Bl NDI NG PROTEI NS AS Bl OSENSCORS Abstract : They 208Gention is

directed to conpositions of mutated binding proteins containing reporter
groups, anal yte biosensor devices derived therefrom and their use as

anal yt ewgggeRsgors both in vitro and in vivo.
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BINDING PROTEINS AS BIOSENSORS

BACKGROUND OF THE INVENTION
1. FIELD OF THE INVENTION

[0001] The invention is in the field of biotechnology. Specifically, 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 vitre and in

Vivo.
2. DESCRIPTION OF RELEVANT ART

[0002] | Monitoring glucose concentrations to facilitate adequate metabolic control in
diabetics is a desirable goal and would enhance the lives of many individuals. Currently,
most diabetics use the "finger stick" method to monitor their blood glucose levels and
patient compliance is problematic due to ISain caused by frequent (several times per day)
sticks. As a consequence, there have been efforts to develop non-invasive or minimally
invasive in vivo and more efficient in vitro methods for frequent and/or continuous
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,
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
element into a semi-quantitative or quantitative signal. Possible transducer technologies are

optical, electrochemical, acoustical/mechanical or colorimetrical. The optical properties that

" have been exploited include absorbance, fluorescence/phosphorescence,

bio/chemiluminescence, reflectance, light scattering and refractive index. Conventional
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conformational change of the protein. Of those studied IANBD resulted in a substantial

increase in fluorescence (160%) intensity upon maltose binding. This result is consistent

with the location of the fluorophore changing from a hydrophilic or solvent exposed

26 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
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[ 0005] Biosensors specifically designed for glucose detecti®dt2086 use

bi ol ogical elenents for signal transduction typically  -use el ectrochem cal
or colorimetric detection of 5 glucose oxidase activity. This nmethod is
associ afyedsmsdty difficulties including the influence of oxygen |evels,
inhibitors in the blood and problens with el ectrodes. In addition,
detection results in consunption of the analyte that can cause

di f fi @lubtepcenyd ea BRS¢ SiplifpneihbiEia EThedRORAh @dnkdidtion [ 0006] A rapidly
advanci ng area of biqgsensor devel opnent is _the use of 10 fluorescently
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ef fectrvely enonstrated as a useable naltose sensor. In this work NMBP,
whi ch has no native cysteine residues, was nutated to provide a protein
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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




[0008] In order to accurately determ ne gl ucose concentr ati®suly2008i ol ogi cal
solutions 5 such as blood, interstitial fluids, ocular solutions or
perspiration, etc., it may be desirable to adjust the binding constant of
the sengpRisodecul e of a biosensor so as to match the physiol ogical

and/ or pathol ogi cal operating range.of the biological solution of interest.
Wt hout the appropriate binding constant, a signal nmay be out of range for
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5 proteins undergo irreversible conformational changes, denaduw2806on, and
" loss of biochemcal activity. Inmmobilized proteins can exist in a large
nunber of p@ssishkRsErientations on any particular surface, for exanple,
with sone proteins oriented such that their active sites are exposed

wher eas om@q%e oriented such that there active sites are not
exposed, HHE IV EENSTONder go sel ective binding reactions with the
anal yte. Inmmobilized proteins 10 are al so subject to time-dependent

denaturation, denatupgibRn hsie{nii@QgihéHéPPbéehZo?fer(?ﬁ‘%@&q v)zr%%%‘ﬁa@gxlg% gt N€
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entrapped protein subsequent to 1 fmobilization. erefore, result
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to enable their use, thus physical absorption a "andom or coval ent
surface atTEMREAEINAT cxPRseA IR Yarving Elaepseeansendrglicns; wlaerai saiddayrtableand he

i ter at ur aogeimee Alka dRhge A58 $ihe bRk HioIher efore, there i's a need
inthe art to des%n ad%?ti onal usef ulJFJnrgrﬁt até%}mpspot ei ns and nut ated GGBP

proteins generating detectable signal changes upon anal yte binding for use
as biosensors, and dHIPIINERar fift asheqt ef the prgsenbiaventian piesiday 4 gluewsalesi gn '
addi t i onalbiosexseif dbmpikib@t ed bi ndi ng protein and nutated GGEPs contai ni ng
reporter groups generating 20 detectable and reversible signal changes upon
‘anal yte or glucose Blﬂa‘?ﬁﬁtﬁﬁe Pgated biadigg profsinyand st lsps enepeporpy ipup gBehedD

03/ 057851 tiwisd/ARY OF THE | NVENTI ON Di scl osed herein is a glucose bi osensor
for in vivo or in vitro use having a) at_ |east one nutated binding protein
and at | east one repBit™B3t sy gpprteriErors meryidene Aeiectrbla and reviesible sigmall r epor t er

. group provhatgs wherkaldabtated BindAg ploRYEIS Sk 18 VAYRL DAY MERRaI d mut at ed
bi nding protein is exposed to var ylélllr:tgr gl ucose concentrations; wherein said
]

detectabl e and rev&feieHt iddegrigple Yasiple siged] ghange isaelated @ soidr yi ng
concent r atva9ihg coemedtidhd1gl y, a first aspect of the present invention
provi des a glucose biosensor conprising: at |east one mutated binding

protein and at |east, one re&?r er group attached thereto, such that said
reporter group prpvﬁf@%‘mﬁ”‘& SdheRret EnentipRreYids pmethed grelpcoseskiarige when
sai d nut atcesdprisifpt) POvBIhe hidéast dnsma%mgﬁ&s&gdlmyﬁiﬁtﬂngr&aﬁma@m&% rations,
- wherein said detectable %nd reversible signal change is related to said
varyi ng C6W8g?{tgiroélpiagﬁgl_ed rereto, b) exposing said mufated glucose/galactose binding protein
C o 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

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,




A second aspect of the present invention provides a nethod ¥.ady29o€icose
detection conprising a) providing at |east one nutated gl ucosel gal act ose
bi nding protein and at | east one reporter group attached thereto; b)
exposi ng said nutated glucose/gal actose binding protein to varying glucose
concentrations; and c) detecting a detectable and reversible signal change

from sai d repordRsrdBeRUPhH 85p8L BT B8 bts &€ RaliRR bR VAR saetigld! e si gnal
change corresponds to said varying glucose concentrations. There may be

addi t*PEREE provi ded a conposition including a nutated gl ucose/ gal act ose

bi ndi ng prot ei i hasmbdgudbe/ btk SR@n@ftoRM Al of4RShs haid i on sel ected from

t he roup consistinq of cysteine at position 1, a serine at position 1, a
cyst Phsatution sslreie frgpy the group copsisting iohp cxgtems s pasitigh 1qasente # peitiPne at positi on
19, a3, S¥steRicRepdditioR 08 aldyQfindd podidyiSl LRIt pREDL TS, Aystdne A CyStei ne at
positiaon 107, a cysteine at position 110, a cysteine at position 112, a
cyst @PHEONE: postarieghpopiion 74 doydeins Haosiiond; 3 fysting stposior il 2 ne at

POSi lei@eind A PosiorC 3} £dyREind@kt poRiASH 113081cydkihe afpdaitidh €37)8 cileiQBi Lion 216, a
cysteine at _position 238, a cysteine at position 287, a,cys%elne at

posi PPYHODYY; @ oysielpg pihosiions 13y peyseing 3t RaBION Z1¢ g SYRGIRA BOSIOELPY on 182, a
cyst aicRgeind atPOSIidd X817, Z3Mteind AhoitiGy B2e4 HiRtedle aPRUsitioh 086, 2% 3 July 2006
Accordingly, a.thjrd aspect of the present invention provides a conposition
conpr%?ﬁE%pQQW%& Ped gl ucose/ gal act ose binding protein at |east one amino
acid substitution selected fromthe group consisting of a cysteine at
position 1, a @4 thee ahy pOfblilédhereln a ®onysitiet RLingta pp@séd | on- 11, a cysteine

at position 14, a cysteine at sition 19, . st ei ne at osition 43, a
cyst @f“ﬁ%seﬁlaé%e’lbﬂdb% pofen avd%’ﬁi?ﬁé“’%?“ﬂ%?‘??‘%mfﬁeﬁs S%{ecé‘iflgg’é‘i ne at position
110, .ttl_ee gr@.;p&bﬁﬂiﬂhiﬁgafa; @@&inbh?jbsiii&ﬁ}i&nﬂﬁ?ﬁrﬁéﬁeﬁﬁpo@ﬁio{@@@,hbﬁ;:hiﬁb:hB_,t_a cy;t1 gi ne at
posi ti1 an , cystel ne.a posSI t] on Ty C el ne a OsSI U1 Oon , a
oot e sate S Srpgnoio b e et ing Puooiibe M R coumene i BV EML e ot
posittlsmra @?ane a_p?gmdreﬁzsggma:i ATeﬁﬁéitttﬁbQﬁerﬁz, ab @s@msh@ad@igoﬁnlsn@ahti on 236_,tand a
cystelne a 0SI n . SO. . e e .provi de rern a conposition
havi RNy PRTORP 238 R GLPRLOBIE B Al AR PTG g at | east two
am neyseiheht odsdn MO bhDNErifek Poditsh X1B and a icdhige @posiflorcIB8singlai Ng of a cysteine
position 112 ihe at position 149

: gtnd_ ﬁ?’%eé’i“?af‘i-gosé'fo“gg g ia’?q %re‘?‘%%g? 3505%5&? %gd ége%ﬁﬁgti H%%/ia?t’fle}f%Z and a cysteine at
POt L1002 el S SRS A e R B B i L 2, 213,
posi tomyrisihgd and an arginine at position 213, a cysteine at position 149
a1 posi 1 on 148 R AR G RE Rt S i I Fne 8t pos L1 on
238. 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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Furthernore, a fourth aspect of the present invention provi3ady 2906
conposition conprising: a nutated gl ucose/ gal actose bi ndi ng protein having
at least two amino acid substitutions selected fromthe 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 RQfdiddihch@ualatosih@hd FoRin HRARE 1O thedafitd a@aseri ne at
position 213, a cysteine at position 213 and a cysteine at position 238, a
cyst rbsttudensselssied Fom the groyp gonsisting Rfiaryieinget perdent [48p PirE aty cyst ej ne at
POSi HhifontAY aRdlscing % FofiifHE238L 2 RRRINE LOFbsHids 1 4R L YRk B6osiBbn POSI tiOn 149
and a threonine at position 213, a cysteine at poSition 149 and a | eucine
at  pobRd doRrineias positiong3 s qyeing atpesition Y. aopsteina gt pesition Jidiasd 2aat posi ti on
213, cPetdidcSdt BB RATEEIOR podifish BB RRNAINBLAN 118 a”d arlRpdridi@n 223, a
cystel ne at 805|t|0n 149 an£ a cysteine at position 238, a cysteine at
posi £1Ritien 323 ard acysising aleposition L, w1 FRArsER: at Rositjont2dd rd aprargipia¢ t i on 149 and
an af@sfibhgs@t position 256, a cysteine at position 152 and an arginine at
position 213, a cysteine at position 152 and an asparagi ne at position
223, a cysteine at, position 213 and a cysteine at  position 255. Afifth
aspect of the prRapes AlBRPIEHH! By GUPHBOVeIooBBe iIGAMEEMIF i sing: 3 July
2006 a nut at ed aGhuEaER @M AGLOSDHIRIIRAIBGinMHatthe htNeddtrshmighiad aci@ast three

am no aci d bstjtutions selected fromthe group consisting of a cysteine

S

at p&hsv%?mfgg?te R e gEoUR Ponsiidng qfiasArne pEPoSHiPn & AFFEHE At position 238; a
cyst gbsigbnAl49 P@Stdihifdat b4dkiona® 3amg b Bérihe aBlosiios D19; @Berind 4 osifih & aSeri ne at
position 238; a cysteine at position 149, a cysteine at position 213 and a
cyst EYSFRPCH PRFN LS 7 sorinig-at positicr7dP gad agerigp alnofipon 40andg c¥gfinhie at positi on
213 atysbsition &8N aEagHinat paitioR 081, hicPileinead podiith 283 B4 Rlifeat dbsid@si tion 149, an
asparggine at position 223 and an arginine at position 256. A sixth aspect
of tR ‘present invention provides a conposition conprising: a mutated

gl ucose/ gal act ose bi nding protein having at |east four am no acid
substitutions swli6eiabekaipleydridiied phiihefalngdss bindige @bicia a®ghdwie at position 1,

a cysteine at ositi.on 149, an arginine at position 213 and a serine at
posi ?r@ﬁb%?Tﬁﬁgiﬁ‘WBO agqd e py 9%?%35‘0 ﬁ@y&@’é o geqyencn, 'ﬁr’}bn 149, a serine
at pasiiig on 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. Additional exanples of nutated glucosel gal actose binding
protein are showmn hereinbelowin Table 1. Amino acid residue nunbers refer
to the published sequence of E. coli having
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5b 3 July 2006 WO 03/057851 309 residues, as detail ed bel owsJup200bre

corresponding am no acid residue in any substantially honol ogous sequence
froman alternative source (e.g., glucose/gal actose binding proteins from
G trobagbhgsndgqundii or Sal nonel I a typhinurium sequence accession nunbers
P23925 and P23905, respectively). BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0016]

FIGURE 1 illustrates the change in fluorescence response to a range of
gl ucoS89 eesitues: ey detatlehbelowror Aricouesponding aymEny agid residmmmrnysulisindallyut i on.

[ 0017 I i i - I e to a range
of gt OBt sealehia i 81 ApisCe PER e uorp ISR DRRARRRBRTY () B o
10 [ OGto8} CitoGluRir fBuindil arsSuirainela typhiensiurh) sequengraatessivmngobert P236825 r om a

nmut at ed 85@@'3% &roétygi n follow ng exposure to solutions of glucose at the
i ndi c&h¢ ACEREFFYSns. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 10019] The
term bi osensor generally refers to a device that uses specific bi ochem cal

r e3ct iBRIEF DESCRIETIODNOF THEDRAWENGg s, i nmunosystens, tissues, organelles
or whole cells 15 to detect chem cal conpounds, usually by electrical,

t her opti ignal s, sed. herein, a "biosensor" refers to a
or ot e08hab oFBURE Elifngies ettt n PidsSehie RonghiseBeEs%S et ect an
-anal ylpRicose cansnaades fon AANRE/Y LECECNBDeidGGBP HP Ih dhdidhect or means as herein
described. 100201 The term "bi nding proteins” refers to proteins that

i nter ith s i fic. 20 analytes ipn a manner capable of providing or

tr ansmﬂrg a o@%@éf%azb‘lulé“@%ﬂﬁrc ARES & ﬂ‘i’%?sé‘_mﬁ frRgns M“T_‘"é?@rﬂfi abl e either
from whRBscabadahkRiohSrol 149 RS PR NBB@id GGBE HPERRlkon! N Varying
concentrations over time, or in a concentration-dependent manner, by mneans

of the methods _described herein, The transduction event includes

cdfti RM8E, pr JYEhiREdlusiates epessily dgnahisapdictivmEemaingatehkindipgre or reusabl e
appl i BRdL i loy iRk o3ufd!t& scihfind bor glpgol@%%dﬁéﬂl&@t@ﬁ%ﬁﬁodsm antaneous or may

be ti pende roviding a co ion w e presence or
concentration of analyte is established. Binding proteins nutated in such a
manne DETAIBED¥S CRIPHODNIQE THEINVENTIONf erred. [ 0021] The term

"Gal act ose/ d ucose Binding Protein" or "GEP"' as used herein refers to a

;Kggé?%mgf gL leiy ngggégwb%s@{soi QaHAONY Rt DR PRVCPHABIELS sz iR Bl iERta Of bacteri a.

reactions mediated by isolated enzymes, immunosystems, tissues, organelles or whole cells

15  to detect chemical compounds, usually by electrical, thermal or optical signals. As used
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 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 _




WD 03/ 057851 proteins are naturally involved in chenotaxis &hy20p&nsport of
smal | nol ecules (e.g., sugars, amno acids, and small peptides) into the
cytoplasm GGEP is a single chain protein consisting of two globular a/p
domai nswhhghs:ghe connected by three strands to forma hinge. The binding
site is located in the cleft between the two donmains. \Wen glucose enters
the 5 binding site, GGBP undergoes a conformati onal change, centered at the
hi nge ProtFincae patpals inveled m\ﬁabcr&%wmtltae@@rtwépm@lhmoléw@sa&g . $i288ose in the

bi ndi determ ned for
the. ol LS, o STy Rl ne e B S EHE L e RO = A " QUi ocho
Sci encensistiggof (2o Zlobule 645 d20Bins thathrScorfipgét byuthien strfns tolform Abinke.ay, R D.
Smth L | e, Rec Q, 1, .41-5 and.are avail fromthe 10

oot o batins gt & LEREE R BF oRPRushr o Gioiebains BB sl Blshe [ o0 ecti vel y.
The Wibinding!sitg GEBP eletgotdnidNdatinel cABAgROceRfeked a5 the URIRE, eulﬁ@fbrmgs found at

WWW. ncbi nhu ni h. gov/ entrez/ accessi on nunber D90885 enom.c clone) and

acces dhedio damaiplosstherpd enteaps glycose ndhe bindiag sity X-mysrstlle@aRBP i s from E.
col I olrMdééd hayMeR (18 B ioP the BloldShim ?KéQBP EORTPLA; (NTRE 9 a0MEEBP") as used

herein 15 refers to binding proteins trombacteria containing an am no
aci d( &% \ivamF. AdduibeherScien 8248 20911 293 e Sphimaniym ¢S ladded to the am no

aci d( b D aNQt W : Ly, such
aubst MORHERRD A, B St %O36Y 189010 4iTREL By o IBIERRR L SL00
lrJ _ﬂQijdl?ﬁﬂein DatadBapk G{tﬁrﬂl&bﬁw r@l?]lergﬁ:glign\aDZGBB mﬁﬂ&(ﬁBP Eesgémlvayy;rmmm i ons of

i ndin rqt ei.ns i.ncl ude the Ition qr substitution of cysteine groups,
non- né’g’ﬁﬁgfcﬁﬁégﬁm ﬂ@ijdafﬁ“%ﬁﬁ‘ ??q‘é‘?le‘a%"‘“?’?J?‘H'Qtah et at. JBio, Chem 1996
271, 3w AR9RAn ARSI Ao RRbARBHRE DoOSss (é%&ﬁ@&éﬂe?ﬁﬂ&acé&ﬂoﬁ eactive anino

aci ds Wi th reactive amno acids to provide for the coval ent attachrrent of
el ect nyabE AP0 (eimngn@fléeque@pbﬁ@fwdﬁﬁﬂi’n@@ongﬁmbs. "reactive" amno
acid is neant an amno acid that can be nodified vvith a | abel i ng agent
anal oggy3gy to the aPs PRbei PN by Yebn dye.
Non-rgﬂﬂt lve ammﬁlééta0| hhi’ﬂ? fbfteﬁde(%art%gér}\l?pr%ge\‘rhggé? Eest?éa?neé{s eHr?yI al ani ne, and
otlher scfershvi ihdinpweEas feitecetiacongining m”amnmmd(shhatmeabhehy nmodi fi ed once

i ncor par.at i n tein eq. T. rrans on ate Techni ques,
ac acie s 4t e RO R e, 5 Afindiaotd) PRRGHE Renab A ERIRE of "o no ac d
. side ehadin Pfe@ei\élﬂy Mich ¥bstituBO3del 68O indeMtiont! b lve Rswepthat B@meBP protein
"include _a cysteine substituted for 30 a Iéﬁgne at position 1l (Kl 1C; a

cyst ePfié residBes: mprprsefembly ong priivoiresidyes. Fxsmplsssmpiebons PAbipdirgC) ; a cysteine
subst | o‘tgu%qnélﬁﬁe tl‘{@alddﬁﬁm%P %@?ﬁh@d&%c}&mﬂc 313)9 non 3! afpﬁjt §§n§ bstituted for

. asparagine at position 4 Feihe su st r glycine at
p@8i t amimoAdid§ GnulaBjti, ebatclBiv.eCeer. 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




'3 July 2006 WD 03/057851 substituted for tyrosine at positidiu®p6( Y107C);

a cysteine substituted for threonine at position 110 (T110C); a cysteine

substituted for serine at position 112 (Si 12C); a double rnutant i ncluding

a cysteoaspsist i tuted for serine at position 112 and serine substituted

for leucine at position 238 (Si 12C/ L238S); a cysteine substituted for

lysine at position 113 5 (K1 19@) a cysteine substituted for |ysine at

© posi t isubstituted foryBosme;at EPSES‘ﬂEﬂ@? 0§Gb§tcwt€lﬂ%$ilb5tftﬁiﬁd fprthregmine ahci d at position
149 ( | | iR for glutamc

acid E’E) é‘%&%ﬂ@%ﬁmﬁ o &g%gﬂ#tp%g@u eaat E%ﬁ%ﬁf%? %Slgggf hgugbﬁgp05| tion 238

( E149@iutas @jyding adryslbine subgtitatetd farcenpreiat pmaylcm 139 sdesenine sihigeted fored f or

posi t Herabp 7ol (i 3Ee2 38 Sl Syt ot Rt Ter i v |

sulsst i(Kul x); ieyste&iearabsrm&lt@ftfoﬂ@ﬁné at asﬁdxalzantﬁtm@y@&ﬁtene sehstigitddt uted for
hi stidjne at posjtion, 15 &11152 A213S); a cysteine substituted for

met hi d9 Fletaic acklzt pesiting lf% 14Rfel 2@puble mujast @F]H@“%GBHQ"%W@%F“F% al ani ne at
~ posit 'f&rglgtlﬁxc(a%%]a’f@mtuﬁx IQI@HM Lserildb@Situted rll@l'cﬁga osi¥ish 83ghe substituted for

al anine at position 213 and a cystelne substitute for |leucine at position
. 238 (ABIC/LIBSSER, doableymtaaﬂ ae@Ipssing & cystaimcsubssitutedsfohhistidineeat positpmsi t i on 15 216

- (M216G, a&géﬁgﬁe@ﬁbs@ tﬂ)ltrH%tﬁl%mLQBt &?i&%‘%@%{g}@%&%@%@ﬁg?g@}b‘i@ 236 (D236C);

a cysterne for eucl ne a CyStEIHE
suigst Intulﬁre d‘xcilmllmgmaﬁet Substmﬂectfoﬁiiamﬁ)@ﬁ ipbsitieh 218 and E)B&Ydﬁ)e, substitutad ei ne

substit for ar on 292 (R292Q); a _cysteine substituted
for aftk ?t aﬂ\{p%&%ﬂﬁﬁgﬁ{%g éé)égyysteéne{ F%l“éte BRthigepldi ng a  cystei ne
subst i Béiﬁ@rfil ZC[MIQQQ} %%zﬁelﬁéﬁuﬂstﬁltecpﬁ§hitaﬁlﬁ@at]pﬁﬁno@i‘lﬁﬁém(l‘)ea &ipgtituted for
serlne at 20 position and a serine substituted for I'euci ne at position

238 ( Emwmgslal_czmy subsfitated ﬁortalampb et positian 213 and|asyrsteige sbstitutedi ne
Subst bt R oM ATE AN 180), RIMAORehlfiog AP pRiG oS Ut ed For

an al ani ne at |ne Su C|ne at position

238 Qmaﬁﬂﬁmiﬁﬁlsteﬂﬁaﬂ)smu@dddmpﬂrﬁc {oidnat pbsxgdsre:B)s (Dmﬁﬂ’); acgaremeal so incl uded,
for ex tant in nere sal ni ne at S|t|on1
cyst ef® a‘%rm“é‘iﬁﬁ% weg ﬁP%ﬁW"ggg%ﬂzép PSS ?f‘i Bﬁ‘f“tfgfg) r 23RagHCHF ¢t r epl aces
al ani ngsifié bR 24 (o} & gsition 238
(ALS, Efﬁgéj %BR @38 teﬁ% Irlr%ﬁgulrt\éaq%ﬁgh?%%%desﬁffjng%%%}ggggs al ani ne at

posi t iep¥ieine substisuied fas aveliieat positig 306 (Y2968 adriple st incleding 49, seri ne

repl a at position
D58 (R e or ROBL AOR bR fheh B LR SRLAGER L AL AE L POSL (!
gl20t apnmtum:ﬂd mﬂ a[semletsulﬁﬁtuﬂed%r leuchiea mltroaaB&cEISIQGmmsmnsﬁS)mdat posi tion
182, stel n E]E%ces al ani ne at SI tion chgaéand se | ne re. J aces | euci ne

at po§ l?l?)ﬂlu i écmeét?é“w% legg)mc ¥ RfS‘t?‘Hb B¢ may serve
‘one Okub¥BfufedThr SO at PUsiRAES and™ ﬁen%ﬁﬂ%lt@ted 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 : _




naturally occurring protein may be nutated in order to changéult2966| ong-term
stability of the 8 3 July 2006 WO 03/057851 protein; to conjugate, bind,
coupl e or otherw se associate the protein to a particular encapsulation
mat ri X |p oBpd¥der; to provide binding sites for detectable reporter groups;
to adjust its binding constant with respect to a particular anal yte; or
any conbi nation thereof. [0025] In the instant |invention, anal yte and

mut at @PieRde epniugats; bind, donpleprefheswise aesoeiate e profeintes partiewaroci at es” or

" bi ndg | ! ative binding
const an%@?'k&?’ﬁs ua?ﬁﬁﬁipgﬁéﬁ%@‘r‘%ﬁe ln@ﬁil o dﬁee?egf:? lleg%%h%ggoraur{%ﬁﬁg to the

pr ot eiadjuktyitsdinddmtcondtand withespect to‘ﬁmrtlﬁdlarrm;al;he ot alyowinbimtioratherebie
concentration of free analyte at whi ch hal f the protein is bound, or vice
ver sa. n th al t i nt er est e . Kd. values for t he

b1 na AGREr 1 nera Rl entch) (o sadmbER Bl 05 LR B u: "0 mv 10
nmose [Theteemadsyciatésior 1'{dndsahsms?] h@ﬂgeeférs mlﬁdj@yparﬂ;engﬂv{hﬁ@ghﬂﬁelagﬂv&al n L he )
instant inventio 0 nt e resent i nventjon, it has been shown that
mut at QHIEEEARSt %@%%ﬂfgee%ﬂy srgngieal qeﬂmé)é%wriwa ‘4G Bl BB hi ng thereto a

I ePOr tgelectBh@htand. Mae K %ﬂ%ul@tecﬂ@st tﬁ@ E&Jéérﬁ‘rau& &"l?ée aBilBaewniBPn gl ucose
bi nding. To "provide a detectabl e signal change", as used herein, refers

to thélalémelpirqtvnﬁdmebegwmerw dfﬁlmghe nglyse cpfrmipreﬂtlg/glmosetheéﬁ@rter group in a
15 ma | | g For
Lol RIS, LGB 00, bR PERL B BSOS, T

reporlnmre preferablyhe ¥5 vdhémﬂ@tﬁm ahohal M ey 153hMds tlﬂlnusmnt mpenioa. change in

protein conformati on that occurs on gI ucose binding. In a preferred

enbodi th arter. ou S m nes ent t hat res lts in a
it A0 i e i AT i Bogh S BGE A e G BR MRL R B3 e shitt i n
| um nesdesne gluddle eﬂnafngeyeﬁacsing@erm:a EHpUR&r eoupithal irigiiucdsheletbabge i n the
det ect abl e, characteristics na b due to an alteration in _the environnent

of thél@%lséegemn&%uqogemﬂe %derﬁﬁeéﬁcealeet&aﬁ changg% 73 vsehe | uni nescent

| abel ofthd ik The use of
fl uorélg%%ln)?%r ﬂil fh%pggl( tedaoé} 3’%?2@%&%&2&%%sure to certain
wafdel mgndnshaomablegﬂle deEctpmevlf tigandeprot@iB bjEid2g Fot example, mobodi nent, t he

' fl f
ot ocreodRaH ah uPiss ARBPAO PR { BB mEE G R SPRIDE ng el o5
of fl hirsypdtieti@lttiaipoll b chdhgé BRAGIEIACOMOMLYRN it bddUS oh PURHeibMlingICc| ude
fluorescein, _coumarins, rhodam nes, 5-TMRI A

(t et r FnePipred embodiment4he waeris sloapisrlpminestent labal thekresls irremoyatededTM Oy 3,
N- ( (ZGW&%@IM@LCA& hﬁuﬂ%m&%ﬁe sBfft i ué}&m&%&%exa& azol e (1 ANBD),

6- acryl oyl - 2- di net iyl am non ene (acryl oda
20  characteristics on glucose binding. The change in the detectable charactcrlstlcs 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




pyrene, Lucifer Yellow, CyS, Dapoxyl(r) (2-bronpacetam doethyllyZG6f onam de,
(N-(4,4- 9 3 July 2006 WO 03/057851 difluoro-1,3,5,7-tetranethyl -

4- bor a- 3a, 4a-di aza- s-indacene- 2-yl)iodoacetam de (Bodipy507/545 1IA),

N- (4, 4-diofobosq- 5, 7- di phenyl - 4-bora- 3a, 4a-di aza-s-i ndacene- 3-

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-I-sul fonic acid (1, 5-1AEDANS),
and c a3l 18.5¢-tetinnethylndbonss3a.4p-igem ceindaserre 2okdsasstamide pref er ably, | ANBD

IS usefog /5Q§L§)‘}Ng(g,'4t§‘dci)ﬂngﬂé-%j7%%ﬂﬁf QB&%Iia‘;]‘%i-dr?]{za-anga‘déHeQP-hor e reporter

group nmay be noni t'or et ect cose i g. Sone properties that can
exhi bipropéraheé’siodnaostylgthylensiantne@OYPY BA3064560 I4) uidi(@scence |ifeti ne,

fl i_nt i . f i sot | ari jon, d
spoct raeear i) AR ERS Rl G 3MNEDAS, A EBHEC: ophor e
pr gperX-fRdatiy, 9@ icllbadeAhideaRIA 9/6).CPafgbs, [ANBDEs disedionMaphdetetablavi r onment

such as those resulting fromchanges in_protein_confornation.
Envi r JHFB¥HE PropsEesaf g Lluggpphors rrpprter grqua s bs moniered fodstest 8Ycofsef ul  in this

" €SPeGhndifd K3ineHARRARS A cah LHASIPANALR BAUIROLS BB cfuSU ¢ from

interactions Wt the analyte itself or Tfrominteractions with a second
r epor tfhwregrencglifeting, fugremshes infonsity HRBTescanf¢ anisobropcongwlatisdionande ener gy

transf | S i . ¢h | i 15

11 or opa it Rk IR chiich ERREE i Byt A BMSEIRRE e Mg rea, 1
- 1 slQc orifiduotd faére dhanbatin diclfioropha@p eivihmeit @ughs e keeultisefiom Eltamgesxanpl e,
el ectr.ochem cal, reporfer. groups Can\}jlie used %%ﬂei n nla{teéﬁfi on in the
envi r SHARHAD enformations ERyiopmenisepsitpic dyes sichuas HERTETH' XYY r edox state
t her eGf thisFegRetd CRkbR B ERDf ﬂh@roﬁg{r@gﬂtoﬁgzriém@qe@u fRIne et RHchs vafh [ 0030]

Furthernore, it is envisaged tl spectroscopi cal ly detectable
| abel ghe dnalyte itsplf pipfrem indgsaqtionsiwitiee sespidaepayienmRuy, fercaxemple MugmEREE r esonance)

2t ao AU REencRRes By Al Mo ol hingf O GRBREDReBONE T2, 0

i N5t hdluarophorBor exanpl e, the reporter group may be attached via 25 am nes
or carboxyl residues on the protein. However, especially preferred is

al | i g thi .CYSt ejn id F le, f
ot at di028kap. b bubh Bt PR aRF HRURL s SRS P el 11 o 10,
posi t irhdrtéSaro sayibe dsed4 FoP&QmbleOdlechddhemitaPfebbitdprokib®canpesbdd on 112,

position 113, positjon 137, position 149, 'lio'Si tion 152, position 213,
posi t {vh§resman aligiation ndhe enyigonment of theyrepertey will giye pexstorchanzeopther e preferred in

the prepsate Hedf MRALRhge 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.

10




10 3 July 2006 WD 03/057851 [00321 Any thiol-reactive groupskmammsi n the
art may be used for attaching reporter groups such as fluorophores to a
cysteine of an engi neered protein. For exanple, an iodoacetam de

br onnac,@.bﬁ,ﬁr? or maleimde are well known thiol-reactive noieties that
maybe use or thi s purpose. 5 10033] Fluorophores that operate at |ong
excitation and em ssion wavel engths (for exanple, about 600 nm or greater
~exci t d098h or emmmbmmwmmh\m) meth@arpmef be nsd furatachingtreportel ecul ar

senso ViV lbpto an i npl ant abl e
bi oser‘%e’u e\l}llggg&?gﬂlgr%l%oac Steme(’fm?e %ee%% }Ot%gog& gﬁﬂ‘br esently, rrPhere are
few dodoacenmiitebrambycetriidd, bi maexnndmeswavmdvmbhml teactivie nmidtiegihatin  of t he
spectrum and per tg{ips none 10 with thiol-reactive functional groups.
Howev &P2Y Bepsesd o5 (RIS PUOSE. der i vat i ves of Cy-5 can be .prepared, for exanple,
as taught by H J. Guber, et al, Bioconjugate Chem, (2000), 11, 161-166.

Corsj ugesiss contlaummréshmepérkta@trlmﬁmnfa@d exﬁpsﬁafpm;eleagthﬁe‘dﬂed at various
cystei ne mJt ants constructed in mutated GGBPs, can be screened to identify

t hose SX#BRle, abel §DY nimpr greater gxciaion o pipistien Wﬁveiqna@ﬁ)@é‘a@ﬁ%ew%% gl ucose
bi ndi Qﬂem&l?m{lagggié&nw&tlﬁgd 5B Sto P BYm Fe r?l ﬂt@ Eﬁg ?abﬁ hi stidine tag

on the proteins N termnus, C-term nus, H'strdine fusion proteins
ar e wibdestnsordsaige (the skiebeing @Uqlllﬁineb“bﬁ(lﬁlno@foqseﬂU, thereaiedewn the purification

-of praqtein l.ar ens e hatag
oot Rk ien ot R p B A B 0 S TR OUE BBl bt Bl dfle® 29
cappr avithtkiol-feactive ﬂdicg@aagrbgp& Hyw@fer,tlbcﬂ-ream&i &?mf of Q5 [cﬁ}i)%h ]b The pr es;ant
i nvention SO provides i 9sensor and net hod of _usi i osensor for
anal ytpéel’é’@&sf Prfrasop! ev"i‘s\FH‘gﬁ i @ruggrp@t@? B‘?‘f?é’”ﬁi”ﬁ@ﬁ%&%p@ ilorrpri sed of one
or  NMGE 168!t Adrfithatdl B&itsﬂﬁngfh@&eeﬂlﬂﬁ) B&@st frﬁ%‘iarﬁﬁl@%ﬁéﬂe@&%b&t o0 a matrix. The

encapsul at ed i'osensor may then be used as an |£ ant abl e device or part
f

t her espsteifODBia)ts Pnstrugied in |Il)41t3t®eﬁﬁBES ¢am berspreciuedite wlghtefy thosmihelr  shape
I nCl u?éSUH lrﬁhglaﬁpgstlc%ﬁnleglquﬁudres CDCG *?t% ll.icogé l%{:ﬂ?ﬁgher e, por ous pOl yrrer ’ O-pen

cell fdam provi errrealeto anal yte. The matrix
additionally prevents | eaching of the b| osensor. The matrix permts |ight
friom ¢pi3dtal sdvnmted GiiBRamyayde keginderet ¢o hamgaﬂiisﬁginleitaym thaproueinﬁ Nem t he _
reporter [ h.the bi osensor in.an in vivo
bl | capi R GE o Hpi FF L PR G RIS ange o
anal ythiblogltfRId e aidsin @fe plafiHich B?rbt@iﬂs %xeﬁqﬂ@ytaggmgeﬁsms:iﬁodﬁb@nge in analyte
concentration may, in one enbodiment, be continuous. Alternatively, the 11
proteins with a tag contammg 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

11




3 July 2006 WD 03/ 057551 neans of determ nation or detecti ohuy2@ial yte
concentration may be programmed or episodic. [0037] The envisioned in vivo
bi osensor of the present invention conprises at |east one mutated binding
pr ot ei nybRz@ésanal yte perneabl e entrapping or encapsulating matrix 5 such
that the nutated binding protein provides a detectable and reversible
signal change when the nutated binding protein is exposed to varying

anal yheang ef\@stiniratiboordetedtivh dffagalyte edreeitaibemaptle pregmmsietloe si gnal can be
related to the concentration of the analyte. [0038] In this aspect of the

i nverfPiBAIC- t he configuration of the transducing el enent may be, for

exanpl e, incorporated at the distal end of a fiber or other small mnimally

10 i nasijve Pr ahgeitibre®ir iweidseiborbt the pretditintémisn Comrises ddastent to enabl e
met hods of use including episodic, continuous, or programed reading, to

the periineytated hinding piofeiinin b pealytp pEmesile prirappiye of GREPSHRLE A nent s, be

i I i i ' i rmal junction

o7 i that 1 e A NGBS, (B ARIIER rEverl Agfal Bl 10 ) 1)

f | ui dwhenlthe POARA bindimggxee iscexposad taradying vamalyteegontratratines, andthget ect t he
resence anal vt Si he,bi psensor for..incui e descri bed herein

Pncl u%geé:taig{?taé‘a f%éﬁ‘?’llﬁfsgnlﬁﬂ%“itbﬁﬁqlag‘%fm&ﬁ‘etﬁ?n%en%?téd%(}fgﬁeragalﬁ[? " sour cel, det ect i Ing

the signal fromthe protein-reporter group, and determ ning the anmount of
gl ucome3slased Oithis asgdcbdfitienatenion, thet doafiglrationtod thesiagsatingelementknown in t he

art see US 5,517,313, US 5,910, 661 US 5 342 789 | of which are
her ei ‘f(‘iaYlPRz [FEFER B nComyT qtg\e(]gfsﬁaiﬁ%% ‘?faa[r}gﬁﬁﬁr]o émlﬁliwali’irﬁélypr ot ei nI

bj @S s RhR pibelald e bR Witkin (RY tRssAdTallaGerdto 4HBIEIS Hethd@s dftuse det ect i ng
m cronol ar "(10-6 nolar) to nolar anal yte concentrati ons w.thout reagent

cons umplediog episadics censinagus qul pragrrmsned masfing, tohe patiet (e tmplaidhlst e nay enabl e
the bj.osensors. .t e i ati ons known
o beV SRERERRRY. it otk itpBchS SPTARHAR WtFor WL PABLKR B FERRRRE 21T OIT, ("and
per s pépideringlrierntdl guretiodiorgenpct otithitie inteosicinistnid; tisfuet drothepbielogine! i nventi on

pr ovige for the neans to nonitor anal yte continuously, episodically, or
"on- di¥ghd" as woul d be appropriate to the user or to the treatnent of a
condition. [0041] In other enbodi nents, the biosensors sensitivity to

apal yfoesd)f or exarabaplagimdivdaiat iy S afedidddted: iRyprevence bfanalyed to test bl ood

anal yte l'evels or the concentration of 30 analyte i bi ol ogi cal sol ution

. SO J a
or ot kg thobigeansnr fordly vive uissierrihpdsgein insludeuigicrapating f']*eémﬁ WA y 2006
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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WO 03/ 057851 "biol ogi cal solution"” includes but is not |im3édy2006bl ood,
perspiration, and/or ocular or interstitial fluid including conbinations
thereof. [0042] The follow ng exanples illustrate certain preferred
enbodi "gPLYSeBEst he instant invention, but are not intended to be
illustrative of all enbodinments. 5 [0043] Exanple 1: Method for the
Expressjion. and_ Purjfication of Mutant Proteins . without Hi stidine Tags.

[ 0044]"brotgsfsal solutigadacipdes ppis pefdimited deblaod, perfpiration.and/erecylapeiot ei n was
al t er ggreRMtial iRidiRAMH D ribliBrigi iQeCi d cysteine at various positions

through site-directed nutagenesis of the Myl B-1 gene. These proteins were
then expressed in E. coli and purified. 10 [0045] Cassette nutagenesis of

My1B- 10 accoRsipllevéng exampiss ilipsate Foriaingireterred RwdipenB-of tifene was cl oned
Eng mﬂ&ﬁ%’\r@? P Earg Sgﬁmeéﬂitdqg 1154 illgﬁl%ﬁvc (&frgﬁ%ﬁib imgﬂésl ege, London,

Engl a mds were generated fromthi's parent plasm d using
cassette nutagenesis producing random zed am no aci d sequences,
esdentlPld3ly as Bxsowid lhdlethyd fodheRegressivg 9ud Purifigatedned ddutant PRteigol i IJMLO9
(Pro Life-sScience, Mdison, W). Mitant 15 plasm ds were identified by
sequgﬁglﬂlﬁﬁﬁﬁ@ﬁ@&nﬁ gint protein was induced in JML09 and purified as
‘descri bed below. An E. coli JMLO9 col ony containing the nutant plasmd was
gr own [084d] ni ght GEGBP &kodéd tyi thinVigihBKi gege (n22 0ol (This piratein Brab nlbdréd tyont ai ni ng

509/ m. icillin (LB/Anmp). .The over.night growth. was, diluted 1:100 in 1L

P o inERARE g e 6ie U Ao PR B ik e HERPEERES D600 of ¢ he
cul turogthmgl(B-B§&'é.- TSP bR %SO erOher ExprédSedThl AR andpudifeduced by the addition
of 1mM I PTG (Lite Technol ogi es, Gaithersburg, WMD) final concentration with

conti 3#@3 i ncubati on and sh.akiglg at 37C for _4-6 hours. The,  cells were
 hdfve Ty cemsicite outaserssis o MedBd wasgecomplished as inBpws[Tas28!d- The nut ant

Y O! Cleibo MBI EIR EUR Slaf tlohds iRRIHTIZA SR VEAST (BR ity ksl frhRalollego! LM

chronmat'ography.” The cell pellet was resuspe in a sucrose buffer (30 nM
Tris 2ond@. Epglarg).oMutagioplasmidsorers genafeted DAY thisipacotrdessud nding eesettt enper at ur e

for 1 ] d . 1.h entrifuged.(4000 x Somn, 4 The super nat ant

wns. potisnesfboanting fuoiitd s i Eabghets, BsprBp i es B BT et “and 10 L

i ce cMuahkel§199) dmd clb@bdini B edli A9\ @Sonicgp Eift Belence AViAditdhe W) Syiatami on was
The renmi ni ng super t was pooled

i ncubated.on ice and centrifuge nat an

wlleh Plemisprr 1@61“5@‘_&‘?3@%?‘12%@ A been Lo SO T 5@@ ¥ce again

(12, OQQrificdds dé&rifdd belof. AME. coliNTRIIDO RIS, dRamliRlife Watnd Jidshfd #es t hrough a 0.8
mand then a 0.45 mfilter. 13 3 July 2006 WO 03/ 057851

- 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.

13




Streptonycin sulfate (Sigma Chemcal Co., St. Louis, M), 5%uy2a006was added
to the shockate and was stirred once for 30 mn followed by centrifugation
(12,000 x g, 10 mn, 4C). The shockate was then concentrated using the
Anmi con hiRgep 10 (10,000 MACO filters (Charlotte, NC) and dial yzed
overni ght against 5 MM Tris-HClI pH 8.0, 1 5 M MyCl12. The di al yzed shockate

was centrifuged (12,000 x g, 30 mn, 4C. The resulti r:jg super nat ant was
added ¥tsponpeia-ssliate (SignaChamiptAlp., ShEouigMQ). Sépwar weradded @ittt  ( Aner sham

Phar - Pi . . i N1 I was washed

W t hmgs-%&g(aco %ﬁﬁp@tgﬁ%ﬁ%ﬁﬁ?ﬁgﬁ%%?g icerﬁf#%d% (e)?zg@f?%ll > was applied
t o t hed"Cpl Tirshockatd wias theh consnivatadarsing HHeeAahiesh Cditteprapi1 @£10,0p0 ot ei n cont ai ni ng
fracti e identifi by, 10 SDS- PAGE wi.t h i jlliant Blue

st ai mbﬁf&f@ﬁ“ﬁmgﬁa .“ee‘gek‘tﬁ)d?a?ﬁﬁ‘gmfe%%ia%%ﬂ 5%@?‘%3@8@ éa‘imd di al yzed
ovey ni gREMEAE) TROBAINSI sRetRaR Rk Eenbifhided (EX0Mmat &,136 nliRBEY. Tke d&ltingM armoni um

bi carbonate (pH 7.4) concentrated_usi % Am con Centriprep 10 filters, and
st or ecPuBgrnYent Yias adslgdttang pre-egyilirated PEAFHastdier Aerharase edvBbnat e di al yzed

Pr ot ei (A p@dam PHARIALL QL ﬂéﬁ&mslgmge@}gggﬁn% ThE BSIGR Wallwadey Puri fi cation

of mutant GEBPs contai ni ng I'st | 048] GGEBP nutants were
engi neeithedt1 Hooleim melnmes. tAe linkar podient from 0.8 M Na€'l was appligkie thesommagenesi s.

Site-djr i ' e %Eat e, La . Joll CA) was
perfordr?g %tgog%%}eer gﬁ%gﬁ vﬁé’é%ﬁ taggﬁ’}ﬁtggézg?t S Igl’ﬁ%? ﬁ%nsﬁ@sg@gg?% by repl acing
on® ardDRPARCEadihdosiiaksicBollidgBlusypiing (noal Appr@d1 03 RDaMhaGadiohsd. The
cassette nutagenesi s t hq unkel 1991) was. perf or to, random ze am no
aci ds Weami%@eﬂﬁiﬂbaeﬁmai@a% PSP fé#@ffcﬂéd%@d%ar ssettes were
then shiich@Rfhel Beabbiit HTL) CEHRARRSARe SHLAT Cen@ﬁgﬂo ffikegs, REGBP- Hi s
plasm d contained the P gene cloned into the pQE/0 expression vector
( Q agestered et H¥heri -20°Capith gltered. Teasmoniim bitabwstestialysed prateds wes r esi dues on 25
t he Cy 3%1%5'”5 of the GEP gene. E. coli strain SG13009 was used to
over exﬁrpess nmutant GGEBP-Hi s follow ng standard procedures (Q agen). After
overexpression of a 250 nL culture, the cells were collected by
celdt r i [D04FAt | on Ex@(de 2:Expreasich and puisfaticledt mutai2 B3 ERPs dontginingt er ( Novagen,
Madi s QVF\Q Lysozynme (25 ng was added to the |ysate and the m xture was
gentli}%ﬁti1 dTaéf' roomtenperature (RT) for 30 mn. Cear |ysate was produced
30 by centrifugation (6000 rpm) and to this, 0.5 M imdizole (1 M and 3
m of [bB#4SNTA beGGBP muGuAORE} eigiteerd B9 BithebiteotiredRd Mulpe@sisof gently mi xi ng
at ‘RT, the m xture was gentrifuged 14 3 July 2006 WD 03/ 057851

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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(6000 rpm and the lysate renoved. The beads were washed w 3#ui2®0a1 of
solution (1 M Nad, 10 mM Tris, pH 8.0) and recentrifuged. The nutant
GEBP-H s was eluted fromthe beads by adding 5 nL solution (160 mM

I m dazaolggzds7pdNaCl, 10 MM Tris, pH 8.0) and nixing for 15 mn. The
protein solution was imuedi ately filtered through a Centri pI us YM 100
filter (Amcon, Charlotte, NC) and then concentrated to 1-3 ng/m using a

Cent r (G100 spmand thedlysate rempvedTAbe prads wene waskeddyidh 35 2akpf solation @M against 2 L

f st R 0 0050
(I%xa?rp eégq E’ﬂ%%% ¢ é) %F%%m%%%sm %%h‘% (%n% gq\élw\%o?%gf%@gn% G[GBP !
cont abeddady eddinges mé, soHitifn (169 MM nmdﬁBE hAENadp 19 mMaTeﬁ pii&0) apd nv1

di t hi gt.hrei.t for 30 m.n. St SOl of N

i mot RYF R 16 5 e proyeiRpaitipte ol Hipied Bo R Lt vt

1, 3- dileaﬁitcrl{Ath)oﬁI d)hdrleﬂ@dm;mldlmenﬁ toADBIRratedd 08, m@mbusing) a @arighisepar ed i n DVSO
(100 L 11. and, 3. 36 (40 nnol) was __added to the rﬁ&\@? . The

react i IBrﬁHere OW‘W@F&‘XZE%%S}WS&IP%P wfﬁtweéow Em’ X in the
dar k. 1dbf ek soetviniebei gt #gys purified by gel filtration on a NAP-5 col umm

15 (Arer sham 'Phar maci a). The | abeling ratios wer e determ ned using an
estimated extinction coefficient (50 mt' cni') for GGEBP that was

cal cull®58l i n CGhwewlskbatrlingof mutpt&FGBRsenet i cs), 8478 (1 ANBD ami de)
=25mvf'cn7'), and a neasurenent of O D. for a standard solution of | ANBD

am de 51280 NTALARGH nifln: GOBPHYRaRARCSOLRA A PHNdinHYS witf Ot €l N was
~cal culated as Cdye=A47s/ E478 The absorbance of protein at 280 run was 20

caDcuhaathwabzmmm@)tclASmbﬂaln(@sd)} Foming A8topk salitioneof N.Xye(280) = A 478 X

por ot 0528} S BeEen R SRRAER Bhd-to S BN PE0ANERL °0F 1), 7o

GCBP- amtden.5 nlgahed fepared ih DMIO (100 LY 0% pd) ant G136 GLT$0 mag)wm ng groups
havi ng_ei t her excitation or em sfﬁ{ on nmaxi mum of | ea 600 nanoneters.

Tabl e 23dded &g haarotee s Thereactipmprgeecrlsd at Qs leaperitige foaaaoaé Dpdh ned K. val ues of
nut at (E:(ffﬁlﬁlx% tHRASrk. (TP 1abded %{Bfeﬁﬁva ﬁ@@bﬁ[)ge?ﬁltﬁﬁo@&ﬁ SNAPDSEIni | ons. Thi's

dat a early shows nutatio eled with reporter group can
pAdvi ﬁ@mdelsam Blrmacia)t Thedaheling rtiogywere dslernpnessusing@n sstiriied agtinefionshows t he

-1 d.
T b bR ER BN R Bor ot bR Bk B MR TS ol ucose

Conce(ﬁlfeﬁIGdﬁ&&sPEnf@Aﬁ@ﬂe&ﬁ@@ﬂm ‘ofii'§ and3RRasfbmensofD . DEPE £SENt At i ve
exanple, in solution. FIGURE 2 illustrates the 30 change i n fluorescence

r espoﬁg@darcbs%wn@ﬁwlaem ab%&%@h@nda‘t’f‘séﬁs T dpa socenipioRndED  ani de GGBP

' gg/ Ogggﬁﬁ whi\ aﬁcu?atedrag E{iy?? & 473 \fﬁc %%HBLCG 'of pH)te?I? Lt%b% :.’I'SS 3 July 2006 WO

20 - calculated as A prouzso)A toi280)-Adye(z80) Where A ayeczsoy = A 478 X (Azs0/Aqz8)aye sua. The

* concentration of protein was then C proyzs0) = Aprot(2s0)/€280. Table I summarizes the change
in fluorescence of varlous 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 d_etermint_:d K, 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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TABLE 1 Percent Change in Fluorescence for GGBP Miutants' BEx@duyaddbén/ A213C
DyeEm ssion S112CML82CA213CHi s6M216C (nn) | ANBD am de470/ 550043517 | ANBD
ester470/ 550 | AEDANS336/ 490- 7- 80-9 Bodi 530/ 550 | A530/5507-10334 XRI A

5, 6575/@89-@%— %9- 38-15 Lucifer Yellow | A426/530- 14- 3 Bodi py

507/ 5455017 £4595- 3 C y5640/ 6602011- 7 Texas Red- mal ei m de580/ 610- 13 Da ox

| 375/ 580157122 F fromO to 1 mM gl ucose at 0.5uM [dye]. Unless otherw se
~indicated all nutants were w. o histidine tags. [00521 Exapple 4: Detectable
signdl change evi dent upon gTABbEd binding to the 5 nutajed GGBP | abel ed
wi t h || uni nescdfercdnaShhmgedn Flitonesceiet EnmGEBP Mutants' Kd. [ 00581 The change in
fl uorlescendge (AF, |Talditeticd) W8192CTEM38RCE|d AABCt heszaer EeMtisCd| f ference in

fl uorlescence bet wgenE@issiend |1 nM gl ucose at O/5H& pfotein psing an SLM

Amindo-fluorinmeter] (C¥rig Canada) with sliit settings of 8 and 4 for
excité%ﬂﬂé‘??d sat t AW680 o¢l 5050k 5 ool 13 MO8 ohi sdionl nonochr omator. 10
Q\%gegﬁn conat Auﬁzo LTOAR] A D) ALY Aot ot ma nadl hiyy b 1

[005 T Ilg \VaAway pony '\ TMTAOTO _} A" | \¥ | CCOChRITrrrreu lJ_y 1 at I On Of
H mm - A o 74gQ. £ ’7...| Ay 1 & O A A A -9 H H
I ncr R hibE3 0 G PIAC CIt T i glsgtS— 0T g peope niyg—ao—rvprgtet sol ution (PBS)
W th R §g 1 Of oW TTg7s5a6 T | a8 {70/ Of Ujgucpse. S[itet]ings were the
sane [JRcifel WHGHAADQVE a26kBF Rd Was| determ ngd [ fTonm e 3 o] ow ng
rel at]igligyBoPsis 85 adapdzads T rjom Pi sar chi|CK zgnd | Thonmppon.y 19P0): F=Fi . f +Fo
-Fi f((yﬂ_.) 1+x1 Kd {156dbfs68 Jul ¢ 20060 i1 -7

Texas Red-maleimide 580/610 -13

Dapoxyl 375/580 15 7 12 2

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

[0052] Example 4: Detectable signal change evident upon glucose binding to the
5  mutated GGBP labeled with luminescent labels and the determination of K.

[0053] 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):

F=F, +F -F, (O
1+x/Kd

15
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WD 03/057851 where F is fluorescence intensity, F;,,f is fl3dheXdence at
infinity, FO is fluorescence at zero glucose, and x is the free
concentration of glucose ([Ac]t,) as determ ned by the relationship:

[ QU] f eeywaldahbzkéL- [ Prot] est-Kd+ ([G c]w[Prot]w Kd)2+4*[G c]wKd 2 where
[@c]t t and [Pro]Js t are the total concentrations of glucose and protein,
respectively. 17 WD 03/057851 Table 2. Summary_of GGEBP-H6 NBD Mut ati ons
Sol ut i Wiere Basfluorepeents iptenstyodinr icfluergscqyedt miprtyafoipilqopescense 8§ 4689 c0. 0002 ALC

1 e 5 B P st b Ted Rekinloe SeIB P8 30 00001, 43
Y107C1eloBorBhip0. 93 TI | OC-9 S112C2200. 051. 15 S112C, L238S61. 5 KI 13C150. 65

K137C-50. 000041. 17 E149C3000. 00020. 96 E149C, A213C+1100. 70
E149C, A213R6601 1. 1

[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, A213S2400. 00231. 1 E149C, A213T35010. 6 E149C, A213L2800. 3 ul12006

E149C, A213Y2800. 11. 1 E149C, A213C, L238C+3931. 08 E149C, A213S, K223N

E149C, K223N2600. 0030. 7 E149C, L238C26051. 6 E149C, L238S6600. 081. 36

E149C, KgdRlMNEno6R E149C, N256S10. 93 E149C, N256R20074260. 9

E149C, ML82C, A213C, L238S20021663. 2 E149C, A213S, L238S4800. 470. 76

E149C, A213R, L238S500121. 1 HI 52C2100. 071. 3 H152C, A213S1000. 16

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- 6, +33. 003 ( SPRyable3. §RfhatyolcEaRASRED 3A4R081. 5 V296G 100. 0000151. 08
"AF fromO to | nMde aSoafios MM [dye] 2Kd neasured at 0.1 mM [dye]

Identification AF{%)! Kd(mM)y*  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
KlIC 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
H152C,K223N 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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3AF when neasured fromO to 100 "M G ¢ 4AF when neasured 382060 10 nM
Gc 'Estimated; Sigma Plot calc. did not converge 'Estimated; curve did
not reach saturation 18 3 July 2006 WD 03/057851 [ 0055] Exanpl e 5:

| mobi |{3asha85,0f a biosensor of the instant invention into a dialysis
menbrane matrix and the ability of the matrix to provide reversible and
continuous readings. | 0056‘112 Usi nlg%a. Varian Eclipse fluorineter with a
fiber [0486] ¢ at t Examplent: | agon 9BBEpIRIB Of the ssentinyepting intp $PBS buf f er)
entra -1 hi I | Vi) I -of f of 3500
Dal tO%ga‘i’%%s%%(ngﬂd&[egn%\%ﬁ%ﬁ%{%ﬁﬁgﬁgﬁg@apﬁetb P Ilg’l‘)@re g éI%lcs) Eetl%ngr?g&mﬂg?‘gs pr epar ed
cont aireadings.PBS buffer, 2mM and 20nM gl ucose in PBS buffer. Wth the probe
in PBS solution, readings were recorded at 0.02 seconds intervals of the

em ssi vel th 521 f.ol I.owed knsertion .of iber into the

o ucodRh 1 oTghe haugfol b R VEE e B b0 SPaisab BRT) <ol vt on
rFSUI m68®/m21t1)3(ep1ro&in(gm¢?f PB&E&é‘fe@: en&hlgiaakvitllﬁiagiiuiﬁisgnd&mhﬁlﬁwi_ngwl t ihpl e cycles
al ternating between buffer ucose .sol utjops nstrating the
reve_ré‘i‘%?‘ﬂ_“afw@\ﬁe‘tfﬁ@)@o‘?%@% redgtﬂﬂ?%dfﬁs@&nw{t? % SORRBIBRE matrix wi thin
physi Qlaed 8bntaihiRR 8BS bikffer 2 31d20R01 YA iPE SR Entihd\brode inA gl ucose

bi osensor conprisrng: at l'east one nu ated binding protein and at |east one
r epor ®8S sglubiom readingeWerd rechuled 8id). 02 sseanids intravalsefithe emigsinmwavelgngthp provi des a
det ec \ W] [ . when ' i nding protein
IS exgggéﬁ’ @g%écfbﬁ%%hg’ @églsegﬂ%]olﬁ%gﬁ?g g?o?%né, nﬁ@&%@#@%@%et ectabl e and
r dger $ibl iatodiuffaednlyivhnga réssltadah diceetuine {4l sigadly Fiagre Jodepesnt rat i ons. 2. The

bi osensor of clajm erei id nutated hindjn rotein is
g| u C-Ogéxit&g? e§ gtema:lﬁng chveenrl)u?f%r and@ucosc solu?mns ciem%nseragng the
- reversibility of the biosensor entrapped within a permeable matrix within physiological

range.
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bi nding protein. 10 3. The bi osensor of claim 1l wherein sai3Juyiaeds ng
protein conprises at |east one amno acid substitution. 4. The bi osensor
of claim1l wherein said binding protein conprises at |least two amno acid
substi twe99$ss:2- The biosensor of claim 1l wherein said binding protein
conprises at least three amno 15 acid substitutions. 6. The bi osensor of
claim3 wherein said am no acid substitution is selected fromthe group
consi SWEKdG-AdM: 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
cyst eilne a® ghrobebignensdBeoraprsyigt ei ne at  position 74, a cysteine at position
107, a cysteine at position 110, a cysteine at position 112, 20 a cysteine
at positi ont léGoneanwtyted Bindieg protegpomidiat losst B repater goup pttashedttheyetoi t i on 149, a

cysteine at osition 213, a cysiein osition,216 cystei ne at

bosi t1on 23St sl @Rfer b pEoV Rl 3 e M ieyefibic sl Bt oot on 202,
a @yst ei newdén PAShithiedbihddg peotEl BleRpdied @tvapaf dlhcd8e ddbentrationsy st ei ne at
position 236, a cysteine at posLti%gﬁiQG. 7. The biosensor of claim®6
wher ei n saMdcTBn A AgterRide ardrevanible Figppchapee iiplated (s van@isst 25 one

hi stidine t@@entBtionkhe bi osensor of claim4 wherein said two .amno acid
substitutions are selected fromthe group consisting of a cysteine at

- positizon 13y, Gadndy apg%igﬁ RherBA34il hdPutedhdin pr&léﬁlti?glﬂgor?g’%alﬁt@&ui on 149 and

a serine at position , a cystelne at position 15 a cysteine at

posi t ibonding®@gtein. cyst ei ne at position 152 and a serine at position 213, a
cysteine at 30 position 213 and a cysteine at position 238, a cysteine at
pdsi ti3on 17Be Hosdnson ofelgiimi whereih saip biniding protédd Sompriscy/# lestroae aminposi ti on 149
and a cyst.el. e at position 213, a cysteine at position 20 3 July 2006 WO
03/ 05 f“Thg“%‘ﬁd a threonine at position 213, a cysteine at position 149

and a | eucj .at positi.on 213,. a,cysteine._at position 149 and a tyrosine
4 11 ohepiGienda? By | Bespin 55 o ibies compPriee 2 SCHAVARHE at mosTti on

at posttio
223, 3cigkasBiufsnat 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 5 afgl Blbd%ﬁso%f&agi 1 WAReiR 3G bﬁdfﬁg§fo%‘éiﬁ'€orﬁﬁﬁsep§iléa§t%eééﬁinand an

arginine at position 213, a cysteine at position 152 and an asparagi ne at
pdsi t iacid spi@Biutiomsd a cysteine at position 213 and a cysteine at position
255. 9. The biosensor of claim8 wherein said binding protein additionally
conpr iéses The biesesdor of claim 3 wherein said amino acid substitution is selected from the

group consisting of a cysteine at position 1, a serine at position 1, a cysteine at position 11, a
cysteine at position 14, a cysteine at position 19, a cysteine.at position 43, a cysteine at
position 74, a cysteine at position 107, a 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

positibn 213, a cysteine at position 149 and a cysteine at position 213, a cysteine at position
20 ' |




one histidine tag. 10 10. The bi osensor of claim5 wherein 3ahdR0bree am no
acid substitutions are selected fromthe group consisting of a cysteine at
position 149, a serine at position 213 and a serine at position 238; a
cystei ngolkedegi tion 149, an arginine at position 213 and a serine at
position 2387 a cysteine at position 149, a cysteine at position 213 and a
cysteine at position 238; a cysteine at position 149, a serine at position
213 and9 aml ibrsaniag atmosition Pids 2 tystane2P Bositics 140 dnda lbyanestmesition 8si ti on 149,

an asparagin .. position. 223 an . a5gi nine. 41 56. 11. The

bi oseﬁgﬁggﬁ gt(? ?%P&ﬁ I.SL% W %Fyé?sgneg‘éﬁ%s%bolnn&lg’nagcygtr%%l? étl @Qﬁlaé?ﬁ%ﬁa |y conprises
at | egatagheat fusitiondlhe cyaigne dtdosifihiel 49iand e ogadinaodt podidon3s, havi ng at | east
four am no acid.supstitutions. 13. l'gé bi osensor . of g‘{qai m 12 wherein said
bi ndi REIPR BPHICRATENY A Sring alnasibien dofs a gysteinnt pasiien BREhfR i di ne tag. 14.

The biQ$ERASADoffiortI Tl MyARindAESRItdn 182 shd BUkiAA APodEbs2BUPSti tutions are
selected fromthe %roup consisting of a serine at position 1, a cysteine
at posytéiernt pagtionntdZ2and irmaspearagine atpositien 243, a3 eyptging akpositipe 2kt  positi on 238;

a seri ! a cysteine at position 149, a serine at position
213 arﬁ@%&;sstee?}%?i‘gb% {bgg)zg?'ti on 238; and a cysteine at position 149, a

posi tPon 20 SpeR bR S el o BhME il MRIGRAP bl 12 T

subst bhaeitibtalie tag.e a serine at position 1, a cysteine at position 149, an
arginine at position 213 and a serine at position 238. 16. The bi osensor of
cligi Mg, Wheliehiskefisdr 6f ¢lGMP Wintteid kdihrdeSimrind dtid substit@itns bielkcted3017. The

bi osensor_  of claim 16 wherei.n said.lum nescent | abel has an excitation
wavel &aEthe gpumennsisingal agpicine ¥ oosiigmifies srige atppsigon il 3and@gennes.  The

bi 0s ensQkiiah 264; 3ic)Rdife WBLiSM 42hrhrkitih BERERDA 21 PRRIa 3% AN emission
wavel ength of rore than about 600 nanoneters. 19. The biosensor of claim 16
wher epesiigmi238] anysisns abpusition B9, aicysteinyatipesition2 idcnpk eysitine atpasiorat | east one

gl ucosgd.qal act o bi.ndj Ag. protein...5 . the biosensor of im19 wherein
dai'a” PO TGRSR 1430 RESE R 23 pmhaf s PRBERPsiond28) i act ose
bilfdi agl peysteRicat pisitiond 49, iah Aspatagine at poeiios 223 aldemtagginihe apositien 2F60up

consi sting of fluorescein, coumarins, rhodam nes, 5-TMRI A

(tetrapet hphdHiesemddt 8clfm 100dRAGEIaRIBifENg praéandddioRat/ dvinpisssas RedTM  Cy3,
N-((2-i odoacet gxy)ethyl)-N metbyl)am no-7-nitrobenzoxadi azol e (1 ANBD),
6- acr Je#ppe bisiipefagy| am nonapht hal ene

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 wherein said luminescent label has an excitati_ori

wavelength of more than about 600 nanometers.
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10 (acryl odan), pyrene, Lucifer Yellow, CyS, Dapoxyl 3 July 2006

(2- bronmpacet am doet hyl ) sul fonam de, (N (4,4-difluoro-1, 3,5, 7-tetranethyl -

4- bor a- 3a, 4a-di aza- s-i ndacene- 2-yl)iodoacetam de (Bodipy507/545 |A),

N- (4, 4-difluoro-5, 7-di phenyl - 4-bor a-3a, 4a-di aza-s-indacene- 3- propionyl)-
-1 odgacet < i

i odoacgtgyl )?%@%E%%‘f%? a%ﬁ%ﬁ%ﬂ&ﬁne- ?eﬂt%e} gar?i(a%(eg‘ﬁf’sé‘”t 1, 5- | AEDANS) ,

and cambezlgngth oXnrohothamiabent 680 Gandroeteracet am de (XRIA 5,6). 21. The

bi osensor of claim 1l wherein said reporter group emts said signal in

responge. t o Thebpeensoeof daigil @Waegih Stllugfinesééht ldvelBichosledtDr cogpledas e

detection conprising: 20 25 azb provi ding at | east one nutated

gl ucosé‘ﬁa&ﬂ&éﬁt(%légbﬁcﬁﬁ/g?éac&?ss HIdGnERIQtedt. | east one reporter group attached

thereto;, b) exposing said nutated glucose/gal actose binding protein to

varyi né gl udbs glose@ﬁtemlmm 19)Wberemﬂalct1)mumse@tt |la’ogl ia cavalenthygsiupled iel

reversi Qd%hgclogeg lac &H%%gﬁdnfrl%%rme%ﬁ i)dre{a% o er sé’ih &e(? 1frgmftf’%e groglst ectabl e

and rever COI’I’ Sp on EO sa

concentomistages ﬂaaresaang camhmﬁh ﬂ‘fod@in@dem QZMMEI @d:tfhr@e%h}dﬂ'@dhlﬁﬁiel-ﬂlg is
conti nyous, progranmed, epis or., conbi nations thereof_ . 24. The net hod

of cl af9fopest W@Ple?ag%‘FHR?ﬁR‘ air%?ﬁiséie@ s‘%)ﬂg&i d2reoacgrrarthiyd ot ein i s
sel ect g-%t%eﬁlu?@%ﬁ&cgﬁhz&ﬁﬂiﬁ 12 ﬂh‘fBB Wé QHﬁhé’cﬁ F;hglcc htfifignd et hod of

rein sail tecta and eve eS|gn irs iR vitro. 22
. 3 ]](DJI y(aﬂ:ﬁjﬂﬁdaﬁm B3¢RSL8& fer Y[dlloﬁvaly5 REB:TI D2 | Q&)rofﬂbaacelmmﬂoethymsud:ﬂoamrﬁdzz wher ei n

d bipd i d b 27...Th hod
of o1 atfh UebaRlbiorh s et o brrarar i Beprindient > Vhidpiceliidt o aci d
substi t%dlﬁmwéisaﬁ NI 4B lp6l 501 d@h@dﬁﬂ @ane/fvﬁaf@atdlafaaé ﬁthééih@l flg protein

conpri ses at |east t) hree amno acid substitutions. 29. The nethod of claim
26 whepwipirnyhi & -dedvacetilethykoediaminesBOIPYoFB U/ S5 05IY) o2 €@~ f r om

iodoacetyl)amino)ethyl) amino)naphthalene- 1 -sulfonic acid (1,5-IAEDANS), 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 vitro.
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the group consisting of a cysteine at position 1, a serine &juys®étion 1, a
cysteine at position 11, a cysteine at position 14, a eysteine at position
19, a cysteine at position 43, a cysteine at 10 position 74, a cysteine at
posi ti oRol9dssft Cysteine at position 110, a cysteine at position 112, a
cyst airne-t&aposition 113, a cysteine at position 137, a cysteine at
position 149, a cysteine at position 213, a cysteine at position 216, a
cystejgie dihe RR&oH bOaig3D witkr&l §4i€bingind bropdsidnippises 028 dmim acidst ei ne at
position 292, a cysteine at position 152, a cysteine at position 182, a
cyst eiub#itettonposi ti on 236, and a cysteine at position 296. 15 30. The nethod
of claim 29 wherein said nutated gl ucose/gal actose gfpdi ng_protein

“addi t27onal'ﬂhymﬂwélofdélgl%twheéﬁ%ﬁalﬂ)g@dlﬁ%{qteé‘i?@méﬁ.at st gm%t hod of claim
27 V\haecr siuﬁstsfaiog nmut at ed gl ucose/ gal actose binding protein has at |east two
ami nd™ ST dSSUISET i t uti ons sel ected fromthe group consi sting of a cysteine
at, pasiti,gn 112 .and .a r . i {1 : i in@OSi tion 149
ard afﬁeriﬂ’é"“f 0882?1 oh \ﬁlb&%%g%ldgﬁgfygkgﬁ%ﬁéag%m%%%ﬁaggﬁ%%ﬁgﬁd a cysteine
at pogid dubstitdthds. 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
“posi t2on 1 naktibd @b clairgloniineein taid osd nhinmackd Sipstautinnss edlevtedftonposi ti on 149
and a cysteine, at fposi tion 213, g cysteine.at posi tti.ont14£?t.?annd a threonine
at pdbe Bogp canpistingofacysieipsal popition, . SErf At PORYIOnfo 8 SYSIARF R hosition 213,
a_CySHEubgsdhe RSk, 4 ARicRRtt Bosttinq9] 1\6ysRine dBpdeivh UBIvyaikide an Cyst ei ne at
posit1dn 149 and an asparagi ne at position 223, a cysteine at, position 149
arl apesitioh Féeecysteinp atgiosition 10738 cysicinsas pesitinn 140, aostee ghrosdondby a serine at
position 256, a.c i_ne_.at 14 ; 1eY : ition 256, a
cyst et REeHe %‘?:?’st}%iﬁg% afgﬁgﬁ%ﬁ%gﬁﬁgi?&%? ?Pg’?egt% agg%s?(ﬁglc}%b’gaic . lgggt)slst ei ne at
posi t peitioh323,angsteine APPsifian? I6ea efsteinpas pdsitinn 2283, cysteipy stpmiitien at  posi tion 213
and a_cysteine at posié'gon 255. 30 32. ﬁ:e rrgethog of...cl 'r’qSl wherein said
mut at 847> YPYRGRESH! BesitERRd & FIRF AIPOSTHBR &1 3 CHlRIG A BRI *éohpr i ses at | east
one hisletddialfositd 238 3nPBa dyileinc2P&itkR 208/ 057851 33. The nethod of claim 28
wherel'n said three am no "acid substitutions are selected fromthe group
CONSi & | Nl ddhd¥%? bighd '8 WherflR $4il bidbhtckucost/@Bkiosebialing efvtdin on 213 and a
serine at position 238; a cysteine at position 149, an arginine at

posi t additioddlly cngprisessibleast encdistidmeddg.i on 238; a cysteine at position 149, a
cysteine at position 213 and a cysteine at position 5 238; a cysteine at
posi t3lon 7R mahaef chie 21 whosinsaid muzisi glrdscdgalagtopabiagding prosgin Bsi t i on 223;

and a st ei ne ., at sjtion 14 aspar agi ne .at i Li 3 and an
ar gi ngtﬁés%vo&ggqqqc ui%%‘@’?wgﬁs.;dfﬁg%tﬁ%go coélflgtllrfﬁo'gg %‘%9 glgtﬁ sai d nut at ed
gl ucosgitfal1ag hebLschhd\ipbgdtidH ZBeh Eysteine 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 positionr 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, écysteine 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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additionally conprises at |east one histidine tag. 35. The 3mty@edsof claim
27 wherein said binding protein conprises at least four amno 10 acid
substitutions. 36. The nethod of claim 35 wherein said four amino acid
subst it yid RRSea’ € sel ected 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; and a cysteine at position 149, a cysteine at
positi®Bn 19k mathofigfidMneZSawhqmssmd‘dmemomdi @Lbsémtionematselm tion 238. 15

37. T t of 36 r utions are a
ooy i nalfort e e Binsitifl B} SRMRELANBR 10, L Sine RISt e U 1 000, B8
213 and pesitioar23Bea @kteineat position lﬂﬁﬁnar%ﬂune'ﬁlﬂﬁosﬂtﬁinmmaﬁda@dmbmﬂ 22 wherein said

reporter | um nesc | abel . 39,. The nmet hod of clai.m 38 wherein
sai d IH&’ﬁ’i“g’égﬁﬁfyﬁ‘%’Efeﬂt PRgdo Wge%("cys‘{eﬁlﬁﬁbﬂ?s’ﬂﬁ\}ghﬂ&t%m?@eB?POF?BP% t han about

60G NangEdySleme atdsitib 497RsBRE DpostioiZm 381 aemﬁﬁ%%néﬁlpeslﬁdﬁrmes cent | abel

has an em ssi on wavel en t'h  of nmore than about nanoneters. 41. The

met hocAnd csteinarat Besitrel4d) #n asparagina Atperitinnciid andieirsininegbrasitionhbs coupl ed to
said nutated glucose/gal act ose bi ndin rot ein by reacting said nutated
bi ndi rig- pr dhemeathathf daime3rmdrencin sakhwiete é ufessigalabteseyindipg wotaini sti ng of

]E![lejzt(:) ::?%%IHQ"["P’ 'ﬁg‘ﬁﬁr %%ﬁ?f’s %g’ggcpéi‘t gdg) T&R;ﬁtu? RedTM Texias RedTM Cy3, N
2-
6 acr yiPoyi 156 AibhEon Vet o7 SRk o Pl s FORERF AR ERE St T e Vel 1 ow

Ov19, Dajdoystifutipnyg 2- br onpacet am doet hyl ) sul f onam de,
(N-(4,4-difluoro-1,3,5,7-tetranethyl - 4-bora-3a,4a 30 diaza-s- indacene-

2-yl') i3sdoaqns apthe®of dhaeh IIWARTHHR fodd) amihb bcdd dubiititioiRrage lededfrphieny| -
4- bor a- 3a, 4a-di_aza- s-i ndacene- 3-propi onyl)-N -i odoacetyl et hyI enedi am ne

( BODI Phesgrpyp copsistme pfi p jerms@bPaition 3/ Deypisme atenyitiond 49,4 arginine at

5- = c acid (1, 5-
;DA O P B AR SR, AR pRE R B R AT s e) 2] e
met hogositiorc 1 &) av@Rirmcd positoomad1B yndoseping Fipogjtioh23%t ep of exposi ng sai d
reporter group to an energy source capable of exciting said reporter group
tolSem3’. s afI‘He miethodbf cldfh. 36Avieasipas] binemitoagid substigtiors anad setischt

gl ucose ot ei n. havj one ajm no aci d

t bi ndi .at
Jubes ealion A Bcaiigne wdorian i e yRintie huRLpe 413 0 S SLtestAE at posi ti on
1, a @RI ne at

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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position 1, a cysteine at position 11, a cysteine at positi®duiiZhoca
cysteine at position 19, a cysteine at position 43, a cysteine at position
74, a cysteine at position 107, a cysteine at 10 position 110, a cysteine
at pos'\ﬁ/bﬁﬂosjmjs? a cysteine at position 113, a cysteine at position 137, a
~cystei nevatwposi tion 149, a cysteine at position 213, a cysteine at

p03|t| on 216, a cysteine at position 238, a cysteine at position 287, a

cyst ei B80/830 IA9,SI-{({(RibdeResyl)@niad)etol) Bﬂuﬁ?naplﬂ@ﬁéﬁellodﬁli&ﬁ@acmi(lcb -a cysteine at
position 296. 44. The conposition al.m 43 wherein sald nmutated

gl ucos & EaANE) G%‘EC%I?%MOMIIE@W&*O%C%@&W (A9 conprises at | east one

hi stidine tag. 45. The conposition of claim43 wherein said nutated
gl ucosé?-gal E@%@Odtﬂfﬁlﬂlnhéz asidisionally comprising e sten 9f cxpefpIgisaid separten east one

r epo”g{ gfooﬂpcne%%mﬁr&%aﬁagﬁ%?%cﬂt} %@mﬁ ep%h%g?&ﬂﬁ% R4 §) t1 | east one

report rou um'nescen e conposi on of claim 46

Wnegel g%salgchry‘ sﬂ%ﬁ%&ﬁ%ns&n%be' has an excitation wavel ength of nore than

abolt 0 nano ers he conposition of clai'm46 wherein said

| um nescent si,on [.e th n about 600
nanonet ers. %%b%q’ﬁﬂmosg%%%&i’sf %%mgipméefﬂéﬁaw%%tt\%ﬁsglpge HMEAPET 1 uni nescent | abel

I s covalbetiitiyn wizopd &omtie grallp comisinguf A¢yewding hteision gal sadicage bi nding protein
by reactl n%slgal d rnut at ed. bi Edl n pr ot ei n apd a nenber sel eigted fromthe
group B P R 3 PQsBioR d beions cifithpart 197514,  RYsERINFhRSIoB 10 AVRl A

(tetr aeﬁtemela&{mﬁmme:c@stexﬁsia%ﬁ%lm@g)cystéaeaaabagmoﬁqdi Mcydgnés RedTm Cy3, N
((2- iodoacet oxy) et hyl - N et hyl )am no-7-nit robenzoxadl azol e (1 ANBD),

6- é@ryp@;IlonZJO,ch qyeteing itgpasitembgha dvateinn et gositioy L B a aysteineyat position| uci f er Yel | ow,

Di§)p n

(N—(4 di ﬁ's&%};eoa(t?%Pogti%gztr%?ﬁ%}r'reg{pﬁg?%n?ﬁg §J%‘ﬁ %gﬂogﬁb%%la? *&. i ndacene-

2-yl) i cdeheeil pmn‘tdmZ(SB@deb&sﬁtﬁmlzﬁ)?,ad)#stémétpdszﬁbrulmoatiys%ndlaphenyl 25 3
July 2006, %3/ 857851 bora i 4a- di aza-s-indacene-

3-pr OpP‘b'?HSHYI\% anfl  Q¥siene) pastng Brod: ani ne (BODI PY(r) 530/ 550 IA) 5-((((2-
‘i odoacet yl) no) et hyl %] am no) napht hal ene-1 -sul foni c cl d (1,5 | AEDANS),
and caﬁ‘boxy _compefingionelainsdevhegum spibinyiried gluposrieplagioss bin H@Pr%elﬁorrpom tion

CoRpri ﬁma@ympﬁgéqﬂg&ymugggq% ose binding protein having at 5 | east
one amno aci'd substitution selected fromthe group consisting of a

cysteipe atpRQginbbiibn of‘a PPy Ry S PGl biuPRe/ghh bk bidingPRAeiAt | €ast one

addi tional 1 nsergjl on, Fl tiron or
additionally comprises at Ieast 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- mdacene- 2-yl)iodoacetamide (Bodipy507/545 IA), N-(4, 4-difluoro-5,7-diphenyl-
25




substitution of an am no acid residue. 51. The conposition ®iulcioaém 50
wherein said nutated glucose/gal actose binding protein additionally
conprises at |least one histidine tag. 10 52. The conposition of claim50
wher ei %3%@157?;# ated gl ucose/ gal actose binding protein additionally
conprises at [east one reporter group. 53. The conposition of claimb52
wherein at | east one reporter group is a lumnescent |abel. 54. The
conpodgitidreda,4f dakas-mda@netieprepinnyd Bl diclearetythytentdidraine (BORE Y excitati on

15 way, re t abou 00. nanonret.ers. 55.. The conposition of
cl ai msgéggsﬂ]té{}e? h«gg’logoalc%}%%@®§{ﬁ‘? PEBEI2RS ‘_’llﬁﬂ‘?aégﬁﬁ%f fﬁ’lg(]\n%vel ength of nore
than ahepANS)And 8BEBLE Hodaafine, SHQoduaoRaARIE PORIACS6)! ai m 53 wherein said
| um nescent [abel is covalently coupled to said nmutated gl ucose/ gal act ose

bi ndi 9. pr At@mPodition’ RAPHLAE aSAktEled M€ galitidtd bidding peiteih Ravikk #and a nmenber
sel ected fromthe group consisting of fluorescein, counarins, rhodanm nes,

5- STVHeaA que emingrieidisybstifician elerteddrany e group SPRSHEYS ol RERRAIROGTRE Texas
RedTM o Aallabsalty Sl
=TS it 2 posRARTEELAIN G M| AU Ty L obenzoxadi azol e

(1 ANB a am nonap ene (Aacrylodan), pyrene,

Luci f enbsHetiboof an@pie Hapesitie; r) (2- br onpacet ani doet hyl ) sul f onanmi de,
(N-(4,4-difluoro-1, 3,5, 7-tetranet hyl - 4-bora-3a, 4a 25 di aza-s- indacene-
2-yl) isodoathd compdsiti¢rBofthlaim 50 Whsreh dail)mutied gludosdighlbaiasebirfdjng-potpineny| -

4- bor a@’%ﬁ 4ﬂ' di aza- s-i ndacene-. B-Er opi onyl ) - N -i odoacetyl et hyl enedi am ne
( BODI BYIpgnally sesmptises 4t Agast 05‘95’(5??‘29"3 'odoacet yl ) ani no) et hyl )

am _no) napht hal ene-.| - sul f oni cid , 5- | AEDANS),. and, cat boxy-X- rhodam ne,
5/18-i ddoac f'a?ﬁﬂa’emtlmtj_ﬁfl@}l Wherpin sgejﬂet_swsés P%F{)géwib&%w;w%ﬁa mut at ed
gl ucogdifielafy EasSistd AMaBDbnBERbARLEBYI Ng at | east two amino acid o
substitutions selected fromthe group consisting of a cysteine at position

112 and 2 967 doRodboRGeidihon vdhin chilof 290RWRA3 DFARdcci; oySt oi ne at

position 149 and a serine at position 238, 'a cysteine at position 152 and a
cyst eilabel.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
cyst eiSAe aTheqmsipbsiton dfi4thimsd vdwarcar sgidlummescent lgobhdsianex@iBon a cyst ei ne at

a3 o Preh oS B BiaBiecy ool ot position 1497and a' | euci ne
213 By ol coaioariCodlaT S rReBra i ne e gl 8 L EmRORf on 223, &
cyst eiviQeladgiiPeishdrt fan dKtAt 80thadoaMekei ne at position 238, a
56.  The composition of claim 53 wherein said luminescént 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




cysteine at position 149 and a serine at position 256, a cy8twy?W6at
~position 149 and an arginine at position 256, a cysteine at position 152
and an arginine at position 213, a 10 cysteine at position 152 and an
aspar agiyosaiggosi tion 223, a cysteine at position 213 and a cysteine at
position 255.° 58. The conposition of claimb57 wherein said nmutated

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

hi st i dicysteinagf.posidon Hiand esprinsiat pesitionf238;|aaiysteisy abpositien h5kamdd nut at ed

gl ucos t ,ndi. ng. prot el dj t.i | ]. i | east one
repor t"gé‘&g!ﬁ %&Bgﬁﬁbg%g’@%g%ﬁgéﬁt@g n1 %gf’&g %lg%é)%@o\%\%gr?%%g ggs?%wr l('E,\por ter group
i s a lpositieZiGeant alcgdiethe at pdsitidi B3 3coapRimetat pitioh 149 andanGigiwhestei n sai d

| um nescent, | abel has an_exci %at' on wavel en@ﬁg :gf mor.e t han_about 600
nanomPPERAN 21gp3 cypipine ahROSHION A3 A Cysielie At RAGURA &1 &S YSIEPGPGF i scent | abel

hag an4¢h@sheaniné % pasivish 810k ByRind B pssitiddang ahPileubiffatipniasei el s. 63. The
conposition of claim®60 wherein said | um nescent |abel is covalently

“coupl @cysteine atpositipnt49rand a gyrosiess pesitianci 18 secysickndiah goptian Pmnden r eact i ng sai d
mut at j ndi i 1. roup consi sting of
11 tor acpasief oEfooRlcio2.1 oyl & BHBR s RelRtlnd AKGRLAL P

(t et r zysteihg/dtpoadani 9end a sothoacpdsaion 266 » cydeisndt posiRed 4 andexas RedTM Cy3, N
25 ((2-i.adoacet.ox t hyl ) = N-net hyl ),am no- 7- ni.t robenzoxagdj azol e (|1 ANBD),

6 acr HERE PO fSAT § ST LB R A R BB ATy 2ha Luct T er Yol | ow
C1b,  agiehiyatpblitidn’t5268 B Apah ik SigREN 203Uk EyRRAY  Position 213 and 2
(N-(4,4-difluoro-1,3,5,7-tetranmet hyl - 4-bora-3a, 4a- di aza-s-i ndacene-

2-yl ) iCpieRR ¥ Parien?®Bodi py507/ 545 1 A), N-(4, 4-difluoro-5, 7-di phnyl - 4-

bor a- 3a, 4a- di aza-s-i ndacene- 3-propionyl)-N -iodoacetyl et hyl enedi am ne

( BODI P¥{ r ) Taocoggosidgoofickyim 55 where{msajdoawated slyrose/grlaetpssttinging protein

i Lenes | - iL¢.acid (1, 5- | AEDANS), and boxy- X- r hodani ne,
A" RBRRAO AR At ORESRgheul, o LA, and cdnboxy-X rhodam ne.
tcﬁfpr 53] .“9Theaco%j}o?ihﬁlg?f%{la%ﬁ%%%%?eﬁnaﬁ%}dorﬁ&g% “ﬂéo%?/ﬁ%&&s%'bﬁ‘néi‘ v r&%P?t | east

ee am no aci supstitutli ons sSselecte om e group consisting of a

C)St eiadditiaiallp o&hprisesat 1¢hSt ona reperterngowpt position 213 and a serine at
position 238; a cysteine at position 149, an arginine at position 213 and a

seringos aThd@ipokifoh AdimFeeied ARl raforRPGblp BA 1dfthescantdyil. ei ne at
position 213 and a cysteine at position 238; a cysteine at position 149, a

seringiat prSédmpasitisnlst cnél 60 WRRRAGRDIMBedtent IARPhisiARx&#Bon and a cysteine
at position 149, an asparagi ne at position 223 and an argi nine at
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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position 256. 65. The conposition of claim®64 wherein said #itha2088

gl ucose/ gal act ose binding protein 10 additionally conprises at |east one
hi stidine tag. 66. The conposition of claim®64 wherein said nutated

gl ucosefaabaaiase binding protein additionally conprises at |east one
reporter group. 67. The conposition of claim66 wherein said reporter group
is a lum nescent | abel. 68. The conposition of claim®67 wherein said

| umi nédcent EEBEsOBEMPHSBECi t ati on 15 wavel ength of nore than about 600
nanoneters. 69. The conposition of claim67 wherein said _|umnescent |abel
has art rewptedglaepse/grlodose hipdmeproteip hbavingd deagibige apmo apdehsiuliens 70, The
CcCoNPoSsLi.d i ; el i i : ook ently

coupl ngl%tgpﬁ%giﬂ?gﬁ%l{pac?é%méggg%gyesﬁgiae%g (%églscglqglg’%ﬂﬁeﬂ%@%%?%@nﬁg% eacting said
mut at excketiierad pomtiqm2A38pd cys@he anpbsiiombdth en argalicdt pobkitiand} B pilvba gpriveip consi sti ng
of [fluorescei counarins,..rh m nes - TMRI .

(1 &t r APRERGR A8 AERARE alipsubn 08F ThARLe TepsiPiAl dRtehsths reaTM O3, N
- ((2-1 gRaaeeIBXY bistdid ok pdiitioat 13y )sariewd pdsitivd 710 ad oxpategidoste (| ANBD) ,

6- acryl oyl - 2- di pet hy] am nonapht hal ene (.acryl odan pyrene, Lucifer Yellow,
Cy5, [DapBsy423; ndaxysising ARAsEon M% seiRgRyBe AFRIsAR e} 2nd an arginine at

(N- (4, dsi6bd29¢0r0- 1, 3, 5, 7-tetramet hyl - 4-bora-3a, 4a 25 di aza-s-i ndacene-
2-yl)i odoacet am de (Bodi py507/545 | A), N-(4,4-difluoro-5,7-di phnyl- 4-

bor a- 3@, 4aTfli = Szl - ' 3 di am ne
(Bcor 54 ) T AtoBybF SR wheBRRIARb Bl EBRE Gl R
antiOno)ardipérialp cemprises studabomic bistéidineitag.1, 5- | AEDANS), and car boxy- X- r hodani ne,
5/ 6-i odoacetam de (XRIA 5,6). 71. A conposition conprising: 30 a nutated
gl uco%é/ galkctonypesibiomaf daimbd othetein daghihutgted plubesaghladtossrbingdirigrpooteini d
substi é{ll OHS selecttﬁd fromtgeﬁgroup consisting of a serine at position
1, a é@ WRHE CYPPIIFEE el Fast P8 APOTH $TUB- 3 July 2006 WO 03/ 057851 argi ni ne at
positign 213 and a _.serjne at positigon 238; a serine, at ition 1, a
cyst ei6§e athe ?%0?41%0111%‘,‘1%5 “g’é‘ielnngé‘da’FP%%@PP)ﬁ aﬂi‘ﬁmﬁﬁ‘ﬁ‘ﬁg%tri ne at
position 238; and a cysteine at position 149, a cysteine at position 182,
a cyst8i neThgcogwepitipnpf claim 6 yeherginesald; Ipmingecendahel pasignsxgtationy  The
CQ'EDO%&a%IB{kﬂpéflﬁéré‘iﬂﬁ}mZﬂod@’@ﬁﬂﬂn&n&@ﬂs.‘j mut at ed gl ucose/ gal act ose bi ndi ng

[ 5 addi nal |

protein itro y conprises at |east one histidine tag. 73. The

COMpOoght | O"ghdéj 0 'o@iri?ﬁ SEe1 MR Sl ITRIRLER: MY ARSE HRLBA OSe bi nding
addi t y

protein I oha conprises at |east one reporter group.
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 '




74. The conposition of claim73 wherein said reporter group3idy 206

| um nescent | abel. 75. The conposition of claim74 wherein said | um nescent
| abel has an excitation 10 wavel ength of nore than about 600 nanoneters.
76. Thewgppesiti on of claim 74 wherein said |umnescent |abel has an

em ssion wavel ength of nmore than about 600 nanometers. 77. The conposition
of claim74 wherein said |um nescent |abel is covalently coupled to .said
at | edEgnignet Resitien 347 el aerinmsal Pptitien §: presnestpopyior bacwteme i t h sai d at

| east the gro

conai SPRRoiTHAd?  Filing 2 Riich 39 RS Ele 0o BIE Bl AGLERERLGHAM {1e Oroup
('t et r déBtanykieine digpuisiien 582, o dystaiat @ pdsiiEgn 2 1Quadhi smmRetdaBMtloﬂ' @¥&%s RedTM Cy3,
N- ((2-i odoacet oxy) et hyl ) - N- et hyl ) ami no- 7- ni t robenzoxadi azol e (1 ANBD), 6-

acryl @2l - 2 Thelcangiokiyibiaof dlehma vitizadiresuid hatarcy bindan/galagysedinelind prctefner  Yel | ow,

, oxyl (r 2- bronpacet am, doet hyl ) sul f onam de,
%(4[)38@#51"&8%‘8&153%“ ea"f“’t“@ﬁ”ﬁ&ﬂ‘@? d )- 20 bor a- 3a, 4a- di aza- s-i ndacene-
2-yl |doa tam de 71545 | 44df|uor 5, 7- di phnyl - '
4- %oi d-3 ffge mﬂé??amén ?f}dfé%leg’gév egwp?ﬂ@iﬁ%&? ﬁlur@se Boadage ‘}ﬁ“&ﬂﬁ%@neéi ani ne
( BODI PH&]Elbﬂﬁ?Qééﬁ@seé ﬁ)leasﬁm(’-: tdporter @6‘%’10& yl ) am no) et hyl )

am no) napht hal ene-| -sul fonic acid (1,5-1AEDANS), and carboxy- X-rhodam ne,
5/ 6- i agoac ehapindRsitidTb A 1@mTB whéRin 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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