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FI ELD OF THE | NVENTI ON [ 0001] The present invention relates to a device that
can be used to nonitor concentrations of physiologically rel evant
conmpounds. BACKCROUND OF THE | NVENTI ON [ 0002] Mnitoring in vivo

concent r at NOhE¥P B}y si ol ogi cal Iy rel evant conpounds toPCT/%ﬁ?"@‘V@séWagnosi S
and treatnent of various di seases and disorders is a desirable goal and
woul d enhance the lives of many individuals. Advances in this area show
particular promse 15 in the area of facilitating adequate nmetabolic contro
in diabetics. Currently, nost diabetics wuse the "finger stick” nethod to
noni tor bl ood gl ucose |l evel, and patient conpliance is problematic due to
pai n caused by frequent finger sticks. As a consequence, there have been
efforts to devel op non-invasive or mnimally invasive in vivo and nore
efficient in vitro methods for frequent and/or continuous nonitoring of

gl ucose in the blood or other biological 20 fluids. [0003] The approaches
to frequent and/or continuous in vivo nonitoring tend to fall into two
gener al scategori es: "non-i npaei OpticPedice 1S entin %ﬁmi ve." Non-invasive
nonitoring determ nes analyte |evels by directly tracking spectroscopic
changes in skin and tissue. Infrared radiation and radi o wave i npedance

spectroscopy are exanpl es of thhf%%beﬁpqgﬂmm@ﬁ@ ogress with these

approaches has been sl ow due to € fequitenent tor frequent calibration,
between 1 VEPBED T psthistiente RS 8 A8vice AL iR GaREto MGOL i i mal Ly
i nvasi ve" approach avgids direct extraction of blood fromthe body and
relies on CPRECHEHioNS Pl Plysiologically slcaRbesPOURGS. bi ol ogi cal flui ds using an
i ntennedi ate sensing elenent. Biosensors of this type are devices capable
of provlding specific
BACKGROUND OF THE INVENTION

[0002] Monitoring in vivo concentrations of physiologically relevant compounds to

improve diagnosis and treatment of various diseases and disorders is a desirable goal and

would enhance the lives of many individuals. Advances in this area show particular promise

15 in the area of facilitating adequate metabolic control in diabetics. Currently, most diabetics

use the “finger stick”™ method to monitor blood glucose level, and patient compliance is

problematic due to pain caused by frequent firiger sticks. As a consequence, there have been

efforts to develop non-invasive or minimally invasive in vivo and more efficient in vitrro

methods for frequent and/or continuous monitoring of glucose in the blood or other biological

20  fluids.

[0003] The approaches to frequent and/or continuous in vivo monitoring tend to fall into

two general categories: “non-invasive” and “minimally invasive.” Non-invasive monitoring

determines analyte levels by directly tracking spectroscopic changes in skin and tissue.

Infrared radiation and radio wave impedance spectroscopy are examples of this technology.

25  Progress with these approaches has been slow due to the requirement for frequent calibration,

reproducible sample illumination, and variances in spectroscopic backgrounds between
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guantitative or sem -quantitative analytical information using a biological
recognition 5 elenment that is conbined with a transduci ng (detecting)

el enent. [0004] Most conventional systens for frequent or continuous anal yte
nonitori ngwi nvol ve anperornetric biosensors that enpl oy enzynes such as

gl ucose ox\V@HE/EEL) to oxidize glucose to gl ucuroni CPCRVOMIIBMRYdr ogen
peroxi de, generating an el ectrochem cal signal. These sensors are subject
to inaccurate nmeasurenent due to, oxygen defi ci e,nc%/ and bui |l dup of 10

oxi dat i on BYjsoalakhes mingnally dqiagive” npEeach avridy divet gtistbeofidonddinm thei ons
requires an excess of oxygen, which is generally not present in human bl ood
or i nt er sthadyand teligs en thamganitoring ef ¢natehapgdsdnmbivddgicad Auids osing ersimkdimgdiner at es
a buil dup of oxidation byproducts that may inhibit and degrade both the
enzyne andsentisg ¢glememc Biosendoayefithis[t}RQbd deBices eapable f prsfiingdpecifiti cal rat her

t han el ectrochem cal signals have al so been 15 devel oped and may offer

signifi canquahﬁm@/&m&m-gudnﬁta&mbhzhjn{cm iRfmeedn Wit 4 &Blogﬁarre&igﬂmhe,
ref erenci ng an anal yt e-dependent optical signal against a second

anal yt e i ndlaRan dadis Bk wiﬂ%r&ﬁ&ﬁcﬁ%é@ét@étin??&% g% Of noise and instability

in the sensor. However, the potentia optical sensing for in vivo

anal yte dequt]ﬁﬁ'on ) been reali reason. for thi.s is . that
many current Sﬂt i %@?‘chgﬁéqt%gslﬁgﬁﬁ%a@?%gh‘%/e%g%r c%ﬁ?/u iaBQXﬁ%é’Pﬁ"é‘?‘?% lé’h’%lﬁe as

gl ucose 20 oxidase.,ln one common nethod, an oxygen-sensitive fluorescent
ye i 5. uscHPREEOTTNF Piverrs 1 GREBITAOTFS SRRSOy THE (600 B et | c
reaction. Although this is an optical biosensor, wth the f|uorescence

si gnal | evélnrcogatogluuronie peid padbiydieges prgaide) gopaiatng suelpctepchemisalsignps subj ect
to the sanme problens as anperonetric devices based on this sane chem stry:
oxygen def Thesesenyorsat sebjzetrte irheguratd atcanmement Bud @0GEerldefwicaccantbuiltiep of

chal | enges associated with enzyne sensing (e.g., GX), whether

el ect riac hegridaion by-peRlucsa An RoraR MEism@ément pf gludse-cohacatatyns re@lredin
fluorescent sensing is 2 WO 2005/ 054831 PCTI'US2004/ 038487 bel ng expl or ed.

Cavel o1 coneguobin S AN RMASL R ATTIR, (e,
the dynam g cectrochemical reaction itself generates a buildup of oxidation byproducts that may
inhibit and degrade both the enzyme and its protective layer.
[0005] Biosensors based on optical rather than electrochemical signals have also been
15  developed and may offer significant improvements in stability and calibration. For example,
referencing an analyte-dependent optical signal against a second analyte-independent signal
can correct for sources of noise and instability in the sensor. However, the potential of
optical sensing for in vivo analyte detection has not yet been realized. One reason for this is
that many current optical sensing methods rely on enzymatic chemistry such as glucose
20  oxidase. In one common method, an oxygen-sensitive fluorescent dye is used to monitor the
consumption of oxygen by the GOx enzymatic reaction. Although this is an optical
biosensor, with the fluorescence signal level varying with changing oxygen levels, such a
sensor is subject to the same problems as amperometric devices based on this same
chemistry: oxygen deficiency and enzyme degradation.

25 [0006] To overcome the challenges associated with enzyme sensing (e.g., GOx), whether

electrochemical or optical, non-enzymatic protein-based optical or fluorescent sensing is
2
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range of the assay is limted. See Ballerstadt, R, Schultz, J.S.;
"Conpetitive-binding assay nethod based on fluorescence quenchi ng of
ligands held in close proximty by a nultivalent 5 receptor.” Anal. Chem
Acta 345 (1-3): 203-212 (1997). See also, Russell, R J., Pishko MV.,
Gefrides CVR2WSpERLAe M J., Cote, GL.; "A fluoresceRfa/Uaee@3ygslcose

bi osensor using concanavalin A and dextran encapsul ated in a pol y(ethyl ene
gl ycol ) hydrogel " al, Chem 71 (15): 3126-3132 (1999). [0007] Another

pr ot ei n- baSHRE eg‘@}%‘ﬁ: J-abrledrancagavalind and dexterhare bmalsecb?q creage a gapmnefitivg
periplasmc receptor, glucose-gal actose binding protein (GEBP) to generate a
f | uor escenftRET assgvidoweyery thisspsien reqnirgs erdrapmenti afdothoronPessnts, ond the dypdneic
Tolosa, L., |I. Gyczynski, L. R Ei chhorn, J. D. Dattel baum F. N,

Cast el | anoranga offfsengssayniel lithitedR. Sek atiwisiadt, R, Schid s £S5 eQsmpetitfvesbilding asast
lifetime-based sensing using a genetically engineered protein” Anal.

Bi ochem  B6thod Bked 89110d8R8Mce quehdhii}osF lighhds\held iaRbsd proRimMpBya MultvEleRt i n

engi neering and the 15 devel opnent of generic biosensors. Trends Biotechnol™”

16: 183-518%e(cAR8) AnabaHeRS Acta 345 (1-3R 203'9212\/(%@? See Mo ROKON, R ANBlsiiko NpAHNEN |

"A novel reagentless sensing systemfor neasufing glucos€ based on the

gal act ose/ inacH teln" ~Anal, B o :4119- Teaand de
or i or . GEHRRRCTL e RES, Gof, Ol PhARRERAfed iR bty ™c 5
Paavola, S. S R z sadi gov ., W rad, L. Laew,  and, H Hel | i nga.
" Const ruct BBy S gnd orRe H BN e B oD Rdsns ghye PPt olpal Cneit

11: 2655- 2675 2002%. GGBP. undergoes a substantial conformation change upon
| i gand bi nd ﬂé),: 33 %]p’izr{égg%e | i gand between its two gl obul ar donmi ns. See,
for exanple, Shilton, B. H, M M Flocco, M N lsson, and S. L. Nbwbray;
" Conf or nat [OQQH] cAaetherproteintasedsepsing phemsticuseethe glsofresichiorcoigEtaefil al
chenotaxis and transport: the maltose-, glucose/gal actose- and

ri bosa-{bi nghriptasmicateptes, gldcosédghlactBiedindi@bpidtedi CKOBRBGS geddM6 h fluBiescence
site-specifically labeling the protein with an environnentally sensitive

f 1 uor ophor ggdahinsesohse tB t@o@adandaﬁgi%alf@i éx@ﬂlgteOTg@E\ﬁ LAtIeGHckirdRl ESRENt
signal. See, for 3 WD 2005/054831 PCT/ US20 4/ 038487 exanpl e, Salins, L.

L., RA ¥8fiom,F DMatkelSfe, FARACRtel R4S Rao, and IMRVEIkoWEEI 8Bk 62 Sensor
for low-cost lifetime-based sensing using a genetically engineered protein” Anal, Biochem.
267:114-120 (1999); Hellinga, H. W, and J. S. Marvin; “Protein engineering and the

15  development of generic biosensors. Trends Biotechnol™ 16:183-189 (1998); Salins, L. L., R,
A. Ware, C. M. Ensor, and S. Daunert; “A novel reagentless sensing system for measuring
glucose based on the galactose/glucose-binding protein” Anal Biochem 294:19-26 (2001);
and de Lorimier, R. M., J. J. Smith, M. A, Dwyer, L. L. Looger, K. M. Sali, C. D, Paavola, S.
S. Rizk, S. Sadigov, D. W. Conrad, L. Loew, and H, W. Hellinga. “Construction of a

20  fluorescent biosensor family” Protein Sci. 11:2655-2675 (2002). GGBP undergoes a
substantial conformation change upon ligand binding, trapping the ligand between its two
globular domains. See, for example, Shilton, B. H., M. M. Flocco, M. Nilsson, and S. L.
Mowbray, “Conformational changes of three periplasmic receptors for bacterial chemotaxis
and transport: the maltose-, glucose/galactose- and ribose-binding proteins™ J. Mol. Biol.

25  264:350-363 (1996). By site-specifically labeling the protein with an environmentally

sensitive fluorophore this attribute can be exploited to generate a fluorescent signal. See, for
3



sensing system for neasuring glucose based on the gal act ose/ gl ucose- bi ndi ng
protein” Anal Bi ochem 294:19-26 (2001). Because GEBP neither consunes
gl ucose nor generates reaction products, it can be used as a reagentl ess

sensor. Thy vide greater accuracy and 5 reliability than
anperonetprgzﬁﬁéggﬁgors. [0008] While a nunber of groudgnWéV@”H@V§Toped GGBP

mut ati ons capable of responding to glucose in the physiol ogical range,

t here hav . reports of;,a f tional i.Qsensor, device based on

bi ndi ng p%&‘?‘gﬁﬁ’ ok oo D 4 N4Ee < N fonsatapd trg'o a‘i“ﬁﬁvi%"‘ée%éﬁaﬁ“g‘%“rmni toring.
A functional .freqguent and/qr continuoys bj osensor st couple the sensing 10
ol eent t GORTRE SEMCST MewHER R gloErss bt onib SAACHEPiBl5p 3% FHBOIE R Abdlgr i Ty
and functiqnal%ﬁg as wel | as patient confort. For exanple, the biol ogical
recogni t i GHO@EEEE 19232000 c Begsuse/ GHEP meisies gonsimgs slueos Rer Swstafes reactider abl y
be incorporated w thin bioconpatible mnaterial that shields the sensing

el ement f rroeductseit cambased gs1 wagentlessrrenor. dindd maeprdivide gesaten acduracgaod out ,  and
avoi ds | eaching of the sensing elenent into the patient blood or other 15

bi ol ogiscalrelidbilitd ti{aa .aghperontetrty ibdehéads. fl uid). Since binding proteins require
orientational control and conforniational freedomto enable effective use,

many physijoe08)bswhik h mBEAbANHS MR devilbhéd GOBRMRMtions EdpaBIR ot t achment or
i mmobi li zation"strategies as taught in the literature generally are either

subopt i mal.. o MASHCGESRE H ¢ rt ek; e he d j anpl e
with lig hrepend gep@oﬁ%cm‘g E’?ﬁa‘/“@%’caé SardEiche he HoBh 58 FpOY bﬂ%ﬁlhgt\f‘?“%gd. 20
[0009] One.approach generall.y . known.is to.couple the sensing el nt to one
end of an RORHICE gr 164 ard aheqige Biliin b SR Sar Er R e R Ve
excitation squrces or detectors to the  other, end. However, coupling of
bi ndi ng prBYRicHEs & fprsionsldregrent Andips Gontinuaus piosensar i caurle ths sensiig
above-nenti oned challenﬁe of preserving conformational and/or orientational
nobi | 1Py cfemankio the eptigahsensing slgaents grhile madsining sensotiatsigripgand Surstioaslity
inmpractical froma patient-use point of 25 view since patients may need to
renove or aseysllas patidnécaefoso Foperamplk, el YiglogiRd ptageaitentlepfent ande entire fi ber
can be costly and inconvenient. Finally, the optical system conprising,
e.g., 4 \derahiinting4@asdubiag eldmaho0id84& % ably be incorporated within biocompatible

material that shields the sensing element from the immune system, permits analyte diffusion

in and out, and avoids [eaching of the sensing element into the patient blood or other

15  biological fluid (e.g., interstitial fluid). Since binding proteins require orientatiopal control

and conformational freedom to enable effective use, many physical absorption and random or

bulk covalent surface attachment or immobilization strategies as taught in the literature

generally are either suboptimal or unsuccessful. Further, a means for interrogating the

sample with light in a reproducible and/or controlled fashion must be devised.

20 [0009] One approach generally known is to couple the sensing element to one end of an

optical fiber and to couple the optical elements such as excitation sources or detectors to the

other end. However, coupling of binding proteins to one end of an optical fiber is subject to

the above-mentioned challenge of preserving conformational and/or orientational mobility of

the protein. In addition, fiber optic cabling is often impractical from a patient-use point of

25  view since patients may need to remove or replace the sensor periodically. Replacement of

the entire fiber can be costly and inconvenient. Finally, the optical system, comprising, e.g.,
4



excitation sources, detectors, and other optical elenents nust be
sufficiently robust to tolerate or correct for changes in optical alignnent
due, for exanple, to patient notion or drift of the electronics in the

optical r . optical systemnust also be sufficiently sensitive to
det ect si S\ﬁgﬁﬁoﬁﬁg‘ﬁ&r eporter dyes without relying on hi J7 03RS unpt i on

and/or large 5 sized elenents that woul d render the system unportable and

hence unwear.abl e. 0010] .Accordi.ngly, ere is a_need for, a_biosensor that
i ncor por ateézgﬁart%'ﬁnis?'ér[;?e&%th’i%rs’ %P@F#Fﬂ?ﬁﬁgatﬁtlﬁa?%w@@ép i rebysk s r“ﬂﬁftaieonal
and/or orientatiqnal nmobility coupled to optical sensing el enents that
provi de a %8‘?‘%85%%’ changes prptical pbignment dye) foy semple, torpatipst MaBeRNTHON Of 6B11) An
object of the present invention is to provide a device for sensing the
concent r atdlestronirs i theppfical rgadary The eptical systapl raust The be suffitienthpsengitiviioood,
saliva, tears, sweat, urine, cerebral spinal fluid, |ynph fluid,

i nt ersti tidelect digrall fropl raporter dgesrwithoumel yired ort higls pewandnsuiediona anditvelagkevi ce
conprises: (i) an optical conduit having a proximl end and a distal end; 15

(i) am opfied dlenfeitRvwaiuld fefdep Fpsyaah vapstidie dladeffline@hrabRNdui t t hat
contains at |east one electromagnetic energy emtter and at |east one

o ectr omqngtiol CAELANASI GBS s QB ({ by SETRORG SLATHOLrOP! |

proximty Ista e optical con at | east

anal vt o: e Sl Wl O EBb appontienafonal ERBRE RRIBTEr g oup
and optional.l one or._ nore_ reference 21% r u%s. 0012] The opti cal conduii,
whi ch may QPEF% SETSINEHIRIReENts ‘}hﬁtrﬁf%‘ﬁg"r HYFHA 8%&‘/‘?6’. Ytd®YIES 1 neter, coupl es

light into and out of the optical systemand into and out of the sensing

el ement. For exanple, the optical conduit may be a lens, a reflective
channel, a needle, or an optical fiber. The optical fiber nay be either a
singl d0strand of optical fibSUMMARY €F FHERINVENTIONde) or a bundl e of nore
than one fiber. In one enbodi nent, the bundle of fibers is 5 WD 2005/054831

PCTI US2004003348 7An bbjety cfalistesettiavéntion is topyovide dduvidedpedeasingthet apered so
that it can penetrate the skin of- a
concentration of a target analyte in a sample. The sample may be blood, saliva, tears, sweat,
urine, cerebral spinal fluid, lymph fluid, interstitial fluid, plasma, serun, animal tissue and
media. The device comprises: (i) an optfcal conduit having a proximal end and a distal end;
15 (i) an optical system at the proximal end of the optical conduit that contains at least one
electromagnetic energy emitter and at least one electromagnetic energy detector; and (iii) a
sensing element in optical proximity to the distal end of the optical conduit that comprises at
least one binding protein that is adapted to bind with at least one target analyte; said sensing
element also comprising at least one reporter group, and optionally one or more reference
20 groups.
[0012] The optical conduit, which may vary in length from approximately 0.1 cm to 1
meter, couples light into and out of the optical system and into and out of the sensing
element. For example, the optical conduit may be a lens, a reflective channel, a needle, or an

optical fiber. The optical fiber may be either a single strand of optical fiber (single or

25 multimode) or a bundle of more than one fiber. [n one embodiment, the bundle of fibers is



patient. [00131 The optical system consists of a conbination of one or nore
excitation sources and one or nore detectors. It may al so consi st of
filters, dichroic elenents, a power supply, 5 and electronics for signal
detection dul ati on. The optical systemmay optionally include a

m cropr oce‘ggﬁ?os 0?‘66114] The optical systeminterrogates REHUSSUHFMSEI t her
conti nuously or | nterm ttently by coupling one or nore interrogating

wavel engt hs_ of into the optical conduit. The one or nore

i nt errogat IW&aﬁgv eeﬁ@?ﬁ%ayth?éﬁnﬁ%?dt%a@ﬁ'ﬁﬁ sp Hist 1521 panetrats e ikin ofivd
illumnate the 10 sensing el enent. A change in analyte concentration results
in a chang@tl@}’ft the wavel ength, intensity, lifetine, energy transfer
efficiency, and/or polarization of the |um nescence of the reporter group,
which is 40pd8] CFhedpticaleystemgondigsein combiratior sfibid orgnark angetod sovreescence
si gnal passes back through the optical conduit to the optical system where

it is detemtede or hofealeRtRi€ ¢ mandscsdoasied  fitelsOdicktol e, a bowessubglyN
enbodi ments, the optical system 15 conprises nultiple excitation sources.

One or Srmra%d‘éf chIBES0S QR4 ASteBFN R aldti&. d i gnal
processi ng of et he defec?léd S|egnal 8tn‘gllggr el:I)y gﬁﬁgnéclaggfss%rr?ayeﬁ%enﬁg?se and

det ection ul ation may al so be used to reduce power
consunpti oﬁagéé%ﬂ%}&%%%elg%g or to increase the lifetine of the sensing

| enent b d bl e ph 35 pie! hi h
SN IR e D T e

detectors that can be used for detecting the |um nescence signal from the
reporter SRHEPIHIBONG AhMOFGINtsogatinggyayalsasthsol light l%t}?@i’n?%ﬁ‘éﬂdﬁgl Thepg@nci ng
and/or calibration. The overall power consunption of the optical systemis
kept sl |mer igesragiating wevelehslisghen pashibrovgh tetaptical sondyitramdikdumyingiovler . [ 0015]
The sensing el enent conprises one or nore binding proteins that are adapted
to 250bi nensig dleraént] dadiangnia shaygebn@nwdticheesuiin th aghahgast thowevel@d,t er

group. A suitable binding protein may be any that is adapted for use as a

bi osensor. lntEﬁ’éitZePF@ﬁﬂle Senetdiaransfet efficRndd, Bel/ADofar PR AMORABRcence of the
PCT/ US2004/ 038

reporter group, which is a part of the sensing element. The resulting changed luminescence
signal passes back through the optical conduit to the optical sysiem where it is detected,
interpreted, and stored and/or displayed. In certain embodiments, the optical system

15  comprises multiple excitation sources. One or more of these sources may be modulated to
permit dynamic signal processing of the detected signal, thereby enhancing signal-to-noise
and detection sensitivity. Modulation may also be used to reduce power consumption by the
device or to increase the lifetime of the sensing element by minimizing undesirable
phenomena such as photobleaching. The optical system can also include one or more

20  electromagnetic energy detectors that can be used for detecting the luminescence signal from
the reporter and optional reference groups as well as for internal referencing and/or
calibration. The overall power consumption of the optical system is kept small to permit the
device to be operated using battery power.
[0015] The sensing element comprises one or more binding proteins that are adapted to

25  bind with at least one target analyte, and at least one reporter group. A suitable binding

protein may be any that is adapted for use as a biosensor. For example, the suitable binding
6



protein may be any one of those described in copending, comonly owned U.S.
Patent Application Serial No. 10/039,833 filed January 4, 2002; U. S. Patent
Application Serial No. 10/040,077 filed January 4, 2002; U.S. Patent
Applicati ol Sﬁ,ﬁg,@ No. 10/039,799 filed January 4, 2002; and U S. Patent
Appl i cati on 43 &?rlrposi tions and Methods for Measuri ngPEI/BHRP4/Q38487
Concentrations” to Terry Amss, et al. (attorney docket no. P-601 1) filed
on even date,herewith, the contents of which are incorporated herein by
ref erence PRUETHIRY Doy e ) thosedeserbaddn soncading qorwraninewned USt B¥ee any one
of those described in U S Patent No. 6,277,627, U S. Patent No. 6197534,
or WD 03/ o8pRiEatianpSerigbNant (/930,835 iledhiasuary 4wB02hU: Ratenhipplisation Sediahlpei n by
reference in their entirety. 10 [0016] The reporter group, which is

associ at edWp4077Hdedlandirpdg, P03 EL.5 Paiest Aptdichtioh Sevial NadEYER®, 789Ifiled nescence
change upon binding of the binding protein to the target analyte. As used
herein, thiantay#) 2002 sal AEePaténttApplioR A Fort {Trim okt o LHANISthod for Pledstrin
covalently or non- covalently associated with the binding protein SUC%I t hat

upon bindi Agaife (BnéMidfinst BT HEANRSs, &RE (dHoRTt QIR ﬂB '?g@? 151t) Vrﬁ\g{/dﬁn' et Change

in the reporter group's | um nescence properti és suc el engt h,

intensity, ?Jté fl&é\%i > thedofifel JrhA fag\é i,n%%%bl%ga?gx%%eg% ?3?1%}%?%1&%% g{ell'%%lieﬁ{]é dyes,

Exanpl es of  reporter groups inclu , orga

pairs of o i c.dyes, fluorescent or bipglumnescent ,on oteins, pairs
of fluor es%‘gﬁmeg) n‘%?%‘?‘ﬁ%%&%yeaﬁ?c’%wy(?ﬁe Bﬁh?s@id{%‘fr‘%ﬁ? n Q#;bﬁtﬁ‘ﬁm%ati on of the
above. The report roup _may consi st _of a dagnor and acceptor _undergoing

f1 uor escen®@’ ’@oﬁrﬁgéteéﬁ@?-g@gﬁﬁmglf WO 0349044 pdithsedisesantentydl which a18i et i es
20 include | anthani des such as europi um (Eu3+) and terbium (Th3+), as well
as met al - | ingerperated baysindxensfer¢nse indiemgntitatyse of ruthenium [Ru (11)], rhenium
[Re(l)], or osmum|[Gs (Il)] , typically in conplexes with diimne |igands
such a0 phiooka]hr Thé repsrter|ghlib/ whidhds ssetdatedwizh drebiidingproteiQfid ddaped py oXi Mty
to the optical conduit. "Optical proximty" neans that conponents of the

devi ce ar eysdelHQ IRNGeGRnéOcHANL: GRALNRKNSIGRe Billdihg PRdtei tdthe Rirkdt dhalfedRal can
be transmtted to or received fromone object by another. The sensing

ﬁtﬁb”g:‘t O][Ta%aeg gfn’@%pgfriﬁ (#e?rinn‘a%rcia%l wilFRidafld ¥t the rdpBReORbIFRlcoCARMIN ok nbil 2
covalently associated with the binding protein such that upon binding of a target analyte to
the binding protein, there is a change in the reporter group’s luminescence properties such as

15  wavelength, intensity, lifetime, energy transfer efficiency, and/or polarization. Examples of
reporter groups include, but are not limited to, organic dyes, pairs of organic dyes, fluorescent
or bioluminescent fusion proteins, pairs of fluorescent or bioluminescent fusion proteins, or
any combination of the above. The reporter group may consist of a donor and acceptor
undergoing fluorescence resonance energy transfer. Other luminescent labeling moieties

20  include lanthanides such as europium (Eu3+) and terbium (Th3+), as well as metal-ligand
complexes, including those of ruthenium [Ru (II)], rhenium [Re(D)], or osmium [Os ()],
typically in complexes with diimine ligands such as phenanthrolines.

[0017] The sensing element is in optical proximity to the optical conduit. “Optical
proximity” means that components of the device are close enough to one another such that an

25  optical signal can be iransmitted to or received from one object by another. The sensing

element may be placed in optical proximity to the optical conduit in a number of ways, for
7



WO 2005/ 054831 PCTI US2004/ 038487 exanple: attached directly to the opti cal
conduit; attached to a connector that is attached to the optical conduit;
attached to a polyner chain or a polynmer matrix that is attached to the
optical copduit; or attached to a polyner chain or a polynmer matrix that is
attached tBO2%5#Mibctor that is attached to the opt i caPCBIAU03848The
sensing elenent nmay be permanently 5 affixed to the optical conduit or

repl aceabl y at L?acheg ch thaﬁ t he sensing el enent can be replaced

conveni ent MR AEC ?ﬁs) ety fothe ppigepbronduitAtiaehed to & Aegrion fet ispHechsd tnsi ng

el ement may further conprise one or nore reference groups. Unlike the
reporter g‘i;@ optical epmdpisfatiadivd do g pelymenehsingor apolymess cmatae that gratthched hathe i s
substantially unchanged upon binding of the target analyte to the binding
protein. Ildptic8ubsdwnor atdcedioalyahgen chair ans pélmet matireba énaaciiddange of the
reference group is significantly less than the | um nescence change

under gone dyinédi® the ROAttaCliedds Gebptidii@ondil ThERAGNE ElRMRNt MY Bp&Rn&aYsi st of
| um nescent dyes and/or proteins, is used for internal referencing and

cal i brati offfxdite tl‘ieeélﬁi_%ﬁ%ﬁdﬂ{&g-QpIS&Qlﬁlg%tt%hE@EJbﬁ%f&t %@étaxsigggii@ﬁg?t% be

conmponents of the device including t sensi ng el enent, ng protein

not containj t 3 r , the polynmer matrix, the polyner chain,
e

a bi onol ecu protein, the optical conduit, or a tip.

[ 0019] Th ing element, (typically this refers_tqg the bindin rotein

b th 1 ne 1900, ool BbddintBitclis sdisinblimieatans Firber cimeB™ Cutiy ey be
attached directly to the distal end of the optical conduit using for

exanpl e covETE@RE Brouphlintike therapprige eroppdherefrence graupdis 2 lwingscpnessigelng, spin
coating, plasma coating, or vacuum deposition. The sensing elenment nay also
be at t achetiattipsubstaotaiyamohangedipdn tndingwef the targeb amil yig teethe rexdingt otbim. r eadi | y
detachable so that it becones replaceable. [0020] |In another enbodi nent,

t he serisi rtpubktentialiy uhchaagddicieads the laninesremdeichampe df the referqnoé yivep isc mat ri X.
The polyner matrix may be any matrix that permts free diffusion of the 2 5

anal yte ofsigiHienasless haf tiRNEmiescefle iR MidEig¥ne ¥ Hhe Sepiet BdupoTht erfering
i mune proteins and proteases and allows the binding protern to retain sone

degree of CARLRE BRubAPRbL 8BRcREist of luminescent dyes and/or proteins, is used for internal

referencing and calibration. The reference group can be attached to any number of
components of the device including the sensing element, a binding protein not containing the
15  reporter group, the polymer matrix, the polymer chain, a biomolecule that is not a binding
protein, the optical conduit, or a tip.
[0019] The sensing element (typically this refers to the binding protein with the
associated reporter group and optional reference group) may be attached directly to the distal
end of the optical conduit using for example covalent, ionic, or van der Waals interactions,
20  dip coating, spin coating, plasma coating, or vacuum deposition. The sensing element may
also be attached to a connector, which allows the sensing element to be readily detachable so
that it becomes replaceable.
[0020] In another embodiment, the sensing element is attached to or immobilized in a
polymeric matrix. The polymer matrix may be any matrix that permits free diffusion of the
25 analyte of interest into and out of the matrix, while excluding interfering immune proteins

and proteases and allows the binding protein to retain some degree of conformational and/or
8



8 WD 2005/ 054831 PCTI US20041038487 orientational nobility. The matrix may
consist of nultiple layers, with an inner |layer serving to retain the

bi nding protein, and one or nore outer layers to control the perneability
and/ or achi eve bioconpatibility. For exanple, the polyner matrix maybe any
one of tho¥® 208fd5¢83lbed i n copendi ng, commonly owned U. BCT/B§gobd/asedsyon Seri al
No. 10/428,295, filed May 5 2, 2003, the entire contents of which are

i ncorporated herein by reference. The immobilization may be acconplished

ei ther by ewspsdtienel polilitykTigmathis nsayrrensig) of inaltinle layers,twigh arpiohgrieyer ravingx or
by physically entrapping the sensing elenent within the matrix. In the

i nst ance wartint the bindingrpesteinpind one phyeiemitdriayert to @pmrd] e eensabiliy ahdvENt |
the matrix pores are sized to retain the sensing elenment. In the enbodi nent
wher e the sk bicompasilityl BorkRampleARE polyiner heix PRdyahl enéBf thbee t he
sensing elenment is attached to the matrix using, for exanple, covalent or

i oni ¢ |'i nka@eribelhg cHnY Iy ot DS, ﬁpﬁ%ﬁ&gs&@al Nae16tusd 25, and Mfy the

optical conduit using a{jﬁ%’re%%s, dip or sp coat i ng, plasma coati ng,

coval . b Ofhe, : |4S,. .1 ' . rechani cal t

corbi nat | ofe PR Eyirt PO of WALT e ERbERTen By PRI rBle "0l et 1
ttached t | y.er i hain. .T. .15 met had of. attaching. th [

ol ement t o VTR B SRR SIS BUREPD HOing PRFFIBEGTETL BAF ent

ionic, and van der Waals jnteractions and caonbi nati ons thereof. The pol yner
chain is BRlyneHarixer phehyscelly enteappingrthe swasipp element vagia themmaiex.Jg ther or
exanple, dip or spin coating, plasm coating, vacuum deposition, covalent,

i oni ¢, or inaanetevhere tiepolymes matrix physicalgyr entrepntbe sensingretemdnt theohatriz @ofe®022] | n
anot her enbodi nent, the device further conprises a tip (either tapered or
non- t aper ad}izedhatretain itie serging@ldntenpile theembbintekii whére tirl deming dlemsrnsi ng

el emrent to contact body fluids. Preferably, the tip is disposable, The tip

nmay _belmﬁdﬂtd@ﬁed}baﬁéﬁcﬂylgnéﬁcﬂﬁhtrixgﬂl1é-§éimin@‘éieﬂ€ﬂfis att@hed@tythe HERN@&idgOfrof these
or simlar materials. The tip may be attached directly to the optical

condui t (1 blagiple, Uy BEIRRINRSecThEpdIFERARAGRa] bd iialled T dikiR YAl SO be

used to 25 house the optical cohduit® containing the sensing elenment, such
that it enﬁl@%ﬁﬁcaﬁ and?lﬂtdsﬁ%ladhesives, dip or spin coating, plasma coating, covalent, ionic, or

. |

van der Waals interactions, a mechanical connector or combinations thereof.
[0021] In another embodiment, the sensing element is attached to a polymeric chain. The

15 method of attaching the sensing element to the polymeric chain includes, but is not limited to,
covalent, ionic, and van der Waals interactions and combinations thereof, The polymer chain
is attached to the distal end of the optical conduit using, for example, dip or spin coating,
plasma coating, vacuum deposition, covalent, ionic, or van der Waals interactions, or
combinations thereof.

20 [0022] In another embodiment, the device further comprises a tip (either tapered or non-
tapered) that is designed to pierce the skin to allow the sensing element to contact body
fluids. Preferably, the tip is disposable. The tip may be made of plastic, steel, glass, polymer,
or any combination of these or similar materials. The tip may be attached directly to the
optical conduit (fiber) using adhesives or a mechanical fitting. The tip may also be used to

25  house the optical conduit containing the sensing element, such that it encases the optical



9 WO 2005/ 054831 PCTI US2004/ 038487 conduit and sensing elenment. In one
enbodi nent, the sensing elenent may be contained wthin the tip. [0023] The
device may further conprise a connector that nay be used to attach the

conponent evice to one another. The connector may be, for exanple,
any 5 mck@%@%g’ﬁg\/i ce, such as standard fiber optic EGAIESEWOYPIBT er

| ocks, plastic, nmetal, or glass sleeves, or spring-|loaded housings. For

i nstance, the.connector nmay be used.to. attach the sensing .elenent to the
optical cd&RBHL ,nﬂ(§Pnst“?£ %l?@é&h%%%ﬁﬁwt,%ﬁm% BlgmERidn e ©BfRIEd st em
The primary purpose of the connector is to provide a conponent that allows

t he ot her Wl&b‘h’fb@r‘i’@nts to be readily detachable so that the conponent becones
repl aceable. 10 [0024] In light of the foregoing coments, it will be
recogni zedOOR&] aThydaviemady fotthescomprise adoangstar skt mayroeansed tonattach the provi de
an inproved device for sensing the concentration of a target analyte that

i s wear ablempoenesasfithé deviqeeo aheanoRree Tk abrnectot ey GeMor exammye, Bey used f or
continuous anal yte nonitoring, but sonmeone skilled in the art could envision

cont i NBOUSnéMehic Aewied isGcl @ btdn@irt Fi®erdptic Bonic¥Orsa Rt Rickd, Plaghid, it s Wi th
such a device. 15 [0025] Another object of the present invention is to

provide a gleviCe; ipt‘iﬂ%-l&a?ie&ﬁ ol insHRSd, e Afgﬂgecgﬁe?\rﬁ%};&e%seé 3048dn e f ur t her

obj ect of the present inventionmis to provi for sensing a target
anal yte that .i s .robyst 002 further ject. of the present Jnvention is
o bt ovi deeasneebRe T the oBhf Bl Hosf Meiiticsahelfi B Gilee! P Pab
results. [Q028] Another qbject of the present inventjon.is to provide a
devi ce t hatDePEIMAEL BVERPSE COBRRT ARIS PFVALH hepennogeny dé?’i&}l?wf teethepan. [0029]
Anot her obj ect of the present invention is to provide a device that has a
tip porti cwmpgrenss igibeaeasdyydrtachaple spthpdthecompprant becomen eeplaseablor sensati on
when inserted into a patient. 10

10 [0024] Inlight of the foregoing comments, it will be recognized that a principal object of

the present invention is to provide an improved device for sensing the concentration of a
target analyte that is wearable and easy to operate. Preferably, the device may be used for
continuous analyte monitoring, but someone skilled in the art could envision continuous and
episodic monitoring of /#7 vivo and/or in vitro samples with such a device.
15 [0025] Another object of the present invention is to provide a device that is compact in
design and portable.
[0026] A further object olf the present invention is to provide a device for sensing a target
analyte that is robust.
[0027] A further object of the present invention is to provide a device that can be easily
20  employed with highly reliable results.
[0028] Another object of the present invention is to provide a device that is accurate and
provides readings in a short time span.
[0029] Another object of the present invention is to provide a device that has a tip portion

of a size so that it produces little or no pain or sensation when inserted into a patient.

10



WO 2005/ 054831 PCTI US2004/ 038487 [0030] These and ot her objects and

advant ages of the present invention will becone apparent after considering
the follow ng detailed specification in conjunction with the acconpanying
dr awi ngs. \5 Izﬁﬁ g&SCRI PTION OF THE DRAWNGS 5 [0031] The invention wll be
mor e readi § 2P 0od with reference to the enbodi merRCI/USZM4{03R4E7
illustrated in the attached drawing figures, in which: [0032] Figure 1 is a
general i ze e ic o bi asensor .accor di to an _enbodi nent of the

i nventi on; WB%&?@&P&"%W PhIBRL} pugaduantagss ehifie gresent dnvestion Wil Rsseme o
configuration in the optical 10 portion of the sensor according to an
embodi ment aRpRreptyitep censtdering thectatlowing detaideslspedifieption iBconjyunetion mtbghevar i ous
enbodi ments of the biosensor tip according to an enbodi nent of the

i nvent i on; aqcoDpSiyurE drawimgs i | | ustrates an enbodi ment of the invention that
is a wearable in-vivo optical biosensor; 15 [0036] Figure 5 is a chart

showi ng t he perfornmance oBRIEF DESCRIFTION OF 0B BRAVENGS ding to an
enbodi ment of the invention tracking changi ng glucose |levels in an

anest hed i ZEEOPL]9; The EtlonRhllWeandte keadidy SltRfstocdNAM RErEde tfe babo@ARAIs0f a
fiber optic biosensor according to an enbodi nent of the invention using a

singl e 400%1@&8{‘@1[13&%&3%@%{ c %Bdfé‘fiﬁg?%@’es’%'g’hﬁm? optical configuration

illustrated 1n Fligure 3 re 7 shows the performance of a
fiber opti iasensor according. t.o .an .enpodi ment of the inveniign usi.ng a
Si gl e a0ologaN g, Rtk Gt 2 RhauE PP aRS e Shord HERbHERetRon
illustrat ecil1 i.n Figure 2A; and [0039] Figure 8 illustrates an enbodi ment of
t he present SIERP™: on i ncl udi ng multiple electronagnetic energy detectors

and an internal reference. 11 WO 2005/ 054831 PCT/ Cr S2004/ 038487
[0033] Figure 2 illustrates two embodiments of the optical configuration in the optical

10  portion of the sensor according to an embodiment of the present invention;

[0034] Figure 3 illustrates various embodiments of the biosensor tip according to an
embodiment of the invention;

[0035] Figure 4 illustrates an embodiment of the invention that is a wearable in-vivo
optical biosensor;

15 [0036] Figure S is a chart showing the performance of a fiber optic biosensor according to
an embodiment of the invention tracking changing glucose levels in an anesthetized pig;
[0037] Figure 6 is a chart showing the performance of a fiber optic biosensor according to
an embodiment of the invention using a single 400 micron core fiber optic sensor and the
optical configuration illustrated in Figure 24A;

20 [0038]) Figure 7 shows the performance of a fiber optic biosensor according to an
embodiment of the invention using a single 400 micron core fiber optic sensor and the optical
configuration illustrated in Figure 2A; and
[0039] Figure 8 illustrates an embodiment of the present invention including multiple

electromagnetic energy detectors and an internal reference.

11



[ 0040] Throughout the drawing figures, it should be understood that |ike
nunerals refer to like features and structures. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS 5 [0041] The preferred enbodi nents of the invention
will now rihed with reference to the attached drawi ng figures. The
fol | ow ngbﬁgggﬁgﬁg‘{fgﬁescri ption of the invention is not PGTA{RRAHEBHBD be
illustrative of all enbodi nents. In describing preferred enbodi nents of the
pr esent irm@g_to'hon specific term pology is_ enpl océ'ed for the sake of clarity.
However, t nvEHPrEhut the Arwvingfignered shepldbe prdersend thy likgaumeialsirefer

term nol ogy so selected. It is to be 10 understood that each specific

el ement i e likeifestuzgs|and steuntires| equi valents that operate in a simlar manner
to acconplish a simlar purpose. [0042] The present invention involves a

bi ndi ng- protein engi neered to bind an analyte of interest within a desired
clinical or analytical range. In addition, one or nore |um nescent reporter
groups are associBREAINND DESQRIIFION OB TRIEREEFERRER $BMBODIMERISNt reporter
groups 15 include but are not limted to, for exanple, organic aromatic dye

mol ecukses [004a) eNflepreeREPERLL '1ﬁeﬁ¥§ftﬁ5 DR ehtfo ﬂnﬁﬁm;k 4G itRE Wil rBfeRnce f OT

exanpl e, I'um néscent” bi onol ecul es such as proteins tfused to the engi neered

bi ndi ng prtghﬁeia ?%q%\‘hﬁkag\;igffggl:ﬁag t]'@??ol%@i céq?ﬁﬁfeg dgsrc%%gﬁ?s% : ﬁﬁlt}l%fua}fﬂ%qls h&er ed into

t he bi ndi ng pro es 0 achmien e nescent
reporter .nmol | e...Binding.of the . analyte ta fhe hjindjn (ot ei esults in
a change i‘ﬂte’ﬁ‘cﬁ%%? E‘Fﬂl é@%‘é’ﬁ?’fﬁﬁ SmB?(B’BB'?tF'i[Bgest‘}f’b’b‘ﬁé?r%l?“?#o‘?“gm%@ﬁﬂﬁ rtﬁﬁr oups.
The | um nescent, property affected may be the absorption or em ssion

wavel engt [PresspidBYSHEiPD SPesificieraiaplogy isampheyed Jor thegake obplantys digwewer, theni ssi on
pol ari zati on, and/or energy transfer efficiency. Binding of the analyte is
also r evénm'ntjbiei,snmmmnﬂe:gtomﬂimicﬁdrtgﬂ}e@pmiﬁci iegniagleey s¢ selectedhdhigéo b t he

| um nescent properties of the reporter nolecule. 25 [0043] The one or nore

bi ndi ng pratdestosd tladeugh wpdcifid diahent Axhdes 4l echried equiedleds tapsperatoi i se t he
sensing elenment. Optionally, the sensing elenent may al so contain one or

more 12 \Whi?ROnhB&a48 ddcobiplish Sttt PRpds/

[0042] The present invention involves a binding-protein engineered to bind an analyte of
interest within a desired clinical or analytical range. In addition, one or more luminescent
reporter groups are associated with the binding protein. These luminescent reporter groups

15  include but are not limited to, for example, organic aromatic dye molecules covalently
coupled fo cysteine residues in the protein or, for example, luminescent biomolecules such as
proteins fused to the engineered binding protein. Cysteine or other amino acid groups may be
engineered into the binding protein to provide sites of attachment for the luminescent reporter
molecule. Binding of the analyte to the binding protein results in a change in the luminescent

20  properties of one or more reporter groups. The luminescent property affected may be the
absorption or emission wavelength, absorption or emission intensity, emission lifetime,
emission polarization, and/or energy transfer efficiency. Binding of the analyte is also
reversible, with the unbinding resulting again in a change in the luminescent properties of the
reporter molecule.

25 [0043] The one or more binding proteins along with their associated reporter groups

comprise the sensing element. Optionally, the sensing element may also contain one or more
12



T I

reference groups. Unlike the reporter group, the reference group has a

| um nescence signal that is substantially unchanged upon bi ndi ng of the
target analyte to the binding protein. The |um nescence signal fromthe
reference roug grovi des an internal optical standard that can be used to
correct f PUBI artifacts due to for exanple el ect POEIUS2a04/0F8887i n t he
optical system5 or to notion of the sanple or optical conduit. The
reference group can al sg _be used for «calibration. The reference group can
be at t achdefercacagroupiy ke ghe repatiss gupshereferprcegeanpdies ailypingiseras signel sensi ng
el ement, a binding protein not containing the reporter group, the polyner
matrix, tHeatpoiupstentiadiyanchangediipombinsing of theHtatget aahyiot toghbbindinggrgseiot Bien, t he
optical conduit, or the tip. In one enbodinent, the reference group is
attached thomimetvenct sighapfroineherefderich gtoup psovide An ﬂﬂghﬁle;@tieﬂ staBd s ehilt Bah
significant response to the analyte at physiologically relevant

concent r atyeQB& tolcBRédt for Upaic ARFRAOIRI 18 %am%@%ch Shib 91‘19'?@ tHelopHBd Syddrpdi NG
proteins, one or nore reporter groups, ptional referencé groups, may

be i mmgbi 1 %c?ﬁ{ol%n %tﬂﬁe %&ﬂ)l@gr Jép'ﬁ?al%ﬁ @lThecf'%gg&ﬁt grg{éq b&ﬂlsdlé%q) ?Pég(% ﬁ)g osabl e tip

t hat |nte aces W opt i con U|t ron of sensi ng

el ement on he 0 conduit or .in he disposaple ti .

acconpl i SREPHIGE d*éﬁasﬁefeﬁﬁ%,gfaw R plieasy SpiutEn o segronBuERs e feyice

exanmpl e, b oatin coval ent attachrrent pl asma treat ment, and
the |ike dl){‘"rl\é‘h&&' SH‘gt “%talg"d“aqm%ﬁ‘ﬁmﬂ ot gpntanig N@%??Tﬂﬁpy“et he sensing
el ement can be first immbilized in a polynmeric matrix and the matrix then
attached thelymes naix, dlzel podameswhein, abiomplscalt thatis nieya bindiagipyaisin, thajoptéal on

nol ding, dip 20 or spin coating, plasma coating, vacuum deposition, ink jet

t echnol ogypndiol at thatip. roomecsmbodimensntheheferéiialgroupid sttaabdd tondindiyg psretehani cal
attachnment or any conbination thereof. [0045] The optical systemis capable

of i nterr agahkdeech kegihestdiRsESNho kiRaITRARScPbndehE ther@MOTel £ phsirlogiedigr ence
groups by passing light froman el ectromagnetic excitation source down the

opti cal cqagwngc(;lﬁeﬁt%ogg stal end containing the sensing el enent. The
optical system?25 also nonitors and interprets the return signals generat ed

0 e | TDBR] O LSARPAR b S BL forR OLSL NG0 ovp- The
reporter groups, and optional reference groups, may be immobilized at the end of the optical
conduit or inside a disposable tip that interfaces with the optical conduit, Immobilization of

15  the sensing element on the optical conduit or inside the disposable tip may be accomplished
by depositing a thin layer of the sensing element, for example, by dip or spin coating,
covalent attachment, plasma treatment, and the like directly onto the optical conduit or tip.
Alternately, the sensing element can be first immobilized in a polymeric matrix and the
matrix then attached to the optical conduit, or tip either by adhesives, injection molding, dip

20  or spin coating, plasma coating, vacuum deposition, ink jet technology, covalent, ionic, or
van der Waals interactions, by mechanical attachment or any combination thereof.

[0045] The optical system is capable of interrogating the luminescent response of the
reporter and reference groups by passing light from an electromagnetic excitation source
down the optical conduit to the distal end containing the sensing element. The optical system

25  also monitors and interprets the return signals generated by the luminescence response of the

reporter group and reference group. The luminescent properties of the reporter group, either
13



WD 2005/ 054831 PCTI US2004/ 038487 wavel ength, intensity, lifetinme, energy
transfer efficiency, or polarization, change in response to analyte binding
or unbinding fromthe binding protein. [0046] Now with reference to Figure |
a specific S gﬁal ar}z/ enbodi ment of the present invention will be described.
The optical’ é"y 0 i ncl udes a conbi nation of el enent SPG/VS004($4HY but not
limted to el ectronagnetic energy emtters, electronagnetic energy
detectors, various mrrors, filters, electronics, hol ographic optics,

di chroi c eV ; Intgnsity, lifgtime, pnesgysisansten stficicage @r polagezatign; haege 18 gesopisg
radiation fromthe el ectromagnetic energy emtter down the optical conduit
to the serigiandjytelbinding orawmbindingiramothe bindingepratais. i nt erpret the return

| um nescent signal. The return |um nescent signal fromthe reporter group
changes i r{00&&]esNowsxith efadnaa gi Figure dracspadifiatiasagfenibbéinened fthepresenbe
detected. The optical system2 may also conprise a conputer or

M cr opr oceasdition wilh b€ Besdabedl. The GitlAIystBIMACIAGIRAGRD cofitk@BRbf ahent§BNI pul ation
of one or nore signals, and data storage and handling. The conputer or

M Cr Opr50C &3 8Qding bilEnbt Nfrited P HHoRAENARRNEEY et Eﬂgu&h{@eti&a ents of the
optical system or, in a preferred enbodi nent, may be physica separ at ed

Py Up. Lo SRABEAL RSk ORGSR SR SEIORRANENLE Rhrd P dgBld i) SYoL e
o LS POOET LN BT LE LR ie SRS SISLem L cormun cat o

m croprocessor 3 may al so store calibration information specific to the
sensi ng e|%mdownu¥gﬁwtlf@¥ capduit torthersanging glesieaandribenyp sepabiedngd interpest et i cal
system 2 i s channel ed down an 20 optical conduit 4 to the sensing el enent 6.
Opt i cal comtio lunvngsegnt bignadi fThe retarn lopineseait signblefiror the repaten gtoupichdrigegini de
that transmts light with mniml |oss. The sensing el enent 6 consists of

one orlnorespanscho Ranying @ndehinalibds of e analytan de deigaed. allechpticatispg et 2rhay
reporter groups either imobilized in a polyneric matrix, attached to a

pol ynmer chaddooniphis®k e&wﬁt@pbrilﬂc@?ﬁ;bés@&ssa\bh@h hiidles stdnbPGDedsifp, redhdmyaticql t he
distal end of the optical conduit, or attached to a connector. The 25

al en i1, "or "at tached to a
or oups el g e ng b of A o e B Rl b e TR o L6 & © 0 Cani

mol ecul es r];11%{'0ptrct]ceess%i'J 5 ?r%%r%e% physical contact with the other components of the optical system

or, in a preferred embodiment, may be physically separated by up to severai meters from the

15  other components of the optical system. In this embodiment, information from the
electromagnetic energy detectors and electronic processing elements in the optical system is
communicated wirelessly to the computer or microprocessor 3. The computer or
microprocessor 3 may also store calibration information specific to the sensing element.
Light of one or more wavelengths produced in the optical system 2 is channeled down an

20  optical conduit 4 to the sensing element 6. Optical conduit 4 may be either an optical fiber or
a short light guide that transmits light with minimal loss. The sensing element 6 consists of
one or more binding proteins with one or more associated lwininescent reporter groups either
immobilized in a polymeric matrix, attached to a polymer chain, incorporated in a disposable

tip, attached directly to the distal end of the optical conduit, or attached to a connector. The

1>
on

sensing element 6 can also consist of additional luminescent reference groups that are

optionally attached to biomolecules, polymers, or organic molecules for the purpose of
14



14 WD 2005/ 054831 PCT/ US2004/ 038487 providing a reference or calibration

signal. Sensing elenent 6 can be attached to the distal end of optical

conduit 4, either directly or via a polyner matrix, or, in the preferred

enbodi nment to a disposable tip 5 that is attached to the dista
QAAEHS!

end of the' conduit 4. In this case, the di spodsBYES20(4{§38387 g

positioned against optical conduit 4 either 5 nechanically, via adhesive, or
by any other .suitable nmeans .Fnovvn to tgose of skill in the art. ({‘0047]
Figure 2 i EOYRMEATEIEONR R caliprafipRsignali pepjsing,plament 6 cambe %@C‘ﬂ%ﬁ%‘w istal

enbodi ments.. In Figure 2A, a dichroic mrror or beanmsplitter 11 is used to
direct |i gthd of pBisahfordpE G pidhiendiestly or vieaaplgnes switin oy, in dhemiefespst i cal condui t
4. Excitation sources may consist of, but are not limted to, for exanple
are | anps, embpgdiment, atgehed top dispoxsbleitip Stthatds attachett toehy distehend@fthieapticalondui t 4
10 is a fiber optic cable, and the sane fiber is used to transmt excitation

| i ght fromcoatieics.r binthiyreatd, thealisposablesttp§ B@ositibmedtagRinstapsical gosduitmedithe® and al so
to transmt the |um nescence signals fromthe reporter or reference groups

back t o t hedhahicalB), viaeaheive2or ¥y anicite QhibRI BRI knovin RItBSLLARLY iS@RaRat es
the return signal fromthe excitation Ii ght and directs the signal to

el ectr OMaoRRid7 AL, AshRhkAlhent of AR GREASuIRY Oiir'}?\gﬁhﬁ%c#g%l?l?c%ﬁ%elﬁg. epnot 15

limted to, xanpl e, phot es, ps, er 'tubes.

In the ev t hat L tiple | um nescent,.signals. are..returned fromthe,

sensi ng elelflz,i%%rl‘%tB ,%’ 58%‘1’%&'&@1&1 ? RETE lﬁ%rl %r}%ﬁieg t?‘rﬁ&’lecggg]ﬁg“b"dn ELClgFORAENiS ¢ i ons
of the return signals gho mul tiple. detectars. Preferably, .a |um nescent

ref erence Gty O&ﬁ‘é g e oRlf F%“qe"‘ﬁs"e XitafigRysqueces may captist of. AgargnpHimiteds

anal yt e-dependent reporter nolecule to _provide a reference signal. This

ref er ence i Ghatampde ¢4 kammes, lasediodes or ERRspla this embestimen; the optieabeanduit 4or
electronic drift. [0048] Figure 2B illustrates a second enbodi nent in which
a bi f urcatied fibpt aptialcalarmbd dheosameffiberid ueqst tb crahsnhit kenitation bgigéoent i s used to
transmt light to and fromthe sensing elenent. Here, light fromexcitation

source 7 idedtomagmeticteacgdowircONe the ansihg lethehi 6 aidcaAied tfahfgit thebundl e. Return
| um nescent signhals fromthe sensing el enent are detected using the second

25 ann of fuRenebichbld GALLOHN RS repSifer bbRfertite gups 6aKa0 RSPt SY st pdlal ng

serves to separate excitation
dichroic element 11 preferably separates the return signal from the excitation light and directs

the signal to electromagnetic energy detectors 8. Detectors may consist of, but are not
15  limited to, for example, photodiodes, CCD chips, or photomultiplier tubes. In the event that
multiple luminescent signals are returned from the sensing element, additional dichroic
elements may be used to direct portions of the return signals to multiple detectors.
Preferably, a luminescent reference group that is analyte insensitive is included along with
the analyte-dependent reporter molecule to provide a reference signal. This reference signal
20  can be used, for example, to correct for optical or electronic drift.
[0048] Figure 2B illustrates a second embodiment in which a bifurcated optical bundle or
fused optical fiber arrangement is used to transmit light to and from the sensing element.
Here, light from excitation source 7 is transmitted down one arm of the bifurcated fiber
bundle. Return Juminescent signals from the sensing element are detected using the second
25  arm of the bifurcated fiber, so that in this case the fiber bundling serves to separate excitation

from return luminescence. Dichroic optics, beamsplitters, or polarizers may additionally be
15



fromreturn [ um nescence. Dichroic optics, beansplitters, or polarizers may
additionally be 15 WO 2005/054831 PCTI US2004/ 038487 wused to further divide
the return | um nescence, based for exanple on wavel ength or polarization.
Optionally n ss filters 12 can be used to select the | um nescent

wavel engt hw?g&ﬂ@lgﬁélt ected. Power supply 9 supplies powdiCT{iS2004@38%4B% i cal
system 2. [0049] Figure 3 illustrates representative nethods of attaching

t he sensin | ement to. the 5 end, of an optical conduit, when the optical
condui t i ﬁstﬁmdﬁ’?b%ém#q @% F‘?tumﬁmiﬂmg%ﬁe@fehe%@ frs exayaplg ion gyaxeleriher at t ached
directly to the distal end of the optical fiber using for exanple covalent,
i oni c, or Relgyizatign. \Rpsiogally, bandpassi flisss 12002p be veadito geleds theluminessanty, pl asma
coating, vacuum deposition, ink jet technol ogy, or conbinations thereof.

Al t er nat el wavelehgih @b datestede | Raveen sypptyotmippBesepweh o the opticabsysteat 2i ns,

associ ated reporter groups, and optional reference 10 groups, can be

attached t[00#9]ongigmiediillugtates Fereseatativd ethbdynd athvhiny thebanding eRireaciart
directly to the distal end of the optical fiber using for exanple, dip or

spi n caoat i dg.of Bl G5tIEAl addit, Wehen tNAGHIYAN HRRASE bk Opti | @DEiguie, the OF Van
der Waal s intoer a@?i ons, iInk jegt technc():l ogy, or ﬁécgﬁg?ﬁa?ri{]olggkt hé(r&gof. ,

[ 0050] In Ej ' : b Sed Ll Ezed d ric

mat % and PR Aty atfed GR% 0, leiilond B PERRA 8&Rsll B RFEE" | C
optical fiber, using, for ex | e,. adhesi yves, . dip. or i n, coati pl asma
coating, icrﬂvﬁiglﬂi 18th?ﬂvép 8§ a}:’T’Iﬁ)llﬁ l?tglfgfoélé’tijﬁ%?@&%’ SBB\/Cé’IaE‘Eﬁ’ PlaiS‘BﬁF?:a?{%g’r van der
Waal s interacti gns,,,a nechani cal. connector or conbi nalti ons thereof. In a
pref erred VASHIBAFROSIHP, 1k )6t techuolegys, Apeomdunatiqas %‘S‘WM toraatelythe sRIFBE prot ei n
are used to covalently bond the sensing elenent directly to the optical
fiber, suctieraentfcompasiagiedinding protehsuessonipterenpriargraprsang optionsheefgenceace of
a glass or silica fiber. In Figure 3C, a plastic or polyner sleeve fits
over tlle dgrstpa) caaibe attiched® ©lohgchdin pollpmer, andiths dongehaim@ohones ettaohed giratlect t he
sensing elenent. The sensing elenment is entrapped in or attached to a

pol ymer nepithedistdiead poih Bptical fbE isthgdonéxample) giptod epis Rb&inagplede®atingan be
introduced into the sleeve either by injection, pouring, or dipping and can
then be crpgsirh bg6sHoR coRAENTRMZ 8 aideMRals RerSttRMY Bnk jet technology, or
combinations thereof.
[0050] In Figure 3B, the sensing element is immobilized in a polymeric matrix and the
15  polymer matrix is attached to the distal end of the optical fiber using, for example, adhesives,
dip or spin coating, plasma coating, injection molding, ink jet technoloéy, covalent, ionic, or
van der Waals interactions, a mechanical connector or combinations thereof. In a preferred
embodiment, reactive groups of the polymer matrix and/or protein are used to covalently
bond the sensing element directly to the optical fiber, such as for example by introducing
20  amine groups on the surface of a glass or silica fiber. In Figure 3C, a plastic or polymer
sleeve fits over the distal end of the optical fiber and serves to house and protect the sensing
element. The sensing element is entrapped in or attached to a polymer matrix. The polymer
matrix containing the sensing element can be introduced into the sleeve either by injection,
pouring, or dipping and can then be cross-linked or polymerized within the sleeve.

25  Alternatively, the sensing element may be polymerized within the sleeve prior to insertion of

the fiber optic. Figure 3D shows the optical fiber held within the inside of the needle. The
16



25 Alternatively, the sensing element nmay be polynerized within the sl eeve
prior to insertion of the fiber optic. Figure 3D shows the optical fiber
held within the inside of the needle. The 16 WO 2005/ 054831

PCTI US200 8%{2?@; needl e may have a nodified bevel to control piercing
dept h and/ ¥ port to pernmit access of the anal PCAUS300E848%ensi ng

el enent contained in the needle. The sensing elenent inside the needle my
be attached rec to the tical fiber using, any, of .the t hods

descri bed }ﬁ‘ﬂf E.'ﬁ%"c ithg"ﬁdggehf"g‘i?r“&g[bléﬂcmﬁgeﬁara“é@ Rpide pert I?FQP}tvel y, may
have only 5 P ni cal contact with the fiber. The attaghrrent schenes shown
in Figure %8°sF8 %Fé\“%ﬂleé‘ﬂtheé?ﬁﬁﬁm HEPRnS contRingaHip thrnegdled THE FEnsInSiclfmedt dual | y
or in conbination. Q[{gOSl Figure 4 shows a preferred enbodi nent of a

wear abl e optifete npe attaThes direstly topthe opitcabfilyar msing peeef the msthodxi mately 1
- 10 im in length, containing within it the sensing elenent, 6,

i mobi | i zeltsoibed irathe distussiah of figaes 3223 B, bhaCfor dternativeby, 1myd1aneenﬂlye assenbl y
is 10 centered in a plastic nmount, 24. The tip, containing the optical fiber

and the senshagcslcen@itwith the fibESTR atcRasm ecdhey SiWiniFigqde B bR fkfeRed! a
patient so that the chem stry at the end of the fiber resides in either the

|t r adennadmiiir A ANBULsBPARR: irdHRAIY 8 il BbRRbAIen hol ds the plastic

nount plus needl e assenly 1 n place. The optica system 2, then clanps over

the pl asﬂgﬁﬁﬁ ﬁig{u%’dr s‘ﬁ”o&l? h]he?e]rge ne%%h%r n?gf el n a?abli.‘g1 §]!Jtncgl %10?«3119(91 :]T‘lg#lg,];' ber

22 with t tlc ystem ca ne
I di h i
St s AL A M I T

| aser diodes, or LEDs. Detectors may_consist of, but are not limted to, for
exanpl e, ;ﬁ%@ﬁ%&%&@@oblbw e psoptisal hest@mThe fier.dip, snsyesdle pergmbly Fhe
follow ng exanples illustrate certain preferred enbodi ments of the instant
2 0 i APentdeotereddamd plestic mewrg) 34. i Thedipd eehtaininp thei dplical tiibar indghe$ensing rishnanty
enbodi ments. Labeled nutated binding proteins with fluorophore reporter
probes ar ds itsatedierendicilarlp atotidahimeMaiphfient kdithapthe cledhistey sighe éralrdfhhdy Cass
et al., Anal. Chen 1994, 66, 3840-3847, or as otherw se described.

fiber resides in either the intradermal or subcutaneous space. Adhesive ring 25 then holds

the plastic mount plus needle assembly in place. The optical system 2, then clamps over the

plastic assembly, with the connector 26 interfacing the optical fiber 22 with the optical

15 system. The optical system can be designed, for example, according to either optical

embodiment 2a or 2b. Excitation sources may consist of, but are not limited to, for example

arc lamps, laser diodes, or LEDs. Detectors may consist of, but are not limited to, for

example, photodiodes, CCD chips, or photomultiplier tubes.

[0052] The following examples illustrate certain preferred embodiments of the instant

20  invention, and are merely intended to be illustrative of exemplary embodiments. Labeled

mutated binding proteins with fluorophore reporter probes are used herein in accordance with

the procedure set forth by Cass et al., Arnal. Chem. 1994, 66, 3840-3847, or as otherwise

described.

EXAMPLE 1

25 Jo053] According to one embodiment of the present invention, glucose galactose binding

protein (GGBP) was used with a triple mutation including a cysteine substituted for an
17



EXAMPLE 1 25 [0053] According to one enbodi nent of the present invention,

gl ucose gal actose binding protein (GEBP) was used with a triple nutation
including a cysteine substituted for an 17 WD 2005/ 054831 PCTI US2004/ 038487
gl utamc j sition 149, an arginine substituted for an al ani ne at
posi tion %Qg%{)%sﬁﬂ serine substituted for |eucine at p&IUSPY/0384%y

(E149C/ A213R/L238S). The protein was |abeled at the 149 position with

N, N - di net hyl - N- (i ,0doacet -N -(7-nitrobenz-2-oxa-1,3- |

di azol - 4- ﬁli' ‘@Pﬁﬁ&?@&?ﬁ?ﬁ%@% I “Erﬁ“ﬁ%)@ﬁ%.fOTW alanipk atposifion@ipasd a

(E149C/ A213R/ L238S) is specific for glucose, and the reporter group

under goes SEngupgitited &rdencingab pasitiap %ﬁéﬁb@q/ﬁzlwbm Be piotRiwYes bi ndi ng.
[0054] A nulticoated or nultilayer matrix was prepared as follows. A core
mat ri x wadabelegdratthe 149 pasisiomyyith Noai-dinghyl NaGedoadetpl)- Mi(Raitprbetz2 0x4-13-uM i n
PBS buffer, pH 7.4, prepared as described in PCT/US03/00203) with 2 to 4
parts 3 wdizéobhiyl)othylenédidmine (IANBB ainide)dxyatThisimuthted GBBRND vortexi ng at sl ow
speed. 3 nL of the resulting protein-alginate mxture was placed in a

syringe ang149t/M3eIR/BL3SE)hvdpRcifl fokQludebd) fnd m%eeip%ﬁ@r gouPhnderddeéaCl2 on a

m xer, thereby forming beads of about 0.4 to 1.5 mn in dianeter. The beads
were m xedylofesEed SR ER s dol& fi@kdide- 60 m nutes. A containnment
| ayer was tﬁerslgé?lorne%e{)g paﬁg%}nngslioﬂe tggg%ése@éddégabove in a solution of

pol y-L- 1| ysj 3.0 O%.v. in waten. approximately 10 fqor 1 15 hour, then
Grying thdoBSA: 1§ ardticoalsd ol B Bl PR G Shtae A ol M e
mnutes. At this point th ensor, . was ready. to_be used., [0055] The fiber
used in tﬁp@@%&vm pajiyedalieclhiRdipgRrofeiE S uhin BS byffer ol 4itnpigpaed
400um fi bers arranged around a central 400 umfiber. The six fibers were
used as t 1% dessribed ACHUSBHAORA0) with 2ttnd pedni wals dlgipete (W) Intescingilatean val
conduit. The total diameter of the 20 fiber was 1.4 mm. Once the fiber was
pol i sRéd, andevitexengld Slovnseed dlmigpfithe reshliiag peaseinsiginatomixtieavae ptaced mensi ng
elenent to the distal end of the fiber optic. The proximal end of the fiber
was bi f ur cafifgk andiiifisedra a daatero D) Ml/Hr dnt@ O@HE bf BM O4C!S ok @ex&@letebe ot her ann

oing to a
’ ’ forming beads of about 0.4 to 1.5 mm in diameter. The beads were mixed in CaCl, solution

on the mixer for 15- 60 minutes. A containment layer was then formed by placing the beads
from above in a solution of poly-L-lysine 0.01%w/v in water, approximately 10 mL, for 1

15  hour, then drying the poly-lysine coated beads on an absorbent towel for 15 to 30 minutes. At
this point the sensor was ready to be used.
[00S55] The fiber used in this embodiment was a bifurcated fiber optic. It contained six
400um fibers arranged around a central 400 wn fiber, The six fibers were used as the
excitation conduit and the central fiber as the detection conduit. The total diameter of the

20  fiber was 1.4 mun, Ongce the fiber was polished, Loctite 4011 medical grade glue was used to
adhere the sensing element to the distal end of the fiber optic. The proximal end of the fiber
was bifurcated, with one arm going to an excitation source and the other arm goingto a
detector. A 470 mm LED was used as the excitation source, and a commercial fluorescence

spectrometer was used as the electromagnetic energy detector. The emission intensity at 540

25  mm was then measured.
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detector. A 470 run LED was used as the excitation source, and a conmerci al
fluorescence spectroneter was used as the el ectronagnetic energy detector.
The emi ssion intensity at 540 25 run was then nmeasured. is WO 2005/ 054831
PCT/ US2004/ 038487 [0056] In a trial, the distal end and sensing el enent of
a bi osensofOtYPAME n this nanner was inserted througRCAUS2004884% needl e
into the side of an anesthetized pig, approxi mately | - 2 mm under the

ski n. Altﬁrgﬁgtél.ln solutions of lactated ringer's with and w thout 10%

dext r ose nf 2, thegligiel enf andsensigg plament of adigsersor Hrmaé irethisananer
decrease the pig's 5 glucose levels in a controllable fashion. At intervals,
bl ood sanprassnsgeedtipeigheadl 3 gaygs naedle inte e sidevaf apfanesttetipédypigappregimatelyr oat
catheter, and bl ood sugar readings were tested on a handheld bl ood gl ucose
meter. The minuodestbesice. Alemasng sohwfons biadiated eingats widsar@bsigionetd®bo track
changi ng gl ucose levels in the anesthetized pig, as shown in Figure 5.

EXAVPLE 2 defrdd3Grefd inffised (@b the e 96in/FE e, pig enbeadiang desredsetie pi@s gl ucose
gal act ose binding protein (GGP), with a cysteine substituted for an

gl ut amisc ?ﬁ&s@kv&?ﬁiéédﬂﬁoﬂlﬁb% faRoR" At mewdls %%ﬁ%ﬁ&@%@@eéeqfulléd"g%m ne at

position Z13 and a serine substituted for | éucine at position

(NEhélgg{ g 3\%5% Eﬁ@%ﬁ lie pTQﬁu&{g%ta%J%am&ele?tﬁh %H)oﬁ (f‘ea%l n%s %13'3' tgétgfon\'\é th

(i odoacetyl t roben di az | enedi ami ne (] ANBD
ani de) . ‘1@%@8@‘2%@8‘?“ e‘pr@ﬁj}“@ii?sﬁ?c? eé‘?‘ﬁ ﬁ)‘i‘? h‘é’g IS 635 ABSSBRE i cr on
core di arreter fiber into a short piece of catheter tubin and all owi ng the
cat heter tisK ﬁ@%@@ﬁ%ﬁgek Hethe F“!fé‘ihe*ﬂieﬂ Py apshpwiin Figyre g he fiber conprised
a silica core, silica cladding, and polyimde buffer. The fiber dianeter
was 400/ 440/ 470 microns, where the HXAMBEEdenote di aneters neasured from
the core/cladding/buffer exteriors. 20 [0058] The immobilization matrix was
a crossl i 0873 ginrabthebasbalimydy thebindinghepein eds ghitoPaticaé biidiag @sadihnki ng
PronovaTM UP LVG al gi nate t hrough the carboxyls with adipic acid

:jln htyﬂlr gm deABMRYitly b 3ystahd ambstitied Sorh Yt ihichcid3t PANGTMoUR, dMeineas sel ected
substituted for an alanine at position 213 and a serine substituted for leucine at position 238
(E149C/A213R/L238S). The protein was labeled at the 149 position with N,N’-dimethyl-N-
(lodoacetyl)-N’-(7-nitrobenz-2-0xa-1,3-diazol-4-yl)ethylenediamine (IANBD amide), The

15  biosensor was prepared by inserting the tip of a 400 micron core diameter fiber into a short
piece of catheter tubing, and allowing the catheter tubing to overhang the fiber tip by 0.1 -1
mm. The fiber comprised a silica core, silica cladding, and polyimide buffer. The fiber
diameter was 400/440/470 microns, where the slashes denote diameters measured from the
core/cladding/buffer exteriors.

20 [0058] The immobilization matrix was a crosslinked alginate-based hydrogel, prepared
by covalently crosslinking Pronova™ UP LVG alginate through the carboxyls with adipic
acid dihydrazide (AAD) via carbodiimide chemistry. Pronova™ UP LVG was selected in this
embodiment for its low viscosity and high guluronic to mannuronic ratio. A 2% alginate
solution was prepared by dissolving 1 gram of alginate in 50 mL 0.1 M MES buffer (pH 6.5)

25  and then adding 110 mg of AAD and 79 mg of hydroxybenzotriazole (HOBt). The solution

was stored at 4 °C until used. To the alginate solution, 145 mg of 1-ethyl-3- (3-
19



enbodi ment for its |low viscosity and high guluronic to mannuronic ratio. A
2% al ginate solution was prepared by dissolving | grain of alginate in 50
m. 0,1 M MES buffer (pH 6.5) 25 and then adding 110 ng of AAD and 79 ng of
hydr oxybe ' le (HOBt). The solution was stored at 4 C until used. To
t he al gi nar\?gtzédgﬁé%’gn 145 g of 1-ethyl-3- (3 19 WO RSTEY04H38H87

PCTI US2004/ 038487 di net hyl am no- propyl ) carbodii mde (EDC) was added per 10

m. of sol ut.io usi ng a dual - .syrin i Xi ng, techni que.. The al gi nate, AAD,
HOBt, EDC @Hfs?@%@%gmag‘gf L?P@Hxidﬁt(g%ﬁ] vas pdded per HyaL of sefution, uEAE adwalyauge
needl e was attached to the syringe. The needle was prined, and then the tip
was i nser t YENESIE R teclagyset Ehe dlgipptag\ Bl HOBH BMe miguiecuds aspipased intpreel 5
catheter tubing on the fiber was filled, ensuring good contact between the
tip of thembispange, optd Wuntid gahge rdediervas ettavhed toxthe TyringenThe needizswaal | owed t o
cross-link for 15 mnutes, and then the fiber tip and matri x assenbly were
t r ansf er r eptirhel, anddhbiMheGipSvgstindeled mied the cahsteising moldey theepticad fibered’hbor 2
hours. At the end of the two hours, the sensing tips were placed in excess

phosphat e &utefep tubsity o the Bib&RPR, fild0QRrinY 20l asfthdd rmbﬁxme? EHedBy of YhelfBer SOdi UM

chloride, 10 pH 7.4 where they were stored a m ninmumof 30 m nutes to quench
th ti Qs . [Wa¥ell i 1] e lncuhated i
g L S T R S Tt e E
50 uL) f i mat el e AN ted. f nmbi ent

i ght dur G DAt BeplBTers FHBEREREFE B0 e B ok BREDe nois

(200 mV 5Q was then _added tq the iLncubajion fube. 15 After 40 m nutes,

t he sensorthf’%@e\ﬁﬂﬁpﬁéﬁ%gﬁ' é‘ﬁﬁ’eﬁngeg@ei“ﬁo E@“ﬁrlﬁ“b?enilﬁﬁ tigyvareplaced Wanol ani ne
to quench the reaction. After 20 m nutes in the ethanolam ne solution, the
sensor ti paxeesspBosphala brEer sodution (PR GWI27 M petassivme eldorides 0. 1@ sedivih (chiptide,t 0 si t
for at least 24 hours while unreacted protein diffused out. The sensors
wer e tien pH ddsftera they word starstha PRSmuamaf 3§tnanatds foruieheh tardactint i | ready to
use. 20 100601 The fiber in this exanple was a single, 400 um core multinode
fiber (siljo0B9]or o atthlbihngprockih, fig, tip Gleyd intubated uih h eslhtiorShNseldd GGBP S
enbodi nent the sane fiber transmts both

in PBS buffer [NBD-E149C/A213R/L238S GGBP] (53 uM, 50 uL) for approximately 8

hours. The sensors were protected from ambient light during incubation. After 8-24 hours of
incubation, 50 uL of EDC/NHS (200 mM/50 mM) was then added to the incubation tube,

15  After 40 minutes, the sensor tips were removed and placed in 50 ul. of 1M, pH 8.5
ethanolamine to quench the reaction. After 20 minutes in the ethanolamine solution, the
sensor tips were transferred to PBS solution, where they were allowed to sit for at least 24
hours while unreacted protein diffused out. The sensors were then transferred to fresh PBS
and stored in the dark until ready to use.

20 [0060] The fiber in this example was a single, 400 um core multimode fiber (silica core,
silica cladding, polyimide buffer). Since in this embodiment the same fiber transmits both
the excitation and luminescence signal, dichroic optics were used to separate the
luminescence from the excitation, as shown in Figure 2A. Excitation was with a 470 nm
LED. A commercial dichroic filter was used to reflect the 470 mn excitation towards the

25  input end of the fiber and transmit the fluorescence, centered at 550 nm, to the detector.

Glass aspheric lenses were used both for beam collimation and to focus light into the fibers
20



the excitation and | um nescence signal, dichroic optics were used to
separate the | um nescence fromthe excitation, as shown in Figure 2A
Excitation was with a 470 run LED. A comrercial dichroic filter was used to
reflect t ? n excitation towards the 25 input end of the fiber and
transmt thaX0 ’%F scence, centered at 550 tin, to thePHEUS0EPIZNTY ass
aspheric Ienses were used both for beamcollimation and to focus light into
the fibers 005/ 054831 PCT/ US2004/ 038487 and onto the detectors.
Scat t er ed a@Q@PﬁO db Srtecis Penttered excitahion was furthes remeverbfrem thn datRstargsiag a550 rim

bandpass filter. SMA connectors permtted rapid connection and di sconnection
of the f|SéembwmsgﬁH@rorSMAvn@eeto@memmgmd congnaiogand diseettneetianfoft hi s
enbodi ment was a single photon counting photormultiplier tube. Data

acqui si t i dhe filzes opies feosared The deckrapiaguetic Bnargyiett@or ofeinsymbodimengwasia h t he
detector through an RS-232 connection [0061] FIG6: In a trial, the distal

end and seirglaghotinassentingghotorhilgsienave. Detanmeguisifiod ﬁh§perma@bnw@tdwserted
into solutions of porcine serumcontaining different glucose

concentr atdofphiter ésnhmmaaing%ﬁﬁw H%té&bﬁlﬂoﬁ@l?m{"ﬁé-%ﬁ Ichhfk@sh t hrough a 200
mcron filter, and glucose levels in the solutions were neasured on a

clin cal 300BHTeTIc e i b bl LA 50 s Werhdh ¥ L R0 BSH BEAERGSQ" Lo

sensor. e Initial glucose Teve U WS —heastr ed

Serum sanples at 150 a d,30 vvere epar ed |k| concentr at ed 1M
gl ucose | MMBE VB eLE q\“ﬁ’éf’ip"fﬁm '@ognia%‘%‘i?fe o ag‘?%%r embodi ment
of the present inventi on a bi osensor was coval ent attachment

of a thi n SPPEERIraPNELAIPeFYinESETYR S%lHtI%Etweeeaﬁltqﬂ%@rouglme?oenﬁapng"ﬂtﬁ &% n was
gl ucose gal actose binding protein (GEBP), with a cysteine substituted for a

gl ut ami ¢ adicgselevelpinghe sobitions yreremensigd oh aslisiglsnalyeere figuos 6 dhusasterthee at
position 213 and a serine substituted for |eucine at position 238
( E149CHA2 i RloZRBBmanté ef the s¢msbn  Thsinitiabgluesbe ddvel inahd kBum ok trieasurednin tbia
, N -di met hyl - N- (i odoacetyl)-N -(7-nitrobenz-2-oxa-|
, 3-di azol -/ dE! BathnesbREENESO ahd 300 AYRID. Rérk dedpared by spiking concentrated 1M
glucose in PBS into serum aliquots.
EXAMPLE 3
[0062] In another embodiment of the present invention, a biosensor was formed by
15  covalent attachment of a thin film to the surface of an optical fiber. The binding protein was
glucose galactose binding protein (GGBP), with a cysteine substituted for a glutamic acid at
position 149, an arginine substituted for an alanine at position 213 and a serine substituted for
leucine at position 238 (E149C/A213R/L2388S). The protein was labeled at the 149 position
with N,N’-dimethyl-N-(iodoacetyl)-N'-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)ethylenediamine
20  (IANBD amide).
[0063] The biosensor was prepared by covalent attachment of an alginate matrix to the
amine-functionalized surface of a silica fiber. The fiber comprised a silica core, silica
cladding, and polyimide buffer. The fiber diameter was 400/440/470 microns, where the
slashes denote diameters measured from the core/cladding/buffer exteriors.

25 [0064] The polyimide buffer was removed from the tip of the optical fiber by exposing

the last few millimeters of the fiber to a torch for approximately 1 — 2 seconds. The residual
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[ 0063] The bi osensor was prepared by coval ent attachnment of an al gi nate
matrix to the amne-functionalized surface of a silica fiber. The fiber
conprised a silica core, silica cladding, and polyimde buffer. The fiber

di anet er %20%?/& 4fHO/ 470 m crons, where the slashes denote dianeters
measured from the tor el cl addi ng/ buf fer exteriors. 225 PEBERIOYRIB®] vini de
buf fer was rem)ved fromthe tip of the optical fiber by exposi ng the | ast
fewmlllnee r to torch I‘OXI - 2.seconds. The
o5 qual  PYTRE s B stibasavsr he b8 oA BB R S endlece i o pod
away. The tip.with the buffer renoved was then placed in 1 M sulfuric acid
for 1 houP“lf"%%‘ F &howre T1ps were thepirinped yish th‘Fllf@ witiereplaced 15 ethgnel forethanol
for 15 mnutes, and then submerged in anhydrous tol uene for 15 mnutes. The
cl eaned tiﬂp§ut9§e|ﬂ@d them sybmprrgrsddd anbydienstelpa® fo) [ aminpthsodbe tleanedriips wore ai ni ng
1% 3- am nopropyl tri et hoxysilane 5 (APTES) and allowed to react for 5

m nut es. Thea placpd invearen (62 6) aeydued tdluanncottainig TES3 -agvhapromytriathdx wilsted Wit h
et hanol for 15 minutes. At the end of this process, the presence of am ne

gr oupsson (AREES Hndatewed tollget Fdri3aninds. Y fifs vade tén piadwalfRei e PTES
spectroscopy. [0065] An alginate matrix was then applied to the

ani ne- fun%lhﬁ&%ddzﬁé%héd @ﬁﬁem&g&elysgﬁmuifeg' AP end Hﬁhis bd bfeAlrbsRR efymt rix

was a crosslinked al gi nate-base roge pr epar ed 10 cdovdl ent

crossli nki H‘r%ep %‘9\%% 0?1-{% é&?fa%é/ 8’ tﬁn]-: glla%%as ’veﬁﬁécﬁ%} ﬁ%toe?ercbbﬁ %eo&&cﬁgﬁ cosity and

hi gh guluronl mannuroni ¢ ra adi pic acid

di hydr azi car de c % al soI tion was

pr epar ed §oééf oﬁ“i’/?lﬁ'é’afl Q%\WBQ hetl ppp Wg]tt(étthf’ﬁm%‘: ﬁ"ﬂaﬁ’"ﬁh @ (pH
6.5) and then adding 110 ng of AAD and 79 roxybenzotr| azol e
(HoBt ). Afgloysyl |1maleblthzeﬁ°ntrmt§x ¥3p ﬁﬁ"éﬂmhﬂ%alglﬁéﬁﬁ){weﬂéﬂ’ dygech prepangg by s of
EDC in 50 uL of MES buffer usi ng a dual - syringe m xi ng techni que. The total
vol unié0of covaentiysrasslidingRroneyapr bk G elgjnate, Sdented fohiss ivgviscosity anilAtdgh HOBE
EDC m xture was then transferred to mcrocentrifuge vials, and the

APTES- f ungtiueorid foasghnliidnér ratio, psrougtt de satboeigeh adipictao cﬁhgirn@dquside)uﬁé on for
3-4 mnutes or until the matrix began to solidify. The tips were then
removed f combdiifidelcBinish R AQk4ilhbte salutioNRes hiepHeDby SiddIviRattadof N air for

alginate in 50 mL 0.1 M MES buffer (pH 6.5) and then adding 110 mg of AAD and 79 mg of
hydroxybenzotriazole (HHOBt). A 0.5 mL aliquot of this solution was then mixed with 10 mg

15  of EDCin 50 uL of MES buffer using a dual-syringe mixing technique. The total volume of
the solution was approximately 0.55mL. The aiginate, AAD, HOBt, EDC mixture was then
transferred to microcentrifuge vials, and the APTES-functionalized fiber tips were submerged
in the alginate solution for 3-4 minutes or until the matrix began to solidify. The tips were
then removed from the alginate solution, allowed to continue reacting in air for

20  approximately 1-10 minutes, and then transferred to 0.1M, 6.5 pH MES buffer. The tips were
allowed to sit in the MES buffer for 2 hours, and then they were quenched in excess
phosphate buffer solution (PBS, 0.0027 M potassium chloride, 0.137 sodium chloride, pH
7.4) for a minimum of 30 minutes.
[0066] To attach the binding protein, the tips were incubated in a solution of labeled

25  GGBP in PBS buffer [NBD-E149C/A213R/L2388 GGBP] (20 - 60 uM, 50 uL) for several

hours. The sensors were protected from ambient light during incubation. After
22



20 approximately 1-10 mnutes, and then transferred to 0.1M 6.5 pH MES
buffer. The tips were allowed to sit in the MES buffer for 2 hours, and
then they were quenched in excess phosphate buffer solution (PBS, 0.0027 M
pot assi u pH 7.4) for a mninmmof 30

i 0. 137 sodi um chl ori de,
m nut es. %%@f’bggnattach the binding protein, the tipESChePMAB8iHated in a
solution of labeled 25 GGEBP in PBS buffer [NBD E149C/ A213R/ L238S GGEBP] (20
- 60 uM 50 ul) far.s ral .. haur.s. [Jhe s r rtected fr nbi ent
i ght dur RBRIRABEA o o Rt i o ORI Bl rBBh D s ded
appr oxi mat gl -. 8 _hour, of _incubation, 50 ul. of EDC/NHS (200 MM 50 mM were
added to tﬁ‘hé'c‘i‘ %H‘lheoﬁﬂlﬂh%éf‘gﬂf”i"é‘?s’ e senpgr Wsn‘ﬂﬁrﬁéﬁm‘t"lﬁgag‘gﬁléﬁﬁd ppPBalver e
renoved and g/lbaced in 50 uL of IM pH 8.5 ethanolam ne to quench the
reaction. oAfMeipHOHS gihaurleming to queactethh sestiemi Mer 20ahinviedin the pthanndargioe ti ps
were transferred to PBS solution, where they were allowed to sit for 5 at

| east 8 houohsiontthe seneerripa stesdtramsietred to RBS falatanh, ohitre tHdyevae aldorel taeit éort hen
transferred to fresh PBS and stored in the dark until ready to use. [0067]

I n a ti alat Ghstt@ouadolite weseted pedeig alfaded®R! The basOR tvetdthek fatGredas t he
same as described in the previous exanple, with the exception that the 470

run excit gidsRPRYARd stoRAUL AleQBriUsitil teady &PLsgN0I d-driven shutter. In addition
to interfacing with and controlling t%e 10 shutters and detectors, the

sofL1er BB o PSR, UL LA O LSRR RaT SR s S !

di splay o result's, an
[ 0068] The, distal end and sensi.ng.el enment of josensor fornmed in this
mnnel wad SRR 1 HE BrV s FRROPIE R Duberersspton RattheF LR £t BHIEYS nser t on
was done by jnserting the fiber either intradennally or subcutaneously
t hrough a ThRsfuatedsinga solgnqidrdipvep shuier. glnpdditiop do iaupsing vty and confrodlingthaat i ng
solutions of lactated ringer's with and without 10% dextrose were infused
t hr ougR t rsbutéeas andedefecists, tlecsofivgretpstnitied tiaed aequdsiacefdhoeesednee fhading, gl ucose
|l evel s in a controllable fashion. At intervals, blood sanples were pulled
from t he \geaphicabdiaple§ of the rqailts, atddavauigialigistand oalibratinhadgerithmand bl ood sugar
readi ngs were tested on a handhel d bl ood gl ucose

[0068] The distal end and sensing element of a biosensor formed in this manner was then

inserted into the side of an anesthetized pig. Insertion was done by inserting the fiber either

intradermally or subcutaneously through a hole in the skin formed by a 18 — 24 gauge needle.

15  Alternating solutions of lactated ringer’s with and without 10% dextrose were infused

through the ear vein of the pig to increase and decrease the pig’s glucose levels ina

controllable fashion. At intervals, blood samples were pulled from the vena cava of the pig

through a throat catheter, and blood sugar readings were tested on a handheld blood glucose

meter. The fluorescence intensity of the biosensor was observed to track changing blood

20  glucose levels in the anesthetized pig, as shown in Figure 7.
EXAMPLE 4

[0069] In another embodiment of the invention, dual wavelength detection with an

internal optical reference group was performed. The binding protein was glucose galactose

binding protein (GGBP), with a cysteine substituted for a glutamic acid at position 149, an

25  arginine substituted for an alanine at position 213 and a serine substituted for leucine at

position 238 (E149C/A213R/L2388S). The protein was labeled at the 149 position with the
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meter. The fluorescence intensity of the biosensor was observed to track
changi ng bl ood 20 gl ucose levels in the anesthetized pig, as shown in Figure
7. EXAVPLE 4 [0069] In another enbodi nent of the invention, dual wavel ength
detection with an internal optical reference group was perforned. The

bi ndi ng pMs WOFOABH gl ucose gal act ose bi ndi ng prot ei NPCTEBR)4/038487h a
cysteine substituted for a glutamc acid at position 149, an 25 argini ne
substituted for an al anine at position 213 and a serine substituted for

| euci ne atrepqstss group iN, M3 diniethyl S indopgry ) DB Fynitrabienz-Brovadindiaend-4 abel ed at t he
149 position with the 23 WD 2005/054831 PCT/ US2004/ 038487 reporter group
N, N' - di nettijethydnédientarqBANBD-aMid€)7 The tefertyer zr@pona Texds Red® 6 maleimide

yl ) ethyl enedi ami ne (1 ANBD ami de). The reference group was Texas Red(r) C2

mal ei i de att@atied ¢h SGBIOWEBRYtéihd1suBstared mrraegmaulﬁﬁacmat@dmﬁ@ﬁ 14 @RUEBMCC acid
at position 149 (TR E149C GGBP) Over the physiol ogi cal range of gl ucose

concent r at;QRs). dhe tﬁé&ﬂgﬁ}_ RERACGn P@J&f@d&&éﬁé&&%ﬁﬁﬁe'Ianﬁlu&éﬁm}dlﬁ

unchanged and t hus serves as an intefnal reference for the
si gnal n Bk I ( NBD-
E149C/ %@9&@%&%%@ Stgﬁgagggﬁa?ﬁgédb?‘{o@gﬁﬁg E\ﬁlgscpr e %ggg& o an gﬂsté; @I ng t he
tip of a 40 core ter. fiber into.a short |ece of cat

tubi ng, "ol PEHRRG Rl vk apanh aubv s ispLPRdfs e eht Bron gt 0. 1.
0.5 mm The fiber COFCPI‘I sed a silica core, silica cladding, and polyi m de
buf fer. THEMPFER138 a8 ORBE 400/ 440/ 470 nicrons, where the slashes denote
di ameters neasured fromthe core/cl addi ng/buffer exteriors. [0071] The

i mobi | i z00F®] maThé Koseasorawas pospsted i dnpertingitieati e fraddnieyuircorpadiamggee par ed

by coval ently crosslinking PronovaTM UP LVG al gi nate, selected for its | ow

vi scosi ty fibeflintd b sliorppiegldfcathstectubing rallontgothe cathéted tabing by ovegiang ke fiter boxyl s
with adipic acid di hydrazide (AAD) via carbodiimde chemstry. A 2% al gi nate

sol utiign W?p’ib)p(ﬁ P BAMYTHY ffePtothpiBeda sﬂf:@éﬁ@fsﬂﬁ:'a&laﬂé{hﬁ dnid polifiide BuffeM MVES
buffer (pH6.5) and then adding 110 ng of AAD and
The fiber diameter was 400/440/470 microns, where the slashes denote diameters measured
from the core/cladding/buffer exteriors.
[0071] The immobilization matrix was a crosslinked alginate-based hydrogel, prepared
by covalently crosslinking Pronova™ UP LVG alginate, selected for its low viscosity and
15  high guluronic to mannuronic ratio, through the carboxyls with adipic acid dihydrazide
{AAD) via carbodiimide chemistry. A 2% alginate solution was prepared by dissolving 1
gram of alginate in 50 mL 0.1 M MES buffer (pH 6.5) and then adding 110 mg of AAD and
79 mg of hydroxybenzotriazole (HOBt). The solution was stored at 4 °C until used. Using a
dual-syringe mixing technique, a 0.5 mL aliquot of the alginate solution was then mixed with
20  aS50ul MES solution containing 10 mg of 1-ethyl-3- (3-dimethylamino-propyl)
carbodiimide (EDC) and 90 pL of 60 uM TR-E149C GGBP. The alginate, AAD, HOBt,
EDC, TR-E149C mixture was aspirated into a 1 mL syringe, and a blunt 30 gauge needle was
attached to the syringe. The needle was primed, and then the tip was inserted into the

catheter tubing mold on the optical fiber. The catheter tubing on the fiber was filled, ensuring

25  good contact between the tip of the fiber optic and the alginate matrix. The matrix was
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79 ng of hydroxybenzotriazole (HOBt). The solution was stored at 4 C until
used. Using a dual-syringe mxing technique, a 0.5 nL aliquot of the

al gi nate solution was then mxed with 20 a 50 uL MES solution containing 10
ng of 1-ethyl-3- (3-dinethylam no-propyl) carbodiiini deqé[( EDC) and 90 L of

60. t M TR- WOA8BM5HMBP. The al gi nate, AAD, HOBt, EDC, TRETUBIYBEEUIre was
aspirated into a 1 nL syringe, and a blunt 30 gauge needle was attached to

the syringg. The needl e was prined, and then the tip was inserted into the
cat het er gﬁBW?FBtOrFB‘?Sa'%Gﬁ ol IBHPFeéseﬂnda}eBéli“? &ﬂ‘ié‘P@B@ Wéﬁré‘rasﬁ‘i‘ifgﬁﬁﬁ’e‘ff’n the fiber
was filled, ensuri ngb 25 good contact between the tip of the fiber optic and
t he al gi ndtaBsfaiedtpya V. Y ed. il MESalytion yhey thaos e stashiopipus260thessd487

allowed to cross-link for 15 mnutes, and then the fiber tip and matrix
assenbl y wéthe twp hawsfthe sendingdipa werelpladed 61 &cpdd phEDhselbuffens]utioh€PBSt hey were
stored for 2 hours. At the end of the two hours, the sensing tips were

pl aced i n 0e00CE 34 perhsziminatilerids) Df187 seddlitichloridd, BPBS: 7.4 wl&2 thdyl vt astdum
chloride, 0.137 sodiumchloride, pH = 7.4) where they were stored a 5

M ni MU OfmigPmith BESERirkulesdd §A&HRh tRGedcBaet i on. [00721 To attach binding
protein, the tips were incubated in a solution containing | ANBD | abel ed

G P o ML EMRGASIATHL OES. S QLT L A

period, the sensors were pr er apptroxinmately 2

noubat 1 onetelH AR s vt e R S Bl Big B RBRERE co an

placed in 50 uL of 1M pH 8.5 ethanolam ne to _quench the reaction. After 20
m nut es i PeRPd the S5A5085Y WrEemrotsged trpig ambjenplightn AT snppeximaiely 2 t P 8P dr red to
PBS solution, where they were allowed to sit for at |least 8 hours while

unr eact ed ipubetidng S¢pE Dﬁé@@ﬂﬂﬁﬁ (200 M ¥hinbh svepreadded tethe incathatfonrtabed After fr esh
PBS and stored in the dark until ready to use. 15 [00731 In a trial of the
above ldes crD msdutesyitlecienson tips tvee rEihocedesd phacal iniS§ndl of ids, ptE&A ethasolmginan
optical systemfollowing the configuration illustrated in Figure 2A. A 470

urn LED (tb SuchBRIhewedctivh.e AfitOI0 @kfutcs i 1he Bthamdlainine@oltiog ltke Rhd 6ips Getent i ng
phot orul ti pli er tubes were
transferred to PBS solution, where they were allowed to sit for at least 8 hours while
unreacted protein diffused out. The sensors were then transferred to fresh PBS and stored in
the dark until ready to use.
15 [0073] In atrial of the above described embodiment, the fluorescence signal was read
using an optical svstem following the configuration iilustrated in Figure 2A. A 470 nm LED
(LS-450) was used for excitation, and two single photon counting photomultiplier tubes were
used as electromagnetic energy detectors. A commercial dichroic beamsplitter was used to
reflect the 470 nm light from the electromagnetic energy emitter towards the fiber and to
20  transmit the luminescence signals from the reporter and reference groups towards the
detectors. A second dichroic beamsplitter was used to separate the luminescence signals
from the reporter and reference groups, directing the emission from NBD-
E149C/A213R/L238S towards one detector and the emission from TR-E149C GGBP towards
the other detector. A 550 wh bandpass filter in front of one detector and a 610 nm bandpass

25 filter in front of the other detector were used to achieve further spectral resolution for NBD-

E149C/A213R/L238S and TR-E149C GGBP, respectively.
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used as el ectromagnetic energy detectors. A commercial dichroic beansplitter
was used to reflect the 470 nmlight fromthe el ectromagneti c energy
emtter towards the fiber and to 20 transmt the |um nescence signals from
the reporter. and reference groups towards the detectors. A second dichroic
beanspl i t 6 *WASEYed to separate the |uninescence si gRGTAS200#P38487ne
reporter and reference groups, directing the em ssion from NBD

E149C/ A2135@I72£8S towards qne detector, and the enission from TR-E149C GGBP
towards t Ihen jistab dhegpistaleng spd sansing sleaisakes arhipsepsor iformed o thigpennse
detector and a 610 urn bandpass 25 filter in_front of the other detector
were used Was inesstedinto selntiensof EBS wffay containing different lsvelnpiglug@sa oGlusox3 R/ L238S
and TR-E149C GGBP, respectively. 25 WD 2005/ 054831 PCT/ US2004/ 038487 [0074]
In a triallevélhin the stlations mereameassradsnnglivicelrmanlyzeof Faguoé d sleavethe fedsored in this
manner was inserted into solutions of PBS buffer containing different

| evel s of ghpodes®.chidghedgiacosk dawelss The S50en Sighaltfioem theWBANBDRGSHIELS 00N a
clinical analyzer. Figure 8 shows the sensor response to changing gl ucose

llevel s.5 Th@ac’fk@@h%ﬁﬁhg%ﬁ&@% le¥419 MRS 0 InANBRs§iOPRbMBhe VLAY RIBIEREEP gOHARII NY
gl ucose levels. The 610 run em ssion fromthe Texas Red@reporter group is

SUDS ANt | Al ) HNURSpAPas 0O R LEHE! S R er, A YEboqlat AheSARpA ment.

a portion o oup"s em ssion al so occurs a
detector ip the optica t hat

) | syste tracks e 610 urn,lum nescence signal
dot ect 5. bolh ARESEAPEEs gRISS Ak SRrssta i, 138 soarla e SPARES SBREFen o
the reporter group.(I ANBD) em ssion that, occurs in thj vel ength 1
regi on. SiHRks fl}’?éqeé?ﬁ‘tli“}”b‘lﬁs?%ﬁe f‘&lgﬁéteﬁib‘“ﬁﬁlw SN Otlftﬁ‘bvff\ﬁ?’ﬁ%"er%%@raﬂ‘ r group
is a constant fiaction of the 550 run signal, this contribution can be
mat hemat i c@lpq fhe pomion &€ thederorisnatonp (IANRD ramissignthpt acourg imbisavavelensthsi gnal due
to the reference group alone. Wien this nathematical manipulation is
per f oried, regioe. 6ide thwcenigibation ® theabhkk mansigad! fyprmuthe hepogiengrow tsh cogétartose
concentration as shown in Figure 8. 15 [0075] Wile the invention herein
di scl osed hagioheethedss aim @M1, bhis dBaRbutdh caPBCinhihema@dilg SibTRbled fiditihe

applications thereof, nunerous nodifications and variations can be nade
610 nm signal to generate the signal due to the reference group alone. When this
mathematical manipulation is performed, the 610 nm signal is substantially unchanging with
glucose concentration as shown in Figure 8.
15 [0075] While the invention herein disclosed has been described by means of specific
embodiments and applications thereof, numerous modifications and variations can be made

thereto by those skilled in the art without departing from the scope of the invention as set

forth in the claims.
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thereto by those skilled in the art wi thout departing fromthe scope of the
invention as set forth in the clains. 26 4.. WAT IS CLAIMED IS: 1. A
device for sensing a target analyte in a sanple conprising: (a) an optical
fi ber having a proxinmal end and a distal end; (b) an optical systemat the
proxi mal engyQATIRECIMIMEBI/ISTi ber conprising at | east one el ectronmagnetic
energy emtter and at | east one electromagnetic energy detector; (c) a
sensing elenment attached to the distal end of the optical fiber and in

optical connectiyity with.t optical fiber, said sensing el.ement conprising
(i) at least oné per \rﬁcp‘ﬁeéfécﬁiqer %ei%ﬁl&gr? arget 3|yt Elaap%pze B?Iggrb%%g'fi cally
binding with at (dyeashnepcal fibeieavaipad proRindl@ndhnd £dital @@ reporter group
associated with the periplasmc binding protein and (ii) a polyneric matrix
that is coval ent (B at aecopitbal tsystem @t dihet proximal end sefi dhomritical fibeber

t hrough functional am ne €roupsl 0{; t he t.surface of. said .op i];cgal fiber,

wherei n t he SYBPIHMAsHi L88T (Aen §IEET OPRENSHE n EnGre oFpiier 31"10151&) PY 8R% r apped

W thin or atfeaehifsidetic SAdrdy BefeyfdBri ¢ matrix, wherein said matrix permts
said periplasmc binding protein to retain conformational nobility, and
wherein said mat f)x i ¢ senking edment attaghsitacke distalimdebthenpticdfiheyendf said
reporter group uppn specific.bindin f.. .t he .peripl asm c_bi ndi n .otein to
tho. ¢ ar gat bR B vip:y it B pPb s sul sebfnd SPmRRtt SRR bt £ cal
fiber and sgi gasesiwl ﬁ&ipl@hﬁ%ﬁidiﬂ‘% Ritéin Sbablé Iof specifiddl§ BiadingSwivh af! ai m 1,
wherein the tip is selected fromthe group consisting of a needle and a

cat het er. 3leaftheneldarigete andlytel andnal ledstironheteperterpgiosp nagsoniaed rwithp rthe

connectors. C e . . : . .
periplasmic binding protein and (ii) a polymeric matrix that is covalently attached

to said distal end of said optical fiber through functional amine groups on the
surface of said optical fiber, wherein the periplasmic binding protein and reporter
group are entrapped within or attached to said polymeric matrix, wherein said
matrix permits said periplasmic binding protein to retain conformational mobility,
and wherein said matrix is adapted to transduce a luminescence change of said
reporter group upon specific binding of the periplasmic binding protein to the
target analyte; and

{(d) a tip that houses and protects said optical fiber and said sensing

element within said tip.

2. The device of claim 1, wherein the tip is selected from the group

consisting of a needle and a catheter.

3. The device of claim 1, further comprising one or more connectors.

4, The device of claim 3, wherein the sensing element is attached to

the proximal end of the optical fiber through said one or more connectors.

5. The device of claim 1, wherein the sensing ¢lement is covalently

attached to the polymer matrix.

6. The device of claim 1, wherein said optical fiber comprises silica.
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4. The device of claim3, wherein the sensing elenment is attached to the
proxi mal end of the optical fiber through said one or nore connectors. 5.
The device of claim1, wherein the sensing elenent is covalently attached
to the polynmer matrix. 6. The device of claim1l, wherein said optical fiber
conprises silica. 27 G ~ 7. The device of claim1l, wherein the

el ectromagneti c energ¥ emtter is selected fromthe group consisting of an
arc lanmp, |ight énittilAgdeviexiel claimy 1, wheein e slestropagneiic enstaycemiger cl aj m 1,

wherein the;e OFBY [ t 0 .S .a:Rho I ;

phot onul t i p1si Jg?e%ketrﬁibe, 21?1 Ec%%‘r?ﬂsgs%zstﬁ%ge e%ﬁcclé& P QFIBﬁ}h%ﬁg{él\%igié)dgT T ai m 1,
wher ei n sai ths@fiodeal system further conprises optical elenents adapted to
di stinguish nultiple wavel engths. 10. The device of claim9, wherein said

optical elenments further conprise optical filters, dichroic conponents,

hol ogr aphi ¢ conpgnent . C L.nations . regof. 1t. The device of claim S8,
wherein said el eg‘t ro B%gé‘{lgegncezrng?i,\glg%%l%[ﬁgq,eq?%trowgcag?%g%g?tgg?r ener gy
enmitted by gaighoiRiedd photdmaliplietiubt adttchalgk Yougledléngousl y. 12, The devi ce
of claim8 wherein said el ectromagnetic energy detector is adapted to

detect energy emtted by said reporter group periodically. 13. The device of
claim1l1, wherein,saidptical systiem further. conprises electrical or
opt oel ectronic eP'enentrng%Vl%gﬁl%!?%nﬂo?v 'ﬁ sz'“élné’lpafaﬁoﬁ%’f e{:m_%er _
el ect r omagnghpriRs 8pHdal elkhicheadapgidd tol fiStiSRNhGRuldibleckAlelnkthswher ei n sai d
optical systemfurther conprises electrical or optoelectronic elenments for
nodul ati on of the
10.  The device of claim 9, wherein said optical elements further
comprise optical filters, dichroic components, holographic components, or

combinations thereof.

11.  The device of claim 8, wherein said electromagnetic energy
detector is adapted to detect energy emitted by said reporter group substantially

continuously.

12. The device of claim 8 wherein said electromagnetic energy

detector is adapted to detect energy emitted by said reporter group periodically.

13.  The device of claim 1, wherein said optical system further
comprises electrical or optoelectronic elements for modulation of the signal from

the electromagnetic energy emitter.
14. The device of claim 1, wherein said optical system further
comprises electrical or optoelectronic elements for modulation of the

luminescence signal received by the electromagnetic energy detector.

15.  The device of claim 1, wherein the optical system is adapted to

measure the intensity of the luminescence signal.
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| um nescence signal received by the el ectromagnetic energy detector. 15. The
device of claiml1l, wherein the optical systemis adapted to neasure the

intensity of the |lum nescence signal. 28 16. The device of claim1, wherein
the optical systemis adapted to neasure the wavel ength of the | um nescence

signal. 17. The dgvi cehefde¢icaion claimMhenbRint e &Richlc Ystéii 5§ aMAptsd adapted to
neasure the lifetine of the |um nescence signal. 18 he device of claim1,

wher ei n t hemgpture e wayeleagihi of thejlwminescense sigsakur e t he pol ari zation of the
| um nescence signal. 19. The device of claim1l, wherein the optical system
is adapted to neasure the energy transfer efficiency of the reporter group.

20. The device ofi7cl aiffe Hevitbaitaildlm DewHeréinC theCopiiRhl sRtendls h@asiéd e
ref erence group, and wherein the at |east one reference group is associated

with a promehsure the lifgiime gbthedemiesesineg signal. wherei n sai d sensing elenent is
further adapted to be inserted into or through the skin of a patient. 22.
The device of claim1l, wherein the device conprises at | east one reference

group, and whereig thghaldetRAIF QAf | CRALERT (1R’ SYRaPOEidNSs allafi&pRS one
reference group are excited at the sanme wavel engths. 23. The device of claim

1, wherei n tisesudetheqolazapen skibe iminescsnceoyignal.r ef er ence group, and wherein
the at | east one reporter group and the at | east one reference group are
excited at different wavel engths. 24. The device of claiml, wherein the

devi ce conprisesiat | §88ldePRE of @i ENGRSIOHR. ofiREl YREHRIID alifjRed WM Nescence
of the at |east one reporter group and the |lumnescence of the at |east one

ref er ence gneaprathe edetgydtandfeatificnty pbihe repaiee prugt hs.

20.  The device of claim 1, wherein the device comprises at least one
reference group, and wherein the at least one reference group is associated with a

protein.

21. The device of claim 1, wherein said sensing element is further

adapted to be inserted into or through the skin of a patient.

22.  The device of claim 1, wherein the device comprises at least one
reference group, and wherein the at least one reporter group and the at least one

reference group are excited at the same wavelengths.

23.  The device of claim 1, wherein the device comprises at least one
reference group, and wherein the at least one reporter group and the at least one

reference group are excited at different wavelengths.

24.  The device of claim 1, wherein the device comprises at least one
reference group, and wherein the luminescence of the at least one reporter group
and the luminescence of the at least one reference group are detected at different

wavelengths.

25.  The device of claim 1, wherein the device comprises at least one

reference group, and wherein the luminescence of the at least one reporter group
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25. The device of claim1l, wherein the device conprises at |east one
reference group, and wherein the | um nescence of the at | east one reporter
group 29 and the lum nescence of the at |east one reference group are
detected at the same wavel engths. 26. The device of claim1, wherein the
reporter grQuWe thONRiiheéREn® dTahé at Rhst Une Fe¥efentdy Boup NS Bllested bk shiA@ ener gy
transfer efficiency between the pair changes upon anal yte binding. 27. The
devi ce of clvawlengthaherein the reporter group conprises a pair of fusion
proteins chosen so that the energy transfer efficiency between the pair
changes upon anal yte binding. 28. The device of claiml1l, wherein the
reporter group cogpri Sﬁ_&c&'%iclefQPdi'ﬂnCl,%réﬁ‘ﬁaeareﬁ&fér%@oﬁféﬁnzlbr'i\se%?ﬁﬁf‘ so that
the energy transfer efficiency between the organic dye and the fusion
prot ei n chamfesgaponyenahgsce soi thai thy. ereegy Timsfetestficiency betveiemthe palter e sai d
periplasm c bindin rotein.is a glucose-gal actose binding protein. 30. The
devi ce of cl F‘Fﬁef}lgﬁfﬁg?aéytﬁbé%ﬂ??ﬁtarget analyte is glucose. 31. The device
of claim2, wherein the tip is a needle. 32. The device of claim2, wherein
the tip is a catheter. 30

27.  The device of claim 1, wherein the reporter group comprises a pair

of fusion proteins chosen so that the energy transfer efficiency between the pair
changes upon analyte binding.

28.  The device of claim 1, wherein the reporter group comprises an
organic dye and a fusion protein chosen so that the energy transfer efficiency

between the organic dye and the fusion protein changes upon analyte binding.

29.  The device of claim 1, where said periplasmic binding protein is a

glucose-galactose binding protein.
30.  The device of claim 1, wherein said target analyte is glucose.
31.  The device of claim 2, wherein the tip is a needle.

32. The device of claim 2, wherein the tip is a catheter.
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