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WO 2004/ 099777 PCT/ US2004/ 012359 MUILTI COATED OR

MULTI LAYER ENTRAPVENT MATRI X FOR PROTEI N Bl OSENSOR
WGB2OKERAUND OF THE | NVENTION 5 Field of the |nprenusmns/o12359

[0001] The invention is directed to nulticoated or

mul tilayer matrices capable of entrappin hi ndi n
FENTRARYE

protein GLEIGOATEPHPRMILITLAYER N MATRIX

met hods of maki ng ar@®RERTENBOSENTIPRes. Backgr ound

I nformati on 10 [0002] Monitoring in vivo

concentrations of physiologically rel evant conpounds

tQ- 4 i r&a} treatnment of various
BA&?%ée}gge@l?\r? ngﬁgor eE?[\slﬁlytg\Ta desi rabl e goal and woul d

enhance the lives of many individuals. Advances in
FididoSthaleeensbow particul ar pronmise in the area of

facilitating adequate netabolic control in diabetics.

ntly, .nost,.di abetics. use the "finger .stick" .

(o] B brihis e So rlicratsder iy i fen Rl of entrapping
birfdHEPhrbRiEGpb&1iP F RingITRsiof inkerefilignd AetRBi o GAMSRE altY using such

frequent (several tifmes per day) sticks. As a
magngesequence, there have been efforts to devel op

non-invasive or mnimally invasive in vivo and nore

ffici in.vitro nmethods for frequent and/or
Bagkcﬁ{?'ilrh(ﬁlg%%mr?gﬂ?tori ng of bl ood gl ucose or other

gl ucose- containing biological fluids. [0003] Some of
[0002¢ Mantitoripg onvisd BendeRtritivas of physialogicallyi lipvam compounds to improve
.concentrations of 20 physiologically rel evant
diagpesibandiseatmens|of waions dissasesrang diopdeatis grdesigtle gpal gpd would

enlne HRMIVESSE mﬁﬁ}pﬂﬁk\ﬁd&fls. PR@VdndEd1d ¢RiR lafs.h§w|particular promise in the

quantitative or sem-quantitative analytica
arci off Geroetatimnadegaty neetabivlio cogial an drabetagniCuirentlymeost diabetics use the
“ﬁltéghegfs'g{:hs’_ rﬁgtgg%gﬁ%o%grgg% é}ggqssg iéflgﬂ gpé Sgttwen(t: tccl)nq 1ance is problematic
duS R Jairt O BE feqidl(selerbMitha 32 Rh @) MR s LOAEEJUIRMS there have
bi osensors using proteins, the transduction elenent
begneftortsdo devalemmaminyasivoar minimaly eyasiue aotivomddvotesticiont in vitro

i.nterrogate the, signal to and from.the transduction
el oo ot e PREPHATIAR AhERR st BirsEBiucose-
conthinligbislogieal Muiihe surface of optical fibers or planar
wavegui des using i mmobilization strategies. Such

i mobi | i zati on strategies include, but are not )
[0003}Semg of ¢he rapgt presising Bethedsdfopmepieringnyhioroncentrations of

ph%s?&‘lo 'ﬁﬁg?lgyg};e?égagto%?ﬁﬁ‘seﬁvo% Q}?enﬁrs‘r“e] ol?IQ k%’mdlgxlislor. BAbLdnS 6 are devices

matrices. e I'zat1on

capmbteadfayyviding @pevific ghdntitmive loy s@hi-qlehttative endlytécal information using a

. per.formance of the working biosensor. The prior art
bisical recoRTeR Slsment (A SSOBMIR9S A pensdioB (deFertisglgement
[0004] To develop reagentless, self-contained, and/or implantable and/or continuous
biosensors using proteins, the transduction element must be in communication with a
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

determine the performance of the working biosensor. The prior art details numerous
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probl ens associated with the i mobilization of

bi ol ogi cal nol ecul es. For exanple, many proteins
wainabengo71 rrever si bl e conformati onal changes, PCT/US2004/012359

denaturation and | oss of biocheni cal activity

| ized,pr.oteins can. exist.i.n a.
prosEB P tbiEiPn e BRuBiiiiyT oepPieRicaP P Reli bl Spwpte, many
pr@¥iasphdergiMridves e chBﬁl@dtfbﬁal%Haﬁ%iése@erﬁHﬁﬂl&h ahd 109861 biochemical
active sites are 5 exposed and o hers ori ented such

activig Ipyeehilizedinroteingicar existia alargeawpbsrof mcmbletmtaﬁl@ns on any
paﬁi@h\% Elﬁ{acg ni%?% flgl v@‘fﬁ Eorﬁ F o@eqﬁy&e Q stulcfl)gx elr a[cgve sites are

|ze NS ar & also su
expdsat amﬂemﬁaﬁemientéd rsaﬂulhat thein actihesides! ﬁl@tﬂoo Bx;fiisléd (3@d thus not able to

I, mobi | i zat i and. | eaching of the entrapped protein
undqrgy éﬂﬂ-‘é’n’(@ﬁ’f‘t&q Mg FAEIS 24t B anathiiey. Femabilised profsiastire Ao subject
to hﬁ@ld‘éﬂéﬂ&m ééﬁﬁmrﬂ?&ﬂ”@&ﬁturﬁ% Ritel il 1 btll(?za%i’l r%‘nﬂ'l ching of the

cal i bration of e sensing devic (0]
entrappod ptqt«zlatsulnﬂfcqmefnt 1y Mmobni;lzattmi Thm/msddsen poabderhs ﬂldludlng, for

Wi t.h extrl C es. or groy presents
xgple il t&%%gtaa’scaél e Bl Sensibg ey emandoRensldit
ImARbilizAtieH 68pBteMstthattiade B@dﬁ%&ﬁﬁed ViR trfdsncd 8)e9 Br repBrter groups
general , binding proteins require orientati

presers fusthenelpllengasas the immebilizatiosenkshod mustab irgerfere with the reporter

o A TR BB P RSB0 BT contomtons

freedon iy driabRidffe0ti 64 tisR] @k ﬁﬁn?%h&s%& Rbsdrptidndhdl rhd RRbUERK covalent
$enerally are either 15 suboptimal or unsuccessful
su

@ch ar m@blbé@wnﬁ@@g@p ap tavehtis tig literature generally are either
smﬁﬁnﬂﬁf&hﬁﬁh&%sﬁﬁpte'”s and ot her biol ogical systens
Into sinple 1norganic silicon matrices forned by | ow
tenperature sol-gel processing nethods (e.g.
[OOBS]EEEhaﬁ have bédn sdwaralmaportfoffehcapselatieg poteiROLhd cﬂhé%)b,lologlcal

sySRgY 5] PO BOUBR) T o7 et ToRALDY HETBTatur sol-gel processing
mefHdHs AP EBreAhar?g. Dm}?h&ﬂoﬁ%&b&gh&gw@b Oé(@g/ 95! rﬁlfg,uandcrlora etal.,

remain able to undergo | east some ahal yte<in
An@lptidad ﬁﬁﬁt’ﬂ&%’dl”&hﬂh@é) 450544853 )odp ordee pobe Buictidrad, entrapped or

fra r of ei ns n_exhibit .dramatica
im BB B RGeS RupLiFhn 16 o ilenty o dteef esmphig induced
coxﬁ&@ﬁﬂl@n&l\(ﬂhhngeﬁ' TehasviRky réﬂ&ﬁé& that bdTBzeP8ittpEed otéfﬁ’sd@a'h CXhlblt
aryi ng environnental conditions (Brennan, 1999).

draﬁ@aﬁllmﬁterqdﬁendlas cpRatanys, of bmrimgeqonga@tn that plage over relatwely short
i 3a 48 orTRLE! G855 HEER TRtk ol MR tmacaicion,he

actﬁrnp loif pﬁiwlhs él}tra@f)e(‘ﬁiﬂ soggélSmdttﬁcé’sl 10S ®B&Ofeport@ tolbe thhd dléi)endent a
i.n vivo use. Nanoporous Ti Q2 filnms have

cha&}%%ISB% that liwiy seperalappHERbBi Y o - gﬂlwélwnms fog én pigno as well as
in \E\E)olotgggegiméﬁ %8% % iefgf’?ls g%@%%lg@ﬁee%ﬁ.rséé C&}?ﬁp %Er[cfu\/%?rotems but suffer
from988Yy oOhEdhbib S8 S @106¢n-araemmr-gels (Toglitlis, & an egﬁialyncaz

in th t [ gn inproved anal yt e- per neabl e
Cﬁﬂﬁ??Yigggsoéglaﬁngin bi ndi ng proteins specific for

particul ar anal ytes can be enbedded, entrapped or
[0006)CERGtbAY, Biére fsQebd iPthEARitHdedi }%B@éd drfa épﬁ&ﬁéaﬂﬁ matrices,

and receiving el enents. SUMVAR HE | NVENT
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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2 WO 2004/ 099777 PCT/ US2004/ 012359 [0007] The present
i nvention provides a nulticoated or nultilayer matrix

WO oombodoh7 a bi nding protein specific for an apel/ysmo0612359
i nterest may be enbedded, entrapped or encapsul at ed,

[Owilre"l%na ess\élri \é\{ln%?ntlg)ﬁl%? \?1@% ! gt gtgii Sg%ﬁnﬁgﬁr Brgatrru? mI which a binding
prébinaipse&flc féron a@i&@l’@d)ﬁntebéét R§ b lehibdddddCertt4pBEE SL&NRGFsulated,

of a reporter group. The nulticoated 5 or nultilayer
OPHﬁ’MlleWIﬂP B feposT groupnyeh gws aronl é@ecn@asmwgé apglyleagpapentration may

be(o'b an?edgf?)'i %x%x?pl\ggl')fﬁl Qilﬂn?lg '?lﬁéoﬂtg)& c{fr o 01%? group. The multicoated

emttalpge:rlmzttad pre(fenablyaconqmﬂéﬁﬂhfﬁmmhtnhg%)tﬁIlayéfs ¢io atcbfhgin Wthh a
e and ensures its inte

t
blftcr I?s yr%ﬁ% 1%3&?’& rpth %frqrwstfalsmbwra@%ddﬁ@ cBHEpRA cy eéﬁapﬁhléted (i) a
cof@inbrient faQed HodiRg bﬁtafe?lﬂlfouhﬁ§ ffn'é Sofe angléﬁsdr&vﬁglklt%?ltt}alaﬁg (iti) an

pr ovi des” an opt1 onal ourt ayer or coat
ou@ laysethat promelke Stﬂmﬁlvrtutof the Iﬁﬁh‘ll& 10) dmrqnallytdﬁfanteﬁstrﬂ‘ he invention also

ers or. coati OSItlo co lne ne or npre
PPz sliof s iofe e ping R meY b e oo iy Csoie
bidtetnpaimle C FHRRS labérk bt &’oa@lﬁg c§1%lp8ﬁ¥1b1’{§ ¥y Qémﬁ‘iﬁ¥ on@fnol‘ﬁ'oféeof these

bot h contai nment and sel ectivity properties, thereby
progiertigsniat Pxanlp e layes thay provideboth beocompeiibilitiuadd sleke;camty or may

A0 A E RS . 0 SO0 o i

indiGidesltlayap methithe degedpebpergh as al gi nate or chitosan,
or other suitable polyners. The containnent coating

r er conprises a conposition such as poly-Ilysine,
l"‘ﬁ’é@vﬁ% aofﬁucsﬁnﬁ)’ﬂﬁ%ﬁ Rt mPrising,Apieryhed glmggmggsulatmg or
em@{%g% ﬁ?@g@h%l@% g{ A Flg%%_%??%kb#r)otﬂ% wéb“é PO mers. The
copgainygnetdating st laybrecomyprises & aqmposuxuorx:mh af golyd gsipe,il6® and high

m (%:I‘]:1 ng"r? atfﬁv%y?%”ﬁ@ Iﬁ&é&ﬁhflﬂe a yt? of |nter est 1mum
methéulfak G&éﬂzﬁt(gb(gw A(}é NeRARE Sy pdﬂ}uﬂeﬁ‘l@ﬁ :T'hf 8ut81r ]]ayerr or coating

organi cal 'y nodi fied i norganic sol-ge
comm@malpokynsﬂrs;oatprgamrmedolatdouho gualsteroftimtatest sich as ShOIRVA,

by SRR GBS ERP P4 Bleiile o BeReh ingigenic,or
orgaﬁﬁslﬂ?ﬁhlodiﬂéﬂeﬁﬁﬂg&ﬂc%lf%ld ses a multilayered or
mul ticoated matrix wt | east one binding protein

25 sge0|f|c for an analzte of interest, optionally,
(00091 hhe invertipn alsmproyidss 2 brsenspnihst 1&§§6@hlgf<§dneasmgaWt h

corﬁ:'ént%tfoﬂ%'?%g aﬁzhgffre tEH:@lIzrt ?, Co@?r‘?@ 1% %e glﬁvtseriscﬁr cr>]fL tgg present

concentration nt ere
mvpntafrmommhsembnmiltﬂayﬁrﬁd dnhﬁumnazityd mattbawlith edlehst ogt BRASEY protein

H%vpr rel ted gars ) The i nvention further
SPESH SV P os A >a‘%9 F%rom@aé =|"Y1§1 3ilersbrs reppitcs SrquRt assnsdated
thePé@ﬁih dr%tta&i&lttﬁé}let% thAfis tdhadle\b? d%ﬁnx}ﬁﬁgﬁlé %brg,%nf?%t_ggﬁ d;gttgéjanalyte of

gl ucose/ gal act ose blndl g protein
intesestr lappe graferreshernipsiiinante thewntlytenmeasneedris glucbstanidfor related sugars.
pernmeabl e to anal ytes of interest

[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
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
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and, optionally, at |east one reporter group attached

to the binding protein such that the 3 WD 2004/099777
wWEonANB2004/ 012359 reporter group provi des a PCT/US2004/012359

detectabl e and reversible signal when the nutated

/ t oS n r ot b I S.expose
re ke BRI SR A a b P RSl PR B e,
glidose/ palacodei bdipg protele $s expaBide d/a@ﬁng‘fgl@féwelcbﬂcdnhﬁtlons
concentration of an analyte of interest conprising:
c;tl ng the pulticoated or multilayer matrix
w@’a.nﬁ tge PNEMIDRIP Yo Bretiod qﬁmqasurzﬂ&th%ﬁa}qeytratwm of an
S A e, U ST NG By

thmlutldmg ptageia rw1€h; epggnékyuatdeasc apatepertaf groygr althuhem@lefbto with a
nmeasu the, signal emtted b

Bl egrs St tre

SO R eﬁ%‘efprchVé’u ”6 V% i FXRASINE PG HF S O AT gy sotrce Capable of

prdduein@ W sl ghal; B iii YYhaahihy tHefsi érﬁ?elﬁit%eﬂy the bk ?‘Hrl)t)él or reporter
correlated wth the anobunt of analyté presen nh

grayip) agsqcinied therstvitha Bhe intentsisy ghthieysignabis dinectdy emtelatsd w1th the amount

or TSR B P oL, AR P00, B B

sugddOdnd the bindirpt }het’elrﬁﬁzﬂﬂ@hmutdtélﬁglhébé@@hla@l@s@lS@Hin@%ﬁot@m
met hod of making a nulti coated or multil ayer mat ri x

rising the steps of: (a). formng a core; (b)
(003 h i aaqthid aspsst, o BVeRtiaR RIOVies metodif Atk amblsisoated or

f Of .\ | e
ml?%% éartrflleﬁfaQ gé]réli)h Hfé s‘f@%té)f > Ifal) Sf?%gggtglcég bﬁ%?ﬁt’act %the core with a
ﬁrs‘t coatingrseluion tfe mmfﬁtlehtayme toogoat oellayergd t}(ed:))re; Q@tlaﬂhm@and drying

e, 15 cont i nment r or coati with a secon

the; St 5oRHnE 8? G GK° Tt"otJ %?nFPdWPntg%éﬁ' 8HCengd) °°ntactmg the
coithiBRA1 18PeH or ThAtHE WiE a s@dﬂ)ﬁd Q:@zltldgss%hﬁfoé\qg fﬂﬂ{j a BhuY-BShted three

t he second coating on the nulti-coate three
dinggngiongl srgture tand ¢¢)usdating andidaying ghenecondomtieg onithe multi-coated

trix,, Preferabl a i, r ot

ool YR SRt b € e 8 i ASeB8 RS, Prlferably, a
binditgl frptetspetifie TedsaaBi @6 inferest Neerk¥dged Qﬁirhﬁé@lolr )éncapsulated in

t he bi ndi ng, protein may be covalently attached to

thecgree QptiopHly, thethinding pooteirmEy toROERERY atected thHize core ofthe matrix.
DRAW NGS [ 0013] Fi gure 1 illustrates the structure of

BRAEFHH: di mrent of the
%nventqé&@%@ﬁgg Igure 2 shows the effect of the

out ernost |ayer on | eaching of binding protein froma
[0048} Figurehilbdiratenthestrutthee ofraghatnik aceordinigitoone &hbodihkhi of the
ure 3 shows effects on I/lo of different polyners
ny ﬁ%tg(al as a second layer on a core matrix of binding
protein entrapped in alginate. [0016] Figure 4

[00d8]Bizatd AttRSwslthelofféest 0L @ uE@MBONEFer Oh 18achiMa®B blANEY protein from a
matri x bi osensor neasuring glucose in rabgl t ser un?

maifigerphasimentof thezipstmtgoyentidn; | | ust rat es direct ed
| abel i ng of binding protein by |Iigand masking.

[0015] Figure 3 shows effects on I/To 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.
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4 WD 2004/ 099777 PCT/ US2004/ 012359 [0018] Figure 6
denonstrates binding protein and bi ndi ng
w@e@uepaT7hydr ogel pol yner conjugate fl uor escePCEUS2004/012359
em ssion in the presence (+) and absence (-) of
ose. [0019 ure 7 shows ose titration d
1003 KEigares deamons ﬁgeﬁ 5 SRding piet & mgmag 1B8 BEQLFIA-hyAtpgel polymer
LED
e R B! RO PR ORI FSCL BT ERET T oo
detail ed description of the invention is not intended
(0019 Bleurd 1 showsegliiapee tifratiey andedissodiatiemeanstants fgebindinigipnefein and
.mng rtqul%(ﬁﬁf tecofuthe present invention,
DEPIYPR-IVALQEE ROV C9HUERS| oyed for the sake of
clarity. However, the invention is not intended to be

DEiriArIrLEBd)ESCRtHIS)mEOFf’ITH:E eVENTOONgY so selected. It is
to be understood that each specific 10 el enment

[Oﬂéﬁllqlﬁ;l(llpj di}%?lﬁ%:]!\rlfge etqlga g2l elgéqsﬁﬁxtppx gs: n(ggg%gée@ to be aHlustra’uve of
all élgggd]iﬂnegﬁ CipRie8&ih P&Y&fgd'eﬂ{boﬁﬁﬁéﬂtsd@isth@ f@ér{t'l%venﬁbﬁ NBEcific
nmul ti coated or mul % | ayered, in g bi ndi ng

terpinotoglyns epploiyed torftioy sakm oficlatippt dlwvevienithe myentioanis bet lntended to be

68 B sl GPOLESTOCRACCD fldalo 14 WHETLRRIPeY abh scific

elerBR| id¢18deknlIAOFHIEE EQLiV AN T4t BferRB Tk Biddllar {#ARE toAScomplish a
used herein, "matriXx" refers to an essentially

simdlar pespeserensi onal environment capabl e of
i mobi |1 zi ng, by enbeddi ng, entrapping or
C
[Oﬂg Elr glge:;gljege;n't Hng"g@{lﬁrl ﬁr%%deggsxegrk Hegr mﬁqlg ﬁ%&‘o?{ rggltltl%}%red in which

a bindin@nrotein spoEific amdnyatnelytec@ﬁmeFdst ﬁiay cbe emb%mad entrapped or
rel tlonshl bet en t he constituents o{ the matri x

encapRyla!sth OBfISK lygi fﬁpsﬂei FopmPeRydat pirel g megpure of analyte
concér{{}atn%grﬁagfbecd%\(%{l ionic, and van der \aals

I nteractions an conbi nations thereof. The matrix
provi des for a blndlng protein transduci ng el enent
[0022)n4b gmdahe'rftm “iniediti X" agegers fooan esgentiplly thrbedinnmmmp@lremtvednment

.t d d fi b th
capiblg ab FyoRBine: Py ciieedine. ARlartipd v sropmeying afle g binding
proRt f? e pdrﬁos%‘lﬂ%eﬁs@ihg@déi&ﬁé‘tﬁe sighdRbirBdpRHEing @ one or more analyte
progr anmed readln%lto the patient or health care
$

congerstatigns.. Thavetationship hetwegnilesonstituents aEha cnatigx andre hinding
pro e?n 1n|?:§1§lgal; o ﬁmﬂFe%l tB o‘%/"a')lr S“tl, R c;,/ 'F@(? arl \Gor \anls 1 aeractlons and

or exa VI SUa

conqlﬁnﬁtdme thet®aN This fritdix pnwtdée faradhindiag pﬁxafmllaﬁsdxﬁﬁmg element
taught in US 5,517,313, US 5,910,661, US 5, 894

nggaraggn that zmly7@)g examplE] he igeorppratsd-at gheadistal e end of E@_aer or other small
G50 BN B4, G P RATD L0 ciic

contiratanocaograamiedaetding ¢y the pdiiatt ioo headthi daﬂ);brevifder Information from

I h
the grg%@\é/l:q@%é:?qrﬂgqp){ ttcg@:cgel%gci%ﬁlc(:)? %{lgltcla?enprowdgr r%g}g ge 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., IEEE
Transactions on Instrumentation and Measurement 1999, 48(6) 1239-1245. Information
includes electrical, mechanical, and actinic, radiation suitable for deriving analyte

concentration or change in concentration, as is suitable.
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5 WO 2004/ 099777 PCT/ US2004/ 012359 [0023] Numerous
hydrogel s may be used in the present invention for one
weeomee7Df the matrix |ayers. The hydrogel s PemyUbm®)4/012359

for exanple, polysaccharides such as agarose, dextran,

carrageenan, alginic acid, starch cel l ul os
(0038} Nissroeshrosdiioney beusdds t cprgsent 1@5?%&5&@%911 more of the

maff Ty@t | m,sh V%éggfrﬁgbgy\fgk E%lqﬂe o&%&b&aﬁ@éyﬁ%ﬁﬁs 2eedke, dextran,

as, e.g. ohol acrylic acid
carpxgbgmnr ?;lglam a;béad spuéhy eclhylbsner @ﬁryvmtlt/c;s af dhesk gndlr 35, of.,

Cafﬁ?}é’gﬁ}nhl?@ ?inggefthl\a?:% %f\:}v nh dliligﬂlg ’Oﬁgqglléciy uglgrhgx%gﬁ%%s £,84 polyvinyl
alcSifl) Mdc & dcliB pBBacrylRily ol yefsyl sHePI ¢, Qﬁpf)l@'fners of styrene and

coval ently crosslinked networks are preferred

makjranhediide, aakyursitianssiconplymes qﬂmnﬂwé@aamtmalelc anhydride and
Vﬁgl\ll\%sctﬁérle? e arvtap¥% £ \glld% agésngg Sc’:gcggluﬁ&gg‘xg{nv%ol{ a?r;e%referred
SyrahékisMnal bicraediodl sind pﬁ&'x&dbﬁtﬁﬂl &pplikatidas of hydidpele comprising
Karube and G S. WIson; published from Oxford .,
polypapfidesare knoyen @sﬁle ¥ty (SeBS)E: E\WS@B@@rﬁplflaxdymﬁ%}S@@aApphcatwns
edift AF &, 'T\ﬁ‘la‘rger }%H(ﬁ 35 Wl%he}%u ﬁé@ﬂblﬂl(ﬂford([%ersny
crosslinkabl e pol yner om'the clas catironic
Presi i H98H)i Amdxemptzmhydregelcrmtpx idewreed ﬁmhya(mterydoluble ultraviolet

?I‘H%Sila.?(ﬂﬂgpglE gfrg{n(t?léﬁ@fsso tlo%rs}lk%% Ieglggj(r%njnes comprises
pol?ﬁ@ﬂ}ll %p:loﬁoli) rﬁ%e@ly@@" ?Mlé/@fy'l)‘pg}ﬂ&ﬂﬂxm Rfdthosulphate acetal (CAS

i Ol -reactive hydr ogel” pol'yners can be readily
Regig¥a. \EHWSﬂﬁdﬁrOiﬁawhahllesfmm PhlySeaccWatingpdmPes. giloabesactive

o G B SRSy BB o

as @lrlﬁﬁtyﬁﬁt}iﬁ e@hulégér(cm Rlyaddhyiie aoml mué@olme@ Riith thiol-reactive

pol et hyl ene gl ycol EGQ MAth thiol -reactive
groips @iyrelge bgueadp for ewnmp}e highanelpeudas) veeiglg metatiyleng glycol (PEG) with

e S
th1(§)1§ ac%vg\%la?elrtn%)e Qups, ﬁ%ﬂ%l 1%; Fllé&lll%})le%g}m&%%?g? gghgélﬁreJ%gr Corp.,
Hum@mﬂeﬁunptlonalltles that are suitable for hydrogen
bonding or coval ent coupling (e.g. hydroxyl groups,
m no groups, .ether Ilgka es, carboxylic aci

(0024} heDelymet bRstipn @ Sheihydegephimpy ngmaroa? 81 RoFy gﬂewllaras that are

s 48 SR o BASH RN @, o SISRREAL i o
etheﬂeﬂq&gesatzﬂﬂowmmcnig apd esteisrand thediked tueithes theyirbtem or reporter group.
solution having a pHin the range 25 of about 4 to

t endln on the .otein. Subsequen ur i .
10038t et Rhen 3F tecepifisp iR Pislers B fignom fufigedn wateris
addeBYs thedhuthted Bindissd Iﬁiﬁtehhinsant a@@@éﬁs%ﬁeﬁ@u@orﬁ%@i pHARthe range

fabrication @rocess bl ock casting, reverse

of ?éwut % tabogbl d@enélaguoari ¢ piotaiin SUBCAVERIcABIng o fhiermatrig, for
exa %ro%glgqﬁggér&gde%{})%ygicﬁ £8fm. SB' é(ﬁ?@ttécﬂgx) u? 054 § @nventional

COﬂ uration

fabﬁ&étdﬁa préedd(é @blsck cagtiigpadveise |eﬁﬁ11s1<§ﬁ }ﬁdlsmmafiiattbheﬁxreen or contact
nonoliths, and thick and 30 thin filns) suitable for
priptingy, {luidped seating 439,43 g gpin coating) one can Obtain matrices in various

configurations (e.g. beads, granulates, nanoparticles, microparticles, monoliths, and thick and

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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[0026] Figure 1 illustrates the matrix of the instant
invention. Miulticoated particle 10, conprising a core
wa oogoed7ai nment | ayer 2, and outer |ayer 3 is BODWA2004/012359
The core enables 6 WD 2004/ 099777 PCT/ US2004/ 012359
ent r appi ng, .. enbeddi ng or encapsul ati ng of i ndin
entApping; smegsiding PE eAPSUHINg R ahigdigg prqiR apesife E)r an analyte of
1nté}€§rt‘ellh enetal) Q€ oBthe H’a@n{rﬁt d'olnﬁ)riséd 6P §u§t§l§16 Qﬁtu?eﬂ %r synthetic
suit e natural or synthetic ‘polynmer, such as
polyyndr egdi as d lyrdregedfpt exaaipdé alginateoor Hyyhllrmam dne. preﬁerrad

err odi.nent, .the core .1
exnOgineh, i g0 DR ERPew TR EHY Priedib i frgtigent a Bindine
proEHithc@thaH%p\KlitH Qﬁl'ehéf ol FdpoRtr £8aS bel@N& fogRevilER s%ﬁ’lutﬁ)on binding
sel’ected to provide a signal upon binding wth

with tlzg a}rtab'teﬁf interest.ds covalentiyspirappad, 9mb¢ddpé,gp@dcapsulated within the
COrerrbedded or encapsulated within the core. [0027] The
gnbeddlng, encapsul ating or entrapping material is
used to formthe core of the matrix. Preferably, the
[Ooempﬁnsuhmddmg endapsulatigg hyaﬂmmgpahg niaddrial Gulsad toyform the core of the
gi nat e, and hyal uronat e, ot her
mam Breferablypths, ene%%@h%%&sﬂ%a r%ereifpml%i glginatg and hyaluronate,
a
or Atnet S SOl o Al Do B A TR Bot B PR Bttutose
acettd) qalestm ichitamas ané pblydieneddrived fienc cellmlass, ld@nplileee ctbérsa In one

ennOBTARE His S5rois SPRPLOLH A doenieune (ot i Bl Xieg Hgpigitachment of

a bﬁlﬁﬁ%?p'rl)ﬂeﬁk AN TRY chi8 chinbAs&sall EhMB) dréRinki BE with calcium ions;
bari'um strontium and magnesium may al so be ‘used.

how¢wsr, hiariting sfrqntioims |and magnestum Baycalssl keriseq. Ibtherbinding piegein is not

sho ld be. s ff CI tly cros
corffffl ot IS oG Codrp i b Attenly fF Tl RipRgicany
emPéD) ERtrdp orlRtGisiiabd NBinbiMg prévéil. Mitermihing @heﬁ‘l@‘&el@f @8ffcient cross-
linking of the material to avoid release of th

linlgpg pbths maferigl tmpypid Frdeask pf the protevids wiithis the skiill qf ong gracticed in the
migg lﬁgmegé%?gghﬁ erinentation. [0028] In the case of
cova

ent of the protein to the matrix, it
is desirable to first 20 covalently attach the

[OOﬂBpIreﬂha chse dfkevatait ra'ttxc;hnﬁemlt bf.)ﬂne ¢rdtyinao deshathilk| i ds de51rable to first

OSS|InkI crossl i nki of th
COVQ&%P’ Ritich th smﬂels;}o raifg 0 9@8‘51 8Y grossit ik B §6R Crosslinking
or Yirfid] cr&SNALRE b Ak L RIHowRH b@fro‘?tsﬁhﬁltdnéodé'l}l i Brdbi}fition with
scope of the instant invention. [0029] Thé contai nnent
covalepeatta@hmkent ¢feprotgint is a\oﬁnmdle@pomftthet mglant imsention. serves

to contain the core and/or its contents, preserving

100ZR TP E 86 s 2 T Rt Y PN FRE iy 0 comtain he

coré @RI ENENESht &its, o et gatﬂﬂtegﬁg} Wér exBmbheatly prByentifig @bitadtind/or
undesi rabl e reactions (e ssol ution or

intefagfioadith B putechiverpmwish icomagzeemszofmewrg@l sohwipndlat may result in
unc?e@ raeo% e\éalcg% éé ' e&sé%ﬁ go%ﬁér'rgggrecgtﬂcgp%%%&ﬁ}%ﬂor i}%}]ﬂal‘rﬁg% Qﬂéo provide
sel%ﬂn@e bmiteﬁpmenmtes l(ﬁp‘lef/enz petration bo Ml échbsd bafedronethaifplodscular

of poly-L-1ysine
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),
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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pol y-D-lysine, poly-L-ornithine, [ow and high
nmol ecul ar wei ght pol yvi nyl al cohols (PVAs), 30

w@ 2004/09487¢7 st i | bazol i um hem cyani ne nodi fi ed poPEWURZ04/012359
al cohol s such as poly (vinyl alcohol),

o oTRAfbE caBbfipign) s NAEY e DB S5 g Pernord -
(ﬂﬁ&ﬁﬁl%?%%x?ﬁb%xﬁﬁ?@ﬂétﬁ 35;9)1yrh BYBAIRNESncCiO PAt XURFIS suitable.

such as Nafion(r etraf uoroethylene and

fluoro-[2- (flyorosulfonylethoxy)propylvinyl ether]
[0@3@ 8J he Quter aysbig ot Elelry'élrlﬁ%at?%orgavhuﬂ%y@r BRfrX seaves s pedectively allow

thd :QQ?}% of REer& E@#Eedeﬁ’)ﬁ% thedm@frix Jﬁ] A 15Uk Q)‘i‘tlrﬁf'?ragtrw1ttli;1 the binding
ayer matri1 X serves to se ctlve
prcanaluy the aofe, iwltilerpestentiog praolehg af mtt‘dppednalt ¢ricapsatied protein from the
intgrgﬁ?rto%}\tﬁ,]&rla@xgi’e ! acl{t)lp/\rl]mﬁlte F’@é?g H)grﬁll‘llgr o Qe# anrrlmTltltlar;/gr matrix is
%@feﬂﬂﬁiﬂh Bfo%gmgﬁt‘%l@ 'nﬁtécrfa%rtlﬂ&rpérgfeg Eﬂa@éna@c c gme g?ﬁﬁxilﬁhizing
referably, e outer layer 3 of the nulticoate
adyggse reafél)ms withtthe Rodys Adyersp aeagtiors foom bmpkaotspad;ludﬂ: énter alia,
) orates mat eri al s capabl e
m

1 R in A0 PCOLEL BRrr B iR BB Tasbineg oxic

mamam |smls nﬁatermls oitreufhénth Bl wislPkndwH &1d p#hétied in the art, for example,
i nf|l ammation, protein foullngd'tlssue necrosi s, inmmune

as fagl L Quinnr! b o Siomereriels 1 8%3.d 66D, 3% é&ﬁaansl QEow et al.,
Bzwt%&l?ll §9’P n %3?4? af JgB! nllt6%O affe (y&élj 1#{}%‘%@"‘ €C ﬁlrlgrgsield,atﬁr example, of

croBs hnﬂbdaer p(ﬂymeﬁgﬁ@plyhﬁr@hcu&%ﬁs— sudR @s p@iy(dv@yl aﬂﬁoho@t Nax|net,hyl -4(4°-

1997 1 1665-1670. The I a
forsps A B g ethosHiEe Metab e TSIA). palg g3 il methacrylate
(pI-EEMWT%ﬁ@ t}férhl&o!ﬂ m:é’fe ?f ﬁ‘l%l'gaﬁﬂ:r s%f gé‘lg 'Pncfﬂ?f &)P\;V%h %aﬂ% or inorganic
al cohol ), ornyl Styryl) pyridiniTum

reagenthids Qh¢ amacalaﬂy atef@rﬁerﬁhb@)memtly: o@&rmwér Bxy&inptsed of
net hac lﬁtg%11 §PHENA gu#ge li ke, gi nate, or
inoy chsa?i 2l gl 15ep AVigh @rgﬁme Obmor&?arcgme@ts

reagents. In one particularly preferred enbodi nent,
[00BINE SEMEe2s udefd Gor tBe ipfesEiRTRVdnsiBA irtfudel AESGA Pr&pade b}g&‘n%ntlonal

of silicon or titaniumnodified with organic or
wellkapyanpled agieodsand ifcdoiporganic @eﬂt@nalmg@mc fateriaher mixed

n I
o AR DAk L R TR Ml ot v o
limiited t@ ahintinames, @hindinosilicAeydnd tiddatdsl athey mﬂ@eﬁ@l@ 74y be augmented
ani c/inorganic material. The materials used to
Wltgrt RreRiFHEY @thﬁﬁ% Flhéétﬁs’l(%lllqj"d&) ang fungfiogaligsd silpkaries.g@ provide an
l; Thes

avetrrrlg% g?lng ﬁ%%ﬁ% E{h’q’%,,i‘?ﬁlt?%gd% Ef% 1? y, 10N1C Eharge,
covatenit ittagbimsnd ofqmbtem,, ax@cbthmbﬂzej AR uamblhéremehe enal hgcﬁdlytlcally

OVId avenue for inparting
corp R Ro kA oI PR TSCLPES N Yo RBLP CloBg SuBSBiveess, o least
& pref@ bl V;
o B O s Pl BB Blce O L BF ff o @itk eihd oy
subgﬁlﬂuglxtangvalmlfyéqoynd to sbe@ehropgb ouygmraad lnaxiuncg; thereoft dh the case of
of . four sub itue | east bly. t wo,
el ol S Bl SR EroeRase g of i G Bieembintninisbstinents
prefeedbhgisadok alsiitly Botlitth sHRBASthEAIA @YY arliayB gentlzﬁmng SIrl]bstltutent(s)

si.licone through oxygen and mxtures thereof. In
congaimseangfrganic functionality selected from alkyl, aryl, amine, amide, thiol, cyano,

—)-4

carboxyl, ester, olefinic, epoxy, silyl, nitro, and halogen.
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three, two, and one al koxy substituent precursors, at

| east one of the remaining substituents preferably is
wa@owalogaTyt y bound to silicone through carbon, pemusive4/012359

remai ni ng substitutent(s) 30 contains an organic

f | f | kyl '
oo Sk a1 (8 el Y o S P s o

periehik mdt1 o Qe éﬂk@ s%&tﬁﬂa@ Qont§1 3396&9)%93 ?ﬂe sol- el precursor
P&T7 US20047 01 0033] it 8 o8 Tgel's 1ncl Udes
materialseprsfergidy bhabr moreetgéne coeporen)s thatdyydralytiatly condense along

witg g]ixrg)sgﬂll %E]‘rj@eclﬁs &H&f %Lt%le 6es§,1ﬁ!§ntoxi-g§ é'&r!rtﬁg Zlgfﬁrg gﬁ:rg)gerges suitable for,

by BRdni1é, ahlnplanBitidhesalthble 9H§)eﬁfes 16 @aRIENE Qﬁ%ﬂlﬁg‘e’léﬁer time,
t hat hydrolytlcally condense along wth the so

reSptaeeotosmckmg:mdt (1:12¢ nhuecalébmct%malxyotmgeof pratein functlon and

rts o erties s
comﬁ%]I 111t € pg)l}elp gg %8%8{ an ﬁ%p&égﬂﬂl& 1t%1 I[Jhr%e animal or
subjdit td’ler@B 1mrey bé¢ infiflanted. esmsdbaamgamo niteialkd ingluddgdolgbhiReich as
physi cal defects, nmintenance of protein_ function, and

glye%rﬁlp sthylsng iglyeoliprepyiens a&r%‘t diokyedtdgnsrelyobaingd dhe I figr example, as
ooV SO LR ! POl Ene i S oo,
8587n&59.$d @mmhlyaﬂcm (Sﬁpei'foﬁﬁanogla;mbmted; of tat pydteineegirie phir and

pr.opyl ene col | ene I col,. and the |ik
B?‘Pai n ea%“ri‘l)P‘tsa‘?\:fg}{ﬁ XI}S’_\?PSGI% gaﬂ%tnéalnyése@éb’&gef for example,
by Wﬁg%f‘ @omﬁ’ifnatpﬂﬁl rﬁ@ﬁ68§&rbtg}%fﬂtﬁﬁcall§%‘s§f JesibAIBethods known in the
12 8587-8598. Optim zation of performnce

al“t.attrl but es of the protein-reporter pair and
functi onal perfornance attributes of the encapsulating

i X . hi d
10033 A PBarap R ot s AT conyatmPair 2 (generally the

secdﬁdilager) ABd bedslalyBO3\Beheralliehe thirll 1aydD. WAIR3he Mirdasyeetin provide a
ynmers can offer barriers for the containnent

ol
learfayebarzer( deaiarfapity laygemay alse pepvidg kipgorapatibdily eFhq additional outer
laygr (grQ:%Qt%Eﬁalla e}}/ bé Qﬁ?det(ﬂh gk 11ng f%[)ated W‘fnluﬁlla}hs? n‘#a"&h){ ?)h Lrﬁ%(?/\éer

arrier, our
bloﬂwpaitﬁlﬁtypfoe\txdﬁplm Whe:rmﬂ&t mmﬂicd se 1§' hﬁ/zﬂdﬁlmﬁlhrﬁﬁt&in. Some of the
outer | ayer or coatlng be added .to_the
examples q-lf(ygflg%p yrﬁﬁqstthqt% Hesd fpx t gppo&ﬂl éo}gth layer or coating are

e g o

algimate. ous polyners that can be used for the optiona
fourth layer or coating are Nafion(r), polyethylene

[00?6%& 18??%{‘1% | b¥ Hqé:?técr&(if % utl{1 %y%rdnﬁ%qucﬁg | ate %‘rtlopl%ay have

onl§iwb 1 5RAL &d:o@tﬁn%’ﬂ-'lthht' i8y#4in gTBE:dSrhfSoéi’tfloﬂ Ilﬁﬁy bél’V@ﬁH BAIR tHEBbntainment
ave only two layers or coatings-that a single

layetohpruktne peter lesgr éétr@eoatglrmﬁnh laygemey he ammeemry @R to the properties
of tlhg&?re 12 \ﬁﬁgn tthh SorHk f' m1 gios&ron afo '1? gr?hnter C;ge\ﬁg{ratmg

be unnecessary proper |es 0

netiborl(WlEtﬂ 3tUderLofivariogs mtatearmseﬁiaycwmmémton for exanple
an inter- penetratlng

[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
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
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network, 2 to 3 layers of various materials may be
sufficient. [0035] One or nore binding proteins for

wo@e@40997mDr e anal ytes of interest may be i ncorpor/asmd4/012359
into the core 1, optionally, along with a reporter

hat ..provi.des a det ect.abl e signa Q 30, .
a RS EBhaRER U e G ER SR i SR PIS et it in @ mutated
GGBb edihmanffinifodighdod tHeOS@IIR| 2ttt le $Hifdh Rninescence
proteins (GGEBPs) conprises a detectable reporter group
chyjpgierastige oB gtuspsechindiag abheshaggs insthe Heteetablp sharacterigtirgay be due to

[ : i j 0
R e R A S S Fe
preferred enbodi nent, the reporter group is a
[0036hiThe sararftbindaeprotdinait refears td 4 proiein thamirterhets witG@RIPesifit Analyte in a
an affinity for, glucose that exhihits det ect abl e
mafiferapatle pl e dus SEPoxiie ferotis falpiveyratia genal
difftrt¥iab-cithBEfrSHANGMal h thB SbAatE6t Alyee, GAFRAFIEhHE g%és&}";te of
may be due to an alteration in the environnent the
vaiy Higeqonpritiationsoofianel ytrue ver sicheSoBR. 2 ®nL@O®EPn-Tlapenidentmanner, by

" bi adi tein".refers rotein that interacts
g8 AL BB} BLGREFLRLR, YR BN el A s
proigtnsed) ahd ¢pie6dip hvdhd] induding 6h@ 6 hRtr e BBSIE @pplications. Reversible
. reversible signal differentiable either froma signa
signd tianeductign Mmay befinganianeoas ontimpgepandent, piowided eserrcletion with the

[ rati .0f over tinpe, or .in a

el SRR TLA0R P Ly BRI iy b
mamedrho dfedémasduotion rerpeefbrred.he transducti on event

i ncl udes continuous, 10 programmed, and epi sodic

ne-time or reusable i cations.

i ncl udi .appl
100820 EFe bl rEpGRTaY be psmIpiein foohipperifie FeseAnaiisifdnterest
(inQlhdihk BRrcd&D gRIESDEe, niifoYd, dRd fé’tt}p&fi& ﬁﬂn@fdg‘iﬂofé‘l ts:a.f]g Eglﬁrs) to which

presence or concentration of analyte IS esta
theppalaterhycpmes wiversiblybeundcbriasscsiatdil, and thanhcearbetindueld ecprovide a
. transduction are preferred. [0037] The bindin rotein
sighdlPOE Girty Bo RET R porier sshiler oo gk Diaf e e bsence of
a comfipeitieellighld. (THuk eI 16 HeCREIhovORkAGHASBind I8! S8R5 f

free fat?_ acid binding proteins and othe?S?ggg whféﬁsugmsand
othenanalyies aftiatersscones reversi bly bound or associ at ed,

and that can be induced to provide a signal, either
00981 B&Hi r: ; n.such .
(00581 Bkt picRifiat e ERRY LS Ph0P gt B AP Gloteins such as
glutosgagaliactse@né nodltoskbihtinig prétbias.aThe lehbWghldB@BEPEScose binding

bi. ndi n peips for suygars and other anal ytes of
proja e?re'g"t(?é}goor[ drrdgpe P’é‘ﬁ’c‘igcﬂﬁ?t&ﬂ T pMBRIEs peusefl hereips gefiers to a type
£ @il AR R il | h ;
oS RIS S AL PR e s
natmrgHmnvgh{edgim o@l@hns em?atrbispdit f smphl atod¢cnlesge.g !, SELAY, amiino acids,
o R B3R 18 ISR oS BB S et
conbiSfihPORHT golsiRaRas HomBins Mat BRLBhERed yEP& aRdEoTrm 2 hinge.

are naturally involved in chenptaxis "and transport o
Thedhading sis¢ isdosases inghecleft Satyenes theamiondonzedisi Vhen 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
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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25 and small peptides) into the cytoplasm For
exanple, GEP is a single chain protein consisting of

wo ww4@bobul ar a/ B domai ns that are connected bRCT/DEEE4/012359
strands to forma hinge. The binding site is |ocated

5B B ey R Be PSRBT S s, S8R Ence can be

fouﬁ@ B Q4B bR A reSAREESRA Iﬁhﬂepﬁ9bgg%encym&°cﬁbne) and
brings the tvvo fomai ns toget her and entraps gl ucose
accessionheinttien @3 02 0s(améno 3¢id seguemopdt Bhe pngfeawlle,GBB is from E. coli.
structures have been determ ned for the cl osed form of

[OO%ﬁlﬁgg%ng é)ﬁ%telg msﬁg/\/%%an%uéait%ﬁ%h( %c\%grll T %S%Jige%gd 012 rf'nzltated protein
thaRpeeifically Bid@9to the adalytedf Intérast. a‘l\/ﬁlt@t\édlbinabigq)rétkﬁfn (fdr@xample
Protein Data Bank (http: //vwvw resb. org/ pdb/) as 2GBP
“muytated GGBRAD, 20w hosiy refrsty baplipuprotessHtpm Bagieria containing amino
acu[@stggtgﬁéigé g%%(nesu@gﬁn# l fg¥ td%f%gsd%oﬁ OAr ad®HH0 t%n%%c%)%esent in
nathMy oeduirrifng profeih. Breférebly sed substitionsy deletiodmeor iDXRAS involve
0 cl.one) and accession nunber 230520 ( 8
fewg&ﬁ?&ngefa am%&m d yeseduss B8y tog PERBE POty Bffﬂuﬁncec ffp jpddition to these
cha[lg Q38 nfii&eel 'bﬂﬂiu‘f@?ﬂ%{é?ﬁ RiaD a[B%eRBnBbedAtHA Rlsloh partner such as a
curring, enginee or hutated protein 5 that
polglnstidifie sajubncelippersiet ¢o thegretaiml tytnginos for nsederstg purlﬁcatlon.

t at ed bi ndi rotein ampl.e  "nut at ed )
Excapliss mottonardBropdnsheRbe B XRin os B dinet cysteine
grolip) Hb@@@ﬁﬁuya)c@@mn@amlma@m (MurcaE bAirS ) Bibathdin996eem (33),

substituted for, deleted from or added to the am no

19994+1809%) qzwierslelﬁ@ermqmt ofisrbstentially rpcieaetiviegnpne aeidnwith reactive amino

aci(lﬁ tglé)?évall € %e e cQ ﬁf’e‘:gfc’ :?t%a\?%%gr%nozgleg:%:oc telplgélaﬁ 89 8hc|)tg Sr?sﬁ)tolnglgg reporter

grotl By I'1@BdtiveDd amhﬁj ATiGRALERIAC &n arthihoadill thatadanhe nidiese&l with a
anges, the nutated bjnding protein may also be

lab@mgﬁ@tgaqﬂ]qgﬁu%tqthgia@ﬁh%qaﬁqyé 1ne Jrigh ggngl reactive dye. Non-reactive
|y

ann:ﬁg a}fﬁrs] Exlisdlﬁug:h?%rglgg gﬁfgﬁﬁgﬁmgﬁ?ﬁﬂg{, Igr(l)&n gtﬁexgngfr}%fl g}oss/sess side chains

thanashadt bensadify hodified gn¢eriat@postedria lapoaeini{ecea@rigtTl. Glermanson,

Bt (sl £k 08 o0 150 e 3 bhapication o
amih9 28id s?c?e]cthﬁr’gl)eactlvlt?? Fhr LRARAL, @Hl%a'i&%lé&% Bfacfdbe binding protein

substant1 al non-reactive anmino acids wth reactive
andaporter gﬁomsdbsctrdvefi 1oPCd epatemt a}tmeameﬂ@wsﬁﬁwém nt

e uTisEhy Rl B S st O e dn an aginate

cor@CTHRe fh1adtoseAubiRe Bﬁﬂirfg ﬁgteﬂst(G@Ps!) ahehantheas ?rﬁitated to contain a

anal ogous to the |abeling of cysteine with a th
cystesneesidee, @y descnbed incthe efoyementionpd Pedi a@sllfpa’ql@nmee partlcularly
%I a(rlal ne, |eucine, phenyl al anine, and ot hers, which
gssess side chains that cannot be readily nodified
once incorporated in a protein (see Geg T. Hernmanson,
[0020] ]Bk@@plmjymh&oﬁﬁﬁrfhlﬁﬁ QGBY?, préirtimoiude: F%f@&&melﬁﬁﬁltuﬁdlfor a lysine

6 for cl aSSI fication of  am no acid
at P@W&PH lﬂﬁglcltq)va EySfeInggy S%St‘é‘?ijpfloéasl’& inAcit @gosition 14(D14C) a

cys%ﬁé&‘ﬁ?%t?%hgﬁf \9&?@&% '1’&91 1) &@%ﬂees%%tﬁtﬁfed%IoééBaraglne at

atent a pI [
posRET 433DB1300206);steine substituted for a glycme at pos1t10n 74 (G74C); a cysteine

pre

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
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PCT/ US03/ 00201, and PCT/ US03/ 00203, may be

encapsul ated or entrapped in an alginate core. The
w@zdoa/oe0se/ gl ucose binding proteins (GGEBPs) thetT/bisaoes/012359

been nutated to contain a 25 cysteine reS| due, as

scrlbedlnthe afo i oned PCTa i , are .
g‘ampr: atpositian 238 @#éﬁ@ﬁg‘%b@mte@fé\m tﬁg ﬁaatagt/?l%@t Repition113
i h@)%t&ﬁ@%&ﬁm&m&g%m £ p9LibA 3 PUEEIIcUS @ﬂ;t&ﬁ’é’ substituted

lysi'ne " at position 11 a cysteine substitut
forfglmarascmrd atpositiod 149 (}513@&); mdoubd,e {idtahCinclulingy syseemmsubstltuted

bstituted, f al i ti .1 V 190 : "
or g Rt i osiPnd P 6 a SpTiaPRitie Staahs phonities 238
(E 1(4@/[32@38 X db.‘ilSIthﬂt@.nﬁé&%ﬂsiﬂgt £6stedie s%bﬁllltﬁfeﬁrf@r lﬁEtldme at position 152
({)OSI ti on 74 (Gr40); cysteine substituted for

@:pﬁgqm@s@gmp@pﬂ for m@tlgqmne( aftm*g)@pn 182 &I;Ig,@%q/wgszm a double mutant
co204 A8l 1LSPL D50 bR 034 36 T P

subbffured for doblahine arpésitién 2 1sc(BIDOMH 3CYsd éduble mutant including a serine
substjtuted for a serine at position 112 and serine

substiBied fon e alanige 2 RO IIFOHEICEP YIRS Ap10a isding At position
0

154 QHGPEEA R PPT i e SR (R R At R G HRERIIR) (M) 820: o
cysteisd sibstitusadifet an aiteide hopositidnyXi3(A248 Cpasioublemudtant including a

K137C) . a cysteine substitut for Iuta at, .
CY%‘B%? -‘EL}%) e &’9(%{ 1 2lgpine abpqsian ﬁgr?&fiér&‘/ 'ieWEISn%qtﬁb‘eddg"r a leucine at
pos‘iﬁ(&{ £19\@ 23 90A1 I8 efoysfee s%Bst&hféqu n REththre :R%blhbﬁﬁm

and a serine Substituted for |eucine at position

(MZ %3)56 CEteine buptsgtited for denanticanid titapﬂSltmr?@ﬂ(BfZﬁgCh a cysteine

sufhe 5 o obine el h@ve Tl PabCh iR Raoa i b asperic cid

postéh 2811(@@‘7&5 Féysteire ABSHRLRATOH MYrginGRMMR pbsitisH292 (R292C); a
cystei ne substituted for a SI utam c acid at position

cysiejue sbstittedyfor evaline af ppsition {9edvIWC)antriplemuiat fcluding a cysteine
sub%? tsiftéd 89&?%&%@%@%@%?@&% 159 qlosléghg sd’gﬁlﬁ'l%sdl iialn% lﬁlggifg Gt position

erine alan
213mdl Bsctinis kb stieutsd R téucitean pf)ﬁflOlﬁZIﬂ eammmmmmess; laQtiple
10 152 (H152C/ A2139);. a cysteine subst ituted for an
mugnt Hichiiinge2 @fst%%wb%wteﬂ or uglgtanyic agid at pagildem A9, an arginine
t
suSHARH AL RREE s hars s AR L Rl FRAAPY o 38
(0N DIBRAL23RE] 4 triphe RibBana inatlvalingys Cystaige Subbisttediforeh glatamic acid

at ;g)ﬁ}ég)gﬁlﬁgf %%a]}SF%I? 3 tst:xrtgl?qﬁlzfgm égg/blgélsngc 32311%ya3<§y§teme substituted

for 1R IR podtiGy 33 83%131@9@/%@3@ chutge) f@%ua@ﬁffﬁé’ tbfanficthadtle anserme at

p05|t|on 236 a cysteine 15 substituted for
poditarc] ,raecyattelqgats posltmn 4% aplgg;@@y at aosa;tygt &l hend a serine at position 238

(A PEERH MR 5Py d WRibb e Tttt PipoRR Sriediyon 1. 2 csteine

at RRAIohI 199, 282ink BRHtion 213 6¥Sh SérliR a8 Pb&tidd 2dged for a
valine at position 296 (V296C); a triple nutant

(A1HEI4RG/Ag 1 35/838%)% Aed a quasisenle mtlé@t inpluding @ rysteing at position 149, a
cysg%né) Sf)loglltlgg jléf te?neerait 8s1§i8|1p 51#{} ? gegrng satllc%niﬂle at

a ser ne SU eu0|ne at
(E139€/ il 82C/A38 3CEZ|248Q ARAE GO 38@')1pleaaﬁerliswd€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
waeamgnyerart ed for an al anine at position 213 anBPCEHUS2004/012359
serine substituted for |eucine at position 238
(EL49C/ A213R/L238S); a triple mutant incl uding
Cifkgeqcérdecsdtb oF salmosellq arph'awrwmsgﬁﬁe@%\%qcas&%m&gﬁ% P73925 and
szﬁ%,n% YL E@ne substituted for a alanine at position
8 cySteine substituted for |eucine at
p03| t| on 238 (E149C/ A213C/ L238C); a quadrupl e nut ant
[004A¢ Thd terg “@osteng”neusad IREeipbsbe $}@1nn1m01as wifh thei taem layer” in so much
osition 149 ar gi ni ne 0
os RSB FR  ross B et Lpdier e ider ) B At R il fiiersea
dlsﬁblﬁséﬂtpﬂy@&bl%dbﬂ&)rﬁplﬁ@fdaﬂﬁ céineBted ot irbebnlact ¥ithyspadkIedisposed to
osition 149, a serine at position 213 and a serine
eaCéltot stdipesnt paer infegralvElN9C/ A213S/L238S); and a
quadrupl e nutant including a cysteine at position 149,
n ,I, . A .
[0(%%&%@ § In %g?fgﬁgggr'tcg ;5%5 P%el%%r]ergxé%%%%seﬂorh%nﬁﬁ: rRRRdd @.@.,
eleCtrdm Sglel SaITit AR tBEY dad PBSsjuce phictbthentied] reactiomd, éansgitiens, or processes

. listed in Tabl e 2_ herei nbel ow. o acid reS|de
in HOSOF el SehFReIRBONSRL e atﬁ?gﬁ%%r i5pulin Tugipescence.

LuflYdsBéhcd AR1ERE pHYGRoresthcl GhdtdsethRelfWiol @il diBence.
correspondi ng am no acid residue In any substantially
honol ogous sequence froman alternative source (e.g

[00431) Jos erayidesacdeensatile pighaly, gsrusedhersinf veders tpthpability to recogmze a
2004/ 099777 PCT/ US2004/ 012359 = Cl t fre

&R RBNR gwyﬁf?ﬁ?ﬁea%oug 2 Bpatr b SR o AR of o

coﬁesﬁaﬁ&nga@hcemaﬁﬁﬁofa&@%@l@rcetcbfviﬁdeyast [0041] The term
coat| ng" is used herein to be synonynous wth the

“layer” in so nuch _ as to nean one or nore | ayers

(004 dharsroger eioHD SRPoBILIG B R 60w, deieaEsIay be any group that will
procylc‘i;eoae&e? ergable? s1g'lr1]a°1 RAEAGHe axpaﬁ'%fﬁ bf mtér)fst ‘%fcﬁﬂ% agg%ﬂtggﬂtvg){ or bound to

connect cont act spati al i spose
thed@nding pheein. Imotjnaquerrecbembasdlmnmegreabpwtdr laroupG94 Aporbiphore. As

o SR s TR DRE Sk Sk s e

NohD#hitegxRhpRY 6?ﬂ9&%ﬁ’&r@§ﬁ§eﬁﬁ'as E&fé%f é}Bﬁps fnrtRR$h¥nABS include
or processes in atons or nol ecules). ch energy

ﬂugmscre@les:onmynm ozhdemings, teasmlemhylrhoclmmﬁéso@acetatnldﬁ (5-TMRIA),

Qe St st BB CS BRSO FES bl Ser B o
nitRIbeRMxadiadSle k‘ﬁ\%b}a le@Actylo} 183 ﬁfrﬁetﬁﬂa&%n@ﬂﬁth&l&ﬂe erlodan) pyrene,

recogni ze a changé in a property of a reporter group

Lucifierdy etiomn €y ™-b aD aenxa e&-btdmmadethmuiqemyl)slﬁl;for(amﬂe (N-(4,4-difluoro-
correspondi ng congcentration f an a te of |n er est

1, %M@ﬁaquﬁ%vl- %—sefar%ap HiigeE S8 daggns- r?c?@eé%mem% Bqdipy507/545
VA Z) r

ARIADEARRIch S TORURAR 1L AN Al 1B blao cihdabencl 3 RE UL AR N

10®seabjalleﬁlnykededmminedﬂ3(ﬂbﬁl?m® 530/55hEA)b Bﬂ(d((agoctnaoﬂg])mmml)cthyl)

ﬁ’&%@gﬁ"g ﬁd )5@8;? c ac{(rle(?tS IAErﬁAﬂlggJ%rértb%;(y %S Hgdamme 5/6-
10doacetam1de (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
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 nol ecul e that
absorbs energy and then emts light. Non-limting

wezx@aphes7 of fluorophores useful as reporter gPOTYPS20041012359
this invention include : fluorescein, coumarins,

r hodam nes, | r hodam ne- 5-1 odpacet at
polgmzatigpy ] Sp%ra&galaﬁg eﬁﬁmﬂspw@méwﬁe %mlge@%&ege fluorophore
prob%&@gnia? BOAGRLOX ﬁ)n%t M%\Tsl\i’ﬂ R M- B O &vironment such as those
ni tr obehzoxadi azol e
res@ting fiphoghangesdn rpeqthtynl canfmmaa@ht Faiemencatadlyysensdiayg dyes such as

1ASDERE raysicalftty Sheren Y et s SRRy ofifidproptiors, mrogerties may

resﬂlt 3015» ifitekR%i6Ad Wah fiyd anagft@%e@f S da isteRgRonsSvit 8 3&BRE reporter
yl )i odoacet am de (Bodi py507/545 1A,

grop;p (fgpr gxamle whew FBET- (@,ugﬁaémpe resoppapee energy transfer) is used to monitor

pi onyl )-N 25
Chaﬁg%ség‘c@%t@ﬁgib%tﬁ%ﬂg‘g:é%% g’h?’ré%ol PY(r) 530/550 IA), 5-
((((2-iodoacetyl)an no)ethyl)
[0046] Atthowghhthb abeofeldorasatbritdabets iaprefertdd, &t-1k AlDAdIBEmplated that other
car boxy- X-rhodaH1 e, 5/6- i odo et arTL XRI'A 5, 6)
TepQReE STPRRSITBACRMESS p€%teéP1ﬁBI S @ettPp SFoFrawRs«ap be used
wh&e & dheratiShgh ﬁ{eaéi’llvifomhéw%@tﬁesreﬂ&?éil gl\EeQ Qoo Mge in the redox
detectable intrinsic properties of a fluorophore
state ¢iparedfeSudr acpnganap be :detem@d; fooexanyle bd'etse of alanlattyctcb Other
exagwé‘fs)}{lgud%?%ngp e ﬁl&l}r}l?ﬁa%l eiEheL g%%ﬁegerq? I@trfs % or s the reporter
grolip #edlescence intensity, fluorescence anisot ropy or 13
2004/ 099777 PCT/ US2004/ 012359 pol ari zation, and
wogﬁﬁctral shifts of fluorescence em ssion. Changes in

Ele repoerapaen may pe afyeched ixsthgapalple hinding peptein bnany
ot I 0 S .
B S e
aminey br cunleedyl ﬁésidﬂesemﬂletprmnﬂ y&s/ak€ boumding hANBIOL gfoRips on cysteine

particul ar]ly useful int s respect. Qther changes of
resiiheios @@ﬁw@r BPegEred- cdnyiyolsrerdiygigroun ipnmn dhext map e used for

attabh g gﬁlﬁt gﬁug% SudhlaS $lubrdphodes 84 b\{%&&ﬁlsﬂ %%%LF‘Q‘ i drbefh.

sec group, for exanple
Iod@:ﬁdetanmds,dmmneaqew«idam enadeimidp/are maetidhewh thisl-temetive moieties that

r hanges in distance between two fluorophores.
ma?gﬁlf%ﬁ%fﬂfﬁﬁ%ﬂgﬂ °%¥he use of fluorescent labels is
preferred, it is also contenplated that other

[0088PPRubRIphEFed U op@iteel I8l citdtidh aBd @son wavelengths (for example,
el ectrochem cal reporter groups can be used 10 wherein

aboyh6Q{) parozErasker iekcitaien on ointssionvravelehgthrlare prrderrasy wigniibe
[ t. h f h
moLelﬁgl%r ge%sg} i§ Ea eglgsteg & ¥é a/g f%)g ?)?aél é{%_pﬁéo“?p(%rat%g zrg a? Y% Hla%table

blo&lne@ﬁ de@ﬂ!é (t}ﬁshmrbel@wmheselmcﬂoo Ghén )N PriesoAtl Y] tiddre arel fo@
acids, either . as a linker to the reporter or as the

envirgpwetially sefissiys prebss ayailabisin this region @{a%\ﬁ SRACUYIOANS Neplyaps none
I &
SRR L 16, B BB D i
prepapdrforeexagipde) ps raghttey Gtubacéved., Biaonjugate 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

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 thiol groups on cysteine residues is

w@aootiogarhar |y preferred. Any thiol-reactive grpPOpPURIIOWM 2359
in the art nmay be used for attaching reporter gr oups

such as f | uorophores to a cysteine of a ndi ng
profsinsthese d irerdeshlabeling Wi 2BFrovieREErE RIS %fhuqrarlérrﬁrlaiéor covalent
imBORI L 1 OOl CRREOL IR TS ok 280 gt PR
propmaeabféthablridmgpmm t @ovadent amohobitizsgooof lvradrleg errgelhs such as

GG O%@%ﬁﬁ% ﬁ&%ﬁé 0%3 %c?ﬂio Ifrréqq t er% (téﬁhe protem to enable its

useR la @fdbeAdor SEREO Conforhfiddal M%ﬁéi’tlbﬁar\é 'n\éébssefr? Fore3@BP! nding protein
i ncorporated into an inplantable biosensor device

to produse aldetecbl g uperebipdingwf§gendin) . Presently, there
are few 25 environnental |y sensitive probes available
[
[oo§ﬁ] ]tvl:%_hfbélg? Ic\?)gal %tnact{ﬂl Ongﬁ%‘gp@@@}ﬂggﬁ{sﬁéﬁos@%?mamce? can be
genkehillgldeseeibet iay eitlgker (ay direatebcohlety attachmentaacthpdewhéred covalent

for exanple, as tauy ht by G:uber. et i oconj.u
bondrg ﬁemzénp@@twefﬁ a spgal 16’6113/0 @eﬁirqa@ar @éﬁ‘v@&wﬁr&m&r %@i@le matrix
mafehiO LRSSt o‘P thr§ nﬁrgr&}ﬁfa?&l'ﬁﬂér Rlolale: 81“@2 argiom covalent

cysteine gro cont ai i'n nmut at ed
attashmestmeethods whkara biné yr mhiecdovalestbdnds rf'mnt ehhrgea mymber of possible

change 3 | uor escence U l.ucose. bi ndi ng.
reaiB AT oh eyt Bl B LR FASOBR rt Rttty or through an
gliiflgyr. entrappi ng or encapsulating a binding
protein specific for an analyte of interest. The
met hod i ncl udes nodi fying binding 14 WO 2004/099777
[00ptTPsted a9 Gieng aitachirent wiehodspray use gkisHag arrinoaasidsi i@ protein or

the%vI Cg.nhlIlS% rﬂrg‘gg‘"ﬁﬁt%% r?- E2 n Seﬂﬁi!?ro%&d oi héf%a?ggﬁ ng'o@lgk%d %to the protein

iI'S ac Peved AW

thréuzd pastainydn@inekritid ft@hlﬁqﬂes&‘sudn@d sﬂércﬁfbdfed gutagehesier F blearample one
of the binding protein vaalent i mmobilization of
or IRPIS Y FLGING? maérgbﬁsntr%dr@rri withinggmptein gquencg ta PrAVIsytite with specific

rea{;to{(ﬁgﬁtgg?{él th{¥er H(zé’félgédt? 1119&39%1%5.\1’)#&’2&?0&&3%118{ grein

|ts use a I osens
1odom1efanndylr; 1adna¢etcpayh|@e hial @midyl dunvtioas sSuch linder £6BHS may be

i.ndi n r ot ei uce a detectable si gnal wupon
ass%‘f‘ﬁ@‘i'l Wgthcﬁr prar“g)gﬂa ?ﬁ%g’f BE& for coval ent

attachnment of binding proteins to biosensor matrices

[OOSQ]anQ&mcgle&erEﬁJtllvE séi@&ﬁﬁﬂytf@ﬂo&soﬁ{vbt&? kroré é‘}stéihése&tagﬁlotem may be
coval ent attachment nethods where a coval ent bon

mafipnlated ibenekysteine is p@@iﬁqantljalesmpcassitde rhes itluether(s)t Ade instant

r.ot. nd t.he,.matr
me% ? élgr?cﬂg/e?elg,r q{gﬁp@ Il‘l&ﬁklg%, ésp% rﬁéls%l a%‘{eér me(% rléaﬁg?% msgme of the
pro®¥in §ubktanBAIGOIEER¢adsiHE fromt thit-FeiR Ve FREGRIFhIN BicSre8® is in the
or nore coval ent bonds froma | arger nunber of
preprose Phihe ligprdicThe/@ystaines arasequensiaBy madifeds fisit én thearesence, then in

the agge%go %'A@J&ﬁ@%@%‘d %§Q§cfacﬂfn%ﬁca&1|d)6o%l ellitl'iﬁl?rlf{ﬂ)tﬂlﬁﬁon can be

appropri ate
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
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 amno acids of a protein or 15 they can use

w@e@niognrs! y non-exi sting am no aci ds or deri vap@¢wes2004/012359
introduced into the protein through protein

i ne ni ques such as. site-direct
vt ﬁ\s 8r0p§ﬁ&° 8835 egiong ﬁ\esuba?q%trrsawgtvaﬂh%Eywayhoblc dye or
1inR&r drBy faﬂ% %@owu&ﬁtl RtaShrRéR S8l vRBAHIGR fRstt dheRIPMCHA cPsteine within

site wth specif reactivity toward thiol-reactiveé
th&bﬂ@@ﬁmbuanﬂonlnker groups with groups such as
iodoacetanidyl iodoacetoxyl or mal ei m dyl functions.

ul"es or’ ma

mddefal baged 61€{}IéQliffWehc}e H@We@nes pKa intithe pKawIf 6they stfied €8ch as -
of a _protein maybe . manipulated jf one cysteine is

amdnefi lyyieaside 9hquess sThig ey e @P@ewﬁlaw ¢ontroBingdhe ﬁlﬁ of theeprotein
gﬁﬁﬂﬁ herein, "ligand masking," is

enﬁe |ne'idu ggﬁ%ﬁglat Ieast one cysteine of the
protein substantlally | ess accessible from

[0&55] ddh amceh@tmxb@dmag,dm waybf ¢xantphe sp¢-s¢le¢twem$odiﬁca:tilma aPthe N-

cr R G0 DIFIPEPratHT TR b BOISELDY EFIER Y ORfanEte heatnino
alc@ﬁolt %@up’i@ﬂq{ KRBk dt 8 tﬂrb&lﬁﬂéjm IRt pELRGIWERRA beﬁ(’i&t@@)\ﬁb@l{& a glyoxal

il'ization can be done in either order as
grqupl af gherNtterchings Whigh can S:act[\@l@ls&}lydxamdﬁ,ﬁyﬁra@meafr afriROOXy group

coffA e TR bRABr ARREC TRt & B RS Rbt, 481905 Beoghegan

an$ Bh6h 61@912)3| Paytioulady iseful My a@piedih€ peteihg @OREEbue hre nd® limited to,
ninthe interior folds of a protein and at | east

A1§rf%ﬂﬁétﬁveé &BR is at or near the nmore hydrophilic
surface enV|ronnent or region of the protein. By way
[0({?6&%)1( Sthef Qﬁb(ﬁﬁlﬂ{eﬁf dSm Jo'vﬁl%ﬁth gh{lé&qné{ﬁ&ﬁ%f%mdmg proteins
Ic dye or |inker group t reacts
to ma&‘foes elnllmlalr g;oups tﬂaytihmliéoﬂ@rﬁ‘ﬁ)ﬁé/o(ﬁ 9@valip of protein amino acids with

/USZOO4/O 359 stei.ne i.n the hydrophilic s rface
SIS Ve BB, P TEheRicen b MRS BB aoseh cither
alk9[at10h'o? k¢ %cﬂﬁt%ipreﬁé}fdﬁ'é vAtHCARY 8N heyd bt RAGH BRI as N-h droxy-

Selectively to at | east one unreacted cysteine mnth

suctdnem@bd restptso§ilucasefghlantos¢- bmsm]g protean(&iGiD), ’énrtmamnbnhas multiple
tySlt SR Gufthod O st P BHAS ol SR SR Py #6 eslfe

between its pKa and the pKa of other am nes such as s-
[00BT] SQitale byl éie a&iidﬂlﬁldﬁh 1ﬁﬁ, forlbinging®yotbigs 86t6irgate Gesificlude, but are
controlllng t he of protein _ _environnent during
nopkirgited t0at eoqarbO[xw OPInS qf olysaschariesdiNasnimiting qmgnpbs include the
el
ca B ATRE brout A REMC RS AT, Allfublig apg repeating units
of Bydleohic\aeldy caldgang ion thetrhanniiréhi@aidguliidnl acahalitsgif alginates. These
ex%{%]? %aic%%&?@?%gr%a&é% %&25@3&} gltgllgqsﬁ%l o?3t &lgnethyylmammopropyl)
cadodifth{He My arothiotide ANCH SAEDCWh BmBiddMeh 34thd&hy 8Ly SEtRfmide

or ~am nooxy group
(NHS), or EDC in combination with N-hydroxysulfo-succinimide (sulfo-NHS). Another

[O(E‘Lﬁzn aﬁoqg ! ro%HBg'ntn‘%y me %p the ?g%%@?ﬁtu%%f ﬁ"]ptror{fnn call BE selectively

method for covalent attachment of binding proteins to polysaccharide matrixes is via
periodoate oxidation of the polysaccharide vicinal diols. The resulting aldehyde groups may
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 |inker group or matrix (Gaertner & Oford

1996; Al ouani, et al, 1995; Geoghegan and Stroh,
wdg®m2ype97Parti cul arly useful nutant bindi ng proREI/1IS2004/012359

include, but are not |imted to, A S derivatives of

P 15 [0056] In yet ot her. enbodi nent, .random

lﬂﬂ%&b%t@xaﬁw&é fiint Inigndg e E%%l%‘i%i M@“)ﬁ?‘iﬁ’t‘%(?f}?g mefhgds for
coVARInE LERRnTRt fb b6 fis&f BH Bith T Rddb RV SPECiRP Bt &hndBRf 6f Rhdifg proteins

group of proteln amno acids wth sSimlar
to & matrtxi arilinkesgrofpr Otheanpitable ganetadimethogs amdsirategiesofor attaching

nmodi fi ed .coval ently.thro i the ; | ati on or . by
profig) BrTHeRa et PETLIBRT R R ptedoE HopRbeRol Blaun as
N- hydr oxy succi ni m dyl esters.
[00SD P EOSRY Gptcof BRerEeAtinféntidntheiniul (i 6338 or thltila¥AMBlr, comprises
has nultiple 20 lysines on its surface that_ are )
a bigsensprtel ke used farppelyig sensiag éhviset Inthisagpect1the Biosenyoniz)
. Lo . c o
enc AR, o e Ol r M BET R oAtk ot By BB Ve py g
implantable decias, mitkpt ddee, gr DLgpsnbohatioal wistaadditasriatl esmponents. The matrix
n-linmti exanpl.es i nclude the carhoxy]ate groups
ma;gﬁ ey _ ?ﬁ"@ﬂ% f(’liné b Mﬁé‘ii‘iﬁ%ﬁé?‘l‘%@r&%‘ﬁﬁgﬁi a}sgn%émﬁem gatch,
P e, BPloo AP RHIcE g 80 fank PIABRER s Blmicifie to

analytes &he ffatrexaidutiarally peavients y¢amhmgaf thedsossasorb @referably, the matrix

acti) d with 1-ethyl-3-(3-di.nethyl amn 0
perBapsyisht Fimp ooy BF St b B O D < dhs rsporter
groth tdpdNs neh Ehine WesseRdon] $ehen W anGh vER@ppRcation, the biosensor will
conbi nation wi th N-hydroxysul fo-succi ni m de
be exposédbtoNHEpstaptiadtyrdyy siotai¢ad thnke of ewalyie.cand determitatten or detection

of, bi ndi n roteins.to paolysagchari de matyrixes 1S Vvia .
of it Bt S Pene o of Vot B g ek M b Jigmyptioror detection
incHide$ ontihus, progrirhmed, aind @pikedic deruisn MBhs3This, theasti®gded in vivo

~With am ne groups on the binding protein and the
biopensor ¢f they Preser dxvention cqrapriss at lead 9ne bindingpreisi iyran analyte-

perfrefNE SRE AN bhchibul AT PhAR L REIE B BB ABin provides o
deteaabile dnd i eIBISIQA] GART Fife FETNGP2EOM/i0 28] to[ AOFERE, analyte
contbaraiconan o e e SAEaR B b Eae b e oncetstion
of%&é & altﬁ@.r T%lsm?ranfa@mﬁm& for aPGiEd fnia? _b@%?ﬁ%ﬁ R0 O below the skin of
Indihg protefns to a matrix or finker group. O her
masundliab lepidgemalrdetmatg it tandersétreitletheastefstitialafluidtivsng or other

. protei.ns, to.matr.ices have been scr.i bed fman, .
viokge PR R BI o 638y Be Smp OB Rt a8 EAgPrqyider may be
proRIRAERE exdMyRBHyaBlentchtd, Vikhal i £ARE 8F offer Midahd ki@ in the art, as

matrix conprisés a biosensor to be used for anal yte
pregionslystatéda vi vo. In this aspect, the biosensor is
encapsul at ed, entrapped, or enbedded into the matrix

. be . i | e, i . .
O BB B0 R AT G, oponay o
with QITesutefg group/ayrBé tonibined indesuafayledehitioalths mMayrdRcdomprise a
shape jncluding one or nore of bead, disk, cylinder,
cah&aqt@ﬁ’dye.
[0061] The following examples illustrate certain preferred embodiments of the instant
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
woradoioxo7atdi ti onal |y prevents | eaching of the PCT/US2004/012359

bi osensor. Preferably, the matrix permts Iight from

tical sources or any other interraqgating ht to
[OOpf olﬁllupﬁeécqnéﬁ gission SPESHP tadn‘ﬂ)té?g lapelg gﬂ)tqlﬁ évag measurec? (unless
othgdvf??eesrﬂﬁ% us dAI'nH'lc@rﬂu'on\é'teY POARRb! @ﬁ{a'dﬁ?f‘thﬁ Bt settings of 8
i osensor’ w expose to a substantiall
andphfps iepditgion at 4 Fmgendfetiingd oft Seandahon tlEtMEﬁﬁmamsmnnor
ection 15 of a.chan in.analyte concentratio
ol anHE 9aSrTTBes T AERLEL iR HYEPBRAR QY L ErBbSed fuorophore-
labéled BfokdiRdlin Vabieliyaiafi €O R the #Qx‘f&md%@ ef aamme pftéins in solution. The
epi sodi ¢ detection neans. t he envi saged in vivo
initigil §geresernceemissionpntenwivtis defiradiasdn Brarplative gatigtofiteeernission
mte(r)lglt blﬁgdl nr% tHer: g}egén[)ég{? 5}{%rbﬁ§t%ﬁlla%/ ;re?g(ecgluc ﬁ%ﬁd (t?) tto tge ligand’s absence
a&b$ﬂdhﬁ@g@n@geln provi des a detectable and reversible
signal when the binding protein is exposed to varying
anal yte 20 concentrations, and the detectable and
Exqrapigrls Mylticeqresan mulitlayes magrixel ated to t he
concentration of the analyte. The inplantable matrix
or 4eWiRRuie ﬁiﬁdth?};}&&%(?ﬂ thdtsHeOr below the skin of
manmal i an epi dermal -dermal junction to interact with
the interstitial fluid, tissue, or other biologica
[0063]uA dsultivortest oremiulsitaykr wairixef thmwamort was prepgsed inghe falowing
health care provider nmay be provided, for exanple, by
‘emetry, visual, audio, or, other neans known in the
art, as 25 previously stated. [0060] The
enchpsul Atcorgmateixbeddbiged O méihg appit PG SOfuffdn €MD 70 iwith 2 to 4
protein, optionally alon wWth a reporting group, nmay
Béﬂ%%%l ‘nalgmate @(/\Qun fapn lléttﬂnu\flﬁlcﬂﬁldtw&@mﬁ&yt Pgépeed 3 mL of the

‘f&ﬁﬁfqgsﬁglﬁ?te CRkfuPL @Fhd Qcééi}ﬁﬁ a swggéln dlﬁﬁln_%@é £EF 10 mL/hr into

exanpltesT i lTustrate c rtaln rre i ments of

©2he mlrmsftl avitCaC30on amRetut mox) thebahy farrmngdnteadmfabdtﬁd) 4 b mm in
|lIustr f all emhodi Label ed_ nut at e

Giamsteig af@*ﬁ&@ffwew pixe rus?@é refLior epths ?tops%rfegl%éedmnutes
herein in accordance with the procedure set forth by

Casz et Alcontaf¥dddnt 1 s bPREd bP BlaciiB4Re BEAL froBf atRd¥e in a solution
descri bed. 17 WO 2004/ 099777 / USZ004/ 012359

pOpelydl-hrsinsr b8 ewteinamiters rpmoxipwaealy A0 ofL.fombiheurethen the poly-
abel ed rot 8 e
LR SRR Dt AR R BB ORI fults Bl Bfhees.

Canada) with slit settings of 8 and 4 for excitation

at 370 nTheaderseydrivigSomiedDbyadddinfg anmdditonh P pétts of buffer (v/v) to
em ssion nopnochromator to conpare the Ilgﬁnd bi nd

MStasrletion w \@@ﬁﬁrmﬂs%asrlp%atséﬁsho@h qnalséungalgmate/poly-L-
Ws%eeéerdas fo? aH@Jt' lg%ﬂnm& rT}Eerﬁﬁmemg nﬂff(f ?{)Q@nﬁ)? 19 gecBH@s then
Initra uor

sanme proteins i1n solution escence
¢ txadowererjoansi dnyo hus aldefienecwat adddrickhier i k@0 ménutes. The

e QyRe st R BC B s PRSI U PESARe Y K90ulg. A

thfticdateda?dntiBYEEASSEix 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
(TEOS) or tetramethoxyorthosilicate (TMOS):1; H,O:1, methanol:4, glycerol:1. TEOS or
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(I's) is defined as I/10. Exanple 1: Milticoated or
multilayer matrix 10 A Wthout the binding protein in
wo bw4oea7e7 [ 00631 A nulticoated or nultilayer netT/U%2004/012359

the invention was prepared in the follow ng manner:

cor.e tr|x f ar ned b 1, X art PBS
TN i S BEwAS 248 Eo  Ahitand Sholiinto B oGS 4 Mt 0.6 M HC
wals ten)added aropowit kd thatsbRfiod] AlfteRNd nﬁ@ﬁt&@éﬁf sﬁ‘ﬁnﬁ% 2B BM] was added
speed. 3 nL of the 15 resultlng al gi nate m xture was

dropwisee dTheeactioprwasgearmed slowly swer 12 haur.s 4¢ 80 o25%0 Relldwing this, the

ol 200,k ARSI P BB g 0 e

nithoeed Sonbetweean 36eahdi 42 I@anfsl@pﬁmhuy “o o).t Felldwdh@ tHE r¥adtieh at 60 -
60 m.nutes. 2. A congal nment | ayer vvas formed by
70%‘? 2B SRjution veluma vas refHcs® By Eotany SXaRAGART WHILGH Was viscoud and

traﬁ’ﬁJaVen't— “ak %ﬁ&%o@nt%ﬁ%@ﬁbl ks ‘Sgde%rto HRPRTR qﬁgedbie/ a%l% H\X'L}Velght This

hour, the poly l'ysine coate
GMSC@qhmpnavas atabbﬂrdmdmromdwaionﬁlsﬂenﬂﬁsulm fa0saveralitneaths vhen stored at

The . out er by addi ng an addltl onal 3
freggh? | RSP Ay, AP GF (3MS SoLiAn SRS B Rk BiRLhab et g ved by
rotRfyeRap&atias ahddistifib® dakewa¥Wadddd§h aaddi489 b welght to the GMSC

al gi nat e/ poI y-L- lysine beads for about 13, m nut es.

reaget. mi xture was nixed slowy for 15 seconds, then the
beads were poured onto an absorbent towel and dried

for Bl?rtf;p{,g E}??r)i‘lg{eﬁ%m}_ﬁz }ng%peads were stored in

sci nt ened with PBS (about 100L). A
mul ticoated or nultilayer matrix nmade by this nethod

[0065] Al luBicoattd dr moltHagm neatidx of (6 Gkntibly 0as prepamediid tedollowing
silicate condensate (GWSC) sol -gel was prepared in
MaglFance using a nodified procedure of GIIl and
Bal | esteros (Journal of the American Chem cal Society

1998.‘ 12Q do3énatrBOR4s ARS8 b%’h‘g ﬂnéh tafétQi CQ%‘@I_J‘QI lglﬁalhgﬁrotem (15

la)lrgent S: tetraethoxyort
turM AR St’mnifyo pEh64i prepareday délwﬂ)ed i PAIZUS03/00203) with 2 to 4 parts 3

Sep ol 55 lkon kahm o e sod o L of the

freastinomdteinol gﬁﬁtd Rire VR MlAce in 4 syridPe anfl uQﬁJ@th lélgzlﬁlte of 10

was then added drop-wise to the solution. After
Akl &0 00 giljof 4 M &aC@l giceRefie miksthgrelis dorming b@ads@f atigus 0.4 to 1.5

S RIS SLENEE B SR B w15 0

frointitesr (’Hm:ham'te of thcrigvehlait catidnanpe Ehicy El@gHtgﬂﬁﬁfe&ﬁt $8perties to the
70C. under 5 nltrogien for between 36 and 42 hours

(EPttAREAory Fap expsupte)calonyn cegd hgadsiuoducsd erester ahang@ in fluorescence
(0f= ﬁ@er/s@llf?t ! | bé?ﬁln&'@@re&‘@éacfs grcefo Q{ 0. 963"

evaporatlon It was VISCO s ‘and ran arent at
whi ch poi nt net hanol was added to the solution in a
4: 12r at i & doptaivengthiayeasformed 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-

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
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 stabl e and provi des consi st ent
results for several nonths when stored at freezer

wo eowperarur e. When the GVSC sol ution was to bePCBES2004/012359
nmet hanol was reaned by 10 rotary evaporation and

dIS illed wate dded in a 1:1 rat ht to
Exgmgle et gL s rterlay e Pron %M oated or
”uﬁ%ﬁgéy%h&QQGS] A nul ticoated or nultllayer natrlx of
the invention was prepared in the follow ng nanner:

15 1. Acore matrix was fornmed by m xing 1 part
[006§]eM1étb@1a@d ommdnhgerpnmewm prepatgdiag iPEgibplefl&. Onglgram of

beafly W RTRE SEnRadiEyipl REF 3 vl 7B BB AR iy of v

lab¥le@broaéifl iy Ofié goaher ta:tadss-bv@s/\casaﬂﬁdd to3bg200aiM1based on the dye
resul ting proteln al ginate m xture was placed in a

absethapegydhg wepls with Ssgbeads wereshakesromgvoriax) Readipgsowengdaken at
varg{) {Molﬁ%% ?H §§%}§9 nmplmr{?f 8n gﬁé\‘t‘oz ?Yt ﬁ)glﬁgp 8? Fe%i&\/eﬁ and a reading

taken doette flnomaet? Bhel lowendetemioh ﬂ]lmlRWhS)esmdbhshm ate0s ﬁﬂ The results
| Ves

m nutes. (The nature of the div nt. .catjon used
shoyyn @rﬁlweé c{émnétmte ﬁwa dyin faygr ?fgmf Rel is ﬁ%’é"m%m bregdg undetectable
kmaﬂﬁ gﬁ@ggkgldﬁgkﬁ{un1cured beads produced greater

ch ge In fldorescence (I/1 = 2.5 +/- 0.17) than

barium cured beads (1/1 = 1.9 +/- 0.29)). 2. A
Exemopless: nkiffet of sgreusyeodyrern eomepasitiops auinvagrixiperfovadsce r om
above in a solution 25 of poly-L-lysine 0.01 %/ v in

00,y S 5 A A A el BB S i o

polgzﬁkrslts foron 8@ cohtattin®sht 1ayer T MEheQudiuttant memctmamfm{amﬂe Dyvere
addji ng an addjtional 3 parts of buffer (v/v)

expapstoaaPerys salutigns ot top Sollawing: (@h@“bme@éwl?hye@ahm%e(ﬁk mw) (1 to
10%@8 g@q{ %ﬂh&h&?%%?ﬁ%ﬁgg@%ﬁ1%%6%% S@Efb‘dgo&é (0.1 to

e mxture for
5.0t% &1v)3dhdt (ﬂ)aSb)@dﬁéA\@EmESQ% whedT hml/b ra'm whsmeisandd dsalssdribed above.

and. dried, fo utes e beads, were stored .
Figupe L ghopysi the sfff? {f? £f3 mﬁéae 1 hsespiad [aYpeR @ core matrix

coné;?’@éeh of \BDB W EBIBET h IEHALSARA410 ile%ﬁél%e g??ﬁ&ls@ i¥shown for

ct of the outer Tayer on protein [eachin rom-t
NBi:GiGBRfbant sethton, entrapped myaégmalm md>&v1[t10t)1©6]ecquullayem a’flmjresults

s Bl 3B RS R ES SRy R Biofgent over
with 3 nL of PBS buffer. The concentration of dye- 5

ExhmpR| £ A1pliob&ted of MRy & Mand whkad%ixe@€ofal cul ated to
be 200 uM based on the dye absorbance. The vials with

[00§§]eA?1 eggrfc’lpl\{a:glr rglxség%léreenmglrglcgatgc? E)rt r%ﬁltllg/%?g{a?rgf ac\:lc\f)gdelné %ktﬁg 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
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,

light intensity, and exposure time to alter the core’s rigidity.
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various time intervals. At each tinme point an aliquot
of the buffer was renoved and a reading taken in the

wo bavanparet er. The | ower detection limt was espebUsmhedi2359
at 0.05 uM The results. shown in Figure 2 denonstrate

that a thin layer. of sol-gel is sufficie to prqvide
Exg e hruggrngne eﬂ%éfem% %%émlgﬂfeﬁatft‘ﬁ@ uisilaydg Matrix
Exanpl e 3: Effect of various pol yner conpositions on
[0069 &hXntBepdiiaBNE RetivBAOLre Mt ﬁx@?b@ﬁre@ﬁreﬂ"kb&tﬂnlxﬁ')gel parts of a
matrices were gre pared as in Exanple 1 using a variety
polpier, oL yoré parts A)faéglmtﬁmdmmeasﬂnmmn stepper3 of Exameple 1, if

necgs:saalléyot gﬁ‘etggf’ | oldoné%uf %rhoe ?, (_c))\?\t?le naél\é@{ e’{hl?)lgrpe?l'? dld rgglﬁ S étrpossible for

the Wedonl tpo e (o plysidilly (hbld e 3udtBfdofithg alginble. Riviill minimize the
nol ecul ar wei ght PVA (>20k nmq (1 to 10%wWv); (c)

swelling ohthe hydrogal and wil, p@)omsiqur)e imaRAion @Y TesistanPR/o leaching.
50%v/v). The I/lo ratio was neasured as descri bed

Exﬁino?)é% Ufé tt%oc?tp@ Wmtulgr?lrzfgrfrﬁgtpﬁc 19'm &k&tfegﬁwse concentration in
p ners u as a secon ayer on a core matri X

bloaobapdswdn of NBD- GGBP entrapped in alginate. The I/lo
response for glucose is shown for NBD GGEBP in

n d in . alginate, and wi.t the

100p Mt oo BEARESe BesPesi Wore BRI o1 OBedfcRbhodure
desBritall inExyniple D wgwn% BifihEproteresASti s LR W8 Blginate fi

esI ayer1 E?(lgn% ; I\/UIptaftc:)at %ﬁgre N?.H t |1 I ayer%t rix ginate for
thewpteh 041 mt?(e@plmrb/sm@e@pom torarthe seopnérayed ané ppe part sol-gel to 2

r I [
r?t : on&ﬁl{ 9! 4) OE)‘IJP éﬁé’ gﬁtg{ﬁg%é’rm&)??%gmgg%&r% eél? %?lﬁtg?nn%onsmted of
apdeSﬂhﬁthy S@hwﬂ ®GBP f(5bd11|t/|1 B nMyuh PBS) ortTaisduiffer. A hpebihéing protein is
% alginate and 1 to 2 parts of a light curable
spes@#%glu%%qqﬂ\me repgrter zmo% flHongages in) respapse sosglypose binding.
addi ti onal step where the m xed natrlx is exposed to a

[Oﬂbiphhersﬁﬁfrfgeth@ﬂééd"s' uPEHYRE Qve?é)glue Mﬁﬂ\ﬁ‘ to the bottom of

processi g as 1 n steps 2-3 of e 1A or 1B.
eachiwedicb frad{ V itransganertd dlack @6 veadl plate hmdf allowerbtol qugfhundsrr aﬂmﬁent

r abl terials su s S A and HEMA. S
corgitihay ATt sererd D BRrcien P e SeoEas ey o th 2Ry The
excitABorSHilt 4G A4 45000 rirf 8nd He@missin SX&WsS30/20Men. crcpﬁé h ek were
density of the core can be varied by adjusting t

added 109 nbbf 1ahbit blowd on s, arreliyoragen¢egiias ead wsing the, pl@tndeader The

ori SR R0y ook p@atstorbdisfigh SeRukhitatk bter afffost evels were

obtRiaBe by addif cé\lﬁfeﬁ\@éftkd Eoesseplutioaoat HB’S OTheNohtdrt@uétis of glucose
Matri x [ 0069] i nter-penetrating network core nmatrix

WeWa%}'SOUtet%mé‘ﬁér"é‘d“ by Shenalyepr Sorsappanegn. The prspljsrshown én Bigure 4,
dentug'l éx@q}rx#&hegrﬁ‘hﬁ{tcghtgﬂ)gads %Pedsta{ e gﬁcisxg]a{?lgalﬁ‘ﬁle lﬂn& Bg ﬁf)otgm% response
0 anple 1, i n er

necessary, epen I 'ng on
propf)rtlloﬁyleb shd cwnbentatidr df glibbse. Mbidrespoim&BIobist pesisinbhepresence of
>. the second polynmer to physically hold the

cor%elﬁﬁbwﬂp@saml}%bla%ﬁrfﬁia%e@mut Wi Il mininize the
swelling of the hydrogel and will provide for

ExEhplB NS I1808v0 U ttaehh SAROLBintdthg BR%# 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 NH4HCO; (pH 8.3) with a 50-fold excess of methionine (as a

scavenger). A 10-fold molar excess of sodium periodate in water is added and the solution is
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Exanpl e 6: Use of nulticoated or nultilayer matrix to
nmeasure gl ucose concentration in blood and serum

wQ 2070997Wul ti coated or nmultilayer matri x beadsPEBUS2004/012359
prepared followi ng the procedure 10 described in

. le 1, ' . t bi ndi [ 0l ut | t
inciP e g SRl s Lot rctiapri dogicasd by pdiipapt ayiete glycol
(20RR0Vfold tn¥Bir e;@ce%fa' dHsb@int Rufe(I8-fe nﬁﬁ&r‘é&@eskf;)éﬁ& the@er is
one part sol-gel" to 2 parts (wWv) PBS (pH'7.4) to
exchengndtwich Q.U tM sodiagneacetalen@Hod.o)x¢ithgr by diadysts erdiyutasong through a

NATRY S Rinpad b B RHER S doefte BpeRinetg™ pebPON T ol molar excess)
cortffiigld 1y dtRideghyeasife oPHinbBLy ERBPMIEEH BEQYWith the %li'oxal of the
fluoresces in response to glucose bi ndi ng. 15 [0071]

propgin.e Thejreprtinn islaHowed tisproegsd dor b2pdaus apd thee prpdiecy ispurified by
8 . . . .
YR ik B8 ¥l 608 S Blh e s conigae

canbrdreducediivieiNaBHoON itd entidice Sakijityofftheltinkeaeri es 400
fluorescent plate reader was used for the assay. The

excitation fjlter.was 485/ 20, and the em.ssion . .
Ex‘F’l”P*eé?" %‘%)%Pg’ﬂcﬁﬁ?" éé i{:ﬁgp&g,‘},sgez%rg 4 #e foerein By Ligand
M&Rkinedbbi t bl ood or serum and fluorescence was read

using the plate reader. The 20 origi nal sanples

cont ai ned a base concentration of glucose and ot her

[00§:3h&’@5ieus @F@ir@-mtaéning S I atdngs wd@ilaigelexbwitbh?NBDéd the presence
' [ . Ihe. [ )
o SRR SR O BEig TG BRI TR s P ot

wa$ piépariedl $OPBS buffef @Sdinidoceftiuge tube 0.9 €.54mg/mL) and 2.5 molar
denonstrate that the nulticoated beads are stable and

equigdlentaphDTR@en FYiigiRROp thetheetamsvascasideh s A flermbiag far dA=30 minutes,
e QR GO A0 Qb U638 L Sl BR0RIR S Sngaion s7ma)
or &lafuivadentd voluchecutdusfer was addeaand thekolut®whe oleteriixed for another 15 to
Attachnent O Binding Protein Through An N Term na
30 manytae(ligand maskdpg sigR)- Tidiental poncERitrHon ok slisPs Wesnchesen to saturate
/ . A21.3R)/- i t f i

A L SKELSTRI R PRSP S 251 SR 0y s
added 3y aWii % mgmBBelutibul in: SO (tzh eqeivhleatsiaf ANBD per F6teine) to each

R TGO
sepf%%?e”d’lg&?nfﬁz d?@i% ERBAH AL 8 RaDP-5 sy ¥RAL&EN cHlukd E‘el&ﬁ{fg“with PBS

. The reaction ysdggenched‘by addition o
butéerhhe dye:gropeioiratiq was dd@nfieddcbynesinaparisse eSahsorbanesospiectna of the

Ifite (25-fol | af,.excess), .and the bu r.is
etofed bk tiTops Resim AL u8 by aRE X imp, bR eye popp
mu€hn@posdifis With BYachasE) BAd WithewPuddse N\EeShe®h iiTablEhe

protein solution is added to a polynmer or matrix
(10-fold nolar excess) 5 containing a hydrazide,
hydrazi ne or am nooxy group which reacts with the

gl yoxal of the protein. The reaction is allowed to
proceed for 1-24 hours and the product is purified by
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washi ng the reaction mxture five tinmes with sodi um
acetate buffer. The resulting conjugate can be
wo eddoed7 t h NaBH3CN t o enhance stability of PEEUS2004/012359
i nker. Exanple 8: Directed Mddification O Miltiple
teines O Binding Protein By Ligand 10 Masking
Tal{?/§7é}gav§ma@la@g&>f§t%$ﬁer%%ﬂ% ai ning GGEBP nutants were
| abel ed with 1ANBD in the presence and absence of
gl ucose. For IANBD dye | abeling, betwepedprdpdn Fitio
nnol es S prepared in PB buffer in a
m croceGlG’B]Png&anUbe (O,F5nalo 1.5 ng/nL) and {2.5 +mol ar
equi val ents of DIT per |cysatentiationn t heglocadegi rgluase
added. | After m xing forn ghtes®@idMyut es, 15 thHe sol uti pn
was di vpgggeinto two Tdrther tubes {fg whi gh [0 ucoges
(finall_concentration 8fm\V) or an equjval ent| vol une of
buf f er| ROGAAERARA8E he solutionSIWkre m xgd for 1

anot he 15—+0 30—mrutes \ll\dculu LY ep} T
final céﬁE%%ZaWon of |gl ucose vvasit@rﬁosenlpc satur1
nmost of sbc gl ucose binding sites Igy fhe GBP nut gyu
For the_dye |abeling, IANBD was added as al0.5 ng/
sol uti oh238(h DVSO (ten|equival ents 9f| | ANBD |per 0.2
cyst ei rey—to—each—20—ttbe—and—atH——solut+ons—were—mixed
for an hour in the dark. The dye-| abel ed protein was
then separated fromfree dye by elution froma NAP-5

[0034Z&s SHOWHmi TIBIS P tHerdi fRkdice Hgla%lir@ dfBSien®LiftRE preddie vs. absence
dye: protein rati o was determ ned y conparison of

of g-lb@@ﬁ e areatesifer thesCGBP migants hexting tl}srfb?t 18(Cnanidr a8 Conutations. This

mdlscgt\slé fxgs&og‘fégte{rllgu f%ﬁt?enr%n@%g&f negg;\ilﬁ%xﬁﬁgl% for o(Eé’aec ?&?& tlg%ll gand masking

stratégy Bit copp4eiosE the éccéisﬂnﬁ@%ﬂﬁhd Bl mh& td reatBoN\@ith dye does not
2004/ 099777 PCT/ US2004/ 012359 Table 1. Ligand maski ng

appsar texbppignfinastly shanged bpiha ppseneeief the hmlﬁmss s the ﬁm protein

ratig < the SRE RS L‘?ﬁ%%ﬁ&%@ﬁ%‘%gﬂéﬁg FEll gcoigl(sg/m ngéégfm

1.8 1.2 A213C 99 1.3 0.4 1L238C 99 0.5 0.2 [0074] As
[OﬂﬁﬁbMditinnélIﬁiEBP Iyutarte withfat rastriee dysteinabwle'remylccessfully labeled with

ff| c e VS. sence, of gl ucose
Bt Shohe eml e TR & DT RS o368 e Bresence of
glu&?s% RecFktdad 't}%@}498‘l|0§atlon on mutants E149C/A213C/L238C and
E149C/A213C. The results, summarized in Table 2, demonstrate directed labeling of the

1%}

mutant binding protein by the instant method.

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

Dye: Protein Ratio
GGBP mutant Final - +
concentration glucose glucose
glucose(mM)
E149C/A213C/L238C 87 2.8 2
E149C/A213C 87 2.1 1.3

[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 cystei nes can be rendered | ess
accessi ble for reaction by the |igand maski ng

wa@teoaeqyy? By conparison, the accessibility of Peh@s2004/012359
E149C site to reaction with dye does not appear to be
significantly changed by the presence of the |i

by grhsusise dalysipeT ay&g the Esrpaining cysfeing is fge @aﬁ@twwg)to the

imefibbi oMYl pi6RREESs BeRSE With ibibriizddrlibl onal

P nmutants with | east two cysteines were
carlsmmﬁg/mlslblyndz a‘tyét@blomdﬁ KTCED) teBERnt (o1Baeads, Rierce emical) and the
ults. i kel y nost dye-| abel ei ng

red et STt Foitgp elbaE Ly g at Lre 1400
| ocati on on nmutants E149C/ A213C/ L238C and E149C A213C.

[00TMEThE M1t feactBlerTMO Hidodeis itbpaePas FAHOWES Ead] ¢ Q'olumes of 100 mM
directed | abeling of the nutant binding protein

NHSrand; 498 tmaMk EIde tapoepmbragd; sheoEDC/NES dnixds kernbined W@@Bﬂrboxmethyl
cell\gl‘c%sg éem%gmg ?&%%‘&ﬁ‘l’l @&nﬁ%ﬁ}é QPn%ar a@ceft?a?{o% 1£‘CMc 13

concen I 'on
mgghLc2ERM NHE 04 MEIIOL Vartadéd PB8INHRB i2 r@né&/ed thh a NAP 5
E149C/ A21 C 87 2.1 1.3 15 [0076] Selective dgmttach

colgmnyfusther diluting shepetivated GG go PricBedst BFHEteaCHAGS; cgmbmed with
2- (%Eéﬁ&%?ﬁﬂgled}gg&g?@?@ gmgira/é\g le3icy Srﬁldu?es aﬁf%&&?@nfﬂe%& €00 uL

are Exanpl e
actReEd/(MO76.3 nRgiUS2004L PTHS 018 ﬂng/m]x madidM smiudn zbb;am pH 8.5)).

th i ni
Ungspplst PP ndSmbyipsind SNAPER Solime: o §atr b ERuhh ppEA-
activﬁf%@WC%th%/mb! lized tris[2-
car boxyet hyl phosphi ne] hydrochl ori de (TCEP) reagent

on beads, Plerce Chem cal and the reduced protein

[00§7§] Bgﬁérgqﬁggteg §iIMg inaddei o betwigam0.0§ apddpap solution of labeled

progqﬁ 81{1& fjdtrgeés/ ﬁ%lgs\% gcyo?éf tﬁrep @g%ﬁner?&l @%&j ot éd)m& cysteine in

0. lE/DSﬂﬁnlﬁﬁ domtdﬂ@ pEDCA NHE NEQY), i1§ad21@ﬂb(b efl tibd, And mlxed for 15 minutes at
carboxynmethyl cellulose (CMC) for 15 mi nutes at room
roopreieRCEAIE & qyqnich e rerstivan imeactd qystemus rempvedgy NAP-5 column

1%?@) Unreacted EDC/ NHS is renoved
u>§f?ﬁkgﬁﬁ§ﬁ¥§gﬁhgﬁ% , further diluting the activated

CMC to 6.5 ng/nL. Activated CMC is conbined with 10
Ex@mpR pyRamiony CovalentAttatimentOf BandiDBrgteinoFo Carboxymethyl
C @1 utes at roomtenperature (300 uL activated CMC

B85/ ML + 200 uL PDEA (18 ng/ni in 0.1M sodi um

borate, pH 8.5)).

[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
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,0O) and the EDC/NHS mixture
were combined, and incubated at room temperature for 15 to 30 minutes. The unreacted
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 colum. This
further dilutes the PDEA- activated CMC to 2 ng/ni.

WO 0@48Y97PDEA- act i vated CMC i s added to bet weenrOr/0S520a402359
1.5 mg/ nL solution of |abeled 15 protein and m xed

2.5 hours, at_roaom tenperatur te QOuL of 50
ﬂuwcev& labislediGGBE Goyghis sapanler @e&%@ 5;}94%41(4%3 8CGBP-His6 mutant).
Thd Revited h5d %pé@%l#ee%e rtefier8 il HOd! Hrodmd 1PLARRe, for 1 to

ratu cted

roomte ret quenc thereactlon Unr e
2 hm;rst Eheecacton wangeuichsd HyAe Bddioibneh 1 M eshajiolaming¢ICl, pH 8.5,

foll gy Ea B R A6 B MG TS e o eA o G NOR Vagofuge fiters

withalnholb@sa WP Ritother fookbaWerdudinds eadent¥itt @id @GBMREnked
used for the coval ent coupling of bi ndlr@gwprotel n:

hydsegsil pedysrerh oy alesoriance edan of seletipmacivela dhe ] Ok friter

1nd%|2 grﬁrgl?%#?ég]%fq p%?%lg E%rﬁa%héé‘ ’ﬁe C%QQQ@B%OGQ%Q‘ -CMC in solution

waséaaaheteusing\Brotee gél@ld?f&dplmteﬂ& tAgaadge rgglsc(a‘r/mmnfﬁ% nxy h X TBE

oups on the 25 hydro (CMO)
. F1 Tk M rsiseacih OGS FRIS, D nebng buer of 1X TBE with 0.1%
oSSR BB SR TR VR S b
by N BID«GEBE-(MQCconjigatemigedtmg asmrseear withl ah apgardnt high molecular

BB v b B0 o B8 s oo

mléﬁ’t@@ WiChn pgrehMnuRetigfwaizht W@Vttm%feﬁtrﬂﬁv%irﬁ& % kb%) Activity
m nut es. The unr eact ed 30 NHS wer e rermve

of the DIBD-KEBB-AMG ovas eteymrimed by fblk)mscme ienstyInyeasurefenthof the

NBRs o0 O bt BB iy A R R on P el 3 e absence

of g?&zﬂsyszﬂw&@aaﬁg& Agirhws%&“@mﬂhn ~-GEBP-eMEFaBR/efli 88 uhhtkdehed
exanpl e, the NB 13C/ L238C- GEBP- H s6 nut ant) The

NBR:GGRR (santrgllivstraneasstegrhsforaaed pitestthe @ddmrem?ﬁlmqsy (Figure 6).
Therlg g?g?@ V\éngﬁg%fe) @‘ﬁ%gagﬂ(terﬁla{eg lg J&Yetrg %lsé Pq%éﬁﬂsagmgg varying amounts

of gthdzeoUsitigreo NBIHGB}EP or NKBD-Q@BP-OMC aPB8 bufftr, ahquots of
et hanol am ne by elution froma NAP-5 colum. M crofuge
Varymgtgé@sescmcmraéloweé% edgd Quenagripin@fingl progin fwmaaﬁon of 100

e 14§@Fhnt O Lﬁ@%ﬂﬁtdfs%ﬁatw?l tsl(ngﬁFedD fgﬁ/ﬁiﬂé ?gélof%gl 0polymer-

ol yners. hiabsor bance scan o 1 on ‘not
lmlteyi préteinlmdlsbhutibn Iphase protouhi veadus @hwosemattetsanﬂmtl pndvieind 14 mM

e oncentr at.e I N solutlo
. resms&EV@xlaﬁﬁfe@%@%@SHﬁ% 3}63“%5&55?&%%?@% getamef the requisite

ligAAah@RRd Q%ﬁnﬁgt@rﬁp%)%e@y/ ﬁ.ﬂcf‘pra%dggg stréiy &Ma_['iﬁ the erst%é‘ of

boric acid, 0.001M , running buffer of

gludiBE coinphred td tHh abeerSPs§ gldemmroi;ttarlatdemonkta&tmugahtt utdﬁtytotﬁehe complex
efr'ol%l gn was attached to the hydrogel matrix as

a8 g Yiap'e

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

[0081] Crosslinked alginate-based scaffolds were prepared by covalently crosslinking
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 GGBP- CMC conjugate mgrating as a snear

wi th an apparent high nol ecul ar weight (between the
wOZokdgo7and 390 kDa markers). A control |ane wetUS2004/012359

unconj ugated GEBP migrated with an apparent nol ecul ar

ht bel ow the | owest mar ker (97 kDa)., Activ
hy iy BRSSO BN TB814581 APTSEHOD Y At Aot used. To the

tnQf €
S S P S50
mutlhgt@hmqu@, and die 1gixgd esletiol mas cast batwwhm parefelrghdss phagesofith 2 mm

spap e AE IV LP E b a b tdhes & bR TS drosPRang SeArildm the

quadtitied MC&AD H@Eﬁ%@ afbinatd Gf@re‘\ﬁﬁh@ﬁb M & INBD5 G ¥ punch was

material s mere also titrated agalnst varyl ng anount s
usedfto gutipsibe &. Srmmdn@csatb@t Viere NBEhedCBtensiveBD-vaiBro oo yersalts and any

reacta %gﬂ{ %§E¢‘ ggitalu t%l &cj) %%r \c/ﬁ%%l {}nggll gﬁ%@% dlsks YLe Hlaced ona

polsip'rﬂpﬂeﬁe’ Qirfaos, ﬁ':tfzeﬂ, Q0ernipit afFp® °r@ and Iy@pluh@éwlol dr&itd: tHéIopen pore
di ssoci ation constants (Figure 7) for the h%(dro

stryssirg gbthe spatflddDpy weighhobsagh é@ku’quwp%ag@w rlgpgfos 2% scaffolds
V. K
ond G B MBS Eea R AL 38 okl T st Y fapmodiaion by
EDCMHBex retained the requisite |igand-induced
conformati onal property and provided a strong signal

OO B SR o e, S TRAE T e R e

an&?ﬁiﬂhﬁi%d REEY W &%rmé&ass@mpwaanpl e 10: Coval ent
Random At t achnent A ucose Binding Protein To

Al ginate Core Matrix. [00811 Crosslinked _ ,

al gl-fzareoxyd seayps en el gisatgseafiqld prenpted ap pbexagre petiyated with a

. crosshinkin ( ' it {\gh
B A el
carlEfbdi)mHy (E]DS) fdllomed g,ly atthchngeit bﬂbabbled \GGBP pebitgih enuddrit<l[(NBD-

di hydrazi d é é‘% carbodiimde chemstry. For 2%

El‘hchlﬁﬁé%%/l-ﬁf?% oY %Da‘ifﬂdw%?ﬁlﬁ& §EBP)] as fokoys: al gi nat e

was dissolved in 50 nL 0.1 M MES buffer (pH 6.0), to

1 ANV ods: A soMiRrA R ITOBE PR AR HRROT 7

PCT/ U82004/ 012359 hydr oxybenzotri azol e ( wer e

added Ema@/A;ﬂlZ»Rr/LZﬁBSVQGBﬁ (ﬁ3ewMat 00ulQ) wmlnbuhamdmtliﬂne

ts 2|eut iY q%%g 883'150!@ 145 ied Eyrrfexs;rg\éal o#al;(% 80 uL of the protein

t echnisgiion aMde E&?folﬁsXﬁ&e ﬁﬁhééﬁ'vﬂfh YBSL QﬁEDdJNH‘G}E(QOO mM/SO mM)
parallel glass plates with 2 mm spacers and al

t o gelor PBS (80 D nemgfive h@t@%%ﬂdgnm@dﬁyﬂ%@mS and
scaffol ds, the 5 quantities of AAD, HOBt and al ginate
[
178, MRS’ Rk EpON RO AUV e e o

I N watley lybphmﬁéﬂ)sceffsldl gl inaubasedyfor l@ﬁﬁm&&i 8)116\3'661 B rd’iiioval of

agitated wth wat er hange% hydr o% di sk
wer e ﬁp@gé@ Ug,noféhe solut1on followed by the 1n 510n 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

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

| yophilized to create the open pore structure of the
waec@ffood7dr Dry wei ght of each di sk was appr oxi Per/@53004/012359

Il mg for 2% scaffolds 10 and contained a theoretical

m ni_ mum of 3.8 unul Mavailabefor nodi fication .
covglentlgpitaqhedto F*@@@ﬁlate:a folsirrayi et iiBHESERCaTerRANSG)to Varying

val ently crosslinked al gi nate hydrogel s

glupésgtcl%%pﬁgﬁ (lﬁ{z)ed scaffol ds were perforned as foll ows:

1. Carboxyl groups on the alginate scaffold prepared
Tatde 3 dlovreswaceresperise af BIBINE HOL/AIB3RALRBYS ©GHP] alginate scaffolds to
1 N- hydr oxysucc:| nimde (NHS) and
EIURPSEt hyl - N - (di et hyl ami nopropyl ) carbodii ni de ( EDC)

fol | owed by attachnent of | abeled GEBP protein nutants

[ (NBD- El 49C A213R/|Lild8fescétice Mbp st 9C/ A213R- GGBP) | as

follows: A Method |1: A solution of |abeled GEBR in

PBS buffer [NBD El4arbitargmnits)3gs GGBP] (53 uM| 100

uL) V\BSiﬂCU’g’Eﬂﬁq—Will T VAL old for

30 mn, folll Ve %y rde'r'r%\{llgt"[lﬁé)(}sé Jou%lt0 nlgi:‘&ll_"féb?l he

protein sqlpmhien. [The scaffol gs|were infusedsafth 40

uL of EDC/ NHS (700 i\ 50 nﬂm or | PBS (nn EDC nprative

control) andBlamkubdted for 60 f2h. B. Method #2]A

sol uti on of EDG/ NS 200 iv vi—100—ut) iinf used
into the I})ﬁsﬁﬁoﬁl Zled scaffol?’:;’]é and i ncubat egg Pcr 15
m nut es fol|lxemddby renoval 0keo 25 about 60 4s5ppof the
solution fdllowed Ry the infusion of 40 ul of |3abel ed
GGBP (53 uNYlethad lijncubat ed £479 60 ni nut es. 1q5@@E 3]
Aft er i ncubatigmtihe—scaffotgs;of—ivetthod ¢ 2 were
washed (I x ;}deﬁ%ﬂflll X at 64h) 4|H§2 appr oxi nat eq2 0 10 mL
PBS. The fl|ugs gpeence of the sgatfolds in thq1presence
and absence-of glucose was neasyred with a Cytofl uor
i nstrunent |(MeEBSsdri bed in Ex&hple 6), showilff|an 30
I ncrease i n—ftuorescence wth ghucose—The—fottow ng
tabl e denonstrates the GEBP protein 26 WO 2004/ 099777
PCT/ US2004/ 012359 covalently attached to the al ginate

[0084 PN HDIS niRa@Vthaese prdtéid o ae aa@dax; But iRSqeakat dHeniaywhdperformed.
gl ucose concentration. Table 3. Fluorescence response

Salaplef NEr- tored oy RS farry2 hoveshofeuspise.aRgiwhia vee Sommster duplicate
exp% H\feﬂ Fl uorescence Response (arbitrary units)
ol d 0 mM d ucose 30 nM d ucose

Experiment 11: Hydrogel Experiments

[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 uL. water as a negative control. The reaction
was quenched with 10ul of 1M ethanolamine, pH 8.5 (Biacore AB) for 15 minutes. After
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
WOR0OED®7102 119 No EDC 95 109 5 [0084] No EDE&TrEs2w84/012359

that the protein was added, but no coval ent chem stry

S rforned r 7
g PRLRLIES, e SRSy AT B Rlogf B arosets o
ghexper i ments. Experinment 11: Hydrogel Experinents 10
[ 0085] Label ed GEBP (0.85 nmg/nL in PBS, 50 uL each
hydr gel—dis WwWas |ng||bat ed uathﬁwthe 20/ nsr QO{,
covalle é‘gltl C %{sl nktegP ncte eyenes JignalgQo

m nut

' Yuer
sol utli ons of EDC/ NHS (200 mvr= ﬁﬁ%@f&%ﬂt}%‘ed
I ncubated for 2 hours. O her |Ndiglngedes mgm&g&ed

with Bo0—ul water as-a nnnnfl\lc control The reactiqn
LAY 4 A | ==

was duehched| MOHNHSy(coylentyy dt hanol% ne, pH 8182} 3.8
( Bi agojog AB) IS mnutes. A ncubat ot vl
quenc(halrﬁq, twggé%affol ds were |washed T approxi .?3§e|§/8

1 nmL |BB& eachEDGQVNHS, (wuilentihe fl uorissgence of ibhe
scaf frel-ds—inlt-he presence and labsence gf _saturating

oo CTTo o

anmount3g° of gNQ%se was neasured, and®6tlhe data Shdwneds
fl uorescence activity w tihr respect to gtucose
concentration (see Table 4). 27 WO 2004/099777
PCT/ US2004/ 012359 Tabl e 4. Fl uorescence response of
[0(8BDhES, AdGleARGDRY GCRhe @hgéinahé t}h‘y}@rd@@l without EIDOAVISS seems to

Al gi nat achment c m str escence Sl nal,
cafsp Ry Bty SOmPat oF SerBtieRo L SacB B

sigh¥ea ncféé@ééath@%a)ur&%gggolag tl:f)’at‘clgs rega%éﬁone 63 236 3.8
3% EDC/ NHS, (coval ent 1270

I/To

2

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

[0087] All incubations were at room temperature. Poly-L-lysine (PLL, 19.6 mg/mL in H,0,
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,O, 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
combining 31 mg EDC, 21.5 uL 0.IM 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
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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3% None 66 318 4.8 [0086] Thus, while incubation of

the protein and the hydrogel w thout EDC/ NHS seens to
wh2mangeg7sone physi cal entrapnent of the prot ePer/US2004/012359

coval ent attachmant vvi t h EDC/ NHS si gnificantly

[O(EX%Z Afrer ?I-iezié Igf‘eégs (%{I)% )egl SS(BL% gﬁﬂx&mute incubation).

Etlﬂ’n@ta@rhlﬁe O’Kﬂ)uﬂycﬁﬂ’aqm |a§ueUil§Eolﬁﬁ&1 8@} #4838 hddebith k&A WAl to quench the
Ami ne- Coat ed Surfaces. 10 [008 ]hﬁét i ncubati ons were
a9

reaghlop R miTeigiseahalion). W@llsywsrw l(rm_l_mea?flltb 186191200 vL PBS or
PB?Z\%U& éﬁ‘con blz"@f%ddlc&ﬁfﬁs%ﬂ afs%n&‘itcg%si HTz?o(ie BBOLABES with ImM

ti'ssue ure trea Creéate an

Ca@si (ﬁeulc)oaaseadldem td the evellJ e tﬁ’é_ﬂumateﬁde weading wigy the wgrsdm@r
wth 2 renmgve. unattac

insBpineney/RAHBISGIng ADGL A1 B LS SABRRELORE Heln(30 minute
1ncﬁ%d}¥7lsc1rﬂ1tﬁéﬂjirﬁ)th&%uf)fé%&@@metd%cgfxﬁﬁ% sTalBdRRgAl Ls gl %D&t in Table 5

is reactive wth am nes was prepare
shavs theomspomsergf Be imppobihized Bindg pro@irl vl gik®s¢ pH/. 5) , and
7uLof NHS (0.6 g/nL in H20). Alginate (0.23 nL of
% aI t. aTM.UP LVG (l.ow viscosity,
Taﬁl Fgh g %lez 1@’6'?@1‘3@@%15’%801%[(-#%@ D#Copol yner s)

was conbl ned with 35 uL of 1M MES (pH 6.75) and 12 uL

Expdri-t| heA dddGomitS | mAdditich 2boVvAddivbred | (| Utiokeséhct! i—ﬂteﬂilty
t he |[EDC- activated _al ginate was added to several wel

meHd (i ndbatBd 1 or (153ni: nut es(75min hi § pm@iaCkgmndrder L,

desdr PRERUROAS AR hilfodlam CLOCT SEBRAERMICS

t he |coval ent crosslinker jadi pi ¢ aci d| dighy@dsézi deg[u%&

10 gl 200 mM-i-p—H20) t alucose-binding protein

—O o oo

#1 NBD P (B 40NBRXEHBR 238 eyt ant , | 10 uL:hﬁE UM i AS4| 39

"2 o )Qngsa\% g’?&%/%g??;l PCT/ ’US;SB’M 0123 QgL'j oSéEfW 4.3

#3 AfterNBDe@GBPeaMB»ns t heCa®lh| s wer g washgdgw th 454 26

TOUYg

# of aPiliPaGf@&? SADD ut i on, PH 8.5) was added69 eachd24| 2.7

1504 PBS (10 i nute i-hcubation). Et hanol amine (1 Qul

45 Vel da%b;quencn W reab[lﬁED&é&P? te im,g'gati ot i 43

Vel lis wete washed three tlines w 150 to 2 uL PB

#6 or |RBEIW th 1pNBIaGGBRPi fAARC 2 was| used, 138 443 3.1
indilcated in Tahle '—_\\ PBS or PBS with 1M 5 Cadl 2

(50uL) was added to the well's for the fluorescence
reading with the Q/tofluor instrument. After this

[00?@%‘%@%3ullts &ﬂw g(h%ﬂlﬂ gigmh esctra%jpa?lﬁoﬁl% L& Wabinent of a

mnute | ncu atl n ano | uorescence
profea Sua Bvatik thaiais coedtently aRechddits agiaéie-¢antalgink Sufaces by data

T N T,
its ﬁﬁfa@@ Iysides] ¥ HYREReBpSIFhEr EXPS rcbvaléﬁ@' dtlaOkdto 2 qintlllle%bntamlng

2 Additi on 3 Fl'uorescence | ntensi
surface. The data showed fluorescence activity W1th 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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ment (15 mn (15 mn. (75 mn (Background 1/10

i ncubation) incubation) incubation) subtracted) -
w@bama03w7#+ gl ucose #1 AAD NBD- GGBP CaCl2 115 4Bdr/BSB04/012359

#2 AAD NBD- GGBP - 136 587 4.3 #3 NBD- GGBP AAD CaCl2

178 454 2.6 #4 NBD GGBP AAD - 160 424 2.7 #5 CaCl2

ExqmpleNgp Rengpmattiachment Jo BadyregrcMatripfirasghp ckplpre Groups
Cm?fl B AttaciRalIOPPlodhe results of the above experinment
eno

strate random coval ent attachnent of a protein

to a matrix that is covalently attached to an
[0086§ Fearopies of bifungtisndl fiaker. srumssndadabutiaeinetdineised: tha¥-acryloyl
i ndin rot e for exann
sucBisy iR e oo g o ¢ s eyt gropioni
acill Vi @88l oyRahiif®hedanaic dckl m@mhﬁml ystérb.t 8pdeefit éxaniples include
am ne-contai ning 15 surface. The data showed

ACRLGBE G (AN lphavienyioyi.cupegarsueeingnidioaséer of polyethylene
glyg&rb?ﬁ[g&}l@tab(an u&?t nGRH (Fi&z@ffoi\'%ﬂ'e@ﬁ!r s%oﬁﬁ{ltrsvﬂle AL) and

ace was cross-lin
acryloy] Ka8H (6- ((wpl]/ogr)axhﬁioblhetholadddsﬁlrcumimfdal eﬁéra(bntolduttyluhtber A-
increase co ‘i)ratl on of protein, and/o

2077@3]&{]@ cgia}( BF@\;é,rﬁugeg%Qﬁ N- atc’:péoblrs&p@pwndqﬂgAS product A8060,

Sigfl 08 Ririch ¥t DOui®fMOYer s and the coval ent attachnent of
1gg¥aote|nr(1: may gue cap?l ed out sequentially or can be a

si mul taneous 20 reaction; the order of attachnent,
[0091hi\ng obthesierhmertamted mmenta od eqmvrctii:mtdtemmblﬁmcti@@@ egagents may be

s oy eSEoRT Bt B oo it ] 98 gl teakl With Hfine
amitied b8V AR L ARBO proriA T the dicinRARTO (INAKY é&éﬂ"@ﬂtcaﬂ' then be co-

Pol ymer Matrix Through Acryl ate G oups Coval ent

polpmerzadewitirapproptiale enelypers mcmmh@gg@fhe@pmﬂ%’mﬁ@nahty
Th%ﬁ %8 599&@%8 ct10H§ lnlég,l%a k&H}le ﬁlre%hhgro J)rdell fgr'irzﬁl%oﬁl covalent immobilization

Succl ni

of aabm@m puseinniSeanti aE&tdaﬁmunineboi neetthmls amacc@ltemﬂhted.
pr opi oni c 5 acid, and acryl oyl -am no- hexanoi c acid

[00§£ﬁ%éqn§|ggld i%%%&w%ﬁ%&&%&%a% e% plrlr(])(r: Itol'lc(:joe-polymerlzatlon The
dyRiB8Ra Binaf rmegly (1- ﬁﬁr‘hg{ 'm0 is RRSYISENH €9.9.3 B 4Pnate buffer with 1

propi oni c 1 d, (produ nunber 012Z0F02, Shear wat er
M Ka€h(pH $BntNABI(P m%lnL) wrmﬂde@am@dh@ysbl—u}(osﬁ mixed for 60 minutes. The

e R AR5 A B T SR ot
recS¥red BPEluhbR &6 HNIAPSHEA IRL MCHErachifiSatidl SAHE hurh®G R 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
(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.

[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

30



10

15

20

10 Sigma-Aldrich, St. Louis, MJ. [0091] Any of the
af orenenti oned reagents or equival ent
wedoenedsrf uncti onal reagents nay be used and BEBUS2004/012359
within the scope of the instant invention. These
reagents rea\c}qhé ysine apm nes on ghe surface of
total FRONOMST EAti9- \ihas P19 ung&wﬁrqﬁebmlwt &eactiye NP estggs. This

a8, SN 01 Ao PO MTei -1

mg7ﬁ119)3@r uputo Zeheural folewed bymeshing with bubies Tinis praduees a random

f I b I t
o3I B imehCHIART Prarets e chBmy Rt Ear Sihuathe Bl gOLAY
inc6Pof£ePWARBGhe EHIPAherRAAE bioRin Bfat BIFRIE itd¥ht Bolymer matrix.
succi nimdyl group of NAS prior to co-polynerization.

The dye-1labeled binding protein (1-10 ng/nmL) is
Refgrepses:ved in 0.2-0.3 Mcarbonate buffer with 1 M Nad
(pH 9.3). NAS (5 ng/nL) is added and the solution is
fror,
Gaépc gf%l}g r%n(ﬁgbff(?gﬁlvti}t ts}fégspgﬁﬁgﬁ% tRf’fuﬂH@&&h@gd Wi Rthylene
glyaco:lb;dthmadmﬁd tecmipood Eprotdins” Aieway eried. b99&I7TuB8-dA. from a
NAP-5 colum. Characterization of the nunber of

AL e ey HERs Mimar LT oY & e BBty TN C. and

Pro@afo@lt A.(FL98F) -flubh@cém %téﬂadmpe éRpfor ?%He'})%ﬂu%é@'ﬁ? tafi‘éeté’d labeling
1- ng/rrL solutlontoa 9ﬂ%marlzalon reacti on wt

at the @nlmatbﬂm;n hdmer/. Siedhens | pd 2% \p@BIHPM. net hacryl at e
25 (HEMA), an initiator such as N, N-di net hyl

oL ALY SIS 12608 SLRRIS MBRACh S B

pemtde:pamqarbrem@ﬁa/baiaalawromdambn@éhnydnaneglcxbh@il Abphiestydnatbe
(TEGDA). Polynerizatign is carried out b% eﬁgosure of
moflifications,at Iﬂ"éﬁf“@al jegine ofioret Chefepéfdi hd 361
initiator, under anaerobic conditions for a sufficient
| r <«
A. gat%@%%d p%%%é@p%?g?%@ Mé?éljifi\lmhaﬁ\ﬂ th f’;{)ﬁgﬁlgg t1Ir1o]r?lomat:enals
ScigficeNAS Inmpdw:dongMate@abnoMcihcme deDeRatmreAd iHodfman, F.J. Shoen,

1 EgGennis, bt dioaennls TRBS, ST Rk B WS nat bad of the

acryl -nodi fied binding protein. The NAS is typically
G. RAHeghaasor2 PBIcRshiwRkte TecHni§iés0fppl 565-880,MR2ad6E1Y 188/ 8an Diego,
PCT/ US2004/ 012359 total nononer ratio. This pr oduces
19%- hydrogel polymer with reactive NHS esters. This
material is placed in equilibriumwth a solution of

a bj rdi [ . .
SRR, e SR A PR L £ Sy T el oPins
MopomeiErsynze Conjdgares”c.apyd| Bmhm tlﬁateniaﬂﬂ. o871 el R4t ei n

to the copol ynmer by reaction of the NHS groups 5

i ncorporated within the copolymer with protein that
diffuses into the polynmer matri x. References:
Gaertner, H F. and Oford, R E. "Site-specific
attachnment of functionalized pol y(ethyl ene
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glycol) to the am no term nus of proteins" Bioconj.

Chem 1996, 7, 38-44. Alouani, S., Gaertner, H F.
wokoaney773. -J., Power, C. A, Bacon, K B., WePCHUSH04/012359

N. C., and 10 Proudfoot, A E. I. "A fluorescent

i nterl euki n-8 receptor probe produced by targeted
WH%E&;S%II\Q@D@,'@ amno termnus."” Eur. J. Biochem

1995, 227, 328-334. CGeoghegan, K. F. and Stroh, J. G
"1SI A @kitSALES RARIHIRARaRK HpabIe R eRtdppehgd eﬂﬁe&dfiﬁg;or

peptides and proteins via periodate oxidation o
encapsulating adbivding prot@p gbinpesingn to nodi fications at
N-term nal serine." Bioconj. Chem 1992, 3, 136-146.

15 A.S. Hof "Bi.ol ogi;cal.l v, F i: . erials"

o habpote s B bnyg PR, SO ASbdi0R A HEE LR and
An Introduction to Materials in Medicine", B.D

Rat oy or mor®.ofHoddnpaimertt. 1dyer 8iud ensureskh&intégitp 68said core,
editors, Acadenmic Press, San D ego, CA 1996. G T.
Fbrnansoq, "Bi oconj, ugat e Techni%g?s", ﬁg. 605- 630,

Ac affeiter lpygselec rEsgble 1 aggnalyls oSfliensiker | s G
Hof fi nan, A.S., and Priest, J. H "Synthesis and

Pr0995&}@ﬁt@%u%bﬁ¥Mﬂﬂybnoner/Enzyne Conj ugat es”, Appl
Bi ochém Biotechnol. 1987, 15:11-24. 31 WD 2004/ 099777

PCT/ US2004/ 012359 WHAT IS CLAIMED IS: 1. A
ful Thewatrixofstaiml. cpmagiginggat ri x capabl e of
entrappi ng, enbeddi ng or encapsulating a binding

A S e R

nore of a containment |ayer that ensures the integrity
of seomtaioment layarthaehsired thy ertegely of thewekey apdr neabl e to
an anal yte of interest, or a layer that is

bi oconpatible.. 2. The matrix of claim.l, conprising a
cor & B et pamerpe s S AHRE R g r appi ng. a
bi nding protein, 10 a containnent |ayer that ensures

BheThdinagix df\clfm X, Bempasiag tabréindMaér thatie biocomgatible.
sel ectively perneable to an anal yte of interest. 3.

The matrix of claim2, conprising the core and a | ayer
thathe magxgiigim: &, giherein said eors crmprisss grosstlinkaple polymer.
wherein said core conprises a cross-Ilinkable polyner.

3. TREmARL drtlfh Rk althGb &L BIeh ot RSSs hﬂgms?é%rﬁayaluronate.
polymer 1s alginate or hyaluronate. 15 6. The matri X
of claim1l, wherein said containnent |ayer conprises a

o nPoeumatrixsd] cbaimeld whersin sdié containmenblagérsiompgises a compound
sel P dm S&roup C(?nosks¥i_ng- olf}églly[ie-lysgn%\,/vpo 9%-5‘%%%, Ry gt ﬂngfl molecular
weight polyvinyl alcohols, SbQ-PVA, and Nafion®.

7. 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.

8. The matrix of claim 2 wherein said fourth layer comprises a compound selected from
the group consisting of Nafion®, polyethylene glycol (PEG), poly (2-hydroxyethyl
methacrylate) (pHEMA), and alginate

9. The matrix of claim 1, wherein said core comprises a binding protein.

32



10

15

20

25

wei ght pol yvi nyl al cohols, SbQ PVA, and Nafion(r). 7.
The matrix of claiml wherein said outer |ayer

wa@oempndses a conpound sel ected from the groupPCT/US2004/012359
consi sting of SbQ PVA, HEMA, PVA, al ginate and

i_.norgani c._or_ or, i cally 20, nmodified.inorgani .
481 5€%mtnx89f o JratHersia 5418 biraling oty ISH entgapedin said
corkayer conprises a conpound selected from the group
consi sting of Nafion(r), polyethylene glycol (PEG
poly (2-hydroxyethyl methacrylate) (pHEMA), and .
dllg%hgm@trgc. of plaamyrth whiesein faid biidingiprotereiseomalgethybamddo said core.
conprises a binding protein. 32 WD 2004/ 099777
P . T ' . ¢l ai . rein.
32 SRR S eRim Aot A Rl beibinis Een oiatE i Rin
core. 11. The matrix of claim9, wherein said binding
AB30Tkd mairix afelamel hetetusaid sugas bindinggretein 1§ 2 mufired
natrir of claim9 mﬁﬁrein said binding protein is a
gluERRg Rl AR PHGA O GOMRHDE BOI%N- The matrix of clai m 12,
wherein said sugar binding protein is a nutated
qUUERS a8l A RDD, WheFdh 508 8indik}opro@iPidhSnally tmprif& a reporter
matri x of claim9, wherein said binding protein
grogpidi tional ly conprises a reporter group. 15. The
matrix of claim 14, wherein said reporter group is a
[ gm t 1.0 - 16, A
ACTRE AR o ity M SRR id FpofiEritBup R NBifBEAREy iorescen
groupe steps of. (a) formng a core; (b) contacting the
core with a first coating solution for a sufficient
time to cpat or. |ayer the core; 15 (c).isol atjng, and
chﬁym@etbwgmém?lgflg ea&ﬁv?@t%’rprm H{2PmAs X GPIANEHRG The Steps of.
contai nnment |ayer or coating; (d) contacting the
CON{ SRS a Létker or coating with a second coating
solution to form a nulti-coated three di nensiona
structure; and (e) isolating and drying the second
c oafh) sentaetinghe aere withcolirse goating selugiondersd wifagient 2ne to coat or
Myaﬁﬁgg&%re to obtain a nulticoated or nultil ayered
matrIrx.”17. A nethod for neasuring a concentration of
an analyte in a solution conprising the steps of:
(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.

17. A method for measuring a concentration of an analyte in a solution comprising the

steps of:
(a) contacting the matrix of claim 14 with a solution;

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

therefrom,;
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(a) contacting the matrix of claim 14 with a sol ution;

(b) exposing the matrix to an energy source capabl e of
w@emdoei’ny a detectable signal 25 therefrom BSr/UE004/012359

2004/ 099777 PCT/U82004/012359 (c) measuring the

det&:%% Le: SI ﬁmba %Pﬁ rel ating the nmeasure of
t he e Si'g concentration of

anal yste |n t he solutlon 18 The nmethod of claim 17,

whe(dicorrslaiing thieahgasereios the dutigtuble Sgidf) withhlie aBidaAEatn of analyste
. claim.16 or 17, wherein the core of said matrix
lntgﬁﬁﬂP‘%%s alglnate or hyaluronate, the containnent

| ayer conprises poly-L-lysine, and the outer |ayer

q8phd &%ﬁlod 'o@@faﬁﬁﬂvcwﬂérelﬁrsgﬂrﬁnﬁmté % d ngnf i ed inorganic
sol -gel . 20. The nethod of clal erein the

detectable signal is nmeasured eplsodlcally
d8nThevasthet pf c]@rm ppegl Z\mﬂmemme e ofisdid Oﬁtmsc:mnpnses al ginate or

hya‘f‘n?}gpe(té Sth@ I}%&H}%e m’il b cg%gmg o %gflgglég eq%h%ges%g%rl 1?}"?6 comprlses
inofganican oagmﬁqallsa nﬁfdlﬁé& ia6ahiceobegded, entrapped or
encapsulated thereln and a transducing el enment. 22. A

t a_bi osensor conpr.i sing the steps of:
2@ ?‘%ﬁm Flﬁgn A7 pVhIpAdhedeiedatie ign lameewcf episodically,

confhEMR 1 5}? thbgreto with an enbeddi ng,
encapsul ati ig or entrappi ng conpound to forma core;

&b) contacting the core with a first coating solution
br Adicsghdor ¢pmptisingme to coat or |layer the core; (c)
i sol ating and drylng the first coating solution to

for i pent e ont act i the . . .
cortPe i BHATERbPEE mel B b hwBE A & Bk PG pincipe porein
spesifit fforcineanlalytd dofMBteradt E@Béddea, dnttiBped &%n@&iﬂﬁﬁteﬂﬁﬁ&km and
| ayer; (e) isolating and drylng the second coating

solutlog to forma outer |layer to obtain a biosensor.
o5 &hansducing element.

22. 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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