WO 03/ 057734 PCT/ US03/ 00201 ENTRAPPED BI NDI NG PROTEI NS AS BI OSENSORS
BACKGROUND OF THE I NVENTION 1. Field O the Invention 5 [0001] The

i nvent i orwona3siosr8he field of biotechnol ogy. Specifically, pcraiSosoent i on is
directed to entrapped nmutated binding proteins, nutated binding proteins

containing reporte Lt i.ndlng proteins

cont ai ni ng reporteﬁ%ﬁgﬁpﬁmylg@ipﬁﬁ%ﬁﬁiﬁgpBjégﬂ%gand their use as
anal yte bi osensors both in vitro and in vivo. 2. Description of Rel evant
Art 10 [0002] Monitoring glucose concentrations to facilitate adequate

met abol IBACBGROQUNIhOKITHEHANCENTEON desirabl e goal and woul d enhance the
lives of many individuals. Currently, nost diabetics use the "finger

stick” qeth@g d@hgqpunq{ont heir bl ood glucose |evels and patient conpliance
is problematic due 1o paln caused by frequent (several tinmes per day)

sticks. As a consequence, there have been efforts to devel op non-invasive
or nbni f@i01y 15 i Mhasnweatiomisvinvie feid ofibivechfidlogy. eSyecifivally tthoinventiomds f or

frequent_ and/ or contipuous . nonitoring of blood glucose or other
gl ucos e JHBHEAIHTIGPRSLPBEHIAID Ing PrpLcSs gHHeAle] 8%31%%@“6%%%9%1)%@& hese

met hods giduel dpndobRioHs 6 PlitafediRERE §Rkein &l ABAMAL khoRke RN MeFaBaPabl e  of
provi ding specific quantitative or sem-quantitative analytical i nformation
usi ng apetmeableghataices; audtheirtiseoas @labyiehiosertsats both zoritre aedlingivda a t r ansduci ng
(detecting) elenment. 20 [0003] The biological recognition elenment of a

bi osensqgr deternm nesthe selectivity, so that only the conpound desired to
be meas?lr éjcjfsfrégﬁ}én PgRgﬂgflbtnAo\ﬁ. The sel ection nay be based on bi ochem cal
recognition of the |ligand where the chemical structure of the ligand e.g.
gl ugose)00e] unchangadtoridg ghitobd @dtmtayishstol faciititeideyhste etdbotic catrol in
recognition_ element. catalyzes a biochem cal reaction_ of the analyte. 25
[0004] tHEcHesdR3dgeiEable gophandiweuldepbance thegiyes iob mapy mdiwdpals (yeagy.

recognt Eﬁo%{‘diaﬁéaﬁ;%gé tHe™iRo@ HER mOMBAtd hBhhyanak F%a:éid&?é leY&s shonal -

Possi bl 6 transducer. fechng ogies are optical, electrochem caf,

acoust i patiéntrecinpharcalis problealagr idoeta pat@tausddby Gpguana(seperoptents s daylat  have

been expl.qited i ncl ude absorhance, fl uorescence/ ho.sehoresce.nce,
bi o/ cheﬁﬁ“ﬁﬁn‘?‘ﬁé§8’é§?&%§nCPe’?‘Fr§ S pden offogh f0 dEHIAPAIHEVERE FRPEE N e | ndex.
Conyent iQnahve 1 WD And RRfd St RET/HYRPAHAARAL for TRALAGRIAF BMRMuSHEh as

fluorescent conpounds nmay be used, or alternatively, there is the
oppor t umdnjtofing ofibloed gluopsts aaithal gtusosd-omtaiming hologicd dlundse ome of thelnadsg| .

promising of these methods involve the use of a biosensor. Biosensors are devices capable
of providing specific quantitative or semi-quantitative analytical information using a

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

20 [0003] The biological recognition element of a biosensor determines the selectivity,
so that only the compound desired to be measured leads to a signal. The selection may 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



[ 0005] Biosensors specifically designed for glucose detection that use

bi ol ogical elenents for signal transduction typically use el ectrochem cal
or col oriwetomios77det ecti on of 5 gl ucose oxi dase activity. PCraSoza2of this
method is associated with difficulties that result fromthe influence of
oxygen |l evels, the ce of inhibitors in t od an W th
o 5t T odBioTeE g sfthas NS fesCenuarpaines gy B eioh of e BERIR L on o
t he analgghsrtudifiaor disct bﬁtwﬂl HetettidH, (ithsut thé fsedvibeanlapeiasuri ng | ow gl ucose
concentrations.” [0006] A rapidly advanC|ng area of bi osensor devel opnent is
the use of fluorescently 10 |abel ed periplasmc binding proteins (PBP s).
As reporl®@Plpy CaBiosensab smesilinally dovignegddor glague dgigation that psgihiolagic#tal t ose

bi ndi ng ) | In
thi's oo G BRSNS\ 0 bt BeftiddP Mhorid TRk AER RS
provide gamps@bﬁdaise\m:ﬁht}a The ngd eftmsstﬁhmelsramdml \aﬂth diffiadii¢d tha ragult337
(S337C) . This tatiopn position was within t [hﬁi? bj na cleft and
experi erftagy the ip yegee ehoryesn hestsathe PresRes %SD}H Hhl CM\unmer ous
f1 uor opRARESMRIEs, %ﬁféﬁ%%%erss %%d@ftltoﬂe({et&h@ﬁ k&QIti in%ﬂgumlmcmjéﬁﬂe Malyte
interfered wth the cofiformational change of the protein. O those studl ed,
N-((2- itd ozeyatotyih el ffightieiNwiren imehJuemmgiow glucbse aineeitoiads.azol e (1 ANBD)
resulted in a substantial i ncrease in fluorescence (160% i ntensi ty upon
mal t ose pindi ng. Thi s |stentW| h the.locatio

(T vor opti@lchangrhiPid SRRyttt o EoGn afidametSe 85 B e it i n
t 0 30nMNgH I ﬁ@ﬂﬂi&bﬁﬂh‘{lg'p%t@iﬁmPBlaij) Meﬁoﬂ?@b@y OR8N 4LLVEORH1 1994, 168,

predi cted for the closin he bi nge on nmal tose bindi ng However, this
mut ant  F860-SBA7), akdeledan t@§©bindtn@d>r¢tél|@d )\gaf»csl@pw@@trmi tqji’erﬁjuseful

di agnos I r&an u i Iso

di scl os éli’fﬁ%g'lé %eélls %Flﬁlo{r]?%o\%’ r?thiﬂlfzé% e %qn%@vﬁ%tnﬁé% @%Pegrlgjer z%tl((:1 3‘%‘ q%%\r/{l/e%?‘lﬁd &

sur f ace-phoddela provdie wnthswiﬁgié eyhtélﬁ@fesfdael deepbsattdnl ati3BY (SBIACT)! Ttﬁenﬁntudloheqw red
constant 25 hydration Analytlcal Chem stry 1998, 70(23), 5111- 5113).

[0007] HeptipR s wahurgihe ngaligsgbindmg gieft andreép@?qngeé hETEh e VioarieRig! erenge

I
ol 35t odePefti R Rinde MhARHE hittoBoRb ERERN, (RO Block B e, o,
resi due,biridahg mgn&ditﬁadtvagethefcohfmﬁnhmIgECMQé of thmpraein. Oﬁmmgestudhlaé,tNQ(chr

upon gl ycopse bi ndi Hel | inga e (US 6,277, 6 scl that t he 30
transm 4e4a3Retexy) %Mﬁé? st %‘héﬂﬁ@?@%aﬂiﬁ%éﬁ*g&%ﬁﬁe Bet exploited to

constr U%ﬁbstéﬂ&*aﬁﬂx&étaé‘éjin%&%l:er{céi‘f@({‘}@%{eﬂﬂtgf airhAR%e biidin (%Qﬁl\é%éulﬁs gl ucose
bi ndi ng event into a change in 7 34 PCT/US03/ 00201 fluorescence
via an abhostemrwith the lgylation o e HaiaphoreTthendih g oomscleyiroph bneiettendn

fUnGhl On% o @hSuTERQILER, L0 LA ST LS T AL IRNLY M S0IB NS¢ B0 RlGichhy

predicted for the closing of the binge upon maltose binding. However, this mutant protein

i ndi ng

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 (Analytical Chemistry 1998, 70(23), 5111-5113).

[0007] Hellinga, et al. (US 6,277,627), reports the engineering of a glucose
biosensor by introducing a fluorescent transducer into a Galactose/Glucose Binding Protein
(GGBP) mutated to contain a cysteine residue, taking advantage of the large conformation
changes that occur upon glucose binding. Hellinga et al (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



pocket in GGBP. [0008] In order to accurately determ ne gl ucose
concentration in biological solutions 5 such as blood, interstitial

fluids, owolans®ed utions, perspiration, etc., it nmay be desirnmbs/entp

adj ust the binding constant of the sensing nolecule of a biosensor so as to

mat ch the physiol ogi cal and/ or. pat hol ogi cal erating range aof t.he

bi ol ogi %&Preéﬁf%/nﬁ? VigrGHIOBRRGE ‘.ng Wg%g?cﬂ?ﬁ"g’ﬁwgﬁﬁgﬁfcﬁmg%g‘f% OR%%nst ant ,
a si gnalyJRYolg B8Yhte@EreAingRalfyAVitiR iR At inGie b dinddPopérfb o8 thaku@ih 8/ fing

pat hol ogi cal concentration. Additionally, biosensors nay be 10 configured
usi ng nppeket leGHYe protein, each with a different binding constant, to
provi de accurate neasurenents over a w de range of glucose concentrations
as di scl by Kow. ¢z 4 0 i . . ss of
ot at o 1G8Ps £ o SR Reskimicly Sl ncod Eliecy DRI BbibgIAEI MRS

ei t her widthas®loow, irtersfitidl €Rpatst €rulgrsolipions, ppepiritich, Bw!, dtmoynbe ddsirableés 15
and/ or attachnent of certain reporter groups may act to nodi Ly a bi ndi ng

] nt. y
const anedjust tha bidgiesensterinl shagepsingmplequisf a Bloseasqsisg e HBACE SRR ai ni ng

report e&)ggsggggi%alr%lﬁfe&?Xﬁoﬁ)lgicqﬁgé’]&%ﬁlﬁgﬁ%r}g tﬂgbﬁ%gﬁ%uti brifRtestesul t in

an easi cta Ignal® up ndi ng. of the overriding
f act or s Wittadut et appripnias teedisg tonsiany, acigral may be out airangepfor & eartionlabe

attached, to a parti.cular protein for the tectjon.of a specific analyte is
the nat tHP)éS“?Jng‘_tcg]ean r?ﬁ@eﬁ’ﬁicéf?%%‘?t%‘topp&%Hm}é%r}i"qsﬁ’és%ﬁe’@ﬂ’%d probe and
am ne aghghdesd dieSmefe hifoR Fbrim eadt with a d@reSWikd@Rd LohsRAB 36 BlovideO

predict these interactions within proteins using conputational nethods,
nor is itcupats sidaburemente ppdraywidatringaalf ghisesegonaetitatided asgiisalesedpyi m ze t he

choice of, re r, pr s. In addition, it is not possible to predict the
ef f ect Eﬁk‘é‘f"tcggpg;%rﬂqut?ﬁggi ng constant, or the selectivity based on the
position of any reporter group, or amno acid 25 substitution in the

prot ei n (Y] Vi ce- TRKSie) the LOFAEssTF ntlemed GGBRagRNbE thes, préins havsibanned,
and/ or i npl antabl e and/ or reusabl e biosensors using proteins, the
t r ansduéesignedeand s pmingdstitheewith o BN reRAres SraMps HoPEciligapeations Pt gdss ce to

|t 851 0984 5; AN SBNRcch 3t OMLbDal LAV S UbiBk AR Bl tar] PP !

ods 1 nclu acing pro I'n"or o he sur opti cal
fibers anpleirtibéywap) Madidonllges bissensgr comabink irgiicogrosips Alaghaesa Such
i mmobi |i zation strategies include, but are ,not limted to, entrapnment of
the pr otlesifeblg RiRdiAS semfanbduhBalEw e catbdetestahingignas upgy wrglgs P

T SSOAYN: AP TETH et AR PRI W tpe The
t he wor kitaupebitos parsioular froeimpfar dhre dat¢ctidndin kspecific analyte is the nature of the
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 develop reagentless, self-contained, and/or implantable and/or reusable
biosensors using proteins, the transduction element must be in communication with a
detection device to interrogate the signal to and from the transduction element. Typical
methods include placing proteins within or onto the surface of optical fibers or planner

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

not limited to, entrapment of the protein within semi-permeable membranes, organic



numer ous probl ens associated with the imobilization of biological

nol ecul es. For exanple, many proteins undergo irreversible confornational
changes, wemawmst7at i on, and | oss 5 of biochem cal activityPcrrmsobod2orzed
proteins can exist in a |large number of possible orientations on any
particul ar. surf for ot e ns orl h that
Phei r - acp s o, ¢ dha BB Smel i@ ol Iahphlbafin TR SHERV 2ct i ve
si tes am@imatlyekRamart thé péworhﬁuse dfhe Makieng Biokdder. dthegalor @ttidétnilbi ndi ng
reactions with the analyte). I mvobilized proteins are also subject to

ti me- depamgEs padbhemursepsiand wilkiihe unmebibratianafbiplagicalmalerulesz &0F on, and

| eachin h t. I i

f osUl tsgfﬁﬁ% bl%fllgl rTérrol ncﬁelﬂlgg{%% 13’%:96r§iUg%%gﬁ)%ﬁt15r&l t:l%g%?é d‘s&:ﬁ‘ﬁr‘aﬁgllj n%l;ﬁ hSs

cal i br aboff biochémichleacsieig.i htgnobiﬁw:cb}ﬁownd; cangmt indr lafge nuhrbegeflpﬂ‘salble bi nd| ng

proteins require orientational coptrol to enable effective use, thus
physi calPTiSBaBPI NGAYAHHIRL ABiTSr 105 gramels, Wit sme profeieonged R et or

| mobi | gzt Ac%e ?ﬁésairfgi ecﬁﬁldt&%h'&E'Bnbﬁte& ttfchlthatt%e%t AHiSe gﬁéteiréhttyexpsfqdnot
successful. here have been several reports of encapsulating
pr ot ei n$a1airthusan¢table tbivotiergo selectey diraimg Ieat;tmnsmnﬁll the amajytghnlnunsblhz@bn

tri f or med | t | t hod
Br ennan PrOSnDe AN SHaiecHp PreLe deeyadon PRREBSRIHE and Fiora, K -
Br em@anﬂmﬂ}obmzaﬁ@ﬁlaﬁ& 'le(’a@ﬂnné:hﬁfﬂe%hfr%{ppjea%teﬁ@uﬁ%ﬁﬁent@Qﬁn@@%@itlonsoﬂﬁ’s sol - gel

matrices are opti cal |y transparent, making themuseful for the devel opnent
of chenitesalts improblenisiincledingsifon¢xaswie an nabHity to whintap calprpteen oftthasendingt i o n

or dor 1 6eEe PURBERD AR, 2 pielp b RRRE MR aRRERMS BB e bR s PR Ot '

remai n affe@iveustnHEY g/siehl dbeeptios endraaderh o Bulkwduslest suefadd sitadhine o
change. Confornational notions of binding proteins nay be substantially

restri ctiamobfizapen stebegiesas tapght indhe 11t%wtgen¢ratlhére|q0t 85, 1t has been
reported that sol-gel 25 entrapped proteins can exhibit dr amati cally

alte @1’12' ng cafsfafilepe rse@érgﬁﬂeg&tsc&ﬂ&E?ﬂ}hﬁtlnép%elﬁé‘ qver

relatlv hort tine periods or er varyi'ng environnen cond|t|ons In
addi ti obtoloﬁmlfsysﬂems mtto sxfnp;ber b eani cestli coa pymedcds fotninel 15,04 }ogeﬂempataturx stlas been

reported to be tine de act tic that_|im nral
apB| i calSFl I?fPsﬁséngé‘&ﬁth%lé eBP%‘sércth'rP g?tlleoretﬁeP%liﬁé’ é@t 20535 25 vivo
use. 30,f@8f2d K. hEFé‘ﬁBQﬁ 9, Dt J&ﬁél?néa?r Cffaeﬂ?l 1'9@8tﬂﬁ(2@5 Yshe. 4@?@' S&n@‘s}'gl'-%élonaI

useful mutated proteins and nitat ed prot ei hs generati’ng detectabl e
si gnal sntqumesammtcelljotrmtspangnt maklng thwmm8¢f05ﬁ>?ﬂfb degalopsesy g@hemicalizwl as
bi o and .addi ti nee oration of these
ot 028 noterhegme Ryt Sdrnbn B Rt dslSR ot Pty PR S <i gnal
transm tubRYcehod spREBHhRINEhSIE 'Ho‘izvever, in order to be functional, entrapped or

immobilized binding proteins must remain able to undergo at least some analyte induced

conformational change. Conformational motions of binding proteins may be substantially
restricted in most sol-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 pertods 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 in

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



SUMVARY OF THE | NVENTI ON [ 000131 The invention provides entrapped or
encapsul ated nutated binding proteins 5 and nutated bi ndi ng proteins having
reporter wWoaaps77att ached thereto, for their use as in viveCcTarsos/m20itro

bi osensors. Furthernore, the invention provides a glucose biosensor

i ncludin . a mutated bindin rotein and at | east one reparter group

at t ached™t %i‘%leie&%rwdtaﬂ&tﬁoggﬁlw%e%ém Peet f_%g FISQEP O B oS PEEPBE DI e

si gnal  WaRDteSRIrtlesBIt ﬁhﬁ@bebmqht@ﬁaaﬁ%{oegighﬂ frafhRiRsRtindGecNiHE BRMeARD (D) a
matri x perireable to anal yte where the nutated gl ucose/ gal act ose bi nding 10

protein and the reForter g;ou capabl e of encapsulation in the matri x.
[ 000141 STMMARYOF JrHE 1N Nes conpositions conprising a nixture
including (a) at |east one nmutated gl ucose/ gal actose binding protein and

at | east reporter. Jo 7 di al ysi s
menbr ané?@%! - gel ,ﬂgﬁn‘%qc}ﬁg’?ﬁg)? ?C%ggltnﬁ%rp %&c])g f %gp%?%ﬁ ggé‘ta?eodr%g&lggg ht?ﬁé

per meablaad imutaabbiyiti;g\wheteds hating rapottat @gdupl attokel thadears fastkeibusedisrig vivb
protein and the reporter group are encapsulated in the matrix. [3.00%51 The
i nvent i Gh7aY &8 DifsERIoHe BN Cethf HEICOUPTErOYHlFS & BHFPsR WASHITBIRIBE ¥ ng
pr ot el n o BERkd Bkt proRAPIncO Godk FRRI LRIl @%nagt{aelﬁ%hﬁ&eiowﬁaﬁt Shgh t hat

the reporter group ~ provides a detectable when the nutated MBP is
bound t gepmetet goep araviddser dsitavtablesigndBRhemsdid desated bipdingipreteprie seprisedito

iti 337 b .matri l e, t | t 0 wh in t tat ed
VP anq Bhifass SYdp! eielibhiis B B Sl M S4IF moiiE Aot booted e
I Nvept i Qhotéidlahd ee RpOYdr Peaf 8k 6LerRAFsuTAIBAAHR tid ARgixt her eof suitable for
in vivo use including (a) a nmutated gl ucose/ gal act ose binding protein and

at | east one reporter group attached thereto such that the reﬁ)onter group
provi ded0M1dkt ect dbeénvention pley proyidss eompemitienseEprisig aapgire gheluding (a)

gl ucose/ Lhdi n rotein.is. d t.0 Vi I se
Qoncent Parr e Btk sk eRlaRlo Lol SR orkhy YRR B ot e
gl ucose/agadhad tras&o hnd (b)rachydesict idinl gsivdmembrahe poi-gel; oocantinaion thereafsul at ed

in the matri X, BRI EF DESCRI PTI ON OF THE DRAW NGS EOOOl?l FIG 1 illustrates
the chaRBRYi¢sfor pmatex pemicablede preaide whereyn thegawatsd glugosedgalacsasg bing®re ani de

CGBIps H6 H?eiﬁ%h&'?ﬂe%%%xﬁeé:égé%rg él?C%ﬁSA(ﬂBg {n%QﬁLa%?OJ' [00018] FIG 2

illustrates signal nt of entrapped binding proteins in the
absence and presence of analyte relative to solution. [00019] FIG 3
i Ilustr$@®5hn enflhappedtitn aldd pypvpicot device mctudengala @ nugatechohappoedemiieg of

analyte pgoef\éigt(lk/fﬁei’) tagd 3 fegstt 'one reporter group attached thereto such that the reporter group
provides a detectable signal when the mutated MBP is bound to maltose and wherein the
MBEP includes a cysteine present at position 337 and (b) a matrix permeable to maltose

20  wherein the mutated MBP and the reporter group are encapsulated in the matrix.

[00016] The invention further provides 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 provides a detectable and

reversible signal when the mutated glucose/galactose binding protein is exposed to varying
25  glucose concentrations and (b) a matrix permeable to analyte wherein the mutated

glucose/galactose binding protein and the reporter group are encapsulated in the matrix.
BRIEF DESCRIPTION OF THE DRAWINGS

[00017] FIG 1 illustrates the change in fluorescence response to glucose of

A213C/L238C NBD amide GGBP Hg in solution.

5



5 [00020] FIG4 illustrates reversible signal froman entrapped bindi ng
protein fromone enbodinent of the present invention follow ng exposure to
sol uti onswofo3gsuasose at the indicated concentrations. DEPArIESD/®EGCRI PTI ON
OF THE | NVENTI ON [ 00021] The term bi osensor generally refers to a device

t hat us cifi iochen cal. O,reaction di at ed .by isol ated enzynes,
oo MARES || AT RereLerigRaThest 8 elfpodd Bhodbredndithieca
conpoundgsent® t présdite 8F Sedlytk edhtiveltb8bl@bn.Or optical signals. As used
herein a "biosensor” refers to a protein capable of binding to anal yte that

may be used to detect analyte or a change in anal yte concentration by a
det ect ol0¢H2hs as Heriillnstersescan Eappediprding ptsin i Bielabsenge padissaise obf t he

i nventi %alg{%crl Mﬁggtoagoldt{%%st one nmutated 15 gl ucose/ gal act ose bi ndi ng
protein an at T east lone feporter group attached thereto and a matrix

perneabl e to anal yte wherein the nutated gl ucose/ gal actose binding protein
and the [00020pr t er RiGaliflustegiesicecrableasngapframaini anrappedtindin@protein fjo@0QR2] The
term"bin igignq%o% ins" refers, t? rateins that interact with sBeci fic

anal yt e§MPR RhE¥e PEespagPEengion (RLATERE EXRRFUISTLO SPRIPRA HepluCose Bt abl e

and/ or revehsi Heebarphgnal differentiable either froma signal in the
absence of analyte, a signal in the presence of varying concentrations of
anal yte over time, or in a concentration-dependent manner, by neans of the

met hods DIEEAHLBEBADESGRIPTHON(E TiH INVENTIONE | udes conti nuous, progranmed,
and epi sodi c neans, including one-tine or reusable applications. Reversible

si gnal l[éd(ﬁ'?\ff““ 90 t%&’bi8§enk&%;ﬁ&laﬁg?&%&% t?%d%bi@?fh‘lf&&@gf&ﬁﬁc RLAhfed 2
correl ation th the presen or ctoncentrati on of analyte 1s

est abl i séwedonBhadihted byrisilaed enaytics tifthinos gstkhs, dissudRrotganetles @fwieslé cells
transduction are preferred. [00023] The .term "gal act ose/ gl ucose bi ndi ng
pr ot ei n'to g¢teetchgprcahcompanngdy tsuallyibyglerdnnl.gpemipl oppptigghpenals AsNsgd her ei n

refers 4, 4 #jﬂSse%fsorprr%t%i t8 a;b?étk’i'haéa é/bl«% f?{/'mdiin lt{i/ grgal Q%Ht] gl%%’%"lﬁe&&”par t ment

of bacteri a. ese proteins e natura I nv n taxis 30 and
t r anspouttectf anatyid br archiaagelirema(yge cpncestrgmndy aadvtevtorantans as hercinsiesdribed.

pepti de into.th 6. WO 03/ 057734 PCT/ US03/ 00201 cytopl asm For exanpl e,
GoBP | < Mors S Aeatiat HORHSOET HAG BT igugss 4 _ Sb?r@davfgwgg/ 13 donmi ns
thaysar %_1&95@7%25%&3@n&i€% ffotcth Eﬁpﬂ%ési)oﬁé)feﬁbﬁer%&gﬁatta-m&i bR A Site is

| ocated™in t | eft between the two domal ns. gl ucose enters the
bi ndi ng nsitixe per@@BFeundealgloodhezcin themhanivd iglusnsd/ gad dosgdindeg potan and thehe

hi nge, which brings e two domains together and 5 entraps glucose in the
b1 nli ng Siorer BRup &g Rt AR PBR L AN ur o8 have been det er m ned
[00022] The term “binding proteins” refers to proteins that interact with specific
analytes in a manner capable of transducing or providing a detectable 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 compartment of bacteria. These proteins are naturally involved in chemotaxis

30  and transport of small molecules (e.g., sugars, amino acids, and small peptides) into the
6



for the closed formof G&BP fromE coli (N K Was, M N Was, F. A
Qui ocho Science 1988, 242, 1290-1295) and S. Typhimurium (S. L. Mowbray,
R D. Smwb,030577Bt Col e Receptor 1990, 1, 41-54) and arepravaishawizel f rom
the Protein Data Bank (http://ww.resb.org/pdb/) as 2GBP and 3GBP,

respectively. The wild, t . coli P 10 .DNA and am no i d sequence can
o oundy QP e Srbrble T sctbsle Fhgp pitwin Serammeme et ByisaE" ( genom .
clone) ARFhaRRERS SHQdnRLIRE I\Xla@é@ﬁnﬁ@mmﬂn aGitbeSEHYIBINAR) site W 18EQ6d R CGBP
is fromE. coli. [00024] "Mitated binding protein” (for exanple "nmutated

GGBP") ke defkbetivgerethe twoelortains; ¥ hsngdicass piters diehinding mith 42¢BF padesgersai ni ng
am no 2ShShal iRt EcRERR o heBR WhhaleOine 5! Ehfithd polfh apgadded o
the am no aci d(s) pre 8t N nat ura Y occurr|gng protein. eferably such
substi t ghirgpssglucded &it the bdaig ditesKrray onstallographie sfresieres hvsbden dsierninedci d

resi dues, nore pref erablé one or two residues. Exenplary mutations of

bi ndi ng Torrthe eloprd form of (B Framal apk (MK oY yasuls - (Mos-dhn A Ru9doaicitgcqr oups,

non- nat I [ ! i Tur j . 1Bir 0 m 1996
o, 50 IR RS Lt B Rk (ST SRy &, LRsmigfion, BET. e

am no adedsprav 1990y £alit54)and araryadablel fromahp PooteiddtoBanihe coval ent

attach t of electrochemc r -responsi ve, repqrter_gro By
"react :T\EZ 3 < %éﬂBPgl?Pdogﬁﬁde%Fﬁvejhaihiﬁ'ﬁa_t%p%d%"gitag(?]Bgvi th a

| abghi NnHNAGAT 2R0R é&ﬂpééﬁué&etcgﬁ'bé ?&%’d‘aﬁw.n&M%‘irﬁ!n’ﬂf%goMéﬁtszﬁaJc@dsRJn reactive

dye. Non-reactive am no acids include alanine, |eucine, phenylalanine, and
ot her s, mumbehDPARES & genosinid elaniapandsacessision nuzbao23 1520 (aathol agidwsdudnced once

i ncor porated j aprotein. (see Geg T. Hermanson, Bioconjugate
Techni q@é%f,gnﬁtggé%ilé ﬁlpgpb 5?09’1996, San Diego, pp. 4-16 for classification
of amno acid side chain reactivity). [00025] Exenplary nutations of the

GGBP pr go6024) | ncl uNRitated BMAInRipacteintl P ekath§ld “hkate RGP NEs @ed PORid | on
11(K11C); a cysteine substituted for aspartic acid at. E:OSi tion 14 (D140 ;
a cyst eirefersgpbiding nreginsdrony hpgteréa eontasnag amarp acxd(EWhiglohavebesyst ei ne

substi t S } Lt e I stituted
for ﬁg gIg?/lgs:art]%&g{&p%gt%gﬁip?%ﬁg&eghg@s%&ém% %ﬁéﬁ%ﬁ’?gg b?%rn% tgé)t yr osi ne
at posi praeinlPref¢riBIY AGLh substysiors, delesoixsdriifisertdshsfinvoltdh feeenitaa Saiming@osi ti on
110 (TI 100) ;. .a cysteine bstituted for serine at position, 112 (S1, 12C); a
doubl e FORGFHAIESTITS PSP TEPE TesidHse ey Y deh AP of PindaigRroteins
substity f . i 3 L& 1 . d. Seri L f an

| euci neq%c?'gdgotg% %(?dél?l%%%%k %%Eg%?té%g%&%o yé?it?{rlléet{}%ll}gg'? %&g%ﬁ& gr&gdsl ysi ne
at posi (Taeatfi]& at.(KriolCkgm. 096231 £337¢9%UbEI9o8 ) tretirepaceraentyd sulstantialhpsi t i on

137 (K137C); a cysteine suhstituted. for. glutam.c_acjd at position 1
(21286 noikinsfies S T ieahging eSO s e thciedt Stdchiinc

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 possess side chains which cannot be readily modified once incorporated in
25  aprotein (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 cysteine substituted for aspartic acid at position 14 (D14C);
a cysteine substituted for valine at position 19 (V19C); a cysteine substituted for asparagine
30  atposition 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



5 for an glutamc acid at position 149 and a serine substituted for |eucine
at position 238 (E149/L238S); a double nutant conprising a cysteine

substi t utwo oBos77Bd sti di ne at position 152 and a cystei nepPswhsos/onzved for
met hi oni ne at position 182 (H152C/ ML82C); a double mutant including a
serine substi.tyted for an al.anine at position .213 d cystei ne

subst | t SR PGS piexstpie REPSHIELEr o FgmeEPONIRN s EAGERES SISy B ne
substi t whhciirat pBsifibh MO 1N2CAL2389); RQTtkine RubstituttdBB 2G) sin@atPbsitish 13
substituted for an alanine at position 213 (A213C); a double nutant

i ncl udi K 183Gy scusteiae substititedifos d lysore aipositiomil Ae (i3 78054 cystomn@udstitnteda

tei tit f I ] t P ti . 238,.(A213C/.L 23

cvot o ndosHaRY tRhosRioan STETRIGH alSE T i dRi 4 B RIS D 1 i ne
subssi t ybiesh flamasRAd bi gosafond 49tanpastiinddubBbted (BRRGEE afpdsithei3Be
substituted for an |l eucine at position 23 8 (L238C); a cysteine 15
subst i t (EE/EBISSY; mdgitble mutant cmprsingha cxstedne bvtitutddodyistiding glapositiqr

bet it D i ' _ &
subst t L ednd Sevaingl el oPhnaRBihb BhostoglR RAIIOMBYES S Bble
i ncl udi mgutantdydtiding e saritesdubstittied féraumn Aamigd attpasition 2¢3 dndib cpdsing substithdd, an

al ani ne _ supstijtuted for a_seri t position 213 and serine. substituted
for | eué?rr?ehlated%gti Rosgignd3g (HY it 1&%1@%%@?“&%@93% 8 MR ) Ll ng
a cygtei : ' . ; -am i D9S3 .gn argini ne
subssfté it tB 535?113?@ g%%a@h?%gﬁgl? © g%%?lﬁ%f\fog%glgﬁ%e?gen r?teilgtr}t?s]z???bt% ed for

| euci ne daublpasitrit arcl@BBg 4 EgstE@E AbbERIdIABBSE) alaningatplsitpine? IBandntcystamleudi ng a

serine at, position 1, a cyst.ei it 149, .an argi ni at position
213 and oubslitifor dleusingyepbilion 458 Pl Eh ) oot dagoted Yor 0o o

mut ant  inikghigHinB @t FosHfinl N1& (M2 18€3; 4 ¢yRftink suBstitGid 6 RBarfit 2BiA%k hoHblAR, 2
serine at position 213 and a serine at position 238 25 _

( ALS/ E14DZ GO 8 sydteing S)bstitutetl fr quirieinglabpositicni3 § Q386 rmcystetyest ei ne at

osition 14 cystej.ne .at positi 1 _cysteine ai ition.213 and a
e e arourfiond SEhe Sl s R (GRG0 T st e v B R h e "ar
l'isted iafpdsadne292 (Rem':En helysteine sAbtiRe@fr @ viaRBd SlURsiteRI06 FVLEEE) a trplé he
publ i shed sequence of E. coli having 309 residues, as detailed below or

t he cor MuspBARlwdNSATYBeiRe PebstiBledfigran alugamic seigst nesiiien 149, kpateandgous 30
sequenc : I t] . t hi. ndi ng
seaenc A 5L INAHAGTONN 68y et MLREIPUSELAEL REBRLDSDO.
accessi ¢BI4OCrAXI3S/IZA39R S téiptt miRan9a8udihg apesteing gliystitut8d 0 a8 I 0ofié3id
PCT/ US03/ 00201 [ 00026] .The entrapped or .encapsul ated nutated bindi na
pr o£8i n&t BIsHanel 43y s aigining spbatiufedrionanalpng atpsitionad 3jand giserny Pstititedi vo
anal yt e faSsaineMtipobitioh 958 P AYTR) K2 1319 %Sgb% Rhp1E Bl RGudi Rt cs of
bi ol ogi cal r e%ct iponslo{Invoi%%(/l ng an ana?yt ’ guab ng ucose), as%ﬁ
position 1, a cysteine at position 149, an arginine at position 213 and a serine at position
238 (A1S/E149C/A213R/L238S); 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/A213S/L238S); and a quadruple mutant including a cysteine at position 149, a
cysteine at position 182, a cysteine at position 213 and a serine at position 238
(E149C/M182C/A213C/L238S). Additional examples are listed in Table 2 hereinbelow.
Amino acid residue numbers refer to the published sequence of E. coli having 309 residues,
as detailed below, or the corresponding amino acid residue in any substantially homologous
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).



as in clinical assays and food or beverage industrial testing. The
concentration of the 5 binding protein in the matrix is preferably |ess

t han t he wondiosgaconstant (Kd) of the protein wth its amairytses0200027]
The nutation may serve one or nore of several purposes. For exanple, a
naturally occurring protein may be nutated in order to change the long-term
st abi | i [09026] t he Therantrepped drencapsjlatsdtrautated bdengarrateins of thapresedll ar

encapsul ation matrix or polyner: to.provi i ndi i ] ect abl e
r epor t éRVYHeDFRaY lfeousﬁgj“hfg’t Lo BY ’ﬁ'df”ﬁogan@ i ng%s;s% %’\n{&? hﬁ)?gg%&e@?’ 1%%5%2%5

parti culfabl1ewRkYhEkinSicsdTBidleuTkil Redctions inhelviagfan anaIe2@]e. khucoded, dsvedllant
invention, analyte and nutated protein act as bj Edi%ﬁartnerﬁ. The term
" associ astinstinigal asgiyadrd fopd oy beverpes sdvstidrestiag: She PtReRERN RS s having a
rel ative .binding.cgns . Gl S | &kd on of
bi ndi ng”'PEnE I%Otf)lgé? gi%nlﬁ%%:/l;‘ és( ﬁﬁg}eé%# %g%sgghﬁﬂﬁr}é%tﬁgalhgﬁgniﬁu %‘i)%gé&?éﬂscm ated as
the congpnitahdlpw. of free analyte at which half the protein is bound, or
vice versa. Wien the analyte of interest is glucose, the Kd values for the

bi ndi ng partners are preferably between about 0.0001 mMto a 0 nmM
000267 10BRE e pr BRCHBlaf i BYistHE onF oF Tt ST R PR EY Eepe. ray
be use i £l b HiSe® ¥ SdbAethagsetthe lotbQemn §@BiGEy 6ffthgr oup

t hat p%%?@gg%g&g%?%%%gég?eago Si gngl upon gl u?;lf)gsee bi n in?. To "}:)rqvi de a
det ect apoeiisitgnanjigatathegsetdinite rearticutasfeagapstlatiommatrixfirpof Ynerotoseydai ze a
change j.n.a property of a reporter group in a. . he

ot Bt BRaBeSPEEh bherEriroRehitnY ol b B KnslEhERaRE AT B e, |

mut at edpe@g@ﬁ% ang@@ggroi@@y@org@h%@hb@of_eporter group whose detectabl e
characteristics alter upon a change in protein conformation that occurs on

gl ucose binding. In a preferred enbadi nent, the 25_re£>or%er .r?r oup is a

[ um nesi9A28] abel In thainstans tivertiqn, apalygaad awtatesprolin A4 PRTERAPCTso

gl ucoseri hat exhi bits.a . 6 I; i m nES natiakb agtigfivesti cs on
gl ucoseT ?%&‘Pnﬁ?soa?ﬁg %13’%02 %%Q%e}?e}%ggel%}ee&%g% glrﬁgﬁlg a?t eristi %s_ rra31/ be due
to an abmarr%tdoﬁgtaﬁtr(KU@fmmtrymmgto alidw tletecticmbdbirsbugmtd the proten byieat ed

GEBP. [00030] The | um nescent Iabfal may, be a fl oreggrent %Aﬁbeh ﬁ% a
phokphofeedtionmeagseThe Kamayihs caloalaind a5ithacousentiation 9h Bes an3liie dhVRKD be

exci t edp [ipafl Har LR il Byt GRiRI BRI IsBuse IthRY , 1S
prefer rlé%}.?thg I\%e%g?g%%?ﬁ?(g%éry%%%S?,OO%l n[ 00311] eI n c?n@;uersr%odi ment, the

r epor t evalgeofiop thedbimlifig patrephoe prefésblydetivdveabput,0.000 | i topphewtad0 bl ers to a
nol ecul e that absorbs energy and then emits light. Non-limting exanples
of uoi(gl%ﬁglr ©s ufnet léllpreasgntrirel\pe%rtilé)rel,rit REsBeRR slllor{)vrg ﬁ'llaé mh&Ye%r&G%@s hﬁ?f'b‘é%@ed

fluores
to detect glucose binding by attaching thereto a reporter group that provides a detectable

20  signal upon glucose binding. To “provide a detectable signal”, as used herein, refers to the
ability to recognize a change in a property of a reporter group in a manner that enables the
detection of ligand-protein binding. For example, in one embodiment, the mutated GGBPs
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 glucose binding.
The change in the detectable characteristics may be due to an alteration in the environment

of the label 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.



coumarins, rhodam nes, 5-TMRI A (tetranethylrhodam ne-5-i odoacet at ni de),
Quantum 5 RedTM Texas Red TM Cy3,

N ((2-i odwamsnawygd et hyl ) - N- met hyl ) am no- 7- ni t r obenzoxadi aroiraisoz/60aNBD) ,

6- acryl oyl - 2- di met hyl am nonapht hal ene (acryl odan), pyrene, Lucifer Yellow,

- Qy5, | 2-b t ani doet hyl ) sul f d .
(N, 4B of o) 44 Gneesbodiens Mamgrer dhinin Baothiore. 4 used ot ene.-
2-yl') i ocPRERNpAGeH e 16808k RIS dbforbs Bhdrfy dndlihbh it 1ighs. NSH-RRGMHY -

4-bora- 3a, 4a-di aza-s-indacene- 3-propionyl)-N-iodoacetyl et hyl enediam ne 10
( BODI PY(ex3ymplee pE8uorppjoressusefyl @g zenoddroa@@msym)tmimv&)l@@mmc{ude fluorescein,

am no) napht hal ene-J - sul fonRi aci d -1 AEDANS) ; ar - X-rhodam ne,
5761 badaverany Aweiit STaRIA G GradnnotariRala @R GaReR Bl dil ot abl o
i Nt r 5 NSiRedPr, qRR4s R &M, Wy3aNt (2.9 RREA6E)) EB PYIN-Beth ylafiifo-MBYtréniBHAU{061€d t O

detect glucose binding. Sonme properties that may exhibit changes upon
gl ucose (BANBDof-parploptie-ditetbylasuronephthplers (ageylodan) pyesneclhewfer Xebowity, 15

fluores ce . ani sgt or _pol-ari.zation. and tral shjht :

F1 tior o cane LB 8GR o R B e P aRE T B o e Bleiheybe

i nduced 45836 33Wg08- §-Mhdhbde! D YyDicaiRaestnide (BbdipyEVE45UW9 V8,4t diflS6ro-
resulting fromchanges in protein conformation, Environnment- sensjtive dyes

such as Sk AfBherfl e4-barat ?’%Gﬁgialz?sﬂ%‘éﬁfcame'i3rpr9hii0§y19é\éi@é1@{w.et)dfthé]ﬂn%%m@és of

{1 uBOPRALRPYRPEIH ST, 105 Hdoal OTAAL ARG L0DS bl ke AR o Tt el

or I'nteractions’w th'a secon o) roup or exanp when FRET
(f1 uor esicrINt S-IADANGBY and eadbgy- Xrhodaheig, S/Giodssdtdntider@IRIAG,63.hanges in

di st ance be%&een t wo Ilquophorgs. [q0032],AIthough £h use, of fluorescent

| abel s itgclraaieiANED isussds Many sipttahle pippsit Properies o ?eﬁa?rpehorsrmﬁ@r may be

used. F i e wher ei n
%;%lﬁfgﬂgj})i)@moﬁit&%& E&&éi@dﬂr%%?xfébser tfiﬁgﬁa% SoMk gwﬁ%nfe@lﬂkﬂ exHibed

an alte I n the environnme of eporter gives risé to a change in

t he 25 rchalges spat glutdse baufing Bakide fluctearegee hifeyinivefluaesenesintdnsity,exanpl e, by
use._ of el ectrode. 00033]. Furthernore,, it.i nvi saged that ot her
S pedt r od FSESCR ghIS TP Za} and PRspiralshifhe A SPHBEMES SBIBIAb) 0 by NWR

(nucl earcHIRGARGH Hifesé AREHOBRGE brop®RlesRitaystldude8 HdAfthahB&s @RONhGOPIRIrOUP MRy
be attachedg?o thg nuta?ed %F%tefﬁ or GEBﬁé by anya'goﬁVentiona? éeans

known i envinennagnt sudhais tleosamesudiingtfham changes vrprgicougentermaben aEneictrenenyi a 30

' b | [ LAy jall f d
S CovabemieaRst r o1 ANER 8 eyt uBESuRtl B Reu BAREEh R oF ol o
for nut gheebpheBrosareésahiietesull GoMGnfiddiody with BeTneSRSt &R frorh ocat ed at

position 11, position 14, position 19, position 43, position 74, position
10720 parferacensMith a preend raparterigroup,der exagplewhen BRET (flaprescence rsemianson 149,

POt {1 003 RIS 0 G AR mBOHah L BNEmc POSHELOR, ForofRES | 07 287 and

position eferredin't

[00032] Although the use of fluorescent labels is preferred, it is contemplated that
other reporter groups may be used. For example, electrochemical reporter groups could be
used wherein an alteration in the environment of the reporter gives rise to a change in the

25  redox state thereof. 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 cysteine residues. For example, for mutated GGBP, cysteines

10



invention. 5 [00035] Any thiol-reactive group known in the art may be used
for attaching reporter groups such as fluorophores to a cysteine of an
engi neer ewoa/orIBat ed protein. | odoacet am de, bronpacet amcdajsoano2orl ei m de
are well known thiol-reactive noieties that nmay be used for this purpose.

[ 00036]  Fl uorophaores_that, operate at |ong excitation and em ssion
vavel endfR9ed@t gesitianl bypesibes 141081iondQorosii gy 4y Pesitier 7&aosendA7or e ssi on

wavel en §>£1ﬁam HE ep%gﬁBﬁrlﬁﬁ,gprongI%ﬁ 156,0s1RhqaY I?Jsitﬁms;@,r%ésﬁi&nolsa,ep&%% in

I
vivo, f exanp i ncor por at ed 1| nto an inplantable I osensor device (the
ski n bei2h3, pague 1bspasiticdEI SnpgsiticAr &g eantd positidneX98 ang prefested ietheipressnent al | y
sensitive R{iObeS available in this region of the spectrum and perhaps none
with t hi®'®4ctive functional groups. However, thiol-reactive derivatives
of Cy-5 can be 15 prepared, for exanple, as taught by H J. Guber, et al,

Bi ocenj yanu3s] Chemany(1RRI\Bactivelgrod knowkd f thERRInkY AK€ BHtattatliingrdpbrse
fl uorophores, for exanple, attached at various cysteine groups contained
in nut aERPSSBbsas flugronherasde e skdeine of aengingeyedwirekated Ifte8. i n t he | ar gest

change iy J | oG ERCEIGS LG YR8 RO NG K9O3 o1 Wikl 26l B s ul

in the present 1 nvention nmay be engineere ave a
hi sti di aeaytbeqisedifdrhkis pugloss.n N-term nus, C-term nus, or both. Hi stidine
fusion proteins are widely used in the nolecular biology field to aid in

e Pur Ao o 0oL 5L Oplany gt ig SYEt % B s prot el
doeggn Oteﬁé‘rﬁﬁ'l@,r 3600 18 oP ?;gb]g{eﬁl Oxifftioh \or E%is@font\pﬁleleﬂgﬁﬁl} £4 pfdiBFed Whed #0038]

As used herein, "matrix" ers to an essentially three-di nmensional

envi r onmeritcutapeaizorisdd be mewbinlvivei fog exampleappomgratad istocmpsplatdbley at | east
one bindin rot.ein fqr. the purpose, of asurin tectapl e signal from
ali gang_loﬁ%l‘f'f’gflﬁvW%&é‘? %&‘E‘ E‘E)‘H.g 8paﬁ!’%8%f?]é’l"vaqueot?1§)r1i%G%Eﬂ%gtg?fetaﬁ%g&onsti tuents of
the mat ehwirasbntdls S8hadldroBELvaIlab1é REthisdegioR 8F thedp ot and perhfd nbfe
covalent, ionic, and Van derWals interactions and conbi nations thereof. 30

The spamitthiodreactivhimcionségwuen Hpwevass thiol-reastivoiereNatigespeidtyed san bel udes

of  the  RaPAIeR: ORFmaRETRTAREY b I 101G bSMoRl s i eRR 08l BB T 18T B

conpr i sed6.0Cofugass ContdinME Fiadst Euo@phsiss, foESH@kmpld)lafisdhict at Cariote BYt¢iaE i ons
thereof. The matrix provides for the bindi nggﬁr otein transduci ng el enent
conf i gugERUPE RoRtRNedH immytataddsGBRs, £ap be scrpened te itepbfyaviigh sgsulthin the brgast end of

a fiber o2t Aho2ERhte BN JRIJSY bindiRS1 ve probe

[00037] Mutated GGBPs useful in the present invention may be engineered or

20  mutated to have a histidine tag on the protein N-terminus, C-terminus, or both. Histidine
fusion proteins are widely used in the molecular biology field to aid in the purification of
proteins. Exemplary tagging systems produce 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 heterogeneous and
homogeneous distribution within and/or upon any or all of the matrix volume. The matrix

11



to be inserted within the tissue of a patient, to enable an epi sodic,
continuous, or 5 programed reading to the patient. Information fromthe
transduciwgQ oglogitent to the patient may be provided, for examshyoo2by
telemetry, visual, audio, or other means known in the art, for exanple, as
taught in US 5 517 31 US 5,910 66 4,351, and US 5, 3427 as
wel I as 1 L{E"e élPP“SEzg 513 "rgé?‘c’d’r"orglaﬁé Sa%@éﬁ?%?ﬁg %{r‘r“’{“ﬁ?é‘taﬁﬁﬂ%ﬁ‘?%‘f?f ﬁ}?%
Measur enmgitfix ptch98R)forBe bfhdirg: pré#aPramddieing %ﬁﬂéﬂ’tf’ddnﬂguﬂaﬂéﬁ waesh rﬁé)e %Ir l cal
mechani cal, and actinic, 10 radiation suitable for deriving analyte

concent rexemple, be inshepatpsed ai thadistehendzntiadiher asothsr ssall mapmelly froggizeproba one
aspect sor .used. f or al yte sensing
v vo b P IEEREE RE pEURIE B gl P PR BB E s M ke 1t

may the Ipr@@'amu&ﬁdez&ﬁngaﬂ@ thepdtent. afemddyh ¢em he &ansmtlhgﬂenﬁ@y tdoiBe pAtyent
desirable formor shape including 15 one or nore of disk, cylinder, patch,
nanopar tha| ke Pfﬁf”@?‘é}sfﬁh%?‘raélplf‘péb’é‘?}§m@6}’ yiial, apdierorcther meags kpown sviharfg it i s
per meablig: Lanialay ph HULRST, ’3‘1%% 5000861 L5 BYEBSE AR B 94 She

bi osensor. perm s I fr’'om’opt’i cal’ sdur des or dany ‘ot her

i nterrogaill a'sgnlEegcth, RLD epal. IEEETT:tainmanepom éfstrgmmqmzbmamaﬁ@amwmu@‘h t he

bi osensq n_us VO ap t| an, bi osensor. will be
exposed( %99% 32%9} Q?W Iaﬂgve?%%w Es's aﬁg&alome awf»émf ¥k

det ehm Radihidh Qﬁtagl%tf&cdérﬁrfhgoina@téme&ﬁrdtﬁn%?@ﬂw}ﬁ Elﬁéﬂlﬁ@ﬁﬁa&ﬁaﬁq' Qs”is""OU' d be
desired, whereas the determ nation or detection includes continuous,

programd@bland epi sodic detection neans. Thus, the envisaged in vivo
bi osensor of the present i nvention conprises at |east one nutated binding

hat -t ndoREB Sa skl REPeRTen St BRBEh, ts FRETRRI B i B 1) 2"

si gnal ZbnsiMem wihe Immlabgﬂctb tHei6M8n$UT @8 &cBpdudatek RS L thatrx thaf Mhyitheaal yt e
concentrations, and the detectable and reversible signal can be related to

the condiEes 35 igplastabledevigea  hes matnive’ mayrht amit dsirabl eif%e%schﬁe? walpdingn sone
opt J8r mofe et OEE Bl el Baft0hardB el cribhBied boBys PRTIRE cBencell ; oye,

or ot herfoaxhlprbﬂgmgat isfpletthehdle tb rahe)llymat]imrinaftfm aiditiendllyiprevents 1eachivg; ¢fahé ent
may be provided, for exanple metry, visual,  audio, or, other
means kiRURRANTOR T AR MAHEX PRIt} 1&@9%&%@“@5 SOWECS orAppOUST intrrEdesting fight tohe

matrix i FBH%@&%&{ Qx%}a\@ g&gﬂ%ﬁ (Re BRIsEOA Wh%ﬁuséﬁﬁ%agf?(zﬂbes material s

capable of mnim'zin e reactions wth th verse 12 WO
03/ 057 73pp1R@TbMS68b®@@ﬁQr wrlblm:dmposml tb(arsubstmtmﬂysphysmlbgdel, rangd dfoamabte on,

O35, b SR BEEH 8 B B SRR BT (o1 e

whereas the determination or detection includes continuous, programmed, and episodic

detection means. Thus, the envisaged in vivo 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

incorporates materials capable of minimizing adverse reactions with the body. Adverse
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practiced in the art, for exanple, as taught by Quinn, C P.; Pathak, C.
P.; Heller, A ; Hubbell, I. A Biomaterials 1995 16(5), 3 89- 396, and
Qui nn, Cw@.03@s773¢Connor, R E.; 5 Heller, A Biomaterial sPCT/US03/00201

1997, 18(24), 1665-1670. [00041] The bi osensor may be encapsulated into a

matri x derived substantially froma hydro% The p ortion of the
hydr ogeleagtiops Egrimaiantsinelude ondammgtiqn, gioteia gq}}n[gamsge PS ros‘ﬁ)} &n bondi ng

g;r ngsﬁl Iepgc;[ngglou leﬁ&xgnégﬁtgxm é%%é @I E??aﬁen%ﬂ?ea@rﬁ%@%re wiihgtow dHgages,

ers an to erther the protein or reporter
group. pPractieodak aNufmreQmﬁpleymhrta@itbyl@mubé? s dtattiak, €Chi,; Hlelalsreﬁt, i nventi on.

The hydrogels. m d
dext ranHugﬁ‘ﬂrh@e %{Ha’e’éﬁ’ 1@%51&2%)(13 880%%@ 63“ ésgc (S’r%lsl%fggi’ ggts?ves of
t hesg nglhera§ Bz%n&éerlaqsafmxm)m%&qg?@ vat i ves or water- swellable organic

pol ymers such , ['yvinyl al cohol, polyacryllc aci d,
pol yacryl am de, polyet hyI ene gl ycol, copol ynmers of styrene and mal ei c
anhydr i (0604115 copbhe/brescsefmay bmncepw&atedamtp maarmdﬁwngiavbsé@tla%from a

deri vat eo Derivatiyes | din ed

net wor kgydg?%etl fpé’ﬁ%‘if POEVSI %fltge hy(Pr o B ag med |a§r£1 a?%é‘?é trr%c%ﬁfbllé:mff

appl i cafyRegentondin ro@g&asertmsaﬂmgr(e gClWﬂ@dSX}S Igﬁglps,odmmergm@e,scthdnmagmen
descri bed by a nunber of researchers. (Se . "Bi osensors Fundanental s
and  Apgirb@adic epigs anderters @nihedikelyo qﬁherrﬁb? ﬁé}temlm IRFGHECYRd G S. W son;
published from20 Oxford University Press, in 1988). An exenplary hydr ogel

mat ed fr I
ol I vi ABIAEC o hoRrRriS e SR S B ustd n?%*i’?%%‘?‘?&?ﬂl?ﬁﬁ“ﬂ’é{dﬁ@@os3@‘? bhat e

acet al ﬁ'ﬁ&\Se Regexahiple, [pbD/&8dthab@esGligh avvagataab) dextran,marRgdendtiatgivie avidy r i ngt on,

PA. [ 00043 In one enbaodi ent _of the | at
o v WA R A N e R e R

aqueous (DU iRl or 811&' bl erkaéﬁ'cﬁ'gs%go%o'l}ﬂfln)tlrafcohé‘ln SlyéryRbadil, 4 to about 10
e Brelh Phe

dependi ng on t n. Subséquent “curi ng mat ri x, for exanpl e,
crossl i pdxhyatgylapmdwpdb'sthptwls |gt}ab1 topalymess pﬁgtytdmpgnd swleic anhydgde a

pol Jior Pammbmsys SCtnaErihchenf shte ani i e SR Bt  DREF ARG G oo

spin CO? tovilg P CoPAEhtRrSdsinked Het W& Es hrd préfeiredisSihetdnddisratdicniand e. g.
granul a nano articles, mcroparticles, nmonoliths, and thick and thin

filmns) ghurmamléwﬂ(ﬁppllwtwlﬁ pbhsedﬁ@gqlmbaﬁﬁd/@n,@@@pnilagw@mpn@ﬁ@de been
e S e L e A LS L T R s
gel | ed) A@bﬁ&@bﬁi” Qcﬂlﬁedqgmi).rDSEdfl@ﬁer 1. Karube and G. S. Wilson; published from
20  Oxford University Press, in 1988). An exemplary hydrogel matrix derived from a water-
soluble, UV crosslinkable polymer 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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per neabl e netal oxide glass structures containing in addition to the

sol -gel precursor nmaterials, preferably one or nore organi c conponents
whi ch hyowologsad | y condense along 5 with the sol -gel precarnsos/oeoch that
the resultant sol-gel matrix inparts properties suitable for, by exanple,

i mpl ant ay i Sui t.abl ties include, | | hr i.nk time,
rebi ot a0, ot adibR ek A Wethe SRS PR LS el A RE- B pr ot el h
functi onodinéd s@ h&lbhésia&yela&\ﬂ palkidl BEreRN( 6t 'uedﬁs}éﬁﬁaﬁdr@%mpﬁaec&spup, and

compatibility with the animal or subject to which it may be inplanted.
Sui t abl @eongphle wetaheddé glass stichuksecop@ining u adgionde thasaiggpreairsoret hyl ene

gl ycol, propyl en col, polyethylene glycol..and.the.|jke or. exanpl e,
95" ¢ aug Mg pTedhl Beior B s SaRmehor™pich Mgl icay Bondefle. O o1
19985 12@{h3h¢ sol-£d BrecBB88such tthdt Sheltasigtagt D0gel Matrixtilpaas ploptitiedsiinablehe art
can appreciate the attributes _described are generally not predictable for
a gi ven o By examele) implantatione Sugablg prapgrtics Md%épwm}umﬁﬂm%agq oNes HiCon of
sol - gel _nf ! d i i rials may
be. expelr il TP EmoBh OB by B ARARGT AR nRl ke B bR it ol e £ ound
by t he camphtitihtytwith tietpretemihandfolr repioztat gronp,ramy compuatibidityf with treexpradltced
rtr1 B CgRo thieT s o TEHETIedo SEAHNE PEABICHPERT TELRAPPUEIHtE Rat of
ot hep ”%Nc'efb‘?,seﬂ%%%?%i QHSpropYikid Qp&é,ta;ikby&@ﬁene £\ Hraahd B, O6r AGRRL TaNCE

attributes of the el n-reporter and functional 20 performnce
at t ri butetaught biyh@ilkearcldpallestatdsnigummat of the dengrioen &bbimeabincidtpl 988 da@(34), by way

f i ial .nmeth h tatistical, based i gn net hods k
Ch 1 ho 38758 oh i TR thmd o ak T i Ptk apmEC iR enct on- o
i ncl ude dB@kiBEd ale JRMERBY 6t ¥dic@BRVEN biRBRbrotMBsblg1edpdrepbrods! Net hods and
include inorganic material, organic nmaterial or mxed organic/inorganic

mat er i alcompinatipmiteys eptienigaion of solged preevrsph ergaic ¢paipopant anderaieia sooput ar e

oy 'S g ey Pl Py Y A Bl Secler PARTLERs pe & “hn

functi ofted dpptidariid thakaitB ®ptimiZatiph Sl Peovade RY aRekpetied ehiamaEed §ipghal adhtited

mani pul ati ng hydrophjlicity and hydrophobicity, ionic char &e, coval ent

at t achmbHding copsignis; prayed Ritysicplidesformancg iibuies ef e mpdrix.an

"hydrol yfical l / i y : -gel: nr ors having a
toral ot Eneithy BN SO s sl RUBRREE S T ot

pr ef er akilpyintivatee ofpeffonianoé attfittutessafliisd protetmicpobet peir aldxgtigabst i t uent s

covalently bound to silicone through oxygen and 2 m xtures thereof. In the
cas 26 of PEHeraance Wb‘ﬁ?%ofdh"ee‘é’lail%‘%?mg%aéw e aﬁP’é’&QﬁL dofrxample, Py 3@y ofone of

the renglibRdiordPkiHoHE R Ghe' ﬁtﬁ(i@é@'%sé@éé%%&%&s)ﬂq%%ﬁﬂ théarB! | 1 CONE
t hr ough carbon, 14 WO 03/ 057734 PCI/ US03/ 00201

[00045] 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/inorganic material. 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 remaining substituents preferably is covalently bound to silicone through carbon,
14



and the remaining substitutent(s) contains an organic functionality
selected fromal kyl, aryl, amne, amde, thiol, cyano, carboxyl, ester

ol efi ni cwoapogy34silyl, nitro, and hal ogen. [00046] |In eaa/&opoaonent of
the encapsul ation process, one or nore of hydrolytically condensable
siloxane is hydrolyzed in water, either spontaneously or under 5 aC|d or
base cafid thiremiininkaubstieEhE cbnemnswh bheaar: Bneiomabtyssiegtsd el Atylpr esent

in a nolar ampunt relative to fhe h tical C i | oxane up
to aboufmity, amids, @Oﬂocyan%rcéf%xéf{alef/teli \éijeé"%b&/uquﬁ‘:ylgl % @Gg ang gt preferably
to about 1:1. To this m xture, prior to final gellation, is added the

nut at ed | bb?}ﬂa 1N PLObR dnbdiimBntaguedsiapuuldion psaest, bmohm'remgf a pHin the
range of ut 4 to about 10 dependi n(g on .the protein. ﬁyf% ‘F rtial 10

condens dtyidolytieadly cpudensajile @lqmag@lsthydf ol i Wit ageel F%%’?ntaf‘%‘ff “anot her

enmbodi nent, t.he h t I omﬁiﬁ, iy wat er,
eit hg saﬁ%? a%é%ﬁ%%ys%r %?%éfrexgg%g aaglsogg%{é‘% g‘?@é’lﬁs to fgll(l)r mégggtrl:nvatl ves
Wi th t henoRf Sabind réladiveoto,thée Iiydffb]?yadalwl adndmsmme siloxzok luplte apaityfdrtodelfponent .
Sui t abl e wat er-sol uble polyners includ Vi ny ’i‘l gﬁ)hol PVA

pol y- (rmnrefecabéxctowb@bt%iléq |1r~§) andyapshpredgraplyy i R RTRS Itf)onl c

act @) SOl rﬁq h 5R0E4 the At BObYUI rotei?Mﬁ‘ﬁhl QéUﬁ@bﬁHMPQOlutloBQiaym(grﬁal ei c;

acid co- 'neifudes cop of yNners mal ei ¢ anhydrl de with styrene, vi nyI
ether, apHilheChgelotbbog 4andbmal 0slepbratingén the grotetaarlleast BYHRUM  pot assi um
amoni um tetraal kyl ammoni um, nd.the |like. Preferably, the water-soluble

pol yher endprabion reastions ghye gieg t MRy wei ght of “the sol - gel
conposition. 20 [00048] In another enbodi nent, the hydrolytically

condensahgyrp! | O angndiHeH hoceaflent e Wedilyticailf hridenbly siibeaedtydrayzednder
acid or 'base catalysis to formderivatives with the organi.c pQItﬁ%l i's

m xed wiih vatmgeither spontangansty dromdet acedioshase edakysigRIfamAveR R WIh Ny hpunt s

f 0 to about Q.6% ]
E;g?m arcggq%g‘g\g%ly&nar@ggémw r—%o@%l{lé( g&glﬁé b é(&aéprgo%lﬂ%ﬂﬁ?\%@r Shixane.

net hyl t rﬂoﬁsﬁﬁé}gﬁﬁldd@rpewwmmo@vm ;ﬁtﬂy-@maiewaetcld/e@oleﬁo) sabtamsle,

3-am nopropyl triethoxysilane ( ;. and |Iane derlvtlv for
exartpl e,(PMSAY solsevinylsaifome ﬁ@l@gqq"ilm)SﬂF @a;:ﬁf? 9?%169/ b oslidy éﬁ?ﬁ

[00049] t her 8dP Witk 160 nent and
the 1 ety BRaFISs it EP BT Metuds? %%ﬁgﬁfé%%ﬁ%%@%%%&t e

hydr ol ytdtieer] dnd @p@e engablard salisl tbe:ra«m@ fdnedamb}ﬂmdhum, pedassium, @mpium,

spont aneous| Y, under acid, or e cat aI Oﬁ‘-gﬂf orm 30 deri \éﬁﬂs‘ﬁ%?nw th

the or gatnﬁr%allﬁdﬂwpmuw apd B liks- 11)6 ’é‘b%fhiel 7 ROYBIET EXRASHES (o0}
encapsul af a%gugm/igy%ﬁ%%?gg%ggge y,s%eg tibe af orement i oned sol - gel

t echni que an 7347 PCT/ US03/ 00201
20  [00048] In another embodiment, the hydrolytically condensable siloxane hydrolyzed

in water, either spontaneously or under acid or base catalysis to form derivatives with the

organic polyol, is mixed 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 alkyl 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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conventional fabrication process (e.g. block casting, reverse emul sion

pol yneri zation, screen or contact printing, fluid bed coating and dip or
spi n coatwog@p/osries can obt ai n aerogel - or xerogel - matri ce®PCrNUSVANG20LS
configurations (e.g. granul ates, nanoparticles, mcroparticles, nonoliths,

d t hick thin fil. i table f invitrg.and jn vivo. 5 [00050
' anot KEP B CHEIRL TR SR P Flag ErstEg i iR A 2e b Bt A r ance.
The di alsygks of®MRIcAPARLITR F!luhﬁbe@mﬁﬁy&{detﬂ{) bPsgIN¥EALHR) bile EACcHISH&bgeIOr

entrap the protein. Covalent attachnment to the nenbrane is considered
wi t hi n tonaersgelpmatrices irevarsoud egrli gusettbns énd gIRnrBHes, nThepaptigies; anaophibeles be

chosen based..on ecul ar, wei,ght cut-off such. t . anal ytes of interest
can readl qny 18&%@%?‘@8@ ﬂﬁle\rll\%lh%g)nséma IFI?%rtusFlimgW”ﬁD Eelcl:’lﬁlvg(r)' wei ght 10 material s
woul d be restricted fromentering, or in the case of the nutated binding
pr ot &i N§00030¢avi N@n hinethéeresioaiaenalie mxtrix They toofoeasd onvdialykit neutbrafes.
requi red woul d be such as to neet tcﬂt%qﬁfore-rrenti oned requirenent .and is

t

wi thin tihe dialysly membeaes pamiq GoRstrigtachiophy Scatpy cncapsie ot njrap RSP i s
havi ng @U\?%H{ %félpfﬁﬂbﬁ% tl?é-ﬁlaérﬁfn_fanp?stéeﬁgiﬂe@@%&xj&{ﬁQQcé;% GRRULs oA Dal tons

are suitab Ing this technique, matrices i1 n various configurations and
shapes EmbsdimeablBhefroembrase should be choasitbased vn vwlecatur beight eplaofé duch[tb@051] | t

5222 SOpESTRLE e et L SR RERLBhLRS A0, A A0, i 20

di alysi sndiBHN FHER be rERFictBX HORI dhterfhgPbOhehlcRB LY BRABEaRH bRMEAPSYlcAised
within, a hydrogel or sol gel can be placed wthin a dialysis nenbrane of

a sui t ab¢ayingihpmembdansi meiriasTheinplepylen weight ant-offmsiieiredawoald b suehi asidn a

subj ect, or.to.mani pul ate mass-tr.ansport, .properties o 2rmeabi lity to the
anal vt e BRI & AT Ry R R Enslenf B tin &Y oo

bi ndi ng TRHRERY, In@hBRBASIAIngdholehils wiget-bfbeflencdpabl M0ab ab&RASH000g Or
detecting mcronolar (10"6 nolar) to nolar analyte concentrations w thout
r eagent Rabienuiprstsiicable.| Hsigg His aebydngraratces i gaiouscasfigyrotiens apd shapegnal yt e

oy 18Nl G BLOBSIROLAY o D EtiRSlolfeqroasur e the | ow anal y e

concentrati ons resen ow vol une sanples of interstitial
fluid. The inplantable biosensors my, in sonme enbodi nents, be inplanted
into or [6@0Say t he Isikialso@bniempiatedbthatsmeatpicebaromedining @rentiihdipg padtéioand o i nt er act

with the interstitial fluid, tissue, or ofher biological fluids. The
bi ndi ng rwégwuaﬁ)sgg BIALOS Of e OF MOSERYTP 4RI Bt s UGS FROTERS. means
to moni trf e ARYIY. LS raRif HMabPUPYSInKapsaRIQRHIGA) d NydrOEel 0P S51RIBMb: youl d
be appr oprieate t(?e%rheluserabgr to t%peS t reat ment }E)fr %e gondi%l‘:éi on. efga%\(;\l)
03/ 0577 3vthaCT A19868/100R0rhne of a suitable shape and size as well provide for implantation

20  within a subject, or to manipulate mass-transport properties or permeability to the analytes

of the matrix.

[00052] The matrix entrapped or 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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[ 00053] In other enbodinents, sensitivity of the biosensors to analyte (for
exanpl e glucose) is such that they may be used to test bl ood anal yte

| evel s orwbhwsacentrati on of analyte in a biol ogical s@lcu‘ttisonouzm ot her
sol uti on may be determ ned. As used herein, a "biological solution”

i ncl ude lim to, bla Lration, and/o ocula or 5
nter st 109880 1 5 A oot b SnS0F e PEBE I Eearpedh e

fol I ow RgBYXSTPLRS thAtltwlﬁwse &Rt &Rt P6b6d Malwrd 1@@ttqﬁltmﬁe@faubﬁ@f i nst ant
invention, but are not intended to be illustrative of all enbodi nents.

Label ed analytedn adiotagicalselusionor mjlepmititeqmmsegezdptmmﬂ tfs pseddeephcr e
reportetq 1 obe | NBD Used set
forth by '%as%cal A utl?n IPCIU%ES\ ?tl B:?I hmf%efg@dgl% e%%%@%%ﬂ@fo% étr}(r)(r%escence

em ssi onntsﬂtgﬁﬁalrfml@fanmbﬁlt)ﬁﬁnoﬂlsahateeﬂ protein was measured using an SLM
Am nco fluorineter (Ontario, Canada) with slit settings of 8 and 4 for
excitation and settings of 5 and 5 on the MC250 em ssi on nonochromator to
conpar e BEXYAMEIE$d- bi ndi ng perfornmance of the entrapped

fl uorophore-|abel ed proteins in various matrices to the 15 performance of

the samgogysaf ei ns i f§1‘PcL\Wn% Qﬂamme&nuetrttt etrtatt BRGSO IGHERS bPMei Ntensi ty
is defined as J. The relalive ratio of the emssion intensity maxima in

t he pr esetog infentitrg buparetnet mt@ldccbmdwﬂlusteatllve gémlél efbédintentst Habtledgand' s

absence (10 defl n d as  AF. constants term ned by
(T erats GEr RLPELPTGE Binenrer 4o MRk g e bRty Tt SEHRAOI Ut on
Wit oM HeReh trpicb&*dhm v%@@fhe%%ﬂeﬂhx@@eﬁortﬁ'bym%@A%thﬁ (aﬁalse;mmnﬁmwe the
sanme as |isted above. The was determ ned fromthe foll ow ng

rel ati od8H0-3848s Féwmce@pefmﬁﬁlm spEeEhpLirutaing, mheh@ésmtelpl’%@l}easméuﬂnaf + Fo
F, nf 13§ +X/ | n | \r’@*t?nrlgteti:@nﬁan e S g%vr}ﬁl hlt n%tgrrl] sI otf% a[nd ' foi eﬁcﬁtat on

quores Iuore cence a ucose, is the

free congépdtiings ¢i's fd sgém@lewcﬁtﬁrﬁﬂstlbﬁﬁn)ona&rdmta@t ] dfteﬁbaby tttehgandzs
rel ationshjp: 17 WD 03/ 057734 PCT/US03/ 00201 [G.c]free = [GLC.tot -

[Prot]t @tndmg@ffor'(“?@ec‘]fttb‘t entrappechlyqrgphare-fepeted profeins iy ajqusmatrigeg to thepher e
[ A gkt t C rotein,
Fos ot PYEPS o g bOLk R RS Rlon” TREHI AP AR MR RIRED For he
express Ideﬁne&hd; Iy. The relative ratio of the emission intensity maxima in the presence of the

protein’s respective ligand (Iy) to the ligand’s absence (I,) is defined as AF.

[00055] Binding constants were determined by titration of increasing concentrations
of glucose into a protein solution with mixing following each addition of glucose. Slit
20  settings were the same as listed above. The K4 was determined from the following

relationships as adapted from Pisarchick and Thompson (1990):

F = Finr + Fo - Finr @)
1+ x/Kd

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

25  relationship:
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purification of nutant proteins w thout histidine tags. GEP is encoded by
the MJi1B-1 5 gene in E. coli. This protein was altered by introducing the
am no aciwooyes@Esne at various positions through site di PeTtusds/emvrgenesi s
of the MylB-1 gene. These proteins were then expressed in E. coli and
purified. [00057] Cassette nutagenesis of MylB-1 was acconplished as
follows. The wild- type MylB-1 gene was cloned into a pTZ18R vector (Dr.

Ant hony Ca Jmetdrgh, C ge C ] * | asmi ds were
o ora o T8Le {Tﬁﬁfa@ CrbBIeK d +LPERIIOProtRIK @) 4 ME]@NK@produci "

random zed am no acid sequences, essintially as described by Kunkel (1991)
and cloned in E. coli JMLO9 (Pronega Life Science, Mdison, W). Mitant

pl asm ds were identified by sequencing. The nutant protein was induced in
JM 109 and  pidrd %@lg]to?%cgﬁﬁﬂo'( Beh LD WoncBRrFions 8F bIuddEARdGR4teRY cont ai ni ng
the mutant plasmd was 15 grown overnight at 37C wth shaking (220 rpnm) in
LB br ot hespectivwni ng 50 g/nL  anpicillin (LB/ Anp). The overnight growth was
diluted 1:100 in 1 L fresh LB/Arp and was incubated at 37C with shaki ng

il 00 of . . 3-0.5. i f th
hduced 90T0e aadriRSmLe: ! i Paeks fiefrer SR REMRT S 0ne Bk, ")
final c%ﬁ]ngiﬁa&ﬁoaltdfcrﬂutmtﬂaot@meWithuadhibtnﬁn@@gg.OGGmds shavded @y aie MgMBIIOr 4-6

hour s. .20 cells were harvested by centrifugation (10,000 x g, 10 min,
4C) . 5[ 0@eB8In Aheolfuthinproprin mas altoigd biaitindyciag thyap@aeeidcysisiielat 5#iPuias

purified by I r . The, ¢ t / in a
sucr os e%gg%[l 3?8’{‘%@%}? ?gﬁég%@gﬁfs cgﬁhezlgllfﬁl}%g eggeTM\%?}ﬁlg(E%%&g?’%%?tﬁg% bat ed
at roomekprepedah WY eolf &id pRifiedn, and then centrifuged (4000 x g, 15 min,
4C). The supernatant was poured off and kept on ice. 25 The cell pellet was

resuspe and n. ice cold, sterile deioniz H20 was repeated, and

t he susggﬁgﬁ%n \/vailoﬁsi”?étﬁﬁ‘&tté%?nﬁﬂsf) géhdl wantsermplished oy Iﬁ‘\g?or Ra(Neis

super nat PP bl ; t S

cont 11 T oeManE P Eak s A0S PG R O R RS YR TS 00200

4C) 10 Thé.opdat,dihghindy kiuenthalasthids tvere gertetatedlifybmahi® p8rent plasinidnesmgacasetd pm
filter. tr%gt.o gn sul fate (Sigma Chemcal Co., St. Iﬁ_nauis 4\/0) 5% w' v,
was addSREFIFHE Prodgng sndomized anung aqil seqpenorsespeptially arfisepBed Bhed by

centri f ygatkenm 99 Hland@fn¥d th £1&1/MN109 (g@)me e fHa&ka! RlavasH,tWeN Mergent rat e
using the Am con Centriprep 10 (10, 00 ) 5 filters (Charlotte, NC) and

di al yzedlaswednwepistidengidicd by sejuening She-outapHp@tan was mdungdOnZM10Preaddi al yzed

shockat e entri. e 1 0 . in C The resulti

super naPuliied GEQEARTn AR K el b F Softhl coptigping 106 mhRBb R4 o

col upm (Ao shamgRharyTecivath 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 ODggp 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 chromatography. The cell pellet was resuspended in a sucrose buffer (30 mM Tris-
HCL pH 8.0, 20% sucrose, ImM EDTA), incubated at room temperature 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 remaining supernatant was pooled

with the other collected supernatants and was centrifuged once again (12,000 x g, 10 min,
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Bi ot ech, Piscataway, NJ) at 0.5 nL/mn. The colum was washed with 5-10
colum volunes. A linear gradient fromO0-0.2 M NaC was applied to the
col um anwofastBons 10 were col |l ected. The nutant protei PCTArsHzINY
fractions were identified by SDS-PAGE with Coomassie Brilliant Blue

st ai ni ng, (MV. approx. .32 kDa). The fractiong were pooled and _ dialyzed
over ni g%t ‘(JX 465¢ %%%Pgl&ﬁ%g)ﬁ}ﬁgkt‘ge%%?@’e?d&gm Ad PBY) '@rwﬁ(ﬁ“ﬁf\ﬂ a?]lm)ni um
bi car borsafestgﬁ,@!ratn@_ug%% ﬁ%@ﬁfgqléﬁw &,sstngo&mg?, 4§ | PiseRddPid bt ers, and

stored at 4 ycerol.” The anmmonium bi car bonate di al yzed
pr ot ei nshackateyanpvdsisised odde oOBOEE] fHDMEPbE cntrifingasior X Enf0ex geldominhes t he

oty Dl Pt B aSasepit Mipe S A R BB oD LS GBS,
cassst t &l @uaNesd, NC)Int i -8 ol 84 g h s eshel THRIHCTRANDS, 1 mbt Maic@gene,

La Jolla, CA) was performed to alter individual amino acids in the pQE70
vect or Ty diadyried shonkatsriwasaaentiduged (42,009 k gapdmierd°CypEbe feselting yupshiedant ami no

id. Th . ' d kel d
andom 30 Ao aariea b ARGIEEAR T TIPS SHBRPER Rt RRRE PR ot oo

casset t @iotéeH, PidchRnas D0 0StnLMiA. THe coltmAlvasexshes &iths- Mesdl@hn The
pGEBP-H s plasm d contained the GEBP gene cloned into the cEQE?_O expr essi on

vect or (ejuipenA Negeegadient tram 0-6RiM $iap gerlicd) ta ghescodymn apd fraciions

r esi e - i . .ol 1.- h .
usedts o MsRlsBfict nRE TR Rl AR FRMRL: Fer Bl SRS e
( QG agen)Cool¥atsi¢ Brifiiat Blerseasing MW apprdsB2#tDouIThe fectisisevere pbsledend

(NovageA LIk PEEHIEN ©) e Phesniok e gt a 06 1) RV EatEEnd | ho
vas. pr oBRAR Ry (B Y B A SRR P10 A g ied sl 20 | Y591 €

(1M 30-ARE BitmglyoéroNi TiNTAnnenids: ficirhorety diakygedpdézin was tyephidi@edri nut es of
gently mxing at RT, the mxture was centrifuged (6000 rpn) and the |ysate

re ed, bead d 25 of .solution (IMNadl ...10.nMtris, pH
50} and0q3BLnt ) FRISHPLIE i G RerPS 6 aPtat A AT Yends by
addi ng Sint SGRIPY QhtidiE0 HIMdifd Thass 0 GEBH mMiMaGvere Bgiibbrd® e MRr 8/sR57 734
PCT/ US03/ 00201 Tris, pH 8.0) and mxing for 15 min. The protein solution
was i mrdieeiedmptageneses @dytdapsstimutagemesis ryifstdisectadimutagenesip {@uikChgngeon,

Char | ot N n C 1-.3. . US| i YM 10
filter. gﬁrﬁteagpreoﬁ %?ﬂﬁ%@)ﬁ% p%%@%@@raﬁmt?bﬁ?%é‘g%{l %%no delg? %sem’{]de‘p&gb gl ution

(1 M Na@ replétimgvbrid arBino 20idriMtiNafer, spetificdl]y hobQ0R6IEd aBIANRE Easdettelhi s

exanpl e descri bes genericall g t he | abeling of binding. L )
2 mutagenesis method (Kunkel 1991) was performed to randomize amino acids in a specified

region of the GGBP gene. The mutated cassettes were then subcloned into the pQE70
expression vector. The pGGBP-His plasmid contained 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 rpm)
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 produced 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
ml of solution (IM 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



protein with reporter probe. An aliquot of nmutant GGBP containing cysteine
(4.0 nnol) in PBS was treated with 2 mMdithiothreitol (5 L, 10 nnol) for
30 min. Avetwmk77sel ution of N, N -di net hyl - N PCT/US03/00201

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

10 s Tt b RRa RRBE LS I?Hbu\ﬁ@f&%ﬁ%gw%w@égﬁﬂn&? Seg3 i CesabioRel e 1o

4 h on g dRdus YRI-A0D mthfrﬁieoﬂi@Har1otTm\1¢)a£ﬂltﬁg1 wne&rﬁfalfed/v@q P g'(rﬁl ed by
gel filtration on a NAP-5 um (Arrers am Pharmaci a). The | abeling ratios

wer e dewemmar(éamtm;slumg’l\/&m é’@tﬁx nEitequiotext Wacdinkyned @\ceemghtcag@mst 1 b@ftoragecnt')

for (I'ntelliCenetics), 6478
(1 ANBD ﬁﬂf (l\ﬁ%ﬁﬂﬂ gﬂ‘iﬁyleldrgngo mg}(&éﬁ%%f OD. for a 15 standard
sol ution of IANBD am de at 280 nmand 478 nm The dye concentration in the

pr ot ei n [0660T al CculENAKIPAE ﬁd};/}ﬁsrééhhﬁﬂ@éasﬁinwsegeabﬁmbah\@labetﬁngcxrﬂﬁlﬁhﬂg at 280
nmwas calculated as A prot 280) =A tot al {}280 Adye(280),. where A dye(280)
= A 478 Psoteinygty wporsrebe 140 ahgyiet obpukehElR f@ﬁt%mng)ﬁmt@nﬁ %&gmpﬁéﬂ C

pr ot (28Q) =, ARk 08 (2501 533001 dfhrkitdl (s 137 1BhER B 36 BANIR & cence
3% 4 Bk sbiighS

response to gl ucose coficent ratl on pres nta I vé ‘exanple L238C

20 NBD aNyNddlirkéshi]- Kb (ibdbag ey DIN O(WFnlfFalbérﬁ 210>sa4 NPEIiAZ0ES- yuj@my@ma@mlw
fl uorescence of ~various GEBP mutants | abel ed with reporter Fg;oups

| ncI udi @\NBP(ﬁmldﬁd) Ymadpes preppied in BM$H@ (1 Wieli-t1dt9 BNG a9d 3ei tls (Yhnmelki mum

| east ter Zes in fluornescence,
ona et SRS R IRORTELE" The Rt BRI B8 e RRERPT 1 b 4 BURE 3 e
aci d substhini:tin tB88ark T1ihe &hated pedrerw s [SRideE bigePhiiu@nson 6 atNKP-SBRint@bel ed
with a 25 reporter group can provide desirable attributes as _glucose

bi osenséfBersham Rinimadaohhe lah@hngrﬁatla& V8- @@ﬁ@rrteéﬁmkgg@aﬁsml@wa@ EHCHOP f or

the sa Per cent Change
i n Pl uorRens RS PanMadah IR GRRE R kit b W Etl 070 AT2ac Ao1sc
M216C emiksBGemetids)s 6,75 (IARNBD &Nﬂa) apseRl ‘lé}’rﬁ‘)/ and20mbBasdremneni ofO.D. ANBD est er

470 / 550 | AEDANS 336 / 490 -7 -8 0 -9 Bodi 530/550 IA 530 / 550 7 -10 33
4 ¥R Astndard zelutiog 0HIANBD angde ats280m8n and 478 nm. The dye concentration in the

protein was calculated as Cqy - A473/€473. The absorbance of protein at 280 nm was
calculated as A proi280)=A total(280)-Adye(280), Where A aye(280) = A 478 X (A280/A478)aye sa. The
concentration of protein was then C proy280) = Aprot2s0y/€280. FIG 1 illustrates the change in
fluorescence response to glucose concentration of a representative example, A213C/L238C

20  NBD amide GGBP Hg in solution. Table 1 summarizes the change in fluorescence of
various GGBP mutants labeled with reporter groups, including reporting groups having
either excitations or emission maximum of at least 600 nanometers. Table 2 summarizes the
change in fluorescence, and determined K, 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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Lucifer Yellow | A 426 / 530 -14 -3 Bodipy 507/545 I A 507 /| 545 25 -3 Cy5
640 / 660 2 0 11 -7 Texas Red- 580 / 610 -13 naleimde Da ox | 375/ 580
15 7 12 2wo0'0B/os776m 0 to 1 nM gl ucose at 0.5uM dye]. Unl es®cattsesvizse
indicated all mutants were w thout histidene tags. 21 WO 03/ 057734

PCT/ US03/ 00201 Table 2. Summary of GGBP-H6 NBD Mut ati ons Sol ution Sol - Cel
| DENTI FI CATION A F(%9' Kd(mM 2 Dye/Prot A F(%9 Kd(mM wld type intrinsic
0.0002 AIC Al1S Al S El49C, A213R, L238S +213 0.31 Al S, E149C, A213S, 1, 238S

+480 0.[37 0.9 KITC 10 1.8 DIl4CrApigi 21 V 19C -56 0.0001 0.38 -0.99
NA3C 4Q 0. 0002 0. 2Bercéat4hange id FORR&cdncd or GEBF Mutdfts0. 001 0. 93 |T110C -9 S
112C 220 U-UDE T5 S TEkdfadegTpsPiot PaibicTStiate DABRCH W16 15 0 00004
1.17 E149C 30 0. 0002] O.eQfissh E 149G A213 ¢ +110 Q. iﬁsG B149C, A213R 660 1
1.1 E149C, A213S 240 D. 0(@3,)1. 1

IANBD amide 470 /550 0 4 3 51 7

IANBD ester 470/ 550

IAEDANS 336 /490 -7 -8 0 -9

Bodipy 530/550 1A 530/ 550 7 -10 33 4

XRIA 5,6 5757600 -21 -19 -38 -15

Lucifer Yellow IA 426/ 530 -14 -3

Bodipy 507/545 1A 507/ 545 25 -3

Cy5 640 / 660 2 0 11 -7

Texas Red- 580/610 -13

maleimide

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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E149C, A213T 350 1 0.6 E149C, A213L 280 0.1 1.1 E149C, A213Y 280 0.1 1.1
E149C, A213C, L238C +393 1.08 ElI 49C, A213S, K223N E149C, K223N 260 0.003 0.7
E149C, L238C 02687734 1. 6 E149C, L238S 660 0.08 1.36 El 49C, Ke23NpMNIBE6R
E149C, N256S 1 0.93 E149C, N256R 200 7426 0.9 E149C, ML82C, A213C, L238S 200
2166 3.2 E149C, A213S,L238S 480 0.47 0.76 E149C, A213R,L238S 500 12 1.1 H
152C 210 0.07 1.3 317 O. isﬁ,leﬁ%ﬁggm@%}%éﬂ%l{wﬁuggégc A213R -3 1.2 H I
52C, K223N 200 0.003 1 H152GuM82C ML82C 11 A213C 50 f1-é24 0. 68

A213C, L2BBTIFIATEN 3 6 1.4 70 1AFARIL3C, LAGHEMY S5 Dy@8ot MREGCE 6Kd@MY08 0. 91
D236C +28d@pe43 L238C -6, +33 ingdgc (SPR) 9993 D287C 4 1.1 R292C -34 0.0008
1.5 v2§¢§t -10 0.000015 1.08 "AF fromO to 1 mMMAdc at 0.5 nmM[dye] 2Kd
measur eq 1@k 1465 b1 sM2bsdye] 3" AF whan neasured fromg@;to 100 mM G c  4AF when

measur ech1§ E@m,A211sg0.2880 nM A ¢ +480 0.37 0.9
KliC 10 1.8
D14C | 1.5 21
V19C -56 0.0001 0.38 -0.99
N43C 40 0.0002 0.28
G74C -3 0.0009 1.43
Y107C 30 0.001 0.93
T110C -9
S112C 220 0.05 1.15
$112C,L238S 6 1.5
K113C 15 0.65
K137C -5 0.00004 1.17
E149C 300 0.0002 0.96 57
E149C,A213C +110 0.70
E149C,A213R 660 1 1.1
E149C,A213S 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,L238C +39° 1.08
E149C,A2138,K223N
E149C,K223N 260 0.003 0.7
E149C,L238C 260 5 1.6
E149C,1.238S 660* 0.08 1.36
E149C,K223N,N256R
E149C,N256S ] 0.93
E149C,N256R 200 7428 0.9
E149C,M182C,A213C,L238S 200 216° 3.2
E149C,A2138,L.238S 480 0.47 0.76
E149C,A213R,L238S 500 12 1.1
H152C 210 0.07 13 317 0.36
H152C,A2138 100 0.16
H152C,A213R -3 1.2
H152C,K223N 200 0.003 1
H152C,M182C
M182C 11
A213C 50 0.124 0.68
A213C,L238C 24,677 6 14 70 ]
A213C,L255C -5 0.98
M216C 67 0.008 0.91
D236C +2° 0.43
L238C -6, +3* .003 (SPR) 1.3
D287C 4 1.1
R292C 34 0.0008 1.5
V296C -10 0.00001° 1.08

"AF from 0 to 1 mM Glc at 0.5 mM [dye]
2K 4 measured at 0.1 mM [dye]

3AF when measured from 0 to 100 mM Glc
4AF when measured from 0 to 10 mM Gle
SEstimated; 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 glycerol modified silicate condensate (GMSC). The additions of
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S5Estinmated; Sigma Plot calc. did not converge 6Estimated; curve did not
reach saturation [000611 EXAMPLE 4. This exanpl e describes the

i mrobi | i 2&DioasTB4 a bi osensor of 5 the instant inventionPasiusgs/gizgcer ol
nodi fied silicate condensate (GVBC). The additions of 22 WD 03/057734

of ol yoergeraimeidicns RidemsafoNCE P FRTRRaTefstrl Rotsty ok d Tecg)

or tetr émaeﬁqh%y&fat:ﬂn9§ydrttfa§ﬂl%at€ﬂv’E§S) &Ctedarhytﬂtsp}oyﬁfo&hcﬁe (pRgss)@tighydrol ysi s
times, pH levels, reagent addition order, TECS: gl ycerol ‘rati os were

eval uat dydrodysite ferangmef yldeolysis Hmes, pdbhdc:ls,u rga@nf yldibegonei, agdt he 5
gl ycera reactjon. Prefer iti ong ver.e fou usi an i.nterval of
10" Fo 5o EBEEo e wrr akBlRyTF lamiRg Mt G S B 0P i e o1

bet wgen gdyderafiBfl rdactidmdPfekiel ddBliBond @éﬂeQ‘o&&fdJ i Dt M ©EN 0k 307ALt& | oW ng
describes a nodified procedure of GIl and Ballesteros for a TEGCS- based

gl ycer olbeWmnméwlxﬁm gndglecesd pdeiions api @me)of betaean 85 v 1, gsd md:ltpele
foll d |
1 10 e B plEAgE Nt bk el NePs oafiet prbocdffe OB, o over

ice. Ne)BallestErNk fal@ ’ﬂE@ﬂ—S‘)a@eﬂlC@ybeddﬂQﬂodAﬂ&Esﬂlmté bkﬁld&ﬁialﬂé (@MSO}\bteparaﬂGn m nut es
of stirring, cerol was added dropw i on was med_ sl ow y

se. re
over 1- zlswsﬁbesfﬁlewm ratigg;ef re#&ﬂnrsoe(ﬁﬁ?g qrﬁl\éoé*‘»ﬁeHzpelaé\fl?tawq}ésgmcewéé heat ed
further sk Mb? I N8, o n rogen
for bet ween %ﬂran lﬂgjqﬁg%l}oz“;ag e&gq{’?rrfgfgtl rreoggstgg)ocr?ggﬁgg Iqjﬁ}Ectoorré];)“/Itete 15
gl ycer atH Ohweaadded drapatves td»;heesnhrmbse AftebP @ npheseo Setyman g tel yerrdl oras nddeclt | ons
st opped befare .36 hours. Reacti.o mai nt ed be & rs pr ced
B S oI R TR O TG SN PEl L BRI L LAt e dpaterabiiny OF

exanpl e redchi6h PEI80vA Hehicd TSRS and Rlal RN hEDatt B mPEran?O tnge bEBG L TGIT aﬁdeﬁo -
70C, the solution volunme was reduced by rotary evaporation until it was
vi scous natnegen fentepaeantt, andt42deiueh Peioptimabtimanals 4ldwuesddeebmgetehe sol uti on

in 4:1.rati.o 20 b olution proved to be apl e, and
br 039 ded e HlPn da AP en e ol Seiiio i Rirerelotsutioed bPRLCyE!

t enper athgti®. REAGDNE RewikeMREd 5Oyt 40 MowBpréducee® GMSE doNBd] hadHelithdastty emoved by
rotary evaporation and distilled water was added in a 1:1 ratio by weight

to the m@ymhlgedwphxseﬁabnmmwé fonexampeainargaged brjslenssge Fatlowing t liths,
thin f I t
aplppoplrl a e con Ig?%r,]\gdrar Q \e‘gg{% S%[u%%hgl(rgilu\gée ‘Dastrgfthe&h% 8%%)5%’ g)% alagn%mrlrlolﬁol iths

wer e notwdsrvisbblhﬁnartfhnb;aaﬂer&hxtwtﬁ&gpmm‘metammltwa8%1@édterthe:smuuftgl iata 4Cratilo 50%
relative hum di % for 2 weeks (% shri nkag}@ was the average of changes in

di afBt ePYaYRiENte AGtsHEMBSssolEwnreYddo ke siabBleand pervidgdroasisisat iwenltsdor

several months 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 dimensions). 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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original nold dinensions). Electron mcroscopy (SEM further illustrated
the significant inprovenents in surface fracturing between nonoliths

creat ed WOh3ME@S hydrol ysis and 30 the nonoliths creategcrhisosighot he GVBC
procedure described above. This set of experiments denonstrates how
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03/ 0577 3¢, Rfeiks Q§Q§‘(/I§@2§33-gelk A0R8Rh g@&éMi’ bk ﬁeen-fﬁftﬁy fvaiiled wigs&tepes further

optim zation of “physical = properties C sol -'gels in which glycerol has

been paethylensghsol tHfEkeat ml)tqthmn[e@ycol Q%IE@) drthylgns glarol(EG) wss epalhsted Pﬁyl ene

o1 yaor of Tt Eeh STpIdp K Rhessert BR r T Bl o By ERSURRMAR UL (e

5 nobe haflé autidfoftGthbdly@ryICRdBHG ﬁl@dmﬁﬁitaﬂﬁéd émﬂsﬁhaﬂemde Wﬁtﬁéﬁf&hgdnﬁi @dlve to
ot her reagents. Sol- gel nonoliths were prepared by the procedure descri bed
in the gelanerplibs wergmsenaredchir e prasedure described & the pieceding exavp Pequa%df

hum di t | 4o~ gs3- Percent
shri nkaéve'gp}s%el%fh%ﬁnce:c?% 330} mé?agiggﬁg&e fa%? h%e&%gcsf%glgléeé% %Idgﬂer@ ané di anet er
ver ses ehdvgh fieTatdé BeRsicomhrivuge hs ddfmed Sedlefz@Era@ebét‘hdeea‘éa@nn tdnggtharidnk age
had no 10 protein/fluorophore present, For surement the S | es
i sted MHMEAHIVErses Qepal ‘SP’@B%{P% Meplighsssg fwr@éereeﬁeom@ 87 B, Banpl e
3) d ol - gel

Mat ?I X telr 2 \S\ﬁgﬁbgé,\brg%e-ﬁ?b#? }sl\/lgf: ﬁﬁ)ﬁ(‘é r%\%lgsr %iﬁ%pwg%rd ?ﬁgggie 1?%1?“\/' G ucose)
1. Sol up‘rapare@fdbﬁ@hﬁ;@HlﬁlBG(lﬁsj’ HoaNBDZ trivinNGtanipe B) asadeseited%@lo. TEOCS 35. 95
+/- 0.24 1.39 3. GVMSC-TEAO 8.01 +1- 0.19 1.57 4. GQGVSC TECS 15wt % PMSA,

0. 145Mb 1% 99 +/- 0,27 1% EG - TE 10, +/- 0.17 1.53 6.
S0t CABIOTECAYerags % shrigkigs andAF o4 orgst Madydgaler JERIS 137 5. 20%

EG GWBC- TECS - 1.34 15 [00063] The 1% and 5% EG GVBC sol -gels (entries 5
and 6/ Tespectivelry in Table 3) Were Tound T OoaJeR %I gnift i cantly 1 ess 4
shrinkage than eitRekgd Netixai n TECS sol -|gel sgiinka@BC 1M0difoned RIS

sol - gef Soluaht {182 GGEPd6 NBDRPRESIMVETY 1T an@f@applibe 3)-  Pol'ygshylene
d ycof; gBE9 Was al so eval uated quatitatijvel ¥s ¢5ap par tijal subghotute 1 or

3. GMSC-TEAO 8.01 +/-0.19 1.57
4. GMSC-TEOS 15wt% PMSA, 0.145Mol% MTMOS 3.99 +/-0.27 -
5. 1% EG/GMSC-TEOS 3.10 +/-0.17 1.53
6. 5% EG/GMSC-TEOS 2.48 +/-0.15 1.47
7. 10% EG/GMSC-TEQOS - 1.37
8. 20% EG/GMSC-TEOS - 1.34
15 [00063] The 1% and 5% EG/GMSC sol-gels (entries 5 and 6 respectively in Table 3)

were found to have significantly less % shrinkage than either the plain TEOS sol-gels or
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, mimimized 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

Containing Functionalized Silicone Additives (FSA) and Polymers. This example describes
24



glycerol in simlar proportions in GVWSC sol -gels and produced nonoliths
with favorabl e 20 surface properties and rubber-like flexibility. In
sumary, werBksi73substitution of either ethylene glycol @EBUS05/00201

pol yet hyl ene gl ycol (PEG for glycerol in GVSC sol-gels provides

i nprovenents.in ical properties, for. exanpl.e. mniiuzed shripkage and
reduced® etﬁ‘ﬁéfboél J}hﬁ@ﬁ%ﬁf’ﬁ& &?Wééozycgéfiél‘&%?ssm%bﬂ%egege g&%@isﬂﬁ%eés f ndi ng

pr ot ei N eWRkgHidOBAGInk Prat6iBS ESBoth i RkiNRAG @m%uathemp@ar%@mégmeg hpen t hat of
protein in solution. 25 [00064] EXAMPLE 6. Entrapnent i ndi n%xpr oteins

| n GvBCligend @afliwg. Thabaidiigrrorinsorsre tebeled eviths: fluerepleoradasi desgrisd Erampleand
Pol yner i s exanpl e descri 24 3/ 05 . L US t he

nad £ orof MBpErot e GRS A sufhe R i RGOSl et b v

sol - gel prévaduslyed tpreduek figaldondementiphod - M prolpdh it thedbhRgdn®henhance
their spectral properties upon |igand binding. The binding proteins were

| abel ed Pabymer gd 1F‘M§r%§‘§tfé¥@°@&%“€é§&°ﬂ%W‘@@é&gﬁé s) Bjere qipiaingd Hewy HEWAt ut i ons
wer e ad - i f | r i.sLgelld i jously
o pr odengigt Chiiichifsr Lo, G SbkBic Rl i rt ooy HER B JABR L AL EH 210
pol yner Oaddbsut\3éwt.aRSIA fsunat icealahted edadsiitives tonthe MBS Ci sobgelf ESAhayntwgom

obtained from Sigm- Al dri Chem cals (St. ui s, . Pol ynmer additives
ver e _evil%&?%’ﬂ%ré% nmlerbe- ﬁhé’f‘%_@ﬁry Braper 38‘68{' &‘ﬁ(ﬁw.sgg)gigegt ReFRO¥Y al uat ed as
addihi Vesethdhol BEmANEfors %oglalo% W4 BITOWE By FOiBtitQidndn 3RO in 91 9% Ibgr ratio.

Thus, rotary evaporatio the GVBC readent to renove 10 net hanol fromits
st or age venghit Tom 40831Lf diquonefthisymixtre 8O0 inunfiboffer GIRRIES PBSoralris) withat i o by

i ght. To .a 400 gL aljquot of .this mi 800. gL f f , PBS
or Tri sprotied wosiblediNimtanndis? ok dane it Fo8 edhe GRS ong
with anwy mattdihdihg @rddBin solftisiivad @en Bdded] Hfi e HRirudh BT D@L WRS t hen

added, and after thorough m xing, 100 gL of the m xture was di spensed into
a 96 welthe mixgwigpyagdespergt cn afe well micseplpte(Faeerpwhrte fat bostopy platgst  #

35-3941 ... Th | -gel tajinin i ed

0o 18 peiRetArto8. B Land s R 08 saER PhO I MEBShER MAZ B0
same pr %ﬁ@%@?C%ﬁdtSb% rfEEa@@e hﬂ&ﬂﬁtyﬁ@@SCthS mst;f}eﬁdi&?bjz tHetsh@B pedcedure

(Bi s(3-net hyl di met hoxysily)propyl) polypropyl ene oxide for TEGCS.

GVBC- MIepdearfE0ShBed AMOS, bitreitipsubsaiution oEB#(BanethyldxuehoxsHapranyd

hydrol ysis was . carrie i i % t of acid, or 20 no
acid inPP IWJ:FPSIO%diegorgf%g,y g@éggé\g?w‘\?a“dg‘gwgéw}”ﬁr& pf%&?idbas ed GVsC
pr oceduksRnilarfyl dXx0&R 36 ficch RINB1SSs Mas V@ BiedB@Swite e thir 1l bY@of\AE hdBurltail Ycifcdd pse
scanning fluorometer with mcrowel |l plate adapter éVari an I nstrunments,

Vi c€8ri &0 apidsn tha hyayoly sk sfep.desnsalividy campared toe HHAS drsedSYRCrrseesdiesd from
500 to %%r&%nc%Migs%rl WadRBALPI Dith £¥afidh @Qr};@(?ﬂpgy E@aﬂﬁﬁlﬁ 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 in 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 a 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
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I ed—f-00065 —Tahle Hizea-sol—get—fermiati-ans-tor—Hl
T o b hasach mﬁt;c‘fsxm VY1 E SR G TE o A LT TR A e
H s6- NBB; AzTOoG SO, —afftti— po g FCIVDF=IN RinbZ €{GEBP- NBD
A2130 1238558 BV S MEPNBR g Ranpe Radige Rappea ?—W’BA 14 -
169t VBT 5 Dot PK?BXM%F- Rt L b PR it 1 Ilkyl 0. 13 -
Al kyl 075K saqdVd glk#.gl 3 - 1ot %y O30T HoP. O30 hneBUT f e 171§ PBS PBS
pH Ra7.3-7.5 7.4 7. - A16mol Kd ( [ 50b.08nod Q.36 [0, O06kintoi2 [|6] -
val ue] [AF Buffenhajncenent 2. 93x 2. 3Gss2. 53X PBS
pH Range 73-175 74-77 74-7.7
K4 (mM)
[solution 0.36 [0.07] 2.2[6] -
value]
AF
(enhancement 2.93x 2.36x 2.53x
vs. solution) [10mM] [100mM] [0.1mM]
[sugar )
challenge]

(GGBP=glucose/galatose binding protein; MBP=maltose binding protein;

10  NBD=NO9acetoxy)ethyl)-N-methyl)amino-7-nitrobenzoxadiazole.)

[00066]
Expert 6.0.5 (Stat-Ease, Inc., Minneapolis, MN) to design several Design of Experiments

The formulation optimization experiments described above used Design-

(DOE’s). Among other variables in the formulation that were optimized 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
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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vs. solution) [ 10mM [100mM [O0.1 nmmj [sugar chall enge]

(GEBP=gl ucose/ gal at ose bi ndi ng protein; MP=maltose binding protein; 10
NBD=N9ac ewoxgp&t7swy/| ) - N- met hyl ) am no- 7- ni t r obenzoxadi azol ePLT[IB0O@R)1 The
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ul of m xed for one hour to mx In a rot ar 80 u
t hi s solwidsicompambletth ¢hmt 3btal®d @Bsd1bTai84 PCT/ US03/ 00201 mi xed mnth 20 ul of
| abel ed protein. Final protein concentration was spectroscopically

determ be / Af t er uot s.were di spensed i.nto

06 wel | T0RES " and X AMPEES. S el fesifiperte BB #565% LARERRS s, 2n
fol |10V\BQhéJMst%Htr1hOéht1‘6htu|ﬁold\ﬁlilgﬁbh}emb%ehﬁatﬁﬁ?Bﬁcﬁhﬂlhf}&bﬂih@hﬁtrﬂ( @gﬁ@ﬂ&éﬂ ated in
matri x were challenged with 2pl of mM gl ucose 5 and conpared to protein

sol ut i omeversibloand pentinuguheeedings. eeing alVemian ﬁpbm@ﬂvommrrvgth Ffiberaptis  shows

manner, S ERP SR AR SR B SRR b BT R Lt o

The Kj @ﬁexﬁﬁ}@n@lﬁﬁvﬁ@wﬁdlepﬁm Qitroff moommhﬁbﬂﬁ&ed ¢ thedistsllzhaonaad fibar.
solution. [000681 EXAMPLE 8. This exanpl e describes the i muobilization of a

bi osens cwolusons wera pepareds eeining PR budter, 2w, andp Gmiks! ycorebFEASUNEE i x and
abi sty \9{{_}1 ﬂ%‘éa Hi?e%lga'ﬁisst 5%1 Eo%" qungE %}éﬁ%&&&h@a AL bk }h?éi%alé kngs. Using
n se nent

a varla uor|ne &At er optic attac

L238C/ AZiidsésiqr wheilemg(h2s 2V rlrﬂ, BB&N&LIB? ﬁfs&rtleﬂbf &mrﬂsb(ér Witd the@lﬂhoad: ydugonsnenbr ane
havi ng a | ecul ar, cut - of f f 3500 t.ons flxed to th t al end of the
fiber. agemeof mébeﬁﬂﬁg Péfar-er&m[s)&#ﬁ?ws fsd 1B kg feFum 9k it ety

gl ucose Fléhrg) E%epfd{sfrﬁﬁltlple cycles alternating between buffer and glucose solutions
demonstrating the reversibility of the biosensor 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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15 Wth the probe in PBS solution, readings were recorded at 0.02 second
intervals of the em ssion wavelength 521 nm followed by insertion of the
fi ber intwoth@sgBacose sol utions. Replacenent of the fi b@CTius0s00201
buffer-only solution resulted in the return of initial signal. Figure 4
depicts\gul%j | e cycles alternating between buffer and glucose sol utions
denonst raff agthe reversibility of the biosensor entrapped within a
permeable matrix within 20 physiol ogical range. Simlar results were
obser ved- vt BHCe bIBENSU FOPRESBE sanpl es  denonstrating applicability for
conti nuous use. 27 WD 03/057734 PCT/ US03/00201 W claim 1. A glucose
bi osensor Vonpr #idpashongmutated binding protcipard tdgash PRATCRET e PR zﬁtag%@p at | east
one reporter gr . -hat i r : / rovi des
a detectable anﬁgﬁgﬁékgﬁﬁﬁgmgﬁgﬁgﬁ}§§ﬁ§ﬁ@ﬁ5@§fa§%%?%§§ I%ﬁaﬁggg%?g?ein is
exposed to var ywhen giidianseedliaindmp pratindnexposahid vajyiag ghinadeybacegdatiemsh| e
matri x capabl e of, entrapping or encapsul ati ng said nutated binding
protein. 2. The?¥i osensor of claim 1l wherein said detectable and reversible
signal is related to said 10 varying anal yte concentrations. 3. The
bi osensor ®f cl i #halytopemsgablegpatax genahtecaf epirprning opensersupating said mutated
glucose/galacto?gd?%igﬂ%ﬁg protein. 4. The biosensor of claim3 wherein

e

sai d glucose/galac I'hding protein has at | east one amno acid

substitutiQn. .15 5. The. bi.osensor .of, claim 4 .wherei.n said amgi.no, aci

subst i t ot R i Pugi ol PR SoRein e Hofip B B FORFTYR shal s JET KOS

posilhi ONadyingdarf®fté Behodhtr@@mst i on 1, a cysteine at position 11, a cysteine
at position 14, a cysteine at position 19, a cysteine at position 43, a

cystei ng athe pRAShdor 8f clafhn 13vifYSh €4if %lﬁétecpgﬁhfﬂg%otjsgl?is gﬁmﬁé’e?éaﬂcﬂ%eat
position 110, a cysteine at position 112, a Cysteine at posSition 113, a

cyst ei ndimlingpreidin.on 137, a cysteine at position 149, a cysteine at 20
position 213, a cysteine at position 216, a cysteine at position 238, a
cyst ei ne. dtheixsenson of 2Bim 3 whetsis s&d ghicate/ gubaitdse bind2®Pprogeic st a2 ileast @te
position 152, a cysteine at position 182, a cysteine at position 236, and
a cyste@ﬁ%mh?ngégﬁppﬁﬁn296. 6. The biosensor of claim5 wherein said
bi nding protein additionally conprises at |east one_ histidine tag.
15 7 5. The biosensor of claim 4 wherein said amino acid substitution is selected from the group
consisting of a cysteine at position 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 cysteine at
20  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.

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

histidine 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

position 213, a cysteine at position 149 and a leucine at position 213, a cysteine at position
28



25 7. The biosensor of claim4 conprising at |east two am no acid
substitutions selected from the group consisting of a cysteine at position
112 and aweasiosE3at position 238, a cysteine at positionpc4aQrsasiab2al serine
at position 238, a cysteine at position 152 and a cysteine at position

182, a yte'n at. 05|t|on 2 and.a ser ition 213, a cysteine at
pos: t horid 754 A fuotind EnebiseRe 3a Btiidy Srpostien T4oRHd eh e e oson 145
and an angj a{‘éﬂﬁ‘elﬁ at POSitibh 299 gdPa c RGNSt PoBifoR 038 ta cﬁ@ﬁ:ﬁﬁd APodifidn aslariy
cysteine at position 213, a cysteine at position 9 a threonine at
posi ti ord serie ata)osxyxgn ash.en eysteppsAt ppgifon 44P anspnaarBiains aﬁ@oatlolpaéﬁ taiqyptede3, a

cystei netat i 8 WO 0 /05t77 PCT/ SO3/tOQ)2 ; 1&? an nd at r05| ne at
posi ti off E‘i% %@‘pé‘f“ﬁé@&kﬂeﬁ BT IS P48 KGR B A EOSPIOrdgr #8Y 4P 2paLaet

223, 5a QY pdsiciE22, a psitihé AfpobAdnaNd a8d @YX §étEho et FYsitp@sIdsi on 238, a Cystel ne
at position 149 and a serine at position 256, a cysteine at position 149
and an & giRivieRdor BPElainh 9WiRREn sfid BURIR) MBteirPdddRRally QGmﬁaﬁ?esaaﬂ fba@ne
arginine at position 213, a cysteine at position 152 and an asparagl ne 5
at posi thisidin228g. a cysteine at position 213 and a cysteine at position 255.
8. The biosensor of claim7 wherein said binding protein additionally

conpr i s&s Tk biesasdor ofielainh# sbingtisiag hialgast hred frairi asgknbetitutbncdebdctod4rom
corrpri5| ng at |least. three anino acid syhstitutions. sel fram the group
Cone! st Ko BP SORRPEORE CHO BT RPLIN IS, & 3186 A ARSIGAN iAo 3% and a

serijpe bsitidn PIS atdyet@m%%%pos@u&ymehﬂgrg%m@asgouﬁ%ﬂ 2449nd 3Re St PoSiBoR!
position 213 and a"serine at position 238; 'a cysteine at position 149, a

cyst ei n@38&ta qysteine abpositiGn a4 aecyebﬁsmett pesitaan Pidsindianys@B8;at positigis23d;ne at
position ser | at |on 2 an as ara ne. at sition 223;
brd a CSydtine aldapdBort R bl R R RER & R Y i

ar gi ni negyatinpaspdsition 1455an dParagie abp&@sISIY3 MU a6laddifiing anpssidnsxai d_bi ndi ng
protein additionally conprises at |east 15 one histidine tag. 11. The

bi osensqp._qhe blREATLALITH 9 $ihBRiddaid folﬁfn POEInHIUNRnAE) ot bf ihdrons
sel ected from the group consisting of erine at position 1, a cysteine

at pbsi ohehistid@e¢ tagn ar gi ni ne at positi on 213 and a serine at position 238;
a serine at position 1, a cysteine at position 149, a serine at position
213 andla e bivgerabdr pdiiti 4todplsingadeat Gys hmimeacid sybatiutionnseletbed foom
cysteine 20 at position 182, a cysteine at. position 213 and . a serine at
posi t i offEIBUP qENSISERR oL SRS LHPOBROTL | .4 Gysteine ah BRSifion 540, AN BIFIRIPAE! pr ot ei n

addi ti ongliliyn ©98RhE §‘§§rlrﬁ‘:tatlrp33ﬁ5n 2%‘%5%1% t ogﬁohqgafgmgéf F@po*gitfaﬁqaw of

claim| wherein said reporter group is a m nescen 14. The
bi osenseeringfat pbsifion 233 whén emnewlpdsmmm?}ﬁwné atysteine bt pastican] 49x & cysidin®n

vvav% eng{ I:t]osition 182, a cysteine at position 213 and a serine at position 238.

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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25 of nore than about 600 nanoneters. 15. The bi osensor of claim 13 wherein
said | um nescent | abel has an em ssion wavel ength of nore than about 600

nanonet erwo 0365773he bi osensor of claim 13 wherein said | urCcmasoxonol abel is
covalently coupled to sald at | east one glucose/gal actose binding protein.

29 WO 03/,,057734 PCT/U 17. .The .bi os or.of claim16 erei.n said
i nesddndif gtPéFnSi%O i o et DRt eSRTae inrcov afy hpned 6 8ia
gl ucose/,,HRhaGhe $Richidel 1 NFoR VM Ehpolein BREdab@sh With A rieriBurRelkctsghiopt @d from
the group consisting of fluorescein, counmarins, rhodam nes, 5-TMRIA

(tetr arr@rqwbl qon@atsnﬁ ucsescm@dw@@pamrhwamlamﬁtmdmwm@yhhomaw Qy3,

o oyl oy oasstRD Rk B BERT h L B o N AR BTN 1 er Vel f ow
&5, 5 Da@l@lefaEﬁln&—a MRirOFRR26LddarbRQEARRBD)),; Sélhcf l'bg[rQQﬁmethylammonaphthalene

(N-(4,4-difluoro-1,3,5, 7- tetraneth | - 4-bora 4a- di aza- s-i ndacene-
2-yli odQamxelpéan)dpyre@gédpqﬁg{%eﬂo&zlgyﬁA@apoxyl@ (2- bromoacetamldoethyl)sulfonam1de

N- (4, 4-dj fl 3 dac
or opi onl A Bacdyt e el d e O PoacsBo SaR IR rBide (2 10
i odacet Yhodp509)535 hxb,)zw/(r%nmﬂnﬁﬂmshﬁa@ Gryl-4988rd-0RUG-ddzh d-ihdacend-AEDANS) , and

car boxy-X- r’hodam ne i odoacefam de (XRIA 5,6). 18. The bi osensor of

claim zwréﬂthad@catmbﬂtwl@ed@ngnmﬁﬂé@l ® §aNA80 b4 S-(E2- The bi osensor of
claim 1.wherejn sa trix group
condlst iHGELFD IR b BaBhIRREl fyPiG i P i ES) i uhaE

sol - gel shodaftine, 5%-vdoidenaiide (TeR 1A 868 0f . 20 The bi osensor of claim 19
wherein said matrix 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 d matrix rises a ently crossllnked hydr ogel

sel ect ed®f rgﬁi’ioﬁénsﬁfg ij‘ﬁ)‘a’é‘b Yheteingpi FH&F%B?QSHQE galagiPSksacchari des, 20

pol ysacchari de derivatives, polyvinyl alcohols, polyacrylic acids,

pol yacryl am de, poly thylene glycol s, copolyners of , styrene and nalelc

anhydri d8, T8episssier gf Spinp ] athereihnid aW@Wé“&?ﬁ‘%‘WPF‘H’é is gelertebiomyhier s of

Vi nyl e%ﬁg& : erein
said crdss mEgbm rogg@ﬁgﬂ&gg%grég?%%pgﬂf E%%ﬁ%?gé?%gg%%I§?V|nyl
alcmﬁolxombhmnmehaﬂoﬂ'-fornylstyryl)phyrldlnlunlacetal salts. 25 23. The

bi osensor of claim 19 wherein said matrix conprises a sol-gel selected from
at least partially cured hydrolytically condensabl e sil oxanes condensed

W t h at 20edht bivdensoBbdbLElaim 19 wherein said matrix comprises dialysis membranes having a

molecular weight cut-off of about 1000 to about 25,000 Daltons.

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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sol ubl e organi c polyol conponent. 30 WO 03/057734 PCT/US03/00201 24. The
bi osensor of claim 23 wherein said matri x conprises at | east one

wat er - solwblog/os1sgani ¢ pol yoi conponent sel ected from gl yeeralsps/ehyl ene
glycol, propylene glycol, and polyethylene glycol. 25. The bi osensor of

cIa|n123 further conprising at |east, one water-soluble p ner
conpone?d-. Thebiogaeongf, &iaé‘ﬁ‘s%rw%ffre@lsé’i dnaigx GREPESeS & aﬁtoé‘F"Y g hﬁ’iee

wat er - t r ting of
pol yvi nyl{ L‘% ?8 o}(}(&}gltg)opoﬁg%g%ga &ﬁtg))%gllr?g%gﬁ)geﬁe g&é%oﬂﬂ%llggjsﬁpol ymers
of ol ef polyahdlen@plgtal. anhydri de, and copol yners of vinyl ether and nmaleic
anhydri de, poly-(vinylsulfonic acid) salt, and polyvinyl pyrollidone. 10
27. Thezhi DeERiss& of@lanm2@rthetr doh@rish@nmptdast ong Wateredoldapolymer si | i cone
additives. 28. The biosensor of claim27 wherein said functionalized

si | iToneoraRRIeNt ves contains at | east one organic functionality selected

fromthe grou&pcona sting of alkyl, |, am ne, anm.de, thiol, cyano,
car boxyR6. Ehe biosenspredfickdiu, 25eplstyin sglidmy eastrﬁrxerwterasf%}lh%%w@}gwr coMOPONENtist hod

for gluc on ¢ £ Sl [ Fﬁ?Ie Rt ed

o] ucosel? %ﬁ?eéjjie ghebgr Rar % Sf)srtlgl g? 301&%&@ ?l%ﬁebgs%be eport ‘é‘?ﬁ}gdr‘gﬁlp attached
t her et oanHyHirigetdopdIpinags @ol@fﬁﬁﬂﬂ&ﬁhl&klaﬂhy&&iedaﬁdﬂc@b%@i ot dsgl giadrand ose

bi nding protein in an analyte perneable matri x; é@?x SI ng sai d mutated

gl ucosemgliiaethydadsyipabi W@‘“}ﬁﬂ%foél%qfﬁ splbrapd Ryt BEIIdHec oncent r at i ons:

and d) detecting a signal fromsaid reporter group. 30. The nethod of clalm
29 Hildi 27.0fb¢ bipsansemyfi %almg23tﬁéhﬂ@@mﬁl%ﬁp@@l%h@&Sdlqoéﬁéﬁ(ﬂlél’es group to an
energy source capable of exciting said reporter group to emt said signal.
31. The2geThobiosdnsal &fiatai® vbereinrsasiafudctoban kesdi Sﬂgioogﬁwlilg@scoﬁ%r%l bl e

signal detection |, corres to .said va oncentratl ons.
30" The i BpicoRar BBl e T errisis & HER Frfangst

progr amygche 8RGISQARS, cafboxyk @, %@éﬂn%%péﬂ%/e f nitrdandHagogdeat hod of cl ai m 29
wherein step c) I's perforimed in vivo 03/ 057734 PCT/ US03/ 00201

29. A method for glucose detection comprising:

15 a) providing at least one mutated glucose/galactose binding protein and at least one

reporter group attached thereto;

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

an analyte permeable matrix;

c) 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 vivo.
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34. The nethod of claim 29 wherein said glucose/gal actose binding protein
has at | east one amno acid substitution. 35. The nethod of claim 34
wher ei n swod3asi7ao aci d substitution is sel ected from t hePgmaisp3/omonsi sti ng
of a cysteine at position 1, a serine at position 1, a cysteine at position

11, a 5 e|n 14, a c steln tlon 19 st el ne at
posi 1 o he ety el s Mt figrelr e B lor R he P a s it §ne o
cysteingnﬁﬁagg§gmkgﬂnégp a cysteine at position 112, a cysteine at
position 113, a cysteine at position 137, a cysteine at position 149, a

cystei ”‘35 aErhe REEdd LA 34 Ph&¥RsE iR a A8 ShbstiARion 18 selébt &y BEA RELR h%

positl 238, a cysteine at position 287, a cysteine at position 29
cystei neoMstmgafalcgstemm pesitoysl, @isaenadt ppempmlom cistéine at pogaiosiliea at 10
posi 236, an tel ne at positi gn 29 thod of claim 35
wher é °¥%§?‘83 ) QR?‘BE%‘/ %al"‘éiéf 1gse a‘b‘? Hioﬂgl pf 8¥Sg?‘ﬂe %d%ﬂst"i"&”gr #§YSEhr i ses at

| east 0@8513&)1% bl CH ARtekRbat pdditiord 167, ARY AR Af p&eiddnM 1352 \WREiRE B fRitbnbi1ndi ng
protein has at |edst one combi nation of amno acid substitutions selected

f rom t he cystoinp atpesstian 113y ao?stan@ytsnoatm 187, ep@)@iqmeoat pmlzloaria9 AEysgIneert | ne at
position 2 stelne at 49 and ne a ositi

Cyst el necatopalh aShEEH Bl R Re A sid o el R tin sy °

posi ti oa c¥idindAtlp@sitssr 2970 a 3y steif@at fosIdnA3; a eystasd Kipdsitioh 1BDS dyseiheZl3 and
ac stelne at Q?SItIOH 238; a cysteine at position 149 and an arginine at

posil®i oRostion 236, @pd peyrieinget pRs¥iani298- 149 and a cysteine at position 213; a
cystelne at position 149 and a threonine at position 213; a cysteine at

posi t i 0A614be methad AfEldie s weerein spidgludoseigdladoseindisg piatein addifiordllyi on 149

and a txros;qg g%ﬂgq) %ﬁggréi a cysteine at position 149 and an

asparaglﬁ@pé? 6 iBN ! ysteine at position 149 and a cysteine at
positio cyste t positiqQn.149 and.a serine at position 256; a
cyst ei n37a§§ﬁaqu&f clamgaHiera saif JinlipePIRtein BE 4 IEH! S50 RROT ne at

posi ti oBmiRZaddsliRBAbaE Yl @hoR dR b cordikBng f § ¥9d&hos: Rhsitidaild 'aﬁdi‘ 152
and an asparagi ne at position 223; a cysteine at position 213 25 and

cysi&i ne setingpipiosition 2285 Cyateum eom@orai49bm 4 $eoine 2UPOsiteonskis; aneymmmfsn tion

213 and a sition steln |on 149 n arginine
2t oo ProftS s i oA oSt a8 4Bl Rt BBy Tk btk fPh Ll on 140,

a cyst epbatidh 2 PRSI dybteihedl Bosiiéh 2 3CandtaedyoRirktat POsitibn 238; a%%ftem@ abyssitednne at
p05|t|on 149, a serine at position 213 and an %ifaraglne at position 223; a

cystei né4Qandrersanginre atoositian 248 Ravalginect aosipesi4q e Q%twt@ﬁmapgﬂm ne at
pOSI ti on 2%911‘16 gté}' Sitho %Zfl@ gﬁt tHr%gmhe thpojs%tlo% fl%s%g%steelagét }p 'ﬂﬂ 1? g an

arglnlne POSI a Seri posi a cysteine at
posROi ofeut#hl at positict Bixe cgstemem pdsonliB?,and acydbiak raepcasﬁtld@p$113§ hompsteidd 3 and a

serine 2tt pgs?tsllolg Ilé(1)9nar12d32§n asparagme 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 cysteine 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 cysteine 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 serine 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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WO 03/ 057734 PCT/ US03/ 00201 38. The nethod of claim 37 wherein said

gl ucose/ gal act ose binding protein additionally conprises at |east one

hi sti di newoagosB8% The net hod of claim29 wherein said at pPCeasb3/anel
reporter group is a lum nescent |label. 40. The method of claim39 wherein
sai d at

bout 600" PEREeRPLRT 37 Her R A gl b oY B EREL i MRl noscent

| abel hagmphs@t &akiheRiRNggh of nore than about 600 nanoneters. 42.
The net hod of claim 39 wherein said | um nescent |abel is covalently coupl ed

to sai d 33l TheeRMRodSTRIAMURORELER! BRILL $GstURAEIHP ERIBI 82 MimingREh! 195EIW T h
said at |east one nutated 10 binding protein and a nenber selected fromthe

:
group copsirgt.i f rRSGRLDE; i i - B
(tetr am%tribhyTlsil treho ao% Onffecl-l%% odogé(':rglfn asgnfage; ,rh%gggﬁrtnﬂrgn&ggg%r %Féxfétgggmhgéé%th Cy3,
N ((3- | adoacetaxghaitldph nadbmeteisy| ) am no- 7- ni t r obenzoxadi azol e (1 ANBD), 6-
acryl oyl - 2-di met hyl am nonapht hal ene (acryl odan), pyrene, Lucifer Yellow,

Cy5, Dapaxyihemethdd@oflolaaocehasindaitiiinestdnt RBaItiad@n emission wavelength of
(N-(4,4-difluoro-1,3,5, 7-tetranet hyl - 4-bora-3a,4a 15 di aza-s-i ndacene-
2-yl ) i oderye &raamberet QOB3BNPMSIEH 545 | A), N-(4, 4-di fl uoro-5, 7- di phenyl - 4-
bor a- 3a, 4a- di aza- s-i ndacene- 3-propionyl)-N-iodoacetyl et hyl enedi am ne

( BODI PY(42) Thg3getisgioficigim 39 wherein said luminescent label is covalently coupled to said at

5- 2-i odacet,yl ) am no) et.hyl.) am no) napht hal eng-1 -syl.f opi ¢ aci 1, 5-
 Acoaey LA Db T Qb kML ASE AR Bichh SR sl 3P e Bfafea’ 15> o
COMOsi tiiinEMoRIn Shd@membeXididceedotiom 2 @dupcdidisthgdf ghoreasal, dalmaimse

bi nding protein having at | east one amno acid substitution selected from

t he gr oupodagnagssd; (tatrampethpirdaping dsedopestamidel QuantumeRad™, pexast i on 1,
a cysteipe at position 11, a.cysteine at position .14 a cystej

post 11 oz Ol Ryl diteec BTy RS DaBR criionensp et (e, o
cyst ei n oSiLi . e _ .

posi 11 on M RNAR L fondhu et BT ARG, Bl R e PTG 47,
cyst ei n€2-dromarttamidoetdd)suHorystie (Vg4 atdiflosiot 1,85, 72tt&amathyt ishera3e,4at
position, 216, cystei ne at positjion. 2 stein posi_ti.on 287, a
cystei nélla&@-sriagqcﬁ%ﬁ-ﬁ;&z?oaée@%@%%%@l@ggyégﬁ ff?(w-(f%‘gsff&owét@lﬂ%éna@-

pOSI t 1 Oboff3%, 4 Adiaf 81iflaBéncR - RESbAYI AN, B3 e Gt AuftbEha p3GbPesI { i on 296,
b) an analyte perneable matri'x;" and” 30 c) at I'east one reporter group. 33
WO 03/ 0530340 RPEN SHEO34@B2€ey])amino)ethyl)amino)naphthalene-1-sulfonic acid (1,5-

TAEDANS), and carboxy-X-rhodamine, 5/6-iodoacetamide (XRIA 5,6).
43. A composition comprising a mixture of:

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 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

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 c) at least one reporter group.
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44. The conposition of claim43 wherein said nmutated gl ucose/ gal act ose

bi nding protein additionally conprises at |east one histidine tag. 45. The
conposi t iwp 0351784l m 43 wherei n said binding protein conpPCIASOR002bEASt ONE
conmbi nation of am no acid substitutions selected fromthe group consisting

of a cysteine at 5.positi.on 112 and serjne.at position.238; a. cysteine
ot pos! Bonhs sehanga SRS R B b e R ol 21 osd SR o s iRb oyl 150
and a cygadigbnalyoniRits 4tQ8asl s histidNestagl ne at position 152 and a serine at
position 213; a cysteine at position 213 and a cysteine at position 238; a

cysteings &he BOSpdiQsh dATait U8 FherdfnGhald B}ﬂdiﬁ%pﬂfi‘&hfcb%ﬁ?e%%'t 1@stonet ei ne at
position 149 and a cysteine at position 213; a cysteine at position 149

and a t hombimahen af ampwsiacidenbgit@tions selgsted fom the gpowi donsistirof Ay stemg ak

I {.. i1 213:; t ej t i ti . 149 t i t
posi 81 oRo98 T13 i it aP et SIS o i8R bt da hd et 8o on
223; a oysiriReiRiat PEsitibh P50 dftPa eiekie atGWSitich 162;af cyRRHeldt PBsidSB152arly St ei ne

at position I49 and a serine_at position 256; a cysteine at position 149
and an asgiind #@ositiopdddi1d nterBet pesiigs L ansl weysisird atipopition 23 &AL yaleingr gi ni ne
at position. 213 cystel 0Si 4,0 ) d . ragine_.a sition
223; T ehRRBidRer B IEEhAE sEbos IR A1 e ap SR ps T BT i i sl BE

cyst ei n@ositiond53;tal IBtedt At posiS@T 14%eardta thedhinke @hpositich 2084 a@yseint Apa@ition
position 238; a cysteine at position 149, an arginine at position 213 and a
seriifle afd pabs {susineagposition 3y aicyueine aResitiondd9pad 2 tyosyie ALRIsEIN 21363 t i on
213 and : I : it . iHAe Lt ] Qi erine
it posi CTAANSYEPORIR LLARIdr Bhardeil O R0 SlstBRE o Bltel 420 o427 O
149, ancegsi¢ia¢ agpasgioat238ps cystane &Pdsind 149 and gserineat adsiti@D2 o aicystome 266; a
serine at .Posii&g'}]on 1, a c]%/stei ne a£%pposi tion 149, an_argi.nine .af position
213 anBOYURIthandan PG HROZIY 2> SEyPREC A PRGN 1 prfne anrgPUret ne at
posi ti 0Bodfidh 23,385 AR podt@s 19200hd2h3 s eife 865003 PPSIsdiM 238, and a
cysteine at position 149, a cysteine at " position 182, a cysteine at

posil$i opositiGn Ahtaral & eystanee aitpopition 25 Hra 3B8@Ines positien téthposiing asposifion| ai m 45

wh i id t at l. | act bi ndi tel. 25 addi,t i |1
compr 1 528 414 f bt pdh LT Aping 3 oopn o 29 B et wdafotnks ARG ¥
wher ei ns@‘lne'a@?@éiti@tﬁ‘%&%ﬂ@ét@ﬂﬂé_aﬂﬁ&ﬁ%ﬂ B49a cyiing acgiditionalgland ad§steihbat

conposition of claim47 wherein said |um nescent 1abel has an excitation
wavel engeition 2Hsreysisig ahperitiorsB?, aaernest ppgition 913 adearcasppregineiabn of cl ai m

47 wher ein,. '%éij,lum'nec nt .l ab h an . en.ssio vel e nl% f nore
Chan abBUR D6 A ONETR AL PO Bo0df el bh don FondR £ERMR
CONPOSi hbsitior0D56; ladkerhddt pabitioai1Na S@itdind atPosRivaaRd, dnahginireSt posiadbe2UB Yy
coupled to
P and a serine at position 238; a serine at position 1, a cysteine at position 149, a serine at
position 213 and 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 position 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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said at | east one glucose/gal actose binding protein by reaction with said
at |l east one nutated binding protein and a nenber selected fromthe group
consi st i mngomB/of17aor escei n, coumari ns, rhodam nes, 5- TRl RCT/US03/00201
(tetramet hyl rhodam ne-5- iodoacetam de), Quantum RedTM Texas 5 Red TM

3, N ((2-i0d t. t hyl ) - N- net hyl i.n0- 7-ni.trob di I | ANBD) ,
o ncry 0y 1153 SRPRBT IO BRSNS HEREI PP el RAPTERED 1ibRee vel | ow
Cy5, Dap@xydt (dakt on@%‘l@o@@@ﬁﬁ&&%ig&lﬁ% Bdioi s BY kQMABA d&th said at least one mutated
(N-(4,4-difluoro-1,3,5, 7-tetranet hyl - 4-bora-3a,4a- di aza-s-i ndacene-

2-yl) i oduedies protaeaiBodiempsOF S48l from thegroup dongisting of Gusresceitt, ghemgrinsg.-

Do 3 s R R SRSty PRORRSRYS. iobbdcHRRGS! 4SO e Ak

5- ((6( 2-g LEacaiy N) @5 Sk ) REIARMN R £ NS the ' 1ANB DY %-

| AED,%\NSSI% éaariggﬁg’éir\lb(g%- X: ?ﬁ%&%‘%% e ét%ﬁ?b?gk%@%a%ﬂg%) BT e

conposi tacpitoyf2-diethylddinsheheiatens dadtyladal) i yeenxe Loeidd| elloat, IdyS, Dspagl@ct ed

fromthe_ group consisting of coval ent I%/,ﬂcrossl i nked hydrogel s, dialysis
-q1

menbr and$;brampacgamidociind)subionamidat(Vdd<-¢iHapieot.3.5 /steamethyl 4-bpfpdai*ei on of
cl ai m 51;; r.ej i AL } ; ) r Vb

B e L S R S T e LT
conposi thoea3 nda-diazd-mirkdbcenwh 8rpropiosy)-IV-ivddacetylatiytpaddsasine GBADENY Ry
crosslink dro .selected,.fro he gro onsj stjng of. |ypepti des,
ol yBaconpradls s@ipyafeehbrmindd R earpaanaigns L shpia rughbs:

pol yacr yhieg) 2¢4)d an P YAGE X LrBd fine, 406 RiAod &k MIIB IRROA B! . copol yners of
styrene and nal’ei ¢ anhydri de, copolyners of olefin and” nal ei c anhydri de,

and COp?l T %oﬁf)oéﬂi b 8LiftP43 ﬁﬂgeﬂies!aﬁi &a&@@b’ﬂ@dggﬁe hix \QICRAMRE fﬂeop of

y
claim 53 wherern“said coval ently crosslinked rogel conprises polyvinyl
al cohol grawpl codeistingpdfcovaleytly edosdinktd hydrdgels, dialysis membranes, sol-gels, and
N- net hyl -4%.4' -fornyl styryl)pyridinium acetal salts. 25 55. The conposition
of cl ai rfPB: 1%%‘?%&1};?38 id matrix conprises a sol-gel selected fromat | east
partially cured hydrolytically condensabl e sil oxanes condensed w th at
| eadf o -W&péﬁmp@%m%@%clangéﬁwhersm spisl matsmsonPHscs dalysiymembsase SRYiNgn of

cl ai m 5 M&g{ﬁ&&ﬁg&};@#@gﬁ&"éﬁ@tqBb@tooz{b%ﬁpiﬁc?&?b?l%nsp0nponent |s selected

from gl ycer e glycol, propylene dlyco and pol yet hyl ene gl ycol .

30 57. e-conposi ti.on of .claim>55.further.conprising at |east. gn
vat or - soPuBTE PO o Cfbre e AR b e Tt Ay R sg e
colrmOSI giy@mgeﬁsereb@urﬂo%?twéw donSitifls ¥RYpepaliedhslypRlaRIes,component is
sel ecte
polysaccharide derivatives, polyvinyl alcohol, polyacrylic acid, polyacrylamide,
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

component.
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from pol yvi nyl al cohol, copolyners of styrene and mal ei ¢ anhydri de,
copolyners of olefin and nmaleic anhydride, and copol yners of vinyl ether
and nmal eiwoanlyds4 de, poly- (vinylsulfonic acid) salt, anecpalsysonyi

pyrol lidone. 5 59. The conposition of claimb55 further conprising

functloEngﬁed sili.cone @ddl g 60.. The cQ 05|f|on of clai n15ﬁ erein
sai d fun€t i'SAGPRRYIS Pf LWATEIncal WYRE S H 8 POYMEL SPMBAREIBISFRITFE

functi opald %d’lyﬁ‘ﬁ&ﬂﬂ&&%l fcroBBT'yﬁlQﬁ‘s &rs%&lec&a%ﬁ&b @Qhﬁfncﬁ' deﬂolyr@errybf olgfth ne,

am de, thio cyano, carboxyl, estér, olefinic, nﬁ , hitro, and
hal ogen an@@alelc anhydride, and copolymers of vmyl ether and malelc a ydrlde poly-

(vinylsulfonic acid) salt, and polyvinyl pyrollidone.
5 59. The composition of 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.

36



