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diabetics is a desirable goal and would enhance the lives of many individuals. Currently,
most diabetics use the “finger stick” method to monitor their blood glucose levels and
patient compliance is problematic due to pain caused by frequent (several times per day)
sticks. As a consequence, there have been efforts to develop non-invasive or minimally

15  invasive in vivo and more efficient in vitro methods for frequent and/or continuous
monitoring of blood glucose or other glucose-containing biblogical fluids. Some of the most
promising of these methods involve the use of a biosensor. Biosensors are devices capable
of providing specific quantitative or semi-quantitative énalytical information using a

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

20 [0003] The biological recognition element of a biosensor determines the selectivity,
so that dnly the compound desired to be measured leads to a signal. The selection ﬁlay be
based on biochemical recognition of the ligand where the chemical structure of the ligand (
e.g. glucose) is unchanged, or on biocatalysis in which the biological recognition element

catalyzes a biochemical reaction of the analyte.

25  [0004] ‘The transducer translates the recognition of the biological recognition
element into a semi-quantitative or quantitative signal. Possible transducer technologies are
optical, electrochemical, acoustical/mechanical or colorimetrical. The optical properties that
have been exploited include absorbance, fluorescence/phosphorescence,

- bio/chemiluminescence, reflectance, light scattering and refractive index. Conventional
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-abbrevigdgepns, r &f ApidiPadABcinBdted of biosensor development is the use of fluorescently
10 labeled peripiasmic binding proteins (PBP’s). As reported by Cass (dnal Chem. 1994, 66,
3840-3847), a labeled maltose binding protein (MBP) was demonstrated to be a useful
maltose sensor. In this work, MBP, which has no native cysteine residues, was mutated to
provide a protein with a single cysteine residue at a position at 337 (8337C). This mutation
position was within the maltose binding cleft and experienced a large environmental change
15  upon maltose binding. Numerous fluorophores were studied, some either blocked ligand
binding or interfered with the conformational change of the protein. Of those studied, N-((2-
-iodoacetoxy)ethyl)-N-methyl)amino-7-nitrobenzoxadiazole (IANBD) resulted in a
substantial increase in fluorescence (160%) intensity upon maltose binding. This result is
consistent with the location of the fluorophore changing from a hydrophilic or solvent
20  exposed environment to a more hydrophobic environment, as would have been theoretically
_predicted for the closing of the binge upon maltose binding. However, this mutant protein
and the associated reporter group do not bind diagnostically important sugars in mammalian
bodily fluids. Cass also disclosed association of this protein with Ti0, surfaces, however,
the surface-bound protein suffered from reduced activity with time and required constant

25  hydration (4drnalytical Chemistry 1998, 70(23), 5111-5113).

[0007] - Hellinga, ef al. (US 6,277,627), reports the engineering of a glucose
biosensor by introducing a fluorescent transducer into a Galactose/Glucose Binding Protein
(GGBP) fnutated to contain a cysteine residue, taking advantage of the large conformation
changes that occur upon glucose binding. Hellinga et af (US 6,277,627) disclose that the
30  transmission of conformational changes in mutated GGBPs can be exploited to construct

_integrated signal transduction functions that convert a glucose binding event into a change in
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20  specific interactions between the selected probe and amino acid residues of the protein. It is
“not currently possible to predict these interactions within proteins using computational

methods, nor is it possible to employ rational design methodology to optimize the choice of

reporter probes. In addition, it is not possible to predict the effect on either the binding

constant, or the selectivity based on the position of any reporter group, or amino acid

25  substitution in the protein (or vice-versa).

[0010] ' To devélop reagentless, self-contained, and/or implantable and/or reusable
biosensors using proteins, the ﬁansduction 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 planner

30 waveguides using immobilization étrategieé. Such immobilization strategies include, but are

_not limited to, enfrapment of the protein within semi-permeable membranes, organic
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[ast some analyte induced
conformational change. Conformational motions of binding proteins may be substantially
restricted in most soi—gel matrices taught in the literature. It has been reported that sol-gel

25  entrapped proteins can exhibit dramatically altered binding constants, or binding constants
that change over relatively short time periods or under varying environmental conditions. In
addition, the function of protein entrapped in the sol-gel matrix has been reported to be time
dependent, a characteristic that limits general applicability of sol-gels in biosensors for i

vitro as well as in vivo use.

30 [0012) Therefore, there is a need in the art to design additional useful mutated

- proteins and mutated GGBP proteins generating detectable signals upon analyte binding for
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[00016] There can further be provided a device and compositions thereof suitable for
in vivo use including (a) a mutated glucose/galactose binding protein and at least one
reporter group attached thereto such that the reporter group may provide a detectable and
25 reversible signal when the mutated glucose/galactose binding protein is exposed to varying
glucose concentrations and (b) a matrix permeable to analyte wherein the mutated

glucose/galactose binding protein and the reporter group can be encapsulated in the matrix.

According to a first aspect of the present invention, there is provided a glucose
biosensor co_niprising: a) at least one mutated binding protein and at least one reporter group

30 attached thereto such that said reporter group provides a detectable and reversible signal
s ‘
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BRIEF DESCRIPTION OF THE DRAWINGS

[00017] FIG 1 illustrates the change in fluorescence response to glucose of
25 A213C/L238C NBD amide GGBP H in solution.
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thereof to provide for a matrix pernmeable to anal yte wherein the nutated

I l.act i ngi 15 tei the.r. t
o SeosShAHaE”! o e A PG SH it BRI S eb RS acuet co
i ncl udiapglyfekla@ivewd @ll@thnmal t ose binding protein (MBP) and at |east one

reporter group attached thereto such that the reporter group nay provide a
det ect abl e signal__when the nutated MBP can be bound to maltose and wherein

t he > VBROMEP] i nci JUE willustates reeerpblesignal Hempssantrappeddumding arotey framener i x

per nea ng]!]. r . T IAleh er group
can bet&etﬁ)ggg%?ﬂtg?te I%s@?tﬁg%ﬁig??@}(&vﬂ%%%r&%ﬂ%@ gtlcan ﬁ%%ogggqgée provi ded a
devi ce iadicatedbopesittdtons. t her eof suitable for in vivo use including (a) a
mut at ed gl ucose/ gal act ose binding protein and at | east one reporter group

attach t e p nay provide a detectable and
25 reviﬁﬂgmﬁfgﬁbﬁ#%ﬁ@@ﬁ@@ﬁﬁﬁ%ﬁﬁe/ gal act ose binding protein is
exposed to varying glucose concentrations and (b) a nmatrix perneable to
anal yt go0u2e] ei n tTe terdt BibShsorHeH&aR £ f&fads 36 h deAcHthAthdRE spiciichitciRitcdl he
reporter (f:]roup can be encapsulated 1n the matrix. According to a first
aspBct repclippramediated by isolajedenzymes timauaopstemns lipwes oagapeliesoyavhale eddlsnsor
conpri $i RQ. t Mefell i 1. I one

- eport & eettherisal G RAC RS URRA MR bR ls. w333 D10, s
det ect abletn atisiosctuar sefotsao aipgotain capable dibindiag @b anidgs ety etugéded bi ndi ng
protein is ex[)osed to varying glucose concentrations; and b) an _anal yte

per mealfFEctADaRIg LA BLR maliie SoRSERUFRioBLY arfletisiumenhas st detaribedd
bi ndi nG1oBiBlefidhly>a BRI didné ng?ntﬁﬁlciﬂagd@ssd?‘f&tst &He thigieBr €sent i nventi on,

there is pr ucose detection conprising: a) providing
at 1b eagtucoswgalattaeteduindjhgiposdd gal atdeassenduiepolitergroyyr atachai therdtoadndlaeast one

reporter grou acheq thereto; b) entr i or encapsul ati.n i d
o et pe bl Aeahus Yaherin fhs ThvEe b e B Bp B 1 .
c) expgéjomrgﬁ,iugCaﬁgﬂ@&ﬁ%ﬁ}ﬁﬁgﬁﬁgﬁéﬁ&h@,@.e bi nding protein to varying

gl ucose concentrations; and d) 10 detecting a signal fromsaid reporter

group. According to a third aspect of the present invention, there is
provi dé¥P022E onpodiheitam “biusting proteins” aefetsito praseins thaginteraciveith specific

gl ucos %zﬁ?ﬂeg i Q3 GnRlr %gfaﬁ)ge & t?zitn%ti.[uncirtlgac\)lxj pr}gvia}ngl et and/or reversible

20  signal differentiable either from a signal in the absence of analyte, a signal in the presence of

varying concentrations of analyte over time, or in a concentration-dependent manner, by
means of the methods described. The transduction event includes continuous, programmed,
and episodic means, including one-time or reusable applications. Reversible signal
transduction may be instantaneous or time-dependent, provided a correlation with the

25 presence' or concentration of analyte is established. Binding proteins mutated in such a

manner to effect transduction are preferred.

[00023] The term “galactose/glucose binding protein” or “GGBP” or “maltose
binding protein™ or “MBP” as used herein refers to a type of protein naturally found in the
periplasmic gdmpart_ment of bacteria. These proteins are naturally involved in chemotaxis

30 “and transport bf small molecules (e.g., sugars, amino acids, and small peptides) into the
_ p . _




am no acid substitution selected fromthe group consisting d#ul208§st ei ne at
position 1, a 15 serine at position 1, a cysteine at position 11, a

cyst ei #é764t18d%+PSHA.744, a cysteine at position 19, a cysteine at position
43, a cysteine at position 74, a cysteine at position 107, a cysteine at
Posi ti QRtoblddm, RoCAhIHRI) G@EP &Oa'sshﬁglgehzﬁﬂ rotéln%bfﬁstlﬁin%%f &o BRBULFB/B 113, a
cystel né at position 137, a cysteine a osition I49, a cysteine at

posi t i clen2u®, that azyenmapeied by theessstrandntoosn aalnngcy’éh@bmémgtsltp @slpcatcdun238 a

cystei n 287 a.cyshein n e at 20

poat ¢ g e BaRckh B o fonfhusy Bigh Bl ARG B PafiREnd RN BhdTeBa™ g o
cyst ei RenRimpiGHal inge, 220eredt RHiNEeS WhRHBRAIRE ehatoldoNiaiNOgdberlapdst one
reporter group. BRI EF DESCRIPTI ON OF THE DRAW NGS [00017] FIG 1 jillustrates
t he3 ch&AfaPs Slugase 8t e buing sites¥un érYtS@H@gT@E’wétWGQBaVR@PBEdE@%@eNBD ami de
CEBP Mot the SR AR ot A YroaDP B AN \}g YragH A hiddBRERE! © 2

Il lustrates si gna enhancene ntrappe g proterns in

absencd 988,249y EMnmspﬁnMdrwhmwedrm(ﬁ \DeM(ﬂvlﬂ@ lRL i[l)SmﬂhODOBQ(]Zo]EI G 3

illustrates an entr |nd|n teln in th ce and presence of
anal yt éaeF@?%’f&?Z" ioﬁsg‘ﬁlfi‘fli?@r‘? avgl "f 9 25‘]t Pf@t@n% §F‘ﬂ‘at es reversibl e signal
from amgniaRPREb B AN ALY :iGBP“ &g}%g?@él?o@h@?«ﬂ& e /£ RBIRIGBEN!

invention Tollow Ng exposure to sol ution ucose at”‘the Indicated
coh@ eniMéd iané gmirOREAl s_eEEDenDESGRbPlem at]?fvsfm&chlmliﬁ.mr! EN/griea2Akessioa t erm

bi osensor refer de ce that eci f bi ochem cal 10
rlaact i 8H§1b%’ée@§g@éé§g§?n?1§8 eaﬁfélflﬁlé’ nuf‘%l#?b@?ﬁ? Ioalf”i ssgh'éeé"c or ganel | es
or wholpgsfegtd SGBP id HoaLE. &Jzyx_em cal corrpounds usual ly by electrical, thernal

or optical signals. As used herein a "biosensor” refers to a protei n

capabl e of bindin 0 analyte that may be used to detect anal yte or a
change [8M24hal yt e%@ﬁ@‘bﬁﬁ‘é‘gmﬁﬁmﬁy (for geareple omuiatd{dGRE  hesrused herdlicr i bed.

More s f east one

it at o 1 Pt it AL Beterl e b DY ARG B Hech *PEL PV,

gr osIp aﬁtﬁsamitaﬂfdrhmleaéd)ﬁamdo@ddamtduhx aﬁﬁﬁmaﬁd(b)eprb@namaiayurelly\bmmg t he

mut at ed I.ucggj act os hi ndi ng protein and the ort group capabl e
of. encﬁb(gﬁ‘rla 3 FF fiufigns, g@@ﬁ?’?j OTHRRETHODS ARVl ‘i' Wﬁ’g&ﬁ‘r‘ tEIA%" refers
'to pro t t F;ﬂ,ﬁ] e of
transdracsiilhggm%é@pl}lgﬂ\}lpg%ﬁ%gbw&k [b ég?g% Sféd‘%?\ or p‘;f,e Zr}dstalﬂ I egggﬁgl{néﬁgﬁéms
differ amim@ttheadzimcbremr substitutiorsofopyafleiriergroips, abswataellp beamahy awjnoaacgisgnal i n

 conconi TS St R aSBE 273 S Ros) il Rlaorbing OlisiPbialy’ The
-t rQ@Sd%ﬁJréH&tl%’&ﬁino'a@ﬁls BHB SR AR S0id P06 ABTEA the @@Qmﬁ%ﬁ&%@m@ans

including one-tine or reusable applications. Reversible signal
electrochemical or photo-responsive reporter groups. By "reactive” amino acid is meant an

- amino acid that can be modified with a labeling agent analogous to the labeling of cysteine
with a thiol reactive dye. Non-reactive amino acids include alanine, leucine, phenylalanine,
and others, which pdssess side chains which cannot be readily modified once incorporated in

25_ a protein (see Greg T. Hermanson, Bioconjugate Techniques, Academic Press, 1996, San

Diego, pp. 4-16 for classification of amino acid side chain reactivity).

[00025] EXemplary mutations of the GGBP protein include: a cysteine substituted for

a lysine at position 11(K11C); a cysteiné substituted for aspartic acid at position 14 (D14C);

a cysteine substituted for valine at position 19 (V19C); a cysteine substituted for asparagine

30 at position 43 (N43C); a cysteine substituted for a glycine at position 74 (G74C); a cysteine
~ substituted for a tyrosine at position 107 (Y107C); a cysteine substituted for threonine at
~ position 110 (T110C); a cysteine substituted for serine at position 112 (S112C); a double

7




transducti on may be instantaneous or tine-dependent, provi dediywl000rrel ation
with the 25 presence or concentration of analyte is established. Binding
pr ot ei AE7oMIERIEdP-PH43Uch a manner to effect transduction are preferred.
[ 00023] The term "gal act ose/ gl ucose binding protein" or "GEBP" or "naltose

bi ndi ngniRARERIRKing @ CystREsutRBuSERr 8 Richt P@sfiﬁdiﬁl {0a:f deViRE sstiffcA B N
¥| npartnent of bacteria. These proteins

naturallﬁfpundln_t e &er%‘glasmc conp: ] : h
ar e nawndencing 4t pouliee§ (F1¢HeddBaN): ¢ c3gciandubstituteshior e lysinesatppsition [ Bt ul es

(e.g., S 1.0 i. n | | i j . the, .6 | v ,2006
07787, (BSERG" 2 PTG B568e AP A LHIRA pRERY FF2e D 4 SRtk hgiliea 200

pr ot ei Hocgltainsd adidatgiosition 190 gBUAT); adBubléitinbinclliaip AtRtadmiviBsitardby three
strands, to forma hinge. The binding site is |located in the cleft between

t hed t wdos gl taatic agdal Resitionddd apd e seringrwbgituier Aoy leneiee algositionAddr goes a
conf or i hanas 3 I i ! 40 domai ns
t oget th iaégr?]gﬁg SZ’nt raplse %ﬁ(&%ﬁ%ogﬂ?rﬁh%gﬁi@%% I ngs%%ega?%l%tém;ﬁ Pi:ért ;5%1%1 ogr aphi c
st r uct Ub2andavestéisesubdétnerdnfonadthidone dthpesitiond 821 (H bF2G/818TLPR ddulden E col i

Typhi R GHRiRE S BY oG & POBondf Do iy bl

41-54) f@ihigtin@¥aokiEbh @ 55 (IR0 HRA) 6l L&t@ﬁ{e%ugﬁmfted for an methionine at
(http://ww.resb. org/pdb/) as 2GBP and 3GBP, respectively. The wld type E

coll9 cpesition 1 SNMBFEC )antyricine substiaitaddioc an daminbet gositive 248 (A213C); a

- nchi ol m ni b gov/ [ ' 0885 ic cl. d
aceeas A0 ol oSS0 PAfnE ARG S B St A3 b B oy
col | . GARGAAA fobkilecit dbpodliion238 CUEIBLILISROY, exaridsubaitatgs: £CBP") as

used herein refers to bindi ng proteins from bacteria containing an no
aci d( syefiipeine parasitivacd 6 (K124 6b3ta avsteng spbstituted fasaspprtie agifl abposiipacidot o t he

am no } (We t . ! L. P rably such
Substi PO a BEARELupb Bl HE 8L IiBE AL 230 GBbey L ORERTD LY 00T

r e$$ dueshstinmedfop b afpitidadid asiiontd8G (D287 e systéhe Blilstifyted ol ah hxirEn®f

bi nding proteins _include the addition or substitution of ga/stei ne groups,

non- nafLPAIHap 25EdBAP 4 2 ittRge selstifted fonp valing at pepitign 299 BY &76(Ghe Pla 996
271, 3§nutzé'§ %\%-11%%1?%?3‘? @ﬁtéﬁ@sﬁb%?e%%?@i gltﬁf)anglrv' gc\,jlﬁ gfe‘ﬁés?tkd&’k@?a&%?ﬁa@aﬁ Ive

am no acl eactive am no acl or the’coval ent
at t achmebstitudéd foe b eerimecat positiom P21 bandhsdrime wetsypionad foe leveprrat posigom2iss. By

| abel | AgA2GE 20580 ads e ianifinag cofcins selBtngSl G n ERAHEGRYY cact | ve
dygo NefpdsRfl 149 CadthiithcAtbsifufen ?J)ﬂlﬂl_ealﬁ{iﬁ’é‘itgr%siﬁbﬁ B3 Afd 2 BOGRLBIAREPE, and
ot hers, which possess side chains which cannot be readily nodified once
i ncor pérdewsihs at ppStion PFHRIYAC(A2BRA.2H ST, a giedmphs mmtanBinsbulig ayseriae at
Techn! g48ton £ RA5HS alh S on 5 afiifhne B S8RtonPPrs diatfsdl aFbaR | cat1 on
238 (A1S/E149C/A213R/L2388); a quadruple mutant including a serine at position 1, a
cysteine at position 149, a serine at position 213 and a serine at position 238
25 (A1S/E149C/A21358/1L.2388); and a quadruple mutant including a cysteine at position 149, a
| cystéine at position 182, a cysteine at position 213 and a serine at position 238
| (E149C/M182C/A213C/L2388). Additional examples are listed in Table 2 hereinbelow.
Amino acid residue numbers refer to the published sequence of E. coli having 309 rc_:éidues,
as detailed below, or the corresponding amino acid residue in any substantially homologous
30  sequence from an alternative source (e.g., glucose/galactose binding proteins from

Citrobacter freundii or Salmonella typhimurium, sequence accession numbers P23925 and

P23905, respectively).




[ 000251 Exenplary nutations of the GGEBP protein include: a Tyuht0be
substituted for a lysine at position 11(K11C); a cysteine substituted for
aspart i%7HdFB 1At PH&EiPi on 14 (D14C); a cysteine substituted for valine at
position 19 (V19C); a cysteine substituted for asparagine 30 at position 43
(N43C) ;j0002my St ei MheerBappdd W @flcabilated BluyfbdBindingRRsieink 8Nthéprds&i4C) ;. a
cysteine substituted for a tyrosine at position 107 (Y107C); a cysteine
subst i tily@EoR graytbeuseshinfa igvitrqergn vivernaly® (svay1elgrh, far expsndé, iecapablst i t ut ed

for serj . it . s l.e 7 |y 20 L/67-185819 -
5074 Sgudtinf R AR BolosaE fheds SURYR fp Ao § MR 00 11 on
112 andisseclimieal assags aridfoed of béverape ihduidtiah testifig. PDIsd don@ent@n 65ME2C/ L238S); a
cysteine substituted for a lysine at position 113 (K 13C); _ a cysteine
substi Hwﬁlas poteinIn e matrinis niefereplydassiiban (hr bidime copstepiiRai pkthe prdeint ut ed
for ol yhgiCadhd at position 149 (E 49C); a double mutant including a
cysteine substituted 5 for an glutamc acid at position 149 and a serine
substituted for | eucine at position 238 (E149/L238S); a doubl e mutant
conpri 4074 cystldemautstidysmiy sereciorecyr nrs of skveeal ptpoessi tHooexandBe, saand a

t ei tituted f t hi onj ne .at i L 82 (H152C/ ML82C);. a doubl
ot ant PGB Pia PR, S BRlR A ordF R bes MR SRS 963 and o
cyst ei Regotsiabt donfiige® thé protein b §%§rﬁi§lﬂﬂ' ddcaptQRitioh Ohtd:2 &r lsdﬂnn?@g de) ; a

cysteine substituted for an nethionine at 10 position 182 (ML82C); a
cydPei mindingstes ferdstpotable rgporigr groups; tatadjvskits bioding Tangtas vath)respsct tedubl e

“mut ant _j !Eglg V. Ine. jtuted for an al anine at position 213 and
a cyst :dr%lfeéh}égu S |t%tazl§%f)ﬁlﬁl%ﬂ %Eﬁ%@ at position 238 (A213C/L238C), a

cysteine substituted for an nethionine at position 216 (M16C); a cysteine
subst i {0a028] f or &sfieritstantavettion, apalyietdndmizded ptddARGA) 4s bindiys patmres.
substityted for an | gucine gt posjtiaon 23 8 (1.238C); a cysteine 15

subst i %IEPFé?imf SFSoQatesy 8F ¢ PR As s heﬁ%ir?fg’é‘ﬁo %sﬁnem‘vw;haalnwsr@@nﬁ%

- substi ty SRt 18I Lt ), i

Subat | By (RSB AiRLBAy AtonRl8 o B Rl BbiAkhy ICLEXRIERDS o

i n&$ udidagctioromeinsi The Kubnsayi beutabublftat assthe gdncentmatonadifeteahalpesit wihivh 149, an

al anin ubstituted for a.serine.at positign 213 and serine, substituted
For | e DUETE Bipteists Bopeh o5 3ist it s WenBficeng) e of Byt fpeoprcbiaant

i ncl udivaiesfos YIS 19hdiBg HEiSdrs hretpRstefaBly WSS ¢ 0GRl AN2R BbufsTsiM.on 149,
an arginine substituted for an alanine at position 213 and a serine

substituted for _|eucine at position 238 (E149C/ A213R/ L238S); a quadruple
nut ant [0402PLidi nglmthedreseet iaventignsit hasdieen shewr thet wivirscECPEs mayde usad,  an

5 2120878k BRb AR By AN R Bl BpoRRSHblP R B30 R etz 1 on 1,

a 2@yssignilaipah ghessd binding4Po “@oside b deteatableGidnal D s wska hafth, aefegits g at
position, 238 25 (A S/ E149C/ A213S/L238S); and a quadrupl e nutant .including
a cyst éPll iRresnsaizeiashangeoin apropaytyiadageparter gepn gananger that eagbleathee at

2o PR AR A LML AT S

comprise a detectable reporter group whose detectable characteristics alter upon a change in

_ protein conformation that occurs on glucose binding. In a preferred embodiment, the
25 . reporter group is a luminescent label that results in a mutated GGBP with an affinity for
glucose that exhibits a detectable shift in luminescence characteristics on glucosé binding.
- The change in the detectable characteristics may be due to an alteration in the environment

"~ ofthe Iabel bound to the mutated GGBP.

[00030}] The luminescent label may be a fluorescent label or a phosphorescent label.
30  The use of fluorescent labels, which may be excited to fluoresce by exposure to certain

" wavelengths of light, is preferred.




Am no acid residue nunbers refer to the published sequence fuly20080l i

havi ng 309 residues, as detailed below, or the corresponding amno acid
resi dud779%-18Hy9 sBid¥Mamti al | y honol ogous 30 sequence froman alternative
source (e.g., glucose/gal actose binding proteins from Citrobacterfreundii

or Sal w1 a tynﬂbﬁyéﬂnuéanﬁﬁtqﬁﬁ%%o gﬁﬁ@ 9B RUFRR6R. REdehepdil P23905,
respecti velyh/ July 2006 07767 581 5 5074. 70 [00026] The ‘entrapped

or enc aﬁS}moazi@@” Aeferstied Htﬂlmﬂrfbatmbmrbﬁ prergy andibep emgelight. Norelimitng maybe

used i Rred 00 te ass ¢ i's capable
of 1 of AR ph g Bpflret St 4B b B ARG Meblon 0P BB Eamar
(e.g. gbmaﬁm), rhoiamiieds) 5-TASRIAN( 1€t anidtiedthodamaiess-adadeantido) Qhamamage
|ndustr|al testing. The concentration of the 5 binding protein in the

mat h. x Red™p Texas Basi™: Gyds N- ﬁ(%mdoaqeféomﬁbylh@\l-wﬂgdmnq @diyObéﬁZCt?iﬂélamlet e: n
bur pos SANHEN Y ferdoyb T alhe D M AU B TR TS iR, BUfen® Rl Y loded T

or der UySpDapxg@l@ME—bk@ﬂ@TCbt@ﬁiiﬂ(féﬂf}ﬂ))shllféﬁhnﬁﬂe (g4, 4pd1ﬁtl@ﬂon1, 3,57-teefintiigl € t he
protein to a particul ar, encapsul ation matrix orwr%oly "to provi de 10

bi ndi nd-barg-éa.4pgiazant-tdacse BWP#@M@A@&%@PY é’i:fﬁdét) W%%ilﬂa%ﬁrﬁg
oD ont7 iphbhyi CRBRAL 34 8a-fia AU AR R oMH15v-Bliod %défgggl dhige L her eof

[ 00028 instant “invention, ana e an
bi hdi n@BOE)ﬂP‘ﬁ@r $30/55DHe) 1 Br((((2- aﬂsm@tﬂ)mﬁo}erhyl)mmdsjha@ﬁha]&m@ll éiﬂfomcn r ef ers

¢ ong 361 (B TAREANSE &g R bR aadgming, PRelode BTy BIA S et ect on
means. piifera, RMBPEs a8l %ﬁ{f&t&m@mﬁ&w&%éﬁe {0 f?ﬁorf)ﬁlﬁﬁe ?éb%h&t e at

which "half the protein is bound, or vice versa. en the anal yte of
i nt er egroupsnay bewesitoredhts detﬂect ghlb@@sbnﬂtbngt Eenbpmlbﬁngsﬂmtmagleshlbrte preferably

betvvee abaut 0.0001 t 30 MM 29] 4l n the prese i nvention,

it has “BEEH B u‘f‘ﬁﬁ?’M "(f%?.ig cﬁﬁ%@%g %uorte%e%c&%@psg;[ ucose bi ndi ng
by 15t t AabieBeEntHasiSsteopy drQﬁﬁﬁkz&{ong&Q}J%)ebﬂﬂ@ltshﬂi’s%‘f'ﬂﬁi@ﬁ:s&n@@éﬁfs&@h| e 20 signal
upon gl ucose bi ndi ng provi de a detectabl e signal”, as used herein,

r ef er s Ghangagan thepe ﬂFerthSe pevegies ruydedndusgd fiom %hapmspe theyflusrophorepor t er

group t ection. of oteln bi ndlng
For exanpfonmﬁ%%lgggr%gd& mtl%? ﬁtotgﬁ(:ha%'% 8 r%’%ﬁpl}l s%vmngéetn ctabl e
r epor t egnsgiveulyeshiehas deNBT ab ba-u@hlaﬂgt@%a’ﬁl ﬁltthﬁ $es@b&te®th¢paﬁhnge§difange in

prot ei conLormatl on that occurs on glucose hindin In a preferred
enmbodi HBROPhensPronertics Jagt 1gsu bﬁ@mrsn'ie@acaom%‘rﬁth\&@@@ qiggstiorfiom results in a

gt eﬂu%ﬁmwltgh 2Bl it 81, 061 AR LSl dlstanhall o shift

um nescence character e Dbi n ange I'nthe
det ect airrgy trhasferd isarsed ta menitmychivered timdiistanembam:ar t&tol fbworophokdse envi r onnent
of the | abel bound to the mJt ated GGBP. [000301 The | um nescent | abel may

be af hﬂi?l&f]s cent Alltﬁgl?glht e use gfq‘l)uoggs%ne ﬁgbe s is Ip%le eerred it is contemplated that
other reporter groups may be used. For example, electrochenncal reporter groups could be
used wherein an alteration in the environment of the reporter gives rise to a change in the

25  redox state thercof. Such a change may be detected, for example, by use of an electrode.

[00033] Furthermore, it is envisaged that other spectroscopically detectable labels, for

example labels detectable by NMR (nuclear magnetic resonance), may be used.

[00034] The reporter group may be attached to the mutated protein or GGBPs by any
conventional means known in the art. For example, the reporter group may be attached via
30  amines or carboxyl residues on the protein. However, especially preferred is covalent

. coupling via thiol groups on cystéine residues. For example, for mutated GGBP, cysteines

10




30 The use of fluorescent |abels, which may be excited to f3d4uyw208¢ée by
exposure to certain wavel engths of light, is preferred. 9 3 July 2006
07767- P8BE185819 PP-5Y240 70 [ 00031] In one enbodi ment, the reporter group is a
fl uorophore. As used herein, "fluorophore" refers to a nolecul e that

absor bgoQR&r AYpo@Reh | N§RAsiGGH 13, pdsalvhn- 19NBSikdd A3, phdtioRFRMREBBOn QD7 | uOr ophores
useful as reporter groups in this invention include fluorescein,

coumar ipesition A bGnesities 1 12,-ppsition 118 enastiiont1Ry] pastsbanitfep@itiondkdadcpasitian de) ,
t Red: _, . R ™ . .. ]
N (2 Pa3uREiona b oo e R A 25 st Besiion 298 @R B ed S e Preselingpy)

6- acr yligyentidn.di met hyl am nonapht hal ene (acryl odan), pyrene, Lucifer Yellow,
- Cy5, Dapoxyl (r) (2-bronpacetam doet hyl)sul fonam de,
(N_{(SA" 4-difluoro-1,3,5, 7-tetrainet hyl -  4-bora- 3a, 4a-di.aza- s-i ndacene-

2-yP) i dOMRSL am dwy(thiskrssgeremaup knoyn inhe artanay; be used for afaching FRERS -
4- bor a-, Tl = Satl oAz LOS ANk ot hyl enedi am ne 10
(0D PR S SRR AoRE Rrge B AR LRlee od br BB Bl
an no) lagilatttahmeleeblonmatdtanide, oranaldingide srel vAEDANS), thmbdeactivdorojetieXthahodami ne,
5/ 6-1i odoacb%tl%gﬁé?q?_ﬂgxm A5 6). Preferably, IANBD is used. Many detectable

[

intrindt® S PRWOSEf | uor ophore reporter group may be nonitored to
detect glucose binding. Sonme properties that may exhibit changes upon

gl ucose¢odu3afli ng iFMdrMﬂ@refs'thlﬁfo?éﬁW@qﬂg' HR1thtioh ankd| HASRSCRRCRergsqfst ty, 15
fl uorescence ani sotropy or polarization, and spectral shifts of
f 1 49r e sEamRle. Bwps8G0onn or greatsy exitationion eméssionyrvelshsthe) g5e ppdertedexhengiie he

| nduced, i 0 SHAIORT0 b0l LLHORRIR e SENELERIRH, SUERIA

) ?abtltpos.e )
resulting from changes I'n protein co nvironnment - sensitive dyes

such adgidséiNBbdevie: (lay dkircbding byaqus ®tlolw 600 rirh). Pre@ap@ahere @d v changes of
fl uorophore properties may result frominteracgtions wth the analyte itself

or frofitenlysengine RiPbes ayadahle Huthisdpaipn o thgspersrun gid RSEBARSNDhen FRET
(fluor 3 [elgF:Ta) i : i . es in

di st an?‘gﬂjbqgtﬁﬁé%gﬁt Wo ? tﬁ)ung?%g)ﬁg%{eg&@%’g@%l r%c%lﬁ%%rhﬁpﬂ%’dufts@ g% Ql? %or escent

| ab®| s prepapdefoe exauple; 4s tavgzhe bpHe fipGaibed et dlaBiocotiherte Céprar, {2100y rldupél-nay be
used. F xampl e, el ectrachenical re ter oups.coul d be used wherein
an al t 4%t FONERE FREIRDE fiFREHETOBRoTERdor Sgamle Al &t Y4riols e8SMe hange | n
the 25 gt ke tomthidb®in HeLRAIGGEIE Raf be RGBARAITRYREBIAGLIBK tRHKs inQhe BX&AP! €, Dy
use of "an el ectrode. [00033] Furthernore, it is énvisaged that other

spect r cbagpiic Ahdrgsatnceunoniglecosabmiding. f or  exanpl e | abel s det ect abl e by NMR
(nucl ear nagnetic resonance), nmay be used. [00034] The reporter group may

be att tot I i N, or Ps by an onventioenal neans
cmoun VSRR ar Mlfpd BeibsRloOhf AR et b ol B BB E R e v o 30
anpmes niitatedio1eny b histidindugsoothetphdte NGt @hiinusHoVEMEhus, 08 Bl dibtidife ef er r ed
is covalent coupling via thiol groups on cysteine residues, For exanple,
for nufustaupressss are yidebi wied in the molecular biology field to aid in the purification of

proteins. Exemplary tagging systems produ?e proteins with a tag containing about six

histidines and preferably such tagging does not compromise the binding activity of the

mutated GGBP.

‘25 [00038] . As used herein, “matrix” refers to an essentially three-dimensional
environment capable of immobilizing, entrapping or encapsulating at least one binding
protein for the purpose of measuring a detectable signal from a ligand-protein interaction.
The relationship between the constituents of the matrix and the binding protein include, but
are not limited to, covalent, ionic, and Van derWals interactions and combinations thereof.

30  The spatial relationship between the matrix and binding protein includes hetero geneoﬁs_ and

" homogeneous distribution within and/or upon any or all of the mafrix volume. The matrix
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10 3 July 2006 07767-185819 - P-5074.70 | ocated at position3ddy2086sition
14, position 19, position 43, position 74, position 107, position 110,

posi t i dA76718381HoBHAMEN 113, position 137, position 149, position 152,
position 213; position 216, position 238, position 287, and position 292
are prehffbeSnisbdsr (Wg@ﬁ@ QBorTghﬁl¥ e%lﬁésoﬁetais 368 Qﬁ]coﬁ'ﬂﬁlahbﬁsqlheﬂfegﬁcmev € group
known in“the art may used for attaching reporter groups such as

f | uor ophatie pravides f@ytbc bmdmgqfrot@m teangiluneeg eement aonfignretdopwoichinmy, for

od0n S BLRRAL A R PSS R ot SRR PR

oper at o 8t insef€l kit iRhe 8NgpaTing 36 ebleMEdRdid) softfbus, b exanpl e, about
600 run or greater _exitation or em ssion wavel ens%t hs) are Ereferred when

t he S nolrsegipmmed sepdins todhe patigat. Jafymiation, frow the ansdreifs elemen @dh?)ﬁ?t@!lbd into
an '”p'r.@i@e‘}#%d?d ¥ R{pléj%gkéi&né taﬁ%Ff QuQS'A}%ﬂ?e%?ééﬁ PRV ﬁé’ b

Presen ere are iron sensitive pro es avai

this redgt @ample, bhaugitda TIUSEENE1NEFNAPE0,66NETS HBO4H3 5 hiand UiSens4d, 189 as
functlon gr%@ qgmegg hjol -reactiv derlvatlves ﬁ; Cy-5 can be 15
preparé?iﬁe s E‘iﬁﬁl F”W”Fi’”@" "@"ﬁ’ﬂé’l"t‘m%’f" eEiEEBH ugat e
Chem , (@9, 6, bL1230i245! GfforbR RkAS: GOMia YhBGhahldss &nd hdimiophor es, for
exarrpl e, attached at various cystel ne groups contal ned I n mut at ed GGBPs,
caiObe radiatamrsuitable fordtenivingyanalytedoncesativs o change il enngetatiophasrige i n
fluoresc?ﬂﬁe upon gl ucose binding. [00037] Mitated GE@Ps useful in the
presentS]i %nti on may be engineered or 20 nutated to have a histidine tag
on the protein N-termnus, C-termnus, or both. Histidine fusion proteins
are w gegoaoysed llxliloﬁé'@p%ﬂcﬂ'@liﬂlﬁéselﬁt ﬁﬂv@lﬁﬁbnf theldbsesoriiThuded f@ﬂlﬁa@wl f l cation
of proteins. Exenplary tagging systens produce roteins with a

cont ai AERgIBIHO. In dhis Aspset gﬂlerbé@seam ippneppsulaid/in matra@batﬁgasd@aé%bﬁot
conpro t | Y- 0 used
her ei nrlrpse?(:[erraastajrilleimti‘)’i ﬁjz{‘b %’ ;Tnlhteeg{s%tém% Xw%ﬁt&glr%ﬁgz %nsg%% %ﬁ&fi@gnmnt
capabl enebr maredfidiskz bﬂg;degrpafohpmﬂmgambleemm@@hé@; parguspolly@as bpaneelbi ndi ng
protelr}for t he, purpose o measarln a detectaghle signal froma

| i gand- mtrg?ﬂgmﬁtﬂelﬁ RepResAle to-pRalytee Theimptdy a lmal\lé(éﬁe‘m@ legshmgiafthsnt s of
the ”aﬁoﬁdséns%PdTﬁ@ﬁaégi {}%ﬁg f?dn@o Gl SR cesR bny Blifer ngl?éndghﬁhgsﬁgﬁ
an I nat’h on er eo

covalent, 1onic I's |n eractions and co
The spar fratn ﬂlera;mrtemgbuptdmmnugmhe bseriskr. aWthel usadi ingnpge ebvei n i ncl udes

SR T TR I T R AT AN G A

20  and determination or detection of a change in analyte concentration would be desired,

30

whereas the determination or detection includes continuous, programmed, and episodic
- detection means. Thus, the envisaged in vive biosensor of the present invention comprises at

least one mutated binding protein in an analyte permeable entrapping or encapsulating
matrix such that the mutated binding protein provides a detectable and reversible signal

25  when the mutated binding protein is exposed to varying analyte concentrations, and the
detectable and reversible signal can be related to the concentration of the analyte. The
implantable biosensors may, in some embodiments, be implanted into or below the skin of a
mammal’s epidermal-dermal junction to interact with the interstitial fluid, tissue, or other
biological fluids. Information from the implant to the patient may be provided, for example,

30 by telemetry, visual, audio, or, other means known in the art, as previously stated.

- [00040] - Preferably, the matrix is prepared from biocompatible materials or

' incorporat_esrmaterials capable of minimizing adverse reactions with the body. Adverse
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07767- 185819 -P-5074.70 maybe conpri sed of organic, inorganduly 2lofss,
nmetal, plastic, or conbinations thereof. The wmatrix provides for the
bi ndi ng7prdéBilh-P-p&geiuci ng el enent configuration which may, for exanple,
be incorporated at the distal end of a fiber or other small mnimally

| nvasi g, dibRPRr ithPlahB ihdS&), hﬁﬁnﬁ\ﬁatti&hgp&’fé@n Pduﬁﬁ?%s@ﬁe fecRils, ffthund O enabl e an

epi sodi ¢, continuous, or 5 programed reading o the patieént. |nformation
fromt Hesmnmdcachglgeif@mm matenta}se Spelt mmalsrmyrebmlqmltmﬁ gl knpen assanpl e,

2t 1 aughtok pehEHd for Sl G ORER & E7 Bk idletid s’ S42700 o

wel | aq{uvbeﬁqaﬁhazdﬂe&namwﬂ 16{55B8L 98 sakt Oeins, O IMstontseR.at.f on and
Measurenment (1999 39-1245. I nfornation includes el ectrical,

necAanitédler, Aarﬁif”a@ﬂ?eﬂﬁfscl99m8@élli@iﬁ BWOsui tabl e for deriving anal yte

concentration or change in concentration, as is suitable. [00039] In one

aspect gﬂéoﬁﬁ‘e P a3 oskfdeE ﬁ&a‘y%’% enE%%ulQ{e?ZﬁB%%atﬁ dér e% sﬁlﬂétmﬂfh‘ﬁ#iﬁcﬁn aSensing

in vivo. In this aspect, bl osensor encapsul at Into a matrix that
may t héwydingel. Uhedolazmeapontmp lodi tHedivdep gdemiy eontdindutictimhality thatis/sulitebla dgr

desira for shape ncI udj 15.0 oy nore of disk, c n at ch,
nanopa?‘?’ g}’i‘?‘%’? lﬂg( ﬁ%ﬁx f@BBPiS’ &R0 TPYRnF B‘i’lb‘giaa?%g it is
per rrea%%ok 1@mdsyatxﬁ estzﬁeana&ﬁé 111& @@é&ﬁé&&%&@%ﬁ%ﬁéﬁé gt&gching of the

bi osensor. ghe matrlx permts |g ht from optical sources Or any other
interrogqtlng l'i ght or fromthe reporter group to pass through the
bi d9end®4042{nen I‘Wﬁ lmdrqgﬁ:lamabobfawd|n¢the|m¢sent1n@elmocs dhe bydmagels be

expose cal of anal

et or koo ot SRERBR b o RS BB o SRR 48R o e
desi r edtarchjbéilte®, diderdat ais ol dabé Sithes, del &abd:gmding ldutdesives ok wateus,
progranned and episodic detection neans. Thus, the_envisaged in vivo

bi osen§¥YFf %hle prRanisPOLERATS Syphdnt s nPUBYIBY] Eﬂ‘éﬁlobtpohiaéla@f«' a@ﬁe mut at ed bi ndi ng
ot -t RS e e BB R e e el b e

si ghal caﬁolymgrs of Ivmyﬂmlhat adl inaloianhydridetaad detisatbxp deedbit d)ataramfemg anal yte
A R TEL RN TR I R
enbodi Eﬁﬁ‘a’ceﬁﬁ:al éBS)‘h@Qﬁ(ﬁlg off B0 24]s BRdWn! ﬁﬁqﬁﬁﬁﬂk nﬁ[%g /P Pn@&”ﬂﬂe been

epi der I-derma tion to interact wt rtral fluid, tissue,
or ot hdr:scrllbﬁtbby)gmumlbelf dfirestercherst (Samt. go‘l‘Blbsmsnnsiﬁandamdmds and t he pati ent

may be .pravided, r, ex I 30 b erretr ual , or, other
neans ﬁﬁ AtjoRs t’ﬁgﬁeadrlf gn@ ET%W‘(?U!I ad 3[3)8 @@H@fﬁ t he
mappi x Oxfforﬂr[ﬁﬁaér@i%/ Pfe@ﬂrbn%qmtdx&hﬁlaﬁsﬂﬁﬁ{rbgél%@ﬁx dériveea TR @%&rﬂm erials
capabl e of mnim Zing adverse reactions wth the body. Adverse 12 3 July

2006 0?dlghlelgNgrosslinkabiopelymer comprises poly(vinyl alcohol),N-methyl-4(4°-
formylstyryl)pyridinium methosulphate acetal (CAS Reg. No. [107845-59-0]) available

-from PolyScience Warrington, PA.

[00043] In one embodiment of the encapsulation process, one or more hydrogels in
25  water is added to the mutated binding protein in an aqueous buffer solution having a pH in
the range of about 4 to about 10 depending on the protein. Subsequent curing of the matrix,
for example, crosslinking, provides physical form. Using this technique and a conventional
fabrication process (e.g. block casting, reverse emulsion polymerization, screen or contact
printing, fluid-bed coating and dip or spin coating) one can obtain matrices in various _
30  configurations (e.g. granulates, nanoparticles, microparticles, monoliths, and thick and thin

. films) suitable for in vitro and in vivo use.
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reactions for inplants include, inflammtion, protein foulihduy2008sue
necrosi s, I nmune re%fonse and | eaching of toxic - materials. Such

mat er i 8T87-8%381%aftedt s are wel | known and practiced in the art, for
exanpl e, as taught by Quinn, C. P.; Pathak, C. P.; Heller, A ; Hubbell, 1.
A. Bi opegoas] al s mgﬁlatﬂ;@ﬁl@},,m3n§8mb3&ﬁlenﬁiﬂg M| ﬁﬁbd o@mcﬁhﬁﬁ soleeRnor, R E.;
5 Heller, A Biomaterials 1997, “424 1665- 167 [ 00041] The bi osensor may
be encinslified %&Lgielﬁt%cl@dqwt lenst pers vwad@rt@lled)mr@nar@hons Gfpmnnsqdyﬁr ogel . The
pol ynme f i | s suitable
for d&geratéir? eth F%ggg&ﬁ%ﬁgg%%&%ﬁ aﬁ?{tﬁﬂ% H{%g@f gé%réclr&gs{?f)s am no
groups ma@&dmﬁ pfdferkhlgeme or gardgytic eampm@tmldclehy&bmlaﬂw ¢dndenselabyngt 0

ei ther t n or orter gro 10 00042] Nuner ous hydro el s may be
used .Wl@ﬁeg ﬁﬁz&e PRECHTAAHER BT ﬂr?ﬁ%?ﬂﬁ%frsabé? dnatpy jmpasts properts %@

pol ysa@&hsgf I8 HRIAGIBAASER Lo FEEEHRY incARRIAN SERAR shﬁhmga'&e@ﬁmg

starch, ce or derivatives these suc 'e.g., carboxynet hyl
deri var@smlcemcmdtmg andswthd:ﬂrﬂubkleala:‘le@:m omagoénanes sf prutetn fasctien, gnd pol yvi nyl

al cohol lL.yacr yli e acryl am de, . ene col copolyners
ot oty FumBRIAS it e PRt ab bt b et PutBr o e it aRinial 6l o1 <
anhydr gglfect sl wledhiivaby B@ﬁnﬁlﬁ&ﬁé@ogmtd@% brgadit YRferiaRl iYL paydlRkudakal ently
crosslinked networks are preferred. nt hesi s and bi onedi cal and

phi nagbfaﬁrpb&th)éwmlmﬂml@ﬁ g&bml,mg ethylbenselyooh and dredikies faigxpoppept i des,

have bee b n esear.che nsors
Fundarrgn aFﬂ %Z’C(%lluaigé%e& m%gg apcgt};e%mﬁm%& mléa%aeﬁ’efrbgs ?}(&gmbe and
G S. ¥$$58508. dulzhindbetbol HetRRe Q&fledﬂub)amemaﬁmed?ﬁeaﬁa atiribuf888) . An
exenpl ary hydrogel natrix derived froma water- soluble, UV crosslinkable

pol ynefescEhest s @sngsally petiprsdictahle &rq giver pmf@iymlzg(eurepoﬂer group -

fornyl 9-0

e | abrEE S BPAE DO AL s Shipifht b prokc Shtitore - 0}

E EES enmﬁlsahayd)be @tpractecti; $or aopgiven bmm;hmg hpcbémﬁiosten ]jﬂ&lllr tZ!Bhaﬂi;\&n fmmdagdad_ to
e nu e In otelrn LN an u u er oLutl on a In

the. r alGePBcaRBOR s1Ch SP RGO uaRBS fﬁameﬁ:fp?% FrBpeERlisEaRent

curi ngbmﬁlﬂg%nﬂ%&tguﬁmmfea @eﬂglm% é% @hémth&ﬁla&iﬂsﬁd physical form

Usi ng thi s techni que and ntiona rication process (e.g. block
cast i ngymbla&meh@mﬂrsluabm t@dha}tméloﬂmmmes oc agenuosolatoms dadreofpr i nt i ng,

fluid-ped coati oat | can o In. matrices in '
vari ou@ gﬁ“@%ﬂ gﬁ?rg g %@b&P sof {égémpﬂ ?Fdﬂﬁgrﬂflaéﬁ 10085 croparticl es,
mop! i gél'ﬁ)nn%ﬁge itﬂﬂﬁllfes%ﬂ'%etéﬁbg)sufahhgﬁatﬁyhﬁ Bk acifieved ﬂ)r\ékilﬁﬁlealﬁbdwhﬁoﬁ I vo

. use. 3 July 2006 07767-185819 - P-5074.70 00044] The matrix may, in one

enbodi ssnbinatedalethedsedtisr sﬁb@tiqal,é:@s@desgemethothkmwnemtw gel s incl udes
at | east partial cured (or gelled) preparations conprised of

-[060045] Sol-gel matrices useful for the present invention include material prepared by
conventional, well-known sol-gel methods and include inorganic material, organic material
or mixed organic/indrganic niaterial. The materials used to produce the sol-gel can include,

25 but are not limited to, aluminates, aluminosilicates and titanates. These materials may be
augmented with the organically modified silicates, (ormosils) and functionalized siloxanes,
to provide an avenue for imparting and manipulating hydrophilicity and hydrophobicity,
ionic charge, covalent attachment of protein, and the like. As used herein the term
“hydrolytically condensable siloxane” refers to sol-gel precursors having a total of four

30 substituents, at least one, preferably two, and most preferably three or four of the |
substituents being alkoxy substituents covalently bound to silicone through oxygen and

' mixtures thereof, In the case of three, two, and one alkoxy substituent precursors, at least

~one of the -retﬁaining substituents preferably is covalently bound to silicone through carbon,
| - 14




per neabl e netal oxide glass structures containing in additi®#uly20086he

sol -gel precursor nmaterials, preferably one or nore organi c conponents
whi ch WY&7dB3#Y cBPl-7¢ondense along 5 with the sol -gel precursor such that
the resultant sol-gel matrix inparts properties suitable for, by exanple,

i mpl antaﬁﬂ'ﬂ%enﬁﬁﬁﬁi@b@tltﬁfeﬁﬂﬁédn%§ ArBc iR NRlidRI&Nd ﬁﬁ‘iﬁgﬁ{yp\é%ﬂ time,

resi stance to crac and ot her physi€al defects,” mai nt enance of protein
f unct i gmingrmide dﬁ@lat:yampl ¢arfyoxpil tester, lodefimiaepoxy, syl witror wpbralegengr oup, and
conpatibility with the ani rral or subj ect to which it may be |rrpl ant ed.

Sui t abl 08k ani Ce%ycoﬁ&ﬁ éé{l?i{tl%n Cessagn?% l%10}16_koe=fro et hyl ene

gl ycol , " propyl en for exanple,
as tau glmdrdﬂynﬁ'lllyl coadwhsiBe ls@@taﬁé Myaimly;malm ofatdr héthéngiontasoushesd wdkr Soci ety

1998 12% % 8587- 85?8. (&1 is understood that those skilled in the art
can> app?@e prbase cafalysis (¢ fosm degivatives svithmcprasnic peliel commppngpreseating abl e f or

a g Ve%Bfa?ﬁﬁbﬁﬁt%&hﬁ&l@ﬂo’tﬁ@ﬂfdrﬁ%ﬁc&[ éb‘&d QBﬁQ'sﬂ@:Edn% t Qﬂ;{ﬁqgtﬂtﬂ“ﬂ%ﬂ on of

sol - gel precursor, organi c conpone prote|n Sofut fon materf al s may
~be ex pepm&dah‘ly)to aooyt Fil ve b:Shamtinost gnefetablyﬁo rabpariter T<p) tiis mixttrehpsorteen f ound

by the a ants such .0 zation .nma rovi de_f or une pect ed

o hancinL Belioh Sandetnd Ml ipPob R Bt afisots By R EBE for mance
attri bqsmn ok raﬂg@ oabdiit 4, toaasht 10QRpedMd mebF&élﬁofAm@AsﬁsarMﬁ to that of
other matrices or aqueous sol utions thereof Optim zation of performance

at 19 bm@ée@ﬁh@m@a@m@iwnseﬁ@theéinabmamcaﬁd functional 20 performance
attrl butes of the encapsulating matrix may be achi eved, for exanple, by way

oria s known
O BB oSty GRSy She B AbALISALpaBRIRY B RARES,
i ncl udén wategreithbr spostancorslyy undaricahén basatatalyes toﬂeﬁﬁ\&ansﬂivegehthm hods and
i ncl ude |norg?n|c material, organic material or m xed organlcllnorganlc

mat elrl Qreangpolyplsis mxgdswith édvaﬁ%-Sﬁ}l@éﬁwawonam S@&ﬁblp Metgelubbes byt alr e
oy be o et ity Ry Ecor] (Y AT ol RRUER s ol AR0ERm FH0C, T3) Tand
fubgt i QPM]SlAz),qmblﬁ{vm)d&dﬁsuc adid) qodinmi shit (@NS&Memnquﬂmnylnpﬁnﬂldnge anap).

At 1 nohat O ol fptihe e cpalyaes Ghbfelanby ol Shfne, Vit o

" hydr olitlet, Gadl O -COOLRAS AR Qs tﬁeeesﬁr%r et €, SollifnsS Bbt’a&‘?um{)irﬁﬁ%lﬁﬁaﬁ{ s having a
total of four 30 substituents, at 1|east oOne, pref érab , and nost

pr ef er &staplkylamseorsums andrthetike.hBrefesatfgthe wem-solbblemglsamkmmpsutrsus frorent s
coval ent | y. b Si e en and mxtures thereof. In the
case o0 t?ﬁ?o g%?‘\/wwgﬁ%‘ 3&@6 %ﬂtl f/cgg ﬁ/%t uent precursors, at |east one of
the renmaining substituents preferably is covalently bound to silicone

‘theougloosdspon, Iflandthbleynb3gen) HOHySI9BdAy-coRd &Kl e éloame hith@lyzedai ni ng
substitutent(s) contains an org‘ﬁnl c functionality selected from al kyl,

aryl , Imypise cithersgentanqeugly or g @Clddarbl%ﬁ(‘;ﬂltalysé%toefpﬁn deevatives withdlasy, il yl
nitro, o@aﬂlc% fb‘ﬂﬁ@ mi_xed with one or more functionalized silicone additives (FSA) in
amounts from 0 to about 0.6% mole ratios to hydrolytically condensable siloxane.
Exemplary FSA’s include alky! derivatives: for example, methyltrimethoysilane (MTMOS):
25  amine derivatives: for example, 3-aminopropyl triethoxysilane (ATEOS); and bis silane

~ derivatives: for example, (bis(3-methyldimethoxysilil)propyl) polypropylene oxide (BIS).

[00049] In another embodiment, both the water-soluble polymer component and the
functionalized silicone additive are mixed together with the hydrolytically condensable
siloxane hydrolyzed in water, either spontaneously, or under acid or base catalysis to form
‘30 derivatives with the organic polyol, to provide for a matrix suitable for entrapment or'.
' encapsulation the binding protein. Using the aforementioned sol-gel technique and a
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[ 00046] I n one enbodi nent of the encapsul ati on process, one3dtyaoée of
hydrol ytically condensabl e sil oxane is hydrolyzed in water, either

spont aW@BUsBB1OrP-0%de? 5 acid or base catalysis to formderivatives with an
organi ¢ pol yol conponent present in a nolar anount relative to the

hydr ol %h@é%ﬁbﬂal%%ﬁ@ﬁgf&es%i(E.‘%Xﬁlﬂ@k ERiihS rBRL erdflsidn b@l_rglieﬁgationp_r ef erably

to about 5:1 to 1:5, and nost preferably“to about 1:1. this mxture,
prior tsereef pnedntape ptinting fluid kedagatba atdedipror spie dodsingdl pregycanrabtasn acrpgelan

aqueous buffer solution having.a Hin the range of about 4 to out 10
dependitndUisser ro AL PaotieO e fids (Ce AR BulinalRPE B fIRL i Ve
ri se tandrdgitHs| vl thivkiant €gs filihOdkdhle Ifst RO DE W00 @EhRdveEent , the
hydrol yti cally condensabl e sil oxane hydrolyzed in water, either

spont aneously or under acid or base catalysis to formgderivatives with the

or gani dO¥E%ol , il8 anetherenpodiment g matrigsRaIbcfopBed fram detis REmbransg t abl e
wat er - : LS i i . \/ ) . i d
Co- ol e s AEBARES GV MAGRRR IS Yl aulafO D eneB e R 1 £

( PVSA) ,Covalinpaitaghinantito tiymedbiade isecopiiered wifhtd the Gomleaif¢he @salescribed ol ef i n)

i ncl udes ,cqpol rs of, mal ei ¢, anhydri i th , . Vi nyl t , d

0 - 8 PRk hegaferpn Sl be fisretipsbpemelbaiame sl i Bimoni um
- tetr aalakyyREGPHHEIt caf teali{If pbintelie (hE Blefibedtle¥vhilshRighA QEcuSRvithdiR POl yner
conponent “is from O to about 30% by weight of the sol-gel conposition. 20

[ 0004 8materiakmwownld beaetiteiediErom entdrmghouindhe/ease af thg mwated hndingepreiclngx ane
“hydrol yzed in water. eit.h S t aneous] y or .under .aci r base catal ysis
ot or HFiine AmR g i e B R ARS O B Pl 18 3ol B oBeS F o &
functi enwt theQfbrsinhdntioned rRddirdrhat Snd ESMthih the kPN thindlar Yithahrhaut 0. 6%
nole ratios to hydrolytically condensabl e sil oxane. Exenplary FSA s

i ncl uddyaially. respbrgngs having melecudsrangi gl cubratfibgtweenmbewoPeP taphout RERES) . 25
( AR _ Pl o . B and
Do "< 10K S e XEBaniC 05l TP o MAARS BP Y AR B IS D)L B

poligpr epiydbdafor axe GhevifBhin] in O&RNe prépadetdt her enbodi nent, both the
wat er - sol ubl e pol yner conponent and the functionalized silicone additive

are m together., wyth the hydrol ytically condensabl si | gxane hydrol yzed
in wat i&“fjﬂ%ft her %ﬁﬁﬂ)&ﬁ@&@@%ﬁf B¢ mtiess Geinipy Hwig@ﬁe%@%ﬂt%}% At " for m 30
deri Vafgrééﬁé%r gﬂohg bk R6mBEAR O RAL ¥Prord BydRS QY B8 ef10AnPdidRbik menftthdab! € for

entrapnent o ncapsul ati on the bi nding protel % “Usi ng”the af orementi oned

sol - gelFot examyileaeprateth entrappedlornkapsalaed withiis, 2 HyBEagd or $21 50l7esn e placed
conventi.onal .fabricatjon oce (e.g. hblock casting, reverse enulsion
pol yrortioh 7 gTysistictnlune bl & SHERlerhir 907, 25 Fio o Bde RESBPRAGS M di p or
SPRO CeAthiNgulhae, rad nRRkiildle ARECGRIspor® propefRe 8l perREPiliGES thOatkdyttPUS
configurations (e.g. granul ates, nanoparticles, mcroparticles, nonoliths,
and t hioEtheapdrixhin filnms) suitable for use in vitro and in vivo.

[00052] The matrix entrapped (_jr encapsulated binding protein biosensors of this
invention are capable of measuring or detecting micromolar (10°° molar) to molar analyte
concentrations without reagent consumption. In some embodiments, their sensitivity to

25  analyte may enable the biosensors, to be used to measure the low analyte concentrations

| known to be present in low volume samples- of interstitial fluid. The implantable biosensors

may, in some embodiments, be implanted into or below the skin of a mammal’s epidermal-
dermal junction to interact with the interstitial fluid, tissue, or other biological fluids. The
binding protein biosensors of the present invention provide for the means to monitor analyte

30 continuously, episodically, or “on-demand” as would be appropriate to the user or to the

_treatment of a condition.
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5 [00050] In another enbodi ment the matrix may be formed fradhd2086ysi s
menbranes. The dialysis nmenbranes can be constructed to physically

encaps @r74f-#8561% endd7a4@0 t he protein. Covalent attachnment to the nenbrane is
considered wthin the scope of the as described enbodinent. The nenbrane
shoul d ihgs8posen 1hasereRRodIEAS Wealitiie) Sfthe bitlselbfs 18 WaklyleTfr exafipleyt €s of
interest can readily perneate the nenbrane whil st high nolecul ar wei ght 10
mat er i glusosw)ds shchahat §wyrmay ecused tntestritlesd anplyte feviels or e conerptrgtion pe nut at ed

bi ndi ng: prot.ei ns.. .l eaving the.menbrane rkx. Th | e . wei ght

cut - of PPUGiF pdipgpetias e bERREETRERATRETBY feerm i, RLFRI BRI Febl r enen
and i s “Bioldyidal F1BLHEGK ihélu@ds, Bites At Tirhited toVblobd, tpetspiratidn, andVyPdduddrioy,

menbr anes havi ng nol ecul ar wei ght cut-off between about 1000 to about

25, D00 intexstitial fhridyead sombingtiens thepefy t hi s techni que, matrices in various
configurations and shapes 15 suitable for use in vitro and in vivo can be
prepargﬂL&M@qgég] It is also contenplated that matrices containing the

bi nding protein and reporter group be conbinati ons of one or nore

hydr ogel , sol-gel, and dialysis nmenbranes. For exanple, a protein

ent r api#95d} encdjs didlitvedg exantples illasthatelcatpah pefersdlempotlineents ¢ighel aced

ithin,a dialysi f i t.abl e .sh ' I ide f
ol andREn e BH e gocatinedt &l ieunn S SRt ity Fallih, b 0 T
pr oper hiRfe®@maRSiBAdE bidfeih 834 7C MBRL thSFuoréihotd @pdibdrpkobe NIBDAQkE] The

matri x entrapped or encapsul ated bi ndi ngypr otein biosensors of this

i n¥@nt hewiningceerdansicavitf thapensedurn getdprth by &ss, dy chile (drall Ghert- 1098, ¢bl ar) to
ol ar zg(#-ggzﬁt)h%RIB?%@EJC%te&n‘%ﬁ%}l"gpg&%géf&S %%”fab&%‘éﬁgag{l gr%p H1§5§H§8H£n

enbodi elir sensitiv anal'yte may I 0sensors, to

be usedn SOMBashcElhdiindto(Onnaloy Canaiah ottt diatdtons of KradMd fooctritatisresent i n
| ow vol une sanples of interstitial fluid. The inplantabl e_biosensors may,

in songndsriResARtand S thaMemOsmissienmeposlepmaior iecomnare Be ligardsnnal * s

epi der - ”ﬂfé ' j ' i fud i dodiefinet | SSUE,
or ot hg?'J dllol} 055?‘]8%%‘ ééﬁ‘f Eff%éshntaﬁ'ﬂégﬁﬁﬁr |Oﬁ%w%? g?@?%%%% g{s‘zgrtlisogl? gdagﬁéet'é lrtlé;eit Sr esent

i n¥#nt performianeée dEthe eame bevteirainsotusionn Aht duitialrfhloydseer®O emisstannintzosikyis

epi sodi cal l y, _or_"on- demand" woul.d be appropriate.to the user or to the

t r eat méftnedrasdo- cHRElatiyR .rat@e,of%ﬁwﬁ%efﬁe SIS g o Praseigs 1 [ 00053]

In oth LITRAS S ARVIE: f i xp nal yte (for exanple
gl ucos §0ti&{smg§§ t a%gatﬁﬁg@ &r%%é ]%%angsseag@%ocgt(g’z%%Q%ﬁg%%ﬁsg%[gl yte levels or the

concentration of analyte in a biological solution or other solution nay be
det er m{00H85] As uBdaiilecaistantsavert detetmiged by ticationt ofintreasicg cohesntrafigns i s not

Llonmblt ﬁgf é@h@%{iﬁ@%&&gm&s Lwr al Iego'rt]i m%(qgé orllo%v(irlfé gz{ch%hdi?ioh g% gfucs:gslet. IS?ft fluid, and
20  settings were the same as listed above. The Ky was determined from the following

relationships as adapted from Pisarchick and Thompson (1990):

F = Fint + Fo - Fint (1)
1+ x/Kd

where F is fluorescence intensity, Fiyr is fluorescence at infinity, Fy is flucrescence at
zero glucose, and x is the free concentration of glucose ([Glc]see) as determined by the

25 relationship:
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[ 00054] The follow ng exanples illustrate certain preferred amb®dénents of
the instant invention, but are not intended to be illustrative of all
enbodi REWIISS8LAHBEPYA 0 nut at ed nal t ose binding protein S337C MBP with

fl uorophore reporter probe NBD used 10 herein in accordance with the
procedure set forth by Cass, A et al. (Anal. Chem 1994, 66, 3840-3847).

Fl uor escence em ssi on spectra of \TJl_a_[_e_d,_La.beJ_eﬂ_pLo_Lﬂ_nM measur ed
usi ng an [SLNsAF [6d &1 [Pootlwvekd i (((lcha i [Brotisanied)d)+ 4%i[GhclelKd settings of 8

and 4 for excitation and sefttings pf 5 and 5 on the MC250 eni ssion
nonochromat or to conpare the |igand® binding performance of the entrapped
f1 uorophore-| abel ed proteins in various matrices to the 15 perfornance of
the sane proteins in solution. The initial fluorescence em ssion intensity
is defined vderd [§ilcfithandr [Bradt,i are thedpiabcafcenthatioasrpbgirorseiand prigéiny nmaxi ma in

t he presence f the protein's respective ligand (If) to the ligand's
absenc&® SPF%B % defined as AF. [ 00055] Bi ndi ng constants were determ ned by
titration of increasing concentrations of glucose into a protein solution
wi th nijeaosg] f ol | BMAIPEEAR Tatkdixhindle ddscrifled @@sBeth&ll fdr tROegrédiongadwer e t he
sanme as |l isted above. The Kd was determned fromthe follow ng

| r eI at . oHEREgionof My ﬁ’éflielﬂﬁ withertdustidineRenrfdCRRonpreoAed hotyMelB-1
EfPe ﬁlﬁ'f olll"’;i‘{ 8@&1‘&& (F ﬁmfodﬂaﬁ ﬁféeaﬂﬁﬁo hcﬂfl %P&lﬁtnx at Jz:ano
fluore cence n|nt E |s?

rescenc zero ucose, x |s t he
free ccpnmaumgtaruugh sivé dgécmhﬂmagérﬁsm]off the, Mghs 1 (gema r’meseﬂrdngm:f. WereZEen
rel ati onship 3 July 2 0 07767-185819 - P-5074.70 [G.c]eee = [G(CJtot -

[Prot]f’»él?fesseﬁt&fl - 9fandigfied [prot]tot - Kd)2 + 4 * [Ac]tot * Kd 2 where
[@c]tot and [Pro]Jtot are the total concentrations of glucose and protein,

respecioomdty- [ 0@Q@siie EoReR h&%fﬁ?m 8% REEmPEHed hPflloRe TRBtRd for the
expression and purification of nutant proteins w thout histidine tags.

GGBP i tyrsridgtidd gepe Wraecllvged miqa BT4EdR vc¢t01E(DrcAnih0n5r Rass, prperaal Follegs, al t er ed

bt SERE 2 etand, Ml fEg W R 8L iR Pare Pﬁ%sn'aénémt@ﬂésos%@h stee
expr es &ﬁ.ﬂla%eﬂedfs px@ﬂhctlngafwld@mfﬂeﬂ laffino w@Q&lﬁbn&asB%@etnhenm agefiesiyy of MglB-1

was acco ished as follows. The wil d- pe 1B-1 gene was_cloned into a

pTZ18RKpakeldd 99 1Dand sloppd iy E. @aésTMm%(qumgaé@fel e, Mgadigoni OHD- Bhygenind) .
Mit ant , pLASIY Were WRLBAEEOFERLEL S OFhd Al BnPEoRM wh AT HIMPoGaATSEL L e

purified as described below. An E. coli JM109 colony containing the mutant plasmid was
15 grown overnight at 37°C with shaking (220 rpm) in LB broth containing 50 pg/mL
~ ampicillin (LB/Amp). The overnight growth was diluted 1:100 in 1 L fresh LB/Amp and
_was incubated at 37°C with shaking until the ODgg of the culture was 0.3-0.5. Expression
of the mutant was induced by the addition of ImM IPTG (Life Technologies, Gaithersburg, '
MD) final concentration with continued incubation and shaking at 37°C for 4-6 hours. The
20 cells were harvested by centrifugation (10,000 x g, 10 min, 4°C).

[00058] The mutant protein was harvested by osmotic shock and was purified by
column dhromatography. The cell pellet was resuspended in a sucrose buffer (30 mM Tris-
HCL pH 8.0, 20% sucrose, ImM EDTA), incubated at room temperafure for 10 min, and
then centrifuged (4000 x g, 15 min, 4°C). The supernatant was poured off and kept on ice.
‘25  The cell pellet was resuspended, and 10 mL ice cold, sterile deionized H,0 Was repeated, and
- the suspension was incubated on ice and centrifuged. The rémaining supernatant was pooled

- with the other collected supernatants and was centrifuged once again (12,000 x g, 10 min,
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mut agenesi s produci ng random zed am no aci d sequences, essehduydl§ as
descri bed by Kunkel (1991) and cloned in E. coli JMLO9 (Pronega Life

Sci enc @776fASHSEONE-SAAE-YO Mut ant  plasnids were identified by sequencing. The
-nmutant protein was induced in JMLO9 and purified as described below. An E.
coli J t verni ght at
37C wi theBnoi e B RR kg e B A BB S e i

( LB/ AmByreptbineyconseifaied Bigngr Ghnhicalelo. d5tl Dtbuasi MOJ,(I% witv,5vds aiddebto th®/ Anp and

was i ncubat ed t 37C S 00,.of _the culture was

-3 0. Shofsrandaves firg] brosdonsd Bk s tigh 20 B B 1o | PTG
(Life Tech nmeos%@@axe 8l e E:§ﬁBéhﬁate uMQg ﬂ{el m coﬁQfEﬁ réﬁli@ I, 0dotwee) | nued

i ncubati on and shaking at 37C for 6 hours. The s were harvested

by &entilfers§heileste, N(D a0ddialyzgd oxzemrghhagams; 5 II@MGKT%HICT nIsI &letlemM Migblei n was

col | peff R PSR rontiel ol 5 Sl ERo RISHHEE Ry o
20% sueyaeaddediolyl &i\hhbﬂamﬁlmEAB¢a§t$ldi@®éplﬁ£ﬂ§é&ibﬂirbﬁ €Aﬁl@fshélﬂ Phigimacand  t hen

centrlfuged 400 15 mn The supernatant was poured off and kept
on i ce Bigischy escetéWﬁy,&-maé@ S\mléfmlﬁs@b%@?ia@awwwsll@ﬂm Pld cobman sterile

d OAVs: d
contri Fommie A iikal SRARHE om0 M RGCTUAPEAIA T, MRS MG AR Rl | o 2T
coll0 ectwetk sulleetedaThatmita groseis ooﬁaﬁnngfﬁmdnme@ idgmified Cbng,IIEDBAGngitHO m n,

18 3 Juyly 2006 Q 767 85819 - 074.7Q The _pool ed shockat e was
filter Of“ﬁf‘%‘h H pBiestaning YING APRIoD, 33@8@1‘ iLpe factiong;yegep iﬂﬁl sul fate

(Sigmag %%m@?t) r40§2) aga_l-tﬁéf ?g?slpg(%é)uﬁoe/?e‘d’/ Hind@BSFIH €6 niN alddfoniihRockat e and

was stirred once by centritugation (12,000 x g, 10 mn,
- 4C) . Theagiwatk fpld Ma,scctnhartrat@dwimg AmienGnfripreph &0 Alters pamdGeored aipt°€or10

Tri 5 IO o Byoohad g ot iSiatile B RRE Van i ShRIEM 1 Dged ( 12, 000

X g, 30 mn, 4C. The resultl ng supernatant was added to a

preseq t[ndasbr at edERBVIPEBD. THiO¥xatpidd@ds0sesGhe eipiessiditing haATfiChrhoaci a
Bi ot ech, Piscataway, NJ) at 0.5 nmL/mn. The colum was washed with 5-10

© col ummugant GiREPs canfainiaa Hisjiding Tags. GGHR pubnt werstzinoged eifysr begiteo t he”

ot dR8ed bGLLANS ORISR BRER, AT TS NuRiAES: OGRChAR, 0
st ai ni Sgat(a@ﬁﬂeap@ Tella, C39) waaq))erfomm tbraitet individuabirdinparidsdn drpQEitalegned

overnl 4C) agai nst pH hate buffered saline (PBS), or_ 10 mM ammoni um
bi car b m cergﬂw amyino agid v 3uethes spesifienixphessn aine afidy éfae E@ﬁs?tﬁ ters, and

. St g ed [ zed

o198 ko mpr BB 101 GS5abrp IS PRI BhESBRRT Sofliplqcd
expr es sigion alithle GBI ganat Tho nuftatedrmssﬂsttes @eBPthes sulichinei igto IﬂlespQET’(h e Tags.
e8P n‘é}%parggsfonm\%&%r e'?ﬂé SEE}B%dHis P Qs%lrld cc\)/ntgljnteg the GGBP gene cloned into the

pQE70 expression vector (Qiagen, Valencia, CA). This construct places six histidine

residues on the C-terminus of the GGBP gene. E. coli strain SG13009 was used to
25- overexpress mutant GGBP-His following standard procedures (Qiagen). After
- overexpression of a 250 mL culture, the cells were collected by centrifugation (6000 rpin)
and resuspended in 25 ‘mL bugbuster (Novagen, Madison, WI). Lysozyme (25 mg was
added to the lysate and the mixture was gently mixed at room temperature (RT) for 30 min.
Clear lysate was producéd by centrifugation (6000 rpm) and to this, 0.5 ml imidizole (1M)
30 and 3 ml of Ni-NTA beads (Qiagen) was added.  After 30 minutes of gently mixing at RT,
- the mixture was centrifuged (6000 rpm} and the lysate removed. The beads were washed 25
'l ml of solutio_n_(lM NaCl, 10 mM tris, pH 8.0) and recentrifuged. The mutant GGBP-His

was eluted from the beads by adding 5 mL solution (160 mM imidazole, 1 M NaCl, 10 mM
19 ' '




- 'storage solution (1 M

di rected nmutagenesis or by cassette nutagenesis. Site-direciéty2a06agenesis
(Qui kChange, Stratagene, La Jolla, CA) was perfornmed to alter individual

am no &E?‘Sgésﬁshg“t?ré‘”ﬂ 70 vector by replacing one amno acid with another,
specifically chosen ami no acid. The cassette 20 nutagenesis nmet hod (Kunkel

1991) v, pIE8i0)aH@ thikig FenIOinZ eTRProteindehdifoni wasdmsRamkdly ﬁﬁereﬂﬁﬁ‘b@%m of the
GEBP gene. The nutated cassettes were then subcloned into the

expr es $ilmtnples ¥M-16¢EltgrcAsrces, §hpﬂa%¢n1ﬁ3)@@ﬂtth¢mcﬁﬁ@“@@@-3g@§éﬂlc | oned
into the, @ﬁﬁ&@é@?ﬁﬁb%ﬂ /Ol rot{exr? @%ecpalyy@d 5\%%1@1 a%‘%&%ﬁof sEpfRaL ruct

pl aces ‘si I'ne " resi ues m nus o ene” E. coli
st r ai n s&GHSH OMEACL $6 ehNM A TS50 BlapOgSH 810) ant GGEBP- Hi s f ol I ow ng
standard procedures (Q agen). After overexpression of a 250 m_ cul ture,

t he_cel re c ycentrlf at i 000.rp ended in
s it BT o S ERASBER PAmhs Stmpicstonibotmeney 362 leplis to the
lysate ?dléintvﬂﬁlt I'E?&wlﬁowwﬁf&ubh/o%ﬁﬁﬁt @GB‘P%mahﬁH%%@émﬁ @. dBRl)fxﬁ” 30
m ear e was produced by centrifugation 000 and'to this,

n.
0.5 n PiBrSI\datszuﬂaeBd(\&irﬂ) ZﬁMainthmﬁlraﬂtolcﬁﬁ PR, lNiliﬁnotjefadSO(r@ a@em)ck\mlstlamidﬁd Af t er
30 min m Xt ure t ed (6000 r
andt nb S aeRia dodpacem "fraue mné%vmtg o B EBIARG (1M ol
10 nM 1 ed from
t he be%ﬁ%@pﬂ‘g‘&g‘? (ral))gs %%FWE“@%I%EU onﬂ?ﬁ%ﬁo Q\l/jle azo e, ab‘ﬁ (%[\A@%ngﬁniﬂ 19 3
Jull§y 26@6 addcdas tHmdth. Tl&ﬁ@&@niﬁoc‘éedesi atpdrbrﬁtéh)paatdrerﬁom hgnfaddydd i n. The
proteln solutl n tely filter hr ou a Centriplus YM 100
il tor MU Re deiks Fhf%eieaneyot AV ERGHOE b an ieah o8 NA® %ﬁ?lﬁm usi ng a
Centri ?AﬂérsMMh ﬂﬁrﬁédlé)eThe ﬁbﬁn’%’ r2fi Wer‘é@%teﬂhﬁie&ﬁ@iﬂ&%ﬂ%tﬁhﬂ@& eafRlipst 2 L of
mM Tris 8.0) 5 [000601

EXANVPL Eodgficiehi ($0exdipine )cf@cs@GBlBéhatgmezalcuMddynﬂme%bleﬂ*@ of bi ndi ng

pr ot ei t rter o tant GG&BP co | ng cysteine
0" Rl e Bl R NR St 22 o s i b rmsarersnt > D- TG ety f or
3014 nstaﬁda?@l Q61612 bEIANBD Unid DtV S0 B d WS D, The d e concentratlon in the

(i odoacetyl)-N - (7-nitrobenz-2-oxa-1, 3-di azol -4-yl) et hyl enedi am ne (1 ANBD

- am de, pfhté&n m)s cmkmlamdeapﬂdﬁdmﬁ/sﬁa&/ﬁﬂlé Altortancd af Sroteld até?rSdn’xh%s L (40 nnol)
10 was ad e to the protein. The reaction proceeded at m t enperature for
4 h on a t5d as Arm@?rr&toqalﬁSOtJﬁ@e(zaafWﬁeffr‘ﬁedyﬂ%él fédvsar(&Z@{PW getdp[ﬁlﬁfi ed by

.gel R, rsh ng ratios
wer e dg{%ﬂeéré%r%{ebg%ﬁo t%a‘?léetg% nﬁ?‘@%? ex Pﬁécg@ coe Lfg?g?tgn{h%(c E%P%%IVP cmt)
for. (XBBBoﬂelﬁmth\Mp@ﬂb cuplated conceentdivsikerepredntftivetexbimpléc Al 3CA 2388478

and :a neasure of OD for a 15 standard

gLQQTtB |D BI rﬂgr%%dﬁ@?rgrﬁadg S%l%ﬁ%oT@h%? aﬁwnwgzwﬁil e shangqynilueygsceneseii on in the
Pr ot ei MRS FGBP WhithRd1aB81c P BTeptted LRAHS indNGinB PGRAM GBuN haiiY €1 n at 280

nm Was
either excitations or emission maximum of at least 600 nanometers. Table 2 summarizes the .

change in fluorescence, and determined Ky values of mutations of one, two, three, and four
amino acid substitutions. This data clearly shows mutations of the GGBP labeled with a
25 reporter group can provide desirable attributes as glucose biosensors. The data shows the

* mutation-reporter group relationship for the samples tested.
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cal cul-ated as A prot(280)--A total (280)-Adye(280), where A dyd(ZBO) = A 478

X (A280/ A478)dye |td- The
Apr ot ( 28077888dY -FPB440i | | ustrates the change in
gl ucose concentration of a representative exanple,

GEBP H6 in sol ution.

various GEBP nmutants | abeled with reporter groups,
em.ssion.maximim of _at

eit her

excitati

oNns _or

concentration of protein was then C pra(280)
fl uorescence response to
A213C/ L238C 20 NBD ami de

Tabl e 1 sunmari zes the change in fluorescence of
i ncl udi ng reporting
| east 600

gr oups havi ng
nanongt ers.
Kd val
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IANBDynadg y 20

6 4007/7569 - 1

porte
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gr.aup

- P4507

relati onship
4. 20 TABIE 1

Perten

ne sanpl es
Change in

Fl uor

JANBDeesten

KR E5%0s"

Excit

ati on/

A213C | Dyeem

ssion

S112CVIBBEBANZ3CHI s6MR 188 (498)

| ANBD

ani ded

0 /0 550043511

| ANBD

ester470 /

550 | AEDANB3I3G5701490

- 758D-830Bo

di p& 5

30/-8560

| A380 |/ 5507-

10384 ]

XRI A 5, 6575 /

600- 21-XIASS 15 Luci

[ e575vied0p ow

| RA26

| -BBO-

1438 Bodi py §

0741545

| A507 /

54525+

JuGiferSeiow A 66

02036/-580Te

Xxas Re

d- 580

/ B840-(13 | ein

N de3 g

375 /

580157 Badipg$0W54 Hr o

m 6071 /4643 niM gl uc

pose at

0. 3uM|dye] . \

Inl e%s

bt herwi se

i ndi catsd al

640 / 660

2

0

11

-7

Texas Red-
maleimide

580/ 610

-13

Dapoxyl

375/580

15

7

12

2

'F from 0 to 1 mM glucose at 0.5uM][dye]. Unless otherwise indicated all
mutants were without histidene tags.
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mutants were without histidene tags. 21 3 July 2006 07767- 188812906

P-5074. 70 Table 2. Sunmmary of GGEBP-H6 NBD Mut ati ons | DENTI FI CATI ONSol uti on
Sol - GelO7HaA(1PAFY o AP-pQ7440 Kd(nmW) 2 Dye/ Prot A F(% wild type intrinsic 0.0002
AlC AIS +2130. 31 At S, E149C, A213R, L238S At S, E149C, A213S, L238S+4800. 370. 9

KI'l C101. 8 D14C11. 521 V 19C- 560. 00010. 38-0. 99 N3C400. 00020. 28

G74C- 30. 00091. 43 Y107C Bb.208l0mey of GGREAS NBDIM@A®4e. 051. 15 S112C, L238S61. 5
K1 13C150. 65 K137C-5. 0. 00084dtio / E149C3000. 00020. 965 A3l 9C, A213C+1100. 70
E149C, |1 E149C, A21353¢44" 0. oozgﬁggg E1BerEr92 1455%% 0 116 (M)

E149C, AZd%12800. 11. 1 E149C, A2T3¥3800. 11."1E149C, A213C, L238C+3931. 08

E149C, A243S, K223N

Al1S,E149C,A213R,1.238S +213 0.31
A1S,E149C,A2138,12388 +480 0.37 0.9

KI11C 10 1.8

p14C 1 1.5 21
V19C 56 0.0001 038 . -0.99
N43C 40 0.0002 0.28

G74C 3 0.0009 1.43

Y107C 30 0.001 0.93

TI0C 9

s112¢€ 220 0.05 1.15
$112C,L2388 6 I

S K113C 15 0.65

K137C -5, 0.00004 1.17

E149C 00 0.0002 0.96 57
E149C,A213C +110 0.70
E149C,A213R 660 1 1.1
E149C,A2138 240" 0.0023 1.1
E149C,A213T 350 1 0.6
E149C,A213L 280 0.1 1.1
E149C,A213Y 280 0.1 1.1
E149C,A213C,1238C 4398 1.08
E149C,A2138,K223N

E149C,K223N 260 0.003 0.7
E149C,1.238C 260 5 1.6
E149C,L2385% 660° 0.08 1.36
E149C,K223N,N256R :

E149C N2565 I 0.93

- E149C N256R 200 7428 - 09
E149C,M182C,A213C L2388 200 216° 3.2
E149C,A2138,L.2388 480 047 0.76
E149C,A213R,1.238S 500 12 1.1

H152¢C 210 0.07 1.3 317 0.36
H152C,A2138 100 0.16

H152C,A213R 3 1.2
H152C,K223N 200 0.003 i
H152C,M182C

- M182C 11

A213C 50 0.124 0.68
A213C,1238C _ 24,67 6 14 70 1
A213C,L255C . -5 0.98

M216C 67 0.008 0.91

D236C +23 0.43

£.238C -6, +3} .003 (SPR) 1.3

D28§7C 4 1.1

R292C _ 34 .0.0008 1.5

V296C -10 0.0000° 1.08

"AF from 0 to 1 mM Glc at 0.5 mM [dye]
2Ky measured at 0.1 mM [dyc]

3-AF when measured from 0 to 100 mM Gle
“AF when measured from 0 to 10 mM Gle
*Bstimated; Sigma Plot calc, did not converge
SEstimated; curve did not reach saturation

 {00061] . EXAMPLE 4. This example describes the immobilization of a biosensor of

5 the instant invention using glycérol modified silicate condensate (GMSC). The additions of
. ' 22 ' . '




E149C, K223N2600. 0030. 7 E149C, L238C26051. 6 E149C, L238S6600. 083806
E149C, K223N, N256R E149C, N256S10. 93 E149C, N256R20074260. 9

E149C, MIB2C3AXL3C17238S20021663. 2 E149C, A213S, L238S4800. 470. 76
E149C, A213R, L238S500121. 1 H152C2100. 071. 33170. 36 HI 52C, A213Sl 000. 16

H152G, 131 FbdZidd sAtdatd nd ISARAGRESE). Mies@aibie of %&%@%x&ﬁ%@&ﬁ%lmo- 68
A213C, £238C24, 67361, 4701 A213C, L255C50. 98 M216C670: 0080. 91 D236C+230. 43

L238C- ehexpBiad BBra¢tBPRyotth®sibras (MHOY) e Shoxwobesilieate//Bd0S) a6d0000151. 08
""AF fro to,1 MM d.c at 0.5 nM e 2. 1{d asured at. 0.1 nM[dye] 3
AF wheltSeRs AdaPHoh R RmiveH Tovels AR MR om 0 to 10 mm
A e ' BROSENEdO! BtiesWelrd dhluaRl €o d&tekhin®@the@PAMRI Béhdititk o B ingaHe ve did
not reach saturatlonb‘L00061] EXAMPLE 4. Thi s exanpl e describes the

| mdbi 1glyearation resrtien. b sEered spnditions wiere forndausing anatervabaf I tontf minpéesr ol
07767 PaaBro SRR HRE st bt PRagStb BT oSt St A b ey e
addi ti egti ffTEDY eegloterdi. rEetfbNovwink|destithes 2 modified procedure of Gill and

Ballesteros for a TEOS-based glycerol modified silicate condensate (GMSC) preparation

using the following ratios of reagents: TEOS or TMOS:1; H,0:1, Methanol:4, Glycerol:1.

10 TEOS or TMOS in methanol was added to a flask and cooled to 0°C over ice. Next 0.6M
HC1 was added drop-wise to the solution. After 20 minutes of stirring, glycerol was added
dropwise. The reaction was warmed slowly over 1-2 hours to 20 - 25°C. Following this the
reaction vessel was heated further and maintained at a temperature range of 60 - 70°C under
nitrogen for between 36 and 42 hours.. The optimal time was 40 hours. Incomplete

15  glyceration was indicated by an observable phase separation for reactions stopped before 36
hours. Reactions maintained beyond 42 hours produced GMSC sol-gel monoliths with
greatly reduced physical properties, for example, increased brittleniess. Following the 40
hours reaction at 60 - 70°C, the solution volume was reduced by rotary evaporation until it
was viscous and transparent, at which point methanol was added to the solution in a 4:1 ratio

20 by weight. This GMSC solution proved to be stable and provided consistent results for
several monthé when stored at freezer temperature. When the GMSC solution was to be
used methanol was removed by rotary evaporation and distilled water was added in a 1:1

| ratio by weight to the GMSC reagent to catalyze the final hydrolysis/gelation. Monoliths,
thin films, and powders were created with this procedure using an appropriate container to

25  function as a mold. The GMSC sol-gel monoliths were not brittle and had shrinkage of
about 8% after curing at 4°C at 50% relative humidity for 2 weeks (% shrinkage was the
average of changes in diameter and length measured with a microcaliper and compared to
original mold diniensidns). Electron microscopy (SEM) further illustrated the significant
improvements in surface fracturing between monoliths created with TEOS hydrolysis and

30  the monoliths created through the GMSC procedure described above. This set of
experiments demonstrates how sol-gels with improved physical characteristics can be

- produced in accordance with the methods taught in the instant invention.
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the initial tetraethoxyorthosilicate (TEOQS) or tetranethoxyolty#986| i cate
(TMOS) acid hydrolysis. A range of hydrolysis tines, pH Ilevels, reagent
addi ti omeonesio_apgha7d ECS: gl ycerol ratios were evaluated to determ ne the
opti mal condi ti ons for beginning the 5 glyceration reaction. Preferred

diti t 0, t t b
pyar ol JARE2Ema o RARNEEE S S gemus ffer i it AR T B 1. and a
1:1 nmoleop eﬂaésltg @Ms@%@ﬁé 19 ir0wMieR gBlcerol R8s Ogammgsiﬁﬁt@a WacitherDdi f i ed
base

pr ocedure of al |l esteros for a TE gl ycerol nodified

sili caﬁ@ymm&(EX@mbptmw@lwi GEGu Sithylenthgyea) I(EG\)\Mﬁg eyaedtebasof
TMOS |
ot hangbRNE LSt mitleiks I PRIRNR) ohyc 580 G dos {hielmbull (07 '

was5 adgede ehtiopfwotalegliceréliad 8O whi @@intAhéddong@nticltivet @herstagehisn@Gol-gl ycer ol

was added dropwi se. The rea tion was warmed. slowly gver 1-2 hours to 20 -
25C. F8Fl Banelihs Wete prepared by fhe pesedure d@srcn\hﬁ%mfbap@@edlng eXPPlafyTsdiont ai ned
at at o I f 6 and 42
ours. IR SRkl SoRlrolilys i MR iheif Vel chAle O dBRLHERR o3 2

i ndi cashcdzvﬂom ‘fablobs Bercert|shripituge és dafmad as th@ravénage ofthe leoamsesa typgthchndef ore 36

hours. ,Reactions nai nt .ned be hour, oduc ed sol - gel m)noliths
noih’ dRE e P erion Mopsliey wet S BletgpaRspRor
briggt ﬁftﬁ&ﬁ/ﬂlfjﬁiﬂh@i’@ feschh SFA® m&%ﬁfe?nern?saﬁ{e' sﬁﬂllpﬁars 1i8dd in T‘Qc;l:e 1thge sol ution

vol une” was reduced bi_/I rotary evaporation unti was vi scous and
t r ansparepared cantaihing I%GﬁBPPer) I(fromExadpdel3 xas desngibsdbeloivon in a 4:1
ratio 20 by weight. This GVSC sol ution proved to be stable and provided

[ d
wen ¢ AESladscA ot pomriBEe g AP ot i e F e ARGE Neckbvea by rotary

evaporation and di stllled wat er was added in a 1:1 ratio by weight to the
GvB(C reagent to cata i/ze the final hydrol ysisk ation] Monolifhs, thin
films, and powder SOt ¥t Xat ed with thils prag BES USI| NgOmMIGIMG@R) i af e
cont|al, B6ltiéO(H 52 GERPLHERNBDS.3a1. /M d.  The |GVt Agplicggk mpnol 1 t hg.syere no
bri t[td eg@gd had shrinkage of about 8% aft efs gxuigren at ([4C at pggorel at|ve
hum [ Grd@FEAoWEEKS (% shrinkage was tTHe  @¥eragaool ¢hangesiikh di aneter
and TEGaidE-TEBS U5 %, PMEA, G1MVIIRMIIMPR! |aNd3G9Upged 10 origi par mord
di meTsTOTEd/GVE EPERYN M CT OSCOPY (bI:IVp frart gq@+y fol gstT cant

i npr %/gw&/ﬁ} SC TEH)S ace fracturi g between QBSI(_.‘!’I' IO 155 created \{\ﬂ4§ hT—TECS]
hydriof XWEGZGMSCJEEOS'U IIUIIUI rths—created L trt ngll the W
desqrg DS BRI ONRC.TEDS set—of exper i m:m $deronstratesfrow :U| lggl S YVLL

I nproved—phystca—charactertsties—<can—b ptodueed—tr—accordance—wth— he
nmet hods taught in the instant invention. 3 July 2006 07767-185819 -
P— 5074 70 00062] EXAMPLE 5. This exanple describes further optim zation of
oper The4%Apd GUBELGMSSescl-gels (gririenS gng 6 sespectivaly indaledr ¢ | y
substl I el ycol (PEG .
£t hyl e%]vgf : ycofdlzaggsi@/{aﬁc fily ?égs:?:sgﬁgtségéé thirFAnePtheRPhiY TEHE &R o
GMSC modified TEOS sol-gels (entries 2 and 3 respectively in above Table 3).

Polyethylene Glycol (PEG) was also evaluated qualitatively as a partial substitute for
glycerol in similar proportions in GMSC sol-gels and produced monoliths with favorable
20  surface properties and rubber-like flexibility. In summary, partial substitution of either
' ethylene glycol (EG) or polyethylene glycol (PEG) for glycerol in GMSC sol-gels provides
| improvements. in physical properties, for example, minimized shrinkage and reduced surface
fracturing. These sol-gels matrices containing binding protein were found to possess

performance equal to or better than that of protein in solution.

25 [00064] . EXAMPLE 6. Entrapment Of Binding Proteins In GMSC Sol-Gels

'Coﬁtaining Functionalized Silicone Additives (FSA) and Polymers. This example describes
24 | o




a substitute for glycerol in mxtures where the ratio of gl3atraméand EG
was varied but the 5 nole ratio of total glycerol and EG was mai nt ai ned

const anr747aBssn9 vB-5¢70.70t her reagents. Sol - gel nonoliths were prepared by
the procedure described in the preceding exanple, cured for two weeks at

4C and ri r shown
I n Tabltggqul@erc W% a%e?c{}gﬂ%;ﬂg Périfgg% Opﬂgl?%ﬁg‘%\%gggga %Ql &?ecrease I n
| engt h eatrappinl binding proteins esbath ngiiitain wldmﬁhmcaﬂﬁnr sivbetedl ptdjﬁ:rtwe @fod or

det er m nat i on  of nkage had no 10 pratein/fl uorophor For
measur 4R & nd{“ﬁes‘g dgg%wrpge&@dﬂqrﬁ?&bakﬁw@ ylperophsre rﬁlﬁﬁtEéPWP]ﬁg H152
GGBP- Hg) N I Aese e ghipge %

shri nkgge@g%g;okﬁﬂgﬁﬁg%m-‘g%ébﬁﬁﬁrl X fﬂ'ltler llﬁg\%&}y’m@}& éefp Mat r | xAverage % F
shr B nk ageiasiMoGiradss énaliconSaitutivonof 24 S GBI Hﬁ‘»thlﬂame @oBgel Zhé/Not

licablel. 53,2. TE 5.95 +/ - 24 C:T 191. 57 4.
-é‘fxﬁc'. TE %f@é}% DctipBRlifes ﬂm%ﬁ@@veﬁﬂ%@ ?fer% *&m@/f %@’%@E@Teoss 10
+/- 0. manaﬁcﬁexﬁféaﬁ@%s @2 PABnieh 2d @it wdé cvaluak OB SMBG R6S: 1. 37
8. 20% EE GWBC- TECS-1. 34 15 063] The 1% and 5% EG GVBC sol -gels (entries

5 and @ tPalpESOM: eF§A|SrW¢QBV<’§U§Pd aﬁmddétl‘ffis tmthet@VRG\sel-gelg in ameunit frgm| ess %

shri nk e | | f TECS

sol - geﬁ%g b ;blogk’ i raég?» T?"e’%ﬁgta{f\%?é%bﬂggtosg S%w{g E’ln?geet hyl ene
d yool nﬁdﬂfﬁbl fas il s&ﬁa@/@ﬂmﬁlaﬁhscfbﬂd)wéchlby iceeblystlaﬁmﬁ mﬁifatdraﬂl asubatiobyt e for
glycerol .in simlar _proportjions.in §roduced rmnol I ths

with faR8HpITR a0t aliguat qfrthlﬁ@allﬂtlé% 899&quftb5€ﬁnﬁﬂﬁé’e€ PSS 93 Frisy yithja,

pol yot frach bier Sl k@ Aaiy € ab illdcd ol FRE ) HERmodba Blusc.

i npr ov@nmrutaﬂ;ed blnchhgprottah ipscdpidort wassthed added xamnipifier thoroighi mixéhes h00 pkafie and
d f f t he | - gel t t ai bi ndi n

br ot of PSEPSE St 41sPEisEh 882 05 b e S aan HHo g DOBER e han ¢ hat o

pr gt ei rddﬂlcfs#)kﬂ-@QW BI¥bathPRE54)). E[)ﬁew-gel @ontgﬁﬁﬁl{gatﬁ Jated Wl &u0 Ry Pt ei ns

In GvBC Sol - Cont ai ni ng’ Functionalized Silicone Additives (FSA) and

‘Pol y rrehsurs'ﬁhﬂ §Cemé ﬁﬁ%erehase: huﬂuﬂhty_z AMSCOBIE We@i‘&ﬂiy th858:he procPdiE074. 70
the ggﬁ' e LG8 bR RS RS v aBsGeulion $P(BidY ThathyiiRneRo: SRy reynt e ABC
polypropylene oxide for TEOS. GMSC-MTMOS and GMSC-ATEOS were prepared
similarly except that the hydrolysis was carried out with either 10% of the amount of acid, or
20 no acid in the hydrolysis step, respectively, compared to the TEOS-based GMSC procedure.
Fluorescence emission was measured with a Varian Cary Eclipse scanning fluorometer with
~microwell plate adapter (Varian Instruments, Victoria, Australia). Excitation was at 475 nm
and emission recorded from 500 to 600 nm, typically monitoring emission maximum peak
fluorescence. Slit widths were 5 nm for excitation and 10 nm for emission. Individual I
25  determinations were made for each well and 100 pL of a ligand solution (1 mM maltose in
the case of S337C MBP) was added and Iy readings were obtained, from which AF values
were calculated. The modified sol-gel entrapped proteins exhibited greater initial
fluorescence (I,) in the absence of ligand when compared to equivalent concentrations of the
. same protein iﬁ solution. Figure 2 shows the fluorescence emission before and after glucose
30  addition for GGBP H152 His6 NBD in the H152 optimized sol-gel and in solution. The I,
- spectra for each experiment was normalized to 2 maxima of 1.0, The figure shows about 2-
3-fold enhancement of AF obtained for the optimized sol-gel matrices containing binding

- protein when exposed to analyte in comparison to protein in solution. Thus, after

25




entrappi ng binding proteins to both maintain and enhance t hiuly Zpéctral
properties upon ligand binding. The binding proteins were |labeled with a

f | uor opharas{ses. egarh bed Exanple 3). The protein solutions were added
during the final hydr ol ysi s/ gelling step described 5 previously to produce
final I at rotein withi.n the sol - e . e pol ymer
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wel | m ate #Wm 5-3941, BD
Labwar e[%(jlﬁ? . (engig%-) c%ﬁ‘ti éél |1ng)%rﬁh%§gg% %%2@5&%?%@%6?%%11@%8 hour s at
4 C anMG%EBIS@tGGBPI}hﬂ@-NBD anGYBE/GIMBR&EBRr epared by the same procedure
- as the TECS-based GWMSC, but with substl tution of

N S PSRN AN Baalare P lana—— s

(Bi s(g—mret-hytdingt Box yRb e PRYDBELBEE $ERRREDS T S 78 SniiNes CoF:

GVBC- MrVSS—and—IGVEC-ATERR weT-e—t epar ed I gt alty excepty gu t he

~ hydr.ol ysi;&lynyggl ('MéAtulzt-U‘fb%W B ATeT | 1P 41, tiTepgapU |L14U I, or 20 no
acid iin tfagvhydrol ysiis step, espectl vel'y, conpared to|the TEOS based GQvBC
pr oceq q:rsg.additwecJomcenCngm S$i OR| MEappr £d W hRlind Var pap- cany Ecli pse
scanniing fl uoroneter |Woliémoro ¢r owel | pI ad.esmageptier (Vali amdonrst qunments,

Vi ct oni a,Bufietst rigldsa) .| Excitationpeas at 475 nm |argksen] ssion rec¢orded from
500 t ¢ @O®Ramgn It ypi cal |43 +7omi {ori ng enfi sSiden.7naxi mnum peaki4-fll7uol escence.
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25 def erisdlyiigni dns weB&lOR&Ade f or each 28dfll and 100 gL of -a ligand sol ution
(1 mMAnal¥¥®de iln the case of | S337C MBP) was adgfled and 1f readimngs were
obt ai ned, ¥romwhi ch AF values were cal cul ated| The nodified so¢l - gel
entrapé"é‘hﬂnp"’lﬂt’igtel ns exiusbited greater dsktial fluorescenss (1) in the
absen¢e”™gf "I{"yand whgemdpnpar €d to geunwgl ent concent pamMins of |[the sanme
p][ oteiln ch:ﬂeni%' ution. Fi gure 2| shows the fl uoresgence em ssion before and
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) &t —gnuc‘ag /g ffokéﬁ’ % N@E’;n%a”fose rotp“lfren;j‘ opti m Zled d
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25 3 Juky erl?@@@ (@?aﬁﬁase'@ﬁ@ 1 inneBparfd/ ¥ Qo ﬂ%l}gl%&@?dl @%51%{1 of Eﬁpéﬁﬁerﬂ@l

f or mul at| ons for each protein, an enhancenent of :
(DOE’s). Among other variables i in the formulation that were optnmzed in each DOE were

buffer type (HEPES, PBS and Tris) and pH (from 6.6 to 7.8). Surprisingly, the optimal

15 formulation constituents and concentration ranges were quite different for each protein. In

CL

-all cases, however, substantial performance improvements were obtained for the optimized
formulations in comparison to either solution performance or performance in unmodified

sol-gels.

[00067] Example 7. This example describes the entrapment of GGBP H152C in UV
- 20 cross-linked hydrogel matrix and the effect of the matrix on the fluorescence change and
- binding affinity. In this experiment SbQ-PVA from Polysciences Inc. was added 100 ul of

-PBS buffer and mixed for one hour to mix in a rotary mixer. 80 ul of this solution was then
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observed. It should be noted that em ssion maxi rum may be shiux2986f or
sol -gel entrapped protein-reporter group sanples as conpared to solution.

I n addlotng@ngsgwleﬁ.eomgh fied sol-gel matrices provide inproved physical
properties as shown in entry 4 of Table 3. Table 4 5 shows an approxi mate

f. . t d f h of
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bi ndi ngh w%%@%ﬂﬂmﬂhﬁmt@%me%W@%@&Oﬁ t0 thg analyte’n a manner, an

NBD=N9 ﬁlté)g%)u ,egtuNafEﬁ{ O%hc Bl iz @bltuhB e@ﬁ& di ageh %eh ?P&@lﬁ] The
formul at1 on z I on experinents escrl ove use gn- Expert
6.0.5 (“&Babmﬁalstbletblﬁmtpbﬂhdmddmmwm MN) to de5| gn several Design of
Experinents (DOE' s). Anong ot her vari abl es in the fornmulation that were

optim LD eac r buffer .t ES, P and pH (from
&6 1o toihgRl! SO BARRRLEE THEC R ARRETRT pab TR Rt s BRE e
congentieihbtan ihdseRs inB hflidwid Refibfdn® neAtix hd aBEHIEOLEHR - to pfovidd |  cases,
however, substantial performnce inprovenents were obtained for the

opt'i m zevgrsible endrentingnes tepdipgJdsing a Y arign Epkl%rﬂwamﬁqr@ﬁth;ﬁeﬁb@mﬁﬁce or

gggiﬂg& %%he en rag‘r%é% %1%%%@4@%@%9?@b%ﬂ%0 d&ﬁgg‘ﬂogel

mat ri x n&lﬁdaraﬂbamiﬁgecﬁm&f:ulmmﬁﬂdﬂ 3600 Ddltogs iffined asthe ﬂiml eﬁtaagﬂae diver. bi ndi ng

affinity, In this experinment, ShQ PVA from Pol ysci ences |nc. vv%s added 100
ul  of Solutions were prepared contalmngP S buffer, 2mM, and 20mM glucose in PBS buffer.

15  With the probe in PBS solution, readmgs were recorded at 0.02 second intervals of the
emission wavelength 521 nm, followed by insertion of the fiber into the glucose solutions.
Replacement of the fiber into buffer-only solution resulted in the return of initial signal.
Figure 4 depicts multiple cycles altemgting between buffer and glucose solutions
demonstrating the reversibility of the léiosensor entrapped within a permeable matrix within

20  physiological range. Similar results were observed with sol-gel entrapped samples

demonstrating applicability for continuous use.
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PBS buffer and m xed for one hour to mx in a rotary m xer.3ByFaW6of this
solution was then 26 3 July 2006 07767-185819 - P-5074.70 m xed with 20 ul
of | abebgelipyeed e sn7ald nal protein concentrati on was spectroscopically
determned to be 0.15 ng/m . After m xing, aliquots were dispensed into
96-we{léﬁgl tes and dried in a chanber maintained at 20% hum dity for 12h
follo B@“’&'uri ng wwth UV light. WIlIls containing protein encapsulated in
matri x _were challenged with 2l of 10mM glucose 5 and conpared to protein
sol ut i an MBIRHGILIOREASOr KOMBNFIAG equi val ent protein |oading. Figure 3 shows
the ability of the nutated protein matrix to respond to the analyte in a
manner, ahd witterstoneanetpter pinding prgtein andeattleasboraigportasaaupetitarkeds ol ut i on.
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of 16 he vhiyagy adalitOcdndbdttitions)l y sol ution resulted in the return of initial
signal. "Figure 4 depicts nmultiple cycles alternating between buffer and

gl ucosg, sk WidseRer QRN Whkdiéhid Hﬁta&é‘d’lﬁh&ﬁagip!rét&i&i_i@%lu&é_%%/ lRER/ESOr
entrapped within a perneable matrix wthin 20 physiological range. Sim | ar

r esul t bindérgprotsger ved with sol -gel entrapped sanples denonstrating
applicability for continuous use. 27 3 July 2006 07767-185819 - P-5074.70
W cl admThe bickegdotioHeainb} odereiosaid gluposeddabugtosa pinding ratein laset haastained

bi ndi ng prot e&n and at | east one reporter group attached thereto such that
said r 26d HPsiiytipRoyi des a det ectabl e and reversible signal 5 when said
nmut at ed binding protein is exposed to varying glucose concentrations; and

b) 1&n &ndihybiosprsenabgdpian dathersin saahawine astd sibstitabion isselseted AvapdgIZMMg sai d
mut at egonsl?gtirﬁgio@g c%t&hg Hbosition 1, a serine at position 1, a cysteine at position 11, a
- cysteine at position 14, a cysteine at position 19, a cysteine at position 43, a cysteine at
position 74, a cysteine at position 107, a cysteine at position 110, a cysteine at position 112,
a cysteine at position 113, a cysteine at position 137, a cysteine at position 149, a cyéteine at
20  position 213, a cysteine at position 216, a cysteine at position 238, a cysteiné at position 287,
a cysteine at position 292, a cysteine at position 152, a cysteine at position 182, a cysteine at

position 236, and a cysteine at position 296.

6. The biosensor of claim 5 wherein said binding protein additionally comprises at least one

hjstidine tag.

25 7. The biosensor of claim 4 comprising at least two amino acid substitutions selected from
the group consisting of a cysteine at position 112 and a serine at position 238, a cysteine at
position 149 and a serine at position 238, a cysteine at position 152 and a cysteine at position
182, a cysteine at position 152 and a serine at position 213, a cysteine at position 213 and a

_ cysteine at position 238, a cysteine at position 149 and an arginine at position 213, a cysteine
30  atposition 149 and a cysteine at position 213, a cysteine at position 149 and a threonine at

positidn 213, a cysteine at position 149 and a leucine at position 213, a cysi:eine at position
28




2. The biosensor of claim1l wherein said detectable and revehtiddbe signal
is related to said 10 varying anal yte concentrations. 3. The bi osensor of
cl ai m h7whesRidL wej74l7grut at ed bi nding protein is glucose/gal actose binding
protein. 4. The bi osensor of claim3 wherein said glucose/gal act ose bi ndi ng
pr ot ei as,at | east ong jno acid substitytjon, 15 5. The bi gsensor of
C1 a1 m A48 ShmoSi  sarte 2L b Bl (RISIHSH 1 S04 PR aiPeE g PPRESTyr oup.

- consi sbhbfth @ktetheGY POEHAE14Y arkOSEystedit &t podtiSELING c?v&t_eﬁ‘n@%t bPbnl1493n@y St el ne
at position’ll, a cysteine at position 14, a cysfeine at position 19, a
cyst ei aeerne PPopitipwASA 3 cyateingst posidomi49 gndintargning4f pesitgrsi, acyHeingosi ti on

pos t 1 BFPRIE (3R RR RN EE apiicP ATEA B0y PSRk 137 i vl 27

cys$ ei Bep@itichiR2308 bystéifie lpdsitidon QY S bed AeysMin®aidsition 2836, a cysteine at
position 238, a cysteine at position 287, a cysteine at position 292, a

cyst ei ge Tk bRASKIE 8Nc1diPe7 whef$iAd BRdR ORI ddgﬁi(ﬂlgﬁﬁy cémpryseh 8 08t ohe
e

position 236, and a cysteine at position 296. 6. bi osensor of claim5
wher ei histiding tag. ndi ng protein additionally conprises at |east one histidine
tag. 25 7. The biosensor of claim4 conprising at |east two am no acid
subst i Bufliho bgsemsorof eeinf 4 comptitieg girleasp thremanhmbiang substiuiiyrstselected bmposi ti on

112 ang a serine. at sitign 238, a tei ne at osition.149.and a serine
at posite BREeSising LY eystene 4 nobiePr 187, wfisie ApostEp A1 and A S ¢ on
1829 ap6B&ELIE aRlsteie at pONMicRIO2REl arBiri s dt%ir%siﬁbn@@? hid 2Berthbdt pésifiotSt €l ne at
position 213 and a cysteine at ‘position 238, a cysteine at position 149
and- an238;qi eysteneat ppokon 14 azygeing atpositiinid 330d atcypieisictat pesitiond23®nd a

 poi 11 bR RbR e Hsee WRTIAR Dt Rt BB R R 00 215
- . cyst ei Bgstélhe BQRsHI0AN 49 24 Bpdidiie 205M2itdALDE-ah8 28 2fkininPabibsftion®5649 and a

tyrosine at position 213, a cysteine at position 149 and an asparagi ne at

posi-ti @y, TREBioséhsEYSH@4iRe9 FheRRRSdatd Elﬁdi%é?rcﬁéiﬁ_a@di@%ﬁ&i | @fnpHsePRbdst ON 238, a
cysteine at position 149 and a serine at position 256, a cysteine at

podd t i one hig@diaeithgan argi nine at position 256, a cysteine at position 152
and an arginine at position 213, a cysteine at position 152 and an

aspar adi n&he bioatnsquosfi daiond 2&Rprisdngatdest foar amirnpoxid substifiGnsasetecteddist ei ne at
posi ti gp? 255. 8., The%g osensor of c{ aim7 wherein sialjg?d bi ndi.ng protein

addi t i HIFAPYP capmsingelka sarine ahresignil, aipysieingiahrogitigp 149); s A HOYensor of

cl ai m 4,GR8PPH $hida 8lrideSRPbsitidl 58 ATLAR: APoGitisH BS] LidihORSoeRbRTUES from

the group consisting of a cysteiiné at position 149,” a serine at position
213 - ansermesgpositgora 11 Onga sérireoh pagBon 23& pad eicyseine appsitianol49] 4 gysteame

argh " B RltioRARh! Qb a0l S5 hifa R %E bédihth 23.
“12. The biosensor of claim 11 wherein said binding protein additionally comprises at least
one histidine tag.

13. The biosensor of claim 1 wherein said reporter group is a luminescent label.

14. The biosensor of claim 13 wherein said luminescent label has an excitation wavelength |

.25 of more than about 600 nanometers.

15. The biosensor of claim 13 wherein said luminescent label has an emission wavelength

of more than about 600 nanometers.

16. The biosensor of claim 13 wherein said luminescent label is covalently coupled to said .

~ at least one glucose/galactose binding protein.
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238; a cysteine at position 149, a cysteine at position 2133 &hd2@6cyst ei ne
at position 238; a cysteine at position 149, a serine at position 213 and
an asparagiipgiatlpe@giti on 223; and a cysteine at position 149, an
asparagi ne at position 223 and an arginine at position 256. 10. The

east | 195 THRLSERE A Ham L Heitn s BEHE Gheb rAPr RIS PR ot

| east fa@Whstafie pucBS/ShISHER Witdid ARRISEY RabAsh Hitl Dmdniter 410481 £8AShStI ng of
.a serine at position 1, a cysteine at position 149, an argini ne at

posi t i @ouw@nsisdngoisiydresseiat cquosiingcho@@snes SSBYIRM (strapodihatanipe-a

cysteine. sition 149 el.i ne_at_ Ltion 213 and (ne at

posi t i %l%ége?ﬁﬂ'&e)a%ttu& ﬁ%dTgt Jl:%§Moﬁ@hQ&'@'&%‘gfﬁ%?e}%ﬁ%Wposi tion

1825 a nefBylRiniiRo-ALniROSdnkb R 2R (FINBR) SRALHR yRE-dRASth laliinctdBhthdiéne The

bi osensor of claim 11 wherein said binding protein additionally conprises

at | eagacrylodan)hpwene Lmeiferdiellond CyFhBamixgE® (2-bromdacetamidnethyljmaf@iamidai d
esc |.abe The bi ose r of claim13

i | i .14,
ot Vo RS s TR RSB dorsaa 43 dinvae  BiAaat O dindoRe 8ot ooy o
~than al@@é&%}g}%@/ﬂ@mm—ﬂ,ﬁudiﬂiﬁyro—ghedigﬁamﬁﬂfra-g&,4§Jdﬁzﬁns;¥§da‘é'ﬁ?é'—@i— n said

| um nescent” | abel has an em ssion wavel'ength of nore than about 600
nanonepeepsonylBlV-ifinactiy tetietensdianfinec (ROIMPIR Wh1589 bAk &HH(2-uni nescent | abel is

coyal en | ed i, sai t, l,eas e.glu / se bi ndi ng, protein.
5018 SHorg R et bR Pge st EF s IRty oG PE SR DAN, Syl RiD R

wher ei fh&Rind, 9ro-ivdssRbimil@eRIA s 6goval ently coupled to said at |east one
gl ucose/ gal act ose binding protei:n by reaction with a nmenber selected from

the: group consisting of fluorescein, counmarins, rhodam nes, 5-TMRI A
(tetranet hyl r hodam ne- 5- i odoacetam de), antum RedTM Texas RedTM Cy3,
N ((2- Hgdc%‘éé’t"é??%?ﬁi}ﬁlﬁl%l e’f?é’cfﬁ‘ﬂa ?Egﬂtﬁb“-gﬁ?ﬂsF PHEERISEadi azol e (1 ANBD) ,

6- acryl oyl - 2- di met hyl am nonapht hal ene (acryl odan), pyrene, Lucifer Yell ow,
Cy5, Dapoxyl (r) (2-bronpacetani doet hyl ) sul f onam de,

(N- (4, 42diThe bisisenser af daim | wherginetaid grial vie-permeable matriyjinyedected; fim dahe-
(. . . i
N L SSRBREATAE o PARRTRAARA Bhrosgs, grasis memtranes, sl and

pr opi ongnbinbbemsdbereef yl et hyl enedi am ne (BCODI PY(r) 530/550 IA), 5-((((2 10
i odacet yl ) anmi no) et hyl ) am no) napht hal ene-1-sul fonic acid (1, 5-1AEDANS), and
car boxy- X- rhodam ne, 5/6-iodoacetam de (XRIA 5,6). 18. The bi osensor of

cl ai m 20Wike Biosersar 6f Afial V4 @hérsinghldanseix Wonpaisecdigiysis mkthbraiee hbviagansor of
claiml erein _said afFaI yte-iermsabl e matrix is selected fromthe group

consi sTogulst weihs peRtf o dhoyt $90G{R sbovhd-W9dPaltong; o) ysi s menbr anes,

sol -gel s, and
21. The biosensor of claim 19 wherein said matrix comprises a covalently crosslinked
hydrogel selected from the group consisting of polypeptides, polysaccharides,
20 polysaccharide derivatives, polyvinyl alcohols, polyacrylic acids, polyacrylamide,
polyethylene glycols, copolymers of styrene and maleic anhydride, copolymers of olefin and
maleic anhydride, and copolymers of vinyl ether and maleic anhydride.

22. The biosensor of claim 21 wherein said crosslinked hydrogel is a polyvinyl alcohol
comprising poly(vinyl alcohol), N-methyl-4(4’-formylstyryl)phyridinium acetal salts.

25  23. The biosensor of claim 19 wherein said matrix comprises a sol-gel selected from at least
partially cured hydrolytically condensable siloxanes condensed with at least one water-

~ soluble organic polyol component.
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15 conbi nati ons thereof. 20. The biosensor of claim 19 wherziuyzaéd matri x
conprises dialysis nenbranes having a nol ecul ar wei ght cut-off of about
1000 to about 25,000 Daltons. 21. The bi osensor of claim 19 wherein said
matrix conprises a covalently crosslinked hydrogel selected fromthe group

consi spinghebidelupeRiikidess whakiasshathBhprisd RilyarchaL dauder | vati ves,

pol yvi nyl al cohols, polyacrylic acids, pol yacryl am de, polyethyl ene
gl ycol Qrga@mmlmpmpomer@ selecterbfremcilycstadj ehdamyglysaaropypes glyealsandf ol ef i n
and nalg,ggﬁ éf ? and copol yners of vinyl ether and naleic anhydride.
22. Th&°HF claim 21 wherein said crosslinked hydrogel is a

R et hg: 28 SRy SETBI 73 SRR et e S oreatiter-soBbloOVTRE bi osensor

of ¢l aichmdSnapfperein said matrix conprises a sol-gel selected fromat |east
partially cured hydrolytically condensabl e sil oxanes condensed wth at

| east %e'[’ﬁ?iaﬁfsensﬁ%ﬂti \Aﬁm 2 GRGkLH sﬁRf éf?éas@&@%%&”éoiub@@g@i@a{s %‘or%ﬁ&e%%n?é The

bi osensor claim 2 ereln said natrix conprises a
wat er - selketbd fomaheg group cpuistimle of pojywheh tlcsled] papelyrieroof gyrgoesml maleichy| ene

&1 4 m et GRS Thel s sne Pelabn o] SEBbimsr R O e mponent

26. Thennlioa@ydale, %l)ﬁ{v%yﬁlﬁ@mkﬁ'sﬂlt Sl PoBividyE proliRiegeat er - sol ubl e

pol ymer conponent is  sel'ected fromthe group conS|st|ng of pol yvi nyl

al P@hOF7 ?H@B{?Xﬂﬁf:ﬁoiﬁﬁlmﬁn rt%ﬂﬁ o rﬂsifﬂor% fﬁnctgaﬁlﬁﬂiérd'sﬂf‘oon%&ﬁh?/&ers of olefin

and mal el c an I de copo vin ether and nal el ¢ anhydri de,

pol y- (4} nﬂgﬂggggm}%pgm@&g%ggﬁ Rk Ml bAAIR0S coplf T The

bi osensor PrEGRE addi ti ves.

28. Thieakticaeengmic fahctidnality safectstl €foph theoeh cidn@@ﬁmgldiﬁdlkﬂﬁﬁyﬁ iahiigegne
additives, contains at . | east one organic functionality selected fromthe

gr oup 8BS Suclneyage, carboxyl, estes; plefinyg, groxy, sikilqutrotapddrlogen.ano, car boxyl ,
ester, olefinic, epoxy, silyl, nitro, and hal ogen. 29. A nethod for glucose
det ect 2&nAgpethed §irglcosadgtectionsymenisiay: provi di ng at | east one mut at ed

gl ucose/ gal act ose binding protein and at | east one reporter group attached
t hEY et 0; eht r appiviiingat least apsmutitédnglusme/galaciost widdigh podeie/agd latleasioee bi ndi ng

protein in reporter group attached thereto;

b) entrapping or encapsulating said mutated glucose/galactose binding protein in

an analyte permeable matrix;

) exposing said mutated glucose/galactose binding protein to varying glucose

20 concentrations; and
d) detecting a signal from said reporter group.

30. The method of claim 29 additionally comprising the step of exposing said reporter

group to an energy source capable of exciting said reporter group to emit said signal.

31. The method of claim 29 wherein said detecting comprises reversible signal detection

25 -corresponding to said varying glucose concentrations.

32. The method of claim 29 wherein said detecting is continuous, programmed, episodic, or

combinations thereof.

© 33. The method of claim 29 wherein step c) is performed in vitro.
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an anal yte perneable nmatrix; exposing said nutated gl ucose/3yallat0dse

bi nding protein to varying glucose concentrations; and detecting a signal
from serdrneportesorgroup. 30. The nmethod of claim?29 additionally
conprising the step of exposing said reporter group to an energy source

.capabl e ,of, exci.,ti,n ai d.repor.ter. oup ,t mt.said signal . 31. The net hod
of "ol anth T5E gt Bl o yalEth Fig Mt e daleoryiftad il Res i | on

- 25 cor aeshpaed abstiatisai d varyi ng gl ucose concentrations. 32. The nethod of
claim 29 wherein said detecting is continuous, programed, episodic, or
conbi ngsi FRS nlefiRiPLlaint 34 Wilkkeilhil 3RS add QIURiRANAELRIR ISR ﬂ'@g{b@
performed in vitro. 31 3 July 2006 0//67-185819 - P-5074.70 34. "The net hod
of cl aromsiBingioé p eysteiganipayitionds eseraicadt positomil yai¢ysteipy atpesitionds, aat | east one
am po aci.d substitution. 35. The nethod of claim 34 rein said amno acid
substi FUHTBR% Pé’s‘%‘«?}’f-!ét%W@‘?‘%ﬁﬂ‘?&“‘&?ggpa R T %PPHBO%?E:E WLt He at

posi ti pBsifien M, 985ykteReat pSRGdd 107 a Lystéing ¥SIRitA 130, POptdihdit pblitiod 192,CYyst ei ne
at position 14, a cysteine at position 19, a cysteine at position 43, a
cyst ei A€y#Heine pxasitionr] 17 4a cystageataopigont 3 hastysienne af position E4% naysieingat

posi tignp.. ; L] . It ] » [ s 3, a
Cyot ei REEPRLE n EVILEL WEpdiudiOie b Bt ooy 288 A6 Rind Bl B0287

- posi‘ti-arystdide atpositivh@0Dea efstdimsattpositioR 162, accysieicant pesiibn PR ialcysigin238, a
cysteine at position 287, a cysteine at position 292, a cysteine at

pok? t | BRSideD230, apd A PYteIRC 3fPOSEIONZPBn 182, a cysteine at 10 position 236,
and a cgstei ne at position 296. 36. The nethod of claim35 wherein said

gl ucosdpgihemeted obrlatm A9 hestie paid ghngpee/ gatastasy binddngpprotein additionallyt one

hi sti dj 2 . TR of claim 35 wherein said binding protein has
at | eag@ﬁ%é\%ggto%%ﬁtﬁa?iﬁlgﬂglép?&am no acid substitutions selected fromthe
group NSy St i o] .cysteine at..position 112 an 5 a serine at_.position
Ja5: P 52y The el Br sk 55 st Sin AR Piei e 3 fraftand 55 ihia 66 07 of ne at
posi ti @minb%%i@dw_stauﬁoﬁﬁtseiea@dﬁonpﬂﬁ!gtréxgibohﬁaﬁmgapw@}tsaéiﬂteat?bsiﬁsﬁi112 & 152 and
a serine at position 213; a cysteine at position 213 and a cysteine at
pokt t i aACTE®EY pesity2d; seysteinggtpesitim 14Psnd asdrinmatanogition288:a cystenadton 213;

a cystej i.tion. tei,ne_a sitjQn K cysteine at
post 11 e aerbt AR SRk RETGe Lok A ePishRe B MR RIS 5 B T o' 1
and a pésifi@Zilne cdtein®al pdsitfonZli3;and ayStidk ALp@iticIOEISt h estdid agdit@dnt yr 0Si ne
at position 213; a cysteine_ at position 149 and an asparggi ne  at 1position
223; a%%l%dea%glatneﬁgg?&ﬂl%%@ cyfaing abResitiamist? and agasieinedhposiion Al yst ei ne
at posj E&s‘?&nelé‘t%o@i[ﬁgn 348%hd B BbniROR ﬁo'sﬁ’i@n %‘li’?;; a @ysﬁa)ﬁ?et & 'pBﬁtigttl 1893 4 ON

20.  leucine at position 213; a cysteine at position 149 and a tyrosine at position 213; a cysteine

at position 149 and an asparagine at position 223; a cysteine at position 149 and a cysteine
at position 238§; a cysteine at position 149 and a serine at position 256; a cysteine at position
149 and an arginine at position 256; a i:ysteine at position 152 and an arginine at position
213; a cysteine at position 152 and an asparagine at position 223; a cysteine at position 213
25 and a cysteine at position 255; a cysteine at position 149, a serine at position 213 and a

serine at position 238; a cysteine at position 149, an arginine at position 213 and a serine at
position 238; a cysteiné at position 149, a cysteine at position 213 and a cysteine at position

' 238; a cysteine at position 149, a serine at position 213 and an asparagine at position 223; a
cysteine at position 149, an asparagine at position 223 and an arginine at position 256; a

30  serine at position 1, a cysteine at position 149, an arginine at position 213 and a serin¢ at -
- position 238; and a cysteine at position 149, a cysteine at position 182, a cysteine at position

‘213 and a serine at position 238.
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149 and an arginine at position 256; a cysteine at positiomnd422086d an
arginine at position 213; a cysteine at position 152 and an asparagi ne at
posi ti @me2d&18-eysuepne at position 213 25 and a cysteine at position 255;
a cysteine at position 149, a serine at position 213 and a serine at

posi ti QSi L1 an a ni ne 51t| n 213 and a
Ceri ne B Trcaefiortihfisn 37 Sneft wio dhepserusutfueg hbcig Frafin BRBIRAMY, *hos it on
213 an@ompﬁy@taeldag@kmiﬁdt@g 238; a cysteine at position 149, a serine

at position 213 and an asparagi ne at position 223; a cysteine at position

149, 3@93%65%&?0&%1&02@' WhéBin22:d a2 esi@heREirfek BRLBYs PRMihéRMtZAR]. a 30
serine at position 1, a cysteine at position 1497 an argini ne at p05| tion

213 t
C e ol age THE AR I HASIS WRAGE 3 o iy Rl 1B BaS by BORM P avkfihon?,

a cysteine at position aserln
posbt i @find8than 3B 600 hyn@N@&s07767- 185819 - P-5074.70 38. The net hod of
claim 37 wherein said glucose/gal actose binding protein additionally

conpri gi¢s Tab metiRgl oflemiBoSkhddttinaiddgmindeent label TRl Ao ém@sioalvveled@thwiTer ei n
said at |east one reporter group is a lumnescent |abel. 40. The nethod of

cl ai m JProHienspautHIONABeMEtGHE nescent | abel has an excitation wavel ength 5
of nmore than about 600 nanoneters. 41. The nmethod of claim 39 wherein said

1 uni nedéedhe metd qfa;éairarweﬁheggin@@idmmemt labelfis CW@ﬂmauplad)mnaimo _
nanomstl §One %u os&%ﬁ lrrgt% nt% g% 0?e1%§%em§r %mrﬁ s% aq €a naneei'ﬁ\gtgte | abel is
coval en (i O Sal d P 1‘ one ucose ga ac ose binding protein

by 10 ea@indﬂlg p‘lfotelih afd ghmeinbbeidctedfonitHeairesh ddhsRiingbNudret®] Coudiiting, mMember
selected fromthe 8 oup consi stiing of fluorescein, counmarins, rhodam nes,

5- TMRI phtha@mq&n%t }Phﬁmﬁbylﬂlqd@mm%tm@féamld@mmwm Tepagas

AT e S A AR
Luci f ege; Xﬂgr{l-@yﬁlm%lmgﬂﬁﬁ?}ﬂhgfe}w ﬁi@&&?&%& ﬂhélﬁe“rty*&’lb%vsekﬁ

(N-(4,4- uoro-1,3,5,7 etrarre a, 4a 15 dlazas I ndacene-
2 yl)i @bmwaﬂanhedde@dﬂsmﬁﬁmﬁﬂ&}wﬂﬁm d1ﬂhc§ré-143 A7 teramethl- ?1-h1b|rzpB|a=,Ay4 4-

5%| p%tafzﬁl-s—l oRe I{ii% ear(]:gt-ammep (EB 1pygg+/%4§\litjk)og£(%c4€}1ﬁug}ohg l7ecf1 p%eny . T

:5 ((((%ofa%arae&xialﬁmdaea&t roRERYIR M@&H&H@le@ﬁﬁeﬂeﬂ&%ﬁ&@@ﬁ@@ (1,5-
| AEDANS), and car boxy- X-rhodam re,” 5/ 6-1 odoacet am de |A5,6). 43. A

conposPB /660 b?s};rﬁf(((ﬁ-nylaaetui)ammplﬁﬂwlmm)na)hﬂlﬂlmeebsgfqmmd @a$-act ose

bi ndi n no aci titution selected from
t he, ?%E{?%k‘géﬁs"i‘f@? R é’f %@Q‘P ?ﬁ?@@%@ﬂgg erine at position 1,
a cystgkn%@atna)pom tion 11, a c $te e at position 14, a cystel ne at

pOSi ti é&}’é’f‘é’PWQ“QIPgﬁ(S%‘ ‘43, a cysteine at position 74, a

Cyst eine at position 10
20 a) amutated glucose/ galactose binding protein having at least one amino acid

substitution selected from the: group consisting of a cysteine at position 1, a serine at
position 1, a cysteine at positfbn 11, a cysteine at position 14, a cysteine at position
19, a cysteine at position 43, a cysteine at position 74, a cysteine at position 107, a
~ cysteine at position 110, a cysteine at position 112, a cysteine at position 113, a
25 - cysteine at position 137, a cysteine at position 149, a cysteine at position 213, a
' cysteine at position 216, a cysteine at position 238, a cysteine at position 287, a
cysteine at position 292, a cysteine at position 152, a cysteine at position 182., a

cysteine at position 236, and a cysteine at position 296;
b} an analyte permeable matrix; and

30 ¢ atleast one reporter group.
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cysteine at position 110, a cysteine at position 112, a cysi&iyidoat
position 113, a 25 cysteine at position 137, a cysteine at position 149, a
cyst ei persalis RISl p-b@n7@13, a cysteine at position 216, a cysteine at
position 238, a cysteine at position 287, a cysteine at position 292, a

cystei posi ti.on . a, . cysteine. at ition 182 a..cysteine at

oo ¢1 - Theomperioh g Mo SRR Sd e B gk it g Biohan o

mat ri X addifidnaly compised RISt SenistRRPRI gl group. 33 3 July 2006 07767-185819
- P-5074.70 44. The conposition of claim43 wherein said nutated

gl ucosgkg %@%ﬂggsi@érxﬂh@ MmO HRdrBin sﬁﬂfﬁiﬁ&iﬁﬁ?}dtéin COMPfides §1ekt dngast one

hi sti di ne tag. e conposition of claim43 wherein said binding protein
conpr i sembuatibeatamioneacidsobdtitvtins seledtd fommibe guiug condbistingt afta aystsineal ect ed

f the . i St f. tej t 5 position 112 and a.seri t
MR IR T P e LR e T A
cyst ei n8gat cyR@d dt POsifiSR 1 50shdPa GHEHRI APoditioRN 282;tal BBteikBAt posiGHS1 £l 4 at

position 152 and a serine at position 213, a cysteine at position 213 and
a cyst @ispengat nesision 2ok asteing ag pativomel3 and postenesh peybonAiB; #eysiedieni ne at
posi ti : CVSt ei 5 [l 14 1 el LLLon 213; a
Gyt ei ALPET, BoEHE LR pRE Tl APV el 3 4 B0 BaRHRER 19 0  BISPENCT 2

posi ti @Bsitibn 218 aaysteelaepositich B9 4ndd thiedhine hBpositictyBlBeh bestéihe pogisitionn 149
and a tyrosi'nie af position 213; a .  cysteine at pgsiti on 149 and an

aspr adhandie lygwent pesitior 1352 gysieine AleposttiogdéPan ﬁtnfa@n%%w&ltwé'ﬁée@ ne at
posi ti .33 ; i L §:l : i; BOSiti 56; a
Gyt ei REGnCal BoliNs! RIS ARTMihO B AR SR GO 11 A o
posi t i omstdibe atyrditin 238 pa oysteineadt popitien tl #® and4 Serine at peditomSéah cystsineiabn 152

and an asparagi ne, at position.223; cystei ne at.15 posi.tion.213 and a
cyst ei RESIEPN E‘%imqw sl,e_aépe%%%?é aé%//Stﬁ’G&ia{ PO~ 2d SBAFHBINGEY posi t i on
213 angodtiseiNe GhtchRt poPibr2BR and 46 %Sph poRivh b9 dABinédt ar gi ni ne

fe &
at position 213 and a serine at position %38; ‘a cysteine at position 149,
a tyst ppsivomBlarsi 2 ¢ysteitld pasitiom2 &y st eybiemeat pogadyi 14%n sad® atposifion ei ne at

posi ti 14 a.serine.at,position 213 and aspar agi ne at. ption 223; a
Cyst oi b3 480 ik b ROTuE 2808 choydhe A s PO AT REOEA PaflioBRTa PR fe i
20 poSkérifiht o8 tioR 238 i ogﬁteﬁlte aPpSsitidroMol a cPstéins bigiodRioA2 1B Al hicofteihd 9t an
arginine at position 213 and a serine at position 238, a serine at

posi t i pesition A3& wgyeteine ahposiensi 14%n sarw; at positien AL and anpsparegiss ab13 and a

serine_at... 4.1.0 X . St ej st el ne at

oot 11 B BEAE D EE ne BN AP RERS R OO P2 A BUBIRAC 50 )6
Thgo coppaition 256) aGkrigd 4tipakifibn Weewitdinsati phsitioh duethngirgiaheet gadidarit @38 bi ndi ng
protein 25 additignally conprises at |east qQne histidine tag. 47. The
conpos ARG &perEe a pesiien 238 A seianeat posifign d a gyteingyaopiden § G gosefige gt

| um neg6&Rkn 12886hd a serine at position 238; and a cysteine at position 149, a cysteine at

position 182, a cysteine at position 213 and a serine at positibn 238.

46. The composition of claim 45 wherein said mutated glucose/galactose binding protein

25  additionally comprises at least one histidine tag.
47. The composition of claim 45 wherein at least one reporter group is a luminescent label.

48. The composition of claim 47 wherein said luminescent label has an excitation

wavelength of more than about 600 nanometers.

49, The composition of claim 47 wherein said luminescent label has an emission

30 wavelength of more than about 600 nanometers.
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48. The conposition of claim47 wherein said | um nescent | abdlly 2088 an
excitation wavel ength of nore than about 600 nanoneters. 49. The
conposigtrieenszio ch-sg7ayel 7 wherein said | um nescent | abel has an em ssion 30
wavel engt h of nore than about 600 nanoneters. 34 3 July 2006 07767-185819 -

P-5074. Th f cl 47 wh said.lymne | abel is
coval entl ﬁg Sﬁrﬁlp‘g%?‘?Orggpczgwwﬁ?rgﬁsg?{dgﬁ’émb%f?%@b&g‘ggé‘&lﬁgg %Pﬁ&&% pr ot ei In
by r eaghidanidshtidhe EhicdscAialdcRaS bk ﬁﬂé&ﬁﬁ Bl reablidiiv I8 s @f Rhdt 0B thutateEnber
selected fromthe group consistin fl uorescein, coumarins, rhodam nes,

5- TMRI Rindieg pratast #nd a meahen seteckd m@w@@m@@ﬁtm@ﬁﬂwmcmmmar@ms 5

F?iﬁgaf%%m%%%m&“t R el i RpAER TS 2201 ©
Luckf elReed Iy 10d@@&&9§c\9?étﬁ§)l) N %eﬁl@gamﬁ,ei-ﬁmo@eﬁ&mme fanashye.

(N-(4, 4- d|fluoro 3,5, 7-tétranet hyl - bor a- 3a, 4a- di aza-s- 1 ndacéne-
2-yl)i adqmam&y(aﬁnmmﬁmﬂeﬁdﬁacmydanwmﬂﬂe@ Hudifen dfetiot, TySlidpenryl® 4-
B R PSS AR Ao S 9AS N R MY el g ne

5- 5-
P et sl A A P o g

c o npos boiaeie,4f-digtaai-indaGEnehpeimonyd)-N-iadmicstykethybenediabline ﬁi@DIBY@ s sel ected

e oSS BRP GERE St oof R e i Bene TSNP o5 1 o o

cl ai m SAEDANS)I shdscatihxiat-ihodaf2he 5/ GRIosHeAINgE SXREND gnes haVI ng a
nol ecul ar wei ght cut-off of about 1000 to about 25,000 Dal tons. 53. The

conposkii ghe Qémﬁésﬂ?ﬁdﬁ O%Jelmwler@hé}eﬁ%ﬂ d pernAmE hfix ﬁ%&%&t@@ Fﬂgbﬁ the

crosslinked hydrogel selected fromthe g’[oup consi sting of pepti des,
pol ysagn:lmarcpmasnng g ebyaeslyhansstiekaidyidvegelsy dia]ysisohgmbragés, ablegﬁhao hnd

pol yacr yacryl am de, 20 pol yethyl ene glycols, copolyners of
styr engglgh‘&a Sgp‘?fg(génhydrl de, copol yners of ol efin and mal el c anhydri de,

copol rs of vi et her and mal ei ¢ .anhydr.i de,. Th osl tion of
m 5% G F@PPPS&éﬂn&yf&lﬂ%Sénwlp@}elerse@gwﬂkéemmﬁs ysr% resh aVRG yvi nyl

alcoho
N et hbfﬁd}?&l@?ﬁe}%%ﬁgfébﬁ ?W%a%@ﬂggéqog]Daslg ts. 25 55. The conposition

of cla %]gg; 1" I at | east

partnaF?ny§ ure ﬁ}g)r ?“g%trwc% nsag xam oﬁgsﬁéeos‘a%élﬁggﬁ’gsel \%Wth at

| east hypdrogeltseleeted Gbiithe grupaohsisthol cyﬁ;iolmmixmg,eptﬂysaE&an’ﬂhg conposi tion of
sai d. wat er - sol_ubl e organi c_ pol. conponent is selected

I 55 wh
{ rglmmgP?/]é' gﬁrl dgtdﬁw%'és Foledny] algobol, pelecrylic, pomﬁr&é@wist hyl ene gl ycol .

20 - polyethylene glycols, copolymers of styrene and maleic anhydride, copolymers of olefin and
_maleic anhydride, and copolymers of vinyl ether and maleic anhydride.

54. The composition of claim 53 wherein said covalently crosslinked hydrogel comprises
polyvinyl alcohol includes poly(vinyl alcohol) and N-methyl-4(4’-formylstyryl)pyridinium

acetal salts.

25 - 55. The composition of claim 51 wherein said matrix comprises a sol-gel selected from at
least partially cured hydrolytically condensable siloxanes condensed with at least one water-

soluble organic polyol component.

56. The composition of claim 55 wherein said water-soluble organic polyol component is

selected from glycerol, ethylene glycol, propylene glycol, and polyethylene glycol.

- 30  57. The composition of claim 55 further comprising at least one water-soluble polymer

componert.
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30 57. The conposition of claim55 further conprising at | eaddy 8096
wat er - sol ubl e polyner conponent. 35 3 July 2006 07767-185819 - P-5074.70
58. Theayearpssadteaoragh cl ai m 57 wherein said water-sol ubl e pol yner
conponent is selected from polyvinyl alcohol, copolyners of styrene and

mal ei ¢ dride, .copolLvyimers.of ol efi nd | ei ¢ anhydri de, . an

Tonol 5 totBns iR B 4 37 ShaRtr i Lo Bhte So b CYmmbtEn is8iredaci o)
sal t, afsh polyyityhiylcolil) @pbiyd@Reof Syrafs anthiBaleRMPAFIAdeD Bogelyhérdbfblefin f ur t her
conprising functionali zeg silicone additives. 60. The conposition of claim

59 wherdgdmaleir anpydnide; Bdarpolymess afivih sthenand meleis anbyidadeapaly- | east one
or gani y | . roup consisting of alkyl, aryl,
ani ne, (\(V{él#lggfet‘?ﬁ?%lhg? ¥31€%§§§1§§3&%1F1?8%%t er, olefinic, epoxy, silyl,
nito, N dfhg%lol% gsr}tiofri)’ gf claim 55 further comprising functionalized silicone additives.

- 60. The composition of claim 59 wherein said functionalized silicone additives contain at
least one organic functionality selected from the group consisting of alkyl, aryl, amine,

amide, thiol, cyano, carboxyl, ester, olefinic, epoxy, silyl, nitro, and halogen.
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