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(57) Abstract: The invention is directed to compositions of mutated binding proteins containing thiol groups for coupling to sensor
surfaces, analyte biosensor devices derived therefrom, a_nd methods of their use as analyte biosensors both in vitre and ir vivo.

anal yt e bi osensor




BACKGROUND OF THE | NVENTION 1. FIELD OF THE | NVENTI ON [ 000F]JulYR@0§ nvent i on
isinthe field of biotechnology. Specifically, the invention is directed
to mutated binding proteins containing thiol groups for coupling to sensor
‘surfaces, analyte biosensor devices derived there from and their use as
anal yte bi osensors bot Qi k@ =N d, IS gy @ AR
RELEVANT_AR] 000 \V/aYa . QS A“CC Ot .l a ONS a 2.0 a1 €
adequate netabolic control in diabetics is a desirable goal and woul d
enhan@e siboe@er botiey @8 orief abiavmpns rif@drowie it s. Currently, nost di abetics use the

" f i ngere Mpte op Keves prat iedacieney’ appeingtatibe baglei 1 bl ood gl ucose | evel s and patient
conpl MEEPEE % Pt &Rt P#due to pai n caused by frequent (several tines per
day) 15 sticks. As a consequence, there have been efforts to devel op
non-invasive or mninmally invasive-in vivo and nore efficient in vitro

met hods for frequent and/or continuous nonitoring of blood glucose or

ot her gl ucose-containing biological fluids. Sone of the nobst prom sing of
t hese nethods involve the use of a biosensor. Biosensors are devices
capabl e of providing specific quantitative or sem -quantitative anal ytical
information using a 20 biological recognition elenent that is conbined with
a transducing (detecting) elenent. [0003] The biol ogical recognition

el ement of a bi osensor determ nes the selectivity, so that only the
conpound to be neasured |l eads to a signal. The selection nmay be based on

bi ochem cal recognition of the ligand where the chem cal structure of the

| igand (e.g. glucose) is unchanged, or biocatalysis in which the el enent
catal yzes a biochenical reaction 25 of the analyte. [0004] The transducer
transl ates the recognition of the biological recognition elenent into a
sem -quantitative or quantitative signal. Possible transducer technol ogies
are optical, electrochem cal, acoustical/nmechanical or colorinetric. The
optical properties that have been exploited include absorbance,

fl uorescence/ phosphorescence, 1 4 July 2006 bi o/ chem | um nescence,
reflectance, light scattering and refractive index. Conventional reporter
‘groups such as fluorescent conpounds nay be used, or alternatively, there
is the opportunity for direct optical detection, w thout the need for a

| abel . ‘




[ 0005] Biosensors specifically designed for glucose detecti“oHYEA# use

bi ol ogical 5 elenents for signal transduction typically use el ectrochem ca
or colorimetric detection of glucose oxidase activity. The use of this
method is associated with difficulties that result fromthe influence of
oxygen |l evels, the presence of inhibitors in the blood, and problens wth
el ectrodes, anong others. In addition, detection results in consunption of
the analyte that nmay BENDING PROTHINSAS BIOSENSOGRSI ng | ow gl ucose
concentrations. 10 [0006] A rapidly advancing area of biosensor devel opnent
is the use of fluorescently |abeled periplasmc binding proteins (PBF s).
As reported by Cass (Anal. Chem 1994, 66, 3840-3847), a | abeled maltose

bi ndi NBATKGROUNDRPF THE INSTENEIoNRt ed to be a useful nmltose sensor. In
this work MBP, which has no native cysteine residues, was nutated to

provi de, FIDLDIGF THE INVENTHINE cysteine residue at a position at 337
(S337C). 15 This nutation position was within the maltose binding cleft and
experienced a Iarge_ envi ronment al change upon nal tgse bi ndi ng.. Numer ous

&Y

f1 uor offi¥8lks wer Ebginyantion is imihs fickd efiioteimolqess Speejlrlypthednyrytion is
i nt f g i " i . G .ein.
ot uar oot bRl SRl AN SIS oRuck 16 SRS B s sitBRE, ()

i nt ensanta)yte bjpeensnaddvocs derinai there fidnk, and disait tseias andpeitédsendorsbdth iA he

| ocation of the fluorophore 20 changing froma hydrophilic or sol vent
exposeﬁtrgr‘ﬁ}flf’b}lfﬁ%nt to a nmore hydrophobic environment, as woul d have been
theoretically predicted for the closing of the hinge upon naltose binding.

Homeves., pESCRIPITON OF REEEV AT Aie associ ated reporter group do not bind
di agnostically 1Tnportant sugars rn nmanmmalian bodily fluids. Cass al so

di scl osed associatjon of this protein with Ti Q2 surfaces, however, the
sur f ac9B¥und prMoaitering glpegss gomntratinms te st date adequate metahalie qontrel iand

5o91 SERONAbraBhr Al ARRth b FIETLARGY indiVidhsts! Sty i ner i ng
of a ghustakabetitd wsahsUinday stickt’ @il t6 gnchifol HRirdgeaNilutp dvieBranint o a

Gal actose/ A ucgse Binding Protein (GGEBP) mutated to contain a_ cysteine
resi dukdtieq lageg,is preRjemaic quedo paingaused by drsarentdpeverl Emengesdayhat occur

u ( S (Walel i D27 k . t he
t %s?ﬁ!’dggi&oﬁs g:‘c &?gﬁ%&‘:ﬁﬁ%‘%"gﬁgﬁ C g%g%{étylﬁhn@en‘%tyog)t% &%L‘%Cdcr glziﬁlbntéﬁ@pl oited to
const ringasivk iduwiv @d0vore rffagend tredreingthddstfonfreqhent araborfaontiticans t hat convert

a gl ucose, bi ndi vent into,a change in . fluoyescepce via an_allosteric
coupl i METIREIEATPLIAL ¥Ross PLoOPEE TS o CPUAIARIP ORI s oname of the

most promising of these methods involve the use of a biosensor. Biosensors are devices

capable of providing specific quantitative or semi-quantitative analytical information using a

20 - 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

25  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 colorimetric. The optical properties that

have been exploited'iﬁclude absorbance, fluorescence/phosphorescence,

1




are reported to interfere minimally with the intrinsic bindiJHy2p¥operties
of the sugar binding pocket in GEBP. 5 [0008] In order to accurately
determ ne gl ucose concentration in biological solutions such as bl ood,
interstitial fluids, ocular solutions or perspiration, etc, it may be

desi r abiccHemiluatthesstnde e flodtimbieNgete efiteing and rdfifacti &cindé) IComleptiodad of a
bi osensor so as to tch the physiological and/or pathol ogi cal operating
range SFPOFISESIONBT Sisheafluaisseent eprpeundymay be tiscd, oy alicsmativelyetsreds g5 i at e

D1l GBS Thr gt Nal sfBiioh Rt e fRR4G 1 Bhea. parti oul ar 10

physi o and/ or pathol ogical concentration. Additionally, biosensors
may be configured using nore than one protein, each with a different
bi ndi nf0Wshst ant Biessngrospedidicalijcdesigued foreglsense detattionghasusebiglagical ange of

gl ucose, con tr.ations as.disclosed b Lackowi Cz S 6,197,534). [ 0009]
Desi t SeTRBEIREHEM) F38sPadh Rl taateomPRRRIH F blbompis d5hass boen
15 deskprest @n@hsemmige Fheeké bethiswhétho®@fs Mbdcipedt wite BFFiE@fiesthaUBsult Speci fic
nmut ati ogns of sites and/or attachment of certain reporter groups may act to

nodi f y fianbihsdnffugneeeisaxygen lemelarthe pregensaiof indifritorsvmthe plogi.tang psoloms 5

bi osen LI t . LI a glell

onat ayith R aiint el T aRRHE RO YRSy GGG, SO,

bi ndi nehat mial réssiltdh @aubldniowhdén@edgzuting 1oav klutdwetcontudtrafioishe overriding factors
that determne sensitivity of a 20 particular reporter probe attached to a

partic r.protein for the detectignp of a specific . analyte is the nature
of 1‘§ hemgl:i fic M@aﬂ%&cﬁ%@%@@aégﬁl%ﬂ@%@&@pgﬁw%eu%ﬁg amino aci d
resi duggobcehil§ 14¥eRY PeftpladthicbindiRd pl%‘tl%iﬁse(PtﬂPys)P%ssSerdrﬁ‘eﬁt ®sedinf, these

interactions within “proteins usihg conputati‘onal methods, nor is it
possi bCéemol Wdphé\3 8Aa384Hah labelsd gmltosebindihglpogfpint(YIBR) Wasi desonbizatehi ce of

reporter pr S...1n addition, it, i ot, .possible to 25 .predict the effect
on ¢ ne 567 RertnER e s Sitor ladB weik M o PE Rt R e TRt 8o i n t he
prot ei futAEd 461 fF6vive b prvtein ANl d eyAare tRRIuE 808 poMifi@sA 333 ¢b337@gnt ai ned,
and/ or i npl antabl e and/ or reusable " biosensor proteins the transduction

el ErenThisusutatien positiegrivasvidan thermeltash binding deft prshexpgdoncsd atllggpnt err ogat e
t he -si fr i@n_el engnt . “inte te" is 30
roant PaoeRl hase® Tpdrtfiah ARG NS Mbropes WREMEEEGRE £ om
sanpl eeithy plocked ligeidhtitting acintederddl vigh 1@ cohrpatdrl tsange bhihe peste@ant o t he
surface of optical_ fibers or planer 3 4 July 2006 . .
: 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

20  changing from a hydrophilic or solvent exposed environment to a more hydrophobic

environment, as would have been theoretically predicted for the closing of the hinge upon

maltose binding. However, this mutant protein and the associated reporter group do not

bind diagnostically important sugars in mammalian bodily fluids. Cass also disclosed

association of this protein with TiO, surfaces, however, the surface-bound protein suffered

25  from reduced activity with time and required constant hydration (4nalytical Chemistry
' 1998, 70(23), 5111-5113).

[0007] Hellinga, et al. (US 6,277,627), reports the engineering of a glucose

biosensor by introducing a fluorescent reporter into a Galactose/Glucose Binding Protein

(GGBP) mutated to contain a cysteine residue, taking advantage of the large conformation
30 - changes that occur upon glucose binding. Hellinga et af (US 6,277,627) disclose that the

transmission of conformational changes in mutated GGBPs can be exploited to construct

2




wavegui des using inmobilization strategies. Such inmmobiliz&ygR0% r at egi es
include, but are not I|imted to, entrapnent of the protein within

sem - per neabl e nmenbranes, organic polyner nmatrixes, or inorganic polymner
matri xes. The inmmobilization strategy used may ultimately determ ne the

per for fﬁ&@%ﬁteﬂfsignbﬁrammkjti@ﬁ fi BSRNHAT conl B alBhicse lﬁﬁ&in? el @it listo RALABERUA
pr obl ens assocjated with the i mobilization of biological nolecules. For

exanp! dluorgsency vVigragiafesterinemipliag imeckanism Bhefluerascspifransduriiondhnatigas |
Tt . e . ety g Ol .
e R S e T

exist in a
sur f acpopcledin @6BPpl e, Wi th sone proteins oriented such that their active

sites are exposed whereas others nay be oriented such that there active
sites ot exposed,, and thus not able to 10 undergo . sel ective binding
readt | S8 1t Oﬁﬁaﬁw‘é‘%ﬂﬁe FITRSHUHGCEnGTE A im hJogigh; sefiions
ti me- dgpgnieidodd aR@sHHANLRR, o AR AbKKIBAL Hpetipithfich, !e{l{rﬁl?ha}y BAddsRible %d

| eaching of the entrapped protein subsequent to inmobil’i zation. is
r esul t adjust the bisdmgeonstantwdthegsensing molegnle afalhidésensor so as wanatchithe cal i brati on

of the_sensing .deyjce signal drift. | ener al i .ndi r ot ei ns

requi rBﬁyséﬁ?@%?laaflwgﬁB?tﬁ%ﬁltcflgcfpef%mgﬁﬁ?ﬁe@%%?l 051“0?‘5%’?'1“%1 ﬁg’é@r us physi cal
absor pWighbul thé abprogeinte Binding donblnt Q\éinahap bé bAGT ratdeFondPatticdhr

i mobi || zation strategies as taught in the literature generally are not

sut es phygiologiod rofl/orpethelpsical conpenteatips. Addisienaliy, biasensgrsmanbelesi gn

ddi ti . d : X -
580 ol B0 T 6 A 5 Ol =

bi osenseusate arasuaeitérnts ovenlalwidé heipe of glusoseaetcenfralifies adidisclogediBgi gn

addi tional uyseful 20 putated binding protein and nutated GGBP s contai ning
t hi ol ga&m‘@% @eﬂg’é@m}ent to surfaces for generating detectable signals
upon anal yte or glucose binding for use as biosensors. SUMVARY OF THE

| NVENT|dgho] 0011] DRghiRIRSaetifthess BE A RSEGGRPIVRI dfMes PRUEHS Rad HeRSENSOT

conprising a) at |least one nutated binding protein and at |east one thiol
gr bup desigred @dd examised eitherdvith) onwithad seponter g@6ps Seoificonvthtioce offsdeei n sai d

tated hindj led th h sai,d thi o). id
aur { st aieneh 3 Serdin P Reerp ot mpy b 0ot s ingtebel Gl resulting
from aygdiadis@blefvay. Kddiidnal$, 4 Bidsohsih@ntaddhsl repoitat @eup MaY Rely Ot ei n bi nds

to anal yte. k}g{)lz] Anot her aspect of the présent invention provides a
met hodd¢sirrblgmindingcastant brionpt resHpn B eardlyalptepiableistinabjupan dnabige bisdimgnut at ed

O LK AR R R BB S AP AL £, o
20  particular reporter probe attached to a particular protein for the detection of a specific -
analyte is the nature of 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 computational methods, nor is it possible to employ rational design
methodology to optimize the choice of reporter probes. In addition, it is not possible to
25  predict the effect on the binding constant based on the position of the reporter group in the

protein (or vice versa).

[00010] To develop reagentless, sélf~contained, and/or implantable and/or reusable

biosensor proteins the transduction element must be in communication with a detection

device to interrogate the signal to and from the transduction element. By "interrogate" is
30  meant the process of sending light to, and measuring emitted light from, a sample. Typical

methods include placing the proteins within or onto the surface of optical fibers or planer




4 July 2006 through said thiol group to said surface; c) exXpuki2ff said
mut at ed bi nding protein to biological solutions containing varying anal yte
concentrations; d) detecting a detectable and reversible signal resulting
froma change in refractive index; wherein said detectable and reversible
si gnal y8iides ubih® Ao RAMOR stedledi&f SRS intRobiRAGd iéa'imﬁde%éﬁ Qs Pondi ng
to 5 said varying anal yte concentrations. BRI EF DESCRI PTI ON THE DRAW NGS
[ 0013] limitedRE entrapmeptaliikg proteyl witlis eereieneaneablrmenbragesSPRani¢ pelimeémg t hi ol

I : : ' . . . ' ildt
(v B O R e R iR Presbinle i o PR IR R G, 1 © YR
coupl edeEidisCthe@Bfornbicmafitat onhingtbédsansop oFhelyiriod an detail pamedrous fpreblgpesr s .

0045] FI GURE 3.1l |.ustrat t . SPR f the thiol | ed E149C
s APSREE B ot TRt AT SRR TP b SR PEPP owi g
r enat unadérgninekdrbiblebhfrmationalt chenges, elspnaetia, atdlosd fiBicthbaickldetivii)016]

FIGURE 4 i]lusirates the SPR response over . tinme for injections of a range
of 15 I@m{e@é@t ROHAEES A ST B g e Pfipgpsible prigniations 9 e @agisURE f ace.

[ 0017] sirbdcb)REr &xainplel!ith 8886 prdicinstoridhie® Buch Wia¥ thefrQbtitd Gref A0YEpRE 9! UCOSE
concentrations in the data set illustrated in FIG 4. [001 FI GURE 6

i |1 ust Maewe3s ethes mpRbe edgpdswch thattheriaplivesserre gotexaered.Gub fhus gt abir topr ot ei n
t Of@' UGRRBa Rt iR %Y AL w?tﬁ'iﬁeaaﬁlﬁly(ec Iﬂm&,i;pald %%%g%%g &b b 7pr tein

i1lustrates the SPR response of an anrne coupl ed
to gl utioealependentcdgndtontjore ténaturgtionfdadeg (nGhotglrapipn, apd d2chinE o BURENBpped

il ust I . on _usin R of .t hi ol .ceupl ed GZ4C... P and
thi or PR sl G0 URRRNLRn: T SesTha Broptdi iSRG S6 a8 iy e

DESCRI Rilin@iih EFibitin bRUENsDY deGio2add sTimal drilt. rinkjenael Biading proesind ﬂeguifelef er 3 to
a device that uses specific .bigchenica react.ions medi gted by isplate
oy RER 0GRl e BN e s SR e ibr st Feoptpr ko

Chesn cadvakaietadaiachinahd bl ¥nbobiBlaE6h sttdios ab ROEMEH (RMNitQRuCRhegllgh8l S. As

used

not successiul.

. .[0010] Therefore, there is a need in the art to design additional useful mutated proteins
and mutated GGBP proteins generating detectable and reversible signals upon analyte binding
for use as biosensors, and additionally there is a need in the art to design additional useful

. 20  mutated binding protein and mutated GGBP’s containing thiol groups for attachment to surfaces

for generating detectable signals upon analyte or glucose binding for use as biosensors.
SUMMARY OF THE INVENTION

[0011] An aspect of the present invention provides a biosensor comprising a) at least

one mutated binding protein and at least one thiol group attached thereto; and b) at least one
25 sensor surface wherein said mutated binding protein is coupled through said thiol group to said

surface; wherein said sensor surface provides a detectable signal resulting from a change in

refractive index when said mutated binding protein binds to analyte.

[0012] Another aspect of the present invention provides a method for analyte detection
comprising a) providing at least one mutated binding protein and at least one thiol group
.30 - attached thereto; b) at least one sensor surface wherein said mutated binding protein is

coupled




5 herein a "biosensor" refers to a protein capable of bindiddgly288nal yte
(for exanmple, glucose or galactose) that may be used to detect anal yte or
a change in analyte concentration by a detector nmeans as herein described.
[0022] The term "binding proteins” refers to proteins that interact with
speci f ittroughnalid/thid grdupato rBidnRarfacappddpesiaf sgid avitstedBindingtpréeimduci ng a

det ect abl. e .and or. reversible 10 signhal differentiable either from when

anal yt lql%gl%ﬁolﬁrlg@eq%waﬁawmgﬁ@%ﬁ#e%o@ﬁ@ntraﬁw@%iﬂ}ﬂﬁ@ctlwfk&%% Mghs over
time, i GR = At d0n- Q[(ﬁ%q : hods
descri g‘gfg.}sqb'llﬁg%géeltq g%]{lt?lgé}lﬁo asi gnal ﬁg%/fgng?ig?%*ﬁgﬁgé%%%%d%g%gﬁleﬁggr anmed,
and epireetilde sigearssults oinud chepge merefiiactievednd exewsmidieding pdrrespondimsto

Revgrsi bl.e signal ., generati on _or detecti on may be instantaneous or nay be
ti me- d&PER ad’rabg‘?‘&‘?nr‘fﬁméa'@f}?'r elation with the 15 presence or
concentration of analyte is established. Binding proteins nutated in such a
nmanner BRIES HESCRIPTION QRATBE HRAWINGS red. [0023] The term

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

type of protein naturallluﬁ( found in the periplasnmc conpartnent of bacteria.
These l%ﬁél ei ns EFEUREtIillustrages gluconse defestipncisingot 2R palizingthiol saupled t of smal |

nmol ecu l i Ay, §;5ml i Cégﬁﬁ { t he

cyt opl ggﬁ]g(ﬁ %F?’ias a Sﬁw&%&ﬁlﬁ%@%?b%aﬁﬂggn |sdt‘|}v{r?1g%:’1ée tm&%@%gm ar /
domai ns that are connected by three strands to forma hinge. The binding
site i {001ldLat ed FIGWRE Zillesttatésehe\8BR respensevaf tikothin! weupltthEMUT GERBRE enters
th bi ndi n i.te R. under go a _conformational change, centered at the
hi ﬁ%e, Wd?ﬁ“&ﬁ@??ﬁ@%‘lﬁﬂ@gt%ﬂ%ﬁF%&t oget her and entraps gl ucose in the
binding site. X-ray crystallographic 25 structures have been determ ned for
the cl gmad] f or m PIGIERER iflustihtds th€ OPR résPonss of idhiol Wbupl® EVWRSGABP A

Qui ocho Science 1988, 242, 1290-1295) and S. Typhinmurium (S. L. Mowbray,
R D. mwfanhprofein g glosgse fpldeusipg denatgation and fpllowme rgpaturatien withibusisr @ from t he
Pr ot ei l%“;ﬂqﬁ “]N o A resb, orgl pdb/) as 2GBP and 3GBP,
respecplle\[)ggl%sgl.l e ¢ I{O{Qpé E. coli GEBP DNA and am no acid sequence can

be found at 30 www. nebi . ni mni h. gov/entrez/ accessi on nunber D90885
~ (genon{i®16] one) ENEHIREclaHsstoites thaRPR respdie2iVef ditte for iafctiomaeduenng)of

Preferred GEGBP is fromE, cali. 4 Ly 2006 ] 0024] "Mitated Bi nding
Prg ei BUCQESPNCSATATPNS 0%?&9%‘@@!8&}%9@@%&@ ein, refers to binding
proteins frombacteria containing an am no acid(s) that has been repl aced,

del et efhofirpm  or FRAIRE stiftudthifesHMtARoAShETbr e #RARF bhcBR dthakdiiBROU T i NG
p in.

in the data set illustrated in FIG 4.

[0018] FIGURE 6 illustrates the SPR response of a thiol coupled E149C GGBP

‘mutant protein to glucose on a carboxymethyl surface (C1 chip).

20 [0019] FIGURE 7 illustrates the SPR response of an amine coupled E149C GGBP

mutant protein to glucose on a carboxymethyl surface (C1 chip).

[0020] FIGURE 8 illustrates glucose detection using SPR of thiol coupled G74C
GGBP and thiol coupled A213C GGBP mutant proteins.

25




Exenpl ary mutations of binding proteins include the additi dnluyy2006
substitution of cysteine 5 groups, non-naturally occurring am no acids
(Turcatti, et al, J. Bio. Chem 1996 271, 33, 19991-19998) and repl acenent
of substantially non-reactive amno acids with reactive amno acids to
provi dBEPAILEB DESCGREFTIGN (GICTEINVENAIION r ocheni cal or phot o-responsi ve
reporter groups. By "reactive" amno acid is neant an amno acid that can

be nodijf.i with,.,a | aheling agent. anal ogous to the | abelj .of cysteine:
SRR [} SR R o MR Ny R e R S R AR
| euci nesachbidy bbb BsolAerR {6y, SmnMhb&tdARS BRSEs, Bt FARelfdidl Rholdalgh cannot

be readily nodified once incorporated in a protein (see Geg T. Hernmanson,

Bi oconjadpies clraaienl epmpoundss nsiatly byRlastical, Hegsal SaptidileggmalspAs ubed 6 f or

classifjcatl] f .amno.acid. side ain.reactivi 0025 enpl ary
a1 BRER oo p PR BT pfonsih el bahEPE e ol il iR 5"

| ysi neopgalpasie) tionmbi be iddedltC)detedt GBHebNLcisBS i dndlyedlcdREntasabliac acid at
positign 14 (D14C); a_cysteine substituted for valine at position 19 (V1
90): adetgdpriganssashetan desedbsdor asparagine at position 43 (N43C); a
cysteine substituted for a glycine at position 74 (G74C); a cysteine

substi for S4.ner: [l ; i ubstituted
for thFOe{]tg%Fne at %%ge;niﬂt ?bgﬁlr%tlpég%ﬁs i%%s}gérdéé%géﬁlgtﬁ%ﬁ%%?@géf or serine
at posanalytes inlPm@Sier t8@hle of pdouding of Ganaduaing aidetectatiierpd @r cgvetsiblae

su tit.ut?el for a ier.g%e at 2%ositi n 112 and a serine substituted for a

| etici n¥&Y weptiable Sthsy Somyrdiraalfe ispof present, o PIeSERte VAgHE | ysi ne
at posgdrcefitratibhs otk & in @c&ﬁé@ﬁtﬁdti&ﬁ-&ﬂ&ﬁfehf ﬁ&&%r,f@{mé’anls)(ﬁ tHaEn&hodOS! L1 0N
137 (KlB?C_:%; a cysteine substituted for glutamc acid at position 149

( E1490)escrbeth ubhecdetgetion of sigedl guent gncddudey soatimeus, patgsainmed edfepisodicut ami ¢

355 Shab LB SR AR BRSO 2

hi sti ddstectRin m$osd inkt@tadévds aNthaf be Yisdecddpendanb piovidih L4l cdredlatiRl Witk tHene at
position 182 (H152C/ ML82C); a _double nutant 1ncluding a serine substituted

f o> anPLEPESE QB ceiicepiErijonjod AnglYts inertatlisheds ( RBindiag psetpies mutatediinfsyeh a hi sti di ne

‘at posj tafln%g I—%,jfhzsgé L3Sl steine substituted for a nethionine at
posi ti%ln E&Eﬁ%‘%f , cys?é{er@r%bsti tuted for an al anine at position 213

30 (A213C); a double nutant including a cysteine substituted for an al ani ne
at posj0iR3dh 213 Ehelterra “COpbc@iseGhavbs BirdingProtey™” @ “IGGRP hes wtd pasin | on 238

(A213C/ 1.238C); a cysteine substituted for an nethionine at position 216
( I\/lZlGC‘}e,%e%?%%/?ﬁ’S ohBroLsip By d tﬂ%a%ﬂlﬁenae‘inap@fmmﬁeg Pactln 2815¢ D236C) ;

2 CYStoRgnsSHb altubailGRvdIAd ift chEHE(RR a8 RSP0 Fmal ndIbRRE @.g., Rugdars,

20 - amino acids, and small peptides) into the cytoplasm. GGBP is a single chain protein
consisting of two globular / domains that are connected by three strands to form a hinge.
The binding site is located in the cleft between the two domains. When glucose enters the

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

the two domains together and entraps glucose in the binding site. X-ray crystallographic

25 - structures have been determined for the closed form of GGBP from E. coli (N. K. Vyas, M.
N. Vyas, F. A. Quiocho Science 1988, 242, 1290-1295) and S. Typhimuﬁum (S. L.
Mowbray, R, D. Smith, L. B. Cole Receptor 1990, 1, 41-54) and are available from the
Protein Data Bank (http://www.resb,org/pdb/) as 2GBP and 3GBP, respectively. The wild
type E. coli GGBP DNA and amino acid sequence ¢an be found at

- 30  www.ncbi.nim.nih.gov/entrez/ accession number D90885 (genomic clone) and accession

number 230520 (amino acid sequence). Preferred GGBP is from E. coli.
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4 July 2006 cysteine substituted for an aspartic acid at pdsiti2e¢f 287
(D287C); a cysteine substituted for an arginine at position 292 (R292C); a
cysteine substituted for a valine at position 296 (V296C); a doubl e nutant
including a cysteine substituted for glutamc acid at position 149 and an
ar gi ni pe0diibst i t tiMachtddBindingHrorinZt(fp@sirhplerfmaitaled GGBYC),AB haddhieréint ri pl e
mutant 5 inc i{lg]gi ng a cysteine substituted for an_dgl utam c, acid at position
149, afelgsinPdmgpseteing frogybactesia contagpngan aningseid(s) dhat asbegrgeplacedy i ne

subst i e fd, o §HEaNS 1RLanRas iaéihgyBt?eg%nfi%gatgﬁaﬁg%%&ﬁ%%gﬁﬁé}l; and a triple

mut ant 1 ncluding a cystelne substi l'ut am aclid at position
149, abkxemplary matasoirsafihindieglpfoteinsinclaie thiersd daion po sutistiomiod b8 cpsteina ser i ne

substituted for |eucine at positia 8 (E149 3RLL238S) . j.tional

exepl EVES 0B pab i en Tingliting st (BefEi 4 af b RiaeCIRTtOPE 2/ Bbh to t he
publ i sheghisemeg &Rl replabem&® bf subdfanting R rea@fledufito adds WRATéRNGH above, or
the corresponding amno acid residue in any substantially honol ogous

s equen@@inorasifsdn peividerfantheweval entragtachnesny of elgttrasbemicgbdradotsrespdrisigi ng

protein [ R e]e! (.freundii,.or | monel | a .t yphi | um,. yence
accessfegjﬁheﬁ%]ﬂlgpésf s!%Pg%gge a%rg‘%ﬁfﬁ]gdgfne%saﬁea&l%%?g 1at f% ’Emjlu "g%ﬂ 6 Table
1. Exasmbeln®hgeitiiidgdas Bbe MbeBhg 6\eysteNTikirh GAJIIredtiveidyel Nypgeatite Al S
AlS, E149C, A213R 2d38§ Al S, El49C, A213S,L238S KIIC D14C V 19C N43C 074C
Yltp]C- amino acids include alanine, leucine, phenylalanine, and others, which possess side chains
which cannot be readily modified once incorporated in a protein (see Greg T. Hermanson,
Bioconjugate Techniques, Academic Press, 1996, San Diego, pp. 4-16 for classification of

amino acid side chain reactivity).

[0025] Exemplary mutations of the GGBP protein include a cysteine substituted for
15  alysine at position 11 (K11C); a cysteine substituted for aspartic acid at position 14 (D14C});
a cysteine substituted for valine at position 19 (V19C); a cysteine substituted for asparagine |
- at position 43 (N43C); a cysteine substituted for a glycine at position 74 (G74C); a cysteine
substituted for a tyrosine at position 107 (Y107C); a cysteine substituted for threonine at
position 110 (T110C); a cysteine substituted for serine at position 112 (S112C); a double
20  mutant including a cysteine substituted for a serine at position 112 and a serine substituted
for a leucine at position 238(S112C/L2388); a cysteine substituted for a lysine at position
113 (K113C); a cysteine substituted for a lysine at position 137 (K137C); a cysteine
substituted for glutamic acid at position 149 (E149C); a double mutant including a cysteine
substituted for glutamic acid at position 149 and a serine substituted for leucine at position
- 25 238 (E149C/L238S); a double mutant comprising a cysteine substituted for histidine at
. position 152 and a cysteine substituted for methionine at position 182 (H152C/M182C); a
double mutant including a serine substituted for an alanine at position 213 and a cysteine
- substituted for a histidine at position 152 (H152C/A213S); a cysteine substituted for a
methionine at position 182 (M182C), a cysteine substituted for an alanine at position 213
30  (A213C); a double mutant including a cysteine substituted for an alanine at position 213 and
a cysteine substituted for a 1eucine at position 238 (A213C/L238C); a cysteine substituted
for an methionine at position 216 (M216C); a cysteine substituted for aspartic acid at

postition 236 (D236C); a cysteine substituted for a leucine at position 238 (L238C); a
7




TIIOC S112C S112C,L238S Kl 13C K137C E149C E149C, A213¢Julg20®C A213R
E149C, A213S E149C, A213T E149C, A213L E149C, A213Y E149C, A213C, L238C
E149C, A213S, K223N E149C, K223N El 49C, L238C E149C, L238S El

49C, K223N, N256R E149C, N256S E149C, N256R E149C, ML82C, A213C, L238S .

E149C, Aysteibe bubdfitatedtbd D addddtizRclLa9Ositib 28T(IISHZY; £Systne ddbbittiicd2d3R

S B aigimind at positon 297 (R203C); a cysteine substiuied for & valine at position 296
{V296C); a double mutant including a cysteine substituted for glutamic acid at position 149
and an arginine substituted for alanine at position 213 (E149C,A213R); a triple mutant

5  including a cysteine substituted for an glutamic acid at position 149, an alanine substituted
for a serine at position 213 and a serine substituted for leucine at position 238
(E149C/A2135/1.2388); and a triple mutant including a cysteine substituted for an glutamic
acid at position 149, an arginine substituted for an alanine at position 213 and a serine
substituted for leucine at position 238 (E149C/A213R/1.238S). Additional examples are
10 . shownin Table 1. Amino acid residue numbers refer to the published sequence of E. coli

having 309 residues, as mentioned above, or the corresponding amino acid residue in any
substantially homologous sequence from an altemative source (e.g., glucose/galactose

binding proteins from Citrobacter freundii or Salmonella typhimurium, sequence accession

numbers P23925 and P23905, respectively).
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A213C, L255C M216C D236C L238C D287C R292C V296C [ 0026]4J¥i&00f;t at ed
bi ndi ng protein or G&Ps of the present invention may be used in an in
vitro or in vivo anal yte assay which, for exanple, is capable of follow ng
the kinetics of biological reactions involving an anal yte or glucose, as
well as in clinical assays and food or beverage industrial testing. 9 4
July 2006 [0027] The nmutation may serve one or nore of several purposes.
For exanple, a natural courrin i be mutated in order to
change the Iong-tern1sf%%kﬁl ymghs&H%ﬁg%ﬁgﬁggﬁ¥n?gnﬁonjugate, bi nd, coupl e,
or ot hefpnrgrag®0Ci ate the protein to a particular encapsulation matri X,
pol ynmemildgpesur f ace; to adjust its binding constant wth respect to a 5
parti cél@r anal yte, or any conbination thereof. [0028] In the instant
i nvent £ nal nd nutated protein act as binding partners. The term
! LT ) :thfg . ; g p: :
associagd Bsc Qs Psds”, as used herein, refers to binding partners having
a relakine binding constant (Kd) sufficiently strong to allow detection of
bi ndi n§14Co the protein by a detection nmeans. The Kd nay be cal cul ated as
the co ntration of free analyte at which 10 half the protein is bound, or
vice versa. \Wen the analyte of interest is glucose, the Kd values for the
bi ndi ngigpartners are preferably between about 0.0001 mMMto about 30 MM
[ 0029] TIiECt he present invention, it has been shown that nutated GEBPs nay
be used2§ o detect glucose binding by attaching the protein to a sensor
surfacé?ﬁﬁ?@ﬁgh the thiol group, which provides a detectable signal upon
gl ucosg;btndi ng. To "provide a detectable 15 signal"”, as used herein,
ref ersetsacthe ability to recognize a change in a property of a sensor
sur f acBl4pr.&1¥ n conbination in a manner that enables the detection of
IigandEgE$ i binding. For exanple, in one enmbodinment, the nutated GGBPs
are atgg ;0 a sensor surface whose detectable characteristics, for

exanpl ewod ghsract i ve i ndex, alters upon a change
E149C,A213Y _
E149C,A213C,L238C
E149C,A2138,K223N
E149CK223N
E149C,L238C
E149C 12388
E149C,K223N,N256R
E149C,N256S
E149C,N256R

-E149C,M182C,A213C, 12388

E149C,A213S,L238S
E149C,A213R,1238S
H152C
H152C,A2138
H152C,A213R
H152C,K223N
H152C,M182C
M182C
A213C
A213C,L238C
A213C,L255C
M216C
D236C
L238C
D287C
R292C
V296C

[0026] The mutated binding protein or GGBPs of the present invention may be used
5 inan in vitro or in vivo analyte assay which, for example, is capable of following the
. kinetics of biological reactions involving an analyte or glucose, as well as in clinical assays

and food or beverage industrial testing. |
' 9




in protein conformation that occurs on gl ucose binding. 20 4002095 Mt at ed
GEBPs maybe engi neered to have a histidine tag on the protein N- term nus,
C-termnus, or both. Histidine fusion proteins are widely used in the

nol ecul ar biology field to aid in the purification of proteins. Exenplary
t aggi nP2YEt ens Phetuetion piaytseivieoneliok hoze bB@veaNpEhocBIFahidinpd, %

hi stidi nes_and preferahly such tagging does _not _conprom se the binding
act i vi B3FURHLY OReHTRNE Bralein mapbe muated dnander to Gansethp lne-term strbilisy elthet

I nvent bx%%in;ttt}%ois?jhgét@ﬂﬁﬂd, cbﬁplé‘,%ﬁ%ﬂ(e?h&s@!&@éo}éfa?e the ?fb’%éiﬂﬂ:hé atfici@r !N this
aspect, the biosensor 1s encapsulated into a nmatrix that may then be wused
as an tmppaatain matdsyvicdpneridreutfasy td adjust ds bhelingroastyniceith reapdot td or m or
shape, _i.ngl udi a disk, cylinder, patch, mcrosphere, porous polynmner,
opgsg cgﬁmﬁgﬁﬁﬂaﬂg‘?’Of'ﬁ'é"'f’(?lﬂlé‘?;an%’rtg%eﬂ'ng it is permeable to analyte. The
matrix additionally prevents | eaching of the 30 biosensor. The matrix
perm t pokgpht fr pithe pista@RinveMibnG 8Sal P add Ynuddt&®proteit £dta®8RdinpharingR! to or

fromthe @r otein to pass thr ough to the bi osensor. \Wen used in an in vivo
appl i chig wHN “assgciatey e/ biplss assedheseiantsdirs (o bindipg pestpass bavinga elative

subst 1] ] ! QBQ f | and.. I L r

det ec'?l:;]i %‘ﬁﬂ‘gf%ﬁagéﬁﬁgiﬁgﬁ&g{h@f y e%égﬁ%@g{% r %[L:l %nn&\?\%rﬁ{ﬁl?ié E’eﬁéggjﬁ%@% y\%ner eas
the dedatedtionahdansn The Hdmnegtteanlcuhtddmbake contbntfitidnSf filee agalame ¢hhichnd

epj sodj etectiqn, neans. Thus, the envisjoned in vivo biosensor of the
@segli‘a(if 'ﬂeé’ﬁqt@aﬂs By Plcidee wrsq. SWhen thewalyin elieterast s @lwgspniddn and at

| east PUigestibt @l bEHPMPodAbrstid @'?WQBEU e%nﬁﬁ&ﬁ%fooéﬁﬁl\ﬁqgﬁbc%lﬁ 39MM.

anal yt e- per meabl e entrappi ng enc ating matri x suc at the mnutated
bi ndi ng E]r otein provides a detectable and reversible signal change when
t he mul0829d bi ndinrthe prestntinveniion, edpo deeh stownathstimgtated £1GBEs menbensadat i ons,

dt t ect abl e.and | bl ' b | ated, t h
22 nce %r‘% elcg ug?seiﬁ@%ﬁﬁ%ﬁfngéﬁﬁ %:5’ 3 akﬁ%%ﬁ?rff&ftﬁ‘ge ‘ﬁ'tgg itﬁe tﬁ}f‘ﬁs ensors of
this igueptvwiaoh piovided B Ablebradle siERABdnHudse bREHRC tToPravied LaBL&ALIE 10- 6

nol ar) to molar anal yte concentrations w thout reagent consunption..In
soife esigdi, o Hses hereinirefessdindhe ahilibyto recogniak pichanggyin 8 prdriceyofie sBsosensor s

b -he. | ' K b '
1 ow vol TS bRR RO Reholf RPN Fr R LR AR ARl o Tacion,

i nter whdiag, Foeeiampland aid embdlinens tRroMitstcd @GBRIure atidhedosidment s, be
i npl ant ed | n‘iM? eg{ bel ow t he skin of a mapmal 's epi dermal -dermal junction
to i nt¥Faes Whrsafletestablogharasteristien, fanexpmple; rediapave igdexs pliers uppw p shangs

in protein conformation that occurs on glucose binding.

20  [0030] Mutated GGBPs may be engineered to have a histidine tag on the protein N-
terminus, C-terminus, or both. Histidine fusion proteins are widely used in the molecular
biology field to aid in the purification of proteins. Exemplary tagging systems produce
proteins with a tag containing about six histidines and preferably such tagging does not

compromise the binding activity of the mutated GGBP.

- 25 [0031] In one aspect of the present invention, the biosensor is used for analyte
sensing in vivo. In this aspect, the biosensor is encapsulated into a matrix that may then be
used as an implantable device. The “matrix” can be in any desirable form or shape,
including a disk, cylinder, patch, microsphere, porous polymer, open cell foam, or the like,
providing it is permeable to analyte. The matrix additionally prevents leaching of the

30  biosensor. The matrix permits light from optical sources or any other interrogating light to
or from the protein to pass through to the biosensor. When used in an ir vivo application,

10




fluids. The binding protein biosensors, of the present invénly@R%rovi de
for the neans to nonitor anal yte continuously, episodically, or
"on-demand"” as woul d be appropriate to the wuser or to the treatnment of a
condition. 20 [0033] In other enbodi nents, the biosensors sensitivity to

anal yt éhe(Hiogensocanifilbe exgdsedtnSE);uﬁsmn&hll%hpli}}’sﬁﬂoglmwﬂ‘g&bfb@alylﬁ%ddt o test bl ood
anal yt | evel s. %00341‘ not her enbodi nment, nutated protein may be used
to det ef@ﬂawaﬁlm defsicHem ﬁ€ Hsana g C?I@PP%W\)@H%B%QG%WQH‘Q’@W&S

" Ref r agld dferinifhetn of §etb’c°tﬁ'ﬂ 1h<51uéiés%oﬁ9ﬁmﬁ9 sotﬂ]:ede'i&hbf? of the

velocity of a specific radiation in a vai Ut o the v locity 1n a 25 given
medi unmedhe Hhusgthe ewvisiohedinnanp ‘rut)sdnscghﬁ’ thespreseanppedntidn @mprisesy atde¢ast) upon

pas agefro ne..medi mtoaother dlffe en ensjty or when traversing
b i G Tt Hadiae prptein and gt ieags BB R ST | g

deVl CEfn &Déna[ﬁé pagida¥R enftEpiRs oﬁé&aﬁ@idtﬁgtrﬁd%ﬁf suohﬁﬁﬁttﬁ@ﬁﬂﬂﬁhfté’&ﬁhﬁhg and

ot her refractive index-based detection neans, for exanple, surface plasnon

r esonaRE¥eiB PP Vidas g dstectable agludaqugbhéml clR0g¢ sbasthemptatad balsipmromfn t he
f R it h
et act SRS R e B Ra T AR ARt Rind g BB ey R 07 551

2006 bmlme@fbmmﬂmhmwnaﬁ,th@a&gaa how much of a given nolecule is present
and active, and quantitatively define both the kinetics and affinity of
ed to visualize he progress of biqnol ecul ar bi ndi ng

d|n ? R may E )
%ugﬁ’"@ by d Plﬁﬁwg Prpfeindpassgeors af gverﬁl@ﬁ@&ﬁﬁapawe MERSNINgOEurs on a
.sensordaeétﬁ@qﬂwmﬁ&dmgeéh%m@w% e a?%lﬂb%ﬁ &h&%ﬂll&@ vﬂ&fa‘aﬁfea em. [0036] SPRis

based upon t'"he phenonenon o tota I nt'erna ect1 on, re|n | i ght

t r avel comyumption hinssomedimhadoheris, giner sensifividy to amalyiteoiex eﬁaénlgthe@ilmss)ors s
total ly , nternal ect ed upon encoun medi um of | quwer

ot r acto broisEh flpedeurd R 16 iR otecRRE G Rpundn Br oot e xillie. 1 n spr
det ect kPbled SanieRHERSGY, CHuld MRid &f Jetirafod, 'zﬂ@; al‘u§ ﬂmﬁﬂablé’y the

presence of a netal surface at the'interface of two ‘nedi a. The decrease

i N1510 biesenseistgaye tcsoms embaliments.-h¢d miphateddntgl o, belw bR Skm Qi@pemmdt son the

ae pr orb i bERY b inlof e MR Rt i RO Fn SRARPERL T & P e

of t hefigidsUThOBindRG Hrétbd HidkeasdraGf tlfd}ﬁ'@@ﬁﬁmv&h’ti(fntprﬂﬁdé e thBlegns tat  Whi ch
the reflected |ight is danpened Shlftln% t he resonance angle). [0037]

~ In oneMeRBoANR contln\éol@bhﬁplggcha%(lbb ar {anedemandp asprulddiesappreprigie ta tht | sm

user or to the treatment of a condition.

20 [0033] In other embodiments, the biosensors sensitivity to analyte (for example

glucose) is such that they may be used to test blood analyte levels.

[0034] In another embodiment, mutated protein may be used to detect analyte
- binding by measuring refractive index change. “Refractive index™ is used in its common
| meaning, i.e. the ratio of the velocity of a specific radiation in a vacuum to the velocity in a
25  given medium. The direction of a ray of light is changed (i.e. refracted) upon passage from
one medium to another of different density or when traversing a medium whose density is
not uniform. Suitable detection or measuring devices for refractive indexes are reflectance
spectrophotometers, and other refractive index-based detection means, for example, surface

plasmon resonance and long period grating means. -

30  [0035] In one aspect of the present invention, Surface Plasmon Resonance (SPR) is
used to monitor such refraction. SPR may be used to determine the binding specificity

11




15 coated with a thin metal film In one aspect of the pregehly2p@fsenti on,
GEBP or binding proteinis immbilized onto this surface. [0038] As used
herein, "sensor surface" refers to the | ocation upon which at |east one
bi nding partner is inmmobilized for the purpose of neasuring the refractive

i ndex. bihRen 6RMERIcchle | ASQs GOWRIUICART adivernIsdlbail@istgiadent @ dogve; @n@r i sed of
gl ass or plastic, upon which 20 is |ayered a suitable metal havin

conducapanitiively dafiaebethibe kinstien andifigibsefhinding SPR mayibgtised w@vignalies ¢ abl e
| enqt . ' J s ition. Th
ot uatt gty @Gt BhAbS o RIS aSRiha1ne b AR P, TIEY

t he |i kencchthationethateytbad iomarsensok bdrfedadng giertiadiag asd dissoeimivaptoeessi cr ochi p.
This transducing el ement configuration may be, for exanple, incorporated

at the distal end _of a fiber gr other small 25 m ni | y inyasive probe to
e §noditidh Vi ¢ norReinBaser Satn BeRanaemon g tord Telfid e oaan et
cont | 4QYeling Uoph QTR R 50D IARAlexfy e pat et

[0039] In an exenplary case, the nutate BP may bé inmobilized onto a
sensor reflacted apor enapuatering amesivre of loweo fefmati oindme (dag: Isaludidn)dasnt r an

coval ently. attached to, th ensor. syrface to rm l.exi bl e _hydr ogel of
oot | natwatien I RREEE oot 3SPRTEERIoR e BEsh o! B Fafholca bl b BaRERS can
be der by @id preséntPof WiStaPsiHIb 8f the intehfick F @it twloinedia. 0T dé@icaspm and to -

allow for a variety of immobilization chemstries. In one enbodi nent, the

pr b@ ed intensity pcepry ¢ awelbdefingd; anglee whightis Jependmnt on thavstraetiusdndicsrad s of t he
B et . . ‘ _ ot _ ,
o oy Do Sttt Aferfiath 48 HicC o Rondice WAEDIXE BRGRAN T0% 8%e MGhOVbedl

coupl i ago nediahhe aefraetive imlep of the splutibe nas . thd Bittfike thangog shdtingthbadglaent t he
sensor surface conposition is conprised of a 5 carboxymethyl |ayer
posi ti ah@ardaﬂleafeﬁ?ﬁtiﬂ I ltsemmmae#nﬁieoﬂagmigmmsm%? fﬂéie)net hods that may be
used in the present invention include coupling by thiol/disulfide

exchangma7p! dehy o faulddifent e bAH SR BhaKB %H@Pim&msig%%ffa@‘igﬁw group

coupling and chelate |inkage of ‘oligohistidine tags. | 'n a preferred
enbbdi neated withe thinmodtalfilmatlh one afpechafshepretsinhtivagtiqy, & hor kindin@ achi eved
by creating.a thi.ol. coupljing/disulfide bond to any of the herein described
cyst ei H@t?géﬁlﬂﬁ%@dﬁe%t%goﬁﬁ%’f%ﬂe'bi nding protein with the sensor surface or
an adj acent |ayer thereon. [0043] In one enbodi nent, after successful

I MmDbi [(028f | On OAs k&l eaéin! ‘@ensGRfRE” refers to the location upon which at least
one binding partner is immobilized fo_i} the purpose of measuring the refractive index. The
sensor surface comprises a substrate that may be comprised of glass or plastic, upon which

20  is layered a suitable metal having conduction band electrons capable of resonating with light
* at a suitable wavelength. A variety of metallic elements satisfy this condition. They include
but are not limited to silver, gold, copper, cobalt, aluminum, and the like. In one
embodiment, the sensor surface is a removable microchip. This transducing element
configuration may be, for example, incorporated at the distal end of a fiber or other small
25  minimally invasive probe to be inserted within the tissue of a patient to enable an episodic,

continuous, or programmed reading, or combinations thereof to the patient.

. [0039] In an exemplary case, the mutated GGBP(s) may be immobilized onto a
sensor surface covered with a matrix of carboxymethylated dextran covalently attached to
the sensor surface to form a flexible hydrogel of estimated thickness 100-200 nm or 200-400
30 nm. This dextran matrix can be derivatized to give a number of different functional groups
and to allow for a variety of immobilization chemistries. In one embodiment, the procedure
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the sensor surface, a kinetic analysis may be conducted. TypuyaPP§ several
different concentrations of analyte are injected over the sensor surface
in duplicate or triplicate. For 15 exanple, glucose, at a constant
concentration, is introduced into a buffer flow, above the sensor surface

and theunﬁ@gfcee&oefofﬂwmkwxyfg&mpabm& Rktrii gel SEISOMbEWelo#0R i s nonitored.
This procedure may, be foll owed by a dissociation phase, in which the free

gl ucos &yiexyneainimide Wﬂbﬂ%fmetbwawwmny@@a@e%@eé@ formifHex
di sSOCidLiORK] c’ﬁ ehﬁﬁ &%ﬂh 1Nl Lys noté&ﬂﬁ%?léﬂ‘gte [surface nay be regenerated

(for exanple rt exposur e low pH) to 20 renove the
remai ni ng corrpl ex The cycl e of association experinent, dissociation

experi (0] and lheglmb&r&tribodimmythaesemwpe!a‘lfm casipogjtich fsfoen@:iSecb@ﬁment rations
of gl ucose. !ﬁh I S shone on the reverse side of the sensor surface,
progagﬁi‘rl A g%ql’,ll’gﬂ tueped a2 iisi ty wave phenomenon that arises at the
surface of the netallic film This takes the form of an evanescent wave

that exémnys beyanditidngl infRGAlizasibh htgifode fcht dRk SR uSedMIBe Flosddd Gfveffior?S t he
surface A sequence of bindi ng-progress curves nay be obtained containing

i nf or mittclwle copplingsnthiadidisulfide Eédiﬁlgerﬂl@ehad@icwhﬂeélyslr@dmmww ing,

equi l i !ﬂ”@ ? ndi ng- progress curves
may al 51(5)1 y&r&’ Silp ﬁltgg %Age%hgﬁg)lﬁgﬁggﬁpﬂﬁg%%gﬁﬂg%di ment where the Bl ACORE
(Uppsal a, Sweden) apparatus is used. In this 13 4 July 2006 enbodi nent,

sof t wa[(m4'r2]5 avai [mbp&fwfddmmﬁmﬁknay,s:hemmbhiﬂizm dfenutsted bindirfg proteheisdat a t o

g@aﬁ‘@éﬁv mﬁget‘%@ ﬂ%’%‘ @F@@n o ﬁ@#ﬁ'@%ﬁ&%ﬁ%ﬁ%ﬁ&ﬁr&?ﬁe

: SUV f aC?esiH%@@oPﬂh@?dd?ﬁed ﬁmﬁfh@}?&&ﬁ vﬁﬁ?ﬁ%%o&% ()f%?é)deé&ﬁ?la%}‘ thépbon W th 1
RU 5 correspondi ng approximately to 1lpg protein/m? 0046] "I n anot her

enbodi nent, the concentration of analyte in a biological solution or other
sol uti BHMﬁhy be Hmmqmb@mm; aftgr SRRessiy mmmﬂw@tlen af the mutated G§iRhen

sol utign I ncl udes s, not -limte ers tign, ocular or
ot or seior s ke BB ! BhThiRa P8 B gk o

appar atsteeftratiing of Rtk arediffeeRs obérHé mS&e;me@mQﬁfﬁhea&é &r @ipticateUF6ENt | y

aval | abl e (those nade by Biacore, Uppsal a, Sweden (Bl ACORE); and Intersens
nb3 r ugamplc.BJucoapw 8 poRstant corceniEatioanisdnirodycay intoraRutfen sy abaenths, and

S ever aLensor surface and the progress of complex formation at the sensor surface is monitored.
This procedure may be followed by a dissociation phase, in which the free glucose is absent
from the buffer and the time-course of complex dissociation is recorded. Finally, the sensor
surface may be regenerated (for examj:vle by a short exposure to a buffer at low pH) to

20  remove the remaining complex. The cycle of association experiment, dissociation
experiment, and regeneration may be repeated using different concentrations of glucose.
Light is shone on the reverse side of the sensor surface, propagating an electron charge
density wave phenomenon that arises at the surface of the metallic film. This takes the form
of an evanescent wave that extends beyond the sensor surface and detects mass changes on

25  the surface. A sequence of binding-progress curves may be obtained containing information

on chemical rate constants and on the thermodynamic equilibrium constant of the

interaction.

[0044] Binding-progress curves may also be referred to as sensorgrams in one

embodiment where the BIACORE (Uppsala, Sweden) apparatus is used. In this
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| aboratory-built SPR instruments. A recent review by Myszk& 2808 of such
devices is found in J. M. Recognit. 2001 14: 261-268. 15 [0048] In an
alternative enbodi nent, refractive index may be neasured using optical
fiber long period grating (LPG to detect binding between anal yte and the
nut at edmb&ERRnYkofireRs SRRble WithaRisis9ftehaRRWcGedfd fitthe Hate @Rk 1 NgS
containing the nutated proteins to a fiber containing sensor surface (for
exanp| &ngeefhiadiiganodelsandithab sayche gehesbated: r om  Luna I nnovations, Inc.,

Bl acksburg, VA and see also ME. Jones, et al. 2000, NSF Design 20 and
Manuf . arch : v, P PG scatters
out | Fg tg Fat a gg%fn? uq\ég‘!rﬂﬁ@vgtve mé%‘g‘?ﬁdigg%%gﬁgﬁ{ng%agg%g%ﬁlﬁyo@%i ber
r ef r acurfzeiupoe kinding it bemmpelfymacssoned in Rbxesofatch enss)r wohid®RWg nmedi um  As
affinity coatjng absarbs the target nolecule the refractive index changes
and caf "sgpanéﬂgwpr?ﬁ“{aﬁéy%?&péﬁ%ﬁ%%' scattered |ight seen by the LPG
Monitoring of the LPG fiber sensor nay be acconplished through a Lunascan
25 syspﬂmi Luna {nav kRB88dinlelt e &R0k tFaibR ST fal e SPEBIOICHIE Solutislet ect or
controller, laptop conputer with interface and sw tching nechanjsm for
i nt er r eyethposelusfonmudyt bepdetermip@d usingsHIRs . Anpseddieraimia “biolegicdlgelution”

I mrobi | zat i qn, of e.o e .mut at.ed bi ndi_n | Y he
above Hshen by ol i st BleSa Bestiffion, Sl Bl Buitl and "y or one o
nor e - peEbinkds thdresty the fiber length is understood as yet another
enbodi nent of the present 30 invention. 14 4 July 2006 [0049] In other
enbodi nent the detectiaqn device may be a quarté crystal mcrobal ance (QCM

coHl ai HIOAGl a sui Cammergialapparpisesaiiing JFR {assess SuNS BrEWen PATISIST® pr ot ei n.
Sui tab égﬁyl ' i : | t ' j ult in

Bi ose né‘glf S 83@@%32{@%%% gnnaid(L; I’sa 9%@%}% Zﬁap%%l%, - %@%ﬁn gﬁ%?/gﬁgséﬁ%i (%l%gs%m}h e

f ol | owlmstruments Ve Amérkfostts Wetherdards IBIShlekey nstdumeriin dndeeresalof t he i nst ant

i nventjon, bu ot intended to be.illustrative of. all . enbodipents.
[ 0051) IRyt SRREGUTEES. PrECRH Frast PEMAAER fatt het IFERS Fibnt
Prot ei sy MUt R shd1dineeTags. 10 [0052] GGBP is coded by the MylB-1

gene in E. coll. This protein was altered by introducing the amno acid
cysteine at various positions through site-directed nutagenesis of
15 [0048] In an alternative embodiment, refractive index may be measured using

optical fiber long period grating (LPG) to detect binding between analyte and the mutated
GGBP of the present invention by applying affinity coatings containing the mutated proteins
to a fiber containing sensor surface (fo} example, commercially available equipment from
. Luna Innovations, Inc., Blacksburg, VA and see also M.E. Jones, et al. 2000, NSF Design

20  and Manuf. Research Conf., Vancouver, Poster Number SBIR-510). The LPG scatters out
light at a particular wavelength based on grating period, fiber refractive index and the
refractive index of the surrounding medium. As affinity coating absorbs the target molecule
the refractive index changes and causes a shift in the wavelength of scattered light seen by
the LPG. Monitoring of the LPG fiber sensor may be accomplished through a Lunascan

25 . system (Luna Innovations, Inc.) consisting of a spectrometer, detector, controller, laptop
computer with interface and switching mechanism for interrogation of multiple LPG
SENSors. Attachment or surface immobilization of one or more mutated binding proteins by
the above-mentioned techniques to LPG fiber, either at the distal end or one or more
positions along the fiber length is understood as yet another embodiment of the present

30  invention.
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the MylB-1 gene. These proteins were then expressed in E. doluly 280/
purified. [0053] Cassette nutagenesis of Myl B-1 was acconplished as
follows. The wild- type MylB-1 gene was cloned into a pTZ18R vector (Dr.
Ant hony Cass, Inperial College, 15 London, England). Miutant plasm ds were

gener a[(rml9]‘rom trﬁc&h@edhﬂiwuﬁérﬁ?dﬁedbt@bﬁbﬂﬂeﬁaéﬁﬁplbeaqm:a& psis producing
random zed am no_aci d sequences, essentially as descri bed by Kunkel (1991)

and c| Bygabalance (QEH); coalmyggeww#glay‘trth@’e@tf% gl cqvahng@ﬁnuwf) Mut ant

pl asm r !5961; ed in
JMLO9 g%ééeﬁpgﬁ%?&gb %’éscrl‘%ﬂ%&gﬁ %fthygg cg%ﬁb%%@ co n(;)/deg%lr% ai ni ng
t he rru&aﬂioekebtammsﬂ%@smzmlgﬁmm overnight at 37C with shaking (220 rpm in
LB broth containing 50 g/nmL anmpicillin (LB/ Anrp). The overni ght growh was
diluted 1:100 in 1 L fresh LB/AM i ncubated at 37C wi th shaking
unt1l the OD600 of the culture =5. Expression of the mutant was
i nduced by the addition of 1nM I PTG (Life Technol ogi es, Gaithersburg, M)

final pesepnt r at TROfollolvingORhipMsaudtatdRahingReRidd shBldiR@nAlof 3C T Or 4- 6
hours. The 25 cells were harvested by centrifugation (10,000 x g, 10 mn,

40C) . retsuinveionybutarm ngiintended tads 1%&@@@@@11@@%@11% shock and was

purified by col um chromat ography. The cell pellet was resuspended in a

Z_ ;J cro S fer ( hr(r)i'dﬁﬂ)r @ Sﬁpxg?]&&pa{?daj[ﬁrﬁfgﬁﬁon dt eins! Ncubat ed

roo erature en ce uged ( g, 15mn,
40) . Tﬁéﬂmupﬁmndmaﬂhgewas poured:of f and kept on ice. 15 4 JuI y 2006 The
cell pellet vvas resuspend, and 10 nL ice cold, sterile deionized HZO was

repeat us i,on n ubat.ed, on | and centri fu The
r efthi ﬁﬂazﬁ uper néﬁgrsﬁ)t &%‘gﬁ% otbnggg BB fﬂléfr IPF‘étE‘Pé’&aS é.'t ants and
was Ceﬁ%ﬂﬁ&ﬂ%&e@ﬂﬁﬁ) z?cﬂ@bijbtélﬁ@atqgﬁoﬁs ﬂosﬂi{ﬁ‘ls tl‘ﬁ’oﬂ%h sﬁ@-dlre-Eﬂﬁ Reek&dsisppckat e
was filter hrou%hgw .8 gmand then a St reptonycin

Pr

sul f at beMglBrhease sins WBire tmeomcsresmm Eselisnd s puiedadded to’t ho
shockate and was stirred once for 30 mn foIIovved by centrifugation (12,000

, 1
)C(Jegtrl rep] 10 (C%a%%%mm%}ﬁ%@s P%ﬁ%gg fSﬁ%S%gﬂ(g‘k’ggnﬁ{}?g mosce)pnl ght
agai nstypd MaVBTTt peneHis cpdnhe‘a iffto aJpTznlgRl\@GﬂcQ (Di. nthérB) gaedngRReakaslegeas
centrlfuged 12,000 x g, C). The 10 resulting supernatant was

added bepdengknagland)i M%%%MHQ@Q@PF@W@@MO%@W ing pgsegieham
Phar ”%h@dtg%h%@ﬁ%dug he RALEMR%d ammo &ia Qeqﬁeﬁgeé,rgsgkntllﬁf ascﬁ)és%dvﬁfs washed

Kunkel (1991) and cloned in E. coli IM109 (Promega Life Science, Madison, WI). Mutant

plasmids were identified by sequencing. The mutant protein was induced in JIM109 and

purified as described below. An E. coli IM109 colony containing the mutant plasmid was
20 grown overnight at 37°C with shaking (220 rpm) in LB broth containing 50 pg/mL
-ampicillin (LB/Amp). The overnight é{’owth was diluted 1:100in 1 L fresh LB/Amp and
was incubated at 37°C with shaking until the OD600 of the culture was 0.3-0.5. Expression
of the mutant was induqed 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
25  cells were harvested by centrifugation (10,000 x g, 10 min, 40°C).

[0054] . The mutant protein was harvested by osmotic shock and was purified by
column chromatography. The cell pellet was resuspended in a sucrose buffer (30 mM Tris-
HCL pH 8.0, 20% sucrose, 1 mM EDTA), incubated at room temperature for 10 min, and
then centrifuged (4000 x g, 15min, 4°C). The supernatant was poured off and kept on ice.
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with 5-10 colum volunes. A linear gradient from0-0.2 M NAQUVZAY® appl i ed
to the columm and fractions were collected. The nmutant protein containing
fractions were identified by SDS-PAGE with Coonmassie Brilliant Blue
staining (mv. Approx. 32 kDa). The fractions 15 were pool ed and di al yzed

over ni ght célfpallebgab AstispieRdsdd a0en1h ief0ld tefitd defshizddBBD vds rdfkatedMminmoni um
bi carbgnate (pH 7.4) concentrated using Am con Centriprep 10 filters, and

st or ed thesusrension e ingubpted op desrand cemﬁ@g&ﬁm?hp mwmynagshpBaiet il yzed

Pr ot ei By YA with ¥RPSthbd GPct ﬁl szcen oo f L C@f i on of
A IO Y

mut ant Ps cont al ni ng ags ant’s
engi neenigdi°0y. Ehe pmled;sltoekaié meﬁﬁekedﬂtrag@ne@ﬁsumand then aaSpat fiker.

nmut agepesi.s. Site-directed rruta Qui kCha Strat ne, La Jolla,
oy 5 iy S e SRR ook LARFr MGl gV sddabevect or by

repl acsmmegn@waglgtm@e%&ewjb Iﬁﬁpfoh%ed ﬁpe&i&lﬁ%@h&y (12100987, 30'milA, aci d. The

cassette nutagenesis nethod 25 (Kunkel) was performed to random ze am no

aci ds #C)a Thesbotkatawaschin mrwﬁntrat@i @iﬂqhg gymaicon Tentripupatled0Hh8set t es were

bl aom SHESED sl Prbo BB RN SroRialS Sets sebo BT eBETH Voot or

(Q agemM YREIC i Fhe @ﬂ}zedﬂhb&a@&ﬂﬁééﬁﬁiﬁ@é 808 % &?U%M@ rgei dues on
the C-termnus of the GGBP gene. E. rain was used to over

exHt essesmnaﬁupwt@mms tidded tolal mweqnghbmamddAEﬂEgﬁastcﬂdwrS@pha(royea@bm)n After

over e .culture Iected

centri éﬁ‘a 131,2%1r9}e%1;,r% ?ﬂé@f@'pgﬁl]agg) ffcwlbfgl mefhf(aco 1S ‘f@‘g%dbugbust er
( Novagg@ith swmbos@ﬁn vifunes L WSlazer i Brallidht £ W8G2 Ad dRd ms hp\Slick 6 BeoBinch t he

m xture was gently m xed at roomtenperature (RT) f O mn. Clear |ysate

was pruligadionpyeregollestedigibhe BHtapbpoGin pentaining fr@nomﬂ were@dantified by di zol e (1

m xi ng o8 TASE it IS A Bt MR 8P el P d T R ey 2™
r enov edrercifoelddend slialgred ovasiigtn (49Ch) gaibst Iﬁho@fhaﬁeﬂiuﬁet@lmahﬁMPE‘SaGk 1010 mM

tris, 8.0) and, recentrifuged. The nutant GEBP-H s was eluted fromthe
beads g@lg@g}qqgms BPtGI(PIé 4) sercenivRiedgag draicon CWtNﬁGP lﬂlﬁtwm‘#l s, pH

Chr bughos? ?}eﬁi@?ﬂi@?ﬁﬁh@ﬂgﬁeﬂ s R A SR

concentyophitided.0 1-3 ng/ m using a Centripl us

_ [0055] Example 2; Expression and purification of mutant GGBPs containing
20  Histidine Tags.

[0056] GGBP mutants were engineered by either site-directed mutagenesis or the
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
acid with another, specifically chosen amino acid. The cassette mutagenesis method

25 - (Kunkel) 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.

[0057] The pGGBP-His plasmid contained the GGBP gene cloned into the pQE70
expression vector (Qiagen, Valencia, CA). This construct places six histidine residueson
the C-terminus of the GGBP gene. E. coli strain SG13009 was used to over express mutant
30  GGBP-His following standard procedures (Qiagen). After over expression of a 250 mL
culture, the cells were collected by centrifugation (6000 tpm) and resuspended in 25 mL
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10 YM 10 filter. The protein was di al yzed overni ght agai nst4J8ly208f st orage
solution (1 M Nad, 10 mM Tris, 50 mM NaPO4, pH 8.0). [0058] Proteins were
i mobilized onto a carboxynet hyl dextran (CVb) sensor surface (Bl Acore) by
thi ol coupling using standard thiol coupling chem stry with a flow.rate of

5 |/ niba, bﬂt&wawgdﬁaaadm W, 1456y 06 la wib 26 [ ACHRGIe S ket ant P20

15 (Bl Acore) (HBS-P) running buf The sensor surface was activated with

a2 m ﬁufi@rwa%éenﬂdﬂmé%atﬁeplaﬁ?rﬁﬁereiemmépr $Ominvielganlysaie wappiodgeadse of 80
2- H 8.5,
Fraoc. SREPFbeHbfdddo S G4 BIRSD, S fikbiddle (P ol 33  RACTAbEE

acet at €Qjaiger). wasfadled, aAftenﬁaO mimmes .of Ganthomixingat B/ Ertbsmidthre W centrifigedwas

t t 1:10. dil ut 0 di HA4.5 for nut es.
arut R oy i aiemoned AP YoBU RGN B ol sORMPE oMM acet at o
pH 4. SNa0t, 10%%1\&-@%1@% 0 %?&et%%eﬁo’[ﬁe 'ﬁ]i{tiﬂt bd@ls-HlsWV%CélﬁQd%ﬁon%th%o

dilution in 50|um acetate pH m nut es. m nut e pul se
of 50 bmdsws'taédmgﬁ mMshaibn (1H0IMM lnsdmOlﬁﬂlfMM,elOmﬂ\MTﬂs \p&kS Obadl to quench
the reactio ve non-sp cificall rface.
For | on TG EART IS auegro e e B s s B t@%%%“gb@} E§Me T ycf ne

- PH 9. 5) 00vEier Winicon, CHIBIYRe, NOY SldRh@OnoeRERS tforl £0%ntd rufsaces of
3000 RU (E149C GGBP), 4500 RU (carbonic anydrase) 200 (A21 C G&BP),

ani0 4006 1Rl es7 Bis piotsm wagdielygedaverpighbagsanst Adrmistoragsonbltiop(ddéi ns wer e
I rmobi Naéqdl(plqﬁ\/?r[ﬁs%mﬁgard éﬁl@)ﬁ ran (Cwb) sensor surface (Bl Acore) by

am ne couplihg using s m ne’coupling chemstry with a flow 30 rate
of 51/mnin HBS-P running buffer. The surface was activated with a 7
m nut ef(95Bke  of PEiDGhNME. ifmatbdized opiila i ynitthyidextran FONSTséaskP, 1.8

/m e ect 50 dilutio n. 10 sodi.um acet H 4.5 for
28 i %m\ﬂr&c e ( %ﬂf@imﬁ icwpiipaaﬁas aw%gilvohcw e gimswﬁﬁ afivag%t% j ect ed
to queapbbr)ﬁﬁnm@mmmm 4%}?’7@@5@%%@1“0 @@k,lmb@msmﬁtﬁﬂzo Sur f aces

of 4800 RU for E149C and 2400 RU for wld type GGBP were used for
exper i (Bldwcsre) (HBSER) riming beiberp The gensor Eir&@€ wWaSBEtiaiedGritls a2 frsioets pwdss carri ed

B L S N IR T ENC T O R
HBS- P gttinibaftind @A), 0.The s@huﬁiﬂd‘r@t@%}y\&ls E149C GGBP (1.8 mg/ml) was injected
at a 1:50 dilution in10 mM sodium acetate pH 4.5 for various times. Carbonic anhydrase II
(5 mg/ml) was injected at 1:10 dilution in 10 mM sodium acetate pH 4.5 for 20 minutes.
20 G74C GGBP (2.6 mg/ml) was injected at 1.50 dilution in 10 mM sodium acetate pH 4.5 for
12 minutes. A213C GGBP (0.6 mg/ml) was injected at 1:20 dilution in 10 mM sodium
acetate pH 4.5 for 24 minutes. A 4 minute pulse of 50 mM cysteine, IM NaCl, 0.1 M
sodium formate pH 4.3 was used to quench the reaction and remove non-specifically bound
protein from the surface. Following immobilization, the protocol DESORB (0.5% SDS, 50
25 = mM glycine pH 9.5) was run to remove protein aggregates from the system. Surfaces of
3000 RU (E149C GGBP), 4500 RU (carbonic anydrase), 2000 RU (A213C GGBP), and
4000 RU (G74C GGBP) were used for experiments.

[0059] Proteins were immobilized onto a Carboxymethyldextran (CMS5) sensor
surface (BIAcore) by amine coupling using standard amine coupling chemistry with a flow
30  rate of 5 p1/min in HBS-P running buffer. The surface was activated with a 7 minute puise
of EDC/NHS. Proteins (WT GGBP, 2 mg/ml; E149C GGBP, 1.8 mg/ml) were injected at a
1:50 dill_;tion in 10 mM sodium acetate pH 4.5 for 20 minutes. .A pulse of 1 M ethanolamine
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activated with a 4 min pulse of EDC/NHS foll owed by a 4 mi ¢JPHEEe¥ of 80 nM
PDEA of 0.1 M sodiumborate pH 8.5. E149C GGEBP (1.8 ng/m ) was injected at
a 1l:2 dilution in 10 mM sodium acetate pH 4.5 for 50 mnutes at a flow
rate of 1 I/mn. A7 mnute pulse of 50 10 mM cysteine, 1 MNaC, 0.1 M

sodi UnpH®.0Rasinddiet 18 quaschUB&ftatfortiRNeMol & BorlsPeifi ¢l boand prot@ADV e
non- speci fi cal Ié/ boun rotein fromthe surface. A surface of 9000 RU was

used Poifaces gEASYRIRY Jor FH9S13nd AH0RK Y Buprildigpo EGBIsgere@sablidsin O surf aces.
E149C %ﬁﬁ@ i mmobilized on a C chip using standard am ne coupling
chem stry wth a flowrate of 5 15 I/mn in HBS-P running buffer. The
surface was activated with a 7 mnute pul se of EDC NHS. E149C GGBP (1.8
ng/ m ) [00&48] | nj ecTho] edupling vPEHIUGGHP omCl Buufides ods uarried oet atfellpks, 4. 5 f or

50 mn t flowrate of 1 |/mn. e.of 1 Methangl.am ne.pH 8.0
v’ | nPaEic o yeshndhfertan B mitR h D heab e L oBGlR
pr ot ei Bhenhi®PP&hith Al Hovetad S Ath &E HIBROS Ml REfel OTHEd) BhirfaceGdsn t he
appropriate tunning 20 buffer for the specific experinent. G ucose

i nj ect kdivetederith 4.6 mimpulse 6f BIVCHE followadibnd 4 min puliseiaf 80 wdAPRRA of ne) .

1 njectj of. differe I rations wer ! t hre times

and al t € “fie otelrn a . in-surface
Loo DI s R B 8 £ AT AR Rl Ve el AR Sitpidt R0

was  ra0esediginedetats pMas b ifos (mirdufie ot b MwciaeruTal pimhibh A P Rilig plldé bESO

foll owed by a runni ngl buffer injection. Sensorgrans were either bl ank

sutG aceM ahteine 184 Nof-L ek M wdinm éomBte i ddatvsanebip quensh theuprctigerandg t he
91 UCOSRrl G sBEIRLRY bBuRd BRI HOhPRE SLART WG BOL D Whs Hgie 05€
pr ot ei u

i njection on n surface. er i njectron over the blank
sur f actoremperinhetins. subt racted froma buffer injection over the protein

surface. The final sensorgram was obtained by subtracting the normalized
buffer_injection, fromthg no i | ucose i nj | 0063] An

act i v_e[OIQg C GGB&H%%&?O&_EEW M@&Hﬁo%éﬁéwﬁ?ﬁ@%egt@%ﬁﬁ%%u‘&% 3‘ | ow
over ni Githo¥ikeH dn MO AP RINRRtdGhed P8 IHRREehithlsity witht: BoWMEDTA. Af ter

18 4 July 2006 unfolding of the:protein, "gluUcose inhjections were performed
i nl 3HBSWARIN iHHEBPuumyag bulfera Thewarfaceenasmetdated witharvginimte pidse efnni ng buf f er

to HBS: d, running .continuous £l ow overnight. [0064] FIG 1
depi ot EDFATES F4eC SERELS meRboras BBt Shn kg b ML b Rgierh 8l
acetate pH 4.5 for 50 minutes at a flow rate of 1 pl/min. A pulse of 1 M ethanolamine pH

8.0 was injected to quench the reaction and remove nonspecifically bound protein.

[0062] All glacose injections v;fere performed at 25°C in the appropriate running

20  buffer for the specific experiment. Glucose injections were 10l at a flow rate of 10pl/min
(1 minute contact time). Injections of different glucose concentrations were repeated three
times and alternated between the protéin and blank surfaces. The protein surface was
regenerated by washing of the flow ché.nnel with running buffer followed by a running
buffer injection. Sensorgrams were either blank surface subtracted or were double

25 referenced by first subtracting the glucose injection over a blank surface from the

corresponding glucose injection on the protein surface. A buffer injection over the blank
surface was then subtracted from a buffer injection over the protein surface. The final
sensorgram was obtained by subtracting the normalized buffer injection from the normalized

glucose injection.

30 [0063} ~ An active E149C GGBP surface (3000 RU) was denatured by continuous
flow overnight with 1 M guanidine HCI, 10 mM HEPES pH 7.5, 0.5 mM EDTA. After
18




5 1, inmmobilized proteins are shown with the coupling met hddulygoos

parent heses. Running buffer and 100 M gl ucose were injected over the

i ndi cated surfaces during a one mnute interval. Double referenced
sensorgrans were averaged during the tinme frane correspondi ng between 10

and 50 ysRAGNE 8 B pidtein! Hacesajifedtiond wekasdfornk@ &l HBS-FRSTEO#8cdsB signal
triplicate. As is evident fromthe figur t hi ol -cougjl ing Tor the nmutated

e,
GGBP EM#9 eesiayed by ehangingthe rugning husler foHBRTaA SeaMCahkl andgBiniBg ucose bi ndi ng

in co L ] coupling or buffer only. [0065] FIG 2 depicts the
speci ?IB(S}IE @8?)?{1%1%8}5%%]{'& ed GGBP to bind glucose preferentially. The

i ndi cated sugars were injected at a concentration of 100 Mon a 3000 RU
t hi ol - ¢aNedl ed ELFBE1slgpicescthe efflentbf eocupdihg steategics aeplmossgrdatestiover ka FlGer aged

during.the 15 .tinme frame correspondi ng between, 10 and 50 conds during the
] St oA Rt s PO e PP BN TP AhSogs. GRS 1 om Phe

fi gur e pufibusasi90 AV SficHRY x@eré%ﬁ@étéd’o{re? i 1Rdiche@kurf&Ry Btk MMARintran do the
ot her sugars, indicating the selectivity of the nmutant has been

mai nt aintefal. Db referédcgd densprgrans wercravsuapebdwingghativedraes ect i on of the
nmut at ed GEBP, ..E149C 20 nu t after denaturat.ion_and after repaturation.
A act FUEBHTE betigrt o Bt Sl e o B M BhO R R R B L eBT R o ¢ ne
pr ot oc gliplieufe! ARG eviBEIM Erontihe-fighird, MiSiCéduphg MR it mBRkdIGORE HlabLow ng
denaturation with 1 M guani dine HC overnight. This nethod did not result

nowt g . o
i n1@ uesylis iy sigrafieantlzenkansed sipagl apen glacescrbarding BrcomnariseR WPIHBS- P and 1.5

nM Ca | nj i ol owi ng continuous flow in running buffer overnight.
Doubl e%@%gggg‘é%&%%ensorgrans wer e averaged during the tinmefranme

correspondi ng between 10 and 50 seconds during the injection. Each
i nj ect [0065]vas doRKS R depictsphe gredicity 00B749C nGtade G GBP tddimdcglugisacose

titration on.a thjol-coup]ed E149C GGL3P surface. FI ows ensogr am
resul tP rF@*@ﬂngheggiécqt VIS FHEC HCEBHE & FOPSBH %ﬁ@,iﬁ\q@nf ol 1.0
10 M apd b Qofif1edE NS QIRIGR, !‘EﬁﬁleE‘QEéf&EédZs%ﬁscﬁgraﬁié%ér@E&érﬂ%dtd&?iné_%e

correspondi ng bl ank surface injection fromthe protein surface injection.
Fi tur etiiedapiectosrespongdingtbetweayl cmd & Osocmmdn thmang the injectsoms Haglk pyertion( RU) .

Bl ank b t ed 1 9 4 July 20086. d.. i t ti
Frams S7 PRBIBTIITGRS oS cTReN o e B s etingt oy oo o e on.
Each i phigidd Rtai@BaPes fHRIIBG shifars, ihdbdthaliRe selectivity of the mutant has been

maintained.

[0066] FIG 3 depicts the results of glucose detection of the mutated GGBP, E149C
20  mutant after denaturation and after renaturation. An active thiol-coupled E149C GGBP
surface was denatured according to the protocol outlined above. HBS-EP injections were
performed following denaturation witlé_x 1 M guanidine HCI overnight. This method did not
result in glucose signals. Glucose sigﬁals were restored following HBS-P and 1.5 mM
CaCl; injections following continuous flow in running buffer overnight. Double referenced
25 - sensorgrams were averaged during the timeframe corresponding between 10 and 50 seconds

during the injection. Each injection was done in triplicate.

[0067] FIG 4 and 5 depict glucose titration on a thiol-coupled E149C GG13P
surface. FIG 4 shows a sensogram, resulting from glucose injections at concentrations of 0,
0.1 pM, 1.0 pM, 10 uM and 1000 pM. Sensorgrams were normalized by subtracting the
30  corresponding blank surface injection from the protein surface injection. Figure 5 depicts a
| plot of glucose concentration versus response (RU). Blank subtracted sensorgrams were
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[00681 FIG 6 and 7 depict glucose detection on inmobilized4Fu¥@eO6cEEP C
surfaces. The sensorgramin Figure 6 results fromrunning buffer and 100 M
gl ucose 5 injections over a 9000 RU thiol-coupled protein surface. G ucose
detection is evident with this thiol-coupled surface; the sensorgramin
FI'G 7, awragdl diltiagshd tiie fiafiel dofredponding o Betkiea 10 ahd 50/8tbAds dingdic and 100 gM
gl ucose .injected over, a 2000 RU am ne-coupl ed surface, does not result in
gl ucos&UERHRA;T Kgch waerign gras Rerfomicd 1agimlicater ef er enced. [00691 FIG 8 depicts
gl ucose detection by SPR using thiol-coupled nutants other 10 than E149C
Bot h nd A2 ; : i [T A cose

det ec?ir(gﬁ.sPRunni ﬁg‘%ﬁ?:’%ﬁﬁ%%%mﬁ&éﬁgoﬁﬂnm‘?h[’g'lﬁg!?:%ge vvereg%indj:gct ed over

t he i ndurfacesdThe sensdrgzoupl Bgurs brtsauwde froduninningbudiee amd ik @Mighieswval . Doubl e

ref grenced. sensar . averaged durd ng the ti frame correspondi ng
bet weetVs 08?18"%61%9@@3%@“@%“3 dtp_ e s f‘@ct(iElBﬂ‘.’se I‘:ig%ﬁh‘?nrﬁsggﬁf%tnwﬁgs done
in tripis ﬁﬁél&}ougiealdﬁ?f?de%ﬂ@fseﬁshﬁgrﬁxﬁ'i@lilmt Fhich sBAs theeésultd BroREhfcefiggnce i s
given in Table Non-t hi ol contai ning WI GGBP and denat ured E149C GGBP

pr ot ei AEranEgbasics sachi O KM elwrogminjactedoer 3080 REraminesoupledgriace, does
respectj.v : [ i leq, Ln C rjyson to wild type and
am ne- %%turg%%%mg%gﬁégi?ﬁﬁgg S’F ﬂslo%@'-gm%g‘%fﬁ %%}lbrlr%’feg?r}g eg'r oteins of the instant

i nvention show i nprovenent in signal over background. In addition, the
dat a i [i68ht ed bFH@&A dapiotsi ghadosé détyction byeBHROUSInG thidlaoupled hatess dfie( see

[ 1 9_of 1hial | ed tein to CM6 and C f . 20 4 Jul
208 T & D0En Ry Cenk ARt prusske o gfR- s Ry
ot THBR _ i o ;
B Thi of ChRD0- B (s 10y R o S e R RS

3. 12. 1thid-dupled GoNh @y HudEBPoMEMImEBE 210 DRuble reéfetdnced seds@gfams were

averaged during the time frame corresponding between 10 and 50 seconds during the,

injection. Each injection was done in triplicate. A summary of the thiol mutants and their
15  performance is given in Table 2. Non;thiol containing WT GGBP and denatured E149C
GGBP proteins are representative negatiife controls {entries 3 and 7 respectively). As is
shown in the table, in comparison to wild type and amine-coupled samples, the thiol-
coupled mutated proteins of the instant invention show improvement in signal over
_ background. In addition, the data indiff:ated broad applicability to various sensor surfaces
20 (see entries 1 and 9 of thiol coupled p1:otein to CMS5 and C1 surface).

20




100M 4G74C GGBP H6Thi ol CMb40002. 7 3.622.3 0.2 / 100M 5K137gyee#r

H6Thi ol CM640004.8 3.29.5 4.2 / 100M 6A213C GGBP

H6Thi ol CM63000- 0. 50. 41190. 4/ 1mM 7E149C GGBP H6Thi ol CVb3000-1.4 2.20 4.1

/ denatured surface (neg 100M control) 8E149C GGEBP H6Thi ol CVb3000- 3. 7

1.511. Fablk.X / refol ded protein 100 M surface 9E149C GGEBP H6Thi ol C190000. 8

1.510.2 2.8/ 100M 10E149C GG@EBP H6Am ned 20000.4+3.1-4.9 5.3/ 1nM

11E149CAc $ : - PR_S | has been

bl ank Bt r 2 Bpnsite n &P 21 4Rk| y 2%‘@55\7 _Ifé,%;gtf‘g A bi osensor
ounts of Glijcose

conprlﬁlng. a) at |east oné nu?%ted blndlqgw@roteln at” 1'eéast one thiol

group attached thereto; and b) at |east one senser—_surfage—pherein said

nmut at ed_hinding protein is coupled through 5 sai SRR o U@J}‘ﬁ £ q sai d

surfack; whEHEFGGBRFY sensoftiglur f adprovi¥¥s a 8éedét abl’é7<¢i%al resul ting

froma change in refractive index when sald rrutated bi ndP#% pr ot ei n bi nds

IOOpM
3 WT GGBP Hg Amine CM5 2400 29+1.5 59+23/
100uM
4 G74C GGBP Hy Thiol CM5 4000 2.7+3.6 223x£0.2/
100pM
5 K137C GGBP Hg Thiol CMS 4000 48+3.2 9.5+42/
100puM
6 A213C GGBP Hg Thiol CM35 3000 0.5+04 119+ 04/
1 mM
7 E149C GGBP H, Thiol CM5 3000 -14 £22 0+4.1/
denatured surface (neg 100uM
control)
8 E149C GGBP Hg Thiol CMS5 3000 3715 114+1.0/
refolded protein _‘ 100 pM
surface .
9 E149C GGBP H; Thiol C1l 2000 08+15 10228/
100pM
- 10 E149C GGBP Hg Amine C1 2000 04+31 -49x53/
. , 1mM
11 E149C,A2138,1.2388 Thiol CM5 10,000 1.0+ 61.5+£3.4/
: 7.3 10 mM

SPR signal has been blank subtracted or double referenced
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2. The bi osensor of claim2 wherein said nutated bindi ng prot¥i2f0§ s

sel ected from glucose/gal actose binding proteins. 10 3. The bi osensor of
claim1l wherein said analyte is glucose or gal actose. 4. The bi osensor of
claim2 wherein said nutated glucose/gal actose binding protein conprises
at | eagy, gnMgs-ami no aci d substitution. 5. The biosensor of claim2 wherein
sai d nut ated gl ucose/ gal actose binding protein conprises at |east two

am no acid substitutions. 15 6. The biosensor of claim4 wherein said

nut at ed g BIOSYBOLEIRRIFNSr ot ei n conprises at | east one amino acid
substitution selected fromthe group consisting of a cysteine at position
1, a seri¥eatdeasporsd mp@fedbinding petein ard attlegpbone thar gtdup attackest thémio; and
position 14, a cysteine at position 19, a cysteine at position 43, a

cyst ei ne bat atdesst bncoseniot,suedace/sharbinasa@tmpoil bimlinglfYéteimis covpled threught

posi ti Ondé;gfel’ ac st.e&i nref at position 112, a cysteine at position 113, a
cyst ei < GHO'BOPHOISHOTHIEHS, a cysteine at position 213, a cysteine at

posi ti onﬁéle,_ a _éystei ne at position 238, a cysteine at position 287, and
a cyst ei rmessin gyd sensgnswiise prpvides peicirstahle signa] feswliing fom achasgeinei ne at
posi ti . | %&“lh i : teine at position 296.
7. The |a%§‘§enlgg$§%§éﬁa%aﬁ?t er(tglhgggé%gblr{uﬁ? gq[ gncf&%?'ndi ng protein has at

| cast nerbdseloPBe Ligth » el SR hRIAREhaik pidBinTk CltE] g Sl d it at ed
gl ucose/ gal'act ose” bl hdi ng proe[ ePn- rnet tded (?ys ei ne present at position
213. 9gluddre/ghlaowenbindingfpreteimem 8 wherein said nutated glucose binding
protein further conprises a histidine tag. 22 4 July 2006 10. The

bi 1@ en3.0Thebidsk@oRbPcIWRe T filRrehnbad BNt @fls1abd4e @8 8atRétosh. ng protei n incl udes
a cysteine present at position 149 coupléd to said sensor surface. 11. The
bi osengo ; ' NARR-Y-TF {idi tein further
R R U e L A

mut at eehbmgirisenatdedst ot anginpraoidesubstitotigr.i ses at | east two ani no acid
substitutions selected fromthe. group consisting of a cysteine at position
112 anfl &hséidsagsondf ¢aini 2 mderciBhid mutated glucdehlapst bindihg#dternd a serine

at position . . o s
comprises at least two amino acid substitutions.

15 6. The biosensor of claim 4 wherein said mutated glucose binding protein comprises at
~ least one amino acid substitution selected from the group consisting of a cysteine at position
1, a serine at position 1, a cysteine at pbsition 11, a cysteine at position 14, a cysteine at
position 19, a cysteine at position 43, a cysteine at position 74, a cysteine at position 107, a
cysteine at position 110, a cysteine at position 112, a cysteine at position 113, a cysteine at
20 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, and a cysteine at position 296.

7. The biosensor of claim 4 wherein said mutated binding protein has at least one histidine
 tag,

25 8. The biosensor of claim 2 wherein said mutated glucose/galactose binding protein

includes a cysteine present at position 213.

9. The biosensor of claim 8 wherein said mutated glucose binding protein further

comprises a histidine tag.

2




238, a cysteine at position 152 and a cysteine at position4¥822086 cysteine
at position 152 and a serine at position 213, a cysteine at position 213
and a cysteine at position 238, a cysteine 10 at position 149 and an
arginine at position 213, a cysteine at position 149 and a cystei ne at

posi ti qo. 24Re bds&¥st &f dMnPS whReSin daRNmiddfRdstoRe bIARRYroteindhelR@Sial | On 213, a
cysteine at position 149 and a | eucine at position 213, a cystelne at

posi-ti ekstaing preaentat pesitaasi HE coupleg tasaid samsxirfage.cyst ei ne at position 149
and an asparagi ne at position 223, a cysteine at position 149 and a

cyst ei ié. aThpbissdnsanof238m H whatiaisaid rmttaied glhicosebihditg prdeia feghedrne at 15
position 256, gg%%é?tei ne at position 149 and an arginine at position 256, a
cyst ei {BMBESSS UG {A852 and an arginine at position 213, a cysteine at
positiqgn 152 and an asparagi ne at _position 223, and a cysteine at position
2135 and2a &hebigpsnsornt glaimy t wheremsgid mutatediglnqepe biadng Prefein P BIPRSSS akher ei n

sai d : L gl W : I nation of
am nong%a?gﬁg u slit.hlgt9 %tﬁisgﬂﬁ%%e gg‘%lg%&% ?%ﬁﬁ]q{figggﬁ 8%81%(%1%2)?&6?%%11% a cysteine
20 ‘at postion b2 4ndlos seaine et pasiticat23B0s cysiaime 2B sidiod 149 and & periratat pasdtidri on 238;

a cysteiLpe at, positiaon 9, an arginine . at Ition 213 and erine at
post 11 anbasasielied) boghion 157 indGuestiediy ot Resiten P evhisd 2 pAULA 1913 and a
Cyst el BRerdte A PBitibH N1 L IDysRine¥b &Yt AL NAH dysRhelkt BosiBorSEIY, B%}l@éine position
213 and an_asparagi ne at position 223; a cysteine at position 149, an

asp@r agl pasition 148@s4 an ergiing atpdition 2434 eysteincaat position il dhambBeysteingeati ne at
positian. stei.ne_at positi.on,25 149 n_arqginj.ne at position 213 and
a seri R%Slé n%(}g%{tcysgﬁmﬁﬁ ?Osﬁmélelrz" rfiigdﬁt S%IP? Fﬁsfgnglgt@ﬁsé At position
149, apsgfiePi®dndRpOsidih®@ pdiitioa U3, & Gefeieat pbsiles 149 o XZfosid a cyst ei ne
at position 149, a cysteine_at position 182, a cysteine at position 213 and
a ser i -Besitien Jlgs peysipine akppsition 1491pad B asnapgine #ipogifign A23.2 Qypfelsish sai d

mut at e . i.ndi I . ae ]l .stidine tag. 15.
The bi BQEAERRRd el BhSith 134 hofiein? 3 BRI PO%uB a0 A TP ot P
f ui 3 hepositi@n}ia, s egsteind aspositionel 40agd a2 3rgdnidel hiypoddh 256, a éystatidwd for anal yte
det ection_coi”rqpri sing: .a) providing at |east one nutated binding, protein and

at | eaBPSiinfe! Y4ANG I angrEinpeat et 13y peyseae atpasition:1 5P apd an ainarasiietr
sur f aCBodiG £33N amh bysTihhiGsbsttoN 91 5 Ind4 Ystife hiSpdRioR!23S.
13. The biosensor of claim 5 wherein said mutated glucose binding protein includes at least
one combination of amino acid substifutions selected from the group consisting of a cysteine
20  at position 149, a serine at position 213 and a serine at position 238; a cysteine at position
.-149, an arginine at position 213 and a serine at position 238; a cysteine at position 149, a
cysteine at position 213 and a cysteine at position 238; a cysteine at position 149, a serine at
position 213 and an asparagine at position 223; a cysteine at position 149, an asparagine at
position 223 and an arginine at position 256; a serine at position 1, a cysteine at position
25 149, 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 at position 182, a cysteine at position 213 and a serine at position
238.

14. The biosensor of claim 12 wherein said mutated glucose binding protein further
30 comprises a histidine tag.

15. The biosensor of claim 13 wherein said mutated glucose binding protein further
comprises a histidine tag. |
23




t hrough said thiol group to said surface; c) exposing sai d4tvaP® bi ndi ng
protein to biological solutions containing varying analyte concentrations;
d) detecting a detectable and reversible signal resulting froma change in
refractive 10 index; wherein said detectable and reversible signal results
froma change in refractive index upon binding corresponding to said
varyi ng anal yte concentrations. 17. The nmethod of claim 16 wherein said

det ect ijpg A&nagmfopw@daé&gﬁa&ﬁﬁqgin&epi sodic, or conbinations thereof. 15
18. The method of claim 16 wherein said at |east one nutated binding

protein isa) gl UBRS R RG4S kAl BIRMIRE PloRiMands®lcaddBe I RAThpQhktadegl M 16

wherein said analyte 1s glucose or gal actose. 20. The nethod of claim 18

wherei n sai d nuthgt gl ucose/ gal act ose binding protein is selected from

bacteri al geriplasnic bi nding proteins. 20 21. The nethod of claim 18

whe? ei n sabd nugtdeastionsl saesos eyriias whersiicssaidi mhtad bipdiog prateis ivgorpleds  at | east

one am no acid bt : hod of claim 18 wherein said
fng%fgg SLIHE]&J%%%‘%O sdifl SulFhk

nmut at ed gl ucose ctose ng protelh conprises at |least two am no acid

Substi tuti oh i soenBR AR hefd Aot sIGHEN Ry illnl SMAReSEb e o

position 1, a sexyecatepogodsson 1, a cysteine at position 11, a cysteine
at position 14, a cysteine at position 19, a cysteine at position 43, a
cystei ne afl) 24 detduting a A&BGalfie sid reonrsiBle, signalryailirigfeorat ciemge in iefradilyé, a
cyzéeine at position 110, a cysteine at position 112, a cysteine at
position 113, a“@?%teine at position 149, a cysteine at position 213, a
cystei ne at osition 216, cysteine at posjtion 238, a_ cysteine at

posi tion 2‘8’17?“2”51 By <eiert eé’&‘? ’E?Bé?‘ﬁ’f ag@?ﬂmaﬁo&%? geingpiracive indgh 152, a
cyst ei ne agpdddindihOebriSrbndRAg & SIEVAEnAbnddRs cbicefratidRs, and a 5 cysteine at
position 296. 24. %%% net hod of claln$23 wherei n sai d gl ucose/ gal act ose

bi ndi ng’/.pr?ﬁ@ﬁl&h@&jgfél&iﬁm%|vbﬁéreiﬁmﬂét§&ﬁxlg@§cdnﬁﬁﬁus,%@grﬁrhﬁk&,%f&@di&ﬁﬂ- 25. The

met hod of claim 22 wherein said glucoselgal actose "bindi ng protein has at

| east combinations thereof.

15 - 18. The method of claim 16 wherein said at least one mutated binding protein is

glucose/galactose binding protein.
19.  The method of claim 16 wherein said analyte is glucose or galactose.

20. The method of claim 18 wherein said mutated glucose/galacfose binding protein is

selected from bacterial periplasmic binding proteins,

20  21. The method of claim 18 wherein said mutated glucose/galactose binding protein comprises

at least one amino acid substitution.

22, The method of claim 18 wherein said mutated glucose/galactose binding protein comprises

at least two amino acid substitutions.

23. The method of claim 21 wherein said amino acid substitution is selected from the group
25 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

24




two amino acid substitutions selected fromthe group consi $tJHsgo¥W a
cysteine at position 112 10 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

POsi t 9psidB74,3 S¥einRlabBosiioP Y, hicaleidd 8t fHRlicR 19954 &ysBEndit poGiBibA I 0n 238, a
cysteine at position 149 and an arginine at position 213, "a cysteine at
posi t i asydtage arppstionyldd s pisteine atpositioh dA%. 2 Gsteiney posiione? b, aggsieineeh 149

" euct nbo PSR aRiBSE ot icpids, R ShRelion 30 Shin e poade 2

posi ti 002 Alstethety positidiel 3, aROsbihE Ql(})dhﬁﬂmalrsd, 2 0ysbSiPAtPOLINOR 236, aadsi ti on

223, a cysteine at osition 149 and a cystelne at position 238, a cysteine
at posFYSieine al4wsiion 286serine at position 256, a cysteine at position 149
and an _arginine at position 256, a clystei ne at position 152 and an

ar gi ni A& athposihod onclama 23 svherein sdithglugesefgatictdse MniBE mpginadditépallygi ne at

20 positli . . | ne at position 213 and a cysteine at position
255. 28%’&%%%@[6%%%9%&5%@%%%5 wherein said glucose/ gal act ose bi ndi ng

protein furth i t | hi stidipe.tag. 27.. Th t hod of
Ol i m 35 s Brtod 8T RiR 72 sBereutras Bt lhsions SRl S o | east
one CoRbh ARinoQRiddubaitifiéhsdelctted Hont ih%%aéwnﬁgdi@gc&%ﬁsfeg{a dt PBsiHRYUD

consisting a 25 cysteine at position 149, a serine at position 213 and a
sell neand a prsinictat positkaE)38aa eysieint atepasitiongdiand eerinpont pasitian gdhiane at

Cyet of SO R naRR % i a Rl BREuAoRof . PRl Dulbn ISR AT 00 °

posi ti eetink4®positiorSEI3i, AeyAtinPaspdsitivn 23 3Inaadyasina aPsusapin B3 8ak cydihd dton 223,
and a cysteine at position 149, an asparagine at position 223 and an

ar gi ni Besitign tfsandjapprginige ahpesilion gl 3ap cpieing pigesitiond 48 vnd aick#eingabt position
149, a : O 44N . it | . ht] . a serine at
posi ¢ 1 o 8 RO R delsilbn 140 o101 Bkt BpcRlich 235 4 Bt %o o
sels nepaditigpn 4% dndrz [238ne &mpasitioR 213, alepstein2G pogdtian edNendad typesdietaton 149, a
cysteine . at cgition 182, a.cysteine at position 213 and a serine at

posi t i BFiBe5E2 1358 cysteiac ARasHiPndAS and pnaspAraginss & Posig b BEBLEPHAY act ose

bi ndi g & FiohnaddiykieRRak gé/sit_i&{)m ia%gﬁei% al @%ﬁfonol'?@ Aaalkdhdg tag. 5 29.
The met hod of claim’1l6, wherein sard detectable and reversible signal is
det ect pobitign 2% e Cpte@nphtgssiionrldisod an egitins eichasi@ns 56, a cysteine at

position 152 and an arginine at position 213, a cysteine at position 152 and an asparagine at

20  position 223, and a cysteine at position 213 and a cysteine at position 255.

26. The method of claim 25 wherein said glucose/galactose binding protein further

comprises at least one histidine tag.

27. The method of claim 22 whereirf said glucose/galactose binding protein comprises at
least one combination of amino acid substitutions selected from the group consisting a
| 25  cysteine at position 149, a serine at position 213 aﬁd a serine at position 238, a cysteine at
position 149, an arginine at position 213 and a serine at position 238; a cysteine at position
149, a cysteine at position 213 and a cysteine at position 238; a cysteine at position 149, a
serine at position 213 and an asparagine at position 223; and a cysteine at position 149, an
asparagine at position 223 and an arginine at position 256; a serine at position 1, a cysteine
30  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

25




30. The nethod of claim 16, wherein said detectable and reve#¥i2Bi% signal
Is detected by |ong period grating-based neans. 10 26

cysteine at position 149, a cysteine at position 182, a cysteine at position 213 and a serine at

position 238.

28. The method of claim 27 wherein said glucose/galactose binding protein additionally

comprises at least one hastidine tag.

5 29. The method of claim 16, wherein said detectable and reversible signal is detected by

surface plasmon reasonance-based means.

30. The method of claim 16, wherein said detectable and reversible signal is detected by

long period grating-based means.

10
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