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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 mutated binding proteins containing thiol groups for coupling to sensor surfaces,
analyte biosensor devices derived there from, and their use as analyte biosensors both in

vitro 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 pain 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 quantitative or semi-quantitative analytical information using a

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

. [0003] The biological recognition element of a biosensor determines the selectivity,

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 colorimetric. The optical properties that

have been exploited'iﬁclude absorbance, fluorescence/phosphorescence,
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pr obl €{iFon 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
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soiut i particilard ep&t@piobe 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
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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
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[0013] FIGURE 1 illustrates glucose detection using SPR utilizing thiol

coupl efh1149C GIRRIRAB iNGstrafldndl 1RFhtiEA 4G c BBRe rald 02 BlREs LB G HYA] d type
(W) P. [0014] FIGJRE 2 illustrates the SPR response of the thiol

coupl eth tha dg@seydibmstrated 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.
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[0023} 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
proteins are naturally involved in chemotaxis and transport of small molecules (e.g., sugars,
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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Bi oconj ugate Techni ques, Academ c Press, 1996, San Diego, pp._ 4-16 for

- ¢l assi fubstiiutedforsg tyresiads pasitien 0T EY KA exstaing smbstyyted?fgotbsqone@é&m ary

mut at i . Of P el 0 e s i f 15 a
lysi nel9 ({a@loglolsl?o{t?(l)n 1#&(%@% ;Hsgﬁ%ys 5?‘?{@% Z‘Egg{ﬁ??nuﬂe&csﬁsfl Il)?%)ggﬁigﬁ 1Fc acid at
paXi t i mntabdincARE)a cyateeSubstingted tdrsd detitié atchokdionaD iané a aérigrosuibititored 19 (V1
9C); a.cysteine substituted for %Z‘;Daragi ne at _position 43 §N43C); a

cyst ei o6 23eHoHtI & esiden HS(Al gLt et cisirang submitpted fesalppine 4 pesilion ne

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




substituted for a tyrosine at position 107 (Y107C); a cyst &iJH&28¥bstituted
for threonine at position 110 (Tl 10C); a cysteine substituted for serine
at position 112 (S1 12C); a double 20 nutant including a cysteine
substituted for a serine at position 112 and a serine substituted for a

| euci neyatinpostistituted 3884 &phafd dcrBf Phisition CFBIBIITE) Sl Optdibd $ubstithred far | ysi ne
at position 113 (K1 13C);: a cysteine substituted for a |ysine at position

137 ( KfB?@@inﬁaH%i@if@Pr?é’z)@%%?ﬁ)i p Gyseing sbshtutrdpr 8 valinet ReSiEeR?299 on 149

(E149C) 0 . ﬂfd]""%dé ' s 4 Lt ;. gliupam c

aci d a%v%%ggfgggﬁ%ggﬁgﬁ%ug ser ngﬂg%%§¥§?ﬁ?§§i?igpﬁgﬁég%ggt(nggﬂﬁ?on 25

238 ( Elad® 6 kB8RS substitdtadifbealanihaat postiop 2il 3 (B9, AQ 53R adrigdabatdnt ut ed f or _
hi s{i di.ne at osi.tion 152 d a cysteine substituted for, methi.onine at
postt i Hw?ﬁ‘g%% 09 mﬁ@yédafér ALGUBHC Aol ahposting % ﬁbalan@sﬁ?hﬁhméﬁﬁpstg tut ed
for an & ARHAS aBlosRRIZIB ARd 4 3R WIb&ithka ¥ 1BSinSatpobiibbeg for a histidine
at position 152 (HL52C/ A213S); a cysteine substituted for a nethionine at
posi t i Rl4P8ZA2 MBBRELIRS) sandyestriplermeutentisclinding e dystome anbstituted fos anglysonict i on 213

30 (A213C¢). a.do e nut ant i ncl.udi a steine substituted for an al ani ne

2t bosephpSEh Rty il ehibe rRERAIR & AT B osTOB D A BBl T on 538

- (A213Ckikpdafiad fo leuvint Qt positioIBIs (EI4T/A M 9R/IPISTRt Nl d@fbie eRdmplesirti on 216

(M216C); a cysteine substituted for_aspartic acid at_ positign 236 (D236C);

‘a &Y st shoven yinblg b ubedng amd eesidug apmbersrelsotsi the peblisbed saopeme)of Facdli 4 Jul y
2006 cyst:el i for ti .G at LLRon. 870C); a

Cystel HREL A% RRLy WhEfioRk BOvEBPHe coficBEhind b iShoih BRI i W00 o

subst i tulisedtiblty hamolagdinSeqienpe o anml2ffativé MARE )k, g. aslaamsblalactoseant :

i ncl udi n% a cysteine substituted for glutag c acid at position 149 and an

ar gi ni Rdingupteingftogn Eyrobgrign gt of\ednenella e oRSapeCS RECESHOR 1 pl e

mut ant i '2§ﬁ¥a i ituted for an glutamc acid at position
149, aﬁ aFgﬁkggbsu sgﬁ%g?gé@&?égggbéerine at position 213 and a serine
substituted for |eucine at position 238 (E149C/ A213S/L238S); 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 | eucine at position 238 (E149C/ A213R/ L238S). Additiona
exanples are 10 shown in Table 1. Amino acid residue nunbers refer to the
publ i shed sequence of E. coli having 309 residues, as nentioned above, or
the corresponding amno acid residue in any substantially honol ogous
sequence froman alternative source (e.g., glucose/galactose binding
proteins from Citrobacter freundii or Sal nonella typhinmurium sequence
accession nunbers P23925 and P23905, respectively). 15




8 4 July 2006 Table 1. Exanples of GGBP-136 NBD Mutations EENMEPRS CATI ON
wild type AIC Al'S Al1S, E149C, A213R, L238S Al S, EI 49C, A213S, L238S Kl | C D14C

V 19C MN43C 074C Y107/C TIIOC §S112C S112C, L238S Kl 13C K137C E149C
E149C, A213C E149C, A213R E149C, A213S E149C, A213T E149C, A213L
E149C, A213Y E149C, A213C, L238C E149C, A213S, K223N E149C, K223N EI 49C, L238C

E149C, L238S El 49C, K223N, N256R

Table 1. Examples of GGBP-H6 NBD Mutations

IDENTIFICATION
* wild type
AlC
AlS
AlS,E149C,A213R,1.238S
A1S,E149C,A2135,L238S
K11C
D14C
v19C
N43C
G74C
Y107C
T110C
sI12C
S112C,L238S
K113C
K137C
E149C
E149C,A213C
E149C,A213R
E149C,A2138
E149C,A213T
E149C,A213L
E149C,A213Y
E149C,A213C,L238C
E149C,A2138,K223N
E149C,K223N
E149C,L238C
E149C,L238S
E149C,K223N,N256R
E149C,N256S
E149C,N256R
-E149C,M182C,A213C,L238S
E149C,A2138,L238S
E149C,A213R,L238S
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




E149C, N256S E149C, N256R E149C, ML82C, A213C, L238S E149C, AZ13820088S

E149C, A213R, L238S H152C H152C, A213S H152C, A213R H152C, K223N H152C, ML82C
M 182C A213C A213C, L238C A213C,L255C M16C D236C L238C D287C R292C
V296C [ 0026] The nutated binding protein or GGPs of the present invention
may be[002&H : In ahe hﬂlta;t]ijohmiayQérvierbn\éio]}/ﬁgﬁéliafseb&allélp!&pUseBWF@ﬂfbxaﬁ@ki, gxanple, is
capabl e of follow ng the I netics . o | ol ogi cal _reactions jnvol ving an
anal yt Batprallyjogeyaag Prteip giay bganytated in prdggio ogeg-@gﬁﬁbe long-teme stabilitpelthe age

i ndUStfnio@tliin;ttg%Bﬁ‘ﬂ ate,%glgdr,%gﬁ)%%p?cf}%ﬁue@%ﬁsomﬁ tgyggagédfgﬁégg%gﬁﬁﬁf’e one or more

of several purposes. e, a natura rotein may be
mut at echdapsuattbarmatoxcirdyiger driserfhamn tp adjusnits batding dopstafit witlerespecdteea n; to

cony ugat bi nd, .couple, or. otherwi sg associate the protein to a particular
en?apsmrﬁwl%a”ﬁ&it?’io%?‘nlb‘éc?rg}l?f@?n%tﬁgﬁﬂ’?ace; to adjust its binding constant
wWith respect to a 5 particular analyte, or any conbination thereof. [0028]

I n the[oonst ant | Ivi@eidsemt indB@tiol SnANe aHY hlRel Protfi€hdl a86inddy flirieisNg
partners. The term "associates” or "binds", as used herein, refers to
bi ndi nfghcb@pp N aFsecigtey| qagg“bands’éJ astusgdbherein, refers to binding partners having a relative

binding constant (Kd) sufficiently strong to allow detection of binding to the protein by a
detection means. The Kd may be calculated as the concentration of free analyte at which
10 half the protein is bound, or vice versa. When the analyte of interest is glucose, the Kd

values for the binding partners are preferably between about 0.0001 mM to about 30 mM.

[0029] In the present invention, it has been shown that mutated GGBPs may be used
- to detect glucose binding by attaching the protein to a sensor surface through the thiol
group, which provides a detectable signal upon glucose binding. To “provide a detectable
15  signal”, as used herein, refers to the ability to recognize a change in a property of a sensor
surface/protein combination in a manner that enables the detection of ligand-protein
binding, For example, in one embodiment, the mutated GGBPs are attached to a sensor
surface whose detectable characteristics, for example, refractive index, alters upon a change

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




bi ndi ng constant (Kd) sufficiently strong to allow detecti dUs20¥ nding to
the protein by a detection nmeans. The Kd may be cal cul ated as the
concentration of free analyte at which 10 half the protein is bound, or
vice versa. Wien the analyte of interest is glucose, the Kd values for the

bi ndi n¢hadsiodensorsvillibe cpp@ke tab bybsbatiubehyaivdogdicd) r4He bf addliie aadout 30 nM
[0029] In the present i nvgnti on, .it has been shown that mytated GGEBPs nay
a

be us]eéetefnama redetfictien gka phangr iy a conseniraipn Y be desiied fdereag ensor
sur f acghd U QAL 8r §&EQlon iﬂélﬁ&%’coﬂfﬁhﬁ)tﬁf,gfr?%'agﬁﬁd, e RGuRRlfecibgnal  upon
d T e a detectab Sl gha

gl ucose binding. To "provid , as used herein,
r ef er snieang. KEhwapthe enyisivpned iodgnbizsensoraif dingeresent mvpntameromprisés & lsshsor

surface/protein.canbi nat.ion.in a manper, that_ enables the detecti.on of

1 Ghinaons bRl b EAREPRGEn a5 ollei PR BicL e B AR D 2 LR R Eed. CBPs
are at hﬂﬁhﬁﬁl)&@%)a-nfe@ﬁl%%traﬁuﬁ% BESHPISRING PAGE ARhIANRE Afataedd sihdiag. for
exanpl e, refractive index, alters upon a change in protein conformation

t hat  oBEAIB PEtvidgs acistretablaraaidgversible[stmabghange whenithemBRatedhindingangieiteer ed t o
El?\sftei gishéxibﬁe(a! £ %\éfﬂ‘%[ 20 ehgon%{eﬁ%a Jé’quii 'éll'ag él%r({gﬁe%k]%ée a%;gi[rg\réegj igtréssi%l%%fz?not}eh'

Inertusi on proterns are w ogy field
t 0 ai drdlated Rethpusidehe@ionT ted afaly@é.ei ns. Exenpl ary taggi ng systens produce
proteins with a tag containing about six histidines and preferably such
taggin s not_ conprom se, the binding.activity of the tated GEBP. 25
[o%g 1] ?qfﬁgﬁne asEE%Plggmgtm@e@rlE%F@ﬂﬁorf A i RuFRtonAES SPBRIE AL BIATEINGSEA. f or
anal yi getcffipShitfbridlad(1O mdidh) IdHndlaR FRAE col i Lt fedg&hicapsul at ed
into a ?rgtrix 1t hat ?rra tk?en %e used as g?] %m?%ﬁ%gﬂﬁ@ dev%ce. The "matri x"
can becénsumpiion ek sonislembfodimends, tidiogasitivitntd andlytgmay dhatife theytioseosars pat ch,

icr , ‘ lyner, .open cell .foam or the |like rqviding it is
e Toalir s dsa B et B bt PR SOty i b Brastrtra Lok b St "The. 30
bi 0sengiiples'dn¥RkAXIRE! dBula? flulDoY pekdpR AR ThEALlS OB SRS AtaReY Ot her

interrogating light to or fromthe protein to pass through to the
bi bk enbigpensyierayy ewmieenlrpdimentshs implantesdniosn beloxoths sRin of azgosmalhe

and - ogtarhlekaeRE FEBAGEI bl B B hE MG Te! mRR RiRird e asbRE o woul o

be desfinidd. Thebiadig prfteindibnsirsaifiia predentRive@idnrolias kstdrs meaittbnuous,
programed, and episodic_detection neans. Thus, the envisioned in vivo

bi osen@piteranalyte ¢nmiineeusly, spispdicdlly, eoran-depeand as weglsk be appeopmatededl bi ndi ng

- protei e?B{jto%e{rQ%@EnP&eaéolﬁhﬁiongrOUp for attachnent to a sensor surface in
~an anal yt e- perneabl e "entrappi ng-or encapsul ating matrix such that the

nmut at ed binding protein provides a detectable and reversible signal change
whzh t 833t at edinbithatientbodinodreds, 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




is exposed to varying anal yte concentrations, and the det ectJdlyl2606and
reversible signal can be related to the concentration of the analyte. 10
[ 0032] The binding protein biosensors of this invention are capabl e of
measuring or detecting mcronolar (10-6 nolar) to nolar anal yte

concentemfdeR RSo Woldialek, ds8RF Bk mucAdT dEdnholedle BPFBschd@diciv) bd t heir
sensitivity to_ anal yte may enable the biosensors to be used to neasure the

| ow ananwtéatb@ht@ﬁw@ptwhg kinstesrpnd effritypfdieding.i PR avenbs usebto isisiEes of
| nter S%ﬁ&r@ cg‘b%m&%&h%f biﬁcﬁd{g ﬂﬁ%%ﬁeﬁﬁ%ﬁ%g%éﬁ&ﬁ%"fhs'cﬂ eé lﬁ'n:la%s The

I npl ant'a I'0Sensors mnmay anted into or
bel ow thscestchtionahateocomswala s&nso@pﬁ:ﬁ&:rerﬂiﬁﬁngl&ferﬁﬁdihglmd dliesra)ciauon ptoeessct Wit h
the interstitial fluid, tissue, or other biological fluids. The bi ndi ng

o T St RSP P 5 et VRO .

appr Op'iﬂa*?élﬁlgttﬂodg'ﬂea medfish dThidhRr tdhRchiveEnidERle. fasd 1§Riﬂﬂlﬂ1h%all?o [0033] In
ot her enbodi'nent’s, the biosensors sensitivity to analyte (for exanple

gl ucos edflected spom emcmnterlngy msiyurh of loswesd refactiesindet Gogl salvéiby) at al evel s.

Einal yt éuflﬁﬁ QYH ?%Vea%%s&?ngﬁg qﬁge%b ?‘?‘Vﬁ’ g’é&’f@a ﬁﬁ%&‘eﬁﬁg‘ P%g{qll%t/‘ge | ndex”

| S Usedyitit présenSOSMDetalBaHcE g6 the uﬁexfatohefﬂﬁattw Bédis. MEhe/@dceakd 1 of a
specific radiation in a vacuumto the velocity in a 25 given nmedium The

di F@ct inenssy ogcuragt aowell- dgimedl aglehwhighds depeadent ep thesedagtivgdodicgsafdhge from
one ne &H&‘e{l‘a, Lf%g&% oS affhe #ésBS@@%ng’“ %é ogél?mgrl;[z{tqﬂeeﬁl?érﬁge@f di um

whose densi Uns oFm ectlion or neasuring devices for
refrac twumednagithn @éﬁ'fﬁ‘lh@e imelek e€ thenomtios pestthophafaaehaigss, shifithghbangle
refractive J ndex-based detection neans,,K for exanple, surface plasnon

r esonaftcwhigh thargflerteblighias qn%(lr?eﬁﬁgmgébe{eé@!?@]se?@@ne aspect of the

present invention, Surface Plasnon Resonance (SPR) is wused to nonitor such

refracgj@y SPR met@nmeﬁeﬁt%se&mg&%ntdgsa B PRIoGRORGI b s 11 4 Jul Y

2006 between two nol ecul es, assess how nuch a given nolecule is present
anth actmat@, wiind thigoeetaliftlet |Inehya&1bef:h qfehd:)pratkﬂnt h?e’ekﬂlcmeGG:&P antindihgi nity of

bi ndi n SPR .ma ) 0 uaI i ze the progress of bionol ecul ar binding
throug ‘flﬁbglﬂﬁc&]’bﬁeﬁoﬁg‘){hﬁ fhge in mass concentration that occurs on a
sensor surface during the binding and dissociation process. 5 [0036] SPR is

based paB] t he pAenSsEIREnIHselisol alrficat &8 to heflbRebh 0pon Whrthet feasti ght
travel | ngtﬂt hough a medi um of hi gher refractive index (e.g. glass | S

t.ot al | 9ng pinding @mrtger iy bnmekifiser! p e RuRase af Berswging thastetiapivsring
refr acgénggr sluﬁggé(co(:ﬁprgses Egl.ltﬁéhja@%at%afbe 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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sufficiently oblique angle. In SPR detection, the intensity k200
reflected light is danpened by the presence of a netal surface at the
interface of the two nedia. The decrease in 10 intensity occurs at a
wel | -defined angle, which is dependent on the refractive indices of the

two nedtiizesaRfieitiodd i @shdxeroups SO TRRRraN gélavith AGRERlENIS adsorb at the
interface of the two nedia, the refractive index of the solution near the

i nt er f dydrogpasgiaimide apd Nrethylt e(dipefhdaminopspnybisarbpdiipidete faredNHBght i s
danpen (=3 ik d . r 037] In one enbodi nent, the
conf i g%%g i"é’ﬁ"’ﬁ?g%ﬁléé %%@%ﬁ%ﬁ@?%@?@%@éﬁg' 15 coated with a thin
nmetal film In one aspect of the present invention, GEP or binding

pr ot ei §10049] i nmobilth azelger @ntbodinkeing thewserd e surf{cd@8Riposisonsedmpesa efa " sensor
surface" . refers to the l.ocation. upon which at [east one binding partner is
i m‘rIE')bi Pﬁgwgﬁyklﬁ%erﬁﬁ?lﬁ%% %]faﬂ’élgsuri ng the refractive index. The sensor
surface conprises a substrate that may be conprised of glass or plastic,
upon wpa@t] 20 i s AdaRmeinandyilia@bh thofRidethdh iﬁél[yfb@ weNEUES presenb afdngbect r ons
capabl e of resonating with |ight at a suitable wavelength. A variety of

net al | insludespupling byathicdidisulfidesxehnnge-taldahydrpauplingdivdmaidergreuneaphag, 1 nit ed
to sil ld, c - | P . 1 like. In one

enbodi %‘eﬁmxdgﬁﬁgou e‘%@gﬁﬁ%ﬁrﬂ?%?iea% léﬂgg%%%th%@q%egg Sehi p. This transducing
el ement configuration nmay be, for exanple, incorporated at the distal end
of a f{(0d2] or ot et pefiatdd etbodinynmethé imimpbikization fmodieted bindeng preteitisd wi t hi n

the tissye qQf a patient, to enable pi sodi c, . conti.nuous, or pr.ogranmed
r o3 néchiged byifetatag aniel oehagispfide fon i it the i descaioa cultERg) ar y

- case, (Rl AhS thu bR ingBY o ﬂdmgiséﬁséﬁglr%tegr%aﬁﬁé@ﬁ?fax%é&@ﬁ cover ed
with a matrix of carboxynethyl ated dextran covalently attached to the

sensor surface to forma flexible hydrogel of estimated thickness 100-200
nm or PWE3K00 30Im ¢nn enThridémend xafen auaeassfithimpenbilivatioe of thamutated GERY o2 a
nunber of different functional ar s _.and.to all.ow for a.mariety of
ot FE2stics Aan SERRCARR SRRt SR S B 2 4
2006 Uutdideiteftions bf ¥l yte reGhjetiee ooethexahser Qrfase Bf duplieatd extriplivatgeFor th a
m xture of N _hydroxysuccinimde and N-ethyl-N

( dihret EXAmNE.EARI0sp Pt § constd conrcaEation, ISdniEe inge p bpkfer fw.chounts| es
[ i j I i t th
coupl i pg .8 00 fAE Q{r?p tgg Pg{ ggééB ?g 9‘5:}%@%’? ?ogg@ﬁg? Lgt% génsbf‘%m% I&%ﬁorﬁ%?@d?“ men e

sensor surface co car boxynet hy ayer
posi t i Phsprardarechdybe folloWdd byid diskocativn phase i Whiththohea@tibwdds dizant may be

used in the present invention jncluyde _coupling by thiol/djsu]fide
exchan§em the géﬁw@d%ﬁémpﬁg?mﬁ 9%%1%6@&%&5105@{9@1}45@. Finally, the scnsor

surface may be regenerated (for example 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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sul fhydryl group coupling and chel ate |inkage of oligohistidtW&%8gs.
[0042] In a preferred enbodi nent, the immobilization of nmutated binding
protein is 10 achieved by creating a thiol coupling/disulfide bond to any
of the herein described cysteine residues of the nutated binding protein

Wi th t BRbEEIRRAT, s6fARGSaI1KIB vadl tARRStetnalif mdy RN o (084 ddta kdra One
enbodi nent, after successful inmobilization of the nutated GEBP on the

sensor range phbiading models and theiil yedydbenglcubdeds onduct ed. Typical |y, several
different concentrations of analyte are injected over the sensor surface

|0 duPrddadf e Of 'rht BideSRbEchCihatge SHATP ok HABSE: e licdhiGAHAN!

concentration, is Intro into ow, above the” sensor surface
and t heunfacegpes bindingdoa@hmerniyanembdedin RU {révonmen soits)swithdRJi s noni t or ed.

This procedure may be foll owed by a di ssociation phase, in which the free
gl ui:oséom%gp%‘g%E‘IXPTT”FIW"#)F\@\A@SW&W%WH‘ the tine-course of conplex |
di ssociation is recorded. Finally, the sensor surface may be regenerated

(for eygasfe by  slofhcr e@BBARINE thdcchchitfatiBh ofhnd RWilibiolaidd sslan@ye the
remai ni ng conpl ex. The cycl e of associ ati on experinent, dissociation

exper i aeother sphationgpasies detdrminadarringsS BRo pAaneed hesdimg ‘bidlegiedwelugioncent rat i ons
of glucose. . (Light. i.s.shone. on the.reverse, si . r surface,

| propaggiclfu%lﬁs’éjﬁk%‘Iné%[nrntl)tﬁ@ g §1r0 g’ e%{atﬁgn’vovac\l/ﬂearBﬂ%ﬁeggrﬁﬁﬁgﬁu@ﬁ%?&ari ses at the
sur f aceobinbfichsiéradfl ic film This takes the form of an evanescent wave

t hat extends beyond the sensor surface and detects mass changes on 25 the
surface. A sequence of binding-progress curves y be obtai ned C(r)élt ai ni ng

i nfOr nfi0dgh  on ERBMcEdfl appratisesng PR Ihapsess binging hety
o' b SRRl okl IGRE e, 0RM PLORDY, BURCSSR VLY CS

e're to as sensor In on
( Upps almtruentd &V, AapgafoattuNetherlamsls (IBIS) TerasindtBurdentslapd 230@8alenbodi ment ,

sof t i s avai e with this systemtha be.used.to fit.the data to
2 ¢ anBotsforibal SER Sisliumbntn A et kg s Ol St i foetsis Sl
ti me- dgpensiginke geof14: g1 hggractive index in the vicinity of the
surface upon binding is comonly neasured in RU (resonance units), with 1

RU 5 correspondi ng approxi mately to 1pg protei n/m®. [0046] In another
enbodi 48] t he bomcadismative embedimgnh rsitastive indep ingly bgineegbwedUsiEon  or ot her

B L T

- 1 nt er sGIGBPedf thé piedlent a@ntiGOPPaPHIYing AFfidifyeoadigs 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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10 [0047] Commercial apparatuses using SPR to assess bi ndi rfguly@feen

partners are currently avail able (those made by Bi acore, Uppsala, Sweden
(BIACORE); and Intersens Instrunments By, Anersfoort, Netherlands (IBIS),
Texas Instrunments, and several |aboratory-built SPR instrunments. A recent

revi ewfda9M s zk alredthé emikdifieit thdl@dtéction devicé RdRde aighadz cdyal Recognit. 2001
14: 261-268. 15 [0048] In an alternative enbodi nent, refractive index may

be neaBufrabrlencegCMsontaining p sitablelayersherpertog thiel ¢uplinpe) mpntet ect

bi ndi n I: i on by
appl yi S ey TR OCH S0 ARk o ok icithed B RISREh BRI o

cont ai & Byelketnsdes 990fldce33-670. exanpl e, comercially avail abl e equi prent
from Luna |Innovations, Inc., Blacksburg, VA and see also ME. Jones, et

| .. 2000, NSF Design 20 and Manu mgch Conf., Vancouver, Poster Nunber
SBI%—SIO). The LPG scatters out a particular wavel ength based on
grating period, fiber refractive index and the refractive index of the

surroupisop nedi TH foliswald éxaliptesGRadtialiccpRB QB rbd embadigRhts@ligcul € the
refractive jndex changes and causes a shift in the wavel ength of scattered

| i ght Hetant ipyentionebyt prg najtinfiendsd;ta fe dfusiraéva Halfangwdimensor may be
acconpl i shed through a Lunascan 25 system (Luna | nnovations, Inc.)

consi S{q of a . r ol d . ter with
interf dggg]and swﬁgﬁlﬁg%ﬁogﬁgﬁﬁgg % efsﬁ{ﬁe)ér}frd ga @%%Oﬁo@%n%ﬁ Ig?e PG

sensor Withaut HohidimaTags. surface i'nmobilizati on of one or nore nutated
bi ndi ng proteins by the above-nentioned techniques to LPG fiber, either at

untfor 50838 ooy e0ols Roaciine R Bieih e’ fes Lhis PRSP RRBA S 14 4 July
2006 [{He48lcihgmetahffio ﬁi(?@ 1RO bt %ﬁ%u@ﬁés%ﬂs%oﬁ%ﬁfé%if@%ﬁdﬁﬁuﬁg&l@ﬁg bZ

crystal m crobal ance ) containing a suita ayer thereon for thiol
coupl i thg MglBrligenst Thesecnretemns vBue theblespresivd dedii odsamgkmurifiedust rat i ve of those
described by Guilbault in Biosensors & Bioelectronics 1999 14, 633-670. 5

EXAMPL, 050] 0 .0g; . | iLlustrate certai ed

eribodi 00 of | ¢ fser<op ARk SRR s SPGB

i | I'ust type Mgl Bof gatd wardienbdriant spTZ 18R5ddctdxpAghdiy Ok Nathetiar Colkege,
expression and purification of nmutant Proteins. Wthout Histidine Tags. 10

[ 0652] Lendsp, Faglabie Muignt piasmigsrwere sgaerated from thisparent plasglidpgneFasseligs
al ter eﬁu&l/genesis producing randomized amino acid sequences, essentially as described by

Kunkel (1991) and cloned in E. coli J M109 (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 induced by the addition of 1mM IPTG (Life Technologies, Gaithersburg,
MD) final concentratio_ﬁ 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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i ntroduci ng the anmino acid cysteine at various positions tHrlyghos
site-directed nutagenesis of the MylB-1 gene. These proteins were then
expressed in E. coli and purified. [0053] Cassette mutagenesis of Myl B-1
was acconplished as follows. The wild- type MylB-1 gene was cloned into a

PTZ18RTHecélDpelleDivas ARLERAY, 46499 m1l. NRebld btefil def@ifzed 1D, 0lvedepratcdNgldand) .
Mut ant pl asm ds were generated fromthis parent plasmd using cassette

mut at g EKSYPRENBIPB AHE iRy bataR 9B ie nd caniTifiteedc The senipingsuperadad(asal | y as
n ( _ . ; . y
Soi onc LSt it SO G Cotightd st FL A0 il Connrifidg oA i (TAIRARE 1C 1

mut ant npmn,ct°€).nThepodl edishoekiate wad Kt&ed anrdughpau 0i8fpine dndithen @ DotSphefiltdiel ow. An E.

coll JNLO9 col.ony, cont ai ni t.h tant plasm.d_was 20 grown oyernight at

37C wi e@ﬂ%ﬁ?lﬁaﬁtfﬁzggﬁgm&?ﬁ@ﬁ%dgﬁé—?@e@m i TG V8t Wrsddediadhes 111 n

( LB/ AnBilockdtl @n@ WS B9 oo ¥ 30 MRSfollbivid Bﬂ céﬁu]iﬂ%aﬁéh é'iZLOOber? holkBhAM and
the OD600 of the cu

was i ncubated at 37C with shaking until ture was
0. 3- 0. 3°Cxdhesbedkate warf theheoneantzaied veisg thedusiedn Bentripecpaldd(10i06006 of 1nM | PTG

| noubabf B A iR TR, NG 7 v bttt nesipl ST Bl TR0, ot o
by _ cenir Migrats, Ohe(difly RN lhte #Bs FnifudQQ12.008854 B0 TR, 47eh2Mhe Pr ot ei n vias

harvested by osnotic Shock and was purified by “col umm chr omat ogr aphy. The
celQ prsspléing veperpaiani sy addel! tora pre-squitibeteddoE A ErFagtIlowidcPharsse datimpH 8. 0,

20% sugyrose, 1 EDTA). i bat ed at. .r t erature.for 10 m.,n, and
then_ cChEepm el 0b s e oyl AR AL IRE At il o1 an
kept - owithGe10 ddburfin $Bluined 0 ABlinkaL @@ieht Bérhl090.2 WA NP a5 REIE @8R bl | Cce
cold, sterile deionized HO was repeated, and the suspension was incubated

on i ceaghifjactions werargdlgeted-nEhe eisnhpioteis opririnmefractiopswergddanddiedhby h the

ot her | . . centrifuged o al 0 x g, 10
i PSSR M R B AR BT BER G SR A e G s

0. #om tvetetpaoledandidiAptedroyeinigtt (40 agaih SiphbEphatechiiffeadd saline (FBIS) ok0Qi s, MO,
5% w v, was added to the shockate and was stirred once for 30 mn_foll owed

by ‘centt™ pugniER bicabopais (RH d.4) congenirated neing Amigon Fspikiaree Mddltersapd
i NG bRE AN i . (30, 000 £il
Cehar | bSR30 CRiMIIGAR ANk iRy Bl R M ot eb RS 1

MyCl12. lydpkligédal yzed shockate was centrifuged (12,000 x g, 30 nmin, 4C). The
10 resul ting supernatant was added to a pre-equilibrated DEAE Fast Fl ow

Sephar col um_ ( Anmersham Phar maci a Bi ot ech, Piscataway, NJ) at 0.5
L/ mi nﬁﬁ'gﬂe col uﬁ*@fﬂgg%/El%ﬂ’f@%?wqﬁwugﬁf@l%’d?fm%ﬁﬁg%POU&alPinﬂear gr adi ent
fragm OmfidinMT¥g{! was applied to the colum

[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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and fractions were collected. The nutant protein containindg #2884 ons were
identified by SDS-PAGE with Coonmassie Brilliant Blue staining (mv. Approx.
32 kDa). The fractions 15 were pool ed and di al yzed overni ght (4C) agai nst
phosphate buffered saline (PBS) or 10 M amoni um bi carbonate (pH 7. 4)

concenbughtbr (NbgpeadiBo,eMD I LRs@PmbQ2$ ind wissadded b the 1yRaRGnAthed C Or - 20C
with glycerol. The ammoni um bi carbonate di al yzed protein was |yophilized.

[ 0055] nEXBEpVas gentlympixed at repmdempgature (Rebrfpoi0 sin. nileanlysatepps progheas ni ng
20 Hi s.idi yt e ' ither

ot o oy SeRafAtEn (80 s GG N G5kl HHRFoIE M) SRE S B R bends,

mut agef@sigen)( Qs dd@bdngfier B miatusy @fi@entlyamibohg at, RTAhe mivasrepessfoentrifideado al ter

i ndf vi I ' i.ds in th 70 t b ' am i d
Wt affRaPm) e Rees Ryorih S0 b besrorerhed R O3 S FBloHan AMnect o
met hod NG (IEuAlekd: %H%.d%ﬁci RBRAfRA! ARG aHAR RIBARIAGHISulell P BRCI 11 e

region of the G ene. The nutated cassettes were then subcloned into
‘t he pQbFBlsdymddingiSonLselution (160008 AmiTivelg GABNaGL ] OpnEhiis ptb®iOpanded t he

GEBP . ¢l i h . . ' t ] Y/ ia, CA).
O O RS B R SERU Y B R O SE
-gene. 00 Gt (Avhican, TCHAGHB00EC VAT thereshricontaNaT toQXPHBHA] mﬂga@ce&ﬁF@@BP- H s

foll OW.XT\? standard procedures (Q agen). After over ‘expression of a 250 nL
cul® ur ¥Mifdilieg| The protain wes fisbredovsmighhegainstd dtofstorgsoobitiopdi Mind

resuspﬁg@?g%dﬁlgﬁ%igjﬁm@#%&%ﬁépg@%bugbuster (Novagen, Madi son, W).

Lysozyne ate and the mxture was gently m xed
at roomtenperature (RT) for 30 min. Clear |ysate was produced by
centri {0058} i on ( BiBéins paje imnebbilret lon, a Carboxyimeihgl dixrrah ¢C¥B) Mnsand 3 ml  of

Ni - NTA bead ] ) dded. Af 30 i nut. f gently mxi t RT,
The m SGe LACEOIS hiolEoTiae pabe o i taRLeqURlE Shemigry Wb Adiow R boads
ver e Washatmhth 18 mNTHEHESH Y4 950 ﬁWNaFﬁ,‘%.@S%%IKMdKE SurtRitheAt POH and

recentrifuged. The nutant P-H's was eluted fromthe beads by adding 5
m.1%so0l (BliAgare) (BBSA rumiogabeffer, ThebemdaCyrfate wahathivased with 8 2@inatecbulsei xi ng

o 12 5B BN R S TSRS IR, 2o e o
2 TRnBLROEDER N AR 15 RO SRS Ul ot
NaPO4, atgH :8Y dilutignoigb@ ibsedivinrsctakerrd] fHifobvarions imsat Gagponic anhydrase 11
carb Oxéﬂﬁyﬁ)flh g/%é( }I{] &@ed( :QYI.SI)O 38 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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surface (Bl Acore) by thiol coupling using standard thiol cduyplVied® chemistry
with a flowrate of 51 /mnin 10 nM HEPES pH 7.4, 150 nM NaCl, 0.05%

Bl ACORE Surfactant P20 15 (Bl Acore) (HBS-P) running buffer. The sensor
surface was activated with a 2 mnute pulse of ethanol am ne (EDC NHS)

foll ovvppt Y was thjevtdd b lqhéiﬁ:hQﬁe ﬁﬁctﬁﬂ\ﬁ Ard(rémBYé h&isﬁydlﬁhdulsub@hnd gtofanean ne

( PDEA) , 1 M sodium borate 5, E149C GEBP 8 ng/mM) was injected at
a 1: SOSHIfFQ%PBﬁSQQﬁU fomE 9§ m?é@ﬂth{’ Eorpyltdstype € Pv‘éiﬁliedﬁ frmes. Car boni ¢
anhydr (5 ng/mM) was injected at 1:10 dilution in 10 nmM sodi um
acetate plq for 20 mnutes. 20 G74C GEBP (2.6 nmg/ M) was injected at
1.50 diluti on in 10 mM sodi um acetate pH 4.5 for 12 m nutes. A213C GGEBP
(0.6 r’rﬂ)’ﬂﬁ]} was Thiokcauptingbf E140C GIGRRA o061 istcfd@s wish sadied out adellave pH 4.5

for m A4 m Ief50 eine, 1M . 0.1 M sodium
for%t gl%&%iﬁ%ﬁ,\g@s &’ut‘ ik lg‘gléﬁ/ lllé%ng gﬁ%‘i}zgﬂﬁ?\l CopRime ;Sca: :Jy
bound cm&@wlthraw&% éfUJ ufﬁrﬁﬁm ﬁ%'s'-@%ﬁ%gﬁﬁ'ﬂép"l‘h@@‘i ls@Faceti?® Protocol

DESORB (0. 5% SDS, 50 25 nmMglycine pH 9.5) was run to renove protein
aggr egadtvetedrwith a hmin pelseof EBGYNHE dellowed 15004 niiupylsd 4580 ®RBPPEAS00 RU

Usea 1 B IR PR Dos8 ey G0 i AR BVATOLA] e Biici R 1b 1@

Car boxwmtsdsmhﬂ%émrp}( L8 SemsRites a3 d Flodciate(dBl1AdAhia) AY nélfhte gukeupsd Ng
usi ng standard am ne coupling chem stry with a flow 30 rate of 5 1/mn in

HBK. P mdfh AYsiejne UM eCl PrleMssadivae Eorwate RRE tHidvasagedvia qheacly theirstienidse  of

EDC/ N | Gk th (%P r nj ect ed
at a H%HBJ(? %%ﬁuﬁ%%ﬁ%ﬁ%ﬁdnﬁ% g‘mgl umtagéfd‘& g uﬁfaée ?%ﬁrm{?gi Qr%%tug%d A pul se
of 1 Moetchperihanms.ne 17 4 July 2006 pH 8.0 was injected to quench the
reaction and rermve nonspeci fically bound prot e| n. Surfaces of 4800 RU for

ol MR og Shmiestnliend 8o Can At LSt 1 FECEHS of Pood) 5
E149C HRbhines amblchftp%ﬁﬂlg%nam%ﬁﬁwmﬁg Ichélﬁsir} with PO 58 o andar d

thiol coupling chemstry with a flowrate of 5 g/mn in HBS-P running
bufs er p/Minein@B3-Frrisweg beffer. dbeisvefeedvan achivatediwitha Jomirsite pilseE0iC/ NHS

follo 0,,mMV )., L..M.sodi rate pH 8. 5.
craoc ERGANS. 1 UBEE gt iy et 1 o P sitipde {bE o
acet at ﬁ:eﬁh'fn?fﬂﬁ 5&&55%11%851&1:%&% ra%e bF py/mad. GA? tlsd off A WT RthafoldmiepH € pul se
of 50 10 cysteine, MNaCl, 0.1 Msodiumfornmate pH 4.3 was used to
quench8-Phesigigeted tsmueaﬁdthe reaetior apdremgye sionspesificgllyybonnd nselsinei n from t he
surface. A surface of 9000 RU was used

[0062] All glucose injections were 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




for experinents. [0061] Anmi ne coupling of E149C GGBP on O 4dulyP8¥es. E149C
GEBP was immbilized on a O chip using standard am ne coupling chem stry
with 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 GEBP (1.8 ng/m) was

i nj ect @ﬁfcﬁdlng\oﬂth% pﬂitblﬁt glﬁﬂosbnnjé&dﬁhﬂu&%dﬁﬁnn@@ﬁ{ BBS-F Thdelli€dse 8ignal NUt es
at a flowrate of 1 A pul se of M et hanol am ne pH 8.0 was injected

t o quein restiaed bfa@hangwgéh@lnmmg\mfﬁ@bwsléﬁﬁﬁ, |lc5allf11\/§/cb@lﬂrﬂ§1dr§’|d’@ﬂ@$ n. [0062] All

gl ucose performed at 25C in the appropriate running 20
buffer Mﬁugﬁéh&g %ﬁﬁ%t'experi ment. G ucose injections were 101 at a fl ow

rate of 101/ mn (1 m nute contact tine). Injections of different glucose
concenfo®td] ons WEI@ 1rdepietsttheleffént o€ coupling stratagienbd ghinadeeidtcdotdmelarFlGhe

pro el and h].ank surface Th rotein. surf ener at ed by washi ng
bt °% he 1 PP bl B e repBRlinegnRBIEn Byersh B IRHE S 1 er

i nj ect 'bﬁﬁ’er andN90 9k élﬁ%oé@%&e% EQEd ol #ndidhib@ SO FRUD B £6hORiniRy © doubl e
25 referenced by first subtractlng the gl ucose injection over a bl ank

sur f acentémvaimDdvblecsferespd n@hsn@rgnwwavemgettﬂumtg thatitiedramreot ei n surface. A

buf fer 1nject fac bt r tedf om.a buffer

Chi ot cORBOAREREN e | Fn s o R B R b O Cra R e 4B o by

subt r agfgliegte! AR meﬁaaiufmﬂtﬁatﬁgfu% ﬂh@ﬂ- hﬂgf(i‘rrﬂ@érﬂnhﬁ@edmﬂalﬂmed gl ucose
ection, 30 [0063] An active E149C P surface (3000 RU) was denatured

byle:onWSHUﬁ)@sSlgﬂﬂﬁ 1y gahancehsigndl pon givresdinding in ¢amparisen IeNMIMEPES pH 7. 5,
ﬁﬁ 4 July 2006 unfolding of the protein, glucose
| nJ ectro T{A‘%ﬁ)ﬁﬁ‘& Ofnéﬁ

re per med in HBS-EP. The glucose signal was restored by
changing the running buffer to HBS-P, 1.5 mM CaCl2 and running continuous
fl ow oy6l] ght . EE@Bd]epiEts@:ﬂsp&iﬁcﬂysf E9@hifueated GGBLPcmmliﬂmguense at egi es on

gl ucose eteC|o In.FIG 5 1, inmbiljzed proteins the
coupl i H{f SRR i H&l@mf‘rﬁé@e@ Vg WY arcpheealzation ool K @\q

i nj ect gy t?ﬁ’(ﬁrcoﬁﬁé'd EMYCE airete SWoﬁ@l%%fef@d&éd‘&n?orgﬁﬁls%é}b'ta@eragéatcﬁﬁﬂi@'the DOUb' e

referenced sensorgrans were averaged during the tine frame” correspondi ng
bet #veetimeFraamcob®smadogistwenn 10pndiH6 seainds tintmg theagjkction; dch oyectims done i n

t I t ident fr he f th I t at ed
aep. ErgsEongh Al s iR s i SEeistirdep oigre SR0N b beBed b nai ng
i N conBatpleiiutat AR 8O the@hR shffis, diBitinkehe @Idc¥ivity 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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[0065] FIG 2 depicts the specificity of E149C nut ated GGBP4JylyBP®fd gl ucose
preferentially. The indicated sugars were injected at a concentration of
100 Mon a 3000 RU thiol-coupled E149C surface. Doubl e referenced
sensorgrans were averaged during the 15 time franme correspondi ng between 10
and 50 as@egsidiirihgthaigmt fiemenjofeigoading EabAwiesh €6 bhdF) sevasdsivfiggithe
triplicate, As is.evident fromthe figure, glucose binds nore readlly to

t he thF’BFQ“OBOL}?ﬁF]EwJ?ﬁHPQH‘faSPﬁTJ?PW1’{'1 Weifer sugars, indicating the
selectivity of the nutant has been naintai ned. [0066] FI G 3 depicts the

resu’ ! foes) 0l UCOReG 8ok 9ldepiie Blucdclietial 6 infdibhuizEd APAoC dBpRLRNL alter

denaturation and after ren glatl on. An active t coupl ed E149C GGEBP
sur f aceunfacss. d“éhm&ens@grmmﬁgum@ results lfmmrMmgﬁuff@uaﬂld Hmmdtgbwse HBS- EP

i nj ctions. were d .fol den on ani di.ne HC
Iovje L JHt© mﬁf"éerr?gﬁ)[q@g{ lncgppf)&”ggg? l"%[ IB%‘é?e\ge@ﬁté {rsis e% tlo‘gféh si gnal s
~were r &ﬁ§ isictohplel Quitne; 1H8SelBortsin in PIGW wﬁf&ﬁlsﬁmb@ih%%éuﬁ@ $rofrOily egﬁbﬁ‘g

continuous flow in runni ng buffer overnight. Double reference

sensor §f ampingdudicpord HbMdilvdopeyingestedidvepa QQ@beUmlegp@mdqédwgn&e@,\d@éﬁ 10 and
50 Secﬁ%uiﬁé%@%séﬂ%dl l%r%ﬁéo? F%r% @é‘dbﬁ&%ehe?ﬁnc{"ﬁs done in triplicate.

[ 0067] depr ¢ itr i ol -coupl ed E149C GG13P
surface. FIG 4 shows a sensogram resulting fromglucose injections at
concen[(}(bﬁ] ons oFI® g deficts ghtdbﬂse detEetidn b(BHR agitly ﬂﬁkﬂ%ohble&&nﬁmgmthans wer e

I|ze tr i.n 0 correspondj ng, bl ank surf injection from
%JQ%‘G %&é‘égﬁ? @3@ ﬁ3‘§ P?W%alsg Fepiied @ signalypripn ‘Brerboe
concenaét@éﬁo%n B SHUERS RARDE! ﬁl%d Bl enyd %@%ﬁ@@a@@e\s&&ﬂé AlRaMAr e 19 4

July 2006 averaged during the tine franme correspon ing to between 10 and 50
secondthidtmouplgdtshefaces djpdag & one mﬁmd:ehmn:anyzdc Dovhlewefreneed snnmagrarrm werepl i cat e.

[00681 FI G | ucose ction bilized. E149C GGBP C
S f acBEaeA SoBR bR o oo padiae Petised 16 And S Peraneditisather and 100 m
- gl ucosmj&tion] BaH PREHON Mas BoR0AFidald)i RbukAME) SULPIASIShRasyARaRr O ucose
detection is evident with this thiol-coup ed surface; the sensorgramin

FIB7, pwﬁrmﬁn@m@\we@lﬁ@ Tebls 2t tNonfthisthcomipiséng BT GGBPramdrﬁengumdfﬂ‘léPCand 100 gM

glucos 00 RU mnec Ied result in
o1 toos S olels L Rorfs P enlR 3 31002 EpelRED AL Gopi ct s
gl ucosshodei iachd ﬁblebm &E}Epaﬂsmg wild Sbe @@wahﬂ@-dmp@ats&npkb he thid)- t han E149C.
Both G74C and A213C nutants al so resulted in signal -enhanced gl ucose

det ect FOwledrmpiated prefims of theiiesiany invertipmehew imavp s desighal ovetj ect ed over
the i ngéc‘liﬁito‘ﬁgd. In addition, the data indicated broad applicability to various sensor surfaces

20 (see entries 1 and 9 of thiol coupled p1:otein to CMS5 and C1 surface).
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t'hi ol -coupl ed surfaces during a one minute interval. Doubl & J¥89&nced
sensorgrans were averaged during the tine frane correspondi ng between 10
and 50 seconds during the, injection. Each injection was done in
triplicate. A summary of the thiol nutants and their 15 performance is

gi ven Tabkabl e 2. Non-thiol containing W GGBP and denatured E149C GGBP
proteins are representatlve negatlve controls (entrles 3 and 7

respe ey As 3 2 H-t-o—wid—type and
ani ne- %ﬂbl-oﬁ§ anpl es, thé“???%w &Ool ed. At at ed® ’§Jﬁ§?8@“?he i nst ant
i nventfon show i nprovenent TR gnal overmfb@ckgrounﬁ addition, the

data indicated broad applicability to various senset surf cos—20( see
entries 1 and 9 of thiol coupled protein to CMs ar¥iel sufPAUESE 20 4 July
2006 Thbl e BIRRGOBBH: aceAt Eaehnent@H pRUSER® Si gldr48t Sdfdrdti/ng

cheni stryi nmob- Anounts of G ucose ilized BufferRU gl ucos@149C GaBP
H6Thi of CVB3BHECECBP Hy 317, 7Amige 5 /| CMFOM 2EBADC ABP3-H6 Ani2HeGME48001. 4
3.12.1 5.5/ 100M 3WI GGBP H6Ani neCM624002.9 1.55.9 2.18%M 100M 4Gr4C
GGBP H5Thi oMANB#IOB2. 7 3. 628in8 (0.CMY 100M¥PGK13%7C GEBP HEHA- D1 CVb40004. 8
3.29.5 4.2 / 100M 6A213C GGBP H6Thi ol CM63000- 0. 50. 41190.189M n\ 7E149C GGBP
H6Thi ot CMb3GDB-GGEP H2. 20 4Thio) derfdMsur ed 490 f ack7{hég 100M=@a@rnt r ol )

100pM
5 K137C GGBP H; Thiol CM3 4000 48+3.2 95+4.2/
100pM
6 A213C GGBP Hg Thiol CM5 3000 05+04 119+04/
1 mM
7 E149C GGBP H, Thiol CM5 3000 -14 £22 0£4.1/
denatured surface (neg 100pM
control)
8 E149C GGB?P H; Thiol CMS 3000 37+£15 114+1.0/
refolded protein _‘ 100 pM
surface .
9 E149C GGBP H; Thiol Cl 8000 08+15 10228/
100puM
- 10 E149C GGBP I, Amine C1 2000 04+3.1 49+53/
. , 1mM
11 E149C,A2138,1.238S Thiol CM5 10,000 1.0+ 61.5£34/
: 7.3 10 mM

SPR signal has been blank subtracted or double referenced
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8E149C GGBP H6Thi ol CM63000-3.7 1.511.4 1.0 / refol ded prdte¥yg000 M
surface 9E149C GGBP H6Thi ol C190000.8 1.510.2 2.8 / 100M 10E149C GGBP
H6AM ned 20000. 4+3.1-4.9 5.3/ 1nM

11E149C, A213S, L238SThi ol CMb10, 0001. 061. 53. 4/ 7.310 nM SPR si gnal has been

bl ank gu/Xmegted or double referenced 21 4 July 2006 CLAIMS: 1. A biosensor
conprising: a) at |least one nutated binding protein and at | east one thiol
group attached thereto; and b) at |east one sensor surface wherein said
nut at ed b RPSHEOPPBRIISHE: s coupl ed through 5 said thiol group to said
surface; wherein said sensor surface provides a detectable signal resulting
from a changideashong miriatesttinding pridsin whe at lszst dnenlnicl tgeehpitiadhadgheretot edh bi nds
to analyte. 2. The biosensor of claim2 wherein said nutated binding
protein ity stdbastomtsehsamurfgteasbereihgaldantiowd bividi prgtein ttoeuplsd thtGugh. The

bi osensor ,of. claim 1 wherein said analyte is glucose or gal actose. 4. The
bi en%‘ﬁﬂ’é‘?l %?lm%sﬁld\ﬁﬁﬁfg“éq’n sai d nutated gl ucose/ gal act ose bi ndi ng protein
conprises at .| east one amino acid substitution. 5. The biosensor of claim?2
wher ei n  SHIECIRSIE sEHOLTWIEES BrQyilcs drdsiestablefigalrosplspa fiom 2 ehigsee Yes at | east

two anj cﬁ*’ﬁéiﬁdéﬁ?ﬁ%{sta}ﬁ{na&%ed%diﬁ%ﬂ?éin%im?& eatl%t&f claim4 wherein said

nut at ed gl ucose Ing protein conprises at t one amno acid
subst | é.”?ﬂh%’isicz%%ﬁs%%f&iaifrﬂg%ﬂepéfn $4i8 M &84 in &};[&%t@i‘hﬁse‘ié’&éﬁgﬁ at position
1, a serine at position I, a cysteine at posPtion , a cysteine at

posi t i gincdsé/galcoysbiading padteinposition 19, a cysteine at position 43, a
cysteine at position 74, a cysteine at position 107, a cysteine at

POFJ t i BN ThiBiosensoy 6F Ehine1 HheRDS bdidl amulbds %lﬁc&s)é_%} 8hlAGodd. Position 113, a
cysteine at 20 position 149, a cysteine at position 213, a cysteine at

posi tion hGiosensoy 8f Qhike2 HheRDS bdidl Blhtated glucose/galactose binding protein

comprises at least one amino acid substitution.

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

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.
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238, a cysteine at position 287, and a cysteine at positiof2ig2006 cystei ne
at position 152, a cysteine at position 182, a cysteine at position 236,
and a cysteine at position 296. 7. The bi osensor of claim4 wherein said
mut at ed binding protein has at | east one histidine tag. 258. The bi osensor

of cl aijm 2THEBHEMRoSE daift FhedindaliCRtE AVROEO8RARINIHbES iRIGIQIAN | ncl udes
a cysteine present at position 213. 9. The bi osensor of claim8 wherein

sai d meysieiae prgsent @b pospiond] 49coppled & seid sanstrovurfacwnpri ses a histidine tag. 22
4 July 2006 10. The biosensor of claim2 wherein said nutated glucose

bi -ndi nd1pr dhebiosénsed efthdaimal 0 whatiaisaid nputeted plucase Poding ipomeit 4&tteoupl ed t o

sai d sensor. surface. 11. The biosensor of claim 10 wherein said nutated

gl ucosEOBPHS AJISHIHEE furt her comprises a histidine tag. 5 12. The

bi osensgr of claimb5 wherein said nutated glucose binding protein conprises
at 71 eddt Thobigsnser efslamsywhere fridgnutated stuqosgbindpgprofel sEBPHSeSH si sti ng

of a CYe%Eﬁwaearlﬂgo g&e§h6§tmio%;§exéaga ﬁoﬁ%g%@%ugfwmsﬁ 1,29 c?ﬁglneﬁt cysteine at

position 149 an serine at position cysterne at position 152 and
a cyst ebsigomt 1 2msl 4 seoine 28@ysitandFSt £oyséeind atpositioh dA9 26dPa serthe afpadtiome at

posi ti 238213’ a cystej.ne osition 213 and gzcystej ne, at P%;f ion 238, a
cyst ei MESAFYIEMESE Peson YAIPINGAG PRSHEN 132, BS¥PIEIngG At Bosiiio ei ne at

posi ti QRerditht posltian 9V la&ly@indlat peiPidnt 2 18Mind bysRire)s® pSiitish 238, ReFdtbihen 149
and a-threonine at position 213, a cysteine at position 149 and a | eucine
at 19osetpastion1ld9 agd ey graiine atposisioni2 B oncysidneat positioy A 62 anea eysteipoati t i on

213, a_cystei at _.position.1l an n_asparagi ne position 223, a

cyst e ROV 2E0 8 RmBRE Hhorlich o0 BT AR D8y ot ol e at

posi ti posifléiP1Mnghda 18e¢ind& pRkitibh 2095 dysRiheZ Posifio YA Adetyddsieaii tion 149
and an arginine at position 256, a cysteine at position 152 and an

ar gi ni-Besiden s pcyseing abposgic IO and an aspapasing 3t asitisne 22h@ pfelshr agi ne at
posi ti . i . it ; Vi i position
Do, 1 OSERREIAT G Blhn RS BBn e SR OB BBl BP0 g

pr 3 ei poditial 268 8 cpdteihe aspositivme] 40 @nt an atgisine af paaition®@586,4 lyssdidsdti t uti ons

sel ected from.the group, consisting of a cysteine 20 at position_ 149, a

seri -hep%?ltl%gthnéﬁnﬂgnﬁﬁ?&t BOSSUGY 4> ALYSHEEE £f Eﬂ?lt@:‘}é:ﬂ&ng%fi&a}‘?&%ﬁposi tion

149, afodié 216 PO MRS 209 e SRILAEBlosRARISON 238, @ cystei ne

at posftion 149, a TCysteine at position a cysteine at position

238, a18Y$hEbiBnllr Wik §@hgréi%safa Iﬁﬁj’a{.eﬁ(ﬁghfctose binding protein includes at least

one combination of amino acid substitutions 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




position 213 and an asparagi ne at position 223; a cysteine4tlygB¥ ti on 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 sering. al M&kbd fof Bnal@88etectidn cdiprifhg@sensor of claim 12 wherein said
mut at ed gl ucose binding protein further 30 conprises a histidine tag. 15.
The bi osengpr OfroQldaigit ledst\ A8 hittale S dIngTHoREEEhdTh LaQDBe Biidl Gl ARhHe@1 N
further conprises a histidine tag. 23 4 July 2006 16. A nethod for anal yte
det ecti on conprib$raty: a) providing at |east one mutated binding protein and
at |least one thiol group attached thereto; 5 b) at |east one sensor
surface whr ei naidgastonpsergorsiricawherginseigiraytaied bindigg prasein isderplagh sai d t hi ol
group to said sypf %ﬁd%ﬁdﬁ%&%ﬁ%@&d%&%ﬁe”“tated bi nding protein to

i*hi ng

bi ol ogi cal sol utions conta varying ' anal yte concentrations; d)

bi ol ogi calsol ut oS "ec aryrng” anal yte cor |
ot racti ved 10 aueys S BAASTMLEH SIM AT IO LB RS ()

from a change i malyé cacéntsagonsndex upon bi ndi ng corresponding to said
varyi ng anal yte concentrations. 17. The method of claim 16 wherein said -
detecti ng dy coddteatingasletegnig nahnedsibepigabicailtirgs front @ oldnge ir efrsctivher eof . 15
18. . The nmethod of claim 16 wherein said at | east one nutated binding
pr%Qein i's quE@?@/galactose bi nding protein. 19. The nethod of claim 16

wherein said anal yte is, gl ucose | al act qse. 20.. The, nef hod of claim 18
wher ei n sal’ e"ﬁﬁtsé‘%/ié*gte@ﬁa 4 Veﬁgﬁlgktsg%‘@?ﬁ'ﬁﬁiﬁ?&’ ?)FIB‘P%?WYF actiyedeX ed from
bacterial gl ndsdddireRondinB % MOVRYing enadfte dncerthtiont hod of claim 18

wherein said nutated glucose/ gal actose binding protein conprises at |east

one amfo fkd Methbdst didi 160Mherds said B&edtBL RODnRfudul FrorABmi &b Rbdc SR d
nmut at ed gl ucose/ gal act ose bi nding protein conprises
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




at least two amino acid substitutions. 23. The method of cKakP¥ wherein
said am no acid substitution is selected fromthe 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

POSi ti Bsiftén 74 aCySlefieREpdtiticif 6, d'¢Yiteidd BOp RNt 110N dybteifke MYREELAG AL
position 107, a cysteine at position 110, a cystel ne at gom tion 112, a
cyst ei Asyseinpakpasiton 11332 cystaysatgiondontl 4postysicone at positien 15k naysiengat

positign..2 C ein . ition.216, a. in i.f...on 238, a
Cyst oi REcion B VKT Bor o8, K Bael bR AS An i BotliRl 2
posi ti 002 kbRstetheQy pdtidie] 5, aRoSEihk anpokidn 1B2CY S§stdifeatdlosifion 2B86,amda36, and a
5 cysteine at position 296. 24. The nethod of claim 23 wherein said

gl Ut osEYHRNa2HRISHIOBiZAB ng protein additionally conprises at |east one
histidine tag. 25. The nethod of claim22 wherein said glucose/gal act ose

bi ndi ng4pr Gheinathnd of eleinh 3 sthercimerid glugeseizsl agtose biding prpsinsadsidtionglled from

t he grgﬁgﬁ%?%h%%%ﬁ%ﬁ{ teigig%¥alstei ne at position 112 10 and a serine at

posi ti a Cys &)si tion 149 and a serine at position 238, a

cyst ei itiop 152 . ' t itian 182, . i t
oosi 11 0 1B BRtod SFaaipn 22 Mhe it i ElsiossTesl R hisdihe o s e Ifn 213 and
a cyst gidgmalo d@ﬁﬁﬂub&t&&i&ﬁ%ele@te&ﬁ%hﬁh@%r@ip conistitd & AR poditiah gini ne at

position 213, a cysteine at position I49 and a cysteine at osition 213, a
cyHl ei ard aserpgt positivn 23, amusteine At rasitiond 44tang @ semnest pesition 33% st ei ne at 15

7 yr ofdEp PG P2 RS PeRER ok 7, ¢ QIR BB I A or agi mos

at poskérinent gasdiors 13y 8 tRit¢ific at posfiiddi A8 @ARd 2149staind aBpditiin€l38ea ast¢iasSatt i on

238, a cysteine at position 149 and a serine at  position 256, a cysteine
at posPesien hboand 4 asginine gt Posiéonad13pa systeing atpssitiog 149 apd aggstaine ahosi t i on
152 an 2 i Qi . ff A i ne. S| L4080 2 and an
aspar abyaiorty B g el oRRL LMo s chcBE: B AGh 3N St o s

CYE] ei pesitiin p¥sanidiadencidbat pdkitiod B3, radykeiheatt poditom Zbandhetyessimesai d

gl ucose/ qal t.ose bi.ndi ng Fr otein further _corrFri ses at | east. one histidine
tag. 2PoSTHMR2 e f GUTICiBE altosition 3% iHd AR AFPatagings § %%%@/%éb 4EYPE8e BY ndi ng

Pr ot i Bo SOIPTASER AystelB3f ot SATRIYFLLR: KsitfA 129 Al dedHOR! I LUl ONS.
selected fromthe group consisting a 25 cystelne at position 149, a serine

at pospesitpon 2563 a aysicine stepasiteondi9pod at amnilS &, positiop256j meystdine gosi ti on 149,
an arginine sition 213 and erine .at positiqn.238; a cysteine at
pos: t | Bty 43y ardfing stpdiin 3 Poh Bleife albodisy JBa ang ea Prblie 4l 236 o
CYXH} el psxitadn P3S hikd #Eysledh atPosition 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




serine at position 213 and an asparagine at position 223; #8009 steine at
position 149, an asparagi ne at position 223 and an argi nine at position
256; a serine at position 1, a cysteine 30 at position 149, an argini ne at
position 213 and a serine at position 238; a serine at position 1, a

cyst ei Bgstéthe Rqfisition 49.40¢ gs&xr&ﬁ[ﬂpﬂﬁuaﬁ 190 % dykteihe Al Bosiich 2t 35@idian@riad atPOSi ti on
238; and a 25 4 July 2006 cysteine at posi tion 14 a cysteine at position

182, aP@%@%ﬁﬁe at p03| tion 213 and a serine at p05| tion 238. 28. The

met hod of claim 27 wherein said gl ucose/ gal act ose binding protein

addi t i @Bal The metbagpof clesn A7 wheesin saih glubesstgatiictvse baglingspro@in afdgiometinod of
claim 1(&)3 \Aéneer en salﬁsﬁ?t %Ett abl e and reversible signal is detected by
surfacg rBP% F‘rﬁ PRLUBHANCH 4% ed means. 30. The method of claim 16, wherein

gr Iagi ngé'b a g@g& gf (rﬂ%(\gg ré%,' velgeerelgls%gagetectabp %veecrjmgle 51gnglng dgteecr:tlec? gy
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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