprises at {egast two openings. 56. The sensor of any of the previous embodiments,

such as embodument 1, wherein the at least one exierior opening comprises at feast three
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openings. 57 The sensor of any of the previous embodiments, such as embodiment |
wheretn the at feast one exterior opening comprises at least four openings. 3& The sensor of
any of the previous embodiments, such a3 embodiment 1, wherein the sensor exhibits a signal
drift of no more than 1% of signal/bour. 59 The sensor of any of the previous embodiments,
such as ernbodimaent 58, wherein the sensor exhibiis a sigoal drift of no more than 1% of
signal/hour after four days of monitoring. 60. A method of making a sensor, the method

2 a solid base to an insulating agent o form an insulating laver on the

comprising contactin
sohid base; Torming at feast one hole n the insulating layer such that the solid base 13 exposed
at the hole; contacting the insulating laver to a detection precursor comprising a
biocompatible polymer precursor and au analyte detection mojety capable of detecting an
analyte; polvmenzing the bioccompatible polymer precursor to form a sensor iayer that spans
at least part of the insulating layer and the at least one hole in the insulating layer;
crossiinking at least a portion of the sensor layer io at igast a portion of the insulating iaver;
contacting the sensor laver to an exterior laver agent to form au extenor layer, and
crosslinking at least a portion of the sensor layer 10 at feast 3 portion of the exterior layer. 61,
The method of anv of the previous embodiments, such as embodiment 60, wherein contacting
the solid base o the insulating agent comprises spraying the insulating agent onto a flat
surface of the solid base. 62, The method of any of the previous embodiments, such as
emsbodiment 60, wheretn contacting the solid base to the insulating agent comprises dipping
the solid base into a liquid composition of the insulating agent. 63. The method of any of the
previous embodiments, such as embodiment 62, wherein the solid base 15 locally eylhindrical.
64. The method of any of the previcus embodiments, such as embodiment 60, wherein the
sotid base 1s an electrical conducior. 65, The method of anv of the previcus embodiuments,
such as embodiment 64, wherein the solid base 1s a metal 66, The method of any of the
previous embodiments, such as embodiment 65, wherein the solid base comprises platinum.
67. The method of any of the previous embodiments, such as embodiment 65, wherein the
sotid base comprises rhodiurn. 68 The method of any of the previous emsbodiments, such as
emsbodiment 63, wheretn the solid base comprises iridinm. 69, The method of any of the
previcus embodiments, such as embodiment 60, wherein the insulating layer s not an
glectrical conductor. 70, The method of any of the previcus embodiments, such as
embodiment 60, wherein the insulating laver is impermeable to the analyte. 71 The method
of anv of the previous embodiments, such as embodiment 60, wheretn the insulating layer is
impermeable 1o a solvent 72, The method of any of the previcus embodiments, such as

~
I
i

embodiment 60, wherein the wsulating layer comprises a polymer. 73, The method of any of
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the previcus embodiments, such as erobodiroent 60, wherein the imsulatiog layver comprises a
plastic. 74, The method of any of the previous embodiments, such as embodiment 60,
wherein the wsulating layer coroprises polyvimide. 75 The roethod of any of the previous
embodiments, such as embodiment 60, wheretn the insulating layer is a polymerization
product. 76, The method of any of the previcus embodiments, such as embodiment 60,
wherein the insulating layer is a sohidified product. 77, The method of any of the previous
embodiments, such as embodiment 60, wherein forming at least one hole in the insulating
fayer coraprises etching. 78 The roethod of any of the previous embodiments, such as
embodiment 77, wherein the etching ts chemical siching. 79. The method of any of the
previous embodiments, such as embodiment 77, wherein the etching is laser etching 80, The
method of any of the previous embodiments, such as embodiment 77, wherein the etching 15
mnechanical etching. 81, The method of any of the previous embodiments, such as
embodiment 60, wherein forming at least one hole in the insulating layer comprises ablation.
&2, The method of any of the previcus embodiments, such as erobodiment 00, wherein the
sotid base is accessible (o a solvent af the at least one hole. 83, The method of any of the
previcus embodiments, such as embodiment 60, wherein the insulating agent comprises a
functionalizing moiety. 34, The method of any of the previous embodiments, such as
embodiment 60, wherein the insulating laver comprises an insulating layver functionalizing
moiety. 85, The method of any of the previous embodiments, such as embodiment 84,
wheretn the insulating layer functionalizing motety comprises a hydroxy moiety. 86, The
method of any of the previous embodumnents, such as embodiment 34, wherein the insulsting
taver functionalizing moiety comprises a carboxy moiety. 87, The method of any of the
previous embodiments, such 83 embodiment 60, wherein the irsulating laver s modified to
comprise a funciionalizing molety prior to contacting the insulating layer to the detection
precursor. 88, The method of any of the previocus embodiments, such as embodiment 60,
wherein the wanlating layer 1s modified to comprise a functionalizing moiety concurrently to
contacting the insulating layer to the detection precursor. 8 The wethod of any of the
previous embodiments, such a3 embodiment 60, wherein the insulating layer is modified to
comprise a functionalizing moiety subsequent to contacting the insulanng laver to the
detection precursor 90, The method of any of the previcus embodiments, such as embodiment
60, wherein the detection precursor 15 @ hiquid. 91, The method of any of the previous
embodiments, such as embodiment 60, wherein contacting the detection precursor to the
insulating layer comprises dipping the solid base and the insulating layer into the detection

precursor. 92, The method of any of the previcus embodiments, such as embodiment 60,
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wheretn contacting the detection precursor to the msulating layer comprises spraying the
detection precursor onto the insulating laver. 93, The method of any of the previous
embodiments, such as embodiment 60, wherein biocompatible polymer precursor corprises a
biocompatible layer functionalizing motety. 94, The method of any of the previous
embodiments, such as embodiment 93, wherein the biocompatible layer functionalizing
moiety comprises a vinyl motety. 95 The method of any of the previous emboduments, such
as embodiment 93, wherein the biocompanbie layer functionalizing moiety comprises a
hydride motety. 96, The method of any of the previous embodirents, such as embodiment
60, wherein polymerizing the biocompatible polvmer precursor to form a sensor layer
comprises incorporatiog at least oue of viny funcional stticone or a hydnde functional
stlicone. 97. The method of any of the previcus embodiments, such as embodiment 96,
wherein polymerizing comprises imneorporating a kydrophilic component and wherein the
polymerization vields a semipermeable membrane. 98. The method of any of the previous
embodiments, such as embodiment 60, wherein crosshinking at least a portion of the base
iayer to at least a portion of the insulating layer comprises crosslinking a platinum vinyl
group o a hydride group via a hydrosilylation reaction. 99, The method of any of the
previpus embodiments, such as embodiment 60, wheretn contacting the sensor layer to an
gxterior layer agent comprises depositing the exterior laver agent onto the sensor laver. 100,
The method of any of the previous embodiments, such as embodiment 60, wherein contacting
the sensor laver {0 an exterior fayer agent comprises dipping the sensor layer into the exterior
fayer agent. 101, The method of any of the previous embodiments, such as embodiment 60,
wherein the exterior layer is polymerized stlicone. 102, The method of any of the previous
embodiments, such a3 embodiment 60, wherein the exterior layer comprises an exterior layer
functionalizing agent. 103, The method of any of the previcus embodiments, such as
embodiment 102, wherein the biocompatible layer functionalizing motety comprises a
hydroxyl moiety, 104, The method of any of the previous embodiments, such as embodiment
102, wherein the biccompatible layer functionalizing moiety comprises g carboxy moiety,
105, A ghucose sensor that exhibits a signal diift of no more than 1% of signal/hour 106, The
glucose sensor of any of the previous embodiments, such as embodiment 105, wherein signal
drift is assaved at least four days into a testing regimen. 107, The glucose sensor of any of the
previous emboduments, such a5 embodiment 105, wherein signal drft is assayved against a
concentration of ghucose of about 400w g/dl. 108, The glucose sensor of any of the previous
embodiments, such as embodiment 105, wherein signal drifl is assaved against a

concentration of glucose of at teast 100mg/dl. 109 The glucose sensor of any of the previous
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erbodiments, such as embodiment 105, wherein the sensor comprises an osulating fayer
having a hole distal from an edge of the insulating layer. 110, The glucose sensor of any of
the previous ernbodiments, such as embodiment 109, whergin the 3ensot Comprises 4 sensor
membrane covalently bound to the insulating layer. 111 The ghucose seosor of any of the
previous embodiments, such as embodiment 109, wherein the sensor comprises a sensor
membrane covalently bound 10 an exterior layer. 112, A method of extending sensor
performance, comprising affixing a sensor membrane 1o a sensor core, and binding an
exterior coating o the seusor oembraneg, o as o prevent at least some of the sensor
membrane from separating from the sensor core upon introducing a lguid to a sensor. 113,
The method of any of the previous embodiments, such as embodiment 112, wherein the
binding is noncovalent binding. 114 The method of any of the previous embodiments, such
as embodiment 112, wherein the binding 1s covalent binding. 115 The method of any of the
previous embodiments, such as embodiment 112, wherein the sensor exhibits a signal drift of
no more than 1% of signal/hour. 116, The method of any of the previous ersbodimoents, such
as embodiment 115, wherein signal drift is assayed at least four days into 2 testing regimen.
117, The method of any of the provious embodiments, such as embodiment 115, wherein
signal drift is assaved agatnst a concentration of ana analyie of about 400mg/dl. 118, The
method of any of the previous embodiments, such as embodiment 115, wherein signal driftis
assaved against a concentration of ana analyte of af least 100mg/dL. 119 A method of
detecting an analvte in a samiple, comprising creating a voltage bias in the sample, and
Heasuting a current passing 1o a conductive base through at least one opening in an tusulating
tayer, wherein the at least one opening does not share a border with an extertor edge of the
insulating laver. 120 The method of any of the previous embodunents, such as ewbodiment
119, wherein the sample 15 a body fluid. 121 The method of any of the previous
embodiments, such as embodiment 119, wherein the detecting 1s performed on a fluid
internal to an individoal 122, The method of any of the previous embodiments, such as
embodiment 119, wherein the voltage bias 13 no more thao 1 volt, 123 The method of any of
the previcus embodiments, such as embodiment 119, wherein the voliage bias is o more
than 0.6 voit. 124, The method of any of the previous embodiments, such as embodimment
119, wherein the voltage bias s uo more than 0.3 volt, 125 The method of any of the
previous embodiments, such as embodiment 119, wherein the current arises from hydrogen
peroxide contacting the conductive base. 126, The method of any of the previous
embodiments, such as embodiment 119, wherein the current arises from oxidation of the

avalyie. 127 The method of any of the previous embodiments, such as embodiment 126
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wheretn the current arises from an enzymatic teaction on the analyte 123 The method of any
of the previous embodiments, such as embodiment 127, wherein the enzymatic reaction
comprises action of an oxidase. 129 The method of any of the previous embodiments, such
as embodiment 127, wherein the enzymatic reaction comprises action of glucose oxidase.
130, The method of anv of the previous embodiments, such as embodiment 127, wherein the
enzymatic reaction comprises action of actate oxidase. 131, The method of any of the
previous embodiments, such as embodiment 126, wherein the analyvte comprises ghucose.
132, The method of any of the previous embodiments, such as embodiment 126, wherein the
analvte comprises lactate. 133, The method of any of the previous embodiments, such as
erbodiment 119, comprising subjecting the analvie to a reaction to generate the current. 134,
The method of any of the previous embodiments, such as embodiment 133, wherein the
reaction comprises oxadation. 135 The method of any of the previous emtbodimends, such as
embodiment 134, wherein the oxidation comprises enzymatic oxidation. 136, The method of
any of the previous embodiments, such as embodiment 1353, wherein the oxidation yields a
reactive oxygen species. 137, The method of any of the previous embodiments, such as
embodiment 135, wherein the oxidation yvields hyvdrogen peroxide. 138 The method of any of
the previons embodiments, such as embodiment 137, wherein the oxidation viglds the
hydrogen peroaide 1n proportion to the amourtt of the analyte. 139 The method of any of the
previous embodiments, such a3 embodiment 133, wherein the analyte comprises glucose,
140, The method of any of the previous embodiments, such as embodiment 133, wherein the
avalyie comprises lactate. 141, The method of any of the previous erobodiroents, such as
embodiment 119, wherein the current has an amplitude that is proporiional to concentration
of the analyte 142, The method of any of the previous embodiments, such as embodiment
1319, wherein the current has an amplitude that is proportional 1o amount of the analyte. 143
The method of anv of the previous embodiments, such as embodiment 141 or embodiment
142, wherein the analyte comprnises ghucose. 144, The method of any of the previous
embodiments, such as embodiment 141 or embodiment 142, wherein the analyie comprises
iactate. 145 The method of any of the previous embodiments, such as embodiment 119,
wherein the conductive base directs the current to a detector. 146, The method of any of the
previous embodintents, such as embodiment 119, wherein the conductive base comprises a
channel that directs the current to a detector. 147, The method of any of the provious
embodiments, such as embodiment 119, comprising Bmiting diffusion of the analyte to the
opening. 148, The method of any of the previous embodinients, such as emboediment 147,

wherein lmiting diffusion comprises covenog the opening with an exiernal layer 149, The
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method of any of the previous erobodiments, such as embodiment 148, wherein the exterior
iayer is permeable to the analyte. 150, The method of any of the previous embodiments, such
as embodiment 148, whorein the exterior faver 18 semipermeable to the analyte 151 The
method of any of the previous embodiments, such as embodiment 119, wherein the insulating
igyer precludes current from passing to the conductive base other than through the at least
one opening. 152, The method of any one of any of the previous embodiments, such as
embodiments 119 to 151, wherein the detecting 15 performed for at feast 2 davs. 133, The
rethod of any one of auy of the previous embodiments, such as embodiments 11910 1531
wherein the detecting is performed for at least 4 days. 154 The method of any of the previous
erbodiments, such as embodiment 119, wherein the detecting exhibits a signal dnft of vo
more than 1% of signal/hour. 155, The method of any of the previous embodiments, such as
embodiment 119, wherein the detecting exhibits a signal dritt of no more than 1% of
signal/hour after four days of monitoring. 136, The method of any one of any of the previous
embodiments, such as embodiments 119 to 155, wherein the measuring a current passing 1o a
conductive base through at least one opening in an insulating layer, wherein the at feast one
opening does not share a border with an exterior edge of the insulating taver s performed by

a sensor or any one of any of the previous embodiments, such as embodiments 1 1o 59,

EXAMPLES

IB158] Example §. Wire sensor configurations were tested as to their effect on
sensor stability and accuracy. Wire sensors varied in the degree and contiguration of the
access o their solid base conductors as provided by their insulating lavers. Configurations
inciuded | mun tp exposure, 2x siit holes, 4x shit holes, and Ix skive internal loop msulation
igyer removal. All wires comprised a solid core, an insulating membrane, a sensor layer and
an external membrane, with crosslinking among layers as disclosed herein.

IH18%] Wire probes were assaved for accuracy of messurement of atest iquid
of 0, 56, 100, 200 and 400mg/dL glucose, at a voliage bias of 285 mV, for 4 consecutive
davs. Sensers were inserted into vials of the sforementioned compositions for 15 hours per
day 1o determine drift and stability of measurements, and data were collected for the fourth
day of each experiroent.

{0168} The 1 mm tip exposure sensor configuration is presented in Fig. 4. The
feft side of the wire is exposed to the test liquad, such that the only portion of the solid base

accessible to the test Lqund is the leftmost ablated 1 mum tip of the needle. Measuremenis are
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presented Tor runs W and W3, Measurement results are presented in Table 2 and Table 3,

and in Figure 5A and Figure 5B.

Table 2 1 mm Tip exposure wire glucose assay resufts at 4 days.

glu (mg/dL) pA W1 pA W3

3 1. 31E+02 1. 13E+02
50 3. 82E+03 4. 24E+03
100 7. 18E+03 7. 88E+03
200 1. 27E+04 1. 35E+04
400 2. 45E+04 2. 23E+04
Sensitivity 60 54
{pA/meg/dl}

Baseline 658 1491

R’ 0. 998 0. 983

PCT/US2023/078317

{161} Measurements showed an R? value of greater than 0. 98, indicating
remarkable hoearity of measureroents across the range of 0-400mg/diL

{81621 Dnift in measurement values were measuraed over time for the 15 hour
assay at day 4. The results are shown in Table 3 and in Fig 34 and Fig 5B

Table 3. Stgnal Drift - Tip exposure wire.

Drift at 400 mg/dL W1 W3
glucose

INITIAL uA 2. 45E-02 2. 23E-02
FINAL uA 1. 41E-02 1. 43E-02
% Change (Total) -42. 4% -35. 7%
% Change (Per hour) -2.2% -1. 9%

{81631 Measurements showed a drift having an absolute value of about 2%
per hour,

{1164} The accuracy and stabndity of the 1 mm exposed tp wire sensor
demonstrates the benefit of crosslinked sensor layers on sensor performance, as both the R?

value across glucose concentraiions and the % change per hour showed impressive results.
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18165} The 4x sht hole exposure sensor configuration 13 presented in Fig. &
The right side of the wire is exposed o the test hiquid, such that the only portions of the solid
base accessible to the test hguid are the Tour portions exposed by the four ablated <lit boles in
the insulating layer. Measurements are presented for runs W4, W3S and W6, Measurement

results are presented o Table 4 and Table 5, and in Figure 7A, Figure 7B and Figure 7C.

Table 4 4x shit hole exposure wire glucose assay results at 4 days,

glu (mg/dL) pA W4 pA WS pA WO

0 1. 45E+02 1. 10E+02 1. 29E+02
50 2. 28E+03 4. 06E+03 2. 90E+03
100 4. 37E+03 7. 92E+03 5. 55E+03
204 8. 35E+04 1. 51E+04 1. 04E+04
400 1. 58E+04 2. 83E+04 2. 00E+04
Sensitivity 39 70 49
{pA/mg/dL}

Baseline 350 580 391

B’ 0. 999 0. 999 0. 999

10166} Measurements showed an R value of 0. 999, indicating remarkable
finearity of measuremenis across the range of 0-400mge/dL and a substantial improvement
over the | min Hp exposure.

181671 Diift in measurement values were measured over tume for the 15 howr
assav at day 4. The results are shown i Table 5 and in Figs 4A-4C.

Table 5. Stgual Drift — 4 slit hole exposure wire,

Drift at 400 mg/dL w4 W5 W6

glucose

INITIAL uA 1. S8E-02 2. 83E- 2. O0E-
02 02

FINAL uA 1. STE-02 2. 57E- 2. 04E-
02 02

% Change (Total) -4. 1% 9. 1% 1. 8%

% Change (Per hour) -0. 2% -0. 5% 0. 1%
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181681 Measurements showed a doift having an absolute value of no more than
0.5%, with an average of less than 0.3% per hour,

18169} The accuracy and stability of the 4x st hole wire sensor demoustrates
the benefit of crosslinked sensor layers on sensor performance, as both the B value across
glucose concentrations and the % change per hour showed impressive results. The resulis
further demonsirate the substantial differential tmprovement of using a sensor probe having a
hole internal 1o an exterior edge of the insulating membrane rather than an exposed edge
BENSOT.

{41781 The 2x slit hole exposure sensor configuration is presented in Fig 8
The night side of the wire 13 exposed to the test lguid, such that the ondy portions of the solid
base accessible 1o the test liquid are the four portions exposed by the two ablated stit holes in
the insulating laver. Measurements are presented for runs W7, W8 and W9, Measurement

results are presented in Table 6 and Table 7, and in Figure OA, Figure 98 and Figure SC.

Table & 2x shit hole exposure wire glucoese assay results at 4 days,

glu (mg/dL) pA W7 pAWE pA W9

¢ 2. 40E+02 1. 49E+02 1. S8E+02
50 4. 68E+03 1. 42E+03 1. 70E+03
100 8. 78E+03 2. 82E+03 3. 19E+03
204 1. 58E+04 5. 38E+04 5. 83E+04
404 2. 58E+04 1. 0SE+04 1. 16E+04
Sensitivity 63 26 28
{pAlmg/dl)

Baseline 1604 163 241

R? 0. 985 1. 000 1. 000

10171} Measurements showed an R* value of 0. 995, with two of the three
runs exhibiting an R* of 1. 000, indicating remarkable linearity of measurements across the
range of 0-400mg/dE and a substantial improvement over the | mm tip exposure.

181721 Diift in mecasurement values were mueasured over tume for the 15 hour
assav at day 4. The results are shown iy Table 7 and in Fig s 6A-6C.

Table 7. Sigual Drift — 2 slit hole exposure wire,

38



WO 2024/097730

Drift at 400 mg/dL W7 W8 W9
glucose

INITIAL uA 2. 88E-02 | 1. 0SE-02 | 1. 16E-02
FINAL uA 2.58E-02 | 1. 21E-02 | 1. 14E-02
% Change (Total) -10. 3% 15% -1. 5%

% Change (Per hour) | -0. 6% 0. 8% -0. 1%

0.8%, with an average of than 0.5% per hour.

PCT/US2023/078317

181731 Measurements showed a doift having an absolute value of no more than

{0174} The accuracy and stability of the 2x slit hole wire sensor demonstrates

the benefit of crosslinked sensor layers on sensor performance, as both the B value across

glucose concentrations and the % change per hour showed impressive results. The resulis

further demonstrate the substantial differential improvement of using a sensor probe having a

hole internal 10 an exterior edge of the insulating membrane rather than an exposed edge

sensor, as the 2x slit hole wire sensor substantially cutperformed the 1 mny exposed end

SEnsoL.

131751 The b skived ring exposure sensor configuration s presented in Fig.

16, The right side of the wire is exposed to the test liguid, such that the only portions of the

solid base accessible o the test lquid are the four portions exposed by the two ablated slit

holes iy the mnsulating layer. Measurements are presented for runs W10 and Wi2

Measurement results are presented in Table 8 and Table 9, and in Figure 11 A and Figure

[B3:3

glu (mg/dL) pA Wi pAWIZ

0 7. 81E+01 2. 91E+02
50 6. 79E+03 8. 56E+03
100 1. 26E+04 1. S8E+03
200 2. 18E+04 2. 75E+04
400 3. 79E+04 4. S8E+04
Sensitivity 92 112
{pA/mg/dl)

Baseline 1978 2786

R’ 0. 990 0.984
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10176} Measurements showed an R” value of 0. 987, indicating remarkable
Hnearity of measurements aeross the tange of 0-400mg/dL.

{1771 Drift 1o measurement values were measnred over fime for the 15 hour
assay at day 4. The results are shown in Table 9 and in Fig s 6A-6C.

Table 9. Nignal Dinift — Ix skived exposure wire,

Drift at 400 mg/dL W10 W12
glucose

INITIAL uA 3. 79E-02 | 4. 58E-02
FINAL uA 2. 56E-02 | 2. 78E-02
% Change (Total) -32. 4% -39. 3%
% Change (Per hour) | -1. 7% -3. 0%

181781 Measurements showed a drift having an average absolute value of 2,
35%; per hour.

18179} The accuracy and stability of the Ix skived wire sensor demonsirates
the benefit of crosslinked sensor favers on sensor performance, as the R* value across ghucose
concentrations and showed impressive results.

{1801 The resulis further demonsirate the substantial differential
improvenent of using a sensor probe having a hole internal o an exterior edge of the
insulating membrane rather than an exposed edge sensor, as the 2x shit hole wire sensor and
the 4x slit hole wire sensor subsstantiaily outperformed the T skived end sensor and the 1 mam
exposed end sensor in termus of sensor measureraent drift

{1811 In summary, these results demonstrate the benefit of crosshoking
fgyers on sensor accuracy. This improverent is retlected 1n the high R2 values for all sensors
measured.

{0182] These results also mdicate the increased stability, particularty of
sensors i a liquid carrier over prolonged periods of time, of sensors comprisiog an internal
opening such as a hole removed from an exterior edge of the insulation membrane as g solid
base access point, This increased stabihiy 13 reflected in the substantially 1mproved %% change
per hour of the 2x hole and 4x hole sensor configurations relative to the sensors for which the

sobid base gecess areg 16 not a hole,
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(0183} Example 2. Sensor results of Exarople T owere compared o
commercialty available sensor performance. The results are indicated below.

{4184] Table 10 — Commeraally available product assay resulis,

glu (mg/dL) Commercial

Sensor (pA)

) 2068
56 2880
100 3700
200 5310
404 8570
Sensitivity 16

{pA/meg/dl}
Baseline 2068
R 1.00

{83185} Commercial sensors exhibited comparable sensor accuracy over the
range of analyte concentrations tested. The sensitivity and R? demoustrate signal level in
particular range; i.e., a sensor with > 50 pA/mg/dL might seem like a lot of signal but if the
R? (Hnearity} is poor thaw that is not a good sensor. The Hmitation here has o do with oxygen
available in the body. The GOX needs omiygen to function and if thers is not encugh then the
reaction hecomes himited by oxygen instead of glucose and a non-linear response is obtained.

{81861 Table 11, Signal drift - commercially available product

Drift at 400 mg/dL glucose W10
INITIAL uA 8.57E-03
FINAL uA 7.74E-03
% Change (Total) -32. 4%
% Change (Per hour) -7.3%

{81871 The commercial sensor exhibited a drift per hour having an absolute
value of over 7%, which 1s 2-3 fold higher than even the highest drift values observed for the
stabiilized sensors of the present disclosure, and 15 10-20< higher than the drift values

observed for sensors having tusulation layers for which there was an mnternal ablated access
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area o the solid base. These resulis were observed despite the assay being performed over g
substantialiy shorter time span than that of the assavs in Example |

0188} This example Ylustrates the inprovements, individually and
cominnation, of crosslinking sensor favers or membranes to stabilize sensor struciure, and of
the use of an internal ablated access area to stabilize the solid base access area, n mproving
sensor performance by reducing signal dnft

{3189 Exampie 3 Insulation Layer Deposition Insulation layer 1s deposited
onto 2 solid base pursuant to geveration of a molecular sensor as disclosed herein. A solution
of polyimide precursor {such as polvamic acidy, is dip-coated onto the subsirate via a reel-to-
reel system and then heat 15 applied 1o reroove solvent and sohidify the polymer on the surface
of the base metal as a thin coating. The wire is 0.0033” and with coating the diameter
becomes 00047 to 8.0057.

{4190] Exsmple 4. A sensor made with the 4-hole slit wire configuration was
tested in vivo and compared o a coromercial CGM as a reference. The study measured
glucose continuousty over 10 davs and gave a 10% MARD. The Clark-Error Grid is given in
Figure 13

{4191} Example 5 A lactate sensor comprising a solid core, annsnlating
membrane, a sensor laver and an external membrane, with crosshinking among lavers as
disclosed heretn, was prepared to demwonsirate the generality of the sensing platforsy. The
sensor had a sensor layer comprising lactate oxidase and measured various concentrations of
sodinm factate (0, 0.5 mM, T oM, S b, 10 mM, and 20 mM) in PBS solution. The sensing
profile is given in Figure 14

161921 The disclosure e further understood in Hight of the listing of the clanms,

below.
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CLAIMS
We Claim
L. A sensor comprising
1) a solid base;
i1) an insulating membrane affixed to the solid base, wherein the

insulating membrane comprises at least one opening that does not share a border with an
exterior edge of the insulating layer, so as to expose a portion of the solid base removed from
the exterior edge of the insulating layer;

i) a sensor layer comprising a biocompatible polymer and an analyte
detection moiety capable of detecting an analyte; and

iv) an exterior layer that completely envelops the sensor layer.

2. The sensor of claim 1, wherein the solid base is a wire.

3. The sensor of claim 1, wherein the solid base comprises a locally

planar surface.

4. The sensor of claim 1, wherein the solid base can conduct an electric
current.

5 The sensor of claim 1, wherein the solid base comprises a metal.

6 The sensor of claim 5, wherein the metal comprises platinum.

7. The sensor of claim 5, wherein the metal comprises rhodium.

8 The sensor of claim 5, wherein the metal comprises iridium.

9. The sensor of claim 1, wherein the insulating membrane cannot
conduct an electric current.

10. The sensor of claim 1, wherein the insulating membrane is
impermeable to an analyte assayed by the analyte detection moiety.

1. The sensor of claim 1, wherein the at least one opening of the

insulating membrane is formed via ablation of an unperforated precursor contacted to the

solid base.

12. The sensor of claim 1, wherein the insulating membrane comprises a
plastic.

13. The sensor of claim 12, wherein the plastic comprises polyimide.

14. The sensor of claim 12, wherein the plastic comprises polyimide

selected from the group consisting of polyurethane, PEEK, and Teflon.
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15.
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The sensor of claim 1, wherein the insulating layer does not completely

envelop the solid base.

16.

The sensor of claim 1, wherein the insulating layer comprises an

insulating layer functionalized reactive moiety.

17.

The sensor of claim 16, wherein the insulating layer functionalized

reactive moiety comprises a hydroxyl moiety.

18.

The sensor of claim 16, wherein the insulating layer functionalized

reactive moiety comprises a carboxyl moiety.

19.

The sensor of claim 1, wherein the biocompatible polymer of the

sensor layer comprises a negatively charged hydrogel.

20.

The sensor of claim 19, wherein the negatively charged hydrogel

comprises polyacrylate.

21.

The sensor of claim 19, wherein the negatively charged hydrogel

comprises polyurethane.

22.
analyte.

23.

The sensor of claim 1, wherein the sensor layer is permeable to the

The sensor of claim 1, wherein the sensor layer does not completely

envelop the insulating membrane.

24.

The sensor of claim 1, wherein the analyte detection moiety is

embedded in the biocompatible polymer.

25.
protein.

26.
enzyme.

27.
antibody.

28.

29.

30.

31.

The sensor of claim 1, wherein the analyte detection moiety is a
The sensor of claim 1, wherein the analyte detection moiety is an
The sensor of claim 1, wherein the analyte detection moiety is an
The sensor of claim 26, wherein the enzyme is glucose oxidase.
The sensor of claim 26, wherein the enzyme is lactate oxidase.

The sensor of claim 26, wherein the enzyme is an oxidase.

The sensor of claim 26, wherein the enzyme yields hydrogen peroxide

when in contact with the analyte.

32.

The sensor of claim 1, wherein the analyte detection moiety reacts with

the analyte to form a detection product
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33. The sensor of claim 32, wherein the detection product yields a current

when in contact with the solid base.

34. The sensor of claim 32, wherein the detection product comprises
hydrogen peroxide.
35. The sensor of claim 32, wherein the detection product comprises an

electric current.

36. The sensor of claim 32, wherein the insulating layer is impermeable to
the detection product.

37. The sensor of claim 32, wherein the sensor layer is permeable to the
detection product.

38. The sensor of claim 32, wherein the exterior layer is permeable to the
detection product.

39. The sensor of claim 32, wherein the exterior layer is impermeable to
the detection product.

40. The sensor of claim 16, wherein the sensor layer comprises a sensor
layer functionalized reactive moiety.

41. The sensor of claim 40, wherein the sensor layer functionalized
reactive moiety comprises a carboxy moiety.

42. The sensor of claim 40, wherein the sensor layer functionalized
reactive moiety comprises a hydroxy moiety.

43. The sensor of claim 40, wherein at least one sensor layer
functionalized reactive moiety is covalently bound to at least one insulating membrane

functionalized reactive moiety.

44.  The sensor of claim 1, wherein the exterior layer is permeable to the
analyte.

45. The sensor of claim 1, wherein the exterior layer is semipermeable to
the analyte.

46. The sensor of claim 1, wherein the exterior layer limits diffusion of the
analyte.

47.  The sensor of claim 43, wherein the exterior layer comprises an

exterior layer functionalized reactive moiety.
48. The sensor of claim 47, wherein the exterior layer functionalized

reactive moiety comprises a vinyl moiety.
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49. The sensor of claim 47, wherein the exterior layer functionalized
reactive moiety comprises a hydride moiety.

50. The sensor of claim 47, wherein at least one exterior layer
functionalized reactive moiety is covalently bound to at least one sensing membrane
functionalized reactive moiety.

51. The sensor of claim 1, wherein the exterior layer comprises an exterior
layer functionalized reactive moiety.

52. The sensor of claim 51, wherein the exterior layer functionalized
reactive moiety comprises a vinyl moiety.

53. The sensor of claim 51, wherein the exterior layer functionalized
reactive moiety comprises a hydride moiety.

54. The sensor of claim 51, wherein at least one exterior layer
functionalized reactive moiety is covalently bound to at least one functionalized reactive
moiety on the sensing layer.

55. The sensor of claim 1, wherein the at least one opening comprises at
least two openings.

56. The sensor of claim 1, wherein the at least one exterior opening
comprises at least three openings.

57. The sensor of claim 1, wherein the at least one exterior opening
comprises at least four openings.

58.  The sensor of claim 1, wherein the sensor exhibits a signal drift of no
more than 1% of signal/hour.

59. The sensor of claim 58, wherein the sensor exhibits a signal drift of no
more than 1% of signal/hour after four days of monitoring.

60. A method of making a sensor, the method comprising contacting a
solid base to an insulating agent to form an insulating layer on the solid base; forming at least
one hole in the insulating layer such that the solid base is exposed at the hole; contacting the
insulating layer to a detection precursor comprising a biocompatible polymer precursor and
an analyte detection moiety capable of detecting an analyte; polymerizing the biocompatible
polymer precursor to form a sensor layer that spans at least part of the insulating layer and the
at least one hole in the insulating layer; crosslinking at least a portion of the sensor layer to at
least a portion of the insulating layer; contacting the sensor layer to an exterior layer agent to
form an exterior layer, and crosslinking at least a portion of the sensor layer to at least a

portion of the exterior layer.
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The method of claim 60, wherein contacting the solid base to the

insulating agent comprises spraying the insulating agent onto a flat surface of the solid base.

62.

The method of claim 60, wherein contacting the solid base to the

insulating agent comprises dipping the solid base into a liquid composition of the insulating

agent.
63.
64,
conductor.
65.
66.
67.
68.
69.

electrical conductor.

70.
to the analyte.

71.
to a solvent.

72.
polymer.

73.
plastic.

74,
polyimide.

75.

The method of claim 62, wherein the solid base is locally cylindrical.

The method of claim 60, wherein the solid base is an electrical

The method of claim 64, wherein the solid base is a metal.

The method of claim 65, wherein the solid base comprises platinum.
The method of claim 65, wherein the solid base comprises rhodium.
The method of claim 65, wherein the solid base comprises iridium.
The method of claim 60, wherein the insulating layer is not an

The method of claim 60, wherein the insulating layer is impermeable
The method of claim 60, wherein the insulating layer is impermeable
The method of claim 60, wherein the insulating layer comprises a
The method of claim 60, wherein the insulating layer comprises a

The method of claim 60, wherein the insulating layer comprises

The method of claim 60, wherein the insulating layer is a

polymerization product.

76.
product.
77.

The method of claim 60, wherein the insulating layer is a solidified

The method of claim 60, wherein forming at least one hole in the

insulating layer comprises etching.

78.
79.
80.

The method of claim 77, wherein the etching is chemical etching.
The method of claim 77, wherein the etching is laser etching.

The method of claim 77, wherein the etching is mechanical etching.

47



WO 2024/097730 PCT/US2023/078317

81. The method of claim 60, wherein forming at least one hole in the
insulating layer comprises ablation.

82. The method of claim 60, wherein the solid base is accessible to a
solvent at the at least one hole.

83. The method of claim 60, wherein the insulating agent comprises a
functionalizing moiety.

84. The method of claim 60, wherein the insulating layer comprises an
insulating layer functionalizing moiety.

85. The method of claim 84, wherein the insulating layer functionalizing
moiety comprises a hydroxy moiety.

86. The method of claim 84, wherein the insulating layer functionalizing
moiety comprises a carboxy moiety.

87. The method of claim 60, wherein the insulating layer is modified to
comprise a functionalizing moiety prior to contacting the insulating layer to the detection
precursor.

88. The method of claim 60, wherein the insulating layer is modified to
comprise a functionalizing moiety concurrently to contacting the insulating layer to the
detection precursor.

89. The method of claim 60, wherein the insulating layer is modified to
comprise a functionalizing moiety subsequent to contacting the insulating layer to the
detection precursor

90. The method of claim 60, wherein the detection precursor is a liquid.

91. The method of claim 60, wherein contacting the detection precursor to
the insulating layer comprises dipping the solid base and the insulating layer into the
detection precursor.

92. The method of claim 60, wherein contacting the detection precursor to
the insulating layer comprises spraying the detection precursor onto the insulating layer.

93. The method of claim 60, wherein biocompatible polymer precursor
comprises a biocompatible layer functionalizing moiety.

94, The method of claim 93, wherein the biocompatible layer
functionalizing moiety comprises a vinyl moiety.

95. The method of claim 93, wherein the biocompatible layer

functionalizing moiety comprises a hydride moiety.
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96. The method of claim 60, wherein polymerizing the biocompatible
polymer precursor to form a sensor layer comprises incorporating at least one of vinyl
functional silicone or a hydride functional silicone.

97. The method of claim 96, wherein polymerizing comprises
incorporating a hydrophilic component and wherein the polymerization yields a
semipermeable membrane.

98. The method of claim 60, wherein crosslinking at least a portion of the
base layer to at least a portion of the insulating layer comprises crosslinking a platinum vinyl
group to a hydride group via a hydrosilylation reaction.

99. The method of claim 60, wherein contacting the sensor layer to an
exterior layer agent comprises depositing the exterior layer agent onto the sensor layer.

100.  The method of claim 60, wherein contacting the sensor layer to an
exterior layer agent comprises dipping the sensor layer into the exterior layer agent.

101.  The method of claim 60, wherein the exterior layer is polymerized
silicone.

102.  The method of claim 60, wherein the exterior layer comprises an
exterior layer functionalizing agent.

103.  The method of claim 102, wherein the biocompatible layer
functionalizing moiety comprises a hydroxyl moiety.

104.  The method of claim 102, wherein the biocompatible layer
functionalizing moiety comprises a carboxy moiety.

105. A glucose sensor that exhibits a signal drift of no more than 1% of
signal/hour.

106.  The glucose sensor of claim 105, wherein signal drift is assayed at
least four days into a testing regimen.

107.  The glucose sensor of claim 105, wherein signal drift is assayed
against a concentration of glucose of about 400mg/dL.

108.  The glucose sensor of claim 105, wherein signal drift is assayed
against a concentration of glucose of at least 100mg/dL.

109.  The glucose sensor of claim 105, wherein the sensor comprises an
insulating layer having a hole distal from an edge of the insulating layer.

110.  The glucose sensor of claim 109, wherein the sensor comprises a

sensor membrane covalently bound to the insulating layer.
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111.  The glucose sensor of claim 109, wherein the sensor comprises a
sensor membrane covalently bound to an exterior layer.

112. A method of extending sensor performance, comprising affixing a
sensor membrane to a sensor core, and binding an exterior coating to the sensor membrane,
so as to prevent at least some of the sensor membrane from separating from the sensor core
upon introducing a liquid to a sensor.

113.  The method of claim 112, wherein the binding is noncovalent binding.

114, The method of claim 112, wherein the binding is covalent binding.

115.  The method of claim 112, wherein the sensor exhibits a signal drift of
no more than 1% of signal/hour.

116. The method of claim 115, wherein signal drift is assayed at least four
days into a testing regimen.

117.  The method of claim 115, wherein signal drift is assayed against a
concentration of ana analyte of about 400mg/dL.

118. The method of claim 115, wherein signal drift is assayed against a
concentration of ana analyte of at least 100mg/dL.

119. A method of detecting an analyte in a sample, comprising creating a
voltage bias in the sample, and measuring a current passing to a conductive base through at
least one opening in an insulating layer, wherein the at least one opening does not share a
border with an exterior edge of the insulating layer.

120.  The method of claim 119, wherein the sample is a body fluid.

121.  The method of claim 119, wherein the detecting is performed on a
fluid internal to an individual.

122,  The method of claim 119, wherein the voltage bias is no more than 1

volt.

123.  The method of claim 119, wherein the voltage bias is no more than 0.6
volt.

124, The method of claim 119, wherein the voltage bias is no more than 0.3
volt.

125, The method of claim 119, wherein the current arises from hydrogen
peroxide contacting the conductive base.
126.  The method of claim 119, wherein the current arises from oxidation of

the analyte.

50



WO 2024/097730

127.

PCT/US2023/078317

The method of claim 126, wherein the current arises from an

enzymatic reaction on the analyte.

128.
action of an oxidase.

129.

The method of claim 127, wherein the enzymatic reaction comprises

The method of claim 127, wherein the enzymatic reaction comprises

action of glucose oxidase.

130.

The method of claim 127, wherein the enzymatic reaction comprises

action of lactate oxidase.

131.
132.
133.

The method of claim 126, wherein the analyte comprises glucose.
The method of claim 126, wherein the analyte comprises lactate.

The method of claim 119, comprising subjecting the analyte to a

reaction to generate the current.

134.
135.

oxidation.

136.

oxygen species.

137.

peroxide.

138.

The method of claim 133, wherein the reaction comprises oxidation.

The method of claim 134, wherein the oxidation comprises enzymatic

The method of claim 135, wherein the oxidation yields a reactive

The method of claim 135, wherein the oxidation yields hydrogen

The method of claim 137, wherein the oxidation yields the hydrogen

peroxide in proportion to the amount of the analyte.

139.
140.
141.

The method of claim 133, wherein the analyte comprises glucose.
The method of claim 133, wherein the analyte comprises lactate.

The method of claim 119, wherein the current has an amplitude that is

proportional to concentration of the analyte.

142.

The method of claim 119, wherein the current has an amplitude that is

proportional to amount of the analyte.

143,
glucose.

144,
lactate.

145.

current to a detector.

The method of claim 141 or claim 142, wherein the analyte comprises

The method of claim 141 or claim 142, wherein the analyte comprises

The method of claim 119, wherein the conductive base directs the
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146.  The method of claim 119, wherein the conductive base comprises a
channel that directs the current to a detector.

147.  The method of claim 119, comprising limiting diffusion of the analyte
to the opening.

148.  The method of claim 147, wherein limiting diffusion comprises
covering the opening with an external layer.

149.  The method of claim 148, wherein the exterior layer is permeable to
the analyte.

150.  The method of claim 148, wherein the exterior layer is semipermeable
to the analyte.

151.  The method of claim 119, wherein the insulating layer precludes
current from passing to the conductive base other than through the at least one opening.

152.  The method of any one of claims 119 to 151, wherein the detecting is
performed for at least 2 days.

153.  The method of any one of claims 119 to 151, wherein the detecting is
performed for at least 4 days.

154.  The method of claim 119, wherein the detecting exhibits a signal drift
of no more than 1% of signal/hour.

155.  The method of claim 119, wherein the detecting exhibits a signal drift
of no more than 1% of signal/hour after four days of monitoring.

156. The method of any one of claims 119 to 155, wherein the measuring a
current passing to a conductive base through at least one opening in an insulating layer,
wherein the at least one opening does not share a border with an exterior edge of the

insulating layer is performed by a sensor or any one of claims 1 to 59.
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