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alternatively, there is the
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 quantitative or 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 recognition 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 transducer translates the recognition of the biological recognition

25 element into a semi-quantitative or quantitative signal. Possible transducer technologies are
optical, electrochemical, acoustical/mechanical or colorimetrical. The optical properties that
have been exploited include absorbance, fluorescence/phosphorescence,

bio/chemiluminescence, reflectance, light scattering and refractive index. Conventional



opportunity for direct optical detection, without the need for a | abel.

[ 00051 Bi osensors specifically designed for glucose detection that use

bi ol ogi cawo osloeTsent s for signal transduction typically usecalwsosoneheni cal
or colorimetric detection of 5 glucose oxidase activity. This nmethod is
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mut ant Ghetel 994a06, I846- 3&&b7§mluah¢letimaémrbumm@pmmn (MBRowabetectively
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with the location of the ﬂuorophore changing from a hydrophilic or solvent exposed

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 disclosed (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 introducing a fluorescent transducer into a Galactose/Glucose Binding Protein
(GGBP) mutated to contain a cysteine residue, taking advantage of the large conformation
changes that occur upon glucose binding. Hellinga et a/ (US 6,277,627) disclose that the
30 transmission of conformational changes in mutated GGBPs can be exploited to construct

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



in fluorescence via an allosteric coupling nmechanism The fl uorescent
transduction functions are reported to interfere mnimally with the
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[0010] To devel op reagentl ess, self-contained, and/or_ inplantable and/or
r eddabland/opiatiechmeot of eestamgepertar &roups My act tereritt 4 bndwigerpsiantingl be in

comuni cation With a tection. devi inter he si | to and
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sendi nekirgM binding@OfstifR Asit moheks@Nint dnedhsilly @ditctiblo signal chngaupohanalfiepi cal
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| mrobi lﬂr&@et t28h&fh %tp%gﬁc%far%rotein 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] To develop reagentless, self-contained, and/or implantable and/or reusable
biosensors using proteins the transduction element must be in communication with a
detection device to interrogate the signal to and from the transduction element. By
"interrogate" is meant the process of sending light to, and measuring emitted light from, a
30  sample. Typical methods include placing proteins within or onto the surface of optical fibers

or planner waveguides using immobilization strategies. Such immobilization strategies
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si gnal change when said 5 nutated binding protein is exposed to varying

gl ucose [@tIngent r aTherfire thaeed anssliid thedet ©aleaigh addinidnalaxefusmatatedsi gnal
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reporter
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.



group attached thereto; b) exposing said nutated glucose/gal act ose binding
protein to 10 varying glucose concentrations; c) detecting a detectable and
rever si blwodBgsmsl change from said reporter group wherei RCTAISO3/aR0ECt abl e
and reversi bl e signal change corresponds to said varying glucose

concent rat,i The i tion additionally provides a conposition
includiﬁghgﬁﬂgggkgg%ﬁgﬂh@@%ﬁﬁ%ﬁfactose bi ndi ng protein having at |east one
am no acid substitution selected from 15 the group consisting of cysteine
at posi fo12]1, a JwEiMenaén PRYides ARIULosEbi6YBES fOLinALVOOSH virdhuskthavihg
cysteine at position 14, a cysteine at position 19, a cysteine at position
43, a cybetdpastong muaéud kindipg prptein apy at leash engrerpder §rpwnatiaghed thegsia suchne at
positio i : it , . i iti.en 113, a
Cyst el na e SadofeE Rt a ROl rer il Dol ARBR BT

posi §i ommi2dtdd bimdmggireteinds akpgsed ta vanning khicose @ysértationgiwhposnkaidn 238, a
cysteine at position %ﬁ 287, cystei ne at Q?sition 292, a cysteine at

posi t i offetesigbleand sesers %Sl&flalﬁg?sq 8513189 o 571 Xarying;CRECEHTAPRRS t i on 236, and
a cysteine at position 296. [0015] Also provided herein is a conposition

having godugfat ed GhHRGHRIGISRVERDN RHNEEIWmMPIBE S 1i@¢ Bstedion iBABHINEWO
am no acid substitutions selected fromthe group consisting of a cysteine

at posi i) providing asideastorseniliatedgluqese/galagnseAgading projein @ndet lgast pos repoger 25 149
and a serine at ition 238,. a cystein t sition,152 and a cysteine at
posi 11 oot dftiar uadpoipg st i E stinf Rl Rr pihd Bah fln 215° a
cystiel ng ngoglﬁd:dsb@anc%ﬂ;ﬁatﬁﬁﬂ; @ defettihgh deteabblRQRd Edv@fkilﬂé&,gnal dhdgdeiag at
position 149 and an arginine at position 213, a cysteine at position 149
and a sepfgepogier poyp twherpipad defgctabls épd preveesiblp signalichangea®rregpandg to gaydt ej ne

at posiR%ﬁgﬁééga%ngmﬁgngéghﬁjne at position 213 and a serine at position

238. 30 onal “exanples of nutated glucose/ gal actose binding proteins
are shown hereinbelow in Table 1. Am no acid residue nunbers refer to the
publ i sh¢@hig¢quenc&hofinventi@oidditivnailp prdide® akdh(Pposifbid iGidingSe addaDd3 309

resi dues, as detailed helow .orf the correspondi ng. anino acid residue in any
subst an@luePRyERHRARS POUREPTOISRIBHARE FrIGHH SR AR ARAIpEIuEeR elecld %?n}

gl uggse - B hdi IS on fi | nacdef T fol : nel I a
T e e R S i
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0. L1 uoLeseonte [ esponse (2, (@192, oo ol HSSRS 375 SPALAL LORRR 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

20 287, 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.

[0015] Also provided herein is a composition having a mutated 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, a cysteine at position

25 149 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 serine at position 213 and a serine at position 238, and a
cysteine at position 149 and an arginine at position 213 and a serine at position 238.

30  Additional examples of mutated glucose/galactose binding proteins are shown hereinbelow
in Table 1. Amino acid residue numbers refer to the published sequence of E. coli having

5



[0017] FIGURE 2 illustrates the change in fluorescence response to a range
of glucose concentrations for E149C/ A213R NBD am de GGEBP H6 in sol ution.
10 [0018]wbBloaRBSB il |l ustrates reversible signal transductcorushsama

nmut at ed binding protein foll ow ng exposure to solutions of glucose at the

i ndi cat concentrati gns. . DETA| LED DESCRI PTI ON OF, THE | NVENTI 0019] The
orny bt e FRBRET R BT belep corthy GO R e Ay, B ATD! O AT o
react i ORSmERELA s'legua%eifﬁﬂh &b a@erﬁatz\aergleﬁme (B BRSYsI @R tost bﬁﬁmeﬁspro%ganel I es

or whole cells to detect chem cal conpounds, usually by electrical,

t her mal fiom 6praboater feyral & Safgonglledyemeiinm, sequisicogesessipn numpers £2892%
prot ei n&@p%(ﬁ pefs ebciti%jli ﬂg to an analyte that may be used to detect an
analyte or a—c ang% i dial yte concentration by a detector neans as herein
descri bed. [0020] The term "binding proteins” refers to proteins that

i Nt e$ ac BRIEF IDEJERIPTION QP THEDRUAFINGS a manner capabl e of providing or
transduci ng a detectable and/or reversible signal differentiable either
fromwhen anal yte i s not present, apalyte _is present in varyin

concent J%ll%bns ovglléw,”ﬁﬁtrqt?ﬁ the g R FluereRrsnerRisarrash fo i‘ré‘?ﬁgP,f by neans

of the gﬁf;ﬁ@&ncgﬁ&%h%@A?QB@IL@GSEQ@BD%%H&@'QG@POH‘S fVRMltignnc! udes

conti nu programmed, and episodic neans, including one-tine or reusable
applications. Reversible signal transduction may be 25 instantaneous or nmay
be ti nme{¥M¥Féndent FsURER ilystzatesothe eharge om fluprescenrereppanse ke erapge of

coneent ksl feAR 15 NI Bl S 1015 Brgr 2 0 11 sven @

"Gal act ose/ @ ucose Binding Protein” or "GEP" as used herein refers to a
t ypeo of [0018] ei n NFGQURE! yillustediek rieRerside: @1al phasslntorchsmarthoRrt baddiact eri a.
These 6 WO 03/057851 PCT/US03/00203 proteins are naturally involved in
chenot aRreieiafallawiag speastiredp selplipns ofglecass alsthe indicatedGongerdrationsyi no aci ds,
and snmal|l peptides) into the cytoplasm GEBP is a single chain protein

consi st i t are connected by three strands
@%&?\BE%MI%I e Paf ?Wﬁ'iﬁﬁnbﬂﬁ y

to forma ng site is located in the cleft between the two
domai ns. Wien gl ucose enters the 5 binding site, GEBP undergoes a
conf or mi@018hal chdhgésrmdnoteesagentralinestens tye devabd thit dmes spesific hechtewncaonai ns

t oget her _apd entr. lucose in the binding sit.e. X-ray crystallographic
Struct ureeemvECHRER bERI s Doy HBon BaRa b mopRneleg ey S1R0r | (v
K Wyasto dbtect MhenfitaBoontpoufds, a5y eRGetiE fhekBBor cfAral stz 1898dand S.
Typhi murium (S. L.

herein, a "biosensor” refers to a protein capable of binding 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 a concentration-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
6



Mowbray, R D. Smth, L. B. Cole Receptor 1990, 1, 41-54) and are avail able
fromthe 10 Protein Data Bank (http://ww. resb.org//pdb/) as 2GP and 3GBP,
respecti webys/oFiset wi | d type E. coli GGBP DNA and am no aeca/iseguente can
be found at www. nchbi.nlmnih. gov/entrez/ accessi on nunber D90885 (genonic
cl one) access 05 0 ac nc ef erred GGBP
S F  bPReIBORE TGOS i LRI T (PPgRas! 96 (AR BRARHIe ~ et ed
GGBP")  amindsRMUsheiEimall féptided) @hts thedcRbp1in IGHBH Bialtndld eHmbpotat i a
containing an amno acid(s) that has been substituted for, deleted from
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Prefera such subs |tu nserti Qps..i Wer than 5
arno - 40Y B SEIEloAE BPRE ciReli R Rl AORER  WMin slNB G I,

mut a i OBfdéfg sﬁ)tlenGGﬂBJ’ urjdleloes A Sorifoghatidal dhan g deriter@d aDthe hiret Whi¢hlb@1ﬂg§)f
cysteine grou s, .non-naturally occurring 20 am no acids (Turcatti, et at. J

Bi 0, Chéntwegomappitogether andgniapsghemse bhbe Edineciite At radfcrymlbgf@htq aI ly
non-r eag&ﬁc\flgfre L NGB rr%l%éi‘ er‘%ﬁe%lbé’e% f&% B? iEIG ofnQ: PIIP. p}pa
attac € report er

coval en ment o ectrochem cal ot 0- responsi
gr oups. NBWyas, &h@t |Qmabcharﬁcmnce B88) 2i 3, laﬁan129ﬁ)ranarﬁ Hoplaeuduth(@t Lcan be

nodi fied with g nal o s to t | abel i of cysteine with
a t hi ol Myeey, lNg‘n%r g&%‘t gptgﬂfﬁ%p ]dg% Wéilatﬁ%lévag]gﬁll’?'ff?é‘ya’% | euci ne,
pheqy! ab?&ém)at@ﬁgnpec [ Rrw WS rDRRES %§2@9¢%naf3@gps rwgz;&ne ARt iRE
readily nodified once T hcorpora i n a protein (sée . Her manson,

Bi oconj tbgpatfeca'leﬁﬁﬁhm anddamalerrctl eqesse caxgb)fﬁfouSéat Di ego, pp 4 16 for

cl assificatian m no si de chai,n i 0 I ary
ot | oRS bR B, wpiar et HETREY [aehitlisio Rl adtess oG 4

lysi ne ﬂﬁmBé}SZ%BQ@(alﬂaﬁ&%é@)seq@n@éﬁSPl%fd?ﬁéd@@BP'1§ bR fgri, aspartic acid at
p05|t|on 14 (D14C); a cysteine substituted for valine at position 19 (V

190); éstel ne substituted for asparagine at position 43 (N43C); a
cyst ei néﬂ 3bst i t uf Mutatest By Bretem” (Fuexample "mutatey GOBP havysed BEreen 7 WO

03/ 78 107 (Y1070);
)2t oo PR RO groty Bl Cehabil b MR R GnBBE b 200 L eine
substi t sitedtital fosateldied Rbmposiddedto the 2mirdd acldE) presendduingallyidcantng ncl udi ng

a cysteine substituted for senile at position 112 and serine substituted
for | eBtqteia direisedly sush w@%ﬂw@ni,ldz@t@zsB@Pseraoasy@%%&%B&%5[%rfl@a f or

lysi ne 5315]“% | €5 bt Y; i ne at
posi ti o%(t' ﬂ%ﬁg&%@&ﬁ%@&(} tel ?é sgéés\s\{(?{egte © #ﬂ%ﬁl Putlglﬁs‘l C érclzcil at position
149 ( E148®ins mchhoalthecaddittcandr sietituttbnrog casteiyps gedups, rsmbmlturallly ecturring

20  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 incorporated 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 alysine at position 11(K11C); a cysteine substituted for aspartic acid at position 14 (D14C);
a cysteine substituted for valine at position 19 (V19C); a cysteine substituted for asparagine

at position 43 (N43C); a cysteine substituted for glycine at position 74 (G74C); a cysteine
7



for glutamc acid at position 149 and a serine substituted for |eucine at
position 238 (E149C/L238S); a double nmutant conprising a cysteine

substi t utwo oBos7shi sti di ne at position 152 and a cystei nepsuhsvsonaved for
met hi oni ne at position. 182 (H152C/ ML82C); a double 10 nutant including a

serine suybstituted far al anjne | tion 213 and .a cysteine .substituted

For i serarhsedior fatie drporton 1 4369 11 § fysteize Sipst Bl e fstnitited 1 or

met hi onpp&1iét 11@(}@1&@@}3@ 3 &8ink Mikdfated Ror Soflelt PEsifisb$11 @_t@d);faqrouai_eam ne at
position 213 (A213C); 'a double nutant including a cysteine substituted for

al ani nemartany dxiludingia pyBeing shbatioest fof sasingabpesition bR andserinesibstiatedifoposi ti on

238 (A213C/ L.238C)... J stituted f.or. ionine. at .nosifjon 15 216
(w160 1eugmeCpenia RS oG 23 TE F kbl v BlinlF B BB BhafieshE (Dozeo
a cyst e(Re13Cheydttité Sibstitted forBisite atpoPsi 130K 1238);(dlABRMe substiivsl ei ne
substituted for aspartic acid at osition 287 (D287C); a cysteine

subst i t fRregiutpgic @mg ptrpasiiont! 4B 68149(0ha doyble mutamtincluding:d exstgipfesubstiytedt ut ed
for a vall s LEdQn: X i includi a cysteine
subst 1 dtpic BT pRRcRtAs T Ene Rutdliy To AR acdoShilHoRg, 7, S5 0y
serine @E14QC/P23E)] DdoublSmatsdt conyerisingea Sysbsiid subbtitdteldor hietidihdat pakitipasi ti on

238 (E149C/ A213S/1,238S);, and, a triple mutant _including a st ei

subst i t hpeand HEYFFINE ﬁfshstetugﬁs*i far methioyung atgesitian.1 8%@&?&”?4%88@&13?% uted for
an anj S oTal- TR g R eTeX i L e posi tion
235" ( ErIo oS 5 S ofRG B RStk o Send by BHEMIRIBI TR e
f or exalfipllestalinaattpasition ASMH LI2EAR131); o epitanesubalittkdfer sethpasng aton 1,

t ei .epl i id,at. 25 it 149, i ni
o ant nopasin (5 Pl ST eidtie fittinfed o dau P g Y Qolicheo36E”
(ALS, Elﬁﬁl%rﬁ%ﬂeifaiﬁg?a?»é@téifl@sdwti@lfgd foPal4hin€ _Qtdﬁcgsitidﬁezm%h% StefbAbMeutad

position 1, cysteine Teplaces glutamc acid at position 149, serine
r epl acefordeemeaa pasitiop338 (AVIB LB &Nda systéine subshtutasidlor methdomee aftpopibiont i on

238 (A 13S,,1.2389) . tant . i.n whi ' |

ool S 216 Fa ¥ B3 TR A s PR parle i b ol oS R R AE R ot ¢ on
182, cysitinfed RRllaRS aﬁﬁ@dﬂﬂid@ﬂ(&@&@;h@st@&% sabylinged foraspLfd asesat | euci ne
at position 238 (El49C, ML82C, A213C, L238S). [0024] The nutation may serve

one or RBFIEODHEBEEWRTE]; pesprincesyibstptaied dyaargingie ah posiieu2 e (R29BEduA ri ng

rotein L i r .t i - ility of the 8
o 05 osTeka® BB o0 Ja S et 8o 298 872085, 4 BHe ML Akl d Y -
ot her wi s¢stéifs oubistituged foe glutatieiabidtad pasipa 14% ah alanin@Robyisutb @ toraarimedtr i X or

pol yner; toQ provide binding sites for detectable r%ﬁorter roups; to
hdlj 4t pesitien Al g LemoE SHRSedh or daisieat posiBOTHAXE (AP SHA Sy 8S):ghd any

conbi naElitIQfﬁe tnﬂﬁﬁrﬁ%cluding 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/L238S). 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,A213S,L.238S); and a
mutant in which cysteine replaces 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
8



[0025] In the instant invention, analyte and nutated protein act as binding
partners. 5 The term "associ ates" or "binds" as used herein refers to

bi ndi ng paotwesmshaving a relative binding constant (Kd) peaffsosbens |y
strong to allow detection of binding to the protein by a detection neans.
The Kd may .be cal cul atﬁi?} as tpe c&ncentratiogz gf frtee anal .te1 at which

hal f t h& BBt iR US250DIRE, COYP AR OEISE A5OGRIS DY RP'AR AT ¢ PEYSHA nterest is
gl ucose enédpgullifon Matrikesty Ifog"mérh@ 2bv1dé BRdRAIsitBEfoR detre@tatare%lzﬁfr@b upgttyeen
about 0.0001 nmMto about 30 nM 10 nore preferably, the Kd values range

f r om abediustlitsindiog eonstavt withirespertie e particulay @palyighor anfyoomdinatian theseqsr esent
invention, it has been shown that nutated GGBPs nmay be used to detect

gl ucose ?d'ezlgjii ng by, aLtaGKA%LNE Eﬁ%glgge ;{)nlﬁ%ttﬁtg& p%g:QMQIC{ ﬂa%%&lggaﬁ%y%gf agl e

detecta si gnal  change upon ¢ provi
si gnal dhangsasasiatsedr "bieds® a8 usaddieadis rdfers tthBindhig paktyieishaviag agelaties a
change in a propert rter group in a 15 manner that enables the

. f a, 1
det ect | GHIyE ‘I%‘éﬂ*cd%?ﬂffgﬂr?gf@f FERNEGO 2oy dsteshipn of bipding tthe pEHSE et , t he
mut at ed JGERRS GOMRN THE K& ASI KELARNRed SRAL LEce i A1 HRIEnIGSE WiE

characteristics alter upon~ a change in protein conformation that occurs on
gl ucose hbif tithi prgtein is ivoandgy roe i ze verda e Wwditheartal yte heintepdnt gocgedbpKas a

| um nescent | abel .that results in. a tated ,GEB i.th ffinity, for

ol eoce Bkt hepiadae phath i rerle @b T hey S avosontl Saf e bt LMLt Phs on
gl uggse nRjroficRGably e KNAARRS thgt RBnARIEET aNI®o ENAMGH Bl ifdthdt SnvBRMoRe due
to an alteration in the environnent of the |abel, which is bound to the

nut ated GGBP. [0027] The |um nescent |abel may be a fluorescent |abel or a
phosphol@2éknt | abethe prasgat igsention, it hardrass skewn habslugatedGEBRapmaydeared t ed to

[o0za] - Fhonk SRRSH kR oS PRAR Bk PP EARHEC e fha MoPlind Sl EVEUREL o0”

her ei n, signll changpiponesludost Bindingd T "pRdvidad éetédistle sigasirchan@nessggedind t hen
emts light. Non-limting exanples of fluorophores useful as reporter
groups ihAreiy refers iQ HetabyHY thEIcOgHZS 3 ehangs Bed AroPeity ohaFaPAEST FIAMYEA nes,

5-TMRI A 1.38= D ik I anl: M Texas
Reafty Gt ETES L BERBLRe, o LanRatRtaTifle RIRLHEY, A
ni t r obermbadidicar, ohem(tafNBELBPS canpiydecydetédtabilerepbntbragrompwh pdetdesdc b e
(acryl odan), .pyrenpe, Lucifer Yell ow, , Dapoxyl (r o
(2-br oG et BEST PP dicheps gereip NP% ,ﬂ&@t}% (s m%@@%&cowm@@m 00203
di fl'uor g, ég%férezr A d Bl itk -r%(ﬂ)-ﬂtapél%ﬁ & £ Rnflh&eant 1sbel MERRRAR in a mutated
2-yl)iodoacetam de (Bodi py507/54571A), N (4,4-difluoro-5, 7-di phenyl -
4- bor a- EBRwittiaaadfiwty fod ghense-preducing 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" refers 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, S-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, Lucifer Yellow, Cy5, Dapoxyl® (2-bromoacetamidoethyl)sulfonamide, (N-(4,4-

9



propi onyl)-N -iodoacetyl et hyl enedi am ne (BODI PY(r) 530/550 1A 5- ((((2-
i odoacet yl )am no) et hyl ) am no) napht hal ene- 1-sul fonic acid (1, 5-1AEDANS),
and car box9 03/03¢8shodani ne, 5/6-i odoacetamn de (XRI A 5,6). Pcefuspal2g3 | ANBD
is used. Many detectable intrinsic properties of a fluorophore reporter

gr oup be nitored to .detect_ g]ugcose binding 0 roperties that can
i bi + CHRRES O £ B e ire) LA F U2 DRGGHELTT et | e,

f1 uor esegaigy I 0V RIBSIAY YV-(h LU ES6 S QipABh A 04 b RY 304aRidzAlLizddckn 3-and

spectr al sh|¥ts of fluorescence em sSion. Changes in these fluorophore

pr oper t pepionay)-Neiotoadetdeibelgnédiaming {BRGIEY BnSINB ¥ lA)Sr GiRor e envi r onnent

i r onRC U R A P R el AT P FER BRSO BBarooys, i s

r espgct X-flol@hine) 60680 4Etafi OOORINS,6). [Frefeedbly, SANBIY i 88dl Mahy @8lectable
interactions with the analyte itself or frominteractions wth a second

r epor t eintgp\ePropesics ek a iy Pphprs eorET sroup Ay hegrenitased oxdsirghalacesser gy
transfe ' ' ' [ - : 15

1 tor ophirl: FaetPodRl 8L H RS b b PR aHRER e Y dosi ea, 14
i S cont €pteadende tifetime) flnetescehepimtdnsity, Jluotgssenta ynisetrorsast. pofaizattomg apd e,
electrochenicatgrgporter groups .can_be used ggfrein an alteration in the

envi r onfRerabTI FHS fugseicerse appipsionyi (Rangrsia these AUerpRge RIAPYHE Mikkox state
t heggof in&U@ﬁ@m%@ﬁ%@_im trﬂg'{of'ecén‘%/ﬂoﬂﬁhﬂ%u@ﬁ‘ aSlh8&d Irelg’llgﬁn% %Qm[&gg?e]g

Furthernore, it is envisage ot her spectroscopically detecta

| abel s, iff proteireg@nfpineatioabBherahatent sasitive ldyed\vieh s IENBEY arepgrietliady mesfohance) |
may be used, as ar known i he art. [0031] The reporter group may be

2t achedl DU TR /O HEET B & hoPRarEsbP Y <ty st P P ORSMNE. known
in the @danafyed 1QXETI o idtEBcH PR WitheS seBbiRURpHRY JPSuRFErakaRP e/ fen FOE RN NES
or carboxyl residues on the protein. However, especially preferred is

coval en(flewessengegesananeegnstgygdrangfss) io nseaghyte medmiter ehewigatiaglistime belveagplte f or
mut %ed GiGBPh cysteines |located at position 11, position 14, position 19,
posi i o UgP P6%ition 74, position 107, position 110, position 112,
position 113, position 137, position 149, position 152, position 213,

posi ti onog296, posiAlihotgk 8 usosilidresteRdbeloRdesitsl, itiotontSrplatee thut efter red in
the present 30 invention. 10 WO 03/057851 PCT/US03/00203 [0032] Any
t hi ol - r EROTEYBoYPOWBY RA ¥sRY- iher exanpleteleptrpchranigalagpartsy ZEqups e#l brgusedpor t er

gr oups %%%h?én LA AR EEidnfhefTiRE RABoflr Pl SOSHNSS S HaRIhth- FOr

exanple, a
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 1n the art.

[0031] The reporter group may be attached to the mutated protein or GGBPs by any
conventional means known in the art. For example, the reporter group may be attached via
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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i odoacet am de bronoacetam de, or naleimde are well known thiol-reactive
noi eties that nay be used for this purpose. 5 [0033] Fluorophores that

oper at e awoloassgrsexcit ati on and em ssi on wavel engths (for prexarspd/en20about
600 nm or greater excitation or em ssion wavel engths) are preferred when

t he nol l.ar sensor is to be used in vivp, for exa ,_incorporated into
an i ol 21 o DAy eibieoattn Bav kaviia B i iy HpRGL BrarOBOBon .
Present loyoy EB@&%@T@@%&W%@&E@B% ShehRRRdtir¥ @i TR egarAyIRi dr@bl € in this
regi on of tphe spectrum and perhaps none 10 with thiol-reactive functional

gr oups. iddonesianide bindacetepidd, pe makainidgtare well showy thdolergactive myjetegsdhasd, f or

exanpl e,m%s)o tau(g{g)t ﬁ)¥ H_ J. Guber, et al, Bioconjugate Chem, (2000), 11,
161- 166. ﬁj‘ﬁ& & {12 BRPSP G ng these fluorophores, for exanple, attached at
vari ous cysteine nmutants constructed in nutated G&Ps, can be screened to

i dengi f yoo33pse t h@tuordphotdstthitoptfae: dt ddrgastitattvangd entissidriwaedagiagfarpon

gl ucose bi ndi nq%'q 15 [0034] Mutated GEBPs nay be engineered to have a

hi sti di g&amplg, ahqu o 18R 6F Bicater REcliatipRPhemIssIen ey elengias) a5 PIs&ITed Whest i di ne
fusion prof8lebsiaPlefisoti gl Bt WEEH, 1ill, FCexIRbRE HcBpor AL RN [hRbhatatie aid in
the puriftication of protelns. enplary taggi ng systens produce proteins
wi th a bagemsontaiicd (e skivobding bpaduk dtiodi 08 nan Pregeaflgrthérenrsiteh t aggi ng does

not conpr.om se the bi ndi ng actiéibé%/. of .the nu %%‘e;d GGBP. Cﬁg 0035% The
pr esent SNYHRAMSIEHY SPRY0 Vi IOPerey atetlf BBitdeeion REMinePFRIN O AR P TRRS
bi OWT‘SWithftH{fol-@é&@ﬂixVé fine&dhal Bdupé! HdwRer, ktﬁoﬁ-ﬂéh&i@%ﬁ%ﬁve& e C?lﬁ&%rb%or I'S

conprised of one or nore nutated binding proteins that are encapsul ated
into a meapried, foT heanepicgsdalght byl H. i Guibers o alnBipceriegnie €hawe (2409),dr,

i mpl ant ewi ce qr part. thereof, [ 0036 he "matrix" .can be.in any

desir abﬁgl588'#8Wu§ﬁﬁspg°qt%3’1n§§li‘%§ ﬂELWPEWLs}% ?’??Bqé’ﬁe aé?@egﬁf Ui cr osphere,
por ous ROIMAB mut@BEDHNSRhdied Rafuitafed (FEBPY, kg bdscPdEndd Bidehtifyshereingabl e to
analyte. The matrix additionally prevents |eaching of the biosensor. The

mat ri x pesthiin the largegichangsin dpoicsesnce vpancalucase buMingot her interrogating |i ght
to or fromthe reporter group to pass through the biosensor. Wen used in

an kg vi ppl i cat.i [ - WLl NOES: 0 i: gi cal
ande ofSBUEFD: o TR O M ATE0e im0 Rive FRRRBEE b B R0 e i
anal yt e tamnasnCréaiiinis, 6RYothi Bligiknefibiodipra¢ihs ateevidelptusadimube mdldcelanat i vel y,

the 11 WO 03/057851 PCT/ USQ3/ 00203 neans of determ nation or detection of
anal yt eb ?ﬁﬁ’eé‘ﬁl‘? i 31d in %)pu CﬁFQ?g‘?fé)ﬁ?FE’@&oﬁxerEbl?@'dﬁg%mg systems produce

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 analyte concentration may, in one embodiment, be continuous. Alternatively, the

11



[ 0037] The envisioned in vivo biosensor of the present invention conprises
at least one nutated binding protein in an anal yte perneabl e entrapping or
encapsul aworg/osmsr i x 5 such that the nutated binding protecn/ysosdvizdes a

det ect abl e and reversi bl e signal change when the nutated binding protein
is exposed to varying analyte concentrations, and the detectable and

rever si rbd:@s of detatmioatrorbey detctiordf anglytt eonceREIONIALY R PIOLIAHRE LT | yte.

[ 0038] hls aspect of the invention, the configuration of the
transdd%?%? el ement may be, for exanple, i ncorporated at the distal end of
a fiber or other small mnimally 10 invasive probe and be inserted within
the ti S[scm]of a Pris @Risidred enabb biosatsboafthe bresse inventbudomprispiticastc,

cont i nuous, [t))ro granmed r eadi n to tklﬁ patient. The i Iang\ﬂ})
b| osensqnegnutaﬁyd mﬁlnﬁﬁete@m@&% tespermgale REAPPELE QT RGARSPIHRE B he skin of

f | ui gmagt ﬁtha?meqﬁﬁt%h gﬁfb@roleﬂ{‘g&bﬁ% § Qe SthBIERAY ré’VerlbeE bgnaithengt i ti al

I'ssue ogl C uids. 15 [0039] An exenplary nethod
that nmeyhdahesrthiedbiddinggirottings px;msehme/aoflngamlytie@Onmtrngonsh@dﬁh@)sensor for

in vivo use described, herei clu erro t|n ant with a
renot e 49i%HR0! es%ﬂﬁlrré?éem&gt a?ﬁﬂl E‘E dgtﬂ € 5P faitiltggﬁm'leeﬁnﬁy#eporter gr oup,
and determ ning the anpunt of gI ucose based on a relationship to the

det ect g §:ﬂgnal afﬂ‘thi% AKNRVGE the irhVRBH Y, the doagiBuldBo® oBthé tAhSductd efen®d, 661,
and US 2,789, all of which are herein incor porated 20 .by reference).

[ 0040] ﬂihyabfblfmdwmglpﬂﬂ mce»mvratc@gtethg distal end et Bberoy effter smalh mEnERAb| e of

rre uri n or ) e
ent‘rn # c?r%ro F%ée%l cor?(g%u (%q (rJB21 @#t toteﬁaﬂph%%ho??%ﬁes their
S en5| ti Nlblﬁlﬁlntg%pﬁﬂallcy&cﬁltlﬁﬁb‘useBﬁihbgrahiﬁ&dhbﬂﬁﬂngG tige patienth & hesm@lahtabl'ﬁsas ure the

| ow anal yte concentrati ons known to be present in |ow val une 25 sanmpl es of
i nt er st bipsearors mayci seMerqniodimes: Je F@Bham&fil”ﬁﬁ OrJPﬁIQWb‘gﬁalflﬁé’ ﬂ

bi osensalfi idk r‘#al % i}{n%ﬁglmo i {%Ya%leltﬁ @heollh%\fétgﬁl heda, tifGe r@%@&r%%lé@&lt or

anal yte nuous epi sodically, or on-demand"” as woul d be appropriate
to the figids. or to the treatnment of a condition. [0041] In other
enbodi nents, the biosensors sensitivity to analyte (for exanple glucose)

h that th b d.to test blood
contbnt IB8%lon of " ABeYemakprmennd wabmay B Buptedt PSP Raril uei on may
be det eﬁﬁ}n%"ﬁg bidiendds &5t RSNHBRe d&cﬁ@e&ﬁ@r&ﬁﬁw&@ IntB&d g4da0 Indiddaht with a

"bi ol ogl ca utlon includes but is not limted to blood, perspiration,
and/ or mtalighsoutcatdetesting il sigrialiframi the prothinrgenosieb Bioapi andgletonapaRg |

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 (107 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 interstitial 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 concentration of

30 analyte in a biological solution or other solution may be determined. As used herein, a
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[0042] The followi ng exanples illustrate certain preferred enbodi nents of
the instant invention, but are not intended to be illustrative of all
enbodi mrerwe.03857880043] Exanple 1. Method for the Expressi orCangodamos i cation
of Mut ant Proteins w thout Histidine Tags. [0044] GGBP is coded by the
My1B-1 Thi rot red b i ntr du0| ng the am no
nord cyoPiioddu iR dnaIdshop gil iPida T fobfustai et dhOREPSIT R <

the Myl Bntérsg@mietuid IRERIMY @ntifdions fierdofen expressed in E. coli and
purified. 10 [0045] Cassette nutagenesis of MylB-1 was acconplished as

follows. The wild-_type M1B- ene was cloned into a pTZ18R vector (Dr.
Ant hony (@942 mpérﬁliezi?ll%pg@@aénglewmwe certain alﬁ’éf)fredl\ﬂﬁ‘i*b&ﬁlﬂm%‘? 58fihas were

gener at %‘EE t‘ﬂ{UeM?én?b B4 bt iteATLA B BLSilNGrG: §%F£l‘i Q nesis producing
scr|

randomi ze am no acdi d sequences, essentially as by Kunkel (1991)
and cloned in E. coli JML09 (Pronega Life Science, Madi son, W). Mitant 15
pl asfri d§0&3l e i demxiampled! : Dcthed)foe tlos Bxpreshom and Parnificgiot ofi MutaaisPriotethsced i n
JMLO9 and i f.i.ed Se descri bed below. An E. coli JMLO9 col ony contai ni ng
the mut At ﬁﬁa‘%‘ﬂl - grown overnight at 37 Cw th shaking (220 rpm in
LB broth contai ni ng SOg/ mL anpicillin (LB/Anp). The overni ght growth was

di l'ut ed [604490 i n TGBP esddbdbBOAM: MAUB-1Vihe hmgmt EHisProtdihGyad difdredaki ng

unti | the OD600 of the culture was 0. 3-05. ression of 20 the nutant was
i nduced nﬁyodslﬁ@ga@wmn@rwéfcyngelap‘r@wupp@tlm ghgiteslirectsd rdaeshesiy, VD)

final C%g’r“eﬁggﬁgo%g E P&t BUGHd MACk DAL £438d ﬁPE c%@‘%g.d%gﬁﬁted 37C for 4-6

hour s. ed by cen | ugat | g, 10 m n,
4C). [0046] The mut ant prot e| n was harvested by osnotic shock and was
puril®i edo#s] col ur@mssettemmagagesis)dWMgTBd wad dccmﬁb]iﬂtcdmfoltmufpewﬁéd in a

buf_f (30 MM T H 8.0, % mM E
?ﬁﬁLBZ? éﬂ’%ﬂg[%drﬁepéﬁﬁéuﬂlﬁ‘? miq 6&%@ VECtory S nx %»imaayg C@ﬂe@@ X g,
15 mn, 14Gdon, Eﬁ%laﬁ&)o%ﬂt%h?ﬂﬁsﬂi\% W@w%&l@ra ffraﬁ@hlgg%gf)ﬁnagrﬁfa usi gb%ss%&él

pell et was resuspended 10 mL 1 c , sterl oni z 20 was
r epeat edjutagencsis pn@dsusg)mmgommewammmwd)a&qadn@a, gseantialiyl as:éd:stcnbefdj@ed. The

i I th th col | ed ernatants and
was centrRHgad BAcs clagas ir F21ioely Gromieedssicaciasim WhoME Ehookat e
was 151 | Hheishedst wige ltkﬂzlﬂtlﬁe(@bﬁ séGueidng. "eRe RufdnftprofBid Was ﬁfducedll% WO 9IE57851
PCT/ US03/ 00203 Streptonycin sulfate (Sigma Chemcal Co., St. Louis, M),

5% w v, PuaBchaiésicribsdibelow. s Ak aelé TMA B9 epleny eantaisingdhe wutast pBemid was ol | owed
by cent rglrofwrgg\t/én%rg]ht( ajt%798 with g‘lakmg (%({' tpm) in LB broth containing 50pg/mL
ampicillin (LB/Amp). The overnight growth was diluted 1:100 in 1L fresh LB/Amp and
was incubated at 37°C with shaking until the ODggg 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 by centrifugation (10,000 x g, 10 min, 4°C).

[0046] The mutant protein was harvested by osmotic shock and was purified by
column chromatography. The cell pellet was resuspended in a sucrose buffer (30 mM Tris-
25 HCL pH 8.0, 20% sucrose, ImM EDTA), incubated at room temperature for 10 min, and
then centrifuged (4000 x g, 15 min, 4°C). The supernatant was poured off and kept on ice.
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 centrifuged once again (12,000 x g, 10

30  min, 4°C). The pooled shockate was filtered through a 0.8 pm and then a 0.45 pum filter.
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4C). The shockate was then concentrated using the Am con Centriprep 10
(10,000 MACO filters (Charlotte, NC) and dial yzed overnight against 5 mM
Tris-HC welo8o&8sk 5 nM MyCl 2. The di al yzed shockat e was eemtushi/egex
(12,000 x g, 30 mn, 4C. The resulting supernatant was added to a

pre-equid.i brat ed ast ow Sephay.ose .cql o, (Anmer sh maci a

Bi o1 ech SHsPlOBHER AR S CheRTy S ESHE b e eV e S B b 5 10
col utm  wRbdkaRSnd Avdsistifad o8¢t 8O it FIIWRd By 2 eMriNagation@ s, 80Pk L t, t he
colum and fractions were collected. The nutant &%ot ei n contai ni ng

fract i odSCnelhe sheekate Wasthengonagniorel prugrthgiAmicos Seasiprey B} (1000Ant Bl ue
t ai ni T ' Lal yzed
over ni o WA L RertSge, S8 an By e e MR B CHRAS B O bR Ko um

bi cas bomaVIeMEOK Thé Niatyred shdokatesthsuehtfigugddi(tD00@CR @t 80 pigpi°CO The kdsaltimg and
stored at 4C or -20C with glycerol. The ammoni um bi carbonate dial yzed

pr ot ei n SWREENataf Syasiadfledete 2 preepuidiratede g Easollow,3spBaresaeP e puri fi cati on
of Mt a g AR,

engl neor s o ¢ ok PRSiepr PRLAGVAE NIT a0 3 DA, R SR

Si t e- di matit 40 neltagemdsnss. (AQlinsaClgeadimt fiSthr G02gdéaCllveaskpblied toGly colwas

erfornmed,to alter indivjdu am ng aci.ds in.the 70 vector,. r epl aci ng
bre. an 64 Bass &Yt Selleklsdh e PSR ereiv sy GiniRicGRmoaR e Weninebthe.
casggt t @DYIPAGENSRH EofREARIBANHEHNBRE sthBPH) (MRSARSIok O3 RDa) OrH-aRdasze am no
acids in a specified region of the GGBP Tgene. e nutated cassettes were

t hen subsropeded anddialyecdRNO gkt AN Osghiost phosphate byfteadialinh PPICBROH s

pl asm d nt ai ned the GGB cloned into.th 7 expr {.on vect or
(Q agen e im bueayoonain @R e Ciopidirlyfing Sron iR T ALARAE o o5
the G fs&iéd AUSC of -200€ WitRIly @261e Th&Eamdhiuns bicalbBnedMRARAd pastei SR t 0
overexpress nutant GGBP-H s foll ow ng standard procedures (Q agen). After
over expl¥epbilggdof a 250 mL culture, the cells were collected by
centrifugation (6000 rpn) and resuspended in 25 nL bugbuster (Novagen,

Madil Cm’O(W7’ Lysez 16(22.%x s¥fBrt idafl BFquVaﬁ ?}}ﬂﬂdco}ﬂﬁain | Xture was
rInxe a XH;? fl or 30 MmN, Y

gently t room tenperature ear sat e Wwas produced
30 by cétistidifieuBapisi on (6000 rpm and to this, 0.5 m imdizole (1 M and 3
m of NI -NTA beads (Q agen) was added. After 30 m nutes of gently m xing

T ST B et O ST SRS, (100
(1 M cassette mutagenesis. Site-directed mutagenesis (QuikChange, 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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NaCl, 10 MM Tris, pH 8.0) and recentrifuged. The nutant GGBP-H s was el uted
fromthe beads by adding 5 nL solution (160 mMimdazole, 1 MNaC, 10 nM
Tris, pHWOOpH0smsdl m xing for 15 min. The protein sol uti omCrasos/mresli at el y
filtered through a Centriplus YM5 100 filter (Am con, Charlotte NC) and

br ot o1 n(GulD rh ot 155t g aE thatls SR peheq Bita 58 it p bRl M Na
10 nM T'Na€l 15ﬂnmfrﬁaﬁ’>@48 0 PR dGebontrifu@6d Of hdnaint §GBP-HRbeds dlﬁte@froﬂl'ﬂh@-nt

GCGBPs. LOO 1] An aliquot of nutant P cont ai ni ng cystei ne O nnol) in

PBS was beady byraddingd mitsplugionf 66 mM isidazsile, d| M MaAL HomMhEriy, [ 803@ndn n A

Kk |
ook S48 o M BRSS! b (SRR IS,
(100s5L, 104 ﬁ&elanﬁﬁﬁi Ghad6tté, N@Parhen cM@Sntrﬂdﬂt@d 3 ﬁlg‘/ﬂﬂéuspﬁg)h €lentriplise

reaction pr oceeded roomtenperature for 4 h on Dynal otamx in the
dar k. TWﬂé?bféteédeﬁrRs@@tnnwmalpfmd qweeagwgaeﬁtitmf ﬁt&fqg@ﬁot%loa NXPNgCh ol umm
15 (AneR Ak TRHL eling ratios were determ ned using an
estlrrateg%gg]tf%étglon %)coe |C|e t (50 MM 1 cm 1) for GGBP that was

calculated in GeneWorks 2.45 (IntelliGenetics), 6478 (1 ANBD am de)
=25mM e[0056h( er r ) Examphkt 3a Labadsgrodmeriantd3GBPD. for a standard sol ution of
| ANBD ami de at 280 ri m and 478 run. The dye concentration in the protein

vas 20 SIS o, o ARRu ARt TEGBE St DRIy HRERE S e 280) =
A 418 X tedd@Wihd/@MIdhisthebito]l (FLL.EORGRMN oAB0 &in.of sttt llomesNNen C

prot (280) = Aprot(280)/6280 TabI e 1 summari zes the change in f1 uor escence

of vari dumetisde-(indoagety)-Naplenisigbona Frokeplod diazolyt oﬂ)p@ylemm:lmmer@ANBPortu ng
groups hayid ”$ asgr}@h\gés S LA ﬁﬁs@{]gﬁﬂ‘#?t?@n[ﬂmw;%gf L o'nﬁ?o%wwo

nanonet ers. marizes t eln rescen dset erm ned

Kd val uegdedfto e srbtei) STHf regutidvn proveeded?d rédﬁh@@npeﬂmdreftbtm haoti 20ywati d
substitutions, This data clearly shows nutations_ of GGEBP | abeled with
r epor t eFotagmpiiy thadarky dbe bpévehéerqtalmasawﬁieﬁbv sl fHlirapnena N -sselve¥y s. The

datgqg s I@%ﬁ%ﬁw&g nl“l‘i@ﬁ%ﬁ ragéléj\'ﬁgre ?an%H %Ql'ng ah Qtih Med SR/ERBR

tested strates ange i n ftluorescence response to
vari ouscgéfﬁcmﬁe(SOmnﬂv{erctrr la)tt"mo@é}B(‘ﬁ’fthAMCdalcﬂ&&ﬁ in(RfDe Whirkke2 85BP H6, as a
representatlve exanple, in solutlon FIGURE 2 illustrates %he 30 change in

f I uor es EBHIECerstisHngas LANBE pBide) g7 ﬁ&%é%érﬂf’érﬁm%&smnbf’ @4xdeyan213R NBD
am de G@?@@?}Sﬂgﬁﬁ gggg{g@brlﬁ{ldé SRR LA A ¥Enf X PP UFe coliefi@itidhiifhe 15 VO

03/ 0578
protein was calculated as Cgye = As7s/€473. The absorbance of protein at 280 nm was

20  calculated as A prot(280)=A total(280)-Adye(280), Where A gye280) = A 478 X (A280/A478)dye std- The
concentration of protein was then C proi280) = Aprot280/€280.  Table 1 summarizes the change
in fluorescence of various GGBP mutants labeled with reporter groups, including reporting
groups having either excitation 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
labeled 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 example, in solution.
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TABLE 1 Percent Change in Fluorescence for GGBP Mitants'

S112C ML82C A213C A213C M216C Em ssion Hi s6

3 517

(nm

Dye Ex

citation/

| ANBD am de 470/550 0 4

IwOiBBo&zsser 470/ 550 | AEDANS 336/490 -7 -8 0 -9 Bedi/us80¢Ea0 | A
530/550 7 -10 33 4 XRIA 5, 6 575/600 -21 -19 -38 -15 Lucifer Yellow IA
426/ 530 -14 -3 Bodi py 507/545 1507/545 25 -3 C y5 640/660 2 0 11 -7

Texas Red—waleim-de—580/610—13 ox——375/58015+712-2 F+f+
gl ucose¢ at 0.5uM [dyel Unl ess_dtMXilse indicated al] nutants
hi sti dilne_t ags. Pensent ChangainFluoresganse f GBCBMN antshange evi
gl ucosé bi ndDyg to t eEx‘E‘aWU‘K af 812 1326h b1 423G | A2136m) N3t
t he determ nation of gﬁ?@53] The [change|in fl upr88cence (AF,
was neasH-ed—-as—the 30'" di-H-erence+nHyorescencerbetypeet
gl UCOSE%—E‘ DA e 470590 . 1 0 evlng Bnps b3y b S L
: B ey P OTe ISy Rgran S Ampeo tHupr et er—{ont
wth sl :IA\EBAINS*' NgS—O1T o5 il = ui’_7c1\b| LU pi— gt —Setrtings _9”
t he MC29{s; Bosuel IIJIIU(SJbllslgblutUI = OGS4 Bindipg—constants—
wer e dEELX(RIU TE et Dy Tt T gy Of T J[CTEasjoNg[ cegrcentrati prs_af
a 0.1 &ﬂe,wemg‘gm T SOR3EgzpN { PBS) Wit Iy XT g ot towi g egich
gl ucose€ &by 078BURI NOS YEJRSTNE Sang as 11 5t egh abpve. The Kg W
fromtheyd0lTOW NG T el akdomashi pS AS [adapt ed T [iom [Pi sar chi CK7an
(1990) | TexasR&oMRiiaFD - sdovd1bt (1)  ThxT Kd[ 15 16 337057851
PCT/ USO3LRAA03  wher &€ F37585861 uprascencer infensity] F(erf) i3 fl

at infinrkymok OnMSlubdsd HO8. RFGBBIC BnI@! oti%FsOindicated all mutants were w/o histidine tags.

10
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[0052]

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

[0053]

mO to 1l mM
were w o
ent upon
| abel s and
Tabl e 2)
0 and 1 nim
ri o, Canada)
and 5 on
Tabl e 2)
| ucose into
addi ti on of
s determ ned
Thonpson

uorescence

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 0.5 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.

[0054]

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

concentrations of glucose into a 0.1 uM 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):

F=F_: +F,-F

inf

mf

1+x/Kd

)
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glucose, and x is the free concentration of glucose ([Gc]free) as

determ ned by the relationship: [G.c]free = [GCJtot - [Prot]Jtot - Kd +
([Gc]totwoop@smssitot - Kd)2 + 4 * [Ac]tot * Kd 2 5 whecesa/mapodpt and
[Pro](err) are the total concentrations of glucose and protein,

respectivel y. . WO 03/ 057851 SO03/ 0020 | e 2., Sunmar f GGEBP- H6
B Mot AR iU gite GG F s RO ARrog- sl nty 5 BRSPS 2P0 Tvpe
Intri nsgﬁlcgsé)gg@xﬂt@efﬁégono%htrﬁmca oddd @1 £33 deetRifed Iy the

Al S, E149C, A213S, 1, 2385 +480 0. 37 O. K11 1. 8 D14C 1 1.5 V19C -56
0.0001 €el@@nship3C 40 0.0002 0.28 GT4C -3 0.0009 1.43 Y107C -30 0.001 0.93
T110C -9 S112C 220 0.05 1.15 S1 12C L238S 6 1.5 K1 13C 15 0.65 K137C -5
0. 00004 1.17 E149C 300 0.0002 0.96 E149C, A213C +110 0.70 E 149C A213 R
660 1 1.1 E149C, A213S 2404 0.0023 1.1

[GLc]see = [GLClot - [Prot]uot - Kd + /([GlcTot - [Prot]uet - Kd)2 + 4 *[Glc]or * Kd
2

- "where [Glc] and [Pro] are the total concentrations of glucose and protein,

reépectivély.
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E149C, A213T 350 1 0.6 E 149C A213 L 280 0.1 1.1 E149C A213Y 280 0.1 1.1
E149C, A213C, L238C +393 1.08 El 49C, A213 S, K223N E149C, K223N 260 0.003 0.7
E149C, L2380 @M87851 1. 6 E149C, L238S 6604 0.08 1.36 E | 49CPKIABN/MNR2BSR
E149C, N256S 1 0.93 E149C, N256R 200 7426 0.9 E149C, ML82C, A213C, L238S 200
2166 3.2 E149C, A213S, L238S 480 0.47 0.76 E149C A213R,L238S 500 12 1.1 H
152C 210 0.07 1.3 H152C, A213S 100 0. 16 H152C A213R -3 1.2 H 152C, K223N
200 0.003 1 H 152C, M 182C ML82C 11 A213C 50 0.124 0.68 A213C, L238C 24, 67
36 1.4 A213C, L255C -5 1hbR8. sSiih&e o 6GGRP-A6 BBO.Mudtatidd 36C +23 0. 43 L238C
-6,+3 3 .003 (SPR) 1.3 D283@utin 1, 1 R292C -34 0.0008 1.5 V296C -10

0. 000015‘1“"1“"'6“8‘on "AF fromO to | AR®A ¢ atKg ) " mVPIyY] 2Kd neasured at 0.1
mv [ dye]y 'g'AEYWhen measur ed frofft o 100 Gc

AlS
A1S,E149C,A213R,L238S +21° 0.31
Al1S,E149C,A2138,L.238S +480 0.37 0.9
KI1C 10 1.8
D14C 1 1.5
V19C -56 0.0001 0.38
N43C 40 0.0002 0.28
G74C 3 0.0009 1.43
Y107C -30 0.001 0.93
TI110C -9

S112C 220 0.05 1.15
S112C,L238S 6 1.5
K113C 15 0.65
K137C -5 0.00004 1.17
E149C 300 0.0002 0.96
E149C,A213C +110 0.70
E149C,A213R 660 ] 1.1
E149C,A213S 240* 0.0023 1.1
E149C,A213T 350 1 0.6
E149C,A213L 280 0.1 1.1
E149C,A213Y 280 0.1 1.1
E149C,A213C,L238C +393 1.08
E149C,A2138,K223N

E149C,K223N 260 0.003 0.7
E149C,L238C 260 5 1.6
E149C,L238S 660* 0.08 1.36
E149C,K223N,N256R

E149C,N256S 1 0.93
E149C N256R 200 7425 0.9
E149C,M182C,A213C,L238S 200 216° 3.2
E149C,A213S,1.238S 480 0.47 0.76
E149C,A213R,1.238S 500 12 1.1
H152C 210 0.07 1.3
H152C,A2138 100 0.16
H152C,A213R 3 1.2
H152C,K223N 200 0.003 1
H152C,M182C

M182C 11

A213C 50 0.124 0.68
A213C,L238C 24,67 6 1.4
A213C,L255C -5 0.98
M216C 67 0.008 0.91
D236C +23 0.43
L238C -6, +3* .003 (SPR) 1.3
D287C 4 1.1
R292C 34 0.0008 1.5
V296C -10 0.00001° 1.08

'AF from 0 to | mM Gle at 0.5 mM [dye]
Kd measured at 0.1 mM [dye]

3AF when measured from 0 to 100 mM Glc
*AF when measured from 0 to 10 mM Gle
SEstimated; Sigma Plot calc. did not converge
SEstimated; curve did not reach saturation
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4AF when neasured fromO to 10 MM G c b5Estimated; Sigma Plot talc. did not
converge 6Estimated; curve did not reach saturation 18 WO 03/057851

PCT/ US03/wW02088578400551 Exanpl e 5: Inmobilization of a bi opemasn3/@iox he
instant invention into a dialysis nenbrane nmatrix and the ability of the

tri d d t 00561 .Us
Var i an B0Bhoe 11 EsaRie i moptation et Dol e RoRaEse ¢ 0
L2380 AQiadfsiPhehbiaie én%tIM by BBRbilbf 51%& R @%@ﬂd&"rév@fsibl@ afll @n¥iBSus

menbrane having a nolecular cut-off of 3500 |tons affixed to the distal
end of tré¢adifgsber. Sol utions were prepared containing PBS buffer, 2mV and
20mM gl ucose in PBS buffer. Wth the probe in PBS sol ution, readi ngs were

recor de 0.02 t C%%l rim
foll oweg (gstﬁll nser t%j%' g%%d?mj%% ﬁg%gée?lugrll %wagméﬁ%cg@%ﬁkﬁons epl acenment
of the lQ38CD’EZ‘13Cr1ir@teb1L(f2fMﬁn BBB)bqu@f)Lbﬁltr@[ﬁpeﬁaﬁtHnﬁ edialysid inembeine haviag ai ni ti al
signal. Figure 3 depicts nulti cycles alternating between buffer and

gl ucose“S%?%@qrﬁﬁkoﬂéﬁ%mlpﬁquq@fﬁ’{f?é i thedistal gad|of the faffers RalubopsWASor
entrapp [

031 05768 P BT ASEES BOE RN b ok G B TR R WAL e Y o

| east o®BSnaslaioadrebdingd werepeatrdédnati? atoddsastervalsef rtlmpmmﬂssmn grapelpngiht ached
thereto, .suc hat, said reporje roup rovi des. a dete abI e an

Fover s 57 R QU ed BT SIS Satniadh GBI RUT AR SEBlEPR D Bbosed 1o
var yj g 3k RsBufRn ol @ onBSted Wk et tlmSet iditidedi ecd ablghiran ﬁeﬂr@t‘éer sible
signal change 1s related to said varying concentrations. he bi osensor

of cl ai multipheydenalemiatinghetatesa bbffntdandgglqmogc edlntians dgmeosisasingahact ose
bi ndi n rot The bi osensor. .0 1 wherein said bindi
pr ot ej g 5%1?4 B’e%&g? glf)%%?r BIaPIX maﬁaegngﬁes?lﬁ?ﬁtw%lﬂn pg‘ysmﬂﬁglcﬁ osensor

of clai mpkewherein said binding protein conprises at |east two am no
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acid substitutions. 5. The bi osensor of claim1 wherein said binding
protein conprises at least three amino 15 acid substitutions. 6. The
bi osensorwofo3psmsm 3 wherein said am no acid substituti onpcs/ised/ended from
the group consisting of a cysteine at position 1, a serine at position 1,
a cysteh&géﬁbggﬁsition 11, a cysteine at position 14, a cysteine at
positio ; ysteine at position 43, a cysteine at position 74, a
cysteine at position 107, a cysteine at position 110, a cysteine at
posi ti od- 112A glacose HIRSERSOREOMPTIHBE ti on 113, a cysteine at position 137, a
cysteine at position 149, a cysteine at position 213, a cysteine at
posi tion 2162t lgastpse sjutaedbing@giproten andgt leastops resoper a&oupaéaqh% theretg7,  and
a cysteine at i.tion 29 cysieine Lt jne at
post t1 on 160> Wasellefd e fuib RS Bet it bid ik idtie BRIRRAIS 56 -
The bi osensokvheh sfill aurated Bindirg protea id elposed tovapyiag glutosclchricemniibhy
conprises at |east .25 one histidine tag. 8, The biosensor_ of claim4
wher ei n sai dhgsimsAiddetaeirbic sphraveisiie yRarl shangsds edatedito RAGYATYIRE group
consi sting of,a.rysifine at position 112 and a serine at position 238, a
cysteine at position 149 and a serine at position 238, a cysteine at
positiog 152.and. C L.ne [y 82.. a | it 152
Bnd & serine THE SsSerepl SIS UpeRfTidd Rl ey Ely e P o RRIERE 0 e
at posi birdihgd#8teim cysteine at position 149 and an arginine at position
213, a cysteine at position 149 and a cysteine at position 213, a cysteine
at posi B on TROLWERRS, 0BASEL1 REFHSAM 00302 prddd RRthrAcd iNeRnbmendho
position 213, a cysteine at position 149 ang a leucine at position 213, a
cyst ei necidsubstititionon 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 cyst ei fibe hiospost bf dain? B hemin sxdbiviling pastemomintprses d4€asatwed aniger i ne at
position 256, a cysteine at position 149 and an 5 arginine at position 256,
a cyst efff %ﬁ“ﬁ%g%?ion 152 and an arginine at position 213, a cysteine at
position 152 and an asparagi ne at position 223, and a cysteine at position
213 and-a cy8¢ Biosensar ohelaim | yhereirsaigbingmg mEpteuesosuYiseT atdeast thres aRpEP ei n
sai ¢ bi@%h@&mﬁ&ﬂ&ﬁ&“ additionally conprises at |least one histidine tag. 10
%he Iosensor of claim5 wherein said three am no acid substitutions
are. sel got ol LOMARERLBHP: SRIRLSLINENRD RiFUBLRLEG R'seROR Holnd 4O @
group consisting of a cysteine at position 1, a serine at position 1, a cysteine at position 11, a

cysteine at position 14, a cysteine at position 19, a cysteine at position 43, a cysteine at
position 74, a cysteine at position 107, a cysteine at position 110, a cysteine at position 112,
20  acysteine 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 at 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 a 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 position 213, a cysteine at position
20



at position 238; a cysteine at position 149, an arginine at position 213
and a serine at position 238; a cysteine at position 149, a cysteine at
p05| ti on WDI3ms5R cysteine at position 238; a cysteine &CTHG®3/0020n 149, a
serine at position 213 and an asparaglne at p03|t|on 223; 15 and a cysteine
at positi 9, an aspar.agi osition 223 i ni ne at

4
256. 48%\% a Bireraunesd PogifIoR EE} Beiig &t Bt | ep@ﬂ% ptp0sitipn ﬁgSI tion

addi ti oa%%tyme Qfﬁtpd'sitﬁﬁlsl@tand L@@ kine Bepd¥itiid 21'3n§c§'§1‘&ne ddositia 1abeagasor of
claim1l having at l|east four am no acid subsfitutions. 13. The bi osensor of

cl ai m 12spatesins at pesitidn B2 hdiaysteime ot poantl@rde49tandrvenMs§mr@catrpﬁ$lbe@2é& a 20 | east
one hi stl i.ne bi osensor. reli.n g@d four am no

aci d suf¥t ?lPﬁ'f“l nglogﬁé‘gsag&%é?w a PPE‘}H?’? ?'igé é‘rcé’ﬁfm(?wﬂg?sé??lh %erine at

posi § i 0Brglnin@atPeRitRNMS624 ciRRShd dtPAsilidR 1 SR BnRADARInAR AlposiBiGERYB.aN 213 and a
serine at position 238; a serine at position 1, a cysteine at position 149,

a seri AEsteine piapsisitionr] 52 2ad amasparagend ai@osition 323, end s cygigine ahpestfiaydidei ne at

posi ti on 4 at position 182, a cysteine at position 213 and
a seri ne %1 g&@ﬁé&éo‘%k@@%% The bi osensor of claim 14 wherein said four

amnoa ids SltUtIOI’l are serine . positio cstelne t

D05 i of 140 A RPRPREahTs BuSR St SpgrBrikincbe oty YingitE ahbass 30

16. Theoht RsgMnekagdof claim 1 wherein said reporter group is a |um nescent

| abel. 30 17. The bi osensor of claim 16 wherein said |um nescent |abel has

an exci t?t' O'T}le%\é SPaf it 5 WRERiL Wt@%ﬁm@ggld@ﬁﬂé?ﬁﬁﬁcﬁfs%re elecYd
03/ 057851 PCI/ US03/ 00203 18. The bi osensor of claim 16 wherein said

| um nes ¢rent thk @bmip doasistang & gsicor atmmeblehflﬁ la sefingasipesitiond 1 Abodig sGOR
nanomnet er s he bi asensor. of rei.n ‘}[Ha;d | um nescent | abel is

coval enfi Rpsgtﬂﬁ’pﬁ%daF%Stelg%l?td’oé?loflééé anoaﬁgml;ﬂe BRRYLE L AWESHENRA ng prot ei n.

5 20. T?Gmﬁb@@%‘%%st@fne%t Fosiiokd1 AN G LOdtEInS & 15bsltidmI NS 268 Alcybieiaglat pésition
covalently coupled’to said glucose/galactose bi ndi ng protein by reaction

with a Eré&tﬁecrysme@é pesitién b4, tahemgﬁ @mpsm@o A$3 and mgasoﬁragmmt petBem223;
cou r| ns dam nes te { ),
ﬁ(la%l euf%Qt apsos%_t\,té)(r:ll.Il)’\i/?/R f)ar 1{1?%? %/tboélc oa)r<1§})a§ { Eﬁ/{ll)ng p Sos%on@S%e

tb I b dj
G- ac¥y|) W §F BesHPER SR L‘ﬂWﬁ%ﬁe% oA Y1205 OBPEFREPISER o
Yel | ow, l&gne@gggﬁ@taéz br onoacet am doet hyl ) sul f onam de,

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 amino 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 wherein said luminescent label has an excitation

wavelength of more than about 600 nanometers.
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(N (4,4-difluoro-1, 3,5, 7-tetranet hyl - 4-bora- 3a, 4a-di aza-s-i ndacene-
2-yl)iodoacetam de (Bodi py507/545 1 A), N (4, 4-difluoro-5,7-di phenyl -

4- bor a- 3ayoa3ds@aza- s- i ndacene- 3- propionyl)- N -iodoacet pCetusyd/enexdi am ne
(BODI PY 530/ 550 1A), 5-((((2- iodoacetyl)am no) ethyl) am no)naphthal ene- 1

| otoacedi qIne bigsanser ot tihiz 16 e RO S AN grmRERR sai o

reporterwagélgﬂgh%moieﬁ@h%@ﬁtmlnah&né@r@ponse to exposure to an energy
source. 22. A nethod for glucose detection conprising: a) providing at

| east ong, W%E%%s%éé?‘é??&é&@'l@%@ ?n&'lcpﬁlhﬂﬁesg&ﬁtl%éillsa&@aﬁﬁtl* fied 60 ON€
reporter group attached thereto; exposing said mitated ¢ se/ gal act ose
bi ndi ng spidat East odne gk&p;a/gzgacgbwdmshng poteent rati ons; and c) det ecting a

det ect abl e and reversi bl e signal change fromsaid reporter group wherein
sai dsdeect alihe basensoevelaindll & wheghadaid hatigescenraes paedtalehdy saipted2 varyi ng
glucose concentrations. .23. The nmethod of claim22 wherein said detecting
i's cont iSpidalpcosgigd @‘F%ﬁ%‘éﬂmém%‘aﬂm reactipn whﬁ.rﬂ%rflbwg cetsd o8t the groupThe

et hod ghoshl U A2 nRenel dusalifl, MiARATs b HapRel g@&ﬁﬁaﬂgﬁhﬁsﬂ@m protein

is selecte rom acterla per’plasm ¢ binding protein The net hod
of cl ai nodd3cattreide), Qunatuin Red @t TakdsR i, €y N-qRbbdoaseigrglethyt)eM+y s i n vi vo.

22V\003/05 51 PCT/.US03/ 00203 [-1t5J 6. Terreth of claim?22
Creren S aRar T ha e sl A NBD) e e -y et preiths . 5
ThelUEt TQQQ IQIia |ﬁr&iezﬁu¥mr\eélﬂmﬁ ﬁ lbb}f&i [‘%2 %ﬁ{oﬁbaarﬁ27 \Azﬁﬁﬁfoﬁhmid%aﬂ two

am no aC|d substltutlons e net o of claim éerein said
bi ndi ng (¥r &%dxﬂwmﬁﬂ;%@@t@mdm’éﬁ-boﬂafbéaaimw -inda¢apesybiddoatdtamide 29. The

met hod | ad ef,el id u stitutio elected

from 1 ReoGp R AT g Bl dto ) FRHER. PR f P PRk R Beh

posi t i ORrdpiordyl)C W8ligddaetHetBdietiafiine (BODEPYCYSI/S5MEARE-(Qesi tion 14 a

cysteine at position 19, a cysteine at position 43, a (B/stel ne at
10doacetyl)am1no)ethyl) amlno}/ aphthalene- 1 -sulfonic acid (1, 5-IAE ANS), and carboxy-

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 vivo.
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10 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 ti on WBM3/08r8syst ei ne at position 149, a cysteine at pogiusopm2213, a
cyst ei Né'%4t'®P6%ition 216, a cysteine at position 238, a cysteine at
position 287, a cysteine at position 292, a cysteine at position 152, a
cyst ei 26. at Theshdthathofl@8m 22 whersineiaiiebinding pritein sAMPEELS AEANHNRYE ei ne at
position 296, 15 30. The nethod of claim 29 wherein said nutated

gl ucosérgMMose binding protein additionally conprises at |east one

histidine tag. 31, The nethod of. claj m27 wherein said tated .
gl ucos&gal ddegaghed oflag 3 wherein ﬁ?gjsbméf‘g pg}j{gl{l CPRBT AT %Egeagtctlw amine
substi t utq . cted fromthe group consisting of a cysteine at position
112 anc?ldgl sglggtlltﬁg&gsf position 238, a cysteine at position 149 and a serine
at posidfdon g0 2 51 2} ity Ein2BhpRisEYat Qi BredtanifSi i on
1828 a ystéﬁﬁ@néﬁo%gg@%?%%i?E?%gﬁﬁﬂﬁ%hgggpﬁg gt pgsftion 213, a cysteine
at posigdidodubeldtignyd 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  posig i onr2ldethad 6V Shigi PEwakreROSid brvandiAd asiddubstititicenoiniselected frpmsi t i on
213, a cysteine at position 149 and a |eucine at _position 213, a.cysteine
at posith¢ groupsonsistingpfiayeyeisingat pesitiansl, 3osnne shpostion 1aa cysieag ﬁtepoéino\éosi tion
149 and ,an aspar agi ne. at; Pos{ i itiod 19V 5 Eidfe Alposhni 43l RBysldfe and a
cystein ’3€y%§§F?ﬂ%%ﬁ§%§ﬁ’g§%%§P€?§§%gF%g%é?tﬁ%n 94 (gnd a sep{ne at
posiot i asbsARA, 7402 6YSEiRE BgositionAsT}d oystelikat positian 150, gi aystemeat pposon 1 Bh- 256, a
cysteine at position 152 and, an arglnire at gasit{on.ZlSw_a cy teiqg at
pOSi t | GreYBEMeR@OsHORd bhrggPiicat POYEYY /oA ¥I8NC A1 RIS 1> &F %%E?fi on 213
and a_cyRfhiA 3 Peshd Lidsifion 2160 ARteinth pBHOPIRG G@indlabiosiar ¢ n sal d
mut at ed” gl ucosé’ gal act os inding protein "additionally conprises at |east
one hi s1§7¢kBgstéiagat RRitiND 293/ DEREI1e REDLILSO35D0008teiBt pTsitomtdhad of clai m
28 wherein, said Lhreg &nino acid s bs%itqﬁ}ons are selected fromthe group
consi st§YsEinsrat gogifjien 3 and  cYIEE ALROSIUAR 298 serine at position 213 and a
serine at position 238; a cystelne,gt ggéltion }4§F an, ar, i ni ne. at
poslist i o¥)- 21 3Thmmethod of plaian 39 Whetsin saihmusesen elucossigalaptose RNAMEAY el 149, a
cyst ei ng, @t if] i at position 5 238; a cysteine at
addit}f)él,gﬁg Céllélglqse% Ja?’%e p%n@ hfs)flafn% tag:

position I'ne at position 213 and an asparagi ne at position 223;

and a cystei at .posi.tion,149. _a ' Iokb BIdi 8 131
ar gi ni ngls at ﬁﬁ%ﬁnﬂh(?ﬁ Ogg%l.m 2%?%‘3%125%%8@)%&09 %gfsteel{gﬁ]&ggts\émﬁer el _rs ald nmut at ed
ﬁ! UC'OZ e4ta8dsBRY OSRindI 201 Bt LS BisBlecd diohi H@rdup wasiptinse asteieaat one
t t ag. . . ..
St goesitio%gl 12 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 The method of claim 31 wherein said mutated glucose/galactose binding protein

additionally comprises at least one histidine tag.
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35. The nethod of claim 27 wherein said binding protein conprises at | east
four amno 10 acid substitutions. 36. The nethod of claim 35 wherein said
four am nwoasiog7ssubstituti ons are selected from the groupcaarsessi2ohg of a
serine at posi tion 1, a cystei ne at position 149, an arginine at position

213 and po 8;. an| cysteine, at ition 149, a

cyat ol nddat - Typdieedpiam L Ehetiosne Gt joum o eitlng Fsehrie "a

posi ti Orfro%?'ﬁﬁe goupthnsitihes 8@&5@%&3 at?bﬁh@% 349, Wherifd i prRitdne9an@Rkdheaci d
substitutions are a serihe at position 1, a cysteine at position 149, an
ar gi ni net pesitpusd38; anysdige amsalo$1e114i9n@ agmpmsatipp@hon 2BBan38serithet net hod of
claim 22 e sai d. rep ort.er . The net hod
of "ol a; APSBS AT - Cine R Boion UL iR Gl ol HALEAG Hoc e BV sinedbias B 90
of nBr e 2BRadcRMH at HOSItIBRNIIRE Bfife atffdsitibiQ 1 Bahd Al agpardpirit ANpdStigh2IRI n sai d
| um nescent | abel has an em ssion wavel ength of nore than about 600
nanomet @pg a cysteing AP asionddOotn aspaiaging 3t pRfetian 3723a8id ) g ine SEROALIAENEL | s

covalently coupled to said nutated glucose/gal actose binding protein by
react i ng4sai dheutehaskbiislaini 3¥gvironeiid natdted glessatgatintoseddnding putdin om t he

group co i of fl ugn es coumarins, rhodamnes, 5 TMRI A
(tetram'é‘aiv ﬂ@%&mpﬁ‘éeﬂ%ﬁ %aag%%ee%gﬁfﬁee & Quantum RedTM Texas Red(err) oy3,
N- 2- d to et t 7-nitrob d ANBD) ,

s U oo ogle s S et L el sl Like)

QI5,10 Dapelbditutions. Pr onmoacet ani doet hyl ) sul f onani de,

(N-(4,4-difluoro-1, 3,5, 7-tetranmet hyl - 4-bora-3a, 4a 30 di aza-s- indacene-
2-yl )| odgace EEHQ'] 7, fs

4- bor a- gg 4at[§?]g%§lc‘sd I'n a%?r%e‘ééiégrsg%lfg% Aﬁnﬁlag;do gg{é@%"?‘l etfSl P% | ani ne
( BODI PY8fer grouﬂélorh&@tiﬁgth ?&B’ﬁﬂ% APRAYitUISO B/0H2E@Hhe\At poditidh ll49,]an‘drgmMe AtV .. "

5- ((((2998&%@‘%%}1513;%?%%@% ipn 238; ﬁ@?ﬁépjﬁ?%@bﬂ%ﬂ@ons{@ BRYYCIRR Ay (1, 5-
'AEDANS@SIapIg}%ﬁ g;e,g% élétali gmﬁﬂmaré/a@ehﬁéaq@%&ﬁwzb@e (XRI A 5,6). 42. The

met hod y conprising t step of exposing said

rep%t €h7, 9 a4 n%eﬂro%”cg‘%gagﬁl% @H&Eﬁ%aﬁ%ﬁ%ﬁné&’Bcﬁ?éﬁféé:tfngtﬂ)r?%{%ge?ae%?i%ra% er group

emt “said S| gna ositiron co
gI ucose/pgstiac | o€y stuindit pgsifio ol 9 ranhdgihing agpositas 2 1D med assrine adposition

238.

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  ofmore 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- 10doacetoxy)ethyl)-N-methyl)amino-7-nitrobenzoxadiazole (IANBD), 6-acryloyl-2-
dimethylaminonaphthalene (acrylodan), pyrene, Lucifer Yellow, CyS, Dapoxyl® (2-
bromoacetamidoethyl)sulfonamide, (N-(4,4-difluoro-1,3,5,7-tetramethyl- 4-bora-3a,4a-

30  diaza-s- indacene- 2-yl)iodoacetamide (Bodipy507/545 1A), N-(4,4-difluoro-5,7-diphenyl-
4-bora-3a,4a-diaza-s-indacene- 3-propionyl)-N’-iodoacetylethylenediamine (BODIPYS®
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substitution selected fromthe group consisting of a cysteine at position
1, a serine at position 1, a cysteine at position 11, a cysteine at

posi ti onwbDdg3/a78syst ei ne at position 19, a cysteine at paUWUSIR/NOED3 a
cysteine’at posi'tion 74, a cysteine at position 107, a cysteine “at” 10"
position 110, a cysteine at Fosi_}ti on 112, a cysteine at position 113, a
cyst ei neS38(550d#i)+ 3-6(2-1edmeety))empanogéthel) aminsoeaphihsiengdssulfgnipyaside(lae at

positio cysteine sition 21 . i t position 238, a
Cyst oi na RN G LB KrrBR R be e drtps S PRIBS & Vet el ne i

posi tion, 236, .and teine at.position 296. 44. The conposi.tion of claim
S wher A S oFE efRad BECGTE, Slai G Stk et B RS S SRS onal |
conpris ol Ak b Shp MY dx@ing4Rid rdptites 36 bin@alf siglafi M 43

wher ei negz%%t mut atre g}lucosﬁe/ gal aé(t oglg bi r{d‘lhﬁtg glﬁsg?ei n agdistlfi"qgnal |y

conpri s at SRS 9roup. 46. The conposition of claim45
Wnergi ne%t' Ieéégta&hﬂgﬂg%%ortesﬁ%roup is a lumnescent |abel. 20 47. The
conposition of im.4 L sakd L um. ent el _has. an.excitation
wavel engt h of® rrr%g!ra%dt%%%cg)sa %lé@b%@ﬁéga%gﬁ%@ﬁgﬁﬁggt_ ﬂe%ﬁém%%%b%’s&t“?on of claim
46 wher ajubstRatich delstiodesae (e draletoRRENA0S £6Yssch®ft povidivellengérthealt nore than
about 600 nanoneters. 49. The conposition of, claim46 wherein said

| umi nes AORLIOPpBLYSIENE BLROSKEIN| - & BURSHBRIALRDSIIOB 140} eystiiRGigagsition 19,2
gl uCOSe! GRLARRSEifU 4, AL RERL Gl Bodilor FAGL G A thefitPida Blaidhog: Protein
and a menber sefected Trof the group consisting o uorescein, coumarins,
r hodé@m nmesitiob-11TN\RE yAtefieedt pasiaoi ¥ 12, hogawineet pedidanblSe h apsteiag at fasititnum RedTM
Texas RedIM 3, N 2- ) iy . .

i odoacetoXy} &1’%113 *—‘W‘\%‘PB;}f‘?’é‘rﬁyﬁﬁmﬁaﬁPP?IBB%%%%&F%%P&P?SI%NB%JBG; a

6- acry! QykreRie M bsBESY S AL ROASRE LN RNE 53CK w(s@éie@at;poembﬁ 92, d Ukt at Yel | ow,
Cy5, Dapoxyl (r) (2 30 bronbacet am doet hyl j sul f onani de,

(N- (4, 4-ndisition @36, and3 GsEineet pesieerhy®6. 4- bor a- 3a, 4a- di aza-s- i ndacene-

2-yl )i odoacet am de (Bodi py507/545 | A), N-(4,4-difluoro-5,7-di phenyl- 25 WO
03/ 05785M. PCITHISOB{pOEIZ0R of dlaine A2 wdarokasaidlimaraedSglucudapanetose binding protein
3-pr.agpi onyl ) -N,-iodoacetyl et hyl enedi am ne (BOD PY(r) 530/550 IA), 5-((((2-
i odd cetagfi)tzi’ﬁ'? §ERPRAeS 2 ﬁ‘i‘ﬁﬁBS‘?}%’ﬁ“&ﬁ%F"@ne-l -sul fonic acid (1,5- | AEDANS),
and carboxy- X- rhodani ne, 5/6-iodoacetan de (XRIA 5,6). 50. A conposition
conpri si4dg: alhepompesitign aEelain 4amhereyseibmytatetelpeaseigriaciosy bingingrateneast
one am %%d@%%glggﬁﬁoé]ﬂi&eyah%ﬁﬁéFe%ﬁgr dib@n the group consisting of a

cysteine a

46.  The composition of claim 45 wherein at least one reporter 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 Red™, Cy3, N-
((2- 10doacetoxy)ethyl)-N-methyl)amino-7-nitrobenzoxadiazole (IANBD), 6-acryloyl-2-
dimethylaminonaphthalene (acrylodan), pyrene, Lucifer Yellow, Cy5, Dapoxyl® (2-
30 bromoacetamidoethyl)sulfonamide, (N-(4,4-difluoro-1,3,5,7-tetramethyl- 4-bora-3a,4a-

diaza-s- indacene- 2-yl)iodoacetamide (Bodipy507/545 1A), N-(4,4-difluoro-5,7-diphenyl-
25



152 and a cysteine at position 182, and at |east one additional insertion,
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substi t gdhebns sel ected fromthe group consisting of a cysteine at position
112 and a serine at position 238, 26 WO 03/057851 PCT/ US03/00203 a
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P wavelength of more than about 600 nanometers.

56.  The composition of claim 53 wherein said luminescent 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, 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,4a-

25  diaza-s- indacene- 2-yl)iodoacetamide (Bodipy507/545 1A), N-(4,4-difluoro-5,7-diphenyl-
4-bora-3a,4a- diaza-s-indacene- 3-propionyl)-N -iodoacetylethylenediamine (BODIPY®
530/550 TA), 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



5 149 and a threonine at position 213, a cysteine at position 149 and a
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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 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 Red™, Cy3, N-

25  ((2-iodoacetoxy)ethyl)-N-methyl)amino-7-nitrobenzoxadiazole (IANBD), 6-acryloyl-2-
dimethylaminonaphthalene (acrylodan), pyrene, Lucifer Yellow, CyS, Dapoxyl® (2-
bromoacetamidoethyl)sulfonamide, (N-(4,4-difluoro-1,3,5,7-tetramethyl- 4-bora-3a,4a-
diaza-s-indacene- 2-yl)iodoacetamide (Bodipy507/545 1A), N-(4,4-difluoro-5,7-diphnyl- 4-
bora-3a,4a-diaza-s-indacene- 3-propionyl)-N’-iodoacetylethylenediamine (BODIPY®

30  530/550 IA), 5-((((2-10doacetyl)amino)ethyl) amino)naphthalene-1-sulfonic acid (1,5-
TAEDANS), and carboxy-X-rhodamine, 5/6-iodoacetamide (XRIA 5,6).
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70.  The composition of claim 67 wherein said luminescent 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, rhodamines, 5-
TMRIA (tetramethylrhodamine-5-iodoacetamide), Quantum Red™, Texas Red™, Cy3, N-
((2-iodoacetoxy)ethyl)-N-methyl)amino-7-nitrobenzoxadiazole (LANBD), 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,4a-

25  diaza-s-indacene- 2-yl)iodoacetamide (Bodipy507/545 1A), N-(4,4-difluoro-5,7-diphnyl- 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-
IAEDANS), 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 a serine at position 1, a cysteine at position 149, an
28



149, a cysteine at position 182, a cysteine at position 213 and a serine at
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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, Cys5,
Dapoxyl® (2-bromoacetamidoethyl)sulfonamide, (N-(4,4-difluoro-1,3,5,7-tetramethyl- 4-

20  bora-3a,4a-diaza-s-indacene- 2-yl)iodoacetamide (Bodipy507/545 IA), N-(4,4-difluoro-5,7-
diphnyl- 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-IAEDANS), and carboxy-X-rhodamine, 5/6-iodoacetamide (XRIA 5,6).
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