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Fi ber Optic Device for Sensing Analytes FIELD OF THE
| NVENTI ON [ 0001] The present invention relates to a
waleawsosisshat can be used to nonitor concentr at PONESD4/038487
physi ol ogi cal ly rel evant conpounds. BACKGROUND OF THE
I NVENTI ON [ 0002] Monitoring in vivo concentrations of
physi ol ogi cally rel evant conpounds to i nprove
di agnosis and treatnent of various di seases and
di sorders is a desirable goal and woul d enhance the
l'ives of many individuals. Advances in this area show
particular promse in the area of facilitating
adequate netabolic control in diabetics. Currently,
nost di abetics use the "finger stick” nethod to
nonitor bl ood glucose | evel, and patient conpliance is
probl ematic due to pain caused by frequent finger
sticks. As a cor@@%@ﬁ&‘ép"f’%l’f@"é%‘!ﬁé“%é@ﬂlyé?sf orts to
devel op non-invasive or mnimally invasive in vivo and
nmore efficient in vitro methods for frequent and/or
conti nuous noni t ori JEED QF UdBSBNVENIIM@Nbl ood or ot her
bi ol ogi cal fluids. [0003] The approaches to frequent

[000d/] OF TEOPiekdi dhtfentioh Milates e el eithg chebel uted tbahdnitont o
two general categories: "non-invasive"' and "mninmally

| V& of 08 o1 VAR Y8 VRPEdREddNgs det er m nes anal yte
cob%%@?%Bﬁ%P i egf%¥ t#acﬁing gg%ctr%scopic changes in
skin and tissue. Infrared radiation and radi o wave

i npedance spectroscopy are exanples of this
t echnol ogy. Progress wi.th_the as been
sl ow due to the ﬁ%ﬂﬂ?@gﬁﬁﬂ%DfﬁfTﬁESéﬁgﬁ?$ﬁ§Fibration,
reproduci bl e sanple illum nation, and variances in

[0002]t r bEmdipiiog havkgcowantsativas wephisidpsicd baleksvamtrempounds to
"mnimlly invasive" approach avoids direct extraction

impfovlel ddgpahobic amil tregnteadyl vandus élseasss anl dikerdemiis 4 desinablegoal and
si gnal changes in biological fluids using an

wuld eFREL B1c9i 36 88inAly fldenBIMs. Bilvnessiarsisafealshb® paptR@lar promise
are devi ces capabl e of providing specific quantitative

in @{eoaﬁ'gag%)fé %Fﬁ?&éi&l&%ﬁﬁ{f&gﬁﬂ@aﬁ&iccc%ntljomnocfig{?ettiic?. ”CH&EI‘RH/, thost 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 vifro
methods for frequent and/or continuous monitoring of glucose in the blood or other biological
fluids.

[0003] The approaches to frequent and/or continuous /» 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.

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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el ement that is conbined with a transducing
(detecting) elenent. [0004] Most conventional systens
wo e0sfse8guent or conti nuous anal yte nonit ori ngPCTIUS100€038487
anperonetric biosensors that enploy enzynes such as
gl ucose oxi dase (Gx) to oxidize glucose to glucuronic
indiciddalaMthehyid nimgly ipersox!’ dpprogen@roads diggeaextraction of blood from the
el ectrochem cal signal. These sensors are subject to

boﬁi‘ ﬁ’&ﬁléﬁ@é &n R3S RMBB o f SdBallcBafdey G Biottei ¢ RNEYisA@En intermediate
| dup of oxidation by-products. An accurate

selex%séf£1ﬁ%$n%1(95fen%1y mﬁ&l?%tgr?@ﬁ%@%{n% ﬁbl%%‘ﬂ Jv?(ﬁn?@;laemﬁc

€ss enera resen

ood. or interst
ot e R g Pialdifa upihdignd L}Sg%ge%‘gla%ﬁaﬂ fFsgefion
oxi dati on byproducts that my |nh|b|t and degrade both
elemypat Batispemiped wish pfraedueing édqt%;@g elegdl] Bi osensors
based on optical rather than el ectrochem cal signals
[0064¢ aMost dwesentibaakdysred fanticqrent @f dogtingdugrindliytsamenitoring involve
i nprovenents in stability and calibration. For
anfPeRtee blbeélﬁbﬁrtﬁatrbmﬂdgy anaghiet sadhepehitent oxdhdeq@Ox) to oxidize
signal against a seco anal yt e-i ndependent si gnal can

glkBsd t%%lud‘u%n@ QHH%%§ 11931 ggg}}] ?&o%@g densilafll bih bdecir &lkﬁﬁcal signal.

sensor. However, p of opt|cal sensing f

Th@fqe svepéogg %r%as%%‘,egttt% 1£aec%¥1 %m A%t 46 1o (‘f’s@p‘% 8%(%1511%9 ‘and buildup of

nany curren

ox&%ggllg_) &P, ugggfénr z}e(\lﬁx@gegmgnz | Cf glggggegqggen% atlons requlres an
oxygen-sensitive fluorescent dye is used to non

exgdse ot oryaenpihish ingensijlyant pipsartién Bapawlpghat inger St fluid Also,
reaction. Although this is an optical biosensor, with

thd ectfdchankzateacersitgifaendretee b buddyp O@Dxi\ﬂettimndjyamglhctg that may
oxygen | evels, such a sensor is subject to the sane

1nlﬂBi@Qh&ﬂ@gx§’&el%mﬂ{eC€ﬁ§%q band gy pee&tibagsdr.on this sane
chen1stry oxygen deficiency and enzyne degradati on.

[0b6%36] Blo(geﬂ)s\ﬁﬁf &?Q@oﬁ Bﬁt&%(falﬂlle‘? ﬂ%ﬁel@cﬁ%@ﬁélﬁfcgﬁlﬁaﬁ%a\/e also been

er el ectrochem cal

def]&a%&@ M n i(‘)yn%ti g(%h?% E—hﬁt&\e/%ﬁ%} %}%‘g gablﬁté/baélﬁ ecaloblatlon For example,
el RB R o opal P PR PP 0B 200 &S BT e peatentsigna

entrapnent of both cquonents and the dynam c .
can correct for sources of noise and instability in the sensor. However, the potential of

optical sensing for ir2 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
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.

[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 net hod based
WoRUEhSHBsESCence quenchi ng of |igands held i n BPCDES2004/038487

proximty by a multivalent receptor.” Anal. Chem Acta

345 (1-3): 203-212 (1997). See al so, Russell, R J.,
beligsdxiplovedV Dabeleebndatiasal Gy aht Skvatredm, haW been Wetl &g ci@atk a;competitive

"“A fluorescence-based gl ucose bi osensor using

FIQPI“‘QS% R lleQer AN st Ble CHEAPREhEI fARH &b ts, and the d .
(gfhyl ene glycol) ltheilldr% ell"plzlnal Chem O11161(1155) vnamie

1a1§d]ezo(}7t§%§sga§( 13391%%¥ed {S% %1 ﬁﬂﬁ e,rScFﬁlet E'Sn, J@%ﬁﬁgtlﬁg@ﬁﬂnﬁ&g assay

uses

m%ﬁ%(i garsﬁ r ee(s:cie Ega%%lgg?1%%§?g%%§gcgs er?&xgsleg)?(lgﬁlgzllty-bl){ a multivalent

response to Iuc

1ec53’pt08| Al ﬁltegzhﬁg?as 3e{5b(1r|s]§) é%érmgrﬁlq%ﬁ%r @yeexaijrl}p {Rglpﬁllm OJ %lehkO M.V.,
F.N. Castellano, G Rao, and J. R Lakow cz; "d ucose

Gefeiresol. CF OvicStome Adst, (thé,éfr.ieré‘AbﬂwEdsosmbasgd ghicpgy kaosensor using
genetically engi neered protein” Anal. Biochem

codGafiatdlfir A20d 0&98Y)enciBllatadiga a pdly(Whyleaadlydol) BydidaeliAal. Chem.
"Protein engineering and the devel opnment of generic

71 19)39@5@g§32 ('Iibe@)ds Bi ot echnol " 16:183-189 (1998);
arins, . ) A. Ware, C.M Ensor, and S. Daunert;

[0&6{738 Bglere]%%[gi E%ssédssg qs% osg@{&f}ﬁ@gg g{ebfs%g SHENiR Dol (E. coli)

pegé%s%;lcglpcépppgl g}slcc?s\cj::hg% ac%c%%}.]bgi%n%g%l 2919@9@??‘90 geneLaé%%ngescence
K.M Sali, C. D Paavola, S. S. R zk, S Sadigo

sighel Dowspease to gheaie binding-Sey, fmmanw@ea Totqsarlst F %‘Et/%ﬁslaf L.R.
a fluorescent biosensor famly" Protein Sci.

EicGhh-12B7Ba(tdbiid), F. CGRRstetder, b Raoaasb R diakdwicz; “Glucose sensor
conformati on change upon |igand binding, trapping the

fol 109@Bekt ReLREBhsEd §entsM\1@ Lﬂlrﬂ%e@étlmmgﬁeel& Férotéiﬁl’ Anal. Biochem.
exanpl e, Shilton, Fl occo, M N [sson, and

263:114- ]I%V{/%@)\)j Helgﬂg Lk t 'aﬁg‘ﬁ‘l S. Q\nmﬁleslﬁﬁ)ftelﬁ RA&Beerin gand the

peri plasmc t'ecep acteri a enot axi' s an

dey?@gilggﬁf#&fl?qg %P%{ng(?lﬁ Tlegésulﬁ}gfec %ﬁgﬁgtlgéi 8828&038% Salins, L. L., R.

aWaé?n@i P@é@é&i gtllqs e](D:guInlegta‘l‘A noveqqgallgielq ests Eeensﬁ)nrgostyg’éegl %l(\)ﬂr 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
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.

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
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sensitive fluorophore this attribute can be exploited
to generate a fluorescent signal. See, forexanple,
w@adosss3L. L., R A Ware, C M Ensor, and S.PCEUS®NL/O38487
"A novel reagentless sensing systemfor neasuring
gl ucose based on the gal act ose/ gl ucose- bi ndi ng
exdlile,Satihs Andl., 1Bi ocWers, 29, ThsA6 a8 0DJuneBetanseel G3Rntless
nei t her consunes gl ucose nor generates reaction
serRIfRAYGER fol fnefRRnB IS STbA8d Bn KIRAGHEIHdseERucBeNBRAing PRbiBin” Anal
may provi de greater accuracy and reliability than
. r sens ' f, can ot
B A G0 B SRl s BBy benerates reacton

r espondi to,glucose in the si ol ogi ¢ range, .

orodhER el rn B e hoseepists tetbet YR MRRY sk SR sagpey and
devi ce based on binding protein technology that is

relighility Blaa apperdngetii¢ Diosesarsyt e noni toring. A functiona
frequent and/or continuous biosensor nust couple the

[0868%i n§hilk emantbet of grhepsdptvie davelspdsTGHP ehgatemssapshle ef
mai nt ai ni ng sensor integrity and functionality as well

respSndiad teflhicdsent Metphy§iologtosbriake, thérbdatd wdeagioegports of a functional
recognition el ement and acconpanyi ng transduci ng

bio%lsﬁl&e BLvishRKREE R Bﬁlﬁﬁ%ﬂg@éh{)@clj}ﬂb@&%ﬂﬂﬁﬁg gttamd Rk 1z vivo analyte

roconpatible materi that shields the sensing
e EREE: arfeRToaR e i SOE TS Bk o Al fiple the sensing
sensi ng el enent int? t he i ent bl pod or other Y
clepedt Sgihe AP CHEEe e HOWF AR AT Esp oG teig] ty gpd fumetionality
bi nding proteins require orientational control and
as wisHfas patent eerafort. rkugsanpls, thedinlegisplreeagniton pdaneniapd
physi cal absorption and random or bul k coval ent
acGuifaagmgatanadicimydlernentishodbiptéfambiydre istarptregidesitiag biocompatible
taught in the literature generally are either

ma3&RO Rtd: BRL19 hellRRURE BISAfel frofiUhd Rthundsyd®Ral) peindits analyte diffusion
Interrogating the sanple with light in a reproducible

. | . f ashi . - . ]
in glg«gélgg%rﬁf)%{&g léal%ﬂg}lg%st L ORnBHS E1fent! ﬁl\(é tﬁﬁg?atlglg%@(%d §Mher

gener a known is to couple sensi ng

oGS P B R0 8RBt o

detectors to the other  end, However, caqupli of .
ang icpiforgatiset Begdem to cope sHgctHe Ush BEtA I&I%MS‘CPF%%?IWIQH and random or
subj ect to the above-nentioned chall enge of preserving
bubtioerfvelentisiir e hitahoieot oramineriihization atrateples e tapglyfin 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.

[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
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
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the protein. In addition, fiber optic cabling is often
inpractical froma patient-use point of view since
W@210560MM831 may need to renpove or replace the sePGDDS2004/038487
periodically. Replacenent of the entire fiber can be
costly and inconvenient. Finally, the optical system
ex&ienphissuaes, detegrorsexied dthtn apticslodlernentts mobst leecdudfi@ enthndbust to tolerate
ot her optical elenments nust be sufficiently robust to
or Q&% 8 hBAgR G bFEdal BIREnnEdhRBEE Foi dkaBiPd, Gtpatftht SIBIBA LY drift of the
due, for exanple, to patient notion or drift of the
el : : X | . .-
oIS SR FLE Bt FRer SR m B GBE LS lo spiSiive o
fromreporter dyes wthout relyin n_hi gh power.
defega B OB BRI T S ad SR Eeh Peverch S libjiqp and/or large-
_render the system unportabl e and hence unwear abl e.
sized olEpienfRiberde g render the sestens ugperéable @I@rheé%%‘w@ﬂ?-
that incorporates in its sensing el enment a binding
[0016] ei Acwurtlingty tifeor ivmtricoth &ir adridyensordhitémtogparatgain its sensing
mobility coupled to optical sensing elenents that
cldRieRY h Behdan Medteabivith aalforaititsial Al bicaienBIMYARYoKRty ddipled to
I NVENTION [ 001 ] An object of the present invention is
optiQalgél‘%Yﬁ%j&eﬁelq@ Yilat §1'Jvﬁfe SHERHNE ahd BRSS! ati on of a
target ahalyte in sanpl e. The sanple may be bl ood,
saliva, tears, sweat, urine, cerebral spinal fluid,
lymph fluid, interstitial fluid, plasma, serum aninma

ti ssue and nedi a. e LC [ Ll,) an optica
conduit having a ﬁ%@%ﬁﬂgﬁbaﬁﬁ%gﬂﬁﬁﬂéﬁﬁ@¥éﬁ)end; %i)
an optical systemat the proximal end of the optica
[00dddui fntobiect obihe arasentanvensgs is oo vfes dedanipnsenseng the
energy emtter and at least one el ectromagneti c energy
cofl@ineation of andgdt iahilytedn semaplegTied eamgpie niay bepildodakaliva, tears, sweat,
proximty to the distal end of the optical conduit

urinBaler @R AR Hurlt [yngASAui@Natebitifidl AGidPpIates, Reiuligtaningal tissue and
adapted to bind with at | east one target analyte; said

m %d? % 3[%‘1%%69%&@ ggl?lﬁf)l'i?éss ﬁbﬁgﬂgfchﬁédﬁguﬁthal/iﬁg r%gpr@)ﬁﬁlaf &ROINASS distal end;

, an onal or nore re nce groups.

o] SOl 0A 683 Y R e o s o
ele{cﬂéﬁg@ﬁ%ﬁ%@rg@f engit]tgr egl%tait (l:eaalst osn%setleecrtrl]oglggneiztpct e(l)lefagr}]/dde(t)e%%or;o atmd (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
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

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

'h
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el enent. For exanple, the optical conduit may be a
I ens, a reflective channel, a needle, or an optica
w0 piens48The optical fiber nmay be either a si ngPEI/BEs10041088487
of optical fiber (single or nmultinode) or a bundle of
nore than one fiber. In one enbodi nent, the bundle of
bifficard sThestibdruipabesbn-thheed bbepereayo et itean beytraedtheskin of a
tapered so that it can penetrate the skin of a
pafp@f] €nt. [0013] The optical system consists of a
conbi nati on of one or nore excitation sources and one
re. de t Y. cal q ' fi Lt el St .
OFiafr ofu GEL Aot Chsier A BLRORSY Bh off g bl Siation sources
i gnal detection and dul ation... The optical system
andRJF SHPPEARICYT T8 PR O PSR LShoIq e Sopied wer supply.
optical systeminterrogates the sanple either )
ang eleetronienfor yizopl detactipnpnd medwiption, Thseptiral §yoaa way qRsioaally
i nterrogati ng wavel engths of light into the optica
indhadectumtcropfhesseme or nore interrogati ng wavel engt hs
then pass through the optical conduit and illum nate
[obha]sensd fistical SRRM intdrdpARB B sathpinélihet eognoedly baint@mittently by
results in a change of the wavel ength, intensity,

co%é)lfn%trd;ng%r i€l ¥1T§]%a?ipgf\x%/el%étil§6ﬁ' int8 A &tical conduit. The one or

ZaLIOR or t m nescence of the reporter
' ' t of i na. el , ,
m?g'rs glﬁ%‘? %?é‘lng HV&?:X élgggﬁ%g EHeH gag%stéc gogilg irt]lgén(%ﬁlcglacg)gggﬁ %ré(é:r Eﬁlmmate the

t hrough the optical conduit to the opti.cal_ syst

SRR AEment o Hleangs i el h ERGsR B ey 1€ ShalEe oy evelenth
di spl ayed. In certain enbodi nents, the optical system

intensityr li bsmenahargy ransfsecdfficienayn 2abon pdayizatpe op thedgnineggence of the
t hese sources may be nodul ated to permt dynamc

rejfor@n gloupl whehds aganbf theaekiigdtments iThratsul tirfpathebged luminescence
enhanci ng signal -to-noi se and detection sensitivity.

sigMaribtsadsi bk E@Mug{ e obfcdl $EkHitQo HIRAGRRAPHMRM where it is detected,
consunption by the device or to increase the lifetine

int%ﬁ:(g%tg«?fea?{g fggdagcgalgdé&ﬁg@@% L) g&%k@go&mﬁaz ﬂ]lé%acal system

eachi ng. e optical system

can_al so i ncl ude.on r r [
e bR g o P LRSS FUSH ot

l um nescence signal fromthe reporter and optional, .
perraft diearnie signslipcassingefithodets sigiabrtheleby ethepeing iS}gBal-to-nmse

and/ or
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
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

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
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calibration. The overall power consunption of the

optical systemis kept small to permt the device to
wheoospeesat ed usi ng battery power. [0015] The sSPOFUSZP04/038487

el ement conprises one or nore binding proteins that

are adapted to bind with at | east one target analyte,
prodéifl nidy Yeea§ ono BEtHoePasscbedin@opending dbinatingy bivnel U, Patent

protein may be any that is adapted for use as a

Apgagaﬁgﬂ%%m %8 f10%3®f,@3eﬁ1e& henst) 4,200 WisnehREnA PiiRktion Serial No.

e any one of those described in copending,

10&)%??281‘1 a?ua[q%g %Oﬁﬂg)ﬁsrgftéqg%@?ﬁ@@ gr@e ?1 N@l 1(“939,799 filed
I TR O R

filed January 4, 2002; and U. S, Patent Applicatian r
ArtalyGoBpesshtritimms” smEene e of dr (aﬁmlaw dpelest ppalr-pP L) hiedon even
Concentrations” to Terry Amss, et al. (attorney
datdekestithn the dBntdk of Whlb}Ed‘GOIl‘COEN(E ated htlellhb.*\r wiffrece infleeir entirety.
contents of which are incorporated herein by reference
QuithlE BRIdIngGRbiciBliay 4366 beuyeortdl dTdhddg desapibed ns U PatinsNo.
be any one of those described in U S. Patent No.

’57’7265??]?%7 PatdntN 0.%‘1@9%4,% w3 [Fodde4 AP NABL 06RERE ofAdhich are

t'he ef ITe contents of are incorporated herein
re n.their. en [0016] The reporter
in T?ﬁi?)teg&ﬁe% ylffeéggcgé gl}érden%r%/tﬁ t he bi ndi ng prot ei n,
I S adapted to underg ] um nescence chan n_.
(0861 nEhorPOE BRI GEEHEL" i e P1rgas PGPy adapted to
As used herein, the term "' associated with" nmeans that
untitrgo méwnincerengy change spobbiatiegol jhedringiag penfein dnliefarget analyte. As
associ ated with the binding protein such that upon
uséd Reftingthefertn tads@tdtecdawithy treatsothbttbe bdpm:tbmgopp ot @ivalently or non-
there is a change in the reporter group's |um nescence

coR418RES és'sc?c?at@&' Githake WaYRlogReteth such tRe ﬁﬁ)&ﬂ»’binﬂihl@@f & get analyte to
energy transfer efficiency, and/or arization

th?Et( %H{ﬂg é)?«%tgln {h%p 1@%%5131%6%‘191?6 Llep&ltéidg‘?mlgpyﬁuﬁﬁ cel%e properties such as

ani c

scent, or,. bi.ol um nescen on pra
wipeleh s{ilow&@@gmh B0 el ORISR T BF Ea“%%%ﬂ Pramples of
any conbi nati on of the above. The r eport er gfr
repastes igerups fnchidgobigraranet 15@&%90?1%@11?1‘8 Vgo P?‘F@S otor ggmgﬁye& fluorescent
fl uorescence resonance energy transfer. O her
orlbistimessent fusmngirotesnpdistdfdliorescent 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
include lanthanides such as europium (Eu3+) and terbium (Tb3+), as well as metal-ligand
complexes, including those of ruthenium [Ru (IT)], thenium [Re(D)], or osmium [Os Inj,
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
optical signal can be transmitted 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
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i ncl ude | ant hani des such as europi um (Eu3+) and
terbium (Tb3+), as well as netal-1igand conpl exes,

w0 p@baosisey t hose of ruthenium [Ru (11)], rheniR@T/US2004/038487
[Re(1)], or osmum|[GCs (H] , typically in conpl exes
with diimne |igands such as phenanthrolines. [0017]

exailifle s@nshdiglidcamentheioptitdl copduit; attaghicdxd aconnettr tliwg is attached to
optical conduit. "Optical proximty' means that

th RANGRES:t: AktalilE (88 @cBaid M GiiatfiQ 1IN & attached to th
cﬁﬂg?her such t hat an¥%g??calm§fg§ZPg?an%%; transmtted )
.0 cej o . i

e B D
optical condujt, in a nunper of s, .forexanpl e;

coBiepiag Al S PERd 9 “Beoolftr?gp %%’@Pﬂaﬁ%%’ﬁ%}% FE“%?EP g 0§ ppgpanently
a connector that is attached to the optical condujt,

affinerl de Hiecpptisaleropduiy prsieptareabhy affached@ichibat tiaiensipe ipgent can be
is attached to the optical conduit; or attached to a

reffiaded menveaiiaitly aod eeornpoliyater matri x that is attached to
a connector that is attached to the optical conduit.

[0018] Sensindthet b@BBIAIMAB Yhd@nfap RRARAL iy &fifliex edmprisd dree or more
optical conduit or replaceably attached such that the

refSRAEE % gg%lq{/fﬁﬁ% 61?@1%1:&%61!&9& Gieth e ERNER Bk A HaY¥ adB8hinescence signal

econo 0181 I'n another enbodi nent, the

ensing el.ement may further c ' f : ted
o & SpaRel 5 EChe R bt RIRG IEG ABfyle TR fnding protein.
reference group has a |um nescence signal. that is .
“Sybua Y CAFIPEE CREAT A6 LBBREEFIGIHE 10 Chforef P Rfg o s
analyte to the binding protein. "Substantially
signifedaatiy éeds thas dmslunhieeskendevhanasnmdeienan e therrepgiger group. The
reference group is significantly less than the
refetdiicd geupneRich kamgesisndélupdneschyt dybeandépgnoemsgisosed for internal
The reference group, which can consist of |um nescent
refYERindNEA QALIRAGSE T refettt @forfanibRla@bslRl t6 @h heRbemy
and calibration. The reference group can be attached

colrBoRQs BHER %Ev%ﬁgﬁﬁ.{ﬁﬂ%?%%sﬁf& dibGedey Bﬁ@iﬂg@%&t‘éﬁ 14 containing the

e sensing e protein not nt ai ni ng
t he r%Por er grou mer atri
&

g RO B GRETEE G EAF PR oA o EpR gt ot  binding
the optical conduit, or a tip. [0019] The sensing
prefeandistonticglsioediit. prefiPs refers to the binding protein
[OV(\)II 1t9t] t [}ie 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,
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 tree diffusion of the

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
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20

associ ated reporter group and optional reference
group) nmay be attached directly to the distal end of
wao b@sopssral conduit using for exanpl e coval eneCT/USID4038487
or van der Waals interactions, dip coating, spin
coating, plasma coating, or vacuum deposition. The
oriegato Y nejbeie MTharaytrialse, amsiat shatleglelayas,coinacinoer layer serving
which all ows the sensing elenent to be readily

to f@éiﬁ@l%h@ing ?I&t@lﬁt arldt orlR& YHBRE o1RP1a36:83 kentrdl A2Srmbability and/or
anot her enbddi nent, the sensing el énent is attached to

acl%e\{é mgrh{}étgn?ﬂgl For®x 191};%"?}1 1R trix H}i?etfé%n FBE of those

rx nu permts fusion

of . the anal yte of |nterest o, and out . of
desgiibee e SRACHRNA S IHRERY &R WW R it Niny TR28 285, filed May

Eroteases and allows the binding protein to retaLH

e thregitise cotteninaf Ghigh ereonedParstpddicssn B teferesr) L he

mobility. The matrix may consist of nmultiple [ayers,
imwicbHization nragtbelaageenplisbed eithpr by coedlertly likénghiha detising element to the

protein, and one or nore outer |layers to control the

poBgfidreadiiik ok By @Hﬁbﬁ@ﬁly@ﬁhh}qﬂﬁg Biceemsipasibiihti wighin Bormatrix. In the
exanpl e, the polynmer matrix may be any one of those

lmi%p I\xz:l{a%t?e?t(l)lﬁ 'f)ggﬁ tﬁgd‘url‘)g ph ?gg%lzlg 51%%@ gen%il%aele%ent 2’che matrix pores
a1'%§)z?de g ?tgm:t it rs]éﬂ,?én% elemgmnctﬁ %80&1[}1%8{)\9951@tﬂ%jse §[1g 'e%ment is

o I I | ron may be acconpli

er oval ent i nki ng the sens |l e

aGERed S0 RIS PRIy o SBHOG  ERey AHETap s 15 n?%léx using, for
sensing element within the matrix. In the instanc

exampleecavaéenpor ipnisrlinkage. iDhepriane anatyx e b%téactl%to the distal end of

sensing elenment, the matrix pores are sized to retain
thé bgticabosidog Leingmﬂmswelsmp loe s@insoating plasmhepaingheovalent, ionic, or
sensing elenment is attached to the polyneric nmatri x,

vah hier $RRR iRGrRLi6HE Bindchadtd R6hdtdror thabimatisnsthesoNg,
for exanple, covalent or ionic |inkage. The pol yner

@tl]I X 1{:%&? ﬁ'fbh)@ﬁ‘l%g tgﬁqegng %'le?ﬁé‘llt il cdd tﬁlﬁ%olymenc chain. The

optlca con sin esi v dip or spin coat’ing,

oBSETERR wgtﬁéaseﬁ.%éﬁg% T L A

thereof. [002 ] In_another enbodinen t he .
cosplents nig, ang v aer ot aslg inger 5@}(79%];1‘1‘1 go Qp%ons-lfﬁ%reﬂ%?ﬁgcpolmner chain
of attaching the sensing elenent to the polyneric
is ettehad tnthk dokea entof theophioal condnit esing, §or example, dip or spin coating,

plasma coating, vacuum deposition, covalent, ionic, or van der Waals interactions, or
combinations thereof.

[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

house the optical conduit containing the sensing element, such that it encases the optical
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coval ent, ionic, and van der Waals interactions and
conbi nations thereof. The polynmer chain is attached to
wao b@sas4ssral end of the optical conduit using, POT/US2004/038487
exanpl e, dip or spin coating, plasm coating, vacuum
deposition, covalent, ionic, or van der \Wal s
cohd\lidricdeh A ele@ient dilaina @inbodisnenh ehewdsing @izt hmay be contained
anot her enbodi nent, the device further conprises atip
wifth Haefp.t apered or nontapered) that is designed to
pierce the skin to allow the sensing elenent to
ac dy fluj - cabl b
(08R0S T 8V jat} AmelERhFARR brnd s hubhniFoe peed o atach the
gl ass, | ymer.,, or an omhination of these or simlar
coftgpartab ot TRt Ko raoBE aPE ALHEGAPECLS g TRE:
optical conduit (fiber) using adhesives or a
mepbetiaslidexices yuch jap standae fiberppig pompestprs dugrdpeks; plastisy gistal, or glass
the optical conduit containing the sensing el enent,
sleguet) ot fiatngHoadmidaseings. fer optanca tlcotrdniettonmdy be nsddig attach the
el emrent. I n one enbodi nent, the sensing el enent may be
seRR Ak tithhbgtidaheondu, or[t® @R thbeptitay teeluitay the optical system.
further conprise a connector that may be used to

T@h}éﬁg%% %2@)0%9 BPARPhR R i BHré8ae £ EorhPoRAL HANMAVEY the other

tor may be, for exanple, any nechani cal
_devic uch tandard f.i | I
oo RER: THERA R ARy POl BB R0GRALBckiss
spring-1 oaded housings. For instance, the.c ctor . .
(ORRAbein Sk o hestorese it g dietiniAed (i@ prncipal object of
optical conduit, or to attach the optical conduit to
the presap tiveatios js5o e vidthan iprireradylepise foisengng theeconcentration of a
connector is to provide a conponent that allows the

tai@th@ial G o iventasatl ®albeas e adopeyatele Peddrabllyeths deviamatyfoe used for
conmponent becones repl aceable. [0024] In light of the

coh@REARIANSyANBRMrfng, bilt sbnkbndkillAGATRN &€EoulddAvidion continuous and
princi pal "object of the present inventionis to

epPsroSi‘@ rg?r}igo{llilnignmri;?\gz%g RGN £8id9 F%/I?@gf‘hﬁa}? sh&fa device.

concen of a target ana I's wearabl e and

(OBEB1c AR Bt 114 BBk st SO BRARE R gapoactin

in the art could envision continuous and epi sodic
d%mmﬁméppﬁ@ﬂéf in vivo and/or in vitro sanples with

such a devi ce. : ‘ _
[0026] A further object of 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
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
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[ 0025] Anot her object of the present inventionis to
provide a device that is conpact in design and
w@ersapiser [ 0026] A further object of the preseeil/US2004/038487
invention is to provide a device for sensing a target
anal yte that is robust. [0027] A further object of the
[003©] enThése\wad biten objctsang edmintigesio tibe posettiatentian vk become
easily enployed with highly reliable results. [0028]
apPRehher O BEdingfthd RELORAESEMildRPEREERIdINIif chYuREtDAi wieh the
a device that is accurate and provides readings in a

| TR, . [0029] Anot her object of the present
oSBT dRRg:

rovide a device that has a tip

portion of a si i r [ r no
pai n or sensat?@ﬁEaﬁg%ﬂﬁggﬁﬁ?géggﬁ?@fghﬁé%hgﬁg.[0030]
These and ot her objects and advantages of the present )
[003dnt Thainventiomwdlbpemapssadiht vigersiodowinl rdeensigorthgembodiments
followi ng detailed specification in conjunction wth
thtrhef illostcaterhinythe gttabhadvidragsng BRITEFR IDESCRE PTI ON OF THE
DRAW NGS [ 0031] The invention will be nore readily

_ r SEpRge Wid hodelSizeds@einatit bea Bivhadbnenbalihher ofmbodiment of
illustrated in the attached drawi ng figures, in which:

thégg%g&mfigure 1 is a generalized schematic of a
I osensér according to an enbodi nent of the invention;

[ ELIF{:I g%rl ﬁ&-ﬁ}llg{e:s gvﬁct) Ireﬁgg(ﬁglte% o%li}i?oc%tfﬂégﬁoglg%glfa{ipﬁ ien the optical

opti cal “por

sensor according(}o an enhodi nent qof the present
Parhreek the SEnSpreesR]ding i Anepodieid of Hiedespt ryriion:

enbodi ments of the biosensor tip according to an )
(0934 di Fegure dillustretes wemeisi eorbodinaeesof th §igsenser tip according to an

illustrates an enbodi ment of the invention that is a
enieAliabltefithe ivivstgiompt i cal bi osensor;
[0035] Figure 4 illustrates an embodiment of the invention that is a wearable in-vivo
optical biosensor;
[0036] Figure 5 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 2A;
[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 § illustrates an embodiment of the present invention including multiple

electromagnetic energy detectors and an internal reference.

11
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[0036] Figure 5 is a chart show ng the performnce of
a fiber optic biosensor according to an embodi nent of
wo b@sioswsent i on tracki ng changi ng gl ucose | evel BCT/HSZN4/038487
anesthetized pig; [0037] Figure 6 is a chart show ng
the performance of a fiber optic biosensor according
[0040RN Eifbadionemt defwihp €igufey sinshonid bsimipraosd thgt kked@nerals refer
mcron core fiber optic sensor and the optical
to@ﬂyﬁagﬂ%qﬁhggu&¥kgstrated in Figure 2A; [0038] Figure
shows the pertormance of a fiber optic biosensor
according to an embodi ment of the invention using a
S|ngle|400 Picron core fiber optic sensor and the
optical_configuration._ill ] i i gur :
L0039 D SHED BRI o & LBkt B Gyt s
present invention including nmultiple electronagne&ic'
[0@4d] gyTlmatretotred sbndimants Qﬁqth@ mapntiqar wileye be é??&@}’e with reference
Thr oughout the drawing figures, it should be
to thederadied dehvwing tfighids eTinufolloeriig degdfiled descriptike of getinyansion is not
and structures. DETAILED DESCRI PTI ON OF THE PREFERRED
intENRER VENTS: L@RAM al g daiRéRs. 18 destmbi prefeiied efnbbdienents of the

i nvention will now be described with reference to the

pregélgt?ﬁ;eg]ﬁf)g,;sﬁgiﬁg td i8Sy is ERipId Rl 1omine Qal@e&f@lélﬁﬁb However, the

the iTnverition is not Iintended to be

R B SSE EhES [FRCA TEvGHeT GRS Sleclel” ii1o be
term nol o is enployed for the s f c [ .
unfessieveihal ach PAGBREIHIN] SRS @1}1&63@3833 eﬂafvgﬁmfsiyth?tt%’a"m na
to the specific term nology so selected. It is to be
simibatenamentd achanpléshehsigplecpuirpeseel ement i ncl udes al |
techni cal equivalents that operate in a simlar manner
[00@2)C CORPHiicsdnt trvahtidd @rvolves poiding 042 efidiecepeceimdmtd an analyte of
i nvention involves a binding-protein engineered to

intRi 0w RRinANRL¥EEc1Rficdl B ShdtcalMahé. Ninfadd@font 66k 61 ihBtedBinescent
or anal ytical range. In addition, one or nore

1'e;|bqlil‘%]a g-ﬁogl%g Ot a@§£9gtélcﬁ&/itﬂ lﬁ)eldtﬁnﬁcrl]igé ?rcﬂéiﬁ.o G 88 mithdsBedt p&)oﬁer groups

rotern. ese ent reporter groups

intl‘alg | Udtieaﬁeblg({;éi%{%dggiﬁo{éépaé%ﬁgl%gqlﬁiégrron%ﬁg@é %iole%qlga%%lj\galently

coupled to 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
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.

[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
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coupled to cysteine residues in the protein or, for
exanpl e, | um nescent bi onol ecul es such as proteins
wo eweds4881 t he engi neered bi ndi ng protein. CystRBCTESING/ 038487
ot her am no acid groups nmay be engineered into the
bi nding protein to provide sites of attachnent for the
referoiica grmpnt Unkipotht eepontot goup ethe Bifahoggohip hhea bmahgscence signal
to the binding protein results in a change in the
thdt Y9Emeeaaly BIARSeiu@sn Bindddeofhe MPER ahAPRItb e WhdUPProtein. The
The | um nescent property affected nay be the
TR RROLAEL 3?11@ ol R REnE uﬁ'}zgé\ndesae}?lsiﬂfemdl 8Pt standard that can
en}ss!on Fn enS|gy, em sston” I'ifetime, em ssion
0 iz : . . CAGCY . .
neRH OB SO PO PRl e e g vt syt
unbi nding resulting again in a change in the
or fquioen ebfhe Sﬁmﬁ]@éﬁ't%ipggal GPdiHE T@pf@?@g@}ce AP @lso be used for
[0043] The one or nore binding proteins along with
calibreiipn ahouvifatew greyoeandre ajiechgdso coyprinber efireneneitp gl the device
el ement. Optionally, the sensing elenment may al so
in€ladihaitie LASing eleiehg hdialienp®tdn avpsntdinhg ke epater group, the
reporter group, the reference group has a |umi nescence
poﬁhﬂé}fi}hath*ﬂaﬁle halyRiéR ShARtd BibinsldénhBnaeHotnndins peltad, Bt optical
t e.targei anal'yte to the binding protein. The
colf B} A BRIy oo R PR BT P BRGHRing procein
cqorrect for optical artifacts due to for ex | . .
thihas PROBRIeE o ShPY A Sspiicea egy el e SEEMRa phyrigdpsically
the sanple or optical conduit. The reference group can
relgivel corcangiéoiSor cal i bration. The reference group can
be attached to any nunber of conponents of the device
[004e4|udThg s¢singsdersémgeoatpeivary qnear piard bimgling woins, et or more
contai ning the reporter group, the polymer matrix, the
repéttet PRGus haidoptiendliroFRInes groapt,hady besininbbitzdl Adhdghd of the optical
protein, the optical conduit, or the tip. In one

cogm? 0F ek a diddBsduid &p Egtg tSERUPwiH 1R SRR NURIt A Immobilization of

I'nding protern that een engi neered to show no

5 TR BN SRR B oA e SonEHE Bl BR AP bmpiched
by GPOFHIBE SOPBUDS! oL STTTEHBRCHe G CEHEBeGRO BT SHibyoBEne

i mobi | i zed at the end of the optical o
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
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

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
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conduit or inside a disposable tip that interfaces
wWith the optical conduit. Imobilization of the
wa@ensiosg3el enent on the optical conduit or i nsPABUS1904/038487
di sposable tip may be acconplished by depositing a
thin layer of the sensing element, for exanple, by dip
waQElesgth Nintepsity, lidetine) eatrgn trandfeeftioienty, oppakrigation, change in response
treatment, and the like directly onto the optical
to %r%'fsge bindf{g (;I"Lglblirﬁlil{gg{'&ﬁtﬂ?é YindihBPr&gmsi ng el ement can

!rsthlnnn Ilized in a polyneric matrix and the

I Xthen.atta I i ' .

(OFE] oY URAEAGHE o FnbFo SRAAL ORI chubcBimank Bf he present

. coatin l.as ting, .vacuum.d sition, ink j

imeBaph Dbl BB GE oD F eIy (DGR et paion of lements

_interactions, by nmechanical attachment or any ,

inadestig attriod Hintited t@ electrqrogeastic FraELY, pniticay, clopip@dagicdic energy
capabl e of interrogating the | um nescent response of

detebiery, epasusenirang filtefseelectomicy bolpgraplicppsiss, michigightements, and
froman el ectromagnetic excitation source down the

opB&disteAtar@® Rekdel t¢ Sentl igeld Sdtidl radiatiYORbAIthe elgcttdiragnetic energy
sensing el enment. The optical systemalso nonitors and

eniiﬁérﬁfo@fnethé og@&l t&tddiio ﬁ%e%ﬁéiﬁ SRARKALRONLBY td R6olve and interpret the

nm nescenceé response of the FTeporter group and
ref erence grou

] . ~the | um nesc roperties of .the ;

el Gt cgRoe ershLVREREEH SeAPERE 5 rprbdfou changes i
energy transfer efficiency, or polarizatiqn, chan in

resPesIOASEARBNG FRICHRIEAGNH o %ﬁ aB’f“YE?ﬁB?’ﬁd]FWQtegr hF ORCA system 2 may
bi nding protein. [0046] Now with reference to Figure 1 .

alsa opETist B compatepbEmicrembesssarenvhish hepdepyisad grocessing, mathematical
invention wll be described. The optical system 2

mdrigd]stikeso fone @irpionasipeals,ahd dherserbge anddiandiingy Bhet comgiuter or
limted to el ectronagnetic energy emtters,

mitRFSINTRANEEY Ge BMAY Yl SBH@ET OIS theUARdrQUMPBhETtO6Sthe optical system
filters, electronics, holographic optics, dichroic

el enent s, Dt Y , «
or g Psss o Rlen oy e eith, GRLEA S RNy el meters from the
energy emtt down . the optical conduit ta the sen
ot iRt he ARG ity b Serear gt it L LA
| um nescent signal. The return |um nescent signal fr o[n .
clactiomagpesia eergyrdatstahanhRlectinic ROFSHEE %n%}‘isa%ﬁ?]@lmca system 13
concentrations of the analyte to be detected. The
conphirdedted yatlem! P tonthy cahpaiecanmpidregoeessw i Ukhgrcogyputer or
m cr oprocessor 3 which handl es signal processing,
mitBNEdBIdrGahay 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
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 luminescent 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
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



10

15

mani pul ati on of one or nore signals, and data storage
and handling. The conputer or mcroprocessor 3 may be
WO pooplsasdral contact with the other conmponent SPOf/US1984/038487
optical systemor, in a preferred enbodi nent, may be
physically separated by up to several nmeters fromthe
protibiee acefepaice ot salibiatidnesignt. | Salsingyeddneent 6ldan bhiatached to the distal
enbodi ment, information fromthe el ectronagnetic
en@RE bPcall 85:RIAQS, 2itREINIRLEE ST AR b HoBMRE ASEHR Dreinaie pleferted
the optical systemis connunlcated'mﬁrelessiy to the

en%%cqﬁ'}i%n?,rat&EI%é(?;tBrﬁo(ﬁ%g}%gﬁé b S%hatﬁ]?ctﬁ%ﬁglr)%t tGE dRfal end of the optical

oproces SO  store ca ation

i nf.ormation s ific to the sensi.n | ement ... Lj ght, of, .

coBfiil by TSR a7 SRl SPod Bet in e Heebpoytics] SHutd giher
2 is channel ed down an optical conduit 4 to tqe o1 ‘

mechagicHly &lacaibagive or by eng aihek JHtblcmeanskpona te fogepf il in the art.
optical fiber or a short light guide that transmts

[0045]t Riguke Hisemadlargesent of He apsinalisysfers| 2inemo tgpical embodiments. In
consists of one or nore binding proteins with one or

Fife@ A28 Sedir@it @thriot! 6F Beatphtterra Ao usedrto directdizhefibem electromagnetic
rmobilized in a polyneric matrix, attached to a

enk ysGElrce@ 8t ol%tﬁﬁpéd?l‘aﬁﬁ‘hgﬂxéiﬁti@n ShFBQSAR} SorsisPof, but are not limited
attached directly to the distal end of the optical

condui t .. or ,attached .t ctQra.: [ . :
ogREftiots sdAnhP 98%E alr6 oF BRESG IRl LAoR e dok aptieal conduit 4
. reference ou t hat e optionall ttached .t
is BIEQROPLELABLS: SHbihg Fame TogHS Bl Bl G R uon gt frye
purpose of providing a reference or calibration signal.
el &romiagyetisl aergit sogreeantoribe spnsing steanand 6 aRe algp 49 HpnswHbthSt
optical conduit 4, either directly or via a pol ynmer
lummddstence signals fironhthepemfier pedfeaiedromstbackhta the bptca sysem 2. A
di sposable tip 5 that is attached to the distal end of

ditia8icMmh &Rl 1 ‘i)@é’fgﬁébg/ dparkies Y i8rug@signaltifien diesqopabndight and directs
tip 5 is positioned against optical conduit 4 either

oal on : . _
thgngfgﬁ@rlﬁ CRbr 1{1%&1;1 c%ﬂ@ﬁ?'d‘é%ﬁoﬁr&bﬁe%&lﬁl ﬁﬁl@f%%r%iz‘%]%ﬂ%h?are not

NOWN ose O I'n the art.
Figure.2 is nl ar.gene of .t he gptical. sys [

B oSS AT P PR AR, B v

mrror or beansplitter is used to direct light fro .
mgltiple laweggert sienals @feglgﬁt%fisir@@n 4 58RE Slstab AN KgRa Pt oie

4. Excitation sources may consist of, but are not
eléments ety the usébio diseahpirtons of tharepan sigaslsrio giudiids detggtors.

LEDs. In this enbodi nent, the optical conduit 4
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
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 luminescent signals from the sensing element are detected using the second

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
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A
(@]

is a fiber optic cable, and the sanme fiber is used to
transmt excitation |ight from el ectronmagneti c energy
wGaouwsoeisIit o the sensing el enent 6 and al so t oPCT/HAXNG/038487
the | um nescence signals fromthe reporter or
reference groups back to the optical system2. A
uséll ©fudhe deliesmrtretnrehtiadincecpaedie extbpleroat wavelength or
signal fromthe excitation light and directs the

poﬁa‘n%lﬁin (ShtRIneE, HANBORE hlt&sqh%ﬁﬁl Be d6ddaetslest tBe luminescent

tectors may consist of, but are not limted to, for

watve%@hj? PR PR L e
r
o S AT T g

the return signals to nultiple detectors. Preferabl

end of amopiestemduitelberethe @ptigad Gpndws an opherIfipel In Flgme 3A, the
insensitive is included along with the

seauiiad gltieetepacicdlirecépar the distad ket uf thetoptipal dibedtesiag for example
reference signal. This reference signal can be used,

CO(/QEnte%)ﬁmgbleVant@l oRsdl ERtterh@ionORkip 6&dting/ sph €gdting)plasma coating,
drift 048] Figure 2B illustrates a second

va%@? géﬂ@ﬂfona{ﬁk i 'tgchm%lc%' f o &@itthtRRE Lifeddorbudhitedy, the sensing

opt I Ccé ber ar hgenent I's used to transmt
t o .and

igp C%*ﬂ%lﬁ.t@%&é%mgcpég“e?l”l@ S diETRRbua Bhfi phE0hygnal rference

of the bifurcated fiber dle. R turn | um, cent
ereyngneAnderatiashatie ades Fln qé@ﬁ‘ﬁh@n 15 Igag B0 yichgtached directly
the second am of the bifurcated fiber, so that in
to i distelasid of ilee ditisel fibrimvingrfor exempds dirorseneestiag, plasma coating,
excitation fromreturn | um nescence. Dichroic optics,
vab@amappdsitiodl Sovatent [iohias drzen slenBijaaldualietactions, ink joeteslewlogy, or
to further divide the return | um nescence, based for

C&aﬁymﬁggsﬁgﬁ%@velength or polarization. Optionally,
bandpass filters can be used to select the | um nescent

[Oﬁﬁﬁl eplqﬁ 603]§J ?héj eltng‘ﬁ%% néﬁg}/ﬁ %8%8]?4%18 ?}Hﬂ%élﬁsmatnx and the

5 optical " sys
iIlustrates repr ods ttachi
poél@ﬁghlﬂﬁﬂé |1§3@-H§’lﬁf CF 113]@ &axan(ge f tgﬁ ob%ﬁfl & gle %Sb% texal\‘lr\}ﬁle adhesives,
the optical conduit is an optical fiber. In Figure
dip hespe aeiting. BiremeAvatiag: wissten moldag.|ipk i tqchaolaycayalent, ionic, or
end of the optical fiber using for exanple coval ent,
vanaler Waalsrintesaetides, aWiehsnicaltcenaestaron sombingticwsetheiegf In a preferred
spin coating, plasnma coating,
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
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.

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
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vacuum deposition, ink jet technol ogy, or conbi nations
thereof. Alternately, the sensing el enent, conprising

W0 b@slos486li ng proteins, associated reporter groOREEUSENG038487
optional reference groups, can be attached to a |ong
chain polyner, and the |ong chain pol yner attached

neélle attylhivé @ ntddefiadirial toendtrafpi¢rhmgalppihcamld/di ialsate nesi tagpermit
for exanple, dip or spin coating, plasma coating,

acYA§ UETRe ARRA9RI th 'tl%enﬁﬁg lefitht cdi@alh&d inQhe ¥@ddldleThaMasifig element
interactions, ink jet technology, or conbi nati ons

1n§|15]eeﬁ]g91 edié %8?%13 ahgcﬁeh %ﬂ%@t 831% thi B 1@%? gﬁéx%nﬁ’l aenwtthé Methods

matr | t he pol

et ﬁa'gfeﬁ@cﬁ%gq‘}? RSk ?ﬁt@i‘bse”d lﬁemtuaelyﬁwx ey
coating, plasnma coatin i njection nol ding p '{e§
mechanindicopipct wibly deder. t?rﬁtféclna?n%lwn&‘érsh%a% igure 3 are preferred
i nteractions, a mechanical connector or conbinations
enttuditeatts aidmay e efedreitber ipdivotiialg ot in eoasatgnatipd. gr oups of
the polynmer matrix and/or protein are used to
[003]| eRiguie Devavstdigrefenrdicitotingneof a dieti@blel optical Hidsensor. The tip,
optical fiber, such as for exanple by introducing

la{.g' an&e@ ﬁgéw&%}ﬁfoilﬁﬁtéw i f al@%nﬂfm@e@‘tl@%%n@fmﬁ% WitBA it the sensing
S

C, a plastic or polyner eeve fits
el%\éﬁé o élﬁlal E ﬁt%dahl ptltcgllgib%g,tjgf :’h“hé {' Q&ﬁj@%ﬂd ‘7‘1@5&19 ﬁssteﬁ)lbly is
LT A A AL L m@geéﬁgmg

el enment can be introduced into the sleeve eithe

is inspisest pespendpwiaciyigto the s]@pmﬁ ,aﬂp@tl%m(go Ehag tltqd@ﬁmgf@y at the end of the

cross-linked or polynerized within the sleeve.
fibdk teaideati siddey thetihadeemsi argubtigaents spaye.be\dhesiyersing 28 ¢ghen holds
within the sleeve prior to insertion of the fiber

th@ﬁﬁaht@e mbhSPles e e eyl T%l@&é. CBle dpitieglrsybred, whdnhilmps over the
e inside of the needle. eneedl e may have a

plgg?lg'ag eﬁﬂl) p}b SUR] tht Qomf¥ald: ?% iReELGh P theIPRED ARALOGid thé Hftical

mt access o) e anagyte to the sensi ng

R VP B PO ST S

optical fiber using any fth h [
eml}pgllaﬁrg@g@s EbnEysitatiog @p@g:esslﬂa)ef g(%e{sgsé?)? ’(cj grlse%rolc El%?tecli [c]o, for example
alternatively, may have only mechani cal contact with
ar¢ henfsi laser diodes, catltEl:h idetectawsheareepnsisooinbitrarenefuinaital to, for
are preferred

example, photodiodes, CCD chips, or photomultiplier tubes.
[0052] The following examples illustrate certain preferred embodiments of the instant
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., Anal. Chem. 1994, 66, 3840-3847, or as otherwise
described.

EXAMPLE 1
J0053] 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
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enbodi nents and may be used either individually or in
conbination. [005 ] Figure 4 shows a preferred
werods4sent of a wearabl e optical biosensor. TPET/UBJ04/038487
is a steel needle approximately 1 - mmin |ength,
containing within it the sensing el enent, 6,
ghitamiehicld & @dsitioh 04@ranapginmelsubdtivaed f@2n aldnénef dtlpesifion 2p3 and a
and needl e assenbly is centered in a plastic nount,

serifb suEE't?cufeH Ror 1680h&htHo8@ioh P88 PRI 4% 21 31Re 388 TH&Gplotem was

sensing elenment, is’inserted perpendicularly into the

lab%ﬁdrbftﬂ‘[) 1%9%%& HtWIﬁlONtI\h nnteh‘l?}] BOAGHES BG(IPQII E%ﬁtl%’ﬁglzw-oxa-l 3-

resi es I'n el ntrad
: e us .space v r|n 25 t h s the
i o R RE A RS wuﬁfﬁcgﬁhﬁ
ical system 2, then clanps over the plastic
(B h@%%ﬂ Wﬁmw i Kectlonfos &luspse gnd fedrioy ﬁgOU&)HJéldel goes a
optical fiber 22 with the optical system The optica
flusyestete aeendiy casdegnecpofssrto ghwopd lwindimgcor ding to

ei ther optical enbodi nent 2a or 2b. Excitation sources

[00BY] COAshSlticedted HuhultilSeniatilx Whd gepired af folloexafpbee matrix was
arc | anps, |aser diodes, or LEDs. Detectors may

;Iﬁéo?lt 68’3‘5"0’@ %1 B%tég?% ﬁllbgfséh bllﬂdﬂ%lgl?éérlrlg(lt%‘ lg\lr/ll 112 ?@{S'ﬁjglgfsel pH 7.4, prepared

T L
are nerel i nten to il stratlve of ex
ang BB AR o BREe Sangh e Eer i g e eﬁ@%l? s placed in a
fl uorophore reporter probes are used herei
syaegordanfsedpt traternd 19rmabdainte 288 mlfodd Y Ci?@lzc%lb%mé’fel thereby
al ., Anal. Chem 1994, 66, 3840-3847, or as otherw se

foheiag bieldschf abXANRLES 115 [1ﬁﬁ)58qiiametm.r afhmgeetds vwonemixed in CaCl, solution
enbodi ment of the present invention, glucose gal actose

onRhOFHi NG (B P3-F0MinHeBPA dvatiMad 10et h/aﬁltliehlf&}n@edw lading the beads
including a cysteine substituted for anglutamc acid

(ﬁ'f bR 15'&%8111:{1%8 'of g@ly%ff%/smertﬁo EHRP it wiieda %ﬁBxﬁ{htel%/ 10 mL, for 1

ani ne at and 'a serine substituted

holm: gﬁcg‘ (ﬁ'y f? g@%ﬂgsgn%%osatt igng\%li% Lb%%?%%ﬁ:l ﬁq ﬁrS to 30 minutes. At
thl-s%loggtﬂ?e sle-ng\cl)-r(\;/a%?ga?d%/etg ¥)|e )useN (7-nitrobenz-2-oxa-1, 3- |
[0055] The fiber used in this embodiment was a bifurcated fiber optic. It contained six
400um fibers arranged around a central 400 um fiber. The six fibers were used as the
excitation conduit and the central fiber as the detection conduit. The total diameter of the
fiber was 1.4 mun. Once 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 going to a
detector. A 470 nm LED was used as the excitation source, and a commercial fluorescence

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

nm was then measured.
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di azol - 4-yl ) et hyl enedi am ne (I ANBD am de) oxy. This
mut at ed GGEBP ( E149C/ A213R/ L238S) is specific for
w@bkwsoss31l and the reporter group undergoes a PCT/US2004/038487
fluorescence intensity change in response to glucose
bi nding. [0054] A nulticoated or nultilayer matrix was
[0pB&)ar Brh ainl,fthé diswus endarcloensingtlementvafs Hiosameat foymed in this manner
m xing 1 part dye-|abeled binding protein (15 uMin

wBReled flﬁbu%lpé"l 7 Oé‘ugﬁﬁfe&lﬂ@ﬁlﬁ@ t1Ssi AeSnl Desthétived pig, approximately 1-
PCT/ US03/ 00203) wit parts 3 wt % al gi nate

1{11\{1/ o Qéief gle%kﬁﬁc '/?lttéﬂﬁétﬂltc' s8R ch@J}f l@&gteﬁ antvgllxé Renahd %\!lfPqut 10%

e Fesu t1ng pro elrn glnate n1xture

ac S e and|
demfﬁp it Etfusrgoiaoth kG 2000 Mo g Meushed BiaBigptne pies
form ng beads of about 0.4 t i n dianeter.
gluroseikevis ik a gpierilable faghion. s laf%@rlwg# demplsearere BPP%ﬁom the
60 m nutes. A containment |ayer was then forned by
veph ewiaryg thepi gltlemdgh f tlopatabthetst, and dlesi sweghiogadings were tested on a
poly-L-lysine 0.01%V v in water, approximately niL, for
haididdibloot RRItosk pieteg tThe faotegednys imensitgatf @ tiesdsorovasabserved to
absorbent towel for to 30 mnutes. At this point the
tla%ﬁ'aﬁé'-i cifPSuEERIYy dCinike Mﬁ@t@etﬂe@&ﬁ%]as-gﬂ&vﬁ iPRlgukésed in
hi s enbodi nent was a bifurcate i ber optic. It
contalned si x 400um fi ber gesd around a centra
400 urn fiber. The six fibers were used as the

tation condyit, an he. gentr
(OB c Inraskathosie e SR sy SoftufRe shRpigse biagine protein
4 mm Once the fiber was polished, Loctite 401
(GaRR e with groyatsing| sybstinated fyea glwamumsidatngsitioarid my arginine
element to the distal end of the fiber optic. The
supstonfeddidr aredafie atpesitiobil 3 wad a bérinersuhstguted iprt lauaneatgromtion 238
going to an excitation source and the other arm going

(E1 90@ AP BRALBRS) ATHY Protedm whEldbvles atihed 4apotitien with N,N’-dimethyl-N-
excitation source, and a commercial fluorescence

(1(%18? %19—'&?%3?—111%@?@&57@& 2B 31408 ok %ﬂ')teﬁ%g@ﬁfﬂn?e Gﬂﬁﬁﬂy amide). The

he em ssi on |ntenS|ty at "'540 n was

bl(gsi%g?% Ayas é# 6%1%% lglélgﬁggbg 1}52 t%o a 40% m 1tc?on &l 9 dﬁﬂl%té %% } 1% a short

nanner was
ted through
pl%ﬁ%fég‘khﬁoﬁez 8@%& @ng a‘ga‘?lagut ?r}-?g‘ie {%?ellfu lggttohgvesﬂliang e 7B 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.

[0058] The immobilization matrix was a crosslinked alginate-based hydrogel, prepared
by covalelltly 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)
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-
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2 mm under the skin. Alternating solutions of |actated
ringer's wiwth and wi thout 10% dextrose were infused
wo koososs3t he ear vein of the pig to increase anPdI/US2004/038487
decrease the pig's glucose levels in a controllable
fashion. At intervals, blood sanples were pulled from
dith&liy Mg -giyal) @hrbod Bmideg (EIDCpugdhadilet peobd mtadfrehuion, using a dual-
and bl ood sugar readi ngs were tested on a handheld

XHHCORERE The albititd, |ALAD S3OBNGE MigRS H)is Hpiraed into a 1
Syﬁ#%ggﬁéé$&masqobsersg to track chainginglglucosseg)j1311 e a

mfe%f)ﬁ?é@ { o5 %‘a@?ﬁ:s FEr o RuachR ERY Syl TRl ves
ol W s VGRS PN T BB ORGP o fber. The

posi tion 149, an arginine substituted for an al anin
cathetep Bibing gnthe fibenwas Hlled ensising est conipeidetween) the bp ﬁgﬂle fiber
at position 238 (E149C/ A213R/L238S). The protein was
optiabed the adginitbenald@ Pbsimairdrvas allowsd b capissrink fdr-I§minutes, and then
(i odoacetyl)-N -(7-nitrobenz-2-oxa-1, 3-di azol-4-yl)eth
th/FiBAarH A rAfrik lLANBDIAWetie}ansfEhed b 99608,0.5 pHMPBLaphtion, where
by inserting the tip of a 400 m cron core dianeter

thé{ \pglre_S{Ori]é(Pf]Cﬁl Zslib%ﬁst. Ri BEenPhr HALPEShEEs HBLARinga}# were placed in

ow ng the catheter tubing to overhang the fiber tip

by 0,1 - 1 The..fi [ silica : :
e Ppdnbp e ST SiGt EfS, BRORL N i hERUEL P37 sodium chloride,
cor e/ cl addi ng/ buffer exteriors. [0058] The _
[005R]bi Th 2tia¢horindine proteinathe 4ipe sssinFrhedrs g agiotioa-ob dahsted GGBP
hydrogel , prepared by coval ently crosslinking
in?B@ﬁgw&(ﬂﬁBDPELMEHA@ﬂﬁ&ﬂé38&(ﬁﬂﬁﬂ(ﬁhaNtéﬂbdxybsmNWQHandy8
adi pi ¢ aci d di hydrazi de (AAD) via carbodiim de

howe Mitetseysorherqyalct il WRnl-Mbiersighe Hesh ethcibatiofi R fter 8-24 hours of
enbodi nent for its low viscosity and high guluronic to

LI S P SO PR o v
bR e VBB 00,0,8, 8 0P, T
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.

[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 nm excitation towards the

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
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was stored at 4 until used. To the alginate solution,
145 ng of |-ethyl-3- (3-dinethylam no-propyl)
we 200508881 de (EDC) was added per L of sol uti oPrCT/USi0ng038487
a dual syringe m xing techni que. The al gi nate, AAD,
HOBt, EDC mi xture was aspirated into a 1 nL syringe,
andndtethbdewttoB0 Sgaitged sedtition was fiatiteacdmesl etldrdrnhéhe detector using a
syringe. The needle was prinmed, and then the tip was

55'0'?1%?55 adsTiRrt BRLL b MREREs ﬁéﬂﬁhtf& rBPidGofRectiBe aR@HisE@inection of
he catheter tubing on the fiber was filled,

thg ﬁ?é{r dprt]ig agl?sﬁg c %%Fetctrgﬁlta%@e?ﬁ ehgﬁﬁgtd'e{%c%fr 0&“ Hﬁs éth 1ment was a

rcran e al'ginate nm trix was a
Cr 0SS nk f ut.es
sineds Photoncuingney RoPb TR befr Dty %C&uasqwms erkope ﬁ%&%a laptop
soI ution, where they were stored for hours. At the
cogmiLtes COMPBINEGAENE &yuthéhe fetecteisihEqugl atiulﬁ&2%?<émﬁ13%fa’ed in
excess phosphate buffer solution (PBS, 0.0027 M
[006 Hs s Finochi oriatiéhe distiBIndsodl sensiog blomiedieqf sitiosengor formed in this
where they were stored a mninmum of 30 mnutes to

m&HRAGAs tkertédEiat doditions O pSicintaerint amhaibingdiiffereny gluaisa,
the tips were incubated in a solution of |abeled G&EBP

co'nE?lP xf%§oﬁ’su}c1il? ol[chll%[g'e{‘:tﬂﬁgﬁ{f@ﬁ'sa&lb%%@d@ﬁﬁﬁkh €280 wivtroaGilter, and

or appr XI mately 8 hours. The sensors were

TR Tl LTI S By v

-mV) t hen ed to t lnc tlont After

P LR GRS SDr pd bl RBHGVEHErE el SR o e obe
uL of IM pH 8.5 et hanol am ne to quench the reactio

Soameail. Zerum sunplss pnl XrndS0Rangih creDsBIGE DY ﬁplkil}geconcenﬂ ated 1M
sensor tips were transferred to PBS sol ution, where

glhfay imBBS idtb lsevadaliqmossi t for at | east 24 hours whil e
unreacted protein diffused out. The sensors were then
transferred to fresh PBS agrxastpares in the dark until
ready to use. [0060] The fiber in this exanpl e was a

[ | ey ?19031(1#reﬂlb%9[1 el{m)!fg{erlg é{uoﬁ Sh bio@éhs‘ép{‘xﬁs formed by

I'Ca C Sihce in

th ts bot
R A s mgg@smmﬁqca i °%‘%C€EF%?ICT%%
were used to separate the | um nescence f

glusase akarepe biading paiginy Q@Cﬁﬁ%)upvét 1@Ays@1@|spé§qt%tﬁd 3%1? glptappic acid at
a 470 n
position 149, an arginine 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-(iodoacetyl)-N’-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)ethylenediamine
(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.

[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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LED. A commercial dicliroic filter was used to refl ect
the 470 nmexcitation towards the input end of the
wo piwensead transmt the fluorescence, center edP@L/USH04/038487
nm to the detector. d ass aspheric |enses were used
both for beamcollimation and to focus light into the
polyitaRlesaidhankpetl AeagleTRE tipfdth the atffereoeatwhaticoplasedin 1 M
further renoved fromthe detector using a 550 nm

sulP@RIRES forfl ﬂo’ﬁ?r TipeWrS ARASHEQT $itRAlsil1bd Qdtek,aRadkd in ethanol for 15

connection d di'sconnection of the fiber optic
m11§1§}£e1 8 th Lh S g}let% G459 Qlﬁ@'&?idgﬁ%lﬁa% BY lg?lhﬁt‘ft%) i clkdted tips were

oIS Lo 585 oal s ecou 1 h‘”’afa@%a@%)@"ﬁt‘ethowsﬂane
t hrough an RS-232 connecti on &0061 FIGG6: In a_tria
(APRESHitst allovesddo aomet fedsningtes] &he Hps weredhen twEaygd from Fihie APTES

formed in this manner was inserted into sol utions of
sojmtion ané wastrednwidoethaioh forgl Sdninfugse vt tlid endlodghis process, the presence of
concentrations. Al porcine serumsolutions were

andihé gt%ﬁﬁ;doﬁ e QuEhce? (2ROfiBRrGr BN etiffied B phatoelegireicsywetroscopy.
levels in the solutions were neasured on a clinica

[06% YZ&l- al{hzg?[ irfk vhd Heh [aﬁ%,?e?l tb g dlﬁll!ifﬁﬁ&lonahzed fiber surface as

per or manc e sensor he initiral glucose |evel
[ seru measured to b 6

fol i lgtmt%@’aaiwana% *Nra cw@e@e&%ﬁ%ﬁ%ﬁdl%ﬂ grepared by
concentrated M gl ucogge jn PBS into s

copakab grosslinkiog 2 11Waano1tpﬁeygé‘ll&5%t?>r§§f?€te 0% qloﬁ'r\é‘éce)l'?tty and high
i nvention, a biosensor was formed by covalent

guhtrowic horeratnwhnig ratid, tuppgiibesarbesyls vriteadinie poidlilyskzidg (AAD) via
fiber. The binding protein was glucose gal actose

caftiodtlinide ¢hentigiyn A GABRYinat sohutian oyestpeeecdshibdisdol vingd gram of
for a glutamc acid at position 149, an arginine

algHRe b 50'hado. i M MIS BhAdH (PR @3) A@%héd ARl B 0angd 0B AAD and 79 mg of
Serine substituted for |eucine at p03|t|on 238

hy%géélpos -ila%g‘{el'(?ltﬁ AT@Q il Qﬁ&dd? o¥asEs SRR EFadthet Bixed with 10 mg

I on

o TR S A B g

bi osensor was prepared b covalent attachnent of
thepqjhiter wantreximasly ﬁéﬁl . The alginate, AAD, HOBt, EDC mlxtule 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
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
GGBP in PBS buffer [NBD-E149C/A213R/1.238S GGBP] (20 - 60 uM, 50 uL) for several

hours. The sensors were protected from ambient light during incubation. After
22
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20

am ne-functionalized surface of a silica fiber. The

fiber conprised a silica core, silica cladding, and
we@eiogiosdsse buffer. The fiber diameter was 400/ BADU82004/038487

m crons, where the sl ashes denote dianeters neasured

fromthe core/cl addi ng/ buffer exteriors. [0064] The
app@ixythaicde bafhber ofiasubatom\sedilf ¢ HRDCREHS i(POtofM/hé mM) were added to

optical fiber by exposing the last few mllineters of

thd HRubAtRAMBL &ty 4D hbfutAPReQ¥hIMEBS Wede remdveRaanslsced in 50 uL
The resi dual polyi mde was then w ped away. The tip

of\g'ié\)li,gﬂ-; g? e%%%@iﬁe?%@gchvﬁé r%]alaﬁgnm&%?% lr{ﬁﬁi't@é iﬁ%l le‘tﬁ%jl’folamine

were then rinsed w di st e

ter, placed in ethanol for_minutes nd then oo
solfiuins Seoer e B0Sorst oS Febias it g hepalioned o it fo
cl eaned tips were then placed in warm (60 C) anE dr.ouif(
at {egptubheurs vkl pareagied proteia fifhsed Ry | khe sepsmskiyeiat %‘bﬂ ansferred to
(APTES) and allowed to react for 5 mnutes. The tips
frash PBS drelstoredibvibd dirkomtil Fead APTES. sol uti on and washed
with ethanol for mnutes. At the end of this process,
[0OBF]Pr &5 & he 00 fhealb Ned@edbydsenifodiments thefoptieal otadeheas the same as
fi ber was verified by photoel ectron spectroscopy.

dega*ﬁ%ﬁ]i? ﬁfﬁ: C]f}_leﬁbﬁ‘saéx% . Kiith (B exdpaOn AP tHeRH 0l E)frbﬁtation was

am ne- ionalized fiber surface as foll ows.

e
i bil i.zati mat | iLnat.e- e

me, ?tsté gisl’ng 6 Isglrég&ggﬂayn é\@@tg 'eﬁ{ ?@?%él%?ﬁeﬁéﬁghg i alﬁﬂ%gghollmg the
Pronova(tmUP LVG al gi nate, selected for its |ow L

Shyfi e 8% (51oHAts TRy BIeRBRIte 6 i Giom o igp{gcence reading.
through the carboxyls with adipic acid di hydrazide

grephag dispkeyefithoorsulis and daieanalysiyandrcadibgagiog algerighms.
solution was prepared by dissolving 1 gram of al ginate

[0068J0 [The dishdl MESBainlifeheing Elerheht 6] a hivdertsheformdd imgpisomgnner was then
of AAD and 79 g of hydroxybenzotriazole (HOBt). A 0.5

in§Hrte@ih@URS si0k of &l SeSBbtted Qg WRSertibR Ry alidseelb Wirdsbrti tief fiber either
EDC in 50 uL of MES buffer using a dual-syringe m xing

in{gg{gﬁwaﬂ#g{ Self-g;ﬁ%h%énk/ t@ﬁgﬂglhgte e %A}A '%51%&'%) , ] [§D—C24 gauge needle.

roXI I nat e,
NN ORI R ST R
e S Sob e S e R o

fromthe alginate solution, allowed to continue
comerabithladashivnaiAt ifitervals, 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
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

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

position 238 (E149C/A213R/1.238S). The protein was labeled at the 149 position with the
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approximately 1-10 m nutes, and then transferred to
0.1M 6.5 pH MES buffer. The tips were allowed to sit

WO poosh8BES buffer for 2 hours, and then they RET/ES2004/038487

guenched i n excess phosphate buffer solution (PBS,

0. 0027 M potassium chl oride, 0.137 sodium chloride, pH
refforddr ghaup 16, Ni-ditehyl-Of- (13 anety)e’'s(7-hif0b&]z- F-ox @t Badihzdl e

bi nding protein, the tips were incubated in a solution

yl%}%‘lé&%ia‘ﬁﬁné@ﬁ{lﬂm altRRR) buté edtelNBD: 644 Ak %i@sﬁé&d@@ﬁnalmmlde

uM 50 uL) for several hours.

att B%@Ef)%ﬁﬁ Qsﬁ?&&dsuggtﬂme?mlzaegﬁlgnﬁg E?d%?[)bﬁgon 149 (TR-E149C

ncubat 1 on erapproxi nat e

Clei e g @ﬁm@ﬂsﬁ e uc(o}%? Satebtidhy the i Ggscence from TR-
the sensor tips were renoved and %Jaced in 50 uL of

E149C GHBY is sahsnniiollnHnghengss aubien TRnk14%a 0GR serygstag an internal
20 mnutes in the ethanol am ne solution, the sensor

refargevier the siganisfren tlechnatytegPendénitimhng woeie andesporier group (NBD-
allowed to sit for at |east 8 hours whil e unreacted

Eproo/aR BRILLESSeGRRI . The sensors were then
transferred to fresh PBS and stored in the dark until

[0CASY  TPeBiRend P8 br elpgl el btyru'ls%hn%‘ thé Iﬁﬁ 028 ¥8 nHeRalcbREHameter

enbodi ment, the optical reader was the same as

ﬁl?&?ﬁ ‘?1?5 'a%ﬁgll .Pbecte IM% Cﬁﬁ%glj tﬁH%g e&il%'i%g tl']\evc\ga hgtetr I?lﬂmgé(&)e&}e h%ﬂg the fiber

atl on
sol 0| drlv utter d|t|on nt er f aci
tiRpY q S OYRt I ﬁ‘gCCWPé‘S% aﬁ ISR £018n g %flé@f 1B @ndtpﬁlylmlde buffer.

softmare pern1tted ti med acquisition of fluorescence
Tlectaleiir depmegetayen 108Y 449148 maigrogs, Whkse thesilashes dete dameters measured

anal ysis and calibration algorithnms. [0068] The di stal
frendhacde/skddingdpuéfeceasatorsf a bi osensor forned in this
manner was then inserted into the side of an

hethie 2@ehaPilBatibiHelitd Wik 1@ 5sHARE] AginattSeistd Rgrb %&9 prepared
fiber either intradermally or subcutaneously throug

bMvgle fl tcn)%slﬁh) % PRLIRY MQ?PaEV'G ﬁglng%uge?ed?&iel%!l ?CF] low VlSCOSlty and

rna I ons of ctated ringer's w

nigh bt Eod%ﬁl}rug@ﬁgvﬁ UG st g0 @ﬁl%ﬁ%lgglaﬂde
levels in a controll able fashion. i ntervals,

<Ag%ﬁ%b1flé§a\h@ﬁ@m&ﬂ qhenisor £ el gians Sela\vgn dfas ﬂor@atﬁdd)y Hesolving 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
a 50 uL MES solution containing 10 mg of 1-ethyl-3- (3-dimethylamino-propyl)
carbodiimide (EDC) and 90 pL of 60 pM 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

good contact between the tip of the fiber optic and the alginate matrix. The matrix was
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through a throat catheter, and bl ood sugar readings
were tested on a handhel d bl ood gl ucose neter. The

w0 bwsoessaence i ntensity of the biosensor was oOPGEUSE04/038487
to track changi ng bl ood gl ucose levels in the
anest hetized pig, as shown in Figure 7. EXAMPLE 4

alJo@@@ 39 closs-sink férelrs ainnedj amerthernthe tffver tipwedinaaiy, asderably were
wavel engt h detection with an internal optica

trdrfere@ N6 € 0MIURS WEISMIPS! oR# 6B dwhekb %3&\%&% B@r&d RF 2NBuMASAt the end
gl ucose galactose bi ndi ng protein ( P), with a

oquérv@d RS YRS Sk i %@)s{“%ﬁ% @egéd%%mé‘ss flgsﬂjlhﬁtte bfa?ér Ld@bn (PBS,

9, an argl ni ne for an

on 213 ne.su for. | euc
0. Q@i’f. 1 80es5b AP 1SR R Rl £ P RS Pore sored s
labele the 149 position mrth thereporter group
MNFIRUNG r?@t”ﬁwteﬂ-t? A6 R EiRIHIORE - (7-ni t r obenz- 2- oxa- |
3-di azol et hyl enedi am ne (1 ANBD anrde) The
Ll eﬁ"@@ttgrlbgnpthQrdTemﬁleR@d(We)'e mehldted e sflttamhedtaimng [ANBD
GEBP with a cysteine substituted for a glutamc acid
labdlepGSiBH inrP BStBufferRN B 491@9CGGEEH)3R/IN38S GOBP. During the incubation
physi ol ogi cal range of glucose concentrations, the

pdried] ﬂﬁ@§@1ﬁ‘s€ﬁ§e&v&6?%tg&d BoER0 1én°t 1 HpsAﬁ&tdp@Hﬂmately 2 — 8 hour of

unchanged and thus TR E149 serves as an
111%%%91? ?O dggéﬁ%@gﬁg%g 3506 1%?4/% E{MLWE r é&lg)rt he mcuPa‘uo& tube. After 5

W N T e ML R -

di aneter fiber into a short piece of catheter t ubi ng,

to gmpieRRi theyrapidors ad e 2 mingksis gy thecﬁﬂwelmng sqlior, ithresengdr fips were
by 0.1 - 0.5 mm The fiber conprised a silica core,

tragisfeired to PBAdblugion amlgerp ey ivndrel elldudd tersit fohat 1€dsb& hours while
di amet er was 400/ 440/ 470 m crons, where the sl ashes

ungeREideréticnEfRsel dRaTHE &hsdrk @Bré en transferred to fresh PBS and stored in
core/cl addi ng/ buffer exteriors. [0071] The

théHﬁQQ&hiﬁﬁ&&gﬁu&ptrix was a crosslinked al gi nate-based
hydr ogel , prepared by coval ently crosslinking

a’ g\é?}{ g magaf h {11%%218 enebo%t eﬁlilt &e 31‘[‘%{:65?%0? 8l ignal was read
ushlrga%u tt]lcglhsgstel%rtk())ﬁéwhlsg tm con gu1 atlon 11a11(1:s|t1%te?1| 11r1] 9gu?ez IZX 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
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 nih bandpass filter in front of one detector and a 610 nm bandpass

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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(AAD) via carbodiimde chemstry. A 2% al gi nate
sol ution was prepared by dissolving 1 gram of al ginate
WO p005054830. 1 M MES buffer (pH 6.5) and then adeCnySmo4o038487
of AAD and 79 ngy of hydroxybenzotriazole (HOBt). The
solution was stored at 4 C until used. Using a
[OOZAT SV b nge, b dist) ché ahdidisigg ebenfend offd brkéupfor@kd itis manner
al ginate solution was then nmxed with a 50 uL MES

W§§fn§'érle‘ar1nt%%m1ﬁ'oﬁé HEPBY vaffed co%alf'ﬂflhg arffelent levels of Glucose Glucose
(3- |'am no- propyl) carbodiim de (EDC) and 9

B AR Ry TS AP T B

yringe,” “an

a blunt 30 e dIe S tached to

SRS BB R ST EelS e § LT HE e e I?\ﬂ%[??@aﬂef group
into the catheter tubing nold on the optical fiber.

trache cloangines @rcasabiviely. orhettie np graissiga drom thedgxaeRed® repgrter group is
good contact between the tip of the fiber optic and

subbtantddiyi imahan ged tas ighicokhleveiatary x Hussakl, owdies ¢nobodiment, a portion of
cross-link for mnutes, and then the fiber tip and

theBéfohér ARSI &sd b@nss R161 @hnt. OT e dbidchdr i6 11fe #cMESstem that
solution, where they were stored for 2 hours. At the

trRd uff 61t0h§ni nQ&%ﬁ s1$1ﬁ§d SOShOG the BRiMRLOf H{ﬁ%@eﬂc@ group and
excess phos te buff ut ron (PBS, 0.0027

SRS, P S8 O LS
guench the reaction 07 To att ch bi ndi ng protein,

Iegwe Singe %‘?@trlrr&mé@ae w]nan §1@Pé}t taeotﬁpgﬂrma'%@ln i REgpnstant
| abel ed GEABP in PBS buffer NBD E149C/ A213R/ L238S GGBP.

fraxsivon iod) thes 0i mie sitgael, Bws pantriitpdiontchie be sraghwnatigeltesubtracted from the
protected fromanbient |ight. After approximately 2 -

6B o uignelftoigentrb@tthosignd Que ko ik ré&fetehbiAgopg AlbneMVBRenntivis
were added to the incubation tube. After 5 - 40

mATheMbES] nlaRBHubRRQE ﬁéﬁcﬂ‘ﬁleﬂﬁﬂhs 61 @ ARVEshaA kuBbas@dly uhcRbhging with
uL of IM pH 8.5 ethanol am ne to quench the reaction.

glﬁfz&sg gc%n%t‘i‘dﬂ £Shh i ‘H?ﬁ}@@no' am ne solution, the

sensor were trans ed to PBS sol uti on, where

owed .to sit for a whi |l e .
a%alepfﬁlsweﬁﬂar S NUE P BSep STl Reaph ghpecific
transferred to fresh PBS and stored in the dark until
erploddpents apd gpplications 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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[0073] In a trial of the above described enbodi nent,

the fluorescence signal was read using an optica
w@ymsemssnl | owi ng the configuration illustrateplCT/IIS2004/038487

Figure 2A. A 470 nm LED (LS-450) was used for

excitation, and two single photon counting
Wphor ol ATMIEDEIS: t ubes were used as el ectromagneti c

energy detectors. A commercial dichroic beansplitter

was used to reflect the 470 nmlight fromthe

1.e|Ae etvfc%%g&ﬁglhg a%ﬁ%&tge}ﬁa fil £ant dﬁ’é"?&rﬂ@ F?t fiber and

ransmt t nescence SI he reporter

and r ef nce ups tomard e t.or A second
o criropgegaantl R s b RN B0 SETHY  he
Iun1nescence signal s fron1the I orter an reference
gro Lpﬁ,msoptla@ rSEREMTY thgqrogimal spdat q?lp SRticaL jgomprising at least one
A213R/ L238S towards one detector and the em ssion from
TRt @EEBRN¢rgnamditertahé ablehss onel eleeiterorgnepic §8@ gx detector; and
bandpass filter in front of one detector and a 610 nm
bandp&asing elehnt infopiticalngroinityhe tlad dietnl eet efchooptivat eonduit
used to achieve further spectral resolution for

NBLG 1431% atHeds Bflégr’ﬁa&gaﬁgteﬁﬁdﬁﬁéa% 448Rvith at least one target analyte

respectively.[0074] Ina trial, the distal end and
sen : [ the report
magf‘%ﬂgaes?%m% %311}?%%?,@%@%@%&5’&% o iy, TR he reporter
di fferen vel s .of gl ucose. ycose |eve .
S SIUPISADIEN Wi en ROty fea PP Bkt t”i@?bdmilgg protein
8 shows the sensor response to changi ng gl ucose
| éoBedargqtaalssn apd si gnal from the | ANBD reporter group
tracks changi ng gl ucose | evels. The 610 nm em ssi on
f r onottioeallie xakeafReé rgfereapogioep. group i s substantially
unchanged as gl ucose |l evels vary. However, in this
enbodi ment, a portion of the reporter group's em ssion
al so occurs at 610 nm The detector in the optical

2.8 ibDGE 1L AE KR hEE: @rﬁﬂ: HRd 4pri nescence si gnal
d??%??QE %1lﬁe eh&ssfb gf thgp}eference group and
al so the portion of the reporter group (1 ANBD)
enmi ssion that occurs in this wavel ength region Si nce
the contribution to the 610 nm nal fromt
5. ABFRBES B L P BTEOSE SRR BTN O e i -
signal, this contribution can be mathematically
subtracted fromthe 610 nm signal to generate the
signal due to the reference group alone. Wen this

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

tip and the tip is directly attached to the distal end of the optical conduit.

e

the optical conduit.

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

27

5. The device of claim 1, wherein the sensing element is directly attached to the distal end of



mat hemati cal mani pulation is perforned, the 610 nm

signal is substantially unchanging with gl ucose
w@ovsemMssat i on as shown in Figure 8. [0075] WwECEUS1904/038487

i nvention herein disclosed has been descri bed by neans

of specific enbodi nents and applications thereof,

7.NTRE &S dfddifl & atlepdin tidWdndiag cRideans acachell@o MRdHstal end of the
thereto by those skilled in the art w thout departing
fBgﬂhlHﬁmﬁﬁ@ﬁ%ugiaQQQKkﬁNent'0” as set forth in the
S: . A device for sensing a
target analyte in a sanple conprising: an optica
condui t having a proximal end and a distal end; an

optical s t the proximal end of the optica
3. O RAOR SIS Hﬂleé?ml%é"a%‘?t 1SIB §leB|eaE s CO AR R OF ditAshgy o @
emtter and at |east one el ectromagnetic energy
5 deelegredmatrand a sensing el ement in optical proxinity
to the distal end of the optical conduit conprising at
| east one binding protein adapted to bind with at
| east one target analyte and at | east one reporter

9.9mAd ReBESOT ALEY Whdiéin b Irsgpdamer RerRrotRbdly afacliel o thd@stal end of
reporter group is adapted to undergo a | um nescence

ndi ng of the binding protein to the
. ?errg)%crmpdm

arget analyte, and optionally, at |east one reference
group. 2. The device of claim, further conprising a
tip. 3. The device of claim2, wherein the sensing

el ement. is contained within the tip he devi.ce
10 1GHP Areice ORRREI b G BPIMEL B Alached ILe ey Surace of a tip

the inner surface of the tip and,the tip is directly
awthachiethettip is Heediysatathashd tif dlsﬂabeltdmﬂth%rbptmhmndwt 5.
The device of claim1l, wherein the sensing elenent is
directly attached to the distal end of the optica

conduit. 6. The device of claim, further conprising

11918 QEviBOSH L1 5iRNE ev?l‘ié?éﬁ tife pc;w&ezdﬁ‘dirﬁ% aftachle@tdMh@ inner surface of a tip
wherein the sensing element is attached to the distal

e%leroem {hlg%p is directly attached to a connector that is directly attached to the distal end

15 of the optical conduit.
12. The device of claim 1, wherein the sensing element is attached to a polymer chain.

13. The device of claim 12, wherein said polymer chain is attached to the distal end of the

20 optical conduit.

14. The device of claim 12, wherein the polymer chain is attached to the inner surface of a tip

wherein the tip is directly attached to the distal end of the optical conduit.
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optical conduit through a connector. 8. The device of
claim1l, wherein the sensing elenent is entrapped in
w@eooapseshed to a polyner matri x. 9. The devi ceECD1S2004/038487
claim8, wherein the polynmer matrix is directly
attached to the distal end of the optical conduit. 10.
15Thge derdecs chfimcll2aivie®in thls @obBinter tchein pohtyached twethe inner surface of a tip
attached to the inner surface of a tip wherein the tip

i §7h91‘eﬁlecﬁ$ hizf 1sa(§ﬂ &ﬁy%ﬁaéﬂédtt@g cOhrlR) tene dfectinattapietl €athe distal end
conduit. . device of claim@8, wherein the polyner

hed to the inner surface of atip

u%@%géﬁh%%g&{ ﬁ is directly attached to a connector
that is directly attached to the distal end of the
optical conduit. 12. The device of claim1, wherein

t he sens el emrent is attached to a pol yner chain.

1618he crwecmté\%l%@ Qfvherep feopticalirapiems o s & thewroxamal gnd of the

is attached to the distal end of the optical conduit.
léptickheordeit itlweuglf thelcamacld, wherei n the pol yner chain
is attached to the inner surface of a tip wherein the
tipis directly attached to the distal end of the
optical conduit.15. The device of claim 12, wherein

7t li}ﬁe @8 \A%é"@fr Clﬁhla% ane?mﬁ‘meas%HﬁHg ERndeh€islaRRGled 3¢ tHeaiRalQdnd of the

ereln etipis directly attached to a

ggﬁtﬁlﬁggﬁ)@}lttﬁpu@i% acl'(lz»nilgctt(g @113%@81%&:‘31 %gte%?ﬁ al‘#t'aa{e% éo 9{13%10x1mal
wh the optical hed h I
ol o RBRSpE (EOHBBALCPRFOUg e connect or - 17

The device of claim6, wherein the sensing elenent is
attached to the distal end of the optical conduit
t hrough a connector and the optical systemis attached

18t Tht Hevigs efdlamls 16maddf7, funtheoaimmaingotip wilerdmnthediphs attached to the
connector. 18. The device of clainms and 17, further

Caf¥Ril bsd HOha obfidhl WhHaTuS thrduBR alcbfindcborat t ached to the
19. The device of claim 1, wherein the optical conduit comprises at least one optical fiber.

20. The device of claim 1, wherein the electromagnetic energy emitter is selected from the

group consisting of an arc lamp, light emitting diode, and laser diode.

21. The device of claim 1, wherein the electromagnetic energy detector is a photodiode,

photomultiplier tube, or charge coupled device.

22. The device of claim 1, wherein said optical system further comprises optical elements

adapted to distinguish multiple wavelengths.
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di stal end of the optical conduit through a connector.
19. The device of claim1l, wherein the optical conduit
w@ovpos4ses at | east one optical fiber. 20. ThePdEUSIMO4/038487
of claim1, wherein the el ectromagnetic energy emtter
is selected fromthe group consisting of an arc | anp,
23 .iTHatdeeivt bF tlagn dP odigsreiandid cpsies] didpeits fudther ddigprite\ptieal filters,
of claim, wherein the el ectromagneti c energy detector
| RidrBRLAPLAGRS, h@f&%{a%ﬁ]-bl cto'rr&lo'n@ﬁts,tdilQ@mbﬁ{atiﬁﬁ@ﬂ@ﬁpf.
coupl ed device. 22. "The device of claim1l, wherein
said optical systemfurther conprises optical elenents
adapted to distinguish nultiple wavel engt hs. 23. The

A ice of clai 2, wherejn said optical elenments
2 ek shpil el oprsregiser teDomeehiaies Elfiuienested to detec
hol ographi c_conponents, or conbi nations thereof. 24.
TiRac@ eindéedoly idafappriar grape priskngall dcattiagewsbyragnet i ¢
energy detector is adapted to detect energy emtted by
said reporter group substantially continuously. 25.
The device of claim?21 wherein said el ectromagnetic

28 MRegividebeelhii 21 syhetaptad clettralabgftic eNEEYYet@biot IsedaPitd to detect
said reporter group periodically. 26. The device of

CleRbd®y bmidREsPidy %gFgelo %ﬁ??eﬁéﬂ’i&lg}{lf urther conprises

el ectfical or opt ect el ene for nodul ation
of the signal fromthe el ectromagnetic energy entter.
27. The device of claim1, wherein said optical system

t her, conprises electrjcal, or optoel ectronic )
Zéf’{éﬂﬁgﬁwge POFiait dult BerF drraistoRtisel %yaWh@ggewe@msswPCtncal or

recei ved by the el ectromagnetic energy detector. 28.
Tioptaglegireric gtemsnts for modulagipe phthe lsignebltrpodhe eyesramgnstic energy
adapted to neasure the intensity of the | um nescence
siegn@tr. 29. The device of claiml, wherein the optica
systemis adapted to neasure the wavel ength of the
| um nescence signal .

27. 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.

28. The device of claim 1, wherein the optical system is adapted to measure the intensity of

the luminescence signal.

29. The device of claim 1, wherein the optical system is adapted to measure the wavelength

of the luminescence signal.

30. The device of claim 1, wherein the optical system is adapted to measure the lifetime of

the luminescence signal.

30



10

15

20

30. The device of claim1, wherein the optical system
is adapted to neasure the lifetinme of the | um nescence

W@ @nab483ll. The device of claim 1, wherein thePOpUBA4/038487

systemis adapted to neasure the polarization of the
| um nescence signal. 32. The device of claim1,
3 Whdeelenice bécleipt i caherstnsheoptical sydsmt schdaptedeasieasré the polarization

energy transfer efficiency of the reporter group. 33.

The tidvingRs@hc€bighah 2, wherein said tip further

conprises a netal franme. 34. The device of claiml,

wherein at | east one reference group is associ ated

with a protein. 35. The device of claim1, wherein

Ld sensi element is further adapted to, be inserted

3375 SBTOF T el T Recreinthe gnch bl edonts? oripgagtiy g gherey

of cua[%%,,wheggkn.at | east one reporter group and at

| S38YCIFECICRE P IIHE EERGFISUEO8Pe excited at the sanme

wavel engt hs. 37. The device of claim1, wherein at

| east one reporter group and at | east one reference

group are excited at different wavel engths. 38. The
3d&hedevioé oftlain®, hyhesbiarseidrti fuethbsonieseen artad fraate.

| east one reporter group and at | east one reference

group is detected at different wavel engths. 39. The

device of claim1l, wherein the [ um nescence of at
4, T8 e ARE QL ABE LI n@URAEI AN LR ol FRASE cE 4, §SFRE Fith a protein

device of claiml, wherein the reporter group

conprises a pair of organic dyes chosen so that the

ener%y'transfer efficiency between the pair changes .
3%&@?1 aYiss 9ﬁ aigy hd}flppgf(_am@m_d sppgng alement i furghes pdapted to be inserted into

wherein the reporter group conprises a pair of fusion

poothepugh thbelgrof spatidmat t he energy transfer efficiency

bet ween the pair changes upon anal yte binding. 42. The

device of claiml, wherein the reporter group

conprises an organi c dye and a fusion

36. The device of claim1, wherein at least one reporter group and at least one reference group

are excited at the same wavelengths.

37. The device of claim 1, wherein at least one reporter group and at least one reference

group are excited at different wavelengths.

38. The device of claim 1, wherein the luminescence of at least one reporter group and at

least one reference group is detected at different wavelengths.

39. The device of claim 1, wherein the luminescence of at least one reporter group and at

least one reference group is detected at the same wavelengths.
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protein chosen so that the energy transfer efficiency
bet ween the organic dye and the fusion protein changes
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40. The device of claim 1, wherein the reporter group comprises a pair of organic dyes
chosen so that the energy transfer efficiency between the pair changes upon analyte

binding.

5  41. 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.
42. The device of claim 1, wherein the reporter group comprises an organic dye and a fusion

10 protein chosen so that the energy transfer efficiency between the organic dye and the

fusion protein changes upon analyte binding.
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