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molecules which can detect glucose or other analytes in a body tissue or fluid sample.

Biological molecules, as is well known, can provide very specific and sensitive detection

reagents for particular analytes.

Schultz, U.S. Patent 4,344,438, discloses a system for monitoring low molecular weight
compounds in blood plasma by optical means, which involves a chamber which contains
specific receptor sites for the plasma constituent {o be analyzed. This system is very
invasive, however, because it must be implanted within the blood stream usmg a hypo- B
dermic needle The system also mherently contains the nsks of clottmg around the dewce,
obstructlon, and other adverse reactlons, mcludlng immune reactions, general irritation, and
foreign body reactions.

Embodiments of the present invention overcome these disadvantages in the prior art by
employing an ophthalmic lens comprising a receptor moiety which comprises an
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fluid. Concentration. of a wde variety of anal ytes can be neasured using
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ments of the invention also are useful for diagnostic purposes, for example to test for preg-
nancy (to detect B-HCG), to assess blood chemistry (electrolytes, Ca,PO,, magnesium,
bilirubin, alkaline phosphatass, lactate dehydrogenase, alanine aminotransferase, etc.), and
to detect infection (e.g., by detecting components of viruses such as CMV, EBY, hepatitis,
and HIV, or bacteria, such as Staphlococcus, Streptococcus, etc.). They also are useful for

monitoring blood levels of test compounds during the course of assessing the compounds
for use as potential therapeutics.

Ophthalmic lenses according to embodiments of the invention can be worn chronically to
provide repeated analyte measurements or can be worn for a single analyte measurement.
Both qualitative and quantitative measurements can be performed.
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of the molecule which is sufficient to contain an analyte/competitor moiety binding site.

For example, if glucose is the analyte to be detected, the receptor moiety preferably is
concanavalin A (Mansouri & Schultz, Bio/Tech 2, 385, 1984), although other moieties, such
as antibodies, boronic acid, a genétically engineered bacterial fluoriprotein, or glucose
oxidase also can be used. If phenylalaﬁine is the analyte to be detected, the receptor
moiety preferably comprises the active site of phenylalanine hydroxylase. It is well within
the skill of those knowledgeable in the art to determine other analyte-receptor moiety
binding pairs, such as uric acid-uricase, alcohol-aicohol dehydrogenase, copper-
ceruloplasmin, galactose-galactokinase, cysteine- and/or homocysteine-cystathionine
synthetase, acetyicholine-acetylcholinesterase, omithine-diamine oxidase, and the like.

Competitor Moie
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cysteine (which competes with cysteine and homocysteine for binding to cystathionine
synthetase), fluoropolyglutamyl prostigmine (which competes with acetylcholine for binding
to acetylcholinesterase), and fluorospermine (which competes with ormnithine for binding to

diamine oxidase).

Most preferably, the detectable label is more readily detectable when the competitor moiety
is not bound to the analyte/competitor moiety binding site. Thus, fluorescent labels, such as
fluorescein, indocyanine green, malachite green, and rhodamine, which are quenched when
the competitor moiety is bound but are unquenched when the éompetitor moiety is not
bound, are preferred for use in ophthaimic lenses according to embodiments of the
invention.

Providing Receptor and Competitor Moieties in an Ophthalmic Lens
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conpetitor noieties in an ophthalmc |lens. Construction of various types
of opht hal womih®sses is well known in the art. Constr ucPCEHEPUE082ESNt act

| enses is taught, for exanple, in U S _Patents 5, 965, 631, 5, 894,002,
5,849,811, 5,807,944, 5,776,381, 5,4269158, 4,099, 859, 4,229,273,

4,168, 112, 4,217,038, 4,409, 258, 4, 388, 164, 4 332,922, 4 143, 949,
4,311,573, 4,589,964, and 3,925,178. Construction of intraocular |ens

i npl ant s A arietywd hptions arecavailakie far pravidig the resapior @dsmEtipr makkptigs i 07,

5, 762, 83%ghl?alﬁ9uﬁleﬁs4 OCorétrQZtn'Bn%?eanoﬁs%fHSas %ﬁgphtﬁéﬁglcflerggz a%t MW%“H&N i val

Ienses ar for exa tents 5 400, 114, and

5, 127, 90 Constryslionelontash 'enﬁg%?uawefw swyRle. i S F&Fﬁ“&s 5 Pﬁ5 6}3*5 5,894,002 5
6, 090, 14%,849,89%%5 9@7194553726,39215 4262188, 44 6@%@34224) 27@nﬁ1wﬁ3|<2d4 wenD3s,t he

receptor no i et cova dto rial In
anot her érfwgcﬂﬁﬁeﬁ 88,166 4%6%@%% ‘ﬂf{é Ategn Biﬁ%) p @e/ﬂé?gﬁééhwork
containing pores. The pores are of a size which- perm't t he conpetitor
moi ety to. bind.re bfis Hiarte BIAgh} SR LRSS P oo el N9 i te.
but whic ?‘é‘{?&%’fmfﬂ a°?°8%’ Sﬁ%f’"ﬁ%"‘s@ gl e -4i8iS e Pty ro

di ffl;si n@,&ﬁﬂtﬁgm‘s TMEISDSJGFO.(S JOZIN432, s;mlnnams eanp@qnm& fS;uchr:]mm:thjur ]E)ose
are known rs o

Pl yet hyleises aieiadi, 6 ytaindfl Hilke WabRE® fre 51 0151, 3008 G T 7, 0
pol yvi nyuramomeal lensgaew falagmemeraltﬁaw LAS. Patenls 6:098,144 15 8814-88h 5,1281821,

opht hal mg gdh%g o89nprises a receptor noiety layer, a polyelectrolyte

| ayer, a conpetitor moiety |ayer. The polyel ectrol yte |ayer includes
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deposi ti cles onto IP ous pol %' | nél al cohol or drogen mat ri x,
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i's highl yuéi acemedn £ e. A typical sequence for construction of an
ophthalmc lens suitable for glucose detection involves a deposition cycle
of ultrathin (1-10 nm filnms of PDDA, PAA, PDDA, concanavalin A PDDA PAA,
PDDA, WOiWasctiet@mbBdmenbiEldphfiadmic lens comprises a receptor moiety layer, a

polyelectrolyte layer, and a competitor moiety layer. The polyelectrolyte layer includes one
or more polyelectrolytes, which are generally high molecular weight polymers with multiple
ionic or ionizable functional groups. At least one polyelectrolyte in the polyelectrolyte layer
has a chérge opposite to the overall charge of the receptor moiety and competitor moiety
layers. Suitable polyelectrolytes include positively charged PDDA (polydiallyldimethyl-
ammonium chloride) and negatively charged PAA (polyacrylic acid). Assembly of the layers
is based upon sequential adsorption of oppositely charged polyions. The sensor and
spacing polyelectrolytes are deposited as uniform thin films (1-10 nm) in 10-15 deposition
cycles onto the porous polyvinyl alcohol or hydrogen matrix, resulting in only a 100-500 nm
thick coating for the sensing film, which is highly biocompatible. A typical sequence for
construction of an ophthalmic lens suitable for glucose detection involves a deposition cycle
of ultrathin (1-10 nm) films of PDDA, PAA, PDDA, concanavalin A, PDDA, PAA, PDDA,



-6 fluorescein dextran, PDt A PAA, PDDA, PAA, concanavalin A PAA
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a free-sta tabl e-top devi ce, or a hand-held device. For
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nology, Inc. (Little Rock, AR) (see March et al., Diabetes Technol. & Ther. 2, 27-30, 2000).

The detector can be a free-standing device, a table-top device, or a hand-held device. For
convenience, the detector can be a miniaturized device and may be worn or carried as a
personal accessory, for example, mounted in the frame of a pair of eyeglasses, clipped to
an article of clothing, such as a shirt or sweater, hung around the neck, worn around the
wrist, or clipped to a belt 6r a key ring.

| Using an ophthalmic lens in an analyte sensor system, as described above, embodiments
of the invention provides methods of measuring analyte concentration in an ocular fluid.
This measurement can, in turn, be manipulated to provide a measurement of the analyte’s
concentration in a body tissue or a fluid, such as blood or intracellular fluid. The relationship
between glucose concentration in the aqueous humor and the blood, for example, is well
known. See Sillmann, in HANDBUCH DER PHYSIOLOGISCHEN CHEMIE, Vol. Iifa, p. 867 ff.,



-7 Springer, Berlin, 1956; Gaynore, in THE EYE, Vol. |, p. 348, Davson,
ed., Academ c Press, NY, 1962; De Berardinis at al., Exp. Eye Res.

4,179, 1965wolBolg7ed a, Acta Opht hal nol ogi ca Suppl. 88, 19861/ERwW08288t al .,
Opht hal nol ogi ca 154, 39-50,1967; Kins sey & Reddy, in Prince, ed., THE
RABBI T AND EYE RESEARCH, C. C. Thomas Springfield, IL, 1964, p. 218. The
rel ati onshi p between the concentration of another analyte in a body tissue
or fluid and the concentration_of the anal éte in an ocular fluid can be
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invention can be wormn extemnally or can be directly implanted mto the body of a mammal,
including a human, to deliver a specific medication such as insulin to the mammal in
controlled doses over an extended period of time. Such pumps are well known and are
described, for example, in U.S. Patents 5,957,890, 4,923,375, 4,573,994, and 3,731,681.
Medications which should optimally be maintained at a constant level, such as pheno-
barbital, baclofen, theophylline, and cardiac and blood pressure medications, also can be
provided by means of an infusion pump.

lustrative embodiments

llustrative embodiments of the analyte sensor system accordmg to embodiments of the
invention are shown in FIGS. 1 and 2. FIG. 1 is a schematic view of an analyte sensor
system employing a contact lens 1, a radiation detector 5, such as a fluorophotometer, and



WO 0111' 3783 PCT/ EPO0/ 08285 -8 a radiation source 2, such as a :|aser

(whi ch preferabl y is of low power) or:light emtting diode, which emts
light 3 wit Igv fishast wavel ength which will excite the fl uopeggesdostssbel in
conpetitor noi eltles contained within the contact lens 1. In response to the
light 3, conpetitor noieties which are&ot bound to receptor noieties wll
thereby emt light 4 of a second different wavel ength (e.g., by
f1uorescence), which can be detected and neasured. by a radi ation detector
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together as a hand-held unit shown
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and wirel ess receiver 53. The tel enetr i nclude qualitative
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det ect or Syitirfe iBKEsttRg di¥asean EH%yd@h@ﬁsQ&n{é 'QWtel%nie%'y dignario |§¥rﬁﬁ’§d5 a

pr edet er m ned threshol d, the telenetry represent a_ "detected"

state (sucHitied to aa infusion RumR.1 bf”hf"é'lcéﬁé‘f‘? iF’%sq GHH'PMUP'BW\FE?'E""? evligetoect ed
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"not detect eéj st aé )gsuch as, J1
|g|tal and may be transmitted via wire or cable, such as wire 60, or wirelessly, such as
via radio frequency or infrared transmission. Where the telemetry signal 10 is transmitted
wirelessly, the analyte sensor system may include antennas 50, 51, for such wireless
transmission. Antenna 50 may, if desired, be embedded within eyeglass frame 7. As shown
in FIG. 2C, the antennas 50, 51 may be coupled with a respective wireless transmitter 52

and wireless receiver 53.

The telemetry signal 10 may include qualitative information as to whether or not the analyte
is detected by the radiation detector 5. For example, where the detected light 4 is at or
exceeds a predetermined threshold, the telemetry signal 10 may represent a “detected”
state (such as the existence of telemetry signal 10). Where the detected light 4 is below the
threshold, the telemetry signal 10 may represent a “not detected” state (such as the
absence of telemetry signal 10). Alternatively, the telemetry signal 10 may indicate a



absence of telenetry signal 10). Alternatively, the telenetry signal 10 may
I ndi cate a WO 01/ 13783 PCT/ EPO0/ 08285 -9 change in anal-yte concentration.
Tel enetry wiop1as7sd0 al so may provide a warning signal if pcriEpocosassyt e _
concentration is above or below a preset range. Optionally, the telenetry
signal 10 may include quantitative i nf3rmation as to how nuch light 4 is
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t he PEGH S§eeep Rk iquig eyt dispiayd{ d fluorescein isothiocyanate dextran
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which are provided for purposes of illustration only and are not intended to limit the scope
of the invention.

EXAMPLE 1

Construction of an intraocular glucose sensor

A structurally stable polymer of polyethylene glycol hydrogel (PEGH, Shearwater Polymers,
Inc.) is used to construct an intraocular glucdse sensor. PEGH is immobilized in an intra-
ocular lens (Alcon Laboratories, 6 mm circumference, 1 mm thickness). Chemically
immobilized pendant tetramethylrhodamine isothiocyanate concanavalin A (TRITC-ConA,.
Sigma) is incorporated into the PEGH as the receptor moiety and fluorescein isothiocyanate
dextran (FITC-dextran, Sigma) is incorporated as the competitor moiety by polymerization
under UV light, as described by Ballerstadt & Schultz, Anal. Chim. Acta 345, 203-12, 1997,
and Russell & Pishko, Anal. Chem. 71, 3126-32, 1999. While the FITC-dextran is bound to
the TRITC-ConA, the FITC fluorescence is quenched via a fluorescence resonance energy



WO 01/13783 PCT/ EPOO/ 08285 -10 transfer. Increased glucose concentration
frees the FITCdextran and results in " fluorescence which is proportional
to gl ucose cwoaqem7aRti on. FIG 4shows the rel ati onshi p bet waeniEpdomgsescence
intensity of our fluorescent intraocular. lens at three glucose
concentrations in vitro. Alinearly proptttional relationship occurs
between 0 and 500 ng% at 518 nm which is the peak of fluorescein
fluorescence. The peak at-.575 nmis due to the rhodam ne in the
TRI TG ConAxraEﬁﬁéMlb&eéheldrgMamsé abncentratfondrees the chweatraugénmsmss:ensor in vivo
The intraogul ar | ens uco described.in Exanple 1 is inplanted
into the aﬁ'i’%’?ﬁ? ce H%hﬁ ?’%ﬁ?'%?'haz? %cogﬁ cﬁ"‘f"’i'\f?ﬁ‘ﬂ‘ New Zeal and rabbit with a
bl ood gl ucose concentrati on of 112 ng% The inplant is visible as a bright
spot of gr ggh Jéﬁé%?ﬁ&fé%%rélﬁ%ﬁe t38n Hidrbddintd BtenBifor &ﬁﬁ@&&éceﬁ%. bl O
wi th a bi om Croscope s OWS no sSig rejec on
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detecting an analyte in an ocul ar flujd rising. A& receptor molety
whi ch conpPpaieat "&h&l%é?%fb%@%"ﬂ'@?mﬁﬁ?lﬁ Geang site. 2. The

ophthalmc lens of claim1l which further conprises a conpetitor noiety

conpri si ng ctable | abel. 3. The ophthalmc lens of claim1 which is
selected f roup. consisting of a contact |lens, an intraocul ar

l ens, a sumnﬂabtuﬂmbmlmmlarglodosarsehﬁrﬁmﬂw neal lens. 4. The ophthalmc

| ens of cl erein.the ana ct e rom t he 0 consi sting
of an el ectﬂ’%f gcw? Ions Slygase sgvﬁgﬁﬁcngeﬁ Bémﬂlﬁ?‘ﬁﬂﬁ@?ﬂ%%?’@ﬁl cally
admi ni st er ebamisstiot thiei eye of arbwagM;eamdmrabtmtvﬁthmbmmﬂgmwseeanc@tmml of

nol ecul e h i i ker er e a |p|d
a protein, QE%E' fhe '@%Hﬁﬁs V&Eb'éngé %gg&g%b %e%ggegﬁﬁ(ugresgenc?ﬂyaw\ﬂmxﬂ € | ens
of claim 1eym@areme>samn@m|va¢h & biginigrascopseslibtampdshiows no isige of taxicity, rejectiinst i ng
of tears, @pARNEacHRHEhontRditdrihphrtticd.al f1uid.



6. The ophthal mc Ierﬁlmumuf“mlml rei n the receptor noiety is

coval ently bound to ns. 7. The ophthalmc lens of claim?2
whi ch conpmicsmasmsspol yher® méshltor kK, Wherein pores of theqraiPpnes2ssreshwor k.
(a) permit the conpetitor noiety to bi qd reversibly to the anal yte/-
conpetitor noiety binding site and (b) prevent the receptor noiety and the
conpetitor noiety fromdiffusing out of the ophthalmc lens. 8. The
ophthalmc lens of claim2 which conprises: a receptor noiety |ayer; a

pol yel ecCLAME e | ayer; and a conpetitor noiety layer 9. The ophthal mc
lens of glaimgg, mﬁaﬁnﬁﬂn&éfeﬁdéis&tﬁgtaa%sw{eapah obaa.amﬁd eempaGRRt | abel . 10.

An ophthal mc | ens for detecti nggg@ucose I n_an ocular fluid, conprising: a

r ecept or afigaegtoy moiphewhich ARIPRIISHS yis{compplitps meielybinding stecept or i et y

| ayer cogpri Sthe a&mma@wehmﬁ Pwhithif@ither Bbmghisag aTohpstitoembiefyst and a
second poI el ectr%égtgp %\ée and a conpetitor noiety layer, wherein
conpet it €9 ‘Pﬁﬂr@tq Gtaple corrpet itor noiety |ayer conprise detectable
| abel's. 31. Tiwe spntidvaiciéns df elan diwhichds selddled frdre thes grogheonsistimpofar  noi et y

I 1 [rrrrrr WO
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wher ei n #he cOrpephthaimiciansef glalm §cvherejnthe amyte isiselocted fromthe graupan

0! ecul! Conskiing 6 ana?é"\"’@’ﬁ? aHheslic SR, psgaamda inBinorie?a cAdnieRRt hal m ¢ I ens

for detecting n an ocul ar mprising: (1) a receptor
noi ety Mﬂmhlstﬂﬁ?ﬂ)mﬁélé%ﬂ%nafa%t‘;hf é¢r69rﬂm¢ magicationed small Malesge bpraonesad (i)
a conpet [{afker BOhRENMARAPA makiee oballdfdye & Higil) £proftht; b makel of ifedliofl&in@@t Or

configured to detect the detectable [abel. 14. The anal yt e sensor system of
cl ai m 13Melabalt@i n t he detector includes a fluorophotoneter. 15. The
anal yt e §ensoThesopshitreiimio fenslof tiaind 8, wHeweih ke octiarfiuid 6 sedpcted framm theigrongy  coupl ed

to consisting of tears, aqueous humor, and interstitial fluid. _

6. The ophthalmic lens of claim 1, wherein the receptor moiety is covalently bound to
the ophthalmic lens.

7. The ophthalmic lens of claim 2 which comprises a polymer meshwork, wherein pores
of the polymer meshwork (a) permit the competitor moiety to bind reversibly to the analyte/-
competitor moiety binding site and (b) prevent the receptor moiety and the competitor
moiety from diffusing out of the ophthalmic iens.

8. The ophthalmic lens of claim 2 which comprises

a receptor moiely layer;

a polyelectrolyte layer; and

a competitor moiety layer

9. The ophthalmic lens of claim 2, wherein the detectable label is a fluorescent label.
10.  An ophthalmic lens for detecting glucose in an ocular fluid, comprising:

a receptor moiety layer, wherein receptor moieties in the receptor moiety layer comprise
glucose/competitor moiety binding sites;

a first and a second polyelectrolyte layer; and

a competitor moiety layer, wherein competitor moieties in the competitor moiety layer
comprise détectable labels.

11.  The ophthalmic lens of claim 10, wherein the receptor moiety layer comprises

concanavalin A molecules.



t he detector and confi imn to a punp a signal indicating

whet her the detectabl eﬂ“‘mumﬂﬂ ﬂﬂ d by the detector, wherein the punp
I's configuregolepr4gy Y a+concehtration *of the analyte in a obbdsks OF
tissue. 16. The anal yte sensor systemof claim 15, wherein the transmtter
Is contained in a personal accessory.-1Z- The anal'yte sensor system of
claim15, further conprising the punp. 18. The anal yte sensor system of
cfaim 15, wherein the transmitter is further configured to transmt the

si gnal to fzhe guerppmhamhemhw cldifh 10] vberinathy compemohoislyIayincoiphideai M 15,
wher ein tgﬁ anal.ytee i s rﬁolg l_gse and the body fluid is blood. 20. The
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25. The analyt ahe analple se;nsﬁr@ysteih ot klaimint 4,3urtivdr eo@phsind@ trﬁﬁéﬁuhé& cEBuFIeB
[ 1]

01/ 15755 e e ACRIOiolEuEl b 4¥Rsne 8 purpiasgreL inciging Wisineting dhissebleo:
s sele ?ﬁﬁ:ﬁﬁﬁim “"F’ga“" p“““,;'é“%"ﬁﬁ??ﬂ”?iﬂ“ﬁ?ﬁ?ﬁZi"yhmu‘??é?‘*m?rfﬁ“’ e
s selec by o
d. 2

interstitia for measuring the concentration of an
anal yte i 16an dbePBRIYIE|SENELr sysiemef Flaimip. wherein thedramsmitter is contained in a

personal accessory.

17.  The analyte sensor system of claim 15, further comprising the pump.

18.  The analyte sensor system of claim 15, wherein the transmitter is further configured
to transmit the signal to the pump wirelessly.

19.  The analyte sensor system of claim 15, wherein the analyte is glucose and the body
fluid is blood. _

20.  The analyte sensor system of claim 19, wherein the receptor moiety is concanavalin
A |

21.  The analyte sensor system of claim 19, wherein the competitor moiety is fluorescein
dextran.

22.  The analyte sensor system of claim 19, wherein the pump is an insulin pump.

23.  The analyte sensor system of claim 13 wherein the ophthalmic lens is selected from
the group consisting of a contact lens, an intraocular lens, a subconjunctival lens, and an
intracomeal lens.

24.  The analyte sensor system of claim 13, wherein the ophthalmic lens comprises a
polymer meshwork, whersin pores of the polymer meshwork (a) permit a competitor moiety
to bind reversibly to the analyte/competitor moiety binding site and (b) prevent the receptor
moiety and the competitor moiety from diffusing out of the ophthalmic lens.

25.  The analyte sensor system of claim 13, wherein the ophthalmic lens comprises:

a receptor moiety layer;



(a) contacting the o an ophthalmc | ens, wherein the
ophthal mc | ens rrﬂ“lm ! !1“" M‘eptor m)l ety whi ch .conpri ses an

anal yt e/commmns‘m noke si*te; and i) a conpRAWER00/#E38Set y whi ch
conprises a detectable Iabel and (b). 1get ecti ng t he detectabl e | abel,
wherein the anount of detectable |abél>detected indicates the
concentration of the analyte in the ocular fluid. 28. The nethod of claim
27, wherein the ophthalmic lens is selected fromthe group consisting of a
cont act P@eyelegiiolytaiayebedfar 1ens, a subconj unctival lens, and an

| nt r acongabmpk®BEmoidty-laythe met hod of claim 27, wherein the analyte is
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medi cat i @ossisting of rhis, aglsons bureo dnd imbeaistitiakflughs, snal | nol ecul e hor nones,
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fluid i_sc_smbnsﬂgaﬂ_jefs‘-tepﬂpt‘he group consisting of tears, aqueous hunor, and
I ntersti iérh | 9{%{8”3&5(9 Sdutar IR W&W&bhﬂalrﬁk?én@ @ﬂerew‘iﬁ‘é @dlﬁhéll‘i\% |gRcept or noi ety

I's coval ' to the ophthalmc |ens. . The nmethod of claim 27,
wher ei n CABPERSHt hal m c | ens conpri ses a pol yrrer rreshwork wherein pores in

EEG pol lchfé réEeatd Rty mncrp&fmarfseaaﬁembfcbﬁbetmrﬁ»émytbmdmgryite, arversibly to
e anal yi

e/ conpetitor nojet %ﬁ.fe&#a?aq‘?} prevent the receptor
moi ety  &hcP eRPetitprmopety whic ‘?rg'?rife?? ut of the ophthalnic
l'ens. 33.(p)Taqecmy MﬂéctdﬁlalableIZWhemhaheamouﬁt@f delhctbblz ibel detected conpr i ses:
a recepto r and a conpetitor noiety
| ayer. d%ﬁ%f‘?{‘ﬁéﬁ %"oglo m%%%mﬁgir%&cﬁl%ﬂﬁgdet ectable |l abel is a
fluor esceat | Zhetethiod lof tlhim 2_71 wherein the bphithalimi¢ kens is\aelegted fopBthe group
et Erggicglgg%ﬁg of & fontddt fent i FELERAErfnsC) ShiEodiincitGER), Bnd BR infiabAgalf | T d

e group’ consisting of tears, aqueous hunor, and

interstiteénst fluid.
29.  The method of claim 27, wherein the analyte is selected from the group consisting of

electrolytes and small molecules, metallic elements, polypeptide hormones, chronically
administered medications, acutely administered medications, small molecule hormones, -
markers of inflammation, markers of allergy, Iip.ids. proteins, markers of infection, and
metabolites.

30. The method of claim 27, wherein the ocular fiuid is selected from the group
ooﬁsisting of tears, aqueous humor, and interstitial fluid.

31.  The method of claim 27, wherein the receptor moiety is covalently bound to the
ophthalmic lens.

32. The method of claim 27, wherein the ophthalmic lens comprises a polymer
meshwork, wherein pores in the polymer meshwork (a) permit a competitor moiety to bind
reversibly to the analyte/competitor moiety binding site and (b) prevent the receptor moiety
and the competitor moiety from diffusing out of the ophthalmic lens.

33. The method of claim 27, wherein the ophthalmic lens comprises:

a receptor moiety layer;

a polyelectrolyte layer; and

a competitor moiety layer.

34. The method of claim 27, wherein the detectable label is a fluorescent label.



36. A nethod for varyi ion of an analyte in an ocul ar
fluid, conprising the Ilm II mgﬂg‘“ﬂ ntacti ng the ocular fluid with an
opht hal i c Iwom/lafmere | ens conprises: (ipcToeromigass itor
noi ety which conprises a det ectabl e | abel ; and (ii) a receptor noiety which
conprises an anal yte/ conpetitor noiety B|4nd| ng site; (b) detecting the
detectabl e | abel, wherein the anount of detectabl e | abel detected indicates
t he concentration of the analyte in a body tissue or fluid; (c)

transnitti 8% a Biegnethod nfohlaimtamyheﬂem tbe nodartfluitt is salected froe thagloupe i n t he
ocul ar f1 uighcfsfin ftQ&EpT%QBué d rkﬁnfé?gtlﬁal Iﬂﬁl concentration of the analyte

I n the body tissue or providing a regulator noiety via the
punp to thé6 body methed ier verying @Pﬁon%ﬁﬁﬁwftﬂn@nal&'@nnenpﬁdmﬂmd@bnmhsngnal yte
in the bodjetsepsieop Or fl UI d is varied. 37. The method of claim 36 wherein

t he detectable | abel is | uor escent | abel 38. The nethod of claim 37

wherein t hé&) &@F@Eﬁ’%ﬁﬁh%@%ﬁfé!“'q withan erhteaimigjens. whergiiytbp Refitbaiciens 39.  The

met hod of edmprigesi8 wherein the fluorophotoneter is contained in a personal
accessory. ,.40. The ocular fluid is selected

f. .cl ai
from the gPoGForParel @f"ieg’d"qﬁ?hc‘f%'éﬁ’?es ﬁ\gg?&@bgﬂi‘ﬁfira” dand interstitial fluid.
41. The nefihadecdptarinmiety @bichicempiisestdnanalyte/osimpetior floiedPbiAding dite; The net hod

f clai ' | i . hod
of ol ai m 4P UGG d6ieciBag BBl wiBleh| e 5FroR SEREBIlntH) setociad Maicpies The
met hod of ﬂ?B&bment[aWQienanﬂmemmddynbsumlfbtdy is insulin. 45. The nethod
of claim 3@ mmﬁqﬁg§n9%%h§\% éoﬂ@é’nt}a or?gil tﬁg taﬁggl];ru? el diGiadh flf loa

al | ens,

consi sting of a con | ens |ntraocu con Gher
and an i ntPURRFAREgYred fouvasy thegongentratien eidhe enalﬁpan the Dedy mmeelr fiuidhand ecept or

moi ety is @ppaviaing |a)fe§m&laﬂmbi@tyt\}'hﬂthe%mphéltﬁg Body $8sue & fiuid] RRe 3By &}%gr g:‘ nC' ai m

36, wherein th ht rises a mes hwor K,

pores of ﬁ?é““ﬂgiaﬁﬁ% nﬁ%?ﬂ%%‘?l&"é‘&; ggf"?'ﬁ“POé"E‘SI‘ﬁ)‘@t"PFor noi ety to bind
reversi bl ya&.o ﬂhemmwéfmlmmpmnetmtme@cmm 1861 da Audrescntiab8) Prevent
the receptéq nqlhgtrXethc?JQ anﬁ 39%%"'\ rde?%&a%ey lagel lsngleqegtgclij tsnlr Qg out of the

opht hal m ¢ T ens.
fluorophotometer.

39. The method of claim 38 wherein the ﬂuorophotometer is contained in a personal
accessory.

40. The method of claim 36 wherein the ocular fluid is selected from the group
consisting of tears, aqueous humor, and interstitial fluid.

41.  The method of claim 36 wherein the analyte is glucose.

42.  The method of claim 41 wherein the receptor moiety is concanavalin A.

43.  The method of claim 41 wherein the competitor moiety is fluorescein dextran.

44.  The method of claim 41.wherein the regulator moiety is insulin.

45.  The method of claim 36 wherein the ophthalmic lens is selected from the group
consisting of a contact lens, an intraocular lens, a subconjunctival lens, and an intracomneal
lens.

46.  The method of claim 36, wherein the receptor moiety is covalently bound to the
ophthaimic lens.

47.  The method of claim 36, wherein the ophthaimic lens comprises a polymer
meshwork, wherein pores of the polymer meshwork (a) permit a competitor moiety to bind
reversibly to the analyte/competitor moiety binding site and (b) prevent the receptor moiety
and the competitor moiety from diffusing out of the ophthalmic lens.



WO 01/ 13783 ¢ PCT/ Epﬂ)ﬂl@ﬂmulﬁnﬁl&w The nethod of claim 36, wherein the
ophthalm c | ens conpiil e r noiety |ayer; a polyelectrolyte

| ayer; andwoaigimapetitor noliety layer. 49. A kit for det ECTERMN/@E8Sanal yte .
in an ocular fluid, conprising: an oggébal mc | ens conprising a receptor
noi ety which conprises an anal yte/co titor noiety binding site; and
instructions for using the ophthalmc lens to detect the analyte. 50. The
kit of claim49, further conprising a conpetitor noiety conprising a

det ect abf® | Higgnethad of ejgjm ﬂg-owhsrﬁ'"ghapmfﬁ%"mf'ﬂﬁ%mp"& 1prising a detector
confi gur gGedeptod oy lajdte detectable label. 52. A kit for detecting glucose
in an ocular fluid, conprising: a contact |ens conprising concanavalin A
and f| uoP8ClElRRradIaYemaNd n\q i nstructions for using the contact. lens to
det ect ghuompetitbmmdiblg layeul ar fluid. 53. The kit of claimb52, further

o €8 SRR Bk BhEE kA Sl HRisaseRpRag) 11 vorescel n dextran
an ophthalmic lens comprising a receptor moiety which comprises an analyte/competitor
moiety binding site; and
instructions for using the ophthalmic lens to detect the analyte.

50. The kit of claim 49, further comptising a competitor moiety comprising a detectable
label.

51.  The kit of claim 49, further comprising a detector configured to detect the detectable
label.

52. A kit for detecting glucose in an ocular fluid, comprising:

a contact lens comprising concanavalin A and fluorescein dextran; and

instructions for using the contact lens to detect glucose in the ocular fluid.

563. The kit of claim 52, further comprising a detector for detecting fluorescence of

fluorescein dextran which is not bound to the concanavalin A.



