WO 2005/100981 PCT/US2005/011654 Non-Covalent Immobilization of
Indicator Molecules BACKGROUND OF THE INVENTION 1. Field of the
Invention [0001] The invention relates to immobilization methods and, in
wparisulaesior immobilizing indicator molecules on supportsPsUzhsags/011654
optical sensors, and to sensors having those indicator molecules
immobilizB@ié-gicianiinusebitizadionaf fndieaber Vi 3t [0002]

=1 D3: LERakait Bt orche Aber Viginet 1A
U.S, Patent No. 5,356,417 describes a fluorescent-based sensing device
comprising indica%f\ %%é@%g%?b%wyﬂﬁf%mmem, e.g., a
. phatgdetector,, Broadly speaking, in the context of the field of the
1. F"““%@%ﬁﬂ%rﬁ?‘(ﬁ&@%r molecules are molecules where one or more optical
_ characterjstics. of which is or are affected by the local presence of an
S by it sl EE T ERl s, G e e
immon RN RRCHED AR ELAASEPYGRRIBS RNAMAPRUISAIR A AL oo
m _ druggs, hbrmones, and other nfgegggolols)é ang%/t S. géésl%r |’c§1?§r © sensors
having MRIeSwHarate: ofen slassifiediases on theichsmical principal on which
their activity is based. For example, the activity of many indicators, such
as the one described in U.S. Patent No. 6,344,360, the disclosure of
which is incorporated herein by reference, are based on the principle of
2. Desqripihescerite, Repadder fluorescence. U.S. Patent No. 6,344,360
' ‘describes a fluorescent indicator molecule containing a fluorescent :
[0002] |anthabide RMréeiidNelfie ohipleesrnbse ddvrssenot mmisbimmimendityice
s increased by the presence of certain sugars. Other categories of
comprigdatiF seeiraifeIgnd anbrieetngivgicksianse@uasphotodetector.

Breadly speaking, in the context of the field of tﬁe invention, indicator molecules are

molecules where ane or more optical characteristics of which is 5:’ are affected by'tha
local presence of an analyte. Indicator molecules have been used to measure a wide

' array of analytes, suchlas giucose, oxygen, toxins, pharmacsuticals or other drﬁgs, :
hormones, and other metabolic analytes. Thass indicator molecules are often
classified Sésed on the cherﬁica] principal on which %ﬁeir activity is based. For example,
thé_, activity of many ihdica’tors, su‘ch as the oﬁe described in U.S. Patent No. 6,344,360,
T the discio_sur_e of which is incorporated herein by reference, are based on the principie
of luminescence, in particular fluorescence. U.S. Patent No. 6,344,350 describes a
fluorescent indicatgr molecuie cor;taining a fluorescent lanthanide metal chelate
compiex whose’ﬂuorescenc_e emission infensity is increased by the presencé of certain

sugars. Other categories of indicator molecules include colorimetric indicator molecules

-



-1 WO 2005/100981 PCT/US2005/011654 which change their color in the
presence of an analyte and indicator molecules which change
absorbency at a particular wavelength. [0003] Indicator molecules vary
wwizisly1iedkieir chemical compositions and properties. For eRemipie)05/011654
indicator molecules may be monomeric or polymeric and/or hydrophilic or
which dhatrgphubiccd0004Hadicatenpeciéenles #igitedrsbindmaiobiliziasidas which
supports, such as sensor surfaces, by attaching the indicator molecule at
changa s eRitapeYor A SO WAYRIBERIZing indicator molecules on inert
- polymeric substrates poses a particular_challenge, since those substrates
100031 have (ECAIBHTER G B AR EABLE B oA AAACHHeHE BBIARE Tor
the indicator m Iecﬂes. 0005] Molecules,can be immaobhilized on a
properine et A Er A RS AR D e hced 51 Lat e octor
hydroplw'ﬂks bﬁtw%rhgchsubstrate and the immobilized molecule. To facilitate

ya - : - :
iMmobilizat n, Inert substrates are generally- avoided, as those require

[0004] PTEUreAMERS, £:8s Wik U cUMihhRrlREES SUeh As IR ARG Lnsor

achieve oxidation of the substrate to create reactive sites. These

surfacdV iEAINSN &8 senarRiirasseciatednyturRdesifahiesuppeh.as
: instability of the immobilization product or the handling of harsh acids.

Immobilibus, impeatte addistatetifmbleegymbortsris sohstspsdyamrytamidetisufzorts,
' are generally chosen to attach molecules of interest. A polyacrylamide
challengeppitetimsiosekaingits, hevecadiy mediifstiderexgrmpleiopyateaetnmge
through reactive amine groups, which enables attachment of a wide
. attachrgribgpints for the indicator molecules.
{0005] -  Molecules ca-n' be immobilized on a substrate in different waye:
!mhobiiization is often based on covaleni links between the substrate and the
immobilized molecule, To faciiitate immobilization, inert substrates are generally
avoided, as those require pretreatments, e.g., with U.V. or with harsh acids such as
nitric acid to achieve oxidation of the substrate to create reactive sifes. These
pretreatments are generally associated with undesirables, such as instability of the
immobilization product or the handling of harsh acids.  Thus, more readily im’odifiable
suppor{s, such a$ polyacrylamide supports, are generally chosen to attach molecuies of
interest, A polyacrylamide support can, for example, be readily modified, for example,

by attaching through reactive amine groups, which enab‘iés attachment of a wide variety

of molscules, inciuding haptenes, peptides, carbohydrétes and.oiigonucleoﬁdés.



of molecules, including haptenes, peptides, carbohydrates
and,oligonucleotides. 2 [0006] The immobilization of molecules, such as
indicator molecules, on optical sensors poses some unique challenges.
For example, it is important that the immobilization method does not
interfere with the function of the optical sensor. Also, certain
[oons] immobrization sthars mighbiesilindhs,disqlaration of @ sypport and.
- ‘thus, interfere with its function as optical waveguide. Known '

sensorénﬂﬂli&éi|&ﬁﬂ@%ﬁi@$@%ﬂ@ﬁf€%@$¢§hé§ﬁﬁﬂ@, REcRIeRs Hies gidhe .
u

surface by, e.g., causing bling or rippling of the surface, thus
immobitisimtingthedgtieahpaihtefiersantotiar Adiwkse afeebmalatialsor. Also,
properties. Thus, there is a continuing need for improvements in the way
certain imfivetdzatiotensioasanipmobiideid treatisomookitratibs sspbsitaiad This,
need is particularly conspicuous in the context of immobilizing indicator
interfergnwiBriigds aptisnmsop pinglesawedvitacfarwrmdpteabiieaton buefiesiaisad
as long term implants. Summary of the invention [0007] In a first aspect,
also ChgfiR e Bt ARRREIRD QI BIIEsFaRn fCatGRifiNY Rubkin@ Ridieling of
indicator ta a syppott comprising; (a) providing a support having an outer
the surg U R E DA S A O AST R AT G SRR S rBiRgs
rf ' id .nolymerie structure and wherein said_support
Proper e L D B R VAT i e
moleculBRgraTRIRSIRERdE AR b HeRRMBEbComaInRT e QuisrRYTaGe
by a process consisting essentially of exposing the outer surface of the
conspichidpROttife BcHRlEien BantHniRadheuBasomelesua BIFIGHes YBodies, in
monomers thereof, wherein exposure of '
particular on opfical sensor bodies, used as long term implants.

Sui’nmary of the Invention

. {0607] tn a first aspect, there is provided a meathod for non-covaiently attaching a
macromolecuiar indicator to a support comprising:

(a) providing a support having an outer surface which comprises at least one inert
~ polymer, wherein said outer surface is a hard and solid polymeric structure and wherein said
support is a sensor or an optical waveguide;

(b} interlacing at ieast one macromolecular indicator with the polymer contained in the
outer surface by a process consisting essentially of exposing the outer surface of the support to
a solution containing the macromolecular indicator or monomers thereof, wherein exposure of
the outer surface of the support to the solution ioosens polymer chains to form an interiacing

area on the outer surface: and then



the outer surface of the support to the solution loosens polymer chains to

form an interlacing area on the outer surface; and then -3 (c) substantially

removing a solvent of the solution from the support to produce surface

immobilized indicator molecules. [0007a] In a second aspect, there is

provided a graft comprising: a support having an outer surface which

comprises at least one inert polymer, wherein said outer surface is a hard

and solid polymeric structure and wherein said support is a sensor or an

opticalswizstegistiersanslagressveralettiasidieatabmelecusorhersisdsaiisurface

macromolecular indicator is stably interlaced with at least one chain of at
immapidzemh B EaIaIRIREIRSs contained in the outer surface of the support.

007b] In a third aspect, there is provided a sensor for determining the
{00%%8 en%:e O SCBFREORPSRG R IP &TF ShRIGY AR T RAIRNS "Said sensor

compLising: 3 SRSk %9% baving @ggw%fﬁé%%%é%gﬁgogfé'ﬂr%ﬁai9|¥mer, wherein

sensor ody, wherein said outer surface c prises at le one iner

saiPOBISUMAIRIRIA Rald ARy HaGemiS SlgharthARHtheI B8 Support is a sensor
structure; a macromolecular indicator molecule which, in response to the

or girepberiavafegiighatyte in said medium, changes at least one measurable
characteristic; a detector which measures said changes in said at least

one?MARRAIR B RfFIh Meiier fnolecule and which emits an output
sngNaHéregllg %%{%&i%%?e%%? frq ic%goirqsd i&%gfyr' lzqggrkggg l \}vf?hmajt least one chain of at
least one of said polymers contained in the outer surface of the support.
[0007] In a third aspect, there is provided a sensor for determining the presence or
concentration of an analyte within a medium, said sensor comprising:

a sensor body having an outer surface surrounding said sensor body, wherein said outer
surface comprises at least one inert polymer wherein said outer surface is a hard and solid
polymeric structure;

a macromolecutar indicator molecule which, in response to the presence of an analyie in
said medium, changes at least one measurable characteristic:

a detector which measures said changes in said at least one characteristic of said
indicator molecuie and which emits an output signal reflecting said changes in said indicator
molecule; and

wherein said macromolecuiar indicator molecule is stably interlaced with at least one
chain of said at least one polymer of said surface.

[0007c] in & fourth aspect, there is provided an optical-based sensor for determining the
presence or concentration of an analyte in a medium, said sensor comprising:

an opilically transmissive sensor body, said sensor body having an outer surface

—3a—



wherein said macromolecular indicator molecule is stably interlaced with
at least one chain of said at least one polymer of said surface. [0007c] In
a fourth aspect, there is provided an optical-based sensor for determining
the presence or concentration of an analyte in a medium, said sensor
comprising: an optically transmissive sensor body, said sensor body
having an outer surface -3a surrounding said sensor body and wherein
said outer surface comprises at least one inert polymer wherein said
outer surface is a hard and solid polymeric structure; a radiation source in

SUry e SBiF 5685 R PRCH BRRikheIgia R Adkeh %ﬁf@%ﬂ?!ﬁ@ﬁ;@téeast one inert

macrogwolecular in |cator¥ molecul Iaawg%al LY cal charac erlstlc that is

n

PO R HIPT i T SSE RSP SoRGaNT AR POy S ol
MacioHRIeGH @au&@maégrdr@&l@w@099kwa;o%?mgn%&%ﬁ%ﬂmeéﬁré%% body:

to receive radiation that travels from Said radiation source, and which

transmissremaitdaieiniaisaicr serisonbodyirg phaipsenshve eemRnthat is affected by
located in said sensor body and positioned to receive radiation within the

theﬁﬁ%@%f@?ﬁ?%ﬁ@ﬂm %glmasﬁé@ﬁmﬂmw@mdam@natetmvbdule being
from said indicator element; and wherein said macromolecular indicator

PosifigNed 72 RAG SERPIR IS SRRV LPRIAL D M IRRYRIDIeR Faif resigtigResource, and
wh;Bf?lé(Q?u%h%%&?aﬁHﬁfﬂﬁS ﬂ.&@%ispéga,}oody [0007d] Disclosed is a

method for non-covalently attaching a macromolecular indicator molecule
to a:5ppROELNERIS=TBRINEA IBAX SO THRARSIHBIBHENERE SHRRNHESWiRLRive radiation

comprising at least one polymer, (b) changing the integrity of the polymer

within phe\eksto deeiy et poiyintesrohamsignat fespoasiledst radiatintestatiag from said
area, (c) providing at least one macromolecular indicator or monomers

indicator element; and wherein said macromolecular indicator molecule is stably interlaced with
at least one chain of said at least one polymer of said surface of said sensor body.
[0007d] Disciosed is a method for non-covalently attaching a macromolecular indicator
molecule to a support. This method may comprise (a) providing a support surface comprising
at least one polymer, (b) changing
the integrity of the polymer io provide loosened polymer chains that form at least one
interlacing area, (c) provfding at isast one macromolecular indicator or monomers

~ thereof, (d) causing the macromojecular indicator or polymerization products of

monomers thereof to interlace with the interiacing areas, and (&) causing the loosened
polymer chains to tighten to produce surface immobilized indicator molecules. In the disclosed
method, the macromolecular indicator molecule in (c) may be a partially or fully polymerized

indicator molecule. Alternatively, the monomers of the

~3b—



thereof, (d) causing the macromolecular indicator or polymerization
products of monomers thereof to interlace with the interlacing areas, and
(e) causing the loosened polymer chains to tighten to produce surface
immobilized indicator molecules. In the disclosed method, the
macromolecular indicator molecule in (c) may be a partially or fully

at leastRANDRIFGH o B ARARF YR @éﬁ%@%‘{@b’mﬁ}%@%@ﬂ@ﬁaﬂgpﬁgﬁ%ﬂ&ed
I entially

east one macromolecular indicator molecules in"(c) may be se
in (d) toFSNEYBeGaiAC)HN (RitarpasRaenEah IRMhENFRIPRNIRIrating polymer
~ network). [0008] The polymer chains may be loosened by a solvent such
[0008] as, forasappteseihanel nZameshoxyetizanoy, disoatbylifonatamyidi: @xample,
monomer of a hydrophilic macromolecular indicator such as HEMA or
ethanolnBixnststyetieadol kinpeityyiiemtmids  reayn drectightenechpgaipHijcthe
removal of the solvent or by polymerization of the monomer into the
macromwgwwiir&m?@r@ﬁ@k@aMEiEidi@at@ﬂms??ethﬁr@wf- 1N Hsi$elyipetrhainsonay
_the disclosure, the support surface may be hydrophobic and the
be tightngsk GaiNRY HIEiFRRAYS ThbREINaREY R RANBISTIRE A E s sBRTARET

the surface of a,sensor qr an optical waveguide. The macromalecular

o the (AR G FayPh VA1 ST BT Rerbice FEBHE ThELS

disctosuFQT?ﬁS%%rg!&g Q%%ﬁg?gﬁgf&mg&i%%ﬂh@%Cr%%B{ 2018 i {éﬁi& of

at least one reference € macromolecular indicator molecule

moiecui@ﬁ'}'aglﬁg HRIUNSR: OGO S IMISHIORP KRS SWHRICD 15: I RIS HINKRB i |

macromolecular indicator molecule within the support. [009] The
wavaguisclaspirsiafbistaiablisensisep R SuHaae NHveingAb1eastORSarance

polymer and a macromolecular indicator molecule. The graft may be
regionsCharastented hedhabibes may be excimer regions or may comprise or consist
of at lsast one reference molecule. The macromolecutar indicator molecule may also

comprise one or more crosslinkers, which in turn crosslink the macromolecular indicator

molacule within the support.

[009] The disclosed graft preferably comprises a surface including at least one
polymer and a macromolecutar indicator molecule. The graft may be characterized in that the
macromolecular indicator moiecule is stably interlaced between at least one chain of at least

one of the polymers of the support. in accordance with one embodiment of the disciosure, the

macromolecular indicator molecuie in the graft has certain properties that substantially
correspond to the properties of an identical macremolecular indicator molscuie that is

not part of a graft (native malecuie). Those properties may include, but are not fimited -



macromolecular indicator molecule is stably interlaced between at least
one chain of at least one of the polymers of the support. In accordance
with one embodiment of the disclosure, the macromolecular indicator
molecule in the graft has certain properties that substantially correspond
to the properties of an identical macromolecular indicator molecule that is

o I BRI S AR e eyl Those properies mauinclud Byt are

not limite e molecu ity to an analyte of Its reterence

regiorEHANS:, SYehasAYEIMBl-Famionay Which,dB e MRS MAUGEIE, VDS Ay

result of the molecule's primary and/or tertiary structure. The suirface of

tertiarhgrgeaftananbesaraenser eQe AMs Biseleeeddy.another method for
non-covalently attaching an indicator molecule to a sensor. The method

[0010]MaY COMBSISR(RLUGYIHIBGE SURBATHPAYINGRAHIACR LI RgRkdgast

one strong ionic group, (b) adding to the surface at’least one indicator
molecuiidies simswMmphisingtiadd east anecsarged residue having a charge
_ opposite of that of the ionic group, (c) immobilizing the indicator molecule
providgg thalReHoREYIERA. SEHRCH SATBERRNEET tRBSoRNEdTHRpdIP e cstippole)
‘and the at least one charged residue. The ionic group, for example, ma

addingyio e SHTEHIE GrovRSiRTaRIiGRR aﬂgﬂmﬁat@@ﬂﬁe@%%%ke@ﬁé%@@gged

s R TR A B e e
indicatd)h e&rég@tsnwﬁé?w&saﬁ@a%m@wH@-&@e%% M@@F&JB%HAG

‘ closed is a sensor for determining the presence o
suppoRUMEIHEMIOB ft SRARAVERIERIALR MEHIBn ENBSeNSeF BAKEINRKSE B an
sensor body preferably havinga ‘ : :
anionic group, in particular, a sulfonate. The at least one charged residue, for example,
" may be a positively charged residue. The ionic group may be 'par.t of a copolymer of, for

exampieg, sulfonate and methyl methacryiale, which forms a coat on the surface of the

support.

[0011] Further disclosed is a sensor for determining the presence or concentration of
an analyte within a medium. The sensor may comprise a sensor body preferably having a

polymeric outer surface surrounding the

sensor body, and a macromolecularindicator molecuie which, in'response to the
presance of an anaiyte‘ in the medium, changes at least one measurable characteristic.
The sensor may further comprises a detector which detects radiation from the indicator
molecules and which‘generates an electrical signal which corresponds fo the changes -

in at least one characteristic of the in_dicatoi' molecuie which is indicative of the



polymeric outer surface surrounding the sensor body, and a
macromolecular indicator molecule which, in response to the presence of
an analyte in the medium, changes at least one measurable characteristic.
wlheosan®st may further comprises a detector which detectsratiiatimnsfooms4
the indicator molecules and which generates an electrical signal which
presenceresponeRitatit CHEAGEReat oYt SABSEHalR @Fserapidr iAdicdientor
molecule which is indicative of the -5 WO,2005/10098

moloc T SO0 DESIP GBS SURESHPRIGAY b ieaptenn e
G

;daptegzg%%%é&%%%;f e sensor ayir: s anficalsensay whishds ?ﬂ*ﬁ’ﬁ?q iR a

ect one or more analyteS of interest in a medium, such as g Ina

oreferrdicieiiedismbodinentidbs stHacr pddhenagnrormay Bermade from
polymethylmethacryl ate. Brief Description of the Drawings [0012] The

polyme@Saarapaayingairawings, which are incorporated herein and form part of
the specification, illustrate various embodiments of the present invention
and, together with the description, further serve to explain the principles
of the invention and to enable a person skilled in the art to make and use .
the invention. In thBrézbRnapsimiienefdieneeanin®@®rs indicate identical or
functionally similar elements. Additionally, the left most digit(s) of a :
[0012] referen&e AGRMBRFASINGHASMBINANIG FIMTEABRSAER-RASTED ARABEN Part

first appears, , . .
of the speciﬁgagrion, illustrate various embodiments of the present invention and,

together with the description, further serve fo explain the prinbipies of the invention and
to enable a person skilled inthe artto maké and use the invention. In thé drawings, like
referénce numbers indicate identical or functionaily similar elements. Additionally, the
left most digit(s) of a reference number identifies the drawing in which the reference _
" humber firsi appears,

[0013}‘ Figures 1A and 1B is a schematic illustration of the primary and tertiary
structure ofla water soiuble macromolec;uiar; indicator molecule according to the presént
invention. |

[oo14i Figures 2A and 2B show an immobilization support fgr immobilizing
indicator moleculas in accordance with one embodiment of' the présenf invention.
[0015] Figures 3A 1o SC show the creation of interlacing areas at the surface of

an immobilization support upon addition of a solvent.

-B-



[0013] Figures 1A and 1 B is a schematic illustration of the primary and
tertiary structure of a water soluble macromolecular indicator molecule
according to the present invention. [0014] Figures 2A and 2B show an
winnshilieation support for immobilizing indicator moleculespoaosangan o4

with one embodiment of the present invention. [0015] Figures 3A to 3C

[0016] show thigwieafibreotifteAbeng reskraisMedditaEdosroha RANGSTIZaHon
support upon addition of a solvent,-G WO 2005/100981 .

macronpaigY si0disRI el S5eftR Y Rigtiel W Lrd MBARBW fiddRagRIdhe

) diffusion of a polymerized macromolecular indicator molecule throughrah

interlaGiR@AREng area and tightening of the interlacing area. [0017] Figures 5A
and 5B.show macromglecular indi r tain

10017] Sogi e CRAGd Hore B s P ST P o aR o e

one or ERGY o@ﬁ\‘f&ﬁ%ﬂ%@cﬁ reating.a sHRRAIHWIth.gisFRPolymer containing

Ionic groups In accordance With‘gne aspect of the present invention.
100187 [0019]Figuse BR whewsibe inaberesieh ¢bthe smeghaaipPosham 4n

Figures BA to 6C. [0020] Figures 7A to 7C show how a macromolecular
copolyrisicaiah MRl rne: cralian pestive shargtsorbiels mret disthibpted anter

the entire molecule is attached to the body of a sensor having anionic-
inventig@foups on its surface.

[06019] Figure 6D sho@é the final product of the mechanism shown in Figures 6A
to 6C.
[002C] Figures 7A fo 7¢ show how a macromolecular indicator molecule carrying

positive charges which are distributed over the entire molecule is attached to the body
of & sensor having anionic groups on its surface.

[0021] | Figures 8A to 8C show how a macromolecular indicator molecule carrying
a terminal positive charge is attached to a body of & sensor having anionic groups on jts

surface.

Detailed Deécription of the Invention
[0022] The Asupp‘ort for an indicator molecuie, such as a sensor device, has o
meet certain design requiraments. iln tf'we case af' an optical sensor housing,
fransiuoency and durability are Qeneraii]y desirable. As a reéui’t, the surface of a

support, which may be made of a material that can act as an optical waveguide, often

7-



[0021] Figures 8A to 8C show how a macromolecular indicator molecule
carrying a terminal positive charge is attached to a body of a sensor
having anionic groups on its surface. Detailed Description of the Invention
wO0aR}Beisupport for an indicator molecule, such as a senBOT/@RYiICSH11654
has to meet certain design requirements. In the case of an optical sensor
has a deludingptrdies| tioarieywanydidiazilifyoardéhgeprendiyi ek siridendissaaesultecule
the surface of a support, which may be made of a material that can act as
that is gpstpadal Mravdathee, lefeat Pwere0dbitcebel permlsebosrabsa
' has a set of properties that is very different from the properties of the

different iR PRI AL &P B PELRRHEL D (hak SARMRIS HRsygport

s ofteryRIPBEHES 8250 often. different fiom the enviionment inuingh e,
'S ONENL YRS V'odﬁSP = o'lgéxampefe?%e support IS Stten very%y rop oBic fae.g.

- sensor?qgms 8&%@%&}%@8&&1@%%@%{9%@@%@ ?ﬁ@%_@@%@i&w?%e@me

ndicator-molecule can be very hydrophilic. This is especially desirable if

i analyABalyies sedetactaddn A ad weaisedimirCanai embadineats ofthe

present invention are directed at achieving effective immobilization of
inventidhdicatorsaalacilashiévigdiffedhac lomolsitizéaibindicaticannlenitesiles,

despite the differences in the properties of the support and the indicator
includinpotestitey alkdidthiodicatverssbcaitsctieg tive the dirensimess df the properties

indicator molecule. Certain embodiments of the present invention actually

of the suRpcitieaAtAgeTioREdepRIAcaE HHENE S theR AN aiir deriteeate

them to_achjeve immobilization, i o L
performance of the indicator molecute. Certain embodiments of the present invention

actually téke ad\'/ahtage of these diﬁeréncas, enhance them and/or even create them to

achisve immobilization.

[0023] A wide variety of indiclator moiécu%es éarz be used in the cantext of the

present invention. An inc;iic:a’ror molécu!e according to the present invention is a

molecule having atjieas’r one characteristic, éuch as flucrescence, that is éffected by the
local presence of an analyte. Such an indicator molecuie can base its activity on any
number of principles including, but not limited to, 1umimescence; éuéh as fluorescence
and phosphorescence, ahsorbance or color';metrics. The indicator molecules of the

" present invention include monomeric molecules as well és macromelecular indicator
moiecules, such as water soluble macromoiecular indicator molecules. _ For example,
the compounds described in U.S. Patent Application Ser. No. 10/187,903 and in U.S.

Patent Publicétion Nos. 2002/0127628 or 2003/0082663, which have at least two

8-



[0023] A wide variety of indicator molecules can be used in the context of
the present invention. An indicator molecule according to the present
invention is a molecule having at least one characteristic, such as

wilumesoesxe, that is affected by the local presence of an aratytes St 1654
an indicator molecule can base its activity on an L% ber of principles

n fa
ocounHRILERGEBiR RECHARER R AIHESECR oo SOEH A TUIOR QUEREE a7
tha ﬂuogg%)f%)nh%ﬁggﬂﬁ%ﬁ%%g%aﬂqg%%sc le%g%%tcri"ﬁ% X Tg'e#,%gé%?tﬁr né?%%% or

| )
clade monomeric molecules as well a

the ﬂuorrneas%omrp@!‘%%g I%BPB SSac%va L%%’@SJ@%%W%G@S%W@O also can be

macromolecular indicator molecules. For example, the compounds
ssed ndgscried,in ., PatentAnpliaadion SerdNe 008 6803 anga MsSnd
Patent Publication Nos. 2002/0127626 or 2003/0082663, which have at
applicaleRs! BroinBINGr2QR6AEE998] PEIIS2000/ L1604 reepgaition eleimentsine
for glucose, can be used in the context of the invention. Further, the
art will Hppreseentdantbamideuitetal icdmplexesdesczibed ire UssoRatest!No.
6,344,360 or the fluorescent phenylboronic compounds of U.S. Patent
100241 No. 5,508, Fi(rateo tarebdeasedhin theseohtexe O the r SR Myageic for
The disclosures of these patents and applications are incorporated herein
one or mpreferehtes HoWeHETREHE PEretH SRIRMMAINGS Hrt i A pradidie i ecules
any other suitable inchator molecule cafﬁnb.g sed as ngII. }[99924 The . .
are spafie 6P IHASEUIES B HE BrEEERtIRventdn 4" ganarafy-SpeciiicTor ol "
' or more analytes. For exam in a prefetr i t..the. Indicator
oxygenm%%gcm msx?éte 1| I’lﬁl?:)?éle ?J)?dl’lsé%ﬁf eé%:: %chagngg qu%ﬂveﬁgﬁ, %&%ﬁgﬁ

ules “are specific for ylucosé: In’ other embodiments, the indic
Howevgﬂ%%cwg are-spagific: forexyaen; carhen dioxide; itlis-@dde; dadna-Rities
lons and mono-or divalent cations. L
can be detected and/or measured using the present invention.
[0025] in cartain embodiments of the present invention, monomeric molecules
such as those described in the above-mentioned patents and applications, are

converted into macromolecular indicator molecules, inciuding water solubie

macromolecular indicator molecules, by polymerization in the presence of expanded

o

substrate polymer, or attachment 1o a polymer. "Macromoiscular %nd!ca‘tdr molecules
or “macromolecular indicators” according to the present invention are molecules acling
as indicator moiecules, and are macromolecular from, for example, being partially or

fully polymarizaed, for example, copolymerized, with one or more molscules of anothsr

tyna. A polymer, in the context of the present Invention, includes any product of the

polymerization of monomers, complex or simple ones, as well as ofigomers. “Water

-9-



However, as the person skilled in the art will appreciate, a wide variety of
other analytes can be detected and/or measured using the present
invention. [0025] in certain embodiments of the present invention,
wihanevnerdeimolecules such as those described in the abovedanarsiersed 1654
patents and applications, are converted g/m\émacro olecular,indlcator

20 AT R aler STEHIE cromdietie Firdicator ftfeciies,
vent 2y RQymerization.inthe presence ol expanded sutale polymer.

tar
ttac ment tO a (5' mer acromo ecular |nd|cator molecuie

hydmpmﬁ&@m%gmerdwmaé% aesording e %%oggﬁ%wwm%% be co-

molecules acting as indicator molecules, and are macromolecular from,

polymsfosRxamplebeing partialy-arsfullty palymeszediderexatriielic monomers
copolymerized, with one or more molecules of another type. A polymer, in

includethe.cardexitoi-thedresentinention sschuasrameprachycttes thiyls,
polymerization of monomers, complex or simple ones, as well as

colysaaligoitiess pWaterdes Vwa 20050 6008 1 PETAIER00B/0H51 854 stiobie HEMA
macromolecular indicator molecules” (WSMIM) according to the present

(hydroXpaiéitio s BrecriEceo PICTEREN HOMEEA 6 Fidtse SRSWHRH BAS GiRdraf mixtures

substantially hydrophlllc In order to ob}alna "YSMIM, suitable recognition
of two %Brﬁfﬁérﬁfﬁﬁ %%P%%@m%‘é@& it Ry AP S THGHO AT 1 E XA ‘Fe*é‘i‘s

uitable h rT¥drorph|u nomers include, but are not limited to, i
Sta% 2130 OF & IAOLOMESHC neica: ey el Rt Syd"op flic
ac[?y% RaiR methacryiatés, vinyls, 'polysaccharidi

monarrpé%% amide pawf&évm@ acids, hydsephilic silanes o siexanes, HEMA

roxyet methacryiate) or other common hydrogel constituents as
2003/0Welbas mixturesoeh bwoxromere diterentmonemess. &xamples ofatent

macromolecular indicator molecules
Application No. 10/187,803, incorporated herein by reference,
100261 The nature and ratio of suitable hydrophilic monomers will vary according
to a number of factors described, for exampie, in Patent Publication No, 2003/0013204,
in a preferred embodiment, the water sciuble macromolecuiar indicator molecule is &
copclymer of 2-hycdroxy methacrylate (HEMA) and bis—carbaxytate bis-boronate-
anthracene. !n yet ancther preferred embodiment, the watar soluble macromolec '% ar
indicaior molecule is & copolymer of methacrylamideprepyitrimethylammeonium chicride
(MAPTAC) and bis-carboxylats bis-borenate-anthracene at ratios bef\;fvfeen
approximaiely &1 1o 80‘:“1.
[0027] ina prer’erred ambodiment, the macromolecular indicator melecules of the

sresent invention have referance regions such as excimer regions, which are aiso



produced by co- polymerization of a monomeric indicator molecule with a
hydrophilic monomer are described in U.S. Patent Publications Nos.
2003/0013204, 2003/0013202, 2003/0008408, 200310003592,
W2ORR2A0088793 and in U.S. Patent Application No, 10/187,9887F/US2005/611654

incorporated herein by reference, [0026] The nature and ratio of suitable

referrehyRRp Rl RO fOTTETs Wi /ER? acesfiiy PP REINTEP G TadfoFse Present

: . desc_[ibeggl, for example, in Patent F?ubliication N%{zoog/oq132Q4, in,g

nvent i e MBSAHIHY! the Gt SAERR MAdise Rt fndicatsyIa es &n

excémem&#%% 'Ieég@eq%go %‘55&&%&%{% ;@gtgg,%%%tg %‘!@{l@?@ﬁ% the primary
bis-carboxylate bis-Doronate- anthracene. In yet another preferred

structu@Mbodiment, the water soluble mackemoleqular sndicalor Molectie IS &iqn)
copolymer of methacrylamidopropyltrimethylammonium chloride

may créMARTAG) and hisrearkoiate bisthosenrie-anthsacenre atatios PRIWESR
approximately 5:1 to 80:1. [0027] In a preferred embodiment, the -

of the mmaeromolectiter ietdicatormbieeutes Bkt garesent imvehtonibslve of 2
reference regions such as exclmer regions, which are also -10 WO

meiecuZD0B11 00981 PE TAIS2005/04 T6BaCHede resl 1 he exsimesr arifssibis
regions. "Excimer regions" according to the present invention refers to the

descri%‘gi&f@%arﬂ%@;rw dutar firdieatdP ndled e that provraes srceigisen by

. ___effect. Sequence specific excimer regions exist as a direct result of the

r&1ere Gmary structure of a molecule. However, adoption of its tertiary structure

on{[)4 L.rréa .create additional excime{ rgg:i)ons.in ? mplecule..

25 el re o)

100281 g o AT P NG IR CRNEAL O BB BN B s o
analyteCOATRSIRNSHG longer wavslenath SOUSSIARIA; of the systsm analyzed, such
as exciation intensity, temperaturs, and pH. As a result, an indicator molecule having
sxcimer regions may serve as beth an indécétor and an internal refarencs. For
example, the emission intensity at the indicater wavslength {i.e., the wavelength
Inﬁﬁenoed by the analyte) can, via selsct bandpass filters, be ssparated optically from
the emission intensity at the excimér wavelangth, The resultant value corrects for
interfering factors which affect fluorescent emission properties, such as fluorescent
guenching by, for example, oxygen, driff, phoicbleaching, d@grada‘ﬁibn and error in pH
eic. indicator molscules having excimer regions are particularly useful for applications
involving iong-term implantation, as ambient conditicns in any long-term in vivo
application are bound o be subject to fraguent change. Accordingly, molecules with
excimar regions are part of a preferred embodiment of the present invention. U, 8.
Patent Publications Nas, 2008/0013204, 2003/0013202, 20C3/0008408, 2003/0003582
| . . :



molecule having excimer regions. The molecular basis of an excimer

effect is described, for example, in U.S. Publication No. 2003/0013204,

incorporated herein by reference, [00281 . As described therein, an

WexXaiRaoregion is not responsive to changes in analyte coneemtusbias/duds4

is responsive to other aspects of the system analyzed, such as excitation
and 203RENsiR/ IBniperiaratcarrAll A% FTRShRSanTATiCR Y ORI Rdbing

excimer regions may serve as both an indicator and an internal reference.
MoleSUES example, the emission intensity at the indicator wavelength (i.e., the

[0029] Wa"e"?r?%}who%”sﬂr”ﬁeﬁ%%%w%ﬁﬂ%‘}é?%’e&ﬁﬁn@&%‘ cthandpass iiters, be

separated optica e emission intensity at the excimer wavelength.

indicatolNEJE YNt valie corrects for-dntedesing faciers which aHedt flgrercens

emission properties, such as fluorescent quenching by, for example, ‘
are, for@NBRPIFfloRolohercbingsdearasiation aadLerarti pitseie: cheatey
molecules having excimer regions are particularly useful for applications
respecio¥ohdngiongrtésouinplantation) s aomsieatioanditioss im ary/feng-term in
vivo app'icatler, are bound to be subject to frequent chance. Accordingly,
concenirmileculss With costimer eEtoAS Hreipaiiof a)Fersrred ¥ribodipREsof the
present invention= U,S. Patent Publications Nos. 2003/0013204,
excitatiQOOBATIE2 N ReFsHB0YA08, '2003/0003592 11 WO 2005/100981

PCT/US2005/011654 and 2002/0039793, incorporate I;%erein by,
[0030] refereftd"gasthibe EXEnipRYE BESRIR GRS eﬁf‘oﬁd@ W%%Eg‘é@‘e of a

represe%%?i%gimf%% I(R.]:’i th §Op£ o5 r%ﬁr{a%gqggnﬁr%%%r@ ﬂ"?\ygmiglme,cr%lsaggecﬁveiy. The

~ tertiary structure of such a molagule is generally governad by the lowest energy
configuration which it may attain in an aguasous envirenment. The molecule hes, in the
erﬁbodiment shown, excimer emissicn regions 101, some of which are created by the
folding of the moiecu%e 102. In those excimer emission regions, two pianar molecules
of aromatic structure {e.g. lucrcphores) are oriented in coplanar configuration and have
averlapping pi-slectron orbitals. This rasulis In one or more emissions at a wavelength
that is differant from the wavelength characteristic for the parent spscies 103. For
exampla, for flucrescent planar specles, a characteristic downfield emission occurs in
comparison to that of the uncoupled species at awavelength of substantially lower
anergy than the uncoup%éd species. As described above, this characterisiic emission

szn he used to compensate for variable amblant conditions.



indicator molecules comprise one or more reference molecules,
Reference molecules are, for example, fluorescent molecules that emit at
wavelengths different from the respective indicator molecule and are not
WEegpo/i8ielto changes in analyte concentration, but resporfSRieU 9 En 654
aspects of the system‘anal%/ze_,d; such as ;exgit%gon i.nt&ns'{%/, te gpe]rature,
[0031] and pif f6050) FGRRSSTEASM T8 St thE ritary SHidtre atd tttary
. structure of a_representative WSMIM 10Q acco d,m%] L
a8 B BARO, R ok Sl T Beh Sl S AT e ot are
orefarres. “?E%”%W@f nedhy, amﬁol.gweﬁtc%'?ﬁfr ¥ cOnfiguration which HypaxatRin
in‘an aqueous environment. The molecule has, in'the embodiment

depancOWR, EXCIMEY eimissionregions:] 0l someafahishye seeaterkhy dhay

folding 6f the molecule 102. In those excimer emission regions, two planar
may bo'Belecies ot aromatiestiutturentegi-fluoidptiorés)iastooriesited in's used.
coplanar configuration and have overlapping pi-electron orbitals. This
Accordresults irs ety phrenemissiens e s walelengtmathat s differentind aithe
wavelength characteristic for the parent species 103. For example, for .
the envitgorescent plare speefed) & SHARIEEIRITE HHTRAGIEPEiLSIBIP BRtHERS O
comparison to that of the uncoupled species at a wavelen

consorSAAATRIAH] AP eIy TAH e BRI CEeme RO Beshey =S e
2re STABE SRR GOREITRS SAPWG S00EHG036T BCT USI00ToTEsEE"
sulfonsiBaiely ata-suifghle U a1 charged at this pH.

10032] The indicator molecules may be indicator molecules that inherently
contain strongly positively or negatively charged moileties at a suitabls pH or indicater
molscuies that have been modified to includs such moieties by, for example, attaching
them o a molacule that contains one or more strong positively or negatively charged
mo!etiles, sucﬁ as MAPTAC ar 2-Acryioxyethyltrimethyiammonium chicride.

500531 Figures 5A and 5B show representative calionic macromoliecuiar indicator
mo%ecuiés containing one or more strong pesitively chargsd molsties. lﬂ partigular,
Figure BA illustratas a cationic macromolecular indicator moiscuie 510 centaining &
plurality of strong posétive!y ch‘arged moieties 511, Figure 3B illustrates 2 caticnic

- macromolecular indicator molecule 520 having one strong positively charged molety

522. The moiscule of Figure 5A is positively charged as a rasult of a large number of

-3



preferred. The pH that allows a moiety to carry a strong negative or

positive charge depends directly on the nature of the moiety. In a

preferred embodiment, the moiety may be chosen according to the
wenmronrsmt in which the indicator molecule is used. AccorBigiig2ens/011654

"suitable p,H", in a preferred embodim%nt ma% be the,ﬁs[re@éagfling BH i& the
ir i
, v

positivepnGiRiaReMUT ERbICHCTRISTAE Prafevrs EiBoaime ovive e

ertro SRLRIONS o, Sensats U s upErEd e g NeuA oy

IdS, Indicator molecules are strongly loRic at neutra

fermmaPB%f&{ﬁ%dcﬁé}bg@@ pier et phbyalues pegr-nedtials AMine Mmaieties Agicated

strongly positively charged and can form a strong ionic bond with a
oy the |SHIENALE thatis streadly Negasivebsahargedsat this iy (00328} Fhe depicted
. indicator molecules may be indicator molecules that inherently contain
in thessstrangly. positivielytartae gativetychaigedanoietidsat @stiitablerpldsirm
indicator molecules that have been modified to include such moieties by,
ragionsfob exaahple, reachiriy fiserrimea sioletire that ortERd Dné vt pigRNtages
~strong positively or negatively charged moieties, such as MAPTAC or
of usinglRiestexyRHRAHASHRYIAMFNGHIURA Aot O RFIB3F Figbre<P8A and 513
show irepreserng_gtive cat(i‘onicama(i_srtomolecular ingjicz%or molecules | o
[0034] contaififgPEHE 67 hivre Sto1T posiiveRy halged IRoBtEs T partielrar e 1
', Figure SA illustrates a cationic macro molecular indicator mo,.ecule.510_
o T B A o AR oo, e e e e e
sensord WEIES A £RNOUIC mActamelacylay ingieateramglacile 320 having g

ong positively charged moiety 522. T he'molecule of Figure 5A is

disclosPRgVEl, %&%@%@r@éw pd:adarge, noahes of Ve 200098
PCT/US2005/011654 o -

sansors are disclosed in U.S. Patent Nos, 6,330,484, 6,011,884, 6,304,756, 6,400,674

and Patent Application Publication No. 200’2!0026?@8, the disclosures of which are

incorperated herain by reference. However, as the person skilled n the art can

appreciate, other sensors may D& used.

[0035] in & preferred embodiment, an Immobliization support may be formed

from an optically transmissive pdlymer material, Preferred polymer materials includs,

but are not limited to, acrylic polymers such as polymethylmsthacrylate (PMMA),

polyhydroxyprepylmsathacrylate, polystyrene, and polycarbonates such as those sold

under the traldemark LEXAN. Tha most preferred material is FMNMA,

(00367 - Sensors and suppoerts having indicator molecules atlached to them

according 10 the present invention can be used in a wide variely of fisids. For exampie,

A4



positively charged moieties, such as amine moieties, which are distributed
over the entire molecule 510. In contrast, the molecule 520 of Figure 5B
contains only a terminal positive charge 522, for example, in the form of
warn@dgiingsnoiety. As indicated by the letter "n" in both figurBETtH&2005/011654
molecules can be substantially longer than depicted in these figures. The
they caifinstrased tadiesaot FHbtevHE ARG FalRy eikcithalt efsiR sTophYBigieasa0auffars
that are present in the primary structure of the molecule. The advantages
or fuld b HEiRG kiR PIADIRBIBE Having Siidh Feiton8 RAERER dE4ErHERE:
. above. [0034] in a preferred embodiment, the support pn which an .,
salve, SRR AR R RSO B e T EE o, SR f
_.....asensor, Examples of suit ensar. lescriped in US.. n
s g g e S e e s pariced

Uses hAGreindy reference, Examples ptsuitable implantable - sg SLS AR No
disclosed in U.S. Patent Nos. 6,330,464; 6,011,984 6,304,766; 6,400,974

2003/068g5EatenbApPiEatian BitklisationsNen 2@0R 10026108 tbe diselosyees of

which are incorporated herein by reference. However, as the person
attacheskiled dmthecarticantcappreciatey othenisensossmay berysedt {0835 myaerm
preferred embodiment, an immobilization support may be formed from an
in vive opticaitycirassimigsivenpoaraismaterial. Preferred polymer materials
include, but are not limited to, acrylic polymers such as

(00371 polymétayTafetiagifiadd (RRIMIAR B8IFRGaIBXYPICHYRREERGY Bitape T that
polystyrene, and polycarbonates such as those sold under the tragdemark
may beESRAN, PRSHOSK dietefratPRTAIeN4P S BMMALTOUE6T SEriERS anten e <5

upports havnﬁ% |nd|§3§or moJecules attached to the acg%rgégguto

S " : C .{o the..
s R USHT VERTEN EAreo GS0H T SwIie JAely b TR 8 Smgipate

electro-optical sensing device., The microglectronics 205 may comprise microslectronic
components‘such as, for example, 2 radiztion scurce 202 and a dstactor 201, Inone
oreferred embodiment, radiation source 202 Is an LED, although other radiation
sources may be used. Also in one preferred embociment, detactor 201 is &
photosensitive element (2.0, & photodétector); ééihough other dsteoting devices may be
used. T\mcroe'\ecfromcs that may be contained in a representative electro-optical
sensing device are described in U8, Patent No. 6,330,484, the disclosure of which is
incorporated herein by reference,

[0038] As shown in more detall in Figure 2B, the surface 208 of the
immobiiization support comprises a polymeric siructure 207, such as, for example, the |

chains of PMMA, which are interwoven and intertwined. This polymeric structurs



-14 WO 2005/100981 PCT/US2005/011654 they can be used to detect
sub-levels or supra-levels of glucose in physiological buffers or fluids,
such as blood, plasma, serum, interstitial fluid, cerebrospinal fluid, urine,
wealpad/1eiocular fluid, lymph, tears, or sweat, thus providirR{-VaIG2Hk011654
~_information for diagnosing or mon!toring such diseases as diabetes and
provideggieRAFIRSIRRCIENEY DHEP R hAVEBESh e bty BISBRIO 15
_example, in U.S,.,=Paten,t.Aprp¢I\§_%f%1ti9n Niod 2003/0082663. However, the
boundal iR SR SAnE SUpPSrE having indicatsr molecules attached to them

10038] aCCOf%nge@aﬁeaagsg%%%ﬂmxsm@ggeﬂ@q%gg@g?%&g L for dong wma%ar

VivO uses, suc ong term implants. Figures 2A and 2B illustrate

molecugﬁc "%Ra%MQHmWQUE%WMHm& that~may, beused inthe,context

|t e present invention, In particular, Figures 2A and 2B show a polymer
particui@PEasemant Q4 containingdmicreeieetonies 290 4f aUeRIasentative regions,
electro-optical sensing device. The microelectronics 205 may comprise
which |icsoelEctyonits edmpoaentsssiol ds; forexamgeanmadiationtsoue 202s,
and a detector 201. In one preferred embodiment, radiation source 202 is
Maintaiaimg B, mithedds othderadiaton solaaes wapbeLuséte Al datepién abllity
preferred embodiment, detector 201 is a photosensitive element (e.é;, a
of the IpsHerdercteey mithorvigheefieactBesiiy dduisss sl P cigsge mbodiment,
‘ Microelectronics that may be contained in,a representative electro-optical
the M2G AR HIGE Sre UeBENSOAFII? 6 SCPRIeNt NG 6330 464, Hhd CIELIBEre
y of which is incorparated herein hy reference, [00383 As shown in more .
5 2na G g 2] S S Ee8 306 of the

Gl N Egure 263,
[0040] - inone preferred embodiment, the character of the bulk support material is
also substantially preserved after immobilization. This will ensure that a primary
function of tne support, for sxample, the encasement of microglectronics, is not
negatively affacted by the immobilization. In a preferrad enﬂbcd%ment, this goal is
achieved by relying on non-covalent mechanical interlacing for immobilization.

100413 In another preferrad embodiment, tha indicator moleculs is associated
with the suppert in a way that the diffusion distance of an analyte may be maintained
relatively low. For example, the cifiusion distance of an analyte is maintained at
approximately 200 microns or less, praferably 15O microns or less, more praferably 125
microne or iess, or the diffusion distances of an analyte may also be maintainaed &t

approximately 80 microns or less, more preferably less than approximately 50 microns

and, In certaln instances, as low as approximately 1 micron. Malntaining the diffusion

16



mmob!lization support corn prises a polymeric structure 207, such as, for
example, the chains of PMMA, which are interwoven and intertwined.
This polymeric structure -15 WO 2005/100981 PCT/US2005/011654
wpromisfe®oi one embodiment of the present invention, a hare Bokd0s/011654
hydrophobic boundary to its surrounding and is inert to reaction. [0039] in
distanceerbitivadpentsof thel PriBERe irRAINIGE, IR A romeREmaIdER dre
molecule is_ interlaced with the suppart without substantially affecting its

Indlicag5GiaSRES Ih hARTCHAP IES AT to 2t Shalycanthor e Terarancay oo ©or

J regions, such as excimer regions, which.in.the native molecule, are a
oM o b O U L Drvary o HChy S Ltare MAMLaHIRG e

pref@ra&{g'l?eesr i%ﬂféBSJPgiﬁﬂMfé’@P'ﬁ'FH!?eVM@r@fﬂ%Wﬁct%%&EBSM%‘&%?F*&Q@@%@@%W

indicator molecule is not negatively affected, In another preferre

of gluc&iahediment. dhe masomalesylarindicuormelesuleisatiachedtentbeons or

support in a way that makes Its analyte binding regions highly accessible.
'zss anl0048kp eneprefefrashembadiaedt thatebarakies of:the bubssapportn
material is also substantially preserved after immobilization. This will
anotheensorérthaeeprimarry shinétioh o fitiecsopportfaraxagspe difiesion distance
encasement of microelectronics, is not negatively affected by the
of apprimimebiliy &don| A BeprBfeRr ERPERTBEIMER, BRI GYANFES A@HEVEE ByoNds may
relying gn_npn-povalent mechani,cal.intgrlaping for immobilization. §0041] "
be desimalRothi prifdirell @ATS6AMRR AT the ihti AR 3Bl SRS RSB e PV Wi
with the suppart in a way that the diffusign distance of an analyte.may be
| f o 3 =g ‘ o Fear e Monionng oy ine
aliow, ’ﬁ{aﬁﬁ?air?i?j’ ﬁelgﬁ\?ﬁfﬁg\?ﬁ oF BXAMPIE. the HIFUSION dIStAnce of an
concem?r%lgrtwea'ﬁd%@ﬁv&%%géa&f a given analyte.
10042] In one aspect of the present inventlon, the macromolecular indicator
moleculs that is to be immobillzed on a support may be hydrophilic. In a preferred
embodiment of this aspect of the invention, the hydrophilicity of the macromolecutar
indioator molecule is substantially maintained after immohbilization to the support, n
another preferred embodiment, the macromolscular indicator is associated with the
support in a way that maintains the micro environment of the macromolscuiar indicator
sufficiently nydrophiiic, preferably hvdrephilic encugh to allow free and saturating
ci¥fusional access o large portions of the entire macromolecsular indicator. in yet
another prefarred embodiment of this aspsct of the invention, the masromolecular
indicator is associated with the support material in a way that minimizes any
nydrophobic influence that a hydrophobic support matsrial will exart on the diffusion
distance of the analyte, n yei anotherpreferred embodiment, the macromolecular

47-



approximately 200 microns or less, preferably 150 microns or less, more

preferably 125 microns or less, or the diffusion distances of an analyte

may also be maintained at approximately 80 microns or less, more

worefesablgdess than approximately 50 microns and, In certataivistans@sjos4

as low as approximately 1 micron, Maintaining the diffusion -18 WO
indlcaterons/aeo9sy. PLer STOUL0 12 BeA &R s HEEER TP ftintain

the respanse time of the sensor to which.the indicator,molecule js_ .
SO TRVl AT PO ERAMBIE, ToLlioRae ids ril berier o o=ter

oonstru%%(?sn‘}\rf)&lzﬁ’%esstt%a%zag%étcﬁl iputes. preferably less than, ahout gfinutes,

O] :
more pre ergb?y less than abBout 5 minutes. in one non-limiting

r0043] EMbodiment, for the detections of alucosedn anacueauys mediunisyr optical

diffusion distance of approximately 100 microns or less and a response
nath aiing ebappoximalehs sHaigutes arlessitaay ke desisablenttnanstwirdingly,
' non-iimhing embodiment, for the detection of oxygen gas, a diffusion
one entlist@resaffapproxisaatety otioncrariscasdaresponsatimetofzing an
approximately 50 milliseconds may be desirable. Maintaining the
indicatrespolasetme aftsididatoriindlecu kg Raiasiton: ik sallove ner
example, in the case of a sensor, close to real time monitoring of the
embodoRteAtritoR BRRIOIPIRIEEHEE ST B GIveN BRI FH4DP IR o BspRetait ©
the present invention, the macromole ularj,gicator molecule that is to be
ceureciAbBHiSEE n 2 SEROTE Ay Be ISPl 37 X Breferred embodiment

cf this aspect of the inventi np.tTh(?h dr licity of 1 ecular .. .
[0044] EI,EHB%%({} oF IS ti’éﬁf%ﬁ{ I}!ﬁ%* 1y ?Jrﬁﬁﬁ @ﬁ%@ﬂ’%@% Tﬁguam

indicat & is ‘substan ained after inimobilization to
molec EEPPIL 41 BRoneL BrElRL e emEorinet R ReREIlacyIBE IDHERI can
IS associated with the : : :
be scaled up, and that the immobilized indicater can withstand manufaciuring stresses.
Accordingly, in one embodiment of the present invention, the immobilization method s
highly efficient with respect to indicater usage (mmobilization reaction yield) at scale-
up. In another embodiment of the present invention, the immobilization method can be
readily scaled up and the suppori-indicator construct can be manufactured at high
throughput rates, in yet another embodiment of the present invention, the suppori-
indicator consiruct can withstand the sterilization methods and wash cycles it will need
to be exposed fo during manufacturing opgrations.
[0045] in highly sensitive applications, such as in ssnsors for in vive applications,

it is generally desirabls that the quality of the procuct bs consistent. Accordingly, In one

embodiment of the present invention, the immobliization method allows for a high



support in a way that maintains the micro environment of the
macromolecular indicator sufncientlyy hydrophilic, preferably hydrophilic
enough to allow free and saturating diffusional access to large portions of
wiheoestirer$hacromolecular indicator, in yet another preferreBfCaitisoimIeHis4
of’thTis aspect of the ir]yention, the rpaq[omoLequgr in;dicabor is‘asso%'!aﬂted :
degree\fith He" SRt PatEHA P4 Fay that iz 8RRy ThyarpHeBiEn s'ena
influence that a hydrophobic support material will exert on the diffusion
PreceSiddance of the analyte, in yet another preferred embodiment, the

[0048] macrog@gg@gg ?&7@%9@%%&9%? CTAS2003/0L1654, indicalOmay be

molecule’is, after immobilization, oriented outward into the aqueous

oo SiTesMnding medivn~The abovesembodiments will-enstre; that ®eot
" support-indicator construct is well adapted for detecting.an analyte in an
inactivaAgyequs-enyirenmente {0043k incopticat senisingy devicesz iniscgenerallyresent
desirable to have a clear optical oath and to be able to expose the sensor
invantide atwidte arsyeivavengths|cautidinglyrate armisodinheéssotigign with
present invention includes a method of immobilizing an indicator molecule
the soligrearierisol WRISCUERIBHESAY Dpi¢ay 18P ERH S SPERRE S&rahol@mént
- of the present invention, the immobilized indicator molecule is resistant to
le2ch ngeyradatiGitBIPligHP 4P & IRPRRBIERGIRTS wiidh Wil BE Exfrss8a o042
In CaneCtiE‘fg with high throg%hugu% maqm‘acturinlg‘of immobil.izerga'réqiié:%torn

the ImMeaEearE R geRST Ry BedRABIE AT the Manuractuting Method may be

molac PEESENL invention, the-immobilizatian mehedds o withstand forces anticipated
within Its intended anvironment of usa.

[0047} In one aspect of the present linvention, g macromolecular indicator
molecule may bé sttached to a support by interlacing the macromolecular ind}ca‘torwf‘fh‘
a polymeric structure on the support forming & graft, A ‘greft! in the contaxt of the
cresent inlve'ntion is an 1PN (interpeneirating polymer network) which may be formad by
at least one macromolecular indicator molecule and at least a portion of a polymer
chain located preferably near the surface of a support network. An 1PN, in the context
of the present invantion, is & combination of two or more polymers wherein least one is
-synthesized snd/or crosslinked in the immediate presénse of the other without any
covalent bonds between them. As descr!ﬁed in more detail below, in a preferrad

embodiment, the IPNs of the present invantion can be made by sequential



highly efficient with respect to indicator usage (immobilization reaction
yield) at scale- up. in another embodiment of the present invention, the
immobilization method can be readily scaled up and the support-indicator
weonstuasan be manufactured at high throughput rates. inBet/aaBiFsr1 1654
embodiment of the present invention, the support- indicator construct can

solymaiRSRanee B SeeHlisalioRvR oS aRd WIS YRS WA b e 1PN
exposed to during manufacturing operations., [0045] in. highly sensitive

of e ARREARI B S SR A 06 SRl Onl) TP enEraly

macroSEARE IAbInG allty ff ine piadigl b cousistat, acerrdngly i 808 ng
embod of t a

odimen e present invention, the immobilization method allows for

n whaigh i8 WQi20051.0098 1 BCT/ALS2005/01:1654, degras, of-:samenssser

ensuring device-to-device consistency n calibration and signal
networgrpp;agsjng. [00461 Especially in Tong term applications, such as in
sensor implants, it may be important that the indicator does not negatively
roo48]affect its fagtrefendingsoonisngat drettbvateadely peevalingiagnvient. at the
conditions. Accordingly, in one aspect of the present invention, the ,
surfacémiiobilized dndidatonieorRBnteaeH RERMEIE el RECEaSEbERABICWIMHEY DS
the solid surface of the sensor encasement/wavegulde, thus preventing
- . r » { pm A el ¥ e, "’14‘ aen
an aTeaigRTICARtSKERTRNY B REIBAOINEPHE ical Bhviro iR T AnGtier &8
! preferred embodiment, the im__mrgpilri‘zr(?d indicator mol %ulgjgsqggltjan}ially
l0csenRESRE M 0 TRIGE SR UTEUARTRT Y Y&t Bhoter Prefeired SthbodinTart of
... __.the present invention, the pggj\r%ﬁ%qggr g}g},ﬁg&%‘%qnstructs have
indicaior Boiscy saueEntal. L il ITTar Z8tbn,
mdca%ﬁ iGiSHr r%géhafnsfgﬁﬁfgawﬁ%o withstan For es ant|C|p<'31ted
[0049] Interlacing areas and grafts can be produced in different ways. For
sxample, in one embodiment, poiymeric chains on the surface of a support are
loosenad to form interlacing areas by a monemeric component, preferab%y a hydrophilic
mecnomeric component, such as HEMA (2-hydroxyathyl methacrylate), of the
macromalecular indicator molecule that also acis as solvant for the support material, In
one embodiment of this aspect of the invention, a graft Is formed by polymerizing the
‘nydrophéﬁc monemeric components of the macromolecuiar indicator melecule that
causad the locosening of the polymer chains on the surface of the support, with the
remaining components of what eventually forms the macromolecular indicator
molscuie. Interiacing results from having the polymerization proceed through the

interlacing areas 1o form a ssquential IPN. The polymerization creates & mechanical

iock between the sunport and the polymerized macromolecular indicator molecule, The

.20



within Its Intended environment of use. [00471 In one aspect of the
present invention, a macromolecular indicator molecule may be attached
to a support by interlacing the macromolecular indicator with a polymeric
wsetnaeti®asn the support forming a graft. A "graft” in the contXt/okthes/011654
present invention is an IPN (Interpenetrating polymer network) which may
polymesEabanad thy ERTEHEGHR Thatd SrAGIeEHRF THAEADICATBIETAIE 4RI BF R ast

a portion of a polymer chain, located preferably near the surface of a

causesIHHGEHSEVOIK. }%\ﬁ?ﬁg’ﬁe It cohted %Pﬁﬂe}./rb?gg%ﬁ Avéntion”i€a
comhination of two_or : rein. i iz

e e S e e e

conneSQVRIANT Bendsbetweenthemy, Asdeseribest im snase detalbelowsd0 8.

preferred eémbodiment, the IPNs of the present invention can be made by
schievSEaURREalHW G 2008 LLB088H B CidS2005A314.654 cpatymerization
resulting in sequential IPNs. in another preferred embodiment, the IPNs
[0050] of the preserésveniomatermatief biysntertacing epactialyop dollyerization
polymerized macromolecuiar indicator molecule with the polymeric
raactiostractyrésof thessigE Ottt FEsUAting iy Weharietalked!Anlthe GBRteRt onhfisical
present Invention, an interpenetrating polymer network ("IPN"). 10048] A

. I . i - -
Co., Jefret step ieiproainanga’grat 8 TOHEa8CE MBPACHTSAFER S M tRE SfaES:
; of the EW”' An ..ilnterlacing area’ ‘alccorl in?%tf[ﬂﬁﬁﬁﬁ S rr;Lin\(]epgpo . .
for examalPhe Gl & AEEN the KHACE D A SUPFortin Whi MEr ehAmSD
the ort have been loosened to,all nterlaci I '

trimet S;’ug, I%re?gra-tguene s&?ﬁomc ac%amg\wge 2588!{'%%@ &)Rf?fggﬁ%t%n

‘ 6 , ed macromolécuiar ‘
reaction mix to crosslink the macromolecular indicator molecule within the support. Ina
prefarred embodiment, the crossiinking of the macromolecular indicator molecules
forms loops, while the loosened support material forms ancther loop which is
interlocked with ths loops of the macromolecuiar indicater molecula(s),
[0051] The crossiinking of the macromolecuiar indicator molecuiess within the
ars® is aimed at achisving higher overall reliability of the atlachment of the indicator
molecule. 10 yet another prefarred embodiment, the polymerization reaction may be
rLn within a mold such as g8 DELRIN® moid similar to the one shown in Figures 6A-8D.
[0052] in another embadimant of the present invantion, which is iliustrated in
Fioures 3 and 4, a graft s formed by first loosening the support material by a soivent
and having & partially or fully polymerized macromolecular indicaior molecuie interiace

with the interiacing areas of monomer mixture on ine support material. inons

-



indicator molecule or by sequential interpenetrating polymerization. [0049]

Interlacing areas and grafts can be produced in different ways. For

example, in one embodiment, polymeric chains on the surface of a

weuppBrt@s loosened to form interlacing areas by a mononRerigUS2005/011654
___component, preferably aﬂhyqnogrhilic Tor}ogn?ric g?mpongnt,such fls

embod eI RERGH BRI RERAAGTIAS) SRS AAEromoIBearIvacAtor
._._.molecule that alsa ac salvent for, 19 ial, in.. b
oo g e S I LAt ot B ORon B STl e erci oo otrer

While ﬁ%'%%@%me% & dydrephilic monemeric, componss Of e cerain

macromolecurar indicator molecule that caused the loosening of the

smbodiolsnerchains:omrthe SuHaca R tResuppeH, with theyirempaiaigonal stability.
-components of what eventually forms the macromolecular indicator

[0053]moleciieyUniertating resultssisosp havingatiegelynignzatorproceed for
through the interlacing areas to form a sequential IPN. The

microspalyoretiz dfidrecreates mandichanical doek. betawersthis supparcaed tew of
polymerized macromolecuiar Indicator molecule. The _20_ WO )

the suZBO5ATI0OBIUPT e SZDUS/ 0 KEEL I MEr2 B e EHE LB MpB AR E!
the macromolecular indicator molecule also  causes interlocking with thhejz

comDr R AriEt PoIg Y LIRS A SR EE R QAR BRES BMBOGTERT, five M MA

- olymer chains may be tightened as.described, for example, in. ., . .,

e 2 T T Er S T SO ey e Lo peee o

ne enfl2YRe pchieved dfor example by temoval ofthe soivents diying or other

ne emr:ﬁgans.TOO T\ﬁ?r#jpreferr%@lg%bodiment oof thE;e.| present invenﬂtgil)gn, the

configRAMerization; eaction-cempases Ajadical indiatorsyshias Jorsexample,

VA-044 (WAKO Chemical -

arszs. This tfransition is accomplishad by treating the surface with a solvent which may
he, but is not limited to, ethanol, 2-methoxyethanol, DMF (dimethylformamide), HEMA

nr mixtures tharsof.  Howavar, depanding on the support material chosen, the persen
skilied in the art will appraciete that any other substance that can attack the surface of
the support to form interfacing areas may be used.
[06541 Figurs 4A shows a surface of the support 208 witn %nteriacing areas 308,
which may be, for example, created in the manner shown in Figures BAnBC. Figurs 4A
also shows & macromolecule, such as & macromclecular indicator molecuie 100, The
macromoleculs is added with the Interlacing arsa forming substance, cr after the

appropriate interlacing ares forming substance nas created interlacing arsas on a

support, to @ reaction vasss! containing such & suoport, The macromolecuis 100
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Co., Japan), In yet another preferred embodiment, one or more
crosslinkers, such as, for example, EGDMA (ethylene glycol
dimethylacrylate), TMPTMA (trimethyioipropane trimethacrylate) or
wperadoboetie sulfonic acid may be added to the polymerizatiar/tsaation 1654
.. mix to crosslink the macromolecular, indicator, molecyle within the support.
InteragRsV Rt rePEAMGRIRRTE, He %¥o§°§|i‘?ﬁ€ﬁ“g%?rtﬁ‘£”:#§ omofculal
indicator molecules forms loops, whil loose , ) ial
cceom e SRR KR 8 eSS sk hthod g g - o el evenly

over tHDacEOmolesylar Indicator moleculels)s [0Qs1} Hhe craSslinking:olde s

macromolecular indicator molecules within the graft is aimed at achieving
gescritighen overall reliability of thesattaehnrent ©f theindicater raslesyleqin yet
another preferred embodiment, the polymerization reaction may be run
praferreithimisomeldrautte asa DELREN(E) molcssimiac thishesonershowrih at least
Figures 6A-6D. [0052] In another embodiment of the present invention,
partly svhitleis ithsirdted ondFgasct Sranmisd,catgratt is! forniedrycfirst dodsbring
the support material by a solvent and having a partially or fully .
macropeipmasiz 6@ RrEBFONMISEIRAP PRI IHPPACTRRIFE SrREHECEMRIM thi@raction
. 'interlacing areas of monomer mixture on the support material. In one -21
with B PEMIERIGEE PCT/US2005/011654 embodiment, a crosslinker is

ssjaaaco fo a mix of salvent and the macramolecyler, indicator malagules,,
[0058]which RS the B STROSE AT TR ator MoTeCuIS 16 each othar - While'
cotymaRg.crasslinking. may.aceur before interacing - the pracesswill, ip, cetain. ,
‘ embo |men%s, continue atter interlacing has occurred, thus providing

Fiqure8daitional staility: . 0031 FHgure-34s Husikaiesaaenser 24 havingiao on
~  polymer encasement for
‘the surface of the support 28 the support material 207 reveris substantially back to its
original tight corfiguration. In this procass macromalecule 100 is trapped as shown in
Figure 4B and thus securely immobllized on fo the surface of the suppert material. In a
preferred embodiment, this process (s accomplished by actively removing the
in{eriacihg ares creating substance.
tOOSG} in another ambodiment of the prasent ?mvemiom, the interlacing area
creating subsiance valporizes over time. in yet ancther embodiment, the support is
dried in the presence ox; cxygen‘to siow down the polymerization reaction, which is
inhibited by oxygen and thus faciliiate dif‘fusion of the macromcelecular indicater

malecule through tha interlacing arsas.



microelectronics 205 as the immobilization support. Figure 33 is an
exploded view of the surface 206 of such the polymer encasement. In this
embodiment, the surface comprises a tightly interwoven and intertwined
wiong diaivsed polymer such as FMMA. The arrow pointing s/ ESgene03@54
to Figure 30 indicates the transition of the surface of the encasement
[0057Imateri&h froRi e tighlH GhESO VERsEBhITYERAIh X RIS LBRtigaratonbe
- _The loops 308 constitute, in a preferred embadiment, the interlacin -
ImmobiiReLsOT RIS HRERTIGR 1SR OGMpIShe Ty tRESIG thasitae Wi 5ot ostatic
.solvent which may be, but is not limited to, ethanol, 2-methoxyethanol,
attract (dfifiethylformamide), HEMA or mixtures thereof. However,

rooss]0ePeng.on.the suppart, majerial.chosenn e erson Siiedindbenatlo.

will appreciate that any other substance that can attack the surface of the

sbove SHRROH tosform interlacing areas may hedised, [PRRAH Figura farshows a

surface of the support 206 with interlacing areas 308, which may be, for

Figure XABRI AFRAtesLH the Spamnercshavin Figlres 8A: ACsTrigaredhisalens
shows a maoromofecuie, such as a macro molecular indicator molecule

chargstQP, Thetr-maerd malethiesistiad thetbwiith thesintéslaCing areacidensngpsitivaly
substance, or after the appropriate interlacing area forming substance
hargekatiuer gatedinteniaving afezesdinal SDpIEE, Togteadioh wss@mple, amine
~_containing such a support. The macromolecule 100 -22 WO 2005/100981
moletigCT NS RTESTIIBS AT ANHACR SRR fe IMERAEHTY: 4ré4S 368Y for
.. . example, simple diffusion. To _accomplish interlacing of the . N
st RO A ACHELIBY 0 EIEL CUBSEAME EWEy vaP U BhiFs
descﬁt&;’eucgfgggv%t %%99%%%&%@&@2 @abr%% %@p% %?%%%rag@! 'Bﬁa‘?@es ata
suitable pH range can be used in the context of the present invention. in a preferred
embodimant, indicator molacules carrying strong positive or negative charges at pHs
around neutral ara preferred.
[0059] Suitable suppert materials for immebilizing the indicator molecuies via
ionic bonding in accordance with the present invention have been described above and
inclucs, for example, PMMA. However, any support material that is fonic at suitable pH
ranges may be usad. Such support materials usually are not, but may be, inherently
ionic at such pH ranges. Generally, the support materials may be modified o be lon'e.
For example, a suppert material may be modifled to carry charges thal, at a certain pH

range, are opposite of the charge(s) of the appropriate indicator molecule that are 1o

he attached tc it In orne embodiment, sulfonates, which have been co-polymerized



described in U.S. Patent No. 6,330,464, the diffusion is allowed to

proceed. In a preferred embodiment, the macromolecular indicator and

the support are both at least partly soluble in the interlacing area forming

wsubstaroes1ln one embodiment, the macromolecular indicater TnsiBosie is34

partially polymerized at the time of interaction with the interlacing areas.
with mEaBBShiriemiiae éidédimmneotrmanicediawiedureindicatoicragsuteis

fully polymerized at the time of interaction with the Interlacing areas. The
methodgron tetiesnn Eigiras A Ef a8 fiicafSdCtRECSEE e Fnmehifiz AB0A 6

the macromolecule 100 on the surface of the support as th?asu

] 00, ! [
Y 46 07 1S5S SN ek TS righ Al IGH e G Rabhzse
4905 repned oo shown o, Figre 48 and

trong AR PLSESE Magiamalacule.
SrONg @SSR &Ry imirobilized on to the surfac e support material. Th a

sulfo '5%5%{?!’% embadiment, this processiis accamplished, Ry aslively Femoving,
the interla

cing area creating substance. [0056] in another embodiment of

cationitng-presaniingantons e ieslasing aeeas efeating sSubstaDeeyeRorzeme,
over time. in yet another embodiment, the support is dried In the

trimetHIfesenss ohoxggen doskimstowndhe polymesizationseaetiosgdvhitheisontext
inhibited by oxygen and thus facilitate diffusion of the macromolecular
of the indicatonyaolieculentBrougertae aadading hréssg <23 W\EDE2008/ FOOO5L
PCT/US2005/011654 [0057] In another aspect of the present invention,
aroundrictifor Molkeines iRy be CRIMBISTHYBE B 4 8ifispErtAaSitiie BoAding.
lonic bonding is based on the electrgstatic o .,
preferred eambodimént described above, the ionic croups are provided by coating the
support with a copolymer of suifonate and methyl methacrylate (MMA) or, In certaln
ambodiments, by a glass or glass-like coaling. However, other polymers, such as
acryiate copolymers, can be used in the context of the present invention,
[0060] A nrocess for coating a support In gccordance with one embodiment of
the prasent invention is flustrated in Figures 6A 1o 8D. Figure 6A illustrates a bean
shaped sensor 800 and a meid 811 having an inner surface 812 which may be
dimensioned fo closaly match the shape of the sansor 600. As shown in Figurs 63,
when the sensor 800 is inserted infe the moeld 811, a small gap 813 remains betwasan
tha surface 606 of the sensor and the inner surfzce 812 of the mold. Figure 8C shows
how a coating 814 containing lon-exchangsr groups, such as & MMA-sulfonate

g g
L

cosolymer, is added to the mold to fill this gap. The ceating is then cursd, for exampie,
by heat, to create a coated sensor devics 615, as llustrated in Figure 8D, Figure 8D
shows the sensing davice §15 having a strongly anionic coating 814, As discussed

25



attraction of ions. [0058] Suitable indicator molecules having ionic charges
have been described above. Those indicator molecules may be
monomeric or polymeric. Referring to Figure 5A, a suitable
wasssmoecular indicator molecule 510 is illustrated which hasr/chargas 1654
511 distributed overthe entire indicator molecule. The molecule is
abovepositarglyicliarged diécadbrgeatfoberionisdsitvelvhagjad n aieties,
511, for example, amine moieties, which are distributed over the ,
such 2maBRRa R BENYAY, IRCAIBISRAIBS D MOHPIREdAR ERBRITE Soreaiis the
_only a terminal positive charge 52@@. lowever, as described above, an
art il 3RS ol RA BRI BOTRE b BJANES alGes Aa LUR=pra prt

itad 98 Can be used in the context of the present invention. In a preferred
ssmatadeﬁ1 0

bd@%gn?fﬁ HdicAtSr molecules carrying strong positive or negative

gooaﬂchafgé?sap%é%ﬂ%i i el are preferred. JOA5R] Suitable SURPOLL iting

“materials’tor Immo ng the indicator molecules via ionic bonding in

immob@%ﬁﬁf&?@% withithe PEasednveRtipadavehesn descrbesatoye aadhody

‘ include, for example, PMMA. However, any support materl,al that is ionic

of a scfsomitabiedet |rangesimayhe tsed. Suok stppektraaetalsusyadly eeeing
not, but may be, inherently ionic at such pH ranges. Generally, the

844 hsupporhmategalspedy bequedifideito edonier iBorwiennpleicasuppaorepicts a
material may be modified to carry charges that, at a certain pH range, are

macroogpesite on thestianpitsyisring ApprprRte sdeatee nbldcaie BhxcarE fyited
be attached to it, In one embodiment, sulfonates, which have been

 over g rlgRtizel S B4R S0DS  F00BEA BT TIE/€ 2505/ 1653 SoNs0r support
on the ona hand, and the pesitive charges 511 on the macromolecular indicator
molecule 510 allow immobilization of the macromoiecﬁiar indicaior moiecule on the
'sura‘ace of the support in a simpie ion exchangs reaction. Thus, the macromolecular
indicator molecule can be immobilized on the support as shown in Figufe 7C by
bringing it into contact with the support in a soiution having a pH value thal supporis a
strongly anionic charge of the support and a strongly cationic charge of the indicator
moiecuie. Since the macromoiscular indicator melecule has pesitive cﬁargas
distributed cver the body of the mclecule, tﬁese nositive chargas can form bonds with
muitiple negative charges on ‘ché support 747.

(0062} Figures 8A to 8C show an immobilization process similar to that shown in
Figures TA e 7C. However, the macromalecular éndécafor moiecuie 520 carries only a

tarminal positive charge 522 as opposed fo posiiive charges over the entirs bedy of the



with methyl methacrylate (MMA), are covalently attached to a non-ionic
support by methods known from the ion exchange resin art. lonic groups
other than suifonates may also be used in the context of the present
winzessimoogior example, other suitable strong anionic groupBTTR2a&/huts4
not limited to, methylsulfonate, sulfonic-acid, suifoisobutyl and sulfoethyl
moleciareberased iscthe donmtexingt thegpréseAtivamtion, \Steontpecationicnoiscular
groups such as, but not limited to, quaternary ammonium, quaternary
indlcatamiiescuirfetiyidmin SR @ie mearyEara Himamyjetiafolaninescds arén

be used in the context of the present invention, In a preferred

i i

¥ h 1 d ! i A
sxchangRBamhEMt IR G685 Bre SoHIEaE FHE arstm P riebf P WAt oMo ally 818,
roups ggryée covalg,\gﬂ%/ I%r]“gg;d to the sup rort inaacﬁ)regeérzr%d embodi{nent

via an g)é% 8(“/8,6%{ |o“nf3: grou%%sggrveepcrovi%eérbyacbé In Oé‘ @agggrte and

an nciffid) %%gg@g%c}.@fcﬂfa@&gﬂﬁggsgaﬁ methyl methacrylate (MMA) or, in

certain fments, glass or glass-like coating. However, other
polymers, such as acryiate capghtiners; can be used in the context of the
present invention. [00601 A process for coating a support in accordance

[0os3]with one-embedimentof-dhe preseptnventionds ttustialeshha sigy s 6bn e
to 6D. Figure 6A illustrates a bean shaped sensor 600 and a mold "011
embodiRdifiahinRessuface flaviditks onay de sdimensioned to closely match
the shape of the sensor 600, As shown in Figure 6B, when the sensor
[0064]600 is Brsetted Mto themioid-62/t Ad Stk Y818 Adriainssetiveen the
surface 606 of the sensor and the inner surface 612 of the mold. Figure
dimethgC dhaws Ao ascoatiiis 61# contaafingdaeiexXéianyes grevissSsuth as a
) MMA-sulfonate copolymer, is added to the mold to fill this gap. The
fluoresgaatim ROREACTIEEE Y BRETPR:, St ENCATEIe A 2 Boated efisor

anf:’nraggr\{eif%yg%%fﬁ%gIyggg}ggoir?/Eigtu‘;rg gw%?nﬁli%{ﬁga out 28 mg/mi) to create
"Solution 1. 300y of Sclution 1 was then added to 7001l of distilled, deionized Water‘
to yvield "Solution 2" (white gel). 33.8ul of 2 10% solution (100 mg/mi) of VA-044
{Wako Chemical Co., Ja;ﬁan) (free radical, water soluble inltiator moleculs) was added
to “Solution 2" to create “Solution 3.”

- [D085] In the meanwhile, the immobilization substrate, in this instance & PMMA
core, was expesed 1o ozons for overall 30 minutes in a UVOCS (Model # TOB0E ozons
chamber) to create hydroxyl groups on s surface (o aid in weiting, A thin coating of
stocpecock grease was applied on the interface of a two part DELRIN® moid, The two
meld halves wers joined and locked fogether with three hose clamps (8-22.2 mm) and

the bottem hole of the mold wes plugged with a rubber septa. The mold was ioaded



shows the sensing device 615 having a strongly anionic coating 614. As
discussed -25 WO 2005/100981 PCT/US2005/011654 above, the anionic
groups of the coating can form ionic bonds with cationic groups, such as
warningigeotips, of an indicator molecule, However, as the persoruskiliedriess
the art will appreciate, the coating can be applied in a variety of ways
with 20figludiBg)Birmdt TiRGtEdes 20IPiResET SprayiRE 0T 1TFiguies BACES 2@
illustrate the formation, of ionic bonds and the resulting immobilization of
0.203" Al B8t ERAIEE TiA G OTHGTeEGTr iRt A BRUGH BA! he oty of £
- sensor surface. In particular, Figure /A shows the device 615, having a
o CEGRINE e HATAG AR GRS 8 LRy St SR o s
end of %%fggg’so':'%%%r@ g%p é?daﬁ“g%%q@ Eﬁ%'@%!@r'ﬁﬂ&@%c@@'ﬁ%%%@%@ he

1
havihg positive charges 511 equally distributed over the molecule. The

moid aﬁﬁr%@%%éﬂsiaﬁa%/%hﬂw%m PRIDS RERSEr BURBAH: B5HBe OP8oids,
a

nd, and the positive,charges 511 on the macromolecular indicator

Then tRaolesule,51Q allew immebiljzation ehthe:maconiolecular-ndicater 1-24
molecule on the surface of the support in a simple ion exchange reaction.
hours, Trefsrshe adomolgcgiae iriditatonirotet pie wanrtuedfnidbilizeth en deéng
support as shown in Figure 7C by bringing it into contact with the support
at 50°Greassolutipiaralddgarisd valiiesthat supports A eduigly ailaie chaderstic
the support and a strongly cationic char equ the. indicator molecule.
penetrEmietid MACRom Bl SAHER R CAtor RfoTedlie RAY pasitRETreSn PN
, distribyted oyer the body of the molecule, thes itive charges, can for
(NS PBEHGR WA I EGAIE ERATES BT the cubpin 717, o5 S-sesuuenty
removad from the mold and placed in PBS (phosphate buffered saline) storage.
EXAMPLE [l
[0086] An example of a protoco! for producing the graft in accordance with
another embodiment of the present invention is described below:
[0087] 500 mg of & monomeric indicator molecule, such as bis-carboxylate bis-
horonete-anthracene, was added o & 5g solution comprising HEMA and acrylic acid
(90:10; wiw) to create "Solution 1." However, the relatlve molar ratios of the monomers
may be varied to achieve different overall nydrophilicity and control the presence of
excimar regions. The relative concenirations of the monomeric indicator molecuis and
hydrophilic menemer may range, for example, from 750mg -250 mg indicatortc & g of

Soution A, AIBN [2.2' aza-bis-lsobutyronitrile, 88%), a free radical infiator that

catalyzes the polymerization of the macromalecular indicator molecule, weas added at 1
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[0062] Figures 8A to 8C show an immobilization process similar to that
shown in Figures 7A to 7C. However, the macromolecular indicator
molecule 520 carries only a terminal positive charge 522 as opposed to
wpaositiveelsarges over the entire body of the -26 WO 2005/109892005/011654
PCT/US2005/011654 molecule as the molecule shown in f=igure 72.
weightRecordirigliS Wheentie thagarmokeuian hdicaRer-Hrlecules satigetecssith 2
are attached to the anionic substrate 615 via an.ion, eéxchan§?9@a0 jon

SOl ot EHEES TAEUEE o RIAEHE B QL el L g BT8E 1170

o creaﬁ? Igg{;%%g% Fba V%i%]r} ?L%]tggrrz]ﬂitagﬁsli gsei Waen%ﬁgé‘?%eﬂ%% tc?{g]eql‘cﬂg[ was

ol negatively charged group on the Support.

sdded AMELE! 9 %%régtswdgém%@é%os@c@%ﬂ_ao&m@%w%@@m%

accordance‘with one embodiment of the present invention is described

surfacOBIoN: [90641 RokMian: A conmprising.HEMA: £95 8%h EGP WA ethyleRenatsly

glycol dimet'nacrylate) (0.2%) as a crosslinker and acrylic acid (4%) was
56°C [@revidesi-AsBuprasesntsrenemericgadicatorvaaléauteg eng which inhibits the

bis-carboxylate bis-boronate- anthracene, was added to Solution A at 14
pre-polinghrik ftiprtosdmion2 8 stigdial) tocckeate inSelintion 1s300pi wf Boritiatian of

was then added to 700p1 of distilled, deionized water to yield "Solution 2"
monortwisite getpisRepnuta. 1006 SeRHGH (Fo0-rRyImI) 8PVRa044CW iRy POy Mers

o ,'Qhefnicaﬂ Co., Japan) (free radical, water soluble initiator molc—;-cuﬁI,eY) was

of diffesgadendd ™ SoNiBbR 2 o eREHRE "SI 3. " FOUEST i théhEarThile! the
crosslirlwr}rger?%ta”zllazw%‘ggnseugg}goarﬁ% éral,it {B@ﬁ@g % \:\%,P ;M%w‘x was aliowed to stand for
2 hours in the dark to yisld “Solution 5." The PMMA core was dipped into "Solution 5
and was then allowed to stand in the dark exposed to air for 24 hours, The PMMA core
was cured 1o drive off rsméining solvent at 100-110°C for 3 hours. Excsss reaction
material, which had not become machanically fixed to the surface, was washed off in a
washing and finishing step.
[0088] While various embodiments/variations of the present invention have been
describad above, it should be understood that they have been presentsd by way of
non-limiting examplia only. Thus, the breadith and scope of the present invention should -

not be limited by any of the above-describad exemplary embodiments, but should be

defined only in accordance with the following claims and thelr squivaients.
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core, was exposed to ozone for overall 30 minutes in a UVOCS (Model #
T0606 ozone chamber) to create hydroxyl groups on its surface to all in
wetting, A thin coating of stopcock grease was applied on the interface of
a two part DELRINO mold. The two mold halves were joined and locked
together with three hose clamps (9-22.2 mm) and the bottom hole of the
mold was plugged with a rubber septa. The mold was loaded -27 WO
2005/100981 PCT/US2005/011654 with 200ui of Solution 3. The internal
WE CLitMensions of the sensor mold, in this case a 0.203" ID mold, were
1. ¢hosethta efasurethaiviiergrafbweasiapproximaatetyclédum thigkatdrhes a support
ne treated PMMA core was inserted into the mold so that the short
nose end of the sensor entered the mold first and the sensor optics
fat Il FUPROTMEAY B PR SE PERRBUIEYED tFRMAGIES@ArFashirne inert
polymegwoidirgntseifosotaticorifcaity aitdsrd Tarendtiel nolghvess seateceHeatingeiéin said
roximat C imately 1-24 hours, preferably 3-16 hours,
Suppo@g%e%ﬁ%?g'lv)éﬁ(tgé%é%rﬁyfgn%ﬁggfaﬁ, During the heating at 50C over an
extended period of times, e.g. 3 hrs., the HEMA monomer had time to
fenetedteitye 42 M and indemvesvtog mithitaeoP MM AHzoponafetocontained in the
: ' I 0, I ceed.
outer s GRRAIBIPANJEN. (AIRIBRNCLAING ROYMSBEIONA COlADIRRRed (T08 poort 1o

PMMA core was subsequently remove aced i
a soluligin R ARG HifeFerFQMAET Yasr Igicater AMPLECTRID 83 AH X BPhpiie BfPgsure of
the outpretotaldaf predagipgrihe gralonsacordsnce puiimancibrsambodiraeniteriacing
area anggﬁguggpm(jg;v%i%p described below: [0067] 500 mg of a

monomeric indicator molecule, such as bis-carboxylate bis-
(c) substantially removing a solvent of the solution from the support to produce surface

-compriﬁn% .
bu

immobitized indicator molecules.

2. The method of claim 1, wherein said macromolecular indicator molecule in (b) is a

partialiy or fully polymerized indicator molecule.

3. The method of claim 1, wherein monomers of said at least one macromolecular indicator

molecules are sequentially polymerized in (b).

4, The method of claim 1, wherein said support surface is hydrophobic or hydrophilic.
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5.

boronate-anthracene, was added to a 5g solution comprising HEMA and
acrylic acid (90:10; w/w) to create "Solution 1." However, the relative
molar ratios of the monomers may be varied to achieve different overall
hydrophilicity and control the presence of excimer regions. The relative
concentrations of the monomeric indicator molecule and hydrophilic
monomer may range, for example, from 750mg -250 mg indicator to 5 g of
Solution A. AIBN (2,2' azo-bis-Isobutyronitrile, 98%), a free radical initiator
that catalyzes the polymerization of the macromelecular indicator

olecul as.added af 1 -28 WO 2005/100981 PCT/US2005/(011654 ,
Do SR hon e S R g BRERIERE ano sa

macrorkSBNMBLHNMEIR iSAligRHaRMPrising ethanol and 2-methoxyethanol

8.

(70:30, w/w) at a weight ratio of 1:10 to create 'Solution 3." The solution

comprising ethanol and 2-methoxyethanol was added to allow the
olymerization reaction to take place and ultimately attack the surface of

tHee AR ©f elriad iMerratifgsales, FIB&RTYUISBIRRSAMS the polymer chains.

approximately 56C for approximately 24 hours. under nitrogen (to drive

off oxygen, which inhibits the pre-polymerization reaction) activated the

ARN.IHIRERF CalRInAIRS-DRBSURAINRLITEANBRLS i Breflfightened in (c).

polymers. The resulting "Solution 4," generally contains polymers™ of

differing length as well as un-reacted monomers. "Solution 4" was mixed

with the orosslinker para-toluene sulfonic acid (0.333% w/w). The mix

Wag ateied toobtamielfor 12 hobessin tHeedasklteyiels "Sthatioh 52+Meigoxyethanol,

PMMA core was dipped into "Solution 5" and was then allowed to stand

dimethyfqRagudr. dYHERE Y Hrabirs Y ASLRS MPRR BMVREASEbre was cured to

9.

drive off remaining solvent at 100-110C for 3 hours. Excess reaction

The method of claim 1, wherein the solvent is a hydrophilic monomer of a hydrophilic

macromolecular indicator.

10.

The method of claim 8, wherein the polymerization of said hydrophilic monomer with

further monomers of said macromolecular indicator molecule tightens the joosened polymer

chains.
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material. which had not become mechanically fixed to the surface, was
washed off in a washing and finishing step. [0068] While various
embodiments/variations of the present invention have been described
above, it should be understood that they have been presented by way of
non-limiting example only. Thus, the breadth and scope of the present
invention should not be limited by any of the above-described exemplary
embodiments, but should be defined only in accordance with the following

. dBfngnatitPthetf edfailaléhtsvieoRivESEEAMNMERRiRetReadder is 2-hydroxyethyl

non-covalently attaching a macromolecular indicator,to a support
et R LR i

methacc%lraﬁ%r?srirﬁqge: foviah gog@ﬁ'ﬂqpeor 53/%09”5?0% 8F%irface which

comprises at least one inert polymer, wherein said outer surface is a hard
and solid polymeric structure and wherein said support is a sensor or an
12.  dpficaletradegfuithen (b)) intestaaingat iegsironermasranele et drdiRalosr indicator
with the polymer contained in the outer surface by a process consisting
moleculss sampaRgopie-Ra0wy aebuiarstgiacebrapensupport to a solution
containing the macromolecular indicator or monomers thereof, wherein
exposure of the outer surface of the support to the solution loosens

13. H‘%’é[ ’Wﬁ&ﬁ%‘ ?tanRHm; ?%ﬁ%’ﬁc% %%@rg{'}vgﬂe%@%e{n ltjcg?&'eﬁ%ndatth?enast one
(c) substantially removing a solvent of the solution from the supporst to
referenBE0@yRm surface immobilized indicator molecules. 2. The method of claim

1, wherein said macromolecular indicator molecule in (b) is a

14, The method of ¢claim 13, wherein said reference region is an excimer region.

5. The method of claim 14, wherein the excimer region is an excimer region resulting from

the tertiary structure of the native macromolecular indicator.

18. The method of claim 13, wherein said reference region comprises at least one reference

molecule.

17. The method of claim 1, wherein said macromolecular indicator is crosslinked by one or

more crosslinkers.
18. The method of claim 17, wherein the one or more crosslinkers are ethylene glycol

dimethylacryiate, trimethylolpropane trimethacrylate, para-toluene sulfonic acid or mixtures

thereof.
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partially or fully polymerized indicator molecule. 3. The method of claim 1,
wherein monomers of said at least one macromolecular indicator
molecules are sequentially polymerized in (b). 4. The method of claim 1,
wherein said support surface is hydrophobic or hydrophilic. -30 5. The
method of claim 4, wherein said support surface is hydrophobic and said
macromolecular indicator is hydrophilic. 6. The method of claim 1, wherein
a solvent of the solution loosens the polymer chains. 7. The method of
19 & TeRféréin HEholymsherihSRDsEN AR (PYarB dgstenead(dndicator is
% The method of claim 1 therFin th .sotlvent IS ethf;\nol, .
croroiecylar indicator ?m%?ﬁécr%ﬁgle 8tr least one

-?ﬁietﬁ%xfé‘t%aﬁrol,m(ﬁme y ormamide, ydr&?gﬁ‘iﬂl
macroffUIEIES HheEarh RokRaMelipa ol Giai . Nhereihibesplyentds a
hydrophilic monomer of a hydrophilic macromolecular indicator. 10. The
method of claim 9, wherein the polymerization of said hydrophilic
monomer with further monomers of said macromolecular indicator
20.  mhbtereiéar teiinht lovieriuspislyah e st vaimsnagpeleThieminstisaigromolecule is
claim 9, wherein said hydrophilic monomer is 2-hydroxyethyl

crossiingh st SHOHRRICHRNMBBEANY i iRy IATRAH R ChisHisk, dlp Jeast one
macro:%@l%cﬁ?amﬁcﬂc Q&J%g,e%glewherein said further monomer of the

macromolecular indicator molecule comprises bis-carboxylate
bis-boronate-anthracene. 13. The method of claim 1, wherein said
macromolecular indicator has at least one

21. A graft comprising:

crossli

a support having an outer surface which comprises at least one inert polymer, wherein
said outer surface is a hard and solid polymeric structure and wherein said support is a sensor
or an optical waveguide, and

a macromolecular indicator molecule,

wherein said macromolecular indicator is stably interlaced with at least one chain of at

least one of said polymers contained in the outer surface of the support.

22 The graft of claim 21, wherein properties of the macromolecular indicator molecule that is
pari of the graft substantially corresponds to the properties of said macromolecular indicator
molecule before becoming part of the graft.

23. The graft of claim 21, wherein said graft is a sequential IPN.

24, The graft of claim 21, wherein said graft is an IPN.
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reference region. 14. The method of claim 13, wherein said reference
region is an excimer region. 15. The method of claim 14, wherein the
excimer region is an excimer region resulting from the tertiary structure of
the native macromolecular indicator. 16. The method of claim 13, wherein
said reference region comprises at least one reference molecule. 17. The
method of claim 1, wherein said macromolecular indicator is crosslinked
by one or more crosslinkers. 18. The method of claim 17, wherein the one
25 & RO CIYsfiKEIE RSN RSB GV BRAHIRRL Af| gtk analyte within a medium,
triarpaeéhxlsoIlpcr;og‘lanei r'%rimethacrylate, para-toluene sulfonic acid or mixtures
thereort. 23279 "R $hethod of claim 17, wherein said at least one
magrRBAlegylraJRdicAtanis SiRssinked AR RACHMUE WX sin said outer
indicator molecule after said at least one macromolecular indicator
surfacan@leguikeintariassdonithnat easiroae iniedacingaete20ude meihogolnd solid
claim 17, wherein said at least one macromolecular indicator molecule is
polymegieosisliptedl during sequential polymerization of the monomers of said at
least one {%acromolecular indicfe\tor molecule. 21. A graft comprisin

S AR SIS STECL AR b BRREESA ol BIRaSREsOr an anaiyte i
said mEAShaNGEIeiNe SaId uistHage 154 hatfgnd solid polymeric

structure and wherein said support Is a sensor or an optical waveguide,
and
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a macromolecular indicator molecule, wherein said macromolecular
indicator is stably interlaced with at least one chain of at least one of said
polymers contained in the outer surface of the support. 22. The graft of
claim 21, wherein properties of the macromolecular indicator molecule
that is part of the graft substantially corresponds to the properties of said
macromolecular indicator molecule before becoming part of the graft. 23.
The graft of claim 21, wherein said graft is a sequential IPN. 24. The graft
of claim 21, wherein said graft is an IPN. -33 25. A sensor for determining
tgedg{eeaenc othconcentration dm; ﬁ\nnanglyrgesvgiit ir]tqergst?dium said sen

or
or Which measures sal ange a onhe,. chara rlsﬁc of said
comprising: a sensor body ﬁavmg angouter Surface surroundingsa ae

indicat GERRAERAI%WHETBIN SR QRIS UTRERAMMNLTRT dLISAPLRRENEDaid indicator

polymer wherein said outer surface is a hard and solid polymeric
molecudructtire; a macromolecular indicator molecule which, in response to the
presence of an analyte in said medium, changes at least one measurable
chbesRife Asiic mag emitedRir dhietomewinds saistaianyesdapedaidtatat least one
aracteri'stic of saiﬂ indicator molecule and which emits an

_ least
chain OESG%EJ%E%% 1 9RH BN 58I 2AAHEESS said indicator molecule; and

wherein said macromolecular indicator molecule is stably interlaced with
at least one chain of said at least one polymer of said surface.

26. The sensor of claim 25, wherein the sensor is a optical sensor.
27. The sensor of claim 25, wherein said polymer is polymethylmethacryiate.

28. The sensor of claim 25, wherein said analyte is glucose, oxygen, carbon dioxide, nitric

oxide, toxins, pH, ions and mono-or divalent cations.

29. An optical-based sensor for determining the presence or concentration of an analyte in a
medium, said sensor comprising:

an optically transmissive sensor body, said sensor body having an outer surface
surrounding said sensor body and wherein said outer surface comprises at least one inert
potymer wherein said outer surface is a hard and solid polymeric structure;

a radiation source in said sensor body which emits radiation within said sensor body;

a macromolecular indicator molecule having an optical characteristic that is affected by

the presence or concentration of an analyte, said macromolecular indicator
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26. The sensor of claim 25, wherein the sensor is a optical sensor. 27.

The sensor of claim 25, wherein said polymer is polymethylmethacrylate.

28. The sensor of claim 25, wherein said analyte is glucose, oxygen,

carbon dioxide, nitric oxide, toxins, pH, ions and mono-or divalent cations.

29. An optical-based sensor for determining the presence or concentration

of an analyte in a medium, said sensor comprising: an optically

transmissive sensor body, said sensor body having an outer surface
mdec%r‘?@lﬂ‘ﬁdﬁf@@aﬂ%%(ﬁaﬁ’oé?%% hardm waavutedaligaceeoipriiedom said

at least one eﬁ I‘Pt? mer wherein sad ou [ surfa% i!)y a hard and solid

C P%o

radiation source, an SIS radiation ;n G Sal . .
ﬁ meric stru ure a radiation source masala O8R5 dy which emits

r@grﬁstﬂggbmm SRIASRNSEO9HY s BRAMRLREUIAR IRHLGA0L MYIREUIG radiation
having an optical characteristic that is affected by the presence or
within tensemtcatiupizan araditensaidemasrameipenkivéndicatostdd reedeedidrom said
being positioned on said sensor body to receive radiation that travels from
indicatesprngatiation whaies, it Viafuhelasshaits ieataionalewsdil $ebigdnterlaced with
gtosensitive element located in said sensor body and
at Feagp%t?&ﬁ&ﬁ&?&@ PR ARRBAVIORAA EAS SHREGP B53Y AR LR Bmits
signal responsive to radiation received from said indicator element; and
wherein said macromolecular indicator molecule is stably interlaced with
at least one chain of said at least one polymer of said surface of said
sensor body. -36 30. The method of claim 1, wherein the polymer in (a) is
an optically transmissive polymer.
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31. The method of claim 30, wherein the polymer is selected from the
group consisting of polymethylmethacrylate (PMMA), polystyrene and
polycarbonate. 32. The method of claim 31, wherein the polymer is
polymethyimethacrylate (PMMA). -37

30. The method of claim 1, wherein the polymer in (a) is an optically transmissive

polymer.

31. The method of claim 30, wherein the polymer is selected from the group consisting

of polymethylmethacrylate (PMMA), polystyrene and polycarbonate.

32. The method of claim 31, wherein the polymer is polymethyimethacrylate (PMMA).
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