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Field of the Invention [0001] The invention is directed to nulticoateéMAR 2007

mul tilayer matrices capable of entrapping binding proteins specific for
anal ytes SO B¥E¥EIt | and net hods of making and usi ng BGEHS209HRIRes.
Background Information to [0002] Monitoring in vivo concentrations of

physi ol ogi cal |y rellagﬁ i R 1B i treat ment of
vari ous di seases an ?s‘g&ﬁer %ﬁggt ILA%% El;rgéﬁl gﬁg lﬁv\gﬁ enhance t he
lives of many individuals. Advances in this area show particular promse in
the area of facilitating adequate netabolic control in diabetics.
Currently, nost diabetics use the "finger stick™ method to nonitor bl ood
gl ucose | BASIKGROUNDHOF dHE BNOVEINTIENEe i s problematic 15 due to pain caused
by frequent (several tinmes per day) sticks. As a consequence, there have
been eff offf dfMmEBVEL non-invasive or mnimally invasive in vivo and nore
efficient 1n vitro nethods for frequent and/ or continuous nonitoring of

bl ood gl ucose or other glucose- containing biological fluids. [0003] Sone of
t he nost Pkl Theigvensiohaudirected tormmiticoated or mnltilayeomeatoinesssapable o Hentraprfing 0

physi ol ogj I i .CO tnvol v . I 0SEeNsor.

Bi osensor gﬁginé%a‘;et‘\%%’g%%&%g E%Wg?) fi)n?eégﬁt’ I %égg‘ﬁgglg?!%hﬁ g’h YEIVR or

sem - quanmatrigks.ve anal ytical information using a biological recognition

el ement that is conmbined with a transducing (detecting) elenent. [0004] To

devel op rgag%?t I e33e sr—il f -cont ai ned, and/or inplantable and/ or conti nuous
bi osensor §*UEHY 3?8%?1% the transduction el ement nust be in conmunication

with a 25 detection device to interrogate the signal to and fromthe
t r ansdoct [0®02feMenitsring iA Yo Cancentiztidne dfpHysiol agibally teleantcoptpot®dsns iniprote N or

onto the surface of optic f.i bers or nar, wavegui des ysi
i mobi | | 2 SEERTSS fe catot Vel Gisvas 4 'Serrie 14 «?e%trgﬁf: glariVedd, but are
not |im t gghah& th€RVEsATHRAY irfivithieds. DA BaBéed inhisrén s‘h@W!paﬁﬂ:‘hIE?EMrrﬁséTﬁ@ﬁH anes,
organi c polynmer matrices, or inorganic_ polymer matrices. The inmobilization
strategy erseaf feeiitating pdeguatemestbotie centivl inedishieticn umisntinmaest diabeties verthri ng
bi osensor “ﬁr-lréégst&ﬁc" BletRato g‘l%}lﬁblj b?oméo%'f%vel}arﬂi p%tiéﬂ%‘@olgxgﬁeﬁlce is problematic
15  due to pain caused by frequent (several times per day) sticks. As a consequence, there have
been efforts to develop non-invasive or minimally invasive in vivo and more efficient in vitro
methods for frequent and/or continuous monitoring of blood glucose or other glucose-

containing biological fluids.

[0003] Some of the most promising methods for monitoring in vivo concentrations of
20 physiologically relevant compounds involve the use of a biosensor. Biosensors are devices
capable of providing specific quantitative or semi-quantitative analytical information using a

biological recognition element that is combined with a transducing (detecting) element.

[0004] To develop reagentless, self-contained, and/or implantable and/or continuous
biosensors using proteins, the transduction element must be in communication with a

25  detection device to interrogate the signal to and from the transduction element. Typical
methods include placing proteins within or onto the surface of optical fibers or planar
waveguides using immobilization strategies. Such immobilization strategies include, but are
not limited to, entrapment of the protein within semi-permeable membranes, organic polymer
matrices, or inorganic polymer matrices. The immobilization strategy used may ultimately

30 determine the performance of the working biosensor. The prior art details numerous



WD 20041099777 PCT/ US20041012359 probl ens associated with the i nmobilization
of bi ol ogical nolecules. For exanple, many proteins undergo irreversible
confornmational changes, denaturation, and |oss of biochem cal activi4WAR 2007
| mobi | i zed proteins can exist in a |large nunber of possible orientations on
any part ivQRW#0ATT ace, for exanple, with sone protei RETHS28#R¥'such t hat
their active sites are 5 exposed and others oriented such that their active

sites arep?&ﬂlexﬁ%&%@&?éie&@ﬂﬂtﬁehﬁﬁmd%ﬁizaﬁ&l & tidlo Uﬂ%l&fﬁle%ei?&céyd lebin'aﬁljlv ng
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| eachi
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results in 'ens 1 nc exa to main
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Wi th the nepaps sdlectige bingingieatibmywith the @8algteR | Imnobililied Praréing &re ABo ket I €
ori ent atlonal control and conformational _ freed mto enabl e_effective use,

t hus many 'Hip&deRsndsn dspaipration, dppatrabieighrige pmokilization, ang leacynerof the
at t achnentenyy % ih 5RRE{uRAt 8 lifAoSHiz8Ford Thisreails ld ﬁ‘roBi&ﬁxs iAdRERL Wre

generally are 15 suboptimal or unsuccessf ul 0051 Thetre have been
several r epunple, afinabilitaie maaxtmgal}brastoeuoﬁﬁxeamsmdv@rce@n@slggal daft. systens into

o oot naBfaddd 415HeMR Y HRR bEOL ABAGRY wif Sk RIRAI A 1EoRE i 0 o )

proceSS|ng nme
295- 312, gndedts ﬁMeﬂthaanges astha firyitnbbidizatiohemstisdd iust A6Binterfere(wifh) the ApOlier4513) .

I n order to b nct ed or 20 immubilized bjndin of ei ns nust
remai n abl&°YP H@Tb’bg allg’é%‘{‘ ﬂ’ﬁ"’éﬁ%ﬂ“ﬁf@“?’ﬁ@w E’Bfrﬁ"gr“ﬂgff’g%'é’f’alchange
It has begfeeddP &S éxﬁﬂletem&m&cﬂse qRls rdhy 'pRPAEA abNoStRI A FadBordeR bllk lcovalent

.—-

dranmati cal | y altered bindin const ant s bi ng constants that change
over rel atsp @ewtsqmemt OF im0 %pl&an@d@ramglqmaaugman hedijeratyrg genenally argleither
condi tj.on In addition, the activity of proteins entrapped
I n sol - f5 %U6 tl?rlﬁge %)&‘alh reported to be tine dependent, a 25

characterl stic that | | m ts general applicability of sol-gels in biosensors
for in vitlAeShThewehavelseen iseveral yeports of enmubbng)mtms@dfomer@omw al so been

u5ed, 1. 5 DA R5hAL U BT Shped 0 T B RTERRE S5,
70, 5111- 51ﬂéﬂ)od1©@glﬁpre]ihm éfmrburmhafﬁumms@nmw qg4Y, b@s at2, ahdFldesd: gh),
For part| clbos depias 103 T b faiidls. dRors i Brebrk apeapeiasd. for
II mEerl_@C' NhroBilZed Bialink pRStEIR} ﬁﬁlkt'}&nﬁﬁqmre?&ﬁidéfgbglt RlaQIEBRE Analytlidieed OF THE
conformational change. It has been reported that sol-gel entrapped proteins can exhibit
dramatically altered binding constants, or binding constants that change over relatively short
time periods or under varying environmental conditions (Brennan, 1999). In addition, the
activity of proteins entrapped in sol-gel matrices has been reported to be time dependent, a
25  characteristic that limits general applicability of sol-gels in biosensors for in vitro as well as
in vivo use. Nanoporous TiO; films have also been used to entrap binding proteins but suffer

from many of the same problems as silicon-derived sol-gels (Topoglidis, et al., Analytical
Chemistry 1998, 70,5111-5113)

[0006] Therefore, there is a need in the art to design improved analyte-permeable matrices,
30  wherein binding proteins specific for particular analytes can be embedded, entrapped or

encapsulated, for interfacing to signal transmitting and receiving elements.

SUMMARY OF THE INVENTION
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I nvention provides a nulticoated or nultilayer matrix in which a binding
protein specific for an analyte of interest may be enbedded, entrappeddMaR 2007
encapsul ated, optionally with a reporter group, such that a real tine
measure oWwmwadMmEIconcentrati on nmay be obtai ned, for PEWHNINO12Y neasuri ng
the fluorescence of a reporter group. The nulticoated 5 or nultilayer matrix
pr ef er abl

bi ndli ng &%‘f"&"ﬁ"’%ﬁfﬁ%W@é‘f*‘é@“@%‘“@&éﬁ*@@m““%& R it e,
encapsul atpeaein gpecificsfor @omaémm‘élnterqsayley bwmb@écd, 1gotrappad osmcpnﬁuh&m the core
and ensur [ | t

sel ectivi {%?tl{))t%aﬁ?’ ROt eééryerﬁghs(eucghggf gfke tgl#‘lg file Jél?%(gangl?ﬂe COB%C\Q/I\eﬂJﬁ on Al so
provi des &n obqatmed),rfaﬂ exaopid, by hwyamnglthedhwtesc:@ce b reperyer lpeoups The molticedtal t he

or 1ot & o FRISE® peGpaireRERT soRPrisssise Soamen o e B BTt O
bi oconpat ibhidirigl proteintnSEbestysi¢hlly or@ovaTantly dﬂmuddaeemwedc&%aapama @nd

selectivity properties, thereby elimnating the need for a uni que

i ndi vi dualcont@pBIentiayes OF pRAtIAE haf SHTOYRATIES £3Fe apdesBles Thintessity e () ies a
conposi ti nyat=te el

conmpound ggéﬁgg&r th?él na l?% sglr chﬁtdgglgnrﬁéhgggi?lh%ﬁdb?gpfg%er t;/ﬁ‘n%?s 1 Ye

cont ai nrrerprom@atan aptianal foaytbllaycommoamgstha rwmosedhoomal@uhemnamxpol y- I ysu ne,
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Naf i on( r) ,pr@fertﬁlﬂfywmfﬂphWEyTrTﬁ@ prwleé bdtﬂbfbﬁ:oxﬁpatﬁﬂ&y afid)seletinidy bisiigy a pol ymer
coating perneahle to the ana i nt erest such as

hydr oxyet Wi rAinpent (awtﬁalsctl%wop%rrlgﬁ et yehmwpsfw&%rawmqﬂe

I nor gani c md?ﬁdué?']@%ﬂtvﬁﬁltﬂeYdeQi?éﬂ;frbﬁéiltyl norgani ¢ sol -gels. [0009] The invention
al so provides a bi'osensor that is suitable for neasuring the concentration
of an anal te of interest in vivo or in vitro. The biosensor of the present

i nventi on [ The gase SOmprites P&9@PM‘%¥WW§‘PS%P@HCW& ERCapFatingor | east one

bi ndi Pref f H@g;rg aglly, with at

| east nigne re%igﬁng?o“gﬂ)%ﬁ%g%%sagg{ at &&QﬁL%s%gvaqt eg%lﬁ%tﬁlt%g’ tggr eto that is
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concent r atmedisulfii@beetad (SEQPVAY] Rafiod®, bpolyurethatkes. mfﬂ&fdrﬁyﬁgor&oﬂﬁﬂgat ed
gl ucose/ gal act ose b| ndi ng protein that is 30 nbedded &%é)ped or

encapsul at@@Piifes iPALYEeREPating pemmgabledo B’é@ﬁ‘ﬂ&‘lﬁl" inteest gughas Vint er est
20  hydroxyethyl methacrylate (HEMA), PVA, alginate, polyurethanes, or inorganic, or

organically modified inorganic sol-gels.

[0009] The invention also provides a biosensor that is suitable for measuring the
concentration of an analyte of interest in vivo or in vitro. The biosensor of the present
invention comprises a multilayered or multicoated matrix with at least one binding protein

25  specific for an analyte of interest, optionally, with at least one reporter group associated
therewith or attached thereto that is capable of determining the concentration of the analyte of

interest. In one preferred embodiment, the analyte measured is glucose and/or related sugars.

[0010] The invention further provides a device for measuring glucose concentrations that is
suitable for in vivo use comprising a mutated glucose/galactose binding protein that is
30 embedded, entrapped or encapsulated within a matrix that is permeable to analytes of interest

and, optionally, at least one reporter group attached to the binding protein such that the



and, optionally, at |east one reporter group attached to the binding protein
such that the 3 1 4 MAR 2007 WD 2004/099777 PCT/ US2004/ 012359 reporter
group provides a detectable and reversible signal when the nutated 14 MAR 2007
gl ucose/ gal act (/)se7 bi nding protein is exposed to varyin I %case
concen_traWitOﬁﬁ%“.”’{ Gl)ltll L_n add:ctl on, thF ![nve][\t! 0[1 pr Otl P Nod ;)f
nmeasuring the concentration of an analyte of interest conprising: i

cont act i ngepbite ghdtptprédadsatietsctablel dnd keeRibleEiphd wheptHeahwtatsg 5 the bi ndi ng
protein with, optionally, at | east one reparter group attached thereto, with
a sol uti oﬁl,"c‘?F/tgﬁlé?to?eﬁ"W%Q%P@Fe"?ﬁe\’fP?SF&O Yarying gl r‘?ﬁ‘li)cteﬂtéatl’?&ﬁ'ri X to an energy
source capable of producing a signal; and iii) nmeasuring the signal emtted
by the bi [0@ilI|0inRE6iki6H,thOinvERidAPreides @metibdasTaabitingdhd dmecenttatibn ofldie
intensity of the signal is directly correlated with the amount of analyte
present i #alieoliBiersst enmprisings Beapipstingthemyliispsteorgpulfiiyer matfixicentginingose or
rel ated 1@ pifd eiadyit) §pRbdatly N 185 Un8 képotter dcRddaerdloleAR §/ 0al act ose
bi ndi ng protei %%rp%[’omz‘l ’Iﬁ ano_%'_’her qspec%,o t héerbligpnventi oneprobvi des a net hod
of maki ngsutian, eitheo i v arin vimg 1) exppsing thetmatix toamenergly Sourcthieapsblepf of : (a)
formng a , ont.act i . he [ 1Lt h i . coati.ng soluytion for a
suffici enrt’r%? ‘ﬁcﬁrég{%é%ag’aatnhéﬁ) +§§3¢"2%th§% ag\c%nét;ted‘(abé')TL? é%fhg %ﬁ(btelgﬁareg?ig‘frng t he
first coagiongawaciatbétherewdtht Thé intensityhef theosigrel isndirettly eyrrelated witl deian@unt( d)

ol ut i on CERRBHHRESeUINRS BB LD U e oSt BEOOiear TSR (o)

| sol atip NgsipAM adld HeindilEproRuPR GhRatated Ghebsel daactidd Eihdﬁ?ﬁb?&én. three

di mensi onal structure to obtain a nulticoated or nultilayered matri x.
Preferably, bi ndi ng protein specifi¢c for an analyte of interest is
enbedded, 104, gpelierepdsh b entioaro eslametl&sir@.maém&adﬂalrlmtﬂqfe bi ndi ng
protein ”ﬁﬁlt@ée?&!@x%wﬁsiﬁé Eh%(‘stbg,g of: Qaj REMHBCoR, (B)REnHRIHg the cctd Wi EF

DESCRI PTI ON THE DRAWNGS [ 00131 Figure 17illustrates the structure of a
mat ri x acBut efiatipg sautimeor tipmtriimento cpiter layaned the aore; ()0latingmnd drying2 shows

the effec t he. I 0 eachi f bindi eipn froma
matrix e hgﬁrsr%é:n%%ng% E’? é}%&?‘%\tsotfgﬁﬁh}enc@géﬁ nl?ngeﬂ{ ﬂgg%[régéf@?, @?ﬁﬁ%&lﬁé g‘r‘fows effects
g_n :j_/ 9 otomtifihent tayer mogw\sitllusecboﬁi;cc&tiggémémbd ta\ferin mmg&i—mata threait ri x of

i ndi ng protei.n entrapped .in .alginate. | Figure 4 nonst.r at e

f1 uor esceﬂ‘é‘?“?‘@'?gé g;fa“Q@HF%l 1%&"9&@”%‘%&“%“8? %WE%PH%M’SIHT”P?{ gl ucose
in rabbit 4sQrdimbRtshabdtRtire loQdlald a MudithRe®or hhltfdyERl Rt PREEEHly Abel i ng of

bi nding protein by |igand masking. _
binding protein specific for an analyte of interest is embedded, entrapped or encapsulated in

the core. Optionally, the binding protein may be covalently attached to the core of the matrix.
20 BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Figure 1 illustrates the structure of a matrix according to one embodiment of the

invention.

[0014] Figure 2 shows the effect of the outermost layer on leaching of binding protein from a

matrix embodiment of the instant invention.

25 [0015] Figure 3 shows effects on I/Io of different polymers used as a second layer on a core
matrix of binding protein entrapped in alginate.

[0016] Figure 4 demonstrates fluorescence response of a three-layer matrix biosensor

measuring glucose in rabbit serum and blood.

[0017] Figure 5 illustrates directed labeling of binding protein by ligand masking.



4 1 4 MAR 2007 WD 2004/099777 PCTI US2004/ 012359 [00181 Figure 6
denonstrates binding protein and bindi ng protein-hydrogel polyner C(ilj U ﬁ7
fl uorescence em ssion in the presence (+) and absence () of gl ucose. M@@U

Figure 7 s se titration and dissociation const Lhdi ng
protein angﬁbv%?"%yﬁg pr ot ei n- hydr ogel pol yner conj ugat eﬂ%@%&f%éﬁ
DESCRI PTI ON OF THE | NVENTI ON [ 0020] The follow ng detail ed description of
t he i nvent[0@i8] Figuroé démémstrdies binding @ratéih usd biading provdin-hgdrbge pblyeiearent s. | n

descri bi ferred enbodiments of th i nvent j.on. i f i
Cor mi nol odgPEAE ITESrEteH BT B Srot( L P PR IbEeee | nventi on i s

not intended to be Ilimted to the specific term nology so selected. It is
to be und4otivpbiputdashomagiucopetitrdtion aiddiedoeixdni cinstahtsderbiadihg precimandal

equi val ents that operate [n.a sim/|ar, manner to acconplish a simlar

pur pose, F’Wfﬁprﬁgﬁﬁ'ﬁé‘é@hdmre???l“@ﬁteprovi des a matrix, either nulticoated
or nultilayered, in which a binding protein specific for an anal yte of

i nt er est MBTAIREDESIORIPTION ORTHEINVMENHOBRPsul at ed, optionally with a
reporter group, such that a real tinme neasure of analyte 15 concentration

may be obt aj 022 ) d herei "matrix" refers to an_essentially
t hr ee- di miftao] e hglﬁx‘)’i“l%‘ﬁ‘f‘?éﬁa deserption of by inVGRUGRILY 7O iHERdep jo bnleeig o
ent r appi NGl mbedaRABUINAsGHbifY preRAed eibRIiRbAislbMNHe pRRE&H fvendd sgeb@icpur pose of
measuri ng a detect abl e‘ s;(igfr;gl corresponding to one or nore anal yte
| Gﬁ)ﬁéTéh

concent r att¢rarelogpe emp hei spkaxedt Hejeven the invension ds ot intendedrtnbe x and
t he bi ndi : L e | L 1 lente. 1 ONi c, and
van der V\ggrflgegltﬁ?lgﬁsgézcﬁi%%g“gﬁﬁgy g%%ﬁl)%&legt ?@%gl %{lﬂeédgfgﬁog%agg@tsﬁ %(ﬁcpr ovi des

f or a i nalengnpincludésmallttechnidliegjuingleatsehat perate amé sigitaa maomer tdhadcomplysh af or

exanpl e, be incorporated at the distal end of a fiber or other small

m ni mal | ys}rﬂ\f"ég Scprobe to be inserted within the tissue of a patient, to
enabl e an episodic, continuous, or programmed reading to the patient or

heal t h carnf@021j Gle gesent inventiongirovidesfa matrig eithbrambltiaswetllarinngtilaye@ad it whisht he

atient or health care pr.ovider e provided, fo xanmpl e,. by telenetry,
el oadung ot B HE Ko ERUTE of FHEHLIaY b6 embpadsf BPEPed g8 1 aueht I n UG
5, 517, 313 enédpsiated QpRbrlally Withba RP6kte? 2ioup adueh Wat Sredfiimé filasise ¥ftdnhl in Beach

et al., IEEE Transactions on |Instrunmentation and Measurenent 1999, 48(6)
1239- 11345 congenatipatmayrbe abtainaddes el ectrical, mechanical, and actinic,
radi ati on suitable for deriving anal yte 30 concentration or change in

concent r atjp@3} ARSisdhepdth, “GlAiBe” refers to an essentially three-dimensional environment

capable of immobilizing, by embedding, entrapping or encapsulating at least one binding
protein for the purpose of measuring a detectable signal corresponding to one or more analyte
concentrations. The relationship between the constituents of the matrix and the binding

20 protein include, but are not limited to, covalent, ionic, and van der Waals interactions and
combinations thereof. The matrix provides for a binding protein transducing element
configuration that may, for example, be incorporated at the distal end of a fiber or other small
minimally invasive probe to be inserted within the tissue of a patient, to enable an episodic,
continuous, or programmed reading to the patient or health care provider. Information from

25 the tnmsducihg element to the patient or health care provider may be provided, for example,
by telemetry, visual, audio, or other means known in the art, for example, as taught in US
5,517,313, US 5,910,661, US 5,894,351, and US 5,342,789 as well as in Beach et al., [EEE
Transactions on Instrumentation and Measurement 1999, 48(6) 1239-1245. Information
includes electrical, mechanical, and actinic, radiation suitable for deriving analyte

30  concentration or change in concentration, as is suitable.



51 4 MAR 2007 WD 2004/099777 PCT/ US2004/ 012359 [0023] Nunerous hydrogel s
may be used in the present invention for one or nore of the matrix Ia{W@ 07
The hydrogels may be, for exanple, polysaccharides such as agarose, ZP
carrageenagvo oS i acid, starch, cellulose, or deri Vafléi’/‘ﬁ&gﬁ’}/m&ﬂﬁse such
as, e.g., oxynethyl derlvatlves or water-swellable organic rs
such as, e.g pol yvinyl 5 al cohol, polyacryllc aci d, polyacrylan1de

pol yet hyl eroezgl Nmnieroushpdrbge‘renmy bé umiym Eheepresad m\reatleli ﬁ)ranhymbnd@f the

| th t h i d
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net wor ks agatrapécbus; rarg,endc ac@m&rbla&bnulamormeﬂmwe@afthmuahw gggeuti cal

applications of h gels conprising.. polypeptides are known in the art.
(See, e.g. S W@ﬁlg{)ﬁ? IvetlyrgeQrevaterrswvellable pisanie palymsFsuch ap egqipplyingl, A D, F.

Turner, s 1. 31580} lﬁ@ly@&?hg‘am@ oWaE@%nd@%ig%ﬁnpﬁﬂe EI?Q(W EpbRmtlrd b¥ sYﬁErﬁ'a}lbf Press,

I n 1988) An exerrp ary hydrogel "matri x derived from a water-sol ubl e

ul travi ol emalefclguhydridespsllyurethisies, qopdlymers of viny ether apd azaéel@anlwdndmndc

sti bazoli u e peols ) -

fornyl styry Vg‘;grﬁg n‘%’og mﬁr@rlg oggu K| ‘%q{é%éé’x%‘PXt!ycﬁé‘&ﬁﬁ% ﬂeﬁ’él\&ﬁ?%fﬁ?ﬁ%&ég- 0])

avai |l abl e Syrmhrasi's’cah&sronedmel dﬁﬂrphamgicamcal%phéﬁhbmd oﬂ}@dmgel\seoﬂnﬁnhyg;lr ogel

pol ymers can be.readily derived from mag rials fre rboxyl at e groups

ch e CRTERIISERAToRDn el GEREE ronarys Ehidiments 12 ABIAORS y o

Wi th th ol ediRasy AV D. FOT@HESL Kavutrlas@ 8. WHISsh; plislishex &Rl Gxfoldi Givératyecul ar

wei ght pol et hyl ene gl coI (PEG& with thiol-reactive naleim de groups, which
mpdaE Ay

is avail abPr@ss@mﬁ?éﬁbu dragd magzix derived fiom: aswatpr-wlublg, plirayplet 0024] The
ol ymer po es that
e’ "oui Lot R posititel oﬂ%’i"‘%% e L

gr oups, anpoiym(vgwb@lp@xol), Ht-methyll-4(ﬁk dorew|styahpysidydiuro naﬂth@glphatd aeega]l €€ASand t he

like) to ejth N Q orter.qrou .[ 002 mbodi nent of
t he encaps%?%ﬁ%h%?@gg%@ a&%iﬁb%fﬁp°&bf%y?s§‘a‘}°8§‘éﬂfgkaﬂ“ efhl? reaczefﬁed to the
mut at eds bi Mirép polpraers Ran be @RAdiBOdEEIOE frbrd fnf #bdrialsOlith 'freacahw:yrage @os suéh t he

range 25 of about 4 to about 10 dependi ng on th pratein. l?Jpequent curing

of the mat #5csarboxynethycslivlpge (Céﬂ%)s%rmo}ww ¢ agid.oQ golwﬁﬁgs.veﬁnt bF&#FvSsi ng
this technigg dslrhis SARKETH Qafble, igh k@l ReRAOSAERyIER Sycd(IRdy St T N0,
reverse enul si on polymeri Zati on, SCréen or contact printing, bed
coating anthiakirgactive mplpmld@gnoup@yvhmhes awatlalp cemmeneially (BhegrwatenGorp.ous

confi gurat O”%Vlf‘ﬁ‘*% beads, granul ates, nanoparticles, mcroparticles,
nmonol i t hs, and 30 thin fil ms) suitable for in vitro and in vivo
use.

20  [0024] The polymer portion of the hydrogel may contain one or more functionalities that are
suitable for hydrogen bonding or covalent coupling (e.g. hydroxyl groups, amino groups,

ether linkages, carboxylic acids and esters and the like) to either the protein or reporter group.

[0025] In one embodiment of the encapsulation process, one or more hydrogels in water is
added to the mutated binding protein in an aqueous buffer solution having a pH in the range
25 of about 4 to about 10 depending on the protein. Subsequent curing of the matrix, for
example, crosslinking, provides physical form. Using this technique and a conventional
fabrication process (e.g. block casting, reverse emulsion polymerization, screen or contact
printing, fluid-bed coating and dip or spin coating) one can obtain matrices in various
configurations (e.g. beads, granulates, nanoparticles, microparticles, monpliths, and thick and

30 thin films) suitable for in vitro and in vivo use.

[0026] Figure 1 illustrates the matrix of the instant invention. Multicoated particle 10,

comprising a core 1, containment layer 2, and outer layer 3 is shown. The core enables
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| i ke cellul ose ethers. In one enbodinent, the core is conprised of a
conpound §#&t is suitable for coval ent attachment of a binding protein.
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sol ution fe I or
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poly-L-| yﬁ)'oi‘ﬁ’ In the case of covalent attachment of the protein to the matrix, it is desirable to first

20  covalently attach the protein to the matrix, followed by crosslinking. However, crosslinking
or partial crosslinking of the matrix followed by or simultaneously in combination with

covalent attachment of protein is within the scope of the instant invention.

[0029] The containment layer 2 of the multicoated or multilayer matrix serves to contain the
core and/or its contents, preserving its integrity, for example by preventing contact and/or

25  interaction with the outer layer or with components of the external solution that may result in
undesirable reactions (e.g. dissolution or degradation). Containment layer 2 may also provide
selective barrier properties to prevent penetration by molecules based on their molecular
weight or charge. The containment layer 2 may be comprised, for example, of poly-L-lysine,
poly-D-lysine, poly-L-ornithine, low and high molecular weight polyvinyl alcohols (PVAs),

30 cationic stilbazolium hemicyanine modified polyvinyl alcohols such as poly (vinyl alcohol),

N-methyl-4(4’-formylstyryl)pyridinium methosulfate acetal (SbQ-PVA), and perfluoroinated
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art, for exanple, _as taught by Quinn, et al., Biomaterials 1995, 16(5),
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or titanium npdjfied with organic or inorganic reagents [[00311. Sol -gel s
Usef ul  f ore USSRV GER VB vrﬁearifa%sugﬁe%mléKVI%ﬁéing@b I%We@wh%n-t i onal ,
vel | - knowros@istal)pydimassmeiskul (e labddf (S%—’P@@Dl ﬁolmﬁyﬂdr@iygtlﬂl SRibhGyRRy eri al

or m xed 20 organi'c/inorganic naterial. e material s used to produce the
sol - gels cdpHENA)@oé thelike, algimateoer ingrganiq sod-gels moglifiediwitht asganieoninergeni¢ | i cat es
and titan ' ' A ecal |y

modi 11 ca SriinsB8RE pERLERT bisrdRd chBoBHElE e e iy £ MEnBABREC Y e o
avenue f orinorgmac $ol4gels af silio@mnortithraim mepdifjedrvafihorgarde d1inenganib yagapdiobi city,

I oni c charge, covalent attachnent of protein, and the |like. As used herein

the t " | yti cal 2 d bl | | " ref | - gel
br ecur sor O] SalRas st e pe PTG Bubp I P Picgieda bY sRenttinl, v
two, and npdlkidoalsel-gd methdds asd mclul@ihorgahictrierfull RBganidiamtesal bemigdal koxy

substituents covalently b_oimd to silicone throu%? oxygen and m xtures
t her eo?® |9igangriinprganic gfaterial. The materials used to produce the sol-gél can include, but are not

limited to, aluminates, aluminosilicates and titanates. These materials may be augmented

with the organically modified silicates, (ormosils) and functionalized siloxanes, to provide an
avenue for imparting and manipulating hydrophilicity and hydrophobicity, ionic charge,
covalent attachment of protein, and the like. As used herein the term “hydrolytically

25  condensable siloxane” refers to sol-gel precursors having a total of four substituents, at least
one, preferably two, and most preferably three or four of the substituents being alkoxy
substituents covalently bound to silicone through oxygen and mixtures thereof. In the case of
three, two, and one alkoxy substituent precursors, at least one of the remaining substituents
preferably is covalently bound to silicone through carbon, and the remaining substitutent(s)

30 contains an organic functionality selected from alkyl, aryl, amine, amide, thiol, cyano,

carboxyl, ester, olefinic, epoxyj, silyl, nitro, and halogen.
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25 layer 2 and the outer 3, or a containment |ayer may be unnecessary
due to thdaysr @rp@ptm&@asobe@ @bﬁlenwltwm@dumc maltidayeematixde impreEel conpositi on,

for exarrplb?oc@&pht%ﬁt&, ¢ Qﬁﬁﬁ;ﬁé, wiRre the intended use is in vivo implantation. Some of the

20  examples of various-polymers that can be used for the optional fourth layer or coating are
Nafion®, polyethylene glycol (PEG), poly (2-hydroxyethyl methacrylate) (pHEMA), and

alginate.

[0034] In some instances, the multicoated or multilayer matrix of the invention may have
only two layers or coatings—that is, a single composition may serve as both the containment

25 layer 2 and the outer layer 3, or a containment layer may be unnecessary due to the properties
of the core 1. When the core is of mixed composition, for example an inter-penetrating

network, 2 to 3 layers of various materials may be sufficient.

[0035] One or more binding proteins for one or more analytes of interest may be incorporated
into the core 1, optionally, along with a reporter group that provides a detectable signal upon

30 analyte binding or interaction. For example, in one embodiment, mutated glucose/galactose
binding proteins (GGBPs) comprises a detectable reporter group whose detectable

characteristics alter upon a change in protein conformation that occurs on glucose binding. In



network, 2 to 3 layers of various materials may be sufficient. [0035] One or
nore binding proteins for one or nore anal ytes of interest may be . 07
i ncorporated into the core 1, optionally, along with a reporter grohf)MtAM
provi des qwgg&ﬁﬁgnz}e signal upon 30 anal yte binding QEThﬁhﬁh@ﬁ&bon: For
exanpl e, in one enbodi nent, nutated gl ucose/ gal act ose I ng proteins
(GEBPs) conprises a detect abI e reporter group whose detectable

char act er jasrefegedemiqdimpnsthe repResigEmowmis p? iapseentdpired thabxepwlts in pmutded ur s on

gl ucose DIl atthity d; M2 VA A00AL ABRLER RETRHISERRA) 012359 2
preferred enmbodi nent rter group Is a | um nescent that results
in a nut atc{aeract@imésmghcm bafdﬁanhychaoge iyl the desectabheachagacteristii¢sanay batuetd abl e
shift in | el Stics. 0 The change in the
det cct abl EIAERIGTRT e eFRORAEY IR AT PR HERREREY BERH, ThC &N PO nnent

of the | abel bound to the nutated GEBP. 5 [0036] The term "binding protein”
r ef er s 5t o [6036] dhe temnt“lbmdmgmretem(iirﬁemtd inpratemp&mt ihteractsnitly 4 epecificanalyerimer
capabl e of transd e and/ or. reversibl e signal

o &t it e PSR P § e AR i G Mo & oi o i

t he pr esengferettiabléitherTeont @ BighAlliA BHel aBEERCOST MBS b €ighMEH tHel &ofi N a
concentration-dependent manner, by _neans of the nethods_ described herein.

The t r ans YaBEnEAPnesAERtions Rf |analus oXErtime ab iR coneentiatief-depsadent BREnESHYs odi ¢
means, | NGhaitt BEORRHol{eseribdi ARk Prcifblhiabl At ma%a&ro%gmﬁus si gnal
transductlon may be I nstantaneous or tinme-dependent, provided a correlation
W th tiee pmgmcda apd episodienteanst inolwdiog oaeramptoe rqusatésambmtmedlevasm ng

pr ot ei ns er t a red.

[ 0037] Thgu gltt? Jilﬂ:tl?n(m)fiﬂ?r%e Eageouﬁ%rg er?%%rﬁ (sdECis % &t e;a%og tlfheté

anal yte ofpr¢saﬁ®roes<bndeﬁtra(tioﬁ©lfm)ﬁg lS}‘]SﬁBmled Bjﬂﬂlagpfm&ns atateddesuchhee fatty
aci d bi ndi ng rot ns and ot hers to mhlch the anal yte becones reversibly
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Parti cil ar(}“fluﬁlfnéfgé?cﬁ’é%g stosgs maltoset fiee Tty agid bipdingpeoteing and hemita yhishot ei ns
such as b&gﬁ,@&eé&b ulRbf %&@éd"%({‘@napéaﬁtb@'nﬂﬁceﬁg‘ir Ay )
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20  [0038] Particularly preferred for use in the invention are sugar binding proteins such as
glucose, galactose and maltose binding proteins. The term “galactose/glucose binding
protein” or “GGBP” or “maltose binding protein” or “MBP”, as used herein, refers to a type
of protein naturally found in the periplasmic compartment of bacteria. These proteins are
naturally involved in chemotaxis and transport of small molecules (e.g., sugars, amino acids,

25 and small peptides) into the cytoplasm. For example, GGBP is a single chain protein
consisting of two globular /B domains that are connected by three strands to form a hinge.
The binding site is located in the cleft between the two domains. When glucose enters the
binding site, GGBP undergoes a conformational change, centered at the hinge, which brings
the two domains together and entraps glucose in the binding site. X-ray crystallographic

30  structures have been determined for the closed form of GGBP from E. coli (Vyas et al.,
Science 1988, 242, 1290-1295) and S. Typhimurium (Mowbray et al., Receptor 1990, 1, 41-
54) and are available from the Protein Data Bank (http://www.rcsb.org/pdb/) as 2GBP and

10
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amino acid side chain reactivity). For example, a mutated glucose/galactose binding protein

and reporter group as described in PCT patent applications PCT/US03/00200,

PCT/US03/00201, and PCT/US03/00203, may be encapsulated or entrapped in an alginate

core. The galactose/glucose binding proteins (GGBPs) that have been mutated to contain a

25  cysteine residue, as described in the aforementioned PCT applications, are particularly

preferred.

[0040] Exemplary mutations of the GGBP protein include: a cysteine substituted for a lysine
at position 11(K11C); a cysteine substituted for aspartic acid at position 14 (D14C); a
cysteine substituted for valine at position 19 (V19C); a cysteine substituted for asparagine at
30 position 43 (N43C); a cysteine substituted for a glycine at position 74 (G74C); a cysteine
substituted for a tyrosine at position 107 (Y107C); a cysteine substituted for threonine at
position 110 (T110C); a cysteine substituted for serine at position 112 (S112C); a double

mutant including a cysteine substituted for a serine at position 112 and serine substituted for

1



PCT/ US03/ 00201, and PCT/ US03/ 00203, may be encapsul ated or entrapped in an
al ginate core. The gal act ose/ gl ucose bi nding proteins (GEPs) that tﬁVﬁ 2007
been nutated to contain a 25 cysteine residue, as described in the AR

af orement i Qrefodfed,,2Pp! i cations, are particularly prefﬁc‘frﬁs%m@?% T uted for

Exenpl ary mutations of the GGBP protein include: a cysteine su
a lysine at position |I1(K1IC; a cysteine substituted for aspartic acid at
posi tion lah leWimkGY positiont J3R (@il H2C/A2BRS); 4 extsteihefsobstituted fe aa\ysitpnm ipbsition 119 (VI

9C); a cys sub f.itute r j e at

cysteine s s? 8} 361P%FUb5gh"lfte3icflorrle ‘t"ggo"s"ﬁ Hog,} 298 %25‘&(3 cysw“}? Slgé %9

substi t ut efér ‘glmtanﬁc hoid @ts;idsmoatmp()}si@(:q;m dkﬂBle(xﬁ(ftar@?rﬁi)udmg zcggste&lersebmubed ituted
for threon'ne t osi.tion 110 st e substitute or serine
L ol £ P oheP 6 BluiaafiSoid-b Fositin 49 and o ik sohs T PP B BEUT R st | ¢t o4
for a serimqon? 44&1&1&1%&@%@%&1@6 c§bIas édbb‘ﬁt@fédff&r hidtidideat igP3s WO
2004/ 099777 PCT/ US2004/ 012359 an | eucine at position 238 (S 112C/ L238S); a

cyst ei ne s aystgine gutrstifuted foy Biethionine ab pasitiq 21@352<%/M181@I;)ad0@bley§taet ne
subst It ut hnlgisin ol YSEAE ststiRAS ot @1@@ wgtéﬁ}zmoa 159 1) QfteRpabSt i t ut ed

for glutamc  aci position oubl e mutant “including a
cystei ne substitited fardn afmmeahp«gdlmmwiﬁ((EwCMA&BCstdQubhrm&wﬁt 1a¢iddlag g sgrinae
substituted,f l.eu Pos Lt 5 (E149/ 123 mut ant
conpr | st noriee Bt Mnie PR A Sy batileg Fon A i,
cystei me S1HqH152¢/23139) a BRitélhOsfibReuet fmlrﬁeﬂﬁamwat;(dsinbﬁzei (N1Bg2x0);a a doubl e
mut ant conprising a cysteine substituted for _a glutamc acid at position

149 and a ®isinsisulstitg AR alapige ptpositign 21 HHF1&Cxi2 doyblemmysant sncluding a

(E149C A2 Welne%uﬁﬂ%lﬁé@fomﬁ fhink HGlosition 91 Pare] éy@?cme%Ups%ttﬂtEd’fo?g 1dubine @0
al anine at "position 213 and a cysteine substituted for a histidine at

posi tion 1psit®n 28 UAVIGCAR2IBE); a eysteinstsubstituted fos an mathmmemt pesitions216i oni ne at
position 1 2 t r osition 213
(A213C); a %‘) c&ur[em% sug#ﬁtgddﬁga‘% acfsdté Eeﬁ%éﬁés?‘u ? ?@dgs %S?éuéeg al ani ne at
posi ti on 2stht&méd foray dsweineat ﬁmﬂiﬁdn 23|8t(E@B8fG)ra eystefnccsulmnaéd fop @ aspartivracidds

A2| 3C/ L238C bstituyuted th 216
(No160) ;- beyion s ficas Beans sbee B of Qrgg’ee%&t%élﬁ@ﬁ% B8 0r360):
cysteine é%s&%%ﬁbshtﬂt&ﬂfof‘ @Waldfe dt BOKHiHE2981(VROST lgx%gtaﬁi—@l@lﬁ@lg adystdiad ei ne

substi t ut for a aspartic acid at position 7 D287C); a cystelne
subst i t ut esbstguted foran glutamie agid qﬁe@smqrblﬁ%agmpezwtwtedaﬁr zalanied H@ostionst i t ut ed

e V2 LA Bl BRI B0 AP VARAOM phiBs Sl 20l LR Bl ©YSL e 0

substituted for an glutamc aci a serine Ituted fQa
al ani neo at mptasi in¢cloding 2 EBsteinclsubstitated fer anghgamicucict poritidrel A9, arearginingosi t i on
238 ( E149Cé 3t§é &'021'38S anine a‘i pos}i)tlon 213 and a serine substituted for leucine at position 238
(E149C/A213R/L2388S); a triple mutant including a cysteine substituted for an glutamic acid
at position 149, a cysteine substituted for a alanine at position 213 and a cysteine substituted
for leucine at position 238 (E149C/A213C/L238C); a quadruple mutant including a serine at
25  position 1, a cysteine at position 149, an arginine at position 213 and a serine at position 238
(A1S/E149C/A213R/L2388S), a quadruple mutant including a serine at position 1, a cysteine
at position 149, a serine at position 213 and a serine at position 238
(A1S/E149C/A213S/1.2388S); and a quadruple mutant including a cysteine at position 149, a
cysteine at position 182, a cysteine at position 213 and a serine at position 238
30 (E149C/M182C/A213C/1.2388S). Additional examples are listed in Table 2 hereinbelow.
Amino acid residue numbers refer to the published sequence of E. coli having 309 residues,

as detailed below, or the corresponding amino acid residue in any substantially homologous

sequence from an alternative source (e.g., glucose/galactose binding proteins from
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20 nutant including a cysteine substituted for an glutamc acid at position
149, an arginine substituted for an alanine at position 213 and a se}tij MER 2007
substituted for leucine at position 238 (E149C/ A213R/L238S); a tripl'e

mut ant i nc J ysteine substituted for an glutamc i sition
149, a cystb‘glfiir?g‘g%u 7gti tuted for a alanine at position Zﬁgﬁg%gogﬁ%:j;gt ei ne
substituted for |eucine at position 238 (E149C/ A213C/ L238C); a quadrupl e

mut ant i ncCirdbagtenfrewdiinog Sakmorellptyphitiuonm,]sequency atcessivm raxmbeR23PZnartl49, an

arginine a ition.2 and a serine at position 238 (Al
S/ E149C Mfi%%ﬁﬁz%ﬁft;weﬁquadr uple nutant including a serine at position 1, a
cysteine at position 149, a serine at position 213 and a serine at position

238 ( AlS/ E[0048CThexetib/toaBagd)is usadcherciniodetsyminymous with thetetnutfayey” i soystchi ne at
position 149, a cysteine.at position,182. a cysteine at ition 213 and a
serine at ofgi'?‘?aBr?xﬁgrén% 1?’@@4@@%%2&?‘Rﬁ%@&?ﬂf@ﬁ%&“ﬁ&ﬁ“ﬁoﬁﬁéﬁpe‘&%m| es are
listed 5n didpdnged] physicallpbeheniphysisailyconaedte draf cohitsct Rithpsyatiallyedisgostdrot he

publ i shed sequence of E. coli having 309 residues, as detailed bel ow, or
the corresf (95’&@ adiaeent ty oF Mt§eEdiithe i n any substantial Iy honol ogous
sequence froman alternative source (e.g., glucose/gal actose binding

prot ei ns. 1 (oDl Pholérmi KRS Burc¥a2 QAR Felerb RTAIR AAAEARE)
Citrobacterfreundii or Salnmonella typhinurium sequence accession nunbers
P23925 and¢lepmmmgnetiqradigtion thotqap produgpphpfocheraicaldesptiops FpHGOns; of piRcSEFeher ei n
to be syno 1 g dl ufBR or nore

| ayers or %@#i&%ﬁlﬂgﬂ%%znggﬁgn# gg)ré (ca?tsen?a e%aéﬂgggfg/&glt{sngersegc,eﬁggdi spensed,
physi cad | yLuminesaengehipeliidesiphgsphoreseente duonesdences amt iclumindstencgpat i al | y

di sposed to each other, adjacent to, or integral with. [0042] The term

"“energy so 3 10 e o 85 (e i 2k i. €

el oot r ormaloUTLT? SPHRFBAEREIC sighfly 3 e Befli ks f BYaP D bbosflee o

t ransi t i onehang¢ inpr props e a reportet grovp ora mainec thheehbleSthe etectéon®f, our ces nmay
produce or result.in |um nesc(gfnce. 10 iurri nescence i ncl udes phosphorescence,
f I uor escentUTeSRAing VPeRALL AR analy§ @A Eeres: » brovi de a detectabl e signal ",
as used herein, refers to the ability to recognize a change in a property

of a repor [(B440TksRpdrter growpAeB¢ inchidéd NS of the mdeixandy K anglgrouprthat will
correspondl ng, concentratjon of an analyte of interest. [0044] The reporter

group t1§ beErOVidedgieatabls stegral whsndhgnalytrofiipierestdeqemesassogaiedyvidhpr hayad toy | |
15 provi det}ﬁ,bﬂﬁﬁ@ézﬂrémn‘?Ir?&rﬁ'lﬁ%fﬁx\e%}g&nﬁdaﬁn&ﬁathé/feﬁor@ér ghd¥pGs £ 8horBiR BAs

associated with or bound to inding protein. I'n one preferre
embodi ment wsedthereins fuarephogs”aeforsi ta aandi¢autsrthasiabsosbs encrgy and then emits light.

Non-limiting examples of fluorophores useful as reporter groups in this invention include

fluorescein, coumarins, rhodamines, tetramethylrhodamine-5-iodoacetatnide (5-TMRIA),

20  Quantum Red™, Texas Red™, Cy™-3, N-((2-iodoacetoxy)ethyl)-N-methyl)amino-7-
nitrobenzoxadiazole (IANBD), 6-acryloyl-2-dimethylaminonaphthalene (acrylodan), pyrene,
Lucifer Yellow, Cy™-5, Dapoxyl® (2-bromoacetamidoethyl)sulfonamide, (N-(4,4-difluoro-
1,3,5,7-tetrainethyl- 4-bora-3a,4a-diaza- s-indacene- 2-yl)iodoacetamide (Bodipy507/545
IA), N-(4,4-difluoro-5,7-diphenyl- 4-bora- 3a,4a-diaza-s-indacene- 3-propionyl)-N-

25  iodoacetylethylenediamine (BODIPY® 530/550 IA), 5- ((((2-iodoacetyl)amino)ethyl)
amino)naphthalene-l-sulfonic acid (1,5-IAEDANS), carboxy- X-rhodamine, 5/6-
iodoacetamide (XRIA 5,6) and fluorescence proteins such as green fluorescent protein.

Preferably, IANBD is used.

[0045] Many detectable intrinsic properties of a fluorophore reporter group may be
30  monitored to detect analyte binding. Some properties that may exhibit changes upon analyte

binding include fluorescence lifetime, fluorescence intensity, fluorescence anisotropy or
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used herein, "fluorophore" refers to a nolecule that absorbs energy and then
emts light. Non-limting exanples of fluorophores useful as reporte‘ri4 MAR 2007
groups in this invention include fluorescein, coumarins, rhodam nes,

t et r amet hylydweasne- 5- i odoacet at ni de (5-TMRIA), 20 Quagdbis I Mso TEXAS
RedTM Cym 3, N ((2-iodoacetoxy)ethyl)-Nnethyl)am no-7- nitrobenzoxadi azol e
(I ANBD), 6-acryl oyl -2-di met hyl am nonapht hal ene (acryl odan), pyrene, Lucifer
Yel | ow, qpmatlmpwggeetral shifts lgf Bwerascencgreimissianh\(hengesfinhesd fnrophore

211 oode AR ey ekl B RRler | me fuipQbis BpiRnfeAion & Mgl rTe

4-bor a- 3ae81d1tmg ﬁcnachangmjmqaewtem c8nformgionn Ehyirdanimtallychensiteveydyes suchenedi am ne

O RS 32 et sl b PSP s R b ED Bhahoreprppesissimie, s 6.

| odoaces arresift ftofirinferactiohs @i tid analygsiteifoe frpmqheraaﬁor&w@m BSec@id@portdr uor escent
protein. Pref gorabl y,. | ANBD i F@sed [ 0045] Many detect a?l einptrinsic

proper t i esS"OYP: LrrexaBPIS SHhsE EREL, P?réf»ceeﬁedsi?nm cBUER AR 1SCEIOTBOEE ect
anal yte bidhdhddg in GERcd VRPN tE SlubldphorBRY exhi bit changes upon anal yte
bi ndi ng include fluorescence lifetime, fluorescence intensity, fluorescence

ani sotropy or 13 1 4 MAR 2007 WO 2004/ 099777 PCT/ US2004/ 012359

pol ari zat i [8046] AHthoygle theusg O%fFHoFﬁsﬁe‘%iabF\S&%?ré@B’%d@Séﬁp%@tﬁﬁpla@ﬁgﬁ’@é@eﬁ n these
1 uor ophor,g,,faf b&Bed Forl REHPIBCkI LM Btk rbl}E ch pop@ENOr €

envi ronrrenl‘tép%ucgﬁgg“nﬁ%sée@%r esuret ?ﬁ% from chang egéi)l%n rrWgrro‘{lbglcn Egnéfggrrmt i on.
Envi romrenvlaﬂrdnyaselmgatmme tlutymugmnttnt afthe repRey gves rpatqadmhger intheredéul i n
this respe es rtles ey t from
it or act | e IERE ShET ERERGe By Py URPAR, NreaBn PR sEPr B eclrob s cong
reporter gampRes irfchide aymimural whitio acids kithéd dsaniakeas U reERNaNBahERPOEY
transfer) is used to nonitor changes in distance between two fl uorophores.
[0046] Al tHBWRyetthe use of fluorescent labels is preferred, it is al so
contenpl ated that other reporter groups may be used. For exanple,

el eCtrOChe[UDf?WHe@WgroG;Bﬁidp%e@t@d&h&ﬁom%m&ihgbfbt@ﬂbﬁbﬁ ration in the
0

envi r onnent the reporter gives rise to_ a change 1 n the redox state

t her eots weneraoeﬂmes oy theart dos gxampls, ﬂw&aﬁreésr%y maydeditachgd ¥gect r ode.
O her  exajmh &Sorl RbbiiA Fesiids BAHE telﬁrrbBQal@tﬁ'cg'ioﬂnE[rLJ\ﬂfol gﬁ) ?se(l)rd fhet 0 the

reporter or as the reporter group itself ere roup may be
att ached tresidies ispeatiqulalyipirefdired; @msotﬂlml-meabgtveagryum&lmnuehﬂ aromay benesadh ork nown

in the arty For, SXAB g ok 1S T SRRLLBhoGl 8RBk BF, BhEAGTRALY 2

Iodoacetamide, bromoacetamide, or maleimide are well known thiol-reactive moieties that

20 may be used for this purpose.

[0048] Fluorophores that operate at long excitation and emission wavelengths (for example,
about 600 nm or greater excitation or emission wavelengths) are preferred when the
molecular sensor is to be used in vivo, for example, incorporated into an implantable
biosensor device (the skin being opaque below 600 nm). Presently, there are few

25  environmentally sensitive probes available in this region of the spectrum and perhaps none
with thiol-reactive functional groups. However, thiol-reactive derivatives of Cy-5 can be
prepared, for example, as taught by Gruber et al., Bioconjugate Chem. 2000, 11, 161-166.
Conjugates containing these fluorophores, for example, attached at various cysteine groups
contained in mutated GGBPs, can be screened to identify which results in the largest change

30 in fluorescence upon glucose binding.

[0049] The instant invention discloses methods of embedding, entrapping or encapsulating a
binding protein specific for an analyte of interest. The method includes modifying binding
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am nes or carboxyl residues on the protein. Coval ent coupling via thi ol
groups on cysteine residues is particularly preferred. Any thiol- S(it%emw
group known in the art nay be used for attaching reporter groups su

f1 uorophor gg Jf@efystei ne of a binding protein. |odoaggta,6efe123s9
bronpacetanm de, or nmaleinmde are well known thiol-reactive nobieties that 20

may be used for this purpose. [0048] Fluorophores that operate at |ong
exci t at i orpreteids whers directedvabelingnyitiiwrepérntar geupispihess a fhiophogOBdiontwialegt eat er

exc {at | Oulon AL QRS \ARINENBIE. BLELEAEA, MENgliGroqIBh ol o7 sensor

is to be used TN VIivo, T0r exanplre ncor par at e
bi osensor prspeitiee of ﬂlh(buﬁikngprbmm Covplentimniodl]patiarOOf bimjmg ﬁbmmdcly asthere are

few 25 env rrentall srtrve robes available int I he
ARt A A L R Y B R L AR R U P
t hi ol - rseaqké ¥ea Kl6dehycrt Th/esas cétforational ropbRies Re@Beds Sy fdr WGBX BilBing praéint aught
by Gruber et al., Bioconjugate Chem, 2000, 11, 161-166. ConJ ugat es

cont ai ni néoPWég“éafqe{R?Fa@EﬂW@Poﬂ’(hm%‘?fﬂlgé“ -attached at various cysteine
groups contained in nutated G&BPs, can be screened to identify which

resul ts i nogsop Meidds $or &bﬁ&ﬁ%ﬁa&%ehﬂoﬁﬂrﬂ!ﬁ’ﬁ%ﬁ%ﬁﬂﬁ% yra,@éhsgﬂ HEASA Bk e ng.
[ 0049] The instant invention discloses net di ng, entrapping or

encapsul atg:en@allw de§¢rr’rmi 1§ elﬁree*t(e) giresied ep¥alent ﬁ@ch@nntanethcydsevhyre 4 cmvelraetst The
nmet hod in 7

PCT/ USZOO}P g‘g%?%lgﬁ)e eeiQ:ﬁsz,i rb\gcere (rjjéeé?:lgi ﬁ%?maggﬁjg%md\{ﬁiﬁg%ﬂr%%g}r?et er group
such a® a nﬁdtcrml (cpherrchreenmd/ootlumlghahappropmmmm& nm&tcukenon ®) anﬂmmmdlen/m |l e
retaining t anal yt e bi hdi ng and si gn crn erti t he

bi i ng. ARG R SIS Mk Biirers Sovaim Binds SAt Sigreat DRBren ot Sl ne  cosp,
require 3 réichidiles bmczﬁn@.rg ﬁl‘h&l@&@f&h@&%tﬁlﬂl@dmﬂﬁﬁﬁﬁﬁérldﬁ@ct@for&mﬁugfﬁt einto
enable its 5 use as a biosensor. These conformational properties are

necessaryaPPprll%Bh“lfﬁrﬂdr ng protein to produce a detectable signal upon
bi nding of ligand. [0050] Methods for covalent attachnent of binding

proteins t@ﬂﬂl? DHOSQ bovidnt hEREMER IndiRods 98I & 3kisMn ﬁﬁﬁl@'a@i@goﬁépx‘%{&mr (a)
directed coval ent attachnent met hods where a covalent bond is forned

bet weeld a thgyean iisecprayipusly nari-ekistingiathino asidston derivativésrintredusedinty thagrotdie mat ri x

10 materi g, O@rﬁ;} é%g{n[% +ﬁv1;§ k?uc}}l%%]%&ggp i FURRG WRtd dAh&id, '%rsrqngrr{ %ﬁé" e, o

(b) random<c ere one or- nore cova

froma | arog ﬁrore"nyme&res afay be Sitrddheed widHith proteirs sdqaenceto ploeidbiasile with ppeoifiei n ar e

formed w trQac't[nr}l?y t%\l?vtarrd élo? Iréagt?\te rgzligregt%tallx lir?krer tgrrerugsu g'pth %rnoupg ElB:El?LEr late linker.
iodoacetamidyl, iodoacetoxyl, or maleimidyl functions. Such linker groups may be

20  associated with or part of dye molecules or matrixes.

[0052] Chemical or reactive selectivity for one of two or more cysteines of a protein may be
manipulated if one cysteine is significantly less accessible than the other(s). The instant
method used herein, “ligand masking,” is defined as rendering at least one cysteine of the
protein substantially less accessible from thiol-reactive reagents while the protein is in the
25  presence of the ligand. The cysteines are sequentially modified, first in the presence, then in
the absence of the appropriate ligand. Dye attachment and covalent immobilization can be

done in either order as illustrated in Figure 5.

[0053] A variation of the above mentioned approach is to introduce two cysteines within a
protein so that at least one cysteine is substantially within a hydrophobic environment or

30 region in the interior folds of a protein and at least another cysteine is at or near the more
hydrophilic surface environment or region of the protein. By way of example, the protein is
first modified using a hydrophilic dye or linker group that reacts preferentially with the
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[ 0051] Directed coval ent attachnent nethods can use existing am no acids of
a protein or 15 they can use previously non-existing am no acids or, .
derivatives introduced into the protein through protein engineeri ngH MAR 2007
t echni queswﬁ%ﬁ/@s,%7 ;51 te-directed nutagenesis. For exany §yudh&oifke NMOre
cystei nes nmay I ntroduced within a protein sequence to provi 3e a site with
specific reactivity toward thiol-reactive reagents and |inker groups with
groups suctysteineiin thedydtophiligphrfade gefiens eA owbskquent reagtion iwithca/tiydtaphebic dysor Such

| nker gr Ol'[(ﬂg%ggl?}i%go%s%% FaSf Gl %{'}We e P\%rlyf R)aart iea& ongm&ﬁg&ecfsgéb%%%ﬁ% ‘e

matri xes. or react
cyst ei nes tht hpdrpplabée regiony be mani pul ated i f Qne cysteine is significantly
| ess accessi bl e than the ot her(s) The i nstant nethod used herein, "ligand

maski ng, | a ei ne_of rotein
substanti a‘oﬁsﬂleﬁelsseig%%esbso?q’lq&li’f rom"fehat e_Sl\? éé%—ﬁﬁu\ﬁlé?% g’gt;eérrl\tcgn %selegtri)\{ e protein
is in the x%dlﬁedabaa@en tHe differeddedatwben Tt pKe yusd the pKa ofbthersanjueysuclahd &

nodi fied, first_in th prese e, then in he absgnce of t propriate

|i gand. Dy&mige pElyRRe e e O\ AY DS %%BFJ Py canirghing dhe lﬁéopﬁsﬁ@ 'SR i t her
order as |édvg§%@{tgqnhgmgaﬁu5@m5 [ 0053] A variation of the above nentioned

approach is to introduce two cysteines within a protein so that at |east
one cysteine is substantially within a hydrophobic, environnent or. 30 region

in the int@PSYrinpapther eafboalmtbénwaﬁaxaa@plf éﬁ%@d%ﬁw modificptionatthe Ns at or
near the nRRGinkYSHRPHking priih 3k b@'amle@arsg@elearverﬁ&admngthetlmear%et ein. By
way of exanple, the otePn I'S I rst usi'ng a hydrophilic dye or

| i nker 1gr odlgohohgroup ebasesing ped treomiriean hﬁrstvpowwm@tllaermammp@@gc?eagl\@xal

2004/ 099777 PCT/ S h I R u [ egi on.
subsequentgoga%ttyﬁqg\nrﬁ{% é%g%(rg%]p% ﬁhé%gaﬁ%de (}%F‘e&%&%m o’a%g B coval ent
at t achnment conediring linteer group oamatre(a(ﬁaemme Mffaﬂdpeﬁt Algsdrg, enel, 1993 Geoghepan

hydr ophobi ¢ o 541 | her enbodi nent,, ne at the N-term nus
of a proteid Sé'g’h &e"zgeé)aéﬁ‘f‘il?f& R‘SS"WBBT‘P‘P BgBﬁ’é"é’aF ‘8&“@% uiare ot lunited et ween
Its pKa ang1¢ h&ivalides¥ir Geiger am nes such as g- amne of |ysine side chains.
This nmay be achi eved by controlling the pH of the protei n envi ronrrent

during m)dlflcatlon %159 I.n anot her enbodi nent, dé of . exanp
si t e- sé&f eclOPYY Ipyel sopthst sabpdimentyandem %wﬁlhﬂgacwe&tw&ﬂm af pigdisg a'EOéan-ﬁ may be

achi eved by 58660} Mipley g@ﬁbghﬁgﬂﬂot\}&%néo?méf@d?g gilchthJfoﬁ?élh aliRUR e Twi@ Serine
or a threonine 1n a first position with periodate to produce a gl yoxal
group at tdimilhfreegtivitivss Foirixempleaproteirlysinesi qah be megdifred zovrdentlythirongh ¢ithenr

ami nooxy gy

%Hgtlon or by acylation reactions with activated acyl groups such as N-hydroxy-
succinimidyl esters. Glucose/galactose-binding protein (GGBP), for example, has multiple

20  lysines on its surface that are available to react with such activated esters.

[0057] Suitable covalent attachment points for binding proteins onto matrices include, but are
not limited to, the carboxylate groups of polysaccharides. Non-limiting examples include the
carboxylate groups found on CMC (carboxymethylcellulose), glucuronic acid repeating units
of hyaluronic acid, collagens, or the mannuronic and guluronic acid units of alginates. These
25  exemplary carboxylate groups can be activated with 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide hydrochloride (EDC) or EDC in combination with N-hydroxysuccinimide
(NHS), or EDC in combination with N-hydroxysulfo-succinimide (sulfo-NHS). Another
method for covalent attachment of binding proteins to polysaccharide matrixes is via
periodoate oxidation of the polysaccharide vicinal diols. The resulting aldehyde groups may
30  be reacted with amine groups on the binding protein and the resulting imines thus formed
reduced with sodium cyanoborohydride to form stable secondary amine linkages between the

protein and the polysaccharide matrix.
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containing linker group or matrix (CGaertner & O ford 1996; Al ouani, et al,
1995; Geoghegan and Stroh, 1992). Particularly useful mutant bindi nq_
proteins include, but are not limted to, Al S derivatives of GGBP. {sMAR 2007
100561 I n yef,dhRbher embodi ment, random coval ent attacf@ﬁﬂ oELhgs of

bi ndi ng proterns O matrices or |inker groups may invo one or nore of a
group of protein amno acids with simlar reactivities. For exanple,

protein | ytﬂﬂﬁﬂisﬂmme:tampﬂmd'rdrincndhtermmtoebttlhyitimgrM;ugh additidreat methlols/foat i on or by
acylation ¢ rou

succi ni m dyqvalégtt gtraghm H@X?@P&adlttgﬁ?giggmﬂ ﬁpeﬁr ot g??\“ﬁ&é%m&%%?m}ae%npl e,
has mul ti ploa mafix byKhkee groap. ml&rsmifab&cgenérhiahetmscﬁ and etrdtediesfot sitackiagt Wit h

such activated esters. [00571 uH‘. oval ttachrre oints for
bi ndi ng prBPEMido BRiseHRRE| 6'%‘5 eaéﬁ g%' Wﬁof’n&é to, the

car boxyl ate groups of pol ysacchari des. Non I I mting exanples include the

car boxy4 at @og9]dsRse B@u&d)f@m: pedden( 1ﬁ6édﬁ@KMHEﬁ1hMic6ﬁbd ol xﬁﬁlﬁ)ayeghatﬁu leGfpasedCi d
repeating units of hyaluronic acid, collagens, or the mannuronic and

gul ur oni c &PIPEENERTite Be B?edéPWM%%em‘%@s"é""z é}}%ie?ﬁBF%{rt?e BigsensyiSat e groups can
be acti vat éﬂaxyg'ufatbdlexﬁfai}%éd' 3 érﬁﬁéﬂlhéﬁ%ﬂ%h@maﬁﬁﬂﬁﬁﬂﬂiy)ﬂlerp@é&@&ihé an de

hydrochl ori de I n conbination wth Aydr oxysucci ni m de (NHS),
or EDCin mmmtarbdn dezyrpekulhr NOhfym mepmbirfation with |ad¢ln¢1€PéCQerIfeotSNl¥l® mathixot her
met hod for aghie b RL ot hari,de

matri xes |r§1g¥/| a pgﬁgabﬁfo% OXI rl‘%u@gn &t rmo &2"5%:&3&553: ééé{%\ﬁngr Par%%h di ol s.

The resul tmangpahde,hyﬁmglmurpsrd‘nia)aolgﬁxebepasmutfeﬂn,vprwdxammep@mah:!stoon t he

bi ndi t nd th | ti th sodi
Cyanobor or PG e E ARG PERsEt Ry the borerkaro EEBa Nelh o

protei n angerkt ﬁﬁéo@&e@&t&{n %thet fhtekrabatMid i gHo & or feh 4G 09@19777
PCT[ US2004/ 012358ﬁ These exa Iy es are Olr%gt | h%gnd%rd to beélfl mting.

Many addi tgr@mtom therbiosepsps| Bhen ysedde Arrigntivoapplieasiopsthe biogenser willer
random or 1?40&@5&39 Eﬁb%&ﬂ{{ayp E’B’g an Jf%aye and dtd?: e?mﬁﬁh{)ﬁérh eclib'ker

group. Other suita e gener stra or attaching proteins
to mat 1§ ceef Mumebamalytesomqemfm@htzmﬂd eadesirdd) %prehleﬂladﬁsmmnatm)iete&wﬁmoow]

I n one aspeclt of t resent in (1[? nul ti coat.ed % nul.ti%ia%;er mat ri x
conpri ses PHUAFSSOBY % ’tP6°%5@“{5‘§ d‘“ 81?‘5%9%% “3‘?%”%8}?%‘?5 My WF SO1528

aspect, t hgiofinSs O SRprésent iBVERABS borAprids at@etst GeResin®proriRddadali @t o t he
matrix that nmay then be used as an inplantable device, either alone, or in

conbi nat i oPFTTEatle GIEPPING ARSNCARSVAHAG Malix sppkthapthe |b39dwr%témé¥i?“@|@§| rable form
or shape i gl hdPerble SRR Wen MeAANdiIAY Sibteit i ekLES to WRififlanalyte

20  concentrations, and the detectable and reversible signal can be correlated to the concentration
of the analyte. The implantable matrix or device may be implanted into or below the skin of
mammalian epidermal-dermal junction to interact with the interstitial fluid, tissue, or other
biological fluids. Information from the implant to the patient or health care provider may be
provided, for example, by telemetry, visual, audio, or, other means known in the art, as

25  previously stated.

[0060] The encapsulating, embedding, or entrapping of the binding protein, optionally along
with a reporting group, may be combined in a suitable solution that may also comprise a

calibration dye.

[0061] The following examples illustrate certain preferred embodiments of the instant
30 invention, but are not intended to be illustrative of all embodiments. Labeled mutated
binding proteins with fluorophore reporter probes used herein in accordance with the

procedure set forth by Cass et al., Anal. Chem. 1994, 66, 3840-3847, or as described.
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10 nanoparticle, mcrosphere, porous polyner, open cell foam providing it
is perneable to analyte. The matrix additionally prevents |eaching 31‘__4 M}&q
bi osensor. Preferably, the matrix permts light fromoptical sources of 97
ot her int ew\}@g@;@ggﬂl ight to or fromthe reporter group.f0-BASS ﬁgpr ough the
bi osensor. en used in an in vivo application, the biosensor wlf be
exposed to a substantially physiological range of analyte, and determ nation
or det ect i[0062] Fludresaerch @amissionrspeotralof b enutadeil; tabtled prodein was indadnecddesliessed,

whereas the detern nati.on of detectign .includes. canti,nuous,.. pragramed, and
b Sodi o QUYEHLF SN butie oY Airee Birmdddniior e i e St

pr esenL | | i@ A tforogx cRAtvArat 8H$mﬁ'fam%1 Stiigs @A S ahd Hdh ﬂgahMCﬁi(Eérﬁiﬁi;iﬁn andanal yte-

per neabl e entrappi ng or encapsul ating, matrix such that the bjindipg protein
provi des dnOHE ew%%%%@eﬁsg}dbtrledlgg g?{équfﬂweenﬁﬁw%om 981 n is
exposed t QaBepdd\ritging PYatols Adtrik@ R pfonRiifee of e shil® pRdiRChaBuBoR Nthe
reversible signal can be correlated to the concentration of the analyte.
The i npl arinifipl Ruasescericg ewissivaintersitiras/defimed aph.aRhexglatife tmtigrof helepvissidne skin of

e A B S o QSBR[

pati ent or(I.jyhsalefihedcarld,.pr ovi der may be provided, for exanple, by telenetry,
visual, audio, or, other means known in the art, as 25 previously stated.

[ 0060] Thegzencaps, in enbeddi n . entrapping of the binding protein,
optionall ?xgﬁgzgf’%a{tﬁo'g’k‘{%’bﬁf‘ﬂﬂﬁﬁgﬁ'ﬂ%ﬁp, may be conbined in a suitable
solution that may also conprise a calibration dye. [0061] The follow ng
exanpl Bs i | | usi4: #ithaoe eheohindipg pforein édtherchodi ment s of the instant 30
invention, but are not intended to be illustrative of all enbodi nments.

Label ed bij.ndi.n roteins w.th.fl hore r [{.er bes used
ot o i n 100638 AymleotRPe PPkl r e SIRRIPY i B B fholpine ol
Chem 1994nannér; 3840- 3847, or as described. 17 14 MAR 2007 WD 2004/ 099777
PCT/ US2004/ 012359 [ 0062] Fl uorescence em ssion spectra of a nutated, |abeled

protei n was negsure unl ess otherw,se ,st ated ,ng.an 1 NCO
fluorimeter (Ontari g,C(of%’f'?atﬁ‘é)wwf?rﬂwgbﬁm‘é‘&ghiH‘f‘és[’%b‘gfer Qﬁ#%%gé&ﬁl tation
at 470 rim a?@ts%%ﬁ%!ﬁfgﬁn@é (vv)aR @ séintfilutib 0iaMatbidreRing 8 Q6w speRACCAL @ B{eOr t O
conpare the 1igand-binding performance of the entrapped fluorophore 5

| abel elf pr ot EFHENg #lzipglcinoiptireway placed in asyringe ped mbsgdalcaratsiofd famldbyiatopr ot ei ns
in solution. FSSk L i 18 19ehingd as |lo.
The rel ati vezéﬂgtﬁ} %ﬂ IBM (Fﬁiﬂelz Eéﬁmygéﬁgﬁ&p@ﬁﬁegﬂgﬁgﬁkﬁgn@ ?er)ldt}to#eégfeserr}ge of the
protein's redipmeter. VEhe iegdmavefelhixedin Catil> olujiomdingheaRete muiz for 15- 60 minutes.

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

20 lysine coated beads were dried on an absorbent towel for 15 to 30 minutes.

3. The outer layer was formed by adding an additional 3 parts of buffer (v/v) to
the GMSC solution, which was prepared as indicated below, then adding alginate/poly-L-
lysine beads for about 12 minutes. The mixture was mixed slowly for 15 seconds, then
the beads were poured onto an absorbent towel and dried for 15 to 30 minutes. The

25 beads were stored in scintillation vials moistened with PBS (about 100uL). A

multicoated or multilayer matrix made by this method is illustrated in Figure 1.

[0064] Glycerol modified silicate condensate (GMSC) sol-gel was prepared in advance using
a modified procedure of Gill and Ballesteros (Journal of the American Chemical Society
1998, 120 (34), 8587-8598) with the following ratios of reagents: tetraethoxyorthosilicate

30 (TEOS) or tetramethoxyorthosilicate (TMOS):1; H;O:1, methanol:4, glycerol:1. TEOS or
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(I's) is defined as I/la. Exanple 1: Milticoated or nultilayer matrix 10 A

Wt hout the binding protein in the core [0063] A nmulticoated or rrulté mrzum

matri x of the invention was prepared in the followi ng nanner: or

mat ri x V"aswfo%?%% y mxing 1 part PBS buffer (pH 7.4) péfdsrdoafofrsép Parts 3

w % al ginate (v/v) in a scintillation vial and vortexing at slow speed.

mL of the 15 resulting alginate m xture was placed in aqiirlf(r)]ge and i nfused
R

at a rate SMOSingpgthanol wapaddedton flask and goludcte 9°GAver iftd M HEDy
form ng begasef acﬁl@ﬁ‘df»o% fle tPthd thl}xﬁqﬂs_ﬁ%cé%mt% of sT%gb SolpdsSalid<ed in

CaCl 2 solution on t to mXx m nut es. ont al nnment | ayer
was for rreddrprpba&‘hmqactm Vs ademed dnwb'mel-ﬂrhoarsg@lwnt 25)‘162 dfollowing-this) thei ne

0.01 /v in ter,,a f.Q - .20

| ysi ne coa{eg%}}/é%evg SR Ee?ir@%he(géndéﬁlm%énggl%{e%%m Efre ﬂge‘i &f BG%W?{ut es.
?. / T)he out sitrogayfor bmiéerf I&aaﬁdt\%hbmuﬁc(dptﬁ@l@moaﬂdrg) | Eo*lhulwcllﬁ’g ma&é;stl;@i‘ atloQt f ﬁr
viv) to C sol utjon i C ared as indicated bel qw, then
addi ng al g%(ﬂg:b S/XBBII“WEVO I“?’selvﬁ’é refug ‘H’l&‘@&%@@ﬂ?r‘"ﬁ%ﬂ ?ﬁtﬁlhtt”&s VISP 88 xt ur e was

m xed sl oWrhshatntla wIBAPFHR médian] whiidBERRe WiitforNAW4e0r88 b9 walphabaas bent
towel and dried for 15 to 30 minutes. The 25 beads were stored in

sci nti | | at GYBGsolutioniiasstablecand pravidespansistanbasulisfor several manths wherstergd o
mul tilayer coBLy e [ 064]
G ycerol modi |tlg?il %?%M&Q%Eﬂ%g%luﬂ(oa\ggﬁ%h%ié e&’ggsﬁg%gég?ojvgdi)g advance
using l1@a nmthrfievsmbomtion,enidrdéstiﬁéd @alet wanalldBhinl ekt estiody(WaghttathediM8Ge Anerican
Chemi cal Society 1998, 120 (34), 8587-8598) with the follow ng ratios of
reagents: [894et hoxyorthosilicate 30 (TEOS) or tetranethoxyorthosilicate
(TMOS): 1; H20: 1, nethanol:4, glycerol: 1. TECS or 18 1 4 MAR 2007 WO
2004/ 099777 PGBL%QQME&&B@&JanWrm‘hhanOI was added to a flask and
cooled to OC over ice. 4 1 nm of 0.6 MHC1L was then added drop-wise to the
solution. After,20. m nutes stirrin |ycerol was_added .dropw.se. The
Foact | on wilOEEA FRARRRIHRS bRy Malihr e HShEn WS Beebe i wRAIEMRE S, Tt he
reacti on vgssek: was heat ed further and maintained at a tenperature range of
60 - 70C under 5 nitrogen for between 36 and 42 hours (optimally 40 hours).

Foll owi ng the reaction at 60 - he solution | ure, was reduce
rotary '&vapor ati-on uhEPe “?att“’ﬁ\)éfgs {;rrgg{)lgysmm 1 party éli"’ggﬁt,’m Pe paot e&‘hﬁﬁm nt
net hanol was RAFERS Puftd e PuUprepdted 4 Rscibdd P TYURN3 02EH) twith Db 3 parts 3

wt % alginate (v/v) in a scintillation vial and vortexing at slow speed. 3 mL of the

resulting protein-alginate mixture was placed in a syringe and infused at a rate of 10
mL/hr into 200 ml of 1 M CaCl, on a Roto mix, thereby forming beads of about 0.4 to 1.5

20 mm in diameter. The beads were mixed in CaCl; solution on the Roto mix for 15- 60
minutes. (The nature of the divalent cation used gives slightly different properties to the
resultant core. For example, calcium cured beads produced greater change in fluorescence
(I/I, = 2.5 +/- 0.17) than barium cured beads (I/I, = 1.9 +/- 0.29)).

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

lysine coated beads were dried on an absorbent towel for 15 to 30 minutes.

3. The outer layer was formed by adding an additional 3 parts of buffer (v/v) to
the GMSC solution (as prepared in the preceding example), then adding alginate/poly-L-
lysine beads for about 12 minutes. The mixture was mixed slowly for 15 seconds, then

30 the beads were poured onto an absorbent towel and dried for 15 to 30 minutes. The

beads were stored in scintillation vials moistened with PBS (about 100uL).
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GVBC sol ution was stable and provides consistent results for several nonths
when stored at freezer tenperature. Wien the GVSC sol ution was to ag M&gg@
nmet hanol was renoved by io rotary evaporation, and distilled water lé Zj
inall gy ight to the GvWSC reagent. B: Wt ed Bi ndi ng
Protein 100650]4/&¥r?3llet i coated or nultilayer matrix of %eﬁﬁsnz\'l?g‘tr/\({l?%% was
prepared in the followng manner: 15 1. A core matrix was fornmed by m xi ng
1 part dybExqmpieRe&Effsctafithgonterlaperon préteinlksdhingdB@nithé malticopted or 4, pr epar ed
as descrl,P{j)gQ PG US03/00203) with 2 to 4 parts 3 w %alginate (v/v) in
a scintil n vial™ and vortexing at slow speed. 3 nmL of the resulting
protein-alginate m xture was placed in a syringe and infused at a rate of 10
m_/ hr i nt[©066)(Mnudticodtediorvhtilayer roatricesReroprapazed ashie Eatrypled BaDng ghameafs of about

0.4 to 1.5 Omﬂlndl soI tlononthe
Roto m x l?ea hikshy pgbm aﬁggﬁp&on %lWl e%nur S t}wﬁégghvﬁ?%cﬁf%%ﬁ’fllos Used gi ves
sl i ghts y ldbélécpretein mroﬁegfatm eleehms \t'ibEbalcma&!dltcb b 20cavichasddwn thxdygpl e, cal ci um
cured bea rod rea ch fl uorescen NONA .5 +/- 0.17)
t han barlg’ﬁ?‘g ti%!fe‘a&wfti‘/tﬁ; “9 q-rFs ‘3‘6995‘?"0@”‘& a&sa‘f"ﬁ £ ftayer was

formed byvaioaciing idioalbefdsck ﬁﬂebaﬂpmauqnotaoﬁm tHIffe’P Was ?e'i_’nd%d mi é’re!xhﬁ%’s' ne
0.01 %W/ v in water, approximatel ;3/ hour, then t ysi ne

coat ed betala@nwéheeﬂwrr@éproﬂwdﬂw Bembit e statgishadat 09530 dhareads 3 The
outer | ays% %m[erﬂa&jenp&ﬁ @ﬂggﬁl an ﬂltﬂhﬁgg'otfkcﬁ%%l 1s§ufﬂ%fe§1 to) ro{lﬁé ﬁé%{)l\é) to

the GVBC solutlo as prepare e’ prece exanp
al gi na e/lpmdh;,ngijevellsycsfthmpxbmds for about 12 m nut es. The m xture was mxed

slowy for 15 seconds, then 30 the beads were poured onto an absorbent towel

e e T S A

PCT/ US2004/ 012359 Exanple 2: Effect of the outer |ayer on protein | eaching
from t he [9067)i Mulsiceatecoor muttilayerd matecesvere prepdréD&6h Evahpledasingd varietpof t i | ayer

t Ex t i
ot 11 dRArges Koo Sgtaiing BB Thf resp R AReRdh B PR Sreaye. 5
| abel ed p&@b&idio hdueORsolitRds @fmbﬁﬂmlﬂgaea)w mle%hﬁfiwaghblevmesmm&ad on

t he dye absorbance. The vials with the bea on_a vortex.
Readi hYs 1(8r 87V xibe Righfmolecular weight PVA (>20k mw) (1 to 10% w/v) (c) Nafion® (0.1 to

5.0 % v/v); and (d) SbQ-PVA (1 to 50% v/v). The I/, ratio was measured as described above.

Figure 3 shows the effects of different polymers used as a second layer on a core matrix
comprised of NBD-GGBP entrapped in alginate. The I/Io response for glucose is shown for
NBD-GGBP in solution, entrapped in alginate, and with the second layers. The results,

20  shown in Figure 3, demonstrate a variety of polymers are effective as the containment layer.
Example 4: Multicoated or Multilayer Matrix witha Mixed Core

[0068] An exemplary mixed core multicoated or multilayer matrix according to the invention
may be prepared by mixing 2 parts binding protein solution (15 uM in buffer) to 2 to 4 parts 3
wt % alginate and 1 to 2 parts of a light curable polymer (SbQ-PVA, 13.3 wt% in water) plus
25  an additional step where the mixed matrix is exposed to a light source emitting between 500
and 600 nm and processing as in steps 2-3 of Example 1A or 1B. The mixed matrix can be
formed with various light or UV curable materials such as SbQ-PVA and HEMA. This
mixing of photocurable polymers provides tailoring of the structure of the core. For example,
the crosslink density of the core can be varied by adjusting the ratio of the components used,

30 light intensity, and exposure time to alter the core’s rigidity.
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various tinme intervals. At each tinme point an aliquot of the buffer was
renoved and a reading taken in the fluorineter. The | ower detection _}ei méﬁﬂ
was established at 0.05 uM The results shown in Figure 2 denonst r at e MARk A7
athinla -gel is sufficient to provide undet | eachi ng

| evel s of xf(%é&%?%?ti n. Exanple 3: Effect of various poﬁ§@$40§%%%%gitions on
matri x performance [0067] Miulticoated or nmultilayer matrices were prepared
as i n ExaBypimplé Sudntagpenenaring Nenairk Goed Midricoated of Mudtilaper Mamixai nnent | ayer
2. The resultant products from Exanple 1 were exposed to aqueous sol utions

of the fo i NQ; 9 ' < . 0% W v) ;
(b) hi gh !r(r’tk)’@glc‘g‘]u’? g‘rté’%f‘ég‘ﬁatwng@%ﬁg’?’% e W@aﬁﬁfé’%%%‘xf’%i@%%%( r) (\6? 1
to 5.0 9%oalymgr, tocdid 4 mhyts SHE 2l BiAte( dhdtpooceingdsun stefs 3 bf Exanipie 1 df was nmeasur ed
oS oot ohee Ayt e b ol PP TP el RS R
al gi naj e. thd b&eohd pélymesePr§ScdlBTholt the Senirs obthe Wigiraed. It WHhitaBRe the sol uti on,

entrapped in alginate, and with the second | ayers. The results, 20 shown in
Fi gure 3,3"%1!1‘1&13@"&1!)@%61/% wilhproyide,or glimingtier f resistance ta/keaghing: he cont ai nment
layer. Exanple 4: Milticoated or Miltilayer Matrix with a Mxed Core [0068]
AN exenpl Biample $€ Use Of mulfitohie QP mehilRer Mblntix kP EdsuFBSllkose Rhc@hilfih O The

i nvention nay be prepared by mxing 2 parts binding protein solution (15 uM
i n buf f erblogdbargd segum parts 3 w %alginate and 1 to 2 parts of a |ight
curabl e polyner (SbQ PVA, 13.3 wt% in water) plus 25 an additional step
wher et heyogygaeuiiRbdtbd‘or MulfiIg etk Bedls v & ©Rowitigithd fereen 500

and 600 r[| mgﬁtﬁuproces%i nlglg i;ag in ste(f)sSZ-e%Jﬁi_%)r Exarrp?e ngﬁoé}gi%% eThe m xed
mat ri X0 cadeserebed fimExanaplol 1 usingonepar bindijigtpraseinigolution tood partsedt wi%h alginateforh as

ShQ PVA and HE Thi s 1 X1 0 phot ocur.abl e | yvirer rovj des .tail oring
of xhe scPaeRErorb e Besf sl BO R BrH R el ET o L CFES 62 Che
core can pets\(@n) eBSiyHad) s formghé Hieer'lafer. 0Thd bihdigg prongin Blatich doasisted 30 | i ght
intensity, and expgsure_ii to alter the core' s rigidity. . 20 1 4 MAR 2007
VO 2004/ 0PIORMBEYY 2085 eﬁ‘%ﬁgﬁ’z@s@t i rEs of ﬁ%\mﬂfgﬁﬂﬁ éﬂﬁlﬁg PREHIST K Cor e
Mul t1 coat gcigie fdlpiidob Wid thRéoktér %Qﬁﬁ@ﬂor&@ed i r&poRRAE khudddebehdigg Wor k core
matrix may be prepared by m Xi ng parts of a polyner, to 2 to 4 parts 3%
al gi nate, and [Eroces_si ng as_in steps 2-3 of Exanple 1, if necessary
depend nglO8ALl Aerdying the beadseghontt beadp wersgined WitHPEmave 1 3R0 tothg bettam oh os si bl e
for 5 the MR g al gi nate.
T w11 ey e P Blopl RS gB ARG ARSI Gl i Bl O

el i m nat | emdiions.e4 iGytahluer seves 4Mcthionggcent plate reader was used for the assay. The

excitation filter was 485/20 nm and the emission filter was 530/20 nm. To the wells were

added 100 pl of rabbit blood or serum, and fluorescence was read using the plate reader. The
20 original samples contained a base concentration of glucose and other glucose levels were
obtained by adding concentrated glucose solutions in PBS. The concentrations of glucose
were also determined with a YSI analyzer for comparison. The results, shown in Figure 4,
demonstrate that the multicoated beads are stable and maintain the binding protein’s response
proportional to the concentration of glucose. This response is robust even in the presence of

25  complex biofluids such as blood and serum.

Example 7: Selective Attachment Of Binding Protein Through An N-Terminal Serine Or

Threonine To Matrix.

[0072] A solution of the A1S/E149C/A213R/L238C-Hiss mutant of GGBP is prepared in
either PBS (pH 7.2) or 0.1 M NH4;HCO; (pH 8.3) with a 50-fold excess of methionine (as a

30  scavenger). A 10-fold molar excess of sodium periodate in water is added and the solution is
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Exanple 6: Use of nulticoated or nultilayer matrix to nmeasure gl ucose
concentration in blood and serum [0070] Multicoated or nultilayer Rr%tri Z&p
beads were prepared followi ng the procedure 10 described in Exanple ‘,MAB WQ
one part QiLndi otein solution to 4 parts 3 W% al g4 he core,
0.01 m%‘?gpg‘i“@-g?’% ne solution to formthe second la?gﬁ?ﬁsg%o‘éﬁézgsg part
sol-gel to 2 parts (wWv) PBS (pH 7.4) to formthe outer layer. The binding
pr ot ei n So¢ubkied in thedaiksbelD min. Bppeasiiomitqabnch2d by hddifionGifskhyleabglycoll3 uM) i n

i fer. Thi i ndi Lo ific f | , dth
roport er G180 ptes e odidp SHEL B A mIBEbrharHEhe BHEES Ty A e
dryi ng t haclmgetbwitRDaWN s6dib@adetateeple 4@ eittibr by dialyisar by hadivgtthrobftea bot t om of

each wel | a UV transparent black 96 well plate and allowed to cure under
anbi ent I‘é’%‘éi"@l% The regieiy splufigp lssaéa?defe aqurebwégre‘éh&-f?}ﬂ Holarexessdr was

used fOr dohRimaSaNydraZife, hfdreiaddr alindoxY eRdupWascifeaétd With i xal'6¥ thdT SSi on
filter was 530/ 20 nm_ To the wells were added 100 | of rabbit blood or
serum aridoteiny dhe seastieseis aewedadressedhiyr 4 174 hovestand thequeduct mFiparified by i gi nal
sanpl es i p: . | evel s
B S R S S e e S
concent r afan besedofedghiticNsBH ;O terdhne sthbildy of thedinkért h a YSI anal yzer for
conparison. The results, shown in Figure 4, denonstrate that the

nmul ti coatgd beagds,ar | nd,fad Nt ai he binding.prgtei.n' .esponse
proport i o%aﬁm’? eog't ’H‘é“?%”ﬁ@?’(‘?‘é’?‘?"o?f@f‘ ﬂ@?eu%geé'.' es%’g B f@%ﬁ%ﬁrsoze'f' g} ;6%‘2? even
in the praaskiege of 25 conpl ex biofluids such as blood and serum Exanple 7:
Sel ective Attachnent OF Binding Protein Through An NTerm nal Serine O
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d
2007 WD Wwasgasreug iy PBPdpfienin agnisrogaunfige tube (Hate ls me/mbdangd-X Mol 10 i n.
o (Asia S PR
The r eaCtéqQﬂalgﬁts%ﬁﬁfh%P'cﬁ{esz_ Otfxla%te% whi I&éle&”&igﬂaaégﬂ%%fgﬁ %@?Q%&\{t% mol ar

excess) or sodiumsul fite nol ar excess
excharfgedhekdlbtich wasMiwdel] into taodumhes tubpstosvldsh gucdse (firmy coticamtyatios 8GmM)y

passi ng t hrough - 5 I . T I in.solution is,added, t pol yrer
ot 11 oot ole o RuliEy sl RiiinkbRlohde B RGeha ot o
am nooxy JWrmindteslligaid hskihg stép)l IThe Afal gbyenratiodfofighRosepiBichoden tol uriteact i on
is allowed to &r oFeed f,o({, 1-24 hours _and the l:pr duct i s purified by

most of the glucose binding sites in the GGBP mutant. For the dye labeling, IANBD was

added as a 0.5 mg/mL solution, in DMSO (ten equivalents of IANBD per cysteine) to each

20  tube and all solutions were mixed for an hour in the dark. The dye-labeled protein was then

separated from free dye by elution from a NAP-5 size exclusion column eluting with PBS

buffer. The dye:protein ratio was determined by comparison of absorbance spectra of the

eluted protein fractions. Results of the ligand masking experiment labeling seveal GGBP

mutant proteins with glucose (+) and without glucose (-) are shown in Table 1.
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nt Fi nal +

Dye: - Protelr
ucose E149C 16 0.3 0. 3 E149C/ A213R/ L238S 107

[0074] As

effitleh&) BMRYpredindd V@, seRBNCE VS.
mut ant’s havi ng

e A213C and

L238C nut(g‘tg?qggsg: ispsgatest for the GGBP mutants having the A213C and L238C mutations. This

5

indicates these cysteines can be rendered less accessible for reaction by the ligand masking

strategy. By comparison, the accessibility of the E149C site to reaction with dye does not

appear to be significantly changed by the presence of the ligand glucose As the dye:protein

ratio is the same (0.3) with or without glucose present.

[0075] Additional GGBP mutants with at least two cysteines were successfully labeled with

10

glucose occurred at the E149C location on mutants E149C/A213C/L238C and
E149C/A213C. The results, summarized in Table 2, demonstrate directed labeling of the

mutant binding protein by the instant method.

Table 2. Ligand masking of GGBP with more than one cysteine mutation.

NBD. . Based on the results from Table 1 it is likely most dye-labeleing in the presence of

Dye: Protein Ratio

GGBP mutant

Final
concentration

_glucose(mM)

4+
glucose

glucose

E149C/A213C/L238C

87

2.8 2

E149C/A213C

87

2.1 1.3

15

[0076] Selective attachment of protein through remaining free cysteine to CMC is described

here. Residual glucose is removed from the masked-labeled protein prepared by Example 8
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5 indicates these cysteines can be rendered | ess accessible for reaction by
the ligand nmasking strategy. By conparison, the accessibility of tqe E&@%@
site to reaction with dye does not appear to be significantly change%

the preseRaepinde |igand gl ucose As the dye: protein pephifoddizdshe sanme
(0.3) with or without glucose present. 10075] Additional GEBP nutants with

at least two cysteines were successfully labeled with 10 NBD. . Based on
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Ratio . éféf—s; fOAFIE ISieRA pted USIng 2 SR & i on gl ucose glucose gl ucose(mv
E149C/ A213C/ L238C 87 2.8 2 E149C/ A213C 87 2.1 1.3 15 [0076] Sel ective
at t achsrenf00%T] Tireahiol-peactiveoOMIC hyelnopiehis pecphred @s fojlotvel Bqudl @okuMes bf10dankdr i bed

here. Resjduyal C i.s _remved, fr sked- | abel ed, protei n prepared
e Skt SRR Rt S ek M BB R Beh S B
exhaust i v&lidlodd [CME) fof @5 nfisttéLat rdtin fepipRiaRire O(Finks b&ticBftrdtdnlis €81C, @31 eact ,
prior to the immobilization, the dialyzed proteinis treated with

i mobi | | Z8&/ML;i28mM NS 1204 yaVIED Gh ddperacted [ELMy AHSCIs rameved with@a@®P-feagent (on

beads, Pi ) R I R ol ] SLNG:.A Spin
col um. Sy T Alnellctied CRRCRERS BRfhEl PcliZoi SPERICH Sk SR
Equal 10/0l 2+(@pyrolinyldithipdhdthaxkignian (PIIES) foil EDihuiesat camb temperaturé B0BDT/ NHS ni x i s
conbi ned wi.t ydret hyl I e f.0 . nut es, at..LQom

Fenper at Ui VAR SERE A + 2BF s PPEAR PR R0 AT BB hRISRE SR i o).
Unr eact edUfnbdtddIDES iy effiovedlusig 41NAPNAISIimn. CTHisI fadthef diltédethe PDEAL | ng t he
activated Cl\/C({jo 6.5 ng/pl.. Activated CMC is conbined with |0

2- (2- pyr i ¥HM3P pMﬁ(?)z-’é eam ne (PDEA) for 15 minutes at roomtenperature
(300 uL activated CMC, 6.5 ng/nL + 200 uL PDEA (18 ng/nmL in 0.1M sodi um

borate, pPldof8]PDEA-activated CMC is added to between 0.05 and 1.5 mg/mL solution of labeled
15  protein and mixed 2.5 hours, at room temperature. Cysteine (100uL of 50 mM cysteine in

0.1M sodium formate, pH 4.3, 1M NaCl), is added to each tube, and mixed for 15 minutes at

room temperature to quench the reaction. Unreacted cysteine is removed by NAP-5 column

to give the CMC-protein conjugate.

Example 9: Random Covalent Attachment Of Binding Protein To Carboxymethyl
20  Cellulose

[0079] The following hydrogel material was used for the covalent coupling of binding
protein: sodium carboxymethyl cellulose (NaCMC) containing 0.7 moles COOH per mole
cellulose (mw about 90,000 Sigma-Aldrich, St. Louis, MO).

[0080] Covalent attachment was performed by activating carboxymethyl groups on the

25  hydrogel polymer (CMC) with a mixture of N-hydroxysuccinimide (NHS) and N-ethyl-N'-
(dimethylaminopropyl) carbodiimide (EDC). This forms an intermediate that is reactive to
amines. NHS (100 mM) and EDC (400 mM) in water were mixed in a 1:1 vol:vol ratio. An
equal volume of hydrogel polymer (25 mg/mL CMC in H,0) and the EDC/NHS mixture
were combined, and incubated at room temperature for 15 to 30 minutes. The unreacted

30 EDC and NHS were removed from the hydrogel polymer by eluting the polymer from a
NAP-5 column. Varying amounts of activated hydrogel polymer were combined with the
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Unreacted PDEA is renoved using a NAP-5 columm. This further dilutes the
PDEA- activated CMC to 2 ng/nlL. [00781 PDEA-activated CMC i s added t1o 2007
between 0.05 and 1.5 ng/nL solution of |abeled 15 protein and m xed &"%R

hour s, erature. Cysteine (I OAL of 50 mMc o 1|\/|
sodi um fo‘&&w%ﬁ 4.3, IMNaCl), is added to each tubiééb%zg&/dlg3 15

mnutes at roomtenperature to quench the reaction. Unreacted cystel ne S
renoved bﬂudkwéerﬁlyelabe]emGGiB(P (1 this exhrapleMbe NBM- ARtBCCbeL} 8IQGGBP-Eisé mpdtent):
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hydrogel $0$ydeionyestal therost efith WF)fdﬁethsat%hédmﬁWgel MR 4 IR 7 7
PCT/ US2004/ 012359 fl uorescently-labeled GEBP (in this exarrpl e, the

NBD- A213ChY the dBI=EARA-LCVE saijuggtemisrating and sneas et anpapseinghongiserlarand
proteln tAT e

Feact i on Gagqrdele b7 padhd 3PN RG] Moo Bne hilknela i aaRP

fol | owed migratedwithhn eppaetnh sroddcalar weigbtybekivuthleckvwdst mw rarkie 9B kBa) uAtivity

M cr of uge nol ecul ar i ght cut 100kDa re used to
concentr a?tfd“f ﬁgb&égwf(?[gfa ges #%WW&%P\YA'@B VIers, mtﬁﬂs‘&l{g%atsﬁrgﬁlglém?gben of

sol ut i9pn NBD-GEBRICMA ihyhe preésehceDhigh cfoh&dn&ﬁtxori d10dosa(200n M) anthiattheishade pr ot ei n
remai ned. The concentrated NBD GGB soé%@ sol ution exam ned usi ng

wa
protei n g¥figaoskt Feni90a grepaigtions (S0 2oy s ptipghed (03M Tris,
0. 09M borygpegGEP sbn%w&m}éasuwd bRfofe and' RPN AddubA 6F glffost (FigBEGyM th 0. 1%
10 SDS) denonstr at ed that nost of the protein was attached to the hydr ogel
matri x asTheNBPA3G@RBP and NBD-GGBP- CMC materials were also titrated against varying amounts
of glucose. Using 110 nM NBD-GGBP or NBD-GGBP-CMC in PBS buffer, aliquots of
20 varying glucose concentration were added to maintain a final protein concentration of 100
nM. The resultant equilibrium dissociation constants (Figure 7) for the hydrogel polymer-
linked protein and solution phase protein versus glucose were similar (10 mM and 14 mM
_respectively). The data demonstrates the NBD-GGBP-CMC complex retained the requisite
ligand-induced conformational property and provided a strong signal in the presence of

25 glucose compared to the absence of glucose clearly demonstrating the utility of the complex

as a viable biosensor.

Example 10: Covalent Random Attachment Of Glucose Binding Protein To Alginate Core
Matrix.

[0081] Crosslinked alginate-based scaffolds were prepared by covalently crosslinking

30 Pronova™ UP LVG (low viscosity, high guluronic to mannuronic ratio) alginate (FMC
Biopolymers) through the carboxyls with adipic acid dihydrazide (AAD) via carbodiimide
chemistry. For 2% alginate hydrogels and scaffolds, 1 gram of alginate was dissolved in 50
mL 0.1 M MES buffer (pH 6.0), to which 110 mg of AAD and 79 mg of
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by the NBD- GEGBP- CMC conjugate migrating as a snmear with an apparent high
nol ecul ar wei ght (between the 97 kDa and 390 kDa markers). A controg mﬂel
wi th unconjugated GGBP mnmigrated with an apparent nol ecul ar weight b Il’ tpﬂg

| owest nw \BhlRfed97Y kDa). Activity of the NBD- GGBP- CMerhRSeod6i.8%m ned by
fluorescence intensity measurenent of the 15 NBD-GEBP-CMC i n the presence of

hi gh concentration glucose (20 mM) and in the absence of glucose. Thus, 100
nM pr epar hydroxidendotridzoleNBOREYREre@Msd. dhewelutiomwassiened ath¥eiunt \BEEdCHoRhe

control S U, ef . 5L P00 Figure 6).
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The data a%ﬁ%ﬂsletroaf%§%pmdmmt1@eepred<ﬂsh ngivelydn Walsetp remeve wifs ard any

i gand- i neug@pls @ﬁlﬁ@m&%w&%m.@%&&%&g&gp rrﬁa/hg&sﬁ%a divke B gﬂc §al N the
presence of 25 glucose conpared to the absénce of glfucose clearly
denonst r applypropylene surfate, yrogén evemight apt29¢ C and Iyophilizsiddo bieats dhresapen p&ieanpl e 10:

Coval ent a t d e, Bi ndi r ot ei 0 Al gj,nat re
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coval aot | yndeonssidedrakhéugeticaDmbtimom\od 38l vdid] bYCOOH v ailable dsirhodifidakiginbgul ur oni ¢
to mannur%g)i c.ratio) alginate (FMC Biopolyners) through the carboxyls with
adi pi ¢ aci Wﬁgdrazi de (AAD) via carbodiimde chemstry. For 2% al gi nate
hydrogel s and scaffolds, 1 gramof alginate was dissolved in 50 nL 0.1 M

MES buf f e[008pHC6vAldnt afta@hitdehtCdT binkhgfotein t6\8bvatdntly EEbssTinked algmatthyioRels007 WO
2004/ 099777, PCTI US2004/.012359 hydroxybenzotri azole (HOBt) were added. The

sol uti on fRfklyephilizsd sgatfoldsowerg peiformed @s follgWghe  al gi nate sol ution 145 ng of
EDC (per 10 nL solution) was added using a dual-syringe mxing technique,

and the m xed satabdxgn &Pt alRfialeR e dddprapared afdR§S witecBvatdd with £ MM
spacers and allowed to gel for 3 hrs. For the 3% al gi nate hydrogel s and

scaf f db ds mixthee of NyhiednexyspecinigideANHS) ped3N-ethyd Ner mg ey tanyieepsopyl)l t i pl i ed by
1.5X. A5 i B ' t were

washed ext %ﬁ%@\?@ﬁ?fén vvap g%@f%y#%%éeﬁggﬁwslggﬁg% gklﬁggmelg{é@g?\[s 36-48 hr,
agi t at ed El49C/A263RVAL28S-ohdiBIRE)49CTARI IR GORT] asdoldwes: wer e pl aced on a

A. Method 1: A solution of labeled GGBP in PBS buffer [NBD-
E149C/A213R/L238S GGBP] (53 uM, 100 ulL) was incubated with the
20 . lyophilized scaffold for 30 min, followed by removal of about 60 uL of the protein
solution. The scaffolds were infused with 40 uL of EDC/NHS (200 mM/50 mM)

or PBS (no EDC negative control) and incubated for 60 min.

B. Method 2: A solution of EDC/NHS (200 mM/50 mM, 100 uL) was infused into
the lyophilized scaffold, and incubated for 15 minutes followed by removal of
25 about 60 uL of the solution followed by the infusion of 40 uL of labeled GGBP
(53 uM) and incubated for 60 minutes.

[0083] After incubation, the scaffolds of Method 1 or 2 were washed (1x at 1h, 1x at 64h) in
approximately 10 mL PBS. The fluorescence of the scaffolds in the presence and absence of
glucose was measured with a Cytofluor instrument (as described in Example 6), showing an

30  increase in fluorescence with glucose. The following table demonstrates the GGBP protein
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pol ypropyl ene surface, frozen overnight at -20 C and lyophilized to create
the open pore structure of the scaffold. Dry weight of each disk vva,‘rs]
approximately 1ng for 2% scaffolds 10 and contai ned a theoretical m h MARLSGT

3.8 unol %—4 ail able for nodification by EDC N val ent
attachrrentg‘t% [ r%?il’ng protein to covalently crossli nkﬁgpgzl%ﬁé@égﬁydr ogel s
and | yophilized scaffolds were perfornmed as follows: 1. Carboxyl groups on
t he al gi naivelesttyadtfached tp tiepdginate scaffakis peovides e flaotesacatemtspuinkértoavarylflg m xt ur e of
N- hydr oxys1ucci ni m Ol'fe (NHS) and N-et hyl-N - (di net hyl am nopropyl )
car bodi i n¥ 82°F EEY™ 8P owed by attachnent of |abel ed GGBP protein mutants
[ (NBD- E149C/ A213R/ L238S- or NBD- E149C/ A213R-GGBP)] as follows: A Mthod 1:
A sol ut i oFabid 3.|FhneéseehcEtBponse oPBEBDE 148€C/ANBRYL 2888 BUBY biindt@R8FolddP] (53
uM 100 u%é was i ncubated with the 20 | yophilized scaffold for 30 mn,
fol | oned $Y°PEnoval of about 60 uL of the protein solution. The scaffolds
were infused with 40 uL of EDCINHS (200 MM 50 mM or PBS (no EDC negative
control) and incubated for 60 FubreséncdRedpafise2: A sol utign of EDCI NHS (200
mM 50 mM 100 uL) was infused into the |yophilized scaffiold, and incubated
for 15 minutes fol | owed by ref@tRifragyuniss” ahout 60 uL of |t he sol ution
fol l owed by the infus/QE.@§1a%0 HVPGIdREET [€T3( Glacse UM and i ncubated for
60 m nutes. [00831 Aft I ation, the gcaffolds of Metthod 1 or 2 were
washed (I x at |h, |x pBlaBkh) (in approxid4igtely 10 nL PB%| The fl uorescence
of the scaffolds in tpg—presenrce—and—absgrnce—of—oal He0g5| Was measured with a
Cytof l uor instrunent gyﬂ escribed in Exdnple 6), show ZQ an 30 increase in
fluorescence with gl utpetodbhe foll owm mgetiabl e denonsgipetes the GGBP protein
26 1 4 MAR 2007 WO 20041099777 PCTL1US20041012359 coval prLtly attached to t he
al gi nate scaffol ds prpMethod 25 f1 uor esc¥f¥ response t¥%arying gl ucose
concentration. Table B eﬁFﬂqrescence rl%r)@ mse-of [ BfyEd39C A213R/L238S

gls 0 ug

GEBP] al gi nate scaffo gl ucose. rescence Response (arbitrary
units) Scaffold 0 mV (Medrdd 30 MM G uesis 10200

No EDC 102 119

No EDC 95 109

[0084] No EDC means that the protein was added, but no covalent chemistry was performed.
Samples were stored in PBS for 72 hours before use. Results are shown for duplicate

experiments.
Experiment 11: Hydrogel Experiments

10 [0085]) Labeled GGBP (0.85 mg/mL in PBS, 50 uL each hydrogel disk) was incubated with
the 2% or 3% covalently cross-linked alginate hydrogels for 90 minutes. The hydrogel disks
were infused with solutions of EDC/NHS (200 mM/50 mM, 50 uL) and incubated for 2
hours. Other hydrogels were infused with 50 uLL water as a negative control. The reaction
was quenched with 10uL of 1M ethanolamine, pH 8.5 (Biacore AB) for 15 minutes. After

15  incubation and quenching, the scaffolds were washed in approximately 1 mL PBS each for 1
hour. The fluorescence of the scaffolds in the presence and absence of saturating amounts of
glucose was measured, and the data showed fluorescence activity with respect to glucose

concentration (see Table 4).
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Bl ank 41 52 Blank 42 42 Method 2 3176 6300 Method 2 2660 4500 Method 1
5479 10500 Method 1 4462 10200 No EDC 102 119 No EDC 95 109 5 [Q%ﬁARm
EDC neans that the protein was added, but no coval ent chem stry was

per f or med were stored in PBS for 72 hours b sults are
shown forwd)uzgﬁ‘{@g experinments. Experinent 11: Wdr%ﬁ@%@?%sﬁnts e}

[ 0085] Labeled GEBP (0.85 ng/nL in PBS, 50 uL each hydrogel disk) was

i ncubat ed Table . Flueeesoence response off ANBRHE A€/ AZISR| GaBBalgingterwimgtly tir ogel s f or
90 m nut eg Jde hydrogel disks were infused with solutions of EDC/ NHS (200
mv 50 nv %‘8 ulL) and incubated for 2 hours. Qher hydrogels were infused
with 50 uL water_as a negative control., The reaction was quenched with |
QuL of 1M et hanol ami ne,| pH 8.5 (Bi acor e| ABFliaresceBeerSignales. | Aft er 15

i ncubation and géigiante)pttachmentehemistay were vwashed in appr pklomtely 1 ni
PBS each for 1 |hour. The fluorescence pf laﬁlégrgglé&]s%lr GR° ?‘ﬁ {he presence and

absence of saturating gnounts of gl uCOpPNo\WhRcoSERPMBHMglueyie |t he| dat a showed
fluorescence activity wWith respect to Ucose _concentration (see Table 4).

27 14 MAR 2007 | Nb 2004 ESSYNHS, movalesth004/ 0122%%0 Tabl e 4122 B8 escence

response of [NBE,EIASCTIAZI IR CGBP at gifrate Nygypgers t ozggi uLpse.

Fl uorescence Signal, Alginate Attachment chemskry U o ckqgr pund
subtracted No g|B8%ose 4&BIN/NHSEc@orald¥) EDC/ NHS3Sq coval entlR7@93.9122 3.8 2%
None 63 236 3.8 -

3% None 66 318 | 4.8

[0086] Thus, while incubation of the protein and the hydrogel without EDC/NHS seems to
5  cause some physical entrapment of the protein, covalent attachment with EDC/NHS

significantly increases the amount of protein that is retained.

Example 12: Covalent Random Attachment Of Binding Protein To Hydrogels That Are
Covalently Linked To Amine-Coated Surfaces.

10 [0087] All incubations were at room temperature. Poly-L-lysine (PLL, 19.6 mg/mL in H,O,
50 uL) was incubated (2 hrs) in 96-well plates (BD Falcon, tissue culture treated), to create an
amine-coated surface. The PLL-coated wells were washed with 200 uL H;0, three times, to
remove unattached PLL. The hydrogel (alginate) was combined with an EDC/NHS mixture
as follows, to create a hydrogel that is reactive with amines. The EDC/NHS was prepared by

15 combining 31 mg EDC, 21.5 uL 0.1M MES (pH 6.5), and 7 uL of NHS (0.6 g/mL in H20).
Alginate (0.23 mL of 3% alginate in H;O, Pronova™ UP LVG (low viscosity, high guluronic
to mannuronic ratio, FMC Biopolymers) was combined with 35 uL of IM MES (pH 6.75)
and 12 uL of the EDC/NHS mixture above. An aliquot (~40 uL) of the EDC-activated
alginate was added to several wells and incubated for 15 minutes. At this point, the order of

20  reagents was varied, for different samples, as described in Table 5 below. These reagents
included the covalent crosslinker adipic acid dihydrazide (AAD, 10 uL, 200 mM in H;0), the
glucose binding protein NBD-GGBP (E149C/A213R/L238S mutant, 10 uL, 46 uM in PBS),
and an ionic crosslinker, CaCl, (3.5 uL, 100 mM in H20).
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[0089] The results of the above experiment demonstrate random covalent attachment of a

protein to a matrix that is covalently attached to an amine-containing surface. This data

indicates that binding protein, for example NBD-GGBP, can be covalently attached through

its surface lysines, to a hydrogel polymer that is covalently attached to an amine-containing

surface. The data showed fluorescence activity with respect to glucose concentration. The

complex of NBD-GGBP/hydrogel polymer/amine surface was cross-linked, covalently,

ionically, and/or both, to add structural stability to the matrix, increase concentration of

protein, and/or reduce or prevent leaching of the protein. The cross-linking of layers and the

covalent attachment of protein may be carried out sequentially or can be a simultaneous

reaction; the order of attachment, timing of such reactions, and combination of reagents can

affect the amount of protein immobilized, and the activity of the protein.
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Expert- Addition 1 Addition 2 Addition 3 Fluorescence Intensity meat (15 mn
(15 min. (75 mn (Background I11. incubation) incubation) incubation)
subtracted) - glucose + glucose #1 AAD NBD- GGBP CaCl 2 115 454 3.9 #b4 MAR2007

NBD- GGBP “}&%@g/g%é 4.3 #3 NBD- GGBP AAD CaCl2 178 45458?;@52_0@'% GGEBP AAD

160 424 2 12 AAD NBD- GGBP 87 421 4.8 #6 CaCl D 144 443
3.1 to [00891 The results of the above experinent denonstrate random

coval ent ﬁhﬁpt@uenmaaﬂoﬂAmm&ﬂotkblﬁnmmm Thraiigh AcotivalGendpky attached to
an an ne- (é,o ai |ntga£a %ace This data indicates that binding protein, for
exanpl e NBBY éol\’fgfeéfhtly attached through its surface |ysines,
to a hydrogel polyner that is covalently attached to an am ne-contai ning 15

surface. [0090HBiampidsummituhdtivasidmkenGeumGhdlidettot Wetnbt IRREEHIN-b@ylYLCOSE
concentration, The Iex of NBD- GGBP/ hydr ogel poI mer/ am ne surface was

cross-1i nﬁl@amlreléesaﬁl@ﬁ@ -peryloy %F&aa%upvmnaﬁbdﬁétﬁr%pﬂ ye@l@sleaﬂalysq PERPLARG |
st abi | 5tya&@ ahascrmyr Mmomzsz&%&l&ﬁeaﬁﬂﬁlaﬁtes@& ‘ﬁ&)emﬂf: eiaeﬁ gles laagdeor reduce

or prevent leac protein. The cross-| ers and the
coval ent Aﬂ&lcl"lﬁ@ﬁﬁ'l%(%@@ MV alphﬁwymlmqgaéuccwml@éqﬁmfﬂ)a yethylsne can be a
si mul t ane eactions,
and conbi gfg? Olé’go ‘?ééég toéi@c%gﬁﬁmﬂ@ﬂ'(}l 9]?42:‘1%%%%{%‘:{&; ro'isgi?lﬁi:tﬁmo i1ized,
and t he aadryloyitX S(Ef(ét(hxerqus}d)amlm)héi@ndlc dclM%Rcaﬁiﬁﬂdyl\A@erZ@Mh&m%& A-

T U200 258 SRR, BRI ST e, e el

bi f ungphi oBAImal AlaKER, SETUURS MO ude but are not |lim ted to N-acryl oyl
succi ni m des, al pha acryl oyI onega- sucm n| m dyI esters of polyethyl ene

gl ycol pro |on|c 5 acid, and acryl oyl - ﬁ hexanoj c acid succininidyl

esters. Apy eStheplogsmentienedgeagspivor F‘E@ hetgmbdungipal sregenit may byl

onega- s UCG&eB'aHEl ghélwiftdd Bl sE’JpeB‘P kneShsMb ﬁﬂz%ntuﬂa' Wh@ée rQEgEHis%HchﬁE lﬁme( pr oduct
nunber 012Z0F02, Shearwat er Corp., Huntsvil AL) and acryloyl-X SE

(6- ((acr yhwipey emthasyifex af Siereteingja the elmcmmnddwaé“s)teeﬁer {nsragn then bagerber  A-
polymerized with appropriate copolymers which react through the acryloyl functionality.
15 These two general reactions may be done in either order for random covalent immobilization

of a binding protein. Sequential and simultaneous reactions are contemplated.

[0092] Reaction of protein with succinimidyl group of NAS prior to co-polymerization. The
dye-labeled binding protein (1-10 mg/mL) is dissolved in 0.2-0.3 M carbonate buffer with 1
M NaCl (pH 9.3). NAS (5 mg/mL) is added and the solution is mixed for 60 minutes. The

20 reaction is quenched with ethanolamine or with tris buffer and the acryl-modified protein is
recovered by elution from a NAP-5 column. Characterization of the number of acrylate
groups per protein may be performed by isoelectric focusing gels as described by Shoemaker,
et al. (1987). The modified protein is then added as a 1-10 mg/mL solution to a
polymerization reaction with a suitable monomer such as hydroxyethyl methacrylate

25  (HEMA), an initiator such as N,N-dimethyl para-toluidine or azo-bisisobutyronitrile (AIBN),
and 1-5% of a crosslinking reagent such as trimetilol propane triacrylate or
tetraethyleneglycol diacrylate (TEGDA). Polymerization is carried out by exposure of the
mixture to light or heat, depending on the initiator, under anaerobic conditions for a sufficient

time to produce a hydrogel polymer with randomly attached binding protein.

30  [0093] Co-polymerization of NAS in hydrogel to provide a protein-reactive matrix. A similar
copolymerization step is performed as in the last step above but using NAS instead of the
acryl-modified binding protein. The NAS is typically added as approximately 1-5% of the
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20770, Mol ecul ar Probes, Eugene, OR), and N-acryl oyl succinim de (NAS,
product A8060, 10 Signma-Aldrich, St. Louis, MJ). [0091] Any of the

af orenenti oned reagents or equival ent heterobifunctional reagents ms'iy" MAR 2007
used and are within the scope of the instant invention. These reagents react

with Iysi R&28PAES on the surface of the protein via TGEVUOHN dyl (NHS)

ester and can then be co- polynerized with appropriate copol yners which

react thrigtaiohdiferastio/| Thi¢ probtisel b BP@bpdl Yolyhfer WMl $€activONESNSea! ThRact i ons may
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quenciied RERSTERR Abi R ot el s s o b Smer oy f e
protein is recovered by elution froma NAP-5 colum. Characterization of

t he nunbétefatnaeryl ate groups per protein may be perforned by isoelectric
focusing gels as descri bed by Shoemaker, et al. (1987). The nodified

protein i a Qrm/ .. 0 i - DOl !Egr' i reaction
with a su(?%egE%thg'ﬁ%ﬁeﬁosr@fc}%%s SEE%S o§<@°e4tﬁ%§lf‘8%é%’ﬁfé‘??tﬁq‘§l‘% %%%L, an

i nitiat orglgeed)to & akhine @imiauhyf prp@ing™ BiskenjdCkeen. 409G 7038440 sobut yronitril e
(AIBN), and 1-5%of a crosslinking reagent such as trinetilol propane

tiacrylatg or. tetraethyl enegl ycol. diacryl at TEGDA) I rization is
carried u‘HSl/’ ée’x%%%ﬂf’reﬁo "Woﬁi]iﬁuﬁ%w%bal‘?’gé?cog?ﬁhgaﬁ?d%ggﬁﬁﬁa on the

i ni ti @t orprowdfes] AaPderaflubrescent irtéribaRinfSreceptds pdbepr@iticed by taFeted lddehtlICE a
hydrogel polynmer with randomy attached bhinding protein. 30 [0093]

Co- pol yneit thepmipmtegriniiS Bug b 3inche 199 237 A8 4a protei n-reactive matrix. A
simlar copolynerization step is perfornmed as in the |ast step above but

usi ng NASGdoRéRAK Of. ahdStrolfqr &) “SdiitdcRd cohjgitida oWh@ﬁpéEﬁ'de %&epslw\s IS
typically added as approximately 1-5%of the 30 1 4 NMAR 2007 WO 2004/ 099777
PCTI US20(m¢pides 38d protaing vigperindate oxidatien of pd-amise aleqbels Appligatioadel pol ymer with

reactive 4 ; i hi j lLac i Yihki briumwith a sol ution
of the NS TRTPELAN-Kohal SBRET Mbod? (HeACEb) £ 138G P D o o
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4 MAR 2007 \3hAr thore @%%Bﬁ&?mhé%t 1aa}er e BsLded ﬁ@ﬁﬁé@ﬁtﬁfsmé&é l'ayer conposition

capabl e of entrappi ng, enbedding o encapsul ati ng a bi nding protein

conpri si ng: éneeiﬁréasebwﬂﬂcvﬁlwnmabheéfamaneimOf)I@Wreaq, ®@smic binding protein and a
matrix that physi®alid Bo@mpagbien cally entraps said binding protein said
matri x conprising a cross-I|inkable polynmer, and one or nore of : a

contai nnent |ayer that ensures the |nt egrity of said core, an outer |ayer

sel ectively pemmﬁ)&ll,eoftcgnam @ﬁ?}lyﬁgaa interest, or a layer that is
bi oconpati bl e. 2. m1l, conprisin a core capabl e of

physical |y ofor@ﬁ%q‘??'&élf%s‘&ﬂ'tyloéﬁﬁl“ﬁ@ %e"b“?ff‘i’dﬁgr?gb MR a contai nment | ayer

t hat ensures atcbﬁalhxﬂérﬁwyerttyateﬁsufeh&eﬁﬁﬁgﬁty oflfid cadd, MUt er I ayer selectively
perneable to an a matrix of claim?2, further

a i nt er es
conprising a®*M8y&r axeﬁﬁecf‘%elyb‘?egﬁ??ﬁlﬁécl‘?“ti‘l“@yteﬁf‘mﬂ‘f’ét matrix of claim1 wherein

said cross-1i nkabl e poI ymer is alginate or hyaluronate. 5. The matrix of
claim1i, er,e S nt nent | ayer ris ound selected from
t he group cor;?sjf ”il%éx ()If"?%?ﬁ'ﬁheffl%’?% mgﬁgalyé}q tfsg’éocﬂrgpal w and hi gh nol ecul ar
wei ght

4. The matrix of claim 1 wherein said cross-linkable polymer is alginate or hyaluronate.

5. The matrix of claim 1, wherein said containment layer comprises a compound selected
from the group consisting of poly-L-lysine, poly-D-lysine, low and high molecular weight
polyvinyl alcohols, SbQ-PVA, and Nafion®.

6. The matrix of claim 1 wherein said outer layer comprises a compound selected from
the group consisting of SbQ-PVA, HEMA, PVA, alginate and inorganic or organically modified

inorganic sol-gels.
7. The matrix of claim 2, further comprising a fourth layer surrounding said outer layer,
wherein said fourth layer comprises a compound selected from the group consisting of Nafion®,

polyethylene glycol (PEG), poly (2-hydroxyethyl methacrylate) (pHEMA), and alginate

8. The matrix of claim 1, wherein said binding protein is physically entrapped in said

core.
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pol yvi nyl al cohol s, SbQ PVA, and Nafion(r). 6. The matrix of claim1 wherein
said outer |ayer conprises a conpound selected from the group consi stl n
SbQ PVA, HEMA, PVA, alginate and inorganic or organically modified %4 MAF%ZUW
inorganic sol-gels. 7. The matrix of claim?2, further conprising a fourth

| ayer surrounding said outer |layer, wherein said fourth |ayer conprises a
conpound sel ected fromthe group consisting of Nafion(r), polyethylene
glycol (PEG, poly (2-hydroxyethyl nethacrylate) (pHEMA), and al ginate 8.
The matrix of claim1, wherein said binding protein is physically entrapped

in said core- 1Bymaiypfelandywhegpein %allfbb‘?Pé‘EgrRr%e‘st Oralsly poungdiiesaid ires ai d bi ndi ng

protein is covalently bound to said core. 10. The matrix of claiml wherein
sai d bi ndi ng tei.n. The matrix of claim 10,

rotein.is a.s ro

wherein sai d BBt D ABrER i En b S BBt ove or
mal t ose bi ndi ng prote| n. 12. The matrix of claim11, wherein said binding
protein addlt I ses reporter he jmatrix of claim
12, wherein sa g‘%F e%?ﬂ;'fg% 8?1811681 g % Cu F‘ﬂ%ég%aéu@n%?g fpf%fﬂ? &by oup. 14.
A net hodglmfoselfmlabtngpcﬁmm&sbbmdmgeﬂbtem mul tilayer conprising the steps of : (a)
formng a core, wherein said core conprises a binding protein and a matri x
that is capable of physically or chem cally entrapping said binding
prot ei n, wherl@i Thegeatix afedaim), wispeipsaidesdisg @oteis addiiieviabyotanppisds\ameporter( b)
contactlé;; the core with a first coating solution for a sufficient tine to

a

coat or the core; (c) isolating and drying the first coating on the
core to formthe contai nnent |ayer or coating; (d) contacting the

contai nment |gygg, 8@199?‘&&1&91 Whfheif} 56 eg)&‘? %Qd&b% &1unf? e‘éée!np& ﬁu‘&g@c&ﬁtm a

mul ti-coated three mensi ona structur [ so ating an rying the
second c&elri ng on the multi-coated three dinensional structure to obtain a
multicoated or nultilayered matrix. 15. A nethod for neasuring a

concentration of an analyte in a solution conprising the steps of:
14. A method of making a multicoated or multilayer comprising the steps of :

(a) forming a core, wherein said core comprises a binding protein and a matrix that is
capable of physically or chemically entrapping said binding protein, wherein said matrix
comprises a cross-linkable polymer;

(b) contacting the core with a first coating solution for a sufficient time to coat or layer
the core;

(c) isolating and drying the first coating on the core to form the containment layer or
coating;

(d) contacting the containment layer or coating with a second coating solution to form a
multi-coated three dimensional structure; and

(e) isolating and drying the second coating on the multi-coated three dimensional

structure to obtain a multicoated or multilayered matrix.

15. A method for measuring a concentration of an analyte in a solution comprising the
steps of :

(a) contacting the matrix of claim 12 with a solution;

(b) exposing the matrix to an energy source capable of producing a detectable signal
therefrom;

(c) measuring the detectable signal; and

(d) correlating the measure of the detectable signal with the concentration of analyste in

the solution.
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(a) contacting the matrix of claim12 with a solution; (b) exposing the
matri x to an energy source capable of producing a detectable signal ,
therefrom (c) neasuring the detectable signal; and (d) correl ating HAMAR 2007
measure of the detectable signal with the concentration of analyste in the
solution. 33 1 4 MAR 2007 16. The nethod of claim 15, wherein said analyte
is a sugar. 17. The nethod of claim 14 or 15, wherein the core of said

matri x conprises alginate or hyaluronate, the contai nment |ayer conprises
poly-L-lysine, and the outer |ayer conprises inorganic or organically

nodi fied inorganic sol-gel. 18. The nethod of claim 15, wherein the

det ect abl e sighdke hahoidsidinerd, epérsio did alalyye,is a @@at | nuousl y, or programmed.
19. A biosensor conprising: the multilayered or nulticoated matrix of claim
1 wherein said at | east one binding protein specific for an anal yte of

i nt erest enbeldd@m: mﬁlﬁdrofppeniwbr Enwaqsrsiult}&toeti df bad eiamix caingkrisas algiamsdruci ng

el enent ing. a |ose conpri the.sten © (@)
conbi ni nlafaf% qtljlpfe,d & contal {nerrlliaf% er ﬁ_?mgnsesda Sl&?oup a oCL’lte nea/e{ her%r{so With an

enbeddi ng?rgmqmwhmllyn@ddiedawtgaaxpmlr@ corrpound to form a core; (b)
contacting the core with a first coating solution for a sufficient tine to
coat or layer the core; (c) isolating and drying the first coating solution
to form a cont8aiTherewrthod @f elaim (16) wispeit det detegtablh signdnis aneasnesdt episadiesllywi t h a

second C&%{lﬁ‘-{ags%?“}%@ﬁmwr a sufficient time to coat or |ayer the

cont ai nnent I'sol ating and drying the second coating solution to
forma outer layer to obtain a biosensor. 34

19. A biosensor comprising:
the multilayered or multicoated matrix of claim 1 wherein said at least one binding protein
specific for an analyte of interest embedded, entrapped or encapsulated therein; and

a transducing element.

20. A method of making a biosensor comprising the steps of :

(a) combining a binding protein with a reporter group attached thereto with an
embedding, encapsulating or entrapping compound to form a core;

(b) contacting the core with a first coating solution for a sufficient time to coat or layer
the core;

(c) isolating and drying the first coating solution to form a containment layer;

(d) contacting the containment layer with a second coating solution for a sufficient time
to coat or layer the containment layer;

(e) isolating and drying the second coating solution to form a outer layer to obtain a

biosensor.
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