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(57) Abstract: The invention is directed to compositions of mutated binding proteins containing reporter groups, analyte biosensor
" devices derived therefrom, and their use as analyte biosensors both in vitro and in vive.




devi ces derived therefrom and their use as anal yte bi osens®ddy B6h in
vitro and in vivo. 3 July 2006 WD 03/057851 BI NDI NG PROTEI NS AS Bl OSENSORS
BACKGROUND OF THE I NVENTION 1. FIELD OF THE I NVENTI ON [ 00011 The invention
is in t®weohekd of biotechnol ogy. Specifically, the inventionis 5
directed to conpositions of nutated binding proteins containing reporter
groups, anal yte biosensor devices derived therefrom and their use as

anal yte bi osensors boBENPENGPROSERRUAS BIOMENSORY. DESCRI PTI ON OF RELEVANT
ART [0002] Monitoring glucose concentrations to facilitate adequate

met abBACKGBAUNG OF THEIDIVENGHON cs is a desirable goal and woul d enhance
the lives of many individuals. Currently, nost diabetics use the "finger
stick" ﬁ? ﬁl@’f d eir blood glucose | evels and patient conpliance
is problena ue to pain caused by frequent (several tinmes per day)
sticks. As a consequence, there have been efforts to devel op non-invasive
or m 08l |y i Fweisventon is inihe dickirod bistecknodigli S]‘J@iﬁcalln thd ihvantiomishods f or

/ { d. gl h
ol S ocerBhiBhpfiye B Bled Bt 86 it SRR RO BBl 0o of ¢ nese

provi di_ng specific quanti tative or sem - quantitative analytical information
usi ng Y9 bi ol ogi cal recognition element that is conbined with a transducing
(detecting) elenment. [00031 The biol ogical recognition el enent of a

bi oserns rytsteTIoON'GB RENeVRNEARTVItY, 20 so that only the conpound to be
neasured | eads to a signal. The.selection nay be based on bi ochem cal

recognltlon of the Iigand where the chem cal structure of the ligand (e.qg.

gl ucod®§02{ s uncMSW@’é'ﬁg glyeossicencaptzatipns te facilitgip pdaquaty metabelipioptraldR al yzes a
bi1@C heiinedds id ae@e@frab@@goapindtwm@aﬁw&%el 9&‘2}%@%&1&% QueRhey,r ansl ates the

recognition of the bfological recognition l'enent Into a
sem - qm&hdlaheacs use ther" ﬁugm stidkt' atethed taingitor thei?blmd lglmosterlmkadmé er technol ogi es

are electro . C acoust i t/f or co{% imetrical. The
opt i o il Bimmin3t PREERREHe 1 BER BN RS R RSt cer |
fl uor giglenagh Q&QS?JE@JE?&@&H@% beel efférie BeveldpinbR-at.AEI0Cor hidfthaigt ance, i ght
scattering and refractiyve index. Conventional 3 July 2006 WD 03/ 057851
invasive in vivo and more efficient in vitro methods for frequent and/or continuous
15 monitoring of blood glucose or other glucose-containing biological fluids. Some of the
most promising of these methods involve the use of a biosensor. Biosensors are devices
capable of providing specific quantitativeror semi-quantitative analytical information using a

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

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

of the analyte.

[0004] ' The transducér translates the recognition of the biological recognition
25  elementinto a seﬁli-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




reporter groups such as fluorescent conpounds may be used, &pguly 2006
alternatively, there is the opportunity for direct optical detection,

wi t hout the need for a | abel. [0005] Biosensors specifically designed for

gl ucosewgakasiion that use biological elenents for signal transduction
typically use el ectrochem cal or colorinetric detection of 5 glucose

oxi dase activity. This nethod is associated with difficulties including the
i nf | ugepsster groupseyefeas fluorastent comphitsis may be used: eraltpinatinglya thdreps @bl ens wit h

el ect Io E&’Einitg @or?ﬂg#tj[o' ﬁt%ll’tl d&gctti\?ﬁ‘%iglgut tﬁeeﬁe"é!i tf(ﬁ' allgbei:_onsurrpt ion of the f"‘”a' yte
that c cause aiTrieurt | es en nmeasuri ng I'ow gl ucose concentrations.

[ 0006] A rapidly advanci ng area of bi osensor devel opnent is the use of 10
f1 uor d8e08ht | y | Bivedreoks pecifishlstesignddi fordlmapspdatectipm tha(BBBlobgicalAs r eported by
Cass nal Che 1994.. 66, . 3840- 47) . .a .l abel ed nmaltose binding protein
(ver) B i seueiion hish i APe P e s PR PR LOTEREL T 10 i
worsk  MBRosomMxidabe dvfigity) Thivakdthva i€assdopitadiovitll @fficdliRS inclaing Metimlirdee 0 provi de a
protein with a single cysteine residue at,_ a position at 337 (S337C). This

mut at i%AXYSsE Ievplgrnfubiters inihebleedeand iprabients veifheslectrppisr 1o addifion dete@ioRdi ng
occur rgdhird m BRGpRGH 6f BE SnaRPRA BRCRSe &ifﬁcﬁ[t&?wﬁ&i’dilnéag{i&'ﬁ?g%@ lgieh@nge upon

mal t ose bi ndi ng. "Numer ous orophores were stu , sone el ther bl ocked
| i gandoiviengdtiegs.or interfered with the conformational change of the

protein. O those studied IANBD resulted in a substantial increase in
fluor ce (1609 4 ' g L ndi. S result is
consi 3?@%? W t%qﬁl}%ly P%@g(?#%%e%&?%g% i‘) lII ﬁ%glggth%ﬁéﬂgﬁg%&fng froma

- hylér ophlibteseenidy labelbd/paniplasmipdsmelihgtdoteiny (PBRPsieAs reparteal byaTass (@pdl ophobi c
envi r gpne S d,have be t heoretjcally. p jcted. for the closing of
the. niige 9dEemadcE R e M e sty ana the |
associdembibihR e 4 Bcaltlé R0 Berdd I ihdvétk MO S¥Hihab Mo hiROEJsBie sugars in
mammal i an bodily fluids, Cass also djsclosed (Analytical Chem stry 1998,

70( 23yesidyes; wasmByedde prowidgaipemicipvith g winglegygeing resigne & appaponsaipdhces,
h C - ele i Dy tivit ith
time S e QU Rl RE RGN AL PRtk B8 Sl SR RNy oindl? ' 1Y

6,1377 a6@hprefore paetiencehelacmeghvimamentgl chfinge upbumakese bimdige Nemeroby i nt r oduci ng

a fluqrescent transqucer into l,act ase/ 4 ucose Bi nding Protein (GGBP)
mut at QHOEB Y aF Al tome P o Jed e ARG OBE B ( ne- | ar ge

- conf olch@fbintifiondl BROEE 5f the Blotedf: CIf EhobdhidliEH TANEI® rddh IBdiin g subslahtial nga et al (US
6, 277,627) disclose that the 30 transm ssion of conformational changes in

nut at diraagsapdlupescepee @SQpbinteastyporwaliase hinding Thivrgsutiseonsisgalal t r ansducti on

f unct iy d Baliof BFIE Hhodp Rk BAAPEAH W 19 SYRNL of BiRnfbufliange 3 July 2006 VO

20  environment to a more hydrophobic environment as would have been theoretically predicted

for the closing of the hinge upon maltose binding, However, this mutant protein and the

associated reporter group do not bind diagnostically important sugars in mammalian bodily

fluids. Cass also discldsed (Analytical Chemistry 1998, 70(23), 5111-5113) association of
 this protein onto TiO; surfaces, however, the _surface—bound protein suffered from reduced

25 activity with time and required constant hydration.

[0007] Hellinga, et al. (US 6,277,627), reports the engineering of a glucose
biosensor by intrdducing 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 ef af (US 6,277,627) disclose that the
.30 transmission of conformational changes in mutated GGBPs can be exploited to construct

integrated signal transduction functions that convert a glucose binding event into a change

2




in fluorescence via an allosteric coupling nmechanism The {3 Jir9eent
transduction functions are reported to interfere mnimally with the
intrinsic binding properties of the sugar binding pocket in GGP. [0008]

I n or deywot@nsggur at el y determ ne gl ucose concentration in biological
solutions 5 such as blood, interstitial fluids, ocular solutions or
perspiration, etc., it may be desirable to adjust the binding constant of
t he si@Thioftgcei®d e et floskri@cdupREEAEMNINISA. B flures@htifankdiRtiorphysi ol ogi cal

and/ or pat hol ogi cal qperating range of .the biological solution of interest.
W t holctiopgarg sepererd todnterfere pimmaihe Witk the antrinsic Windingproperiiessd thsut  of range for
a pargi - af: I pbcal and/or pathol ogi cal concentration.

Addi tglug%lejldll ;ng |¥)e;tgﬁ§grgg may be 10 configured using nore than one protein,
each with a different binding constant, to provide accurate nmeasurenents
over BOMlde r afmyerdesfto gicumihedetaminergiucass eonesntiatianiin biolpgisal sejptionsakowi cz  (US
6,197 ” | f t at few of these
prsot eﬁuﬁ@ﬁ%t&g%ﬁ?%@e%#ﬂx@ﬁ%@#%ﬁg@ﬂ%ﬂﬂﬁ@éhﬁ%@é ,aﬁiél}’ Eﬁé?tn\?\n tﬁg&%eg out reporter
gr oupsljustihe dinkling constaat dfthssenfinginblesuld 6f airddensor ad ssato nrmhttheof certai n

ter. t .t di f bj. ndj t ] di ct abl
vy tieBeGHERIT butdioe e nang Gigap HiR Broelal PuronP b ey have a
desi rwixh6ut e tgprdprifoBntiag tonshilt a Bighal g Bk buf Jf raipe @R Sipaicaie ect abl e si gnal

change upon analyte binding. Sone of the overriding factors that determ ne
sensi Rygiplogicalfand/oppathqlegigab poneenyetiene rAddiiarplly, iosesersaybe a parti cul ar

Pyt el : i . h g I i ”%FQ of ?0 the
s{)de)ciAfolﬂgél'lgéﬁ%ﬁcﬁ%ﬁ%}l8@%&@?@@%@%@?@%8@@5 cgn gfrtﬁ51 ovggi d residues of
t he pacodretiemeasurdmeants avet a wide rangt bijglpssedneantatonsrag discibsetibgse i nt eracti ons

Wi t hi rot ei ' exi sting conputational nethods, nor is it possible
to eﬂ%ﬁngfzvggﬂgﬁggﬂsign nmet hodol ogy to optinize the choice of reporter
probes. It is currently not possible to predict the effect on either the

bi ndi 0g09gonst aDespite tHeliefiBbR F mviated GEBEY fetotige PO®idsihave kn any reporter
group, or 25 amino acjd substitution in the prot,%]ign ﬁor vi ce-versa). [0010]
3

To dgiﬁglgefﬁsl 3nd gxannede gither with pr WHhpULTCREERT SEVF- OYPEF iopy of SHF/ or reusabl e

%fﬁ%%f attadRin oPEé?faFr‘lir&%trng?rgﬁﬂs HPtB%%Z‘Iif?'a%ﬂﬂfg dBHstint Bfanl N communi cati on

a detection device I'nterrogate the’signal” to and fromthe
t r ansuwhpredictableoy aynevlditiosylly, 4 biotensar egataimingireportesgroups msyeeciess of sendi ng
d,.nmeas emtted |i a.30 | met hods

l'ight,t.o n ri ht fro anpl e. Typical
el st B Rt e o i B AT s Ber o
pl anriding \Sdgisi off € oveiridthgifipiePihbi defhie saisltaite of £particeles eporrerobi | i zat i on
strat egt') es C"hgulg/ 2006 WD 03/057851 . ) )
prove attached to a particular protein for the detection of a specific analyte is the nature of
20 - the 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 existing
computational methods, nor is it possible to employ rational design methodology to
optimize the choice of reporter probes. It is currently not possible to predict the effect on
either the binding constant or the selectivity based on the position of any reporter group, or

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

[0010] Tordevelop reagentless, self-contained, and/or implantable and/or reusable
biosensors using proteins the transduction element must be in communication with é
detection device to interrogate the signal to and from the transduction element. By
"interrogate" is meant the process of sending light to, and measuring emitted light from, a
30 sample. Typical methods inciude placing proteins within or onto the surface of optical fibers

or planner waveguides using immobilization strafegies. Such immobilization strategies




i ncl ude entrapnent of the protein within sem -perneabl e menbsudyz98¢ or gani c
pol ynmer matrixes, or inorganic polynmer matrixes. The inmmobilization
strategy may ultimtely determ ne the perfornmance of the working

bi osens@pgaddigsprior art details nunmerous problens associated with the

i mmobi |1 zati1 on of biological nolecules. For exanple, many 5 proteins
undergo irreversibl e conformational changes, denaturation, and | oss of

bi oc hépaledgientrapaept afithe protaingtithin seevpprmselde membrepeseiganic pelylen ar ge nunber of
possi - QL [l - edar t : , Wth sone
pr ot e%@%&ﬁ%%@ﬁggwﬁ{t@ﬁ%?% 2 ﬁsgi r g%%b@?%t%ggg?tgéﬂg?%@%@her eas others
" may beewsmisathe gerarmandetvdi thetrakieg biosansar. The prior artdetailt mammegposed, and t hus not

abl e to,undergo. sel ecti vie binding reactions wth e analyte. | nmobilized
 prot et G PERR B e et SRR Bt T PPl et or at § on
dusi n@réteindiridedgs artdveriblesotforhatanhl chghged, dedaturaivh] /idped opbiotiRinicabubsequent to
i mmobi | i zation. Therefore, problens result _in¢luding an inability to
mai nt APV Ia PRtz ProiFing 678 c¥ishiBialyeemipbeeoknossile grigations ¢ 20y n  general ,
bi ndi naighigd &HAS, fof Gkiinlph, Vith §RLEI0RAR oriGRAY fulh thhOmEPalHvE sitd8Gler USE, thus
physi ¢al  absorption and random or bul k coval ent surface attachnent or
i mobiekpased Whateas othatsenpyds oasntddsuch thgtihere activia eitdsiarench exposedgander al |y are not

succe I L&, 1 IS, - ' sign
i £ PPt AP eng e el elole®h AP AT ifordlrkt BT DD, o g
ddoec ashll® ssbjgnad tindbdepgadentidepnturiah, ietaturbtiondiutigg nemohikatias atd osensors, and
~addi tional | here i§ a.needq in the art to .desjgn _.additional _useful

it at SRR e R Tl e do rarepsatioh ARG FEHSFUERLY: oups
“gener afdi¥hg2 ithelIREloiRaid RAHTRIGR 08 {H k&hsiic @BAbe .ﬁﬁ%%,amsadﬂ@% anal yte or

gl ucose binding for use as biosensors. 473 July 2006 WO 03/057851 SUMVARY
OF THEenerlENFliEprjeiss reguiegioniratagpinl pantigl iglendieteibpess Byspitysicdr in vivo or in

vitro ' i ndi .nr-of el at | east one
repor £ gs?)?pgtfrag\é%&gﬁ%%ﬁlebé' “{ %gglg?tg&gﬁgﬁ&%h%? nt%g a 1135'@161%%@{1 gtjf:ﬂe ogfo provi des a
ddt ectaightdn drditersne gendadlly asd g alccedafabge when said nutated binding protein
is exposed to varying glucose concentrations; wherein said detectable and

rever gi signal change is related to said ryi.n oncentrations.
Accor @‘ﬂlﬁ y, a eFeg o JES5R 15 ¢ nged 10 e 4510 destgn E\dﬁ&Bﬁatli“g‘?@d?%F%es a gl ucose
bi 0s e psdinCATRiukReIGCBR broteddSdendritthgieleatBl8 siphd) dhangesnipoh @hdlytend at | east one

reporter_ group attached ) ) . .
binding for use as biosensors, and additionally there is a need in the art to design additional

useful mutated binding protein and mutated GGBPs containing reporter groups generating
20  detectable and reversible signal changes upon analyte or glucose binding for use as

- biosensors.




thereto, such that said reporter group provides a detectabl®Juyif08 eversi bl e
" signal change when said nutated binding protein is exposed to varying
gl ucose cong®Ndshaissons, wherein said detectable and reversible signal
change is related to said varying concentrations. A second aspect of the
present i I rovides a nmethod for glucose detection conprising a)
provi di ngwafm I@Nucosel gal actose binding protein and at
| east one reporter group attached thereto; b) exposing said mutated
gl ucose/ gal act ose bipdi; i Aryi i.ons; and
c) detecting a detect abﬁ%dgﬁﬁ%ﬁée{]/gel}%?%ﬁﬁgg%%oggoél ?%?\rg%gl%%g%%%%&%%eporter
group wher&Shoneanipterbhiadingiprotsingng at leastonsirprostergroprettached Hgetcweh tatponds t o
sai d  var yaf#e 8% HONESIARLEAD I TR B BRI QAP OVI ded a
conposi ti %%J_ncl udi ng a nut at ed | ucose afa tose DI nding protein having
at | east IERPIEnATFAioed BB TarYing gluepse edneentrationsy werdimenid datastble@odsi st i ng of
~.Cystelne abvep@ie siki cHangSis $84tbd 'S <8l vRA9RE LoRBnttiofk, CYSt €I ne at position 11,
a cysteine at position 14, a cysteiné at position 19, a cysteine at
position 43, a cystejne at position 74, a cysteine at position 107, a
cysteine at positi orf*Peingly. & (st asperd obthe prgasnt inpentien provides aglucoss ne at
posi tion Mhidensdr coypliihpe at position 137, a cysteine at position 149, a
cysteine at position 213, a cysteine at position 216, a cysteine at
‘position 238, a cystaé}eﬁ%%ﬁtm%éii{nnélﬁgp@?p}ar&a&gggs{tgnmpmerg@gp@tpaglppdzgz, a
cysteine aker@@sition 152, a cysteine at position 182, a cysteine at
position 236, and a cysteine at position 296. 3 July 2006 Accordingly, a
third aspect of the? 2 50id FSRORFIEr IR PEIVisles @ defecipblcrmg sesersibiasignehpr i si ng: a
 hutated glcliggsehgadatih@sed Bindidh POteR! 19 bGioskddd yir?ﬁﬁ%lu@&% cHFRRuas d

y

substitution sel ect e%@fromthe group. consisting of a cysteine at position
1, a serine at posi t4gFfn spd dstegtolle andrevessiblp signal changa is relifedipseidi ne at

posi tion 4rying c6ntehigitiags. 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

posi tion 137, a cyst:iepedaspect RSyt Inyopgion provides ¢ Bicthed faf glyrossidetedtion 213, a

cyst ei ne 2bmjuriisrigta) providih§ at IehsCns nBial@ plBlos @O ictosOindBdBoroteif afdt 5k B at
position 287, a %StEI ne at position 292, "a cysteine at position 236, and a
cysteine SPoPgS 8ﬁa°§9‘§t.heﬂ°s@ FATS St yricdylenpreleripcies Bipdingpietsimosi ti on
~havi ng. a_ mNaligthlucelcbRemtdatsamt eFR BN A dREcubiOng kBN Rl Blankeast two

am no aci g substitutions selected from

. rom said reporter group wherein said detectable and reversible signal change corresponds to said

varying glucose concentrations.

There may be additionally provided a composition including a mutated
ghucose/galactose binding protein having at least one amino acid substitution selected from the
group consisting of cysteine at position 1, a serine at position 1, a cysteine at position 11, a
cysteine at position 14, a cysteine at ﬁosition 19,a cysteine at position 43, a cysteine at
position 74, a cysteine at position 107, a cysteine at position 1 10, a cysteine at position 112,
a cysteine at position 113, a 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,




the group consisting of a cysteine at position 112 and a se¥Jule2086 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 at posAdcbiamgiAPthad dspact SEiht BRsdM inRQfioh bRRidEdBcoalpdsiforSer i ne at
position 238, and a cysteine at position 149 and an arginine at position
213 &HIPHFEerine at position 238. Furthernore, a fourth aspect of the

present i nvent iaQhutREOMLESgadactREBOGhE profkirC MMktlond Mino Acidrut at ed
gl ucosge/, alacﬁose bi ndi ng protein having at |east two am no_acid

subs Pttt elecief Sopdhe SPyhTopHing obY BYsteBIs St RISIU9R 1 oF seHnsA 808 Me at positi on
112 angcyatenrhat pRitdh 11,RQ55tihOR pdsiton 1@, £¥yslehleRepdlioR 29 aly@dndA49 and a serine
at position 238t_a cysteln% at positiagn 152 and a cysteine at position
182, PRSI A¥teiRe ahBsTion dfh arygeiney pPesideny (0 e apteipgai Hopipn Bifs2 4 cysteine
at  pegitéihon pdsiidorangd, Loysivivt &1 faGitia 1 1B0SEsicOR 2R BitioR 13Y LRUMR a8t pOsition 149
and an argjnine at position 213, a cystejne at position 149 gnd a cysteine
at pdSFHPLifTon ysteine aURosPmEL3, 3 eysisgsiat pasHion 440, 2 q¥pteing 4 PR at positi on
213, aqydiné Kipbatici 280 0bdybleB atldSitiai1Eh2a ERisGHeREpRition PRSkAd KN 213, a cysteine
at position 14gﬁggg a tyrosine at position 213, a cysteine at position 149
and &¥*HRHPAYT t position 223, a cysteine at position 149 and a
cysteine at position 238, a cysteine at position 149 and a serine at
position 256, alemBéreinagbasrofas Hetetna doddpositich BRingamgitiédne at position 256,

O BB R A BT BbBogh b et 121517 38
and aheyaipbiistil of POSicink @positibn 112 dnd b kdindapsRiion 3y, BeyspiRzent invention
D oSS Pt Ao ShOT St Sedated d Bhe S pfbigoge, 9oLt 0o
f r omighe cgsteitpat osidrsIsR AR Dierifie KYOEVINTE 374 cydRik bi f6itidH L3 aadaer i ne at
TR R R R OCT ek T IR
posi feysdineld BositonCIEs bkl N\erind at POstidn 2B ardlBsepif€latPosiGys18] @ aat position 238; a
posi v et ind g e G412 BRI 0% L POAUTRERgi o At posi L1 on 223
provi dee. 8. CompBLRTPER i APER AL ERH PSR Bl P SBLA PRt oce bi nding
pr ot ebmpr3@ygi Ng at | east four am no acid substitutions selected fromthe
group consisti ralgnu?zftedaglu%gsygg]aecto%g blgrggglg pt:ri)tgig hf:ll'\iingaat ﬁ:gs% eoi a?rﬁnoaétcid
| 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 at position 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 149 and a tyrosine at position 213, a cysteine at position

149 and an asparagine at position 223, a cysteine at position 149 and a cysteine at position

238, a cysteine at position 149 and a serine at position 256, a cysteiné at position 149 and an

arginine at position 256, a cysteine at position 152 and an arginine at pbsition 213, a cysteine

. at position 152 and an asparagine at position 223, a cysteine at position 213 and a cysteine at

position 255.
_ A fifth aépect of the pi'esent invention provides a .composition comprising:
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position 149, an arginine at position 213 and a serine at pb8i®d006h 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.
Addi tional exanples of nutated glucosel gal actose binding protein are shown
her ei nbel ow i n Tapk& uco@@aﬁ@to?@dlgdlﬁgeﬁbt‘éhﬁ%aﬁ @&agt thie Shinb @cii he publ i shed
sequence of E. coli aving 5b 3 July 2006 03/ 057851 309 residues, as
det aPrRstituHerssalectert from te gep sxsistins f?fg" CHHPIADAIRETEPY Qi afgEng 4 any
subspadtidrad1h¥nd Hewmé an‘akiﬁoxf*‘@@ ULRGRInE LOBsAibn 849, 81 a&gﬁﬂn\é gt poobee (€.

glucose/galactose bi nding proteins from Ctrobacter freundii or Salnnnella
t y phizhifidmseriass nesiin 238 ceydrispatpgriier Woppaspme anegitipnaigond ar espect i vel y) .

BRI EE &&&q%wmms%cwgnmmm@oweﬁheﬂp% h3iahd MSdspRb@s the change in
fluorescence response to ran gl ucose concentrations for A213C/ L238C
NBD: ahiragibionsp ?Yﬁte%PHROF‘&PP %ma;sparﬁalmoszuqn|2%§%dra&taé§mpﬁe change in

fl uoLesRERIBE85d. esponse to a range of glucose concentrations for E149C/ A213R
NBD am de GGBP H6 in solution. 10 [0018] FIGURE 3 illustrates reversible
signal transduction froma nutated bindin protein follow ng exposure to
sol utions of gfHREsPsE of heriesra leaqn@aner@w%@%ﬁqoaww COMPrPY ED DESCRI PTI ON

OF THE | NVENTI Q&Mﬂm%lab@ﬁdﬂlﬂh@@ﬁ%ﬁmaﬁﬁgaﬂ@kﬂ fpur=efi®s &id 0 a devi ce
chem cal, reactions med)ated by isolated enzynes,

t hat yses éﬁgm fic

i muAGEHR ee%t?dsfg% © ZEHY Snsistingsot grsepieat ROSEION L2 psfeg et ect  cheni cal

C O BNt 140 Sk dinind pelieil 2130al o séri@ i Wsitioh 258k b&GRAL ajlogifiah 5.2 AS used
herein, .a "bi gsens refers to .a pr@teln capable of blnd%%g to an analyte

t hat CYfRsRt H%Sét&’naég agensf Posifion P pRea ring atPrsiiee? 3B rand &y concentration

by aafiebich 049, FeARincas phi&ioRil 82, a@Phsihd 496kitichPI2Qdd alfRfind #pBRitidH ndi ng
prot§$§ refers to proteins that interact with specific 20 analytes in a
mann capabl e of providing or transducing a detectable and/or reversible
signal differentiable either fromwhen analyte is not present, analyte is

present in var WddigonaC&ampied of @iﬁaﬁbﬁ%hﬁ(‘ys&/fgalﬁdtdiebm&iﬁg préteil are shown
concentrati on- ndent nner, b ns of t nmet hods. _descri bed herei n.
The ?Qﬁ@ ‘PiTgﬁng\f&’H{m ‘?"% &g rF s ihe p“%%F%ﬂ?ﬁ’éﬁo FE A epi sodi ¢

having
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means, including one-tinme or reusable applications. Reversi®bluy 20gnal
transduction may be 25 instantaneous or nmay be tinme-dependent providing a
correlation with the presence or concentration of analyte is established.
Bi ndi ngwbr9hekdls mutated in such a manner to effect transduction are
preferred. [0021] The term "Gal act ose/ G ucose Binding Protein" or "GGBP' as
used herein refers to a type of protein naturally found in the periplasmc

conparOfessidues. apdetailed bedow, T dpecogespondingamipoaridyosigsy pspg subspwallyi ns ar e

nat ur gJ j i dl . I les (e.qg.,
sugar gm h%g}ﬁlwnsgei'%ﬁc sf%bng%? s?rr%ﬁ’é%)g%tg i(%%@ﬁ@%{/%al%&og@ g@‘t‘%‘é ?géstﬁgj GEBP is a

si ngl drooh@itmebpatetfeamdii adabiaelntypiohutive, sgdueixe aacessibpnaobas PSS2Hhat are
connect&?z% threei. sltfands to forma hinge. The binding site is located in
the cl?8 PVERSYRY) t wo domai ns. Wien gl ucose enters the 5 binding site,

GGBP undergoes a conformational change, centered at the hinge, which brings

t hé t \BRIEBDEHSCRIPTIOB GIETHEMRAWINGPS gl ucose in the binding site. X-ray
crystal |l ographic structures have been determ ned for the closed form of

GEBP f E col] K S, N.. as, F. A i ocho Science 1988, 242,
T260- 1088 =10 EOUNR altfs el honet in 153 réponsplo SRS | B, Col e
‘RecepleficosedBfcenttatioftd fop AR 1 AIYU23B(ENBD ki @&XbERP HP M dohfiod0 Protein Data Bank
(http://ww.resb. org/ ndbn as 2GBP and 3GBP, respectively. The wild type E

col i P. DNA i no acid sequence_can be found at
VA, nﬁﬂmu. nﬁ%&%@%ﬁ??‘@?ﬁ ﬂé?c‘g%%i“bﬂ“‘ﬁﬁﬁ%’é? TSRS 43R At ¢ cl one) and

acces $hiRBse BHEERRAtion P EPAUARD IR RBDAnIRANGBE B) in Sl red GEBP is fromE.
coll. T70022] "Mutated Binding Protein" (for exanple "nutated GGBP") as used

herein 15 refers to binding proteins frombacteria containing an am no

adPd( 49018hat hIHCHBES iHugetcs reyewibls venal gmpdictien frommmuatedpigdBe t o t he ami no

aci d( | i i bly such

ubst Proufh EBVing dpBCH0 0dor@EEULLER Al Bl eontBRREAET Y Sino acid
resi dues, nore preferably one or two residues. Exenplary mutations of

bi ndi METAJEEDOESCRINTONCE {THE BROYENTION or substitution of cysteine groups,

non-naturally occurring 20 amno acids (Turcatti, et at. JBio, Chem 1996

271, 9991- . | 0, L.al -r.eqactive am no
aci ds:fgv{v)l]? 111 r eac’%@gez&)a%&ﬁ%ogg%ggaﬁ? g& %}% gv%%éﬁgg? { %geépggﬂ\?ﬁélb%%?eﬁgﬁt achnment of
el ect reactiesinediated by jHotted-enespaisinvmosysiems,ttBsues roogunsilesBy wholeadtisi ve" ami no

agi.d is ant an_amno acid at .can nodi fied with a labeling agent
a1 oA Shente! Samandiualy B eBrtab fteal cRORKFLAE A e 19 clye.
Non-  @g@tnl ¥ ehigihddP rafeisds a brofdin! 6paBik 8MifEng to an analyte that may be used to

detect an analyte or a change in analyte concentration by a detector means as herein

described.

[0020] The term "binding proteins” refers to proteins that interact with specific
20  analytes in a manner capable of providing or transducing a detectable and/or reversible
* signal differentiable either from when analyte is not present, analyte is present in varying
concentrations over time, or in 2 concentratioh—dependent manner, by means of the methods
~ described herein. The transduction event includes continuous, programmed, and episodic
means, including_ one-time or reusable applications. Reversible signal transduction may be
25 - instantaneous or may be time-dependent providing a correlation with the presence or
concentration of analyte is established. Binding proteins mutated in such a manner to effect

* - transduction are preferred.

[0021) - The term "Galactose/Glucose Binding Protein" or "GGBP" as used herein

- refers to a type of protein naturally found in the periplasmic compartment of bacteria. These
_ p _




25 | euci ne, phenyl al anine, and others, which possess side chaiy®d0§hi ch
cannot be readily nodified once incorporated in a protein (see Geg T.

Her manson, Bi oconjugate Techni ques, Academ ¢ Press, 1996, San Di ego, pp.
4-16 f ofwoGkgesdifi cation of amno acid side chain reactivity). [00231
Exenmpl ary mutations of the GEP protein include a cysteine substituted for
30 a lysine at position 1l (Kl 1C); a cysteine substituted for aspartic acid
at podraisiprarg natergliyimyelved invheraotards apdeensporioé smalbmolgenles{e2atugdGsi ti on 19 (V
190); .a: [ joi RS ;. AL b 43 (N430); a

cyst ei@ﬂ%ﬁ’t%ﬁal?%ugﬁ@g?&gﬁs‘)c{hggw?&%%???g F\s %n¥%§%gﬁ;?&gﬂcyst eine 7 3 July
2006 \wnsxBng o686 klabules tiftdomeins fhetare gonnsdteicbyattirep ssdnds rforb0F hiyed 07C) ; a

cysteine. sybstituted for. thr i ne at sition 110 (T110C);. a cysteine

Y bst e PRAE s H1F Pt Sine DR PRIA B4 o Ritabisvred Bsbdbedind oY ! Pl wai ng
a GYystaidie she|BEBR widRebobOd coh®itinional chR®] denffedlel the Alige SeHidhRingubst i t ut ed
for leucine at position 238 (Si 12C/L238S);. a cysteine substituted for

| ysi ndhedivogeping lggethargng eiraps glyegse indhe Yindiag pite- Slyertstiledary | ysine at
posi t is@hctdeshabiBeth GhienRind Bt ik BRsRUB b SEBH frofOk ¢/ .KVV?as?M.d at position

149 (E149C); a double nutant including a cysteine substituted for glutamc
aci d at Vyes FtAdRuigeho Sgiegcesl 988134361 2901295) and SdlyplomutivudS.de at position 238
(E149 ; I i $i [ i futed for

histi Ay SRR, B, O ReofP T 115G il R BB R AL O ne a
pasi t Pedteid BataBib MBpBRACIcsh.arofhdbif) be2GBP aad ICBP, iréspédtisielngThe idd | ne

substituted f j ne, at. position 213 and cysteine substituted for

hi sti Wﬁf%ﬁh ﬁgég?hﬁ}*ua dSaZ"‘lf“g“ﬂ W%ﬁi%)bf’r}@”_@%t eine substituted for

et hi Wﬁ'cbahhn.xﬁﬁgbwbrﬁfez/%aesﬁmmet DR IE SR GoRY hdddetR€od Or al ani ne at
C); a double nutant including a cysteine substituted for

position 213@5%\21 C; _

al ani nempar 23¢20{(reino agid seavency). Eyefred (OB s srom Kitceld for | euci ne at position
238 (A213C/ L238C); a cysteine substituted for nethionine at position 15 216
(M2166gga2p CYystgj DSt p Yoy ebi FE‘C% iftan 236 (D236C);
a cystgéi n]Z subst%ﬁfglﬁ%gr }b}tegﬁc(?dr%gx%?ﬁ%o&s”i&ttgﬁcgn @?E‘g?aﬁg a cysteine
subst irefers eecbifiding preteins tfiom tacieda eantainnsan angino 283(s)tbadaNeena cyst ei ne

substi t,ut.ed ,f.or ,arqgj ni ne a sjtion 29 R2920) ; st ei.ne substituted

For - a suBfiEfa gk ol FordorSutchidobiaeiho 35 Psra hredre M ORRRIB ng o cyst of ne

- subst ptoiied Pfefdraty siich BultiRGok, ddletRBSoriihRAiohd voRP fodlepthai  amitdSt i t ut ed for
‘serine at 20 position 213 and a serine substituted for |eucine at position

238 ( Baid treidugs; maye preforably ogper twy residugs. Exemplant mptons@if higdingcy st ei ne

subst | : ! i jo £ ] 9, . & i N substituted for
~an al %ﬁ%qg{lﬁ%éﬁsgl %@gﬁhgigﬁgﬁﬁ@% oggﬁté\%&%a‘%t ?otnﬁr{%}augﬁg)od#&?gﬂ%i ne at position
238 amino acids (Turcatti, et at. J Bio, Chem. 1996 271, 33, 19991-19998) and replacement of

substantially non-reactive amino acids with reactive amino acids to provide for the covalent
attachment of 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,
25  leucine, phenylalanine, and others, which possess side chains which cannot be readily
~ modified once iﬁcorporated in a protein (see Greg T. Hermanson, Bioconjugate Techniques,
~ Academic Press, 1996, San Diego, pp. 4-16 for classification of amino acid side chain

reactivity).

| [0023] Exemplary mutations of the GGBP protein include a cysteine substituted for
‘30 a lysine at position 11(K11C); a cysteine substituted for aspartic acid at position 14 (D14C);
‘a cysteiné substituted for valine at position 19 (V19C); a cysteine substituted for aSparagiJic :
~ at position 43 (N43C); 'a-cysteine substituted for glycine at position 74 (G74C), a cysteine

7




(E149C/ A213R/ L238S). Quadruple (and higher) nutants are al sdJunzi0aded, for
exanple a nutant in which serine replaces alanine at position 1, cysteine
repl aces glutamc acid at 25 position 149, arginine replaces al ani ne at
posi ti oWoaddsaed serine replaces |eucine at position 238

(AlS, E149C, A213R, L238S); a nutant in which serine replaces al ani ne at
position 1, cysteine replaces glutamc acid at_position 149, serine

1 epl acuBstifiitedhionbrasine appasition dB7 O197G) @ cyseinpanbptitypd fos $hreqaingizhe at positi on

238 ( .osiﬁoﬁigﬁglﬁggﬁ%ﬁ%iﬁ@%@gm@ £ seﬁﬂéta?g&slitio’ﬁ 1"1‘@&%1'12@1{%&18&@@ repl aces

gl utam c aci cysterne replaces onine at position
182, aygawiinvdudingd oseme albaintueé fatsenpesit positivnA12 amhstrisesubstdutedforaces | euci ne

at position, 238. ' 213C L238S). 4]. The mut ation may serve
one onbsid pticazaf LT AR St el 1 g § PafTIaCle g b ot i
may beKMBEY €dystenedibititutédfocRsiigs pobitiod IBTIKLSTAR sékideistbstintedt he 8 3 July
2006 WO 03/057851 protein; to conjugate, bind, couple or otherw se

assoc /e HUpRE %WBPW‘Q“&“%@&PQ;@@P& le myrebipeliding 2 eystairgsebsitded pol yner; to
- Provi gg RiaRltdWidSh b6tidnA49 did £EHAObBsERRE idr ucBb FYRSitioh 938 adj ust its

bi ndi ng const ant V\nthlrespect to a particular analyte, or any conbination
.t her edE149000288P); ladotible miutant camprising @ nystaire, substidthted for bistitling at posttebnpr ot ei n act
~as bindi r . I M " as i " Y " sed herein
"ot or o 3¢ AP Bl S 1 ipbiBlole AYRELR EEOURRCMIS2E A P ko)

Suif i et inclistingersgrifiesubdtitos fdeiladhd aposifiord? 13dnd g cisteiidabgitnédei nf b%/ a

det ect,i qn ans. The K e | cul at.ed as, the congcentration o ree

anal ytﬁéﬁﬁﬁt‘ WiaE ROsItR lfsgﬁﬂggsmlgghaméﬂ%'&ﬁﬁﬁ‘g?m&?de@? BEMRBIEE hen the

anal y§8si@én 198 @IRSL); by MintCABSitutbd or Kanind &/ &80 213 (W283¢)! Hddubge partners are
preferably between about 0.0001 MMto about 30 mM 10 nore preferably, the
Kd vamusant mehgingfarcysteinp snbstitntedfar elaning afpvisitian £ heandneysteine substénted on. [ 0026]
In th | ] ' ' i . . 1.h may be used
to dorapeafiil phatgianeRm s 2180 BRFRR RO bR br PG R e

t rldandate Mal @B ecisehleaubstiugiddr sspaigeidifi@osigoir3eIP2MC)di tygteinko " provi de a
det ect abl.e si gnal .change’, S herein, refers to the gbhility to
recogiit Eméedcfﬂaﬁg@}%ﬁpgsﬂfﬂn&ggﬁf%ﬁg?s a2yyieppbEtugd Sapsnaricges fmanner t hat
enabl 9ssiﬁds}ﬁzmmgm)9@c§§fe%i§§g%ﬂﬁn@rfeﬁ #biflinelaf\$hstken 260RB%E)RI €, in one

enbodi nent, the nutated. s _conprise a detectable rep,or’ter group whose
det eceatitine subpiiipigd fas aiveline@s pasition 296 (G968 )t iaplg erutant welwdisZ A conf or mati on

B A

af2hi nipbsitidro2 13gind @ earme puistucidior ieuciirtaepésitinne 38 (E14OCIAR 1IBIRI8N catice
a triple mutant including a cysteine substituted for glutamic acid at position 149, an arginine
substituted for an alanine at position 213 and a serine substituted for leucine at position 238

- (E149C/A213R/1.238S). Quadruple (and higher) mutants are also included, for example a

mutant in which serine replaces alanine at position 1, cysteine replaces glutamic acid at

- 25 position 149, arginine replaces alanine at position 213 and serine replaces leucine at
position 238 (A1S,E149C,A213R,1.238S); a mutant in which serine replaces alanine at
position 1, cysteine replaces glutamic acid at position 149, serine replaces alanine at
position 213 and serine replaces leucine at position 238 (A1S,E149C,A2138,1.238S); and a
mutant in which cysteine repiaces glutamic acid at position 149, cysteine replaces

30  methionine at position 182, cysteine replaces alanine at position 213 and serine replaces

leucine at position 238 (E149C,M182C,A213C,L238S).

[0024] The mutation may serve one or more of several purposes. For example, a

naturally occurring protein may be mutated in order to change the long-term stability of the
R : _




20 characteristics on glucose binding. The change in the det&dtz6e
characteristics nmay be due to an alteration in the environnent of the

| abel , which is bound to the nutated GEP. [00271 The | um nescent | abel may
be a flgpeaeent | abel or a phosphorescent |abel. The use of fluorescent

| abel s that may be excited to fluoresce by exposure to certain wavel engths
of light is preferred. 25 [0028] |In one enbodi nent, the reporter group is a
f I uor G¥MEiRo comiugaise Bindesouplp or othdriise egsppisiedhe nrefpiatea pastignlarpl ecul e t hat

absor I fl uor ophores
st ultoBHBRRY pRik L e R

counmaraidjust,its rbhrddgmnnml,t wﬁh TdsRicAto(d peariicalue timyyte; o dandombirhtiorotiaact t am' de),
Quantum RedTM Texas RedTM Cy3, N-((2-iodoacet oxy) et hyl') - N-met hyl ) am no-7

30 nit nzoxadi.,azol.e BD) -acryl oyl = 2- di ne M no ht hal ene

(acry I[g@gﬁ 319}% n’@sml_ de) e'\gé %ﬁf%‘ﬁ%fi}{‘&%‘?“ 158%81 "ts){’)‘ R ARG

(2sbr mmr'mmﬁ' hy1 Ijuaisl' fniadhaléin rdflds (Mblﬂdln@pﬁmévs Ihyvid®dfela: 03/ 057851

diflu% G‘tes I-4bra3a4ag a- s-indacenpe-

2-yl)i H&H’&&@’P%%ﬁt 8&?* 678 45OV dftectiqn ol bia Sihe 19 s Piotein BY g pheny! -

4- bor qerest 'I% %ﬂ&ﬁate@as thE Qﬁa!célﬂﬁéhén Mﬁde@ﬂﬂ?{@ﬁiﬁﬂu@ﬁ hyl enedi am ne

(BODI P;]%r) 530/ 550 | ) ((((2- iodoace am no)eth

~ ani nowkigprdeia ichonnd g f’léfrli’eefsaadmﬁﬂ(ﬂlc 25131 ANS?St I%gi@cqs%lﬁlwd%y 5 X-rhodani ne,
5/6-i g @@ﬂ}f det ect abl e
intri ng@%%g;r@g\ég? mé?ﬁﬁ@réar? rﬁgef%g{\o?‘g&%éb%drttﬁgﬁ& llrngdu%saggl” moni tored to

dd0ectmaong prefesably, the klivalges 1Sogedirqay dpat I mdbtat lfiahMoameexxdmbmvemhanges upon

gl ucose bi ndi ng incl ude quorescence lifetine, quorescence intensity,

[l aor SREENSS 2ih 2R sflenBi Fed fch Sbver et ol REF GG RPyREY bS B6fTmy be 10

| nduc eslddiécoplucdRabigaihg by aftah:ﬁm?khtﬁﬁt@ﬂfﬁpbﬁer%l?dﬁprtmmﬂiucéslaﬂ&te@ﬁblbhose resul ting
fromchanges in protelin con tiion. Environnment-sensitive dyes such as

| ANBDS!$R Chanes ppqn glyqoge biading| To 'iprovide adefestaplesignalopmnge”, éhuftdes of
fl Uor?%ﬁirfefe?sfﬁ%atbhlﬁ?tmé’ gﬁ&é%!hﬁan&éﬁm ngﬁ %‘FH@ gr&ug inkhe anal yte

I tsel rominteraction a sec port or exanpl e when
FRET n{ahheydhatsrwbles thedetsctivard tigauderafyinbirsling @pyexamplwsmdmco moni t or changes

1 uor SUBRHT T BE s Gars o RRleBhramselebu YRt S06RE oot or

gr oupshdiEyerigtesift@thpofr@ chaygaifiretein@befotniMoh @t 6alrsioapaicbRbighgups can be
used _wherein an alteration in the environnent of the reporter will give
rise ipg gegﬁgqi]atg bqdimentdhe reporter group is a luminescent label that results 1n a mutated

GGBP with an affinity for glucose producing a detectable shift in luminescence

20  characteristics on glucose binding. The change in the detectable characteristics may be due

to an alteration in the environment of the label, which is bound to the mutated GGBP.

[0027] The luminescent label may be a fluorescent label or a phosphorescent label.
- The use of fluorescent labels that may be excited to fluoresce by exposure to certain

wavelengths of light is preferred.

25 [0028] In one embodiment, the reporter group is a fluorophore. As used herein,
"fluorophore" refets to a molecule that absorbs energy and then emits light. Non-limiting
examples of fluorophores useful as reporter groups in this invention include fluorescein,
coumarins, rhodamines, 5-TMRIA (tetramethylrhodamine-5-iodoacetamide), Quantum
Red™, Texas Red™, Cy3, N-((2-iodoacetoxy)ethyl)-N-methyl)amino-7-

30  nitrobenzoxadiazole (IANBD), 6-acryloyl-2-dimethylaminonaphthalene (acrylodan),
' pyrene, Lucifef Yellov?, Cy5, Dapoxyl® (2-bromoacetamidoethyl)sulfonamide, (N—(4,4-
9




redox state thereof. Such a change may be detected using an3éle¥loéode. 20

[ 0030] Furthernore, it is envisaged that other spectroscopically detectable
| abel s, for exanple |abels detectable by NVMR (nucl ear nagnetic resonance),
may be Weadoseg are known in the art. [0031] The reporter group may be
attached to the nutated protein or GE@BPs by any conventional nmeans known
inthe art. For exanple, the reporter group may be attached via 25 am nes

or cardifeye-136s7-gliwnethyl- 4-herapede-disre- drosrs 2-yhigsleaceianide preferred is
coval Ee{g %ngmsm xﬂ(ﬁzﬂc{?{lmm Qﬁcd?fxtgé a4 6% R AEiEAS MR- FOr exanple, for

nmut at cyst’él nes ocat position 11, position 14, position 19,
pOSi t ipoopick])- Megdqapciﬂemﬁlenqdmmtm (@QDIIBY@ 530650 {AXh (@8, position 112,

p05|t|o |t| 149 it |on 213,

posi tll?)({loa%e%é)a“ﬁ%@?tﬁwg 3%?"‘“@8" dﬁﬁé %Mﬁdﬂﬂg%% Pe preferred in
t he prgdimindG/é-Rdemiciamide (XRIS s,isgul Breﬁ%@ VOTBB/iisé8 SMah OB thblany

thiol -reactive group known in the a be used for attaching reporter
gr oupént’s:la%pr&ger? ?ﬁﬂf@é’ﬂﬁ@%@ﬁ%%ﬁrw&aﬁi’e&m&ﬁe@ SIS Dr ot ei n.  For
eXanpliindid) SolRYRAEHCAHatIn BRFPARRLA ThalFhnde AL Hofige are well known
thiol-reactive noieties that nmaybe used Tor this purpose. 5 10033]

Fl uor db!hws@scqllfatumeébpmcen@tmﬂem fluorsseeatd avsotroply enmobsizdiony@del engt hs (for
exanpl e engt hs) are
prefer %:H%%éﬁﬁ °§@ﬁ é”@u lsgir%sgiﬁﬁggg ﬁl%efgé)ﬂ%(’%ph%%dﬁgére Vi \\{;}fy%or exanpl e,
-1 niGor Amtuaédefor oliangasin lthaqﬂuampaﬁrh envilohmee 36chras e cosul(indiors khangdsei ng opaque
bel ow,600 nnz Presenle‘ﬁ, there are few _envi ment al .| ens |ve pr obes
avai | dbPRETHCanfraaton Fy ’°B¥"‘e{‘trfénsétﬁéélﬂ’?ﬁfﬂ+?fh"ﬁ opLartigiy Yl‘tﬁe

thi ol 4 gaGkipéa. DdRs thABE! of@l’h@r‘éﬂﬁxe ﬁewﬂermaytrbuuﬁlfm&@ﬁe&acmsdem vatl ves of
Cy-5 can be prepared, for exanple, as taught by H J. Guber, et al,

Bi oconthargalyte itsplépi front mgataon&wﬂl a sesandrepnrteaapp for exemplomhsn BRBE t hese

const Rapeaeres FAbR ARGl T 1 Gkl s MBUELPRAIRARGS, |

r ésul tﬂunmphdsres | argest change in fluorescence upon glucose binding. 15
[0034] Mutated GEBPs may be engi neered to have a histidine tag on the

pr ot ei ter us C-t erij nus Hi st.i di ne fusj roteins are
b der yoely i o gt oS labrie drirth & AP HRLOR BT Car'on o
pr ot elrélﬁrter@f@ﬁﬁﬂnﬁ@)beh@ddg IFogexailecelBcniptiRehiciCreppit @ igbdups camtfelﬁs@ tag containing

about six, histidines and preferably such taggi ng does not
wherein an alteration in the environment of thé reporter will give rise to a change in the

redox state thereof. Such a change may be detected using an electrode.

20 [0030] Furthermore, it is envisaged that other spectroscopically detectable labels, for
example labels detectable by NMR (nuclear magnetic resonance), may be used, as are

known in the art,

~ [0031] The reporter group may be attached to the mutated protein or GGBPs by any
~ conventional means known in the art. For exémp]e, the reporter group may be attached via
25  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
located at position 11, position 14, position 19, position 43, position 74, position 107,
position 110, position 112, position 113, position 137, position 149, position 152, position
213, position 216, position 238, position 287, and position 292 are preferred in the present

30 invention.
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conprom se the binding activity of the nutated GEBP. 20 [0085jy ke present
I nvention al so provides a biosensor and nethod of using the biosensor for
analyte sensing in vivo. In this aspect, the biosensor is conprised of one
or ﬁ, ﬁd bi nding proteins that are encapsulated into a matri x. The
encapsul at ed I osensor may then be used as an inplantabl e device or part
thereof. [0036] The "matri x" can be in-any desirable formor shape

“incl udﬂ@ﬂ@l a di shqy tydlireadiéve, groupsnpram GﬁhGMmabb@mdéor agianhinggenovky ner, open
cel | [ QVi e. The matrix
addi t |%&§F ?JChtagg%(gﬂ@%rﬁse%% Sgeme%F alﬁ ?1115% e?r%csl ngeg?eF @%#x permts |ight
from Oﬁddatmd.rmé&)hrbme&e&hlldm yr mﬁlh&ndel and well kagin thigl- felagfvre niodeties thitr om t he
reporter group ass through the biosensor. Wen used in an in vivo
appl i d’é”tylbgﬁ‘sedtfﬂretg’ﬁlpg‘g’é’ﬁ%or will be exposed to a physiol ogical range of
anal yte. The neans of determ nation or detection of a 30 change in anal yte
corscerfogss| i on rmuoroplmr@n@teﬁaaeh excitfiofi @R éftidsiotpwadlchgthoid@d vel y, the 11
3 July 2006 WO 03/ 057551 neans of determination or detection of analyte
concerfrBRIF-GROHR)0 BR o etsgiensktitelion fr eraistianowpeleng®e)zrg PrefiaedWisi oned in vivo
bi OseQﬁ%ol%ulatrQ&lSFF :?Wus&dqz‘ﬁ%f‘i}o'fapeﬁ{ﬁ [ ing oﬂfedlhﬁéﬁllm gbfgut at ed bindi ng
protein In an anal yte perneabl e entrapping or encapsulating matrix 5 such
t hat tblmemultmf@d(tbt sidmhgngwnaq@h@lqw@@lwéstsdéblethmbteefe\and reversible

- si gnal qe. n ein.s varying

anal yteg‘cﬁf:"é"ri: Al 5 ?18}’1%%0%3%%9]3%}1 sr%%q%{g ?'e %?chtFun\l/ g I¥s()lg%%nal can be

r gloat @dﬂﬁtﬁol—h@ctﬁe ﬂaﬁmlraagnoﬁm; Hbwdveg iliglatattiee dérQak ofﬁy—B kisbeaspect of the

i nventi on, e con ura 0 t he transducin y be, for
exarrpméepmieﬁreh {e ll’ﬁ’ng]I Grabe ehih %?coafuggfsdh% &prgﬁ’small m ni mal |y

10 i nvgsige @fnﬁl@ﬁte@@&nﬁﬁng e B FhpWbibd ifdh ek hifplk, shiadtRd of valolat | ent to enabl e
met hods of use” 1 ncluding episodic, continuous, or progranmmed reading, to

the paystent mumnewmtwqmlammedﬁ@%ms@rt@ smynedutwd%frfe thoatbeli ment s, be

i npl an Kin epi der mal - dermal junction
to mtréesﬁgl tﬂg cr?‘%l%%n e‘rlqerS% nceﬁ%%?m”&?%%g ie, or other biological
fluids. 15 [0039] An exenplary nethod that may be used to detect the
priéserf@i34pf aneMymed QiBhsgnaytbe ehgimmdwhavb(amidtidimitago)nuha@rdeiss;Nl- bed herein

inclu esmt atlngbﬁtgggﬁrsl W%E{J]a re ({ gﬁ% ource, det ecti ng
the si"gh&s ’f H%ob Phe U BH R PrOfATR AT W IR ’H‘i’ﬁ%‘ t he anount of
gl ucomlckg@qﬁm 6 iddn Bl pRkFiQHSH oPprbteink. h@ceﬂqﬂ@ﬂa@@ng isghfadhs pASduts known in the

art

proteins with a tag containing about six histidines and preferably such tagging does not

compromise the binding activity of the mutated GGBP.

20 [0035] The present invention also provides a biosensor and method of using the
biosensor for analyte sensing in vivo. In this aspect, the biosensor is comprised of one or
more mutated binding proteins that are encapsulated into a matrix. The encapsulated

. biosensor may then be used as an implantable device or part thereof.

[0036] The "matrix" can be in any desirable form or shape including a disk, cylinder,
25 patch, microsphere, porous polymer, open cell foam or the like, providing it is permeable to
| analyte. The matrix additionally prevents leaching of the biosensor. The matrix permits
| light from optical sources or any other interrogating light to or from the reporter group to
pass through the biosensor. When used in an in vivo application, the biosensor will be
exposed to a physiological range of analyte. The means of determination or detection of a

30 change in analﬁé concentration may, in one embodiment, be continuous. Alternatively, the
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(see US 5,517,313, US 5,910,661, and US 5,342,789, all of whiuth2e@te herein
i ncorporated 20 by reference). [0040] The binding protein biosensors of
this invention are capable of neasuring or detecting mcronolar (10-6

nol ar)n‘ggog]ggﬁl anal yte concentrations w thout reagent consunption. In
sone enbodi nments, their sensitivity to analyte nmay enabl e the biosensors

to be used to neasure the | ow anal yte concentrati ons known to be present in
| ow vigbaugef Aterm@iFibesr defectiohtoFasdlyte calcemiration thagbe plogiachmeddr per spi rati on. The
bi ndi ng protein biosensors of the present invention provide for the neans
to nofPdE anal yte continuously, episodically, or "on-demand" as woul d be
appropriate to the user or to the treatnent of a condition. [0041] In other
enbodjop®nt s, t Re BivRRRE DI BvoSiREhso Uﬂthél]in’éﬂanaiﬁiaéﬁﬁbﬁc&rﬁﬁfsem &l e gl ucose)

is such that they may be used to test blood analyte |evels or the

conc etmematateshbinding profeinsingn analyte perpiedh o l@apIng o FEASHABIE BAEr sol uti on may

be de ] 1 "bi ol ogi cal
0] ut%ugfri]fﬂaﬁﬁg P&ggesd u't%gbg&%g? qu?ir#tg gée%}%ﬂl%ﬁgg‘,%r%% gg'ﬁa?gt@g% and/ or ocul ar
or i whenrthé intriaced bfridiniggratein isedtposgd wovayimganalytescontratratising, ahdd¥2] The fol | owi ng

exanples iJlustrate.certain,preferred enbodi nent.s of e instant

i nvenéq?e(‘}ﬁl,bie reafplé;ﬁ)heos[lgqaﬂctag Rgée t‘f‘%tog'ée %op?eﬁlgflt@qf\%"éa B | enbodi ments. 5

[ 0043] Exanple 1: Method for the Expression and Purification of Mitant

Pr ot ej0038] W t howhistssdel afitiecinieagen, theQ@4AgurdtisBRf ite teodednpslemtrd My1B- 1 gene
in E. coli. This protein s .altered b i ntroduci t he amno acid

cyst emﬁﬁéb%for@éi‘mﬁgén‘iﬁ’ﬁ?ﬁt‘? g’eldﬁFaéﬁﬂjr}Of)éiqbg?ﬁq%éeEfrgagwrﬁﬂ_ nesis of the

Ml B- fvBRRProbERES Se e WitRinWRY tRshd 12 paidt 5% 86le hidthads ofak¢ and purified. 10
[0045] Cassette nutagenesis of MylB-1 was acconplished as follows. The

Wi | d-inclpding Mpjscmid, cepéinkousans prageATEREd raadings tofirynaiint, ddie gpplentble Ant hony Cass,

| nperff)igseng)?sl. g Eﬁo&%eoerﬁ%%&meﬁt@%emg?ame SBineRvAEI LR oFEhEmRgRer at ed from

this parent” p usi ng casset mut agenesi s producl ng random zed am no
aci d gedprasakemal¢asdod jodhtbryctasthdiesinterdticial fhyd, tikumekeelothedigiogicalnd cl oned in E.
coli 09 (Promega Life Science, Madison, W). Mitant 15 plasm ds were

i dent¥if®d by sequencing. The nutant protein was induced in JMLO9 and
purified as described below. An E. coli JMLO9 col ony containing the mutant

plasnjodasias  grRVdRempaR Hhatvd thdt m3Y be Geeditd Hetedd di¢iphger(c220anajyd in LB broth

containing 50g/nmL anpicillin _gLB/ Anp) . . The overnj gmei rowt h was dil uted
341

1: 100using the bippeasas forHp nivg useigsc ed heremn includes interrogatin plant with 2

remote light source, detecting the signal from the protein-reporter group, and determining

the amount of glucose based on a relationship to the detected signal as is known in the art
(see US 5,517,313, US 5,910,661, and US 5,342,789, all of which are herein incorporated

20 by reference).

[0040] The 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 analyte may enable the biosensors
to be used to measure the low analyte concentrations known to be present in low volume
25  samples of intersﬁtial or ocular fluid and perspiration. The binding protein biosensors of the
present invention provide for the means to monitor analyte continuously, episodically, or

"on-demand" as would be appropriate to the user or to the treatment of a condition.

[0041] In other embodiments, the biosensors sensitivity to analyte (for example
glucose) is such that they may be used to test blood analyte levels or the concentratio_n of

30 analyte in a biological solution or other solution may be determined. As used herein, a
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was incubated at 37C with shaking until the OD600 of the cusfuy2900as

0. 3-05. Expression of 20 the nutant was induced by the addition of 1nmM I PTG
(Li fe Technol ogi es, Gaithersburg, WMD) final concentration with continued
|ncubatwgm3,@§3§glshak| ng at 37C for 4-6 hours. The cells were harvested by
centrifugation (10,000 x g, 10 mn, 4C). [0046] The nutant protein was

harvest ed by osnptic shock and was purified Qy . colum chromatography. The

cel | pé}qlwecam&hﬁé"sta@b@wéus pof lamgedécr Beed, B%IFHl@F““( 3pd/mverlar & 25 HCL pH 8. 0,
20% sqﬁ@gggalﬂmggﬁ@wﬂbﬂﬁﬂ%ttgge@t roomtenperature for 10 min, and then
centrifuged (4000 x g, 15 mn, 4C). The supernatant was poured off and kept
on ice. The cell fpeI | et was resuspended and 10 nL ice cold, sterile

dei onil8¢#] H2O whks fpllgyving @@mplﬂaﬂ@strﬁéc%mﬁgﬁrwmmm&eed on ice and
centri; 2 th the other collected
cuper rig e frvertief, GBS R fF LR AR °?1%§J" 588 . ' 10 30 min. 40 .

The pool ed shockate was filtered through a 8 mand then a 0.45 mfllter
1353 1004312006 EwenpBy 0dksgsd f@ttheﬁxmmﬁohmncbﬂlrffm@n(@d\gmt emseincal Co., St.
Loui s was added to the shockate and was stirred once for 30
m n fowlwf%étb;}l\%;gﬁfrl fugation (12,000 x g, 10 mn, 4C). The shockate was
‘then concentrated using the Am con Centriprep 10 (10,000 MACO filters
(Char I[Oﬂ=t4da NC)GGBH iscﬁodmaﬂeMgéBni whe ina@ablnﬁﬁﬁs&arwt&ihﬁalskdfﬁ bypH 8.0, 1 5 nM
MyC12 ed S, was cent, 2,00 , 30.mn, 4C. The
osul iy PekATo ane SRSt R PR Bt e el Rt | i ow
Sepharygar MgIB! MBene( AHERE photdinsRNaE (HRE E r@bédtlﬁﬁ'hﬁolﬂ:ﬁ'né?ﬁﬁﬂé@@y, NJ) at 0.5

m./ mn. The coI um was washed wth 10 colum volunmes. A linear gradient

fhgmn{)‘ %{ﬁf & was applied_ to the colum_  and fractions were collected.
T PURI pr ot easirtte Brageresin gt MedBrli wgomepdished anfaliowedhsyviflo Sps- PAGE with

Coormgﬁseqvxﬁﬂi £@Was Bo& 1§ttoaJﬂTZ'T9R(/Ee%r w?nmm y €4ss k@ﬂ%m?ﬂmegé actions were

pool e di al'yzed over ni ght agai ns Sphat fered saline (PBS)
or 10 LondienaEnglaridy rMbianfaﬂm\EerQ pﬁﬂemted)froadhm@amwlmmdl wsimgycasgeite on

Centri stored,at 4C or O with glycerol. The
o PRt okddub B PanaSiidea S0 &t Houchieasbsserafty M et BT 00471 Bl
[20 %?«%ﬁgmmmnﬂcmed imﬂtabh Ml@f@ﬂﬁ%ﬁhmh e@qmlgdnnm Mt | di ne Tags.
re engj neefed by either site-directed nutagenesis or
cdgsetlas m@ﬁt@&e‘a ?‘Exﬁﬁeﬂ@"&“ﬁeﬁ“’eﬁuﬁﬁﬁ%ﬁé‘ﬁé‘?ﬁ@ E“%SEH‘R@‘@ d iy atagene, La

Jol I a,pufifidd as described below. An E. coli IM109 colony containing the mutant plasmid was

- grown overnight at 37°C with shaking (220 rpm) in LB broth containing 50ug/mL
ampicillin (LB/Amp). The ovemnight growth was diluted 1:100 in 1L fresh LB/Amp and
was incubated at 37°C with shaking until the ODgpp of the culture was 0.3-05. Expression of

- 20 the mutant was induced by the addition of 1mM IPTG (Life Technologies, Gaithersburg,
- MD) final concentration with continued incubation and shaking at 37°C for 4-6 hours. The
- cells were harvested bf centrifugation (10,000 x g, 10 min, 4°C).

[0046] The nutant protein was harvested by osmotic shock and was puriﬁed by
- column chromatography. The cell pellet was resuspended in a sucrose buffer (30 mM Tris-
25 HCL pH 8.0, 20% sucrose, 1mM 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.
The cell pellet was resuspended, and 10 mL ice cold, sterile deionized H,O was repeated,
and the suspension was incubated on ice and centrifuged. The remaining supernatant was
- pooled with the other collected supernatants and was céntrifuged once again (12,000 x g, 10
30 min, 4°C). The pooled shockate was filtered through a 0.8 ym and then a 0.45 pum filter.
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was performed to alter individual am no acids in the pQE70 ¥éudyz906 by

repl aci ng one amno 20 acid with another, specifically chosen am no acid.

The cassette nmutagenesis nethod (Kunkel 1991) was performed to random ze
am no agiods0iRs@ specified region of the GGBP gene.-The nutated cassettes
were then subc oned into the pQE70 expression vector. 10049] The pGGBP-Hi s
plasm d contained the GGBP gene cloned into the pQE70 expression vector

(Q age¥ireptpayeinsiifate Gigma Ghangical Gios Bt Levis.Mah & ‘S’JVXWN afdpdiiodes r esi dues on 25
the C .| used to
overexsgpgé?aﬁrgagﬁ%u&e@ - .sﬁﬁgﬂ%?%ﬁeﬁég’ n%lggtdd?l pfgéét%gg’es ib agen). After

over ex‘ﬁCb sHicghodkhite avag B@n ndncemtratedusiag tltermmcm Centumep 1€00J06Ct ed by

Vadi < I S B Al FR Sl Ea e S e RN RL (Mo v

gers | ymmi Medl, a’rhddmp&erd%mmewg EentriRIged (02,0080 %130 mify ©er Thersadtmgwas produced
30 by centrifugation (6000 r and to this, |md|zole(gl|\/p and 3

n of SuperRptmt pagedded tog %F@'éﬁ‘}lP ibpatsd Qéé&fast/ﬁlcfvé&ﬁ@w fRIBBE of gently m xing
at RT, Agﬁk?sh%ﬁé&{rﬁc?ﬂ@?otﬁﬁxnf’fs aftdﬁggquéﬂt @5 ﬁ{l 2%@ cMQnQ%JaQ@Zs%@dI (6000 rpm

andthe | ysate renoved. re was m of solution (1 M

NaCl , with ¥rilf Tlirsn velumes. mllmdgmé@ar&om G-QQMNaGThwaWhmtOCmmumns was el ut ed
from t Y n 1i0 mda M NaCl, 10 niM
Tris, ﬁﬁiﬁggﬁﬁg% coﬁn&géldnqqh? g °tgm ‘r\}ﬁ&ﬁ%&{) nr‘?wer ?At‘%bd s inmmediately
fi1a ersms -PAGBgth @oﬁasﬁiw@lﬂlm Bt’:li&stahﬁﬁg (b, tﬁqyprd%m? &Dn), Theaudtohs e, NC) and

br ot o1 YFRBRSIGh i gbaed piemel ot ChaadsmospheleGuiued e G gt [bn (1 M N

10 mM Ve 7 t ant
GEBPs. ﬁﬁ?o%lgl@ An aihllﬁg% ICC)I]E’} ﬁﬁ?%cﬁn&a@&% ggzri\]? g@ nlé%lgﬂ 05@%1@9@ Onﬂrrgln) in

PBS westored @ 41G eraR@&E wikh glyczrol\Thgiammioniuiny kitarbdna(eslialyzed protedt af or 30 min. A

st ock lg‘gdhﬁ&h on of N, N dinethyl-N-(iodoacetyl)-N -(7-nitrobenz-2-oxa-

1, 3-di ‘'yl)ethyl enediamine (1ANBD amde, 0.5 ng) was prepared i n DVBO
(100 L, 11.9 mM and 3.36 L (40 nnol) was added to the protein. The
reﬁcti[ﬂmmroceeﬁbenhmzrExpressi@rmdrpaﬂiﬁnaﬁoﬂoﬁmﬁthﬁB}&oﬁgmiaing rotam x in the
dar k. r%hellﬁl.bel ed protein was purified by gel filtration on a NAP-5 col um
15 (A %farmacia). The labeling ratios were determ ned using an
estimated extinction coefficient (50 mv' cni') for GEBP that was

cal culjge4syl in BOBPGHMEAIWES endincdted b eﬁ%ﬁﬁtd-ﬁ&bted&ﬂn?@eﬁdsﬁwD am de)

=25m vf'cn7'), and a_.nmeasurenent of O D. fo
cassette miltagenesis. Site-directed mutagenesis (Qu1kChange Stratagene La Jolla, CA)
was performed to alter individual amino acids in the pQE70 vector by replacing one amino
20  acid with another, specifically chosen amino acid. The cassette 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.

_[0049] The pGGBP-His plasmid contained the GGBP gene cloned into the pQE70
expression vector {(Qiagen, Valencia, CA). This construct places six histidine residues on
25  the C- terminus of the GGBP gene. E. coli strain SG13009 was used to 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
30 by centrifugation (6000 rpm) and to this, 0.5 ml imidizole (1 M) and 3 ml of NI-NTA beads
| (Qiagen) was added. After 30 minutes of gently mixing at RT, the mixture was centrifuged
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standard solution of I ANBD am de at 280 nm and 478 nm The 3july 2006
concentration in the protein was calculated as Cdye=A47s/ E478 The
absorbance of protein at 280 run was 20 cal cul ated as A pmnt (280)=A

tot al (388hsdy8(280), where A dye(280) = A 478 X (A280/ A478)dye std The
concentration of protein was then C prog2so) = Aprot(280>/ E280 Table 1
summari zes the change in fluorescence of various GEBP nmutants | abeled with

r epor (@100 gpral gy the Iyeekeramevedr dpobeatnyeregrasindsvifieadsimkpf ey (1dkci tati on or

em SShie %ﬂm,gn Qg) dnﬂ?écﬁantﬁgl%e .aﬂ%rﬁ?ﬁt%{tﬁaﬁﬁﬁis%% R4S fges the change
in fluoréscence, dnd determ ned K. values of nutations of one, two, 25

t hr ee pealatiy bdding SumiLrsolution {1 68 w4 initlarolep h M NGk, $0 wd Erig; pH&-Dwnd hows nut at i ons

of GGEBPR . | abeled with reporter grou ovi.de desi | ri butes as
ol uoopiiph 8235 8hp ohr B SRERUh offs RHRe BB heh BRo B3GR s RN
r ekat ilomfilérgAfnidon] ORarlsAsI DI and Bish eshcerftiatddic] -8 md/mbisdingd Cantriglidee change i n

fluorescence response to various glucose cqoncentrations of %é C/ L238C NBD
ani de YoEdp filigr- Thepratemayissialred pysyaighhagampste L ofistozage selntion (1 2

11 ustp aing Sk 0 ittt 1@ 8.4 | uorescence response to various glucose
concentrations of EL49CIA213R NBD ani de GGBP H6, as yet anot her

representative exanple, in solution. 15 3 July 2006 WO 03/057851 TABLE 1
Per cef@056hange Fxgmpledo Febebingelanytant GGs. Mut ant s' Exci tation/ A213C
DyeEmi ssi on S112CML82CA213CHi s6M216C (nm | ANBD am de470/ 550043517 | ANBD

ester fRIP50 | ALDANGAS AN BoBY cn Bt H30NSB0) AARPRIEROF:10334 XRI A
-5, 6575/ 600- 21- 19-38- 15 Luciter Yell ow I"A426/ 530-14-3 Bodi py

500/ 5#esaiwhi? 28 ditigothsg4l)s @b020mbl) for 30 min. A stock solution of N,N'-
- dimethyl-N-(iodoacetyl)-N'~(7-nitrobenz-2-oxa- 1,3-diazol-4-yl)ethylenediamine (IANBD
- amide, 0.5 mg) was prepared in DMSO (100 pL, 11.9 mM) and 3.36 pL (40 nmol) was
added to the protein. The reaction proceeded at room temperature for 4 h on a Dynal
rotamix in the dark. The labeled protein was purified by gel filtration on a NAP-5 column
15  (Amersham Pharmacia). The labeling ratios were determined using an estimated extinction
coefficient (50 mM™ cm™) for GGBP that was calculated in GeneWorks 2.45
(IntelliGenetics), €475 (IANBD amide) =25mM" 1crn'l), and a measurement of O.D. for a
standard solution of IANBD amide at 280 nm and 478 nm. ‘The dye concentration in the
protein was calculated as Cgye = Adrs/Ears. Thc absorbance of protein at 280 nm was
20 - calculated as A prou2s0)=A toral(280)-Adye280), Where A gyes0) = A 478 X (A2go/Aqzs)aye s The
* concentration of protein was then C proyzs0) = Aprot(2s0)/€280. Table I summarizes the change
in fluorescence of various GGBP mutants labeled with reporter groups, including reporting
groups having either eicitation or emission maximum of at least 600 nanometers. Table 2
~ summarizes the change in fluorescence, and determined Ky values of mutations of one, two,
25  three, and four amino acid substitutions, This data clearly shows mutations of GGBP
iabeled with reporter group can provide desirable attributes as glucose biosensors. The data
| shows the mutation-reporter group relationship for the samples tested. FIGURE 1 illustrates
the change in fluorescence response to various glucose concentrations of A213C/L238C
- NBD amide GGBP Hg, as a representative example, in solution. FIGURE 2 illustrates the
30  change in fluorescence response to various glucose concentrations of E149C/A213R NBD

amide GGBP Hg, as yet another representative éxample, in solution.
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Texas Red-nal ei m de580/610-13 Da ox |375/580157122 F from 08 fuly 2008rM gl ucose

at 0.5uM [dye].
t ags.

bi ndi NOwhPsh §}§‘51

detern1nat|on of Kd.

nmut ated GGBP | abel ed with | um nescent
[ 00531 The change in fluorescence (AF, Table 2) was

nmeasured as the percent

. gluc

Unl ess otherw se indicated all
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Sunma

SGBP- Ho

NBD Mut ati ons

Sol ut|iDepexyldent i fi d

at BOIHAF( 9

Q' Kd(

M7 Dy

e/ P2 ot

TYPEi nt

i nsi c0. 0002 Al1C

F from 0 to 1 mM glucose at 0.5uM [dye]. Unless otherwise indicated ali mutants were w/o histidine tags.

[0052]

[0053]

mutated GGBP labeled with luminescent labels and the determination of K.

Example 4: Detectable signal change evident upon glucose binding to the

The change in fluorescence (AF, Table 2) was measured as the percent

difference in fluorescence between 0 and 1 mM glucose at (.5 pM protein using an SLM

Aminco fluorimeter (Ontario, Canada) with slit settings of 8 and 4 for excitation and

: settings of 5 and 5 on the MC250 emission monochromator.

10 [0054]

Binding constants (Table 2) were determined by titration of increasing

concentrations of glucose into a 0.1 pM protein solution (PBS) with mixing following each

- addition of glucose. Slit settings were the same as listed above. The K4 was determined

from the following relationships as adapted from Pisarchick and Thompson (1990):

15
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Al'S +21'0.31 Al'S, E149C, A213R, L238S Al S, E149C, A213S, L238S+4890uh3%006 9

Kl | C101. 8 D14Cl1.5 V19C 560. 00010. 38 N43C400. 00020. 28 G74C- 30. 00091. 43
Y107C- 300. 0010.93 Tl 10C-9 S112C2200.051. 15 S112C, L238S61. 5 KI 13C150. 65
K137C 5Q,08084d. 17 E149C3000. 00020. 96 E149C, A213C+1100. 70

E149C, A213R6601 1. 1 E149C, A213S2400. 00231. 1 E149C, A213T35010. 6

E149C, A213L2800. 11. 1 E149C, A213Y2800. 11. 1 E149C, A213C, L238C+3931. 08
E149C, wherskisdonseepacipiensty 2Baossioresesoe 4t idmaty o1 Bpusssense agzero

LR AR e

E149C,reati@ship238S4800. 470. 76

[GLC]&ee = {GLC]mt - [PrOt]lot -Kd + -\/ ([GlC]tot -[Prot]m - Kd)2 +4 *[Glc]co: *Kd
2

. ‘where [Gle);o, and [Pro]y are the total céncentrations of glucose and protein,

resﬁcctivély.
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E149C, A213R, L238S500121. 1 HI 52C2100. 071. 3 H152C, A213S1000. 18July 2006

H152C, A213R- 31. 2 H152C, K223N2000. 0031 H152C, M 82C ML82CI | A213C500. 1240. 68
A213C, L238C24, 67361. 4 A213C, L255C-50. 98 M216C670. 0080. 91 D236C+230. 43
L238C 6ywoi3dsA43 (SPR) 1.3 D287C41. 1 R292C- 340. 00081. 5 V296C- 100. 0000151. 08
"AF fromOtol nMMAde at 0.5 mMM[dye] 2Kd neasured at 0.1 nM [dye] 3AF
when neasured fromO to 100 MM d c 4AF when neasured fromO to 10 MM G c
"Estimated; Sigma Plot calc. did not converge 'Estimted; curve did not
reach saturation 18 3 July 2006 WD 03/057851 [0055] Exanple 5:

| mobi l'i zation of a brARGNSRMS of GEBP-HENESMutdibiéention into a dialysis
menbrane matrix and the abaibi ty of the nmatrix to provide reversible and

cont i rdsefificationr eadi ngs. AF(%)’ Kd(mM)*  Dye/Prot

WILD TYPE infrinsic 0.0002
AlC
AlS
A15,E149C,A213R,1.2388 21 031
A1S,E149C,A2135,1.2388 +480 0.37 0.9
K1IC 10 L3
D14C 1 15
vI19C -56 0.0001 0.38
N43C 40 0.0002 0.28
G74C 3 0.0009 1.43
Y107C -30 0.001 0.93
THOC 9
s112¢ 20 0.05 1.15
$112C,1238S 6 1.5
K113C 15 0.65
KI137C 5 0.00004 .17
E149C 300 0.0002 0.96
E149C,A213C +110 0.70
E149C,A213R 660 1 1.1
E149C,A2138 240* 0.0023 1.1
E149C,A213T 350 1 0.6
E149C,A213L 280 0.1 L1
E149C,A213Y 280 0.1 1.1
E149C,A213C,L238C +39° 1.08
E149C,A2138,K223N
E149C,K223N 260 0.003 0.7
E149C,1.238C 260 5 1.6
" E149C,L238S : 660° 0.08 136 -
E149C,K223N,N256R
E149C,N2568 i 0.93
- E149C,N256R o200 7428 0.9
E149CM182C,A213C, 12388 200 216° © 32
E149C,A2138,L.2388 480 _ 047 0.76
E149C,A213R, 12388 500 12 1.1
H152C 210 0.07 1.3
H152C,A2138 . 100 0.16
HI152C,A213R -3 1.2
H152CK223N 200 0.003 1
H152C,M182C
M182C , 11
A213C 50 0.124 0.68
A213CL238C 24,67 6 14

" A213C,L255C 5 0.98
M216C 67 . 0.008 0.91
D236C . +2* . 0.43
L238C 6,43 . .003(SPR) 1.3
D287C ‘ 4 1.1
R292C -34 0.0008 1.5

V296C -10 0.00001° 1.08

JAF from 0 to 1- mM Gle at 0.5 mM [dye]
2Kd measured at 0.t mM [dye]

3AF when measured from 0 to 100 mM Gle
“AF when measured from 0 to 10 mM Glc
SEstimated; Sigma Plot calc. did not converge
SEstimated; curve did not reach saturation
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[0056] Using a Varian Eclipse fluorinmeter with a fiber opti%Juiat8ehnent,
GEBP 5 L238C/ A213C protein (2 Min PBS buffer) entrapped wwthin a dialysis
menbrane having a nol ecular cut-off of 3500 Daltons affixed to the distal
end of JHashddgr. Sol utions were prepared containing PBS buffer, 2mV and
20mMM gl ucose 1n PBS buffer. Wth the probe in PBS solution, readings were
recorded at 0.02 seconds intervals of the em ssion wavel ength 521 nm

f ol | oMe@$Sby i nsrapiplerd: bnmpbilization ef a bipsepsar lebthg Ingeolievandipumiconhs. Repl acenent
of the:10.-f] ' - puf.f ' o n of initial
Si gnal%.1 |Sgd&$ggr§le eapl %‘hg tﬁ%bﬁw %f%glélgﬁxce{g p%ﬁ@g%%\vgﬁb%%g I\%\t/[englhﬁ%uf fer and
gl ucosendagk.ut i ons denonstrating the reversibility of the biosensor
entrapped within a perneable matrix within physiological range. 19 3 July

2006 /057851 CLALM. 1. A.glucose. bi osensor .conpri shig: at | east one
mut at X@s%?ndi ngé%?%/\&ﬂ?n i Sgtﬂuf’rélgg r%ﬁtéa E%%SP‘tweartaﬁ%eglg da(?%]énached t her et o,
SEGh Mas%s\aﬂ:et: propdr el ing(PjBﬂlblmxf&Ed entraig®d &vittintacidl vsin rﬁerﬁhirﬁhd ghaviagai bl eI si gnal
change en sajd_putate i.ndj ng protein i posed.to varyi ng gl ucose
conceﬁ‘%ﬁ%?ﬂ‘]abﬁgjﬁl&ﬁé‘?oel?ﬂmg%ﬁ Xﬂ%?%&‘gﬁ?lén‘éﬁéﬁ"r ’gﬁ}é_r é?lﬂq‘@sé‘ie@enal change is
rel at f‘;‘;ﬂep&&d%&it&iniﬁ?[’ﬁs Bfer CHRACAHI RN Bficosé in FEELITTP S WihQhe ftbbeGhal m 1 _
wherein said nmutafed binding protein I's glucose/gal actose binding protein.
10 3. PBleolytion cendimes wére gdcaidad at Gipleseednds intdrchlan{le amjssipmovavielsngtBnpri ses at

| east ] I i 1:00. 0 4.4 T I [ .M 1 wherein
ar d BEnarRUae Bk aR ine bl % o uckdCpo e BBE RSB Ben BT | 1TE0S. s
The Dbifibecneduffafonty siutod rastierddn thesatun dfiinihk] signgdr Bigeter depiepsr | Ses at | east
three am.no 15 acid substitutjions. 6. The biosensor .of claim3 wherein

sai d _érHiltng %#&?@M‘W FWFW“&%‘ @él%‘@??&o_m@?ﬁ ﬂ“@ns“ap%'ﬁ‘econsi sting of a
Cyst ekdiRrsiilith @B¢ht biRSendor eftrped ﬂﬁhiﬁta_pﬁﬂlﬁablhﬁﬁtrﬁo-wiﬂﬁ@%?sﬁﬂd@%aﬁt position 11,
a cysteine at position 14, a cysteine at position , a cysteine at

posit f#ge43, a cysteine at position 74, a cysteine at position 107, a
cysteine at position 110, a cysteine at position 112, 20 a cysteine at

position 113, a cysteine at position 137, a cysteine at position 149, a
cysteine at
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position.213, a cysteine at position 216, a cysteine at pos$duyaa®9o238, a
cysteine at position 287, and a cysteine at position 292, a cysteine at
position 152, a cysteine at position 182, a cysteine at position 236, a
cystei nﬁ,og, Pegition 296. 7. The biosensor of claim6 wherein said binding
protein a o(ltlonally conprises at least 25 one histidine tag. 8. The

bi osensor of claim4 wherein said two am no acid substitutions are sel ected
from tWE @AIMp 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
cyst eilne a® gherobd hignensbbLomprebing: cyst ei ne at position 182, a cysteine at
position 152 and a serine at position 213, a cysteine at 30 position 213
and a cyst e!ilmttatenpn&bctbimlingﬁmeiraandytslbmtnnﬁrapomogiwp@mchﬂﬁh@rﬁd, an argini ne

at positio tei ne at 05|t n 14 and.a cysteine at position
213, a cyst®h ﬁ@%igﬁl@ﬁggéetrlgﬁoﬁ'pfﬁv %fli’ VG?}@%%‘%‘?&%@ and a threoni ne
at sposi t i owheilsiid rAutateé bRdng pﬂitelﬂi%?eklbdsai\tojvﬂﬁmigl’glu@sé Sncénaetiak, posi tion 213,
a cystel ne at position 149 and a tyrosi he at p05| tion 213, a cystel ne at

posi tion 1Wbergigaid detegiable andyeysasible Sigaal changisyglated fp @if¥aBiie at position 149
and a cyst gimgdlioR0Si tion 238, a cysteine at position 149 .and a serine at
position 256, a cysteine at position 149 and an 5 arginine at position 256,
8 CyStRl NeralyiBaslct bAllaitPPwidit 3ld AMIARIAI BRI L bRRsGldadte CYstel ne at
position 152 and an asparagi ne at position , a cySteine at position
213 dordling pegtsinei ne at position 255. 9. The biosensor of claim8 wherein
said binding protein additionally conprises at |east one histidine tag. 10
10 TBe bi dbetriswnsoobf déiai hwhervih esié bindmg ipobtditncaepresas atdeastone amimost i t ut i ons
are sel. cteg fromthe group consisting of a cysteine at position 149, a
seri né® fmﬁ @fiRon 213 and a serine at position 238, a cysteine at
p05|t|on 1 an ar i.ne a osi 213 and a serine at psition 238; a
Oyt et alheniienith Bt ot 1 SherhS 2ud hading PuSH Corassa 1arda sBY8: of no at
posi t izeid sukdBfitiomk. CyStei ne at position 149, a serine at position 213 and an
asparagi ne at position 223; 15 and a cysteine at position 149, an
aspar 391 nergil iRl bRllaif?twAlén 3id B bREiRtorRARbS b Whsidho arkibo The
bi osensor of clalm 10 wherein said binding protein additionally conprises
atls | esidsubshimtibisst i di ne tag. 12. The biosensor of claim1 having at |east
four am no acid substitutions. 13. The bi osensor of claim 12 wherein said
bi ndi g pr Theehioseasbd bf ¢dlaimad Whereionpd armime agitl 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 cysfeine at position 110, a cysteine at position 112,
20 | a cysteine at position 113, a 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, and a cysteine at position 292, a cysteine at position 152, a cysteine at position 182, a

" cysteine at position 236, a cysteine at position 296.

7. The biosensor of claim 6 wherein said binding protein additionally comprises af least

25 one histidine tag.

8. The biosensor of claim 4 wherein said two amino acid substitutions are 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 2 serine at position 213, a cysteine at
30 _ position 213 and a cysteine at position 238, a cysteine at position 149 and an arginine at

position 213, a cysteine at position 149 and a cysteine at posmon 213, a cysteine at posmon
20




20 | east one histidine tag. 14. The biosensor of claim 12 whahetoaésai d four
am no acid substitutions are selected fromthe group consisting of a
serine at position 1, a cysteine at position 149, an arginine at position
213 andyg pshd7kdie 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
cystel ne at position 149, a cysteine 25 at position 182, a cysteine at

pOSi t il éh a3 heeving atgwositioe2 13t ap‘ﬁmlltqa@)nosttm 149 8nd Aleucityt Boesitar213f cl ai m 14

wher ei nézﬁg}l‘{led at]:ggé{{mr?{HQ gggyrgsn%e al?ﬁcgmt o'ﬁtfl Y cafs ?ue & rp%girilgﬁ' ?493;.\-@ R osition 1, a

cyst EI n 1on an ar nine —at’ a serine at

posi tlas;magBBat ﬂ(ﬁltiﬁheimla&yﬁelﬁ@m pﬁiltmﬂ Bd9mdawm¢1manpssmm TBporter group is a
| um nescent | ahel The bi osens % of cl.aim 186. vmﬁrgm n said | um nescent

| abel C)‘Fé"énea?ﬁ%%l‘é‘?“c’a“tl% a §eipe PLRSHAN &96. Asyteingal o 149688 hanonet ers. 21 3

Juky %%Qﬁne]ﬁposﬂ'&x ﬁ6°§@y@éﬁk a%osﬁﬂoﬁ'lﬂiéxﬁ ifihatRsiflon 218 pescent | abel has
an em ssion wavel ength of nore than about 6500 nanoneters. 19. The

b| 0s e ¥HingAt pesitiemi SZendhrerspiragisaiiosition WSsenshrcybigive t positiendH ent |y coupl ed
s%‘g n%%f,osg%gz\%ucose/ gal act ose binding protein. 5 20. The

b| osensor cla erein said lumnescent |abel is covalently coupl ed

to sgid %ﬁ%cﬁfs%{&? f‘&él&%ewl?érélg Fa@&bﬁ%&;ﬁé ﬁo’t‘eu?h’ddlt?o%%ﬁ} Dpitsbls RadfBIT0ET

sel ected fromthe cons mari ns, rhodam nes,
5- TMRb#e littatinestaget hyI r hodam ne-5- i odoacet am de), QJant um RedTI\/l Texas
RedTM Cy3, N-((2-iodoacetoxy)ethyl)-N netbyl)am no-7-nitrobenzoxadi azol e

(1ANBD)., OfrRchiysetior olclslinokiydin said hicepitifedciwbitiut(ons wylseldaa) , pyrene,
Luci fer Yellow, CyS, Dapoxyl., (2-bronpacetanij doet?#/I )sul fonam de, (N
( 4, 4- &Py %graumcoslsgmqf étcmw Hyppsition M9y sepige atpogiigh 1% and 3 grinen e

y' ) h%@ﬁﬁﬁE?ﬂ“a@?ste1ﬁ58§bﬁﬁ{oﬁpl7495ﬁu5ar$1€ihe aﬂ\ﬁo%of}th {daueRncyt 7- di phenyl -

ora- 3a, 4a-di'aza- s-1 ndacene- 3 pFopi onyl') -1 odoacet yl et hyl enedi am ne
(BODI wlmswmsme abpoitipn 249, |a@m§an@atynbalam Eié)aad hgyyiciamat poditirpht hal ene- 1

|- 33222% %n? Sgem? &IQP%I%"AE?AN%M 1?%2%9%1 r SO%I(Jafr:hg%m Osﬁi?lér%g?n sai d

r @por ael a @iring acpositonday, dnss;gmgine laNpositinp Q2% endtan argtixipO SPoLitidIO2HN ener gy
source. 22. A nethod for glucose detection conprising: 20

11.  The biosensor of claim 10 wherein said binding protein additionally comprises at

Jeast one histidine tag,
12.  The biosensor of claim 1 having at least four amino acid substitutions.

13.  The biosensor of claim 12 wherein said binding protein additionally comprises at

20  least one histidine tag.

14.  The biosensor of claim 12 wherein said four amino acid substitutions are selected

from the group consisting of a serine at position 1, a cysteine at position 149, an arginine at
. position 213 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

25  atposition 182, a cysteine at position 213 and a serine at position 238.

15. The biosensor of claim 14 wherein said four amine acid substitutions are a serine at
position 1, a cysteine at position 149, an arginine at position 213 and a serine at position
238.

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

30 . 17. The biosensor of claim 16 wherem said luminescent label has an excnatlon

wavelength of more than about 600 nanometers.
21




25 a) providing at |east one nutated glucose/gal act ose bi nds suly 3908t ei n and
at least one reporter group attached thereto; b) exposing said nmutated

gl ucose/ gal act ose binding protein to varying glucose concentrations; and

c) detecting a detectable and reversible signal change from said reporter

group er : | ' orresponds to
sai d \}gpyl ?gegﬁﬁg%ggsggg%gﬁ %g??%n%%/@@héﬁkglt%bggﬂé of c%zlﬂ:m 22 wherein
sai d detazelengtl of snorothian abau $00 paegnatensed, epi sodi c, or conbi nati ons
thereof. 24. The nethod of claim 22 wherein said nmutated gl ucose/ gal act ose
bi ndi ng9pr otk mdssnsosefa@hepb wherirhaid Ridisdsc@rldtpl Beovdedtiynebupedps ot ei ns.

30 25. The npethod of claim22 wherein said detectable and reversible signal
occursSﬁ‘ﬂHat/}etd?t@nezbwssed&ﬂl%ﬁt%@eldmlersr%?ssl U /QO-1tS)5GJ 26. The net hod

of claim22 wherein said binding protein conprises one am no acid
subst i 20t i orthe biosenseohdeinntf whersinaiaid Raripgseens |1¢beb§|0d‘/4i¢1ﬁbi soypledde ei n

conpr | 38d ﬁicogeggagﬁct%s\é%n?dﬁ%?mtel gresalép S \IVEth N etr s?lﬁéed Eom tﬁgg})%g of claim

27 wherel i sai d X Tl f ee amnm no

subst i torisiging. ofﬂaore&r&em raseﬁﬂn@zﬁhspfho@hﬁhﬁﬂs?ﬁTMEMB(tétraﬁa@dﬂ@lﬂi@aamme@ acid
substitution is selected from % consi sting of a@%stei ne at
¢ ¢

posi t i ¥sogcetamide), Qrantm RedH EIWSB 6 Bi-H&-1edoapiery) -N-1, a cysteine
at  poSife ailngn n‘?t)‘c?&eﬁkd}%di%&olegﬁ% BBZ c%l%%’f:f ?I%Iﬁét%@sﬂ‘ino‘i’ﬁ iehhige 43, @

cystelne position ern stel ne at
- poblti (Hcrﬁlwan),qnﬁm Buciter MellposCyd dhap’bi:gl (2-momypstetinnidoethylpadfioharnide1 13, a

cyst ei It t.ej ne _at sition 149, st el ne at
ool o B BBt 03 5 PR by B e e Sflesce 2P RHRIEINIS58,

cystei (Bod mmtslm | NAB4-diffudry3t ﬁ&ﬂi}ﬁexgﬁl ﬁBéfaHa% B%%-s-Audadakesne at
position 152, a cysteine at position 1 cySteine at position 236, and

a cystpmp@md) %%C’cqagﬂylz@ﬁ'lenm@am@w (BODIR 51’&2155&1&)1 24229 wherein said

T 0P BB 0R A 9T Shifoni 6k 1 LIREDNIRGTRIA S8t | 0251

15  X-rhodamine, 5/6- iodoacetamide (XRIA 5,6).

21.  The biosensor of claim 1 wherein said reporter group emits said signal in response to

exposure to an energy source.

22. A method for glucose detection comprising:

a) providing at least one mutated glucose/galactose binding protein and at least
20 one reporter group attached thereto;
b) exposing said mutated glucose/galactose binding protein to varying glucose

concentrations; and

c) detecting a detectable and reversible signal change from said reporter group
~wherein said detectable and reversible signal change corresponds to said

25 varying glucose concentrations.
23.  The method of claim 22 wherein said detecting is continuous, programmed, episodic,
or combinations thereof.

24.  The method of claim 22 wherein said mutated glucose/galactose binding protein is

selected from bacterial periplasmic binding proteins.

30 25.  The method of claim 22 wherein said detectable and reversible signal occurs in vitro.

22




31. The nethod of claim 27 wherein said nutated gl ucose/ gal &aihyo2e6 bi ndi ng
protein has at |east two am no acid substitutions selected fromthe group
consisting of a cysteine at position 112 and a serine at position 238, a
cystei ngokePRsi tion 149 and a serine at position 20 238, a cysteine at
posi tmcm-:adgu 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
POSi t3g0N 3B methol ¥EEIGIH TS witkheiR 95d bindiRg prbfeitbdvthpdiSesaing amimveact position 213,
a cysteine at position 149 and a cysteine at position 213, a cysteine at
posi tsubfltutid. and a threonine at position 213, a cysteine at position 149
and a leucine at position 213, a cysteine at position 149 and a tyrosine at
25 pd¥iti dike method af elgig: 26 wherein ssidBinding proleArocogmipsespt g‘@'ﬁé\”&@‘?’”ﬁ@ at position
223, a. tel at position 149 and a cysteine at position 238, a cysteine
at poaﬂcfel@%&f?f Sand a serine at position 256, a cysteine at position 149
a ar gini N6 3t -BASi 17,00, 256, B bRkAScciprisROE dabiThred BRingnd an
aggi ?Fr&he e&?@?o? iogﬁmﬂll ,‘Q%Grégg%%?lﬁg%g%%é%ﬁfﬁpgﬁ 152 and an asparagi ne at
posi tdcRisuBARutiods.Cyst ei ne at position 213 and a cysteine at position 255. 30
32. The nethod of claim 31 wherein said nutated gl ucose/gal actose bi ndi ng
‘protejsn  aphdintektdaf tiinCIophidréie saidibnd Mdisd ackhebbtitetidnds sedecteddion?3 3 July 2006
WD 03/ 057851 33.. The nethod of, .cl ?i m 28 wher.ein said.t hrteeSi ino acid
subst e g1OPR ANSHRE Yen FUFIBHA AOFHR ’Wege@?eoaﬁﬁosélb"r'i‘gl"gﬂ’ g ot P @@st ei ne at
posi tilogc%ﬁ’e?me A pe&hidnng, AlysRARiat pRRioahd, ARBteRe G680sHiON 43} a d3SBInt bON 238; a
cystelne at p03|pt.| on 149, an arginine at position 213 and a serine at
pisi tpositiog I8, a cysteips eigiositomi 07 8 systsinspt pasgtions] 1yaqysielns abposhivaill$-on 213 and a
cysteine at positi 5 238 .St el b bdsHn48, 2 &steBELine at
poSi t?@ﬁteﬁfp%%glogﬁﬁagﬁﬁggﬁ? %@%glﬁ&g%jsq}i’e??%’ﬁ%%b 5 arlllé) a ac(’?;s_t eine at position
149, RRitRERAS,agyenait ppsitor 216na 2RRirmatipasition2d8, nicygeiat afgwsitivh on 256. 34. The
nmet hod of cl aim 33 wherein said nutat eg %gl ucose/ gal a‘ggno]%g Pi ndi ng protein
addi t #mArYSiEnecHBeSoB 295, ySISinf A Resitian L3% 3 FYR e“tea"g.f"’% e et hod of claim
27 m&fséidaa§§8sﬁiohi2@éiaﬁk9a9§s£&&ida sERrioses at |east four anino 10 acid
substitutions. 36. The net hod o? claim 35 wherein said four am no acid
SYPStid Ut i-fRSRMA of BhBFIPIndEiRTid bihedr MitBsIRNBiosd biRdingbroeiser i ne _at
position 1, ‘a cysteine at position 149,” an arginine at position 213 and a
ser i naldittonpltysiotriposes288ast emhistidmedei ne at position 149, a cysteine at
position 182, a cysteine at position 213 and a serine at position 238. 15
37. The neTHeosktlasd of blainn? Béheskin sai mutdédiglicoss/ satartospbiading Pra@ihast ut i ons are a
Ser! ng{ lgz;[st two amino acid substitutions selected from the group consisting of a cysteme at
position 112 and a serine at position 238, a cysteine at position 149 and a serine at position
20 238, 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 at position 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 149 and a tyrosine at
25  position 213, a cysteine at position 149 and an asparagine at position 223, a cysteine at
position 149 and a cysteine at position 238, a cysteine at position 149 and a serine at
position 256, a cysteine at position 149 and an arginine at position 256, a 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 and a cysteine at position 255.

30 32. Themethod of claim 31 wherein said mutated glucose/galactose binding protein

~ additionally comprises at least one histidine tag.
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position 1, a cysteine at position 149, an arginine at posi3iuyri2d3 and a
serine at position 238. 38. The nethod of claim22 wherein said reporter
group is a lum nescent |abel. 39. The nethod of claim 38 wherein said

| um nesg@NLpsake!l has an excitation wavel ength 20 of nore than about 600
nanoneters. 40. The nethod of claim 38 wherein said | um nescent | abel has
an em ssion wavel ength of nore than about 600 nanoneters. 41. The net hod
of cl a33m 3Fheethed nf JaimP2] wirireie saidihtee lamins acidssubgipetions ate pelestadpl ed to sai d

mut at [.gal e bj ndi r {n_by reactin i d nutated binding
pr ot e%ongk\hg%%%gg&%ﬁﬁégﬁ%%%%%qegg&F&S%H%élS Iynguagg%sténnog i %5?‘?&%5’ ""?I uor escei n,
coumarat pssit(ijdnfmet&rﬁymfim agposiENRIIAQ, @h edgindmeat pyditichdd dmhdiesdving adoacet am de) ,
Quantum Re Texas RedTM 3, N.((2- .. . ..
[ odoad?é’tg'é‘%:)[gé F‘l_ﬁYs}e-"F\? %@Pﬂ?‘?‘) ’%n %‘8’-3‘?’-“% é’i Rositien 2% 2 acysieine 24 PRRIEPY ;
6- acr Y138Ya cydteind af Risitivh 289, RABARM PitRAS 15 A6l M REARine RYbSiR228UCi fer Yel | ow,
CyS, Dapoxyl (r) (2- bronoacetamn doethyl)sul fonam de, »
( N- ( 4,and gicystevesra pasitiorsl 49, acaspapginepay positipnt3s gudan argingw atipesitign 256.i ndacene-
2-yl)iodoacet am de (Bodi py507/545 | A), N-(4,4-difluoro-5,7-diphenyl -
4- bor @343a, 4be thethedo 1$lﬂd§oﬂwm Sidmutpicd glpcyselgalaciostdindingmreteiny | enedi ani ne
( BODI PYS(.r 4 3. 03[.057851 530/550 | A),

%%‘8%&1315(%;%'{@?55% Ltylea%g 91}%%]1%?151111& tag

5-(((( ani no) e armcno) napht hal ene-1 -sul fonic acid (1, 5-

| AEDANR) , r boxyr X-thodan ne,. . 5/.6-1 odoacet ani | |A 5 .6). 42. The
et hod i CPemAaBon N PERERFY 5a pPe ISR REhERe Mirh R AeG sar

r eqgor taeld sulgstitutipnd 0 an ener gy source capable of exciting said reporter group
to emt said signal. 43. A conposition conprising: a mutated

gl ucosy, galTREmethed 6 disin B3 wieadietal foavdniigo adid hetasfutiGRarerrlened f6id
substitution selected fromthe group consisting of a cysteine at position
1, a <he graw copsistpgof eserine pt positiopdt 2eusemgat PRYJION; 14% ap ArEIKNG3ist ei ne at

posi ti 14 W j s it | : it el gtion 43, a

Cyat eitha a2l P R et e o i e at 10

posi t iposition 182, acysteitesit pesitain 238 sid 4 wrind &Dosidow Y3/ ei ne at position 113, a
cysteine at position 137, a cysteine at position 149, a cysteine at

pasi ti30n 27TRBe methoy sfidiimed6arhepissaid fonr i add subgistheonsaresd sepesdtt | on 238, a
cystei ne .at. posit.ion 287, cysteine at position,292, a cysteine at

posi t RSN 2 Cysigineal posiian ﬁ%g’glﬂarﬁ’t‘.}g’?laf%ﬁ‘?@@imﬂq affEed Ption of claim
43 whengi n said nutated gl ucose/ gal act ose binding protein

38.  The method of claim 22 wherein said reporter group is a luminescent label.

39.  The method of claim 38 wherein said luminescent label has an excitation wavelength

20~ of more than about 600 nanometers.

. 40.  The method of claim 38 wherein said luminescent label has an emission wavelength

of more than about 600 nanometers.

41, The method of claim 38 wherein said luminescent label is covalently coupled to said

mutated glucose/galactose binding protein by reacting said mutated binding protein and a

25  member selected from. the group consisting of fluorescein, coumarins, rhodamines, 5-
TMRIA (tetramethylrhodamine-5-iodoacetamide), Quantum Red™, Texas Red™, Cy3, N-
((2- iodoacetoxy)ethyl)-N-methyl)amino-7-nitrobenzoxadiazole (IANBD), 6-acryloyl-2-
dimethylaminonaphthalene (acrylodan), pyrene, Lucifer Yellow, CyS, Dapoxyl® (2-
bromoacetamidocthyl)sulfonamidc, (N-(4,4-diflnoro-1,3,5,7-tetramethyl- 4-bora-3a,4a-

30 - diaza-s- indacene- 2-yl)iodoacetamide (Bodipy507/545 IA), N-(4,4-difluoro-5,7-diphenyl-
i}-bor’a—Ba,4a-diaza-s-indacene- 3-propionyl)-N’-iodoacetylethylenediamine (BODIPYS®
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15 additionally conprises at |east one histidine tag. 45. Thaiczeposition
of claim43 wherein said nutated gl ucose/ gal act ose bi nding protein
additionally conprises at |east one reporter group. 46. The conposition of
clai m 4o, Wgsein at least one reporter group is a |lunminescent |abel.

- 2047. Thevconposi tion of claim46 wherein said |um nescent |abel has an
excitation wavel ength of nore than about 600 nanoneters. 48. The

Conposk3a/950 M), $d(@ﬁ-md6&ew)ﬁﬁﬁb)@thg@iaﬁlidoyﬁabmmeiﬁmsulmghcidne@s-a_n emission
wavel engt h of nore than about 600 nanoneters. 49. The conposition of claim

46 whe }HAglﬁ?vén‘iW%&%@ﬁ@@%%‘ip@%w&%m%@upl ed to 25 said nutated

gl ucose/ gal act ose bi ndi ng}ﬁprp‘t ein by reacting said nutated binding protein
and a f2nbeFhesagtizedof glamt dhaddivenallysampasingthe stemef csposigsaid sepedetn, counari ns,

rNOJaERER o Sy R Al TR LA AR Mo o Q0BG AL - Quant um RedTi

Texas
i odgacet oxy - | ) am no- 7-ni trobenzoxadi azol e (1 ANBD),
6- agry J%-)'yl -éi%@e{&n%fo%{;maéﬁﬂ%nghapht hal ene (acryl odan), pyrene, Lucifer Yellow,

(R (4, a5 11 st B R RR AT RRah ko lead BBE 294. < | ndacene.

2-yl) i eubstantrsriedied (rBiadioyi) thiing 8 a cybtelnd athositibh Lor serifis.af - di phenyl 25 3
July 2006. V\q 03/ 057851 4-bora-3a,4a- di.aza-s-i ndacene- .

3- pr opPHIRA 1 P\I"Yﬁ‘%‘lfd‘éﬁ%‘ttwiLﬁ;ﬂY%ﬁé%ﬁ‘fé’Hle%“ lBeexsisinedy posiig A8 . A) | 5. ((((2-
i 0d0a06§syéiaeaa§1_a&ﬁ)oﬁt4byd oystaiie /Etg;})ﬁﬁa{ﬁdjalcﬁs?@né at (%(bliéfogqg@,gfb%tgné & 5- | AEDANS),

and carboxy- r hodam ne, 5 i odoacetam de ,6). 50. A conposition

coiPr i positipn 130,a aysteiaeiatgpsidensd 2 qadvaieing skpasiting i 132 pystrine abpositionng at 5 | east
one ami (e IS . | } ected.fr [ isting of a
cysteﬁligelﬁg?i; gﬁ%%el#?%tr’\ﬁ&#%%%%ﬁﬁglée% §$"é‘|§“nfewa{g§‘8§‘?? f@ﬁﬁiﬁﬁg!é%nd at | east one
addi t i opz&linel anpesitionQB3, adedteihid 2 position 28Ujasdysteint tquositibn 202, acysteineaci d resi due.

51. The CO%gi tion of claim 53 &A;erei n said nutated gl ucose/gal actose
bi ndi nBPsHRBAaP7nd 2 Qyieine ShRSIOn é3hpr i ses at | east one histidine tag. 10 52.
-The conposition of claim50 wherein said nutated gl uc%se[ gal act ose bi ndi ng

prot ei f*+- adthecPBRAsAp of glAiRr Howierean sqitmutated glucosg/igalagiese bpdmgprotes. The

CORPOSkdditRatf cond bV PRast iR diRindtag! €aSt One reporter group is a
| um nescent

45.  The composition of claim 43 wherein said mutated glucose/galactose binding protein

additionally comprises at least one reporter group.

46.  The composition of claim 45 wherein at least one réporter group is a luminescent
label.

20 47.  The composition of claim 46 wherein said luminescent label has an excitation

wavelength of more than about 600 nanometers.

48.  The composition of claim 46 wherein said luminescent label has an emission

wavelength of more than about 600 nanometers.

49.  The composition of claim 46 wherein said luminescent label is covalently coupled to
25  said mutated glucose/galactose binding protein by reacting said mutated binding protein
-and a member selected from the group consisting of fluorescein, coumarins, rhodamines, 5-
TMRIA (tetramethylrhodamine-5-iodoacetamide), Quantum Red™, Texas Rédm, Cy3, N-
((2- iodoacetoxy)ethyl)-N-methyl)amino-7-nitrobenzoxadiazole (IANBD), 6-acryloyl-2-
dimethylaminonaphthalene (acrylodan), pyrene, Lucifer Yellow, Cy5, Dapoxyl® (2-
36 .bromoacetamidoethyl)sulfonamide, (N-(4,4-difluoro-1,3,5,7-tetramethyl- 4-bora-3a,4a-

diaza-s- indacene- 2-yl)iodoacetamide (BodipyS07/545 IA), N-(4,4-difluoro-5,7-diphenyl-
' ' 25




| abel . 54. The conposition of claim53 wherein said | um nestami2doabel has
an excitation 15 wavel ength of nore than about 600 nanoneters. 55. The
conposition of claim53 wherein said |um nescent | abel has an em ssion
wavel enﬁb%lgg 5grore t han about 600 nanoneters. 56. The conposition of claim
53 wherern sard | um nescent |abel is covalently coupled to said nutated

gl ucose/ gal act ose binding protein by reacting said nutated binding protein
20 and-loradadee diagel-sdbeede-f-mopibind)-§ f—iodpncenyhﬂiybnédignimé (BORBRY® cei n,

ggg?[#&ﬁ/%@%%ogi—@p i %mrmw%@thgﬁgﬁlr 3 apkfl}){alene mnce ac;51dt o§j_oacet am de),

| odoagREDANSS,faAY barbdtyTet fiydahiig, 5/@-idddabdtarbie parpeagipyazol e (1 ANBD) ,

6- acryl oyl -2- di net hyl am nonapht hal ene (acryl odan), pyrene, Lucifer Yell ow,

CysS, @@p 0X Wl dofpoditfon dAHPHBIAL QlrdtAtelPlebke/aSatidse BRding Protein having at

(N-(4,4-difluoro-1,3,5, 7-tetranet hyl - 4-bora-3a,4a 25 di aza-s- indacene-

2- 91 ) ilesaine amieiagid se@@mtlsx} st dmn iy growp consisting o1 4 yFiEINS atnogitisheny | -

(BoDi AL A Posb P RIp R YEE el R HERR | ot Y] ened am e

am no sulzspihttibabfamentincsacid osidee. aci d (1 5- | AEDANS), and carboxy-X- rhodam ne,
5/ 6-i odoacetam de (XRIA 5,6). 57. A conposition conprising: 30 a nutated
gl ucose/ gaﬂ‘m:ctommsitibmnﬁ dugm(SOotheiein damivnwigied plutme/gtiadiore badingpreteind

substi .10 selected fro roup consisting of a cysteine at position
112 aﬁé‘&lh VF%EP‘EFS% ‘t‘i“Bﬂlséggeg% July 2006 WD 03/057851 a cysteine at

pa |t| n 149 and a . ser ositipon 238, a cysteine at.position 152 and a
@t eiShe alheBHIRPHSR of 358519%1 s Tagtatgd giieqatgalaciose b REQIF e o

posi tIagd]ﬁ&{]aﬂyc@}nlﬁ-}g@gﬁllélg(ﬁhrcpgﬁ§-lg§-6 n 213 and a cysteine at position 238, a
cysteine at position 149 and an arginine at position 213, a cysteine at

posi tisgn 148 AithodtiGY SHcRimS2 AheRRSH d:GbniPort@ oFD 4 RfidkcdrPSi tion 5 149

and a threonine at position 213, a cystel ne at “poSition 149 and a | eucine
at podibel.on 213, a cysteine at position 149 and a tyrosine at position
213, a cysteine at position 149 and an asparagi ne at position 223, a
cyst eiSAe aThegmsipbsiton di4hiakd vdecirshid lmeinatceptdatict kasan 288tatien cyst ei ne at

pqsition .1 d a,seri osi,tion 256, acystelne at position 149 and

‘aﬂg arg ﬂF’P@"gEPm‘fSBE\aWW?Q@%“BQ“@%t eine at position 152 and an argini ne at
Sltl n 2 a 1Q.c psition, 152 n aragi ne at position

223 gtys%‘é‘? ‘i‘?&’l’afﬂl‘iﬂvﬁ'&f 332%%%“&‘“”%@%&%’@%5 SB508, 255. 58, The

CONMPOSiablenyiPds ridrathdh Bounb® Rindm&tasd mut at ed gl ucose/ gal act ose bi ndi ng
proteln

56.  The composition of claim 53 wherein said lurninesccnt label is covalently coupled to
said mutated glucose/galactose binding protein by reacting said mutated binding protein
20 and a member selected from the group consisting of fluorescein, coumarins, thodamines, 5-
- TMRIA (tetramethylrhodamine-5-iodoacetamide), Quantum Red™, Texas Red™, Cy3, N-
((2- iodoacetoxy)ethyl)'-N-methyl)amino-‘}'-nitrobenzoxadiazole (IANBD), 6-acryloyl-2-
- dimethylaminonaphthalene (acrylodan), pyrene, Lucifer Yellow, Cy5, Dapoxyl® (2-
bromoacetamidoethyl)sulfonamide, (N -(4,4-diﬂuoro-1,3,5,7—tetramethy1- 4-bora-3a,4a-
| 25  diaza-s- indacene- 2-yl)iodoacetamide (Bodipy507/545 IA), N-(4,4-difluoro-5,7-diphenyl-
4-bora-3a,4a- diaza-s—indacene— 3-propionyl)-N -iodoacetylethylenediamine (BODIPY®
530/550 IA), 5-((((2- iodoacetyl)amino)ethyl) amino)naphthalene-1-sulfonic acid (1,5-
TAEDANS), and carboxy-X- rhodamine, 5/6-iodoacetamide (XRIA 5,6).

57. A composition comprising;

30  amutated glucose/galactose binding protein having at least two amino acid substitutions

selected from the group consisting of a cysteine at position 112 and a serine at position 238,
' 26




additionally conprises at |east one histidine tag. 59. The 8dupd¥bti on of

- claim57 wherein said nutated glucose/gal actose binding protein 15
additionally conprises at |east one reporter group. 60. The conposition of
claim SQ,OVy%g?gln said reporter group is a lumnescent |abel. 61. The
conposition-of claim60 wherein said |um nescent | abel has an excitation
wavel ength of nore than about 600 nanoneters. 62. The conposition of claim
60 whercysteine afi posiliomd 4%cmd aserineabpdsition 38z cysteigs ataesition 1 §dandleengt h of nore

t han .nan [S. 63 T S| L. ‘e ' ein said

| um ngg%eih Qﬂ’g%‘gf% ﬁé?%%%fngnagpglg@gﬂ}%?ggf %hnés)%ipggltr}% gft:;g%@%fe\t{ﬁc}’gage/ gal act ose
bi ndi pgsifie0? i and by ysterecdt podtiards, atyseinedt fisitidh 149 arddnairgininamd a menber

sel ected .fr the group consisti of . fluorescein, counarins. rhodam nes,
5- TNIQP?&“‘E‘%%&%W@N%&FI#&Q?&%IH&@{? OEEHE &t Rasition w aevstFipe Fhresitie Texas
RegdTM146¥: a NredRine at position 213t, ﬁ c?(s)tcine_ af position 149 and a leucine at position 213,

met ny

((2-iodoacet oxy)ethyl )-N- _ am no- 7-ni trobenzoxadi azol e (1 ANBD),
“6- acr ylcysteingat pgbiten ilﬂf’l@ﬁiﬂmﬂ@pﬂﬁtma#lwlémwﬂe@éah)l?ﬂwlé‘ﬁé?d #uci fer Yell ow,

?I(I—S( 4%@4%@@@?& %q‘;‘}?g‘? % g{pé’%ﬁ §I§ P wf}l Eg lrcgs?gg%fg{%ﬁg?%?asf %- | ndacene-
2- y|') icpsleiae @tpastictel 49Bodl k parb® af pothioh A6, aNydidndatgositiorot49-dad #a di phnyl - 4-

bor a- 3a,.4a- di aza- s;d.ndacene- . 3- pr opi.on - N.-.i odoacet hyl enedi am ne
(Bor ARiRe S50 Gy 2nsrs SaFieat petissIsd it mpS s ey A 7

annokpaghé fipbstiar 152948 ﬁxoasgﬁragiﬁ&@t diti&n 203AFBANR)e at poviticharIBenya X- r hodami ne,
5/ 6-1 odoacetam de (XRIA 5,6). 27 July 2006 WD 03/ 057851 64. A conposition
conpr iC¥§teiRe At ROFHIRNAEd gl ucose/ gal act ose binding protein having at |east
three amno acid substitutions selected fromthe group consisting of a
cyst ePRe alhgresiposition alAtaima7 sereifesaikmyaied gluense/zalactesedpindinggoteine at

posi ti : : [ Lti.gn 149, an arginine at position 213 and a
seriné @‘léﬁﬁféS@J’f‘ﬁ%ﬁ%@;&gh%@ ée%ag'e at position 149, a cysteine at
positign 2 n . . N OSidi : Iyne. at ition 149, a
seri ngg'at %g%%frﬁj 8%“@1/@&2% %Q%}hgfseg“asfa‘%‘}“ﬁé‘“g?‘ ﬁcoﬁ%lgl%‘?%% birgiér;?g parn%ﬁa cysteine
atlsposdditianally 48mprass adqastrongirgpertatgrgupsi ti on 223 and an argi nine at position
256. 65. The conposition of claim 64 wherein said nmutated gl ucose/ gal act ose

bi ndi B8g. pr Phéddpodiforasitldim 0 alHeitirtAepdiRE grotp Is@aahinestentatet.i di ne tag. 66.
The conposition of claim64 wherein said nutated gl ucose/gal act ose bi ndi ng

proteign,  The composition of claim 60 wherein said luminescent label has an excitation

wavelength of more than about 600 nanometers.

62.  The composition of claim 60 wherein said luminescent label has an emission

20  wavelength of more than about 600 nanometers.

63.  The composition of claim 60 wherein said luminescent label is covalently coupled to
said mutated glucose/galactose binding prbtein by reacting said mutated binding protein
and a member selected from the group consisting of fluorescein, coumarins, thodamines, 5-
TMRIA (tetramethylrhodamine-5-iodoacetamide), Quantum Red™, Texas Red™, Cy3, N-
25 ((2-iodoacetoxy)ethyl)—N-methyi)a1nino—7-nitr0benzoxadiazole (IANBD), 6-acryloyl-2-
dimethylaminonaphthalcné (acrytodan}, pyrene, Lucifer Yellow, Cy5, Dapoxyl® (2-

- bromoacetamidoethyl)sulfonamide, (N-(4,4-difluoro-1,3,5,7-tetramethyl- 4-bora-3a,da-
diazai—s—indacenc- 2-yDiodoacetamide (Bodipy507/545 IA), N-(4,4-difluoro-5,7-diphnyl- 4-
bora-3a,4a-diaza-s-indacene- 3-probionyl)-N’ -iodoacetylethylenediamine (BODIPY®

30 - 530/5501A), 5-((((2-iodoacetyl)amino)ethyl) amino)néphthalene—l-sulfonic acid (1,5-
IAED_ANS), and carboxy-X-rhodamine, 5/6-iodoacetamide (XRIA 5,6). '
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additionally conprises at |east one reporter group. 67. The3 &&ndSiti on of
claim66 wherein said reporter group is a lum nescent |abel. 68. The
conposition of claim67 wherein said |um nescent | abel has an excitation

15 waveygnghdsfif nore than about 600 nanoneters. 69. The conposition of
claim 67 wherein said | um nescent | abel has an em ssion wavel ength of nore
t han about 600 nanoneters. 70. The conposition of claim67 wherein said

| umi néécent EEBEHHILCOEPISMENt |y coupl ed to said nutated gl ucose/ gal act ose
bi nding protein by reacting said nutated binding protein 20 and a nenber

sel ec_taé@lwt%ﬁﬂ@%@éé}ﬁ‘&ﬁﬁ badrngipsatein having ¢t |leastthise ampio agig sphgkiuHens r hodani nes,

5- T 1AL 0r.k ! : ] Texas
RedTlI://l%%}éé Eﬁ' 5 (g}@l}blo({?gg%gl 8%5’25"?1“3%)‘?‘&@&@? ﬁg’ﬁ‘gsgm noEl %&F?ln?rq g-éganzoxadi azol e
(| ANBDR)sgrir-ah positiom238 2a cydieme ahpdsiéinn i ap hteivereont positanird]l B anthangerinpy r ene,
Lugi fer Yell 5. . Dapoxy.l 2-  bronoacet ajmi,doet h su| f onam de,
(N 2 Hreiton g SR mERERSph Lo, Rore AT BRI S DM AL | oM e
- 2-yl )?@m@msammiﬁe&wbqup,@ssﬁﬂm podiidi2 14264 hd 46phiragife of- di phnyl - 4-

bor a- 3a, 4a-di aza- s-i ndacene-, 3-5 opi onyl ) - N -i ogdoacet yl et hyl enedi am ne
( BODI peditign 25 andpgysteing at position (42, pyarpai@ging fh nositiap 4% g ay arginine at
am noﬁgg&.}ﬁ[ ene-l-sulfonic acid (1,5- I AEDANS), and carboxy- X-rhodam ne,
5/ 6-i odoacetam de (XRIA 5,6). 71. A conposition conprising: 30 a nutated
gl ucosge/ ga B ndi i v M. 24 i d
dubst et SREe ROt sl ARG AL R LA OBE ©oi i on
1,10a eyditigiale cathprpesatti¢astont bidfidiaetag8 3 July 2006 WO 03/ 057851 argi ni ne at
position 213 and a serine at position 238; a serine at position 1, a
cyst ei6fie aThe qagiotitiomofleldm 64 vdereimmidatutpiod plucase/g2liGoibihdingpesteine at
posi ti 8‘?.23@ and. a Cﬁstei ne at position 149, a cysteine at position 182,
a cystaqiionally comprises o leastone feparier stoUd; ne at position 238. 72. The
conposjtion of claim71 wherein said nmutated g|ucose/ gal act ose bi ndi ng
pr ot eiéﬂ' SJP%‘%?I“%HC’B‘H%EF? laim b8 pherewn said reporier glaﬁﬁlsmﬁglmna ﬁ‘?ﬁtﬁ’ﬁg. 73. The
conposition of claim71 wherein said nmutated l(F'iltlé:’tgcose/ gal act ose bi ndi ng

prot eif  adke eomPRSitipR ol 7 bgreiy sayddummegggat labehhasiap eXQ@atRl. 74, The
CQRPOSHatd) 3f1ﬁ$r§h{%%§oxﬁﬂ’9ﬁfﬂn&n§t ;d reporter group is a lumnescent |abel.
75. o% [ c

The ¢ osition o alm 74 erein said |um nescent |abel has an
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wavelength of more than about 600 nanometers.

70.  The composition of claim 67 wherein said lumineséent label is covalently coupled to
said mutated glucose/galactose binding protein by reacting said mutated binding protein
20  and a member selected from the group consisting of fluorescein, cournarins, rhodamines, 5-
TMRIA (tetramethylrhodamine-5-iodoacetamide), Quantum Red™, Texas Red™, Cy3, N-
((2-iodoacetoxy)ethyl)-N-methyl)amino-7-nitrobenzoxadiazole (IANBD), 6-acryloyl-2-
* dimethylaminonaphthalene (acrylodan), pyrene, Lucifer Yellow, Cy5, Dapoxyl® (2-
bromoacetamidoethyl)sulfonamide, (N—(4,4~diﬂuoro-1,3,5,7-tetramethyl- 4-bora-3a,da-
25  diaza-s-indacene- 2-yl)iodoacetamide (Bodipy507/545 1A), N-(4,4-difluoro-3,7-diphnyl- 4-
| bora—3a,4a-diézafs—indacene- 3-propionyl)-V’-iodoacetylethylenediamine (BODIPY®
530/550 1A), 5-(({(2-1odoacetyl)amino)ethyl) amino)naphthalene-1-sulfonic acid (1,5-
TAEDANS), and carboxy-X-rhodamine, 5/6-iodoacetamide (XRIA 5,6).

71. A composition comprising:

30 amutated glucose/galactose binding protein having at least four amino acid substitutions

selected from the group consisting of & serine at position 1, a cysteine at position 149, an
28 '




76. The conposition of claim 74 wherein said |um nescent | abédly 2096 an
em ssion wavel ength of nore than about 600 nanoneters. 77. The conposition
of claim 74 wherein said | um nescent |abel is covalently coupled to said
at | eas{yoB@sgLucose/ gal actose binding protein by reaction with said at
| east one mutated 15 binding protein and a menber selected fromthe group
consi sting of fluorescein, coumarins, rhodam nes, 5-TMRIA _
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2-yl') irladoaTht eompbeitioBoftilgim =0 AWiedein dah) muthteq fludosdighlactosedniling protejphny | -
4- d| aza- s-indacene-, 3-propionyl)-N -iodoacetyl et hyl enedi am ne
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. additionally comprises at least one reporter group.
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74.  The composition of claim 73 wherein said reporter group is a luminescent label.

75.  The composition of ¢claim 74 wherein said luminescent label has an excitation

10 wavelength of more than about 600 nanoxﬁeters.

76.  The composition of claim 74 wherein said luminescent label has an emission

wavelength of more than about 600 nanometers.

77.  The composition of claim 74 wherein said luminescent label is covalently coupled to
said at least one glucose/galactose binding protein by reaction with said at least one mutated
15 . binding protein and a member selected from the group consisting of fluorescein, coumarins,
rhodamines, 5-TMRIA (tetramethylrhodamine-5-iodoacetamide), Quantum Red™, Texas
Red™, Cy3, N-((2-iodoacetoxy)ethyl)-N-methyl)amino-7-nitrobenzoxadiazole (IANBD), 6-
acryloyl-2- dimethylaminonaphthalene (acrylodan), pyrene, Lucifer Yellow, Cy3,
Dapoxyl® (2-bromoacetamidoethyl)sulfonamide, (N-(4,4-difluoro-1,3,5,7-tetramethyl- 4-
20  bora-3a4a-diaza-s-indacene- 2-yl)iodoacetamide (Bodipy507/545 IA), N-(4,4-difluoro-5,7-
- diphnyl- 4fbora-3 a,4a-diaza-s-indacene- 3-propionyl)-N’-iodoacetylethylenediamine
| (BODIPY® 530/550 IA), 5-((((2-iodoacetyl)amino)ethyl} amino)naphthalene-1-sulfonic
. acid (1,5-IAEDANS), and carboxy-X-rhodamine, 5/6-iodoacetamide (XRIA 5,6),
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